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Foreword

GEC Plessey Semiconductors (GPS) has aworld-class reputation for ICs for radio frequency
applications. GPS offer state-of-the-art ICs for cellular and cordless phones, cellular and
cordless infrastucture, and pagers.

Criginally supplying a range of radio parts such as amplifiers, synthesisers and prescalers,
GPS has developed and enhanced its technologies to suit much higher system integration, and
now offers some of the most advanced integrated circuits available. Today, GPS provides cost
effective, high performance solutions for tomorrow’s handheld radios, and even credit card
sized pagers, with their emphasis on reduced size and minimum power consumption (to
increase battery life).

GPS is one of very few companies with the complete range of semiconductor technology for
the integration of a radio system:

e leading edge RF bipolar technologies with on-chip capacitors and inductors
® mixed signal CMOS for RF/IF (intermediate frequency) and voice processing and coding

e digital CMQOS with a library of advanced functions such as the Pine and Oak DSPs and the
ARM 32bit RISC microprpcessor

® SAW Filter techhology
® advanced packaging techniques.

With these, and with many years experience of implementing systems on silicon, GPS is ideally
placed to support your IC requirements in the radio frequency arena.

This latest Communications Handbook details some of the latest developments in chipsets
for analog cellular systems and for advanced pagers. It also introduces a wide range of Surface
Acoustic Wave - SAW - Filters for digital cellular (such as GSM and PCS) and digital cordless
(such as DECT) applications. Take a look at what's in there and give us a call !
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Product List - by circuit type
PLLs (Phased Lock Loop)

NJ88C33 Frequency synthesiser (1°C bus programmable) with current source outputs 11
NJ88C50 Dual low power frequency synthesiser 21
Prescalers

SP8713 1100MHz very low current three modulus divider 37
SP8714 2100MHz very low current multi-modulus divider 44
SP8715 1100MHz very low current multi-modulus divider 51

Paging Receivers & Decoders

SL6609A Direct conversion FSK data receiver 61
SL6610 Direct conversion FSK data receiver 77
SL6619 450MHz direct conversion receiver with AFC 94
SL6649-1 200MHz direct conversion FSK data receiver 95




Analog Cellular Components

ACE9010 RF Front End with VCO 109
ACE9020 Receiver and Transmitter Interface i1
ACE9030 Radio Interface and Twin Synthesiser 115
ACE9040 Audio Processor for AMPS and TACS cellular phones 151
ACES050 System Controller and Data Modem 181

PCM Circuits

MV1442 HDB3 Encoder/decoder/clock register 189
MV1449 8.5MBit PCM Signalling CircuivHDB3 encoder 197
MV1471 HDB3/AMI Encoder/decoder 206

IF SAWs for GSM Digital Cellular Communications

DW9241 78.8125MHz Low loss IF SAW filter 215
DW9256 133MHz IF SAW filter 217
DW9276 71MHz IF SAW filter 220

IF SAWs for Analog Cellular Communications

DW9274 92.025MHz IF SAW filter
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IF SAWs for Digital European Cordless Telecommunications (DECT)

112.32MHz IF SAW filter
DW9253 110.592MHz IF SAW filter 233
Dw9268 240.192MHz IF SAW filter 235
Dw9282 110.592MHz IF SAW filter 238

IF SAWs for Personal Communications Systems (PCS)

196.99MHz IF SAW filter

IF SAWs for Wireless Local Area Networks (WLAN)

240MHz IF SAW filter
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MV1442
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MV1471
NJ88C33
NJ88C50
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SL6610
SL6619
SL6649-1
SP8713
SP8714
SP8715

Description

RF Front End with VCO

Receiver and Transmitter Interface

Radio Interface and Twin Synthesiser

Audio Processor for AMPS and TACS cellular phones
System Controller and Data Modem
78.8125MHz Low loss IF SAW Filter
112.32MHz IF SAW Filter

110.592MHz IF SAW Filter

133MHz IF SAW Filter

196.99MHz IF SAW Filter

240.192MHz IF SAW Filter

240MHz IF SAW Filter

92.025MHz IF SAW Filter

71MHz IF SAW Filter

110.592MHz IF SAW Filter

HDB3 Encoder/decoder/clock register

8.5MBit PCM Signalling circuiVHDB3 encoder
HDB3/AMI Encoder/decoder

Frequency synthesiser (I2C bus prograr ) with current source phase detector outputs
Dual low power frequency synthesiser

Direct conversion FSK data receiver

Direct co ion FSK data

450MHz direct conversion receiver with AFC
200MHz direct conversion FSK data receiver
1100MHz very low current three modulus divider
2100MHz very low current multi-modulus divider
1100MHz very low current multi-modulus divider
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Section 1
PLLs (Phased Lock Loop)
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DS2429 - 3.2
FREQUENCY SYNTHESISER (I)C BUS PROGRAMMABLE)
WITH CURRENT SOURCE PHASE DETECTOR OUTPUTS
The NJ88C33 is a synthesiser circuit fabricated on GPS's
1.4 micron CMOS process, assuring very high performance.
It is I2C compatible and can also be programmed at up to vool' 4[]0
SMHz. It contains a 16-bit R counter, a 12-bit N counter and ri[] i
a 7-bit A counter. sn] e
A digital phase comparator gives improved loop stability soal] N [ onor
with current source outputs to reduce loop components. A seL[] 88C33 Frvn
voltage doubler is provided for the loop driver to improve port[] ooz
control voltage range to the VCO when operating at low supply
voltages. woo[}7 sin DP14
FEATURES Vpp T |1 14 gtn
B Easyto Use s/rgg TPD
M Low Power Consumption (15mW) soac—|| NJ  Eranot
B Single Supply 2.5V to 5.5V ng;g 88033 ::g;mz
W Digital Phase Comparator with Current Source Outputs mop 1 |, Y ==l
M Serial (PC Compatible) Programming, 5MHz max MP14
B Channel Loading in 8us
B 150MHz Input Frequency Without Prescaler at 4.5V Fig.1 Pin connections (not to scale) - top views
(52MHz at 2.7V)
B Standby Modes ABSOLUTE MAXIMUM RATINGS
B Use of Two-Modulus Prescaler is Possible Supply voltage, V,, -0.3Vto 7V
Input voltage, V,,, -0.3to V,, +0.3V
APPLICATIONS Output voltage on pin 13, V,,, -V, to OV
W Cordless Telephones (CT2, DECT) Storage temperature, Tmg -65°C to +125°C
M Cellular Telephones (GSM, PCN, ETACS)
B Hand Held Marine Radios ORDERING INFORMATION
M Sonarbuoys NJ88C33 MA DP (Industrial - Plastic DIL package)
W Video Clock generators NJ88C33 MA MP (Industrial - Miniature Plastic DIL package)
r=-- - TT T T T T T T T ST T T T T T TS TS T T TSI SIS S s s e i
3 14
spbO— — O
soadd 12C ::> SHIFT REGISTER PHASE 2!
5 INTERFACE —» COMPARATOR|——o0 PD
scL Q————— 1
. 1L o
1
| LATCHES :
! I
! | l 8 Q PORT
1
1
12 VOLTAGE 13
ne J ] >DOUBLER Qe
]
X 6 <, 7 + > ~ 1
1 A COUNTER N COUNTER R COUNTER :
1
|
Vpp O:— l l l | | | 10 Q FUN
anp1 U < 7!
anp2 02— CONTROL & MoD
1
I _______________________________________ Jd

Fig.2 Simplified block diagram of NJ88C33

11



NJ88C33

PIN DESIGNATIONS

Pin Pin .
No. Name Description

1 Voo Supply voltage (normally 5V or 3V).

2 Ri Reference frequency input from an accurate source, normally a crystal oscillator. The input is normally
an AC coupled sinewave but may be a DC coupled square wave.

3 S/D Single/dual modulus operating mode selection input. Single modulus operation is selected by driving
the pin low. 'High' selects dual modulus mode.

4 SDA I2C bus data input pin. It is also an open-drain output for generating I?°C bus acknowledge pulses.

5 SCL I2C bus clock input. It can be clocked at up to 5SMHz.

6 PORT Output control pin, which can be programmed via the I2C bus. It can be connected to the S/D pin to
select single or dual modulus mode under bus control.

7 MOD Modulus control pin. lt is high in single modulus mode but switches in dual modulus operation. In dual
modulus mode, MOD remains low during operation of the A counter until A=0; MOD then remains high
until N=0, when both counters are reloaded. It can be programmed via the IC bus as an open-drain
or push-pull output.

8 Fl Frequency input from a VCO or prescaler. The input is normally an AC coupled sinewave but may be
a DC coupled square wave.

9 GND2 Dedicated ground for the Flinput buffer. It should be connected to the VCO ground or the prescaler
ground, if used. Any noise on this pin will affect the performance of the VCO loop.

10 FVN Open-drain output from the N counter.

11 GND1 Ground supply pin (global).

12 PD Tristate current output from the phase detector. The polarity of the output can be programmed via the
I2C bus.

13 C Voltage doubler output. The operation of the doubler can be controlled viathe I2C bus. In applications
where the voltage doubler is switched off, this pin should be connected to GND1; a reservior capacitor
should be connected from this pin to GND1 for applications where it is switched on.

14 LD Open-drain lock detect output - requires integration if used.

OPERATING RANGE
Test conditions (unless otherwise stated):
PLL locked, Rl = 10MHz

Value .
Characteristic Symbol Unit Conditions
Min. | Typ. |Max.
Supply voltage Voo 251 5 |55 \"
Ambient temperature T | 40 +85 | °C
Supply current
Single modulus loo 21 |30 | mA |Fl=50MHz, Vg = 150mVrms, N,R > 1000 without
voltage doubler, Vpp = 5V, Tymp = 25°C
Dual modulus loo 2 3.0 mA | Fl = 10MHz, Vg = 500mVrms, N,R > 1000 without
voltage doubler, Vpp = 5V, Tamp = 25°C
Standby mode loo 1 MA | Fl = 50MHz, Vg = 150mVrms, preamp off, divider off,
Vpp =5V, Tamp = 25°C
Standby mode loo 1.0 | 1.5 | mA | FI = 50MHz, Vg = 150mVrms, preamp on, divider off,
Vpp =5V, Tamp = 25°C
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NJ88C33

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated):

Voo =45V1055V, T . =-40°Cto +85°C
INPUT SIGNALS
Value .
Characteristic Symbol Unit Conditions
Min. | Typ. | Max.
Input Signals SDA,
SCL, S'D
Input voltage high Vv, 0.7V, v \
Input voltage low A 0™ 0.3V v
Input capacitance C 10| pF
Input current 1y 10 pA | Vin=Vop =55V
Input signal Rl
Input frequency f 52 MHz | Sinewave input
Input voltage - 100 mVv | Note 1,2
Input capacitance " 10 pF
Input current Iy 10 pA | Vin=Vop =55V
Input signal Fl Dual modulus operation
Input frequency f o 52 MHz | Sinewave input
Input voltage \7‘:’ ~ 50 mV | Note 1,2
Input capacitance C, 10 pF
Input current Ly 10 pA | Vin=Vop =55V
Input signal FI Single modulus operation
Input frequency f 150 MHz | Sinewave input
Input voltage v 30 mV | Fl=0-70MHz Note 1, 2
vl""s 100 mV | Fl = 70-120MHz Note 1, 2
Ve | 200 mV | FI = 120-150MHz Note 1, 2
Input capacitance ¢ 10 pF
Input current 1y 10 pA | Vin=Vop =55V

Note.1 Lowest noise floor achieved at 10dB above this level with 2C bus operating. The source impedance should be less

than 2kQ.
Note.2 DC coupled input amplitude Vo > 0.8V .
OUTPUT SIGNALS
Value .
Characteristic Symbol Unit Conditions
Min. | Typ. | Max.
Output Signals SDA, LD
Output voltage low V. 0.4 v Open drain, lo, = 3mA
Output Signal PD C, = 400pF, tristate output
High current mode (see Fig.4) Iy 1.9 25 3.1 mA | 0<Vpp<45, Vpp =5V, T =25°C Note 1
IHD -1.9 2.5 3.1 mA 0.4 < Vpp <5, Vpp =5V, T = 25°C Note 1
Low current mode Iy 0.475 | 0.625 | 0.775 mA 0 < Vpp < 4.6, Vpp =5V, T = 25°C Note 1
lo -0.475 |-0.625 | -0.775 mA 0.4 <Vpp <5, Vpp =5V, T =25°C Note 1
Tristate 1, 50 nA Tamp = -25°C to +60°C
Output Signal FVN Open drain output
Output voltage low Vo, 0.4 Y, lo = 1mA
Output low pulse width toe 1/FI C_ = 30pF
Output Signals MOD, PORT Push-pull output
Output voltage high Vou  [Vop0-4 Vv IOH = 0.5mA
Output voltage low Vo, 0.4 Vv loL = 0.5mA
Output Signal LD Open drain output
Output voltage low Vo, 0.4 Vv loL = 3mA, C_ = 30pF
Output low pulse width t 10 | 1/FVN ns Loop locked
14 Loop not locked
¢ FVN = FI/N
fc = RI/R

Note.1 Temperature coefficient for current is typically -0.7%/°C
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NJ88C33

pD lpD
+25ma 48V 1.2mA 2.6V
+1.9mA at
+1.0mA at
+4.8v +28V
o > -av -
sy PO 0 av VPD
Voo Vbp
-1.9mA at -1.0mA at -
0.2V -2.5mA 2.8V | 1.2mA
0.4v 2.6V
a) Doubler OFF, Vpp = 5V b) Doubler ON, Vpp = 3V
Fig. 4 Typical output signal PD, high current mode
VOLTAGE DOUBLER Vpp <3V
Value .
Characteristic Symbol Unit Conditions
Min. | Typ. Max.
Output Pin C
Output voltage A Voo Voo + 0.8V V|5 =2MHz, loc = OpA, Vpp = 3V
v, Voo Voo + 1.5V | V| fyp = 2MHz, loc = 100pA, Vpp = 3V
Current Consumption I 100 pA | fyp = 2MHz, loc = OpA, Vpp = 3V
TIMING INFORMATION
Value .
Characteristic Symbol Unit Conditions
Min. | Typ. | Max.
Input Signal RI
Input frequency f oo 0 52 MHz
Input frequency f o 0 10 MHz | Vpp =27V
Rise time ta 1.5 us
Fall time t 15 us
Slew rate 3 Vius
Input Signal Fl Dual modulus
Input frequency f e 0 52 MHz
Input frequency f e 0 20 MHz | Vpp=2.7V
Rise time ta 15 us
Fall time te 15 us
Slew rate 3 Vips
Input Signal Fl Single modulus
Input frequency f o 150 | MHz
Input frequency fax 0 52 MHz | Vpp =27V
Rise time 1 0 1.5 us
Fall time t 1.5 us
Slew rate 3 V/us
Output Signal PORT
Rise time t 1 pus | C_=30pF
Fall time te 1 us C_ = 30pF
Output Signal FVN
Fall time te 20 ns C_ = 30pF
Output Signal MOD
Rise time t 10 ns | C_=30pF
Fall time te 10 ns C_ = 30pF
Delay time (L—H) towm 15 ns C_ = 30pF Measured from +Ve edge of FI
Delay time (H-L) ton 15 ns C, = 30pF Measured from +Ve edge of Fl

15




NJ88C33

PHASE COMPARATOR

The phase comparator produces current puises of
duration equal to the difference in phase between the
comparison frequency (fc=RI/R), and f,,, the divided-down
VCO frequency (FV/N).

When status bit 4 is set high the positive polarity mode of
the output PD is selected. When fc leads f,,, the PD output
goes high; when f,, ieads fc it goes low. Similarly, selecting
the negative polarity mode of PD by programming bit 4 of the
status register low causes PD to have the inverse polarity. The
loop filter integrates the current pulses to produce a voltage
drive to the VCO.

No pulses are produced when locked. The lock detect
output, LD, produces a logic ‘0’ pulse equal to the phase
difference between f_ and f, ..

When the phase difference between fc andf, , is too small
to be resolved by the phase detector then no current pulses
are produced. In this region the loop does not reduce the
close-in noise on the VCO output. This can be overcome
using a very high value resistor to leak a few nanoAmps of
current from the filter and keep the loop on the edge of the
region.

Rl

-

fe(RVR)

[1 [

NOTES
1. PD polarity positive selected by status bit set high.
2. PD polarity negative selected by status bit set low.

oS

I .

fyN(FUN)

LI L

PD (NOTE 1)

PD (NOTE 2)

U

°c 5L

PROGRAMMING
Transmission Protocol

I2C programming messages consist of an address byte
followed by a sub-address byte followed by 1, 2 or 3 bytes of
data. Bit 7 of the address byte must match the setting of the
S/D pin for the address to be recognised. This allows for
separate addressing of two NJ88C33 synthesisers on the
same bus. The sub-address should be setto selectthe correct
registers to be programmed and should be followed by the
appropriate number of data bytes.
programmed until the complete message protocol has been
checked.

Each message should commence with aSTART condition
and end with a STOP condition unless followed immediately
by anothertransfer, whenthe STOP condition may be omitted.

Data is transferred from the shift register to the latches on
a STOP condition or by a second START condition.

A START condition is indicated by a falling edge on the
Serial Data line, SDA, when the Serial Clock line. SCL, is high.

A rising edge on SDA when SCL is high indicates a STOP
condition as shown in Fig.6.

Data on SDA is clocked into the NJ88C33 on the rising
edge of SCL. The NJ88C33 acknowledges each byte
transferred to it by pulling the SDA line low for one cycle of SCL
after the last bit has been received.

P-CHANNEL
U TRISTATE
N-CHANNEL
n P-CHANNEL
TRISTATE
N-CHANNEL
Fig. 5 Phase comparator phase diagram
= Y
I | | | !
scL
t2 > t3 ta
SDA
Registers are not ==
START STOP
Fig. 6 PC timing diagram
12C TIMING INFORMATION
VDD = 4.5V to 5.5V, Tamb = -40°C to +85°C
Parameter Symbol Value Unit
Min. | Max.
Serial clock frequency for 5 MHz
SCL hold after START t, 200 ns
Data set-up time t, 20 ns
Data hold after SCL low t, 0 ns
SCL set-up before STOP t, 20 ns

16




NJ88C33

Address and Sub-Address Formats
The correct addressing sequence for the NJ88C33 is address byte, another acknowledge then the associated data.
shown below. The START condition is followed by the The correct values for each address and sub-address are

address byte, the acknowledge from the NJ88C33, the sub- listed, together with the message selection options.
Address ———m8 ———«——» Sub-Address ————» Data bits >
Bit |[S|1]|]2|3|4|5|6|7|8|A|1]|2|3|4]|5|6|7|8]|A
Data 1/]1|l0|0j0|1|P|O ojojo|O|P|P|P]|O
W
0 0 O Notused
N 0 0 1 Notused
0 = single modulus 0 1 0 R counter, single modulus
S = Start 1 = dual modulus 0 1 1 Rcounter, dual modulus
St = Stop 1 0 0 Status, single modulus
A = Acknowledge 1 0 1 Status, dual modulus
1 1 0 N counter, single modulus
!(3 == S:r)l‘gtrzer;:g‘ able (as shown) 1 1 1 A/Ncounter, dual modulus
Data Formats
Each of the data formats should be preceded contiguously
by the addressing sequence given above.
R counter : single or dual modulus
< R Data »
Bit 1/2|3|4|5|6|7(8|A|1|2|3|4|5|6|7|8|A|St
Data plp|P|P|P|P|P|P P p{p|P|P|P
MSB LsB
Status : single or dual modulus
Data »
Bit 1({2[3]4|5|6|7|8|A]|St
Data piPp|P|P|P|P|P|P
Status Byte
Bit 0 1
1 PORT = low PORT = high
2 Counters off Counters on
3 Fl and Rl off @ Fland Rlon NOTES
4 PD = polarity negative | PD = polarity positive 1. In this standby mode the counters are disabled but the
5 PD bias = 0.625mA PD bias = 2.5mA voltage doubler and I2C interface can both function.
6 f,, = RI’2 t =RV4 2. In this standby mode the Fl and Rl preamplifiers are
7 Doubler off Doubler on @ disabled, which stops the counters and the voltage doubler.
- . _ h The PC interface still operates.
8 MOD = push-pull MOD = open drain 3. The voltage doubler should only be used when V, <3.0V
N counter : single modulus
< N Data »
Bit 112(3{4(5|6|7|8|A|1]|2|3|4|5]|6 8 |A|St
Data x|x|x|{x|p|P|P|P plp|P|P|P[P|P|P
MSB LsB
A/N counters : dual modulus
<«— AData > < N Data —>
Bit 1/12|3(4|5|6|7|8|A|1|2|3|4|5|6(7|8|A[1]2|3|4|5|6|7|8|A]St
Data | X|X|[x|x|P|P|P|P PP P|P|P P|P P P
mMsB LSB MsB LsB
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NJ88C33

APPLICATION CIRCUITS
Single Modulus

In this mode, the NJ88C33 synthesiser can be used with
or without a fixed modulus prescaler. The R counter is
programmed with a value to produce a comparison frequency
fc. When the N counter is changed by 1 the loop is no longer
in lock and the phase detector output produces current pulses
to bring the loop back into lock. These pulses are integrated by
the loop fiiter to produce the VCO voltage drive. When the
VCO loop is locked, FI/N=f, i.e., the VCO frequency is N x f.

Using a prescaler with a division ratio P, the smallest VCO
output frequency step is Pf_ and the VCO frequency is PNf..

If a low pass filter is connected to the lock detect output as
shown and sampled by the microprocessor, the proximity of
the synthesiser loop to lock can be evaluated.

The A counter is not used in this mode.

Voo™t @ T -
| ' LooP |
v FILTER
ml;-sm oo PD : : VCO H
LD ' |
I
MICROPROCESSOR > scL | :
[
soa NJBBC33 = :
L ! !
au T
1 1
REFERENCE [ I~ GNDY [t
OSCILLATOR A 7
GND2
AEL7 AZ&?
i OPTIONAL
i FIXED
PRESCALER

Fig. 7 Single modulus application

Dual Modulus

This mode allows much higher frequencies to be used in
conjunction with a prescaler but maintains the step size, fc. In
this mode, a dual modulus prescaler (with ratios P and P + 1)
must be used with the NJ88C33. The A counter controls the
MOD output, which is used to select the division ratio of the
prescaler.

Whenthe A counter is non-zero, the MOD output is low and
goes high when the A counter has counted down to zero.
MOD remains high until the N counter reaches zero, when
both counters are re-loaded. Thus, the prescaler divides by P
for N-A cycles and by P + 1 for A cycles of Fl. The VCO
frequency is given by PNf_ + Af_.

Note that programming A = 0 produces a count of 128 cycles.

T

sp 'OP PD
(]
MICROPROCESSOR E—
» o | spa NUBBC33

REFERENCE ——‘_"-> Rl GND1
OSCILLATOR . MOD

GND2

P

ML—

! Loop |
\ FILTER 1
. — vco |
I l |
| ]
1 I
| 1
| 1
1 1
I T l
| ]
T
] ]
Y T
——_I * *STATUS BIT 8 SET LOW
FOR PUSH-PULL OUTPUT,
ELSE A PULL-UP
DUAL RESISTOR IS REQUIRED
MODULUS
PRESCALER
e.g. SP8705

Fig. 8 Dual modulus application
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VCO Driving Without Voltage Doubler

To switch off the voltage doubler, bit 7 of the status register
is programmed low. This will reduce current consumption and
minimise noise. The voltage doubler output C should be
connected to GND1 as connection to GND2 would induce
noise in the VCO loop.

NJ88C33

VCO Driving With Voltage Doubler
The voltage doubler is switched on by setting bit 7 of the
status register high. It is recommended that a reservoir
capacitor of at least 1uF be connected from C to GND1.
The voltage doubler is designed to boost VCO drive in low
voltage applications.

T I "LooP |
| FILTER |
Voo ppD . +
I | _l_
] I
] 1
NJ88C33 | :
[
:__ I, Vep vCco
GND1  C ' !
L. | [
Ay Le——m— = I
t 0<Vpp <Vpp

Fig. 9 Driving a VCO without voltage doubler

Further Applications Information

A stand-alone programmer card and an evaluation board
are available for evaluating the NJ88C33. The programmer
card allows two sets of variables to be programmed into both
the divider and status registers during alternate programming
cycles, at either the standard I2C bus rate of 100kHz or at
2MHz.

Initialisation is with either a manual push-button or by an
external logic level pulse; a synchronisation output is provided
to allow a quick assessment of ‘step’ and ‘settle’ responses to
be made.

T " Loop |
- | FILTER
b PD . '
l I J.
1 [}
1 [}
NJ88C33 : :
== | veo vco
1
GND1  C ' T H
LT
[ S, !
Svo :rzw‘ 0<Vpp <2Vpp
7777

Fig. 10 Driving a VCO using the voltage doubler

The NJ88C33 evaluation board (Fig. 11 ) dernonstrates
the preferred layout technique - providing a reference
oscillator, a 60 to 80MHz VCO and a simple loop filter to
complete a minimal frequency synthesiser loop. The two units
allow analysis of different loop variables as well as the
selection of comparison frequencies for fast frequency-
hopping loops.

Application Note: AN94, ‘Using the NJ88C33 PLL
Synthesiser’ explains the design equations and
demonstrates the use of the device, and is available from your
local GPS customer service centre.
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NJ88C33

700mVp-p Ri 1.7mA R13

10MHz ‘T;_L l___I:;‘—_;‘_: L
E] Jalle

REFERENCE R3
cz1 OSCILLATOR ,

R14

ey 1. ST vet
A7 (if fitted)

R18 (if fitted)

c1
soq output CON1 R7
-17dBm

300 to 850mVp-p

II
LK
- « © con2

Fig. 11 Typical applications circuit
* Insert C15, delete R4 and R5 if CON2 is to be used to monitor the VCO. Delete C15 insert R4 and R5 if CON is to provide
an external source, otherwise short C15 and delete R4, R5 and CON2.
COMPONENT LIST FOR FIG. 11

Capacitors Resistors Inductors Miscellaneous
Co 1nF10% C17 22uF/35V Elect. |R1  270Q | L1 15uH 10% IC1 NJ88C33
C1  100nF 10% C19 10nF 10% R2 470Q | L2 220pH 10% X1 10.00MHz 5ppm series
C2 1pF Tant. C20 22uF/35V Elect. |R3  330Q | L3  180nH 20% Swi Miniature slide switch
C4 10nF 10% C21 10nF 10% R4 100Q | L4 470uH 10% CON1  SMC socket
C5 22uF/35V Elect. |[C22 10nF 10% R5 100G CON2 SMC socket
C6 10nF 10% C23 22pF 5% NPO |R6 1kQ Diodes PCB  C33ISSs2
C7 1nF10% C24 22pF/35V Elect. |R7  120Q
C8 1nF10% C27 22pF 5% NPO |R8 27kQ | D1 1N6263 Schottky
C9 1nF10% VC1 3p5-22p R9 Link | D2 1N6263 Schottky
C11 150pF 5% NPO R10 1kQ |D3 BBY40 varicap
C12 1nF 10% Ri1 10Q |D4 5mmred LED
C13 1nF 10% R12 10Q
C14 2p7 +0.5pF NPO R13 10Q Transistors
C15 10nF 10% R14 22kQ
C16 10nF 10% R15 2.7kQ|TR1 BFS17 RF NPN
R16 330R | TR2 BFS17 RF NPN
R17 1009 | TR3 2N3904 Switching
R18 33MQ

NOTES

1. With the exception of electrolytics, all capacitors are surface mount types.
2. All resistors are 0.25W, +2%.

3. Co, C1, C2,C11, C12, C13 and C14 must be low leakage types.

4. R18 may be required to optimise VCO close in noise performance.
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GEC PLESSEY

-,
DS3805- 1.8
DUAL LOW POWER FREQUENCY SYNTHESISER
The NJ88CS50 is a low power integrated circuit, designed
as the heart of a fast locking PLL subsystemin a mobile radio
application. It is manufactured on GEC Plessey
Semiconductors 1.4 micron double polysilicon CMOS aoo [T]fro 2] 1] aeno
process, which ensures that low power and low noise v [T 2 19[ T moo2
performance is achieved. The device contains two rve [ || 18[ ] oo
synthesisers, one for the generation of VHF signals up to
125MHz and a second for UHF (when used with a oara [T7] | 17] T ] screen
mulitmodulus prescaler such as the SP8713/14/15). The ckin [ ]|s NJescso 16[ T ] msc
main synthesiser has the capability of driving a dual speed
loop filter and also can perform Fractional-N interpolation. strose [ | [ 15[ ] nsm
Both synthesisers use current source outputs from their RI D: 7 14 j:] VDD
phase detectors to minimise external components. Various
sections may be powered down for battery economy. ra [T ] 13 T]rop
rsa [ 1]° 12[ T ] aND
FEATURES
B 30MHz main synthesiser Poa [T ] " :D POl
B 125MHz auxiliary synthesiser
B Programmable output current
from phase detector - up to 10mA NP20
B High input sensitivity ) ) ]
] FrgctiogaI-N interpolator Fig.1 Pin assignment
B Supports up to 4 modulus prescalers
B SSOP package ABSOLUTE MAXIMUM RATINGS
Storage temperature -55°C to +150°C
Operatingtemperature -40°C to +85°C
APPLICATIONS Supply voltage -0.5t0 7.0V

B NMT, AMPS, ETACS cellular Voltage on any pin -0.3Vto (Voo + 0.3V)
B GSM, IS-54, RCR-27 cellular
B DCS1800microcellular ORDERING INFORMATION
H DLMR, DSRR, TETRA NJ88C50\G\NPAS - (Industrial temp range in SSOP
B DECT, PHP cordless telephones package)
MOD1 MOD2 RSC RSM
O O
FiM O
Five 0| BUFFER PrASE cuRRenT [0 POI
A DETECTOR SOURCE
—oO PDP

DATA O—
CKIN O—

SERIAL
INPUT

REGISTER

STROBE O—

FRACTIONAL-N

SYSTEM

FIA O

AUX. N
BUFFER

AUX. N-DIVIDER

PHASE
DETECTOR

l—

SOURCE

CURRENT

——O PDA

l

RSA

Fig.2 Simplified block diagram
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ARCHITECTURE

Fig.2 shows a simplified block diagram of the NJ88C50, a - 125MHz Aucxiliary synthesiser programmable divider
more detailed description of each block and its function is - Auxiliary synthesiser phase detector with cuirent source
given later in this datasheet. outputs
- 30MHz main synthesiser input buffer (differential inputs)
The synthesiser consists of the following blocks - 30MHz main synthesiser programmable divider and control
logic
- 35MHz reference frequency input buffer - Main synthesiser Fractional-N interpolation system
- 35MHz programmable reference divider - Main synthesiser phase detector with dual current source
- 125MHz Auxiliary synthesiser input buffer outputs
PIN DESCRIPTION
Pin | Name Function
1 AVDD Analog supply pin (nominally 5V).
2 FIM Main synthesiser balanced input buffer, may be used with single ended prescaler output if Fimb
is biased.
3 FIMB Main synthesiser balanced input buffer, may be used with balanced prescaler output, or biased
for single ended operation.
4 DATA Serial input for programming data.
5 CKIN Serial clock input for programming bus.
6 STROBE Program enable pin, active low.
7 RI Master reference frequency input, should be a.c coupled from an accurate source.
8 FIA Aucxiliary synthesiser frequency input, should be a.c coupled.
9 RSA Current setting resistor connection defining auxiliary phase detector output current.
10 PDA Tristate current output from auxiliary phase detector.
11 PDI Tristate current output from the main synthesiser's phase detector giving integral control.
12 | GND Digital ground supply pin.
13 PDP Tristate current output from the main synthesiser's phase detector giving proportional control.
14 VDD Digital supply pin (nominally 5V).
15 RSM Current setting resistor connection defining main synthesiser's phase detector output currents.
16 RSC Current setting resistor connection defining the compensation current for fractional-N ripple
elimination in the main synthesiser’s current source outputs.
17 SCREEN To be connected to ground to provide isolation of the modulus control pins from RF interference.
18 MOD1 Modulus control pin (see truth table).
19 | MOD2 Modulus control pin (see truth table).
20 | AGND Analog ground supply pin.

It is recommended that power supply pins are well decoupled to minimise power rail born interference.
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FUNCTIONAL DESCRIPTION

The NJ88C50 has been designed using a modular
concept, and its operation can be best summarised as these
component blocks.

Referencedivider

The reference divider is used to provide the reference
signals needed for both the main and auxiliary synthesiser
phase detectors. The divider allows for atwelve bit numberto
be loaded, via the serial bus, to select the required division
ratio. Division ratios of 3 to 4095 can be used.

The reference divider input stage will accept a low level,
AC coupled, sinewave input. It is anticipated that in most
systems this will be provided by a stable reference source up
to 35MHz, and so encompasses all the common TCXO
(temperature controlled crystal oscillator) frequencies, such
as 9.6, 12.8, 13.0, 19.44 and 26MHz.

A standby mode is supported so that the reference divider
can be powered down, this is achieved using two of the serial
program control bits.

Toreduce the possibility of unwanted interaction between
the main and auxiliary synthesisers, the charge pumps do not
take current atthe same time. To achieve this the output of the
reference divider has a duty factor of approximately 50:50,
which then allows the Q and QBAR taps to be used for the
auxiliary and main synthesisers respectively. By doing thisthe
current pulses can be taken alternatively, minimising
modulation of the power supply rails as current is drawn.
The reference divider consists of a 12 bit programmable
divider followed by a 4 bit binary counter. This 4 bit counter
gives a choice of divide by M, 2M, 4M or 8M.

A pair of programmable control bits are used to determine
which of the divide by M, 2M, 4M or 8M outputs is supplied to
the auxiliary synthesiser's phase detectorandafurther pair of
control bits are used to determine which are supplied to the
main synthesiser’s phase detector.

Auxiliary synthesiser

The auxiliary synthesiser operates over an input frequency
range from 1 to 125MHz, without the use of an external
prescaler. The synthesiser consists of a 12 bit N divider and
a digital phase comparator with current source outputs. The
reference frequency is supplied by the shared reference
divider. Current source outputs allow a passive loop filter to
be used.

When the auxiliary synthesiser is not in use, a standby
mode is supported so that power consumption is reduced.
This is achieved using one of the serial program control bits.

The divider is programmed with a 12 bit word allowing
division ratios of 3 to 4095 to be used.

The auxiliary phase detector consists of the 2 D-type
phase and frequency detector shown in Figure.3 below, the
high and low outputs of which drive on-chip, opposing
complementary charge pumps. This type of phase detector
design eliminates non linearity or deadband around the zero
phase error (locked) condition.

NJ88C50

The charge pump output current level is set by an external
resistor on the RSA pin (pin 9) up to a limit of 250pA +/-10%.
A pull up current pulse will indicate that the VCO frequency
must be increased, whilst a pull down pulse indicates that the
frequency must be decreased.

+—D a Enable pull-down
Variable charge pump
N-Divider
Pulse R

Enable pull-up

+—p a charge pump
Reference
Divider
Pulse 4

R

Fig.3 Auxiliary phase detector
Main Synthesiser

The main synthesiser is capable of operating at
frequencies up to 30MHz. The synthesiser uses the 12 bit
reference divider, shared with the auxiliary synthesiser, a 12
bit up/down N divider and a digital phase comparator with
current source outputs.

The device also has a number of features which increase
the design flexibility and performance of the synthesiser.
These include fractional-N operation, speed up mode and
support of 2, 3 and 4 modulus prescalers. A description of the
operation and advantages of each of these features is given.

The main N divider input buffer will accept inputs from
an external prescaler, either as balanced (2 wire) ECL levels
atfrequencies up to 30MHz, or DC coupled to a single ended
prescaler output. Single ended operation requires the other
bufferinput (pin 3) to be externally biasedto the correct slicing
voltage for the prescaler and also externally decoupled.

If the inputs are in the form of balanced ECL levels, there
must not be a skew of greater than 2ns between one input
changing and the second input changing. The relationship of
the signals is shown below in Fig.4.

FIM w
| \ Balanced
| ECL

FIMB m 7 Inputs
[
[
[

-l

+/-2ns

Fig.4 Maximum input skew

23



NJ88C50

The main N divider is programmable so that it can
determine how many cycles of each division ratio the external
prescaler will perform.

The total division ratio of the output fromthe system VCO
tothe synthesiser's phase detector may be expressed as Ntor
and R1, R2, R3 and R4 are the available prescaler ratios and
N1, N2, N3 and N4 are the corresponding number of cycles for
each ratio selected, within one complete division cycle.

Thedivider is programmed via the serial databus andthe
values needed to be programmed for each of the possible
prescaler ratios are as follows:-

In 2 modulus mode (division ratios R1, R2)

Nror= N1.R1 + N2.R2

Programmed values needed:

N1 - a 12 bitvalue giving the number of times R1 isto be used
N2 - a 8 bit value giving the number of times R2 is to be used

In 3 modulus mode (division ratios R1, R2, R3)

Nrtor= N1.R1 + N2.R2 + N3.R3

Programmed values needed:

N1 -a 12 bitvalue giving the number of times R1 isto be used
N2 - a 4 bit value giving the number of times R2 is to be used
N2+N3 - a 4 bit value where N3 is the number of times R3 is
to be used and (N2+N3) is modulo-16 addition

In 4 modulus mode (division ratios R1, R2, R3, R4)

Nror= N1.R1 + N2.R2 + N3.R3 + N4.R4

Programmed values needed:

N1 -a12bit value giving the number of times R1 is to be used
N2 - a 4 bit value giving the number of times R2 is to be used
N2+N83 - a 4 bit value where N3 is the number of times R3 is
to be used.

N2+N3+N4 - a4 bitvalue where N4 is the number oftimes R4
is to be used. (N2+N3) and (N2+N3+N4) are modulo-16
addition.

To facilitate the use of multimodulus prescalers the N
divider is based upon a twelve bit up/down counter which
functions as follows

The first value, N1, is loaded into the counter which then
counts down from N1 to zero. During this time, the modulus
ratio R1 is selected.

When the counter reaches zero modulus R2 is selected
and the counter then counts up to the N2 value. If 2 modulus
operation is chosen, the counter is then reloaded with N1 and
the count is repeated.

For operation with 3 or 4 modulus devices, the counter
continues to count up once it has reached the N2 value. The
count continues to the N2+N3 value and during this time the
R3 ratio is selected. In the 3 modulus case, when the N2+N3
value is reached the counter is then reloaded with the N1
value and the modulus ratio R1 is selected.

For4 modulus operation the counter will continue its count
up to the N2+N3+N4 value before reloading the N1 value.
During this time the R4 modulus is selected.
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If N2, N3, or N4 are set to zero this will give a full count of 16
for the corresponding modulus.

The Ndivider block also has a special control line fromthe
Fractional-N logic. When required this control will cause the
total division ratio to be increased from N to N+1. This is
achieved by forcing a cycle which would have normally used
a prescaler ratio R1 to use ratio R2 instead. R1 and R2 are
chosen so that R2 equals R1+1.

Further explanation of the operation of the synthesiser
when using 2, 3 or 4 modulus prescaleris given in the section
on multimodulus division (page 8).

The phase detector used on the main synthesiser is
similartothe type used onthe auxiliary synthesiser (Figure.3).
In this case, however, the detector will drive two pairs of
complimentary charge pumps, one of which is intended to
drive the loop integrator capacitor to provide integral control,
whilst the other provides proportional control for the VCO.
This systemis shownin Fig 5, and has applications where fast
locking of the loop is required.

Vdd vdd
To veo
PROPORTIONAL T INTEGRAL
CHARGE CHARGE
PUMP PUMP
T
Gnd

Fig.5 Loop filter using both charge pumps
MODES OF OPERATION

Normmal Mode

The synthesiser will operate in normal mode while the
strobe line of the serial data bus is low. In this mode the
following current levels are produced. The charge pump
providing the proportional feedback term will have a normal
currentlevel designated by Iprop(0), that is set by an external
bias resistor, RSM. Iprop(0) will vary when different N-divider
ratios are programmed, so that it is proportional to the total
division ratio. To avoid the necessity of computing the total
division ratio on chip, an eight bit number representing the
most significant bits of Ntot will be loaded via the serial data
bus. Iprop(0) is therefore given by

Iprop(0) = CN.Ibo

where CN is the loaded eight bit number and the value Ibo is
scaled from the external current setting resistor RSM where
Ibo = Irsm/32. Typically Ibo = 1uA ,and therefore Iprop(0) will
have a maximum value equal to 255pA.



The normal value of Iprop, Iprop(0), is obtained while the
strobe line of the serial programming bus is held low. In this
condition, the second charge pump providing the integral
feedback term is inactive.

Speed up Mode

In' speed up mode the loop bandwith during switching
is increased to allow faster initial frequency acquisition. This
is done by using the dual phase detector outputs (PDP and
PDI) connected to a standard passive loop filter as shown in
fig.5. The effect of this is to increase the loop gain and hence
the bandwidth while maintaining a constant phase margin
when switching between speed up mode and normal mode.

The synthesiser operates in speed up mode when the
strobe line goes high loading either word A or word A2 (see
programming section Page 8-Page 9) and it will stay in this
mode untilthe strobe line goes low. In this mode the following
current levels are produced. The charge pump providing the
proportionalfeedback willincrease its current from Iprop(0) to
a value lprop(1), where

Iprop(1) =2+ .lprop(0)

where L is a two bit number loaded as part of the serial
programming data. Iprop(1) will therefore be 2, 4, 8 or 16
times Iprop(0). The charge pump supplying Iprop is specified
up to a value of TmA.

Also when the strobe line goes high loading word A or
word A2, the charge pump providing the integral feedback
term becomes active at a current level lint given by

lint = K.Iprop(1)

where K is a four bit number loaded as part of the serial
programming data. Although lint can be programmed to be
240 times greater than Iprop(0), the charge pump supplying
lint is only specified up to a value of 10mA.

For all charge pumps, a pull-up currentindicates the VCO
frequency should be increased while a pull-down current
indicates the VCO frequency should be decreased.

For the proportional and integral charge pumps, the
selected pulse current levels will remain substantially
constant over the charge pumps output voltage ranges
tabulated in the electric characteristics. “Substantially
constant” means that the current will not have changed by
more than 10% of the value measured at 2.5 volts on the
output .

FRACTIONAL-N OPERATION

Conventional, non fractional-N synthesisers have a
frequency resolution or step size equal to the phase detector
comparison frequency. Fractional-N refers to a technique
which allows finer frequency steps to be obtained.

The synthesised frequency with a conventional
synthesiseris equal to Ntimes the phase detector comparison
frequency, where N is the programmable integer loop divide

NJ88C50

ratio. Using fractional-N the value of N is alternated between
N and N+1 in order to simulate a fractional part. For example
9000.375 would be simulated by alternating between 9000
and 9001 in the pattern

9000, 8000, 9001, 9000, 8000, 9001, 9000, 9001 (mean value of 9000.375).

On the NJ88C50 the fractional-N circuit consists of an
accumulator which can be set to overflow at a value of 5 or 8
(FMOD in programming word D, see page 9). The value in the
accumulator, A, is incremented once every comparison cycle
of the main phase detector and every time the accumulator
overflows the total division ratio of the synthesiser and
prescaler is increased from N to N+1. To obtain the pattern
described above N=9000 and FMOD would be set to mod8
andthe incremental value, NF(programmed in word A) would
be set to 3. The accumulator would then behave as shown
below.

Increment Accumulator  Total Division
Value Vaiue Ratio
3 3 9000
3 6 9000
3 1 9001
3 4 9000
3 7 9000
3 2 9001
3 5 9000
3 0 9001

Varying NF allows different fractions to be obtained. If NF=1
and FMOD=8 the accumulator would overflow once in every
8 cycles giving a value of 9000.125. Similarly if NF=4 the
accumulator overflows every other cycle giving 9000.5.

Foragiven stepsizethis increase in resolution means a higher
comparison frequency at the phase detector, and therefore a
lower overall division ratio. For example,

with a step size = 200kHz
and carrier frequency = 900MHz

Non fractional-N synthesiser

Comparisonfrequency=200kHz

Division ratio=900MHz=4500
200kHz

Fractional-N synthesiser (using 5ths)
Comparisonfrequency=1MHz
Divisionratio=900MHz=900

1MHz

In most applications the phase noise is proportional to the
overalldivision ratio. Therefore fractional-N gives lower phase
noise. This higher comparison frequency and lower phase
noise allows circuits to be built with wider loop bandwidths
while keeping the same stability. This means that phase
locked loops (PLLs) can be made to either switch faster for a
given phase noise or be quieter for a given switching speed,
compared to conventional designs.
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However the alternation between the N and N+1 values
causes a ripple in the output frequency. This ripple is not
desirable in radio frequency synthesisers. This ripple or jitter
waveformis predictable fromthe pattern of N and N+1 values
and so can be cancelled.

Theinstantaneous accumulatorvalue, A, is proportionalto
the cumulative frequency error caused by ignoring the
fractional part during the periods of the divide by N. The
accumulator value, A, may therefore be used to generate a
waveform corresponding to the jitter waveform, that is then
used to cancel the jitter out of the phase detector. This jitter
compensation current pulse is equal to A.lcomp where lcomp
represents the step size as A is incremented.

Corresponding to the two alternative values of Iprop,
Iprop(0) and Iprop(1), lcomp willtake the values lcomp(0) and
lcomp(1). lcomp is always pull-up, and the magnitude of its
steps for perfect jitter compensation are related to the value
of Iprop by the factors

0, 1/Q.Ntot, 2/Q.Ntot , 3/Q.Ntot ........ Q-1/Q.Ntot
where Q = accumulator modulus in use (5or 8)
Since
Iprop(0) = CN.lbo

and CNis an approximation to Ntot apart from a scaling factor,
the value of lcomp(0) required becomes independent of Ntot
and its steps are

0,1/Q,2/Q,3Q....... Q-1/Q times Ibo.(scaling factor)

where scaling factor = Max. value of CN to be used
Corresponding max. value of Ntot

therefore lco=1 x CN(max) x Ilbo
Q Niot(max)
and icomp(0) = A.ico

where Ico is scaled from the external current setting resistor
RSC.

Ico = Irsc/128.

Typically Ntot(max) might be 10000, with CN(max)=250
and Q=8, so the current step will be of magnitude 1bo/320.
Since Ibois only 1 uA, this is a very small value; however this
value only applies if lcomp is a continuous current. lcomp
however willbe ashort current pulse coincident with the Iprop
pulse, in order to cancel jitter components over the widest
possible frequency range.

When the duty factor of Icomp is taken into account, its pulse
value may be increased accordingly. lcomp is therefore
generated as a pulse of fixed width equalto two periods of the
input reference clock frequency, with a timing that straddles
the active edge of the reference divider output pulse supplied
to the main phase detector, as shown below: (Fig 6).

Since the duty factor of lcomp is 2/M and depends on the
value of M programmed, it is possible to set the peak pulse
value of lcomp(0) by means of the external current setting
resistor RSC to correspond with the value of M intended, the
value of ‘scaling factor’ defined above, the accumulator
modulus Qandthe value of Ibo set by the other current setting
resistor.

Ilco =1 x Nmax

Q Ntot(max)

therefore X M x Ibo
2

This gives a typical value for Ico of 0.1pA.

The two values of Icomp, lcomp(0) and lcomp(1) are related
by
lcomp(1) =2%' .lcomp(0)

lcomp(0) occuring when the strobe line is low and lcomp(1)
occuring when the strobe line is high loading either WORDA
or WORDA2 (see programming section, page 8 and 9) .

Corresponding tothe pull-up pulse Icomp(1) thatis added
to the nronartional charae numn nulse Inoron(1) there is also
to the proportional charge pump pulse lprop(1), there is also
a pull-up current pulse lcomp2 which is added to the integral
charge pump pulse lint. This pulse lcomp?2 only applies when
the stobe line is high (loading either WORDA or WORDA2).
When the strobe line is low there will be no lint or lcomp2
pulses. The value of lcomp2 is given by

lcomp2 = lcomp(1).K

where K is a four bit number entered as part of the serial
programming data.

M cycles of the reference input frequency

Active edge

1 1

Reference to phase detector I

I I Timing of lcomp pulse
....> <—

2 reference frequency cycles

Fig.6
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MULTIMODULUS DIVISION

The NJ88C50 supports the use of 2, 3 and 4 modulus
prescalers. Two modulus prescalers such as the SP8714/15
are commonly used in PLLs. Additional information on using
2 modulus prescalers can be found in application note AN132
in the GEC Plessey Semiconductors Personal
Communications handbook (May 1992).

When using a 2 modulus prescaler (R/R+1) the minimum
division ratio above which all channels can be synthesised is
given by

Minimum division ratio = R(R-1)
eg. for a 64/65 prescaler such as the SP8714/15

Minimum division ratio = 64(64-1) = 4032
Whenfractional-N operation is being used highercomparison
frequencies are used, which are obtained by using lower
division ratios. Use of a 3 or 4 modulus prescaler allows the
minimum division ratio to be lowered.

For a 3 modulus prescaler (R/R+1/R+A)

Minimum division ratio = R(R+A+1)+A
A

eg. for a 64/65/72 prescaler such as the SP8713

Minimum division ratio = 64(64+8+1)+8 = 1096
8

For a 4 modulus prescaler (R/R+1/R+A/R+B)

Minimum division ratio = R(A+B+R+1)+A+B
AB

eg. for a 64/65/68/80 prescaler

Minimum division ratio = 64(4+16+64+1)+4+16 = 852

4 16

An example of where three modulus division would be
implemented is given below.

The systemin whichthe synthesiseris to operate has alowest
carrier frequency of 900MHz and a channel spacing of 30kHz.
However due to the lock up time requirements fractional-N
operation is being used in its 8ths mode (see section on
fractional-N operation), giving a comparison frequency of
30kHz x 8 = 240kHz.

Therefore,

Minimum division ratio required = 900x10° = 3750
240x10°

If a 64/65 prescaler is used not all the channels will be
selectable as the minimum required division ratio is less than
the minimum allowable division ratio (4032).

NJ88C50

If a 64/65/72 prescaler is used all the channels will now be
selectable as the minimum required division ratio will now be
greater than the minimum allowable division ratio (1096).

SERIAL DATA BUS

Thedataneededto programthe synthesiseris enteredvia
a high speed (10MBit/s) 3-wire bus, with serial data, serial
clock and strobe pins. The input data is partitioned so that
after initial programming the output frequency can be
changed by re-programming only 24 or 32 bits.The timing
diagram for the bus is given in Fig.7.

The data is programmed as either four twenty-four bit
words or three twenty-four bit words and one thirty-two bit
word. When initially programmed words A, B, C and D are
loaded, though if the auxiliary synthesiser is disabled C is not
needed. Following the initial programming the frequency can
be subsequently shifted in one of the following ways:

a) If a2 or3 ratio prescaler is being used and CN does
not need to be reprogrammed word A should be
loaded.

b If a2 or 3 ratio prescaler is being used and CN does
needto be reprogrammed word A2 should be loaded.
In wide frequency band systems CN must be
reprogrammed for best performance every time the
frequency is changed.

c) Ifafourratio prescaleris being used word A and word
B should be loaded

| I N

STROBE

CKIN I . l l
S CE X X

DATA — X X

Data must be valid on positive edges of clock

Fig.7

A strobe pulse occurs at the end of each word and loads
the contents of the input shift register into the working
registers, except when word B is being loaded, in which case
the shift register contents are loaded into atemporary register
andthen loaded into the working register when either word A
or A2 is loaded. The information is transferred on the rising
edge of the strobe pulse which should occur one half clock
period after the clock edge on which the MSB of a word is
shifted in.

If word A orword A2 is being loaded, whenthe strobe goes
highthe main synthesiser willbe putinto speed-up mode. This
mode willbe maintained while the strobe remains high. During
this time any pulses on the clock input will not affect the
function of the synthesiser.
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The information contained within each word is given below.
Data bits are shiftedin onthe leading clock edge, with the least
significant bit(LSB) of the word first and the MSB of the word
last. (Note that individual sections of data within a word are
loaded with the MSB of that section first. An example of this
is given after this description of Word A)

Word Format
MSB....i e LSB
Word A
0] NF | N1 |N2 or N2 and N2+N3|
|3 bits| 12 bits | 8 bits |

NF = Fractional-N incremental value. (MSB first)

N1 = Number of cycles prescaler ratio R1 is used. (MSB first)
N2 = Number of cycles prescaler ratio R2 is used. (MSB first)
N3 = Number of cycles prescaler ratio R3 is used. (MSB first)
If a two modulus prescaler is being used N2= 8 bits.

If a three or four modulus prescaler is being used

N2 = 4 bits and N2+N3= 4 bits(modulo-16 addition).

Therefore if the following values are required NF=3
N1=51 N2=25 the input word would be

0 110 110011000000 10011000
NF N1 N2

Word A2

[0f NF | N1 |N2orN2and N2+N3| CN |

|3 bits | 12 bits | 8 bits |8 bits |

CN = Scaling factor for current setting. (MSB first)

Word B
|1000 |[N2+N3+N4| CN | K | L |P1,P2|
| 4 bits |8 bits|4 bits|2 bits| 2 bits |

N4 = Number of cycles prescaler ratio R4 is used and
(N2+N3+N4) is modulo-16 addition. (MSB first)
CN = Scaling factor for current setting. (MSB first)
K =Acceleration factorforintegralcharge pump. (MSBfirst)
L = Acceleration factor for proportional charge pump.
(MSB first)
P1,P2 = Number of modulii of prescaler.

No. of modulii | P2 P1
Two 00
Three | 0 1
Four 10
Word C
[1001] NA |

|
| 12 bits | 8 bits free |

NA = Variable frequency for auxiliary synthesiser.
(MSB first)
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Word D
[1010| NR [SM1,SM2| DM |SA1,SA2| DAJFMOD|LONG|
[12bits| 2bits |1bit | 2bits |1bit| 1 bit | 1bit |

NR = Reference frequency division value. (MSB first)
SM1,SM2 = Main reference source select (Rmain).

SM1_SM2 | RMAIN

0 0 M
0 1 2M
1 0 4aM
1 1 8M

SA1,SA2 = Auxiliary reference source select (Raux).

SA1 SA2 |RAUX
0 0 M
0o 1 M
1 0 4M
1 1 8M

FMOD = Fractional-N modulus select (5 or 8).

FMOD | MODULUS
0 5
1 8

DA = Disable auxiliary synthesiser.

DA=1-disabled
DA=0-enabled

DM = Disable main synthesiser.

DM=1-disabled
DM=0-enabled

LONG=0 Word A selected
LONG=1 Word A2 selected



ELECTRICAL CHARACTERISTICS

DC Characteristics
Vdd = 5V £ 10%, Tamb = -40 to +85°C

Static

NJ88C50

Parameter Min Typ Max | Unit |Condition
Supply voltage 4.5 5.0 5.5 '
Supply current 6 mA | Both synthesisers on
(Fia = 125MHz, Fim = 30MHz, Ri = 35MHz)
3 5 mA | Both synthesisers on
(Fia = 10MHz, Fim = 10MHz, Ri = 10MHz)
4 mA |Main on, Auxiliary in stand-by (Fim=30MHz, Ri=35MHz)
2 3 mA |Main on, Auxiliary in stand-by (Fim=10MHz, Ri =10MHz)
4 mA | Auxiliary on, Main in stand-by (Fia=125MHz, Ri=35MHz)
2 3 mA | Auxiliary on, Main in stand-by (Fia=10MHz, Ri=10MHz)
10 HA |Main and auxiliary in standby
DYNAMIC
AC Characteristics
Vdd = 5V + 10%, Tamb = -40 to +85°C
Input signals - RF
Parameter Min Typ Max Unit Condition
input-RI
Reference input - Ri 10 35 MHz sinewave input, Note 1
1 35 MHz pulse input, Note 1
Rise time 20 ns
Falltime 20 ns
Input voltage - Ri 0.1 1 Vipk-pk Ri = 20-35MHz, Note 1
0.25 1 Vpk-pk Ri = 10-19MHz, Note 1
Input capacitance 10 pF
Large signal input impedance 200 kQ Note 2
Source impedance Z 1.5 kQ Note 3
Aux synthesiser input -FiA
Input frequency - Fia 20 125 MHz sinewave input, Note 1
1 125 MHz pulse input, Note 1
Rise time 10 ns
Falltime 10 ns
Input voltage 0.35 1 Vipk-pk Fia = 20-49MHz, Note 1
0.1 1 Vpk-pk Fia = 50-99MHz, Note 1
0.35 1 Vpk-pk Fia = 100-125MHz, Note 1
Input capacitance 10 pF
Large signal input impedance 200 kQ Note 2
Source impedance 1.5 kQ Note 3
Main synthesiser input -FIM
Input frequency - Fim 10 30 MHz sinewave input
1 30 MHz pulse input
Rise time 50 ns
Falltime 50 ns
Input voltage 0.2 1 Vpk-pk Single ended input
Common mode input DC voltage range 2.8 Vdg-1 \"
Input capacitance 10 pF
Inputimpedance 100 MQ
Input Current 10 HA




NJ88C50

Notes
1. Source impedance = 50Q

2. Virtual earth input amplifier, therfore low impedance for small signals. Impedance is high once signal amplitude exceeds

typically +0.125V.

3. Input amplifier may become unstable for higher values of Zs.

DYNAMIC
AC Characteristics
Vdd = 5V + 10%, Tamb = -40 to +85°C

Input signals - Logic and current defining pins

Parameter Min Typ Max Unit Condition
Data and strobe
Input voltage high Vud-0.8 Vud \'
Input voltage low 0 0.8 Vv
Input capacitance 10 pF
Input current 10 HA
Clock
Input voltage high Ved-0.8 Vda v
Input voltage low 0 0.8 v
Input capacitance 10 pF
Input current 10 HA
Input frequency 10 MHz
Current setting pins
Input Signal RSA 80 A Notes 1. 4
Input current ’
Input Signal RSM 32 HA Notes 2, 4
Input current
Input Signal RSC 12.8 HA Notes 3, 4
Input current
Notes

1. The current set on pin RSA will be scaled up on chip by a factor of 3 to give the value of the auxiliary phase detector

output.

2. The current set on pin RSM will be scaled down on chip by a factor of 32 to provide the current Ipq to the main phase

detector which gives the outputs Iprop and ljpg.

3. The current set on pin RSC will be scaled down on chip by a factor of 128 to provide the current /4 to the main phase

detector which gives the outputs /comp and Icomp 2-

4. The voltage on each of the three current setting pins (RSA, RSM, RSC) is approximately 4V.
Therefore to give a typical current of 32uA on RSM for example, a 125k resistor connected between the pin and GND

would be required.
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DYNAMIC
Vdd = 5V £ 10%, Tamb = -40 to +85°C
Output signals

NJ88C50

Parameter Min Typ Max Unit Condition
Modulus control - MOD1 MOD2 Push-Pull output
Output voltage high Vaa-0.4 Vad v low = 0.5mA
Output voltage low 0 0.4 v loL = 0.5mA
Modulus output truth table
MOD2 MOD1 Prescaler modulus
0 1 R1
0 0 R2
1 0 R3
1 1 R4
DYNAMIC
Vdd = 5V, Tamb = -40 to +85°C
Output signals - Auxiliary synthesiser
Parameter Min Typ Max Unit Condition
Output signal - PDA 0<VPocd 35V
Up current - See Note 5 -10% Ipda +10% HA <VPp<4.
Down current - See Note 5 -10% loda +10% HA 0.65<VpPp<5V
Tristate 10 nA
DYNAMIC
Vdd = 5V, Tamb = -40 to +85°C
Output signals - Main synthesiser, proportional output
Parameter Min Typ Max Unit | Condition
Output signal - PDP
Iprop(0) Up see notes 1,3 & 4 -10% +lpo.CN +10% HA | 0<VrD<4.55V, Strobe=0V
Iprop(0) Down see notes 1,3& 4 -10% -lbo.CN +10% HA | 0.45<VPD<5V, Strobe=0V
Iprop(1) Up see notes 2&3 -10% +lpo.CN.2L+1 +10% HA 0<Vrp<4.55V, Strobe=5V
Iprop(1) Down see notes 2&3 -10% -lbo.CN.2L+1 +10% HA 0.45<VPp<5V, Strobe=5V
Tristate 50 nA
Notes

1. The typical value of Irror(0) is set by the programmed value of CN and the current /.5, set by the external resistor
RSM, where Ipo=lpgm/32. I gy is typically 32uA.

o M DN

The current output Ipror is specified between 100uA and 1mA.

The typical value of Ipror(1) is set by the value of Ipror(0) and the programmed value of L.

The output current is monotonic over the CN range 128-255. In standard operation CN is set at a value > 128.
Where 'pda depends on the value of current setting resistor on RSA pin (9). lpda max =250pA
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NJ88C50

DYNAMIC
Vdd = 5V, Tamb = -40 to +85°C

Output signals - Main synthesiser, integral output

Parameter Min Typ Max | Unit | Condition
Output signal - PDI
Int Up -10% | +lpg-CN2W1K | 410% | MA | 0<Vro<4.45V, Strobe=5V
(1mA - 5mA) see notes 1&2
Iint Down -10% | -lpo-CN.2L+1K +10% | MA | 0.35<Vpp<5V, Strobe=5V
(1mA - 5mA) see notes 1&2
Int Up 10% [ +lpo.CN2H+1K | 410% | MA | 0<Vro<d.3V, Strobe=5V
(S5mA - 10mA) see notes 1&2
Iint Down -10% -lpo-CN.2L+1 K +10% mA 0.5<VpPp<5V, Strobe=5V
(5mA - 10mA) see notes 1&2
Tristate 50 nA

Notes

1. The typical value of Iin is set by the value of Iprop(1) and the programmed value of K.

2. The current output /intis specified between 1mA and 10mA.

DYNAMIC
Vad = 5V, Tamb = -40 to +85°C

Output signals - Main synthesiser, under Fractional-N control

Parameter

Min

Typ

Max

Unit

Condition

Output signal - PDP

Icomp(0)
see notes 1&3

Icomp (1)
see notes 243

-10%

-10%

lco-Acc.

lco-Acc.2L+1.

+10%

+10%

0<VPp<4.55V, Strobe=0V

0<VeDp<4.55V, Strobe=5V

Output signal - PDI

Icomp2
see notes 445

-10%

leo-Acc.24+1 K

+10%

0<VprD<4.55V, Strobe=5V

Notes

1. The typical value of Icomp(0) is set by the fractional-N accumulator value Acc and the current I,sc set by the external
resistor RSC, where lgg=lpgc/128. Ipgcis typically 12.8uA.

o > WD
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The current output Icompis specified up to 12uA.

The current output Icomp2 is specified up to 180pA.

The typical value of Icomp2 is set by the value of Icomp(1) and the programmed value of K.

The typical value of Icomp(1) is set by the value of comr(0) and the programmed value of L.
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Fig.8 shows a typical application, using the NJ88C50 to a low power prescaler, the SP8715, feeding the NJ88C50 in
generate both VHF and UHF signals. External components single ended mode. This requires a biasing network around
are kept to a minimum, requiring only bias, loop filter and the differentialinput of the NJ88C50to be used (pins 2and 3).
decoupling components. In many applications the UHF VCO Power supply and ground rails must have adequate
is a pre-assembled and tested module to suitthe endequip- ~ decoupling otherwise overall performance may be impaired.
mentuse, whereas the VHF design is likely to be discrete. The
circuit shown is suitable for operation upto 1.1GHz and uses
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GEC PLESSEY

S/ PRELIMINARY INFORMATION

DsS3934 - 27

SP8713

1100MHz VERY LOW CURRENT THREE MODULUS DIVIDER

The SP8713 is a switchable divide by 64/65/72

programmable divider which is guaranteed to operate up to
1100MHz. It will operate from a supply of 2.7V to 5.5V and
requires typically 4.1mA (including the output current). It also
features a power down facility for battery economy. -

The RFinputs are internally biased and should be capacitively RF INPUT [T |1 81T RFINPUT
coupled to the signal source. The outputis designed to interface Vee T 2spa71a 7[T7 POWER DOWN
with CMOS synthesisers, such as the NJ88C51. MODULUS CONTROL 1 [T |3 6 T1 MODULUS CONTROL 2

OUTPUT (L] |4 513V,

FEATURES &
B Operation to 1100MHz
B Very Low Power MP8
B Single Supply Operation 2.7V to 5.5V
B Power Down Facility for Battery Economy ) - ) -
B Latched Modulus Control Inputs Fig. 1 Pin connections - top view
B Push Pull Output Drive
B ESD Protection on All Pinst
APPLICATIONS ORDERING INFORMATION
W Cellular Telephones SP8713 IG MPAS Industrial Temperature Range
B Cordless Telephones Miniature Plastic DIL Package
B Mobile Radio SP8713 IG MPAC As above supplied on Tape and Reel

T ESD precautions must be observed

r-—-r——=—™>"">""™>""™>"™>""™>""™""™""™""™""™"™""™"™"7— 27 250k |
I NOMINAL I
6 D Q
mMc | D TYPE |= I
|
Jt 7
CK POWER

I, o — R BIAS S bown
mc2 D TYPE ~| CONTROL A I
I Vee LOGIC s

' v
| g ‘ \_,_l : | '
l |
N~

RF L ) -—[:l—l
INPUT 4
ccrocry 11 ‘? 4 >_DWBE5 s DM?GE BY |[\ {) OUTPUT
| [ ——— I
|

Fig. 2 Block diagram
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SP8713

ABSOLUTE MAXIMUM RATINGS

Supply voltage (Vgg=0V) (note 1)
Control and RF inputs,

RF output (Vgg =0V)

RF input current

Operating temperature
Storage temperature range
Maximum junction temperature

NOTE 1. Duration <2 minutes.

(note 1)

ELECTRICAL CHARACTERISTICS

Guaranteed over the following conditions (unless otherwise stated):

-0.5Vto 7V

(note 1) -0.5V to V¢c+0.5V
10mA

-40°C to +85°C
-55°C to +150°C
+150°C

Vee=+2.7V to +5.5V (with respect to Vgg), Output load (pin 4) = 10pF, Tamp = -40°C to +85°C (note 2)

Value
Characteristic Units Conditions
Min. Typ. Max.
Supply current (note 3) 41 4.7 mA Power down input low
Supply current (note 3) 8 50 pA Power down input high
Power down high Vce-0.5 Vee \
Power down low 0 Vce-2.0 Vv
Modulus control 1 high (note 4) 0.6Vce Vee v Divide by 64 or 72
Modulus control 1 low (note 4) 0 0.4Vcee \ Divide by 65 or 72
Modulus control 2 high (note 4) 0.6Vce Vee \" Divide by 72
Modulus control 2 select low (note 4) 0 0.4Vce Vv Divide by 64 or 65
Max. sinewave input frequency 1100 MHz | See Figure 5
Min. sinewave input frequency 200 MHz | See Figure 5
Min. RF input voltage 50 mV RMS| RF input 200MHz to
1100MHz. See Figure 5
Max. RF input voltage 200 mV RMS| RF input 200MHz to
1100MHz. See Figure 5

Output level (pin 4) 500 600 mV p-p
Modulus set-up time, tg (notes 5,6,8) 20 ns RF input = 1GHz
Modulus hold time, t,, (notes 6,8) 1 ns RF input = 1GHz
Power down time, to4 (notes 7,8) 10 us See Figure 9
Power down recovery time, 1,,(notes 7,8) 6 us See Figure 9

NOTES

ONOU AWM

. All electrical testing is performed at +85°C.
. Typical values are measured at +25°C and V¢ = +5V.

Modulus Control and Ratio Select are high impedance inputs which can be driven directly by standard CMOS outputs.

Modulus control is latched at the end of the previous cycle.

. See Figure 4.
. See Figure 8.
. These parameters are not tested but are guranteed by design.
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SP8713

OPERATING NOTES

The RF inputs are biased internally and are normally coupled to the signal source with suitable capacitors.

The output stage has a novel design and is intended to drive a CMOS synthesiser input. External pull-down resistors or
circuits are not required. The SP8713 is not suitable for driving TTL or similar devices.

The device will operate down to DC frequencies for non-sinusoidal signals provided that the input slew rate is better than
100V/us.

POWER DOWN (pin 7) is connected internally to a pull-up resistor. If the battery economy facility is not used, pin 7 should
be connected to Vgg.

§

%)
=
4
>
Modulus | Modulus | Division E 800
Control 1 Control 2 Ratio 3 TypicaY
(Pin 3) (Pin 6) £ 600 OVERLOAD -
-
L L 65 g
H L 64 5 400
H H 72 a TYPICAL
L H 72 = SENSITIVITY
= 200 GUARANTEED* —
OPERATING WINDOW
Table 1 Truth table o ! s e
200 400 600 800 1000 1200
FREQUENCY (MHZ)

* Tested as specified in table of Electrical Characteristics

Fig. 3 Typical input characteristics

1 1 o o

=

MODULUS
CONTROL A
INPUTS
OUTPUT 320r36 32,33 or 36
ts —>| ad
th | .—

Fig. 4 Modulus control timing diagram
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SP8713

50Q O
MONITOR

in Vee Vee
SIGNAL “_ RF INPUT POWER
source © DOWN
7777
SP8713
OuTPUT I O oOuTPUT
n CL
I—— RF INPUT /;;
MC1 Mc2
10n | | 10n
MODULUS MODULUS
CONTROL 1 INPUT  CONTROL 2 INPUT
Fig. 5 Toggle frequency test circuit
j1
jo.5 j2
S11
PLOT 50 CHM
NORMALISED
jo.2
f1
-j0.2

f1: 130MHz
f2: 1310MHz

Fig. 6 Typical S11 parameter for pin 1. Vg = +5.0V
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Fig. 7 Typical input impedance v. frequency
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SP8713

42

FREQ-MHZ R(Q X (Q)
130.000 255.068 -733.538
153.600 153.362 -688.623
177.200 153.330 -583.339
200.800 115.187 -545.839
224.400 88.649 -482.377
248.000 80.815 -441.798
271.600 71.050 -411.502
295.200 56.207 -369.645
318.800 39.526 -346.620
342.400 41.338 -323.129
366.000 38.779 -304.804
389.600 39.210 -280.556
413.200 23.809 -260.674
436.800 21.221 -255.279
460.400 27545 -245.161
484.000 23.333 -234.680
507.600 22,227 -224.572
531.200 19.931 -211.375
554.800 17.767 -203.241
578.400 17.636 -194.613
602.000 14.607 -186.545
625.600 12.479 -182.049
649.200 13.075 -174.839
672.800 12.891 -168.320
696.400 12.583 -160.468
720.000 11.250 -156.267
743.600 10.213 -149.642
767.200 10.187 -145.328
790.800 11.269 -143.144
814.400 11.081 -137.557
838.000 10.509 -132.750
861.600 10.063 -129.254
885.200 10.172 -124.495
908.800 10.745 -120.568
932.400 10.841 -118.100
956.000 10.884 -113.395
979.600 12.260 -109.552
1003.20 12.984 -105.975
1026.80 14.508 -103.110
1050.40 16.625 -99.886
1074.00 19.260 -98.149
1097.60 22.799 -98.605
1121.20 23.285 -99.907
1144.80 21.149 -100.925
1168.40 18.956 -99.639
1192.00 16.434 -98.425
1215.60 14.377 -95.033
1239.20 13.743 -92.553
1262.80 12.711 -89.249
1286.40 12.776 -86.081
1310.00 12,508 -82.581

Table.2 Coefficients for Fig.7
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PRELIMINARY INFORMATION

DS3562-4.5

SP8714

2100MHz VERY LOW CURRENT MULTI-MODULUS DIVIDER

The SP8714 is a switchable divide by 32/33, 64/65
programmable divider which is guaranteed to operate up to
2100MHz. It will operate from a supply of 2.7V to 5.5V and
requires typically 6.8mA (including the output current). It also
features a power down facility for battery economy.

The RF inputs are internally biased and should be capacitively
coupled to the signal source. The output is designed to interface
with CMOS synthesisers.

FEATURES

Operation to 2100MHz

Very Low Power

Single Supply Operation 2.7V to 5.5V
Power Down Facility for Battery Economy
Latched Modulus Control Input

Push Pull Output Drive

ESD Protection on All Pinst

APPLICATIONS

B Cellular Telephones
B Cordless Telephones

T ESD precautions must be observed

RFINPUT CT |1 8- RFINPUT
Vor CT |2 7[-T] POWER DOWN
cc SP8714
RATIO SELECT T |3 6T MODULUS CONTROL
OUTPUT [T |4 51 VEE

MP8

Fig. 1 Pin connections - top view

ORDERING INFORMATION

SP8714 1G MPAS  Industrial Temperature Range
Miniature Plastic DIL Package

SP87141G MPAC  As above supplied on Tape and Reel

______ I____——_—______'—_zo__zsﬁ"
NOMINAL]
Q |
, |

| POWER

3 BIAS DOWN
RS CONTROL 4

I Vee LOGIC - s !

\

Lﬁ ] VEE
|

DIVIDE BY |
8/16 i

I
|
RF |1 S"’_"‘E:'-‘l
(CLOCS—” I_:FBSZ ’%é >" ais ||

Fig. 2 Block diagram



SP8714

ABSOLUTE MAXIMUM RATINGS

Supply voltage (VEg=0V) (note 1) -0.5Vto 7V
Control and RF inputs,

RF output (Vgg =0V) (note 1) -0.5V to Vgc+0.5V
RF input current (note 1) 10mA
Operating temperature -40°C to +85°C
Storage temperature range -55°C to +150°C
Maximum junction temperature +150°C

NOTE 1. Duration <2 minutes.

ELECTRICAL CHARACTERISTICS
Guaranteed over the following conditions (unless otherwise stated):
Vee=+2.7V to +5.5V (with respect to Vgg), Output load (pin 4) = 10pF, Tymp = -40°C to +85°C (note 2)

Value
Characteristic Units Conditions
Min. Typ. Max.
Supply current (note 3) 6.8 8.5 mA Power down input low
Supply current (note 3) 8 50 HA Power down input high
Power down high Vee-0.5 Vee \"
Power down low 0 Vee-2.0 \)
Modulus control high (note 4) 0.6Vee Vee \ Divide by 32 or 64
Modulus control low (note 4) 0 0.4Vece \" Divide by 33 or 65
Ratio select high (note 4, 9) 0.6Vee Vee " Divide by 32 or 33
Ratio select low (note 4, 9) 0 0.4Vce \" Divide by 64 or 65
Max. sinewave input frequency 2100 MHz | See Figure 5
Min. sinewave input frequency 200 MHz | See Figure 5
Min. RF input voltage 50 mV RMS| RF input 200MHz to
2100MHz. See Figure 5
Max. RF input voltage 200 mV RMS! RF input 200MHz to
2100MHz. See Figure 5

Output level (pin 4) 500 600 mV p-p
Modulus set-up time, tg (notes 5,6,8) 10 ns RF input = 1GHz
Modulus hold time, t,, (notes 6,8) 1 ns RF input = 1GHz
Power down time, tp4 (notes 7,8) 10 us See Figure 9
Power down recovery time, t,,(notes 7,8) 8 us See Figure 9

NOTES

2. All electrical testing is performed at +85°C.

3. Typical values are measured at +25°C and V¢g = +5V.

4. Modulus Control and Ratio Select are high impedance inputs which can be driven directly by standard CMOS outputs.

5. Modulus control is latched at the end of the previous cycle.

6. See Figure 4.

7. See Figure 8.

8. These parameters are not tested but are guaranteed by design.

9. The ratio select pin is not intended to be switched dynamically.



SP8714

OPERATING NOTES

The RF inputs are biased internally and are normally coupled to the signal source with suitable capaitors.

The output stage has a novel design and is intended to drive a CMOS synthesiser input. External pull-down resistors or
circuits are not required. The SP8714 is not suitable for driving TTL or similar devices.

The device will operate down to DC frequencies for non-sinusoidal signals provided that the input slew rate is better than

100V/ys.

POWER DOWN (pin 7) is connected internally to a pull-up resistor. If the battery economy facility is not used, pin 7 should

be connected to Vgg.

Ratio Modulus | Division
Select Control Ratio
(Pin 3) (Pin 6)

L L 65
L H 64
H L 33
H H 32

Table 1 Truth table

RF INPUT VOLTAGE (mV RMS)

1000
N
800
TYPICAL
600 OVERLOAD -}
400 TYPICAL
SENSITIVITY
200 i GUARANTEED®
OPERATING WINDOW
R = e e —— g
500 1000 1500 2000 2500 3000
FREQUENCY (MHz)

* Tested as specified in table of Electrical Characteristics

Fig. 3 Typical input characteristics

RF INPUT
CLOCK

J N 1111 ]

LA KX XKD
T RS B SR LSS
INPUTS X XX R K X KR K KR KK KR AR

- ]
OUTPUT

th e

32(16)

32(16) or33(17)

Fig. 4 Modulus control timing diagram
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l__
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RF INPUT POWER
DOWN
SP8714

OUTPUT
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RATIO

MC SELECT

O OUTPUT

o

-

MODULUS MODULUS
CONTROL 1 INPUT CONTROL 2 INPUT

Fig. 5 Toggle frequency test circuit

S11
PLOT 50 OHM
NORMALISED

f1: 130MHz
f2: 2.49GHz

Fig. 6 Typical S11 parameter for pin 1. Voo = +5.0V
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Fig. 7 Typical input impedance v. frequency



FREQ-MHZ R(Q) ix (€2
130.000 255.068 -733.538
177.200 153.330 -583.339
224.400 88.649 -482.377
271.600 71.050 -411.502
318.800 39.526 -346.620
366.000 38.779 -304.804
413.200 23.809 -269.674
460.400 27.545 -245.161
507.600 22.227 -224.572
554.800 17.767 -203.241
602.000 14.607 -186.545
649.200 13.075 -174.839
596.400 12.583 -160.468
743.600 10.213 -149.642
790.800 11.269 -143.144
838.000 10.509 -132.750
885.200 10.172 -124.495
332.400 10.841 -118.100
979.600 12.260 -109.552
1026.80 14.508 -103.110
1074.00 19.260 -98.149
1121.20 23.285 -99.907
1168.40 18.956 -99.639
1215.60 14.377 -95.033
1262.80 12.711 -89.249
1310.00 12.598 -82.581
1357.20 14.565 -77.212
1404.40 19.164 -71.976
1451.60 15.001 -70.250
1498.80 15.864 -61.898
1546.00 18.993 -53.403
1593.20 26.822 -44.704
1640.40 39.830 -41.522
1687.60 47.875 -43.255
1734.80 63.267 -44.879
1782.00 74.259 -67.801
1829.20 58.878 -86.964
1876.40 42.530 -87.052
1923.60 32.302 -80.484
1970.80 27.333 -73.570
2018.00 24.894 -67.291
2065.20 23.369 -60.620
2112.40 23577 -54.716
2159.60 23.023 -49.220
2206.80 23.325 -43.340
2254.00 24.623 -37.163
2301.20 26.340 -30.805
2348.40 28.632 -24.040
2395.60 31.161 -17.165
2442.80 34.219 -8.172
2490.00 39.808 -4.368

Table.2 Coefficients for Fig.7

SP8714
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GEC PLESSEY
S/ PRELIMINARY INFORMATION

DS3830-25
1100MHz VERY LOW CURRENT MULTI-MODULUS DIVIDER
The SP8715 is a switchable divide by 64/65, 128/129
programmable divider which is guaranteed to operate up to
1100MHz. It will operate from a supply of 2.7V to 5.5V and
requires typically 3.6mA (including the output current). It also
features a power down facility for battery economy. INP BENBUT
The RFinputs are internally biased and should be capacitively RFINPUT L1 11 81 RFINPUT
coupled to the signal source. The outputis designed to interface Vec 2peris POWER DOWN
with CMOS synthesisers. RATIO SELECT [T |3 6 MODULUS CONTROL
FEATURES OUTPUT [T {4 5 VEE
B Operation to 1100MHz
B Very Low Power MP8
B Single Supply Operation 2.7V to 5.5V
B Power Down Facility for Battery Economy ] A 3 ;
B Latched Modulus Control Input Fig. 1 Pin connections - top view
B Push Pull Output Drive
W ESD Protection on All Pins®
APPLICATIONS ORDERING INFORMATION
W Cellular Telephones SP8715 IG MPAS Industrial Temperature Range
m Cordless Telephones Miniature Plastic DIL Package
B Mobile Radio SP8715 IG MPAC As above supplied on Tape and Reel

t ESD precautions must be observed

Q
I, |
RS b<{>—\_- CONTROL / AR
NOMINAL Vv,
| Ve LOGIC ?T,E,.L?
I ) !
| \ |
| |
RF 1 {1
INPUT o—"—c DIVIDE BY| _|DIVIDE BY | 4]
(CLOCK) I 5 ¥ % a/s 16/32 ¢ oureut
| 1 |
. |

[

Fig. 2 Block diagram
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SP8715

ABSOLUTE MAXIMUM RATINGS

Supply voltage (Vgg=0V) (note 1)

Control and RF inputs,

RF output (Vgg =0V)

RF input current (note 1)

Operating temperature

Storage temperature range

Maximum junction temperature
NOTE 1. Duration <2 minutes.

ELECTRICAL CHARACTERISTICS

Guaranteed over the following conditions (unless otherwise stated):

-0.5Vto 7V

(note 1) -0.5V to Vcc+0.5V
10mA

-40°C to +85°C
-55°C to +150°C
+150°C

Vee=+2.7V to +5.5V (with respect to Vgg), Output load (pin 4) = 10pF, Tamp = -40°C to +85°C (note 2)

Value
Characteristic - Typ. Max. Units Conditions
Supply current (note 3) 3.6 4.2 mA Power down input low
Supply current (note 3) 8 50 HA Power down input high
Power down high Vce-0.5 Vee "
Power down low 0 Vee-2.0 \
Modulus control high (note 4) 0.6Vee Vee " Divide by 64 or 128
Modulus control low (note 4) 0 0.4Vce Vv Divide by 65 or 129
Ratio select high (note 4, 9) 0.6Vee Vee \ Divide by 64 or 65
Ratio select low (note 4, 9) 0 0.4Vce \% Divide by 128 or 129
Max. sinewave input frequency 1100 MHz | See Figure 5
Min. sinewave input frequency 200 MHz | See Figure 5
Min. RF input voltage 50 mV RMS| RF input 200MHz to
1100MHz. See Figure 5
Max. RF input voltage 200 mV RMS| RF input 200MHz to
1100MHz. See Figure 5
QOutput level (pin 4) 500 600 mV p-p
Modulus set-up time, tg (notes 5,6,8) 20 ns RF input = 1GHz
Modulus hold time, t, (notes 6,8) 1 ns RF input = 1GHz
Power down time, 4 (notes 7,8) 10 us See Figure 9
Power down recovery time, t,,(notes 7,8) 6 us See Figure 9

NOTES

2. All electrical testing is performed at +85°C.

3. Typical values are measured at +25°C and V¢c = +5V.
4. Modulus Control and Ratio Select are high impedance inputs which can be driven directly by standard CMOS outputs.

5. Modulus control is latched at the end of the previous cycle.

6. See Figure 4.
7. See Figure 8.

8. These parameters are not tested but are guaranteee by design.
9. The ratio select pin is not intended to be switched dynamically.
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SP8715
OPERATING NOTES

The RF inputs are biased internally and are normally coupled to the signal source with suitable capaitors.

The output stage has a novel design and is intended to drive a CMOS synthesiser input. External pull-down resistors or
circuits are not required. The SP8715 is not suitable for driving TTL or similar devices.

The device will operate down to DC frequencies for non-sinusoidal signals provided that the input slew rate is better than
100V/us.

POWER DOWN (pin 7) is connected internally to a pull-down resistor. If the battery economy facility is not used, pin 7
should be either left unconnected or connected to Vgg.

& 1000
=
T
>
Ratio Modulus | Division E 800
Select Control Ratio g TypicAY
(Pin 3) (Pin 6) 2 600 OVERLOAD -]
=
L L 129 4
L H 128 5 a00
H L 65 % TYPICAL
H H 64 = SENSITIVITY
= 200 GUARANTEED* —
OPERATING WINDOW
Table 1 Truth table o ! ! : . =
200 400 600 800 1000 1200
FREQUENCY (MHZ)

* Tested as specified in table of Electrical Characteristics

Fig. 3 Typical input characteristics

=\ UL JUUH UL
2

SRS TS eSS SIS
mMopuLUs 2K RS SRR SRRRRIRRRES
40000%000000- 00000004000%0000000000
CRPUTE . RS J53505858S et a0t e e 0% % %% SSRERERS
OUTPUT 32 (64) 32 (64) or 33 (65)
ts la—
th -

Fig. 4 Modulus control timing diagram
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SP8715

FREQ-MHZ R(Q x(©Q
130.000 255.068 -733.538
153.600 153.362 -688.623
177.200 153.330 -583.339
200.800 115.187 -545.839
224.400 88.649 -482.377
248.000 80.815 -441.798
271.600 71.050 -411.502
295.200 56.207 -369.645
318.800 39.526 -346.620
342.400 41.338 -323.129
366.000 38.779 -304.804
389.600 39.210 -280.556
413.200 23.809 -269.674
436.800 21.221 -255.279
460.400 27545 -245.161
484.000 23.333 -234.680
507.600 22227 -224.572
531.200 19.931 -211.375
554.800 17.767 -203.241
578.400 17.636 -194.613
602.000 14.607 -186.545
625.600 12.479 -182.049
649.200 13.075 -174.839
672.800 12.891 -168.320
696.400 12.583 -160.468
720.000 11.250 -156.267
743.600 10.213 -149.642
767.200 10.187 -145.328
790.800 11.269 -143.144
814.400 11.081 -137.557
838.000 10.509 -132.750
861.600 10.063 -129.254
885.200 10.172 -124.495
908.800 10.745 -120.568
932.400 10.841 -118.100
956.000 10.884 -113.395
979.600 12.260 -109.552
1003.20 12.984 -105.975
1026.80 14.508 -103.110
1050.40 16.625 -99.886
1074.00 19.260 -98.149
1097.60 22.799 -98.605
1121.20 23.285 -99.907
1144.80 21.149 -100.925
1168.40 18.956 -99.639
1192.00 16.434 -98.425
1215.60 14.377 -95.033
1239.20 13.743 -92.553
1262.80 12.711 -89.249
1286.40 12.776 -86.081
1310.00 12.508 -82.581

Table.2 Coefficients for Fig.7
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GEC PLESSEY
S Eh i CoNDUCTORS

[

DS4015-26
DIRECT CONVERSION FSK DATA RECEIVER
This device is an advanced direct conversion receiver for
operation up to 470MHz. The design is based on the SL6609
receiver and is a pin for pin product upgrade. The device
integrates all functions to translate a binary FSK modulated F.m o 28 [T 1aacout
RF signal into a demodulated data stream. Adjacent channel Rrians L 27 [T meamp
rejection is provided using tuneable gyrator filters. To assist tov s 26 [T mixa
operation in the presence of large interfering signals both RF evRl [T+ [T ano
and audio AGC functions are provided. Lox [Ts 24 [T mixs
VR [T]e 23[1] vReG
The device also includes a 1 volt regulator capable of T 7 22 [T7] REGCNT
sourcing upto 5mA, abattery flag and thefacility of incorporating GTHADY [Ts 2117 veer
amore complex post detection filter off-chip. Both battery flag TcaDs [Ts 20 [T7] vBatT
and data outputs have open collector outputs to ease their sec [Tho 19 [T vea
interface with other devices. BATTFL [T 18 1] picend
FEATURES TeLMY [T 17 P13 ey
H Very low power operation - typ 3.0mW veez [Ths 16 [T 8Rr2
M Single cell operation for most of the device. OATAOP [T 14 15 [T TPUMx
Limited functional blocks operating via an inverter
W Superior sensitivity of -130dBm NP28
B Operation at wide range of paging data rates
512, 1200, 2400 baud Fig. 1 Pin connections
B On chip 1 volt regulator
B Small package offering SSOP ABSOLUTE MAXIMUM RATINGS
Supply voltage 6V
APPLICATIONS Storage temperature -65°C to +150°C
B Credit card pagers Operating temperature -20°C to +70°C
B Watch pagers
®m  Small form factor pagers i.e. PCMCIA ORDERING INFORMATION
B Low data rate data receivers i.e. Security/remote SL6609A /KG/NPDS - SSOP devices in anti-static sticks
control SL6609A / KG/ NPDE - SSOP devices in tape and reel
23 22 4 1 20 1115 6 10 21 1318 19
T T T T T T
VR BEC Vcci1 Veccz2 GND Vg
GND |25
VR VR
MIXER 17
24 ~ > >L 16
~ ~ e
l 7 T LIMITER
40 LIMITER
T = = DETECTOR
26 [} / > 9
l 28
5 3 2 27 7 12 8

Fig.2 Block diagram of SL6609A
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SL6609A

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions unless otherwise stated:
Tamb = 25°C, VCC1 = 1.3V, VCC2 = 2.7V

Value
Characteristics Pin Units Comments
Min Typ Max

VCC1 - Supply voltage 21 0.95 1.3 2.8 \ VCC1 < VCC2 - 0.7 volts

VCC2 - Supply voltage 13 1.8 27 3.5 \

ICC1 - Supply current 21,27,28 1.5 1.8 mA | Includes IRF. Does not include
regulator supply. Audio
AGC inactive

ICC2 - Supply current 11,13,14 550 700 pA | Batt flag & Data O/P high
Pin 27 voltage: 0.3 -1.3V

Power down ICC1 21,27,28 1 HA

Power down ICC2 11,13,14 8 pA

1 volt regulator 23 0.95 1.0 1.05 \Y | Load = 3mA. Ext PNP.
B>=100, V= 0.1volt

Band gap voltage reference 19 1.15 1.21 1.27 \Y

Band gap current source 19 20 HA

Voltage reference 6 0.93 1.0 1.07 \"

Voltage reference sink/source 6 10 A VCC1 > 1.1V

1 volt regulator load current 0.25 3 5 mA

Turn on Time 5 ms | Stable data o/p when 3dB above
sensitivity. C,. and C,, = 2.2uF

Turn off Time 1 ms Fall to 10% of steady state current
Cgs and C,p = 2.2uF

Detector output current 17 +/-4 pA

RF current source

Current Source

(IRF) 27 400 500 600 pA Pin 27 voltage: 0.3-1.3V

Decoder

Sensitivity 40 uVrms | Signal injected at TPX and TPY
B.E.R.<1in30
5KHz deviation @ 1200 bits/sec
BRF capacitor = 1nF

Output mark space ratio 14 7:9 9:7

Data O/P Sink Current 14 100 500 pA | Output logic low

Data O/P Leakage Current 14 1.0 A | Output logic high

62




ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions unless otherwise stated:

Tamb = 25°C, VCC1 = 1.3V, VCC2 = 2.7V

SL6609A

Value
Characteristics Pin Units Comments
Min Typ Max
Battery Economy
Input logic high 10 | (Vge,-0.3) v Powered Up
Input logic low 10 0.3 v Powered Down
Input current 10 0.05 1 HA | Powered Up
Input current 10 6 8 HA | Powered down transient initial
Battery Flag Input
Input current 20 1 pA
Battery Flag Output
Battfl Sink Current 1 50 500 pA (VBATT-VR) > 20mV
Battfl leakage current 11 1 HA | (VBATT-VR) < -20mV
Mixers
Gain to "IF Test” 34 41 dB | LO inputs driven in parallel with
50mVRMS @ 50MHz.IF = 2kHz
RF input impedance 24, 2 See Figs.8a, 8b
LO input impedance 3,5 See Fig.9
LO DC bias voltage 3,5 \ Equal to Pin 21 (VCC1)
Audio AGC
Max Audio AGC Sink Current 28 45 65 85 pA

RECEIVER CHARACTERISTICS (GPS Demonstration board)

Measurement conditions unless stated Vcci = 1.3V, Veca = 2.7V, LNA = 18dB Power Gain, 2dB Noise figure,

Carrier frequency 153MHz, BER 1 in 30, Tamb = 25°C

(TPx/TPy typically:- 160mV_, +10% for - 73dBm RF input to the LNA)
Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity -130 -128 -125 dBm | 1200 bps Af = 4kHz
LO = -18dBm
Intermodulation 52 56 dB 1200 bps Af = 4kHz
LO =-18dBm
Adjacent channel 68 73 dB 1200 bps Af = 4kHz
LO =-18dBm
Channel spacing 25kHz
Centre frequency acceptance +/-2.3 kHz 1200 bps Af = 4kHz
LO = -18dBm
Deviation acceptance +/-2.2 kHz | 1200 bps Af = 4kHz

LO =-18dBm




SL6609A

RECEIVER CHARACTERISTICS (GPS Demonstration board)

Measurement conditions unless stated Vcci = 1.3V, Vecz = 2.7V, LNA = 20dB Power Gain, 2dB Noise figure,

Carrier frequency 282MHz, BER 1 in 30, Tamb = 25°C
(TPx/TPy typically:- 160mV_, + 10% for - 73dBm RF input to the LNA)

PP —

Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity -130 -128 -125 dBm | 1200 bps Af = 4kHz
-125.5 -122 dBm | 2400 bps Af = 4.5kHz
LO = -15dBm
Intermodulation (IP3) 52 56 dB 1200 bps Af = 4kHz
49 53.5 2400 bps Af = 4.5kHz
LO = -15dBm
Intermodulation (IP2) 47 52 dB 1200 bps Af = 4kHz
LO =-15dBm
Adjacent channel 67 725 dB 1200 bps Af = 4kHz
64 69.5 2400 bps Af = 4.5kHz
LO =-15dBm
Channel spacing 25kHz
Centre frequency acceptance +/-1.9 +/-2.3 kHz 1200 bps Af = 4kHz
+/-2 2400 bps Af = 4.5kHz
LO =-15dBm
Deviation acceptance +/-2.2 kHz 1200 bps Af = 4kHz
+/-2 2400 bps Af = 4.5kHz
LO = -15dBm

RECEIVER CHARACTERISTICS

Measurement conditions unless stated Vcci = 1.3V, Vecz = 2.7V, LNA = 22dB Power Gain, 2dB Noise figure,

Carrier frequency 470MHz, BER 1 in 30, Tamb = 25°C
(TPx/TPy typically:- 140mV__ = 10% for - 73dBm RF input to the LNA)

Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity -128 -126 -123 dBm | 1200 bps Af = 4kHz
LO = -15dBm
Intermodulation 50 55.5 dB 1200 bps Af = 4kHz
LO =-15dBm
Adjacent channel 67 725 dB 1200 bps Af = 4kHz
LO = -15dBm
Channel spacing 25kHz
Centre frequency acceptance +/-2.3 kHz 1200 bps Af = 4kHz
LO = -15dBm
Deviation acceptance +/-2.2 kHz | 1200 bps Af = 4kHz
LO = -15dBm




OPERATION OF SL6609A

The SL6609A is a Direct Converson Receiver designed for
use up to 470MHz. It is available in a 28 pin SSOP package
and it integrates all the facilities required for the conversion of
an RF FSK signal to a base-band data signal.

Low Noise Amplifier

To achieve optimum performance it is necessary to
incorporate a Low Noise RF Amplifier at the front end of the
receiver. This is easily biased using the on chip voltage and
current sources provided.

Allvoltages and current sources used for bias ofthe RF
amplifier, receiver and mixers should be RF decoupled using
suitable capacitors (see Fig.4 for a suitable Low-Noise-
Amplifier).

Local Oscillator
The Local Oscillator signal is applied tothe device in phase

quadrature. This can be achieved with the use of two RC
networks operating at the -3dB/45° transfer characteristic,

SL6609A

Gyrator Filters

Theon chipfilters include an adjustable gyrator filter. This
may be adjusted with the use of an additional resistor between
Pin 4 and GND. This allows flexibility of filter characterstics
and also allows for compensation for possible process
variations.

Audio AGC

The Audio AGC fundamentally consists of a current sink
whichis controlled by the audio (baseband data) signal. Ithas
three parameters that may be controlled by the user. These
are the Attack (turn on) time, Decay (duration) time and
Threshold level (see Figs.6 and 7). See Application note for
details.

Regulator
The on chip regulator must be used in conjunction with a

suitable PNP transistor to achieve regulation. As the
transistor forms part of the regulator feedback loop the

giving a full 90° phase differential between the LO ports of the transistor should exhibit the following characteristics:-
device. Each LO portofthe device also requires an equal level
of drive from the Oscillator. (see Fig.5). H>=100forV_ > =0.1V
Pin Number | Pin Name Pin Description
1 TPX X channel pre-gyrator filter test-point. This can be used for input and output
2 RFIADJ RF current source adjustment pin
3 LOY LO input channel Y
4 GYRI Gyrator current adjust pin
5 LOX LO input channel X
6 VR VREF 1.0 V internal signal ground
7 TPY Y channel pre-gyrator filter test point, input or output
8 GTHADJ Audio AGC gain and threshold adjust. RSSI signal indicator
9 TCADJ Audio AGC time constant adjust
10 BEC Battery economy control
" BATTFL Battery flag output
12 TPLIMY Y channel limiter (post gyrator filter) test point, output only
13 vCce2 Supply connection
14 DATAOP Data output pin
15 TPLIMX X channel limiter (post gyrator filter) test point, output only
16 BRF2 Bit rate filter 2, input to data output stage
17 BRF1 Bit rate filter 1, output from detector
18 DIG GND Digital ground
19 VBG Bandgap voltage output
20 VBATT Battery flag input voltage
21 vccei Supply connection
22 REGCNT 1V regulator control external PNP drive
23 VREG 1V regulator output voltage
24 MIXB Mixer input B
25 GND Ground
26 MIXA Mixer input A
27 IRFAMP Current source for external LNA. Value of current output will decrease at high mixer
input signal levels due to RF AGC
28 IAGCOUT Audio AGC output current
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SL6609A

COMPONENTS LIST FOR APPLICATION BOARD At 282MHz, 25kHz Channel Spacing.
(LO Circuit in Fig.3)

Resistors

R1 open circuit
R2 open circuit
R3 100

R4 100k

R5 1k

R6 1k

R7 100

R8 open circuit
R9 220k
R10 M

R11 100k ©
R12 not used
R13 1ks™
R14 4k7

R15 4k7

R16 33k

R17 not used
R18 OR®
R19 10k

R20 620

R21 1k

R22 open circuit
Capacitors

C1 1n

c2 2p7

C3 4p7

C4 in

Cs 2p7

Cc6 2u2

Cc7 1in

cs 100n

(o1] 1n®@
c10 2u2

C11 100n
Cc12 in

C13 in

Cc14 in

C15 in

C16 in

Cc17 in

C17a in
Notes

The values of R13 is determined by the set-up proce-
dure. See Application Note.

The value of C9 is determined by the output data rate.
Use 2nF for 512bps, 1nF for 1200bps and 470pF for
2400bps.

L2is used in the Audio AGC circuit (see Fig. 6). Forthe
characteristics of the Audio AGC current source see
Fig.7. lfthe audio AGC is not required then the current
source (Pin 28) may be disabled by connecting Pin 9
(TCADJ) to VR (Pin 6) and by connecting Pin 28
(IAGCOUT) to Vce1, (R18). The voltage at Pin 8 may
still be used as an RSSI. R9, C8, C14,C19, R17 and
D1 may then be omitted. See Fig.6 for AGC
component values.

C18 in

C19 not used
C20 in

Cc21 in

c22 not used
Cc23 in

Cc24 in

C25 in

C26 6p8

ca27 in

Cc28 in

C29 100p
C30 2u2

C31 2u2

C32 4p7

C33 4p7

C34 3p3

C35 not used
VC1 1-10p
vC2 1-10p
VC3 1-10p
Inductors

L1 68n @
L2 not used ®
L3 470n

L4 39n

LS 680n

Active Components

Q1 FMMT589
Q2 2SC5065 (Toshiba)
Q3 BFT25A (Philips)
Q4 not used
Q5 2SC5065 (Toshiba)
D1 Panasonic MA862 ©
Misc
T1 30nH 1:1
Coilcraft M1686-A
Xtal 5th Overtone
94.075MHz
4. L1and C26 formthe low noise matching network forthe

RF amplifier. The values given are for the RF amplifier
specified in the Applications Circuit with no Audio AGC
connected. i.e. R17 and D1 omitted.

5. Suggested diode for use with the Audio AGC circuit
(see Fig.6) (D1 is not included on the general demon-
stration circuit).

6. The value of R11 is dependent on the data output load.

R11 should allow sufficient current to drive the data
output load.
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SL6609A

COMPONENTS LIST FOR APPLICATION BOARD At 470MHz, 25kHz Channel Spacing.
(LO circuit is 50Q network as in Fig.5 - crystal oscillator not specified)

Resistors

R1 open circuit
R2 open circuit
R3 100

R4 100k

R5 100

Ré 100

R7 100

R8 open circuit
R9 220k

R10 ™

R11 100k @
R12 300@

R13 3k9 M

R14 ak7

R15 4k7

R16 33k

R17 open circuit @
R18 OR®

R22 open circuit
Capacitors

C1 1in

Cc2 3.3pF

C3 1n

C4 in

C5 3.9pF

(o1} 2u2

Cc7 in

Cc8 100n

Cc9 in®@

Cc10 2u2

C11 100n

C12 in

C13 in

Notes

The values of R13 is determined by the set-up proce-
dure. See Application Note.

Thevalue of "C9"is determined by the output datarate.
Use 2nF for 512bps, 1nF for 1200bps and 470pF for
2400bps.

R12 & Q4 form a dummy load for the regulator.
Permitted load currents for the regulator are 250uA to
5mA. The 1V regulator (output Pin 23) can be switched
off by connecting Pin 23 directly to VCC2. Q1,Q4, R12
and C12 must then be omitted

L2is usedin the Audio AGC circuit (see Fig.6). Forthe
characteristics of the Audio AGC current source see
figure 7. If the Audio AGC is not required then the
current source (Pin 28) may be disabled by connecting

C14 in

C15 1n

C16 in

Cc17 in

C18 in

C19 not used
C20 in

C21 in

C22 not used
Cc23 not used
c24 1n

C25 in

C26 open circuit
c27 not used
Cc28 not used
C29 100p

C30 2u2

C31 2u2

C34 1p5

VC1 1-3pF
Inductors

L1 47nH ®

L2 not used @
T 16nH 2 Turn 1:1 (Coilcraft) Q4123-A

Active Components

Q1
Q2
Q3
Q4
Qs
D1

Zetex FMMT589
Philips BFT25A

Not Used

Philips BFT25A®
Philips BFT25A
Panasonic MA862

Pin 9 (TCADJ) to VR (Pin 6) and by connecting Pin 28
(IAGCOUT) to Vect, (R18). The voltage at Pin 8 may
still be used as an RSSI. R9, C8, C14, C19, R17 and
D1 may then be omitted.

L1and C26 formthe low noise matching network forthe
RF amplifier. The values given are for the RF amplifier
specified in the Applications Circuit with no Audio AGC
connected. i.e. R17 and D1 omitted.

Suggested diode for use with the Audio AGC circuit
(D1 is not included on the general demonstration
circuit).

The value of R11 is dependent on the data output load.
R11 should allow sufficient current to drive the data
output load.
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c20
}_ Pin 24
|_ Pin 26
c21
CURRENT| IRF g?:'s.cw c22 RF  Decoupli
, C17, uplin
Sotnce C25, C24 RF Decoupling
C15,C16 DC Blocking
1 C20, C21 DC Blocking
Fig.4 RF amplifier
RE Ameliﬂel’ Components Values .
Resistors Capacitors
R14, R15 4k7 C13,C15 inF Active components
R13 see note 1 C16, C17 1nF D1 MA862 (Panasonic)
R22 47k C20, C21 1nF see note 2
C24, C25 1nF
L2 820nH
Notes:

(1) The value of R13 is determined by the set up procedure (See “Set up for optimum performance”).

(2) C20and C21 are purely for deomonstration purposes. Pin 24 and Pin 26 may be DC coupled provided that no DC voltage is applied to the
mixer inputs.

Fr ncy Dependent Components
equency p1e53MHz P

280MHz 450MHz
Cc26 not used 6.8p not used
ca27 not used not used not used
L1 150nH 68nH 39nH
C34 3p3 2p2 1p5
T 100nH 30nH 16nH

Coilcraft N2261-A Coilcraft M1686-A Coilcraft Q4123-A
VC1 1-10pF 1-10pF 1-3pF
Q4,Q5 Toshiba 2SC5065 Toshiba 25C5065 Philips BFT25A
(See also Lo drive Network)
Veet
[3]:] chd
- RS R3 c2
TOPin3
LO
INPUT H TOPInS
c3
Ccs
Re i gg(e cis RF Dec: li
ouplin
Veel ¢3 DC Block”
I ca R5 R6 Mixer Bias
Fig.5 Local oscillator drive network
LO Drive Network Component Values Higher Ing)ut Impedance 'Scrystal oscillator input)
500hm input impedance (External LO injection) 153MHz 280MHz 450MHz
153MHz 280MHz 450MHz Cc3 Set by load allowable on crystal oscillator (typical 4p7)
c2 10p 5p6 3p3 c2 10p 5p6 3p3
C5 10p 5p6 3p9 C5 10p 5p6 3p9
C3,C4,C18 = 1n R3 100 100 100
R3, RS, R6, R7 = 1000hms R7 100 100 100
R5, R6 = 1k
C4,C18=1n
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current
source 1

D1
— to RF
Amp
D1 = MA862
ping| V7 pingl N C26 Ry - 200k
------------------------------- C8 =100nF
L2 =820nH
R16 R22 = 47k
R16 = 33k
current C22=1n
r
Ve vr source 2 Note L1, C26 and C15 are part of
RF Amplifier (see Fig.4)
Fig.6 AGC Schematic
50 T
VCC2-4 VCC1=3
45
“0 A;:z 18
35 // ] vCC1=1.0
=9
£ 30 - /
5 vce=2r  }~
5 / / veei=1.3 /]
o 25 4
[- %
o / /
S 20 4
& 5 / /
4
10 Z /
5 e L
0 ,./
-120 115 -110 -105 -100 -95 -90 -85 -80 75 -70 -65 -60

IP Level dBm

Fig.7 Audio AGC current vs. IP power at 25°C

70




SL6609A

st FREQ MAG ANG
50.000 0.969 -7.20
100.000 0.958 -14.45
150.000 0.942 -20.59
200.000 0.917 -26.40
250.000 0.893 -33.26
300.000 0.858 -39.84
350.000 0.832 -44.78
400.000 0.806 -49.01
450.000 0.781 -54.00
500.000 0.755 -59.53
550.000 0.743 -64-35
600.000 0.725 -68.43
650.000 0.703 -73.01
700.000 0.680 -78.74
750.000 0.666 -83.76
800.000 0.653 -87.48
850.000 0.636 -91.32
900.000 0.615 -97.17
950.000 0.604 -102.84
1000.00 0.600 -105.23
Fig.8a SL6609A Mixer A input S-Parameters
1 FREQ MAG ANG
50.000 0.970 -7.06
100.000 0.960 -13.83
150.000 0.945 -19.90
200.000 0.919 -25.70
250.000 0.902 -32.18
300.000 0.872 -38.03
350.000 0.850 -43.07
400.000 0.825 -48.27
450.000 0.803 -53.58
500.000 0.776 -58.49
550.000 0.760 -63.08
600.000 0.739 -67.98
650.000 0.717 -72.63
700.000 0.698 -76.96
750.000 0.683 -81.09
800.000 0.666 -85.49
850.000 0.659 -89.51
900.000 0.647 -93.90
950.000 0.637 -98.42
1000.00 0.634 -102.40
Fig.8b SL6609A Mixer B input S-Parameters
sn FREQ MAG ANG
50.000 0.993 -4.17
100.000 0.995 -8.43
150.000 0.997 -12.88
200.000 0.997 -17.57
250.000 0.996 -22.63
300.000 0.986 -28.16
350.000 0.965 -33.87
400.000 0.936 -39.17
450.000 0.902 -43.88
500.000 0.872 -48.54
550.000 0.838 -52.81
600.000 0.804 -56.60
650.000 0.798 -59.47
700.000 0.810 -65.19
750.000 0.784 -71.49
800.000 0.779 -75.97
850.000 0.790 -82.54
900.000 0.788 -91.16
950.000 0.768 -100.20
1000.00 0.743 -108.52

Fig.9 SL6609A LO X,Y inputs S-Parameters
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Adjacent Channel (dB) Sensitivity (dBm}

Intermodulation (dB)

SENSITIVITY
-40 -20 20 40 80
— o125
-126
<127
o 194
-129
Temperature Deg C
ADJACENT CHANNEL
74
73
72
70 1
69
-40 -20 0 20 40 60 80
Temperature Deg C
INTERMODULATION (IP3)
]
o 555 D\\D
.//66—-
54.5
54
-40 -20 0 20 40 60 80
Tempeiature Deg C

Conditions:- 282MHz GPS demonstration board i.e. 20dB
LNA, 2dB noise figure, carrier frequency
282MHz, 1200bps baud rate, 4kHz deviation
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Fig.10a AC parameters vs. supply and temperature

frequency, BER 1 in 30.

—&— Vccl =1.0V, Vee2 = 1.8V
—00— Vccl =13V, Vee2 =2.7V
—&— Vccl =3.0V, Vee2 =4.0V
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CENTRE FREQ. ACCEPT
25
g‘.’: 2.4 /
= u]
9 —a
8 g
g /
™
é 21 ¢
$ 2
0 1.0
-40 -20 . 0 20 40 60 80
Temperature Deg C
DEVIATION ACCEPT. UP DEVIATION ACCEPT. DOWN
3.4 2.5
3 Y g 2471
i D\ e;, 23
o — S 22
=2 o
< 4] 2
3 26 3 ./w’
e 24 - b3 18
-50 . 0 50 100 -50 ' 0 50 100
Temperature Deg C Temperature Deg C
INTERMODULATION (IP2)
62
@ 60
o4
§ ../’//;;
B o— 5
O L]
]
£ @]
2 —n
5 50 1
-40 -20 0 20 40 60 80
Temperature Deg C

Fig.10b AC parameters vs. supply and temperature

Conditions:- 282MHz GPS demonstration board i.e. 20dB
LNA, 2dB noise figure, carrier frequency
282MHz, 1200bps baud rate, 4kHz deviation
frequency, BER 1 in 30.

—&— Vcc1 =1.0V, Vec2 = 1.8V
—0— Vccl1 =13V, Vec2 =2.7V
—&— Vccl =3.0V, Vec2 =4.0V
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lccl lecc2
0.6
"8 ‘ﬁ\‘\.
< 1.6 < O—"]
) E T
E S 0.5
5 3
8 5 b 5 .
-40 -20 ' 0 20 40 60 80 -40 -20 0 20 40 60 80
Temperature Deg C Temperature Deg C
BAND-GAP VOLTAGE REGULATOR VOLTAGE
1.02
1.23 .
> > 101 o ¢
2 = o
e § o7
& 2 —— . 8 0.99
¢ o— 1 - . 3 0.98
§ 2 E '“D-RL\___________——-
-40 -20'. v 0 20 40 60 80 -40 -20 ‘ 0 20 40 60 80
Temperature Deg C Temperature Deg C
1P3 with AUDIO AGC on/off
(L1 =47nH, C26 = 3.3pF, R13 = 1k8, R18 = 33k,
€« C8 = 100nF, R22 = 47K )
w 4
~ 40 )
o
S
(] —40— AGCon
20 4
10 —&— AGC off
0 — —

-125

-115

-105

-85 -75
Wanted Signal (dBm)

05 -65

-66

Conditions:- ICC1 includes 500uA LNA current but does not

include the regulator supply (audio AGC inactive).
ICC2 measured with BATT FLAG and DATA O/P

HIGH, Fc = 282MHz.

Note 1- IP3 is level above wanted needed to reduce

receiver to 1 in 30 B.E.R.

Fig.11 DC parameters vs. supply and temperature
(IP3 vs audio AGC both on and off)

—&— Vcc1 =0.98V, Vee2 = 1.78V
—O0— Vcel =13V, Vee2=2.7V
—&— Vcc1 =3.0V, Vee2 = 4.0V
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“125

Receiver Gain to Pin TPX (mV pk-pk) for an RF input of ~73dBm at LO + 4kHz frequency
282MHz 1200bps, 4kHz Deviation, LO drive level = 21.1mVrms

T 60
-1255 4+ O T
E 126 :u N\, T
‘:’ \ -+ 57
3 -126.5 4
S -+ 56 _
& 4 +s 3
=
454 =
-127.5 +
-+ 53
-128 T | —[J— Sensitivity (dBm) 1le
—l— 1P3 (dB)
-128.5 4 -+ 51
-129 { ! $ } } } } 50
104 115 17 129.5 155 178 237
Receiver Gain to Pin TPX (mV pk—pk) for an RF input of -73dBm at LO + 4kHz frequency
282MHz 1200bps, 4kHz Deviation, LO drive level = 21.imVrms
Fig. 12 Sensitivity, IP3 vs Receiver Gain
=125 -+ T 74
-1255 4+ O -4 735
g \
g -126 - + 73
2> >
3 1265 a 4725 &
= [
£ \ g
s 27l o L2 3
& \ g
-127.5 4~ u\ + 755
<128 + | —[)— sensitivity (dBm) o TN
—— Adjacent Ch (dB) \
-1285 - O T 705
-129 4 } } } } + } 70
104 1115 17 129.5 155 178 237

Fig. 13 Sensitivity, adjacent Channel vs Receiver Gain

75



SL6609A

76

-122
o~ N T 56
g -123
© -124 - | —
~ T 55 %
>"1257 —O—Sensitivity ~
5-126-- —a—|P3 r 54 2
@ 127+ =
£ -53
»w -128
-129 f t } } t } f } } 52
wn ™ Rl » ~ wn ™ A (2] ~ w
N N N ~— - ~— -~ -~ ' ' '
LO Drive Level (dBm)
Fig.14 Sensitivity, IP3 vs LO level
122 T73.5
—_-123 ] —O—Sensitivity -
£ —8— ACR T73 %
m -
T - 124 4 ~
| +725 @
- -125 £
3 .126 £
2 72§
2 -127 + 'o—
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LO Drive Level (dBm)
Fig.15 Sensitivity, Adjacent Channel vs LO level




GEC PLESSEY
L I conbucTons]

ADVANCE INFORMATION

DS4003-22

SL6610

DIRECT CONVERSION FSK DATA RECEIVER

(Supersedes the October 1994 edition, DS4003 - 1.4)

This device is an advanced direct conversion receiver for
operation upto 470MHz. The designisbasedonthe SL6609A
but is specifically designed for use in very small pagers i.e.
credit card sized, where local oscillator re-radiation is a
problem. This design has overcome this difficulty.

The device also includes a 1 volt regulator capable of
sourcing upto 5mA, abattery flag andthe facility of incorporating
amore complex post detection filter off-chip. Both battery flag
and data outputs have open collector outputs to ease their
interface with other devices.

Adjacent channel rejection is provided using tuneable
gyrator filters. To assist operation in the presence of large
interfering signals both RF and audio AGC functions are
provided.

FEATURES

Very low power operation - typ 3.0mW
Superior sensitivity of -130dBm

Operation at wide range of paging data rates
512, 1200, 2400 baud

Small package offering SSOP

Excellent performance of LO Rejection

APPLICATIONS
W Credit card pagers
B Watch pagers

X 1110 28 [T7] 1accout
MIXER DECOUPLE [T7]2 27 [T IRFAMP
Loy [1T]s 26 1] mixa
GYRI [T}« 25[T] GND
Lox [1]s 24T mixe
VR [I]s 23T vReG
TPY 117 22 1] REGCNT
GTHADJ [T ]8 2117 veer
TcADy [T} 20 [T} vBATT
sec [ ho 1911 vea
BATTFL [ |11 18 [ 1] DIGGND
TPLIMY 12 17 1] BRF1
veez gm 16 1] BRF2
DATAOP [T |14 15 [(T] TPLIMX
NP28

Fig.1 Pin connections

ABSOLUTE MAXIMUM RATINGS
Supply voltage 6V
Storage temperature -55°C to +150°C

Operating temperature -20°C to +70°C

ORDERING INFORMATION
SL6610/KG /NPDS - SSOP devices in anti-static sticks

B Small form factor pagers i.e. PCMCIA SL6610/KG/NPDE - SSOP devices in tape and reel
23 22 4 1 20 15 6 10 21 13 18 19
T T T T T 7T
VR BEC Vget Vec2 GND  Vgg
GND 4 25
VR \Y=}
MIXER 17
24 ) (g 16
Lan ) o _/—
= izl 1
0 LIMITER
L Py io 42 LIMITER
I } ~ | ~_ DETECTOR
26 D | < 9
l 28
5 3 2 27 7 12 8

Fig.2 Block diagram of SL6610
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ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions unless otherwise stated:
Tamb = 25°C, VCC1 = 1.3V, VCC2 = 2.7V

Value
Characteristics Pin Units Comments
Min Typ Max
VCC1 - Supply voltage 21 0.95 13 2.8 \" VCC1 < VCC2 - 0.7 volts
VCC2 - Supply voltage 13 1.8 2.7 35 \"
ICC1 - Supply current 21,27,28 1.5 1.8 mA | Includes IRF. Does not include
regulator supply. Audio
AGC inactive
ICC2 - Supply current 11,13,14 550 700 pA Batt flag & Data O/P high
Pin 27 voltage: 0.3-1.3V
Power down ICC1 21,27,28 1 pA
Power down ICC2 11,13,14 8 HA
1 volt regulator 23 0.95 1.0 1.05 \% I Load = 3mA. Ext PNP.
B >=100, V. = 0.1 volt
Band gap voliage reference 19 1.15 1.21 1.27 \Y
Band gap current source 19 20 pA
Voltage reference 6 0.93 1.0 1.07 Vv
Voltage reference sink/source 6 10 HA VCC1 > 1.1V
1 volt regulator load current 0.25 3 5 mA
Turn on Time 5 ms Stable data o/p when 3dB above
sensitivity. Cg, and C,, = 2.2uF
Turn off Time 1 ms Fall to 10% of steady state current
Cy and C,, = 2.2uF
Detector output current 17 +/-4 LA
RF current source
Current Source
(IRF) 27 400 500 600 uA | Pin 27 voltage: 0.3-1.3V
Decoder
Sensitivity 40 pnVrms | Signal injected at TPX and TPY
B.E.R.<1in 30
5KHz deviation @ 1200 bits/sec
BRF capacitor = 1nF
Output mark space ratio 14 79 9:7
Data O/P Sink Current 14 100 500 HA Output logic low
Data O/P Leakage Current 14 1.0 wA | Output logic high
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ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions unless otherwise stated:
Tamb = 25°C, VCC1 = 1.3V, VCC2 = 2.7V

SL6610

Value
Characteristics Pin Units Comments
Min Typ Max
Battery Economy
Input logic high 10 | (Vee,-03) \% Powered Up
Input logic low 10 0.3 \ Powered Down
Input current 10 0.05 1 HA Powered Up
Input current 10 6 8 HA Powered down transient initial
Battery Fiag Input
Input current 20 1 uA
Battery Flag Output
Battfl Sink Current 11 50 500 HA (VBATT-VR) > 20mV
Battfl leakage current 11 1 HA (VBATT-VR) < -20mV
Mixers
Gain to "IF Test" 34 L3 dB | LO inputs driven in parallel with
50mVRMS @ 50MHz.IF = 2kHz
RF input impedance 24,26 See Figs.8a, 8b
LO input impedance 3,5 See Fig.9
LO DC bias voltage 3,5 \% Equal to Pin 21 (VCC1)
Audio AGC
Max Audio AGC Sink Current 28 45 65 85 pA

RECEIVER CHARACTERISTICS (GPS Demonstration board)

Measurement conditions unless stated Vcci = 1.3V, Vecz = 2.7V, LNA = 18dB Power Gain, 2dB Noise figure,

Carrier frequency 153MHz, BER 1 in 30, Tamb = 25°C

(TPx/TPy typically:- 160mV__ +10% for - 73dBm RF input to the LNA)

Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity -130 -128 -125 dBm | 1200 bps Af = 4kHz
LO =-18dBm
Intermodulation 52 56 dB 1200 bps Af = 4kHz
LO =-18dBm
Adjacent channel 68 73 dB 1200 bps Af = 4kHz
LO =-18dBm
Channel spacing 25kHz
Centre frequency acceptance +-2.3 kHz | 1200 bps Af = 4kHz
LO = -18dBm
Deviation acceptance +-2.2 kHz | 1200 bps Af = 4kHz

LO = -18dBm

79



SL6610

RECEIVER CHARACTERISTICS (GPS Demonstration board)

Measurement conditions unless stated Vcct = 1.3V, Vecz = 2.7V, LNA = 20dB Power Gain, 2dB Noise figure,

Carrier frequency 282MHz, BER 1 in 30, Tamb = 25°C

(TPx/TPy typically:- 160mV_, +10% for - 73dBm RF input to the LNA)
Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity -130 -128 -125 dBm | 1200 bps Af = 4kHz
-125.5 -122 dBm | 2400 bps Af = 4.5kHz
LO = -15dBm
Intermodulation (IP3) 52 56 dB 1200 bps Af = 4kHz
49 53.5 2400 bps Af = 4.5kHz
LO =-15dBm
Intermodulation (IP2) 47 52 dB 1200 bps Af = 4kHz
LO = -15dBm
Adjacent channel 67 725 dB 1200 bps Af = 4kHz
64 69.5 2400 bps Af = 4.5kHz
LO =-15dBm
Channel spacing 25kHz
Centre frequency acceptance +/-1.9 +/-2.3 kHz 1200 bps Af = 4kHz
+/-2 2400 bps Af = 4.5kHz
LO = -15dBm
Deviation acceptance +/-2.2 kHz 1200 bps Af = 4kHz
+/-2 2400 bps Af = 4.5kHz

LO =-15dBm

RECEIVER CHARACTERISTICS

Measurement conditions unless stated Vcci = 1.3V, Veca = 2.7V, LNA = 22dB Power Gain, 2dB Noise figure,

Carrier frequency 470MHz, BER 1 in 30, Tamb = 25°C

(TPx/TPy typically:- 140mV_, +10% for - 73dBm RF input to the LNA)

Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity -128 -126 -123 dBm | 1200 bps Af = 4kHz
LO = -15dBm
Intermodulation 50 55.5 dB 1200 bps Af = 4kHz
LO = -15dBm
Adjacent channel 67 725 dB 1200 bps Af = 4kHz
LO = -15dBm
Channel spacing 25kHz
Centre frequency acceptance +/-2.3 kHz 1200 bps Af = 4kHz
LO =-15dBm
Deviation acceptance +/-2.2 kHz 1200 bps Af = 4kHz

LO =-15dBm
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RECEIVER CHARACTERISTICS (GPS Demonstration board)

Measurement conditions unless stated LNA = 18dB Power Gain, 2dB Noise figure,

Carrier frequency 282MHz, BER 1 in 30, Tamb = 0 to 45°C, Vce2 = 2.7V, Vec1 = 1.2V to 1.6V
(TPx/TPy typically:- 120mV_, = 10% for - 73dBm RF input to the LNA)

PP =

Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity (Desense from 25°C, 1.5 dB 1200 bps Af = 4kHz
Veel = 1.3V) LO =-15dBm
Intermodulation (IP3) 53 58 dB 1200 bps Af = 4kHz
LO =-15dBm
Intermodulation (IP2) 47 53 dB 1200 bps Af = 4kHz
LO =-15dBm
Adjacent channel 66 725 dB 1200 bps Af = 4kHz
LO =-15dBm
kHz | Channel spacing 25kHz
Centre frequency acceptance +/-1.8 +-23 1200 bps Af = 4kHz
kHz | LO =-15dBm
Deviation acceptance +/-2.2 kHz 1200 bps Af = 4kHz
LO = -15dBm
LO Rejection:-
0.5dB Sensitivity loss -59 -55 dBm | Level of local oscillator
3dB Sensitivity loss 52 -48 -44 dBm | at the RF input to the LNA
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OPERATION OF SL6610

The SL6610 is a Direct Converson Receiver designed for
use up to 470MHz. It is available in a 28 pin SSOP package
and itintegrates all the facilities required for the conversion of
an RF FSK signal to a base-band data signal.

Low Noise Amplifier

To achieve optimum performance it is necessary to
incorporate a Low Noise RF Amplifier at the front end of the
receiver. This is easily biased using the on chip voltage and
current sources provided.

Allvoltages and current sources used for bias ofthe RF
amplifier, receiver and mixers should be RF decoupled using
suitable capacitors (see fig.4 for a suitable Low-Noise-
Amplifier).

Local Oscillator

The Local Oscillator signalis applied to the device in phase
quadrature. This can be achieved with the use of two RC
networks operating at the -3dB/45° transfer characteristic,

vina o full 0N° nhagae diffarantial batwaan tha | O ngrtg of the
Hlvllly aiun 90° pnase aiiterentiai cetweenine LU poris i ine

device. Each LO portofthe device also requires an equal level
of drive from the Oscillator. (see Fig.5).

Gyrator Filters

Theon chipfilters include an adjustable gyrator filter. This
may be adjusted with the use of an additional resistor between
pin 4 and GND. This allows flexibility of filter characterstics
and also allows for compensation for possible process
variations.

Audio AGC

The Audio AGC fundamentally consists of a current sink
whichis controlled by the audio (baseband data) signal. It has
three parameters that may be controlled by the user. These
are the Attack (turn on) time, Decay (duration) time and
Threshold level (see Fig.6 and 7). See Application note for
details.

Regulator

The on chip regulator must be used in conjunction with a
suitable PNP transistor to achieve regulation. As the
tranSIStor forms part of the regulator feedback loop the

Hawsina sharantariating:
nOWINngG Cnaracierisics:-

H,>=100forV >=0.1V

Pin Number | Pin Name Pin Description

1 TPX X channel pre-gyrator filter test-point. This can be used for input and output

2 MIX-DEC Mixer bias de-couple pin

3 Loy LO input channel Y

4 GYRI Gyrator current adjust pin

5 LOX LO input channel X

6 VR VREF 1.0 V internal signal ground

7 TPY Y channel pre-gyrator filter test point, input or output

8 GTHADJ Audio AGC gain and threshold adjust. RSSI signal indicator

9 TCADJ Audio AGC time constant adjust

10 BEC Battery economy control

11 BATTFL Battery flag output

12 TPLIMY Y channel limiter (post gyrator filter) test point, output only

13 VCC2 Supply connection

14 DATAOP Data output pin

15 TPLIMX X channel limiter (post gyrator filter) test point, output only

16 BRF2 Bit rate filter 2, input to data output stage

17 BRF1 Bit rate filter 1, output from detector

18 DIG GND Digital ground

19 VBG Bandgap voltage output

20 VBATT Battery flag input voltage

21 VCC1 Supply connection

22 REGCNT 1V regulator control external PNP drive

23 VREG 1V regulator output voltage

24 MIXB Mixer input B

25 GND Ground

26 MIXA Mixer input A

27 IRFAMP Current source for external LNA. Value of current output will decrease at high mixer
input signal levels due to RF AGC

28 IAGCOUT Audio AGC output current
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SL6610
COMPONENTS LIST FOR APPLICATION BOARD At 282MHz, 25kHz Channel Spacing.

(LO Circuit in Fig.3)

Resistors

R1 open circuit
R2 not used
R3 100

R4 100k

RS 1k

R6 1k

R7 100

R8 open circuit
R9 220k
R10 ™M

R11 100k ©®
R12 not used
R13 1k5M
R14 4k7

R15 4k7

R16 33k

R17 not used
R18 OR®
R19 10k

R20 620

R21 1k

R22 open circuit
Capacitors

C1 in

Cc2 2p7

c3 4p7

C4 in

C5 2p7

Cé6 2u2

c7 1n

Cc8 100n

C9 1n®@
c10 2u2

C11 100n
C12 1in

C13 in

C14 in

C15 in

C16 1in

Cc17 in

Ci7a in
Notes

The values of R13 is determined by the set-up proce-
dure. See Application Note.

The value of C9 is determined by the output data rate.
Use 2nF for 512bps, 1nF for 1200bps and 470pF for
2400bps.

L2is usedinthe Audio AGC circuit (see Fig. 6). Forthe
characteristics of the Audio AGC current source see
Fig.7. Ifthe audio AGC is not required then the current
source (Pin 28) may be disabled by connecting Pin 9
(TCADJ) to VR (Pin 6) and by connecting Pin 28
(IAGCOUT) to Veet, (R18). The voltage at Pin 8 may
still be used as an RSSI. R9, C8, C14, C19, R17 and
D1 may then be omitted. See Fig.6 for AGC
component values.

ci8 in

Cc19 100n
C20 in

C21 1n

Cc22 not used
Cc23 1n

C24 in

C25 1n

C26 6p8

ca27 1n

Cc28 in

Cc29 100p
C30 2u2

C31 2u2

C32 4p7

C33 4p7

C34 3p3

C35 not used
VC1 1-10p
vc2 1-10p
VC3 1-10p
Inductors

L1 68n @
L2 not used @
L3 470n

L4 39n

L5 680n

Active Components

(@) FMMT589
Q2 2SC5065 (Toshiba)
Q3 BFT25A (Philips)
Q4 not used
Q5 28C5065 (Toshiba)
D1 Panasonic MA862 )
Misc
T 30nH 1:1
Coilcraft M1686-A
Xtal 5th Overtone
94.075MHz
4. L1and C26 formthe low noise matching network for the

RF amplifier. The values given are for the RF amplifier
specified in the Applications Circuit with no Audio AGC
connected. i.e. R17 and D1 omitted.

5. Suggested diode for use with the Audio AGC circuit
(see Fig.6) (D1 is not included on the general demon-
stration circuit).

6. The value of R11 is dependent on the data output load.
R11 should allow sufficient current to drive the data
output load.
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COMPONENTS LIST FOR APPLICATION BOARD At 470MHz, 25kHz Channel Spacing.
(LO circuit is 50Q2 network as in Fig.5 - crystal oscillator not specified)

Resistors

R1 open circuit
R2 not used
R3 100

R4 100k

R5 100

R6 100

R7 100

R8 open circuit
R9 220k

R10 iM

R11 100k @
R12 300 @

R13 3k9 M

R14 4aK7

R15 4k7

R16 33k

R17 open circuit
R18 OR®

R22 open circuit
Capacitors

C1 in

Cc2 3.3pF

C3 in

C4 in

C5 3.9pF

(o]} 2u2

c7 in

c8 100n

Cc9 in@

C10 2u2

C11 100n

Cc12 n

C13 in

Notes

1.

The values of R13 is determined by the set-up proce-
dure. See Application Note.

Thevalue of "C9"is determined by the output datarate.
Use 2nF for 512bps, 1nF for 1200bps and 470pF for
2400bps.

R12 & Q4 form a dummy load for the regulator.
Permitted load currents for the regulator are 250pA to
5mA. The 1V regulator (output Pin 23) can be switched
off by connecting Pin 23 directly to VCC2. Q1,Q4, R12
and C12 must then be omitted

L2is used in the Audio AGC circuit (see Fig.6). Forthe
characteristics of the Audio AGC current source see
figure 7. If the Audio AGC is not required then the
current source (Pin 28) may be disabled by connecting

C14 in

C15 in

Ci16 in

C17 in

Cc18 1in

C19 100n

Cc20 in

c21 in

c22 not used
Cc23 not used
Cc24 in

ca2s in

C26 open circuit
cz27 not used
Cc28 not used
Cc29 100p

C30 2u2

C31 2u2

C34 1p5

VC1 1-3pF
Inductors

L1 47nH ®

L2 not used @
T 16nH 2 Turn 1:1 (Coilcraft) Q4123-A

Active Components

Q1
Q2
Q3
Q4
Qs
D1

Zetex FMMT589
Philips BFT25A

Not Used

Philips BFT25A®
Philips BFT25A
Panasonic MA862©

Pin 9 (TCADJ) to VR (Pin 6) and by connecting Pin 28
(IAGCOUT) to Vect, (R18). The voltage at Pin 8 may
still be used as an RSSI. R9, C8, C14, C19, R17 and
D1 may then be omitted.

L1and C26 formthe low noise matching network forthe
RF amplifier. The values given are for the RF amplifier
specified in the Applications Circuit with no Audio AGC
connected. i.e. R17 and D1 omitted.

Suggested diode for use with the Audio AGC circuit
(D1 is not included on the general demonstration
circuit).

The value of R11 is dependenton the data output load.
R11 should allow sufficient current to drive the data
output load.
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Note
C13, C17, C22 RF Decoupling
C285, C24 RF Decoupling
C15,C16 DC Biocking

= C20, C21 DC Blocking

Fig.4 RF amplifier
RF_Amplifier Components Values

Resistors Capacitors
R14, R15 4k7 C13,C15 1inF Active components
R13 see note 1 C16, C17 1nF D1 MA862 (Panasonic)
R22 47k C20, C21 1nF see note 2
C24, C25 1inF
L2 820nH
Notes:

(1) The value of R13 is determined by the set up procedure (See "Set up for optimum performance”).

(2) C20and C21 are purely for deomonstration purposes. Pin 24 and Pin 26 may be DC coupled provided that no DC voltage is applied to the
mixer inputs.

Fr ncy Dependent Components
equency p153IgHz P

280MHz 450MHz
C26 not used 6.8p not used
c27 not used not used not used
L1 150nH 68nH 39nH
C34 3p3 2p2 1p5
T1 100nH 30nH 16nH

Coilcraft N2261-A Coilcraft M1686-A Coilcraft Q4123-A
VCi1 1-10pF 1-10pF 1-3pF
Q4, Q5 Toshiba 2SC5065 Toshiba 25C5065 Philips BFT25A
(See also Lo drive Network)
Veet
C18I Veet
- RS c2
TO Pin3
LO
INPUT H TOPiInS
Cc3
Cc5
Re " g:m cis RF Decoupli
OUPpIiny
veel 3 oCBlock 0
C4 R5 R6 Mixer Bias

Fig.5 Local oscillator drive network

LO Drive Network Component Values Higher Input Impedance [crystal oscillator input)
153MHz 280MHz 450MHz

500hm input impedance (External LO injection)

153MHz 280MHz 450MHz C3 Set by load allowable on crystal oscillator (typical 4p7)
c2 10p 5p6 3p3 c2 10p 5p6 3p3
c5 10p 5p6 3p9 cs 10p 5p6 3p9
C3,C4,C18=1n R3 100 100 100
R3, R5, R6, R7 = 1000hms R7 100 100 100
R5, R6 = 1k
C4,C18=1n
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current 1
source 1
D1
— to RF
Amp
D1 = MA862
pin8 i C26 Ry =220k
________________________________ C8 =100nF
I L2 =820nH
R16 = R22 = 47k
R16 = 33k
current C22=1n
source 2
vr Vr urce Note L1, C26 and C15 are part of
RF Amplifier (see Fig.4)
Fig.6 AGC Schematic
50 T
VCC2=4 VCC1=3
45
40 Z 12
vce2-18
35 // / VCC1-1.0
= =
<
T /// e
H vee=27 V7
£ vCC1=1.3
o 25 7
o
S /]
g 20 <
& s / /
//
10 /
5 7 7
0
-120 -115 -110 -105 -100 -95 -90 -85 -80 75 70 -65 -60
IP Level dBm

Fig.7 Audio AGC current vs. IP power at 25°C
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sn FREQ MAG ANG
50.000 0.969 -7.20
100.000 0.958 -14.45
150.000 0.942 -20.59
200.000 0917 -26.40
250.000 0.893 -33.26
300.000 0.858 -39.84
350.000 0.832 -44.78
400.000 0.806 -49.01
450.000 0.781 -54.00
500.000 0.755 -59.53
550.000 0.743 -64-35
600.000 0.725 -68.43
650.000 0.703 -73.01
700.000 0.680 -78.74
750.000 0.666 -83.76
800.000 0.653 -87.48
850.000 0.636 -91.32
900.000 0.615 -97.17
950.000 0.604 -102.84
1000.00 0.600 -105.23

Fig.8a SL6609A Mixer A input S-Parameters

s FREQ MAG ANG
50.000 0.970 -7.06
100.000 0.960 -13.83
150.000 0.945 -19.90
200.000 0.919 -25.70
250.000 0.902 -32.18
300.000 0.872 -38.03
350.000 0.850 -43.07
400.000 0.825 -48.27
450.000 0.803 -53.58
500.000 0.776 -58.49
550.000 0.760 -63.08
600.000 0.739 -67.98
650.000 0.717 -72.63
700.000 0.698 -76.96
750.000 0.683 -81.09
800.000 0.666 -85.49
850.000 0.659 -89.51
900.000 0.647 -93.90
950.000 0.637 -98.42
1000.00 0.634 -102.40

Fig.8b SL6609A Mixer B input S-Parameters

sn FREQ MAG ANG
50.000 0.993 -4.17
100.000 0.995 -8.43
150.000 0.997 -12.88
200.000 0.997 -17.57
250.000 0.996 -22.63
300.000 0.986 -28.16
350.000 0.965 -33.87
400.000 0.936 -39.17
450.000 0.902 -43.88
500.000 0.872 -48.54
550.000 0.838 -52.81
600.000 0.804 -56.60
650.000 0.798 -59.47
700.000 0.810 -65.19
750.000 0.784 -71.49
800.000 0.779 -75.97
850.000 0.790 -82.54
900.000 0.788 -91.16
950.000 0.768 -100.20
1000.00 0.743 -108.52

Fig.9 SL6609A LO X,Y inputs S-Parameters
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Temperature Deg C

SENSITIVITY
-40 -20 20 40 80
= — 125
[
o
2 -126
£
E -127
[ =3
3 198
[
-129
Temperature Deg C
ADJACENT CHANNEL
741
2 l
ke 73
2 72
<]
£
o
§ D/;/ r
"!5‘ s 69 1
-40 -20 o] 20 40 60 80
Tempetature Deg C
INTERMODULATION (IP3)
56
g =} 555 G\\D
[ /’
(<]
§ ‘//—6&'
3 545
E
-40 -20 I 0 20 40 60 80

Fig.10a AC parameters vs. supply and temperature

Conditions:- 282MHz GPS demonstration board i.e. 20dB
LNA, 2dB noise figure, carrier frequency
282MHz, 1200bps baud rate, 4kHz deviation
frequency, BER 1 in 30.

—8— Vccl =1.0V, Vee2 = 1.8V
—0— Vcecl =13V, Vee2 =2.7V
—&— Vccl =3.0V, Vce2 =4.0V

89



SL6610

CENTRE FREQ. ACCEPT
25
s
g 24 o
o 2
® 2.1
=
$ 2
U 1.0 +
-40 -20 ' 0 20 40 60 80
Temperature Deg C
DEVIATION ACCEPT. UP DEVIATION ACCEPT. DOWN
34 25
=~ ) 241
Z %\ 2 231
= c
o ] s 22
=) o
iy 2.8 Q /
. . <
F4 : > /
e 24 ; a 18
-50 ' 0 50 100 -50 . 0 50 100
Temperature Deg C Temperature Deg C
INTERMODULATION (IP2)
62
@ 60
o
; — %
g 56
g \ -
o
£ o\\i\
£ 5 . —
-40 -20 0 20 40 60 80
Temperature Deg C

Fig.10b AC parameters vs. supply and temperature

Conditions:- 282MHz GPS demonstration board i.e. 20dB
LNA, 2dB noise figure, carrier frequency
282MHz, 1200bps baud rate, 4kHz deviation
frequency, BER 1 in 30.

—®&— Vccl =1.0V, Vee2 = 1.8V
—0— Vcc1 =13V, Vec2=2.7V
—&— Vcel =3.0V, Vee2 = 4.0V
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lccl lcc2
e 06
. e ee——
< < O -
£ g \D\\ﬂ
- 3 5
[3] -— -
o 2 0.45 e
4 20 0 20 4 60 8 40 20 0 20 40 60 8
Temperature Deg C Temperature Deg C
BAND-GAP VOLTAGE REGULATOR VOLTAGE
1.23 1.02 .
2 g —ToT] —
5 1227 o, K3 p—t
= — 3 1
§ 21— .g 0.99
) Dg/'\_. 3 0.98
s ‘ I ST 2 S—
4 20 0 20 40 60 80 40 20 0 20 40 60 80
Temperature Deg C Temperature Deg C
1P3 with AUDIO AGC on/off
(L1 =47nH, C26 = 3.3pF, R13 = 1k8, R18 = 33k,
0 C8 = 100nF, R22 = 47K)
50
~ 40 1
5
- 30
a. —O0— AGC on
20 1
—8— AGC off
10 1
0 + + + —+- + + + + ~
-125 -115 -105 -95 -85 -75 -65 -55 -45 -35
Wanted Signal (dBm)

Fig.11 DC parameters vs. supply and temperature
(IP3 vs audio AGC both on and off)

Conditions:- ICC1 includes 500pA LNA current but does not

include the regulator supply (audio AGC inactive). = Veel =0.98V, Vee2 = 1.78V
ICC2 measured with BATT FLAG and DATA O/P
HIGH, Fe = 282MHz. —0— Vccl =1.3V, Vce2 =2.7V
Note 1- IP3 is level above wanted needed to reduce Vool =3.0V, Vec2 = 4.0V
receiver to 1 in 30 B.E.R.
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=125 — T 60
-125.5 o T
€ <+ 58
% -126
; -+ 57
S -126.5 1 =6
E -127 1 ss 3
4 54 §
-127.5
-+ 53
-128 | {3 sensitivity (dBm) 1
—— IP3(dB)
-1285 4 51
-129 } ! } i } } } 50
104 1115 117 129.5 155 178 237
Receiver Gain to Pin TPX (mV pk—pk) for an RF input of ~73dBm at LO + 4kHz frequency
282MHz 1200bps, 4kHz Deviation, LO drive level = 21.1mVrms
Fig.12 Sensitivity, IP3 vs Receiver Gain
=125 —+ -T- 74
-125.5 4+ a -+ 735
;E: 12 \
g -126 4 -+ 73
> >
5 1265 4 + 725 ~§
2 3
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-129 } } } } } } } 70
104 1.5 117 129.5 155 178 237
Receiver Gain to Pin TPX (mV pk-pk) for an RF input of —73dBm at LO + 4kHz frequency
282MHz 1200bps, 4kHz Deviation, LO drive level = 21.1mVrms

Fig. 13 Sensitivity, adjacent Channel vs Receiver Gain
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Fig.15 Sensitivity, Adjacent Channel vs LO level
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N, SR SEMICONDUCTORS D.S. 3853 3.0

SL6619

DIRECT CONVERSION FSK DATA RECEIVER
(Supersedes the July 1995 Edition D.S. 3853 — 2.3)

The SL6619 is an advanced Direct Conversion FSK Data

Receiver for operation up to 450MHz. The device integrates 7 >
all functions to convert a binary FSK modulated RF signal into
a demodulated data stream.
Adjacent Channel Rejection is provided using tuneable 1= ==
gyrator filters. RF and Audio AGC functions assist operation = ——
when large interfering signals are present and an Automatic '2==' S
Frequency Control (AFC) function is provided to extend = ==
Centre Frequency Acceptance. ,,%‘ == 17
FEATURES HRLBERED
W Very low power operation from single cell 9 16
M Superior sensitivity
) PIN NAME PIN NAME
M Operation at 512, 1200 and 2400 baud ] RF 17 TPQ
i 2 GND 18 VREF
| On—chlg 1Vo|t_rggulator _ 2 NP A b P
M 1mm height miniature package offering 4 MIX DEC 20 BEC
M Automatic frequency control function Z K'E’S"c% ﬂ %I:% oF
ion fi 7 VREG 23 BATT FLAG
M Programmable post 'detectlon filter 8 ™ 21 AFC1
B AGC detection circuitry 9 1 25 AFC2
. 10 12 26 BRF CNT
B Powerdown function 1 veet 27 BRF1
MW Battery strength indicator 12 o 4 yBAT
14 LOIP Q 30 IAGC OP
APPLICATIONS i & 2| GraAds

M Pagers: including Credit card, PCMCIA and
Watch pagers.
W Low data rate receivers e.g. Security Systems

Fig. 1 Pin connections

ORDERING INFORMATION

ABSOLUTE MAXIMUM RATINGS SL6619/KG/TP1N — 1mm TQFP device dry packed
Supply voltage 4.0V supplied in trays.
Storage temperature -55°C to +150°C SL6619/KG/TP1Q — 1mm TQFP devices dry packed
Operating temperature —20°C to +70°C supplied in tape and reel.
28 23 13 8 7 6 29 4 20 " 22 2 18
l 1T T T T T T
- BEC Vec! Vec? GND VRer|
1.08V 1.0V =+
MIXER 26
3 X X _l_ z
~~ H A J’
e % . %
] LIMITER 2
LIMITER
% - % | ns:gcmn 2
5 2. e %
30
t
'1 19

12 14 9 10 15 16 17 1 :;2 24 25
Fig. 2 Block diagram of SL6619




SL6649-1 IS FOR MAINTENANCE PURPOSES ONLY AND IS NOT RECOMMENDED FOR NEW DESIGNS

WGEC PLESSEY
(IS conbucTors]

SL6649-1

200MHz DIRECT CONVERSION FSK DATA RECEIVER

(Supersedes edition in August 1994 Personal Communications IC Handbook)

The SL6649-1 is a low power direct conversion radio
receiver for the reception of frequency shift keyed
transmissions. It features the capability of ‘power down' for
battery conservation.

The device also includes a low battery flag indicator.

FEATURES

Very Low Power Operation - typ. 3.7mW
Single Cell Operation with External Inverter
Complete Radio Receiver in One Package
Operation up to 200MHz

100nV Typical Sensitivity

Operates up to 1200 BPS

On Chip Tunable Active Filters

Minimum External Component Count

Low Power Down Current Typical SpA

APPLICATIONS

Low Power Radio Data Receiver
Wristwatch Credit Card Pager
Radio Paging

Ultrasonic Direction Indication
Security Systems

Remote Control Systems

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 6V

-55°C to +150°C
-20°C to +70°C

Storage Temperature

Operating Temperature

ORDERING INFORMATION
SL6649-1/KG/MPES - Small outline (MP28) supplied in tubes

SL6649-1/KG/MPEF - Small outline (MP28)
supplied in tape & reel

3115-4.1

1 28 1

1|2 27 1

| 3 26 13

T4 25 13

1|5 241

1|6 2

o7 21

1|8 21 1

o ) 20 14

1| 10 19 1

| 11 18 17

1| 12 17 13

T 13 16

14 15 %
MP28

PIN | DESCRIPTION PIN | DESCRIPTION
1 GND 28 | CHANNEL B TEST.
2 BATTERY ECON 27 | LOINPUT CHANNEL B
3 GYRATOR CURRT ADJ | 26 | LOINPUT CHANNEL A
4 REF VOLTAGE 25 | V.1 (MIXER)
5 BANDGAP REF VOLT 24 | MIXERI/PA
6 V.2 23 | MIXERI/PB
7 BIT RATE FILTER 22 | CHANNEL A TEST
8 DATA OUTPUT 21 | LOCURRENT SOURCE
9 | GND 20 | RFA Il (EMIT) RF DEC
10 | NC 19 | RFA I (BASE) RF INPUT
1 | NC 18 | RFDEC
12 | NC 17 | RFOP
13 | BATT FLAG INPUT 16 | COLPITTS OSC O/P DISABLE
14 | BATT FLAG OUTPUT 15 | NC

N.B. It is advisable to connect NC pins to ground.

Figure 1: Pin Connections - Top View
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ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated).
T, =25°C, Vo1 =25V, V 2=35V

Value
Characteristic Pin Min Typ Max Units Conditions
Supply Voltage V1 25 Va 1.3 2.8 \' Vel £(Ve2)-0.7
Supply Voltage V.2 6,16 1.8 23 35 \
Supply Current |1 17,25, 1.6 20 mA
26,27 (Ige) Included
Supply Current 1,2 6,16 0.65 0.80 mA
Power Down lcc1 17, 21, 25, 5 12 HA Batt Econ Low
26,27
Power Down |2 6,16 3 12 HA Batt Econ Low
Bandgap Reference 5 1.15 1.22 1.35 Vv
Voltage Reference 4 0.93 1.0 1.13 \
RF Amplifier
Supply Current (I.) 17 430 535 640 pA
Power Down 17 uA Included in Power Down 1.1
Mixers
Gain to “IF Test” 32 38 dB L.O. inputs driven in parallel
with 50mV RMS @ 50MHz.
IF = 2kHz
Oscillator
Current Source 21 215 270 330 MHA
Power Down 21 pA Included in Power Down |1
Decoder
Sensitivity 40 uVrms Signal injected at “IF TEST”
B.E.R.<1in 30
5kHz deviation @ 500 bits/sec
BRF capacitor = 1nF
Output Mark Space Ratio 8 79 9:7
Output Logic High 8 85 %V 2
Output Logic Low 15 %V 2
Battery Economy
Input Logic High 2 (V)03 \ Powered Up
Input Logic Low 2 0.3 \ Powered Down
Input Current 0.05 1 HA
Battery Flag
Output High Level 14 85 %V o2 Battery Low R_> 1MQ
Output Low Level 14 15 %V 2 Battery High R_> 1 MQ
Flag trig Level 13 Vg-25mV Vg+25mV \ Voltage Reference (V) pin 4
Colpitts Oscillator
Frequency 15 kHz R=90K, pin 3 to GND
15 kHz R=360K, pin 3 to GND




TYPICAL ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed by design.

Ty = 25°C, Vo1 = 25V, V2 = 3.5V

SL6649-1

Value
Characteristic Pin Min Typ Max Units Conditions
RF Amplifier
Noise Figure 55 dB RS =50Q
Power Gain 14 dB
Input Impedance 19 See Fig. 8
Mixer
RF Input Impedance 23,24 See Figs. 9 (a) and (b)
LO Input Impedance 26,27 See Fig. 10
LO DC Bias Voltage 26,27 v Equal to pin 25
Detector
Output Current 7 +4 HA
Colpitts Oscillator
Frequency 16 15 kHz R = 270K, Pin 3to GND
QOutput Voltage 16 20 mVp-p R >> 1MQ N.B. Refer to Channel
Filter Fig. 4

RECEIVER CHARACTERISTICS (GPS DEMONSTRATION BOARD)

Measurement conditions (unless otherwise stated): Applications circuit diagram Fig.6; Vel =13V V 2=23V; T,
25°C; Colpitts oscillator resistor = 270kQ; mixer input A and B phase balance = 180°; local oscullator input A and B phase
balance = 90°. Measurement methods as described by CEPT Res 2 specification. F = 153MHz (512 baud).

Value
Characteristic Min Typ Max Units Conditions
Terminal Sensitivity Tone -127 -124 dBm Af = 4 5kHz, RS= 50Q
only 4/5 call reception
Deviation Acceptance 2.5 kHz 3dB De-Sensitisation. F, = F
Centre Frequency Acceptance +2.0 +2.5 kHz = 4.5kHz
Adjacent Channel Rejection 65 70 dB Y | Af=4.5kHz Channel Spacing
25kHz
Adjacent + 1 Channel Rejection 65 70 dB External capacitors on test
Third Order Intermod adj-1 + adj-2 52 53 dB pins A and B.
RF CHANNEL LIMITING
INPUT MIXERS FILTERS AMPLIFIERS
) Z /L
~ DATA
RF ! AMPLIFIER
AMPLIFIER
) Lo DATA
DETECTOR oF
11,
Q

>
-

/

Figure 2: Block Diagram of SL6649-1 Direct Conversion Receiver
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PRINCIPLE OF OPERATION

The incoming signal is split into two parts and frequency
converted to baseband. The two paths are produced in phase
quadrature (see Fig 2) and detected in a phase detector which
provides a digital output. The quadrature network must be in
the local oscillator path.

At a data rate of 512 baud and a deviation frequency of
4.5kHz, the input to the system has a demodulation index of 18.
This gives a spectrum as in Fig 3. f, and f; represent the ‘steady
state’ frequencies (i.e. modulated with continuous ‘1’ and ‘0’
respectively). The spectrum in Fig 3 is for reversals (a
0-1-0-1-0-1 etc. pattern) at the system bit rate; { . is the nominal
carrier frequency).

When the LO is at the nominal carrier frequency, then a
continuous ‘0’ or ‘1’ will produce an audio frequency, at the
output of the mixers corresponding to the difference between f;
and fc or f1 and fc. If the LO is precisely at fc, then the resultant
output signal will be at the same frequency regardless of the
data state; nevertheless, the relative phases of the two paths
will reverse between ‘0’ and ‘1’ states. By applying the amplified
outputs of the mixers to a phase discriminator, the digital data is
reproduced.

TUNING THE CHANNEL FILTERS

The adjacent channel rejection performance of the
SL6649-1 receiver is determined by the channel filters. To
obtain optimum adjacent channel rejection, the channel filters’
cut off frequency should be set to 8kHz. The process tolerances
are such that the cut off frequency cannot be accurately
defined, hence the channel filters must be tuned. However the
receiver characteristics on the previous page can be achieved
with a fixed 270k resistor between pin 3 and GND.

Tuning is performed by adjusting the current in the gyrator
circuits. This changes the values of the gyrator's equivalent
inductance. The cut off frequency is tuned to 8kHz. To
accurately define the cut off of the channel filters, a gyrator
based Colpitts oscillator circuit has been included on the
SL6649-1. The Colpitts oscillator and channel filters use the
same type of architecture, hence there is a direct correlation
between oscillator frequency and cut off frequency. By knowing
the Colpitts oscillator frequency the channel filter cut off
frequency can be estimated from Figure 4.

Once the channel filters have been tuned it may be
necessary to disable the Colpitts oscillator. The Colpitts
oscillator is disabled by connecting the Colpitts oscillator
output/disable pin (pin # 16) to V2. This is needed since the
Colpitts oscillator may impair the performance of the receiver.
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Figure 3: Spectrum Diagram
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SL6649-1

COMPONENTS LIST FOR FIGURE 6

Capacitors Resistors Inductors Transformers Miscellaneous

C1  1nF C11 1nF R1  2.2kQ L1 10uH T1 1:1 Transformer IC1 SL6649-1

C2 1nF C12 1nF R2 500kQ Variable | L2 220nH Primary/Secondary | TR1 SOT-23 Transistor

C3 1nF C13 10pF R4 100Q L3 150nH Inductance=200nH with ft > 1.3GHz

C4 56pF C14 1nF R5 1000 L4 100nH (EG. ZETEX BFS 17)

C5 1nF C15 10pF R6 100Q X1 153MHz 7th

Cé 22uF C16 1nF R7 100Q overtone crystal

C7 1nF  C17 56pF | R8 100KQ VC2 1.5-10pF

C8 1nF C18 4.7pF

C9 22uF C19 1nF

C10 22uF C20 1nF
T8 OBOA MB MA TA Ol  RDBRIRDA RO
28 27 26 24 23 22 21 20 19 18 17
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Figure 7: Pinning Diagram of the SL6649-1




SL6649-1

FREQ S11 S$12 S22 S21

MHz MAG. ANG. MAG. ANG. MAG. ANG. MAG. ANG.
100.000 0.963 -15.971 0.016 120.281 1.036 -3.440 1.460 157.948
150.000 0.949 -21.603 0.017 121.732 0.991 -5.524 1.390 142.732
200.000 0.934 -27.247 0.017 123.174 0.946 -7.608 1.321 127.508
250.000 0.906 -33.835 0.021 124.612 0.938 -10.156 1.261 115.531
300.000 0.876 -40.519 0.025 126.042 0.934 -12.744 1.201 103.830
350.000 0.846 -45.789 0.029 139.335 0.925 -14.380 1.132 95.446
400.000 0.816 -50.979 0.032 153.381 0.915 -15.955 1.061 87.270
450.000 0.781 -58.616 0.039 163.051 0.872 -18.015 0.986 78.111
500.000 0.746 -66.363 0.045 172.537 0.827 -20.094 0.910 68.910
550.000 0.700 -72.624 0.062 165.197 0.771 -19.691 0.854 65.157
600.000 0.655 -78.856 0.079 157.518 0.716 -19.231 0.798 61.518

Figure 8: RF Amplifier
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SL6649-1

O s11
FREQ. MAG.  ANG.
100.000  0.943  -14.921
150.000  0.929  -21.059
200.000 0.914  -27.208
250.000 0.904  -35.234
300.000  0.895  -43.439
350.000 0.866  -52.138
400.000 0.836  -60.882
450.000 0.796  -68.177
500.000 0756  -75.417
550.000 0.726  -82.654
600.000 0696  -89.883

O s11
FREQ. MAG.  ANG.
100.000  0.963  -10.019
150.000  0.953  -15.143
200.000 0944  -20.277
250.000 0.930  -20.764
300.000 0915  -20.853
350.000  0.891 -30.479
400.000 0.866  -40.734
450.000 0.846  -46.135
500.000 0.826  -51.344
550.000 0.806  -57.057
600.000 0786  -62.785

O s11
FREQ. MAG.  ANG.
100.000  0.993  -11.020
150.000  0.983  -16.144
200.000  0.974  -21.277
250.000 0960  -27.820
300.000  0.945  -34.499
350.000 0954  -39.765
400.000 0946  -44.952
450.000 0927  -52.586
500.000  0.907  -60.331
550.000 0.877  -67.086
600.000  0.847  -73.819
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METHOD FOR THE MEASUREMENT OF SENSITIVITY ON THE SL6649-1 RECEIVER

The method used by GEC Plessey Semiconductors in the measurement of terminal sensitivity is essentially the same as that
described in the CEPT Res 2 Specification.
This method requires the following equipment:
1. A signal generator e.g. HP8640
2. A pocsag encoder
3. A pocsag decoder e.g. MV6639
4. An SL6649-1 Demo Board.
5. An interference free low impedance P.S.U. (V.1 and V.2 must be separate supplies and there must be at least 0.7V
difference between them). Recommended supply configurations are shown in Fig. 13.

The test equipment and D.U.T. are set up as shown in Figure 11.

The R.F. frequency is set to the nominal L.O. frequency of the receiver and the peak deviation is set to 4.5kHz.
Care must be taken to avoid long power supply leads and any ground loops. Any interference from the decoder will be reduced
by the insertion of a high value resistor R1 (100KQ) between the receiver data output and the decoder input.

SL6649-1

POCSAG
ENCODER

:

S S ——

MOD /P

GEN

RF

R.F. OPF—=

SL6649-1
RECEIVER

VCC1 GND vCC2

DATA

o/pP

13v 0 23V

P.S.U.

—— e ] B.E.R.
- METER
POCSAG
DECODER
O/SCOPE

Figure 11: Test System

The generator output level is reduced successively until the decoder responds just 4 out of 5 times to the encoder signal. This
output level is then recorded as the sensitivity threshold of the receiver.
We find that this threshold correlates to a bit error rate of 1 in 30. The data output waveforms for an input level which produces
a B.E.R. of 1 in 30 and for input levels 2dB above and below this level, are shown below (square wave input). It can be seen that
the edge jitter increases dramatically at signal levels below the sensitivity threshold of -127dBm. Typical waveforms that can be
seen on an oscilloscope around the sensitivity threshold level are shown in Figure 12.
NB. In performing the sensitivity measurement great care should be taken in preventing coupling between test leads.

-125dBm

(Above Threshoid)

-127dBm

(Threshold)

-129dBm
(Below Threshold)

Figure 12: Waveform at Data O/P
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SL6649-1

PIN | MNEMONIC | FUNCTION PIN | MNEMONIC | FUNCTION
1 GND Ground 15 UNC
2 BEC Battery Economy 16 CcO Colpitts Oscillator
3 Gl Gyrator Current Adjust Output/Disable
4 Vr Reference Voltage 17 RO RFA | (collector) RF Output
5 BG Bandgap Reference Voltage 18 RDA RFA | (base) RF Decouple
6 Ve2 Vee 2 19 RI RFA Il (base) RF Input
7 BR Bit rate Filter 20 RDB RFA Il (emitter) RF Decouple
8 DO Data Output 21 @] LO Current Source
9 GND Ground 22 TA Channel A Test
10 UNC 23 MA Mixer I/P B
11 UNC 24 MB Mixer I/P A
12 UNC 25 VCIM Vet (mixer)
13 Fl Battery Flag Input 26 OA LO Input Channel A
14 FO Battery Flag Output 27 OB LO Input Channel B
28 B Channel B Test
POWER SUPPLIES
- >4
m— 1 1.
or1 X3V —TI_-—- ;
- vcc2 VvCC1 -
SL6649-1
GND
(a) —
DC toDC 3V0.AmA
P Converter _I_ —_—
—_ L a2
T 1X15V vCC2 vce
5L6649-1
GND
(b)
’ | 2u2
L Lo | T
- vcC2 <]
SL6649-1
GND
(c)
(c) should be regarded as a test set up only. =
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Figure 13(a): SL6649-1 Power Supply Options




PAGER APPLICATION EXAMPLE

A typical 1 volt pager system suitable as a wrist watch
application is shown in Figure 13 (b). Only 3 integrated circuits
are required to perform all the functions of a tone only pager.
These are SL6649-1 direct conversion radio receiver and the
MV6639 POCSAG decoder plus a 1 volt E2PROM (eg. Seiko
Epson SPM28C51).

The SL6649-1 receives and demodulates the data, and
monitors the battery voltage. The interface between the
decoder and receiver consists of only 3 connections excluding
the supplies.

SL6649-1

The MV6639 performs all the functions required for a
POCSAG decoder for tone only and/or pager messaging at 512
or 1200 baud. A 32kHz watch crystal is used as the reference
frequency for the decoder.

The decoder voltage doubler output V. 2 is available to
power not only the receiver, but an alternative higher voltage
E2PROM and microprocessor/LCD driver for a full tone and
message pager.

2 28
L_ 1 14 [BATT FLAG
vDD 10 T 3 RDATA i ouTPUT
RESET . ROUT RE o . BATT ECON
cLock FO DIN 1 DATA OUT
a =12 5| 25 Ve | 25
— vss CE CE LDTT_/M
4
E£2PROM vDD1
e.g.SEIKO 3 ¥ N 6
SPM28C51C voozr- = veez
—| RESET  GND . m) L
21
) mvesss x1—"1__ |} X SL6649-1
1 ,QE?_L____| ‘:’(Tlh, X
— vDD2 19
157 q viB
o 12 18 RFIN
113 1
ON T02 19
ol 13 17 L
REPLAY TO1
18] 16 < o
MEM VA | — GND

Figure 13(b): Tone Pager Applications Example Showing Interface with SL6649-1 Receiver

OPERATION AT OTHER FREQUENCIES AND
DATA RATES

The values given in the components list for figure 6 are
appropriate for frequencies nominally around 153MHz. In order
to use the receiver at other frequencies it is necessary to
change the capacitor C4 which is resonant with the transformer
T1, and L2 and L4 in the oscillator circuit.

It is also necessary to change the values of capacitors C13
and C15 such that the reactance of these is equal to 100Q at
the required frequency.

It is of course necessary to use a crystal of the required
frequency and stability. In order to use the receiver at higher
data rates it is only necessary to reduce the value of C8, for
example, at 1200bps, C8=470pf.

A demonstration board has been designed specifically to
demonstrate terminal sensitivity. It is possible to connect an
antenna to the board with suitable matching but no guarantee
can be given regarding field strength sensitivity. However, with
a suitably designed combination of PCB and antenna, a
sensitivity of 5uV/M should be attainable.
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WGEC PLESSEY
O OIS

PRELIMINARY INFORMATION

DS4286 1.0

ACE9010

R.F. FRONT END WITH VCO

ACE9010 is a combined LNA, Mixer and VCO for use in
the receive path of cellular telephones. High frequency front
end functions previously realised in discrete components are
integrated into one device. The design is optimised for low
power whilst retaining high intercept performance and low
noise operation.

Power saving modes are included for battery economy.

FEATURES

Low Power and Low Voltage (3-6to 5-0 V) Operation
Power Down Modes

Low Noise Figure - LNA 1.6 dB typical

1GHz VCO, Buffer, and Mixer

Part of the ACE Integrated Cellular Phone Chipset
Small Outline 20 pin SSOP Package

APPLICATIONS

B AMPS and TACS Cellular Telephones

B GSM and 1S54 Digital Cellular Telephones
M Radio Systems

RELATED PRODUCTS

ACE9010 is part of the following chipset:

ACE9020 Receiver and Transmitter interface
ACE9030 Radio interface and Twin Synthesiser
ACE9040 Audio Processor

ACE9050 System Controller and Data Modem

ABSOLUTE MAXIMUM RATINGS
Supply voltage 6V
Storage temperature -65°Cto + 150 °C
Operating temperature -30°Cto+85°C
Voltage at any pin -03VtoVg +03V

PD1 o 1 200 IF_OUT+

P2 o @ o [F_OUT-
LoouT-o 2 gD

LO_OUT+of @) D MIX_IN+

OSC_ISETH m o MIX_IN—
GND_VCO o © o GND

TANK of o o RF_IN

NC o = o PD_LNA
VCC_VCO of o o VCC

OSC_DEC g 10 11| RF_OUT

Note: Pin 1 is identified by moulded spot
and by coding orientation.

NP20

Fig.1 Pin connections - top view

ORDERING INFORMATION

SSOP 20 lead package, code NP20
ACE9010/KG/NP1S - devices shipped in tubes
ACE9010/KG/NP1T - devices shipped on tape

EXTERNAL
_FILTER

MIX_IN-

MIX_IN+

e
2
(o]
w
o
O

3 IF_OUT+

RF_IN ;
" IF_OUT-
LO_OUT- O
LO_OUT+ O >
—OPD_LNA
—Q PD1
—Q PD2

TANK

OSC_ISET OSC_DEC

Fig. 2 ACE9010 simplified block digram
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ACES010

PIN CONNECTIONS

Pin No. Name Type Description
1 PD1 | Power down control input 1
2 PD2 | Power down control input 2
3 LO_OuUT- (0) VCO differential buffer output (LO1 mixer input with VCO powered down)
4 LO_OUT+ 1(0) VCO differential buffer output (LO1 mixer input with VCO powered down)
5 OSC_ISET | VCO current set, oscillator emitter, typ. 220 Q in series with 47 nH to GND
6 GND_VCO | VCO ground
7 TANK | Oscillator external resonator & varactor circuit connection
8 nc - No connection
9 VCC_VCO Supply VCO V; supply (leave open to power VCO down)
10 OSC_DEC - VCO decoupling, typ. 12 nF to GND_VCO
11 RF_OUT [e] LNA RF open collector output.
12 VCC Supply V¢ supply for LNA and mixer
13 PD_LNA | LNA power down
14 RF_IN | LNA input
15 GND Supply Ground
16 . MIX_IN- | Differential mixer input (with pin 17)
17 MIX_IN+ | Differential mixer input (with pin 16)
18 GND Supply Ground
19 IF_OUT- (0] Mixer I.F. differential output (with pin 20)
20 IF_OUT+ (6] Mixer I.F. differential output (with pin 19)

ELECTRICAL CHARACTERISTICS
These characteristics apply over these ranges of conditions (unless otherwise stated):
Taws=—30°Ct0 +85°C, Voo =3-75+0-15 V or 4-85 + 0-15 V, - = 869 to 950 MHz, f o = 914 to 995 MHz, IF = 45 MHz,
Interstage filter loss = 3 dB.

Parameter [ Min. [ Typ. | Max. [ Unit |[Conditions
LNA and MIXER
Supply current 11 mA
Conversion power gain 17 dB | See note 1
Noise Figure - LNA only 1.6 2.3 dB
Noise Figure - Total 3.5 4 dB | See note 1
1 dB input compression -18 dBm | See note 2
VvCO
Supply current 9 12 mA
Output level ) -5 dBm
Phase noise, Af = 25 kHz - 109 dBc/Hz
Phase noise, Af = 45 MHz - 155 dBc/Hz

Notes:

1. Includes LNA and Mixer plus interstage filter with 3 dB loss
2. Jamming signal at 45 MHz below fg.

VC? 0PT|°|NS VGOl b diveth Power Down Modes

nnormal operationthe willinternally drive the mixer

and also drive the outputs LO_OUT- and LO_OUT+ to PD2 PD1_| PD_LNA | Mode

provide the local oscillator signal to the ACE9020 prescaler 0

and upconverter. It is possible to use an external VCO if 0
1
1

Sleep

VCO powered on
Receive -All circuitry on
LNA powered off

preferred, by disconnecting VCC_VCO (pin 9) to power down
the VCO and to then drive in on pins LO_OUT- and
LO_OUT+.

X|X| = O
of =| = x|!
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GEC PLESSEY
S PRELIMINARY INFORMATION

DS4287 - 1.0
RECEIVER AND TRANSMITTER INTERFACE

ACE9020 is a VHF oscillator, up-converter and
prescaler. It is used in a radio architecture where a UHF
synthesiser makes the channel selection and a second Po'e 28 o vee

. N B PD_2 g o n.c.
synthesiser generates a fixed transmit offset. GND o .

A VCO signal from ACE9010 at UHF drives a buffer in BIAS_REF o > ln vee_Rx
ACE9020 to feed an on-chip prescaler and transmit up- VCC_TX of O o n.c.
converter. The prescaler is a dual two-modulus divider and TXPA+ m IO AXVCOIN
drives the main synthesiser input of the ACE9030. The SSB TXPA- O © fo GND_RX
up-converter suppresses the unwanted transmit sideband. Gﬁf&gze '; o E \T/)Sggzxosc

The VHF oscillator is buffered to drive the auxiliary TTANKs OO N [o Txoscs
synthesiser input of the ACE9030 and is locked to the offset TANK- €1 o lo GND_DIV
frequency. This frequency is modulated by varying the reso- VCC_DIV of IO RATIO_SEL
nant frequency of the external tank circuit. Both this oscillator GND_0SC o o DIV_OUT-—
and the UHF VCO drive the up-converting mixer to generate MOD_CNTRL o 14 15 P DIV.OUT+
the transmit signal.

Various power saving modes for battery economy are Note: Pin 1 is identified by moulded spot
included. These allow the transmit sections to be shut down and by coding orientation. NP28
during stand-by and the whole chip can be shut down during

sleep mode. The circuit techniques used have been chosen
to minimise external components and at the same time give
very high performance.

Fig.1 Pin connections - top view

ORDERING INFORMATION
SSOP 28 lead package, code NP28

FEATURES ACE9020/KG/NP1S - devices shipped in tubes
W Low Power Low Voltage (36 to 5-0 V) Operation ACE9020/KG/NP1T - devices shipped on tape
B Power Down Modes
B Differential Signals to Minimise Cross-talk
M Auxiliary Oscillator with Transmit Up-converter
B Prescaler for Main Synthesiser
B Part of the ACE Integrated Cellular Phone Chipset & Txosce
= Small Cutline 28 pin Package > éTXOSO_

RSET_TXPA - T

TANK+ : e, é TXPA+
APPLICATIONS e d (X) o
M AMPS and TACS Cellular Telephone Y ™
B Two-Way Radio Systems - % e /\
PD_2 O~ CONTROL

RELATED PRODUCTS

ACE9020 is part of the following chipset: {
ACE9010 R.F. Front End with VCO o C)— >

ACE9030 Radio Interface and Twin Synthesiser 1

ACE9040 Audio Processor i

ACE9050 System Controller and Data Modem

RATIO_SEL o—\

S U IMUM D DIV_OUT+
AB S?ul;m yT\I/EO Msex RATINGS oy | e o—— e ‘{zz -

Storage temperature -65°Cto+ 150 °C
Operating temperature -30°Cto+85°C
Voltage at any pin -0.3Vto Ve +03V

Fig. 2 ACE9020 simplified block digram
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ACE9020

PIN CONNECTIONS

Pin No. Name Type Description
1 PD_1 [ Power down control input 1
2 PD_2 | Power down control input 2
3 GND Supply Ground
4 BIAS_REF | Reference current for bias control
5 VCC_TX Supply Transmit section supply voltage )
6 TXPA+ o} Transmit up-converter open collector output
7 TXPA- (0] Transmit up-converter open collector output
8 RSET_TXPA | Reference current for transmit power amplifier output
9 GND_TXOSC | Supply Ground
10 TANK+ | Transmit oscillator tank circuit
11 TANK- | Transmit oscillator tank circuit
12 VCC_DIV Supply Divider section supply voltage
13 GND_OSC Supply Ground
14 MOD_CNTRL | Modulus control input
15 DIV_OUT+ (6] Divider output positive
16 DIV_OUT- (e] Divider output negative
17 RATIO_SEL | Ratio select
18 GND_DIV Supply Ground divider section
19 TXOSC+ (0] Transmit oscillator monitor output positive
20 TXOSC- (6] Transmit oscillator monitor output negative
21 VCC_TXOSC | Supply Transmit oscillator supply voltage
22 GND_RX Supply Ground
23 RXVCOIN | Input buffer for 1 GHz VCO signal from ACE9010
24 n.c. - No connection
25 VCC_RX Supply Receiver section supply voltage
26 n.c. - No connection
27 n.c. - No connection
28 VCC Supply ON/OFF logic supply voltage

ELECTRICAL CHARACTERISTICS

These characteristics apply over these ranges of conditions (unless otherwise stated):
Taue = — 30 °Cto + 85 °C, Vyo = 3:75+ 0-15 V or 4.85 £ 0-15 V

POWER SUPPLY CURRENT
Condition D_1i PD_2 in Typ Viax Unit
Power Down 0 0 0-08 0-11 mA
Standby 0 1 6 8 mA
Transmit set up ' 1 1 36 51 mA
Full Duplex 1 0 48 63 mA
Notes:

1. This interim state powers up the Auxiliary VCO before enabling the transmit output buffer.

112




ELECTRICAL CHARACTERISTICS

These characteristics apply over these ranges of conditions (unless otherwise stated):

Towe =~ 30 °C 10 + 85 °C, Voo = 3:75 + 0-15 V or 4-85 £ 0-15 V

ACES020

A.C.PARAMETERS
TXOSC OUTPUT SIGNAL
Parameter Min Typ Max Unit
Differential output level 500 mV p-p
TXOSC frequency 70 90 or 140 MHz
122-25
Sensitivity to supply 60 kHz/V
Spurii above 700 MHz -40 dBc
Tank inductor, for 90 MHz 100 nH
Tank inductor, for 122.25 MHz 68 nH
Tank circuit Q 40
Power up time 25 us
TXPA OUTPUT SIGNAL
Parameter Min Typ Max Unit
Power into 50 Q 0 2 4 dBm
Noise at f;, + 45 MHz — 145 dBc/Hz
Noise at f;, + 25 kHz - 100 dBc/Hz
Harmonic contents -20 dBc
Spurious at faxyco + faux -10 dBc
Spurii at faco £ 2faux -30 dBc
Spurii at fayyco £ 3faux -25 dBc
Spurious contents within f, + 45 MHz + 15 kHz - 105 dBc
except at 2fpyco — Maux
Spurious content at 2fqxc0 — aux - 60 dBc
Other spurii in band 800 to 940 MHz -70 dBc
Other spurii, except at faxyco + faux -30 dBc
Power up time 25 us
Residual modulation —-40 dB
RXVCOIN INPUT SIGNAL
Parameter Min Typ Max Unit
Signal power -7 0 dBm
Input impedance 100 Q
Frequency to dividers 800 1100 MHz
Frequency to all else 910 1040 MHz
Noise at fryyco + 45 MHz - 155 dBe
Noise at fayyoo £ 25 kHz - 117 dBc
DIVIDER
Parameter Min Typ Max Unit
MOD_CNTRL HIGH level Vee/2 + 0-3 Veo/2 + 141 Vv
MOD_CNTRL LOW level Ve/2 =11 Vec/2 - 0-3 \Y
DIV_OUT+, & —
Level 500 600 mV p-p
Edge time 10 15 ns
MOD_CNTRL:
Set-up time 20 ns
Hold time 1 ns
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ACE9020

DESCRIPTION

The primary purposes of the ACE9020 are to generate
the transmit frequency by mixing the receiver local oscillator
frequency with an auxiliary synthesiser, to add modulation to
this transmit signal, and to provide a prescaler forthe receiver
synthesiser. In order to save battery power the various
sections can be shut down when not in use.

The circuit operation can be explained with reference to
the basic application diagram.

The transmit oscillator TXOSC drives the auxiliary
synthesiser inputs on the ACE9030 and so is phase locked to
the required offset frequency, f,x, equal to the sum of the
channel duplex separation and the receiver first intermediate
frequency. A typical application will use an auxiliary fre-
quency of 90MHz. The modulation is added by varying this
oscillator frequency by the use of a varactor diode in the tank
circuit.

The receiver VCO in the ACE9010 drives the pin
RXVCOIN, which is buffered to drive the transmitter mixer, a

APPLICATION DIAGRAM

prescaler and the RX_LO output buffer. Separate buffering is
used to ensure that prescaler noise does not affect the mixer.
This prescaler drives the main synthesiser inputs on the
ACE9030 to be phase locked to the required local oscillator
frequency fayyco forthe channelto be received andis operated
as a two modulus divider, controlled by MOD_CNTRL and
with the pair of ratios selected by RATIO_SEL:

RATIO_SEL | RATIO_SEL
@ LOwW @ HIGH
MOD_CNTRL = LOW +129 +65
MOD_CNTRL = HIGH +128 +64

The mixer generates the transmit frequency f;, as the
difference fayyco — faux and is designedto give alow noise floor.

The power down inputs PD1,2 are controlled by digital
outputs from ACES030.

! AcEgozo !
I Charge 1
I Pump |
__________________________ .
1
I e e e m— =
! XS0+ s, ¢ FiA ACE9030
Filter ! > xosc. | Y Auiary
| ¢ FIAB Synthesiser
| TANK+ L~ | [
— TXFA+
> ( ) TXPA- | TX Filter |
L | EE—
5 ! TANK- |
Modulation ,  ACE9020 !
Input 1 |
from = | |
ACEQ040 |
| T ,
Matching & '
Network | RXVCOIN . X
- - - = I 1 .
] 1 | .
1 1 | .
1 I | .
: ACE9010 : : DIV_OUT+ | U
VCO @ Q FIM
1 | 1 Divider ACEQ030
| 5&) { { FIMB Main
1 L = .l | Synthesiser
! oD CTAL ¢ ¢ MODMP
L o e e e e - -
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GEC PLESSEY

[, S SEMICONDUCTORS

PRELIMINARY INFORMATION

Ds4288 - 1.0

ACE9030

RADIO INTERFACE AND TWIN SYNTHESISER

ACE9030 is a combined radio interface circuit and twin
synthesiser, intended for use in a cellular telephone.

The radio interface section contains circuits to monitor
and control levels such as transmit power in the telephone,
circuits to demodulate the frequency modulated signal to
audio, and a crystal oscillator with a frequency multiplier.

The Main synthesiser has Normal and Fractional-N
modes both with optional Speed-up to select the desired
channel. The Auxiliary synthesiser is used for the transmit-
receive offset and for modulation.

Both sections are controlled by a serial bus and have
software selected power saving modes for battery economy.
The circuit techniques used have been chosen to minimise
externa! components and at the same time give very high
performance.

FEATURES

Low Power Low Voltage (36 to 5-0 V) Operation
Serial Bus Controlled Power Down Modes

Simple Programming Format

Reference Crystal Oscillator

Frequency Multiplier for LO2 Signal

8-064 MHz Output for External Microcontroller
Main Synthesiser with Fractional-N Option
Auxiliary Synthesiser

Main Synthesiser Speed-up Options

FM Discriminator for 450 kHz or 455 kHz |.F. Signal
Radio System Monitor Inputs and Control Outputs
Part of the ACE Integrated Cellular Phone Chipset
TQFP 64 pin 0-4 mm and 0-5 mm Piich Packages

RELATED PRODUCTS

ACE9030 is part of the following chipset:
ACE9010 R.F. Front End with VCO

ACE9020 Receiver and Transmitter Interface
ACE9040 Audio Processor

ACE9050 System Controller and Data Modem

ACE9030

VP64
FP64

Note: Pin 1 is identified by moulded spot
and by coding orientation.

Fig.1 Pin connections - top view

APPLICATIONS
B AMPS and TACS Cellular Telephone
B Two-way Radio Systems

ORDERING INFORMATION

Industrial temperature range

TQFP 64 lead 10 x 10 mm, 0-5 mm pitch (FP64)
ACE9030/IG/FP1R - devices shipped in trays
ACE9030/PR/FP1R - pre-production

TQFP 64 lead 7 x 7 mm, 0-4 mm pitch (VP64)
ACES9030/IG/FP2R - devices shipped in trays
ACE9030/PR/FP2R - pre-production

oo e 5 =
: pouNg | Bus | [rock —  twin DIGITAL

ADC INTERFACE[ |DETECT k—{synTHESISER|  |ouTPUTS

\I,T \I,l - T — T - f J LF. AMPS
: [ cRysTAL CRYSTAL | _j[8mHz] [tRimmiNG] [ aFc AMP & |_J AuDIO
: [muLtipuer | [osciLiaTor| ] pLL DACs Mixer [ |umiTER] | DEMOD.
e o] Ly Ldd L T Tl .

Fig. 2 ACE9030 Simplified Block Diagram
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PIN DESCRIPTIONS

ACE9030

The relevant supplies (Vpp) and grounds (V) for each circuit function are listed. The ESD protection diodes and clamps
sometimes use different V,'s and V{'s. It is advised that all V,'s and all V¢'s are always used.

Pin No. Name Description VDD VSss
1 AMPO2 LF amplifier 2 output. VDDA VSSA
2 RXCD Receive carrier detect (ADC1 comparator) output. VDDL VSSL
3 LATCHC Synthesiser programme enable input. VDDL VSSL
4 LATCHB Radio interface programme enable input. VDDL VSSL
5 DATA Serial data; programming input, results output. VDDL VSSL
6 CL Clock input for programming bus and for |.F. sampling. VDDL VSSL
7 AFCOUT Output from AFC amplifier after sampling. VDDL VSSL
8 AUDIO Output from f.m. discriminator after filtering. VDDA VSSA
9 BP Feedback input to audio bandpass filter. VDDA VSSA
10 AFCIN Input to AFC amplifier and f.m. discriminator. VDDL VSSL
1 IREF Bias current input for radio interface, connect setting resistor to ground. - VSSA
12 VSSL Ground for radio interface logic. - -
13 VDDL Power supply to radio interface logic. - -
14 CLKs8 Output clock at 8-064 MHz, locked to crystal. VDDL VSSL
15 cs8B 8-064 MHz oscillator charge pump output and control voltage input. VDDA VSSA
16 VDDSUB2 Second connection for clean positive supply to bias substrate. VDDA VSSA
17 CIN2 Connection for crystal oscillator. VDDL VSSL
18 CIN1 Connection for crystal oscillator. VDDL VSSL
19 DOUT2 Digital control output 2. VDDL VSSL

20 DACH1 Analog control output 1. VDDA VSSA
21 DAC2 Analog control output 2. VDDA VSSA
22 DOUT8 Digital control output 8. VDDA VSSA
23 ADC5 Analog to digital converter input 5. VDDA VSSA
24 ADC3B Analog to digital converter input 3B. VDDA VSSA
25 ADC3A Analog to digital converter input 3A. VDDA VSSA
26 ADCA1 Analog to digital converter input 1. VDDA VSSA
27 LO2 Output from crystal frequency multiplier. VDDA VSSA
28 VSSA Ground for radio interface analog parts. - -
29 VDDA Power supply to radio interface analog parts. - -
30 DOUT1 Digital control output 1. VDDX -

31 VDDX Power supply to DOUT1 and DOUT2 switches. - -
32 DOUTO Digital control output 0. VDDX -
33 VDDD Power supply to synthesisers, except input buffers and the bandgap. - -
34 RSC Fractional-N compensation bias current, resistor to ground. - VSSSA
35 DECOUP Bandgap reference decoupling capacitor connection. VDDSA VSSSA
36 RSMA Bias current for synthesiser charge pumps, resistor to ground. - VSSSA
37 PDP Main synthesiser proportional charge pump output. VvDDD VSSD
38 PDI Main synthesiser integral charge pump output. VDDD VSSD
39 VSSD Ground for synthesisers, except input buffers and the bandgap. - -
40 FIM Main synthesiser positive input from prescaler. VDDSA VSSSA
41 FIMB Main synthesiser negative input from prescaler. VDDSA VSSSA
42 VSSSA Ground for FIM and FIA input buffers and the bandgap. - -
43 VDDSA Power for FIM and FIA input buffers and the bandgap. - -
44 FIA Auxiliary synthesiser positive input from VCO. VDDSA VSSSA
45 FIAB Auxiliary synthesiser negative input from VCO. VDDSA VSSSA
46 DOUT7 Digital control output 7. VDDD VSSD
47 DOUT6 Digital control output 6. VDDD VSSD
48 DOUTS Digital control output 5. VDDD VSSD
49 MODMP Modulus control output to prescaler - positive sense. VDDD VSSD
50 MODMN Modulus control output to prescaler - negative sense. vVDDD VSSD
51 TEST Test input and output for synthesisers. VvDDD VSSD
52 PDA Auxiliary synthesiser charge pump output. VDDD VSSD
53 VvDDSUB Clean positive supply to bias substrate. - -

54 DOUT3 Digital control output 3. VDDL VSSL
55 DOUT4 Digital control output 4. VDDL VSSL
56 AMPP2 LF amplifier 2 positive input. VDDA VSSA
57 AMPN2 LF amplifier 2 negative input. VDDA VSSA
58 DAC3 Analog control output 3. VDDL VSSL
59 AMPP1 LF amplifier 1 positive input. VDDA VSSA
60 AMPN1 LF amplifier 1 negative input. VDDA VSSA
61 AMPO1 LF amplifier 1 output. VDDA VSSA
62 ADC2A Analog to digital converter input 2A. VDDA VSSA
63 ADC2B Analog to digital converter input 2B. VDDA VSSA
64 ADC4 Analog to digital converter input 4. VDDA VSSA
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ABSOLUTE MAXIMUM RATINGS

Supply voltage from ground -0-3Vto+6-0V
(any Vpp to any Vgg)
Supply voltage difference -03Vto+03V

(any Vpp to any other Vyp)

Input voltage Vgs—0-3VtoVpp+ 03V
(any input pin to its local Vgs and Vpp)
Output voltage Vgs—0-3VtoVyp+0-3V

(any output pin to its local Vg and Vpp)
Storage temperature -55°Cto+150°C
Operating temperature —40°Cto+85°C

These are not the operating conditions, but are the
absolute limits which if exceeded even momentarily may
cause permanent damage. To ensure sustained correct op-
eration the device should be used within the limits given under
Electrical Characteristics.

To avoid any possibility of latch-up the substrate connec-

tions Vppsyus and Vippsys, Must be the most positive of all Vp's
at all times including during power on and off ramping. As the
current taken through these Vy's is significantly less than
through the other Vppy's this requirement can be easily met by
directly connecting all V, pins to a common point on the
circuit board but with the decoupling capacitors distributed to
minimise cross-talk caused by common mode currents. If low
value series resistors are to be included in the V, connec-
tions, with decoupling capacitors by the ACES030 pins to
further reduce interference, the Vppsus and Vppsue, pins should
not have such a resistor in order to guarantee that their
voltage is not slowed down at power-on. Power switches to
DOUTO0 and DOUT1 are supplied from Vpx and are specified
for a total current of up to 40 mA so any resistor in the Vppy
connection must be very low, around 1Q, in order to avoid
excessive voltage drop; it is recommended that this supply
has no series resistor. These two methods are shown in circuit
diagrams, figures 4 and 5. In both circuits the main Vy, must
also have good decoupling.

Main VDD

J—_—o vDDSUB ‘to VDDSUB2 b VDD

—_

xxi oy

VDDA ‘l:o VDDX _to VDDD AI:O VDDSA

Fig.4 Typical VDD local decoupling networks without series resistors

Main VDD

.

No Resistor No Resistor

vDDSUB

——_—

vDDSUB2 VDDL

-

VDDA

Very
Small
VDDX VDDD VDDSA
o

Fig.5 Typical VDD local decoupling networks with series resistors
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ELECTRICAL CHARACTERISTICS

These characteristics apply over these ranges of conditions (unless otherwise stated):
Tame =— 40 °Cto + 85 °C, all Vpp =+ 3-6to + 5:0 V, GND ref. = V¢, any Vi, to any other Vpp =—0-1to + 0-1 V

D.C. Characteristics

ACE9030

Parameter Min. | Typ. |  Max. | Unit | Conditions

Power supply

Supply current, Radio Interface: Ippa + Ipp.

Sleep mode 25 mA | XO, OSC8 on

Fully operating (excluding Ippx) 7 mA | (see Note 1)

Supply current, Synthesisers: lppp + lppsa + lopsus faer = 15 MHZz

Main and Auxiliary ON 3 mA | fyan = 16 MHz

Main ON and Auxiliary in Standby 2 mA | faux =90 MHz

Main in Standby and Auxiliary ON 2 mA | (see Note 2)

Main and Aucxiliary in Standby, with Bandgap off. 10 HA

Input and output signals

Logic input HIGH (LATCHC, LATCHB, DATA,

CL, and TEST) 0-7 x Vpp Vpp + 0-3 \Y

Logic input LOW (LATCHC, LATCHB, DATA,

CL, and TEST) -03 +08 Vv

Input capacitance (signal pins) 10 pF | Pin voltage

Input leakage (signali pins) 1 PA | Vg to Vg

Logic output HIGH (RXCD, DATA, AFCOUT, Vpp — 0-5 \

TEST and DOUT2, 3 and 4) External load:

Logic output LOW (RXCD, DATA, AFCOUT, 0-4 V | 20 kQ & 30 pF

TEST and DOUT2, 3 and 4)

Output ON level, DOUTO0 and DOUT1 Vppx — 0-2 V | loy=20 mA.

Output HIGH level, DOUTS5, 6 and 7 23 29 V | loy=80 pA

Output LOW level, DOUTS, 6 and 7 0-3 V | loo=%10 pA

Trimmed output level ON, DOUTS8 3-35 3.55 V | low = 20 to 400 pA.

Level difference, DOUT8 ON — ADC reference -10 +10 mV

Output level OFF, DOUT8 TBD -

MODMP, MODMN output HIGH Vpo/2 + 0-35 Vpo/2 + 1-0 V | loy=10 pA

MODMP, MODMN output LOW Vpp/2 - 1-0 Vpo/2 — 0-35 V | loo=—10 pA

Input Schmitt Hysteresis, pins CL, LATCHB, 0-4 \Y

LATCHC, DATA.

Analog circuits bias resistor on Ipgr - 68 kQ | Vpp @ 3-75V
100 kQ | Voo @ 4-85V

Notes

1. The sleep currentis specified with the crystal oscillator (XO) and the OSC8 oscillator and PLL running as these are normally needed to provide
the clock to the system controller. It is possible to switch off these two blocks by use of commands on the serial bus to reduce the sleep
current to an even smaller value but the system must then provide a clock to the controller from some other source.

2. The terms fegr, fuan, @and fax refer to the frequencies of the Reference inputs (Crystal oscillator, pins CIN1 and CIN2), the Main synthesiser

inputs (pins FIM and FIMB) and the Auxiliary synthesiserinputs (pins FIA and FIAB) respectively. The ON supply currents given apply when
the loops are locked - during channei change the charge pump current is additional.

119



ACE9030

ELECTRICAL CHARACTERISTICS

These characteristics apply over these ranges of conditions (unless otherwise stated):
Tawe =—40°C to + 85 °C, all Vp, = + 3-6 to + 5:0 V, GND ref. = Vg, any V, to any other Vi, =—0-1to + 0-1V

D.C. Characteristics (continued)

Parameter | Min. [ Typ. | Max. | Unit | Conditions

Synthesiser charge pump current

Current setting resistor Rgya 19 39 78 kQ | Note 3

Current setting resistor Rg¢ 19 39 78 kQ | Note 3

External capacitance on pin Rgya 5 pF | Ensures stable

External capacitance on pin Rgc 5 pF | bias current.

Bias current Ipsys (nominally 1-25V / Rgya) 28-8 32 35.2 MA | Rsya =39 kQ

Bias current lzsc (nominally 1-25V / Rgc) 28-8 32 35.2 HA | Rgc =39 kQ

Iprop(0) scaling accuracy, pin PDP -10 +10 % | @ 200 pA. Note 4

Iprop(1) scaling accuracy, pin PDP -10 +10 % | @ 800 pA. Note 4

lint scaling accuracy, pin PDi -10 +10 % | @ 4mA. Note 4

lcomp(0) scaling accuracy, pin PDP -10 +10 % | @ ACC x 0-2 pA
Note 4

lcomp(1) scaling accuracy, pin PDP -10 +10 % | @ ACC x 0-8 pA
Note 4

lcomp(2) scaling accuracy, pin PDI -10 +10 % | @ ACC x 4 pA
Note 4

lauxil scaling accuracy, pin PDA -5 +5 % | @ 256 pA. Note 4

Auxiliary Charge Pump, -10 +10 % | Note 5

Up or Down l,x current variation

Main Charge Pumps, -10 +10 % | Note 6

Up or Down lyan OF Iinrearal CUrrent variation

Iprop(0) or Iprop(1) setting from PDP pin 1.0 mA

lint setting from PDI pin 5 mA

lcomp(0) or Icomp(1) setting from PDP pin 12 HA

lcomp(2) setting from PDI pin 180 HA

lauxil setting from PDA pin 512 HA

Notes

3.

IS

The circuit is defined with resistors Rgy, and Rgg connected from pins RSMA and RSC to Ve, but in most practical applications all Vg pins
will be connected to a ground plane so Rgys and Ry should then also be connected to this ground plane.

% T fe specified to this accuracy when the relevant output pin is at a potential of V;,5/2 and with Rgys = 39 k{2, CN
=200,L=1,K=5Rs.=19 k( The nominal value is set by external resistors and by programming registers, as definedin Table 6. Tolerances
in the internal Bandgap voltage and bias circuits are within the limits given for lggy, and Igsc, the scaling accuracy of the multiplying DAC's
is within these limits given for Iprop(0), Iprop(1), lint, lcomp(0), lcomp(1), lcomp(2), and auxil.

e i

m

. The Auxiliary charge pump output voltage is referred to as V,p, and the output current |, is the Up or Down current measured when

Veoa = Vop/2.

The conditions for the variation limits for the Up current are:

either laux = 128 0r 256 pJA  and 0 < Vepa<Vpp—0:5V
or laux = 512 pA and 0 < Vppa < Vpp— 065V
The conditions for the variation limits for the Down current are:
either lax=1280r256 yA and 05V < Vppa < Vpp

or laux = 512 pA and 0-65 V < Vppa < Vpp

. The Main charge pump output voltage at pin PDP is referred to as Ve and at pin PDI as Vpp, The output currents lyay and lyreara. are the

up or down current Iprop(0), Iprop(1) or lint measured when Ve, or Vi, = Vip/2.
The conditions for the variation limits for the Up current are :

Ian = 100 t0 1000 PA or lpreapar = 1105 MA and 0 < Vppp < Vo — 045V
The conditions for the variation limits for the Down current are:

Iwam = 100 to 1000 PA oF lnreapar =105 MA and 045V < Ve < Vo,
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ELECTRICAL CHARACTERISTICS

These characteristics apply over these ranges of conditions (unless otherwise stated):
Tawe =—40°Cto + 85 °C, all Vpp = + 3-6 to + 5:0 V, GND ref. = Vg, any Vyp to any other V= —0-1to + 0-1V

A.C. Characteristics

ACES030

Parameter Min. | Typ. |  Max. [ Unit [ Conditions
CONTROL BUS
Clock rate CL input 1008 kHz
Clock duty cycle CL input 40 50 60 %
tps, input data set-up tirie 80 ns | See Fig. 7
tow, input data hold time 80 ns | See Fig.7
toww, towns CL input pulse width (to bus logic) 400 600 ns | See Fig. 7
te, delay time, clock to latch 440 ns | See Fig. 7
tuw, latch pulse high time 230 ns | See Fig. 7
t.4, delay time, latch to clock 220 ns | See Fig. 7
thso, OUtput data set-up time 80 ns | See Fig. 8
tono, OUtput data hold time 80 ns | See Fig. 8
tzs, DATA line available to ACE9030 80 1200 ns | See Fig. 8
tzn, DATA line released by ACE9030 80 1200 ns | See Fig. 8
tep, delay from received message to 4 4 cycles| See Figs. 8 and 10
transmitted response of CL
Rise and Fall times, all digital inputs: 50 ns
DIGITAL OUTPUTS
DOUTO and 1 On time to Vpp, — 0-2 V 100 us | 100 nF load and from
DOUTO and 1 Off time to > 1 MQ 100 ps | LATCHB rising edge
DOUTS5, 6 and 7 rise and fall times 10 us | 30 pF load and to
DOUTS rise and fall time 10 us | D.C. specification
Ato D CONVERTER
Lowest transition, 0000 0000 to 0000 0001 0.07 0-15 0-23 V | Bandgap multiplier
Highest transition, 1111 1110 to 1111 1111 3.35 3.45 3.55 V | correctly trimmed
ADC conversion time (20 cycles of CL) 20 pus | CL =1008 kHz
Input scanning rate (CL + 40) 25.2 kHz | CL = 1008 kHz
Integral Non-linearity -1 +1 LSB
Differential Non-linearity -05 +0-5 LSB
Power supply sensitivity 1 Bit/V | Noise at 0 to 10 kHz
CRYSTAL OSCILLATOR
Start-up time of crystal oscillator 5 ms
Crystal effective series resistance (ESR) 25 Q | To ensure start-up
Power dissipation in crystal 100 150 uw
D to A CONVERTERS
Full scale output level, DAC1, DAC2 & DAC3 3.35 3.45 3.55 V | Bandgap multiplier
Zero scale output level, DAC1 1.0 1-2 V | trimmed to nominal
Zero scale output level, DAC2 & DAC3 0-3 0-5 V | reference voltage
Integral Non-linearity -1 +1 LSB
Differential Non-linearity -0.5 +0:5 LSB
Output wideband and clock noise:
50 Hz to 1-1 MHz, flat integration 0-5 MVis
50 Hz to 3400 Hz with 750 us de-emphasis 0-1 mV .
Power supply rejection ratio 20 dB |50 Hz to 25 kHz.
Settling time to within 10% of end of step 5 pus | DAC1 and DAC2 not
(DAC3 with external 15 kQ resistor) in Sleep mode,

10 pF load
Output load capacitance, DAC1 and DAC2 100 nF
Output load capacitance, DAC3 30 pF | To guarantee stability,
Internal series resistor, DAC1 and DAC2 7 15 40 kQ
DACS3 output current, sink or source 1-0 mA
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ELECTRICAL CHARACTERISTICS
These characteristics apply over these ranges of conditions (unless otherwise stated):
Tame =—40°Cto+85°C, all Vpp=+3-6to+ 50V, GND ref. = Vg, any Vp, to any other Vo, =—0-1to + 0-1V

A.C. Characteristics (continued)

Parameter | Min. | Typ. | Max. | Unit | Conditions
LOW FREQUENCY AMPLIFIERS (1 and 2)

Voltage Gain 1200 2800 A"
Input Offset 5 10 mV
Open loop input resistance 1 MQ
Open loop output resistance 8 kQ
Unity Gain bandwidth 2 MHz
Input bias current, inverting input 200 nA
Power supply rejection at 100 kHz 35 dB
Output voltage maximum, linear operation Vppa — 0:2 \Y
Output voltage maximum, as a comparator Vppa — 0-1 \Y
Output voltage minimum level, linear operation 0-2 \
Output voltage minimum level, as a comparator 0-1 \
Common mode input range Vssa Vooa \Y
Output slew rate 1 V/us
Output load capacitance 30 pF

8 MHz OSCILLATOR and PLL

OSC8 centre frequency

MHz | Controi offset vaiue
at 000000 = 0Ax
0OSC8 VCO sensitivity 20 MHz/V| Control range value
at 011110 = 21,gx

®
=
&
S

OSC8 charge pump output current 50 A
CLK8 output load, resistive: 15 25 100 kQ
capacitive: 15 25 30 pF
CLK8 output amplitude 0-8 1.5 2.4 Vieok
CLKS total output jitter (as f.m. deviation) 4 kHz | 200 Hz to 8 kHz.
Start-up time at power-on, to default settings 15 ms | With a loop filter as

described in fig. 17

Lock time to within 100 ppm, after

reprogramming set-ups 15 ms
AFCIN F.M. DISCRIMINATOR and AFC
AFCIN input signal level 0-05 25 Voo
AFCIN input impedance, resistive: 50 kQ

capacitive: 10 pF
Input frequency 400 500 kHz
Input signal to integrated noise ratio 10 dB | I.LF. + 15 kHz.
Input Schmitt window (threshold difference) 10 20 30 mV
AUDIO signal SINAD, psophometric, note 7 45 dB | 1 kHz tone at 3 kHz
AUDIO signal hum and noise, note 7 - 46 dB | peak deviation on
AUDIO output signal level, note 7 480 640 MVme| AFCIN input at |.F.
AFCOUT load 30 pF
AFCOUT duty cycle 40 60 %
AFCOUT rise and fall times 75 ns

Note

7. AUDIO signal quality is measured with feedback components as shown in figure 18 and with 500 mV peak to peak input to AFCIN.
Discriminator gain is set with D =3 and M = 40 and V,,, =375 V and a crystal at 14-85 MHz. SINAD is defined as the ratio of wanted signal
to all unwanted output, measured simultaneously with filters. The hum and noise figure is defined as the ratio of output power at AUDIO when
AFCIN is not driven to the output power when AFCIN is driven as specified above.
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ELECTRICAL CHARACTERISTICS

These characteristics apply over these ranges of conditions (unless otherwise stated):
Taws =—40 °Cto + 85 °C, all Vp = + 3-6 to + 5.0 V, GND ref. = Vg, any Vg, to any other Voo =~ 0-1t0 + 0-1V

A.C. Characteristics (continued)

ACES030

Parameter Min. Typ. | Max. | Unit |Conditions
LO2 Multiplier
Amplitude 47 120 mV,,, | Circuit as in fig. 15,
Reference frequency content of output -10 dBc |with RD = 3-9 kQ and
2nd, 4th, or 5th harmonic content of output -20 dBc [Vp=3-75V. Loadis
6th and higher harmonics in output -30 dBc |3.7 pFand 1 kQ.
SYNTHESISERS
Reference divider
Reference divider input frequency 5 30 MHz
Drive level into CIN1 from external oscillator 400 mV,.| With crystal oscillator
powered down
CIN1 input capacitance 10 pF
CIN1 input resistance 10 kQ
Auxiliary synthesiser
FIA input frequency 10 135 MHz |May be a sinewave
Rise and fall times of inputs 10 ns
Timing Skew between FIA and FIAB +2 ns |See Fig. 6
or + 10% signal | Both maxima
period [ must be met
FIA, FIAB differential signal level with both 180 MV | Each input, 5 to 50 &
sides driven 99 to 135 MHz
100 mV o Each input,
50 to 99 MHz
FIA single input drive level with FIAB 360 MV | One input, 5 to 50 &
decoupled to Vgg 99 to 135 MHz
200 mV,«| One input,
50 to 99 MHz
FIA, FIAB common mode range Vpp—1-7 Vpp — 0-7 \
FIA, FIAB input capacitance 10 pF
FIA, FIAB differential input resistance 10 kQ |Note 8
Auxiliary Synthesiser comparison frequency 2 MHz
Main Synthesiser
FIM input frequency 4 20 MHz
Rise and fall times of inputs 10 ns
FIM - FIMB Timing Skew +2 ns |[See Fig. 6
or+ 10% signal | Both maxima
period| must be met
FIM, FIMB differential signal level 100 MV, | Each input,
with both sides driven. 4 to 20 MHz
FIM single input drive level 200 MV o[ One input,
with FIMB decoupled to Vg 4 to 20 MHz
FIM, FIMB common mode range Voo —1-7 Vpp — 0-7 \
FIM, FIMB input capacitance 10 pF
FIM, FIMB differential input resistance 10 kQ |Note 8
Delay FIM rising to MODMP/MODMN changing 30 ns
Main Synthesiser comparison frequency 2 MHz

Note

8. To simplify single ended drive there is a resistor between FIA and FIAB and another between FIM and FIMB. In this mode the inputs should
drive FIA or FIM with D.C. coupling and the other inputs FIAB and FIMB should be decoupled to ground by extemal capacitors.
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TIMING WAVEFORMS
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Fig. 6 Synthesiser Inputs
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Fig. 7 Control Bus input timing
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FUNCTIONAL DESCRIPTION - CONTROL BUS

The functions of the ACE9030 fall into two separate
groups, the Radio Interface and the Synthesisers.

The common control bus splits the input strings differ-
ently for these two sections so this bus operation is described
first as an introduction to the available features.

All functions are controlled by a serial bus; DATA is a bi-
directional data line, to input all control data and to output the
results of measurements in the Radio Interface section, CL is
the clock, and LATCHB and LATCHC are the latch signals at
the end of each control word for either the Radio Interface or
the Synthesiser section respectively.

CL is acontinuously running clock at typically 1-008 MHz,
and all incoming and output data are latched on rising edges
of this clock. The controller should clock data in and out on
falling clock edges. For bus control purposes the frequency of
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CL may be widely varied and this clock does not need to be
continuous, however, the sampled I.F. signal AFCOUT, the
Polling ADC, and the Lock Detect Filter also use CL as the
sampling clock. In systems where any of these are required
the clock CL is constrained to be 1-008 MHz and to be
continuous.

To ensure clean initialisation the clock CL should give at
least 8 cycles before the power-up command and similarly to
set the control logic to known states there should be 8 cycles
of CL after a power-down command.

During normal operation there should be at least 30
cycles of CL between latch pulses, 24 for the data bits (see
figures 9,10 & 11) plus 6 extra. This minimum becomes 36
cycles if the extended synthesiser programming command
(A2) is used.

Radio Interface Bus - Receive

o AR

B
DATA —{  DATA1 | DATA2 | DATA3  |—

LATCHB

765 432107654321076543210

I

Fig.9 Radio Interface receive bus timing

The received data is split into three bytes, where DATA1
normally contains a value to be loaded into a destination set
by DATA2 and DATAS3. When a command does not need to
put any information into byte DATA1 a preamble xx1010xx is
recommended to fill this byte. It is possible to set-up several
features in one bus operation and to allow this the decoding
only acts on single or selected bits; the others are given as “x”
in the block descriptions. Two bits of DATA2 also set the type
of command, with four options:

DATA2 | DATA2 | Type of Comment
bit 7 bit 6 Command
0 0 SLEEP No reply
0 1 NORMAL | Send requested data
1 0 SET-UP No reply
1 1 TEST No reply

Sleep mode is selected to put the cellular terminal into a
very low power state for when it is “Off” and neither waiting for,
nor setting up a call. In Sleep only the crystal and 8-064 MHz
oscillators, DAC1 and DAC2, the OSC8 phase locked loop,

and the CLK8 output driver will be active, and are used to
clock the microcontroller. To reduce the supply current to its
minimum in Sleep the synthesisers must also be powered
down, by a Word D message with DA and DM both set HIGH
as described underSynthesiser Bus - Receive Only. During
Sleep all set-up values are retained unless changed by a Set-
up command. The exitfrom Sleep is by any Normal command.

Normal commands will end Sleep mode but are primarily
used to change the operating mode of the cellular terminal or
to request ADC data. The response to Normal commands is
the only reason for the ACE9030 to drive the serial bus.

Set-up commands are used to adjust various operating
parameters but can also initiate a logic restart if DATA3 bits
1 and 0 are both “1” so for routine changes of set-ups these
bits should always be 00.

Test mode is included only for use during chip manufac-
ture.

The Sleep Command - DATA2 bits 7, 6 = 00

DATA1 DATA2 DATA3
xx1010xx OO0XXXXXX XXXXXXXX
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Summary of Normal Commands - DATA2 bits 7, 6 = 01

Normal commands are always a request for data; the ADC registers to be read are defined by Y1 and YO in DATA3. A normal
command will also end Sleep mode.

BIT ]jFFECT when at 0 EFFECT when at 1
DATAZ2:
7 With DATA2:6 defines command type -
6 - With DATA2:7 defines command type
5 Discriminator powered down Discriminator active.
4 - Load Lock threshold register from DATA1:7-1
3 DAC3 powered down DACS3 active
2 - Load DOUT7-0 from DATA1:7-0
1 - Load DACS3 from DATA1:7-0
0 Not used Not used
DATA3:
7 Not used Not used
6 LO2 multiplier powered down LO2 multiplier active
5 Set DOUT8 to OFF Set DOUTS to ON, to output the ADC reference voltage
4 - Load ADC1 comparator from DATA1:7-0
3 - Load DAC1 from DATA1:7-0
2 - Load DAC2 from DATA1:7-0
1 Y1 Decode with DATAS:0 for Polling ADC register read
0 YO0 Decode with DATA3:1 for Polling ADC register read

Summary of Set-up Commands - DATA2 bits 7,6 = 10

BIT [ EFFECT when at 0 | EFFECT when at 1
DATA2:
7 - With DATA2:6 defines command type
6 With DATA2:7 defines command type -
5 Not used Not used
4 - Set OSC8 VCO range from DATA1:5-0
3 - Set OSC8 VCO offset from DATA1:5-0
2 Select input A for ADC3 Select input B for ADC3
1 Select input A for ADC2 Select input B for ADC2
0 OSCS8 off OSC8 on
DATAS3:
7 Crystal oscillator off Crystal oscillator on
6 Bandgap off - use external reference Bandgap on
5 - Set discriminator divisors from DATA1:7,6
and lock detect period from DATA1:5
and OSCS8 divisors from DATA1:2-0

4 - Set bandgap trim from DATA1:7-0
3 Not used Not used
2 Not used Not used
1 - Do a restart if both DATA3 bits 1 and 0 are at 1
0 - Do a restart if both DATA3 bits 1 and 0 are at 1
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Radio Interface Bus - Transmit

The ACE9030 only drives the bus in response to a
request for data by a Normal command as described above.
To avoid any bus contention, there is a delay from the end of
a data request to the start of the response, see figure 10. The
data will start on the fifth rising edge of CL after the rising edge
of LATCHB.

ACE9030

The output Preamble word begins with a fixed pattern
10 1 0andthenincludesthe source code number (Y1, YO) for
the Result words and the status of the Lock Detect from the
synthesiser, all as described in the section Polling A to D
Converter.

DATASI]—' PREAMBLE ]

RESULT1 [ RESULT2 }—

I 76543210765 43210760543210

Fig.10 Radlio Interface transmit bus timing

Synthesiser Bus - Receive Only

The overall format to control the synthesiser is basically the
same as for the Radio Interface. There is an option of a 32 bit
string to allow a channel change with loop gain control in only

one message and also the width of the LATCHC pulse is used
to set the duration of speed-up mode when changing chan-
nels.

|

e UUUUUIUVUIUUUUUUUUUUUUUU ISV

|
DATA (WORD A) T
|

L1

N2 I

N1 [NF|0’—_—-—-

765432101110

9876543210210

DATA (WORD B)

Pl v [« |

103210765 43210

CcN | TEST Io|o|o|1l._
3210

DATA (WORD C) |

not used |
o

NA |1|0I0|1}—

LG DA DM

11109 8 76 543210

DATA (WORD D) MTM sA |¢| sM]

L [efrlelt——

DATA (WORD A2)

FMOD 1 0 1011109 8 76543210

—_I CN | N2 I

N1 l NF 'o,——__

7654321076543

2 1 01110

9876543210210

LATCHC
DURATION OF MAIN SYNTHESISER SPEED-UP MODE —)l L.
i i
DATA (DUMMY WORD
( ) { not used - any data may fill space I1 |1 |1 |1
- ONLY USED TO ALLOW )

LATCHC TO REMAIN HIGH

Fig.11 Synthesiser bus timing
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Data is accepted by the circuit on the rising edge of
LATCHC. Programmable divider ratios will be changed at
their next re-load, at up to a whole comparison period after the
LATCHC edge.

Normal channel changes require only word A but if it is
necessary to maintain exactly uniform loop dynamics the
parameter CN (see Main Synthesiser - Normal Mode) must
also change. This can be achieved by either sending a word
B for the CN parameter before word A for the frequency or
alternatively the extended command A2 can be used to
combine both in one long word. This A2 mode is not supported
by the ACE9050 as it is not necessary for most cellular
terminals.

After the power-on initialisation Word B is altered only for
a channel change, so the new values are held until the
following Word A or A2 has been written, when both words are
used at the same time to ensure a clean change.

The LG bit in Word D sets whether A or A2 mode is to be
used, 0 for A and 1 for A2.

Summary of Synthesiser Programming

Speed-up drive is active for the duration of the LATCHC
pulse that loads the A or A2 word and if it is required the pulse
will typically be hundreds of cycles of CL in duration.

In some applications the system performance can be
improved by holding LATCHC at HIGH to minimise clock
noise on the synthesisers. LATCHC also controls Speed-up
mode and so to exit speed-up mode after a channel change
the LATCHC must be driven LOW and then a dummy com-
mand can be added to get LATCHC back to HIGH. This
dummy command should be a non-functional word formed by
settingthe last four bits to 1111 as in figure 11; the value orthe
number of the data bits before the four 1’s are of no signifi-
cance so the typical schemes are to send either a standard 24
bit message ending 1111 or a special 4 bit only message of
1111 and in both cases the LATCHC is kept HIGH until the
next channel change.

The TEST bits in Word B must be set to 0000 for normal
operation and the first two bits in Word B should be set to 00
to be sure of compatibility with future variants.

BIT STRING Range of values FUNCTION
N1 3 - 4095 Main synthesiser down count; prescaler at lower modulus.
N2 1-255 Main synthesiser up count; prescaler at higher modulus.
NF 0-7 Main synthesiser fractional increment numerator.
TEST 0000 This state must be selected in every Word B for normal operation.
TEST pin will be held LOW to screen adjacent PDA pin.
Other test modes are for use during chip manufacture only.
CN 0-255 Main charge pump current scaling coefficient.
K 0-15 Integral charge pump speed-up mode multiplying factor.
L 0-3 Proportional charge pump speed-up mode exponent, giving x 2, x 4, x 8
or x 16 current.
NA 3 - 4095 Auxiliary synthesiser VCO divider ratio.
NR 8 - 4095 Reference divider ratio.
SM 0-3 Main synthesiser comparison frequency select.
DM 0,1 Main synthesiser in standby mode if DM set HIGH.
SA 0-3 Aucxiliary synthesiser comparison frequency seiect.
DA 0, 1 Auxiliary synthesiser in standby mode if DA set HIGH.
FMOD 0, 1 Fractional-N denominator, '/s's when at “0” or '/g's when at “1”.
LG 0,1 Control bus mode select - Word A if LOW or Word A2 if HIGH.
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FUNCTIONAL DESCRIPTION - BLOCKS IN THE RADIO INTERFACE

Power-On Reset Generator

To ensure a tidy start-up there is an internal power-on
detector to initialise various registers.

This initialisation leaves the Radio Interface in Sleep
mode with the crystal and 8-064 MHz oscillators running. The
8-064 MHz PLL will be set up for a 15-36 MHz crystal as a
default to ensure the microprocessor is not clocked too fast
during the start up sequence. Any Normal command can be
used to change to active operation.

A software Restart command can be sent to force the
Radio Interface to the power-on reset state. This command is:

DATA1
XXXXXXXX

DATA2
TOXXXXXX

DATA3
XXXxxx11

Digital Outputs

The nine digital outputs, DOUT8 to DOUTO, are used to
control the status or function of radio subsections external to
the ACE9030 and are controlled by a Normal type command
with a logic “1” setting the output to HIGH or ON and a logic
“0” giving LOW or OFF.

Outputs DOUTO0 and DOUT1 are power switches from
Vpox to supply Front-End circuits. Both are forced to OFF in
Sleep mode.

Lock Detect Filter

Outputs DOUT2 to DOUT4 are logic level outputs to
control various functions in the cellphone. DOUT2 and
DOUT3 are forced to HIGH and DOUT4 is forced to high
impedance in Sleep mode.

Outputs DOUTS5 to DOUT?7 are low current outputs with
reduced voltage swing to control power down in the ACE9010
and ACE9020. All three are forced to LOW in Sleep mode.

Output DOUTS8 can be driven by the buffered Band-gap
based ADC reference voltage and is included for test and
setting-up purposes, as well as for driving a temperature
sensing thermistor read through one of the ADC channels.
DOUTS is forced to high impedance in Sleep mode.

The control formats are Normal commands:

DATA1
D, Db, D;D, D, D, D, D,

DATA2
01xxx1Xx

DATA3
XXXXXXXX

where DATA1 bits 7 to 0 control DOUT7 to DOUTO respec-
tively when enabled by DATA2 bit 2, and:

DATA1
XXXXXXXX

DATA2
O 1TXXXXXX

DATA3
XX D XXXXX

where DATAS bit 5 controls DOUTS directly.

AUX. COMP. 3 ADD 2 XO
FREQUENCY WINDOW

MAIN COMP. __J ADD +2 X0
FREQUENCY | WINDOW cLo—+2 N 4

1 (1-008 MHz) -

START/STOP
MAIN PROG. __{ COMPARE |__ 504 kHz Ik
DIVIDER TIMING ock S 7er
COUNTER

AUX. PROG. __{ COMPARE I
DIVIDER TIMING TO BUS

LEVEL SET | THRESHOLD
FROM BUS REGISTER

WINDOW SET FROM BUS

L

COMPARATOR p———

([T

Fig. 12 Lock Detect Biock Diagram

The Lock Detect Filter processes the phase errors in both
synthesisers to give a clean signal to put onto the bus as a
single bit added to the ADC read response.

In the synthesiser section of the ACE9030 the time
differences between the active edges of the outputs of the
programmable dividers and of the reference divider are
compared with a window of two cycles of the reference clock,
XO, from the crystal oscillator. If a loop has a time difference,
or phase error, larger than this window then that loop is
deemed unlocked and its lock signal is held low for a whole

comparison period, giving a Main Lock and an Auxiliary Lock
signal. When both synthesisers are active the error signals
are combined by an AND function to give the internal signal
LOCK. If either synthesiser is powered down its lock is
disregarded and if both are powered down the ACE9030 will
always give LOCK at LOW, the unlocked state, to be output
onthebus. Thisfinal signal LOCK is normally HIGH to indicate
locked loops but will pulse low for one or more comparison
periods when an active synthesiser is unlocked.
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I +2 x|
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MAIN LOCK | |

AUX. LOCK,

DERIVED SIMILARLY ]
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Fig. 13 Typical Lock Detect Waveforms
Pulses can occur on the LOCK signal at a rate up to the DATA1 DATA2 DATA3

higher of the Main and Auxiliary comparison frequencies, and
this is often either 12.5 kHz for NMT and ETACS (50 kHz if Xx D 0000 10x3000 XX 1000
Fractional-N is used) or 30 kHz for AMPS so some extra DATA1:5=0 sets 160 us for NMT or ETACS

filtering is needed to get a clean lock indicator.

LOCK is filtered by first sampling at 504 kHz (the bus
clock CL divided by two) and then counting the number of
HIGH samples in a pre-determined period. There are two
selections available for this counting period, approximately
160 ps (2 periods of 12-5 kHz or 8 of 50 kHz) or approximately
167 ps (5 periods of 30 kHz) which are set by a second
counter, also running at 504 kHz and with a fixed modulus of
80 or 84. LOCK is stable for each comparison period so the
counts for each comparison frequency are always in blocks of
40 for 12-5 kHz, 10 for 50 kHz or 16 for 30 kHz.

The value in the LOCK sample counter is compared with
a threshold previously set by another bus command, to
determine if the loops are locked, the result is then output as
the last bit in the pre-amble word in the response to a Normal
command, before the ADC levels are given, as described in
the section Polling A to D converter.

The filter period is selected by the following Set-up
command where DATA1 bit D, sets the period to one of the
two values to suit whichever cellular system is to be used:

(Window count = 80) and DATA1:5 = 1 sets 167 ps for AMPS
(Window count = 84).
The threshold is set by a Normal command:

DATA1
D,D,D;D,D, D, D, x

DATA2
01X 1XXXX

DATA3
XXXXXXXX

DATA1 bits D, to D, form a 7 bit binary number in the
range 0to 127, which is the threshold value to be loaded. The
window period of 80 or 84 clock cycles sets the maximum
count value that can be found; the effect of unlock is to reduce
the actual count by at least one comparison period’s worth of
samples 40, 10, or 16 so a suitable threshold can easily be
chosen. Assuming that the maximum sensitivity is required
the threshold should be set at just above the maximum count
(80 or 84) minus the effect of one unlock count (40, 10, or 16),
to give suggested thresholds of at least 42 (for 12.5 kHz) or 72
(for 50 kHz) or 70 (for 30 kHz). In each case any convenient
number between these suggestions and the maximum count
may be used as the selection is not critical.

Polling A To D Converter

Afive channel polling Analog to Digital Converter is used
to monitor various analog levels, such as Received Signal
Strength, Transmitter Power, Temperature and Battery Volt-
age. The 8 bit ADC has a nominal range of 0-15V to 3-45 V
for codes 00 to FF and is connected to each input channel,
ADC1 to ADCS, in turn by the scanning logic. The results are
put into individual registers for reading by the microcontroller.
The successive approximation technique is used, with the
bus clock CL controlling both the timing of the conversion and
also the polling around the inputs. The voltage reference for
the ADC is shared with the three DAC’s and is derived from
the bandgap voltage through a trimming multiplier which can
be monitored on DOUTS8 and is described in the section Band-
Gap Reference. Some channels are scanned more frequently
than others, with the pattern:

5 1,5 2 5,1,5, 3,5, 1,5, 4,
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which repeats continuously. With clock CL at its normal
1008 kHz frequency, the scanning rates are 12.6 kHz for
ADCS5, 6-3 kHz for ADC1 and 2-1 kHz for ADC2, 3 and 4.

Channels 2 and 3 each have two options, 2A, 2B and 3A,
3B as pins to connect to alternative points to monitor. The
selection is by a Set-up command:

DATA1 DATA2 DATA3

XXXXXXXX 10xxx D, D, x XXXXXX00

where DATA2 bit D, selects ADC3B when HIGH or ADC3A
when LOW for measurement by channel 3, and DATA2 bit D,
selects ADC2B when HIGH or ADC2A when LOW for meas-
urement by channel 2.



The ADC data in the five registers is read in response to
a Normal command, with the two results to be output being
selected by two bits of DATA3:

ACES030

The level for each DAC is set by a Normal command:

DATA1

DATA2

DATA3

DDDDDDDD

01xxxx D, x

xxxx D; D, xx

DATA1

DATA2

DATA3

KXXXXXXXX

01XXXXXX

XXXXXXY, Y

where Y, Y, are decoded to select:

Y, Yo Data requested
0 0 ADCS5 & ADC1
0 1 ADC5 & ADC2A/B
1 0 ADC5 & ADC3A/B
1 1 ADC5 & ADC4

where the data in DATAT1 is loaded into DAC1 if DATA3 bit D,
is HIGH, into DAC2 if DATA3 bit D, is HIGH, or into DAC3 if
DATAZ2 bit D, is HIGH.

DAC1 and DAC2 remain active during Sleep mode but
the outputs are driven with reduced current capability; this will
slightly reduce the accuracy and will significantly increase the
settling time to any level change. DAC3 is powered down in
Sleep mode.

To power down DAC3 outside of Sleep mode, a Normal
command may be used:

The requested data is then clocked out after afixed delay,
with a preamble followed by the two results:

PREAMBLE
1010Y,Y,0L

RESULT 1
RRRRRRRR

RESULT 2
RRRRRRRR

The Y, Y, code is output to confirmthe data selection and
is the same as in the Normal command that requested the
data, detailed above, L is the Lock Detect status fromthe Lock
Detect Filter, and the two results are in the order ADC5 in
RESULT 1 and ADCH1, 2, 3, or 4 in RESULT 2.

The level in the ADC1 register is continuously compared
with a threshold number such that if ADC1 is above this
threshold the output pin RXCD is driven HIGH and can be
used to indicate the presence of a received carrier. The
threshold is set by a Normal command on the bus, with the
value in DATAT:

DATA1
DDDDDDDD

DATA2
O1XXXXXX

DATA3
XXX TXXXX

IREF Bias Circuit

To set the operating current for several blocks in the
Radio Interface there is a bias pin lger Which should be
connected to the ground plane (Vg pins) via a resistor whose
value depends on the supply voltage, 68 or 100 kQ for 3-75 V
or 4.85V nominal Vp,. The current into this pin is then
mirrored to the various functional blocks. To reduce the noise
on this bias a capacitor can be added from the IREF pin
preferably to the supply or alternatively to a good ground. A
value of 82 nF offers a good compromise between noise
rejection and power-up time.

D to A Converters

There are three 8-bit DAC’s with buffered outputs in the
ACE9030.

DAC1 and DAC2 have a high zero offset, a nominally
15 kQ output series resistor, and are stable when driving up
to a 100 nF load capacitance.

DAC3 has a low zero offset and no output resistor. In
order to guarantee stability the capacitance of the load on
DAC3 must be no more than 30 pF.

The output resistors on DAC1 and DAC2 are used to form
part of a low pass filter and these DAC’s are intended to be
used to adjust the crystal frequency as given below under
Crystal Oscillator.

DATA1

DATA2

DATA3

XXXXXXXX

XXXXXXXX

01xx D, xxx

where DACS3 is active if DATA2 bit D, is HIGH or powered
down if DATA2 bit D4 is LOW.

L.F. Amplifiers

Two identical low frequency amplifiers are provided; one
has inputs AMPP1 and AMPN?1 driving output AMPO1, the
other has inputs AMPP2 and AMPN2 driving output AMPO2.

Atypical use for AMP1 is as a linear amplifier to buffer the
DACS3 output to drive the transmit power control in a software
controlled loop with a power sensor input to ADC5.

AMP2 is typically used as a comparator to detect transmit
power independent of the software as a system integrity
check. The System Controller can then gate the presence of
transmitter power on AMPO2 with the absence of received
carrier on RXCD to detect a non-valid status and re-initialise
the system.

Crystal Oscillator

A crystal oscillator maintaining circuit is provided on pins
CIN1 and CIN2 for use with a crystal at typically 12-8, 14.85
or 15.-36 MHz depending on the cellular system chosen. The
circuit is designed for a crystal cut for a 20 pF load and with
an ESR less than 25 Q. To ensure reliable fast start times for
this oscillator the bias current is increased significantly for the
first 2047 cycles of oscillation after power-up, a restart com-
mand or after an oscillator ON command and then automati-
cally changes to the lower normal level. The normal level has
been chosen to still guarantee start-up if the circuit should be
stopped by some external interference but to consume less
power than the fast start mode.

The buffered internal output of this oscillator is used in
several sections of the chip and is referred to as XO in this
data sheet. This oscillator can be trimmed by using DAC1 and
DAC2 to control varicap diodes and so to pull the frequency,
the two DAC’s may be used to give separate AFC and
temperature compensation. A typical external circuit is shown
in figure 14.

If preferred, an external oscillator can be used by driving
into CIN1 with CIN2 left open circuit. To allow this external
drive the internal oscillator should be shut down by using a
Set-up command with DATA3 bit D, at LOW. The internal
oscillator is switched on at power-up, at restart, and by a Set-
up command with DATA3 bit D, at HIGH:

DATA1

DATA2

DATA3

XXXXXXXX

TOXXXXXX

D, xxxxx00
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DAC2
o;
DAC1
(o]
47 pF
CIN1 | | |
o |D'_|| |
C1 1nF _l_
CIN2 82 pF

D1 D2
BB535| BB639

D

Cc2
"I' 82 pF

Typical frequencies generated by the multiplier are:

Crystal |Multiplierf] LO2 1stlF. |2ndLF.
14.85 MHz x 3 44.55 MHz [ 45-00 MHz [ 450 kHz
15.36 MHz x5 76-80 MHz | 77-25 MHz | 450 kHz

Fig. 14 Crystal Oscillator Trimming Circuit with Typical
Component Values

Crystal Multiplier for LO2

To mix the firstintermediate frequency signal down to the
second IF asecond local oscillator is needed. Inthe ACE9030
there is a crystal frequency multiplier to generate this signal
by squaring the crystal oscillator waveform and selecting the
desired harmonic. To multiply the crystal frequency by 3 or 5
output LO2 is driven at the reference frequency with a 1:1
mark space ratio. This ratio of 1:1 is chosen to minimise the
even harmonics, especially the second and fourth. A tuned
circuit will pick off the required harmonic. The value of the
resistor RD depends on the output amplitude and on V.
Some suggested vaiues based on simulations are given in
table1.

TUNED CIRCUIT AT
HARMONIC, VALUES

VDDA GIVEN FOR 44.55 MHz

ACE9030 ¢

220 nH 56 pF

DRIVE
FROM "

3 Il 3
CRYSTAL OUTPUT
osc. 27 PF 70 MIXER

Fig. 15 Basic Circuit of the Crystal Multiplier

Voo RD Output Amplitude

Vv Q min max
3.75 3.9k 47 mVrms 120 mVrms
4.85 5.6 k 47 mVrms 115 mVrms
3.75 390 305 mVrms 406 mVrms
4.85 680 290 mVrms 432 mVrms

Table 1 Suggested RD values.
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Typical performance for noise power measured in the
adjacent channels,16 kHz wide at 25 kHz offset is — 80 dBc.
To power down the multiplier if it is not required, a Normal
command can be used with DATA3 bit D6 set to LOW, to set
the multiplier power on DATA3 bit D6 should be set to HIGH:

DATA1
XKXXXXXX

DATA2
O 1XXXXXX

DATA3
X Dg XXXXXX

Band-Gap Reference

A band-gap voltage reference is used to set levels in the
ADC, in the DAC’s and the currents in the synthesiser charge
pumps. This voltage is smoothed by an external decoupling
capacitor on the DECOUP pin and to help improve low
frequency filtering this pin has a high impedance drive.

The voltage derived for the ADC full range reference can
be monitored through pin DOUTS8. The Radio Interface DAC
reference is nominally the same as the ADC reference and it
can be monitored independantly of DOUT8 by setting DAC3
(the low output impedance DAC) to full scale.

To power down the band-gap reference to allow the use
of an external reference voltage on pin DECOUP the following
Set-up command can be used:

DATA1 DATA2
XKXXXXXX 10 XX0XXX

DATA3
X Dg Xxxxx00

where the band-gap is powered down if DATAS bit D6 is LOW
or is active if DATA3 bit D6 is HIGH.

The band-gap voltage multiplier for the ADC and DAC
reference (nominally 3-45 V) can be adjusted by a Set-up
command to correct for production spreads:

DATA1 DATA2
DDDDDDDD (XXX

DATA3

where the value in DATA1, Gg, sets the gain from band-gap
to output voltage according to the approximate equation:

Vour (430 Ges+355x10°)
Ves (145x10°)

Foratypical Vg of 1-2 V the number is approximately 144
(= 904ex) and for a typical Vg of 1-3 V the number is approxi-
mately 70 (= 46,¢4) and a suitable trimming pattern can be
chosen.



8.064 MHz Oscillator
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Fig. 16 OSC8 Block Diagram

An 8.064 MHz oscillator OSCS8 is provided to drive the
ACE9050 System Controller through pin CLK8. ACE9050
further drives the ACE9040 Audio Processor and the CL bus
clock via a + 8 divider. OSC8 is locked to the crystal oscillator
by a phase locked loop with an external filter on pin C8B.

This loop can be programmed by a Set-up command to
give the correct output frequency with any of the normally
used crystals. Note that the same Set-up command uses
DATAT1 bit D for the lock logic and bits D, and D, for the
Discriminator programming:

DATA1 DATA2
xxxxx D, D, D, TOXXXXXX

DATA3
Xx1xxx00

where D, D, D, act as intable 2. At power-on reset the setting
is D, D, D, = 110, the values for a 15-36 MHz crystal, so that
the microcontroller is never clocked too fast with any of the
crystals and can then send the Set-up message to set D, D,
D, to the correct levels.

With a 14.85 MHz crystal it is not possible to both use a
high comparison frequency and get the exact 8-064 MHz
output, so two options are provided. The lower comparison
frequency will give the output exactly correct but will need
larger capacitors in the loop filter and the higher option allows
smaller capacitors and can improve close-in phase noise by
having a larger loop bandwidth, but gives a very small
frequency error - this error should have no effect in a practical
cellular terminal.

A Sleep command will not change the status of OSCS8; if
enabled it will remain active when put into Sleep mode and
when returning to Normal mode. If the OSC8 oscillator is not

required it can be switched off by a Set-up command:

DATA1 DATA2 DATA3
XXXXXXXX 10xxxxx D, XXXXXX00

where DATA2 bit DO at LOW gives OSC8 OFF or DATA2 bit
D, at HIGH gives OSC8 ON.

To allow for design and manufacturing tolerances the
VCO can be trimmed by two set-up commands, each of which
loads a 6 bit value in DATAT1 into a control register. One sets
frequency “Range” (effectively the VCO gain but also with an
effect on the centre frequency):

DATA1 DATA2
xx D; D, D, D, D, D, 10X TXXXX

The other sets frequency “Offset” (effectively the VCO
centre frequency but also with an effect on the gain):

DATA3
XXXXXX00

DATA1
x D, D, D,D,D, D,

DATA2
10XX1XXX

DATA3
XXXXXX00

The default values loaded by the power-on reset are
Offset = 0A,ex and Range = 21, and were chosen to help
ensure that the output clock on CLK8 does not run faster than
8-064 MHz while better values are to be loaded. Experimental
results suggest that these default values can often be left
unchanged for normal operation.

The output of the phase comparator charge pump is on
pin C8B so that an external loop filter can be connected. This
loop filter then drives the VCO control voltage, also through

Command Crystal Crystal PLL comp. 0OSCs8 Exact CLK8 Error
Data D2 D1 DO frequency divider freq. (kHz) | divider | output (MHz) | (ppm)

100 12.8 MHz +100 128 +63 8.064 0

011 14.85 MHz +825 18 +448 8.064 0

101 14.85 MHz +337 44.065281 +183 8-:0639466 -7

110" 15-36 MHz +120 128 +63 8.064 0

* Power up default
Table 2
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pin C8B to close the loop. An integration is needed to set the
VCO onto the correct frequency and other components can
then ensure loop stability. Enough filtering must be provided
to give a clock output suitable for all of its uses - microproces-
sor clock, F.M. discriminator, and audio filtering. A typical loop
filter is shown in figure 17.

The filter is shown connected to V4 as an A.C. ground
to give better noise rejection than using V. Typical compo-
nent values for a comparison frequency of 18 kHz are
R8F = 6-8 k(2 and C8F = 82 nF to give low comparison fre-
quency spurs and R8F = 47 kQ and C8F = 1.5 nF for higher
loop bandwidth and less close in noise. In practical applica-
tions the loop filter should be designed to give the optimum
balance between comparison sideband supression and
close-in phase noise. The sideband energy is reduced by the
frequency division that occurs in tne ACE9050 and ACE9040
before the clocks act on ACE9040's sensitive switched
capacitor filters.

AFC Amplifier and Discriminator

VDDA

R8F

T

csB

C8F

Fig. 17 Typical OSCS8 Loop Filter
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— _] FILTER
| I |
-
I 1 I
| |
! 100 k 68 p
7 EXTERNAL FEEDBACK
(BANDPASS FILTER)

Fig. 18 Audio Discriminator And AFCOUT Circuit

The input signal to the pin AFCIN is approximately a
squarewave from the second (final) I.F. amplifier-limiter at
450 or 455 kHz and is A.C. coupled to the pin through a
capacitor of typically 1 nF to drive a Schmitt trigger and
become a logic signal. This signal carries the received modu-
lation - speech, SAT and signalling data. AFCIN is first
amplified and limited and then processed in two separate
paths as in figure 18.

One path samples the input signal at 504 kHz, with a
clock generated by a divide-by-two from the CL clock. This
sampling gives a mixed-down output AFCOUT at 54 kHz
when the input is at exactly 450 kHz and otherwise tracks the
offset to allow estimation of the local oscillator error and the
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crystal error so that an AFC loop can be built to adjust the
crystal to exactly the correct frequency. Further details of this
feature are given in the APPLICATIONS HINTS section.
AFCOUT is also used by the modem in the ACE9050 to
receive signalling DATA.

The other path is the audio discriminator which is a purely
digital implementation of the delay-and-multiply technique
where the exclusive-OR gate acts as a digital multiplier and
compares two samples of the AFCIN signal separated by a
programmable delay to extract the audio and drive the speech
and SAT paths in the ACE9040. The delay length, M, and the
crystal divider, D, are both programmable for the various
crystal and intermediate frequency choices.



After demodulation the audio is low-pass filtered on-chip
to remove the doubled sampling clock and then bandpass
filtered to nearer telephone bandwidth by an on-chip amplifier
with off-chip feedback components.

The |.F. signal is digitised at a rate set by the crystalinuse
and by the divider D in figure 18 and so will be in the range
4.267 to 7-680 MHz. These rates are all greater than the
maximum audio frequency of 3-4 kHz by a factor of at least
1254 (which is over 2'°) and so the quantisation allows better
than 63 dB signal to noise ratio in the final audio, even though
only single bit quantising is used. The I.F. is oversampled by
amuch smaller ratio and so will have a smaller signal to noise
ratio if measured in its total bandwidth, but this bandwidth is
reduced in the demodulation process to give a good audio
signal to noise ratio in the system.

To power down the discriminator a Normal command can
be used:

DATA1
XXXXXXXX

DATA2
01 Dy xxxxx

DATA3
XKXXXXXX

where the discriminator is powered down if DATA2:D, is LOW
or is set active if DATA2:D, is HIGH.

The values of the programmable constants D and M are
set by a Set-up command, which can also use DATA1 bit D,
for the lock logic filter period and DATA1 bits D,, D,, D, for the
0OSC8 mode programming:

DATA1
D, Dg xxXxxxX

DATA2
10XXXXXX

DATA3
XX1xxx00

The two control bits D, D, set the values for D and M as
in table 3. From this table of frequencies and division ratios
it is possible to calculate the length of the delay M in terms of
cycles of the input I.F. to understand the discrimination
process shown in table 4.

It can be seen that a 12.8 or 15.36 MHz crystal will give
a delay of afew whole cycles plus or minus one quarter cycle
to avery good accuracy andthat a 14-85 MHz crystal similarly
gives some whole cycles plus or minus an odd third of a cycle.

These non-integer delays are needed because the de-
lays are not locked to the I.F. input on AFCIN, and to get a
demodulated output the comparisons must include an edge
time, at least for some samples. The odd quarter or third of a
cycle ensures that the phase of the start of the delay time will
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rapidly increase relative to the I.F. signal and so avoid low
frequency beats, when the system could sitin the state where
a steady part of one cycle is compared with a steady part of
another for a long period of time and so give no output.

The accuracy of the delay is notimportant as a small error
will only give a D.C. offset in the output but the delay must be
consistant to avoid adding modulation to the output so in the
ACE9030 it is derived from the crystal frequency.

The sampling rate must not be a harmonic of the I.F., or
very close to one, to prevent the sampling phase becoming
synchronised to the signal and so missing all edges, leading
to the modulation being lost for long periods of time at the beat
frequency (a 14-85 MHz crystal cannot be u:sed in D = 3 mode
with an |.F. at 450 kHz as 14-85 MHz =+ 3 is 4.95 MHz which
is 11 x 450 kHz). It cannot be assumed that a sampling rate
greater than 4 MHz always meets the Nyquist criterion for the
I.F. signal at nominally 450 or 455 kHz because the input
signalis often a square wave froma limiting amplifier and if not
is converted to a switching logic signal in the Schmitt trigger
input buffer giving many significant harmonics. The modula-
tion deviation is up to 14.5 kHz and is multiplied by the
harmonic number to give increasingly wide deviation such
that the spectrum eventually becomes continuous, but at a
low level, for the very high (e.g.17th or above) harmonics. A
sampling rate of a few MHz will then retain all required
information and allow distortion free demodulation but is
undersampling in Nyquist terms so aliasing effects must be
avoided by choosing a frequency separated from the nearest
harmonic of the I.F. by at least twice the modulation fre-
quency. All combinations given in tables 3 and 4 can safely be
used but care is needed if a different crystal or |.F. is required.
For example, a 14-4 MHz crystal cannot be used in + 2 mode
with a 450 kHz I.F. but + 3 can be used and with an M of 40
will give a delay of 3-75 I.F. cycles and alias-free
demodulation.

Sampling the I.F. signal at a rate of only 9-3 to 16-9 times
the I.F. will remove the fine detail of the modulation from each
individual cycle of the |.F. but the modulation bandwidth is
very low (both speech and tones) compared to this sampling
rate so the information will be preserved as infrequent whole
sample steps, which when averaged over many samples will
show the correct modulation.

To explain the operation of the discriminator an example
diagram of the sampling points and the comparison delay is
given in figure 19, with the effect of modulation on the input
shown by fine lines. The increasing separation of these dotted

DATA1 bit D, | DATAT bit D, Set D Set M Intended I.F. | Intended Crystal
0 0 2 39 450 kHz 12-8 or 14.85 MHz
1 0 3 40 455 kHz 12-8 or 14-85 MHz
0 1 3 37 450 kHz 15-36 MHz
1 7 2 38 455 kHz 15-36 MHz
Table 3
D,, Dg D M Crystal Freq. | Sampling Rate I.F. Delay as I.F. cycles
0,0 2 39 12-80 MHz 6-400 MHz 450 kHz 2:742
0,0 2 39 14.85 MHz 7-425 MHz 450 kHz 2-363
1,0 3 40 12-80 MHz 4.267 MHz 455 kHz 4.266
1,0 3 40 14.85 MHz 4.950 MHz 455 kHz 3.677
0,1 3 37 15.36 MHz 5.120 MHz 450 kHz 3.252
1,1 2 38 15.36 MHz 7680 MHz 455 kHz 2:251
Table 4
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Fig. 19 F.M. Discriminator Example Timing Diagram

lines from the unmodulated position indicates that the total
phase effect of f.m. increases as more cycles are examined.
The modulation lines are drawn as the phase change on the
real input waveform but the separation from the nominal edge
position can also be interpreted as the probability of a whole
cycle shift on the sampled version of the signal as in the
ACE9030.

Only six delay comparisons are shown, stepping across
atthe sampling rate, but the effect of the pattern can easily be
seen by continuing the sequence, and two conclusions can be
drawn:

1) The output waveform is at twice the frequency of the input
- this is true for all delay-and-multiply schemes.

2) The output high time is modulated by the phase modulation
accumulated over the delay duration and the output period is
only modulated slightly by the instantaneous input phase
shifts so the effect is to modulate the duty cycle. Due to the
sampling of the LF. input the modulation will really be
quantised so the width of the modulation box should be read
as a probability of a whole cycle shift in edge position rather
than as a phase shiftbut the effect is the same when averaged
over many cycles.

By converting the modulation from a phase shift to a duty
cycle all that is then needed to recover the original baseband
signal is to smooth the discriminator output to remove the
900 kHz sampling, ieaving an analog signal proportional to

the original frequency deviation and to the delay length. The
low-pass filter in ACE9030 is first order and has its — 3 dB
point at approximately 70 to 80 kHz to significantly reduce the
clock level; the audio bandpass filter then further reduces this
level to give a cleaner audio output to drive the ACE9040
where it is again filtered.

The demodulation gain can be determined by consider-
ing the effects of a 1 kHz frequency offset on the input signal,
and using |.F. = 450 kHz and Delay = 2.742 cycles and
Voo = 3:75 V in the example:

A1 kHz frequency offset will give a phase change in the
I.F. signal, during each cycle, of 2 x (1 kHz / |.F.) radians or
as afraction of a cycle, (1 kHz / I.F.) which in this example is
1/450 of a cycle.

If the discriminator delay is measured in I.F. cycles the
change in output pulse width for each of the two output pulses
is: (Delay in cycles) x (phase change per cycle)
= Delay x (1 kHz / I.F.) in |.F. periods, which in this example
is 2-742 x 1/450 periods of 450 kHz, or 135 ns.

Output pulses occur at arate of 2 x I.F., so the change in
output pulse width measured in output periods is 2 x (change
measured in |.F. periods), giving 2 x Delay x 1 kHz/ |.F. The
duty cycle is defined as pulse width / period so the result is
also the change in duty cycle. For this example the
change is 0-012.

The output is a logic signal so its amplitude is Vo, for all

D,, Dy D M Delay as LLF. | Absolute Gain | Absolute Gain | Relative Gain
I.LF. cycles | kHz in pV/Hz, in pV/Hz,
Voo =375 V. Voo =4-85 V.
0,0 2 39 2:742 450 45.7 59.1 1-8 dB
0,0 2 39 2.363 450 39-4 50-9 0-5dB
1,0 3 40 4.266 455 70-3 90-9 5.6 dB
1,0 3 40 3677 455 60-6 78-4 4.3 dB
0,1 3 37 3.252 450 54.2 70-1 3.3dB
1,1 2 38 2-251 455 371 48-0 0 dB
Table 5
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settings and for all modulation, thus the final effect of a 1 kHz
offsetis an output change of 2 x Delay x 1 kHz x V,/1.F. and
the example gives 0-045 V.

Removing the arbitrary 1 kHz, the gain at the exclusive-
OR gate is given by:

Gain = 2 x Delay in L.F. cycles x V,, / L.F.
with the units of volts per Hertz of deviation.

To be strict, the pulse width is reduced for a positive
deviation, so the gain is negative, but this may be ignored as
the audio polarity is not of any relevance and also is inverted
several times before driving the earpiece.

Usingthe delay lengths fromtable 4 the range of gains (at
the exclusive-OR gate) can be listed and then compared with
the lowest as shown in table 5.

This shows a gain range of 5.6 dB which must be allowed
for in the later stages, but also gives absolute gains which
show the discriminator could cause saturation in the following
stage if a high deviation signal is received. For example
speech can be set to 8 kHz deviation so the maximum voltage
(with Vpp at 3-75 V) is 70-3 x 8000 pV = 562 mV peak. With ST
and SAT the total deviation can become 14-5 kHz, potentially
giving 1-019 V peak signal, or over 2 V peak-to-peak and
leading to possible saturation. There is also the full Vyp
switching waveform to handle. Other supply levels will simply
scale the signals and not change the saturation problem. A
6 dB attenuator is included in the low pass filter that follows
the discriminator output driver to avoid any possibility of
saturation in the audio reconstruction filter. This attenuator is
a simple 2:1 potential divider so will also halve the D.C. level
of the signal.

ACES030

A further effect to be considered is the D.C. offset that
results from using delays that are not ideal multiples of cycles
of the AFCIN frequency. It can be seen from the Timing
Diagram, figure 19, that when the delay is exactly an odd
number of quarter cycles each half cycle at one end of the
delay will symmetrically straddle an edge the other end of the
delay so an unmodulated input will give an output with a 1:1
mark:space ratio; this corresponds to a mid-supply level at the
attenuator input, see figure 20. The attenuator output will then
be centred at Vp/4, so the nominal D.C. gain, 2 x, of the
bandpass filter will give the AUDIO output centred at mid-
supply.

When a mode is selected with an odd number of thirds of
acycle the output mark:space ratio is offset, and approximat-
ing 2-363 as /3 or 3-677 as ''/5 the effect can be seen in
figure 21.

The signal will now be centred on a level at 2/; or /5 of
supply, at the attenuator input (giving /5 or /g x Vpp at its
output) and by adjusting the D.C. gain of the bandpass filter
it is possible to set the AUDIO to a mid-supply centre if
required.

The components used in the bandpass filter feedback
circuit should be chosen to both set the pass band frequen-
cies (for example 50 Hz to 30 kHz) and also to set the A.C. and
D.C. gains to complement the discriminator’s gain and D.C.
offset. Typcal A.C. gain at mid-band is around 20 dB. This
filter is not of high enough orderto remove all out of band noise
without distorting the speech channel so to get the final band
jimited signal precision high order filters such as in the
ACE9040 are required.
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Fig. 20 Demodulation With Odd Number Of Quarter Cycles
AFCIN

I I O R

AFCIN DELAYED
BY 7/3 CYCLES:

OUTPUT

(EX-OR)
| MARK:SPACE
‘ RATIO = 2:1

|
|
i

ORBY 11/3 | |
CYCLES:
i |

| MARK:SPACE
| RATIO=12
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FUNCTIONAL DESCRIPTION - BLOCKS IN THE SYNTH

There are two synthesisers in the ACE9030 for use by the
radio system, a Main loop to set the first local oscillator to the
frequency needed for the channel to be received and an
Auxiliary loop to generate an offset frequency to be mixed with
the Main output to give the transmit frequency. The modula-
tion is added to the Auxiliary loop by pulling the VCO tank
circuit and is then mixed onto the final carrier frequency. In a
typical cellular terminal the first Intermediate Frequency is
45 MHz so the Main synthesiser will be set 45 MHz above the
receive channel frequency. Many cellular systems operating
around 900 MHz use a 45 MHz transmit-receive offset, with
the mobile transmit channel below the receive channel fre-
quency so the Auxiliary synthesiser will be set to a fixed
frequency of 90 MHz.

Loop dynamics needed for the Main synthesiser are set
by the re-tuning time during hand-off and to help simplify the
off-chip loop filter components there are Fractional-N and
Speed-up modes available for this synthsiser, primarily for

Reference Divider

ESISERS

use in ETACS terminals. The Auxiliary loop does not change
frequency so the only constraints are power-up time and
microphonics, so a simple synthesiser is used.

The two loops share a common reference divider to save
power and also to control the relative phase of the two sets of
charge pumps.

As described in the section FUNCTIONAL DESCRIP-
TION - CONTROL BUS there is often benefit in holding
LATCHC at a high level to minimise bus clock interference to
the synthesiser loops. The dummy word in figure 11 is the
preferred technique to set LATCHC to high for normal opera-
tion.

At power-on, the reset generator in the Radio Interface
section is used to initialise both synthesisers to their power
down state. In this state they can be programmed with
required numbers to be ready for power-on when the whole
terminal has fully initialised.

SA FROM BUS
N
SELECT [ X ILIARY
blolakk  pPHASE DETECTOR

XO 4 15 BIT DIVIDER {—{+1/2/4/8
T klelalg
NR FROM BUS SELECT COMP. FREQ. N
TO MAIN
T PHASE DETECTOR
SM FROM BUS

Fig. 22 Reference Divider

A common reference divider is used for the two
synthesisers, but to allow some difference in comparison
frequencies the final four stage output selectors are repeated
for each synthesiser as shown in figure 22. To reduce inter-
action between the two synthesisers the divider outputs are
arranged in antiphase so that loop correction charge pump
pulses occur alternately in each loop. This phase separation
also reduces the peak current in the charge pump power
supply and can reduce interference to other sections of the
mobile terminal.

The input clock to the reference divider is the internal
signal XO fromthe crystal oscillator. The two outputs drive the
Auxiliary and the Main phase detectors directly.

A standby mode is available for the reference divider and
is enabled whenever both synthesisers are in standby.

The programming numbers are all loaded fromthe serial
bus in Word D, NR directly sets the ratio of the 12 bit divider
but SA and SM select the final divisions as in the following
tables:
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SA | SA | Auxiliary SM | SM Main
bit1| bit0| Tap bit1|bit0 | Tap
0 0 +1 0 0 +1
0 1 +4 0 1 +4
1 0 =2 1 0 2
1 1 +8 1 1 +8

The minimum allowed value of NR is set by the need to
generate some small time windows around the comparison
edges for Lock Detect logic and for Fractional-N compensa-
tion so a value of at least 8 is required. The maximum NR is
4095 as normal for a 12 bit counter and this is then increased
by afactor of 1, 2, 4, or 8 in the final divider. A typical required
reference division is +512 so neither of these limits should
constrain the system design.



Auxiliary Synthesiser
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Fig. 23 Auxiliary Synthesiser

The Auxiliary Synthesiser operates with an input fre-
quency up to 135 MHz. The input buffer will amplify and limit
a small amplitude sinewave signal and so can be driven from
the ACE9020 VCO directly. There are three main blocks in
this synthesiser: a 12-bit programm-able divider, a digital
phase detector, and output charge pumps to drive a passive
loop filter.

To assist fast recovery from power-down the inputs FIA
and FIAB are designed to be d.c. driven by the TXOSC+ and
TXOSC- outputs from ACE9020.

FlAcan alsobe used single-endedif itis driven by asignal
with double amplitude, the correct d.c. level and if FIAB is
decoupled to ground by a capacitor (see Electrical Character-
istics for full details). Internal biasing will set the d.c. level on
FIAB.

The 12 bit programmable divider is set by the NA bits in
Word C and ratios from 3 to 4095 can be used. This drives the
phase detector along with the comparison frequency signal
from the common reference divider.

A digital phase detector is used and is designed to
eliminate any deadband around the locked state, this is
especially important when modulation is added.

The phase detector drives switched current sources to
pump charge onto an external passive loop filter which is
primarily an integrator, resulting in the minimum of external
components. The charge pump output current level is set by
the external resistor on pin RSMA and the ratio is fixed so that
nominal lyyx = 8 X laswa- This bias resistor also sets the main
synthesiser output current but that current has a programm-
able ratio to enable different currents for each loop. The pin
RSMA does not need any decoupling and to avoid all possi-
bilities of oscillation the external capacitance should be less
than 5 pF.

The polarity of the output is such that a more positive
voltage on the loop filter (PDA pin) sets a higher VCO
frequency.

A standby mode for the auxiliary synthesiser can be
selected if bit DA in Word D is HIGH.

This synthesiser is used to add modulation to the trans-
mitted signal. The most convenient approach, as shown in
figure 31, is to drive the positive end of the varactor diode in
the tank circuit with the loop filter to setthe frequency and then
to drive the negative end with the modulation from a summing
circuit (speech plus SAT plus data or ST) from ACE9040.

Main Synthesiser

The main synthesiser in the ACE9030 is designed to
operate with a two-modulus prescaler and will accept fre-
quencies up to 30 MHz. To assist fast recovery from power-
down the inputs FIM and FIMB are designed to be d.c. driven
by the DIV_OUT+ and DIV_OUT- outputs fromthe ACES020
or similar outputs from standard prescalers.

FIM can also be used single-ended if it is driven by a
signal with double amplitude, the correctd.c. level and if FIMB
is decoupled to ground by a capacitor (see Electrical Charac-
teristics for full details). Internal biasing will set the d.c. level
on FIMB.

The block diagram depends on which mode is selected
but is basically the same as the Auxiliary synthesiser with
added features for each mode. The common element is the
phase detector, which is the same circuit used in the Auxiliary
synthesiser and again drives switched current sources to
pump charge into an external passive loop filter to minimise
the external components. The charge pump output current
level is set by the external resistor on pin RSMA and the
multiplying ratio is programmable by the bus and the chosen
mode as in table 6. This bias resistor also sets the Auxiliary
synthesiser output current as described above.

A standby mode for the main synthesiser can be selected
if bit DM in Word D is HIGH.

The Main synthesiser can be used in different modes
depending on the requirements of the communication system
it is operating in:

Normal mode
The most straightforward to use and adequate for most
analogue cellular telephone systems.

Normal Mode with Speed-up

This adds afast slew drive to the loop filter during channel
changes so that the time from channel to channel is signifi-
cantly reduced but once the change is expected to be com-
plete the loop reverts to normal mode. A little care is needed
in parameter choice and loop filter design to ensure the loop
is stable in both modes and there is likely to be a higher level
of comparison sidebands during speed-up mode. This com-
bination offers a faster channel change or a lower level of
comparison frequency sidebands once on channel, or with
care some of each advantage.
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Fractional-N mode

When selected this mode is permanently active and by
interpolating channels between comparison frequency steps
allows a higher comparison frequency to give both a faster
channel change time and a lower comparison sideband level.
The higher comparison frequency also allows a higher loop
bandwidth which can reduce phase noise in the locked
system. It is not difficult to get the Fractional-N loop compen-
sation correct to minimise sidebands at the fractional fre-

quency as the ACE9030 fractions are only /s or '/y’s. For
further details see the later section “Detailed Operation of
Fractional-N Mode”.

Fractional-N Mode with Speed-up

This gives the ultimate loop performance from the
ACE9030 but care is needed when designing the loop filter
and when choosing the values of the control parameters.

Main Synthesiser - Normal Mode

In Normal mode the Main synthesiser is similar to the
Auxiliary synthesiser with the addition of control for an exter-
nal prescaler, see figure 24.

The 12-bit counter first counts down for N1 cycles, with
MODMP set HIGH, then counts up for N2 cycles, with
MODMP set LOW, andfinally gives an output pulse (every N1
+ N2 cycles) to the phase comparator and repeats the whole
sequence. The use of an up/down counter allows the control
of a two modulus prescaler without needing a separate
counter for that purpose. To give time for the function
sequencing a minimum limit of 3 is put on N1 and a pro-
grammed value of 0 for N2 will be treated as 256 and so is not
normally used. Choices of values for N1 and N2 are described
in the later sections “Two Modulus Prescaler Control” and
“Programming Example for Both Synthesisers”.

The phase detector operates with the same arrangement
of overlapping up and down pulses as the Auxiliary phase
detector to again avoid any dead band, the charge pump
current is also set by the same resistor on pin RSMA but for
the Main charge pumps the current is also controlled by the
bus. In the bias circuit the current Igya through the external
resistor on pin RSMA is divided by 32 to give a reference
current Ibo (Ibo=lasys X /32 ) and this currentis then multiplied
by the value CN fromthe control bus to give the normalcharge
pump current Iprop(0). The pin RSMA again does not need
any decoupling and to avoid all possibilities of oscillation the
external capacitance should be less than 5 pF.

CN can be changed for different channels, to track the
division ratio setby N1 and N2, to maintain the same PLL loop
gain over the operating band but in most cellular systems the
total band is narrow compared to the frequencies and a fixed
CN is adequate. Other synthesiser control parameters do not
need changing and could be loaded at power-on and then left
unaltered.

Main Synthesiser - Normal Mode withSpeed-up

During Speed-up the drive to the loop filter is increased
to change channels faster. There will be a slight degradation
of sideband performance during the change but this does not
affect the final system performance. Speed-up lasts for the
duration of the LATCHC pulse that loads an A or A2 word from
the bus and as soon as the pulse ends the currents return to
normal to give clean synthesis. The normal charge pump
currentis increased by afactor (24+') to give 2, 4, 8, or 16 times
Iprop(0), as defined in Normal Mode, and is then referred to
as Iprop(1), as in figure 26. A second charge pump is enabled
to drive the capacitor Ci in the loop filter directly, and as this
is always larger than capacitor Cp this extra output is set to
Iprop(1) x K. The factors L and K are used to control speed-
up and are loaded at power-up and can be left at fixed values.

Speed-up is always enabledby LATCHC when an Aor A2
word is loaded. When speed-up is not required the LATCHC
pulse should be short and the parameters L and K set to their
minimum to give an insignificant effect.

Main Synthesiser - Fractional-N Mode

Fractional-N mode is the same as Normal mode with the
addition of the Fractional-N system, shown in figure 25.

In Fractional-N mode the modulus of the prescaler is
changed in a cyclic manner to interpolate channels between
the comparison frequency steps. Depending on the state of
the FMOD bit loaded in Word D the pattern can be 5
(FMOD = 0) or 8 (FMOD = 1) cycles long, giving the choice of
'/s's or '/g's of the comparison frequency and the fractional
numerator is set by NF in Word A or A2. The accumulator
repeatedly adds NF to its own value and generates an
overflow whenever this value exceeds the count modulo
number. This overflow output to the Modulus Control logic will
force one cycle to change from MODMP HIGH to MODMP
LOW to in turn set the prescaler to the higher ratio for one

MAIN COMPARISON
FREQUENCY (FROM
REFERENCE DIVIDER)

PHASE
DETECTOR

N

o PDP

12 BIT DOWN/UP
COUNTER

T

N1 & N2

FIM
FIMB ZE

@ DOWN CHARGE

PUMP
RESET

FROM BUS

MODMP
MODULUS CONTROL MODMN

Fig. 24 Main Synthesiser - Normal Mode
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Fig. 25 Fractional-N Add-On To Main Synthesiser

cycle and so increment the total division.

To avoid loop modulation due to the accumulating phase
shift at the fractional frequency, a compensation charge must
also be driven onto the loop filter to track the accumulated
phase error so a current lcomp(0) is output on PDP for a fixed
short duration. lcomp(0) is given by Icomp(0) = ACC x Ico,
where ACC is the value of the phase accumulator and Ico is
acurrent set by a resistor on pin RSC such that Ico = Ize./320.
In a typical system the required value of Ico is between /4,
and '/; of Ibo and thus the resistor on RSMA has a value
between one and three times the value of the resistor on RSC.
As with RSMA, the pin RSC does not need any decoupling
and to avoid all possibilities of oscillation the external capaci-
tance should be less than 5 pF. For a full description of this
mode see the later section “Detailed Operation of Fractional-
N Mode”.

In fractional-N mode a zero fraction numerator, in both
'/s’s and '/g's mode, will force the accumulator to zero and not
simply leave it at an arbitrary fixed value. This feature makes
testing easier by setting the accumulator to aknown state, but

is also useful in operation by stopping all compensation
pulses when none are needed. Similarly in '/g's mode if '/,
(and?®/,) or '/, fractions are set then the LSB or two LSB’s in
the accumulator will be forced to zero to relax the tolerance on
the compensation.

Main Synthesiser-Fractional-N Mode with Speed-up

In Fractional-N mode with Speed-up the normal compen-
sation current is increased by the same factor (2'') as the
main charge pump current to give icomp(1), and at the same
time the integrating capacitor is also driven with a compensat-
ing charge by a current lcomp(2) set to lcomp(1) x K. This
extra compensation is included so that the ioop will step to
exactly the desired frequency duringthe Speed-up phase and
then be on channel when normal Fractional-N begins.

Main Synthesiser Charge Pumps

The charge pumps for all modes are shown together in
figure 26. The charge pumps on pin PDP are used normally
to hold a channel and are also used in speed-up modes at a

VDD % To VCO
lcomp(0) = vDD
ACC.Ico
@ p Fc lcomp(1) = lcomp2 =
x2,4,8,16 K.lcomp(1)
Iprop(0) = o
CN.Ibo PDP Fc —l Dup
Iprop(1) =
x2,4,8,16 Ri l:]
@ lint=
K.lprop(1
DOWN cp —— o prop(1)
PDI
G = Ppown 4’%
VSS (GND)
Proportional Fractional-N External, Fractional-N Integral
Charge Pump Compensation Passive Compensation Charge Pump
Charge Pump Loop Filter Charge Pump
(Proportional) Cp, Ri, Ci (Integral)

Fig. 26 Main Synthesiser Charge Pumps
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larger current. The charge pumps on PDI are only used in
speed-up and then drive the integrating capacitor Ci directly.
The control signals @, and Dpowy are the error signals fron
the phase detector and have a duration proportional to the
phase error, the signal Fc is the Fractional-N compensation
gating pulse and has a fixed duration set by the crystal
oscillator.

Nominal Charge Pump Currents

Shown in table 6, charge pump currents are set by the
resistors RSMA and RSC and by scaling coefficients loaded
from the serial bus. CN is an 8 bit number, L is 2 bit and K is
4 bit. Fractional-N compensation also depends on the instan-
taneous value ACC in the fractional accumulator, a 3 bit
number.

Pin Charge pump Normal Speed-up Maximum setting*
PDP Main Iprop(0) = CN X lp5ua/32 Iprop(1) = 2+ x Iprop(0) 1.0mA
PDI Main Off lint = K x Iprop(1) 5 mA
PDP Fractional-N lcomp(0) = ACC X lpec/320 lcomp(1) = 2L+ 7 x Icomp(0) 12 pA
PDI Fractional-N Off lcomp(2) = K x lcomp(1) 180 pA
PDA Auxiliary lauxil = 8 x lggua no auxiliary speed-up 512 pA

* Larger values of current can be set by the programming numbers and the resistor values, but the circuit is not then guaranteed to give the

calculated current.

Table 6

Two Modulus Prescaler Control

The Main ACE9030 synthesiser is designed to operate
with the two-modulus prescaler section of the ACE9020. This
allows channels to be spaced at the comparison frequency
while keeping the clock rates within the range possible in
CMOS. ACE9030 can also be used with standard two-modu-
lus prescalers such as SP8715.

The prescaler will have two division ratios, R1 and R2,
selected by a Modulus Control signal and designed to switch
quickly from one ratio to the other so that a sequence of R1
and R2 can be used to give the required total division. It is
usualto have R2=R1 + 1 and to select R1 by setting Modulus
Control to the HIGH state and R2 by a LOW state.

To reduce interference the Modulus Control output from
ACE9030 is a pair of differential signals MODMP and
MODMN each with a limited voltage swing but still able to

drive selected standard prescalers from GEC-Plessey Semi-
conductors if MODMP is used alone. Even if a prescaler with
non-differential control input is used there could still be some
benefit in running a MODMN track on the circuit board beside
the MODMP track to partly cancel capacitive coupling to
sensitive nodes. Simplified waveforms are shown in figure 27.
Unlike many conventional synthesisers that use two
separate counters, to give both the total count, M, and the
portion for which the prescaler is at its higher ratio, A, there is
only one counter in the ACE9030 for both these functions.
This counter is loaded with the value N1, counts down to zero,
changes direction, counts up to N2, is again loaded with the
value N1 and changes direction to down, and so the cycle is
repeated indefinitely. As a comparison with conventional
synthesisers (N1 + N2) replaces M and N2 replaces A.

PRESCALER RATIO | Rt |

FIM I | [ | I |

| |
I !

FIMB || l III

MODMP 1

MODMN _—l

> ‘K- TDELAY

COUNTER OUTPUT TO
PHASE COMPARATOR L

€<— TSET-UP

v -

<«

N1+ N2

Fig. 27 Modulus Control Timing Diagram
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An output to drive the phase comparator is generated
from the N1 load signal at the start of each cycle, giving a
pulse every (N1 + N2) counts and to help minimise phase
noise in the complete synthesiser this pulse is re-timed to be
closely synchronised to the FIM/FIMB input. During the N1
down count the modulus control MODMP is held HIGH to
select prescaler ratio R1 and during the N2 up count itis LOW
to select R2, so the total count from the VCO to comparison
frequency is given by:

Nior= N1 x R1 + N2 x R2
but R2=R1+1
so Nior = (N1 + N2) x R1 + N2

It can be seen from this equation that to increase the total
division by one (to give the next higher channel in many
systems) the value of N2 must be increased by one but also
that N1 must be decreased by one to keep the term (N1 + N2)
constant. It is normal to keep the value of N2 in the range 1 to
R1 by subtracting R1 whenever the channel incrementing
aliows this (i.e. if N2 > R1) and to then add one to N1. These
calculations are different from those for many other
synthesisers but are not difficult.

The 12-bit up/down counter has a maximum value for N1
of 4095 and to give time for the function sequencing a
minimum limit of 3is puton N1. There is no needfor such large
values for N2 so its range is limited by the programming logic

ACES030

to 8 bit numbers, 0 to 255 and to simplify the logic a set value
of 0 will give acount of 256. If avalue of 0 for N2 is wanted then
N2 should be set instead to R1 and the value of N1 reduced
by (R1 + 1), also equal to R2.

To ensure consistent operation some care is needed in
the choice of prescaler so that the modulus control loop has
adequate time for all of its propagation delays. In the
synthesiser there is propogation delay Tpg .y from the
FIM/FIMB input to the MODMP/MODMN output and in the
prescalerthere willbe aminimumtime Tger.yp fromthe change
in MODMP/MODMN to the next output edge on FIM/FIMB, as
shown in figure 27. For predictable operation the sum
Toeay + Tserup Must be less than the period of FIM/FIMB or
otherwise, if the rising and falling edges of MODMP/N are
delayed differently, the prescaler might give the wrong bal-
ance of R1 and R2. This will often set a lower limit on the
frequency of FIM than that set by the ability of the counter to
clock atthe FIM rate. For 900 MHz cellular telephones the use
of a + 64/65 prescaler normally ensures safe timing.

Fractional-N mode operates by forcing the
MODMP/MODMN outputs to the R2 state for the last count of
the N1 period whenever the Fractional-N accumulator over-
flows, effectively adding one to N2 and subtracting one from
N1, and so increases the total division ratio by one for each
overflow. The effect of this is to increase the average division
ratio by the required fraction.

PROGRAMMING EXAMPLE FOR BOTH SYNTHESISERS

To lllustrate the choice of programming numbers con-
sider the ETACS system as now used in the UK.

This began as TACS with 600 channels (numbered 1 to
600) from 890 to 905 MHz (mobile transmit) with the provision
to expand by 400 channels (601 to 1000) from 905 to 915
MHz. This additional spectrum was given over to GSM use
before TACS needed expanding, so TACS was later ex-
tended by 720 extra channels from 872 to 890 MHz, to form
ETACS and leaving a somewhat odd channel numbering
system. The channel numbers are stored as 11-bit binary
numbers and are listed here as both negative numbers to
follow on downwards from channel 1 and also as large
positive numbers as these are the preferred names. These
two numbering schemes are really the same, as the MSB of
a binary number can be interpreted as either a sign bit (2's
complement giving the negative values) or as the bit with the
highest weight (1024 for an 11 bit number, giving the large
positive values).

Each channel is 25 kHz wide but as the channel edges
are put onto the whole 25 kHz steps the centre frequencies all
have an odd 12-5 kHz. This is not ideal for the synthesiser but
does give the maximum number of channels in the allocated
band.

The mobile receive channels are a fixed 45 MHz above
the corresponding transmit frequency, as is the case with
most cellular systems. In the ACE9030 the intention is to use
the main synthesiser to generate the receiver local oscillator
at the first I.F. above the mobile receive carrier, and to then
mix the auxiliary synthesiser frequency with this to produce
the transmit frequency. A typical |.F. is 45 MHz, leading to an
auxiliary frequency of 90 MHz and a crystal of 14-85 MHz with
a tripler for the second local oscillator, and a final L.F. of
450 kHz.

The channel numbers and corresponding frequencies
are shown in table 7.

CHANNEL MOBILE TRANSMIT MOBILE RECEIVE MAIN VCO
NUMBER FREQUENCY (MHz) FREQUENCY (MHz) (MHz)
1329 or =719 872-0125 917-0125 962.0125
2047 or —1 889-9625 934.9625 979-9625

0 889-9875 934-9875 979-9875

1 890-0125 935.0125 980.0125

2 890-0375 935.0375 980-0375

3 890-0625 935-0625 980-0625

600 904.9875 949.9875 994.9875
Table 7
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The reference divider needs to produce the main com-
parison frequency of 12.5 kHz from the crystal at 14.85 MHz,
aratio of 1188, which can be formed by a NR of 1188 followed
by a SM select giving +1, or 594 followed by +2, orby 297 and
+4. The auxiliary divider must divide 90 MHz down to the
auxiliary comparison frequency, which is related to the main
comparison frequency but can usefully be larger. Using
12.5 kHz needs a ratio of 7200 which is too large a value for
NA, 25 kHz needs 3600 and could be used, but 50 kHz and
a ratio of 1800 helps to minimise loop filter size. With this
choice the values to be set are:

NR = 297, to give 50 kHz into SA, SM selector.

SA = 00, to give =1, and leave 50 kHz for auxiliary
comparison frequency.

SM = 01, to give +4, and hence 12-5 kHz for main
comparison frequency.

NA = 1800, to give 90 MHz.

In this example Fractional-N operation is not chosen, but if it
is required then SM should be set to 00 to give 50 kHz
comparison frequency in both synthesisers and then fractions
of '/, or %/, used by setting NF = 2 or 6, with FMOD set to 1 to
give '/g's. The values of N1 and N2 can then be found by
following a procedure similar to the following.

For the main synthesiser, starting at channel 1, to divide
980-0125 MHz down to 12:5 kHz is a total ratio of 78401 and
this will be split between the prescaler and the ACE9030
programmable divider. A +64/65 prescaler is most common,
and will be in +64 mode as its normal state, so the 78401 can
be split into a +64 followed by +1225 with a remainder of 1.
The remainder is achieved by setting the prescaler to +65 for
1 cycle, so using R1 = 64, and R2 = 65 the programmable
values can be:

N2 =1, and (N1 + N2) = 1225, thus N1=1224

These values are suitable for use but are not the only
possible set - if desired N2 can be increased to 65 if N1 is
reduced to 1160. The actual choice in practice is set by
whichever gives the more convenient mathematics in the
system controller, the only limits are the basic equation:
Nror=(N1+N2) x R1+ N2, which mustbe metfor allchannels
andthe factthata set value of 0 for N2 will actually give a count
of 256 so for easy calculations N2 = 0 (in practice fora TACS
system not using Fractional-N all N2 values are odd numbers
so 0 is never needed).

Other channels can easily be added, without forgetting
that each channel is two comparison steps (2 x 12.5 kHz)
above the next lower, so for channels 1 to 32,

N2 = 2 x Channel Number — 1, and N1 = 1225 — N2
and for channels 33 to 64,
N2 = 2 x ( Channel Number —32 ) — 1, and N1 = 1226 — N2

Rather than having several sets of separate equations for
each group of channels it is possible to combine them all into
one set by adding two variables to split the channel number
into a modulo-32 and a remainder number. Let C32 =
int((Channel Number — 1) + 32), where “int(x)” means the
integer part of (x), and let CN2 = Channel Number — (32 x

C32), then:
N2 = (2 x CN2) -1, and N1 = 1225 — N2 + C32

These are clearly valid for channels 1 to 600 (the original
TACS channels) but to cover the extra channels for ETACS
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the negative numbers need more processing to avoid nega-
tive N2 values. The simplest answer is to add an offset to the
channel number and then subtract an equivalent value from
the N1 equation. As the channels are in blocks of 32 for the
calculations it is helpful to choose a multiple of 32 for the
offset, and the most negative channel is =719 so the lowest
suitable offset value is 736 (that is 23 x 32). This gives the
following steps for all TACS/ETACS channels:

CNOFF = Channel Number + 736
CB32 = int((CNOFF - 1) + 32)
CN2 = CNOFF — (32 x CB32)
N2 = (2x CN2) -1
N1 = 1202 - N2 + CB32

These operations are given in easy to understand stages
but in a real system it could be more efficient to combine or
rearrange some steps. If a high level language is used then
integer and remainder functions might be available and could
save a little programming time, whereas if low level or assem-
bler language is used an integer function will need to be built,
in this case by a 5 bit right shift to both divide by 32 and to lose
the fraction.

It might be noticed that avoiding N2 = 0 was very easy as
all values of N2 in this system are odd numbers, due to the
12-5 kHz offset from band edges. Other systems do not have
this offset so a little care is needed in choosing constants in
the corresponding equations.

DETAILED OPERATION OF FRACTIONAL-N MODE

Without using the Fractional-N mode the loop will lock the
VCO frequency, fyco to the comparison frequency, fooue at a
multiple set by the total division ratio Nyor, Where:

Nror= (N1 + N2) x R1 + N2
giving:

fveo = feomp X Nror

From these equations it can be seen that if N;o; is an
integer the minimum frequency step is foopp. It is not possible
to make a non-integer divider but by alternating the ratio
between NTOT and Nrm + 1 in a suitable pattern the effect of a
fractional increase in “TOT can be achieved. This is called
Fractional-N operation.

The control of the pattern of N;o; and N;or + 1 cycles is by
an accumulator set to count with a modulus equal to the
fractional denominator and which adds the numerator of the
fraction every comparison cycle. When the accumulator over-
flows by its value exceeding the value of the denominator the
total division ratio is increased for one cycle. In ACE9030 the
choice of denominator is 5 or 8 and is set by the FMOD bit in
Word D, the numerator is set by the three NF bits in Word A
or A2 and the increase in total division from Nyorto Nyor+ 1 is
done by changing the modulus control signal to the prescaler
so that an R1 cycle becomes an R1 + 1 cycle.

As an example of the operation of the accumulator
consider FMOD set HIGH to give modulo-8 counting and NF
setto 011 to give a% fraction and the accumulator starting at
any arbitrary value as shown in table 8.

From this table it can be seen that the pattern repeats every
8cyclesandthattheratio isincrementedfor 3 of each 8, giving
the desired N1or+ %,. It can be shown that the pattern always
repeats every 8 cycles, or whatever modulus is chosen for all
fractions and that the number of N;o; + 1 cycles is always the
fractional numerator.

By spreading the (N;o; + 1) counts throughout the pattern
rather than having them as a continuous block the loop is less



Increment | Accumulator Division
(=NF) value Ratio
...previous values
3 5 NTOT
3 0 & overflows | Nior+ 1
3 3 NTOT
3 6 NTOT
3 1 & overflows | Nior+1
3 4 NTOT
3 7 Nior
3 2 & overflows | Nyor+1
3 5 Nror
3 0 & overflows | Nqor+1
and so on...
Table 8

disturbed by the variations in division ratio but there is still
some frequency modulation given by the Fractional-N opera-
tion. The simplest way to remove this ripple on the synthesiser
is to use a lower bandwidth loop filter but this also removes all
of the advantage of fast channel change when using Frac-
tional-N, so the method used in ACE9030 is to calculate the
waveform of the ripple and then inject a compensation signal
onto the loop filter.

Fractional-N Compensation
If the Fractional-N system is operating correctly the
synthesiser sets the VCO frequency so that:

fvoo = foowe X (Nror+F) . . . . . (1)
where F is the fraction given by:

g NF NF is the fraction set in Word A or A2
“MOD  MOD is the modulus, 5 or 8

The total division alternates between Nyor and Nyor + 1 50
the frequency seen at the phase comparator will also alter-
nate. This divided signal fepacy is compared with the uniform
comparison frequency fcoue and will give a phase error due to
the different periods. There will also be some phase error due
to leakage onthe loop filter, leading to some correction pulses
on the charge pumps to maintain lock, but these will be very
small in a well designed synthesiser once the loop is locked,
so can be ignored here. For each + (Nyoy) cycle:

m——f«:ounxb-k F )
Nror Nror

and so the phase error increases each cycle by:

frracn = feomp X

P X (foowe Period) . . . . . )
Nrot

This phase error gives an unwanted correction pulse on
the Dpown OUtput as the VCO frequency is too high for the
division ratio in use. The phase error increases as + Nqor
cycles follow each other until eventually the accumulator
overflows and causes a + (Nror + 1) cycle.

For each + (N;or + 1) cycle:

(Nror +F)
(Nror+1)

frracn = foomr X
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and in this case the phase error increases in the opposite
direction each cycle by:

(F-1)

m x (feowr Period) . . . . . (3)

This phase error gives an unwanted correction pulse on
the @, output, as the VCO frequency is too low forthe division
ratio in use.

Any phase can be considered to be the locked condition
so to simplify later calculations the phase given by a + (NTOT
+ 1) cycle which leaves 000 in the accumulator will be chosen
as the locked state and compensation will be added to
achieve this. Only unwanted @y, outputs then need to be
removed by cancellation and also that the total phase error in
any cycle, based on formula (2), is given by replacing F, the
fraction required, by the current sum of fractions, which is the
value of the accumulator ACC divided by the modulus in use.
This replacement is clearly valid if the state of the accumulator
is considered when starting fromazero value and then adding
the fractional count each cycle until an overflow is reached;
when starting from a non-zero value there is some residual
phase error from the overflow state so the accumulator still
gives the correct phase error. Thus the phase error needing
correction on the loop filter is:

ACC

Phase error = ————
Nrorx MOD

x (feome Period) . . . . . (4)

This error could be cancelled by a phase shift on the
comparison clock from the reference divider but this is very
difficult in practice so the method used in ACE9030 is to add
an extra charge pump to the loop filter to directly cancel the
pulse given by the normal charge pump due to this phase
error. The current given by the proportional charge pump is
Iprop(0) in normal mode or Iprop(1) in speed-up mode so
taking normal mode first the charge that must be cancelled is:

ACC

NrorxMoD ¥ (foome Period) xIprop(0) . . . . . (5)

This formula could be used as it stands but the circuit can
be simplified if it is recalled that Iprop(0) depends on the CN
value so that loop dynamics are kept constant over a wide
range of frequencies by changing CN in proportion to the total
division ratio Nyor. In those systems where CN is held con-
stant the synthesiser is in effect considered to be operating
over a narrow frequency band so Ny,; can also be considered
constant and the following calculations still apply. The value
of Iprop(0) is set by a DAC in ACE9030 from the reference
current Ibo so that:

Iprop(0)=CNxlbo . . . . . (6)

and the value of CN tracks Nyor with a scaling factor SF such
that:

CN = SF x Nror

putting both of these equations into formula (5) gives the
charge to be cancelled as:

ACC x SF

Charge =
MOD

x (fcome Period)xlbo . . . . . (7N
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The value of SF can be found from any channel but to get
a quick estimate the highest frequency can be considered as
there is a fixed upper limit on CN of 256 so:

Fe CN(max)
Nror(max)

Putting suggested typical values into equation (7);
Nror(max) = 10000, CN(max) = 250, and MOD = 8, and then
assuming the current flows for the whole comparison period
the current to be multiplied by ACC is Ibo / 320. The typical Ibo
is only 1 pA so this is a very small current of around 3 nA and
would be too small to control accurately and certainly too
small for production testing.

The error signal to be cancelled is a narrow pulse at the
comparison frequency so the best cancellation of the whole
spectrum of the error is also a narrow pulse. It is not practical
to generate a variable width pulse to match the error pulse but
afixed width variable amplitude pulse is possible and it can be
timed to approximately coincide with the error pulse to give
good cancellation.

The compensation current amplitude is also increased by
gating it with a small time window and in ACE9030 the gate is
set to two cycles of the reference clock which straddie the
active edge of the comparison frequency signal to the phase
comparator. The total reference division from reference clock
to comparison frequency is the programmable divider set by
NR in Word D multiplied by 1, 2, 4, or 8 as selected by the SM
bits also in Word D and this total may be called Ry, so forthe
compensation current the scaling is Ryan/ 2.

The charge needed is still as in equation (7) but the
current can be defined as:

lcomp(0)=ACCxIco . . . . . (8)

where, in ACE9030, the compensation reference current Ico
is set by an external resistor RSC such that:

IRSC
Ico=
320

but this Ico must be chosen to cancel the error charge in
equation (7), and the scaling effect of 2 reference cycles in
Ruan has been derived above, giving:

SF _ Ruan
X

MOD 2

lco= xIbo

then removing SF to help evaluate the values needed:

CN(max) Rwmain
lco=————"——x——xlbo . . . .. (9
= MOD xNror(max) <~ 2~ (©)
this can then be further processed by replacing Ry, and
Nror(max) by the frequency ratios:

fervsTaL

Ruan = : and Nror(max) = fvco(max)

COMP fCOMP

then when substituting these into equation (9) the foe terms
cancel leaving:

CN(max)

X feavsaL o (1 0)
MOD x fvco(max) 2

xlbo . .

lco=
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For a typical AMPS cellphone the fyco(max) for 45 MHz
I.F. is 938-97 MHz, feqysta. is 14-85 MHz, MOD is 8 and
CN(max) can be assumed to be chosen around 200, giving
lco =0-198 x Ibo.

Fractional-N Mode with Speed-Up

When Speed-up is active the main proportional charge
pumps are run at an increased current and the integral charge
pumps are switched on to move the loop filter voltage faster.
The phase errors due to Fractional-N mode will be the same
as normal once the loop is locked so the compensation pulses
must be increased to match the proportional and integral
charge pump currents in order to allow a smooth change over
to normal mode at the end of Speed-up time. The same 2-+!
and K coefficients as used for the proportional and integral
charge pump currents are used on the compensation currents
so from equation (8):

Normal Mode:
Proportional Compensation Current:
lcomp(0) = ACC x Ico
Integral Compensation Current:
none = off
Speed-up Mode:
Proportional Compensation Current:
lcomp(1) =2+ x ACC x lco
Integral Compensation Current:
lcomp(2) = K x 2-+' x ACC x Ico

Required Accuracy of Compensation

With the compensation scheme used in ACE9030 it is not
possible to get perfect cancellation of the loop disturbance by
the Fractional-N system due to the mis-match of the pulse
shapes leaving some high frequency terms, but if the areas
are matched there will be complete removal of the low
frequency components and the loop filter can be assumed
able to remcve higher frequencies.

Typical timing waveforms for the phase error and its
compensation are shown in figure 28 for aloop operatingin'/g
s mode (herice MOD = 8), with a VCO at 1 GHz, and a
comparison frequency of 100 kHz (hence Nyo; = 10,000 and
feome Period = 10 ps) so that each phase error can be found
from equation (4) as:

(ACC x 10 ps) / (10,000 x 8) = ACC x 0-125 ns.

Ifthe reference is a 12-8 MHz crystal, it gives a correction
pulse duration, two reference cycles, of
2/(12-8 MHz) = 156 ns.

If the charge pump current of 250 pA is set by a CN value
of 250 the reference current Ibo from equation (6) is 1 yA and
the compensation step current Ico can be found from equa-
tion (10) as 0-2 x Ibo = 0-2 pA.

Areas of the error and the compensation pulses, equa-
tions (4) and (8) must match to get good low frequency
cancellation. Although shown as a very narrow pulse on
Dpowy the phase error will often appear as a change in size of
the pulses on either @, o Dyp Which occur to maintain lock.
The following calculations would then apply to the changes
and give the same final result.

If there was no compensation the @y, pulses would
give sidebands ata level set by the loop filter capacitor values
and the VCO gain.

Inatypical system the filter proportional capacitor can be
6-8 nF and the VCO could cover 30 MHz in 3V, giving
10 MHz/V. Assuming for the moment that all error pulses are
the same at the level of a mid-range ACC value, say 4, and do
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Fig. 28 Fractional-N Phase Error And Compensation Pulse

not ramp in size and that the loop somehow stays on the
correct frequency:
Average phase error: = mid-range ACC x 0-125 ns
=4x0-125ns=0-5ns
err = 0-5 ns x 250 pA
=125 {C per pulse
Vern = Qear + Corop
=125fC + 6.8 nF =184 uv
Fear = Vern x VCO gain
=184 HV x 10 MHz/V = 184 Hz

Charge into filter:
Voltage step:

Frequency step:

This gives a signal with a modulation frequency of
100 kHz with a step deviation of 184 Hz and if the loop is to
stay on frequency the waveform must ramp back between
steps, giving a sawtooth with an amplitude of + 92 Hz. Fourier
analysis gives the level of the fundamental as (2/n) x peak
level, to give 58-6 Hz deviation and hence a modulation index
B (peak deviation + modulation frequency) of only 0-000586,
putting it wellinto the narrow band f.m. category. At such small
deviations the sideband amplitude is p/2 of the carrier, giving
0-000293 times or — 71 dBc. There will also be higher har-
monics present but these will all be at lower levels.

This calculation assumed all phase error pulses are the
same, but in reality the size varies in a pattern determined by
the fractional numerator (0 to 7) with a period equal to the
demoninator (8) times the comparison period. The fractions
that give the highest level of output at /g x foe are /g and /g
and with these the phase error changes in seven steps of a
staircase waveform until the eighth cycle, when the phase
resets and the pattern starts again. The loop will settle to the
correct average frequency by addingad.c. offsetforthe mean
level of the staircase, leading to an error waveform which is
approximately a sawtooth wave with a step size of 7 in units
of ACC value. The peak deviation is then 7/, times the previ-

ous calculation of + 92 Hz and the level of the fundamental
is again (2/m) x peak level, giving 102 Hz deviation at a
frequency now of /g X feoue (12-5 kHz). B then becomes
102/12500 = 0-00816, giving sidebands at up to 0-00408
times or — 47 dBc.

Compensation pulses are used to cancel the effect of the
unwanted phase corrections, and if these match to within
10 % they should give a reduction of 20 dB in the fundemental
sideband levels, down to a worst figure of — 67 dBc. The low
harmonics will also be adequately cancelled but higher har-
monics will be left to the loop filter to remove, and as the
bandwidth is set by the comparison frequency at only 8 times
the Fractional-N fundamental these harmonics will always be
well attenuated.

A typical system specification (AMPS) is — 60 dBc so the
harmonic spectrum of the modulation needs to be considered
to find the manufacturing margins but if the Fractional-N
system is only used to help achieve correct lock times and
spurious levels (ratherthan solve all loop problems on its own)
then this example suggests that the compensation is not
critical and can give a performance advantage at little cost.

More critical compensation is needed if N is less or if
the comparison period is longer, but these cancel if the VCO
stays at the same frequency, equation (4). Changing only the
comparison frequency in the above example would then give
the same 184 Hz deviation. In practice the loop filter capacitor
value is likely to also change to match the new comparison
frequency giving a peak deviation proportional to the compari-
son frequency. The modulation index is inversely proportional
to the comparison frequency so the final sideband level is not,
in practice, much affected by the comparison frequency
choice, but the separation from the carrier is affected. This all
suggests the above example is not just a spot typical result but
will apply over a broad range of systems and allow Fractional-
N to be used whenever desired.
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APPLICATIONS HINTS

Voo & Vg5 Supply Pins

All Vp pins must be well decoupledto ground. All Vg pins
must be connected through very low impedance lines to the
ground point.

Serial Bus

Edge speeds on the serial bus should not be too fast in
order to avoid ringing which then can cause significant modu-
lation of the synthesisers, including CLK8.

Loop Filters

Both synthesisers use passive loop filters and typical
circuits can be either of these two configurations; the need for
the extra roll-off in the right hand circuit is only for the more
critical applications.

The loop filter needed is partly set by the application
specification and partly by the architectural design of the
cellphone. The main synthesiser will need to hop channels at
a rate set by the hand-off times of the network and so is well
defined. The auxiliary synthesiser is always on the same

PDI
OR

g.-01

Fig. 29 Typical Synthesiser Loop Filters

frequency and so couldbe a very slow loop to lock but in many
systems it will be powered down for as much time as possible
to economise on battery use and will then need to power-up
and lock quickly, leading to a more complex filter.

The values of the components in these filters may be
calculated with the help of appendix AB43 in the Personal
Communications Handbook or for a more complete analysis
the application note AN94, available from GEC Plessey
Semiconductors’ Marketing Department, may be used. This
note was written specifically for the NJ88C33 synthesiser but
the mathematics apply equally well to the ACE9030.

AFC Circuit
RECEIVED RX BAND FIRST SECOND
SIGNAL FROM I.F. L.F.
BASESTATION T LT £I" | AFCIN AFCOUT
nJ nJ U ﬂ
pa-a P pad
MAIN LO2 AFC SAMPLE
SYNTH AT 504 kHz
L. J

-
ACE9030

Fig. 30 Simplified Receiver Architecture

In order to fine trim the crystal oscillator frequency to the
correct value the ACE9030 includes a sampling circuit to
convert the final intermediate frequency signal (input on
AFCIN) to a logic signal and then to mix it down to a low
frequency output (on AFCOUT) for counting in the
microcontroller. The operation of this system can be ex-
plained with the use of a simplified block diagram of the
receiver architecture as in figure 30.

Most receivers run the first mixer with a high-side local
oscillator controlled by the Main synthesiser, so a positive
crystal frequency error will give an increased First I.F. This is
then mixed down further by a low-side second oscillator, LO2
in the ACE9030, derived by multiplying the same crystal as
used for the Main synthesiser. A positive crystal frequency
error would now give a reduced second L.F. if the error in the
first I.F. is ignored, but the overall effect is an increase by an
amount slightly smaller than the increase in the first I.F.

The second |.F. signal AFCIN at around 450 kHz drives
the F.M. Discriminator to recover the modulation and also
feeds a third mixer where high-side injection is used to give a
very low output frequency, around 54 kHz, and is output on
AFCOUT for counting. This third mixer is driven by a clock
derived from the crystal but at a much reduced frequency so
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the effect of the high-side mixing dominates to give an output
which drops in frequency when the crystal has a positive
frequency error. As a result of the chain of mixing stages the
errorin the first local oscillator due to the crystal frequency will
give a similar frequency shift at the output of the third mixer
which is then a large percentage change in the frequency of
AFCOUT so it is possible to measure AFCOUT against the
crystal to determine the trim needed.

To illustrate the sensitivity of the AFC loop a numerical
example can be used, and in the calculations that follow the
selection of parameters for the synthesisers are also included
to show how some choices are made.

Assume the required receiver frequency is AMPS chan-
nel 1, thatis 870-030 MHz and that the cellular terminal is built
with a 45 MHz first I.F., a 450 kHz second L.F., and a
14.85 MHz crystal.

To receive 870-030 MHz with a 45 MHz first |.F. needs
the first local oscillator, the Main synthesiser, to run at a
frequency of 870-030 + 45-000 = 915.030 MHz when using
high-side injection. For AMPS the most convenient compari-
son frequency is the channel spacing of 30 kHz so the total
division from VCO to phase comparator (N;o; as used else-
where) will be 30501 for this channel and the reference



division will be 495 for a 14-85 MHz crystal; the term fcaysta
is used to refer to the exact crystal frequency in the following
calculations.
Thus Main synthesiser (nominally 915.030 MHz) gener-
ates:
forvstaL X 30501 + 495 = fpyera % 61-61818182

This result is independant of the chosen comparison fre-
quency which is given above as an illustration only.

With this drive to the first mixer the actual first I.F.
(nominally 45 MHz) is:

forystaL X 61-61818182 — 870-030 MHz

The second mixer is required to downconvert 45 MHz to
450 kHz so needs an LO2 at 44-550 MHz which is 3 x fcaystat
and this integer multiplication is the reason for choosing a
14-85 MHz crystal. This mixer operates with low-side injec-
tion so the actual second I.F. on the AFCIN pin (nominally
450 kHz) is:

forvsma X 61-61818182 — 870-030 MHz — 3 X feavsta,
= foavstaL X 58-61818182 — 870-030 MHz

This signal feeds the F.M. discriminator to extract the
modulation and is also used to derive the AFC information.

The AFC mixer uses a 504 kHz clock derived from the
crystal (fopysta, X 504 + 14850 = fopyera X 0-03393939) to high-
side downconvert AFCIN to a low frequency on AFCOUT,

ACE9030

giving:
(forvsTaL X 0-03393939) —
(forvsta X 58-61818182 — 870-030 MHz).

This is 870-030 MHZz — fsaysta, X 58-58424243 and is the
difference between two large but similar numbers, one fixed
and the other a multiple of foaysra. @and will have an overall
value strongly dependent on foqysra -

To evaluate the sensitivity of the system consider a
+ 1 ppm change in crystal frequency, giving AFCOUT at
53-130 kHz instead of its nominal at 54 kHz, a shift of 870 Hz
or 1.61 %. This frequency can be counted in the
microcontroller using a timebase derived from fcrysra OF any
other crystal reference as the error in the timebase due to the
crystal is swamped by the changes in AFCOUT.

The counting of AFCOUT should be over a period long
enough to resolve changes of around 1 % which means at
least 2 ms but is normally a little longer to filter off some noise
and modulation on the signal; around 10 ms is a good starting
value for system development.

Once the crystal error has been estimated the DAC’s
controlling the crystal frequency can be adjusted to bring the
whole cellular terminal into frequency alignment with the
basestation which is normally assumed to be very accurately
held at the correct frequency; effects like Doppler shift will be
significantly less than 1 ppm for all intended users. Some
damping in the control loop for the crystal will be needed to
avoid overshoot and hunting, possibly implemented as al-
ways under-correcting the crystal or by limiting the slew rate
of the corrections.
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Fig. 31 Complete cellular terminal, showing details of ACE9030 typical application.




W GEC PLESSEY
K PRELIMINARY INFORMATION

ACE9040

AUDIO PROCESSOR for AMPS and TACS CELLULAR PHONES

ACE9040 provides all the speech signal processing and
data/SAT tone filtering needed for AMPS or TACS analog g% g%g%gg%go o %=
cellular telephones. 26:238F22S3522333

Transmit voice channel functions comprise a micro- ne nc\ DVSS*
phone amplifier, soft limiter, bandpass filter, compressor, AMP| nc\LEN*
hard limiter, lowpass filter and a gain controlled amplifier to set PREIN DVSS\DVDD"
deviation level. Additional transmit circuits include a DTMF CIN b%,',‘;},‘(“{'{?-“x
generator, data and SAT filters, deviation setting amplifiers WCA'?STI;“( VMIDRX\ STBY*
for data/ST and SAT and a modulation combiner. CRCOUT ACE9040 ;?QYEQ’EDPDON.

ACE9040’s receive path comprises a bandpass filter, nc EVDD\ nc*
expander, volume control and power amplifiers to directly oot EPON\ner
drive an earpiece or handsfree transducer. F?éc EPOP

Gain settings, mute switches and filter characteristics are S EAMPFB
programmed via a three wire serial interface. S'ﬁ @ Eﬁ\,MPO

To implement a handsfree function, both transmit and MICBIAS = 4 ERCOUT
receive paths have rectifiers for signal amplitude monitoring QOLTLVOEFEROT ZEZ
via an external pin and signal path attenuators controlled via S8F EZSSFCT5=030
the serial interface. = TuwEu

ACE9040 combines minimum power consumption with Note: Pin 1 is identified by moulded spot and by FP64
low external component count. Standby modes greatly re- coding orientation. (* 7 x 7 mm package pinout) ~ VP64*

duce supply current and extend battery charge intervals.
Fig.1 Pin connections - top view

FEATURES

B LowPowerandLow Voltage (3-6t05-0 V) Operation g?i&gﬂﬁ;gggg?g;o“

W Power Down Modes _ TQFP 64 lead 10 x 10 mm, 0.5 mm pitch (FP64)

M Direct Connections to Microphone and Earpiece ACES9040/IG/FP1R - devices shipped in trays

M Compander with wide operating range: ACE9040/PR/FP1R - pre-production
Compressor 74 db typ., Expander 36 dB typ. TQFP 64 lead 7 x 7 mm, 0-4 mm pitch (VP64)

B SAT Bandpass and Data Lowpass Filters ACE9040/IG/FP2R - devices shipped in trays

B Handsfree Operation Supported ACE9040/PR/FP2R - pre-production

B DTMF Generator

W Serial Bus Controlled Gains and Filter Responses ‘

M Part of the ACE Integrated Cellular Phone Chipset i

B NMT version available °”""ESS°"H DEVIATION SET |—° Tro—h

B TQFP 64 Pin 10x10 mm or 7x7 mm Packages !

SUMI

MODULATION
SUMMING
AMPLIFIER

DTMF

sumo—{_1H
N FEED-

MOD BACK

APPLICATIONS

B AMPS and TACS Cellular Telephones
B Two-Way Radio Systems O paTo H
RELATED PRODUCTS

ACE9040 is part of the following chipset:

B ACE9010 R.F. Front End with VCO

WM ACE9020 Receiver and Transmitter Interface

B ACE9030 Radio Interface and Twin Synthesiser
B ACE9050 System Controller and Data Modem

ABSOLUTE MAXIMUM RATINGS

Supply voltage 6V C
Storage temperature -55°Cto+ 150 °C 3
Operating temperature -40°Cto +85°C k O ‘
Voltage at any pin -0.3Vto Vg + 0.3V sTev

Fig. 2 ACE9040 Simplified Block Diagram
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Fig. 3 ACE9040 Detailed Block Diagram
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PIN DESCRIPTIONS

ACES040

Pin No. Pin No. Name Description
FP package | VP package

1 1 Voo Vo supply to substrate, pin should be at highest d.c. voltage
2 2 DEC Mid-supply reference decoupling connection, 3.3 pyF to GND
3 3 HF Output from TX or RX handsfree rectifier, switched by bit “HFS”
4 4 LI Line input
5 5 RREF Reference bias current set for all op-amps by resistor to GND
6 6 BIAS Buffered mid-supply reference output
7 7 AV Analogue V, input
8 8 DATI Transmit data input
9 9 TSI SAT path input for locally generated tone
10 10 RsI SAT path receiver input for received tone
11 11 RXI Speech path receiver input
12 12 RBPO Audio output from EXPGAIN block
13 13 EAMPI Output from EARSENSE amp
14 14 HFGIN Input to RX volume control and handsfree attenuator
15 15 EOUT Expander speech output
16 16 ERCIN Expander time constant input, 180 kQ to ERCOUT, 100 nF to GND
17 17 ERCOUT | Expander time constant output, 180 kQ to ERCIN
18 18 EIN Expander speech input, 33 nF to RBPO
19 19 EAMPO Output from EAMP op-amp
20 20 EAMPFB | Inverting input to EAMP op-amp
21 21 EPOP Earpiece driver positive output
22 22 EVg Earpiece Vg5 (GND) supply connection
- 23/24 nc No connection
23 25 EPON Earpiece driver negative output
24 26 EVoo Earpiece V, supply input
25 27 STBY Standby output: low indicates standby state, high is V;, output @ 10 mA
26 28 LO Line output
27 29 VMIDRX | RX path mid-supply reference voltage, 82 nF to GND
28 30 DVpp Digital Vg
29 31 LEN Serial interface latch signal input, rising edge triggered
30 32 DV Digital V¢s (GND) connection

31/32 - nc No connection
33 33 LVN Low supply Vqp, Voltage indicator comparator output, reset active low output
34 34 SCLK Serial interface system clock input
35 35 SD Serial interface data input
36 36 RSO Received (regenerated) SAT output
37 37 TSO Transmit SAT output, regenerated or returned
38 38 DATO Transmit data filter output.
39 39 AVgs Analogue Vg5 (GND)
40 40 MOD Modulation output: sum of Speech, Data and SAT
41 41 SUMO Modulation summing amplifier output
42 42 SUMI Modulation summing amplifier input
43 43 TLPO Transmit audio lowpass filter output
44 44 BGAP Bandgap voltage output, 10 nF to GND
45 45 V485 Hard limiter gain selection for 3.75 V or 4.85 V nominal supplies
46 46 nc No connection
47 47 DTMF DTMF tone output
48 48 AMPO Auxillary op-amp output
49 49 nc No connection
50 50 AMPI Auxillary op-amp inverting input (non-inverting internally connected to VMIDTX)
51 51 PREIN Transmit pre-emphasis filter input
52 52 TBPO Transmit bandpass filter output
53 53 CIN Compressor audio input, 10 nF from TBPO
54 54 CRCIN Compressor time constant input, 100 nF to GND, 180 k(2 to CRCOUT
55 55 VMIDTX | TX path reference voltage, 82 nF to GND
56 56 CRCOUT | Compressor time constant output, 180 kQ to CRCIN
57 57 nc No connection
58 58 COouT Compressor audio output, 33 nF to PREIN
59 59 TXC Transmit handsfree audio level sensing rectifier smoothing filter, 68 nF to GND
60 60 RXC Received handsfree audio level sensing rectifier smoothing filter, 68 nF to GND
61 61 IPS Transmit audio gain INPSENSE adjustment block input
62 62 SLO Soft limiter output
63 63 MI Microphone input
64 64 MICBIAS | Bias for electret or active microphone
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ACE9049

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions unless otherwise stated (Note 1):
Tams=—40°Cto+85°C, Vpp=3.6Vto 5.0V

Characteristic Symbol Value Unit | Conditions
Min. [ Typ. | Max.
Supply Current and Power Down Modes
Operating supply current lop 13 mA | Vpp=4.85V Rgee = 100 kQ
13 MA | Vo = 3.6 V Rpgr= 68 kQ
Standby
Supply Current loosTay) 200 HA
Attenuation of all inputs signals 40 dB
Wakeup response time 10 ms
Sleep (Standby with CLK stopped)
Supply current loosteer) 200 A STBY bit set
Delay between setting STBY bit and 20 S
stopping clock
Delay to starting clock after wakeup 100 Us
Characteristic Value Unit | Conditions
Min. T Typ. T Max
Transmission Path
Microphone Amp, Ml to SLO pins
input bias Vo2 Internal 150 kQ bias resistor to V/2
Microphone input gain 31 32 33 dB MIS =1, MLI = 0, MIG = 1
Microphone crosstalk (no Ml signal) - 40 dB MIS=1,MLI=0,MIG=1
Line input, LI to SLO pins
Input bias Voo/2 Internal 100 kQ bias resistor
LI'input Gain -0.5 0.5 dB MIS =0, MLI=0,MIG=0
LI input Gain 21 22 23 dB MIS=1,MLI=1,MIG=0
LI input crosstalk (no LI signal) - 40 dB MIS=1,MLI=1,MIG=1
Soft Deviation Limiter, LI to SLO pins
Nominal gain 0 dB Limiter not functioning.
Attenuation range -30 -29 dB
Attenuation steps 0.27 0.5 0.67 dB
Distortion 2 %THD | Output at 1 Vrms
Attack level:Hard limiter output: enabled 2 98 % Voo | d.c. input on PREIN
disabled 4 96 % Vpp | TEST[1:0] = 11

Attack level at TBPO pin 92 % Vpp | d.c. input at IPS

TEST[1:0] = 11
Attack time 40 us Per gain step when signal outside

threshold
Decay time 1.68 ms Per gain step
INPSENSE Gain Stage, IPS to TBPO pins
Nominal gain 7.5 8 8.5 dB Input = 100 mVrms,

INPS[4:0] = 15, THF = 0 dB,
Gain adjustment range -12 12.8 dB Relative to nominal gain

Input = 100 mVrms,
Gain step size 0.6 0.8 1 dB INPS[4:0] = 0 to 31, THF = 0 dB

Note 1. 100% production tested at 25 “C but guaranteed over specified temperature range.
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ELECTRICAL CHARACTERISTICS

ACES040

These characteristics are guaranteed over the following conditions unless otherwise stated (Note 1):
Tave =— 40 °C 1o + 85 °C, Vpp = 3.6 V10 5.0 V

Characteristic Value Unit Conditions
Min. | Typ. [ Max.
TX Audio Bandpass Filter TXBPF, IPS to TBPO
Noise -72 dBV
Distortion 1 %THD | 1 Vrms output
Frequency response relative to 1040 Hz| - 60.5 - 385 dB f=60Hz
—-255 -10.5 dB f=184Hz INPSENSE = 0 dB
-1.0 + 0.5 dB f=430Hz THF =0dB
-0.5 + 0.5 dB f=676 Hz, 1040 Hz
-0.5 +0.5 dB f=1410 Hz, 1900 Hz
-1.5 -0.5 dB f=3260 Hz
-3.0 -1.5 dB f=3500 Hz
-10.5 -5 dB f=4120 Hz
-20.5 - 155 dB f=5590 Hz
-90.5 -30.5 dB f=9900 Hz
TX Handsfree Gain Stage HFGAIN
Nominal gain 0 dB -
Gain range -525 —49 — 455 dB THF[2:0]=0to 7
Gain step size 6.5 7 7.5 dB
TX Compressor Stage, CIN to COUT pins
Unity gain level 671 707 742 mVrms | = Vref (Unaffected level)
Input range 0.79 1000 mVrms
Linearity CIN to COUT: +0.5 dB CIN = Vref + 3 dB to Vref - 59 dB
(Deviation from 2:1 1/O relationship) BW =300 Hz to 3.4 kHz
Attack time 3 ms 12 dB step: - 8 dB to - 20 dB relative
to the unity gain (Vref) level
Decay time 135 ms Attack & Decay levels = 1.5 and 0.75
of steady state final value
Distortion 2 %THD | BW =300 Hz - 3.4 kHz
Frequency response +0.2 dB | BW =300Hz-3.4 kHz
TX Pre-emphasis, PREIN to TLPO pins
Input impedance 75 kQ
Internal compressor and BAR:
Nominal gain TACS ~-75 -7 -6.5 dB COMP[2:1] =10 or 01 at 1 kHz
Nominal gain AMPS -11.5 -1 -10.5 dB
External compressor and bypass:
Nominal gain AMPS & TACS -0.5 0 +0.5 dB COMP[2:1] =11 or 00 at 1 kHz
Frequency response 5.8 6 6.2 dB/ TEST[1:0] = 01
Octave | PREEMPH = 0 (active)
f =300 to 3400 Hz
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ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions unless otherwise stated (Note 1):
Tawe =— 40 °Cto + 85 °C, Vpp = 3.6 Vto 5.0 V

Characteristic Value Unit Conditions

Min. | Typ. [ Max.
Hard Deviation Limiter
Gain 13 13.5 14 dB V485 pin =0V (for Voo =3.75 V)

15.5 16 16.5 dB V485 pin = V, (for Vp = 4.85 V)

Low Pass Filter TXLPF, PREIN to TLPO pins
Distortion 1.5 %THD | 1.5 Vp-p Output level
Noise - 60 dBV BW =30 Hz to 30 kHz
Frequency response TACS/AMPS 0.3 0.7 dB f=307 Hz
Relative to 1 kHz -05 +0.5 dB f=676 Hz, 1040 Hz

-05 +0.5 dB f=1410 Hz, 1900 Hz

-3.0 -1.5 dB f=3010 Hz

-38.0 -13.0 dB f=3500 Hz

—60.0 -38.0 dB f=4120 Hz

—-60.0 -38.0 dB f=5590 Hz

-60.0 —-38.0 dB f=9900 Hz

-60.0 -35.0 dB f=11870 Hz

-60.0 -35.0 dB f= 14950 Hz
Gain -85 -8 -75 dB
Attenuation with TXLPF bypassed 8 dB TEST[0] =1
Gain Stage AUDIODEV, PREIN to TLPO
Nominal gain 0 dB Output at TLPO
Gain adjustment -2.8 3.2 dB
Attenuation step size 0.2 0.4 0.6 dB Control bits: AUDEV[3:0]
TXM switch attenuation - 60 dB AUDIODEV =0 dB
Combined TX path
Gain with 7 mV at Microphone input 31.0 35.0 dB INSENSE =0dB, V485 =0V
Distortion 1.3 % THD | THF & AUDIODEV =0 dB
Noise -50.0 dBvV Ml gain =22 dB, Vyp, = 3.6 V
Output d.c. level 1.65 1.9 Vv COMP[2:1] = 00, Softlimit = off
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ELECTRICAL CHARACTERISTICS

ACE9040

These characteristics are guaranteed over the following-conditions unless otherwise stated (Note 1):
Tame =—40°Cto+85°C, Vpp=3.6 V1050V

Characteristic Value Unit Conditions
Min. | Typ. [ Max.
Receive Path
RX Input stage RXSENSE, RXI to RBPO pins
Input bias Vpo/2 Internally biased to V/2 by 150 kQ
Nominal gain 7.5 8 8.5
Gain adjustment range -6 6.4 dB Input 40 mVrms at RXI
Gain adjustment step size 0.2 0.4 0.6 dB RXM = 1, RXSENSE = 0 to 31
RX Audio Bandpass Filter RXBPF
Gain 0 dB
Distortion 1 %THD | At 1 kHz with 40 mVrms input
Noise - 60 dB BW= 30 Hz to 30 kHz
Frequency Response -90.0 —45.0 dB f=60Hz RXSENSE = 0 dB
Relative to 1040 Hz -15.0 -7.0 dB f=184 Hz COMPI[1:0] = 00
-1.0 +0.5 dB f=430 Hz
-05 +0.5 dB f=676 Hz, 1040 Hz
- 05 +0.5 dB f= 1410 Hz, 1900 Hz
-3.0 -0.5 dB f = 3260 Hz
- 10.0 -6.0 dB f=3500 Hz
—-40.0 —-25.0 dB f=4120 Hz
-40.0 -25.0 dB f=5590 Hz
-90.0 —40.0 dB f=9900 Hz
RXM mute switch attenuation - 40 dB Output switched to V,/2 when
muted.
Rx Internal Expander
Gain EXPGAIN: internal 11.8 12.3 12.8 dB COMP[2:1] =10
external and bypass 0 dB COMP[2:1] = 00 or 11
Unity gain level 900 1000 1100 mVrms | = Vref (Unaffected level)
Linearity EIN to EOUT + 1 dB EIN = Vref to Vref - 33 dB
(Deviation from 2:1 input/output) BW = 300 to 3400 Hz
Distortion 2 %THD | 1 Vrms
Frequency response +0.2 dB 300 to 3400 Hz
Attack time 3 ms 6 dB step (- 4 dB and -10 dB) relative
to the unity gain (Vref) level at 1 kHz
to pin EIN. Output at EOUT.
Decay time 13.5 ms Attack and delay time levels = 0.57
and 1.5 of final steady state value.
RX Volume Control RXLEVEL
Nominal Gain -1 -12 -13 dB RXV[2:0] = 3, RHF = 0 dB
Gain adjustment range -9 12 dB RXV[2:0]=0to 7
Gain adjust step size 2 3 4 dB EARSENSE = 0 dB, Sidetone = 0 dB
RX Handsfree Gain Stage HFATTEN
HFGAIN to EAMP nominal gain -0.4 0 0.4 dB RHF, RVX, EARSENSE = 0 dB,
SD =0
Gain range -525 —-49 —455 dB RHF[2:0] =0to 7
Gain control step size 6.5 7 7.5 dB EARSENSE = 0 dB, Sidetone = 0 dB
RX Line Driver LODRIVE
LO gain 4 5 6 dB RVX = 0dB, RHF = 0 dB, HIZ =1
Distortion 2 %THD | 1.0 Vrms output
LO mute - 40 dB HIZ=0
Noise - 80 dBV BW = 30 Hz to 30 kHz
LOoutput during mute 1.5 Vpo/2 2.1 Vv Vpp=3.6V
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ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions unless otherwise stated (Note 1):

Tauwe=—40 °Cto + 85 °C, Vpp =3.6 V10 5.0 V

Characteristic Value Unit Conditions
Min. | Typ. | Max.
Rx Earpiece Gain Adjustment EARSENSE
Nominal gain 0 dB
Total gain -2.8 3.2 dB EARS[3:0] =0 to 15
Gain adjustment step size 0.2 0.4 0.6 dB RVX=0dB, RHF=0dB,SD=0
Distortion 1 % THD | Output 1 Vrms
Rx Sidetone Path, IPS to EAMPI
Attenuation at EARSENSE amp input 18 19 20 dB EARSENSE =0 dB
Sidetone mute —40 dB SD=0
Rx Earpiece Drivers EPOP & EPON
EPON single ended gain 55 6 6.5 dB Output = 2 Vpp,
120 Q EPON to EPOP
EPOP single ended d.c. level 1.7 Vpo/2 1.9 Y Vpp = 3.6V, EPH1 =1, EPHO=0
EPOP single ended a.c. level -20 dB
EPON single ended distortion 1 % THD | Output = 2 Vpp
EPON & EPOP differential gain 11.5 12 12,5 dB 150 Q (+ 20 %) EPON to EPOP
EPOP differential distortion 1 %THD | Output = 4 Vpp, EPH1 = 1, EPHO = 1
Earpiece mute switch attenuation 40 dB EPHO=0& EHP1=0
EPON external mode: 64 Q (+ 20 %) + 3.3 uF to GND,
EPON gain relative to EAMPI 55 6.5 dB EAMPFB open, Input = HFGIN
EPON distortion 1 % THD | Output = 1.1 Vpp
EPOP output current external mode -10 10 HA At Vg, &0V
EPON & EPOP mute —40 dB EPH1 =0, EPHO=0
EPOP Noise —-80 dBV | EPH1 =1, EPHO =1
Transmit Data Path
TX Data Filter 16 kHz & 20 kHz
Input bias at DATI Voo/2 \ Internally tied via 800 kQ resistor to
Veo/2.
Nominal gain -6.5 -6 -58 dB Input =1 Vrms
Distortion 1.5 %THD | Output=1.5 Vp-p
Noise -60 dBvV BW = 30 Hz to 30 kHz
DATM mute switch attenuation 40 dB
Data Filter frequency response
16 kHz (TACS) -03 0.3 dB | =676 Hz, 1040 Hz
-03 0.3 dB f=4120 Hz, 12120 Hz
-1.0 0.0 dB f= 13960 Hz
-2.0 -1.0 dB f= 14950 Hz DATM =1
-3.0 -2.0 dB f=16050 Hz DATADEV = 0dB
-35 -25 dB f=16420 Hz  Relative to 1040 Hz
-4.0 -3.0 dB f=17040 Hz  DATAF[1:0] = 10
-6.0 -4.0 dB f=18020 Hz
-95 -75 dB f=19990 Hz
-11.0 -9.0 dB f=20970 Hz
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ELECTRICAL CHARACTERISTICS
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These characteristics are guaranteed over the following conditions unless otherwise stated (Note 1):

Taus =—40°Cto + 85 °C, Vpp=3.6 V10 5.0 V

Characteristic Value Unit Conditions
Min. [ Typ. | Max.
TX Data Filter 16 kHz & 20 kHz (continued)
Data Filter frequency response
20 kHz (AMPS) -0.3 0.3 dB f =676 Hz, 1040 Hz
-0.3 0.3 dB f = 4120 Hz, 16050 Hz
-1.0 0.0 dB f=18020 Hz
-2.0 -05 dB | f=18880 Hz DATAF[1:0]= 11
-3.0 -1.5 dB f=20240 Hz DATM =1
-35 -20 dB f=20540 Hz DATADEV = 0dB
-4.0 -25 dB f=20970 Hz Relative to 1040 Hz
-5.0 -3.0 dB f=21960 Hz
-6.0 -4.0 dB f=22820 Hz
-8.0 -5.0 dB f = 24050 Hz
TX Data Gain Stage DATADEV, DATI to DATO pins
Nominal gain 0 dB
Gain adjustment -2.8 3.2 dB DATD[3:0] =7
Gain adjustment steps 0.2 0.4 0.6 dB DATM = 1 DATAF[1:0] = 00
TXSAT and RXSAT Bandpass Filters 6 kHz
RXSAT Filter
RXSAT gain 9 11 dB Input = 400 mVrms at 6030 Hz,
SATDEV =0dB, SATM =1,
SATS = 0dB
RXSAT 6 kHz frequency response -90.0 -35.0 dB f=2520 Hz Relative to 6030 Hz
-90.0 -35.0 dB f=3500Hz SATS =0dB,
—-90.0 -35.0 dB f=4120Hz TACS=1,
-29.0 —24.0 dB f=4980Hz SATD =15 (0dB),
—-0.30 0.50 dB f=5900Hz SATM =1
-0.10 0.35 dB f=5960 Hz
-0.10 0.35 dB f=6030 Hz
-0.30 0.50 dB f=6090 Hz
-26.5 -22.0 dB f=7010Hz
-90.0 -29.0 dB f=8060 Hz
-90.0 -35.0 dB f=19040 Hz
-90.0 -35.0 dB f=9290 Hz
RSO Schmitt output 55 6.0 6.5 kHz SATS=0dB, TACS =1
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ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions unless otherwise stated (Note 1):
Taue=—40°Cto + 85 °C, Vpp=3.6 Vto 5.0V

Characteristic Value Unit Conditions
Min. [ Typ. | Max.

TXSAT Filter 6 kHz

TXSAT gain -28.0 —26.0 dB TACS =1, SATS =1, Output =1 Vpp
at 6030 Hz
TXSAT 6 kHz frequency response -90.0 —35.0 dB f=2520 Hz  Relative to 6030 Hz
—-90.0 -35.0 dB f=3500Hz SATS=1
-90.0 -35.0 dB f=4120Hz TACS=1
-29.0 —24.0 dB |f=4980Hz SATD =15 (0 dB)
-0.3C 0.50 dB f=5900Hz SATM =1
-0.10 0.35 dB f=5960 Hz
-0.10 0.35 dB f=6030 Hz
-0.30 0.50 dB f=6090 Hz
—-25.0 —-22.0 dB f=7010 Hz
-60.0 —-35.0 dB f = 8060 Hz
-60.0 -35.0 dB f=9040 Hz
-80.0 -35.0 dB f=9290 Hz
Gain Stage SATDEV -
Nominal gain 0 dB
Gain adjustment range -45 4.8 dB SATS =0, TACS =1, SATM =1
Gain adjustment size 0.1 0.3 0.5 dB SATD[4:0] = 0 to 31
Distortion 2 % THD | Output = 1.1 Vpp
SATM switch mute attenuation 40 dB SATM =0
Noise - 60 dBV | SATD[4:0] = 15 (0 dB)
DTMF Generator
DTMF output level 60 85 mVrms | Vpp = 3.6 V, high & low tone
DTMEF single tone distortion:
TONEM switch on (via TBPO) 5 % THD | Low group, TONEM = 1
TONEM switch off -40 dB TONEM =0
DTMF switch on (via RBPO) 5 % THD | High group, DTMFM = 1
DTMF switch off —-40 dB DTMFM =0
DTMF high group pre-emphasis -05 0.5 dB DTWIST =0
i.5 2.5 dB DTWIST = 1
Gain Stage TXSENSE, SUMI to MOD pins
Gain -05 0 0.5 dB Output at MOD.
Gain adjustment -28 3.2 dB TXSEN[3:0] =0 to 15
Gain adjustment step size 0.2 0.4 0.6 dB
Distortion 2 %THD | Output =1 Vrms
Noise -80 dBV | BW =30 Hz to 30 kHz
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ELECTRICAL CHARACTERISTICS

ACE9040

These characteristics are guaranteed over the following conditions unless otherwise stated (Note 1):
Tawe=—40°Cto +85°C, Vpp=3.6 Vto 5.0V

Characteristic Value Unit Conditions
Min. | Typ. | Max.
Handsfree Rectifiers
Attack time 1 ms Capacitors to GND =
Decay time 35 ms 68 nF at TXC & RXC pins
TX nominal output levels:
d.c. offset 0.3 0.5 \ Input at IPS = 0 mVrms
a.c. level 1.4 1.5 1.6 \ Input at IPS = 40 mVrms, 1 kHz
INPSENSE = 0 dB, HFS = 0
HFP =1
RX nominal output levels:
d.c. offset 0.3 0.5 \Y Input at HFGIN = 0 mVrms
ac. level 1 1.1 1.2 \Y Input at HFGIN = 100 mVrms, 1 kHz
HFS =1, HFP =1
Voltage Outputs
DEC & BIAS output voltage 1.70 | (Vpo-Ves)2| 1.9 Vv Vo = 3.6 V, 3.3 pF decoupling to
GND at DEC pin
Microphone Bias: Source 1 mA 2.7 2.9 \Y MLI=0,MIS=1, |V =3.6V
Sink 1 mA 2.7 2.9 \" MLI=0,MIS=1,|PD=0
Microphone disabled -0.1 0.10 \Y MLI=0,MIS=0
External Reference Resistor 100 kQ Vep=4.85V
connected from pin RREF to GND 68 kQ Vpp=3.75V
Bandgap at BGAP 1.10 1.35 \Y
LVN Supply Voltage Comparator
Default condition
Vop=3.6V -10 10 HA (high at Voo — 0.2 V)
Voo =31V 2.00 20.0 mA | (low at 0.4 V)
LVN comparator operating lower limit 1 Y
of Vo
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ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions unless otherwise stated (Note 1):
Tae=—40°Cto+85°C,Vpp=36Vto50V

tih

Characteristic Symbol Value Unit Conditions
Min. [ Typ. | Max.
DC Characteristics
Logic input high Vi 0.7 X Vpp Vpp + 0.3 \Y
Logic input low Vi -0.3 0.3x Vpp Vv
Input Capacitance Ci 10 pF
logic inputs leakage current [ +1 HA SCLK, SD, LEN inputs
Vpp =36V &0.0V
AC Characteristics
Clock input frequency: Serial [ 1.008 MHz
interface & SC Filters -100 100 ppm Deviation from 1.008 MHz
Clock duty cycle D 40 50 60 %
Number of clock rising edges to 24 clock
input data cycles
Clock cycles between latch pulses 30 clock
on LEN cycles
Clock cycles before power-up and 8 clock
after powerdown cycles
Data setup time s 80 ns Vpp =375V 0.1 V.
Data hold time tyn 80 ns To=-40°Cto+85°C
Clock low ta 400 600 ns
Clock high tan 400 600 ns
Clock high to latch high t, 440 ns
Latch high to clock high te 220 ns
Latch high tn 240 ns
Rise and fall times 50 ns All digital inputs
Power Supply Rejection Ratio: PSRR Vo = 3.8V + 100 mVpp (a.c.)
COMP[2:1] = 00.
TX path (LI to TLPO) -20 dB LI=0dB, V485 =13.5dB
INPSENSE = 0 dB, softlimit on.
RX path (RXIto EPOP) -30 dB AUDIODEV, RXSENSE = 0 dB
THF, RHF, EARSENSE = 0 dB
RXV, SIDETONE off.
Crosstalk between RX and TX path TBA dB
Data ) | /-
tas \]/ tdn
K<
.50 I D B D A D e
tel tic | 7/
teih ten
Latch /f//
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TYPICAL FREQUENCY RESPONSES
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TYPICAL FREQUENCY RESPONSES

Transmit Overall Relative Response SAT Filter Relative Response vs
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DESCRIPTION

ACE9040 combines ali \ne voice, data and signalling
processing circuits for analog cellular telephones operating
with the AMPS or TACS systems.

Transmit channel functions comprise a microphone am-
plifier, soft limiter, bandpass speech filter, compressor, pre-
emphasis filter, hard limiter, lowpass transmit filter and a gain
control stage to set the deviation. Additional transmit circuits
include a DTMF generator, a lowpass filter for either control
data or signalling tone (ST), filters for supervisory audio tone
(SAT), either transponded or locally re-generated, and devia-
tion setting amplifiers for Data, ST and SAT. The outputs from
the transmit functions feed a modulation combiner whose
gain can be adjusted before driving a modulator and external
power amplifier.

ACE9040’s receive path consists of a bandpass filter,
expander, volume control and power amplifier to directly drive
the earpiece, either differentially or in single ended modes.
Sidetone and DTMF tones can be introduced into the receive
path.

Gain settings, filter characteristics and system control is
programmed via a three wire serial interface to give optimum
operation with either the AMPS or TACS analog cellular
systems.

To implement a handsfree function, both transmit and
receive paths have rectifiers which enable signal amplitude
monitoring via an external pin and signal path attenuators
controlled via the serial interface.

All filter characteristics are set by ratioed on-chip compo-
nents and by a fixed externally input clock rate of 1.008 MHz
and do not needtrimming, filter response options are selected
via the serial interface.

Gain adjustments for different system specifications and
component tolerancing are set via the serial interface using
gain control blocks in the transmit and receive signal paths.
These eliminate the need for any mechanically adjusted

ACE9040

potentiometers. Some gain levels change automatically
when the control bits for one of the standards are set, others
are under user control.

Power saving operates when an individual block is de-
selected and for the whole circuit when in Standby. The circuit
combines high performance with minimum power consump-
tion and uses as few external components as possible.

SERIAL CONTROL BUS

All functions are controlled via a three wire serial inter-
face. Input is via pins SD for serial data, SCLK for the clock
input and LEN for the control message latch signal.

Incoming data bits are clocked in on the rising edges of
SCLK clock input. At the end of each control message
comprising three 8-bit data bytes, the rising edge of the LEN
pulse latches in the data. A system controller should clock
data out on clock falling edges to ensure the maximum timing
margins.

The SCLK clock input must be at 1-008 MHz and continu-
ous whenever the ACE9040 is active because ACE9040’s
switched capacitor filters use clocks derived from SCLK to set
frequency responses.

ACE9040 expects a minimum of 30 clock cycles between
LEN latch pulses, including the clock cycle containing the
latch pulse. A minimum of 8 clock cycles before the beginning
of an Operate command or after a Standby command are
expected.

Three data bytes DATA1, DATA2, and DATA3 contain
bits for system selection, control and mute switches, gain
control and filter response settings, as shown in figure 10.
The last two bits of DATA3, DATA3[1] and [0], determine the
message type, either “Operation”, “Initializing mode 0", “Ini-
tializing mode 1” or “Handsfree”. The details of these four
modes are described in tables 2 to 19.

sou JIIITTTUTUITITTUUUUUU U UUUUIUu U UL

so —__oarx

LEN

| pata2 | DaTA3
| EARLIEST
7654383210765 432107¢62543210] START OF
NEXT
MESSAGE

Fig. 10 Serial Receive Bus Timing

DATA3[0]

Mode

“Operation”

“Initializing mode 0”

“Initializing mode 1”

DATA3[1]
0 i
0 0
1 0
1 1

“Handsfree”

Table 1 Mode Selections
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CONTROL BUS: OPERATION MODE

Data bit Bit Name Function Effect when Effect when
ato at1
DATAS:
[0] DATAS3[0] Bus Mode Select Must be “1” Must be “1”
M DATA3[1] Bus Mode Select Must be “0” Must be “0”
[2] PD Power Down Operate Standby
[5:3] RXV[2:0] Receive Volume See table 3 See table 3
[6] HIZ Line Output Drive Enable Off On
[7] EPH1 Earpiece Mute See table 5 See table 5
DATA2:
[0] RXM Receiver Audio Mute Muted On
[1] SATM Transmit SAT Mute Muted On
[2] DATM Transmit Data Mute Muted On
[3] TXM Transmit Audio Mute Muted On
[4] MLI Microphone Select See table 4 See table 4
[5] DTMFEN Enables each DTMF tone selection Disabled Enabled
[7:6] DTMFMODE([1:0] DTMF Tone Select See table 6 See table 6
DATAT:
[0] DTMFM Transmit DTMF Switch Speech DTMF
[1] TONEM DTMF RX path Confirm Tone Switch Speech DTMF
[5:2] DTMFI[3:0] DTMF Code Select See table 7 See table 7
[6] MIS Line Input Select See table 4 See table 4
[7] PREEMPH Transmit Pre-emphasis Bypass Active Bypassed
Table 2 “Operation Mode”, DATA3[1:0] = 01.
RXV[2] RXV[1] RXV[0] Gain in dB MLI MIS Function
0 0 0 =21 0 0 LI selected, no gain
0 0 1 -18 0 1 MI selected, Micamp gain
0 1 0 =15 1 0 NOT ALLOWED
0 1 1 -12 1 1 LI selected, Micamp gain
1 0 0 -9
1 0 1 -6 Table 4 Microphone Input Select
1 1 0 -3
1 1 1 0
Table 3 Receiver Volume Control Nominal Levels set by
RXV[2:0]. DTMF[3:0] bits | Keypad | Low Freq. | High Freq.
3210 | legend Hz. Hz.
EPH1 | EPHO Function 0000 1 697 1209
0 0 Earphone mute 0001 2 697 1336
0 1 External Earpiece (EPON to ground) 0010 3 697 1477
1 0 Single ended output (EPON to EPOP) 0011 A 697 1633
1 1 Differential output (EPON and EPOP) 0100 4 770 1209
0101 5 770 1336
Table 5 Earphone Mode Select 0110 6 770 1477
(EHPO in Initializing mode 0) 0111 B 770 1633
1000 7 852 1209
. f 1001 8 852 1336
DTMFN:OaE:E‘[;I).O] bits Tone generated 1010 9 852 1477
1011 C 852 1633
0andO No tone. 1100 N 941 1209
0and 1 Low frequency only. 1101 0 941 1336
1and 0 High frequency only. 1110 # 941 1477
1and 1 Dual tones. 111 1 D 941 1633

Table 6 DTMF Mode Selection
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CONTROL BUS: INITIALIZING MODE 0
Data bit Bit Name Function Effect when Effect when
at0 at 1
DATA3:
[0] DATAB3[0] Bus Mode Select Must be “0” Must be “0”
1] DATA3[1] Bus Mode Select Must be “0” Must be “0”
[2] EPHO Earpiece Mode Select See table 5 See table 5
[3] DTWIST DTMF Pre-emphasis 0dB 2dB
[4] PDLVC Power Supply Comparator Active Power Down
[6:5] COMP[2:1] Compander Control See table 9 See table 9
[7} INPS[0] Transmit Audio Gain Adjust See table 10 See table 10
DATA2:
[3:0] INPS[4:1] Transmit Audio Gain Adjust See table 10 See table 10
[7:4] RXSEN[3:0] Receive Audio Gain Adjuét See table 11 See table 11
DATAT1:
[0] RXSEN[4] Receive Audio Gain Adjust See table 11 See table 11
[5:1] SATD[4:0] SAT Modulation Gain See table 12 See table 12
[6] SD Sidetone Enable Off On
[7] SOFTLIMIT Enables Softlimiter Off On
Table 8 “Initializing Mode 0", DATA3[1:0] = 00.
INPS[4]| INPS[3]] INPS[2]| INPS[1]| INPS[0]| Gain (dB)
COMP[2] | COMP[1] Mode 0 0 0 0 0 - 120
0 0 0 0 1 -11-2
0 0 Bypass Compander . . . . . .
1 0 Internal Compander . . . . . .
1 1 Externgl Compander 1 1 1 1 0 +12.0
0 1 BAR Signal Input Mode
(RBPO at high impedance) ! ! ! ! 1 +12:8

Table 9 Compander Operating Modes set by COMP[2:1].

by INPS[4:0].

RXSEN[4] | RXSEN[3] | RXSEN[2] | RXSEN[1] | RXSEN[0] | Gain (dB)
0 0 0 0 0 -6-0
0 0 0 0 1 -56
1 1 1 1 0 +60
1 1 1 1 1 +6-4
Table 11 RXSENSE Receive Audio Nominal Gain settings by RXSEN([4:0].

SATD[4] | SATD[3] | SATD[2] | SATD[1] | SATD[0] | Gain (dB)
0 0 0 0 0 —4.5
0 0 0 0 1 —42
; 1 : ; S
1 1 1 1 1 +4.8

Table 10 INPSENSE Transmit Audio Nominal Gain settings

Table 12 SATDEV Transmit SAT Nominal Modulation Gain settings by SATD[4:0].
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CONTROL BUS: INITIALIZING MODE 1

Data bit Bit Name Function Effect when Effect when
at0 at1
DATA3:
[0] DATAR3[0] Bus Mode Select Must be “0” Must be “0”
[1] DATA3[1] Bus Mode Select Must be “1” Must be “1”
[3:2] TEST[1:0] Test Mode Select see table 14 see table 14
[4] SATS SAT source Select RXSAT TXSAT
[6:5] DATAF[1:0] Data Filter Bandwidth Select see table 15 see table 15
[7] TACS Cellular System Select * TACS*
DATA2:
[3:0] TXSEN[3:0] Combined Modulation Gain see table 16 see table 16
[7:4] DATDI[3:0] Data Modulation Gain see table 16 see table 16
DATA1:
[3:0] AUDEV[3:0] Audio Modulation Gain see table 16 see table 16
[7:4] EARS[3:0] Earpiece “EARSENSE” Gain see table 16 see table 16
See table 19.
Table 13 “Initializing Mode 17, DATA3[1:0] = 10.
TEST[1] | TEST[0] | Test Mode
0 0 Operate mode (not in test mode) DATAF[1] | DATAF[0] Cut-off Frequency
1 0 Test DTMF
0 1 Bypass TXLPF 1 0 16 kHz
1 1 Bypass TXLPF & Softlimiter test 1 1 20 kHz

Table 14 Test Modes selected by TEST[1:0].
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Table 15 Data Filter Bandwidths selected by DATAF[1:0].

TXSEN[3] | TXSEN[2] | TXSEN[1] | TXSEN[O]

DATD[3] | DATD[2] | DATD[1] | DATD[0] Gain

AUDEV[3] | AUDEV[2] | AUDEV[1] | AUDEV[0] (dB)
EARS[3] | EARS[2] | EARS[i] | EARS[0]

0 0 0 0 -2.8

0 0 0 1 -2.4

1 1 1 0 +28

1 1 1 1 + 3-2

Table 16 TXSENSE, DATADEV, AUDIODEV, and EARSENSE Nomi-
nal Gains set, respectively, by TXSEN|3:0], DATD[3:0], AUDEV]3:0],

and EARS[3:0].




CONTROL BUS: HANDSFREE MODE

ACE9040

Data bit Bit Name Function Effect when Effect when
ato0 at 1
DATA3:
[0] DATA3[0] Bus Mode Select Must be “1” Must be “1”
[1] DATA3[1] Bus Mode Select Must be “1” Must be “1”
[4:2] THF[2:0] Transmit Handsfree Gain see table 18 see table 18
[7:5] RHF[2:0] Receive Handsfree Gain see table 18 see table 18
DATA2:
[0] HFP Handsfree Rectifiers Power Off On
[1] HFS HF Output Connection Path Transmit Receive
[2] MIG Microphone Amplifier Gain +22dB +32dB
[4:3] not used - - -
[5] AMPS Cellular System Select + AMPS#
[6] not used - - -
[71 - - must be "0" must be "0"
DATAT1:
[2:0] - - must be "0" must be "0"
[5:3] not used - - -
[7:6] not used - - -

#See table 19.

Table 17 “Handsfree Mode”, DATA3[1:0] = 11.

THF[2] THF[1] THFI[0] Gain

RHF[2] RHF[1] RHF[0] (dB)
0 o | J 0
0 0 1 -7
0 1 0 —14
0 1 1 -21
1 0 0 -28
1 0 1 -35
1 1 0 —42
1 1 1 —49

Table 18 TXHFGAIN and RXHFGAIN Handsfree
Attenuator Nominal Gains, set by THF[2:0] and RHF[2:0].
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ACE9040
CIRCUIT OPERATING MODES

ACE9040 has three operating modes: Operate, Standby
and Sleep. In Operate mode all parts of the circuit are active,
exceptfor any explicitly powered down and the DTMF genera-
tor which only powers up when tones are generated. The pin
STBY is pulled high in Operate mode to supply V,, to external
audio circuits, such as a compander.

Standby Mode

Standby mode is used when the cellular terminal is
waiting for a call and is selected by an “Operation mode”
control message with bit PD at “1”. In this mode all analog
circuits, data paths, filters and their clock drivers are powered
down giving a greatly reduced supply current. In standby
mode all switch and level controls retain their previous state,
the pin STBY is not driven removing the Vp, supply from
external circuits. To leave Standby mode an operate com-
mand should be given by using an “Operation mode” control
message with bit PD at “0”.

Sleep Mode

Sleep mode is the same as Standby but without a clock
input. To enter sleep mode the standby command should be
given and after a delay of at least 20 us the SCLK clock
stopped. To wake-up from sleep mode, the the SCLK clock
must be started and after a delay of at least 100 ps an operate
command given.

TRANSMIT VOICE PATH

Power on Reset

At power up ACES040 is put into Standby mode.
ACE9040 is set up by the controlling processor via the serial
interface using four control messages: “Operation”, “Initializ-
ing mode 0”, “Initializing mode 1” and “Handsfree”. Usually
the “Operation” control message would be sent last as it
contains the power down/up bit PD.

CELLULAR SYSTEM SELECTION

Two control bits are used to set the filter responses and
gainlevels forthe AMPS or TACS cellular systems. These bits
are TACS in control message “Initializing mode 1” and AMPS
in control message “Handsfree mode” and select the system
as shown in table 19.

Bits System
AMPS TACS Selected
0 0 Not valid
0 1 TACS
1 0 AMPS
1 1 Not valid

Table 19 Cellular System Selection
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TRANSMIT INPUT SIGNAL PRECONDITIONING
Microphone Amplifier (MIG)

Microphone signals input at M| via switch MLI are ampli-
fied by a gain selectable amplifier of either 22 dB or 32 dB,
controlled by the MIG bit in the “Handsfree mode” control
message. The microphone amplifier's input can also be
connected to the line input LI via the MLI switch. The micro-
phone amplifier's output drives the soft limiter via switch MIS
which also allows higher level signals from the line input LI to
bypass the microphone amplifier to drive the soft limiter
directly. These two switches are controlled by the MIS and
MIL bits in the “Operation mode” control message.

Soft Limiter

Signal amplitude is restricted without clipping to the
correct level for F.M. deviation by the soft limiter. This oper-
ates as an AGC system, controlled by the signal amplitude at
the compressor input and the hard limiter output later in the
signal processing path. If the signal is too large at either of
these points the soft limiter forward gain is reduced. The
nominal soft limiter gain range of 0 to - 30 dB in 64 steps of
0-5 dB covers all normal volume changes occuring during a
conversation. Soft limiter attack and decay times are set by
internal clocks derived from SCLK and ramp the gain steps at
nominal rates of one step down every 40 ps when the signal
is too large and one step up every 1.68 ms when the signal is
too small.

The soft limiter output at pin SLO is externally coupled
with acapacitor to the input pin IPS of the following gain adjust
stage, INPSENSE. When the speech channel is used to send
DTMF signalling tones a switch, controlled by bit DTMFM in
the “Operation mode” control message, selects the internal
DTMF signal rather than the speech signal at input IPS.

For test purposes TEST[1:0] bits in the “Initializing Mode
1” control message can configure switches to give access to
the softlimiter comparator inputs. When TEST[1:0] bits are
high the 3 & 97 % window comparator is switched from the
hard limiter output to PREIN input and the 92 % comparator
is switched to IPS input.

INPSENSE AMPLIFIER and TXBPF FILTER

Both microphone and transmit voice path tolerances are
trimmed in the INPSENSE gain adjustment block following
the soft limiter and DTMF switch. INPSENSE has a nominal
gain of 8-0 dB with a trim range of - 12.0 to + 12-4 dB relative
to the nominal gain set by bits INPS[4:0] in the “Initializing
mode” control message.

Transmit signal preconditioning is completed by a band-
pass filter TXBPF to limit the audio signal to a speech
bandwidth of 300 Hz to 3-4 kHz. This filter uses switched
capacitor techniques and is preceded by an anti-alias filter
and followed by a smoothing filter to remove the clock from its
output. The typical frequency response is shown in figure 4
which also shows the mask defined by type approval limits.

ACE9040

HANDSFREE FUNCTIONAL BLOCKS

Between the transmit bandpass filter and the compressor
two extra functions are included for use with handsfree
operation. Firstly an attenuator HFGAIN is provided to give
progressive signal reduction in handsfree mode with a range
of 0 to -49dB in 7 dB steps, set by bits THF[2:0] in the
“Handsfree mode” control message. The HFGAIN
attenuator’s output drives pin TBPO which is externally ca-
pacitively coupled to the compressor input at pin CIN and
internally drives both the soft limiter and sidetone circuits.

The second function provided for handsfree operation is
a signal rectifier whose output, filtered by an external capaci-
tor at pin TXC, drives output pin HF via switch HFS with ad.c.
transmit level. Switch HFS is controlled by bit HFS in the
“Handsfree mode” control message. Under control of bit HFS
both receive and transmit levels are available at HF output pin
for external comparison to implement the handsfree function.
The handsfree system is further described in the section
HANDSFREE OPERATION.

COMPRESSOR

ACE9040 provides a 2:1 compressor to halve the trans-
mit dynamic range as required by analog cellular systems.
Within the operating signal range each 2 dB change in input
level gives a 1 dB change in output level. A transmit signal is
input through pin CIN and output on pin COUT, the signal is
referencedto a mid-supply voltage. CRCIN and CRCOUT are
connections for the external attack and delay time constant
setting components.

The compressor’s nominal unity gain (unaffected) level
is 707 mV. Above this level the signal at CIN is attenuated and
below this level the signal is amplified to achieve the 2:1 dB
compression. Table 20 gives the nominal, Vmax and Vmin
levels at CIN and nominal levels at COUT corresponding with
the TACS and AMPS systems for 0 dB, maximum and mini-
mum deviation.

For the usual attack time of 3.0 ms and decay time of
13-5 ms a 180 kQ resistor is connected between CRCIN and
CRCOUT pins and a 100 nF capacitor between CRCIN and
GND pins. An 82 nF capacitor should be connected between
the VMIDTX and GND pins. Attack and decay time is meas-
ured with a 12 dB step, - 8 dB to - 20 dB relative to the
unaffected level. Attack and decay times are respectively
defined at points on the output envelope where it reaches
x 1-5 and x 0-75 of the final steady state level.

External compressor connections allow the use of exter-
nal coupling capacitors to remove d.c. offsets and optionally
an external compander. The compressor can be internally
bypassed allowing use of ACE9040 without companding in
non-cellular applications, or for test purposes. Bits
COMP[2:1] in the “Initializing mode 0” control message con-
trol the operation of the internal compander and are used to
switch both the transmit compressor and receive expander
into or out of the signal path. When not in use the internal
compressor and expander are both powered down.

System Vmax at CIN Vmin at CIN Nominal Input at CIN Nominal Output at COUT
Vrms dB mVrms dB (0dB) levels mVrms levels mVrms
TACS 1.0 +25 1.77 -30 56 200
AMPS 1.0 +23 2.25 -30 71 225

Table 20 Compressor CIN and COUT signal levels for TACS and AMPS
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FINAL MODULATION PREPARATION
Pre-emphasis

A pre-emphasis filter follows the compressor to boost
the amplitude of higher audio frequencies by tilting the fre-
quency response by 6 dB per octave across the whole speech
band as shown in figures 5 and 8. To prevent overload in the
pre-emphasis filter the signal first passes through an
attenuator set to suit the system in use. If an external
compander is used or the companding function is bypassed
the gainis setto 0 dB. When using the internal compander the
gain is set to —7 dB for TACS or —11-0 dB for AMPS.
Compander bypass is determined by control bits COMP[2:1].
The pre-emphasis filter and attenuator input is pin PREIN and
the output is an internal connection to the hard limiter. The
pre-emphasis filter, but not the attenuator, can be bypassed
if the PREEMPH bit in the “Operation mode” control message
is set to “1”.

Hard Limiter

To ensure compliance with the peak deviation specifi-
cation for cellular telephone systems, a hard limiter follows
the pre-emphasis filter to remove any transient level changes
that have passed through the soft limiter. This limiter will
handle large signals and has symmetrical clipping levels
close to the supply rails Vpp & Vs (GND). To ensure clipping
at the same hard limiter input signal level with both the
nominal power supply voltages, hard limiter gain is adjusted

TRANSMIT DATA AND DTMF PATHS

by an external pin “V485”. For the nominal supply voltages of
4.85 Vand3.75 V gain is respectively 16 dB (V485 pin at “1”)
and 13.5 dB (V485 pin at “0”). An 8 dB attenuator follows the
limiter to prevent any further clipping of the signal in the
following transmit lowpass filter.

TX Lowpass Filter TXLPF

A TXLPF lowpass filter with an optimised stop band
response limits the signal bandwidth to a cut-off frequency of
3.0 kHz, the frequency response is shown in figure 6. The
combined frequency response of the pre-emphasis and
lowpass filter stages is shown in figure 8. It is possible for test
purposes to bypass this lowpass filter by setting bit TEST[0]
in the “Initializing mode 1” control message to a “1”.

Speech Deviation Level Setting

A controlled gain stage AUDIODEYV sets the output level
to give the required FM deviation for speech. The gain is set
by bits AUDEV[3:0] in the “Initializing mode 1” control mes-
sage. AUDIODEV is followed by a transmit audio mute switch
enabled by bit TXM in the “Operation mode” control message.
A buffer drives output pin TLPO with the transmit speech
signal (and DTMF when in use) which is added with DATA/ST
and SAT tones in the modulation combiner.

16/20 kHz -28t0+3-2dB
DATAF[1:0] DATD[3:0]
LOW-PASS DATM
p S—
DATI C FILTER I_*’\o_—% >——-0 paTO
VMID DATADEV
IPS
DTMFM
DTMF([3:0] DTWIST  DTMFMODE[2:1) LL-O__) TRANSMIT
VOICE PATH
DTMF ;;FE;HASIS MODE
A
TQNEM - mECEIVE
[—o VOICE PATH
RXI
—O DTMF

Fig. 12 Transmit Data and DTMF Paths

Transmit Data

Data communication from mobile terminals to base sta-
tions in the AMPS and TACS cellular phone systems takes
place over the Reverse Control Channel (RECC) during call
set-up and in short bursts over the Reverse Voice Channel
(RVC) during a call.

RECC or RVC data is transmitted for AMPS or TACS as
a 10 kHz or 8 kHz Manchester Coded FSK signal respec-
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tively. The data signalis generated by the ACE9050 “System
Controller and Data Modem” or similar digital circuit to drive
ACE9040’s DATI input pin. The DATI input data signal is
filtered using a 4th order Butterworth lowpass filter with
nominal - 3 dB points of 16 kHz for TACS, or 20 kHz for
AMPS. This filter is implemented using switched capacitor
techniques and is preceded by a continuous time anti-alias



filter, the output buffer includes a clock rejection filter. The
cut-off frequencies are programmed by bits DATAF[1:0] inthe
“Initializing mode 1” control message. Filtered data passes
through the mute switch DATM and a variable gain stage
DATADEV with a range of — 2.8 to + 3-2 dB to set the required
level of deviation. The mute switch is controlled by bit DATM
in the “Operation mode” control message. DATADEV is
controlled by bits DATD[3:0] in the “Initialising Mode 1” control
message. The data signal is buffered out to pin DATO to drive
the modulation combiner.

DTMF

DTMF tones are generated when commanded via the
serial interface and conform to the standard CCITT frequen-
cies. All 16 standard tone pairs or any individual tone can be
generated. To select DTMF tones data bits for transmission
DTMFEN, DTMFMODE[1:0] and DTMF[3:0] need to be set
using an “Operation mode” control message. Data bits
DTMFMODE([1:0] select low, high or both tones of the pair as
shownintable 6. Bits DTMF[3:0] selectthe tone pair as shown
in table 7. DTMFEN set to “1” enables DTMF operation. To
change DTMF tones, an “Operation mode” control message

TRANSMIT & RECEIVE SAT PATHS

ACE9040

with DTMFEN set to “0” must be sent to cancel the previous
selection.

An optional pre-emphasis of 2 dB of the high frequency
tone group above the level of the low frequency group is
enabled by bit DTWIST in the “Initializing mode 0” control
message.

DTMF tones can be selected to replace the speech in
either or both the transmit and receive paths. In the transmit
path setting bit DTMFM to “1” in the “Operation mode” control
message will connect the DTMF signal to INPSENSE gain
adjustment block’s input in place of the speech signal. In the
receive path setting bit TONEM to “1” in the “Operation mode”
control message will connect the DTMF signal to the input to
RXSENSE gain adjustment block in place of the speech input
at pin RXI.

DTMF signals are generated as sinewaves by an internal
digital to analog converter and are smoothed by the transmit
and receive filters. DTMF waveforms start and stop at a zero
crossing to avoid transients in the filters and to limit their
bandwidth. The DTMF signal is brought out directly on pin
DTMF without further buffering.

The DTMF generator is powered down whenever a tone
is not being generated, by setting DTMFMODE([1:0] to “00”.

RXSAT
)_—
RSt G 6 kHz FILTER

-12dB

TXSAT
TSI G 6 kHz FILTER

- 15dB

SCHMITT

~4570 +4.8dB
SATD[4:0]

SATS SATM

SATDEV

VMID

Fig. 13 Transmit and Receive SAT Paths.

Re-transmitted SAT

ACE9040 provides two alternative paths for Supervisory
Audio Tones (SAT). The first of these re-transmits the
received SAT tone to the base station after narrow band
filtering and providing signal level adjustment. This path is
selected by setting SATS bit to “0” in the “Initializing mode 1”
control message. The baseband signal from the receiver FM
discriminator drives the ACE9040 through the RSI pin into the
RXSAT 6 kHz bandpass filter required for AMPS or TACS.
The recovered SAT signal then passes through a 10 dB
amplifier andthe SATS selector switch to the deviation setting

amplifier SATDEV. This is controlled by bits SATD[4:0] in the
“Initializing mode 0” control message. SAT then passes
through the SATM mute switch, controlled by bit SATM in the
“Operation mode” control message, to output pin TSO for
input to the modulation combiner.

Regenerated SAT
The alternative SAT path externally measures the SAT
frequency and generates a local tone to match. This route is

173



ACE9040

selected by settingthe SATS bit to “1” in the “Initializing mode
1” control message. The ACE9040 connects the receive filter
RXSAT output through a Schmitt trigger to drive pin RSO with
alogic level version of the received SAT. A system controller,
such as an ACE9050, detects the frequency and generates a
digital signal to drive back into the ACE9040 on pin TSI. After
the signal level is reduced by -12 dB a 6 kHz bandpass filter
TXSAT converts this square-wave into a sinewave. This is
followed by a - 15 dB attenuator to reduce the near logic level
signal to a normal modulation level. This signal drives the
same SATDEV deviation setting stage and mute switch

TRANSMIT SIGNAL COMBINER

SATM as the returned signal to give an output at TSO.

Base Station Originated SAT

ACE9050, System Controller, can be used to generate a
squarewave SAT at 6 kHz which is input to pin TSI and filtered
by the TXSAT filter and output at TSO. The RXSAT filter path
with its output at RSO, can be used to filter the received SAT
from a mobile for verification by an external frequency detec-
torthat the mobile is transponding the correct tone. This is the
same as the regeneration loop above but starting with gen-
eration.

T s o —
i ~2810+32dB
0 TXSEN[3:0]
SUMIO- h |
: O MOD
H . I
WMID IXSENSE

Fig. 14 Transmit Signal Combining Network and Modulation Driver

Used to modulate the transmitted r.f. output, the speech
and optional DTMF signals at TLPO, SAT at TSO, and data
and ST at DATO, are combined using an internal op-amp.
This op-amp has an inverting input at pin SUMI and output at
pin SUMO, the non-inverting input is internally biased to
VMID. With an external feedback resistor between SUMI and
SUMO, external resistors sum the inputs into pin SUMI and
are chosen for each different cellular system to select the
relative and absolute gains to give the correct deviation for
each component of the modulation. Individual fine adjust-
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ments to take out component value tolerances can be made
by setting: AUDIODEV, SATDEV and DATADEV gains, de-
scribed in more detail in the sections TRANSMIT VOICE
PATH, TRANSMIT AND RECEIVE SAT PATHS, and
TRANSMIT DATA AND DTMF PATHS. A fine adjustment is
made to the combined signal level by TXSENSE which drives
the modulator through pin MOD. The gain of TXSENSE is set
by bits TXSEN[3:0] in the “Initializing mode 1” control mes-
sage over the range — 2-8 to + 3-2 dB.
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Fig. 15 Receive Voice Path

De-emphasis and Receive Signal Input

Demodulated FM signals drive the RXI input pin via an
external de-emphasis lowpass R-C filter of typically 180 kQ
and 10 nF. With TONEM switch set to RXI the input signal is
amplified in the block RXSENSE with a gain of + 8 dB.
RXSENSE also provides fine adjustment over a range of
- 6-0 dB to + 6-4 dB to take up signal level tolerances in the
receiver output. Fine gain adjustment is controlled by
RXSEN][4:0] bits in the “Initializing mode 0” control message.

When the DTMF generator in the transmit section is in
use its output can be switched into the receive path to replace
the RXI signal by setting bit TONEM in the “Operation mode”
control message to “1”. This does not affect the transmitted
signal but allows the user to hear DTMF tones to confirm key
press operation.

RX Bandpass Filter

The RXSENSE amplifier’s output is bandpass filtered to
the speech bandwidth of 300 to 3400 Hz by receive bandpass
filter RXBPF, as shown in figure 7. RXBPF uses switched
capacitor filter techniques but does not include an anti-alias
inputfilter as signals at RX| fromthe external receiver’s output
and the internal DTMF generator’'s output are already
bandlimited. The F.M. discriminator output signals from
ACE9040’s companion device “ACE9030: Radio Interface

and Twin Synthesiser” are bandlimited by its output filter and
ACE9040’s internal DTMF tones are generated as sinewaves
without the need for a further anti-aliasing filiter.

RXBPF filter output passes through the receive mute
switch controlled by bit RXM in the “Operation mode” control
message and is buffered to drive pin RBPO by amplifier
EXPGAIN. During mute the RBPO pin is driven to the signal
ground voltage at mid supply (as found on pin BIAS).
EXPGAIN gain is nominally 12.3 dB when using the internal
expander and 0 dB when using an external expander. The
output circuit driving RBPO includes a smoothing filter to
remove clock noise.

Expander

Input to the expander at pin EIN is coupled by an external
capacitor from RBPO to remove any d.c. voltage offsets.
Using external coupling also allows the option of using an
external compander or bypassing the expander if a linear
system is required. In either case the signal should feed back
into ACE9040 at pin HFGIN. ACE9040’s compander can be
bypassed by setting bits COMP[2:1] in the “Initializing mode
0” control message to “00”.

A ring tone from the BAR (Beep, Alarm, Ring) generator
of ACE9050 “System Controller” can be added to the ex-
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pander input EIN by using an external summing network and
internally open circuiting the drive to pin RBPO duringthe tone
(not just muting the speech). This is achieved with bits
COMPI[2:1]in the “Initializing mode 0” control message set to
“01”.

Signal dynamic range at input pin EIN is doubled in the
1:2 expander to restore the original signal. Within the operat-
ing signal range each 1 dB change in input level gives a 2 dB
change in output level. The expander output drives pin EOUT
which is coupled by an external capacitor to the input pin
HFGIN. The external connection allows use of an external
compander and removes any d.c. voltage offsets. Bits
COMP[2:1]inthe “Initializing mode 0” control message can be
used to select external companding mode and power down
the internal compressor and expander.

The expander’s unity gain (unaffected) level EIN to EOUT
is 1 V. Above this level gain is applied to the signal at EIN and
below this level the signal is attenuated to achieve 1:2 dB
expansion. Table 21 gives nominal, Vmax and Vmin levels at
EIN and nominal levels at EOUT corresponding with the
TACS and AMPS systems for 0 dB, maximum and minimum
deviation.

Expander pins ERCIN and ERCOUT are used to set the
attack and decay times for the expansion process. For the
usual attack time of 3.0 ms and decay time of 13.5ms, a
resistor of 180 kQ is connected between ERCIN and
ERCOUT pins and a capasitur of 163 nF from ERCIN to Gili:.
An 82 nF capacitor should be connected between VMIDRX
and GND. Attack and decay time is measured with a 6 dB
step, - 4 dB to - 10 dB relative to the unaffected level. Attack
and decay times are defined respectively at points on the
output envelope where it reaches x 0.57 and x 1.5 of the final
steady state level.

Volume Control and Handsfree Attenuator

Two variable gain stages follow the expander, RXLEVEL
for the volume control and HFATTEN for use with handsfree
mode. Both blocks provide attenuation, expressed as gain to
assist system level design, RXLEVEL from 0 to - 21 dB and
HFATTEN from 0 to - 49 dB. RXLEVEL is controlled by bits
RXV[2:0] in the “Operation mode” control message and
HFATTEN is controlled by bits RHF[2:0] in the “Handsfree
mode” control message.

RX Audio Output: Line Output and Earpiece

Following the handfree attenuator the signal path splits
into two parallel paths: a line output for loudspeaking phones
and drivers for a dynamic earpiece or external handsfree
earpiece. Bits EPH1 and EPHO in the “Operation Mode” and
“Initializing Mode 0” control messages respectively control
the operation of these outputs, see table 5.

The earpiece output path begins with a variable gain
stage EARSENSE which js controlled by bits EARS[3:0]inthe
“Initializing mode 1” control message to give a gain range of
- 2.8 to + 3:2 dB. A sidetone signal from the output of the
handsfree attenuator HFGAIN at pin TBPO is added at
EARSENSE's input if bit SD in the “Initializing mode 0” control

message is setto “1”. The output of this block is at pin EAMPI.

The signal at pin EAMPI is amplified by an opamp whose
gain is set by external resistors, allowing overall gain setting
for different models of cellular terminal. A resistor is con-
nected from EAMPI to the amplifier input pin EAMPFB and a
feedback resistor is connected from the amplifier output
EAMPO to EAMPFB. The ratio of these two resistors sets the
gain and the opamp’s output including feedback resistors
should not be loaded with less than 15 kQ. Additional filtering
can also be addedto the receive path usingthe EAMP opamp.

Earpiece

The earpiece drivers have outputs at pins EPOP and
EPON. One of three modes of output drive or a muted output
condition is selected by bits EPH1 and EPHO, see table 5.

A dynamic earpiece, typically of 150 Q resistance in
series with 800 pH, can be driven when connected between
pin EPON and EPOP. The drive mode can be either differen-
tial (EPH1=1, EPHO=1) or single ended (EPH1 =1,
EPHO = 0). The differential output, drives a minimum of 4 Vpp
into the load. The single ended output appears at EPON and
drives a minimum of 2 Vpp into a load referenced to pin
EPOP, which provides an output voltage at mid-supply.

Output drive is setup for an external handsfree earpiece
with EPH1 =0 and EPHO = 1. This load, typically of 64 Q
resistance in series with 3.3 pF, is driven from pin EPON to
yicund aca tie EPOP output is put into a high imdedance
state. The minimum drive into this load is 1.1 Vpp.

The input for the EPOP and EPON output drivers is
driven by the signal at the EAMPO pin for single ended and
differential outputs or from EAMPI directly for a handsfree
earpiece, bypassing the EAMP opamp. The gain from the
earpiece drivers’ common input, to both EPON's inverting and
and EPOP's non-inverting outputs, is nominally + 6 dB.

Line Output

Line output amplifier LODRIVE with its output at pin LO
has a gain of + 5 dB and is used to drive an external audio
power amplifier. LODRIVE can drive a 1 kQ load with a
minimum of 1 Vrms. The LO output can be put into a high
impedance state by setting bit HIZ in the “Operation mode”
control message to “0”. During power down EPON and EPOP
and LO are tied to mid-supply voltage.

HANDSFREE OPERATION

In ahandsfree telephone the simplest method of prevent-
ing howl round caused by acoustic feedback is to attenuate
either the forward or return path until the loop gain is too low
for sustained oscillation. The least active path is attenuated
so the signal level in each path must be detected and
compared so that the quieter can be attenuated.

In the ACE9040 the signal level in both the transmit and
the receive paths are rectified, with smoothing capacitors at
pins TXC and RXC respectively, to give d.c. voltages corre-
sponding to the signal levels.

A switch HFS with its output at pin HF can be internally
toggled between TXC and RXC to allow measurement of the

System Vmax at EIN Vmin at EIN Nominal Input at EIN Nominal Output at EOUT
Vrms dB mVrms dB (0dB) levels mVrms levels mVrms

TACS 1.0 +12.5 43 -15 245 60

AMPS 1.0 +12.3 22 -21 245 60

Table 21 Expander EIN and EOUT signal levels for TACS and AMPS
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two levels at these pins by an external level sensing circuit
such as an analog to digital converter input of ACE9030. The
HFS switch is controlled by bit HFS in the “Handsfree mode”
control message.

The system controller after comparison of the voltage
levels at TXC and RXC pins can attenuate the weaker signal
path by up to 49 dB, in 7 dB steps using blocks HFGAIN for
transmit and HFATTEN for receive. Bits THF[2:0] and
RHF[2:0] in the “Handsfree mode” control message are used
to set the gains of HFGAIN and HFATTEN respectively. The
rate of change of gain should be limited in the system
controller to allow normal conversation.

Attack and decay time constants are setby the resistance
and capacitance on the TXC and RXC pins. With the internal
resistor to ground of approximately 500 kQ and an external
capacitor to ground of 68 nF the normal attack time of 1 ms
and decay time of 35 ms is achieved. By adding a parallel
resistor the ratio of attack to decay time can be altered.

To save power in a hand portable when handsfree
operation is not needed, the transmit and receive signal
rectifiers can be switched off by setting bit HFP in the
“Handsfree mode” control message to “0”.

BIASES AND REFERENCES

i
i
2
L DEC o « |—>» vmiDRX
3.3 pF = BIAS o— <]
= RREF %5— =
| 64 ]
MICBIAS é—- 0 =
100 kY ta4 | <W —— VMIDTX
" BGAP 6—4 @O
68 kQ ’
= = 10 nF
*VDD =375V

Fig. 16 Bias Circuits

BIAS, VMID and MICBIAS

Within ACE9040 most signals are single ended and
swing either side of a mid-supply reference voltage. These
internal references are all labelled VMIDxx in this data sheet.

Alow impedance voltage source at mid-supply for use as
an external signal ground is available on pin BIAS. This is a
buffered copy of the voltage at pin DEC which is from an
internal high impedance potential divider between V;; and

ACE9040

Vss. The DEC pin should be decoupled to ground with a
capacitor of greater than 3.3 uF. Two additional buffers pro-
vide copies of DEC’s voltage at pins VMIDTX and VMIDRX,
these are used as internal signal grounds for the transmit and
receive paths respectively. VMIDTX and VMIDRX pins
should be decoupled to GND with 82 nF capacitors. By using
separate mid-supply signal grounds crosstalk due to the
compander time constant circuits and the speech and tone
signals are kept to a minimum.

Pin MICBIAS gives the bias needed for an electret
microphone nominally 0-8 times Vg, e.9. when V;is 3-75 V
MICBIAS =3V

OP-AMP Reference Current

Reference currents for all the internal op-amps are set by
an external resistor connected from pin RREF to ground (V).
Nominal values are 100 kQ for V, = 4-85 V and 68 k2 for
Voo = 3:75 V. A stable discrete resistor should be used to
ensure consistent operation over a wide temperature range.

Power Supply Comparator - Reset Output

A power supply comparator is provided to give a reset at
power-on and enable the system controller to initiate a clean
shut-down sequence if the battery voltage falls too low. When
Vop is below a band-gap derived threshold the open-drain
outut pin LVN drives to a logic low. This occurs for Vg
exceeding 1 V but less than a typical threshold of 3-35 V. An
external resistor at LVN provides a pull-up to Vy, with a
capacitor to ground (V) to give a power-on reset delay.
Typical values for RC are 220 kQ and 150 nF. This RC
combination also removes short transients or noise pulses
fromthe signal at LVN during power up. If this comparator is
not required the bandgap and comparator can be powered
down by setting bit PDLVC in the “Initializing mode 0” control
message to a “1”.

Serial Data Clock

All switched capacitor filter switching clocks are derived
from the serial data clock SCLK which must be fixed at
1.008 MHz to ensure correct frequency responses.

AMPLIFIER

An uncommitted op-amp is provided with its non-invert-
ing input internally connected to VMID, inverting input at pin
AMPI and output at pin AMPO.
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APPLICATIONS INFORMATION

To help with system set up tables 22 to 25 show
ACE9040's functions and their respective controlling bits.
Table 23 shows the gains and filter characteristics pre-
determined when setting the TACS & AMPS cellular system

selection bits. Tables 23 & 24 show these functions respec-
tively for the transmit and receive sections of ACE9040. Table
25 shows the four control messages with an example of the
data to turn all ACES040 functions on.

Function Controlled by TACS & AMPS Bits

TACS AMPS
Internal pre-emphasis gain control. TACS=-7.0dB 1 0
AMPS=-11.0 dB 0 1

Table 22 Functions Controlled by TACS & AMPS Bits

Gain and filter set-ups for TACS, AMPS and user control bits: Transmit
TACS AMPS User control bit(s)
Microphone amp 22 or 32 dB 22 or 32 dB MIG
Soft limiter Oto-30dB 0to - 30 dB Internal
INPSENSE gain adjust +8dB +8dB INPS[4:0]
(-12.8to+12dB) | (-12.8to + 12 dB)
TXBPF TX bandpass filter 0dB 0dB Fixed
HFGAIN, TX Handsfree attenuator Oto - 49 dB 0to - 49 dB THF[2:0]
Compressor: Compression about 2:1 2:1 Fixed
unaffected level. (707 mVrms, - 3 dBV)
Pre-emphasis gain control -7dB -11dB TACS & AMPS
(Internal compressor)
Pre-emphasis gain control 0dB 0dB Fixed
HARD LIMIT, Hard deviation limiter +16.5dB @ 4.85V| +13.5dB @ 3.75V | V485 pin
+13.5dB @ 3.75V | +16.5dB @ 4.85V
TXLPF TX low pass filter -8dB -8dB Fixed
AUDIODEV, 0dB 0dB AUDEV[3:0]
(-2.8 to + 3.2dB) (-2.8to + 3.2 dB)
TXSENSE, signal 0dB 0dB TXSEN[3:0]
(-2.8t0 +3.2 dB) (-2.8 to +3.2 dB)
Nominal TX Channel Gain 28.52dB @ 3.75 V 23.52dB @ 3.75V
(bypassed compressor) 31.5°dB @ 4.85V 26.52dB @ 4.85V

Notes:
2. MIC gain = 22 dB

1. Above the unaffected (0 dB gain) level the compressor attenuates and below this level it provides gain.

Table 23 Transmit gain and filter set-ups for TACS, AMPS and user control bits
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Gain and filter set-ups for user control bits: Receive
TACS AMPS User control bit(s)
External De-emphasis -21 dB’ -21dB? Fixed
externally
RXSENSE: Receive audio gain +8dB +8dB Fixed
RXSENSE: Receive audio gain adjustment -6to+6.4dB -6to+6.4dB RXSEN[4:0]
range
RXBPF: RX bandpass filter 0dB 0dB Fixed
RX Expander gain EXPGAIN: Internal +12.3dB +12.3dB Fixed
RX Expander gain EXPGAIN: External 0dB 0dB Fixed
Expander: Expansion about unaffected 1:22 1:22 Fixed
level (1000 mV, 0 dBV)
RXLEVEL, Receive volume control -12dB -12dB RXV[2:0]
(+12t0-9dB) (+12to-9dB)
HFATTEN, RX handsfree attenuator 0to - 49 dB Oto-49 dB RHF[2:0]
EARSENSE 0dB 0dB EARS[3:0]
(-2.8to +3.2dB) (- 2.8 to + 3.2 dB)
Ear piece driver 6 dB 6 dB Fixed
Nominal Receive Gain -6.7dB -6.7dB Fixed
(Expander bypassed)
DATA and SAT Filters
TX data path filter cut-off 16 kHz 20 kHz DATAF[1:0]
TX & RX bandpass SAT filter centre 6 kHz 6 kHz Fixed
frequency

Notes: 1. Attenuation with an external de-emphasis network of series 180 k2 with 10 nF to GND at RXI input.
2. Above the unatfected (0 dB gain) level the expander provides gain and below this level it attenuates.
Table 24 Receive, Data and SAT gain and filter set-ups for user control bits
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OPERATING MODE
WORD/BIT D7 D6 D5 D4 D3 D2 D1 Do
DATA 1 | PREEMPH MIS DTMF3 DTMF2 DTMF1 DTMFO TONEM DTMFM
DATA 2 | bTMFMODE1 | DTMFMODEO | DTMFEN MLI TXM DATM SATM RXM
DATA 3 EPH1 HIZ RXV2 RXV1 RXV0 PD 0 1
START-UP BIT SETTINGS
DATAT] 0 [ © [0 [ © [0 0 0 [ ©
OOHEX
DATA 2 | 0 } 0 [ 0 ] 0 [ 1 1 1 r 1
OFHEX
DATA 3 | 1 | 1 | 1 } 1 | 1 0 0 | 1
FgHEX
INITIALIZING MODE 0
WORD/BIT D7 D6 D5 D4 D3 D2 D1 DO
DATA 1 |SOFTLIMIT SD SATD4 SATD3 SATD2 SATD1 SATDO RXSEN4
DATA 2 | RXSEN3 RXSEN2 RXSEN1 RXSENO INPS4 INPS3 INPS2 INPS1
DATA 3 INPSO COMP2 COMP1 PDLVC DTWIST EPHO 0 0
START-UP BIT SETTINGS
DATAT | 1 [ O | [ [ o [0 0 0 [ 1
Al HEX
DATA 2 | 0 ] 0 ] 0 | 0 [ 1 0 0 ] 0
08,ex
DATA 3 | 0 [ 1 [ 0 ] 0 | 1 1 0 [ 0
4C,ex
INITIALIZING MODE 1
WORD/BIT D7 D6 D5 D4 D3 D2 D1 Do
DATA 1 EARS3 EARS2 EARS1 EARSO AUDEV3 AUDEV2 AUDEV1 AUDEVO
DATA 2 DATD3 DATD2 DATD1 DATDO TXSEN3 TXSEN2 TXSEN1 TXSENO
DATA 3 TACS DATAF1 DATAFO SATS TEST1 TESTO 1 0
START-UP BIT SETTINGS (TAC
DATAT | 1 | 0 | 0 [ 0 | 1 0 0 | 0
88ex
DATA 2 | 1 | 0 | 0 | 0 | 1 0 0 [ 0
88 ex
DATA 3 | 1 | 1 ‘ 0 | 0 [ 0 0 1 [ o
C2ex
HANDSFREE
WORD/BIT D7 D6 D5 D4 D3 D2 D1 Do
DATA 1 X X X X X 0 0 0
DATA 2 0 X AMPS X X MIG HFS HFP
DATA 3 RHF2 RHF1 RHFO THF2 THF1 THFO 1 1
START-UP BIT SETTINGS
DATA 1 | X j X | X | X ] X 0 0 ] 0
00,ex
DATA 2 I 0 [ X | 0 | X [ X 0 0 | 1
01 ex
DATA 3 ] 0 | 0 [ 0 ] 0 [ 0 0 1 [ 1
03,x
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GEC PLESSEY
S PRELIMINARY INFORMATION

ACE9050

SYSTEM CONTROLLER AND DATA MODEM

ACEQ050 provides the control, peripheral and interface
functions needed for AMPS or TACS analog cellular
telephones.

ACE9050 contains an embedded 8 bit microcontroller
with ROM, RAM and a serial communications interface.
Peripheral functions include an AMPS/TACS data modem,

I/O ports, watchdog, inter-chip serial interfaces, two pulse ourall
width modulators, IFC counter, tone generator, and crystal oo
oscillator. ACEQ050 can be put into processor emulation LATCHI0]
mode for software de-bugging. e
The device uses GEC Plessey Semiconductors sub e
micron CMOS technology for low power and high perform- POFF B
ance. 3
Several power down modes are incorporated in the Exﬂg§§ AC EQOSO
device for battery economy. cloos
i
FEATURES i
B Low Power Low Voltage (down to 3-6 V) Operation e
B Power Down Modes o
M Program Compatibility with Industry Standard e
Microcontroller
B AMPS and TACS Compatible Modem
M Processor Independent Watchdog
M SAT Detection, Generation and Loopback Note: Pin 1 is identified by moulded spot
B Internal RAM and by coding orientation. FPD100
M Interface to FLASH and EEPROM Memories ) : - -
M /O Ports for Keyboard Scanning and Display Fig.1 Pin connections - top view
Driving.
B 12C Interface for Display
B Part of the ACE Integrated Cellular Phone Chipset
MW TQFP 100 Pin Package.
c‘:ﬁ,: SERIAL DUAL [ %ouTP21]
APPLICATIONS congzE)TL = INTERFACES PWM —) OUTP2[2]
B AMPS, and TACS Cellular Telephone EXTERNAL  CEYPAD
B Two-Way Radio Systems — PORTS & E
y y ADD‘;{&% E s INTERRUPTS
RELATED PRODUCTS e = Fow
ACE9050 is part of the following chipset: P ot
B ACE9010 R.F Front End with VCO ‘ I | I
B ACE9020 Receiver and Transmitter Interface BAR €—] nEnATOR e ——
B ACE9030 Radio Interface and Twin Synthesiser ) Pl
B ACE9040 Audio Processor. TXPOW — o—> BAUDCLK
RXCD =] WATCHDOG EE%CE’;ATOR ==
ORDERING INFORMATION PR e
Industrial temperature range oN (__ o —)iTXDATA
TQFP 100 lead with 0-5 mm pin pitch, code FPD100 i MODEM L3 1xsaT

i COUNTER
ACE9050/IG/FP1R - devices shipped in trays AFCIN l ? I y K— RXSAT

ACE9050/PR/FP1R - pre-production

Fig. 2 ACE9050 Simplified Block Diagram
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PIN DESCRIPTIONS

Pin No. Name Type Block Description
1 TESTN | CLK/WADO 0 = Test mode: Counter chains split and access test register.
2 XIN | CLK Crystal Connection/ CMOS input: 8.064 MHz
3 XOuT o CLK Crystal Connection
4 DFMS I{e] CPU Serial inteface (UART) output
5 AS | BINT Address strobe (Latch address during emulation)
6 BAUDCLK Oo(l) BAUD 8 x CPU baud rate for emulation (input in test mode)
7 P1[7] 1’0 CPU PORT 1 of CPU
8 P1[6] /o] CPU PORT 1 of CPU
9 P1[4)/SCL l(e} CPU and I2C PORT 1 of CPU or I2C SCL
10 Vs Ground
11 Voo Digital supply
12 P1[5] lle} CPU PORT 1 of CPU
13 P1[3)/SDA 110 CPU and I2C PORT 1 of CPU or I°C SDA
14 P1[2] 110 CPU PORT 1 of CPU
15 P1[1] 110 CPU PORT 1 of CPU
16 P1[0] /(e} CPU PORT 1 of CPU
17 Vs Ground
18 D[7] le} BINT Data Bus (multiplexed address and data input for emulation)
19 Die] /o] BINT Data Bus (multiplexed address and data input for emulation)
20 D[5] I/0 BINT Data Bus (multiplexed address and data input for emulation)
21 D[4] /e BINT Data Bus (multiplexed address and data input for emulation)
22 D[3] 110 BINT Data Bus (multiplexed address and data input for emulation)
23 D[2] /0 BINT Data Bus (multiplexed address and data input for emulation)
24 D[1] /O BINT Data Bus (multiplexed address and data input for emulation)
25 D[0] l{e] BINT Data Bus (multiplexed address and data input for emulation)
26 OEN (0] DEC Output enable
27 WEN (0] DEC Write enable
28 CSEPN (0] CSCTRL Chip select external EPROM
29 CSE2N (0] CSCTRL Chip select external EEPROM
30 A[0] (0] BINT Address line
31 Al1] O BINT Address line
32 Al2] (0] BINT Address line
33 Al3] (0] BINT Address line
34 Al4] o BINT Address line
35 A[5] (0] BINT Address line
36 Vs Ground
37 Vs Ground
38 Voom Digital supply for memory interface
39 Al6] O BINT Address line
40 Al7] O BINT Address Line
41 A[8] o(l) BINT Address line (input during emulation)
42 Al9] o(l) BINT Address line (input during emulation)
43 A[10] o(l) BINT Address line (input during emulation)
44 Al11] o(l) BINT Address line (input during emulation)
45 Al12] o(l) BINT Address line (input during emulation)
46 Al13] Oo(l) BINT Address line (input during emulation)
47 BA[14] (0] BINT Address line (extended address from bank select segister)
48 BA[15] O BINT Address line (extended address from bank select segister)
49 BA[16] o BINT Address line (extended address from bank select segister)
50 BA[17] (0] BINT Address line (extended address from bank select segister)
51 RXSAT | MODEM SAT detector input TACS and AMPS
52 INP1[2] | EPORT Bit 2 input Port 1
53 INP1[3] | EPORT Bit 3 input Port 1
54 INP1[4] | EPORT Bit 4 linput Port 1
55 KPO[0] (0] EPORT Keypad scan output or output port
56 KPO[1] (0] EPORT Keypad scan output or output port
57 KPO[2] (0] EPORT Keypad scan output or output port
58 KPO[3] (0] EPORT Keypad scan output or output port
59 KPO[4] (0] EPORT Keypad scan output or output port
60 AFC_IN/ | IFC/MODEM 54/450 kHz IF Input

RXDATA
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PIN DESCRIPTIONS (continued)

ACES050

Pin No. Name 110 Block Description
61 TXPOW [ WADO Power detect from transmitter
62 TXSAT (0] MODEM SAT output (TACS/AMPS)
63 TXDATA (o] MODEM TACS/AMPS modem output
64 Voo Digital supply
65 Voo Digital supply
66 KPI[3] | EPORT Keypad scan input or input port
67 KPI[2] | EPORT Keypad scan input or input port
68 KPI[1] | EPORT Keypad scan input or input port
69 KPI[0] | EPORT Keypad scan input or input port
70 INRQ[1] | EPORT External interrupt (also bit 1 input port 1)
7 INRQ[0] | EPORT External interrupt (also bit 0 input port 1)
72 SYNTDATA| O SINT Data to PLL
73 SYNTCL o SINT Non-continuous clock to PLL 126 kHz
74 SERV | WADO Watchdog inhibit
75 LATCH[3] (0] SINT Latch of programmable length for ACE9030 synthesiser.
76 ouT2[6] o EPORT Output port 2 bit 6 (10mA drive) LED driver
77 ICN O(l) IFC IF counter output for emulation (input in test mode)
78 LATCHI[1] O SINT Latch output (to ACE9030 receiver interface)
79 OUTP2[7] (0] EPORT Output port 2, bit 7, LED driver (10mA drive)
80 LATCHI[O0] o SINT l_atch output (to ACE9040 )
81 OUTP2[2)/ O PWM Output port 2, bit 2/
PWM2/ pulse width modulator number 2 output /
LATCH[2] SINT latch output
82 DTFG /0 SINT Bi-directional serial inter-chip data
83 EMUL | CPU CPU emulation mode
84 IRQN O(l) CPU CPU Interrupt for emulation (input in test mode)
85 POFF O WADO Power on/off
86 Vs Ground
87 Vs Ground
88 Voo Digital supply
89 EXRESN (0] WADO External reset output
90 C1008 (0] CLK 1-008 MHz clock for serial inter-chip data
91 MRN I WADO 0 = Chip reset
92 Al15] | BINT Address input for emulation only
93 Al14] | BINT Address Input for emulation only
94 CPUCL (@] CLK 8.064 MHz clock input to SIS module
95 RW O(l) BINT Read / Write (input during emulation)
96 BAR O BAR Beep / Alarm / Ring Tone output
97 DTMS /] CPU Serial inteface (UART) input
98 OUTP2[1) (@] PWM Output port 2, bit 1,/
PWM1 Pulse width modulator number 1 output
99 ECLK o(l) CLK Processor clock (input during emulation)
100 RXCD | WADO Carrier detect from RX
Abbreviations
BAR Beep, Alarm & Ring Tone generator EPORT External port
BAUD Baud rate generator 12C 12C interface
BINT Bus interface IFC IFC counter
CSCTRL  Chip select control MODEM  AMPS and TACS modem
CLK Clock generator SINT Serial inter-chip interface
CPU 6303 processor unit, UART and counter/timer WADO Watchdog
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ELECTRICAL CHARACTERISTICS
Voo =375 £ 0-15 V. and Tpys = — 40 °C to +85 °C.

Parameter Min. | Typ. Max. | Unit
Supply Current

Sleep 100 HA
Fully operating (Note 1) 10 mA
Bus clock frequency 1008 kHz

Note 1: Depending on the modes selected and the current
activity the supply current will generally be substantially less
than this peak figure.

BLOCK DESCRIPTIONS
PROCESSOR UNIT

The processor unit is program compatible with the stand-
ard 6303. It contains the following hardware: a Serial Commu-
nications Interface (SCI), an 8 bit data bus, a 16 bit address
bus, a timer, an 8 bit I/O port (P1), and an SCl interface port
(P2).

The 6303 NM! Interrupt and Standby modes are not
needed in a cellular phone and so are not supported. The
processor can run at 1.008 MHz or at 2.016 MHz in Turbo
mode. Up to 256 K of programme space can be accessed by
using a paged addressing scheme. In Emulation mode the
internal processor is bypassed to allow software develop-
ment on an external processor.

MEMORY
The ACE9050 contains the following internal Memory:

512 bytes of ROM
6144 bytes of RAM

The ROM code facilitates the programming of FLASH
memory via the SCI, and system initiation after a Reset.

The Internal RAM area represents the total RAM require-
ment anticipated for a cellular phone system. Along with the
internal registers this occupies 6 K of programming space.

BUS INTERFACE and CONTROL

This block creates the Data, Address and Control lines for
the external memory. The external address bus is expanded
fromthe standard 16 bits up to 18 bits by abanked addressing
scheme for the upper four bits. This increases the memory
address space from 65 K to 256 K. Chip selects for both
FLASH and EEPROM are included as are separate read and
write lines. The internal ROM area can be mapped to the
external memory space.

In Emulation mode this block creates the interface to the
external processor.

EXTERNAL PORTS AND INTERRUPTS

The ACE9050 contains two keypad interface ports, two
maskable external interrupts, and standard logic level input
and output ports. The Keypad interface ports can be also be
configured as standard ports. Two high current outputs are
provided in one port for direct control of features such as LCD
back-lighting

SERIAL CHIP INTERFACES

Two serial interface protocols are supported. One is the
standard I2C interface. The other is a dedicated interface to
the ACE9030 Radio Interface and Twin Synthesiser and the
ACE9040 Audio Processor. This supports serial data transfer
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at arate of 1.008 MHz on a single bi-directional data line with
associated Latch pulses to direct the data flow. The facility to
programme the length of the synthesiser Latch pulse is
provided to control speed-up mode duration if required.

BEEP, ALARM and RING TONE GENERATOR

The Beep, Alarm, and Ring Tone, BAR, generator is
intended to drive the acoustic tone transducer. It has a single
digital pulse train output which is enabled and disabled under
software control. The On and Off times of the output pulses
are determined via software to vary the frequency, signal
period, and volume of the tone. The resolution of the pulse on
and off times is 7-9 ps with a maximum time of 2.02 ms.

MODEM

The Modem provides a two way data transfer over the
radio link between a base station and the on board Processor
and supports the two cellular systems AMPS and TACS.

Data input can either be a 54 kHz sampled version of the
IF or the 450 kHz IF direct with CMOS Logic Levels. Various
data discrimination and decoding schemes can be selected
by software. A squelch level is set by scftware so that the
quality of each data byte can be assessed. The decoder
contains a word sync detector, but no manipulation of data is
made in the encoder so error correcting bits must be gener-
ated by the software.

SAT detection and generation at the standard three
frequencies of 5970, 6000, and 6030 Hz is included. The SAT
output can be switched between the internal SAT generator
and the external SAT tone input as a loop back to transpond
the receiver tone without further processing.

WATCHDOG and POWER CONTROL

The Watchdog function will provide an internal and
external Reset. This will occur if the processor does not make
a write access to a defined address every 4 seconds. During
power up and reset conditions the watchdog is held in reset,
and prevented from counting.

The Power control function is provided to control power
switching of the Radio circuits to initiate correct start-up and
to conserve battery current. The serial bus can be used to
control power in the other ACE series circuits.

Two logic inputs exist for the Transmit power level and the
Receive carrier strength monitoring and are gated so that if
the Radio is Transmitting without Receiving for a set amount
of time a Power Switch Off sequence is initiated as an
autonomous time-out. This will also occur if the Power control
Logic is not serviced by the Processor in a 30 second period.

Both the Watchdog and the Power Control can be inhib-
ited via an external pin for development work or if not required.

IFC COUNTER

The Intermediate Frequency Control (IFC) Counter is
used as part of the AFC Loop. The IFC Counter provides a
pulse after a set number of IF input pulses. This number can
be set in software to suit an IF input of either 54 kHz or
450 kHz. Pin AFCOUT on the ACE9030 is normally used and
gives the 54 kHz signal. The sample will always be large
enough to filter out frequency shifts caused by data and
speech modulation.

The IFC Counter output is internally connected to the
Processor block and also drives an external pin for develop-
ment work.

TWIN PULSE WIDTH MODULATORS
Two independently programmable Pulse Width Modula-
tors (PWMs) are available. The high time of the PWM can be



programmed using an eight bit register. The cycle time is set
to 254 ps and the high time is programmable in approximately
1 ps steps. The PWM outputs are multiplexed with the Output
port to reduce Chip pin count.

CLOCK GENERATOR

The Clock Generator provides all the various internal
clocks required from an 8-064 MHz source. A Crystal Oscilla-
tor is provided if the system designer chooses to use a local
Crystal frequency source, however, when the ACE9030 is
used in the system it provides a suitable clock output derived
from the synthesiser reference frequency.

External clock outputs are also provided to aid system
design, at the Processor clock rate and at 8-064 MHz.

A 1.008 MHz clock output is also provided as part of the
serial interface to the ACE9030 and ACE9040 and also to
drive the filters in the ACE9040.

EMULATION MODE
This is intended as a test mode where the use of an
external processor is possible. This mode is activated by

ACES050

setting the logic level on the pin EMUL. In Emulation mode the
pins ECLK, AS, RW, IRQ, and A[8:15] become inputs and the
data pins D[7:0] become multiplexed Address and Data line
inputs. These are latched internally to produce separate
address and data busses. These lines can interface directly
to a standard external 6303 type microprocessor such as the
HD6303R.

POWER DOWN MODES
To reduce overall power consumption selective power

down of various blocks is available under software control. In
the power down state each block will go to a predetermined
logic state. The following blocks and outputs can be switched
off:

Bus Interface

8-064 MHz external Clock

1-008 MHz external Clock

AMPS/TACS Modem

Serial Chip Interface
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MV1442

HDB3 ENCODER/DECODER/CLOCK REGENERATOR

(Supersedes June 1993 editicn)

The MV1442, along with other devices in the GPS 2Mbit
PCM signalling series comprise a group of circuits which will
perform the common channel signalling and error detection
functions for a 2.048Mbit PCM transmission link operating in
accordance with the appropriate CCITT recommendations.
The circuits are fabricated in CMOS and operate from a single
+5V supply with all inputs and outputs being TTL compatible.

The MV1442 is an encoder/decoder for the HDB3
pseudo-ternary transmission code, described in Annex A of
CCITT Recommendation G. 703. The device encodes and
decodes simultaneously and asynchronously. Error
monitoring functions are provided to detect violations of the
HDBS3 coding, all ones detection and loss of input (all zeros
detection). In addition a loop back function is provided for
terminal testing. The MV1442 may be selected to function in
eitherinternal or external clock recovery modes. Internal clock
recovery mode may be selected for either 1.544MHz or
2.048MHz operation and in this mode an external 16.384MHz
crystal (12.352MHz for 1.544MHz Operation) is required.
External clock recovery mode may be selected for 1.544MHz,
2.048MHz or 8.448MHz operation.

FEATURES

On—chip Digital Clock Regenerator

HDB3 Encoding and Decoding to CCITT
Recommendation G.703

Asynchronous operation

Simultaneous Encoding and Decoding

Clock Recovery signal allows Off—chip Clock
Regeneration

Loop Back Control

HDB3 Error Monitor

‘All Ones’ Error Monitor

Loss of Input Alarm

Low Power Operation

2.048MHz or 1.544MHz Operation in External or
Internal Clock Recovery mode

8.448MHz Operation in External Clock Recovery
mode

ORDERING INFORMATION
MV1442/IG/DPAS DIL plastic package
MV1442/IG/DGAS DIL cerdip package
MV1442/IG/MPES Minature plastic package

D.S. 3077 2.7
NrzDATAIN [| 1~ 18]] vop
ENCODER cLOCK [| 2 17[] Txp2
LossorineuT [J3 16]] 01
NrzpataouT [|4 5[] Rxp2
DECODER CLOCK [ 5 14f] LOOP TEST ENABLE
RESET A [] 6 13[] Rxp1
as [} 7 12[] crysTAL ouTICDR
mopk [] s 11]] pouBLE vioLATION
anD [ o 10[] crysTaLIN
DG18, DP18
NRZ DATAIN 1 18 vpp
ENCODER CLOCK 2 17 0 02
Loss OF INPUT [T |3 16 0 TxD1
NRz DATA OuT [ |4 15 1] RXD2
DECODER cLock O |5 14 11 LOOP TEST ENABLE
RESETAIS (I | 6 13 11 RXD1
ais |7 12 710 CRYSTAL OUT/CDR
WODE (1 | 8 i1 I3 DOUBLE ViOLATION
GND I |9 10 10 CRYSTALIN
MP18

Fig. 1: Pin connections — top view
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NRZ  ENCODER cnvsrm. CRYSTAL
DATAIN  CLOCK MODE OUT/CDR
DECODER
ENCODER REGENERATOR O CLOCK
]
LOSS OF
RXD1 o P | COUNTER INPUT
DECODER/ NRZ DATA
LOOPTEST g4 — | —_— ERROR ayd
ENABLE ©° CIRCUIT our
*—s
AXD2 © — AIS CIRCUIT AlS
!l !
TXD1  TXD2 DOUBLE RESET AIS
VIOLATION

Fig. 2: Block diagram

FUNCTIONAL DESCRIPTION

High Density Bipolar 3 (HDB3) is a pseudo-ternary
transmission code in which the number of consecutive zeros
which may occur is restricted to three, to allow adequate clock
recovery at the receiver. In any sequence of four consecutive
binary zeros, the last zero is substituted by a mark of the same
polarity as the previous mark, thus breaking the Alternate
Mark Inversion (AMI) code. This mark is termed a violation. In
addition, the first zero may also be substituted by a mark if the
last mark and last violation are of the same polarity. This mark
does not violate the AMI code, and ensures that successive
violations alternate in polarity and as such introduce no DC
component to the HDB3 signal.

The MV1442 consists of three main blocks, the HBD3
Encoder, the HDB3 Decoder and the Clock Regenerator. The
function of each block is now described separately.

HDB3 ENCODER

The HDB3 Encoder is responsible for converting the
incoming NRZ data into pseudo—ternary form for transmission
over a PCM link. This conversion is carried out in accordance
with the HDB3 coding laws specified in CCITT
Recommendation G.703. The data to be encoded is input on
the NRZ DATA IN pin and the encoding process is
synchronised to the clock signal being input onthe ENCODER
CLOCK pin. The two TXD outputs, TXD1 and TXD2, represent
the HDB3 data in pseudo-ternary form. If a mark is to be
transmitted the output goes high after the rising edge of the
clock. The length of the pulse is set by the positive clock pulse
width. The timing diagram of the HDB3 Encoder is shown in
Fig.3.

HDB3 DECODER

The HDB3 Decoder is responsible for decoding the HDB3
pseudo—ternary data on its inputs RXD1 and RXD2, into NRZ
form to be output on the NRZ DATA OUT pin. In addition to this
the decoder circuit provides three alarm outputs. The first of
these alarms is DOUBLE VIOLATION. As its name suggests,
a logic high on this output denotes that two successive
violations have been received with the same polarity, thus
violating the HDB3 coding laws. The second alarm, LOSS OF
INPUT, is used to denote that 11 consecutive zeros have been
received on the RXD inputs. The final alarm output is AIS (All
ones). This alarm goes high if less than 3 decoded zeros have
been detected in the preceding RESET AIS = 1 period (i.e.
between RESET AIS = 0 pulses) and as such this alarm can
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be used as an all ones’ detector. The decoding process and
all the alarm circuitry is synchronised to the clock signal being
input to this block on the DECODER CLOCK pin. This clock
signal may be asynchronous with the ENCODER CLOCK
signal. The timing diagrams of the HDB3 Decoder and alarm
circuitry are shown in Figs. 4to 7.

In addition to the normal mode of operation, a loop test
mode is available for terminal testing. This mode is selected by
taking the LOOP TEST ENABLE input high. In this mode, the
HDB3 encoded pseudo-ternary data outputs of the Encoder
block are fed back as the inputs to the Decoder block, which
in turn decodes this data and outputs it in NRZ form.

CLOCK REGENERATOR

The Clock Regenerator block has two possible modes of
operation. With the MODE pin high, internal crystal controlled
clock regeneration is selected whilst with the MODE pin low,
external clock regeneration is selected, using, for example, a
tuned circuit.

In external clock regeneration mode, a logically ‘OR’ed
version of the HDB3 data, from the RXD inputs, is output to the
external clock regeneration circuitry on the CRYSTAL
OUT/CDR pin. The regenerated clock is then fed back into the
MV1442 on the DECODER CLOCK pin. External clock
regeneration may be used for operation with data rates of
1.544Mbits, 2.048Mbits or 8.448Mbits.

In internal clock regeneration mode, the logically ‘OR’ed
data is input to a digital regenerator, which constantly
resynchronises a divide-by—8 counter to the incoming data
stream. The clock thus regenerated is output to the decoder
circuitry and to any external circuitry on the DECODER
CLOCK pin. A crystal of frequency 8 times the required data
rate must be connected between the CRYSTAL IN and
CRYSTAL OUT/CDR pins. Thus the crystal frequency needs
to be 16.384MHz or 12.352MHz for data rates of 2.048Mbits
or 1.544Mbits respectively. Internal clock regeneration may
not be used for operation at a data rate of 8.448Mbits.

The MV1442 is capable of withstanding up to 0.25Ul of
peak to peak input jitter at a jitter frequency of 2.048MHz
withoutintroducing errors into the decoded data. At lower jitter
frequencies, the MV1442 is capable of withstanding much
larger values of peak to peak inputjitter. In the absence of input
jitter, the MV 1442 will produce an output jitter waveform in the
form of a sawtooth ramping between 0UI and 0.125Ul. The
period of this waveform will be dependent upon the difference



in frequencies between the remote transmitters clock and the
crystal controlled clock of the MV1442.

The MV1442 was originally designed as a pin compatible
replacement for the MV1441 with a much improved internal

MV1442

clock recovery circuit and allowing operation at 8.448MHz with
external clock recovery selected. However, there are certain
minor differences between the two circuits which are
described in a separate Applications Brief (AB33).

excooer M) M M MU U U U UL
CLOCK ,
NRzDATAIN [ ]| |

™ot __Idl Jsl _Jal VL
+ 4.5 Clock Periods ¢
™oz S 1 vl
NOTES:- 1

2) BisaHDB3 mark, V is a HDB3 violation.

The Encoded HDB3 outputs, TXD1/2 are delayed by 4.5 clock periods with respect to NRZ DATA IN.

Fig. 3: Encoder waveforms

ot T W Wl e
moz T o S —
on [ MM UL U

DECODER
CLOCK

i+ 5Clock Periods
NRZ DATA OUT e 'I-I | I | |

NOTES:- 1) The Decoded NRZ output is delayed by 5 clock periods with respect to the HDB3 inputs.
2) The diagram assumes the last violation occured on RXD2.
3) B isaHDB3 mark, V is a HDB3 violation.

Fig. 4: Decoder waveforms

RXD1 8] IE' M
RXD2 el lsl

CLOCK

DOUBLE 1 Clock Period -__’,—\_,—I__
VIOLATION -

NOTES:— 1
2) The diagram assumes the last violation occured on RXD2.
3) Bis aHDB3 mark, Vis a HDB3 violation.

There is a single period delay between detection of an error and the rising edge of DOUBLE VIOLATION.

Fig. 5: HDB3 double violation waveforms
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RXD1

RXD2

DECODER
CLOCK

LOSS OF INPUT

L

L

120084 dsgsp 7 gsple 1

1Clock Period == |

NOTES:~ The ‘LOSS OF INPUT’ output is delayed by a single clock period with respect to the incoming HDB3 waveforms.

Fig. 6: Loss of input waveforms

RESET AIS

AIS

CLOCK

NRZDATAOUT

U

PIN DESCRIPTION

Fig. 7: AIS and RESET AIS waveforms

PIN NUMBER

PIN NAME PIN DESCRIPTION

1

NRZ DATA IN Input pin for data to be encoded into pseudo—-ternary HDB3 form. This
data is clocked into the Encoder block by the falling edge of

ENCODER CLOCK.

ENCODER CLOCK Clock input for the encoding of data on pin 1.

LOSS OF INPUT Output from the loss of input circuit. This output goes high one clock
period after the detection of eleven consecutive zeros on the decoder
inputs. Any logic ‘1" atthe input (RXD1 or RXD2 = 0) resets this count

after a single clock period delay.

NRZ DATA OUT NRZ data output obtained from the decoding of the pseudo—ternary

inputs to the Decoder block.

DECODER CLOCK Clock input to the Decoder block, for decoding data on RXD1 and
RXD2, or TXD1 and TXD2 in loop test mode. In internal clock
regeneration mode, this pin is used to output the regenerated clock
to external circuitry. In external clock regeneration mode, this pin is
used to input the externally regenerated clock signal direct to the
Decoder block.

RESET AIS Reset input to the decoded zero counter. A logic ‘0’ on this input
resets a decoded zero counter. It will also reset the AIS output to ‘0’
provided 3 or more zeros have been decoded in the preceding

=1 period, orset AlS to ‘1’ if less than 3 zeros have been
decoded in the preceding =1 period. This may be used
to indicate loss of timesiot zero. A logic ‘1’ on this pin enables the
decoded zero counter.

AIS

Output from AIS circuit (see description for pin 6).
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8 MODE Input pin for selection of clock regeneration mode. A logic high on this
input selects internal crystal controlled clock regeneration whilst a
logic low selects external clock regeneration.

9 GND Digital ground. 0 Volts.

10 CRYSTAL IN Inputto crystal oscillator amplifier when in internal clock regeneration
mode, with the crystal connected between pins 10 and 12.
Alternatively, this pin may be used as the 16.384/12.352MHz input to
the internal clock regeneration circuitry if one oscillator is shared
between several decoders. This pin has no function when external
clock regeneration is selected and should be tied to GND.

1 DOUBLE VIOLATION Output from the error detector circuit. This output goes high for one
period of Decoder clock, one period after the detection of a HDB3
violation of the same polarity as the previous HDBS3 violation.

12 CRYSTAL OUT/CDR In external clock regeneration mode, this pin is used to output the OR
function of the two HDB3 inputs, RXD1 and RXD2 (or TXD1 and
TXD2if loop test mode is selected), to an external clock regeneration
circuit. In internal clock regeneration mode, this is the output which
forms the crystal oscillator with pin 10.

13 RXD1 HDB3 input 1 to Decoder block. This input asynchronously latches
the incoming HDB3 encoded data and is falling edge sensitive.

14 LOOP TEST ENABLE Input pin for selection of normal or loop back operation. A logic low on
this pin selects normal operation, with encoder and decoder being
independant and asynchronous. A logic high on this pin internally
connects TXD1 to RXD1 and TXD2 to RXD2. Note that in loop back
mode, a decoder clock must be supplied (or regenerated from pin 12)
along with the encoder clock.

15 RXD2 HDB3 input 2 to Decoder block. See pin 13 description.

16 TXD1 HDB3 Encoded output 1 from Encoder block. This output goes high
after the rising edge of clock if a mark is to be transmitted. The length
of the pulse is set by the positive clock pulse width.

17 TXD2 HDB3 Encoded output 2. See pin 16 description.
18 VDD Digital supply voltage. 5Volt +-10%.

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated)
Supply Voltage Vpp= 5V £ 0.5V Ambient Temperature Tymp = —40°C to +85°C

STATIC CHARACTERISTICS
Value
Characteristics Symbol - Units Conditions
Min Typ Max
Low Level Input Voltage ViL 0 0.8 Volts
High Level Input Voltage ViH 20 Vop Volts
Low Level Output Voltage VoL 0.4 Volts Isink = 2mA
High Level Output Voltage VoHt 2.4 Volts | lsource = 2mA
Vouc Vpp —1.0 Volts Isource =1mMA
Input Leakage Current Iin -10 +200 pAmp | Vin=Vpp or GND
Supply Current Is 15 mAmps | 1.544/2.048MHz Operation with
Internal clock regeneration, Note 1.
5 mAmps | 1.544/2.048MHz Operation with
External clock regeneration, Note 1.
15 mAmps | 8.448MHz Operation, Note 1.
Input Capacitance Cin 5 pF All Inputs
Output Capacitance Cour 5 pF All Outputs

Notes:— 1. All supply currents specified with outputs unloaded. These currents are not tested but are guaranteed by
characterisation and a static current test.
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ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated)
Supply Voltage Vpp= 5V & 0.5V Ambient Temperature Tymp = —0°C to +70°C

DYNAMIC CHARACTERISTICS
Value
Characteristics Symbol - Units Conditions
Min Typ Max
Clock Period Tep 100 nS Refer Fig. 8
Clock Rise/Fall Time Ter/Tcr 20 nS Refer Fig. 8
Clock High/Low time Tew/TeoL 30 nS Refer Fig. 8
Encoder Data Setup Time Teps 10 nS Refer Fig. 9
Encoder Data Hold Time TeDpH 10 nS Refer Fig. 9
TXD1/TXD2 Output Tepor/ 45 nS Note 1, refer Fig. 9
Propagation Delay TepDF
CDR Propagation Delay Tcrpr/ 40 nS Note 1, refer Fig. 10
TcrorF
RXD1/2 Data Setup Time TRs 15 nS Refer Fig. 10
RXD1/2 Pulse Width Trw 20 nS Refer Fig. 10
Decoder Output TopD 45 nS Notes 1 and 2, refer Fig. 10
Propagation Delay
RESET AIS Hold Off Time TRAHO 10 nS Refer Fig. 10
RESET AIS Pulse Width Traw 15 nS Refer Fig.10
RESET AIS Setup Time TrAs 10 nS Refer Fig. 10
AIS Output Propagation TapD 45 nS Note 1, refer Fig. 10
Delay

Notes:— 1. All propagation delays are measured with the relevant output loaded with a 50pF capacitor.
2. Topp applies to outputs NRZ DATA OUT, LOSS OF INPUT and DOUBLE VIOLATION, but does not apply to AIS.

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated)
Supply Voltage Vpp= 5V =+ 0.5V Ambient Temperature T,mp = —40°C to +85°C

DYNAMIC CHARACTERISTICS

Value
Characteristics Symbol - Units Conditions
Min Typ Max
Clock Period Tcp 100 nS Refer Fig. 8
Clock Rise/Fall Time Tcr/TcF 20 nS Refer Fig. 8
Clock High/Low time Tew/ToL 35 nS Refer Fig. 8
Encoder Data Setup Time Teps 20 nS Refer Fig. 9
Encoder Data Hold Time TEDH 20 nS Refer Fig. 9
TXD1/TXD2 Output Teppr/ 50 nS Note 1, refer Fig. 9
Propagation Delay Teppr '
CDR Propagation Delay Tcepr/ 45 nS Note 1, refer Fig. 10
Tcpor
RXD1/2 Data Setup Time TRs 20 nS Refer Fig. 10
RXD1/2 Pulse Width Trw 25 nS Refer Fig. 10
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Value
Characteristics Symbol - Units Conditions
Min Typ Max
Decoder Output Torp 50 nS Notes 1 and 2, refer Fig. 10
Propagation Delay
RESET AIS Hold Off Time | TraHo 15 nS Refer Fig. 10
RESET AIS Pulse Width Traw 20 nS Refer Fig.10
RESET AIS Setup Time TRAS 15 nS Refer Fig. 10
AIS Output Propagation TaPD 55 nS Note 1, refer Fig. 10
Delay

Notes:— 1. All propagation delays are measured with the relevant output loaded with a 50pF capacitor.
2. Topp applies to outputs NRZ DATA OUT, LOSS OF INPUT and DOUBLE VIOLATION, but does not apply to AIS.

ABSOLUTE MAXIMUM RATINGS
The absolute maximum ratings are limiting values above
which operating life may be shortened or specified parameters

may be degraded.
Electrical Ratings
+Vpp -0.5t0 +7V
Inputs Vpp + 0.5V to GND —0.5V
Outputs Vpp +0.5V to GND 0.5V
Storage temperature Plastic —55 to +125°C
Ceramic —65 to +150°C
ENCODER/
DECODER
CLOCK
ENCODER
CLOCK
NRZ DATAIN _ _ _ oLILIllll
TXD1/TXD2 ==~ Vour
- -~ VoL

Fig. 9: Encoder timing parameters

195



MV1442

DECODER
CLOCK

NRZ DATA OUT/
LOSS OF INPUT/
DOUBLE VIOLATION

RESET AIS

Fig. 10: Decoder timing parameters
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MV1449

PCM HDB3 ENCODER/DECODER

The MV1449, along with other devices in the GPS 2Mbit
PCM signalling series comprise a group of circuits which will
perform the common channel signalling and error detection
functions for a 2.048Mbit PCM transmission link operating in
accordance with the appropriate CCITT Recommendations.
The MV1449 is also capable of operation at the next CCITT
hierarchical bit rate of 8.448Mbit. The MV1449 circuit is
fabricated in CMOS and operates from a single +5V supply
with all inputs and outputs being TTL compatible.

The MV1449 is an encoder/decoder for the HDB3 pseudo-
ternary transmission code, described in Annex A of CCITT
Recommendation G.703. The device encodes and decodes
simultaneously and asynchronously. Error monitoring
functions are provided to detect violations of the HDB3 coding,
all ones detection and loss of input (all zero’s detection). In
addition a loop back function is provided for terminal testing.

FEATURES
W Single +5V supply.

B All Inputs and Outputs TTL compatible.

B HDB3 Encoding and Decoding to CCITT Recommendation
G.703.

B Simultaneous Encoding and Decoding.

M Clock Recovery Signal allows Clock Regeneration from
Incoming HDB3 Data.

W Loop Back Control.

HDB3 Error Monitor.

B Alarm Indication Signal Monitor.

B Loss of Input Alarm.

B Low Power Operation.

W 2.048MHz or 8.448MHz Operation.

ABSOLUTE MAXIMUM RATINGS

The absolute maximum ratings are limiting values above
which operating life may be shortened or specified parameters
may be degraded.

ELECTRICAL RATINGS

Supply Voltage
Input Voltage
Output Voltage

-0.5Vto +7V
-0.5V to VDD +0.5V
-0.5V to VDD +0.5V

-/
D[]t 16[] vDD
CLK-EC E 2 15[] TXD2
LAT]s 14[] TXD1
Q[]4 Mv 13[]RXD2
CLK-DC []5 1449 12[]LTE
RESETAIS []6 11[] RXD1
Als 17 10[]CDR
GND []8 9[]pv
DG16, DP16
D |1 1617 VDD
CLK-EC ] |2 15[ TXD2
LIA[T] |3 14 1] TXD1
Q] |4 1!\:;/9 13[ 1] RXD2
CLK-DC [ |5 12 LTE
RESETAIS (] |6 11 1] RXD1
AIS 1 |7 10| T] CDR
GND [ |8 9 bV
MP16/L

Fig. 1 Pin connections - top view

ORDERING INFORMATION

MV1449/IG/DGAS
MV1449/IG/DPAS
MV1449/IG/MPES

197



MV1449

TXD1
s TXD2
RXD2
RXD1

1

RESETAIS

|
|
| = |
' > ! g L >4 ais
I _] > > HDB3 Decod > "
) 1 ecoder,
D (lr—> ! Error and AIS @
HDB3 : Circuits >4 ov
CLK-EC l—)—> Encoder | |
| ' >4 UA
I ! A I
| + I
| 1 |
o ) S S B S l
VDD GND LTE CDR CLK-DC

Fig. 2 Block diagram

FUNCTIONAL DESCRIPTION

High Density Bipolar 3 (HDB3) is a ternary transmission
code in which the number of consecutive zeros which may
occur is restricted to three, to ensure adequate clock recovery
at the receiver. In any sequence of four consecutive binary
zero’s, the last zero is substituted by a mark of the same
polarity of the previous mark, thus breaking the Alternate Mark
Inversion (AMI) code. This mark is termed a violation. In
addition, the first zero may also be substituted by a mark if the
last mark and last violation are of the same polarity. This mark
does not violate the AMI code and ensures that successive
violations alternate in polarity and as such introduce no DC
component to the HDBS3 signal.

The MV1449 consists of two main blocks, the HDB3
Encoder and the HDB3 Decoder, with the Block Diagram being
shown in Fig. 2. The function of each block is now described
separately.

HDB3 Encoder

The HDB3 Encoder is responsible for converting the
incoming NRZ data into HDB3 Encoded pseudo-ternary form
for transmission over a 2.048Mbit/8.448Mbit PCM link. This
conversion is carried out in accordance with the HDB3 coding
laws specified in CCITT Recommendation G.703, Annex A.

The data to be encoded is input on the D input pin and the
encoding process is synchronised to the 2.048MHz/8.448MHz
clock signal being input on the CLK-EC pin. The HDB3
Encoder has two outputs, TXD1 and TXD2, which represent
the HDB3 encoded PCM data stream in pseudo-ternary form.
If a mark or violation is to be transmitted the output pulses high
after the rising edge of clock, with the length of the pulse set by
the clock high pulse width. The timing diagram of the HDB3
Encoder is shown in Fig. 3.
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HDB3 Decoder

The HDB3 Decoder circuit is responsible for converting the
2.048Mbit/8.448Mbit HDB3 encoded pseudo-ternary PCM
data stream on its inputs, RXD1 and RXD2, into NRZ binary
form to be output on the Q output pin. This conversion is
carried out in accordance with the HDB3 coding laws specified
in CCITT Recommendation G.703, Annex A. The HDB3
Decoder synchronously decodes the data on its RXD input
pins into NRZ form under control of the 2.048MHz/8.448MHz
clock being input on its CLK-DC pin. There is a 5 clock period
delay between the HDB3 data being clocked in from the RXD
inputs and the NRZ data appearing on the Q output. The
Decoder clock must be externally regenerated from the
incoming HDB3 data stream and in order to aid this clock
recovery a logical ‘OR’ function of the inverted HDB3 inputs is
output on the CDR pin.

In addition to the basic HDB3 decoding the circuit also
provides three alarm outputs. The first of these alarms is DV
(Double Violation) and a logic high on this output denotes that
two successive violations have been received with the same
polarity, thus violating the HDB3 decoding laws. The second
alarm, LIA (Loss of Input Alarm), is used to denote that 11
consecutive zero’s have been received on the RXD inputs.
The third alarm output is AIS (Alarm Indication Signal). This
output will go high if less than 3 decoded zero’s have been
detected in the preceding RESET AlS=1 period (i.e. between
RESET AIS=0 pulses) and as such this alarm can be used to
detect the CCITT Alarm Indication Signal. All the alarm
circuitry as well as the decoding process is synchronised to the
clock signal being input on the CLK-DC pin. The clock signal
may be asynchronous with the CLK-EC signal. The timing
diagrams of the HDB3 Decoder circuit are shown in Fig. 4.

In addition to the normal mode of operation, a loop test
mode is available for terminal testing. This mode is selected by
taking the LTE (Loop Test Enable) input high. In this mode, the
HDB3 encoded pseudo-ternary data outputs of the encoder
block are inverted and fed back as the inputs to the decoder
block, which in turn decodes this data and outputs it in NRZ
form.
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[8]
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[8]
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3) The diagram assumes the last mark occured on TXD2, the last violation on TXD1.

1) The Encoded HDB3 outputs, TXD1/2 are delayed by 4.5 clock periods with respect to NRZ DATA IN.
2) B is a HDB3 mark, V is a HDB3 violation.

Fig. 3 HDB3 Encoder waveforms
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le[
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o
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1) The Decoded NRZ output is delayed by 5 clock periods with respect to the HDB3 inputs.
2) The diagram assumes the last violation occured on RXD2.
3) B is HDB3 mark, V is a HDB3 violation.

Decoder waveforms

RXD2

DV

1 Clock Period F—-'—l

Notes:-

1)There is a single period delay between detection of an error and the rising edge of DOUBLE VIOLATION
2) The diagram assumes the last violation occured on RXD2.
3) B is HDB3 mark, V is a HDB3 violation.

HDB3 Double violation waveforms

RXD1
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RXD2

CLK-DC

LIA

Y

7 8 9 10 1"

L

1 Clock Periodl-——-r——l_

Note:-

RESETAS

AlS

1)The 'LOSS OF INPUT: is delayed by a single clock period with respect to the incoming HDB3 waveforms.

Loss of input violations

AIS and RESET AIS waveforms

Fig. 4 HDB3 Decoder waveforms
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PIN DESCRIPTIONS

Pin Name

Pin no.

Pin description

D

NRZ Data Input pin to HDB3 Encoder. The NRZ binary data on this pin is input
to the HDB3 Encoder for conversion to HDB3 pseudo-ternary form under control
of the CLK-EC signal. The D input is latched into the Encoder block by the falling
edge of CLK-EC.

CLK-EC

2.048MHz/8.448MHz Clock Input to HDB3 Encoder. The clock signal on this input
pin is used for the encoding of data on pin 1.

LIA

Loss of Input Alarm Output from HDB3 Decoder. This output goes high one period
after the detection of 11 consecutive zeroes on the RXD inputs. Any HDB3 mark
on the inputs (RXD1 or RXD2=0) resets this output low after a single clock period
delay.

NRZ Data Output from HDB3 Decoder. This output represents the HDB3 input
data decoded back into NRZ binary form, with a 5 clock period delay from the
HDBS3 inputs to the NRZ output. This decoding process is carried out under
control of the CLK-DC signal.

CLK-DC

2.048MHz/8.448MHz clock Input to HDB3 Decoder. The clock signal on this pin is
used for the decoding of data on the RXD input pins, or the TXD pins in Loop Test
Mode. This pin is used to input the externally-regenerated clock signal recovered
from the incoming HDB3 waveforms back to the Decoder block.

RESET
AIS

Reset AIS Input to HDB3 Decoder. A logic ‘0’ on this input resets a decoded zeros
counter in the HDB3 Decoder. It will also reset the AIS output to ‘0’ provided 3 or
more zeros have been decoded in the preceding RESET AlS=1 period, or set

AIS to ‘1’ if less than 3 zeros have been decoded in the preceding RESET AlS=1
period. This may be used to detect the CCITT Alarm Indication Signal. A logic 1’
on this pin enabies the decoded zeros counter.

AIS

Alarm Indication Signal Output from HDB3 Decoder. See description for RESET
AIS pin.

GND

Digital Ground. OV

DV

Double Violation Alarm Output from HDB3 Decoder. This output goes high for one
period of CLK-DC, one period after the detection of a HDB3 violation of the same
polarity as the previous HDB3 violation.

CDR

10

Clock Recovery Output from HDB3 Decoder. This pin is used to output the logical
‘OR’ function of the inverted HDB3 inputs for the use of the external clock
recovery circuit.
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PIN DESCRIPTIONS (continued)

PinName | Pinno. Pindescription

RXD1 11 HDB3 Encoded Input 1 to HDB3 Decoder. This is one of the pair of 2.048Mbit
pseudo-ternary HDB3 encoded PCM data stream inputs to the HDB3 Decoder.
This input asynchronously latches the incoming HDB3 data and is falling edge
sensitive. Since the input is asynchronously latched it is not necessary for the
RXD pulse to straddle a rising clock edge.

LTE 12 Loop Test Enable Control Input. A logic low on this pin selects normal operation,
with encoding and decoding being independent and asynchronous. A logic high
on this pin internally connects TXD1 to RXD1 and TXD2 to RXD2. Note that in
loop back mode, a decoder clock must be supplied (or regenerated from CDR)
along with the encoder clock.

RXD2 13 HDB3 Encoded Input 2 to HDB3 Decoder. See description for pin RXD1.

TXD1 14 HDB3 Encoded Pseudo-Ternary Output 1 from HDB3 Encoder. The NRZ PCM
data stream being input on the D pin is HDB3 encoded and output on this pin and
pin TXD2. This output is aiways low during the low halif cycle of ciock and is only
high during the high half cycle of clock if a mark is to be output. There is a 4.5
clock period delay from the falling edge of CLK-EC to TXD1.

TXD2 15 HDB3 Encoded Pseudo-Ternary Output 2 from HDB3 Encoder. See Pin TXD1
description.
vDD 16 Digital Supply Voltage. 5V
NOTES

1. Allinputs have 100K on-chip pull down resistors.
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ELECTRICAL CHARACTERISTICS

Test Conditions:

Supply Voltage VDD = 5V + 0.5V Ambient Temperature T, = -40°C to +85°C

STATIC CHARACTERISTICS
Characteristic Symbol Value Units Conditions
Min Typ Max
Low Level Input Voltage vV, 0.0 0.8 Vv
High Level Input Voltage Vi 20 Voo v
Low Level Output Voltage Vo 0.4 \ Isink=2mA
High Level Output Voltage Vour 24 \" Isource=2mA
Vone Voo \Y Isource=ImA
1.0
Input Leakage Current I -10 200 UA Vii=Voo OF Vs
Supply Current I 5 mA 2.048MHz Operation,
Note 1.
15 mA 8.448MHz Operation,
) Note 1.
Input Capacitance N 5 pF All Inputs
Output Capacitance Cour 5 pF All Outputs
NOTES

1. All supply currents measured with outputs unloaded.
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DYNAMIC CHARACTERISTICS

Note: Two sets of dynamic characterisitics are supplied, for use over the Commercial and Industrial Temperature ranges. The
parameter set for the Commercial temperature range is aimed at customers wishing to switch from either the MJ1440 or MV 1448
devices to the MV1449 since both the older devices were specified over the Commercial temperature range.

Test Conditions:
Supply Voltage VDD = 5V + 0.5V Ambient Temperature T, = 0°C to +70°C

Characteristic Symbol Value Units Conditions
Min Typ Max
CLOCK
Clock Period ter 100 ns See Fig. 5
Clock Rise/Fall Time terlter 20 ns See Fig. 5
Clock High/Low Time talte 30 ns See Fig. 5
ENCODER
Encoder Data Setup Time teos 15 ns See Fig. 6
Encoder Data Hold Time | S 15 ns See Fig. 6
TXD1/TXD2 Output - 45 ns See Fig. 6, Note 1.
Propagation Delay cPOF
DECODER
RXD1/2 Data Setup Time tas 15 ns See Fig. 7
RXD1/2 Pulse Width taw 20 ns See Fig. 7
CDR Propagation Delay tepor’ 40 ns See Fig. 7, Note 1.
cPOF
Decoder Output toro 45 ns See Fig. 7, Notes 1
Propagation Delay. and 2.
RESET AIS Hold-Off Time taano 15 ns See Fig. 7
RESET AIS Pulse Width teaw 15 ns See Fig. 7
Reset AIS Setup Time tans 10 ns See Fig. 7
AIS Propagation Delay Lo 45 ns See Fig. 7, Note 1.
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Test Conditions:
Supply Voltage VDD = 5V + 0.5V Ambient Temperature T, = -40°C to +85°C

Characteristic Symbol Value Units Conditions
Min Typ Max
CLOCK
Clock Period tep 100 ns See Fig. 5
Clock Rise/Fall Time S 20 ns See Fig. 5
Clock High/Low Time to e 35 ns See Fig. 5
ENCODER
Encoder Data Setup Time teos 20 ns See Fig. 6
Encoder Data Hold Time teon 20 ns See Fig. 6
TXDVTXD2 Output | S— 50 ns See Fig. 6, Note 1.
Propagation Delay teror
DECODER
RXD1/2 Data Setup Time tas 20 ns See Fig. 7
RXD1/2 Pulse Width tow 25 ns See Fig. 7
CDR Propagation Delay teror! 45 ns See Fig. 7, Note 1.
cPoF
Decoder Output torn 50 ns See Fig. 7, Notes 1
Propagation Delay. and 2.
RESET AIS Hold-Off Time tosio 15 ns See Fig. 7
RESET AIS Pulse Width toaw 20 ns See Fig. 7
Reset AIS Setup Time toas 15 ns See Fig. 7
AIS Propagation Delay Lo 55 ns See Fig. 7, Note 1.
NOTES

1. All output propagation delays are measured with a 50pF load.
2. The t., parameter applies to outputs Q, LIA and DV, but does not apply to AIS.
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CLK-EC/
CLK-DC

Fig. 5 Clock timing parameters
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Fig. 7 Decoder timing parameters
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ADVANCE INFORMATION

MV1471

HDB3/AMI ENCODER/DECODER

The MV1471, along with other devices in the GPS 2Mbit
PCM signalling series comprise a group of circuits which will
perform the common channel signalling and error detection
functions for a 2.048Mbit PCM transmission link operating in
accordance with the appropriate CCITT Recommendations.
The MV1471 is also capable of operating at clock rates up to
10MHz. The MV1471 circuit is fabricated in CMOS and
operates from a single +5V supply with all inputs and outputs
being TTL compatible.

The MV1471 is an encoder/decoder for pseudo-ternary
transmission codes. The code can be selected as either true
Alternate Mark Inversion (AMI) code or AMI modified
according to the HDB3 coding laws specified in Annex A of
CCITT Recommendation G. 703. The device encodes and
decodes simultaneously and asynchronously. Error
monitoring functions are provided to detect violations of the
HDB3 coding and all ones detection. In addition a loop back
function is provided for terminal testing.

FEATURES

M Single +5V supply

M All Inputs and Outputs TTL compatible

M Selectable HDB3 or AMI coding

M HDBS3 Encoding and Decoding to CCITT
Recommendation G. 703

M Simultaneous Encoding and Decoding

W Clock Recovery Signal allows Clock Regeneration
from Incoming PCM data

Hl Loop Back Control

W HDB3 error monitor

M Alarm Indication Signal Monitor

H Low Power Operation

W 2.048MHz or 8.448MHz Operation

ABSOLUTE MAXIMUM RATINGS

The absolute maximum ratings are limiting values above
which operating life may be shortened or specified parameters
may be degraded.

D.S. 3780 1.6
o1~ 18] wo
ck-ec |2 1s]] Txo2
voswami [| 3 1s]] Txp1
afl4 R 13]] mxp2
hi
ck-oc ] s g refl ue
Resetais [| 6 1]] rxo1
as []7 10f] cor
ano [l e of] ov
DP16
p 1 16[] voo
cLk-Ec [J2 15[] TXD2
HDB¥AMI []3 . 14[] TXD1
as § 13[] RXD2
ck-be [5 E 12[] LTE
RESETAIS [J6 ~ 11[] RxD1
ais [7 10[] CDR
GND []8 9[] ov
DG16

Supply Voltage —0.5Vto +7V

Input Voltage —0.5V to Vpp +0.5V
Output Voltage —-0.5V to Vpp +0.5V
Storage temperature (DP) -55to +150°C
Storage temperature (DG) —65 to +150°C

206

Fig. 1 Pin connections top view

ORDERING INFORMATION
MV1471/CG/DPAS
MV1471/CG/DGAS



Functional Description

High density bipolar 3 (HDB3) is a ternary transmission
code in which the number of consecutive zeros which may
occur is restricted to three, to ensure adequate clock recovery
at the receiver. In any sequence of four consecutive binary
zero’s, the last zero is substituted by a mark of the same
polarity as the previous mark, thus breaking the Alternate
Mark Inversion (AMI) code. This mark is termed a violation. In
addition, the first zero may also be substituted by a mark if the
last mark and last violation are of the same polarity. This mark
does not violate the AMI code and ensures that successive
violations alternate in polarity and as such introduce no DC
components to the HDB3 signal.

The MV1471 consists of two main blocks, the HDB3/AMI
Encoder and the HDB3/AMI Decoder, with the block diagram
being shown in Fig. 2. The function of each block is now
described separately.

HDB3/AMI Encoder

The HDB3/AMI Encoder is responsible for converting the
incoming NRZ data into pseudo—ternary form for transmission
over a 2.048Mbit/8.448Mbit PCM link according to either the
true AMI rules or AMI modified according to the HDB3
encoding rules. In HDB3 mode, this conversion is carried out
in accordance with the HDB3 coding laws specified in CCITT
Recommendation G. 703, Annex A. Selection between the
two encoding schemes is controlled by the HDB3/AMI control
input. A logic high on this pin will configure the device in HDB3
mode.

The data to be encoded is input on the D input pin and the
encoding process is synchronised to the 2.048/8.448MHz
clock signal being input on the CLK—EC pin. The HDB3/AMI
Encoder has two outputs, TXD1 and TXD2, which represent
the encoded PCM data stream in pseudo-ternary form. If a
mark or HDB3 violation is to be transmitted the output pulses
high after the rising edge of the clock, with the length of the
pulse set by the clock high pulse width. The timing diagram of
the HDB3/AMI Encoder is shown in Fig. 3.

MVi471
HDB3/AMI Decoder

The HDB3/AMI Decoder circuit is responsible for
converting the 2.048Mbit/8.448Mbit HDB3/AMI encoded
pseudo-ternary PCM data stream on its inputs, RXD1 and
RXD2, into NRZ binary form to be output on the Q output pin.
In HDB3 mode this conversion is carried out in accordance
with the HDB3 coding laws specified in CCITT
Recommendation G. 703, Annex A. The HDB3/AMI decoder
synchronously decodes the data on its RXD input pins into
NRZ form under control of the 2.048MHz/8.448MHz clock
being input on its CLK-DC pin. There is a 5 clock period delay
between the encoded data being clocked in from the RXD
inputs and the NRZ data appearing on the Q output. The
Decoder clock must be externally regenerated from the
incoming PCM data streams and in order to aid this clock
recovery a logical ‘OR’ function of the decoder inputs is output
on the CDR pin.

In addition to the HDB3/AMI decoding the circuit also
provides two alarm outputs. The first of these alarms is DV
(Double Violation) and a logic high on this output denotes that
two successive violations have been received with the same
polarity, thus violating the HDB3 decoding laws. The second
alarm output is AIS (Alarm Indication Signal). This output will
go highif less than 3 decoded zero’s have been detected inthe
preceding two RESET AIS=1 periods (i.e. between two
RESET AIS=0 pulses) and as such this alarm can be used to
detect the CCITT Alarm Indication Signal. All the alarm circuit
as well as the decoding process is synchronised to the clock
signal being input on the CLK-DC pin. The clock signal may
by asynchronous with the CLK-EC signal. The timing
diagrams of the HDB3/AMI Decoder circuit are shown in Fig.4.
In addition to the normal mode of operation, a loop test mode
is available for terminal testing. This mode is selected by
taking the LTE (Loop Test Enable) input high. In this mode, the
HDB3/AMI encoded pseudo-ternary data outputs of the
encoder block are fed back as the inputs to the decoder block,
which in turn decodes this data and outputs it in NRZ form.

TXD1 TXD2 RXD2 RXD1 RESET AIS
F————————— O ——0 0 —————————— —_—————
I I
I I
I I
I |
| | . & AIS
| —0 |
| N
D +_._ o ERROR [0 Q
HDB3/AMI +———o0 GREOITs !
CLK-EC +__,_> ENCODER |
. o DV
{ A :
! I
l |
: I
6.—-&——— —— e O e Qe e e e e .___.!
Voo GND HDB¥AMI LTE  CDR CLK-DC

Fig. 2 Block diagram
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CLK-EC W
D I

T™@D1 — L [Bl sl [sl Jvl
1_——‘———-'
4.5 CLOCK PERIODS
TXD2 __ Bl [l _vl sl
HDB3 MODE SELECTED

I
]
4.5 CLOCK PERIODS
TXD2 sl Bl

AMI MODE SELECTED

ncoder ouiputs, TXD1/2 are deiayed by 4.5 ciock periods with respect to D.

HDB3 mark, V is a HDB3 violation.

Both diagrams assume the last mark occured on TXD2 and the last violation on TXD1.

Fig. 3 HDB3/AMI Encoder waveforms

RXD1 [el _Iel fvl sl Bl [
RXD2 ! sl [8l Il Jel

con M1 M
ctk-oc | LML

| 5 CLOCK PERIODS
Q = I
DECODER WAVEFORMS — HDB3 MODE SELECTED
RXD1 [6l el [el [el el [el

RXD2 l [Bl__
CDR fh 1 T I T Y I Ny
CLK-DC _._.'LJULILJLJLILILIL.ILIULILILH_

| 5 CLOCK PERIODS
fe

| I | I
DECODER WAVEFORMS — AMI MODE SELECTED

Q

NOTES 1) The decoder NRZ output is delayed by 5 clock periods with respect to the PCM inputs.
2) Bis a HDB3 mark, V is a HDB3 violation.
3) The diagrams assume that the last mark and last violation both occured on RXD2.
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RXD1 Jel_ [al vl___Isl vl vl

RXD2 Il _Isl [Bl

ck-oc LML MJuuryuyuyyuuururore
i e I

1 CLOCK PERIOD
DV

HDB3 DOUBLE VIOLATION WAVEFORMS

NOTES 1) The DV output is delayed by 1 clock period with respect to the PCM inputs
2) The diagrams assume that the last mark and last violation both occured on RXD2.
3) Bis a HDB3 mark, V is a HDB3 violation.

(TR0, TS I I I I A I I I
o LI LI LI LTI

RESET AIS U U u u
AlS L

AIS WAVEFORMS

Fig. 4 HDB3/AMI Decoder waveforms (continued)

PIN DESCRIPTION

Pin Name Pin No Description

D 1 NRZ Data Input pin to HDB3/AMI Encoder. The NRZ binary data on this pin is input
to the HDB3/AMI Encoder for conversion to HDB3/AMI pseudo—ternary form under
control of the CLK-EC signal. The D input is latched into the encoder block by the
falling edge of CLK-EC.

CLK-EC 2 2.048MHz Clock Input to HDB3 Encoder. The clock signal on this input is used for
the encoding of data on pin 1.
HDB3/AMI 3 HDB3/AMI Mode Select input. A logic high on this pin seiects HDB3 operation. A
logic low selects AMI mode.
Q 4 NRZ Data Output from HDB3/AMI Decoder. This output represents the HDB3/AMI

input data decoded back into NRZ binary form, with a 5 clock period delay from the
PCM inputs to the NRZ output. This decoding process is carried out under control of
the CLK-DC signal.

CLK-DC 5 2.048MHz Clock Input to HDB3/AMI Decoder. The clock signal on this pin is used for
decoding of data on the RXD input pins, or the TXD pins in Loop Test Mode. This pin
is used to input the externally regenerated clock signal recovered from the incoming
HDB3/AMI waveforms back to the decoder block.

RESET AIS 6 Reset AlS Input to HDB3/AMI Decoder. A logic ‘0’ on this input resets a decoded
zeros counter in the HDB3/AMI decoder. It will also reset the AlS output to ‘0’
provided 3 or more zeros have been decoded in the preceding RESET AlS=1 period,
or set AIS to ‘1’ if less than 3 zeros have been decoded in the preceding two RESET
AlS=1 periods. This may be used to detect the CCITT Alarm Indication Signal. A logic
‘1’ on this pin enables the decoded zeros counter.

AIS 7 Alarm Indicator Signal Output from HDB3/AMI Decoder. See description for RESET
AlIS pin.
GND 8 Digital Ground. OV.
DV 9 Double Violation Alarm Output from HDB3/AMI Decoder. This output goes high for

one period of CLK-DC, one period after the detection of a HDB3 violation of the same
polarity as the previous HDBS violation.

CDR 10 Clock Recovery Output from HDB3/AMI Decoder. This pin is used to output the
logical ‘OR’ function of the PCM inputs for the use of the external clock recovery
circuit.
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RXD1 11 HDB3/AMI Encoded Input 1 to HDB3/AMI Decoder. This is one of the pair of
2.048Mbit/8.448Mbit pseudo—-ternary PCM data stream inputs to the HDB3/AMI
Decoder. This input asynchronously latches the incoming HDB3/AMI data and is
rising edge sensitive. Since the input is asynchronously latched it is not necessary for
the RXD pulse to straddle a rising clock edge.

LTE 12 Loop Test Enable Control Input. A logic low on this pin selects normal operation, with
encoding and decoding being independent and asynchronous. A logic high on this
pin internally connects TXD1 to RXD1 and TXD2 to RXD2. Note that in loop back
mode, a decoder clock must be supplied.

RXD2 13 HDB3/AMI Encoded Input 2 to HDB3/AMI Decoder. See description for pin RXD1.

TXD1 14 HDB3/AMI Encoded Pseudo—Ternary Output 1 from HDB3/AMI Encoder. The NRZ
PCM data stream being input on the D pin is HDB3/AMI encoded and output on this
pin and pin TXD2. This output is always low during the low half cycle of clock and is
only high during the high half cycle of clock if a mark is to be output. There is a 4.5
clock period delay from the falling edge of CLK-EC to TXD1.

TXD2 15 HDB3/AMI Encoded Pseudo—Ternary Output 1 from HDB3/AMI Encoder. See Pin
TXD1 description.
vDD 16 Digital Supply Voltage. 5V.
NOTES

1. All inputs except HDB3/AMI have 100K on—chip pull down resistors. HDB3/AMI has a 100K on—chip pull-up resistor.

ELECTRICAL CHARACTERISTICS
Test Conditions
Supply Voltage Vpp = 5V 0.5V Ambient Temperature Ty, = 0°C to + 70°C

STATIC CHARACTERISTICS

Value
Characteristics Symbol Min Tve Mo Units Conditions

Low level input voltage ViL 0.0 0.8 \"
High level input voltage ViH 2.0 Vbop \
Low level output voltage VoL 0.4 Vv Isink = 2mA
High level output voltage Vout 24 \% Isource = 2MA

Vonc | Voo-1.0 v Isource = TMA
Input leakage current i -10 200 pA Vin = Vpp or GND
Supply current Is 5 mA 2.048MHz operation Note 1.

15 mA 8.448MHz operation Note 1.

Input capacitance CiN 5 pF All inputs
Output capacitance Cout 5 pF All outputs

NOTES

1. All supply currents measured with outputs unloaded. These currents are not tested but are guaranteed by
characterisation and a static current test.

DYNAMIC CHARACTERISTICS

Value
Characteristics Symbol - Units Conditions
Min Typ Max
CLOCK
Clock period tcp 100 ns See Fig. 5
Clock rise/fall time toriAcF 20 ns See Fig. 5
Clock high/low time tcHtcL 30 ns See Fig. 5
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MV1471

Value
Characteristics Symbeol - Units Conditions
Min Typ Max
ENCODER
Encoder data setup time teps 15 ns See Fig. 6
Encoder data hold time tepH 15 ns See Fig. 6
TXD1/TXD2 output tePDR 45 ns See Fig. 6, Note 1.
propagation delay tepDF
DECODER
RXD1/2 data setup time trs 20 ns See Fig. 7
RXD1/2 pulse width trw 20 ns See Fig. 7
CDR propagation delay tcppR/ 45 ns See Fig. 7, Note 1.
tcpPoF
Decoder output torD 45 ns See Fig. 7, Note 1.and 2.
propagation delay
RESET AIS hold-off time trAHO 15 ns See Fig. 7
RESET AIS pulse width traw 15 ns See Fig. 7
Reset AIS setup time tRAs 10 ns See Fig. 7
AIS propagation delay tapD 55 ns See Fig. 7, Note 1.

NOTES
1. All output propagation delays are measured with a 50pF load.

2. The topp parameter applies to outputs Q, and DV, but does not apply to AIS.

ter tcr
Clk-ec _ = |4V——m/mmm/—/m/—//——~| | /: ViH
CLk-oC — — VN Y . ViL
Fig. 5 Clock timing parameters
CLK-EC ———— ViH
ViL
D ViH
ViL
VoHT
TXD1/TXD2 " VoL

Fig. 6 Encoder timing parameters
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RXD1/RXD2 — — — — 7

Fig. 7 Decoder timing parameters
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Low Profile, Leadless Surface Mount Package

DS3532-1.4
78.8125MHZ LOW LOSS SAW L.F. FILTER
FOR GSM PERSONAL COMMUNICATIONS
(Supersedes version in February 1994 Microwave Products Handbook, HB3198-2)
The DW9241 has been specifically developed for the
Personal Communications market, where the 1st LF. stage
filter is typically in the 60 to 80MHz range.
The filter is realised on ST-Quartz, using Uni-directional
Transducer technology, which provides excellent insertion
loss, and temperature stability.
The unique design odviates the need for distinct Roof & GND GND
Channel filters, usually required to achieve a low shape factor,
with maximum bandwidth. The filters can be used in single or onoy 4 111 aND
cascade format, and are available in a low profile, leadless, oW ﬁ
surface mount package, which is compatible with most modern 9241
manufacturing techniques. GNDpf 5 100 GND
GND)| 6 9/¢ GND
FEATURES
7 8
e e g
B 78.8125MHz Centre Frequency (f,) £ =5
B Low Insertion Loss (<6dB Single <12dB Cascade) [ =]
3 3k LCs12/1
B Excellent Sidelobe Suppression =
|
n

Hermetically Sealed Package

ABSOLUTE MAXIMUM RATINGS
DC Voltage vDC oV
Input Power Max.  PIN  10dBm

ORDERING INFORMATION
DW9241
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DW9241

CH1 Sp4 log MAG 10 dB/ REF -6.428 dB 4; O ds
B8009 ©.9000 04O MHZz
AREF=1
BK: -349 9€8 MHz
-3
ca \L‘ cent: 781814386 MHz
o 45.19
A %Lz Q: 285.1
3 4
/AV % na
/ VTV | V /
CENTER 78.812 500 MHz SPAN 5.000 000 MHz

ELECTRICAL CHARACTERISTICS

Parameter Value Units
Centre Frequency (fg) 78.8125 MHz
Passband +85 (Min) kHz
Insertion Loss <6 dB
Passband Ripple 0.5 (Max) dB
Group Delay <0.5 us
Stopband Rejection: fo +200kHz >2 dB
fo £400kHz >12 dB
fo £600kHz > 20 dB
fo £800kHz > 20 dB
-1.625MHz (BW = 200kHz) > 40 dB
Ultimate Rejection > 30 dB
(£1MHz ~ +25MHz)
Operating Temperature -20 to +85 dB
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ADVANCE INFORMATION

DS4026-1.4
133MHz IF SAW FILTER FOR GSM MOBILE PHONES

The DW9256 has been designed specifically for the
Personal Communications market, as an IF filter with a centre
frequency of 133MHz. The filter utilises GPS's low loss °®
Transversal filter technology based on a Quartz substrate for
excellent temperature stability. INPUT 14 Bl GND

A minimum 3dB passband of +75kHz is combined with a INPUT RETURN ]13 16 [lanD
high shape factor to give good adjacent channel rejection.

The device is available in a surface mount, ceramic GND 12 L GND
leadless chip carrier, suited to high volume automated GND 111 18] OUTPUT RETURN
assembly systems.

GND Jio 1 OUTPUT
FEATURES GND Ig 2[7 GND
B 133MHz Centre Frequency (fo) eno[Js 3| onp
B Low Insertion Loss (7dB maximum) GND 17 o GND
B 3dB Passband +75kHz (minimum)
. GND l6 s[_ GND
B Quartz Temperature Stability
) DW9256

B Low Profile Ceramic LCC Package LCS18

ABSOLUTE MAXIMUM RATINGS
DC Voltage vDC oV
Input Power Max. PIN  10dBm

NOMINAL IMPEDANCE
Input: 520Q // 20pF
Qutput: 20092 // 30pF

50Q2 GPS TEST BOARD COMPONENTS

Input: Series Ind. 180nH, Shunt Ind. 100nH, Shunt Cap. 2.2pF

Output: Shunt Ind. 68nH, Series Ind. 82nH

Components: Coilcraft 1008CS Inductors : Murata 0805 Capacitors

ORDERING INFORMATION
DW9256
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ELECTRICAL CHARACTERISTICS @ 25°C

Parameter Min Typ Max Units
Centre Frequency - 133 - MHz
1dB Bandwidth +75 +170 - kHz
3dB Bandwidth +75 +300 kHz
Insertion Loss 4 5 7 dB
Amplitude Ripple - 0.5 2 dB
Group Delay Ripple - 150 1000 ns
Stopband Rejection:
fo + 400 - 600 kHz 3 5 - dB
fo + 600 - 800 kHz 10 15 - dB
fo £ 800 - 1500 kHz 20 30 - dB
fo - 1500 kHz - 50 MHz 30 35 - dB
fo + 1500 kHz + 200 MHz 30 35 - dB
Operating Temperature Range -20 - +80 °C
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/ \\
/ \
AN NI
alan VAN
ol ] U
| |

CENTER 133. 000 000 MH=z SPAN 4. 000 000 MH=z=
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PRELIMINARY INFORMATION

DW9276

71MHz IF SAW FILTER FOR GSM MOBILE PHONES

DS4087-1.7

The DW9276 is a 71MHz IF SAW filter which has been
specifically designed for cellular radio architectures using the
highly integrated ‘Sceptre’™ hardware platform for GSM from
AT&T Microelectronics.

Based on quartz for excellent temperature stability, the
DW9276 provides very high channel selectivity, low Group
Delay Ripple and Insertion Loss. Packaged in a Surface Mount,
low profile leadless chip carrier, the DW9276 is ideally suited to
high volume automatic assembly systems.

ABSOLUTE MAXIMUM RATINGS
DC Voltage vDC oV
Input Power Max.  PIN  10dBm

NOMINAL IMPEDANCE

Input: 6480 // 25pF
Output: 1177Q /7 19pF

INPUT

GND CASE

GND CASE

GND CASE

OUTPUT RETURN

INPUT RETURN

GND CASE

GND CASE

GND CASE

OUTPUT

LCS10/1

502 GPS TEST BOARD COMPONENTS

Input : Series Cap. 11pF, Shunt Ind. 150nH
Output : Shunt Ind. 180nH, Series Cap. 10pF

Components : Cailcraft 1008CS Inductors : Murata 0805 Capacitors

ORDERING INFORMATION

For balanced order DW9276B
For unbalanced order DW9276U
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DW9276
ELECTRICAL CHARACTERISTICS @ 25°C

Parameter Min. Typ. Max. Units
Centre Frequency (fo) - 71.0 - MHz
3dB Bandwidth 185 +160 - kHz
Insertion Loss - 6.0 7.0 dB
Group Delay Ripple - 200 350 ns
Amplitude Ripple* - 0.2 0.5 dB
Stopband Rejection:
fo £400 - 600kHz 22 25 - dB
fo £600 - 1600kHz 28 30 - dB
fo £1600 - 3000kHz 38 40 - dB
fo >+3000kHz 50 53 - dB
Operating Temperature -25 - +80 °C
Temperature Delta -8.5 - - kHz

*Adjacent minima to maxima in 3dB bandwidth.

CH1 Spg log MAG 10 dB/ REF —6.251 dB 1 O dB
»al 0. 00 0go MH=
Mdix AREF=1
BW: . 729 241 MH=

Cor
canta 7048984530 MH=
Q: Q7. 354

+

——

il WA, k.

DT R LI
i Iy

CENTER 71.000 000 MH=z= SPAN 15. 000 000 MH=

Figure 1: Amplitude Characteristics
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DW9276

CH1 823 dalay 100 na/ REF 1.88 um 1L 1.84393 pe
[ 71. #no 000 MH=
Avg
18
’ i —) i
T
CENTER 71.000 DOO MH=x SPAN . 280 DOO MH=x

Figure 2: Group Delay Ripple Characteristics
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GECPLESSEY
. V. PRELIMINARY INFORMATION

DS4082-1.6
92.025MHz IF SAW FILTER FOR
E-TACs CELLULAR MOBILE PHONES

The DW9274 SAW filter is a Quartz based device offering
narrow band, highly selective performance with excellent
temperature stability characteristics, which make it an ideal a ’é
choice for E-TACs cellular mobile phone requirements. 3 =

The device is available in a Surface Mount leadless, ’:Fﬁ\
ceramic chip carrier suitable for high volume, automated
assembly systems. GND Y 3 12i¢ oND
FEATURES GND )| 4 11)d GND
M 92.025MHz Centre Frequency (fo) DW9274
B Insertion Loss 3dB (Typ) GND)| 5 10{c GND
M 3dB Bandwidth 30kHz (Min)
W Quartz Temperature Stability GND ) 6 9/c GND
B Low Profile Ceramic SMT Package , s

5 2
ABSOLUTE MAXIMUM RATINGS S e LCS12/2
DC Voltage VDV ov °
Maximum Input Level 0dBm -
Figure 1

ORDERING INFORMATION
DW9274

ELECTRICAL SPECIFICATION @25°C

Parameter Spec Typ Units
Nominal Frequency (fo) 92.025 92.025 MHz
Passband
Insertion Loss (IL) 4 Max 3 dB
3dB Bandwidth 30 Min 63 kHz
Ripple (fo+15kHz) 1 Max 0.5 dB
Group Delay (fot+15kHz) - <4 us
Stopband
fo+50kHz 5 7 dB
fo+100kHz 35 40 dB
fo+200kHz to fo +500kHz 25 45 dB
fo+500kHz to fo +1000kHz 40 55 dB
fo-300kHz to fo -900kHz 60 70 dB
fo-900kHz to fo -920kHz 70 75 dB
fo-920kHz to fo -1000kHz 60 70 dB
Maximum Input Level 0 - dB
Operating Temperature Range -10 to +65°C
Package 12 Lead Ceramic LCC 13.6 x 6.8 x 1.93mm (Max).
Terminating Impedance 850¢2//-2pf

225



DW9274

Zt = 850Q // -2pf

1 1
| |
Zt | | Zt
| |
| |
| |
o— SAW [—© 0
S.G p— f—
50Q 50Q
Ve d P d
Figure 2: 5052 Test Circuit
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Figure 3: Passband and Group Delay Characteristics




DW9274

CH1

Cor

So1q log MAG 10 dB/ REF -3.086 dB 1 O dB
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Figure 4: Stopband Rejection Characteristics
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w GEC PLESSEY
K J PRELIMINARY INFORMATION

DS3811-3.4
112.32MHz SAW LF. FILTER FOR DECT
PERSONAL COMMUNICATIONS
(Supersedes version in February 1994 Microwave Products Handbook, HB3198-2)
The DW9249 112.32MHz SAW LF. filter has been
specifically developed for the Digital European Cordless - -
Telephone (DECT) market. 28 =
By using a centre frequency of 112.32MHz, the DW9249 P T—
overcomes the potential problems of 6th and 8th harmonic 2 @
interference often associated with filters centred at
110.592MHz. GND ) 3 12)¢ GND
The filter offers excellent temperature stability, (ST-Quartz
substrate) plus low Group Delay Ripple (+100ns max.) and is
available in the latest, low profile ceramic surface mount GNDp 4 1110 GND
package technology. DW9249
GND )| 5 10/c GND
FEATURES
W Extremely Low Group Delay Ripple GND )| 6 9i¢ GND
B Wide Operating Temperature ; o
B High Co-channel rejection —’5—’5‘—‘§
W High Adjacent Channel Rejection g =)
. 3 3 LCS1211
W Highly Reproduceable Impedance Characteristics
W Balanced or Unbalanced Drive
B Low Profile Leadless Ceramic Surface Mount Package

Suitable for Automated Assembly

ABSOLUTE MAXIMUM RATINGS
DC Voitage VDT 0V
Input Power Max. PIN  10dBm

NOMINAL IMPEDANCE

Input: 1.1k /7 9.25pF
Output: 1.2kQ // 12pF

5092 GPS TEST BOARD COMPONENTS

Input: Series Ind. 180nH, Shunt Cap. 60.7pF
Qutput: Series Ind. 100nH

Components: Coilcraft 1008CS Inductors : Murata 0805 Capacitors

ORDERING INFORMATION
DW9249

REFERENCE APPLICATION NOTE:

DW9249 - SAW Bandpass Filter for D.E.C.T.
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DW9249

B2

1 —14 .92 aB

O MHZ

0dB

-10dB

-20dB

-30dB

-40dB

-50dB

-60dB

b d

CENTER 112.328 000 MHz

FUISRURRI (RO (NS S

10.000 000 MHz

Typical Response of DW9249

ELECTRICAL CHARACTERISTICS @ 25°C

Parameter Typ Units
Centre Frequency (Fo) 112.320 MHz
-3dB Bandwidth +720 1576 KHz
Group Delay Ripple (Fo+576kHZ) +80 |£100 (Max)| ns
Insertion Loss 15 16 (Max) dB
Stopband Attenuation:
Fo +1.152MHz 20 >15 dB
Fo £1.728MHz 40 >30 dB
Fo £3.556MHz 45 >40 dB
Fo +5MHz 50 >45 dB
Amplitude Ripple (pk to pk) +0.4 +0.6 dB
Operating Temperature Range -2010 +85 °C

GPS reserves the right to modify these ‘datasheets’ when
necessary to provide optimum performance and cost.
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PRELIMINARY INFORMATION

DsS3976-2.1
110.592MHz SAW LF. FILTER FOR DECT
PERSONAL COMMUNICATIONS
The DW9253 110.592MHz SAW LF. filter has been — —
specifically developed for the Digital European Cordless gg §
Telephone (DECT) market. e
The filter offers excellent temperature stability, (ST-Quartz 2 @

substrate) plus low Group Delay Ripple (+125ns max.) and is
available in the latest, low profile ceramic surface mount GND ) 3 12 K GND
package technology.

GND )| 4 11 | GND
FEATURES DW9253
M Extremely Low Group Delay Ripple GND )| § 10 ¢ GND
B Wide Operating Temperature
W High Co-channel rejection GND Y 6 9 [q GND
M High Adjacent Channel Rejection 7 s
B Highly Reproduceable Impedance Characteristics A 5 59
W Balanced or Unbalanced Drive % %U

) . . ] ° LCcs121

B Low Profile Leadless Ceramic Surface Mount Package

Suitable for Automated Assembly

ABSOLUTE MAXIMUM RATINGS
DC Voltage vDC oV
Input Power Max. PIN  10dBm

502 GPS TEST BOARD

input:  Series ind
Qutput:

COMPONENTS

. 180nH
Series Ind. 100nH
Components: Coilcraft 1008CS Inductors : Murata 0805 Capacitors

ORDERING INFORMATION
DW9253
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DW9253
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104.592 182.592 184.592 186.592 108.592 118.592 112.592 114.5892 116.592 118.592
Frequency (MHz)

12@.532

Typical Response of DW9253

ELECTRICAL CHARACTERISTICS @ 25°C

Parameter Typ Min Units
Centre Frequency (Fo) 110.592 MHz
-3dB Bandwidth +700 +576 KHz
Group Delay Ripple (F+576kHZ) +95 |+125(Max)| ns
Insertion Loss 15 16 (Max) dB
Stopband Attenuation:
Fo +1.152MHz 20 >15 dB
Fo +£1.728MHz 40 >30 dB
Fo +£3.556MHz 45 >40 dB
Fo £5MHz 46 >42 dB
Amplitude Ripple (pk to pk) +0.4 0.6 dB
Input Impedance 1.1KQ // 9.25pF
Output Impedance 1.2KQ // 12pF
Operating Temperature Range -20to +85 °C

GPS reserves the right to modify these ‘datasheets’ when
necessary to provide optimum performance and cost.
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ADVANCE INFORMATION

DW9268

240.192MHz IF SAW FILTER FOR CORDLESS DIGITAL
PERSONAL COMMUNICATION SYSTEMS

The DW9268 has been designed specifically for the Digital
Cordless Personal Communications market as an IF filter with
a centre frequency of 240.192MHz. The filter utilises GPS's
low loss (7dB typical), Transversal filter technology based on a
Quartz substrate for excellent temperature stability.

A 3dB passband of 1.3MHz (typical) is maintained whilst
providing rejection to adjacent and alternate interferers
compliant to the DECT Common Interface specification Part 2
- The Physical Layer. The device also exhibits excellent close-
in and ultimate rejection, which combined with a Group Delay
Ripple of 200ns maximum makes the DW9268 and ideal IF
filter for Digital Cordless Personal Communications systems.

The device is packaged in a surface mount, leadless
ceramic chip carrier, suited to high volume automated
assembly systems.

FEATURES
B 240.192MHz Centre Frequency (fo)
Low Insertion Loss (8dB maximum)

DS4025-1.4
a 5
& z
f——‘—"—\
2 1 O
GND)|3 10 [C GND
GND )| 4 DW9268 9|C GND
GND )5 8 |C GND
6 7
) — — —
[ [=)
=) =
g [
o LCS10/2

3dB Passband 1.3MHz (typical)
Quartz Temperature Stability

Low Profile Ceramic LCC Package

ABSOLUTE MAXIMUM RATINGS
DC Voltage vDC oV

Input Power Max. PIN

NOMINAL IMPEDANCE

500Q // 16pF
6250 // 14pF

Input:
Output:

5002 GPS TEST BOARD COMPONENTS

Shunt Cap. 45pF, Series Ind. 47nH
Series Ind. 47nH, Shunt Cap. 34pF

Input:
Output:

Components: Coilcraft 1008CS Inductors : Murata 0805 Capacitors

ORDERING INFORMATION
DW9268
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DW9268

ELECTRICAL CHARACTERISTICS @ 25°C

Parameter Min Typ Max Units
Centre Frequency - 240.192 - MHz
3dB Bandwidth 1260 1300 1340 kHz
Insertion Loss - 7 8 dB
Amplitude Ripple - 0.2 1 dB
Group Delay Ripple - 100 200 ns
Stopband Rejection
fo £1.152 MHz 10 12 - dB
fo £ 1.728 MHz 30 32 - dB
fo +2.880 MHz 40 50 - dB
fo £ 5.0 MHz 50 55 - dB
Operating Temperature Range -20 - +80 °C
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DW9268
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GEC PLESSEY
. S PRELIMINARY INFORMATION

DW9282

110-592MHz SAW IF FILTER FOR DECT PERSONAL COMMUNICATIONS

The DW9282 is a 110-592MHz SAW filter which has been
designed for the first IF section in Digital European Cordless il &
Telephones (DECT). F F
The filter design has resulted in an insertion loss of 12dB Z =
(max.), low group delay ripple of 100ns (typ.), with quartz pr— — —
temperature stability. 2 1
The DW9282 is available in a 9mmX7mm outline surface
mount package to ensure optimum PCB usage for designers of GND )i 3 10/C GND
DECT radios.
FEATURES GNDD| 4 DWa282 9/¢ anD
M Low Group Delay Ripple
M Low Insertion Loss
. GND )| 5 8|C GND
I Quartz Temperature Stability ) \
M Balanced or Unbalanced Drive (U L
M Low Profile Surface Mount Package § §§
o}
[ [
ABSOLUTE MAXIMUM RATINGS 3 3¢ LCS10/2
DC voltage Vin oV
Maximum input power Py 10dBm Fig. 1 Pin connections - top view
NOMINAL IMPEDANCE
Input: 1420Q//9-7pF
Qutput: 1470Q//9-3pF
502 GPS TEST BOARD COMPONENTS ORDERING INFORMATION
Input (balanced): Series capacitor 8pF, shunt inductor 180nH Dwg282
Output: Shunt inductor 180nH, series capacitor 3-7pF
Components Inductors: Coilcraft 1008CS
Capacitors: Murata 0805
ELECTRICAL CHARACTERISTICS AT 25°C
Value
Characteristic - Units
Min. Typ. Max.
Centre frequency 110-557 | 110-592 | 110-627 MHz
3dB bandwidth 1000 1080 kHz
Insertion loss 10 12 dB
Amplitude ripple 0-2 1 dB
Group delay ripple 100 400 ns
Stopband Rejection
fc=1-185MHz 12 18 dB
fo*+1-223MHz 13 19 dB
fc+1-738MHz 35 50 dB
fc+1-960MHz 45 50 dB
fc£2:304MHz 45 50 dB
fc+4-608MHz 45 50 dB
Operating temperature range -10 +60 °C
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ADVANCE INFORMATION

DW9265

DS4069-1.4

196.99MHZ IF SAW FILTER FOR DIGITAL COMMUNICATIONS

The DW9265 is a 196.99MHz IF SAW filter for Wireless
Digital Personal Communications Systems. A transversal
structure, based on quartz, has been utilised to provide a

design with excellent temperature stability over -10°

With a typical 3dB passband of 576kHz, and in excess of 50dB

rejection at fc +2.0MHz, the filter provides good

channel performance and low inter-symbol interference. The
DW9265 also exhibits a low Group Delay Ripple (100ns typ.)
and an in-band Amplitude Ripple of 0.2dB, thus making it the

ideal choice for Digital Communications, especial
unlicensed PCS, low range voice and data services

FEATURES

W 196.99MHz Centre Frequency (fc)
Low Insertion Loss (9dB max.)
3db Passband 560kHz (min.)
Quartz Temperature Stability

Low Profile Ceramic LCC Package

ABSOLUTE MAXIMUM RATINGS
DC Voltage vDC oV
Input Power Max. PIN  10dBm

NOMINAL IMPEDANCE:
Input  : 500Q//16pF
Output : 625Q//14pF

5002 GPS TEST BOARD COMPONENTS
Input  : Series Cap. 10pF, Shunt Ind. 27nH
Output : Series Ind. 56nH, Shunt Cap. 33pF

to +60°C.

adjacent

ly for the
market.

GND

GND

GND

GND,

INPUT
RETURN

INPUT

~

-

DW9265

@

10

K

K

i<

OUTPUT

OUTPUT!
RETURN

GND

GND

GND

GND

LCS12/4

Components : Coilcraft 1008CS Inductors : Murata 0805

Capacitors

ORDERING INFORMATION
DW9265
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DW9265

ELECTRICAL CHARACTERISTICS @ 25°C

Parameter Min. Typ. Max. Units
Centre Frequency (fc) 196.96 | 196.99 | 197.02 MHz
3dB Bandwidth 560 576 592 kHz
Insertion Loss - 8.0 9.0 dB
Group Delay Ripple - 100 200 ns
Amplitude Ripple - 0.2 1.0 dB
Stopband Rejection:
fc £0.750MHz 20 25 - dB
fc +1.550MHz 55 60 - dB
fc £3.1 - +8MHz 55 60 - dB
Over 1MHz bandwidths
centred at 55 - dB
fc - 10.0MHz 55 60 - dB
fc - 20.0MHz 55 70 - dB

Operating Temperature Range: -10 to +50°C
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DW9265

CH1 S35 log MAG 10 d8/ REF ~8.484 d8 1, O an
™ ] o.z:a 0 MH=z
| M REF=1
v, 1.398 460 MH=x
Cor
ocent: 108./882447 MH=x
Ce 1{7 4
1 lpee: +8. 48342 dB
[ |
e a1 Tt\\ [\Vaq
b 1 —} S andan
CENTER 166. 960 000 MHx "7 8sPAN 10.000 000 MH=z

Typical Response of DW9265
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w GEC PLESSEY
N/ ADVANCE INFORMATION

DS4024-1.6

DW9270

240MHz IF SAW FILTER FOR DIGITAL WIRELESS COMMUNICATIONS

The DW9270 has been designed specifically for the Digital
Wireless Communications market, as an IF filter with a centre

&

frequency of 240MHz. The fiter utilises GPS's low loss (8.5dB 52 B
typical), Transversal filter technology based on a Quartz = =
substrate for excellent temperature stability. 2 @

With a typical 3dB passband of 1MHz, and an adjacent
channel rejection of 12dB (min.) the device exhibits excellent GNDJ 3 12§ GND
close-in and ultimate rejection, which combined with a Group
Delay Ripple of 200ns (max.) makes the DW9270 an ideal IF D
filter for Digital Wireless Communications systems. GNDJ 4 noKge

The device is available in a surface mount ceramic chip DW9270
carrier suited to high volume automated assembly systems. GNDY 5 10 K GND
FEATURES GNDY 6 9 K GND
B 240MHz Centre Frequency (fo) 7 8 ]
B Low Insertion Loss (10dB max.)

=

M 3dB Passband 1.05MHz (typ.) t?; ES
B Quartz Temperature Stability 3 3¢ LCS1211
B Low Profile Ceramic LCC Package

ABSOLUTE MAXIMUM RATINGS
DC Voltage vDC oV
Input Power Max.  PIN  10dBm

NOMINAL IMPEDANCE

Input: 255Q // 14pF
Qutput: 4009 // 11.5pF

50Q2 GPS TEST BOARD COMPONENTS

Input: Shunt Cap. 27pF, Series Ind. 47nH, Shunt Cap. 1.5pF
Qutput: Shunt Cap. 1.5pF, Series Ind. 47nH, Shunt Cap. 30pF

Components: Coilcraft 1008CS Inductors : Murata 0805 Capacitors

PACKAGE
13.5mm x 6.5mm : 12 Lead SMD

OPERATION

Balanced or Unbalanced configuration available.

ORDER INFORMATION
DW9270
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DW9270

ELECTRICAL CHARACTERISTICS @ 25°C

Parameter Min Typ Max Units
Centre Frequency 239.96 240 240.40 MHz
3dB Bandwidth 1000 1050 kHz
Insertion Loss 85 10 dB
Amplitude Ripple 0.2 1 dB
Group Delay Ripple - 50 200 ns
Stopband Rejection
fc £ 1.0 MHz 11.0 13 dB
fc +1.75-2.5 MHz 44 55 - dB
fc £ 2.50 - 3.50 MHz 48 55 - dB
fc £ 3.50 - 50.0 MHz 50 60 - dB
Operating Temperature Range -20 - +60 °C
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DW9270
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GECPLESSEY
./ APPLICATION NOTE

AN-94

USING THE NJ88C33 PLL SYNTHESISER

Abstract:

Atutorial intended to assist with the understanding of the basic parameters of a single-loop, phase-feedback frequency locked
oscillator. Since the uses of phase-locked loops are many and varied, only a sample of their uses and design equations have
been given here. Some mathematical ability is necessary to deal with the ideas expressed. To assist, all working has been shown
for the derivation of the formulae. The aim of this note is to encourage manipulation of the variables and build confidence with
phase-locked loop parameters in general. It is recommended that all formulae derivations are followed through with pencil and
paper to gain a full understanding of their function. The NJ88C33 has been used as the particular example.

Introduction

The NJ88C33is a single chip solution for VHF PLL Synthesis, capable of lower levels of phase-noise than earlier PLL ICs since
it uses current source outputs from the phase detector to charge pump a passive loop filter, rather than the active types favoured
previously. The simplest type of practical loop using this phase detector is of “the third order, type two”. An analysis of these
loops is not generally available from control theory books, prompting the generation of this Tutorial Note.

In Part A we introduce the NJ88C33. The implementation of a third order charge pumped phase-locked loop is examined in
Part B where the loop equations are developed using standard control theory to predict the time and frequency responses for
the basicloop. Part Cis devotedto bench measurements of the parameters involved to prove the equations of Part B and explains
the use of the evaluation card and a simple programming board to gain an insight into how the device works with its programming
sequences. This section also covers adiscussion of commonly encountered problems when designing circuits using synthesiser
ICs, along with an examination of the sensitive areas of the NJ88C33. Last, but not least, is a series of Appendices which deal
with the derivation of the basic concepts behind the formulae used in the loop analysis.

[ Please contact your local GPS Customer Service Centre for copies of this Application Note.
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AN3833-1.2

DW9249 Application Note

SAW BANDPASS FILTER FOR D.E.C.T.

SELECTION OF IF FREQUENCY:

The DW9249 is a S.A.W. Bandpass Filter designed
specifically for use in Digital European Cordless Telephones
(D.E.C.T.). A circuit schematic of a typical DECT receiver
architecture is shown in Fig. 1. In this design a superhet
philosophy is employed, using an Intermediate frequency (I.F.)
at typically 110 to 112 MHz. Early designs of DECT receivers
used 110.592 MHz but more recently this has been avoided
owing to 6th or 8th harmonic leak through from either an
18.432MHz or 13.824 MHz reference oscillator. For this
reason 112.32 MHz has now become a preferred standard.

DECT DESIGN CONSIDERATIONS:

The DW9249 operates at 112.32MHz and has an minimum
operating 3dB bandwidth of 1200 KHz. The modulation rate
and type specified within DECT demand an operating
bandwidth of +576 KHz under all conditions. Furthermore the
DECT standard specifies a co-channel performance of 10dB
and 15dB adjacent channel interference performance. These
two requirements should be met allowing for all manufacturing,
ageing and temperature tolerances. Overall allowance for
these parameters, translates into a tight specification on the
filter roll-off (shaping) characteristics.

An operating temperature range of -20°C to +85°C is
recommended with a minimum requirement of 0°C to +40°C. It
is for this reason that ST Quartz is used by GEC Plessey
Semiconductors as the substrate medium. Lithium Niobate
based devices have extremely poor temperature performance
with Lithium Tantalate being only marginally better. If the latter
of these materials were to be employed then operational
performance could only be guaranteed over the restricted
temperature of 0°C to 40°C. For this reason Lithium Tantalate
based devices have been primarily restricted to use in Test
Systems enjoying a controlled climatic environment. On the
other hand, the advantages from the use of Quartz as a
substrate medium substantially improves the device
manufacturability and co-channel/adjacent channel
interference performance.

SAW FILTER DESIGN OPTIONS:

The next issue in the choice of design of Filter for DECT
filtering has been the trade-offs between the demands for low
Insertion Loss and low Group Delay ripple. Unlike many pure
analogue communications systems, particular attention must
be paid in digital communications to the phase or group delay
ripple parameters of components. Phase distortion will

1881.792-
1897.344MHz 112.32MHz S IF-C 10.368MHz
Nodzel.y 1zel Leov Nize R Qe B | D
Lo - Y LA | 7 = S
_" tau
101.952MHz
13.824MHz
(Ref Osc)
1880-
e | e ~ oo
M
= 32 - ‘
==
> >
A —_—x_
PLL e —~
13.824MHz
(Ref Ost:)-—1
== 4—(8%— 32 fe———— 1XDaa
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1897.344MHz
101.952MHz
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Figure 1: Block Diagram of a Typical 2GHz Radio
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DW9249 Application Note

contribute directly to system Bit Error Rate (BER). Most DECT
system designers have settled on an upper limit of allocation to
the SAW filter group delay ripple at 300nS.

The choice is all the more complicated by the fact that SAW
fillers can be realised in fundamentally one of two different
ways: as Resonator filters or as Transversal filters. A
comparison of the relative performance of SAW resonator and
transversal filters is given in Table 1.

In brief, SAW Resonators can provide DECT system
designs with low insertion loss filters hence reducing the gain
and associated current consumption. This is achieved
however at considerable expense overall on the system
performance and manufacturability. Group delay ripple for a
DECT based design resonator filter is typically five to ten times
higher than that for a typical transversal filter at ambient. This
figure can degrade further under full operating temperature
conditions and time; matching impedances are highly
sensitive; impedance matching networks are complicated by
the need commonly to interface into an unbalanced mixer; co-
channel rejection can be marginal against specification over
the operating temperature range.

Saw bi-directional transversal filters on the other hand
have an insertion loss of typically 14-16dB, and may require
additional gain. However the filter has many compensating
features including:

1. Excellent co-channel characteristics

2. Time and temperature stable matching impedances
permitting simple, single element, fixed value matching
components

3. Option for balanced or unbalanced drive networks

4. Exceptionally low group delay ripple

5. Operation over either the full or extended DECT
temperature range

6. Good third order intercept point

In conclusion, GEC Plessey Semiconductors recommend
the adoption of a ST cut Quartz Transversal filter - DW9249 for
use as an 112.32MHz IF filter in DECT receivers.

ADVANTAGES

DISADVANTAGES

TRANSVERSAL
FILTER DESIGN

V.Low Group Delay Ripple
Stable Matching Impedances
Balanced/Unbalanced Drive

Good Stopband Rejection

Increased Insertion Losses
Restricted Minimum Fraction
Bandwidth >0.3%

Increased Size

V.Low Insertion Loss

RESONATOR
FILTER DESIGN

V.Narrow Fractional Bandwidths

Good Co-Channel Selectivity

V.Poor Group Delay Ripple

Unbalanced Drive Option Only

Mediocre Stop Band Rejection

Table 1: SAW Filter Technology Comparison
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CIRCUIT MATCHING NETWORK:

Significantly, the SAW filter is designed asymmetric with
the input and output impedances configured independently.
Furthermore, the SAW frequency response is purposefully
designed to have an asymmetric amplitude characteristic
when measured unmatched in 50 ohms, but a symmetric
amplitude when appropriately matched into the correct
impedances. Two options for matching configurations are
presented here:

1. Input: 50 ohms / Unbalanced drive
Output:  High Impedance IF Downconversion chip /
Balanced drive

DW9249 Application Note

I _\‘: 4 (4
180nH  pin1| @ Pin 8
N ——— Y Y~y q
IIF
== 47pF Chip
Pin 2
q
Pin7
Faa Faay Fan\ o
—
= I I
Figure 2
2. Input: 50 ohms / Unbalanced
Output: 50 ohms / Unbalanced drive
180nH 100nH
50Q 0 _T_ ~ e 500

Inductors: Coilcraft 1008CS

Figure 3
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GEC PLESSEY
) APPLICATION NOTE AN195

UPGRADING AN SL6609 DESIGN TO USE THE SL6609A

The SL6609 direct conversion paging receiver has been superseded with the improved performance SL6609A. The new
SLB6609A is 100% pin compatible with the SL6609.

The main improvements to the SL6609A are:
1. Improved RF mixer noise figure allowing better IP3 and Adjacent Channel Rejection for the same Sensitivity.
2. Improved internal VR Voltage Reference (pin 6) amplifier stability.

If an SL6609 is replaced with an SL6609A in the standard application circuit shown in Fig.1, then a 1dB increase in Sensitivity
will typically be observed.

If the RF amplifier gain is reduced, by decreasing the value of R13 as described in the adjustment procedure below, then a
Sensitivity of -126 dBm at 1200bps should be achieved with IP3 and Adjacent Channel Rejection figures as below :

58 dB IP3 (5 dB improvement on SL6609 figure)

72 dB Adjacent Channel Rejection (3 dB improvement)

SL6609A Optimum Adjustment Procedure Referring to Fig.1
1. The RF INPUT should be checked for a good 500hm match.

2. Apply an RF signal of -73 dBm, offset from the local oscillator by the deviation frequency, to the RF INPUT.

nna nroha
Cpe prooe.

3. Reduce the value of R13 until the level measured at pin 1 (TPX) is 120mV + 10mV peak to peak, measured with a high
1 e

4. Check for good quadrature between the two test points pin 1 (TPX) and pin 7 (TPY) and an amplitude imbalance of less
than 10%. If the amplitude balance between the two pins requires correction, then the value of C5 should be slightly
increased and the value of C2 slightly decreased.
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Fig.1 Application circuit board
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GEC PLESSEY
. APPLICATION NOTE

SL6609A

ADVICE ON USING THE SL6609A DIRECT CONVERSION RECEIVER

Introduction

This application note outlines a basic circuit for the SL6609A Direct Conversion Pager Receiver for use in standard paging
applications at 153MHz, 282MHz and 450MHz.

23 22 4 1 20 1" 15 6 10 21 13 18 19
I T T T TTT
- VR BEC Vcci vec2 GND Vbg
va—]s eno—d 2
VR
MIXER 17
24 ~ >
o H N 16
2.5 X
] LIMITER 14
40
% - /”\‘j DETECTOR
26 .5 2.5 9
28
o b i
5 3 2 27 7 12 8

Fig. 1 SL6609A Internal block diagram
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SL6609A Pin Description

AN199

A schematic of the SL6609A is shown in Fig. 1. This shows the pin allocation and the internal structure of the device.

Pin No

1

10

12

Pin Name

TPX

RFIADJ

LOY

GYRI

LOX
VR

TPY

GTHADJ

TCADJ

BEC

BATTFL

TPLIMY

Pin Description

Channel X test point

Current Source ADJ

Mixer L.O. input

Gryrator Filter Adjust

Mixer L.O. Input

Voltage reference VR

Channel .

Audio AGC Level ADJ.

Audio AGC Time Constant

Battery Economy

Low Battery Flag O.P

Channel Y Gyrator Filter
Output

Pin Details

Channel X internal amplifier output/Gryrator filter input. This
pinis used to measure the receiver signal level during receiver
set-up. It may also be used in conjunction with Pin 15
(TPLIMX) to measure the response of the Gyratorfilters. Itcan
be used to add additional filtering in the channel in the form of
an additional external capacitor.

Pin 2 allows adjustment of the current source which is
designed for use with the external RF amplifier. See “Circuit
Facilities”.

The local oscillator signal is applied to Pin 3 in phase
quadrature to Pin 5. For the phase quadrature circuit see “RF
Amplifier and Local Oscillator Network”. The L.O. input of the
mixers require a bias path to Vcc1 (see R5 & R6 on the
Applications Circuit in Fig.2).

The bandwidth of the on—chip gyrator filter can be adjusted
using a resistor from Pin 4 to GND. For values see “Set-up for
Optimum Performance”.

See Pin3

1V internal reference voltage. It may be used for the bias of
external RF Amplifier and L.O. circuits. Itis also a reference for
Pins 1,7,8, and 9.

Channel Y internal amplifier output/Gyrator filter input. This pin
is used to measure the received signal level during receiver
set-up. It may also be used in conjunction with Pin 12
(TPLIMY) to measure the response of the gyrator filters. Itcan
be used to add additional filtering in the channel in the form of
an additional external capacitor.

Level adjustment for the external AGC drive. See Fig. 5. The
voltage at Pin 8 is dictated by an external resistor (R16 in
Applications Circuit) and an internal current source driven by
the wanted audio (baseband) signal level. With no signal input
to the receiver, the output of current source 1 tends to zero and
so the voltage at Pin 8 is VR. This gives the result that the
output of current source 2 (Pin 28) tends to ~OpA. (i.e. the AGC
is disabled). With a signal incident on the receiver, current
source 1 driving Pin 8 is turned on and there is a voltage drop
across the external resistor (R16). The value of the external
resistor (R16) dictates the voltage drop and hence the
sensitivity of the AGC circuit. For a value of the external
resistor (R16), see the Application Circuit.

The attack (turn on) and decay (duration) times of the Audio
AGC are set by an RC network connected to Pin 9. See
Application Circuit for details.

The battery economy facility allows the device to be powered
down by pulling Pin 10 to GND. If not required this should be
connected to Vcc2.

The battery flag is the output of an on—chip comparator with VR
as the reference voltage. When VBATT (Pin 20) > VR, Battery
Flag O/P is Low. BATTFL is an open collector output.

See Pin 7. Pin 12 provides a monitor of the gyrator filter output
of channel Y to enable the response of the filter to be
accurately measured and adjusted using Pin 4. For details
refer to “Set—up for Optimum Performance”.
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Pin No

13

14

15

16

18

19

20

21

22

23

24

25
26
27

28

262

Pin Name

Vcc2

DATAOP

TPLIMX

BRF2

BRF1

DIGGND
VBG

VBATT

Veet

REGCNT

VREG

MIXB

GND
MIXA
IRFAMP

IAGCOUT

Pin Description

Vec2

Data Output
Channel X Gyrator Filter

Output

Data Buffer Input

Phase Detector Output

Digital GND

Bandgap Voltage VBG

Battery Flag Input

Veel

Voltage Regulator Control OP

Voltage Regulator Sense

Mixer RF Input B

Receiver ground
Mixer RF input A

Current Source Output IRF

Audio AGC Output Current

Pin Details

Vee2 supply. This pin requires adequate audio decoupling to
GND. If a DC-DC converter is used to generate this voltage
care must be taken to prevent power supply noise reducing
the sensitivity of the device.

Open collector data output. This requires a pull-up resistor to
a suitable voltage reference.e.g. Vcc2.

See pin 1. Pin 15 provides a monitor of the gyrator filter output
of channel X, to enable the response of the filter to be
accurately measured and adjusted using Pin 4. For details
refer to“Set—up for Optimum Performance”.

Inputto the data limiter. This pin is normally connected directly
to Pin 17.

Output of the phase detector. For optimum performance a Bit
Rate filter can be applied to this pin. This is achieved by
applying a capacitor between Pin 17 and GND. The value of
this capacitor is dependent on the data rate. For the value of
this capacitor see “Set—up for Optimum Performance”.

This is the ground for the digital circuits in the receiver.

Bandgap voltage reference (1.2V). This may be used to bias
an external RF amplifier. See “Application Circuit
Requirements” for details.

Connect this pin to Pin 21 (Vcc1) if a 1 volt threshold is
required. Alternative thresholds may be determined using an
external potential divider. See “Application Circuit
Requirements” for details.

Veel supply. This requires adequate Audio and RF
decoupling if optimum device sensitivity is to be achieved.

1V on—chip voltage regulator output. Used to drive a suitable
PNP transistor. See “Set-up for Optimum Performance”. For
stability purposes a capacitor should be applied between Pin
22 and Pin 23. The regulator is only specified for Vcc1=1.1V.

This should be connected to the load of the regulator. If the
regulator is not required, and no active components are
connected to Pin 22 and Pin 23, then Pin 23 should be
connected to Vecc2.

Input to the device from an external RF amplifer. The signal
should be applied differentially between Pin 24 and Pin 26.
The differential signal to the mixers may be DC coupled if no
DC voltage is applied, otherwise AC coupling should be used.

Ground for receiver RF circuits.
Differential input from an external RF amplifier. See Pin 24.

Anon chip current source for use in RF amplifier designs. This
allows the current in the RF amplifier to be independent of
supply voltages. See “Application Circuit Requirements” for
details. It is very important to use the current source with the
RF amplifier. The current source incorporates an RF signal
AGC. This ensures optimum operation of the device for high
input signal levels.

See Fig. 5. A current source controlled by the Audio signal
level and the AGC threshold adjust (Pin 8). The current source
is intended to sink current from an PIN diode on the RF input
and hence reduce the RF signal incident on the RF amplifier
input.



Application Circuit Requirements

The example application circuit is shown in Fig. 2. To
achieve optimum performance of the device it is necessary to
incorporate a Low Noise RF amplifier at the front end receiver.
This is easily biased using the on—chip facilities provided.The
receiver also requires a local oscillator input at the wanted
channel frequency.

RF Amplifier and Local Oscillator Network
The design of the RF amplifier is simplified by the on—chip
current source and the two voltage references VBG and VR.

A suitable circuit is shown in Fig. 3. The current through the
load and hence the gain of the amplifier is controlled by the on
chip current source IRF. This ensures that the gain of the
amplifieris independent of the supply voltage. Also, as VR and
VBG are independent of supply voltage it ensures that the bias
points of the transistors are also stable and independent of
supply voltage, with each transistor simply biased via a series
resistor to the appropriate voltage reference.

The RF amplifier current source (Pin 27) may be adjusted
with the use of an external resistor connected between Pin 2
and a voltage reference or ground. For details see “RF
Amplifier Current Source Adjustment”. Also the RF amplifier
current source forms part of the RF AGC circuitry reducing the
RF amplifier current if excessive signal is incident on the mixer
inputs. It is very important to use the current source in the
design of the RF amplifier. This ensures that the SL6609A will
operate with high level input signals.

The differential input required by the mixers is applied from
the RF amplifier via a suitable transformer (TI). This forms a
tuned load with the variable capacitor (VC1). This load is tuned
to the operating frequency of the device. The normal operating
gain of the RF amplifier is also controlled by the load resistor
(R13) in parallel with the transformer.

The input to the amplifier is an LC network (C26, L1 and
C27) designed for optimum noise figure of the RF amplifier in
order to give best overall device sensitivity.

For optimum sensitivity, adjacent channel and third order
intermodulation performance refer to “Set-up for Optimum
Performance” for the gain distribution requirements of the
receiver chain.

The local oscillator signal is applied to the device in phase
quadrature. This can be achieved with the use of two RC
networks operating at their —3dB/45° transfer characteristic at
the local oscillator frequency, giving afull 90° phase differential
between the LO ports of the device. (see Fig. 4). Each LO port
of the device also requires an equal level of drive from the
oscillator. In this applications circuit the local oscillator is
supplied by a signal generator with a source impedance of 50
Ohms hence the total RC network (including mixer bias) is
designed to have this input impedance.

Note: All voltage and current sources used for bias of the RF
amplifier and receiver mixers should be decoupled at RF and
Audio frequencies using suitable capacitors. RF decoupling
should be as close as possible to the RF circuit.

RF Amplifier to Mixer Transformerless Matching
Circuit

An LC coupling network can be used to replace the
transformer Tl in the applications circuit. This couples the RF
amplifier output to the SL6609A mixer inputs MIXA (Pin 26)
and MIXB (Pin 24). The circuit is shown in Fig. 10.

AN199

Regulator Requirements

The on—chip regulator must be used in conjunction with a
suitable PNP transistor to achieve reliable regulation. As the
transistor forms part of the regulator feedback loop, the
transistor should exhibit the following characteristics:

Hpg > 100 for Vgg 2 0.1V

A suitable transistor is specified in the application circuit.

RF and Audio decoupling Requirements

All voltages and references should be adequately
decoupled at audio (baseband) frequencies. Also, where a
voltage reference or current source is used to bias the RF or
LO circuits itis necessary to apply RF decoupling to the supply
at the point of connection.

Open Collector Outputs

The Data Output and the Battery Flag output are open
collector and require a pull up resistor to a suitable voltage
reference. Care must be taken to ensure that the pull-up
resistor is adequate to supply sufficient current to the load.

CIRCUIT FACILITIES

Audio AGC Circuit
Fig. 5 shows the internal structure associated with the
Audio AGC facility.

The Audio AGC facility consists of a current sink which is
controlled by the audio (baseband) signal amplitude. It has
three parameters that may be controlled by the user; the
Attack (turn on) time, Decay (duration) time and threshold
level.

Attack time

The Attack time is simply determined by the value of the
external capacitor connected to Pin 9 (TCADJ). The external
capacitor is in series with an internal 100k Ohm resistor and
the time constant of this circuit dictates the attack time of the
AGC.
i.e. Tattack o 100k *Crc. (*=multiplied by)

Decay Time

The decay time is determined by the external resistor
Roecay connected in parallel to the capacitor Ctc. The Decay
time is simply Toecav=Roecav*Crc

Threshold level

When a large audio (baseband) signal is incident on the
input to the AGC circuit (see Fig. 5) the variable current source
is turned on. This causes a voltage drop across R16. The
voltage potential between VR and the voltage on Pin 8 causes
a current to flow from Pin 9. This charges up Crc through the
100k internal resistor. As the voltage across the capacitor
increases, current source 2 is turned on and this sinks current
from Pin 28.

The current sink on Pin 28 can be used to drive the external
AGC circuit by causing a pin diode to conduct, reducing the
signal to the RF amplifier.

The relationship between the incident audio signal and
current source 1 is shown in Fig. 8. This can be used in
conjunction with the value of R16 to set the voltage at Pin 8 for
any particular signal level.

The relationship between the voltage at Pin 8 and the
output of current source 2 is given in Fig. 9.
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Using both figures, the value of R16 can be selected to give
the required output current at Pin 28 for any particular input
signal level. Note, however, that the maximum Audio signal
and hence the Audio AGC current (Pin 28) is limited in practice
by a typical receiver gain distribution to approximately 45pA.

Disabling the Audio AGC Circuits

The audio AGC may be simply disabled by connecting Pin
8 (GTHADJ) to VR. Alternatively the audio AGC may be
disabled by connecting Pin 28 (IAGCOUT) to Vcc2 and
connecting Pin 9 (TCADJ) directly to VR (pin 6). This would
then allow the use of the voltage drop across R16, when
connected to Pin 8, to be used as a RSSI (Received Signal
Strength Indicator).

R.F. Current Source Adjustment.

With Pin 2 open circuit and with Pin 27 connected to a
potential of 0.2V (i.e. the emitter of a transistor with the base
voltage Vi, = 1V (i.e. VR)), the current is nominally set to give
IRF=500pA.

The current source may be adjusted by connecting Pin 2
via a suitable resistor to a voltage reference or ground.

The value of the resistor is determined by the required
increase or decrease in IRF from the nominal 500pA. (i.e. Pin
2 Open Circuit). :

The nominal voltage of Pin 2 is 0.7V.

To decrease IRF, connect Pin 2 to ground using a resistor
R where;

0.7V
(500,¢A— /,gq)

5
Ireq = Required IRF

To increase IRF connect Pin 2 to a voltage reference (e.g
VBG) using a resistor R where;

Ro_V'-0.7V
lisq —500uA
5

lreq = Required IRF
V*=Voltage reference used.

Notes
i) VBG should not be used to sink current

ii) The on—chip voltage Reference VR should not be used
as a reference for Pin 2 as it is not capable of sourcing the
required current.

On Chip Voltage References.

The on—chip voltage reference VBG (1.2V) may be used to
bias an external RF amplifier and as a reference for the
on—chip RF AGC (see Pin 2). VBG can source a maximum
current as specified in the device Data Sheet. VBG should not
be used to sink current.

The on—chip voltage reference VR (1.0V) may be used to
bias an external RF amplifier and as a reference for Pins 1,7,
8and9. VR can source or sink a maximum current as specified
in the device Data Sheet.
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Battery Flag Input

The battery flag threshold may be simply increased by
using a suitable potential divider so that at the required battery
threshold voltage, the voltage at Pin 20 (VBATT) is 1V.

Set-up for Optimum Performance

To obtain optimum receiver sensitivity it is necessary to
have a Low Noise RF Amplifier at the front end of the receiver
(see “RF Amplifier and Local Oscillator Network”). However to
achieve optimum Third Order Intermodulation rejection it is
essential to ensure that the amplifier gain is not greater than
the value necessary to achieve good sensitivity. Similarly to
achieve optimum Adjacent Channel rejection it is necessary
to limit the internal gain of the device to that required to obtain
sensitivity. Increasing the internal or the RF Amplifier gain
beyond these points will degrade the receiver performance.

The procedure outlined here represents a method of
obtaining optimum performance under the following operating
conditions:

Frequency of Operation 282MHz
Deviation Frequency 4kHz

Local Oscillator Input Power -15dBm (500hm source
impedance, see Fig. 4)

Power Supply Vcci1 1.3V

Power Supply Vcc2 2.7V

Nominal Gyrator Pin 4 100kOhm

R1 Open Circuit

R8 Open Circuit

C1-C7 inF

It the proposed frequency of operation is different to that
stated above, the signal levels stated should be used as a
guide to obtaining the optimum gain distribution within the
receiver and RF amplifier.

Note: The following set up procedure was undertaken using
the RF Amplifier specified in Fig. 2 and should only be used as
guidance if alternative RF amplifiers are proposed.

Note: Having obtained the component values for optimum
performance for a specified RF amplifier, circuit layout, and
operating conditions then provided the RF amplifier design is
not device dependent, it should not be necessary to undertake
the set—up procedure for each individual circuit.

Please note that the local oscillator drive level and receiver
gain used can be optimised if required by the user to trade off
sensitivity with the receiver interferer performance (ie IP3).
The receiver gain level specified below is considered by GPS
to achieve a good balance between sensitivity and receiver
interferer performance.

Sensitivity can be increased, to the detriment of receiver
interferer performance, by increasing the LNA gain. Fig 11 and
Fig.12 show typical trends.

Increasing the local oscillator drive level, whilst reducing
the LNA gain to keep the same gain to the receiver test points
(TPX and TPY) can be used to increase the receiver interferer
performance whilst maintaining a near constant sensitivity
level. This is typically true for local oscillator signals in the
range 10mVrms to 50mVrms as measured at the receiver local
oscillator inputs pins LOX and LOY.

Set - up procedure

If the Audio AGC function of the SL6609A is being used in
a particular application it must be disabled before undertaking
the following steps. To disable the Audio AGC function
connect pin GTHADJ directly to pin VR, leaving all existing
circuitry connected to pins GTHADJ and VR connected.



a) Apply asignal with a frequency of LO + 4kHz, —73dBm, with
no modulation on, to the input of the RF ampilifier.

b) Monitor test point TPX (pin 1) with an oscilloscope.
Determine that the signal is at a frequency of 4kHz. Adjust LO
or RF frequency to achieve this. Adjust VC1 on the RF
amplifier load until the 4kHz signal level is maximum. (This
should be >200mV pk—pk).

Note: Ifthe level of the signal is above 260mV pk—pk the signal
will not be sinusoidal due to the saturation of the receiver.

c) Use the parallel load resistor (R13) on the RF amplifier to
reduce the gain of the RF amplifier to obtain a level of 160mV
+10mV pk—pk at TPX. Ensure that the signal at TPY (Pin 7)
is also at a level within 10mV of that at TPX (Pin 1).

R13 will typically be:—
1k2 for 153MHz
1k8 for 282MHz
3k9 for 470MHz

d) Apply a capacitor between Pin 16 and GND in accordance
with the following table

Data Rate Capacitor required
512 2nF
1200 inF
2400 470pF

AN199

Fine adjustment of the Gyrator Filter

Due to the tolerance of the manufacturing process the
gyrator response may vary by +15% for a given value of
resistor connected between Pin 4 and GND. For accurate
alignment the filter will require adjustment. This is simply
achieved by undertaking the following procedure:

Note: For the following levels to apply the procedure below
should follow “Set-up for Optimum Performance”.

a) Set the input RF frequency to LO+4kHz, (No Modulation).

b) Monitor the signal at the test point TPX (Pin 1). Check that
the signal frequency is 4kHz. Adjust the LO or RF frequency
to obtain this. Adjust the RF signal input level until a signal of
40mV pk—pk is measured.

c) Monitor the test point TPLIMX (Pin 15) and note the pk—pk
signal level (this should be approximately 170mV pk—pk but
not limiting).

d) Adjust the RF signal generator frequency until the signal
level drops to 70.8% (—3dBs) of the level noted in step c.

e) Note the frequency of the RF signal generator. The
difference between the LO frequency and the RF input
frequency represents the —3dB response of the filter.

Using a 100k Ohm resistor to set the Gyrator filters will give
a nominal —3dB cut of 7.5kHz. Changing this resistor value
causes a linear change in the frequency of the filter cutoff. For
example, if a 100k Ohm resistor results in a filter —3dB cut off
equal to 7.5kHz then a 136k Ohm resistor will give a 5.5kHz
—3dB cut off.
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Fig. 2 Basic SL6609A Application circuit (282MHz receiver), showing RF amplifier with external injected LO
(no Audio AGC)

Component Values (for general demonstration circuit (282MHz))

Resistors Capacitors Inductors

R1 open circuit (3] n C19 not used L1 68n (4) (6)

R2 open circuit c2 5p6(6) C20 1n T 1:1 30nH transformer

R3 100 C3 in c21 in e.g Coilcraft M1686-A

R4 100k C4 n Cc22 not used

R5 100 C5 5p6(6) Cc23 not used

R6 100 Cé 2u2 C24 in

R7 100 c7 n C25 in Active Components

R8 open circuit c8 100n C26 6p8 (4) (6)

R9 220k C9 2n(@) c27 open circuit (4) (6) Q1 Zetex FMMT58

R10 M Cc10 2u2 c28 not used Q2 Toshiba 2SC5065

R11 100k(8) c11 100n C2g 100p Qs Not Used

R12 3300) c12 in C30 2u2 Q4 Philips BFT25A(3)

R13 see note (1) C13 in C31 2u2 Q5 Toshiba 25C5065

R14 4k7 C14 not used C34 2p2

R15 4k7 C15 in VC1 1-10p

R16 33k C16 1n

R17 not used C17 in Note:

R18 12k Cc18 1n The full list of Audio AGC components are not included here.
NOTES

(1) The value of this component is determined by the set up procedure. See “Set up for Optimum Performance”.

(2)  The value of C9 is determined by the output data rate. Use 2nF for 512bps, 1nF for 1200bps and 470pF for 2400bps.

(8)  R12and Q4 form a dummy load for the regulator. Permitted load currents for the regulator are 250pA to 3mA

(4) L1, and C26 form the low noise matching network for the RF amplifier. The values given are for the RF amplifier specified
in the Applications Circuit with no Audio AGC connected. If the Audio AGC circuitry is connected the values will require
a small change to achieve a good match.

(5)  The value of R11 is dependent on the data output load. R11 should allow sufficient current to drive the data output load.

(6)  The values of these components are dependent on the frequency of operation.

(7)  Valuesfor R16, R9, C8 and R18 are included so that the open loop action of the audio AGC circuitry can be observed. If this is not required
it can be disabled as described in the section “Disabling the audio AGC Circuits.
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C13
-

Note
CURRENT ‘ IRF C13, C17, C22 RF Decoupling
SOURCE C25, RF Decoupling
Ci15,C16 DC Blocking
C20, C21 DC Blocking

Fig. 3 RF amplifier

RF Amplifier Component Values

Resistors Capacitors
R14, R15 4k7 C13,C15 inF Active components
R13 see note 1 C16,C17 inF D1 MA862 (Panasoni
R22 47k C20, C21 1nF see note 2
C24,C25 inF
L2 820nH
Notes:

)

(1) The value of R13 is determined by the set up procedure (See “Set up for optimum performance”).

(2) C20 and C21 are purely for demonstration purposes. Pin 24 and Pin 26 may be DC coupled provided that no DC voltage is applied to the mixer

inputs.
Frequency Dependent Components
153MHz 280MHz 450MHz
C26 not used 6.8p not used
ca27 not used not used not used
L1 150nH 68nH 39nH
C34 3p3 2p2 1p5
T1 100nH 30nH
Coﬂcraﬂ N2261-A Coilcraft M1686-A Coﬂcraft Q4123-A
VC1 10pF 1-10pF -3pF
4, Q5 Toshxba 2SC5065 Toshiba 25C5065 Phlhps BFT25A
(See also LO drive Network)
Veel
c1 BI Veel
- R5 R3 c2
TOPin3
LO
INPUT TOPin5
c3 Cs ar
R6 Note
Veet C4 C18  RF Decoupling
Cc3 DC Block
I C4 R5 R6 Mixer Bias

Fig. 4 Local oscillator drive network

LO Drive Network Component Values

Higher Input Impedance (crystal oscillator input)

500hm mput impedance (Extemal LO injection) 153MHz 280MHz 450MHz
153MHz 280MHz 450MHz C3 Set by load allowable on crystal oscillator (typical 4p7)
c2 10p 5p6 3p3 c2 10p 5p6 3p3
C5 10p 5p6 3p9 C5 10p 5p6 3p9
C3,C4,C18=1n R3 100 100 100
R3, R5, R6, R7 = 1000hms. R7 100 100 100
R5, R6, =1k
C4,C18 =1n
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Vee1
CURRENT
SOURCE 1
VR
100k -= TO RF AMP
Pin 8 Pin 9
c J—" = 220k
TC = 100nF
R16 cs RDECAY  CURRENT R17 = 2k "
SOURCE 2 R22 = 47k
R16 = 33k
VR C22 = 1n
VR
Note L1,C26 and C15 are part of
RF Amplifier (see Fig. 3).

Fig. 5 AGC Schematic

AGC Components Values (282MHz RF amplifier)

R9 220K C15 1n L1 47n
R15 4k7 C16 1n L2 820n
R16 seenote C26 4p7
R22 47k C8 see note
C30 1n D1 MAB862 (Panasonic)
Notes:

(1) R16 sets the gain (sensitivity) of the audio AGC. If R16 is increased then the audio AGC will become active for a lower wanted signal
level. Increasing R16 can cause the Audio AGC loop to become unstable. C8 should be increased to increase the turn on/off time to
prevent oscillation occuring.

Fig. 6 shows a typical response of the AGC with wanted and If the AGC is required to become active earlier it is possible to
unwanted rejection level. use the circuit shown in Fig. 7 to replace R16. However, it
should be noted that the AGC has a fixed dynamic range.

IP3 with AUDIO AGC.;tyF?lcal at 282MHz
L1 =47nH, C26 = 4p7, R13 = 820R, R16 = 33k
8 = 100nF, R17 = 2k, R22 = 47k)

60 ¢
50
40
@
2 30
(]
a
20 4 .
10 %\E-Qa_u_mg
o]
125 -105 -85 65 45
Wanted Signal (dBm)
—il— AGCon
—[— AGC off

Note:— IP3 is level above wanted needed to
reduce receiver to 1 in 30 BER

Fig. 6.
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VBG
1.8M
Pin8 (VR +4.7mV)
33K
VR
Fig. 7.
. 1.8
i 1.6 <]
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g 1
3 1.4
E<
23 1.2
Ee 7
8f !
g%
g 0.8 7
=]
8 0.6 p
< 0.4
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0.2 -
0 T
0.1 1 10 100 1000
AMPLITUDE AT TPX (Pin 1) or TPY (Pin 7) mV pk—pk
Fig. 8 RSSI Audio AGC vs Signal level at TPX or TPY
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g 60
©
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5= 40
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ES N
5.E 30
oa /'
I
3 20
< /
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o
2 0 g(
0 50 100 150 200 250 300

DC INPUT VOLTAGE at Pin 8 (wrt Pin 6 VR) mV

Fig.9 Audio Output Current at Pin 28 vs DC Voltage at Pin 8 (GTHADJ)
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C47

Pin 24
MIXB

Pin 26
MIXA

Fig.10 RF amplifier with mixer transformerless matching circuit

RF Amplifier Component Values

Resistors Capacitors
R13, R14 4k7 C13,C15 1nF
R2 see note 1 C16 1nF

C24, C25 1nF
Notes

Transistors

Q2, Q5 Toshiba 2SC5065 see note 2.

(1) The value of R2 is determined by the set up procedure (See “Set up for Optimum Performance”)

(2) Q2, Q5 BFT25A for 470MHz

Frequency Dependant Components

153MHz 282MHz
C26 not used 6p8
L1 150nH 68nH
Cc27 not used not used
C34 3p3 2p2
L6 150nH 82nH
VC1 1-10pF 1-5pF
L3 330nH 100nH
c21 2p7 3p3
C20 inF 1nF
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470MHZ
not used
39nH
not used
1p5
47nH
not used
39nH
10p
1-5pF
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Receiver Gain to Pin TPX (mV pk-pk) for an RF input of ~73dBm at LO + 4kHz frequency
282MHz 1200bps, 4kHz Deviation, LO drive level = 21.1mVrms

-125 . T 60
-1255 4+ O 1‘ 59
g 126 - °°
o 126
> -+ 57
S 1265 4 1 s
2 3
8 127 4 -+ 55 %3
@
-127.5 4 T <
-+ 53
-128 1 | _ [} sensitivity (dBm)
-+ 52
—— P3(dB)
-128.5 4 -1 51
-129 } + —+ } + +— } 50
104 1115 117 129.5 155 178 237
Receiver Gain to Pin TPX (mV pk-pk) for an RF input of ~73dBm at LO + 4kHz frequency
282MHz 1200bps, 4kHz Deviation, LO drive level = 21.1mVrms
Fig. 11 Sensitivity, IP3 vs Receiver Gain
125 — - 74
-1255 4+ O 1 735
E \
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Fig. 12 Sensitivity, Adjacent Channel vs Receiver Gain
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APPLICATION NOTE

AN200 1.3

USER GUIDELINES TO OBTAIN OPTIMUM PERFORMANCE WITH AN
SL6609A PAGING RECEIVER INTEGRATED CIRCUIT

INTRODUCTION

This application note describes a set-up check list which
should be used to ensure that the optimum performance is
being obtained from the SL6609A in a given application.
Potential practical performance limiting factors are
described, with suggestions on how they can be overcome
so that they do not limit the SL6609A performance.

Mention is also made of how to trade off receiver
sensitivity performance with receiver interferer performance
(i.e. IP3).

Details of an SL6609A receiver board developed by
GPS to work with a standard pager digital board design are
included to illustrate the recommendations given.

SL6609A Set-up Check List

This section is a procedure to follow to ensure that
optimum performance is achieved with the SL6609A. It is
assumed that the measurements will be carried out under
the following conditions:

a) Vecl = 1.3V
b) Vec2 = 2.7V
c) Temperature = room temperature

Other operating conditions will slightly alter the expected
measured values specified below.

Please note that the local oscillator drive level and
receiver gain can be optimised by the user to trade off
sensitivity with receiver interferer performance (i.e. 1P3),
please see Fig. 1a and Fig. 1b. Sensitivity can be increased,
to the detriment of receiver interferer performance, by
increasing the LNA gain. The receiver gain level specified
below is considered by GPS to achieve a good balance
between sensitivity and receiver interferer performance.

Increasing the local oscillator drive level, whilst reducing
the LNA gain (to keep the same overall gain to the receiver
test points TPX and TPY) can be used to increase the
receiver interferer performance whilst maintaining a near
constant sensitivity level. This is typically true for local
oscillator signals in the range 10mVrms to 50mVrms as
measured at the receiver local oscillator input pins LOX and
LOY.

1. Local Oscillator (LO) Drive Level

a) Check that the LO frequency is the same as the
intended carrier frequency.

b) The amplitude level at the device pins LOX and LOY
should be measured as follows:
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The levels can be measured with a high impedance
RF FET probe, with an adjustment made for the FET
probe loading. It has been assumed here that the RF
FET probe will be used with a spectrum analyser that
will display the measured voltage in dBm, assuming a
50ohm impedance level. This will not be the actual LO
drive level power to the SL6609A as the impedance at
the pins LOX and LOY is not 50o0hm. For example to
measure the level at the pin LOX:

i) Apply an RF input signal at -73dBm, at a deviation
frequency offset from the local oscillator frequency. If
the SL6609A audio AGC circuitry is used in the
application, it must be disabled by directly connecting
pin GTHADJ to pin VR, leaving all existing circuitry
connected to pins GTHADJ and VR connected.

i) With a scope probe, measure the signal level at the
pin TPX, call this level TPX1.

iii)With a high impedance FET probe measure the level
at the pin LOX. Note the new level at pin TPX, call
this level TPX2.

iv)LO drive level(V) =

FET probe measurement(V) * [TPX1(V) / TPX2(V)]
making appropriate conversions for units.

worked example:

FET probe LOX measurement = -21.9dBm (50ohm system)
TPX1 = 116mVpp
TPX2 = 102mVpp
Actual LOX level = -21.9dBm + 20 log (116/102)
= -20.78dBm (500hm system)
= 20.44mVrms

The LO drive level correction procedure for FET
probe loading, described above, assumes that the
SL6609A LO inputs are still being driven in their linear
region, i.e. a 1dB increase in LO drive level producing a
1dB increase in receiver gain. This assumption is valid
up to LO drive levels of around 25mVrms at the pins
LOX and LOY.

For an external LO drive at 150MHz the following are
typical measured levels with the passive RC quadrature
network (shown in Fig. 2):
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104 111.5 117 129.5 155 178
Receiver Gain to Pin TPX (mV pk - pk)
282MHz, 1200bps, 4kHz deviation, LO drive level = 21.1mVrms
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Fig.1a: Sensitivity, IP3 vs receiver gain
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Fig. 1b: Sensitivity, adjacent channel vs receiver gain
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Veet

c1s
L.
EXTERNAL
topur }——o1
500 DRIVE

C3

Veet
I,
R3
{1 T % LOY (Pin 3)
1 % LOX (Pin 5)
cs5
R6 R7
Veel
ca
—__l_— Note
- C4 C18 RF Decoupling
C3 DC Block

R5 R6 Mixer Bias

Fig.2: Local oscillator drive network

External LO DriveLevel at device pin LOX or LOY

-15dBm 23.4mVms +1dB =-19.6dBm +1dB
-18dBm 16.6mVms +1dB = -22.6dBm +1dB
-20dBm 13.2mVms +1dB = -24.6dBm +1dB

(50chm system)
(500hm system)
(50chm system)

For an external LO drive at 282MHz the following are
typical levels with the passive RC quadrature network
(shown in Fig. 2):

External LO DrivelLevel at device pin LOX or LOY

-15dBm 21.1mVms+1dB =-20.5dBm+1dB  (500hm system)
-18dBm 14.9mVms +1dB =-23.5dBm+1dB  (500hm system)
-20dBm  11.9mVims +1dB =-255dBm+1dB  (500hm system)

2.SL6609A Gain

If the audio AGC function of the SL6609A is used in a
given application circuit, this must be disabled before
undertaking the gain measurement described in this section.
To disable the audio AGC action connect pin GTHADJ
directly to pin VR, leaving all existing circuitry connected to
pins GTHADJ and VR connected.

a) Match the receiver RF input to 50ohm.

b) Atthe receiver RF input, apply a signal at the RF carrier
frequency plus a deviation frequency offset, at a level of
-73dBm.

c) Using a 10:1 scope probe measure the levels at pins
TPX and TPY. These levels should be 160mVpp
+10mV. The difference in levels between the signals at
TPX and TPY should be less than 10%, and they
should be in quadrature to within an accuracy of 10%.
They should also be sinewaves at the same frequency
as the RF input deviation frequency.

3. SL6609A Signal To Noise Ratio

Please note, when reading this section that if the receiver
gain has been set higher or lower than the specified value in
Section 2, then the measured values of signal and noise at
the pins TPLIMX and TPLIMY will need to be adjusted
accordingly.
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a) Match the receiver RF input to 50ohm.

b) At the receiver RF input apply a signal at the RF carrier
frequency plus the deviation frequency, and at a level of
-99dBm.

K13

With a 10:1 scope probe measure the gain at pins
TPLIMX and TPLIMY. The amplitude measured should
"be 60mVpp +10mV. The difference in levels between
the signals at TPLIMX and TPLIMY should be less than
10%, they should be in quadrature, and they should be
sinewaves at the same frequency as the RF input
deviation frequency offset.

d

Turn off the RF signal generator connected to the
receiver RF input, ensuring that the receiver RF input is
still terminated in 50ohm.

e

Using a 1:1 scope probe measure the amplitude of the
noise at the pins TPLIMX and TPLIMY. If the gain has
been set to the level specified in Section 2 the maximum
noise level should be 3mVpp. Note that this must be a
measurement of the absolute peaks of the waveforms.

Optimum sensitivity will not be achievable if the noise
exceeds the expected value. See the section on
“Possible Noise Problems” to try to reduce this noise
level to the correct level.

f) The receiver's RF input should now be connected and
matched to an antenna and placed in a TEM cell.

Assuming that the gain of the antenna in the chosen
TEM cell is known, it will be possible to calculate the
TEM cell RF input level that is equivalent to the -99dBm
signal applied in step b). Apply this level and check that
the same level is observed at the test points as in step
c). Note that extreme care has to be taken to ensure
that any connections made to the circuitry in the TEM
cell have a minimum affect. If the signal level is not
correct, it is likely that the antenna is not correctly
matched to the receiver RF input, or that the LNA is
oscillating (or is close to oscillation) via the antenna.




g) Ensure that the receiver's RF input is still connected
and matched to an antenna. Place the receiver in a
TEM cell. Switch the TEM cell RF signal input off, and
repeat step e), measuring the noise at pins TPLIMX and
TPLIMY. If the noise level is too high it is likely that the
excess noise is being picked up by the antenna. See
the section on “Possible Noise Problems” to try to
reduce this noise level to the correct level.

POSSIBLE NOISE PROBLEMS

Due to the very low RF signal levels that a paging receiver
is required to work with, great care has to be taken to
minimise noise added to the received signal. The SL6609A
has been designed to be a very low noise device, but care
has to be taken to ensure that the pcb layout and external
circuitry does not become the major noise source. Typical
noise degradation mechanisms are:

1. Power Supply Noise

2. Digital Noise Pickup

3. Local Oscillator Re-radiation
4. LNA Oscillation

These mechanisms are now described in detail:

AN200

1. Power Supply Noise.

The SL6609A is a direct conversion receiver and so the
RF signal is down-converted to baseband when still at a low
amplitude. Excess noise on the power supply lines can
degrade the receiver signal to noise ratio. Noise in the
frequency range 500Hz to 25kHz should be minimised. This
can be achieved by:

o Careful supply de-coupling. RC low pass power supply
filters are recommended.

o Careful choice of voltage doubler/regulator to supply

Vee2. Supply filtering can be most effectively achieved
if all frequency components of the voltage doubler lie
outside the frequency range 500Hz to 25kHz.
Two voltage doubler circuits that have been used with
the SL6609A are shown in Fig. 3. It is good practice to
use a two board design if possible, one for the RF
circuitry and one for the digital circuitry. It is preferable
to place the voltage doubler/regulator circuitry on the
digital board.

o Careful pcb grounding. A continuous ground-plane for
good RF performance is strongly advised. Care should
be taken with signal and power supply grounding.
Power supply de-coupling should be placed as close to
the SLB609A as possible. RF de-coupling capacitors
should be placed as close as possible to the
appropriate RF circuit nodes.

IC1 = RICOH RHSRI series 301B
D1 = Small Signal Schottky Barrier Diode
e.g. ROHM = RB705P

D1
NI
L1
1.5V 20 87pH — 100 3V
O {1— WA 3 1 2 —}+—o0
1717 17777 171 riiii
IC2 = MICROLINEAR ML4861-3
87uH
LYY Y\
v ) 1 s —
e
100 -L 22;1-L -Lm o 2 ic2 : orc
3
’ /% mr | 100 v
4 5 1 O
Vee2

33uF in 10uF

I
-

§4l~

I
%

Fig.3: Suggested voltage doubler circuits
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@ Antenna grounds should be joined at one point to the
ground plane. The ground plane should not run
underneath the antenna.

e It is important that where possible the appropriate RF
de-coupling capacitors within the LNA circuitry that are
creating a local RF short (e.g. capacitor pair: C17 and
VC3) (see Fig. 5) are connected to the RF ground
plane by a common via hole.

2.Digital Noise Pickup.

Due to the low RF signal levels that the SL6609A is
required to receive, noise generated at the RF frequency by
harmonics of digital signals can degrade the receiver's
performance by coupling in the LNA circuitry directly or via
the antenna. Particular care should taken with the SL6609A
data output pin (Pin 14 DATA O/P). This problem can be
minimised by:

o Using a good continuous RF ground plane.

e Careful pcb layout, ensuring that digital signal pins and
track routing are kept away from the sensitive receiver
RF front end components and the antenna.

o Using low pass filters (e.g. a capacitor) to reduce the
level of the higher harmonics on digital tracks.

o The digital decoder and display driver circuits can also
generate harmonics that are at the same frequency as
the RF frequency. To minimise their affect it is
preferable to have these components mounted on a
separate board from the antenna, LNA, SL6609A and
LO circuitry. It is also good practice to have as much of
the digital circuitry inactive during the RF paging
message reception period. An example would be to
delay writing to the LCD display until after the end of
the RF paging message reception.

e Incorporating good RF decoupling on the digital board
power supplies and data tracks.

3.Local Oscillator Re-Radiation.

As the SL6609A is a direct conversion receiver the local
oscillator frequency is the same as the incoming RF
frequency. The receiver antenna is therefore tuned to the
local oscillator frequency and can easily pick up the local
oscillator signal feeding it into the receiver's RF input. This
signal will then be mixed in the SL6609A with the local
oscillator signal applied directly to the SL6609A local
oscillator ports, LOX and LOY. If the local oscillator pickup at
the RF receiver input is too large, the sensitivity of the
receiver will be de-graded. Both the phase and amplitude of
the local oscillator picked-up at the RF input will affect the
level of receiver degradation. With worst case phasing the
level of local oscillator signal picked up at the LNA input
must be kept below -70dBm (as measured using a high
impedance RF FET probe), if the receiver performance is to
be unaffected. To minimise local oscillator pickup at the
receiver RF inputs the following guidelines should be
followed:

e Use a good continuous RF ground plane.

e Position the local oscillator circuitry away from the
antenna and the LNA circuitry.

o Keep the local oscillator circuitry on the pcb as
compact as possible and minimise the lengths of the
tracks connecting the local oscillator output to the
receiver local oscillator inputs (LOX and LOY).
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® Place a good RF screen over the local oscillator
circuitry.

e Ensure that there is no AM modulation on the local
oscillator caused by power supply noise. This can be
effectively achieved by powering the local oscillator
circuitry using the 1V regulator function provided on the
SL6609A (pins VREG, REGCNT with an external PNP
transistor) and effective RF power supply decoupling.
Particular care should be taken that decoupling is
made to the appropriate AC ground, e.g. Vcc1, GND or
Vref.

4.LNA Oscillation.

Careful circuit design and layout is required to ensure that
this is not a problem. Two main forms of oscillation can
occur:

e Oscillation of the LNA near the upper frequency limit of
the LNA transistors. This frequency is typically in the
region of 1GHz to 5GHz, much higher than the
received RF signal frequency. One cause of this is
inadequate RF de-coupling, or too much circuit gain
near the transistor upper frequency limit. The latter can
usually be cured by adding a small capacitor to the
LNA circuitry to reduce the gain near the upper
frequency of the LNA transistor. This type of oscillation
can be checked for by observing the SL6609A mixer
inputs with a spectrum analyser that is capable of
observing the 1 to 5GHz frequency range.

o Oscillation of the LNA at the RF input frequency. This
can occur both with the RF receiver input connected to
a 50ohm input and when an antenna is connected. If
oscillation of the LNA, with the RF receiver input
connected to a 50ohm input is suspected, it can usually
be confirmed by checking the input match with a
network analyser. If a good 50ohm match cannot be
achieved it is likely that the LNA is oscillating or very
close to oscillating.

If good RF receiver performance and a good RF input
match are obtained when the receiver RF input is connected
to a 50ohm input, but sensitivity with an antenna is slightly
below that expected, it is possible that the LNA is oscillating,
or very close to oscillating, through a feedback loop via the
antenna. This is possible because the antenna and LNA
output load circuitry are tuned to the RF input frequency. To
minimise the chance of this occurring the LNA output
circuitry should be placed as far as is practically possible
away from the antenna. Clues that the LNA is oscillating via
the antenna are:

® The receiver large signal interferer measurements (i.e.
IP3) with an antenna connected are significantly worse
(>2dB) than the same measurement carried out with
the receiver RF input matched to a 50ohm signal
generator.

® The expected gain to the test points TPX and TPY in
the TEM cell is significantly different (usually higher)
than that expected from the same gain measurement
with the receiver RF input matched to a 50ohm signal
generator input.



ANTENNA ISSUES

The choice of Antenna size and shape will be largely
dependent on the decoder board used and the Pager case
size. The GPS RF demonstration board employs a 1mm
diameter double loop antenna, the size and shape being
determined by the chosen decoder board and case (See
Fig.8).

Antenna gain increases with larger enclosed loop area
and/or frequency of operation. Hence, using a physically
larger antenna for the same frequency or, the same antenna
at a higher frequency should result in an improved TEM Cell
Sensitivity. This assumes that the Terminal Sensitivity
remains constant and that the TEM Cell Sensitivity does not
become limited by an antenna noise pick-up problem (e.g.
LO reradiation or Data O/P spikes). If such a noise problem
exists then increasing the antenna loop area will make no
difference to the TEM Cell Sensitivity, because the
Signal/Noise Ratio remains the same (i.e more signal and
noise are picked-up by the antenna).

Any losses due to Low-Q components in the antenna
matching network will result in a direct loss in TEM Cell
Sensitivity. Try to use only capacitors in the antenna to LNA
matching network.

The antenna gain is also very dependant on the loop
resistive loss, and at RF this resistance is dominated by skin
effects. It is therefore important that the antenna is made
from, or coated with, a low resistivity metal. (e.g. silver).

Antenna gain can be measured with reasonable
accuracy by tuning the antenna matching circuit in to 50
ohms and measuring the power output with the antenna
mounted on the pager board and in the TEM Cell. The
antenna gain is the TEM Cell input power minus the antenna
output power. For the GPS dual-loop antenna board, this
gain is approximately -39dB in the Elena ETC150F TEM
Cell. With this antenna power matched to the LNA (with no
losses) a board with a terminal sensitivity of -128dBm should
attain a TEM Cell Sensitivity of -89dBm assuming there are
no additional noise problems introduced.

AUDIO AGC PROBLEMS

If the loop gain of the Audio AGC circuit is made too great
it is liable to break into oscillation at certain input signal
levels.

This usually occurs just as the PIN diode turns on,
typically about 30dB above the sensitivity level. An
oscillation of around 400Hz will be visible at the test points
TPLIMX and TPLIMY. The loop gain can be decreased by
reducing the value of R8 in Fig. 4. Note that R20 in Fig. 4
“softens” the turn on of D1.

GPS RF DEMONSTRATION BOARD

Fig. 4 shows the circuit diagram and Figs. 5, 6 and 7 show
the 3 layer pcb layout. The performance that this board
typically achieves when connected to a digital board of a
standard pager design, measured in an Elena ETC150F
TEM cell system is described below. It should be noted that
the Elena ETC150F TEM cell system has a 20dB attenuator
connected to the TEM cell input. The TEM cell power inputs
quoted below are the values before the 20dB attenuator, so
that the level applied to the actual TEM cell is 20dB lower.

AN200

Frequency 150MHz

Frequency deviation  4.0kHz

Data Rate 1200bps

Sensitivity 8uV/m (body effect uncorrected)

Sensitivity 4uV/m (6dB body effect
correction applied)
-89dBm (TEM Cell Drive)

1P3 57dB

Adjacent Channel 73dB

P2 48dB

The drive level at the local oscillator input pins LOX and
LOY was 20mVrms.

A level of 70mVpp (measured at TPLIMX) was observed
for a TEM Cell system input level of -60dBm (corresponds to
220uV/m actual field strength).

The antenna used was a double loop, as shown in Fig. 8.

The peak noise measured at TPLIMX was 3mVpp with the
RF carrier switched off.

With the antenna removed and the receiver RF input
matched to 50ohms:

® A level of 160mVpp (measured at TPX) was observed
for an RF input level of -73dBm, with the RF offset from
the local oscillator frequency by 4kHz.

® A level of 60mVpp (measured at TPLIMX) was
observed for an RF input level of -99dBm, with the RF
offset from the local oscillator frequency by 4kHz.

® The peak noise measured at TPLIMX was 3mVpp with
the RF carrier switched off.

Specific points to note on the pcb layout are:

e Careful RF circuitry layout and positioning on the pcb.
Special care had to be taken with the ground plane
connections of the capacitors directly associated with
the antenna circuitry.

® The use of a three layer PCB with the middle layer
used exclusively to provide a good continuous RF
ground plane.

® The compact LO circuitry layout, short track length of
the LO signal lines to the SL6609A LOX and LOY pins
and the provision for a full screen over the LO circuitry.
The LO circuitry has been powered using the 1V
regulator function provided on the SL6609A.

® LNA output load circuitry has been positioned away
from the antenna.

o The output track from the SL6609A DATA O/P (Pin 14)
is positioned well away from the antenna.

® Special attention to RF decoupling.

® Antenna grounds joined to one ground plane point.

The TEM Cell Sensitivity of the GPS RF demonstration
board is antenna limited, therefore using a larger loop area
antenna should improve sensitivity.
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Fig.4: SL6609A application circuit
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Fig.5: SL6609A application circuit pcb layer 1
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Fig.6: SL6609A application circuit pcb layer 2
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Fig.7: SL6609A application circuit pcb layer 3
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Fig.8 Double wire loop pager antenna.
Dimensions : mm  Material : gold plated, hard drawn copper.
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APPLICATION NOTE

AN197-1.9

PERFORMANCE MEASUREMENTS ON THE SL6609A/SL6610
DEMONSTRATION BOARDS

INTRODUCTION
The objectives of this application note are to:

® Aid understanding of the receiver measurements as
listed in the datasheets for SL6609A and SL6610.

®  Assist users of the SL6609A/SL6610 demonstration
boards when replicating the receiver measurements.

The characterisation analysis performed by GPS was
on a large scale and in order to reduce the time required for
analysis a bit error rate (BER) meter under IEEE control was
used. This differs from the descriptions below which suggest
the use of a POCSAG encoder and decoder. ABERof 1in 30
has been found to be equilvalent to a successful call reception
rate of 80% with a POCSAG encoder and decoder.

A test set-up as shown in Fig.1 is recommended. A
POCSAG Encoder generates address data that matches the
address of thedecoder andis atthe chosenbaudrate (i.e.512,
1200 or 2400). The data is FM modulated onto an RF Carrier
and applied to the demonstration board via the combiner. The
detected data output from Pin 14 is passed to the decoder to
acknowledge successful call detection by the SL6609A/
SL6610. Signal Generators B and C provide the interfering
signals required in some measurements.

For all measurements the local oscillator frequency
must be the same as the nominal RF carrier frequency used.

SENSITIVITY
Definition

The Sensitivity is the minimum power that is sufficient
to produce successful call reception atthe defined rate of 80%.
It is a measure of the lowest signal strength the SL6609A/
SL6610 is capable of working with.

Measurement

Signal Generator A is programmed to provide an RF
signal equal to the nominal frequency of the demonstration
board (usually around 153MHz, 282MHz or 470MHz).

Address data from the POCSAG Encoder is DC FM
modulated onto the RF signal from Signal Generator A (i.e.
external modulation) with a 4.5kHz AF for 512 baud or 4kHz
AF for 1200 baud.

The level of the RF Carrier from Signal Generator A is
repeatedly reduced while monitoring the ability of the
SL6609A/SL6E610 to successfully detect the address dataon
the RF Carrier.

Note: Signal Generators B and C are not used for this
measurement.

The Sensitivity as recorded is the minimum RF Carrier
level at the input to the Low Noise Amplifier of the
demonstration board which permits the 80% rate of successful
data detection to be maintained. The value is used as the
Reference Sensitivity Threshold for subsequent
measurements.

ADJACENT CHANNEL REJECTION
Definition

The Adjacent Channel Rejection measurement
establishes the capability of the SL6609A/SL6610 to operate
at the 80% rate of successful call detection when there is an
unwanted modulated interfering signal which differs from the
wanted signal by a single channel spacing (i.e. 25kHz).

Measurement

The RF Carrier from Signal Generator A remains at the
nominal frequency of the demonstration board but has the
level adjusted to the Reference Sensitivity Threshold plus
3dB. This is known as the wanted signal.

Signal Generator B provides the interfering signal and
is set to a frequency one channel spacing (i.e. 25kHz) below
the RF Carrier and has sinusoidal FM modulation of 400Hz at
3kHz AF generated internally.

The level of the interfering signal is adjusted to reach
the maximum at which the 80% rate of successful call
detection can be maintained.

Note: Signal Generator C is not used for this measurement.

The recorded Adjacent Channel Rejection is the
difference in dBs between the wanted and interfering signal
levels i.e. the difference between the Reference Sensitivity
Threshold plus 3dB and the interfering signal level at the RF
signal input to the Low Noise Amplifier.
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THIRD ORDER INTERMODULATION PRODUCT
REJECTION PERFORMANCE (IP3)

Definition

The IP3 measurement establishes the capability of the
SL6609A/SL6610 to operate when there are two interfering
signals such that the 3rd order product is at a frequency equal
to the wanted signal.

Measurement

The RF Carrier from Signal Generator Aremains at the
nominal frequency of the demonstration board but has the
level adjusted to the Reference Sensitivity Threshold plus
3dB. This is known as the wanted signal.

Signal Generator B provides the first interfering signal
and is set to a frequency one channel (i.e. 25kHz) below the
RF Carrier. This signal is unmodulated.

Signal Generator C provides a second interfering
signal and is set to a frequency two channels (i.e. 50kHz)
below the RF Carrier. Sinusoidal FM modulation of 400Hz at
3kHz AF is applied to this signal.

Signal generators B and C are set to the same RF
output level but are then adjusted simultaneously to reach the
maximum at which the 80% rate of successful call detection
can still be maintained.

The recorded IP3 is the difference in dBs between the
wanted and interfering signal levels at the RF signal input to
the Low Noise Amplifier (i.e. the difference between the
Reference Sensitivity Threshold plus 3dB and the interfering
signal levels).

SECOND ORDER INTERMODULATION PRODUCT
REJECTION PERFORMANCE (IP2).

Definition

The IP2 measurement establishes the capability of the
SL6609A/SL6610to operate inthe presence of twointerfering
RF signals, not within the wanted signal channel. The two
interfering RF signals are separated in frequency by a spacing
that corresponds to a frequency within the SL6609A/SL6610
baseband bandwidth (e.g. a frequency separation of 4kHz).

Measurement

The RF Carrier from Signal Generator Aremains at the
nominal frequency of the demonstration board but has the
level adjusted to the Reference Sensitivity Threshold plus
3dB. This is known as the wanted signal.

Signal Generator B provides the first interfering signal

and is set to a frequency one channel minus AF/2 below the
RF Carrier. This signal is unmodulated.
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Signal Generator C provides a second interfering
signal and is set to a frequency one channel plus AF/2 below
the RF Carrier. Sinusoidal FM modulation of 400Hz at 3kHz
AF is applied to this signal.

For example, assuming a Channel spacing of 25kHz,
and a AF of 4kHz:

- signal generator B will be set to:
Nominal Frequency - 23kHz

- signal generator C will be set to:
Nominal Frequency - 27kHz

Interfering Signal Generators B and C are set to the
same RF output level. The level of both interfering signals is
then adjusted simultaneously to reach the maximum at which
the 80% rate of successful call detection can still be
maintained.

The recorded IP2 is the difference in dBs between the
wanted and unwanted interfering signal levels at the Low
Noise Amplifier input (i.e. the difference between the
Reference Sensitivity Threshold plus 3dB and the interfering
signal levels).

CENTRE FREQUENCY ACCEPTANCE
Definition

The Centre Frequency Acceptance identifies the
maximum tolerable frequency offset from the nominal RF
Carrier frequency that can be experienced before a 3dB
degradation in sensitivity is seen.

Measurement

The RF Carrier from Signal Generator A is set to the
nominal frequency of the demonstration board and has the
level adjusted to the Reference Sensitivity Threshold plus
3dB.

Thefrequency of Signal Generator A is adjusted higher
andthen lowerto reach the limits about the nominal RF Carrier
frequency at which the 80% rate of successful call detection
can still be maintained.

Note: Signal generators B and C are not used for this
measurement.

The centre frequency acceptance 'above'is defined as
the highest frequency reached minus the nominal RF carrier
frequency.

The centre frequency acceptance 'below' is defined as
the nominal RF carrier frequency minus the lowest frequency
reached.

The recorded centre frequency acceptance is the
average of the centre frequency acceptance 'above' and
‘below' measurement results.



DEVIATION ACCEPTANCE
Definition

Deviation Acceptance indicates the maximum
tolerable offset from the nominal deviation frequency of the RF
Carrier FM modulation that can be experienced before a 3dB
degradation in sensitivity is seen.

Measurement

The RF Carrier from Signal Generator Aremains at the
nominal frequency of the demonstration board but has the
level adjusted to the Reference Sensitivity Threshold plus
3dB.

The AF of Signal Generator A is modified from the
nominal (i.e. 4.5kHz at 512 baud, 4kHz at 1200 baud) to reach
the maximum difference at which the 80% rate of successful
call detection can still be maintained.

The measurement is performed for AF varied both
above and below the nominal deviation frequency.

Note: Signal Generators B and C are not used for this
measurement.

The deviation acceptance 'up'is defined as the highest
deviation frequency reached minus the nominal deviation
frequency.

The deviation acceptance 'down' is defined as the
nominal deviation frequency minus the lowest deviation
frequency reached.

LARGE SIGNAL IP3
Definition

This is an extension to the standard IP3 test, with
measurements being made starting at sensitivity and
continuing to wanted signal levels well above sensitivity. The
measurement assesses the large signal intermodulation
performance of the device.

Measurement

Large signal IP3 is measured with the same set-up and
technique as the standard IP3 test. However, as well as being
measured at 3dB above sensitivity, the IP3 is assessed at 5dB
steps up from this to a wanted signal level of approx -40dBm.
The calculation for large signal IP3 is interferer level minus
wanted level at the Low Noise Amplifier.

The results of this measurement are shown for a
typical device in Fig.11 in the SL6609A/SL6610 datasheet.
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The graph shows a continous roll-off of large signal IP3 verses
wanted signal (refer to AGC OFF graph).

The AGC ON graph depicts the large signal IP3
performance that can be obtained by employing the AGC
function. This circuit monitors the wanted signal level and
effectively holds it constant at approximately -95dBm at the
RF inputby use of a PIN diode in the Low Noise Amplifier. This
has the affect of holding up the large signal IP3 at
approximately 40dB for an input range of -93 to -60dBm.
Beyond that, the PIN diode runs out of attenuation range and
the large signal IP3 begins to drop again.

LOCAL OSCILLATOR (LO) REJECTION
Definition

The LO Rejection indicates the maximum local
oscillator level at the Low Noise Amplifier input that can be
tolerated before a specified degradation in sensitivity is seen.

Note: This measurement is difficult to undertake on the GPS
Demonstration Board. It was performed during
characterisation analysis and is listed in the data sheet.

Measurement (GPS Characterisation Analysis Only)

The Local Oscillator signal was split to provide the
original Local Oscillator signal and a signal to be combined
with the wanted RF Carrier via a variable phase shift network
and variable attenuator.

The RF Carrier from Signal Generator A remained at
the nominal frequency of the demonstration board but the
level was adjusted to the Reference Sensitivity Threshold plus
a specified level; either 0.5dB or 3dB (the shifts as listed inthe
data sheet).

The variable phase shift network was adjusted to
cause maximum receiver degradation and then the level of the
Local Oscillator combined with the wanted RF Carrier was
adjusted, using the variable attenuator, to reach the maximum
at which the 80% rate of successful call detection could stillbe
maintained.

Note: The Local Oscillator signal applied to the device local
oscillator input pins (LOX and LOY) was kept at a constant
level. Signal generators B and C were not used for this
measurement.

The measurement as recorded is the level of the Local
Oscillator signal atthe RF Inputto the Low Noise Amplifier and
is recorded against the degradation from the Reference
Sensitivity Threshold (i.e. 0.5dB or 3dB).
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EXT MOD IN
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B RF OUT
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GPS SL6609A/SL6610
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NOTE: Generator B and C have internal modulation set for relevant measurements.
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Fig. 1 Suggested Test Set-up




Section 12

Package Outlines

NOTES
1. Dimensions are shown thus: mm (in).
2. Unless otherwise indicated, controlling dimensions are in inches.

3. All package outline diagrams are for guidance only. Please
contact your nearest GPS Customer Service Centre for further
information.
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Headquarters Operations

UNITED KINGDOM

NORTH AMERICA

Cheney Manor, Swindon, Wiltshire, United Kingdom, SN2 2QW.

Tel: (01793) 518000 Fax: (01793) 518411

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017, USA.
Tel:(408) 438 2900 Fax: (408) 438 5576

Customer Service Centres

FRANCE & BENELUX

GERMANY, AUSTRIA and
SWITZERLAND

ITALY

JAPAN

KOREA
NORTH AMERICA

SOUTH EAST ASIA

SWEDEN
TAIWAN, ROC

UK, EIRE, DENMARK,

Z.A. Courtaboeuf, Miniparc-6, Avenue des Andes, Bat. 2-BP 142, 91944,

Les Ulis Cedex A. France. Tel: (1) 69 18 90 00. Fax: (1) 64 46 06 07

Power Division

2 rue Henri-Bergson, 92665 Asnieres Cedex.

Tel: (1) 40 80 54 00. Fax: (1) 40 80 55 87

UngererstraBe 129, 80805 Minchen, Germany.

Tel: 089/36 0906-0. Fax: 089/36 0906-55

Via Fosse Ardeatine, N4, 20092 Cinisello Balsamo (MI).

Tel: (02) 6607151, Fax: (02) 66040993.

CTS Kojimachi Building (4th Floor), 2-12, Kojimachi, Chiyoda-ku, Tokyo 102.

Tel: (03) 5276-5501. Fax: (03) 5276-5510.

4th Floor, Cheon-Woo Building, 736 Yeoksam-Dong, Kangnam-Ku, Seoul.

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017, USA.
Tel: (408) 438 2900. Fax: (408) 438 7023

Power Division

Two Dedham Place, Suite 125, 3 Allied Drive, Dedham, MA02026, USA.

Tel: (617) 251 0126. Fax: (617)251 0106

No. 3 Tai Seng Drive, GEC Building, Singapore 1953.

Tel: (65) 3827708. Fax: (65) 3828872

Katarina Bangata 79, 116 42 Stockholm. Tel: 46 8 7029770. Fax: 46 8 6404736
Room 503, 5F, 131 Min-Sheng E Road, Sec 3, Taipei.

Tel: 886 2 5461260. Fax: 886 2 7190260

Unit 1,Crompton Road,Groundwell Industrial Estate, Swindon, Wilts, U.K., SN2 5AF.
Tei: (01793) 518527/518566. Fax: (01793) 518582.

Power Division

Carholme Road, Lincoln, U.K., LN1 1SG. Tel: (01522) 510500. Fax: (01522) 510550
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North American Sales Offices

NATIONAL SALES

EASTERN

WESTERN

ARIZONA/NEW MEXICO

SOUTH CENTRAL

NORTHWEST

SOUTHWEST

DISTRIBUTION SALES

CANADA

P O Box 660017, Scotts Valley, CA 95067-0017. Tel: (408) 438-2900.
Fax: (408) 438-5576.

Two Dedham Place, Suite 1, Allied Drive, Boston, MA 02026.

Tel: (617) 251-0100. Fax: (617) 251-0104.

1735 Technology Drive, Suite 100, San Jose, California 95110.

Tel: (408) 451-4700. Fax: (408) 451-4710.

4635 South Lakeshore Drive, Tempe, AZ 85282.

Tel: (602) 491-0910. Fax: (602) 491-1219.

9330 LBJ Freeway, Ste. 665, Dallas, TX 75243.

Tel: (214) 690-4930. Fax: (214) 680-9753.

7935 Datura Circle West, Littleton, CO 80120.

Tel: (303) 798-0250. Fax: (303) 730-2460.

2600 Michelson Drive, Suite 830, Irvine, CA 92715. Tel: (714) 852-3900.
Fax: (714) 852-3910.

1500 Green Hills Road, Scotts Valley, CA 95066.

Tel: (408) 438-2900. Fax: (408) 438-7023.

3608 Boul. St. Charles, Suite 9, Kirkland, Quebec, HOH 3C3.

Tel: (514) 697-0095. Fax: (514) 694-7006.

Semi-Custom Design Centres

FRANCE & BENELUX
GERMANY
JAPAN

USA

UNITED KINGDOM
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Z.A. Courtaboeuf, Miniparc-6, Avenue des Andes, Bat.2-B.P. No.142, 91944

Les Ulis Cedex A, France.Tel: (1) 69 18 90 00. Fax: (1) 64 46 06 07.
UngererstraBe 129, 80805 Munchen. Tel: (089) 3609 06 O.
Fax: (089) 3609 06 55.

CTS Kojimachi Building (4th Floor), 2-12, Kojimachi, Chiyoda-ku, Tokyo 102.

Tel: (03) 5276-5501. Fax: (03) 5276-5510.

Two Dedham Place, Suite 1, Allied Drive, Boston, Massachusetts 02026.
Tel: (617) 251-0100. Fax: (617) 251-0104.

2600 Michelson Drive, Suite 830, Irvine, California 92715.

Tel: (714) 852-3900. Fax: (714) 852-3910.

1735 Technology Drive, Suite 100, San Jose, California 95110. Tel: (408) 451-4700.

Fax: (408) 451-4710.
Cheney Manor, Swindon, Wiltshire SN2 2QW.
Tel: (01793) 518000. Fax: (01793) 518411.



North American Representatives

ALABAMA
ARIZONA

CALIFORNIA

CONNECTICUT

FLORIDA

GEORGIA
ILLINOIS
INDIANA

IOWA

KANSAS

MARYLAND

MASSACHUSETTS

MICHIGAN
MINNESOTA
MISSOURI
NEBRASKA

NEW HAMPSHIRE
NEW JERSEY

NEW YORK

Electramark, 2705 Artie Street, Suite 29, Huntsville, AL 35816.

Tel: (205) 533-5445. Fax: (205) 533-5455.

Fred Board Associates, 7353 E, 6th Avenue, Scottsdale, AZ 85251.

Tel: (602) 994-9388. Fax: (602) 994-9477.

Gary Chilcote & Associates, P.O. Box 1795, 1902 Quiet Ranch Road, Fallbrook,
CA 92028. Tel: (619) 728 7678.Fax: (619) 728 3738.

Jones & McGeoy, 5100 Campus Drive, Suite 300, Newport Beach, CA 92660.
Tel: (714) 724 8080. Fax: (714) 724 8090.

Stone Components, 63 Turkey Hill Road, Chester, CT 06412,

Tel: (508) 383-0119. Fax: (203) 526-2231.

American Micro Sales, 1400 E. Newport Center Drive, #207, Deerfield Beach,
FL33402. Tel: (305) 421-9077. Fax: (305) 421-8387.

American Micro Sales, 274 Wilshire Blvd., Ste 241, Casselberry, FL 32707.
Tel: (407) 831 2505. Fax: (407) 831 1842.

American Micro Sales, 2430 Estancia Blvd, #101A, Clearwater, FL 34621.
Tel: (813) 724-1980. Fax: (813) 724-3984.

Electramark, 6030 - H Unity Drive, Norcross, GA 30071.

Tel: (770) 446-7915. Fax: (770) 263-6389.

Micro Sales, Inc., 901 West Hawthorn Drive, ltasca, IL 60143.

Tel: (708) 285-1000. Fax: (708) 285-1008.

Leslie M. DeVoe, 4371 E. 82nd St., Suite D, Indianapolis, IN 46250.

Tel: (317) 842-3245. Fax: (317) 845-8440.

Lorenz Sales, 5270 N. Park Place N.E., Cedar Rapids, |IA 52402.

Tel: (319) 377-4666. Fax: (319) 377-2273.

Lorenz Sales, Inc., 8645 College Blvd., Suite 220, Overland Park, KS 66210.
Tel: (913) 469-1312. Fax: (913) 469-1238.

Lorenz Sales, Inc., 1530 Maybelle, Wichita, KS 67212.

Tel: (316) 721-0500. Fax: (316) 721-0566.

Walker Associates, 1757 Gablehammer Road, Westminster, MD 21157.

Tel: (410) 876-9399. Fax: (410) 876-9285.

Walker Associates, 16904 Queen Anne Bridge Road, Mitchellville, MD 20716.
Tel: (301) 249-7145. Fax: (301) 390-1833.

Stone Components, 2 Pierce Street. Framingham, MA 01701.

Tel: (508) 875-3266. Fax: (508) 875-0537.

Stone Components, 10 Atwood Street, Newburyport, MA 01950.

Tel: (508) 462-1079. Fax: (508) 462-8948.

Greiner Associates Inc., 15324 E. Jefferson Avenue, Grosse Point Park, Ml 48230.
Tel: (313) 499-0188. Fax: (313) 499-0665.

High Technology Sales, 4801 West 81st Street, Sune 115, Bloomington, MN 55437.
Tel: (612) 844-9933. Fax: (612) 844-9930.

Lorenz Sales, Inc., 10176 Corporate Square Dr., Suite 120, St. Louis, MO 63132.
Tel: (314) 997-4558. Fax: (314) 997-5829.

Lorenz Sales, 2801 Garfield Street, Lincoln, NE 68502.

Tel: (402) 475-4660. Fax: (402) 474-7094.

Stone Components, 436 S. Baboosic Lake Rd., Merrimack, NH 03054,

Tel: (603) 429-3462. Fax: (603) 429-0064.

HLM Assoc., 333 Littleton Raod, Parsippany, NJ 07054,

Tel: (201) 263-1535. Fax: (201) 263-0914.

HLM Assoc., 64 Mariners Lane, Box 328, Northport, NY 11768.

Tel: (516) 757-1606. Fax: (516) 757-1636.

Omega Electronics, Inc., 864 Friar Tuck Lane, Webster, NY 14580.

Tel: (716) 671 7822. Fax: (716) 671 7822.

E-Mail: omegaks@aol.com/omegabb@aol.com
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OHIO K.W. Electronic Sales, Inc., 8514 North Main Street, Dayton, Ohio 45415,
Tel: (513) 890-2150. Fax: (513) 890-5408.
K.W. Electronic Sales, Inc., 3645 Warrensville Road, Suite 244, Shaker Heights,
Ohio 44122. Tel: (216) 491-9177. Fax: (216) 491-9102.
OREGON Venture Electronics, 7165 SW Fir Loop, Suite 103, Portland, OR 97223.
Tel: (503) 624-0617. Fax: (503) 620-4682.
PENNSYLVANIA K.W. Electronic Sales, Inc., 4068 Mt. Royal Blvd., Suite 110, Allison Park, PA15101.

Tel: (412) 492-0777. Fax: (412) 492-0780.
Metz-Jade Associates, Inc., 7 Wynnewood Rd, Wynnewood, PA 19096.
Tel: (610) 896-7300. Fax: (610) 642-6293.

PUERTO RICO American Micro Sales, La Electronica Bldg, Suite 316, Calle Bori 1608,
Urb. Caribe, Rio Piedreas, PR 00927. Tel: (809) 274-1661. Fax: (809) 756-6152.

TEXAS O. & M. Sales, 8340 Meadow Rd., Suite 224, Dallas, TX 75231.

Tel: (214) 361-8876. Fax: (214) 692-0235.
0. & M. Sales, 8705 Shoal Creek Blvd., #103, Austin, TX 78757.
Tel: (512) 453-0275. Fax: (512) 453-0088.
0. & M. Sales, P.O. Box 9384, The Woodlands, TX 77387.
Tel: (713) 894-5021. Fax: (713) 894-5022.

WASHINGTON Venture Electronics, P.O. Box 3034, 12503 Bel-Red Road, Suite 101, Bellevue,
WA 98005. Tel: (206) 454-4594. Fax: (206) 454-9003.

WISCONSIN Micro Sales, Inc., 210 Regency Ct., Suite L101, Brookfield, Wl 53045.
Tel: (414) 786-1403. Fax: (414) 786-1813.
CANADA GM Assoc. Inc., 7050 Bramalea Road, Mississauga, Ontario L5S 1T1.

Tel: (905) 671-8111. Fax: (905) 671-2422.
GM Assoc. Inc., 140-6815 Eighth St. NE, Suite 144, Calgary, Alberta, T2H 7H7.
Tel: (403) 275-7178. Fax: (403) 274-6355.
GM Assoc. Inc., 1325 Rue Tees, St. Laurent, Quebec, H4R 2A7.
Tel: (514) 335-9572. Fax: (514) 335-9573.
GM Assoc. Inc., 301 Moodie Dr., Suite 111, Nepean, Ottawa, K2H 9C4.
Tel: (613) 820-3822. Fax: (613) 820-7633.
GM Assoc. Inc., 300-3665 Kingsway, Vancouver, BC, V5R 5W2,
Tel: (604) 439-3383. Fax: (604) 439-8479.

butor:

L4

i o

Distr

AUSTRALIA and GEC Electronics Division, Unit 1, 38 South Street, Rydalmere, NSW 2116, Australia.
NEW ZEALAND Tel: 612 638 1888. Fax: 612 638 1798.
AUSTRIA Eurodis Electronics GmbH, Lamezanstrasse 10, A-1232 Wien.
Tel: 1 610620. Fax: 1 61062151.
BELGIUM ACAL NV, Lozenberg 4, B-1932 Zaventem. Tel: 02 720 5983. Fax: 02 725 4815.
BULGARIA Macro Sofia, 116 Geo Miller Str, BI 57 AP70, 1574 Sofia. Tel/Fax: 359 2 708140.
CANADA Pioneer Standard, 2954 Blvd. Laurier, Ste 100, Ste-Foy, Quebec, GIV 4T2.
Tel: (418) 654-1077. Fax: (418) 654-2958.
Pioneer Standard, 520 McCaffrey Street, Ville St. Laurent, Quebec, H4T 1N1.
Tel: (514) 737-9700. Fax: (514) 737-5212.
Pioneer Standard, 223 Colonnade Road. South #112, Nepean, Ontario, K2E 7K3.
Tel: (613) 226-8840. Fax: (613) 226-6352.
Pioneer Standard, 3415 American Drive, Mississauga, Ontario, L4V 1T6.
Tel: (905) 405-8300. Fax: (905) 405-6423.
Pioneer Standard, 560 1212-31 Ave, NE, Calgary, Alberta, T2E 7S8.
Tel: (403) 291-1988. Fax: (403) 291-0740.
Pioneer Standard, 10711 Cambie Road, Richmond, British Columbia, V6X 3G5.
Tel: (604) 273-5575. Fax: (604) 273-2413.
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CHINA Gain Tune Ltd, Room 709, Oriental Building, 39 Jianshe Road,
Shenzen, China.Tel: 755-2284970. Fax: 755-2284971.
World Peace Industrial Co Ltd, Room 709, Oriental Building, 39 Jianshe Road,
Shenzen, China.Tel: 755-2284970. Fax: 755-2284972.
CZECH REPUBLIC Macro Weil SRO, Bechynova 3, 160 00 Prague 6.
Tel: 4223112182, Fax: 42 2 24310335.
DENMARK Scansupply A/S, Blokken 44, DK-3460 Birkeroed.
Tel: 45 45 82 50 90. Fax: 45 45 82 54 40.
Scansupply A/S, Marselisborg Havnevej 36, DK-8000 Aarhus C.
Tel: 45 45 82 50 90. Fax: 45 86 12 77 18.
EASTERN EUROPE FA Bernhart GmbH, Melkstattweg 27, PO Box 1628, D 8170 Bad Toelz., Germany.
Tel: 80 41 41 676 Fax: 8041 71504 Tx: 526246 FABD.
FRANCE 3D:
6-8 rue Ambroise Croisat, Z.1. des Glaises, 91120 Palaiseau. Tel: 1 64 47 29 29.
Fax: 164 47 00 84.
3 rue Berthelot, 69627 Villeurbanne CEDEX. Tel: 72 35 22 00. Fax: 7234 67 72.
Z.1. du terroir, rue de l'industrie, 31140 Saint Alban.
Tel: 61 37 44 00. Fax: 613744 29.
Parc Club du golf, Batiment 1, 13856 Aix-en-Provence CEDEX 3. Tel: 42 16 77 88
Fax: 42 39 4728.
1 rue de la Faisandereie, Bat B1 P.C. de Tanneries, F-67883 Tanneries CEDEX.
Tel: 8877 26 46. Fax: 88 76 13 30.
6 rue Abbe Henri Gregorie, F-35000 Rennes. Tel: 99 32 44 33. Fax: 99 51 33 93
22 rue de Seclin, F-59175 Vendeville. Tel: 20 62 07 67. Fax: 20 62 07 66.
Omnitech Sertronique:
C.A. de Montheard, 11 rue Edgar Brant, 72016 Le Mans CEDEX.
Tel: 4386 74 74. Fax: 43 86 74 86.
165 boulevard de Valmy, Evolic Batiment 1, 92706 Colombes.
Tel: 1 46 1307 80. Fax: 146 13 07 90.
ZAC des Petites Landes, 44470 Thouare-sur-Loire. Tel: 40 49 90 90.
Fax: 40 68 06 72.
99 boulevard de |'Artillerie, 69007 Lyon. Tel: 72 73 11 87. Fax: 72 73 18 00.
37 rue Saint-Eloi, 76000 Rouen. Tel: 35 88 00 38. Fax: 35 1506 22.
20 rue Cabanis, 59041 Lille. Tel: 20 43 96 44. Fax: 20 56 00 49.
Parc Cadera Sud, Batiment F, 33700 Bordeaux Merignac. Tel: 56 34 46 00,
Fax: 56 34 47 13.
GERMANY AS Electronic Vertriebs GmbH, In den Garten 2, D-61352 Bad Homburg.
Tel: 06172 458931. Fax: 06172 42000.
Farnell Electronic Services GmbH, Bahnhofstrasse 44, 71696 Moglingen.
Tel: 071 41-4 87-0. Fax: 071 41-4 87-210.
Micronetics GmbH, Dieselstrasse 12, D-71272 Renningen. Tel: 07159-925830.
Fax: 07159-9258355.
Weisbauer Elektronik GmbH, Heiliger Weg 1, D-44135 Dortmund. Tel: 0231 579547.
Fax: 0231 577514.
GREECE Impel Ltd., 30 Rodon Str, Korydallos, Piraeus, Greece. Tel: 010 30 1 49 67815.
Tix: 213835. Fax: 01 49 54041.
HONG KONG Gain Tune Ltd, Room 809, 8th Floor, Hunghom Commercial Centre, Tower B,
37-39 Ma Tau Wai Road,Hunghom, Kowloon, Hong Kong. Tel: 852-3654860.
Fax: 852-7641129.
HUNGARY Macro Group, Etele ut 68,Budapest 1115. Tel: 36 1 2698110/1853111.
Fax: 36 1 1850061.
INDIA Mekaster Telecom PVT Ltd., 908 Ansal Bhawan, 16 Katuba Ghandi Marg,
New Delhi, 100 001 India Tel: 11 3312110 Fax: 11 3712155.
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ITALY

JAPAN

KOREA
MALAYSIA
NETHERLANDS
NORWAY
POLAND

PORTUGAL
RUSSIA

SLOVAK REPUBLIC
SOUTH AFRICA

SPAIN

SWEDEN
SWITZERLAND

TAIWAN

THAILAND

TURKEY

UNITED KINGDOM

Adelsy - Divisione della Generalmusic SpA, Via Novara 570, 20153 Milano.

Tel: 02 3810310. Fax: 02 38002988.

Eurelettronica SpA, Via E. Fermi 8, 20090 Assago (MI). Tel: 02 457841,

Fax: 02 4880275.

Fanton Srl, Milano - Torino - Bologna - Firenze - Roma - Padova.

Tel: 02 48912963. Fax: 02 4890902.

Cornes & Company Ltd., Ryukakusan Building, 2-5-12, Higashi Kanda, Chiyoda-ku,
Tokyo 101. Tel: 3-5821-1651. Fax: 3-5821-1904.

Cornes & Company Ltd., 1-13-40 Nishi-hommachi, Nishi-ku, Osaka 550.

Tel: 6 532 1012.Tx: 525-4496. Fax: 6 541-8850.

KML Corporation, 6th Floor, Dukmyung Building, (A-Dong) 113-3, Banpo-Dong,
Shucho-Gu, CPO Box 7981, Seoul. Tel: 2 595 9101-6. Fax: 2 595 9107.

Adequip Enterprise Sdn Bhd, #6-01 6th Floor, Wisjma Stephens,

88 Jalan Raya Chulan, 50200 Kualar Lumpur, Malaysia. Tel: 2423522, Fax: 2423264.
Tekelec-Airtronic B.V., Postbus 63, Industrieweg 8A, 2700 AB Zoetermeer.

Tel: 0793 310100. Fax: 0793 417504

Skandinavisk Elektronikk A/S, Ostre Aker Vei 99, Postboks 99 Veitvet, Oslo 5.

Tel: 22 64 11 50. Tx: 71963 Fax: 22 64 34 43.

Macropol Co. Ltd, Ul Bitwy Warszawskiej 11, 02 366 Warsaw. Tel: 48 22 224337.
Fax: 48 22 229136.

Anatronic SL, Urbanisazao Do, Infantado, Lote 18, 2° ESQ, Loures. Tel: 1 79 33 2 99.
Anastasia Neklusova, St Petersburg, Ul Zamshina 15. Tel: 7 812 545 0723.

Fax: 7 812 254 51256.

Macro Zilinia, Vysokoskolakov 6, 010-01 Zilinia. Tel: 42 89 634181/45041.

Fax: 42 89 634109.

Simm Electronics, 24 Saddle Drive, Woodmead Park, Woodmead Exten., Sandton,
Johannesburg. Tel: (011) 802-7808. Fax: (011) 802-7875.

Anatronic SA, Avda de Valladolid 27, 28008 Madrid. Tel: 91 542 4455/6.

Fax: 91 2486975.

Anatronic SA, Bailen, 176, Estresuelo 1°, 08037 Barcelona. Tel: 93 258 1906/7.
Fax: 93 258 7128.

Pronesto AB (Microwave Products Only), Finlandsgatan 18, 16475 Kista.

Tel: (08) 752 9080. Fax: (08) 751 4111.

Basix fiir Electronik AG, Hardturmstr 181, CH-8010 Zuerich. Tel: 1 2761111.

Fax: 12764199,

Prospect Technology Corporation, 5, Lane 55, Long-Chiang Road, Taipei, Taiwan.
Tel: (886-2) 721-9533. Fax: (886-2) 773-3756.

World Peace Industrial Co Ltd, 8th Floor, 76 Cheng Kung Road, Sec. I.,

Nankang District, Taipei, Taiwan ROC. Tel: (886-2) 788-5200. Fax: (886-2) 788-3255.
Westech Electronics Co. Ltd, 77/113 Moo Ban Kitikorn, Ladprao Soi 3,
Ladprao Road, Ladyao, Jatujak, Bangkok 10900. Thailand. Tel: 2 5125531.
Fax: 2 2365949.

EMPA, 34630, Besyol Londra Asfalti Florya Is Merkezi Sefakoy, Istanbul.
Tel: (1) 599 30 50 Tx: 21137 Etna tr Fax: (1) 598 53 53.

Farnell Electronic Components Ltd., Canal Road, Leeds LS12 2TU.

Tel: (01132) 636311. Fax: (01132) 633404.

Farnell Electronic Services, Edinburgh Way, Harlow, Essex CM20 2DF.
Tel: (01279) 626777. Fax: (01279) 441687.

Farnell Electronic Services, 300 Kings Road, Reading, Berks RG1 4GA.
Tel: (01734) 666676. Fax: (01734) 263100.

Farnell Unitel, Bank House. Primett Road, Stevenage, Herts SG1 3EE.
Tel: (01438) 312393. Fax: (01438) 318711.

Gothic Crellon Ltd., 3 The Business Centre, Molly Millars Lane, Wokingham
Berkshire RG11 2EY. Tel: (01734) 788878 Fax: (01734) 776095.
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Alabama

Arizona

California

Colorado

AAAAA TP
ormiecucut

Florida

Georgia

Illinois

Indiana

Gothic Crellon Ltd., P.O.Box 301, Elizabeth House, 22 Suffolk Street, Queensway,
Birmingham B1 1LZ. Tel: (0121) 643 6365. Fax: (0121) 633 3207.
Semiconductor Specialists (UK) Ltd., Unit 6, Crown Business Centre, Crown Way,
West Drayton, Middlesex UB7 8HZ Tel: (01895) 445522. Fax: (01895) 422044.
The Macro Group, Burnham Lane, Slough SL1 6LN. Tel: (01628) 606000.

Fax: (01628) 666873.

Insight Electronics, 4835 University Square #19, Huntsville, AL 35816.

Tel: (205) 830-1222. Fax: (205) 830-1225.

Pioneer Technologies, 4835 University Square #5, Huntsville, AL 35816.

Tel: (205) 837-9300. Fax: (205) 837-9358.

Alliance, 7550 E. Redfield Road, Scottsdale, AZ 85260.

Tel: (602) 483-9400. Fax: (602) 483-3898.

Insight Electronics, 1515 W. University Dr., Suite 103. Tempe, AZ 85261.

Tel: (602) 829-1800. Fax: (602) 967-2658.

Pioneer Standard, 1438 W. Broadway Ste. B-140, Tempe, AZ 85262.

Tel: (602) 350-9335. Fax: (602) 350-9376.

Pioneer Standard, 5126 Clareton Drive, Ste 160, Agoura Hills, CA 91301.

Tel: (818) 865-5800. Fax: (818) 865-5814.

Insight Electronics, 4333 Park Terrace Dr., #101, Westlake Village, CA 91361.
Tel: (818) 707-2101. Fax: (818) 707-0321.

Insight Electronics (Corp.), 9980 Huennekens, San Diego, CA 92121.

Tel: (619) 677-3100. Fax: (619) 677-3131.

Pioneer Standard, 9449 Balboa Ave. #114, San Diego, CA 92123.

Tel: (619) 514-7700. Fax: (619) 514-7799.

Insight Electronics, 2 Venture Plaza, Ste 340, Irvine, CA 92716.

Tel: (714) 727-3281. Fax: (714) 727-1804.

Pioneer Standard, 217 Technology Dr., #110, Irvine, CA 92718.

Tel: (714) 753-5090. Fax: (714) 753-5074.

Insight Electronics, 1295 Oakmead Parkway, Sunnyvale, CA 94086.

Tel: (408) 720-9222. Fax: (408) 720-8390.

Pioneer Technologies, 333 River Oaks Parkway, San Jose, CA 95134,

Tel: (408) 954-9100. Fax: (408) 954-9113.

Insight, 384 Inverness Dr. S., Ste. 105, Engelwood, CO 80112.

Tel: (303) 649-1800. Fax: (303) 649-1818.

Pioneer [ dard 2 Trapp
Fax: (203) 929-9791.

Insight, 600 S. Northlake Blvd., #250, Altamonte Springs, FL 32701.

Tel: (407) 834-6310. Fax: (407) 834-6461.

Pioneer Technologies, 337 South Northlake Blvd., #1000, Altamonte Springs,
FL 32701 Tel: (407) 834-9090. Fax: (407) 834-0865.

Pioneer Technologies, 674 South Military Trail, Deerfield Beach, FL 33442.
Tel: (305) 428-8877. Fax: (305) 481-2950.

Insight, 6400 Congress Ave., Ste. 1600, Boca Raton, FL 33487.

Tel: (407) 997-2540. Fax: (410) 997-2542.

Insight, 17757 US Hwy. 19 North #520, Clearwater, FL 34624.

Tel: (813) 524-8850. Fax: (813) 532-4252.

Insight, 3005 Breckenridge Blvd., #210-A, Duluth, GA 30136.

Tel: (404) 717-8566. Fax: (404) 717-8588.

Pioneer Technologies, 4250C Rivergreen Pkwy., Duluth, GA 30136.

Tel: (404) 623-1003. Fax: (404) 623-0665

Pioneer Standard, 2171 Executive Drive #200, Addison, IL 60101.

Tel: (708) 495-9680. Fax: (708) 495-9831.

Insight, 1365 Wiley Road, Ste. 142, Schaumburg, IL 60173.

Tel: (708) 885-9700. Fax: (708) 885-9701.

Pioneer Standard, 9350 N. Priority Way W. Drive, Indianapolis, IN 46240.
Tel: (317) 573-0880. Fax: (317) 573-0979.
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Maryland Pioneer Technologies, 9100 Gaither Rd, Gaithersburg, MD 20877.
Tel: (301) 921-0660. Fax: (301) 921-4255.
Pioneer Technologies (Corp.), 15810 Gaither Rd, Gaithersburg, MD 20877.
Tel: (301) 921-3826. Fax: (301) 921-3858.
Insight, 6925 Oakland Mills Rd., Ste. D, Columbia, MD 21045.
Tel: (410) 381-3130. Fax: (410) 381-3141.
Massachusetts Insight, 55 Cambridge St., Ste. 301, Burlington, MA 01803. Tel: (617) 270-9400.
Fax: (617) 270-3279.
Pioneer Standard, 44 Hartwell Avenue, Lexington, MA 02173. Tel: (617) 861-9200.
Fax: (617) 863-1547.
Michigan Insight, 802 E. Grand River, Ste. 103, Brighton, Ml 48116. Tel: (810) 229-7710.
Fax: (810) 229-6435.
Pioneer Standard, 44190 Plymouth Oak Blvd., Plymouth, MI 48170.
Tel: (313) 416-2157. Fax: (313) 427-2415.
Minneapolis Insight, 5353 Gamble Dr., Ste. 330, St. Louis Park, MN 55416.
Tel: (612) 525-9999. Fax: (612) 525-9998.
Pioneer Standard, 7625 Golden Triangle Dr., Eden Prairie, MN 56344.
Tel: (612) 944-3355. Fax: (612) 944-3794.
Missouri Pioneer Standard, 111 West Port Plaza #625, St. Louis, MO 63146.
Tel: (314) 542-3077. Fax: (314) 542-3078.
New Jersey Pioneer Standard, 14-A Madison Rd., Fairfield, NJ 07004. Tel: (201) 575-3510.
Fax: (201) 575-3454.
Insight, 2 Eves Dr., Ste. 208, Marlton, NJ 08053. Tel: (609) 985-5556.
Fax: (609) 985-5895.
New York Mast, 710-2 Union Pkwy., Ronkonkoma, NY 11779. Tel: (516) 471-4422.
Fax: (516) 471-2040.
Pioneer Standard, 60 Crossways Park West, Woodbury, NY 11797.
Tel: (516) 921-8700 Fax: (516) 921-2143.
Pioneer Standard, 1249 Upper Front St., Ste 201, Binghamton, NY 13901.
Tel: (607) 722-9300. Fax: (607) 722-9562.
Pioneer Standard, 840 Fairport Park, Fairport, NY 14450. Tel: (716) 381-7070.
Fax: (716) 381-5955.
North Carolina Pioneer Technologies, 2200 Gateway Centre Blvd. #215, Morrisville, NC 27560.
Tel: (919) 460-1530. Fax: (919) 460-1540.
Ohio Insight, 145 West Johnstown Rd. Gahanna, OH 43230.
Tel: (614) 471-3801. Fax: (404) 471-3804.
Pioneer Standard (Corp.), 4800 East 131st St., Cleveland, OH 44105,
Tel: (216) 498-6503. Fax: (216) 587-3906.
Insight, 9700 Rockside Rd., Ste. 105, Valley View, OH 44125.
Tel: (216) 520-4333. Fax: (216) 520-4322.
Pioneer Standard, 4433 Interpoint Blvd., Dayton, OH 45424. Tel: (513) 236-9900.
Fax: (513) 236-8133.
Oklahoma Pioneer Standard, 9717 E. 42nd St. Ste. 105, Tulsa, OK 74146. Tel: (918) 665-7840.
Fax: (918) 655-1891.
Oregon Insight, 8705 SW Nimbus Ave., #200, Beaverton, OR 97008. Tel: (503) 626-3103.
Fax: (503) 641-4530.
Pennsylvania Pioneer Standard, 259 Kappa Drive, Pittsburgh, PA 15238. Tel: (412) 782-2300.
Fax: (412) 963-8255.
Pioneer Technologies, 500 Enterprise Road, Horsham, PA 19044,
Tel: (215) 674-4000. Fax: (215) 674-3107.
Texas Insight, 1778 Plano Rd., Suite 320, Richardson, TX 75081. Tel: (214) 783-0800.
Fax: (214) 680-2402.
Pioneer Standard, 13765 Beta Road, Dallas, TX 75244. Tel: (214) 386-7300.
Fax: (214) 490-6419.
Insight, 10777 Westheimer, Ste. 1100, Houston, TX 77042. Tel: (713) 260-9614.
Fax: (713) 260-9602.
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Utah
Washington

Wisconsin

UK Export

(To countries other than
those listed)

Pioneer Standard, 10530 Rockley Rd, Houston, TX 77099. Tel: (713) 495-4700.

Fax: (713) 495-5642.

Pioneer Standard, 8200 Interstate 10 W. #705, San Antonio, TX 78230.

Tel: (210) 377-3440. Fax: (210) 378-3626.

Insight, 11500 Metric Blvd., Ste. 215, Austin, TX 78758. Tel: (512) 719-3090.
Fax: (512) 719-3091.

Pioneer Standard, 1826-D Kramer Lane, Austin. TX 78758. Tel: (512) 835-4000.

Fax: (512) 835-9829.

Insight, 545 E. 4500 South, Ste. E-110, Salt Lake City, UT 84107.

Tel: (801) 288-9001. Fax: (801) 288-9195.

Insight, 12002 115th Ave. N.E., Kirkland, WA 98034. Tel: (206) 820-8100.
Fax: (206) 821-2976.

Pioneer Standard, 120 Bishop's Way #163, Brookfield, Wl 53005.

Tel: (414) 784-3480. Fax: (414) 784-3613.

Insight, 10855 W. Potter Road, Ste. 14, Wauwatosa, WI 53226.

Tel: (414) 258-5338. Fax: (414) 258-5360.

GEC Plessey Semiconductors, Unit 1, Crompton Road,

Groundwell Industrial Estate, Swindon,

Wilts, UK SN2 5AF. Tel: (01793) 518527/518566. Fax: (01793) 518582.
Whiteaway Laidlaw (Overseas) Ltd., PO Box 93, Ambassador House,
Devonshire Street North, Manchester M60 6BU

Tel: (0161) 273 3228. Fax: (0161) 274 3757.
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Publication No. HB4235-1.0 February 1996

Supersedes HB2123-3.0 August 1994 Personal Communications IC Handbook
and
HB1913-2 February 1994 Telecoms IC Handbook

TECHNICAL DOCUMENTATION - NOT FOR RESALE
PRINTED IN USA

This publicationis issued to provide information only which (unless agreed by the Company inwriting) may not be used, applied
or reproduced for any purpose nor form part of any order or contract nor to be regarded as a representation relating to the
products or services concerned. No warranty or guarantee express or implied is made regarding the capability, performance
or suitability of any product or service. The Company reserves the right to alter without prior notice the specification, design
or price or any product or service. Information concerning possible methods of use is provided as a guide only and does not
constitute any guarantee that such methods of use will be satisfactory in a specific piece of equipment. It is the user's
responsibility to fully determine the performance and suitability of any equipment using such information and to ensure that
any publication or data used is up to date and has notbeen superseded. These products are not suitable for use in any medical
products whose failure to perform may result in significant injury or death to the user. All products and materials are sold and
services provided subject to the Company's conditions of sale, which are available on request.

Purchase of GEC Plessey Semiconductors I°C components conveys a licence under the Philips IPC Patent rights to use these
components in an I2C System, provided that the system conforms to the I°C Standard Specification as defined by Philips.
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