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DATASHEET ANNOTATION

GPS annotate datasheets in the top right hand corner of the
first page, to indicate product status. These annotations are
as follows:-

TARGET SPECIFICATION

This is the most tentative form of information and
represents a verypreliminary product specification.
No actual design work on the product has started.

PRELIMINARY INFORMATION

The product is in design and development. The
datasheet represents the product as it is understood
but details may change.

ADVANCE INFORMATION

The product design is complete and final
characterisation for volume production is well in hand.

No annotation

The product parameters are fixed and the product is
available to datasheet specification in volume.

If you have any queries about the status of any GPS product,
please contact your nearest GPS Customer Service Centre.
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Foreword

GEC Plessey Semiconductors (GPS) has a world-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.

Originally 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:

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

® digital CMOS with a library of advanced functions such as the Pine and Oak DSPs and the
ARM 32bit RISC microprocessor

® SAW Filter technology
@ advanced packaging techniques.

Withthese, 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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Section 1
PLLs (Phased Lock Loop)
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GEC PLESSEY
L cviconpucTons|

DS2429- 32
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 I’°C compatible and can also be programmed at up to voollt 7 14[Jwo
5MHz. It contains a 16-bit R counter, a 12-bit N counter and ] e
a 7-bit A counter. so[] i)
A digital phase comparator gives improved loop stability soal]l M Fonor
with current source outputs to reduce loop components. A seL[] 88C33 Dlewn
voltage doubler is provided for the loop driver to improve rorrl] ) ooz
control voltage range to the VCO when operating at low supply
voltages. moo[}7 sfin DP14
FEATURES Vpp =T |1 14 £
RI T e
B EasytoUse /D ] ==l
B Low Power Consumption (15mW) soac|| NJ  Eranp
B Single Supply 2.5V to 5.5V pocr =] 85C33 e,
B Digital Phase Comparator with Current Source Outputs mob =1 |, ==L MP
B Serial (PC Compatible) Programming, 5MHz max 14
H 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,,, -0.310 V,, +0.3V
APPLICATIONS Qutput voltage on pin 13, V,,,, -Vpp to OV
B Cordless Telephones (CT2, DECT) Storage temperature, Tsm -565°C to +125°C
B Cellular Telephones (GSM, PCN, ETACS)
B Hand Held Marine Radios ORDERING INFORMATION
H Sonarbuoys NJ88C33 MA DP (Industrial - Plastic DIL package)
B Video Clock generators NJ88C33 MA MP (Industrial - Miniature Plastic DIL package)
|
3 14
$ID O] —oO LD
soa bt — ] 12c ::> SHIFT REGISTER PHASE 12
5 INTERFACE —» COMPARATOR—=0 PD
SCL Q——— lL A 1
: 1
| LATCHES |
1 6!
1 I I Q PORT
1
I 2 VOLTAGE 1 é
§{$ ] >DOUBLER oL
I 8 ; < + Nz _ ~ 7 1
i A COUNTER N COUNTER R COUNTER :
1
10 !
wo JT T T}
GND1 {)9— 2!
GND2 O—— CONTROL ? MoD
| o o e o o o D o e e e e D D D e e D e e e D T D D e e e e e e e e i 1

Fig.2 Simplified block diagram of NJ88C33
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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 1°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 I?C 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. It is high in single modulus mode but switches in dual modulus operation. Indual
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 I°C bus as an open-drain
or push-pull output.

8 Fl Frequency input from a VCO or prescaler. The input is normaily 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

Characteristic

Supply voltage

Ambient temperature

Supply current
Single modulus

Dual modulus

Standby mode

Standby mode

Value .
Symbol Unit Conditions
Min. | Typ. [Max.
Vo |25] 5 |55 V
amb -40 +85 OC
loo 21 |30 | mA |Fl=50MHz, Vg =150mVrms, N,R > 1000 without
voltage doubler, Vpp = 5V, Tymp = 25°C
1o 2 |30 | mA |Fl=10MHz, Vi =500mVrms, N,R > 1000 without
voltage doubler, Vpp = 5V, Tamp = 25°C
loo 1 pA | Fl = 50MHz, Vg = 150mVrms, preamp off, divider off,
Vpp = 5V, Tamp = 25°C
Ioo 1.0 | 1.5 | mA | Fl =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 (uniess otherwise stated):

V,, = 45V1055V, T, , = -40°C to +85°C
INPUT SIGNALS

Value
Characteristic Symbol Unit Conditions
Min. | Typ. | Max.
Input Signals SDA,
SCL, S/ID
Input voltage high v, 0.7V,, v Vv
Input voltage low A 0 0.3V v
Input capacitance C, 10| pF
Input current I 10 pA | Vin=Vpp =55V
Input signal RI
Input frequency f 52 MHz | Sinewave input
Input voltage Vi 100 mv | Note 1,2
Input capacitance e 10 pF
Input current In 10 pA | Vin=Vpp=55V
Input signal FI Dual modulus operation
Input frequency f 52 MHz | Sinewave input
Input voltage \7‘|ax 50 mV | Note 1,2
Input capacitance ¢ 10 pF
Input current I 10 pA | Vin=Vpp =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
Vol 100 mV | Fl =70-120MHz Note 1, 2
v 200 mV | Fl = 120-150MHz Note 1, 2
Input capacitance c™ 10 pF
Input current Iy 10 pA | Vin=Vpp =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 V. > 0.8V .

OUTPUT SIGNALS

Value .
Characteristic Symbol Unit Conditions
Min. | Typ. | Max.

Output Signals SDA, LD
Output voltage low Vo, 0.4 v Open drain, I, = 3mA

Output Signal PD C_ = 400pF, tristate output
High current mode (see Fig.4) [ 1.9 25 3.1 mA | 0<Vpp <45, Vpp =5V, T=25C Note 1

Lo 1.9 25 | 31 mA | 0.4 <Vpp <5, Vpp =5V, T=25C Note 1
Low current mode Iy 0.475 | 0.625 | 0.775 mA | 0<Vpp<4.6, Vpp =5V, T=25C Note 1
o -0.475 |-0.625|-0.775| mA | 0.4 <Vpp <5, Vpp =5V, T =25°C Note 1

Tristate I, 50 nA Tamp = -25°C to +60°C

Output Signal FVN Open drain output
Output voltage low Vo, 0.4 Y, lop = 1TmA
Output low pulse width tor 1/FI C_ = 30pF

Output Signals MOD, PORT Push-pull output
Output voltage high V. V_-0.4 Vv IOH = 0.5mA
Output voltage low A 0.4 vV |loL=05mA

Output Signal LD Open drain output
Output voltage low Ve, 0.4 Vv lo. = 3mA, C_ = 30pF
Output low pulse width ton 10 | 1/FVN ns Loop locked

14 Loop not locked
¢ FVN = FIN
fc = RI/R

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

IrD lpD
+25mA 48V 1.2mA +26V
+1.9mA at !
+1.0mA at
+4.8V +2.8V
-3V
0 | > | >
V| V|
+5V PD \ 0 +3V PD
Vpp XQ VoD
-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 1 v | fyp = 2MHz, log = OpA, Vpp = 3V

v, Voo Voo + 1.5V V|5 = 2MHz, Igc = 100pA, Vpp = 3V
Current Consumption I 100 pA | fyp = 2MHz, loc = OpA, Vpp = 3V
TIMING INFORMATION
Value i
Characteristic Symbol Unit Conditions
Min. | Typ. | Max

Input Signal RI

Input frequency f 0 52 MHz

Input frequency Tinax 0 10 MHz | Vpp=2.7V

Rise time t 1.5 us

Fall time t 1.5 us

Slew rate 3 V/us
Input Signal Fi Dual modulus

Input frequency e 0 52 MHz

Input frequency fax 0 20 MHz | Vpp=2.7V

Rise time ta 15 us

Fall time t 1.5 us

Slew rate 3 Vius
Input Signal FI Single modulus

Input frequency f o 150 | MHz

Input frequency fo 0 52 MHz | Vpp =27V

Rise time ty 0 15 us

Fall time te 1.5 us

Slew rate 3 Vius
Output Signal PORT

Rise time te 1 us | G, =30pF

Fall time t 1 us C_ = 30pF
Output Signal FVN

Fall time t 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) tow 15 ns | C_=30pF Measured from +Ve edge of FI

15




NJ88C33

PHASE COMPARATOR

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

adl

fc(RVR) J_I r_l

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

[1 [1

ITLr

Fl

S R N B

LI L

fyp(FUN)
J——l ” P-CHANNEL
PD (NOTE 1) U TRISTATE
N-CHANNEL
P-CHANNEL
PD (NOTE 2) TRISTATE
U I-I N-CHANNEL
LD
|| U U
Fig. 5 Phase comparator phase diagram
PROGRAMMING
Transmission Protocol -3 Y

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 scL .

S/D pin for the address to be recognised. This allows for =

separate addressing of two NJ88C33 synthesisers on the 2 'a Y4

same bus. The sub-address should be setto select the correct

registers to be programmed and should be followed by the SDA

appropriate number of data bytes. Registers are not ==

programmed until the complete message protocol has been START sTOP
checked.

Each message should commence with a START condition
and end with a STOP condition unless followed immediately Fig. 6 PC timing diagram
by anothertranster, when the STOP condition may be omitted. 12C TIMING INFORMATION

Data is transferred from the shift register to the latches on VDD = 4.5V to 5.5V, Tamb = -40°C to +85°C
a STOP condition or by a second START condition. Value

A START condition is indicated by a falling edge on the Parameter Symbol Unit
Serial Data line, SDA, when the Serial Clock line. SCL, is high. Min. | Max.

Arising edge on SDA when SCL is high indicates a STOP Serial clock frequency foor 5 MHz
condition as shown in Fig.6.

Data on SDA is clocked into the NJ88C33 on the rising | SC- Nold after START t, | 200 ns
edge of SCL. The NJ88C33 acknowledges each byte Data set-up time t, 20 ns
transferredto it by pulling the SDA line low for one cycle of SCL Data hold after SCL low t, 0 ns
after the last bit has been received.

SCL set-up before STOP t, 20 ns

16




NJ88C33

Address and Sub-Address Formats i
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.
Addréss —_— » 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 ijt1lo0jo0jo|1|P]O ofojfojo|P|P
RW .
0 0 O Notused
0 = sinal dul 0 0 1 Notused
) =single moculus 0 1 0 R counter, single modulus
S = Start 1 = dual modulus 0 1 1 R counter,dual modulus
St = Stop 1 0 O . Status, single modulus
A = Acknowledge 1 0 1 Status, dual modulus
_ 1 1 0 N counter, single modulus
5 ;ll;cr’?‘gtr‘a::rren 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 plplP|P|P|P|P|P Pplp{PlP|P|P|P
MsB LsB
Status : single or dual modulus
Data »
Bit 1{2|3[(4|5|/6|7|8|A]|St
Data PlP|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 IC interface can both function.
6 f,p = RI/2 f _=Rl4 2. 'In this standby mode the FI and Rl preamplifiers are
7 Doubler off Doubler on @ disabled, which stops the counters and the voltage doubler.
= . - ; The I’C 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 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 PlP|lP|P|P
MSB LsB

A/N counters : dual modulus

<«—— AData——>»<€¢———NData ————»

Bit 1|2|3|a|s|6|7|8|Aa|1|2|3|a|5]|6|7|8|Aa|1|2|3|4a|s5|6|7|8[A]st
pata [Xx|x|x[x|p|P|P|P plplp|P|P|P|P]|P plp|P|P|P|[P|P|P
MSB LSB MsB Ls8
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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 e
I LOOP
R
e oo ] FLTER 1 | oo |
1o ! |
| ]
MICROPROCESSOR » scL 1 :
| -
o] < NJB8C33 l== :
L ! !
A T
] )
REFERENcE [ —1F—® GND1 [t :
OSCILLATOR f 77
GND2
- s
I OPTIONAL
1 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.

Voo t— T = T e
I LOOP |
Voo | FILTER |
S/ID PD T t VCO |+
I
o \ |
1 I
MICROPROCESSOR > soL— | !
[ .
< o] s NJBBC33 s :
L l !
A T
| ]
REFERENCE I bl SR e i
OSCILLATOR _q MoD ¢ AT B e § o
3] GND2 I * STATUS BIT 8 SET LOW
FOR PUSH-PULL OUTPUT,
ELSE A PULL-UP
DUAL RESISTOR IS REQUIRED
MODULUS
1" PRESCALER
—i 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.

1T i Loop !
| ewveR
Voo pp : '
I l _l_
] I
] !
NJ88C33 1 :
| ke
| | veo | N VOO
]
GNDI  C ' '
! ! T :
Ay L—— = ]
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; asynchronisation outputis provided
to allow a quick assessment of ‘step’ and ‘settle’ responses to
be made.

T ! LooP |
o v FILTER 1
Yoo pD r 1
l ' .l_
1 1
1 1
NJ88C33 : :
== | veo | JNVCO
1
GNDI  C \ '
- | T
gy b e 1
Cvo :I- 2t 0sVpp <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 aminimal 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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U (if fitted) /7797 X1
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NJ88C33
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DUAL C6 "_E Rl c "‘I
=

Swi1 S/D PD ]

—0 L =
SINGLE  +5V Ci;;sm\ O—Jsoa  anp1[]—
scLo—{IscL  FvN[]Nnc

TR3 PORT GND2

MOD Fl
R17 c7

R18 (if fitted)
CON1 c1

50Q OUTPUT R7
-17dBm

300 to 850mVp-p

o | rs * %conz

Fig. 11 Typical applications circuit

* Insert C15, delete R4 and RS 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
COo 1nF10% C17 22uF/35V Elect. |R1  270Q | L1 15uH 10% IC1 NJ88C33
C1  100nF 10% C19 10nF 10% R2 470Q |L2 220uH 10% X1 10.00MHz 5ppm series
C2 1pF Tant. G20 22uF/35V Elect. |R3  330Q | L3 180nH 20% SW1  Miniature slide switch
C4 10nF 10% C21 10nF 10% R4 100Q | L4  470uH 10% CON1 SMC socket
C5 22pF/35V Elect. |C22 10nF 10% R5 100Q CON2 SMC socket
C6 10nF 10% C23 22pF 5% NPO |R6 1kQ Diodes PCB  C33ISS2
C7 1nF10% C24 22uF/35V Elect. |[R7  120Q
c8 1nF 10% C27 22pF5%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% R11 10Q |D4 5mm red LED
C13 1nF 10% R12 10Q
C14 2p7 £ 0.5pF NPO R13 10Q Transistors
C15 10nF 10% R14 22kQ
C16 10nF 10% R15 2.7k | TR1 BFS17 RF NPN
R16 330R | TR2 BFS17 RF NPN
R17 1000 | TR3 2N3904 Switching
R18 33MQ

NOTES

1. With the exception of electrolytics, all capacitors are surface mount types.
2. Allresistors 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
T conpucTons|

NJ88C50

DUAL LOW POWER FREQUENCY SYNTHESISER

The NJ88C50 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
process, which ensures that low power and low noise
performance is achieved. The device contains two
synthesisers, one for the generation of VHF signals up to
125MHz and a second for UHF (when used with a
mulitmodulus prescaler such as the SP8713/14/15). The
main synthesiser has the capability of driving a dual speed
loop filter and also can perform Fractional-N interpolation.
Both synthesisers use current source outputs from their
phase detectors to minimise external components. Various
sections may be powered down for battery economy.

FEATURES

30MHz main synthesiser

125MHz auxiliary synthesiser
Programmable output current

from phase detector - up to 10mA
High input sensitivity

Fractional-N interpolator

Supports up to 4 modulus prescalers
SSOP package

APPLICATIONS

DS3805 - 1.8
aoo [ |jho 20[ 1] aeND
m [T ]2 19| 1] mop2
Fv [ |3 18] ] mop1
oata [ |4 17| 1] screeN
ckiNn [ |5 NdJescso 16:D RSC
strose [ |[e 15[ T ] rsm
A [T 14 T ] vop
ra [ ][s 13[ ] eop
rsa [ ||[o 12| ] anp
poa [ || 1] roi
NP20
Fig.1 Pin assignment
ABSOLUTE MAXIMUM RATINGS
Storage temperature -55°C to +150°C
Operating temperature -40°C to +85°C
Supply voltage -0.5t0 7.0V

B NMT, AMPS, ETACS celiular Voltage on any pin -0.3Vto (Voo + 0.3V)
B GSM, IS-54, RCR-27 cellular
B DCS1800 microcellular ORDERING INFORMATION
B DLMR,DSRR, TETRA NJ88CSONG\NPAS - (Industrialtemp range in SSOP
B DECT, PHP cordless telephones package)
MOD1 MOD2 RSC RSM

DATA O—"gERiAL

PHASE I cuRRenT O POI

DETECTOR —

SOURCE | o ppp

CKIN O—— INPUT

STROBE O REGISTER

<z

FRACTIONAL-N

Rl O—— RBUFFER | RDIVIDER []

FIA O

AUX.N
BUFFER

AUX. N-DIVIDER

QBAR L__sysTem |
Q
PHASE 1 CURRENT
DETECTOR SOURCE [—OPDA
RSA

Fig.2 Simplified block diagram
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ARCHITECTURE

Fig.2 shows a simplified block diagram of the NJ88C50, a
more detailed description of each block and its function is
given later in this datasheet.

The synthesiser consists of the following blocks

- 35MHz reference frequency input buffer

- 125MHz Auxiliary synthesiser programmable divider

- Auxiliary synthesiser phase detector with curient source
outputs

- 30MHz main synthesiser input buffer (differential inputs)

- 30MHz main synthesiser programmable divider and control
logic

- Main synthesiser Fractional-N interpolation system

th r i

- 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 Auxiliary 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.

1 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 foratwelve bit number to
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 supportedso 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 sametime. 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 detector and afurther 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 Q@ Enable pull-down
Variable charge pump
N-Divider
Pulse R

Enable pull-up

+—Jo @ charge pump
Reference
Divider
Pulse p

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 anumber 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 biasedtothe 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.

M T N A N
| \\ Balanced
FIMB 1 EC.L
\ / TN, / \. 7 Inputs
N~ I N— v
[
[
1
- f-—
+/-2ns

Fig.4 Maximum input skew
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The main N divider is programmable so that it can
determine how many cycles of each division ratiothe external
prescaler will perform.

The total division ratio of the output from the system VCO
tothe synthesiser's phase detector may be expressed as Ntot
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.

The divideris programmed via the seriai 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)

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

Programmed values needed:

N1 -a12bitvalue 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+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)
Nrvor=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+N3 - a 4 bit value where N3 is the number of times R3 is
to be used.

N2+N3+N4 - a4 bit value where N4 is the number of times 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. Inthe 3 modulus case, when the N2+N3

valua is raachad tha countar ic than ralnadead with tha N1
vaiu€ 1S 71ealnel wie COUNier 1S nen rei0ateld With tne v

value and the modulus ratio R1 is selected.

For4 modulus operation the counter willcontinue 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 Ndividerblock 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 expianation of the operation of the synthesiser
when using 2, 3 or 4 modulus prescaler is given in the section
on multimodulus division (page 8).

The phase detector used on the main synthesiser is
similartothe type used on the 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 vVCOo

PROPORTIONAL T INTEGRAL
CHARGE CHARGE
PUMP PUMP

Gnd

Fig.5 Loop filter using both charge pumps

MODES OF OPERATION

Normal 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
current level designatedby Iprop(0), that is setby anexternal
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 = 1pA ,and therefore Iprop(0) will
have a maximum value equal to 255uA.



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 until the 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
avalue Iprop(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 1mA.

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.lprop(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.

Forall charge pumps, a pull-up current indicates 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 equalto 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
Nand N+1in order to simulate a fractional part. For example
9000.375 would be simulated by alternating between 9000
and 9001 in the pattern

9000, 9000, 8001, 8000, 9000, 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.

Accumulator  Total Division
Value Ratio
9000
9000
9001
9000
9000
9001
9000
9001

Increment
Value

WWWWwWwwWwwow
CUNNDA-LOOW

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 stepsizethisincrease 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
Division ratio=900MHz=900

1MHz

In most applications the phase noise is proportional to the
overali division 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 from the pattern of Nand 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
Icomp(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 inuse (5 or 8)
Since
Iprop(0) = CN.lbo

and CNis an approximationto Ntot apart fromascaling 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 Ibo
Q Ntof(max)
and lcomp(0) = A.Ico

where lco 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; howeverthis
value only applies if lcomp is a continuous current. lcomp
however will be a short current pulse coincident with the Iprop
pulse, in order to cancel jitter components over the widest
possible frequency range.

When the duty factor of lcomp is taken into account, its pulse
value may be increased accordingly. lcomp is therefore
generated as a pulse of fixed width equal to 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.

lco =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 lcomp, Icomp(0) and Icomp(1) are related
by
lcomp(1) = 2" .lcomp(0)

Icomp(0) occuring when the strobe line is low and lcomp(1)
occuring when the strobe line is high loading either WORDA
or WORDA?2 (see programming section, page 8 and 9) .

Correspondingtothe pull-up pulse lcomp(1) that is added
to the proportional charge pump pulse Iprop(1), there is also
a pull-up current pulse lcomp2 which is added to the integral
charge pump pulse lint. This pulse Icomp2 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

Reference to phase detector |_

[ 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 a lowest
carrierfrequency 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

The data neededto 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) Ifa2or3ratio prescaler is being used and CN does
not need to be reprogrammed word A should be
loaded.

b Ifa2or3ratio prescaler is being used and CN does
need to be reprogrammedword A2 should be loaded.
In wide frequency band systems CN must be
reprogrammed for best performance every time the
frequency is changed.

If afour ratio prescaleris being used word A and word
B should be loaded

C

STROBE

CKIN
X

oan XXX

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
and then 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
shiftedin.

If word A orword A2 is being loaded, when the strobe goes
mode willbe maintained while the strobe remainsrh'igh.r I5uring
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.
Databits 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.....ooieeeeeeeeceree s 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 atwo 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
[0] NF | N1 |N2orN2and N2+N3| CN |

I3 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]
| 4bits |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. (MSB first)
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)

28

Word D
[1010| NR |SM1,SM2| DM |SA1,SA2| DA|FMOD|LONG|
|12 bits] 2bits | 1bit | 2bits |1 bit| 1 bit | 1 bit |

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

SM1_SM2 | RMAIN
0 o0 M
0 1 2M
1 0 aMm
1 1 8M

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

SA1 SA2 |RAUX
0 0 M
0o 1 2M
1 0 4M
1 1 &M

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 = Word A or A2 select.

LONG=0 Word A selected
LONG=1 Word A2 selected
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ELECTRICALCHARACTERISTICS
DC Characteristics
Vdd = 5V + 10%, Tamb = -40 to +85°C

Static
Parameter Min Typ Max Unit |Condition
Supply voltage 4.5 5.0 55 v
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 |Aucxiliary on, Main in stand-by (Fia=10MHz, Ri=10MHz)
10 pA  [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

Fall time 20 ns

Input voltage - Ri 0.1 1 Vpkpk | 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 k@ INote3

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

Fall time 10 ns

Input voltage 0.35 1 Vek-pk | Fia = 20-49MHz, Note 1
0.1 1 Vekpk | 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
Fall time 50 ns
Input voltage 0.2 1 Vpkpk | Single ended input
Common mode input DC voltage range 2.8 Vdg-1 \
Input capacitance 10 pF
Inputimpedance 100 MQ
Input Current 10 LA
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Notes

1.

2.

Source impedance = 50Q

Virtual earth input amplifier, therfore low impedance for small signals. Impedance is high once signal amplitude exceeds
typically +0.125V.

Input amplifier may become unstable for higher values of Zs.

DYNAMIC
AC Characteristics
Vad = 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 Vag-0.8 Vad \Y
Input voltage low 0 0.8 \'
Input capacitance 10 pF
Input current 10 MA
Clock
Input voltage high Vad-0.8 Vad \'
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 MA 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.

30

Thte cturrent 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.

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 Ipropand lint

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 gi\vlest e outnuts

] and ! 5
detectorv ne oulpuls feomp and fcomp 2-

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




NJ88C50

DYNAMIC
Vdd = 5V + 10%, Tamb = -40 to +85°C
Output signals
Parameter Min Typ Max Unit Condition
Modulus control - MOD1 MOD2 Push-Pull output
Output voltage high Vas-0.4 Vad \ loH = 0.5mA
Output voltage low 0 0.4 \Y 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
Up current - See Note 5 -10% Inda +10% HA 0<Vpp<4.35V
Down current - See Note 5 -10% Ipda +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% +lbo.CN +10% HA | 0<VPp<4.55V, Strobe=0V
Iprop(0) Down see notes 1,3 & 4 -10% -lpo.CN +10% MA 0.45<Vr0<5V, Strobe=0V
Iprop(1) Up see notes 2&3 -10% +lpo.CN.2L+1 +10% HA | 0<VPD<4.55V, Strobe=5V
Iprop(1) Down see notes 2&3 -10% -Ipo.CN.2L+1 +10% MA | 0.45<VPD<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 /¢, set by the external resistor
RSM, where Ipo=lpgm /32, Ipgm is typically 32uA.

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

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

The output current is monotonic over the CN range 128-255. In standard operation CN is set at a value > 128.

o x> 0D

Where 'pda depends on the value of current setting resistor on RSA pin (9). ‘pda max =250pA
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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% | +lpo.CN.2L+1K +10% | MA | 0<Vpp<4.45V, Strobe=5V
(1mA - 5mA) see notes 1&2
Iint Down -10% -Ibo.CN.ZL+1 K +10% mA 0.35<Vpp<5V, Strobe=5V
(1mA - 5mA) see notes 1&2
It Up 0% | +lpo-CN2H+1K | +10% | MA | 0<Vrp<4.3V, Strobe=5V
(5mA - 10mA) see notes 1&2
it Down -10% | -lpo-CN.24+1K +10% | MA | 0.5<Vpp<5V, Strobe=5V
(5mA - 10mA) see notes 1&2
Tristate 50 nA

Notes

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

2. The current output Iwtis specified between 1mA and 10mA.

DYNAMIC
Vdd = 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) -10% lgg-Acc. +10%
see notes 1&3

Icomp (1) -10% leo-Acc.2+1. | +10%
see notes 2&3

0<VpPD<4.55V, Strobe=0V

0<Vrp<4.55V, Strobe=5V

Output signal - PDI

Icomp2 -10% leoAcC2H4TK | +10%
see notes 4&5

0<VpPp<4.55V, Strobe=5V

Notes

1. The typical value of Icomr(0) is set by the fractional-N accumulator value Acc and the current /¢ set by the external

resistor RSC, where I 5=/ /128. Ipgc is typically 12.8uA.

The current output Icomp is specified up to 12uA.

g s 0N

The current output Icomp2 is specified up to 180pA.

32

The typical value of lcomp2 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 Icomp(0) and the programmed value of L.
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Fig.8 shows a typical application, using the NJ88C50 to
generate both VHF and UHF signals. External components
are kept to a minimum, requiring only bias, loop filter and
decoupling components. In many applications the UHF VCO
is a pre-assembled and tested module to suit the end equip-
mentuse, whereas the VHF designis likely tobe discrete. The
circuit shown is suitable for operation up to 1.1GHz and uses

alow power prescaler, the SP8715, feeding the NJ88C50 in
single ended mode. This requires a biasing network around
the differential input of the NJ88C50to be used (pins 2and 3).

Power supply and ground rails must have adequate
decoupling otherwise overall performance may be impaired.
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GEC PLESSEY
P scviconbucTors)

PRELIMINARY INFORMATION

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.

TheRFinputs areinternally biased and should be capacitively
coupled to the signal source. The output is designed to interface
with CMOS synthesisers, such as the NJ88C51.

FEATURES

Operation to 1100MHz

Very Low Power

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

Push Pull Output Drive

ESD Protection on All Pins'

APPLICATIONS

W Cellular Telephones
B Cordless Telephones
B Mobile Radio

T ESD precautions must be observed

DS3934 - 2.7

RF INPUT 1 8T RFINPUT
Voo T |2y, 7 POWERDOWN
MODULUS CONTROL 1 [T |3 6[TJ MODULUS CONTROL 2
OUTPUT T |4 5T Vg

MP8

Fig. 1 Pin connections - top view

ORDERING INFORMATION

SP8713 IG MPAS Industrial Temperature Range
Miniature Plastic DIL Package

SP8713 IG MPAC As above supplied on Tape and Reel

CONTROL A
LOGIC

VccT

BIAS

r———- - T T T T T T T T 2{ 250k 1
NOMINAL |

7

|
1
O
]
|
|
I
RF 1 ' i
INPUT
(CLOCKO)—I | I__g y % >_D'VIDE BY| |DIVIDE BY
I 8 r
|

Fig. 2 Block diagram
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ABSOLUTE MAXIMUM RATINGS

Supply voltage (Vgg=0V)

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)

(note 1)

ELECTRICAL CHARACTERISTICS

Guaranteed over the following conditions (unless otherwise stated):

-0.5Vto 7V

(note 1) -0.5V to Vgc+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 i, Ty, Max. Units Conditions
Supply current (note 3) 4.1 4.7 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 Vv
Modulus control 1 high (note 4) 0.6Vee Vee \ Divide by 64 or 72
Modulus control 1 low (note 4) 0 0.4Vce \" 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, tyg (notes 7,8) 10 us See Figure 9
Power down recovery time, t,,(notes 7,8) 6 us See Figure 9

NOTES

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

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

. See Figure 4.
. See Figure 8.

2
3
4
5. Modulus control is latched at the end of the previous cycle.
6
7
8

. These parameters are not tested but are guranteed by design.
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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 VEg.

{51000
=
4
>
Modulus Modulus | Division E 800
Control 1 Control 2 Ratio g TYPicAY
(Pin 3) (Pin 6) E 00 OVERLOAD -
L L 65 g
H L 64 5 400
H H 72 [ TYPICAL
L H 72 E SENSITIVITY
= 200 GUARANTEED* —
OPERATING WINDOW
Table 1 Truth table 0 : ]
200 400 600 800 1000 1200
FREQUENCY (MHZ2)

* Tested as specified in table of Electrical Characteristics

Fig. 3 Typical input characteristics

0w T T

b

MODULUS N A
CONTROL
INPUTS I,
OUTPUT 320r36 32,33 0r36
ts .»l -
th | r—

Fig. 4 Modulus control timing diagram
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—— Vee
1 I 100n
500
MoNITorR O————
in v v
. - cc EE
SIGNAL (5 II__. RF INPUT POWER
SOURCE DOWN
7777
SP8713
OUTPUT ‘1 O ouTPUT
in CL
RF INPUT /;J;
MC1 MC2
10n l 10n
MODULUS MODULUS
CONTROL 1INPUT  CONTROL 2 INPUT
Fig. 5 Toggle frequency test circuit
S11
PLOT 50 OHM
NORMALISED
jo.2
f1
-j0.2
f1: 130MHz
f2: 1310MHz
-j1

Fig. 6 Typical S11 parameter for pin 1. Ve = +5.0V
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4
-300 /

xQ /
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-600

—

-700

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
INPUT FREQUENCY (MHz)

Fig. 7 Typical input impedance v. frequency

41



SP8713

42

FREQ-MHZ R(Q) ix ()
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 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 12.598 -82.581

Table.2 Coefficients for Fig.7
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VOLTAGE CURRENT
[ Dol T
/Z_"_":____4_§(_4.______ Jossig
vcc-o.sv____\___q‘_______ {_____ﬂ_______
POWER /
| DOWN . /| supeLy
INPUT / CURRENT 7 / \
VOLTAGE
\ / \
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Fig. 8 Power up and power down
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Fig. 9 Power-down time test circuit



GECPLESSEY
v, PRELIMINARY INFORMATION

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. 1

The RFinputs areinternally biased and shouldbe capacitively
coupled to the signal source. The output is designed to interface Vec T (2
with CMOS synthesisers. RATIO SELECT [T |3

4

FEATURES OUTPUT [T

Operation to 2100MHz
Very Low Power .
Single Supply Operation 2.7Vto 5.5V MP8
Power Down Facility for Battery Economy
Latched Modulus Control Input

Push Pull Output Drive

ESD Protection on All Pinst

RF INPUT T - RFINPUT
T POWER DOWN
"7 MODULUS CONTROL

SP8714

g O N ©

Fig. 1 Pin connections - top view

ORDERING INFORMATION

APPLICATIONS SP8714 IG MPAS Industrial Temperature Range

B Cellular Telephones Miniature Plastic DIL Package
B Cordless Telephones SP8714 IG MPAC As above supplied on Tape and Reel

t ESD precautions must be observed

vt A vy |
[ NOMINAL|

=
(2]

e
w
U= ——0-——0=—"
w (-]
< o
Q
o o
-
<
el
m
I—Jo
—i;“
o T
398
25
z::

BIAS

CONTROL
LOGIC -

‘l_._“

|

o

4 |

C — |

3 pIvIDE BY| |DIVIDE BY l 4L oureur

a/5 [ | sr16 | ?

1+ |

|

d

-

RF
INPUT O
(CLOCK)

],
1

Fig. 2 Block diagram



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 V¢c+0.5V
10mA

-40°C to +85°C
-565°C to +150°C
+150°C

SP8714

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) 6.8 85 mA Power down input low
Supply current (note 3) 8 50 pA Power down input high
Power down high Vee-0.5 Vee Vv
Power down low 0 Vee-2.0 \
Modulus control high (note 4) 0.6Vce Vee \ Divide by 32 or 64
Modulus control low (note 4) 0 0.4Vee \ Divide by 33 or 65
Ratio select high (note 4, 9) 0.6Vce Vee \ Divide by 32 or 33
Ratio select low (note 4, 9) 0 0.4Vee \ 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, tpq (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¢ = +5V.
4. Modulus Control and Ratio Select are high impedance inputs which can be driven directly by standard CMOS outputs.

5. Moduius control is iatched 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/ps.

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.

& 1000 ~
& \/'/\
> I~
Ratio Modulus | Division E 800
Select Control Ratio w
> h ] TYPICAL
(Pin 3) (Pin 6) E 600 OVERLOAD
o
L L 65 :
L H 64 2 400 TYPICAL
H L 33 F4 SENSITIVITY
H H 32 & 200 |— GUARANTEED*
OPERATING WINDOW
Table 1 Truth table o i S
500 1000 1500 2000 2500 3000
FREQUENCY (MHz)

* Tested as specified in table of Electrical Characteristics

Fig. 3 Typical input characteristics
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Fig. 4 Modulus control timing diagram
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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 ()
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 23023 -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
N/ PRELIMINARY INFORMATION

SP8715

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.

The RF inputs are internally biased and should be capacitively R INPUT L1
coupled to the signal source. The outputis designed tointerface Vec T
with CMOS synthesisers. RATIO SELECT [T

FEATURES QUTPUT 1]

Operation to 1100MHz

Very Low Power

Single Supply Operation 2.7V to 5.5V
Power Down Facility for Battery Economy - - - -
Latched Modulus Control Input Fig. 1 Pin connections - top view
Push Pull Output Drive

ESD Protection on All Pinst

APPLICATIONS ORDERING INFORMATION

® Cellular Telephones SP8715 IG MPAS Industrial Temperature Range

B Cordless Telephones Miniature Plastic DIL Package
B Mobile Radio SP8715 IG MPAC As above supplied on Tape and Reel

T3 RFINPUT
T POWER DOWN
T MODULUS CONTROL

VEE

SP8715

B W N =
o 0O N @

MP8

t ESD precautions must be observed

LoGIC :
A

[T— :

pivibe BY| [pivipE BY | 4]
>— 4/5 [ | 16/32 l  ouTPuT

|

|

d

e Oz 1
l CK — |
6 D . 7
mMC : DTYPE |a BIAS Ib ;gaiﬁ
|
3 250K | §
RS CONTROL / NOMINAL v
I VCC

KH

-

i}

RF
INPUT o—[ l—
(CLOCK)

S S S
r——0 U=
-4
HH

Fig. 2 Block diagram
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SP8715

ABSOLUTE MAXIMUM RATINGS

Supply voltage (Vge=0V)

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)

(note 1)

ELECTRICAL CHARACTERISTICS

Guaranteed over the following conditions (unless otherwise stated):

-0.5Vto 7V

(note 1) -0.5V to Vgc+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 Min. Tv. Max. Units Conditions
Supply current (note 3) 3.6 4.2 mA Power down input low
Supply current (note 3) 8 50 uA Power down input high
Power down high Vec-0.5 Vee \
Power down low 0 Vee-2.0 "
Modulus control high (note 4) 0.6Vce Vee \ Divide by 64 or 128
Modulus control low (note 4) 0 0.4Vee Y Divide by 65 or 129
Ratio select high (note 4, 9) 0.6Vce Vee Vv Divide by 64 or 65
Ratio select low (note 4, 9) 0 0.4Vee Vv 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 BRMS| RF input 200MHz to
1100MHz. See Figure 5
Output level (pin 4) 500 600 mV p-p
Modulus set-up time, t (notes 5,6,8) 20 ns RF input = 1GHz
Modulus hold time, t,, (notes 6,8) 1 ns RF input = 1GHz
Power down time, 14 (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 Vg = +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.

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

4

5

6

7. See Figure 8.
8

9
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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

100Vi/ps.

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.

Table 1 Truth table

0

OPERATING WINDOW

& 1000
H
o
>
Ratio Modulus | Division E 800
Select Control Ratio g TYPICA
(Pin 3) (Pin 6) £ 600 OVERLOAD -
-l
L L 129 g
L H 128 5 400
H L 65 g TYPICAL
H H 64 s SENSITIVITY
200 GUARANTEED* —

1

200

600

400 800

1000

1200

FREQUENCY (MHZ)
* Tested as specified in table of Electrical Characteristics

Fig. 3 Typical input characteristics
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Fig. 4 Modulus control timing diagram
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SP8715

FREQ-MHZ R(Q) X ()
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 27.545 -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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GEC PLESSEY
PP eviconDuUCTORS |

[N

DS4015- 2.6
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 ox
integrates all functions to translate a binary FSK modulated e 28 L) inscour
RF signal into a demodulated data stream. Adjacent channel RRae) L3z 27 [T 1Rawe
rejection is provided using tuneable gyrator filters. To assist Lov [I]s 26 1] mixa
operation in the presence of large interfering signals both RF GVR LT+ 25 [T eNo
and audio AGC functions are provided. Lox [Is 24T mxe
VR [I]e 23[ 1] vReG
The device also includes a 1 volt regulator capable of v [I7 22 [T7] REGONT
sourcing upto SmA, abattery flag and thefacility of incorporating GTHADY [T 2117 veer
amore complex post detection filter off-chip. Both battery flag Tcan [T 20 [T veart
and data outputs have open collector outputs to ease their sec (Tho 19[ 1] veG
interface with other devices. BATTFL [T 1t 18 [T"] DIGGND
FEATURES i i Sl
B Very low power operation - typ 3.0mW veez [T s 16 [T eAr2
B Single cell operation for most of the device. DATAOP [T 14 15 [T TPunx
Limited functional blocks operating via an inverter
B 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 -55°C to +150°C
W Credit card pagers Operating temperature -20°C to +70°C
MW Watch pagers
W Small form factor pagers i.e. PCMCIA ORDERING INFORMATION
M 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 13 18 19
T T ¥ T T 7T
VR BEC Vcci1 Vccz GND Vg
GND —R 25
VR VR
MIXER 17
24 % > Vs 16
o
> / e 14
l , K) LIMITER
40 LIMITER
T > = DETECTOR
26 o @]
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 \Y 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 HA Batt flag & Data O/P high
Pin 27 voltage: 0.3-1.3V

Power down ICC1 21,27,28 1 RA

Power down ICC2 11,13,14 8 HA

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

Band gap voltage reference 19 1.15 1.21 1.27 Vv

Band gap current source 19 20 LA

Voltage reference 6 0.93 1.0 1.07 \"

Voltage reference sink/source 6 10 pA 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
Cyand C, = 2.2uF

Detector output current 17 +/-4 LA

RF current source

Current Source

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

Decoder

Sensitivity 40 wVrms | 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
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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

SL6609A

Value
Characteristics Pin Units Comments
Min Typ Max
Battery Economy
Innut loaic hioh 10 (V  -03) Vv Pawarad | in
Input logic high 10 Voo~ 0.3) 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 Flag Input
Input current 20 1 LA
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 41 dB | LO inputs driven in parallel with
50mVRBMS @ 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 uA

RECEIVER CHARACTERISTICS (GPS Demonstration board)

Measurement conditions unless stated Vcc1 = 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




SL6609A

RECEIVER CHARACTERISTICS (GPS Demonstration board)

Measurement conditions unless stated Vcct = 1.3V, Veca = 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 (1P2) 47 52 dB 1200 bps Af = 4kHz
LO =-15dBm
Adjacent channel 67 72.5 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 Vcct = 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
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OPERATION OF SL6609A

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

Low Noise Amplifier

Tgo achieve o
C

7Y arformance it is necessarv to
1C acnieve eriormance it | } o]

> nSLSosa y
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 inphase
quadrature. This can be achieved with the use of two RC
networks operating at the -3dB/45° transfer characteristic,
giving a full 90° phase differential between the LO ports of the
device. Each LO portofthe device also requires an equallevel
of drive from the Oscillator. (see Fig.5).

SL6609A

Gyrator Filters

Theon chipfilters include an adjustable gyratorfilter. 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
which is 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 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

transistor should exhibit the following characteristics:-

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. RSS! 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 vce2 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 contiol exteinal PNP drive

23 VREG 1V regulator output voltage

24 MIXB Mixer input B

25 GND Ground

26 MIXA Mixer input A

27 IRFAMP Current