INTEGRATED CIRCUITS Semiconductors
for Wireless
Communications

http://www.semiconductors.philips.com Applications Handbook
IC17b 1998

Lot make things bettor
e RO =  PHILIPS

D



QUALITY ASSURED

Our quality system focuses on the continuing high quality of our
components and the best possible service for our customers. We have
athree-sided quality strategy: we apply a system of total quality control
and assurance; we operate customer-oriented dynamic improvement
programmes; and we promote a partnering relationship with our
customers and suppliers.

PRODUCT SAFETY

In striving for state-of-the-art perfection, we continuously improve
components and processes with respect to environmental demands.
Our components offer no hazard to the environment in normal use
when operated or stored within the limits specified in the data sheet.

Some components unavoidably contain substances that, if exposed by
accident or misuse, are potentially hazardous to health. Users of these
components are informed of the danger by warning notices in the data
sheets supporting the components. Where necessary the warning
notices also indicate safety precautions to be taken and disposal
instructions to be followed. Obviously users of these components, in
general the set-making industry, assume responsibility towards the
consumer with respectto safety matters and environmental demands.

All used or obsolete components should be disposed of according to
the regulations applying at the disposal location. Depending on the
location, electronic components are considered to be ‘chemical’,
‘special’ orsometimes ‘industrial’ waste. Disposal as domestic waste is
usually not permitted.
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DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Short-form specification The data in this specification is extracted from a full data sheet with the same type
number and title. For detailed information see the relevant data sheet or data handbook.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

PURCHASE OF PHILIPS I12C COMPONENTS

Purchase of Philips 12C components conveys a license under the Philips’ I2C patent to use the
components in the 12C system provided the system conforms to the I12C specification defined by
Philips. This specification can be ordered using the code 9398 393 40011.




PREFACE

Semiconductors for Wireless Communications

Welcome to the latest edition of our Data Handbook “Semiconductors for
Wireless Communications”. Wireless communications is one of the fastest
growing markets segments in the electronics business today. And no one has
more to offer in this area than Philips Semiconductors. We supply
semiconductor components for everything from cordless, cellular and paging
products to exciting new applications, like wireless LAN, Personal
Communications Systems (PCS), Global Positioning System (GPS), audio
products, industrial control, security systems, and more.

What better place to start, therefore, with your search of wireless
communication devices than with this Data Handbook. To make selections
easier, we have split the book into two parts, parts a and b. In part a, you'll find
IC selection charts, wireless system solutions and all our current wireless
semiconductor data sheets. As a further aid, we can also supply all these data
sheets on a separately available CD-ROM. To supplement this data, part b of
the Data Handbook contains a selection of wireless application reports. These
reports give detailed design examples, in-depth system information and
practical advice on how to get the most from our wireless semiconductors.

For more information on how we can help with your wireless designs, or to
speak to a local sales representative, in the U.S. call 1 800 447 1500, ext. 1253;
in Europe fax +31 40 272 4825; in Asia/Pacific fax +852 319 7890, or in Japan
fax +81 3 3740 5057. Or visit our worldwide web site at
http://www.semiconductors.philips.com
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REPLACED/WITHDRAWN TYPES
The following type numbers were included in the previous issue of this data handbook, but are not in the current edition.

TYPE NUMBER REASON FOR DELETION
CGY2010G Nearest replacement: CGY2013G
CGY2011G Nearest replacement: CGY2013G
CGY2023G Nearest replacement: CGY2021G
NE570 Replaced by SA570
NE571 Replaced by SA571
NE572 Replaced by SA572
NE575 Replaced by SA575
NE576 Replaced by SA576
NE577 Replaced by SA577
NE578 Replaced by SA578
NE600 Replaced by SA600
NEG602A Replaced by SA602A
NE604A Replaced by SA604A
NE605 Replaced by SA605
NE612A Replaced by SA612A
NE614A Replaced by SA614A
NE615 Discontinued

NE624 Replaced by SA624
NE625 Replaced by SA625
NE627 Replaced by SA627
NE&30 Replaced by SA630
NE5200 Replaced by SA5200
NE5204A Replaced by SA5204A
NE5205A Replaced by SA5205A
NE5209 Replaced by SA5209
NE5219 Replaced by SA5219
NE/SA5750 Discontinued

NE/SA5751 Discontinued

PCA5097 Discontinued

PCD5032 Is not widely promoted
PCD5090 Discontinued

PCD5097 Is not widely promoted
PCF5075 Replaced by PCD5077
TDA8780M Discontinued

UAA2072M Replaced by UAA2043M
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TYPE NUMBER REASON FOR DELETION
UMA1005T Not widely promoted
UMA1014 Not widely promoted. Nearest replacement: UMA1015AM
UMA1017M Not widely promoted. Nearest replacement: UMA1020M
UMA1019AM Discontinued. Nearest replacement: UMA1021M
UMA101SM Discontinued. Nearest replacement: UMA1021M
UMA1020AM Discontinued. Nearest replacement: UMA1021M
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Ordering Information

COMMUNICATION PRODUCT GROUP RF PART NUMBERING SYSTEM

Example:

SA XXXX N
S

Package

Zzm
nuon

Device Ni

Description:

Ceramic Dual In Line

Plastic Dual In Line (DIL)

Plastic Small Outline (SO)

DK  Plastic Shrink Small Outline Package (SSOP)
DH=Plastic Thin Shrink Small Outline Package (TSSOP)
BE= Plastic Low Profile Quad Flat Package (LQFP)

umber

Device Family and Temperature Range Prefix:

NE = 0to+70°C
SA = -40°Cto +80°C

PHILIPS PRODUCTS PART NUMBERING SYSTEM
PREFIXES HE, PC, PN, SA, TD, TE, TS, UM

HEXx
PCx
PNx
SAx
TDx
TEx
TSx
UAX
UMx

(I T I 1 1 I (1 1}

Example:

Device Family

CMOS Circuit
CMOS Circuit
NMOS Circuit
Digital Circuit
Linear Circuit
Linear Circuit
Analog Circuit
Digital Circuit
Digital Circuit

TD A XXXX P N

L — Package Description:
N

Plastic Dual In-Line

D = Plastic SO
F = Ceramic Dual In-Line
U = Plastic Single In-Line
Package Marking on Part:

= Plastic Dual In-Line
T = Plastic SO
D = Hermetic Cerdip
Device Number
Operating Temperatures:
A = Temperature range not specified (see data sheet)
B = 0to+70°C
C = -55°Cto+125°C
D = -25°Cto+70°C
E = -25°Cto +85°C
F = -40°Cto +85°C
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Product Selector Guide

System Standard
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System Standard—Product Selector Guide (cont.)
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Front-end, integrated (high performance)

FRONT-END, INTEGRATED CIRCUITSE

Selection guide

Vee lec INPUT
DESCRIPTION®) PINS | Pkg(? FREQUENCY
v) (mA) g
Image Reject Front-End Systems
SA1920 Dual-band 3.6-3.9 HB Rx:41.1 48 BE 869 — 960 MHz
800/1900 MHz HB Tx:21.3 or
LNA + IRM + I[Famp. @375V 1.93-1.99 GHz
SA1921 Dual-band 3.6-3.9 HB Rx : 38.6 48 BE 935 — 960 MHz
900/1550 MHz HB Tx:18.8 or
LNA + IRM + |[Famp. @375V 1.525 - 1.559 GHz
UAA2067G LNA + IRM + Mod. + 3-5.5 Rx:24 32 BE 1.8-1.9 GHz
VCO Tx:42
@36V
UAA2077AM LNA + IRM 3.15-53 27 @4V 20 DK 1.8-1.9 GHz
UAA2077BM LNA + IRM + 3.6-5.3 Rx:27 20 DK 1.8-2 GHz
Tx down-convert mixer Tx: 14
@4V
UAA2077CM LNA + IRM + 3.6-5.3 Rx: 36 20 DK 1.8-2GHz
Tx down-convert mixer Tx: 14
@375V
Image Reject Front-End Systems
UAA2073M LNA + IRM + 3.6-5.3 Rx : 26 20 DK 925 - 960 MHz
Tx down-convert mixer Tx:12
@3.75V
UAA2073AM LNA + IRM + 3.6-5.3 Rx:26 20 DK 925 — 960 MHz
Tx down-convert mixer Tx:12
@ 3.75V
Integrated Front-End Systems
SA611 LNA + Mixer 27-55 7 mA 20 DK LNA 1.2 GHz
@3V
@3V Mixer 1.2 GHz
SA621 LNA + Mixer + VCO 27-55 12/9.3MW @ 3V| 20 DK LNA 1.2 GHz
Mixer 1.2 GHz
Mixer Systems
SAG602A Mixer + Oscillator 45-8.0 24 @6V 8 N, D 500 MHz
SAG612A Mixer + Oscillator 45-8.0 24 @6V 8 N, D 500 MHz
1997 Dec 15 18
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Front-end, integrated (high performance) Selection guide
PONN. | Floome | NPuTips | teB, | WIAGE | npuT | outeuT FEATURE
(dB) (dB) (dBm) (dBm) (dB) IMPED. IMPED. HIGHLIGHTS
FRF =2 GHz
22 4.5 LB:9 24-25 35 50 Q 50 Q Dual-band 800 MHz &
HB: 12 1.9 GHz Tripple-mode
AMPS/DAMPS/PCS
22 4.5 LB:9 24 -25 35 50 Q 50 Q Dual-band
HB: 12 900 MHz & 1.5 GHz
30 5.8 -25 -33 34 190 Q 50 Q RF to IF DECT
0.8 pF diff. asym. transceiver (DSH)
20 4.3 -17 22 32 60 Q 1kQ diff. |3.15V, 4.3dB DECT
1 pF diff. front-end (DSH)
20 4.3: DCS -17 -23 32 60 Q 1 kQ diff. | DCS 1800 front-end
1 pF diff.
22 3.8: DCS -17 -24 38 60 Q 1 kQ diff. | PCS1900/DCS1800
4.0: PCS 0.8 pF diff. front-end
FRF =900 GHz
23 3.25 -15 -23 37 150 Q 1 kQ diff. | 3.6 V phase 2 GSM
1 pF diff. receiver
22 3.6 -15 -23 45 150 Q 1 kQ diff. | GSM high IF
1 pF diff.
Frr = 900 GHz
e Low voltage
15/—20(1) 1.9 —5/+25(1) -16 50 Q 50 Q e Exellent Noise Figure
Mixer 7 95 + ) 500 e LNA Overload Mode
1.2 GHz
15/-200 [ 1.9 —5/+25( -16 50 Q 50Q |e Low Voltage

e Excellent Noise Figure
e LNA Overload Mode

7 9.5 +4 -9 50 Q High ¢ Low Phase-Noise
¢ Internal VCO

Mixer Fgrr = 45 MHz

17 5.0 -13 -25 1.5kQ 1.5kQ |e Excellent Noise Figure
e High Gain

17 5.0 -13 -25 1.5kQ 1.5kQ | e Excellent Noise Figure
¢ High Gain

1997 Dec 15 19
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Front-end, Integrated (high performance)

Selection guide

Vv ) INPUT
DESCRIPTION® cc cc PINS | Pkg®® | FREQUENCY
v) (mA)
RF Amplifiers
SA5200 Dual Gain Stage 4.0-9.0 4.2/95 A @ 5V 8 D DC-1.2GHz
(per) (ampilif.)
SA5204A Wideband Amp 5.0-8.0 25@6V 8 N, D | DC - 350 MHz
SA5205A Wideband Amp 5.0-8.0 25@6V 8 N, D | DC - 550 MHz
SA5209 Variable Gain Amp 45-7.0 43 @5V 16 N, D | DC - 850 MHz
SA5219 Variable Gain Amp 45-7.0 43 @5V 16 N, D | DC - 700 MHz

Notes
1. Amplifier: Enabled/Disabled
2. Package Descriptions:
a) D: = Small Outline (SO14/16/20)
b) N: = Dual In-line (DIL)
c) DK: = Shrink Small Outline Package (SSOP20)
d) BE: = Low Quad Flat Package (LQFP)
3. IRM: Image Reject Mixer
LNA: Low Noise Amplifier
DSH: Double Superheterodyne
diff.: differential
asym.: asymmetrical

1997 Dec 15
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Front-end, integrated (high performance) Selection guide
POWER | NOISE | \\pyripg| 19B IMAGE | \Nput | ouTPUT FEATURE
GAIN FIGURE (dBm) COMP. |REJECTION IMPED IMPED. HIGHLIGHTS
(dB) (dB) (dBm) (dB) ' '
RF Frg = 900 MHz (NE/SA 5200), 100 MHz (others)
7.5/13.5() 3.6 -1.8 +3.2 50 Q 50 Q e DCto 1.2 GHz
(per) Operation
(amplif.) e Power- Down Mode
19 6.0 (50 Q) -2 +4 50 Q 50 Q e DC to 350 MHz
4.8 (75 Q) Operation
19 6.0 (50 Q) -2 +4 50 Q 50Q |e DCto 550 MHz
4.8 (75 Q) Operation
25 9.3 +13 -3 1.2Q 60 Q e DC to 850 MHz
(voltage) (output) Operaton
e Gain Control Pin
25 9.3 +13 -3 1.2Q 60 Q e DC to 700 MHz
(voltage) (output) Operation
e Gain Control Pin
Notes

1. Amplifier: Enabled/Disabled
2. Package Descriptions:
a) D: = Small Outline (SO14/16/20)
b) N: = Dual In-line (DIL)
c) DK: = Shrink Small Outline Package (SSOP20)
d) BE: = Low Quad Flat Package (LQFP)

3. IRM: Image Reject Mixer
LNA: Low Noise Amplifier
DSH: Double Superheterodyne
diff.: differential
asym.: asymmetrical
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Selection guide

Front-end, Discrete
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iF systems Seiection guide
-~ -]
IF SYSTEMS
FRF = 45 MHz
v INPUT IF
¥ lcc PINS Pkg FREQ. | FREQ INPUT | MIXER | INPUT
V) (MHz) | (MHz) | SENSI- | GAIN | 1P,
TIVITY (dB) | (dBm)
FMIF
SA604A 45-8 |33mA@6V | 16 D,N 25 25 0.22(1 - -
SA614A 45-8 |33mA@6V | 16 D,N 25 25 0.22(0 - -
SA624 45-8 [34mA@6V | 16 D,N 25 25 0.22( - -
Mixer/FM IF
SA605 45-8 |[57mA@6V | 20 D,DK,N 500 25 0.22 13 -10
SA615 45-8 |[57mA@6V | 20 D,DK,N 500 25 0.22 13 -10
SA625 45-8 [5.8mA@6V | 20 D,DK,N 500 25 0.22 13 -10
Low Voltage Mixer/FM IF
SA606 27-7 |35mA@3V| 20 D,DK,N 150 2 0.31 17 -9
SA616 27-7 |35mA@3V | 20 D,DK,N 150 2 0.31 17 -9
SA676 27-55|35mA@3V| 20 D,DK 100 2 0.45 17 -10
SA607 27-7 |[35mA@3V | 20 D,DK,N 150 2 0.31 17 -9
SA608 27-7 |35mA@3V | 20 D,DK,N 150 2 0.31 17 -9
SA626 27-55|65mA@3V | 20 D,DK 500 25 0.54@ 11@ | —16@
SA636 27-55| 65mA @3V | 20 D,DK 500 25 0.54(@) 112 -16@
SA639 27-55|85mA@3V | 24 DH 500 25 2.24(4) 124 | 12,54
Low Voltage Mixer/Digital IF
SA637 27-55|35mA@3V | 20 D,DK 200 2 3 7 -17
-117 dBm
0.31 pV
SA647 27-55| 59@3V 20 DK 200 2 -112dBm -28
SA1630 27-55 Tx: 26.5 48 BE 400
Rx: 33.5
@3V
SA1638 2.7-55 Tx: 22 48 BE 400
Rx: 18
@3V
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IF systems Selection guide
RSSI FAST FREQ. Fll.l'lr:ER OUTPUT FEATURE HIGHLIGHTS
RANGE | RSSI | CHECK PIN MATCH OP AMPS
(@B) (kHz)
FMIF
90 - - 455 - ¢ High Sensitivity
80 - - 455 - « Wide IF BW
90 X - 455 -
Mixer/FM IF
90 - - 455 - « High Sensitivity
80 - - 455 - ¢ High Input Frequency
90 X - 455 -
Low Voltage Mixer/FM IF
90 - - 455 Audio Op Amp | e High Sensitivity
RSSI Op Amp
80 - - 455 Audio Op Amp |e Low Power
RSSI Op Amp
70 - - 455 Audio Op Amp |e Audio Op Amp
RSSI Op Amp RSSI Buffered
90 - X 455 Audio Op Amp |e Audio/RSSI
RSS! Op Amp Output Op Amps
90 - X 455 Audio Buffered | e Power-Down Mode (SA626/636/639)
RSSI Op Amp
90 X - 10.7 MHz | Audio Buffered
RSSI Op Amp
90 - 10.7 MHz | RSSI Op Amp
90 - 10.7 MHz | Audio Buffered
RSSI Op Amp
Post-detect Amp
Data Switch
Low Voltage Mixer/Digital IF
920 X - 455 kHz | RSSI Op Amp
90 X - 455kHz | RSSIOp Amp |e Improved mixer gain and sensetivity over SA637
» Wireless LAN using DSSS modulation
« Digital IF Gain Control of 70 dB in steps of 2 dB
* GSM 900 Mhz
¢ DCS 1.8 GHz
e uadrature up & down mixer stage
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Notes

1.
2.
3.
4.

Measured with a Philips MESA602A mixer prior to the IF input.

Measured at fgr = 240 MHz.

Represents the —3 dB Input Limiting point (dBm). Also shown in pV units into a 50 Q matching network.
Measured at fgg = 110 MHz.

Temperature Ranges
SA: —40 to +85 °C.

Package DescriptionslIF Filter Match

D:

Small Outline - 16 DK: Shrink Small Outline Package (SSOP) - 20455 kHz = 1.5 kQ
Small Outline - 20 N: Dual In-Line Plastic - 16, 2010.7 MHz = 330 Q.

IF Filter Match
455 kHz = 1.5 kQ
10.7 MHz = 330 Q.
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Frequency synthesizers
L ]

Selection guide

FREQUENCY SYNTHESIZERS
MAX FRACTIONAL | AUXILIARY
Vee | lcc |PINS| Pkt |RFANPUT g';ﬁzl':% -N SYNTHE- AFT’%LCSA'
FREQ. DIVIDER SIZER
Fractional-N Frequency Synthesizers
SA 27to | 5mA 16 | TSSOP| 1.3 GHz X 1S-54/-136,
7016DH 55V | @3V 16 1S-95,
PDC,
GSM
digital
cellular
SA 27to | 75mA | 20 | SSOP | 1.0GHz X X 1S-54/-136,
7025DK 55V | @3V 20 (main) 1S-95,
150 MHz PDC,

(aux) GSM
digital
cellular

SA 27t0 | 6.5mA | 20 | SSOP | 1.3GHz X X 1S-54/-136,
7026DK 55V | @3V 20 (main) 1S-95,
550 MHz PDC,

(aux) GSM
digital
cellular

SA 27to | 6.5mA | 16 |TSSOP| 2.5 GHz X ISM band,

8016DH 55V | @3V 16 1S-54/-136,
1S-95,
PDC,
GSM
digital
cellular

SA 27to | 11TmA | 20 | SSOP | 1.8 GHz X X PHS

8025ADK | 55V | @3V 20 (main) digital

150 MHz cordless,

(aux) U.S. PCS,
PDC digital
cellular

SA 27to | 85mA | 20 | SSOP | 2.5 GHz X X ISM band,
8026DK 55V | @3V 20 (main) 1S-54/-136,
550 MHz 1S-95,

(aux) PDC,
GSM
digital
cellular
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MAX FRACTIONAL | AUXILIARY
Vee lcc PINS| Pkt |RF/INPUT (;l;zﬁ:‘:\l% -N SYNTHE- A';rgr:%A-
FREQ. DIVIDER SIZER
Frequency Synthesizers
UMA 26to | 9mA 20 | SSOP | 1.1 GHz | 5-1000 X AMPS/TA
1015M 55V | @3V 20 kHz CS cellular
1.1 GHz (dual) CT1/CT2
cordless
UMA 27t0 | 87mA | 20 | SSOP | 1.1 GHz | 5-1000 X AMPS/TA
1015AM 55V @3V 20 kHz CS cellular
(dual)
lower cost
replaceme
nt of UMA
1015M
UMA 27t0o | 1OmA | 20 | SSOP | 1250 MHz | 10 - 2000 X GSM
1018M 55V | @55V 20 (main) kHz digital
300 MHz cellular
(aux)
UMA 27to | 12mA | 20 | SSOP |2400 MHz| 10 -2000 X DECT
1020M 55V | @55V 20 (main) kHz digital
300 MHz cordless,
(aux) DCS 1800,
PHS
UMA 27to | 1OmA | 20 | SSOP |2200 MHz| 10 - 2000 GSM,
1021M 55V |@5.5V 20 kHz WLAN,
DECT
digital
cordless,
DCS 1800,
PHS
UMA 27to | 13mA | 20 | SSOP |2200 MHz | 10 - 2000 X 900 MHz
1022M 55V | @3V 20 (main) kHz & 2 GHz
500 MHz applic-
(aux) ations
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MAX
MAX COM- INPUT
Vee Icc PINS| Pkt ::hll:‘l::lg PARE SENSITIVITY DIVIDE RATIO
: FREQ.
Prescalers
SA 27t0 | 45mA 8 DIP, 1.1 GHz 65 kHz/ -35 dBm 128/129, 64/65
701N,D 6V @3V S08 270 kHz
SA 27t0 | 45mA 8 DIP, 1.1 GHz | 1000 kHz -35 dBm 64/66/72
702N,D 6V @3V S08
28
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MMICs Amplifiers
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RF Wideband Transistors

FIRST GENERATION NPN WIDEBAND TRANSISTORS (fr up to 3.5 GHz)

Selection guide

PACKAGE
fr/lc C!"RVE LEADED SURFACE-MOUNT
(see Fig.1)
SOT54 S0T23 SOT89 SOT143 S0T223 SO0T323
(1) BFT25
@ BF747
BF547 BF547W
BF689K
(3) BE763 BFS17 BFS17W
4) BFS17A BFG17A
(5) BFR53
(6) BFQ17 BFG16A
SECOND GENERATION WIDEBAND TRANSISTORS (fr up to 6 GHz)
PACKAGE
fTé (I;; (;Jlﬁ\;E POLARITY CERAMIC SURFACE-MOUNT
9 SOT122 SOT23 SOT89 SOT143 SOT223 SOT323
(note 1)
NPN BFR92(A) BFG92A BFR92AW
(7) (X)(/XR)
PNP BFT92 BFT92W
®) NPN BFR93(A) BFG93A BFG94 BFR93AW
(X)(’XR)
(9) PNP BFT93 BFT93W
(10 NPN BFR106 BFQ19 BFG97
) PNP BFQ149 BFG31
(11) NPN BFQ34 BFQ18A BFG35
(12) NPN BFQ68
(13) NPN BFQ136
Note

1. SOT143 package is available with alternative pinning.

European pinning - no type number suffix; USA pinning - suffix /X; Japanese pinning - suffix /XR.

Brackets around the suffixes (/X) and (/XR) denote pinning options. No brackets means no options,

(e.g. BFG10W/X: only available with USA pinning).
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THIRD GENERATION NPN WIDEBAND TRANSISTORS (fr up to 8 GHz)

PACKAGE
fr/1c CURVE CERAMIC SURFACE-MOUNT
(see Fig.1) SOT172 SoT23 SOT143 SOT223 SOT323
(note 1)
(14) BFQ67 BFG67 BFQ67W
(AX)(XR)
BFG197 BFG198
(1) (X)(XR)
(16) BFQ135 BFG135
(17) BFQ270
Note
1. SOT143 package is available with alternative pinning.
European pinning - no type number suffix; USA pinning - suffix /X; Japanese pinning - suffix /XR.
Brackets around the suffixes (/X) and (/XR) denote pinning options. No brackets means no options,
(e.g. BFG10WY/X: only available with USA pinning).
FOURTH GENERATION NPN WIDEBAND TRANSISTORS (fr up to 10 GHz)
PACKAGE
fr/1c CURVE | CERAMIC SURFACE-MOUNT
(see Fig)  "gor172 | SOT23 | SOT143 | SOT223 | SOT323 | SOT343 | SOT353 | SOT363
(note 1) (note 1)
(18) BFT25A BFG25A/X BFS25A BFG25AW
(/X)(IXR)
(19) BFR505 |BFG505 BFS505 |BFG505W |BFC505 |BFM505
(IX)(/XR) (X)(/XR) | BFE505
(20) BFR520 BFG520 BFS520 BFG520W | BFC520 BFM520
(IX)(/XR) (X)UXR) | BFE520
@1) BFR540 BFG540 BFG541 BFS540 BFG540W
(IX)(/XR) (IX)(IXR)
22) BFG590 | BFG591 BFG590W
(/X)(/XR) (/X)(IXR)
(23) BFQ621 BFG10(/X) BFG10W/X
(24) BFG11(/X) BFG11W/X
Note

1. SOT143 and SOT343 packages are available with alternative pinning.
European pinning - no type number suffix; USA pinning - suffix /X; Japanese pinning - suffix /XR.
Brackets around the suffixes (/X) and (/XR) denote pinning options. No brackets means no options,

(e.g. BFG10W/X: only available with USA pinning).
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FIFTH GENERATION NPN WIDEBAND TRANSISTORS (fr up to 25 GHz)

PACKAGE
fT(’S ko ‘;%F?;E SURFACE-MOUNT
SO0T343
(@5) BFG403W
(6) BFG410W
@7) BFG425W
28) BFG21W
MSB643
50
;4
(GHz)
30
(27)
(26) — (28)
20 // Y1 _—
4 / // Slh .
V% generation
v q 1111
12k / 4t generation
o 20) 21 22) (23 L
(19) S e ] P T~ |
9 " o > -+
(24)
8 g i -
M| o _was st =in > | ||
Al dl e T
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. — |4 .r;/ P Zadll i
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Fig.1 Transition frequency as a function of collector current for the five generations of
RF bipolar wideband transistors.
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RF Wideband Transistors Selection guide
PRODUCT DATA
RATINGS
TYPE cflTjgfe POLARITY PACKAGE
NUMBER ) Vceo Ic Ptot
(see Fig.1) V) (mA) (mW)
BF547 @) NPN SOT23 20 50 300
BF547W @) NPN SOT323 20 50 300
BF689K 3) NPN SOT54 15 25 360
BF747 @) NPN SOT23 20 50 300
BF763 @) NPN SOT54 25 25 360
BFC505 (19) NPN SOT353 8 18 500
BFC520 (20) NPN SOT353 8 70 1000
BFE505 (19) NPN SOT353 8 18 500
BFE520 (20) NPN SOT353 8 70 1000
BFG10(/X) (23) NPN SOT143 8 250 250
BFG10W/X (23) NPN SOT343 10 250 400
BFG11(/X) (24) NPN SOT143 8 500 400
BFG11W/X (24) NPN SOT343 8 500 760
BFG16A (6) NPN SOT223 25 150 1000
BFG17A (4) NPN SOT143 15 50 300
BFG25A/X (18) NPN SOT143 5 6.5 32
BFG25AW(/X)(/XR) (18) NPN SOT343 5 6.5 500
BFG31 (10) PNP SOT223 15 100 1000
BFG35 (11) NPN SOT223 18 150 1000
BFG67(/X)(/XR) (14) NPN SOT143 10 50 380
BFG92A(/X)(/XR) @) NPN SOT143 15 25 400
BFG93A(/X)(/XR) (8) NPN SOT143 12 35 300
BFG94 ®8) NPN SOT223 12 60 700
BFG97 (10) NPN SOT223 15 100 1000
BFG135 (16) NPN SOT223 15 150 1000
BFG197(/X)(/XR) (15) NPN SOT143 10 100 350
BFG198 (15) NPN SOT223 10 100 1000
BFG403W (25) NPN SOT343 45 3.6 16
BFG410W (26) NPN SOT343 45 12 54
BFG425W (27) NPN SOT343 45 30 135
BFG505(/X)(/XR) (19) NPN SOT143 15(1) 18 150
BFG505W(/X)(/XR) (19) NPN SOT343 1501) 18 500
BFG520(/X)(/XR) (20) NPN SOT143 1500 70 300
Note
1. Vces.
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RF Wideband Transistors Selection guide
PRODUCT DATA
CHARACTERISTICS, typical values
NLT,,T,,';EER fr | F Guu @f| F Gu @f |V P ITO @Ilc &Vce
(GHz) [ (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) (V)
BF547 1.2 20 100
BF547W 1.2 20 100
BF689K 1.8 4 100 3 163 | 200
BF747 1.2 20 100
BF763 1.8 5 800
BFC505 7.3 1.8 900 3.5 2000
BFC520 7 13 900
BFE505 9 1.2 900 1.9 2000
BFE520 9 1.1 900 1.9 2000
BFG10(/X) 7@ 11900
BFG10W/X 10203 1 900 70 1900
BFG11(/X) 5@ 1900
BFG11W/X 6@ |1900
BFG16A 1.5 10 500
BFG17A 2.8 25 |15 800
BFG25A/X 5 1.8 |18 1000
BFG25AW(/X)(/XR) | 5 2 16 1000
BFG31 5 16 500 12 800 550 70 10
BFG35 4 15 500 11 800 750 100 10
BFG67(/X)(/XR) 8 1.7 |17 1000 |25 [10 2000
BFG92A(/X)(/XR) |5 2 16 1000 |3 11 2000
BFG93A(/X)(/XR) |6 1.7 |16 1000 |23 |10 2000
BFG94 6 2.7 500 3 13.5 |1000 |500 215 |34 45 10
BFG97 5.5 2 16 500 12 800 700 70 10
BFG135 7 16 500 12 800 850 100 10
BFG197(/X)(/XR) |75 |23 |16 1000 10 2000
BFG198 8 18 500 15 800 700 70 8
BFG403W 17 1 900 1.6 2000 6 1 1
BFG410W 22 0.9 900 1.2 2000 15 10 2
BFG425W 25 0.8 900 1.2 2000 22 25 2
BFG505(/X)(/XR) 9 16 |20 900 1.9 |13 2000 4 10 5 6
BFG505W(/X)(/XR) | 9 1.6 [19 900 [1.9 |12 2000 4 10 5 6
BFG520(/X)(/XR) 9 1.6 |19 900 19 |13 2000 |275 17 26 20 6
Notes

1. At di, =-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.

2. Minimum value.
3. Power gain Gp,.
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RF Wideband Transistors Selection guide
PRODUCT DATA
RATINGS
TYPE CfEIII:!:?E POLARITY PACKAGE
NUMBER ) Vceo Ic Ptot
(see Fig.1) V) (mA) (mW)
BFG520W(/X)(/XR) (20) NPN SOT343 15(1) 70 500
BFG540(/X)(/XR) (21) NPN SOT143 15(1) 120 500
BFG540W(/X)(/XR) (21) NPN SOT343 15(1) 120 500
BFG541 (21) NPN S0T223 15(1) 120 650
BFG590(/X)(/XR) (22) NPN SOT143 15 200 400
BFG590W(/X)(/XR) (22) NPN SOT343 15 200 500
BFG591 (22) NPN SOT223 15 200 2000
BFM505 (19) NPN SOT363 8 18 500
BFM520 (20) NPN SOT363 8 70 1000
Note
1. VcEs.
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RF Wideband Transistors Selection guide
PRODUCT DATA
CHARACTERISTICS, typical values
TYPE
NUMBER fr F Gum @f F Gum @f Vo Py ITO @Ic &Vce
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) (V)
BFG520W(/X)(/XR) | 9 1.6 |17 900 [1.85 |11 2000 {275 |17 26 20 6
BFG540(/X)(/XR) |9 1.9 |18 900 |21 |11 2000 [500 |21 34 40 8
BFG540W(/X)(/XR) | 9 19 |16 900 |21 |10 2000 |500 |21 34 40 8
BFG541 9 1.9 |15 900 |21 |9 2000 [500 |21 34 40 8
BFG590(/X)(/XR) |5 13 900 75 |2000
BFG590W(/X)(/XR) | 5 13 900 7.5 |2000 21 80 5
BFG591 7 13 900 7.5 |2000
BFM505 9 1.4 |17 900 |1.9 |10 2000
BFM520 9 1.7 |15 900 (1.9 |9 2000
Note

1. Atdj, =-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.
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RF Wideband Transistors Selection guide
PRODUCT DATA
fr/lc RATINGS
NUMBER CURVE | POLARITY PACKAGE Veeo e Peor
(see Fig.1) v) (mA) (mw)
BFQ17 (6) NPN SOT89 25 150 1000
BFQ18A (11) NPN SOT89 18 150 1000
BFQ19 (10) NPN SOT89 15 100 1000
BFQ34 (1) NPN SOT122 18 150 2700
BFQ67 (14) NPN SOT23 10 50 300
BFQ67W (14) NPN SOT323 |10 50 300
BFQ68 (12) NPN SOT122 18 300 4500
BFQ135 (16) NPN SOT172 19 150 2700
BFQ136 (13) NPN SOT122 18 600 9000
BFQ149 (10) PNP SOTse 15 100 1000
BFQ270 (17) NPN SOT172 |19 500 10000
BFQ540 (21) NPN SOT89 12 120 1200
BFQ621 (23) NPN SOT172 16 150 800
BFR53 (5) NPN SOT23 10 50 250
BFR92 ) NPN SOT23 15 25 300
BFR92A (7) NPN SOT23 15 25 300
BFR92AW @) NPN SOT323 15 25 300
BFR93 8) NPN SOT23 12 35 300
BFR93A 8) NPN SOT23 12 35 300
BFR93AW (8) NPN SOT323 12 35 300
BFR94A 8) NPN SOT122 |25 150 3500
BFR106 (10) NPN SOT23 15 100 500
BFR505 (19) NPN SOT23 15(1) 18 150
BFR520 (20) NPN SOT23 1501 70 300
BFR540 (21) NPN SOT23 15(1) 120 480
BFS17 3) NPN SOT23 15 25 300
BFS17A (4) NPN SOT23 15 25 300
BFS17W 3) NPN SOT323 15 50 300
BFS25A (18) NPN SOT323 5 6.5 32
BFS505 (19) NPN SOT323 15(1) 18 150
BFS520 (20) NPN SOT323 15(1) 70 300
BFS540 21) NPN SOT323 15(1) 120 500
BFT25 (1) NPN SOT23 5 6.5 30
BFT25A (18) NPN SOT23 5 6.5 32
BFT92 (7) PNP SOT23 15 25 300
BFT92W 7) PNP SOT323 15 35 300
BFT93 9 PNP SOT23 12 35 300
Note
1. Vces.
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RF Wideband Transistors Selection guide
PRODUCT DATA
TYPE CHARACTERISTICS, typical values
NUMBER fr F Gum @f F Gum @f VoM Py ITO @lc &Vce
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) V)

BFQ17 1.5 16 200 6.5 800

BFQ18A 4

BFQ19 5.5 3.3 |115 500 7.5 800

BFQ34 4 8 16.3 500 1200 |26 45 120 15
BFQ67 8 1.7 |14 1000 |2.7 |8 2000

BFQ67W 8 2 13 1000 |2.7 |8 2000

BFQ68 4 13 800 1600 |28 47 240 15
BFQ135 6.5 17 500 13.5 }800 1200 120 18
BFQ136 4 12.5 |800 2500 500 15
BFQ149 5 3.75 | 12 500

BFQ270 6 16 500 10 1000 | 1600 240 18
BFQ540 9 1.9 900 500 40 8
BFQ621 7 18.5 |500 1200 120 18
BFR53 2 5@ 500 10.5 |800

BFR92 5 24 |18 500 150 14 10
BFR92A 5 2.1 14 1000 |3 8 2000 |150 14 10
BFR92AW 5 2 14 1000 |3 8 2000

BFR93 5 1.9 |16.5 [500

BFR93A 6 1.9 |13 1000 |3 7 2000 |425 30 8
BFR93AW 5 1.5 |13 1000 {2.1 8 2000

BFR94A 3.5 8 200 5 13.5 |500

BFR106 5 35 (115 800 350 50 9
BFR505 9 1.6 |17 900 1.9 |10 2000 4 10 5 6
BFR520 9 1.6 |15 900 1.9 |9 2000 17 26 20 6
BFR540 9 19 |14 900 21 7 2000 |550 21 34 40 8
BFS17 1 4.5 500

BFS17A 2.8 25 |135 |800 150 14 10
BFS17W 1.6 4.5 500

BFS25A 5 1.8 |13 1000

BFS505 9 1.6 |17 900 1.9 (10 2000 4 10 5 6
BFS520 9 16 |15 900 19 |9 2000 17 26 20 6
BFS540 9 1.9 (14 900 2.1 8 2000 21 34 40 8
BFT25 2.3 3.8 |18 500 12 800

BFT25A 5 1.8 |15 1000

BFT92 5 25 |18 500 150 14 10
BFT92W 5 25 |17 500 3 1 1000

BFT93 5 24 |[16.5 |500 300 30 5
Notes

1. Atdin =-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.

2. Maximum value.
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RF Wideband Transistors Selection guide
PRODUCT DATA
fr/1c RATINGS
TYPE NUMBER CURVE POLARITY PACKAGE Veeo Ic Prot
(see Fig.1) v) (mA) (mW)
BFT93W 9) PNP SOT323 12 50 300
MPSH10 NPN SOT54 25 40 1000
PMBT3640 PNP S0T23 12 80 350
PMBTH10 NPN SOT23 25 40 400
PMBTHS81 PNP SOT23 20 40 400
DEVELOPMENT TYPES
fr/lc RATINGS
TYPE NUMBER CURVE POLARITY PACKAGE Veeo e Pror
(see Fig.1) v) (mA) (mW)
BFG21W (28) NPN SOT343 4.5 200" 600
Note

1. Typical value.
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RF Wideband Transistors Selection guide
PRODUCT DATA
CHARACTERISTICS, typical values
TYPE
NUMBER fr F Gum ef F Gum Qf V() PL ITO @Ilc &Vce
(GHz) | (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) (V)
BFT93W 5 24 [155 {500 |3 10 1000
MPSH10 0.65(@
PMBT3640 0.5
PMBTH10 0.65(
PMBTH81 0.6@
Notes
1. Atdin =-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.
2. Minimum value.
DEVELOPMENT TYPES
CHARACTERISTICS, typical values
TYPE
NUMBER fr F Guwm @f | F Gum @f VW P ITO @Ic &Vce
(GHz) [ (dB) (dB) (MHz)|(dB) (dB) (MHz)| (mV) (dBm) (dBm) (mA) (V)

BFG21W 18) | 10213 [ 1900 | ] | [ |
Notes

1. At din =-60 dB, measured according to DIN45004B, par. 6.3: 3-tone test.

2. Minimum value.
3. Power gain Gp.
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Selection guide

LINE-UPS

Analog cellular (AMPS, (E)TACS, NMT) 900 MHz

INPUT POWER P SUPPLY VOLTAGE
18t STAGE 2nd STAGE 3 STAGE
(mW) (W) V)
Bipolar
1 BFG540/X BLT80 BLT81 1.2 6
1 BFG540/X BLT70 BLT71 12 4.8
1 BFG10W/X BLT71/8 - 1.2 4.8
Digital cellular (GSM) 900 MHz
INPUT POWER P SUPPLY VOLTAGE
1st STAGE 2nd STAGE 3rd STAGE L
(mW) (W) V)
Bipolar
1 |BFG540W/X | BFG1OW/X BLT82 |35 pulsed |6
Portable transmitters (860 MHz to 960 MHz)
INPUT POWER P SUPPLY VOLTAGE
1st STAGE 2nd STAGE 3rd STAGE L
(mW) (W) V)
Bipolar
1 BFG540 BLT80 BLT81 1.2 6
15 BFG93A BLT80 BLT92/SL 3 7.5
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RF Wideband Transistors Selection guide

RF wideband transmitters for pager front-end (see Fig.2)

FUNCTION TYPE NUMBER REMARKS

RF amplifier BFC505 higher gain, lower noise, high isolation (0.3 mA)
BFG403W high performance, low voltage, low current
BFR505 higher gain, lower noise (1 mA)
BFT25A lowest current (0.2 mA)

Oscillator, mixer or buffer | BFQ67 choice of the transistor is determined by the available current
BFR92A and the required performance
BFR505
BFT25A

antenna

RFamp  mixer
IF out

prescaler

buffer

oscillator

;# tuning
Macozs 7.

Fig.2 Typical front-end section for pagers.
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RF Wideband Transistors Selection guide

RF wideband transistors for the receiver section in cordless/cellular phones (see Fig.3)

FUNCTION | TYPE NUMBER SYSTEM(;RH‘;)QUENCY FEATURES

LNA BFC505 1900 high isolation gain, low noise current
BFG410W 900; 1900; 2500 very low noise
BFG425W 900; 1900; 2500 very low noise
BFR505 900; 1900 good performance at low current (1 mA)
BFR520 900; 1900 higher gain, lower noise (10 mA)

Mixer BFE505 900; 1900 balanced mixer in a single SOT353 package
BFG505 900; 1900 good performance, low current
BFG410W 900; 1900; 2500 low noise, high isolation
BFG520 900; 1900 higher power to IF (10 mA)
BFR93A 900 low cost, acceptable performance

Buffer and VCO BFG410W 900; 1900; 2500 excellent isolation
BFG505 1900 buffer and VCO in a single SOT353 package
BFQ67 900 third generation, good performance
BFR92A 900 excellent VCO, good buffer, low-cost
BFR93A 900 excellent VCO, good buffer, low-cost
BFR505 900; 1900 good VCO, high-gain buffer, low current
BFR520 900; 1900 good VCO, higher output power

IF BFS17A 40 to 100 any first or second generation transistor

mixer
R—K——DRF am » |F detector

buffer amp oscillator

antenna

|
|
! |
| |
\ . L |
! tuning ;T ]
|
DUP I veo AN

power amp amp

prescaler
______________ ]

prescaler
— [(CrmTT T T T T TT T
T # buffer amp oscillatorl
o < buff | -
1 uffer : tuning i"' :
} VvCO 2 |

MGCo27

Fig.3 Typical RF section for cordless and cellular phones.
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RF wideband transistors for the receiver section in cordless/cellular phones (see Fig.3)

SYSTEM
FUNCTION | FREQUENCY | SOT23 SOT323 | SOT143 () | SOT343 () | SOT353 SOT363
(MHz)
LNA 900; 1900 BFR505 BFS505 BFG505 BFG505W | BFC505 BFM505
900; 1900 BFR 520 BFS520 BFG520 BFG520W | BFC520 BFM520
Mixer 900 BFR93A BFR93AW | BFG93A
900; 1900 BFR505 BFS505 BFG505 BFG505W | BFE505 BFM505
900; 1900 BFR520 BFS520 BFG520 BFG520W | BFE520 BFM520
Buffer and 900 BFR92A BFR92AW | BFG92A
vCo 900 BFR93A BFR93AW | BFG93A
900 BFQ67 BFQ67W | BFG67
900; 1900 BFR505 BFS505 BFG505 BFG505W | BFC505 BFM505
900; 1900 BFR520 BFS520 BFG520 BFG520W | BFC520 BFM520
IF 40 to 100 BF547 BF547W
BFS17 BFS17W  |BFG17A
BFR92A BFR92AW | BFG92A
Note

1. Also available in /X and /XR versions.
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RF Wideband Transistors Selection guide

RF wideband transistors for the power amplifier section in cordless/cellular phones (see Fig.4)

SYSTEM SUPPLY VOLTAGE Pout SOT143 SOT343
v) (mW)
CT1, CT1+, 3.3 driver for PA2 BFG67
CT2, CT2+, BFG505 BFG505W
cT3 BFG520 BFG520W
15 BFG67
20 BFG520 BFG520W
40 BFG540 BFG540W
DECT, PHP 3.3 400 BFG540/X BFG540W/X
BFG10/X BFG10W/X
BFG11/X BFG11W/X
PA2 PA1
/—<——<]—\ 900 MHz CT1, CT1+, CT2, CT2+, CT3
/ \
// PB3 PB2 PB1 \\
/ /_<—<]—<.\ \ 1.9 GHz DECT, PHP, DCSI800
/s N
/, PC3 PC2 PC1 N
Y N\ from
to antenna +—& — — ——<}—<]—<]— — — — 3« vCo 900 MHz GSM
\\\ Py 7 modulator
\\ N PD3 PD2 PDI s /
\ ;<]___<]___<]__/ y 900 MHz AMPS, (E)TACS, NMT
\ / (discrete)
\  PAMod /

PE

\
MGCo26

900 MHz AMPS, (E)TACS, NMT

Fig.4 Typical power amplifier section for cordless and cellular phones.
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MOSFETs for power/battery Salect] i
management and DC-DC convertor ection guide

MOSFETS FOR POWER/BATTERY MGT AND DC-DC CONVERTOR SELECTOR GUIDE

Vps RDS @ Vgs Pmax
TYPE DESCRIPTION PACKAGE ) (ON) ) W)

BSH103 N-channel enhancement mode MOS transistor | SOT23 30 520mQ | 2.5 0.5

BSH104 N-channel enhancement mode MOS transistor | SOT23 12 270mQ | 2.5 0.5

BSH105 N-channel enhancement mode MOS transistor | SOT23 12 180mQ |25 0.5

BSH106 N-channel enhancement mode MOS transistor | SOT363 12 180mQ |25 0.7

BSH107 N-channel enhancement mode MOS transistor | TSOP-6 12 70mQ 25 0.8

BSH203 P-channel enhancement mode MOS transistor | SOT23 30 1300mQ | 2.5 0.5

BSH204 P-channel enhancement mode MOS transistor | SOT23 12 680mQ (25 0.5

BSH205 P-channel enhancement mode MOS transistor | SOT23 12 450mQ 2.5 0.5

BSH206 P-channel enhancement mode MOS transistor | SOT363 12 450mQ |25 0.7

BSH207 P-channel enhancement mode MOS transistor | TSOP-6 12 180mQ |2.5 0.8

BSN20W N-channel enhancement mode vertical DMOS | SOT323 50 15Q 10 0.2
transistor

BSP030 N-channel enhancement mode vertical DMOS | SOT223 30 30mQ 10 2
transistor

BSP090 P-channel enhancement mode vertical DMOS | SOT223 30 90mQ 10 2
transistor

BSP130 N-channel enhancement mode MOS transistor | SOT223 300 8Q 10 2

BSP255 P-channel enhancement mode MOS transistor | SOT223 300 17Q 10 2

PHC20512 | Complementary enhancement mode MOS SO8 30 50+125 |10 2
transistors mQ

PHC21025 | Complementary enhancement mode MOS S08 30 100+250 | 10 2
transistors mQ

PHC2300 | Complementary enhancement mode MOS S08 300 8+17W |10 2
transistors

PHN1013 | N-channel enhancement mode MOS transistor | SO8 30 13mQ 10 2

PHN205 Dual N-channel enhancement mode MOS S0O8 30 50+50m |10 2
transistors Q

PHN210 Dual N-channel enhancement mode MOS S0O8 30 100+100 | 10 2
transistors mQ

PHP212 Dual P-channel enhancement mode MOS S0s8 30 125+125 | 10 2
transistors mQ

PHP212L | Dual P-channel enhancement mode MOS S0O8 30 125+125 [ 4.5 2
transistors mQ

PHP225 Dual P-channel enhancement mode MOS S0O8 30 250+250 | 10 2
transistors mQ
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Internet World Wide Web Home Page
L ]
WHAT IS IT?

Welcome to our place in cyberspace.

Explore our Web pages and take a look at our product offering of advance High-performance Applications
and Products.

In addition, we offer you the latest information on Products, News, Support, Employment and Offices.
HOW TO REACH US
For access to the Philips Semiconductors Home Page go to the World Wide Web location:

http://www.semiconductors.philips.com/
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What is it?
The FAX-on-DEMAND system is a computer facsimile

aiva ealantad
system that allows customers to receive selected

documents by fax automatically.

T uida ai

How does it work?

To order a document, you simply enter the document
number. This number can be obtained by asking for an
index of available documents to be faxed to you the
first time you call the system.

Our system has a selection of the latest product data
sheets from Philips with varying page counts. As you
know, it takes approximately one minute to FAX one
page. This isn't bad if the number of pages is less than
10. But if the document is 37 pages long, be ready for
a long transmission!

Philips Semiconductors also maintains product
information on the World-Wide Web. Our home page
can be located at:
http:I/wwyv.semiconductors.philips.com

Who do | contact if | have a question
about FAX-on-DEMAND?
Contact your local Philips sales office.
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FAX-on-DEMAND phone numbers:

England 44-181-730-5020

(United Kingdom, ireiand)
France 33-1-40-99-60-60
39-167-295502
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Hong Kong

Japan

The Netherlands
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Semiconductors for Wireless

. Introduction
Communications
. |

GSM (GLOBAL SYSTEM FOR MOBILE COMMUNICATIONS) DIGITAL CELLULAR ICs

In 1992 Philips produced the first single-chip baseband signal processor for GSM. Today our low voltage GSM ICs cover
all functions—from antenna to microphone.

GSM digital cellular ICs

Three highly integrated ICs are available for the RF section: the SA1620 RF transceiver, the SA1638 IF transceiver and
the UMA1021M RF synthesizer. The ICs support high IF frequencies to allow simple, low-cost filters to be used for
image-rejection.

The BGY204 Power Amplifier Module provides an off-the-shelf solution for 2-Watt GSM transmitters. CGY2011G is an
alternative MMIC solution.

The PCF5077 Power Amplifier Controller ensures that PA on/off and output characteristics meet GSM/DCS1800
requirements, Phase Ii.

The baseband and audio interface is now a single-chip interface between the RF transceiver, the microphone and ear
piece and the baseband processor. It integrates an audio Codec and auxiliary AD/DA converter for AGC, AFC and power
management.

The baseband DSP includes the TDMA timer. An on-chip ROM contains firmware program modules to perform all
necessary processing algorithms. Special attention has now been given to equalization in order to improve performance
in hilly areas and fast-moving vehicles.

Philips Semiconductors’ GSM ICs include:
SA1620 - Low voltage GSM RF transceiver
SA1638 - Low voltage GSM IF transceiver
UMA1021M - Low voltage frequency synthesizer for radio telephones
BGY204 - Power amplifier module
CGY2013G - MMIC power amplifier
UBA1710 - Modulator for GaAs PAs
PCF5077 - Power amplifier controller for GSM systems
TDAB002/TDA800S - SIM interface
P90CL301 - Low voltage microcontroller
PCF507X - GSM baseband interface
PCF5083 - GSM baseband processor
TEA1095 - Handsfree IC
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Semiconductors for Wireless
Communications

Introduction

UBA1710 SA1620 SA1638 | PCF507X
— Q
RF
TRANSCEIVER
AFC — | BASEBAND
IF &
PCF5077 <": TRANSCEIVER| | agc —] AUDIO
CONTR. ' INTERFACE
UMA1021
Q
SYNTHESIZER

E
B

AR it

C T |
TDA8005 P90CL301 PCF5083
RAMY fRoM SM, | t—] | sysTem TOMA GSM -
DISPLAY, M| | PeRIPHERY Toma | 1 sasesanp
KEYBOARD PROCESSOR

MGK102

Fig.1 GSM digital cellular ICs.
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American Digital Cellular RF transceiver
chip—sets (TDMA)

North American Digital Cellular (NADC) IS-54/-136 PCS TDMA
RF Transceiver Chipsets

1st generation TDMA RF transceiver chip-set (Single-band 800MHz, Dual-mode AMPS/DAMPS)

The chip—set combines all of the necessary RF and IF functions into four integrated devices: the SA621 RF front end, the
SA7025 dual frequency synthesizer, the SA900 I/Q transmit modulator and the SA637 digital IF receiver or SA606 FM IF
receiver + external I/Q demodulator. These devices were designed as a system and therefore have interface levels which are
matched, eliminating the need for additional buffers and interface devices. There is also a common high speed serial interface
bus, making addressing the devices simpler. Additionally the frequency plan was designed to eliminate the need for an
additional synthesizer and VCO loop. All of these features dramatically reduces the cost and size while improving the
performance of the overall system.

Although this is our first IS-54/-136 solution, our 4—chip configuration is one of the most integrated and easy to use chip—set
available. For example, the SA900 provides I/Q modulators, the phase shifter, the VGA, a filter, control logic, clock distribution
and more in a single IC. The need for two RF synthesizers was eliminated by closely coupling the SA7025 and the SA900 so it
is possible to use the main synthesizer to simultaneously generate receive and transmit signals. The integration and
connectivity of the chip—set promote significant cost reduction. In addition this integrated solution reduces the time to a final
product by simplifying the design effort.

Philips 1st generation TDMA RF transceiver chipset consists of the following ICs:

SA621 1GHz low voltage LNA, mixer and VOO ... ... i s
SAB06 Low voltage high performance mixer FM/IF system

SA637 Low-voltage digital IF receiver ...................cviiiiiiiiinn,

SA7025 Low-voltage 1GHz fractional-N synthesizer ....................

SA900 I/Q transmit modulator ...l

2nd generation TDMA RF transceiver chip—set (Dual-band 800/1900MHz, Triple-mode AMPS/DAMPS/PCS)
This chip—set combines all the necessary RF and IF functions into three integrated devices: the SA1920 RF dual-band front
end, the SA647 Low power digital IF system receiver and the SA9025 1/Q transmit modulator with integrated dual fractional-N
frequency synthesizer. This is the most highly integrated dual-band, triple-mode PCS chip-set available on the market.
These devices were designed as a system and therefore have interface levels which are matched, eliminating the need for
additional buffers and interface devices. Additionally the frequency plan was designed to eliminate the need for any additional
synthesizer and VCO loop. The result is a smaller, cost effective, low—power phone that is ultimately more attractive to the end
users.

Philips 2nd generation TDMA (PCS) RF transceiver chipset consists of the following ICs:

SA1920 Dual-band 800/1900MHz RF Front—=End . .. ... ... ... .
SA647 Low—Power FM IF System . ... ... o e
SA9025 Transmit Modulator with integrated Dual Fractional-N synthesizer. . .............................
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2nd generation TDMA RF transceiver chip—set

(AMPS/DAMP/PCS)
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DECT (DIGITAL ENHANCED CORDLESS TELECOMMUNICATIONS)

Set to become a world standard for cordless, DECT has been renamed to abbreviate “Digital Enhanced Cordless
Telecommunications”. Philips Semiconductors offers very competitive complete DECT solutions including hardware,
software and support for applications ranging from residential to 2-line business systems. Both off-the-shelf and
customized solutions are available.

Residential and 2-line business systems

* The RF transceiver incorporates a double superheterodyne receiver that is composed of the UMA1022M 2 GHz dual
frequency synthesizer, SA639 FM IF and UAA2067 front end.

The PCD509x (ABC) family is a range of versatile low-power GAP-compliant single chip baseband processor ICs
designed to allow flexibility in the design of residential and small PBX systems and data applications and enables a
high degree of customization of the MMI e.g. speaker phone and conference calling.

The PCD5096 (Universal Codec) integrates two audio codecs, a DSP (performs echo cancellation, conference call,
DTMF, dial tone generation) and two PSTN interfaces onto one chip. Together with the ABC family the universal codec
meets all the requirements to create two-line PSTN low-cost digital cordless systems and add functionality to high-end
corded phones. In addition, the IOM-2 interface can provide analog extensions for ISDN.

Philips Semiconductors also provides GAP-compatible and approved DECT software tested in compliance with
TBR22; both standard catalogue and customized MMIs.

Philips Semiconductors’ DECT ICs include:
UAA2067G - Low voltage RF transceiver-2 GHz
SA639 - Low voltage mixer FM IF system with filter amplifier and data switch
UMA1022M - Low voltage frequency synthesizer for radio telephones
CGY2030/CGY2032 - Low voltage MMIC power amplifiers
PCD5091/2/3/4/5 - DECT baseband processor-ADPCM, burst-mode controller and microcontroller
PCD5096 - Universal CODEC
PCA1070/TEA1118A - Line interface (Basestation)
PCD3316 - Caller ID/Call Waiting (CIDCW)
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2x
alb PCD5096 12c
Ba | UNIVERSAL CODEC
ECHO CANCELLATION
PSTN & IOM v RADIO
Bb | CONFERENCE CALL I PCD5093 CIRCUIT
DSP I
I
[ !
Ba UNIVERSAL CODEC i DJ
ECHO CANGELLATION |
& IOM |[-——1
Bb CONFERENCE CALL
DSP
Di MSC309
e local
L R (speaker phone)

Fig.3 A typical DECT small business system with the PCD5096 universal codec,

the single-chip baseband processor (ABC chip) and an RF interface.

PPa, PPb
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AMPS/(E)TACS/CDPD Analog Cellular

Analog Cellular Chipset

AMPS (Advanced Mobile Phone Service)
TACS (Total Access Communication System)
CDPD (Cellular Digital Packet Data)

AMPS/ETACS

The analog celiular market is a consumer market with heavy price pressures on handsets and components. Analog cellular is still the worlds
largest cellular system. Development in analog cellular handsets still continues at a faster pace, offering more features, lowering prices and
more models.

Manufacturers of handsets face shorter product life cycles, faster Time—to—Market (TtM) and rapidly decreasing market prices. With Philips’
long-time experience in analog cellular, our chipset presents a proven solution.

New ICs in the chipset are developed in order to meet market demand for lower cost and faster TtM.

Current AMPS/ETACS

Our chipset uses proven 3V technology to improve power—consumption of a hand-held phone, thus improving talk-time and standby—time.

The chipset is supported by a software package (source—code), consisting of protocol stack and examples for Man—Machine—Interface (MMI)
and device drivers.

RF Transceiver

The transceiver section consists of 4 low—voltage, low-power ICs: For the Front-End, either the SA611 or SA621 can be used. Both have
high—performance LNA and mixer on—chip. In addition, the SA621 contains an oscillator. With only an external resonator circuit, the SA621 can
be configured as a VCO.

For the FM-IF, either the SA606 or the SA616 can be used. Both down—convert the 1st IF signal to provide the audio/data RSSI signals. The
UMA1015 dual frequency synthesizer locks the receive and transmit VCOs. In the PA section, the SA910 is the low-voltage, high efficiency,
pre—driver IC for the output power transistor (eg. BLT61).

Baseband Section

The AMPS/(E)TACS baseband solution handles all audio and data processing, control and memory functions. The SA5752, SA5753 audio
processors and TDA7050 audio amplifier provide companding, VOX, filtering, amplification and control functions needed to meet AMPS and
(E)TACS system requirements. The UMA1002 low voltage data processor incorporates all of the necessary data transceiving, processing and
SAT functions. The P83CL580 8-bit microcontroller, PCF8582T EEPROM and PSD312L EPROM provide the control and memory for the entire
handset.

The Philips Semiconductors AMPS/(E)TACS/CDPD chipset consists of: IC17 Page
SA611/621 Low voltage LNA and mixer - 1GHZ . . ... ... . s
SA606 Low-voltage high performance mixer FM IF system ........ ... i e e
UMA1015M Low-power dual frequency synthesizer for radio communications ........... ... ... . .. ool
SA5752 Audio processor - companding, VOX and amplifier section ......... ... ... i
SA5753 Audio processor - filter and control section . ........ ... e
UMA1002 Data processor for cellular radio (DPROC2) ... ...uuinti i i i
P83CL580 8-Bit MICTOCONIOller .. ... i
TDA7050 Audio amplifier ... ... e
SA910 Variabe gain RF predriver amplifier . ...... ... i i e et
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COMPLETE CT0 ANALOG CORDLESS CHIPSET

Philips fully supports all analog cordless standards with chipsets, discrete and module solutions, together with
software/firmware, demo boards and comprehensive design-in/application support. Because our baseband
modules/chipsets include some commonality in components and software, our CTO solutions offer a low-risk investment
for OEMs wishing to enter the analog cordless market. Demo/evaluation boards are available to cover all CTO
frequencies.

The low-frequency CTO analog cordless standard is established in many countries at various frequencies around
50 MHz, including:

e France (26/41 MHz)

Australia (30/39 MHz)

The Netherlands and Spain (31/40 MHz)

China, S. Korea, Taiwan, USA, Latin America (46/49 MHz)
China (48/74 MHz).

As this market continues to grow (in terms of countries and increasing user density), our compiete CTO moduie/chipset
system approach offers a low-cost solution with several competitive advantages. Our CT0-V3A chipset, for example,
offers the following functionality:

e Auto-scan multiple-channel access (MCA) system automatically detects and selects a free channel for incoming and
outgoing calls

1200 bps minimurn shift keying (MSK) data transmission for high spectral efficiency and low-energy harmonics
Supports up to seven handsets

Call transfer between base unit and each handsets

20-bit digital security code, user programmable

Advanced, patented power-saving scheme
* 10 days of stand-by with 270 mAh battery
Two-way paging and intercom

Speakerphone on base unit

« EEPROM for non-volatile storage of repertory memory and security code

¢ Independent repertory memory for base unit and each handset

¢ Tone/pulse mix-mode dialing

¢ Channel display in base unit

¢ Built-in ‘test modes’ to facilitate test alignment

» Jumper selectable country options (need to modify RF circuit accordingly).

Other recent additions to our range include the TEA1118 and TEA118A, which are derivatives of our TEA1112
speech/transmission |Cs. These new ICs have transmit inputs which handle signals up to 1 Vrms with less than 2% THD,

and have low transmit gain (typically 11 dB). The TEA1118A incorporates DTMF, Mute and transmit Mute inputs, and is
therefore particularly suitable for CTO.

Philips Semiconductors’ CTO chipset consists of the following ICs:
TDA7052A/AT - 1 Watt low voltage audio power amp with DC volume control
SA676 - Low voltage mixer FM |F system
SA576 - Low power compandor
74V373D - Port extender
PCD3353 or PCD3755 - DTMF dialler, EEPROM, RAM, microcontroller (handset)
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PCD3354A - DTMF dialler, EEPROM, RAM, microcontroller (base station)
TEA1094 - Speaker phone amplifier (base station)

TEA1062A or TEA1118/A - Speech and line interfaces (base station)
LC7152M - Dual PLL synthesizer

HEF4511 - Seven-segment driver

HANDSET
RX-AF
S EXPANDER| "2 | AUDIO AMP.
from RF module —+~ 3 1/2 NE576 TDA7052AT EI
earpiece
DATAY
DATA
FILTER/ REGULATOR & [T +
RSSI RSSI < SHAPER BATTERY
from RF module——>——15AmpLER| DETECTOR | -
% R-DATY battery
PLUCE MSK CODEC, EEPROM, aEe |
to RF module “pLLDs | PORT EXTENDER <: HCONTROLLER <— AR |
to RF module «———==—  74LV373D PCD3353/ [AER |
to RF module +LELCL | PCD3755 Toled
T-DAT KEYPAD
con't,rltl)‘:-sr !onrelst, i DATA
e FILTER buzzer
to RF module COMPRESSOR MiC
! 1/2 NE576 :
summing
AMP. pre AMP. MSC404
Fig.1 CT0-V3A handset chipset.
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MUTE —EQ speaker
SPEAKERPHONE

BASE UNIT BEEP TEA1094/A
> —(O) mic.
> EXPANDER RX-AF
from RF module AUDIo 1/2 NES76 ] I
from RF module ‘ [
RSSI Y DATA . \ analog \
switches
RSSI DATA Y .
SAMPLER ;ﬁgga DTMF]  SPEECH CIRCUIT
TEA1062/A or TEA1118/A
¥ S-Hi vy R-DAT A
TEL.
line

MSK CODEC, RING-DETECT, [~
PLUCE : '
PLLDI DIALER, EEPROM,

W

to RF module <

to RF module ¢————— uCONTROLLER fing-in
to RF module +—FEL/CL PCD3354A 970 ¢ | PHOTOCOUPLER |+
Y T-DAT @
7 SEG. i", TX-AF ¥
DATA TT2ls] > DAIVER > fem
FILTER 4]5[6 HEF4511 L)
7189
*10]# P KEYPAD
to RF module «—M9D COMPRESSOR
) 1/2 NE576 N MSC403
summing
AMP.

Fig.2 CT0-V3A base unit chipset.
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PAGING
FLEX™™

FLEX™ is now the de-facto high-speed paging standard with the following advantages:
« More subscribers per given frequency and shorter transmission air time

¢ Highly improved battery life

» Very robust signal codes (fewer missed or corrupted messages)

« Efficient traffic management for service provider possible.

The FLEXChip™ PCD5008 pager decoder has the following key features:

« FLEX™ paging protocol decoder

e Bitrates: 1600, 3200 and 6400 bps

¢ 16 short or 8 long addresses, 16 fixed temporary addresses

Any-phase decoding

RTC time base and “Over-the-air” time update support

Compatible with synthesized receivers

Low Battery Indication (external detector)

Low profile LQFP32 package

Low voltage 1.8 t0 3.6 V

e Low power consumption by using hardware decoding

A demoboard and application notes are available for this decoder.

POWER 1]2|3Q
SUPPLY FLEXstack™ 41516
SOFTWARE 71819
* 0 #
RECEIVER | receiver KEYPAD
control ﬂ
FLEXchip™ | P HOST BEEPER
<+ IC <+
MICROPROCESSOR
RECEIVER PCD5008 N I/_;"
data ready LED
> - S
SPI
API <+
VIBRATOR

MSCs598

Fig.1 FLEX™ circuit diagram.

1997 Dec 15 73



Philips Semiconductors

Semiconductors for Wireless

. Introduction
Communications

POCSAG/APOC1

We offer five advanced chips for all the key functions of beep-only, numeric and alphanumeric pagers:
UAA2080/2 - pager receiver
PCF5001 - POCSAG paging decoder
PCD5003 - advanced POCSAG paging decoder
PCD5002 - advanced POCSAG/APOC1 paging decoder

Evaluation kits and application notes are available for these components.

UAA2080/82 PAGER RECEIVERS

These are high-performance low-power radio receiver circuits primarily intended for VHF and UHF wide-area
(country-wide) digital pagers. With a high level of integration, both devices can be used in very thin pagers (e.g.
wrist-watch or credit card types). Employing direct FM non-return-to-zero (NRZ) frequency shift keying (FSK), the
receivers are based on the direct conversion principle (zero IF). Operating up to 2400 baud, the UAA2080/82 are unique
in their size, power consumption and performance advantages. The UAA2082 has additionally a low-battery detect
voltage of 1.1 V; the internal oscillator is disconnected when using direct injection from a frequency synthesizer, to further
reduce current consumption.

Key features include:

 high integration level

« wide frequency range

¢ low power consumption

¢ high sensitivity

¢ high dynamic range

« interfaces directly with the PCF5001, PCD5002, PCD5003
 QFP32, SO28 package or naked chip.

PCF5001 Low cosT POCSAG PAGING DECODER

This is a fully integrated low-power decoder and pager controller, which was specially developed for radio pagers. It
interfaces directly to the UAA2080/82 digital paging receivers. It decodes the CCIR radio paging Code No.1 at 512, 1200
and 2400 bits/s data rates and includes a digital input filter for high call success rates.

Key features include:

» extremely cost efficient (low price/performance ration)

¢ on-chip 114-bit EEPROM storage

* wide supply voltage range (1.5 to 6 V)

¢ low supply current (60 A with 76.8 kHz crystal)

e data rates up to 2400 bits/s possible

e supports 4 user addresses (Receiver Identity Codes) in 2 independent frames

e drives an LED, a magnetic or piezo ceramic beeper directly and offers optional vibrator type alerting
e silent call storage (up to 8 calls)

 QFP32, SO28 package or naked chip.
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PCD5002 ADVANCED POCSAG AND APOC1 PAGING DECODER

The PCD5002 is a very low power pager decoder and controller, capable of handling both standard POCSAG and the
advanced APOC1 code. Data rates supported are 512, 200 and 2400 bps using a single 76.8 kHz crystal. On-chip
EEPROM is programmable using a minimum supply voltage of 2.5 V.

Key features include:

o POCSAG compatible

e APOC1 compatible for extended battery economy

* data rates supported are 512, 1200 and 2400 bps using a single 76.8 kHz crystal

e advanced ACCESS synchronization algorithm

e 2-bit random and (optional) 4-bit burst error correction

* up to 6 user address frames, independently programmable

 continuous data decoding upon reception of user programmable sync word (optional)
e call alert via beeper, vibrator or LED

* separate power control of receiver and RF oscillator for battery economy

e on-chip EEPROM (384 bit) is programmable using a minimum supply voltage of 2.5 V
» on-chip SRAM buffer for message data

¢ wake-up interrupt for microcontroller, programmable polarity

¢ real Time Clock reference output

* on-chip voltage doubler

« |2C-interface to microcontroller for transfer of data, status/control and EEPROM programming (max 100 kb/s)
interface to UAA2080 and UAA2082 paging receivers

» wide operating voltage range 1.5t0 6.0 V

[=YalnY NG AN Damiia A
PCD5003 POCSAG FAGING DELLUER

The PCD5003 is a very low power decoder and pager controller. It supports data rates of 512, 1200 and 2400 bps using
a single 76.8 kHz crystal. Its on chip EEPROM is programmable with a minimum supply of 2.5 V.
Key features are:

* low operating current (50 mA ON; 25 mA OFF)

¢ 2-bit random and (optional) 4-bit burst address error correction

e up to 6 user addresses (RICs), in up to 6 different frames

¢ standard POCSAG synch. word, plus up to 4 user-programmable synch. words

» received data inversion (optional)

» synthesizer set-up and control interface (3-line serial)

» separate power control or Receiver and RF oscillator for battery economy

¢ on-chip SRAM buffer for message data

« direct and I12C-bus control of operating status (ON/OFF)

o wake-up interrupt for microcontroller, programmable polarity

« built-in data filter and bit clock recovery

» low profile package LQFP32
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EVALUATION KITS

OM4706 - POCSAG decoder board PCF5001

OM4718 - Test program board for PCF5001

OM4745 - 2080H 173 MHz

OM4746 - 2080H 288 MHz

OM4747 - 2080H 470 MHz

OM4748 - 2080H frequency open

OM4749 - Pager bit error rate test board

OM4759 - PALOMA SW for pager antenna calc.

OM4763 - PCD5003 POCSAG decoder system

OM5837 - Pager demo system for the PCD5008 FLEX™ decoder

LCD DRIVER
——| PCFBs66/76/77CI78
PCF2114/16
EXTRA MEMORY
RECEIVER DECODER MICRO- - PC)gfg;/;zE/g;m
PCF5001 (POCSAG) | , | PROCESSOR
UAA2080 | . PCF8570 (RAM)
UAA2082H PCD5002H/3H P83CL782 dbdin
(POCSAG/APOC1) P87CLE81
PCD5008H (FLEX)
’c
L, RTC
PCF8583/93

MGKo83

Fig.2 Paging solutions.
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Quality

TOTAL QUALITY MANAGEMENT

Philips Semiconductors is a Quality Company, renowned
for the high quality of our products and service. We keep
alive this tradition by constantly aiming towards one
ultimate standard, that of zero defects. This aim is guided
by our Total Quality Management (TQM) system, the basis
of which is described in the following paragraphs.

Quality assurance

Based on ISO 9000 standards, customer standards such
as Ford TQE and IBM MDQ. Our factories are certified to
1SO 9000 by external inspectorates.

Partnerships with customers

PPM co-operations, design-in agreements, ship-to-stock,
just-in-time and self-qualification programmes, and
application support.

Partnerships with suppliers

Ship-to-stock, statistical process control and ISO 9000
audits.

Quality improvement programme

Continuous process and system improvement, design
improvement, complete use of statistical process control,
realization of our final objectlve of zero defects, and
lanictine ahin_tn_etnnlk and i

imnraovaman Lo 10
luylouuo nuylvvcnlclll u_y SNHP-10-510CK ang Jus

agreements.

ADVANCED QUALITY PLANNING

During the design and development of new products and
processes, quality is built-in by advanced quality planning.
Through failure-mode-and-effect analysis the critical
parameters are detected and measures taken to ensure
good performance on these parameters. The capability of
process steps is also planned in this phase.
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PRODUCT CONFORMANCE

The assurance of product conformance is an integral part
of our quality assurance (QA) practice. This is achieved by:

Incoming material management through partnerships
with suppliers.

In-line quality assurance to monitor process
reproducibility during manufacture and initiate any
necessary corrective action. Critical process steps are
100% under statistical process control.

Acceptance tests on finished products to verify
conformance with the device specification. The test
results are used for quality feedback and corrective
actions. The inspection and test requirements are
detailed in the general quality specifications.

Periodic inspections to monitor and measure the
conformance of products.

PRODUCT RELIABILITY

With the increasing complexity of Original Equipment
Manufacturer (OEM) equipment, component reliability
must be extremely high. Our research laboratories and
development departments study the failure mechanisms of
semiconductors. Their studies result in design rules and
process optimization for the highest built-in product
reliability. Highly accelerated tests are applied to the
products reliability evaluation. Rejects from reliability tests
and from customer complaints are submitted to failure

analysis, to result in corrective action.

CUSTOMER RESPONSES

Our quality improvement depends on joint action with our
customer. We need our customer’s inputs and we invite
constructive comments on all aspects of our performance.
Please contact our local sales representative.

RECOGNITION

The high quality of our products and services is
demonstrated by many Quality Awards granted by major
customers and international organizations.
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Pro electron type numbering

DISCRETE SEMICONDUCTORS
Basic type number

This type designation code applies to discrete
semiconductor devices (not integrated circuits), multiples
of such devices, semiconductor chips and Darlington
transistors.

FIRST LETTER
The first letter gives information about the material for the
active part of the device.

A Germanium or other material with a band gap of 0.6 to
1eV

B Silicon or other material with a band gap of 1 to 1.3 eV

Gallium arsenide (GaAs) or other material with a band
gap of 1.3 eV or more

(@]

R Compound materials, e.g. cadmium sulphide.

SECOND LETTER

The second letter indicates the function for which the
device is primarily designed. The same letter can be used
for multi-chip devices with similar elements.

In the following list low power types are defined by

Rth j-mb > 15 K/W and power types by Ry jmp < 15 K/W.
Diode; signal, low power

Diode; variable capacitance

Transistor; low power, audio frequency

Transistor; power, audio frequency

Diode; tunnel

Transistor; low power, high frequency

G T mooO ’>»

multiple of dissimilar devices/miscellaneous devices;
e.g. oscillators. Also with special third letter, see under
“Serial number/special third letter’

Diode; magnetic sensitive
Transistor; power, high frequency
Photocoupler

Tz I

Radiation detector; e.g. high sensitivity
photo-transistor; with special third letter

Radiation generator; e.g. LED, laser; with special third
letter

9]

R Control or switching device; e.g. thyristor, low power;
with special third letter

(4]

Transistor; low power, switching

-

Control and switching device; e.g. thyristor, power;
with special third letter
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Transistor; power, switching

Surface acoustic wave device

Diode; multiplier, e.g. varactor, step recovery
Diode; rectifying, booster

N <X s C

Diode; voltage reference or regulator, transient
suppressor diode; with special third letter.

SERIAL NUMBER/SPECIAL THIRD LETTER

The number comprises three figures running from 100 to
999 for devices primarily intended for consumer
equipment, or one letter (Z, Y, X, etc.) and two figures
running from 10 to 99 for devices primarily intended for
industrial or professional equipment.(!) The letter has no
fixed meaning, except in the following cases:

A For triacs, after second letter ‘R’ or ‘T’

F  For emitters and receivers in fibre-optic
communication, after second letter ‘G’, ‘P’ or ‘Q’. When
the second letter is ‘G, the first letter should be defined
in accordance with the material of the main optical
device.

L Forlasers in non-fibre-optic applications, after second
letter ‘G’ or ‘Q’. When the second letter is ‘G’, the first
letter should be defined in accordance with the
material of the main optical device.

O For opto-triacs, after second letter ‘R’
T For 3-state bicolour LEDs, after second letter ‘Q’

W  For transient voltage suppressor diodes, after second
letter 'Z'.

EXAMPLES OF BASIC TYPE NUMBERS

AA112  Germanium, low power signal diode (consumer
type)

ACY32 Germanium, low power AF transistor (industrial
type)

BD232  Silicon, power AF transistor (consumer type)

CQY17 GaAs, light-emitting diode (industrial type)

RPY84 CdS, photo-conductive cell (industrial type).

Version letter(s)

One or two letters may be added to the basic type number
to indicate minor electrical or mechanical variants of the
basic type. The letters never have a fixed meaning, except
that the letter ‘R’ indicates reverse polarity and the letter
‘W’ indicates a surface mounted device (SMD).

(1) When the supply of these serial numbers is exhausted, the
serial number may be expanded to three figures for industrial
types and four figures for consumer types.
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Suffix

Sub-classification can be used for devices supplied in a
wide range of variants, called associated types. The
following sub-coding suffixes are in use:

VOLTAGE REFERENCE AND VOLTAGE REGULATOR DIODES

One letter and one number, preceded by a hyphen (-). The
letter, if required, indicates the nominal tolerance of the
Zener voltage.

A 1%
B 2%
C 5%
D 10%
E 20%.

In the case of a 3% tolerance, the letter ‘F’ is used.

The number denotes the typical operating (Zener) voltage,
related to the nominal current rating for the entire range.
The letter 'V’ is used in place of the decimal point.

Example: BZY74-C6V3 or -C10.

TRANSIENT VOLTAGE SUPPRESSOR DIODES

One number, preceded by a hyphen (-). The number
indicates the maximum recommended continuous
reversed (stand-off) voltage, Vg. The letter 'V’ is used in
place of the decimal point.

Example: BZW70-9V1 or -39.

The letter ‘B’ may be used immediately after the last
number, to indicate a bidirectional suppressor diode.

Example: BZW10-15B.

CONVENTIONAL AND CONTROLLED AVALANCHE RECTIFIER
DIODES AND THYRISTORS

One number, preceded by a hyphen (-). The number
indicates the rated maximum repetitive peak reverse
voltage, Vrgwm, or the rated repetitive peak off-state
voltage, Vprm, whichever is the lower. Reversed polarity
with respect to the case is indicated by the letter ‘R’
immediately after the number.

Example: BYT-100 or -100R.

RADIATION DETECTORS

One number, preceded by a hyphen (-). The number
indicates the depletion layer in micrometres (um). The
resolution is indicated by a version letter.
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Example: BPX10-2A.

ARRAY OF RADIATION DETECTORS AND GENERATORS

One number, preceded by a hyphen (-). The number
indicates the number of basic devices assembled into the
array.

Examples: BPW50-6, BPW50-9, BPW50-12.

HIGH FREQUENCY POWER TRANSISTORS

One number, preceded by a hyphen (-). The number
indicates the supply voltage.

Example: BLU80-24.

INTEGRATED CIRCUITS
Basic type number

This type designation code applies to semiconductor
monolithic, semiconductor multi-chip, thin film, thick film
and hybrid integrated circuits. The basic type number
comprises three letters followed by a serial number.

FIRST AND SECOND LETTERS
Digital family circuits
The first two letters identify the family.(1)

CAlitnms Airnnita
o uinsS

The first letter divides solitary circuits into:
S Solitary digital circuits

T Analog circuits

U Mixed analog/digital circuits.

The second letter is a serial letter without any further
significance except ‘H’ which stands for hybrid circuits. (@)

Microprocessors

The first two letters identify microprocessors and related
circuits:

MA  Microcomputer or central processing unit
MB  Slice processor (functional slice of microprocessor)

(1) A logic family is an assembly of digital circuits designed to be
interconnected and defined by its base electrical
characteristics, such as supply voltage, power consumption,
propagation delay, noise immunity.

(2) The first letter ‘S’ should be used for all solitary memories, to
which, in the event of hybrids, the second letter ‘H’ should be
added, for example, SH for bubble memories.
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MD  Related memories

ME  Other related circuits such as interfaces, clocks,
peripheral controllers, etc.

Charge-transfer devices and switched capacitors

The first two letters identify:

NH  Hybrid circuits

NL  Logic circuits

NM  Memories

NS  Analog signal processing using switched capacitors

NT  Analog signal processing using charge-transfer
devices

NX  Imaging devices

Al e

NIV P P |
ultier reiaiea Circuns.

NY
THIRD LETTER

The third letter indicates the operating ambient
temperature range:

A temperature range not specified below

B Oto+ 70°C

C -55to0+125°C

D -25to+ 70°C

E -25to+ 85°C

F -40to+ 85°C

G -55to+ 85°C.

If a device has another temperature range, the letter ‘A’ or
aletterindicating a narrower temperature may be used, for
example, the range of 0 to +75 °C can be indicated by ‘A’
or ‘B’. Should two devices with the same basic type
number both have temperature ranges other than those

specified, one would use the letter ‘A’ and the other the
letter ‘X'.

Serial number

This may be a four-digit number assigned by Pro Electron,
or the serial number (which may be a combination of
figures and letters) of an existing company type
designation of the manufacturer.

Version letter

A single version letter may be added to the basic type
number. This indicates a minor variant of the basic type or
the package. The version letter has no fixed meaning
except for ‘Z' which means customized wiring. The
following letters are recommended for package variants:
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Cylindrical

Ceramic dual in-line (CERDIL, CERDIP)
Flat pack (two leads)

Flat pack (four leads)

Quad flat pack (QFP)

Chip on tape (foil)

Plastic dual in-line (DIL)

Quad in-line (QUIL)

Mini pack (SOL, SO, VSO)

Uncased chip.

cH Q9 v r T OG™MOO

Two-letter suffix

A two-letter suffix may be used instead of a single package
version letter to give more information. To avoid confusion
with serial numbers that end with a letter, a hyphen should
precede the suffix.

FIRST LETTER (GENERAL SHAPE)
Cylindrical

Dual in-line (DIL)

Power DIL (with external heatsink)
Flat pack (leads on two sides)

Flat pack (leads on four sides)
Quad flat pack (QFP)

Diamond (TO-3 family)

Multiple in-line (except dual, triple and quad)
Quad in-line (QUIL)

Power QUIL (with external heatsink)
Single in-line (SIL)

Triple in-line

Leaded chip carrier (LCC)

Leadless chip carrier (LLCC)

Pin grid array (PGA).

-<><§—I(D:UO§XIG)TIFHUO

SECOND LETTER (MATERIAL)
C Metal-ceramic

G Glass-ceramic
M Metal

P Plastic.
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Examples

PCF1105WP: digital IC; PC family; operating temperature
range —40 to +85 °C; serial number 1105; plastic leaded
chip carrier.

GMB74LS00A-DC: digital IC; GM family; operating
temperature range 0 to +70 °C; company number
74LS00A; ceramic DIL package.

TDA1000P: analog IC; operating temperature range
non-standard; serial number 1000; plastic DIL package.

SAC2000: solitary digital circuit; operating temperature
range -55 to +125 °C; serial number 2000.
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RATING SYSTEMS

The rating systems described are those recommended by
the IEC in its publication number 134.

Definitions of terms used
ELECTRONIC DEVICE

An electronic tube or valve, transistor or other
semiconductor device. This definition excludes inductors,
capacitors, resistors and similar components.

CHARACTERISTIC

A characteristic is an inherent and measurable property of
a device. Such a property may be electrical, mechanical,
thermal, hydraulic, electro-magnetic or nuclear, and can
be expressed as a value for stated or recognized
conditions. A characteristic may also be a set of related
values, usually shown in graphical form.

BOGEY ELECTRONIC DEVICE

An electronic device whose characteristics have the
published nominal values for the type. A bogey electronic
device for any particular application can be obtained by
considering only those characteristics that are directly
related to the application.

RATING

ichne ai
A value that establishes ei

limiting condition for an electronic device. It is determined
for specified values of environment and operation, and
may be stated in any suitable terms. Limiting conditions
may be either maxima or minima.

RATING SYSTEM

The set of principles upon which ratings are established
and which determine their interpretation. The rating
system indicates the division of responsibility between the
device manufacturer and the circuit designer, with the
object of ensuring that the working conditions do not
exceed the ratings.

Absolute maximum rating system

Absolute maximum ratings are limiting values of operating
and environmental conditions applicable to any electronic
device of a specified type, as defined by its published data,
which should not be exceeded under the worst probable
conditions.
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These values are chosen by the device manufacturer to
provide acceptable serviceability of the device, taking no
responsibility for equipment variations, environmental
variations, and the effects of changes in operating
conditions due to variations in the characteristics of the
device under consideration and of all other electronic
devices in the equipment.

The equipment manufacturer should design so that,
initially and throughout the life of the device, no absolute
maximum value for the intended service is exceeded with
any device, under the worst probable operating conditions
with respect to supply voltage variation, equipment
component variation, equipment control adjustment, load
variations, signal variation, environmental conditions, and
variations in characteristics of the device under
consideration and of all other electronic devices in the
equipment.

Design maximum rating system

Design maximum ratings are limiting values of operating
and environmental conditions applicable to a bogey
electronic device of a specified type as defined by its
published data, and should not be exceeded under the
worst probable conditions.

These values are chosen by the device manufacturer to
provide acceptable serviceability of the device, taking
responsibility for the effects of changes in operating
conditions due to variations in the characteristics of the
eiectronic device under consideration.

The equipment manufacturer should design so that,
initially and throughout the life of the device, no design
maximum value for the intended service is exceeded with
a bogey electronic device, under the worst probable
operating conditions with respect to supply voltage
variation, equipment component variation, variation in
characteristics of all other devices in the equipment,
equipment control adjustment, load variation, signal
variation and environmental conditions.

Design centre rating system

Design centre ratings are limiting values of operating and
environmental conditions applicable to a bogey electronic
device of a specified type as defined by its published data,
and should not be exceeded under normal conditions.
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These values are chosen by the device manufacturer to
provide acceptable serviceability of the device in average
applications, taking responsibility for normal changes in
operating conditions due to rated supply voltage variation,
equipment component variation, equipment control
adjustment, load variation, signal variation, environmental
conditions, and variations in the characteristics of all
electronic devices.

The equipment manufacturer should design so that,
initially, no design centre value for the intended service is
exceeded with a bogey electronic device in equipment
operating at the stated normal supply voltage.
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ELECTROSTATIC CHARGES

Electrostatic charges can exist in many things; for
example, man-made-fibre clothing, moving machinery,
objects with air blowing across them, plastic storage bins,
sheets of paper stored in plastic envelopes, paper from
electrostatic copying machines, and people. The charges
are caused by friction between two surfaces, at least one
of which is non-conductive. The magnitude and polarity of
the charges depend on the different affinities for electrons
of the two materials rubbing together, the friction force and
the humidity of the surrounding air.

Electrostatic discharge is the transfer of an electrostatic
charge between bodies at different potentials and occurs
with direct contact or when induced by an electrostatic
field. All of our MOS devices are internally protected
against electrostatic discharge but they can be damaged
if the following precautions are not taken.

WORK STATION

Figure 1 shows a working area suitable for safely handling
electrostatic sensitive devices. It has a work bench, the
surface of which is conductive or covered by an antistatic
sheet. Typical resistivity for the bench surface is between
1 and 500 kQ per cm?. The floor should also be covered
with antistatic material. The following precautions should
be observed:

* Persons at a work bench should be earthed via a wrist

atran and

n a rocictar
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* All mains-powered electrical equipment should be
connected via an earth leakage switch.

e Equipment cases should be earthed.

Relative humidity should be maintained between 50 and
65%.

An ionizer should be used to neutralize objects with
immobile static charges.

RECEIPT AND STORAGE

MOS devices are packed for dispatch in
antistatic/conductive containers, usually boxes, tubes or
blister tape. The fact that the contents are sensitive to
electrostatic discharge is shown by warning labels on both
primary and secondary packing.
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The devices should be kept in their original packing whilst
in storage. If a bulk container is partially unpacked, the
unpacking should be performed at a protected work
station. Any MOS devices that are stored temporarily
should be packed in conductive or antistatic packing or
carriers.

ASSEMBLY

MOS devices must be removed from their protective
packing with earthed component pincers or short-circuit
clips. Short-circuit clips must remain in place during
mounting, soldering and cleansing/drying processes. Do
not remove more devices from the storage packing than
are needed at any one time. Production/assembly
documents should state that the product contains
electrostatic sensitive devices and that special precautions
need to be taken.

During assembly, ensure that the MOS devices are the last
of the components to be mounted and that this is done at
a protected work station.

All tools used during assembly, including soldering tools
and solder baths, must be earthed. All hand tools should
be of conductive or antistatic material and, where possible,
should not be insulated.

Measuring and testing of completed circuit boards must be
done at a protected work station. Place the soldered side
of the circuit board on conductive or antistatic foam and
remove the short-circuit clips. Remove the circuit board
from the foam, holding the board only at the edges. Make
sure the circuit board does not touch the conductive
surface of the work bench. After testing, replace the circuit
board on the conductive foam to await packing.

Assembled circuit boards containing MOS devices should
be handled in the same way as unmounted MOS devices.
They should also carry warning labels and be packed in
conductive or antistatic packing.
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(1) Earthing rail.

(2) Resistor (500 kQ * 10%, 0.5 W).
(3) lonizer.

(4) Work bench.

(6) Chair.

(6) Wrist strap.

(7) Electrical equipment.

(8) Conductive surface/antistatic sheet.
(9) Antistatic floor.

Fig.1 Protected work station.
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Applications for compandors NE570/571/SA571

AN174

APPLICATIONS

The following circuits will illustrate some of the wide variety of
applications for the SA570.

BASIC EXPANDOR

Figure 1 shows how the circuit would be hooked up for use as an
expandor. Both the rectifier and AG cell inputs are tied to V| so that
the gain is proportional to the average value of (Viy). Thus, when
Vn falls 6dB, the gain drops 6dB and the output drops 12dB. The
exact expression for the gain is

2
2 Rz Vi (av!
Gain exp. = [%(IBQ)]

Ig = 140pA

The maximum input that can be handled by the circuit in Figure 1 is
a peak of 3V. The rectifier input current can be as large as
1=3V/R1=3V/10k=300uA. The AG cell input current should be limited
to 1=2.8V/Rp=2.8V/20k=140uA. If it is necessary to handle larger
input voltages than 0 +2.8V peak, external resistors should be
placed in series with Ry and R to limit the input current to the above
values.

Figure 1 shows a pair of input capacitors Cyy¢ and Cyp. It is now
necessary to use both capacitors if low level tracking accuracy is not
important. If Ry and Ry are tied together and share a common
capacitor, a small current will flow between the AG cell summing
node and the rectifier summing node due to offset

R3
CIN1 ga
4G -
Vourt
VIN +
R4 VREF
CiN2
R1
j: CRECT
= SR00718

Figure 1. Basic Expandor

voltages. This current will produce an error in the gain control signal
at low levels, degrading tracking accuracy.

The output of the expandor is biased up to 3V by the DC gain
provided by Rg, R4. The output will bias up to

Rs
Vouroc = 1 + R, VRer

For supply voltages higher than 6V, R4 can be shunted with an
external resistor to bias the output up to Vgc.

Note that it is possible to externally increase Ry, Ry, and R3, and to
decrease Rz and Ry. This allows a great deal of flexibility in setting
up system levels. If larger input signals are to be handled, Ry and
Ro may be increased; if a larger output is required, Rz may be
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increased. To obtain the largest dynamic range out of this circuit, the
rectifier input should always be as large as possible (subject to the
+300pA peak current restriction).

BASIC COMPRESSOR

Figure 2 shows how to use the SA570/571 as a compressor. It
functions as an expandor in the feedback loop of an op amp. If the
input rises 6dB, the output can rise only 3dB. The 3dB increase in
output level produces a 3dB increase in gain in the AG cell, yielding
a 6dB increase in feedback current to the summing node. Exact
expression for gain is

1
Ry Ryl |?
2 Ry Vi (avg)

Gain comp. = [

The same restrictions for the rectifier and AG cell maximum input
current still hold, which place a limit on the maximum compressor
output. As in the expandor, the rectifier and AG cell inputs could be
made common to save a capacitor, but low level tracking accuracy
would suffer. Since there is no DC feedback path around the op amp
through the AG cell, one must be provided externally. The pair of
resistors Rpc and the capacitor Cpc must be provided. The op amp
output will bias up to

Roc
Voutoe = (1 + R_4> Vrer

For the largest dynamic range, the compressor output should be as
large as possible so that the rectifier input is as large as possible
(subject to the +300pnA peak current restriction). If the input

signal is small, a large output can be produced by reducing Rz with
the attendant decrease in input impedance, or by increasing R4 or
R.. It would be best to increase R rather than R4 so that the
rectifier input current is not reduced.

R2 CF1

Ex 2

CRECT
T
Rpc = Rpc
—AM———MA—
I ¢
VIN R3 = o¢
o— "W\

Vout
Lo

CiN
R4 iVREF

= SR00721

Figure 2. Basic Compressor

DISTORTION TRIM

Distortion can be produced by voltage offsets in the AG cell. The
distortion is mainly even harmonics, and drops with decreasing input
signal (input signal meaning the current into the AG cell). The THD
trim terminal provides a means for trimming out the offset voltages
and thus trimming out the distortion. The circuit shown in Figure 3is
suitable, as would be any other capable of delivering +30pnA into
100Q2 resistor tied to 1.8V.
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R3
A
CINt  R2
a6 - Vout
——O
VREF
ViN R4 +
CiIN2 A1
RA Rp
I“’V\/\/——-~—’VV\I--—>
- :I CRECT
= SR00722
Figure 3. Expandor With Low Level Mistracking
LOW LEVEL MISTRACKING at low level signals the resuit would be infinite compression. The

The compandor will follow a 2-to-1 tracking ratio down to very low
levels. The rectifier is responsible for errors in gain, and it is the
rectifier input bias current of <100nA that produces errors at low
levels. The magnitude signal level drops to a 1pA average, the bias
current will produce a 10% or 1dB error in gain. This will occur at
42dB below the maximum input level.

Vee
R
3.6V
6.2k
O——AMA— 2 20k
To THD Trim |
== . 200pF
T D
= Vour SR00723
Figure 4. THD Trim Network

Itis possible to deviate from the 2-to-1 transfer characteristic at low
levels as shown in the circuit of Figure 4. Either Ra or Rg, (but not
both), is required. The voltage on Crect is 2xVgg plus V) avg. For
low level inputs V| avg is negligible, so we can assume 1.3V as the
bias on Crecr. If Ra is placed from Crgct to AND we will bleed off
acurrent I1=1.3V/Rp. If the rectifier average input current is less than
this value, there will be no gain control input to the AG cell so that its
gain will be zero and the expandor output will be zero. As the input
level is raised, the input current will exceed 1.3V/Rp and the
expandor output will become active. For large input signals, Ra will
have little effect. The result of this is that we will deviate from the
2-to-1 expansion, present at high levels, to an infinite expansion at
low levels where the output shuts off completely. Figure 5 shows
some examples of tracking curves which can be obtained.
Complementary curves would be obtained for a compressor, where
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bleed current through R will be a function of temperature because
of the two Vg drops, so the low level tracking will drift with
temperature. If a negative supply is available, if would be desirable
to tie R to that, rather than ground, and to increase its value
accordingly. The bleed current will then be less sensitive to the Vgg
temperature drift.

RA-100K
L~
250K

500K

COMPRESSOR INPUT LEVEL OR
EXPANDOR QUTPUT LEVEL dB

1Meg

" L
—40 -30 -20 -1 0 +10

EXPANDOR INPUT LEVEL dB OR
COMPRESSOR OUTPUT LEVEL

SR00724

Figure 5. Mistracking With Rp

Rg will supply an extra current to the rectifier equal to
(Vce—1.3V)Rg. In this case, the expandor transfer characteristic will
deviate towards 1-to-1 at low levels. At low levels the expandor gain
will stop dropping and the expansion will cease. In a compressor,
this would lead to a lack of compression at low levels. Figure 6
shows some typical transfer curves. An Rg value of approximately
2.5M would trim the low level tracking so as to match the Bell
system N2 trunk compandor characteristic.
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R = 250K

R =1Meg

COMPRESSOR INPUT LEVEL OR
EXPANDOR QUTPUT LEVEL dB
A
=3
T

Rp =5Meg

-80
-50 -40 -30 -20 -10 0 +10

EXPANDOR INPUT LEVEL dB OR
COMPRESSOR OUTPUT LEVEL SR00725

Figure 6. Mistracking With Rg
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Figure 7. Rectifier Bias Current Compensation
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Figure 8. Rectifier Performance With Bias Current
Compensation

RECTIFIER BIAS CURRENT CANCELLATION

The rectifier has an input bias current of between 50 and 100nA.
This limits the dynamic range of the rectifier to about 60dB. It also
limits the amount of attenuation of the AG cell. The rectifier dynamic
range may be increased by about 20dB by the bias current trim
network shown in Figure 7. Figure 8 shows the rectifier
performance with and without bias current cancellation.
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Figure 9. Gain vs Time Input Steps of +10, +20, +30dB
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Figure 10. Compressor Attack Envelope +12dB Step

&

FERS
=
£
Sa2
s
<1
0 PR S SR R S SR S
0 2 .4 6 810 1214 16 1.8
TIME CONSTANTS = 10K CRECT SR00730

Figure 11. Compressor Release Envelope —12dB Step

The attack and decay times of the compandor are determined by the
rectifier filter time constant 10kxCrgct. Figure 9 shows how the
gain will change when the input signal undergoes a 10, 20, or 30dB
change in level.

The attack time is much faster than the decay, which is desirable in
most applications. Figure 10 shows the compressor attack
envelope for a +12dB step in input level. The initial output level of 1
unit instantaneously rises to 4 units, and then starts to fall towards
its final value of 2 units. The CCITT recommendation on attack and
decay times for telephone system compandors defines the attack
time as when the envelope has fallen to a level of 3 units,
corresponding to t=0.15 in the figure. The CCITT recommends an
attack time of 3 +2ms, which suggests an RC product of 20ms.
Figure 11 shows the compressor output envelope when the input
level is suddenly reduced 12dB. The output, initially at a level of 4
units, drops 12dB to 1 unit and then rises to its final value of 2 units.
The CCITT defines release time as when the output has risen to 1.5
units, and suggests a value of 13.5 £9ms. This corresponds to
t=0.675 in the figure, which again suggests a 20ms RC product.
Since R1=10k, the CCITT recommendations will be met if
Crect=2uF.

There is a trade-off between fast response and low distortion. if a
small Crecr is used to get very fast attack and decay, some ripple
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will appear on the gain control line and produce distortion. As a rule,
a 1uF Crgct Will produce 0.2% distortion at 1kHz. The distortion is
inversely proportional to both frequency and capacitance. Thus, for
telephone applications where Crecr=2uF, the ripple would cause
0.1% distortion at 1kHz and 0.33% at 800Hz. The low frequency
distortion generated by a compressor would be cancelled (or
undistorted) by an expandor, providing that they have the same
value of Crect

FAST ATTACK, SLOW RELEASE HARD LIMITER
The SA570/571 can be easily used to make an excellent limiter.
Figure 12 shows a typical circuit which requires of an SA570/571,
of an LM339 quad comparator, and a PNP transistor. For small
signals, the AG cell is nearly off, and the circuit runs at unity gain as
set by Rg, R7. When the output signal tries to exceed a + or -1V
peak, a comparator threshold is exceeded. The PNP is turned on
and rapidly charges C4 which activates the AG cell. Negative
feedback through the AG cell reduces the gain and the output signal
level. The attack time is set by the RC product of Rg and C4, and
the release time is determined by C4 and the internal rectifier
resistor, which is 10k. The circuit shown attacks in less than 1ms
and has a release time constant of 100ms. Rg trickles about 0.7pA

through the rectifier to prevent C4 from becoming completely
discharged. The gain cell is activated when the voltage on Pin 1 or
16 exceeds two diode drops. If C4 were allowed to become
completely discharged, there would be a slight delay before it
recharged to >1.2V and activated limiting action.

A stereo limiter can be built out of 1 SA570/571, 1 LM339 and two
PNP transistors. The resistor networks Ry2, R3 and Rq4, Rys,
which set the limiting thresholds, could be common between
channels. To gang the stereo channels together (limiting in one
channel will produce a corresponding gain change in the second
channel to maintain the balance of the stereo image), then Pins 1
and 16 should be jumpered together. The outputs of all 4
comparators may then be tied together, and only one PNP transistor
and one capacitor C4 need be used. The release time will then be
the product 5kxCj4 since two channels are being supplied current
from Cy.

USE OF EXTERNAL OP AMP
The operational amplifiers in the SA570/571 are not adequate for
some applications.

1/2 SA570/571

2/4 LM339

2.2MEG < R3

OR LM393

+15V Pin 13
GND Pin 4

R{, Ry, Rq are internal to the NE570/571

+
10F
ca

SR00731

EXTERNAL

' SR00732
Figure 13. Use of External Op Amp

The slew rate, bandwidth, noise, and output drive capability can limit
performance in many systems. For best performance, an external
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Figure 12. Fast Attack, Slow Release Hard Limiter

op amp can be used. The external op amp may be powered by
bipolar supplies for a larger output swing.

Figure 13 shows how an external op amp may be connected. The
non-inverting input must be biased at about 1.8V. This is easily
accomplished by tying it to either Pin 8 or 9, the THD trim pins, since
these pins sit at 1.8V. An optional RC decoupling network is shown
which will filter out the noise from the SA570/571 reference (typically
about 10uV in 20kHz BW). The inverting input of the external op
amp is tied to the inverting input of the internal op amp. The output
of the external op amp is then used, with the internal op amp output
left to float. If the external op amp is used single supply (+V¢c and
ground), it must have an input common-mode range down to less
than 1.8V.
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Figure 14. N2 Compressor
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Figure 15. N2 Expandor
N2 COMPANDOR R - Gain2 x 2 R, Vy avg
There are four primary considerations involved in the application of 2 Ry Ig
the SA570/571 in an N2 compandor. These are matching of input 12 x 2 x 20k x 1.27
and output levels, accurate 600<2 input and output impedances, = W

conformance to the Bell system low level tracking curve, and proper
attack and release times.

Figure 14 shows the implementation of an N2 compressor. The input
level of 0-245VRMS is

stepped up to 1.41Vgyg by the 600Q: 20kQ matching transformer.
The 20k input resistor properly terminates the transformer. An
internal 20kQ2 resistor (R3) is provided, but for accurate impedance
termination an external resistor should be used. The output
impedance is provided by the 4kQ output resistor and the 4kQ:
600£2 output transformer.

The 0.275VRgms output level requires a 1.4V op amp output level.
This can be provided by increasing the value of Ry with an external
resistor, which can be selected to fine trim the gain. A
rearrangement of the compressor gain equation (6) allows us to
determine the value for Ro.
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=36.3k

The external resistance required will thus be 36.3k—20k=16.3k.

The Bell-compatible low level tracking characteristic is provided by
the low level trim resistor from Crgct to V. As shown in Figure 6,
this will skew the system to a 1:1 transfer characteristic at low
levels. The 2uF rectifier capacitor provides attack and release times
of 3ms and 13.5ms, respectively, as shown in Figures 10 and 11.
The R-C-R network around the op amp provides DC feedback to
bias the output at DC.

An N2 expandor is shown in Figure 15. The input level of 3.27Vgus
is stepped down to 1.33V by the 600Q:100L2 transformer, which is
terminated with a 100Q resistor for accurate impedance matching.
The output impedance is accurately set by the 150Q2 output resistor
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and the 150Q:600% output transformer. With this configuration, the
3.46V transformer output requires a 3.46V op amp output. To obtain
this output level, it is necessary to increase the value of Rz with an
external trim resistor. The new value of Rz can be found with the
expandor gain equation

Ry R, Ig Gain
2V avg

10k x 20k x 140uA x 2.6
2 x 1.20

Ry =

=30.3k

An external addition to Rz of 10k is required, and this value can be
selected to accurately set the high level gain.

A low level trim resistor from Crect to Ve of about 3M provides
matching of the Bell low-level tracking curve, and the 2uF value of
CRrect provides the proper attack and release times. A 16k resistor
from the summing node to ground biases the output to 7Vpc.

VOLTAGE-CONTROLLED ATTENUATOR

The variable gain cell in the SA570/571 may be used as the heart of
a high quality voltage-controlled amplifier (VCA). Figure 16 shows a
typical circuit which uses an external op amp for better performance,
and an exponential converter to get a control characteristic of
—6dB/V. Trim networks are shown to null out distortion and DC shift,
and to fine trim gain to 0dB with OV of control voltage.

Op amp Ap and transistors Q1 and Q, form the exponential
converter generating an exponential gain control current, which is
fed into the rectifier. A reference current of 150uA, (15V and
R20=100k), is attenuated a factor of two (6dB) for every volt
increase in the control voltage. Capacitor Cg slows down gain
changes to a 20ms time constant (CgxR1) so that an abrupt change
in the control voltage will produce a smooth sounding gain change.
Ryg assures that for large control voltages the circuit will go to full
attenuation. The rectifier bias current would normally limit the gain
reduction to about 70dB. R1g draws excess current out of the
rectifier. After approximately 50dB of attenuation at a —-6dB/V slope,
the slope steepens and attenuation becomes much more rapid until
the circuit totally shuts off at about 9V of control voltage. A should
be a low noise high slew rate op amp. Ry3 and Ry4 establish
approximately a OV bias at A¢’s output.

With a OV control voltage, Ryg should be adjusted for 0dB gain. At
1V(-6dB gain) Rg should be adjusted for minimum distortion with a
large (+10dBm) input signal. The output DC bias (A4 output) should
be measured at full attenuation (+10V control voltage) and then Rg
is adjusted to give the same value at 0dB gain. Properly adjusted,
the circuit will give typically less than 0.1% distortion at any gain with
a DC output voltage variation of only a few millivolts. The clipping
level (140pA into Pin 3, 14) is 10V peak. A signal-to-noise ratio of
90dB can be obtained.

If several VCAs must track each other, a common exponential
converter can be used. Transistors can simply be added in parallel
with Q; to control the other channels. The transistors should be
maintained at the same temperature for best tracking.

AUTOMATIC LEVEL CONTROL

The SA570 can be used to make a very high performance ALC as
shown in Figure 17. This circuit hook-up is very similar to the basic
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compressor shown in Figure 2 except that the rectifier input is tied

to the input rather than the output. This makes gain inversely

proportional to input level so that a 20dB drop in input level will

produce a 20dB increase in gain. The output will remain fixed at a

constant level. As shown, the circuit will maintain an output level of

+1dB for an input range of +14 to —43dB at 1kHz. Additional external

components will allow the output level to be adjusted. Some relevant

design equations are:

Output level = ’:‘12—*:::3@ (Yﬂvw (avg))

Ig = 140mA

Gain = —1Rels

2 Ry V) (avg)
Vin

Viy (avg

where

T .
= —= = 1.11 (for sine wave)

2/2
If ALC action at very low input levels is not desired, the addition of
resistor Ry will limit the maximum gain of the circuit.
R; + Ry

1.8V

2 R,

. X R, x Ig
Gain max =

The time constant of the circuit is determined by the rectifier
capacitor, Crect, and an internal 10k resistor.
=10k CRECT

Response time can be made faster at the expense of distortion.
Distortion can be approximated by the equation:

1uF
THD = [ 1kHz X 0.2%
Crect freq.

VARIABLE SLOPE COMPRESSOR-EXPANDOR

i wnanainn ratine atharthan 24 ~Ann ko aabiaad
Compression and expansion ratios other than 2:1 can be achieved

by the circuit shown in Figure 18. Rotation of the dual potentiometer
causes the circuit hook-up to change from a basic compressor to a
basic expandor. In the center of rotation, the circuitis 1:1, has
neither compression nor expansion. The (input) output transfer
characteristic is thus continuously variable from 2:1 compression,
through 1:1 up to 1:2 expansion. If a fixed compression or expansion
ratic is desired, proper selection of fixed resistors can be used
instead of the potentiometer. The optional threshold resistor will
make the compression or expansion ratio deviate towards 1:1 at low
levels. A wide variety of (input) output characteristics can be created
with this circuit, some of which are shown in Figure 18.

HI-FI COMPANDOR

The SA570 can be used to construct a high performance
compandor suitable for use with music. This type of system can be
used for noise reduction in tape recorders, transmission systems,
bucket brigade delay lines, and digital audio systems. The circuits to
be described contain features which improve performance, but are
not required for all applications.

A major problem with the simple SA570 compressor (Figure 2) is
the limited op amp gain at high frequencies.
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Figure 16. Voltage-Controlled Attenuator

For weak input signals, the compressor circuit operates at high gain
and the 570 op amp simply runs out of loop gain. Another problem
with the 570 op amp is its limited slew rate of about 0.6V/us. This is
a limitation of the expandor, since the expandor is more likely to
produce large output signals than a compressor.

Figure 20 is a circuit for a high fidelity compressor which uses an
external op amp and has a high gain and wide bandwidth. An input
compensation network is required for stability.

Another feature of the circuit in Figure 20 is that the rectifier
capacitor (Cg) is not grounded, but is tied to the output of an op amp
circuit. This circuit, built around an LM324, speeds up the
compressor attack time at low signal levels. The response times of
the simple expandor and compressor (Figures 1 and 2) become
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longer at low signal levels. The time constant is not simply
10kxCRrecT, but is really:

10k + 2(°|'°AV) X Creor
RECT

When the rectifier input level drops from 0dBm to ~30dBm, the time
constant increases from 10.7kxCrgct to 32.6kxCpgct. In systems
where there is unity gain between the compressor and expandor,
this will cause no overall error. Gain or loss between the

compressor and expandor will be a mistracking of low signal
dynamics. The circuit with the LM324 will greatly reduce this
problem for systems which cannot guarantee the unity gain.
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Figure 18. Variable Siope Compressor-Expandor
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Figure 19. Typical Input-Output Tracking Curves of Variable
Ratio Compressor-Expandor

When a compressor is operating at high gain, (small input signal),
and is suddenly hit with a signal, it will overload until it can reduce its

anin Nuarandad tha Aitnnt will atamnt ta cwina rail 4 rail Thic
gain. Vvenoaded, tne SUIpuUl Win atiempt t© SWing rai ¢ raii. i nis

compressor is limited to approximately a 7Vp_p output swing by the
brute force clamp diodes D3 and D4. The diodes cannot be placed in
the feedback loop because their capacitance would limit high
frequency gain. The purpose of limiting the output swing is to avoid
overloading any succeeding circuit such as a tape recorder input.

The time it takes for the compressor to recover from overload is
determined by the rectifier capacitor Cg. A smaller capacitor will

allow faster response to transients, but will produce more low
frequency third harmonic distortion due to gain modulation. A value
of 1uF seems to be a good compromise value and yields good
subjective results. Of course, the expandor should have exactly the
same value rectifier capacitor for proper transient response.
Systems which have good low frequency amplitude and phase
response can use compandors with smaller rectifier capacitors,
since the third harmonic distortion which is generated by the
compressor will be undistorted by the expandor.

Simple compandor systems are subject to a problem known as
breathing. As the system is changing gain, the change in the
background noise level can sometimes be heard.

The compressor in Figure 20 contains a high frequency
pre-emphasis circuit (C,, Rs and Cg, R14), which helps solve this
problem. Matching de-emphasis on the expandor is required. More
complex designs could make the pre-emphasis variable and further
reduce breathing.

The expandor to complement the compressor is shown in Figure 21.
Here an external op amp is used for hmh sle te

compressor and expandor have unity gain Ievels of 0dB. Tr|m
networks are shown for distortion (THD) and DC shift. The distortion
trim should be done first, with an input of 0dB at 10kHz. The DC shift
should be adjusted for minimum envelope bounce with tone bursts.
When applied to consumer tape recorders, the subjective
performance of this system is excellent.

2/4 LM324
1/2 SAS70
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Figure 20. Hi-Fi Compressor With Pre-emphasis
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NE572 AUTOMATIC LEVEL CONTROL
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Compandors are versatile, low cost, dual-channel gain control
devices for audio frequencies. They are used in tape decks,
cordless telephones, and wireless microphones performing noise
reduction. Electronic organs, modems and mobile telephone
equipment use compandors for signal level control.

So what is companding? Why do it at all? What happens when we
do it? Compandor is the contraction of the two words compressor
and expandor. There is one basic reason to compress a signal
before sending it through a telephone line or recording it on a
cassette tape: to process that signal (music, speech, data) so that
all parts of it are above the inherent noise floor of the transmission
medium and yet not running into the max. dynamic range limits,
causing clipping and distortion. The diagrams below demonstrate
the idea; they are not totally correct because in the real world of
electronics the 3kHz tone is riding on the 1kHz tone. They are
shown separated for better explanation.

Figure 1 is the signal from the source. Figure 2 shows the noise
always in the transmission medium. Figure 3 shows the max limits
of the transmission medium and what happens when a signal larger
than those limits is sent through it. Figure 4 is the result of
compressing the signal (note that the larger signal would not be
clipped when transmitted).

v~
1kHz, 5V pk-pk

2v

w 3KHZ, 1V pk-pk
-V
-2v
-vl SR00741

Figure 1. Original Signal Input

SR00742

Figure 2. Wide-Band Noise Floor of Transmission Line

7\

v “SIGNALAFTER

AMPLIFYING X3

2v TO BE ABOVE NOISE

MAX DYNAMIC \v/
RANGE 6V PK-PK

SR00743

Figure 3.

1997 Aug 20

99

SR00744

Figure 4. Signal After Compression

The received/playback signal is processed (expanded) in exactly the
same — only inverted — ratio as the input signal was compressed.
The end result is a clean, undistorted signal with a high
signal-to-noise ratio.

This document has been designed to give the reader a basic
working knowledge of the Signetics Compandor family. The
analyses of three primary applications will be accompanied by
“recipes” describing how to select external components (for both
proper operation and function modification). Schematic and artwork
for an application board are also provided. For comprehensive
technical information consult the Compandor Product Guide or the
Linear Data Manual.

The basic blocks in a compandor are the current-controlled variable
gain cell (AG), voltage-to-current converter (rectifier), and
operational amplifier. Each Signetics compandor package has two
identical, independent channels with the following block diagrams
(notice that the 570/71 is different from the 572).

The operational amplifier is the main signal path and output drive.



Philips Semiconductors

Application note

Compandor cookbook AN176
BLOCK DIAGRAMS
SAST1 SA572
INPUT CURRENT c gg?nﬁ!fz o
O———  CONTROLLED o
GAIN CELL OTP”T INPUT GAIN CELL O OUuTPUT
T VRE T
ATTACK RELEASE
ngur c"%ﬁ,g{,‘% TIME BUFFER —— TmMe
CONVERTER CAPACITOR CAPACITOR
l VOLTAGE
ATTACK/RELEASE TIME INPUT O————
CONSTANT CAPACITOR CURRENT aggr e
ATEND  SR00745
Figure 5. Block Diagrams
s Y
CURRENT R2
——4 CONTROLLED __W\,_| F_
GAIN CELL
VOLTAGE TO R1
R CURRENT  f——AA——| | —4
F CONVERTER
Ry
Rlu Lz
VIN = R =
IN R3
AMP VouT VIN O~—{ | et 'A'A -
+ AMP
O v,
L7 md o
B = SR00746

Figure 6. Basic Compressor

The full-wave averaging rectifier measures the AC amplitude of a
signal and develops a control current for the variable gain cell.

The variable gain cell uses the rectifier control current to provide
variable gain control for the operational amplifier gain block.

The compandor can function as a Compressor, Expandor, and
Automatic Level Controller or as a complete compressor/expandor
system as described in the following:

1) The COMPRESSOR function processes uncontrolled input
signals into controlled output signals. The purpose of this is to avoid
distortion caused by a narrow dynamic range medium, such as
telephone lines, RF and satellite transmissions, and magnetic tape.
The Compressor can also limit the level of a signal.

2) The EXPANDOR function allows a user to increase the dynamic
range of an incoming compressed signal such as radio broadcasts.

3) The compressor/expandor system allows a user to retain dynamic
range and reduce the effects of noise introduced by the transmission
medium.

4) The AUTOMATIC LEVEL CONTROL (ALC) function (like the
familiar automatic gain control) adjusts its gain proportionally with
the input amplitude. This ALC circuit therefore transforms a widely
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varying input signal into a fixed amplitude output signal without
clipping and distortion.

HOW TO DESIGN COMPANDOR CIRCUITS

The rest of the cookbook will provide you with basic compressor,
expandor, and automatic level control application information. A
SA571 has been used in all of the circuits. If high-fidelity audio or
separately programmable attack and decay time are needed, the
SA572 with a low noise op amp should be used.

The compressor (see Figure 6) utilizes all basic building blocks of
the compandor. In this configuration, the variable gain cell is placed
in the feedback loop of the standard inverting amplifier circuit. The
gain equation is Ay=—Rg/R|y. As shown above, the variable gain cell
acts as a variable feedback resistor (Rg) (See Figure 6).

As the input signal increases above the crossover level of 0dB, the
variable resistor decreases in value. This causes the gain to
decrease, thus limiting the output amplitude.

Below the crossover level of 0dB, an increase in input signal causes
the variable resistor to increase in value, thereby causing the output
signal’s amplitude to increase.
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In the compressor configuration, the rectifier is connected to the
output.

The complete equation for the compressor gain is:
1
R, Rylg T2
Gain comp. = |z—=t—-28
i [2 Ra Vi (avg)

where: R; = 10k
Rp = 20k
R3 =20k

Ip = 140pA
Vin(@vg)=0.9(VinRrms))
COMPRESSOR RECIPE
1) DC bias the output half way between the supply and ground to
get maximum headroom. The circuit in Figure 7 is designed around
a system supply of 6V, thus the output DC level should be 3V.
Vourt pc=(1+(2Rpc/R4)) VRer

R4=30k
VRer=1.8V
Rpc is external

where:

manipulating the equation, the resuiltis. . .

_ [ (Your) _ ;) Be

Veer 2
Note that the C(pc) should be large enough to totally short out any
AC in this feedback loop.

RDC

2) Analyze the OUTPUT signal’s anticipated amplitude.

a) if larger than 2.8V peak, Ry needs to be increased. (see
INGREDIENTS section)

b) if larger than 3.0V peak, Ry will also need to be increased.
By limiting the peak input currents we avoid signal distortion.

3) The input and output coupling caps need to be large enough not
to attenuate any desired frequencies (Xc=1/(6.28xf)).

4) The Crect should be 1uF to 2pF forinitial setup. This directly affects
Attack and Release times.

5) An input buffer may be necessary if the source’s output impedance
needs matching.

6) Pre-emphasis may be used to reduce noisepumping, breathing,
etc., if present. See the SA 571 data sheet for specific details.

7) Distortion (THD) trim pins are available if the already low distortion
needs to be further reduced. Refer to data sheet for trimming network.
Note that if not used, the THD trim pins should have 200pF caps to
ground.

8) At very low input signal levels, the rectifier’s errors become signifi-
cantand can be reduced with the Low Level Mistracking network. (This
technique prevents infinite compression at low input levels.)

The EXPANDOR utilizes all the basic building blocks of the
compandor (see Figure 8). In this configuration the variable gain
cellis placed in the inverting input lead of the operational amplifier
and acts as a variable input resistance, Ryy. The basic gain equation
for operational amplifiers in the standard inverting feedback loop is
A\/=—RF/R|N.

As the input amplitude increases above the crossover level of
0dBM, this variable resistor decreases in value, causing the gain to
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increase, thus forcing the output amplitude to increase (refer to
Figure 11).

Below the crossover level, an increase in input amplitude causes the
variable resistor to increase in value, thus forcing the output
amplitude to decrease.

The complete equation for the expandor gain is:
Gain expandor=(2R3Vn(avg))/R1Ralg

Ry =10k
Rp = 20k
R3 = 20k
Ig = 140pA
Vin(avg)=0.9 (Vin(rms))
In the expandor configuration the rectifier is connected to the input.

where:

EXPANDOR RECIPE

1) DC bias the output halfway between the supply and ground to get
maximum headroom. The circuit in Figure 9 is designed around a sys-
tem supply of 6V so the output DC level should be 3V.

Vout pc=(1+R3/R4)VRer

Rj = 20k
R4 = 30k
Vger = 1.8V

where:

Note that when using a supply voltage higher than 6V the DC output
level should be adjusted. To increase the DC output level, it is
recommended that R4 be decreased by adding parallel resistance to
it. (Changing Rz would also affect the expandor’s AC gain and thus
cause a mismatch in a companding system.)

2) Analyze the input signal’s anticipated amplitude:

a) if larger than 2.8V peak, R, needs to be increased. (see
INGREDIENTS section)

b) if larger than 3.0V peak, R4 will also need to be increased. (see
INGREDIENTS)

By limiting the peak input currents we avoid signal distortion.

3) The input and output decoupling caps need to be large enough
not to attenuate any desired frequencies.

4) The Crect should be 1uF to 2pF for initial setup.

5) An input buffer may be necessary if the source’s output
impedance needs matching.

6) De-emphasis would be necessary if the complementary
compressor circuit had been pre-emphasized (as in a tape deck
application). See the Hi-Fi Expandor application in the Linear Data
Manual.

7) Distortion (THD) trim pins are available if the already low
distortion needs to be further reduced. See Linear Data Manual for
trimming network. Note that if not used, the THD trim pins should
have 200pF caps to ground.

8) At very low input signal levels, the rectifier’s errors become
significant and can be reduced with the Low Level Mistracking
network (see Linear Data Manual). (This technique prevents infinite
expansion at low input levels.)
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In the ALC configuration, (Figure 10), the variable gain cell is placed
in the feedback loop of the operational amplifier (as in the
Compressor) and the rectifier is connected to the input.

As the input amplitude increases above the crossover point, the
overall system gain decreases proportionally, holding the output
amplitude constant.

As the input amplitude decreases below the crossover point, the
overall system gain increases proportionally, holding the output
amplitude at the same constant level.

The complete gain equation for the ALC is:
R, R, Ig
2 Ry Vi (avg)

Ry R, | \Y
Output Level = L 2B (%)
IN

Gain =

2R, (avg)

where

resistor has to be placed in series with Ry if the input voltage to the
variable gain cell exceeds +2.8V (i.e., 20kx140pA).

R3 (20kQ) acts in conjunction with R4 as the feedback resistor (Rg)
(expandor configuration) in the equation. (R3’s value can be either

reduced or increased externally.) However, it is recommended that
R4 be the one to change when adjusting the output DC level.

R4 (30k<) acts as the input resistor (Ry) in the standard
non-inverting op amp circuit. (Its value can only be reduced.)

Vout pc=(1+(Ra/R4))Vrer
(for the Expandor)
Vout pc=(1+(2Rpc/R4))VRer
(for the Compandor, ALC)

[The purpose of these DC biasing equations is to allow the designer
to set the output halfway between the supply rails for largest
headroom (usually some positive voltage and ground).]

iN kg .
o —— = ——= = 1.11 (for sine wave
Viy (avg) 2/2 ( ) 3,14
a6 A—]
Note that for very low input levels, ALC may not be desired and to R2 oy
limit the maximum gain, resistor Rx has been added. The modified I
gain equation is:
2,15
(Ry+Ry) - Ry - | e i s
) 1 X 2 's R1
Gain max. = ——5——— CF2
2 Ry 1,16
. . T CRECT
Ry = ((desired max gain)x26k)—10k =
Rbc Rpc
»—va\,—_t—-——fv\/\,-—q-
INGREDIENTS sz T Cpe
[Application guidelines for internal and external components (and in- =
put/output constraints) needed to tailor (cook) each of the three entrees CIN g3
(applications) to your taste.] o— I‘;;VV\«—J Vout
v \
Ry (10kQ) limits input current to the rectifier. This current should not N VREF— 7,10
exceed an AC peak value of £300pA. An external resistor may be Ra
placed in series with Ry if the input voltage to the rectifier will
exceed +3.0V peak (i.e., 10kx300uA=3.0V).
Ry, (20k€2) limits input current to the variable gain cell. This current = SR00747
should not exceed an AC peak value of £140uA. Again, an external Figure 7. Basic Compressor
RF
R ,——'RT—~
M RIN A
[
Ry CURRENT
o — T T L e BT >
GA
—O vour AmMP Lo vour
T +
R VOLTAGE TO
CURRENT
F—W\—— converter
=
= SR00748

Figure 8. Basic Expandor
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R3 611)
——\W\——O0——
20K
cINt
R2
AG 512 -
3,14 20K VouTt
VREF 710
R4
ViN * 30K *
CIN2  Ri | .._l_.
2,15 10k
1,16
= CREcT
= SR00749
Figure 9. Basic Expandor
W (215) R1 | | (1,16)
10K +
I CRECT
Ry =
- @14)
2uF
(5,12
F
T . R3 20K
ViN © 1} O———AM
(6,11)
R4
v
30K 70y YOUT
1.8V +
SR00750

Figure 10. Automatic Level Control

Cpc acts as an AC shunt to ground to totally remove the DC biasing
resistors from the AC gain equation.

Ckr caps are AC signal coupling caps.

CRrecr acts as the rectifier’s filter cap and directly affects the
response time of the circuit. There is a trade-off, though, between
fast attack and decay times and distortion.

The time constant is: 10kxCrecT

The total harmonic distortion (THD) is approximated by:
THD = (1uF/Crect)(1kHz/freq.)x0.2%

NOTES:

The SA572 differs from the 570/571 in that:

1. There is no internal op amp.
2. The attack and release times are programmed separately.
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SYSTEM LEVELS OF A COMPLETE COMPANDING
SYSTEM

Figure 11 demonstrates the compressing and expanding functions:

Point A represents a wide dynamic range signal with a maximum
amplitude of +16dB and minimum amplitude of —80dB.

Point B represents the compressor output showing a 2:1 reduction
in dynamic range (—40dB is increased to —20dB, for example). Point
B can also be seen as the dynamic range of a transmission medium.
Transmission noise is present at the —60dB level from Point B to
Point C.

Point C represents the input signal to the expandor.
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Point D represents the output of the expandor. The signal
transformation from Point C to D represents a 1:2 expansion.

APPLICATION BOARD
Shown below is the schematic (Figure 12) for Signetics’ SA571
evaluation/demo board. This board provides one channel of

Expansion and one channel of Compression (which can be switched
to Automatic Level Control).

SA571 SYSTEM LEVEL
[]112 [] 2
INPUT TO AG RELLEVEL  ABS LEVEL
AND RECT
VRMS COMPRESSION EXPANDOR DB dBM
— IN out
(COMPRESSOR | (EXPANDOR
A Oum IN) D
2 B c _
+16dB 4.9V - 14160 | 416
TR e R R
0dB —  775mV[~ - 0.0 - o
-20dB |~ 77.5mV|- e N—— ] 20 —~ 20
—40dB |~ 7.75mV |- —/ x — —40 - —40
TRANSMISSION
_60dB -  775uV| MEDIUM 4 60 - -0
-80dB 77500l J _go J -80
SR00751
Figure 11. System Levels of a Complete Companding System
mal S
WEY (OPTIONAL
I PRE-EMPHASIS)
— | +| 2.2pF
20k 3
é‘éﬂ‘#&‘é&%m (OPTIONAL DE-EMPHASIS)
ALC
(SPDT SWITCH)
Q 15 - 16 (OPTIONAL DE-EMPHASIS)
+
2.2yF
out |
JUMPER;
‘( ) 2.2uF P 20K
H o--- f—o—ww— a6
20k
10yF EXPANDOR
INPUT 12k
= = EXPANDOR
ouT
WO EenASis K o
: 13
* pouF 200pFi ‘?‘ 200pF H_1opF
2 11 oL
L = = 4
COMPRESSOR/ALC
INPUT SR00752
Figure 12.
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Author: Randall Yogi
INTRODUCTION

Philips Semiconductors is dedicated to playing a major role in the
wireless communication market. Key to this goal is Philips’
commitment for design assistance at all levels. This is the purpose
of the SA601/SA606 combo-board. The SA601 is a combined RF
amplifier and mixer designed for high-performance low-power
commurication systems from 800-1200MHz. The SA606 is a
low-voltage high performance monolithic FM IF system that, when
combined with the SA601, results in a high performance double
down-conversion FM receiver. To better support this type of
application, Philips has combined the SA601 and SA606 ICs onto a
single board which highlights how well the SA601 and the SA606
work together. This application note explains how to overcome
many of the technical problems that might arise, and shows how to
achieve the best possible performance from the SA601 and SA606.
Test results are also included.

This application note is divided into four main sections:

1. Overview of the SA601/SA606 combination board
Il. Layout
A. Schematic, Components Specifics and Parts List
B. Impedance Matching
Ill. Performance
A. Test Setup and Procedures
B. Test Data and Results
IV. Conclusion
A. Q/A section

I. OVERVIEW

Both the SA601 and the SA606 are designed for portable, low
voltage, low power communication applications. For a better
understanding of what is involved in combining these boards, or for
more information regarding the individual boards, please review
appiication notes AN1777 {for ihe SA601) and AN1993-AN1996 (for
the Second-IF ICs) which can be found in the Philips RF/Wireless
Communications Data Handbook, IC17.

The SA601/SA606 demoboard is designed to meet AMPS
specifications. Section 2 of the EIA Interim Standard,
“Recommended Minimum Standard for 800MHz Cellular Subscriber
Units” (EIA/IS-19-B), was consulted as a guide. Specific sections
used were:
2.3.1 RF Sensitivity
2.3.2 Adjacent and Alternate Channel Desensitization
2.3.3 Intermodulation Spurious-Response Interference
2.3.4 Protection Against Spurious Response

Measured results demonstrate that the SA601/SA606 demoboard
successfully meets and surpasses the specifications listed above.

Although the SA601/SA606 demoboard is designed to meet AMPS
cellular specifications, it can be modified for other analog cellular
specifications such as TACS, ETACS, and NAMPS. The
demoboard could also be configured for ISM band (902MHz —
928MHz) applications.

Il. LAYOUT

The layout of any high frequency board is critical and always
challenging. As stated previously, understanding each board
separately is the key to combining them. Before a single-board
layout was attempted, the SA601 and the SA606 individual
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demoboards were cascaded together, along with an RF SAW filter
and a 1st IF SAW filter. The performance with this configuration was
satisfactory, thus permitting the next step of combining everything on
one board (Figure 2). As with the original SA601 and SA606
individual demoboards, the majority of the components are on one
side of the board.

The SA601/SA606 demoboard layout can be configured to provide
two different types of matching to the IF SAW filter (Figure 1). It can
be configured as a 50 Q impedance match, or a high impedance
match to the 83.161MHz SAW filter. The 50 Q impedance matching
network allows a designer to evaluate or troubleshoot each
individual block. For example, a designer can find conversion gain
measurements of the SA601 or measure SINAD for only the SA606
block.

MURATA
MATCHING MATCHING
SA801 - >| 83.161MHz |- || SA606
NETWORK SAW FILTER NETWORK
50Q 50Q

or or
HIGH IMPEDANCE HIGH IMPEDANCE = SR00785

Figure 1. Block Diagram: Matching 1st IF SAW Filter

The 50 Q impedance match can also be used as a reference for the
high impedance match. Because 50 Q impedance matching
requires more components, a high impedance match is preferred.
Matching for high impedance can be difficult, but since each block is
optimized through a 50 Q impedance match, the designer has a
target/reference. For example, if 12dB SINAD = -120dBm for a 50 Q
impedance matched system, ideally a high impedance match should
yield the same results, if not better.

ainala b

ity of the single-boaid layout was adapied from the
individual application demoboards, except for the two SAW filters
(the image rejection filter centered at 881MHz and the 83.161MHz
SAW filter). The layout for the two filters required additional design
work. The 881MHz image-rejection SAW filter was placed between
the LNA-Out and the Mixer-In of the SA601. Placement of the
881MHz image reject SAW filter, whether it was on the top or bottom
of the board, did not have a dramatic impact on performance. This
was because isolation between the LNA-Out and the Mixer-In trace
had already been considered in the SA601 demoboard. However,
because of its high Q, narrowband, and high impedance, the
83.161MHz SAW filter was much more difficult to position. Its
placement was critical in passing AMPS specification 2.3.4
Protection Against Spurious-Response Interference. The
specification was met with margin to spare by moving the Mixer-Out
(Pins 13 and 14) of the SA601 as far away as possible from RF-In
(Pin 1) of the SA606.

Schematic, Components Specifics, and Parts List
The schematic shown in Figure 3 is for both 50 Q impedance
matching and high impedance matching to the 83.161MHz SAW
filter. The schematic shows the configuration for 50 Q impedance
matching. By making the modifications listed in the box on the
bottom right of the schematic (Figure 3), the board can be
configured for a high impedance match.

Table 1 lists the basic function of each external component for the
schematic shown in Figure 3. This may help answer any questions
that arise about the specifics of the board.
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2.15'
SR00784 r !

Figure 2. Layout of the SA601/SA606 Demoboard (Not Actual Size)
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Table 1. Components List: Description of Functionality

Part # Description
C1 LNA Mixer input DC blocking cap
c2 Part of the matching network that optimizes the return loss while minimizing the degradation of the noise figure
C3 Voltage compensation cap for the LNA
C4 LO DC blocking cap

C5, C9, C14, C15, C24, C25

Supply bypassing

Cs6, C8, L3

Part of the differential to single-ended translation circuit of the mixer out

C7,L2 Part of the matching network of the mixer output

C10,C13 Part of the matching network that optimizes the return loss while minimizing the degradation of the noise figure
c11 Mixer Input DC blocking cap

Cc12 LNA Output DC blocking cap

C16,C17,L4,L5 Part of the matching network of the 83.161MHz SAW filter

C18,C19,L6 Part of the tapped-C network that matches the RF input of the SA606

Cc20 AC grounds Pin 2, the RF input of the SA606

C21,C22,C23,L7,1L8

Colpitts oscillator network

C26, C34

AC de-coupling cap

ca7 DC blocking cap
C28. B5. R6 Part of the filter network that filters 3kHz-15kHz on the SA7025 (Low-voltage 1GHz fractional-N synthesizer).
e This network is only used on the 7025 IC production tester.

C29, L9 Quad tank component that resonates at 455kHz

C30 AC grounds the quad tank

C31 Provides the 90° phase shift to the phase detector

C32,C33 IF limiter decoupling cap

C35,C36 IF amp decoupling cap

R1 DC pull-up resistor that provides isolation (reduces IF to LO and RF to LO leakage)

R2 Sets output impedance of the Mixer Output

R3 Part of the Audio op-amp that sets a gain of 2dB thus stabilizing distortion

R4 Part of the Audio op-amp that sets a gain of 2dB thus stabilizing distortion

R7 Lowers the Q of the quad tank and thus lowers the S-Curve slope

R8, R9 Part of a network to control linearity of the RSSI

L1 Voltage compensation to LNA
Murata SAFC881.5MA70N-TC 881.5MHz bandpass SAW filter: This is a 869MHz to 894MHz bandpass filter. It

FILTA is used to reject the image frequency (LO + 83.16MHz in our case) and to attenuate the transmit signal
(RF-45MHz) leaking through the duplexer so that the SA601 mixer doesn’t reach its 1dB compression point from
a strong signal leaking through. Some electrical characteristics from Murata are provided (Table 2).
Murata SAFC83.161MA51X-TC 83.161MHz SAW filter: 1st-IF filter for attenuating adjacent and alternate
channel spurs. The filter plays a larger role in achieving the high performance of the receiver in areas such as
dynamic range, spurious performance, and data communication accuracy. The 83.16MHz SAW filter provides a

FILT2 30kHz bandpass characteristic utilizing electrodes deposited on a piezoelectric substrate. These electrodes
form an inter-digitated pattern on the substrate and serve as transducers to launch an acoustic wave. When an
RF voltage is applied to one set of transducers, an electric field is generated and causes the acoustic waves to
propagate along the surface to an opposite transducer where an output voltage is produced. (See Reference 8,
Alan Victor). The Electrical Characteristics for the Murata SAW filter are shown in Table 3.

FILT3, 4 Murata SFGCG455BX-TC 455kHz bandpass filter (30kHz bandwidth).

X1 An 82.705MHz crystal from either HY-Q or Reeves Hoffman is a 3rd overtone crystal used to generate the LO for

the SA606
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Table 2. Electrical Characteristics of the Murata SAFC881.5MA70N-TC
Tested at 20 +£2°C. Standard condition: Temp = 20 +2°C. Humidity = 65 +5%; Applicable condition: Temp = 5 ~ 35°C. Humidity = 45 ~ 85%.

A complete SA601/SA606 demoboard parts list is provided in Table
14 at the end of this document. The parts list includes vendor
names and part numbers as a convenience to designers.

Impedance Matching

Matching of the 83.16MHz SAW filter is an involved task. This is
because the HP8753C Network Analyzer can only be calibrated for
50 Q impedance and the 83.16MHz SAW filter has a specified
impedance of 850 // -2pF. Refer to Philips application note AN1777
for an explanation of how to setup the calibration for
high-impedance. Although calibration at higher impedance is not as
accurate as at 50Q impedance, the results were close enough to get
a good impedance match.

Improved impedance matching yields better sensitivity performance
because matching of the 83.161MHz SAW filter suppresses
unwanted group delay distortion. The response of the 83.161MHz
SAW filter is shown in Figure 4. When the filter response is flat, the
SAW filter is matched; when it is not, group delay distortion,
represented by the hump, is apparent (Figure 4).
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. Typical at 20°C
ltem Requirements (Reference Value in Standard Condition)
6 -1 | Nominal Center Frequency (fo) 881.5 MHz -
Insertion Loss
1) within 869 . 894 MHz (Pass Bandwidth) 4.5 dB max. 3.5dB
6-2 1) within DC . 780 MHz 40 dB max. 48 dB
Il) within 824 _ 849 MHz (Duplex Freq. Range) 20 dB min. 30dB
1V) within 970 . 2000 MHz 35 dB min. 40dB
6 -3 | Ripple Deviation (within 869 to 894 MHz) 2.0 dB max. 1.0dB
6-4 | V.S.W.R. (within 869 to 894 MHz) 2.5:1 max. 1.7:1
6~5 | Input/Output Impedance (nominal) 50Q // OpF -
Table 3. Electrical Characteristics of the Murata REF -10.0 dBm AT 100 dB SPAN_200.0 KHz
T T T
SAFC83.161MA51X-TC GROUP DELAY DISTORTION
Item Requirements ¥
1.1 | Nominal Center Frequency (fo) 83.161 MHz v 4 X
1.2 | 3 dB Bandwidth (from 83.161 MHz) +15 kHz min. ,"/
Stop Band Attenuation (from Peak Level) / AN
1.3.1 fo — 1000 kHz to fo — 930 kHz 40 dB min. AN
1.3.2 fo — 930 kHz to fg — 890 kHz 70 dB min. /
1.33 fo — 890 kHz to fg — 700 kHz 40 dB min. e q
1.34 fo — 700 kHz to fo — 400 kHz 30 dB min. &/
13| 135 fo — 400 kHz to fo — 120 kHz 40 dB min.
1.3.6 fo — 120 kHz to fo — 60 kHz 20 dB min.
13.7 fo + 60 kHz to fo + 120 kHz 20 dB min.
1.3.8 fo + 120 kHz to fg + 150 kHz 40 dB min.
1.3.9 fo + 150 kHz to fo + 400 kHz 30 dB min. CENTER 4555 F SPAN 3555
H .| 1z X r4
1.3.10  fo + 400 kHz to fo + 1000 kHz 40 dB min. RES BW 30  KHz VBW 3 kHz sSWP . 100 sec
1.4 | Insertion Loss (at minimum loss point) 5.0 dB max. SR00786
1.5 | Ripple (within fo = 15 kHz) 1.5 dB max. Figure 4. Group Deiay Distortion
1.6 | Group Delay Deviation (within fo + 11 kHz) 10 ps max.
- The steps to match the 83.161MHz SAW filter to a high impedance
Intermodulation are as follows:
1.7 Input Signal : fg + 60 kHz, fo + 120 kHz | —90 dBm max. .
Input Level : -20 dBm 1. Separate the board into three sections by making two cuts in

the trace. Cut 1 is between the Mixer out of the SA601 and
the input of the SAW filter. Cut 2 is between the SAW filter
output and the RF input of the SA606. (see Figure 5)

Mixer Cut1 MURATA Cut2 RF
SA601 out | | satetMHz fout | in | saeos
T SAW FILTER !
SR00787

Figure 5. Three Sections of Demoboard

2. Start with SAW filter input of Figure 6 and terminate that side
with an 850 Q resistor.

850Q l

IN | out

Ii

SR00788

Murata 83.161MHz
SAW Filter

Figure 6. Termination of SAW Filter

3. Measure the impedance of the output of the SAW filter by
placing an SMA connector on the trace and marking the
corresponding impedance on the Smith Chart.
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8500 out
Murata 83.161MHz Z4 Z2 SAB06
IN SAW Filter ouTt RF IN
SR00789

Figure 7. Termination Matching of SAW Filter

4. After identifying the impedance of the SAW filter output
indicated by Z4 in Figure 7, the RF input impedance, Zp, must
be adjusted to provide a conjugate match to Z4. Z is found
on the Smith Chart by reflecting Z; about the purely resistive
axis represented by the horizontal line running through the
center of the Smith Chart.

MATCHING
as00 MURATA NETWORK
83.161MHz SA606
MW= SAW FILTER }
= SR00790

Figure 8. Impedance Matching from SAW Filter to SA606

5. After a conjugate match between Z4 and Z; has been
achieved, connect the output of the SAW filter to the
matching network. (Figure 8)

MATCHING
cuTt NETWORK
Z4| Z3| Murata 83.161MHz
) _ A
SAgo1 Nl SAWFilter ouT SAB0S
SR01008

Figure 9. Impedance Matching from SA601 to SAW Filter

6. Remove the 850Q resistor and measure the impedance at
the SAW filter input, Z3.

7. Obtain a conjugate match to Z3 at the SA601 mixer output,
Z,, and then connect together (Figure 9).

To double check the matching, remove the 2nd-IF filter from the
mixer-out of the SA606 and check the frequency response for any
group delay distortion. Figure 4 shows a matched SAW-filter
response (flat curve) and a poorly matched response that has group
delay distortion.

To make a quick visual check of the frequency response of the
board up to the SA606 Mixer output, use the FM modulation of the
HP signal generator and spectrum analyzer, as follows:

1. Leave the frequencies (LO and RF) at their respective values.
(example: RF =881MHz and LO = 964.16MHz)

2. Set the FM deviation to 200kHz and the FM modulation to
200Hz on the RF'’s signal generator.

3. Remove the 2nd-IF filter connected to Pin 20 of the SA606.

4. Set the Spectrum Analyzer sweep time to 1 second, set the
center frequency to the 2nd IF frequency (455kHz), and
probe Pin 20 with a FET probe. The results should look like
the flat response in Figure 4.

lli. PERFORMANCE EVALUATION

Procedures

The AMPS specification was used as a guide to test the
SA601/SA606 demo board. Sections 2.3.1 through 2.3.4 of the
1S-19-B EIA Interim Standard were the procedures used for testing
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the SA601/SA606 demoboard. These tests were crucial in
determining performance of the demoboard.

Figure 10 shows the block diagram of the test setup following the
procedures outlined in the AMPS specification.

HP8664A
SIG GEN
(RF) ™ Mini Circuits
Combiner
ZFS-2-2500
HP8664A C-Message
SIG GEN / v RF Freq. Devices
(RF +30kHz Model 581-1
or +60kHz) Mini Circuits with NE5532
Combiaar SA601/606 (amplifier)
ZFS-2-2500 Board
HP8664A
SIG GEN
(RF +30kHz) AUDIO
Mini Circuits
~ 700MHz. > o
HPBEEAA / High Pass Filter
SIG GEN
(LO) Philips HP339
PM3244 Distortion
Oscilloscope, Meas. Set
SR00791

Figure 10. Test Setup for Measuring RF Sensitivity, Adjacent
and Alternate Channel Rejection and Spurious Rejection

Transmitter desensitization occurs when the transmit signal from the
handset is degrading the performance of the receiver.
To measure transmitter (Tx) desensitization, do the following:

1. Configure the test equipment as shown in Figure 11.

2. Set the Tx signal 45MHz below the RF signal.

3. Measure the Tx power at the Ant of the duplexer on the
HP8920A Radio Test Set.

4. Measure 12dB SINAD on the HP8920A Radio Test Set when
the Tx signal is on and again when it is off.

5. If there is degradation in sensitivity when the Tx signal is on,
the difference of the 12dB SINAD readings is the Tx
desensitization.

. TDK Duplexer HP8920A
Marconi 2041 .
Signal Gen Model #CF6121613 Radio Test Set
> Ant Out (50W max)
RX
Mini Circuits
Power Amp
ZHL-1000-3W C-Message
SA601/606 Freq. Devices|
Board Model 581-1
RF with NE5532
(amplifier)
Mini Circuits .
s L[ VoG | ol 1o mueo
High Pass Filte
Tektronics HP339
2236 Distortion
Oscilloscope: Meas. Set
SR00792

Figure 11. Test Setup for Measuring Transmitter
Desensitization
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HP8643A
SIG GEN out
RF —
@ Mini Circuits IN
Directional |— RF  AUDIO |—
HP8643A > Coupler APROCIH
sIG GEN | CPL SA601/606 Demoboard
(RF -45MHz) Board
Mini Circuit C-Message
HPB664A Ini Circults LO Freq. Devices
SIGGEN [  700MHz_ Model 581-1
(LO) High Pass Filter
Philips HP339
PM3244 Distortion
Oscilloscope| Meas. Set
SR01009

Figure 12. Test Setup for Measuring Transmitter
Desensitization Without Duplexer

Because customers’ preferences for duplexers vary, Tx
desensitization was done another way to evaluate the performance
of the SA601/SA606 demoboard.

1. The setup can be configured as shown in Figure 12. Set RF
= 869MHz, LO = 957.16MHz and Tx = 824MHz.

2. Set the transmit power to -10dBm because we are assuming
that the Tx leakage through the Rx port is that much.

. Record 12dB SINAD.
. Reduce the transmit power by 1dB and repeat Step 3.
. Repeat Step 4 until Tx power reaches -30dBm.

o g o~ W

. Repeat all steps for RF, LO Tx frequencies at mid band (RF =
881MHz, LO = 964.16MHz, Tx = 836MHz) and high band (RF
= 894MHz, LO = 977.16MHz, Tx = 849MHz)

Data and Results

Adjacent Channel, Alternate Channel and Intermodulation
Spurious Response

The data provided in Tables 4 to 6 shows the sensitivity, adjacent
channel, alternate channel, and intermodulation spurious response
of the demoboard. The data was taken at Vgg = 3V, 4V, and 5V, as
well as at three different frequencies.

The data taken was recorded without a duplexer. Adding a duplexer
before the RF input will cause sensitivity to decrease by about 3 dB.
This board is well within the specified parameters for adjacent
channel, alternate channel and intermodulation spurious response
rejection in accordance with AMPS specifications.

Protection Against Spurious Response Interference

The next set of data shown is also part of the AMPS specification
2.3.4 Protection Against Spurious Response Interference (Tables 7
to 9). The frequencies tested were the image frequencies that could
cause degradation in performance. When using a TDK duplexer
(TDK BandPass Filter Model CF6121613), the image frequencies
are attenuated, so the image spurs (1047.32MHz) will not degrade
the performance of the demoboard. The 2nd IF image frequency is
the only frequency that caused problems. This frequency is above
the RF by exactly twice the 2nd IF (2 x 455kHz = 910kHz). The
problem occurs because, when RF + 910kHz mixes with the 1st LO
(964.16MHz), the frequency produced is (RF + 910kHz -1st LO =
82.25MHz). This is equal to the 2nd IF image frequency. When the
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2nd IF image frequency is mixed with the crystal oscillator, the
frequency produced is the 2nd-IF frequency. The SA606 will
demodulate this unwanted frequency, as well as the desired signal.

Example:
RF = 881MHz
LO = 964.16MHz
2nd LO = 82.705MHz
881MHz + 910kHz = 881.91MHz
881.910MHz mixes with the LO (964.16MHz) = 82.25MHz
82.25MHz mixes with the 2nd LO (82.705MHz) = 455kHz

To resolve this problem, the 83.161MHz SAW filter must be isolated.
The unwanted frequency was leaking around the SAW filter and into
the RF input of the SA606. So the distance between the SA601
mixer out to the RF input of the SA606 was increased by rotating the
SAW filter. This solved the problem and the board met the
protection against spurious response specification with at least 14dB
to spare.

Transmitter desensitization

Another issue was to evaluate how the SA601/SA606 performs with
the transmit section of a radio on (transmitter desensitization).
Transmitter desensitization will degrade the sensitivity of the
receiver if the strong Tx signal is allowed to pass through and cause
the SA601 to reach its 1dB compression point in the LNA and the
Mixer. Tables 10 to 12 show the results of three test boards for
transmitter desensitization as the transmit power is increased from
100mW to 1W.

Using a TDK duplexer (TDK BandPass Filter Model CF6121613),
the board performed well. At most, the board degraded by 2dB from
the transmitter desensitization.

Since most customers will not want to use the TDK duplexer, Tx
desensitization was done another way, as explained in the
procedures. Table 13 show the results. The results show that with
a duplexer that has Tx leakage of -14dBm or less through the Rx
port, the SA601/SA606 will meet the sensitivity requirement
according to 1S-19-B (-116dBm for 12 dB SINAD), assuming the
duplexer has 3dB of loss.

RSSI, AM Rejection, THD, Noise, Audio Output Level

The next set of data shows RSSI performance at 3V, 4V, and 5V
(Figure 13) and AM rejection, THD, Noise, and Audio output level
(Figure 14).

250
2.00 > P
DD,
A AT
/// LA
1.50 > A -
s s //‘ ///
) I/ Ao =5V
2 1.00 A L& o =4V
5 1 3v
P :
0507 Lo~
B R I  F EEEEEEEEE
o ' RF INPUT LEVEL (dBm) SR00793

Figure 13. RSSI (Average of Three Boards)



Philips Semiconductors

Application note

Evaluation of the SA601/SA606 demoboard

AN1000

AUDIO OUTPUT LEVEL

8
=
-
=
=
22000\ - - - - o - o - e o oo oo - oo
o
o
5 -30.00
2
(4000
8 L
w
2-5000] ot NG L TR e
3
T -60.00
o
70.00 .
VO WO WO WO WwoWwowowo wo wowo
SIS 2883333 RRECOIOBDLTIORNN

RF INPUT LEVEL (dBm) SR00794

Figure 14. Receiver Performance (Average of Three Boards)

IV. CONCLUSION

The SA601/SA606 application demoboard demonstrates how well
the two chips perform together. Meeting the stated AMPS cellular
specifications is a good test of a receiver’s performance. Not all
receivers can meet these stringent requirements. The
SA601/SA606 demoboard not only meets, but exceeds, the criteria
of sensitivity with 12dB SINAD of about -122dBm, which is 3dB
better than AMPS specification, assuming 3dB loss from the
duplexer. Adjacent channel exceeds the requirement by 33dB,
Alternate channel exceeds the requirement by 7.5dB,
Intermodulation Spurious Response exceeds the requirement by
4.5dB, and Protection Against Spurious Response Interference
exceeds the requirement by 11dB.

Many key factors such as board layout and impedance matching
help the performance exceed the receiver specifications for AMPS.
Many issues looked at in this application note will help answer

customers’ questions as Philips customers design greater and better

cusiomers

things.

UESUICNS as rnhips cusiomers .

Questions and Answers

Q. What is the difference between the 50 Q2 demoboard and the
high-impedance demoboard?

A. Visually, the 50 Q boards have more components near the
83.161MHz SAW filter. The 50 Q boards have two 5-30pF trim
capacitors. The high-impedance board out performs the 50 Q
board by 1dB on sensitivity. Keep in mind that the 50 Q board
allows troubleshooting of each block.

Q. What do | do if | don’t achieve the sensitivity as the data shows?
A. Here is a check list you can follow:

1. Check the solder connections.

2. Make sure the LO drive level is -5dBm to -7dBm to the SA601
mixer.

3. Check for the 700MHz high pass filter (see Figure 10).

4. Check the C-Message filter. (An active C-Message filter with
10dB of gain was used for sensitivity tests.)

5. Probe for signals from the SA601 inputs down to the SA606
limiter-out. Check to see if there are significant losses. The
probe points are:

a. RF input of the SA601
b. LO input of the SA601
c. LNA-out of the SA601
d. Before the 881MHz SAW filter
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e. After the 881MHz SAW filter

f. Mixer-in of the SA601

g. Mixer-out of the SA601

h. Before the 83.161MHz SAW filter
i. After the 83.161MHz SAW filter
j. RF input of the SA606

k. The 82.705MHz crystal

I. Mixer-out of the SA606

m. IF-in of the SA606

n. IF-out of the SA606

o. Limiter-in of the SA606

p. Limiter-out of the SA606

Q. What is the difference between the 1008HS and the 1008CS

inductors from Coilcraft?

A. There is no difference in performance between the two types of

inductors. The only external difference is the packaging.

Q. What should | do if | don’t meet the specification for Protection

Against Spurious-Response?

A. Make sure that all the grounds of the 83.161MHz SAW filter are

connected, especially the grounds closest to the input and
output. Shield each section which will isolate each block and
improve performance.

Q. Why do you use an IF of 83.16MHz instead of 45MHz?
A. 83.16MHz is used as the IF because, at 456MHz, serious

problems may result because of the existence of spurious
performance degradation and potential interference due to the
half-IF mixer spurious content. The half-IF (RF + 22.5MHz) is
only a problem with IF frequencies which are less than twice the
receiver bandwidth. An AMPS receiver with 45MHz 1st IF can
have a half-IF problem, while at 83.16MHz it will not because the
half-IF, at 45MHz for example, will be 891.50MHz (869MHz +
22.5MHz). Since 891.5MHz falls in the pass band, this signal
will desensitize the receiver. Also, at 83.16MHz, the image
frequency is further away than 45MHz. (See Reference 8)

. Will phase noise of the signal generator cause performance
degradation when testing Tx desensitization?

. Yes it will because, when doing the Tx desensitization test
without a duplexer, sensitivity dramatically improved as levels on
the signal generator were decremented. Also, when cascading
two duplexers together, the noise was attenuated and sensitivity
improved.

In most handsets, a bandpass filter (center frequency at
836MHz) is placed before the power amplifier; therefore, the
out-of-band noise is attenuated before being amplified. This
attenuation will lower the phase noise and allow less Tx
desensitization.

Q. What spurs will effect the sensitivity of the receiver? How can

these spurs be rejected?

A. Consult table below for unwanted spurs:

Spurs EQ.! Range (MHz) Rejected by...
1st Image RF+2(IF1) | 1035.32-1060.32 Duplexer
2nd Image RF+2(IF2) 869.91-894.91 83.16MHz SAW
Half IF RF+.5(IF1) | 910.58-935.58 Duplexer
Tx Intermod? | Tx—45MHz 779-804 Duplexer
Tx Isolation? | Tx+ IF1 907.16-932.16 Duplexer
NOTES:

1.

IF1 = 83.16MHz; IF2 = 455kHz

2. Not measured
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Table 4. RF Sensitivity, Adjacent and Alternate Channel Rejection, and Intermodulation Spurious

Response Rejection at V¢c = 3V
All data taken without a duplexer.

Adjacent | Adjacent | Alternate | Alternate | Intermodulation | Intermodulation
Frequency ; 'z;‘ :% C::nnel Channel | Channel | Channel Spurious Spurious
ove Below Above Below Response Response
(+30kHz) | (-30kHz) | (+60kHz) | (-60kHz) | (+60 & +120 kHz) | (-60 & -120 kHz)
High Impedance Board #1: Adjacent and Alternate channel; FM dev = +8kHz, FM mod = 400Hz
RF = 881MHz; LO = 964.161MHz | -122dBm 55dB 53dB 86 dB 88 dB 71.5dB 70.5dB
RF = 869MHz; LO = 952.161MHz | -122 dBm 49dB 50dB 88 dB 87 dB 70.5dB 70.5dB
RF = 894MHz; LO = 977.161MHz | -122 dBm 51dB 54 dB 88 dB 87dB 71.5dB 70dB
High Impedance Board #2: Adjacent and Alternate channel; FM dev = +8kHz, FM mod = 400Hz
RF = 881MHz; LO = 964.161MHz | -122.5dBm | 51.5dB 525dB | 71.5dB 77.5dB 71dB 71dB
RF = 869MHz; LO = 952.161MHz | -123 dBm 52 dB 51dB 72 dB 82dB 70.5dB 70.5dB
RF = 894MHz; LO = 977.161MHz | -122.5dBm | 51.5dB 50.5dB | 72.5dB 77.5dB 69.5dB 69.5dB
High Impedance Board #3: Adjacent and Alternate channel; FM dev = +8kHz, FM mod = 400Hz
RF = 881MHz; LO = 964.161MHz | -122 dBm 49 dB 54 dB 91 dB 87dB 73dB 71dB
RF = 869MHz; LO = 952.161MHz | -123 dBm 50 dB 56 dB 93 dB 88 dB 73dB 71dB
RF = 894MHz; LO = 977.161MHz | -122 dBm 50 dB 55 dB 92 dB 89 dB 72dB 71dB

Requirements per IS-19-B:
2.3.1 RF Sensitivity: -116dBm or better

2.3.2 Adjacent and Alternate Channel Desensitization: 16dBm min for adjacent channel; 60dB min for alternate channel.
2.3.3 Intermodulation Spurious Response Interference: 65dB min.
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Table 5. RF Sensitivity, Adjacent and Alternate Channel Rejection, and Intermodulation Spurious
Response Rejection at Vg = 4V

Ali data taken without a duplexer.

Adjacent | Adjacent | Alternate | Alternate | Intermodulation | Intermodulation
Frequency glch‘i\BD C:bannel Channel | Channel | Channel Spurious Spurious
ove Below Above Below Response Response
(+30kHz) | (-30kHz) | (+60kHz) | (-60kHz) | (+60 & +120 kHz) | (-60 & -120 kHz)
High Impedance Board #1: Adjacent and Alternate channel; FM dev = +8kHz, FM mod = 400Hz
RF = 881MHz; LO = 964.161MHz | -122 dBm 51dB 52 dB 88 dB 86 dB 71.5dB 69.5 dB
RF = 869MHz; LO = 952.161MHz | -122 dBm 50 dB 51 dB 88 dB 87 dB 72.5dB 69.5dB
RF = 894MHz; LO = 977.161MHz -122 dBm 51dB 51 dB 87 dB 87 dB 72dB 70 dB
High Impedance Board #2: Adjacent and Alternate channel; FM dev = +8kHz, FM mod = 400Hz
RF =881MHz; LO =964.161MHz | -122.5dBm | 51.5dB 51.5dB 70.5dB 67.5dB 70.5dB 69.5dB
RF = 869MHz; LO = 952.161MHz | -122.5dBm | 52.5dB 50.5dB 71.5dB 80.5dB 69 dB 69 dB
RF = 894MHz; LO = 977.161MHz -122 dBm 52dB 51 dB 72dB 76 dB 70dB 76 dB
High Impedance Board #3: Adjacent and Alternate channel; FM dev = +8kHz, FM mod = 400Hz
RF = 881MHz; LO = 964.16 1MHz -122 dBm 50dB 55dB 91 dB 87 dB 73dB 71dB
RF = 869MHz; LO = 952.161MHz | -123 dBm 50 dB 54 dB 93 dB 88 dB 73dB 70dB
RF = 894MHz; LO = 977.161MHz -123 dBm 50 dB 53 dB 91 dB 87 dB 72 dB 70 dB

Requirements per 1S-19-B:

2.3.1 RF Sensitivity: -116dBm or better

2.3.2 Adjacent and Alternate Channel Desensitization: 16dBm min for adjacent channel; 60dB min for alternate channel.
2.3.3 Intermodulation Spurious Response Interference: 65dB min.

Table 6. RF Sensitivity, Adjacent and Alternate Channel Rejection, and Intermodulation Spurious
Response Rejection at V¢ = 5V.

All data taken without a duplexer.

Adjacent | Adjacent | Alternate | Alternate | Intermodulation | Intermodulation
Frequency 12dB Channel | Channel | Channel | Channel Spurious Spurious
SINAD Above Below Above Below Response Response

(+30kHz) | (-30kHz) | (+60kHz) | (-60kHz) | (+60 & +120 kHz) | (-60 & -120 kHz)

High Impedance Board #1: Adjacent and Alternate channel; FM dev = +8kHz, FM mod = 400Hz

RF = 881MHz; LO = 964.161MHz | -122 dBm 50 dB 52 dB 86 dB 85dB 71.5dB 69.5dB
RF = 869MHz; LO = 952.161MHz | -122 dBm 49 dB 52 dB 87 dB 86 dB 71.5dB 69 dB
RF = 894MHz; LO = 977.161MHz -122 dBm 52dB 51 dB 86 dB 86 dB 72dB 70 dB
High Impedance Board #2: Adjacent and Alternate channel; FM dev = +8kHz, FM mod = 400Hz

RF = 881MHz; LO = 964.161MHz -122 dBm 52 dB 50 dB 70 dB 76 dB 70.5dB 69.5dB
RF = 869MHz; LO = 952.161MHz | -122.5dBm | 52.5dB 49.5dB 70.5dB 78.5dB 69 dB 69 dB
RF = 894MHz; LO = 977.161MHz | -121.5dBm | 52.5dB 50.5dB 71.5dB 75.5dB 70d3 68 dB
High Impedance Board #3: Adjacent and Alternate channel; FM dev = +8kHz, FM mod = 400Hz

RF = 881MHz; LO = 964.161MHz | -121.5dBm | 49.5dB 53.5dB 90.5dB 86.5dB 73dB 70dB
RF = 869MHz; LO = 952.161MHz | -122.5dBm | 52.5dB 49.5dB 87.5dB 91.5dB 73dB 70dB
RF = 894MHz; LO = 977.161MHz | -121 dBm 50 dB 53 dB 91 dB 87 dB 72 dB 70 dB
Requirements per I1S-19-B:
2.3.1 RF Sensitivity: -116dBm or better

2.3.2 Adjacent and Alternate Channel Desensitization: 16dBm min for adjacent channel; 60dB min for alternate channel.
2.3.3 Intermodulation Spurious Response Interference: 65dB min.
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Table 7. Protection Against Spurious Response Interference V¢ = 3V
All test measured with TDK duplexer (Model CF6121613D)
Interfering
Frequency Frequency (MHz) Board #1 Board #2 Board #3
-121 dBm for 12 dB SINAD -121 dBm for 12 dB SINAD -121 dBm for 12 dB SINAD
881.91 82.5dB 76.5dB 78.5dB
RF = 881MHz;
LO = 964.161MHz 922.58 108.5dB 108.5dB 108.5dB
1005.74 108.5dB 108.5 dB 108.5dB
1047.32 99.5dB 97.5dB 92.5dB
-119.5 dBm for 12 dB SINAD | -121 dBm for 12 dB SINAD -120 dBm for 12 dB SINAD
869.91 81dB 73.5dB 75.5dB
RF = 869MHz;
LO = 952 161 MHiz 910.58 108 dB 108.5dB 107.5dB
993.74 108 dB 108.5dB 107.5 dB
1035.32 98 dB 95.5dB 88.5dB
-119 dBm for 12 dB SINAD -120 dBm for 12 dB SINAD | -119.5 dBm for 12 dB SINAD
AF = 884MH 894.91 79.5dB 82.5dB 79 dB
= Z;
LO = 977.161MHz 935.58 108.5dB 110.5dB 108 dB
1018.74 108.5dB 110.5dB 108 dB
1060.32 99.5 dB 100.5 dB 96 dB
Requirements per IS-19-B:
2.3.4 Protection Against Spurious Response Interference: 60dB min.
Table 8. Protection Against Spurious Response Interference V¢c = 4V
All test measured with TDK duplexer (Model CF6121613D)
Interfering
Frequency Frequency (MHz) Board #1 Board #2 Board #3
-121 dBm for 12 dB SINAD -121 dBm for 12 dB SINAD | -121.5 dBm for 12 dB SINAD
881.91 84.5dB 74.5dB 79 dB
RF = 881MHz;
LO = 964 161MHz 922.58 108.5dB 108.5 dB 109 dB
1005.74 108.5 dB 108.5 dB 109 dB
1047.32 101.5dB 98.5dB 93 dB
-120 dBm for 12 dB SINAD | -120.5 dBm for 12 dB SINAD | -120 dBm for 12 dB SINAD
869.91 80.5dB 71dB 73.5dB
RF = 869MHz;
LO = 952.161MHz 910.58 107.5dB 108 dB 107.5dB
993.74 107.5dB 108 dB 107.5dB
1035.32 95.5 dB 93dB 88.5dB
-119.5 dBm for 12 dB SINAD | -120 dBm for 12 dB SINAD -120 dBm for 12 dB SINAD
RE < 894MH 894.91 80dB 78.5dB 81.5dB
= z;
LO = 977.161MHz 935.58 108 dB 108.5 dB 107.5dB
1018.74 108 dB 108.5dB 107.5dB
1060.32 100 dB 99.5 dB 95.5 dB
Requirements per IS-19-B:

2.3.4 Protection Against Spurious Response Interference: 60dB min.
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Table 9. Protection Against Spurious Response Interference V¢c = 5V
All test measured with TDK duplexer (Model CF6121613D)
Frequency Frelcm:::;i?ﬂHz) Board #1 Board #2 Board #3
-121 dBm for 12 dB SINAD -121 dBm for 12 dB SINAD | -121.5 dBm for 12 dB SINAD
881.91 84.5dB 74 dB 77.5dB
RF = 881MHz;
LO = 964.161MHz 922.58 108.5dB 109 dB 108.5 dB
1005.74 108.5dB 109 dB 108.5dB
1047.32 108.5dB 97 dB 104.5dB
-120 dBm for 12 dB SINAD | -120.5 dBm for 12 dB SINAD | -120 dBm for 12 dB SINAD
869.91 79.5dB 71dB 71dB
RF = 869MHz;
LO = 952.161MHz 910.58 107.5dB 108 dB 108 dB
993.74 107.5dB 108 dB 108 dB
1035.32 101.5dB 94 dB 93 dB
-119.5 dBm for 12 dB SINAD | -120 dBm for 12 dB SINAD -120 dBm for 12 dB SINAD
AF = 884MH 894.91 80.5dB 77 dB 81.5dB
=8 z;
LO = 977.161MHz 935.58 107.5dB 108 dB 111.5dB
1018.74 107.5dB 108 dB 111.5dB
1060.32 106.5 dB 100 dB 106.5 dB

Requirements per I1S-19-B:

2.3.4 Protection Against Spurious Response Interference: 60dB min.
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Table 10. Transmit desensitization — Board #1

Frequency Transmit Power 12 dB SINAD without Tx 12 dB SINAD with Tx Tx desensitization
(mW) (dBm) (dBm)

100 120 1195 05

200 120 1195 05
300 120 19 1
RF = 881MHz: 200 120 119 3
LO = 964.161MHz, 500 -120 119 1
Tx = 836MHz 600 120 119 1
700 120 19 1
800 120 118 2
900 120 18 2
7000 120 118 2
100 1195 1195 0
200 1195 195 0
300 1195 195 0
RF = 869MHz: 400 1195 1195 0
LO = 952.161MHz, 500 1195 1195 0
Tx = 824MHz 600 1195 1195 0
700 1195 1195 0
800 1195 1195 0
900 1195 1195 0
7000 1195 1195 0
100 119 119 0
200 119 119 0
300 19 119 0
RF = 894MHz; 400 -119 -119 0
LO = 977.161MHiz, 500 119 119 0
Tx = 849MHz 600 19 19 0
700 19 119 0
800 19 119 0
900 19 119 0
1000 119 119 0

Requirements per 1S-19-B:
2.3.1 RF Sensitivity: -116dBm or better
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Table 11. Transmit desensitization — Board #2

Frequency Transmit Power 12 dB SINAD without Tx 12 dB SINAD with Tx Tx desensitization
(mWw) (dBm) (dBm) (dB)
100 -120 -119.5 0.5
200 -120 -119.5 0.5
300 -120 -119 1
RF = 881MHz; 400 -120 -119 1
LO = 964.161MHz, 500 -120 -119 1
Tx = 836MHz 600 20 19 1
700 -120 -119 1
800 -120 -118 2
900 -120 -118 2
1000 120 -118 2
100 -119.5 -119.5 0
200 -119.5 -119.5 0
300 -1195 1195 0
RF = 869MHz; 400 -119.5 -119.5 0
LO = 952.161MHz, 500 -119.5 -119.5 0
Tx = 824MHz 600 195 1195 0
700 -119.5 -119.5 0
800 -119.5 -119.5 0
900 -119.5 -119.5 0
1000 -119.5 -119.5 0
100 -119.5 -119.5 0
200 -119.5 -119.5 0
300 -119.5 -119.5 )
RF = 894MHz; 400 -119.5 -119.5 0
LO =977.161MHz, 500 -119.5 -119.5 0
Tx = 849MHz 600 1195 19 05
700 -119.5 -119 0.5
800 -119.5 -119 0.5
900 -119.5 -119 0.5
1000 -119.5 -119 0.5

Requirements per I1S-19-B:
2.3.1 RF Sensitivity: -116dBm or better
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Evaluation of the SA601/SA606 demoboard AN1000

Table 12. Transmit desensitization — Board #3

Frequency Transmit Power 12 dB SINAD without Tx 12 dB SINAD with Tx Tx desensitization
(mW) (dBm) (dBm) (dB)
100 -119.8 -119.3 0.5
200 -119.8 -119.3 0.5
300 -119.8 -118.8 1
RF = 881MHz: 400 -119.8 -118.8 1
LO = 964.161MHz, 500 -119.8 -118.8 1
Tx = 836MHz 600 1198 118.8 1
700 -119.8 -118.8 1
800 -119.8 -117.8 2
900 -119.8 -117.8 2
1000 -119.8 -117.8 2
100 -119 -117 0
200 -119 -117 0
300 -119 -117 0
RF = 869MHz; 400 -119 -117 0
LO = 952.161MHz, 500 -119 -117 0
Tx = 824MHz 600 19 17 0
700 -119 -117 0
800 -119 -117 0
900 -119 -117 0
1000 -119 -117 0
100 -119 -119 0
200 -119 -119 0
300 ~ 119 119 0
RF = 894MHz; 400 -119 -119 0
LO =977.161MHz, 500 -119 -119 0
Tx = 849MHz 500 19 1185 05
700 -119 -118.5 0.5
800 -119 -118.5 0.5
900 -119 -118.5 0.5
1000 -119 -118.5 0.5

Requirements per 1S-19-B:
2.3.1 RF Sensitivity: -116dBm or better
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Philips Semiconductors

Application note

Evaluation of the SA601/SA606 demoboard AN1000
Table 13. Transmit desensitization Without Duplexer
Board #1 Board #2 Board #3
T{dléen:\l;‘ 12dB SINAD (dBm) 12dB SINAD (dBm) 12dB SINAD (dBm)
824MHz 836MHz 849MHz 824MHz 836MHz 849MHz 824MHz 836MHz 849MHz
-10 -118.5 -117.5 -117 -119 -118.5 -117.5 -119 -118.5 -117.5
-1 -118.5 -118 -117 -119 -118.5 -117.5 -119 -118.5 -117.5
-12 -118.5 -118 -117 -119.5 -118.5 -118 -119.5 -119 -1175
-13 -119 -118.5 -1175 -119.5 -119 -118 -1195 -119 -118
-14 -120 -119.5 -119 -120.5 -120 -119.5 -121 -120.5 -119
-15 -120 -120 -119 -121 -120.5 -119.5 -121 -120.5 -119.5
-16 -120.5 -120 -119.5 -121