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|

Functional Selection Guide

This selection guide includes all Motorola devices characterized in this book. Other devices also used in com-

munications applications, but associated with other product families, appear in the following documents.

Document No. Title

DL110/D Volume 1 & 2, RF Device Data

DL111/D Bipolar Power Transistor Data

DL118/D Optoelectronics Device Data

DL122/D MECL Device Data

DL126/D Small-Signal Transistors/FETs/Diodes
DL128/D Linear and Interface ICs Data

DL150/D TVS/Zener Device Data

SG73/D Master Selection Guide ;
SG96/D Linear and Interface Integrated Circuits Selector Guide
8G127/D Surface Mount Products Selector Guide
SG169/D MOS Digital-Analog IC Quarterly Update
MC... Data Sheets

DSP... Data Sheets

AMPLIFIERS/COMPARATORS/REGULATORS

Device # Function )

MC33102 Dual Sleep-Mode Operational Amplifier ............ccoevuinnn..

MC33129 High Performance Current Mode Controller ..............c.ccvvvvnne.

MC33178 High Output Current, Low Power, Low Noise Operational Amplifiers . ...

MC33179 High Output Current, Low Power, Low Noise Operational Amplifiers . ...

MC34119 Low Power Audio Amplifier ..........coviiiriiiiiiiiiiiiiiinen,

MC34129 High Performance Current Mode Controller .......................
ANALOG TELEPHONE

Device # Function

MC34010 Electronic Telephone Circuit

MC34012 Telephone TONE RINGEr . ..o v vttt it e iiieiieenennns

MC34014 Telephone Speech Network with Dialer Interface . ..................

MC34017 Telephone Tone RINGEr . ... vi i eeiee e eiieeneenns

MC34114 Telephone Speech Network with Dialer Interface ...................

MC145412 Puise/Tone Repertory Dialer ..........ccoviiiiiiiiiiiiiniennnn,

MC145413 Pulse/Tone RepertoryDialer ................coiiiiiiiiiiiins,

MC145416 Tone/Pulse Dialer with 10 Number Memory Plus 3 Emergency Numbers

MC145436 Dual Tone Multiple Frequency (DTMF) Decoder ...................

MC145512 Pulse/Tone Repertory Dialer ............ccviiiiiiininnninnennnn,

TCA 3385 Telephone Ring Signal Converter

TCA 3388 Speech Gircuit .......oviuiii it
DATA COMMUNICATION DEVICES

Device # Function

MC145488 Dual Data Link Controller (DDLC) (ISDN LAPD/LAPB)

MC68661 Enhanced Peripheral Communication Interface ................

MC68681 Universal Asynchronous Receiver/Transmitter .....................
DIGITAL SIGNAL PROCESSING

Device # Function

DSP56ADC16 Analog-to-Digital Converter .............cccviiiiiiiiiiniiiin.,

DSP56000 24-bit Digital Signal Processor ..............covviiiinn..

DSP56001 24-bit Digital Signal Processor ...........ccovuiiiinennn

DSP56002 24-bit Digital Signal Processor ......:....ccviviveienennnn.

DSP56116 16-bit Digital Signal Processor ...............ooviiiinnn,

DSP56156 16-bit Digital Signal Processor ...........c.ccovviiieinnnnnn

DSP56200 Cascadable Adaptive Finite Impulse Response Digital Filter

Page #

........ 2-208

... 2-446
... 2292
. 2-292

. 2-437
....... 2-448

Page #
2-313
2-337
... 2-345

. 2-362

. 2384
....... 2721
....... 2721

..... 2-730

....... 2-742
....... 2-721

. 2-935

.. 2043

Page #
2-844
MC68661/D

....... MC68681/D

Page #

DSP56ADC16/D
DSP56000/D
DSP56001/D
DSP56002/D
DSP56116/D
DSP56156/D
DSP56200/D
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DMA CONTROLLERS

Device # Function Page #
MC68440 DualDMAC .....ciiiiiiiiiiiiiiii e MC68440/D
MC68450 DMA Controller (DMAC) MC68450/D
EVALUATION KITS
Device # Function Page #
MC145190EVK 1.1 GHz PLL Frequency Synthesizer Evaluation Kit 3-3
MC145191EVK 1.1 GHz PLL Frequency Synthesizer Evaluation Kit ... 3-3
MC145460EVK Calling Line ID (CLID) Receiver Evaluation Kit ... .. .. 3-5
MC14LC5494EVK [SDN U-Interface Transceiver Evaluation Kit ....... 3-7
MC145536EVK Codec-Filter/ADPCM Transcoder Evaluation Kit .. .. 3-11
MC145537EVK MC145540 ADPCM Codec Evaluation Kit . ...........covvniiuineiiiinnnes 3-13
FIBER DISTRIBUTED DATA INTERFACE (FDDI)
Device # Function Page #
MC68834 Stream CipherChip ... .o e
MC68836 FDDI Clock Generator ...........ocvvvunivnnn e MC68836UM/AD
MC68837 Elasticity Buffer and Link Manager MC68837UM/AD
MC68838 Media Access Controller ..........co.iiiiiiiiiiiiiiiiiiiiiiiiiiieas MC68838UM/AD
MC68839 FDDI SystemInterface .........cciviiiiiiiiiiiiiiiiiiiiiirinineeenns
MC68840 Integrated FDDI ......cooviiiiiiiii i irreeess i,
INTEGRATED PROCESSORS
Device # Function Page #
MC68302 Integrated Multiprotocol Processor ............coivviiinniniinennenennen MC68302UM/AD
: : . MC68302ADUM/AD
MC68340 Integrated Processor Wwith DMA . ... .. ..ottt nnns MC68340UM/AD
MC68360 Quad Integrated Communication Controller (QUICC) ..................ut.. MC68360UM/AD
INTEGRATED SERVICES DIGITAL NETWORK (ISDN)
Device # Function Page #
MC145472 ISDN (2B1Q) U-Interface Transceiver 2-775
MC1454LC72 ISDN (2B1Q) U-Interface Transceiver 2-775
MC145474 ISDN S/T Interface Transceiver ............ 2-801
MC145475 ISDN S/T Interface Transceiver ............ 2-801
MC145572 ‘ISDN U-Interface Transceiver Il ............ 2922
MC145574 . ISDN S/T Interface Transceiverll ......... 2-924
INTERFACE
Device # Function
MC14C88B Quad Low Power Line Driver.........coviuiiiiiiiiiiiiinennneeennnnnnes
MC14C89B, AB Quad Low Power Line Receivers
MC1488 Quad MDTL Line Driver .................
MC1489, A Quad MDTL Line Receivers ...........
MC26C31 Quad ElIA-422-A Line Driver ...........
MC26C32 Quad EIA-422-A Line Receiver .......
MC34C86 Quad EIA-422-A Line Receiver .......
MC34C87 Quad EIA-422-A Line Driver .........
MC145403 Drivers/Receivers (3/5) ..............
MC145404 Drivers/Receivers (4/4) ..............
MC145405 Drivers/Receivers (5/3) ............
MC145406 EIA-232-E/V.28 Driver/Receiver ....
MC145407 5-Volt Only Driver/Receiver ........
MC145408 Drivers/ReceiVers (5/5) ..o v vuiieniniieaananeenns e,
MC145583 3.3 Volt to 5 Volt EIA-232-E V.28 Driver/Receiver ............cooevvvvinnnn 2-926
MC145705 5V Only Driver/Receiver w/Integrated Standby Mode (2-Dnver/3-Rece|ver) .. 2-929
MC145706 5V Only Driver/Receiver w/Integrated Standby Mode (3-Driver/2-Receiver) .. 2-929
MC145707 5V Only Driver/Receiver w/integrated Standby Mode (3-Driver/3-Receiver) .. 2-929
Functional Selection Guide MOTOROLA COMMUNICATIONS DEVICE DATA
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MODEMS

Device # Function Page #
MC145442 Single Chip 300 Baud Modem (CCITT V.21) ...cvvviinniiiiiinieinnnnnnn,s 2-748
MC145443 Single Chip 300 Baud Modem (Bell 103) ........coviivieiniiiiiinninennn 2-748
MC145444 Single Chip 300 Baud Modem with DTMF Generator (CCITT V.21) .......... 2-756
MC145447 Calling Line ID (CLID) Receiver with Ring Detector ..................oo.en. 2-765
NETWORK DEVICES
Device # Function Page #
MCe8184 Broadband Interface Controller ...........coviviiiiiiiiiiiiiiiiiiiin MC68184UM/AD
MC68185 Twisted Pair Modem ........... ... MC68185UM/AD
MC68194 Carrierband Modem ........ ... MC68194UM/AD
MC68195 LocalTalk Adaptor .......... .... MC68195UM/AD
MC68605 X.25 Protocol Controller ..
MC68606 Multi-Link LAPD Controller CCITT Q.920/Q.921 .............c.ut. .... MC68606UM/AD
MCe8824 TokenBus Controller .........ccoviiiiiiiiiiieiiiiiinnnnn PN MC68824UM/AD
PHASE-LOCKED LOOP (PLL) FREQUENCY SYNTHESIZERS
Device # Function Page #
MC145106 PLL Frequency Synthesizer...............cooiiiiiiiiiiiiiiine, ... 2495
MC145145-2 4-Bit Data Bus Input PLL Frequency Synthesizer ... 2-502
MC145146-2 4-Bit Data Bus Input PLL Frequency Synthesizer .... 2-513
MC145149 Dual PLL Frequency Synthesizer ...........ccoveiiiiiiiiiiiiiiainnns 2-524
MC145151-2 Parallel-Input PLL Frequency Synthesizer (Single-Modulus Prescalers) ... ... 2-535
MC145152-2 Parallel-Input PLL Frequency Synthesizer (Dual-Modulus Prescalers) ....... 2-538
MC145155-2 Serial-Input PLL Frequency Synthesizer (Single-Modulus Prescalers) ....... 2-542
MC145156-2 Serial-Input PLL Frequency Synthesizer (Dual-Modulus Prescalers) ......... 2-546
MC145157-2 Serial-Input PLL Frequency Synthesizer (Single-Modulus Prescalers) ....... 2-550
MC145158-2 Serial-Input PLL Frequency Synthesizer (Dual-Modulus Prescalers) ......... 2-553
MC145159-1 Serial-Input PLL Frequency Synthesizer with Analog Phase Detector ........ 2-565
MC145160 4-Bit Parallel Dual PLL for 46/49 MHz Cordless Telephones ................ 2-574
MC145161 Dual PLL for 30/39 MHz Cordless Telephones ...........covviiviievnnennn 2-581
MC145162 60 MHz Universal Programmable Dual PLL Frequency Synthesizer ......... 2-587
MC145166 4-Bit Parallel Dual PLL for 46/49 MHz Cordless Telephones ................ 2-574
MC145167 Serial-Input Dual PLL for 46/49 MHz Cordless Telephones
MC145168 4-Bit Input Dual PLL for 46/49 MHz Cordless Telephones
MC145169 Serial-Input Dual PLL for 46/49 MHz Cordless Telephones
MC145170 PLL Frequency Synthesizer with Serial Interface (160 MHz) ................ 2-615
MC145173 Dual Band PLL Frequency Synthesizer ...............coviiiiiiiiiinnnn, 2-631
MC145190 1.1 GHz PLL Frequency Synthesizer (30/130MHz) .................o0out 2-632
MC145191 1.1 GHz PLL Frequency Synthesizer ...........ccvviiiiiiiiniiinnnennes 2-632
MC145192 Low Voltage 1.1 GHz PLL Frequency Synthesizer ........................ 2-651
MC145200 2.0 GHz PLL Frequency Synthesizer ..........ccoviiiiiiiiiiiiinenene, 2-670
MC145201 - 2.0 GHz PLL Frequency Synthesizer .........cooviiiiiiininieennnnnnns 2-670
REMOTE CONTROL FUNCTIONS
Device # Function Page #
MC14469 Addressable Asynchronous Receiver/Transmitter .................cooveen. 2-194
MC14497 PCM Remote Control Transmitter
MC145026 Encoder.... ..ot e
MC145027 =TT o 1=
MC145028

1 T=T T o =T

. MC68605UM/AD
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RF COMMUNICATIONS

Device # Function Page #
MC2831A Low Power FM Transmitter System ...................ou0. e 2-32
MC2833 Low Power FM Transmiitter System ..o, 2-35
MC3356 Wideband FSK Receiver 2-38
MC3357 LOW POWET FM I ettt ettt e e e e et e e e et nens 2-44
MC3359 High Gain Low Power FM IF ... .. i 2-48
MC3361B Low Power FMIF ..o i ittt i 2-54
MC3362 Low Power Dual Conversion FMReceiver ............cooviiiiiiiiiinnnnnnns 2-60
MC3363 Low Power Dual Conversion FM Receiver ............cccviviiiiiiiiiinnnn, 2-65
MC3367 Low Voltage Single Conversion FM Receiver 2-72
MC3371 Low Power Narrowband FMIF ............ccoviiiiiiiininnn, 2-78
MC3372 Low Power Narrowband FMIF .............coiiiiiiiiiinnn, 2-78
MC13055 Wideband FSKReceiver ..........coviiiiiiiiiiiiiiiniinnonn, 2-135
MC13135 Dual Conversion Narrowband FM Receiver ...................... 2-142
MC13136 Dual Conversion Narrowband FM Receiver ...................... 2-142
MC13155 Wideband FSK RECEIVEr ... ...viiiiiiiiiiii ittt ittt 2-154
MC13156 Wideband FM IF System ... .vvvvvvnvnnninnnnnnrinnin, 2-169
MC13175 UHF FM/AM Transmitter ........c.oviineriiinne i erinnerrnnnnerernnnnees 2-170
MC13176 UHF FM/AM Transmitter ..........coevuviiiinininiinenenninns 2-170
MRFIC2001 900 MHz Downconverter LNA/Mixer MRFIC2001/D
MRFIC2002 900 MHz Transmit MiXer ...........coiiiiiiiiiniieiinneninnnenn MRFIC2002/D
MRF1C2003 900 MHz GaAs Antenna Switch ..................ccooiiiiitn MRFIC2003/D
MRFIC2004 900 MHz Driverand Ramp .........ccovviiiiieiniinnennennnns MRFIC2004/D
MRFIC2006 900 MHz Two Stage Power Amplifier MRFIC2006/D
SPEAKERPHONES .
Device # Function Page #
MC33218 Voice Switched Speakerphone with Microprocessor Interface 2-302
MC34018 Voice Switched Speakerphone Circuit ...............ccvviueen 2-370
MC34118 Voice Switched Speakerphone Circuit ..o, 2-417
SUBSCRIBER LOOP INTERFACE CIRCUITS (SLICs)
Device # Function . Page #
MC3419-1L Subscriber Loop Interface Circuit ..........cooviiiiiiiiiiii 2-119
MC33120 Subscriber Loop Interface Circuit ............c.oovviviinn ' 2-232
MC33121 . Low Voltage Subscriber Loop Interface Circuit . : 2-262
VOICE CODING
Device # Function Page #
MC3417 CVSD Modulator/Demodulator (3-Bit Algorithm) 2-101
MC3418 ~ CVSD Modulator/Demodulator (4-Bit Algorithm) 2-101
MC3517 CVSD Modulator/Demodulator (3-Bit Algorithm) 2-101
MC3518 CVSD Modulator/Demodulator (4-Bit Algorithm) 2-101
MC33110 Low Voltage Compander ............ccoevvnennnnnnrnnn 2-220
MC34115 CVSD Modulator/Demodulators ................couen. 2-402
MC145402 Serial 13-Bit Linear Codec (A/D and D/A) 2-689
MC145480 5V PCMCodec-Filter . ............coiiiiiiaiian, 2-822
MC145500 Codec-Filter (Mono-Circuit; 16-Pin) ................... i 2-854
MC145501 " Codec-Filter (Mono-Circuit; 18-Pin) ................... . 2-854
MC145502 Codec-Filter (Mono-Circuit; 22-Pin) ................... 2-854
MC145503 Codec-Filter (Mono-Circuit; 16-Pin) ................... 2-854
MC145505 Codec-Filter (Mono-Circuit; 16-Pin) ................... 2-854
MC145532 ADPCM Transcoder ..........ouvveieinrnnenenenns 2-875
MC145540 ADPCM COGEC ..vviiieitneiiieeieinananennnns 2-890
MC145542 CT2 Speechand FramingIC ..................... 2-906
MC145554 PCM Codec-Filter (16-Pin) . ...........coovueninnn 2-907
MC145557 PCM Codec-Filter (16-Pin) . ...........cocvvvienn. 2-907
MC145564 PCM Codec-Filter (20-Pin) ..............coovnnt.. 2-907
MC145567 PCM Codec-Filter (20-Pin) . ..............co..... 2-907
Functional Selection Guide MOTOROLA COMMUNICATIONS DEVICE DATA
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OTHER FUNCTIONS
Device #
MJD243
MJD253
MJE270
MJE271
MPS6717
4N35/36/37

Function

4-A Silicon Power Transistor ........c.cveiviiivnenneneneenens

4-A Silicon Power Transistor ..........ccoovvviineans
NPN Power Transistor ...........c.ocveuviennnnnn.
PNP Power Transistor .........ccvvveeieineennnnn.
NPN One Watt Amplifier Transistors

OptoiSOlators ......vvviieinereiererennerenneneennneennnns

DISCONTINUED/NOT RECOMMENDED FOR NEW DESIGN

Device #

MC14400
MC14401
MC14402
MC14403
MC14405
MC14408
MC14409
MC14410
MC14411
MC14412
MC14413-1, -2
MC14414-1, -2
MC14416
MC14417
MC14418
MC14419
MC142100
MC142103
MC143403
MC143404
MC145030
MC145031
MC145032
MC145033
MC145034
MC145035
MC145100
"~ MC145411
MC145414
MC145415
MC145418
MC145419
MC145421
MC145422
MC145425
MC145426
MC145428
MC145429
MC145432
MC145433
MC145439
MC145440
MC145441
MC145445
MC145450
MC145601
MC145610
MC145611

Function

Single-Chip Codec-Filter (Mono-Circuit)
Single-Chip Codec-Filter (Mono-Circuit)
Single-Chip Codec-Filter (Mono-Circuit)
Single-Chip Codec-Filter (Mono-Circuit)
Single-Chip Codec-Filter (Mono-Circuit)
Binary to Pulse Dialer

Binary to Pulse Dialer

2-0f-8 Tone Encoder/Dialer

Bit Rate Generator

Universal Low Speed Modem (0-600 bps)
PCM Band-Pass/Low-Pass Filter

PCM Dual Low-Pass Filter

Time Slot Assigner Circuit

Time Slot Assigner Circuit

Time Slot Assigner Circuit

2-0f-8 Keypad-to-Binary Encoder

4 x 4 Crosspoint Switch with Control Memory
Encoder

Quad Line Driver

Quad Line Driver

Encoder/Decoder

Encoder

Decoder

Encoder/Decoder

Encoder

Decoder

4 x 4 Crosspoint Switch with Control Memory
Bit Rate Generator

Dual Tunable Low-Pass Sampled Filter

Dual Tunable Linear Phase Low-Pass Sampled Data Filter
80 kbps Digital Loop Transceiver (Master)

80 kbps Digital Loop Transceiver (Slave)
Universal Digital Loop Transceiver Il (UDLT Il)
Universal Digital Loop Transceiver (UDLT)
Universal Digital Loop Transceiver Il (UDLT Ii)
Universal Digital Loop Transceiver (UDLT)
Data Set Interface

Teleset Audio Interface Circuit (TAIC)

2600 Hz Signaling Filter

Tunable Notch/Band-Pass Filter
Encoder/Decoder

300 Baud Modem Filter (Bell 103)

300 Baud Modem Filter (CCITT V.21)

300 Baud Modem (Bell 103/CCITT V.21)
1200 Baud Modem (Bell 202/CCITT V.23)
Time Slot Interchange Circuit (TSIC)

Pulse Tone Dialer with Last Number Redial
PCM 8-Channel Conference Circuit
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RF COMMUNICATIONS
AM and Wideband FM Transmitters

Vee

Technical Selection Guide

1 ’-‘—:T*MaxRF
Output | Input

 Device | lcec | Power | Freq. . otes :

MC13175 | 2-5V | 40mA 8.0 500 MHz AM/FM Transmitter; Single Frequency
dBm PLL, fouT =8 X fREF

MC13176 | 2-5V |40 mA 8.0 1 GHz 5 MHz 10M | AM/FM Transmitter; Single Frequency
dBm PLL, fouT =32 X fREF
Receivers

Wideband Single Conversion

SINAD | |
- - Sensitivity |
Device | Vec | | v |
MC3356 | 3-9V
MHz MHz shaper DW/751D
MC13156 | 2-7V | 3mA 2pVv 500 214 No | Yes 1M | CT-2 FM demodulator DW/751E | 2-169
MHz MHz split IF

Wideband IFs

ice

L Yee | lee v d Notes )
MC13055 [3-12V | 25 mA 40 MHz Yes | Yes 2M Wideband, includes data P/648 2-135
shaper D/751B
MC13155 | 36V | 10 mA 100 pv 250 MHz No Yes 10M | Video speed D/751B | 2-154

evice
MC2831A

Narrowband FM Transmitters

-30 dBm

4.8k

FM Transmitter — Includes low

3-8V |5.0mA 50 kHz P/648 2-32
battery checker, tone oscillator D/751B
MC2833 3-8V | 10mA | -30dBmto | 150 MHz | 50 kHz 4.8k | FM Transmitter — Includes two P/648 2-35
+10dBm frequency multiplier/amplifier D/751B
transistors

Narrowband Single Conversion Receivers

MC3357 | 4-8V | 5mA 5uv 45MHz | 455kHz | Yes No Ceramic Quad P/648 2-44
Detector/Resonator
MC3359 | 4-9V | 7mA 2uv 45MHz | 455kHz | Yes | No | >4.8k | Scan Output Option P/707 2-48
DW/751D

MC3361B | 2-8V | 6 mA 2uv 60 MHz | 455kHz | Yes No > 4.8k | Lowest Cost Receiver P/648 2-54
D/751B

MC3367 | 1-5V | 1mA 1uv 75MHz | 455kHz | Yes No > 4.8k |1 Cell Operation DW/751F | 2-72

MC3371 | 2-8V | 6mA 2uv 60 MHz | 455kHz | Yes No >4.8k |RSSI P/648 2-78
D/751B

MC3372 | 2-8V | 6mA 2uv 60 MHz | 455kHz | Yes No > 4.8k | RSSI, Ceramic Quad P/648 2-78
Detector/Resonator D/751B

MOTOROLA COMMUNICATIONS DEVICE DATA
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RF COMMUNICATIONS (continued)
Narrowband Dual Conversion Receivers

i

MC3362 0.7 uv Includes buffered | DW/751E

MHz MHz kHz VCO output
MC3363 | 2-7V | 4mA 0.4 uv 180 10.7 455 Yes | Yes | >4.8k [Includes RF DW/751F | 2-65
MHz MHz kHz Preamp and Mute
MC13135{ 2-7V | 4 mA 1pv 180 10.7 455 No | Yes | >4.8k | Voltage buffered | DW/751E | 2-142
MHz MHz kHz RSSI, LC Quad
Detector
MC13136 | 2-7V | 4 mA 1uv 180 10.7 455 No | Yes | >4.8k |Voltage buffered | DW/751E | 2-142
MHz MHz kHz RSSI, Ceramic
Quad Detector

LOW-POWER OPERATIONAL AMPLIFIER

MC33102 -40t085 |Dual P/626 2-208
(Awake) | 1.0 4.0 20 |s500nA 6.0 50 D/751
(Sleep) | 0.1 0.3 20 | 50nA 6.0 25
MC33178/9 | 2.0 5.0 3.0 0.5 0.7 80 75 | —40t085 |Dual/Quad P/626 2-292

REMOTE CONTROL

Encoder Depends on Depeds on Depends on Simplex MC1 4526 P/648
Decoder(1) Decoder(1) Decoder(1) D/751B
Decoder 5 243 4 Simplex MC145027 P/648
9 19,683 0 Simplex MC145028 DW/751G
()see MC145027, MC145028

SWITCH MODE CONTROLLER

. e

1000 421012 Current | 1.25+£2.0% 300 MC34129 0to+70 P/646 2-446

(Totem Pole MOSFET DI751A
Driver Output) MC33120 | —40to+85 | P/6a6 | 2-446
DI751A
Technical Selection Guide MOTOROLA COMMUNICATIONS DEVICE DATA
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EIA-232/562/V.28 DRIVERS/RECEIVERS

EIA-232/EIA-562

MC14C89B

P/646, D/751A

2-9

- * v.28 MC14C89AB
—_ 4 +5.0 ElA-232/V.28 MC1489 P/646, D/751A 2-20
MC1489A

4 —_ +7.0to £12 EIA-232/E1A-562 MC14C88B P/646, D/751A 2-3
V.28

4 — +9.0to+£12 EIA-232/V.28 MC1488 P/646, D/751A 2-14

3 5 +5.0to+ 12 EIA-232/V.28 MC145403 P/738 2-700

4 4 ' MC145404 DWr751D

5 3 MC145405

3 3 MC145406 P/648, DW/751G 2-706

3 3 +5.0 EIA-232/V.28; Charge Pump MC145407 P/738, DW/751D 2-714

5 5 +5.0to£12 EIA-232/V.28 MC145408 P/724, DW/751E 2-706

2 3 +3.3t0 +5.0 ElA-232/V.28; Onboard ring MC145583 DW/751F 2-926
monitor circuit

2 3 +5.0 EIA-232/V.28; Charge Pump, MC145705 P/738 2-929
Power Down MC145706 DW/751D

3 MC145707 P/724, DW/751E

EIA-422 DRIVERS/RECEIVERS

+5.0 Pin compatible with AM26LS31. Enable and } MC26C31

| disable common to all four drivers. Typical ESD
protection of 2 KV.

i
P/648, D/751B

2-26

+5.0 Pin compatible with AM26LS32. Enable and | MC26C32

disable common to all four receivers. Typical ESD

P/648, D/751B

2-29

protection of 2 KV.

Pin compatible with MC3486. Typical ESD
protection of 2 KV.

Pin compatible with MC3487. Typical ESD
protection of 2 KV.

— 4 +5.0 MC34C86 P/648, D/751B | 2-95

4 — +5.0 MC34C87 P/648,D/751B | 2-98

MOTOROLA COMMUNICATIONS DEVICE DATA Technical Selection Guide
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PHASE-LOCKED LOOP FREQUENCY SYNTHESIZERS

4@5V 45t012 6@5V Single-ended three-state No Parallel MC145106 P/707 2-495
DW/751D
FN/775
15@5V | 3.0t09.0 _— Two single-ended three-state ' Serial MC145149 P/738 2-524
DW/751D
7.5@5V |Analog MC145159-1 P/738 2-565
DW/751D
FN/775
20@5V 3.0t09.0 | 7.5 @5V | Single-ended three-state, No 4-Bit MC145145-2 P/707 2-502
double-ended DW/751D
MC145146-2 P/738 2-513
DW/751D |
Paralle! MC145151-2 | = P/710 2-535
DW/751F
FN/776
Double-ended MC145152-2 P/710 2-538
DW/751F
FN/776
Single-ended three-state, Serial MC145155-2 P/707 2-542
double-ended DW/751D
FN/775
MC145156-2 P/707 2-546
DW/751D
FN/775
MC145157-2 P/648 2-550
DW/751G
. FN/775
MC145158-2 P/648 2-553
DW/751G
FN/775
60 @3V | 251055 | 3.0 @3V |Two single-ended three-state Yes Parallel MC145160 P/707 2-574
DW/751D
Serial MC145161 P/648 2-581
DW/751G
MC145162 P/648 2-587
DW/751G
Parallel MC145166 P/648 2-574
DW/751G
Serial MC145167 P/648 2-574
Parallel | Mc145168 | PW/751G [T5.606
Serial MC145169 2-606
100@3V | 25t06.0 | 3.0 @ 3V |Single-ended three-state, No Serial MC145170 P/648 2-615
160@5V 7.0 @ 5V | double-ended D/751B
30/130@ | 45t05.5 | 25 @ 5V | Single-ended three-state, Yes Serial MC145173 | DW/751E | 2-631
5V Current source/sink
1100 @5V | 45t05.5 | 7.0 @5V | Current source/sink, Yes Serial MC145190 DW/751J 2-632
double-ended MC145191 | DW/751J | 2-632
1100 @3V | 2.7t05.0 |6.0@ 27V MC145192 DW/751J 2-651
2000 @5V | 45t05.5 i2@5Vv MC145200 DW/751J 2-670
MC145201 DW/751J 2-670
Technical Selection Guide MOTOROLA COMMUNICATIONS DEVICE DATA
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TELECOM CIRCUITS
Audio Amplifiers

Low Voltage Audio Amp

400 mW, 8.0 to 100 Q, 2.0 to 16 V, differential outputs, chip-
disable input pin.

MC34119

P/626
D/751

2-437

nction

Complete Telephone Circuit

POTS circuit + MPU Dialing

Speech network, tone ringer, DC loop current interface,
DTMF dialer with serial port control

MC34010

Companders

Basic Compander

i

2.7t0 7V, no precision externals, 80 dB range, —40 to
+85°C, independent compressor and expander

MC33110

P/646
D/751A

2-220

‘Dialers

Pulse/Tone Repertory Dialer

MC145412

P/707

immunity. Output in 4-bit hexadecimal code.

10 number memory including LNR. Uses color burst XTAL. 2721
3 x 4 or 4 x 4 keyboard compatibility. 32/68 make break ratio MC145413
(MC145512 ONLY)
MC145512
Tone/Pulse Dialer 10 number memory including LNR plus 3 emergency num- MC145416 P/738 2-730
bers. Dial mode output pin. Uses color burst XTAL.
Dual Tone Multiple Frequency | Pin compatible with SSI204. Single +5 V supply. Detects all MC145436 P/646 2-742
Receiver 16 tones. Provides guard time controls for improved speech DW/751G

T

Integrated Services Digital Network (ISDN)

: o G e 5

Line Cards, NT1s, Pair Gain, | ANSI T1.601 compliant, pin selectable LT or NT operation, in- | MC145472 FE/847B 2-775
ISDN Compatible Bridge Rout- | dustry standard IDL interface, slave-slave timing mode, control
ers, ISDN Terminals and status provided through four-wire serial control port.

500 mW die shrink version of the MC145472 MC1454LC72 FE/847B 2-775

Fus47

Network Termination (NT1), PC | Conforms to CCITT 1.430 and ANSI T1.605, pin selectable NT | MC145474 L/736B 2-801
Based and Standalone ISDN | and TE modes, Interchip Digital Link (IDL), serial control port
Terminal Adaptors, ISDN Tele- | (SCP), full multiframing capabilities, NT1 star mode, S/T and | MG145475 DW/751D 2-801
phone, ISDN Video Phones IDL loopbacks.
Line Cards, NT1s, Pair Gain, | Enhanced version of the MC14LC5472, low power; 300 mW, MC145572 FN/777 2-922
ISDN Compatible Bridge Rout- | ANSIT1.601 compliant, pin selectable LT or NT operation, IDL FE/824A
ers, ISDN Terminals and GCl interfaces, timeslot assigner, parallel or serial control

ports
Network Termination (NT1), PC | Conforms to CCITT 1.430 and ANS! T1.605, pin selectable NT | MC145574 Not 2-924
Based and Standalone ISDN | and TE modes, Interchip Digital Link (IDL), serial control port Available
Terminal Adaptors, ISDN Tele- | (SCP), full multiframing capabilities, NT1 star mode, S/T and until 2Q94
phone, ISDN Video Phones, | IDL loopbacks, backwards software compatible with the
PBXApplications, Combination | MC145474/75, low power consumption, general circuit inter-
Network Termination/Terminal | face (GCl), timeslot assigner, NT terminal mode, slave/slave
Adaptor (NT1/TA) mode.

MOTOROLA COMMUNICATIONS DEVICE DATA
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TELECOM CIRCUITS (continued)

Modems

s 3 G :
Single Chip 300 Baud Modem | CCITT V.21 compatible. Capable of driving -9 dBm into MC145442 P/738 2-748
’ 600 Q. Internal mid-supply generator. Uses color burst XTAL. e DW/751D
Adjustable transmit level and CD delay timing.
Single Chip 300 Baud Modem | Bell 103 compatible. Capable of driving ~9 dBm into 600 Q. MC145443 P/738 2-748
Internal mid-supply generator. Uses color burst XTAL. Ad- DW/751D
justable transmit level and CD delay timing.
Single Chip 300 Baud Modem | CCITT V.21 compatible. Capable of driving 0 dBm into MC145444 H/804 2-756
600 Q. Uses color burst XTAL. Adjustable transmit level and DW/751D
CD delay timing. On-chip DTMF generator and imprecise call
progress detection. 3-wire serial interface.
Adjust Box, Telephones, Fax Low-power mode, 3.5 V to 6.5 V operating range, high-per- MC145447 P/648 2-765
Machines, Answering Ma- formance Bell 202/V.23 demodulator, on chip ring detector, DW/751G

chines, Key Systems, Trans- .
action Terminals

pin selectable oscillator frequencies: 3.68 MHz, 3.58 MHz, or
455 kHz

Subscriber Loop Interface Circuits (SLICs)

PBX Applications All gains externally programmable, most BORSHT functions, | MC3419-1L 2-119
current limit adjustable to 100 mA ]
Central Office, Remote All gains externally programmable, most BORSHT functions, MC33120 P/738 2-232
Terminals, PBX Applications current limit adjustable to 50 mA, 58 dB FN/776
Longitudinal Balance, —42 to -58 V )
Central Office, Remote All gains externally programmable, most BORSHT functions, MC33121 P/738 2-262
Terminals, PBX Applications current limit adjustable to 50 mA, 58 dB FN/776
Longitudinal Balance, -21.6 to —42 V

Speakerphone Circuits

All level detection, attenuators, and switching controls, mike

2-302

Complete Speakerphone with MC33218 P/724
MPU Interface amp, MPU interface for: volume control, mode selection, DW/751E

mike mute.
Complete Speakerphone with | All level detection (2 pt.), attenuators, and switching controls, MC34018 P/710 2-370
Speaker Amplifier mike and speaker amp DW/751F
Complete Speakerphone with | All level detection (4 pt.), attenuators, and switching controls, MC34118 P/710 2-417
Hybrid, Filter mike amp with mute, hybrid, and filter DW/751F

Speech Network:

Basic Phone Line Interface

T

Loop current interface, speech network, line length com-

French, UK, low voltages, and PABX systems.

MC34014 P/707 2-345
pensation, speech/dialing modes, Bell system compliant. D/751D
Basic Phone Line Interface Loop current interface, speech network, line length com- MC34114 P/707 2-384
pensation, speech/dialing modes, Bell system and foreign D/751D
countries.
European Speech Network Loop current interface, speech network, line length com- TCA 3388 DP/738 2-943
pensation, speech/dialing modes, programmable masks for FP/751

R

Current Mode Regulator

i i i

For phone line power applications, soft start, current limiting,
2% accuracy

MC34129

Technical Selection Guide
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TELECOM CIRCUITS (continued)
Tone Ringers

Adjustable Tone Ringer Single ended output, meets FCC requirements, adjustable MC34012 P/626 2-337
REN, different warble rates -1,-2,-3 D/751
Adjustable Tone Ringer Differential output, meets FCC requirements, adjustable MC34017 P/626 2-362
REN, different warble rates -1,-2,-3 D/751
Adjustable Tone Ringer Differential output, meets FCC requirements, adjustable MC34217 P/626 2-362
REN, different warble rates D/751
Ring Signal Converter Switching regulator to convert ringing voltage to regulated TCA 3385 P/626 2-935
DC output. Provides ring detect output FP/751
Voice Coding
ISDN, PABX, DSP Interface, 5V single power supply PCM codec-filter. Pin selectable MC145480 P/738 2-822
Cordless Telephone, Radio Mu-Law or A-Law companding with serial PCM interface DW/751D
ISDN, Telephone Central Of- PCM codec-filter with pin selectable Mu-Law or A-Law com- MC145500 L/630 2-954
fice, PABX, DSP Interface panding and serlal PCM interface MC145501 U726
MC145502 L/736
P/708
FN/776
MC145503 L/620
P/648
MC145505 DW/751G
Digital Cordless Telephone 5V ADPCM transcoder that is CCITT G.721, G.723, and MC145532 L/620 2-875
Base Station, T1 Multiplexer G.726 compliant for 24 and 32 kpbs with proprietary 16 kpbs DW/751G
mode. Mu-Law and A-Law compatible.
Digital Cordless Telephone/ PCM codec-filter with ADPCM transcoder that operates at MC145540 P/710 2-890
Base Station, Voice Storage 2.7 V. CCITT G.721, G.723, and G.726 compliant at 16, 24, DW/751F

and 32 kpbs. Includes high-gain mic amp, receiver power
driver, auxiliary driver, sidetone and gain controls.

CT2 Digital Cordless 2.7 V ADPCM codec with CT2 burst-mode control logic. This MC145542 TBD 2-906
Telephone and Base Station device is a complete voice coder with framing and system
control features for CT2 applications.

ISDN, Telephone Central Of- Dual power supply PCM codec-filter. Industry standard pin- MC145554 P/648 2-907
fice, PABX, DSP Interface out with serial PCM interface. L/620
MC155557 DW/751G
MC145564 P/738
L/732

MC145567 DW/751D

Voice Encoders/Decoders

2 i S R i i i i i a&»\\\\ i
Continuously Variable Telephone quality voice encoding/decoding, variable clock MC34115 P/738 2-402
Slope Delta (CVSD) rate, 3-bit coding, for secure communications, voice storage/ DW/751G
Modulator/Demodulator retrieval, answering machines, 0-70°C
Same as above, except 4-bit coding MC3418 P/738 2-101
DW/751G
Same as MC34115, but - 55 to + 125°C temp. range MC3517 L/620 2-101
Same as MC3418, but - 55 to + 125°C temp. range MC3518 L/620 2-101
MOTOROLA COMMUNICATIONS DEVICE DATA Technical Selection Guide
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MOTOROLA

SEMICONDUCTOR N ———

TECHNICAL DATA

Advance Information
Quad Low Power Line Driver

The MC14C88B is a low power monolithic quad line driver, using BIMOS
technology, which conforms to EIA-232-D, EIA-562, and CCITT V.28. The
inputs feature TTL and CMOS compatibility with minimal loading. The outputs
feature internally controlled slew rate limiting, eliminating the need for external
capacitors. Power off output impedance exceeds 300 Q, and current limiting
protects the outputs in the event of short circuits.

Power supply current is less than 160 puA over the supply voltage range of
+4.5 to £15 V. EIA-232-D performance is guaranteed with a minimum supply
voltage of +6.5 V.

The MC14C88B is pin compatible with the MC1488, SN75188, SN75C188,
DS1488, and DS14C88. This device is available in 14 pin plastic DIP, and
surface mount packaging.

Features:

® BiMOS Technology for Low Power Operation (<5.0 mW)
Meets Requirements of EIA-232-D, EIA-562, and CCITT V.28
Quiescent Current Less Than 160 pA

TTL/CMOS Compatible Inputs

Minimum 300 Q Output Impedance when Powered Off
Supply Voltage Range: 4.5 to +15 V

Pin Equivalent to MC1488

Current Limited Output: 10 mA Minimum

Operating Ambient Temperature: —40° to 85°C

MC14C88B

QUAD LOW POWER

LINE DRIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 646

&

1

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(S0-14)

Simplified Block Diagram

VEE E
inputA [ 2]
Oulput A Ep
inputB1 [ 4]

PIN CONNECTIONS

- EI Vee

0] ImputD1
2] InputD2
(1] ouputD

(Each Driver)
veo Input B2 E E] Input C1
O
OuputB [ 6] E Input C2
Gnd ] ouputc
45 250 Output
(Top View)
' ORDERING INFORMATION
Temperature
Vee Device Range Package
o MC14C88BP | _,01 Lasec Plastic DIP
MC14C88BD SO-14
MOTOROLA COMMUNICATIONS DEVICE DATA MC14C88B

2-3



MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

Rating Symbol Value Unit

Power Supply Voltage Vdc
Vcc(max) Ve +17
VEE(min, VEE -17
(Vee - VEE)max Vec - VEE 34

Input Voltage (All Inputs) Vin VEE-0.3, VEE+39 Vdc

Applied Output Voltage, when Voc=VEg#0 V Vx VEE-6.0V,Vcc+6.0V | Vde

Applied Output Voltage, when Voc=VEE=0 V +15

Output Current lo Self Limiting mA

Operating Junction Temperature Ty —65, +150 °C

Devices should not be operated at these limits. The “Recommended Operating Conditions” table provides for actual
device operation.
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Vee +4.5 — +15 Vdc
VEE -15 — -4.5

Input Voltage (All Inputs) Vin 0 — Vce Vde

Applied Output Voltage (Vcc=VEE=0 V) Vo -2.0 0 +2.0 Vdc

Output DC Load RL 3.0 — 7.0 kQ

Operating Ambient Temperature Range TA —40 — +85 °C

All limits are not r ily functional cc y
ELECTRICAL CHARACTERISTICS (—40°C < TA < +85°C, unless otherwise noted.)*
Characteristic Symbol Min Typ Max Unit

Supply Current (loyt = 0, see Figure 2) nA

lcc @ 475V<Vce,-VEg< 15V
Outputs High Icc (OH) — —_ 160
Outputs Low Icc (oL) — — 160

IEE
Outputs High IEE (OH) -160 —_ —

Outputs Low ) IEE (OL) -160 — —

Output Voltage — High, Vin <0.8 V (R = 3.0 kQ, see Figure 3) VOH Vde
VoG =+4.75V, VEE =—4.75 V 37 3.8 —
Vcc=+5.0V,VEE=-5.0V 4.0 43 -
Vcc=+65V,VEg=-6.5V 5.0 6.1 —
Vecc=+12V,VEg=-12V 10 10.5 —_

Voo =+132V, VEg =-13.2V (R = =) —_ 13.2 13.2

Output Voltage — Low, Vin 22.0V VoL
Vcc=+4.75V,VEg=—4.75V — -3.8 -3.7
Vec=+5.0V,VEg=-5.0V - -4.2 -4.0
Vcc=+6.5V,VEE=-6.5V — -6.0 -5.0
Vec=+12V,VEg=-12V —_ ~-10.5 -10
Vecc=+13.2V, VEE =-13.2V (R = =) -13.2 -13.2 —

Output Short Circuit Current** (see Figure 4) (Vo = IVEEl = 15 V) los mA
Normally High Output, shorted to ground -35 — -10
Normally Low Output, shorted to ground +10 _ +35

Output Source Resistance Ro 300 — — Q
(Vocc=VEE=0V,-20V< Vg t<s+2.0V)

Input Voltage
Low Level ViL 0 — 0.8 Vde
High Level VIH 2.0 — Vee

* Typicals reflect performance @ Tp = 25°C
** Only one output shorted at a time, for not more than 1 second.

MC14C88B
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ELECTRICAL CHARACTERISTICS CONTINUED (—40°C < T < +85°C, unless otherwise noted.)*

Characteristic Symbol Min Typ Max Unit
Input Current lin pA
Vin=0V,Vcc=IVEg! =475V ~-10 -0.1 0
Vin=0V,Vgc =IVEgl =15V -10 -0.1 0
Vin=4.5V,Voc = IVEEl =4.75 V 0 +0.1 +10
Vin=45V,Vocc=IVEEI=15V 0 +0.1 +10
TIMING CHARACTERISTICS (—40°C < Ta < +85°C, unless otherwise noted.)*
Characteristic Symbol Min Typ Max Unit
Output Rise Time us
Vo= 475V, VEg=—475V
-33V<sVps33V tR1
CL=15pF 0.22 0.66 2.1
Cp =1000 pF 0.22 1.52 2.1
-3.0VsVps3.0V tR2
CL=15pF 0.20 0.51 15
CL = 1000 pF 0.20 1.16 1.5
Vec= 120V, VEg=-12.0V
-30V<sVp<3.0V
CL=15pF 0.20 0.62 1.5
CL = 2500 pF 0.20 0.82 1.5
10% < Vo < 90% tR3
CpL=15pF 0.53 1.41 3.2
Output Fall Time us
Vcc= 475V,VEg=—4.75V
33VsVps-33V tFq
CL=15pF 0.22 0.93 2.1
Cy = 1000 pF 0.22 1.28 21
30VsVps-3.0V tro
CL=15pF 0.20 0.72 1.5
CL = 1000 pF 0.20 1.01 1.5
Vee= 120V, VEg=-120V
30V<sVps-3.0V
Cp=15pF 0.20 0.70 1.5
Cy =2500 pF 0.20 0.94 1.5
90% < Vo £10% tF3
CL=15pF 0.53 1.71 3.2
Output Slew Rate, 3.0 kQ < Ry < 7.0 kQ, 15 pF < C| < 2500 pF SR 4.0 - 30 Vips
Propagation Delay A (C|_ = 15 pF, see Figure 1) us
Veec=12.0V,VEg=-120V
Input to Output - Low to High tPLH —_ 0.9 3.0
Input to Output — High to Low tPHL — 23 3.5
Propagation Delay B (C_ = 15 pF, see Figure 1)
Vec=4.75V,VEg =-4.75V
Input to Output — Low to High tPLH - 0.4 2.0
Input to Output — High to Low tPHL — 1.5 25
* Typicals reflect performance @ Tp =25°C
MOTOROLA COMMUNICATIONS DEVICE DATA MC14C88B
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Figure 1. Timing Diagram

30V
SG 15V
vee ov '
|« tohi~ b oy
kS CL V,
SG. VEE T VOUT 90% OH
NOTES: S.G. set to: f = 20 kHz for Propagation Delay 33V
A 30V
and f = 64 kHz for Propagation Delay B; Dulxl
Cycle = 50%; tR, tF < 5.0ns out / ov
3.0V
=33V
tF2 tR2
10% —
i e VoL
tF1 tR1
< 3 < 3 —™
STANDARDS COMPLIANCE
The MC14C88 is designed to comply with EIA-232-D the electro-mechanical circuitry in use at the time of its
(formerly RS-232), the newer EIA-562 (which is a higher creation. Yet the user will find enough similarities to allow
speed version of the EIA-232), and CCITT's V.28. EIA-562 a certain amount of compatibility among equipment built to
was written around modern integrated circuit technology, the two standards. Following is a summary of the key
whereas EIA-232 retains many of the specs written around specifications relating to the systems and the drivers.
' Parameter ElA-232-D EIA-562
Maximum Data Rate 20 kbaud ’ . 38.4 kbaud Asynchronous
64 kbaud Synchronous
Maximum Cable Length 50 feet Based on cable capacitance/data rate
Maximum Slew Rate <30 V/us anywhere on the waveform < 30 V/us anywhere on the waveform
2 4.0 V/us between +3.0 and -3.0 V
Transition Region -3.0t0 +3.0V -33t0+3.3V
Transition Time For Ul 225 ms, tg 1.0 ms For U250 pus, 220 ns <tr < 3.1 ps
For25 ms > Ul > 125 ps, tR < 4% Ul For Ul <50 ps, 220 ns <tg <2.1 us
For Ul < 125 us, tR <5.0 us (within the transition region)
MARK (one, off) More negative than -3.0 V More negative than -3.3 V
Space (zero, on) More positive than +3.0 V More positive than +3.3 V
Short Circuit Proof ? Yes, to any system voltage Yes, to ground
Short Circuit Current <500 mA to any system voltage <60 mA to ground
Open Circuit Voltage IVocgls25V Wocl<13.2V
Loaded Output Voltage 5.0 V<IVpl <15V forloads between 3.0kQ | Vol 23.7 V for a load of 3.0 kQ
and 7.0 kQ
Power Off Input Source Impedance 2300 QforlVol<2.0V 2300 Qfor Vol <2.0V
NOTE: Ul = Unit Interval, or bit time.
V.28 standard has the same specifications as EIA-232, with the exception of transition time which is listed as “less than 1.0 ms,
or 3% of the UL, whichever is less”.
MC14C88B MOTOROLA COMMUNICATIONS DEVICE DATA

2-6



Figure 2. Typical Supply Current

Figure 3. Typical Output Voltage

versus Supply Voltage versus Supply Voltage
110 16 ]
lecion) " = ,2
LT o R
— 2R =7,
o s Voo 3-R_ =30kQ
5 & 40 ]
S 5 Vin
Z o S 0f (08or20v) - RL 1 Vout
o
® 2 40 VeE 1 1-R =30ka
0 5 = 2-RL=7.0kQ
i.’-ss S g0 | — 3-RL=e
o IEE(OH) 12 VoL S 1
410 LLEEQY 16 e
40 6.0 8.0 10 12 14 16 40 6.0 8.0 10 12 14 16
Ve AND-VEE, (V) Ve AND-VEE, (V)
Figure 4. Typical Short Circuit Current Figure 5. Typical Output Voltage
versus Supply Voltage versus Temperature
30 T T T 15 T
= 15 Normally Low Output VoH @ Voe=-VE =12V
E w ; 10 '
= /
z
= == =4,
£ =" vee z 0 Vo @ Vee=-VeE =45V
2 1 5} A
s Vin g
3 0 0.80r2.0V, 0
2 ¢ ) v Isc £ VoL @ Voo =-VeEg =45V
S EE > X
£ -10 = 5 50 '
% [~ . | VoL @ Vgo =-VEg =12V
Q-2 — -10
- Isc Normally High Output RL=3.0kQ
30 L ' ' 15
40 6.0 8.0 10 12 14 16 -40 +22 +85
Voo AND -VEE, (V) TA, AMBIENT TEMPERATURE (°C)
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APPLICATIONS INFORMATION

Description

The MC14C88 was designed to be a direct replacement
for the MC1488 in that it meets all EIA-232 specifications.
However, use is extended as the MC14C88 also meets the
faster EIA-562 and CCITT V.28 specifications. Slew rate
limited outputs conform to the mentioned specifications and
eliminate the need for external output capacitors. Low power
consumption is made possible by BiMOS technology. Power
supply current is limited to less than 160 pA, plus load
currents over the supply voltage range of +4.5 V to +15 V
(see Figure 2). :

Outputs

The output low or high voltage depends on the state of
the inputs, the load current, and the supply voltage (see
Table 1 and Figure 3). The graphs apply to each driver re-
gardless of how many other drivers within the package are
supplying load current.

Table 1. Function Tables

Driver 1
Input A Output A

H L

L H

Drivers 2 through 4

Input *1 Input *2 Output*

H H L
L X H
X L H

H = High level, L = Low level, X = Don't care.

Driver Inputs

The driver inputs determine the state of the outputs in ac-
cordance with Table 1. The nominal threshold voltage for the
inputs is 1.4 Vdc, and for proper operation, the input voltages
should be restricted to the range Gnd to Vcc. Should the

input voltage drop below VEg by more than 0.3 V or rise
above VEE by more than 39 V, excessiv\e currents will flow
at the input pin. Open input pins are equivalent to logic high,
but good design practices dictate that inputs should never
be left open.

Operating Temperature Range

The ambient operating temperature range is listed as —40°
to +85°C and meets EIA-232-D, EIA-562 and CCITT V.28
specifications over this temperature range. The maximum
ambient temperature is listed as +85°C. However, a lower
ambient may be required depending on system use, i.e. spe-
cifically how many drivers within a package are used, and
at what current levels they are operating. The maximum pow-
er which may be dissipated within the package is determined
by:
Timax — TA

R JA

where: RgJA = the package thermal resistance (typically,
100°C/W for the DIP package, 125°C/W for the
SOIC package);
TJmax = the maximum operating junction
temperature (150°C); and
TA = the ambient temperature.

Pp={[(Vcc—VoH) * lloH!lor[ (VoL - VEE) *
lloL! 1 Yeach driver + (Vcc © Icc) + (VEE © IEE)

PDmax =

where: Vo and VEE are the positive and negative
supply voltages;
VOH and VoL are measured or estimated from
Figure 3;
Icc and Igg are the quiescent supply currents
measured or estimated from Figure 2.

As indicated, the first term (in brackets) must be calculated
and summed for each of the four drivers, while the last terms
are common to the entire package.

MC14C88B
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TECHNICAL DATA

Advance Information
Quad Low Power Line Receiver

The MC14C89B and MC14C89AB are low power monolithic quad line
receivers, using bipolartechnology, which conform to the EIA-232-E, EIA-562 and
CCITT V.28 Recommendations. The outputs feature LSTTL and CMOS
compatibility for easy interface to +5.0 V digital systems. Internal time-domain
filtering eliminates the need for external filter capacitors in most cases.

The MC14C89B has an input hysteresis of 0.35 V, while the MC14C89AB
hysteresis is 0.95 V. The response control pins allow adjustment of the threshold
level if desired. Additionally, an external capacitor may be added for additional
noise filtering.

The MC14C89B and MC14C89AB are each available in a 14 pin dual-in-line
plastic DIP and SOIC package.

Features:

® Low Power Consumption

® Meets EIA-232-E, EIA-562, and CCITT V.28 Recommendations
TTL/CMOS Compatible Outputs

Standard Power Supply: + 5.0 V + 10%

Pin Equivalentto MC1489, MC1489A, TI's SN75C189/A, SN75189/A and
National Semiconductor’s DS14C89/A

External Filtering Not Required in Most Cases

Threshold Level Externally Adjustable

Hystere;is: 0.35 V for MC14C89B, 0.95 V for MC14C89AB
Available in Plastic DIP, and Surface Mount Packaging
Operating Ambient Temperature: -40° to +85°C

Simplified Block Diagram
(Each Receiver)

MC14C89B
MC14C89AB

QUAD LOW POWER
LINE RECEIVER

E

P SUFFIX
PLASTIC PACKAGE
CASE 646

&

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(S0-14)

PIN CONNECTIONS

U
Input A 'I E Vee
Response p
Control A 2 % E] Input D
OutputA E 12 Response

Input B E

Control D
11 | OutputD

Response
Control B 5 % 10 Igp ut
Vee Response
? Output B E 9 | controlC
- Ground | 7 8 | OutputC
Input O | i ,: :I
| .
| (Top View)
Resp = : O Output
Control | i ORDERING INFORMATION
Temperature
= | Device Range Package
MC14C89BP Plastic DIP
= MC14C89BD SO-14
= —40° to +85°C
MC14C89ABP Plastic DIP
MC14C89ABD SO-14
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MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vde
VcC(max) Vce +7.0
Vcc(min) -05
Input Voltage Vin +30 Vdc
Output Load Current lo Self-Limiting —_
Junction Temperature T -65, +150 °C
Devices should not be operated at these limits. The “Recommended Operating Conditions” table provides for actual
device operation.
RECOMMENDED OPERATING CONDITIONS
Characteristic Symbol Min Typ Max Unit
Power Supply Voltage Vee 4.5 5.0 5.5 Vde
Input Voltage Vin -25 —_ 25 Vde
Output Current Capability lo =75 — 6.0 mA
Operating Ambient Temperature TA -40 — 85 °C
All limits are not necessarily functional concurrently. :
ELECTRICAL CHARACTERISTICS (—40°C < Tp < 85°C, unless otherwise noted.)*
Characteristic Symbol Min Typ Max Unit
Supply Current (Igyt = 0) lcc pA
lcc @ +45V<Voos+55V — 330 700
Output Voltage — High, Vi < 0.4 V (See Figures 2 and 3) VOH Vdc
lout ==20 pA Vcc=45V 3.5 3.8 —
Vec =55V 3.5 4.8 —_
lout=-3.2 mA Vcc=45V 25 3.7 —
Vecc=55V 25 4.7 —
Output Voltage — Low, Vin 224V VoL
lout=32mA Vcc=45V —_ 0.1 0.4
Vecc=55V — 0.1 04
Output Short Circuit Current** (Vo = 5.5 V, see Figure 4) los . mA
Normally High Output shorted to ground -35 -13.9 -
Normally Low Output shorted to Voo - +10.3 35
Input Threshold Voltage (Vo = 5.0 V)
(MC14CB89AB, see Figure 5) Low Level ViL 0.75 0.95 1.25 Vde
High Level VIH 1.6 1.0 225
(MC14C89B, see Figure 6) Low Level ViL 0.75 0.95 1.25
High Level ViH 1.0 13 15
Input Impedance (+4.5V <Vgg < +5.5 V-25V < Vi, <+25 V) 3.0 5.5 7.0 kQ

* Typicals reflect performance @ Tp = 25°C
** Only one output shorted at a time, for not more than 1.0 seconds.

TIMING CHARACTERISTICS (Ta = +25°C, unless otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Output Transition Time (10% to 90%) tr
45V<Vpops55V — 0.08 0.30 us
Propagation Delay Time
45V<Vpops565V
Output Low-to-High tPLH —_ 3.35 6.0
Output High-to-Low tPHL — 2.55 6.0
Input Noise Rejection (see Figure 9) 1.0 15 —_ us
MC14C89B-MC14C89AB MOTOROLA COMMUNICATIONS DEVICE DATA
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Vee

6 50 pF f Vout
RC

= (Open) =
Note: S.G. setto: f=20kHz;
Duty Cycle = 50%;
R, tF<5.0ns

Figure 1. Timing Diagram

30V
8G.  ——15v
ov J
|‘4PHL*I b tpL *I
v
90% OH
Vout 50% 50%
10%
K A" voL
tr ir
STANDARDS COMPLIANCE

The MC14C89B and MC14C89AB are designed to comply circuitry in use at the time of its creation. Yet the user will
with EIA-232-E (formerly RS-232), the newer EIA-562 (which find enough similarities to allow a certain amount of
is a higher speed version of the EIA-232), and CCITT V.28 compatibility among equipment built to the two standards.

Recommendations. EIA-562 was written around modern Following is a summary of the key specifications relating to
integrated circuit technology, whereas EIA-232 retains many the systems and the receivers.
of the specifications written around the electro-mechanical
Parameter EIA-232-E EIA-562
Max Data Rate 20 kBaud 38.4 kBaud Asynchronous
64 kBaud Synchronous
Max Cable Length 50 feet Based on cable capacitance/data rate
Transition Region -3.0Vto+3.0V -3.0Vto+3.0V
MARK (one, off) More negative than -3.0 V More negative than -3.3 V
SPACE (zero, on) More positive than +3.0 V More positive than +3.3 V
Fail Safe Output = Binary 1 Output = Binary 1 ¢
Open Circuit Input Voltage <l2.0lv Not Specified
Slew Rate (at the driver) < 30 V/us anywhere on the waveform < 30 V/us anywhere on the waveform,
2 4.0 V/ps between +3.0 V and -3.0 V
Loaded Output Voltage (at the driver) 5.0 V< IVol <15 V for loads between Vol 2 3.7 V for a load of 3.0 kQ
3.0 kQ and 7.0 kQ
Figure 2. Typical Output versus Supply Voltage Figure 3. Typical Output Voltage versus Temperature
5. T 5.
0 VoH(loyt =20 uA) 0 VOHaom:-lo pA)
s 4= i MC14C89A —— s 4 VCTACA5AB
& O T VoHlout=-32mA) B w 0 VoH(lout =-3.2mA) MC14C89B
{ g MC14C898 a MC14ce
5 o3 TA=25C | 5 4 cc=
(<] e}
> 0 = .0
5 5
E 2. E 2
(2] S
o S
1. 1.
0 0
VoL(lout = 32mA) VoL(lout =232 mA)
0 T
45 47 49 5.1 53 55 0—40 =75 25 57.5 85
Vce, SUPPLY VOLTAGE (V) TA, AMBIENT TEMPERATURE (°C)
MOTOROLA COMMUNICATIONS DEVICE DATA MC14C89B-MC14C89AB
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Figure 4. Typical Short Circuit Current . Figure 5. Typical Threshold Voltage

versus Temperature versus Temperature
15 2.
0 Vv
= g H
Z 10 11 = * MC14C89AB
= Normally Low Output Shorted to Voo W 8
45V 5V
% 5. motceon | | £ 5V<Vcc<55
o 0 B Q 6
3 MC14C89B ;
E 0 Vec=55V |4 & 1
3 T 4
& &
(&}
= -5.0 = 12.
(e} =
pu 2
@ 10 - z 1
Normally High Output Shorted to Ground T 0 ViL
15 ' L 08
-75 25 575 85 40 -75 25 57.5 85
TaA. AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C)
Figure 6. Typical Threshold Voltage Figure 7. Typical Effect of Response
versus Temperature Control Pin Bias
2 MC14G89B >
- 45V <Veo<55V -
3 S R
R = A c
& 8 T R
s & VIL @ Vpgt=-10V = . RC
g 6 2 s = Voat
=] 9 0 N =
o 1 Vv o
5 4 IH I
[ j P 2 2
% 1. lé 0 VIL @ Vpat=-3.0V F— |
= 2 =
=) =2
a o 1.
£ 1 £ 9 Nominal V,
0 iL L 45V<Vop<55V
]
0.8_40 -7.5 25 57.5 85 0 0 10kQ 20kQ 30kQ 40kQ 50kQ
Ta, AMBIENT TEMPERATURE (°C) BIAS RESISTANCE (RRg)
Figure 8. Typical Noise Pulse Rejection
5 MC14C89AB
MC14C898
A Pulse Rate = 300 kHz
= 5 RC Pin Open
w .
A .
2 4
z 0
2 3
= 3
(73]
2
a3
£ 0 . -
w Noise Pulse Rejection
2. ] |-
5
2'01.4 1.6 18 20 22 24 26 28
PW, INPUT PULSE WIDTH (ps)
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APPLICATIONS INFORMATION

Description

The MC14C89AB and MC14C89B are designed to be
direct replacements for the MC1489A and MC1489. Both
devices meet all the EIA-232 specifications and also the
faster EIA-562 and CCITT V.28 specifications. Noise pulse
rejection circuitry eliminates the need for most response
control filter capacitors but does not exclude the possibility
as filtering is still possible at the Response Control (RC) pins.
Also, the Response Contro! pins allow for a user defined
selection of the threshold voltages. The MC14C89AB and
MC14C89B are manufactured with a bipolar technology
using low power techniques and consume at most 700 pA,
plus load currents with a +5.0 V supply.

Outputs
The output low or high voltage depends on the state of
the inputs, the load current, the bias of the Response Control
pins, and the supply voltage. Table 1 applies to each receiver,
regardless of how many other receivers within the package
are supplying load current. )
Table 1. Function Table

Receivers
Input * Output*
H L
L H

*The asterisk denotes A, B, C, or D.

Receiver Inputs and Response Control

The receiver inputs determine the state of the outputs in
accordance with Table 1. The nominal V)_and V|4 thresholds
are 0.95V and 1.90 V respectively for the MC14C89AB. For
the MC14C89B, the nominal V| and V|4 thresholds are 0.95
and 1.30, respectively. The inputs are able to withstand
+30V referenced to ground. Should the input voltage
exceed ground by more than + 30 V, excessive currents will
flow at the input pin. Open input pins will generate a logic
high output, but good design practices dictate that inputs
should never be left open.

The Response Control (RC) pins are coupled to the inputs
through a resistor string. The RC pins provide for adjustment
of the threshold voltages of the IC while preserving the
amount of hysteresis. Figure 10 shows a typical application
to adjust the threshold voltages. The RC pins also provide
access to an internal resistor string which permits low pass
filtering of the input signal within the IC. Like the input pins,
the RC pins should not be taken above or below ground by
more than + 30 V or excessive currents will flow at these
pins. The dependence of the low level threshold voltage (V|L)
upon RRC and Vpgt can be described by the following
equation,

w L 505 Q "
IL = 1Y0.09 — Vbat
: 0 a RRC (1.6) + 2.02 kQ

5.32 ko + 887 X 106 Q2
RRC

505 Q

V|H can be found by calculating for V|_ using equation (1)
then adding the hysteresis for each device (0.35 for the

MC14C89B or 0.95 V for the MC14C89AB). Figure 7 plots

equation (1) for two values of Vpat and a range of RRc.
If an RC pin is to be used for low pass filtering, the

capacitor chosen can be calculated by the equation,

-1 @
2.02kQ2rnf3dB

wheref_3 4B represents the desired—3 dB roll-off frequency of
the low pass filter.

CRC =

Figure 10. Application to Adjust Thresholds

Input Pin Response Control Pin

RRC
.

i_ Vbat

Another feature of the MC14C89AB and MC14C89B is
input noise rejection. The inputs have the ability to ignore
pulses which exceed the V| and V|_ thresholds but are less
than 1.0 ps in duration. As the duration of the pulse exceeds
1.0 ps, the noise pulse may still be ignored depending on
its amplitude. Figure 8 is a graph showing typical input noise
rejection as a function of pulse amplitude and pulse duration.
Figure 8 reflects data taken for an input with an unconnected
RC pin and applied to the MC14C89AB and MC14C89B.

Operating Temperature Range

The ambient operating temperature range is listed as
—40°C to +85°C, and the devices are designed to meet the
EIA-232-E, EIA-562 and CCITT V.28 specifications over this
temperature range. The Timing Characteristics are
guaranteed to meet the specifications at +25°C. The
maximum ambient operating temperature is listed as +85°C.
However, a lower ambient may be required depending on
system use, (i.e., specifically how many receivers within a
package are used) and at what current levels they are
operating. The maximum power which may be dissipated
within the package is determined by:

Ty(max) ~TA
RaJA
where: RgyA = thermal resistance (typ., 100°C/W for the
DIP and 125°C/W for the SOIC packages);
TJ(max) = maximum operating junction temperature
(150°C); and
TA = ambient temperature.

PD = {[(Vcc — VOH) * lloH] or
[(VoL) « lloLMeach receiver +(VCC * Icc)
where:Vcc = positive supply voltage;
VOH, VOL = measured or estimated from Figure 2
and 3;
Icc = measured quiescent supply current.

PD(max) =

As indicated, the first term (in brackets) must be calculated
and summed for each of the four receivers, while the last
term is common to the entire package.

MOTOROLA COMMUNICATIONS DEVICE DATA

MC14C89B-MC14C89AB
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MOTOROLA

m SEMICONDUCTOR
TECHNICAL DATA

MC1488

QUAD LINE DRIVER

Features:

® Current Limited Output
+10 mA typ

® Power-Off Source Impedance
300 Ohms min

Flexible Operating Supply Range

The MC1488 is a monolithic quad line driver designed to inter-
face data terminal equipment with data communications equipment
in conformance with the specifications of EIA Standard No. RS-232C.

Simple Slew Rate Control with External Capacitor

Compatible with All Motorola MDTL and MTTL Logic Families

QUAD MDTL LINE DRIVER
RS-232C
SILICON MONOLITHIC
INTEGRATED CIRCUIT

PLASTIC PACKAGE
CASE 751A 14

N
\
14

1

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 632 CASE 646
D SUFFIX

(S0-14) 1
PIN CONNECTIONS
NS
vee[t 14] v
TYPICAL APPLICATION ee[T 4 vee
13]1 1
LINE DRIVER INTERCONNECTING LINE RECEIVER input A 2] 3] 1nput D
MC1488 CABLE MC1489
\ Output AE E Input D2
S N I==x
— o- input B1[4] [11] output D
I +__7
input B2[5] [10] input €1
|
| : Output B E _3_] Input C2
| INTERCONNECTING .
MDTL LOGIC INPUT i CABLE } DTL LOGIC OUTPUT 6na 7] [5]output ¢
|
CIRCUIT SCHEMATIC
(1/4 OF CIRCUIT SHOWN)
Vee 14 O—
3 82k 362k
PINS4,9,120R 2
INPUT
Y ¥
INPUT
PINS 5, 10,13 p:
4 270 30
y VWA—O  OUTPUT
y PINS6,8,110R 3
r y
3 36k Pt
£
GND 7 O—J- = Z
0k
l/‘ 3k 3n
VEE 1 O

MDTL and MTTL are trademarks of Motorola Inc.

MC1488
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MAXIMUM RATINGS (Tp = +25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee +15 Vdc
VEE -15
Input Voltage Range VIR -15<VR= Vde
7.0
Output Signal Voltage Vo +15 Vdc
Power Derating (Package Limitation, Ceramic
and Plastic Dual-In-Line Package) Pp 1000 mwW
Derate above Tp = +25°C 1/RgJA 6.7 mW/°C
Operating Ambient Temperature Range TA 0to +75 °C
Storage Temperature Range Ts_tg —-65to +175 °C

ELECTRICAL CHARACTERISTICS (vcc = +9.0 £1% Vdc, VEg = —9.0 £1% Vdc, TA = 0 to 75°C unless otherwise noted.)

Characteristic Figure | Symbol Min Typ Max Unit
Input Current — Low Logic State (V)i = 0) 1 TR —_ 1.0 1.6 mA
Input Current — High Logic State (V|4 = 5.0 V) 1 I — — 10 RA
Output Voltage — High Logic State 2 VOH Vdc
(VjL = 0.8 Vdc, R = 3.0k, Vcc = +9.0 Vde, VEg = -9.0 Vdc) +6.0 +7.0 —
(V|L = 0.8 Vdc, R, = 3.0kQ, Ve = +13.2 Vdc, VEg = ~13.2 Vdc) +9.0 +10.5 —
Output Voltage — Low Logic State 2 VoL Vdc
(VIH = 1.9 Vdc, R = 3.0kQ, Vcc = +9.0 Vde, VEg = —9.0 Vdc) -6.0 -7.0 —
(ViH = 1.9 Vdc, RL = 3.0k, Vo¢c = +13.2 Vde, VEE = —13.2 Vdc) -9.0 -105 —
Positive Output Short-Circuit Current (1) 3 los + +6.0 +10 +12 mA
Negative OQutput Short-Circuit Current (1) 3 los— -6.0 -10 =12 mA
Output Resistance (Vce = VEE = 0, [Vo| = 2.0 V) 4 o 300 — — Ohms
Positive Supply Current (R| = x) 5 Icc mA
(V4 = 1.9 Vdc, Vge = +9.0 Vdc) - +15 +20
(V|L = 0.8 Vdc, Vcc = +9.0 Vdc) — +4.5 +6.0
(VIH4 = 1.9 Vdc, Vge = +12 Vdc) — +19 +25
(ViL = 0.8 Vdc, Vcc = +12 Vdc) —_ +5.5 +7.0
(VIH = 1.9 Vdc, Vge = +15 Vdc) . . +34
(ViL = 0.8 Vdc, Vgc = +15 Vdc) — — +12
Negative Supply Current (R = =) 5 IEE
(VIH = 1.9 Vdc, VEg = —9.0 Vdc) — -13 -17 mA
(VjL = 0.8 Vdc, VEg = -9.0 Vdc) — — -500 nA
(V)4 = 1.9 Vdc, VEg = —12 Vdc) e -18 -23 mA
(VjL = 0.8 Vdc, VEE = —12 Vdc) —_ —_ ~500 HA
(VIH = 1.9 Vdc, VEg = —15 Vdc) — — -34 mA
(ViL = 0.8 Vdc, VEE = —15 Vdc) — — -2.5 mA
Power Consumption Pc mw
(Vcc = 9.0 Vde, VEg = —9.0 Vdc) — — 333
(Vce = 12 Vdc, VEE = —12 Vdc) — — 576
SWITCHING CHARACTERISTICS (Vcc = +9.0 £1% Vdc, VEg = —9.0 £1% Vdc, TA = +25°C.)
Propagation Delay Time (2 = 3.0 k and 15 pF) 6 tPLH — 275 350 ns
Fall Time (z1 = 3.0 k and 15 pF) 6 THL — 45 75 ns
Propagation Delay Time (z) = 3.0 k and 15 pF) 6 tPHL = 110 175 ns
Rise Time (z = 3.0 k and 15 pF) 6 tTLH — 55 100 ns
(1) Maximum Package Power Dissipation may be ded if all outputs are shorted simultaneously.
MOTOROLA COMMUNICATIONS DEVICE DATA MC1488
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CHARACTERISTIC DEFINITIONS

FIGURE 1 — INPUT CURRENT FIGURE 2 — OUTPUT VOLTAGE
vV 9V Vv 9V

14 1 14 1
+19v

\
0 oL ;
VOH 9
13
: 12
+08V
FIGURE 3 — OUTPUT SHORT-CIRCUIT CURRENT FIGURE 4 — OUTPUT RESISTANCE (POWER-OFF)
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FIGURE 5 — POWER-SUPPLY CURRENTS FIGURE 6 — SWITCHING RESPONSE
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3k 15 pF
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VIH 0 = =
7 1
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MC1488 MOTOROLA COMMUNICATIONS DEVICE DATA
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TYPICAL CHARACTERISTICS
(Ta = +25°C unless otherwise noted.)

FIGURE 7 — TRANSFER CHARACTERISTICS

FIGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT

versus POWER-SUPPLY VOLTAGE versus TEMPERATURE
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FIGURE 9 — OUTPUT SLEW RATE FIGURE 10 — OUTPUT VOLTAGE
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APPLICATIONS INFORMATION

The Electronic Industries Association (EIA) RS232C specification
detail the requirements for the interface between data processing
equipment and data communications equipment. This standard
specifies not only the number and type of interface leads, but also the
voltage levels to be used. The MC1488 quad driver and its companion
circuit, the MC1489 quad receiver, provide a complete interface system
between DTL or TTL logic levels and the RS232C defined levels. The
RS232C requirements as applied to drivers are discussed herein.

The required driver voltages are defined as between 5 and 15-
volts in magnitude and are positive for a logic ‘0" and negative for
a logic ‘1. These voltages are so defined when the drivers are
terminated with a 3000 to 7000-ohm resistor. The MC1488 meets
this voltage requirement by convertinga DTL/TTL logic level into
RS232C levels with one stage of inversion. :

The RS232C specification further requires that during transi-
tions, the driver output slew rate must not exceed 30 volts per
microsecond. The inherent slew rate of the MC1488 is much too

FIGURE 12 — SLEW RATE versus CAPACITANCE
FOR Igc = 10 mA

1000 =
~
N
. N
=z N
5 100 = b
= = 30 V/us e
o
= y 4
w
z »
N
AL s
2 A
1 JPF AN
: A
N
10 | 1”” \
1.0 10 100 1000 10.000

C. CAPACITANCE (pF)

fast for this requirement. The current limited output of the device
can be used to control this slew rate by connecting a capacitor to
each driver output. The required capacitor can be easily determined
by using the relationship C = |gg x AT/AV from which Figure 12is
derived. Accordingly, a 330-pF capacitor on each output will
guarantee a worst case slew rate of 30 volts per microsecond.

The interface driver is also required to withstand an accidental
short to any other conductor in an interconnecting cable. The worst
possible signal on any conductor would be another driver using a
plus or minus 15-volt, 500-mA source. The MC1488 is designed to
indefinitely withstand such a short to all four outputs in a package
as long as the power-supply voltages are greater than 9.0 volts (i.e.,
Vee=>9.0 V: VEEL-9.0 V). In some power-supply designs, a loss
of system power causes a low impedance on the power-supply out-
puts. When this occurs, a low impedance to ground would exist at
the power inputs to the MC 1488 effectively shorting the 300-ohm
output resistors to ground. If all four outputs were then shorted
to plus or minus 15 volts, the power dissipation in these resistors

FIGURE 13 — POWER-SUPPLY PROTECTION
TO MEET POWER-OFF FAULT CONDITIONS

5

MC1488

PR S
T
ME1ds:

. |

7799 9% ¢
O A o A

would be excessive. Therefore, if the system is designed to permit
low impedances to ground at the power-supplies of the drivers, a
diode should be placed in each power-supply lead to prevent over-
heating in this fault condition. These two diodes, as shown in
Figure 13, could be used to decouple all the driver packages in a
system. (These same diodes will allow the MC1488 to withstand
momentary shorts to the £25-volt limits specified in the earlier
Standard RS232B.) The addition of the diodes also permits the
MC1488 to withstand faults with power-supplies of less than the
9.0 volts stated above.

The maximum short-circuit current allowable under fault con-
ditions is more than guaranteed by the previously mentioned
10 mA output current limiting.

Other Applications

The MC1488 is an extremely versatile line driver with a myriad
of possible applications. Several features of the drivers enhance
this versatility:

1. Output Current Limiting — this enables the circuit designer
to define the output voltage levels independent of power-supplies
and can be accomplished by diode clamping of the output pins.
Figure 14 shows the MC1488 used as a DTL to MOS translator
where the high-level voltage output is clamped one diode above
ground. The resistor divider shown is used to reduce the output
voltage below the 300 mV above ground MOS input level limit.

2. Power-Supply Range — as can be seen from the schematic
drawing of the drivers, the positive and negative driving elements
of the device are essentially independent and do not require match-
ing power-supplies. In fact, the positive supply can vary from a
minimum seven volts (required for driving the negative pulidown
section) to the maximum specified 15 volts. The negative supply
can vary from approximately -2.5 volts to the minimum specified
-15 volts. The MC1488 will drive the output to within 2 volts of
the positive or negative supplies as long as the current output limits
are not exceeded. The combination of the current-limiting and
supply-voltage features allow a wide combination of possible out-
puts within the same quad package. Thus if only a portion of the
four drivers are used for driving RS232C lines, the remainder could

_ beused for DTL to MOS oreven DTL to DTL translation. Figure 15

shows one such combination.

MC1488
2-18
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FIGURE 14 — MDTL/MTTL-TO-MOS TRANSLATOR

FIGURE 15 — LOGIC TRANSLATOR APPLICATIONS
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MOTOROLA

E SEMICONDUCTOR 1
TECHNICAL DATA
MC1489

MC1489A

TL
QUAD LINE RECEIVERS QUAD MD
E LINE RECEIVERS
RS-232C
The MC1489 monolithic quad line receivers are designed to inter- SILICON MONOLITHIC
face data terminal equipment with data communications equipment INTEGRATED CIRCUIT
in conformance with the specifications of EIA Standard No. RS-232C.
. . ili \
® Input Resistance — 3.0 k to 7.0 kilohms 1 1a
® Input Signal Range — + 30 Volts 1 ’ ;
® |nput Threshold Hysteresis Built In L SUFFIX P SUFFIX
e Response Control CEHACl\ﬂgEPGAS(.‘éKAGE PLASJA(;:QS&(AGE
a) Logic Threshold Shifting
b) Input Noise Filtering
D SUFFIX
PLASTIC PACKAGE
CASE 751A 14
(S0-14) 1
TYPICAL APPLICATION
’_—V_
LINE DRIVER LINE RECEIVER input A [1] 5 Vee
MC1488 INTERCONNECTING MC1483 Response
= CABLE =~ Contror a2 i3] Input D
2 1P ourue A [Z] B
Input B E E Output D
: INTERCONNECTING : g:::):’r:s; 2 @ nput e
MDTL LOGIC INPUT —»:‘— CABLE —’:‘— MDTL LOGIC QUTPUT Output B E 9 g::l:rooﬂlsé
GroundE E Output C

EQUIVALENT CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN)

O Vce

39k S 5k 317k
3

RF
RESPONSE CONTROL 2 O ANV 30UTPUT

38k
INPUT 1 O——AMA

I\

X g
E
1.6kQ O 7GROUND

MDTL and MTTL are trademarks of Motorola Inc.
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted)

Rating Symbol Value Unit
Power Supply Voltage Vee 10 Vdc
Input Voltage Range VIR +30 Vdc
Output Load Current I 20 mA
Power Dissipation (Package Limitation, Ceramic
and Plastic Dual In-Line Package) Pp 1000 mW
Derate above Tp = +25°C 1/9JA 6.7 mW/°C
Operating Ambient Temperature Range TA 0to +75 °C
Storage Temperature Range Tst, —65to +175 °C
ELECTRICAL CHARACTERISTICS (Response control pin is open.) (V¢cc = +5.0 Vdc £10%, TA = 0to +75°C unless
otherwise noted)
Characteristics Symbol Min Typ Max Unit
Positive Input Current (VIH = +25 Vdc) IH 3.6 — 8.3 mA
(VI = +3.0 Vdc) 0.43 - —
Negative Input Current (VIL = —25 Vdc) i -3.6 — -83 mA
: (VjL = —3.0 Vdc) —-0.43 — —
Input Turn-On Threshold Voltage VIH Vdc
(TA = +25°C, VoL < 045V) MC1489 1.0 - 1.5
MC1489A 1.75 1.95 2.25
Input Turn-Off Threshold Voltage ViL Vdc
(TA = +25°C,VoH = 2.5V, I = —0.5 mA) MC1489 0.75 - 1.25
MC1489A 0.75 0.8 1.25
Output Voltage High (Vi = 075V, I = —0.5 mA) VoH 25 4.0 5.0 Vdc
(Input Open Circuit, I = —0.5 mA) 25 4.0 5.0
Output Voltage Low (VIL = 3.0V, I = 10 mA) VoL — 0.2 0.45 Vdc
Output Short-Circuit Current los — -3.0 -4.0 mA
Power Supply Current (All Gates “on,” lgyt = 0 mA, V|4 = +5.0 Vdc) Icc — 16 26 mA
Power Consumption (VIH = +5.0 Vdc) . Pc - 80 130 mwW
SWITCHING CHARACTERISTICS (Vcc = 5.0 Vdc £1%, T = +25°C, See Figure 1.)
Propagation Delay Time (RL = 3.9 k) tPLH — 25 85 ns
Rise Time (RL = 3.9kQ) tTLH — 120 175 ns
Propagation Delay Time (RL = 390 kQ) tPHL — 25 50 ns
Fall Time (RL = 390 k) tTHL — 10 20 ns
TEST CIRCUITS
FIGURE 1 — SWITCHING RESPONSE FIGURE 2 — RESPONSE CONTROL NODE
+5 Vdc
AL = VR
All diodes
1N3064
or equiv

En ‘—D l 2 23

C c
T | T
74
MC1489A

RESPONSE NODE

tTLH and tTHL Vin
measured
10% - 90%

C, capacitor is for noise filtering.
R, resistor is for threshold shifting.

CL = 15 pF = total parasitic capacitance, which includes
probe and wiring capacitances

MOTOROLA COMMUNICATIONS DEVICE DATA MC1489.MC1489A
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TYPICAL CHARACTERISTICS
(Vee = 5.0 Vdc, Tp = +25°C unless otherwise noted)

FIGURE 3 — INPUT CURRENT

FIGURE 4 — MC1489 INPUT THRESHOLD

VOLTAGE ADJUSTMENT
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€ +2.0 > 2 3of-5k 13k 1Mk Rr —
2 0 2 | Vi Vih Vih ]
- > BV 5V SV =v
e i 1l = 20 th —
g -20 — N g "L‘ —
o 40 vi 1 310
-6.0 // 41 2 o L
-8.0 E ~ ViLH ViHL . S
0 I I L [ s ]
<25 20 <15 <10 50 0 +5.0 +10  +15 +20 +25 30 20 <10 0 +10 +20 +30
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FIGURE 5 — MC1489A INPUT THRESHOLD FIGURE 6 — INPUT THRESHOLD VOLTAGE
VOLTAGE ADJUSTMENT versus TEMPERATURE
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= ' 1 T~ > 02
[ [ I 7( [4 J 0 I J
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FIGURE 7 — INPUT THRESHOLD versus
POWER-SUPPLY VOLTAGE
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APPLICATIONS INFORMATION

General Information

The Electronic Industries Association (EIA) has released
the RS-232C specification detailing the requirements for
the interface between data processing equipment and
data communications equipment. This standard speci-
fies not only the number and type of interface leads,
but also the voltage levels to be used. The MC1488 quad
driver and its companion circuit, the MC1489 quad re-
ceiver, provide a complete interface system between
DTL or TTL logic levels and the RS-232C defined levels.
The RS-232C requirements as applied to receivers are
discussed herein. . :

The required input impedance is defined as between
3000 ohms and 7000 ohms for input voltages between
3.0 and 25 volts in magnitude; and any voltage on the
receiver input in an open circuit condition must be less

. than 2.0 volts in magnitude. The MC1489 circuits meet

Ejn. AMPLITUDE (VOLTS)

these requirements with a maximum open circuit volt-
age of one VBEg.

The receiver shall detect a voltage between —3.0 and
—25 volts as a Logic 1" and inputs between +3.0 and
+25 volts as a Logic ““0.” On some interchange leads,
an open circuit of power “OFF" condition (300 ohms or
more to ground) shall be decoded as an “OFF" condition
or Logic “1.” For this reason, the input hysteresis
thresholds of the MC1489 circuits are all above ground.
Thus an open or grounded input will cause the same
output as a negative or Logic 1" input.

Device Characteristics

The MC14839 interface receivers have internal feedback
from the second stage to.the input stage providing input

FIGURE 8 — TYPICAL TURN-ON THRESHOLD versus
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND

hysteresis for noise rejection. The MC1489 input has
typical turn-on voltage of 1.25 volts and turn-off of 1.0
volt for a typical hysteresis of 260 mV. The MC1489A
has typical turn-on of 1.95 volts and turn-off of 0.8 volt
for typically 1.15 volts of hysteresis.

Each receiver section has an external response con-
trol node in addition to the input and output pins,
thereby allowing the designer to vary the input thresh-
old voltage levels. A resistor can be connected between
this node and an external power-supply. Figures 2, 4
and 5 illustrate the input threshold voltage shift possible
through this technique.

This response node can also be used for the filtering
of high-frequency, high-energy noise pulses. Figures 8
and 9 show typical noise-pulse rejection for external
capacitors of various sizes. ]

These two operations on the response node can be
combined or used individually for many combinations
of interfacing applications. The MC1489 circuits are par-
ticularly useful for interfacing between MOS circuits and
MDTUMTTL logic systems. In this application, the input
threshold voltages are adjusted (with the appropriate
supply and resistor values) to fall in the center of the
MOS voltage logic levels. (See Figure 10)

The response node may also be used as the receiver
input as long as the designer realizes that he may not
drive this node with a low impedance source to a volt-
age greater than one diode above ground or less than
one diode below ground. This feature is demonstrated
in Figure 11 where two receivers are slaved to the same
line that must still meet the RS-232C impedance
requirement.

FIGURE 9 — TYPICAL TURN-ON THRESHOLD versus
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND

mc1489
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APPLICATIONS INFORMATION (continued)

FIGURE 10 — TYPICAL TRANSLATOR APPLICATION —
MOS TO DTL OR'TTL
+5 Vde

R .-

a2
[ o

Mos MC1489 OTLor TTL

LOGIC.

[N

l l J‘ o ,‘
r
-VGG @-Vop = 5Vdc® = +5Vdc @ =

FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C
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APPLICATIONS INFORMATION (continued)

FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C

RESPONSE-CONTROL PIN

INPUT

o—¢

INPUT

RESPONSE-CONTROL PIN -—-’

172 MC1489
8k

vee
- T T T T 1

1

8k

ouTPUT

OUTPUT

MOTOROLA COMMUNICATIONS DEVICE DATA

MC1489.MC1489A
2-25



MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

Product Preview

Quad ElA-422-A Line Driver
CMOS

The MC26C31 is a quad differential line driver designed for digital data
transmission over balanced lines. The MC26C31 meets all the requirements of
standard EIA-422-A while retaining the low-power characteristics of CMOS.

The MC26C31 accepts TTL or CMOS input levels and translates these to
EIA-422-A output level. This part uses special output circuitry that enables the
individual drivers to power down without loading down the bus. The MC26C31 also
includes special circuitry which will set the outputs to a high impedance mode
during power up or down, preventing spurious glitches. This device has enable and
disable circuitry common for all four drivers.

The MC26C31 is pin compatible with the AM26LS31.

All pins are protected against damage due to electrostatic discharges.
Maximum Supply Current: 3 mA

2000-V ESD Protection on the Inputs and Outputs

TTL/CMOS Input Compatible

Typical Propagation Delay: 6 ns

Typical Output Skew: 1 ns

Meets Vo =6.0 V (and Vo =0.25 V), Vcc =0V, Ip < 100 pA Requirement
Meets the Requirements of Standard EIA-422-A

Operation from single 5-V Supply

High-Impedance Mode for Outputs Connected to System Buses

BLOCK DIAGRAM

ENB  ENB INPUTD INPUTC INPUTB INPUT A

S L S
bl bl Ll L

GND Vcc  OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT QUTPUT
D2 D1 c2 Ci B2 B1 A2 Al

MC26C31

P SUFFIX
PLASTIC PACKAGE
CASE 648

D SUFFIX
SOG PACKAGE
CASE 751B

&

ORDERING INFORMATION

MC26C31P Plastic DIP
MC26C31D SOG Package

This document contains information on a new product under development. Motorola reserves the right to change or discontinue this product without notice.

REV. 3

MC26C31
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TRUTH TABLE

Non-Inverting Inverting
Control Inputs E/E Input Output Output
LH X 4 z
All other combinations of H H L
enable inputs L L H
X =Don’t Care H = High Logic State
Z = High Impedance L = Low Logic State
MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vee 7 \
DC Input Voltage Vin -15toVgc+1.5 \
DC Output Voltage* Vout -0.5toVcc +0.5 \
DC Output Current, per Pin lout 150 mA
DC Vi or GND Current, per Pin DD 150 mA
Storage Temperature Tstg —65to +150 °C
Power Dissipation Pp 500 mw
ESD (Human Body model) 2000 \
* Power-on conditions.
OPERATING CONDITIONS
Rating Symbol Min Max Unit
Power Supply Voltage Vee 45 5.5 \
DC Input Voltage Vin 0 Vce \
Operating Temperature Range TA ~-40 +85 °C
Input Rise and Fall Time tr tf - 500 ns
DC CHARACTERISTICS (Vcc =4.5105.5V, Tp =~ 40 to + 85°C, unless otherwise stated)
Parameter Symbol Min Typ Max Unit
Input Voltage (Low Logic State) ViL — — 0.8 \
Input Voltage (High Logic State) VIH 2.0 -_ —_ \
Output Voltage (Low Logic State) Igjnk = 20 mA VoL — 0.3 0.5 \
Qutput Voltage (High Logic State) Isoyrcg = 20 mA VoH 25 2.8 — v
Output Differential Voltage R_ = 100 Q (Note 1) Vob 2.0 — — v
Qutput Differential Voltage Difference R = 100 Q (Note 1) D(Vop) —_ - +0.4 \
Output Offset Voltage R = 100 Q (Note 1) Vos —_ - 3.0 v
Output Offset Voltage Difference R|_= 100 Q (Note 1) D(Vos) — — +0.4 \"
Input Current Vi = Ve, GND, V)4 or Vi lin — —_ +1.0 pA
Quiescent Supply Current Iyt = 0 pA Icc — — 3.0 mA
Output Short Circuit Current (Note 2) los -30 -100 —-150 mA
Output Leakage Current (Hi-Z State) Vout = Vg or GND lo(z) — — +1.0 pA
Input Leakage Current (Power Off) Vout=6V loxh - -_ 100 pA
Vout=—-0.25V lox! - — -100

NOTES:
1. See EIA specifications EIA-422-A for exact test conditions.
2. Only one output may be shorted at a time.

MOTOROLA COMMUNICATIONS DEVICE DATA MC26C31
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AC CHARACTERISTICS (Vcc =4.5105.5V, Tp =— 40 to + 85°C, unless otherwise stated)

Parameter . Symbol Min Typ Max Unit
Propagation Delay Input to Output (S1 Open) tPLH — 6 12 ns
tPHL
Output Skew (S1 Open)* Skew -_ 1.0 4 ns
Differential Output YTLH) - 4 8 ns
Rise Time t(THL)
Fall Time (S1 Open)
Output Enable Time tpzH — 16 — ns
(S1 Closed) tpzL — 15 —_
Output Disable Time tPHZ - 6 —_ ns
(S1 Closed) tpLZ -— 9 —_

* Skew: difference in propagation delays between complementary outputs.

AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS

INPUT £1sv \ 15V
ov . X
—= =Ly tPHL = ~—
L < '8 OUTPUT A : 74: 15V N 15v_VOH
4TPF Sa990 /A DN v
INPUT| X e } 499 Q — - ! oL
, = | st == =—tpHL  tPH = =~
47pF :: 499Q . y VoH
T OUTPUTB SR 15V £ 15V
* —VoL
Figure 1. AC Test Circuit Figure 2. Propagation Delays and Skew Waveforms

3vV—,

ENABLEINPUT - 7¢1.sv \ 15V
ov

— 'wtp7 7L —= - : 3V—
[ " : —15V INPUT
OUTPUT A l f‘ VoL +05V \ 08V ov — —

g VoL

— 1 . 90% %
; PHZ PZH —> -— Vou OUTRUT X /' : \ 90% )
OUTPUTB  Vop- 05V /ooy (DIFFERENTIAL) __10%4 ! VN 10%

OH-0 sy —> e TlH THL — -

Figure 3. Enable and Disable Times Figure 4. Differential Rise and Fall Times
TYPICAL APPLICATIONS
ENABLE
DATA
DATA OUTPUT
Figure 5. Two-Wire Balanced Systems (E1A-422-A)
MC26C31 MOTOROLA COMMUNICATIONS DEVICE DATA
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MOTOROLA
TECHNICAL DATA

Product Preview

Quad ElA-422-A Line Receiver
CMOS

The MC26C32 is a quad differential line receiver designed for digital data
transmission over balanced lines. The MC26C32 meets all the requirements of
standard EIA-422-A while retaining the low-power characteristics of CMOS.

The MC26C32 has an input sensitivity of 200 mV over the common mode input
voltage range of = 7 V. In addition, each receiver chain has internal hysteresis
circuitry to improve noise margin and discourage output instability for slowly
changing input waveforms.

The MC26C32 is pin compatible with the AM26LS32.

All pins are protected against damage due to electrostatic discharges.

e Typical Power Supply Current: 6 mA
e 2000-V ESD Protection on the Inputs and Outputs
e Typical Propagation Delay: 18 ns
e Typical Input Hysteresis: 75 mV
e Meets the Requirements of Standard EIA-422-A
e Operation from single 5-V Supply
¢ High-Impedance Mode for Outputs Connected to System Buses
e TTL/CMOS Compatible Outputs
BLOCK DIAGRAM

_ INPUT INPUT  INPUT INPUT INPUT INPUT INPUT INPUT
ENB ENB D2 D1 c2 cC

i 12 l 4 ! 10 ! 9 !14 !

lB l16 111 5
GND Voo OUTDPUT OUTCPUT OUTPUT OUTPUT '

MC26C32

P SUFFIX
PLASTIC PACKAGE
CASE 648

D SUFFIX
SOG PACKAGE

CASE 751B

ORDERING INFORMATION

MC26C32P Plastic DIP
MC26C32D SOG Package

This document contains information on a new product under development. Motorola reserves the right to change or discontinue this product without notice.

REV. 3
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TRUTH TABLE

Control Inputs E/E Input Output
H X zZ
All other combinations of Vip 2 VTH (max) 1
enable inputs ViD= V1H (min) 0
Open 1
X =Don't Care H = High Logic State
Z =High Impedance L = Low Logic State
MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vece 7 \
Input Voltage \ +12 v
Input Differential Voltage Vip +14 \'
Enable Control Input Voltage Vin Vcc +0.5 \'
Storage Temperature Tstg —651to0 +150 °C
Maximum Current per Output lo +25 mA
ESD (Human Body model) 2000 v
OPERATING CONDITIONS
Rating Symbol Min Max Unit
Power Supply Voltage Vce 45 5.5 \
Operating Temperature Range TA -40 +85 °C
Input Rise and Fall Time tn - 500 ns
DC CHARACTERISTICS (Voo =4.5t0 5.5V, Ta = — 40 to + 85°C, unless otherwise stated) (See Note 1)
Parameter Symbol Min Typ Max Unit
Power Supply Current, Voc = Max Icc —_ 6 12 mA
Enable Input Current, Vin = Vg or GND Ly - - +1.0 pA
Input Voltage — Low Logic State (Enable Control) ViL —_ — 0.8 \
Input Voltage — High Logic State (Enable Control) VIH 2 —_ — \
Differential Input Voltage, -7V <V cm <7V Vout=VOH VTH 0.2 - — \
Vout=VoL - - -0.2
Input Hysteresis, Vicm =0V Vhys — 75 — mvV
Comparator Input Current Vin =+ 10V, Other Input = GND lin —_— 14 - mA
Vjn == 10V, Other Input = GND - -25 -
Comparator Input Resistance, - 12V <V cm <+ 12V Rin 4 4.8 — kQ
Output Voltage (Low Logic State) Vip =~ 1V, loyt = 6 mA (Note 2) VoL —_ 0.13 0.33 v
Output Voltage (High Logic State) Vjp = + 1V, Igyt =— 6 mA (Note 2) VoH 3.8 4.8 — \
Output Leakage Current (High Logic State) Vgt = Vo or GND loz -5 - 5 pA

NOTES:
1. Allcurrents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted.
2. See EIA specifications EIA-422-A for exact test conditions.

MC26C32 MOTOROLA COMMUNICATIONS DEVICE DATA
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AC CHARACTERISTICS (Vo =4.5t05.5V, Tp =— 40 to + 85°C, unless otherwise stated)

Parameter Symbol Min Typ Max Unit

Propagation Delay Input to Output, C_ = 50 pF, Vp|FF =2.5 V tPLH — 18 30 ns
tPHL

Skew = kpHL —tpLH | Skew — 1 — ns

Propagation Delay Enable to Output tpLZ -_ 12 —_ ns
CL=50pF, RL=1000Q, VpIFF=25V tPHZ

Propagation Delay Enable to Output tpzL — 14 — ns
CL =50pF, RL=1000Q, Vp|FF=25V tpzH

AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS

TEST
POINT Vee +25V —

o_.,vW_J INPUT _]'[o v ov

ouTpUT -25v v e
St RL=2ka -~ =—tpLH PHL == -—

< ' U

CL=49pF :: 49kQ QUTRUT /13y 13V
S1AND S2 CLOSED
:I: —jo—
- s2 -
Figure 6. Test Circuit Figure 7. Propagation Delays
3V— .
ENABLE INPUT —/1.3V ) 1.3V
o S
—= =1pzH 1PHZ N
" o, S10PEN S1CLOSED \ _05V
OUTPUTA % 50% 52 CLOSED S2CLOSED "NT y

v ! oL

- 1p7) tpLz re—>
: L VoH

S1CLOSED S1CLOSED
OuTPUTB % s20PEN 52 CLOSED 740;
T
Figure 8. Enable and Disable Times
TYPICAL APPLICATIONS
ENABLE
DATA
DATA OUTPUT
Figure 9. TWo-Wire Balanced Systems (EIA-422-A)
MOTOROLA COMMUNICATIONS DEVICE DATA MC26C32
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MOTOROLA

E SEMICONDUCTOR
TECHNICAL DATA
MC2831A

LOW POWER FM TRANSMITTER SYSTEM

The MC2831A is a one-chip FM transmitter subsystem designed ’
for cordless telephone and FM communication equipment. It LOW POWER

includes a Microphone Amplifier, Pilot Tone Oscillator, Voltage FM TRANSMITTER SYSTEM
Controlled Oscillator and Battery Monitor.

® Wide Range of Operating Supply Voltage (3.0 V-8.0 V) SILICON MONOLITHIC

® Low Drain Current (4.0 mA Typ Full Operation at Vcc = 4.0 V) INTEGRATED CIRCUIT

® Battery Checker (290 uA Typ at Vgc = 4.0 V)
©® Low Number of External Parts Required

FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM

“L__ 16 -6

J i
RF 7
. Ose P SUFFIX
29—  Variable 015 PLASTIC PACKAGE
Reactance CASE 648
A
SJP—WV—— 14 16 o
D SUFFIX
PLASTIC PACKAGE
ad_Yec 13 CASE 7518
S l l " 1 S0-16
Mic PIN ASSIGNMENTS
Amp Variable
5¢ VREF [—012 Reactance [7] ~ 6]
=va Output ch
/;l; Battery Decoupling [2] 5]
Checker Modulator RF
89 vee 4k Input E I‘i|0utput
S::i‘::h X / veez [4] 13) Gnd
Mic Amp
74 10 input (5] 12)Veer
Mic Amp 7] Battery
Vee Output LG—‘ i Checker
Tone
7 10|LED
8 Tone 9 Switch E :'
Osc I Tone [ [9]0sc
Output Coil

MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted)

Rating Pin Symbol Value Unit
Power Supply Voltage 4,12 Vce 10 Vdc
Operating Supply Voltage Range 4,12 Vee 3.0t0 8.0 Vdc
Battery Checker Output Sink Current 10 ILED 25 mA
Junction Temperature - Ty +150 °C
Operating Ambient Temperature Range - TA —-30to +75 °C
Storage Temperature Range - Tstg —65to +150 °C
MC2831A MOTOROLA COMMUNICATIONS DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vo1 = 4.0 Vdc, Voo = 4.0 Vdc, Ta = 25°C, unless otherwise noted)

Characteristic Symbol Pin Min Typ Max Unit
Drain Current Icct 12 150 230 420 nA
Drain Current Icc2 4 2.2 3.6 6.5 mA
BATTERY CHECKER
Threshold Voltage (LED Off — On) V1B 1" 1.0 1.2 14 Vdc
Output Saturation Voltage VOSAT 10 —_ 0.15 0.5 Vdc
(Pin 11 = 0V, Pin 10 Sink Current = 5.0 mA)
MIC AMPLIFIER
Voltage Gain, Closed Loop —_ 5,6 27 30 33 dB
(Vin = 1.0 mVems, fin = 1.0 kHz)
Output dc Voltage —_ 1.1 1.4 1.7 Vdc
Output Swing (Vin = 30 mVymg, fin = 1.0 kHz) - 0.8 1.2 1.6 Vp-p
Total Harmonic Distortion THD _ 0.7 —_ %
(Vo = 31 mVyms: fin = 1.0 kHz)
PILOT TONE OSCILLATOR (250 O LOADING)
Output AF Voltage (fg = 5.0 kHz) - —_ 50 —_ mVrms
Output dc Voltage - —_ 1.4 — Vdce
Total Harmonic Distortion _ —_ 1.8 5.0 %
(fo = 5.0 kHz, VAF = 150 mVymg)
Tone Switch Threshold - 7 1.1 1.4 1.7 Vde
FM MODULATOR (120 © LOADING)
Output RF Voltage (fo = 16.6 MHz) VRFO 14 — 40 — mMVims
Output dc Voltage - 14 _ 1.3 - Vdc
Modulation Sensitivity (Note 1) - 3,14 6.0 10 18 Hz/mVde
(Vin = 1.0V £ 0.2V)
Maximum Deviation (Note 1) — 3,14 +25 +5.0 +12.5 kHz
{(Vihn =0Vto +20V)
RF Frequency Range — 14 - —_ 60 MHz
Note 1. Modulation sensitivity and maximum deviation are measured at 49.815 MHz, which is the third harmonic of the crystal frequency.
MOTOROLA COMMUNICATIONS DEVICE DATA MC2831A
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FIGURE 2 — TEST CIRCUIT

—
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0
16.605 MHz

Mod Out
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: %1209 (16.605 MHz)
0.01 =
Veczo—p—y—o4 "
po 1
TT MC2831A L
Mic Amp In o—wA——05 ’I_°V
MY 4 T I
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0.047 L1 Toko America
Tone Output 8 9 Veea T
126AN — 6708X
250 O L
1 20 mH
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FIGURE 3 — SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz

4.7 uH » 16.5667 MHz
e —}
MC2831A
/
1 16
Variabh 56 pF
2 ariable ___I'I
0.0047:I: 15 & 51pF
= — " 100pF 5.0pF
Lo0k L3 E" Lispr | AF OQutput
— Tooer fo7 b
T30pF  —30dBm
+1 4 | Vcc E—_L = T T T P
2.2 0.0017F
L =033 uH 0.47 uH
1.0 3.0k = — Mic Amp
o 15 12 |—_y_—
. 0.001
Dynamic 1.0M e =
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NOTES:
S1is a normally closed push button type switch. Battery checker circuit (Pins 10, 11) is not used in this application.
The crystal used is fundamental mode, calibrated for parallel resonance All capacitors in microfarads, inductors in Henries and resistors in
with a 32 pF load. The 49.7 MHz output is generated in the output buffer, Ohms, unless otherwise specified.

which generates useful harmonics to 60 MHz.

The network on the output at Pin 14 provides output tuning and imped-
ance matching to 50 Q at 49.7 MHz. Harmonics are suppressed by more
than 25 dB.
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MC2833

iliary transistors.

® Low Drain Current (Icc = 2.9 mA Typ)
® Low Number of External Parts Required

LOW POWER FM TRANSMITTER SYSTEM
MC2833 is a one-chip FM transmitter subsystem designed for

cordless telephone and FM communication equipment. Itincludes
a microphone amplifier, voltage controlled oscillator and two aux-

® Wide Range of Operating Supply Voltage (2.8-9.0 V)

® —30 dBm Power Output to 60 MHz Using Direct RF Output
® +10 dBm Power Output Attainable Using Cn-Chip Transistor

LOW POWER

FM TRANSMITTER

SYSTEM

Amplifiers
16
16 1
1
P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 648 CASE 751B
SO-16
FUNCTIONAL BLOCK DIAGRAM
1 - -0 16 PIN ASSIGNMENTS
RF
Osc Variable \J
Variable Reactance | 1 16
20 Reactance 015 Output :l RF
Osc
Decoupling @ E
30 A A @_._o 14 Modulator d RF
: Input | 3 E Output
AMic Mic Amp n 3 Tr2
mp
40 013 Output Base
-+ Mic Amp Tr2
A Y Input 12| Emitter
12 Tr2
5 ,; —O GndE n Collector
Tr1
EminerE E Vee
6 O— —O 11
;7 Tr1 E Tr1
Base Collector
7 O— — VREF O 10
8 O 0 9
MOTOROLA COMMUNICATIONS DEVICE DATA MC2833
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MAXIMUM RATINGS

Ratings Symbol Value Unit
Power Supply Voltage Vee 10 (max) Y
Operating Supply Voltage Range Vce 2.8-9.0 \"
Junction Temperature Ty +150 °C
Operating Ambient Temperature . TA —-30to +75 °C
Storage Temperature Range Tstg —65to +150 °C
ELECTRICAL CHARACTERISTICS (Vcc = 4.0V, TA = 25°C, unless otherwise noted)
Characteristics Symbol Pin Min Typ Max Unit
Drain Current (No input signal) Icc 10 1.7 2.9 4.3 mA
FM MODULATOR
Output RF Voltage (fo = 16.6 MHz) Vout RF 14 60 90 130 mVrms
Output DC Voltage (No input signal) Vdc 14 2.2 25 2.8 .V
Modulation Sensitivity (fo = 16.6 MHz) SEN 3.0 7.0 10 15 Hz/mVdc
(Vin = 08V1t01.2V) 14 — - —
Maximum Deviation (fy = 16.6 MHz) Fdev 3.0 3.0 5.0 10 kHz
(Vin =0Vto20V) 14 — — —
MIC AMPLIFIER
Closed Loop Voltage Gain (Vjp, = 3.0 mVrms) Ay 4.0 27 30 33 dB
(fin = 1.0 kHz2) 5.0 — — —
Output DC Voltage (No input signal) Vout dc 4.0 11 1.4 1.7 Vv
Output Swing Voltage (Vin = 30 mVrms) Vout p-p 4.0 0.8 1.2 1.6 Vp-p
(fin = 1.0 kHz)
Total Harmonic Distortion (Vi = 3.0 mVrms) THD 4.0 — 0.15 2.0 %
(fin = 1.0 kHz)
AUXILIARY TRANSISTOR STATIC CHARACTERISTICS
Characteristics Symbol Min Typ Max Unit
Collector Base Breakdown Voltage (Ic = 5.0 nA) V(BR)CBO 15 45 - Vv
Collector Emitter Breakdown Voltage (Ic = 200 pA) V(BR)CEO 10 15 — "
Collector Substrate Breakdown Voltage (Ic = 50 nA) V(BR)CSO - 70 - Vv
Emitter Base Breakdown Voltage (Ig = 50 pA) V(BR)EBO - 6.2 — Vv
Collector Base Cut Off Current (Vcg = 10 V) IcBO — - 200 nA
(I =0)
DC Current Gain (Ic = 3.0 mA) hge 40 150 — —
(VCg = 3.0V)
AUXILIARY TRANSISTOR DYNAMIC CHARACTERISTICS
Current Gain Bandwidth Product (Vcg = 3.0 V) fr - 500 - MHz
(ic = 3.0 mA)
Collector Base Capacitance (Vcg = 3.0 V) Ccs — 2.0 — pF
(ic=0)
Collector Substrate Capacitance (Vcg = 3.0 V) Ccs — 33 — pF
(Ic=0)
MC2833 MOTOROLA COMMUNICATIONS DEVICE DATA
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FIGURE 1 — TEST CIRCUIT
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FIGURE 2 — SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz

16.5667 MHz
—
Aoe—it
3
MC2833
U/
1 4—-| 16
RF
_‘:E Variable Osc
0.0047 @ Reactance
100k =
470 p Mic Amp
4
27k 1.0 220k A4 ]Ié
b JI€ 1S =
1.0kS 347k /;7
= L—l 6 ! L 1000 pF
L1 T
1.0k
I_‘E)"Irj“l 7 VREF X
° I-_E 470 pF
470 pF = RF Output
°P II 8 9 l[ 47pFY 497 Mﬁz
0.22 ] +10 dBm
390k$ Y #3| ZR 220 oF
33pF /!
T 470 pF
Vee =30Vto80V =

NOTES: The crystal used is fundamental mode, calibrated for parallet
resonance with a 32 pF load. The 49.7 MHz output is

The RF output is +10 dBm (10 mW into 50 () load) at 49.7
harmonics reduced by more than 50 dB.

generated in the output buffer, which is being used as a

frequency tripler in this application.

The networks in the output stages provide frequency
lectivity and i d hing at 49.7 MHz.

MHz, with all
All i

in

in Henries and

resistors in Ohms unless otherwise specified.
0.22 pH inductors are Toko B199SN-T1048Z
3.3 pH inductor is Toko B199KN-T10552
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WIDEBAND FSK RECEIVER ‘ WIDEBAND
... includes Oscillator, Mixer, Limiting IF Amplifier, Quadrature FSK
Detector, Audio Buffer, Squelch, Meter Drive, Squelch Status out- RECEIVER
put, and Data Shaper comparator. The MC3356 is designed for '
use in digital data communications equipment. MONO
. LITHIC SILICON
o Data Rates up to 500 kilobaud INTEGRATED CIRCUIT
® Excellent Sensitivity: —3 dB Limiting Sensitivity
30 uVrms @ 100 MHz
® Highly versatile, full-function device, yet few external parts are
required
P SUFFIX
PLASTIC PACKAGE
CASE 738
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM FIGURE 2 — PIN CONNECTIONS
RF
Vee A\
20y o RF RF GroundE 20 | RF Input
Zal Input
i— _______ 19 Ground OSC Emitter E E Ground
I 18 - 0sc CollectorE EData Output
| Data Shabing S —O Data
L Comparator 17 OC‘DU' RF vccE + Comparator
—O Vee
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Ceramic R, 7 N he 3
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MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage VcCimax) 15 Vde
Operating Power Supply Voltage Range (Pins 6, 10) Vce 3.0t09.0 Vdc
Operating R.F. Supply Voltage Range (Pin 4) R.F. Vcc 3.0to 12.0 Vdc
Junction Temperature TJ 150 °C
Operating Ambient Temperature Range TA —-40to +75 °C
Storage Temperature Range Tstg —-65to +150 °C
Power Dissipation, Package Rating Pp 1.25 w

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 100 MHz, fagc = 110.7 MHz, Af = %75 kHz, fodg = 1.0 kHz, 50 Q
source, Tp = 25°C, test circuit of Figure 3, unless otherwise noted.)

Characteristics Min Typ Max Unit
Drain Current Total, RF Vcc and Ve —_ 20 25 mAdc
Input for —3 dB limiting — 30 — wVrms
Input for 50 dB quieting (S :l N) - & - pvrms
Mixer Voltage Gain, Pin 20 to Pin 5 - 2.0 3.0
Mixer Input Resistance, 100 MHz — 260 — Q
Mixer Input Capacitance, 100 MHz _ 5.0 — pF
Mixer/Oscillator Frequency Range (Note 1) — — 200 MHz
IF/Quadrature Detector Frequency Range (Note 1) 0.2 — 50 MHz
AM Rejection (30% AM, RF Vi, = 1.0 mVrms) — 50 - dB
Demodulator Output, Pin 13 _— 0.5 — Vrms
Meter Drive — 7.0 — wA/dB
Squelch Threshold —_ 0.8 — Vdc
Note 1: Not taken in Test Circuit of Figure 3; new values required.
FIGURE 3 — TEST CIRCUIT
Squelch Demod
Status Out
Data Output
47k 130k 33k
47k
AN b = 18k
100 MHz ) N 3.0k o
RF Input 10 [ /1 0—' -1 | 470
0.01 = W
el sk . Y 33k = | PF[Y 18k =
L—| a T
= ® 20= |19 18 T17 16 15 14 13 = 12 1
= RF Input Ground  Data  Comp(+) Comp(-) Squelch Squelch Demod Demod Quad
Output Status  Control Out  Filter  Input
L1—110.7 MHz, 0.4 pH
7T #22, %e Form -1
wi/slug & can 150 pF I {
L2 —10.7 MHz, 1.5 uH — .f 2|
20T #30, %6 Form RF osc osc RF Mixer Limiter Limiter Limiter Quad | |
wislug & can Gnd _ EM. coL_ Vcc Out Vcc  Input  Bias _ Bias __ Bias L _:
T1— Murata J_' LRI SRR o 5 6 If_le,g 10 T
SFE10.7 MAS-Z L sabr M Joon — ool
or  KYOCEKA 15 pF < T "‘E Al | P
KBF10.7MN-MA T ] Vee [ T
330 0.01
+5 Vdc -~
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FIGURE 4 — OUTPUT COMPONENTS OF SIGNAL, NOISE,
AND DISTORTION
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0.01 0.1 1.0 10
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General Description

This device is intended for single and double con-
version VHF receiver systems, primarily for FSK data
transmission up to 500 K baud (250 kHz). It contains an
oscillator, mixer, limiting IF, quadrature detector, signal
strength meter drive, and data shaping amplifier.

The oscillator is a common base Colpitts type which
can be crystal controlled, as shown in Figure 1, or L-C
controlled as shown in the other figures. At higher Vg,
it has been operated as high as 400 MHz. A mixer/
oscillator voltage gain of 2 up to approximately 200
MHz, is readily achievable.

The mixer functions well from an input signal of 10
pVrms, below which the squelch is unpredictable, up
to about 10 mVrms, before any evidence of overload.
Operation up to 1.0 Vrms input is permitted, but non-
.linearity of the meter output is incurred, and some os-
cillator pulling is suspected. The AM rejection above 10
mVrms is degraded.

The limiting IF is a high frequency type, capable of
being operated up to 50 MHz. It is expected to be used
at 10.7 MHz in most cases, due to the availability of
standard ceramic resonators. The quadrature detector
is internally coupled to the IF, and a 5.0 pF quadrature
capacitor is internally provided. The —3dB limiting sen-
sitivity of the IF itself is approximately 50 pV (at Pin 7),
and the IF can accept signals up to 1.0 Vrms without
distortion or change of detector quiescent dc level.

The IF is unusual in that each of the last 5 stages of
the 6 state limiter contains a signal strength sensitive,
currentsinking device. These are parallel connected and
buffered to produce a signal strength meter drive which
is fairly linear for IF input signals of 10 .V to 100 mVrms.
(See Figure 5.)

A simple squelch arrangement is provided whereby
the meter current flowing through the meter load re-
sistance flips a comparator at about 0.8 Vdc above
ground. The signal strength at which this occurs can be

FIGURE 5 — METER CURRENT versus SIGNAL INPUT
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~
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S

METER CURRENT, PIN 14 (A)

100

o |
0.010 01 1.0 10. 100 1000
PIN 20 INPUT (mVrms)

adjusted by changing the meter load resistor. The com-
parator(+) input and output are available to permit con-
trol-of hysteresis. Good positive action can be obtained
for IF input signals of above 30 pVrms. The 130 kQ
resistor shown in the test circuit provides a small
amount of hysteresis. Its connection between the 3.3 k
resistor to ground and the 3.0 k pot, permits adjustment
of squelch level without changing the amount of
hysteresis.

The squelch is internally connected to both the quad-
rature detector and the data shaper. The quadrature
detector output, when squelched, goes to a dc level
approximately equal to the zero signal level, un-
squelched. The squelch causes the data shaper to pro-
duce a high (V¢c) output.

The data shaper is a complete ““floating’’ comparator,
with back to back diodes across its inputs. The output
of the quadrature detector can be fed directly to either
input of this amplifier to produce an output that is either
at Vg or VEEg, depending upon the received frequency.
The impedance of the biasing can be varied to produce
an amplifier which “follows” frequency detuning to
some degree, to prevent data pulse width changes.

When the data shaper is driven directly from the de-
modulator output, Pin 13, there may be distortion at Pin
13 due to the diodes, but this is not important in the
data application. A useful note in relating high/low input
frequency to logic state: low IF frequency corresponds
to low demodulator output. If the oscillator is above the
incoming RF frequency, then high RF frequency will
produce a logic low. (Input to (+ )input of Data Shaper
as shown in figures 1 and 3.)

MC3356
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FIGURE 6 — APPLICATION WITH FIXED BIAS ON DATA SHAPER
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Application Notes

The MC3356 is a high frequency/high gain receiver
that requires following certain layout techniques in de-
signing a stable circuit configuration. The objective is
to minimize or eliminate, if possible, any unwanted
feedback.

Shielding, which includes the placement of input and
output components, is important in minimizing electro-
static or electromagnetic coupling. The MC3356 has its
pin connections such that the circuit designer can place
the critical input and output circuits on opposite ends
of the chip. Shielding is normally required for inductors
in tuned circuits.

The MC3356 has separate Vcc's and grounds for the
RF and IF sections which allows good external circuit
isolation by minimizing common ground paths.

Note that the circuits of figures 1 and 3 have RF, os-
cillator, and IF circuits predominantly referenced to the
plus supply rails. Figure 6, on the other hand, shows a
suitable means of ground referencing. The two methods
produce identical results when carefully executed. It is
important to treat Pin 19 as a ground node for either
approach. The RF input should be ‘“grounded” to

Pin 1 and then the input and the mixer/oscillator
grounds (or RF V¢ bypasses) should be connected by
a low inductance path to Pin 19. IF and detector sections
should also have their bypasses returned by a separate
path to Pin 19. Vcc and RF Ve can be decoupled to
minimize feedback, although the configuration of Figure
3 shows a successful implementation on a common 5.0
supply. Once again, the message is: define a supply
node and a ground node and return each section to
those nodes by separate, low impedance paths.

The test circuit of Figure 3 has a 3 db limiting level
of 30 wV which can be lowered 6 db by a 1:2 untuned
transformer at the input as shown in figures 6 and 7.
For applications that require additional sensitivity, an
RF amplifier can be added, but with no greater than 20
db gain. This will give a 2.0 to 2.5 pV sensitivity and any
additional gain will reduce receiver dynamic range with-
out improving its sensitivity. Although the test circuit
operates at +5.0 V, the mixer/oscillator optimum per-
formance is at +8.0 V to 12 V. A minimum of +8.0 V
is recommended in high frequency applications (above
150 MHz), or in PLL applications where the oscillator
drives a prescaler.

MOTOROLA COMMUNICATIONS DEVICE DATA
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FIGURE 7 — APPLICATION WITH SELF-ADJUSTING BIAS ON DATA SHAPER
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APPLICATION NOTES, continued

Depending on the external circuit, inverted or non-
inverted data is available at Pin 18. Inverted data makes
the higher frequency in the FSK signal a ‘one’ when the
local oscillator is above the incoming RF. Figure 6 sche-
matic shows the comparator with hysteresis. In this cir-
cuit the dc reference voltage at Pin 17 is about the same
as the demodulated output voltage (Pin 13) when no
signal is present. This type circuit is preferred for sys-
tems where the data rates can drop to zero. Some sys-
tems have a low frequency limit on the data rate, such
as systems using the MC3850 ACIA that has a start or
stop bit. This defines the low frequency limit that can
appear in the data stream. Figure 6 circuit can then be

Comp(+) Comp(—-) Squelch Squelch Demod Demod
Control Out

Quad

Filter Input

f=107
150 pF;L

/]/

changed to a circuit configuration as shown in Figure
7. In Figure 7 the reference voltage for the comparator
is derived from the demodulator output through a low
pass circuit where 7 is much lower than the lowest fre-

- quency data rate. This and similar circuits will compen-

sate for small tuning changes (or drift) in the quadrature
detector.

Squelch status (Pin 15) goes high (squelch off) when
the input signal becomes greater than some preset level
set by the resistance between Pin 14 and ground. Hys-
teresis is added to the circuit externally by the resistance
from Pin 14 to Pin 15.

MC3356
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FIGURE 8 — INTERNAL SCHEMATIC
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MC3357

LOW POWER
FMIF

SILICON MONOLITHIC
INTEGRATED CIRCUIT

LOW POWER NARROW BAND FM IF

. ..includes Oscillator, Mixer, Limiting Amplifier,” Quadrature

Discriminator, Active Filter, Squelch, Scan Control, and Mute

Switch. The MC3357 is designed for use in FM dual conversion
. communications equipment.

® Low Drain Current (3.0 mA (Typ) @ V¢ = 6.0 Vdc) ”"‘W
\Y.

'@ Excellent Sensitivity: Input Limiting Voltage — % \‘ %
(-3.0dB) = 5.0 uV (Typ) && Qu@ 16
oWeal"
0 %’ P SUFFIX
@ PLASTIC PACKAGE
% CASE 648

A o™

1
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM

® Low Number of External Parts Required 0
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MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted)

Rating Pin Symbol Value Unit
Power Supply Voltage 4 Vce(max) 12 Vdc
Operating Supply Voltage Range 4 Vee 4108 Vdc
Detector Input Voltage 8 - 1.0 Vp-p
Input Voltage (Vcc = 6.0 Volts) 16 Vie 1.0 VRMS
Mute Function 14 Via -0.51t05.0 Vpk
Junction Temperature - Ty 150 oc
Operating Ambient Temperature Range — TA -301to +70 oc
Storage Temperature Range - ng; -65 to +150 °c

ELECTRICAL CHARACTERISTICS (Vo =6.0 Vdc, f = 10.7 MHz, Af = £ 3.0 kHz, fmod = 1.0 kHz, T o = 25°C unless otherwise noted.)

Characteristic Pin Min Typ Max Unit
Drain Current : 4 mA
Squelch Off - 2.0 -
Squelch On — 3.0 5.0
Input Limiting Voltage 16 - 5.0 10 mv
(-3 dB Limiting)
Detector Output Voltage 9 - 3.0 - Vdc
Detector Output Impedance - - 400 - 2
Recovered Audio Output Voltage 9 200 350 - mVrms
(Vin =10 mV)
Filter Gain {10 kHz) — 40 46 — dB
(Vin =5 mV)
Filter Output Voltage 1 1.8 2.0 25 Vdc
Trigger Hysteresis - - 100 - mV
Mute Function Low 14 - 15 50 Q
Mute Function High 14 1.0 10 - MQ
Scan Function Low (Mute Off) 13 - 0 0.5 Vde
(V12 =2 Vdc)
Scan Function High (Mute On) 13 5.0 - - Vdc
(V412 = Gnd)
Mixer Conversion Gain 3 - 20 - dB
Mixer Input Resistance 16 - 3.3 - kQ
Mixer Input Capacitance 16 - 22 - pF
T Vec = 6.0 Vde FIGURE 2 — TEST CIRCUIT
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CIRCUIT DESCRIPTION

The MC3357 is a low power FM IF circuit designed
primarily for use in voice communication scanning
receivers.

The mixer-oscillator combination converts the input
frequency (e.g., 10.7 MHz) down to 455 kHz, where, after
external bandpass filtering, most of the amplification
is done. The audio is recovered using a conventional
quadrature FM detector. The absence of an-input signal
is indicated by the presence of noise above the desired
audio frequencies. This ““noise band’’ is monitored by
an active filter and a detector. A squelch trigger circuit
indicates the presence of noise (or a tone) by an output
which can be used to control scanning. At the same
time, an internal switch is operated which can be used
to mute the audio.

The oscillator is an internally-biased Colpitts type with
the collector, base, and emitter connections at Pins 4,
1, and 2 respectively. A crystal can be used in place of
the usual coil. :

The mixer is doubly-balanced to reduce spurious re-
sponses. The input impedance at Pin 16 is set by a 3.0
kQ internal biasing resistor and has low capacitance,

allowing the circuit to be preceded by a crystal filter.

The collector output at Pin 3 must be dc connected to
B+, below which it can swing 0.5 V.

After suitable bandpass filtering (ceramic or LC) the
signal goes to the input of a five-stage limiter at Pin 5.
The output of the limiter at Pin 7 drives a multiplier,

both internally directly, and externally through a quad-
rature coil, to detect the FM. The output at Pin 7 is also
used to supply dc feedback to Pin 5. The other side of

"the first limiter stage is decoupled at Pin 6.

The recovered audio is partially filtered, then buffered
giving an impedance of around 400 Q at Pin 9. The
signal still requires de-emphasis, volume control and
further amplification before driving a loudspeaker.

A simple inverting op amp is provided with an output
at Pin 11 providing dc bias (externally) to the input at
Pin 10 which is referred internally to 2.0 V. A filter can
be made with external impedance elements to discrim-
inate between frequencies. With an external AM detec-
tor the filtered audio signal can be checked for the pres-
ence of noise above the normal audio band, or a tone
signal. This information is applied to Pin 12.

An external positive bias to Pin 12 sets up the squelch
trigger circuit such that Pin 13 is low at an impedance
level of around 60 k{2, and the audio mute (Pin 14) is
open circuit. If Pin 12 is pulled down to 0.7 V by the
noise or tone detector, Pin 13 will rise to approximately
0.5 Vdc below supply where it can support a load current
of around 500 1A and Pin 14 is internally short-circuited
to ground. There is 100 mV of hysteresis at Pin 12 to
prevent jitter. Audio muting is accomplished by con-
necting Pin 14 to a high-impedance ground-reference
point in the audio path between Pin 9 and the audio
amplifier.

THERMAL INFORMATION

be found from the equation:

The maximum power consumption an integrated circuit
can tolerate at a given operating ambient temperature, can

the sum of the products of the supply voltages and supply
currents at the worst case operating condition.

TJ(max) = Maximum Operating Junction Temperature

PD(TA) = Td(max) -TA as listed in the Maximum Ratings Section
RgJA(Typ) TA = Maximum Desired Operating Ambient
Where: Pp(Tp) = Power Dissipation allowable at a given Temperature i .
operating ambient temperature. This must be greater than RgJA(Typ) = Tvp:z:b'li'::t'mal Resistance Junction to
MC3357 MOTOROLA COMMUNICATIONS DEVICE DATA
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MOTOROLA

m SEMICONDUCTOR
TECHNICAL DATA

MC3359

LOW POWER NARROWBAND FM IF

... includes oscillator, mixer, limiting amplifier, AFC, quadrature
discriminator, op/amp, squelch, scan control, and mute switch.
The MC3359 is designed to detect narrowband FM signals using
a 455 kHz ceramic filter for use in FM dual conversion commu-
nications equipment. The MC3359 is similar to the MC3357 except
that the MC3359 has an additional limiting IF stage, an AFC output,
and an opposite polarity Broadcast Detector. The MC3359 also
requires fewer external parts.

® Low Drain Current: 3.6 mA (Typ) @ Vcc = 6.0 Vdc

o Excellent Sensitivity: Input Limiting Voltage —
—3.0dB = 2.0 uV (Typ)

® Low Number of External Parts Required

HIGH GAIN
LOW POWER
FM IF

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
18 CASE 707

1
20@

DW SUFFIX
PLASTIC PACKAGE

CASE 751D

1

FIGURE 2 — PIN CONNECTIONS AND
FUNCTIONAL BLOCK DIAGRAM
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MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted)

Rating Pin Symbol Value Unit
Power Supply Voltage 4 Vcclmax) 12 Vdc
Operating Supply Voltage Range 4 vVce 4109 Vdc
Input Voltage (Vcc= 6.0 Volts) 18 Vig 1.0 Vims
Mute Function 16 Vig -0.7to 12 Vpk
Junction Temperature - Ty 150 °C
Operating Ambient Temperature Range — TA -30to +70 °C
Storage Temperature Range — Tstg —65to +150 °C

ELECTRICAL CHARACTERISTICS (Vcc = 6.0 Vdc, fo = 10.7 MHz, Af = +3.0 kHz, fjod = 1.0 kHz, 50 Q source,
TA = 25°C test circuit of Figure 3, unless otherwise noted)

Characteristics Min Typ Max Units
Drain Current (Pins 4 and 8) Squelch Off — 3.6 6.0 mA
Squelch On — 54 7.0
Input for 20 dB Quieting — 8.0 — pVrms
Input for —3.0 dB Limiting — 2.0 —_ pVrms
Mixer Voltage Gain (Pin 18 to Pin 3, Open) — 46 —
Mixer Third Order Intercept, 50 Q Input — -1.0 — dBm
Mixer Input Resistance —_ 3.6 — kQ
Mixer Input Capacitance — 2.2 — pF
Recovered Audio, Pin 10 450 700 — mVrms
(Input Signal 1.0 mVrms)
Detector Center Frequency Slope, Pin 10 — 0.3 — V/kHz
AFC Center Slope, Pin 11, Unloaded — 12 — V/kHz
Filter Gain (test circuit of Figure 3) 40 51 — dB
Squelch Threshold, Through 10K to Pin 14 —_ 0.62 — Vdc
Scan Control Current, Pin 15 Pin 14 — High — 0.01 1.0 nA
— Low 2.0 24 — mA
Mute Switch Iimpedance Pin 14 — High — 5.0 10 Q
Pin 16 to Ground — Low 1.5 —_ MQ
FIGURE 3 — TEST CIRCUIT
vee 10.245 MH
o 10 4 0.1 uF
Input
»—“:H =k 18 —H—‘}—? 10.7 MHz
A 351
i€ [or 2 17
Ceramic 220 pF =
Filter 3 16 24k Audio Gen.
——< 0.7 Vp-
muRata -7 Vp-p
CFU455D — | +
or 4 15— ’—_l
Kyocera —
KBF455P-20A =
5 14 VWA Input
10k
6 By Op Amp Output
0.1 uF S1.0M
0.1 uF| T $, 10k
K 7 12 1 I—MN-( Op Amp Input
68k 1.0 uF
VA9 8 11f—————————> AFC Output
Lp = 1.0 mH
c‘; = 120 pF alaf .
Rb = 100 kO 1 9 10 _W—ﬁ Audio Output
P L= I100 of 75k Io,ooz uF
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FIGURE 10 — OUTPUT COMPONENTS OF FIGURE 11 — AUDIO OQUTPUT AND TOTAL

SIGNAL, NOISE, AND DISTORTION CURRENT DRAIN versus SUPPLY VOLTAGE
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CIRCUIT DESCRIPTION

The MC3359 is a low-power FM IF circuit designed primarily
for use in voice-communication scanning receivers. It is also
finding a place in narrowband data links.

In the typical application (Figure 1), the mixer-oscillator com-
bination converts the input frequency (10.7 MHz) down to 455
kHz, where, after external bandpass filtering, most of the am-
plification is done. The audio is recovered using a conventional
quadrature FM detector. The absence of an input signal is in-
dicated by the presence of noise above the desired audio fre-
quencies. This “noise band”’ is monitored by an active filter
and a detector. A squelch-trigger circuit indicates the presence
of noise (or a tone) by an output which can be used to control
scanning. At the same time, an internal switch is operated
which can be used to mute the audio.

APPLICATION

The oscillator is an internally biased Colpitts type with the
collector, base, and emitter connections at Pin 4, 1, and 2, re-
spectively. The crystal is used in fundamental mode, calibrated
for parallel resonance at 32 pF load capacitance. In theory this
means that the two capacitors in series should be 32 pF, but
in fact much larger values do not significantly affect the os-
cillator frequency, and provide higher oscillator output.

The oscillator can also be used in the conventional L/C Col-
pitts configuration without loss of mixer conversion gain. This
oscillator is, of course, much more sensitive to voltage and
temperature as shown in Figure 12. Guidelines for choosing L
and C values are given in Figure 14.

The mixer is doubly balanced to reduce spurious responses.
The mixer measurements of Figure 4 and 6 were made using
an external 50 Q source and the internal 1.8 k at Pin 3. Voltage
gain curves at several Vg voltages are shown in Figure 4. The
Third Order Intercept curves of Figure 6 are shown using the
conventional dBm scales. Measured power gain (with the 50
Q input) is approximately 18 dB but the useful gain is much
higher because the mixer input impedance is over 3 k(). Most
applications will use a 330  10.7 MHz crystal filter ahead of
the mixer. For higher frequencies, the relative mixer gain is
given in Figure 8.

Following the mixer, a ceramic bandpass filter is recom-
mended. The 455 kHz types come in bandwidths from +2 kHz
to +15 kHz and have input and output impedances of 1.5 k to
2.0 k. For this reason, the Pin 5 input to the 6 stage limiting IF

has an internal 1.8 k resistor. The IF has a 3 dB limiting sen-
sitivity of approximately 100 nV at Pin 5 and a useful frequency
range of about 5 MHz as shown in Figure 5. The frequency
limitation is due to the high resistance values in the IF, which
were necessary to meet the low power requirement. The out-
put of the limiter is internally connected to the quadrature de-
tector, including the 10 pF quadrature capacitor. Only a parallel
L/C is needed externally from Pin 8 to Vcc. A shunt resistance
can be added to widen the peak separation of the quadrature
detector.

The detector output is amplified and buffered to the audio
output, Pin 10, which has an output impedance of approxi-
matley 300 Q. Pin 9 provides a high impedance (50 k) point in
the output amplifier for application of a filter or de-emphasis
capacitor. Pin 11 is the AFC output, with high gain and high
output impedance (1 M). If not needed, it should be grounded,
or it can be connected to Pin 9 to double the recovered audio.
The detector and AFC responses are shown in Figure 7.

Overall performance of the MC3359 from mixer input to au-
dio output is shown in Figure 9 and 10. The MC33589 can also
be operated in “single conversion” equipment; i.e., the mixer
can be used as a 455 kHz amplifier. The oscillator is disabled
by connecting Pin 1 to Pin 2. In this mode the overall perfor-
mance is identical to the 10.7 MHz results of Figure 9.

A simple inverting op amp is provided with an output at Pin
13 providing dc bias (externally) to the input at Pin 12, which
is referred internally to 2.0 V. A filter can be made with external
impedance elements to discriminate between frequencies.
With an external AM detector, the filtered audio signal can be
checked for the presence of either noise above the normal
audio, or a tone signal.

The open loop response of this op amp is given in Figure
13. Bandpass filter design information is provided in Figure 15.

A low bias to Pin 14 sets up the squelch-trigger circuit such
that Pin 15 is high, a source of at least 2.0 mA, and the audio
mute (Pin 16) is open-circuit. If Pin 14 is raised to 0.7 V by the
noise or tone detector, Pin 15 becomes open circuit and Pin
16 is internally short circuited to ground. There is no hysteresis.
Audio muting is accomplished by connecting Pin 16 to a high-
impedance ground-reference point in the audio path between
Pin 10 and the audio amplifier. No dc voltage is needed, in fact
it is not desirable because audio “thump’’ would result during
the muting function. Signal swing greater than 0.7 V below
ground on Pin 16 should be avoided.

MOTOROLA COMMUNICATIONS DEVICE DATA
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MOTOROLA

m SEMICONDUCTOR N | MC3361B

TECHNICAL DATA

Advance Information

LOW POWER NARROWBAND FM IF

The MC3361B includes an Oscillator, Mixer, Limiting Amplifier,
Quadrature Discriminator, Active Filter, Squelch, Scan Control,
and Mute Switch. This device is designed for use in FM dual
conversion communications equipment.

® Operates From 2.0 V to 8.0 V Supply
® Low Drain Current 3.9 mA Typ @ V¢ = 4.0 Vdc

® Excellent Sensitivity: Input Limiting Voltage —
-3.0dB = 2.6 uV Typ

® Low Number of External Parts Required
® Operating Frequency Up to 60 MHz

LOW POWER
FM IF

SILICON MONOLITHIC
INTEGRATED CIRCUIT

|
16

1

P SUFFIX
PLASTIC PACKAGE
CASE 648

1

D SUFFIX
PLASTIC PACKAGE
CASE 751B
(80-16)

FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM
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Input  Gnd Mute Control In Output Input  Audio
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Y

Squelch Trigger with +0 F &
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Demodulator
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50kS 5ok
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18k
L [ (] L] [ [e] 2] [e]

Mixer V, Limiter : Quad
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lgssca Output Input ecoupling Coil

PIN CONNECTIONS

\
E Mixer Input
Crystal
Osc. 2] [15) Ground
Mixer Output [3] 4] Audio Mute
Ve [4] [13] Scan Control
Limiter Input E E Squelch Input
E Filter Output
Decoupling
E E Filter Input
i Demodulator
Quad Coil E 9 Output

ORDERING INFORMATION

MC3361BD SO-16
-30°to +70°C

MC3361BP Plastic DIP

This document contains information on a new product. Specifications and information herein are
subject to change without notice.

MC3361B
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MAXIMUM RATINGS (TA = 25°C, unless otherwise noted)

Rating Pin Symbol Value Unit
Power Supply Voltage 4 | Veelmax) 10 Vdc
Operating Supply Voltage Range 4 Vece 2.0t0 8.0 Vdc
Detector Input Voltage 8 — 1.0 Vp-p
Input Voltage (Vcc = 4.0 Volts) 16 Vig 1.0 VRMS
Mute Function 14 Vig -05t0 +5.0 | Vpk
Junction Temperature — T 150 °C
Operating Ambient Temperature Range| — TA -30to +70 °C
Storage Temperature Range — Tstg -65to +150 °C

ELECTRICAL CHARACTERISTICS (V¢ = 4.0 Vdc, fg = 10.7 MHz, Af = =3.0 kHz, fjod = 1.0 kHz, Tp = 25°C,
unless otherwise noted.)

Characteristic Pin Min Typ Max Unit

Drain Current (No Signal) 4 mA
Squelch Off 2.9 3.9 4.9
Squelch On 4.4 5.4 6.4
Recovered Audio Output Voltage (Vin = 10 mVRms) 9 130 160 200 |mVRMS
Input Limiting Voltage (—3.0 dB Limiting) 16 — 2.6 6.0 nv
Total Harmonic Distortion 9 — 0.86 — %
Recovered Output Voltage (No Input Signal) 9 60 120 250 mVRMS
Drop Voltage AF Gain Loss 9 -3.0 -0.6 — dB
Detector Output Impedance — — 450 — Q
Filter Gain (10 kHz) (Vj, = 0.3 mVRMms) — 40 50 — dB
Filter Output Voltage 1 1.0 1.3 1.6 Vdc
Mute Function Low 14 — 30 50 Q
Mute Function High 14 1.0 1 — MQ
Scan Function Low (Mute Off) (V12 = 1.0 Vdc) 13 — 0 0.4 Vdc
Scan Function High (Mute On) (V12 = Gnd) 13 3.0 3.5 — Vdc
Trigger Hysteresis — — 45 100 mV
Mixer Conversion Gain 3 — 28 — dB
Mixer Input Resistance 16 —_ 3.3 — kQ
Mixer Input Capacitance 16 — 2.2 — pF
MOTOROLA COMMUNICATIONS DEVICE DATA MC3361B
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FIGURE 2 — TEST CIRCUIT
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FIGURE 6 — INPUT LIMITING VOLTAGE

FIGURE 7 — OVERALL GAIN, NOISE, AND AM REJECTION
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FIGURE 11 — TYPICAL APPLICATION
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MOTOROLA
B SEMICONDUCTOR 1 mm

TECHNICAL DATA
MC3362

LOW POWER NARROWBAND FM RECEIVER
LOW-POWER

DUAL CONVERSION
FM RECEIVER

SILICON MONOLITHIC

...includes dual FM conversion with oscillators, mixers, quad-
rature detector, and meter drive/carrier detect circuitry. The
MC3362 also has buffered first and second local oscillator outputs
and a comparator circuit for FSK detection.

® Wide Input Bandwidth: INTEGRATED CIRCUIT
— 200 MHz using Internal Local Oscillator
— 450 MHz using External Local Oscillator 7
® Complete Dual Conversion Circuitry
® Low Voltage: Vcc = 2.0 to 7.0 Vdc
® Low Drain Current (3.6 mA (Typ) @ Vcc = 3.0 Vdc)
@ Excellent Sensitivity: Input 0.7 uV (Typ) for 12 dB SINAD 24
o Data Shaping Comparator ! P SUFFIX
® Received Signal Strength Indicator (RSSI) with 60 dB PLASTIC PACKAGE
Dynamic Range CASE 724
® Low Number of External Parts Required
® Manufactured in Motorola’s MOSAIC Process Technology
1
DW SUFFIX
RF Input FIGURE 1 — TYPICAL APPLICATION IN A PLL FREQUENCY PLAS(;I:AI\(;EP ';\EEE:EAGE
to 200 MHz SYNTHESIZED RECEIVER S0-24
Input
Match 0.01 |—"‘]__ FIGURE 2 — PIN CONNECTIONS AND
Vee 120 pF [ 24 From PLL Phase FUNCTIONAL BLOCK DIAGRAM
1t 2 23| l | Detector
1 3
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MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted)

Rating Pin Symbol Value Unit
Power Supply Voltage 6 VCC(max) 8.0 Vdc
Operating Supply Voltage Range (Recommended) 6 vee 20to 7.0 Vdc
Input Voltage (Vcc = 5.0 Vdc) 1,24 Vi-24 1.0 Vrms
Junction Temperature — LN} 150 °C
Operating Ambient Temperature Range — TA -40to +85 °C
Storage Temperature Range — Tstg —65to +150 °C

ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 49.7 MHz, Deviation = 3.0 kHz, T = 25°C, Test Circuit of Figure 3

unless otherwise noted)

Characteristic Pin Min Typ Max Units
Drain Current (Carrier Detect Low — See Figure 5) 6 — 4.5 7.0 mA
Input for —3.0 dB Limiting — —_ 0.7 2.0 pVrms
Recovered Audio (RF signal level = 10 mV) 13 — 350 - mVrms
Noise Output (RF signal level = 0 mV) 13 — 250 — mVrms
Carrier Detect Threshold (below V) 10 - 0.64 —_ Vdc
Meter Drive Slope 10 — 100 — nA/dB
Input for 20 dB (S+ N)/N (See Figure 7) —_ - 0.7 — urVrms
First Mixer 3rd Order Intercept (Input) - — -22 — dBm
First Mixer Input Resistance (Rp) — — 690 — Q
First Mixer Input Capacitance (Cp) — — 7.2 — pF
First Mixer Conversion Voltage Gain — — 18 — dB
Second Mixer Conversion Voltage Gain - — 21 — dB
Detector Output Resistance 13 — 14 - kQ
FIGURE 3 — TEST CIRCUIT
RF Ferronics
Input 12-345-K
50
i ] U/ ) 4_]
2:6 0.01
120 pF
I 2 23 1}
L b
10.245 50 pF_k— 3 22 10.5 Turns
MHz ||]| T s 33 pF | || coilcraft
il 2 | | [ UNI-101142
15 20 —_
FLIC— MC3362 FL1:
6 o muRata CFU455D
7 18— M= or
0.[1 | Toko LFC-455|
o o |° v FL2:
68 k(2 e 16 muRata SFE10.7MA
10 15 or
— Jgopr 1 0.1 Toko SK107M3-A0-10
I | " 14 ——{ ——+
l : 12 13
Toko RMC-2A6597HM +104F
Vcco 1¢ ~O VEE
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FIGURE 4 — IIMETER Versus INPUT
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CIRCUIT DESCRIPTION

The MC3362 is a complete FM narrowband receiver
from antenna input to audio preamp output. The low
voltage dual conversion design yields low power drain,
excellent sensitivity and good image rejection in nar-
rowband voice and data link applications.

In the typical application (Figure 1), the first mixer
amplifies the signal and converts the RF input to 10.7
MHz. This IF signal is filtered externally and fed into the
second mixer, which further amplifies the signal and
converts it to a 455 kHz IF signal. After external band-
pass filtering, the low IF is fed into the limiting amplifier
and detection circuitry. The audio is recovered using a
conventional quadrature detector. Twice-IF filtering is
provided internally.

The input signal level is monitored by meter drive
circuitry which detects the amount of limiting in the
limiting amplifier. The voltage at the meter drive pin
determines the state of the carrier detect output, which
is active low.

APPLICATION

The first local oscillator can be run using a free-
running LC tank, as a VCO using PLL synthesis, or
driven from an external crystal oscillator. It has been
run to 190 MHz.* A buffered output is available at Pin
20. The second local oscillator is a common base Col-
pitts type which is typically run at 10.245 MHz under
crystal control. A buffered output is available at Pin
2. Pins 2 and 3 are interchangeable.

The mixers are doubly balanced to reduce spurious

responses. The first and second mixers have conver-.

sion gains of 18 dB and 22 dB (typical), respectively,
as seen in Figure 6. Mixer gain is stable with respect
to supply voltage. For both conversions, the mixer
impedances and pin layout are designed to allow the
user to employ low cost, readily available ceramic fil-
ters. Overall sensitivity and AM rejection are shown
in Figure 7. The input level for 20 dB (S+ N)/N is 0.7
‘rV using the two-pole post-detection filter pictured.

*|f the first local oscillator (Pins 21 and/or 22) is driven from
a strong external source (100 mVrms), the mixer can be
used to over 450 MHz.

Following the first mixer, a 10.7 MHz ceramic band-
pass filter is recommended. The 10.7 MHz filtered sig-
nal is then fed into one second mixer input pin, the
other input pin being connected to Vcc.

The 455 kHz IF is typically filtered using a ceramic
bandpass filter then fed into the limiter input pin. The
limiter has 10 uV sensitivity for —3.0 dB limiting, flat
to 1.0 MHz.

The output of the limiter is internally connected to
the quadrature detector, including a quadrature
capacitor. A parallel LC tank is needed externally from
Pin 12 to V. A 68 kQ shunt resistance is included
which determines the peak separation of the quad-
rature detector; a smaller value will increase the spac-
ing and linearity but decrease recovered audio and
sensitivity.

A data shaping circuit is available and can be cou-
pled to the recovered audio output of Pin 13. The cir-
cuit is a comparator which is designed to detect zero
crossings of FSK modulation. Data rates of 2000 to
35000 baud are detectable using the circuit of Figure
1. Hysteresis is available by connecting a high-valued
resistor from Pin 15 to Pin 14. Values below 120 kQ
are not recommended as the input signal cannot over-
come the hysteresis.

The meter drive circuitry detects input signal level
by monitoring the limiting of the limiting amplifier
stages. Figure 4 shows the unloaded current at Pin 10
versus input power. The meter drive current can be
used directly (RSSI) or can be used to trip the carrier
detect circuit at a specified input power. To do this,
pick an RF trip level in dBm. Read the corresponding
current from Figure 4 and pick a resistor such that:

R10 = 0.64 Vdc / I

Hysteresis is available by connecting a high-valued
resistor RH between Pins 10 and 11. The formula is:

Hyst. = Vcc/(RH x 10—7) dB

MOTOROLA COMMUNICATIONS DEVICE DATA
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MOTOROLA

SEMICONDUCTOR 1m5mm
TECHNICAL DATA
MC3363

LOW POWER DUAL CONVERSION FM RECEIVER
LOW POWER

The MC3363 is a single chip narrowband VHF FM radio receiver. DUAL CONVERSION
It is a dual conversion receiver with RF amplifier transistor, oscil- FM RECEIVER
lators, mixers, quadrature detector, meter drive/carrier detect and
mute circuitry. The MC3363 also has a buffered first local oscillator SILICON MONOLITHIC
output for use with frequency synthesizers, and a data slicing INTEGRATED CIRCUIT
comparator for FSK detection.
® Wide Input Bandwidth — 200 MHz Using Internal Local Oscillator

— 450 MHz Using External Local Oscillator

® RF Amplifier Transistor
® Muting Operational Amplifier
® Complete Dual Conversion
® Low Voltage: Vcc = 20Vto 7.0V
® Low Drain Current: Icc = 3.6 mA (Typ) at Vcc = 3.0V,

Excluding RF Amplifier Transistor
® Excellent Sensitivity: Input 0.3 uV (Typ) for 12 dB SINAD 28 £

Using Internal RF Amplifier Transistor 1
@ Data Shaping Comparator
® Received Signal Strength Indicator (RSSI) with 60 dB DW SUFEIX

Dynamic Range PLASTIC PACKAGE
® Low Number of External Parts Required CASE 751F
® Manufactured in Motorola’s MOSAIC Process Technology 50-28
® See AN980 For Additional Design Information

FIGURE 1 — PIN CONNECTIONS AND FUNCTIONAL
BLOCK DIAGRAM

1st Mixer Input [3

28] 1st Mixer Input

Base [Z] [27] Varicap Control
Emitter [3] 26] 1st LO Tank
Collector [3] [25] 1st LO Tank

2nd LO Emitter [5] 23] 1st LO Output

2nd LO Base [€] 23] 1st Mixer Output
2nd Mixer Output [7]
Ve [E]

Limiter Input [3]

22 2nd Mixer Input
[21] 2nd Mixer Input

5] VEE
Limiter Decoupling [i9] [i5] Mute Output

o

Limiter Decoupling [i]

b3
S

V- o [18) Comparator Output

Meter Drive (RSSI)

[17] Comparator Input

Carrier Detect [i3] (16 Recovered Audio

h<y

Quadrature Coil [14] [15] Mute input
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

Rating . Pin Symbol Value Unit
Power Supply Voltage 8 VCCimax) 8.0 Vdc
Operating Supply Voltage Range 8 Vece 20t0 7.0 Vdc
(Recommended)
Input Voltage (Vcc = 5.0 Vdc) 1,28 Vi-28 1.0 Vrms
Mute Output Voltage 19 Vig —-0.7 to 8.0 Vpk
Junction Temperature — T 150 °C
Operating Ambient Temperature Range — TA —40to +85 °C
Storage Temperature Range — Tstg —65to +150 | °C
ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 49.7 MHz, Deviation = +3.0 kHz, Ta = 25°C, Mod 1.0 kHz,
Test Circuit of Figure 2 unless otherwise noted)
Characteristic Pin Min Typ Max Unit
Drain Current (Carrier Detect Low) 8 — 4.5 8.0 mA
—3.0 dB Limiting Sensitivity (RF Amplifier Not Used) _— — 0.7 2.0 uVrms
20 dB S/N Sensitivity (RF Amplifier Not Used) — — 1.0 — uVrms
1st Mixer Input Resistance (Parallel — Rp) 1,28 — 690 — Ohm
1st Mixer Input Capacitance (Parallel — Cp) 1,28 — 7.2 —_ pF
1st Mixer Conversion Voltage Gain (Ayc1, Open Circuit) — — 18 — dB
2nd Mixer Conversion Voltage Gain (Ayc2, Open Circuit) — - 21 — dB
2nd Mixer Input Sensitivity (20 dB S/N) (10.7 MHz i/p) 21 — 10 - pVrms
Limiter Input Sensitivity (20 dB S/N) (455 kHz i/p) 9 — 100 — pVrms
RF Transistor DC Current Drain 4 1.0 1.5 25 mAdc
Recovered Audio (RF Signal Level = 1.0 mV) 16 120 200 — mVrms
Noise Output Level (RF Signal = 0 mV) 16 — 70 — mVrms
THD of Recovered Audio (RF Signal = 1.0 mV) 16 — 2% — %
Detector Output Impedance 16 —_ 400 ot Ohm
Data (Comparator) Output Voltage — High 18 — —_ Vee Vdc
— Low 18 0.1 0.1 —_ Vdc
Data (Comparator) Threshold Voltage Difference 17 70 110 150 mV
Meter Drive Slope ' 12 70 100 135 nA/dB
Carrier Detect Threshold (Below V) 12 0.53 0.64 0.77 Vdc
Mute Output Impedance — High 19 — 10 - Mohm
— Low 19 — 25 — Ohm
MC3363 MOTOROLA COMMUNICATIONS DEVICE DATA
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CIRCUIT DESCRIPTION

The MC3363 is a complete FM narrowband receiver
from RF amplifier to audio preamp output. The low volt-
age dual conversion design yields low power drain,
excellent sensitivity and good image rejection in nar-
rowband voice and data link applications.

In the typical application, the input RF signal is ampli-
fied by the RF transistor and then the first mixer ampli-
fies the signal and converts the RF input to 10.7 MHz.
This IF signal is filtered externally and fed into the sec-
ond mixer, which further amplifies the signal and con-
verts it.to a 455 kHz IF signal. After external bandpass
filtering, the low IF is fed into the limiting amplifier and
detection circuitry. The audio is recovered using a con-
ventional quadrature detector. Twice-IF filtering is pro-
vided internally.

The input signal level is monitored by meter drive
circuitry which detects the amount of limiting in the
limiting amplifier. The voltage at the meter drive pin
determines the state of the carrier detect output, which
is active low.

APPLICATION

The first local oscillator is designed to serve as the

VCO in a PLL frequency synthesized receiver. The
MC3363 can operate together with the MC145166/7 to
provide a two-chip ten channel frequency synthesized
receiver in the 46/49 cordless telephone band. The
MC3363 can also be used with the MC14515X series of
CMOS PLL synthesizers and MC120XX series of ECL
prescalers in VHF frequency synthesized applications to
200 MHz.

For single channel applications the first local oscil-
lator can be crystal controlled. The circuit of Figure 4
has been used successfully up to 60 MHz. For higher
frequencies an external oscillator signal can be injected
into Pins 25 and/or 26 — a level of approximately 100
mVrms is recommended. The first mixer’s transfer char-
acteristic is essentially flat to 450 MHz when this
approach is used (keeping a constant 10.7 MHz IF fre-
quency). The second local oscillator is a Colpitts type
which is typically run at 10.245 MHz under crystal
control.

The mixers are doubly balanced to reduce spurious
responses. The first and second mixers have conversion

gains of 18 dB and 21 dB (typical), respectively. Mixer.

gain is stable with respect to supply voltage. For both
conversions, the mixer impedances and pin layout are
designed to allow the user to employ low cost, readily
available ceramic filters.

Following the first mixer, a 10.7 MHz ceramic band-
pass filter is recommended. The 10.7 MHz filtered signal
is then fed into the second mixer input Pin 21, the other
input Pin 22 being connected to Vcc.

The 455 kHz IF is filtered by a ceramic narrow band-
pass filter then fed into the limiter input Pin 9. The limiter
has 10 uV sensitivity for —3.0 dB limiting, flat to 1.0
MHz.

The output of the limiter is internally connected to
the quadrature detector, including a quadrature capac-
itor. A parallel LC tank is needed externally from Pin 14
to V. A 68 kOhm shunt resistance is included which
determines the peak separation of the quadrature detec-
tor; a smaller value will lower the Q and expand the
deviation range and linearity, but decrease recovered
audio and sensitivity.

A data shaping circuit is available and can be coupled
to the recovered audio output of Pin 16. The circuit is
a comparator which is designed to detect zero crossings
of FSK modulation. Data rates of 2000 to 35000 baud
are detectable using the comparator. Best sensitivity is
obtained when data rates are limited to 1200 baud max-
imum. Hysteresis is available by connecting a high-val-
ued resistor from Pin 17 to Pin 18. Values below 120
kOhm are not recommended as the input signal cannot
overcome the hysteresis.

The meter drive circuitry detects input signal level by
monitoring the limiting of the limiting amplifier stages.
Figure 5 shows the unloaded current at Pin 12 versus
input power. The meter drive current can be used
directly (RSSI) or can be used to trip the carrier detect
circuit at a specified input power.

A muting op amp is provided and can be triggered
by the carrier detect output (Pin 13). This provides a
carrier level triggered squelch circuit which is activated
when the RF input at the desired input frequency falls
below a preset level. The level at which this occurs is
determined by the resistor placed between the meter
drive output (Pin 12) and V. Values between 80-130
kOhms are recommended. This type of squelch is pic-
tured in Figures 3 and 4.

Hysteresis is available by connecting a high-valued
resistor Rh between Pins 12 and 13. The formula is:

Hyst = Vcc/ (Rhx 10=7) dB

The meter drive can also be used directly to drive a
meter or to provide AGC. A current to voltage converter
or other linear buffer will be needed for this application.

A second possible application of the op amp would
be in a noise triggered squelch circuit, similar to that
used with the MC3357/MC3359/MC3361 FM L.F.'s. In this
case the op amp would serve as an active noise filter,
the output of which would be rectified and compared
to a reference on a squelch gate. The MC3363 does not
have a dedicated squelch gate, but the NPN RF input
stage or data shaping comparator might be used to
provide this function if available. The op amp is a basic
type with the inverting input and the output available.
This application frees the meter drive to allow it to be
used as a linear signal strength monitor.

The circuit of Figure 4 is a complete 50 MHz receiver
from antenna input to audio preamp output. It uses few
components and has good performance. The receiver
operates on a single channel and has input sensitivity
of <0.3 uV for 12 dB SINAD.

MC3363
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MOTOROLA
B SEMICONDUCTOR

TECHNICAL DATA
MC3367

LOW VOLTAGE FM NARROWBAND RECEIVER

LOW VOLTAGE
- . . with single conversion circuitry including oscillator, mixer, IF SINGLE CONVERSION
amplifiers, limiting IF circuitry, and quadrature discriminator. The FM RECEIVER
MC3367 is perfect for narrowband audio and data applications up
to 76 MHz which require extremely low power consumption. Bat- SILICON MONOLITHIC
tery powered applications down to Vcc = 1.1V are possible. The INTEGRATED CIRCUIT

MC3367 also includes an on-board voltage regulator, low battery
detection circuitry, a receiver enable allowing a power down
“’sleep mode,"” two undedicated buffer amplifiers to allow simul-
taneous audio and data reception, and a comparator for enhanc-
ing FSK (Frequency Shift Keyed) data reception.

® Low Supply Voltage: Ve = 1.1 to 3.0 Vdc

® Low Power Consumption: Pp = 1.5 to 5.0 mW

® |nput Bandwidth 75 MHz
°

Excellent Sensitivity: Input Limiting Voltage (—3.0 dB)

= 0.2 uVrms . DW SUFFIX
® Voltage Regulator Available (Source Capability 3.0 mA) PLA%KgEP%ﬁ'éAGE
® Receiver Enable to Allow Active/Standby Operation S0-28
® Low Battery Detection Circuitry
® Self Biasing Audio Buffer with Nominal Gain Ay = 4.0
® Data Buffer with Nominal Gain Ay = 3.2
e Comparator with > 25 kHz (50 kbaud) Capability PIN CONNECTIONS
@ Standard 28-Lead Surface Mount (SOIC) Package

Mixer Depl.Od |1 28 0 2nd IF Amp In
Mixer Out[ {2 27 [A Data Buffer Out
Mixer In[] |3 26 [1 Data Buffer In
FIGURE 1 — BLOCK DIAGRAM Osc. Depl.Od |4 25 [ 1st IF Amp Out
Osc. Base[ |5 240 Vees
Q Q Q Q cl) (P ? Osc. Emit.[] |6 230 1st IF Amp In
| | Isrc Depl. O |7 22 [ Audio Buffer Out
: Quadrature Low ooy IF Gnd] |8 21 (1 Audio Buffer In
O Demodulator[ ] Fas¢ Bufts O veead |9 20 [1 Low Battery Det.
Niver P > L Rec. Audio[] |10 193 1.2 V Select
) Quad Tank[] |11 18 Vce
e Crystal Quad Tank[ |12 17 Vieg
O_: Oscill. o Demod. Gnd[] |13 16 [J Receiver Enable
O Voltage Comparator /P |14 15 3 Comparator O/P
Regulator
. Main
O "Exme e
Reference
Llow O
Comparator DB;::’;L
<4
Buffer| Buffer
MC3367 MOTOROLA COMMUNICATIONS DEVICE DATA
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ABSOLUTE MAXIMUM RATINGS (Voltages referred to Pin 12; To = 25°C)

Parameter Pin Value Units
Supply Voltage 18 5.0 Vdc
RF Input Signal 3 1.0 Vrms
Audio Buffer Input 21 1.0 Vrms
Data Buffer Input 26 1.0 Vrms
Comparator Input 14 1.0 Vrms
Junction Temperature — 150 °C
Storage Temperature — —-65to +150 °C

Devices should not be operated at or outside these values. The “Recommended Operating Limits"

provide for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Parameter Pin Value Units
Supply Voltage 18 1.1t0 3.0 Vdc
Receiver Enable Voltage 16 0 or Ve Vdc
1.2 V Select Voltage 19 vece Vdc
RF Input Signal 3 0.001 to 100 mVrms
RF Input Frequency 3 0to 75 MHz
Intermediate Frequency (IF) —_ 455 kHz
Audio Buffer Input 21 0to 75 mVrms
Data Buffer Input 26 0to 75 mVrms
Comparator Input 14 10 to 300 mVrms
Ambient Temperature — 0to 70 °C

FIGURE 2 — TEST CIRCUIT

(All capacitors in uF unless otherwise stated. Resistors in ohms. Inductors in Henries.)
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ELECTRICAL CHARACTERISTICS (Ve = 1.3V, fo = 45 MHz, fod = 1.0 kHz, Deviation = 3.0 kHz, Tp = 25°C,
Test Circuit of Figure 2 unless otherwise noted)

r Characteristic Pin Min Typ Max J Units j
OVERALL MC3367 PERFORMANCE
Drain Current — Pin 16 = Voo — — 14 3.0 mA
— Pin 15 = 0 Vdc — — 0.5 — nA
Recovered Audio (RF Input = 10 mV) 10 — 13 - mVrms
Noise Output (RF Input = 0 mV) 10 — 4.5 — mVrms
Input for —3.0 dB Limiting 3 — 0.2 — uVrms
MIXER
Mixer Input Resistance (Rp) 3 — 3.0 — kQ
Mixer Input Capacitance (Cp) 3 — 9.0 — pF
FIRST IF AMPLIFIER
First [F Amp Voltage Gain — — 25 — dB
AUDIO BUFFER
Voltage Gain — — 4.0 — ‘v
Input Resistance . 21 — 125 — kQ
Maximum Input for Undistorted Output 21 — 70 — mVrms
Maximum Output Swing 22 — 800 — mVpp
Output Resistance 22 — 680 - Q
DATA BUFFER
Voltage Gain — — 3.2 — VIV
Input Resistance 26 — 8.0 — MQ
Maximum Input for Undistorted Output 26 — 70 - mVrms
Maximum Output Swing 27 — 600 - mVpp
Output Resistance 27 — 1.5 — kQ
COMPARATOR
Minimum Input for Triggering 14 — 7.0 — mVrms
Maximum Input Frequency (R = 100 kQ) 14 — 25 — kHZ
Rise Time (10-90%; R = 100 k) 15 — 5.0 — us
Fall Time (90-10%; R = 100 kQ) 15 — 0.4 — us
LOW BATTERY DETECTOR
Low Battery Trip Point 18. — 1.09 — Vdc
Low Battery Output — Vg = 0.9V 20 - 0.2 — Vdc
—Vee = 1.3V 20 — Vee . Vdc
VOLTAGE REGULATOR
Regulated Output (see Figure 6) 17 — 0.95 —_ Vdc
Source Capability 17 — — 30 mA
MC3367 MOTOROLA COMMUNICATIONS DEVICE DATA
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FIGURE 3 — RECOVERED AUDIO versus SUPPLY
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FIGURE 5 — S+N, N versus INPUT
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CIRCUIT DESCRIPTION

The MC3367 is an FM narrowband receiver capable
of operation to 75 MHz. The low voltage design yields
low power drain and excellent sensitivity in narrowband
voice and data link applications. In the typical applica-
tion the mixer amplifies the incoming RF or IF signal
and converts the RF or IF frequency to 455 kHz. This
signal is then filtered by a 455 ceramic filter and applied
to the first intermediate frequency (IF) amplifier input.
This amplifier amplifies the 455 kHz IF before it is filtered
by a second ceramic filter. The modulated IF signal is
then applied to the limiting IF amplifier and detector
circuitry. Audio is recovered by a conventional quad-
rature detector.

Features available include buffers for audio/data
amplification and active filtering, on board voltage reg-
ulator, low battery detection circuitry with program-
mable level, and receiver disable circuitry. The MC3367
is an FM utility receiver to be used for voice and/or
narrowband data reception, especially suitable where
extremely low power consumption and high design
flexibility are required.

—130—120—116—100 -90 -8 -70 -60 —50 —40 -30

FIGURE 4 — DRAIN versus SUPPLY
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FIGURE 6 — VRgG versus SUPPLY
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APPLICATION

The MC3367 can be used as a high performance FM
IF for use in low power dual conversion receivers.
Because of the MC3367's extremely good sensitivity
(0.6 nV for 20 dB (S+N)/N, see Figure 5), it can also
be used as a stand alone single conversion narrow-
band receiver to 75 MHz for applications not sensitive
to image frequency interference.

The oscillator is a Colpitts type which can be run as
an LC oscillator or under crystal control. The crystal
in Figure 2 is a 3rd overtone series mode type, and
the 1.2 uH coil (L1) and 1.0 kQ resistor are needed to
ensure proper operation. For fundamental mode crys-
tals, the inductor L1 can be omitted.

The best adjacent channel and sensitivity response
occur when two 455 kHz ceramic filters are used, as
shown in Figure 2. Either can be replaced by a 0.1 uF
coupling capacitor to reduce cost, but some degrada-
tion in sensitivity and/or stability is suspected.

The detector is a quadrature type, with the connec-
tion from the limiter output to the detector input pro-
vided internally as with the MC3359 and the MC3361.

05 10 15 20 25 30 35 40 45 50
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A 455 kHz LC tank circuit must be provided externally.
One of the tank pins (Pin 11) must be decoupled using
a 0.1 uF capacitor. The 56 kQ2 damping resistor shown
in Figure 2 determines the peak separation (and thus
the detector bandwidth) of the detector. Smaller val-
ues will increase the separation and bandwidth but
decrease recovered audio and sensitivity.

The data buffer is a non-inverting amplifier with a
nominal voltage gain of 3.2 V/V. This buffer needs its
dc bias (approx. 250 mV) provided externally or else
debiasing will occur. A single-pole RC filter as shown
in Figure 5 connecting the recovered audio output to
the data buffer input provides the necessary dc bias and
some post-detection filtering. The buffer can also be
used as an active filter.

The audio buffer is a non-inverting amplifier with a
nominal voltage gain of 4.0 V/V. This buffer is self-
biasing so its input should be ac coupled. The two
buffers, when used as active filters, can be used
together to allow simultaneous audio and very low-
speed data reception. Another possible configuration
is to receive audio only and include a noise-triggered
squelch.

The comparator is a non-inverting type with an open
collector output. Typically the pull-up resistor used
between Pin 15 and Ve is 100 kQ. With R = 100 kQ

the comparator is capable of operation up to 25 kHz.
This circuit is self-biasing, so its input should be ac
coupled.

The regulator is a 0.95 V reference capable of sourcing
3.0 mA. This pin (Pin 17) needs to be decoupled using
a 1.0-10 uF capacitor to maintain stability of the
MC3367.

All three Vcc's on the MC3367 (Vcc. Vg2, Vees) run
on the same supply voltage. Vcc is typically decoupled
using capacitors only. Vgc2 and Vg3 should be
bypassed using the RC bypasses shown in Figure 2.
Eliminating the resistors on the Vcc2 and Vec3
bypasses may be possible in some applications, but a
reduction in sensitivity and quieting will likely occur.

The low battery detection circuit gives an NPN open
collector output at Pin 20 which drops low when the
MC3367 supply voltage drops below 1.1 V. Typically it
would be pulled up via a 100 k2 resistor to supply.

The 1.2 V Select pin, when connected to the MC3367
supply, programs the low battery detector to trip at Vcc
< 1.1 V. Leaving this pin open raises the trip voltage on
the low battery detector.

Pin 16 is a receiver enable, which is connected to V¢
for normal operation. Connecting this pin to ground
shuts off receiver and reduces current drain to Igc <
0.5 pA.
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MOTOROLA MC3371
m SEMICONDUCTOR I
TECHNICAL DATA MC3372
Advance Information
Low Power
Narrowband FM IF | LOW POWER
FM IF
The MC3371 and MC3372 perform single conversion FM reception and
consist of an oscillator, mixer, limiting IF amplifier, quadrature discrimi- SILICON MONOLITHIC
nator, active filter, squelch switch, and meter drive circuitry. These devices INTEGRATED CIRCUIT
are designed for use in FM dual conversion communication equipment.
The MC3371/MC3372 are similar to the MC3361/MC3357 FM |[Fs, except
that a signal strength indicator replaces the scan function controlling driver
which is in the MC3361/MC3357. The MC3371 is designed for the use of
parallel LC components, while the MC3372 is designed for use with either
a 455 kHz ceramic discriminator, or parallel LC components.
These devices also require fewer external parts than earlier products. 16 16
The MC3371 and MC3372 are available in dual-in-line and surface mount . !
packaging. .
® Wide Operating Supply Voltage Range: Vcc = 2.0t0 9.0 V P SUFFIX D SUFFIX
o Input Limiting Voltage Sensitivity of —3.0 dB PLASCT A%EQESKAGE P'-Ag\'gEF’;‘sﬁ'éAGE
® Low Drain Current: Icc = 3.2 mA, @ V¢ = 4.0V, Squelch Off (SO-16)
® Minimal Drain Current Increase When Squelched
® Signal Strength Indicator: 60 dB Dynamic Range
® Mixer Operating Frequency Up to 100 MHz
® Fewer External Parts Required than Earlier Devices PIN CONNECTIONS
\/ I
MAXIMUM RATINGS sl {E o
Rating Pin | Symbol Value Unit (2] 5] ovo
Power Supply Voltage 4 | Veelmax) 10 Vdc Mocer Qutput 3| [14] Mute
RF Input Voltage (Ve = 4.0 Vdc) 16 Vig 1.0 Vrms Vee[£]  mc3azz  [13] Meter e
Detector Input Voltage 8 Vg 1.0 Vp-p Limiter '"‘“"E (Top View) [72] Squeth inpt
Squelch Input Voltage (Vcc = 4.0 Vdc) 12 \%P) 6.0 Vdc Decoupling {E 1] iter Output
Mute Function 14 Vig -071t010 | Vpg 7] [10] Fie nput
Mute Sink Current 14| ha 50 mA Qusd coil [} g fecoered
Junction Temperature — T 150 °C
Storage Temperature Range —_ Tstg —65to +150 C st E Miser Iput
Devices should not be operated at these values. The “Recommended Operating Conditions” table Osc.
provides conditions for actual device operation. E GND
RECOMMENDED OPERATING CONDITIONS Mixer Output [14] e
Rating Pin | Symbol Value Unit Ve [4] mc3szz  [13] teter Dive
Supply Voltage (@Ta = 25°C) 4 Vee 2.010 9.0 Vdc Limiter Input| 5 | (Top View) E Squelch input
(=30°C<Tp < +75°C) 2.4t09.0 Decoupling [ 6 | E Filter Output
RF Input Voltage 16 Vrf 0.0005 to 10 | mVrms Limiter Output E Filter Input
RF Input Frequency 16 frf 0.1 to 100 MHz Quad Input [ 8 | ) 29;9\'9'8‘1
udio
Oscillator Input Voltage 1 Viocal 80t0 400 | mVrms )
Intermediate Frequenc — fi 455 kHz
T if ORDERING INFORMATION
Limiter Amp Input Voltage 5 Vig 0 to 400 mVrms
- Temperature
Filter Amp Input Voltage 10 Via 0.1to 300 | mVrms Device Range Package
Squelch Input Voltage 12 Vsq Oor2 Vde MC3371D S0O-16
Mute Sink Current 14 |sq 0.1 to 30 mA MC3371P Plastic DIP
Ambient Temperature Range — TA —30to +70 °C MC3372D —30°t0 +70°C S0O-16
This document contains information on a new product. Specifications and information herein are .
subject to change without notice. MC3372P Plastic DIP
MC3371.MC3372 MOTOROLA COMMUNICATIONS DEVICE DATA

2-78



AC ELECTRICAL CHARACTERISTICS (Ve = 4.0 Vdc, fo = 58.1125 MHz, df = +3.0 kHz, fmoq = 1.0 kHz, 50 Q source, flocal

= 57.6575 MHz, V|gcal = 0 dBm, Tp = 25°C unless otherwise noted)

Characteristic Pin Symbol Min Typ Max Unit
Input for 12 dB SINAD — VsIN nVrms
Matched Input — (See Figures 10, 11 & 12) — 1.0 —
Unmatched Input — (See Figures 7A & 7B) —_ 5.0 15
Input for 20 dB NQS — VNQS — 3.5 - pVrms
Recovered Audio Output Voltage — AFgQ mVrms
Vi = —30 dBm 120 200 320
Recovered Audio Drop Voltage Loss — AF|oss dB
Vif = —30dBm, Vg =40V to 20V -8.0 -1.5 —
Meter Drive Output Voltage (No Modulation) 13 MDrv Vdc
Vif = —100 dBm MV1 — 0.3 0.5
Vif = —70 dBm MV2 1.1 1.5 1.9
Vif = —40 dBm Mv3 2.0 25 3.1
Filter Amp Gain — | Av(Amp) dB
Rg = 600 Q, fs = 10 kHz, Vf3 = 1.0 mVrms 47 50 -
Mixer Conversion Gain — Av(Mix) dB
Vif = —40 dBm, R = 1.8 kQ 14 20 —
Signal to Noise Ratio — s/n dB
Vif = —30 dBm 36 67 —
Total Harmonic Distortion — THD %
Vif = —30 dBm, BW = 400 Hz to 30 kHz — 0.6 3.4
Detector Output Impedance 9 Zo — 450 — Q
Detector Output Voltage (No Modulation) 9 DVo Vdc
Vif = —30 dBm — 1.45 —
Meter Drive 13 Mo nA/dB
Vrf = —100 to —40 dBm — 0.8 —
Meter Drive Dynamic Range 13 MVD dB
RFin - 60 —
IF|y (455 kHz) — 80 —
Mixer Third Order Input Intercept Point — ITOMix dBm
f1 = 58.125 MHz
f2 = 58.1375 MHz — -22 —
Mixer Input Resistance 16 Rin — 3.3 — kQ
Mixer Input Capacitance 16 Cin — 2.2 — pF
DC ELECTRICAL CHARACTERISTICS (Vcc = 4.0 Vdc, Ta = 25°C, unless otherwise noted)
Characteristic Pin Symbol Min Typ Max Unit
Drain Current (No Input Signal) 4 mA
Squelch Off, Vgq = 2.0 Vde lcct — 3.2 4.2
Squelch On, Vgq = 0 Vdc lcc2 — 3.6 4.8
Squelch Off, Vcc = 20t0 9.0 V dicc1 — 1.0 2.0
Detector Output (No Input Signal) 9 Vg Vdce
DC Voltage, V8 = V¢ 0.9 1.6 23
Filter Output (No Input Signal) 1 Vdc
DC Voltage V11 1.5 2.5 35 |
Voltage Change, Vcc = 2.0t0 9.0V dVqq 2.0 5.0 8.0
Trigger Hysteresis — Hys 34 57 80 mV
MOTOROLA COMMUNICATIONS DEVICE DATA MC3371.MC3372
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TYPICAL CURVES (UNMATCHED INPUT)

FIGURE 1 — TOTAL HARMONIC DISTORTION

versus TEMPERATURE
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FIGURE 5 — MIXER GAIN versus SUPPLY VOLTAGE
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FIGURE 7A — MC3371 FUNCTIONAL BLOCK DIAGRAM AND TEST FIXTURE SCHEMATIC
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FIGURE 7B — MC3372 FUNCTIONAL BLOCK DIAGRAM AND TEST FIXTURE SCHEMATIC
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PIN DESCRIPTION

OPERATING CONDITIONS Vcc = 4.0 Vdc, RFjy = 100 pV, fmod = 1.0 kHz, fgey = 3.0 kHz. MC3371 at fRg = 10.7 MHz
(see Figure 10).

Pin

Symbol

Internal Equivalent
Circuit

Description

Waveform

1

0osc1

0osc2

Vee

1 15k
0sct

2
0scC2

200
pA

The base of the Colpitts oscillator. Use
a high impedance and low capacitance
probe or a “sniffer’” to view the wave-
form without altering the frequency.
Typical level is 450 mVp-p.

The emitter of the Colpitts oscillator.
Typical signal level is 200 mVp-p. Note
that the signal is somewhat distorted
compared to that on pin 1.

MXout

Vce

S

Mixergyt
Vee

15k

100
pA

Output of the Mixer. Riding on the
455 kHz is the RF carrier component.
The typical level is approximately
60 mVp-p.

Supply Voltage — 2.0 to 9.0 Vdc is the
operating range. Vcc is decoupled to
ground.

IFin

N o

DEC1
DEC2

53k

Vra’

DEC1
51k

7
DEC2 -

60 pA

Input to the IF amplifier after passing
through the 455 kHz ceramic filter. The
signal is attenuated by the filter. The
typical level is approximately

50 mVp-p.

IF Decoupling. External 0.1 uF capaci-
tors connected to Vcc.

MOTOROLA COMMUNICATIONS DEVICE DATA
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PIN DESCRIPTION

OPERATING CONDITIONS V¢ = 4.0 Vdc, RFjp = 100 uV, fmod = 1.0 kHz, fgey = 3.0 kHz. MC3371 at fRp = 10.7 MHz
(see Figure 10).

Internal Equivalent
Pin | Symbol Circuit Description . Waveform
8 Quad : Quadrature Tuning Coil. Composite
Coil 8 (not yet demodulated) 455 kHz IF
Quad Coil signal is present. The typical level is
Vee 500 mVp-p.
10p
T 50 uA
9 RA : Recovered Audio. This is a composite
FM demodulated output having signal
and carrier component. The typical
level is 1.4 Vp-p.
Vee 1
4 200as
200 R " u
9 Aout The filtered recovered audio has the i :
carrier component removed and is
100 wA typically 800 mVp-p.
10 Filin ‘ " Filter Amplifier Input
Filter|,
vee
30 nA
1 Filout Filter Amplifier Output. The typical

signal level is 400 mVp-p.

Vee
240 pA
Filter
) " Out.

MC3371.MC3372 MOTOROLA COMMUNICATIONS DEVICE DATA
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PIN DESCRIPTION

OPERATING CONDITIONS V¢ = 4.0 Vdc, RFjn = 100 pV, fmod = 1.0 kHz, fdey = 3.0 kHz. MC3371 at fgg = 10.7 MHz
(see Figure 10).

Pin

Symbol

Internal Equivalent
Circuit

Description

Waveform

12

Sdin

Sain

12 uA

Squelch Input. See discussion in
application text.

13

RSS!

Vee

18k

Bias

3
RSSlgut

RSSI Output. Referred to as the
Received Signal Strength Indicator or
RSSI. The chip sources up to 60 pA
over the linear 60 dB range. This pin
may be used many ways, such as:
AGC, meter drive and carrier triggered
squelch circuit.

MUTE

14 Mute or
Saout

40k

Mute Output. See discussion in
application text.

15

GND

GND 15

Ground. The ground area should be
continuous and unbroken. In a two-
sided layout, the component side has
the ground plane. In a one-sided lay-
out, the ground plane fills around the
traces on the circuit side of the board
and is not interrupted.

16

MIX|,

Mixer Input —
Series Input Impedance:
@ 10 MHz: 309 —j33 O

(@ 45 MHz: 200 -j13 ()
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PIN DESCRIPTION

OPERATING CONDITIONS V¢ = 4.0 Vdc, RFjn = 100 uV, fmod = 1.0 kHz, fgey = 3.0 kHz. MC3372 at fRp = 45 MHz

(see Figure 12).

Internal Equivalent
Pin Symbol Circuit Description Waveform
5 IF|n o ~7|F Amplifier Input. T —
IF .
In
6 DEC1 53k IF Decoupling. External 0.1 uF capaci-
6 tors connected to Vcc.
DEC
60 uA
7 IFOut IF Amplifier Output Signal level is
vee 7 typically 300 mVp-p.
IFout
50 A
= 120 A
8 Quadjp Quadrature Detector Input. Signal
8 level is typically 150 mVp-p.
Quadyp
Vee
50 uA
9 RA Recovered Audio. This is a composite
FM demodulated output having signal
and carrier components. Typical level
is 800 mVp-p.
Vee
200 9 RA
Qut The filtered recovered audio has the
carrier signal removed and is typically
100 A 500 mVp-p.

*Other pins are the same as pins in MC3371.

MC3371.MC3372
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FIGURE 8 — MC3371 CIRCUIT SCHEMATIC

4 Mixer In Mixer Out Meter Out Filter In
Vec »—4— l——<—1s |—->-a —>-13 |-—<-1o
) 12 Squelch In
A 4 ?
1 i
0SC1 ——ms Filter Out Squelch Out
2
0SC2 X X
Y
100 | Bias
200 A
wA I
4 8
Vee— I——¢ Quad In
b3 L[
SO (.
5 VX a9
IF In->—¢ +\—p- RA Out
18kS -
6 53k
DEC1 - AN
51k
DEC2 - AN
@ @ 100 nA
— — — — ':\__ — —
FIGURE 9 — MC3372 CIRCUIT SCHEMATIC
4 Mixer In Mixer Out Meter Out Filter In
Vee »—1- |—<-16 —>-3 —-13 |-<-1o
12 Squelch In
y 3
1 1
0sC1 z o Filter Out Squelch Out
0sC2 X X
Y
100 | Bias
200 A
' : r
4 8
Vee

VA~

AAA

s

VWA

F\

200 9

Fin i—(u AN RA Out

; £ 4
6 53k
DEC 4 s
IF Out b1
TENIER
— — r— — _— __J:' =
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CIRCUIT DESCRIPTION

The MC3371 and MC3372 are low power narrowband
FM receivers with an operating frequency of up to
60 MHz. Its low voltage design provides low power drain,
excellent sensitivity, and good image rejection in narrow-
band voice and data link applications.

This part combines a mixer, an IF (intermediate fre-
quency) limiter with a logarithmic response signal
strength indicator, a quadrature detector, an active filter
and a squelch trigger circuit. In a typical application, the
mixer amplifier converts an RF input signal to a 455 kHz
IF signal. Passing through an external bandpass filter, the
IF signal is fed into a limiting amplifier and detection
circuit where the audio signal is recovered. A conven-
tional quadrature detector is used.

The absence of an input signal is indicated by the pres-
ence of noise above the desired audio frequencies. This
“noise band"” is monitored by an active filter and a detec-
tor. A squelch switch is used to mute the audio when
noise or a tone is present. The input signal level is mon-
itored by a meter drive circuit which detects the amount
of IF signal in the limiting amplifier.

APPLICATION

The oscillator is an internally biased Colpitts type with
the collector, base, and emitter connections at Pins 4, 1
and 2 respectively. This oscillator can be run under crystal
control. For fundamental mode crystals use crystal char-
acterized parallel resonant for 32 pF load. For higher fre-
quencies, use 3rd overtone series mode type crystals.
The coil (L2) and resistor RD (R13) are needed to ensure
proper and stable operation at the LO frequency (see
Figure 12, 45 MHz application circuit).

The mixer is doubly balanced to reduce spurious radia-
tion. Conversion gain stated in the AC Electrical Char-
acteristics table is typically 20 dB. This power gain mea-
surement was made under stable conditions using a50 Q)
source at the input and an external load provided by a
455 kHz ceramic filter at the mixer output which is con-
nected to the Vg (Pin 4) and IF input (Pin 5). The filter
impedance closely matches the 1.8 k() internal load resis-
tance at Pin 3 (mixer output). Since the input impedance
at Pin 16 is strongly influenced by a 3.3 k() internal biasing
resistor and has a low capacitance, the useful gain is
actually much higher than shown by the standard power
gain measurement. The Smith Chart plot in Figure 16
shows the measured mixer inputimpedance versus input
frequency with the mixer input matched to a 50 {2 source
impedance at the given frequencies. In order to assure
stable operation under matched conditions, it is neces-
sary to provide a shunt resistor to ground. Figures 10, 11
and 12 show the input networks used to derive the mixer
input impedance data.

Following the mixer, a ceramic bandpass filter is rec-
ommended for IF filtering (i.e. 455 kHz types having a
bandwidth of +2.0 kHz to =15 kHz with an input and
output impedance from 1.5 kQ to 2.0 kQ}). The 6 stage
limiting IF amplifier has approximately 92 dB of gain. The
MC3371 and MC3372 are different in the limiter and quad-
rature detector circuits. The MC3371 has a 1.8 k2 and a
51 kQ resistor providing internal DC biasing and the out-

put of the limiter is internally connected, both directly
and through a 10 pF capacitor to the quadrature detector;
whereas, in the MC3372 these components are not pro-
vided internally. Thus, in the MC3371, no external com-
ponents are necessary to match the 455 kHz ceramic filter,
while in-the MC3372, external 1.8 kQ2 and 51 k() biasing
resistors are needed between Pins 5 and 7, respectively
(see Figures 11 and 12).

In the MC3371, a parallel LCR quadrature tank circuit
is connected externally from Pin 8 to V¢ (similar to the
MC3361). In the MC3372, a quadrature capacitor is
needed externally from Pin 7 to Pin 8 and a parallel LC
or a ceramic discriminator with a damping resistor is also
needed from Pin 8 to Vg (similar to the MC3357). The
above external quadrature circuitry provides 90° phase
shift at the IF center frequency and enables recovered
audio.

The damping resistor determines the peak separation
of the detector and is somewhat critical. As the resistor
is decreased, the separation and the bandwidth is
increased but the recovered audio is decreased. Receiver
sensitivity is dependent on the value of this resistor and
the bandwidth of the 455 kHz ceramic filter.

On the chip the composite recovered audio, consisting
of carrier component and modulating signal, is passed
through a low pass filter amplifier to reduce the carrier
component and then is fed to Pin 9 which has an output
impedance of 450 Q. The signal still requires further fil- -
tering to eliminate the carrier component, deemphasis,
volume control, and further amplification before driving
a loudspeaker. The relative level of the composite
recovered audio signal at Pin 9 should be considered for
proper interaction with an audio post amplifier and a
given load element. The MC13060 is recommended as a
low power audio amplifier. )

The meter output indicates the strength of the IF level
and the output current is proportional to the logarithm
of the IF input signal amplitude. A maximum source cur-
rent of 60 pA is available and can be used to drive a
meter and to detect a carrier presence. This is referred
to as a Received Strength Signal Indicator (RSSI). The
output at Pin 13 provides a current source. Thus, a resis-
tor to ground yields a voltage proportional to the input
carrier signal level. The value of this resistor is estimated
by (Vcc(Vde) — 1.0 V)/60 uA; so for Ve = 4.0 Vdc, the
resistor is approximately 50 k2 and provides a maximum
voltage swing of about 3.0 V.

A simple inverting op amp has an output at Pin 11 and
the inverting input at Pin 10. The noninverting input is
connected to 2.5 V. The op amp may be used as a noise
triggered squelch or as an active noise filter. The band-
pass filter is designed with external impedance elements
to discriminate between frequencies. With an external
AM detector, the filtered audio signal is checked for a

- tone signal or for the presence of noise above the normal

audio band. This information is applied to Pin 12.

An external positive bias to Pin 12 sets up the squelch
trigger circuit such that the audio mute (Pin 14) is open
or connected to ground. If Pin 12 is pulled down to 0.9 V
or below by the noise or tone detector, Pin 14 is internally
shorted to ground. There is about 57 mV of hyteresis at
Pin 12 to prevent jitter. Audio muting is accomplished by
connecting Pin 14 to the appropriate point in the audio

MC3371.MC3372
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path between Pin 9 and an audio amplifier. The voltage
at Pin 14 should not be lower than —0.7 V; this can be
assured by connecting Pin 14 to the point that has no dc
component.

Another possible application of the squelch switch may
be as a carrier level triggered squelch circuit, similar to

the MC3362/MC3363 FM receivers. In this case the meter
output can be used directly to trigger the squelch switch
when the RF input at the input frequency falls below the
desired level. The level at which this occurs is determined
by the resistor placed between the meter drive output
(Pin 13) and ground (Pin 15).

FIGURE 10 — TYPICAL APPLICATION FOR MC3371 AT 10.7 MHz

Ve = 4.0Vde RSSI Qutput
R2
A
10k
M- Units:
1st IF 10.7 MHz R3 R: Q, C: uF
4 from Input 2 Unless otherwise noted
I 9 Front End {100k capacitors marked “sm"
10 ’ are silver mica.
= c2 L+ S R4
Ci5 | 4]1‘: 10k
MpT =
oy U D1 g IN5817
82 uH R1 : f :TKAN59M3HM A 4 ‘5‘?“« 5.3 VR1 (Squelch Control)
L25 §560( ) 15 168 uH +6% 4Tk gg 110k
i =l om o7 | ﬁ_: “ W=
L Y
ol 51k$ T 0. 1,_|| VNN
0w T 6 Ltk [ a3k g =&
= 0001 T 002= |02
h3 vR2 I AF Out
510 k 0k 3 to Audio
i S B[ 12 [ 10 g *L Power Amp
' Filter| ™ AF =
Amp Amp
Squelch Trigger + |
) with Hysteresis [ De:no datator ]
Mixer Limiter ¢
Amp, 2 > ld\pF
51kg $53k
Oscillator Ve
1 2 3Y 4 5| 1.8k 6 7 8
C10
—— [ —— =1 12: Toko
L 8 |, cn col Lo | | | 2A6597 HK (10 mm)
10.245 =3 sm ==220p 0.1 01 R0 I [ or
MHz T sm ® 39 k
————1 | TMC-8128Z (7 mm)
muRata 1. Ci4
CFU455D2 I 0.1
or =
equivalent
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FIGURE 11 — TYPICAL APPLICATION FOR MC3372 AT 10.7 MHz

Vee = 4.0 Vde RSS! Output
R2
A
0
X T . YV - Units: . .
1st IF 10.7 MHz L 53 R: Q, C: uF
N from Input 5:100 5 Unless otherwise noted
?g Front End capacitors marked “sm"
’ are silver mica.
= c2 1+  Rd
C16== 4]1‘» 10k
91p =
D1 ¢ 1N5817
82 ,LS 2;3 4 B8 L $ VR1 (Squelch Control
>
47k '36‘ <10k
= (Ei = 4 gg() =
. S
z VY 1 8
001 e L7k [ 33k o = =
0T wnE Toz
WA \R2 | AF Out
510 k 10k 5, to Audio
16 12 11 10 9 L Power Amp
ilter AF =
i Ampl . —o— Amp,
Squelch Trigger | + 1L
) with Hy [ )emodul_alﬂ
- Mier ] L ]
mp,
5163 53k
Oscillator WA
1 2 3y 4 18k 6 7 8
| C13
C10 R10 01
I 18 LGt
10205 =5 sm <L sa0h iz L R g $R12 5 muta
MHe = sm 01 T5”‘ 43k = CoBMBEC16
muRata C15
CFU455D2 I 0.1
or =
" equivalent
\
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FIGURE 12 — TYPICAL APPLICATION FOR MC3372 AT 45 MHz

RSSI Output
Ve = 40 Vde to Meter (Triplett — 100 kV) R2
? A 2 :
VYT Units:
tl-C9 RF Input s Rs R: Q,C: pF
I 10 45 MHz C17 > 100 k Unless otherwise noted
= VV 120p ‘ capacitors marked “sm"
c2 I+ R4 i i
ci8 _'__‘ |——_L aT b are silver mica.
= <10k
% = =
il r—1u
! 10245 pH D1 WINSBIT g 2 VR1 (Squelch Control)
| I Coilcraft ;v;v;v—‘ 10k
L 1 150.07.08 ¥ Re
p a3 = C4 350 =
= R14 C6 0.1 0.001 R7
k Al
d ° T
a L R1 = 022
001 470 I AF Out
3 to Audio
16 15 14 13] 12 L Power Amp
o~ =
Squelch Trigger |
5 with Hy Demodulator
Limiter
mp,
353k
Oscillator
1 2 3Y 4 5 6 7 8
C10
LC13
c16 _’__jo'rj cn m 01
0.01 sm 5 pF AAM—4-A-4—] |
TN R1 c14
Coilcraft | I = 51k 97
| c12 4 p
143-13J12 10.84 uH E—
o o g 2 =3 muRata
44545 P43k == cDBASSCI6
&= R13
MHz 10k
__I_: muRata LC15
- CFU455D2 Lo
or
equivalent
FIGURE 13 — RSSI OUTPUT versus RF INPUT FIGURE 14 — RSSI OUTPUT versus RF INPUT
35 35
30 : - 30
. 25 __ 25
§ — pd § el
£ 20 = 20
g r 2 A
3 15 315
3 0 fre = 107 MHz 2 fRE = 45 MHz
. Vee = 40 Vde 10 Ve = 40 Vde
Refi Figure 10 Ref Figure 12
0 B, 0 1Y /
. - X —
0 0 1
—-120 -100 -80 —60 -4 -20 -120 —100 —80 —60 —40 -20
RF INPUT (dBm) RF INPUT (dBm)
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FIGURE 15 — S+N, N, AMR versus INPUT

10 l

0 SN
— =10
g N fRE = 10.7 MHz—
£-2 N Vee =40V —
= N TA=25C —f
530 '
b \Y
“°_n S+ N 30% AM

—60 l

-130 -0 -9 —50 -3 10

~70
RF INPUT (dBm)
*REFERENCE FIGURES 10, 11 & 12

FIGURE 16 — MIXER INPUT IMPEDANCE versus FREQUENCY

Vee = 40Vde
RF Input = —40 dBm
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FIGURE 17 — MC3371P PC BOARD COMPONENT VIEW WITH MATCHED INPUT AT 10.7 MHz

COMPONENT _SIDE

‘g %D@ &0

J3_Ovec Eggoz[]cn
40O 3c12 t10 INPUT TF
AF out T2

< : : ) MC3371
D
J2

MC3371

IF 187 MHZ
FRONT END

FIGURE 18 — MC3371P PC BOARD CIRCUIT OR SOLDER SIDE AS VIEWED THRU COMPONENT SIDE

[o]soLoer smE D

Above PC Board is laid out for the circuit in Figure 10.
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FIGURE 19 — MC3372P PC BOARD COMPONENT VIEW WITH MATCHED INPUT AT 10.7 MHz

COMPONENT  SIDE

OYE, @

'+
5 VCC _Rie Ucn
s [jRDm CFU455D2

INPUT TP
XTAL o
0o4s 107 MHZ

HZ
c1s 0
BNC

BNC
%]p e O % L1
MC3372 “ o= 7,
IF 187 MHZ R ol p
FRONT END va 4 sﬂ

R2 Rg
Jﬂcc

——

MC3372

AF OUT %gg ‘
@ & Q:Dm

VR2

R8

FIGURE 20 — MC3372P PC BOARD CIRCUIT OR SOLDER SIDE AS VIEWED THRU COMPONENT SIDE

N
[® | soLoer sine X
Above PC Board is laid out for the circuit in Figure 11.
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TECHNICAL DATA

Product Preview

Quad EiA-422-A Line Receiver

CMOS

The MC34C86 is a quad differential line receiver designed for digital data
transmission over balanced lines. The MC34C86 meets all the requirements of
standard EIA-422-A while retaining the low-power characteristics of CMOS.

The MC34C86 has an input sensitivity of 200 mV over the common mode input
voltage range of + 7 V. In addition, each receiver chain has internal hysteresis
circuitry to improve noise margin and discourage output instability for slowly

changing input waveforms.

The MC34C86 is pin compatible with the MC3486.
All pins are protected against damage due to electrostatic discharges.

Typical Power Supply Current: 6 mA

Typical Propagation Delay: 18 ns
Typical Input Hysteresis: 75 mV

Operation from Single 5-V Supply

TTL/CMOS Compatible Outputs

BLOCK DIAGRAM

CD
CONTROL

o O
12 10 TQ

2000-V ESD Protection on the Inputs and Outputs

Meets the Requirements of Standard EIA-422-A

High-Impedance Mode for Outputs Connected to System Buses

INPUT INPUT  INPUT INPUT
D2 D1 C2

+ - N 7/

5

MC34C86

P SUFFIX
PLASTIC PACKAGE
CASE 648

D SUFFIX
SOG PACKAGE
CASE 751B

ORDERING INFORMATION

MC34C86P Plastic DIP
MC34C86D SOG Package

/%1«%‘?@

GND Vee OUTPUT OUTPUT
D [
This dc contains inf ion on a new product under development. Motorola reserves the right to change or discontinue this product without notice.
REV. 3
MOTOROLA COMMUNICATIONS DEVICE DATA MC34C86
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TRUTH TABLE

Control Input Input Output
L X z
H VID 2 VTH (Max) 1
H Vip £ VTH (Min) 0
H Open 1
X =Don't Care H = High Logic State
Z = High Impedance L = Low Logic State
MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vce 7 \
Input Voltage \ +12 \
Input Differential Voltage Vip +14 \
Enable Control Input Voltage Vin Vce +0.5 \
Storage Temperature Tstg —-65t0 +150 °C
Maximum Current per Output lo +25 mA
ESD (Human Body model) 2000 v
OPERATING CONDITIONS
Rating Symbol Min Max Unit
Power Supply Voltage Vee 4.5 5.5 V.
Operating Temperature Range TA -40 +85 °C
Input Rise and Fall Time tr tf — 500 ns
DC CHARACTERISTICS (Voo =4.5105.5V, Ta =— 40 to + 85°C, unless otherwise stated) (See Note 1)
Parameter Symbol Min Typ Max Unit
Power Supply Current, Vo i = Max Icc — 6 12 mA
Enable Input Current, Vi, = Vo or GND IL — . +1.0 pA
Input Voltage — Low Logic State (Enable Control) ViL —_ —_ 0.8 \
Input Voltage — High Logic State (Enable Control) VIH 2 — — \
Differential Input Voltage, -7V <V cM <7 V Vout=VOH VTH 0.2 - —_ v
Vout=VoL — - -0.2
Input Hysteresis, VicmM =0V Vhys —_ 75 — mVv
Comparator Input Current Vin = + 10V, Other input = GND lin - 14 — mA
Vin == 10V, Other input = GND — -25 —_
Comparator Input Resistance, - 12V <V cm <+ 12V Rin 4 4.8 — kQ
Output Voltage (Low Logic State) Vip = -1V, lgyt = 6 mA (Note 2) VoL - 0.13 0.33 v
Output Voltage (High Logic State) Vip = + 1V, Iyt = — 6 mA (Note 2) VoH 38 4.8 -
Output Leakage Current (High Logic State) Vout = Vo or GND loz -5 - 5 pA

NOTES:
1. All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted.
2. See EIA specifications EIA-422-A for exact test conditions.
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AC CHARACTERISTICS (Vg = 4.5105.5V, Tp =—40 to + 85°C, unless otherwise stated)

Parameter Symbol Min Typ Max Unit

Propagation Delay Input to Output, C|_= 50 pF, Vp|pF =2.5V tPLH - 18 30 ns
tPHL

Skew = kpHL —tpLH | Skew — 1 — ns

Propagation Delay Enable to Output tpLz — 12 — ns
CL =50pF, RL=1000Q, VpIFr =25V tPHZ

Propagation Delay Enable to Output tpzL - 14 — ns
CL=50pF, R_=10009Q, Vp|FF=25V tpzH

AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS

TEST
POINT Vee

I +25V — ,
OuTPUT INPUT f ov

§1 R =2k0 ~25V !

CL=49pF 3» 49kQ — :<—lp|_H PHL =
' )
ouTPUT ;f 13V 13V
I TR 1 '
- s2 =

S1AND S2 CLOSED

Figure 1. Test Circuit Figure 2. Propagation Delays

3V—,

ENABLE INPUT jta \ Bg' 13V
L} [
oV = v
— =—1ipzy tPHZ - ¥y
LI
' S10PEN S1 CLOSED 05V
OUTPUTA 7‘! 50% s2cL0SED s20108€0 "N
:<—>' tpzL 'PLZ .<—>'
S1 CLOSED S1CLOSED
OuTRUTB \ 50% s OPEN 52CLOSED [/
T
Figure 3. Enable and Disable Times
TYPICAL APPLICATIONS
ENABLE
DATA
DATA OUTPUT

Figure 4. Two-Wire Balanced Systems (EIA-422-A)
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TECHNICAL DATA

Product Preview

Quad ElA-422-A Line Driver

CMOS '

The MC34C87 is a quad differential line driver designed for digital data P SUFFIX
transmission over balanced lines. The MC34C87 meets all the requirements of PLASTIC PACKAGE
standard EIA-422-A while retaining the low-power characteristics of CMOS. CASE 648

The MC34C87 accepts TTL or CMOS input levels and translates these to
EIA-422-A output level. This part uses special output circuitry that enables the
individual drivers to power down without loading down the bus. The MC34C87 also D SUFFIX
includes special circuitry which will set the outputs to a high impedance mode SOG PACKAGE
during power up or down, preventing spurious glitches. Each enable pin controls CASE 751B
2 drivers.

The MC34C87 is pin compatible with the MC3487.

Al pins are protected against damage due to electrostatic discharges. ORDERING INFORMATION
e Maximum Power Supply Current: 3 mA MC34C87P Plastic DIP
e 2000-V ESD Protection on the Inputs and the Outputs MC34C87D  SOG Package
e TTL/CMOS Input Compatible

e Typical Propagation Delay: 6 ns

Typical Output Skew: 1 ns

e Meets Vo =6.0V (and Vo =-0.25 V), Vcc =0V, Io < 100 pA Requirement
e Operation from Single 5-V Supply

o High-Impedance Mode for Outputs Connected to System Buses

BLOCK DIAGRAM
CciD
CONTROL INPUTD INPUT C INPUT B INPUT A
12 15 9 7 1 4

lB 6 5 2 3

GND  Vgg  OUTPUT QUTPUT OUTPUT OUTPUT OUTPUTOUTPUT OUTPUT OUTPUT
D2 D1 c2 C1 B2 B1 A2 Al

This document contains information on a new product under development. Motorola reserves the right to change or discontinue this product without notice.

REV. 3
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TRUTH TABLE

Non-Inverting Inverting
Control Input Input Output Output
L X z z
H H H L
H L L H
X'=Don't Care H = High Logic State
Z = High Impedance L = Low Logic State
MAXIMUM RATINGS
Rating Symbol Value Unit
Power Supply Voltage Vece 7 Vv
DC Input Voltage Vin -15toVgcc+1.5 \
DC Output Voltage* Vout -05toVcc+05 | V
DC Output Current, per Pin lout 150 mA
DC V¢ or GND Current, per Pin [»)») 150 mA
Storage Temperature Tstg —651to0 +150 °C
Power Dissipation Pp 500 mwW
ESD (Human Body model) 2000 \
* Power-on conditions.
OPERATING CONDITIONS
Rating Symbol Min Max Unit
Power Supply Voltage Vee' 45 5.5 \'%
DC Input Voltage Vin 0 Vce \
Operating Temperature Range TA -40 +85 °C
Input Rise and Fall Time tn tf —_ 500 ns
DC CHARACTERISTICS (Vcc = 4.5t0 5.5V, Ta = — 40 to + 85°C, unless otherwise stated)
Parameter Symbol Min Typ Max Unit
Input Voltage (Low Logic State) ViL — — 0.8 Vv
Input Voltage (High Logic State) VIH 2.0 — — \)
Output Voltage (Low Logic State) Isink = 20 mA VoL _ 03 0.5 \
Output Voltage (High Logic State) lsource = — 20 mA VOH 25 28 — Vv
Output Differential Voltage Ry = 100 Q (Note 1) Vob 2.0 -_ —_ \
Output Differential Voltage Difference R = 100 Q (Note 1) D(VoDp) —_ - +0.4 \
Output Offset Voltage R_= 100 Q (Note 1) Vos -_ _ 3.0 Vv
Output Offset Voltage Difference R|_= 100 Q (Note 1) D(Vos) - —_ +0.4 \
Input Current Vin = Vo, GND, Vi or V| lin - — +1.0 pA
Quiescent Supply Current lgyt = 0 pA Icc — — 3.0 mA
Output Short Circuit Current (Note 2) los -30 -100 -150 mA
Output Leakage Current (Hi-Z State) Vot = Vo or GND loz) -— . +1.0 MA
Output Leakage Current (Power Off) Vout=6V loxh — — 100 pA
Vout=—0.25V loxl - — -100

NOTES:
1. See EIA specifications EIA-422-A for exact test conditions.
2. Only one output may be shorted at a time.
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AC CHARACTERISTICS (Voo =4.510 5.5V, Tp =—40 to + 85°C, unless otherwise stated)

Parameter Symbol Min Typ Max Unit
Propagation Delay Input to Output (S1 Open) tPLH —_ 6 12 ns
tPHL
Output Skew (S1 Open)* Skew — 1.0 4 ns
Differential Output tTLH - 4 8 ns
Rise Time tTHL
Fall Time (S1 Open)
Output Enable Time tpzH — 16 - ns
(S1 Closed) tpzL - 15 —
Output Disable Time tPHZ — 6 - ns
(S1 Closed) tpLz — 9 —

* Skew: difference in propagation delays between complementary outputs.

AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS

3V—, .
INPUT f 15V \ 15V
ov X '
‘ —! =—tpy PHL —>  '=—
Lo s 8V L Vo
47PF Z4990 OUTPUTA _/ 15V VX 15V
INPUT 4 1 0 _ e ' VoL
4TpF 4= < st 1= e— SKEW c
s i S U R B
47pF $499Q ' ' OH
T OUTPUTB X 15V £1s5v
- —VoL
Figure 5. AC Test Circuit Figure 6. Propagation Delays and Skew Waveforms

3V— .
ENABLE INPUT 7{ 15V 15V
ov
—>' 'etp 7 tpzL —> - 3vV— \
: —15V INPUT
OUTPUT A f VoL+05V X 08V ov —

0 VoL
L - tpzH — l-— 90% 7 X 90%
e PZH : Vou OUTPUT ¥ N )
OUTPUTB  Von=05V /oov o (DIFFERENTIAL) —_10%£ | PN 10%
o™ sy —> < THL —>) ==

Figure 7. Enable and Disable Times Figure 8. Differential Rise and Fall Times
TYPICAL APPLICATIONS
ENABLE
DATA DATA

OUTPUT

Figure 9. Two-Wire Balanced Systems (EIA-422-A)
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MOTOROLA
TECHNICAL DATA

m SEMICONDUCTOR 1

MC3417, MC3517
MC3418, MC3518

Specifications and Applications
Information

CONTINUOUSLY VARIABLE SLOPE
DELTA MODULATOR/DEMODULATOR

Providing a simplified approach to digital speech encoding/
decoding, the MC3517/18 series of CVSDs is designed for military
secure communication and commercial telephone applications.
A single IC provides both encoding and decoding functions.

©® Encode and Decode Functions on the Same Chip with

a Digital Input for Selection
® Utilization of Compatible 121 — Linear Bipolar Technology
® CMOS Compatible Digital Output

® Digital Input Threshold Selectable (Vcc/2 reference
provided on chip)

® MC3417/MC3517 has a 3-Bit Algorithm (General
Communications)

® MC3418/MC3518 has a 4-Bit Algorithm (Commercial Telephone)

CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

LASER-TRIMMED
INTEGRATED CIRCUIT

L SUFFIX P SUFFIX
CERAMIC PACKAGE  PLASTIC PACKAGE
CASE 620 CASE 648

DW SUFFIX
@ PLASTIC PACKAGE
S CASE 751G
SO-16L

CVSD BLOCK DIAGRAM

Encode/
Decode Clock
15 14
Dual Input
Analog Input 1 cua pL: .
Analog Feedback 2 I+ omparato _ R
Digital > 3- or 4-Bit |
Data Input ! In _Shift Register !
Digital §3 oGlaodlodlog,
Threshold| VTH L
. Mo
Logic Coincidence
Digital 9 Output
Output A .
Integr.a.tor STope onverter| 3 SY”EbIC
Amplifier R 1=w Filter
Polarity a4 X
Vee/2 lﬂ Vce/2 < Switch }——o Gain Control
Output T L Ref f
'Ref lo | lac
Int
7l slle

PIN CONNECTIONS

Analog _
Input = 16 Jvee
Analog Encode/
Feedback ) 15 |Becode
Syllabic
Filter 3 14 |Clock
Gain 13 Digital Data
Control Input (-)
Ref Digital
Input (+) 3 12 |Threshold
Filter Coincidence
Input (-) n Output
A
nalog ’Z EVCCQ
Output Output
Digital
\
EE| 8 9 Output

ORDERING INFORMATION
Temperature
Device Package Range
MC3417L Ceramic DIP 0°Cto +70°C

e MC3418DW | Plastic SOIC 0°C to +70°C
e e Tt MC3418L | Ceramic DIP 0°C to +70°C
MC3418P Plastic DIP 0°C to +70°C

S MC3517L Ceramic DIP ~55°C to +125°C

MC3518L Ceramic DIP —55°C to +125°C
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MAXIMUM RATINGS
(All voltages referenced to VEE, Ta = 25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee —-0.4to +18 Vdc
Differential Analog Input Voltage Vip +5.0 Vdc
Digital Threshold Voltage VTH -0.4to Ve Vdc
Logic Input Voltage VL ogic -0.4to +18 Vde
(Clock, Digital Data, Encode/Decode)
Coincidence Output Voltage Vo(Con) -0.4t0+18 Vde
Syllabic Filter Input Voltage Vi(syl) -0.4to Ve Vdc
Gain Control Input Voltage Vi(Ge) -0.4to Vee Vdc
Reference Input Voltage Vi(Ref) | Vcc/2-1.0to Vo | Vde
Vcc/2 Output Current IRef -25 mA
ELECTRICAL CHARACTERISTICS
(Vcc = 12V, VEg = Gnd, TpA = 0°C to +70°C for MC3417/18, TA = —55°C to +125°C for MC3517/18 unless otherwise noted.)
MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min Typ Max Min Typ Max Unit
Power Supply Voltage Range (Figure 1) VCCR 4.75 12 16.5 4.75 12 16.5 Vde
Power Supply Current (Figure 1) Icc mA
(@ Idle Channel)
(Vcc = 5.0V, All except MC3418P,DW) — 3.7 5.0 — 37 5.0
(Vcc = 5.0 V, MC3418P,DW) — - - — 37 5.5
(Vcc = 15V, All except MC3418P,DW) — 6.0 10 —-_ 6.0 10
(Vce = 15V, MC3418P,DW) — - — — — 6.0 1
Gain Control Current Range (Figure 2) IGCR 0.002 — 3.0 0.002 - 3.0 mA
Analog Comparator Input Range Vi 1.3 —_ Vee-1.3 1.3 —_ Vec-1.3| Vdc
(Pins 1 and 2)
(475V < Vge < 16.5V)
Analog Output Range (Pin 7) Vo 1.3 — Vee-13 1.3 —_— Veec—-1.3| Vde
475V <Vcec <165V, Ig = £5.0 mA)
Input Bias Currents (Figure 3) IT:] nA
(Comparator in Active Region)
Analog Input (11) — 0.5 1.5 — 0.25 1.0
Analog Feedback (12) — 0.5 1.5 — 0.25 1.0
Syllabic Filter Input (i3) . — 0.06 0.5 — 0.06 0.3
Reference Input (I5) — -0.06 -05 —_ —-0.06 -03
Input Offset Current llo LA
(Comparator in Active Region)
Analog Input/Analog Feedback - 0.15 0.6 —_ 0.05 04
|11 12| — Figure 3
Integrator Amplifier — 0.02 0.2 — 0.01 0.1
|15 16| — Figure 4
Input Offset Voltage Vio - 2.0 6.0 — 2.0 6.0 mV
V/I Converter (Pins 3 and 4) — Figure 5
Transconductance gm mA/mV
V/l Converter, 0 to 3.0 mA 0.1 03 —_ 0.1 0.3 —_—
Integrator Amplifier, 0 to =5.0 mA Load 1.0 10 — 1.0 10 —
Propagation Delay Times (Note 1) us
Clock Trigger to Digital Output tPLH — 1.0 25 — 1.0 25
(CL = 25 pF to Gnd) tPHL — 0.8 25 — 0.8 25
Clock Trigger to Coincidence Output tPLH —_ 1.0 3.0 —_ 1.0 3.0
(CL = 25 pFto Gnd) tPHL — 0.8 2.0 — 0.8 2.0
(RL = 4.0kQ to Vce)
Coincidence Output Voltage — VoL(con) — 0.12 0.25 — 0.12 0.25 Vdc
Low Logic State
(loL(Con) = 3.0 mA)
Coincidence Output Leakage Current — I0H(Con) — 0.01 0.5 —_ 0.01 0.5 pA
High Logic State
(VOH = 15V, 0°C < Tp < 70°C)

NOTE 1. All propagation delay times measured 50% to 50% from the negative going (from V¢c to +0.4 V) edge of the clock.
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ELECTRICAL CHARACTERISTICS (continued)

MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min Typ Max Min Typ Max Unit
Applied Digital Threshold Voltage Range VTH +1.2 — Vecc—-20 +1.2 — Veec—-2.0( Vde
(Pin 12)
Digital Threshold Input Current li(th) RA
(1.2V<sVih<sVcec - 20V)
(ViL applied to Pins 13, 14 and 15) — — 5.0 — — 5.0
(V|4 applied to Pins 13, 14 and 15) — -10 —-50 — -10 —50
Maximum Integrator Amplifier lo +5.0 — — +5.0 —_ — mA
Output Current
Vcc/2 Generator Maximum Output Current  IRef +10 —_ — +10 — — mA
(Source only)
Vcc/2 Generator Output Impedance ZRef - 3.0 6.0 - 3.0 6.0 Q
(0 to +10 mA)
Vcc/2 Generator Tolerance €r — —_ +3.5 — — +35 %
(4.75V < Vce < 16.5 V)
Logic Input Voltage (Pins 13, 14 and 15) Vde
Low Logic State ViL Gnd — Vih—0.4 Gnd — Vth—0.4
High Logic State ViH Vth +0.4 —_ 18 Vih +0.4 — 18
Dynamic Total Loop Offset Voltage 2Voffset mV
(Note 2) — Figures 3,4 and 5
Igc = 12 pA, Ve = 12V
TA = 25°C (All except 3418P,DW) — — — — +0.5 +1.5
(MC3418P,DW) — — — — +0.5 +3.0
0°C < Tpa < +70°C (MC3417/18L) — — — +0.75 +2.3
(MC3418P,DW) — — — +0.756 +3.8
—55°C < Tp < +125°C (MC3517/18) — — —_— — +1.5 +4.0
Igc = 33 uA, Vo = 12V
Ta = 25°C — +25 +5.0 — — —
0°C < TA < +70°C (MC3417/18) — +3.0 +75 — — —_
—55°C < Tp < +125°C (MC3517/18) — +45 +10 —_ — —
Igc = 12 uA, Vg = 6.0V
Ta = 25°C (All except MC3418P,DW) — — — — +1.0 +2.0
(MC3418P,DW) - — — 1.0 +35
0°C < TA < +70°C (MC3417/18L) — — — — +1.3 +2.8
(MC3418P,DW) — — — — +1.3 +4.3
—55°C < Tp < +125°C (MC3517/18) — — — — +25 +5.0
Igc = 33 pA, Vcc = 5.0V
Ta = 25°C — +4.0 +6.0 — — —
0°C = TA < +70°C (MC3417/18) — +4.5 +8.0 — — —
—55°C < Tp < +125°C (MC3517/18) — +55 +10 — — —
Digital Output Voltage Vdc
(loL = 3.6 mA) VoL — 0.1 0.4 — 0.1 0.4
(lo4 = —0.35 mA) VoH |Vec—-1.0]|Vcc-0.2 — Vee—-1.0|Vec—-0.2 —
Syllabic Filter Applied Voltage (Pin 3) Vi(syl) +3.2 — Vee +3.2 — Vee Vdc
(Figure 2)
Integrating Current (Figure 2) Nintl
(Igc = 8.0 10 12 8.0 10 12 A
(Igc = 1.5 mA) (All except 3418P,DW) 1.45 15 1.55 1.45 1.5 1.55 mA
(MC3418P,DW) — — — 1.42 1.5 1.58 mA
(Igc = 3.0 mA) " 2.75 3.0 3.25 2.75 3.0 3.25 mA
Dynamic Integrating Current Match VO(Ave) mV
(Igc = 1.5 mA) Figure 6
(All except MC3418P,DW) — +100 +250 — =100 +250
(MC3418P,DW) — — — — =100 +280
Input Current — High Logic State IIH nA
(Vi = 18V)
Digital Data Input — —_ +5.0 — — +5.0
Clock Input — — +5.0 - — +5.0
Encode/Decode Input — — +5.0 —_ — +5.0
Input Current — Low Logic State Il HA
ViL=0V)
Digital Data Input — — -10 — — -10
Clock Input ~ — — —360 — — —360
Encode/Decode Input — — -36 —_ — -36
Clock Input, V) = 0.4V — — -72 — — -72

NOTE 2. Dynamic total loop offset (SVy¢fset) equals V|g (comparator) (Figure 3) minus V|gx (Figure 5). The input offset voltages of the analog comparator
and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polarity switch current mismatch
appears as an average voltage across the 10 k integrator resistor. For the MC3417/MC3517, the clock frequency is 16 kHz. For the MC3418/
MC3518, the clock frequency is 32 kHz. Idle channel performance is guaranteed if this dynamic total loop offset is less than one-half of the
change in integrator output voltage during one clock cycle (ramp step size). Laser trimming is used to insure good idle channel performance.
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DEFINITIONS AND FUNCTION OF PINS

Pin 1 — Analog Input

This is the analog comparator inverting input where
the voice signal is applied. It may be ac or dc coupled
depending on the application. If the voice signal is to
be level shifted to the internal reference voltage, then
a bias resistor between Pins 1 and 10 is used. The resis-
tor is used to establish the reference as the new dc
average of the ac coupled signal. The analog compar-
ator was designed for low hysteresis (typically less than
0.1 mV) and high gain (typically 70 dB).

Pin 2 — Analog Feedback

This is the noninverting input to the analog signal
comparator within the IC. In an encoder application it
should be connected to the analog output of the encoder
circuit. This may be Pin 7 or a low pass filter output
connected to Pin 7. In a decode circuit Pin 2 is not used
and may be tied to V¢ /2 on Pin 10, ground or left open.

The analog input comparator has bias currents of
1.5 uA max, thus the driving impedances of Pins 1 and
2 should be equal to avoid disturbing the idle channel
characteristics of the encoder.

Pin 3 — Syllabic Filter

This is the point at which the syllabic filter voltage is
returned to the IC in order to control the integrator step
size. It is an NPN input to an op amp. The syllabic filter
consists of an RC network between Pins 11 and 3. Typ-
ical time constant values of 6.0 ms to 50 ms are used
in voice codecs.

Pin 4 — Gain Control Input

The syllabic filter voltage appears across Cg of the
syllabic filter and is the voltage between Vcc and
Pin 3. The active voltage to current (V—1) converter
drives Pin 4 to the same voltage at a slew rate of
typically 0.5 V/us. Thus the current injected into Pin 4
(Igc) is the syllabic filter voltage divided by the Ry
resistance. Figure 7 shows the relationship between
Igc (x-axis) and the integrating current, ljnt (y-axis).
The discrepancy, which is most significant at very low
currents, is due to circuitry within the slope polarity
switch which enables trimming to a low total loop
offset. The Ry resistor is then varied to adjust the loop
gain of the codec, but should be no larger than 5.0 k)
to maintain stability.

Pin 5 — Reference Input

This pin is the noninverting input of the integrator
amplifier. It is used to reference the dc level of the output
signal. In an encoder circuit it must reference the same
voltage as Pin 1 and is tied to Pin 10.

Pin 6 — Filter Input

This inverting op amp input is used to connect the
integrator external components. The integrating cur-
rent (I|nt) flows into Pin 6 when the analog input (Pin 1)
is high with respect to the analog feedback (Pin 2) in

the encode mode or when the digital data input
(Pin 13) is high in the decode mode. For the opposite
states, ||t flows out of Pin 6. Single integration sys-
tems-require a capacitor and resistor between Pins 6
and 7. Multipole configurations will have different cir-
cuitry. The resistance between Pins 6 and 7 should
always be between 8.0 k2 and 13 kQ to maintain good
idle channel characteristics.

Pin 7 — Analog Output

This is the integrator op amp output. It is capable
of driving a 600-ohm load referenced to Vcc/2 to
+6.0 dBm and can otherwise be treated as an op amp
output. Pins 5, 6, and 7 provide full access to the inte-
grator op amp for designing integration filter net-
works. The slew rate of the internally compensated
integrator op amp is typically 0.5 V/us. Pin 7 output
is current limited for both polarities of current flow at
typically 30 mA.

Pin 8 — VEE

The circuit is designed to work in either single or dual
power supply applications. Pin 8 is always connected
to the most negative supply.

Pin 9 — Digital Output

The digital output provides the results of the delta
modulator’s conversion. It swings between Vcc and
VEE and is CMOS or TTL compatible. Pin 9 is inverting
with respect to Pin 1 and non-inverting with respect to
Pin 2. It is clocked on the falling edge of Pin 14. The
typical 10% to 90% rise and fall times are 250 ns and
50 ns respectively for Vcc = 12 V and C_ = 25 pF to
ground.

Pin 10 — V¢c/2 Output

An internal low impedance mid-supply reference:is
provided for use of the MC3417/18 in single supply
applications. The internal regulator is a current source
and must be loaded with a resistor to insure its sinking
capability. If a +6.0 dBmo signal is expected across
a 600 ohm input bias resistor, then Pin 10 must sink
2.2V/600 Q = 3.66 mA. This is only possible if Pin 10
sources 3.66 mA into a resistor normally and will
source only the difference under peak load. The ref-
erence load resistor is chosen accordingly. A 0.1 uF
bypass capacitor from Pin 10 to VEE is also recom-
mended. The V¢c/2 reference is capable of sourcing
10 mA and can be used as a reference elsewhere in
the system circuitry.

Pin 11 — Coincidence Output

The duty cycle of this pin is proportional to the voltage
across Cg. The coincidence output will be low whenever
the content of the internal shift register is all 1s or all
0s. In-the MC3417 the register is 3 bits long while the
MC3418 contains a 4 bit register. Pin 11 is an open col-
lector of an NPN device and requires a pull-up resistor.

MC3417.MC3418.MC3517.MC3518
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If the syllabic filter is to have equal charge and discharge
time constants, the value of Rp should be much less
than Rs. In systems requiring different charge and dis-
charge constants, the charging constant is RgCg while
the decaying constant is (Rg + Rp)Cs. Thus longer
decays are easily achievable. The NPN device should
not be required to sink more than 3.0 mA in any con-
figuration. The typical 10% to 90% rise and fall times
are 200 ns and 100 ns respectively for R = 4.0 k2 to
+12 V and C{ = 25 pF to ground.

Pin 12 — Digital Threshold

This input sets the switching threshold for Pins 13,
14, and 15. It is intended to aid in interfacing different
logic families without external parts. Often it is con-
nected to the Vc /2 reference for CMOS interface or can
be biased two diode drops above Vgg for TTL interface.

Pin 13 — Digital Data Input

In a decode application, the digital data stream is
applied to Pin 13. In an encoder it may be unused or
may be used to transmit signaling message under the
control of Pin 15. It is an inverting input with respect to
Pin 9. When Pins 9 and 13 are connected, a toggle flip-
flop is formed and a forced idle channel pattern can be
transmitted. The digital data input level should be main-

FIGURE 1 — POWER SUPPLY CURRENT

tained for 0.5 us before and after the clock trigger for
proper clocking.

Pin 14 — Clock Input

The clock input determines the data rate of the
codec circuit. A 32K bit rate requires a 32 kHz clock.
The switching threshold of the clock input is set by
Pin 12. The shift register circuit toggles on the falling
edge of the clock input. The minimum width for a
positive-going pulse on the clock input is 300 ns,
whereas for a negative-going pulse, it is 900 ns.

Pin 15 — Encode/Decode

This pin controls the connection of the analog input
comparator and the digital input comparator to the
internal shift register. If high, the result of the analog
comparison will be clocked into the register on the fall-
ing edge at Pin 14. If low, the digital input state will be
entered. This allows use of the IC as an encoder/decoder
or simplex codec without external parts. Furthermore,
it allows non-voice patterns to be forced onto the trans-
mission line through Pin 13 in an encoder.

Pin 16 — V¢c
The power supply range is from 4.75 to 16.5 volts
between Pin Vcc and VEE.

FIGURE 2 — IgcR, GAIN CONTROL RANGE and
lint — INTEGRATING CURRENT
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG
COMPARATOR OFFSET VOLTAGE AND CURRENT

FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET
VOLTAGE AND CURRENT
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Note: The analog comparator offset voltage is tested
under dynamic conditions and therefore must
be measured with appropriate filtering.
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FIGURE 5 — V/I CONVERTER OFFSET VOLTAGE,
Vjp and Viox

FIGURE 6 — DYNAMIC INTEGRATING CURRENT MATCH

*32 kHz MC3418/MC3518
16 kHz MC3417/MC3517
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Note: V|ox is the average voltage of the triangular
waveform observed at the measurement points.
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*32 kHz MC3418/MC3518

16 kHz MC3417/MC3517
Notes: 1. Vg(Av). Dynamic Integrating Current Match, is the average
voltage of the triangular waveform observed at the mea-

surement points, across 10 k( resistor with IGc = 1.5 mA.
2. See Note 2 of the Electrical Characteristics, Page 3.
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FIGURE 7 — TYPICAL |t versus Igc (Mean + 20)
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FIGURE 9 — NORMALIZED DYNAMIC INTEGRATING
CURRENT MATCH versus CLOCK FREQUENCY
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FIGURE 8 — NORMALIZED DYNAMIC
INTEGRATING CURRENT MATCH versus Vcc

T 80

+60

+40

L

Tp = 259C

4

40 foLk =32 kHz —
Tp=250C L (See Figure 6,

Vee=12V 1

Vo(av). NORMALIZED DYNAMIC

A

INTEGRATING CURRENT MATCH (mV)
<

Lt 60 ized to 10 k2 —

| | | | 80 @:‘l(;(;=ll..‘|mA)I

1.0

+50

20 30 50 7.0

1gc, GAIN CONTROL CURRENT (uA) - PIN 4

10 20 30 5 70 100 §0 60 70 80 90 10 n 12 13 14 15

V. SUPPLY VOLTAGE (VOLTS)

FIGURE 10 — DYNAMIC TOTAL LOOP
OFFSET versus CLOCK FREQUENCY

+1.0

+25

—1

/4

Tp = 269C
Vgg=12v
(See Figure 6,

Normalized to

10kQ@lgg = 1.5mA) \

-1.0

Ve = 12V
Tp = 25°C

ZVqffset, DYNAMIC TOTAL LOOP OFFSET (mV)
/
/

-100

~2.0——— (See Note 2 of Electrical
Characteristics, Page 3.) \

[ I

20 30

foLK. CLOCK FREQUENCY (kHz)

40 50 70 100 200 10 0 30 50 70 100 200
fgLK, CLOCK FREQUENCY (kHz)

FIGURE 11 — BLOCK DIAGRAM OF THE CVSD ENCODER
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FIGURE 12 — CVSD WAVEFORMS
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FIGURE 13 — BLOCK DIAGRAM OF THE CVSD DECODER
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FIGURE 14 — 16 kHz SIMPLEX VOICE CODEC
(Using MC3417, Single Pole Companding and Single Integration)
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CIRCUIT DESCRIPTION

The continuously variable slope delta modulator
(CVSD) is a simple alternative to more complex conven-
tional conversion techniques in systems requiring digital
communication of analog signals. The human voice is
analog, but digital transmission of any signal over great
distance is attractive. Signal/noise ratios do not vary with
distance in digital transmission and multiplexing,
switching and repeating hardware is more economical and
easier to design. However, instrumentation A to D con-
verters do not meet the communications requirements.
The CVSD A to D is well suited to the requirements of
digital communications and is an economically efficient
means of digitizing analog inputs for transmission.

The Delta Modulator

The innermost control loop of a CVSD converter is
a simple delta modulator. A block diagram CVSD Encoder
is shown in Figure 11. A delta modulator consists of a
comparator in the forward path and an integrator in
the feedback path of a simple control loop. The inputs
to the comparator are the input analog signal and the
integrator output. The comparator output reflects the

sign of the difference between the input voltage and
the integrator output. That sign bit is the digital output
and also controls the direction of ramp in the integrator.
The comparator is normally clocked so as to produce
a synchronous and band limited digital bit stream.

If the clocked serial bit stream is transmitted,
received, and delivered to a similar integrator at a remote
point, the remote integrator output is a copy of the
transmitting control loop integrator output. To the
extent that the integrator at the transmitting locations
tracks the input signal, the remote receiver reproduces
the input signal. Low pass filtering at the receiver output
will eliminate most of the quantizing noise, if the clock
rate of the bit stream is an octave or more above the
bandwidth of the input signal. Voice bandwidth is 4 kHz
and clock rates from 8 k and up are possible. Thus the
delta modulator digitizes and transmits the analog input
to a remote receiver. The serial, unframed nature of the
data is ideal for communications networks. With no
input at the transmitter, a continuous one zero alternation
is transmitted. |f the two integrators are made leaky, then
during any loss of contact the receiver output decays to
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CIRCUIT DESCRIPTION (continued)

zero and receive restart begins without framing when the
receiver reacquires. Similarly a delta modulator is tolerant
of sporadic bit errors. Figure 12 shows the delta modu-
lator waveforms while Figure 13 shows the corresponding
CVSD decoder block diagram.

The Companding Algorithm

The fundamental advantages of the delta modulator
are its simplicity and the serial format of its output.
Its limitations are its ability to accurately convert the
input within a limited digital bit rate. The analog input
must be band limited and amplitude limited. The fre-
quency limitations are governed by the nyquist rate while
the amplitude capabilities are set by the gain of the
integrator.

The frequency limits are bounded on the upper end;
that is, for any input bandwidth there exists a clock
frequency larger than that bandwidth which will trans-
mit the signal with a specific noise level. However, the
amplitude limits are bounded on both upper and lower
ends. For a signal level, one specific gain will achieve an
optimum noise level. Unfortunately, the basic delta
modulator has a small dynamic range over which the
noise level is constant.

The continuously variable slope circuitry provides
increased dynamic range by adjusting the gain of the
integrator. For a given clock frequency and input
bandwidth the additional circuitry increases the delta
modulator’s dynamic range. External to the basic
delta modulator is an algorithm which monitors the
past few outputs of the delta modulator in a simple
shift register. The register is 3 or 4 bits long depending on
the application. The accepted CVSD algorithm simply
monitors the contents of the shift register and indicates

if it contains all 1s or Os. This condition is called coinci-
dence. When it occurs, it indicates that the gain of the
integrator is too small. The coincidence output charges
a single pole low pass filter. The voltage output of this
syllabic filter controls the integrator gain through a pulse
amplitude modulator whose other input is the sign bit
or up/down control.

The simplicity of the all ones, all zeros algorithm
should not be taken lightly. Many other control algo-
rithms using the shift register have been. tried. The key to
the accepted algorithm is that it provides a measure of
the average power or level of the input signal. Other

. techniques provide. more .instantaneous information

about the shape of the input curve. The purpose of
the algorithm is to control the gain of the integrator
and to increase the dynamic range. Thus a measure of
the average input level is what is needed.

The algorithm is repeated in the receiver and thus
the level data is recovered in the receiver. Because the
algorithm only operates on the past serial data, it changes
the nature of the bit stream without changing the channel
bit rate.

The effect of the algorithm is to compand the input
signal. If a CVSD encoder is played into a basic delta
modulator, the output of the delta modulator will reflect
the shape of the input signal but all of the output will
be at an equal level. Thus the algorithm at the output is
needed to restore the level variations. The bit stream
in the channel is as if it were from a standard delta modu-
lator.with a constant level input.

The delta modulator encoder with the CVSD algorithm
provides an efficient method for digitizing a voice input
in a manner which is especially convenient for digital
communciations requirements.

APPLICATIONS INFORMATION
CVSD DESIGN CONSIDERATIONS

A simple CVSD encoder using the MC3417 or MC3418
is shown in Figure 14. These ICs are general purpose
CVSD building blocks which allow the system designer
to tailor the encoder’s transmission characteristics to
the application. Thus, the achievable transmission capa-
bilities are constrained by the fundamental limitations
of delta modulation and the design of encoder param-
eters. The performance is not dictated by the internal
configuration of the MC3417 and MC3418. There are
seven design considerations involved in designing
these basic CVSD building blocks into a specific codec
application, and they are as follows:

1. Selection of clock rate

. Required number of shift register bits

. Selection of loop gain

. Selection of minimum step size

. Design of integration filter transfer function
. Design of syllabic filter transfer function

. Design of low pass filter at the receiver

NO O~ WN

The circuit in Figure 14 is the most basic CVSD circuit
possible. For many applications in secure radio or other
intelligible voice channel requirements, it is entirely
sufficient. In this circuit, items 5 and 6 are reduced to
their simplest form. The syllabic and integration filters
are both single pole networks. The selection of items
1 through 4 govern the codec performance.

MC3417.MC3418.MC3517.MC3518
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CVSD DESIGN CONSIDERATIONS (continued)

Layout Considerations

Care should be exercised to isolate all digital signal
paths (Pins 9, 11, 13, and 14) from analog signal paths
(Pins 1-7 and 10) in order to achieve proper idie channel
performance.

Clock Rate

With minor modifications the circuit in Figure 14
may be operated anywhere from 9.6 kHz to 64 kHz
clock rates. Obviously the higher the clock rate the higher
the S/N performance. The circuit in Figure 14 typically
produces the S/N performance shown in Figure 15.
The selection of clock rate is usually dictated by the
bandwidth of the transmission medium. Voice band-
width systems will require no higher than 9600 Hz.
Some radio systems will allow 12 kHz. Private 4-wire
telephone systems are often operated at 16 kHz and
commercial telephone performance can be achieved
at 32K bits and above. Other codecs may use bit rates
up to 200K bits/sec.

FIGURE 15 — SIGNAL-TO-NOISE PERFORMANCE
OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE
AND COMPANDING AT 16K BITS — TYPICAL

15 \
5 N
= / Clock Rate = 16 kHz \
» 4 Test Tone = 1 kHz Sine Wave
10 Noise Weighting C Message
5.0
-40 -30 -20 -10 0 10

INPUT LEVEL (dB) RELATIVE T0 SLOPE OVERLOAD

Shift Register Length (Algorithm)

The MC3417 has a three-bit algorithm and the MC3418
has a four-bit algorithm. For clock rates of 16 kHz and
below, the 3-bit algorithm is well suited. For 32 kHz
and higher clock rates, the 4-bit system is preferred.
Since the algorithm records a fixed past history of the
input signal, a longer shift register is required to obtain
the same internal hsitory. At 16 bits and below, the
4-bit algorithm will produce a slightly wider dynamic
range at the expense of level change response. Basically
the MC3417 is designed for low bit rate systems and the
MC3418 is intended for high performance, high bit rate
system. At bit rates above 64K bits either part will
work well.

Selection of Loop Gain
The gain of the circuit in Figure 14 is set by resistor

Ryx. Rx must be selected to provide the proper integrator
step size for high level signals such that the companding
ratio does not exceed about 25%. The companding ratio
is the active low duty cycle of the coincidence output on
Pin 11 of the codec circuit. Thus the system gain is depen-
dent on:

1. The maximum level and frequency of the input

signal.
2. The transfer function of the integration filter.

For voice codecs the typical input signal is taken to be
a sine wave at 1 kHz of O dBmo level. In practice, the
useful dynamic range extends about 6 dB above the design
level. In any system the companding ratio should not
exceed 30%.

To calculate the required step size current, we must
describe the transfer characteristics of the integration
filter. In the basic circuit of Figure 14, a single pole of
160 Hz is used.

Ry = 10kQ, C1 = 0.1 uF

wg = 27f
103 = wg = 2nf
f - 159.2 Hz
Note that the integration,filter produces a single-pole

response from 300 to 3 kHz. The current required to
move the integrator output a specific voltage from zero

is simply: v v
= R—‘: + <c1 x —dt2>

Now a O dBmo sine wave has a peak value of 1.0954
volts. In 1/8 of a cycle of a sine wave centered around
the zero crossing, the sine wave changes by approximately
its peak value. The CVSD step should trace that change.
The required current for a 0 dBm 1 kHz sine wave is:

1.1V +0.1;1|=(1.1)
*2(10 k)  0.125ms

*The maximum voltage across R1 when maximum
slew is required is:

li= =0.935 mA

1.1V
2

Now the voltage range of the syllabic filter is the
power supply voltage, thus:

1

Ry = 0.25(VCE) ————
X Vee) 5oz ma

A similar procedure can be followed to establish the
proper gain for any input level and integration filter type.

MC3417.MC3418.MC3517.MC3518
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CVSD DESIGN CONSIDERATIONS (continued)

Minimum Step Size

The final parameter to be selected for the simple codec
in Figure 14 is idle channel step size. With no input signal,
the digital output becomes a one-zero alternating pattern
and the analog output becomes a small triangle wave.
Mismatches of internal currents and offsets limit the
minimum step size which will produce a perfect idle
channel pattern. The MC3417 is tested to ensure that
a 20 mVp-p minimum step size at 16 kHz will attain a
proper idle channel. The idle channel step size must be
twice the specified total loop offset if a one-zero idle
pattern is desired. In some applications a much smaller
minimum step size (e.g., 0.1 mV) can produce quiet
performance without providing a 1-0 pattern.

To set the idle channel step size, the value of Rmin
must be selected. With no input signal, the slope control
algorithm is inactive. A long series of ones or zeros never
occurs. Thus, the voltage across the syllabic filter capaci-
tor (Cg) would decay to zero. However, the voltage
divider of Rg and Rmin (see Figure 14) sets the minimum
allowed voltage across the syllabic filter capacitor. That
voltage must produce the desired ramps at the analog
output. Again we write the filter input current equation:

Vo dVgo

Ii:R_1+CW

For values of Vg near Voo/2 the Vo/R term is negli-
gible; thus
AVgq
AT
where AT is the clock period and AV is the desired
peak-to-peak value of the idle output. For a 16K-bit
system using the circuit in Figure 14
i = 0.1 uF 20 mV

! 62.5 us
The voltage on Cg which produces a 33 uA current is
determined by the value of Ry.
1iRx = Vgmin; for 33 uA, Vsmin =41.6 mV

In Figure 14 Rg is 18 k2. That selection is discussed

with the syllabic filter considerations. The voltage divider
of Rg and Rmjn must produce an output of 41.6 mV.

li=Cg

=33 uA

Rs

—_— = i Rmin = 2.4 M
Rs + Rmin VSmin min

Vce

Having established these four parameters — clock rate,
number of shift register bits, loop gain and minimum
step size — the encoder circuit in Figure 14 will function
at near optimum performance for input levels around
0dBm.

INCREASING CVSD PERFORMANCE

Integration Filter Design

The circuit in Figure 14 uses a single-pole integration
network formed with a 0.1 uF capacitor and a 10 kQ
resistor. It is possible to improve the performance of the
circuit in Figure 14 by 1 or 2 dB by using a two-pole
integration network. The improved circuit is shown.

The first pole is still placed below 300 Hz to provide
the 1/S voice content curve and a second pole is placed
somewhere above the 1 kHz frequency. For ‘telephony
circuits, the second pole can be placed above 1.8 kHz
to exceed the 1633 touchtone frequency. In other com-
munication systems, values as low as 1 kHz may be
selected. In general, the lower in frequency the second
pole is placed, the greater the noise improvement. Then,
to ensure the encoder loop stability, a zero is added to
keep the phase shift less than 180°. This zero should
be placed slightly above the low-pass output filter break
frequency so as not to reduce the effectiveness of the
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz
is typical for telephone applications while 160 Hz,
1.2 kHz and 2.8 kHz might be used in voice only channels.
(Voice only channels can use an output low-pass filter
which breaks at about 2.5 kHz.) The two-pole network
in Figure 16 has a transfer function of:

1
v R0R1(S+——~—R1C1>
o._
I 1 1
R2C2(Rg+ R[S+ —————|S +H{——
2C2(Ro 1)( (RQ+R‘|)C1) (RzCz

FIGURE 16 — IMPROVED FILTER CONFIGURATION

Analog Output

MC3417
or
mMC3418

P

13k

These component values are for the telephone channel circuit poles described in
the text. The R2, C2 product can be provided with different values of R and C. R2
should be chosen to be equal to the termination resistor on Pin 1.
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INCREASING CVSD PERFORMANCE (continued)

Thus the two poles and the zero can be selected arbitrarily
as long as the zero is at a higher frequency than the first
pole. The values in Figure 16 represent one implementa-
tion of the telephony filter requirement.

The selection of the two-pole filter network effects
the selection of the loop gain value and the minimum step
size resistor. The required integrator current for a given
change in voltage now becomes:

'.=ﬁ,+ R2C2+R1C1+C AVq
""Ro \ Ro Ro AT

+

R1C1 R2C2)AV°2
Ro AT2

The calculation of desired gain resistor Ry then proceeds

exactly as previously described.

(R2C201 +

Syllabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k2 and 0.33 uF. This produces a 6.0 ms
time constant for the averaging of the coincidence output
signal. The voltage across the capacitor determines the
integrator current which in turn establishes the step size.
The integrator current and the resulting step size deter-
mine the companding ratio and the S/N performance.
The companding ratio is defined as the voltage across
Cs/Vce.

The S/N performance may be improved by modifying
the voltage to current transformation produced by Ry.
If different portions of the total Ry are shunted by diodes,
the integrator current can be other than (Vcc—Vs)/Ry.
These breakpoint curves must be designed experimen-
tally for the particular system application. In general,
one would wish that the current would double with
input level. To design the desired curve, supply current
to Pin 4 of the codec from an external source. Input a
signal level and adjust the current until the S/N perfor-

mance is optimum. Then record the syllabic filter volt-
age and the current. Repeat this for all desired signal
levels. Then derive the resistor diode network which
produces that curve on a curve tracer.

Once the network is designed with the curve tracer,
it is then inserted in place of Ry in the circuit and the
forced optimum noise performance will be achieved
from the active syllabic algorithm.

Diode breakpoint networks may be very simple or
moderately complex and can improve the usable dynamic
range of any codec. In the past they have been used in
high performance telephone codecs.

Typical resistor-diode networks are shown in Figure 17.

FIGURE 17 — RESISTOR-DIODE NETWORKS

R1 R2 R3
D1 D2 D3

R1 R2

D1

If the performance of more complex diode networks
is desired, the circuit in Figure 18 should be used. It
simulates the companding characteristics of nonlinear
Rx elements in a different manner.

Output Low Pass Filter

A low pass filter is required at the receiving circuit
output to eliminate quantizing noise. In general, the lower
the bit rate, the better the filter must be. The filter in
Figure 20 provides excellent performance for 12 kHz
to 40 kHz systems.

TELEPHONE CARRIER QUALITY CODEC USING MC3418

Two specifications of the integrated circuit are speci-
fically intended to meet the performance requirements
of commercial telephone systems. First, slope polarity
switch current matching is laser trimmed to guarantee
proper idle channel performance with 5 mV minimum
step size and a typical 1% current match from 15 uA
to 3 mA. Thus a 300 to 1 range of step size variation is
possible. Second, the MC3418 provides the four-bit
algorithm currently used in subscriber loop telephone
systems. With these specifications and the circuit of Fig-
ure 18, a telephone quality codec can be mass produced.

The circuit in Figure 18 provides a 30 dB S/Nc ratio
over 50 dB of dynamic range for a 1 kHz test tone at
a 37.7K bit rate. At 37.7K bits, 40 voice channels may
be multiplexed on a standard 1.544 megabit T1 facility.
This codec has also been tested for 10~7 error rates with
asynchronous and synchronous data up to 2400 baud
and for reliable performance with DTMF signaling. Thus,
the design is applicable in telephone quality subscriber
loop carrier systems, subscriber loop concentrators and
small PABX installations.

MC3417.MC3418.MC3517.MC3518
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

The Active Companding Network

The unique feature of the codec in Figure 18 is the
step size control circuit which uses a companding ratio
reference, the present step size, and the present syllabic
filter output to establish the optimum companding
ratios and step sizes for any given input level. The com-
panding ratio of a CVSD codec is defined as the duty
cycle of the coincidence output. It is the parameter mea-
sured by the syllabic filter and is the voltage across Cg
divided by the voltage swing of the coincidence output.
In Figure 18, the voltage swing of Pin 11 is 6.0 volts.
The operating companding ratio is analoged by the volt-
age between Pins 10 and 4 by means of the virtual short
across Pins 3 and 4 of the V to | op amp within the
integrated circuit. Thus, the instantaneous companding
ratio of the codec is always available at the negative
input of A1. .

The diode D1 and the gain of A1 and A2 provide a
companding ratio reference for any input level. If the
output of A2 is more than 0.7 volts below V¢¢/2, then
the positive input of A1lis (Vcc/2 — 0.7). The on diode
drop at the input of A1 represents a 12% companding
ratio (12% = 0.7 V/6.0 V).

The present step size of the operating codec is directly
related to the voltage across Ry, which established the

integrator current. In Figure 18, the voltage across Ry
is amplified by the differential amplifier A2 whose out-
put is single ended with respect to Pin 10 of the IC.

For large signal inputs, the step size is large and the
output of A2 is lower than 0.7 volts. Thus D1 is fully on.
The present step size is not a factor in the step size
control. However, the difference between 12% com-
panding ratio and the instantaneous companding ratio
at Pin 4 is amplified by A1. The output of A1 changes
the voltage across Ry in a direction which reduces the
difference between the companding reference and the
operating ratio by changing the step size. The ratio of
R4 and R3 determines how closely the voltage at Pin 4
will be forced to 12%. The selection of R3 and R4 is
initially experimental. However, the resulting compand-
ing control is dependent on Ry, R3, R4, and the full diode
drop D1. These values are easy to reproduce from codec
to codec.

For small input levels, the companding ratio reference
becomes the output of A2 rather than the diode drop.
The operating companding ratio on Pin 4 is then com-
pared to a companding ratio smaller than 12% which is
determined by the voltage drop across Ry and the gain
of A2 and A1. The gain of A2 is also experimentally
determined, but once determined, the circuitry is easily

FIGURE 18 — TELEPHONE QUALITY DELTAMOD CODER
(Both double integration and active companding control are used to obtain improved CVSD performance.
Laser trimming of the integrated circuit provides reliable idle channel and step size range characteristics.)
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

FIGURE 19 — SIGNAL-TO-NOISE PERFORMANCE
AND FREQUENCY RESPONSE
(Showing the improvement realized with
the circuit in Figure 18.)
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repeated.

With no input signal, the companding ratio at Pin 4
goes to zero and the voltage across Ry goes to zero.
The voltage at the output of A2 becomes zero since
there is no drop across Rx. With no signal input, the
actively controlled step size vanished.

The minimum step size is established by the 500 k
resistor between Vo and Vc/2 and is therefore inde-
pendently selectable.

The signal to noise results of the active companding
network are shown in Figure 19. A smooth 2 dB drop is
realized from +12 dBm to -24 under the control of A1.
At -24 dBm, A2 begins to degenerate the companding
reference and the resulting step size is reduced so as to
extend the dynamic range of the codec by 20 dBm.

The slope overload characteristic is also shown. The
active companding network produces improved perfor-
mance with frequency. The 0 dBm slope overload point is
raised to 4.8 kHz because of the gain available in control-
ling the voltage across Rx. The curves demonstrate that
the level linearity has been maintained or improved.*

The codec in Figure 18 is designed specifically for
37.7K bit systems. However, the benefits of the active
companding network are not limited to high bit rate
systems. By modifying the crossover region (changing
the gain of A2), the active technique may be used to
improve the performance of lower bit rate systems.

The performance and repeatability of the codec in
Figure 18 represents a significant step forward in the art
and cost of CVSD codec designs.

*A larger value for C2 is required in the decoder circuit
than in the encoder to adjust the level linearity with
frequency. In Figure 18, 0.050 uF would work well.

c1
Y

FIGURE 20 — HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT

876 k 175 k

c3 c4
157 pF 78 pF

Al
1000 pF

247 k Designed for 0.28 dB ripple in the pass band
wp =
Ws
AdB at wg and above 29.5 dB

=6 kHz
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FIGURE 21 — FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OP AMP
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Rx 1. Rx2— 3.3 k2 12 dB/Octave Rolloff above 3.3 kHz R1 — 965 Q C1 — 3.3 uF
Rpq, Rp2 — 3.3 k2 6 dB/Octave Rolloff below 50 Hz R2 — 72 kQ C2 — 837 pF
Rs1. Rgp — 100 k2 R3 — 72 k§2 C3 — 536 pF
Ry, Rj2 —20kQ Output Filter Specifications R4 — 63.46 kQ C4 — 1000 pF
R —1kQ Break Frequency — 3.3 kHz R5 — 127 kQ C5 — 222 pF
RM1. RM2 -5 MQ (MC3417) Stop Band — 9 kHz R6 — 365.5 kQ C6 — 77 pF
Minimum step size = 20 mV Stop Band Atten. — 50 dB R7 — 1.645 MQ C7 — 38 pF
Rm1. Rpm2 — 15 MQ (MC3418) Rolloff — > 40 dB/Octave R8 — 72 kQ C8 — 837 pF
Minimum step size = 6 mV R9 — 72 kQ C9 — 536 pF
Cs1. Csp — 0.05 uF 21?:33'159
Cy1, Cj2 — 0.05 uF
2 MC3417 (or MC3418) Note: ﬁ:: zes‘ ?'Kj to 1%.
1 MC3403 (or MC3406) ap. 1.0
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COMPARATIVE CODEC PERFORMANCE FIGURE 22 — COMPARATIVE CODEC PERFORMANCE —

The salient feature of CVSD codecs using the MC3517 SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE
and MC3518 family is versatility. The range of codec
complexity tradeoffs and bit rate is so wide that one 35
cannot grasp the interdependency of parameters for a
voice applications in a few pages. % % = ;

Design of a specific codec must be tailored to the & 25 L oy
digital channel bandwidth, the analog bandwidth, the % " b "] l//r/— \\
quality of signa!.transmissmn required and the cost 2 7: / ! )
objectives. To illustrate the choices available, the data in Z 15 //// // 32K Bit CVSD with

. . R X . MC3417 or MC3418
Figure 22 compares the signal-to-noise ratios and dynamic & 0 /] /]
range of various codec design options at 32K bits. / d//
Generally, the relative merits of each design feature will 5.0
remain intact in any application. Lowering the bit rate o y,
will reduce the dynamic range and noise performance -45 -40 -35 -30 -25 -20 ~-15 -10 -50 O
of all techniques. As the bit rate is increased, the overall AMPLITUDE (dB)
performance of each technique will improve and the need These curves demonstrate the improved performance obtained
for more complex designs diminishes. with several codec designs of varying complexity.

Non-voice applications of the MC3517 and MC3518 Curve a — Complex companding and double integration
are also possible. In those cases, the signal bandwidth (Figure 18 — MC3418)
and amplitude characteristics must be defined before Cuweb_z%'ﬂfsi)meg"’m" (Figure 14 using Figure 16 —
the specification of codec parameters can begin. How- Curve ¢ — Single integration (Figure 14 — MC3418) with
ever, in general, the design can proceed along the lines of 6.0 mV step size

Curve d — Single integration (Figure 14 — MC3417) with

the voice applications shown here, taking into account the 25 mV step size

different signal bandwidth requirements.
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MOTOROLA
E SEMICONDUCTOR 15
TECHNICAL DATA

MC3419-1L

SUBSCRIBER LOOP INTERFACE CIRCUIT

... designed as the heart of a circuit to provide BORSHT functions

for telephone service in Central Office, PABX, and Subscriber Car-

rier equipment. This circuit provides dc power for the telephone

(Battery), Overvoitage protection, Supervision features such as

hook status and dial pulsing, two-wire differential to four-wire

single-ended conversions and suppression of longitudinal signals

at the two-wire input (Hybrid), and facilitates ringing insertion,

Ring trip detection and Testing.

® Totally Upward Compatible with the MC3419

® All Key Parameters Externally Programmable

® Current Sensing Outputs Monitor Status of Both Tip and Ring
Leads for Auxiliary Functions such as: Ground Key, Ring Trip,
Message Waiting Lamp, etc.

® On-Hook Power Below 5.0 mW

® Digital Hook Status Output

® Powerdown Input

® Ground Fault Protection

® Operates from Single —20 V to —56 V Power Source

® Size and Weight Reduction Over Conventional Approaches

® The sale of this product is licensed under Patent No. 4,004,109.
All royalties related to this patent are included in the unit price.

SUBSCRIBER LOOP
INTERFACE CIRCUIT
(sLIC)

BIPOLAR LASER-TRIMMED
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 726

FUNCTIONAL BLOCK DIAGRAM
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0 ! D
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1 | A1 Mirror L A4
)
1
: | { © RSO
| TSO
W |
] N
_______ ) lxi RXI RRX Receiye Input
it ]
C CRX VRX
g Circuit
o < P 1:
§ Hook oHSO) 8
Status B [
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Circuit JHST| Network 3
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! CTX
M TR
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JI | RH RvTX
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MAXIMUM RATINGS (Voltages Referenced to Vcc.)

Rating Symbol Value Unit
Voltage VEE —60 Vdc
VaB VEE -1.0V
Powerdown Input Voltage Range VPDI +15to —15 Vdc PIN CONNECTIONS
Sense Current ITs1: IRs! . mAdc
Steady State 100
Pulse — Figure 4 200 \_J
Storage Temperature Range Ts_tg —65to +150 °C Ve E o E VAG
Operating Junction Temperature Ty 150 °C
(6a = 100°C/W Typ) EP[2] 7] R
OPERATING CONDITIONS (Voltages Referenced to Vcc.) 8P [3] [16] TXO
Rating Symbol Value Unit TS| E E POI
Operating Ambient TA 0to +70 °C
Temperature Range cc E E HSO
Loop Current I 10 to 120 mA RS! E [13] Tso
Voltage VEE —20to —56 Vde BN
VaB —20 to VEg E E RSO
Analog Ground VAG Vdc EN E El HST
(IL = 0to 60 mA) 0to —12
(I = 0to 120 mA) ~25t0 —12 Vee [9] 1] vas
Supervisory Output Voltage VRsO: VTsO —-2.0to —-20 Vdc
Compliance Range
Hook Status Output VHSO +15t0 —20 Vdc
Loop Resistance RL 0 to 2500 Q

TRANSMISSION CHARACTERISTICS (R = 600 Q

unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Transmit and Receive Gain Variation 1 VTx/VL, -03 0 +0.3 dB
(Insertion Loss) VL/VRX
(1.0 kHz @ 0 dBm Input)
Transhybrid Rejection 1 VTX/VRX dB
(Input — 1.0 kHz @ 0 dBm)
Fixed (1%) Resistor Balance Network -23 -35 —
Trimmed Balance Network All Types — —55 —_
Level Linearity (—48 to +3.0 dBm, referenced to 1 dB
0dBm @ 1.0 kHz)
Transmission VTxNL -0.1 0 +0.1
Reception ~ VLVRX -0.1 0 +0.1
Frequency Response (200-3400 Hz referenced to 1 / dB
1.0 kHz @ 0 dBm)
Transmission VTX/VL -0.1 0 +0.1
Reception VL/VRX -0.1 0 +0.1
Total Distortion @ 1.0 kHz, 0 dBm 1 VL/VRX —_ -60 —_ dB
(C-Message Filtered) VXL — —60 —

MC3419-1L
2-120

MOTOROLA COMMUNICATIONS DEVICE DATA



TRANSMISSION CHARACTERISTICS (continued) (R = 600 Q unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Idle Channel Noise (VR = 0 V) 1 VX, VL — 3.0 10 dBrnC
Return Loss (referenced to 600 ohms) @ 1.0 kHz, 1 20 Lo Rp—600 30 —_ — dB
0 dBm . 9 |Rg+600
Longitudinal Induction (60 Hz) 2 VTx — 5.0 — dBrnC
(ILON = 35 mA RMS)
Longitudinal Balance (200-3000 Hz) 2 VTX/VLON: —45 — —_ dB
VLVLON
ELECTRICAL CHARACTERISTICS (Vgg = -48V,Vap = VEE: VAG = 0V, R = 600 , TA = 25°C unless otherwise noted.)
B N
Characteristic Figure Symbol Min Typ Max Unit
Propagation Delay 1 Tp, VRX to VI —_ 750 —_ ns
VRX to ITx — 1.2 — ns
Supply Current — On-Hook 3 lvee — 40 200 nA
(VEg = VaB = 56 V, R > 100 MQ) )
On-Hook Power Dissipation 3 Pp —_ 1.0 - mwW
(RL > 100 MQ)
Power Supply Noise Rejection 3 VTx/NVee -40 -_ -_ dB
(1.0 kHz @ 1.0 VRms)
Quiet Battery Noise Rejection 3 VTXVgb — -6.0 — dB
(1.0 kHz @ 1.0 VRmsS)
Sense Current 4 mA/mA
Tip ITso/lTs| 0.15 0.17 0.19
Ring IRSO/IRSI 0.15 0.17 0.19
Fault Currents 1 mA
Tip to Vce ITip —_ 0 —
Ring to Vcc IRing - 25 -
Tip to Ring ILoop — 120 —
Tip and Ring to Vcc ITip and IRing — 2.5 —_
Analog Ground Current 1 IVAG — 0.1 2.0 nA
Powerdown Logic Levels IPDI -1.0 -10 nA
VIH -1.2 . — Vdc
ViL —_ -4.0 Vdc
Hook Status Output Current 1 IHSO
(R < 2.5 k), VHsO = +0.4 Vdc) +1.0 +3.0 — mA
VHsO = —0.4 Vdc) -04 -15 —_ mA
(RL > 10 k2, V4SO = +12 Vdc) — 0 +50 nA
VHsO = —12 Vdc) — 0 -2.0 nA
MOTOROLA COMMUNICATIONS DEVICE DATA MC3419-1L
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FIGURE 1 — AC TEST CIRCUIT

1.0uF R
i€ -0
. 18 6003 VRX
] Vcc  Vag ¢ —o oV
MJE271 = 28.5 k
2 0
EP RXI 2 Vix
$ $90.09k | :
s 16§32k 39009k | o o
BP TXO 5 WA ¢ >
1.46 k
. n N\ 1.0uF
Tip _ <_L_ 17.4‘ k 4 T8 D1 15 AN
l hhd | 90.09 k
0.005 uF =
RL + T 5 14 < lHsO (+)
' cC HSO -12Vv
600 L IHsO (=) —®
20W |ging 174 g 13
i AWV RSI TSO —o0
0.005 uF
I 1 7 12
= BN RSO ——0
8 11
EN HST
0.002 uF 7= MJE270 9
10
\ VEE  Vas L
43k 3 3232k
-48V
(Tip & Ring) AC Termination Impedance, Rg = 600 Q Transmit and Receive Gain = 0 dB
DC Feed Resistance, RF = 400 Q A1 = MC1741N or Equivalent

FIGURE 2 — LONGITUDINAL BALANCE TEST CIRCUIT
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FIGURE 3 — SUPPLY NOISE REJECTION TEST CIRCUIT
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FIGURE 4 — TSO AND RSO SUPERVISORY OUTPUT TEST CIRCUIT
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FIGURE 5 — QUIET BATTERY CURRENT lyqg

versus LOOP CURRENT I FIGURE 6 — LONGITUDINAL CAPACITY
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PIN DESCRIPTIONS

Pin Name Function
1 vee The positive supply voltage. This point is ground in typical applications.
2,8 EP & EN Loop current sensing inputs. These are connected to the emitters of the PNP and NPN Darlington

transistors. They are tied through 10 ( resistors to Vcc and VEE, respectively. The maximum
continuous current through these inputs is 240 mA.

3,7 BP & BN Base drive outputs. These pins drive the bases of the PNP and NPN transistors and are able to sink
or source, respectively, up to 5.0 mA.

4,6 TSI & RS! Tip and Ring voltage Sensing Inputs. They are low impedance inputs (approximately 600 Q each
i.e., 400 Q + 3 diodes) that translate the voltages on Tip and Ring to a current through resistors
RT and RR. TSI is referenced to Vcc and RSl is referenced to Vqg. These pins have 6.0 V zener
diodes (to their respective reference) for protection against overvoltage line surges.

5 cc Compensation Capacitor pin. This pin is used to stabilize the longitudinal or common mode
circuitry.
9 VEE Negative supply voltage. This pin ties to the chip substrate. Its operating voltage range is —~20 V to

~56 V. It can withstand —60 V without damage and can sustain a voltage surge to —75 V for less
than 4.0 ms without significant degradation of performance. Most of the loop current and bias
currents flow through this pin.

10 Vas Quiet Battery Voltage reference. This is the voltage reference for the RSI pin. Its voltage must not
go more negative than VEg. The current through this pin, while powered up, is proportional to
the loop current, allowing it to be used for loop current limiting. The voltage on this pin, less 4
volts, is the “effective battery feed voltage for the 2-wire lines even though most of the power

comes from the VEg supply.

1" HST Hook Status Threshold programming resistor input. Ry determines the value of loop resistance at
which on-hook and off-hook status is switched.

12 RSO Ring Sense current Output. This output reflects the voltage status of the Ring terminal for voltages
more positive than Vop. The current is sourced from this output, it is one-sixth IRg), its voltage
range is 0 to —20 V and its saturation voltage is approximately —2.0 V.

13 TSO Tip Sense current Output. This output reflects the voltage status of the Tip terminal for voltages
more negative than Vcc. The current is sourced from this output, it is one-sixth ITg), its voltage
range is 0 V to —20 V and its saturation voltage is approximately —2.0 V.

14 HSO/HS

[e]

Hook Status Output. This is a digital output that reflects the condition of the loop resistance. If loop
resistance is less than a predetermined value established by Ry, usually R < 2.5 kQ}, the HSO
pin will be active, i.e., with positive voltage logic (a resistor tied from a +5.0 V or +12 V supply
to HSO), this pin will sink current to Vg (VHsO = 0 V); with negative voltage logic (a resistor
tied from a —12 V supply to HSO), this pin will source current from Ve (VHsO = 0 V). If loop
resistance is greater than a predetermined value again established by the same resistor Ry,
usually R > 10 kQ, the HSO pin is inactive, i.e., VHg0 = logic supply voltage.

15

-o|

Powerdown Input pin. This pin is used to deny service to the subscriber. A logic level “O” (V) <
—4.0 V) powers down the MC3419-1 except for HSO, TSO and RSO. The voltage range of this
high impedance input pinis =15 V.

16 TXO Transmit current Output. This output sinks current to Vog and is proportional to ITg| + Irs| by a

ratio of K1 where: K1 = 0.51. Its saturation voltage is Vo + 2.5 V typ. (+3.5 V over the

temperature range). This pin is only active during the off-hook power-up condition.

17 RXI Receive Input. This input sums ac currents from TXO and the receive voltage input (VRx) and
sources all the dc current to TXO. It has a.low input impedance (15 Q) typically biased 4.5 V
below the VAG pin voltage during off-hook power-up conditions. During powerdown conditions,
the voltages on RXI and TXO can drift up to VAG.

18 VaAG Analog Ground Voltage reference input. The input impedance of this pin is much greater than 1.0 MQ.
It should be ac coupled to system ground and could be direct coupled if system ground is
between 0 V and —12 V. AC coupling requires 300 kQ to Vcc and 0.1 uF to system ground. If
Ve and system ground are common, tie VoG directly to Vgc. If dc loop currents are allowed to
go higher than 60 mA, VAG should be biased from —2.5 V to —12 V to avoid problems at high
ambient temperatures.

MOTOROLA COMMUNICATIONS DEVICE DATA MC3419-1L
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FUNCTIONAL DESCRIPTION

Referring to the functional block diagram-on page 1,
line sensing resistors (RR and RT) at the TSI and RSI
pins convert voltages at the Tip and Ring terminals into
currents which are fed into current mirrors* A1 and A2.
An output of A1 is mirrored by A3 and summed together

with an output of A2 at the TXO terminal. Thus, a dif-

ferential to single-ended conversion is performed from
the ac line signals to the TXO output.

All the dc current at the TXO output is fed back
through the RXI terminals to the B1 mirror input. The
inputs to B1 and B2 are made equal by mirroring the
B1 input current to the B2 input through a unity gain
output of the B1 mirror. Both B1 and B2 mirrors have
high gain outputs (x95) which drive the subscriber lines
with balanced currents that are equal in amplitude and
180° out of phase. The feedback from the TXO output,
through the B-Circuit mirrors, to the subscriber line
produces a dc feed resistance significantly less, but
proportional to the loop sensing resistors. )

In most line-interface systems, the ac termination
impedance is desired to be greater than the dc feed
impedance. A differential ac generator on the subscriber
loop would be terminated by the dc feed impedance if
the total ac current at the TXO output were returned to
the B1 input along with the dc current. Instead, the
MC3419-1 system diverts part of the ac current from the
B-Circuit mirrors. This decreases the ac feedback cur-
rent, causing the ac termination impedance at the line
interface to be greater than the dc feed impedance.

The ac current that is diverted from the B1 mirror
input is coupled to a current-to-voltage converter circuit
that has a low input impedance. This circuit consists of
an op amp (external to the MC3419-1) and a feedback
resistor which produces the transmit output voltage
(VTx) at the 4-wire interface. Transmission gain is pro-
grammed by the op amp feedback resistor (RyTx).

Reception gain is realized by converting the ac cou-
pled receive input voltage (VRx) to a current through
an external resistor (Rgx) at the low impedance RXI
terminal. This current is summed at RX| with the dc and
ac feedback current from the A-Circuit mirrors and
drives the B1 mirror input. The B-Circuit-mirror outputs

drive the 2-wire port with balanced ac current propor-

tional to the receive input voltage. Reception gain is
programmed by the RRx resistor.

Since receive input signals are transmitted through
the MC3419-1 to the 2-wire port, and the 2-wire port
signals are returned to the 4-wire transmit output, a
means of cancellation must be provided to maintain
4-wire signal separation (transhybrid rejection). Can-
cellation is complicated because the gain from the re-
ceive port to the transmit port depends on the impedance

*A current mirror is a circuit which behaves as a current controlled
current source. It has a single low-impedance input terminal with re-
spect to a reference point and one or more high impedance outputs.

of the subscriber loop. A passive “balance network” is
used to achieve transhybrid rejection by cancelling, at
the low impedance input to the transmit op amp, the
current reflected by the loop impedance to the 4-wire
transmit output. For a resistive loop impedance, a single
resistor provides the cancellation. For reactive loops,
the balance network should be reactive.

Longitudinal (common-mode) currents that may be
present on the subscriber lines are suppressed in the
MC3419-1 by two methods. The first is inherent in the
mirror configuration. Posmve-gomg longitudinal cur-
rents into Tip and Ring create common-mode voltages
that cause a decreasing current through the Tip Sensing
resistor and an increasing current through the Ring
Sensing resistor. When these equal and opposite signal
currents are reflected through the A-Circuit mirrors and
summed together at TXO, the total current at TXO re-
mains unchanged. Therefore, the ac currents due to the
common-mode signal are cancelled before reaching the
transmit output.

The second longitudinal suppression method is more
dominant, since it limits the amplitude of common-
mode voltages that appear at the Tip and Ring terminals.

A common-mode suppression circuit detects com-
mon-mode inputs and drives the loop with balanced
currents to reduce the input amplitude. Subtracting cur-
rents from outputs of the A1 and A2 mirrors produces
a signal current at the CC terminal in response to the
common-mode voltage at Tip and Ring. A transcon-
ductance amplifier (C-Circuit) generates a current pro-
portional to the CC terminal voltage which is summed
with the current from the RXI terminal at the inputs of
current mirrors B1 and B2. The weighting and polarity
of the summing networks produce common-mode B1
and B2 mirror output currents at the 2-wire port. The
common-mode input impedance is inversely propor-
tional to the gain of the longitudinal suppression circuit.
Rc and Cc compensate the common-mode feedback
loop. At 60 Hz with typical component values, the 2-wire
common-mode impedance is less than 5 (.

The longitudinal suppression circuit output currents
are generated by modulating dc current fed to the loop
by the B1 and B2 current mirrors. This configuration
avoids the increased power dissipation attributed to
current mode loop drive because dc and longitudinal
currents are not cumulatively sourced to the loop.
However, driving common-mode currents through the
B-circuit current mirrors in this manner limits the long-
itudinal suppression capability. The suppression circuit
is unable to reverse 2-wire current polarities to maintain
a low-impedance termination when longitudinal cur-
rents exceed the dc loop current. At low dc loop cur-
rents, the common-mode signal capability, known as

-longitudinal capacity, is limited by the loop current (Fig-

ure 6). At high-loop currents, longitudinal capacity is
limited by the maximum voltage swing of the CC ter-
minal and is therefore independent of dc loop current.

MC3419-1L
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FIGURE 7 — BASIC SLIC CIRCUIT
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The hook status control circuit supplies the bias cur-
rents to activate the B-Circuit op amps and other sec-
tions of the MC3419-1. To activate the bias currents, the
control circuit compares the current through the sense
resistors, RR and R, and the load resistance R|_ with
the current through the hook status threshold program-
ming resistor, Ry, by using outputs from both A1 and
A2 mirrors. The A1 mirror output sources current to the
Ry resistor. (This reduces all internal currents to near
zero during the on-hook state in order to eliminate un-
necessary power consumption.) If this current is large
enough the voltage on the HST pin will trip an internal
comparator, then another circuit compares the current
from the A1 output with that of an A2 output. These
currents must match within =15%. If so, HSO will be
activated and the bias circuits will turn on provided the
voltage on PDI is greater than —1.2 V. The HSO pin can
have either a pull-up resistor or a pull-down resistor
and when activated it will switch to Vcc (0 volts).

Once the MC3419-1 is powered up, a circuit with a
gain of 20 feeds current to the Ry resistor in order to
keep the bias circuitry active. (The sense resistors are
paralleled with the Darlington transistors which reduces

the sense input currents.) Should the sense input cur-
rents drop below one-twentieth of the required power-
up current, the bias currents will be removed, forcing
a power-down condition.

Current mode analog signal processing is critically
dependent on voltage to current conversion at the
2-wire and 4-wire inputs. Precise, low-noise voltage
sensing through resistors RT, RR and RRx requires
quiet, low impedance terminations at terminals TSI, RSI
and RXI respectively. For 2-wire signals, terminal Vo
isolates the loop-sensing resistors and current mirrors
from noise at the high-current VEg terminal. External
filtering from Vcc to Vo (“quiet battery” terminal)
ensures loop voltages are sensed without interference
from system supply noise. VEg noise rejection at audio
frequencies is typically 60 dB or greater.

Receive input terminal RXI is referenced to the Vag
terminal which references the 4-wire input to the
“analog ground” of the 4-wire signal source, thus isolat-
ing the input from power ground voltage transients.
This isolation offers 70 dB of noise rejection at audio
frequencies.

SYSTEM EQUATIONS

K1 — The current gain from Itg] + IRg| to TXO only
during an off-hook power-up condition. K1 = 0.51 =+
1%.

K2 — The current gain from RXI to the collectors of the
off-chip Darlington transistors only during an off-hook
power-up condition. K2 = 95 + 1%.

For simplicity, the following equations do not use K1
or K2. Instead the actual numerical value is used, for
instance (1 + [2]JK1K2) = 1 + 1.02 x 95 = 97.9 is ap-
proximately 98.

RL — Loop resistance. This is a load resistance from Tip
to Ring and can be either ac or dc depending on context.

MOTOROLA COMMUNICATIONS DEVICE DATA
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LOOP CURRENT REGULATIONS
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SYSTEM EQUATIONS (continued)
Z| — Loop impedance. This is used only to connote a ignoring the effects of R|_
complex impedance loading on Tip and Ring. e IVasl(RR + Rt + 1200 Q) @
I — Loop current. The dc current flow through R|. F 98 ([Vag| —4.0 V)
Rg — Dc feed resistance. The synthesized resistance So: 4BRE IV 40\
from which battery (Vo and Vgg) current is fed to Ry. RR = RT = 49Re (Vapl —40V) _ o0 (@)

The battery feed resistance is balanced differential feed.
See Figure 7. (This assumes Vo = VEE.) The first order
equation is:

_ RR + RT + 1200 0 (1)
- 98

Because of the diode voltage drops on TSI and RS|, the
actual dc feed resistance is higher. The second order
equation is:

_ [VoBl(98 R + RR + RT + 1200 Q)

RE

[Vasl
The minimum value for RR and Rt is 5.0 k(2.

The first order value of Rf can not be greater than the
desired value of the termination impedance (usually
600 Q or 900 Q). To achieve dc feed resistances that are
greater, a resistor can be placed between Vqg and VEg
along with a filter capacitor Cqg which restores the
desired termination impedance and filters power supply
noise. A diode should also be placed between Vqg and

VEE to prevent damage in case a catastrophic power
R R 2) EE to p 9 phic p )

F 98 (|(VaB| —4.0 V) Lo supply failure occurs.
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lyaqB — This is the current that is sourced from the Vog
pin and is proportional to the currents into and out of
RS! and TSI. When the SLIC is in the off-hook power-up
mode, lyqp is also proportional to |}.

lvaB = 2.15Igg| + 0.7 ITg| (5)
lvas = 0.029 I (6)

Rrq — Dc feed resistance. The synthesized resistance
from which battery current is fed to R|, see Figure 8.
(This assumes VQqpg is tied to Vgg through a resistor
Rqg.) Rap synthesizes additional dc feed resistance to
the Rg value previously stated.

When using Rqpg, the dc feed is effectively balance fed
from Vcc and VQqpg instead of VEg. The sense resistors
(RR and R) should be selected to make Rg (first order)
less than the termination impedance.

_ IVEE(98R + R + RT + 1200 + 2.85Rqp) _

Rra 98(VEE] ~ 4.0 V) AL
(7)
Ignoring Ry, this simplifies to:
_ |Vegl(Rp + RT + 1200 + 2.85RQB)
Rra = 98(Vgg] —4.0 V) ®)
Therefore:
Ron = J8REQUVEE| ~4.0V) - [VeE|RR + R + 1200 0)
QB = 2.85|Vgg]
9
CaB — Power supply noise filter capacitor. )
2.85 R + RR + RT + 1200 Q
CaB - 0B + RR + Ry (10)

27 RaB (RR + RT + 1200 Q)

Figure 9B shows Rqp replaced with a current regulating
device such as Motorola’s TN5283 family.

IcrQB — The current that is sourced to a current reg-
ulating device from the Vqg pin. When this current
reaches the regulated value, the voltage differential be-
tween Vgg and V(g increases causing the effective bat-
tery voltage to decrease which limits I to a maximum
value as determined below:

IL = 345IcraB (11)

The graph, Figure 9B, shows loop current versus loop
resistance using several values of Icrqg. The closest
current regulating diode part number to that value is
also shown. A typical value for Cqp in this case is 10
wF, 60 Vdc.

Figure 10 shows how power can be conserved on
the shorter loop lengths by utilizing current limiting
techniques.

Overvoltage protection on the 2-wire port is achieved
with the MDA220 diode bridge and the protection re-
sistors Rpgr and RpT. Whenever the voltage on the
2-wire port exceeds the power supply rails (Vcc and
Veg), the MDA220 diodes will forward bias and “clamp”
to the rail voltage. The current is limited by the protec-

FIGURE 10 — TOTAL SLIC POWER DISSIPATION

versus LOOP RESISTANCE
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100 1.0 10k
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tion resistors. These resistors should be as large in value
as possible. However, if they are too large, they will
interfere with the performance of the SLIC under worst
case conditions.

RpT < RT/196 —15 (12)

Using the voltage of Vog when I_is at its minimum off-
hook value (Typ. 20 mA):

RPR < RR/196 + 25|Vgg — Vqg| - 15 (13)

The tolerance of these resistors is not critical due to
placement inside a closed loop. Positive temperature
co-efficient resistors (PTC) may be considered here.
Consult resistor manufacturers for component selec-
tions that will meet the surge current and peak voltage
requirements.

Because the MC3419-1 is a broadband device it re-
quires compensation components to keep its circuits
stable. '

CR & CT — Compensates the longitudinal gain of the
A and the B circuit mirrors. Their values range from
2000 pF to 5000 pF.

Rc & Cc — Compensates the longitudinal ““C" circuitry.
Their values can be ratioed according to:

Rc xCc = RY x CT. (14)

Two off-chip power Darlington transistors are used
with the MC3419-1. These transistors reduce any tem-
perature gradiant problems with the precision matched
devices on-chip and they alleviate thermal stress con-
ditions that could occur for every on-hook and off-hook
transition. The power dissipation in these devices is:

PQT = IL2(R7/98 — RpT — 4) + (2.0 V)i (15)
PaR = IL [IVEE| = 2 — IL(RT/98 + RL + RpR + 16)]  (16)

where I = |VEgl//RFq or IL{(max) in current limited
designs.
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SYSTEM EQUATIONS (continued)

RH — The resistor that determines the hook status
threshold values of R|. Ry is selected from a graph of
the following two equations:

Off-hook threshold

R4 = 6(RL + RR + RT) (17)
On-hook threshold

‘RH = 27.25 [RL + 0.01(RR + RT] (18)

FIGURE 11 — HOOK STATUS DETECTION

T
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Figure 11 shows such a graph using 17.4 kQ as the
values for RR and RT. Note the oscillatory condition to
the right of the crossing point. Selection of Ry in this
region is usually not a problem since the majority of
telephone lines do not fall into this resistance range. R
always ties to Vo and HST and will give reliable hook
status information regardless of power supply voltages
and PDI.

Rp — Termination impedance of the 2-wire port. This
impedance is greater than the dc feed resistance Rp
because of a current splitting network in the feedback
loop, RTx1 and RTx2. '

K3 — A constant, formed by RTx1 and RTx2, between
0 and 1, which determines the ratio of the first order
value of RF to Rp.

- Rg + RT.+ 1200 Q

Ro=—""79k3 (19)
So:
K3 = RR + RT -;7;2;)00 - Rp (20)
and .
K3 = —n1X2 * Zin (21)

~ RTX1 +RTX2 + Zin
Zjn — The input impedance of the current to voltage
converter op amp. This impedance is usually negligible,

it can be used to sway the selection of a 1% component
.value. ‘

200 220 240 260 280 300 320 340

7 = (RR + RT + 1200 Q) GTx _ RvTx (22)
in = 1020 (1 — K3) ~ 1000
RTx1 — Feeds most of the TXO dc current to the RXI
pin. To keep TXO from saturation the maximum value
of Rtx1 is as follows:

(RR + RT + 1200 Q) (Vag|min — [VAGImax — 6.5 V)
R < Vagimin — 54V

(23)
Where:

. (RR + R + 1200 Q) (VEg|min -4)
Vaglmin = Hoe R+ 1200 @ + 28 Rag) 2

or if a current regulator diode is used:

0.01 I (max) (RR + RT + 600 Q) — |VaG/max — 3.9V
<
0.01 I (max) (25)

RTX1

Itis beneficial to make RTxq as large as possible. Typical
values range from 15 k to 24 kQ.

- K3R
Rrx2 = _T,z(; ~Zin (26)
_ RR + RT + 1200 0 L
CTx = TRTx2 The result is in uF.  (27)

Gtx — The voltage gain from the 2-wire port to V1x
which is adjustable by RyTx.

_ 1.02 (1 - K3) RyTx
GTX = Rg + Ry + 1200 0
Gtx(RR + RT + 1200 Q)

1.02 (1 — K3)

GRx — The voltage gain from the VRx input to the 2-
wire port which is adjustable by RRx.

—95Ry (RR + RT + 1200 Q)

(28)

RyTx = (29)

GORX = Rax IR + RT + 1200 Q) + RL(1 + 97Kka)l >0
_ _~9RRo
GRX = Rex(RL + Ro) e
_ - 95RLRo
RRX = _——GRX(RL T Ro) (32)
- RRx + RB
CRX > 3¢ RRXRB (33)

Where f is the minimum passband frequency, usually
200 Hz.

Transhybrid Rejection — The voltage gain from VRx to
V1x. It is expressed in dB, the number should be neg-
ative and the larger the value the better. Transhybrid
rejection is achieved by summing a current from the
VRx input (Rg) with the TXO current that flows to the
current to voltage converter. Rg balances a resistive
load, R|.

_ Rpx(1 + 97K3) (Rg + RL)
- 97RL (1-K3)

RB (34)

MC3419-1L
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FIGURE 12 — BALANCE NETWORK FOR CAPACITIVE LINES

MJE271 VW e —{ ] vax
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A RSI RTx2 CTx >—""D VTX
+
MJE270
Ring D——4
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FIGURE 13 — BALANCE NETWORK FOR COMPLEX LOAD IMPEDANCES

RRx CRrx

Wk D VRX

D VAG

_1
O
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|

‘b
SRTX1
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MJE271
EP VaG
w . RXI
Rt
AN~ TSI
4
RR TXO
AN, RSI
MJE270
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BN
EN

rA—)F— N
RTx2 Crx >——J>—-D VTX
+

To scale Zp, to its maximum values
RRx (1 + 97K3)

= = 35

Rb1 = Rb2 = =0 i~ ka) (35)
_ Bb1

2 = ppoiz) (36)

When the 2-wire port has a parallel R and C load, then
(see Figure 12):

_ Rrx(RR + Ry + 1200 Q)

ances using component values that are equal to the
load values (see Figure 13) then:

Rrx(1 + 97K3)
Rp = ORX{1 + 9/R3)

Rb1 R = Ka) (37) 194(1 — K3) -
Rrx(1 + 97K3) |4 RoRRx(1 + 97K3) (40)
i, — RBX(RR + RT + 1200 Q) 28 194(1 - K3) 97(1 - K3)
b2 = ~""97Ro(1 - K3) (38) :
0 RRx(1 + 97K3)
R = ._Rl— _Rb1 (41)
RLCL b2 = 9701 — K3)
Cb=Rj— (39)
b2 Zp =2 (42)
When it is desirable to balance complex load imped- Rp1 and Ry values are interchangeable.
MOTOROLA COMMUNICATIONS DEVICE DATA MC3419-1L
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SYSTEM EQUATIONS (continued)

The Tip and Ring Sense Output currents are propor-
tional to the currents out of and into TSI and RS|,
respectively.

ITso = IT—GSI (43)

IRsO = |R6j (44)

Itso = —L——lvTé (R_TY::%L; (2))0 Y tor VTip<Vcc  (48)
IRsO = M"—ﬂ for VRing > VaB  (46)

6(RR + 600 (1)

Digital interfacing to the MC3419-1 PDI pin and the
HSO pin is shown in Figures 14a, 14b and 14c. If the PDI
pin is not used it should be terminated to V¢c and if
HSO is not used, it can be left open.

Figure 15 is an application circuit showing solid state
ringing insertion using an MOC3030 zero-crossing de-
tector optocoupled triac to replace the conventional
electromechanical relay. This device inserts the ringing
signal on a zero voltage crossing which eliminates noise
in adjacent cable pairs and removes the signal on a zero
current crossing which eliminates inductive voltage
spikes that commonly destroy relay contacts. The ring-
ing generator provides a continuous 40 V to 120 V RMS
signal from 15 to 66 Hz superimposed upon
—48 Vdc. Ringing cadencing is inserted with the Ring
Enable Input. The 2N6558 and MPSA42 replace the
MJE270 for systems that use ringing generator voltages
greater than 70 VRpms. The MDA220 diode bridge is
replaced with a series 1N4007 on the Tip lead and a
shunting 11N4004 to Ve and to allow ringing voltage

FIGURE 14 — INTERFACE-TO-DIGITAL LOGIC

I T T50V
MC14xxx DD | MC14xxx MC74LSxxx
PDI - HSO I\ >— ll’ or
VSS MC3419 I/ MC74LSxxx { MC74HCxxx
623 Vgg or $240 Vee Vss
-12V VJE_E %3 MC74HCxxx T K =
PDI  HSO
—-48V -
12v | | mcastgn
750 k VEE
(a)
Interface-to-Negative -48V
Supply CMOS Logic b)
Interface-to-LSTTL
+12V +12V
62 k
Vbp
MC14xxx - |j=' MC14xxx
Vss
Vce 1
PDI  HSO
MC3419-1
1.0 MQ VEE
-48V
(c)
Interface-to-Positive Supply CMOS Logic
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SYSTEM EQUATIONS (continued)

on the Ring lead to exceed the power supply voltages,
a 1N4007 and an MK1V-135 (Sidac) are used for pro-
tection. The forward voltage drop across the 1N4007,
during normal operation, will not affect the parametric
characteristics of the MC3419-1 since it is “inside” a
feedback circuit. If the MJE270 is used, the MK1V-135

should be replaced with a lower voltage Sidac or

MOs-sorb transient suppressor.

An optocoupled transistor circuit is used for ring trip
detection on long lines. It samples only the ac and dc
ringing signal current and uses a simple one pole filter
to eliminate the low level ac signal. Under worst case
conditions this circuit will ring trip in 1%z to 4 cycles. In

systems serving only short loops (<700 Q), if Rgq and
RG2 are 620 Q or greater, the optotransistor circuit is
not needed, the Hook Status Output will perform ring
trip on a Zero Crossing. The Ring Enable input and the
Hook Status Output interface with standard CMOS and
TTL logic.

The op amp in this circuit is an integral part of the
following codecs, filters or combos:

MC3417/8 — MC145414

MC14404/6/7 — MC14413/4
MC14401/2/3/5

LONG LINES OFF-PREMISE LINES

Specifications Off-Hook — <2500 Viggic ~— +5.0V

R —200Q Rg — 600 Q On-Hook — >10kQ Vg — —42to -56

IL(max) — 60 mA Rx Gain — 0dB Volts
200-3400 Hz Protection — 1000V VRinging — (40V to 120

Rp(max) — 19000 Tx Gain — 0dB VRMS) +VEE
200-3400 Hz Ringer Equivalent. — 5

Parts List

MPSA56 RR — 9.09k 1% Matched MOC3030 RTx1 — 121k 1%

2N3905 Rt — 9.09k 1% if desired 4N25 Rrs2 — 576k 1%

2N6558 RpT — 470 5% RRX — 287k 1%

MPSA42 RPR — 750 5% RE  — 280k 1%

MJE271 " Rg1 — 6200 5% RVTX — 286k 1%

1N4007 RG2 — 1000 5% cr 0.004 uF

MK1V135 RE1 —_ 910 5% CR — 0.004 uF

1N4007 REz — 30k 5% Cc —  0.001uF

1N4007 RRT — 20k 5% CRX — 1.0 uF/20 V

1N5303 Rc — 24k 5% Ctx — 2.0 uF/40 V

1N4004 RH — 127 k 1-3% CRT — 20 pF/6.0 V

MC3419-1 RHSO — 10k 5% Cop — 10 uF/60 V
SHORT LINES ON-PREMISE LINES

Specifications .

RE — 500 Q Ry Gain — -5.0dB

Ri(max) - 700 @ Tx Gain — 0dB

Ring Trip —_. <50 ms Viogic - +5.0 Volts

Ringer Equivalent — 25 VEE — —20to —56 Volts

Ro - 600 Q VRinging - (40 V to 70 VRMS) + VEE

Parts List MOC3030 RHSO — 10k 5%

MJE271 RR — - 196k 1% RTX1 — 196k 1%

MJE270 RT -_ 196k 1% ct — 0.004 uF Rtx2 — 422k 1%

MPSAS56 RG1 — 620 0 5% CR — 0.004 uF RRx — 69.8k 1%

2N3905 Rgz — 620 2 5% Cc — 0.004 uF R — 301k 1%

1N4007 RE1 — 910 5% CRX — 0.1 uF RVTX — 127k 1%

1N4007 Rea — 30k 5% Crx — 05 puF Rc — 56k 5%

MC3419-1L MOTOROLA COMMUNICATIONS DEVICE DATA
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SEMIGONDUCTO MC13055
EMI NDUCTOR I
TECHNICAL DATA
Advance Information WIDEBAND
Wideband FSK Receiver RECEIVER
The MC13055 is intended fo RF data link systems using carrier frequencies up
to 40 MHz and FSK (frequency shift keying) data rates up to 2.0 M Baud MONOLITHIC S"-'ggl':_
(1.0 MHz). This design is similar to the MC3356, except that it does not include INTEGRATED CIR
the oscillator/mixer. The IF bandwidth has been increased and the detector output
has been revised to a balanced configuration. The received signal strength
metering circuit has been retained, as has the versatile data slicer/comparator.
® |nput Sensitivity 20 pvV @ 40 MHz
® Signal Strength Indicator Linear Over 3 Decades
® Available in Surface Mount Package
® Easy Application, Few Peripheral Components 16
1 P SUFFIX
PLASTIC PACKAGE
CASE 648
18 {g D SUFFIX
H ;. ieati & PLASTIC PACKAGE
Figure 1. Block Diagram and Application Circuit CASE 7518
(SO-16)
V%c
0.01 A4 ﬂ Data
K ..___L 1 15 —0 Output
2 T Y
l——s < b
oo~ | osvo> 13] 1% | | Carrer
4olthz 4 + 2 Detect PIN CONNECTIONS
input ©~ L 2o 5 ? Squelch
s T > 50k Adiust d e
== 27pF |6 | Limiter : (meter) Comparator Gnd [1 16 Data Out
L 11 _GlapF Comparator Vcg [2] +[19]
0.1 > = } Compara-
J._ 7w > 10 3.9k IF Ground [3] -1 ) or
0.01 IFvge [ 13] Carrier Detect
T Hovee = 8 L= - '
l— S 3.0k imiter Input [5] 2] Meter Drive
T0k I & m
A Limiter Bias { } Detector
3??F = 7 El Out
Quad Bias [8] 9] Quad Input
L2
This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage VCC(max) 15 Vdc
Operating Supply Voltage Range V2, V4 3.0t0 12 Vdc
Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA —40 to +85 °C
Storage Temperature Range Tstg —65 to +150 °C
Power Dissipation, Package Rating Pp 1.25 w
ELECTRICAL CHARACTERISTICS (Vo = 5.0 Vdc, fo = 40 MHz, fmod = 1.0 MHz, Af = +1.0 MHz, Tp = 25°C, test circuit of Figure 2.)
Characteristics Measure Min Typ Max Unit
Total Drain Current 12+14 — 20 25 mA’
Data Comparator Pull-Down Current 116 - 10 - mA
Meter Drive Slope versus Input 12 45 7.0 9.0 pA/dB
Carrier Detect Pull-Down Current 113 — 13 — mA
Carrier Detect Pull-Up Current 113 _ 500 —_ pA
Carrier Detect Threshold Voltage vi2 700 800 900 mVv
DC Output Current 110, 111 — 430 —_ HA
Recovered Signal Vi10-Vi1 — 350 — mVrms
Sensitivity for 20 dB S + N/N, BW = 5.0 MHz VIN - 20 —_ puVrms
S + N/N at Vip = 50 uv V10-V11 — 30 — dB
Input Impedance @ 40 MHz Rin | Pin 5, Ground — 42 — kQ
Cin - 45 - pF
Quadrature Coil Loading Rin Pin9to8 - 76 — kQ
Cin — 5.2 — pF
Figure 2. Test Circuit
1 16
—0— —o
= 001
2 15
Veco -0— —0——
3
0 " 100pF
= 001 . —o I}
0 13 .
2pF  ———4 5 L' Carrier
Input o— — t o Detect Output
12
l ' T 2pF —o O Meter Drive
| L 6
| | 0— 11
| | —o 0
L ~ 0.1 ; Detector
T o] _1((): o Output
001 T 001~
= = L
8 9 3.9k E; 3.9k
[—— ] 11
YW Coils — Shielded
39pF Coilcraft UNI-10/142
] L1 Gray 8-1/2 Turns, nominal 300 nH
L2 Black 10-1/2 Turns, nominal 380 nH
I or
TOKO Series E526HNA

L1 Part No. 100301
L2 Part No. 100079

MC13055
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Figure 3. Overall Gain, Noise, AM Rejection
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Figure 5. Untuned Input: Limiting Sensitivity
versus Frequency
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Figure 9. Recovered Audio versus Temperature

Figure 10. Carrier Detect Threshold versus Temperature
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Figure 14. Test Fixture (Component Layout)
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GENERAL DESCRIPTION

The MC13055 is an extended frequency range FM IF,
quadrature detector, signal strength detector and data shaper.
It is intended primarily for FSK data systems. The design is
very similar to MC3356 except that the oscillator/mixer has
been removed, and the frequency capability of the IF has been
raised about 2:1. The detector output configuration has been
changed to a balanced, open-collector type to permit
symmetrical drive of the data shaper (comparator). Meter drive
and squelch features have been retained.

The limiting IF is a high frequency type, capable of being
operated up to 100 MHz. It is expected to be used at 40 MHz
in most cases. The quadrature detector is internally coupled
to the IF, and a 2.0 pF quadrature capacitor is internally
provided. The 20 dB quieting sensitivity is approximately
20 uV, tuned input, and the IF can accept signals up to
220 mVrms without distortion or change of detector quiescent

- DC level.

The IF is unusual in that each of the last 5 stages of the 6
stage limiter contains a signal strength sensitive, current
sinking device. These are parallel connected and buffered to

produce a signal strength meter drive which is fairly linear for
IF input signals of 20 pV to 20 mVrms. (See Figure 4.)

A simple squelch arrangement is provided whereby the
meter current flowing through the meter load resistance flips
a comparator at about 0.8 Vdc above ground. The signal
strength at which this occurs can be adjusted by changing the
meter load resistor. The comparator (+) input and output are
available to permit control of hysteresis. Good positive action
can be obtained for IF input signals of above 20 pVrms. A
resistor (R) from Pin 13 to Pin 12 will provide Vcc/R of
feedback current. This current can be correlated to an amount
of signal strength hysteresis by using Figure 4.

The squelch is internally connected to the data shaper.
Squelch causes the data shaper to produce a high (Vcc)
output.

The data shaper is a complete “floating” comparator, with
diodes across its inputs. The outputs of the quadrature
detector can be fed directly to either or preferably both inputs
of the comparator to produce a squared output swinging from

V¢ to ground in inverted or noninverted form.
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MOTOROLA

SEMICONDUCTOR I

TECHNICAL DATA

Advance Information
FM Communications Receivers

The MC13135/MC13136 are the second generation of single chip, dual
conversion FM communications receivers developed by Motorola. Major
improvements in signal handling, RSSI and first oscillator operation have been
made. In addition, recovered audio distortion and audio drive have improved.
Using Motorola’s MOSAIC™ 1.5 process, these receivers offer low noise, high
gain and stability over a wide operating voltage range.

Both the MC13135 and MC13136 include a Colpitts oscillator, VCO tuning
diode, low noise first and second mixer and LO, high gain limiting IF, and RSSI.
The MC13135 is designed for use with an LC quadrature detector and has an
uncommitted op amp that can be used either for an RSSI buffer or as a data
comparator. The MC13136 can be used with either a ceramic discriminator or an
LC quad coil and the op amp is internally connected for a voltage buffered RSSI
output.

These devices can be used as stand-alone VHF receivers or as the lower IF
of a triple conversion system. Applications include cordless telephones, short
range data links, walkie-talkies, low cost land mobile, amateur radio receivers,
baby monitors and scanners.

® Complete Dual Conversion FM Receiver — Antenna Input to Audio Output

MC13135
MC13136

DUAL CONVERSION
NARROWBAND
FM RECEIVERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

P SUFFIX
PLASTIC PACKAGE
CASE 724

DW SUFFIX
24 PLASTIC PACKAGE
CASE 751E

(80-24L)

ORDERING INFORMATION

® \Voltage Buffered RSSI with 70 dB of Usable Range Temperature
® Low Voltage Operation — 2.0 to 6.0 Vdc (2 Cell NiCad Supply) Device Range Package
® Low Current Drain — 3.5 mA Typ MC13135P Plastic DIP
® Low Impedance Audio Output < 25 Q MC13135DW SO-2aL
i i i —40°to +85°C
® VHF Colpitts First LO for Crystal or VCO Operation MC13136P Plastic DIP
® |solated Tuning Diode MC13136DW so-2aL
® Buffered First LO Output to Drive CMOS PLL Synthesizer
MC13135 PIN CONNECTIONS MC13136
N
Varicap Varicap .
1stLOBase [1] Varicap C 1stLOBase [T} [24] VaricapC
1stLO Emitter [ 2] 23] VaricapA 1stLOEmitter [ 2] L——_ﬁ_] Varicap A
tstLoout [3] [22] 1stMixerin 1 1stLoout [3] Voor [22] 1stMixerin1
vee! [4] 21] 15t Mixerin2 vee! [Z] [27) 1stMixerin2
2ndLOEmiter [8 [—2ndLO [20] 15t MixerOut 2ndLOEmitter [5 |— 2ndLO Voo [20] 1t Mixer Out
2ndLoBase [E] > T Vvee? 21dLOBase [] T[] vec2
2nd Mixer Out [7] " [18]  2nd Mixer In 2nd MixerOut [7] o 18] 2nd Mixer In
Vee (Bl [77] Audio Out vee [(B— 7] Audio Out
Limiterin  [S}—¢ - [16] Op AmpOut Limiterin 9] i [16] Buffered RSS! Output
Demod Demod
Decouple 10} Limiter [15] OpAmpin- Decouple 1 [10} Limiter Z& :1_5_] OpAmpIn-
Decouple2 [11] — [14] OpAmpin+ Decouple 2 [E—L T 73]  Limiter Output
Rssi [12] 1] QuadCoi Rssi [i2] 4 3] Quadinput
1 h

This document contains information on a new product. Specifications and information herein are subject to change without notice.

MC13135.MC13136
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MAXIMUM RATINGS

Rating Pin Symbol Value Unit
Power Supply Voltage 4,19 Vce (max) 6.5 Vdc
RF Input Voltage 22 RFin 1.0 Vrms
Junction Temperature - Ty +150 °C
Storage Temperature Range — Tstg - 65to +150 °C

RECOMMENDED OPERATING CONDITIONS

Rating Pin Symbol Value Unit
Power Supply Voltage 4,19 Vce 2.0t06.0 Vdc
Maximum 1stIF — fiF1 21 MHz
Maximum 2nd IF — fiF2 3.0 MHz
Ambient Temperature Range — TA -40to + 85 °C

ELECTRICAL CHARACTERISTICS (Ta=25°C,Vgg=4.0Vdc,fo=49.7MHz,fpjop=1.0kHz, Deviation=+3.0kHz,f1st| 0=39MHz,fong
LO=10.245 MHz, IF1=10.7 MHz, IF2=455 kHz, unless otherwise noted. All measurements performedin the testcircuit of Figure 1.)

Characteristic Condition Symbol Min Typ Max " Unit
Total Drain Current No Input Signal lcc — 4.0 6.0 mAdc
Sensitivity (Input for 12 dB SINAD) Matched Input VsIN —_ 1.0 — uvrms
Recovered Audio VRF=1.0mV AFo mVrms
MC13135 170 220 270
MC13136 215 265 315
Limiter Output Level VLIM N mVrms
(Pin 14, MC13136) —_ 130 —_
1st Mixer Conversion Gain VRF =-40dBm MXgain1 — 12 - dB
2nd Mixer Conversion Gain VRF=-40dBm | MXgain2 — 13 — dB
First LO Buffered Output — VLo — 100 — mvVrms
Total Harmonic Distortion VRF =-30dBm THD - 1.2 3.0 %
Demodulator Bandwidth —_ BW — 50 - kHz
RSSI Dynamic Range - RSSI — 70 - dB
First Mixer 3rd Order Intercept TOIMix1 dBm
(Input) Matched — -17 —
Unmatched —_ -1 —
Second Mixer 3rd Order Matched TOIMix2 dBm
Intercept (RF Input) Input _ -27 —
First LO Buffer Output Resistance - RLo — —_ — Q
First Mixer Parallel Input Resistance — R — 722 — Q
First Mixer Parallel Input Capacitance — C —_ 3.3 — pF
First Mixer Output Impedance —_ 20 — 330 —_ Q
Second Mixer Input Impedance — Z, — 40 — kQ
Second Mixer Output Impedance — z0 - 1.8 - kQ
Detector Output Impedance - Z0 — 25 — Q
MOTOROLA COMMUNICATIONS DEVICE DATA MC13135.MC13136
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TEST CIRCUIT INFORMATION See Figures 10 through 13 for additional information.

Although the MC13136 can be operated with a ceramic

Since adding a matching circuit to the RF input increases the

discriminator, the recovered audio measurements for both the signal level to the mixer, the third order intercept (TOIl) point is
MC13135 and MC13136 are made with an LC quadrature better with an unmatched input (50 Q from Pin 21 to Pin 22).
detector. The typical recovered audio will depend on the Typical values for both have been included in the Electrical
external circuit; either the Q of the quad coil, or the RC Characterization Table. TOl measurements were taken at the
matching network for the ceramic discriminator. On the pins with a high impedance probe/spectrum analyzer system.
MC13136, an external capacitor between Pins 13 and 14 can The first mixer input impedance was measured at the pin with a
be used with a quad coil for slightly higher recovered audio. . network analyzer.

Figure 1a. MC13135 Test Circuit

Vee
T 0.84pl
L 0.4
To
= 39.0
10k3 [ MHz
Xtal
L s
f 0.1 5
= 120 I 2ndLO
T 50p
O ;
10.245
MHz Xtal
Ceramic
Filter
455kHz
=L [ | 1
0.1 L 16 =
I T% In —
T
wI | )
) !12 14|
1]
o1 % | j:E 13 39k
= | 1 A
. }— 2l —I e
'| U r ua
L]
Figure 1b. MC13136 Quad Detector Test Circuit
v
| Yoo
e
3 Limiter |
16
15 3%
| 12 | M
oL T < 14 !
T % T
- = T ul 3%
e | A
455KHz :_ It —I
Quad Coil l_w N
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Figure 2. Supply Current versus Supply Voltage

Figure 3. RSSI Output versus RF Input
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Figure 4. Varactor Capacitance, Resistance Figure 5. Oscillator Frequency
. versus Bias Voltage . versus Varactor Bias
S 25 0 G 48.0
bt =
% Cp f=150 MHz 2] e
E aN&E Rpf=50MHz — |80 = -
S ~ I
g \ =1 17 B
< /"< Idé e oo
S 15 60T =
o L~ o >
= 24 © 0.61pH
10 20 g% 3 Ty
= Cp f=50MHz £ o Soop =
E pl= E —T—Am-—l——o )
- oMQ
2 50 20 g - 10M2 T 024F
5 Rp,.f= 150 MHz 5 =
g2 1 o B 4
& 05 1.0 15 20 25 30 35 40 = 1.0 20 3.0 40 5.0 6.0
Vg, VARACTOR BIAS VOLTAGE, Vpin24 to Vpin 23 (Vdc) Vg, VARACTOR BIAS VOLTAGE (Vdc)
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Figure 8. Op Amp Gain and Phase
versus Frequency

Figure 9. First Mixer Third Order Intermodulation

(Unmatched Input)
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Figure 10. Recovered Audio versus
Deviation for MC13135
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CIRCUIT DESCRIPTION

The MC13135/13136 are complete dual conversion
receivers. They include two local oscillators, two mixers, a
limiting IF amplifier and detector, and an op amp. Both provide
a voltage buffered RSSI with 70 dB of usable range, isolated
tuning diode and buffered LO output for PLL operation, and a
separate Vcg pin for the first mixer and LO. Improvements
have been made in the temperature performance of both the
recovered audio and the RSSI.

Vee

Two separate Vg lines enable the first LO and mixer to
continue running while the rest of the circuit is powered down.
They also isolate the RF from the rest of the internal circuit.

Local Oscillators

The local oscillators are grounded collector Colpitts, which
can be easily crystal-controlled or VCO controlled with the
on-board varactor and external PLL. The first LO transistor is
internally biased, but the emitter is pinned-out and Iq can be
increased for high frequency or VCO operation. The collector is
not pinned out, so for crystal operation, the LO is generally
limited to 3rd overtone crystal frequencies; typically around 60
MHz. For higher frequency operation, the LO can be provided
externally as shown in Figure 16.

Buffer

The buffer on the 1st LO output converts the single-ended
LO output to a differential signal to drive the mixer. Capacitive
coupling between the LO and buffer minimizes the effects of
the change in oscillator current on the mixer. The buffered LO
output is pinned-out for use with a PLL, with a typical output
voltage of 320 mVp-p at Vo = 4.0 V and with a 5.1 k resistor
from Pin 3 to ground. As seen in Figure 14, the buffered LO
output varies with the supply voltage and a smaller external
resistor may be needed for low voltage operation. The LO
buffer operates up to 60 MHz, typically.

Figure 14. Buffered LO Output Voltage
versus Supply Voltage

600 |

500 Rping =3.0kQ
/

400 //
/{ 51kQ

in3 = -
300 / -
"
200 -
100
25 3.0 35 4.0 45 5.0 55

Ve, SUPPLY VOLTAGE (Vdc)

Mixers

The first and second mixer are of similar design. Both are
double balanced to suppress the LO and input frequencies to
give only the sum and difference frequencies out. This
configuration typically provides 40 to 60 dB of LO suppression.
New design techniques provide improved mixer linearity and
third order intercept without increased noise. The gain on the
output of the 1st mixer starts to roll off at about 20 MHz, so this
receiver could be used with a 21 MHz first IF. It is designed for
use with a ceramic filter, with an output impedance of 330 Q. A
series resistor can be used to raise the impedance for use with
a crystal filter, which typically has an input impedance of 4.0
kQ. The second mixer input impedance is approximately 4.0
kQ; it requires an external 360 Q parallel resistor for use with a
standard ceramic filter.

Limiting IF Amplifier and Detector

The limiter has approximately 110 dB of gain, which starts
rolling off at 2.0 MHz. Although not designed for wideband
operation, the bandwidth of the audio frequency amplifier has
been widened to 50 kHz, which gives less phase shift and
enables the receiver to run at higher data rates. However, care
should be taken not to exceed the bandwidth allowed by local
regulations.

The MC13135 is designed for use with an LC quadrature
detector, and does not have sufficient drive to be used with a
ceramic discriminator. The MC13136 was designed to use a
ceramic discriminator, but can also be run with an LC quad coil,
as mentioned in the Test Circuit Information section. The data
shown in Figures 12 and 13 was taken using a muRata
FX2577 ceramic discriminator which has been specially
matched to the MC13136. Both the choice of discriminators
and the external matching circuit will affect the distortion and
recovered audio.

RSSI/Op Amp

The Received Signal Strength Indicator (RSS!) on the
MC13135/13136 has about 70 dB of range. The resistor
needed to translate the RSSI current to a voltage output has
been included on the internal circuit, which gives it a tighter
tolerance. A temperature compensated reference current also
improves the RSSI| accuracy over temperature. On the
MC13136, the op amp on board is connected to the output to
provide a voltage buffered RSSI. On the MC13135, the op amp
is not connected internally and can be used for the RSS! or as
a data slicer (see Figures 17c and 20b).

MOTOROLA COMMUNICATIONS DEVICE DATA
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Figure 15. PLL Controlled Narrowband FM Receiver at 46/49 MHz
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Figure 17a. Single Channel Narrowband FM Receiver at 49.7 MHz
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Figure 17b. PC Board Component View
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NOTES: 1. 0.2 pH tunable (unshielded) inductor

2. 39 MHz Series mode resonant

3rd Overtone Crystal
3. 1.5 pH tunable (shielded) inductor
4. 10.245 MHz Fundamental mode crystal,

32 pF load

o

or equivalent

o

. 455 kHz ceramic filter, muRata CFU 4558

. Quadrature coil, Toko 7MC-8128Z (7mm)

or Toko RMC-2A6597HM (10mm)

~

or equivalent

. 10.7 MHz ceramic filter, muRata SFE10.7MJ-A

Figure 17c. Optional Data Slicer Circuit
(Using Internal Op Amp)
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Figure 18. PC Board Solder Side View

| 3.375” |
(Circuit Side View)

Figure 19. PC Board Component View

NOTES: 1. 0.2 pH tunable (unshielded) inductor
2. 39 MHz Series mode resonant

3rd Overtone Crystal

3. 1.5 pH tunable (shielded) inductor

4. 10.245 MHz Fundamental mode crystal,
32 pF load

5. 455 kHz ceramic filter, muRata CFU 4558
or equivalent

6.  Ceramic discriminator, muRata FX2577
or equivalent

7. 10.7 MHz ceramic filter, muRata SFE10.7MJ-A
or equivalent
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Figure 20a. Single Channel Narrowband FM Receiver at 49.7 MHz
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Figure 22. MC13136 Internal Schematic
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MOTOROLA

SEMICONDUCTOR I —
TECHNICAL DATA

Advance Information
Wideband FM IF

The MC13155 is a complete wideband FM detector designed for
satellite TV and other wideband data and analog FM applications. This
device may be cascaded for higher IF gain and extended Receive
Signal Strength Indicator (RSSI) range.

MC13155

WIDEBAND FM IF

SILICON MONOLITHIC
INTEGRATED CIRCUIT

® 12 MHz Video/Baseband Demodulator

® |deal for Wideband Data and Analog FM Systems

® Limiter Output for Cascade Operation

® Low Drain Current: 7.0 mA

® |Low Supply Voltage: 3.0t0 6.0 V

® Operates to 300 MHz

MAXIMUM RATINGS
Rating Pin Symbol Value Unit

Power Supply Voltage 11,14 | VEg (max) 65 A
Input Voltage 1,16 Vin 1.0 Vrms
Junction Temperature : — Ty +150 °C
Storage Temperature Range — Tstg - 65to +150 °C

P

1

NOTE: Devices should not be operated at or outside these values. The “Recommended Operating
Conditions” provide for actual device operation.

Simplified Block Diagram
Buffered
RSSI RssI Limiter
Decouple Output Output Output
15 ?13 12 o 10
r—r- T~ -
|
16 I PW—e—w——
Input)—O—L—{— I
Three Stage
11 Amplifier
Input)—o—+—£
| bw
|
L_— - —_t
o2 4 OS5 7
Decouple Balanced Limiter
Outputs Output

NOTE: This device requires careful layout and decoupling to ensure stable operation.

D SUFFIX
PLASTIC PACKAGE
CASE 751B
(SO-16)
PIN CONNECTIONS
input [1] [16] Input
Decouple [2 ] [15] Decouple
vee! [E] 4] Veg!
Output [4] [13] RSSI Buffer
Output [5] [12] Rssl
vee2 [6] 11] Vee2
Limiter Out [7 ] [10] Limiter Out
Quad Coil [8] [9] Quad Coi
(Top View)
ORDERING INFORMATION
Temperature
Device Range Package
MC13155D | —40°to+85°C S0-16

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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RECOMMENDED OPERATING CONDITIONS

Rating Pin Symbol Value Unit
Power Supply Voltage (Ta= 25°C) 11,14 VEE -3.0to-6.0 | Vdc
—40°C<TA<85°C 3,6 Vee Grounded
Maximum Input Frequency 1,16 fin 300 MHz
Ambient Temperature Range - TJ -40to+85 °C
DC ELECTRICAL CHARACTERISTICS (Ta=25°C, noinputsignal.)
Characteristic Pin Symbol Min Typ Max Unit
Drain Current 1" 144 20 2.8 4.0 mA
(VEg =-5.0 Vdc) 14 l14 3.0 4.3 6.0
(VEg =-5.0 Vdc) 14 14 3.0 43 6.0
Drain Current Total (see Figure 3) 1,14 Total 5.0 74 10 mA
(VEg =-5.0 Vdc) 5.0 75 105
(VEE =-6.0 Vdc) 5.0 75 10.5
(VEg =-3.0 Vdc) 4.7 6.6 9.5
AC ELECTRICAL CHARACTERISTICS (Ta =25°C, fijr = 70 MHz, Vgg =— 5.0 Vdc Figure 2, unless otherwise noted.)
Characteristic Pin Min Typ Max Unit
Input for - 3 dB Limiting Sensitivity 1,16 — 1.0 2.0 mVrms
Differential Detector Output Voltage (Vi = 10 mVrms) 4,5 mVp.p
(fdev =% 3.0 MHz) (VEg =-6.0 Vdc) 470 590 700
(VEg =-5.0 Vdc) 450 570 680
(VEE =-3.0 Vdc) 380 500 620
Detector DC Offset Voltage 4,5 -250 — 250 mVdc
RSSI Slope 13 14 2.1 28 pA/dB
RSSI Dynamic Range 13 31 35 39 dB
RSSI Output 12 MA
(Vin = 100 pVrms) — 21 -
(Vin = 1.0 mVrms) - 24 —_
(Vin = 10 mVms) 16 24 36
(Vin = 100 mVrms) —_ 65 -
(Vin = 500 mVrms) - 75 —_
RSS! Buffer Maximum Output Current (Vi = 10 mVrms) 13 — 23 - mAdc
Differential Limiter Output mVrms
(Vin = 1.0 mVrms) 7,10 100 140 -
(Vin = 10 mVrms) —_ 180 -
Demodulator Video 3.0 dB Bandwidth 4,5 —_ 12 - MHz
Input Impedance (Figure 14) 1,16
@ 70MHz Rp (VEg =-5.0 Vdc) — 450 — Q
Cp (C2=C15=100p) — 48 — pF
Differential IF Power Gain 1,7,10,16 — 46 — dB
NOTE: Positive currents are out of the pins of the device.
MOTOROLA COMMUNICATIONS DEVICE DATA MC13155
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CIRCUIT DESCRIPTION

The MC13155 consists of a wideband three-stage limiting
amplifier, a wideband quadrature detector which may be
operated up to 200 MHz, and a received signal strength

indicator (RSSI) circuit which provides a current output
linearly proportional to the IF input signal level for
approximately 35 dB range of input level.

Figure 2. Test Circuit
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APPLICATION INFORMATION

Evaluation PC Board

The evaluation PCB shown in Figures 19 and 20 is very
versatile and is designed to cascade two ICs. The center
section of the board provides an area for attaching all surface
mount components to the circuit side and radial leaded
components to the component ground side of the PCB (see
Figures 17 and 18). Additionally, the peripheral area
surrounding the RF core provides pads to add supporting
and interface circuitry as a particular application dictates.
This evaluation board will be discussed and referenced in
this section.

Limiting Amplifier

Differential input and output ports interfacing the three
stage limiting amplifier provide a differential power gain of
typically 46 dB and useable frequency range of 300 MHz.

The IF gain flatness may be controlled by decoupling of the
internal feedback network at Pins 2 and 15.

Scattering parameter (S-parameter) characterization of the
IF as a two port linear amplifier .is useful to implement
maximum stable power gain, input matching, and stability over
a desired bandpass response and to ensure stable operation
outside the bandpass as well. The MC13155is unconditionally
stable over most of its useful operating frequency range;
however, it can be made unconditionally stable over its entire
operating range with the proper decoupling of Pins 2 and 15.
Relatively small decoupling capacitors of about 100 pF have
a significant effect on the wideband response and stability.
This is shown in the scattering parameter tables where
S-parameters are shown for various values of C2and C15 and
at VEg of — 3.0 and — 5.0 Vdc.

MC13155
2-156
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TYPICAL PERFORMANCE AT TEMPERATURE
(See Figure 2. Test Circuit)

Figure 4. RSSI Output versus Frequency and
Figure 3. Drain Current versus Supply Voltage Input Signal Level
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Figure 9. Differential Detector Output Voltage versus
Ambient Temperature and Supply Voltage
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In the S-parameters measurements, the IF is treated as a
two-port linear class A amplifier. The IF amplifier is measured
with a single-ended input and output configuration in which
the Pins 16 and 7 are terminated in the series combination of
a 47 Q resistor and a 10 nF capacitor to Vcg ground (see
Figure 11— S-Parameter Test Circuit).

The S-parameters are in polar form as the magnitude
(MAG) and angle (ANG). Also listed in the tables are the
calculated values for the stability factor (K) and the Maximum

Available Gain (MAG). These terms are related in the
following equations:

K=(1-1S1112-182212+1A12)/(21S12S21 1)
where: 1A1=1811 S22 -S12 S21 |.
MAG =10log1S21 1/1S121+10log I K- (K2 - 1)1/2]

where: K > 1. The necessary and sufficient conditions for
unconditional stability are given as K> 1:

B1=1+1S1112-1S2212-14A12>0

Figure 14. S-Parameter Test Circuit
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S-Parameters (VEg =- 5.0 Vdc, Ta = 25°C, Cp and G5 = 0 pF)

Frequency Input S11 Forward S21 Rev S12 Output S22 K MAG
MHz MAG ANG MAG ANG MAG ANG MAG ANG MAG dB
1.0 0.94 -13 8.2 143 0.001 7.0 0.87 -22 22 32
2.0 0.78 -23 235 109 0.001 -40 0.64 -31 4.2 335
5.0 0.48 1.0 39.2 51 0.001 -97 0.34 =17 8.7 337
7.0 0.59 15 40.3 34 0.001 -4 0.33 -13 10.6 34.6
10 0.75 17 40.9 19 0.001 -82 0.41 -1.0 5.7 36.7
20 0.95 7.0 42.9 -6.0 0.001 -42 0.45 0 1.05 46.4
50 0.98 -10 42.2 —-48 0.001 -9.0 0.52 -3.0 0.29 —
70 0.95 -16 39.8 —-68 0.001 112 0.54 -16 1.05 46.4
100 0.93 -23 44.2 -93 0.001 80 0.53 -22 0.76 —
150 0.91 -34 39.5 -139 0.001 106 0.50 -34 0.94 —
200 - 087 —-47 34.9 -179 0.002 77 0.42 —-44 0.97 —
500 0.89 -103 1.1 -58 0.022 57 0.40 -17 0.75 —
700 0.61 —156 35 -164 0.03 0 0.52 179 26 13.7
900 0.56 162 1.2 92 0.048 -44 0.47 112 4.7 4.5
1000 0.54 131 0.8 42 0.072 -48 0.44 76 5.1 0.4

S-Parameters (VEg =-5.0 Vdc, Tp = 25°C, C and C15 = 100 pF)

Frequency Input S11 Forward S21 Rev S12 Output S22 K MAG
MHz MAG ANG MAG ANG MAG ANG MAG ANG MAG dB
1.0 0.98 -15 1.7 174 0.001 -14 0.84 - -27 1.2 374
20 0.50 -2.0 39.2 85.5 0.001 -108 0.62 -35 6.0 35.5
5.0 0.87 8.0 39.9 19 0.001 100 0.47 -9.0 4.2 39.2
7.0 0.90 5.0 40.4 9.0 0.001 -40 0.45 -8.0 3.1 40.3
10 0.92 3.0 41 1.0 0.001 -40 0.44 -5.0 24 41.8
20 0.92 -20 42.4 -14 0.001 -87 0.49 -6.0 24 419
50 0.91 -8.0 41.2 -45 0.001 85 0.50 -5.0 23 42
70 0.91 -1 39.1 -63 0.001 76 0.52 -4.0 2.2 41.6
100 0.91 -15 43.4 -84 0.001 85 0.50 -1 1.3 43.6
150 0.90 ° -22 38.2 -126 0.001 96 0.43 -22 1.4 41.8
200 0.86 -33 35.5 -160 0.002 78 0.43 -21 1.3 39.4
500 0.80 -66 8.3 -9.0 0.012 75 0.57 —-63 1.7 235
700 0.62 -96 2.9 -95 0.013 50 0.49 -1 6.3 12,5
900 0.56 -120 1.0 -171 0.020 53 0.44 -150 13.3 2.8
1000 0.54 -136 0.69 154 0.034 65 0.44 -179 125 -08
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S-Parameters (Vg =— 5.0 Vdc, Tp = 25°C, C2 and C15 = 680 pF)

Frequency Input S11 Forward S21 Rev S12 Output S22 K MAG
MHz MAG ANG MAG ANG MAG ANG MAG ANG MAG dB
1.0 0.74 4.0 53.6 110 0.001 101 0.97 -35 0.58 —
2.0 0.90 3.0 70.8 55 0.001 60 0.68 —-34 1.4 45.6
5.0 0.91 0 87.1 21 0.001 =121 0.33 -60 11 49
7.0 0.91 0 90.3 1 0.001 -18 0.25 -67 1.2 48.4
10 0.91 -2.0 92.4 2.0 0.001 33 0.14 -67 15 475
20 0.91 -4.0 95.5 -16 0.001 63 0.12 -15 13 48.2
50 0.90 -8.0 89.7 -50 0.001 -43 0.24 26 1.8 46.5
70 0.90 -10 82.6 =70 0.001 92 0.33 21 1.4 47.4
100 0.91 -14 77.12 -93 0.001 23 0.42 -1.0 1.05 49
150 0.94 -20 62.0 -122 0.001 96 0.42 -22 0.54 _
200 0.95 -33 56.9 -148 0.003 146 0.33 -62 0.75 —
500 0.82 -63 123 -12 0.007 79 0.44 -67 1.8 26.9
700 0.66 -98 3.8 -107 0.014 84 0.40 =115 4.8 146
900 0.56 -122 1.3 177 0.028 78 0.39 -166 8.0 4.7
1000 0.54 -139 0.87 141 0.048 76 0.41 165 7.4 0.96

S-Parameters (Vg = - 3.0 Vdc, Ta = 25°C, Cg and C15 = 0 pF)

Frequency Input 11 Forward S21 Rev S12 Output S22 K MAG
MHz MAG ANG MAG ANG MAG ANG MAG ANG MAG dB
1.0 0.89 -14 9.3 136 0.001 2.0 0.84 =27 3.2 30.7
2.0 0.76 -22 24.2 105 0.001 -90 0.67 -37 3.5 34.3
5.0 052 5.0 35.7 46 0.001 -32 0.40 -13 10.6 33.3
7.0 0.59 12 38.1 34 0.001 -41 0.40 -10 9.1 ' 34.6
10 0.78 15 37.2 16 0.001 -92 0.40 -1.0 5.7 36.3
20 0.95 5.0 38.2 -9.0 0.001 47 0.51 -4.0 0.94 —
50 0.96 -1 39.1 -50 0.001 -103 0.48 -6.0 1.4 43.7
70 0.93 -17 36.8 -7 0.001 -76 0.52 -13 22 414
100 0.91 -25 347 -99 0.001 -152 0.51 -19 3.0 39.0
150 0.86 -37 33.8 -143 0.001 53 0.49 -34 1.7 39.1
200 0.81 —49 27.8 86 0.003 76 0.55 -56 2.4 35.1
500 0.70 -93 6.2 -4 0.015 93 0.40 -110 2.4 19.5
700 0.62 -144 1.9 -133 0.049 56 0.40 -150 3.0 8.25
900 0.39 -176 0.72 125 0.1 -18 0.25 163 5.1 -1.9
1000 0.44 166 0.49 80 0.10 -52 0.33 127 7.5 -4.8
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S-Parameters (Vgg = - 3.0 Vdc, Ta = 25°C, Cp and C15 = 100 pF)

Frequency input S11 Forward S21 : Rev S12 Output S22 K MAG
MHz MAG ANG MAG ANG MAG ANG MAG ANG MAG dB
1.0 0.97 -15 1.7 171 0.001 -4.0 0.84 -27 14 36.8
20 0.53 2.0 37.1 80 0.001 -91 0.57 -31 6.0 34.8
5.0 0.88 7.0 37.7 18 0.001 -9.0 0.48 -7.0 3.4 39.7
7.0 0.90 5.0 37.7 8.0 0.001 -1 0.49 -7.0 23 41
10 0.92 2.0 38.3 1.0 0.001 -59 0.51 -9.0 2.0 41.8
20 0.92 -2.0 39.6 -15 0.001 29 0.48 -3.0 1.9 425
50 0.91 -8.0 38.5 —-46 0.001 21 0.51 -7.0 23 414
70 0.91 -1 36.1 -64 0.001 49 0.50 -8.0 23 - 408
100 0.91 -15 39.6 -85 0.001 114 0.52 -13 1.7 37.8
150 0.89 -22 34.4 -128 0.001 120 0.48 -23 1.6 40.1
200 0.86 -33 32 -163 0.002 86 0.40 -26 1.7 37.8
500 0.78 - 64 7.6 -12 0.013 94 0.46 -7 1.9 221
700 0.64 -98 2.3 =102 0.027 58 0.42 -109 4.1 10.1
900 0.54 -122 0.78 179 0.040 38.6 0.35 -147 10.0 -0.14
1000 0.53 -136 047 144 0.043 23 0.38 -171 15.4 -4.52

S-Parameters (VEg = - 3.0 Vdc, Ta = 25°C, Co and C15 = 680 pF)

Frequency Input S11 Forward S21 Rev S§12 Output S22 K MAG
MHz MAG ANG MAG ANG MAG ANG MAG ANG MAG dB
1.0 0.81 3.0 37 101 0.001 -19 0.90 -32 11 435
2.0 0.90 2.0 47.8 52.7 0.001 -82 0.66 -39 0.72 -
5.0 0.91 0 58.9 20 0.001 104 0.37 -56 23 44
7.0 . 0.90 -1 60.3 1 0.001 -76 0.26 -55 2.04 44
10 0.91 -2.0 61.8 3.0 0.001 105 0.18 -52 2.2 43.9
20 0.91 -4.0 63.8 -15 0.001 59 0.11 -13 2.0 441
50 0.90 -8.0 60.0 —-48 0.001 96 0.22 33 23 43.7
70 0.90 =11 56.5 -67 0.001 113 0.29 15 23 43.2
100 0.91 -14 52.7 -91 0.001 177 -0.36 5.0 2.0 43
150 0.93 -21 44.5 -126 0.001 155 0.35 -17 1.8 427
200 0.90 -43 41.2 -162 0.003 144 0.17 -31 1.6 34.1
500 0.79 —-65 7.3 -13 0.008 80 0.44 -75 3.0 22
700 0.65 -97 2.3 -107 0.016 86 0.38 -124 74 10.2
900 0.56 -122 0.80 174 0.031 73 0.38 -174 12 0.37
1000 0.55 -139 0.52 137 0.50 7 0.41 157 1.3 -3.4
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DC Biasing Considerations

The DC biasing scheme utilizes two Vg connections
(Pins 3 and 6) and two VEE connections (Pins 14 and 11).
VEE1 (Pin 14) is connected internally to the IF and RSSI
circuits’ negative supply bus while VEg2 (Pin 11) is connected
internally to the quadrature detector’'s negative bus. Under
positive ground operation, this unique configuration offers the
ability to bias the RSSI and IF separately from the quadrature
detector. When two ICs are cascaded as shown in the 70
MHz application circuit and provided by the PCB (see Figures
17 and 18), the first MC13155 is used without biasing its
quadrature detector, thereby saving approximately 3.0 mA. A
total current of 7.0 mA is used to fully bias each IC, thus the
total current in the application circuit is approximately 11 mA.
Both V¢ pins are biased by the same supply. Vcc1 (Pin 3) is
connected internally to the positive bus of the first half of the
IF limiting amplifier, while V2 is internally connected to the
positive bus of the RSSI, the quadrature detector circuit, and
the second half of the IF limiting amplifier (see Figure 15).
This distribution of the Vo enhances the stability of the IC.
RSSI Circuitry

The RSSI circuitry provides typically 35 dB of linear
dynamic range and its output voltage swing is adjusted by
selection of the resistor from pin 12 to VEg. The RSSI slope is

typically 2.1 pA/dB ; thus, for a dynamic range of 35 dB, the
current output is approximately 74 pA. A 47 k resistor will
yield a RSSI output voltage swing of 3.5 Vdc. The RSSI
buffer output at Pin 13 is an emitter-follower and needs an
external emitter resistor of 10 k to VEE.

In a cascaded configuration (see circuit application in
Figure 16), only one of the RSSI Buffer outputs (Pin 13) is
used; the RSSI outputs (Pin 12 of each IC) are tied together
and the one closest to the VEE supply trace is decoupled
to Vo ground. The two pins are connected to VEE through
a 47 k resistor. This resistor sources a RSSI current which
is proportional to the signal level at the IF input; typically,
1.0 mVrms (- 47 dBm) is required to place the MC13155
into limiting. The measured RSS! output voltage response
of the application circuit is shown in Figure 12. Since the
RSSI current output is dependent upon the input signal level
at the IF input, a careful accounting of filter losses, matching
and other losses and gains must be made in the entire
receiver system. In the block diagram of the application
circuit shown below, an accounting of the signal levels at
points throughout the system shows how the RSSI
response in Figure 12 is justified.

Block Diagram of 70 MHz Video Receiver Application Circuit

MC13155

Input  -57dB -82dBm -72dBm
Level: 316 uVms 18 uVms 56 pVms
IF
Input H1e
Saw
Filter
14 H1
T 2548 Transformer
(InsertionLoss) ~ 10dB
Cascading Stages

The limiting IF output is pinned-out differentially,
cascading is easily achieved by AC coupling stage to
stage. In the evaluation PCB, AC coupling is shown,
however, interstage filtering may be desirable in some
applications. In which case, the S-parameters provide a
means to implement a low loss interstage match and better
receiver sensitivity.

Where a linear response of the RSSI output is desired
when cascading the ICs, it is necessary to provide at least
10 dB of interstage loss. Figure 12 shows the RSSI response
with and without interstage loss. A 15 dB resistive attenuator
is an inexpensive way to linearize the RSSI response. This
has its drawbacks since it is a wideband noise source that is
dependent upon the source and load impedance and the
amount of attenuation that it provides. A better, although
more costly, solution would be a bandpass filter designed to
the desired center frequency and bandpass response while

-32dBm -47dBm < Minimum Input to Acquire
5.6 pVms 1.0mVms Limiting in MC13155
10 16
% MC13155
7 H1
40 dB Gain -15dB 40 dB Gain
(Attenuator)

carefully selecting the insertion loss. A network topology
shown below may be used to provide a bandpass response
with the desired insertion loss.
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Quadrature Detector

The quadrature detector is coupled to the IF with internal
2.0 pF capacitors between Pins 7 and 8 and Pins 9 and 10.
For wideband data applications, such as FM video and
satellite receivers, the drive to the detector can be increased
with additional external capacitors between these pins, thus,
the recovered video signal level output is increased for a
given bandwidth (see Figure 11A and Figure 11B).

The wideband performance of the detector is controlled by
the loaded Q of the LC tank circuit. The following equation
defines the components which set the detector circuit's
bandwidth:

Q=RT/XL (1)
where: Rt is the equivalent shunt resistance across the LC
Tank and X|_is the reactance of the quadrature inductor at the
IF frequency (XL = 2xfL).

The inductor and capacitor are chosen to form a resonant
LC Tank with the PCB and parasitic device capacitance at the
desired IF center frequency as predicted by:

fo = (2rV(LCp)) 1 ()
where: L is the parallel tank inductor and Cp is the equivalent
parallel capacitance of the parallel resonant tank circuit.

The following is a design example for a wideband
detector at 70 MHz and a loaded Q of 5. The loaded Q of
the quadrature detector is chosen somewhat less than the
Q of the IF bandpass. For an IF frequency of 70 MHz and
an IF bandpass of 10.9 MHz, the IF bandpass Q is
approximately 6.4.

Example:

Let the external Cext = 20 pF. (The minimum value here
should be greater than 15 pF making it greater than the
internal device and PCB parasitic capacitance, Cint = 3.0 pF).

Cp = Cint + Cext = 23 pF
Rewrite Equation 2 and solve for L:
L =(0.159)2 /(Cp fc?)
L = 198 nH, thus, a standard value is chosen.
L = 0.22 pH (tunable shielded inductor).

The value of the total damping resistor to obtain the
required loaded Q of 5 can be calculated by rearranging
Equation 1:

Rt =Q(2nfL)
Rt =5 (2m)(70)(0.22) = 483.8 Q.
The internal resistance, Rint between the quadrature tank
Pins 8 and 9 is approximately 3200 Q and is considered in

determining the external resistance, Rext which is
calculated from:

Rext = ((RT)(Rint))/ (Rint — RT)
Rext = 570, thus, choose the standard value.
Rext =560 Q.

SAW Filter

In wideband video data applications, the IF occupied
bandwidth may be several MHz wide. A good rule of thumb is
to choose the IF frequency about 10 or more times greater
than the IF occupied bandwidth. The IF bandpass filter is a
SAW filter in video data applications where a very selective
response is needed (i.e., very sharp bandpass response).
The evaluation PCB is laid out to accommodate two SAW
filter package types: 1) A five-leaded plastic SIP package.
Recommended part numbers are Siemens X6950M which
operates at 70 MHz; 10.4 MHz 3 dB passband, X6951M
(X252.8) which operates at 70 MHz; 9.2 MHz 3 dB passband;
and X6958M which operates at 70 MHz, 6.3 MHz 3 dB
passband, and 2) A four-leaded TO-39 metal can package.
Typical insertion loss in a wide bandpass SAW filter is 25 dB.

The above SAW filters require source and load
impedances of 50 Q to assure stable operation. On the PC
board layout, space is provided to add a matching network,
such as a 1:4 surface mount transformer between the SAW
filter output and the input to the MC13155. A 1:4 transformer,
made by Coilcraft and Mini Circuits, provides a suitable
interface (see Figures 16, 17 and 18). In the circuit and
layout, the SAW filter and the MC13155 are differentially
configured with interconnect traces which are equal in length
and symmetrical. This balanced feed enhances RF stability,
phase linearity, and noise performance.

MC13155
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Figure 16. 70 MHz Video Receiver Application Circuit
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Figure 17. Component Placement (Circuit Side)
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MOTOROLA
SEMICONDUCTOR I MC13156
TECHNICAL DATA

Product Preview WIDEBAND FM IF SYSTEM
Wideband FM IF System for DIGITAL and

The MC13156 is a wideband FM IF subsystem targeted at high ANALOG APPLICATIONS
performance data and analog applications. Excellent high frequency SILICON MONOLITHIC

performance is achieved, with low cost, through use of Motorola’s
MOSAIC 1.5™ RF bipolar process. The MC13156 has an onboard INTEGRATED CIRCUIT

Colpitts VCO for PLL controlled multichannel operation. The mixer is

useful to beyond 200 MHz and may be used in a differential, balanced,
or single-ended configuration. The IF amplifier is split to accommodate
two low cost cascaded filters. RSSI output is derived by summing the
output of both IF sections. A precision data shaper has a hold function
to preset the shaper for fast recovery of new data.

Applications for the MC13156 include CT-2, wideband data links, and S
other radio systems utilizing GMSK, FSK or FM modulation. 1

DW SUFFIX
® 3.0 to 6.0 Vdc Operation PLASTIC PACKAGE
Typical Sensitivity at 200 MHz of 6.0 pV for 12 dB SINAD C(ASSCEZTL’)E

RSSI Range of >70 dB

High Performance Data Shaper for Enhanced CT-2 Operation
Internal 330 Q Termination for 10.7 MHz Filters

ORDERING INFORMATION

Split IF for Improved Filtering and Extended RSSI Range

® 3rd Order Intercept (Input) Target of =10 dBm Temperature

Device Range Package

MC13156DW |- 40° to + 85°C S0-24L

Pin Connections and Block Diagram

L CAR DS Data DS DS Quad
Emit VEE1 Det RSSI VEE2 Hold Out Gnd In Demod Coil
23

Gl [s] [ [a] [o] [o [s] [#] [W [8 [« [4]
| -

=

Mixer Data
Shaper

— 5.0pF

Bias i Bias

Lim Amp

IF Amp

| |
L [2] L] [ [s] [ [ [e] [ef [ef [ [e]
RF RF Mx Vg Fln IF IF  IFOu Vgcz LM LM LIM
h1 2 Out DEC1 DEC2 _ I  DEC1 DEC2

This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice.
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MOTOROLA

SEMICONDUCTOR i —

TECHNICAL DATA

Advance Information
UHF FM/AM Transmitter

The MC13175 and MC13176 are one chip FM/AM transmitter subsystems
designed for AM/FM communication systems. They include a Colpitts crystal
reference oscillator, UHF oscillator, + 8 (MC13175) or + 32 (MC13176)
prescaler and phase detector forming a versatile PLL system. Targeted
applications are in the 260 to 470 MHz band and 902 to 928 MHz band covered
by FCC Title 47; Part 15. Other applications include local oscillator sources in
UHF and 900 MHz receivers, UHF and 900 MHz video transmitters, RF Local
Area Networks (LANSs), and high frequency clock drivers. The MC13175/76
offer the following features:

® UHF Current Controlled Oscillator

® Uses Easily Available 3rd Overtone or Fundamental Crystals for
Reference )

® Fewer External Parts Required

® |ow Operating Supply Voltage (1.8 to 5.0 Vdc)

® Low Supply Drain Currents

® Power Output Adjustable (Up to +10 dBm)

o Differential Output for Loop Antenna or Balun Transformer Networks

® Power Down Feature

® ASK Modulated by Switching Output On and Off

® (MC13175) fo = 8 x fref; (MC13176) fo = 32 X fref

MC13175
MC13176

UHF FMW/AM
TRANSMITTER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

Figure 1. Typical Application as 320 MHz AM Transmitter

AM Modulator

13
S2

16
001n
15}

Vee )

Q—l

L T~ L Il Lo |
30p 001
L moi3ize) T crats) #cgnsseop wowaizs |
Ve = IC13176-180p 0821 * (8) Cysa n
MC13175 ﬁ-:mzw =
3rd Overtone 1.0k == \7
a0000Miz 1 L «©

NOTES: 1. 50 Q coaxial balun, 1/10 wavelength at 320 MHz equals 1.5 inches.
2. Pins 5, 10 & 15 are ground and connected to Vg which is the component/DC ground plane side of
PCB. These pins must be toVee: i should be placed as close as
possible to the pins.
3. The crystal oscillator circuit may be adjusted for frequency with the variable inductor (MC13175);
recommended source is Coilcraft “slot seven” 7mm tuneable inductor, Part #7M3-821. 1.0k resistor.
ing the crystal p it from oscillating in the mode.

D SUFFIX
PLASTIC PACKAGE
CASE 7518
(SO-16)

PIN CONNECTIONS

50p
Z=50Q (—2—-( RFou

Osc 1 E
Ne [2]
NC [3]

Osc4 E

Vee [5]
Icont [6]
PDout [ 7]
Xtale E

116] Imod
T_§| Out Gnd
1] Out2
[13] Out 1
12] Voo
[11] Enable

110] Reg. Gnd

9] xtab

ORDERING INFORMATION

Temperature
Device Range Package
MC13175D SO-16
—40° to +85°C
MC13176D SO-16

This document contains information on a new product. Specifications and information herein are subject to change without notice.

MC13175.MC13176
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MAXIMUM RATINGS ( Ta = 25°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 7.0 (max) Vdc
Operating Supply Voltage Range Vece 1.8t05.0 Vdc
Junction Temperature TJ +150 °C
Operating Ambient Temperature TA —-40to + 85 °C
Storage Temperature Tstg —65to +150 °C
ELECTRICAL CHARACTERISTICS (Figure 2; VEg = - 3.0 Vdc, Ta = 25°C, unless otherwise noted.)*
Characteristic Pin Symbol Min Typ Max Unit
Supply Current (Power down: l11 & l{g = 0) —_ IEE1 -05 — — HA
Supply Current (Enable [Pin 11] to Vg thru 30 k, 11 =0) — IEE2 -18 -14 — mA
Total Supply Current (Transmit Mode) - IEE3 -39 -34 — mA
(Imod = 2.0 mA; fg = 320 MHz)
Differential Output Power (fg = 320 MHz; Vigf [Pin 9] 13& 14 Pout dBm
=500 mVp.p; fo = N X fref)
Imod = 2.0 mA (see Figure 7, 8) 2.0 +4.7 —
Imod =0mA - -45 -
Hold-in Range (+ Afref X N) 13& 14 +AfH MHz
MC13175 (see Figure 7) 3.5 6.5 —
MC13176 (see Figure 8) 4.0 8.0 —
Phase Detector Output Error Current 7 lerror HA
MC13175 20 25 -
MC13176 22 27 -
Oscillator Enable Time (see Figure 22b) 11,8 tenable — 4.0 — ms
Amplitude Modulation Bandwidth (see Figure 24) 16 BWaMm —_ 25 —_ MHz
Spurious Outputs (Imod = 2.0 mA) 13&14 Pson — -50 — dBc
Spurious Outputs (Imed = 0 MA) 13& 14 Psoff - -50 —
Maximum Divider Input Frequency — fdiv — 950 - MHz
Maximum Output Frequency 13&14 fo — 950 -

* For testing purposes, V¢ is ground (see Figure 2).
Figure 2. 320 MHz Test Circuit

Imod
Osc 10k
Tank 16 1ot
-
’ 15 P—g—( RFout 1
Coilcraft (H >+ <L %_ll_' hd
VEE °1 1500308 o= g5t |00 =

M

73l .
- j_51 |£|01l1
Vee ]
1 {5] 12 = (_i_< RFout2
ok ]l—m hd
= 6 [H— o lreg. enable
27 I 10k 7 < :|1 0

< 0.1p
— — — — AL
Lo,

N Al
% T 0 L $ap MCISI7530p
MCI3178) = yctarzs) T —i S MC13176-33p

MC13176 T

Crystal
082 “3) Fundrzmemal Vee
MC13175 ¢ $ == 10 MHz
Crystal :
3rd Overtone = =
40 MHz

NOTES: 1. Vcc is ground; while Vg is negative with respect to ground.
2. Pins 5, 10 and 15 are brought to the circuit side of the PCB via plated through holes. They are
connected together with a trace on the PCB and each Pin is decoupled to V¢ (ground).
3. Recommended source is Coilcraft “slot seven” inductor, part number 7M3-821.
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PIN DESCRIPTIONS

Internal Equivalent Description/External
Circuit Circuit Requirements

Pin Symbol

1&4 Osc 1, CCO Inputs .

Osc4 Vee The oscillator is a current controlled type. Anexternal oscillator
coil is connected to Pins 1 and 4 which forms a parallel resonance
10k S $ 10k LC tank circuit with the internal capacitance of the

1 ] IC and with parasitic capacitance of the PC board. Three

o base-emitter capacitances in series configuration form the

]i_ Osc4 capacitance for the parallel tank. These are the base-emitters

at Pins 1 and 4 and the base-emitter of the differential amplifier.

}) The equivalent series capacitance in the differential amplifier is
> varied by the modulating current from the frequency control circuit

10
0Osc 14

Pt
AN
). 94
(e}
~

(see Pin 6, internal circuit). A more thorough discussion
is found in the Applications Information section.

»l
Ll

Supply Ground (VEE)

Subcon In the PCB layout, the ground pins (also applies to Pins 10 and
15) should be connected directly to chassis ground. Decoupling

capacitors to Vcc should be placed directly at
the ground returns.

5 VEE

Bl
Ll

<
o -II~:: z

v Frequency Control
cc For Ve = 3.0 Vdc, the voltage at Pin 6 is approximately 1.55 Vdc.
The oscillator is current controlled by the error current from the
i phase detector. This current is amplified to drive the current
Reg source in the oscillator section which controls the frequency of the
oscillator. Figures 9 and 10 show the Afggc versus Igont, Figure 5
shows the Afggc versus Igont at— 40°C, + 25°C and + 85°C for 320
‘ MHz. The CCO may be FM modulated as shown in Figure 17,
- AN MC13176 320 MHz FM Transmitter. A detailed discussion is found
N

6 ICont

in the Applications Information section.

7 PDout vee Phase Detector Output

The phase detector provides + 30 pA to keep the CCO locked at
the desired carrier frequency. The output impedance of the phase
detector is approximately 53 kQ. Under closed loop conditions
there is a DC voltage which is dependent upon the free running
oscillator and the reference oscillator frequencies. The circuitry
between Pins 7 and 6 should be selected for adequate loop filter-
ing necessary to stabilize and filter the loop response. Low pass
filtering between Pin 7 and 6 is needed so that the corner frequen-
cy is well below the sum of the divider and the reference oscillator
frequencies, but high enough to allow for fast response to keep
the loop locked. Refer to the Applications Information section re-
garding loop filtering and FM modulation.

8 Xtale Vee Crystal Oscillator Inputs
T The internal reference oscillator is configured as a common

i ji emitter Colpitts. It may be operated with either a fundamental
or overtone crystal depending on the carrier frequency and the
internal prescaler. Crystal oscillator circuits and specifications
g’é‘""’ 8.0k 12k of crystals are discussed in detail in the applications section.
x ri With Vo = 3.0 Vdc, the voltage at Pin 8 is approximately 1.8 Vdc
80 and at Pin 9 is approximately 2.3 Vdc. 500 to 1000 mVp-p should
Xtale]: T\ be present at Pin 9. The Colpitts is biased at 200 uA; additional

drive may be acquired by increasing the bias to approximately 500
pA. Use 6.2 k from Pin 8 to ground.

bl
Lad
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PIN DESCRIPTIONS

Internal Equivalent Description/External
Circuit Circuit Requirements

Pin Symbol

9 Xtalb Vee Crystal Oscillator Inputs
T The internal reference oscillator is configured as a common

emitter Colpitts. It may be operated with either a fundamental
or overtone crystal depending on the carrier frequency and the
internal prescaler. Crystal oscillator circuits and specifications
12k of crystals are discussed in detail in the applications section.
With Vo = 3.0 Vdc, the voltage at Pin 8 is approximately 1.8 Vdc
80 4.0k and at Pin 9 is approximately 2.3 Vdc. 500 to 1000 mVp-p should

Xtale be present at Pin 9. The Colpitts is biased at 200 pA; additional

N drive may be acquired by increasing the bias to approximately 500

pA. Use 6.2 k from Pin 8 to ground.

3

!
Ll
Bl

S
> =
~

Xtalb
90

> o
bS:

==
x|

!
Lad

10 Reg. Gnd Regulator Ground
- An additional ground pin is provided to enhance the stability of the
system. Decoupling to the V¢ (RF ground) is essential; it should

be done at the ground return for Pin 10.

Device Enable

The potential at Pin 11 is approximately 1.25 Vdc. When Pin 11

is open, the transmitter is disabled in a power down mode and
draws less than 1.0 pA Icc if the MOD at Pin 16 is also open (i.e.,
it has no current driving it). To enable the transmitter a current
source of 10 pA to 90 pA is provided. Figures 3 and 4 show the
relationshipbetweenlcc, Vccandlreg, enable- Note thaticcisflat
atapproximately 10 mA for Irgg. enable =5.0t0 100 pA (Imod = 0).

1 Enable

12 Vee Supply Voltage (Vce)

Vee The operating supply voltage range is from 1.8 Vdc to 5.0 Vdc. In

the PCB layout, the Vo trace must be kept as wide as possible to

minimize inductive reactances along the trace; it is best to have it
12 completely fill around the surface mount components and traces

Ve on the circuit side of the PCB.

13&14 | Out1 and Differential Output

Out 2 The output is configured differentially to easily drive a loop
antenna. By using a transformer or balun, as shown in the
application schematic, the device may then drive an unbalanced
low impedance load. Figure 6 shows how much the Output Power
and Free-Running Oscillator Frequency change with temperature
at 3.0 Vdc; Imod = 2.0 mA.

<
Q
(]

16
Imod Output Ground
K This additional ground pin provides direct access for the output
ground to the circuit board VEE.

P
—

w

—

=
J
Ll gl

15 Out_Gnd

Bl

1=le-l-Bl
Ll
o
=4
=

e

AM Modulation/Power Output Level

The DC voltage at this pin is 0.8 Vdc with the current source ac-
tive. An external resistor is chosen to provide a source current of
1.0 to 3.0 mA, depending on the desired output power level at a
given V. Figure 23 shows the relationship of Power Output to
Modulation Current, Imod. At Ve = 3.0 Vdc, 3.5 dBm power output
can be acquired with about 35 mA Igc.

= For FM modulation, Pin 16 is used to set the desired output power
level as described above.

For AM modulation, the modulation signal must ride on a positive
DC bias offset which sets a static (modulation off) modulation
current. External circuitry for various schemes is further discussed
in the Applications Information section.

!
Ll

150—
16 Imod Out_Gnd
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Figure 3. Supply Current

Figure 4. Supply Current versus

versus Supply Voltage Regulator Enable Current
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Figure 9. Change in Oscillator Frequency
versus Oscillator Control Current
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Figure 10. Change in Oscillator Frequency
versus Oscillator Control Current
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APPLICATIONS INFORMATION

Evaluation PC Board

The evaluation PCB, shown in Figures 26 and 27, is very
versatile and is intended to be used across the entire useful
frequency range of this device. The center section of the
board provides an area for attaching all SMT components
to the circuit side and radial leaded components to the
component ground side of the PCB (see Figures 28 and 29).
Additionally, the peripheral area surrounding the RF core
provides pads to add supporting and interface circuitry as
a particular application dictates. This evaluation board will
be discussed and referenced in this section.

Current Controlled Oscillator (Pins 1 to 4)

It is critical to keep the interconnect leads from the CCO
(Pins 1 and 4) to the external inductor symmetrical and equal
in length. With a minimum inductor the maximum free running
frequency is greater than 1.0 GHz. Since this inductor will
be small, it may be either a microstrip inductor, an air wound
inductor or a tuneable RF coil. An air wound inductor may
be tuned by spreading the windings, whereas, tuneable RF
coils are tuned by adjusting the position of an aluminum core
in a threaded coilform. As the aluminum core coupling to the
windings is increased, the inductance is decreased. The
temperature coefficient using an aluminum core is better than
a ferrite core. The UniCoil™ inductors made by Coilcraft may
be obtained with aluminum cores (Part No. 51-129-169).

Ground (Pins 5, 10 and 15)

Ground Returns: it is best to take the grounds to a
backside ground plane via plated through holes or eyelets
at the pins. The application PCB layout implements this
technique. Note that the grounds are located at or less than
100 mils from the devices pins.

Decoupling: Decoupling each ground pin to V¢ isolates
each section of the device by reducing interaction between
sections and by localizing circulating currents.

Loop Characteristics (Pins 6 and 7)

Figure 11 is the component block diagram of the
MC1317XD PLL system where the loop characteristics are
described by the gain constants. Access to individual
components of this PLL system is limited, inasmuch as the
loop is only pinned out at the phase detector output and the

frequency control input for the CCO. However, this allows
for characterization of the gain constants of these loop
components. The gain constants Kp, Ko and Ky are well
defined in the MC13175 and MC13176.

Phase Detector (Pin 7)

With the loop in lock, the difference frequency output of
the phase detector is DC voltage that is a function of the
phase difference. The sinusoidal type detector used in this
IC has the following transfer characteristic:

le =A Sin 8¢
The gain factor of the phase detector, Kp (with the loop in lock)

is specified as the ratio of DC output current, lg to phase er-
ror, Og:

Kp = lg/8e (Amps/radians)

Kp = A Sin 6¢/6e

Sin B¢ ~ B¢ for B¢ < 0.2 radians;
thus, Kp = A (Amps/radians)

Figures 7 and 8 show that the detector DC current is approxi-
mately 30 pA where the loop loses lock at 8¢ = + /2 radians;
therefore, Kp is 30 pA/radians.

Current Controlled Oscillator, CCO (Pin 6)

Figures 9 and 10 show the non-linear change in frequency
of the oscillator over an extended range of control current
for 320 and 450 MHz applications. Ko ranges from
approximately 6.3x105 rad/sec/uA or 100 kHz/pA (Figure 9)
to 8.8x105 rad/sec/uA or 140 kHz/uA (Figure 10) over a
relatively linear response of control current (0 to 100 pA).
The oscillator gain factor depends on the operating range
of the control current (i.e., the slope is not constant). Included
in the CCO gain factor is the internal amplifier which can sink
and source at least 30 pA of input current from the phase
detector. The internal circuitry at Pin 6 limits the CCO control
current to 50 pA of source capability while its sink capability
exceeds 200 pA as shown in Figures 9 and 10. Further
information to follow shows how to use the full capabilities
of the CCO by addition of an external loop amplifier and filter
(see Figure 15). This additional circuitry yields at Ko = 0.145
MHz/pA or 9.1x105 rad/sec/uA.
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Figure 11. Block Diagram of MC1317XD PLL
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fo =nf; l
Loop Filtering

The fundamental loop characteristics, such as capture
range, loop bandwidth, lock-up time and transient response
are controlled externally by loop filtering.

The natural frequency (@n) and damping factor (9) are
important in the transient response to a step input of phase
or frequency. For a given d and lock time, o can be
determined from the plot shown in Figure 12.

Figure 12. Type 2 Second Order Response

19 |

1.8 =01
1.7 \

1 \
L1/

TN
AN

NN

11

5
%1.0 I {0 k‘ —
RN
=N 0
T e =~
g /v o\| [
@ 06 \J

05 //

04 74

03 //

0.2

0.1

A

0 10 20 30 40 50 60 70 80 90 10 11 12 13
: oy

Pins 13,14

Where: Kp= Phase detector gain constant in
pA/rad; Kp = 30 pA/rad
Kf = Filter transfer function
Kn= 1/N; N = 8 for the MC13175 and
N = 32 for the MC13176
Ko= CCO gain constant in rad/sec/pA
Ko= 9.1x 105 rad/sec/pA

Ford = 0.707 and lock time = 1.0 ms;
then on = 5,0/t = 5.0 krad/sec.

The loop filter may take the form of a simple low pass filter
or a lag-lead filter which creates an additional pole at origin
in the loop transfer function. This additional pole along with
that of the CCO provides two pure integrators (1/s2). In the
lag-lead low pass network shown in Figure 13, the values
of the low pass filtering parameters R{, R2 and C determine
the loop constants wp, gnd 9. The equations t{ = R{C and tp
= RoC are related in the loop filter transfer functions F(s) =
1+ tos/1 + (11 + to)s.

Figure 13. Lag-Lead Low Pass Filter

e, VWA~
Vin Ry %_ng Vo

The closed loop transfer function takes the form of a 2nd order
low pass filter given by,

H(s) = KyF(s)/s + KyF(s)
From control theory, if the loop filter characteristic has F(0) =1,
the DC gain of the closed loop, Ky is defined as,

Kv = KpKoKn
and the transfer function has a natural frequency,
on = (Kv/ty +2)1/2
and a damping factor,
d = (@p/2) (to + 1/Ky)

Rewriting the above equations and solving for the MC13176
with 9 =0.707 and wp = 5.0 k rad/sec:

Ky = KpKoKn = (30) (0.91 « 106) (1/32) = 0.853 « 106
tq + t2 = Ky/on2 = 0.853 « 106/(25 ¢ 106) = 34.1 ms
to = 20/wp = (2) (0.707)/(5 » 103) = 0.283 ms

t1 = (Ky/op2) — to= (34.1 — 0.283) = 33.8 ms

MC13175:.MC13176
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ForC = 047,
then, R{ = t1/C = 33.8 ¢ 10-3/0.47 ¢ 106 = 72 k
thus, Ro = to/C = 0.283 ¢ 10-3/0.47 » 10-6 = 0.60 k
In the above example, the following standard value compo-
nents are used,

C=0.47;Ro=620and R'{ =72k—-53 k ~ 18 k

(R’q is defined as R1 — 53 k, the output impedance of the
phase detector.)

Since the output of the phase detector is high impedance
(~50 k) and serves as a current source, and the input to the
frequency control, Pin 6 is low impedance (impedance of the
two diode to ground is approximately 500 Q), it is imperative
that the second order low pass filter design above be
modified. In order to minimize loading of the R2C shunt
network, a higher impedance must be established to Pin 6.
A simple solution is achieved by adding a low pass network
between the passive second order network and the input to
Pin 6. This helps to minimize the loading effects on the
second order low pass while further suppressing the
sideband spurs of the crystal oscillator. A low pass filter with
R3 = 1.0 k and C2 = 1500 p has a corner frequency (fc) of
106 kHz; the reference sideband spurs are down greater
than — 60 dBc.

Figure 14. Modified Low Pass Loop Filter

Pin7 18k 1.0k Pin6

R’y R3
620 S R

04775 C G 7 15000
Vee
Hold-In Range

The hold-in range, also called the lock range, tracking
range and synchronization range, is the ability of the CCO
frequency, fo to track the input reference signal, fref ¢ N as
it gradually shifted away from the free running frequency, f;.
Assuming that the CCO is capable of sufficient frequency
deviation and that the internal loop amplifier and filter are not
overdriven, the CCO will track until the phase error, 6¢g
approaches +w/2 radians. Figures 5 through 8 are a direct
measurement of the hold-in range (i.e. Afref ® N = £AfH o 27).

Since sin 8¢ cannot exceed £1.0, as 6¢ approaches +n/2 the
hold-in range is equal to the DC loop gain, Ky ¢ N.

tAoH = *KyeN
where, Ky = KpKoKn,

In the above example,
+AwH = +27.3 Mrad/sec

A = +4.35 MHz

Extended Hold-in Range

The hold-in range of about 3.4% could cause problems
over temperature in cases where the free-running oscillator
drifts more than 2 to 3% because of relatively high
temperature coefficients of the ferrite tuned CCO inductor.
This problem might worsen for lower frequency applications
where the external tuning coil is large compared to internal
capacitance at Pins 1 and 4. To improve hold-in range
performance, it is apparent that the gain factors involved
must be carefully considered.

Kn = is either 1/8in the MC13175 or 1/32 in the MC13176.

Kp = is fixed internally and cannot be altered.

Ko = Figures 9 and 10 suggest that there is capability of
greater control range with more current swing.
However, this swing must be symmetrical about
the center of the dynamic response. The suggested
zero current operating point for +100 pA swing
of the CCO is at about + 70 pA offset point.

Ka = External loop amplification will be necessary since
the phase detector only supplies + 30 pA.

In the design example in Figure 15, an external resistor
(Rs) of 15 k to Vg (3.0 Vdc) provides approximately 100
LA of current boost to supplement the existing 50 pA
internal source current. R4 (1.0 k) is selected for
approximately 0.1 Vdc across it with 100 pA. R{, Ro and
Rg3 are selected to set the potential at Pin 7 and the base
of 2N4402 at approximately 0.9 Vdc and the emitter at
1.55 Vdc when error current to Pin 6 is approximately
zero pA. Cq is chosen to reduce the level of the crystal
sidebands.

Figure 15. External Loop Amplifier

—= Vee= 3 OVde I—
| 2 |
| |
| R3 34 7k Rs3 15k | 50uA
30uA | 01 1000’) 1ev | Oscillator
| GBk f - i Control
Phase | 6| Circuitry
Output 17 . 2N4402 |
| 33k I
30uA I 5,10,15]
< | J_ 1L
______ _J e
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Figure 16 shows the improved hold-in range of the loop.
The Afref is moved 950 kHz with over 200 pA swing of control
current foran improved hold-in range of £15.2 MHz or + 95.46
Mrad/sec.

Figure 16. MC13176 Reference Oscillator
Frequency versus Oscillator Control Current
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Lock-in Range/Capture Range

If a signal is applied to the loop not equal to free running
frequency, ff, then the loop will capture or lock-in the signal
by making fs = fo (i.e. if the initial frequency difference is
not too great). The lock-in range can be expressed as Ao
~* 28(:),-.
FM Modulation

Noise external to the loop (phase detector input) is
minimized by narrowing the bandwidth. This noise is minimal
in a PLL system since the reference frequency is usually
derived from a crystal oscillator. FM can be achieved by
applying a modulation current superimposed on the control
current of the CCO. The loop bandwidth must be narrow
enough to prevent the loop from responding to the
modulation frequency components, thus, allowing the CCO
to deviate in frequency. The loop bandwidth is related to the
natural frequency op. In the lag-lead design example where
the natural frequency, wn = 5.0 krad/sec and a damping
factor, d = 0.707, the loop bandwidth = 1.64 kHz.
Characterization data of the closed loop responses for both
the MC13175 and MC13176 at 320 MHz (Figures 7 and 8,
respectively) show satisfactory performance using only a
simple low-pass loop filter network. The loop filter response
is strongly influenced by the high output impedance of the
push-pull current output of the phase detector.

fc = 0.159/RC;
ForR= 1.0 k+ R7 (R7 =53 k) and C = 390 pF
foc = 7.55 kHz or o = 47 krad/sec

The application example in Figure 17a of a 320 MHz FM
transmitter demonstrates the FM capabilities of the IC. A high
value series resistor (100 k) to Pin 6 sets up the current
source to drive the modulation section of the chip. Its value is
dependent on the peak to peak level of the encoding data
and the maximum desired frequency deviation. The data
input is AC-coupled with a large coupling capacitor which is
selected for the modulating frequency. The component
placements on the circuit side and ground side of the PC
board are shown in Figures 28 and 29, respectively. Figure
18aillustrates the input data of a 10 kHz modulating signal at
1.6 Vp-p. Figures 18b and 18c depict the deviation and
resulting modulation spectrum showing the carrier null at— 40
dBc. Figure 18d shows the unmodulated carrier power output
at 3.5 dBm for Vo = 3.0 Vdc.

For voice applications using a dynamic or an electret
microphone, an op amp is used to amplify the microphone’s
low level output. The microphone amplifier circuit is shown
in Figure 19. Figure 17b shows an application example for
NBFM audio or direct FSK in which the reference crystal
oscillator is modulated.

Figure 19. Microphone Amplifier

100k 120k

Voice > —O0
Input 1 Data or
= : oupu
Electret 1
Microphone =

Local Oscillator Application

To reduce internal loop noise, a relatively wide loop
bandwidth is needed so that the loop tracks out or cancels
the noise. This is emphasized to reduce inherent CCO and
divider noise or noise produced by mechanical shock and
environmental vibrations. In a local oscillator application the
CCO and divider noise should be reduced by proper
selection of the natural frequency of the loop. Additional low
pass filtering of the output will likely be necessary to reduce
the crystal sideband spurs to a minimal level.

MC13175sMC13176
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Figure 17a. 320 MHz MC13176D FM Transmitter
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NOTES: 1.50 Q coaxial balun, 2 inches long.
2. Pins 5, 10 and 15 are grounds and connnected to Vg which is the component's side ground plane. These
pins must be decoupled to Vo c; decoupling capacitors should be placed as close as possible to the pins.
3. RFC is 180 nH Coilcraft surface mount inductor or 190 nH Coilcraft 146-05J08.
4. Recommended source is a Coilcraft “slot seven” 7.0 mm tuneable inductor, part #7M3-682.
5. The crystal is a parallel resonant, fundamental mode calibrated with 32 pF load capacitance.

Figure 17b. 320 MHz NBFM Transmitter
RF Level Adjust

1.0k 5.0k
Osc
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A e
= 1.0k
Extemal 10 104
Loop Amp 1 + |
100p L 180p ® T
T Crystal I
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NOTES: 1. 50 Q coaxial balun, 2 inches long. Data Input
2. Pins 5, 10 and 15 are grounds and connnected to Vgg which is the component's side ground plane. These
pins must be decoupled to Vg c; decoupling capacitors should be placed as close as possible to the pins.
3. RFC is 180 nH Coilcraft surface mount inductor.
4. RFC5 and RFCg are high impedance crystal frequency of 10 MHz; 8.2 uH molded inductor gives XL > 1000 Q..
5. A single varactor like the MV2105 may be used whereby RFC; is not needed.
6. The crystal is a parallel resonant, fundamental mode calibrated with 32 pF load capacitance.
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Figure 18a. Input Data Waveform

o e 0 50 O 0

Figure 18c. Modulation Spectrum

Reference Crystal Oscillator (Pins 8 and 9)

Selection of Proper Crystal: A crystal can operate in a
number of mechanical modes. The lowest resonant
frequency mode is its fundamental while higher order modes
are called overtones. At each mechanical resonance, a
crystal behaves like a RLC series-tuned circuit having a large
inductor and a high Q. The inductor Lg is series resonance
with a dynamic capacitor, Cg determined by the elasticity of
the crystal lattice and a series resistance Rg, which accounts
for the power dissipated in heating the crystal. This series
RLC circuit is in parallel with a static capacitance, Cp which
is created by the crystal block and by the metal plates and
leads that make contact with it.

Figure 20 is the equivalent circuit for a crystal in a single
resonant mode. It is assumed that other modes of resonance
are so far off frequency that their effects are negligible.

Series resonant frequency, fg is given by;
fs = 1/2n(LsCg) 2

and parallel resonant frequency, fp is given by;

fp =fs(1 + Cs/Cp)1/2

‘Figure 18b. Frequency Deviation

Figure 20. Crystal Equivalent Circuit

o o——
L3
- Cp+—~
- e
C3
o o——-——T

the frequency separation at resonance is given by;

Af = fp—fs =1s[1 - (1 + Cs/Cp)1/2]
Usuallyfpislessthan1%higherthanfs, andacrystalexhibitsan
extremely wide variation of the reactance with frequency be-
tween fp andfs. A crystal oscillator circuit is very stable with fre-
quency. This high rate of change of impedance with frequency
stabilizes the oscillator, because any significant change in os-

MC13175:MC13176
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cillator frequency will cause a large phase shift in the feedback
loop keeping the oscillator on frequency.

Manufacturers specify crystal for either series or paralle!
resonant operation. The frequency for the parallel mode is
calibrated with a specified shunt capacitance called a “load
capacitance”. The most common value is 30 to 32 pF. If the
load capacitance is placed in series with the crystal, the
equivalent circuit will be series resonance at the specified
parallel-resonant frequency. Frequencies up to 20 MHz use
parallel resonant crystal operating in the fundamental mode,
while above 20 MHz to about 60 MHz, a series resonant
crystal specified and calibrated for operation in the overtone
mode is used.

Application Examples

Two types of crystal oscillator circuits are used in the
applications circuits: 1) Fundamental mode common emitter
Colpitts (Figures 1, 17a, 17b, and 21). 2) Third overtone
impedance inversion Colpitts (also Figures 1 and 21).

The fundamental mode common emitter Colpitts uses a
parallel resonant crystal calibrated with a 32 pf load
capacitance. The capacitance values are chosen to provide
excellent frequency stability and output power of > 500
mVp-p at Pin 9. In Figures 1 and 21, the fundamental mode
reference oscillator is fixed tuned relying on the repeatability
of the crystal and passive network to maintain the frequency,
while in the circuit shown in Figure 17, the oscillator
frequency can be adjusted with the variable inductor for the
precise operating frequency.

The third overtone impedance inversion Colpitts uses
a series resonance crystal with a 25 ppm tolerance. In
the application examples (Figures 1 and 21), the
reference oscillator operates with the third overtone
crystal at 40.0000 MHz. Thus, the MC13175 is operated
at 320 MHz (fo/8 = crystal; 320/8 = 40.0000 MHz. The
resistor across the crystal ensures that the crystal wil
operate in the series resonant mode. A tuneable inductor
is used to adjust the oscillation frequency; it forms a
parallel resonant circuit with the series and parallel
combination of the external capacitors forming the divider
and feedback network and the base-emitter capacitance
of the device. If the crystal is shorted, the reference
oscillator should free-run at the frequency dictated by the
parallel resonant LC network.

The reference oscillator can be operated as high as 60
MHz with a third overtone crystal. Therefore, it is
possible to use the MC13175 up to at least 480 MHz and
the MC13176 up to 950 MHz (based on the maximum
capability of the divider network).

Enable (Pin 11)
The enabling resistor at Pin 11 is calculated by:

Rreg. enable = VCC — 1.0 Vdc/lreg. enable

From Figure 4, lreg. enable is chosen to be 75 pA. So, for a
Vce = 8.0 Vde Rreg. enable = 26.6 kQ, a standard value 27
kQ resistor is adequate.

Layout Considerations

Supply (Pin 12): In the PCB layout, the V¢ trace must
be kept as wide as possible to minimize inductive reactance
along the trace; it is best that Voo (RF ground) completely
fills around the surface mounted components and
interconnect traces on the circuit side of the board. This
technique is demonstrated in the evaluation PC board.

Battery/Selection/Lithium Types

The device may be operated from a 3.0 V lithium battery.
Selection of a suitable battery is important. Because one of
the major problems for long life battery powered equipment
is oxidation of the battery terminals, a battery mounted in a
clip-in socket is not advised. The battery leads or contact
post should be isolated from the air to eliminate oxide
build-up. The battery should have PC board mounting tabs
which can be soldered to the PCB. Consideration should be
given for the peak current capability of the battery. Lithium
batteries have current handling capabilities based on the
composition of the lithium compound, construction and the
battery size. A 1300 mA/hr rating can be achieved in the
cylindrical cell battery. The Rayovac CR2/3A
lithium-manganese dioxide battery is a crimp sealed, spiral
wound 3.0 Vdc, 1300 mA/hr cylindrical cell with PC board
mounting tabs. It is an excellent choice based on capacity
and size (1.358” long by 0.665” in diameter).

Differential Output (Pins 13, 14)

The availability of micro-coaxial cable and small baluns
in surface mount and radial-leaded components allows for
simple interface to the output ports. A loop antenna may be
directly connected with bias via RFC or 50 Q resistors.
Antenna configuration will vary depending on the space
available and the frequency of operation.

AM Modulation (Pin 16)

Amplitude Shift Key: The MC13175 and MC13176 are
designed to accommodate Amplitude Shift Keying (ASK).
ASK modulation is a form of digital modulation corresponding
to AM. The amplitude of the carrier is switched between two
or more values in response to the PCM code. For the binary
case, the usual choice is On-Off Keying (often abbreviated
OOK). The resultant amplitude modulated waveform consists
of RF pulses called marks, representing binary 1 and spaces
representing binary 0.

MOTOROLA COMMUNICATIONS DEVICE DATA
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Figure 21. ASK 320 MHz Application Circuit
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NOTES: 1. 50 Q coaxial balun, 1/10 wavelength line (1.5”) provides the best
match to a 50 Q load.

2. Pins 5, 10 and 15 are ground and connnected to Vgg which is
the component/DC ground plane side of PCB. These pins must
be decoupled to V¢ ; decoupling capacitors should be placed
as close as possible to the pins.

3. The crystal oscillator circuit may be adjusted for frequency with
the variable inductor (MC13175); 1.0 k resistor shunting the
crystal prevents it from oscillating in the fundamental mode.
Recommended source is Coilcraft “slot seven” 7.0 mm tuneable
inductor, part #7M3-821.

Figure 21 shows a typical application in which the output
power has been reduced for linearity and current drain. The
current draw on the device is 16 mA Icc (average) and
—22.5 dBm (average power output) using a 10 kHz
modulating rate for the on-off keying. This equates to 20 mA
and — 2.3 dBm “On”, 13 mA and - 41 dBm “Off". In Figure
22a, the device’s modulating waveform and encoded carrier

4. The On-Off keyed signal tums the output of the transmitter off and oh with
TTL level pulses through Rmoq at Pin 16. The “On” power and Icc is set
by the resistor which sets Imoq = VTTL - 0.8/ Ryogd. (see Figure 23).

5. S1 simulates an enable gate pulse from a microprocessor which will
enable the transmitter. (see Figure 4 to determine precise value of the
enabling resistor based on the potential of the gate pulse and the
desired enable.)

are displayed. The crystal oscillator enable time is needed
to set the acquisition timing. It takes typically 4.0 msec to
reach full magnitude of the oscillator waveform (see Figure
22b, Oscillator Waveform, at Pin 8). A square waveform of
3.0 V peak with a period that is greater than the oscillator
enable time is applied to the Enable (Pin 11). ‘

MC13175.MC13176
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Figure 22a. ASK Input Waveform and Modulated Carrier

Pin 16
OOK Input Modulation
10 kHz TTL Waveform

On-Off Keying En-
coded

Carrier Envelope

Figure 22b. Oscillator Enable Time, Tenable

Pin8
Oscillator Waveform

Figure 23. Power Output versus Modulation Current Analog AM
In analog AM applications, the output amplifier’s linearity
10 must be carefully considered. Figure 23 is a plot of Power
50 T Output versus Modulation Current at 320 MHz, 3.0 Vdc. In
=3 order to achieve a linear encoding of the modulating
8 9 L7 sinusoidal waveform on the carrier, the modulating signal
§ Ve Vg =3.0Vde must amplitude modulate the carrier in the linear portion of
5-50 f = 320 MHz its power output response. When using a sinewave
o -0 ,/ modulating signal, the signal rides on a positive DC offset
H P4 called Vmod which sets a static (modulation off) modulation
2 5 A current, Imod- Imod controls the power output of the IC. As
Ke) // the modulating signal moves around this static bias point the
-20{—~ modulating current varies causing power output to vary or
to be AM modulated. When the IC is operated at modulation
ey m m current levels greater than 2.0 mAdc the differential output

Imods MODULATION CURRENT (mA) stage starts to saturate.
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In the design example, shown in Figure 24, the operating Figure 24. Analog AM Transmitter
point is selected as a tradeoff between average power output

and quality of the AM. : -
ForVcc=3.0Vdc;lcc=18.5mAandlmed=0.5mAdcand 3%k 1.04Vde. 560

a static DC offset of 1.04 Vdc, the circuit shown in Figure 24 Vee y .

completes the design. Figures 25a, 25b and 25¢ show the re- 3.0vdc Rmod

sults of — 6.9 dBm output power and 100% modulation by the |

19 kHz and 1:0 MHz. modu'latmg sinewave signals. The am- ﬁ;ﬁ o—) |

plitude of the input signals is approximately 800 mVp-p. s0omvpp 68K |

Where Rmod = (Vcc — 1.04 Vdc)/0.5 mA = 3.92 k, use
a standard value resistor of 3.9 k.

Figure 25a. Power Output of Unmodulated Carrier

-~ 0,0 FC™ AH

<10¢ 6

Figure 25b. Input Signal and AM Modulated . Figure 25c. Input Signal and AM Modulated
Carrier for fmod = 10 kHz Carrier for fmoed = 1.0 MHz

500mV  >10my 500my > 10mU
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Figure 26. Circuit Side View of MC1317XD
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Figure 27. Ground Side View
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Figure 28. Surface Mounted Components Placement
(on Circuit Side)

Figure 29. Radial Leaded Components Placement
(on Ground Side)

10.0000 MHz
Fundamental
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MOTOROLA

SEMICONDUCTOR
TECHNICAL DATA

Bit Rate Generator

The MC14411 bit rate generator is constructed with complementary MOS
enhancement mode devices. It utilizes a frequency divider network to provide a
wide range of output frequencies.

A crystal-controlled oscillator is the clock source for the network. A 2-bit address
is provided to select one of four multiple output clock rates.

Applications include a selectable frequency source for equipment in the data
communications market, such as teleprinters, printers, CRT terminals, and
microprocessor systems.

e Single 5.0 Vdc (+5%) Power Supply
¢ Internal Oscillator Crystal Controlled for Stability (1.8432 MHz)
o 16 Different Output Clock Rates
e 50% Output Duty Cycle
¢ Programmable Time Bases for One of Four Multiple Output Rates
o Buffered Outputs Compatible with Low Power TTL
e Noise Immunity = 45% of Vpp Typical
o Diode Protection on All Inputs
e External Clock may be Applied to Pin 21
o Internal Pull-Up Resistor on Reset Input
NOT
sy iy, o
RECOI
HEL
BLOCK DIAGRAM
RATE SELECT A
(RSA) —FH
— F2
RATE SELE% B; L F3
(Rsg v L
X1 — F5
CRY&T[//\\LL ll\; ] X8 RATE — F6
it | osciLLATOR — F
-e—» DIVIDER SELECT —»{ DIVIDERS
cRYsTALOUT _| CIRCUIT X16,| Loaic —
(XTALout) X64 — F9
> — F10
— F11
— F12
RESET — Fi3
— F14
Fi5
F16

*See Figure 2 for typical crystal oscillator circuits.
**When RESET =0, outputs F1-F14 = 0, outputs F15-F16 = 1.

MC14411
2 L SUFFIX
24 CERAMIC
1 CASE 623
- P SUFFIX
N PLASTIC
2 CASE 709
1
DW SUFFIX
SOG
) CASE 751E
PIN ASSIGNMENTS
L, P SUFFIX
Fill1e 241 vpp
Fall2 231 RSp
Fs5 03 221 RSg
704 21 [1 XTALj
F8lls 20 1 XTALgyt
Fioll 6 191 F16
Fo l] 7 18[1 F15
Fi1 ] 8 1700 F2
Fl4ll 9 160 F4
RESET [ 10 15(1 F6
NOTUSED [ 11 14 F12
vgs [ 12 131 F13
DW SUFFIX
Fill1e 241 vpp
Fal2 23[1 RSp
Fs 0 3 22[1 Rsg
Frla4 21 [1 XTALj,
F8lls 20 [1 XTALgyt
Floll 6 191 F16
Foll7 18{] F15
Fi1 s 171 F2
Fl4ll 9 16 F4
RESET (] 10 15[ F6
Vss [ 11 141 F12
F13 [ 12 131 NC
NC = NO CONNECTION
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MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 12) This device contains circuitry to protect the in-

Symbol Rating Value Unit puts against damage due to high static voltages
or electric fields; however, it is advised that nor-
VoD DC Supply Voltage Range 52510-05 v mal precautions be taken to avoid application of
Vin Input Voltage, All Inputs Vpp +0.5to Vv any voltage higher than maximum rated voltages
Vgs-0.5 to this high-impedance circuit. For proper opera-
" " tion itis recommended that Vi and Vot be con-
! DC Current Drain per Pin 10 mA strained to the range Vs < (Vin or Vout) < VDD
TA Operating Temperature Range -40to+85 °C Unusecll inputs ImUStIaIW?VS be ﬁeg to \7" ap-
iat ic volt .g., eitl
Tstg Storage Temperature Range -65to +150 °C sr;ggla @ logic voltage level (2.g., either Vss or
ELECTRICAL CHARACTERISTICS
-40°C +25°C +85°C
Symbol Characteristic Vpp | Min Max Min Typ Max | Min Max Unit
Vpp Supply Voltage — 475 | 525 | 4.75 5.0 525 | 475 | 5.25 \
Vout Operating Voltage “0"Level [ 5.0 — 0.05 — 0 0.05 — 0.05 \
“1"Level | 5.0 4.95 - 4.95 5.0 _ 4.95 _ v
VIL Input Voltage Vo=450r05V | 5.0 — 1.5 — 2.25 15 — 15 \
VIH ~ Vo=050r45Vvdc | 5.0 3.5 — 35 2.75 — 35 — v
Output Drive Current
lon VoH=25V Source | 50 |-023] — |-0.20 -1.7 — |-016] — mA
loL VoL=04V Sink | 50 |[+023| — |[+0.20| +0.78 — |+016 | — mA
lin Input Current Pins21,22,23 | — - +0.1 — | £0.00001 | +0.1 — +1.0 nA
Pin10| 5.0 — — -15 — -75 — — nA
Cin Inbut Capacitance (Vin = 0) —_ — — - 5.0 — — — pF
Pq Quiescent Dissipation 5.0 — 25 — 0.015 25 — 15 mw
Power Dissipation **t
Pp (Dynamic plus Quiescent) 5.0 Pp = (7.5 mW/MHZ) f + Pq mw
(CL =15 pF)
tTLH Output Rise Time** 5.0 — — — 70 200 — — ns
tr = (3.0 ns/pF) C|_ + 25 ns
tTHL Output Fall Time™* 5.0 — — — 70 200 — — ns
tf= (1.5 ns/pF) C|_+ 47 ns
fcL Input Clock Frequency 5.0 — 1.85 - — 1.85 - 1.85 MHz
tw(C) Clock Pulse Width -_ 200 —_ 200 —_ —_ 200 —_ ns
tw(r) | RESET Pulse Width — | s00 [ — [ 500 — — | 500 | — ns
¥ For dissipation at different external capacitance (C| ) refer to corresponding formula:
Pt (CL = Pp +2.6 x 10-3 (C(_— 15 pF) Vpp2f
where: PT, Pp inmW, C in pF, Vpp in Vdc, and fin MHz.
** The formula given is for the typical characteristics only.
20ns l€«— 20ns
90% - Vpp
INPUT 10% S ——
VoH
OUTPUT
VoL
tTLH THL
Figure 1. Dynamic Signal Waveforms
MC14411 MOTOROLA COMMUNICATIONS DEVICE DATA
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Table 1. Output Clock Rates

Crystal Specifications
Parallel

Rs

Co

Temperature Range
Test Level

Test Set

Figure 2. Typical Crystal Oscillator Circuit

Ri=15MQ £10%

Crystal Mode

Frequency 1.8432 MHz or £0.05% @ 13 pF
540 Q max

7.0 pF max

0t070°C

1mW

TS — 330/TSM or Equivalent
*Suggested Crystal Suppliers: Typco, CTS Knights

Rate Select Output Output Rates (Hz)
B A Rate Number X64 X16 X8 X1
0 0 X1 F1 614.4k 153.6 k 76.8k 9600
0 1 X8 F2 460.8 k 115.2k 57.6k 7200
1 0 X16 F3 307.2k 76.8k 38.4k 4800
1 1 X64 Fa4 230.4k 57.6k 28.8k 3600
F5 153.6 k 38.4k 19.2k 2400
F6 115.2k 28.8k 14.4k 1800
F7 76.8k 19.2k 9600 1200
F8 38.4k 9600 4800 600
F9 19.2k 4800 2400 300
F10 128k 3200 1600 200
F11 9600 2400 1200 150
F12 8613.2 2153.3 1076.6 134.5
F13 7035.5 1758.8 879.4 109.9
F14 4800 1200 600 75
F15 921.6k 921.6k 921.6 k 921.6 k
F16* 1.843M 1.843M 1.843M 1.843M
*F16 is a buffered oscillator output
RESET RSpA RS
XTALj l l
21
Rt (. TipF— - BIT RATE CLOCK OUTPUTS
—i2pF L
20 [
XTALout

MOTOROLA COMMUNICATIONS DEVICE DATA
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MOTOROLA

m SEMICONDUCTOR
TECHNICAL DATA

MC14419

2.0f-8 Keypad-to-Binary
Tone Encoder

CMOS \ P SUFFIX
The MC14419 is designed for phone and dialer system applications, but finds PLASTIC
many applications as a keypad-to-binary encoder. The device contains a 2-of-8 to 16 CASE 648
binary encoder, a strobe generator, and an illegal state detector. The encoder has 1
four row inputs and four column inputs and is designed to accept inputs from 16
keyswitches arranged in a 4 x 4 matrix. For an output on the four data lines, one
and only one row along with one and only one column input line must be activated.
All other combinations are.suppressed by the illegal state detector to eliminate
false data output.
The strobe generator produces a strobe pulse when any of the 10 keys PIN ASSIGNMENTS
corresponding to numerals 0-9 are depressed. The strobe output can be used to
eliminate erroneous data entry due to contact bounce. For a strobe output to occur, P SUFFIX
the key row and column input lines must remain stable for 80 clock pulses after RIT e 1600 Voo
activation. When the contact bouncer has settled and 80 clock pulses have
occurred, the output will be a single strobe pulse equal in width to that of the clock R2[]2 15 ck
low state. The strobe generator will output one and only one pulse each time a
- . ” rR3 3 141 sT
numerical key is depressed. After the pulse has occurred, noise and bounce due
to contact break will not cause another strobe pulse. With a 16 kHz clock fre- Re ] 4 13[1 b4
quency, the pulse occurs 5 ms after the last bounce. cils 1200 D3
e Suppressed Output for lllegal Input Codes c2ll 6 1[0 D2
e On-Chip Pull-Up Resistors for Row and Column Inputs c
- - 307 10(] D1
e Clock Input Conditioning Circuit
e Low Current Drain in Standby Mode: 5.0 pA Typical @ 5.0 Vdc Vss [ 8 9 1 cs
e Subsystem Complement to the MC14408/14409 Phone Pulse Converter
e Codes for Numbers 0-9 Produce a Strobe Pulse
® One Key Roll-Over Feature
BLOCK DIAGRAM
1 Rt oK
ROW 2 R2 15 l
INPUTS 3 R3
4 R4 BCD
DETECTOR [ GSJEF?,%%R
5 Ci
COLUMN 6 C2
INPUTS 7 c3 14 T
8 ¢ ST
v
13> D4
i
ENCODER 12— D3
AND DATA
IL(I:.CE)géL 11— D2 OUTPUTS
DETECTOR
Vpp =PIN16 10— DI
Vgg=PIN8
MC14419 MOTOROLA COMMUNICATIONS DEVICE DATA
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MAXIMUM RATINGS (Voltages referenced to Vss, Pin 6) This device contains circuitry to protect the in-

Rating Symbol Value Unit puts against damage dus to high static voltages
or electric fields; however, it is advised that nor-
DC Supply Voltage Range VbD +6.0t0-0.5 v mal precautions be taken to avoid application of
Input Voltage, All Inputs Vin Vpp +0.5to \ any voltage higherthan maximum rated voltages
Vgg-05 to this high-impedance circuit. For proper opera-
" - tion itis recommended that Vi and Vgt be con-
DC Gurrent Drain per Pin ! 10 mA strained to the range Vs < (Vin or Vout) < VDD-
Operating Temperature Range TA —40to +85 °C
Storage Temperature Range Tstg —65t0+150 °C
ELECTRICAL CHARACTERISTICS
VppV ~40°C +25°C +85°C
Characteristic Symbol de Min Max Min Typ Max | Min Max Unit
Supply Voltage Vbb —_ 3.0 6.0 3.0 5.0 6.0 3.0 6.0 \
Operating Voltage “0” Level Vout 5.0 _ 0.01 _ 0 0.01 - 0.05 \
“1” Level 50 | 4.99 — 4.99 5.0 — 4.95 - \
Noise Immunity VNL 5.0 1.5 — 1.5 225 — 1.4 . Vde
(AVgyt < 0.8 Vdc) VNH 5.0 1.4 — 1.5 225 - 15 . Vdc
Output Drive Current
VoH=25V Source IoH 5.0 |-0.28 — | -0.20 -1.7 — |-0.16 - mAdc
VoL =04V Sink loL 50 |+023| — |[+0.20| +0.78 — |+016 | — mAdc
Input Leakage Current (Vi = Vpp) H 5.0 — — — 10 — — —_ pAdc
Pull-Up Resistor Source Current L 5.0 265 460 190 250 330 125 215 pAde
(Row and Column Inputs)
(Vin=Vss)
Input Capacitance (Vin = Vss) Cin — — — — 5.0 — — — pF
Standby Supply Current IDDS nAdc
(fclock = 16 kHz, No Keys Depressed) 3.0 - 3.0 - 1.0 3.0 _ 6.0
5.0 — 15 — 5.0 15 — 30
6.0 — 60 — 20 60 — 120
Function of Clock Frequency™ 5.0 Ipps =0.09 pA / kHz + 3.0 pA pAdc
(No Keys Depressed)
* The formula given is for the typical characteristics only.
SWITCHING CHARACTERISTICS (C| = 50 pF, TA = 25°C)
Characteristic Symbol Vbb Min Typ Max Unit
Output Rise and Fall Times, D1-D4 (Figure 1) tn tf 5.0 —_ 300 — ns
Propagation Delay Time, Row or Column Input tPLH, 5.0 —_ 1000 — ns
to Data Output (Figure 1) tPHL
Clock Pulse Frequency Range PRF 3.0t06.0 4.0 16 80 kHz
PRF Clock tsT*
Frequency (kHz Strobe Pulse Delay Time (ms
ROW OR Voo quency (kHz) y (ms)
COLUMN 4.0 20
V.
INPUTS ss 8.0 10
Dn Vo 16 5.0
OUTPUT
VoL 32 2.5
80 1.0
Figure 1. Switching Time Waveforms *tsT = (1/PRF) - 80, with PRF in kHz, tgT in ms
MOTOROLA COMMUNICATIONS DEVICE DATA MC14419
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Table 2. Truth Table

Inputs

Column

C4 C3 cC2 cCt

Strobe

1 0 1 1

Row
R3 R2
1 1
1 1
1 1
1 1
1 0
1 0
1 0
1 0
0 1
0 1
0 1
0 1
1 1
1 1
1 1
1 1

0 1 1 1

All Other Combinations

Outputs
D3 D2 Di
0 0 1
0 1 0
0 1 1
1 0 0
1 0 0
1 0 1
1 1 0
1 0 1
1 1 1
0 0 0
0 0 1
1 1 0
0 1 0
0 0 0
0 1 1
1 1 1
0 0 0

1P F PP PR P

**See Figure 3 for keypad designation.

ROWOR
COLUMN
INPUT

STROBE
GENERATOR
OUTPUT

CONTACT
MAKE
BOUNCE

2

NOISE
SPIKE

CONTACT
BREAK
BOUNCE

t

ket > e Pwgr™

80 CLOCK PULSES H

**PWgT = Strobe Pulse Width = Low State Clock Pulse Width (PW).

Figure 2. Strobe Generator Timing Diagram

MC14419
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KEYPAD WITH DPST Vbp
N.O. SWITCHES

COLUMN 4x 4KEYPAD 15 ? 16 %

CLK VoD
10
COMMON — Ri ot —O
11
Vss pe —O
R2 "
MC14419 p3 —O

OR

A3 13
KEYPAD WITH SPST D4 O
N.O. SWITCHES 14
Ré s —O

COLUMN C4 C3 C2 Ci Vgg

ROW
70 60 50 8 J)
COMMON b
Vss
Figure 3. Typical Keypad Interface Application
MOTOROLA COMMUNICATIONS DEVICE DATA MC14419
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MOTOROLA
SEMICONDUCTOR
TECHNICAL DATA

MC14469
Addressable Asynchronous
Receiver/Transmitter
CMOS
The MC14469 receives one or two 11-bit words in a serial data stream. One of P SUFFIX
the incoming words contains the address and when the address matches, the PLASTIC
MC14469 then transmits information in two 11-bit word data streams. Each of the CASE 711
transmitted words contains 8 data bits, an even parity bit, and start and stop bits.
The received word contains 7 address bits with the address of the MC14469 set
on seven pins. Therefore, 27 or 128 units can be interconnected in simplex or
full-duplex data transmission. In addition to the address received, seven command FN SUFFIX
bits may be received for general-purpose data or control use. PLCC
The MC14469 finds application in transmitting data from remote analog-to- CASE 777
digital converters, remote MPUs, or remote digital transducers to the master
computer or MPU.
* Supply Voltage Range: 4.5 Vto 18 V ORDERING INFORMATION
o Low Quiescent Current: 75 pA Maximum @ 5V, 25°C MC14469P Plastic DIP
e Guaranteed Data Rates to 4800 Baud @ 5V, to 9600 Baud @ 12V MC14469FN PLCC
e Receive — Serial to Parallel
Transmit — Parallel to Parallel
¢ Transmit and Receive Simultaneously in Full Duplex
e Crystal or Resonator Operation for On-Chip Oscillator
e See Application Note ANSO6A
e Chip Complexity: 1200 FETs or 300 Equivalent Gates
PIN ASSIGNMENTS
P SUFFIX FN SUFFIX
osct [] 1e 400 Vpp =
w o v
osc2 0 2 39f co ccl@8808a-wn
—_— < <l O O =Z2Z> O OO O
RESET [} 3 38l c1 i B e e B B B e e
Aol 4 a7l c2 6 5 4 3 2 1 4443 42 41 40
mMQs 3 3 m07 * 3e[] ca
A l6 a5{) c4 Asl) 8 s [ cs
m 7 afl cs Ao s7] c6
As [ 10 36[] cs
Adll8 331 ce ps 0 11 a0 vap
As 9 32{] Cs N 12 a4 NC
A6 10 310 v o[ 13 33[] SEND
0o O 11 30[] SEND D1 [ 14 320 so
01 [ 12 2901 s0 2] 15 3111 st
D2 [} 13 281 s1 D3 [] 16 30[] s2
103 [ 14 27l s2 104 [ 17 29[] s3
105 [ 16 25(] s4 BSEEQLR5883
o6 [ 17 24[1 s5 D
07 [ 18 23{] s6
R [ 19 22{] s7 NC =NO CONNECTION
Vss [ 20 21[] TRO
MC14469 MOTOROLA COMMUNICATIONS DEVICE DATA
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BLOCK DIAGRAM

RECEIVE
(AO-A6) (Co-Cs)
ADDRESS COMMAND DATA
L T
ADDRESS CONTROL COMMAND STROBE
AND DATA COMPARATOR LATCHES
COMPARE T CLOCK ﬁ
RECEIVE
DATA STATIC SHIFT REGISTER
(RI) RVAL
l CLOCKT |
COMMAND
REC:%E  TIMING AND CONTROL STROBE (CS)
smoae_. AND PARITY CHECK RECEIVE DATA
STROBE ENABLE
| . SENDENABLE
LATCH (SEL)
VALID ADDRESS
™ PULSE (vAP)
TRANSMIT
1D0-1D7 (S0-57)
INPUT DATA STATUS
SWUS | crurusstaose
\/8
CLOCK STATIC SHIFT REGISTER
LOAD TRANSMIT
ﬁs&u&cr Otgg,%T ™ DATA (TRO)
SEND —» CONTROL AND PARITY ,
SEND ENABLE — GENERATOR
DATA RATE CLOCK —t l |, STATUS
RVAL STROBE
CLOCKS
0861 ——»{ ook Clock = DATARATE CLOCK
05C2 <+ OSCILLATOR GENERATOR [ s RECEIVE DATA STROBE
RECEIVE DATA STROBE ENABLE
MOTOROLA COMMUNICATIONS DEVICE DATA MC14469
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MAXIMUM RATINGS (Voltages referenced to Vgg)

This device contains circuitry to protect the in-

Rating Symbol Value Unit puts against damage due to high static voltages
or electric fields; however, it is advised that nor-
DC Supply Voltage VoD ~05t0+18 v mal precautions be taken to avoid application of
Input Voltage, All Inputs Vin -0.5t0Vpp + 0.5 \ any voltage higher than maximum rated voltages
. : to this high-impedance circuit. For proper opera-
DC Current Drain per Pin ! 10 mA tion it is recommended that Vi and Vgt be con-
Operating Temperature Range TA —40to + 85 °C strained to the range Vgs < (Vin or Vout) <VpD.
Storage Temperature Range Tstg —65to + 150 °C Unusgd mput's must always be tied t.o an
appropriate logic voltage level (e.g., either
Vss or Vpp).
ELECTRICAL CHARACTERISTICS (Voltages referenced to Vgg)
—-40°C +25°C +85°C
Characteristic Symbol | Vpp Min Max Min Max Min Max Unit
Output Voltage
“0” Level VoL 5.0 — 0.05 - 0.05 — 0.05 v
Vin=Vpp or 0 10 — 0.05 —_ 0.05 — 0.05
15 — 0.05 — 0.05 — 0.05
“1” Level VOH 5.0 4.95 - 4.95 - 4.95 — v
Vin=00rVpp 10 9.95 — 9.95 - 9.95 —
15 14.95 —_ 14.95 —_ 14.95 —_
Input Voltage (Except OSC1)
“0” Level ViL
Vo=450r05V 5.0 — 15 — 15 — 1.5 \
Vo=9.00r1.0V 10 —_ 3.0 — 3.0 —_ 3.0
Vo=1350r15V 15 — 4.0 — 4.0 —_ 4.0
“1” Level VIH
Vo=050r45V 5.0 3.5 - 35 — 35 — \
Vo=1.00r9.0V 10 7.0 — 7.0 — 7.0 -
Vo=150r135V 15 1 — 1" - 1 —_
Output Drive Current (Except OSC2)
VoH=25V Source IoH 5.0 -1.0 — -0.8 — -0.6 — mA
VoH=4.6V 5.0 -0.2 — -0.16 — -0.12 —_
VoH=95V 10 -0.5 — -04 - -03 —_
VoH =135V 15 -1.4 — -1.2 — -1.0 —
VoL=04V Sink loL 5.0 0.52 — 0.44 — 0.36 —_ mA
VoL=05V 10 1.3 — 1.1 — 0.9 —_
VoL=15V 15 36 — 3.0 — 24 —
Output Drive Current (OSC2 Only)
VoH=25V Source loH 50 | -0.19 — -0.16 — -0.13 — mA
VoH=4.6V 50 | -0.04 - -0.035 | . — -0.03 —_
VoH=9.5V 10 -0.09 — -0.08 - -0.06 —_
VoH=135V 15 -0.29 — -0.27 — -0.2 _
VoL=04V Sink loL 5.0 0.1 — 0.085 — | 0.07 — mA
VoL=05V 10 0.17 — 0.14 — 0.1 —_
VoL=15V 15 0.5 — 0.42 — 0.3 —
OSC Frequency* fosc 45 0 400 0 365 0 310 kHz
12 0 800 0 730 0 620
Input Current lin 15 — +0.3 — +0.3 — +1.0 pA
Pull-Up Current (AO-A6, ID0-ID7) lyp 15 12 120 10 100 8.0 85 pA
Input Capacitance (Vi = 0) Cin — — — - 7.5 — — pF
Quiescent Current (Per Package) IbD 5.0 —_ 75 —_ 75 - 565 pA
10 — 150 — 150 — 1125
15 _ 300 —_ 300 — 2250
Supply Voltage VpD — +4.5 +18 +4.5 +18 +4.5 +18 \

*310 kHz at 85°C guarantees 4800 baud; 620 kHz at 85°C guarantees 9600 baud.

MC14469
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RECEIVE DATA (RI)

le———— apRESS ————>] |-———— COMMAND—————’i
TRIIITIIING T ITTTITLLw

MC14469 ADDRESS COMMAND
PINDESIGNATION A0 A1 A2 A3 A4 A5 A6 IDENTIFIER CO C1 C2 C3 C4 C5 C6 \DENTIFIER
MC6850 (HIGH LOGIC LEVEL) (LOW LOGIC LEVEL)
PINDESIGNATION DO D1 D2 D3 D4 D5 D6 DO DI D2 D3 D4 D5 D6

TRANSMIT DATA (TRO)

'4— INPUT DATA =|]‘ STATUS 4’]

rrrerrerereore b M e M Men B By M |
L T T T T T N I A L SPSTLJ.J_J.J.J.lJ._ﬂSP_

MC14469
PIN DESIGNATION  1D0 ID1 I1D2 ID3 D4 ID5 ID6 ID7 SO S1 S2 S3 S4 S5 S6 S7
MC6850 .
PIN DESIGNATION D0 D1 D2 D3 D4 D5 D6 D7 Do D1 D2 D3 D4 D5 D6 D7
ST =STARTBIT A0—> A6 = ADDRESS BITS 1D0 —» ID7 = MC14469 IDENTIFICATION CODE
P =PARITY BIT C0—*>C6 = COMMAND BITS S0 —=57 = MC14469 STATUS CODE

SP =STOP BIT D0— D7 = ACIABUS BITS

Figure 1. Data Format and Corresponding Data Position and Pins for MC14469 and MC6850

3456 g 0123458
XX XXX XX] P T XXX XXX X1 _[P] RECEIVER INPUT (R)

VALID ADDRESS PULSE
(VAP)

INTERNAL VALID

|
|

ADDRESS LATCH ——:-| !
|

| |

INTERNAL SEND | ] |
|

I

ENABLE LATCH
(SEL)

|
L
COMMAND STROBE :

OUTPUT (CS) |

|

|

' .
SEND INPUT. ' |

(SEND)

M
S
r 1'1'1‘1'1‘1'1'1'B1"IS Ty Ty Ty Ty Ty Ty Tyt "IS
TRANSMIT OUT [ XX XXX XX X PP S TXIXIX X IX X X1 X1 P 1P
(TRO) T0O1234567 T01234567

1D STATUS

won=Z

Figure 2. Typical Receive/Send Cycle
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PIN DESCRIPTIONS

AO0-A6
Address Inputs

These inputs are the address setting pins which contain the
address match for the received signal. Pins A0-A6 have
on-chip pull-up resistors.

C0-C6
Command Word

These pins are the readout of the general-purpose com-
mand word which is the second word of the received signal.

Cs
Command Strobe

This is the output for the command strobe signifying a valid
set of command data (C0-C6). The pulse width is one oscilla-
tor cycle. For eample, when a 307.2 kHz ceramic resonator is
usd, the pulse width is approximately 3 us.

IDO-1D7
Input Data Pins

These pins contain the input data for the first eight bits of
data to be transmitted. Pins IDO-ID7 have on-chip pull-up
resistors.

0SC1, 0SC2
Oscillator Input and Oscillator Output

These pins are the oscillator input and output (see
Figure 3).

RESET
Reset

When this pin is pulled low for a minimum of 700 ns, the
circuit is reset and ready for operation.

RI
Receive Input
This is the receive input pin.

S0-S7
Second or Status Input Data

These pins contain the input data for the second 8 bits of
data to be transmitted.

SEND
Send

This pin accepts the send command after receipt of an
address.
TRO
Transmit Register Output Signal

This pin transmits the outgoing signal. Note thatitis inverted
from the incoming signal. It must go through one stage of in-
version if it is to drive another MC14469.

VAP
Valid Address Pulse

This is the output for the valid address pulse upon receipt
of a matched incoming address.

Vbbb
Positive Power Supply

This pin is the package positive power supply connection.
This pin may range from + 4.5V to + 18 V with respect to Vgs.

Vss
Negative Power Supply

This pin is the negative power supply connection. Normally
this pin is system ground.

OPERATING CHARACTERISTICS

The receipt of a start bit on the receive input (RI) line
causes the receive clock to start at a frequency equal to that
of the oscillator divided by 64. All received data is strobed in
atthe center of a receive clock period. The start bit is followed
by 8 data bits. Seven of the bits are compared against states
of the address of the particular circuit (AO-A6). Address is
latched 31 clock cycles after the end of the start bit of the
incoming address. The eighth bit signifies an address word
“1” or a command word “0". Next, a parity bit is received and
checked by the internal logic for even parity. Finally a stop
bit is received. At the completion of the cycle if the address
matches, a valid address pulse (VAP) occurs. Immediately
following the address word, a command word is received. It
also contains a start bit, eight data bits, even parity bit, and
a stop bit. The 8 data bits are composed of a seven-bit com-
mand, and a “0” which indicates a command word. At the end
of the command word a command strobe pulse (CS) occurs.

A positive transition on the send input initiates the transmit
sequence. Send must occur within 7 bit times of CS. Again
the transmitted data is made up of two eleven-bit words, i.e.,
address and command words. The data portion of the first
word is made up from input data inputs (ID0-ID7), and the
data for the second word from second input data (S0-S7) in-
puts. The data on inputs ID0-ID7 is latched one clock before
the falling edge of the start bit. The data on inputs S0-S7
is latched on the rising edge of the start bit. The transmitted
signal is the inversion of the received signal, which allows the
use of an inverting amplifier to drive the lines. TRO begins
either 1/2 or 1-1/2 bit times after send, depending where send
occurs. )

The oscillator can be crystal controlled or ceramic resona-
tor controlled for required accuracy. OSC1 can be driven
from an external oscillator (see Figure 3).

MC14469
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MC14469 ' VDATA

INTERNAL
l OSCILLATOR 1.0kQ
p—
I DATALINE
l_ _—— e — GROUND LINE
08Ct1 0sC2 J_ MPS-DOS5
15MQ | Note: for externally = h 4
4 VWV ¢ generated clock, ha
drive OSCH1, float 0SC2. 10
—0—1
X1 Rl TRO
e~ -~
T T Voo
- - AT~ 10KF| me14d69
X1 = Ceramic Resonator: 307.2 kHz + 1 kHz for 4800 baud rate.
C1 and C2 are sized per the ceramic resonator supplier's recommen- & Vss
dation. £
Ceramic Resonator Suppliers:*
1. Morgan Matroc, Inc., Bedford, OH, 216/232-8600
2. Radio Materials Co., Attica, IN; 317/762-2491
* Motorola cannot recommend one supplier over another and in no way
suggests that this is a complete listing of ceramic resonator suppliers.
Figure 3. Oscillator Circuit Figure 4. Rectified Power from Data Lines Circuit
Co
cf CHANNEL
SELECT
c2
SELECT
cs CHANNEL, |e———
START
CONVERSION |e—————
SEND END -
MC14469 CONVERSION
S0 ANALOG
INPUTS |@——
1
s S aa——
S2
I
S8 DIGITAL —
S4 OUTPUTS
S5
S6
s7
8-CHANNEL
AD
CONVERTER
ASSEMBLY
Figure 5. A-D Converter Interface
MOTOROLA COMMUNICATIONS DEVICE DATA MC14469
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é I _(C
1k p)
3 | (C
I p)J
MPS-D05 | £
| | MPS-D05 MPS-D05 MPS-DO5
10k % 10k l
TR0 L ' 3 o
| 10kT 10k 10k 10k 10kT 10k
RI TRO | TRO TRO
Pl HE Sl e Tl e
s 1 I I ss 1 Uy ss 1 Uy ss 1
S7 S7 S7
MC6850 [ MC14469 [ MC14469 [ MC14469
ACIA = 0 = 1 = 127
OR i A0,ID0
UART A1,ID1
l A2ID2 ADDRESS :;’:g; ADDRESS
! 0000001 g 111111
‘ A3,ID3 A3,ID3
A4,ID4 cs Ad4,ID4 cs cs
A5,ID5 | A5,ID5 ] ]
| A6,D6 SEND A6.1D6 SEND SEND
| L. ADDRESS =
= 0000000 =
MASTER | REMOTE MC14469  Note: For simplex operation the ID7 must be tied high, S7 must be tied low and the
STATION STATIONS 7-bit ID must be the same as the 7-bit address (or set to some unused address)
to prevent erroneous responses. .
Figure 6. Single Line, Simplex Data Transmission
V+ Voo
1k Tk l £
| _«
1 P)J
_(C
| p)J
MPS-D05 4
L MPS-D05 MPS-D05 MPS-D05,
10k 3 10k I
TRO < > >
: 10k 2 10k 10k 10k 10k2 10k
R TRO I RI TRO | RI TRO RI TRO
Vss | —1 Voo Vss —1 Vop Vss ) —] Voo Vss[—®
MC6850 " ADDRESS|  MC14489 ADDRESS |  MC14469 ADDRESS MC14469
Ac():FI‘A 0000000 0 0 0000001 1 111111 127
UART | Al Al
I — A2 A2
A3 A3
| n VAP h VAP VAP
A5 A5
| A6 SEND :' 26 SEND :] SEND :
g‘ﬁ%{%ﬁ | REMOTE MC14469 STATIONS
Figure 7. Double Line, Full Duplex Data Transmission
MC14469 MOTOROLA COMMUNICATIONS DEVICE DATA

2-200



RESET

i

CLEAR COMMAND LATCH
RESET SEL

' —

RESET
| RESET VAL l 7
| INITIALIZE
INITIALIZE RECEIVER TRANSMITTER

COMMAND
VALID?

RESET VAL
AND SEL

LATC
COMMAND

ISSUE
Cs

SET
VAL
LATCH
. STATUS
ISSUE
VAP
TRANSMIT
ID

TRANSMIT
STATUS

ADDRESS
VALID?

PREVIOUS
TRANSMISSION
COMPLETE?,

0

SET
SEL

N 8BIT
TIMES?

RESET
SEL

Figure 8. Flow Chart of MC14469 Operation
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TECHNICAL DATA

PCM Remote Control
Transmitter
The MC14497 is a PCM remote control transmitter realized in CMOS
technology. Using a dual-single (FSK/AM) frequency bi-phase modulation, the P SUFFIX
transmitter is designed to work with the MC3373 receiver. Information on the PLASTIC DIP
MC3373 can be found in the Motorola Linear and Interface integrated Circuits CASE 707
book (DL128/D).
There is not a decoder device which is compatible with the MC14497. Typically,
the decoding resides in MCU software.
o Both FSK/AM Modulation Selectable PIN ASSIGNMENTS
e 62 Channels (Up to 62 Keys)
o Reference Oscillator Controlled by Inexpensive Ceramic Resonator: P SUFFIX
v foim;mtngeqL:ency =500 kHz B3 1e 181 VoD
e Very Low Duty Cycle y
e Very Low Standby Current: 50 pA Maximum E2)2 7f e
e Infrared Transmission ZRIK] 160 E4
e Selectable Start-Bit Polarity (AM only) Al 4 1500 E5
e Shifted Key Mode Available als 140 E6
e Wide Operating Voltage Range: 4 to 10 V
e See Application Notes AN1016 and AN1203 rele 18] 0SCou
A7 12 ] OSCin
SIGNALOUT [} 8 1] E8
vgs 0 9 10 E7

BLOCK DIAGRAM
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MAXIMUM RATINGS (Voltages referenced to Vgg) This device contains circuitry to protect the in-

Rating Symbol Value Unit puts against damage due to high static voltages

or electric fields; however, it is advised that nor-

DC Supply Voltage VbD ~05t0+18 v mal precautions be taken to avoid application of

Input Voltage, All Inputs Vin -0.5toVpp + 0.5 \ any voltage higher than maximum rated voltages

- " to this high-impedance circuit. For proper opera-

DC Current Drain per Pin ! 10 mA tionitis recommended that Vi and Vgt be con-

Operating Temperature Range TA —40to + 85 °C strained to the range Vgs < (Vin or Vout) < VDD
Storage Temperature Range Tstg —65to + 150 °C

ELECTRICAL CHARACTERISTICS (Ta = 0 to 70°C; all Voltages Referenced to Vsg)

Characteristic Symbol Vpp Min Max Unit
Supply Voltage ")) — 4.0 ) 10.0 \
Supply Current IbD
Idle 10 — 50 RA
Operation 10 — 5 mA
Output Current — Signal
VoH=3.0V Source loH 4 -900 — HA
VoL=05V Sink loL 4 120 —
Output Current — Scanner
VoH =3.0V Source loH 4 -30 — RA
VoL=05V Sink loL 4 245 -
Output Current — Oscillator pA
VoH=3.0V Source loH 4 -300 —
VoL=05V Sink loL 4 245 —
Input Current — Oscillator lin
Operation 10 +2 +80 A
Idle, V|L=0.5V 4 30 -
Input Current — Encoder lin
ViH=9.0V 10 -15 — pA
ViL=05V 4 — -60
Input Voltage — Encoder
VIH 10 9 — \
ViL 10 —_ 1.2
VIH 4 3 -
ViL 4 - 1.0
MOTOROLA COMMUNICATIONS DEVICE DATA MC14497
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CIRCUIT OPERATION

The transmitter sends a 6-bit, labelled A (LSB to F (MSB),
binary code giving a total of 64 possible combinations or code
words. All of these channels are user selectable, except the
lasttwo (where channel 63 is not sent while channel 62 is auto-
matically sent by the transmitter at the end of each
transmission as an “End of Transmission” code).

In either mode, FSK or AM, the transmitted signal is in the
form of a bi-phase pulse code modulation (PCM) signal. The
AM coding is shown in Figure 1.

bit-n |<———->|

fq

AM
fy

uqn

Figure 1. AM Coding

In the AM mode, f1 is a train of pulses at the modulating fre-
quency of 31.25 kHz for a reference frequency of 500 kHz.

In the FSK mode, two modulating frequencies are used as
shown in Figure 2.

FSK

Figure 2. FSK Coding

Inthis mode, f3is 50 kHz and f2 is 41.66 kHz for a reference
frequency of 500 kHz.

The keyboard can be a simple switch matrix using no exter-
nal diodes, connected to the four scanner inputs (A1-A4) and
the eight row input (E1-E8). Under these coditions, only the
first 32 code words are avilable since bit-F is always at logical
0. However, a simple 2-pole changeover switch, in the manner
of a typewriter “shift” key (switch FK3 in the Block Diagram)
can be used to change the polarity of bit-F to give access to
the next full set of 32 instructions.

An alternative method of accessing more than 32 instruc-
tions is by the use of external diodes between the address
inputs (see Figure 3). These have the effect of producing
“phantom” address inputs by pulling two inputs low at the
same time, which causes bit-F to go high (i.e., to logical 1). By
interconnecting only certain address inputs it is possible to
make an intermediate keyboard with between 32 and 64 keys.

The other two switches in the Block Diagram (FK1 and FK2)
change the modulation mode. Closing FK1 changes the mod-
ulation from FSK to AM and the start-bit polarity. Closing FK2

‘changes the start-bit to a logical 0.

The full range of options available is illustrated in Table 1.

Table 1.
Start
Bit | Modulation | Bit-F | Channels
E9 = Open 1 FSK 0 0-31
E9 = A1 (FK1) 1 AM 0 0-31
E9 = A2 (FK2) 0 FSK 0 0-31*
E9 = A3 (FK3) 1 FSK 1 32-61
E9=A1.A2 0 AM 0 0-31
E9=A1.A3 1 AM 1 32-61
E9=A2.A3 0 FSK 1 32-61*
E9=A1.A2.A3 0 AM 1 32-61
*Not allowed.

One of the transmitter’s major features is its low power con-
sumption (in the order of 10 pA in the idle state). For this
reason, the battery is perpetually in circuit. It has in fact been
found that a light discharge current is beneficial to battery life.

In its active state, the transmitter efficiency is increased by
the use of alow duty cycle which is less than 2.5% for the mod-
ulating pulse trains.

While no key is pressed, the circuit is in its diel state and the
reference oscillaotr is stopped. also, the eifht address input
lines are held high through internal pull-up resistors.

As soon as a key is pressed, this takes the appropriate ad-
dress line low, signaling to the circuit that a key has been
selected. The oscillator is now enabled. If the key is released
before the code word has been sent, the circuit returns to its
idle state. to account for accidental activation of the transmit-
ter, the circuit has a built-in rective time of approximately 20
ms, which also overcomes contact bounce. After this delay,
the code word will be sent and repeated at 90 ms intervals for
as long as the key is pressed. As soon as the key is released,
the circuit automatically sends channel 62, the “End of Trans-
mission” (EOT) code. The transmitter then returns to its idel
steate.

The differences between the two modulation modes are il-
lustrated in Figure 4. However, it should be noted that in the
AM mode, each transmitted word is preceded bya burst of
pulses lasting 512 pus. This is used to set up the AGC loop in
the receiver’s preamp. In the FSK mode, the first frequency of
the first bit is extended by 1.5 ms and the AGC burst is sup-
pressed. In either mode, it is assumed that the normal start-bit
is present.

MC14497
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PIN DESCRIPTIONS

E1-E8
Row Inputs (Pins 1, 2, 10, 11, 14, 15, 16, 17)

Under idle conditions, these inputs are held high by internal
pull-up resistors. As soon as a key is pressed, a logical 0 on
that particular line signals to the circuit that a key has been se-
lected. After a delay of 20 ms, the internal register is loaded
with the code word for the key selected.

E9
Row Input (Pin 3)

This is a special programming input and when connected to
the appropriate scanner output via a diode, it will modify the
transmitted output according to Table 1.

In Table 1, the figures in brackets (FK1, etc.) refer to the
switches shown in the Block Diagram and Figure 3. If only one
option is required, the diode may be omitted. The connections
shown in Table 1 may be made in any combination.

Although E9 is a row input, forcing this line low will not acti-
vate the circuit.

A1-A4
Scanner Outputs (Pins 4-7)

Under idle conditions, these outputs are held low, logical 0.
when akey is pressed, the circuit is activated and the oscillator
will start and release the outputs (see Figure 5).

OSCip, OSCout

Oscillator Input and Oscillator Output (Pins 12, 13)
These pins are designed to operate with a 500 kHz ceramic

resonator oratune LC circuit. Itisimportant that a ceramic res-

onator and not a filter be used here, as the oscillator

frequency cannot be guaranteed if a ceramic filter is used.

SIGNAL OUT
Signal Output (Pin 8)

This output provides the modulating signal ready to drive
the modulation amplifier. If required, the transmitter can be
used as a keyboard encoder for direct use with a receiver. In
this case, the AM option is selected, the output inverted, and
fed directly to the receiver’s signal input pin.

Elll'l:l
Vss VoD
Yo Yo Yo ¥
pd pq ,od pd Ell,; 9 18
Yo Yo Yo ¥ Yy
Jd pd pd ,od Ela
Yo ¥ X
%d >}’)o’ pcr po‘ e,
Yo Yo Yo ¥ 4
pd pd pd ,ocr E2a
Yo Yo Yo ¥  §
pd pd ,od pd E3 1
Yo Yol Yo ¥ 4
pd pd ,od pd E3a
Yo Yo Yo ¥  §
2% 29 29 &7 1P
Yol Yo Yo ¥ ) 4
%9 29 %9 2 esa
Yo Yo Yo ¥ F
,od pd ,od pd ES| s
Yo Yol Yo ¥ y
Jd pd ,oor pd ESa
ol ¥d ¥d Yo 3
olol ol o E6 14
Yo Yol Yo ¥ Yy
,od pd ,od pd E6a
Yo Yol Yo ¥ X
ol ol o1l o E7 10
Yol Yol Yo Yo 4
,oq pd pd o | E7a
Yo Yo Yo ¥
pd pd Dd ,od E8 1
Yo Yo Yo ¥ ) 4
29 29 27 %) s
]’
A3 g
— M,
red 4 F g 12

f I E9|
C1

Note: Maximum key contact resistance = 1kQ

IH -

||H

Figure 3. 64-Key Keyboard

START BIT A B c D E F
INSTRUCTION
FSK 13 | 173 | f3 f2 I 3 I f | 3 | f | 13
A'\u f1 I f1 I | f1 | f1 I | f1 I | f1
KEY WORD ONE WORD
DEBOUNCE
9ms

l\h

’1— 20ms —> I

?

99 ms

Figure 4. Transmitted Waveforms and Timing (not drawn to scale)
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Figure 5. Scanner Output Timing Diagram

01Q

|-t
g
|||—-{-n|—-0
Hlie

1N4001
18 N
yol ¥ . Q
ol o N .
v vo > MC14497. 8 X
ol
KEYBOARD = =

9 12 13
_l_ ‘{_‘D)_}' *Visible Indicator
I 1

C1 and C2 are sized per the ceramic resonator supplier’s recommendation.
Ceramic Resonator Suppliers:
1. Morgan Matrox, Inc., Bedford, OH, 216/232-8600

2. Radio Materials Co., Attica, IN, 317/762-2491

Motorola cannot recommend one supplier over another and in no way suggests that this is a complete listing of ceramic resonator suppliers.

Figure 6. Typical Application Circuit

MC14497
2-206
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AGCBURST | StartBit | A | B | c D I E | F
4 f4 4 4 4 4 4
590 590 590
B P 284 ms 1.155ms | 11ms "'s;l HS B ;4;15 B 1.16 ms |
540 540 540 540 540 540
us ps Hs s us us
Notes:
1. f4 =284 kHz.
2. Indicated time durations are approximated.
Figure 7. AM Mode Transmitted Wavetrain with 455 kHz Oscillator
Table 2. Transmitted Codes
Code Word Keyboard Code Word Keyboard
Channel F E D C B A In Out Channel F E D C B A In Out
0 0o 0 0 0 O o E8 A4 32 1 0 0 O O O E8a A4
1 o 0 1 E1 A4 33 o o0 1 Ela A4
2 o 1 0 E2 A4 34 o 1 0 E2a A4
3 o 1 1 E3 A4 35 o 1 1 E3a Ad
4 1 0 0 E4 A4 36 i 0 O Eda Ad
5 i 0 1 E5 A4 37 1 0 1 ESa A4
6 1 1 0 E6 Ad 38 1 1 0 E6a Ad
7 1 1 1 E7 A4 39 1 1 1 E7a A4
8 o o 1 0 O0 O E8 Al 40 i 0 1 0 0 O E8a A1l
9 0o 0 1 E1 Al 4 o o 1 Etla . Al
10 o 1 0 E2 Al 42 o 1 0 E2a Al
" o 1 1 E3 Al 43 0o 1 1 E3a Atl.
12 1 0 O E4 At 44 1 0 O Eda Al
13 i 0 1 ES Al 45 1 0 1 E5a Al
14 1 1 0 E6 Al 46 1 1 0 E6a Al
15 1 1 1 E7 Al 47 1 1 1 E7a Al
16 0o 1 0 0 0 O E8 A3 48 1 i 0 0 0 O E8a A3
17 0o 0 1 E1 A3 49 0o 0 1 Ela A3
18 0o 1 O E2 A3 50 o1 0 E2a A3
19 0 1 1 E3 A3 51 0 1 1 E3a A3
20 1 0 O E4 A3 52 1 0 O Eda A3
21 1 0 1 E5 A3 53 1 0 1 ESa A3
22 1 1 0 E6 A3 54 1 1 0 E6a A3
23 1 1 1 E7 A3 55 1 1 1 E7a A3
24 0o 1 1 0 0 O E8 A2 56 1 1 1 0 0 0 E8a A2
25 o 0 1 E1 A2 57 o 0 1 Etla
26 o 1 0 E2 A2 58 o 1 0 E2a A2
27 0 1 1 E3 A2 59 o 1 1 E3a
28 1 0 0 E4 A2 60 1 0 0 Eda A2
29 1 0 1 E5 A2 61 1 0 1 E5a A2
30 1 1 0 E6 A2 62 1 1 0 E6a A2
31 0o 1 1 1 1 1 E7 A2 Not 1 1 1 1 1 1 E7a A2
Transmitted
NOTE: Although the “a” suffix applies to a phantom input when
using a keyboard with up to 64 keys, the coding is identical with
a 32-key keyboard when switch FK3'is closed.
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SEMICONDUCTOR I ——

TECHNICAL DATA
Advance Information

MC33102

Sleep-Mode™ Two-State, DUAL SLEEP-MODE™
: H H H OPERATIONAL AMPLIFIERS
Micropower Operational Amplifier
The MC33102 dual operational amplifier is an innovative design concept SILICON MONOLITHIC
employing Sleep-Mode™ technology. Sleep-Mode amplifiers have two INTEGRATED CIRCUIT
separate states, a sleepmode and an awakemode. In sleepmode, the
amplifier is active and waiting for an input signal. When a signal is applied
causing the amplifier to source or sink 160 pA (typically) to the load, it will
automatically switch to the awakemode which offers higher slew rate, gain
bandwidth, and drive capability. ’
o Two States: “Sleepmode” (Micropower) and “Awakemode”
(High Performance) D SUFFIX
® Switches from Sleepmode to Awakemode in 4.0 us when Output Current PLASTIC PACKAGE o %
Exceeds the Threshold Current (R = 600 Q) C*(\SSOE_;)“ d
® |ndependent Sleepmode Function for Each Op Amp
® Standard Pinouts — No Additional Pins or Components Required
@ Sleepmode State — Can Be Used in the Low Current Idle State as a Fully
Functional Micropower Amplifier
® Automatic Return to Sleepmode when Output Current Drops Below P SUFFIX
Threshold PLASTIC PACKAGE
® No Deadband/Crossover Distortion; as Low as 1.0 Hz in the Awakemode CASE 626 8
® Drop-in Replacement for Many Other Dual Op Amps 1
e ESD Clamps on Inputs Increase Reliability without Affecting Device
Operation
TYPICAL SLEEPMODE/AWAKEMODE PERFORMANCE
Sleepmode Awakemode
Characteristic (Typical) (Typical) Unit
Low Current Drain 45 750 pA PIN CONNECTIONS
Low Input Offset Voltage 0.15 0.15 mV
High Output Current Capability 0.15 50 mA Output 1 LT_ E vee
Low T.C. of Input Offset Voltage 1.0 1.0 pv/eC E :7] Output2
High Gain Bandwidth (@20 kHz) 0.33 46 MHz Inputs 1 { E E
High Slew Rate 0.16 1.7 V/us Inputs
g W VEg E El ] 2P
Low Noise (@ 1.0 kHz) 28 9.0 nVAHz
(Dual Package,
MAXIMUM RATINGS Top View)
Ratings Symbol Value Unit
Supply Voltage (Vg to VEE) Vs +36 \
Input Differential Voltage Range VIDR \
Input Voltage Range VIR (Note 1)
Output Short Circuit Duration (Note 2) tsc (Note 2) sec
Maximum Junction Temperature TJ +150 °C
Storage Temperature Tstg —65 to +150 ORDERING INFORMATION
Maximum Power Dissipation Pp (Note 2) mwW Device Temperature Range | Package
NOTES: 1. Either or both input voltages should not exceed Vg or VEE. MC33102D o o SO-8
2. Powerdissipation mustbe considered to ensure i junction temp (Ty) is not MC33102P —40°to +85°C Plastic DIP
exceeded (refer to Figure 1).

This document contains information on a new product. Specifications and information herein are subject to change without notice.

MC33102
2-208
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Simplified Block Diagram

Current Awake to
Threshold Slespmode
Detector Delay Circuit
Fractional T | X
Load Current % of I | | Hysteresis
Detector e I ‘ I/>
Buffer Buffer l IEnable
Iref Cstorage /J;
Sleepmode Awakemode _—— Enable
Current Isleep Current
Regulator v Regulator CB
lawake
rnm
DC ELECTRICAL CHARACTERISTICS (Vgg=+15V, VEE=-15V, Tp = 25°C, unless otherwise noted.)
Characteristics Figure Symbol Min Typ Max Unit
Input Offset Voltage (Rg = 50 Q, Vem =0V, Vo =0V) 2 Iviol mv
Sleepmode
Ta = +25°C — 0.15 . 2.0
Ta = —40° to +85°C —_ —_ 3.0
Awakemode
Ta = +25°C - 0.15 2.0
TA =—40° to +85°C — — 3.0
Input Offset Voltage Temperature Coefficient 3 AV|O/AT puv/ec
(Rg=50Q,Vcm=0V,Vo=0V)
TA = —40° to +85°C (Sleepmode and Awakemode) — 1.0 —
Input Bias Current (Vcpm =0V, Vo =0V) 4,6 1T} nA
Sleepmode
TA = +25°C _ 8.0 50
Ta =—40° to +85°C — — 60
Awakemode
Ta = +25°C — 100 500
TA =—40° to +85°C — - 600
Input Offset Current (VoM =0V, Vo =0 V) — Ihol nA
Sleepmode
Ta =+25°C — 0.5 5.0
TA =—-40° to +85°C — — 6.0
Awakemode
TA=+25°C — 5.0 50
TA =—40° to +85°C — — 60
MOTOROLA COMMUNICATIONS DEVICE DATA MC33102
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DC ELECTRICAL CHARACTERISTICS (Vg =+15V, VEE =-15V, TA = 25°C, unless otherwise noted.)

Characteristics Figure | Symbol Min Typ Max Unit
Common Mode Input Voltage Range 5 VICR v
(AVip=5.0mV,Vg=0V) ’
Sleepmode and Awakemode -13 -14.8 —_
—_ +14.2 +13
Large Signal Voltage Gain 7 AvoL . kvv
Sleepmode (RL = 1.0 MQ)
TA = +25°C 25 200 -
TA =—40° to +85°C 15 — —
Awakemode (Vo =+10 V, R = 600 Q)
TaA = +25°C 50 700 —_
TA =—40° to +85°C 25 —_ -
Output Voltage Swing (Vip =+1.0V) 8,9,10 v
Sleepmode (Voc =+15V, VEE=-15V)
RL=1.0MQ Vos+ +13.5 +14.2 —_
RL=1.0MQ Vo- — -14.2 -135
Awakemode (Vg =+15V, VEE =-15V) \
R = 600 Q Vos +125 +13.6 —
RL =600 Q Vo- — -13.6 -125
RL =2.0kQ Vo« +13.3 +14 -
RL=2.0kQ Vo- —_ -14 -13.3
Awakemode (Vcc =+2.5V, VEE=—25V)
R =600 Q Vo+ +1.1 +1.6 —
R =600 Q Vo- - -1.6 -11
Common Mode Rejection (VoM =£13 V) 1 CMR dB
Sleepmode and Awakemode 80 90 —
Power Supply Rejection (VCc/VEE = +15 V/-15 YV, 12 PSR dB
5.0 V/-15V, +15 V/-5.0 V)
Sleepmode and Awakemode 80 100 —_
Output Transition Current 13, 14 pA
Sleepmode to Awakemode (Source/Sink) | ITH1 |
(Vg=%15V) ) 200 160 -
(Vg=125V) 250 200 —
Awakemode to Sleepmode (Source/Sink) ltTH2l
(Vg =%15V) : — 142 90
(Vg =22.5V) ] . — 180 140
Output Short Circuit Current (Awakemode) 15, 16 lsel mA
(VID =1.0 V, Output to Ground)
Source 50 110 -
Sink 50 110 -
Power Supply Current (per Amplifier) (AcL = 1, VO = 0V) 17 Ip A
Sleepmode (Vg =115V) "
Ta=+25°C - 45 65
TA =—-40° to +85°C - 48 70
Sleepmode (Vg =+2.5V)
Ta=+25°C — 38 65
TA =—40° to +85°C — 42 —_
Awakemode (Vg =115V) -
TA = +25°C _ 750 800
Ta =—40° to +85°C —_ 800 900
MC33102 MOTOROLA COMMUNICATIONS DEVICE DATA
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AC ELECTRICAL CHARACTERISTICS (Voc=+15V, VEE =-15V, Tp = 25°C, unless otherwise noted.)

Characteristics Figure Symbol Min Typ Max Unit

Slew Rate (Vin =-5.0 Vto +5.0 V, C|_= 50 pF, Ay = 1.0) 18 SR V/us
Sleepmode (R = 1.0 MQ) ' 0.10 0.16 —_
Awakemode (R = 600 Q) 1.0 1.7 —

Gain Bandwidth Product 19 GBW MHz
Sleepmode (f = 10 kHz) 0.25 0.33 —_
Awakemode (f = 20 kHz) 3.5 4.6 —_

Sleepmode to Awakemode Transition Time 20, 21 tr1 us
(AcL=0.1,Vih=0Vto+5.0V)

RL =600 Q —_ 4.0 —

RL=10kQ - 15 —
Awakemode to Sleepmode Transition Time 22 : 2. . —_ 1.5 - sec
Unity Gain Frequency (Open-Loop) fu kHz

Sleepmode (R = 100 kQ, C|_= 0 pF) — 200 —
Awakemode (R = 600 Q, C|_ =0 pF) -_ 2500 —

Gain Margin 23,25 AMm dB
Sleepmode (R = 100 kQ, C|_= 0 pF) —_ 13 —
Awakemode (R = 600 Q, C|_ =0 pF) — 12 —_

Phase Margin 24,26 M Degrees
Sleepmode (R = 100 kQ, C|_= 0 pF) — 60 —_
Awakemode (R|_= 600 Q, C} =0 pF) - 60 —

Channel Separation (f = 100 Hz to 20 kHz) 29 cs dB
Sleepmode and Awakemode — 120 —_

Power Bandwidth (Awakemode) BWp kHz
(Vo =10 Vp.p, RL = 100 kQ, THD < 1%) — 20 -

Total Harmonic Distortion (Vo = 2.0 Vp-p, Ay = 1.0) 30 THD %
Awakemode (R|_ = 600 Q)

f=1.0kHz — 0.005 —_

f=10kHz — 0.016 —

f=20kHz —_ 0.031 -

DC Output Impedence (Vo =0V, Ay = 10, Iq = 10 pA) 31 Ro Q
Sleepmode — 1.0k —
Awakemode : — 96 —_

Differential Input Resistance (Vopm =0 V) Rin MQ
Sleepmode —_ 1.3 -_
Awakemode —_ 0.17 —_

Differential Input Capacitance (Vom = 0 V) Cin pF
Sleepmode — 0.4 —
Awakemode — 4.0 -

Equivalent Input Noise Voltage (f = 1.0 kHz, Rg = 100 Q) 32 en nVAHz
Sleepmode —_ 28 —
Awakemode — 9.0 —_

Equivalent Input Noise Current (f = 1.0 kHz) 33 in pANHz
Sleepmode — 0.01 -
Awakemode — 0.05 —_

MOTOROLA COMMUNICATIONS DEVICE DATA MC33102
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Pp(max) MAXIMUM POWER DISSIPATION (mW)

Figure 1. Maximum Power Dissipation

versus Temperature
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Figure 3. Input Offset Voltage Temperature
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Figure 7. Open-Loop Voltage Gain
versus Temperature

Figure 8. Output Voltage Swing
versus Supply Voltage
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Figure 13. Sleepmode to Awakemode
Current Threshold versus Supply Voltage

Figure 14. Awakemode to Sleepmode
Current Threshold versus Supply Voltage
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GBW, GAIN BANDWIDTH PRODUCT (KHz)

A, GAIN MARGIN (dB)

Figure 19. Gain Bandwidth Product
versus Temperature
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Figure 25. Open-Loop Gain Margin versus Figure 26. Phase Margin versus
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Figure 31. Awakemode Output Impedence
versus Frequency

Figure 32. Input Referred Noise Voltage
versus Frequency
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Figure 37. Sleepmode Small Signal
Transient Response
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Figure 38. Awakemode Small Signal
Transient Response
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CIRCUIT INFORMATION

The MC33102 was designed primarily for applications
where high performance (which requires higher current drain)
is required only part of the time. The two-state feature of this
op amp enables it to conserve power during idle times, yet
to be powered up and ready for an input signal. Possible
applications include laptop computers, automotive, cordless
phones, baby monitors, and battery operated test equipment.
Although most applications will require low power
consumption, this device can be used in any application
where better efficiency and higher performance is needed.

The Sleep-Mode™ amplifier has two states; a sleepmode
and an awakemode. In the sleepmode state the amplifier is
active and functions as a typical micropower op amp. When
a signal is applied to the amplifier causing it to source or sink
sufficient current (see Figure 13), the amplifier will
automatically switch to the awakemode. See Figures 20 and
21 for transition times with 600 Q and 10 kQ loads.

The awakemode uses higher drain current to provide a
high slew rate, gain bandwidth, and output current capability.
In the awakemode, this amplifier can drive 27 Vp-p into a
600 Q load with Vg = 15 V.

An internal delay circuit is used to prevent the amplifier
from returning to the sleepmode at every zero crossing. This
delay circuit also eliminates the crossover distortion
commonly found in micropower amplifiers. This amplifier can
process frequencies as low as 1.0 Hz without the amplifier
returning to sleepmode, depending on the load.

The first stage PNP differential amplifier provides low noise
performance in both the sleep and awake modes, and an
all NPN output stage provides symmetrical source and sink
AC frequency response.

APPLICATIONS INFORMATION

The MC33102 will begin to function at power supply
voltages as low as Vg = +1.0 V at room temperature. (At this
voltage, the output voltage swing will be limited to a few
hundred millivolts). The input voltages must range between
Vcc and VEE supply voltages as shown in the maximum
rating table. Specifically, allowing the input to go more
negative than 0.3 V below VEE may cause product
damage. Also, exceeding the input common mode voltage
range on either input may cause phase reversal, even if the
inputs are between Vo and VEE.

When power is initially applied, the part may start to
operate in the awakemode. This is because of the currents
generated due to charging of internal capacitors. When this
occurs and the sleepmode state is desired, the user will have
to wait approximately 1.5 seconds before the device will
switch back to the sleepmode. To prevent this from occurring,
ramp the power supplies from 1.0 V to full supply. Notice that
the device is more prone to switch into the awakemode when
VEE is adjusted than with a similar change in Vcc.

The amplifier is designed to switch from sleepmode to
awakemode whenever the output current exceeds a preset

current threshold (ITH) of approximately 160 pA. As a result,
the output switching threshold voltage (VsT) is controlled by
the output loading resistance (RL). This loading can be a load
resistor, feedback resistors, or both. Then:

VsT = (160 pA) * RL

Large valued load resistors require a large output voltage
to switch, but reduce unwanted transitions to the
awakemode. For instance, in cases where the amplifier is
connected with a large closed-loop gain (AcL), the input offset
voltage (V|0) is multiplied by the gain at the output and could
produce an output voltage exceeding VST with no input
signal applied.

Small values of R|_allow rapid transition to the awakemode
because most of the transition time is consumed slewing in
the sleepmode until VT is reached (see Figures 20, 21).
The output switching threshold voltage VST is higher for
larger values of R, requiring the amplifier to slew longer in
the slower sleepmode state before switching to the
awakemode.

MC33102
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The transition time (ttr1) required to switch from sleep to
awake mode is:

ttr1 =1p + ITH (RL/SRsleepmode)

where: tp = Amplifier delay (<1.0 us)
ITH = Output threshold current for mode
transition (160 pA)
RL = Load resistance
SRsleepmode = Sleepmode slew rate (0.16 V/us)

Although typically 160 pA, ITH varies with supply voltage
and temperature. In general, any current loading on the
output which causes a current greater than ITH to flow will
switch the amplifier into the awakemode. This includes
transition currents such as that generated by charging load
capacitances. In fact, the maximum capacitance that can be
driven while attempting to remain in the sleepmode is
approximately 1000 pF.

CL(max) = ITH/SRsleepmode
= 160 pA/(0.16 Vips)
=1000 pF

Any electrical noise seen at the output of the MC33102
may also cause the device to transition to the awakemode.

To minimize this problem, a resistor may be added in series
with the output of the device (inserted as close to the device
as possible) to isolate the op amp from both parasitic and
load capacitance.

The awakemode to sleepmode transition time is controlled
by an internal delay circuit, which is necessary to prevent
the amplifier from going to sleep during every zero crossing.
This time is a function of supply voltage and temperature as
shown in Figure 22.

Gain bandwidth product (GBW) in both modes is an
important system design consideration when using a
sleepmode amplifier. The amplifier has been designed to
obtain the maximum GBW in both modes. “Smooth” AC
transitions between modes with no noticeable change in the
amplitude of the output voltage waveform will occur as long
as the closed-loop gains (AcL) in both modes are
substantially equal at the frequency of operation. For smooth
AC transitions:

(AcLsleepmode) (BW) < GBWsleepmo

where: ACLsleepmode = Closed-loop gain in
the sleepmode
BW = The required system bandwidth
or operating frequency

TESTING INFORMATION

To determine if the MC33102 is in the awakemode or the
sleepmode, the power supply currents (Ip+ and Ip-) must be
measured. When the magnitude of either power supply
current exceeds 400 pA the device is in the awakemode.
When the magnitudes of both supply currents are less than
400 pA, the device is in the sleepmode. Since the total supply
current is typically ten times higher in the awakemode than
the sleepmode, the two states are easily distinguishable.

The measured value of Ip+ equals the Ip of both devices
(for a dual op amp) plus the output source current of device
A and the output source current of device B. Similarly, the
measured value of Ip- is equal to the Ip- of both devices plus
the output sink current of each device. Igyt is the sum

of the currents caused by both the feedback loop and load
resistance. The total loyt needs to be subtracted from the
measured Ip to obtain the correct Ip of the dual op amp.

An accurate way to measure the awakemode Iyt current
on automatic test equipment is to remove the lgyt current on
both Channel A and B. Then measure the Ip values before
the device goes back to the sleepmode state. The transition
will take typically 1.5 seconds with 15 V power supplies.

The large signal sleepmode testing in the characterization
was accomplished with a 1.0 MQ load resistor which ensured
the device would remain in sleepmode despite large
voltage swings.
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MOTOROLA
m SEMICONDUCTOR s

TECHNICAL DATA MC33110

Low Voltage Compander

The MC33110 contains two variable gain circuits configured for LOW VOLTAGE COMPANDER
compressing and expanding the dynamic range of an audio sig-
nal. One circuit is configured as an expander, while the other SILICON MONOLITHIC
circuit can be configured as a compressor or expander. Each cir- INTEGRATED CIRCUIT

cuit has a full wave rectifier to provide average value information
to a variable gain cell located in either the input stage or the
feedback path. An internal, temperature stable bandgap reference

provides the necessary precision voltages and currents required.

The MC33110 will operate from a supply voltage of 2.1t0 7.0V,
over a temperature range of —40° to +85°C. The device is
designed to accommodate an 80 dB dynamic range from —60 dB
to +20 dB, referenced to 100 mVrms.

Applications include cordless telephone, CB, walkie-talkie, most P SUFFIX
voice RF links, and any application where the signal-to-noise ratio PLASTIC PACKAGE
can be improved by reducing the transmitted dynamic range. CASE 646
Other applications include speakerphone and voice activated
intercom, dictating machine, standard telephone, etc.

The MC33110 is packaged in a 14 pin DIP for through-the-hole
applications and an SO-14 surface mount.

. D SUFFIX
° 12 Rk

Operatl_rrg- Supply Voltage: 2.1t0 7.0 V . PLASTIC PACKAGE
® No Precision External Components Required 14 CASE 751A
e 80 dB Dynamic Range Compressed to 40 dB, Re-expandable 1 (80-14)

to 80 dB
® Unity Gain Level: 100 mVrms
e Adjustable Response Time
o Ambient Operating Temperature: —40° to +85°C
® Temperature Compensated. Reference

e Applications Include Cordless Phone, CB Radio,

PIN CONNECTIONS
Speakerphone, etc.

(TOP VIEW)

Vref E E Vee

SIMPLIFIED BLOCK DIAGRAM

If——m = = - ——

ne[ 2]
xp. FLTER [ 3 |

EXP. oUTPUT[ 4 |

[13]ne

[12] comp. FLTER
[11] cow. output

22u | | . EXP. INPUT [ 5 | [ 10] comp. iNpuT
Bo- 2.8 P vg[6 ] 9] inv. INpuT
P aNo[7] 8] com. Feepack
Exp.
Output

o
6 | Reference

ORDERING INFORMATION

10 uF 7
10k 10
GndIO-l——‘ Generator A loq_ Comp. Temperature
e e e e d Input Device Range Package
MC33110D o o SO0-14
mcaziiop | ~40°Cto T85°C pactic DIP
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PIN DESCRIPTION
Name Pin Description

Vrief 1 Normally this pin is not used and is left open. It can be used to make limited
adjustments to the 0 dB level. Any noise or leakage at this pin will affect the 0 dB level
and gain tracking.

NC 2,13 No connection. These pins are not internally connected.
Expander Filter 3 Connect to an external capacitor to filter the full wave rectifier's output. This capacitor
affects attack and decay times, as well as low frequency accuracy.
Expander Output 4 Output of the expander amplifier.
Expander Input 5 The input impedance is nominally 3.2 kQ. Nominal signal range is 3.16 mVrms to
316 mVrms. Must be capacitor coupled to the signal source.
\:} 6 An internal reference voltage, nominally Vcc/2. This is an AC ground and must be well
filtered to obtain high power supply rejection and low crosstalk.
Ground 7 Connect to a clean power supply ground.
Compressor Feedback 8 Input to the compressor variable gain stage and rectifier. Normally the signal is
supplied by the compressor’s output (Pin 11). Input impedance is nominally 3.2 kQ.
Inverting Input 9 Inverting input to the compressor amplifier. Normally, this is connected to the
compressor's output through a filtered DC feedback path.
Compressor Input 10 The input impedance is nominally 10 kQ. Nominal signal range is 100 uVrms to 1.0
Vrms. Must be capacitor coupled to the signal source.
Compressor Output 1 Output of the compressor amplifier.
Compressor Filter 12 Connect to an external capacitor to filter the full wave rectifier's output. This capacitor

affects attack & decay times, and low frequency accuracy.

Vce 14 Power supply pin. Connect to a power supply providing between 2.1V and 7.0 V.
Nominal current consumption is 3.5 mA.

COMPRESSOR TRANSFER FUNCTIONS EXPANDER
COMPRESSION EXPANSION
T a8 N\ 36mv_
L 0d8 100 mV
Iref Ve > Vout _10dB / 31.6 mV \
Vin #.‘&. A _048 0 mV 10 mV
I -30d8 — 316my
4043 122
~50 dB —— _
v = [R8XR6 X lref x Vin 100 wV v 12xR3xVip?
out 12x Ry 6048 O Ry xR X Ief
= 03162 x Vi, (VOLTAGES ARE RMS) =10 x Vjp?
MOTOROLA COMMUNICATIONS DEVICE DATA MC33110
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ABSOLUTE MAXIMUM RATINGS

Rating Symbol Value Unit
Ve Supply Voltage ' Vee +12, —0.5 Vdc
High Input Voltage (Pin 5 & 10) VIH Vce + 05 Vdc
Low Input Voltage - ViL -05 Vdc
Output Source Current (Pin 4 & 11) lo+ Self-Limiting
Output Sink Current lo- 20 mA
Junction Temperature Ty —65, +150 °C

Devices should not be operated at these values. The “Recommended Operating Conditions” table
provides conditions for actual device operation.

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Typ Max Unit

Ve Supply Voltage ‘ vece 2.1 — 7.0 Vdc
Input Voltage Range VIR Vrms

Compressor, 21V < Ve <7.0V 0 — 1.0

Expander, Vcg = 21V 0 — 0.25

Expander, 3.0V <Vcc <7.0V 0 — 0.316
Input Frequency Fin 100 = 20 k Hz
Output Load RL Q

Compressor (Pin 11, Vg = 100 mV) 300 — o

Expander (Pin 4, Vo = 100 mV) 150 —_ 0
Ambient Temperature TA -40 — +85 °C

All limits are not necessarily functional concurrently.

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, f = 1.0 kHz, unless otherwise noted, TA = 25°C, see Figure 1)

L Characteristic Symbol Min Typ Max l Unit |
POWER SUPPLY
Power Supply Current Icc mA
Vge = +5.0V — 35 5.5
Vee = +21V — 3.3 —
VB Voltage VB Vdc
Vee = +50V 24 25 2.6
21V <Vge<7.0V — Veer2 —
COMPRESSOR
0 dB Gain G(co) dB
Vin = 100 mVrms, Pin 1 = Open -15 0 1.5
Gain Tracking ' Gt dB
@ Vin = 1.0 Vrms, output relative to G(cQ) +9.0 +10 +11
@ Vin = 10 mVrms, output relative to G(cQ) —_ -10 —
@ Vin = 1.0 mVrms, output relative to G(c0) — -20 —
@ Vijn = 100 pVrms, output relative to G(co) -31 -30 -29
Total Harmonic Distortion THD - %
Vin = 100 mVrms, f = 1.0 kHz 0 0.1 1.5
Power Supply Rejection PSRR . dB
f = 1.0 kHz, Cyg = 10 uF, Vi = —20 dB — 22 —
Attack Time (Capacitor @ Pin 12 = 2.2 uF) ta(C) — 6.0 — ms
Decay Time (Capacitor @ Pin 12 = 2.2 uF) td(C) —_ 20 — ms
Input Impedance Pin 10 Rin —_ 10 —_— kQ
Pin 8 — 3.2 —
Peak Output Current Pin 11 lpk —_ 0.3 — mA
Output Offset Voo mVdc
Pin 11, with respect to Pin 6, NO SIGNAL —-150 0 +150
Change from NO SIGNAL to 1.0 Vrms at Input —_ 50 —
MC33110 ) MOTOROLA COMMUNICATIONS DEVICE DATA
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ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, f = 1.0 kHz, unless otherwise noted, Tp = 25°C, see Figure 1)

Characteristic Symbol Min Typ Max l Unit |
EXPANDER
0 dB Gain G(EO) dB
(Vin = 100 mVrms, Pin 1 = open) -1.5 0 1.5
Gain Tracking Gt dB
@ Vin = 316 mVrms, output relative to G(EQ) +19 +20 +21
@ Vip = 31.6 mVrms, output relative to G(gQ) — -20 —
@ Vi = 10 mVrms, output relative to G(gQ) — -40 —
@ Vip = 3.16 mVrms, output relative to G(EQ) - 61 - 60 —-59
Total Harmonic Distortion THD %
Vin = 100 mVrms, f = 1.0 kHz 0 0.06 1.5
Power Supply Rejection (f = 1.0 kHz, Cyg = 10 uF) PSRR — 37 — dB
Attack Time (Capacitor @ Pin 3 = 2.2 uF) ta(E) — 19 — ms
Decay Time (Capacitor @ Pin 3 = 2.2 uF) td(E) — 20 — ms
Input Impedance Pin 5 Rin — 3.2 — kQ
Peak Output Current Pin 4 Ipk — 1.0 — mA
Output Offset Voo mVdc
Pin 4, with respect to Pin 6, NO SIGNAL —150 0 +150
Change from NO SIGNAL to 316 mVrms at Input — 25 —
MISCELLANEOUS
Gain (Pin 10 to Pin 4; Pin 11 capacitor coupled to Pin 5) Ay dB
Vee = 7.0V, Viph = 1.0 Vrms -25 0 +25
Vee = 3.0V, Vijp = 1.0 Vrms -25 0 +2.5
Vee = 2.1V, Vjp = 31.6 mVrms -25 0 +2.5
Channel Separation Cs dB
Expander to Compressor, output measured at Pin 11
Vin @ Pin 5 = 316 mVrms, f = 1.0 kHz 43 48 —
Vin @ Pin 5 = 316 mVrms, f = 10 kHz — 68 —
Compressor to Expander, output measured at Pin 4
Vin @ Pin 10 = 1.0 Vrms, f = 1.0 kHz 65 107 -
Vin @ Pin 10 = 1.0 Vrms, f = 10 kHz — 114 —

FIGURE 1 — TEST CIRCUIT
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COMPRESSOR EXPANDER

FIGURE 2 — COMPRESSOR TRANSFER CHARACTERISTICS FIGURE 3 — EXPANDER TRANSFER CHARACTERISTICS
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COMPRESSOR . EXPANDER

FIGURE 8 — POWER SUPPLY REJECTION (COMPRESSOR) FIGURE 9 — POWER SUPPLY REJECTION (EXPANDER)
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FIGURE 14 — ATTACK AND DECAY TIMES (COMPRESSOR)

FIGURE 15 — ATTACK AND DECAY TIMES (EXPANDER)
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COMPRESSOR

FIGURE 20 — COMPRESSOR GAIN TRACKING

versus TEMPERATURE
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FIGURE 22 — COMPRESSOR THD versus TEMPERATURE
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FIGURE 21 — EXPANDER GAIN TRACKING
versus TEMPERATURE
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FIGURE 23 — EXPANDER THD versus TEMPERATURE
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FUNCTIONAL DESCRIPTION

Introduction

The MC33110 compander (COMpressor and
exPANDER) is composed of two variable gain circuits
which provide compression and expansion of the signal
dynamic range. The compressor will take a signal with
an 80 dB dynamic range (100 ¢V to 1.0 Vrms), and reduce
that to a 40 dB dynamic range by attenuating strong sig-
nals, while amplifying low level signals. The expander
does the opposite in that the 40 dB signal range is
increased to a dynamic range of 80 dB by amplifying

strong signals and attenuating low level signals. The 0 dB
level is internally set at 100 mVrms — that is the signal
level which is neither amplified nor attenuated. Both cir-
cuits contain the necessary precision full wave rectifier,
variable gain cell, and temperature compensated refer-
ences required for accurate and stable performance.

Note: All dB values mentioned in this data sheet, unless
otherwise noted, are referred to 100 mVrms.
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Compressor

The compressor is an operational amplifier with a fixed
input resistor and a variable gain cell in its feedback path
as shown in Figure 24.

FIGURE 24 — COMPRESSOR
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The amplifier output is sampled by the precision rectifier
which, in turn, supplies a DC signal (Icontrol), represen-
tative of the rectifier's AC signal, to the variable gain cell.
The reference current (I ¢f) is an internally generated pre-
cision current. The effective impedance of the variable
gain cell varies with the ratio of the two currents, and
decreases as Icontrol increases, thereby providing
compression. The output is related to the input by the
following equation:

Vout = 0.3162 x Vi,

In terms of dB levels, the relationship is:

(Equation 1)

Vout(dB) = 0.5 x Vin(dB) (Equation 2)

where 0 dB = 100 mVrms (see Figure 2 and 4).

The inputs and output are internally biased at
VB (Vcey2), and must therefore be capacitor coupled to
external circuitry. Pin 10 input impedance is nominally
10 kQ (£20%), and the maximum functional input signal
is shown in Figure 18. Bias currents required by the op
amp and the variable gain cell are internally supplied.
Due to clamp diodes at the input (to V¢ and ground),
the input signal must be maintained between the supply
rails. If the input signal goes more than 0.5 V above Vcc
or below ground, excessive currents will flow and dis-
tortion will show up at the output.

. When no AC signals are present at the input, the var-
iable gain cell will attempt to set such a high gain that
the circuit may become unstable. For this reason resistors
R1 and R2, and capacitor C1 are added to provide DC
stability. The pole formed by R1, R2 and C1 should have

a pole frequency no more than 1/10th of the lowest fre-
quency of interest. The pole frequency is calculated from:

_ _R1+Rg

~ 27 x RiRoCq (Equation 3)

for the component values shown, the pole frequency is
=16 Hz.

Likewise, the capacitor between Pins 11 and 8 should
be selected such that, in conjunction with the input
impedance at Pin 8 (=3200 (), +20%), the resulting pole
frequency is no more than 1/10 of the lowest frequency
of interest. With the components shown, the pole fre-
quency is <30 Hz. This pole frequency is calculated from:

PO
T 2wx32kxC

The output of the rectifier is filtered by the capacitor at
Pin 12, which, in conjunction with an internal 10 k resistor,
provides the time constant for the attack and decay times.
Figure 14 and 16 indicate how the times vary with the
capacitor value. The attack time for the compressor is
always faster than the decay time due to the fact that the
rectifier is fed from the output rather than the input. Since
the output is initially larger than expected (immediately
after the input has increased), the. external capacitor is
charged more quickly during the initial part of the time
constant. When the input is decreased, the time constant
is closer to that calculated by t = RC. If the attack and
decay times are decreased by using a smaller capacitor,
performance at low frequencies will degrade.

(Equation 4)

MC33110
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Expander

The expander is an operational amplifier with a fixed
feedback resistor and a variable gain cell in its input path
as shown in Figure 25.

FIGURE 25 — EXPANDER

=

X ?‘\
A

<
>
?

22 uF

—1
I

<
[w)
o

10k

AAA

Input >—é

Rectifier

IControl 10k

AAA
W

/

W

I o

Iref

The input signal is sampled by the precision rectifier
which, in turn, supplies a DC signal (Icontrol). represen-
tative of the AC input signal, to the variable gain cell. The
reference current (lef) is an internally generated preci-
sion current. The effective impedance of the variable gain
cell varies with the ratio of the two currents, and
decreases as Igontro| increases, thereby providing
expansion. The output is related to the input by the fol-
lowing equation:

Vout = 10 x (Vin)? (Equation 5)

In terms of dB levels, the relationship is:

Vout(dB) = 2.0 x Vin(dB) (Equation 6)

where 0 dB = 100 mVrms (see Figure 3 and 5).

The inputs and output are internally biased at Vg
(Vcey2), and must therefore be capacitor coupled to
external circuitry. The input impedance at Pin 5 is nom-
inally 3.2 kQ (+20%), and the maximum functional input
signal is shown in Figure 18. Bias currents required by
the op amp and the variable gain cell are internally sup-
plied. Due to clamp diodes at the input (to Vcc and
ground), the input signal must be maintained between
the supply rails. If the input signal goes more than 0.5 V

A Gain -

4
—O— Qutput

Vg +

above V¢ or below ground, excessive currents will flow,
and distortion will show up at the output.

The output of the rectifier is filtered by the capacitor at
Pin 3, which, in conjunction with an internal 10 k resistor,
provides the time constant for the attack and decay times.
Figure 15 and 17 indicate how the times vary with the
capacitor value. If the attack and decay times are
decreased by using a smaller capacitor, performance at
low frequencies will degrade.

Power Supply

The MC33110 requires a power supply voltage between
2.1V and 7.0 V, and a nominal current of 3.5 mA. The
supply voltage should be well filtered and free of ripple.
A minimum of 4.7 uF in parallel with a 0.01 uF capacitor
is recommended for filtering and RF bypass.

VB (Pin 6) is an internally generated mid supply ref-
erence, and is used internally as an AC ground. The exter-
nal capacitor at Pin 6 filters this voltage, and its value
affects the power supply noise rejection as shown in Fig-
ures 6 through 9. This reference voltage may be used to
bias external circuitry as long as the current draw is lim-
ited to <10 pA.
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APPLICATIONS INFORMATION

Signal-to-Noise Improvement

Among the basic reasons for the original development
of compander type circuits was to improve the signal-to-
noise ratio of long distance telecom circuits, and of voice
circuits which are transmitted over RF links (CBs, walkie-
talkies, cordless phones, etc.). Since much of the noise
heard at the receiving end of a transmission is due to
noise picked up, for example, in the airway portion of the
RF link, the compressor was developed to increase the
low-level signals at the transmitting end. Then any noise
picked in the RF link would be a smaller percentage of
the transmitted signal level. At the receiving end, the
signal is then expanded back to its original level, retaining
the same high signal-to-noise ratio. While the above
explanation indicates it is not necessary to attenuate
strong signals (at the transmitting end), a benefit of doing
this is the reduced dynamic range which must be handled

by the system transmitter and receiver. The MC33110 was
designed for a two-to-one compression and expansion,
i.e. an 80 dB dynamic signal is compressed to a 40 dB
dynamic range, transmitted to the receiving end and then
expanded back to an 80 dB dynamic range.

The MC33110 compander is not limited to RF or long
distance telephony applications. It can be used in any
system requiring an improved signal-to-noise ratio such
as telephones, speakerphones, tape recorders, digital
recording, and many others.

Second Expander

Should the application require it, the MC33110 can be
configured as two expanders by reconfiguring the com-
pressor side as shown in Figure 26.

FIGURE 26 — SECOND EXPANDER
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This circuit will provide the same performance as the

expander at Pins 3 through 5.

Power Supplies, Grounding

The PC board layout, the quality of the power supplies
and the ground system at the IC are very important in
order to obtain proper operation. Noise, from any source,
coming into the device on Vg or ground, can cause a
distorted output, or incorrect gain level.

Vcc must be decoupled to the appropriate ground at
the IC (within 1” max) with a 4.7 uF capacitor and a 0.01 uF
ceramic. A tantalum capacitor is recommended for the
larger value if very high frequency noise is present since
electrolytic capacitors simply have too much inductance
at those frequencies. The quality of the power supply
voltage should be checked at the IC with a high frequency
scope. Noise spikes (always present if digital circuits are

near this IC) can easily exceed 400 mV, and if they get
into the IC, the output can have noise or distortion. Noise
can be reduced by inserting resistors and/or inductors
between the supply and the IC.

If switching power supplies are used, there will usually
be spikes of 0.5 V or greater at frequencies of 50 kHz to
1.0 MHz. These spikes are generally more difficult to
reduce because of their greater energy content. In
extreme cases, a three terminal regulator (MC78L05ACP),
with appropriate high frequency filtering, should be used
and dedicated to the analog portion of the circuit.

The ripple content of the supply should not allow its
magnitude to exceed the values in the Recommended
Operating Conditions table.

MC33110
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The PC board tracks supplying Vcc and ground to the
MC33110 should preferably not be at the tail end of the
bus distribution, after passing through a maze of digital
circuitry. The analog circuitry containing the MC33110
should be close to the power supply, or the connector
where the supply voltages enter the board. If Ve is sup-
plying considerable current to other parts of the board,
then it is preferable to have dedicated lines from the
supply or connector directly to the MC33110 and asso-
ciated circuitry.

PC Board Layout
Although this device is intended for use in the audio

frequency range, the amplifiers have a bandwidth of

~300 kHz, and can therefore oscillate at frequencies out-
side the voiceband should there be excessive stray capac-
itance or other unintended feedback loops. A solid
ground plane is strongly recommended to minimize cou-
pling of any digital noise into the analog section. Use of
wire wrapped boards should definitely be avoided.
Since many applications of the MC33110 compander
involve voice transmission over RF links, care must be
taken in the design of the product to keep RF signals out
of the MC33110 and associated circuitry. This involves
proper layout of the PC boards, the physical arrangement

‘of the boards, shielding, proper RF ground, etc.

GLOSSARY

ATTACK TIME — The settling time for a circuit after its
input signal has been increased.

ATTENUATION — A decrease in magnitude of a com-
munication signal, usually expressed in dB.

BANDWIDTH — The range of information carrying fre-
quencies of a communication system.

CHANNEL SEPARATION — The ability of one circuit to
reject outputting signals which are being processed by
another circuit. Also referred to as crosstalk, it is usually
expressed in dB.

COMPANDER — A contraction of the words compressor
and expander. A compander is composed of two circuits,
one of each kind.

COMPRESSOR — A circuit which compresses or reduces
the dynamic range of a signal by attenuating strong sig-
nals and amplifying low level signals.

dB — A power or voltage measurement unit, referred to
another power or voltage. It is generally computed as:
10 x log (P1/P2) for power measurements, and
20 x log (V1/V3) for voltage measurements.

dBm — An indication of signal power. 1.0 mW across
600 Q or 0.775 V rms, is typically defined as 0 dBm for
telecom applications. Any voltage level is converted to
dBm by:

dBm = 20 x log (Vrms/0.775), or

dBm = [20 x log (Vrms)] + 2.22.

dBrn — Indicates a dBm measurement relative to 1.0 pW
power level into 600 Q. Generally used for noise mea-
surements, 0 dBrn = —90 dBm.

dBrnC — Indicates a dBrn measurement using a C-
message weighting filter.

DECAY TIME — The settling time for a circuit after its
input signal has been decreased.

EXPANDER — A circuit which expands or increases the
dynamic range of a signal by amplifying strong signals
and attenuating low level signals.

GAIN — The change in signal amplitude (increase or
decrease) after passing through an amplifier, or other
circuit stage. Usually expressed in dB, an increase is a
positive number and a decrease is a negative number.

POWER SUPPLY REJECTION RATIO — The ability of a
circuit to reject outputting noise, or ripple, which is pres-
ent on the power supply lines. PSRR is usually expressed
in dB.

SIGNAL-TO-NOISE RATIO — The ratio of the desired sig-
nal to unwanted signals (noise) within a defined fre-
quency range. The larger the number, the better.

VOICEBAND — That portion of the audio frequency range
used for transmission across the telephone system. Typ-
ically, it is 300 to 3400 Hz.
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MOTOROLA

m SEMICONDUCTOR s MC33120

TECHNICAL DATA

Subscriber Loop Interface Circuit

SUBSCRIBER LOOP
The MC33120 is designed to provide the interface between the 4-wire INTERFACE CIRCUIT
side of a central office, or PBX, and the 2-wire subscriber line. Interface (SLIC)
functions include battery feed, proper loop termination AC impedance,
hookswitch detection, adjustable transmit, receive, and transhybrid gains, THIN FILM
and single/double fault indication. Additionally the MC33120 provides a SILICON MONOLITHIC
minimum of 58 dB of longitudinal balance (4-wire and 2-wire). INTEGRATED CIRCUIT
The transmit and receive signals are referenced to analog ground, while
digital signals are referenced to digital ground, easing the interface to
codecs, filters, etc. The 2 status outputs (hookswitch and faults) and the
Power Down Input are TTL/CMOS compatible. The Power Down Input
permits local shutdown of the circuit. P SUFFIX
Internal drivers allow the external loop current pass transistors to be
) - . PLASTIC PACKAGE
standard bipolar transistors (non-Darlington). CASE 738
The MC33120 is available in a 20 pin DIP and a 28 pin PLCC surface 20
mount package. 1
e 58 dB Longitudinal Balance Guaranteed; 4-wire and 2-wire
e Transmit, Receive, and Transhybrid Gains Externally Adjustable
e Return Loss Externally Adjustable
® Proper Hookswitch Detection With 30 kQ Leakage W FNS_%ZF'X
e Single/Double Fault Indication With Shutdown for Thermal Protection B CASE 776
e Critical Sense Resistors Included Internally
e Standard Power Supplies: —42 V to — 58 V, and +5.0 V, £10%
e On-Hook Transmission
e Power Down Input (TTL and CMOS Compatible) ORDERING INFORMATION
e Operating Ambient Temperature: — 40°C to +85°C Temperature
e Available in a 20 Pin DIP and 28 Pin PLCC Package Device Range Package
MC33120P Plastic DIP
—40° to +85°C
MC33120FN PLCC
SIMPLIFIED BLOCK DIAGRAM
? * . 4 Vpp (+5.0V)
3 I Current l Current | Cl\hlyrent I Vog
Mirror J; Mirror irror (Dig. Gnd)
i PDI/ST2
ST
p
[
\Y
Hook Status and AG
Fault Detection (Ana. Gnd)
- a4 & Bias Control RXI
4 * .
|—BIaS || ’ ™0
| Current "l | Current Current | RFO
Mirror Mirror Mirror CF
[ S— I
|—\-| Ny | . VaB
< 2

(Battery)

* Indicates Trimmed Resistor
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ABSOLUTE MAXIMUM RATINGS

Characteristic Symbol Value Unit
Supply Voltage Vde
with respect to Vo VEE - 60, +0.5
with respect to Vpg Vpp —-0.5,+7.0
Input Voltage Vin Vdc
@ PDI, with respect to Vpg —~0.5,+7.0
@ Pins 1-5, 16-20 VEgto Voo
Storage Temperature Range Tstg —-65t0+150 [ °C
Junction Temperature Ty 150 °C
Devices should not be operated at these values. The “F Operating C " table provides conditions for

actual device operation.

RECOMMENDED OPERATING CONDITIONS

Characteristic Symbol Min Typ Max Unit

Supply Voltage Vdc

(with respect to Vo) VEE -58 —48 -42

(with respect to Vpg) Vpp +4.5 +5.0 +5.5

(with respect to Vo) VaGg -3.0 0 +10 Vdc

(with respect to Vo) VpG -3.0 0 +