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ALPHANUMERIC INDEX

This index includes all Motorola devices characterized in this book. Other devices also used in
telecommunication applications, but associated with specific product families, appear in the following
documents. A number of these devices are specifically referenced in the Selection Guides in Section 1 of
this book.

Document No. Title

DL118/D Optoelectronics Device Data

DL122/D MECL Device Data

DL125/D Rectifiers and Zener Diodes Data

DL126/D Small-Signal Transistors, FETs and Diodes

DL128/D Linear and Interface ICs

DL130/D NMOS/CMOS Special Functions Data

DL139/D Microprocessor, Microcontroller and Peripheral Data

FR68K/D M68000 Family Reference

MC... Data Sheets

DSP... Data Sheets

Device Page
Number Function Number

MC1488 Quad MDTL Line Driver . . .......ciuti ittt e e eaeeaennn 2-3
MC1489, A Quad MDTL Line Receivers ...........ouiiiniennrnnnnnennanansns 2-9
MC2831A Low Power FM Transmitter System .................cciviiiennnnn. 2-15
MC2833 Low Power FM Transmitter System ...........ccviiiinrinnnnnnnnn 2-18
MC3356 Wideband FSK Receiver ............cciiiiiinaiinnnrneennnnnnns 2-21
MC3357 Low Power FMIF .. ... ... i it it ieteninnnannns 2-27
MC3359 High Gain Low Power FM IF . ... ... ... ...t iiiiiiiiinnnnnennns 2-31
MC3361 Low Voltage Narrow Band FM IF ............. ..ot 2-37
MC3362 Low Power Dual Conversion FM Receiver ......................... 2-44
MC3363 Low Power Dual Conversion FM Receiver ......................... 2-49
MC3367 Low Voltage Single Conversion FM Receiver ...................0... . 256
MC3417 CVSD Modulator/Demodulator (3-Bit Algorithm) .................... 2-62
MC3418 CVSD Modulator/Demodulator (4-Bit Algorithm) .................... 2-62
MC3419-1L Subscriber Loop Interface Circuit ................cciiiiiinnnan.n 2-80
MC3517 CVSD Modulator/Demodulator (3-Bit Algorithm) .................... 2-62
MC3518 CVSD Modulator/Demodulator (4-Bit Algorithm) .................... 2-62
MC6172 2400 bps Digital Modulator (DPSK) ............ ..o, 2-96
MC6173 2400 bps Digital Demodulator (DPSK) ..............covviiiiiiinn, 2-104
MC6860 0-600 bps Digital Modem . .. ...ttt 2-119
MC13055 Wideband FSK Receiver ............c.oiiiiiiniinnnnennnnnnnnn 2-133
MC14400 Single-Chip Codec/Filter (Mono-Circuit) .............cccviiiinennn 2-139
MC14401 Single-Chip Codec/Filter (Mono-Circuit) ..............ccovvieivnn.. 2-139
MC14402 Single-Chip Codec/Filter (Mono-Circuit) ...................cc.uautn 2-139
MC14403 Single-Chip Codec/Filter (Mono-Circuit) ..............c.cviiiann. 2-139
MC14405 Single-Chip Codec/Filter (Mono-Circuit) ...............coviivien... 2-139
MC14408 Binaryto Pulse Dialer . ............ ... .ottt 2-153
MC14409 Binaryto Pulse Dialer . ............ciiiiiiiiiii ittt iiiaiannn 2-153
MC14410 2-0f-8 Tone Encoder/Dialer . ...........coviiiiiininninnnrnnenins 2-161
MC14411 Bit Rate Generator .. .........cccviviineneneneneeneeanennnennnns 2-165
MC14412 Universal Low Speed Modem (0-600 bps) ............coovivunnnnnn 2-168
MC14413-1, -2 PCM Band-Pass/Low-Pass Filter ................c.ccciviiiiinninn.n 2-174
MC14414-1, -2 PCM Dual Low-Pass Filter .............coviiiiinirinrnnnnennnnnns 2-174

MECL is a trademark of Motorola, Inc.
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Device
Number Function
MC14416 Time Slot Assigner Circuit ...............ccvvuvon..
MC14417 Time Slot Assigner Circuit . .................ccuu..
MC14418 Time Slot Assigner Circuit ...............cvcunnn..
MC14419 2-of-8 Keypad-to-Binary Encoder ....................
MC33120 Subscriber Loop Interface Circuit ............ FU
MC33129 High Performance Current Mode Controller ...........
MC34010 Electronic Telephone Circuit (MCU Interface) ..........
MC34011A Electronic Telephone Circuit .............ocivininnn,
MC34012-1,-2,-3 Telephone Tone Ringer ..............cccviiiininnnn
MC34013A Speech Network and Tone Dialer ...................
MC34014 Telephone Speech Network with Dialer’ Interface .......
MC34017 Telephone Tone Ringer .............cciivninnnnns
MC34018 Voice Switched Speakerphone Circuit ................
MC34114 Telephone Speech Network with Dialer Interface .......
MC34115 CVSD Modulator/Demodulator (3-Bit Algorithm) .......
MC34118 Voice Switched Speakerphone Circuit ... .............
MC34119 Low Power Audio Amplifier ........................
MC34129 High Performance Current Mode Controller ...........
MC142100 Crosspoint Switch (4x4x1) .........covviiiinnennn
MC142103 HDB3 Encoder/Decoder (Transcoder) ......... vaeeaas
MC143403 Quad Line Driver ...........cciviiiiiiininnnennss
MC143404 Quad Line Driver ..........c.iiiiiiiinennnnnnnnnns
MC145100 Crosspoint Switch (4x4x1) ..........cciiiiiennnnn
MC145402 Serial 13-Bit Linear Codec (A/D-D/A) .. ........cvu...
MC145406 EIA-232-D Driver/Receiver ...............coivuunn..
MC145407 5-Volit EIA-232-D Driver/Receiver .............ccuu..
MC145411 Bit Rate Generator ............c.ccvvueennnnrnsennn
MC145412 Pulse/Tone Repertory Dialer with 10 Number Memory . . .
MC145413 Pulse/Tone Repertory Dialer with 10 Number Memory . ..
MC145414 Dual Tunable Low-Pass Sampled Data Filter . ..........
MC145415 Dual Tunable Linear Phase Low-Pass Sampled Data Filter
MC145416 Tone/Pulse Repertory Dialer with Flash ..............
MC145418 80 kbps Digital Loop Transceiver (Master) ............
MC145419 80 kbps Digital Loop Transceiver (Slave) ..............
MC145421 ISDN 160 kbps UDLT Transceiver (Master) ............
MC145422 80 kbps UDLT Transceiver (Master) ..................
MC145425 ISDN 160 kbps UDLT Transceiver (Slave) .............
MC145426 80 kbps UDLT Transceiver (Slave) ...................
MC145428 Data Set Interface (DSI) ............cciiiiiiiinn.
MC145429 Teleset Audio Interface Circuit (TAIC) ................
MC145432 Notch/Band-Pass 2600 Hz Tone Signalling Filter .......
MC145433 Tunable Notch/Band-Pass Filter ....................
MC145436 Dual Tone Multiple Frequency (DTMF) Decoder . .......
MC145439 B8ZS/HDB3 Encoder/Decoder (Transcoder) ..........
MC145440 300 Baud Modem Filter (Bell 103) ...................
MC145441 300 Baud Modem Filter (CCITT V.21) ................
MC145442 300 Baud Modem (CCITT V.21) ......vvivinennnnts
MC145443 300 Baud Modem (Bell 103) ...............ccvvuinnnn
MC145445 300 Baud Modem (Bell 103/CCITT V.21) .............
MC145450 1200 Baud Modem (Bell 202/CCITTV.23) ............
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MC145472
MC145474
MC145475
MC145488
MC145500
MC145501
MC145502
MC145503
MC145505
MC145512
MC145532
MC145554
MC145557
MC145564
MC145567
MC145601
MC145610
MC145611
TCA3381
TCA3382, A, B
TCA3383A, B
TCA3385
TCA3386
TCA3388
TCA4901
TCA4905
MJE270
MJE271
MPS6717
4N35/36/37

Page
Function Number

ISDN (2B1Q) U Reference Point Transceiver ....................... 2-588
ISDN S/T Interface Transceiver ............cccuvuiirneneneennnnnn. 2-589
ISDN S/T Interface TransCceiVer .............ceveeeienennnnnennns 2-589
Dual Data Link Controller (DDLC) (ISDN LAPD/LAPB) ............... 2-590
Single-Chip Codec/Filter (Mono-Circuit) 16-Pin ..................... 2-591
Single-Chip Codec/Filter (Mono-Circuit) 18-Pin ..................... 2-591
Single-Chip Codec/Filter (Mono-Circuit) 22-Pin ..................... 2-591
Single-Chip Codec/Filter (Mono-Circuit) 16-Pin ..................... 2-591
Single-Chip Codec/Filter (Mono-Circuit) 16-Pin ..................... 2-591
Pulse/Tone Repertory Dialer with 10 Number Memory ................ 2-443
Full Duplex ADPCM Transcoder .............cciururnennnannnenns 2-612
Single-Chip PCM Codec-Filter 16-Pin . ............. ... ... ........ 2-627
Single-Chip PCM Codec-Filter 16-Pin ...............ccoviiiinenann. 2-627
Single-Chip PCM Codec-Filter 20-Pin ............ccitiiieunnenenn. 2-627
Single-Chip PCM Codec-Filter 20-Pin ..................coiiiunn.n. 2-627
Time Slot Interchange Circuit (TSIC) .............ccoiiiiiiiiinnnn, 2-641
Pulse Tone Dialer with Last Number Redial ........................ 2-642
PCM 8-Channel Conference Circuit ............ccvivieienninnnnnnns 2-643
Ring Signal Impedance Matching and Protection Circuit .............. 2-644
Ring Detection and Loudspeaker Amplifier Circuit ................... 2-648
Telephone Set Transmission Circuit .. ........civieriinirnnnnnnnns 2-659
Telephone Ring Signal Converter ..............cccciiiiiinnnnnnn. 2-670
Feature Telephone Set Integrated Circuit ......................u... 2-671
Speech CirCUIt . .......c.iiitiiiniiiinn et innnrereennnennnnnnnns 2-672
High Voltage Subscriber Line Interface (HV MALC) .................. 2-676
PCM Subscriber Line Circuit (LVMALC) ..........ccciiiiiiinnnnnnn 2-677
NPN Power Transistor . ..........couiuiuinennnnrnenennrnnnnnnns 2-679
PNP Power Transistor . .........ccuiiiininenrnrnnnnensnnnanens 2-679
NPN 1 Watt Amplifier Transistor ..............c.ciiiiiiiiiinnnnn. 2-681
L0707 Lo T o1 F- 1 o) £ 2 2-682
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This selection guide includes all Motorola devices characterized in this book. A number of devices that

SELECTION GUIDE

appear in the following documents are added to provide a wider overview of available products.

Document No.

DL118/D
DL122/D
DL125/D
DL126/D
DL128/D
DL130/D
DL139/D
FR68K/D
MC...

DSP...

Device
Number

SWITCHING

MC3417
MC3418
MC3419-1L
MC3517
MC3518
MC14400
MC14401
MC14402
MC14403
MC14405
MC14413-1, -2
MC14414-1, -2
MC14416
MC14417
MC14418
MC33120
MC142100
MC145100
MC145436
MC145500
MC145501
MC145502
MC145503
MC145505
MC145554
MC145557
MC145564
MC145567
MC145601
MC145611
TCA4901
TCA4905

Title

Optoelectronics Device Data

MECL Device Data

Rectifiers and Zener Diodes Data

Small-Signal Transistors, FETs and Diodes

Linear and Interface ICs

NMOS/CMOS Special Functions Data
Microprocessor, Microcontroller and Peripheral Data
M68000 Family Reference

Data Sheets

Data Sheets

Function

CVSD Modulator/Demodulator (3-Bit Algorithm) ..............
CVSD Modulator/Demodulator (4-Bit Algorithm) ..............
Subscriber Loop Interface Circuit ..........................
CVSD Modulator/Demodulator (3-Bit Algorithm) ..............
CVSD Modulator/Demodulator (4-Bit Algorithm) ..............
Single-Chip Codec/Filter (Mono-Circuit) .....................
Single-Chip Codec/Filter (Mono-Circuit) .....................
Single-Chip Codec/Filter (Mono-Circuit) .............. ...t
Single-Chip Codec/Filter (Mono-Circuit) .....................
Single-Chip Codec/Filter (Mono-Circuit) .....................
PCM Band-Pass/Low-Pass Filter ...........................
PCM Dual Low-Pass Filter .............cccvvniiiiiinnrnnns
Time Slot Assigner Circuit .............cccitiiiineirnrnns
Time Slot Assigner Circuit ........ e,
Time Slot Assigner Circuit . ............ccvvuiiiinirerennns
Subscriber Loop Interface Circuit ...................ccvvnt.
Crosspoint Switch (4x4x1) ...ttt
Crosspoint Switch (4X4X1) ....... ..ottt inenanannns
Dual Tone Multiple Frequency (DTMF) Decoder ...............
Single-Chip Codec/Filter (Mono-Circuit) 16-Pin ...............
Single-Chip Codec/Filter (Mono-Circuit) 18-Pin ...............
Single-Chip Codec/Filter (Mono-Circuit) 22-Pin ...............
Single-Chip Codec/Filter (Mono-Circuit) 16-Pin ...............
Single-Chip Codec/Filter (Mono-Circuit) 16-Pin ...............
Single-Chip PCM Codec-Filter 16-Pin .......................
Single-Chip PCM Codec-Filter 16-Pin .......................
Single-Chip PCM Codec-Filter 20-Pin .......................
Single-Chip PCM Codec-Filter 20-Pin .......................
Time Slot Interchange Circuit (TSIC) ................0cunun.
PCM 8-Channel Conference Circuit ...............ccvviinnn
High Voltage Subscriber Line Interface (HV MALC) ............
PCM Subscriber Line Circuit (LV MALC) ..............ovvutt.

MECL is a trademark of Motorola, Inc.

Page
Number
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Device
Number

INTEGRATED VOICE/DATA

MC33129

MC34129

MC145418
MC145419
MC145421
MC145422
MC145425
MC145426
MC145428
MC145429
MC145472
MC145474
MC145475

MODEMS

MC1488
MC1489, A
MC6172
MC6173
MC6860
MC14411
MC14412
MC143403
MC143404
MC145402
MC145406
MC145407
MC145411
MC145414
MC145415
MC145440
MC145441
MC145442
MC145443
MC145445
MC145450

Page
Function Number

High Performance Current Mode Controller ............. e 2-394
High Performance Current Mode Controller ........................ 2-39%4
80 kbps Digital Loop Transceiver (Master) .............coc0vvunenn. 2-463
80 kbps Digital Loop Transceiver (Slave) ...............cciivivnn. 2-463
ISDN 160 kbps UDLT Transceiver (Master) ............ e 2-477
80 kbps UDLT Transceiver (Master) .................... e 2-489
ISDN 160 kbps UDLT Transceiver (Slave) ................ccovvuunn.. 2-477
80 kbps UDLT Transceiver (Slave) ...............cciiiiiiiiennnn.. 2-489
Data Set Interface (DSI) ..........ccoiiiiiiiiiiiiii i, 2-506
Teleset Audio Interface Circuit (TAIC) ...........ciiiiiiiiinnnnn. 2-519
ISDN (2B1Q) U Reference Point Transceiver ....................... 2-588
ISDN S/T Interface Transceiver .............cccvuenirnrnenennannsns 2-589
ISDN S/T Interface Transceiver . ..........c.eeeiennenrnnrnnennnn 2-589
Quad MDTL Line Driver ..........ccoitiiiireeinnnnnnnnn e 2-3
Quad MDTL Line RecCeivers . ..........c.uiiiiinrinnnnnnnnnnnnnnan 29
2400 bps Digital Modulator (DPSK) ..........ccciitiivinniinnnnnnn. 2-96
2400 bps Digital Demodulator (DPSK) ..........cc.oviiiiinnennnn.. 2-104
0-600 bps Digital Modem ............c.oiiiiiiiiiiiiiiniiinaann 2-119
Bit Rate Generator ............cvienevennennesneeinineennennnns 2-165
Universal Low Speed Modem (0-600 bps) . .............covvvenn.. 2-168
Quad Line Driver . ....... ...ttt it iiieniineinnnnnnnnn 2-413
Quad Line Driver ........cciiiiiiiinii it an e annnnnnnannns 2-413
Serial 13-Bit Linear Codec (A/D-D/A) . .....ccviuiiiiiiiii i 2-417
EIA-232-D Driver/ReCeiVer . ... ....cuiieitienieennnenennennnnnss 2-428
5-Volt EIA-232-D Driver Receiver ..........c.cciiiiiineinennnnnnnas 2-435
Bit Rate Generator .............cuiiiiniunennenenernrnnennnnnes 2-440
Dual Tunable Low-Pass Sampled Data Filter .. ...................... 2-450
Dual Tunable Linear Phase Low-Pass Sampled Data Filter ............. 2-457
300 Baud Modem Filter (Bell 103) ............cccvvvreiinnnnnnnnnns 2-556
300 Baud Modem Filter (CCITT V.21) .......iiiiiiiiniinnnnnnnnns 2-562
300 Baud Modem (CCITT V.21) ..o iiii et e s e e i ceennnnns 2-568
300 Baud Modem (Bell 103) . ......ceveiinirieii e iiennennnnns 2-568
300 Baud Modem (Bell 103/CCITT-V.21) ... .iriiiiieiiiie e, 2-577

1200 Baud Modem (Bell 202/CCITT V.23) ........ccciiiiniininnnnnn. 2-582
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Device Page

Number Function Number
FILTERS
MC145414 Dual Tunable Low-Pass Sampled Data Filter . ....................... 2-450
MC145415 Dual Tunable Linear Phase Low-Pass Sampled Data Filter ............. 2-457
MC145432 Notch/Band-Pass 2600 Hz Tone Signalling Filter .................... 2-528
MC145433 Tunable Notch/Band-Pass Filter .................ccciiiiiiiinnn... 2-534
MC145440 300 Baud Modem Filter (Bell 103) ..............coiiiiiinninenn.n. 2-556
MC145441 300 Baud Modem Filter (CCITT V.21) ..ottt iiiinennnn. 2-562
DATA COMMUNICATIONS
MC145406 EIA-232-D Driver/Receiver .. ... ........cuuuuneinnennnnennenenns 2-428
MC145407 5-Volt EIA-232-D Driver Receiver . .........ovuieirrnrenrnnrnennnn 2-435
MC145411 Bit Rate Generator . ............c..iuiuiieninnnnerneenennanansn 2-440
MC145428 Data Set Interface (DSI) ..........cciniiiiiiiiiii i 2-506
MC145488 Dual Data Link Controller (DDLC) (ISDN LAPD/LAPB) ............... 2-590
MPU Peripherals . ..........i it i ittt ettt DL139/D, FR68K/D
BASIC PHONE
MC14408 Binary to Pulse Dialer ............ ... 0ot 2-153
MC14409 Binaryto Pulse Dialer ................ i 2-153
MC14410 2-of-8 Tone Encoder/Dialer ............ ... iiiiiiiiiiinnnnnnnnn. 2-161
MC14419 2-of-8 Keypad-to-Binary Encoder .............ccciiiiiiinininnnnnn. 2-211
MC34010 Electronic Telephone Circuit (MCU Interface) ....................... 2-225
MC34011A Electronic Telephone Circuit . ........ ...t 2-249
MC34012-1,-2,-3 Telephone Tone Ringer . ............ccuiiiiiiiininininnnninnenns 2-270
MC34013A Speech Network and Tone Dialer ................. ... v, 2-278
MC34014 Telephone Speech Network with Dialer Interface .................... 2-293
MC34017 Telephone Tone Ringer ............coiiiiiiiiiniininnnenennnnns 2-310
MC34018 Voice Switched Speakerphone Circuit . ..............c.covviiinnn.. 2-318
MC34114 Telephone Speech Network with Dialer Interface .................... 2-332
MC34115 CVSD Modulator/Demodulator (3-Bit Algorithm) .................... 2-350
MC34118 Voice Switched Speakerphone Circuit . ..............ccvviviiinnan.. 2-365
MC34119 Low Power Audio Amplifier ............. ... i 2-385
MC145412 Puise/Tone Repertory Dialer with 10 Number Memory ................ 2-443
MC145413 Pulse/Tone Repertory Dialer with 10 Number Memory ................ 2-443
MC145416 Tone/Puise Repertory Dialer with Flash ........................... 2-462
MC145512 Pulse/Tone Repertory Dialer with 10 Number Memory ................ 2-443
MC145610 Pulse Tone Dialer with Last Number Redial ........................ 2-642
TCA3381 Ring Signal Impedance Matching and Protection Circuit .............. 2-644
TCA3382, A, B Ring Detection and Loudspeaker Amplifier Circuit ................... 2-648
TCA3383A, B Telephone Set Transmission Circuit ...................ciiiinn.n. 2-659
TCA3385 Telephone Ring Signal Converter ...............ccoiiiiiinnnnnrnns 2-670
TCA3386 Feature Telephone Set Integrated Circuit .................cccuuun.. 2-671
TCA3388 Speech CirCUIt .........iiiiiiiie it iieiiertnnnraanannnns 2-672
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Device Page

Number Function Number
CORDLESS PHONES
MC2831A Low Power FM Transmitter System ............c...cviieirennnns 2-15
MC2833 Low Power FM Transmitter System .............cccvivverunnnnnnn 2-18
MC3356 Wideband FSK Receiver ................. e 2-21
MC3357 Low Power FM IF . ... it it i et i e iiiieanans 2-27
MC3359 High Gain Low Power FM IF . ... ...ttt nnes 2-31
MC3361 Low Voltage Narrow Band FM IF ............ .. cciiiviiennnnnn. 2-37
MC3362 Low Power Dual Conversion FM Receiver ........................ 2-44
MC3363 Low Power Dual Conversion FM Receiver ................c000uunn 2-49
MC3367 Low Power Single Conversion FM Receiver ................vuueunn 2-56
MC12000 Series Prescalers . ............iiii i DL122/D
MC13010 TV Parallel Sound IFand AFT ........ciuiiiiniiiniinnnnnnennns DL128/D
MC34010 Electronic Telephone Circuit (MCU Interface) ...................... 2-225
MC34011A Electronic Telephone Circuit . . ...........o i, 2-249
MC34012-1, -2, -3 Telephone Tone Ringer .............cciiiiiiirnrennnennrnnnnsn 2-270
MC34013A Speech Network and Tone Dialer ..............ccoiiviivnnnnenn. 2-278
MC34014 Telephone Speech Network with Dialer Interface ................... 2-293
MC34017 Telephone Tone Ringer ...........coiiiiiiiiiniininnnennnnnns 2-310
MC34018 Voice Switched Speakerphone Circuit . ..............ccoviirnnennnn 2-318
MC34114 Telephone Speech Network with Dialer Interface ................... 2-332
MC34115 CVSD Modulator/Demodulator (3-Bit Algorithm) ................... 2-350
MC34118 Voice Switched Speakerphone Circuit . ............0coviiiinnennns 2-365
MC34119 Low Power Audio Amplifier . ...........c. ittt 2-385
MC145026, 7, 8 Programmable Encoder/Decoders ............coeviiiiniinnanens DL130/D
MC145030 Remote Control Encoder/Decoder . ............coviviivnnensnn MC145030/D
MC145151-2 Series PLL Frequency Synthesizers .....................ccovuut. MC145151-2/D
MC145160, 66, 67 Dual PLL for 46/49 MHz Cordless Phones .............. e MC145160/D
MC145412 Pulse/Tone Repertory Dialer with 10 Number Memory ............... 2-443
MC145413 Pulse/Tone Repertory Dialer with 10 Number Memory ............... 2-443
MC145416 Tone/Pulse Repertory Dialer with Flash .......................... 2-462
MC145512 Pulse/Tone Repertory Dialer with 10 Number Memory ............... 2-443
MC145610 Pulse Tone Dialer with Last Number Redial ....................... 2-642
TCA3381 Ring Signal Impedance Matching and Protection Circuit ............. 2-644
TCA3382, A, B Ring Detection and Loudspeaker Amplifier Circuit .................. 2-648
TCA3383A, B Telephone Set Transmission Circuit .. ..........c.oiiinrnennennnnn 2-659
TCA3385 Telephone Ring Signal Converter .............ccivniiininreennnn. 2-670
TCA3386 Feature Telephone Set Integrated Circuit ......................... 2-671
TCA3388 Speech Circuit ...............civvviinn.. e 2-672
TRANSMISSION
MC142103 HDB3 Encoder/Decoder (Transcoder) ..............coviviuiennnnn. 2-545
MC145432 Notch/Band-Pass 2600 Hz Tone Signalling Filter ................... 2-528
MC145433 Tunable Notch/Band-Pass Filter .................co0iiiiiinnnn.. 2-534
MC145439 B8ZS/HDB3 Encoder/Decoder (Transcoder) ...............c0vun.. 2-545
MC145532 Full Duplex ADPCM Transcoder .............cieiuenenennnennnens 2-612
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Device
Number

RF MODEMS

MC1374
MC1496
MC1648
MC3356
MC3357
MC3359
MC3361
MC3362
MC12000 Series
MC13010
MC13055
MC14489
MC145026, 7, 8
MC145030
MC145151-2 Series

DISCRETE DEVICES

MFOD1100
MFOE1200
MJE270
MJE271
MPSA42/43
MPS6717
1N6274
4N25
4N35/36/37

MPU/MCU

M6800 Family
M6801 Family

M6804/M68HC04 Family
M6805/M68HCO5 Family

M6809 Family
M68HC11 Family
M68000 Family

SIGNAL PROCESSING

DSP56001
DSP56200

Page
Function Number
TV Modulator Circuit . .......cviiiiiinirinnenrannanens DL128/D
Balance Modulator/Demodulator ........................... DL128/D
Voltage-Controlled Oscillator . ...............oiiiiiiiunnnn DL122/D
Wideband FSK Receiver . ................................. 22
Low Power FMIF ... ... . i ittt i enens 2-27
High Gain Low Power FMIF .......... ... ... it 2-31
Low Voltage Narrow Band FMIF ........................... 2-37
Low Power Dual Conversion FM Receiver .................... 2-44
Prescalers ............ciiiiiiii i i ettt DL122/D
TV Parallel Sound IFand AFT .......... .0 iiiiiiiinennnnnns DL128/D
Wideband FSK Receiver .............c.ciiiiiiiinnnnnennnns 2-133
Multi-Character LED Display/Lamp Driver .................. MC14489/D
Programmable Encoder/Decoders ..................... ..., DL130/D
Remote Control Encoder/Decoder . ...................... MC145030/D
PLL Frequency Synthesizers ..............ccvuevunnnnn MC145151-2/D
Pin Photo Diode for Fiber Optic Systems .................... DL118/D
High Power AlGaAs LED Fiber Optic Emitter ................. DL118/D
NPN Power Transistor ............coiiieinrnnenncnnnnnnnns 2-679
PNP Power Transistor . ...........c..couiiinnenrnennnnnnnnns 2-679
NPN 300 V/200 V TO-92 Transistor ...........covueuennnenns DL126/D
NPN 1 Watt Amplifier Transistor ...............cccviiiienn.. 2-681
MO-sorb Zener Overvoltage Suppressor .................o... DL125/D
(07 oo ToT o T o1 1Y S DL118/D
Optoisolator ... ...... ...ttt 2-682
MiCroproCeSSOrS . ... ...coiiiiiieeiineesannnannnanannennn DL139/D
Microcontrollers ........... ..ottt ittt DL139/D
Microcontrollers . ............c.iiiiiiiiiiii it DL139/D
Microcontrollers .......... ...ttt DL139/D
Microcontrollers .............ciiiiiiiiininininiaaas DL139/D
Microcontrollers .............ciuiiiiiiinriniiiaanaeas DL139/D
MiICrOproCESSOrS . .. u v v titi ettt inen e nannasnnnnns FR68K/D
56-Bit General Purpose Digital Signal Processor ............ DSP56001/D
Cascadable-Adaptive Finite-Impulse-Response (CAFIR)
Digital-Filter Chip ............cc ittt DSP56200/D
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

QUAD MDTL LINE DRIVER
RS-232C
QUAD LINE DRIVER
SILICON MONOLITHIC
INTEGRATE
The MC1488 is a monolithic quad line driver designed to inter- D CirCUIT
face data terminal equipment with data communications equipment
in conformance with the specifications of EIA Standard No. RS-232C.
Features:
® Current Limited Output 14
+10 mA typ
1
° X
Pov;eOBOOf': Sou rce Impedance L SUFFIX P SUFFIX
ms min CERAMIC PACKAGE ~ PLASTIC PACKAGE
® Simple Slew Rate Control with External Capacitor CASE 632-08 CASE 646-06
f : D SUFFIX
® Flexib
exible Operating Supply Range PLASTIC PACKAGE
® Compatible with All Motorola MDTL and MTTL Logic Families CASE 751A-02 14 4
(SO-14) 1
PIN CONNECTIONS
T NS
TYPICAL APPLICATION vee[l] i vee
LINE DRIVER INTERCONNECTING LINE RECEIVER tnput A 2] 13] Input D1
MC1488 CABLE MC1489
\ Output AE E Input D2
S N I==x
— | ogd Input B1[4} (11] output D
- _7 -+ __7
input B2[5] [10] Input €1
: : Output B E E] Input C2
L INTERCONNECTING |
MDTL LOGIC INPUT i CABLE i MDTL LOGIC OUTPUT Gnd E EOU‘KDU! c
CIRCUIT SCHEMATIC
(1/4 OF CIRCUIT-SHOWN)
vee 14 O
3 82k 362k
PINS 4,9, 12 0R 2 1
INPUT 1
X
INPUT
PINS5,10,13 3 70 200
M—O  OUTPUT
) 4 PINS 6,8, 11 0R 3
X Yy
336k P+t

GND 7 = Y y
O__L J

0k
I/‘ 37k 3
VEE 1 O

MDTL and MTTL are trademarks of Motorola Inc.

\
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MC1488

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

Rating Symbol Value Unit
Power Supply Voltage Vee +15 Vdc
VEE -15
Input Voltage Range VIR -15=<Vg =< Vdc
7.0
2 Output Signal Voltage Vo +15 Vdc
Power Derating (Package Limitation, Ceramic
and Plastic Dual-In-Line Package) Pp 1000 mW
Derate above Tp = +25°C 1/RgJA 6.7 mW/°C
Operating Ambient Temperature Range TA 0to +75 °C
Storage Temperature Range Tstg -65to +175 °C
ELECTRICAL CHARACTERISTICS (Vcc = +9.0 1% Vdc, VEE = —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) = 0) 1 I — 1.0 1.6 mA
Input Current — High Logic State (V|4 = 5.0 V) 1 IIH —_ - 10 nA
Output Voltage — High Logic State 2 VOoH ) Vdc
(ViL = 0.8 vdc, R = 3.0k, Vgc = +9.0 Vdc, VEg = —9.0 Vdc) +6.0 +7.0 —
(V|L = 0.8 Vdc, R = 3.0kQ, Vcc = +13.2 Vdc, VEg = —13.2 Vdc) +9.0 +10.5 —
Output Voltage — Low Logic State 2 VoL Vdc
(VI4 = 1.9 Vdc, RL = 3.0kQ, Voo = +9.0 Vde, VEg = —9.0 Vdc) -60 | -70 -
(Vi4 = 1.8 Vdc, R = 3.0k, Vce = +13.2 Vdc, VEg = —13.2 Vdc) -90 | -105 -
Positive Output Short-Circuit Current (1) 3 los + +6.0 +10 +12 mA
Negative Output Short-Circuit Current (1) 3 los - -6.0 -10 -12 mA
Output Resistance (Vcc = VEg = 0, Vol = *2.0V) 4 o 300 — — Ohms
Positive Supply Current (R| = =) 5 Icc mA
(Vig = 1.9 Vde, Vee = +9.0 Vdc) - +15 +20
(VL = 0.8 Vdc, Voe = +9.0 Vde) — +45 | +6.0
(VIH = 1.9 Vdc, Vee = +12 Vdc) - +19 +25
(V)L = 0.8 Vdc, Ve = +12 Vdc) — +5.5 +7.0
(VIH = 1.8 Vdc, Vge = +15 Vdc) — — +34
(V)L = 0.8 Vdc, Vge = +15 Vdc) — — +12
Negative Supply Current (R = =) 5 IEE
(Vi4 = 1.9 Vdc, VEg = -9.0 Vdc) — -13 -17 mA
(VL = 0.8 Vdc, VEg = —9.0 Vdc) — — -500 | wA
(Vi = 1.9 Vdc, VEg = —12 Vdc) — -18 -23 mA
(VL = 0.8 Vdc, VEg = -12 Vdc) — — —500 pA
(VIH = 1.9 Vdc, VEg = —15 Vdc) — — -34 mA
(VL = 0.8 Vdc, VEg = —15 Vdc) ) — — -25 mA
Power Consumption Pc mwW
(Vee = 9.0 Vde, VEg = —9.0 Vdc) — — . 333
(Vce = 12 Vde, VEg = —12 Vdc) — — 576
SWITCHING CHARACTERISTICS (Vcc = +9.0 1% Vdc, VEg = —9.0 1% Vdc, TA = +25°C.)
Propagation Delay Time (z; = 3.0 k and 15 pF) 6 tPLH —_ 275 350 ns
Fall Time (z) = 3.0 k and 15 pF) 6 tTHL — 45 75 ns
Propagation Delay Time (zj = 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 exceeded if all outputs are shorted simultaneously.
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MC1488

CHARACTERISTIC DEFINITIONS

FIGURE 1 — INPUT CURRENT
9V 9V

j

FIGURE 3 — OUTPUT SHORT-CIRCUIT CURRENT
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FIGURE 5 — POWER-SUPPLY CURRENTS
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FIGURE 2 — OUTPUT VOLTAGE
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FIGURE 4 — OUTPUT RESISTANCE (POWER-OFF)
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FIGURE 6 — SWITCHING RESPONSE
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MC1488

TYPICAL CHARACTERISTICS
(T = +259C unless otherwise noted.)

FIGURE 7 — TRANSFER CHARACTERISTICS
versus POWER-SUPPLY VOLTAGE
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FIGURE 8 — SHORT-CIRCUIT OUTPUT CURRENT

versus TEMPERATURE
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MC1488

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
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‘\
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Z w0 h .
= ~
3 ~
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W a
A )
10 1A
0

1.0 10 100
C, CAPACITANCE (pF)

10.000

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 = igg 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 MC 1488 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 Vi 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
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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 pulldown
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
be used for DTL to MOS or even DTL to DTL translation. Figure 15
shows one such combination.
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MC1488

FIGURE 14 — MDTL/MTTL-TO-MOS TRANSLATOR
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FIGURE 15 — LOGIC TRANSLATOR APPLICATIONS
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MOTOROLA
TECHNICAL DATA

EE SEMICONDUCTONR  50mmm

MC1489
MC1489A

QUAD LINE RECEIVERS QUAD MDTL
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.
® |Input Resistance — 3.0 k to 7.0 kilohms
® Input Signal Range — + 30 Volts
® input Threshold Hysteresis Built In
® Response Control L SUFFIX P SUFFIX
Logic Threshold Shifti
‘;)) e Norea b Ite?in' "9 CERAMIC PACKAGE  PLASTIC PACKAGE
p! 9 CASE 632-08 CASE 646-06
D SUFFIX
PLASTIC PACKAGE
CASE 751A-02 14
(SO-14) B
TYPICAL APPLICATION
S
LINE DRIVER LINE RECEIVER Input A E ) vee
MC1488 INTERCONNECTING MC1483 Response
S N CABLE I N Control A E Input O
— josd Response
+_ “+ __7 Output AE "2} Control D
|npu(BE EOutpu( D
: INTERCONNECTING : g::f::l‘s; 2 ol nouce
MDTL LOGIC INPUT ——{—— CABLE -——:<—- MOTL LOGIC OUTPUT Output 8 [8] 5 g:rs‘r:roonl%
Ground[7 (8] output €
EQUIVALENT CIRCUIT SCHEMATIC (1/4 OF CIRCUIT SHOWN)
14
—O Vce
Sk $ sk $17k
< <
RF
RESPONSE CONTROL 2 O AAA | :k———o 30UTPUT
38k %K
INPUT 1| O——AAA K
1; :: 10k
Em
[ 67kQ | 16k ] O 7GROUND

MDTL and MTTL are trademarks of Motorola Inc.
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MC1489, MC1489A

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

' Rating Symbol Value Unit

Power Supply Voltage Vee 10 Vdc
Input Voltage Range VIR +30 Vdc
Output Load Current IL 20 mA
Power Dissipation (Package Limitation, Ceramic

and Plastic Dual In-Line Package) Pp 1000 mwW

Derate above Tp = +25°C . 1/gJA 6.7 mWrC
Operating Ambient Temperature Range TA Oto +75 °C
Storage Temperature Range Tﬂ —65to +175 °C

ELECTRICAL CHARACTERISTICS (Response control pin is open.) (Vcc = +5.0 Vdc £10%, Ta = 0to +75°C unless
otherwise noted)

Characteristics Symbol Min Typ Max Unit
Positive Input Current (VI = +25 Vdc) IIH 36 — 8.3 mA
. (Vi = +3.0 Vdc) 0.43 — —
Negative Input Current (V)L = —-25 Vdc) I -36 — -83 mA
(ViL = —-3.0 Vdc) -0.43 — —
Input Turn-On Threshold Voltage VIH Vdc
(TA = +25°C, VoL < 0.45 V) MC1489 1.0 — 1.5
MC1489A 1.75 1.95 2.25
Input Turn-Off Threshold Voltage viL Vdc
(TA = +25°C,VOH = 25V, 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 = —0.56 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,” loyt = 0 mA, Vi = +5.0 Vdc) Icc — 16 26 mA
Power Consumption (Vg = +5.0 Vdc) Pc — 80 130 mwW
SWITCHING CHARACTERISTICS (Vcc = 5.0 Vdc +1%, TA = +25°C, See Figure 1.)
Propagation Delay Time (RL = 3.9k) tPLH — 25 85 ns
Rise Time ) (RL = 3.9 k) tTLH —_ 120 175 ns
Propagation Delay Time (R = 390 k) 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
L :
1" I

14
MC1489A

RESPONSE NODE

TLH and tTHL Vin @ PV
measured

10% - 90%

C, capacitor is for noise filtering.
R, resistor 1s for threshold shifting.
CL = 15pF = total parasitic capacitance, which includes

probe and wiring capacitances
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MC1489, MC1489A

I, INPUT CURRENT (mA)

Vg, OUTPUT VOLTAGE (Vdc)

FIGURE 3 — INPUT CURRENT

TYPICAL CHARACTERISTICS
(Ve = 5.0 Vdc, T = +25°C unless otherwise noted)

FIGURE 4 — MC1489 INPUT THRESHOLD

VOLTAGE ADJUSTMENT
+10 60 T 5§
80 50
+60 1 vi
+4.0 3 40
o |__RT RT J§ RY RT
+20 // g a0b 5k el - 1k At
0 2 | Vih Vith Vth
> [ sy £ KXY =v
-20 P I B :::‘ 20 a th
—_— = =
40 Vi 4 310
6.0 i 8 1 5 - § -
-8.0 H 01_«, VILH VIHL >
0 [ L 1 S5
25 .20 -15 <10 -50 0 50 +10 +15 420 +25 30 20 -10 0 10 +20 +30
Vin. INPUT VOLTAGE (VOLTS) V), INPUT VOLTAGE (VOLTS)
FIGURE 5 — MC1489A INPUT THRESHOLD FIGURE 6 — INPUT THRESHOLD VOLTAGE
VOLTAGE ADJUSTMENT versus TEMPERATURE
60 $5- 24 ] l
5 22
50 E 20 s MC1489A Vi
w
—
.0 Vin EQ g 18
—+—RT RY RT ¢ — § 16
30445k = k4 4 & 14
L v v L RT i § 12 MC1489 Viy
2015V WV o=vw 1 o —
L 1 Eosl T ——
= - 7
10 1 50 MC1489 Vi I —
2
0 iy L 20 MC1489A VL ——
2 fth Vin R S
| 1 P 1 7% [ [
30 20 10 0 +10 +20 +30 +40 -60 0 +60 120
V), INPUT VOLTAGE (VOLTS) T.TEMPERATURE (°C)
FIGURE 7 — INPUT THRESHOLD versus
POWER-SUPPLY VOLTAGE
20 Vi MC1489A
3
2
w
(&}
<
5
g
S 1o L Vi MC1489
4 Vi MC1489
2 [~ Vi MC1489A
3
z
po
2
z
0
0 40 8.0 12

Ve, POWER SUPPLY VOLTAGE (VOLTS)

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

211



MC1489, MC1489A

Ein. AMPLITUDE (VOLTS)

APPLICATIONS INFORMATION

General Information

The Electronic Industries Association (EIA) has released
the RS-232C specification detailing the requirements for
the interface bety 1 data pre ing 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
these requirements with a maximum open circuit volt-
age of one Vgg.

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
moreto 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 MC1489 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 voits and turn-off of 1.0
volt for a typical hysteresis of 250 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
MDTL/MTTL 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
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MC1489, MC1489A

APPLICATIONS INFORMATION (continued)

FIGURE 10 — TYPICAL TRANSLATOR APPLICATION —
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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
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MOTOROLA
EE SEMICONDUC TO R /5mmm
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 INTEGRATED CIRCUIT

Vee = 4.0V)

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

FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM

e b

CF;ch P SUFFIX
Vorianie L{ PLASTIC PACKAGE
CASE 648-08
2 R- Reactance 15
A
16 QR
3 0—AN—4 M 14 R
D SUFFIX
PLASTIC PACKAGE
v CASE 751B-03
4 cc —_—— 13 SO-16
; I /7l; PIN ASSIGNMENTS
Mic
Amp Variable
5¢ VREF [—012 Reactance ] ~ ]
=va Out!)ut Osc
Battery Decoupling [2] E
Checker Modulator RF
n Input 3 EOutput
X 7 veez [ 13 Gnd
Mic Am
10 Inpu‘: ] hz‘ Veer
Mic Amp 7] Battery
Output E j Checker
Tone
7 10| LED
T0°“e 9 Switch [: :I
sC Tone [g g]Osc
Output E :l Coil
MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted)
Rating Pin Symbol Value Unit
Power Supply Voltage 4,12 Vee 10 Vde
Operating Supply Voltage Range 4,12 Vee 3.0to0 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
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MC2831A

ELECTRICAL CHARACTERISTICS (Vcc1 = 4.0 Vdc, Vg2 = 4.0 Vde, Tp = 25°C, unless otherwise noted)

Characteristic Symbol Pin Min Typ Max Unit
Drain Current Icc1 12 150 290 420 pA
Drain Current Icc2 4 2.2 3.6 6.5 mA
'BATTERY CHECKER .
Threshold Voltage (LED Off — On) VT8 1 1.0 1.2 1.4 Vdc
Output Saturation Voltage VOSAT 10 — 0.15 0.5 Vdc
(Pin 11 = OV, Pin 10 Sink Current = 5.0 mA)
MIC AMPLIFIER
Voltage Gain, Closed Loop -— 56 27 30 33 dB
(Vin = 1.0 MVims, fin = 1.0 kHz)
Output dc Voltage - 6 1.1 14 1.7 Vdc
Output Swing (Vin = 30 mVms, fin = 1.0 kHz) — 6 0.8 1.2 16 Vp-p
Total Harmonic Distortion THD 6 — 0.7 —_ %

(Vo = 31 mVymg, fin = 1.0 kHz)

PILOT TONE OSCILLATOR (250 2 LOADING)

Output AF Voltage (fo = 5.0 kHz) — 8 —_ 50 — mVims

Output dc Voltage - 8 — 14 — Vdc

Total Harmonic Distortion — 8 — 1.8 5.0 %
fo = 5.0 kHz, VAF = 150 mVmsg)

Tone Switch Threshold — 7 1.1 14 1.7 Vdc

FM MODULATOR (120 LOADING)

Output RF Voltage (fo = 16.6 MHz) VRFO 14 — 40 -— mMVims

Output dc Voltage ) — 14 - 13 — Vdc

Modulation Sensitivity (Note 1) ) — 3,14 6.0 10 18 Hz/mVdc
(Vin = 1.0V £ 0.2V)

Maximum Deviation (Note 1) — 3,14 +25 +5.0 +125 kHz

(Vin =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.
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MC2831A

FIGURE 2 — TEST CIRCUIT
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FIGURE 3 — SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz
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1
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2.2k v
*’”}'—C“ Lo 0 H
10k 0.47
=
l Vec =30Vt 80V
NOTES:
S1 is 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 All i in_microfarads, ind 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 2 at 49.7 MHz. Harmonics are suppressed by more
than 25 dB.
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MCTOROLA
m SEMICONDUCTOR —

TECHNICAL DATA
MC2833

| Product Preview

LOW POWER
LOW POWER FM TRANSMITTER SYSTEM
FM TRANSMITTER
MC2833 is a one-chip FM transmitter subsystem designed for SYSTEM
cordless telephone and FM communication equipment. Itincludes
a microphone amplifier, voltage controlled oscillator and two aux-
iliary transistors.
® Wide Range of Operating Supply Voltage (2.8-9.0 V)
® Low Drain Current {Ilcc = 2.9 mA Typ)
® Low Number of External Parts Required -
® —30 dBm Power Output to 60 MHz Using Direct RF Output @
16
® +10 dBm Power Output Attainable Using On-Chip Transistor 6
Amplifiers ; 1
P SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 648-08 CASE 751B-03
S0-16
FUNCTIONAL BLOCK DIAGRAM
1 Ot O 16 PIN ASSIGNMENTS
RF
Osc Variable U
Variable Reactance | 1 16
20- Reactance 015 Output: :] RF
o]
Decoupling E E S¢
30 AN, VWA -0 14 Modulator RF
Input E E Output
Mic Mic Amp Tr2
Amp 4 13
10 L 013 Output :] Base
Mic Amp Tr2
";'_V.:_ Input 5 . 12} Emitter
12 ’ Tr2
50 O GndE LK Collector

e T
6 O— Lo 11 . Emit;elE '__P_I vee
» T"E 5] Tr

Base Collector

7 O— VREF -0 10

8 O—— -0 9

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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MC2833

MAXIMUM RATINGS

Ratings Symbol Value Unit
Power Supply Voltage Vce 10 (max) \
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 (f, = 16.6 MHz) Vout RF 14 60 90 130 mVrms
Output DC Voltage (No input signal) Vdc 14 22 25 2.8 \
Modulation Sensitivity (fo = 16.6 MHz) SEN 3.0 7.0 10 15 Hz/mVdc
(Vin = 0.8V t0 1.2 V) 14 — — -
Maximum Deviation (f, = 16.6 MHz) Fdev 3.0 3.0 5.0 10 kHz
(Vin = 0Vto2.0V) 14 — — —
MIC AMPLIFIER
Closed Loop Voltage Gain (Vi = 3.0 mVrms) Ay 4.0 27 30 33 dB
(fin = 1.0 kHz) 5.0 — — —
Output DC Voltage (No input signal) Vout dc 4.0 1.1 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 pA) V(BR)CBO 15 45 e \"
Collector Emitter Breakdown Voltage (Ic = 200 nA) V(BR)CEO 10 15 — \"
Collector Substrate Breakdown Voltage (Ic = 50 uA) V(BR)CSO — 70 — v
Emitter Base Breakdown Voltage (Ig = 50 pA) V(BR)EBO — 6.2 —_ "
Collector Base Cut Off Current (Vcg = 10 V) IcBO — — 200 nA
(Ilg = 0)
DC Current Gain (Ic = 3.0 mA) hre 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 (Vcs =)3A0 V) Ccs — 33 — pF
(Ic =0

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC2833

FIGURE 1 — TEST CIRCUIT

51 H 16.605 MHz

Crystal: fo = 16.605 MHz

N\ CL=
. > L = 30 pF
Mod Out L_J1 16 Co = 6.1 pF
0.0047 uF 39 pF Rg = 10 Q Max )
ﬁ}_ 2 15
= 68 pF=
Mod In 0————| 3 ' 14|———ORF Out
Mic Amp ‘
4 13p———o08
ot MC2833 w2
220 k 3:
Mic Amlp O-MA 5 12 p———0 Emiitter 2
N 63k
I 6 11 pe———~0 Collector 2
Emitter 1 O—————7 ) =T
iy 0.01 uF
a7 QT
uF = =
Base 10 — 18 9p————0 Collector 1

FIGURE 2 — SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz
16.5667 MHz

) AR
33u
MC2833 .
U/
1 4——| 16
RF 56 pF
iy

Variable 15
0.0047 — Reactance
100k = A
rvvvjl 3 MA—AAA

Mic Amp

% 1000 pF

- |
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470 pF = RF Output
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NOTES: The crystal used is fundamental mode, calibrated for parallel The RF output is +10 dBm (10 mW into 50 (2 load) at 49.7

resonance with a 32 pF load. The 49.7 MHz output is MHz, with all harmonics reduced by more than 50 dB.
generated in the output buffer, which is being used as a All i in mi ds, i in Henries and
frequency tripler in this application. resistors in Ohms unless otherwise specified.
The networks in the output stages provide frequency 0.22 pH inductors are Toko B199SN-T1048Z

lectivity and i hing at 49.7 MHz. 3.3 pH inductor is Toko B199KN-T1056Z
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

MC3356

[ Advance Information ]
WIDEBAND
FSK
RECEIVER
WIDEBAND FSK RECEIVER
... includes Oscillator, Mixer, Limiting IF Amplifier, Quadrature MONOLITHIC SILICON
Detector, Audio Buffer, Squelch, Meter Drive, Squelch Status out- INTEGRATED CIRCUIT

put, and Data Shaper comparator. The MC3356 is designed for
use in digital data communications equipment.

e Data Rates up to 500 kilobaud

® Excellent Sensitivity: —3 dB Limiting Sensitivity
30 uVrms @ 100 MHz

o 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 \J
RF
_— 0y RF Ground [ 1] 20] RF Input
o 71 Input
r _7-——-, n_2 ’/‘_ _____ 19 Ground 0sc EmmerE Eﬁround
| LAY il | 1:
ll ~ 3 | 18 osc CollecmrE an(a Output
> osc >< | _ O Data
L"\W-’ ] . | Data Shaping Ou'lput
—— . — 4 Mixer | Comparator 17 RF VCCE E] + Comparator
) | T <H vee
1‘\ 5 ,l _ i ¥ 16 Mixer Ou(putE E ~ Comparator
Ceramic - g L S
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]I( T X : 12 K (Meter) Filter
4 =
10 ~ n Quad BiasE E Quad Input
Quadrature Detector
r———--— = Tank
| o
Aaag
|
Vo ! !
CcC [ |

This is advance information on a new introduction and specifications are
subject to change without notice.
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MC3356

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vcc(max) 15 Vdc
Operating Power Supply Voltage Range (Pins 6, 10) Vee 3.0t0 9.0 Vdc
Operating R.F. Supply Voltage Range (Pin 4) R.F. Vcc 3.0t0 12.0 Vdc
Junction Temperature ° Ty 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, fogc = 110.7 MHz, Af = =75 kHz, fmod = 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 — pVrms
N — e
Input for 50 dB quieting (_S ; ) 60 wVrms
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 V;, = 1.0 mVrms) — 50 — dB
Demodulator Output, Pin 13 = 0.5 — Vrms
Meter Drive — 7.0 — pA/dB
Squelch Threshold — 0.8 — Vdc
Note 1: Not taken in Test Circuit of Figure 3; new component values required.
FIGURE 3 — TEST CIRCUIT
Squelch Demod
Status Out
Data Output > [e)
a7k 130k 33k
a7k 1 1 5
100 MHz :,__‘ 3.0k :] 01‘
RF Input 10 k 0_' . 470 4
0.01 = S W—1
a0k O 33k = | PFY 18k =
L—] T
= * 20~ |19 18 Tn 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, %6 Form r“““’:
wi/slug & can 150 pF : |
L2—10.7 MHz, 1.5 pH = .T 2|
20T #30, %6 Form RF 0sC  0SC  RF  Mixer Limiter Limiter Limiter Quad [ !
wislug & can Gnd EM.  COL  Vcc  Out__ Vcc  Input  Bias  Bias _ Bias - _"
T1 — Murata J" 2\ $3 4 5 6 7 la_'(_'g 10 -
SFE10.7 MAS-Z 1 sabr T Loor E—_[ 001
or  KYOCEKA 15 pF A= T | 330
KBF10.7MN-MA ﬁ u Ve | T
330 0.01
+5 Vdc _T._.
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MC3356

FIGURE 4 — OUTPUT COMPONENTS OF SIGNAL, NOISE,
AND DISTORTION
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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 controllied, as shown in Figure 1, or L-C
controlled as shown in the other figures. At higher Ve,
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
wVrms, 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,
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 10 uV 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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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 uVrms. The 130 k()
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 (Vcc) 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
atVcc or VEg, 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.)
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MC3356

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
alow 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 nV 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 wV 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.
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MC3356

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

RF Input Ground Data  Comp( +) Comp( -) Squelch Squelch Demod Demod  Quad
Output Status  Control  Out Filter Input

f=107
150 pF 5

,]/

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.
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FIGURE 8 — INTERNAL SCHEMATIC
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MOTOROLA

mm SEMICONDUCTOR
TECHNICAL DATA

MC3357

LOW POWER
FM IF
LOW POWER NARROW BAND FM IF
SILICON MONOLITHIC
INTEGRATED CIRCUIT
..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)
® Excellent Sensitivity: Input Limiting Voltage —
(-3.0dB) =5.0 uV (Typ) 16
® Low Number of External Parts Required ! P SUFFIX
PLASTIC PACKAGE
CASE 648-08

- ®

1
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM
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MC3357

MAXIMUM RATINGS (T4 = 25°C, unless otherwise noted)

Rating Pin Symbol Value Unit
Power Supply Voltage 4 Vec(max) 12 Vdc
Operating Supply Voltage Range 4 Vee 4t08 Vdc
Detector Input Voltage 8 - 1.0 Vp-p
Input Voltage (Ve > 6.0 Volts) 16 Vie 1.0 VRMS
Mute Function 14 Vig -0.5 t0 5.0 VE“
Junction Temperature - T 150 oc
Operating Ambient Temperature Range - Ta -30t0 +70 oc
Storage Temperature Range - Tstg -65 to +150 °c
ELECTRICAL CHARACTERISTICS (Vcc =6.0 Vdc, fo = 10.7 MH2, Af =+ 3.0 kHz, fmod = 1.0 kHz, T A = 25°C unless otherwise noted.)
Characteristic Pin Min Typ Max Unit
Drain Current 4 mA
Squeich Off - 2.0 -
Squelch On — 3.0 5.0
Input Limiting Voltage 16 - 5.0 10 uv
(-3 dB Limiting)
Detector Output Voltage 9 - 3.0 - Vdc
Detector Output Impedance - - 400 - Q
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 20 2.5 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 05 © Vdc
(V12 =2 Vdc)
Scan Function High (Mute On) 13 5.0 - - Vdc
(V12 = Gnd)
Mixer Conversion Gain 3 — 20 - dB
Mixer Input Resistance 16 - 3.3 - kQ
Mixer Input Capacitance 16 - 22 - pF
$ Vce = 6.0 Vde FIGURE 2 — TEST CIRCUIT
1 0.1 uF \_/
L0245 MHe 100 nF input
Byl D
0t L il i TS
120 oF T 50 pF 51
P
] e
14 l———o
muRata o
10k
CFU 455 kHz J_E 13
455 D Filter 4
E j 10 k o= 2.0 Vdc
5 12
2k =
100 nF 100 nF
“ ‘1( E 1" I——T—————Q Op Amp Output
a7k 3192 K youF
Ok
r———'—{ 7 E}——'W\r—l+ —o Filter In
=10 pF
8.2k
S ]Li. 9 |—-——wvv—1—o Audio Out
0.01 uF
20l (pF ;_‘;
FI7 7Y p=1.0mH
VTHT ) cp=100pF
1 Luaad | Rp=100k2
[
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MC3357

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 k2, 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 uA 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:
Ti(max) -TA

PD(TA) = Rgya(Typ)

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.

Where: Pp(T,) = Power Dissipation allowable at a given
operating ambient temperature. This must be greater than

TJ(max) = Maximum Operating Junction Temperature
as listed in the Maximum Ratings Section
TA = Maximum Desired Operating Ambient
Temperature
RgJA(Typ) = Typical Thermal Resistance Junction to
Ambient
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MOTOROLA
EE SEMICONDUCTOR /5
TECHNICAL DATA

MC3359

HIGH GAIN
LOW POWER
LOW POWER NARROWBAND FM IF FM IF

SILICON MONOLITHIC
... includes oscillator, mixer, limiting amplifier, AFC, quadrature INTEGRATED CIRCUIT
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

P SUFFIX
that the MC3359 has an additional limiting IF stage, an AFC output, PLASTIC PACKAGE
and an opposite polarity Broadcast Detector. The MC3359 also CASE 707-02
requires fewer external parts.
® Low Drain Current: 3.6 mA (Typ) @ Vcc = 6.0 Vdc
® Excellent Sensitivity: Input Limiting Voltage — DW SUFFIX

~3.0dB = 2.0 uV (Typ) PLASTIC PACKAGE 20 «
CASE 751D-03 1

® Low Number of External Parts Required

FIGURE 2 — PIN CONNECTIONS AND
FUNCTIONAL BLOCK DIAGRAM
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MC3359

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

Rating Pin Symbol Value Unit
Power Supply Voltage 4 Veglmax) 12 Vdc
Operating Supply Voltage Range 4 Vee 4t09 Vdc
Input Voltage (Vcc= 6.0 Volts) 18 Vig 1.0 Vrms
Mute Function -~ 16 Vie -0.7 to 12 Vpk
Junction Temperature — Ty 150 °C
Operating Ambient Temperature Range —_ TA -30to +70 °C
Storage Temperature Range —_ Tstg —65 to +150 °C

ELECTRICAL CHARACTERISTICS (Vcc = 6.0 Vdc, fo = 10.7 MHz, Af = +3.0 kHz, fjod = 1.0 kHz, 50 ) 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 — 5.4 7.0
Input for 20 dB Quieting —_— 8.0 — uVrms
Input for —3.0 dB Limiting — 2.0 — uVrms
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 —_— 22 — 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 Fighre 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 MA
— Low 2.0 24 — mA
Mute Switch Impedance Pin 14 — High — 5.0 10 Q
Pin 16 to Ground — Low 1.5 — MQ

FIGURE 3 — TEST CIRCUIT
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<
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i Tp 2 17
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crugss [ | .
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Kyocera _.
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5 14 ————am———<  Squelch Input
. 10k
I
1c— 6 13 Op Amp Output
0.1 uF S1oM
OJ‘I"F 2 || 10k
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68 k 1.0 uF
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MC3359

FIGURE 4 — MIXER VOLTAGE GAIN

O T T T T
INPUT fo = 10.7 MHz =Y AT
200 [ QUTPUT fo = 455 kHz / T
OUTPUT TAKEN AT AT
= 100 PIN 3 WITH FILTER Vee — 00V
£ REMOVED (OPEN) T
) P
= Vee = 40V
< 40 P
o«
=
>
5 W
o
10
60
0
008 01 10 10 )
INPUT, 50 €2 [mVrms]
FIGURE 6 — MIXER THIRD ORDER
INTERMODULATION PERFORMANCE
2 l l —
10 } t /
OUTPUT TAKEN AT pd /
0 PIN 3 WITH FILTER
< REMOVED Pa /
S-10 Vee = 6.0 Vde
%_ -2 fl ! L /
= oESIRED PRODUCTS A 7
2 -3
5
© a0 v
w0 3RD ORDER IM PRODUCTS
. [/
~90 -8 -7 -60 -5 -4 -3 -2 -10 0 10
INPUT, 50 €2 [dBm]
FIGURE 8 — RELATIVE MIXER GAIN
10 ]—‘
0
™~~~
q
)
=)
)
S DERIVED USING
R OPTIMUM LC i
3 OSCILLATOR VALUES
& AND HOLDING
-4 IF FREQUENCY AT
455 kHz
_50 J|71 It lil
w0 | 1 ' | | ‘ l
01 10 10 100

FREQUENCY [MHz]

FIGURE 5 — LIMITING I.F. FREQUENCY RESPONSE

0 I 1]
IF OUTPUT TN
—10 i ™.
I N
R RESPONSE TAKEN ON
28 A SPECIAL PROTOTYPE.
5% 3l TERMINALS NOT
£8 AVAILABLE ON
g STANDARD DEVICE.
; 3 4 Rl 7
=
b s
35 . L
IF INPUT FOR —3 dB LIMITING }/
~ 60 > ¢
0 100 v —1
0.1 10 10 100
FREQUENCY [MHz]
FIGURE 7 — DETECTOR AND AFC RESPONSES
80 ——
Ve = 6.0 Vde
70 o«
60 AFC OUTPUTPIN 11 ___|
__50
g ]
= 40
-
3 3
L DETECTOR OUTPUT PIN 10
20
10 /_//
0
-0 -8 -6 -4 -2 0 20 40 60 80 10
RELATIVE FREQUENCY [kkHz)
FIGURE 9 — OVERALL GAIN, NOISE, AND A.M. REJECTION
10
0 b e T
S+N +3KHz FM
-1 AT
=2 — 25
e 760
-2 75
p]
2 Vee = 6.0 Vde
E_m PR AR
g NN T T
o T S+N  (30% AM)
o -
-4 == -
'\\\ N ]
—60
1

0.001 0.01 0.1 1.0
INPUT [mVrms]

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-33




MC3359

FIGURE 10 — OUTPUT COMPONENTS OF
SIGNAL, NOISE, AND DISTORTION

FIGURE 11 — AUDIO OUTPUT AND TOTAL
CURRENT DRAIN versus SUPPLY VOLTAGE
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MC3359

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 () source and the internal 1.8 k at Pin 3. Voltage
gain curves at several V¢ 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 k2. 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 .V 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 (). 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 MC3359 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.
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MOTOROLA
EE SEMICONDUC TO R 150000500
TECHNICAL DATA

MC3361

LOW POWER NARROW BAND FM IF LOW POWER
FM IF
. . . - e . SILICON MONOLITHIC
... includes Oscillator, Mixer, Limiting Amplifier, Quadrature Dis- INTEGRATED CIRCUIT

criminator, Active Filter, Squelch, Scan Control, and Mute Switch.
The MC3361 is designed for use in FM dual conversion commu-
nications equipment.
® Operates From 2.0 V to 8.0 V Supply
® Low Drain Current 4.2 mA Typ @ Vcc = 4.0 Vdc
® Excellent Sensitivity: Input Limiting Voltage —

—-3.0dB = 2.0 uV Typ

® Low Number of External Parts Required
® Operating Frequency Up to 60 MHz 16
1
P SUFFIX
PLASTIC PACKAGE
CASE 648-08
16 @
1
D SUFFIX
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM PL/éi';lé%:l:gﬁGE
S0-16
Mixer Scan Squelch Filter Filter Recovered
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|16 15 14 13 l12 [11 10 I 9
r 1
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\ A ) Crystal E 16] RF Input
ISC.
i€ 2] (18] Gnd
b 10P )
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oo 3 985
Limi
e 5 S
L] Lol Lo [ L] [ e -
I._l - Decoupling [6] 1 (F)||‘.|tteprut
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MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted)

Rating Pin Symbol Value Unit
Power Supply Voltage 4 Vcecimax) 10 Vde
Operating Supply Voltage Range 4 Vece 2.0 to 8.0 Vdc
Detector Input Voltage 8 — 1.0 Vp-p
Input Voltage (Vcc = 4.0 Volts) 16 Vie 1.0 Vrms
Mute Function 14 Vig -05to +5.0 Vpk
Junction Temperature — Ty 150 °C
Operating Ambient Temperature Range — TA —30to +70 °C
Storage Temperature Range — Tstg —65 to +150 °C
ELECTRICAL CHARACTERISTICS (Vcc = 4.0 Vdc, fo = 10.7 MHz, Af = +3.0 kHz, fjod = 1.0 kHz, Ta = 25°C,
unless otherwise noted.)

Characteristic Pin Min Typ Max Unit

Drain Current (No signal) 4 mA
Squelch Off — 4.2 7.0
Squelch On — 5.2 9.0

Recovered Audio Output Voltage (Vi = 10 mVrms) 9 100 150 270 mVrms
Input Limiting Voltage (—3.0 dB Limiting) 16 — 2.0 6.0 uVv
Total Harmonic Distortion 9 — 0.8 — %
Recovered Output Voltage (No Input Signal) 9 60 150 — mVrms
Drop Voltage AF Gain Loss 9 -8.0 -05 —_ dB
Detector Output Impedance — - 450 —_ Q
Filter Gain (10 kHz) (Vi = 0.3 mVrms) — 40 49 — dB
Filter Output Voltage 1 — 1.7 — Vdc
Mute Function Low 14 — 10 50 Q
Mute Function High 14 1.0 10 — MQ
Scan Function Low (Mute Off) (V12 = 1.0 Vdc) 13 — 0 0.5 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 — 33 — kQ
Mixer Input Capacitance 16 — 2.2 — pF
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AUDIO OUTPUT (Vrms)

FIGURE 2 — TEST CIRCUIT
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FIGURE 5 — LOW VOLTAGE LOW POWER
NARROW BAND FM IF

CIRCUIT SCHEMATIC
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FIGURE 6 — INPUT LIMITING VOLTAGE FIGURE 7 — OVERALL GAIN, NOISE, AND A.M. REJECTION
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FIGURE 11 — TYPICAL APPLICATION
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TECHNICAL DATA
MC3362

I Advance Information —l
LOW-POWER
) NVE
LOW POWER NARROWBAND FM RECEIVER , DUI;;%%I:E“;{ES;ON

. 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.

o Wide Input Bandwidth:

— 200 MHz using Internal Local Oscillator
— 450 MHz using External Local Oscillator

Complete Dual Conversion Circuitry

Low Voltage: Vcc = 2.0 to 7.0 Vdc

Low Drain Current (3.6 mA (Typ) @ Vc¢ = 3.0 Vdc)

Excellent Sensitivity: Input 0.7 uV (Typ) for 12 dB SINAD

Data Shaping Comparator P SUFFIX
ping Lomparato PLASTIC PACKAGE

Received Signal Strength Indicator (RSSI) with.60 dB CASE 724-03
Dynamic Range

® Low Number of External Parts Required

SILICON MONOLITHIC
INTEGRATED CIRCUIT

® Manufactured in Motorola’s MOSAIC Process Technology
DW SUFFIX
RF Input  FIGURE 1 — TYPICAL APPLICATION IN A PLL FREQUENCY P T KA GE
to 200 MHz SYNTHESIZED RECEIVER S0-24
Input
Match
v 0.01 I Il- FIGURE 2 — PIN CONNECTIONS AND
ge 120 pF = 24 : From PLL Phase FUNCTIONAL BLOCK DIAGRAM
1t 2 23 I Detector
0.01 =
50 pF== |— 3 22 1st Mixer Input | 1 24 1st Mixer Input
10.245 MHz P % }0.41 uH O o
I 4 21 2nd LO Output E E Varicap Control
ig;am: Filter T——— 5 N 20— To PLL.or Prescaler 2nd LO Emmm[z Z]m LO Tank
: [”—'0- 6 19 Ceramic Filter .
[ ; II] 10.7 MHz 2nd LO Base [4] (21] 15t LO Tank
18
8 ; I I 1.0 2nd Mixer Output E Eht LO Output
1 |+
(1"1 0“1 9 16 & I 1': vce E E1st Mixer Output
0‘1“ 200 k } 10 15 - 1_?_."( 01 Limiter Input E E 2nd Mixer Input
—— A.!.. 1 14 L——» Data Vce Limiter [&] E 2nd Mixer Input
1v0v': To Carrier ] " “—_-L 0.001 Decoupling
Detect 12 13 —I—N\»\,I> Recovered Limiter g 16] VEE
Indlcatorueg I 8.2 k T 0.01 Audio Decoupling :I
EERAMER = Meter Drive [10 15 C o
Lp _ 680 F,H : -\I = leter Drive I:: &j omparator Output
Cp =180pF | “ + 1 Carrier Detect [11] {14) Comparator Input
Lk =
Quadrature Coil IE X E Detector Output

This document contains information on a new product. Specifications and information herein are
subject to change without notice. MOSAIC is a trademark of Motorola.
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MAXIMUM RATINGS (Tp = 25°C, unless otherwise noted)

Rating Pin Symbol Value Unit
Power Supply Voltage 6 Vccimax) 8.0 Vdc
Operating Supply Voltage Range (Recommended) 6 Vee 20to 7.0 Vdec
Input Voltage (Vcc = 5.0 Vdc) 1,24 Vi-24 1.0 Vrms
Junction Temperature — Ty 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, Tp = 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 uvVrms
Recovered Audio (RF signal level = 10 mV) 13 — 350 —_ mVrms
Noise Output (RF signal level = 0 mV) 13 — 250 — mVrms
Carrier Detect Threshold (below Vcc) 10 — 0.64 — Vdc
Meter Drive Slope 10 — 100 — nA/dB
Input for 20 dB (S + N)/N (See Figure 7) — — 0.7 — unVrms
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 — 1.4 — kQ
FIGURE 3 — TEST CIRCUIT
RF Ferronics
Input 12-345-K
50 ()
1 - 24
2:6 0.01
120 pF
P 2 23 IF
10.245 ‘50 pF 3 22 _l 10.5 Turns
MHz i T s ) 33 pF| I | coilcraft
il ! | I | UNI10/142
5 20 —
FLIES MC3362 19 AL
6 9 1 muRata CFU455D
7 18 FL2C= or
»_341 ] s Toko LFC-4551
8 17
01 FL2:
68 k1 9 16 muRata SFE10.7MA
— \WA—
———— 10 s 01 Toko SK107M3-A0-10
180 pF | ' oko -AQ-
| P 7 14 ——
: | ; l Il 12 13
Toko RMC-2A6597HM +1.0 uf
vee o- i€ © VEE

LAY
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FIGURE 4 — IIMETER versus INPUT FIGURE 5 — DRAIN CURRENT, RECOVERED AUDIO versus SUPPLY
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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 signai. 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
uV using the two-pole post-detection filter pictured.

*If 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 V¢c.

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 Vcc. 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:

R1p = 0.64 Vdc / 19

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

Hyst. = Vcco/(Ry x 10~ 7) dB
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TECHNICAL DATA
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-

Advance Information

LOW POWER DUAL CONVERSION FM RECEIVER

The MC3363 is a single chip narrowband VHF FM radio receiver.
It is a dual conversion receiver with RF amplifier transistor, oscil-
lators, mixers, quadrature detector, meter drive/carrier detect and
mute ciicuitry. The MC3363 alsc has a buffered firstloca! oscillator
output for use with frequency synthesizers, and a data slicing
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
o 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
Using Internal RF Amplifier Transistor

LOW POWER
DUAL CONVERSION
FM RECEIVER

SILICON MONOLITHIC
INTEGRATED CIRCUIT

1

® Data Shaping Comparator PLA[;"I,"I’CS:’J,:E:&GE
® Received Signal Strength Indicator (RSSI) with 60 dB CASE 751F-03
Dynamic Range S0-28

® Low Number of External Parts Required
Manufactured in Motorola’s MOSAIC Process Technology
® See AN980 For Additional Design Information

FIGURE 1 — PIN CONNECTIONS AND FUNCTIONAL

BLOCK DIAGRAM

1st Mixer Input [3

)]

1st Mixer Input

Base [Z] [27] Varicap Control
Emitter [76] 1st LO Tank
Collector [4} [25) 1st LO Tank
2nd LO Emitter [5] [24] 1st LO Output

2nd LO Base [6}

2nd Mixer Output [7]

2

73]
7

1st Mixer Output

2nd Mixer Input

Vee [E] 2nd Mixer Input
Limiter Input [2] 70 VEE
Limiter Decoupling [ig] AAA M E Mute Output

Limiter Decoupling [ii} VWV

Meter Drive (RSSI) [iZ]

Carrier Detect [13]

A

}’E

)

@

15|

Quadrature Coil 4] |

Comparator Output

Comparator Input
Recovered Audio

Mute input

This document contains information on a new product. Specifications and information herein are
subject to change without notice.
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

Rating Pin Symbol Value Unit
Power Supply Voltage 8 Vcc(max) 8.0 Vdc
Operating Supply Voltage Range 8 - Vce 20t0 7.0 Vdc
(Recommended)
Input Voltage (Vcc = 5.0 Vdc) 1,28 Vi-28 1.0 Vrms
Mute Output Voltage 19 Vig —-0.71t0 8.0 Vpk
Junction Temperature — Ty 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 pVrms
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 — uVrms
RF Transistor DC Current Drain 4 1.0 1.5 2.5 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 — 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
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MC3363

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 V¢c.

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 Vce. 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/ (Rh x 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 |.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.
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FIGURE 3 — TYPICAL APPLICATION IN A PLL FREQUENCY SYNTHESIZED RECEIVER

T10.41 uH

RF Input
49.670 to
49.970 MHz 0~?1

27 pF == 2.0T

0.5T

B

L

CR1 _
10.245 M

0.001
11

1
l 390 [

50 pF
T ”120 oF 1 B

i

-

0.41 uH

33 pF

CRF1: muRata SFE 10.7M
CRF2: muRata CFU 455D
LC1: Toko RMC2A6597HM

Mute
Control

+ 1

3
<
10k

i +
0.1 uF Ll-10 uF

8.2k

—»— Data Output

1.0 uH  Volume Control

Fr—

0.01 -

100 k

AAA

VW~

1.0 uH

-

20 k

Output

\—+| 6——)— Recovered Audio

From PLL Phase Detector

To

MC145166/7
Dual PLL
Frequency

L
i: 3.0k Synthesizer

Ve (Regulated)

Pin 27

Pull-Up Resistc
$33kt020k
>

Pin 26

Pin 25

[ Pin 24

Note: Pull Up resistor is
used to run the oscillator above 50 MHz.

L = 0.08 uH

fosc: 200 MHz

€9EEON



[ x4

Viva 301A3Aa SNOLLVIINNWINOD3 131 VIOHOLOW
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MOTOROLA
EE SEMICONDUCTOR /5555
TECHNICAL DATA
MC3367

L Product Preview

LOW VOLTAGE

SINGLE CONVERSION
LOW VOLTAGE FM NARROWBAND RECEIVER FM RECEIVER
... with single conversion circuitry including oscillator, mixer, IF
amplifiers, limiting IF circuitry, and quadrature discriminator. The SILICON MONOLITHIC
MC3367 is perfect for narrowband audio and data applications up INTEGRATED CIRCUIT
to 75 MHz which require extremely low power consumption. Bat-
tery powered applications down to V¢ = 1.1V are possible. The
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: Vcc = 1.1 to 3.0 Vdc

® Low Power Consumption: Pp = 1.5 to 5.0 mW
. DW SUFFIX
® Input Bandwidth 75 MHz PLASTIC PACKAGE
e Excellent Sensitivity: Input Limiting Voltage (—3.0 dB) CASE 751F-03
= 0.2 uVrms S0-28
® Voltage Regulator Available (Source Capability 3.0 mA)
® Receiver Enable to Allow Active/Standby Operation
e Low Battery Detection Circuitry PIN CONNECTIONS
o Self Biasing Audio Buffer with Nominal Gain Ay = 4.0
e Data Buffer with Nominal Gain Ay = 3.2
® Comparator with > 25 kHz (50 kbaud) Capability
® Standard 28-Lead Surface Mount (SOIC) Package
andard 28-Lead Su (soic) 9 Mixer Depl.f [T 28fa2nd IF Amp In
Mixer Out[] |2 27 [A Data Buffer Out
Mixer InJ |3 26 [0 Data Buffer In
Osc. Dcpl.O} |4 25 [ 1st IF Amp Out
Osc. Base |5 24 Vces
Osc. Emit.(] |6 230 1stIF Amp In
FIGURE 1 — BLOCK DIAGRAM Isrc Depl. O |7 22 [ Audio Buffer Out
IFGndO |8 21 A Audio Buffer In
Q Q99 Q Q i (I) ? veezd |9 20 1 Low Battery Det.
1 Rec. Audiod |10 193 1.2V Select
Tow Quad Tank(] |11 180 Vee
Quad Outpat
O~ b Demodalaor [ F255 O Quad TankQ [12 170 Vreg.
Mixer Demod. Gnd] {13 16 [1 Receiver Enable
O Comparator /P[] |14 15 |3 Comparator O/P
oJ_ Crystal
Oscill.
O Voltage -O
Regulator
R Main Volt
og = [ Lurrent Reference
Low =O)
Battery
Comparator Detector L—O
Data Audio|

o 6 © 3K o

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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MC3367

ABSOLUTE MAXIMUM RATINGS (Voltages referred to Pin 12; Tp = 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 —_ -65tc 1150 °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 1.1to 3.0 Vdc
Receiver Enable Voltage 16 0orVce Vdc
1.2 V Select Voltage 19 Vdc
RF Input Signal 3 0.001 to 100 mVrms
RF Input Frequency 3 0to 75 MHz
Intermediate Frequency (IF) —_ 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.)
01=51 1 28 Fl2 FL1 = FL2 =
T T Toko LFC-455F/I
2 27 = or
RFInput b 1000P TP muRata CFU 455D/E/F
45MHz 2 ICYr 3 26
2p| o1 4 2%
0.7 ~ == |
g T
= - 5 2al 30
L1 30 p = —— M
1.0k2 2244 545 MHz __‘:_L 6 o1
5p 23
= - — |7 22
0.1
T 18 2
= 100 k
AM- 9 20 AMV
10
T 10 19
Cp=180p =
o _; - 1 18
> <
s6k$ |z 3| T I ¢+ Ve
T 12 o
Toko RMC 16 =
onesorAM  — |13
14 15 —A
1
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MC3367

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)

Characteristic J Pin Min Typ J Max [ Units
OVERALL MC3367 PERFORMANCE
Drain Current — Pin 156 = V¢ — — 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 — 45 — mVrms
Input for —3.0 dB Limiting 3 — 0.2 — pVrms
MIXER
Mixer Input Resistance (Rp) 3 —_ 3.0 — kQ
Mixer Input Capacitance (Cp) 3 —_ 9.0 —_ pF
FIRST IF AMPLIFIER
| First IF Amp Voltage Gain — —_ s | — dB
AUDIO BUFFER
Voltage Gain — — 4.0 — A%
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 — V4
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 kQ) 15 — 5.0 — us
Fall Time (90-10%; R = 100 k) 15 — 0.4 — us
LOW BATTERY DETECTOR
Low Battery Trip Point 18 — 1.09 — Vdc
Low Battery Output — Ve = 0.9V 20 — 0.2 - Vdc
—Vee =13V 20 — Vee — Vdc
VOLTAGE REGULATOR
Regulated Output (see Figure 6) 17 - 0.95 — Vdc
Source Capability 17 — — 3.0 mA
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MC3367

FIGURE 3 — RECOVERED AUDIO versus SUPPLY
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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.

FIGURE 4 — DRAIN versus SUPPLY
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FIGURE 6 — VREG 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 uV 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.
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MC3367

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 k2 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. 2560 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 Vg 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, Vec2, Vees) run
on the same supply voltage. V¢ is typically decoupled
using capacitors only. Vcc2 and Vgc3 should be
bypassed using the RC bypasses shown in Figure 2.
Eliminating the resistors on the Vgc2 and Vg3
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 k() resistor to supply.

The 1.2 V Select pin, when connected to the MC3367
supply, programs the low battery detector to trip at V¢
< 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 Icc <
0.5 pA.
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MOTOROLA |
mE SEMICONDUCTOR 155500000

TECHNICAL DATA ;
MC3417, MC3517
MC3418, MC3518

Specifications and Applications
Information CONTINUOUSLY VARIABLE
SLOPE DELTA
MODULATOR/DEMODULATOR

CONTINUOUSLY VARIABLE SLOPE ' LASER-TRIMMED
DELTA MODULATOR/DEMODULATOR INTEGRATED CIRCUIT

Providing a simplified approach to digital speech encodirig/
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 L SUFFIX P SUFFIX
L . R X CERAMIC PACKAGE  PLASTIC PACKAGE
® Utilization of Compatible 12L — Linear Bipolar TFechnology CASE 620-10 CASE 648-08
® CMOS Compatible Digital Output
DW SUFFIX
® Digital Input Threshold Selectable (Vcc/2 reference PLASTIC PACKAGE
provided on chip) @ CASE 751G-01
SO-16L
® MC3417/MC3517 has a 3-Bit Algorithm (General
Communications)
® MC3418/MC3518 has a 4-Bit Algorithm (Commercial Telephone)
PIN CONNECTIONS
Analog
(=) 16 |vee
CVSD BLOCK DIAGRAM Input :
Analog Encode/
Feedback 2 |+ E] Decode
Encode/ Syllabic
Decode Clock Filter E E Clock
15 14
Anatog Input . T Dual Input Gain 13 :Digltal( D)ata
Y [} 1 nput (-
Analog Feedback o2 *' Comparatgr - e ontrol u
Digital or4-Bn I Ref Digital
Data Input 13| Shift Register ! 5 12
Digital u oolooloodlon, Input (+) Threshold
12 r-r
Threshold| VTH l—-1 Filter Coincidence
1" Input (=) 6 Al Output
Logic Coincidence
Digital O Output Analog[:‘ t]vcc&
OLgt‘;ault Qutput 7 10 Output
Integrator 3 Syllabic igital
Amplifier =0 Filter Vee| 8 9 igita
10 [V~ /2 145 Gain Control :‘Output
tocn et =
Output T LRBef l \
Ref lo GC
7] 5] le
Analog  Ref Filter ORDERING INFORMATION
Output Input Input Temperature
- 1{
e =) Device Package Range
MC3417L Ceramic DIP 0°C to +70°C
MC3418DW Plastic SOIC 0°C to +70°C
MC3418L Ceramic DIP 0°C to +70°C
MC3418P Plastic DIP 0°C to +70°C
MC3517L Ceramic DIP —55°C to +125°C
MC3518L Ceramic DIP -55°C to +125°C
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MC3417, MC3517, MC3418, MC3518

MAXIMUM RATINGS
(Al voitages referenced to VEg, Ta = 25°C unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage vce —0.4 to +18 Vdc
Differential Analog Input Voltage Vip +5.0 Vdc
Digital Threshold Voltage VTH -0.4 10 Vee Vdc
Logic Input Voltage VLogic -0.4to +18 Vdc
(Clock, Digital Data, Encode/Decode)
Coincidence Output Voltage Vo(Con) -0.4 to +18 Vdc
| Syllabic Filter Input Voltage Vi(syl) -0.4to Ve Vdc
Gain Control Input Voltage o Vi(Ge) -0.4to Vee Vdc
Reference Input Voltage Vi(Ref) | Vcc/2-1.010 Ve Vdc
Vcc/2 Output Current IRef -25 mA
ELECTRICAL CHARACTERISTICS
(Vce = 12V, VEg = Gnd, Tp = 0°C to +70°C for MC3417/18, Tp = —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
(@ \dle Channel)
(Vce = 5.0V, All except MC3418P,DW) —_ 3.7 5.0 — 37 5.0
(Vcc = 5.0V, MC3418P,DW) — —_ — — 37 55
(Vce = 15V, All except MC3418P,DW) — 6.0 10 — 6.0 10
(Vce = 15V, MC3418P,DW) — — — — 6.0 11
Gain Control Current Range (Figure 2) IGCR 0.002 — 3.0 0.002 — 3.0 mA
Analog Comparator Input Range \ 1.3 —_ Vee—1.3 1.3 —_ Vec—1.3| Vdc
(Pins 1 and 2)
(475 V = Vge < 165 V) .
Analog Output Range (Pin 7) Vo 13 — Vee—-1.3 1.3 — Vec—1.3| Vde
(4.75V < Vcc <165V, 10 = £5.0 mA)
Input Bias Currents (Figure 3) B uA
(Comparator in Active Region)
Analog Input (1) — 0.5 15 —_ 0.25 1.0
Analog Feedback (12) — 0.5 15 — 0.25 1.0
Syllabic Filter Input (13) — 0.06 0.5 — 0.06 0.3
Reference Input (I5) — —0.06 -05 - —0.06 -0.3
Input Offset Current lio nA
(Comparator in Active Region)
Analog Input/Analog Feedback — 0.156 0.6 —_ 0.05 0.4
[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
Vil Converter, 0 to 3.0 mA 0.1 0.3 — 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 pF to Gnd) tPHL — 0.8 2.0 — 0.8 2.0
(RL = 4.0 kQ to V)
Coincidence Output Voltage — VoL(Con) — 0.12 0.26 — 0.12 0.25 Vdc
Low Logic State
(IoL(Con) = 3.0 mA)
Coincidence Output Leakage Current — IOH(Con) - 0.01 0.5 —_ 0.01 0.5 nA
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¢ to +0.4 V) edge of the clock.
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MC3417, MC3517, MC3418, MC3518

ELECTRICAL CHARACTERISTICS (continued)

MC3417/MC3517 MC3418/MC3518
Characteristic Symbol Min Typ Max Min Typ Max Unit
Applied Digital Threshold Voltage Range VTH +1.2 — Vec-20 +1.2 —_ Vec-20(| Vdec ¢
(Pin 12)
Digital Threshold Input Current l\(th) nA
(12V<sVih <Vce - 20V)
(V)L applied to Pins 13, 14 and 15) - —_ 5.0 -_ — 5.0
(V|H applied to Pins 13, 14 and 15) — -10 -50 — -10 -50
Maximum Integrator Amplifier lo +5.0 — — +5.0 — — mA
Output Current
Vce/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 < Ve < 165 V)
Logic Input Voltage (Pins 13, 14 and 15) Vdc
Low Logic State ViL Gnd — Vth—0.4 Gnd — Vth—0.4
High Logic State VIH Vith +0.4 — 18 Vih +0.4 — 18
Dynamic Total Loop Offset Voltage 2Voffset mV
(Note 2) — Figures 3,4 and 5
Igc = 12 pA, Vee = 12V
TA = 25°C (All except 3418P,DW) — — — —_ +0.5 +1.5
(MC3418P,DW) — - — — +0.5 +3.0
0°C < Tp < +70°C (MC3417/18L) — — — — +0.75 +23
(MC3418P,DW) —_ — —_ — +0.75 +3.8
—55°C < Tp < +125°C (MC3517/18) — — —_ - +1.5 +4.0
Igc = 33 uA, Vge = 12V
Ta = 25°C — +25 +5.0 — — —
0°C < Ta < +70°C (MC3417/18) - +3.0 +75 — —_ —
—55°C < Tp < +125°C (MC3517/18) — +4.5 +10 — —_ —_
IGec = 12 uA, Vec = 5.0V
TA = 25°C (All except MC3418P,DW) — - — —_ +1.0 +2.0
(MC3418P,DW) — — — — +1.0 +35
0°C = Tp = +70°C (MC3417/18L) - — — — +1.3 +2.8
(MC3418P,DW) —_ — — — +1.3 +43
—55°C < Tp < +125°C (MC3517/18) — — — — +25 +5.0
Igc = 33 kA, Ve = 5.0V
Ta = 25°C —_ +4.0 +6.0 — — —
0°C = Tp < +70°C (MC3417/18) — +45 +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
(IoH = —0.35 mA) VOH Veec—1.0{Vcec—0.2 — Vee—-1.0 | Vec—0.2 —
Syllabic Filter Applied Voltage (Pin 3) Vi(syl) +3.2 — Vce +3.2 - Vce Vdc
(Figure 2)
Integrating Current (Figure 2) Mintl
(Igc = 12 nA) 8.0 10 12 8.0 10 12 RA
(Igc = 1.5 mA) (All except 3418P,DW) 1.45 1.5 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 IH HA
(VI = 18 V) .
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 L nA
ViL=0V)
Digital Data Input ) — — -10 — — -10
Clock Input _ — —360 — — —360
Encode/Decode Input — — 1 -36 —_ — -36
Clock Input, Vi = 0.4V — — ~72 — — -72

NOTE 2. Dynamic total loop offset (XV¢fset) equals V| (comparator) (Figure 3) minus V|ox (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.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-64



MC3417, MC3517, MC3418, MC3518

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 Vcc/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 (V1) 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 kQ
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 (lnt) 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, l|nt 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 k(2 and 13 k() 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¢ /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 Vcc/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
0Os. 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.
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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 Rg. In systems requiring different charge and dis-
charge constants, the charging constant is RgCg while
the decaying constant is (Rg + Rp)Cg. 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 kQ to
+12V 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 V¢ /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 puise, 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 — Ve
The power supply range is from 4.75 to 16.5 volts
between Pin V¢ and VEE.

FIGURE 2 — IGcR. GAIN CONTROL RANGE and
Iint — INTEGRATING CURRENT
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET
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TYPICAL PERFORMANCE CURVES

FIGURE 7 — TYPICAL lj¢ versus igc (Mean = 20)
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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. If 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 oS~ 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.
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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 idle 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
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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

Ry. 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 0 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.

R1 = 10kQ, Cq = 0.1 uF .
Voo 1 - K
li C(S+1/RC) S+wq
wWo =>211f
103 = wq = 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 av
lj = R—: + <C1 xd—to)

Now a 0 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 a0 dBm 1 kHz sine wave is:

1AV L 0AuF(LY)
' *2(10k)  0.125ms

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

0.935 mA

1.1V
2

Now the voltage range of the syllabic filter is the
power supply voltage, thus:
o) 1
0.935 mA

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

Rx = 0.25(Vce)
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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 (Cs) 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:

dVg
= at

Vo
R1+C

For values of Vg near Vc/2 the Vg/R term is negli-
gible; thus
I = Cg o
TS TAT

where AT is the clock period and AVq is the desired
peak-to-peak value of the idle output. For a 16K-bit
system using the circuit in Figure 14

_0.1uF 20mV

I
! 62.5 us

=33 uA
The voltage on Cg which produces a 33 nA current is
determined by the value of Ry.

IiRx = Vgmin; for 33 uA, Vgmin =41.6 mV

In Figure 14 Rg is 18 k. That selection is discussed
with the syllabic filter considerations. The voltage divider
of Rg and Rpjjy must produce an output of 41.6 mV.

Rs

_— Rmin==2.4 MQ
RS + Rmin mn

vee = VSmin

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
0 dBm.

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
RoR1{S + ——
o5+ s )

B 1 1
R2C2(Rg + RIS + ————|S +H{—r
2C2(Ro+ R ( (Ro + R1)C1) (RzCz)

FIGURE 16 — IMPROVED FILTER CONFIGURATION

VO
li

Analog Output

MC3417
or
MC3418

o.155§:|:

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 + R1Cq ic AVqo
Ro Ro Ro AT

+

R1C1R2C2)AV02
Ro AT2

The calculation of desired gain resistor Ry then proceeds
exactly as previously described.

(R2C2C1 +

Syllabic Filter Design

The syllabic filter in Figure 14 is a simple single-pole
network of 18 k€2 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/Vcce.

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 (Vgc —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

"1 R2
—AMN——0

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
Ry 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 107 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.
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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 Vcc/2, then
the positive input of A1is (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 tril of the integ d circuit p reliable idle channel and step size range characteristics.)
Voice/Non-Voice Clock Digital
SELECT Input Output
o-
37.7 kHz (VCC/Z)
+12V
Analog 15 1§I 14
Input ?[-22 KF X
o \%
I\ / -0 cc
2 L ‘ [@8it
Register 3o
P4 13 9 b3 v
Non-Voice|3.6 K3 > - 11 1N914
e { 1
Input r ~~0.33 uF
o
igital V o/ S"ming _
Input) vAvA'S bS S t
o—4 13k = W b
3 21k
Analog 7 Slope «t -oVsyl *’
Output |- R2 ~ i —r 4 A RX <
3.6 k p{ Polarity > 200 k
AAA Switch 2.2k
i 7.5k
MC3418 +
c2 o B2 33k AT
0.025 uF A< S-4 890 ,cile 8 VWA %4 W —
"2k BAAASIY R3 AA—& | 75K
< VV 200 k
=< * 0.05 uF 100 k AAA
- AA
=] YVVRo 13k \L 1 Al, A2,
¢ vls vlm MC1458
= 0.1 uF 0.1 uF
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o

SIGNAL TO NOISE IN dB

OUTPUT LEVEL IN dBm

. SIGNAL-TO-NOISE PERFORMANCE OF TELEPHONY

TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued)

FIGURE 19 — SIGNAL-TO-NOISE PERFORMANCE repeated.
AND FRE_QUENCY RESP"?NSE With no input signal, the companding ratio at Pin 4
(Showing the improvement realized with d th It R t
the circuit in Figure 18.) goes to zero an e voltage across Ry goes to zero.
The voltage at the output of A2 becomes zero since
there is no drop across Ry. With no signal input, the
actively controlled step size vanished.

QUALITY DELTAMODULATOR

354 The minimumn step size is established by the 500 k
: resistor between Vg and Vee/2 and is therefore inde-
b pendently selectable.
T The signal to noise results of the active companding
30 i 50 dB network are shown in Figure 19. A smooth 2 dB drop is
_ 4 BIT ALGORITHM realized from +12 dBm to -24 under the control of A1.
| 37.7K BITS At -24 dBm, A2 begins to degenerate the companding
1 kHz TEST TONE X L
4 C MESSAGE WEIGHT reference and the resulting step size is reduced so as to
25 extend the dynamic range of the codec by 20 dBm.
h . The slope overload characteristic is also shown. The
7 active companding network produces improved perfor-
] mance with frequency. The 0 dBm slope overload point is
20 A ———— raised to 4.8 kHz because of the gain available in control-
_ag _36 _24 _12 0 12 ling the voltage across Rx. The curves demonstrate that
INPUT LEVEL IN dBm0O the level linearity has been maintained or improved.*
b. FREQUENCY RESPONSE versus INPUT LEVEL The codec in Figure 18 is designed specifically for
(SLOPE OVERLOAD CHARACTERISTIC) 37.7K bit systems. However, the benefits of the active
companding network are not limited to high bit rate
0 dBm INPUT systems. By modifying the crossover region (changing
o the gain of A2), the active technique may be used to
_mJ —10dBm INPUT improve the performance of lower bit rate systems.
204 —20dBm INPUT The performance and repeatability of the codec in
Figure 18 represents a significant step forward in the art
-30- and cost of CVSD codec designs.
~40- 4 BIT ALGORITHM
37.7 K BITS
-0 x . A .
60 A larger value for C2 is requnred in the decoder circuit
than in the encoder to adjust the level linearity with
E—— frequency. In Figure 18, 0.050 uF would work well.
o 2kHz 4kHz 6kHz 8kHz 10kHz

INPUT FREQUENCY IN Hz

FIGURE 20 — HIGH'PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT

87.6 k 175 k

c3 ca
157 pF 78 pF

R3 = = =
247 k Designed for 0.28 dB ripple in the pass band
wp = 3 kHz
ws = =6kHz
AdB at wg and above 29.5 dB
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FIGURE 21 — FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OP AMP

Analog Input O-—l

Force Idie

Channel
15
1

Digital Output

I13 |9

Analog Output

Codec Components

Rx 1, Rxo— 3.3 kQ
Rpq, Rpp — 3.3 kQ2
Rg1, Rga — 100 k§2
Ryq, Rjp — 20 k2
Rqz — 1k

Rp1. Rmz2 —5 M§2 (MC3417)
Minimum step size = 20 mV
Rm1, Rm2 — 15 MQ (MC3418)

c2
€ 4
€1 R R3 2 by
o
o
5 11 1Gs1
/T\
R1 C3 = 12 MC3417 -
or [
10| Mc3d18 |4 L
1 : :
R R
°"I N | . S Rmi X1
_ pol o
o« ¢Ch 6 4
ls 14
l ‘ Clock
p—————=_0
14 +5V
. 2 6 )
5 o~
d <
<
R113 R7S  Re 1y ASs?
< - 1\
Digital 9 mc3a17 o
Test or u‘:/’
mMc3418 |3
~o gﬁmz Rx2
[
Ci2 6 4

~ Input Filter Specifications

12 dB/Octave Rolloff above 3.3 kHz
6 dB/Octave Rolloff below 50 Hz

Output Filter Specifications
Break Frequency — 3.3 kHz
Stop Band — 9 kHz
Stop Band Atten. — 50 dB
Rolloff — > 40 dB/Octave

Minimum step size = 6 mV

Cgq, Cgp — 0.05 uF
Cyq, Cj2 — 0.05 uF
2 MC3417 (or MC3418)
1 MC3403 (or MC3406)

Note: All Res. 5%
All Cap. 5%

Filter Components

R1 — 965 Q
R2 — 72 k2
R3 — 72 kQ
R4 — 63.46 k2
R6 — 127 kQ

R6 — 365.5 k2
R7 — 1.645 M
R8 — 72 k2

R9 — 72 kQ
R10 — 29.5 k2
R11 — 72 kQ

Digital Input

L w0

C1 — 3.3 uF
C2 — 837 pF
C3 — 536 pF
C4 — 1000 pF
C5 — 222 pF
C6 — 77 pF
C7 — 38 pF
C8 — 837 pF
C9 — 536 pF

Note: All Res. 0.1% to 1%.

All Cap. 1.0%
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COMPARATIVE CODEC PERFORMANCE

The salient feature of CVSD codecs using the MC3517
and MC3518 family is versatility. The range of codec
complexity tradeoffs and bit rate is so wide that one
cannot grasp the interdependency of parameters for
voice applications in a few pages.

Design of a specific codec must be tailored to the
digital channel bandwidth, the analog bandwidth, the
quality of signal transmission required and the cost
objectives. To illustrate the choices available, the data in
Figure 22 compares the signal-to-noise ratios and dynamic
range of various codec design options at 32K bits.
Generally, the relative merits of each design feature will
remain intact in any application. Lowering the bit rate
will reduce the dynamic range and noise performance
of all techniques. As the bit rate is increased, the overall
performance of each technique will improve and the need
for more complex designs diminishes.

Non-voice applications of the MC3517 and MC3518
are also possible. In those cases, the signal bandwidth
and amplitude characteristics must be defined before
the specification of codec parameters can begin. How-
ever, in general, the design can proceed along the lines of
the voice applications shown here, taking into account the
different signal bandwidth requirements.

FIGURE 22 — COMPARATIVE CODEC PERFORMANCE —
SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE

35

30

,__/J/
25 e
[+

20

R
v
/

N
~

]
A~ 32K Rit CVSD with
/ MC3417 or MC3418

S+ N/N C MESSAGE (dB)

LA
7

0 A
-45 -40 -35 -30 -25 -20 -5 -10 -5.0 0
AMPLITUDE (dB)
These curves demonstrate the improved performance obtained
with several codec designs of varying complexity.

SOV

Curve a — Complex companding and double integration
(Figure 18 — MC3418)

Curve b — Double integration (Figure 14 using Figure 16 —
MC3418)

Curve ¢ — Single integration (Figure 14 — MC3418) with
6.0 mV step size

Curve d — Single integration (Figure 14 — MC3417) with
25 mV step size
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MOTOROLA
mm SEMICONDUCTOR —
TECHNICAL DATA

MC3419-1L
TELEPHONE LINE-FEED CIRCUIT ’ SUBSCRIBER LOOP
. . designed as the heart of a circuit to provide BORSHT functions INTERFACE CIRCUIT
for telephone service in Central Office, PABX, and Subscriber Car- , (SLIC)
rier equipment. This circuit provides dc power for the telephone
(Battery), Overvoitage protection, Supervision features such as BIPOLAR LASER-TRIMMED
hook status and dial pulsing, two-wire differential to four-wire INTEGRATED CIRCUIT
| single-ended conversions and suppression of longitudinal signals g
at the two-wire input (Hybrid), and facilitates ringing insertion,
Ring trip detection and Testing.
e Totally Upward Compatible with the MC3419
® Ail Key Parameters Externally Programmable
® Current Sensing Outputs Monitor Status. of Both Tip and Ring /
Leads for Auxiliary Functions such as: Ground Key, Ring Trip, i{'
Message Waiting Lamp, etc.
® On-Hook Power Below 5.0 mW .
® Digital Hook Status Output
® Powerdown Input ‘
® Ground Fault Protection L SUFFIX
® Operates from Single —20 V to —56 V Power Source CERSR"S'S ;’;‘;:fGE
® 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.
FUNCTIONAL BLOCK DIAGRAM
9 Vee
_________ B1 Mirror |
R 8[ o E VaG Analog Ground
AR R ] [Jre— [ 0
| [_A1 Mirror A4
[— ' \ RSO
L Ly 5 TSO
K Y 1
! A C i l\{
i I
Tie | Ry TSI Cooo ] ‘/i Rxi  RRX Receiye Input
IC
ne 5 X Ve
5 Circuit RX
e < b €
§ cc Hook —oHSO 8
Status B [
~ & Bias Control °PDI Balance ;':
RR | & Circuit Network 3
RD ’ T HST
ing ke bl it S By -1 )
R e i B [ B2 M|rror: RTX1 Transmit
| gﬂ | Output
1 < ! CTX +
I EN{ N i * TXO
| : I * ommm— i€ - VTX
L . 2: g P fazm E_éa Bias A LM*J
PR S R -
| i o RH RvTx
| U S S g 4 'Y
VEE Vas
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MAXIMUM RATINGS (Voltages Referenced to Vcc.)

Rating Symbol Value Unit
Voltage VEE -60 Vde
Vas VEg —1.0V

Powerdown Input Voltage Range VPDI +15t0 —15 Vdc PIN CONNECTIONS
Sense Current ITs1. IrRs| mAdc

Steady State 100

Pulse — Figure 4 200 ~_
Storage Temperature Range Tstg —65to +150 °C Vee E o E] VAG
Operating Junction Temperature Ty 150 °C

(34 = 100°CW Typ) ep[2] 17] A
OPERATING CONDITIONS (Voltages Referenced to Vcc.) BP E El TXO

Rating Symbol Value Unit TSI E E’ PDI

Operating Ambient TA 0to +70 °C

Temperature Range cc E E HSO
Loop Current IL 10 to 120 mA RSI E E TS0
Voltage VEE -20to —56 Vdc N

Vas —20to VEE 8 E E RSO

Analog Ground VaG Vdc EN E E HST

(IL = 0to 60 mA) 0to —12 v DV

(I = 0 to 120 mA) ~2510 —12 ee[9] 10| Vas
Supervisory Output Voltage VRso: VTSO —20to —20 Vdc

Compliance Range
Hook Status Output VHSO +15to —20 Vdc
Loop Resistance RL 0 to 2500 Q

TRANSMISSION CHARACTERISTICS (R = 600  unless otherwise noted.)

Characteristic Figure Symbol Min Typ Max Unit
Transmit and Receive Gain Variation 1 VTX/NVL, -03 0 +0.3 dB
(Insertion Loss) VLVRX
(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
0 dBm @ 1.0 kHz)
Transmission VTx/NL =01 0 +0.1
Reception VL/VRX -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) VTX/VL — —60 —
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MC3419-1L

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

Characteristic Figure Symbol Min Typ Max Unit
Idle Channel Noise (VR = 0 V) 1 VTx. VL — 3.0 10 dBrnC
Return Loss (referenced to 600 ohms) @ 1.0 kHz, 1 20 Log Rg—600 30 — - dB
0 dBm Ro+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,Vqop = VEE, VAG = 0V, RL = 600 Q, Tp = 25°C unless otherwise noted.)
Characteristic Figure Symbol Min Typ Max Unit
Propagation Delay 1 Tp, VRX to V| — 750 — ns
VRX to ITx — 1.2 — us
Supply Current — On-Hook 3 [\Volo} — 40 200 HA
(VEE = V@B = 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 VTXx/Vgb - -6.0 — dB
(1.0 kHz @ 1.0 VRMS)
Sense Current 4 mA/mA
Tip ITrso/ITs| 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 — 25 —
Analog Ground Current 1 IVAG — 0.1 2.0 HA
Powerdown Logic Levels IPDI - -1.0 -10 nA
ViH -1.2 —_ - Vdc
ViL — — -4.0 Vdc
Hook Status Output Current 1 IHSO
(RL < 25 kQ, V4so = +0.4 Vdc) +1.0 +3.0 - mA
VHso = —0.4 Vdc) -04 -15 —_ mA
(RL > 10 k2, V4SO = +12 Vdc) - 0 +50 HA
VHSO = —12 Vdc) — 0 -2.0 HA
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FIGURE 1 — AC TEST CIRCUIT

1.0 uF .
i€ ©
6003 VRX
Ty v 18
cc AG 4 o0V
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2 .
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$33.2k $90.09 k
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y Y 90.08 k
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0.005 uF
I 7 12
= BN RSO ———o0
8 1
EN HST
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T 9 10
VEe  Vos L
43k 3 3 232 k
-48V
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FIGURE 3 — SUPPLY NOISE REJECTION TEST CIRCUIT
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FIGURE 5 — QUIET BATTERY CURRENT lyqp
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 Q 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 & RSI 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 Ve and RSl is referenced to VQB. 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 VaB 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 VEE supply. .

n HST Hook Status Threshold programming resistor input. R4 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 Vqg. 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.

l

14 HSO/HS

O

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 k(), 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 Vcc (VHSO = 0 V); with negative voltage logic (a resistor
tied from a —12 V supply to HSO), this pin will source current from Vcc (VHgO = 0 V). If loop
resistance is greater than a predetermined value again established by the same resistor Ry,
usually R > 10 k{2, the HSO pin is inactive, i.e., VHsO = logic supply voltage.

15 PDI 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 pin is 15 V.

16 TXO Transmit current Output. This output sinks current to VQp and is proportional to ITg| + Irg| by a
ratio of K1 where: K1 = 0.51. Its saturation voltage is Vqg + 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 ) 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 VAG 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 k2 to Vcc and 0.1 uF to system ground. If
Ve and system ground are common, tie VAG directly to Vgc. If dc loop currents are allowed to
go higher than 60 mA, VaoG should be biased from —~2.5 Vto —12 V to avoid problems at high
ambient temperatures.
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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 RS|
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 RXI 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 RRy 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 controlied
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. Positive-going 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.
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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 Rt, 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
RH 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 PDlI 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 V¢ (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.) Shouid 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 Vg to Vop (“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) + IRs| 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)K1K2) = 1 + 1.02 x 95 = 97.9 is ap-
proximately 98.

R — Loop resistance. This is a load resistance from Tip
to Ring and can be either ac or dc depending on context.
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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. . Vagl(RR + RT + 1200 0)
I — Loop current. The dc current flow through R|. F = 98 (\Vap| —4.0 V) @)
RF — Dc feed resistance. The synthesized resistance So:
from which battery (Vcc and Vgg) current is fed to Ry . RR = RT = 49Rr (Vos| —40V) _ 600 (4)

The battery feed resistance is balanced differential feed.

See Figure 7. (This assumes Vqg = VgE.) The first order

equation is:

_ R + RT + 1200 0

B 98

Because of the diode voltage drops on TSI and RSI, the

actual dc feed resistance is higher. The second order

equation is:

_ IVaBl(98 RL + RR + RT + 1200 Q) _
98 ([(Vag| —4.0V)

RE (1)

Re

RL (2

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

The first order value of RF can not be greater than the
desired value of the termination impedance (usually
600 Q or 900 ). To achieve dc feed resistances that are
greater, a resistor can be placed between Vg 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 Vqpg and
VEE to prevent damage in case a catastrophic power
supply failure occurs.
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lyqB — This is the current that is sourced from the Vqpg
pin and is proportional to the currents into and out of
RSl and TSI. When the SLIC is in the off-hook power-up
mode, lyQp is also proportional to I|.

(5)
(6)

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

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

_ IVEgl(98RL + RR + Ry + 1200 + 2.85RQp)

lvae = 2.15Igg| + 0.7 ITg|
lvas = 0.029 I

fra 98(VEE] —4.0 V) RL
(7)
Ignoring Ry, this simplifies to:
_ |Veel(RR + Rt + 1200 + 2.85Rqp)
Rra = 98(VEe —4.0V) @
Therefore:
RoR = 98RFQ(|VEE| —4.0 V) — |VEE/(RR + RT + 1200 Q)
aB = 2.85|Veg]
(9)
Cag — Power supply noise filter capacitor.
Cas = 2.85 Rgg + RR + RT + 1200 Q (10)

2=f Rog (RR + RT + 1200 Q)

Figure 9B shows Rqpg replaced with a current regulating
device such as Motorola’s 1N5283 family.

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

IL = 345IcraB (1)

The graph, Figure 9B, shows loop current versus loop
resistance using several values of Icrgp. The closest
current regulating diode part number to that value is
also shown. A typical value for Cqpg in this case is 10
uF, 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 Rpr and RpT. Whenever the voltage on the
2-wire port exceeds the power supply rails (Vcc and
VEE), 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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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 Vqg when ||_is at its minimum off-
hook value (Typ. 20 mA):

RpR < RR/196 + 25|VEg — 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:

RcxCc = RTxCr. (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(RT/98 — RpT — 4) + (2.0 V)IL (15)
(16)

where I = |VEgl/REq or I (max) in current limited
designs.

Par = IL [IVEE| = 2 — IL(R7/98 + R + RpR + 16)]
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SYSTEM EQUATIONS (continued)

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

Off-hook threshold

Ry = 6(R_ + RR + RT) (17)
On-hook threshold
RH = 27.25 [R_ + 0.01(RR + Rl (18)
FIGURE 11 — HOOK STATUS DETECTION
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:: OnI-Hookl Oscillatory
T T
11 }—+—0n-Hook Threshol
S 10 LRH = 27.25[R +0.01(RR +RT)l
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Figure 11 shows such a graph using 17.4 kQ as the
values for Rg 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. Ry
always ties to Vo and HST and will give reliable hook
status information regardless of power supply voltages
and PDL.

Rp — Termination impedance of the 2-wire port. This
impedance is greater than the dc feed resistance Rg
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 RE to Rq.

_ RR + Ry + 1200 0

Ro = 1+ 97K3 (19)

So:
K3 = DB+ RT ;7;250 2 - Ro (20)

and
K3 Rrxa + Zin 21

T Rrx1 + 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.

2 = (RR_+ RT + 1200 ) GTx _ RvTx

n = 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) ([Vaglmin — [Vaglmax — 6.5V)

(22)

Rmxr < Nagmin - 54V
(23)
Where:
in -4
Vagimin = (RR + RT + 1200 Q) ([Vgg/min —4) (24)

(RR + RT + 1200 0 + 2.8 Rgg)

or If a current regulator diode is used:

0.01 I (max) (RR + RT + 600 2) — [VpG|max ~ 3.9V
0.01 I (max) (25)

Itis beneficial to make RTx1 as large as possible. Typical
values range from 15 k to 24 kQ.

RTx1<

_K3Rtx1 .
Rrx2 = T3 ~Zn (26)
CTx = Rp + Rr + 12000 The result is in uF.  (27)

7RTX2

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

1.02 (1 - K3) RyTx

~RR + RT + 1200 0 (28)

GTX

Gtx(RR + RT + 1200 Q)
1.02 (1 - K3)

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

—95R| (RR + RT + 1200 Q)

RVTX = (29)

GRX = Rex [RR + AT + 1200 ) + AL(T + o7kl o0
X l(RR
__-9%5R_Rg
GRX = —————-—RRX(RL + Ro) (31)
_ _95R Ro
RRX = GRxRL + Ro) (32)
Rrx + Rg (33)

Crx > 2w f RRXRB

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

Transhybrid Rejection — The voltage gain from VRx to
VT1x. 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, RL.

_ Rrx(1 + 97K3) (Rg + Ry)
B 97R (1-K3)

R (34)
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FIGURE 12 — BALANCE NETWORK FOR CAPACITIVE LINES
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8P $ Rt
Tip
RXI i
RT | | Cs RVTX
AA < . A
YW\~ TSI ;: RTX1 :; Rb2 VA——
C| R , +
t t RR @0 - ! >
AW RSI TX2 Crx V-
>
. MJE270
Ring
BN
EN
FIGURE 13 — BALANCE NETWORK FOR COMPLEX LOAD IMPEDANCES
Rrx CRX
Al v
MJE271 4B ] Vax
EP  VAG {Tvac
r
| B
’ <
|
Tip
L RXI : q 3
RT : RvTx
A TSI | VW~

AAA

[N
|
1
|

Z

N 0
Ana—E
RR ™0 ) >
A RSI TX2 Crx V-
. ] vix
MJE270

Ring[ ] To scale Z, to its maximum values
BN _ _ Rex (1 + 97k3)
Rot = Rb2 = or i - k3) @)
- Bb1
EN Zp = 2Ro(z") (36)
When the 2-wire port has a parallel R and C load, then ances using component values that are equal to the
(see Figure 12): ‘ load values (see Figure 13) then:
Rax(RR + R + 1200 Q) Rpy = TRX(1 + 97K3)
Rpt1 = —-57RL(1—"K3)— (37) 194(1 — K3)
RRx(1 + 97K3)]? RoRmx(1 + 97K3) (00)
iy = RRx(RR + RT + 1200 Q) (38) 194(1 — K3) 97(1 - K3)
b2 = 97Ro(1 — K3) '
RRx(1 + 97K3)
Rp2 = —&(—K—-— —Rp1 (41)
Cp = L (39) 701 - K3)
b2 =2 (42)
When it is desirable to balance complex load imped- Rp1 and Ry values are interchangeable.
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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 RSI,

respectively. )
ITso = % (43)

I
IRso = £t (44)

_ VTip — Vecl —20V )
ITso 8 (AT + 600 ) for VTip < Vcc  (45)

_ VRing — VoBl —2.0V )
IRSO 6(RR + 600 ) for VRing > VaB  (46)
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 Vgc 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 1N4004 to VEg and to allow ringing voltage

FIGURE 14 — INTERFACE-TO-DIGITAL LOGIC

1 1 +50V
v -
cc Vob 10k 3ypp
MCiaxxx NVOD | N Mo MC74LSxxx
PDI  HSO >— I—J__- » or
Vss | MC3419 l/ MC74LSxxx | MC74HCxxx
23 Vgs or $240(  Vec Vss
-12v VEE |3 MC74HCxxx K =
-L PDI  HSO
—-48V -
12V | | Mc3a19-1
750 k3 VEE
(a) 1
Interface-to-Negative -48 VvV
Supply CMOS Logic )
Interface-to-LSTTL
+12V
62 k
Vbp
MC14xxx I_JT_ MC14xxx
Vss
Vee 1
—{PDI  HSO
| | MC3419-1
1.0 MQ i: VEE
-48V
(c)
Interface-to-Positive Supply CMOS Logic

A
s
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FIGURE 15 — PBX LINE CIRCUIT
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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
MO-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 1z te 4 cycles. In

SYSTEM EQUATIONS (continued)

systems serving only short loops (<700 Q), if Rg1 and
RgG2 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 — +50V

RF — 2000 Ro — 600 @ On:Hook —>10kQ VEg — —42to -56

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

Ri(max) — 190002 Tx Gain — 0dB VRMS) + VEE
200-3400 Hz Ringer Equivalent. — 5

Parts List

MPSAS56 RR — 9.09k 1% Matched MOC3030 Rtx1 — 121k 1%

2N3905 Rt —_ 9.09k 1% if desired 4N25 Rts2 — 576k 1%

2N6558 RpT — 470 5% RRX — 287k 1%

MPSA42 RPR — 750 5% RE — 280k 1%

MJE271 RG1 — 6200 5% RyTx — 286k 1%

1N4007 RG2 — 1000 5% cr 0.004 uF

MK1V135 RE1 — 910 5% CR —  0.004pF

1N4007 REz — 30k 5% Cc —  0001pF

1N4007 RRT — 20k 5% CRx — 1.0 pF/20 V

1N5303 Rc — 24k 5% Crx  — 2.0 pF/40 V

1N4004 RH — 127 k 1-3% CRT — 20 pF/5.0 V

MC3419-1 RHsO — 10k 5% Cog — 10 wF/60 V
SHORT LINES ON-PREMISE LINES

Specifications

RF - 500 Rx Gain -_ -5.0dB

Ri(max) = 700 Q Tx Gain - 0dB

Ring Trip — <50 ms Viogic - +5.0 Volts

Ringer Equivalent — 25 VEE — —20 to —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  — 0.004uF RTx2 — 422k 1%

MPSA56 RGt — 6200 5% CR — 0.004uF RRX — 698k 1%

2N3905 RgGz — 6200 5% Cc  — 0.004pF RBE — 301k 1%

1N4007 Rgr — 10 5% CRX — 01 uF RVTX — 127k 1%

1N4007 RE2 — 30k 5% Ctx — 05 uF Re  — 56k 5%
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HE SEMICONDUCT O R /5 ——

TECHNICAL DATA
MC6172
(Formerly MC6862)

2400 bps DIGITAL MODULATOR MOS
The MC6172 is a MOS subsystem designed to be integrated into a (N-CHANNEL, SILICON-GATE)
wide range of equipment utilizing serial data communication.
The modulator provides the necessary modulation and control func- 2400 bps
tions to implement a serial data communication link over a voice grade MODULATOR

channel, utilizing differential phase shift keying (DPSK) at bit rates of
1200 or 2400 bps. Phase options are provided for both the U.S. and in-
ternational markets. The MC6172 can be implemented into a wide range
of data handling systems, including stand-alone modems, data storage
devices, remote data communication terminals, and |/O interfaces for
counters.

N-channel silicon-gate technology permits the MC6172 to operate us-
ing a single voltage supply and be fully TTL compatible.

The modulator is compatible with the MC6173 demodulator to pro-

vide medium-speed data communications capability. L SUFFIX
CERDIP PACKAGE

® Clear-to-Send Delay Options chse ez

® 511-Bit CCITT Test Pattern

® Terminal Interfaces are TTL Compatible

® Compatible Functions for 201B/C Data Sets P SUFFIX

® CCITT and U.S. Phase Options PLASTIC PACKAGE

® 1200/2400 bps Operation CASET09

® Answer-Back Tone

® The MC6173 Is the Companion Demodulator

® Application Note Available — AN-870

% PIN ASSIGNMENT

BLOCK DIAGRAM VSSd
Delayed CTS2
Clear  Request 18432 MHz External c
to Send to Send Clock Clock
4 5 10 1 CTS1:
f I s
DRTS[
Request to Send 7 0—=C
Delay Options J CTS1 30——aef RTS-CTS Timer Frequency Divider [+—013 Test Clock v :
cTS2 and Test Pattern
20— N and Sync Logic mn
Test Pattern Enable 60—(] ——
Tx Mk[J
l Tx Data[]
| 23 Transmit Clock
Timing Clk[
Transmit Data 90— 24 Dibit Clock
Data Rate Select 150—— Tx Data and Phase Ex Clk:
Phase Shift Select 160——s| ~ Shift Control vee
Answer Back 140——#=Qy ——022 B5 q
I =021 B4
1800 Hz | o020 83 [ 8Bit
Carrier o Data
Generator 19 B2 Word
Transmit Mark 8 ——018 B1
Vee=Pin 12
Vss=Pin 1 ——=017 BO
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MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage Vee -03to +7.0 | V
Input Voltage Vi —03t0 +7.0 v This device contains circuitry to protect the in-
0 o R 0 T : puts against damage due to high static voltages
perating Temperature Range TA Lto TH . or electric fields; however, it is advised that nor-
01070 c mal precautions be taken to avoid application of
Storage Temperature Range Tstg | —55to +1650 | °C any voltage higher than maximum rated voltages
to this high-impedance circuit. Reliability of
THERMAL CHARACTERISTICS operation is enhanced if unused inputs are tied to
Characteristic Symbol Value Unit an appropriate logic voltage level (e.g., either
Thermal Resistance 0 R Vss orVeel.
Plastic Package JA 120 C/W
Cerdip Package 65
POWER CONSIDERATIONS
The average chip-junction temperature, TJ, in °C can be obtained from:
Ty=Ta+(Ppedja) (1)

Where:
T A= Ambient Temperature, °C
0= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=PINT+PPORT
PINT=IcCcx Vcc. Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPQRT is neglected) is:

PD =K+ (TJ+273°C) (2)
Solving equations 1 and 2 for K gives:
K =Ppe(TA+273°C) + § jaePD2 (3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known TA. Using this value of K the values of Pp and Tj can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.

DC ELECTRICAL CHARACTERISTICS
(Vcc=5.0 £0.25 Vdc, Vss=0, TA=T| to TH, all outputs loaded as shown in Figure 1 unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Input High Voltage ViH Vss+2.0 - vee v
Input Low Voltage ViL Vss - Vgs+0.8 \
Input Current
(Vin=Vss) CTS1, CTS2, PSS, DRS, AnBK, and TXMK|  lin - - -0.2 mA
RTS and TPE, — - -16
Input Leakage Current (Vin=5.25 V, Vcc=Vss) hiL - - 25 pA
Output High Voltage
(log= —0.04 mA, Load A) VOH1 Vss+24 - vce \Y%
(lo4=0.0 mA, Load B) VoH2 {[Vcc-05V| - vee
Output Low Voltage (Io_=1.6 mA, Load A) VoL Vss — | Vss+04 v
Input Capacitance (f=0.1 MHz, Tp =26°C) Cin - 5.0 - pF
Internal Power Dissipation (Measured at TA=T|)

(Al inputs at Vsspexcept Pin 13=57.6 Isz ahd ALL outputs open) Pint B 20 318 mw
Input Transition Times, AII Inputs Except 1.8432 MHz Input b _ _ 1.0 s
(From 10% to 90% points) v i »
Input Transition Times, 1.8432 MHz Input (From 0.8 V to 2.0 V) tr, tf - - 40 ns
Input Clock Duty Cycle, 1.8432 MHz Input (Measured at 1.5 V level) D.C. 30 - 70 %
Tx Data Setup Time (Figure 2) tsu 35 - - ]
Tx Data Hold Time (Figure 2) th 35 - us
Output Transition Times tr, t - = 5.0 us

*Maximum Input Transition Times are <0.1x Pulse Width or the specified maximum of 1.0 us, whichever is smaller.
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FIGURE 1 — OUTPUT TEST LOAD FIGURE 2 — TRANSMIT DATA SETUP

_—— = — — AND HOLD TIME
r Vee —l
'
| I —
Tx Clk /
| MMD6150 R1=25kQ |
, V| or Equiv. tsu t
c | ’ |
-
g R I_ . | Tx Data >< K
60 k T MMD7000
| +1% or Equiv.
If"ﬂ“ﬁ‘_’f“_‘-“f"_ — __] Note: Timing measurements are referenced to and from a low

voltage of 0.8 volts and a high voltage of 2.0 volts, unless

CT=20 pF=total parasitic capacitance, which includes otherwise noted.

probe, wiring, and load capacitances.

FIGURE 3 — 2400 bps MODULATOR INTERFACE

RS-232
if Required
Cracreas ]
] 1/2 MC1488 2.0 3.0
. kHz
Transmit | /1 g TxClk
o<’} B5 Option A (CCITT)
l
Clock : S : 1 Signal Spectra
I B4
Clear Lo -1 , CTS L —
to Send | \Jr i B3
F=————- —  mciaos || LowPass [ g OPSKSianal
. MC6172 2 D/A Filter to Line
Request | < ! RTS Modulator | B2 | Converter
to Send 1 1 /)O T
| L | B1
i ~ | Tx Dat
Tr;r;::ut | HARN ' x Data 80 Option B (US.)
| L | t——d Signal Spectra
|
1/2 MC1489 Clk
Oscillator
1.8432 MHz
+0.005%
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DELAY TIMINGS (See Figures 4 and 5)

Characteristic Symbol Min Typ Max Unit

RTS to DBC Delay 1 - - 8 us
DBC to RTS Delay 19 45 — — us
RTS-DRTS Delay 13 — — 35 us
RTS-CTS Delay

CTS1=0, CTS2=1 0 - 35 us

CTS1=1, CTS2=0 t4* 8.55 - 9.35 ms

CTS1=1, CTS2=1 24.9 - 26.4 ms

CTS1=0, CTS2=0 147.0 - 164.0 ms
CTS-DBC Delay

CTS1=1, CTS2=0 - - 35

CTS1=1, CTS2=1 5 - - 3% ks

CTS1=0, CTS2=0 - - 35
RTS to CTS Low 16 - - 1.60 ms
RTS Min Delay 17 — - 1.67 ms
DBC to DRTS Delay 18 - - 35 us
DBC Cycle Time tpgc |833.28 | 833.33 | 833.37 §s

*The reference frequency tolerance is not included.

FIGURE 4 — RTS-CTS AND RTS-DRTS DELAYS

2400 bps

Mode TxClk —\_/—\_./_\__/—_\__/—\_/_-\._/—\_/—\._f—\_

1200 bps

e v /7 /" \_/ \__/ _

T<_ tpgc (Dibit)
DBC _'!Eso%®; 50%

> fet] et

<«>t3

DRTS S;;;;;N

—> |<—- 13

RTS-CTS delay options are selected by the CTS1 and CTS2 in-
puts, and are stated as time delay interval t4. An RTS input signal
synchronized about point A will synchronize CTS with the positive
transition of DBC (Dibit Clock). Delay t4 is measured with respect to
the negative transition of RTS.

RTS signals synchronized with_the positive transition of DBC
{point B), will result in the same CTS delay (t4). For this case the
negative transition of CTS is synchronized with the negative transi-
tion of DBC with delay t4 measured with respect to the negative
transition of RTS.

DRTS will go low within t3 of the negative transition of RTS. With
the exception of the no-delay option,qm will go low within tg of
the positive transition of DBC, following the t4 delay selected. This
applies when is synchronized to Point A as shown.

1f RTS goes high and remains high = 20 us within time interval tg,
a reset of the internal RTS-CTS timer function will occur. If ﬁ-‘tl%
goes high for less than 20 s, the circuit may or may not respond to
this momentary loss of the RTS signal.

Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted.
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FIGURE 5 — LOSS OF RTS TO DRTS DELAY

tDBC —
(Dibid <2
DBC
<€ t6
< 17
— ey
s N
3 > 13
aE i,
—> 18
DATS

A positive transition of RTS after CTS has become active can
result in different functional characteristics of the CTS and DRTS
output signals, depending on the time duration that RTS remains in-
active.

Under all conditior‘xs,_C—T§lill_ go high within t3 following a
positive transition of RTS. If RTS goes high in the shaded region
shown (i.e., synchronized to the positive transition of DBC) and re-
mains high beyond the time interval defined as t7, then DRTS will

go high within tg of the next negative transition of DBC. If RTS were
to go low after t7, the RTS- delay times given in Figure 4 will
result.

If RTS goes high in the shaded region shown, and then returns
low within time interval tg, the negative transition of CTS will follow
within 35 us, and DRTS will remain in the active or low state. Under
these conditions, the normal RT3- delay times are not en-
countered when RTS is reactivated. If RTS goes low for less than
20 us, the circuit may or may not respond

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted.

DEVICE OPERATION

GENERAL

Figure 3 shows the modulator and its intra-connections.
The data to be transmitted is presented in synchronous serial
format to the modulator for conversion to DPSK signals
used in transmission. The modulator output is digital;
therefore, a D/ A converter and a filter transform the signal to
an analog form.

The control functions provide four different Clear-to-Send
delay options. An Answer-Back tone is available for
automatic answering applications. The modulator has a
built-in 511-bit pseudorandom pattern generator for use in
system diagnostic tests.

INPUT/OUTPUT FUNCTIONS

Request to Send (RTS)

The RTS signal from the data terminal controls transmis-
sion from the modulator. A low level on RTS activates the
modulator data output. A constant mark, for synchroniza-
tion, is sent during the RTS to CTS delay interval. Termina-
tion of the transmission is accomplished by taking RTS high
(see Figures 4 and 5).

Delayed Request to Send (DRTS)
This output can be used to control transmission as
specified by the Transmit Mark control input. DRTS follows

the negative transition of RTS, and goes negative within t3
of the negative transition of RTS (Figure 4). The delay from a
positive transition of RTS to a positive transition of DRTS is
shown in Figure 5. The DRTS delay allows data within the
modulator to be transmitted before transmission is inhibited.

Clear to Send (CTS)

CTS follows RTS to both the logic 0 and logic 1 levels. The
delay from a negative transition of RTS to a negative CTS
transition is selectable by external strapping of CTS1 and
CTS2. ‘lLedeIay from a positive transition of RTS to a
positive CTS transition is less than 4.

CTS will go low within tg after the positive transition of the
Dibit Clock (see Figure 4) except when the non-delay option
is selected. For the no-delay option, CTS follows RTS within
15.

RTS-CTS Delay Options (CTS1, CTS2)
The RTS-CTS delays are selectable according to the
following strapping options

RTS-CTS Delay cTs1 | cTs2
0.0+0.035 ms, —0.0 ms 0 1
8.55 t0 9.35 ms 1 0
24.90 to 26.4 ms 1 1
147.0 to 154.0 ms 0 0
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Transmit Mark (Tx Mk)

The Transmit Mark control allows the system designer to
select whether the Delayed Request to Send activitates and
deactivates the transmission on the modulator chip or off the
chip in the output amplifier.

When Tx Mk is high, transmission is controlled on the
modulator chip, and occurs from the chip only when DRTS
or Answer Back is in the logic O state (see Figure 6).

When Tx Mk is low, transmission is controlled off the
modulator chip. In this mode, the modulator chip transmits
marks at all times except when data or an Answer-Back tone
is being transmitted (see Figure 6).

Test Pattern Enable (TPE)

A 511-bit test pattern generator is contained on the

modulator chip. This pattern is in accord with CCITT
specification V52.
__The511-bit test pattern is activated by applying a logic 0 to
TPE. A mark (logic 1) condition on the Transmit Data input
with TPE activated (logic 0) causes the test pattern to appear
at the data output. A space (logic 0) condition on Tx Data
with TPE activated causes the test pattern data to appear in-
verted at the data output.

Although the Motorola 2400 bps modulator contains a
CCITT 511 test pattern generator it does not incorporate the
511 data randomizer or scrambler.

Random data applied to Tx Data with TPE activated
causes the test pattern data to be scrambled (exclusive
NORed) with the data, and the result appears at the data
output.

The MC6173 demodulator does contain a built-in data
descrambler, which is enabled by TPE input going active. To
scramble data using the modulator, the circuit in Figure 7

selected by the Test Pattern Enable signal or any other signal
that is found suitable.

The scrambling of data in the data comm environment is
not done in an attempt to encrypt information in the normal
sense of the word. Rather, the purpose of the scrambling of
data is to guarantee that with respect to the modem carrier,
there is always random data on the line with little chance for
a long string of ones or zeros to exist. This is particularly im-
portant if an adaptive equalizer is being incorporated at the
demodulator. The adaptive equalizer will require reasonably
evenly distributed data tc optimize its statistical response to
the incoming signal. The normally used code is the CCITT
511 sequence which is exclusive ORed with data. I

The test pattern generator can be enabled only when CTS
and RTS are logic 0. If TPE is activated outside this time in-
terval, the previously stated R13-C1S and RT1S-DRTS
delays, shown in Figures 4 and 5, are not valid.

Data-Rate Select (DRS)

The modulator can transmit at either 2400 bps or 1200 bps.
Both data rates utilize an 1800 Hz carrier signal and employ
phase shifting at 1200 Hz. The 2400 bps rate is obtained by
encoding two bits of data into each phase shift. The 2400 Hz
rate is selected by applying a logic 1 to the Data-Rate Select
lead. The 1200 Hz rate is selected by applying a logic O to
DRS.

Phase-Shift Select (PSS)

Option A (CCITT) or Option B (U.S.) phase shift can be
selected for 2400 bps operation. The input data format and
phase shift relationship for these two options are as follows:

must precede the Tx Data input of the modulator. Tx Data is Data upsls‘:, gssi "B
added to the scrambler output pattern. Then the data is S -
delayed by a full data bit before being transmitted by the 00 0 +45
modem. This assures a proper Transmit Data/Transmit 01 +90° +136°
Clock phase relationship. 1 +180° +226°
If the data scrambler is to be an optional feature, then the 10 +270° +3156°
transmit data multiplexer would also have to be built. This is *See example Figure 8.
FIGURE 6 — TRANSMIT MARK CONTROL
AnBk L
RTS L I
€Ts 1 |
DATS I
No An Bk No No
TRWMK = High S9nal ] Stanal | Signal | Mark Data Signal
An Bk
TR = Low Mark Signal Mark Mark Dats Mark
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FIGURE 7 — MODULATOR CCITT 611 DATA SCRAMBLER

{(—-——————-511 Data Scrambler >} {‘

1-Bit Delay —}

— D e L

Stage 5 Stage 9
05 a9 c c
94C ositsk D
Tx Ck »—g

Tx Data »r—————

TPE >

I
7 i Tx Data

To Pin 9 Modulator

{4——-— Data Multiplexer —————-)}

FIGURE 8 — EXAMPLE-CARRIER PHASE SHIFTS FOR OPTION A

Serial Data 11011000 Data  Phase Shift
Dibit 00 0°
01 90
1" 01 10 00 1 180
180° 90° 270° 0° 10 270

T R T

For 1200 bps operation, Option C (CCITT) or Option D
(U.S.) phase shift can be selected:

Transmit Data (Tx Data)
Transmit Data is the serial binary information presented

for DPSK modulation. A high level represents a mark. For
PS.S=° PS§=1 timing, see Transmit Clock (Figure 4).
Data Option C Option D
0 1900 1450 Transmit Clock (Tx Clk)
1 +270° +225° A 2400/1200 Hz Transmit Clock output is provided for the

communication terminal. The Transmit Data signal is sampl-

Option C is selected by applying a logic O to the Phase
Shift Select lead when the Data Rate Select lead is strapped
for 1200 bps operation (logic 0). Option D is selected by ap-
plying a logic 1 to PSS with DRS at logic 0. The phase shifts
shown are the difference in phase between the signal at the
end of one dibit period and the new signal at the beginning
of the next dibit.

ed on the positive transition of Transmit Clock. The Transmit
Data to Transmit Clock setup and hold time requirements are
shown in the Electrical Characteristics Table and in Figure 2.

Dibit Clock (DBC)

A 1200 Hz Dibit Clock identifies the modulation timing.
This signal goes negative less than 100 s prior to the start of
dibit modulation.
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External Clock (Ex Clk)

A 2400/1200 Hz clock signal applied to the External Clock
lead causes Transmit Clock to be synchronized with Ex Clk.
This input must have an accuracy within +0.005%.

When no transitions occur on this input, the internal clock
provides the 2400/1200 Hz transmit timing signal. Fast syn-
chronization of Tx Clk to-Ex Clk is not provided on the chip.
When Ex Clk is not used, it should be tied to either the logic 0
or logic 1 state.

1.8432 MHz (CIk}

This input must be a square wave with rise and fall times
of less than 40 ns and a 50 +20% duty cycle. The clock ac-
curacy must be written +0.005%.

Answer Back (An Bk)

A logic 0 level applied to Answer Back causes a 2025 Hz
carrier to be generated on the modulator chip instead of a
phase shifted 1800 Hz carrier. A logic 1 level applied to An Bk
enables the modulator to generate the normal phase shifted
1800 Hz carrier signal, as shown in Figure 6. The time delay

from a transition on An Bk to the appropriate signal at the
modulator chip output is less than 2 ms.

Activation of An Bk (a logic 0) will disable all other opera-
tion modes including the Tx Mk function, and will reset CTS
to an inactive state along with the RTX-CTS internal timer.
An Bk should therefore_be activated only before initiating
RTS or after loss of the DRTS output signal. The combina-
tion of a logic 0 on An Bk with a logic 0 on TPE is not used in
normal system operation, and hence is used as a reset input
during device test.

Digital Output (BO-B5)

These outputs are designed to interface with a 6-bit
digital-to-analog converter. The resultant signal out of the
D/ Ais the differential phase shift keyed signal quantized ata
14.4 kHz rate. A low-pass filter can then be used to smooth
the data transitions. BO is the least-significant bit, and the
positive level the active state.

Test Clock (TST)

A test signal input is provided to decrease test time of the
chip. In normal operation this input must be strapped low.
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MOTOROLA
B SEMICONDUCTOR 1mm

TECHNICAL DATA
- MC6173

. 2400 bps DIGITAL DEMODULATOR MOS
(N-CHANNEL, SILICON-GATE)
The MC6173 is a MOS subsystem designed to be integrated into a
yan wide range of equipment utilizing serial data communication. 2400 bps
The demodulator provides the necessary demodulation and control
functions to implement a serial data communication link over a voice DEMODULATOR
grade channel, utilizing differential phase shift keying (DPSK) at bit
rates of 1200 or 2400 bps. Phase options are provided for both the U.S.
and international markets. The MC6173 can be implemented into a wide
range of data handiing systems, including stand-alone modems, data
storage devices, remote data communication terminals, and I/0 inter-
faces for counters. ’
N-channel silicon gate technology permits the MC6173 to operate
using a single voltage supply and be fully TTL compatible.
The demodulator is compatible with the M6800 microcomputer
family, and provides medium-speed data communications capability. L SUFFIX
CERDIP PACKAGE
® Compatible with MC6172 Modulator 1 CASE 623
® 511-Bit CCITT V.52 Test Pattern
® Terminal Interfaces Are TTL Compatible
® Compatible Functions for 201B/C and V.26 Data Sets
® CCITT and U.S. Phase Options
® 1200/2400 bps Operation
P SUFFIX
PLASTIC PACKAGE
CASE 709
FIGURE 1 — TYI
Telephone
Line
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Pass Carrier F Car PIN ASSIGNMENT
Filter Detect 2
’ Vss E10U 241 DRS
y FCar Q2 23{1 Rol
_ o BCD 3 21 Tsr
Equalizer 1200 Hz Env g g p !
Envelope > g 90° Eye E4 21 ; bsC
Filter [}
£ 0°Eye O5 200 Rx Cik
A 2 " ADC [6 191 ccor
AGC a TPE
Amplifier g s 0°Car 17 181 TPE
N g | < ADS 08 170 pss
Q 2 z Rx Data [9 16 j TEn
A/D RDI g RxDatal £ |Data % o —
Converter Q > T | Env 10 15f] CarS
s 5 —
RxCk | @ NSync ﬂn 1411 ck
Vee g2 13f1 -TClk
1.8432 MHz -
Clock
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MAXIMUM RATINGS This device contains circuitry to protect the
Rating Symbol Value Unit inputs against damage due to high static volt-
ages or electric fields; however, it is advised

Supply Voltage Vee ~03t0 +7.0] V that normal precautions be taken to avoid ap-
Input Voltage Vin -03to +7.0| V plication of any voltage higher than maxi-
Operating Temperature Range Ta 0to70 °C mum ’3'9‘1 vt?!tages to thi? high—impedanc_e
circuit. Reliability of operation is enhanced if
Storage Temperature Range Tstg | —B5t0+150 [ °C unused inputs are tied to an appropriate logic
Thermal Resistance 0JA 825 °C/W voltage level (e.q., either Vgg or Vgg).

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 £0.25 Vde, Vg5=0, TA=T| to TH
all outputs loaded as shown in Figure 3 uniess otherwise noted.)

Characteristic Symbol Min Typ Max Unit
Input High Voltage VIH Vgs+2.0 - Vee \Y
Input Low Voltage ViL Vss - |Vss+08 ]| V
Input Current I - - -0.2 mA
(Vin=V|L) Pins 3, 11, 13, 15, 16, 17, 18, 22, 24
Input Leakage Current lin - - 25 A

(Vin=5.25 Vdc, Vcc=Vss) Pins 2, 10, 14, 23
Output High Voltage

(loH= —0.04 mA, Load A) VOH1 | Vss+24 - Vee \

{lo4=0.0 mA, Load B) VoH2 |Vce-05V - Vece
Output Low Voltage

(loL=1.6 mA, Load A) VoL Vss - |Vgs+04 | V
Input Capacitance Cin - 5.0 - pF

(f=0.1 MHz, Tp=25°C)

Internal Power Dissipation (measured at TA=T|) Pint - 630 mwW

(All Inputs at Vgg except Pin 13=57.6 kHz and ALL Outputs Open)

Input Transition Times, 1.8432 MHz Input tr - - 40 ns

(From 0.8 V to 2.0 V) tf - - 40
Input Transition Times,

All Inputs Except 1.8432 MHz Input (From 10% to 90% Points) tr.tf - - 1.0* us
Output Transition Times (From 10% to 90% Points) .t - - 5.0 us
Input Clock Duty Cycle, 1.8432 MHz Input (Measured at 1.5 V level) D.C. 30 - 70 %
Data Setup Time DS 770 - - ns
Rx Data Setup Time tsu 35 — — §S
Data Hold Time thi(D) 0 - - ns
Rx Data Hold Time th 35 - - us
Data-Clamp Delay Time

Option 1 tpeD1 5.7 6 6.3 ns

Option 2 1DCD2 4.135 417 4.206 ms

Option 3 tpCcD3 20.795 20.83 | 20.865 ms

Option 4 tDCD4 104.135 104.17 | 104.205 ms
A/D Clock to A/D Strobe Delay Time tADCD 1.06 - 11 us
Envelope-to-Dibit Clock Delay Time teD 140 - 220 #s
Clock Frequency, +0.006% fcik - 1.8432 - MHz
A/D Clock Cycle Time (fc|k/4) teye - 217 - us
A/D Clock Pulse Width tw(ADC) 940 1000 1040 ns
A/D Strobe Pulse Width tw(ADS) - 10.85 - ns
New Sync Input Pulse Width tw

(NSync) | 084 - - ms

*Maximum input transition times are < 0.1X pulse width or the specified maximum of 1.0 us, whichever is smaller.
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FIGURE 2 — DEMODULATOR BLOCK DIAGRAM
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FIGURE 3 — OUTPUT TEST LOADS
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-

—

MMD6150

Vee

1

or Equiv.

Load B

L
1

Ct = 20 pF = total parasitic capacitance, which includes
probe, wiring, and load capacitances
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GENERAL DESCRIPTION

The MC6173 Phase-Shift Key (PSK) Demodulator serves
as an integral part of a system to recover synchronous data
from an 1800 Hz PSK modulated carrier. Data rates of 1200
and 2400 bits-per-second are available. In the case of 1200
bps operation, the MC6173 detects phase shifts of 0 to 180
degrees to represent digital "“0s” and “1s". When 2400 bps
operations is desired, the MC6173 detects phase shifts of 0,
90, 180, and 270 (option A) or 45, 135, 225, and 315 (option
B) degrees to represent two bits of data called dibits. These
phase shifts decode to 00, 01, 10, and 11, respectively. In
either data rate, the 1800 Hz carrier is modulated at a 1200
rate.

Figure 1 shows the MC6173 demodulator in a typical appli-
cation. The band-pass filter, equalizer, analog-to-digital
(A/D) converter, 1200 Hz envelope filter, AGC amplifier, and
1800 Hz carrier detector are external to the MC6173. The
band-pass filter passes roughly 300 Hz to 3000 Hz eliminating
noise, 60 Hz and 120 Hz pickup, and harmonics of 1800 Hz.
The output of this filter is fed to the equalizer which adjusts
phase versus amplitude such that a constant amplitude is
maintained regardless of phase and is fed into the carrier
detect circuit. The AGC amplifier provides a constant level
signal regardless of the input level from the equalizer. The
output of the AGC amplifier drives two basic sections of
external circuitry, i.e., the A/D converter, and 1200 Hz
envelope filter.

The A/D converter samples each 1200 Hz cycle or dibit 12
times. After each sample, digital data is clocked serially to
the MC6173 receiver data input (RDI). The MC6173
generates the sampling clock for AD Strobe (ADS) and the
serial clock (ADC) from the 1.8432 MHz internal oscillator.

The 1200 Hz envelope filter recovers the 1200 Hz compo-
nent of the equalizer output during fast training and
generates a 1200 Hz square wave. This square wave is con-
nected to the envelope (Env) input and is used for internal
timing.

The carrier detect circuit is used to signal the fast carrier
(FCar) input that a carrier is present. Immediately after FCar
has received a negative transition, the internal phase-lock
loop temporarily widens its band width so that it can quickly
adjust the internal timing of the MC6173 with respect to the
1200 Hz Env input (this is called fast Sync or fast training).
The timing adjustments are made so that each dibit can be
sampled at the most advantageous places.

The internal circuitry digests the dibit samples and pro-
duces the digital data (Rx Data) along with the receive data
clock (Rx Clk). These two signals are used to drive a serial-
to-parallel interface such as an MC6852 Synchronous Serial
Interface Adapter.

PIN DESCRIPTION

FAST CARRIER (FCar), Pin 2 — A negative transition on
this input will force a period of approximately 8.3 ms of fast
training for both baud and carrier timing.~ Fast Sync or fast

*The postive transition of the 1200 Hz signal, present at the
Env input, provides a divide-by-20 counter with every other
clock. This will cause approximately 8.3 ms of fast training
to the incoming signal at the demodulator.

training allows for large corrections to be made in the inter-
nal timing of the demodulator. After the fast training period,
the timing should be reasonably well adjusted. Small adjust-
ments are made automatically to maintain proper phase rela-
tionships internally after the fast-train period.

The FCar input, which normally comes from the carrier
threshold detect circuits, must remain at a low level during
the entire period of baud and carrier synchronization.

A positive level on the FCar input will disable the baud and
carrier correction circuitry. Baud and carrier timing are then
direct derivatives of the 1.8432 MHz clock as illustrated in
Figure 4. o

The first positive edge of the envelope (Env) input will be
totally asynchronous to the demodulator. This will be + %
cycle of the 2400 clock (+208 gs). The nine following
positive edges will introduce added tolerance equal to nine
times the offset of Env from the absolute 1200 Hz (as defined
by the 1.8432 MHz +0.005% clock). Thus . . . .

Max Fast Train Time=4.17 ms+9 fgny+0.21 ms

=4.38 ms+9/fgny

Min Fast Train Time =4.17 ms—0.21 ms+9/fgny

=3.96 ms+9/fEny

DATA-CLAMP DELAY (DCD), Pin 3 — Data-clamp delay
enables the selection of one of four delays during which Rx
Data is held to a logic-high condition. This delay is measured
from the negative edge of FCar. The four options are avail-
able at one pin through the use of the internal multiplexing in
the demodulator. Options 3 and 4 are available by demulti-
plexing the dibit clock as demonstrated in Figure 5. The
available delay options are listed in Table 1, these times will
be approximate due to their direct relationship to the Env
input during the first 8.3 ms. Also, these times are further
dependent upon carrier offset. The delays given in Table 1
assume no carrier offset and that Env is synchronous with
the Tx Clk. Figure 4 is illustrative of the timing and sequenc-
ing of this circuit.

A scheme for programming the data-clamp delay is il-
lustrated in Figure 5. The DCD input may either be a con-
stant high or low level which will produce options 1 and 2. If
the input A" is exclusive ORed with the dibit clock options 3
and 4 are produced at the same input pin.

ENVELOPE (Env), Pin 10 — The envelope input comes
from the 1200 Hz envelope detection circuitry. Envelope
detection will normally consist of a 1200 Hz filter and a
voltage comparator to generate an approximate limited
square wave. This is normally derived from a constant mark
signal sent by the modulator for Sync acquisition purposes.

Each positive edge that is input to Env will reset both baud
timing and the dibit clock to a logic “0"". The optimum timing
of the positive transition at the Env input will be tgp prior to
the falling edge of the dibit clock. Timing is illustrated in
Figure 6.

Env will be effective in the training of baud timing and dibit
clock only if FCar is in the active low state.

Minimum positive pulse width at the Env is =2.17 ps.

NEW-SYNC (NSync), Pin 11 — This input port is normally
controlled by the business machine. If FCar is at an active
low, then an active low pulse in excess of 0.84 ms on the
NSync lead will put the demodulator into the fast-Sync
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FIGURE 4 — DEMODULATOR SYNC TIMING DIAGRAM

] |
: - Mode Sync > : < Datar >
| |
) | |
Carrier |
|1 |
| : |
: | (= ~8.3ms - |
i i ~ 10 Bauds i :
FCar |
L
}
! I
— ! ]
DCD | |
+ |
! |
| (—-> 1
} ]
| Data Clamp Delay :
| Input |
I Low 6us |
High 4.17 ms |
: High ® DBC 20.83 ms i
| Low @ DBC 104.17 ms ]
1 I
TABLE 1 — DATA-CLAMP DELAY OPTIONS FIGURE 5 — DATA-CLAMP DELAY DEMULTIPLEXER
Option | A C OCD | Data-Clamp Delay
1 1 0 0 Bus
2 0 0 1 4.17 ms+36 us
3 .1 | DBC| DBC 20.83 ms+ 36 ps
4 0 | bBC| DBT | 104.17 ms+ 36 us

Dibit Clock
Generator

MC6173
‘Demodulator
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FIGURE 6 — ENVELOPE CLOCK TIMING DIAGRAM
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or fast-train mode (these terms are synonymous).

Activation of NSync allows large corrections to be made
to both baud and carrier timing similar to initial activation of
the FCar lead. These corrections will be applied for approxi-
mately 8.3 ms. The receiver must complete the 8.3 ms period
of fast Sync before another NSync is recognized.

CARRIER-SYNC (CarS), Pin 15 — When CarS is taken to
an active low, baud timing will be taken from the Env input.
In addition, the slow carrier correction will be doubled in the
2400 baud mode as defined by the data-rate select (DRS)
and phase-shift select (PSS) inputs. (This is not the same as
the fast training that is incorporated when FCar or NSync are
active, which is a changing of the bandwidth of the internal
phase-lock loop [PLLI). This widening of the PLL band width
will allow a faster search and lock on the 1800 Hz carrier. This
Carrier-Sync mode will remain active as long as Car$ is held
in the active state. The normal application of this option
would be to extend the training or Sync time under the mark
input data condition that exceeds 8.3 ms.

If FCar is at a logic *'1”" inactive state, this input is ignored
by the demodulator.

A/D CLOCK (ADC), Pin 6 — This output will allow, in a
serial format, the six A/D data bits plus sign information to
be synchronously clocked into the demodulator. (See Figure
8.)

There are nine 1 us positive pulses occuring at a 460 kHz
rate. The first pulse, along with ADS, is used to begin the
A/D conversion sequence. The next seven positive edges
strobe data serially from the A/D converter to the
demodulator input (RDI) enabling the demodulator to pro-
perly decode the A/D data.’

This signal is also used to clock 0 and 90 degree eye data
out of the demodulator. This is described in the Eye Pattern
section. When TEn is low, ADC monitors check accumulator
output (see TEn).

A/D STROBE (ADS), Pin 8 — A positive going, approxi-
mately 11 us, pulse is used as an enable signal for a sample
and hold circuit prior to the A/D converter. The negative
edge of this pulse is used to start the conversion process.
Pulse rate of this signal is 14.4 kHz which allows each dibit to
be sampled 12 times. (See Figure 7.) When TEn is low, ADS
monitors zero crossings (see TEn).

RECEIVER DATA INPUT (RDI), Pin 23 — The digital
decode of the line signal magnitude, as sampled by the A/D,
is input to the demodulator at this port. The data format is
scaled binary. This sign bit occurs on the second A/D clock,
followed by six magnitude bits which begin with the most-
significant bit as shown in Figure 8. The data is strobed syn-
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FIGURE 7 — ANALOG TO DIGITAL SAMPLE SCHEME
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chronously with the positive edges of the ADC.

A logic one in the sign bit slot will represent a positive
value. The magnitude of the six data bits increases from
000000 to 111111 with all ones always representing the most-
positive value as illustrated below:

Sign MsB LsB Value
1 1 1 1 1 1 1 +63
1 0 0 0 0 0 0 0
0 1 1 1 1 1 1 -0
0 0 0 0 0 0 0 -63

RECEIVE DATA OUTPUT (Rx Data), Pin 8 — This pin is
the demodulator output for mark and space serial data. Data
is synchronous with the receiver clock output with the
positive going edge of the receiver clock occurring in the
center of the data bit. A mark is represented by a logic high
(1") level except for the conditions described under PSS
and TPE.

The Rx Data output is inhibited in a logic-high level when
FCar is in the inactive high state. The delay from the positive
edge of FCar to the inhibiting of data is 2 us.

RECEIVE CLOCK (Rx Clk), Pin 20 — The receive clock
output provides the 2400 Hz +0.005% timing signal to the
business machine for sampling the demodulated received

data marks and spaces (Rx Data). Receive clock is present at
the demodulator chip output-at all times; is not clamped to
an inactive state when the carrier detected is not presented.
on FCar, nor is Rx Clk clamped by any other combination of
inputs to the demodulator.

Timing corrections to the receive clock, that are generated.
internally, are made following FCar going active. As describ-
ed in FCar, if CarS is held active the receive clock is con-
tinuously updated from dibit Sync.

The positive transition of the Receive Clock, which occurs
in the middle of the data bit, should be used to strobe data
from the demodulator, under normal operating conditions.
When TPE scrambler/descrambler is being incorporated,
then the negative edge of the Rx Clk will occur in the center
of the data bit.

Receive Clock will be 2400 bps or 1200 bps depending on
the logic input at the DRS input. The Rx Clk edges described
above apply to either 2400 bps or 1200 bps data rates.

Under TPE active, the Dibit relation to Rx Clk does not
change. See Figure 9 for relative timing of Rx Clk, DBC and
Rx Data.

Figure 10 depicts the requirements at the demodulator if
the data scrambler is being incorporated. The exclusive Nor
gating of TPE and Rx Clk would then maintain proper phas-
ing of Rx Clk as it goes to the RS-232 driver. This circuit
would be required since the positive edge of Receive Clock is
a Data Communications Standard.
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FIGURE 8 — ANALOG-TO-DIGITAL TIMING DIAGRAM
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DATA RATE SELECT (DRS), Pin 24 — The following
levels are valid for either phase-shift select:
Logic high equals 2400 bps,
Logic low equals 1200 bps.

PHASE-SHIFT SELECT (PSS), Pin 17 — Option A
(CCITT) or option B (U.S.) phase shift can be selected for
2400 bps operation. The input data format and phase shift
relationship for these two options are as follows:

PSS=0 PSS=1
Option A Option B
Data (Degrees) | (Degrees}

00 0 +45
01 +90 +136
" +180 +226
10 +270 +315

For 1200 bps operation, option A (CCITT) or option B (U.S.)
phase shift can be selected as follows:

PSS=0 PSS=1
Option A Option B
Data (Degrees) | (Degrees)

0 +90 +45
1 +270 +225

The phase shifts shown are the difference in phase between
the signal at the end of one dibit period and the new signal at
the beginning of the next dibit.

If the logic level inputs to PSS are EXORed with DBC
(dibit clock) or DBC, then the test-pattern enable option may
be selected and produce the compliment of normal data at
Rx Data as explained in the TPE description. (See Figure 11.)

TEST-PATTERN ENABLE (TPE), Pin 18 — Incorporated in
the demodulator is the 511-bit test pattern shift register that
is in accord with CCITT specification V52. This is the pattern
that is generated by feedback from the 6th and 9th stages of
a 9-bit shift register.

When the TPE input is allowed to be pulled up internally,
there is normal data flow through the receiver. When the’
TPE input is pulled low, the incoming data is passed through
this self-synchronous decoder which will produce the inverse
of the 511-bit CCITT V52 pattern.

TPE works in coordination with PSS. If PSS is directly
pulled high or low to represent option A or option B, then
the presence of the 511-test pattern at the (RDI) input and
TPE active will result in logic 1" condition at Rx Data out-
put. If the DBC option is being utilized at the PSS input and
TPE is active while the 511-bit test pattern is being received,
the receiver data output will equal a logic "'0". These options
(Figure 11) are summarized in Table 2.
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This assumes the modulator is sending the 511-bit test
pattern with Rx Data being either a constant mark (logic "*1"')
or space (logic “0"”). If a logic 0" is received in options 1 or 2
or alogic “1" is received in options 3 or 4, then a transmis-
sion error has occurred. The number of errors-per-unit time
is a measure of the transmission line quality.

A feature of the above type of pattern detector is that it
will be self-synchronizing. It should be pointed out that there
will be at least two error counts each time an error is
detected.

If the TPE input is in the active state, it is important to note
that the Rx Clk phase changes. The necessary circuit to
regain proper phase is shown in Figure 10.

A scheme for programming the phase-shift select is illus-
trated in Figure 11. The PSS input may either be a constant
high or low level which will produce options 1 and 2. If the in-
put A" is exclusive ORed with the dibit clock, options 3 and
4 are produced at the same input pin.

FIGURE 9 — CLOCK TIMING DIAGRAM
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FIGURE 10 — DEMODULATOR DATA SCRAMBLER RECEIVE
CLOCK PHASE CORRECTION REQUIREMENTS

Rx Clk From Demodulator

TPE

w1 [

TPE=0

Rx Clk

S A

TPE=1

MOTOROLA TELECOMMUNICATIONS DEVICE DATA



MC6173

FIGURE 11 — PHASE-SHIFT SELECT DEMULTIPLEXER
FOR TEST PATTERN ENABLE
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Generator
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TABLE 2 — TEST PATTERN ENABLE OPTIONS TEST ENABLE (TEn), Pin 16; 0° Eye, Pin 5; 90° Eye, Pin 4;
0° Car, Pin 7; CCor, Pin 19 — These pins allow the monitor-

Pra ing of ten internal points within the demodulator. A low level
N 356 on TEn is normally associated with testing of the
Option | TPE|A| C_|Option|PSS Output State demodulator such as in a production test environment or in-
1 01110 A |0 | RxDataOutput=1 coming testing. Activation of TEn affects internal timing.
2 0 |0] O B 1 Rx Data Output=1
3 0 {1|/pBC] A |DBC | Rx Data Output=0 TABLE 3 — INTERNAL MONITORS
4 0 Jo|pBC| B |DBC | Rx Data Output=0 Output | TER Function
ADS H See Description Under ADS (Pin 8)
{Pin 8) L Monitors Zero Crossings
CLOCK (Clk), Pin 14 — A 1.8432 MHz signal input ADC H See Description Under ADC (Pin 6)
+0.005% is required at this port. The clock requirements are ®Pin6) | L Monitors Check Accumulator Output
the same as the modulator clock specifications. See Figure 0 Degree | H Monitors 0 Degree Eye 2s Complement
12 for a suggested clock circuit. Eye Information from 6 Tap Filter
The receive clock is generated by dividing down the 1.8432 (Pin 5) L Monitors 0 Degree Eye 2s Complement
MHz. Since receive clock accuracy must be at least Information from 12 Tap Filter
+0.005%, the clock source must be of the same accuracy. 90 Degree| H Monitors 90 Degree Eye 2s Complement In-
Eye formation from 12 Tap Filter
(Pin 4)
TEST-CLOCK (TClk), Pin 13 — This input is used for pro- 0°ar | H Monitors 0 Degree Carrier
duction testing of the demodulator device. In normal opera- (Pin 7) L Monitors Check Accumulator Compare Errors
tion this pin should be left open which will enable the internal CCor H Monitors Carrier Correction Enable
pullup resistor. (Pin19) | L Monitors Carrier Correction Direction
DIBIT CLOCK (DBC), Pin 21 — This output is a 1200 Hz
N clock which is derived from incoming data envelope and pro-
E:: i 30032;:;52 vides a dibit reference. This signal is representative of “data
Pin7 0 Degree Carrier derived timing_." When studying the quality of thg
Pin19 | Carrier Correction demodulated signal, through the use of eye patterns, this
output is necessary for proper synchronization of the
oscilloscope.
TEST STROBE (TStr), Pin 22 — This input is used to
These test outputs are explained in the test enable (TEN) facilitate testing of the demodulator during the manufactur-
description below. ing process. It should be left unconnected which will result in
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FIGURE. 12 — OSCILLATOR CONFIGURATION

ToCkpin 4

p

10MQ

Y1

I—
j::%pF

U1=MC14069
Y1=1.8432+.005%

15pF]—:

the internal pullup resistor causing the high level on this pin.
Vss Pin 1=The most negative supply, typically ground.
V¢ Pin 12=The most positive supply, typically 5 volts.

DATA SCRAMBLER

The scrambling of data in the data communication en-
vironment is not done in an attempt to encrypt information in
the normal sense of the word. Rather, the purpose of the
scrambling of data is to guarantee that, with respect to the
modem carrier, there is always random data on the line with
little chance for a long string of “’1s" or “0s” to exist. This is
particularly important if an adaptive equalizer is being incor-
porated in the modem as the adaptive equalizer will require
reasonably evenly distributed data to optimize its statistical
response to the incoming signal. The normally used code is
the CCITT 511 sequence which is EXORed with data.

The Motorola 2400 bps modulator contains a CCITT
511-bit test-pattern generator. It does not, however, incor-
porate the 511 data randomizer or scrambler. To scramble
data using the MC6172 modulator, the circuit in Figure 10
must precede the Tx Data input of the modulator. Tx Data is
added to the scrambler output pattern; then, the data is
delayed by a full data bit before being transmitted by the
modem. This assures a proper transmit-data/transmit-clock
phase relationship. If the data scrambler is to be an optional
feature, then the transmit-data multiplexer would also have
to be built. This is selected by the test-pattern enable signal
or any other signal that is found suitable.

The demodulator does contain a built-in data descrambler
which is enabled by the TPE input going active. The receive
phasing, with respect to data, changes when TPE goes ac-
tive. The exclusive NOR gating of TPE and Rx Clk, as shown
in Figure 10 will maintain proper phase of Rx Clk. This cir-
cuit is required since the clocking of data on a positive edge
is a data communications standard.

EYE PATTERN

When performing an evaluation of an 2400 bps modem,
one common point of comparison is the quality of the eye
patterns produced by the demodulator. The eye pattern may
also be used as an indicator of the incoming signal with
respect to level and line perturbations. Eye patterns are for
test and evaluation only and are not used in the demodula-
tion of the incoming signal.

Timing information in the Motorola 2400 bps demodulator
is derived directly from the demodulated data signal. This is
referred to as data derived. timing. The advantage of data

FIGURE 13 — MODULATOR CCITT 511 DATA SCRAMBLER

—————————— 511 Data Scrambler — — — = —— — —

m U3

5 110

U1 U1 MC14006
C on D U2 MC14070
. 9 Bit SR. U3 MC14069
U4 MC14011
Tx Clk ) = U5 MC14013
(From RS-232 >
Translator)
Tx Data
(From RS-232
Translator)
TPE ) Tx Data
> Pin9
Modulator
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derived time is that it allows data to be sampled at optimum
times. The demodulated signals, in differential phase-shift
keying, take the form of “eye patterns” as shown in Figure
14. The demodulator, in optimizing its performance for
minimum error rates, strobes data at the point of maximum
eye opening. The demodulator constantly examines the eye
opening to assure that the data sample is being taken at
exactly the optimum point. As a.result of constantly ad-
justing timing control, correct sampling is maintained. This
technique provides improvements in reception that are
significant, especially in a poor communications media en-
vironment.

The circuit in Figure 16 is required to observe the eye pat-
terns. This circuit was built using Motorola CMOS devices.
The 0 and 90 degree eye data is strobed from pins 4 and 5,
respectively, into the shift register by the A/D clock. The

A/D strobe then latches the data sample into the “’D”' type
storage devices. The output of the storage devices taken
across the scaled resistors will then represent the appropriate
value of the sample taken. To properly observe the actual
eye patterns, it is necessary to Sync on dibit clock while
observing the 0 to 90 degree eye data. Overlaying the two
patterns produces a two-level digital-eye pattern from which
the quality of the incoming signal may be judged.

Figures 15 thru 17 show a typical receive/demodulator and
transmit/ modulator circuit, respectively. The transmit filter
illustrated in Figure 17 limits the bandwidth of the signal to
those frequencies allowed on a telephone line. The receive
filter and equalizer in Figure 15 clean up and normalize the in-
coming signal for the A/D network, 1200 Hz envelope detec-
tor, and 1800 Hz carrier detector.

FIGURE 14 — EYE PATTERN

Le————Dibit —-_-_>=
1

Eye
Pattern

0°Carrier 1800 Hz

S I

:

DBC 1200 Hz J—-L____J l |
Rx Clk 1200 Hz J L__J I________ l_‘—
Ax Clk 2400 Hz L 1 L b L1 L1
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1724

Signal Input 3“ t 604
2 3

Ca4
0.01
|
LR
7 RS
AR &1/
9 b
c3
0.001

See Parts

/_ List Below

0‘{ Zgectin Vo
R
4

AN
W

3

~

ik
[l

+Vret
+5
P O i Iz 15
‘o U6
MC1408

ut7
MC145569

EOC sc

vsB Ls8
5 6 |7 [8 [0 [0 [T [12
a3 fo |1 [isfiafiali

5
Din S0

CK‘7

[ie |8 |1o
+5 =

R28 R29 R30
10k 10k 10k
NOTES:
1. """ Specifies + 1% Resistor
2. Bypassing is recommended at all chips
3. Al i in mi unless noted
U9, un MLM4741 Quad Op-Amp (14 Pin) —any 741-type op-amp will d
u10 NES71N Compandor/ Variable Gain (16 Pin) .
u12 LF3%8N Sample/Hold (8 Pin}
U13, 14,18, 19 MLM311 Comparator (8 Pin}
u1s MC14007 Dual Complementary Pair/inverter (14 Pin)
uie MC1408 D/A (16 Pin)
u17 MC14559 SAR (16 Pin)
u21, 37 MC741S QOp-Amp (8 Pin)
D1-D5 IN914 Diodes

FIGURE 15 — 2400 BPS DPSK DEMODULATOR SYSTEM
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Eye Pattern Generator (Optional)
A/D Strobe

Resistors (+ 1%)

R60=R68=4.64 k
R61=R59=9.53 k
R62=R60=19.1 k
R63=R61=37.4 k
R64=R62="75 k

RB65=R63=150 k
R66=R64 =301 k
R67=R65=604 k

FIGURE 16 — 2400 BPS DPSK DEMODULATOR SYSTEM

A/D  U33 Uz
Strobe 3 2 5 4
A/D U33
Clock 7 6 NN
Do o  B3p3B3B3
U29
+5V 1.8432 MHz %
12 |14 1; 02 Q2 10
clk D1 Qi
4 2
20 RxCk DO QO
A ZlRo) Ax CIk}22 Rx Clk —4 R
B 8l ADC Rx Data}2 Rx Data _ 1L IL
¢ ofaps DBC};—OTPH 5V o
D FCa cCorf2—
E " Envr 5] 4] 3]10 13} 12 11| )
4 70, ¢ ]y | [ O G
90° Ey D U7 5 27
17 ° 5 c . 1
F PSS 0° Ey 19 1 l
24 U20 i
¢ DRS  mce173
TPE_DCD
8[3
2 kol —<
3323333
3 9
U3t o5
Q
- : By w4 13
5 12 Q 10 12
= 5 alZ 5
—34p0 o aloo
1l—+5v 1L+5v
U27, U28  MC14015 (16 Pin)  Pin 8=GND, Pin 16= +5 V ) ‘____
U29-U32  MC14175 (16 Pin)  Pin 8= GND, Pin 16= +5 V sl 4 3lio wal 1ol 1l 2
U33, U34  MC14049 (16 Pin) Pin 8=GND, Pin 1= +5 V o oo L@ e
U35 MC14013 (14-Pin) Pin 7=GND, Pin 14= +5 V s = s Y
U36  MC14073 (14 Pin) Pin 7=GND, Pin 14= +5 V ol L | ul

TP12
90°
Eye Out

TP13
0°
Eye Out
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SCRAMBLER PARTS

u22 MC14006

u23 MC14070

u24 MC14069

u2.  McCclaom

u26 MC14013
NOTES:

1. All Resistors +1%
All Capacitors +5%

E:rfl(( -~ Vv 2. Bypassing of power is recommended at all chips
+ Vref 3. T1is a 600:600 @ telephone transformer
T 25V
X
Data™ A
Scramble L= Scramble 5U24 6 2l u2 P,y
Select)—T——DO— MC1403
(sS) S
$1.24x T Vref E
R12 ¢ =
F i PV 2a8k$ 2
G AAA
_S2_ 23 " d 12 +12
— Tx Tx |2MSB) gm +Vief 4 [ 2 7 6
Data Clk = Out 3 4 OTPI
u3 4 (4 Vpp Full Scale)
5 _ = & mcraoe j 1S _,
3 g 17 LB 10/AS s -
o 3 EE 20 pF
3 _é 32 [13 P
3,(;4 I R
= >
= 8 ol 3 12k
= = =
v Ext
S Clk_TST Cik
T 11 13 0 531 &
S yn Il
L R4 R 1 I 112 LR TP2
= 261k| 75k R6 | R7
s1 SINT 6] 7.87k | 249k 3
1.8432 MHz O Ext 2 Us WA—-AN—@—1F R11
Clk ca 14 2| Ue 604 1111 4
0.001 | >
I 7418 7418
= -n cl
100 pF 2 3
I [
+1A2-dBm
to —3.2dBm

FIGURE 17 — 2400 BPS DPSK MODULATOR SYSTEM
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MOTOROLA

== SEMICONDUCTOR
TECHNICAL DATA

MC6860

0-600 bps DIGITAL MODEM MOS
The MC6860 is a MOS subsystem designed to be integrated into a
wide range of equipment utilizing serial data communications. (N-CHANNEL, SILICON-GATE)
The modem provides the necessary modulation, demodulation and
supervisory control functions to implement a serial data communica- 0-600 bps
tions link, over a voice grade channel, utilizing frequency shift keying DIGITAL MODEM

(FSK) at bit rates up to 600 bps. The MC6860 can be impiemented inio a
wide range of data handling systems, including stand alone modems,
data storage devices, remote data communication terminals and 1/0 in-
terfaces for minicomputers.

N-channel silicon-gate technology permits the MCB860 to operate us-
ing a single-voltage supply and be fully TTL compatible.

The modem is compatible with the M6800 microcomputer family, in-
terfacing directly with the Asynchronous Communications Interface

Adapter to provide low-speed data communications capability. L SUFFIX
@ Originate and Answer Mode ‘ ] CEHA(’;”A%:QZ%KAGE
@ Crystal or External Reference Control
® Modem Self Test
® Terminal Interfaces TTL-Compatible
® Full- | i
ull Dup!ex or Half Duple?( Operation P SUFFIX
® Automatic Answer and Disconnect PLASTIC PACKAGE
® Compatible Functions for 100 Series Data Sets CASE 709

® Compatible Functions for 1001A/B Data Couplers ‘

FIGURE 1 — TYPICAL MC8860 SYSTEM CONFIGURATION

Telephone
Network
PIN ASSIGNMENT
Control
Control _| Signals _ Data
- - Coupler VssQ1 @ ~ 2 ]R_xPata
Tx Data []2 23[1CTS
Rx Brk [] 3 22[1ESD
. —
Transmit Carrier AT[ 21fsH
ELSO5 20[ADTR
Asynchronous | geceive EssOe 19 IRl
Communications Data MC6860 —
Interface 007 18 TST
Adapter Tx Brk[8 17 I Rx Car
Receive Brk RO 16 [ST
Filter
Tx Car[]10 15 [1 Mode
Trgeshold Fon 14 {1 Rx Rate
. etect T
Transmit < géf::::f vee 2 131 Xtal
Data
Receive
Carrier -
Limiter
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MAXIMUM RATINGS

This device contains circuitry to protect the

Rating Symbol Value Unit inputs against damage due to high static
Supply Voltage Vee -03t0 +7.0| V voltages or electric fields; however, it is ad-
Tnput Voltage Vin ~03to +70] V vised that normal precautions be taken to
Operating Temperature Range TA Oto 70 °C avoid application of any voltage higher than
- rated voltages to this high im-
Storage Temperature Range Tstg —55to + 150 C pedance circuit.
Reliability of operation is enhanced if unus-
ed inputs are tied to an appropriate logic
THERMAL CHARACTERISTICS voltage level (e.g., either Vgg or Vcc).
Characteristics Symbol Value Unit
Thermal Resistance ’
Ceramic 6uA 65 °C/W
Plastic 120

POWER CONSIDERATIONS

The average chip-junction temperature, T, in °C can be obtained from:
Ty=Ta+(Ppeoya) 4]
Where:
Ta=Ambient Temperature, °C
0= Package Thermal Resistance, Junction-to-Ambient, °C/W
PD=P|NT+PPORT
PINT=iccx Vce, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT < P|NT and can be neglected. PPORT may become significant if the device is configured to
drive Darlington bases or sink LED loads.

An approximate relationship between Pp and T (if PPORT is neglected) is:

Pp=K+(Ty+273°C) (2)
Solving equations 1 and 2 for K gives:
K=Ppe(TA+273°C) +6JA*PD2 3)

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known Ta. Using this value of K the values of Pp and T J can be obtained by solving equations (1) and (2) iteratively for any
value of TA.
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DC ELECTRICAL CHARACTERISTICS .
(Vcc=5.0 £5% Vdc, all voltages referenced to Vgg=0, ToA=T| to TH, all outputs loaded as shown in Figure 2 unless otherwise noted.)
Ch isti Symbol | Min Typ | Max Unit
Input High Voltage, All Inputs Except Crystal ViH 2.0 - Vce \2
Input Low Voltage, All Inputs Except Crystal ViL Vss - 0.80 \
Crystal Input Voltage
(Crystal Input Driven from an External Reference, input Coupling Capacitor =200 pF, Vin 1.5 - 20 VDAD
Duty Cycle=50+5%)
Input Current — —_—
(Vin=Vsgs) All Inputs Except Rx Car, Tx Data, TD, TST, RI, SH lin - - -0.2 mA
Ri, SH inputs - - 1-18
Input Leakage Current (Vin=7.0V, Vcc=Vss, TA=25°C) i — - 1.0 pA
Output High Voltage, All Outputs Except An Ph and Tx Car
Ut = - 0.04 mA, Load A i Vowt | 24 | - | Vcc
Output Low Voltage, All Outputs Except An Ph and Tx Car (IgL1=1.6 mA, Load A) VoL1 | Vss - 0.40
Output High Current, An Ph (VoH2=0.8 V, Load B) 10H2 0.30 — - mA
Output Low Voltage, An Ph (Ig{ 2=0, Load B) VoL2 | Vss - 0.30 M
Input Capacitance (f=0.1 MHz, Tp=26°C) Cin — 5.0 — pF
Output Capacitance (f=0.1 MHz, Tp=25°C) Cout - 10 — pF
Transmit Carrier Output Voltage (Load C) Vco 020 | 0.35 | 0.50 [VIRMS)
Transmit Carrier Output 2nd Harmonic (Load C) VoH -25 -32 - dB
Input Transition Times, All Inputs Except Crystal tr - - 1.0*
(Operating in the Crystal Input Mode; from 10% to 90% Points) 1f - - 1.0° s
Input Transition Times, Crystal Input tr - - 30 ns
(Operating in External Input Reference Mode) 1f - = 30
Output Transition Times, All Outputs Except Tx Car tr - - 5.0
{From 10% to 90% Points) 1 - - |s0 [ ¥
Internal Power Dissipation (All inputs at Vgg and All Outputs Open) (Measured at Tao=T|)| PiNT - - 340 mw

*Maximum Input Transition Times are <0.1x Pulse Width or the specified maximum of 1.0 us, whichever is smaller.

FIGURE 2 — OUTPUT TEST LOADS

Load A — TTL Output Load for Receive Break, Digital Carrier, Mode, Clear-to-Send, Load B — Answer Phone Load
and Receive Data Outputs
Test
Point
Vee
AL ¢
2,67 k T
+1%
R1=25kQ
Test MMD6150
Pont or Equiv Load C — Transmit Carrier Load
100 k
—MA——

MMD7000 I VVv j
or Equiv
1.0 uF —
MC1458
Cr or Equiv..
1k
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FIGURE 3 — BLOCK DIAGRAM

Data Terminal 20 C ——#=O 4 Answer Phone
Ready
Clear-to-Send 23 Ow— Auto l——O 19 Ring Indicator
Terminal Answer/ .
Break Release 9 O——# Control Disconnect t4——O 21 Switch Hook
Logic Logic
Receive Break 3 Oag— —0O 15 Mode
Transmit Break 8 O——f [——O 7 Threshold Detect
Vee = Pin 12
Digital Carrier 11 O-—— ) Vgs = Pin 1
Transmit Data 2 O——= Modulator
Transmit Carrier 10
Receive Data 24 O-t—
Receive De-
Data Rate 14 modulator
NOT
Receive Carrier 17 O—| —
ESD = Enable Space Disconnect
ELS = Enable Long Space Disconnect
ESS = Enable Short Space Disconnect
Crystal 13 Osc
Test Clock 18 O——J Timing
6 o o J.L
Selt Test 16 22 5 6 ESS (Note 1)
ESD ELS
DEVICE OPERATION*

GENERAL

Figure 1 shows the modem and its interconnections. The
data to be transmitted is presented in serial format to the
modulator for conversion to FSK signals for transmission on
the telephone line (refer to Figure 3). The modulator output
is buffered before driving the line.

The FSK signal from the remote modem is received via the
telephone line and filtered to remove extraneous signals such
as the local Transmit Carrier. This filtering can be either a
bandpass which passes only the desired band of frequencies
or a notch which rejects the known interfering signal. The
desired signal is then limited to preserve the axis crossings
and fed to the demodulator where the data is recovered from
the received FSK carrier.

The Supervisory Control provides the necessary com-
mands and responses for handshaking with the remote
modem, along with the interface signals to the data coupler
and communication terminal. If the modem is a built-in unit,

*See Tables 1 and 2 for delay time tolerances.

all input-output (1/0) logic need not be RS-232 compatible.
The use of MC1488 and MC1489A line drivers and receivers
will provide a RS-232 interface conforming to the EIA
specification.

ANSWER MODE

Automatic answering is first initiated by a receipt of a Ring
Indicator (R) signal. This can be either a low level for at least
51 ms as would come from a CBS data coupler, or at least
20 cycles of a 20-47 Hz ringing singal (low level 260% of the
duty cycle) as would come from a CBT data coupler. The
presence of the Ring Indicator signal places the modem in
the Answer Mode; if the Data Terminal Ready line is low, in-
dicating the communication terminal is ready to send or
receive data, the Answer Phone output goes high. This out-
put is designed to drive a transistor switch which will activate
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the Off Hook (OH) and Data Transmission (DA) relays in the
data coupler. Upon answering the phone the 2225-Hz
Transmit Carrier is turned on.

The originate modem at the other end detects this 2225-Hz
signal and after a 450 ms delay (used to disable any echo
suppressors in the telephone network) transmits a 1270-Hz
signal which the local answering modem detects, provided
the amplitude and frequency requirements are met. The
amplitude threshold is set external to the modem chip. If the
signal level is sufficient the TD input should be low for 20 us
at ieast once every 32 ms. The abserice of a threshold indica-
tion for a period greater than 51 ms denotes the loss of
Receive Carrier and the modem begins hang-up procedures.
Hang-up will occur 17 s after Rl has been released provided
the handshaking routine is not re-established. The frequeny
tolerance during handshaking is + 100 Hz from the Mark fre-
quency.

After the 1270-Hz signal has been received for 150 ms, the
Receive Data is unclamped from a Mark condition and data
can be received. The Clear-to-Send output goes low 460 ms
after the receipt of carrier and data presented to the answer
modem is transmitted. Refer to Figure 4.

AUTOMATIC DISCONNECT

Upon receipt of a space of 150 ms or greater duration, the
modem clamps the Receive Break high. This condition exists
until a Break Release command is issued at the receiving sta-
tion. Upon receipt of a 0.3 s space, with Enable Short Space
Disconnect at the most negative voltage (low), the modem
automatically hangs up. If Enable Long Space Disconnect is
low, the modem requires 1.5 s of continuous space to hang
up. Refer to Figure 5.

ORIGINATE MODE

Upon receipt of a Switch Hook (SH) command the
modem function is placed in the Originate Mode. If the Data
Terminal Ready input is enabled (low) the modem will pro-
vide a logic high output at Answer Phone. The modem is
now ready to receive the 2225-Hz signal from the remote
answering modem. It will continue to look for this signal until
17 s after SH has been released. Disconnect occurs if the
handshaking routine is not established.

Upon receiving 2225 + 100 Hz for 150 ms at an acceptable
amplitude, the receive Data output is unclamped from a
Mark condition and data reception can be accomplished.
450 ms after receiving a 2225-Hz signal, a 1270-Hz signal is
transmitted to the remote modem. 750 ms after receiving the
2225-Hz signal, the. Clear-to-Send output is taken low and
data can now be transmitted as well as received. Refer to
Figure 6.

INITIATE DISCONNECT

In order to command the remote modem to automatically
hang up, a disconnect signal is sent by the local modem.
This is accomplished by pulsing the normally low Data Ter-
minal Ready into a high state for greater than 34 ms. The
local modem then sends a 3 s continuous space and hangs
up provided the Enable Space Disconnect is low. If the
remote modem hangs up before 3's, loss of Threshold
Detect will cause loss of Clear-to-Send, which marks the line
in Answer Mode and turns the carrier off in the Originate
Mode.

If ESD is high the modem will transmit data until hang-up
occurs 3 s later. Receive Break is clamped 150 ms following
the Data Terminal Ready interrupt. Refer to Figure 7.

INPUT/OUTPUT FUNCTIONS

Figure 8 shows the I/O interface for the low speed
modem. The following is a description of each individual
signal:

Receiver Carrier (Rx Car)

The Receive Cairier is the FSK input tc the demedulator
The local Transmit Carrier must be balanced or filtered out
and the remaining signal hard limited. The conditioned
receive carrier is measured by the MC6860. Any half-cycle
period greater than or equal to 429 + 1.0 s for the low band
or 235 +1.0 us for the high band is detected as a space.
Resultant peak phase jitter is as follows:

Data Rate Answer Mode Originate Mode
Bits per S d ¢ (Peak %) ¢J (Peak %)
300 7.0 3.7
200 4.7 25
150 35 1.8
110 2.6 1.4

Ring Indicator (RI)

The modem function will recognize the receipt of a call
from the CBT data coupler if at least 20 cycles of the
20-47 Hz ringing singal (low level 250% of the duty cycle)
are present. The CBS data coupler Rl signal must be level-
converted to TTL according to the EIA RS-232 specification
before interfacing it with the modem function. The receipt of
a call from the CBS data coupler is recognized if the RI signal
is present for at least 51 ms. This input is held high except
during ringing. An RT signal automatically places the modem
function in the Answer Mode.

Switch Hook (SH)

SH interfaces directly with the CBT data coupler and via
the EIA RS-232 level conversion for the CBS data coupler.
An SH signal automatically places the modem function in the
Originate Mode.

SH is low during origination of a call. The modem will
automatically hang up 17 s after releasing SH if the hand-
shaking routine has not been accomplished.

Threshold Detect (TD)

This input is derived from an external threshold detector. If
the signal level is sufficient, the TD input must be low for
20 us at least once every 32 ms to maintain normal opera-
tion. An insufficient signal level indicates the absence of the
Receive Carrier; an absence for less than 32 ms will not
cause channel establishment to be lost; however, data dur-
ing this interval will be invalid.

If the signal is present and the level is acceptable at all
times, then the threshold input can be low permanently.

Loss of threshold for 51 ms or longer results in a loss of
Clear-to-Send. The Transmit Carrier of the originate modem
is-clamped off and a constant Mark is transmitted from the
answer modem.
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Call Received

51 ms
Min

Ring Indicat
ing Indicator ?B—S—I__

Ring Indicator
CBT | I l I l I l I

TIMING DIAGRAMS

FIGURE 4 — ANSWER MODE

r¢_

I

Mode { QT8inate B 772Z) Arswer (Low)

Data Terminal  On (Low)
Ready
Answer Phone 2225 Hz, 900 mg i 2025 Hz or 2225 Hz
450 ms —i— 1270 Hz, 300 ms—= 1070 Hz or 1270 Hz
Receive Carrier ,VVW\/
— \VAVAY
Threshold Detect T T T T T T T T T T T T
Cloar-to-Send 2 (High)
450 ms On (Low)
Transmit [ Mark
Data Space Clamped at Mark h Unclamped%
Recei Mark 7
ceive ( Mark 150 ms - 50 7
Clamped t Unclamped
at Mark '
FIGURE 6 — AUTOMATIC DISCONNECT — LONG OR SHORT SPACE
High
Ring |
Ring 1 CBS High
ing
CBT
Mode Answer (Low)
Data Terminal On (Low)
Ready
Answer Phone |

Transmit Carrier

———————2025 Hz or 2225 HZ‘—————’1

. Continuoni§pace - 1279 Hz
=-1070 Hz or 1270 ""+—o.3 sESSor 1.5 ELS

Threshold Detect T T T

On (Low)

T T T T T AN T T T

|

Clear-to-Send

Transmit { G208 Clamped at Mark

Receive ( Mark 7777777727777 [c

Data Space I

‘.—— Unclamped

Unclame !

d at Mark
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FIGURE 6 — ORIGINATE MODE

SH Can Be Released

Switeh Hook 777777 7 7 777 :
Data Terminal On (Low) 2
Ready Originate (High)
o { 10 7 .
Answer (High)
Answer Phone ———l 2025:, Hz
- Ccall 2225 Mz, 450 ms —ofo 2225 Hz, 450 ms ———wle 2928 17
Receive Carrier
Threshold Detect T 11t 1rv17 1 1 1 1ITrrrrrrrrrrrrrrnr
=150 ms+} 300 ms ——
Receive Data Crampes 2t ark %
1070 Hz or
450 ms 1270 Hz 1270 Hz™
Transmit Carrier N
Clear-to-Send 750 ms On (Low)
Transmit Data Clamped at Mark
Enable Space On (Low) Unclamped
Disconnect
FIGURE 7 — INITIATE DISCONNECT
Switch Hook High
—-| r--— 34 ms Pulse Initiates Space Disconnect
Data Terminal On (Low) ' l
Ready
Mode Originate (High)
Answer Phone Off Hook | On Hook
~— 2025 Hz or 2225 Hz ———}-—?:: EE:
Threshold Detect — T~ T T~ T T T T T T T T T T T T T T 17
v —{ | 50 ms Internal Threshold Detect Delay
Receive Data 177777 7777777777 7277227 Clamped at Mark
~—1070 Hz or 1270 Hz _E 1070 Hz J‘
Transmit Carrier /\/\/\/W\/\/\W
| 3s
On (Low) | Off (High)

Clear-to-Send

Transmit Data Unclamped Clamped at Space | Clamped at Mark

Enable Space On (Low)

Disconnect
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Receive Data Rate (Rx Rate)

The demodulator has been optimized for signal-to-noise
performance at 300 bps and 600 bps. The Receive Data Rate
input must be low for 0-600 bps and should be high for
0-300 bps.

Transmit Data (Tx Data)

Transmit Data is the binary information presented to the
modem function for modulation with FSK techniques. A
high level represents a Mark.

Data Terminal Ready (DTR)

The Data Terminal Ready signal must be low before the
modem function will be enabled. To initiate a disconnect,
DTR is held high for 34 ms minimum. A disconnect will oc-
cur 3 s later.

Break Release (Brk R)

After receiving a 150 ms space signal, the clamped high
condition of the Receive Break output can be removed by
holding Break Release low for at least 20 us.

Transmit Break (Tx Brk)

The Break command is used to signal the remote modem
to stop sending data.

A Transmit Break (low) greater than 34 ms forces the
modem to send a continuous space signal for 233 ms.
Transmit Break must be initiated only after CTS has been

Enabled Space Disconnect (ESD)

When ESD is strapped low and DTR is pulsed to initiate a
disconnect, the modem transmits a space for either 3 s or
until a loss of threshold is detected, whichever occurs first. If
ESD is strapped high, data instead of a space is transmitted.
A disconnect occurs at the end of 3 s.

Enable Short Space Disconnect (ESS)

ESS is a strapping -option which, when low, will
automatically hang up the phone upon _receipt of a con-
tinuous space for 0.3s. £SS and ELS must not be
simultaneously strapped low.

Enable Long Space Disconnect (ELS)

ELS is a strapping option which, when low, will
automatically hang up the phone upon receipt of a con-
tinuous space for 1.5 s.

Crystal (Xtal)

A 1.0 MHz crystal with the following parameters is re-
quired to utilize the on-chip oscillator. A 1.0-MHz square
wave can also be fed into this input to satisfy the clock re-
quirement.

Mode: Parallel
Frequency: 1.0 MHz £0.1%
Series Resistance: 750 ohms max

Shunt Capacitance: 7.0 pF max

established. This is a negative edge sense input. Prior to in- Temperature: 0-70°C
itiating Tx Brk, this input must be held high for a minimum of Test Level: 1.0 mW
34 ms. Load Capacitance: 13 pF
FIGURE 8 — 1/0 INTERFACE CONNECTIONS FOR MC6860
(ORIGINATE/ANSWER MODEM)
Threshold Detect
Threshold
Bandpass
Filter and
Vce | Receive Amplifier
Carrier
8.0V Limiter
l Mode
Transmit Data
Transmit Carrier Low Pass
Receive Data Filter + Duplexer
Data Terminal Enable Long Space Disconnect
Ready
Receive Data-Rate
Communi- Clear-to-Send 5.0V
cations MC6860 Enable Short Space Disconnect
Terminal Mod
Receive Break
+V -V
Enable Space Disconnect
Transmit Break _N._} I
Switch Hook DT
Break Release SH CBT
Ring Indicator Data Telephone
R1 Coupler Line
Self Test .
< OH
Answer Phone f\
Vss
L oA
= E= 1.0 MHz Crystal DIR Gnd
*See Motorola Application Note AN-747 for more information. =
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When utilizing the 1.0 MHz crystal, external parasitic
capacitance, including crystal shunt capacitance, must be
=<9 pF at the crystal input. Reliable crystal oscillator start-up
requires that the VcC power-on transition time be > 15
milliseconds.

Test Clock (TST)

A test signal input is provided to decrease the test time of
the chip. In normal operation this input must be strapped
low.

Self Test (ST)

When a low voltage level is placed on this input, the
demodulator is switched to the modulator frequency and
demodulates the transmitted FSK signal. Channel
establishement, which occurred during the initial handshake,
is not lost during self test. The Mode Control ouput changes
state during Self Test, permitting the receive filters to pass
the local Transmit Carrier.

SH

T
H

i
H

. *Note maximum SH low time in Table 1.

Answer Phone (An Ph)

Upon receipt of Ring Indicator or Switch Hook signal and
Data Terminal Ready, the Answer Phone output goes high
[(SH+RN+DTR]. This signal drives the base of a transistor
which activates the Off Hook, and Data Transmission control
lines in the data coupler. Upon call completion, the Answer
Phone signal returns to a low level.

Mode
The Mode output indicates the Answer {low) or Originate

(high) status of the modem. This output changes state when
a Self Test command is applied.

Mode

r‘l—IIgﬂ

rTr- x|{3
Irr— T

Clear-To-Send (CTS)

A low on the CTS output indicates the Transmit Data in-
put has been unclamped from a steady Mark, thus allowing
data transmission.

Receive Data (Rx Data)
The Receive Data output is the data resulting from
demodulating the Receive Carrier. A Mark is a high level.

Receive Break (Rx Brk)

Upon receipt of a continuous 150 ms space, the modem
automatically clamps the Receive Break output high. This
output is also clamped high until Clear-to-Send is establish-
ed.

Digital Carrier (FO)
A test signal output is provided to decrease the chip test
time. The signal is a square wave at the transmit frequency.

Transmit Carrier (Tx Car)

The Transmit Carrier is a digitally-synthesized sine wave
(Figure 9) derived from the 1.0 MHz crystal reference. The
frequency characteristics are as follows:

Gain (~dB)

Mode Data '_Transmn Tolerance*
Originate Mark 1270 Hz —0.15 Hz
Originate Space 1070 Hz 0.90 Hz
Answer Mark 2225 Hz -0.31 Hz
Answer Space 2025 Hz —-0.71 Hz

*The reference frequency tolerance is not included.

The proper output frequency is transmitted within 3.0 us
following a data bit change with no more than 2.0 us phase
discontinuity. The typical output level is 0.35 V (RMS) into
100 k ohm load impedance.

The second harmonic is typically 32 dB below the fun-
damental (see Figure 10).

POWER-ON RESET

Power-on reset is provided on-chip to insure that when
power is first applied the Answer Phone output is in the low
(inactive) state. This holds the modem in the inactive or idle
mode until a SH or Rl signal has been applied. Once power
has been applied, a momentary loss of power at a later time
may not be of sufficient time to guarantee a chip reset
through the power-on reset circuit.

To insure initial power-on reset action, the external
parasitic capacitance on Rl and SH should be <30 pF.
Capacitance values > 30 pF may require the use of an exter-
nal pullup resistor to V¢ on these inputs in addition to the
pullup devices already provided on chip.

Amplitude (0.5 V/Div)

Time (0.2 ms/Div)
FIGURE 9 — TRANSMIT CARRIER SINE WAVE

1516 17
Harmonics

Fundamental

Frequency

FIGURE 10 — TRANSMIT CARRIER
FREQUENCY SPECTRUM
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TABLE 1 — ASYNCHRONOUS INPUT PULSE WIDTH AND OUTPUT DELAY VARIATIONS
(Time delays specified do not include the 1-MHz ref:

Due to the asynchronous nature of the input signals with respect to the circuit internal clock, a delay variation or input
pulse width requirement will exist. Time delay A is the maximum time for which no response will occur. Time delay B is the mini-
mum time required to guarantee an input response. Input signal widths in the cross-hatched region (i.e., greater than A but less
than B) may or may not be recognized as valid.

For output delays, time A is the minimum delay before an output will respond. Time B is the maximum delay for an output
to respond. Output signal response may or may not occur in the cross-hatched region (i.e., greater than A but less than B).

INPUT PULSES OUTPUT DELAYS
— DTR
RI 1 (Initiate
(from CBS) . Space Disconnect)
e A =32 ms—.l Tx Car* Mk/Sp Space
A = 16 ms:
le———B=51ms ESD = Low .|
f=——B=34ms
DTR 1Y
SH (Initiate Space
Disconnect)
An Ph 2
A=16ms
[=— A = 3027 ms -—I
B =34ms
fe—— B = 3056 ms ————»{
_ TR N
TD (Initiate-
I w2 Shace
(Loss of . Disconnect)
A =32
Threshold) me Rx Brk
' le—— A = 165ms
B=51ms
B =185ms ——

Answer Mode —

e TD TD due to Rx Car (1270 Hz)

—as el = |72/
(Initiate Space CTS or Rx Brk A =432 ms —
Disconnect)

fe— B =34 ms

B=451Tms — =

PR ,‘ DTR
]
An Ph
16ms|‘—

=16 ms‘-‘

B =34ms

B=34ms’-——o RiorSH = Low

*Digital Representation. (continued)
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TABLE 1 — OUTPUT DELAY VARIATIONS (continued)

Tx BTk 1

Tx Car* Mk/Sp W Space
A=16 ms—-{

j=——B=34ms —

Rx Data | Space
An Ph Y

A = 16949 ms —=|

fe———B = 17034 ms - -

Rx Data I Space

5 J

{Loss of
} Threshold) I W A
An Ph % CTTS or Rx Brk
A =282ms —f A =32ms
! B=301ms f B=51ms |
Originate Mode
Rx Data I Space 75 I TDdue to Rx Car (2225 Hz)

An Ph V

— A= 14 _—]
£S5 - High |- A7 1496ms
ELS= Low

fe—— B = 1520 ms ———=

| .
CTS or Rx Brk V////////
—A =731 ms——l

f—- B = 752 ms ————=|

Rx Data I Space
‘ V4

Rx Brk
A =132ms

Originate Mode
i) | TD due to Rx Car (2225 Hz)

| 2\ \
Tx Car
(1270 Hz2) A =432 ms __l

B=151ms B =451 ms
*Digital Representation
TABLE 2 - TRANSMIT BREAK AND DISCONNECT DELAYS
Function Description Min Max Unit
Tx Brk (Space Duration) 232 235 ms
Space Disconnect (Space Duration) 3010 3023 ms
(DTR = High, ESD and TD = Low)
Loss of Carrier Disconnect 16965 17034 ms

(Measured from positive edge of CTS to nega-
tive edge of An Ph, with RI, SH, and TD = High)
Override Disconnect 16916 17101 ms
(Measured from positive edge of Rl or SH to
negative edge of AnPh, with TD = High)
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FIGURE 11 — FLOW DIAGRAM

=)

Modem Idle
No No
Yes Yes
No No
Yes Yes
Mode Goes High ] l Mode Goes Low l No Mode Goes High ' Mode Goes LowJ

T I

An Ph Goes High. An Ph Goes High

Transmit 2225 Hz Remote Modem Sends
Remote Modem Responds 2225 Hz

With 1270 Hz

- I

Threshold
Detected

Hang Up
An Ph Goes
Low
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FIGURE 11 — FLOW DIAGRAM (CONTINUED)

eceive

Receive’
2225 Hz in

1270 Hz in

Band

Receive Data
Unclamped
From Mark

CTS and Rx Brk Go Low
Unclamp Tx Data from
Mark

Receive Data
Unclamped
From Mark
SH Released

Transmit
Carrier
1270 Hz

CTS And Rx Brk Go Low
Unclamp Tx Data From
Mark

Transmit

Note 1 Break

Clamp Tx Data
to Space

Note 1: Transmit Break, Initiate Space Disconnect,
and Receive Space are mutually exclusive events.

L1

Answer
Mode

CTS And Rx Brk CTS And Rx Brk
Go High-Clamp Go High
Tx Data to Mark Tx Car Off

Note 2: Due to loss of Rx Car, the modem will clamp
Tx Data to a Mark in the Answer Mode and will
turn off Tx Car in the Originate Mode. If Rx
Car is detected before completion of Tx Brk or
Initiate Space Disconnect, normal operation of
Tx Brk or Initiate Space Disconnect will con-
tinue until completion of their respective time
delays.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-131




FIGURE 11 — FLOW DIAGRAM (CONCLUDED)

Initiate
Space Dis-
connect

Loss
Of Rx Car
>51ms

Note 2

Clamp Tx Data
to Space

Rx Brk Goes
High

Clamp Rx Brk
High

Hang Up
An Ph Goes
Low

Hang Up
An Ph Goes Low

Hang Up
An Ph Goes Low

<

Hang Up
An Ph Goes Low
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MOTOROLA
EE SEMICONDUCTOIR 15055050
TECHNICAL DATA

MC13055

WIDEBAND FSK RECEIVER WIDEBAND
The MC13055 is intended for RF data link systems using carrier FSK
frequencies up to 40 MHz and FSK (frequency shift keying) data RECEIVER
rates up to 2.0M Baud (1.0 MHz). This design is similar to the
MC3356, except that it does not include the oscillator/mixer. The MONOLITHIC SILICON
IF bandwidth has been increased and the detector output has been INTEGRATED CIRCUIT

revised to a balanced configuration. The excellent signal strength
metering circuit has been retained, as has the versatile data slicer/
comparator.

® Input Sensitivity 20 uV @ 40 MHz

® Signal Strength Indicator Linear Over 3 Decades
® Available in Surface Mount Package

e Easy Application, Few Peripheral Components

16

1 P SUFFIX

PLASTIC PACKAGE
CASE 648-08

2
D SUFFIX '
PLASTIC PACKAGE
CASE 751B-03
(SO-16)
FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM
Veco
0.0 MC13055 16 o Data
" _l_ 15 Output
aoMHz] ; S S
IF i€
Input 0.01 -l- 0.8V = 13 100 pF OCarrier Comparator U
(50 Q) 4 + 12 Detect Groulr)1d [ [16] Data Out
Tl 22 pF . ¢ ¢ Sauelch Sg’(‘:‘pa’am’ B [15] + Comparator
50kZ Adjust
=27 pF |6 Limiter | A (mé’?esr) IF Ground E D — Comparator
1 I W SBKDF 1 IFVee[4] [13] Carrier Detect
0.1 A = -
7 0 ) Limiter Input E E Meter Drive
MW 39
0.017F i Limiter Bias [6 ] [11] Detector Out
= 8Vce e 9 - Limiter Bias E [10] Detector Out
10K 3\_3.9 k Quad BiasE Eouad Input
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MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage Vcc(max) 15 Vdc
Operating Supply Voltage Range V2, V4 3.0to 12 Vdc
Junction Temperature Ty 150 °C
Operating Ambient Temperature Range TA —-40to +85 °C
Storage Temperature Range Ts_tg —65to +150 °C
Power Dissipation, Package Rating Pp 1.25 w
ELECTRICAL CHARACTERISTICS .
(Vee = 5.0 Vdc, fo = 40 MHz, fjod = 1.0 MHz, Af = +1.0 MHz, T = 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 112 -— 75 — nA/dB
Carrier Detect Pull-Down Current 113 —_— 1.3 —_ mA
Carrier Detect Pull-Up Current 113 — 500 —_ pA
Carrier Detect Threshold Voltage vi2 700 800 900 mV
DC Output Current 110, 111 — 430 — nA
Recovered Signal V10 — V11 — 350 e mVrms
Sensitivity for 20 dB S+ N/N, BW = 5.0 MHz VIN — 20 — uVrms
S+N/N at Vi, = 50 uV V10 - V11 — 30 — dB
Input Impedance @ 40 MHz Rin Pin 5, Ground — 4.2 - kQ
Cin —_ 4.5 — pF
Quadrature Coil Loading Rin Pin9to 8 - 7.6 — kQ
Cin — 5.2 — pF

FIGURE 2 — TEST CIRCUIT

Coils — Shielded

Coilcraft UNI-10/142

L1 Gray 8-1/2 Turns, nominal 300 uH
L2 Black 10-1/2 Turns, nominal 380 uH

TOKO Series E526HNA
L1 Part No. 100301
L2 Part No. 100079

1 16
1] o
= N
~0.01 2 15
Vec o 5 —0—
T 14 100 pF or
~0.01] A —o—1—i—
22 pF ~ — 13 Carri
5 arrier
Input o—|} :_ ‘_; —0— —© Detect Output
L 12
Ll TP —o— OMeter Drive
| o 1
L.0.1 —O-
L T 5 10 Detector
rout Output
O O
o.o1j:‘ 00178 [
>
= = 8 9 339k 339k
S
1.0Ak | =.L =
39 pF
AY
Al
M 1, —}
| ——yés—
L—— |
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All curves taken with test conditions of ELECTRICAL CHARACTERISTICS, unless otherwise noted

FIGURE 3 — OVERALL GAIN, NOISE, AM REJECTION FIGURE 4 — METER CURRENT versus SIGNAL
N s s s -——
Output fmod = 1.0 MHz 600 ! ! !

_10 / Af = 1.0 MHz - Vee = 50V, 70V_|
= / 3500 30V_|
S -2 o L. —
5 / c 0 ] 12V
% _3 / I~ Noise é { 74
s /T NN\ S 0 4
% —40 \\ \\ = /

AMR 1.0 kHz XN m
£ 5 o ANIAN 2 o
N \\ N 100
60 N\ pd
\Y 0
-100 —80 ~60 ) 2 0 ~100 ) ~60 —40 20 0
SIGNAL INPUT (dBm) INPUT SIGNAL (dBm)
FIGURE 5 — UNTUNED INPUT: LIMITING SENSITIVITY FIGURE 6 — UNTUNED INPUT: METER CURRENT
versus FREQUENCY versus FREQUENCY
0 800
T ] o J T
-10 0.1 5 9
. Input o2 9 =i Input o) |
npu
g -0 515 Mc1aoss| S0k o0 — 51 MC13055 20k
P 7 4 <0 \ !
s 01 2 I N 01
E T = 500 i \ T
w = w = \ \
=z
¢ / PSRN
% —60 — - & 30— 50 NS
= =
= L 2 m \\%E E N~
2 -8 - _ I~
= 100 o~ T -
-9 JE B2 B S I oS A >
~100 0
0 10 20 30 40 5 60 70 8 90 100 0 10 20 30 40 5 6 70 8 9 100
INPUT FREQUENCY (MHz) INPUT FREQUENCY (MHz)
FIGURE 7 — LIMITING SENSITIVITY AND DETUNING FIGURE 8 — DETECTOR CURRENT AND POWER SUPPLY
versus SUPPLY CURRENT versus SUPPLY VOLTAGE
T 403 1200 60
—a0}—1 ; 402 -
Coil Tuning = —— =z
£ 40 MHz b 01 S ] 50E
S_ 1 — = 3 1 1o+ 1 =
2-50 — g = — +
£ / 99 = goo 40!
[= A —7 5
G-60 ¥EZ o =
3 7 272 = 60 — g
2-n \\ 0635 & — 2+ 14 g
s Limiting {3952 3 40 208
E- y == 143 B 2
g 393 {2 200 10%
-9 12 S =
0
0 1 3 5 7 9 1 13 15 0 1 3 5 7 9 1 13 15
Ve (Vde) Ve (Vde)
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FIGURE 10 — CARRIER DETECT THRESHOLD

FIGURE 9 — RECOVERED AUDIO versus TEMPERATURE versus TEMPERATURE
1000
40 %
2 20 = 900 -
e =
i M | m——a & \
g -20— E)
2 - x
S—40 2
o o«
= = L
2-60 5 0
w w
§ —-80 E
@ -10 & 600
¥ g
s 500
-60 -4 -2 0 20 40 60 8 100 120 140 —60 —40 -20 0 20 40 60 8 100 120 140
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)
FIGURE 11 — METER CURRENT versus TEMPERATURE FIGURE 12 — INPUT LIMITING versus TEMPERATURE
e l
0 mpulOdB}A\ —50
104 _— -
< 500 = \\ &
‘E’L / 2 \\ > -0
= —— E
= 40 =30 NN =
= . N~ N z
= 1 N (]
] ) A & -
£ 5 e
3 L] qh\ N g
= = = -8
w N —-
= 200 2
— -60 L =
-9
100
—60 —40 —-20 0 20 40 60 8 100 120 140 —60 —40 -20 0 20 40 60 80 100 120 140
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)

K Squelch Adjust
or Meter Drive

Data
Output

Carrier
Detect

0.25 inch

FIGURE 13 — APPLICATION PRINTED CIRCUIT BOARD
(Bottom View)
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FIGURE 14 — INTERNAL SCHEMATIC
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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 de-
tector output configuration has been changed to a bal-
anced, open-collector type to permit symmetrical drive
of the data shaper (comparator). Meter drive and
squeich 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 sen-
sitivity 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 uV to 20 mVrms.
(See Figure 4.)

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
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 20 uVrms. A resistor R from
Pin 13 to Pin 12 will provide Vcc/R of feedback current.
This current can be translated into an equal amount of
hysteresis by Figure 4.

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

The data shaper is a complete “floating” comparator,
with diodes across its inputs. The outputs of the quad-
rature 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 non-
inverted form.
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CODEC-FILTER PCM-MONO-CIRCUIT

The MC14400, MC14401, MC14402, MC14403, and MC14405 are all per
channel codec-filter PCM mono-circuits. These devices perform the voice
digitizing and recovery, as well as the band limiting and signal restoration
necessary in PCM systems. The MC14400 and MC14403 are generai purpose
devices that are offered in a 16-pin package. They are designed to operate in
both synchronous and asynchronous applications and contain an on-chip
precision voltage reference. The MC14401 is the same device, but offered in
an 18-pin package. In addition, it offers the user the capability of selecting
from three peak overload voltages (2.5, 3.15 and 3.78 V). The MC14405 is a
synchronous device in a 16-pin package intended for instrument use. The
MC14402 is the full feature device which presents all of the options available
on the chip. This device is packaged in a 22-pin DIP and 28-pin chip carrier
package, and contains all the features of the MC14400 and MC14401 plus
several more. Most of these features can be made available in a lower pin
count package tailored to a specific user’s application. Contact the factory for
further details.

The devices were designed to be upward compatible with the
MC14404/06/07 codecs and other industry standard codecs. They also main-
tain compatibility with Motorola’s family of TSACs (MC14416/
MC14417/MC14418) as well as the MC3419 SLIC. i

The PCM codec-filter mono-circuits utilize CMOS du@ﬁtg%’;f:srehabl@,#l%l:§
power performance and proven capability for compl
functions.

MC14400

® 16-Pin Package

® On-Chip Precision Voltage Reference (3}5 o

® Power Dissipation — 45 mW at 2,048"MHz"at 10 pY

0.1 mwW %pvs?erad” Dowm»a \
® Compatibility with Various Suﬁ;ﬂv Configuration:
+12 Volts (6%)
® Pin Selectable TTL and CMOS Digital Levels
® Automatic Prescale Divide of Any One of 5 Clock Frequencies
(128 kHz, 1.5636 MHz, 1.544 MHz, 2.048 MHz, or 2.56 MHz) to
Generate the Internal Sequencing Clock

® Pin Selection of Both A-LAW/Mu-LAW Companding and D3/D4

or CCITT Digital Formats

® Output Drive Capability for 600 and 900 Ohm Loads of + 12 dBm

® Synchronous and Asynchronous Operation

® On-Chip Attendent Interrupt Conferencing

® Transmit Bandpass and Receive Low-Pass Filters on Chip
MC14401 — All of the Above Plus:

® 18-Pin Package

® Selectable Peak Overload Voltages (2.5, 3.15 and 3.78 Volts)

® Access to the "Minus” Input of the Tx Input Op Amp
MC14402 — All of the Above Plus:

® 22-Pin Package

® Variable Data Clocks (64 kHz to 3.088 MHz)

® Access to Transmit Input Amplifier

® An External Precision Reference May Be Used

® External Gain Adjust for Complex SLIC Configurations
MC14403

® 16-Pin Package

® Same Device as MC14400 with Access to Transmit Input

Amplifier with Single Ended Receive Output

® MSI Tied Internally to TDE
MC14405

® 16-Pin Package

MC14400
MC14401
MC14402
MC14403
MC14405

CMOS LSsI

(LOW-POWER COMPLEMENTARY MOS)

CODEC-FILTER
PCM MONO-CIRCUIT

Jex. analog/ a@@v‘psl a

MC14400/03/05
L SUFFIX
CERAMIC PACKAGE
CASE 620

18 MC14401
1 L SUFFIX
CERAMIC PACKAGE
CASE 726

MC14402
L SUFFIX
CERAMIC PACKAGE

CASE 736

MC14402

Z SUFFIX
28-PIN CHIP CARRIER

CASE 763

® Same Device as MC14403 with Common 64 kHz to 3.088 MHz Data Clocks

ORDERING INFORMATION

MC14XXXXX

\:‘I CCITT (G7.12)
2 D3/D4 (PUB 43801)

[— L Ceramic Package

Z Leadless Ceramic Package
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PCM MONO-CIRCUIT BLOCK DIAGRAM

RDD
Vret  RS! Voo Receive Data Shift Register RCE
Vbp-Vss I
Rt 2 RDC
eference Receive Data Latch
Generator — And Data Formatter
T
Interrupt D/A
Control Sequencer
VaG J
RxO
X [ +1,12,16, 20
] [ l I Prescale
S Rx*
RxG Low-Pass 0
Filter PCM 8 8 A/D
—— Sequencer
DAC DAC
) Rx* I Decode
— ] Logic
e * H
| e—— —I SAR Register __g
| —— ;
+ > 1 Tx | 1 Analog ! _2
TxI > Low-Pass High-Pass Subsystem 0__1 Transmit Data Formatter —I
Cx Filter Filter .
> | =t
TDD
Mu/A
u/A > I Transmit Data Shift Register I‘“
B> 8 6 TDE
PDI <
Vss Vs Ms!
MC14400/01/02/03/05

NOTE: &> = Controlled by V| g
*Rx =100 k@ (Internal Resistor)

DEVICE DESCRIPTIONS

There are five distinct versions of the Motorola PCM
mono-circuit.

MC14400

The MC14400 PCM mono-circuit is a PCM codec-filter in-
tended for standard word interleaved synchronous or asyn-
chronous applications. The TDC pin on this device is the in-
put to both the TDC and CClI functions in the pin description.
Consequently, for MSI=8 kHz, TDC can be one of five
discrete frequencies. These are 128 kHz (40 to 60% duty)
1.636, 1.544, 2.048 or 2.56 MHz. (For other data clock fre-
quencies see MC14402 or MC14405.) The internal reference
is set for 3.15 volts peak full scale, and the full scale input
level at Txl and output level at RxO is 6.3 volts peak-to-peak.
This is the + 3 dBmO level of the PCM mono-circuit. All other
functions are described in the pin description.

MC14401

The MC14401 PCM mono-circuit offers the same features
and is for the same application as the MC14400, but offers
two additional pins and features. The reference select input
allows the full scale level of the device to be set at 2.5 Vp,
3.15 Vp or 3.78 Vp. The — Tx pin allows for external transmit
gain adjust and simplifies interface to the MC3419 SLIC.
Otherwise, it is identical to MC14400.

MC14402

The MC14402 PCM mono-circuit is the full featured 22-pin
device. It is intended for use in applications requiring max-
imum flexibility. The MC14402 contains all the features of the

MC14400 and MC14401. The MC14402 is intended for bit
interleaved or word interleaved operation with data clock fre-
quencies which are non standard or time varying. One of the
five standard frequencies (listed above) is applied to the CCl
input and the data clock inputs can be any frequency be-
tween 64 kHz and 3.088 MHz. The Vef pin allows for use of
an external shared reference or selection of the internal
reference and RxG and + Tx provide maximum flexibility for
analog interface.

MC14403

The MC14403 PCM mono-circuit is intended for standard
word interleaved asynchronous or synchronous applications.
TDC can be one of five discrete frequencies. These are 128
kHz (40 to 60% duty) 1.536, 1.544, 2.048 or 2.56 MHz. (For
other data clock frequencies see MC14402 or MC14405.) The
internal reference is set of 3.15 volts peak full scale, and the
full scale input level at TxI and output level at RxO is 6.3 volts
peak-to-peak. This is the +3 dBmO level of the PCM mono-
circuit. The + Tx and — Tx inputs provide maximum flexi-
bility for analog interface. All other functions are described in
the pin description.

MC14405

The MC14405 PCM mono-circuit is intended for word
interleaved synchronous applications. The MC14405 has all
the features of the MC14403 but internally connects TDC
and RDC (see pin description) to the DC pin. One of five
standard frequencies (listed above) should be applied to CCI
and the DC input can be any frequency between 64 kHz and
3.088 MHz.
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VDD VAG

VaG

® N~ O O B W N

MC14402L
16B VDD
15[ RDD
14fI RCE
12p cCl
11p TDD
10p TDE
9P Vis
MAXIMUM RATINGS (Voltage Referenced to Vgs)
Rating Symbol Value Unit
DC Supply Voltage Vpp-Vss -0.51t0 13 N
Voltage, Any Pin to Vgg v —05t0 Vpp+05{ V
DC Current Drain per Pin (Excluding Vpp, Vss) | . 10 mAdc
Operating Temperature Range TA -40to +85 °C
Storage Temperature Range Tstg -85 to +150 °C
RECOMMENDED OPERATING CONDITIONS
0t070°C | 25°C [0 to 70°C
Parameter Pins Min Typ Max Unit
DC Supply Voltage Vce to Vss 6 10 to 12 13 Vv
Power Dissipation
CMOS Mode 10 V Vpp to Vss - 45 70 mw
TTL Mode 10 V - 75 110
Power Down Dissipation 10 V Vpp to Vsg - 0.1 1.0 mwW
Frame Rate Transmit and Receive MSI 75 8.0 8.5 kHz
Data Rate - 128 -
MC14400, MC14401, and MC14403 - 1536 - :
(Must Use One of These Frequencies) TDC, RDC - 1544 - kHz
+2% - 2048 -
- 2560 -
Data Rate MC14402, MC144056 64 — 3088 kHz
Full Scale Output and Input Levels MC14400, MC14403, MC14405 — 3.15 —
MC14401 and MC14402, Vief=Vgs RSI=Vpp RxO, TxI - 3.78 - Vp
RSI=Vgs — 3.15 -
RSI=Vag — 2.50 -

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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DIGITAL LEVELS (To=0 to 70°C)

Parameter . Symbol |Vpp to Vgg Min Typ Max Unit
CMOS Mode
TDE, RCE, RDD, PDI, RDC, TDC, DC, CCI, MSI w0 - 12 — 525 3.6 v
1 - 12 8.4 6.75 -
TTL Mode
TDE, RCE, RDD, PDI, RDC, TDC, DC, CCI, MSI "o - 10 - Vig+10 | Vi g+08 v
1 — 10 Vig+20 | Vig+18 -
TDD Output Current
(TTL Mode) VoH=24V loH 10 © 180 - - A
VoL=08V loL — 1.6 - - ma
ANALOG TRANSMISSION PERFORMANCE
(Vpp=+5V +£5%, Vgg= -5V +5%, 0 dBm0= +6 dBm@600 Q, V| s=VAG=0, TA=0to 70°C, TDC=RDC; TDE=RCE=8 kHz)
Characteristic EwE A/D DA Unit
Min Max Min Max Min Max
Absolute Gain (0 dBm0 @ 1.02 kHz) -03 +0.3 ~-03 +0.3 -0.3 +0.3 dB
Gain vs Level Tone (Relative to — 10 dBm0, 1.02 kHz)
+3to —40 dBm0 -0.4 +0.4 -0.2 +0.2 -0.2 +0.2 4B
—40 to —50 dBm0O -08 +0.8 -04 +0.4 -04 +0.4
- 55 dBm0 -16 +1.6 -1.0 +1.0 -08 +0.8
Gain vs Level — Pseudo Noise (A-Law Only, MC144XXL1 Only)
(Relative to — 10 dBm0) dB
- 10 to —55 dBmO -0.45 +0.45 — — — _
—60 dBm0 -0.90 | +0.90 - — - -
Total Distortion — 1.02 kHz Tone (C Message)
0 to —30 dBmO 35 - 35 - 36 -
40 dBm0 29 - 2 - 3 - d8
—45 dBm0 24 - 24 - 25 -
Total Distortion with Noise (A-Law Only, MC144XXL1 Only)
-3 dBm0 275 - - - - -
-6 to —27 dBm0 35 — — — — _ 4B
—34 dBmO 33.1 - - - _ _
~40 dBm0 285 - - - - -
~55 dBm0 136 — - - - —
Idle Noise
(Mu Law, C Message) - - 18 - 18 - 13 dBrnCo
(A Law, Psophometric. — MC144XXL1 Only) - -68 - - 68 — -75 dBmOp
Frequency Response (Relative to — 10 dBmO, 1.02 kHz)
15 to 60 Hz - -23 - -23 - 0.15
300 to 3000 Hz -030 | +030 | -0.15 | +0.16 | —-0.16 | +0.15 | dBm0
3400 Hz -16 0 -08 0 -08 0
4000 Hz - -28 - 14 - -14
4600 Hz - - 60 - -32 - -30
Inband Spurious (1.02 kHz@0 dBmQ) dBmO
300 to 3400 Hz — -43 — —43 — —-43
Out-of-Band Spurious (0 to 12 kHz in, @0 dBm0)
0 to 3400 Hz - -30 - -30 - - dBmo
3400 to 4600 Hz : - -28 - - - -
4600 Hz to 12 kHz — -30 — - _ —
Idle Noise Selective
@ 8 kHz with VAG = Txl Measure at RxO, 30 Hz Bandwidth - -50 - - - - dBm0O
Group Delay Ditference
0 dBm0, TDC, RDC=2.048 MHz
500 to 600 Hz — 80 - - — —
600 to 1000 Hz — 60 — — — — pusec
1000 to 2600 Hz - 140 - - - _
2600 to 2800 Hz - 80 — — — —
Go to Return Crosstalk @0 dBm0
Txl to TDD @ RxO - - - - 65 - - 65 dBmO
RDD to RxO @ TDD
Absolute Group Delay @ 1.02 kHz
TDC=RDC=2.048 MHz — 460 — -~ — — IS
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ANALOG ELECTRICAL CHARACTERISTICS (Vpp=(10-12 V) +5%, 0 to 70°C)

Characteristic Symbol | Min | Typ | Max | Unit
Input Current —Tx, +Tx, (Tx| for MC14400) lin +£0.01f £30 | nA
AC Input Impedance (1 kHz) Tx| (for MC14400) to VAG Zin 100 | 200 — kQ
AC Input Impedance (1 kHz) ~Tx, + TxtoVAG Zin 15 | 6.0 — MQ
Input Common Mode Voltage Range Vpp=10.0V -Tx, +Tx| VicR |+156] — [+8.0] V
Output Voltage Range o
RL=20ktoVAG RxO,RxO | VoRrto | —-4.0( — |+4.0
RL=600to VAG Each | Vag (-32] — |+32{ V
RL=900to VAG Output -39 — |+39
Output Current Rx0, RxG VoH=VpD ©8 -80| - - ImA
VoL=0.8 — +50[ — —
Power Supply Rejection Ratio R_XQ toVAG | PSRR 30 40 - dB
Vpp=12V +0.06V peak @ 1 kHz RxO to VAG 30 | 40 —
Shared External Reference Vief to VAG 2.0 — 3.8 v
Vref Input Current lin - 03] — |mA
VG Output Current Source | IvAG 200 pA
Sink lvAG 8.0 mA
MODE CONTROL LOGIC (Vgg=0V, 0 to 70°C)
Characteristics \\/,Dch Min | Typ | Max | Unit
V| s Voltage for TTL Mode :g g - gg v
V| g Voltage for CMOS Mode :g 19155 - B \'
Mu/A Select Voltage
Mu-Law Mode 10 95 | — -
12 15| — -
Sign Magnitude Mode 10 40 | - 6.0
12 60| — |70 V
A-Law Mode 10 - - 0.5
12 — - | 05
Reference Select Voltage 3.78 V Mode 10 95 | - - \
12 156 ] — -
2.5V Mode 10 40| — | 60| V
12 50 | — 170
3.15 V Mode 10 - - |05 V
12 — — | 05
Vref Mode Voltage External Reference Mode 10 40 | - - \"
12 50 | — =
Internal Reference Mode 10 - - | 05
12 — — | 05
Analog Test Mode Selection Frequency, MSi= CCl 10 - 128 | — KHz
See Pin Description; Test Modes 12 - 128 | —

|
i
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SWITCHING CHARACTERISTICS (Vpp =110 to 12 V), TA=0 to 70°C, C{ =50 pF CMOS or TTL Mode)

Characteristic Symbol | Min | Typ | Max | Unit
Output Rise Time tTLH _ 80
Output Fall Time TOD | trAL 0 ns
Input Rise Time tTLH _ _ 4 S
Input Fall Time DC, TDE, CCI, RCE, RDC, TDC, MSI | tTHL s
Pulse Width DC, TDE Low, CCI, RCE, RDC, TDC, MSI | twH 100 - - ns
Clock Pulse Frequency DC, TDC, RDC foL 64 — 13088 | kHz
Clock Pulse Frequency (MSI=8 kHz) ccr 1| feu - |128 | -
This Pin Will Accept One of These 5 Discrete Clock Frequencies and Compensate 2| fcL2 — 1836 | —
to Produce Internal Sequencing. 3| fc3 — |1544 | — | kHz
4| fca | — |2048 | -
5| fcis — |2660 | —
Propagation Delay Time ~ TTL TDE to TDD Low Impedance | tpq 85 | 130 | 180
CMOS TDE to TDD Low Impedance tp1 50 | 100 | 160
TTL TDE to TDD High Impedance tp2 - 50 75 ns
CMOS TDE to TDD High Impedance tp2 - 20 40
TTL TDC* to TDD tp3 — 120 1180
CMOS TDC* to TDD tp3 - 80 | 160
TDE Rising Edge to TDC Falling Edge Setup Time tsul 20 - — ns
tsu2 100 | — — ns
RCE Rising Edge to RDC Falling Edge Setup Time tsu3 20 - — ns
tsud 100 | — — ns
MSI Rising Edge to CCl Falling Edge Setup Time tsub 20 | - - ns
tsu7 100 | — — ns
RDD Valid to RDC Falling Edge Setup Time tsus 60 40 — ns
RDD Hold Time from RDC Falling Edge th 100 | 60 — ns

* For the sign bit, tp3 is measured from TDE or TDC, whichever is last.

PIN DESCRIPTION

DIGITAL

Vs selects CMOS or TTL compatibility for all digital I/Os.
VLs=Vpp; all ' 1/0 is CMOS, (Vpp to Vss swing).
VI S<Vpp—4 volts; all I/0 is TTL with switchpoint 1.4 V
above V|_s. The pins controlled by V| g are inputs MSI, CClI,
TDC, RDC, TDE, RCE, RDD, PDI and output TDD. In TTL
applications V| g is Digital GND.

MSl is a continuous 8 kHz (for sampling rate) signal which
is used as a time base for internally selecting a prescale
divider for CCl input. MSI should be tied to the frame sync or
system sync signal, but has no relation to transmit or receive
data timing, except as described under TDE. MSI should be
derived from the transmit timing in asynchronous applica-
tions. In many applications MS| can be tied to TDE. (MSl is
tied to TDE in MC14403/05.)

CClinput is designed to accept five discrete clock frequen-
cies. These are 128 kHz 40 to 60% duty cycle, 1.5636 MHz,
1.544 MHz, 2.048 MHz or 2.56 MHz. The frequency at this
input is compared with MSI and prescale divided to produce
the internal sequencing clock at 128 kHz (or 16 times the
sampling rate). The four clocks in the MHz frequency range
have only minimum pulse width duty cycle requirements. In
the asynchronous applications, CCl should be derived from
transmit timing. (CCl is tied to TDC in MC14400/01/03).

TDC is the transmit data bit rate input. It can be any fre-
quency from 64 kHz to 3.088 MHz, and is often tied in com-
mon to CCl if the data rate is equal to one of the five discrete
frequencies. This clock is the shift clock for the transmit shift
register and leading edges produce successive data bits at
TDD. In asynchronous applications, TDE should be derived
from this clock. (TDC and RDC are tied together in MC14405
and are called DC.)

TDE serves two functions for the transmit data timing. It
establishes the transmit sync in conjunction with MSI. If the
leading edges of TDE occur at 8 kHz and both MSI and TDE

are derived from TDC, then the MSI relationship is trans-
parent and TDE is simply transmit sync. The leading edge of
TDE produces the sign bit at TDD during the current TDC
period. The TDC shifts out the remaining bits at the TDC
rate. The TDD pin is active as long as TDE is high. If there is
more than one TDE leading edge per frame, then the first
TDE after MSl is the Tx sync. Thus, TDE may be taken low
to three state TDD after the first leading edge. The additional
TDE high periods before the next MS| merely un-three-states
TDD. This can be used for bit interleaved systems. In asyn-
chronous applications, TDE is derived from TDC.

TDD is the digital data output. It operates in sync with
TDC and TDE. It is a three-state output. TDC, TDE, and
TDD independently control transmit data timing. The data
format (Mu-Law, A-Law or sign magnitude) is controlied by
Mu/A. This output may be made high-speed CMOS com-
patible using a pullup resistor.

RDC is the receive data clock and works in conjunction
with RCE and RDD to produce all receive data timing. These
three signals must be synchronous, but can be asyn-
chronous with all other digital pins. RDC provides the receive
register clock. The RDC clock may be any frequency from 64
kHz to 3.088 MHz.

RCE — The rising edge of RCE should identify the sign bit
of a receive word on RDD. The next falling edge of RDC,
after a rising RCE, loads the first bit of the PCM word into
the receive register. The next seven falling edges enter the
remainder of the PCM word. On the ninth rising edge, the
receive word is transferred to the receive buffer register and
the A/D sequence is interrupted to commence the decode
process. In the asynchronous mode and with an 8 kHz
transmit sample rate, the receive sample rate should be
between 7.5 and 8.5 kHz. Two receive words may be decod-
ed each transmit frame to allow on chip conferencing.

RDD is the digital data input. It operates synchronously
with RDC and RCE. The data format is determined by the
Mu/ A pin.
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Code Sign/ Mu-Law A-Law
Magnitude (CCITT)
+ full scale M 1 1000 0000 1010 1010
+ zero 1000 0000 11 1 1101 0101
— zero 0000 0000 0111 1111 0101 0101
— full scale o111 1 0000 0010 0010 1010
Sign
Bit Chord Select Step Select

" —"—
[o[r[2]afafse]7]

Note: Starting from sign magnitude, to change format:

To Mu-Law —
MSB is unchanged (sign)
invert remaining seven bits
if code is 0000 0000, change to 0000 0010 (for zero code

suppression)

To A-Law —
MSB is unchanged (sign)
invert odd numbered bits
ignore zero code suppression

Mu/A Select — This pin selects the companding law and
the data format at TDD and RDD.

Mu/A=Vpp; Mu255 Companding D3 Data Format with
Zero Code Supress

Mu/A=VaG; Mu2556 Companding with Sign Magnitude
Data Format

Mu/A=Vgg; A-law Companding with CCITT Data For-
mat Bit Inversions

PDI — The power down input disables the bias circuitry
and gates off all clock inputs. This puts the Txl, RxO, RxO,
and Tpp outputs into a high impedance state. The power
dissipation is reduced to 0.1 mW when PDI=V| g or Vgs.
The circuit operates normally with PDI=Vpp or with a logic
high as defined by connection at V| 5. Tpp will not come
out of high impedance for two MSI cycles after PDI goes
high.

DC — In the MC14405, TDC and RDC are internally con-
nected to this pin.

ANALOG

VAG Analog Ground

Each version of the PCM mono-circuit produces its own
analog ground internally. The DC voltage is approximately
(VDD - Vss)/2. All analog functions within the device use
this as a reference point for signal processing. In symetric
dual supply systems (+5, +6, etc.), VAG may externally be
tied to the system analog ground supply. The VAG output
will sink more than 8 mA of current, but can source only 200
#A. When RxO or RxO are output drives for 600 or 900 loads
tied to VAG, a pullup resistor to Vpp will be required to
boost the source current capability if VAG is not tied to the
supply ground.

Vref Positive Voltage Reference Input (MC14402 Only)

The Vef pin provides for the supply of an external voltage
reference or for the selection of an internal reference within
the PCM mono-circuit. If Vief is tied to Vgg, the internal
reference is selected. If Vigf > VAG, then the external mode

MC14400, MC14401, MC14402, MC14403, MC14405

is selected. In each case, the overload or full scale gains of
the codec are selected by the reference select pin (RSI).
Both the internal and external references are inverted within
the PCM mono-circuit for negative input voltage such that
only one reference is required.

External Mode — In the external reference mode (Vyef >
VAG), a 2.5 volt reference like the MC1403 is connected
from Vief to VAG. A single external reference may be shared
by tying together a number of Vefs and VAGs from different
PCM mono-circuits. In special applications, the reference
voltage may be between 2 and 4 volts. However, the gain
selection logic associated with RSI must be considered to ar-
rive at the desired PCM mono-circuit gain.

Internal Mode — In the internal reference mode
(Vref=Vss), an internal reference supplies the reference
voltage for the PCM mono-circuit.

RSI Reference Select Input (MC14401/02 Only)

The RSI input allows the selection of three different
overload or full scale voltages independent of the internal or
external reference mode. The selection of maximum signed
level is made by connecting RS to Vpp, VAG or Vss. The
various modes of operation are summarized in the table
below. The internal reference is designed to give internal
gains equal to those obtained with an external 2.5 volt
reference.

RxO and RxO Receive Analog Outputs

These two complimentary outputs are generated from the
output of the receive filter. They are equal in magnitude and
out of phase. The maximum signal output of each is equal to
the maximum peak-to-peak signal described with the
reference. If a 2.5 V reference is used with RSI tied to VAG
and a +3 dBmO sine wave is decoded, the RxO output will
be a5 V peak-to-peak signal. RxO will also have a signal out-
put of 5 V peak-to-peak. External loads may be connected
from RxO to RxO for a 6 dB push-pull signal gain or from
either RxO or RxO to VAG. With RSl tied to Vs, each out-
put will drive 600 @ to +9 dBm. With RSl tied to Vpp, each
output will drive 900 @ to +9 dBm.

ADDITIONAL PIN DESCRIPTIONS
RxG Receive Output Gain Adjust (MC14402 Only)

If RxG is left open, then the output signal at RxO will be in-
verted and output at RxO. Thus the push-pull gain to a load
from RxO to RxO is two times the output level at RxO. If
external resistors are applied from RxO to RxG (RI) and from
RxG to RxO (RG), the gain of RxO can be set differently from
— 1. These resistors should be in the range of 10 kQ. The
RxO output level is unchanged by the resistors and the RxO
gain is equal to minus RG/RI(VRxO). The purpose of RxG is
to allow external receive gain adjustment. The circuit for RxG
and RxO is shown in the block diagram.

+ Tx Positive Tx Amplifier Input (MC14402/03/05 Only)
— Tx Negative Tx Amplifier Input (MC14401/02/03/05 Only)
The Tx! pin is the input to the transmit bandpass filter. |f
+ Tx or — Tx are available, then there is an internal amplifier
preceding the filter whose pins are +Tx, —Tx and Txl.
These pins allow access to the amplifier terminals to tailor
the input gain with external resistors. The resistors should be
in the range of 10 k. If + Tx is not available, itis internally tied
to VAG.- If —Txand + Tx are not available, the Txl is a unity
gain high impedance input.
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Tx| Analog Input

Txl is the input to the transmit filter. It is also the output of

For single-supply systems, these are the only power pins.
Vs will be tied to Vgg or Vpp and VAG is an output. In
dual-supply systems, V.S may be digital ground and VAG

the transmit gain amplifiers of the MC14401/02/03/05. The
input impedance is greater than 100 k to VAG in the
MC14400. The Txl input has an internal gain of 1.0, such that
a +3 dBmO signal at Tx! corresponds to the peak-to-peak
swing of RxO described above. For +25 V shared
references and RSI=VAG, the +3 dBmO input should be

may be analog ground.

Testing Considerations (MC14400/01/02 Only)
An analog test mode is activated by connecting MSI and
CCl to 128 kHz. In this mode, the input of the codec (the out-

5.0 volt peak-to-peak.
Power Supplies

VDD — Most Positive Supply. Vpp is typically 10 to 12

volts.

Vss — Most Negative Supply. This is the most negative

put of the Tx filter) is available on the PDI pin. This input is a
DC auto zeroed access to the A/D side of the codec. If
monitored with a high-impedance buffer, the output of the
Tx low-pass filter can also be measured at the PDI pin. This
test mode allows independent evaluation of the transmit
low-pass filter and A/D side of the codec. The receive chan-
nel of the mono-circuit is tested with the codec and filter

supply pin. together.
TEST CIRCUIT
» 5V
vac [} 0wTyy MC14403 *51kQ _‘[_0.1 i
600 ] I' VaG VoD L

Rx <} AN\® RxO RDD -
0 dBr
HP3779 5k 10k +Tx RCE <_JEnable
0dBr 1y ™ RDC T —< Clock

—-Tx TDC
68t Mu/A  TDD
p— PDI TDE *To Define RDD
— When TDD is high Z
= E Vss  Vis <
0.1 uF I
-5V
OPTIONS AVAILABLE BY PIN SELECTION
RSI* Vref*
Pin Level Pin Level Peak-to-Peak Overload Voltage (TxI, RxO)

VbD Vss 7.56 Vpp

VoD VAG+VEXT (3.02 x VExT) Vpp

VAG Vss 5 Vpp

VAG VAG + VEXT (2 x VEXT) Vpp

Vss Vss 6.3 Vpp

Vss VAG + VEXT (252 x VEXT) VPP

*On MC14400/03/05, RS! and Vet tied internally to Vss.
On MC14401, Vet tied internally to Vgs.

SUMMARY OF OPERATION CONDITIONS USER PROGRAMMED
THROUGH PINS Vpp, VAG, AND Vgg

Pin RSI
~Rrogrammed Mu/A Peak Overload Vis
Logic Voltage
Level
v Mu-Law Companding Curve and D3/D4 378 CMOS
DD Digital Formats with Zero Code Suppress B Logic Levels
Mu-Law Companding Curve and Sign TTL Levels
VAG Magnitude Data Format 250 VaAG Up
v A-Law Companding Curve and 3.15 TTL Levels
ss CCITT Digital Format : Vss Up
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TRANSMIT TIMING DIAGRAM
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.\ /

12—

4 4
TDD High Impedance X * x Sign Bit (BO)

)<

B1 PCM Data High Impedance
*Data output during this period will vary depending on TDC rate and TDE timing.
RECEIVE TIMING DIAGRAM
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THE BASIC VOICE CHANNEL USING THE MC14400 PCM CODEC/FILTER MONO-CIRCUIT

+5V
AL T
B
0.1 uF
TTL Levels
VaG VpD
-
2300 RxO RDD p——————< Digital in
—AN\VN— Rx0 RCE p——————<C Receive Sync
TxI RDC p—————= Receive Clock
_E——‘ — Mu/A TDC p——————= Transmit Clock
TwF T )] TDD f————> Digital Output
Vss TDE j—( Transmit Sync
MsI

|-— VLS

< Digital Gnd

-5V

<C Power Down

MC14401 PCM MONO-CIRCUIT WITH MC14417 TSAC

VAG

VRX
Zout=600 2

VTX
Zin=6000

1kQ
0.1| uF .
0.1 uF
1"— | o
|
MC14401 ¢ +12V
*—{ RS! VDD
l VAG RDD — RxData
600 > TxData
v Rx0 RCE
600
—{Rx0  RDC|~¢- Data Clock
10k J
V\ Tx| TDC ———< Tx Sync
10k -Tx TDD ————« Rx Sync
+—Mu/A TDEp— —< Power Down
— PO Msi (TTL Levels)
— Vss Vs
._—]
) - +5V
[ MC14417
Vcc VDD
> D5 ST
Hard-Wired D4 TxEfT
Time Slot  ». D3 RXE
> D2 DC
» D1 LE |4
» DO T/R—
&— NDC FSR
&— Vss FST
-« Digital GND

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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Viva 30IA3a SNOILYOINNWINOOJ3T31 VIOHOLONW

Tip

Ring

A COMPLETE SINGLE PARTY CHANNEL UNIT USING
MC3419 SLIC, MC14403 PCM MONO-CIRCUIT, MC14418 TSAC

1

MC3419 _
]
1 ;
L{Vcc  VAG MC14403
MDA 220 ep Rxl Vag VOD}—9
! MJE 271 | l
‘01 BP Tx t RxO  RDD
—NWW—{RI PD ~r— Tx+ RCE
|
| A ce HS }—EN\A— TxI  RDC J
i 1 ANN— R2 TS Tx TDC
| 0J7 BN Rsf- ¢ L{mu/a  TOD
\ A MJE 270 . g _
| EN Rh — PD! TDE
1
| — Ve vaB —{vss Vis
| <
| —
| ==
|
1 —
|
[ MC14418
vee Voo
Clk cTS
Al Qo
Hard- A2 Q1
Wired D1 TxE
Address AO RxE
cs bloj}
A3 Q2
A4 R2 |
A5 FSR 1
Vss FST

Gnd

Rx Data

Tx Data

Data Clock
Tx Sync

Hook Status

vece

Bank Status
Bank Select
Address
Data

Clock

-12Vv
-48V

Ring Bus
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MC14400, MC14401, MC14402, MC14403, MC14405

HYBRID INTERFACES TO MC14401 PCM CODEC FILTER MONO-CIRCUIT

Ro =600 Ro=900
vss I ’
RSI vVbb
VAG RDD
RxO RCE
N=4 4Ro
Ro RxO RDC
I TDC
10 k
—-Tx TDD
.
‘Mu/A TDE
10k _
PDI MS1
Vss Vis
MC14401
Simplified Transformer Hybrid Using MC14401
Ro =600 Ro=900
Vss
1/3 R
Vbbp
RDD
Ro RCE
RDC
DC
DD
RalRp="Ro .
Rp=10 ko Mu/A TDE
R —
(i oI MSI
Vss Vis
MC14401

“T" Padded Transformer Hybrid Using MC14401

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC14400, MC14401, MC14402, MC14403, MC14405

HYBRID INTERFACES TO THE MC14402 PCM CODEC/FILTER MONO-CIRCUIT

Ro=600 Ro=900
-0
+ +Vygf RSI
Vss
N VaG Vpp
p RxO RDD
RS R4
Ro N=2 lRxG RCE
R3
R6 J—
RxO RDC
VY +Tx TDC
Ro
—ANN— TxI CClI
R2 R1
- Tx TDD
Mu/A TDE
Balance by R5 and R6 to equate the Tx| gains through the inverting  Tx Gain=R1/R2
and non-inverting input signal paths, respectively, is given by: Rx Gain=1+R3/R4 PDI MSI
R5, R6=10 k
Adjust Rx Gain with R3 v v
R1 (1 R3)_ m) R6 <R3 RB Adjust Tx Gain with R1 Ss LS
7xR; \' TRA ‘Q*ﬁ RE5+R6 ﬁ).%arﬂe
MC14402
Universal Transformer Hybrid Using MC14402
Ro =600 Ro =900
-0
+ Vref RSI
VaG vbp
R,
° RXO RDD
RxG RCE
RxO RDC
+Tx TDC
TxI cci
_Tx TDD
10 kQ
Mu/A MDE
PDI MSI
Vss Vis
MC14402

Single-Ended Hybrid Using MC14402

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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Viva 30IA3a SNOILLYOINNWWODITAL VIOHOLON

i

Data Clock

Tx Sync

Rx Sync

Tx Data
Rx Data

Rx Tone

Hook

Status Mux

Bank Status

Bank Select

Address

Data

Clk

128 CHANNEL GROUP COMMON CONTROL
IN A TYPICAL SWITCHING SYSTEM

[— Vss=0V

—— Vee=-48
—— Ringing Bus

NOTE: See single party line drawing for line card details.

—— vpp=12V
1 /] Master
Data Clock
< I Common l \l
Control 421
Logic xS Master
; xSyne Optional Frame Sync
Concentration 1104
. L4 TsICS > e
< I 4
Tx Data Trod
(MSI LS
4 and CMOS) XC145420 Tx Data
21 Highway
I 7
L_q—*j—— Rx Sync
L4 Rx TSIC Rx Data
1 7 Array 2 Highway
- Rx Data 41016 @©
Q
5
2
14 N
2 . | xcrasa 2
s | > 4 £
] 48 P
] Hook Status g
= Demux o
3 PIA3 =
o =
S F—vee=sv * £
£ 8 °
3
Local Call 3
PIA 2 Processing
1 24 Memory
(ROM, RAM,
p 7 5 8 Bit Micro Bus - EPROM)
74
<
PIA 1
Channel
Group Call
Processor Data Bus
{Microp)
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MOTOROLA
HE SEMICONDUCT O R 15mm

TECHNICAL DATA
MC14408
MC14409

BINARY TO PHONE PULSE CONVERTER SUBSYSTEM
The MC14408 and the MC14409 are devices designed to convert

CMOS LS

a four bit binary input code to a number of serial output pulses (LOW-POWER COMPLEMENTARY MOS)
corresponding to the value of the input code. )

The devices can be used in telephone pulse dialing applications BINARY TO PHONE PULSE
when combined with their companion device, the MC14419 CONVERTER SUBSYSTEM

(2-0f-8 keypad-to-binary code converter). The devices have been
partitioned to allow convenient addition of RAM memory and
controls for repertoire dialing applications.

The MC14408 and MC14409 perform identical functions with
the exception of the signal output at the DRO (Dial Rotating
Output). In the MC14408, DRO remains high during continuous
outpulsing of all digits and in the MC14409 DRO is low between
each digit pulse burst.

® On-Chip Oscillator ’

® Diode Protection on All Inputs 4 L SUFFIX P SUFFIX

® Dialing of Numbers Up to 16 Digits Long MIC PACKAGE PLASTIC PACKAGE
° ASE 620 CASE 648

Memory Storage (FIFO) and Re-Dialing (single pin) of | gﬁg&
Telephone Number P

® Hold Interrupt Control for Additional Interdigit %@%ﬂ
a Wait for Intermediate Dial Tones) ﬁ%
® Selectable Dialing Rate (10 pps or 20 pps) e
® Selectable Interdigit Time (300 or 8 @% p % PIN ASSIGNMENT
150 or 400 ms @ 20 pps) %*3@
® Selectable Make-Break Ratio @3@%@67%
e Buffered Outputs Compatible with ré;eg‘ Fansnstor Driver U/
Interface, One Low-power Schott TTL Load or Two Low- 1= Osc Vpp =16
power TTL Loads Over the Rated Temperature Range. 2] cik MBR [—115
® Low Power Dissipation — Ipp (operating with oscillator)
I3 sT IoT 14
=470 pA typ @ Vpp = 5.0 Vdc, fosc = 16 kHz,
CL =50 pF 4] o4 CRQ |13
5[—] D3 DRO [ 12
6 —] D2 GPL[—IN
BLOCK DIAGRAM 7] o1 RED 10
2T 1 8] vgg AOL 9
Strobe 3 o—efsT CIK Osc
4 OPL =011 Outpulsing
O—=| D4
Binary 50—— D3
Inputs 6
o102 012 Dial Rotati
ial Rotating
7o—={D1ERE__ DT 2 Output
HOL __RED__MBR This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voltage higher
than maximum rated voltages to this high
Hold 9. v Pin 16 impedance circuit. For proper operation it
DD = Fin is recommended that Vi, and V be
Call R [ S— = Pi in out
all Request Vss=FPin8 constrained to the range Vgg < (Vj, or
Control Inputs Re-Dial 10— Vout) < VpD-
interdigit Time 14— | Unused inputs must always be tied to an
Make-Break Ratio 15 appropriate logic voltage level (e.g., either
. Vgg or Vpp).

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC14408, MC14409

MAXIMUM RATINGS (Voltages referenced to Vgsg, Pin 8.)

Rating Symbol Value Unit
DC Supply Voltage Vbbb -0.5to +6.0 Vdc
Input Voltage, All Inputs Vin -0.5 Vdc
to
Vpp +0.5
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range TA -40 to +85 oc
Storage Temperature Range Tstg -65 to +150 oc
ELECTRICAL CHARACTERISTICS
Vob -40°C 25°C +85°C
Characteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Supply Voltage Vpp - 3.0 6.0 3.0 5.0 6.0 3.0 6.0 Vdc
Output Voltage 0" Level Vout 5.0 - 0.05 - 0 0.05 - 0.05 Vde
“1" Level 5.0 4.95 - 4.95 5.0 - 495 - Vdc
Noise Immunity

{8V oyt < 0.5 Vdc) VNL 5.0 1.5 - 15 225 - 14 - Vdc

{AVgyt < 0.5 Vdc) VNH 5.0 14 - 1.5 225 - 15 - Vdc
Output Drive Current loH mAdc

(VOH =25Vdc) Source 5.0 -1.0 - -0.80 -1.7 - -0.60 -

(VoH =4.6 Vdc) 5.0 -0.20 - -0.16 -0.36 - -0.12 -

(VoL =04 Vdc) Sink oL 5.0 0.52 - 044 0.88 - 0.36 - mAdc
Input Current lin 6.0 - 03 - +0.00001s [ +0.30 - 1.0 pAdc
Input Capacitance Cin - - 12 - 5.0 12 - 12 pF

(Vin=0)

Operating Supply Current Ipp 3 - 250 - 160 200 - 200 rAdc

fe1 = 16 kHz (operating 5 - 700 - 470 550 - 550

with 6 - 1250 - 740 1000 - 1000
Osc)
FIGURE 2
TIMING DIAGRAM — DATA AND STROBE INPUTS TIMING DIAGRAM — CALL REQUEST
Vbbb Vbbp
Voo
016?%"03, Ves (Power) Ves
tsu(Ds) |-————’|‘—’| th | am—— R
Voo Vob
CRQ
ST Vss Vss
twH

If power is turned off after each call, CRQ must stay high after
power is applied (for a duration of tpc) to ensure no spurious
outpulsing. For this use the redial function is invalid.

2-154
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MC14408, MC14409

SWITCHING CHARACTERISTICS (C_=50pF, Tp = 25°C)

Characteristic Symbol VpbD Min Typ Max Unit
Output Rise Time** tTLH 5.0 - 180 400 ns
tTLH = (3.0 ns/pF) C_+30 ns
Output Fall Time** tTHL 5.0 - 100 200 ns
TTHL = (1.5 ns/pF) C|_+ 25 ns
Power Up to Call Request Pause tpC 3t06 48/fq* — - ms
Call Request to First Strobe Pulse ics 3t06 48/fg* - - ms
Strobe to Strobe Separation Time tss 3t06 w4_87?c|’ — - ms
Strobe Pulse Width WH 3t06 1.0 - - Hs
Strobe to Data Hold Time th 3t05 - 150 400 ns
Clock Frequency*** fel 3to6 125 16 100 kHz
Percent Break to Make Ratio %MB 3to6 %
(MBR = 0) - 61 -
(MBR = 1) - 67 —
Outpulsing Rate (fopy = *f¢)/1.6) fopL 3to6 pPPs
fcl = 16 kHz — 10 —
fo1 =32 kHz - 20 -
Interdigit Time tD 3to6 ms
tip = (5 x IDT + 3)/fop
IDT =0
fopL = 10 pps - 300 -
fopL =20 pps - 150 -
IDT =1
fopL = 10 pps - 800 -
fopL = 20 pps - 400 -
Strobe to Output Time tsol 3t06 ms
Initial Outpulsing Stream
IDT =0
fopL = 10 pps 300 - 400
fopL = 20 pps 150 - 200
IDT =1
fopL =10 pps 800 - 900
fopL = 20 pps 400 - 450
Continued Outpulsing Stream tsoc 3t06 ms
IDT=0or1
fopL = 10 pps 100 - 200
fopL = 20 pps 50 - 100
Hold to Outpulse Time tHOL 3t06 ms
IDT=0o0r1
fopL = 10 pps 100 - 200
fopL =20 pps 50 — 100
Dial Rotating Overlap Time . tDRO 3to6 ms
fopL = 10 pps - 100 -
fopL =20 pps - 50 -
Data to Strobe Setup Time (f| = 16 kHz) tsu(DS) 3to6 1.5 - - Ms
Re-dial Pulse Width (f¢ = 16 kHz) — 3t06 — 200 - ns
*f) in kHz

**The formula given is for the typical characteristics only.
*** Minimum clock pulse width = 1.0 us.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-155



MC14408, MC14409

FIGURE 3
PHONE DIALER SYSTEM TIMING DIAGRAM

-]

CRa tcs tss ]
15t (3)* 2nd (2) 3rd (5)
or o | 1

ot _ l.. l..
DRO I | I |

tip

"4th(1)

P R T Y

ST J‘fth (6)

“6th (§)]

|~ ts0c

Notes:

(*)1st, 2nd, 3rd, etc., denotes Strobe pulse sequence — i.e., which digit
in the phone number is being dialed. The number in parentheses de-
notes the numerical value of the digit being dialed. The examples
define the various voltage — level and timing requirements, not a
complete phone number.

(**)For the MC14408 the DRO signal will remain high provided digits
remain in the memory, or a digit for continuing outpulsing is strobed
in before the anticipated falling edge of the most significant digit in
the memory. (i.e.,, [200% MB] ms after the most significant out-
pulsing edge). The time from Strobe to DRO can be 0 to 100 ms.

(***)For the HOL signal to hold a next digit (e.g. the 4th, etc.,) the HOL
falling edge must not appear after [t|p-%MB + 100] ms the last
outpulsing edge of the previous digit.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC14408, MC14409

FIGURE 4
COMPONENT SELECTION FOR OSCILLATOR/CLOCK FREQUENCY

7.118

o= where fg) in kHz, L in mH,
To Pin 1 To Pin 2 C=C1=C2inuF

%fc) = -0.5 [%C + %L] £3.0 where %f¢), %C, %L are
the frequency capacitor, and
inductor tolerances in per-
c2 c1 cent. The +3.0% accounts
j_: L for supply voltage and am-
- bient temperature variations,

EXAMPLE
OUTPULSING RATE
L %L C=C1=C2 %C fei ‘%fe) (fopL=fc1/1.6
5.0 mH 5.0 0.04 uF 5.0 ~16 kHz +8.0 ~10 pps
5.0mH | 5.0 0.01 uF +5.0 ~32 kHz +8.0 ~20 pps
FIGURE 5
TRUTH TABLE
INPUTS OUTPUTS
TRQO' [D4D3D2D1 | ST RED | HOL DT MBR OPFL DRO t
1 X X X X X X X X X o 0
0 [X X X X | 0 1 1 X X 7 (Steady State) 0 (Steady State)
X_X X X | T1 Number of puises L7 of nth | 1 During outpulsing
° nth Digit ! ! x x digit = binary ion of o o i
D4, D3,D2,D1. *
Digits of number in memory 1 During outpulsing
0 X x xx =l ! x x re-sent. 0 Otherwise
0 | X x x x| x 1 ) X X | {Atter conclusion of o | Atter conclusion of digit
digit being outpulsed. being outpulsed
0 300 ms Interdigit time N
X Pxox o x x)x x X 1 X |800 ms interdigit time E foi = 16 kHz
G |61% (=1.6:1) Make.Break Ratio
X px o x X x| X X X x 1 |67% (2:1)  Make-Bresk Ratio

X = Don’t Care
*  With the exception of
0000 which will give 10 pulses.
t  Refer to timing diagram Figure 3.

FIGURE 6 FIGURE 7
MEMORY CLEAR REDIAL SEQUENCE
VbD Vbbb
RED RED
- Vss - "Vss
j—— tos—>]

(@]
2
[e]
(]
bl
el

ST ST

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC14408, MC14409

DEVICE OPERATION

OSCILLATOR (Osc, Pin 1)

This pin is an input to the internal oscillator and feed-
back connection for the L-C m-network. An external clock
signal, if desired can be applied to Osc.

CLOCK (CIk, Pin 2)

This pin is an output from the internal oscillator and
feedback connection for the L-C m-network and provides
the system clock for the MC14419 bounce eliminator
circuitry.

STROBE INPUT (ST, Pin 3)

This Strobe input, when high (ST = Vpp), signifies
that the data at the D1, D2, D3, and D4 inputs is valid,
and enters the 4-bit number into the internal FIFO
(First-In, First-Out) memory for subsequent outpulsing.
The first strobe pulse after a call is requested (CRQ
= low) clears the memory of any previous number and
enters the first digit of the new number. Successive
strobe pulses will store up to a maximum of 16 digits in
the internal FIFO memory, which ignores all digits
entered in excess of that amount until a new call is
requested.

DATA INPUTS (D4, D3, D2, D1, Pins 4,5, 6, 7)

These pins are the Data inputs to the internal memory.
A binary coded digit number entered will result in an
equivalent number of pulses at the OPL (outpulsing)
output, except for the code 0000, which will outpulse
10 pulses.

NEGATIVE POWER SUPPLY (Vgs, Pin 8)

This pin is the negative power supply connection.
Normally this pin is system ground.

HOLD (HOL, Pin 9)

When taken low (HOL = Vgg), the Hold input disables
the outpulsing at the completion of the digit being out-
pulsed. When taken high, outpulsing resumes. This feature
can be used in. multi-dial-tone phone systems to provide
longer interdigit pauses when necessary.

RE-DIAL (RED, Pin 10)

The Re-Dial input, when taken low (RED=Vsg) auto-
matically outpulses the digits entered into memory after the
last time a call was requested. (See Redial Sequence
Diagram Figure 6.)

OUTPULSING (OPL, Pin 11)

The Outpulsing output sends out bursts of pulses
equivalent to the digits of the telephone number stored in
the memory. The duty cycle and interdigit time of the
digit pulse bursts are controlled, respectively by the MBR
(Pin 15) and IDT (Pin 14).

DIAL ROTATING OUTPUT (DRO, Pin 12)

The Dial Rotating (also known as “‘Off Normal’’)
Output provides a signal which indicates that digit pulse
bursts are being sent. In the MC14409, DRO goes high
(VDD) at the beginning of the first digit pulse burst and
goes low (Vgg) between succeeding consecutive digit
pulse bursts. In the MC14408, however, DRO goes high at
the beginning of the first digit pulse burst and remains
high until the last digit pulse burst of the telephone
number has been sent (see Timing Diagram, Figure 3).

CALL REQUEST (CRQ, Pin 13)

The Call Request input when taken low (CRQ= Vss)
resets internal counters and prepares the internal logic to
either accept new digit inputs to be dialed, or to re-dial (see
RED, Pin 10) the digits stored in the memory. The Relation-
ship Between Memory Clear and Redial is shown in Figure 7.

INTERDIGIT TIME (IDT, Pin 14)

The Interdigit Timing input determines the length of
time between consecutive digit pulse bursts. See the
Interdigit Time (tjp). in the switching characteristics for
the length of time.

MAKE-BREAK RATIO (MBR, Pin 15)

The Make-to-Break Ratio input controls the duty cycle
of the digit pulse bursts at the OPL output. For MBR
= Vpp, duty cycle = 67% low, 33% high; and for MBR
= Vgg, duty cycle = 61% low, 39% high.

POSITIVE POWER SUPPLY (Vpp, Pin 16)
This pin is the package positive power supply pin.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC14408, MC14409

FIGURE 8 — KEYPAD TO PULSE DIALER FLOW DIAGRAM

Pick-up Head-set

| Diaktone heard |

|

Keyboard buttons pressed *
(previous number cleared).
Dial tone stops with 1st digit,

but receiver connects to line
after each digit sent. t

1

Re-dial button pressed *
(previous number held).
Dial tone stops with 1st digit,
but receiver connects to iine
after each digit sent. 1

l

] ——— 1|

Error. Error. Error,
Data entry error Too many digits put No number
recognized by in (>16). Ignores in memory.
person dialing. excess.

*A number can be interrupted between *
digits by use of the Hold Input.

Call made with success
or busy signal.

1
)| Hang-up Head-set 4|—-‘

L

tWith the MC14408 the line connects after
total puising has

FIGURE 9 — PHONE DIALER SYSTEM

MC14419 l MC14408, MC14409
2-0f-8 Keypad-to-Binary Encoder Binary-to-Phone Pulse Converter
|
o vV
I ‘C1l *c2
15 :_t 2 &
I = Vss =
1 R1  Clock 14 3 Clk Osc Vss
Row 20—=dR2 il o —— e TS _
Inputs 30 dra e 13 I 4 e OPLp——=011 Gutpulsing
¢ 40—=qR4 12 5
rom
Keypad D3 >—o—-1———o—-— D3
50—=qcC1 1 6
Column ) s0——=qc2 b2 f—0————— 90—~ b2 Dial Rotatin,
a0 ]
Inputs 70—=qcC3 b1 149 Jr z D1 bRO 12 Gutput**
90—=(QcC4 J
Held 9
Call Request 13 O—— Vpp = Pin 16
Vpp = Pin 16 MC14408/409 Re.Dial 10 O——— Vsg = Pin8
Vgg =Pin8 Control Inputs
Interdigit Time 14 o———
- * *Between each digit

Make-Break Ratio 15 ©O- puisetrain, MC 14408

DRO stays high,
MC14409 DRO goes low.

*For Component Value Selection See Figure 4.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA
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MC14408, MC14409

FIGURE 10 — STANDARD K-500- TELEPHONE

Dial Rotated
(Off Normal)

r._ e o
: «):l o[ 1
it 't |
| (g | | Transmitter | |
Receiver K
[ 4 I |
I ¥
| Lo |
N |
| Hookswitch
? | |
To |
Phone |
Lines | ® |
L2 |
A
Encapsulated |
Y Kksoocieuitry |
FIGURE 11 — MODIFIED K-500 TELEPHONE
e o1
+
RS
| () |
Receiver |
| @ |
' |
| ENg—
Ves Voo | |
100 uF J
MDA920 M
- (optional) l—"" [_ (d) (a)\]
—
ST o 9
To L2i || | >4 1Na738 8%
Phone 83 :;8: |Hooksw1tch\l
Lines | >t ll 1 m. g @, (o) |
r > ], VWA~ }
' -+ — (by
L1 CRQ L= — J
| Ringer , A
[ 004uF o . 00auF-  L_ __ K-5OOCircuitry
Vss o-——l Vss
_|mc1a400
1 16
2 15 B—VDD
3 14 .
4 13[—0 CRQ
5 12 -0 DRO
6 11[—0 OPL
Veel? [
8 9 .
VDD | gegial
v v (SPDT Momentary)
SSs DD Vbb o Vgs
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MOTOROLA
mE SEMICONDUCTOR /55

TECHNICAL DATA
MC14410

2-OF-8 TONE ENCODER
CMOS LSI

The MC14410 2-of-8 tone encoder is constructed with comple- (LOW-POWER COMPLEMENTARY MOS)
mentary MOS enhancement mode devices. It is designed to accept
digital inputs in a 2-of-8 code format and to digitally synthesize the
high and low band sine waves specified by telephone tone dialing 2-OF-8 TONE ENCODER
systems. The inputs are normaliy originated from a 4 x 4 matiix
keypad, which generates 4 row and 4 column input signals in a
2-of-8 code format (1 row and 1 column are simultaneously connected
to Vss). The master clocking for the MC14410 is achieved from a
crystal controlled oscillator which is included on the chip. Internal
clocks, which operate the logic, are enabled only by one or more
row and column signals being activated simultaneously. The two
sine wave outputs have NPN bipolar structures on the same substrate
which allows for low output impedance and large source currents. 16 16 |
Applications of this device include telephone tone dialing, radio and 1 i
mobile telephones, process control, point-of-sale terminals, and

. e ) L SUFFIX P SUFFIX
credit card verification terminals. CERAMIC PACKAGE PLASTIC PACKAGE
® Diode Protection on All Inputs CASE 620 CASE 648

® Noise Immunity = 45% of Vpp Typical
® Supply Voltage Range = 4.4 Vdc to 6.0 Vdc
°

On-Chip Oscillator (Crystal or External Clock Source may be
applied to Pin 10)

PIN ASSIGNMENT

® On-Chip Pull-Up Resistors on Row and Column Inputs
® Designed with Multiple Key Lockout (Eliminates Need for Me-
chanical Lockout in Keypad)
® Two Sine Wave Generators On-Chip
® Frequency Accuracy +0.2%
® Low Harmonic Distortion
® Single Tone Capability
® Fast Oscillator Turn-On and Turn-Off Times
BLOCK DIAGRAM
3o—=qr1 Sine Wave 2 Low
Row ]| 40—®=QR2 &N Generator | ™ Band Out
inputs | 5 0—pmmJR3 Controi j
6 R4 This device contains circuitry to protect °
‘ Counter Decoder the inputs against damage due to high
o— Osc; . 20 static voltages or electric fields; however,
Oscillator ° in 0 and 7 Test it is advised that normal precautions be
Connections Multiple Point A taken to avoid application of any voltage
9 Oscout Key Disable higher than maximum rated voltages to
2 Decoder this high-impedance circuit. A destruc-
i Counter tive high-current mode may occur if Vi,
1465 gdfct and Vgt are not constrained to the range
Column |130—8=dc2 .. Vss (VinorVout) < Vpp. A
Inputs 1120—8=dc3 Control Sine Wave 15 High Due to the sourcing capability of this
110—=Q Generator Band Out circuit, damage can occur to the device if
€4 Vpp = Pin 16 Vpp is applied, and the outputs are shorted
Vgg =Pin 8 to Vgg and are at a peak sinewave voltage.
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MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8.)

Rating Symbol Value Unit
DC Supply Voltage Vpp -0.5 to +6.0 Vdc
Input Voltage, All Inputs Vin Vgg -0.5 Vdc
VDDtiJ 0.5
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range TA -40 to +85 oc
Storage Temperature Range Tstg -65 to +150 oc
ELECTRICAL CHARACTERISTICS
Vob -40°C 25°C +85°C
Characteristic Symbol Vdc Min Max Min Typ Max Min Max Unit
Supply Voltage Vbbb - 44 6.0 44 5.0 6.0 44 6.0 Vdc
Output Voltage 0" Level Vout 5.0 - 0.05 - 0 0.05 - 0.05 Vde
Pins 7 and 9
1" Level 5.0 4.95 - 495 5.0 - 4.95 - Vde
‘Input Voltage
(Vo =4.50r 0.5 Vdc) “0” Level Vi 5.0 ~ 15 - 2.25 15 - 15 Vde
(Vo =050r45Vdc) “1” Level ViH 5.0 35 - 35 2.75 - 35 - Vdc
Qutput Drive Current loH mAdc
(VoH =25 Vdc)  Source
Pin 7 5.0 -0.05 - -0.05 -04 - -0.04 -
Pin9 -0.23 - -0.20 -1.7 - -0.16 -
(VoL =0.4 Vdc)  Sink loL mAdc
Pin7 5.0 0.05 - 0.05 0.20 - 0.04 -
Pin 9 0.23 - 0.20 0.78 - 0.16 =
Input Pull-Up Resistor Source Current he 6.0 - 140 - 30 100 - 80 uAdc
(Vin = 0 Vdc) Pins 3-6, 11-14
Input Capacitance Cin - - - - 5.0 - - - pF
(Vin = 0 Vdc)
Quiescent Current la mAdc
44 - 0.48 - 0.2 04 - 0.33
6.0 - 1.3 - 0.55 1.1 - 0.9
Total Supply Current IT mAdc
(Dynamic plus Quiescent) 4.4 - 1.7 - 0.7 14 - 1.15
(RL=15k®, f=1MH2) 6.0 - 35 - 1.45 29 - 24
Low Band Output Vipp mVpp
Voltage Swing Pin 2 Only 44 400 600 500 600 700 550 750
(R =100 k) 6.0 800 1000 900 1000 1100 950 1150
High Band Output VHpp mVpp
Voltage Swing Pin 15 Only 44 600 900 700 850 1000 800 1100
(R =100k) 6.0 1000 1400 1100 1350 1500 1200 1600
Low Band--High Band AV 5.0 - - - 25 - - - dB
Voltage Differential
Low Band—High Band Pin 2,15 Zo — - — - 80 - - - 2
Output Impedance AC only
Low Band—High Band Pin 2,15 \Vo-Vy4H 44 - -20 - -30 -25 - -25 dB
2nd thru 14th Harmonics to
(RL=15kQ) 6.0
Maximum Clock Pulse Frequency fel 44 - - — 1.0 - 11 - MHz
Turn-on Time ton 5.0 - - - 8.0 - - - ms
(Power on to oscillation)
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TABLE 1 — FUNCTIONAL TRUTH TABLE

TABLE 2 — OUTPUT FREQUENCY TABLE

ACTIVE LOW INPUTS OUTPUTS Input Line Frequency Generated**
Activated Activated Low Band High Band Activated (low) fL (Hz) fiy (Hz)
Row Lines Column Lines Pin 2 Pin 15 R1 697 —

None X** dc level dc level R2 770 —

X** None dc level dc level R3 852 —

One One L fy* R4 941 _
Two or more One dc level fH‘ c1 — 1209
One Two or more fL* dc level c2 — 1336
Two or more Two or more dc level dc level c3 —_ 1477
‘See Table2 ca — 1633

**X = Don't care

FIGURE 1 — TYPICAL SINE WAVE OUTPUT
(Pins 2 or 15, No External Filtering)

**All frequencies are accurate to £0.2% (crystal tolerance

not included).

Gain (~dB)
IS
o

-80l|

FIGURE 2 — TYPICAL FREQUENCY SPECTRUM
(Pins 2 or 15, No External Filtering)

Time

Fundamental

FIGURE 3 — TYPICAL CRYSTAL CIRCUIT

Frequency

Rf=15 MQ = 10%
CRYSTAL SPECIFICATION
Crystal Mode

Frequency

Rs

Co

Temperature Range

Test Level

Test Set

Column in

14410

Row In
Parallel Oscin @
1MHz £ 0.1% 10
5400 typ
7.0 pF typ Rt =" MC
-40°C to +85°C
1 mw 9
TS—330/TSM or Equivalent Oscout

*Recommended Crystals: CTS KNIGHT

— High Band

[— Low Band
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FIGURE 4 — TYPICAL TELEPHONE INTERFACE APPLICATION

Column
1 MHz
Common 10
15 M Rectifier Assembly
4th Column Telephone MDA920-4
Optional Terminals (optional) '
Oscout | | [ 7 T
‘ + { §)—l
R1 Voo |-o- | 1 T :
k/ Ins233 | | | 3 !! | i
20k S1kS 75k Hookswitch - | | ,_;.@F_‘:’;
R2 Low Band A Iy |
MC14410 Iy %!
20k i Yy . [ ! Yol
R3 High Band | ®——5
L
30k |
R4 Vss |
c4 c3 c2 C1 Transmitter Telephone
| I ine
11012013 Q14 | lconnections
1 |
- | |
! |
! |
' |
|
| ] Receiver |
. I 6N |
1 | common |
| Interface | switches | |
Note: Application using standard telephonie keypad. | Circuitry | on keypad | | I
FIGURE 5 — LOW LEVEL OUTPUT FIGURE 6 — BATTERY POWERED OPERATION
TONE GENERATOR APPLICATION (Driving Audio Speaker)
1 hﬂANx 1 ENZ
15 M 15M
10! 9 9 W
Sicin Oxcow | 16 ot |46 | S0 Ve
A1 Vppf-O— +5.0 Vdc oo %
2 100k 2 1k
A2 Low Low
mc1a410 15 100k To low mc14a10 .
wigh toval input High Band
1k (-40 dB Attenustion)
k8 VeshS 80
2 c1 <L € _c2 ¢ | speaker or
; ‘Acoustical
e " I2? 13 14 Coupler

Note: Application using Chomerics Keypads #ER21623 (4 rows x 3 columns)
#ER21611 (4 rows x 4 columns)

* IN4001

Note: Application using Chomerics Keypads #ER21623 (4 rows x 3 columns)
#ER21611 (4 rows x 4 columns)

9 vac =

To Common
of Keyboard
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MOTOROLA
TECHNICAL DATA

EE SEMICOND U C T O R 0000

MC14411

BIT RATE GENERATOR

The MC14411 bit rate generator is constructed with complementary
MOS enhancement mode devices. It utilizes a frequency divider net-
work to provide a wide range of output frequencies.

A crystal controlled oscillator is the clock source for the network. A
two-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.
® Single 5.0 Vdc (+5%) Power Supply
® Internal Oscillator Crystal Controlled for Stability (1.8432 MHz)
® Sixteen Different Output Clock Rates
® 50% Output Duty Cycle
® Programmable Time Bases for One of Four Mulitiple Output Rates
©® Buffered Outputs Compatible with Low Power TTL
@ Noise Immunity=45% of Vpp Typical
® Diode Protection on All inputs
® External Clock May be Applied to Pin 21
® Internal Pullup Resistor on Reset Input

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

BIT RATE GENERATOR

L SUFFIX
CERAMIC PACKAGE
CASE 623

MAXIMUM RATINGS (Voltages referenced to Vsg, Pin 12.)

Rating Symbol Value Unit
DC Supply Voltage Range Vpp | 5.25t0 —05
Input Voltage, All Inputs Vin Vpp+0.5to
Vss-0.5
DC Current Drain per Pin | 10 mA
Operating Temperature Range TA -40to +85 °C
Storage Temperature Range Tstg | —65t0 +150 °C
BLOCK DIAGRAM o1 F1
o17 F2
o2 F3
o16 F4
Rate Selectp 23 O— L o3 5
Rate Selectg 22 O- ‘ ) L 515 F6
X1 Dividers [© 4 F?
C lin 210— Xg o5 8
rystal;
" osaitator | gl 1o x| Somot DR
. Circuit ;614’ Logic o6 F10
Crystalgyt 20 O— X6 l~g  F11
A o14 F12
* * l-o13 F13
Reset 10 0—— | 59 Fl4
* See Figure 2 for typical -018 F15
crystal oscillator circuits. —019 F16

* * When Reset=0, outputs F1 thru F14=0, outputs F15 and F16=1.

PIN ASSIGNMENT
Figr @ (A 24{1Vpp
F3Q2 23f1 RSA
503 221 RSB
F7f4 21 Xtalin
F8[]5 20 [1 Xtalgyy
F10Qs6 191 F16
Fo}7 18[1F15
F11Qs 17[1F2
Flafo 16 [1 F4
Reset [j10 15 [1F6
Not Used [J11 14[1F12
Vgs 12 130 F13
Vpp=Pin 24
Vgg="Pin 12

This device contains circuitry to protect the
inputs against damage due to high static
voltages or electric fields; however, it is ad-
vised that normal precautions be taken to
avoid application of any voltage higher than
maximum rated voltages to this high im-
pedance circuit. For proper operation it is
recommended that Vin and Vgyt be con-
strained to the range Vss=(Viy or
Vout!=VpD-

Unused inputs must always be tied to an
appropriate logic voltage level (e.g., either
Vss or Vpp).

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-165




MC14411

ELECTRICAL CHARACTERISTICS

on - Symbol Vpp . —40°C _ 25°C . +85°C Unit
Vdc Min Max Min Typ Max Min Max
Supply Voltage Vpp — 4.75 5.25 4.75 5.0 5.25 4.75 5.25 \
Output Voltage 0" Level v 5.0 - 0.05 - 0 0.05 - 0.05 \"
“1"Level | %Y | 50 | 495 - 4.95 5.0 - 4.95 - v
Input Voltage
(Vo=450r05V) ViL | 50 - 15 - 2.25 15 - 15 v
(Vo=0.5 or 4.5 Vdc) VIH | 60 35 - 35 2.75 - 35 - v
Output Drive Current
(VOH=25V) Source loH | 50 | -023 - -0.20 -1.7 - -0.16 - mA
(VoL=0.4V) Sink loL 5.0 0.23 — 0.20 0.78 S— 0.16 - mA
Input Current
Pins 21, 22, 23 lin - - +0.1 - +£0.00001|  +0.1 - +1.0 | A
Pin 10 5.0 - - -15 - -75 — - pA
Input Capacitance (Viy=0) Cin - - - - 5.0 - — — pF
Quiescent Dissipation Pa 5.0 — 25 - 0.015 25 - 15 mwW
Power Dissipation®*t
(Dynamic plus Quiescent) Pp 5.0 Pp=1(7.5 mW/MHz) f+Pq mwW
(CL=15 pF)
Output Rise Time** tTLH | 6.0 - - - 70 200 - - ns
tr=1(3.0 ns/pF) C +25 ns
Output Fall Time** tTHL | 5.0 - - . 70 200 - - ns
tf=1(1.5 ns/pF) C+47 ns
Input Clock Frequency foL 5.0 - 1.85 - - 1.85 - 185 | MHz
Clock Pulse Width tW(C) = 200 - 200 - —_ 200 - ns
Reset Pulse Width tW(R) - 500 = 500 - - 500 = ns

tFor dissipation at different external capacitance (C| ) refer to corresponding formula:
PT(CL=Pp+2.6x10~3(C_ - 15 pF) Vpp2f
where: PT, Pp in mW, CL in pF, Vpp in Vdc, and f in MHz.
**The formula given is for the typical characteristics only.

TABLE 1 — OUTPUT CLOCK RATES

Rate Select R
B A ate
0 0 X1
0 1 X8
1 0 X16
1 1 X64

Output Output Rates (Hz)

Number X64 X16 X8 X1
F1 614.4 k 163.6 k 76.8 k 9600
F2 460.8 k 116.2 k 57.6 k 7200
F3 307.2 k 76.8 k 38.4 k 4800
F4 230.4 k 57.6 k 288k 3600
F5 153.6 k 38.4 k 19.2 k 2400
F6 1156.2 k 288k 14.4 k 1800
F7 76.8 k 19.2 k 9600 1200
F8 384k 9600 4800 600
F9 19.2k 4800 2400 300
F10 128k | 3200 1600 200
1 9600 2400 1200 150
F12 8613.2 21563.3 1076.6 1345
F13 7035.5 1758.8 879.4 109.9
F14 4800 1200 600 75
F15 921.6 k 921.6 k 921.6 k 9216 k

F16" 1.843 M 1.843 M 1.843 M 1.843 M

*F16 is buffered oscillator output.
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FIGURE 1 — DYNAMIC SIGNAL WAVEFORMS

20 ns 20 ns
_,I le—
\
0% \ DD
Input 10% ~——Vss

VOH

90%
Output %‘( \tVOL
tTLH THL

FIGURE 2 — TYPICAL CRYSTAL OSCILLATOR CIRCUIT

Rate Select
Reset A B
Xtalipr, l l l
21
r—A
- S oF
Rf 3 -1 Bit Rate
4 Clock Outputs
| T 12%F
20
Xtalgut Rf=15 MQ+10%
Crystal Specifications
Crystal Mode Parallel
Frequency 1.8432 MHz +0.05% @13 pF
Rs 540 @ max
Co 7.0 pF max
Temperature Range 0 to 70°C
Test Level TmW
Test Set TS — 330/TSM or Equivalent
*Suggested Crystal Suppliers:
Tyco, CTS Knights

Circuit diagrams utilizing Motorola products are included as a means
of illustrating typical semiconductor applications; consequently,
complete information sufficient for construction purposes is not
necessarily given. The information has been carefully checked and is
believed to be entirely reliable. However, no responsibility is assum-
ed for inaccuracies. Furthermore, such information does not convey
to the purchaser of the semiconductor devices described any license
under the patent rights of Motorola Inc., or others.
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MOTOROLA
EE SEMICONDUCTOR /555

TECHNICAL DATA
MC14412

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

UNIVERSAL LOW SPEED MODEM (0-600 bps)

The MC14412 contains a complete FSK (Frequency-Shift Keying) UNIVERSAL LOW SPEED
modulator and demodulator compatible with both foreign (C.C.I.T.T. (0-600 bps)
standards) and U.S.A. low speed (0 to 600 (bps) communication net- MODEM
works.

©® On-Chip Crystal Oscillator with External Crystal
® Echo Suppressor Disable Tone Generator -~ >
® Originate and Answer Modes r

©® Simplex, Half-Duplex, and Full-Duplex Operation 16

16 B

® On-Chip Sine Wave Generator ! L SUFFIX P SUFFIX

® Modem Self Test Mode CERAMIC PACKAGE PLASTIC PACKAGE

® Single Supply: CASE 620 CASE 648
Vpp=4.75 to 15 Vdc MC14412FP, MC14412 FL ORDERING INFORMATION
Vpp=4.75 to 6.0 Vdc MC14412VP, MC14412VL

©® Selectable Data Rates: 0-300, 0-600 bps MC144XX Suffix  Denotes

® Post Detection Filter

E L Ceramic Package
® TTL or CMOS Compatible Inputs and Outputs P Plastic Package
F 4.75 to0 15 Vdc
V 4.75 t0 6.0 Vdc

GRAM

Oscoyr 3 1 250 kHz
Osciy, 4
| ] ﬂ ) e
I 7 Stage 3| Sine Wave o Transmit Carrier
Transmit - J] ) j Frequency Generator (FSK Output)
Enable 120 ¢ Counter
Transmit o -
Data | # %
Mode 100 Modulator
ode [_, Frequency Vpp
Type 140— l—b Decoder
Echo 130-

y 15 O | A
Disable Receive
1 X
Vooq.m r. & l \ l i; Carrier

TTL Pull Up

) Level
Receive Data Rate 6 22?92?;? Degw oﬁ:‘:rmr l€— Change
Detector
vVbD ﬁm I—v
ol |
Reset 5 Buffered Post- <€ Demodulator
Receive Data 7O Output |« Detection Decoder
VoD Register Filter
‘qr A T [ VoD =Pin 16
1_| Vgs=Pin 8
Self Test 20-@
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ELECTRICAL CHARACTERISTICS

Vpp™* ~40°C +25°C +85°C

Characteristil Symbol n Unit
aracteristic ym Vdc Min Max Min Typ Max Min Max
Output Voltage Pin 7 Only 5.0 — 0.05 - 0 0.05 - 0.05
"0 Level | VoL 10 - 0.05 - 0 0.05 - 0.06 v
Vin=Vpp or 0 15 - 0.05 - 0 0.05 - 0.05
1" Level 5.0 4.95 - 4.95 5.0 - 4.95 -
Vin=0or Vpp VOH 10 9.95 - 9.95 10 - 9.95 - \
15 14.95 - 14.95 15 - 14.95 -
Input Voltage*
"0 Level
(Vo=4.50r0.5V) ViL 5.0 - 15 - 225 15 - 15 \
(Vp=9.00r1.0V) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo=1350r1.5V) 15 - 4.0 — 6.75 4.0 - 4.0
1" Level
Pin 15 510 15| Vpp—-0.75 — Vpp-0.8 {Vpp-2 - Vpp-0.85 -
(Vp=0.50r45V) 5.0 35 - 35. 275 - 35 -
(Vo=1.00r9.0V) ViH 10 7.0 - 7.0 5.50 - 7.0 - \Y
(Vo=150r135V) 15 1.0 - 11.0 8.256 — 1.0 -
Output Drive Current
Pin 7 Oniy
(VoH=2.5) I0H 5 —-0.62 - -05 -15 - —-0.36 - mA
(VoH=9.5) 10 —-0.62 - -0.5 -1.0 - -0.35 -
(VoH=13.5) 15 -18 - -15 -36 — -1.1 —
(VoL=0.4) 4.75 2.3 — 2.0 4.0 - 16 -
(VpoL=0.5) loL 10 5.3 - 4.5 10 - 3.6 - mA
(VoL =1.5) 15 15 - 13 3B | - 10 -
Input Current . -
(Pin 16=Vpp) lin - - - - +0.00001 +0.1 — . pA
Input Pull-Up Resistor
Source Current
(Pin 16=Vgg,
Vin=2.4 Vdc) Ip 5 285 - 250 460 - 205 - pA
Pins 1,2, 5,6, 10, 11
12,13, 14
Input Capacitance Cin - - - - 5.0 - - - pF
Total Supply Current 5 - 4.5 - 1.1 4.0 - 35
(Pin 16=Vpp) IT 10 - 13 - 4.0 12 - " mA
15 — 27 — 8.0 25 - 23
Modulator/ Demodulator
Frequency ACC | 505 - - - 05 - - - %
Accuracy
(Excluding Crystal)
Transmit Carrier Output 5 - — ~20 -25 - - -
2nd Harmonic VaH 15 - - -2 -32 - - - d8
Transmit Carrier Output 5 - - 0.2 0.30 - - -
Voltage (R =100 k) Vout 10 - - 0.5 0.85 - - - VRMS
(Pin 9) 15 - - 1.0 15 - - —
Maximum Receive 5 - 15 - - 15 - 15
Carrier Rise and Fall tr, tf 10 - 5.0 - - 5.0 - 5.0 us
Times (Pin 1) 15 - 4.0 - - 4.0 - 4.0
Maximum Oscillator
Frequency frax 5 - - 1.2 5 - - - MHz
Minimum Clock Pulse
Width tw 5 - - - 50 350 — - ns

*DC Noise Immunity (Vy_, V|H) is defined as the maximum voltage change from an ideal “0"" or 1" input level, that the circuit will withstand
before accepting an erroneous input. )
**Note: Only 5-Volt specifications apply to MC14412VP devices.
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MAXIMUM RATINGS (Voltages referenced to Vsg, Pin 8)

This device contains circuitry to prdtect the

Rating Symbol Value Unit inputs against damage due to high static
- voltages or electric fields; however, it is ad-
DCMSC‘;';Z;YZLI:"?:S v 051015 v vised that normal precautions be taken to
MC14412VP, VL DD _0'5 tOG 0 avoid application of any voltage higher than
’ - -0 100 maximum rated voltages to this high im-
Vpp+0.5 to pedance circuit. For proper operation it is
Input V , All Input Vi g v
nput Voliages, Al Inputs " Vss-0.5 recommended that Vi, and Vout be con-
DC Current Drain per Pin {except Pin 8, 7) | 10 mA strained to the range Vgs=(Vinh or
DC Current Drain (Pin 8, 71 1 3% mA Vout! S VDD. )
" oC Unused inputs must always be tied to an
Operating Temperature Range TA —#A0to +85 appropriate logic voltage level (e.g., either
Storage Temperature Range Tstg —65to +150 °C Vss or Vpp).

PIN ASSIGNMENT

Rx Rate
Rx Data
Vss

DEVICE OPERATION

GENERAL

Figure 1 shows the modem in a system application. The
data to be transmitted is presented in serial format to the
modulator for conversion to FSK signals for transmission
over the telephone network. The modulator output is buf-
fered/amplified before driving the 600 ohm telephone line.

The FSK signal from the remote modem is received via the
telephone line and filtered to remove extraneous signals such
as the local Transmit Carrier. This filtering can be either a
bandpass which passes only the desired band of frequencies
or a notch which rejects the known interfering signal. The
desired signal is then limited to preserve the axis crossings
and fed to the demodulator where the data is recovered from
the received FSK carrier.

INPUT/OUTPUT FUNCTIONS
Figure 2 shows the 1/0 interface for the MC14412 low-

speed modem. The following is a description of each in-
dividual signal.

TYPE (Pin 14)

The Type input selects either the U.S. or C.C.1.T.T. opera-
tional frequencies for both transmitting and receiving data.
When the Type input="1", the U.S. standard is selected
and when the Type input="0", the C.C...T.T. standard is
selected.

TRANSMIT DATA (Tx Data, Pin 11)

Transmit Data is the binary information input. Data
entered for transmission is modulated using FSK techniques.
When operating in the U.S. standard (Type="1") a logic
1" input level represents a Mark or when operating in the
CCITT standard (Type="0") a logic “1" input level
represents a Mark.
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Transmit Data

FIGURE 1 — TYPICAL LOW-SPEED MODEM APPLICATION

Parallel Fi
arallel Format Data Flow
r 1 -
Terminal Tx Data l Modulator | Tx Buff 3 Telephone
Transmitter 11| |9 Car uer Duplexer Network
| MC14412 | FSK
| | Format
Terminal Rx Data I | R« Ba;t‘:lpass
; - ¥ Demodulator iiter
Receiver 7] | 1 Car and Limiter®
I I
L
Receive Data
Parallel Format
Since the modulator and demodulator sections of the MC14412 are
functionally equivalent to those of the MC6860, additional application
information can be obtained from the following Motorola publica-
tions: I
AN-731  Low-speed Modem Fundamentals
AN-747  Low-speed Modem System Design Using the MC6860
EB-49 Application Performance of the MC6860 MODEM.
FIGURE 2 — MC14412 INPUT/OUTPUT SIGNALS
1.0 MH.
*CRYSTAL SPECIFICATION Crystalz
Crystal Mode — Parallel
Frequency — 1 MHz +0.1%
Rg=540 0 typ
Co=7 pF typ RE
Temperature Range —40°C to +85°C 4 3
Test Level — 1 mW o . A
Suggested Crystal Suppliers —_— 1Y %ca.?a SCout
Tyco, CTS Knight and 12 9
Motorola Crystal Products 13 Tx & Tx Carf=— Modulator
-—-)———J Echo
RF=15 m +20% w7
To —>——{Mode To
Data Terminal —— 4 Type Control Telephone
Equipment —5Bltrp Network
—>— st
—<—L Rx Data 1
6 Rx Car p————— Demodulator
‘—"P'—-? Ra Data Rate
—»—Reset
7/
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TRANSMIT CARRIER (Tx Car, Pin 9)

The Transmit Carrier is a digital-synthesized sine wave
derived from a 1.0 MHz oscillator reference. The Tx CAR has
an AC output impedance of 5 k@ typical. The frequency
characteristics are as follows:

United States Standard

Type="1"
Echo="0"

Mode Tx Data Tx Car
Originate | 1" Mark 1 1270 Hz
Originate “ Space "o 1070 Hz
Answer 0" Mark " 2225 Hz
Answer "o" Space “0" | 2025 Hz

C.C.L.T.T. Standard
Type="0"
Echo="0"

Mode Tx Data Tx Car

Channel e Mark “r 980 Hz
No. 1 " Space "o" 1180 Hz
Channel "o Mark " 1650 Hz
No. 2 "o Space "o 1850 Hz
Echo Suppressor Disable Tone
Type="0"
Echo="1"
Mode Tx Data Tx Car
Chan. No. 2 0" " 2100 Hz

TRANSMIT ENABLE (Tx Enable, Pin 12)
The Transmit Carrier output is enabled when the Tx

Enable input="1". No output tone can be transmitted when
Tx Enable="0".

MODE (Pin 10)

The Mode input selects the pair of transmitting and
receive frequencies used during modulation and demodula-
tion. When Mode=""1", the U.S. originate mode is selected
(Type input=""1"") or the C.C.I.T.T. Channel No. 1 (Type in-
put="0"). When mode="0", the U.S. answer mode is
selected (Type input="1") or the C.C..T.T. Channel No. 2
(Type input="0").

. ECHO (Pin 13)

When the Echo input="1" (Type="0", Mode="0", Tx
Data="1") the modulator will transmit a 2100 Hz tone for

disabling line echo suppressors. During normal data
transmission, this input should be low="0"".

RECEIVE DATA (Rx Data, Pin 7)

The Receive Data output is the digital data resulting from
demodulating the Receive Carrier.
RECEIVE CARRIER (Rx Car, Pin 1)

The Receive Carrier is the FSK input to the demodulator.
This input must have either a CMOS or TTL compatible logic
level input (see TTL pull-up disable) at a duty cycle of 50%
+ 2%, that is a square wave resulting from a signal limiter.

RECEIVE DATA RATE (Rx Rate, Pin 6)

The demodulator has been optimized for signal to noise
performance at 300, and 600 bps.

Data Rate Rx Rate
0-300 bps "
0-600 bps "o

SELF TEST (ST, Pin 2)

When a high level (ST="1") is placed on this input, the
demodulator is switched to the modulator frequency and
demodulates the transmitted FSK signal.

RESET (Pin 5)

This input is provided to decrease the test time of the chip.
In normal operation, this input may be used to disable the
demodulator (Reset="1"") — otherwise it should be tied
low="0". The reset-pin does not reset Rx data pin 7.

CRYSTAL (Oscjp, Oscout, Pin 4, Pin 3, respectively)

A 1.0 MHz crystal is required to utilize the on chip
oscillator. A 1.0 MHz square wave clock can also be applied
to the Oscin input to satisfy the' clock requirement (see
Figure 2). )

When utilizing the 1.0 MHz crystal, external parasitic
capacitance, including crystal shunt capacitance, must be
<9 pF at the crystal input (pin 4). Pin 3 is capable of driving
only one CMOS input.

TTL PULL-UP DISABLE (TTLD, Pin 15)

Toimprove TTL interface compatibility, all of the inputs to
the MODEM have controllable P-Channel devices which act
as pull-up resistors when TTLD input s low (“0"'). When the
input is taken high {*1"’) the pull-up is disabled, thus reduc-
ing power dissipation when interfacing with CMOS. Pin 15
should be taken high ("’1") with Vpp greater than 6 volts.

FIGURE 3 — M6800 MICROCOMPUTER FAMILY BLOCK DIAGRAM

MC6800
Microprocessor
A
Read Only
Memory
Random
Access
Memory
Interface
Adapter
>
y y [
Address Data
Bus  Bus

Transmit Telephone
Receive Duplexer |ag—p- ' 8'€PNO!
Filter Network

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-172



MC14412

FIGURE 4 — TRANSMIT CARRIER SINEWAVE

RL=100k Vpp=5V (TxCar)
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Time

FIGURE 5 — TYPICAL TRANSMIT CARRIER FREQUENCY SPECTRUM
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MOTOROLA

B SEMICOND U CT O R /550
TECHNICAL DATA
MC14413-1

MC14413-2
MC14414-1

PULSE CODE MODULATION SAMPLED DATA FILTERS . ’ MCI4414'2
2 e e omos Lo
‘ restoration filtering necessary in. PCM Codec voice digitization systems.
‘ Both ICs are capable of operating from eithef a single or split power (LOW-POWER COMPLEMENTARY MOS)
Shins are two toraly umcommitted op amps fo vse asewihers in e PULSE CODE MODULATION

systems as | to \V converters, gain adjust buffers, etc. SAMPLED DATA FILTERS

® Transmit Band-pass and Receive Low-pass (MC14413-1, -2)

® Transmit and Receive Low-pass (MC14414-1, -2)

® D3/D4 Specifications (MC14414-2/13-2)

® CCITT Specification (MC14414-1/13-1)

® Low Operating Power Consumption — 30 mW (Typical)

® Power Down Capability — 1 mW (Maximum)

® Single Supply Capability when Used with MC14404/6/7 Codecs

® +5to 18 Volt Power Supply Ranges

® Receive Filter Compatible with 15% to 100% Duty Cycle PAM Inputs

with Sinx/x Correction L SUFFIX P SUFFIX
® No Precision Components Required (MC14413-1, -2) CERAMIC PACKAGE  PLASTIC PACKAGE
. . ) CASE 620 CASE 648
® TTL Compatible Inputs Using VLS Pin
® Two Operational Amplifiers Available to Reduce Sy:
Count
BLOCK DIAGRAM
I E— LPO (MC14414) PIN ASSIGNMENT
_a . Filter TxO (MC14413)
+A
o— - S — Y
A0 Bias and VAG
B0 00— Power Down
-B
+B
RXO O] R?i‘l:&e;‘r/e ——— ORxl
CCi
\
Vg‘; Timing tj Level Shift “\j‘LSS'
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MAXIMUM RATINGS (Voltages referenced to Vgg)

MC14413-1, MC14413-2, MC14414-1, MC14414-2

Rating Symbol Value Unit This device contains circuitry to protect
DC Supply Voltage VDD-Vss 05610 18 v the inputs against Flamgge due to high s'tat{c
input Voltage, All Pins Vin 05t Vpp +05[ V volgages or electric fields; r_nowever, it is
advised that normal precautions be taken
DC Current Drain per Pin (Excluding Vpp, Vss), | 10 mA to avoid application of any voltage higher
Operating Temperature Range TA —40 t0 85 °C than J"‘a"i"“i-'::ui"a’:‘i r"‘:)'::g;: ;‘;;r:i:io':gi':
Storage Temperature Range Tstg —65 to 150 °C is Trecomm:nded that Vin and Vgyr be
constrained to the range Vgg < (Vin or
RECOMMENDED OPERATING CONDITIONS Vout) < YDD- .
Unused inputs must always be tied to an
Parameter Symbol Min | Typ | Max | Unit appropriate logic voltage level (e.g., either
DC Supply Voltage VppVss | 10| 12| 6 | v Vssor Vpp).
Convert Clock Frequency CCl 50 | 128 | 400 | kHz
Master Sync Frequency MSI - 8 32 | kHz
DIGITAL ELECTRICAL CHARACTERISTICS (Vgg=0V)
- VbD 0°C 25°C 85°C .
Characteristic Symbol | \ge [ Win] Max | Min Ty Max | Min [ Max | "
Operating Current IbD 12 -] 5.0 - 2.0 43 - | 50 | mA
Power-Down Current (PDI=Vgg) IPD 12 - 50 - 10 40 - 50 | A
Input Capacitance Cin 12 - - - 5.0 75 - - pF
MODE CONTROL LOGIC LEVELS
V| s Power-Down Mode ViH :g -ug _ :‘11 :; - :12 -
BB ERHE
Vs CMOS Mode TR I R - - P e I A IR
MEEEEEEEEE
VAG Analog-Ground Mode ViL }?, - 192% - - 192% _ 192% \
CMOS LOGIC LEVELS (V| g=Vsgg)
Input Current CCI lin 12 - | £1.0 - +0.00001 +0.3 — | £1.0] pA
Input Current MS| “1" Level I 12 — | 200 - 50 100 - | 200 WA
(Internal Pulldown Resistors) 0" Level in 12| -|-10 - —-0.00001 | -03 - |-10
Input Voltage CCI, MS| 0" Level Vi 12 - - - 5.25 3.60 - - v
15| — - — 6.75 4.0 - -
“1" Level 12 - - 9.0 6.75 - - -
VH [ 5] - - | 15 8.2 - |l -1-1]V
TTL LOGIC LEVELS (V| g=6V, Vgg=0V)
input Current CCI lin 12 - | 1.0 - +0.00001 +0.3 - [ £1.0] pA
Input Current MS| 1" Level 12 - | 200 - 30 - - | 200
(Internal Pulidown Resistor) 0" Level lin 12 -1 -1.0 - —0.00001 -0.3 - |-1.0 A
Input Voltage CCI, MSI 0" Level ViL 12 - - - - Vi s+08] — - \
1" Level VIH 12 - — |VLs+2.0 - - = -
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MC14413-1, MC14413-2, MC14414-1, MC14414-2

ANALOG ELECTRICAL CHARACTERISTICS (Vpp=12V)

0°C 25°C . 85°C

Characteristic Symbol | T NMax [ Min | Typ | Max | Min [ Max | "
Input Current VaG lin - | +30 | - - +10 | — | £30| pA
Input Current ' Rxl, TxI lin — — - +0.00001 | £1.0| — [+1.0f A
AC Input Impedance (1 kHz) Rx|, Txl Zin 10| - 1.0 2.0 - 10 — | M2
Input Common Mode Voltage Range Txl, Rxl | VICR - - |15 - 105 | — - \
Output Voltage Range : TxO, LPO, RxO
(RL=20 k@2 to VAG) - VoR 15| 1056 1.5 - 105 | 1.6 |.10.5 v
(R =600 0 to Vag) 20| 93 | 20 - 93 | 20| 93
(RL=900 2 to VAG) 150 105 | 1.6 - 105 | 1.5 | 105
Small Signal Output Impedance (1 kHz) TxO (MC14413) - - - 50 - - -
LPO (MC14414) | Zo - - |- 50 -l -]-|®
RxO - - - 50 - = =
Output Current
(Vo=11V) TxO, LPO, RxO | IOH -5 — | -6 -6.0 - | -5 — mA
(Vo=1V) TxO, LPO, RxO| loL 5 — 5 7 - 5 —
OP AMP PERFORMANCE (Vpp-Vgg=12 V)
. 0°C 25°C 85°C .
Cheractsristic - [Min [ Max [ Min] Typ [ Max | Min [Max| ™"
Input Offset Voltage - |+8)| = | — |+70] — |+80 ]| mV
Open Loop Gain Z{ =600 @ + 200 pF to VAG| — - - 45 - - - dB
Input Bias Current — = — [x01] — — p WA
Output Voltage Range
(R_.=20 k@3 to VAG) - - |18 — [105]| — - v
(R_.=600 2 to VAG) - - |20 - (93| - -
(RL.=900 2 to VaG) - - 15 - 1105} — -
Output Current VoH 105 - 5.1 — 7.0 - | - 5.1 mA
VoL05| - |-51f — | -7.0] — — | =51
Output Noise - 0 - -3 - - 0 | dBrncO
Slew Rate - — — 2 — . — V/ips
RECEIVE FILTER SPECIFICATIONS
(Vpp —Vgg =12V, CCl= 128 kHz, MSI=8 kHz, includes sinx/x correction, Vjn= — 10 dBm0, full scale= +3 dBm0, 7 V p-p)
L 0°C 25°C 85°C 5
Characteristic , Win [ Max | Min | Typ [Max| Min [ Max | O
Gain (1020 Hz) -03/030| — |+02| — |-0.30] 0.30 dB
Pass-band Ripple (50 Hz to 3000 Hz)' Relative to 1.02 kHz@0 dBm0 |-0.15/+0.15| — [+0.08] — [-0.15/+0.15| dB
Out of Band Rejection Relative to 1.02 kHz@0 dBm0 MC14414/131 | — |-09f - |-05{-09] — |-09
3400 Hz MC14414/13-2| — |-16| — |-08|-15[ — |-15 4B
4000 Hz-4600 Hz -4 — |-1421-1656| — | —-14| —
4600 Hz-64 kHz -8 — [-30|-33| - | -28| —
Output Noise (RXI=VAg) refto900Q [ — — - 8 121 - — | dBrncO
Dynamic Range - - 81 83 | — — — dB
Absolute Delay Difference
1150 to 2300 kHz Delay - 22 - 12 22 - 2
1000 to 2500 kHz Delay - |® |- |5 || - |3m|
800 to 2700 kHz Delay - | & — 31 | M - 4
Crosstalk 0 dBm@3 kHz - — — 7% | — - — dB
Power Supply Rejection Ratio Vpp=12 V+0.1 Vims@1 kHz - = - 40 - - - dB
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MC14413-1, MC14413-2, MC14414-1, MC14414-2

TRANSMIT FILTER SPECIFICATIONS (Vpp—Vss=12V, CC=128 kHz, MSI=8 kHz, Vin= — 10 dBmO, full scale= +3 dBm0, 7 Vp-p)

Characteristic o°c B 85°C Unit
Min | Max |Min | Typ |Max | Min | Max
Gain (1020 Hz) MC14413-1,-2 | -03|+03| — |+02| — |-03|+03 4B
MC14414-1,-2 [-0.25{0.256 | — |+0.16] — [-0.26/0.26
Paf;(;(l))a:: t?gglgo o Relative to 1.02 kHz@0 dBmO | 015 015 — |+0.08| — {-0.15]0.15 dB
Rejection
50 Hz (Relative to 1.02 kHz) MC14413-1,-20nly | -24 | — |[-26| -28 | — | -24 | —
60 Hz MC14413-1,-20nly | —22 | — |-227] -26 | — | -22| —
180 Hz ~081 - [ -03| ~ - (—08 4B
3400 Hz MC14414-1/13-1| — (-08| — |-05|-08| — |-08
MC14414-2/13-2| — |-156| — | -06|-18] — [+15
4000 Hz-4600 Hz -14| - |-14|-1656] — | -14| —
4600 Hz-64 kHz -32f — |-82{-38 |- |-32| -
Output Noise MC14413-1,-2| - 15 - 10 15 - 15 dBrnco
(300 Hz-3400 Hz) MC14414-1,-2| — 12 — 7 10| - 12
Dynamic Range MC144131,-2| — — 78 | 84 — - - dB
(7 V p-p Max) MC14414-1,-2| — — 81 87 — — —
Absolute Delay Difference
1150 to 2300 kHz Delay - 22 - 12 |2 | - 22
1000 to 2500 kHz Delay - |l® |-| 5 ||~ |3 | *
800 to 2700 kHz Delay - M - 31 41 - 4
Crosstalk 0dBm@3 kHz RXO0,TXO| — — — 76 | — — — dB
Power Supply Rejection Ratio : Vpp=12V+0.1VRMs@1kHz| — — - 40 - | - - dB
SWITCHING CHARACTERISTICS (Vpp-Vss=10 V)
. P 0 to 70°C .
Characteristics Min | Ty | Max Units
Input Rise Time CCILMSI| tTLH _ _ 4 us
Input Fall Time THL
Pulse Width CCL,MXI| twH [200 | — - ns
Clock Pulse Frequency : ccl| foL 50° | — | 500 | kHz
CCI Duty Cycle - 40 - 60 %
Setup Time
MSI r;aising Edge to CC| Rising Edge (CCl= 128 kHz)* tu [-30f — | +30) us

* Specifications assume use of 50% duty cycle for clocks.

ccl

[

MSI
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MC14413-1, MC14413-2, MC14414-1, MC14414-2

FUNCTIONAL DESCRIPTION OF PINS

Pin 1 — VAG (Analog Ground)

This pin should be held at approximately (VDD-VEE)/2. All
analog inputs and outpus are referenced to this pin. If this
pin is brought to within approximately 1.0 V of Vpp, the
chip will be powered down.

Pin2 — +A

Noninverting input of op-amp A..
Pin3 — -A

Inverting input of op-amp A.

Pin 4 — AO

Output of uncommitted op-amp A.
Pin5 — BO

Output of uncommitted op-amp B.
Pin6 — ~-B

Inverting input of op-amp B.

Pin7 — +B

Non-inverting input of op-amp B.
Pin 8 — Vgs

This is the most negative supply pin and digital ground for
the package.

Pin 9 — V| g (Logic Shift Voltage)

The voltage on this pin determines the logic compatibility
for the CCl and MSI inputs. If V| g is within 0.8 V of Vgs,
the . thresholds will be for CMOS operating between Vpp
and Vggs. If V| g is within 1.0 V of Vpp, the chip will power
down. If V| g is between Vpp—2 V and Vgs+2 V, the

thresholds for logic inputs at CCl and MSI will be between
VLs+0.8Vand VL .g+2.0 V for TTL compatibility.

Pin 10 — MSI (Master Sync Input)

This pin should receive a low-to-high transition concurrent
with each new PAM sample received at the receive filter in-
put, ADI. A new transmit filter output sample will be
presented 8 CCl clocks after this.

Pin 11 — CCI (Convert Clock Input)

Normally, a 128 kHz clock signal should be applied to this
pin to operate both filters at fo=3100 Hz.For other break fre-
quencies use the following equation: fo=0.02422 f clock.
Pin 12 — TxO (Transmit Band-pass Output— MC14413-1, -2)

This is the output of the transmit band-pass filter. It is
100% duty cycle PAM at 8 kHz.

Pin 12 — LPO (Transmit Low-pass Output — MC14414-1, -2)

This is the output of the transmit low-pass filter. It is 100%
duty cycle PAM at CClI frequency, normally 128 kHz.

Pin 13 — Txl (Transmit Input)

This is the transmit-filter input.
Pin 14 — RxO (Receive Output)

This pin is the output of the receive filter. It is 100% duty
cycle PAM at the same frequency as the CCl pin, normally
128 kHz. '

Pin 15 — RxI (Receive Input)

This is the receive filter input. It will accept 15% to 100%
duty cycle PAM at 8 kHz.
Pin 16 — Vpp

Nominally 12 volts.

NOTE: Both VAG and V|_g are high-impedance inputs.

PCM FILTER DESCRIPTION

Transmit Filter Description

The transmit filter in both the MC14413-1, -2 and
MC14414-1, -2 consists of a 5-pole elliptic low-pass section
operating at a sampling rate of 128 kHz. This filter provides
the band limiting necessary to prevent aliasing of the input
signal in the codec. Since the transmit filter itself samples at
a 128 kHz rate, its input (TxI) signal should be band limited to
124 kHz. If energy above 124 kHz could be present, a single-
pole RC pre-filter should precede the transmit filter.

In addition to the low-pass section, the transmit filter of .

the MC14413-1, -2 incorporates a 3 pole Chebychev high-
pass filter to provide 50/60 Hz and 15 Hz rejection. Although
the MC14414-1, -2 does not include this filter, it can be exter-
nally realized using one of the on-board uncommitted op
amps as an active filter. This is shown in Figures 10 and 11.

Both the MC14413-1, -2 and MC14414-1, -2 can be used in
cascade to produce a sharper rolloff. This is especially useful
in testing the MC14413-1, -2 since the 8 kHz PAM from the
Tx filter will be sampled and sinx/x corrected by applying the
Tx output to the Rxl input and observing RxO.

Receive Filter Description

The receive filter sections of the MC14413-1, -2 and
MC14414-1, -2 are identical and are 5-pole elliptic low-pass
filters operating at a sampling rate of 128 kHz. These filters
are used to smooth the PAM output of the PCM Codec.
They are similar to the transmit low-pass sections with the
exception that they include a 1/8 duty cycle 8 kHz pre-
sampler on their inputs (RxI).

This circuitry resamples the codec’'s PAM output and
thereby effecively eliminates the sinx/x distortion normally
associated with 15% to 100% 8 kHz PAM pulse trains and
eliminates the need to predistort the receive filter's pass-

band characteristic.

In normal use as a codec's receive filter, MSI will be an
8 kHz signal. With the MC14407 codec family, the filter MSI
is the same as the codec MSI. With other codecs, the MSI
signal is receive sync.

The MC14414 may also be used in analog applications by
disabling the sinx/x correction. If MSI and CCI are tied
together, the receive filter has the same frequency response
as the transmit filter and a gain of 18 dB.

Timing And Synchronization

Timing and synchronization of the MC14413-1, -2 and
MC14414-1, -2 are provided by the CCl and MSI inputs. A
128 kHz signal should be applied to CCl. An 8 kHz signal,
whose low-to-high transition coincides with a new output
sample from the PCM codec, should be applied to MSI. The
rising edges of theCCl and MS| signals should be skewed no
more than 3.0 us for proper operation.

Logic levels of these signals can be either TTL or CMOS
compatible. Choice of logic level can be user determined by
applying the appropriate voltage to the level shift control pin,
Vis.

Power Down

Both the MC14413-1, -2 and MC14414-1, -2 may’ be
powered down in either of two ways: by bringing VAG to
within 0.5 V of Vpp or by bringing Vs to within 0.5 V of
VDD.

If used on a single supply with the MC14406/7 PCM
Codec, the filter IC will power down automatically when the
codec does, since the codec raises its VAG pin to Vpp in
power down. When used in a split supply configuration, the
circuit shown in Figure 7 may be utilized.
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MC14413-1, MC14413-2, MC14414-1, MC14414-2

FIGURE 1 — RECEIVE FILTER TYPICAL

FIGURE 2 — RECEIVE FILTER TYPICAL
AND GUARANTEED PERFORMANCE

AND GUARANTEED PASS-BAND PERFORMANCE

(MC14413-1, -2/MC14414-1, -2, SINX/X CORRECTION INCLUDED) (MC14413-1, -2/MC14414-1, -2)
[\ +0.15 L1 L LLAL
, .15
/ 7
2 g f
a : . NLE
= 4 = M ”
£ -20 >8 7
> 4
= y
772777, -0.15 77X, 77 2114
T~ A
-40 q A
N
\~..
L
1k 10k 00 1k
fin, INPUT FREQUENCY (Hz) ' fin. INPUT FREQUENCY (Hz)
FIGURE 3 — TRANSMIT FILTER TYPICAL FIGURE 4 — TRANSMIT FILTER TYPICAL
AND GUARANTEED PERFORMANCE AND GUARANTEED PASS-BAND PERFORMANCE
(MC14413-1, -2 AND MC14414-1, -2 USING FIGURES 10 AND 11) (MC14413-1, -2 AND MC14414-1, -2 USING FIGURES 10 AND 11)
LA LLakd
0 A = +0.15 ’
’ 5 4
= 1111 s 0 N1 E
g / = 0 y
=2 M 5 y
.>‘E" % 4L AL k. T = :
L
3 -0.15
/ 1|k
-40 .
00 . X 0 Tk
fin, INPUT FREQUENCY (Hz) fin, INPUT FREQUENCY (Hz)
FIGURE 5 — TRANSMIT FILTER TYPICAL FIGURE 6 — TRANSMIT FILTER TYPICAL
AND GUARANTEED PASS-BAND PERFORMANCE AND GUARANTEED PERFORMANCE
(MC14414-1, -2) (MC14414-1, -2)
0 - +0.15 LL L L4 22
y _ 4
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2 4 I M1 l
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MC14413-1, MC14413-2, MC14414-1, MC14414-2

FIGURE 7 — TYPICAL CIRCUIT CONFIGURATION
USING THE MC14407 CODEC AND MC14413-1, -2 FILTER

{SPLIT SUPPLY)
+6—Y  wmcum R
Vout{ &~ L IS
Vin : é L 6 <> ok
1 VaG VoD '—6-'+6 b VAG Vop =4
_I_ _L Y : 2 cafB < 128 kH:
0.14F 0.14F 3 § 14 . -J_ ..EE' ci ropj2 ~a Rx Data
T T [ 4 S 13 e o] 9 5 Reef ~& Rx Enable
+6 -6 a 12 ez g Rocf e <@ Data Clock
3 ! @128 kH: 2000;::"—9 cz2 = TDC E-J
g 10—.8 kHz A l R1 TDD '8 —&» Tx Data
9 L 98 ToefL < TxEnable
-6 NC—,A sifS - BkHz
11(: ADO PDI :j - Power Down
6 +6 4700 pF % co1 Iref -
1/6 MC14069 co2 . Vss —1—”—
-6 1aF
FIGURE 8 — TYPICAL CIRCUIT CONFIGURATION
USING THE MC14407 CODEC AND MC14413-1, -2 FILTER
{SINGLE SUPPLY)
+412
U mcus |2
Voutd © IS l
Vin O > :: 30k
° ok L +12
VbD Pae Vool vac Vpp| 24
L 2La o Rafl Anoi cof® - 128 kHz
0.1uF A A T meofd Sfen ropf <@ Rx Data
E o & TR :i"'l: 2000 pFTF 4, § RCef <@ Rx Enable
0.1 4F ‘:: g0 5 T2 mor ez L 12: ’ & Data Clock
8 ¥ callaizskHz T8z D¢
g 2 wmsi| askhz Ug1 Too}e & Tx Data
8 27k Blg, ToefZ @ Tx Enable
N.C—Yu/A msife s kH: .
- 194Abo P'ﬁllE @ Power Down
11 14
4700 pFﬂ ! el o
co2 Vss 7 oF

*Keep all capacitors as near to device pins as possible.
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V1va 30IA3a SNOILYOINNWWNOO3T31 VIOHOLONW

FIGURE 9 — MOTOROLA CODEC FILTER EVALUATION BOARD

L_____E__*,j VDD
1
s 1- Mci403 |2 %
R7
3
L g ‘L VaG VoD
R8 JADI ccl —8 CCI (128 kH2)
) A6 R5 —F 6 Cl—cn RDD|
* l T——ci2 RCE @ Channel Enable (8 kHz)
Rx ca C2—fcz1 ~ ROC
. ° v v T = —cz2 § TDC| 8 Data Clock {1.544.or 2.048 MH2)
® AG ., VDD
A R1 5 TDD
- R 2 o
A B Aol R2 TDE
R3 A N T —M/A MSI —@ Master Sync (8 kHz)
an R4 X ] ADO PDI
p—B0 5 TxO cot ey
8 ¥ ca ca== ] Iref
R Vo — o2 Vss
L a4 Q
> [_ vis = Vss,—-—q} R1
1
I ! °
s Mcia03 |2
R7
T3
L L 2 VaG Vpp|
. ADI ccl
INy R5  S=C6 8 ci—ci RDD
-~ W T vV ca T—ci2 RCE| C1,C2* 2000 pF 20%
" =% 57 Ca* 4700 pF 20%
_ _ - ~ Tz § TDCl® C5,C6* 0.1 uF  20%
® *AAG “.‘ RDfll R1 5 ™ C7, C4* 1puF 20%
- x| R2
[ 2 S Toe R1 30 k 1%
1T QA3 A 2 mof- Jwa = ws R2 27k 1%
R4 A0 T Tl ADO PDI R3 237 : m
P ¥ oo —=—]co1 heff == ot )69
B 3 CC Ca"l'_J Ves 137 R5 20k 1%
o—¢ B 5 MSI C02 S R6 33k 1%
T vis = Vss R1 R7 47k 10%
— M R8, 10k 10%
R11 900 1%
*All capacitors should be as near to component pins as possible. Vss

*In noisy environments, R3-R6 should be.10 k@ or less to minimize pickup.
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MC14413-1, MC14413-2, MC14414-1, MC14414-2
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Gain Error

TYPICAL END-TO-END CHANNEL PERFORMANCE FOR MOTOROLA
MC14413-1, -2/14-1, -2-MC14404/7 CODEC AND FILTER

MC14407/13-2
SPECIFICATION BELL PUB 43801

QUANTIZING DISTORTION
SINUSOIDAL INPUT
C MESSAGE WEIGHTED
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MC14404/13-1
SPECIFICATION CCITT G7.12

QUANTIZING DISTORTION
PSEUDO RANDOM NOISE
3 kHz FLAT WEIGHTING
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£
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5 30 \ 30
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3
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o
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<
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Input Level (dBm) Referenced to 0 dBmO @ 0.82 kHz
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MC14413-1, MC14413-2, MC14414-1, MC14414-2

TYPICAL END-TO-END PERFORMANCE OF MOTOROLA CODEC AND FILTER
(All measurements made using HP3779B PCM Test Set)

Typical Bell System cCITT
I Performance of D4 Voice Frequency G7.12
Specification MC14407/4 Codec and Requirements Voice Frequency
MC14413 Filter PUB 43801 Requirements
Channel Saturation +3 dBmo0 +3 dBm0 +3 dBm0
Gain Tracking with 1 kHz Tone
+3to —40 dBm0 +0.2dB =<+05dB =+05dB
—40 to —50 dBm0 +0.3dB <+1.0dB =<+1.0d8B
—55 dBm0 +0.5dB =+3.0dB <+3.0d8B
Quantizing Distortion @ 1 kHz
+3to —30 dBm0 37dB =33d8 >33dB
—35dBmo0 34dB =30d8 =30dB
—40 dBm0 31dB =27d8 =27dB
—45 dBm0 25 dB =22dB =22dB
Idle Channel Noise with VTX=Vag 16 dBrncO =23 dBrncO < —65 dBmOP
Quiet Code Noise (all 1's at decoder (RDD) input) 10 dBrncO <16 dBrncO =< —75 dBmOP
Selective Response @ Multiplex of 8 kHz —60 dBm0 See Frequency Response =< —50 dBm0
Frequency Response @ 0 dBmO Input
50 Hz Gain Relative to 1.02 kHz -28dB - <-24dB
60 Hz Gain or 0.820 kHz -24dB =-20dB -
200 to 300 Hz Ripple +0.20 dB <103dB <+05dB
3400 Hz Gain -1.0dB =-30dB =-18dB
4000 Hz Gain -32dB =-28dB =-28dB
24600 Hz Gain < -62dB < -60dB < -60dB
Single Frequency Spurious Response
In Band with Input 1 kHz @ 0 dBm < -44dB =-40dB < -40dB
Out of Band with Input 0 to 12 kHz @ 0 dBm <-325dB <-28dB <-25dB
Differential Delay Distortion
1150 to 2300 58 us <60 ps
1000 to 2500 72 ps <100 us
900 to 2700 91 us <200 ps
FIGURE 10 — FILTER SCHEMATIC FOR MC14414-1, -2 WITH 60 Hz REJECT FILTER
R1
— AMA———
Cc1 Cc2 2
vix— I——J-—-l .
—] 13 2 ADI
. 3 c4
HighZiy 7Vp-p Tx Low-Pass
R2 R3 R4
VaG - ® * -\Vpg
LowZoyt 7Vp-p
VRX 4 5 _15____‘ ADO
Rx Low-Pass
C1, C2, C3 4700 pF +1%
ca4 0.2 uF —20% +80%
R1 112kQ %W 1%
R2 620 kQ %W 1%
R3 223k W 1%
R4 100 k@ %W 10%

*In noisy environments, R1-R4 should be 10 k@ or less to minimize pickup.
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MC14413-1, MC14413-2, MC14414-1, MC14414-2

FIGURE 11 — FILTER SCHEMATIC FOR MC14414-1, -2 WITH 60-Hz REJECTION AND 900 TERMINATION

MWV
R1
[ C4
Ci
Z =900Q Tx Low-Pass
in=
Vin Max= +3dBm $R10 1 R4
® - |VaG
Zoyt=900Q
Vout Max+3 dBm 15
—————————=aADO
AAA - 5 R7 i
R11 6 Rx Low-Pass
l C1, C2, C3 4700 pF +1%

C4 0.2 uF —20% +80%
R1 236 k@ W 1%.
R2 294 kQ YW 1%
R3 223kQ W 1%
R4 100 k@ %W 10%
R5 200 k@ W 1%
R6 169kQ UW 1%
R7 24 kQ AW 1%
R8 3Bk LW 1%
R9 1.8kQ %W 10%
R10 92000 UW 1%

*In noisy environments, R1-R8 should be 10 kQ or less.

Tip

Ring
[

R11

FIGURE 12 — TYPICAL 2-WIRE PORT INTERFACE USING MC14413
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MC14413-1, MC14413-2, MC14414-1, MC14414-2

FIGURE 13 — TYPICAL 4-WIRE PORT INTERFACE USING MC14413

¢ ) g VRX

RO

R3 Rx Low-Pass
2 14| | 15
E |———=. ADO

PAN

ol

7\ Tx Band-Pass
! 5 13 12
= o\ A=

\ 4
R2
L AAN——
R1

Port ot
Full Scale Voltage at TxO (LPO) Rxl Impedance R R1 R2 R3 R4

(RO) Level
5V o 600 2.16 dBr 161k 00k | 239k 100 k

e 900 2.4 dBr 198 k 150 k 518k 100 k

600 6.00 dBr 100 k 100 k Short Open
6.2V p-p, +9dBm 900 426d8r | 245k 160 k 185 100 k
7.6V p-p, +9 dBm 900 6.00 dBr 150 k 150 k Short Open

Interface to 2-wire or 4-wire ports using the MC14413-1,-2/14-1, -2 is shown in Figures 12 and 13, respectively. The table above shows some
voltages typically used with the filter and the appropriate resistor values for cases in which the codec/filter OTLP is less than or equal to the 0
dBm level. If the codec/filter overload voltage is greater than required for 0 dBm levels in the load, the RxO output can be voltage divided by
two resistors and the extra op amp used as a voltage follower.

FIGURE 14 — GENERATOR FOR 128 kHz IN SYSTEM USING 2.048 MHz CLOCK
Vss

3 ICs: MC14520, MC14013, MC14069

=

8 kHz Sync

= MC14013

7
R

%2 MC14520 C

1 MSI 8 kHz
ln 9

m

DC 2.048 MHz

—
=) (%]

CCl 128 kHz
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FIGURE 15 — 128 kHz FREQUENCY SYNTHESIZER USING 8 kHz INPUT
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R1=12.5k < e
R2=250 k
R3=6.5 k —Jl{ * v
R4=9 k R4 P I +VDD
C1=0.001 uF —J
C2=0.01 4F

FIGURE 16 — GENERATION OF 128 kHz IN SYSTEM USING 1.544 MHz CLOCK
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FIGURE 17 — TELEPHONY C-MESSAGE FILTER USING MC14414-1, -2 FILTER

GNDO- ® o -0
c3
R2
Tx Low-Pass ) N
C BO Vv,
Ty § +A A0 +B| out
Vin O———] ’_I —A R3 — B p—0O
R1 .
C1, C2, C3 4700 pF 2%
R1 19.6 k 1%
R2 97.6 k 1%
R3 8.25 k 1%

VAG. VLS connected to GND

MSI, CCI connected to 134 kHz TTL clock

0.1 uF, Vpp to VAG and Vss to VAG

Rx Filter can also be used and will provide 18 dB of input gain
Vpp=+5V, Vgg=-5V

NOTE: Op Amps A and B are the free op amps on the MC14414-1, -2 filter.

" \

>

VoutNVin (68)

» /

-25 /
-30
-35
100 200 400 600 1k 2k 3k 4k
FREQUENCY (Hz)

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-187



88L-T

Vv1iva 30IA3Aa SNOILLYJINNWNOOD3131 VIOHOLOW

FIGURE 18 — DELTAMOD VOICE DIGITIZER USING MC3417 AND MC14414-1, -2

<@ Bit Rate Clock
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R2 510 @
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MOTOROLA
EE SEMICONDUCTOR

TECHNICAL DATA
MC14416
MC14418

PER CHANNEL, ADDRESSABLE TIME SLOT ASSIGNER

CIRCUITS (TSACs) MOS LSI
The MC14416 and MC14418 are per channel devices that allow (LOW-POWER COMPLEMENTARY MOS)
variable codec time slot assignment to be programmed through a serial
microprocessor port (0-63 time slots). Both devices have independent TSAC
transmit and receive frame syncs and enables. They also include chip TIME SLOT ASSIGNER

select and clear to send signals which simplify system design.

The MC14418 provides the additional addressing capability which
allows a parallel bus back plane in the channel group. In addition, the
MC14418 provides control bits which can be used for the power down,
ring enable and ring trip functions on a line circuit.

The MC14416 provides the ability to multiplex off hook signals for a
bank of TSACs.

Both devices are fabricated using the CMOS technology for reliable
low power performance. The MC14418 is the full featured device pro- fd
duced in a 22-pin package. The MC14416 without the addressing sl b
capability is offered in a 16-pin package. L
® Low Power

CIRCUITS

1

. L SUFFIX P SUFFIX
® 5-Volt Interface on Microprocessor Port CERAMIC PACKAGE PLASTIC PACKAGE
® 5-16 Volt Output Logic Levels CASE 736 CASE 708

® Independent Transmit and Receive Frame Syncs and Enables
Up to 64 Time Slots Per Frame

For Use With Up to 2.56 MHz Clocks

Provides Power Down Control for Line Circuits

Compatible with MC14400/01/02/03/05 and MK5116 Codecs 16
Provides the Ring Enable and Ring Trip Functions (MC14418) L SUFFIX P SUFFIX

Allows Use of a Parallel Backplane for Line Circuits Due to the CERAMIC PACKAGE PLASTIC PACKAGE
Hard Wired Address Feature (MC14418) CASE 620 CASE 648

Off-Hook Multiplex Control (MC14416)
CMOS Metal Gate for High Reliability

1

BLOCK DIAGRAM

PIN ASSIGNMENTS

MC14418
MC14416

[ Interface 1

See Figures 3 and 4
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MC14416, MC14418

MAXIMUM RATINGS (Voltages referenced to Vsg)

Rating Symbol Value Unit This dev?ce contains circuitry_to protect the in-
puts against damage due to high static voltages
DC Supply Voltage Vob 05t +18 Vde | or electric fields; however, it is advised that nor-
Level Shift Voltage Vce -0.5t Vpp Vde mal precautions be taken to avoid application of
Input Voltage any voltage higher than maximum rated voltages
Inputs Referenced to Vpp Vin1 —05to Vpp +0.5 Vde :o thns-hlgh-lmpedar_\ce CII'CUO!.. For proper opera-
to Ve Vin2 —05to Vpp +0.5 ion l_t is recommended that Vi, and Vout be con-
- n strained .to. the range Vgs=<(Vjy or
DC Current Drain per Pin | 10 mAdc Vout) <VDD.
Operating Temperature Range TA —40to +85 °c Unused inputs must always be tied to an ap-
Storage Temperature Range Tstg —65to +165 °C propriate logic voltage level (e.g., either Vg or
Vpp).
ELECTRICAL CHARACTERISTICS (Tp=25°C)
Characteristic Symbol | Vpp Min Typ Max Unit
DC Supply Voltage Vgs=0V| Vpp - 45 12 16 \
DC Supply Voltage Vss=0V| Vcc - 45 5 VpD \
Output Current TXE, RXE, Q0, Q1,Q2, Pp
(VoL=0.4V) loL 5 0.61 - - mAdc
VoL=1.0V) 12 2.0 4.0 -
(VoH=4.6V) 5 -0.20 - -
(vga 10V loH 12 | -20 | -40]| - | mAd
Output Current CTS, OHO
(VoL=0.8V 5 3.0 5.5 -
(vgt=g.a v: loL 12 66 | 115 _ | mAde
(VoL=15V) 12 12.0 20.0 —
(VoH=0.8V) 5 -8 -20 —-40
(VoH=2.0V) 5 -6 -18 —-40
(VoH=0.8V) IOH 12 —40 -100 -200 pAdc
(VoH=2.0V) 12 -35 -9 -200
(VOH=105V) 12 -15 -30 -60
Input Voltage (CMOS) 0" Level viL 5 — - 1.0 Vde
FST, FSR, R2, DC1, DC2, A1, A2 12 - - 24
A3, A4, A5, OHI 1" Level ViH 152 gg : : Vdc
In rren | X
r();:\tcg\l/je i’utll %iwn) linH 152 :11'(? -:425? : 11050 KAde
Input Voltage (TTL] “0" Level - - .
CLK, Cs, A(D, b ViL 2 - - o | vee
Vee=5V 1" Level ViH 152 %% : : Vde
Input Current lin 15 - +10-5[ 01 wrAdc
Input Capacitance Cin - - 5 75 pF
Total Supply Current (Outputs Unloaded)
Vpp=12V 1 .048 M - 6
vgg=52v DC1at2.048 MHz It 152 - g : mAdc
Total Supply Current (Power Down) MC14418 Only
After CTS=Vpp IPD - - - 0.1 mAdc
CLK, CS, AD, DI Inputs < 0.6 V
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MC14416, MC14418

SWITCHING CHARACTERISTICS (C| =50 pF, TA=25°C, unless otherwise noted)

Ck Symbol | Fig. | Vpp Min Typ Max | Unit
Output Rise Time - t _ 5 - 100 200 ns
TXE, RXE, Q0, Q1, Q2, Pp i 12 - 50 100
Output Fall Time _ t _ 5 - 100 200 ns
TXE, RXE, Q0, Q1, Q2, Pp f 12 - 50 100
Frame Sync Setup Time 1SFS 3 152 —- 17550 : -: 17.? ns
Frame Sync Pulse Width 5 200 - -
i PWFS | 1 | 100 - -
Propagation Delay — DC to TXE, RXE (Note 1) tPLHE, 5 5 - 130 180 ns
Cy =20 pF PHLE 12 - 80 125
Data Clock Frequency foc _ 152 : : 22028 MHz
Data Clock Pulse Width (at fpc(MAX)) tewpe | 1 152 ?% %33 ggg ns
Clock Frequency fok _ 152 00 : gg MHz
Clock Pulse Width (at fc K(MAX)) tPWC 2 152 gg - - s
Address and Data Setup Time N 2 5 300 — — ns
b 12 300 — —
Address and Data Hold Time t 2 152 200 - - ns
Propagation Delay DC1to CTS tpeL 2 152 : : ?% ns
DC1 or FST to CTS ¢ 2 5 - - 300 ns
10K Pullup or Equivalent PCH 12 — - 200
Propagation Delay DCtoPD trQ 2 152 : : % ns
DC to Q0-Q2 trQ 2 152 - - % ns
Propagation Delay — R to Q2 tp 2 152 : 150(;) 338 ns
Chip Select Setup Time 5 1 - -
Leading CS to Falling CLK tscs | 2 12 1 s
Chip Select Hold Time 4 2 5 10 - - ns
Falling CTS to Falling CS HCS 12 10 - -

NOTE 1: For time slot 0, tpH|g and tp HE are measured from leading edge of DC or FST (FSR), whichever occurs last.

FIGURE 1 — TIMING DIAGRAMS

fe—tpwrs—>

/2B NN\

NOTE: No restriction on falling edge.

DC

[€—tPLHE tPHLE

€8 Data Clocks

N\
\-

TXE, RXE ‘ j[
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FIGURE 2 — PROPAGATION DELAYS FOR PROCESSOR INTERFACE PINS
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MC14416, MC14418

FIGURE 3 — MC14418 22 PIN
3 4 8 9 10 2 20 19 15 14
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MC14416, MC14418

FIGURE 4 — MC14416 16 PIN
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MC14416, MC14418

GENERAL DEVICE DESCRIPTION
The MC14416 and MC14418 TSACs are microprocessor
peripherals intended to be used to control and supervise per
channel codec subscriber channel units. The TSACs consist
of three basic functions.

The Serially Programmable Microprocessor Port consists
of Ve, CLK, DI, CS and CTS for the MC14416 and further
includes AD and A1 through A5 for the MC14418. This port
allows the call processing microprocessor to access load
data into each TSAC. See the applications section for a
detailed description of the microprocessor port. Figure 5
defines the data word bit assignments.

The Supervision Controls consist of Q0, Q1, Q2, R2 on the
MC14418 and OHI, OHO and PD on the MC14416. These
functions provide data path for the supervision and control
of user selected requirements in the subscriber channel unit.
Figure 3 shows some typical uses of these bits.

The Time Slot Computation section of the chip derives
separate transmit and receive time slot outputs (TXE and
RXE) for the controlled codec from the bit rate clock and
sync pins DC1, DC2, FST and FSR, respectively. The com-
puted time slot is then derived from the information received
through the microprocessor port.

PIN DESCRIPTIONS
V¢ (Positive Supply for Microprocessor Port) — If this is
a 5-volt supply, AD, DI, CS and CLK are TTL compatible
CMOS inputs. V¢ may be any voltage from 4.5V to VpD
allowing either TTL or CMOS compatibility.

CS (Chip Select Input) — For the MC14418, the pin is us-
ed to select a bank of TSACs.

For the MC14416, the CS is used to select that individual
TSAC. All CSs are normally held low. To PROGRAM A
SPECIFIC TSAC, CS must go high prior to the first falling
edge of CLK. CS must stay high until the selected CTS goes
low to guarantee a valid access.

CS is synchronous with DI, AD and CLK. CS can be asyn-
chronous with DC1, DC2, FST or FSR. (This pin is normally
intended to be set by a microprocessor.)

CLK (Microprocessor Clock Input) — Serial data is entered
through the AD and DI pins under the control of CLK. The
data is entered on the trailing edge of CLK. CLK is syn-
chronous with CS, AD and DI and can be asynchronous with
the TSAC's data clocks (DC1 or DC2).

DI (Serial Time Slot Data and Mode Input) — 8-bit words
are clocked into the device through DI under the control of
CLK after CS is brought high. The first 2 bits of DI control
the various programming modes while the last 6 bits are time
slot data. (See Figure 5 for the format of the DI word.)

AD (Serial Address and Control Bits Input — MC14418 on-
ly) — 8-bit words are clocked into the device through AD
under the control of CLK after CS is brought high. AD words
are loaded in parallel with the DI words. The first 3 bits of AD
program the control bits Q0, Q1, and Q2 while the last 5 bits
are compared with the hardware address on A1 through A5
to identify a specific TSAC in a bank. (See Figure 5 for the
format of the AD words.)

A1-A5 (Codec Address Inputs — MC14418 only) — These
five pins provide a unique identity for each TSAC. The TSAC
address pins are either hardwired on the PC board or in the
channel bank backplane. The processor loads the 5-bit ad-
dress data into AD, and each MC14418 in the selected bank
compares this data to the hardwired address set by its A1-Ab
to determine if the time slot data loaded into Dl is intended
for that TSAC. By this process, only one of 32 TSACs in a
bank will accept the transmitted time slot data. A1-Ab are
CMOS inputs, logical “1"=Vpp and logical "0"=Vss.

Q0, Q1, Q2 (Status Bit Outputs — MC14418 Only) —
These three bits are programmed by the first 3 bits of the
8-bit word which is loaded into AD. The bits are used for the
basic control functions of a line circuit. See the applications
section (ref. Figure 11) for an example of how these status
bits are used. In this example, Q1 selects to receive data
streams, QO is used for the power down control, and Q2 is
used for the ring enable. These are CMOS outputs.

R2 (Reset Input for Q2) — The R2 input provides a direct
reset of the Q2 output. When R2 is taken high, Q2 is set to
0" independent of all other TSAC functions. See the ap-
plications section (ref Figure 11) for an example of how this
reset bit is used, i.e., the ring trip signal is used to reset Q2
which is the ring  enable. This combination of R2 and Q2
allows a simple solution to the ring trip function.

CTS (Clear to Send Output) — This output provides a sim-
ple diagnostic capability for the processor TSAC combina-
tion. The selected TSAC outputs the CTS signal after it has
accepted data. This output goes low three data clock cycles
after the next FST, and returns high on the subsequent FST.
For the MC14418, only the TSAC which accepts transmitted
data will respond with CTS low. All other TSACs in the bank
will leave CTS high. The CTS output is an open drain tran-
sistor with a weak internal pullup. Normally a bank of CTS
outputs are wire ORed together to provide a single
diagnostic bus, which can be used to verify that transmitted
data was properly acknowledged by some TSAC in the bank.

CTS may also be used to strobe additional supervision
data into a selected channel unit, due to its dependence
upon- the address selection logic of the MC14418.

DC1, DC2 (Data Clock Input) — The data clock input
establishes the bit rate of the TSAC and its associated
codec. It is intended to be between 1.536 and 2.56 MHz and
is the same as the codec’s bit rate clock. Both TSACs divide
these inputs by eight to derive the time slot rate. For the
MC14418, DC1 provides the data rate clock for both transmit
and receive time slot computation. The MC14416 derives
transmit timing from DC1 and receive timing from DC2. They
are CMOS compatible inputs.

FST, FSR (Frame Sync Transmit and Frame Sync Receive
Inputs) — These inputs are leading-edge sensitive syn-
chronization pulses for establishing the position of time slot
zero in the transmit and receive frames, respectively.

The rising edge of DC (1 or 2) associated with the rising
edge of FST or FSR identifies the sign bit period of time slot
zero. See Figures 6 and 7 for detailed timing. In the
MC14418, both zero time slots are derived from DC1 but may
be different by an integral number of bits. In the MC14416,
FST and DC1 derive the transmit time slot zero, while FSR
and DC2 derive the receive time slot zero independently.
DC1 and DC2 can be asynchronous. FSR and FST are
CMOS inputs.
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TXE, RXE (Transmit Enable and Receive Enable Outputs)
— These are the outputs of the time slot computation cir-
cuitry. Each output is high for eight data clocks; i.e., an in-
tegral number of time slots after the rising edge of FST and
FSR for TXE and RXE, respectively. The binary number
entered in the last 6 bits of the DI input indicates the number

of eight data clock intervals (time slots) between FST or FSR
and the eight data clock time slot, when TXE or RXE will be
high. These are CMOS B series outputs which will drive one
TTL LS input when Vpp is five volts. See Figure 6.and
Figure 7 for detailed timing and numbering.

TABLE 1 — BASIC OPERATION OF MC14418

Input Conditions Action to Outputs After Next FST
TS Data | Address v | bt |ers TX Reg. | RX Reg. TXE RXE mg;l; 1;:\: ms:;t
Received |Compare Load Load Disabled Disabled Load Running |
No X X X 1 No No No Change | No Change No No Change
Yes No X X 1 No No No Change | No Change No No Change
Yes Yes 0 0 0 Yes Yes No No -Yes Yes
Yes Yes 0 1 0 Yes No No No Yes Yes
Yes Yes 1 0 0 No Yes No Change No Yes Yes
Yes Yes 1 1 0 X Yes Yes Yes Yes No
TABLE 2 — BASIC OPERATION OF MC14416
Input Conditions Action to Outputs After Next FST
TXData [ | o[ 11 [crs | ™ Rea- [RX Reg.]  TxE PD
Received Load Load Disabled Output
No X X X 1 No No No Change | No Change
Yes 0 X X 1 No No No Change | No Change
Yes 1 0 0 0 Yes Yes No 1
Yes 1 0. 1 0 Yes No No 1
Yes 1 1 0 0 No Yes No Change 1
Yes 1 1 1 0 No No Yes 0
Note 1: The OHO output remains operational when TXE is disabled.
FIGURE 56 — FORMAT FOR DI AND AD WORDS
MC14418 DI Word Input AD Word Input
First Bit Sent First Bit Sent
" Time Slot Status Address
Results of Bit Pattern Mode Data Bits Data
bO|{bl [t6|t5{t4| 3] t2|t1|q2]{ql|q0|ab|a4|a3|a2jal
Assign TSAC 16 to the first time slot (TSO) for both receive and
transmit and set its status bit to 011 0j0ojofojo)ojo 001 ! tjojojogo
Assign TSAC 1 to time slot 8 for receive only and set status
bits 0 011 tjojojojyt1jojojofo|l1|1jojlojojoln1
Assign TSAC 8 to time slot 2 for transmit only and set status
bits 0 011 oftrJ]ofjofojojt1jofo|rj1j{ofrjojojo
P)'ogram TSAC 4 to idle (no time slot outputs) and set status 1 1 X 1 l1lolol1lolo
bits to 011
Codec 1 is powered down (80=0) X ojtrjojJojojofo}]n
Line circuit associated with codec 2 is programmed to ring the line x | x X 1 7 1 olololi1lo

(See Fig. 13)

MC14416

Assign the selected TSAC to the first time slot (TSO) for both receive

and transmit and set PD=1

Assign the selected TSAC to time slot 8 for receive only and
set PD=1

Assign the selected TSAC to time slot 2 for transmit only and
set PD=1

oj1{fofofofo}j1tfo

Power down the selected TSAC, i.e., PD to 0"

TV XX XX X[ X

*See Figures 12 and 13 for the hardware implementations using MC14418 and MC14416.
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Data Clock
2.048 MHz

FST

FSR

RXE Output

TXE Output

RX Data

(to Codec)

TX Data
from Codec)

TX Data Clock Count

FIGURE 6 — DATA MULTIPLEX TIMING FOR 2.048 MHz
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Data Clock _
2.048 MHz

FSR

RXE Output

TXE Output

RX Data

(to Codec)

TX Data |

FIGURE 7 — DATA MULTIPLEX TIMING FOR 1.5644 MHz

TX Data Clock Count

0 1 4 5 6 7 190 191 192
0 1 2 3 4 Frame Bit Time— &
RX Data Clock Count .

J _ T r

S— ___

l 1 Programmed For Time Slot 0

Programmed For Time Slot 1 l l

fe——— RX Time Slot 0 ————}€&—————RX Time Slot 1 _——— RX Time Slot 24 = —
YOO EEEEE X EEE OOOOCOREEE)

(from Codec)

F———TX Time Siot 0 e o . |<—-——-TX Time Slot 24_-1
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MC14416, MC14418

PD (Power Down Output — MC14416 Only) — The PD
output is normally high. It is set high whenever b0 or b1 is a
zero and the TSAC is programmed. If b0 and b1 are both
one, then PD will be set low. This output is intended to be
used to power down other circuitry in the channel unit when
the channel unit is idle. This is a CMOS B series output
which will drive one TTL LS load when Vpp is five volts.

OHI (Off Hook Input — MC14416 Only) — The OHl is a
CMOS input with an internal pull-down resistor. A DC level
at this pin will appear at the OHO output during the program-
med TXE time slot.

OHO (Off Hook Output Inverted — MC14416 Only) —
During the programmed transmit time slot, the data at OHI
appears inverted at OHO; otherwise OHO will be pulled high
passively. The OHO output is an open drain N-channel tran-
sistor with a weak pull-up to Vpp. A number of these out-
puts can be wire ORed together to form a hook status bus
consisting of a serial stream of hook information from a bank
of channels. When the MC14416 powers down its codec, the
TXE output is disabled; but the OHO output continues to
multiplex out OHI and transmit time slot information during
the previously entered transmit time slot.

Vss — This is the most negative supply pin and digital
ground for the package.

VDD — This is the most positive supply. VDD is typically
12 V with an operation range of 5 to 16 volts. All logic out-
puts swing the full supply voltage.

APPLICATIONS

The following section is intended to facilitate device
understanding through several application examples. Includ-
ed are Data Multiplex Timing Diagrams, a description of the
TSAC Microprocessor port, a sample program, two circuit
configurations using Motorola’s devices, a systems drawing
and two suggested clock circuits for obtaining codec data
and control clocks.

In Figures 6 and 7 are shown Data Multiplex Timing
Diagrams for 2.048 MHz and 1.544 MHz data clocks. The
major points to be seen from these examples are:

1) Receive and transmit programming for the MC14418
are bit synchronous and word asynchronous. The
MC14416 can be completely asynchronous.

The rising edges of FST and FSR initiate the pro-
gramming frame for transmit and receive channels,
respectively, and identify transmit and receive time
slot ”0," respectively.

Time slots identify eight data clock words. In this ex-
ample: the transmit time slot is programmed as time
slot ““1."” Therefore, bits 8 through 15 after FST are
time slot “'1.”

For the 1.544 MHz clock, the framing bit is at the
very end of the frame.

TSAC Microprocessor Port (MC14418 and MC14416) —
The MC14418 provides four pins with 5-volt micro-
processor input characteristics. These are AD, CS, CLK,
and DI. The input supply for these inputs is Vcc. The
CTS output is an open drain device with a weak pull up to

2

3

4)

VpD. Typically, these five pins are bused in parallel to 24 or
32 TSACs per processor port. If desired, AD, CLK, DI, and
CTS may be bused to greater than 32 TSACs by using the
CS input as a group select. A microprocessor port of eight
bits can thus control four groups of 32 TSACs with no addi-
tional decoding, as shown in Figure 8.

In order to program any given codec to a transmit or
receive time slot, the processor simply exercises the cor-
responding 8-bit port.

Beginning with CS1 to CS4 low, all TSACs in the bank
have their data registers in the Ready for Data Mode. The
microprocessor takes the appropriate CS high and ciocks in
two bits of data into the 32 selected TSACs through DI and
AD using CLK. The microprocessor presents data on the
leading edge of CLK and the TSACs clock in data on the
trailing edge of CLK. After eight CLK pulses (high, then low)
the 32 selected TSACs will have two new 8-bit words; one in
the data register through DI and one in the address register
through AD. The unique TSAC, whose last 5 bits of the ad-
dress register match its hardwired address on A1 through
Ab, acknowledges the new data. After the next FST, the
selected TSAC will pull CTS low. This event notifies the pro-
cessor that its transmission has been recognized. |f CTS oc-
curs at any other time, the processor can recognize the fault
condition and restart the transmission using the reset func-
tion of the TSAC chip select. The uniquely selected TSAC
will load its new program data into the appropriate TIME
SLOT register on the next leading edge of FST. The bank of
32 TSACs will internally reset to the Ready for Data Mode
when the transmission is completed, after the next FST. The
TSAC, which was uniquely selected, and which has CTS
low, will clear CTS to the pulled-up condition with the next
FST. The processor may now program a new time slot im-
mediately, with or without returning the selected CS low.
Time Slot data can thus be sent at the rate of once every
256 usec. for 8 kHz sampling (FST). The processor need not
operate in an interrupt mode even though the TSAC's DC
and CLK are asynchronous.

The processor port of the MC14416 works similarly to the
MC14418, but will accept data if CS is high, and daes not
compare a hardwired address to the address word.

Figure 11 shows the typical signal timing for programming
the microprocessor port.

To demonstrate the programming of the TSAC, consider
the following configuration. A microprocessor is used to
control four groups of thirty-two TSACs through an eight-bit
PIA port. Four of the PIA lines are used for group select
lines. The other four lines are dedicated to CLK, DI, AD, and
CTS. The TSACs are programmed by serially loading bits in-
to the DI and AD leads. Data bits are latched on the falling
edge of CLK. The PIA port is connected as shown in Figure
9. The flow chart in Figure 10 and the following program il-
lustrate one method of TSAC programming.

Before running the following program, the address, time
slot, and group number must be entered in appropriate loca-
tions. During execution, CS (group select), AD, and DI
words are arranged for serial presentation to the TSACs. The
bits are presented with CLK high and are latched in with the
falling edge of CLK. After eight passes through the loop, the
TSAC is programmed, and CTS falls on the third data clock
pulse after the next FST. The program waits for CTS to go
high again before removing CS to prevent aborting the
TSAC's programming. This program allows a maximum rate
of programming equal to one TSAC per two frames.
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MC14416, MC14418

FIGURE 8 — TYPICAL 8-BIT PORT

CLK_
DI
AD
8-Bit CTS _
PIA cs1
Port cs3
Cs2
CS4
TSAC TSAC TSAC TSAC TSAC TSAC TSAC TSAC
0 —_——— 31 32 —_— 63 64 —_ - 95 96 - = 127
FIGURE 9 — PIA PORT ASSIGNMENT FIGURE 10 — TSAC PROGRAMMING FLOW CHART
o}—»cLk
1+—>» Group 1 Select
PIA 2}—>» Group 2 Select
3> Group 3 Select
4}—> Group 4 Select
5—» AD
6—> DI
7<€—CTS
Cs=1
Program
?
CcTS=0 No
Yes
CS=0

‘ Return '
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MC14416, MC14418

Instructions for use:

Load in AD word (Q2, Q1, QO0, A5, A4, A3, A2, A1)
DI word (b0, b1, 16, 5, t4, 13, t2, t1)
group word

Start routine.

LDAA GROUP STORE GROUP # IN ACCA
DECA CHECK IF EQ. TO ONE
BNE ONE IF NOT GO TO NEXT TEST
LDAB #03 EQUALS ONE
STAB SELECT LOAD PROPER SELECT BITS IN SELECT WORD
BRA START JUMP TO NEXT PART
ONE DECA IS GROUP EQ. TO TWO?
BNE TWO IF NOT GO TO NEXT TEST
LDAB #05 LOAD PROPER SELECT BITS IN SELECT WORD
STAB SELECT
BRA START JUMP TO NEXT PART
TWO DECA CHECK IF EQ. TO THREE
BNE THREE IF NOT IS EQ. TO FOUR
LDAB #09 LOAD PROPER SELECT BITS IN SELECT WORD
STAB SELECT
BRA START JUMP TO NEXT PART
THREE LDAB #11 LOAD GROUP SELECT BITS FOR GROUP FOUR
STAB SELECT
START LDAA #00 INITIALIZE PIA
STAA CONTRLB INITIALIZE PIA
LDAA ¥7F INITIALIZE PIA
STAA DDRB INITIALIZE PIA
LDAA #04 INITIALIZE PIA
STAA CONTRLB INITIALIZE PIA
LDAB #80 TEST FOR CTS HIGH
WAIT BITB PIAQUT WAIT FOR CTS HIGH
BEQ WAIT
LDAA #01 NOW CTS IS HIGH, SET CLK HI AND LEAVE CS LOW
STAA PIAOUT
LDAA #08 INITIALIZE LAP COUNTER
STAA COUNTER
LDX 00 MOVE AD AND DI INPUTS
STX 02 TO SHIFT LOCATIONS
LDAA SELECT BRING CS HIGH
STAA PIAOUT
LOOP LDAA SELECT START BIT STUFFING
ROL 0002 CHECK AD WORD
BCC 02 CHECK AD WORD
ORAA 20 CHECK AD WORD
ROL 0003 CHECK DI WORD
BCC 02 CHECK DI WORD
ORAA 40 CHECK DI WORD
STAA PIAOUT WRITE BITS TO TSAC
DECA WRITE FALLING EDGE OF CLK
NOP WRITE FALLING EDGE OF CLK
NOP WRITE FALLING EDGE OF CLK
STAA PIAOUT WRITE FALLING EDGE OF CLK
DEC COUNTER DECREMENT LAP COUNTER
BNE LOOP TEST FOR LOOP COMPLETION
LDAB #80 TEST AND WAIT FOR CTS LOW
ISITLO  BITB PIAOUT TEST AND WAIT FOR CTS LOW
BNE ISITLO TEST AND WAIT FOR CTS LOW
CLR PIAOUT REMOVE CS (GROUP SELECT)
RTS RETURN FROM SUBROUTINE
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FIGURE 11 — MICROPROCESSOR PORT TIMING
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NOTE: The FST pulse may safely occur within a data loading sequence.
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NOTE: CLK is independent of DC1 and DC2.
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NOTE: For Valid Programming, CS must stay high until CTS goes low.
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LTI T

AD
(MC14418 Only)

_ cTs
PD (MC14416 Only)

Q0-Q2 (MC14418 Only) Yy

NOTE: For the MC14416, the CTS line is pulled low by the device selected by the CS pin.
For the MC14418, the CTS line is pulled low by the device whose address matches the data loaded in through the AD pin.
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MC14416, MC14418

FIGURE 12 — TYPICAL CIRCUIT CONFIGURATION USING MC14416
IN CONJUNCTION WITH MC14400

+12V
Hook Status +5V
Rcv Data
Rev Clock
MC14400 MC14416
Analog Gnd <—— Vag Vop |— LJvee Vpp —
Analog Out & RxO RDD OHI FSR p——————— Rcv Sync
Rx0 RCE RXE CLK |
Analog In Txi RDC DC2 DI ,
L— Mu/A TDC DC1 CTS pb———m- Micro Port
PDI TDD TXE cs
—iVss TDE r PD OHO p——————— Hook Status
1L— VLS MmsI —Vss FST Tx Sync
Tx Clock
Tx Data
Gnd
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Tip

Ring

FIGURE 13 — A COMPLETE SINGLE PARTY CHANNEL UNIT USING

MC3419 SLIC, MC14403 PCM MONO-CIRCUIT, MC14418 TSAC

" MC3419 T
L‘ Vee VAG MC14403
MDA 220 EP Rx Vag VoD|l—4
. 23 MJE 271 m I
) o] 8P i 1 it Ax0  RDD
— AR D L drx+  Rce
T
" A cc HS I—TMN-— X RDC _J
i 1 AN R2 TS 2 Tx TDC
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Gnd

Rx Data

Tx Data

Data Clock
Tx Sync

Hook Status

vce

Bank Status
Bank Select
Address
Data

Clock

-12v
-48V
Ring Bus

SLYYLOW ‘9L¥PLON



MC14416, MC14418

FIGURE 14 — CLOCK CIRCUIT AND TIMING
FOR CODEC DATA CLOCKS AT 2.048 MHz

2.048 MHz
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MC14416, MC14418

FIGURE 156 — CLOCK CIRCUIT AND TIMING
FOR CODEC DATA CLOCKS AT 1.544 MHz
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MOTOROLA
EE SEMICONDUCTOR /5
TECHNICAL DATA

MC14417

BASIC TIME SLOT ASSIGNER CIRCUIT (TSAC)

The MC14417 is a per channel Time Slot Assigner Circuit (TSAC) that
produces 8-bit receive and transmit time slots for a PCM Codec. The
pins DO to D5 are the time slot data inputs which can be either hard-
wired on the printed circuit board for tixed time siot assignment, or ex-
ternally programmed through the use of these pins and the latch enable
function. The receive and transmit frame syncs and enables are in-
dependent. In addition, a T/R (TXE/RXE swap) input is provided which
allows a simplified switching mechanism for a small systems architec-
ture (i.e., key systems).

The MC14417 can operate from a single 5-volt supply for TTL levels
or up to 16-volts for CMOS levels. The MC14417 is fabricated using the
CMOS technology for reliable low-power performance.

® TTL and CMOS Level Compatibility

5 to 16 Volt Operation

Low Operating Power Consumption

For Use With Up to 2.56 MHz Clocks

Independent Transmit and Receive Frame Syncs and Enables
Up to 64 Time Slots Per Frame

Compatible with MC14400/01/02/03/05 PCM Mono-Circuits

Allows Swapping of Transmit Enable (TXE) and Receive Enable
(RXE) Signals

® CMOS Metal Gate for High Reliability

CMOS LSI

(LOW-POWER COMPLEMENTARY MOS)

TSAC
TIME SLOT ASSIGNER
CIRCUIT

18
1
L SUFFIX
CERAMIC PACKAGE

CASE 726

P SUFFIX
PLASTIC PACKAGE

CASE 707

ORDERING INFORMATION

Suffix Denotes
EL Ceramic Package

P Plastic Package

MC14XXX

BLOCK DIAGRAM

18 9

TXE[16

-

|

4 5 6 7 12

PIN ASSIGNMENT

This device contains circuitry to protect the in-
puts against damage due to high static voltages
or electric fields; however, it is advised that nor-
mal precautions be taken to avoid application of
any voltage higher than maximum rated voltages
10 this high-impedance circuit. For proper opera-
tion it is recommended that Vi and Vgt be con-
strained to the range Vsgs(Viy or
Vout) SVDD.

Unused inputs must always be tied to an ap-
propriate logic voltage level (e.g., either Vgs or
VpD).
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MC14417

MAXIMUM RATINGS (Voltages referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage ) Vbp —-051t0 18 Vv
Level Shift Voltage - Vee —0.5to Vpp v
Input Voltage . .
Inputs Referenced to Vpp H : Vin1 —0.51to0 Vpp+0.5 \Y
‘ to Vce Vin2 -0.5to Vpp+0.5
DC Current Drain per: Pin | 10 mA
Operating Temperature Range TaA -40to +85 °C
Storage Temperature Range Tstg —66to + 165 °C
ELECTRICAL CHARACTERISTICS (Tp=25°C)
. Ch istil Symbol | Vpp | Min | Typ | Max | Unit
DC Supply Voltage, Vgs=0 V: : . VDD - 45 | 12 16 \
DC Supply Voltage, Vg =0V o vee - 45 5 [Vpp| V
Output Current TXE, RXE, ST
(VoL =0.4V) : oL 5 10561 | — — | mA
(VoL=1.0V) 12 | 20 |40 | -
(VoH=4.6 V) 5 [-02] - —
(Vor=11.0V) . IoH | 45 | _20[-40| — | ™A
Input Voltage (CMOS) FST, FSR, DC1, DC2, NDC "0 viL 5 - - 1.0 v
12 - -
e 5 [40 | - | -
: VIH d 2 fes | - | - |V
Input Voltage (TTL) DO-D5, LE, T/R, Vec =5V “0" 5 - - 0.8
ViL 12| - - |08 \
16 - - 0.7
s 5 |20 | — -
VIH L fa0f - | =Y
Total Supply Current (Outputs Unloaded) DC1 at 2.048 MHz | ) 5 - 1.5 - mA
, T 12| — |26] =
SWITCHING CHARACTERISTICS (C|_=50 pF, TA=256°C, Unless Otherwise Noted)
Characteristic Symbol | Vpp | Min | Typ | Max | Unit
Output Rise Time, TXE, RXE, ST N 5 - 100 | 200 n§
T 12 — 50 | 100
Output Fall Time, TXE, RXE, ST t 5 - 100 | 200 ns
f 12 | - | 50 |100
Frame Sync Setup Time (See Figure 1) 5 |-150] — [+150|
'SFS | 12 |-7s| - |+ ™
Frame Sync Pulse Width 5 200 | — -
yre e PWFS | 15 {100 - | - | ™
Propagation Delay (Note 1) DC1 to TXE, DC2 to RXE, C =20 pF tPHLE | 6 | — [ 130 [0
tPLHE 12 - 80 | 125
Data Clock Frequency 5 - — |2.048
foc 12 _ _ 26 MHz
Data Clock Pulse Width at fpc (Max) N 5 1200 ) 244 12931
PWDC | 12 [140 [ 192 | 260
LE Pulse Width t 5 1 - - S
PWLE | 12 1 — - [
NDC to ST Propagation Delay 5 - - 120 ns
12 - - 80
FST to ST Propagation Delay 5 - - 200 ns
12 — - 130

NOTE 1: For time slot 0, tpHLE and tpHE are measured from the leading edge of DC or FST (FSR), whichever occurs last.
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FIGURE 1 — TIMING DIAGRAMS

DC

1SFS—

j&——tp\WFS——

4

FST, FSR

DC

\\

NOTE: No restriction on falling edge.

8 Data Clocks————————————»4

r—tPHLE
A

TXE, RXE

R

PIN DESCRIPTIONS

Vcc (Positive Supply) — The Vcc power supply controls
the inputs LE, DO-D5 and T/R. It can be supplied by any
voltage from 4.5 to Vpp. In typical usage, VC( is 5 volts for
TTL or microprocessor compatibility of the control inputs to
the TSAC while Vpp and Vss are connected to the Codec
supplies.

D5-DO (Parallel Time Slot Data Inputs) — The six inputs to
the input-storage latch are the time-slot data. DO is the least-
significant bit while D5 is the most-significant. The binary
word at this input represents the number of 8 bit time slots
from FST and FSR where TXE and RXE will occur, respec-
tively. These can be 5-volt input compatible with TTL and are
internally level shifted to the Vpp supply.

LE (Latch Enable Input with Internal Pull-Up) — This input
allows the data DO through D5 and T/R bits to be latched in
the input-storage latch. If LE is held high, then the inputs to
the latch are combinational and directly applied to the com-
pare circuits. When LE is pulled low, the input values applied
at DO through D5 and T/R are latched and held in the storage
latch.

T/R (TXE/RXE Swap Input with Internal Pull-Up) — This
input allows the TXE and RXE inputs to be swapped. When
T/R is a one, the TXE output is derived from FST and RXE
from FSR. If T/R is a zero, the derivation is reversed. |f FST
and FSR are eight data clocks apart, then two TSAC chan-
nels programmed to the same DO through D5 and different
T/R bits will create a completed conversation. This feature is
intended for use in simplifying small-key systems.

DC (Data Clock Input) — The data clock input establishes
the bit rate for the TSAC. This is typically 1.544 or
2.048 MHz but can be any frequency up to 2.56 MHz. The
data clock is divide-by-8 for both transmit- and receive-time
slots. The data clock input is a CMOS compatible input be-
tween Vpp and Vss.

FST (Frame Sync Transmit Input) — This input identifies
the beginning of the zero-transmit time slot by resetting the
divide-by-8 and divide-by-64 counters. FST is a CMOS com-
patible input between Vpp and VgSs. The TXE output will
begin and end on one 8-bit word boundary which is syn-
chronized with the FST input. The FST signal should be
aligned with the leading edge of data clock and is typically
8 kHz.

FSR (Frame Sync Receive Input) — The FSR input pro-
vides the same functions for the RXE output as FST did for
TXE. The FSR and FST inputs can be any number of data
clocks different, or can be the same.

TXE, RXE (Transmit-Enable and Receive-Enable
Outputs) — These outputs are used to control the transmit-
ting and receiving of data words to and from Codecs. Each
output swings from Vpp to VsS and is eight data clocks
long. TXE and RXE go high at.the beginning of the pro-
grammed time slot and low at the end. TXE is derived from
FST and RXE is derived from FSR, provided the T/R bit is
high.

ST (Strobe Output) — The strobe output is provided to
allow simplified input data storage or off-hook multiplexing
control. ST is the logical AND of an enable signal (NDC) and
the TXE time slot period. Thus, ST can only be high during a
programmed TXE time slot. Since no other TSAC in a bank
can have the same TXE programming, the ST output on any
TSAC can be used to uniquely identify that TSAC by a pulse
input on NDC. In many applications ST is used to control the
LE input.

NDC (New Data Clock Input with Internal Pull-Up) — This
input can be used in conjunction with ST to strobe data into
a TSAC bank. NDC can be used to enable the strobe output.

VDD, V§s — The TSAC will operate from any single sup-
ply from 4.5 to 16 volts. The TSAC can be used in a 5-volt-
only system by making both Vcc and Vpp 5 volts.
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MC14417

FIGURE 2 — MOTOROLA MONO-CIRCUIT/TSAC COMBINATIONS

+5
Rev Data
Rev Sync
Data Clock
MC14401 MC14417 __l
—1{RSI Vbp Vee Vpp
Analog Gnd - VAG RDD FSR DO
Analog Out - Rxo RCE RXE [ I
Fxo RDC DC D2 p———— | Time
Analog In #——AAA—9-AM- Txi TDC —r " INDC o3 pb——m—m—m— g'g:a
10k T 10k —Tx TDD ST D4
Mu/A TDE TXE D5
L—- PDOT MSI FST T/R
F— Vss Vis Vss LE p————————Latch
Tx Data
Tx Sync
Gnd
-5V

The MC14417 TSAC offers simple flexible time slot assignment for
the PCM mono-circuit. Assignments are wired or latched into

the data port. The MC14401 offers supply flexibility of +5, +6, +12,
or + 10 V with 18 pin packages and TTL compatibility.

MOTOROLA TELECOMMUNICATIONS DEVICE DATA

2-210



MOTOROLA
TECHNICAL DATA

EE SEMICONDUCTOR mm

MC14419

2-OF-8 KEYPAD-TO-BINARY ENCODER

The MC14419 is designed for phone dialer system applications, but
finds many applications as a keypad-to-binary encoder. The device con-
tains a 2-of-8 to binary encoder, a strobe generator, and an illegal state
detector. The encoder has four row inputs and four column inputs, and
is designed to accept inputs from 16 keyswitches arranged in a 4 x4
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 corresponding to numerals O through 9 are depressed. The strobe
output can be used to eliminate erroneous data entry due to contact
bounce. For a strobe output to occur, the key row and column input
lines must remain stable for 80 clock pulses after activation. When the
contact bounce has settled and 80 clock pulses have occurred, the out-
put will be a single strobe pulse equal in width to that of the clock low
state. The strobe generator will output one and only one pulse each
time a 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 input clock frequency, the pulse occurs 5 ms after the last
bounce.

® Suppressed Output for lllegal Input Codes

@ On-Chip Pullup Resistors for Row and Column Inputs

® Clock Input Conditioning Circuit

® Low Current Drain in Standby Mode
5.0uA Typical @ 5.0 Vdc

® Subsystem Complement to the MC14408/14409 Phone
Pulse Converter

® Codes for Numbers 0-9 Produce a Strobe Pulse

@ One Key Rollover Feature

CMOSs

(LOW-POWER COMPLEMENTARY MOS)

2-OF-8 KEYPAD-TO-BINARY
ENCODER

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

ORDERING INFORMATION
MCT4XXX_

Suffix ~ Denotes
L= Ceramic
P = Plastic

BLOCK DIAGRAM

R1 1 0——————¢+q
Row R2 2 O~ Q0 16 Ciock
Inputs | R3 3 O— =0
R4 4O >0
BCD Strobe
C1 5 o »0 Detector Generator
Column) Cc2 6 O »q
an®

Inputs | c3 7 O- é
9 [o, 14 Strobe

ca

2.0f.8 —————»0 13 D4
1o

Binary L »012 D3
Encoder Data

lllegal [—=0 11 D2
Code
Detector

m Iy

Vpp - Pin 16 ———=010 D1

Vgs ~ Pin8

PIN ASSIGNMENT

A%
1 ra Vpp 116
2C—] R2 Clock 315
3C]R3 ST 314
A R4 D4 13
s c1 D3 T2
6 ]2 D2 — 11
7 c3 D1 =10
8] Vss car—m o

and Outputs

This device contains circuitry to protect
the inputs against damage due to high static
voltages or electric fields; however, it is
advised that normal precautions be taken
to avoid application of any voitage higher
than maximum rated voltages to this high
impedance circuit. For proper operation it
is recommended that Vi, and Vg, be
constrained to the range Vgg < (Vi or
Vout) < VpD-
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MC14419

MAXIMUM RATINGS (Voltages referenced to Vgg, Pin 8.)

Rating Symbol Value Unit
OC Supply Voltage Vpp +6.0 to -0.5 Vdc
input Voltage, All Inputs . Vin Vpp + 0.5 Vdec
to
Vgg -0.5
DC Current Drain per Pin | 10 mAdc
Operating Temperature Range Ta -40to +85 oc
Storage Temperature Range Tstg -65to +150 oc
ELECTRICAL CHARACTERISTICS
Vob -40°c 25°C +85°C
. Characteristic Symbol [ Vdc Min Max Min Typ Max Min Max Unit
Supply Voltage Operating Range Vpp - 3.0 6.0 3.0 5.0 6.0 3.0 6.0 Vdc
Output Voltage “0" Level Vout 5.0 - 0.01 - 0 0.01 - 0.05 Vdc
. 1" Level 5.0 4.99 — 4.99 5.0 - 4.95 - Vdc
Noise Immunity VNL 5.0 15 - 15 225 - 14 - Vdc
(2Voyt < 0.8 Vdc) VNH 5.0 1.4 — 15 2.25 — 15 — Vdc
Output Drive Current 10H 5.0 -0.23 - -0.20 -1.7 - -0.16 - mAdc
(VOH = 2.5 Vdc)  Source
(VoL =0.4 Vdc)  Sink loL 5.0 0.23 - 0.20 0.78 - 0.16 - mAdc
Input Leakage Current IH 5.0 - - - 10 - - - pAdc
(Vin = Vpp)
Pullup Resistor Source Current he 5.0 265 460 190 250 330 125 215 unAdc
(Row and Column Inputs)
(Vin = Vss)
Input Capacitance Cin - - - - 5.0 - - - pF
(Vin = Vss)
Standby Supply Current DDS 3.0 - 3.0 - 1.0 3.0 - 6.0 uAdc
(fclock = 16 kHz, No Keys 5.0 - 15 - 5.0 15 - 30
Depressed) 6.0 - 60 - 20 60 - 120
Standby Supply Current as a IDDS 5.0 Ipps = 0.09 pA/kHz + 3.0 uA uAdc
Function of Clock Frequency*
(No Keys Depressed)
*The formula given is for the typical characteristics only.
SWITCHING CHARACTERISTICS (C|_=50pF, Tp = 25°C)
Characteristic Symbol Vpp Min Typ Max Unit
Output Rise and Fall Times, D1 thru D4 (Figure 1) tr.tf 5.0 - 300 — ns
Propagation Delay Time, Row or Column Input to LA, 5.0 — 1000 - ns
Data Output (Figure 1) tPHL
Clock Pulse Frequency Range PRF 3.0t06.0 4.0 16 80 kHz
FIGURE 1 — SWITCHING TIME WAVEFORMS FIGURE 2 — TYPICAL STROBE PULSE DELAY TIMES
20 ns 20 ns
PRF tsT*
v ST
Row or 90% oo Clock Frequency | Strobe Pulse Delay Time
Column 50% 10% kHz ms
Input J
4.0 20
8.0 10
16 5.0
On 32 2.5
Output 80 1.0

*tgT = (1/PRF) @ 80, with PRF in kHz, tgt in ms.
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MC14419

FIGURE 3 — STROBE GENERATOR TIMING DIAGRAM

Contact . Contact
Make NOllSE Break
Bounce Spike Bounce

o 22 | V2

Input
L‘—‘ST‘-"'_PWST' *
Strobe Generator 80 Clock
Output Pulses

**PWgT = Strobe Pulse Width = Low State Clock Puise Width (PW ).

TRUTH TABLE

Inputs
Row Column Outputs
Key** | R4 R3 R2R1|C4C3C2C1 | D4 D3 D2 D1 | Strobe
1 111 0|11 10 0 0 0 1 Ju
2 111 0 f1 1 01 o0 1 0 Ju
3 1.1 1 0 10 1 1 00 1 1 JLu
A 111 0|0 1 11 11 0 0 [3}
a 11 0 1 11 1 0 o1 0 0 Ju
5 11 0 1 11 0 1 o 1 0 1 Ju
6 11 0 1 10 11 o1 1 0 Ju
=] 11 0 1t o 1 11 11 0 1 [
7 1.0 1 1 111 0 o 1 1 1 In
8 10 1 11 0 1 1.0 0 0 I
9 10 1 1 10 1 10 0 1 I
[ 101 1 ]o 1 11 1.1 1 0 0
. o 1 1 1 11 1 0 1.0 1 0 0
[ o1 1 1 11 0 1 0 0 0 O JL
# o 1 1 1 10 11 10 11 o
D 01 1 1 o 1 1 1 111 0
All Other Combinations 0 0 0o O 1]

**See Figure 4 for keypad designation.
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MC14419

FIGURE 4 — TYPICAL KEYPAD INTERFACE APPLICATION

Keypad with DPST Vop
N.O. Switches 4 x 4 Keypad 15 (r 16
Column Clock Vpb
R1 D1+—010
Common R2 02 "
Vss MC14419 D3 —012
R3
D4 —013
Keypad with SPST ST 14
N.O. Switches c2 C1 Vss

Make-Break Ratio 156 O——m——— +Between each digit

pulsetrain, MC14408
DRO stays high,
MC 14409 DRO goes low

Column l
6 5 8
Row
Common
Vss
FIGURE 5 — PHONE DIALER SYSTEM
MC14419 | MC14408, MC14409
2-of-8 Keypad-to-Binary Encoder | Binary-to-Phone Pulse Converter
I oL ca &
18 | o‘gl:t 2 1 00 T
HuF = vgg MF = Ves
1 Ry Clock 14 | 3 Clock Osc s
ST ST _— I
Row |.2 O—=QR2 13 | 4 OPL—+011 Gutpulsing
Inputs 3 O0—=Q R3 D4 v—O———‘——O'—"‘ D4
12 5
From 4 O—>»(Q R4 D3 —o——t——o—b D3
Keypad 1 6
5 o—=sd C1 b2 —o0—-+4+——0—+|D2 . .
DRO —®0 12 Dial Rotating
Column 6 O »J c2 10 ; Output®
Inputs } 7 o——sq c3 D1 —0———1——0“" D1
9 0—sd Ca |
| Hold 9
| Call Request 13
Vpp =Pin 16 | MC14408/409 Re-Dial 10 Vpp = Pin 16
Vgs = Pi Control Inputs - Pi
ss in 8 | P Interdigit Time 14 O——m Vss =Pin 8
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MOTOROLA
EE SEMICONDUCTO R /m5m5mm
TECHNICAL DATA

MC33120

[ Product Preview T

SUBSCRIBER LOOP
SUBSCRIBER LOOP INTERFACE CIRCUIT INTERFACE CIRCUIT

The MC33120 is designed to provide the interface between the (sLic)
4-wire side of a central office, or PBX, and the 2-wire subscriber
i " ! . THIN FILM
line. Interface functions include battery feed, proper loop termi-

! i N - . N SILICON MONOLITHIC
nation AC impedance, hookswitch detection, adjustable transmit,

X . ' . INTEGRATED CIRCUIT
receive and transhybrid gains, ground key and single/double fault
indication. Additionally, the MC33120 provides a minimum of
58 dB of longitudinal balance.

The transmit and receive signals are referenced to analog
ground (VAG), easing the interface to codecs, filters, etc. The two
Status outputs (Hook Status and Faults) and the Power Down
Input are TTL and CMOS compatible. The Power Down Input per-
mits local control of the circuit.

Internal drivers allow the external loop current pass transistors
to be standard bipolar transistors (non-Darlington).

The MC33120 will be available in both a 20-pin DIP and a 20- , ';If:U::'C"‘(AGE
pin surface mount (SOIC) package. 20 u:':sASE 738-03

e 58 dB Longitudinal Balance (Minimum)

® Transmit, Receive, and Transhybrid Gains Externally
Adjustable

o Proper Hook Switch Detection with 30 kQ Leakage

@ Single and Double Fault Indication

e Critical Sense Resistors Included Internally

® Standard Power Supplies: —48 to —22 Volts, and +5.0 Volts, 20

+10% . . DW SUFFIX
Internal Drivers for External Pass Transistors 1 PLASTIC PACKAGE

.
® Power Down Input CASE 751D-03
® Available in 20-Pin DIP and 20-Pin SOIC Plastic Packages :

.

Operating Ambient Temperature: —40 to +85°C

Vpp(+5.0 V)
Current Current Current
Mirror Mirror Mirror VbpG
PDI/ST2
sT
Hook Status and |1
Fault D i t VaG
& Bias Control RXI
[ Bias
T TXO
Current Current Current RFO
Mirror Mirror Mirror CF
| S —
™ | Vas
pal pal MC33120
*Indicates Trimmed Resistor
This document contains information on a product under di M la reserves the right to change or di this prod ith notice.
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MC33120

ABSOLUTE MAXIMUM RATINGS

Parameter Value Units
VEE Supply Voltage (w/respect to V) —60 Vdc
VpD Supply Voltage (w/respect to Vpg) -0.5, +7.0 Vdc
Input Voltage at PDI (w/respect to Vpg) -05, +7.0 Vdc
Voltage at Pins 1-5, 16-20 Vee to VEE Vde
Junction Temperature —65, +150 °C
Devices should not be operated at these values. The ded Operating Limits" provid.
for actual device operation.
RECOMMENDED OPERATING LIMITS
Parameter Symbol Min Typ Max Units
| VEE Supply Voltage (w/respect to V() VEE —58 —48 ~22 Vdc
VDD Supply Voltage (w/respect to Vpg) Vpp +4.5 +5.0 +5.5 Vdc
VAG Voltage (w/respect to V) VAG -2.0 0 +2.0 Vdc
VpG Voltage (w/respect to V) — -2.0 — +7.0 Vdc
Vpp Voltage (w/respect to VEE) —_ - — 63.5 Vdc
Vpp Voltage (w/respect to Vcc and VAG) — +3.5 — — Vdc
PDI Input Voltage VPDI 0 — Vpb Vde
PDI Input Sink Current (PDI < 0.8 V) IpDI 0 — 1.0 mA
Tx, Rx Signal Level — -48 — +3.0 dBm
Loop Resistance (VEg = —48 V, I = 20 mA) RL 0 — 1900 Q
Ambient Temperature TA -40 — +85 °C
All limits are not necessarily functional concurrently.
DC ELECTRICAL CHARACTERISTICS (Ta = 25°C, VEg = —48V, Vpp = +5.0 V, unless noted, See Figure 1, VoG = Vpg = Vce)
Parameter Min Typ Max Units
On-Hook Supply Current (R > 10 MQ) mA
IgEg @ VEg = —56 Volts - -1.0 —
Ippb @ Vpp = +5.5 Volts — 2.5 —
Off-Hook Supply Current (Includes loop current, R = 0) mA
Ieg @ VEg = —56 Volts — —46 -
Ipp @ Vpp = +5.5 Volts — 10 —
Loop Resistance On-Hook Threshold — 6.3 —_ kQ
Loop Resistance Off-Hook Threshold —_ 2.7 — kQ
Off-Hook Loop Current Limit (RRF = 6200 Q, R = 0) — 34 — mA
PDI Input Voltage (Power Down Control) — High 2.0 —_ —_ Vdc
— Low — —_ 0.8
ST2 Output Voltage — High (I = =100 uA) 24 — — Vdc
— Low (I = 1.0 mA) —_ — 04
ST1 Output Voltage — High (I = —100 nA) 24 — _— Vdc
— Low (I = 1.0 mA) — — 04
PDI Input Current (@ 3.0 Volts, R = 600 Q) — -100 — nA
VAG Input Current — 1.0 — pA
TXO Offset Voltage (w/respect to VAG) —150 0 +150 mV
TXO Output Current — +500 — nA
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MC33120

AC ELECTRICAL CHARACTERISTICS (Tp = 25°C, Vg = —48V,Vpp = +5.0 V, f = 1.0 kHz, see Figure 1, Vag = VpG = Vcc)

Parameter Min Typ Max Units
Transmit Voltage Gain (Pins 4, 17 to Pin 11) — 0.33 — VN
Receive Current Gain (Igp/IRx)) — 102 — mA/mA
Tx & Rx Gain Variations versus Frequency (3.4 kHz versus 1.0 kHz) -0.1 0 +0.1 dB
Tx & Rx Gain Variations versus Signal Level (—48 dBm to +3.0 dBm) -0.1 0 +0.1 dB
2-Wire Longitudinal Impedance (Tip to Ground, Ring to Ground) (Rg = 6.8 k) —_ 144 _ Q
Power Supply Rejection Ratio (VTX0/VEE, CQB = 10 uF) 40 - - dB
Power Supply Rejection Ratio (VTx0/VpD. CaB = 10 uF) 40 — - dB
SYSTEM SPECIFICATIONS (Tp = 25°C, VEg = —-48V, Vpp = +5.0V, f = 1.0 kHz, see Figure 2, VAG = VpGg = Vcc)
Parameter Min Typ Max Units
Off Hook Loop Current Limit (RRF = 6200 Q, R = 0) — 34 — mA
DC Feed Resistance (RRp = 6200 2, R|_ >1000 Q) —_ 335 — Q
2-Wire Return Loss 30 — —_ dB
Transhybrid Rejection (VTx/VRX) — —35 — dB
Transmit Voltage Gain (Vx/VL) —_ 0 — dB
Receive Voltage Gain (V| /VRx) — 0 — dB
2-Wire Longitudinal Balance @ 300 Hz (VTip — VRING/VLONG) —58 —64 — dB
@ 1.0 kHz —58 —64 —
@ 3000 Hz -53 —-60 —
4-Wire Longitudinal Balance @ 300 Hz (VTXS/VLONG! —-58 -64 — dB
@ 1.0 kHz —-58 -64 —_
@ 3000 Hz -53 —-60 —_
Idle Channel Noise @ TXO (w/C-message Filter) — 2.0 — dBrnC
Idle Channel Noise @ Tip/Ring (w/C-message Filter) — 0 — dBrnC
PIN DESCRIPTION
Symbol Pin No. Description
Vece 20 Connect to system ground. Carries all loop current and some bias current.
Vpp 15 Connect to +5.0 volt, +10% supply.
VEE 1 Connect to negative supply (—58 to —22 volts, typically —48 volts).
CP, BP, EP 17-19 Connect to external PNP transistor which passes loop current to TIP.
TSI, RSI 16,5 Sense inputs. Connect to external sense resistors to TIP and RING.
EN, BN, CN 2-4 Connect to external NPN transistor which passes loop current from RING.
VpG 14 Ground pin for the digital section (normally connected to Vcc).
PDI/ST2 12 A Power Down Input, AND a Status output. Used with ST1 to indicate hook status and
single/double faults. TTL/CMOS compatible.
ST1 13 Status Output. Used with ST2 to indicate hook status and single/double faults. TTL/CMOS
compatible.
VAG 9 System AC signal ground (normally connected to V).
RXI 10 Receive signal current input. Return loss network connects between here and TXO.
TXO 1 Transmit voltage signal output (to a Codec/filter).
RFO 8 Connect to external resistor to set the current limit value.
CF 7 Connect to external capacitor to filter AC from the DC feed circuit.
Vas 6 Quiet Battery. Filtering this pin will reduce power supply noise at the speech paths.
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MC33120

FIGURE 1 — TEST CIRCUIT

20
T Vce Voo P50 +5.0 Voits
RECY P 701 |2 p¢—PDiST2
s s 3y sm
BP
vog |14
17 l )
IL * cp
<« Tip oo1l MC33120 VAG |-
B 181 1) IRXI
YV, <X RRX
Vi R R§,A§,S 5 RSI RXI 10 Receive In
Ring i '1‘= 6.8 k RRE 412k
= Too 4 . 6.2k
CN RFO |2
3
BN ol Transmit Out
(VTxo)
21en ;
CF
1 6 =L Cer (1.0 4R
VEE VaB I
_agv [ L =
I Cag (10 uF)
FIGURE 2 — APPLICATION CIRCUIT
15
Vee VDD ———O +5.0 Volts
e 701 2 p-¢— PDiIST2
gp sTTHE p— sm
VoG |14
cp vacle
A
Ts1 MC33120 10 RRX 30.6 k
RSI RXI ) 9 ANN— 4—Receive In (VRx)
* . RRF ¢ RRO S RB
¢ = T alen g $62k 3204k T30k
<
13T 2100 100 RFO CRO RTX2 30 k
= ¢ " 1.0 uF ‘ o
X0 ANV Transmit Out
MPS6717 318N RTXx1 10k 1,0 uF (V)
7
2 CFF—
1 EN 6 CcF (1.0 uF)
5 VEE vas[io I
-48V ICQB (10 uF)

* = 1N4007
Component values shown for a 600 () system.
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MC33120

FIGURE 3 — AC TERMINATING IMPEDANCE AND
SOURCE IMPEDANCE (Zac)

Vee [20
1 rm . ,
= 1 s 30 2
! | ep 92 30603
Zac| 3|
2 : ; MPS6729
LJ' VAG
IRXI Q?
RXI %S oo
X0 Jcro

[o=——no——
| A A,

9
330 3060 S
To VEE 4_J

A = IRXI

Note: == AC represents an AC virtual ground, not an actual ground

connection.

The circuit creates a synthesized impedance (Zac/2) from Tip to Ve,

and from Ring to Vg as follows:

— An incoming signal (V|) produces a differential voltage at CP and
CN, which produces a signal of V| /3 at TXO.

— The signal at TXO creates a current Igx) through RRO (pin 10 is a
virtual ground).

— IRx| is gained up by a factor of 102 to produce the I|_to Tip & Ring.

— Zac (defined as V| /I ) is therefore determined by RRO, and is equal
to RRO/34 (first order).

VaB |6

MC33120

— For 600 Q systems, RRO = 20.4 kQ2; for 900 2 systems, RRO = 30.6
kQ.

— For more precise determination of Zac, ider the f ing:
1) The effects of CRO in determining IRx| (Zac increases as the
frequency is decreased).
2) The RS resistors at pins 5 & 16 (not shown above, see Figure 2)
which are in parallel with the Zac/2 resistors shown above;
3) The voltage divider effect of the 100 2 and 27 kQ resistors.

FIGURE 4 — RECEIVE GAIN (GRx)

Vee [20
—_1_— 330 s
= erlios 3060 ‘.¢|A

9|VAG
I
10 IRXI R
VRX
RXI —
RROS #RRX

11]Tx0 CROTF 'hTx0

,
i: 30 3060 S
To VEE 4_r

A = IRxI

Vas|6

MC33120

Receive Gain (voltage gain from VRx to V| ) is calculated as follows:

— RXI (pin 10) is a virtual ground, Rac is the AC impedance of the load
(typically 600 Q or 900 Q).

— I =102 xIgx) = 102 x (IR — ITx0)

— IR = VRX/RRX, and

- = - YL
ITx0 = VTX0/RRO = -~
— ./ GRXx = —102xRac (first order)
VRX RRX (1 ) Rac)
RRO 102 x R
— Since Zac = RRO/34 (see Figure 3) GRX = 0exHac
( Rac)
RRX {1 + =—
Zac

— To obtain GRx = 0 dB, set RRX = 51 Rac (for the case where Rac

ac).
.. RRX = 30.6 k2 for 600 2 systems, 45.9 k(2 for 900 Q systems,
— The AC source impedance to Tip and Ring of the above circuit is
Zac.
— For more precise determination of the receive gain, consider the
following: .
1) The effect of CRO in determining ITxQ (GRx increases as fre-
quency is decreased).
2) The RS resistors at pins 5 & 16 (not shown above, see Figure 2)
each of which are in parallel with half of the Zac term.
3) The voltage divider effect of the 100  and 27 k( resistors.
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FIGURE 5 — TRANSMIT GAIN (Gtx)

O cel 27k AL
I—-» = T T
VL ~ B ] LG v A vIx
| cnla | 27k /zvs; cTX
RDing Yoo Jac RTX2
= MC33120

Transmit Gain (voltage gain from V|_to VTx) is calculated as follows:
— GTx = (first order)
Vi X~ Rxax3

— For 0 dB gain, make RTx2 = 3 RTX1

— TXO (pin 11) can source and sink 500 pA.

— CTX can be used to set low frequency roll-off.
— The op amp may be part of a codec/filter.

— The terminating impedance to the source voltage (V) is Zac (see

Figure 3).

— For a more precise determination of the transmit gain, consider the

following:

1) The effects of CTX on the gain of the op amp (GTx will increase
as frequency is increased).

2) The voltage divider effect of the 100 2 and 27 kQ resistors.

FIGURE 6 — LONGITUDINAL IMPEDANCE (Zcm)

V
L ___ cC 20
i
= 1 EP
14 19
Buffer
- ZL0NG %i mpse729  sr|is
ILONG . LuJ
—1 RS 7tsifie | 100 Common
VWA - VW— |
Aan__BSIIS |, = Detector |4
et "1V A
Ring ILONG 3 QB Amplifier
> ZL0NG :
VLONG 2 Buffer
=AC . MC33120
-48V $
— The longitudinal impedance, defined as V_ ONG/ILONG: is
determined by Rg according to: Z| ONG = re
— For Rg = 6.8 k2, ZLONG = 144 Q.
FIGURE 7 — CALCULATION OF THE BALANCE NETWORK
(RB) FOR PROPER TRANSHYBRID LOSS
METHOD A
— The appropriate part of the circuit is modeled as follows:
Tip
l O RXI >
AAA- VRX
102 RRX B8] S
$ - = B| $ X2
VLl 7 Zac i: IRX l%; RB RT
| h TX0 RTX1
I . - \ — @ + VTX
> VIxo hxi =
Ring
Given: For the case where Z|_ is purely the above reduce
— 2y is the AC load i d Zac was previously calcul; {see to:
Figure 3). RB = _RRX x RTX1
34 x [Zac/Z( ]

— Igx = VRX/RRX; Ig = VRx/RB

— VIX0 = VI'3; ITX1 = VTXO/RTX1 = V| /(3 x RTX1)

— _ . 102igxxZacx 2 _ 102 x VRX x Zac x Z)
TX1 = [Zac + 2,1 x 3x RTXT _ RRX x [Zac + Z,] x 3 x RTX1

— Good transhybrid loss requires that Ig = ITx1 in both magnitude
and phase at node ‘6

— Since Z|_ is rarely purely resistive, a phase shift results between VR
and V1x0, which requires that RB be a complex network which
creates a comparable phase shift for Ig. The following method is a
fairly direct and simple way to design a balance network, but requires
more external components than Method B.
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FIGURE 8 — CALCULATION OF THE BALANCE NETWORK

METHOD A (RB) FOR PROPER TRANSHYBRID LOSS — Continued
— First, the Model in Figure 7 is changed to:
Tip
O IRX
zac RXI ‘v‘v‘v
Ve = RRX
S -
VLl zo
:{> X0 RTXI
_ VWA~ 1
Vixg ™1 8| $RB2 RDX2=
Ring

— The current source model of Figure 7 is replaced with the Thevenin
equivalent voltage source. Vg is equal to [102 x IRx x Zac].

— RBis replaced with two series resistors (RB1 and RB2), and a network
(Z1) which is idi tin i

N VTX

— RB2 is then selected to pro:ride the proper magnitude for Ig, and is

ion and values to th calculated from:
ioad 2, sronmecomponsmRhEs o Rez - RRXXRTX1

— RB1 is set equal to Zac (calculated in Figure 3). This creates a phase 34 x Zac
shift at node equal to the phase shift at V|_(with respect to VRx), — If Zac had been intentionally made complex, RB1 and RB2 must also
and consequently at VTxQ. be complex.

FIGURE 9 — CALCULATION OF THE BALANCE NETWORK
(RB) FOR PROPER TRANSHYBRID LOSS

METHOD B (EXAMPLE A)

— The following model is used:

Tip
IRX
l : Zac RXI A VRX
Vs -L- RRX )
VL | z $RB1 o1
:[> X0 RTX1 +—i
— YVv L =
I—-Q— '\kxo X1 'Bl:;ﬂsz RTX2
Ring

— The following generalized model is used for Z :

c1 _R1 - j(@C1R1?)

R1 " T+ @GR

ZL

— At this point, itis b to the de for 2, and
the phase angle (6| ) with respect to VRX, at a frequency of interest
(usually 1.0 kHz), and use these calculated values in subsequent

equations.
[m]Z + [m c1 R121]2

[1 + (0 C1R1)2)

— The phase angle across Z|_ with respect to VR is created by Z| 's
reactive component in conjunction with Zac. The phase angle is
calculated by:

Z) (mag) =

2)
6 = [Tan'1 wC1 R1] - [Tam‘1 lo C1 R1Y) ]

Zac [1 + (@ C1 R1)2] + R1
— In the RB network (RB1, RB2, CB1), Ig is equal to:

I8 = VRX
(RB1 + RB2) + j (w CB1 RB1 RB2)

— As shown in Method A, ITx1 is equal to:

VRX X 34 x ) x Zac

X1 = X1 'x RRX x (Zac + Z0)

VTx

® +

— Good transhybrid ioss requires that Ig = ITx1 in both magnitude
and phase at node .
(Note: The values of 6_and Z|_(mag) calculate above, and the value
of w used in those calculations must be used in the remaining
equations):

VRX

Ig (mag) =
V(RB1 + RB2) + (w CB1 RB1 RB2)2

_1 @ CB1RBIRB2) _

Ig (phase) = 6g = Tan RB1 + RB2)

o

RTX1 x RRX x (Zac + Z})
Th f ‘\/———_2———— = T 3ax7 xZae
erefore V(RB1 + RB2)Z + (w CB1 RB1 RB2)2 34 x Z| x Zac

— To facilitate the remaining equations, the condition (C1 x R1) = (CB1
x RB2) is arbitrarily set.
— Combining the above equations yields:

RB1 = (RTX1 x RRX x (Zac + zL)) ( Tan 6 )
34 x 7 x Zac x (w C1 R1)/ \V1 + Tan26|_
@ C1R1RB1
RB2 = (———) - R
( Tan 6 ) 81
C1xR1
CB1 = Z———
1 RB2
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FIGURE 10 — CALCULATION OF THE BALANCE NETWORK
(RB) FOR PROPER TRANSHYBRID LOSS

METHOD B (EXAMPLE B):

— For the case where the load Z|_ has the following form:

R2

2 - R1 + R2[1 + (wC1R1)2] — j (@ C1 R12)
c 4 1 + wCIRNZ
R1

— The following equations are used to calculate Z| (mag) and 6 .

‘/[m + R2[1+(wC1 R1)2]]2 + [(wm R12)]2

performance in this case, a resistor (RB3) must be added in series
with CB1. This adds a zero to Ig's frequency response, thereby
ing Z| 's frequency resp

VRX
4 RB1

<

<

1>—| I_W_Jcm RB3 RB3 =
L RTX2

$RB2 =

VTX

C1 x R1 xR2
CB1x (R1 + R2)

2 =
L (mag) [1 + (@ C1R1)2]
{w C1 R12) (w C1 R12)
- lran-1—teC1®D 1 [
o [Ta" R1 + R2[1+(w C1 R1)2]] [T"" R1 + [R2 + Zaclll + (@ C1 R11Z]

— The same equations shown in Example A for RB1, RB2, and CB1 can
be used to calculate those component values. This will generally
yield good results at the frequency used in the above calculations,

— The four components calculated above will yield good results for
transhybrid loss. However, some minor adjustments to the com-
ponent values can generally improve the loss by several dB. Gen-
erally, adjustments for maximum loss should be made in the fol-
lowing sequence: RB2, and then CB1 at the prime frequency or

but will degrade at other freq To obtain more consistent interest, and then RB3 at other frequencies.
FIGURE 11 — LOGIC INTERFACE (HOOK STATUS, FAULT
INDICATIONS, POWER DOWN CONTROL)
VDD
15 Q+5V
v Bk .
PDI/ST2
ccl2 To Loop - 12 P Status 2
= Current Bias 350k
Drivers Circuit Power Down
Tip 1 2R1.0 uF Control
crP7 off 50kS ‘ Input
RL Hook Status On 1
CNi 4 Detection » 7777
Ring RS

VWA ;2' 1: Fault | [~Fault VoD
A\ ! Detection >
RS 15k

VEE 13 ST‘I—D Status 1

1 .

~48V MC33120 4 EG;L
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TRUTH TABLE:

Hook Fault Outputs

Status | Detection ||ST1|ST2 Circuit Condition
On Hook | No Fault Hi | Lo |internally powered down

Off Hook | No Fault Lo | Hi |Powered up
On Hook | Fault Lo | Lo |Internally powered down
Off Hook | Fault Lo | Lo |Internally powered down

— On-hook and off-hook conditions are determined by the thresholds
listed in the specifications.

— Ihecondition where ST1 = ST2 = Hi may occur momentarily during
the transition from off-hook to on-hook.

— The capacitor at ST2 prevents incorrect transitions during excessive
longitudinal signals

— Pin 12 (PDI/ST2) is both an input and output. As an output, it is used
in conjunction with ST1 to indicate Hook status and faults. As an
input, it may be taken low with a transistor (as shown) or an open-
collector output to deny loop current to the subscriber. ST1 will still
indicate hook status.

— Resistors RRF (see Figure 12) and RS (see Figure 6) affect the hook
status thresholds as follows:

Off-On Hook On-Off Hook
RRF Threshold Rs Threshold
5.1k 6.5 k() 5.1k 4.1 k2
6.2k 7.7 kQ 6.8k 5.0 k(2
75k 9.0 kQ 10k 6.8 k1

NOTE: RS does not significantly affect the Off-On Hook threshold, nor
does RRF significantly affect the On-Off Hook threshold.

— Fault conditions are nominally defined as (RS = 6.8 k):
1) On-hook

a) <3.0 k() between Ring and Vg (no hysteresis);

b) <4.5 k() between Tip and VEg (no hysteresis);

c) Both a) and b) simultaneously.

d) Tipto V¢ and/or Ring to VEE are not detected as faults while
the MC33120 is on-hook.

Off-hook (R = 600 £):

a) <60 (2 between Tip and V¢ (resets at ~2.0 k2);

b) <400 ) btween Tip and VEE (resets at ~4.7 k(2);

c) <160 Q) between Ring and VEE (resets at =~4.7 k(});

d) <160 () between Ring and V¢ (resets at ~2.3 k().

N

FIGURE 12 — BATTERY FEED AND CURRENT LIMIT

50
40| L RRF = 5.1k
_ ]
<<
£ RRF = 6.2k ™
= — T
& 30— RRF = 75k
3 —
£ \§\
o
o
=2
RS = 68k
VEg = 48V
10 | |
0 400 800 1200 1600 2000

LOOP RESISTANCE (OHMS)

NOTES:
— Per the graph, varying RRF varies both the battery feed resistance
and the maximum loop current.
— Between 1000 () and 1800 () loop resistance, battery feed resistance
1S
— =290 () for RRF = 5.1 k;
335 () for RRF = 6.2 k;
— =400 Q for RRF = 7.5 k.
— Varying RS from 5.0 k(2 to 10 k2 will change the maximum loop
current by =4.0%. Varying RS has a negligible effect at 1800 ( loop
resistance.
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FIGURE 13 — ALTERNATE 2-WIRE FAULT PROTECTION CONFIGURATION

20
-L_‘ Vee Vpp —15—0 +5.0 Voits 1) Requires least number of components.
= 12 2) 4-wire longitudinal balance is highly
19 PDI »-<—FPDi sensitive to tolerance on the 30 () resistors.
EP PDIST2 PDIST2 They must be <+ 1% (6.8 k resistors can be
ST1 13 ’ ST1 +5%) for longitudinal balance of = 58 dB.
0.01 18 8P VDG
L% % A RRX 27.5 k
= 17 RXI AW\~ -4— Receive in (VRX)
[ b ¢ mc33120 RRF S RRO ¢ RB
&= Te ovee 303 ey . g 762k {183k 230k
Rac AM—] TSI RFO CRO 33 k RTX2
AAA 5 RS 1.0 uF 1.0 uF
L ] ] AAA- ] Transmit Out
Ring 001 s 68k TXO W
C 1 > 9 RTX1 10 k V
1L X Hen VAG )
¥ 31eN RRO
VEE Zac = =34 + 60
21eN , Gy = —NTX2x RRO
, s D
VEE v GRX =
_svd il e RX 34 (Rac + 60)
I Cqg (10 uF) RRX {1 + ~RRO
Component values shown for 600 (2 system. =

FIGURE 14 — ALTERNATE 2-WIRE FAULT PROTECTION CONFIGURATION

0.01

100 = % 17

VWV

68k VEE 16

1
—48V(;

Component values shown for 600 Q system.

Vce Vpp —1—5—-—-0 +5.0 Volts 1) Requires most number of components.
2) Low sensitivity to external resistors — all
BOI 12 . resistors shown can be +5% tolerance for
Ep PDVST2 [—=p-4—PDI/ST2 typical longitudinal balance of = 58 dB.
sTIFS p—smi
14
BP VbG )
10 RRX 30.6 k
RXI Receive in (VRX)
cpP
MC33120
TSI RFO 30 k RTX2
RSI 1.0 uF|
TXO Transmit Out
RTX1 10 k V-
CcN vach Vrx)
BN
RRO
Z = ——
=3
EN o oy - _RTX2
6 Il 1.0 TX = RTx1x3
VEE Vas - Gry = —102% Rac
Casg (10 uF) -
L RRX (1 + R—ac)
= Zac
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m SEMICONDUCTOR
TECHNICAL DATA

MC34010

Advance Information j
ELECTRONIC
ELECTRONIC TELEPHONE CIRCUIT TELEPHONE
® Provides All Basic Telephone Station Apparatus Functions in a CIRCUIT
Single IC, Including DTMF Dialer, Tone Ringer, Speech Network
and Line Voltage Regulator BIPOLAR LINEAR/I2L

® DTMF Generator Uses Low-Cost Ceramic Resonator with Accu-
rate Frequency Synthesis Technique

® Tone Ringer Drives Piezoelectric Transducer and Satisfies EIA
RS-470 Impedance Signature Requirements

® Speech Network Provides Two-Four Wire Conversion with
Adjustable Sidetone Utilizing an Electret Transmitter _
® On-Chip Regulator Insures Stable Operation Over Wide Range
of Loop Lengths 40
121 Technology Provides Low 1.4 Volt Operation and High Static

. . FN SUFFIX
Discharge Immunity 44-PIN P SUFFIX
e Microprocessor Interface Port for Automatic Dialing Features PLCC PLASTIC PACKAGE
CASE 77702 CASE 711-03

FIGURE 1 — ELEMENTS OF THE ELECTRONIC TELEPHONE

Hook Switch
Piezo L 4 N) rr———-7
Sound / /
Element
Ceramic D
Resonator
r— -\~ == A
| |
1(2]3]a | |
4|5]|6|B] ! Tone !
F . I
7]|8[9fc :—T> o™ Ringer 1
*10|#]|D | I
Line |
Keypad : Voltage : Ri
Regu- ing
MPU ﬁ> MPU Speech lator L
| Interface Network |
|
| 1
IR PR PR P d
Receiver MC34010
Electret
Microphone

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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MAXIMUM RATINGS (Voltage References to V—)

PIN CONNECTIONS

Parameter Value Unit
V+ Terminal Voltage (Pin 34) +20, —1.0 v R1 O 1 — 40 TRF
- : . R2 O 2 39 O TRO
VR Terminal Voltage (Pin 29) +2.0, -1.0 \ R3 d 3 s b TR
RXO Terminal Voltage (Pin 27) +2.0, —1.0 Vv R4 O] 4 37 0 TRS
TRS Terminal Voltage (Pin 37) +35, —1.0 \ ct1 gs 36 O TRC
TRO (With Tone Ringer Inactive) Terminal Voltage | +2.0, —1.0 v 246 35 FB
© " csaqgz7 34 V+
R1-R4 Terminal Current (Pins 1-4) +100 mA cads 330 BP
C1-C4 (Pins 5-8) opdo 320 LR
CL, TO, DD, I/0, A+ +122, —-1.0 \% To d 10 310 LC
Operating Ambient Temperature Range —20 to +60 °C Ms O 11 303 V-
A+ O12 29 VR
—65 t 150 °C
Storage Temperature Range 65 to + o d13 28 CAL
DD O 14 27.3 RXO
CcL 515 26 0 RXI
CR1 16 25 RM
GENERAL CIRCUIT DESCRIPTION CR2 17 241 STA
Introduction MM 18 ZSE X0
The MC34010 Electronic Telephone Circuit (ETC) AGC g 19 22 0 I
provide all the necessary elements of a tone dialing mic 4 20 21 TXL
telephone in a single IC. The functional blocks of the
ETC include the DTMF dialer, speech network, tone
ringer, and dc line interface circuit (Figure 1). The FIGURE 2 — MPU INTERFACE CODES
MC34010 also provides a microprocessor interface
port that facilitates automatic dialing features.
Low voltage operation is a necessity for telephones — R1
in networks where parallel telephone connections are
common. An electronic speech network operating in
parallel with a conventional telephone may receive line R2
voltages below 2.5 volts. DTMF dialers operate at sim- Iz' EI }—
ilarly low-line voltages when signaling through battery
powered station carrier equipment. These low voltage IEI
requirements have been addressed by realizing the
MC34010 in a bipolar/lzL technology with appropriate
circuit techniques. The resulting speech and dialer cir-
cuits maintain specified performance with instanta- E} I_EI
neous input voltage as low as 1.4 volts.
Line Voltqge Regulator o ) (L c2 c3 c4
The dc line interface circuit (Figure 3) determines the
. . . A Keypad
dc input characteristic of the telephone. At low input
voltages (less than 3 volts) the ETC draws only the Key Row Column Code (B3-B0)
1 1 1 1111
FIGURE 3 — DC LINE INTERFACE BLOCK DIAGRAM § } ; %H
4 2 1 1101
:’ ______________________ T Telephone 5 2 2 0101
LCi v+l Line 6 2 3 1001
c1 lr?— T B8P 7 3 1 1110
4 15V T1 8 3 2 0110
! Level | | Voltage | 9 3 3 1010
i Shift Regulator 0 4 2 0100
! | VRL+ A 1 4 0011
7 Dummy Load Yg I $ co B 2 4 0001
R4 1 . | Cc 3 4 0010
: From Dialer : D 2 a 0000
] I * 4 1 1100
:. ETC | # 4 3 1000
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GENERAL CIRCUIT DESCRIPTION (éontinued)

speech and dialer bias currents through the VR regu-
lator. As input voltage increases, Q1 conducts the
excess dc line current through resistor R4. The 1.5 volt
level shift prevents saturation of Q2 with telephone line
signals up to 2.0 volts peak (+5.2 dBm). A constant
current (dummy load) is switched off when the DTMF
dialer is activated to reduce line current transients. Fig-
ure 4 illustrates the dc voltage/current characteristic of
an MC34010 teiephone.

Speech Network

The speech network (Figure 5) provides the two-to-
four wire interface between the telephone line and the
instrument’s transmitter and receiver. An electret mi-
crophone biased from VR drives the transmit amplifier.
For very loud talkers, the peak limiter circuit reduces
the transmit input level to maintain low distortion. The
transmit amplifier output signal is inverted at the STA
terminal and driven through an external R-C network to
coiitrol the receiver sidetone level. The switched ac ie-

sistance at the RM terminal reduces receiver signal
when dialing and suppresses clicks due to hook or key-
pad switch transitions. When transmitting, audio signal
currents (iTxo and irRxQ) flow through the voltage reg-
ulator pass transistor (T1) to drive the telephone line.
This feature has two consequences: 1) In the transmit-

FIGURE 4 — DC V-1 CHARACTERISTIC OF THE ETC

<

T

~
=}

> _ 60 ting mode the receiver sidetone current iRxQ contrib-
5 2 utes to the total signal on the line along with iTxQ;
22850 2) The ac impedance of the telephone is determined by
x = Speech Mode . . .

oo AV the receiver impedance and the voltage gain from the
ﬂgig 4.0 - Ré line to the receiver amplifier output.

Sm

2330 DTMF Dialer

2 § Keypad interface comparators activate the DTMF row
c 20 Operable N

4 Mode and column tone generators (Figure 6) when a row and

column input are connected through a SPST keypad.
The keypad interface is designed to function with con-
tact resistances up to 1.0 kQ) and leakage resistances as
low as 150 kQ. Single tones may be initiated by de-
pressing two keys in the same row or column.

7% /:
Z
40 50 60

10 20 30 120
Line Current (mA)

FIGURE 5 — SPEECH NETWORK BLOCK DIAGRAM

Lo i B o
v+ BP VR
21 —0— == —0———0—=——
TXO R10
Transmit
Sidetone Amplifier
Inverter
A
Telephone Telephone |
Line Handset |
Peak :
Limiter |
|
|
F |
rom I
Dialer Mute :
Control i
|
| Receiver !
Amelifier [ __ _ETC :
R6 RXO i
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The programmable counters employ a novel design
to produce non-integer frequency ratios. The. various
DTMF tones are synthesized with frequency division
errors less than +0.16% (Table 1). Consequently an in-
expensive ceramic resonator can be used instead of a
quartz crystal as the DTMF frequency reference. Total

frequency error less than +0.8% can be achieved with
+0.3% ceramic resonator. The row and column D/A
converters produce 16-step approximations of sinu-
soidal waveforms. Feedback through terminal FB re-
duces the DTMF output impedance to approximately
2.0 kQ to satisfy return loss specifications.

FIGURE 6 — DTMF DIALER BLOCK DIAGRAM

r———————————————————————— 9
' i
! |
———E—u)— Column I
—CZ(I)_ 3 Counter r | FB
el ——w—o—
cal Keypad Encoder Column | cia
[ R1! Comparators and
11218 A R2 & Logic Row L Telephone
4151618 Tsé_ coow DA LS Line
7] (s [cFea S E) R :9 ]
»]0|#]D Encoder R14
Keypad y &

Mute Signal to

Resonator

Tone Ringer

The tone ringer (Figure 7) generates a warbling
square wave output drive to a piezo sound element
when the ac line voltage exceeds a.predetermined
threshold level. The threshold detector uses a current
mode comparator to prevent on/off chatter when the
output current reduces the voltage available at the
ringer input. When the average current into the tone
ringer exceeds the threshold level, the ringer output
TRO commences driving the piezo transducer. This out-
put current sourced from TRl increases the average cur-
rent measured by the threshold detector. As a result,
hysteresis is produced beween the tone ringer on and
off thresholds. The output frequency at TRO alternates
between f,/8 and f,/10 at a warble rate of f,/640, where
fo is the ringer oscillator frequency.

Microprocessor Interface

The MPU interface connects the keypad and DTMF
sections of the ETC to a microprocessor for storing and
retrieving numbers to be dialed. Figure 8 shows the
major blocks of the MPU interface section and the in-
terconnections between the keypad interface, DTMF
generator and microprocessor. Each button of a 12 or
16 number keypad is represented by a four-bit code
(Figure 2). This four-bit code is used to load the pro-
grammable counters to generate the appropriate row
and column tones. The code is transferred serially to or
from the microprocessor when the shift register is

- Column

Speech Network
and Line

Counter Interface Circuit

[ Row Counter

|
_ :L_ _____________ ETC,)
CR1 CR
500 kHz Ceramic 0 2

clocked by the microprocessor. Data is transferred
through the I/0 terminal, and the direction of data flow
is determined by the Data Direction (DD) input terminal.
In the manual dialing mode, DD is a Logic “0”" and the
four-bit code from the keypad is fed to the DTMF gen-
erator by the digital multiplexer and also output on the
1/0 terminal through the four-bit shift register. The data
sequence on the I/O terminal is B3, B2, B1, BO and is
transferred on the negative edge of the clock input (CL).
In this mode the shift register load enable circuit cycles
the register between the load and read modes such that
multiple read cycles may be run for a single-key closure.
Six complete clock cycles are required to output data
from the ETC and reload the register for a second look.

In the automatic dialing mode, DD is a Logic “1"” and
the four-bit code is serially entered in the sequence B3,
B2, B1, B0 into the four-bit shift register. Thus, only four
clock cycles are required to transfer a number into the
ETC. The keypad is disabled in this mode. A Logic “1”
on the Tone Output (TO) will disable tone outputs until
valid data from the microprocessor is in place. Subse-
quently TO is switched to a Logic ‘0" to enable the
DTMF generator. Figures 9 and 10 show the timing wav-
eforms for the manual and automatic dialing modes
and Table 2 specifies timing limitations.

The keypad decoder’s exclusive OR circuit generates
the DP and MS output signals. The DP output indicates
(when at a Logic "“1”) that one, and only one, key is
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depressed, thereby indicating valid data is available to
the MPU. The DP output can additionally . be used to
initiate a data transfer sequence to the microprocessor.
The MS output (when at a Logic “1”) indicates the DTMF
generator is enabled and the speech network is muted.

Pin A+ is to be connected to a source of 2.5 to 10
volts (generally from the microprocessor circuit) to en-
able the pullup circuits on the microprocessor interface

power the entire circuitry (except Tone Ringer) in the
absence of voltage at V +. This permits use of the trans-
mit and receive amplifiers, keypad interface, and DTMF
generator for non-typical telephone functions.

See Figure 45 for a typical interconnection to an
MC6821 PIA (Peripheral Interface Adapter). Connection
to a port on any other class of microprocessor will be

similar.

outputs (DP, MS, 1/0). Additionally, this voltage will

FIGURE 7 — TONE RINGER BLOCK DIAGRAM

Threshold
Detector

Enable

TRC
+8/10

Piezo
Tone
Ringer

C13 R3

<

e ——— 170
| 8 Exclusive -OR ;
| o o | DP
! T i
° 3
| 2585 3 SMS
' v vy |
| |
! I
: DTMF Generator :
1]12(3) | |
8
4|5 |6\ Keypad Keypad 4 1] !
Comparators Decoder |
718190 Digital I
gl
*|o|# : Mgux |
! |
! |
' |
| | L |
! Resgi:isf:er & Bit : =
| > Shift MPU
»> |
| Load Register S0
| Enable I
I 1 1 1L
I eTc T
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FIGURE 9 — OUTPUT DATA CYCLE
NOTE: TO may be low (Tone generator enabled) if desired.

Key Depressed Key Released

2 T
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FIGURE 10 — INPUT DATA CYCLE
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TABLE 1 — FREQUENCY SYNTHESIZER ERRORS TABLE 2 — TIMING LIMITATIONS
DTMF Tone Output Symbol| Parameter Min| Typ |Max|Unit| Ref
Standard | Frequency with % Deviation f
h cL Clock Frequency 0 | 20 |30 |kHz
(Hz2) 500 kHz Oscillator | from Standard ™ Clock High Time 15| — | — | us | Figs.
Row 1 697 696.4 —0.086 9,10
Row 2 770 769.2 -0.104 L Clock Low Time 15| — | — | us | Figs.
Row 3 852 853.2 +0.141 9,10
Row 4 941 939.8 -0.128 trtf Clock Rise, Fall Time | — [ — [2.0| us
tpv Clock Transition to — | — | 10| us |Fig. 9
Column 1 1209 1207.7 —-0.108 Data Valid
Column 2 1336 1336.9 +0.067 tppcL | Time from DP High 20f — | — | us |Fig.9
Column 3 1477 1479.3 +0.156 to CL Low
Column4 | 1633 1634.0 +0.061 tppclL | Time from DD High | 20 | — | — | us | Fig. 10
to CL Low
tps Data Setup Time 10| — | — | us | Fig. 10
tDH Data Hold Time 10| — | — | ws |Fig. 10
tcLTo | Time from CL Low 10| — | — [ us |Fig. 10
to TO Low _
ttopp| Time from TO High 20| — | — | us | Fig. 10
to DD High
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PIN DESCRIPTION

(See Figure 45 for external component identifications.)

PIN PIN
(PLCC)| (DIP) | Designation Function
1-4 1-4 R1-R4 Keypad inputs for Rows 1 through 4. When open, internal 8.0 k{2 resistors pull up the row inputs

to a regulated (=0.5 volt) supply. In normal operation, a row and a column input are connected
through a SPST switch by the telephone keypad. Row inputs can also be activated by a Logic
“0" (<250 mV) from a microprocessor port.

7-10 |5-8 C1-C4 Keypad inputs for Columns 1 through 4. When open, internal 8.0 k() resistors pull down the
column inputs to V—. In normal operation, connecting any column input tc any row input
produces the respective row and column DTMF tones. In addition to being connected to a row
input, column inputs can be activated by a Logic “1” (>250 mV and <1.0 volt).

1" 9 DP Depressed Pushbutton (Output) — Normally low; A Logic ““1” indicates one and only one, button
of the DTMF keypad is depressed.

12 10 TO Tone Output (Input) — When a Logic “1,” disables the DTMF generator. Keypad is not disabled.

13 1 MSs Mute/Single Tone (Output) — A Logic 1" indicates the tone generator is enabled. A Logic ‘0"

indicates tone generator is disabled.

14 12 A+ MPU Power Supply (Input) — Enables pullups on the microprocessor section outputs.
Additionally, this voltage will power the entire circuit (except Tone Ringer) in the absence of
voltage at V+.

15 13 1/0 Input/Output — Serial Input or Output data (determined by DD input) to or from the
microprocessor for storing or retrieving telephone numbers. Guaranteed to be a Logic “1” on
powerup if DD = Logic “0."”

16 14 DD Data Direction (Input) — Determines direction of data flow through 10 pin. As a Logic “1,” I/O
is an input to the DTMF generator. As a Logic “0,” I/0O outputs keypad entries to the
microprocessor.

17 15 CL Clock (Input) — Serially shifts data in or out of I/O pin. Data is transferred on negative edge
typically at 20 kHz.
18,19 | 16,17 | CR1, CR2 Ceramic Resonator oscillator input and feedback terminals, respectively. The DTMF dialer is

intended to operate with a 500 kHz ceramic resonator from which row and column tones are
synthesized.

31 28 CAL Amplitude CALibration terminal for DTMF dialer. Resistor R14 from the CAL pin to V— controls
the DTMF output signal level at Tip and Ring.

38 35 FB FeedBack terminal for DTMF output. Capacitor C14 connected from FB to V+ provides ac
feedback to reduce the output impedance to Tip and Ring when tone dialing.

32 29 VR Voltage Regulator output terminal. VR is the output of a 1.1 volt voitage regulator which supplies

power to the speech network amplifiers and DTMF generator during signaling. To improve
regulator efficiency at low line current conditions, an external PNP pass-transistor T1 is used in
the regulator circuit. Capacitor C9 frequency compensates the VR regulator to prevent oscillation.

36 33 BP Base of a PNP Pass-transistor. Under long-loop conditions where low line voltages would cause
VR to fall below 1.1 volts, BP drives the PNP transistor T1 into saturation, thereby minimizing
the voltage drop across the pass transistor. At line voltages which maintain VR above 1.1 volts,
BP biases T1 in the linear region thereby regulating the VR voltage. Transistor T1 also couples
the ac speech signals from the transmit amplifier to Tip and Ring at V +.

37 34 V+ The more positive input to the regulator, speech, and DTMF sections connected to Tip and Ring
through the polarity guard diode bridge.

33 30 V- The dc common (more negative input) connected to Tip and Ring through the polarity guard
bridge.

35 32 LR DC Load Resistor. Resistor R4 from LR to V — determines the dc input resistance at Tip and Ring.

This resistor is external not only to enable programming the dc resistance but also to avoid
high on-chip power dissipation with short telephone lines. It acts as a shunt load conducting
the excess dc line current. At low line voltages (<3.0 volts), no current flows through LR.

34 31 Lc DC Load Capacitor. Capacitor C11 from LC to V- forms a low-pass filter which prevents the
resistor at LR from loading ac speech and DTMF signals.
22 20 Mic MiCrophone negative supply terminal. The dc current from the electret microphone is returned

to V— through the MIC terminal which is connected to the collector of an on-chip NPN transistor.
The base of this transistor is controlled either internally by the mute signal from the DTMF
generator, or externally by the logic input pin MM.

(continued)
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PIN DESCRIPTION (continued)

PIN
(PLCC)

PIN
(DIP)

Designation

Function

20

MM

Microphone Mute. The MM pin provides a means to mute the microphone in response to a
digital control signal. When this pin is connected to a Logic ‘1" (>2.0 V) the microphone dc
return path through the MIC terminal is disabled.

25

22

TXI

Transmit amplifier Input. TXI is the input to the transmit amplifier from an electret microphone.
AC coupling capacitors allow the dc offset at TXI to be maintained approximately 0.6 V above
V- by feedback through resistor R11 from TXO.

24

21

TXL

Transmit Input Limiter. An internal variable resistance element at the TXL terminal controls the
transmitter input level to prevent clipping with high signal levels. Coupling capacitors C4 and
C5 prevent dc current flow through TXL. The dynamic range of the transmit peak limiter is
controlled by resistors R12 and R13.

26

23

TXO

Transmit Amplifier Output. The transmit amplifier output drives ac current through the voltage
regulator pass-transistor T1 via resistor R10. The dc bias voltage at TXO is typically 0.6 volts
above V—. The transmit amplifier gain is controlled by the R11/(R12 + R13) ratio.

21

AGC

Automatic Gain Control low-pass filter terminal. Capacitor C3 connected between AGC and VR
sets the attack and decay time of the transmit limiter circuit. This capacitor also aids in reducing
clicks in the receiver due to hook-switch transients and DTMF on/off transients. In conjunction
with internal resistors, C3 (1.0 uF) forms a timer which mutes the receiver amplifier for
approximately 20 milliseconds after the user goes off-hook or releases a DTMF Key.

30

27

RXO

Receiver Amplifier Output. This terminal is connected to the open-collector NPN output transistor
of the receiver amplifier. DC bias current for the output device is sourced through the receiver
from VR. The bias voltage at RXO is typically 0.6 volts above the V—. Capacitor C10 from RXO
to VR provides frequency compensation for the receiver amplifier.

29

26

RXI

Receiver Amplifier Input. RXI is the input terminal of the receiver amplifier which is driven by
ac signals from V+ and STA. Input coupling capacitor C8 allows RXI to be biased approximately
0.6 volts above the V— via feedback resistor R6.

28

25

RM

Receiver Amplifier Mute. A switched resistance at the RM terminal attenuates the receiver
amplifier input signal produced by DTMF dialing tones at V +. RM also mutes clicks at the receiver
which result from keypad or hook switch transitions. The ac resistance at RM is typically 540
in the mute mode and 200 k(2 otherwise. Coupling capacitors C7 and C8 prevent dc current flow
through RM.

27

24

STA

SideTone Amplifier output. STA is the output of the sidetone inverter amplifier whose input is
driven by the transmit signal at TXO. The inverted transmit signal from STA subtracts from the
receiver amplifier input current from V +, thus reducing the receiver sidetone level. Since the
transmitted signal at V+ is phase shifted with respect to TXO by the reactive impedance of the
phone line, the signal from STA must be similarly phase-shifted in order to provide adequate
sidetone reduction. This phase relationship between the transmit signal at TXO and the sidetone
cancellation signal from STA is controlled by R8, R9, and C6.

a4

37

TRS

Tone Ringer input Sense. TRS is the most positive input terminal of the tone ringer and the
reference for the threshold detector.

42

38

TRI

Tone Ringer Input terminal. TRl is the positive supply voltage terminal for tone ringer circuitry.
Current is supplied to TRI through resistor R2. When the average voltage across R2 exceeds an
internal reference voltage (typically 1.6 volts) the tone ringer output is enabled.

TRF

Tone Ringer Input Filter capacitor terminal. Capacitor C16 connected from TRF to TRS forms a
low-pass filter. This filter averages the signal across resistor R2 and presents this dc voltage to
the input of the threshold detector. Line voltage transients are rejected if the duration is
insufficient to charge C16 to 1.6 volts.

40

36

TRC

Tone Ringer oscillator Capacitor and resistor terminal. The relaxation oscillator frequency fg is
set ¥ resistor R3 and capacitor C13 connected from TRC to V —. Typically, f, = (R3C13 + 8.0
ps)— 1.

39

TRO

Tone Ringer Output terminal. The frequency of the square wave output signal at TRO alternates
from fo/8 to fo/10 at a warble rate of f5/640. Typical output frequencies are 1000 Hz and 800 Hz
with a 12.5 Hz warble rate. TRO sources or sinks up to 20 mA to produce an output voitage
swing of 18 volts peak-to-peak across the piezo transducer. Tone ringer volume control can be
implemented by a variable resistor in series with the piezo transducer.
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ELECTRICAL CHARACTERISTICS (Tp = 25°C)

KEYPAD INTERFACE CIRCUIT -
Test
Characteristic Method Symbol Min Typ Max Unit
Row Input Pullup Resistance 7 RRm 4.0 8.0 " kQ
mth Row Terminal: m = 1,2,3,4
Column Input Pulldown Resistance 8 Rcn 4.0 8.0 1 kQ
nth Column Terminal: n = 1,2,3,4 .
Ratio of Row-to-Column Input Resistances 7&8 Km,n 0.88 1.0 1.12 -
K _ RRm, m=1234
mn = Rcp, n= 1234
Row Terminal Open Circuit Voltage 7a VROC 280 380 500 mVdc
Row Threshold Voltage for mth 9 VRm 0.70 VRoC — — Vdc
Row Terminal: m = 1,2,3,4
Column Threshold Voltage for nth 10 Ven -_ -— 0.39 VRoC Vdc
Column Terminal: n = 1,2,3,4

MICROPROCESSOR INTERFACE

Voltage Regulator Output 29 VR/A+ 0.95 1.1 1.3 \
A+ Regulator
A+ Input Current Off-Hook 28a Ia(off) 300 500 700 nA
A+ Input Current On-Hook 28b Ialon) 4.0 6.0 9.0 mA
Input Resistance (DD, TO, CL) 30 Rin 50 100 150 kQ
Input Current (I/0) 31 lin - 80 200 pA
Input High Voltage (DD, TO, CL, I/0) — ViH 2.0 — A+ Y
Input Low Voltage (DD, TO, CL, 1/0) — ViL — — 0.8 \"
Output High Voltage (MS, DP, I/0) 32 VOH 24 4.0 — \
Output Low Voltage (MS, DP, I/0) 33 VoL — 0.1 0.4 \
LINE VOLTAGE REGULATOR
Voltage Regulator Output 1a VR 1.0 1.1 1.2 Volts
V+ Current in DTMF Mode 2a IDT 8.0 12 14 mA
Change in IpT with Change in V+ Voltage 2b AlpT — 0.8 2.0 mA
V+ Current in Speech Mode Isp mA
V+ =17V 1b 35 5.0 7.0
V+ =50V 1c 8.0 1" 15
Speech to DTMF Mode Current Difference 3 AR -2.0 20 35 mA
LR Level Shift AV|R Vdc
V+ =50V, I g = 10 mA 4a 25 2.9 35
V+ =18V, IR = 110 mA 4b 2.8 3.3 4.0
LC Terminal Resistance 5 RLc 30 50 75 k)
Load Regulation 6 AVR -20 -6.0 20 mVdc
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ELECTRICAL CHARACTERISTICS (continued)

SPEECH NETWORK

Characteristic M.::::)d Symbol Min Typ Max Unit
MIC Terminal Saturation Voltage 20 VmMmIC — 60 125 mVdc
MIC Terminal Leakage Current 21a Imic — 0.0 5.0 uA
MM Terminal Input Resistance 21b Rmm 50 100 170 kQ
TXO Terminal Bias 22a BTxo 0.46 0.53 0.62 —
TXI Terminal Input Bias Current 22b ITXI — 50 250 nA
TXO Terminal Positive Swing 22¢ V1xol+) — 25 60 mVdc
TXO Terminal Negative Swing 22d Vrxol-) — 130 200 mVdc
Transmit Amplifier Closed-Loop Gain 23a GTx 16.5 19 20 VN
Sidetone Amplifier Gain 23b GsTA 0.41 0.45 0.55 VA%
STA Terminal Output Current 24 IsTA 50 100 250 uA
RXO Terminal Bias 25a BRXO 0.46 0.62 0.62 —
RXI Terminal Input Bias Current 25b IRX1 — 100 400 nA
RXO Terminal Positive Swing 25¢ VRXxo(+) — 1.0 20 mVdc
RXO Terminal Negative Swing 25d VRxo!(—) — 40 100 mVdc
TXL Terminal OFF Resistance 26a RTXL(OFF) 125 200 300 k2
TXL Terminal ON Resistance 26b RTxL(ON) — 20 100 Q
RM Terminal OFF Resistance 27a RRM(OFF) 125 180 300 kQ
RM Terminal ON Resistance 27b RRM(ON) 410 570 770 Q
DTMF GENERATOR
Row Tone Frequency Row 1 11a, 11b fRm 692.9 696.4 699.9 Hz
Row 2 765.3 769.2 773.0
Row 3 848.9 853.2 857.5
Row 4 935.1 939.8 944.5
Column Tone Frequency Column 1 11c, 11d fcn 1201.6 1207.7 1213.7 Hz
Column 2 1330.2 1336.9 1343.6
Column 3 1471.9 1479.3 1486.7
Column 4 1625.2 1633.4 1641.5
Row Tone Amplitude 11e VRow 0.34 0.39 0.50 Vims |
Column Tone Amplitude 1f Vol 0.43 0.48 0.62 Vims
Column Tone Pre-emphasis 11g dBCR 0.5 1.8 3.0 dB
DTMF Distortion 12 % Dis — 4.0 6.0 %
DTMF Output Resistance 13 Ro 1.0 2.5 3.0 kQ
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ELECTRICAL CHARACTERISTICS (continued)

TONE RINGER

Characteristic M::Isv:)d Symbol Min Typ Max Unit
TRI Terminal Voltage 14 VTRI 20 215 23 Vdc
TRS Terminal Input Current ITRS
VTRS = 24 volts 15a 70 120 170 uA
VTRS = 30 volts 15b 0.4 0.8 15 mA
TRF Threshold Voltage 16a VTRE 1.2 1.6 1.9 Vdc
TRF Threshold Hysteresis 16b AVTRE 100 200 400 mVdc
TRF Filter Resistance 17 RTRF 30 50 75 k()
High Tone Frequency 18 fH 920 1000 1080 Hz
Low Tone Frequency 18 fr 736 800 864 Hz
Warble Frequency 18 fw 11.5 125 135 Hz
Tone Ringer Output Voltage 19 Vo(p-p) 18 20 22 Vp-p

FIGURE 11 — GENERAL TEST CIRCUIT

o—R1 TrF |22 —0
2 39
o—“|R2 TRO —o
3 = 0.047
o—1R3 TRI I
o___.i R4 TRS
o— S5l TRC
61y B 200 k% lezo poF
5 0 047
o————C3 V+
8
o BP
ca 2N4126 E ° ° 047
9 D.U.T.
o——pp LR 1
10 | = 31 N
o——T0 lc b——o
o—"ms V- L_L
0_12 A+ VR 2 - . +O
13 28 3 _]_ _L
o——— 1’0 CAL 2708 0.047 2.0
14 27§36 T I
o——1pD RXO » o =+
15| < % = 100 k
o— =JICL RXI
16 25 20k 510
_[_—_t'— CR1 RM |————>0
100 pF
I T lcre sTal® o
1 100 pF 2
B I o— 21 MM T™XO » )
= 22 $200k
o——1AGC ™I TXAC
10 k
20 0.01
o MiC S LI

Notes: =
1. *Selected ceramic resonator: 500 kHz +2.0 kHz.

2. Capacitances in uF unless noted.

3. All resistances in ohms.

4. Pin outs shown are for the 40 pin DIP.
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FIGURE 12 — TEST ONE

2 General

Test 29
Gireut [——OVR

a. Measure VR with Vg = 1.7V
b. Measure Igp with Vg = 1.7V
c. Measure Igp with Vg = 5.0V

FIGURE 13 — TEST TWO

1 34 IpT
| 600
— 5 ]—+ v
- y General
Test

1.0 V_]"_ Circuit

a. Measure IpT with Vg = 115V
b. Measure IpT with Vg = 26 V. Calculate
AlpT = IpT| - IpT|
26V 11.5V

S

FIGURE 14 — TEST THREE

FIGURE 15 — TEST FOUR

$1
*® . 1 34 TR 34
[ ° | s0g | L,
] + S
— l 5
\0—— T eV 32 _T_
¥ General —L General -
1.0V Test - Test VLR
l Circuit Circuit

= LR

With S1 open measure ITR. Close S1 and again measure
ITR. Calculate:

AlTR = IR | S IR

a. SetVg = 5.0 Vand I R = 10 mA. Measure V|R.
Calculate AV{ R = Vg - VR

s b. Repeat Test 4a with Vg = 18 Vand I g = 110 mA
1

Closed Open
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FIGURE 16 — TEST FIVE FIGURE 17 — TEST SIX
34 34
S1 [+ ‘ 33 +
50V 1 17V
General 31 I General |
Test | — Test IBp —
Circuit LC Circuit
V| —
Lc 29 = OVR
With Sq open measure V| C. Set Igp = 0.0 A and measure VR.
glacl’z;astlle?nd measure I_C. Set Igp = 150 wA and measure VR. Calculate:
5.0 - Vic AVR = VR| - VR
Rc=—7T7 .0 150
LC P 0.0 pA A
FIGURE 18 — TEST SEVEN FIGURE 19 — TEST EIGHT
1
O 34 34
Sq 2 $1 5
o ] + ic1 O I +
o—3 50V o— 50V
IR 4 General L n 7 General —L-
m O— Test - O— Test =
Circuit ‘ Lov gl Circuit
- — O
Subscript m corresponds to row number. Subscript n corresponds to column number.
a. Set Sq to Terminal 2 and measure voltage at Terminal 1 a. Set Sq to Terminal 5 (n = 1) and measure Ic1. Calculate:
(VrROC)-

Rc1 = 1.0V + ¢

b. Set S1 to Terminal 1 (m = 1) and measure IRq. Calculate: b,c.d. Repeat Test 8a for n = 2,3,4.

Rr1 = VRoC + IR1
c,d,e. Repeat Test 7b for m = 2,3,4.
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FIGURE 20 — TEST NINE

O 2 {34
" &l L
3 +
O—
v; o—24] Generat |28 5ov
Test

Circuit

m corresponds to row number.

a. Set Sq to Terminal 1 (m = 1) with V1 = 1.0 Vdc. Verify
VM is Low (V¢ < 0.3 Vdc). Decrease V1 to 0.70 VRoC
and verify V¢ switches high. (Vpj¢ > 0.5 Vdc). VRoc
is obtained from Test 7a.

b,c,d. Repeat Test 9a for rows 2,3, and 4. (m = 2,3,4)

FIGURE 21 — TEST TEN

34
; -
+
Sq 6 29
7] General sov
M Test —
V4 o— Circuit
O-
Vmic

n corresponds to column number.

a. Set Sq to Terminal 5 (n = 1) with V{ = 0 Vdc. Verify
VMg is low (VMg < 0.3 Vdc). Increase V1 to 0.39 VROC
and verify V¢ switches high, (V¢ > 0.5 Vdc). VRoc
is obtained from Test 7a.

b,c,d. Repeat Test 10a for columns 2,3, and 4. (n = 2,3,4)

FIGURE 22 — TEST ELEVEN

p 3a 6000
o0—2
o0—3 : +
S1 o4 15V _I_
O— 5 General —
* O—6 Test v+ -
vy  O0— g Circuit

m corresponds to row number.
n corresponds to column number.

. With V1 = 0.0 V set Sq to Terminal 1 (m = 1) and

measure frequency of tone at V+.

. Repeat Test 11a for rows 2,3 and 4. (m = 2,3,).
. With V1 = 1.0 V set Sq to Terminal 5. (n = 1)'and

measure frequency of tone at V+.

. Repeat Test for columns 2,3, and 4. (n = 2,3,4).
. Set Sq to Terminal 4 and V1 = 0.0 V. Measure row tone

amplitude at V+ (VRow).

. Set Sq to Terminal 8 and V1 = 1.0 V. Measure column

tone amplitude at V+. (VcoL).

. Using results of Tests 11e and 11f, calculate:

\
dBCR = 20 log1g Vrow
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FIGURE 23 — TEST TWELVE FIGURE 24 — TEST THIRTEEN
4 1
- 600 0 = \
5 5 34 S
|+ | gn® - |+ A B
Trov General [isv Tiov General L ey
L 940 Hz =~ L L
- = Circuit Notch Filter = = Circuit - -
1209 Hz i6
Notch Filter _[_‘
Vi —
10 kHz Single
Pole LPF
Note: The notf:h filters must havg 50 dB attenuation at their Measure Ig at V4 = 1.8V and V¢ = 2.8 V.
respective center frequencies.
Calculate:
Measure V+ and V1 with a true rms voltmeter. Calculate: Ro = 1.0V +[Is - Isl ]
Vi(rms) . 28V 18V
% DIS = ———— x 100
V +(rms)
FIGURE 25 — TEST FOURTEEN FIGURE 26 — TEST FIFTEEN
38 38
VTRI
37 37
‘ ITRS
General . General + | +
Test Test 20V
Circuit Circuit Vi l_
a. Measure ITRg with V1 = 24 V.
Set| = 1.0 mA and measure VTR|. b. Measure ITRg with V1 = 30 V.
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a. Increase V1 from 21 V until VTRQ switches on. Note that
VTRO will be an 16 Vpp square wave. Record this value

FIGURE 27 — TEST SIXTEEN

General
Test
Circuit

39
—————O0 VTRO
38

37

1l
VCTL —;LZOV

of V4. Calculate:

VIRF = V1 - 20V
b. Decrease V1 from its setting in Test 16a until VTRQ

ceases switching. Record this value of V1. Calculate:

FIGURE 28 — TEST SEVENTEEN

ITRF

40
38
37
General
Test
Circuit

Measure ITRF. Calculate: RTRr = 1.0 + ITRF.

AVTRF = V1| - Vi
Test Test
16a 16b
FIGURE 29 — TEST EIGHTEEN
Vbp
110 k f
39 r‘
0.01 uF »
38 v 200 k
oD 1 16 —e@
37 -_— 1, 15 [
General 3 1 |
Test + 2 4 F{L
Circsuit - "L— 4 13 1—4 00|1 F—
AR I s e i ==,
pr— — 6 11—
= p o—{7 10 {O)
Vbp 1 8 9 -
= I_ Vbp
5.1k 39 k 12 14 "y
11
* g3 141CT —O)
T
§5.1 k 10 k IC1 — MC14011B 9 ” fL
IC2 — MC14538B
1/4 1C1 -—@)
Vpp = 12V 8
= = T1 — 2N3904 7

Measure the frequencies fyy, fH, fL.
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FIGURE 30 — TEST NINETEEN FIGURE 31 — TEST TWENTY

39

——————O VTRO 34

38

37 T sov
General . + General

Test Test =y
Circuit |22V 20V Circuit
pu— p— 18
n 500 ;:.A_>
L

- - Vmic

Measure VTRQ peak-to-peak voltage swing.
Using VTR| from Test 14 Calculate: Measure VMIC

Vo(p-p) = VTRI — 20V + VTRO

FIGURE 32 — TEST TWENTY-ONE FIGURE 33 — TEST TWENTY-TWO
34
+ VTXO |
50V
General I General

Test - Test V- -
- | TXI
Circuit Circuit
MM 18
Imic 20
ol B My

-_]__:-V1 .;l__: ov

a. With Sq1 open, measure VTxQ. Using VR obtained in Test
1 Calculate: BTxo = VTX0 + VR

b. With Sq1 open, measure VTx0Q and VT)(| Calculate:

a. SetVq = 2.0 V and measure Iy|C. gx' S(VTX;) :/TXI) 1—0 2(::) :&; v Cateu
- . t| = —10 uA. Measure VTxQ. Calculate:
- b. SetVq = 5.0V and measure Ipmm- ¢ Tlose 51 and set |
Calculate: Rpmm = 5.0V = IMm ¥g§q(+) VR — VTX0 where VR is obtained from

d. Close S and set | = +10 pA. Measure VTXQ-
Vrxol-) = V1xo-
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FIGURE 34 — TEST TWENTY-THREE

134

24 VSTA |+
‘ o 50V

23 \Qp
G(:'neral ‘—O XO
est

Circuit TXAC
? ” :f— 1.0 kHz

a. Set the generator for vj = 3.0 mVys. Measure ac

voltage VTxQ. Calculate:

Vixo
Vi

. Measure ac voltage VSTA. Using VTxQ from Test 23a
calculate:

Vs1A
GSTA = Vrxo

Grx =

o

FIGURE 35 — TEST TWENTY-FOUR

134

+
lS.O \

24 ISTA

+
-—'I'_OB \

General
Test
Circuit

Measure ISTA.

Q

FIGURE 36 — TEST TWENTY-FIVE

34
+
B
General 27 -
Test ———O VRX0
Circuit 2
VRXI

. With Sq open, measure VRX(Q. Using VR obtained in Test

1, calculate: BRXO = VRXO + VR-
. With Sq open, measure VRxQ and VR. Calculate:
IRxI = (VRXO — VRX1) + 100 kQ

. Close Sq and set| = —10 uA. Measure VRxQ. Using VR

obtained in Test 1, calculate: VR0 (+) = VR — VRXO-
. Close S1 and set | = +10 nA and measure VRXO.
VRxo(-) = VRXO-

FIGURE 37 — TEST TWENTY-SIX

Ince B S
_'I'_S.OV

General e -
C.irritltit 21 5104 +04v

9=

VXL 5.1 kQ

. Set S to position A with Sy open. Measure ITx|.

Calculate: RTxL (OFF) = 0.4V =+ ITx|.

. Set Sq to position B and close Sp. Measure ac voltages v;

and VT1xL. Calculate:
VTXL
RTXL (ON) = x 5.1 kQ
™ VXL
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FIGURE 38 — TEST TWENTY-SEVEN FIGURE 39 — TEST TWENTY-EIGHT

1 34
o 1 34
Sy IA |
— 50V —> 1 |v+

| -
General RM I—— General
Test 50V Test
Circuit 25 51 i ——_L

Circuit
A T4y ircui

V—R—L 10 k2 4——l

2.0 uF
1.0 Vims M
1.0 kHz ]
a. With S open and Sq in position

A measure IRM: a. SetV+ = 1.4 V. Measure |o(OFF)

Calculate: RRM(OFF)=0.4 V + Igm b. SetV+ = 0.6 V. Measure [A(ON)

b. Close Sy and switch S to position B. Measure ac
voltages v; and VRm-
Calculate:

v
RRM(ON) = —BM__ 49 ko
M Vi = VRM

FIGURE 40 — TEST TWENTY-NINE FIGURE 41 — TEST THIRTY

12
34 34

| 10
12 + +
14
+| General 06V General l sov

Test — 15 Test e
24V] Circuit {29 ~

Circuit
li J

VR/A+

n
B

50V _']'_

o

oV

Measure VR/A + Measure i, at each of three inputs. For each, calculate:

Rin = 5.0 V/lin
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FIGURE 42 — TEST THIRTY-ONE

General
Test l +

+
50V T Tosvzov| Circuit Tsov

Measure ljn.

FIGURE 43 — TEST THIRTY-TWO

12
9
34
; j_
General
13 Test +
Circuit 5.0V
48 ki 48 k L
48 k -
5.0 Vl
: 35
a. Measure VoH at Pin 13.
b. Close S1, measure Voi at Pin 11. +
c. Close Sq and Ss. Measure VoH LT oV

at Pin 9.

FIGURE 44 — TEST THIRTY-THREE

| Bk
_I-s'ov 23 k] 23k

S 14
20V
. +| ‘
oav

Vio T lVDD

12
34
S General
n Test +
13| Circuit | 50V

| ==

t= 20 pus

a. Set Vpp to 0.8 V Measure VgL voltages at Pins 9 and 11.
b. Close S1. Force V)g to 0.8 V and Vpp to 2.0 V. Apply
4 clock pulses to Pin 15. Open S1 and decrease Vpp to
0.8 V. Measure Vg at Pin 13.

APPLICATIONS INFORMATION

Figure 45 specifies a typical application circuit for the
MC34010. Complete listings of external components are
provided at the end of this section along with nominal
component values.

The hook switch and polarity guard bridge configu-
ration in Figure 45 is one of several options. If two
bridges are used, one for the tone ringer and the other
for speech and dialer circuits, then the hook switch can
be simplified. Component values should be varied to
optimize telephone performance parameters for each

application. The relationships between the application
circuit components and certain telephone parameters
are briefly described in the following:

On-Hook Input Impedance

R1, C17, and Z3 are the significant components for
on-hook impedance. C17 dominates at low frequencies,
R1 at high frequencies and Z3 provides the non-linearity
required for 2.5 V and 10 V impedance signature tests.
C17 must generally be < 1.0 uF to satisfy 5.0 Hz imped-
ance specifications.
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Tone Ringer Output Frequencies

R3 and C13 control the frequency (fp) of a relaxation
oscillator. Typically fo = (R3C13 + 8.0 us)-1. The out-
put tone frequencies are fo/10 and f5/8. The warble rate
is f5/640. The tone ringer will operate with fg from 1.0
kHz to 10 kHz. R3 should be limited to values between
150 k and 300 k.

Tone Ringer Input Threshold

After R1, C17, and Z3 are chosen to satisfy on-hook
impedance specifications, R2 is chosen for the desired
ring start threshold. Increasing R2 reduces the ac input
voltage required to activate the tone ringer output. R2
should be limited to values between 0.8 k and 2.0 kQ.

Off-Hook DC Resistance

R4 conducts the dc line current in excess of the speech
and dialer bias current. Increasing R4 increases the
input resistance of the telephone for line currents above
10 mA. R4 should be selected between 30 2 and 120 Q.

Off-Hook AC Impedance

The ac input impedance is equal to the receive ampli-
fier load impedance (at RXO) divided by the receive
amplifier gain (voltage gain from V+ to RXO). Increas-
ing the impedance of the receiver increases the imped-
ance of the telephone. Increasing the gain of the receiver
amplifier decreases the impedance of the telephone.

DTMF Output Amplitude

R14 controls the amplitude of the row and column
DTMF tones. Decreasing R14 increases the level of tones
generated at V +. The ratio of the row and column tone
amplitudes is internally fixed. R14 should be greater
than 20 Q to avoid excessive current in the DTMF output
amplifier.

Transmit Output Level

R10 controls the maximum signal amplitude pro-
duced at V+ by the transmit amplifier. Decreasing R10
increases the transmit output signal at V+. R10 should
be greater than 220 Q to limit current in the transmit
amplifier output.

Transmit Gain

The gain from the microphone to the telephone line
varies directly with R11. Increasing R11 increases the
signal applied to R10 and the ac current driven through
R10 to the telephone line. The closed loop-gain from
the microphone to the TXO terminal should be greater
than 10 to prevent transmit amplifier oscillations.

Note: Adjustments to transmit level and gain are com-
plicated by the addition of receiver sidetone cur-
rent to the transmit amplifier output current at
V+. Normally the sidetone current from the
receiver will increase the transmit signal (if the
current in the receiver is in phase with that in
R10). Thus the transmit gain and sidetone levels
cannot be adjusted independently.

Receiver Gain

Feedback resistor R6 adjusts the gain at the receiver
amplifier. Increasing R6 increases the receiver amplifier
gain.

Sidetone Level

Sidetone reduction is achieved by the cancellation of
receiver amplifier input signals from R9 and R5. R8, R15,
and C6 determine the phase of the sidetone balance
signal in RS. The ac voltage at the junction of R8 and
R9 should be 180° out of phase with the voltage at V +.
R9 is selected such that the signal current in R9 is
slightly greater than that in R5. This insures that the
sidetone current in the receiver adds to the transmit
amplifier output current.

Hook-Switch Click Suppression

When the telephone is switched to the off-hook con-
dition C3 charges from 0 volts to a 300 mV bias voltage.
During this time interval, receiver clicks are suppressed
by a low impedance at the RM terminal. If this click
suppression mechanism is desired during a rapid
succession of hook switch transitions, then C3 must be
quickly discharged when the telephone is on-hook, R16
and S3 provide a rapid discharge path for C3 to reset
the click suppression timer. R16 is selected to limit the
discharge current in S3 to prevent damage to switch
contacts.

Microprocessor Interface .

The six microprocessor interface lines (DP, TO, MS,
DD, I/0, and CL) can be connected directly to a port, as
shown in Figure 47. The DP line (Depressed Pushbutton)
is also connected to an interrupt line to signal the micro-
processor to begin a read data sequence when storing
a number into memory. The MC34010A clock speed
requirement is slow enough (typically 20 kHz) so that it
is not necessary to divide down the processor’s system
clock, but rather a port output can be toggled. This facil-
itates synchronizing the clock and data transfer, elimi-
nating the need for hardware to generate the clock.

The DD pin must be maintained 'at a Logic 0" when
the microprocessor section is not in use, so as to permit
normal operation of the keypad.

When the microprocessor interface section is not in
use, the supply voltage at Pin 12 (A+) may be discon-
nected to conserve power. Normally the speech cir-
cuitry is powered by the voltage supplied at the V+
terminal (Pin 34) from the telephone lines. During this
time, A+ powers only the active pullups on the three
microprocessor outputs (DP, MS, and 1/0). When the
telephone is ““on-hook,” and V+ falls below 0.6 volts,
power is then supplied to the telephone speech and
dialer circuitry from A+. Powering the circuit from the
A+ pin permits communication with a microprocessor,
and/or use of the transmit and receiver amplifiers, while
the telephone is “on-hook.”
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MC34010

EXTERNAL COMPONENTS
(Component Labels Referenced to Figure 45)
Nominal

Capacitors Value Description

Ci1, C2 100 pF Ceramic Resonator oscillator capacitors.

Cc3 1.0 uF, 3.0V | Transmit limiter low-pass filter capacitor: controls attack and decay time of transmit peak limiter.

C4,C5 0.1 uF Transmit amplifier input capacitors: prevent dc current flow into TXL pin and attenuate low-frequency
noise on microphone lead.

Cé 0.05 uF Sidetone network capacitor: provides phase-shift in sidetone path to match thai caused by ieiephone
line reactance.

C7,C8 0.05 uF Receiver amplifier input capacitors: prevent dc current flow into RM terminal and attenuates low frequency
noise on the telephone line.

Cc9 2.2 uF, 3.0V | VR regulator capacitor: frequency compensates the VR regulator to prevent oscillation.

C10 0.01 uF Receiver amplifier output capacitor: frequency compensates the receiver amplifier to prevent oscillation.

- C11 0.1 uF DC load filter capacitor: prevents the dc load circuit from attenuating ac signals on V +.

c12 0.01 uF Telephone line bypass capacitor: terminates telephone line for high frequency signals and prevents
oscillation in the VR regulator.

C13 620 pF Tone ringer oscillator capacitor: determines clock frequency for tone and warble frequency synthesizers.

C14 0.1 uF DTMF output feedback capacitor: ac couples feedback around the DTMF output amplifier which reduces
output impedance.

C15 4.7 uF, 25V Tone ringer input capacitor: filters the rectified tone ringer input signal to smooth the supply potential
for oscillator and output buffer.

(315} 1.0 uF, 10V Tone ringer filter capacitor: integrates the voltage from current sense resistor R2 at the input of the
threshold detector.

C17 1.0 uF, 250 Vac | Tone ringer line capacitor: ac couples the tone ringer to the telephone line; partially controls the on-

Non-polarized | hook input impedance of telephone.
Nominal

Resistors Value Description

Rt 6.8 k Tone ringer input resistor: limits current into the tone ringer from transients on the telephone line and
partially controls the on-hook impedance of the telephone.

R2 1.8k Tone ringer current sense resistor: produces a voltage at the input of the threshold detector in proportion
to the tone ringer input current.

R3 200 k Tone ringer oscillator resistor: determines the clock frequency for tone and warble frequency synthesizers.

R4 82,1.0W DC load resistor: conducts all dc line current in excess of the current required for speech or dialing
circuits; controls the off-hook dc resistance of the telephone.

R5, R7 150 k, 56 k Receiver amplifier input resistors: couple ac input signals from the telephone line to the receiver amplifier;
signal in R5 subtracts from that in R9 to reduce sidetone in receiver.

R6 200 k Receiver amplifier feedback resistor: controls the gain of the receiver amplifier.

R8, R9 1.5k, 30k Sidetone network resistors: drive receiver amplifier input with the inverted output signal from the trans-
mitter; phase of signal in R9 should be opposite that in R5.

R10 270 Transmit amplifier load resistor: converts output voltage of transmit amplifier into a current that drives
the telephone line; controls the maximum transmit level.

R11 200 k Transmit amplifier feedback resistor: controls the gain of the transmit amplifier.

R12, R13 4.7k 47k Transmit amplifier input resistors: couple signal from microphone to transmit amplifier; control the dynamic
range of the transmit peak limiter.

R14 36 DTMF .calibration resistor: controls the output amplitude of the DTMF dialer.

R15 20k Sidetone network resistor (optional): reduces phase shift in sidetone network at high frequencies.

R16 100 Hook switch click suppression current limit resistor (optional): limits current when S3 discharges C3 after
switching to the on-hook condition.

Rx 3.0k Microphone bias resistor: sources current from VR to power a 2-terminal electret microphone; Ry is not
used with 3-terminal microphones.
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EXTERNAL COMPONENTS (continued)

Semiconductors

Electret Mic

Receiver

B1

]

Tl =
Z1 =
Z2 =
Z3 =

XR—

MDA101A, or equivalent,
or 4-1N4005

2N4126 or equivalent
18V, 1.5 W, 1IN5931A

30 V, 1.5.W, 1N5936A
4.7V, 1/2 W, 1N750
muRata Erie CSB 500 kHz
Resonator, or equivalent

Piezo — PBL 5030BC Toko Buzzer

or equivalent

2 Terminal, Primo EM-95 (Use Rx)
or equivalent

3 Terminal, Primo 07A181P (Remove Ry)
or equivalent

Primo Model DH-34 (300 Q) or equivalent

Motorola Inc. does not endorse or warrant the suppliers referenced.
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MOTOROLA
m SEMICONDUCTOR

TECHNICAL DATA
MC34011A

[ Advance Information l
ELECTRONIC
ELECTRONIC TELEPHONE CIRCUIT TELEPHONE
® Provides All Basic Telephone Station Apparatus Functions in a CIRCUIT
Single IC, Including DTMF Dialer, Tone Ringer, Speech Network
and Line Voltage Regulator BIPOLAR LINEAR/I2L

® DTMF Generator Uses Low-Cost Ceramic Resonator with Accu-
rate Frequency Synthesis Technique

® Tone Ringer Drives Piezoelectric Transducer and Satisfies EIA
RS-470 Impedance Signature Requirements

® Speech Network Provides Two-Four Wire Conversion with
Adjustable Sidetone Utilizing an Electret Transmitter
® On-Chip Regulator Insures Stable Operation Over Wide Range M
of Loop Lengths 44 a
® |12 Technology Provides Low 1.4 Volt Operation and High Static

. . FN SUFFIX
Discharge Immunity A4PIN P SUFFIX
® Equalization Provided to Compensate for Long/Short Line PLCC PLASTIC PACKAGE
Performance CASE 777-02 CASE 711-03

FIGURE 1 — ELEMENTS OF THE ELECTRONIC TELEPHONE
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Keypad |
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: Network
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[ N S N
Receiver MC34011A
Electret
Microphone

This document contains information on a new product. Specifications and information herein
are subject to change without notice.
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FIGURE 2 — PIN CONNECTIONS

MAXIMUM RATINGS (Voltage References to V—)

Parameter Value Unit
V+ Terminal Voltage (Pin 34) +18, —1.0 \ R1 Q1
VR Terminal Voltage (Pin 29) +20, 1.0 v Sﬁ E g
RXO Terminal Voltage (Pin 27) +2.0, -1.0 \ R4 O] 4
TRS Terminal Voltage (Pin 37) +35, —1.0 \ c1 ds
TRO (With Tone Ringer Inactive) Terminal Voltage +2.0, -1.0 \ c2Qé6
R1-R4 Terminal Current (Pins 1-4) +100 mA ((.:73 E ;
C1-C4 (Pins 5-8) d e
Operating Ambient Temperature Range —~20 to +60 °C d
Storage Temperature Range —-65to +150 °C O
O
O
ES O
EV O
CR1 OO
GENERAL CIRCUIT DESCRIPTION Ch;i E
Introduction AGC O
The MC34011A Electronic Telephone Circuit (ETC) mic O
provide all the necessary elements of a tone dialing
telephone in a single IC. The functional blocks of the
ETC include the DTMF dialer, speech network, tone w
. . . . . . <M N~ @
ringer, and dc line interface circuit (Figure 1). T x~
Low voltage operation is a necessity for telephones S e
in networks where parallel telephone connections are c1
common. An electronic speech network operating in c2 N FB
parallel with a conventional telephone may receive line c3( 0 V+
voltages below 2.5 volts. DTMF dialers operate at ca( 0 BP
similarly low-line voltages when signaling through g _ 0 LR
battery powered station carrier equipment. These low g (Top View) pLc
voltage requirements have been addressed by realizing 4 g x;
the MC34011A in a bipolar/IZL technology with E b caL
appropriate circuit techniques. The resulting speech and ES O 5 RXO
dialer circuits maintain specified performance with Ev 0 RXI
instantaneous input voltage as low as 1.4 volts.
0 S 8 N N Oy o
EPESRL €¥xXoL=
665523 rKrRRGE

FIGURE 3 — DC LINE INTERFACE BLOCK DIAGRAM

IF “““““““““““““““ 7 Telephone
LCi ]’ L VT Line
c11 B:p
! lef/;/I Voltage [—9 T
g i Q1 Shift Regulator : T
\ +
} To Equalization % ! % c9
: Dummy Load Cireuit II
1
: From Dialer ',
| i
| ETC 1|
S J

Line Voltage Regulator

The dc line interface circuit (Figure 3) determines the
dc input characteristic of the telephone. At low input
voltages (less than 3 volts) the ETC draws only the
speech and dialer bias currents through the VR
regulator. As input voltage increases, Q1 conducts the
excess dc line current through resistor R4. The 1.5 volt
level shift prevents saturation of Q2 with telephone line
signals up to 2.0 volts peak (+5.2 dBm). A constant
current (dummy load) is switched off when the DTMF
dialer is activated to reduce line current transients.
Figure 4 illustrates the dc voltage/current characteristic
of an MC34011A telephone.
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GENERAL CIRCUIT DESCRIPTION (continued)

FIGURE 4 — DC V-1 CHARACTERISTIC OF THE ETC

P
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Line Current (mA)

Speech Network

The speech network (Figure 5) provides the two-to-
four wire interface between the telephone line and the
instrument’s transmitter and receiver. An electret mi-
crophone biased from VR drives the transmit amplifier.
For very loud talkers, the peak limiter circuit reduces
the transmit input level to maintain low distortion. The
transmit amplifier output signal is inverted at the STA
terminal and driven through an external R-C network to
control the receiver sidetone level. The switched ac re-
sistance at the RM terminal reduces receiver signal
when dialing and suppresses clicks due to hook or key-

pad switch transitions. When transmitting, audio signal
currents (iTxo and iRxQ) flow through the voltage reg-
ulator pass transistor (T1) to drive the telephone line.
This feature has two consequences: 1) In the transmit-
ting mode the receiver sidetone current iRxQ contrib-
utes to the total signal on the line along with iTxQ:
2) The ac impedance of the telephone is determined by
the receiver impedance and the voltage gain from the
line to the receiver amplifier output.

Equalization Circuit

The equalization circuit varies the transmit, receive
and sidetone gains with loop current to compensate for
losses in long lines. The LR terminal voltage varies
directly as the dc loop current. The equalization circuit
senses this voltage and switches in external resistors
between V+ and V— and across capacitor C6 (Figure
5) when the loop current exceeds a threshold level. The
speech network operates with full transmit, receive and
sidetone gains for long loops. On short loops the LR
voltage exceeds the threshold and these gains are
reduced. The threshold detection circuit has a dc
hysteresis to prevent distortion of speech signals when
the telephone is operated at the threshold current. The
equalization is disabled (gains at full value) during
dialing.

DTMF Dialer

Keypad interface comparators activate the DTMF row
and column tone generators (Figure 6) when a row and
column input are connected through a SPST keypad.
The keypad interface is designed to function with
contact resistances up to 1.0 k2 and leakage resistances
as low as 150 kQ. Single tones may be initiated by
depressing two keys in the same row or column.

FIGURE 5 — SPEECH NETWORK BLOCK DIAGRAM
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The programmable counters employ a novel design
to produce non-integer frequency ratios. The various
DTMF tones are synthesized with frequency division
errors less than *+0.16% (Table 1). Consequently an
inexpensive ceramic resonator can be used instead of
a quartz crystal as the DTMF frequency reference. Total

frequency error less than =0.8% can be achieved with
+0.3% ceramic resonator. The row and column D/A
converters produce 16-step approximations of sinu-
soidal waveforms. Feedback through terminal FB
reduces the DTMF output impedance to approximately
2.0 kQ to satisfy return loss specifications.

FIGURE 6 — DTMF DIALER BLOCK DIAGRAM
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Tone Ringer

TABLE 1 — FREQUENCY SYNTHESIZER ERRORS The tone ringer (Figure 7) generates a warbling

square wave output drive to a piezo sound element

DTMF Tone Output when the ac line voltage exceeds a predetermined

Standard | Freq y with % Deviati threshold level. The threshold detector uses a current

(Hz) 500 kHz Oscillator | from Standard mode comparator to prevent on/off chatter when the

Row 1 697 696.4 ~0.086 output current reduces the voltage available at the

Row 2 770 769.2 —-0.104 ringer input. When the average current into the tone

Row 3 852 853.2 +0.141 ringer exceeds the threshold level, the ringer output

Row 4 941 939.8 —-0.128 TRO commences driving the piezo transducer. This

output current sourced from TRl increases the average

Column 1 1209 1207.7 —0.108 current measured by the threshold detector. As a resuit,

Column 2 | 1336 1336.9 +0.067 hysteresis is produced beween the tone ringer on and
Column 3 1477 1479.3 +0.156

Column 4 1633 1634.0 +0.061 off thresholds. The output frequency at TRO alternates

between f,/8 and f5/10 at a warble rate of f5/640, where
fo is the ringer oscillator frequency.

PIN DESCRIPTION

(See Figure 38 for external component identifications.)

PIN PIN .
(PLCC) | (DIP) | Designation Function
1-4 1-4 R1-R4 Keypad inputs for Rows 1 through 4. When open, internal 8.0 ke resistors pull up the row inputs

to a regulated (=1.1 volt) supply. In normal operation, a row and a column input are connected
through a SPST switch by the telephone keypad. Row inputs can also be activated by a Logic
0" (<500 mV) from a microprocessor port.

7-10 |5-8 C1-Ca4 Keypad inputs for Columns 1 through 4. When open, internal 8.0 k() resistors pull down the
column inputs to V—. In normal operation, connecting any column input to any row input
produces the respective row and column DTMF tones. In addition to being connected to a row
input, column inputs can be activated by a Logic 1" (>600 mV and <3.0 volt).

5 6 9-13 NC No connection

11-15,

23,39

16 14 ES Sidetone Equalization terminal connects an external resistor between the junction of R8, R9 and

V —. At loop currents greater than the equalization threshold this resistor is switched in to reduce
the sidetone level. The resistor is switched out during dialing.

17 15 EV Voice Equalization terminal connects an external resistor between V+ and V —, for loop length
equalization. At loop currents greater than the equalization threshold this resistor is switched
in to reduce the transmit and receive gains. The resistor is switched out during dialing.

18,19 | 16,17 | CR1, CR2 Ceramic Resonator oscillator input and feedback terminals, respectively. The DTMF dialer is
intended to operate with a 500 kHz ceramic resonator from which row and column tones are
synthesized.

20 18 MM Microphone Mute. The MM pin provides a means to mute the microphone and transmit amplifier
in response to a digital control signal. When this pin is connected to a Logic “1” (>2.0 V) the
microphone dc return path and the transmit amplifier output are disabled.

21 19 AGC Automatic Gain Control low-pass filter terminal. Capacitor C3 connected between AGC and VR
sets the attack and decay time of the transmit limiter circuit. This capacitor also aids in reducing
clicks in the receiver due to hook-switch transients and DTMF on/off transients. In conjunction
with internal resistors, C3 (1.0 uF) forms a timer which mutes the receiver amplifier for
approximately 20 milliseconds after the user goes off-hook or releases a DTMF Key.

22 20 MIC Microphone negative supply terminal. The dc current from the electret microphone is returned
to V — through the MIC terminal which is connected to the collector of an on-chip NPN transistor.
The base of this transistor is controlled either internally by the mute signal from the DTMF
generator, or externally by the logic input pin MM.

24 21 TXL Transmit Input Limiter. An internal variable resistance element at the TXL terminal controls the
transmitter input level to prevent clipping with high signal levels. Coupling capacitors C4 and
C5 prevent dc current flow through TXL. The dynamic range of the transmit peak limiter is
controlled by resistors R12 and R13.

25 22 TXI Transmit amplifier Input. TXI is the input to the transmit amplifier from an electret microphone.
AC coupling capacitors allow the dc offset at TXI to be maintained approximately 0.6 V above
V- by feedback through resistor R11 from TXO.

26 23 TXO Transmit Amplifier Output. The transmit amplifier output drives ac current through the voltage
regulator pass-transistor T1 via resistor R10. The dc bias voltage at TXO is typically 0.6 volts
above V —. The transmit amplifier gain is controlled by the R11/(R12 + R13) ratio.

(continued)
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PIN DESCRIPTION (continued)

PIN
(PLCC)

PIN
(DIP)

Designation

Function

27

24

STA

SideTone Amplifier output. STA is the output of the sidetone inverter amplifier whose input is
driven by the transmit signal at TXO. The inverted transmit signal from STA subtracts from the
receiver amplifier input current from V +, thus reducing the receiver sidetone level. Since the
transmitted signal at V + is phase shifted with respect to TXO by the reactive impedance of the
phone line, the signal from STA must be similarly phase-shifted in order to provide adequate
sidetone reduction. This phase relationship between the transmit signal at TXO and the sidetone
cancellation signal from STA is controlled by R8, R9, and C6.

28

25

RM

Receiver Amplifier Mute. A switched resistance at the RM terminal attenuates the receiver
amplifier input signal produced by DTMF dialing tones at V +. RM also mutes clicks at the receiver
which result from keypad or hook switch transitions. The ac resistance at RM is typically 540 )
in the mute mode and 200 k() otherwise. Coupling capacitors C7 and C8 prevent dc current flow
through RM.

29

26

RXI

Receiver Amplifier Input. RXI is the input terminal of the receiver amplifier which is driven by
ac signals from V + and STA. Input coupling capacitor C8 allows RXI to be biased approximately
0.6 volts above the V— via feedback resistor R6.

30

27

RXO

Receiver Amplifier Output. This terminal is connected to the open-collector NPN output transistor
of the receiver amplifier. DC bias current for the output device is sourced through the receiver
from VR. The bias voltage at RXO is typically 0.6 volts above the V. Capacitor C10 from RXO
to VR provides frequency compensation for the receiver amplifier.

31

28

CAL

Amplitude CALibration terminal for DTMF dialer. Resistor R14 from the CAL pin to V- controls
the DTMF output signal level at Tip and Ring.

32

29

VR

Voltage Regulator output terminal. VR is the output of a 1.1 volt voltage regulator which supplies
power to the speech network amplifiers-and DTMF generator during signaling. To improve
regulator efficiency at low line current conditions, an external PNP pass-transistor T1 is used in
the regulator circuit. Capacitor C9 frequency compensates the VR regulator to prevent oscillation.

33

30

The dc common. (more negative input) connected to Tip and Ring through the polarity guard
bridge.

31

LC

DC Load Capacitor. Capacitor C11 from LC to V— forms a low-pass filter which prevents the
resistor at LR from loading ac speech and DTMF signals.

35

32

LR

DC Load Resistor. Resistor R4 from LR to V— determines the dc input resistance at Tip and Ring.
This resistor is external not only to enable programming the dc resistance but also to avoid
high on-chip power dissipation with short telephone lines. It acts as a shunt load conducting
the excess dc line current. At low line voltages (<3.0 volts), no current flows through LR.

36

33

BP

Base of a PNP Pass-transistor. Under long-loop conditions where low line voltages would cause
VR to fall below 1.1 volts, BP drives the PNP transistor T1 into saturation, thereby minimizing
the voltage drop across the pass transistor. At line voltages which maintain VR above 1.1 volts,
BP b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>