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Abstract

This thesis presents the Digital Phone Trainer which is used as a teaching and
training media for telephone engineering laboratory.It also to study the operations and the
important parts of Digital Phone Trainer which are able to transmit and receive both digital
voice (PCM) and computer digital data signals simultaneously.This project consists of 5 parts:
the Controller, the DTMF generator, the RS-232C/V.24 interface circuit and the Digital Set
Interface (DSI), the CODEC and the Universal Digital Loop transceiver (UDLT).

The Digital Phone Trainer can be operated as the most common digital telephone
set at present which is used with the Digital Telephone Network.In addition,any leamner who
has completed this training will be able to demonstrate and explain the functions and operations

of digital telephone set by using the Digital Phone Trainer as well.
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2.8 ﬁaﬂmﬁua:;]m%’usmu Modified Differential Phase Shift Keying (MDPSK)
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'-*****************i*tt*t***********************************

; DIGITAL PHONE TRAINER.TELECOM41.KMITL.
; PRODUCED BY MR.PALAKORN POTCHANA & MR.PIBOON PROMSA
; ADVISER:MR.SURAPONE BOONJUN
; DEPARTMENT OF TELECOMMUNICATION ENGINEERING KMITL THAILAND
;*i**i*i—********************************i*t****i******t****
ORG 0000H
LCALL INITIAL
ORG 0003H
LCALL INT O
ORG 0013H
LCALL INT 1

RS EQU P1.5

EN EQU Pl.6

STAT EQU P1.7

HOOK EQU P3.2

RING EQU P3.3

TO EQU P3.4

T1l EQU P3.5

HOME1 EQU 10000000B

HOMEZ2 EQU 11000000B

INITIAL: MOV IE,#10000101B ;ENABLE INTERRURT EX0 & EX1
MOV TCON, #00000101B ;ENABLE ITO & IT1 FALLING EDGE
MOV IP,#00000001B ;ENABLE PRIORITY INT 0 FIRST

MOV PO, #00000000B
MOV P11, #00000000B
MOV P2, #00000000B

MOV R7, #0 : BEGIN DELAY
NOP

NOP

DJNZ R7,%

CLR RS

CLR EN

LCALL DELAY

MOV R4, #1

START: LCALL INITIAL1
LCALL CLRCTRL ;CLEAR DATA & CONTROL PORT
LCALL GOHOME1l ;SET BEGIN DDRAM ADDRESS 80H

MOV DPTR, #TEST1
LCALL WRLINE

LCALL GOHOME2 ; SET BEGIN DDRAM ADDRESS OCOH
MOV DPTR, #TEST2 :
LCALL WRLINE ;WRITE CHARACTERS

DJNZ R4, START
LCALL DELAY
LCALL LCD_OFF
LCALL DELAY
LCALL DELAY
LCALL DELAY
LCALL LCD_ON
LCALL DELAY
LCALL .DELAY
MOV IR3, ¥16




LCALL LCD LSHF ;LCD 15T SHIFT LEFT
LCALL DELAY_1

MOV R4, #1

LCALL START

;*********LCD INITIAL]_*******************i********

INITIALL: MOV A,#00111000B ;8 BITS MODE, 2LINES, 5x7 DOTS LCD
LCALL LCD_INST
LCALL DELAY
MOV A, #00001111B ; DISPLAY, LCD ON, CURSOR BLINK
LCALL LCD_INST
LCALL DELAY
MOV A, #00000001B ;CLEAR LCD
LCALL LCD_INST
LCALL DELAY
RET

;********WRITE CHARACTER*************i—***i—*******

WRLINE: MOV  R5,#32 ; SHOW CHARACTERS
WRL: MOV A, #0

MOVC A, @A+DPTR

LCALL LCD_DATA

INC DPTR
DINZ R5,WRL ;DO 32 TIMES
RET

;****x* ¥ *YRITE CHARACTER AFTER HOOK**** %k * ks x*s+x

START 1: LCALL INITIAL1
LCALL CLRCTRL ;CLEAR DATA & CONTROL PORT
LCALL GOHOME1 ;SET BEGIN DDRAM ADDRESS 8OH
MOV DPTR, $#TEST3
LCALL WRLINE

LCALL GOHOME2Z2 ;SET BEGIN DDRAM ADDRESS 0COH
MOV DPTR, #TESTA4
LCALL WRLINE ;WRITE CHARACTERS

DJNZ R4, START_1
LCALL DELAY
LCALL LCD_OFF
LCALL DELAY
LCALL DELAY
LCALL DELAY
LCALL LCD ON
LCALL DELAY
LCALL DELAY
MOV R3,#16
LCALL LCD_LSHF
LCALL DELAY 1
LCALL LCD OFF
LCALL DIAL

RET

’-********BEGIN DIALING NUMBER********************

DIAL: LCALL LCD _CLR
LCALL CLRCTRL ;CLERR DATA & CONTROL PORT
LCALL GOHOME1 ;SET BEGIN DDRAM ADDRESS 80H

MOV DPTR, #TESTS
LCALL ‘“WRLINE 1



LCALL GOHOME2
LCALL LCD ON
LCALL SCANKEY
RET

;SET BEGIN DDRAM ADDRESS QCOH

jR*EF* AR AWRTTE CHARACTER FOR DIALINGH ***+%* %% %% %

WRLINE 1:
WRL 1:

MOV R5,#16
MOV A, #0

MOVC A, @A+DPTR
LCALL LCD_DATA

INC DPTR
DJNZ R5,WRL 1
RET

; SHOW CHARACTERS

;DO 16 TIMES

;********SCANKEY PRESSEDX*® Ak khkwkk &k ok k& kdkkdkdkhkdkihik

SCANKEY :
KEY:

KEY 1:

KEY 2:

KEY 3:

KEY A:

MOV P1,#11111111B
JNB Pl.4,KEY

MOV A, Pl

ANL A, #OFH

LCALL DELAY

CJINE A, #00H,KEY 2
MOV A, §'1'

LCALL LCD_DATA
MOV P2, #00000001B
SETB PZ2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJNE A, #01H,KEY 3
MOV A, 427

LCALL LCD_DATA
MOV P2, #00000010B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJINE A, #02H,KEY A
MOV A, #'3"

LCALL LCD_DATA
MOV P2, $00000011B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJNE A, #03H,KEY 4
MOV A, #'A"

LCALL LCD_DATA
MOV P2, #00001101B
LCALL DELAY

SETE P2.4

LCALL  DELAY

CLR P2.4

RET

:SET P1 AS I/P PORT




KEY 4:

KEY S:

KEY 6:

KEY B:

KEY 7:

KEY_8:

CJINE A, #04H,KEY 5
MOV A, %'4" h
LCALL LCD_DATA
MOV P2, #00000100B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJNE A, #05H,KEY 6
MOV B, %'S5’

LCALL LCD_DATA
MOV P2, #000G01C1B
SETB P2.14

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CINE A, #06H,KEY B
MOV A, #'6"

LCALL LCD_DATA
MOV P2, #00000110B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJINE A, #07H,KEY 7
MOV A, #'B'

LCALL LCD DATA
MOV P2, #00001110B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJINE A, #08H,KEY_ 8
MOV A, #'7"

LCALL LCD_DATA
MOV P2, $00000111B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJINE A, #09H,KEY 9
MOV A, $'8"

LCALL LCD_DATA
MOV P2, #00001000B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET




KEY 9:

KEY C:

CJNE A, #0AH,KEY C
MOV A, #'9"

LCALL LCD_DATA
MOV P2, #00001001B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJNE A, #0BH,KEY STAR
MOV A, #'C’ -
LCALL LCD DATA

MOV P2, #00001111B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

KEY STAR: CJNE A, #0CH,KEY 0

KEY 0:

MOV A, $'*"

LCALL LCD DATA
MOV P2,#00001011B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJNE A, #0DH,KEY SHARP
MOV A, #'0"

LCALL LCD_DATA

MOV P2, #00001010B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

KEY SHARP:CJNE A, $0EH,KEY D

KEY D:

JMP:

MOV A, %#'#°

LCALL LCD_DATA
MOV P2, $00001100B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

CJINE A, $0FH, JMP
MOV A, $'2"

LCALL LCD_DATA
MOV P2, #00000000B
SETB P2.4

LCALL DELAY

CLR P2.4

LCALL KEY

RET

BJMP KEY




;********SET LCD DDRAM ADDRESS*******************

GOHOME1l: LCALL DELAY
MOV A, #HOME1 ;BEGIN DDRAM ADDRESS B80H
LCALL LCD_INST
RET

GOHOMEZ2: LCALL DELAY
MOV A, #HOMEZ2 ;BEGIN DDRAM ADDRESS OCOH
LCALL LCD_ INST
RET

;********LCD SHIFT LEFT**************************

LCD LSHF: LCALL LCD_LEFT ;SHIFT LEFT CHARACTERS
LCALL DELAY
LCALL DELAY

DJNZ R3,LCD_LSHF ;DO 16 TIMES
LCALL DELAY 1
RET

;********LCD DISPLAY ON**********t********i*****t

LCD_ON: MOV PO, #00001111B ;LCD ON DISPLAY
CLR RS
LCALL ENABLE
RET

;********LCD DISPLAY QOQFF %%t ko kk ok ok &tk o o sk o ook ok ok o A

LCD OFF: MOV PO, #00001000B ;:LCD OFF DISPLAY
CLR RS
LCALL ENABLE
RET

’-********LCD CLEAR DISPLAY***********************

LCD CLR: MOV PO,#00000001B ;LCD CLEAR DISPLAY
CLR RS
LCALL ENABLE
RET

;***t****LCD RETURN HOME***********t******ttt****

LCD _HOME: MOV PO, #00000010B ;LCD RETURN MOME
CLR RS
LCALL ENABLE
RET

;********LCD CURSOR ON***************************

LCD BLNK: MOV PO, #00001111B :LCD CURSOR BLINK
CLR RS
LCALL ENABLE
RET

:********LCD LEFT SHIFT DISPLAY™®™* *%kkkkk&dhdhddd

LCD LEFT: MOV PO, #00011000B i LCD SHIFT LEFT DISPLAY
CLR RS




LCALL ENABLE
LCALL DELAY
RET

;********LCD RIGHT SHIFT DISPLAY****************

LCD_RGHT: MOV PO, #00011100B ;LCD SHIFT RIGHT DISPLAY
CLR RS
LCALL ENABLE
LCALL DELAY
RET

;**+% %% *x*CLEAR LCD CONTROL PINS & DATA BUS****¥x

CLRCTRL: MOV PO, #00H ;LCD CLEAR CONTROL & DATA BUS
CLR RS
CLR EN

LCALL DELAY
LCALL DELAY
RET

;** %%+ ***CONTROL DATA & DISPLAY CHARACTER***%***+

LCD_DATA: MOV PO,A ;WRITE DATA TO LCD
SETB RS ’
LCALL ENARBLE
CLR RS
RET

;********CONTROL INSTRUCTION*********************

LCD_INST: MOV PO,A ;WRITE CONTROL TO LCD
CLR RS
LCALL ENABLE
RET

;********ENABLE LCD***************i—**************

ENABLE: CLR EN ;ENABLE LCD
LCALL DELAY
SETB EN
LCALL DELARY
CLR EN
LCALL DELAY
RET

;¥%%* %+ **INTERRUPT SUBROUTINE INT_0 HOOK**#**%%%¥

INT O: PUSH ACC ; FOR ON-OFF HOOK SIGNAL
- LCALL DELAY .
MOV R4, #1
LCALL START 1
POP ACC
LCALL DELAY
RETI

;**w**%**INTERRUPT SUBROUTINE INT_1 RINGING****+*%
INT 1: NOP

NOP
RET




’-***t&***DELAY***********************************

DELAY:
LOCP3:
LOCP2:
LOCP1:

MOV R2, #22H
MOV R1, #22H
MOV RO, §22H
DJNZ RO, LOOP1
DJNZ R1,LOOP2
DJNZ R2,LOOP3
NOP

RET

;MASTER DELAY

;********SLAVE DELAY 1 LA AR A AR SRS REEESEREEEEEE 2R 'R XX KBS R

DELAY 1:
LOOPG6:
LOOPS:
LOQOP4 :

MOV R2, #7FH
MOV R1, #7FH
MOV RO, #7FR
DJNZ RO, LOOP{4
DJNZ R1,LOOPS
DJNZ RZ2,LOOP6
NOP

RET

;SLAVE_1 DELAY

;********DEFINE CHARACTER*********************i**

TEST1:
TEST2:
TEST3:
TESTA4:
TESTS:

DB 'WELCOME TO KMITL MR.PIBOON P. ',
DB 'TELECOM.PROJECT2 MR.PALBKORN P. ',
DB ' TESTING SYSTEM DE DIGITAL PHONE',

DB 'TELECOM.ENGINEER TRAINER2 KMITL ',

DB ! *DIALING*

END

1
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SEMICONDUCTOR TECHNICAL DATA

Order this doi:un'lem
by MC145422/D

Universal Digital-Loop
Transceivers (UDLT)

The MC145422 and MC145426 UDLTs are high—speed data transceivers
ihat provide B0 kbps full-duplex data communication over 26 AWG and larger
twisted—pair cable up to two kilorneter s in distance. intended prirarily for use in
digital subscriber voice/data telephone systems, these devices can also be
used in remote data acquisition and control systems. Thase devices utilize a
256 kilobaud modified differential phase shift keying burst modulation technique
for transmission to minimize RFI/ EMI and crosstalk. Sirmultaneous power
distribution and duplex data communication can be obtained using a single
twisted—pair wire.

These devices are designed for compatibility with existing, as well as
evolving, telephone switching hardware and software architectures.

The UDLT chip—set consists of the MC145422 Master UDLT for use al the
telephone switch linecard and the MC 145426 Slave UDLT for use at the remote
digital telset and/or data terminal.

The devices employ CMOS technology in order to take advantage of their
reliable low—power operation and proven capability for cornplex analog/digital
LSl1 functions.

+ Provides Fuil-Duptex Synchronous 64 kpbs Voice/Data Charnel and Two
8 kbps Signaling Data Channels Over One 26 AWG Wire Pair Up to Two
Kilometers

+ Compatible with Existing and Evolving Telephone Switch Architectures and
Call Signaling Schemes

+ Automatic Detection Threshold Adjustment for Qptimum Performance Over

Varying Signal Atlenuations

Protocol Independent

Single 5 V Power Supply

22—Pin PDIP, 24—Pin SOG Packages

Application Notes AN943, ANG49, AN9EB, AN946, and ANB48

MC145422 Master UDLT
Fin Controlled Power—Down and Loopback Features
Signaling and Control YO Capable of Sharing Common Bus Wiring with
Other UDLTs
Variable Data Clock — 64 kHz to 2.56 MHz
Pin Controlled tnserlion/Extraction of 8 kbps Channel into LSB of 64 kbps
Channe! for Simultaneous Routing of Voice and Data Through PCM Voice
Path of Telephone Swilch

MC145426 Slave UOLT

Compalible with MC145500 Series PCM Codec—Filters

Pin Controlled Loopback Feature

Autormatic Power-Up/Power—Down Fealure

On—Chip Data Clock Recovery and Generation

Pin Controlled 500 Hz D3 or CCITT Format PCM Tone Generator for
Audible Feedback Applications

REY 2
/95

MC145422
MC145426

P SUFFIX
PLASTIC DIP
CASE 708

DW SUFFIX
S0OG PACKAGE
CASE 751E

1

ORCDERING INFORMATION

MC145422P  Plastic DIP
MC145426F  Plastic DIP

MC145422DW S0G Package
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PIN ASSIGNMENTS

MC145422 — MASTER
(PLASTIC PACKAGE)

MC145422 — MASTER
{SOG PACKAGE}

vgg [ 1 22 vpp vgs [ 12 24 [J vpp
Vier [ 2 21 [l Lo Vier ] 2 2z [3 1o
uga 20 [1 Lo2 ufs 2 ] Lo2
B+ 18 1 RE1 Ne (4 21 [I NG
v (s 18 1 Ax Bls 20 [J RE1
snlls 17 [1 TDCMOC wil s 19 [ Rx
so1{] 7 16 ) ¢l s 7 18 [} TDGMOC
szls 15 1 T so1l] 8 17 3 ool
so2l o 14 1 TE si2la 16 P T
sell 10 13 {1 SiE so2(] 10 15 P TE
PO 1 12 1 MSH sel] 11 14 [ s
FD (] 12 13 P MSI
MC 145426 — SLAVE MC145426 — SLAVE
{PLASTIC PACKAGE} (SOG PACKAGE)
Vss[ 1e 22 j'VDD Vss[ 1e 24 0 vpp
Vg [ 2 21 o Veet [ 2 23 J LO1
ula 20 [] Lo2 ulas 22 [ Loz
B4 19 [1 RE1 N[ a 21 NG
vl s 18 |1 Rx Bls 20 1 RE1
snlls 17 1 CLK voil s 19 B Rx
so1 (7 16 1 %2 sl 7 18 ] CLK
sizlle 15 [1 %1 sot s 17 1 x2
s020 9 14 J ™ si2llo 16 0 x4
A [ 10 13 [0 TEH soz [} 10 15 0 T
Pl 12 ) TE NG = NG CONNEGTION MuwA [ 11 14 0 TEI
12 13 TE
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MC145422 MASTER UDLT BLOCK DHAGRAM
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ABSOLUTE MAXIMUM RATINGS (Voitage Referenced to Vgg)

This device contains circuitry to protect the

Rating Symbol Value Unit i ' !
inputs against damage due to high static
DC Supply Voltage VoD - Vss -0510+9.0 v voltages or electric fields; however, it is
Voltage, Any Pin to Vgg v —05to0Vpp + 05 v advised that normal precautions be taken to
avoid applications of any vollage higher than
DC Cument, Any Pin {Exdluding Vpp. J 10 mA maximum rated voltages to this high imped-
vss) ance drcuil. For proper operation it is recom-
- _a o mended that Vin and Vgt be constrained to
Operating Temperature Ta Oto + 85 Cc the range Vgg < (Vin or Vout) < VDD
Storage Temperature Ts!g —-B5to+150 °C Reliability of operation is enhanced if unused
inputs are tied to an appropriate logic vaoltage
RECOMMENDED OPERATING CONDITIONS (T4 = 0 to 70°C) level (e.g., elther Vss or VOD).
Parameter Pins Min Max Unit
DC Supply Voitage Vop 4.5 55 \
Power Dissipation (PD = Vpp. Vpp = 5 V) Voo — 80 mw
Pawer Dissipation (FD = Vgg, TE = Vgg) Voo — 75 mw
MC145422 Frame Rate MS) 7.9 B.A1 kHz
MC 145422 — MC145426 Frame Rate Slip (See Note 1} -— — 0.25 %
CCli Clock Frequency (MSI = B kHz) ccl — 2.048 MHz
Data Clock Rate MC 145422 TDC, RDC 64 2560 kHz
Modulation Baud Rate (See Note 2) LO1,LO2 — 256 kHz
NCOTES:
1. The MC145426 crystal frequency divided by 512 must equal the MC145422 MSI Frequency +0.25% for optimum operation.
2. Assumes crystal frequency of 4,096 MHz for the MC145426 and 2.048 MHz CCt for the MC145422.
DIGITAL CHARACTERISTICS (Vpp =5V, T4 = 0t0 70°C)
Parameter Min Max Unit
Input High Level 3.5 -— v
input Low Level —_ 1.5 v
Input Current Except LI -1.0 1.0 HA
LI - 100 100
Input Capacitance — 7.5 pF
Output High Current (Except Tx on MC145422 VoH=25V -1.7 — mA
and Tx and PD on MC145426) VOoH=46V -0.36 —
Output Low Cumrent (Except Tx on MC145422 VoL=0¢4 VvV 0.36 — mA
and Tx and PD on MC145426) VoL=08V 08 —
PD Output High Current {MC145426) (See Note 1) Vo =25V -9 — A
VOoH =46V -10 —
PD Output Low Current (MC145426) (See Note 1) VoL=04V 60 — pA
VoL=08V 100 —
Tx Output High Curmrent Voy=25V ~-34 — mA
VOH=46V -07 —
Tx Output Low Current VoL=04V 17 — mA
VoL=08V 35 —
Tx Input Impedance (TE1 = Vgg, MC145422) 100 — k(i
Crystal Frequency (MC145426, Note 2) 4.0 4.4 MHz
PCM Tone (TE = Vpp. MC145426) -22 -18 dBmO
Three—State Current (SO1, SO2, VD, Tx on MC145422, Tx on MC145428) — +1 A
Vref Voilage (See Note 3) 2 3 Vv
X2 — Oscillator Qutput High Drive Current (MC145426) (See Note 4) VoH =46V - 450 _ A
X2 — Oscillator Output Low Drive Current (MC 145426) (See Note 4) VoL=04 Vv 450 — A
NOTES:
1. To overdrive PD from a low level to 3.5 V or a high level to 1.5 V requires a minimum of + 800 pA drive capability.
2. The MC145426 cryslal frequency divided by 512 must equal the MC145422 MSI frequency + 0.25% for optimum performance.
3. Vet typically {9/20 Vpp - Vss).
4. Output drive when X1 is being driven from an extemal dock.
MC145422.MC 145426 MOTOROLA
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ANALOG CHARACTERISTICS (Vpp = 5V, T = 010 70°C)

Parameter Min Max Unit
Modulation Differential Amplitude (R = 440 €2} LO1 to LO2 45 6.0 V p—p
Modutation Differential DC Offset a 300 mv
Demodulator Input Amplitude (See Note) 0.050 2.5 V peak
Demodulator Input Impedance 50 150 k)
NOTE: The input level into the demodutator to reliably demodulate incoming bursts. Input referenced to Vret.
MC145422 SWITCHING CHARACTERISTICS (Vpp = 5V, Ta = 25°C, Cy = 50 pF)
Figure
Parameter No. Symbol Min Max Unit
Input Rise Time All Digital Inputs 1 te - 4 us
Input Fall Time All Digita! Inputs 1 i — 4 Hs
Puise Width TDC/RDC, RE1, MSI 1 tw{H.L) 0 — ns
CCl Buty Cycle 1 tw(H.L) 45 55 %
Data Clock Frequency TDC/RDC — toe 64 2560 kHz
Propagation Delay Time MSI to SO1, SO2 VD (PD = Vpp) 2 tpL H. PHL — 90 ns
TDC to Tx 3 —_ 90
MSI to TDC/RDC Setup Time 4 tsua 90 — ns
tsud 40 —
TE1/RE1 to TDC/RDC Setup Time 4 tsu3 90 — ns
tsug 40 —
Rx to TDC/RDC Setup Time 5 lsus 60 — ns
Rx to TDCMRDC Hold Time 5 1 60 — ns
511, S12 to MSI Setup Time 4] tsus 60 — ns
St1, Sli2 to MSI Hold Time 6 th2 60 — ns
MC145426 SWITCHING CHARACTERISTICS (Vpp = 5V, Ta = 25°C, C|_ = 50 pF)
Figure
Parameter No. Symbol Min Max Unit
Input Rise Time All Digital Inputs 1 tr — 4 ps
Input Fall Time All Digital inputs 1 ts -— 4 us
Clock Qutput Pulse Width CLK 1 tw(H.L} 38 4.0 us
Crystal Frequency — %1 4.086 4.1 MHz
Propagation Delay Times TE1 Rising to CLK (TE = Vpp) 7 tp1 -50 50 ns
TE1 Rising to CLK {TE = Vgg) 7 tp1 438 538
CLK to TE1 Faflting T p2 — 40
CLK to RET Rising 8 tpa — 40
RE1 Falling to CLK (TE = Vpp) 8 tp4 -50 50
RE1 Falling to CLK (TE = Vgg) 8 tp4 438 538
CLK to Tx 9 tos —_ 90
TE1 ta SO1, 502 9 tp6 - 90
Rx to CLK Setup Time 5 tsus 60 — ns
Rx o CLK Hold Time 5 th 60 — ns
SlI1, 812 to TE1 Setup Time 6 tus 60 — ns
S, Si2 to TE1 Hold Time 4] th2 60 — ns
MOTOROLA MC145422-MC 145426

5




SWITCHING WAVEFORMS

CLK, TDC, RDC, RE1, CCI, MSI

Figure 1.

70% 70%
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TPHL tPLH
70%
VD, 501, 502
30%
70%

Figure 2.

70%
™6
tPLH tPHL
0%
Tx
3%

Figure 3.
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SWITCHING WAVEFORMS (continued)

0%
TE1, REt, MSI
3I0%
tsug
Lsu4
0%
TOGC, RDC
30%
Figure 4.
N
TDC, RDG, CLK
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30% 30%
Figure 5.
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MSI (MC145422)
30%
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Figure 6.
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SWITCHING WAVEFORMS (continued)

m \
—/ =
-
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RET
tpa
0%

Figure 7.
CLK4/‘L
Figure 8.
T0% ‘Z 0%
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Figure 9.
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MC145422 MASTER UDLT PIN DESCRIPTIONS

Voo
Positive Supply

Normally 5 V.

Vss
Negative Supply

This pin is the most negative supply pin, normally O V.

Vref
Reference Output

This pin is the output of the intemal reference supply and
should be bypassed to Vpp and Vsg by 0.1 uF capacitors.
No extemnal dc load should be placed on this pin.

u
Line Input

This input to the demodulator circuit has an internal
100 k{1 resistor tied to the intemal reference node so that an
exiemnal capacitor andfor line transtormer may be used to
couple the input signal to the part with no dc offset.

LB
Loopback Control

A low on this pin disconnecls the LI pin from infemal cir-
cuitry, drives LO1, LO2 to Vref and intemally ties the modu-
lator output to the demodulator input which ioops the part on
itself for testing in the system. The state of this pin is inter-
nally latched if the SE pin is brought and held low. Loopback
is active only when PD Is high.

VD
Valid Data Qutput

A high on this pin indicates that a valid line transmission
has been demodulated. A valid fransmission is determined
by proper sync and the absence of detected bit errors. VD
changes slate on the leading edge of MSI when PD is high.
When PO is low, VD changes state at the end of demodula-
tion of a line transmission. VD is a standard B—series CMOS
outpul and is high impedance when SE is held low.

s, Si2
Signaling Bit Inputs

Data on these pins is loaded on the rising edge of MSI for
fransmission to the slave. The stale of these pins is intemally
latched if SE is held low.

501, 8§02
Signaling Bit Qutputs

These outputs are received signaling bits from the stave
UDLT and change state on the rising edge of MSI if PD is
high, or at the completion of demodulation if PD is low. These
outputs have slandard B-series CMOS drive capability and
are high impedance if the SE pin is held low.

SE
Signal Enable Input

If hetd high, the PD, LB, S11, Si2, and SIE inputs and the
801, 502, and VD outputs function normatly. if held low, the
state of these inputs is latched and held internally while the
outputs are high impedance. This allows these pins to be
bussed with those of other UDLTs to a common controller.

PO
Power-Down Input

If held low, the UDLT ceases modulation. In power—down,
the only aclive circuit is that which is necessary to demodu-
late an incoming burst and oulput the signa! and valid data
bits. Intemal data transfers to the transmit and receive regis-
ters cease. When brought high, the UDLT powers up, and
waits three positive MSI edges or until the end of an incom-
ing transmission from the slave UDLT and begins transmit-
ting every MSI period to the slave UDLT on the next rising
edge of the MSI.

MSI
Master Sync input

This pin is the system sync and initiates the modulation on
the twisied pair. MSi should be approximately leading—edge
aligned with TDC/RDC.

SIE
Signal Insert Enable

This pin, when held high, inserts signal bit 2 received from
the slave into the LSB of the outgoing PCM word at Tx and
will ignore the S12 pin and use in place the LSB of the incom-
ing PCM word at Rx for transmission {o the slave. The PCM
word to the slave will have LSB forced low in this mode. In
this manner, signat bit 2 to/from the slave UDLT is inserted in
to the PCM words lhe master sends and receives from the
backplane for routing through the PABX for simullaneous
voice/data communication. The state of this pin is internalty
latched if the SE pinis brought and held low.

TE1
Transmit Data Enable 1 Input

This pin controls the outputting of data on the Tx pin. Whiie
TE1 is high, the Tx data is presented on the eight rising
edges of TDC/RDC. TE1 is atso a high—impedance control of
the Tx pin. If MSI occurs during this period, new data will be
transferred to the Tx output register in the ninth high period of
TOC/RDC after TE1 rises; otherwise, it will transfer on the
nising edge of MSL. TE1 and TDC/RDC should be approxi-
mately leading—edge aligned.

Tx
Transmit Data Output

This three—state output presenls new voice data during the
high periods of TDC/RDC when TE1 is high (see TE1}.

CCl
Convert Clock Input

A 2.048 MHz clock signal should be applied to this pin. The
signal is used for intemal sequencing and control. This signal
should be coherent with MSI for optimum perforrmance but
may be asynchronous if slightly worse error rate perform-
ance can be tolerated.

TOC/RDC
Transmit/Receive Data Clock

This pin is the transmit and receive dala clock and can be
64 kHz to 2.56 MHz. Dala is output at the Tx pin while TE1 is
high on the eight rising edges of TDCG/RDC after the rising
edge of TE1. Data on the Rx pin is loaded into the receive
ragister of the UDLT on the eight falling edges of TDC/RDC
after a positive transition on RE1. This dock should be ap-
proximalely leading—edge aligned with MSI.

MOTCOROLA
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Rx
Receive Data

Voice data is docked into the UDLT from this pin on the
falling edges of TDC/RDC under the control of RE1.

RE1
Receive Data Enable 1 Input

A rising edge on this pin will enable data on the Rx pin o
be loaded into the receive data register on the next eight fall-
ing edges of the data dock, TDC/RDC. RE1 and TDC/RDC
should be approximately leading—edge aligned.

LO1, LO2
Line Driver Qutputs

These outputs drive the twisted pair line with 256 kHz
modified DPSK bursts each frame and are push—pull. These
pins are driven to Vref when not modutating the line.

MC145426 SLAVE UDLT PIN DESCRIPTIONS

VDD
Paositive Supply

Normally 5 V.

vVss
Negative Supply

This pin is the most negative supply pin, normally 0 V.

Vref
Reference Output

This pin is the output of the intemal reference supply and
should be bypassed to Vpp and Vgs by 0.1 pF capacitors.
No external dc load should be placed on this pin.

]
Line Input

This input to the demodulator circuit has an internal
100 k€ resistor tied to the intemal reference node (Vref) 0
that an external capacilor andfor line transformer may be
used to couple the signal to this part with no dc offsel.

B
Loopback Control

When this pin is held low and PD is high {the UDLT is re-
ceiving transmissions from the master), the UDLT will use
the 8 bits of dermodulated PCM data in place of the 8 bits of
Rx data in the return burst to the Master, thereby fooping the
part back on itself for system testing. SI1 and SI2 operate
normally in this mode. CLK will be held low during loopback
operalion.

vD
Valid Data Output

A high on this pin indicates that a valid line transmission has
been demodulated. A valid transmission is determined by
proper sync and the absence of detected bit errors.VD
changes state on the leading edge of TE1. if no transmissions
from the masler have been received in the last 250 ps
(derived from the intemal oscillator), VD will go low without
TE1 rising since TE1 is not generated in the absence of re-
ceived transmissions from the master (see TE pin descrip-
tion for the one exception to this).

Sif, SI12
Signaling Bit Inputs

Data on these pins is loaded on the rising edge of TE1 for
transmission to the master. If no transmissions from the
master are being received and PO is high, data on these pins
will be loaded into the part on an intemal signal. Therefore,
data on these pins should be steady until synchronous
communication with the master has been established, as in-
dicated by the high on VD.

§01, S0z
Signaling Bit Outputs

These outputs are received signaling bits from the master
UDLT and change state on the rising edge of TE1. These
oulputs have standard B—series CMOS output drive capa-
biity.
PD
Power-Down input/Output

This is a bidirectional pin with weak output drivers such
that it can be overdriven externally. When held low, the UDLT
is powered down and the only active circuitry is that which is
necessary for demodulation, TE1/RE1/CLK generation upon
demodulation, the outputting of data received from the mas-
ter, and updating of VYD status. When held high, the UDLT is
powered up and transmits in response to transmissions from
the master. If no received bursts from the master have oc-
curred when powered up for 250 ps {derived from the intemal
oscillator frequency), the UDLT will generate a free running
125 ps intemal clock from the intemal osdillator and will burst
a transmission to the master every other internal 125 ps
clock using data on the SI1 and SI2 pins and the last data
word loaded into the receive register. The weak output dniv-
ers will try to force PD high when a transmission from the
master is demodulated and will try to force it low if 250 ps
have passed without a transmission from the master. This al-
lows the slave UDLT to self power—up and down in demand
powered loop systems.

TE
Tone Enable

A high on this pin generates a 500 Hz square wave PCM
tone and inserts it in place of the demodulated voice PCM
word from the master for outputting to the Tx pin to the telset
mono—circuit. A high on TE will generate TE1 and CLK from
the intemal osdillator when the slave is nol receiving bursts
from the master so that the PCM square wave can be loaded
inio the codec—filter. This feature allows the user to provide
audio feedback for the telset keyboard depressions except
during loopback. During loopback of the slave UDLT, CLK is
defeated so a tone cannot be generated in this mode.

TE1
Transmit Data Enable 1 Output

This is a standard B—series CMOS output which goes
high after the completion of demodulation of an incoming
transmission from the master. It remains high for 8 CLK
pericds and then low unlil the next burst from the master is
demodulated. While high, the voice data just demodulated is
output on the first eight rising edges of CLK at the Tx pin. The
signaling data just demodulated is output on SC1 and S02
on TE1's rising edge, as is VD.

MC145422.MC145426
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Tx
Transmit Data Qutput

This is a slandard B—senes CMQOS output. Voice data is
output on this pin on the rising edges of CLK while TE1 is
high and is high impedance when TE1 is low.

X1
Crystal Input

A 4.086 MHz cryslal is tied between this pin and X2, A
10 MQ resistor across X1 and X2 and 25 pF capacitors from
X1 and X2 to Vgg are required for stability and to ensure
slartup. X1 may be driven by an external CMOS clock signal
if X2 is left open.

X2
Crystal Qutput

This pin is capable of driving one external CMOS input and
15 pF of additional capacitance (see X1 pin description).

CLK
Clock Qutput

This is a slandard B—series CMOS output which provides
the data dock for the telset codec-filter. It is generated by di-
viding the oscillator down to 128 kHz and starts upon the
completion of demodulation of an incoming burst from the
master. At this time, CLK begins and TE1 goes high. CLK will
remain active for 16 periods, at the end of which it wili remain
low until another transmission from the master is demodu-
lated. In this manner, sync from the master is established in
the slave and any dock slip between the master and the
slave is absorbed each frame. CLK is generated in response
to an incoming burst from the master, however, if TE is
brought high, then CLK and TE1/RE1 are generated from the
intemat oscillator until TE is brought low or an incoming burst
from the master is received. CLK is disabled when LB is held
fow.

Rx
Receive Data Input

Voice data from the telset codecfilter is input on this pin
on the first eight falling edges of CLK after RE1 goes high,

MufA
Tone Digital Format input

This pin determines if the PCM code of the 500 Hz square
wave tone, when TE is high, is Mu—Law (MwA = 1) or ALaw
{Mu/A = 0} format.

RE1
Receive Data Enable 1 Qutput

This is a standard B—series CMOS output which is the
inverse of TE1 (see TE1 pin description).

LO1, LO2
Line Driver Qutputs

These outputs drive the twisted pair line with 256 kHz
modified DPSK bursts each frame and are push—pull. These
pins are driven to Vyef when the device is not modulating.

BACKGROUND

The MC 145422 master and MC 145426 slave UDLT trans-
ceiver ICs main application is to bidirectionally transmit the
digilal signals present at a codec-filter digital-PABX back-
plane interface over normal telephone wira pairs. This allows
the remoting of the codecfilter in a digital telephone set and
enables each set to have a high speed data access to the
PABX switching facility. In effect, the UDLT allows each
PABX subscriber direct access to the inherent 64 kbps dala
routing capabilities of the PABX,

The UDLT provides a means for transmitting and receiving
64 kbits of voice dala and 16 kbps of signaling data in two—
wire format over normal lelephone pairs. The UDLT is a two—
chip set consisling of a master and a slave. The master
UDLT replaces the codec-fiter and SLIC on the PABX line
card, and transmits and receives data over the wire pair to
the teleset. The UDLT appears to the linecard and backplane
as if it were a PCM Codec-Filter and has almost the same
digital interface features as the MC 145500 series codec—il-
ters. The slave UDLT is located in the lelset and interfaces
the codecilter to the wire pair, By hooking two UDLTs back—
to-back, a repeater can also be formed. The master and
slave UDLTs operate in a frame synchronous manner, sync
being esiablished at the slave by the timing of the master’s
transmission. The master's sync is derived from the PABX
frame sync.

The UDLT operates using one twisted pair. Eighl bits of
voice data and two bils of signaling data are transmilted and
received each frame in a half-duplex manner {i.e., the slave
walits until the transmission from the master is completely re-
ceived before transmitting back to the master). Transmission
occurs at 256 kHz bit rate using a modified form of DPSK.
This “ping— pong” mode will aliow transmission of dala at dis-
tances up to two kilometers before turnaround delay be-
comes a problem. The UDLT is so defined as to allow this
data to be handled by the linecard, backplane, and PABX as
il it were just another voice conversation. This allows existing
PABX hardware and software to he unchanged and yet pro-
vides switched 64 kbps voice or data communications
throughout its service area by simply replacing a subscrib-
er’s linecard and teleset, A feature in the master allows one
of the two signaling bits to be inserted and extracted from the
backplane PCM word to allow simultanecus voice and data
transmission through the PABX. Both UDLTs have a loop-
back feature by which the device can be tested in the user
system.

The slave UDLT has the additional feature of providing a
500 Hz Mu—Law or A—Law coded square wave to the codec—
fitter when the TE pin is brought high. This can be used to
provide audio feedback in the telset dunng keyboard depres-
SIoNS.

CIRCUIT DESCRIPTION
GENERAL

The UDLT consists of a modulator, demodulator, two inter-
mediate data buffers, sequencing and control logic, and
transmit and receive data registers. The data registers
interface to the linecard or codecfilter digital interface sig-
natls, the modulator and demodulator interface the twisted
pair transmission medium, while the intermediate data regis-
ters buffer data between these two sections. The UDLT is
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intended to operate on a single 5 V supply and can be driven
by TTL or CMOS logic.

MASTER OPERATION

In the master, data from the linecard is loaded into the re-
ceive register each frame from the Rx pin under the control of
the TDC/RDC clock and the receive data enable, RE1. RE1
controls loading of eight serial bits, henceforth referred to as
the voice data word. Each MSI, these words are transferred
out of the receive register to the modulation buffer for subse-
quent modulation onto the line. The modulation buffer takes
the receive voice data word and the two signaling data input
bits on SI1 and SI2 loaded on the MSH transition and formats
the 10 bits into a specific order. This dala field is then trans-
mitted in a 256 kHz modified DPSK burst onto the line to the
remote slave UDLT.

Upon demodulating the return burst from the slave, the de-
coded data is transferred to the demodulation buffer and the
signaling bils are stripped ready lo be output on SO1 and
S0O2 at the next MS1. The voice data word is loaded into the
transmit register as described in the TE1 pin description for
outputting via the Tx pin at the TDC/RDC data clock rate un-
der the control of TE1. VD is output on the rising edge of MSI.
Timing diagrams for the master are shown in Figure 10.

SLAVE OPERATION

In the slave, the synchronizing event is the detection of an
incoming line transmission from the master as indicated by
the completion of demodutation. When an incoming burst
from the master is demodulated, several events occur. As in
the master, data is transferred from the demodulator to the
demodulation buffer and the signaling bits are stripped for
outputting at SO1 and S0O2. Data in the receive register is
transferred to the modulation buffer, TE 1 goes high loading in
data at 511 and SI2, which will be used in the transmission
burst 1o the master along with the data in the transmit data
buffer, and outputting SO1, 502, and VD. Modulation of the
burst begins four 256 kHz periods afier the compietion of de-
modulation.

While TE1 is high, voice data is output on Tx to the telset
codec—ilter on the nising edges of the dala clock output on
the CLK pin. On the ninth rising edge of CLK, TE1 goes low,
RE1 goes high, and voice data frem the codec—iter is input
to the receiver register from the Rx pin on the next eight
falling edges of CLK. RE1 is TE1 inverted and is provided to
facilitate interface to the codec—filter.

The CLK pin 128 kHz oulput is formed by dividing down
the 4.096 MHz crystal frequency by 32. Slippage between
the frame rate of the master {as represented by the comple-
tion of demodulation of an incoming transmission from the
master) and the crystal frequency is absorbed by holding the
16th low period of CLK until the next completion of demodu-
\ation. This is shown in the slave UDLT timing diagram of Fig-
ure 11.

POWER-DOWN OPERATION

In the master when PD is low, the UDLT slops modulating
and only that circuitry necessary to demodulate the incoming
bursts and output the signaling and VD data bits is aclive. In
this mode, if the UDLT receives a burst from the siave, the
501, 502, and VD pins will change state upon complelion of
the demodulation instead of the the rising edge of MSI. The
state of these pins will not change until either three rising MSI
edges have occurred without the reception of a burst from
the slave or until another burst is demodulated, whichever
occurs first.

When PD is brought high, the master UDLT will wait either
three rising MSI edges or until the MS! rising edge following
the demedulation of an incoming burst before transmitting to
the slave. The data for the first transmission to the slave afler
power—up is loaded into the UDLT during the RE1 period
prior lo the burst in the case of voice, and on the present ns-
ing edge of MSI for signaling data.

in the slave, PD is a bidirectional pin with weak output
drivers such that it can be overdriven exiernally. When held
low, the UDLT slave is powered—down and only that circuitry
necessary for demodulation, TE1/RE1/CLK generation upon
demodulation, and the outputting of voice and signaling bits
is active. When held high, the UDLT stave is powered—up
and transmits normally in response to transmissions from the
master. If no bursts have been received from the master
within 250 us afler power—up (derived from the intemnal osdcil-
lator frequency), the UDLT generates an internal 125 ps
free—running clock from the internal osciltator. The slave
UDLT then bursls a transmission to the master UDLT every
other 125 ps clock period using data loaded into the Rx pin
during the tast RE1 period and Sl1, 512 data loaded inon the
internal 125 ps clock edge. The weak output drivers will try to
force PD high when a fransmission from the master is demo-
dulated and will try to force it low if 250 s have passed with-
out a transmission from the master. This allows the slave
UDLT to self power—up and down in demand power—oop
systems.

MC145422.MC145426
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Figure 10. Master UDLT Timing
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MC145422.MC145426 MOTOROLA
14



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MC145500/D

PCM Codec-Filter Mono-Circuit

The MC145500, MC145501, MC145502, MC 145503, and MC 145505 are all
per channel PCM Codec—Filter mono—circuits. These devices perform the voice
digitization and reconstruction as well as the band limiting and smoothing
required for PCM systems. The MC145500 and MC145503 are general
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 reference voltage. The MC145501 is offered in an 18—pin
package and adds the capability of selecting from three peak overload voltages
(2.5, 3.15, and 3.78 V). The MC145505 is a synchronous device offered in a
16—pin DIP and wide body SOIC package intended for instrument use. The
MC 145502 is the fullfeatured device which presents ali of the options of the
chip. This device is packagedin a 22—pin DIP and a 28—pin chip carrier package
and contains all the features of the MC145500 and MC145501 plus several
more. Most of these features can be made available in a lower pin count
package tailored {o a specific user's application. Contact the factory for further
details.

These devices are pin-for-pin reptacements for Motorela’s first generation of
MC14400/01/02/03/05 PCM mono—-circuits and are upwardly compatible with
the MC14404/06/07 codecs and other industry standard codecs. They also
maintain compatibility with Motorola’s family of MC33120 and MC3419 SLIC
products.,

The MC145500 family of PCM Codec—Filter mono—circuits utilizes CMOS
due fo its reliable low—power performance and proven capability for complex
analog/digital VLSI functions.

MC 145500 (This Device is Not Recommended for New Designs)

+ 16-Pin Package

« Transmit Bandpass and Receive Low—Pass Filter On—Chip

+ Pin Selectable Mu—Law/A-Law Companding with Corresponding Data

Format

= On—-Chip Precision Reference Voltage {3.15 V)

« Power Dissipation of 50 mW, Power—-Down of 0.1 mW at+ 5V

« Automatic Prescaler Accepis 128 kHz, 1.536, 1.544, 2.048, and 2.56 MHz
for Internal Sequencing

MC145501 -— All of the Abave Plus:

{This Device is Not Recommended for New Designs})

+ 18-Pin Package

» Selectable Peak Overfoad Voltages (2.5, 3.15, 3.78 V)

+ Access to the Inverting Input of the Txl Input Operational Amplifier

MC 145502 — All of the Above Plus:

» 22-Pin and 28—Pin Packages

+ Variable Data Clock Rates (64 kHz {0 4.1 MHz)

+« Complete Access to the Three Terminal Transmit Input Operational

Amplifiers
» An External Precision Reference May Be Used
MC 145503 — All of the Above Features of the MC145500 Plus:

+ 16-Pin Package :

+« Complete Access to the Three Terminal Transmit Input Operational Amplifiers

MC145505 - Same as MC145503 Except:

« 16-Pin Package
+ Common 64 kHz to 4.1 MHz Transmit/Receive Data Clock

REV 1
9/95 (Replaces ADI1287)

MC145500
MC145501
MC145502
MC145503
MC145505

— L SUFFIX
E;’i CERAMIC PACKAGE
CASE 620

MC145500/03/05

P SUFFIX
PLASTIC DIP
CASE 648
MC145503/05

L SUFFIX
CERAMIC PACKAGE
CASE 726
MC145501

L SUFFIX
CERAMIC PACKAGE
1 CASE 736
MC145502

P SUFFIX
PLASTIC DIP
CASE 708
MC145502

DW SUFFIX
S0G PACKAGE
CASE 751G
MC145503/05

FN SUFFIX

PLCC PACKAGE
% CASE 776
28 1 Lim MC 145502

© Molorola, Inc; 1985
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MC145500/01/02/03/05 PCM CODEC—FILTER MONO-CIRCUIT BLOCK DIAGRAM
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PiN ASSIGNMENTS
(DRAWINGS DO NOT REFLECT RELATIVE SIZE)
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ABSOLUTE MAXIMUM RATINGS (Vultage Referenced to Vgg)

Rating Symbol Value Unit
DC Supply Voltage Voo, Vss -05t013 \4
Voltage. Any Pin to Vgg v -0.510Vpp + 0.5 v
DC Drain Per Pin (Excluding Vpp, Vgs) | 10 mA
Operating Temperature Range s —-40to + 85 °C
Storage Temperature Range Tstg —85to + 150 °C

RECOMMENDED OPERATING CONDITIONS (T = — 40 to + 85°C)

This device contains circuitry to protect
against damage due to high static voltages or
electric fields; however, it is advised that
nermal precautions be taken to avoid applica-
tion of any vollage higher than maximum rated
voltages to this high impedance circuit, For
preper operation it is recommended that Vi
andVy i be constrainedtotherange Vg g <(Vin
or Vout) £ Vpp.

Unused inputs must always be tied to an
appropriatelogicvoltage level {e.g..Vgs.VpD.
VLS. 07 VAG).

Characteristic Min Typ Max Unit
DC Supply Voltage vV
Dual Supplies: Vpp = —Vgs, (Vag=VI§=0V) 4.75 5.0 6.3
Single Supply: Vpp to Vsg (VaG is an Qutput, Vi g = Vpp or Vgs)
MC145500, MC145501, MC 145502, MC145503, MC145505 (Using Intemal 8.5 - 126
3.15 V Reference)
MC145501, MC 145502 Using Internal 2.5 V Reference 7.0 — 12.6
MC 145501, MC 145502 Using internal 3.78 V Reference 9.5 — 12.6
MC145502 Using External 1.5 V Reference, Referenced to VaoG 475 — 12.6
Power Dissipation mw
CMOS Logic Mode (Vpp toVgg = 10V, VL5 = Vpp) — 40 70
TTL Logic Mode (Vpp=+5V,Vgg= -5V, Vi §=Vag=0V) — 50 90
Power Down Dissipation —_ 0.1 1.0 mw
Frame Rate Transmit and Receive 7.5 8.0 8.5 kHz
Data Rate — 128 _ kHz
MC 145500, MC145501, MC145503 — 1536 —
Must Use One of These Frequencies, Relative to MS! Frequency of 8 kHz —_ 1544 —_
— 2048 —_
— 2560 —
Data Rate for MC145502, MC 145505 64 —_ 4096 kHz
Ful! Scale Analog Input and Output Level vp
MC 145500, MC145503, MC145505 —_ 3.15 —
MC145501, MC145502 (Vref = VSS) RSl =Vpp — .78 —
RS!=Vgg — 315 -
RSE=Vag — 2.5 —_
MC145502 Using an External Reference Voltage Applied at Vigf Pin RSI=Vpp - 1.51 X Vref —
RSl = Vgg — 1.26 x Vraf —
RSI=Vag — Vief —
DIGITAL LEVELS (VggtoVpp=4.75 V10126 V. Ta = —4010 + 85°C)
Characteristic Symbeol Min Max Unit
nput Voltage Levels (TDE, TDC, RCE, RDC, RBD, DC, MSI, CCI, PDI) v
CMOS Mode (Vi g = Vpp. Vss is Digital Ground) o ViL — 0.3 xVpp
"" VIH 0.7 xVpp -
TTL Mode (V| g = Vpp — 4.0 V. Vg is Digital Ground) 0" M - Vig +08V
“4" VIH Vig+2.0V -
Output Current for TDD (Transmit Digital Data) mA
CMOS Mode (V| 5 = VpD. Vsg = 0 V and is Digital Ground)
- VpD =5V. Vout =04 V) oL 1.0 —
(Vpo=10V. Vot =0.5V) 3.0 _
(Vpp=5V. Vgut=4.5V} 10H -1.0 —_
(Vpp =10V, Vgt = 9.5V} -3.0 —_
TTL Mode (Vs < Vpp — 4-75 V. V5 = 0 V and is Digital Ground) (VoL = 0.4 V) oL 1.6 —
(VoH=24V) loH -02 -
MC145500-MC145501+MC145502¢MC145503+MC 145505 MOTOROLA
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ANALOG TRANSMISSION PERFORMANCE

(VDD = +5V 1 5%, Vgg =~ 5V 5%, V| 5= VaoG = 0V, Vigf = R8I = Vgg (Internal 3.15 V Reference), 0 dBm0 = 1.546 Vims = + 6 dBm @
6000, Tp = -40to + 85°C, TDC = RDC = CC = 2.048 MHz, TDE = RCE = MSI = 8 kHz, Unless Otherwise Noted)

End-to—End AD DA
Characteristic Min Max Min Max Min Max Unit
Absaluie Gain (0 dBm0 @ 1.02 kHz, T = 25°C, Vpp =5V, Vgg = -5V} —_ e -030 | +030 | —0.30 { +0.30 dB
Absolute Gain Variation with Temperature 0 to + 70°C — — — +0.03 — +0.03 dB .
Absolute Gain Variation with Temperature — 40 to +85°C — — — +0.1 — + 0.1 dB
Absolute Gain Variation with Power Supply (Vpp =5V, Vg5 =-5V, 5%) — — — +0.02 —_ +0.02 dB
Gain vs Level Tone {Relative 10 - 10 dBm0, 1.02kHz) +3t0—-40dBm0| -04 | +04 | -0.2 +0.2 ~0.2 +0.2 dB
-40t0~-50dBm0O¢ ~08 §j +08 | -04 +0.4 ~04 +04
—50to-55dBm0| -16 [ +16 | —0.B +08 | -08 +08
Gain vs Level Pseudo Noise {A-Law Relativa to — 10 dBm0Q) dB
CCITT G.714 ~10to-40dBm0| — — —-0.25 | +0.25 { =025 | +0.25
—-40to-50dBmO | — — -0.30 | +0.30 | -0.30 | +0.30
-50to—-55dBm0 | — — -045 | +045 | -0.45 | +045
Total Distortion — 1.02 kHz Tone (C—Message) 0to - 30 dBm0 35 — 36 — 36 — dBC
—40dBm0 29 — 29 — 30 —
- 45 dBm0 24 — 24 _ 25 —
Total Distortion With Pseudo Noise {A—Law) -~-3dBm0 | 27.5 — 28 —_ 28.5 —_ dB
CCITT G.714 -6to—-27dBm0 | 35 — 35.5 — 36 —
—34dBm0 | 33.1 — 335 | — 34,2 —
-40dBm0 | 28.2 — 28.5 — 30.0 —
—-55dBm0 | 13.2 —_ 13.5 — 15.0 —
|die Channel Noise (For End—End and A/D, See Note 1)
Mu-Law, C-Message Weighted — 15 — 15 - 9 dBrnC0
A-Law, Psophometric Weighted — -69 — - 69 — —-78 | dBmOp
Frequency Response {Relative to 1.02 kHz @ 0 dBm0) 15t0 60 Hz - -23 — -23 — 0.15 dB
300to3000Hz | =03 | +03 | -0.15 | +0.15 | -0.15 | +0.15
300Hz | -16 0 -08 0 -08 0
4000 Hz — -28 — - 14 — -14
2 4600 Hz — - 60 — -32 —_ -30
Inband Spuricus (1.02 kHz @ 0 dBmO, Transmit and RxO) — — — -43 —_ -43 dBm0
300 to 3000 Hz
Qut—of-Band Spurious at RxQ {300 — 3400 Hz @ 0 dBm0 In}) dB
4600 to 7500 Hz — -30 —_ —_— —_ -30
7600to 8400 Hz | — —-40 — — — —-40
8400 to 100000 Hz | — -30 — — — -30
Idle Channej Noise Selective @ 8 kHz, Input = VA, 30 Hz Bandwidth — -70 —_ — — -70 dBmo
Absofute Delay @ 1600 Hz (TDC = 2.048 MHz, TDE = 8 kHz) — — — 310 — 180 us
Group Delay Referenced to 1600 Hz (TDC = 2048 kHz, us
TDE = 8 kHz) 5000600 Hz | ~— — — 200 —40 —
600 to 800 Hz — — — 140 -40 —
800t0 1000 HZ | =~ — — 70 -30 —
1000to 1600 Hz | — — — 40 - 20 —
160010 2600 Hz | — — — 75 — [0
2600to 2800 Hz | — — — 110 — 120
2800 to 3000 Hz -— — — 170 —_ 160
Crosstalk of 1020 Hz @ O dBm0 From A/D or D/A {Note 2) — —_ —_ -75 — - 80 dB
Intermedulation Distortion of Two Frequencies of Amplitudes — 4 to — — — —-41 — — 41 dB
— 21 dBmO from the Range 300 to 3400 Hz J

NOTES:

1. Extrapolated from a 1020 Hz @ — 50 dBm0 distartion measurement to comrect for encoder enhancement.
2. Selectively measured while the A/D is stimulated with 2667 Hz @ — 50 dBmQ.

MOTOROLA
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ANALOG ELECTRICAL CHARACTERISTICS (Vpp = - V55 =5V106 V1 5%, Ta = — 4010 + 85°C)

Characteristic Symbof Min Typ Max Unit
Input Current +Tx, =Tx (Txl for MC145500) lin — +0.01 0.2 pA
AC Input Impedance to Vae {1 kHz) +Tx, =Tx Zin 5 10 —_ MQ
Txd for MC 145500 0.1 0.2 —
Input Capacitance +Tx, =Tx — — 10 pF
Input Offset Voltage of Txf Op Amp — <+ 30 -— mv
Input Common Mode Voltage Range +Tx, ~Tx VICR Vgg + 1.0 —_ Vpp-2.0 v
Input Common Made Rejection Ratio +Tx, =Tx CMRR — 70 — dB
Txl Unity Gain Bandwidth R 210k BWp - 1000 — kHz
Txi Open Loop Gain R 210k0 AvoL — 75 — dB
Equivatent Input Noise (C—Message) Between +Tx and —Tx, at Tx| —_ - 20 —_ dBrnCO
Qutput Load Capacitance for Txl Op Amp 0 — 100 pF
Output Voltage Range Tx| Op Amp, RxO or RxO Vout v
R = 10k@2 to Vag Vgs + 0.8 — Vpp-1.0
R =600 Q o Vas Vgg+ 15 —_ Vpop-1.5
Output Current Txl, RxO, RxO Vg +15VaVosVpp—15Y 155 - - mA
Output impedance RxQ, RxO™ 0to3.4kHz Zout — 3 - Q
Output Load Capacitance for RxO and RxC® 0 — 200 pF
Output dc Offset Voltage Referenced to Vag Pin _Rx0 — — 1100 mv
RxO* — — + 150
Intemal Gainsetting Resistors for RxG to RxO and RxQ 62 100 225 kQ
External Reference Voltage Applied to Vief (Referenced to Vag) 0.5 — Vpp-1.0 \
Vref Input Current — — 20 HA
VaG Output Bias Voltage — 0.53Vpp + — v
0.47 Vgg
VaG Qutput Current Source vAG 04 — 0.8 mA
Sink 10.0 — —
Qutput Leakage Current During Power Down for the Txl Op Amp, Vag, - — 130 HA
RxQ, and RxO
Positive Power Supply Rejection Ratio, TFransmit 45 50 — dBC
0 - 100 kHz @ 250 mV, C-Message Weighting Receive 53 65 —
Negative Power Supply Rejection Ratio, Transmit 50 55 — decC
0 - 100 kHz @ 250 mV, C-Message Weighting Receive 50 60 —

* Assumes that RxG is not connected for gain modifications to RxO.

MC145500«MC145501eMC145502¢MC145503MC 145505 MOTOROLA
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MODE CONTROL LOGIC {Vggto Vpp = 4.75 Vo 12,6 V, T = — 40 to + 85°C)

Characteristic Min Typ Max Unit
Vg Voltage for TTL Mode (TTL Logic Levels Referenced to V| g) Vss — Vpp-4.0 v
Vis Voltage for CMOS Mode (CMOS Logic Levels of Vg5 to Vpp) Vop-0.5 — VoD \Y
Mu/A Select Voltage v
Mu-Law Mode Vpp-—-0.5 —_— Voo
Sign Magnitude Mode Vag - 0.5 — Vag + 0.5
A-~Law Mode Vg - Vgg + 0.5
RS1 Voltage for Reference Select Input (MC 145501 and MC145502) 3.78V Mode | Vpp-0.5 — Vop \Y
25V Mode | VAg—0.5 - Vag + 0.5
3.15 V Mode vss —_ Vgg+0.5
Vref Voltage for Intemat or External Reference (MC145502 Only) v
Internal Reference Made Vgg — Vgg + 0.5
External Reference Mode | Vaq + 0.5 — Vop-1.0
Analog Test Mode Frequency, MS = CCI (MC145500, MC145501, MC 145502 Only) — 128 — kHz
See Pin Description; Test Modes
SWITCHING CHARACTERISTICS (VggtoVpp =9.5 V1o 12.6 V, Ta = — 40 o + 85°C, C_ = 150 pF, CMOS or TTL Mode)
Charactetistic Symbol Min Typ Max Unit
Qutput Rise Time TDOD tTLH —_ 30 80 ns
Qutput Fall Time tTHL —_ 30 80
Input Rise Time TDE, TDC, RCE, RDC, DC, MSI, CCI tTLH — — 4 us
input Fall Time tTHL — — 4
Pulse Width TDE Low, TDC, RCE, RDC, DC, MS), CCI tw 100 —_ —_ ns
DCLK Pulse Frequency (MC145502/05 Only) TDC, RDC, DC foL 64 — 4096 kHz
CCl Clock Pulse Frequency {MSI = 8 kHz) fcL1 — 128 — kHz
CCl is intemmally tied to TDC on the MC145500/01/03, therefore, the foLez — 1536 —
transmit data clock must be one of these frequencies, This pin will accept foLs — 1544 —
one of these discrete clock frequencies and will compensate to produce fcL4 — 2048 —
internal sequencing. fcLs — 2560 —
Propagation Delay Time ns
TDE Rising to TDD Low Impedance TTL tpyq — [0 180
CMOS — 90 150
TDE Falling to TDD High Impedance TTL tpa — — 55
CMOS — — 40
TDC Rising Edge to TDD Data, During TDE High TTL tp3 — 90 180
CMQOsS — a0 150
TDE Rising Edge to TDD Data, During TDC High TTL tpg — a0 180
CMOS — a0 150
TDC Falling Edge to TDE Rising Edge Setup Time tsut 20 - — ns
TDE Rising Edge to TDC Falling Edge Setup Time tsu2 100 — — ns
TDE Falling Edge to TDC Rising Edge to Preserve the Next TDD Data tsug 20 — —_ ns
RDC Falling Edge to RCE Rising Edge Setup Time tsu3 20 — —_ ns
RCE Rising Edge to RDC Falling Edge Setup Time teua 100 — —_ ns
RDD Valid to RDC Falling Edge Setup Time teus 80 — — ns
CCI Falling Edge to MSI Rising Edge Setup Time tsug 20 —_ —_ ns
MS! Rising Edge to CCI Falling Edge Setup Time teu7 100 — — ns
RDO Hold Time from RDC Falling Edge th 100 —_ — ns
TODE, TDC, RCE, RDC, RDD, DC, MSI, CCI Input Capacitance — — 10 pF
TDE,TDC, RCE, RDC, RDD, DC, MSI, CCl input Current — +0.01 + 10 HA
TDD Capacitance During High Impedance (TDE Low) — 12 15 pF
TDD Input Current During High impedance (TDE Low) — +0.1 +10.0 A
MOTOROLA MC145500«MC145501«MC145502-MC145503MC 145505
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DEVICE DESCRIPTIONS

A codecitter is a device which is used for digitizing and
reconstructing the human voice. These devices were devel-
oped primarily for the telephone network to facilitate voice
switching and transmission. Once the voice is digitized, it
may be switched by digital switching methods or transmitted
long distance (T1, microwave, satellites, etc.) without degra-
dation, The name codec is an acronym from “Coder” for the
AJD used to digitize voice, and “Decoder” for the DfA used for
reconstructing voice. A codec is a single device that does
both the A/D and D/A conversions.

To digitize intelligibfe voice requires a signal to distortion of
about 30 dB for a dynamic range of about 40 dB. This may be
accomplished with a linear 13-bit A/D and D/A, but will far
exceed the required signal to distortion at amplitudes greater
than 40 dB below the peak amplitude. This excess perform-
ance is at the expense of data per sample. Twg methods of
data reduction are implemented by compressing the 13-bit
linear scheme to companded 8-bit schemes. These com-
panding schemes follow a segmented or “piecewise—linear”
curve formatted as sign bit, three chord bits, and four step
bits. For a given chord, all 16 of the steps have the same volt-
age weighting. As the voltage of the analog input increases,
the four step bits increment and carry to the three chord bits
which increment. With the chord bits incremented, the step
bits double their voltage weighting. This results in an effec-
tive resolution of 6-bits {sign + chord + four step bits) across
a 42 dB dynamic range (7 chords above zero, by 6 dB per
chord). There are two companding schemes used; Mu-255
Law specificatly in North America, and A-Law specifically in
Europe, These companding schemes are accepted world
wide. The tables show the linear quantization levels to PCM
words for the two companding schemes.

In a sampling environment, Nyquist theory says that fo
properly sample a continucus signal, it must be sampled at a
frequency higher than twice the signal's highest frequency
component. Voice contains spectral energy above 3 kHz, but
its absence is not detrimental to intelligibitity. To reduce the
digital data rate, which is proportional to the sampling rate, a
sample rate of 8 kHz was adopted, consistent with a band-
width of 3 kHz. This sampling requires a low—pass filter to
limit the high frequency energy above 3 kHz from distorting
the inband signal. The telephone line is also subject to
50/60 Hz power fine coupling which must be atienuated from
the signaf by a high—pass filter before the A/D converter.

The D/A process reconstructs a staircase version of the
desired inband signal which has spectral images of the in-
band signa! modulated about the sample frequency and its
harmonics. These spectral images are called aliasing com-
ponents which need to be attenuated to obtain the desired
signal. The low—pass filter used to attenuate filter aliasing
components is typically called a reconstruction or smoothing
filter.

The MC145500 series PCM Codec~Filters have the co-
dec, both presampling and reconstruction filters, a precision
voltage reference on chip, and require no externa! compo-
nents. There are five distinct versions of the Motorola
MC 145500 Series.

MC145500

The MC145500 PCM Cedec—Filter is intended for stan-
dard byte interleaved synchronous and asynchronous appli-
cations. The TDC pin on this device is the input 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 cycle) 1.536, 1.544,
2.048, or 2.56 MHz. {For other data clock frequencies, see
MC145502 or MC145505.) The internal reference is set for
3.13 V peak full scale, and the full scale input level at Txl and
output level at RxO is 6.3 V peak—to—peak. This is the
+ 3 dBmQ level of the PCM Codec—Filter. All other functions
are described in the pin description.

MC145501

The MC145501 PCM Codec—Filter offers the same fea-
tures and is for the same application as the MC 145500, but
offers two additional pins and features. The reference select
input allows the full scale level of the device to be set at
2.5Vp, 3.15 Vp, or 3.78 Vp. The =Tx pin allows for extemal
transmit gain adjust and simplifies the interface to the
MC3419 SLIC. Otherwise, it is identical to MC145500.

MC145502

The MC145502 PCM Cedec~Filter is the full feature
22-pin device. [t is intended for use in applications requiring
maximum flexibility. The MC145502 contains all the features
of the MC145500 and MC145501. The MC145502 is in-
tended for bit interleaved or byte interleaved applications
with data clock frequencies which are nonstandard 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 between 64 kHz and 4.096 MHz. The Vygf pin
allows for use of an external shared reference or selection of
the internal reference. The RxG pin accommodates gain ad-
justments for the inverted analog output. All three pins of the
input gain—setting operational amplifier are present, provid-
ing maximum flexibility for the analog interface.

MC 145503

The MC145503 PCM Codec-Filter is intended for stan-
dard byte interleaved synchronous or asynchronous applica-
tions. TDC can be one of five discrete frequencies. These
are 128 kHz (40 to 60% duty cycle), 1.536, 1.544, 2.048, or
2.56 MHz. {For other data clock frequencies, see MC 145502
or MC1455035.) The internal reference is set for 3.15 V peak
full scale, and the fuli scale input level at Tx| and output fevel
at RxC is 6.3 V peak-to-peak. This is the + 3 dBm0Q level of
the PCM Codec—Filter. The +Tx and ~Tx inputs provide max-
imum flexibility for analog interface. Al other functions are
described in the pin description.

MC145505

The MC145505 PCM Codec—Filter is intended for byte in-
terleaved synchronous applications. The MC145505 has all
the features of the MC145503 but internally connects TDC
and RDC (see pin description) to the DC pin. One of the five
standard frequencies {listed above) should be applied to

MC145500MC145501«MC145502sMC145503MC 145505
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CCI. The data clock input (DC) can be any frequency be-
tween 64 kHz and 4.096 MHz.

PIN DESCRIPTIONS

DIGITAL
VLS
Logic Level Select input and TTL Digital Ground

Vs controls the logic levels and digital ground reference
for all digital inputs and the digital cutput. These devices can
operate with logic ievels from full supply (Vss to Vpp) or
with TTL logic levels using Vg as digital ground. For V| g =
VpD. all ¥Q is full supply (Vgg to Vpp swing) with CMOS
switch points. For Vgg < Vg < (VDD — 4 V), all inputs and
outputs are TTL compatible with V|_g being the digital ground.
The pins controlled by V| 5 are inputs M31, CCl, TDE, TCC,
RCE, RDC, RDD, PDI, and output TDD.

MSi
Master Synchronization Input

MSI is used for determining the sample rate of the transmit
side and as a time base for selecting the internal prescale
divider for the convert clock input (CCl) pin. The MSI pin
should be tied to an B kHz clock which may be a frame sync
or system sync signal. MSI has no relation to transmit or
receive data timing, except for determining the internal trans-
mit strobe as described under the TDE pin description. MSI
should be derived from the transmit timing in asynchronous
applications. In many applications MS1 can be tied to TDE.
{MS! is tied internally to TDE in MC145503/05.)

ccCl
Convert Clock Input

CCl is designed to accept five discrete clock frequencies.
These are 128 kHz, 1.536 MHz, 1.544 MHz, 2.048 MHz, or
2.56 MHz, The frequency at this input is compared with MS1
and prescale divided to produce the internal sequencing
clock at 128 kHz (or 16 times the sampling rate). The duty
cycle of CCl is dictated by the minimum pulse width except
for 128 kHz, which is used directly for internal sequencing
and must have a 40 to 60% duty cycle. In asynchronous
applications, CCI should be derived from transmit timing.
(CCl is tied internally to TDC in MC145500/01/03.)

TDC
Transmit Data Clock Input

TDC can be any frequency from 64 kHz to 4.096 MHz, and
is often tied to'CCl! if the data rafe is equal to one of the five
discrete frequencies. This clock is the shift clock for the
fransmit shift register and its rising edges produce succes-
sive data bits at TDD. TDE should be derived from this clock.
{TDC and RDC are tied together internally in the MC145505
and are called DC.} CCl is internally tied to TDC on the
MC145500/ 01/03. Therefore, TDC must satisfy CCI timing
requirements also.

TDE
Transmit Data Enable Input

TDE serves three major functions. The first TDE rising
edge following an M$! rising edge generates the internal
transmit strobe which initiates an A/D conversion. The inter-
nal iransmit strobe also transfers a new PCM data word into

the fransmit shift register (sign bit first) ready to be output at
TED. The TDE pin is the high impedance control for the
transmit digital data (TDD) output. As long as this pin is high,
the TDD output stays low impedance. This pin also enables
the output shift register for clocking out the 8—bit serial PCM
word. The logical AND of the TDE pin with the TDC pin
clocks out a new data bit at TDD. TDE should be held high
for eight consecutive TDC cycles to clock out a complete
PCM word for byte interleaved applications. The transmit
shift register feeds back on itself to allow multiple reads of
the transmit data. If the PCM word is clocked out once per
frame in a byte interleaved system, the MSi pin function is
transparent and may be connected to TDE.

The TDE pin may be cycled during a PCM word for bit in-
terleaved applications. TDE controls both the high imped-
ance state of the TDD output and the internal shift clock. TDE
must fall before TDC rises (tsyg) to ensure integrity of the
next data bit. There must be at least two TDC falling edges
between the last TDE rising edge of one frame and the first
TOE rising edge of the next frame. MSI must be available
separate from TDE for bit interleaved applications.

TDD
Transmit Digital Data Qutput

The output levets at this pin are controlled by the Vi g
pin. For Vg connected to Vpp, the output levels are from
VggtoVpp. Foravoltage of V) gsbetweenVpp—4VandVss,
the output levels are TTL compatible with V| g being the digi-
tal ground supply. The TDD pin is a three—state output
controlted by the TDE pin. The timing of this pin is controlled
by TDC and TDE. When in TTL mode, this output may be
made high—speed CMOS compatible using a pull-up resis-
tor. The data format (Mu—Law, A-Law, or sign magnitude) is
controlled by the Mu/A pin.

RDC
Receive Data Clock Input

RDC can be any frequency from 64 kHz to 4.096 MHz.
This pin is often tied to the TDC pin for applications that can
use a common clock for both transmit and receive data trans-
fers. The receive shift register is controlled by the receive
clock enable (RCE) pin to clock data into the receive digital
data {RDD)} pin on falling RDC edges. These three signals
can be asynchronous with all other digital pins. The RDC in-
put is internally tied to the TDC input on the MC145505 and
called DC.

RCE
Receive Clock Enable Input

The rising edge of RCE should identify the sign bit of a re-
ceive PCM word on RDD. The next falling edge of RDC, after
a rising RCE, loads the first bit of the PCM word into the re-
ceive register. The next seven falling edges enter the remain-
der of the PCM word. On the ninth rising edge, the receive
PCM word is transferred to the receive buffer register and the
A/D sequence is interrupted to commence the decode pro-
cess. [n asynchronous applications with an 8 kHz transmit
sample rate, the receive sample rate should be between 7.5
and 8.5 kHz. Two receive PCM words may be decoded and
analog summed each transmit frame to allow on—chip con-
ferencing. The two PCM words should be clocked in as two
single PCM words, a minimum of 31.25 us apart, with a
receive data clock of 512 kHz or faster.
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RDD
Receive Digital Data Input

RDD is the receive digital data input. The timing for this pin
is controlled by RDC and RCE. The data format is deter-
mined by the Mu/A pin.

MufA
Select

This pin selects the companding faw and the data format at
TDD and RDD.

Mu/A = Vpp: Mu=255 Companding D3 Data Format with
Zero Code Suppress

MUW/A = VoG Mu=-255 Companding with Sign Magnitude
Data Format

Mu/A = Vgg; A—-Law Companding with CCITT Data Format
Bit Inversions

Sign/ A-Law

Code Magnitude Mu-Law {CCITT)
+ Full Scale 1111 1N 1000 QODG | 1010 1010
+ Zero 1000 0000 111 1M 1101 0101

- Zero 0000 0000
— Full Scale ot 1111

o1 11 0101 0101
0000 0010 | 0010 1010

SIGN

BIT CHORD BITS STEP BITS

Lol eJafafefsfe]r]

NOTE: Starting from sign magnitude, to change format:
To Mu-Law -
MSB is unchanged {sign)
Invert remaining seven bhits
If code is 0000 0000, change to 0000 0010 (for zero
code suppression}
To A-Law —
MSB is unchanged (sign}
Invert odd numbered bits
lgnore zero code suppression

PDI
Power Down Input

The power down input disables the bias circuitry and gates
off all clock inputs. This puts the Vag, Txl, RxO, RxQ, and
TDD outputs into a high—impedance state. The power dissi-
pation s reduced to 0.1 mW when PDi is a [ow logic level.
The circuit operates normally with PDI = Vpp or with a logic
high as defined by connection at V| g. TDD will not come out
of high impedance for two MS1 cycles after PDI goes high.

DCLK
Data Clock Input

In the MC145505, TDC and RDC are internally connected
to DCLK.

ANALOG
VAG
Analog Ground input/Qutput Pin

VaG is the analog ground power supply input/output. All
analog signals inte and out of the device use this as their
ground reference. Each version of the MC145500 PCM Co-

dec—Filter family can provide its own analog ground supply
intermally. The dc voltage of this internal supply is 6% positive
of the midway between Vpp and Vgs. This supply can sink
more than 8 mA but has a current source limited to 400 pA.
The output of this supply is internally connected to the analog
ground input of the parl. The node where this supply and the
analog ground are connected is brought out to the Va G pin. In
symmetric dual supply systems {+ 5, £ 6, etc.}, VAG may be
externally tied to the system analog ground supply. When
RxQ or RxO drive lfow impedance 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. Ali analog
signals for the part are referenced to VA, including noise;
therefore, decoupling capacitors (0.1 uF) should be used
from Vpp to Vag and Vgg to Vag.

Vref
Positive Voltage Reference Input (MC145502 Only)

The Vrgf pin allows an external reference voltage to be
used for the A/D and D/A conversions. If Vref is tied to Vgs,
the internal reference is selected. If Vref > VAG, then the ex-
ternal mode is selected and the voltage applied {o Vief is
used for generating the internal converter reference vollage.
In either internal or external reference mode, the actual voit-
age used for conversion is multiplied by the ratio selected by
the RSI| pin. The RSI pin circuitry is explained under its pin
description below. Both the internal and external references
are inverted within the PCM Codec—Filter for negative input
voltages such that only one reference is required.

External Mode — In the external reference mode {(Vief >
VAG). a 2.5 V reference like the MC1403 may be connected
from Vief {0 VAG. A single external reference may be shared
by tying together a number of Vgf pins and Vag pins from dif-
ferent codec—ilters. In special applications, the external ref-
erence voltage may be between 0.5 and 5 V. However, the
reference voltage gain selection circuitry associated with RSI
must be considered to arrive at the desired codec—filter gain.

fnternal Mode — In the internal reference mode {(Vref =
Vss), an intemal 2.5 V reference supplies the reference volt-
aga for the RSI circuitry. The Vief pin is functionally con-
nected to Vgg for the MC145500, MC145501, MC145503,
and MC145505 pinouts.

RS!
Reference Select Input (MC145501/02 Only)

The RSI input aliows the selection of three different over-
ioad or full-scale A/D and D/A converter reference voltages
independent of the internal or extemal reference mode. The
RS pin is a digital input that senses three different logic
states: Vgg, VAG, and Vpp. For RSl = VAG, the reference
voltage is used directly for the converiers, The internal refer-
ence is 2.5 V. For R8I = Vgg, the reference voltage is multi-
plied by the ratio of 1.26, which results in an internal
converter reference of 3.15 V. For RSl = Vpp. the reference
voltage is multiplied by 1.51, which results in an internal con-
verter reference of 3.78 V. The device requires a minimum of
1.0 V of headroom between the internal converter reference
to Vpp. Vss has this same abseolute valued minimum, also
measured from Va G pin. The various modas of operation are
summarized in Table 2. The RSI pin is functionally connected
to Vgg for the MC145500, MC145503, and MC145505
pinouts.

MC145500¢MC145501eMC145502+MC145503+MC145505
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Rx0, 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 signat described with the refer-
ence. If a 3.15 V reference is used with RS| tied toVag and a
+ 3 dBm0 sine wave is decoded, the RxQ output will be a
6.3 V peak-to-peak signal. RxO will also have an inveried
signal output of 6.3 V peak-to—peak. External loads may be
connected from RxQ tg RxO for a 8 dB push—pull signal gain
or from either RxQ or RxQ to Vag. With a 3.15 V reference
each output will drive 600 2 to + 9 dBm, With RSl tied to Vpp.
each output will drive 900 2 to + 9 dBm,

RxG
Receive Qutput Gain Adjust (MC145502 Only)

The purpose of the RxG pin is to allow external gain ad-
justment for the RxQ pin. If RxG is left open, then the output
signal at RxO will be inverted and outpui at RxQ. Thus the
push—pull gain to a load from RxQ to RxQ is two times the
output level at RxO. If external resistors are applied from
Rx0 to RxG (R} and from RxG to RxO (RG), the gain of RxO
can be set differently from inverting unity. These resistors
should be in the range of 10 kQ. The RxQ output level is un-
changed by the resistors and the RxQ gain is approximately
equal to minus RG/RI. The actual gain is determined by tak-
ing into account the internal resistors which will be in parallel
to these external resistors. The internal resistors have a
large tolerance, but they match each other very closely. This
matching tends to minimize the effects of their tolerance on
external gain configurations. The circuit for RxG and RxO is
shown in the block diagram.

TxI
Transmit Analog Input

Txl is the input to the transmit filter. It is also the output of
the transmit gain amplifiers of the MC145501/02/03/05. The
input impedance is greater than 100 kD to Vag in the
MC145500. The Tx! input has an internal gain of 1,0, such
that a +3 dBmQ signal at Txl comesponds to the peak con-
verter reference voltage as described in the Vyef and RSI pin
descriptions. For 3.15 V reference, the + 3 dBm0 input
should be 6.3 V peak-to—peak.

+Tx /[ =Tx
Positive Tx Amplifier Input (MC145502/03/05 Only} /
Negative Tx Amplifier Input (MC145501/02/03/05 Only)

The Txl pin is the input to the transmit band—pass filter. if
+Tx or —Tx is 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 kL If +Tx is not available, it is internally tied to
VAG- If=Tx and +Tx are not available, the Tx! is a unity gain
high—impedance input.

POWER SUPPLIES

VoD
Most Positive Power Supply

Vpp is typically 510 12 V.

vVss
Most Negative Power Supply

Vsg is typically 10 to 12 V negative of Vpp.

For a + 5 V dual-supply system, the typical power supply
configuration is Vpp =+ 5V, Vgg = -5V, V| g = 0 V (digital
ground accommodaling TTL logic levels), and Vag = 0 V
being fied to system analog ground.

For single—supply applications, typical power supply con-
figurations include:

Vop=10Vto 12V

Vgg =0V

VaG generates a mid supply voltage for referencing all
analog signals.

VL g controls the [ogic levels. This pin should be connected
to Vpp for CMOS logic levels from Vgg to Vpp. This pin
should be connected to digital ground for true TTL logic
levels referenced to V| g.

TESTING CONSIDERATIONS (MC145500/01/02 ONLY)

An analog fest mode is activated by connecting MSI and
CCl to 128 kHz. In this mode, the input of the A/D (the output
of the Tx filter) is available at the PDI pin. This input is direct
coupted to the A/D side of the codec. The A/D is a differential
design. This results in the gain of this input being effectively
attenuated by half, If monitored with a high-impedance buff-
er, the_gutput 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
transmit and receive channels of these devices are tested
with the codecfilter fully functional.
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Figure 1. Test Circuit

Table 1. Options Available by Pin Selection

RSI* Vief* Peak—to—Peak Overioad Voltage
Pin Level Pin Level (Txl, Rx0O)

VDD Vss 7.56Vpp

VDD Vag + VEXT (3.02 xVEXT) V p-p

VAG vss 5Vp-p

VAG VAG * VEXT (2xVEXT)V p—p

Vgg Vss 6.3V p-p

Vsg VAG * VEXT (2.52 x VEXT} V 0-p

*On MC145500/03/05, RSI and Vref tied intemally to Vgs. On MC145501, Veef

tied internally to Vg 5.

Table 2. Summary of Operation Ceonditions User Programmed Through Pins Vpp, VAG, and Vgs

™~ e Pin
e - Programmed RSl
Logic e Peak Overload
Level e - Mu/A Voltage Vis
VoD Mu~-Law Companding Curve and D3/D4 Digital 3.78 CMOS
Formats with Zero Code Suppress Logic Leveis
Vag Mu-{aw Companding Curve and Sign 2.50 TTL Levels
Magnitude Data Format Vag Up
Vgsg A~Law Companding Curve and CCITT Digitaf 3.15 TTL Levels
Format Vgs Up
MC145500¢MC145501-MC145502«MC145503+MC 145505 MOTOROLA
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Figure 3. Receive Timing Diagram
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Figure 16. MC145502 Power Supply Rejection
Ratio Negative Receive VAC = 250 mVrms,
C-Message Weighted
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SEMICONDUCTOR TECHNICAL DATA by MC 145406/D
Driver/Receiver
EIA 232-E and CCITT V.28 (Formerly RS-232-D)
P SUFFIX

The MC145406 is a silicon—gate CMOS IC that combines three drivers PLASTIC
and three receivers to fulfill the elactrical specifications of standards CASE 648
ElA 232-E and CCITT V.28, The drivers feature true TTL input 18
compatibility, slew—rate—limited output, 3002 power-cff source imped- .
ance, and oulput typically switching to within 25% of the supply rails. The
receivers can handle up to £ 25 V while presenting 3 to 7 kQ impedance.
Hysteresis in the receivers aids reception of noisy signals. By combining
both drivers and receivers in a single CM”™ ~ >, the MC145406 provides
effictent, low—power solutions for EIA 23. ~ -. /.28 applications. DWSScl)JGr-‘le
Drivers CASE 751G
« * 5Vto 112V Supply Range
« 300-) Power—Off Source Impedance
« Output Current Limiting
= TTL Compalibie
+« Maximum Slew Rate = 30 Vius SDSSS%T:IX
Receivers CASE 9408
« + 25V Input Voltage Range When Vpp =12V, Vgg =— 12V
= 3to 7 k{2 Input Impedance

« Hysteresis on Input Switchpoint

PIN ASSIGNMENT
BLOCK DIAGRAM
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i 00
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MAXIMUM RATINGS (Voitage palarities referenced to GND)

Rating Symbol Value Unit
DC Supply Voltages (Vpp 2 Veo) Voo —-05t0+135 Voo
vgs +0.5t0-13.5
vee -05t+6.0
Input Voltage Range VIR v
Rx1-3 inputs (Vg5 —15)to (Vpp + 15)
DI1-3 Inputs -05to (VMoo + 0.5)
DC Current Per Pin + 100 mA
Power Dissipation Pp 1.0 w
Operating Temperature Range Ta —40to + 85 °C
Storage Temperature Rate Tetg - B85to+ 150 °C

This device contains protection circuitry to pro-
tect the inputs agains{ damaga due to high static
voltages or electric fields; however, it is advised
that normal precautions be taken to avoid applica-
tion of any voltage higher than maximum rated
valtages to this high impedance circuii. For proper
operation, it is recommended that the voitages at
the DI and DO pins be constrained to the range
GNDsvVpsVecand GNDsSVQhGsVee. Also,the
voltage at the Rx pin should be constrained {o
(Vg5 - 15 V) £ VRye1-3 < (VDD + 15 V). and Tx
should be constrained to Vg5 € VTx1-3 5 VOD-

Unused inputs must always be tied to an ap-
propriate logic voltage level (e.g., GND or V¢ for
D! and Ground for Rx.)

DC ELECTRICAL CHARACTERISTICS (Al polarities referencedto GND =0V, Ta =~ 40to +" - /iy

Parameter Symbol Min . Typ Max Unit
DC Supply Voltage v
VoD VDD 4.5 5to12 13.2
Vss Vgsg 45 f-Sto-12| -132
Vee (Voo 2 Vec) Veo 4.5 5.0 55
Quiescent Supply Current (Outputs unipaded, inputs low) pA
Vpp=+12V DD — 140 400
Vgg=-12V Iss — 340 600
Vee=+5V ice -_— 300 450
RECEIVER ELECTRICAL SPECIFICATIONS
(Voltage polarities referenced to GND =0V, Vpp = +51o + 12V, Vgg=—5to - 12V, Vpp 2 Ve, Ta = —40to +85°C)
Characteristic Symbol Min Typ Max Unit
Input Tum—on Threshold Rx1-Rx3 Von 1.35 1.60 235 \
VDpo1-D03 = VoL. Vo = 5.0V £5%
input Tum—off Threshold Rx1-Rx3 Voff 0.75 1.00 1.25 v
VDO1-DO3 = VoH. VoC = 5.0 V£ 5%
Input Threshold Hysteresis Rx1-Rx3 { Von—Voft 0.6 0.8 — \%
Vo =50VES%
input Resisiance Rx1-Rx3 Rin 3.0 54 7.0 k2
(VS5 - 15V) € VRx1-Rx3 S (VDD * 15 V)
High-Level Output Voltage (VRy1-Rx3 =— 3Vio (Vgg— 15 V)" Vo v
DO1-DO3 4.9 4.9 —_
loH=—-20pA, Voo =+5.0V 38 43 —
toH =—1mA, Voo=+540V B
Low—Level Output Voltage (VRy1-Rx3 = +3 Vo (Vpp + 15 V})" DO1-DO3 VoL o v
loL=+20pA Ve =+ 50V - .03 0.4
lgL=+2mA Vgg=+50V - O:O: 0.5
loL=+4mA Ve =+ 50V - . J.L 0.7
* This is the range of input voltages as specified by ELA 232-F o cause a receiver to be in the high or l1ow logic state.
MOTOROLA
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ELECTRICAL SPECIFICATIONS (Voltage polarities referenced to GND =0 V, Vo = + 5 V2 5%, Ta = —40 to + 85°C}

Characteristic Symbol Min Typ Max Unit
Digitat Input Violtage DI1-D13 v
Logic O ViL — — 0.8
Logic 1 VIH 2.0 —_ —
Input Current DI11-DI3 lin — —_ 110 pA
VDI-Di3 = Ve
Output High Veltage {(Vp11-3 = Logic 0, R = 3.0 k(}) Tx1-Tx3 VoH v
VoD =+ 50V,Vgg==-50V as 39 —
Vpp=+*60V,Vgg=-60 4.3 4.7 —
Vpop=+12.0V, Vg5=-120V 9.2 9.5 —
Output Law Voltage* (Vpyj1—3 = Logic 1, R = 3.0 kQ) Tx1-Tx3 VoL \
Vpp=+50V,Vgg=-50V -4.0 -4.3 —
Vpp=+B0OV.Vg5=-60V -45 52 —
Ypp = +120V.Vgg = - 120V -10.0 -10.3 —
Off Source Resistance (Figure 1) Tx1-Tx3 300 — — Q
VpD=Vsg=GND =0 V. VTxj_Tx -7\
Output Short-Circuit Current (Vpp = + Y Vgg=—-120V) Tx1-Tx3 fsc mA
Tx1-Tx3 shorted 1o GND™ — 122 60
Tx1-Tx3 shorled to £ 15.0 V™ — +60 1100

* The voilage specifications are in terms of absolute values.
** Specificationis for one Tx output pin to be shorted at atime, Should alt three driver outpuls be shorted simultaneously, device power dissipation
limits will be exceeded,
™ This condition could exceed package limitations.

SWITCHING CHARACTERISTICS (Ve = +5V 1 5%, T4 = -40 to + 85°C; See Figures NO TAG and NO TAG)
Orivers

Characteristic Symbol Min Typ Max Unit
Propagaticn Delay Time Tx1-Tx3 ns
Low—to—High
RL =3 kY C =50 pF tpLH — 300 500
High—to—L.ow tPHL
R =3 ki1 C = 50pF — 300 500
Output Slew Rate Tx1-Tx3 SR Vius
Minimum Load
R =7k, C =0pF Vpp=+6to+12V,Vgg=-6lo-12V — =9 +30

Maximum Load
Rp =3 k0, C_= 2500 pF
Vpp=+12V.Vgg=—-12V 4 — —
Vpp=+5V,Vgg=-5V — — —

Receivers {C_ = 50 pF)

Characteristic Symbol Min Typ Max Unit
Propagation Delay Time S DO1-0O3 ns
Low-to—High tPLH - 150 425
High—to—Low tPHL — 150 425
Output Rise Time DO1-003 & — 250 400 ns
Output Fall Time 001-DO3 tf —_ 40 100 ns
MOTOROLA MC 145406
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Figure 2. Switching Characteristics
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PIN DESCRIPTIONS

VoD
Pasitive Power Supply (Pin 1)

The most positive power supply pin, which is typically + 5
to +12V.

vVss
Negative Power Supply (Pin 8)

The mosl negative power supply pin, which is typically - 5
to—12V.

vee
Digital Power Supply (Pin 16)

The digital supply pi, which is connected to the logic
power su o ‘maximum +5.5V}, Vo mustbe less than
orequalt . i

GND -
Ground (- ~ 4

Ground return pin is typically connected to the signal
ground pin of the E1A 232—E connector (Pin 7} as well as to
the logic power supply ground.

Rx1, Rx2, Rx3
Receive Data Input (Pins 2, 4, B}

These are the EIA 232—E receive signal inputs whose
vollages canrange from (Vpp + 15V} to (Vg5 — 15 V). Avoli-
age between + 3 and {Vpp + 15 V) is decoded as a space
and causes the corresponding DO pin to swing to ground {0
V}; a voltage between - 3 and (Vpp — 15 V) isdecoded as a
mark and causes the DO pin to swing up to V. The actual
tum-on input switchpoint is typically biased at 1.8 V above
ground, and includes B00mV of hysterasis for noise rejec-
tion. The nominat input impedance is 5 k(). An open or
grounded input pin is interpreted as a mark, forcing the DO
pin to VC -

DO1, DO2, DO3
Data Output (Pins 114, 13, 15)

These are the receiver digifal output pins, which s.‘.wing
from Vi to GND. A space on the Rx pin causes DO to pro-
duce a togic 0; a mark produces a logic 1. Each output pin is
capable of driving ong LSTTL input load.

Di1, DI2, DI3

" Data Inf <% [Pins 10, 12,14)

These ..~.. 5 ph—impedance digital input pins to the
drivers. ~ 7 ;oility is accomplished by biasing the in-
put switct.ici-.. 3t 1.4 V above GND. However, 5~V CMOS
compatibiiicy is maintained as well. Input voltage levels on

these pins must be between Vo and GND.

Tx1, Tx2, Tx3
Transmit Data Output(Pins 3, 5, 7)

These are the EIA 232-E transmit signal output pins,
which swing toward Vpp and Vss. A logic 1 at a DI input
causes the corresponding Tx output to swing toward Vgs. A
togic 0 causes the output to swing toward Vpp (the output
voltages will be slightly less thanVpp or Vg5 depending upon
the output load). Output slew rates are limited to a maximum
of 30V per (s, When the MC 145406 is off (Vpp =Vgs =V
= GND), the minimum output impedance is 300 {1

MC145406
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APPLICATIONS INFORMATION

The MC145406 has been designed to meet the electnical
specifications of standards EIA 232-E and CCITT V.28.
EiA 232-E defines the electrical and physical interface be-
twesn Data Communication Equipment {DCE)} and Data
Terminal Equipment {OTE). A DCE is connected to a DTE
using a cable that typically camies up to 25 leads. These
leads, referred to as interchange circuits, allow the transfer
of timing, data, control, and test signals. Electrically this
transfer requires level shifting between the TTL/CMOS log-
ic levels of the computer or modem and the high voltage lev-
els of EIA 232-E, which can range from £3 to + 25 V. The
MC 145406 providas the nacessary lavel shifting as welil as
mesting other aspects of the E1A 232—E specification.

DRIVERS

As defin : uv *hw spacificalion, an EIA 232-E driver pres-
ents a volt=;o o balween £ 510 £ 15 V inlo a load of be-
tween 3 tc 7 1:Xh A logic 1 at the driver input results in a
voltage of between —5 to — 15 V. Alogic O results in a vollage
betwaen + 5to + 15V. When operating Vppand Vggatt 7to
+ 12 V, the MC 145406 meets this requirement. When operat-
ing at + 5V, the MC145406 drivers produca less than
+ 5 V at the output (when terminated), which does not meet
ElA 232-E specification. However, the output voltages when
using a £ 5 V power supply are high enough (around
+ 4 V) to permit proper reception by an EIA 232-E receiver,
and can be used in applications where strict compliance to
ElA 222 is not required.

Another requirement of the MC145406 drivers is that
they withstand a short to another driver in the E{A 232-E
cable. The worst—case condition that is permitted by
EIA 232-Eisa t 15 V source thal is current limited to 500
mA. The MC145406 drivers can withstand this condition
momentarly. In most short circuit conditions the source
driver will have a series 300  output impedance needed
to satisfy the E|A 232—E driver requirements. This will re-
duce the short circuit current to under 40 mA which is an
acceptable level for the MC145406 1o withstand.

Unlike some other drivers, the MC145406 drivers feature
an internatlylimited output slew—rate that does nol exceed
30 V per us.

RECEIVERS

Tha job of an EIA 232-E receiver is o level-shift voltages
in the ran~... of — 25 to + 25 V down 1o TTL/CMOS logic lev-
els (Oto- - V., &olizge of between — 3 and — 25V on Rx1
is definet . . a rr.ar< and produces a fogic 1 at DO1. A volt-
age betwi - — 3and + 25V is a space and produces a logic
zero. While  uceiving these signals, the Rx inputs must pres-
ent a resistance betwean 3 and 7 k{2 Nominally, the input re-
sistance of the Rx1—Rx3 inputs is 5.4 kL

The input threshold of the Rx1-Rx3 inputs is typically
biased at 1.8 V above ground (GND) with typically 800 mV of
hysteresis included to improve noise immunity. The 1.8 V

bias forces the appropriate DO pin to a logic 1 when its Rx
input is open or grounded as called for in the EiA 232—£
spedification. Nofice that TTL logic levels can be applied to
the Rx inputs in lisu of normal E1A 232-E signal leveis. This
might be helpful in situations where access to the modem or
computer through the EiA 232-E connector is necessary
with TTL devicas. However, it is important not to connect the
ElA 232-E outputs (Tx1-Tx3) to TTL inputs since TTL oper-
ates off + 5 V only, and may be damaged by the high cutput
voltage of the MC145406.

The DQ outputs are to be connected to a TTL or CMOS
input {such as an input to a modem chip). These ouiputs
will swing from V¢ o ground, allowing the designer to op-
erate the DO and Df pins from digital powsar supplv. The Tx
and Rx sections are independently powered . . ;r: and
Vgg so that one may run logicat + 5Vand th- ='4 223-E
signalsat+ 12 V.

POWER SUPPLY CONSIDERATIONS

Figure 4 shows a technique 10 guard against excessive
device current.

The diode D1 prevents excessive current from flowing
through an internal diode from the Ve pin o the Vpp pin
when Vp <V by approximately 0.6 V. This high current
condition can exist for a short period of time during power
up/down, Additionally, if the + 12 V supply is swilched off
while the + 5V is on and the off supply is a low impedance
to ground, the diode 1 will prevent current flow through
the internal diode.

The diode D2 is used as a voitage ciamp, to prevent Vgg
from drifting positive to Vcc, in the event that power is re-
moved from Vg g (Pin 12). f Vg poweris removed, and the
impedance from the Vgg pin to ground is greater than
approximately 3 ki), this pin will be pulled to V¢ ¢ by intemat
circuitry causing excessive current in the V¢ pin.

if by design, neither of the above conditions are allcwed
to exist, then the diodes D1 and D2 are net required.

ESD PROTECTION

ESD protection on IC devices that have their pins accessi-
ble to the outside world is essentiai. High stalic voltages ap-
plied to the pins when somacne touchas them either directly
or indirectly can cause damage to gate oxides and transistor
junctions by coupling a portion of the energy from the /O pin

to the power supply buses of the {C. Thiscoug™ .+ * " usually
occur through the intermat ESD protection dior -=. ", "o ray 10
protecting the IC is 1o shunt as much oftheer. 5 -: . ¢reund
as possible before it enters the IC. Figure 4 © * =w » 2ach-
nigue which will clamp the ESD voltage at appuiix~-ately £

15 V using the MMVZ15VDLT1. Any residual voltage which
appears on the supply pins is shunted to ground through the
capacitors C1-C3. This schems has provided protection lo
the interface part up to £ 10 kV, using the human body model
test.
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