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ABSTRACT

This thesis presents the signal transmission through telephone network demonstrator.

System can be show telephone exchange network have star network, Loop network. Mesh

network and ordinal network. The transmission signal Link-by-Link, End to End and

display by computer. Exchange design small model easily to move . Fix use to instructional

media and apply use to works.
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,-******************CONTROL EXCHANGE****************

P00 EQU 80H

PO1 EQU 81H

P02 EQU 82H

P03 EQU 83H

P04 EQU 844

P05 EQU 85H

P06 EQU 86H

P07 EQU 874

0GT1 EQU 00H

0GT2 EQU 01H

OGT3 EQU 024

ICT1 EQU 03H

ICT2 EQU 04H

ICT3 EQU 05H

X0Y0 EQU 00000001B
X1Y0 EQU 00010001B
X2Y0 EQU 00100001B
X3Y0 EQU 00110001B
X4Y0 EQU 01000001B
X5Y0 EQU 01010001B
X6Y0 EQU 01100001B
X7Y0 EQU 01110001B
X8Y0 EQU 100000018
X9Y0 EQU 10010001B
X10Y0  EQU 10100001B
X11Y0 - EQU 10110001B
X12Y0 . ‘EQU 11000001B
X13Y0  EQU 11010001B
X14Y0 - EQU 11100001B .
X15Y0  EQU 11110001B
X0Y1 EQU 00000011B
X1yl EQU 00010011B
X2Y1 EQU 00100011B
X3Y1 EQU 00110011B
X4Y1 EQU 01000011B
X5Y1 EQU 01010011B
X6Y1 EQU 011000118
X7Y1 EQU 01110011B
X8Y1 EQU 10000011B
X9Y1 EQU 100100118
X10Y1  EQU 10100011B
X11Yl  EQU 10110011B
X12Y1  EQU 11000011B
X13Yl  EQU 11010011B
X14Y1  EQU 11100011B
X15Y1  EQU 11110011B
X0Y2 EQU 00000101B
X1Y2 EQU 00010101B
X2Y2 EQU 00100101B
X3Y2 EQU 00110101B
X4Y?2 EQU 01000101B
X5Y2 EQU 01010101B

X6Y2 EQU 01100101B
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X7Y2
X8Y2
X9Y2
X10Y2
X11v2
X12Y2
X13Y2
X14Y2
X15Y2

X0Y3
X1Y3
X2Y3
X3Y3
X4Y3
X5Y3
X6Y3
X7Y3
X8Y3
X9Y3
X10Y3
X11Y3
X12Y3
2 3
X14Y3
X15Y3

X0Y4
X1v4
X2v4
X3Y4
X4Y4
X5Y4
X6Y4
X7Y4
X8Y4
X9Y4
X10Y4
X11Y4
X12Y4
X13Y4
X14Y4
X15Y4

X0Y5
X1Y5
X2Y5
X3Y5
X4Y5
X5Y5
X6Y5
XT7Y5
X8Y5
X9Y5
X10Y5
X11Y5
X12Y5
X13Y5

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

01110101B
10000101B
10010101B
10100101B
10110101B
11000101B
11010101B
11100101B
11110101B

00000111B
00010111B
00100111B
00110111B
01000111B
01010111B
01100111B
01110111B
10000111B
10010111B
10100111B
10110111B
11000111B
11010111B
LA O @ isB,
11110111B

00001001B
00011001B
00101001B
00111001B
01001001B
01011001B
01101001B
01111001B
10001001B
10011001B
10101001B
10111001B
11001001B
11011001B
11101001B
11111001B

00001011B
00011011B
00101011B
00111011B
01001011B
01011011B
01101011B
01111011B
10001011B
10011011B
10101011B
10101011B
11001011B
11011011B
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X14Y5 EQU 11101011B
X15Y5 EQU 11111011B
X0Y6 EQU 00001101B
X1Y6 EQU 00011101B
X2Y6 EQU 00101101B
X3Y6 EQU 00111101B
X4Y6 EQU 01001101B
X5Y6 EQU 01011101B
X6Y6 EQU 01101101B
XT7Y6 EQU 01111101B
X8Y6 EQU 10001101B
X9Y6 EQU 10011101B
X10Y6 EQU 10101101B
X11Y6 EQU 10111101B
X12Y6 EQU 11001101B
X13Y6 EQU 11011101B
X14Y6 EQU 11101101B
X15Y6 EQU 11111101B
X0Y7 EQU 00001111B
X1Y7 EQU 00011111B
X2Y7 EQU 00101111B
X3Y7 EQU 00111111B
X4Y7 EQU 01001111B
X5Y7 EQU §44@71 INL LB
X6Y7 EQU 01101111B
X7Y7 EQU 01111111B
X8Y7 EQU 10001111B
X9Y7 EQU 10011111B
X10Y7 EQU 10101111B
pi il A} EQU 10111111B
X12Y7 EQU 11001111B
X13Y7 EQU 11011111B
X14Y7 EQU 11101111B
X15Y7 EQU 11111111B
KEY1 EQU 00000001B
KEY2 EQU 00000010B
KEY3 EQU 00000011B
KEY4 EQU 00000100B
KEY5 EQU 00000101B
KEY6 EQU 00000110B
KEY7 EQU 00000111B
KEYS8 EQU 00001000B
KEY9 EQU 00001001B
KEYO EQU 00001010B
KEYS EQU 00001011B
KEYC EQU 00001100B
MEMO1 EQU 30H

MEMO2 EQU 31H

MEMOT EQU 32H

ADDR DELAY EQU 33H
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pr¥¥xx% INITIAL EXCHANGE CONTROL CIRCUIT *** %%

INIT: MOV
MOV

MOV

SETB
SETB
MOV
ACALL
CLR
CLR
SETB
SETB
CLR
CLR
MOV
RET

;********* DELAY
; INPUT-R5 (ROUND)
;OUTOUT-TIME DELAY

DELAY10: MOV
DELAY10 1: MOV
DELAY10 2:  DJNZ

DJINZ
DJNZ
RET

;********* DELAY TIME
; INPUT-R5 (ROUND)
; OUTOUT-TIME DELAY

DELAY100: MOV
DELAY100 1: MOV
DELAY100_2: © DJNZ

DJINZ
DJNZ
RET

RO, #MEMO2
ADDR_DELAY, #10
P2, #00H

PO.6
PO.7
R5, #5
DELAY10
PO.6
PO.7
P1.4
P3.4
RSO

RS1

P1, #0FFH

TIME 10m per ROUND *** %% % k% *

R6, #99 ;TIME=12*(1/11.0592*10"6) *
R7,#45 H (R5(1+R6 (1+R7 (2)+2)
R7,DELAY10 2 ; +2)+2)
R6,DELAY10 1 ;10 mSec

R5, DELAY10

ORI RO UN DL (Al *,* *

R6,#190 ;TIME=12*(1/11.0592*10"6) *
R7,#241 ; (R5(1+R6 (1+R7 (2)+2)
R7,DELAY100 2; +2)+2)
R6,DELAY100 1;100 mSec

R5,DELAY100

skkkkkkkkkkkx RECEIVE DTME **%*k %k & %% k**
; INPUT-R3 (DIAL), R4 (DTMF), R5(DETECT HOOK)
;OUTOUT-ADDR MEMOT (33H)

RECEIVE: MOV
ACALL
MOV
ACALL
ACALL
MOV
ACALL
MOV
ACALL
MOV
MOV
ACALL

R2, 03H
CROSS_ON
R2, 04H
CROSS_ON
CHK_HOOK
R2,03H ;DIAL TONE OFF
CROSS_OFF

MEMO1, P1

CHK_HOOK

MEMO2, P1

R2, 04H

CROSS OFF

;DIAL TONE ON
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PUSH
MOV
SWAP
XCHD
MOV
POP
RET

MEMO2
A,MEMO1
A

A, @RO
MEMOT, A
MEMO2

;NUMBER TO CONTACT

;********* CHECK HOOKS * ok ok ok ok ok ok ok ok ok

; INPUT-R5

;OUTOUT-CHECK HOOKS IN LINE CIRCUITS

PUSH
MOV
ACALL
POP
CJINE
JNB
AJMP
CJINE
JNB
AJMP
CJINE
JNB
AJMP
JNB
JB
RET

CHK_HOOK:

NEXT O:

NEXT 1:

NEXT 2:

NEXT 3:

05H

R5, #50

DELAY10

05H

RS, #P03, NEXT 1
PO.3,NEXT_ 3
START

RS, #P04, NEXT 2
PO.4,NEXT 3
START

RS, #P0S, NEXT 3
P0.5, NEXT 3
START
P3.2,NEXT 0

A AW AN

;7 SECOND NUMBER

;********* RINGING * ok ok k ok ok k ok kK

; INPUT-R2

; OUTOUT-CROSS POINT
RINGING: CLR
MOV
ANL
CJINE
SJIMP
CJINE
SJMP
CJINE
MOV
SJIMP
MOV
SETB
MOV
ACALL
CLR
RET

RING 1:

RING 2:

RING_END:

END:

PO.7

A,R2

A, #00001111B

A, #00000001B, RING_1
RING_END

A, #00000010B, RING 2
RING_END =
A, #00000011B,END

A, #00000100B
RING_END

P2, A

PO.6

R5, #5

DELAY10

PO.6

;********* CLEAR RINGING * ok ok ok ok ok ok ok ok ok

CLR
MOV
SETB
MOV
ACALL
CLR

CLR RING:

PO.7
P2, #00H
PO.6
R5, #5
DELAY10
PO.6
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RET

* k k k ok ok ok ok ok CROSS POINT ON * ok ok k ok ok ok ok kK

; INPUT-R2

;OUTOUT-CROSS POINT ON

CROSS_ON:

CLR
MOV
SETB
MOV
ACALL
CLR
RET

P0.6
P2,R2
PO.7
R5, #5
DELAY10
P0.7

;********* CROSS POINT OFF *okokok ok ok Kk kok ok

; INPUT-R2

;OUTOUT-CROSS POINT OFF

CROSS_OFF:

SINCLUDE

CLR
MOV
CLR
MOV
SETB
MOV
ACALL
CLR
RET

"INIT.ASM"

ORG
LJMP
DS
DS
DS
DS
DS

P0.6

A, R2
ACC.0
P2, A
P0.7
RS, #5
DELAY10
PO.7

0000H
START
8

o O 0

;*********** START PROGRAM ik kok ok ok ok ok kk ok kK k&

START:

ST 1:
ST 2:
ST 3:
ST 4:
ST 5:

OGT, 1
OGT 2:
OGT 3:

MOV
ACALL
JB
AJMP
JB
AJMP
JB
AJMP
JB
AJMP
JB
AJMP
JB
AJMP
AJMP
AJMP
AJMP

SP, #0FH
INIT
P0.0,ST 1
OGT 1
P0.1,ST 2
OGT_2
P0.2,ST 3
OGT_3
P0.3,ST 4
IOT 1
P0.4,ST 5
ICT 2
P0.5, START
ICT 3
START
START
START




99

;*%%¥*x%%k* TELEPHONE 1 IN EXCHANGE CONTROL CIRCUIT *%***#%%x

ICT 1:

;**F*xxkx TELEPHONE 1

TACT 11:

;R ARk kST T PHONE, 1

TAacTl

CONT 12:

CON_121:

CON_122:

LOOP 12:

CLR 12:

CLR
MOV
MOV
MOV
ACALL
MOV

CJINE
AJMP

CJINE
JB
MOV
ACALL
JNB
MOV
ACALL
AJMP
MOV
MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL

JB

JB
SJMP
MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP

P3.4

R3, #X0Y0
R4, #X12Y0
R5, #P03
RECEIVE
A,MEMOT

CONTACT TO TELEPHONE 1 ***ikk&sdaxkx

A,#11H,TACT 12 ; TELEPHONE1CONTACT TO

TACT 1E

TELEPHONE 1

CONTAGT TO TELBRHONE 2 ****x*xx

A, #12H,TACT 13 ;TELEPHONE1CONTACT TO

PO.4,CONT 12
R2, #X2Y0
CROSS ON
P0.3,$

R2, #X2Y0
CROSS_OFF
START

R2, MEMO2

RS, #P03
RINGING

R2, #X3Y0
CROSS_ON
P0.4,CON 122
P0.3,CON 121
START

CLR RING

R2, #X3Y0
CROSS OFF
R2, #X11Y0
CROSS. ON

R2, #X11Y1
CROSS_ON

P0.3,CLR 12
P0.4,CLR 12
LOOP 12

R2, #X11Y0
CROSS_OFF
R2, #X11Y1
CROSS_OFF
P0.3,$
P0.4,$
START

; TELEPHONE 2

; BUSY TONE

; RINGING TELEPHONE 2

; RINGBACK TELEPHONE 1

CONNECT TELEPHONE 1 TO

TELEPHONE 2

CLEAR CONNECT 1 TO 2

;¥*%% k%% TELEPHONE 1 CONTACT TO TELEPHONE 3 *%*##¥¥+

TACT 137

CJINE

JB
MOV

A, #13H, TACT 1E
P0.5,CONT 13

R2, #X2Y0

TELEPHONE 1 “CONTACT/ TO
; TELEPHINE 3
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CONT 13:

CON_131:

CON_132:

LOOP 13:

CLR _13:

;*% ¥k ok TELEPHONE 1 DON'T CONTACT

TAGT, I#;

jX*kkxxxk TELEPHONE 2 IN EXCHANGE CONTROL CIRCUIT %% %% «%kx

ICT 2:

ACALL
JNB
MOV
ACALL
AJMP
MOV
MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP

ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
JB

JB
SJMP
MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP

MOV
ACALL
JNB
MOV
ACALL
AJMP

CLR
MOV
MOV
MOV
ACALL
MOV

CROSS_ON
P0.3,5
R2, #X2Y0
CROSS_OFF
START

R2, MEMO
R5, #P03
RINGING
R2, #X3Y0
CROSS_ON

P0.5,CON_132
P0.3,CON 131

START

CLR_RING
R2, #X3Y0
CROSS_ OFF
R2, #X11Y0
CROSS_ON
R2, #X11Y2
CROSS_ON

P0.3,CLR 13
P0.5,CLR 13

LOOP. 13
R2, #X11Y0
CROSS_ OFF
R2, #X11Y2
CROSS_OFF
paaleiy
P0.5,5
START

R2, #X1Y0
CROSS_ON
P0.3,3
R2, #X1Y0
CROSS_OFF
START

P3.4

R3, #X0Y1
R4, #X12Y1
RS, #P04
RECEIVE
A, MEMOT

BUSY TONE

RINGING TELEPHONE 2

RINGBACK TELEPHONE 1

; CONNECT TELEPHONE 1 TO

; TELEPHONE 3

; CLEAR CONNECT 1 TO 3

*ok ok ok ok ok ok k

; NU TONE

j*¥xxxxkk TELEPHONE 2 CONTACT TO TELEPHONE 1 *%%%skkk*

TACT 21:

CJINE
JB
MOV

ACALL

JNB
MOV

ACALL

AJMP

A, #21H,TACT 22 ; TELEPHONE2CONTACT TO
P0.3,CONT 21

R2, #X2Y1
CROSS_ON
P0.4,$
R2,#X2Y1
CROSS_OFF
START

; TELEPHONE 1

7 BUSY -TONE
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CONT 21: MOV
MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
JB

JB
SJMP
MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP

CON 211:

CON_212:

LOOP_21:

CLR 21:

; **x&x s TELEPHONE
TEOT) 24 :
CONTACT._TO. 2
AJMP

; *x % xx %% (TET EPHONE
TACT 23: . CJNE
JB
MOV
ACALL
JNB
MOV
ACALL
AJMP
MOV
MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL
JB
JB
SJMP

CONT 23:

CON_231:

CON_232:

LOOP 23:

R2,MEMO2  ; RINGING TELEPHONE 1
RS, #P04

RINGING

R2,#X3Y1  ; RINGBACK TELEPHONE 2
CROSS_ON

P0.3,CON_212
P0.4,CON 211
START
CLR_RING

R2, #X3Y1
CROSS_OFF
R2, #X11Y1 ;
CROSS_ON

R2, #X11Y0 H
CROSS_ON
P0.4,CLR_2%
P0.3,CLR 21
LOOP 21

R2, #X11Y1 :
CROSS_OFF

R2, #X11Y0
CROSS OFF
P0.4,5$

P OddBy, \S

START

CONNECT TELEPHONE 2 TO 1

TELEPHONE 1

CLEAR CONNECT 2 TO 1

2 CONTACT TO TELEPHONE
CJINE A, #22H, TACT_ 23 B

2 * Kk k ok ok ok ok ok

TELEPHONE 2

TRCT 2ok ; TELEPHONE 2

2 CONTACT TO TELEPHONE 3 ** %%
A, #23H,TACT_2E  ; TELEPHONE 2 CONTACT TO
PO.5,CONT_ 23 ; TELEPHINE 3
R2, #X2Y1
CROSS_ON
B0 &
R2, #X2Y1 ;
CROSS _OFF
START
R2, MEMO2 4
R5, #P04
RINGING
R2, #X3Y1 B
CROSS_ON
PO.5,CON_232
PO.4,CON_231
START
CLR_RING
R2, #X3Y1
CROSS OFF
R2, #X11Y1
CROSS _ON
R2, #X11Y2
CROSS ON
PO.4,CLR, 23
P0.5,CLR 23
LOOP 23

BUSY TONE

RINGING TELEPHONE 3

RINGBACK TELEPHONE 2

; CONNECT TELEPHONE 2 TO 3

; TELEPHONE 3
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CLR_23:

jRxxkkkxx TELEPHONE 2

TACT 2E:

jRE R R R X ITEFLPHONE, §

icT &,

i o e e IR PHONE ™~ 3

TAGT Flf

CONT 31:

CON_311:

CON_312:

LOOP 31:

CLR 31:

MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP

MOV
ACALL
JNB
MOV
ACALL
AJMP

CLR
MOV
MOV
MOV
ACALL
MOV

CJINE
JB
MOV
ACALL
JNB
MOV
ACALL
AJMP
MOV
MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP
ACALL
MOV
ACALL
MOV
ACALL
MOV
ACALL

JB

JB
SJIMP
MOV
ACALL
MOV
ACALL
JNB
JNB
AJMP

R2, #X11Y1 ; CLEAR CONNECT 2 TO 3
CROSS_OFF

R2, #X11Y2

CROSS_OFF

P0.4,5S

P0.5,$

START

DON'T CONTACT *=******
R2, #X1Y1 ; NU TONE
CROSS_ON

P0.4,$

R2, #X1Y1

CROSS_OFF

START

IN EXCHANGE CONTROL CIRCUIT *****%%%
P3.4

R3, #X0Y2

R4, #X12Y2

R5, #P05

RECEIVE

A, MEMOT

CONTACT TO TELEPHONE 1 *#***x**%%
A,#21H,TACT 32 ; TELEPHONE3CONTACTTO1
PSS CON T, 30 ; TELEPHONE 1

R2, #X2Y2

CROSS_ON

POLASAS

RO 59 ; BUSY TONE

CROSS_OFF
START

R2, MEMO2
R5, #P05
RINGING
R2, #X3Y2 ; RINGBACK TELEPHONE 3
CROSS_ ON

P0.3,CON 312

P0.5,CON 311

START

CLR_RING

R2, #X3Y2

CROSS_OFF

R2, #X11Y2 ; CONNECT TELEPHONE 3TO 2
CROSS_ON

R2, #X11Y0 ; TELEPHONE 1

CROSS_ON

; RINGING TELEPHONE 1

P0.5,CLR 31

P0.3,CLR 31

LOOP_31

R2, #X11Y2 ; CLEAR CONNECT 3 TO1l
CROSS_OFF

R2, #X11Y0

CROSS_OFF

P0O.5,$

P0.3,$

START
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jX¥*xxskdokx TELEPHONE 3 CONTACT TO TELEPHONE 2 *kk%x

TACT 323 CJINE A, #23H,TACT 33 ; TELEPHONE 3
CONTACT TO 2
JB PO.4,CONT 32 ; TELEPHINE 2
MOV R2, #X2Y2
ACALL CROSS_ON
JNB P0.5,5
MOV R2, #X2Y2 ; BUSY TONE
ACALL CROSS_OFF
AJMP START
CONT 32: MOV R2, MEMO2 ; RINGING TELEPHONE 2
MOV R5, #P05
ACALL RINGING
MOV R2, #X3Y2 ; RINGBACK TELEPHONE 3
ACALL CROSS_ON
CON_321: JNB PO.4,CON_ 322
JNB PO.5,CON_321
AJMP START
CON_322: ACALL CLR_RING
MOV R2, #X3Y2
ACALL CROSS_OFF
MOV R2,#X11Y2 ; CONNECT TELEPHONE 3 TO 3
ACALL CROSS_ON
MOV R2, #x11Y1 ; TELEPHONE 2
ACALL CROSS_ON
LOOP_32: JB P0.5,CLR 32
JB P0.4,CLR_32
SJMp LOOP_ 32
EUR32: MOV R2,#X11Y2 ; CLEAR CONNECT 3 TO 2
ACALL CROSS_OFF
MOV R2, #X11Y1
ACALL CROSS_OFF
JNB P0.5,$
JNB P0.4,S
AJMP START
j***kxxkx TELEPHONE 3 CONTACT TO TELEPHONE 3. %% ¥ %%
TACT 33: CJINE A, #33H,TACT_3E ; TELEPHONE 3
CONTACT TO 3
AJMP TACT 3E ; TELEPHONE 3
j**kkkk k% TELEPHONE 3 DON'T, CONTAGT: #% %k %
TACT 3E: MOV R2, #X1Y2 ; NU
TONE
ACALL CROSS_ON
JNB P0.5,5%
MOV R2, #X1Y2
ACALL CROSS_OFF
AJMP START
$INCLUDE "SUB.ASM"
END

Y v
Ui a2 TdsunsumvauaguansTnsdyi



104

;******************************~k***********-
’

PROGRAMER BY

’

r

; NAWIN

’

LOAD:

LOAD1:

LOOP:

SUB_R3:

GEN450:

GEN350:

GEN 10:

PROMKUL&NONGNUCH PROMKUL;
TONE GENNERATOR

,-******************************************.
’

ORG
LJIMP
ORG
LCALL
LCALL
MOV
MOV
SETB
RETI
ORG
CPL
LCALL
LCALL
LCALL
LCALL
MOV
MOV
SETB
RETI
MOV
DEC
Jz
MOV
MOV
DEC
JZ
MOV
RET
CEIL
CPL
MOV
AJMP
CPL
MOV
AJMP
INC
CJINE
CPL
INC
CJINE
CPL
INC
CJINE
CPL
MOV
MOV
MOV
INC
CJINE
CPL
MOV
DEC

0000H
START
000BH
LOOP

NU

THO, #0FFH
TLO, #061H
TRO

001BH

00H 7 GEN 400 Hz
GEN 10

BUSY

RINGTONE

NU

TH1, #OFBH

TL1, #0ACH

TR1

A, R2

A ; R2=0 IS 350 Hz
GEN450

R2,A

A ; R3=0 ,IS 450
R3,A

P1.5

P1.0

B2 WOFH ; -85 > OLD 14H
SUB_R3

P1.6

RBP#13p A ——— OLD 18H
LOAD

RO

RO, #28H, GO

01H ; COUNT 10 Hz

RS ; DATA OF 5 Hz
R5,#02H,N_ON ;2

04H ; GEN 5 Hz
R6 N
R6,#07H,N ON1  ; 7

05H ; GEN 0.3 Hz
R6, #00H

R5, #00H

RO, #00H

R1 ; COUNT OF 1 Hz
R1, #0AH, GO

02H

R1, #00H

R4
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RE_LOAD:
GO:

START:

B@SY :

RINGTONE:

RINGTONE

TONE

COMPLEMENT

CJINE
CPL
JB
MOV
SJMP

MOV
RET
ORG

MOV
MOV
CLR
CLR
CLR
SETB
SETB
SETB
CLR
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
SETB
SETB
SJIMP

MOV
ANL
MOV
MOV
RET

MOV
ANL

MOV
MOV

MOV
MOV
RET
MOV
ANL
CPL
MOV
MOV
ANL

R4, #00H, GO

03H ; GEN 0.2 Hz
03H, RE_LOAD

R4, #05H ; 6

GO

R4, #02H

0200H

IE, #0FFH

IP, #00H

O0H ; £ = 400 Hz
001H ; £ = 10 Hz
O02Huw,; £ = 1 Hz
O3H™y;, “f= 0.2 Hz
04H ; =5 Hz

05H~; f =70.38 Hz
O6H ; COMPLEMENT NU
TMOD, #10H

RO, #00H ; DATA f = 10 Hz
R1,#00H ; DATA f = 1 Hz
R2,#0FH ; DATA f = 350 Hz
R3,#13H ; DATA f = 450 Hz
R4,#02H ; DATA f = 0.2 Hz
R5,#00H ; DATA f = 5 Hz
R6,#00H ; DATA f = 0.3 Hz
THO, #0FFH

TLO, #061H

TH1, #0FBH

TL1, #0ACH

TRO

TR1

S

C,00H

C,02H ; 400 Hz MODlHz IS BUSY
P1.7,C
Pl.inC

C,00H
C,03H ; 400 Hz MOD 0.2 Hz IS

P2.2,C ; 50 Hz TO RINGING

C,04H

C,05H ; 5 Hz MOD 0.3 Hz
C

06H, C

C,00H

C,06H ; 400 HZ MOD NU-=
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MOV P2.1,C
MOV P1.3,C
RET
END

517 a.3 Tsunsuadredaana Tnsdwn
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RS R AL SUB 1 FHEFHEAH A

Object = "{3B7C8863-D78F-101B-B9B5-04021C009402}#1.1#0";
"RICHTX32.0CX"

Begin VB.Form frmAbout

Caption = "éﬁmﬁw"

ClientHeight = 6975

ClientLeft = 4395
ClientTop = 3600

ClientWidth = 7170

BeginProperty Font

Name - "CordiaUPC"

Size = 15.75

Charset = 222

Weight = 400

Underline = 0 'False
Italae = 0 'False

Strikethrough = 0 'False

EndProperty

LinkTopic = "Forml"

LockControls = -1 "'True

MDIChild = =AY MBeue

ScaleHeight = 6975

ScaleWidth = g gAY

Begin VB.CommandButton Commandl

Caption = nylq

BeginProperty Font

Name = "MS Sans Serif"

Size = B 25

Charset = 2 A 2

Weight = 400

Underline = 0 'False
Italic = 0 'False

Strikethrough = 0 'False

EndProperty

Height = 495

Left = 5400

TabIndex = 2

Top = 6360

Width B D2l 5

End

Begin RichTextLib.RichTextBox RichTextBoxl

Height = 5295

Left = 600

TabIndex = 0

Top = 960

Width = 6015

_ExtentX = 10610

_ExtentY = 9340

_Version = 327681

ReadOnly = -1 'True
ScrollBars = 2
DisableNoScroll = -1 'True
FileName = "C:\Nodi\Bbout.txt"
End

Begin VB.Label Labell
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Caption = "Qﬁhﬁﬂ"
BeginProperty Font

Name = "MS Sans Serif"
Size = 18
Charset = 222
Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty
Height = 495
Left = 3000
TabIndex = 1
Top = 240
Width = 1095

End

End

Attribute VB Name = "frmAbout"

Attribute VB GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB PredeclaredId = True
Attribute VB _Exposed = False

Private Sub Commandl Click()

Unload Me

End Sub

Private Sub Form Load/()
Top = 500

Left = 1700

Width = 7380

Height = 7380

End Sub

FheEFHAHHHHE R RS SUB 2 #######fHfaHffHHt##HES

Line 40: Class RichTextLib.RichTextBox of control RichTextBoxl

was not a loaded control class.

Line 46: The property name ExtentX
Line 47: The property name _ExtentY
Line 48: The property name Version
Line 49: The property name ReadOnly

in
ST
in
in

RichTextBoxl
RichTextBoxl
RichTextBoxl
RichTextBoxl

is
is
is
is

invalid.
invalid.
invalid.
invalid.

Line 50: The property name ScrollBars in RichTextBoxl is

invalid.

Line 51: The property name DisableNoScroll in RichTextBoxl is

invalid.

Line 52: The property name FileName in RichTextBoxl is invalid.

FHAFEHHE SRR ER S SUB 3 HH##HHHtHERAH SR

Object = "{3B7C8863-D78F-101B-B9B5-04021C009402}#1.1#0";

"RICHTX32.0CX"
Begin VB.Form frmAim

Caption = IpguszasA”
ClientHeight = 6930
ClientLeft = 4140
ClientTop = 3345

ClientWidth = 7260
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LinkTopic = "Form2"
LockControls = -1 'True
MDIChild -1 'True
ScaleHeight = 6930
ScaleWidth = 7260

Begin VB.CommandButton Commandl
Caption = g

Height = 495

Left = 5640
TabIndex = 1

Top = 6360

Width = 1335

End

egin RichTextLib.RichTextBox RichTextBoxl
Height = 5295

Left = 480
TabIndex = 0

Top = 840

Width = 6255
_ExtentX = 11033
_ExtentY = 9340
_Version = 327681
ReadOnly = =1  'True
ScrollBars = 2

FileName = "C:\Noi\Aim. txt"
BeginProperty Font {0OBE35203-8F91-11CE-9DE3-00AA004BB851}
Name = "CordiaUPC"
Size = A2l
Charset > 222

Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty

End

Begin VB.Label Labell

Caption =

BeginProperty Font
Name ~

"IagUszacs”

"MS Sans Serif"

Size = 18

Charset = 22,2

Weight = 400

Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty

Height = 495

Left = 2760

TabIndex = 2

Top = 240

Width = 1815

End

Attribute VB Name = "frmAim"
Attribute VB GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB PredeclaredId = True
Attribute VB Exposed = False
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Unload Me

End Sub

Private Sub Form Load()
Top = 500

Left = 1700

Width = 7380

Height = 7380

End Sub

sRrdtd R SUB 4 HHHHHHH S EEEEESSE

Line 22: Class RichTextLib.RichTextBox of control RichTextBoxl was
not a loaded control class.

Line 28: The property name ExtentX in RichTextBoxl is invalid.
Line 29: The property name ExtentY in RichTextBoxl is invalid.
Line 30: The property name Version in RichTextBoxl is invalid.
Line 31: The property name ReadOnly in RichTextBoxl is invalid.
Line 32: The property name ScrollBars in RichTextBoxl is invalid.
Line 33: The property name FileName in RichTextBoxl is invalid.

FEEHEH AR SUB 5 444 H SRS ESS
Object = "{3B7C8863-D78F-101B-B9B5-04021C009402}#1.14#0";

"RICHTX32.0CX"
Begin VB.Form frmHelp

Caption = "fosuRe”
ClientHeight = 6990
ClientLeft = 60
ClientTop = 345
ClientWidth = 7350
LinkTopic = "Forml"
MDIChild = -1 'True
ScaleHeight = 6990
ScaleWidth = 7350

Begin RichTextLib.RichTextBox RichTextBoxl
Height = 655

Left = 480
TabIndex = il

Top = 480

Width = 6375
_ExtentX = 11245
_Extenty = 9975
_Version - 327681
ReadOnly = -1 'True
ScrollBars = 2

FileName = "C:\Noi\Help.txt"
BeginProperty Font {0BE35203-8F91-11CE-9DE3-00AA004BB851}
Name = "CordigUpc"
Size = 14.25
Charset = 222

Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty

End

Begin VB.CommandButton Commandl
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Caption = "Ta"
Height = 495
Left = 5640
TabIndex = 0
Top = 6360
Width = 1215
End
End
Attribute VB Name = "frmHelp"

Attribute VB GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB PredeclaredId = True
Attribute VB Exposed = False
Private Sub Commandl Click()

Unload Me
End Sub

Private Sub Form_ Load()
Top = 500
Left = 1700
Width = 7500
Height = 7400
End Sub

FHESFHEHSHEA A ES TS SUB 6 HfHfHHHHAHASAEE S

Line 13: Class RichTextLib.RichTextBox of control RichTextBoxl was
not a loaded control class.

Line 19: The property name _ExtentX in RichTextBoxl is invalid.
Line 20: The property name _ExtentY in RichTextBoxl is invalid.
Line 21: The property name Version in RichTextBoxl is invalid.
Line 22: The property name ReadOnly in RichTextBoxl is invalid.
Line 23: The property name ScrollBars in RichTextBoxl is invalid.
Line 24: The property name FileName in RichTextBoxl is invalid.
Line 19: The property name ExtentX in RichTextBoxl is invalid.
Line 20: The property name ExtentY in RichTextBoxl is invalid.
Line 21: The property name Version in RichTextBoxl is invalid.
Line 22: The property name ReadOnly in RichTextBoxl is invalid.
Line 23: The property name ScrollBars in RichTextBoxl is invalid.
Line 24: The property name FileName in RichTextBoxl is invalid.

FHEHSHH A HE AR AEESE SUB 7 ##HHHHHHH AR HEES

Object = "{3B7C8863-D78F-101B-B9B5-04021C009402}#1.1#0";
YRICHIX 32 ..0EX"
Begin VB.Form frmlimit

Caption = "PAULARAIMNNATNITR"

ClientHeight = 7095

ClientLeft = 3630

ClientTop = 3345

ClientWidth = 7365

BeginProperty Font
Name = "CordiaUPC"
Size = 14.25
Charset = 222
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Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty

LinkTopic = "Forml"
MDIChild -1 'True
ScaleHeight = 7095
ScaleWidth = 7365

Begin VB.CommandButton Commandl
Caption = "Ta"
BeginProperty Font

Name = "MS Sans Serif"
Size = Susmny
Charset = 222

Weight = 400
Underline = 0 'False
Italic = 0 '"False
Strikethrough = 0 'False
EndProperty

Height = 495

Left = 5520
TabIndex = 1

Top = 6360

Width = 1215

End

Begin RichTextLib.RichTextBox RichTextBoxl
Height = 5415

Left = 360
TabIndex = 0

Top = 840

Width = 6615
_ExtentX S 11668
_ExtentY " 9551
_Version = 327681
ScreNLBars = v.

FileName = "C:\Noi\limit.txt"
End

Begin VB.Label Labell

Caption = "IULUAAINATNITR"
BeginProperty Font

Name - "MS Sans Serif"
Size = 18

Charset = 222

Weight = 400
Underline = 0 'False
Italic = 0 'False
Strikethrough = 0 'False
EndProperty

Height = 495

Left = 2400
TabIndex = 2

Top = 240

Width = 3015

End

End
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Attribute
Attribute

Attribute

VB Name = "frmlimit"
VB GlobalNameSpace =

VB Creatable = False

Attribute VB PredeclaredId =
Attribute VB Exposed = False
Private Sub Commandl Click()

False

True

Unload Me
End Sub

Private Sub Form Load/()

Top = 500

Left = 1700

Width = 7500

Height = 7500

End Sub
Rt HFH A AR EE  SUB 8 AR
Line 39: Class RichTextLib.RichTextBox of control RichTexztBoxl
not a loaded control class.
Line 45: The property name ExtentX in RichTextBoxl is inwvalid.
Line 46: The property name ExtentY in RichTextBoxl is inwalid.
Line 47: The property name Version in RichTextBoxl is inwvalid.
Line 48: The property name ScrollBars in RichTextBoxl is invalid.
Line 49: The property name FileName in RichTextBoxl is inwvalid.
Line 45: The property name ExtentX in RichTextBoxl is inwalid.
Line 46: The property name ExtentY in RichTextBoxl is inwvalid.
Line 47: The property name Version in RichTextBoxl is inwvalid.
Line 48: The property name ScrollBars in RichTextBoxl is ZInvalid.
Line 49: The property name FileName in RichTextBoxl is inwalid.
Line 45: The property name ExtentX in RichTextBoxl is inwvalid.
Line 46: The property name ExtentY in RichTextBoxl is inwvalid.
Line 47: The property name Version in RichTextBoxl is inwvalid.
Line 48: The property name ScrollBars in RichTextBoxl is invalid.
Line 49: The property name FileName in RichTextBoxl is inwvalid.
FHEFFEHS AR SUB 9 ##fHhHAHA RS
Object = "{6B7E6392-850A-101B-AFC0-4210102A8DA7}#1.3#0";
"COMCTL32 .0CX"
Begin VB.Form frmload

BackColor = &HB80000004 &

BorderStyle = 0  '"None

Caption = "Forml"

ClientHeight = 5325

ClientLeft = 1785

ClientTop = 2745

ClientWidth = 7020

LinkTopic = "Forml"

MDIChild = -1 'True

ScaleHeight = 5328

ScaleWidth = 7020

ShowInTaskbar = 0 'False

Begin VB.Timer Timer2

Interval = 30

Left = 600

Top 120

End

Begin ComctlLib.

ProgressBar ProgressBarl

was
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DragMode = 1 'Automatic
Height = 255

Left = 2640

TabIndex = 1

Top = 4800

Width = 3255

_ExtentX = 5741

_ExtentY = 450

_Version = 327682
Appearance = 1

End

Begin VB.PictureBox Picturel
BackColor = &HO00000000&
Height = 3805

Left = 7520

Picture = "frmload. frx":0000
ScaleHeight = 95
ScaleWidth = AN

TabIndex = 0

Top = 720

Width = 577 5

End

Begin VB.Label Labell

Caption = "Loading X movie"
Height = 255

Left = 1320

TabIndex = 2

Top = 4800

Width = 1215

End

End

Attribute VB Name = "frmload"
Attribute VB GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB PredeclaredId = True
Attribute VB Exposed = False

Dim a As B
Private Su
Top 1500
Left 200
End Sub

yte
b Form Load()

0

Private Sub Timer2 Timer ()

If a < 99
ProgressBa
a a + 1
Else
Unload Me
End If

End Sub

HHEHEHFE AR

Then
rl.Value

a

SUB 10 ######fandaftftfiz=5

ProgressBarl was not

Line 21: 'Class ComctlLib.ProgressBar of control
a loaded control class.

Line 28: The property name ExtentX in ProgressBarl is invalid.
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Line 29: The property name ExtentY in ProgressBarl
Line 30: The property name Version in ProgressBarl
Line 28: The property name ExtentX in ProgressBarl
Line 29: The property name ExtentY in ProgressBarl
Line 30: The property name Version in ProgressBarl
Line 28: The property name ExtentX in ProgressBarl
Line 29: The property name ExtentY in ProgressBarl
Line 30: The property name Version in ProgressBarl
Line 28: The property name ExtentX in ProgressBarl
Line 29: The property name ExtentY in ProgressBarl
Line 30: The property name Version in ProgressBarl
Line 28: The property name ExtentX in ProgressBarl
Line 29: The property name ExtentY in ProgressBarl
Line 30: The property name Version in ProgressBarl
HHEFFEHHHHH SR ESHAESE  SUB 11 #####HfHHdaE#HGHS

Begin VB.Form frmMain

BackColor = &H8000000C&
Caption = ofmlE
ClientHeight = 5505
ClientLeft = 2865
ClientTop = 1875
ClientWidth 7545
LinkTopic = "Forml"
ScaleHeight = b 505
ScaleWidth = 7545
Begin VB.Menu mnuAim
Caption = "dpgisvaenr
End

Begin VB.Menu mnulimit
Caption = "UAULIAAITNANTO "
End

Begin VB.Menu mnumain
Caption = Tuean
Begin VB.Menu mnutl

Caption = ugnuin 1
End

Begin VB.Menu mnut2

Caption = lyeuize
End

Begin VB.Menu mnut3

Caption = lyauis
End

Begin VB.Menu mnut4

Caption = uanuig”
End

Begin VB.Menu mnutb

Caption = lusuds”
End

Begin VB.Menu mnut6

is
is
is
is
is
is
is
is
is
is
is
is
is
is

invalid.
invalid.
invalid.
invalid.
invalid.
invalid.
invalid.
invalid.
invalid.
invalid.
invalid.
invalid.
invalid.
invalid.




116

Caption = lysuie’

End

End

Begin VB.Menu mnuBAbout

Caption = "éﬁmﬁw

End

Begin VB.Menu mnuexit

Caption = "aan"

End

End

Attribute VB Name = "frmMain"
Attribute VB GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB PredeclaredId = True
Attribute VB Exposed = False

Private Sub
frmAim.Show
End Sub
Private Sub
End

End Sub
Private Sub
frmlimit.Sho
End Sub
Private Sub
frmtl.Show
End Sub
Private Sub
frmt2.Show
End Sub
frmt3.Show
End Sub
Private Sub
frmtd.Show
End Sub
Private Sub
frmt5.Show
End Sub
Private Sub
frmt6.Show
End Sub

HHEHEH A H A H AR RHEAESE S

Begin VB.For
Caption

ClientHeight
ClientLeft
ClientTop
ClientWidth
LinkTopic
LockControls
MDIChild
ScaleHeight

mnuAim Click()
mnuexit Click()

mnulimit Click()
W

mnutl Click()

mnut2 Click{()

mnut4 Click()
mnut5 Click()

mnut6_Click()

UB 12 #######44HHH4HEESHS

m frmtl
“laui 1"

6780

4905

4350

7725
"Forml"
H1 "True
-1 'True
6780
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ScaleWidth = 7725
WindowState = 2 'Maximized
Begin VB.Timer Timerl

Interval = 500

Left = 600

Top = 480

End

Begin VB.CommandButton Commandl
Caption = ‘T

Height = 495

Left = 8760
TabIndex = 1

Top = 6840

Width = 155

End

Begin VB.PictureBox Picturel
Height = 6255

Left = 1200
Picture = "frmtl.frx":0000
ScaleHeight = 6195
ScaleWidth = 8955
TabIndex = 0

Top = 480

Width = 9015

Begin VB.Line Linel5
BorderColor = &HB80000002&
BordexrWidth = 3

X1 = 6840

X2 = 7800

Y1 = 1920

i 2 = 1920

End

Begin VB.Line Linel4
BorderColor = &H80000002&
BorderWidth = 3

X1 = 7800

X2 = 7800

Y1l = 4320

Y2 = 1920

End

Begin VB.Line Linel3
BorderColor = &H80000002&
BorderWidth = 5

X1 = 6840

X2 = 6840

Y1 = 2520

Y2 = 1920

End

Begin VB.Line Linel?2
BorderColor = &HB80000002&
BorderWidth = 5

X1 = 5640

X2 = 6480

Y1l = 1920

Y2 = 1920

End

Begin VB.Line Linell
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BorderColor
BorderWidth

X1

X2

Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

)Y 2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y&

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1

Y2

End

Begin VB.Line
BorderColor
BorderWidth

Line8

Il

1l

Line?7

I

Il

Line6

Il

Il

Lineb5

&H80000002&
5

6480
6480

2520
1920

&H80000002&
5

5640

5640

4080

1920

&HB80000002&
5

4440

5280

1920

1920

&H80000002&
5

5280

5280

4080

HYR 0

&H80000002&
5

4440

4440

2520

1920

&HB80000002&
9

3120

3960

1920

1920

&HB80000002¢&
5

3960

3960

2520

1920

&H80000002&
5
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X1
X2

Y1
Y2
End

Begin VB.Line Line3
BorderColor
BorderWidth
X1

X2

Y1

Y2

End

Begin VB.Line Line2
BorderColor
BorderWidth
X1

X2

Y1l

Y2

End

Begin VB.Line Linel
BorderColor
BorderWidth

X1

X2

Y1

Y2

End

Begin VB.Shape S
BackColor
BackStyle
BorderColor
DrawMode
FillColor

Height

Left

Top

Visible

Width

End

Begin VB.Shape S
BackColor
BackStyle
BorderColor
DrawMode
FillColor

Height

Left

Top

Visible

Width

End

Begin VB.Shape Shape
BackColor
BackStyle
BorderColor
DrawMode

I

1l

I

hape

hape

1

Il

3120
3120
4080
1920

&H80000002&
5

2040

2640

1920

1920

&HB80000002¢&
5

2640

2640

4080

220

&HB80000002¢&
5

2040

2040

2520

1920

6

&HOOCOFFFF&

1 'Opaque
&H80000006&

9 'Not Mask Pen
&§HOOCOFFCO&

1695
7080
4080
0

I B3

'False

)

&HOOCOFFFF&

1 'Opaque
&HB80000006&

9 'Not Mask Pen
&HOOCOFFCO&

1575
5880
2520
0
1575

'False

4

&HOOCOFFFF&

1 'Opaque
&H80000006&

9 '"Not Mask Pen
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FillColor = &HOOCOFFCO&
Height = 1575
Left = 4680
Top = 4080
Visible = 0 'False
Width = 1575
End
Begin VB.Shape Shape3
BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1sSmleby
Left = 3360
Top = 2520
Visible = 0 'False
Width = 1575
End
Begin VB.Shape Shape2
BackColor = &HOOCOFFFF&
BackStyle = 1 'Opague
BorderColor = &HB80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &§HOOCOFFCO&
Height = 1505
Left = 2160
Top = 4080
Visible = 0 'False
Width = 1575
End
Begin VB. Shape Shapel
BackColor = &HOOCOFFEF&
BackStyle = 1 'Opagque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575
Left = 960
Top = 2520
Visible = 0 'False
Width = 1455
End
End

Begin VB.Label Labell
Caption = "Labell"
Height = 255
Left = 5640
TabIndex = 2
Top = 120
Width = 855
End
End

Attribute VB Name = "frmtl"

Attribute VB GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB PredeclaredId = True
Attribute VB Exposed = False
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Private Sub Commandl Click()

Unload Me

End Sub

Private Sub Form Load()

'Shapel.Visible =

End Sub

Private
If (Shapel.Visible)
Shapel.Visible =
Else
Shapel.Visible =
End If
Out &H378, 1
rdata = Inp(&H378)
Labell.Caption =
End Sub

True

FHEHHEH A H R

Begin VB.Form frmt2

Sub Timerl Timer ()

Then

False

True

rdata

SUB 13 ittt sasss

Caption = lyanun 2
ClientHeight 3195
ClientLeft = 5160
ClientTop = 4095
ClientWidth = 4680
LinkTopic = "Forml"
LockControls = -1 'True
MDIChild = MAAAATA 2E
ScaleHeight = 3195
ScaleWidth = 4680
WindowState = 2 'Maximized
Begin VB.PictureBox Picturel
Height = 6255

Left = 1320

Picture = "frmt2.frx":0000
ScaleHeight = 6195
ScaleWidth = 8955

TabIndex = 1

Top = 600

Width = 9015

Begin VB.Shape Shapel

BackColor = &HOOCOFFFF&
BackStyle 1 'Opaque
BorderColor = &HB80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 960

Top = 2520

Visible = 0 'False
Width = 1455

End

Begin VB.Shape Shape2

BackColor = &HOOCOFFFF&
BackStyle 1 'Opaque
BorderColor = &HB80000006&
DrawMode s 9 'Not Mask Pen
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FillColor = &HOOCOFFCO&
Height = 1575

Left = 2160

Top = 4080
Visible = 0 'False
Width = 1575

End

Begin VB.Shape Shape3

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &HB800000064&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 3360

Top = 2520
Visible = 0 'False
Width = hSNAS)

End

Begin VB.Shape Shape4

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &H80000006&
DrawMode = 9  'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 4680

Top = 4080
Visible = 0 'False
Width = 155775

End

Begin VB.Shape Shapeb

BackColor = &HOOCOFFFFE&
BackStyle = 1 'Opaque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 155

Left = 5880

Top = 2680
Visible = 0 'False
Width = oS

End

Begin VB.Shape Shapeb6

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1695

Left = 7080

Top = 4080
Visible = 0 'False
Width = 1575

End

Begin VB.Line Linel
BorderColor = &H80000002&

BorderWidth = 5
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X1
X2

Y1

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Yl

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

K2

YAl

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Line?2

Il

Line3

I

I

Lined

Line5

I

1l

Line6

1

Line7

2040
2040
2520
1920

&HB80000002¢&
5

2640

2640

4080

1920

&HB80000002&
5

2040

2640

1920

1920

&HB80000002&
)

3120

3120

4080

1920

&HB80000002¢&
5

3960

3960

2520

1920

&HB80000002&
5

3120

3960

1920

1920

&HB80000002¢&
5

4440

4440

2520

1920

&HB80000002¢&
=

5280

5280
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Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

iy 1

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y2

Line9

LinelO

Linell

Il

Linel?2

Linel3

I

Lineld

4080
1920

&HB80000002¢&
5

4440

5280

1920

1920

&HB80000002¢&
5

5640

5640

4080

1920

&H80000002¢&
5

6480

6480

2520

1920

&H80000002&
&

5640

6480

1920

1920

&HB80000002¢&
5

6840

6840

2520

1920

&HB80000002¢&
5

7800

7800

4320

1820

&H80000002¢&
5

6840

7800

1920

1920
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End
End
Begin VB.CommandButton Commandl
Caption = T
Height = 495
Left = 8760
TabIndex = 0
Top = 7200
Width = 1575
End
End
Attribute VB Name = "frmt2"
Attribute VB GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB PredeclaredId = True
Attribute VB Exposed = False
Private Sub Commandl Click()
Unload Me
End Sub

A H A ER RS SUB 14 H#HH4H4 44 HSHEEHEHESS

Begin VB.Form frmt3

Caption = lueun 3
ClientHeight 3195
ClientlLeft = 4905
ClientTop = 4845
ClientWidth 4680
LinkTopic B PR TRy
LockControls = FIO T T TRONE
MDIChild -1 'True
ScaleHeight = 3193
ScaleWidth = 4680
WindowState = 2 'Maximized
Begin VB.CommandButton Commandl
Caption 2
Height = 495
Left = 9000
TabIndex = 1
Top = 6960
Width = 1455
End
Begin VB.PictureBox Picturel
Height 6495
Left = 1440
Picture = "Erme3 . s ;10000
ScaleHeight = 6435
ScaleWidth = 8955
TabIndex = 0
Top = 240
Width = 9015
Begin VB.Line Line7
BorderColor = &HB0000002¢&
BorderWidth B
X1 = 4800
X2 = 4800
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Y1
Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

2

End

Begin VB.Line
BorderColor
BordexrWidth
X1

X2

Y1l

Y2

End

Begin VB.Line
BorderColor
BorderWidth
X1

X2

Y1l

Y2

End

I

Line6

Line5

Lined

Line?2

Il

I

Linel

I

Begin VB.Shape Shape

BackColor
BackStyle
BorderColor
DrawMode
FillColor
Height

3000
3960

&HB80000002&
5

5040

6360

1440

1440

&HB80000002&
5

6360

6360

1920

1440

&HB80000002&
&

5040

5040

2280

1440

&H80000002&
2

4560

3240

1440

1440

&H80000002&
5

4560

4560

2280

1440

&HB80000002&
5

3240

3240

1920

1440

4

&HOOCOFFFF&
1 'Opaque
&H80000006¢&

9 'Not Mask Pen

&HOOCOFFCO&
1575
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Left = 3960

Top = 3960

Visible = 0 'False
Width = 1695

End

Begin VB.Shape Shape?2

BackColor = &HOOCOFFFF&
BackStyle 1 'Opaque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 5640

Top = 1800

Visible = 0 'False

Width = 1695

End

Begin VB.Shape Shapel

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = ¥515

Left = 2280

Top = 1800

Visible = 0 'False

Width = 1575

End

Begin VB.Shape Shape3

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &HB80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 15770

Left = 4080

Top = 2160

Visible = 0 'False

Width 9 1455

End

End

End

Attribute VB Name = "frmt3"

Attribute VB GlobalNameSpace = False

Attribute VB Creatable = False

Attribute VB PredeclaredId = True
Attribute VB Exposed = False
Private Sub Commandl Click()
Unload Me

End Sub

FHAFFFETHHHHAFHEHHHSSE SUB 15 #####fH#H44E4H444444
Begin VB.Form frmt4
Caption = lugun 4"
lientHeight = 3195
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ClientLeft = 5160
ClientTop = 5100
ClientWidth = 4680
LinkTopic = "Forml"
LockControls = -1 'True
MDIChild -1 'True
ScaleHeight = 3195
ScaleWidth 4680
WindowState = 2  '"Maximized
Begin VB.CommandButton Commandl

Caption = ‘T

Height = 495

Left = 9480

TabIndex = 1

Top = 7080

Width = 1215
End
Begin VB.PictureBox Picturel

Height = 6375

Left = 1080

Picture = JErmt Az 0000

ScaleHeight = 6315

ScaleWidth = 9555

TabIndex = 0

Top = 480

Width = 9615

Begin VB.Line Line6

BorderColor = &HB80000002&

BorderWidth = 3

X1 = 2040

X2 = 2040

Y1 = 2520

N % = 3720

End

Begin VB.Line Lineb

BorderColor = &HB0000002¢&

BorderWidth = 5

X1 = 4200

X2 = 2400

Y1 = 4080

Y2 = 4080

End

Begin VB.Line Line4

BorderColor = &HB80000002&

BorderWidth = 5

X1 = 6600

X2 = 4920

Y1l = 4080

Y2 = 4080

End

Begin VB.Line Line3

BorderColor = &HB80000002&

BorderWidth = 5

X1 = 6960

X2 = 6960

Y1 = 2520

Y2 = 3720
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End

Begin VB.Line Line2

BorderColor - &H80000002¢&
BorderWidth = 5

X1 = 4800

X2 = 6600

Y1l = 2160

Y2 = 2160

End

Begin VB.Line Linel

BorderColor = &H80000002&
BorderWidth = 5

X1 = 2400

X2 = 4080

Y1l = 2160

Y2 = 2160

End

Begin VB.Shape Shape6

BackColor = &HOOCOFFFEF&
BackStyle = 1 'Opaque
BorderColor = &HB80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 6120

Top = 3600
Visible = 0 'False
Width = 1695

End

Begin VB.Shape Shape5

BackColor = &HOOCOFFFFE&
BackStyle = 1 'Opaque
BorderColor = &HB80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 3600

Top = 3600
Visible = 0 'False
Width = 1695

End

Begin VB.Shape Shaped

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &HB800000064&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 1200

Top = 3600
Visible = 0 'False
Width = 1695

End

Begin VB.Shape Shape3

BackColor = &HOOCOFFFF&
ackStyle il 1 'Opaque
BorderColor = &H80000006&

DrawMode = 9 '"Not Mask Pen
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FillColor = &HOOCOFFCO&
Height = 1575
Left = 6120
Top = 1680
Visible = 0 'False
Width = 1575
End
Begin VB.Shape Shapel
BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &HB80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575
Left = 1200
Top = 1680
Visible = 0 'False
Width = 1695
End
Begin VB.Shape Shape?2
BackColor = &HOOCOFFFF&
BackStyle = 1  'Opaque
BorderColor = &HB80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575
Left = 3600
Top - 1680
Visible = 0 'False
Width = 595
End

End

End

Attribute VB Name = "frmt4"

Attribute VB GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB PredeclaredId = True
Attribute VB Exposed = False

Private Sub Commandl Click()

Unload Me

End Sub

FHEFHH A HEE S EEE SUB 16 ###HfHHHHHER RIS

Begin VB.Form frmtb5

Caption = “lueuh 5"
ClientHeight = 3195
ClientLeft = 5160
ClientTop = 5100
ClientWidth = 4680
LinkTopic = “Eerml"
LockControls = -1 'True
MDIChild = -1 'True
ScaleHeight = 3195

ScaleWidth = 4680
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Begin VB.Line Linel

BorderColor = &H80000002¢&
BorderWidth = 5

X1 = 3240

X2 = 6240

Y1 = 2400

Y2 = 2400

End

Begin VB.Shape Shape4

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFECO&
Height = =575

Left = 5760

Top = 3840
Visible = 0 'False
Width = 1695

End

Begin VB.Shape Shape3

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 2040

Top = 3840
Visible = 0 'False
Width = 1695

End

Begin VB.Shape Shape2

BackColor = &HOOCOFFFF&
BackStyle = 1  '"Opaque
BorderColor = &HB80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 5760

Top = s9:(0
Visible = 0 'False
Width = 1695

End

Begin VB.Shape Shapel

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1575

Left = 2040

Top = 1920
Visible = 0 'False
Width = 1695

End

End
End
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Attribute VB Name = "frmt5"
Attribute VB GlobalNameSpace = False
Attribute VB Creatable = False
Attribute VB PredeclaredId = True
Attribute VB Exposed = False

Private Sub Commandl Click()

Unload Me

End Sub

FHEFHHS A HHEE AR EEEE SUB 17 ####dHd R

Begin VB.Form frmté6

Caption = luanun 6"
ClientHeight = 3ad=05
ClientLeft = 4905
ClientTop = 4590
ClientWidth = 4680
LinkTopic = "Forml"
LockControls = =1 ()'True
MDIChild = =1 | \'"Triue
ScaleHeight = 3195
ScaleWidth = 4680
WindowState = 2 '"Maximized
Begin VB.CommandButton Commandl
Caption = "Ta"
Height = 495
Left = 9240
TabIndex = 2
Top = 7080
Width = 1215
End

Begin VB.PictureBox Picturel
Height = 68 7%
Left = 1440
Picture = "frmt6.frx":0000
ScaleHeight = 6315
ScaleWidth = 9075
TabIndex = 0
Top = 600
Width = MBS oY
Begin VB.Line Lineéb
BorderColor = &HB80000002&
BorderWidth = 5
X1 = 3480
X2 = 6120
Y1 = 3480
Y2 = 3480
End
Begin VB.Line Line>
BorderColor = &HB80000002&
BorderWidth = 5
X1 E 6480
X2 = 6480
¥ = 3840
Y2 = 4680

End
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Begin VB.Line Line4

BorderColor = &H80000002&
BorderWidth = 5

X1 = 6480

X2 = 6480

Y1l = 2280

Y2 = 3120

End

Begin VB.Line Line3

BorderColor = &H80000002&
BorderWidth = 5

X1 = 3480

X2 = 6120

Y1l = 1920

Y2 = 1920

End

Begin VB.Line Line2

BorderColor = &HB80000002&
BorderWidth = 5

X1 = 3120

X2 = 3120

¥ i = 3120

w = 2280

End

Begin VB.Line Linel

BorderColor = &HB80000002&
BorderWidth = 5

X1 = 3120

X2 = 3120

Y1l = 4680

Y2 = 3840

End

Begin VB.Shape Shapeb

BackColor = &HOOCOFFEF&
BackStyle = 1 '"Opaque
BorderColor = &H80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1455

Left = 5640

Top = 4680
Visible = 0 '"False
Width = 1575

End

Begin VB.Shape Shapeb5

BackColor = &HOOCOFFFF&
BackStyle = 1 'Opaque
BorderColor = &HB80000006&
DrawMode = 9 'Not Mask Pen
FillColor = &HOOCOFFCO&
Height = 1455

Left = 5640

Top = 3120
Visible = 0 'False
Width = 1575

End

Begin VB.Shape Shapei
BackColor = &HOOCOFFFF&
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BackStyle
BorderColor
DrawMode
FillColor
Height

Left

Top
Visible
Width

End

Begin VB.Shape Shape3

BackColor
BackStyle
BorderColor
DrawMode
FillColor
Height
Left

Top
Visible
Width

End

I

1

1 'Opaque
&H80000006&

9 'Not Mask Pen
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1575

5640

1440

0 'False

1575

&HOOCOFFFF&

1 'Opaque
&HB80000006&

9 'Not Mask Pen
&HOOCOFFCO&

1575

2280

1440

0 'False

1695

Begin VB.Shape Shape?2

BackColor
BackStyle
BorderColor
DrawMode
FillColor
Height
Left

Top
Visible
Width
End

&HOOCOFFFF&

1 'Opaque
&H80000006&

9 'Not Mask Pen
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2280

3120

0 'False

1695

Begin VB.Shape Shapel

BackColor

BackStyle

BorderColor

DrawMode

FillColor

Height

Left

Top

Visible
End

Attribute VB Name =

I

I

&HOOCOFFFF&

1 'Opaque
&HB80000006&

9 'Not Mask Pen
&HOOCOFFCO&

1455

2280

4680

0 'False

"frmt6"

Attribute VB GlobalNameSpace = False

Attribute VB Creatable
Attribute VB PredeclaredId
Attribute VB Exposed

False

= True

False

Private Sub Commandl Click()

Unload Me
End Sub
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DALLAS

SEMICONDUCTOR

DS275

Line-Powered RS-232 Transceiver Chip

FEATURES

® Low—power serial
tery-backed systems

transmitter/receiver for bat-

e Transmitter steals power from receive signal line to
save power

e Ultra~low static current, even when connected to
RS-232-E port

e Variable transmitter level from +5 to +12 volis
e Compatible with RS—-232~E signals

e Available in 8-pin, 150-mil wide SOIC package
(DS275S) and 14—pin TSSOP package

e Low—power CMOS

ORDERING INFORMATION

DS275 8—pin DIP
DS275S 8-pin SOIC
DS275E 14—pin TSSOP
DESCRIPTION

The DS275 Line—Powered RS-232 Transceiver Chip is
a2 CMOS device that provides a low—cost, very low—
power interface to RS-232 serial ports. The receiverin-
puttransiates RS—232 signal levels to common CMOS/
TTL levels. The transmitter employs a unique circuit
which steals current from the receive RS-232 signal
when that signal is in a negative state (marking). Since
most senal communication ports remain in a negative
state statically, using the receive signal for negative

PIN ASSIGNMENT

U
RXout [: 1 € :I vce
vory [ 2 7 :] RXIN
TXin E 3 € j NC
GND C a 3 3 TXouT

DS275 &=PIN DIF {300 MIL)
DS275S 8-PIN SOIC (150 MIL)

RXout (i 1 1 ;:‘ Vee
NC j 2 13 [0 Ne
Voay 0 3 12 O ne
NC (T e 1 E RXin
™ s 10 {1 NC
NC D 6 ° E NC
eno O 7 £ O TXour

B e
0S275E 14-PIN TSSOP

PIN DESCRIPTION

RXout - RS-232 Receiver Output
Vpgrv - Transmit Driver +V

TXin - RS-232 Driver Input

GND - System Ground (0V)
TXouT - RS-232 Driver Output

NC - No Connection

RXin - RS-232 Receiver Input
Vee - System Logic Supply (+5V)

power greatly reduces the DS275's static power con-
sumption. This feature is especially important for bat-
tery—powered systems such as laptop computers, re-
mote sensors, and poritable medical instruments.
During an actual communication session, the DS275's
transmitter will use system power (5—12 volts) for posi-
tive transitions while still employing the receive signal
for negative transitions.

Oooyngm 1935 by Bafias Semiconcuctor Corporation.
A Rorits Reserved. For imponant nformation ing
palents and omer neleauat oropeny nghts, piease refer 10
Calas Semiconaudor Gata DOOKS.

011996 1/
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DS275 BLOCK DIAGRAM Figure 1

Vorv >

Vee OO

OPERATION

Designed for the unique requirements of battery—
backed systems, the DS275 provides z low—power
half—duplex interface to an RS—-232 serial por. Typical-
ly. 2 designer must use an RS—232 device which uses
system power during both negative and positive transi-
tions of the transmit signal to the RS—232 port. If the con-
nector tothe RS—-232 portis left connected for an appre-
ciable time after the communication session has ended,
power will statically flow into that port, draining the bat-
tery capacity. The DS275 eliminates this static current
drain by stealing current from the receive line (RXn) of
the RS-232 port when that line is at 2 negative level
(marking). Since most asynchronous communication
overan RS-232 connection typically remains in a mark-
ing state when data is not being sent, the DS275 will not
consume system power in this condition. System power
would only be used when positive—going transitions are
needed on the transmit RS-232 output (TXoyT) when
datais sent. However, since synchronous communica-
tion sessions typically exhibit a very low duty—cycle,
overall system power consumption remains low.

RECEIVER SECTION

The RX;y pin is the receive input for an RS—232 signal
whose levels can range from =3 to £15 volts. A negative
datasignalis called a mark while a positive data signalis

l,>O—:> TXour

NEGATIVE
CURRENT
SWITCH

RXn

called a space. These signals are inverted and then lev-
el-shiftedto normal +5 volt CMOS/TTL logic levels. The
logic output associated with RX;y is RXgyt which
swings from +V ¢ to ground. Therefore, a mark on RX
produces alogic 1at RXgyT. 2 space produces a logic 0.

The input threshold of RXyy is typically around 1.8 volts
with 500 millivolts of hysteresis to improve noise rejec-
tion. Therefore, an input positive—going signal must ex-
ceed 1.8 volts to cause RXgyr to switch states. A nega-
tive—going signal must now be lower than 1.3 voits
(typically) to cause RXgyr to switch again. An open on
RXn is interpreted as a mark, producing a logic 1 at

RXouT-

TRANSMITTER SECTION

TXn is the CMOS/TTL—compatible input for digital data
fromthe user system. A logic 1 at TX;y produces a mark
(negative data signal) at TXpyT while a logic 0 produces
a space (positive data signal). As mentioned eadier, the
transmitter section employs & unique driver design that
uses the RXyy line for swinging 1o neqative levels. The
RXn line must be in a marking or idle state to take ad-
vantage of this design; if RXy is in a spacing state.
TXour will only swing to ground. When TX gyt needs to
transition to a positive levei. it uses the Vpry power pin

011996 278
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forthis level. Vpry can be a voltage supply between 5 to
12 volts, and in many situations it can be tied directly to
the +5 volt Ve supply. Itis important to note that Vpgy
must be gfeater than or equal to V¢ at all times.

The voltage range on Vpgry permits the use of a 9—volt
battery in order to provide a higher voltage level when
TXour is in a space state. When V¢ is shut off to the
DS275 and Vpgy is still powered (as might happenin a
battery-backed condition), only a small leakage current
(about 50—100 nA) will be drawn. If TXgytis loaded dur-
ing such a condition, Vpgy will draw current only if RXy
is not in a negative state. During normal operation
(Voe=5 volts), Vpry will draw less than 2 uA when
TXoyrtis marking. Of course, when TXgyT is spacing,
Vpgy will draw substantially more current — about 3 mA
depending upon its voltage and the impedance that
TXouT sees.

The TXpyt output is slew—rate limited to less than 30
volts/us in accordance with RS-232 specifications. In
the event TXgut should be inadvertently shorted to
ground. internal current=limiting circuitry prevents dam-
age, even if continuously shorted.

RS-232 COMPATIBILITY

The intent of the DS275 is not so much to meet all the
requirements of the RS-232 specification as to offer a
low—power solution that will work with most RS-232
ports with a connector length of less than 10 feet. As a
prime example, the DS275 will not meetthe RS-232 re-
quirement that the signal levels be at least +5 volts mini-
mum when teminated by a 3KQ load and Vpgy= +5
volts. Typically 4 volts will be present at TXgyt when
spacing under this condition. However, since most
RS-232 receivers will correctly interpret any voltage
over 2 volts as a space, there will be no problem trans-
mitting data.

APPLICATIONS INFORMATION

The DS275is designed as a low—cost, RS—232-E inter-
face expressly tailored for the unique requirements of
battery—operated handheld products. As shown in the
electrical specifications, the DS275 draws exceptionally
low operating and static current. During normal opera-
tion when data from the handheld system is sent from
the TXouTt output, the DS275 only draws significant
Vpry curtent when TXqyr transitions positively (spac-
ing). This current flows primarily into the RS—232 receiv-

er's 3-7KQ load at the other end of the attaching cable.
When TXgyt is marking (a negative data signal), the
VpRy current falls dramatically since the negative volt-
ageis provided by the transmit signal from the other end
of the cable. This represents a large reduction in overall
operating current, since typical RS-232 interface chips
use charge—pump circuits to establish both positive and
negative levels at the transmit driver output.

To obtain the lowest power consumption from the
DS275, observe the following guidelines. First, to mini-
mize Vpry current when connected to an RS~232 port,
always maintain TXy at a logic 1 when data is not being
transmitted (idle state). This will force TXgyt into the
marking state, minimizing Vpgy current. Second, Vpgy
current will drop to less than 100 nA when Ve is
grounded. Therefore, if Vpry is tied directly to the sys-
tem battery. the logic +5 volts can be turned off to
achieve the lowest possible power state.

FULL-DUPLEX OPERATION

The DS275 is intended primarily for half—duplex opera-
tion; thatis, RXy should remainidle in the marking state
when transmitting data out TXgyt and visa versa. How-
ever, the part can be operated full-duplex with most
RS-232-E serial ports since signals swinging between
0 and +5V will usually be correctly interpreted by an
RS-232-E receiver device. The 5-volt swing occurs
when TXoyTattempts to swing negative while RXy is at
a positive voltage, which tums on an internal weak pull—
down to ground for the TXgyT driver's negative refer-
ence. So, transmit mark signals at TXgyt may have
voltage jumps from some negative value (correspond-
ing to RXy marking) to approximately ground. One pos-
sible problem that may occur in this case is if the receiv-
er at the other end requires a negative voltage for
recognizing a mark. In this situation, the full— duplex cir-
cuit shown in Figure 3 can be used as an altemative.
The 22 pF capacitor forms a negative—charge reservoir,
con's?q'uentiy, when the TXD line is spacing (positive),
TXourt still has a negative source available for a time
period determined by the capacitor and the load resis-
tance at the other end (3-7KQ). This circuit was tested
from 150—19,200 bps with error—free operation using a
SN75154 Quad Line Receiver as the receiver for the
TXoyrt signal. Note that the SN75154 can have a mark-
ing input threshold below ground; hence there is the
need for TXgyr to swing both positive and negative in
full—duplex operation with this device.

01ices5 378
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HANDHELD RS-232-C APPLICATION USING A STEREO MINI-JACK Figure 2

— Vorv  RXp F———

\4

r— +5V _\
|
DS275 ' |
TTUCMOS ~ [ STEREO MINI—PHONO PLUG
oataouT {F———{] RXour Vcg RS-232IN | F
1

DATA IN

L ___________________ Wi CUSTOM CABLE

TTUCMOS
DATA IN

TTUCMOS
DATA QUT

TTUCM
MOS D>——————( ™ nd]

RS-232 OUT

fc GND TXout
L

HAND-HELD INSTRUMENT

i

| \

I STEREQ JACK (TO SAVE SPACE)
|

i

25-PIN TO RJ11 ADAPTOR

=) ] =
= || PC COM
s PORT
RJ-11
o 1
FULL-DUPLEX CIRCUIT USING NEGATIVE-CHARGE STORAGE Figure 3
+5V
C 3
P———| RXD
Rl 5 £C SERIAL
—),,_,_41 2 PORT
! i . ™0 | (oB-25)
i AP GNC
A
|
G |

NOTE:

The capacitor stores negative charge whenever the TXD signal from the PC serial portis in a marking data state (a
negative voltage thatis typically =10 volts). The top DS275's TXqyt Uses this negative charge reservoir whenitisin a
marking state. The capacitor will discharge to 0 volts when the TXD line is spacing (and TXgyr is still marking) at a
time constant determined by its value and the value of the load resistance refiected back to TXouT. However, when
TXD is marking, the capacitor will quickly charge back to —10 volts. Note that TXD remains in a marking state when
idle, which improves the performance of this circuit.

011996 4/8
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ABSOLUTE MAXIMUM RATINGS*

Vee - —0.3to +7.0 volts
Vprv ) —0.3to +13.0 voits
RXin +15 volts

TXin —0.3 to Vg + 0.3 volts
TXout +15 volts

RXout i -0.3to V¢g + 0.3 volts
Storage Temperature -55°C to +125°C
Operating Temperature 0°Cto 70°C

* Thisis a stressratingonly and functional operation of the device atthese orany other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS .

PARAMETER SYMBOL MIN 1 TYP MAX UNITS NOTES
Logic Supply Vee 4.5 5.0 5:9 \ 1
Transmit Driver Supply VpRv 4.5 512 13.0 \% 1
Logic 1 Input ViH 2.0 Vee+0.3 \Y 2
Logic O Input Vi -0.3 +0.8 \
RS-232 Input Range (RXn) Vgrs -15 +15 \Y%
Dynamic Supply Current
'D(,N = VCC ‘DRV‘I 400 800 LA B
lcct 40 100 HA
TXin = GND loRv1 3.8 5.0 mA
lcc<. 40 100 pA
Static Supply Current
TX[N = VCC lprv2 1.5 10.0 pA 4
Icc2 10.0 15.0 pA
TX|N = GND IDRV2 3E 8.0 mA
lcc2 10.C 20.0 HA
Driver Leakage IpRV3 0.05 1.0 pA 5

Current (Vgc=0V)

01199¢€ S/E
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DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Voo = Vprv =5V £ 10%)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
TXour Level High VOTxH 3.5 4.0 5.0 \ 6
TXour Level Low VoTxL -8.5 -9.0 ) \ 7
TXoyt Short Circuit Current Isc +20 +85 mA
TXouyr Output Slew Rate tsr 30 Vigs
Propagation Delay tep 5 ps 8
RXn Input Threshold Low VL 0.8 1.2 1.6
RXn Input Threshold High V1H 1.6 2.0 2.4
RXjn Threshold Hysteresis Vyys 0.5 0.8 \ 9
RXoyt Output Current @ 2.4V loH -1.0 mA
RXoyt Output Current @ 0.4 V loL 32 mA

NOTES:

1. Vpryv must be greater than or equal to Vge.

2. Vgo=VpRy = 5V £ 10%.

&)

See test circuit in Figure 4.

4. See test circuit in Figure 5.

»

See test circuit in Figure 6.
TXin = VL and TXpyr loaded by 3KQ to ground.
TXin = Vin, RX iy = =10 volts and TXoyt loaded by 3KQ to ground.

® N o

TXin to TXouT — see Figure 7.

©

Viys = Vo = V1L
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DYNAMIC OPERATING CURRENT

DRIVER LEAKAGE TEST CIRCUIT Figure 6
TEST CIRCUIT Figure 4

+12V
5V +12v |
'CC * 'DRV] l DRV3
v v
* (55 ¥ Vee  Voav Vec  Vomv
— O] ™Xin  TXour TXIN - TXoum
o R=3K |c=2500pPF vi Re 3K
v

v Y

© RXour BXin ] RXgur RXin|—O -3 to—15V
GND VpuLse v GND

v v
#)° ko
VPULSE&/—\J_\—-M" -15v

~ t = 100 pusec
slew rate < 30V/usec

STATIC OPERATING CURRENT
TEST CIRCUIT Figure 5

'CC2,+ 2V +12Y IpRV2
v| lv
+|5V Vec  Vorv
O
—XO—N TX[N TXOUT
v R =3K
v
C RXOUT RX|N s —1O%
GND

|
v

011996 7/8
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Functional Description

The MT88L70 monolithic DTMF receiver offers small
size, low power consumption and high performance,
with 3 volt operation. Its architecture consists of a
bandsplit filter section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones before passing the corresponding
code to the output bus.

Filter Section

Separation of the low-group and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tone rejection. Each filter output is
followed by a single order switched capacitor filter
section which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators
which are provided with hysteresis to prevent
detection of unwanted low-level signals. The outputs
of the comparators provide full rail logic swings at
the frequencies of the incoming DTMF signals.

Decoder Section

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuit").

Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred
to as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes V¢ (see Figure 3) to
rise as the capacitor discharges. Provided signal
condition is maintained {ESt remains high) for the

MT88L70

Digit | TOE | INH ESt Q Q, Q, Qq

ANY L X H z 4 Z z
1 H X H 0 0 0 1
2 H | x H 0 [} 1 0
3 H X H 0 0 1 1
4 H X H 0 1 0 0
S H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 0 0
9 H X H 1 0 0 1
0 H X H 1 0 1 o
= H X H 1 0 1 1
# H X H 1 (o] 0 0
A H L H 1 o} 0 1
B8 H L R 1 0 1 0
(o] H L H 1 1
0 H (" H 0 o] 0 0
A H H L
B H H L undetected, the output code

will remain the same as the

c H H L previous detected code
[0} H H L

Table 1. Functional Decode Table

L=LOGIC LOV/. H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

validation period (tgrte)., V. reaches the threshold
(Vrsy) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1)
into the output latch. At this point the GT output is
activated and drives v.to V. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are made
available on the 4-bit output bus by raising the three
state control input (TOE) to a logic high. The steering
circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receiver
will tolerate signal interruptions (dropout) too short to
be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants externally, allows the designer to tailor
performance to meet a wide variety of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital pause, the simple steering
circuit shown in Figure 3 is applicable. Component
values are chosen according to the formula:



168

ISO*-CMOS MT88L70
3 Volt Integrated DTMF Receiver

T R T TN ottt it
e SN A S A e Y LR e S

Features

« 2.7 - 3.6 volt operation

« Complete DTMF receiver

* Low power consumption

« Internal gain setting amplifier

¢ Adjustable guard time

« Central office quality

« Power-down mode

+ Inhibitmode

« Functionally compatible with Mitel's MT88700D

Applications

< Paging systems

* Repeater systems/mobile radio
« Credit card systems

« Remote control

« Personal computers

« Telephone answering machine

ISSUE 2

May 1995

Ordering Information

MT88L70AC 18 Pin Ceramic DIP
‘MT88L70AE 18 Pin Plastic DIP
MT8BL70AS 18 Pin SOIC
MT88L70AN 20 Pin SSOP
MTBEL70AT 20 Pin TSSOP

-40°Cto+85°C

Description

The MTBBL7C is & complete 3 Volt, DTMF receiver
integrating both the bandsplit filter and digital
decoder functions. The filter section uses switched
capacitor  techniques for high and low group
fitters: the decoder  uses digital counting
techniques to cetect and decode all 16 DTMF tone-
pairs into a 4-bit code. External component count is
minimized by or chip provision of a differential input
emplifier. clock cscillator and latched three-state bus
interface.

VvDD VSS VRe! INK
4 !
Bias
FWON Circuit VRe!
Butler
4 * - - e Q1
Power Bias High Group Digia Code
Filter _U Detection Converter | | .
Algomnm and Lztch Q2
IN »
* T%‘na,e Zero Crossng
IN- Filter Detectors bl e~ Q3
GS — Low Group -
Filter _&—-» [e23
to all
D@ Chip St Slex.anng Zl
Clocks GT Logic y
osc1 osc2 S:GT ESt STD TOE

Figure 1 - Functional Block Diagram
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IN+[] 1 = 18[] voo lN*E 1 H 207 voo

IN-(]] 2 17[JsvGT IN-[ 2 19 ] svGT
Gs(d 3 16 JESt es( 3 18 [J ESt
VRef (] 4 15[ S0 VRet (] 4 170 s1o0
INH(] 5 14{7Q4 INH({] 5 16 [ NC
PWDN(] 6 13(Ja3 PWON(] 6 15 4
oscil] 7 12171Q2 Nne( 7 14 Q3
oscz(] s 11Ja1 osci( 8 1302
vss(] 9o 10 TOE oscz2( 9 12{] a1
vss (] 10 1 {J1oE

18 PIN CERDIP/PDIP/SOIC 20 PIN SSQP/TSSOP

Pin Description

Figure 2 - Pin Connections

Pin #

Name Description

18 | 20

1 1 IN+ [Non-Inverting Op-Amp (Input).

212 IN-  |lnverting Op-Amp (Input).

313 GS |Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor.

414 Vge |Reference Voltage (Output). Nominally Vpp/2 is used to bias inputs at mid-rail (see Figure
5 and Figure 6).

5 |5 INH |Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 6 | PWDN |Power Down (Input). Active high. Powers down the device and inhibits the oscillator. This

. pin input is internally pulled down.

7 | 8 | OSC1 |Clock (Input).

8 | 9 | OSC2 |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

9 |10 Vss |Ground (Input). OV typical.

10 | 11 TOE |Three State Output Enable (Input). Logic hich enables the outputs Q1-Q4. This pin is
pulled up intemally.

11-112-| Q1-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

14 | 15 last valid tone-pair received (see Table 1). When TOE is logic low. the data outputs are high
impedance.

15 | 17 StD  |Delayed Steering (Output). Presents a logic high when a received tone-pair has been
registered and the output latch updated: returns to logic low when the voltage on SUGT falls
below Vg,

16 | 18 ESt |Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause ESt to
return to a logic low.

17 | 19 | SUGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than V g, detected at
St causes the device to register the detected tone pair and update the outgut latch. A
voltage less than Vg, frees the device to accect a new tonz pair. The GT output acts to
reset the external steering time-constant: its stzte is a functicn of ESt and the voltage on St.

18 | 20 Vpp [Positive power supply (Input) . +3V typical.

7. NC  |[No Connection.
i16
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lrec=lorttcre
lo=lpatiGra

The value of tpp is a device parameter (see Figure 7)
and tggc is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 pF is
recommended for most applications, leaving R to be
selected by the designer.

Voo
-cC
Voo
SVGT Ve
ESt f—onAAA—
R
S0
MT88L70 tara=(RC)In(Vpo/Vrsy)
tarp=(RC)In[Vpo/(Vpo-Vrsi)]

Figure 3 - Basic Steering Circuit

Different steering arrangements may be used to
select independently the guard times for tone
present (lgrp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
as talk off and noise immunity. Increasing tgec
improves talk-off performance since it reduces the
probability that tones simulated by speech wil
maintain  signal condition long enough to be
registered. Alternatively, a relatively short trec with a
long tpo would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 4. :

Power-down and [nhibit Mode

A logic high applied to pin 6 (PWDN) will power down
the device to minimize the power consumption in a
standby mode. It stops the oscillator and the
functions of the filters.

Inhibit mode is enabled by a logic high input to the
pin S (INH). It inhibits the detection of tones
representing characters A, B, C, and D. The output
code will remain the same as the previous detected
code (see Table 1).

G1e=(RpCy) In Voo / (Vpo-Vrsy)]
ra=(R1C4) In (Voo / Vrgy)
Re = (RyRy) / (R + Ry)

VDDOﬁ
Cc

SUGT

a) decreasing tgp; (tare < toTa)

e1p=(R1C4) In (Voo / (Vpp-Vrs]
tera=(ReCy) In (Voo / Vrs))
G Re = (RyR,) / (R, + Ry)

SUGT

m
0

b) decreasing tgrai (tore > lora)

Figure 4 - Guard Time Adjustment

Differential Input Configuration

The input arrangement of the MT88L70 provides a
differentizl-input operational amplifier as well as a
bias source (Vg,,) whicn is used to bias the inputs at
mid-rail. Provision is made for connection of a
feedback resisior to the op-amp output (GS) for
adjustment of gzin. In a single-ended configuration,

o=l (25 e
. MTB8L70

DIFFERNTIAL INPUT AMPLIFIER
Cy=C,=10nF

R. =R, = A, = 100k
R;= 6052 Ry, = 27.5 kO

All resistors are = 1% tolerance.
All capzcitors zre = 5% tolerance.

&

VOLTAGE GAIN (A, diff) = o

INPUT IMPEDANCE

1 2
(Zp~e=1 =2 R\z - <$>

Ficure 5 - Differential Input Configuration
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Operating Characteristics - vpy=3.0v+20%/-10%. Vgg=0V. 40°C < Ty < +65°C. uniess othenwise stated.

Gain Setting Amplifier
Characteristics Sym Min | Typ?* | Max | Units Test Conditions
1 | Input leakage current lin 100 nA | Vgg<Viy<Vpp
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 dB 1 kHz
§ | Common mode rejection CMRR 40 dB Vgs+ 075V V<
Vpo-0.75
biased at Vgg=1.5V
6 | DC open loop voltage gain Ayvor 32 dB
7 | Unity gain bandwidth fe 0.30 MHz
8 | Output voltage swing Vo 22 { Voo | Load 2 100 kQ to Vgs € GS
9 | Maximum capacitive load (GS) C. 100 ‘ pF
10 | Resistive load (GS) Ry 50 | kQ
11 | Common mode range Vem S | I vy, | NoLoad
AC Electrical Characteristics - vp,=3.0v +20%/-10%. Ves =0V, 40°C < To < +B5°C. using Test Circuit shown in Fig. €.
Characteristics Sym Min ;Typié Max } Units ! Notes*
1 Valid input signal levels -34 | -4.0 dBm 1.2,3.5.6.9
(each tone of composite 15.4 i 482 | mVgue | Min @ Vpp=3.6V
signal) i ! Max @ Vpp=2.7V
T Negative twist accept ] 8 dB 2.3,6,2,12
B Positive twist accept - dB 2.3.6.9.12
_4— Frequency deviation accept =1.5% =2Hz : 2,3.5.8
_5— Frequency deviation reject 88 2,559
(6 | Third zone tolerance 16 | dB 2,8,4,5.8,10
Z Noise tolerance [ -12 | d8  |23457210
8 Dial zone tolerance [ +22 | d8 l234580m

“NOTES
1. dBm= decibels above or below a reference power of 1 mW into z 600 ohm load.

2. Digit sequence consists of all DTMF tones.
3. Tone curalion= 40 ms, tone pause= 40 ms.

4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair is deviated by =1.5%z 2 Hz.

7. Bandwidth limited (3 kHz ) Gaussian noise.

€. The precise dial tone frequencies are (350 Hz and 440 Hz) = 2 %

2. For an error rate of better than 1 in 10,000.

10. Referenced to lowest level frequency component in DTMF signa!.
11. Referenced to the minimum valid accept level.
12. Guaranteed by design and characterization.

1 Typical figures are at 25 °C and are for design aid only: not guaranteec and no! subject Ic proguction testing
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AC Electrical Characteristics - vyy=3.0v+20%/-10%, Vss=0V. £0°C < To < +85'C. using Test Circuit shown in Figure 6.

Characteristics Sym Min Typ? Max | Units Conditions
1 Tone present detect time toe 5 1 14 ms |Note 1
T 7 |Tone absent detect time tpa 0.5 4 8.5 ms  |Note 1
T ’; Tone duration accept trec 40 ms |Note 2
z r‘z Tone duration reject tRec 20 ms. |Note 2
516G {nterdigit pause accept to 40 ms [Note 2
T Interdigit pause reject tpo 20 | ms |Note 2
7 Propagation delay (St to Q) tra | 1 ps  |TOE=Vgg
T O |Propagation delay (St to StD) tpso 20 HS |TOE=Vpp
Q '~}J Output data set up (Q to StD) taswo 5.0 HS |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) | t PTE i S0 ns |load of 10 k)
T H 50 pF
T s Propagation delay (TOE to Q DISABLE) | t PTD ! \180 ns  |ioad of 10kQ
5 150 pF
12 | P |Power-up time tpy | 30 ms |Note 3
_13_ \Zv Power-down time tpp ’ 20 ms i
v ! j
14 Crystal/clock frequency ic 3.5758 : 3.5795 |3.5831 | MHz 1’
E f Clock input rise time iy 110 ns |Ext. clock
16 | O |Clock input fall time WSO : 110 ns |Ext. clock
17 | ﬁ Clock input duty cycle DCq | 40 ¢ s0 60 % |Ext. clock
_18— Capacitive load (OSC2) Clo : 15 pF !

1 Typical figures are at 25°C and are for design aid only: not guaranteed and not sugect 1o production testing.

*NOTES:
1. Used for guard-time calcutation purposes only and tested at -4dBm.
2. These, user adjustable paramelers. are not device specifications. The agjustable seltings of these minimums and maximums

are recommendations based upon network requirements.
3. With valid tone present at input, by equals time from PDWN going low uatl ESt Qoing hich.
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| o |
EVENTS A | 8 | ¢ | E | F | ¢
1
"RE—C": :<_ _»: taec ~ :<— to ——: ——: too :-Q—
l I TONE TONE
Ve I TONE #n 0+ 1 i
l'DP—»[ :<— | — :4— toa
Est [1_T1 - I— | I
tGTP—»; ]..4— — :—— toTa
1
[ ~ [ N Vrs,
SUGT % A ﬁVI 77 A —! T !
‘PQ—»I !
S S5 HIGH IMPEDANCE
Q,-Q, DECODED TONE # (n-1) | X | =n 401
)
' l
Y5 AN AN ]
S0
. i) =2 | Mo
TOE 1 tero e

EXPLANATION OF EVENTS

A)
8)
C)

0)
£)

F)
G)

EXPLANATION OF SYMBOLS

Vin
ESt
SUGT
Q-Qq
S0

TOE

TONE BURSTS DETECTED. TONE DURATION INVALID. OUTPUTS NOT UPDATED.
TONE #n DETECTED, TONE DURATION VALID. TONE DECODED AND LATCHED IN OUTPUTS.

END OF TONE #n DETECTED. TONE ABSENT DURATION VALID. OUTPUTS REMAIN LATCHED UNTIL NEXT VALID
TONE.

OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE.

TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN OUTPUTS (CURRENTLY
HIGH IMPEDANCE).

ACCEPTABLE DROPOUT OF TONE #n+1, TONE ABSENT DURATION INVALID. OUTPUTS REMAIN LATCHED.

END OF TONE #n+1 DETECTED. TONE ABSENT DURATION VALID, OUTPUTS REMAIN LATCHED UNTIL NEXT
VALID TONE.

DTMF COMPOSITE INPUT SIGNAL.

EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.
4-BIT DECODED TONE OUTPUT.

DELAYED STEERING OUTPUT. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VAUD SIGNAL.

TONE QUTPUT ENABLE (INPUT). A LOW LEVEL SHIFTS Q-Q, TO ITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

MINIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.

TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALIC DTMF SIGNALS.

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.

Figure 7 - Timing Diagram
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Features

Compatible with MCS-517 Products

4K Bytes of In-System Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

128 x 8-Bit Internal RAM

¢ 32 Programmable VO Lines

Two 16-Bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low Power [dle and Power Down Modes

Description

The AT8ICS1 is a low-power, high-performance CMQS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmel's  high density nonvolatile memory technology
and is compatible with the industry standard MCS-51 ™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatile memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

(continueq)
Pin Configurations ey
Pio |1 40| vece
P2 39 < Po.0 (ADO)
P12 3 38 |- PO.1 (AD1)
P13 fa 377 eo.2 (AD2)
Pi« s 36 [ P0.3 (D3
Pi.s € as PO.4 (AD4)
Pie {7 3¢ |- Po.s (DS
P17 e 33 {2 PC.6 (AD6)
AST 15 32 {7 PO.7 (ADT)
(RXD) P3.0 10 31T EXivee
PQFEP/TQFP (TXD) P31 1 30 |2 ALE/FRUT
e (RTT) P32 ~| 42 29 |~
cocece (TN epa3 13 28
9= (Toy Pa.« [ 27
INDE X o - o (T1) Pas {as 26
coRnER cocoo (WH) P3¢ 16 2s
= 4 R (RD) P3.7 |17 24
e el XTAL2 1e 23
“‘)‘241‘019’!373‘153‘ XTag 15 22
Al b 33 T PO« (4D« GNO | 20 21
2 32 TP0.5 (ADS)
a3 31 P06 (AD6I
< 30 =P0.7 (AD7) pLce
s Earvee C&x &
€ ~NC Sooc
T ALE/PROG ST
] PSEN INDEX -
s P2.7 (a1s) FUNER 2 e8ecan
10 P2.6 (A14) ceccecI>ecac
" 2 P2.5 (A13) < s -
12" Pi.s 2P0« (AD4)
F—— P16 ZP0.5 (ADS)
.o~ B TP0.6 (ADE)
L= RST - 2907 (AD7)
X (RXD) P3.0 TEAIVPP
E? ° NC - TNC
ge (TXD) P3.1 Z ALE/FRUG
(RTD) P3.2 7 32z PSEN
(M) pa.3 2.7 (A1§
(To) P3.«" 2.6 (A14)

(T1) Pa.s

ennccusmnnm~
fnnllZI e nnmn
eellfc dadad
e - - -
Ea sascx

<<2Cc
gc Y

|

8-Bit
Microcontroiler
with 4K Bytes
Flash .

AT89C51

0265F-A-12/97
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lock Diagram

P00 - PO ‘s Pz.o‘ - P27 .
e e g
T L PORT 0 DRIVERS PORT 2 DAIVERS
4 L
i

r»

RAM ADDR. 5 PORT 0 PORT 2

REGISTER RAM LATCH LATCH FLASH }1\
T T T

T Y

Y A

[ PROGRAM
8 STACK L
acC ADDRESS
REGISTER" POINTER REGISTER
1

l¢

4—p
—p
—

aaY
< FFER *
™P2 l TMP1 SRR

i PC
ALU INCREMENTER l
|
1
i

INTERRUPT. SERIAL PORT,
OCKS

AND TIMER 8L ,
‘r A : PROGRAM
Feud COUNTER 1
: l
PR <—— I [ a‘
: "
ALEPRDS 4———  TMING W Merrlofion . ;
ER I Vpp ——> CONTROL | REGISTER [* 4 ’
RST —i—
. 4 4

P10 - P17 P3.0 - P3.7
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The AT89C51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timer/counters;.a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional /O port. As an
output port each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs. N

Port 0 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal pul-
ltos.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional /0 port with internal pullups.

The Port 1 output buffers can sink/source four TTL inputs.

When 1s are written to Port 1 pins they are pulled high by
- the intemal pullups and can be used as inputs. As inputs,

Port 1 pins that are externally being pulled low will source

current (I ) because of the intemal pullups.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port2

Port 2 is an 8-bit bidirectional 1/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I ) because of the intemal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application it uses strong internal pullups

when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8-bit bidirectional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the intemal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin | Alternate Functions

P3.0 i RXD (serial input port)

P3.1 , TXD (serial output port)

P32 i INTO (external interrupt 0)

P3.3 | INTT (external interrupt 1)

P3.4 ! TO (timer O external input)

P3.5 T1 (timer 1 external input)

P36 l WR (external data memory write strobe)
P3.7 1 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN

Program Store Enable is the read strobe to external pro-
gram memory.
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When the AT83C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine

cycle, except that two PSEN activations are skipped during
each access to external data memory.

ﬁ/vpp .~

extemal Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for intemal program execu-
tions.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1 :
Input to the inverting oscillator amplifier and input to the
intemmal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to -
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction following the one that invokes ldle
should not be one that writes to a port pin or to external
memory. -

Figure 1. Oscillator Connections

cz2 .
;_—N—‘O“ XTAL2
_J
+ C1 i
&—)lI————e— XTAL1
| GND

Note:  C1.C2 =30pF=10 pF for Crystals

= 40 pF = 10 pF for Ceramic Resonators

Figure 2. External Clock Drive Configuration

There are no requirements on the duty cycle of the external s

clock signal, since the input to the intemal clocking circuitry XTAL2

is through a divide-by-two flip-flop, but minimum and maxi-

mum voltage high and low time specifications must be

observed.

EXTERNAL
OSCILLATOR XTAL1

Ildle MOde SIGNAL

In idle mode, the CPU puts itself to sleep while all the on-

chip peripherals remain active. The mode is invoked by GND

‘software. The content of the on-chip RAM and all the spe- ’

cial functions registers remain unchanged during this s

mode. The idle mode can be terminated by any enabled =

interrupt or by a hardware reset.

Status of External Pins During Idle and Power Down Modes

l Mode Program Memory ALE PSEN i PORTO PORT1 PORT2 PORT3
ldle Internal 1 1 Data Data- Data Data
Idle 5 7 External 1 1 Float Data Address Data
Power Down Internal 0 0 I Data Data Data - Data
Power Down External 0 0 i Float Data Data Data
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Power Down Mode

In the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before Veg is
restored to its normal operating leve! and must be held
active long enough to allow the oscillator to restart and sta-
bilize.

Lock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can bé left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that-pin in order for the device to
function property.

Program Lock Bits Protection Type
1 | w82 | LB3 |

1 U U U } No program lock features.

2 P u U MOVC instructions executed ! from external program memory are disabled from fetching code
bytes from internal memory, EA is sampled and latched on reset, and further programming of the
Flash is disabled.

3 P P U Same as mode 2, also verify is disabled.

4 P P P i Same as mode 3, also external execution is disabled.

Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vce) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
ATB89CS1 inside the user's system, while the high-voltage
programming mode is compatible with conventional third
party Flash or EPROM programmers.

The AT89CS51 is shipped with either the high-voltage or
low-voltage programming mode enabled. The respective

top-side marking and device signature codes are listed in
" the following table.

Vpp = 12V Vpp=5V
Top-Side Mark AT89C51 AT89CS1
XXXX XXXX-5
yyww yyww
Signature (030H)=1EH (030H)=1EH
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT89CS51 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the

AT89Cs1, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT89CS51, take the follow-

ing steps.

1. Input the desired memory focation on the address
lines. t

2. Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

4. Raise EA/Vpp to 12V for the high-voltage programming
mode. ‘

5. Pulse ALE/PROG once to program a byte in the Flash
amay or the lock bits. The byte-write cycle is self-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT89CS1 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle

has been combleted' true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

@

ANMEL
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Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.
Chip Erase: The entire Flash armay is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, .

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values retumed are as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire aray can be erased by using the appropriate combi-
nation of contro! signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

Mode RST | PSEN | ALE/PROG.. | EANge | P26 | P27 | Pas | Pav
Write Code Data foH L ! Wiy L H H H
! ' B ¥
Read Code Data : - , H H
Wiite Lock Bit - 1 H o L t H12v H H
iy : V
' 1 : |
IBit-2 0 H L i i RAav i H H L L
; R W ! i I
{ i i 1
Bit-3 Hod L ! ] Fr12v H L H L
| Y o
Chip Erase P L " Hr2v H L L L
: I N
Read Signature Byte ) H |' L i H : H L L L I
Note: 1. Chip Erase requires a 10-ms PROG pulse.

AT89C51
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AT89C51

Figure 3. Pregramming the Flash Figure 4. Verifying the Flash
wy ' v
Ao AT89CS1 o AT89C51 ;
ADDR. - P1 Vee ——] ADDR. P1 Vee |l
OOOOH/OFFFH PGM OOOOH/OFFFH PGM DATA
- P20 - P23 PO fe—— o P20 - P23 PO [ (USE 10K
A8 - A1 A8 - Al1 PULLUPS)
—— P26 —»{ P2s
SEE FLASH —» P27 ALE [«—— PROG SEE FLASH — P27 ALE le—
PROGRAMMING PROGRAMMIN : i
MODES TABLE | —»| P36 MODES TABLE | —¥ P38 .
L—s{ paz —» P27 [
—e——— XTAL2 EA —— VNNpo L —e———— XA EA fe——
324 MHz | & 324 MHz & o
. =
B N7
! ' i :
—e— > XTALY RST fe—— V,, —e———— xTAu RST —— V,,
o—| arnD PSEN |— e— GO PSEN |——
Flash Programming and Verification Characteristics
Tp=0°C 10 70°C, Vo = 5.0 = 10%
Symbol Parameter i Min | Max { Units
Vpp(! Programming Enable Voltage 11.5 i 12.5 Y
lpp! Programming Enable Current ! 1.0 mA
Mool Oscillator Frequency 3 24 MHz
tavGL Address Setup to PROG Low 48t oL
toHAX Address Hold After PROG 48to L
tovaL Data Setup to PROG Low 48t oL
tGHDX Data Hold After PROG 48tc oL
tersH P2.7 (ENABLE) High to Vpp 48teicL
tsHaL Vpp Setup to PROG Low 10 Hs
taus ! Vpp Hold After PROG 10 us
teran PROG Width 1 110 us
tavav Address to Data Valid “8teLcL
leLqv ENABLE Low to Data Valid <8t oL
tenaz Data Float After ENABLE 0 “8teLcL
tomeL PROG High to BUSY Low . 1.0 us
twe | Byte Write Cycle Time 1 2.0 ) ms

Note: 1. Only used in 12-volt programming mode.
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AlMEL

Flash Programming and Verification Waveforms - High Voltage Mode (\bp = 12V)

PROGRAMMING

. VERIFICATION
P20 - P24
P20 - P23 ADDRESS ] ADDRESS
P t: tavav
P
PORT 0 DATA IN 4——F DATA OUT p———
. > tovar  lonox == :
tavaL > loHax
ALE/PROG 2 _
tshaL o D
_ 47 s NS LOGIC 1!
EANee __ _  __fF  TN SSNWTTA LoGIC o _____ 1 .
i
p2.7 By = teLav —» 4—_*; *— teroz
. i '
_P27 el S, N
(ENABLE) A -V
! toHeL — 4T . '

P34 :

(RDY/BSY) N BUSY ¥ READY

9\ o7/

Flash Programming and Verification Waveforms - Low Voltage Mode (\bp = 5V)

UG e BT PROGRAMMING VERIFICATION
o *, . s e,
P20 - P23 ¥ ADDRESS i ADDRESS
: M2 F— Rty
PORTO — ¢ DATA IN 1 ( DATA OUT ;
= tovaL toHox +—* i :
tAVGL:"—": — lanax i
ALE/PROG O\ 74 5 i
t ; : : i
N e YV | (
— 5 LOGIC 1
EANpe 777 __LOGICOl ________ e _____
H Il 1
i |
— «t l
P27 ! R ‘elov —+ ﬁ_"‘ " fenaz
(ENABLE) /1; ‘
' o — l '
P34 :
(RDY/BSY) N BUSY READY

i i
: ‘WC i

AT89C51
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Absolute Maximum Ratings*

Operating Temperature .............oceeereerernnn... -55°C to +125°C "NOTICE:
Storage Temperature..... -65°C to +150°C

Voltage on Any Pin

with Respect to Ground ..........eeceeeeeerereeennnnn. -1.0V to +7.0V

Maximum Operating Voltage 6.6V

DC Output Current 15.0 mA

DC Characteristics

fTA =-40°C to 85°C, Vi = 5.0V + 20% (unless otherwise noted)

Stresses beyond those listed under “Absolute
Maximum Ratings" may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not
impiied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability. ’

Symbol | Parameter Condition i Min Max Units
Vi i Input Low Voltage (Excépt EA 0.5 0.2 Veg- 0.1 v
Viiy | Input Low Voltage (ER) 0.5 0.2 Vee-0.3 v
Vin ; Input High Voltage (Except XTAL1, RST) 0.2\ +0.9 Vec +0.5 \
Vi ! Input High Voltage (XTAL1. RST) 0.7 \&c Vec+ 0.5 \
VoL : Output Low Voltage!" (Ports 1.2.3) o = 1.6 mA 0.45 v
Vour ; Output Low Voltage!" log = 3.2mA 0.45 v
. (Port 0, ALE, PSEN
Vox . Output High Voltage_ lon = -60 A, Vee = 3V = 10% 2.4 Vv
. (Ports 1,2,3, ALE, PSEN lon = 25 pA { 0.75 Ve 7
lon =-10 pA | 0.9 Vee v
Vou1 . Output High Voltage lon = -800 pA, Ve = 5V = 10% 2.4 \
i (Port 0 in External Bus Mode) lon = -300 (A 0.75 Ve v
lon = -80 A 0.9 Vee v
1 Logical 0 Input Current (Ports 1,2.3) My = 0.45V i -50 ’ pA
| . Logical 1 to 0 Transition Current Viy =2V, VCC = 5V = 10% -650 HA
i (Ports 1.2,3)
Iy { Input Leakage Current (Port 0, EA 0.45 < Vi < Ve =10 |
RRST ¢ Reset Pulldown Resistor 50 300 K
Cpo ' Pin Capacitance Test Freq. = 1 MHz, | = 25°C 10 pF
lee é Power Supply Current Active Mode. 12 MHz 20 mA
| Idle Mode, 12 MHz s mA
l Power Down Mode®? Vee = 6V 100 pA
f Vee =3V 40 HA
Notes: 1. Under steady state (non-transient) conditions, loL must be externalty limited as follows:

Maximum I per port pin: 10 mA
Maximum Ig_per 8-bit port:

Port 0: 26 mA

Ports 1,2, 3: 15 mA
Maximum total lg_for all output pins: 71 mA
Il exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum Vg for Power Down is 2V,

ATMEL
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ATMEL

AC Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for ail other
outputs = 80 pF)

External"'Program and Data Memory Characteristics

Symbol Parameter 12 MHz Oscillator 16 to 24 MHz Oscillator Units
Min Max Min Max
ool Oscillator Frequency 0 24 MHz
LHLWL ALE Pulse Width 127 ’ 2te o 40 ns
taviL Address Valid to ALE Low 43 toro-138 ns
tLLax Address Hold After ALE Low 48 teter-20 ns
tigy ALE Low to Valid Instruction In 233 4tcoL-65 . ns
et ALE Low to PSEN Low 43 ey c-13 ns
teLpH PSEN Pulse Width 205 3teLce-20 ns
toLiv PSEN Low to Valid Instruction In 145 3t oL-45 ns
toxix Input Instruction Hold After PSEN 0 0 ns
toxiz Input Instruction Float Afier PSEN : ; 59 Yotele10 0 ns
loxav PSEN to Address Valid ! 75 i teeer8 i L ns
taviv Address to Valid Instruction In i i 312 | Stoer55 i ns
toLaz PSEN Low to Address Float [ | 10 10 ns
\oLRG { D Pulse Width i 400 | 6oL c-100 © o ons
twewn | WR Pulse Width [ 400 | Sleuc 100 . ons
T | RD Low to Valid Data In : 252 " stgee90 | ns
[ Data Hold After RD ] 0 0 | P
tRu0Z Data Float After RD ! 97 © o 2Age28 L s
tov ALE Low to Valid Data In i o517 | Blees150 | ns
tavov Address to Valid Data In | s8s My o165 ns
Wi ALE Low to RD or WR Low 200 | 300 3teLe-50 3t o +50 ns
tavwi Address to RD or WR Low 203 Ao o-75 ns
tavwx Data Valid to WR Transition 23 toLc-20 ns
oy Data Valid to WR High 433 Tlorer-120 i ns
twiax Data Hold After WR 33 teLel-20 U s
taLaz RD Low to Address Float 0 0 ns
WWHLH RD or WR High to ALE High 43 123 toLcl-20 toLoL+25 ns

AT89C51
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AT89C51

External Program Memory Read Cycle

ety —*

ALE 4’ \Ji ST N
tAVLL r‘ : t‘Ll_lV tPLPH

———r e f
PSEN | N tuy 1A l !
i‘“‘tPXAV-"J

i lPx1z<——f~

i
t ! !
l PXIX =% :
i

PORT 0 > A0- A7 INSTRIN_ > > a0-a7 >

PORT 2 ‘( A8 - AlS X As-a1s

External Data Memory Read Cycle

;1—— ti—

ALE Y N A T _h) A

tWHLH

oy ; —
<~ g ry —»
) (LLWL -5 *

=T :
Rb —lax—

Lo taiov <+ tgupy

!
triaz——> i !

i S — «—taupx
:

PORT 0 __»XA0 - A7 FROM RI OR OPCX X < DATA N —=(A0 - A7 FROM PCLY—~ STR IN
; : : i !

% tavwi
e oy
—\ir .
PORT 2 X P2.0 - P2.7 OR A8 - A15 FROM DPH X AB - A15 FROM PCH

ATMEL
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External Data Memory Write Cycle

i — ;
ALE :
—’]' — twhn
:"— tuwl ——<— by —
1 i
VYR L—tLLAX —3 g/{/ .
e—tay —» tovwx _H = —* =*— hiiox
i b tavwr —’-I g
l «
PORT 0 A0 - A7 FROM RI OR DPL‘R DATA OUT 3 A0 - A7 FROM PCL>—(INSTR IN
l‘“ tavw, ————»
= .
PORT 2 X P2.0 - P2.7 OR A8 - A15 FROM DPH X AB - A15 FROM PCH

(

External Clock Drive Waveforms

- 0.7 Ve e Voo 5
B : i @
= 0.2 Ve s 0.4V \_I’Y - &—
0.45V ——— { LSRR S O
& ORI
tetel ===
External Clock Drive
Symbol Parameter Min Max i Units
oo Oscillator Frequency 0 24 | MHz
tetct Clock Period 41.6 : ns
terex High Time 15 ns
tolex Low Time . 15 ' ns
teteH Rise Time 20 i ns
teHeL Fall Time 20 ns

AT89C51
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Serial Port Timing: Shift Register Mode Test Conditions

(Vee = 5.0 V £ 20%; Load Capacitance = 80 pF)

)
Symbol . Parameter 12 MHz Osc Variable Oscillator Units
Min | Max Min Max ;
=
txixL Serial Port Clock Cycle Time 1.0 12tc L us !
tovxH Output Data Setup to Clock Rising Edge 700 10tc oL -133 ns
tyHax Output Data Hold After Clock Rising Edge 50 | 2o o117 ns
kv Input Data Hold After Clock Rising Edge o | 0 ns
txrov Clock Rising Edge to Input Data Valid 700 [ 10te o133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION i O 1T Py BN 4 Z =5=4 _6__._ 7 _NWWNa8_ .
AR o el £ NS O TV - === N\
== teixe
cLOCK . YR S WG ZL7PR0NS X € = A R\
tavxn -~ !
P/ — tyox
WRITE TO SBUF N AP S 5 6 7
x i eyt A B
OUTPUT DATA txuoy H— 877> SET Tl :
_ CLEARRI .ua(“\{‘?u«":,\s@‘c-\f:;@KCXQQM_)-@_}( auisx A
v A
INPUT DATA SETRI
AC Testing Input/Output Waveforms(!)  Float Waveforms(?
Vee- 05V D N v E———— — >
cc N /—0.2 Vee + 0.9V. /, Vioao™ Jv/__ _«_\vOL 0.1v
TEST POINTS \/< Vi [ Timing Reterence '\
7 K N Points
0.45V 0.2 VCC - 0.1V sl \; VLOAD' civ —1\,_/ VOL' oy
Note: 1. AC Inputs during testing are driven at Vcc-0.5Vfor Note: 1. For timing purposes, & port pin is no longer floating

alogic 1 and 0.45V for a logic 0. Timing measure-
ments are made at Vy min. for a logic 1 and V;_
max. for a logic 0.

when 2 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from
the loaced VoV level occurs.

ATMEL
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AIMEL

Speed Power
(MHz) Supply Ordering Code Package Operation Range

12 SV +20% AT89CS51-12AC 44A Commercial
AT839CS1-124C 444 (0°C to 70°C)
AT89C51-12PC 40P6
AT83C51-12QC 44Q
AT89CS1-12A1 44A Industrial
AT89C51-12J1 444 (-40°C to 85°C)
ATB9CS1-12P! 40P6
AT89CS1-12Ql 44Q
AT89CS51-12AA 44A Automotive
AT839C51-12JA 444 (-40°C to 105°C)
AT89C51-12PA 40P6
AT83C51-12QA 44Q

16 5V £20% AT89C51-16AC ! 44A Commercial
AT89C51-16JC 449 (0°C to 70°C)
ATBIC51-16PC 40P6
AT89C51-16QC 44Q
AT89CS1-16A( 44A Industrial
AT89C51-16J!1 44 (-40°C to 85°C)
AT83C51-16P! 40P6
AT89CS51-16QI 44Q
AT83CS1-16AA i S4A Automotive
AT89C51-16JA i 4 (-40°C to 105°C)
AT89C51-16PA . 40P6
AT89CS1-16QA o)

20 5V £20% AT89C51-20AC i 44A Commercial
AT89CS1-20JC 444 (0°C to 70°C)
AT89C51-20PC 5 40P6
AT89C51-20QC !
AT83CS51-20A1 44A Industrial
ATBICS51-20J1 444 (-40°C to 85°C)
AT89C51-20P| 40P6
AT83C51-20Ql 44Q

AT89C51
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P ? CMOS MT8804A

MITEL 8 x 4 Analog Switch Array

Features ISSUE 2 October 1989
* Microprocessor compatible control inputs Ordering Information

* On chip control memory and address decoding MT8804AC 24 Pin Ceramic DIP

* Row addressing MT8804AE 24 Pin Plastic DIP

«  Master reset MT8804AP 28 Pin PLCC

. -40° to 85°C
* 32 crosspoint switches in 8 x 4 array

¢ 5.0V to 15.0V operation

¢ Low crosstalk between switches

* Low on resistance: 90Q (typ.) at 13V
¢ Matched switch characteristics

Description

The MT8804A is a CMOS/LSI 8 x 4 Analog Switch
Array incorporating control memory (32 bits), deco-
* Switches frequencies up to 40MHz der and digital logic level converters. This circuit has
digitally controlled analog switches having very low
“ON* resistance and very low “OFF" leakage current.
Switches will operate with analog signals at

Applications frequencies to 40 MHz and up to 15.0Vp-p. A

¢ PABX and key sytems “HIGH* on the Master Reset input switches all
« Data acquisition systems channels “OFF* and clears the memory. This device
«  Test equipment/ifistrumentation is ideal for crosspoint switching applications.

¢ Analog/digital multiplexers

AE DO D1 D2 D3 vDO VEE VSS
IS
Y r Y 4
1 1
—>
A0 R
8 x 4 . "
At 3to8 . L vo
Decoder Latches Switch : (i=0-7)
w :
8 32
)
MR Jil/O (i=0-3)

Figure 1 - Functional Block Diagram
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eg:1 l_! 2417 voD
Qe 23] L3
Lo[]s 22 L4 Ls
Do 4 21 s L6
Jo[ s 207 e L7
D1 s 197 w7 MR
Jz 18] MR AE
D2(] s 17[7 A€ A2
29 16[] A2 NC
D3 [J10 1507 A1
J3 111 1417 A0

Vvss [ 12 13]] VEE
4 P 1P, TIC DIP 28 PIN PLCC

Pin Description

Figure 2 - Pin Connections

Pin #* Name Description
1-3 L2-L0 [L2-L0 Analog Lines (Inputs/Outputs): these are connected to the [2-L0 columns of the
switch array. -
4 DO D0 Data (Input): Active High.
5 Jo J0 Analog Junctor (Input/Output): this is connected to the JO row of the switch array.
6 DI DI Data (Input). Active High.
7 Ji J1 Analog Junctor (Input/Output): this is connected to the J1 row of the switch array.
8 D2 D2 Data (Input): Active High.
9 J2 J2 Analog Junctor (Input/Output): this is connected to the J2 row of the switch array.
10 D3 D3 Data (Input): Active High.
11 J3 J3 Analog Junctor (Input/Output): this is connected to the J3 row of the switch array.
12 Vss |Digital Ground Reference.
13 Vee |Negative Power Supply.
14-16 A0-A2 |AQ0-A2 Address Lines (Inputs) .
17 AE Address Enable/Strobe (Input) : enables function selected by address and data. Address
must be stable before AE goes high and D0-D3 must be stable on the falling edge of the
AE. Active High.
18 MR Master RESET (Input): this is used to tum off all switches. Active High.
19-23 L7-L3 |L7-L3 Analog Lines (Inputs/Outputs): these are connected to the L7-L3 columns of the
switch array.
24 Vpp |Positive Power Supply.

* Plastic DIP and CERDIP only
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- CMOS MT8804A

Functional Description

The MT8804A is a CMOSALSI 8 X 4 Analog Switch
Array incorporating an 8 X 4 analog switch array,
address decoder, control memory, and digital logic
level converter.

The analog switch array is arranged in 8 rows and 4
columns. The row input/outputs are referred to as
Lines. (LO-L7) and the column input/outputs as
Junctors (JO-J3). The crosspoint analog .switches
interconnect the lines and junctors when tumed “ON”
and provide a high degree of isolation when turned
“OFF". Interchannel crosstalk is minimal despite the
high density of the analog switch array. The control
memory of the MT8804A can be treated as an §
word by 4 bit random access memory. The 8 words
are selected by the ADDRESS (A0-A2) inputs
through the on chip address decoder. Data is
presented to the memory via the four DATA inputs
(D0-D3). This data is asynchronously written into the
control memory whenever the ADDRESS ENABLE
(AE) input is HIGH. A HIGH level written into a
mermory cell turns the corresponding crosspoint
switch “ON" while a LOW level causes the crosspoint
to turn “OFF".

Only the crosspoint switches corresponding to the
addressed memory word are affected when data is
wiitten into the memory. The remaining switches
retain their previous states. By establishing
appropriate patterns in the control memory, any
combination of lines and junctors  may be
interconnected. A HIGH level on the MASTER
RESET (MR) input retums all memory locations to a
LOW level and turns all crosspoint switches “OFF"
effectively isolating the lines from the junctors. The
digital logic level converters allow the digital input
levels to differ from limits of the analog levels
switched through the array. For example, with
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Figure 3 - On Resistance vs. Temperature

(Input Signal Voltage=Supply Voltage/2)
Vpp=5V. Vgg=0V and Vge=-6V, the control inputs
can be driven by a 5V system while the analog
voltages through the crosspoint switches can swing
from +5V to -6V.
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Figure 4 - On Resistance vs. Input Signal Voltage

8x8 Analog/Digital Switch
Two MT8804s configured as shown, implement
an 8 x 8 analog/digital switch. The switch capacity
can be expanded to an M x N array of inputs/
outputs. Expansion in the M dimension is as
shown with the MT8804A lines  (LO-L7)
commoned. Expansion in the N dimension is
accomplished by replicating the circuit shown and
connecting the MT8804A junctors (JO-J3) in
common. The address and data control inputs of
the MTBB04A's can be connected in common for
any size and switch provided that the address
enable (AE) inputs are driven individually. A
padicular signal path is connected by setting up
the appropriate signals or the address and data
lines and taking the corresponding address
enable input high. The master reset (MR), when
taken high, disconnects all signal paths.

MM OG; DIIITAL BFUTIOUTRUTS
CPAAOASL TO o IHATOUTIVTD

a 418 A g

»-;13
E
g

ELECCCE

cfczcess
8
-

Figure 5 -8 x 8 Analog/Digital Switch



191

MT8804A cwmoOs

Absolute Maximum Ratings' - Voltages are with respect to \i-¢ unless otherwise stated.

Parameter Symbol Min Max | Units
1 | Supply Voltage Vpp-Vss -0.3 16 \
) VDD-VEE -0.3 16 \%
Vss.Vee -0.3 16 v
2 | Analog Input Voltage Vina Vge-0.3 Vpp+0.3 Y
3 | Digital Input Voltage Vin Vss-0.3 | Vpp+0.3 \Y
4 | Current on any Logic Pin l 10 mA
5§ | Storage Temperature Tg -65 +150 °C
6 | Package Power Dissipation PLASTIC DIP Pp 0.6 w
CERDIP Pp 1.2 w

* Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

Recommended Operating Conditions - Voitages are with respect to kg unless otherwise stated.

Characteristics Sym Min Typ Max Units Test Conditions
1 | Operating Temperature To -40 25 85 °C
2 | Supply Voltage Voo-Vss 5 S 15 Y
Voo-Vee 5 10 15 \%
VssVee | ¢ 5 10 v
3 | Analog Input Voltage Vina Vee Voo \
Digital Input Voltage Vin Vss Voo \

DC Electrical Characteristics? - voltages are with respect to \eg=Vgg=0V.

Characteristics Sym | Min | Typ¥ | Max | Units Test Conditions
1 | Quiescent Supply Current lop 1 100 uA Vpp=15V. All digital inputs at
Vin=Vss or Vpp
2 | Off-state Leakage Current logr =0.1 | =500 nA Vpp=13YV, Switch is ‘Off'

(Any line to any junctor) IVyi- Vil = Vpp - Veg

3 | Input Logic “0" level Vie 3.0 ) Vpp =10V
1.5 \% Vpp=5V
- | Vina=Vpp through 1kQ

4 | Input Logic “1" level Viy 7.0 Vv Vpp =10V
3.5 V| Vpp=5V
VlNA=VDD Ihl’OUgh 1kQ
§ | Maximum current through Imax +8.0 | mA | Vpp=13V

Crosspoint Switch

1 DOC Electrical Characteristics are at ambient temperature (25°C).
¥ Typical figures are for design aid only; not guaranteed and not subject to production testing.

DC Electrical Characteristics- Switch Resistance - Vo s the extemal DC offset applied a the analog /0 pins.
Characteristics Sym 25°C 70°C |85°C |Units Test Conditions
Min | Typ | Max | Typ | Typ

On-state Vpp=13V Ron 60 90 108 105 110 Q Vss=Vge=0V,Vpc=Vpp/2,
Resistance Vpp=10V 105 | 160 120 125 Q Vi - Vul =0.6V

Vpp= SV 290 | 650 320 325 Q
Difference in on-state
resistance between
two switches

puy

N

VDD=13V ARON 20 20 20 Q VSS=VEE=QV'VDC:VDD/2'
Vpp=10V 30 30 30 Q Vi - Vle = 0.6V

3-6
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-AC Electrical Characteristics' - Crosspoint Performance -vo s the extemal DC ofiset applied at the analog
VO pins. Voltages are with respect to \pp=10V, Vgs=Vge=0V unless otherwise stated.

Characteristics Sym | Min | Typ* | Max | Units Test Conditions
1 | Switch Line Capacitance Cis 5 pF
2 | Switch Junctor Capacitance Cos 20 pF
3 | Feedthrough Capacitance . Cy 0.2 pF
4 | Frequency Response Fags 40 MHz | Switch is “ON"; V=5V,
Channel “ON" Vina=5Vpp sinewave
20LOG(Vout/ Vina) = -3dB f= 1kHz; R_ = 1kQ
5 | Total Harmonic Distortion THD Switch is “ON"; Vgg_Vgg=0V
VDD=1 5VN00=7.5V 0.1 % V|NAﬁVpp sinewave
Vpp=10V/V pc=5V 0.2 % f= 1kHz;
VDD=5VNDC=2'5V 1.0 % RL =10kQ
6 | Feedthrough FDT -50 dB | All Switches “OFF™; V jya=
Channel “OFF" SVpp sinewave f= 1MHz;
Feed.=20LOG (V out/ Vina) R= 1kQ Vpe=5V
7 | Crosstalk between any two Xialk -40 dB Vina=2Vpp sinewave
channels for switches Li - Ji and f=1.0MHz; R = 600Q
L - Jj. :
-90 daB Vina=2Vpp sinewave
L - Jiis “ON* f= 3.4kHz; R = 600Q.
4 - Jjis “OFF*
Vpc =5V
Xtalk=20LOG (V j/V;)-
8 | Propagation delay through tes 10 ns C=50pF
switch

T AC Electrical Characteristics are at ambient temperature (25°C).

% Typical figures are for design aid only; not guaranteed and not subject to production testing.

AC Electrical Characteristicst - Control and I/O Timings- Voitages are with respect 1o \s=Veg=0V unless
otherwise stated.

Characteristics Sym Min Typ¥ | Max | Units Test Conditions
1 | Digital Input Capacitance Coi 5 pF | Vpp=10V
2 | Setup Time D0-D3 to AE tps 150 ns Vppo=10V
200 ns Vpo=5V
3 | Hold Time D0-D3 to AE tox 120 ns Vpp=10V
- 300 ns VDD=5V
4 | Setup Time Address to AE tas 0 ns Vpp=10V
50 ns Vpp=5V
5 | Hold Time Address to AE tAH 120 ns Vppo=10V
300 ns VDD=5V
6 AE Pulse Width tAEW 100 ns VDD=1OV
250 ns VDD=5V
7 | AE to Switch Status Dela t 200 300 ns Vpp=10V
’ P 650 | 900 | ns | Vooe5V s
8 | DATA to Switch Status Delay tpLH 250 | 400 ns | Vpp=10V Sae MNotat
tPHL 650 1000 ns VDD=5V
9 | MR to Switch Status Delay tMR 250 | 400 ns | Vpp=10V
500 600 ns VDD=5V See Note 2
tMRR 200 350 ns VDD=10V ’
500 750 ns Vpp=5V

1 AC Electrical Characteristics are at ambient temperature (25°C).

t Typical figures are for design aid only; not guaranteed and not subject to production testing.
Note 1 R = 10kQ. C_=50pF

Note 2

R = 1kQ C_=50pF

Digital Input rise time (tr) and fall time (1f) = 5ns.
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Figure 6 - Contraol Memory Timing Diagram
Input Daia To Control Junciors Connected To
A
MReer::;y Edndar;lfas ol ¥ Addl_rii:sm Memory Addressed Line
MA ¥ A2 Al AD 03 02 01 B9 33 2 J1 Jo
1 X X % X ALL X X X 3 All Switches *OFF
0 0 X X X NONE X X X X: No Change of State
0 1 0 0 0 Lo 0 3, 0 o . . . -
0 1 0 0 0 Lo 0 0 0 1 . . . .
0 1 0 o 0 Lo 0 0 1 o . . = .
0 1 0 o o L 0 ¢ 1 1 . . = 2
0 1 0 0 0 Lo 0 g 0 c - > . .
0 1 0 0 0 Lo 0 1 o 1 . = . q
0 1 0 0 0 Lo 0 1 1 o . b . ]
0 1 0 0 0 Lo 0 1 1 1 . - - A
0 1 0 0 0 L 1 [} 0 0 4 . . .
0 1 0 0 0 Lo 1 0 0 1 . . . o
0 1 0 0 o Lo 1 0 1 0 d . + -
0 1 o 0 0 Lo 1 0 1 1 b d & §
0 1 0 0 0 Lo 1 1 0 0 + . . .
0 1 0 0 0 Lo 1 1 0 1 - ¥ ) A
0 1 0 0] 0 Lo 1 1 1 0 + + + .
0 1 0 0 0 Lo 1 1 1 1 < 5 . .
o 1 0 0 1 L 0 o 0 0 . . . -
0 1 0 0 1 L1 1 1 1 1 + - + +
[ 1 [ 1 ) L2 [} 0 0 0 . . . .
[ 1 0 1 0 ) 1 1 1 1 o = e -
0 1 0 1 1 13 [ 0 0 o F d F )
i b s i & 3 3 9 . - < . ¢4 2
o] 1 0 0 1 L3 1 1 1 i + + -
0 1 1 0 0 L4 0 0 0 0 . . . .
£ I L 3 < 1 22 - < - { < i i
0 1 1 0 0 L4 1 1 1 1 + + . .
) 1 1 0 1 s 0 0 [} 0 . . . .
3 L & i & & 13 . - - 13 . i
0 1 1 0 1 1 1 1 1 + .
0 1 1 0 6 0 [} 0 [ . . . .
1 i  } L - 1 < : B s 4 3 i &
0 1 1 1 0 L6 1 1 1 1 + - + +
) 1 1 [ L7 0 0 0 o . . . .
- 1 IS L . 3% 3 - . . i i 35 e
0 1 1 1 1 L7 1 i 1 i + i -

NOTES: 0 - Low Logic Level

1 - High Logic Level

Table 1 - Address Decode Truth Table

3-8

X - Don't Care Condition
+ - Indicates Connection Belween Junctor and Addressed Line
« - Indicates No Connection Between Junctor and Addressed Line
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[8O-CMOS MT881 6
8 x 16 Analog Switch Array

Features

Internal control latches and address decoder
Short set-up and hold times

Wide operating voltage: 4.5V to 13.2V

12Vpp analog signal capability

Ron 65Q max. @ Vpp=12V, 25°C

ARgn £10Q @ Vpp=12V, 25°C

Full CMOS switch for low distortion

Minimum feedthrough and crosstalk

Separate analog and digital reference supplies
Low power consumption ISO-CMOS technology

Applications

.

Key systems

PBX systems

Mobile radio

Test equipment/instrumentation

ISSUE3 March 1997

Ordering Information

MT8816AE 40 Pin Plastic DIP
MT8816AP 44 Pin PLCC
-40° to 85°C
Description

The Mitel MT8816 is fabricated in MITEL's 1SO-
CMOS  technology providing low power dissipation
and high reliability. The device contains a 8 x 16
array of crosspoint switches along with a 7 to 128
line decoder and latch circuits. Any one of the 128
switches can be addressed by selecting the
appropriate seven address bits. The selected switch
can be turned on or off by applying a logical one or
zero to the DATA input. Vgg is the ground refer-ence
of the digital inputs. The range of the analog signal
is from Vpp to Vez. Chip Select (CS) allows the

crosspoint array to be cascaded for matrix
< Analog/digital multiplexers expansion.
* Audio/Video switching
CS STROBE DATA RESET VDD  VEE VSSs
] o
. . =
AXQ ————> | %) LY >
AX{ ——— :
o - 8 x 16 :
7 to 128 : : ]
AX3———> .
Decoder Latches Switch : g;&/?s)
AY)————— :
AYl ——> .
AV et s 128 ; 128

l l

Yi VO (i=0-7)

R ¥
Figure 1 - Functional Block Diagram
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Absolute Maximum Hatingst Voltages are with respect to Vgg unless otherwise stated.

. Parameter Symbol Min Max Units
1 | Supply Voltage Voo -0.3 16.0 \%
Vss -0.3 Vpp+0.3 "
2 | Analog Input Voitage Vina -0.3 Vpp+0.3 \%
3 | Digital Input Voltage Vin Vgs-0.3 Vpp+0.3 Y
4 | Current on any I/O Pin l *15 mA
5 | Storage Temperature Ts -65 +150 °C
6 | Package Power Dissipation PLASTIC DIP Pp 0.6 w

° Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.

Recommended Operating Conditions - Voltages are with respect (0 Ve unless otherwise stated,

Characteristics Sym | Min | Typ Max Units Test Conditions .
1 | Operating Temperature To -40 25 85 °C
2 | Supply Voltage Vop 4.5 132 Vv
Vss Vee Vpp-4.5 Vv
Analog Input Voltage Vina | Vee Voo \%
Digital Input Voltage Vin Vss Voo \%
DC Electrical Characteristicst- Voltages are with respect to Veg=Vss=0V. Vg =12V unless otherwise stated.
Characteristics Sym Min Typt Max , Units Test Conditions
1 | Quiescent Supply Current lop 1 100 HA | All digital inputs at Vin=Vss or
Voo
0.4 1.5 mA | All digital inputs at Viy=2.4V +
VSS; Vss=7.ov
5 15 mA | All digital inputs at Viy=3.4V
2 | Off-state Leakage Current lorr +1 +500 NA~ | IVx;- Vyjl = Vpg - Vg
(See G.9 in Appendix) See Appendix, Fig. A.1
3 | Input Logic “0" level Vi 0.8+Vss \ Vss=7.5V; Vge=0V
4 | Input Logic “1" level Vig | 2:0+Vss \Y Vss=6.5V; Vge=0V
S | Input Logic “1" level Vi 3.3 \
6 | Input Leakage (digital pins) leeak 0.1 10 HA All digital inputs at Vyy, = Vss
or VDD

1 OC Electrical Characteristics are over recommended temperature range.
+ Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

DC Electrical Characteristics- Switch Resistance . Voc i the external DC offset applied at the analog UO pins.

Characteristics Sym -25°C 70°C 85°C Units Test Conditions
Typ | Max | Typ | Max | Typ | Max

1 |On-state VDD=12V RON 45 65 75 80 Q VSS=VEE=OV1VDC=VDD/2'

Resistance Vpp=10V 55 | 75 85 90 Q| IVy-Vyl = 0.4V

Vpp= 5V 120 | 185 215 225 Q  |See Appendix, Fig. A.2
(See G.1,G.2, G.3in
Appendix)

2 |Difference in on-state ARon | 5 10 10 10 Q  |Vpp=12V, Vgg=Vgg=0,
resistance between two Voc=Vpe/2,
switches IVX;-VY]-I =0.4V
(See G.4 in Appendix) See Appendix, Fig. A.2
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AC Electrical Characteristicst- Crosspoint Performance-voltages are vith respect to Vog=5V, Vgs=0V, -

Vge=-7V, unless otherwise stated.

Characteristics Sym | Min Typ‘ Max | Units Test Conditions
Switch /O Capacitance Cs 20 pF | f=1 MHz
2 | Feedthrough Capacitance Ce 0.2 pF f=1 MHz
3 | Frequency Response Fags 45 MHz | Switch is “ON"; V{4 = 2Vpp
Channel “ON" sinewave; R_ = 1kQ
20LOG(Voyt/Vi)=-3dB See Appendix, Fig. A.3
4 | Total Harmonic Distortion THD 0.01 %o Switch is “ON"; Viya = 2Vpp
. (See G.5, G.6 in Appendix) ) sinewave f= 1kHz; R =1kQ
5 | Feedthrough FDT -95 dB | All Switches “OFF™; Viya=
Channel “OFF" 2Vpp sinewave f= 1kHz;
Feed.=20LOG (VOUTNXi) RL= 1kQ
(See G.8 in Appendix) See Appendix, Fig. A.4
6 | Crosstalk between any two Xialk -45 dB | V|ya=2Vpp sinewave
channels for switches Xi-Yi and f= 10MHz; R =75Q
Xj-Yj. j -90 dB | Vina=2Vpp sinewave
Xalk=20L0G (ol = 10kHz; R, = 600Q
A= VyiVi)- -85 dB | Vina=2Vpp sinewave
(See G.7 in Appendix). f= 10kHz; R = 1kQ
-80 dB | Viya=2Vpp sinewave
f=1kHz; Ry = 10kQ.
Refer to Appendix, Fig. A.5
for test circuit.
7 | Propagation delay through tps 30 ns R =1kQ: C =50pF
switch

Timing is over recommended temperature range. See Fig. 3 for control 2nd VO timing details.

Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.

Crosstalk measurements are for Plastic DIPS only. crosstalk values for PLCC packages are approximately S4B better.

AC Electrical Characteristicst- Control and I/O Timings- voltages are with respect 1o Vpo=5V. Vgg=0V,
Vgg=-7V, unless otherwise stated.

+ =+

Characteristics Sym Min | Typ* | Max | Units Test Conditions

1| Control Input crosstalk to switch | CXga 30 mVpp | V=3V squarewave;

(for CS, DATA, STROBE, Rin=1kQ, R =10kQ

Address) See Appendix, Fig. A.6
2 | Digital Input Capacitance Coy 10 pF | f=1MHz
3 | Switching Frequency Fo 20 MHz
4 | Setup Time DATA to STROBE tos 10 ns R=1kQ. C(=50pF V¥
5 | Hold Time DATA to STROBE toH 10 . ns Ry = 1kQ. C_ =50pF ¥
6 | Setup Time Address to STROBE | tag 10 ns |Ri=1kQ C(=50pF ¢
7 | Hold Time Address to STROBE taw |- 10 | - ns |R=1kQ C_=50pF V¥
8 | Setup Time CS to STROBE tess 10 ns |R=1kQ C_=50pF ©
9 | Hold Time CS to STROBE tosH 10 ns |Ri=1kQ C_=50pF ©
10 | STROBE Pulse Width tspw 20 ns |R=1kQ C_=50pF ©
11 | RESET Pulse Width trew | 40 ns |Re=1kQ, C =50pF ¥
12 | STROBE to Switch Status Delay tg . 40 | 100 ns |R =1kQ C =50pF ¥
13 | DATA to Switch Status Delay to 50 100 ns |R=1kQ C =50pF ¥
14 | RESET to Switch Status Delay tg 35 100 ns R = 1kQ. C(=50pF ¥

-

Timing is over recommended lemperature range. See Fig. 3 for control znd L/O timing details.

Digital Input rise time (tr) and fall time (1) = Sns.

f Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
D Refer to Appendix. Fig. A.7 for test circuit.
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Figure 3 - Control Memory Timing Diagram

See Appendix, Fig. A.7 for switching waveform

AXO0 AX1 AX2 AX3 AYO AY1 AY2 Connection”
0 0 0 0 0 0 0 X0-Y0
1 0 (] 0 0 0 0 X1-YO
0 1 o 0 0 o 0 X2-Y0
1 1 (o] 0 0 0 0 X3-YO
0 0 1 0 0 o 0 X4-Y0
1 c 1 0 0 0 0 X5-Y0
0 1 1 o o 0 [} X12-Y0
1 1 1 0 0 0 0 X13-Y0
0 o 0 1 0 0 0 X6-Y0
1 (0] 0 1 0] 0 0 X7-Y0
o 1 0 1 0 o] 0 X8-Yo
1 1 0 1 0 4] 0 X9-YO
0 o] 1 1 Q 0 0 X10-YO
1 0 1 1 0 0 0 X11-Y0
0 1 1 1 0 o 0 X14-Y0
1 1 1 1 0 0 0 X15-Y0
0 0 [ [} 1 [ 0 X0-Y1
i 1 L 1, 1 S i il
1 1 1 1 1 0 0 X15-Y1
[ 0 [ [} [ 1 0 X0-Y2
1 i I it it 3 & &L
1 1 1 1 0 1 0 X15-Y2
[’ 0 0 0 1 1 0 X0-Y3
L 1 1 L L 1 i 14
1 1 1 1 b 1 0 X15-Y3
0 0 [ 0 [ 0 1 X0-Ya
1 1 i 1 i & L 1L
1 1 1 1 0 0 1 X15-Y4
[ 0 [ 9 1 [ 1 X0-YS5
! 1 i i i il 1L
1 1 1 1 1 o] 1 X15-YS
0 ) 0 [ 0 1 1 X0-Y6
1 ! I8 i i) & L 1y
1 1 1 1 0 1 1 X15-Y6
0 4] 0 0 1 1 1 X0-Y7
& i I i It = L iy
1 1 1 1 1 1 1 X15-Y7

3-50

Table 1. Address Decode Truth Table
© Switch connections are not in ascending order
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ISO%-CMOS MT8880C

Integrated DTMF Transceiver

Features

« Complete DTMF transmitter/receiver
« Central office quality

= Low power consumption

* Microprocessor port

e Adjustable guard time

+ Automatic tone burst mode

e Call progress mode

Applications

e Credit card systems

e Paging systems

= Repeater systems/mobile radio
* Interconnect dialers

+ Personal computers

- CMOS

ISSUE 6

Ordering Information

MT8880CE * 20 Pin Plastic DIP

MT8880CS 20 Pin SOIC

MT8880CN 24 Pin SSOP

MT8880CP 28 Pin Plastic LCC
-40°C to +85°C

Description

The MT8880C is a monolithic DTMF transceiver with
call progress filter. It is fabricated in Mitel's 1SO?2-
technology, which provides low power
dissipation and high reliability. The DTMF receiver is
based wupon the industry standard MT8870
monolithic DTMF receiver; the transmitter utilizes a
switched capacitor D/A converter for low distortion,
high accuracy DTMF signalling. Internal counters
provide a burst mode such that tone bursts can be
transmitted with precise timing. A call progress filter
can be selected allowing @ microprocessor to
analyze call progress tones. A  standard
microprocessor bus is provided and is directly
compatible with 6800 series microprocessors.

— D0
Data
O/A Rowand LI Transmit Data
TONE <+ Conventers Cotumn Register ha et B?;ii.r D1
Counters
pezor l_D2
Status = — D3
Tone Burst Control Register Inierr_um
Gating Cct. Logic 1 ogic
5 ~ »TRQ/CP
[
IN+ — Dial | Control
Tone |- Register
= High Group o e ]
Filler Filter - 2
s and Code Control o =
L] Low Group Register St
OSCT =7 Oscillator Filter .
0502 —H] Circuit T -
Bias CLonx_r of Receive Data
Circuit ogie Logic Register
>4 T Il
[ |
Voo VRet Vss ESt SUGT

Figure 1 - Functional Block Diagram
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IN+ (] 1 U 20{vpD IN+[] 1 C 24[7 vDD
IN-( 2 19[3sveT IN-[] 2 23(1 svGT 5 Ne
Gs( s 18[JES Gsi] 3 22{ 1 ESt D NC
VRef[] 4 17303 VRef[] 4 21{] D3 B NC
vss(] 5 1602 vss(] 5 20{1 p2 5 o3
osci[] s 1501 oscii] e 19 D1 b D2
osca2(] 7 1413D0 oscz2(d 7 181 Do = D1
TONE(] 8 13[JiRaCP Ncl 8 170 NC > DO
RW(] 9 12 Jo2 NC(] 9 16[] NC
csg1o 11{JRS0 TONE[] 10 15[ TRarcP
- W] 11 14[] @2
csl]12 13(] Rrso
PIN P! TIC DIP, 24 PIN SSOP

Pin Description

Figure 2 - Pin Connections

Pin #

‘zo|24!28|Na"‘e

Description

1] 1] 1 IN+ |[Non-inverting op-amp input.

2 12| 2| IN- [inverting op-amp input.

3 4 | GS |Gain Select. Gives access to output of front end differential amplifier for connection of
feedback resistor. A -

4 | 4| 6 | Vget [Reference Voltage output, nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 13).

515 7| Vgs |Ground input (OV).

6 | 6 | 8 |OSC1|DTMF clock/oscillator input. - & g

7 |17 | 9 |OSC2|Clock output. A 3.579545 MHz crystal connected between OSC1 and OSC2 completes (he

‘ internal oscillator circuit. Leave open circuit when OSCH1 is clock input.

8 [ 10| 12 | TONE[Tone output (DTMF or single tone).

9 111{13] R/W |Read/Write input. Controls the direction of data transfer to and from the MPU and the
transceiver registers. TTL compatible.

10|12| 14| CS |Chip Select, TTL input (CS=0 to select the chip).

11113 [ 15| RSO IRegister Select input. See register decode table. TTL compatible.

12|14 17| @2 |[System Clock input. TTL compatible. N.B. ®2 clock input need not be active when {he
device is not being accessed.

13| 15| 18| IR |Interrupt Request to MPU (open drain outout). Also, when call progress (CP) mode has

CP |been selected and interrupt enabled the IRQ/CP pin will output a rectangular wave signal
representative of the input signal applied at the input op-amp. The input signal must be within
the bandwidth limits of the call progress filter. See Figure 8.
14-118-119-|D0-D3|Microprocessor Data Bus (TTL compatible). High impedance when CS = 1 or ®2 is low.

1712122 ;

18122|26| ESt |Early Steering output. Presents a logic high once the digital algorithm has detected a vzlid
[tone pair (signal condition). Any momentary loss of signal condition will cause ESt to retum to
ia logic low.

1912327 | SYGT |Steering Input/Guard Time output (bidirectional). A voltage greater than Vg, detected at St
causes the device to register the detected tone pair and update the output latch. A voltage
less than Vyg, frees the device to accept a new tone pair. The GT output acts to reset the
external steering time-constant; its state is & function of ESt and the voltage on St.

20124i28| Vpp !Positive power supply input (+5V typical).

851351 NC |No Connection.
16. 110,
17 141,

16,

23-
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Functional Description

The MT8880C Integrated DTMF Transceiver
architecture consists of a high performance DTMF
receiver with internal gain setting amplifier and a
DTMF generator which employs a burst counter such
that precise tone bursts and pauses can be
synthesized. A call progress mode can be selected
such that frequencies within the specified passband
can be detected. A standard microprocessor
interface allows access to an internal status register,
two control registers and two data registers.

Input Configuration

The input arrangement of the MT8880C provides a
differential-input operational amplifier as well as a
bias source (Vge) which is used to bias the inputs at
Vpp/2. Provision is made for -connection of a
feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 3.

Figure 4 shows the necessary connections for a
differential input configuration.

IN+
f IN-
(e} Riy
Re GS
VRet
VOLTAGE GAIN MT8880C
(Av) =Re /Ry ‘

Figure 3 - Single-Ended Input Configuration

Receiver Section

Separation of the low and high group tones is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies (see Fig. 7). These filters
also incorporate notches at 350 Hz and 440 Hz for
exceptional dial tone rejection. Each filter output is
followed by a single order switched capacitor filter
section which smooths the signals prior to limiting.
Limiting is performed by high-gain comparators

e
O— F— A~
C1 R1 IN+
: IN-
Oo— F— A
2 R4 RS
GS
R3 R2
VRet
MT8880C
L e
DIFFERENTIAL INPUT AMPLIFIER
C1=C2=10nF c
R1=R4 =R5 =100 kQ
R2 = 60kQ, R3 = 37.5 kQ
R3 = (R2RS)/(R2 + R5)
VOLTAGE GAIN ) -
(Ay diff) = RS/R1 r
INPUT IMPEDANCE :
(Znditl) = 2V R12 « (1/aC)? 2

Figure 4 - Differential Input Configuration

which are provided with hysteresis to prevent
detection of unwanted low-level signals. The outputs
of the comparators provide full rail logic swings at the
frequencies of the incoming DTMF signals.

Following the filter section is a decoder employing
digital counting techniques to determine the
frequencies of the incoming tones and to verify that
they correspond to standard DTMF frequencies. A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while
providing tolerance to small frequency deviations
and variations.  This averaging algorithm has been
developed to ensure an optimum combination of
immunity to talk-off and tolerance to the presence of
interfering frequencies (third tones) and noise. When
the detector recognizes the presence of two valid
tones (this is referred to as the “signal condition” in
some industry specifications) the “Early Steering”
(ESt) output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state.
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Steering Circuit

Before registration of a decoded tone pair, the
receiver checks for a valid signal duration (referred to
as character recognition condition). This check is
performed by an external RC time constant driven by
ESt. A logic high on ESt causes v, (see Figure 5) to
rise as the capacitor discharges. Provided that the
signal condition is maintained (ESt remains high) for
the validation period (tgTp), v, reaches the threshold
(Vrst) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Figure 7)
into the Receive Data Register. At this point the GT
output is activated and drives ve to Vpp GT
continues to drive high as long as ESt remains high.
Finally, after a short delay to allow the output latch to
settle, the delayed steering output flag goes high,
signalling that a received tone pair has been
registered. The status of the delayed steering flag
can be monitored by checking the appropriate bit in
the status register. If Interrupt mode has been
selected, the IRQ/CP pin will pull low when the
delayed steering flag’is active.

The contents of the output latch are updated on an
active delayed steering transition. This data is
presented to the four bit bidirectional data bus when
the Receive Data Register is read. The steering
circuit works in reverse to validate the interdigit
pause between signals. Thus, as well as rejecting
signals too short to be considered valid, the receiver
will tolerate signal interruptions (drop out) too short
to be considered a valid pause. This facility, together
with the capability of selecting the steering time
constants externally, allows the designer to tailor

performance to meet a wide variety of system

requirements.

Voo
[ ct

Voo
SYGT Ve

ESt

R1
lgra=(RICT) In (Vpp / Vrg)
MT8880C {61 =(R1C1) In Vipp / (Vpp-Virs)]

Guard Time Adjustment

The simple steering circuit shown in Figure 5 is
adequate for most applications. Component values
are chosen according to the formula:

lrec = lpptigre
lp=tpaticm

The value of tpp is a device parameter (see AC
Electrical Characteristics) and trec is the minimum
signal duration to be recognized by the receiver. A
value for C1 of 0.1 pF is recommended for most
applications, leaving R1 to be selected by the
designer. Different steering arrangements may be
used to select independently the guard times for tone
present (tgTp) and tone absent (taTa)- This may be
necessary to meet system specifications which place
both accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters such
as talk off and noise immunity.

lerp=(RpC1) In Vpp / (Vipp-Virs)]
lora = (RICT) In (Vpp/Vys)

Rp = (R1R2)/(R1 « A2)
Voo

1 c1
SYGT

R1 R2
ESt

a) decreasing tGTP; (tGTP < tGTA)

617 =(R1C1) In [Vpp / (Vpp-Vrs)
leTa = (R C1) In (Vpp/Vrsy

Rp=(R1R2)/(R1 + R2)

SVGT

R1 R2
ESt

b) decreasing tGTA; (tGTP > tGTA)

Figure 5 - Basic Steering Circuit

Figure 6 - Guard Time Adjustment
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Increasing tgec improves talk-off performance since
it reduces the probability that tones simulated by
speech will maintain a valid signal condition long
enough to be registered. Alternatively, a relatively
short tge¢ with a long tpo would be appropriate for
extremely noisy environments where fast acquisition
time and immunity to tone drop-outs are required.
Design information for guard time .adjustment is
shown in Figure 6. The receiver timing is shown in
Figure 9 with a description of the events in Figure 11.

Call Progress Filter

A call progress mode, using the MT8880C, can be
selected allowing the detection of various tones
which identify the progress of a telephone call on the
network. The call progress tone input and DTMF
input are common, however, call progress tones can
only be detected when CP mode has been selected.
DTMF signals cannot be detected if CP mode has
been selected (see Table 5). Figure 8 indicates the
useful detect bandwidth of the call progress filter.
Frequencies presented to the input, which are within
the ‘accept’ bandwidth limits of the filter, are hard-
limited by a high gain comparator with the TRQ/CP
pin serving as the output. The squarewave output
obtained from the schmitt trigger can be analyzed by
& microprocessor or counter arrangement to
determine the nature of the call progress tone being
detected. Frequencies which are in the ‘reject’ area
will not be detected and consequently the TRQ/CP
pin will remain low.

DTMF Generator

The DTMF transmitter employed in the MT8880C is
capable of generating all sixteen standard DTMF
lone pairs with low distortion and high accuracy. All
frequencies are derived from an external 3.579545
MHz crystal. The sinusoidal waveforms for the
individual tones are digitally synthesized using row
and column programmable dividers and switched
capacitor D/A converters. The row and column tones
are mixed and filtered providing a DTMF signal with
" low total harmonic distortion and high accuracy. To
specify a DTMF signal, data conforming to the
encoding format shown in Figure 7 must be written to
the transmit Data Register. Note that this is the same
as the receiver output code. The individual tones
which are generated (f_ ow and fHigH) are referred to
as Low Group and High Group tones. As seen from
the table, the low group frequencies are 697, 770,
852 and 941 Hz. The high group frequencies are
1208, 1336, 1477 and 1633 Hz. Typically, the high
aroup to low group amplitude ratio (pre-emphasis) is
2dB to compensate for high group attenuation on
long loops.

1I50%-cmM0s  MT8880C
Fw | Fuax | DIGT | 0 ‘ o, | o, , 0,
697 | 1209 | 1 [0 | 0] o0 1
697 | 1336 2 |o]o]1]o
697 | 1477 3 o] o 1|1
770 | 1209 4 o] 1]o0o]o
770 | 1336 5 o 1] ol 1
770 | 1477 6 ol 1]1]o
852 | 1209 7 0| 1 1] 1
852 | 1336 8 140 lo]o
852 | 1477 9 10|01
941 1336 0 1o 1]o
941 1209 J 1] 0| 1] 1
941 1477 u } 1 1 0] o
697 | 1633 A 1 1 o § Y
770 | 1633 B 1] 1 1] o0
82 {1633 | ¢ [ 1011 | 1] 1
941 [ 1633 | D [0 | o] o]o

0= LOGIC LOW, 1= LOGIC HIGH
Figure 7 - Functional Encode/Decode Table
LEVEL
(dBm)

-25
0 250 500 75;'
FREQUENCY (Hz)

m = Reject

May Accept

= Accept

Figure 8 - Call Progress Response

The period of each tone consists of 32 equal time
segments. The period of a tone is controlled by
varying the length of these time segments. During
write operations to the Transmit Data Register the 4
bit data on the bus is latched and converted to 2 of 8
coding for use by the programmable divider circuitry.
This code is used to specify a time segment length
which will ultimately determine the frequency of the
tone. When the divider reaches the .appropriate
count, as determined by the input code, a reset pulse
is issued and the counter starts again. The number
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EVENTS | A | e | ¢ | o | & -
] 1 1 ) ‘ ' U 1 1
tRec - i~ - ‘Rec P x<— 1(0—*1 _’1 oo l‘-
' TONE TONE
. 1 .

RXo-RX, DECODED TONE # (n1) AN Y X (et
: . o loges

b2

A7
Read 3

Status
Register |

e V4 gl

Figure 9 - Receiver Timing Diagram

of time segments is fixed at 32, however, by varying column tones which are then mixed using a low
the segment length as described above the tone noise summing amplifier. The oscillator descrihecs

output signal frequency will be varied. The divider needs no “start-up” time as in other [)1MI
output clocks another counter which addresses the generators since the crystal oscillator is running
sinewave lookup ROM, continuously thus providing & high degree of forc

burst accuracy. A bandwidth limiting filier jc
incorporated and serves to attenuate distortion
products above 8 kHz. It can be seen from Figure 10
that the distortion products are very low in amplitude.

The lookup table contains codes which are used by
the switched capacitor D/A converter to obtain
discrete and highly accurate DC voltage levels. Two
identical circuits are employed to produce row and

Scaling Information

: [
1 1 o
| { 10 d8/Div

Start Frequency = 0 Hz
f ‘ Stop Frequency = 3400 Hz
{ i
1 i
i i
i i
L

Marker Frequency = 697 Hz and
1209 Hz ;

:'fr

e ——t—]

[\ i}
/ _

]
=

ik

Figure 10 - Spectrum Plot
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Burst Mode

In certain telephony applications it is required that
DTMF signals being generated are of a specific
duration determined either by the particular
application or by any one of the exchange transmitter
specifications currently existing. Standard DTMF
signal timing can be accomplished by making use of

the Burst Mode. The transmitter is capable of issuing -

symmetric bursts/pauses of predetermined duration.
This burst/pause duration is 51 ms+1 ms which is a
standard interval for autodialer and central office
applications. After the burst/pause has been issued,
the appropriate bit is set in the Status Register
indicating that the transmitter is ready for more-data.
The timing described above is available when DTMF
mode has been selected. However, when CP mode
(Call Progress mode) is selected, a second burst/
pause time of 102 ms %2 ms is available. This
extended interval is useful when precise tone bursts
of longer than 51 ms duration and 51 ms pause are
desired. Note that when CP mode and Burst mode
have been selected, DTMF tones may be transmitted
only and -not received.

In applications where a non-standard burst/pause
duration is required, burst mode must be disabled

and the transmitter gated on and off by an external
hardware or software timer.

Single Tone Generation

A single tone mode is available whereby indivigual
iones from the low group or high group can be
generated. This mode can be used for DTMF test
equipment applications, acknowledgment tone
generation and distortion measurements. Refer to
Control Register B description for details. -

Distortion Calculations

The MT8880C is capable of producing precise tone
bursts with minimal error in frequency (see Table 1).
The internal summing amplifier is followed by a first-
order lowpass switched capacitor filter to minimize
harmonic components and intermodulation products.
The total harmonic distortion for a single fone can be
calculated using Equation 1, which is the ratio of the
total power of all the extraneous frequencies to the
power of the fundamental frequency expressed as a
percentage. The Fourier components of the tone
output correspond t0 V... Vi as measured on the
output waveform. The total harmonic distortion for 2
oual tone can be caiculated

EXPLANATION OF EVENTS

"RETAINED UNTIL NEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS
Vv, DTMF COMPOSITE INPUT SIGNAL.

in

SYGT

VALID DTMF SIGNAL.

REGISTER IS READ.

lgte GUARD TIME, TONE PRESENT.
gz GUARD TIME, TONE ABSENT.

A) TONE BURSTS DETECTED, TONE DURATION INVALID, RX DATA REGISTER NOT UPDATED.

B) TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.

C) END OF TONE #n DETECTED. TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALID TONE PAIR.

D) TONE #n+1 DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN RX DATA REGISTER.

E) ACCEPTABLE DROPOUT OF TONE #n+1, TONE ABSENT DURATION INVALID. DATA REMAINS UNCHANGED.

F) END OF TONE #n+1 DETECTED, TONE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER

ESt EARLY STEERING OUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.

STEERING INPUT/GUARD TIME OUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT.

RXq-RX;4-BIT DECODED DATA IN RECEIVE DATA REGISTER

b3 DELAYED STEERING. INDICATES THAT VALID FREQUENCIES HAVE BEEN PRESENT/ABSENT FOR THE
REQUIRED GUARD TIME THUS CONSTITUTING A VALID SIGNAL. ACTIVE LOW FOR THE DURATION OF A

b2 INDICATES THAT VALID DATA IS IN THE RECEIVE DATA REGISTER. THE BIT IS CLEARED AFTER THE STATUS

IRQ/CP INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER. THE INTERRUPT IS
CLEARED AFTER THE STATUS REGISTER IS READ.

Rec MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

trec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

4p MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

oo MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

lop TIME TO DETECT VALID FREQUENCIES PRESENT.

" loa TIME TO DETECT VALID FREQUENCIES ABSENT.

Figure 11 - Description of Inmlng Events
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\/ V2 + V23 + V34 4+ V2

V(undamerual

THD(%) =* 100

Equation 1. THD (%) For a Single Tone

2 2 ; 2 2
A LI O VY

VZJH Vi VZ!MD

BN

THD (%) = 100

~ Equation 2. THD (%) For a Dual Tone

QUTPUT FREQUENCY
‘?S;"va (H2) %ERROR
SPECIFIED ACTUAL
Lt | 697 699.1 +0.30
L2 770 766.2 -0.49
L3 852 847.4 -0.54
L4 ! 941 948.0 +0.74
H1 1209 1215.9 +0.57
H2 1336 133357 -0.32
H3 | 1477 1471.9 -0.35
H4 | 1633 1645.0 +0.73

Table 1. Actual Frequencies Versus Standard
Requirements

using Equation 2. V| and Vi correspond to the low
group amplitude and high ~ group amptitude.
respectively, and V2 o is the sum of zi the
intermodulation components. The internal swiiched-
capacitor filter following the D/A converter xeeps
distortion products down to a very low level as shown
in Figure 10.

DTMF Clock Circuit

The internal clock circuit is- completed with the
addition of a standard television colour burst crysial.
The crystal specification is as follows:

Frequency: 3.579545 MHz
Frequency Tolerance: =0.1%
Resonance Mode: Parallel

Load Capacitance: 18pF

Maximum Series Resistance:150 ohms
Maximum Drive Level: 2mw

e.g. CTS Knights MP036S
Toyocom TQC-203-A-9S

A number of MT8880C devices can be connected as
shown in Figure 12 such that only one crystal is
rsquired. Alternatively, the OSCH inputs on all
devices can be driven from a TTL buffer with the
OSC2 outputs left unconnected.

MT88R0C MT8g80C MT8880C
OSC1 0scC2 OSC1 0sc2 OSC1 0scC2

¥

3.579545 MHz

Figure 12 - Common Crystal Connection

Microprocessor Interface

The MT8880C employs a microprocessor intertace
which allows precise control of transmitter and
receiver functions. There are five internal registers
ssociated with the microprocessor interface which
be subdivided into three categories, i.e., data
ansfer, transcsiver control and transceiver status.
:7ere are two registers associated with data transfer
ccerations!

= Receive Data Register contains the output code
12 last valid DTMF tone pair to be decoded and is
ad only regisier. The data entered in the Transmit
Register will determine which tone pair is to be
srated (see Figure 7 for coding details). Data can
¢ O& writter 10 the transmit register. Transceiver
7ol is accomplished with two Control Registers
A and CRB) which occupy the same address
cace. A write operation to CRB can be executed by
ng the aporopriate bit in CRA. The following
operation o the same address will then be
ed to CRB and subsequent write cycles wiil
oe directed back to CRA. A software reset must
ncluded at the beginning of all programs to
clize the control and status registers after power
=0 or power reseatl (see Figure 16). Refer to Tables 3.
3 and & for details concerning the Contraol
zz'sters. The iRQ/CP pin can be programmed such
2t .t will provide an interrupt request signal upon
-2:.cation of DTMF signals or when the transmiiter is
v for more daia (Burst mode only). The IRQ/CP
's configured as an open drain output device and
uch requires a pull-up resistor (see Figure 13).
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RSO RW | FUNCTION k4 l 55 t b1 5
0 0 Write to Transmit T > e
N Data Registor RSEL | IRQ | CP/IOTMF TOUT

|
i
|
0 1 ! Read from Receive

Table 3. CRA Bit Positions

" implemented in either the burst mode or non-burst mode.

Data Register
1 0 : Write to Control : ;
(Fegiler b3 i b2 | b | b0
1 : 1 | Read from Status — —
i Register C/R l S/D i TEST ’ BURST
Table 2. Internal Register Functions Table 4. CRB Bit Positions
: i i 1
BIT ! NAME ’, FUNCTION i DESCRIPTION .
! 5 |
bO | TOUT | TONEOUTPUT " A logic ‘1" enables the tone output. This function can be
i

b1 CP/DTMF MODE CONTROL

. bandpass filter is enabled to ailow call progress tones to be

- rectangular wave format if the IRQ bit has been enabled
- (b2=1). Also, when the CP mode and BURST mode have both

~In DTMF mode (logic ‘0’) the device is capable of generating
' and receiving Dual Tone Multi-Frequency signals. When the |
. CP (Call Progress) mode is selected (logic ‘1") a 6th order

- burst and pause of 102 ms (typ) duration. This signal duration

detected. Call progress tones ‘which are within the specified
bandwidth will be presented at the RQ/CP pin in

been selected, the transmitter will issue DTMF signals with a
is twice that obtained from the DTMF transmitter if DTMF

mode had been seiected. Note that DTMF signals cannot be }
decoded when the CP mode of operation has been selected.

b2 IRQ . INTERRUPT ENABLE

¢ (BURST mode only).

A logic *1' enables the INTERRUPT mode. When this mode is
active and the DTMF mode has been selected (b1=0) the IRQ/
CP pin wiil pull to a logic ‘0" cendition when sither 1) a valid
DTMF signal has been received and has been oresent for the |
guard time duration or 2) the transmitter is ready for more data

b3 RSEL | REGISTER SELECT

. Control Register are directed back to Control Register A.

A logic ‘1" selects Control Register B on the next Write cycle to f
the Control Register address. Subsequent Write cycles to the

Table 5. Control Register A Description
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BIT | NAME | FUNCTION | DESCRIPTION

b0

BURST BURST MODE A logic ‘0" enables the burst mode. When this mode is |

selected, data corresponding to the desired DTMF tone pair
can be written to the Transmit Register resulting in a tone
burst of a specific duration (see AC Characteristics).
Subsequently, a pause of the same duration is induced.
Immediately following the pause, the Status Register is
updated indicating that the Transmit Register is ready for
further instructions and an interrupt will be generated if the
interrupt mode has been .enabled. Additionzaily, if call
progress (CP) mode has been enabled, the burst and pause
duration is increased by a factor of two. When the burst
mode is not selected (logic ‘1") tone bursts of any desired
duration may be generated.

b1

TEST TEST MODE . By enabling the test mode (logic'1’), the TRQ/CP pin will

present the delayed steering (inverted) signal from the DTMF
receiver. Refer to Figure 9 (b3 waveform) for details
concerning the output waveform. DTMF mode must be
selected (CRA b1=0) before test mode can be implemented.

b2

S/D

'
i
i
'
I
i
i
'
i

SINGLE /DUAL TONE A logic ‘0" will allow Dual Tone Multi-Frequency signals to be
GENERATION produced. If single tone generation is enabled (logic ‘'),

either row or column tones (low group or high group) can L
generated depending on the state of b3 in Control Registcr
B.

b3

C/RR © COLUMN/ROW TONES | When used in conjunction with b2 (above) tha transmittcr

; can be made to generate single row or single colurin
frequencies. A logic ‘0" will select row frequencies and a loyic
‘1" will select column frequencies.

Tabie 6. Control Register B Description

MNAME

STATUS FLAG SET , STATUS FLAG CLEARED

IRQ

Interrupt has occurred. Bit one (b1) * Interrupt is inactive. Cleared after '

i or bit two (b2) is set. | Status Register is read.

b1

{ TRANSMIT DATA

REGISTER EMPTY
(BURST MODE ONLY)

Pause duration has tarminated | Cleared after Status Register is
and transmitter is ready for new . read or when in non-burst mode.
data. )

b2

RECEIVE DATA
REGISTER FULL

Valid data is in the Receive Daiz Cleared after Status Register is
Regqister. i read.

b3

DELAYED STEERING

Set upon the valid detection of the | Cleared upon the detecticn of a

. absence of a DTMF signal. I valid DTMF signal.

Table 7. Status Register Description
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+5V
6802 3.3k MT8830C

iRQ iRQ
RSO

Address _

Peripheral decode Cs

VMA

RW RAW

E ®2
Data > Data

Figure 15 - MT8880C to 6802 Interface

EXAMPLE 1: A software reset must be included at the beginning of all programs to initialize the control
registers after power up. The initialization procedure should be implemented 100ms after power up.

Description Control Data
- CS RSO RW b3 b2 bt bo
1) Read Status Register 0 1 1 X X X X
2) Write to Control Register 0 1 0 0 (0] 0 0
3) Write to Control Register 0 1 0 0 0 0 0
4) Write to Control Register (¢] 1 0 1 0 0 0
5) Write to Control Register c 1 0 0 0 0 0
6) Read Status Register (¢] i 1 X X X X
EXAMPLE 2: Transmit DTMF tones of 50 ms burs¥/50 ms pause and Receive DTMF Tones
Description
CS RS0 RW b3 = b2 b1 b0
1) Write to Control Register A & 1 0 1 1 g 1
(tone out, DTMF, IRQ, Select Control Register B)
2) Write to Control Register B G i 0 0 0 0 0
(burst mode)
3) Write to Transmit Data Register C 0 0 0 1 1 1
(send a digit 7)
walt for an interrupt or polt Stcius Register
4) Read the Status Register C i 1 X X X X

-it bit 1 is set, the Tx is ready for the next tone, in which case...
Write to Transmit Register 0 0 0 0 1 ¢} i
(send a digit 5)

-if bit 2 is set, 2 DTMF tone has been received. in wnich case....
Read the Receive Data Register C ¢ 1 X X X X

-it both bits are set...

Read the Receive Datz Regisier G 0 1 X X X X
Write to Transmit Data Register G ¢ 0 0 1 0 i
NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ms (2 ms) AFTER THE DATA IS

WRITTEN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED TO 200 ms (= 4 ms).

Figure 16 - Apprication Hints



209

ISO%-cMOS  MT8880C

Absolute Maximum Ratings~

) Parameter Symbol Min Max Units
1 | Power supply voltage Vpp-Vgg Voo 6 \
2 | Voltage on any pin Vi Vgs-0.3 Vpp+0.3 \Y
3 | Current at any pin (Except Vpp ang Vss) 10 mA
4 | Storage temperature Tst -65 +150 °C
Package power dissipation Pp 1000 mw
° cheding ese values may cause permanent damage. Functional operation under these conditions is not implied.
Recommended Operating Conditions - Voltages are with respect to ground (Vgg) unless otherwise stated.
Parameter Sym Min Typi Max Units Test Conditions
1 | Positive power supply Voo 4.75 5.00 5.25 \Y
2 | Operating température To -40 +85 °C
3 | Crystal clock frequency ok | 3575965 | 3.579545 | 3.583124 | MHz -
1 Typical figures are at 25 “C and for design aid only: not guaranteed and not subject to production testing.
DC Electrical Characteristics? . vgg-ov.
Characteristics Sym Min | Typ* | Max | Units Test Conditions
1 s Operating supply voltage Voo 4.75 5.0 525 Vv
2 u Operating supply current oo 7.0 11 mA
3 F Power consumption Pc 57.8 | mw
4 | High level input voltage Viko 3.5 \%
N | (OSC1)
5 S Low level input voltage Vito 1.5 \Y
T (OsC1)
S | Steering threshold voltage Vs 2.2 2.3 2.5 \ Vpp=5V
7 Low level output voltage No load
o (0sc2) VoLo 0.1 Y
8 U High level output voltage No load
T (0SC2) Voro | 4.2 \Y Vpp=5 V
9 | S Output leakage current
T | (IRQ) loz 1 10 A | Vor=2.4V
10 | 5 | Vge output voltage Veet | 2.4 P25 |26 V' | No load, Vgp=5v
11 VRef OUtput resistance Ror 1.3 kQ
12 o Low level input voltage Vi 0.8 \
13 é High level input voltage Vig 2.0 \%
14 ; Input leakage current Iz 10 HA | Vi=Vgg to Vpp
e
I
15 | paz | Source current lok -1.4 | -6.6 mA | Vou=2.4V
16 | Bvs | Sink current lot 20 | 4.0 mA | Vg, =0.4V
17 | ESt | Source current lon 0.5 | -3.0 mA | Vou=4.6V
18 SEV”S, Sink current loL 2 4 mA | Vg =0.4V
19 IZTPI! Sink current lo 4 16 mA | Vg =0.4v

Charactenstics are over recommended operaling conditions unless otherwise stated.

: Typical figures are at 25 °C, Vop =5V and for gesign aid only: not quaranteeo and not subject 1o production testing.
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AC Electrical Characteristics’ (Cont‘d) - voitages are with respect to ground (Vss) unless otherwise stated.

l - Characteristics Sym Min Typ? Max | Units Notes®
28 Data hold time (write) toHw 10 ns
29 Input Capacitance (data bus) Cin 5 pF
30 Output Capacitance (IRQ/CP) Cout 5 pF
31 | p | Crystalclock frequency fc 3.5759 | 3.5795 | 3.5831 MHz
32 ; Clock input rise time YL HCL 110 ns | Ext. clock
33 | F [ Clock input duty cycle - - 110 ns | Ext. clock
34 f Clock input duty cycle DCq 40 50 60 % | Ext. clock
‘] 35 | K | Capacitive load (OSC2) Co 30 pF

1 Timing is over recommended temperature & power supply voltages.

4 Typical figures are at 25°C and for design aid only: not guaranteed and not subject to production testing.
i 9!

* The data bus output butffers are no longer sourcing or sinking current by tonr.
¥ See Figure 6 regarding guard time adjustment.

NOTES: 1) dBm=decibels above or below a reference power of 1 mW nto a 600 onm load.

2) Digit sequence consists of all 16 DTMF tones.

3) Tone duration=40 ms. Tone pause=40 ms.

4) Nominal DTMF frequencies are used.

5) Both tones in the composite signal havean equal amplituge.
6) The tone pair is deviated by +1.5%%2 Hz.

7) Bandwidth limited (3 kHz) Gaussian noise.

8) The precise dial tone frequencies are 350 and 440 Hz (22%).
9) For an error rate of less than 1 in 10,000.

10) Referenced to the fowest amplitude tone in the DTMF signal.
11) Referenced to the minimum valid accept level.

12) For guard time calculation purposes.
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Electrical Characteristics
Gain Set‘(mg Am pllfler - Voltages are with respect to ground (Vgs) unless othenwise stated. Vgg= OV.

Characteristics Sym Min Typ Max Units Test Conditions
1 |Input leakage current lin 100 nA Ves S Vin<Vpp
2 |Inputresistance Ry 10 MQ
3 |Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 dB 1 kHz
5 |Common mode rejection CMRR 40 dB
6 |DC open loop voltage gain AyoL 40 dB CL=20p
7 | Unity gain bandwidth BW 1.0 MHz C_L=20p
8 |[Output voltage swing Vo 0.5 Vpp-0.5 \Y RL 2 100 kQ 1o Vgg
9 |Allowable capacitive load (GS) Cp 100 pF PM>40
10 [Allowable resistive load (GS) RL 50 kQ Vo = 4Vpp
11 |Common mode range Ve 1.0 Vpp-1.0 Vv R = 50kQ

Figures are for design aid only: not guaranteed and not subject 1o produc
Characleristics are over recommended operating conditions unless otherv:i

fion lesting.
se stated.

MT8880C AC Elect_rical Characteristics'f- Voltages zre with respect lo cround (Vgs) unless othervise slated.

Characteristics Sym Min Typ? | Max Units Notes*
-29 dBm 1,2,3,5,6,9
" Valid Input signal Ieve!s 275 MRy 2.4.5.68
1 (each tone of composite
X | signal) +1 dBm | 1,2,3,5,6.9
869 [ mVgpus | 1,2,3.5,6,9

t Characlerislics are over recommended operaling conditions (unless otherwise stzled) using the test circuit shown in Figure 13,

AC Electrical Characteristics! - voltages are with respect o ground (Vsg) vatess olhervise stated. 1c=3.579545 MHz.

Characteristics Sym Min Typt Max Units', Notes*

1 Positive twist accept 3 dB 2,369
T Negative twist accept 8 dB 2,3,6.9
3] Freq. deviation accept £1.5%+2Hz g.3,540
Z' i Freq. deviation reject +3.5% 285

5 Third tone tolerance -16 dB 2,3.45,.9,10
6— Noise tolerance -12 aB 2,3.45,79,10
T Dial tone tolerance 22 dB 2,8:4,5,8,9,11

t Characteristics are over recommended operating concitions unless otherwis
t Typical figures are at 25°C. Vpp = 5V, and for design aid only: not guarantze
° See “Notes” lollowing AC Electrical Characteristics Tabées.

fot subject 1o producticn testing

a o
m 0
3
a
)
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Voo
MT8880C ca
l_] 11
cl m g m Voot - — |
c2
oTmrrce [—| —7 in- SYGT - ;7
INPUT . R4
+—{1 Ggs ESt
R2 R3
{7 VRef 03]
{7 vss 02}
X-tal
/J7 [j[”———[ 0sC1 o1}
0sC2 0o} toup
LS ou
otme [ —9— ¢ {JTone  TRQrCP [} or iC
OUTPUT o
7 AL RAW ©2[] .
I——E cs Rso[] —
Notes:
R1, =1 1% e :
R3 _Rsz.l ’ k?)o 1':51 ° Microprocessor based systems can inject undesirable noise into
= : the supply rails. The performance of the MT8880 can be optimized
Ré4 =33 k2 ‘O.A’ by keeping noise on the supply rails to 2 minimum. The decoupling
R =10k Q (min.) capacitor (C3) should be connected close 1o the device and ground
C1=100nF 5% loops should be avoided. .
C2 = 100 nF 5%
C3 =100 nF 10%"
C4=10nF 10%
X-tal = 3.579545 MHz
Figure 13 - Application Circuit (Single-Ended Input)
d sovoc O sovoc
MMD6150 e
TeEST pOINT (O CQUvalent) < 2 TEST POINT L=
’ 1
130pF __ 70 pF
MMD7000
(or equivalent)

Test load for DO-D3 pins

Test load for IRQ/CP pin

Figure 14 - Test Circuit
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AC Electrical Characteristics? - Call Progress - vottages are with respect to ground (Vss) unless otherwisé stated.

Characteristics Sym Min | Typ* | Max Units Notes*
1 | Lower freq. (ACCEPT) fLa 320 " Hz @ -25 dBm
2 | Upper freq. (ACCEPT) fHa 510 Hz @ -25 dBm
3 | Lower freq. (REJECT) it 290 : Hz @ -25 dBm
4 | Upper freq. (REJECT) fHR 540 Hz @ -25dBm
5 | Caliprogress tone detect level ) -30 dBm
(total power) :

t Characteristics are over recommended operating conditions unless otherwise stated
$ Typical figures are at 25°C, Vpp = 5V, and for design aid only: not guaranteed and not subject to production testing
° See *Notes™ AC Electrical Characteristics Tables

AC Electrical Characteristics? - Voitages are with respect to ground (Vgs) uniess otherwise stated.

= Characteristics Sym Min Typ: Max | -Units Conditions” )
1 Tone present detect time top 3 11 14 ms |Note 12
2 Tone absent detect time toa 0.5 4 8.5 ms |Note 12
3 Tone duration accept trec iy 40 ms jUser adjustable®
4 | g |Tone duration reject trRec 20 5 ms fUser adjustable®
5 | X Interdigit pause accept tip 40 ms |User adjustable®
6 Interdigit pause reject tbo 20 ms |User adjustable*
7 Delay St to b3 tpsio3 13 us
8 Delay St to RXy-RX3 tpsirx 8 us
9 Tone burst duration tgsT 50 52 ms  |DTMF mode
10 | ¢ |Tone pause duration tps 50 52 ms | DTMF mode
11 | X |Tone burst duration (extended) tasTeE 100 104 ms | Call Progress mode
12 Tone pause duration (extended) tpse 100 104 ms |Call Progress mode
13 High group output level Vyour | -6.1 -2.1 | dBm |R(=10kQ
14 g Low group output level Viour | -8.1 -4.1 | dBm |R=10kQ
15 | N |Pre-emphasis dBp 2 3 dB  [R =10kQ
16 E Output distortion (Single Tone) THD -35 dB |25 kHz Bandwidth
o R(=10kQ
17 | 1 [Frequency deviation P 207|215 % |1c=3.579545 MHz
18 Output load resistance Rt 10 50 kQ
19 @2 cycle period teve 250 ns
20 ': @2 high pulse width teH 115 ns
21 | Y |o2 low pulse width te ‘ 110 ns
2 ;' @2 rise and fall time ta tr v 25 ns
23 | T {Address, RW hold time - tanlawr | 26 ns
24 5 Address, R/W setup time (before ®2) tastrws | 23 ns
25 i Data hold time (read) tonR 22 ns |-
26 g |2 to valid data delay (read) tooR 100 ns {200 pF load
27 Data setup time (write) osw 45 ns '
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Figure 17 - ¢2 Pulse
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RS0

]

DATA BUS

DATA BuUS

Figure 19 - MPU Write Cycle
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