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ABSTRACT

This thesis presents a telephone signal applied to alarm and control electrical appliances
in a house. This project used a2 DTMF Signal as a password to switch on or off electrical
appliances. In the part of security, when there is intruder coming in a house, the system will dial
to a telephone number which is preset by the user. When the call is received call, the system will
alarm. For the interface method between a local exchange and the system uses'the MH88632 IC,
the coding and decoding DTMF Signal uses the MT8880 IC and the MCS — 51 Microcontroller

will control all processes of the system.
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program 2

>

; DEFINE PORT & PIN NAME
KPAD_ROWO BIT P1.0 ; Keypad Input Row 0
KPAD_ROW1 BIT P1.1 ; Keypad Input Row 1
KPAD_ROW2 BIT P1.2 ; Keypad Input Row 2
KPAD_ROW3 BIT P13 ; Keypad Input Row 3
KPAD_COL2 BIT Pl.4 ; Keypad Output Column 2
KPAD_COL1 BIT P1.5 ; Keypad Output Column 1
KPAD_COLO BIT P1.6 ; Keypad Output Column 0
PLA_REC BIT P3.0
PDOWN BIT P3.1
EOM BIT P32
DSP1 BIT P33
CHK_TONE BIT P34
S_HOOK BIT P3.5
TONE BIT P3.6
SENSOR BIT P37
GETKPAD EQU 04DH
SAVEDAT EQU 04EH
; PROGRAM
ORG 0000H ; Reset Vector
MOV P0,#00000000B ; Clear Databus
MOV P1#11111111B ; Clear status keypad and 1-Wire
SETB DSP1
MOV R7#00H
; DISPLAY
INITIAL: MOV P2,#00000000B ; INITIAL DISPLAY -——-—
LCALL DELAY0
MOV P2,#00000001B
LCALL DELAY0
MOV P2,#00000010B
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program 2

LCALL DELAY0
MOV P2,#00000011B
LCALL DELAY0
MOV P2,400000100B
LCALL DELAY0
MOV P2,#00000101B
LCALL DELAY0
MOV P2,#00000110B
LCALL DELAYO
MOV P2,400000111B
LCALL DELAY0
MOV P2,#00001000B
LCALL DELAYO
MOV P2 #00001001B
LCALL DELAY0
MOV P2,#00001010B
LCALL DELAYO
MOV P2,#00001011B
LCALL DELAY0
MOV P2,#00001100B
LCALL DELAY0
CLR DSP1
MOV P2,#00001101B
LCALL DELAY0
SETB DSP1
MOV P2,#00001110B
LCALL DELAY0
MOV P2,#00001111B
LCALL DELAY0
CLR DSP1 ; END OF INITIAL

. MAIN PROGRAM.

START: MOV IE #00H

CLR SENSOR

CLR EA
CLR S_HOOK
SETB PLA_REC
SETB PDOWN
CLR TONE
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program 2

: 50H IS ADDRESS FOR KEEP DATA (DIAL NUMBERJ#1

MOV R2,#02H

MOV RO,#S0H

MEM: MOV P2,#00001111B

- SCAN KEYPAD AND DISPLAY

KEYPAD MOV P2,#00001111B

LOOP: ACALL CHECK1
ACALL CHECK2
ACALL CHECK3
AJMP LOOP

CHECKI1: CLR KPAD_COLO
INB KPAD_ROWO,NUM_ 1
JNB KPAD ROWI,NUM_ 4
JNB KPAD_ROW2,NUM_ 7
JNB KPAD_ROWS3,STAR
SETB KPAD_COLO
RET

CHECK2: CLR KPAD_COLI1
INB KPAD_ROWO,NUM_2
INB KPAD_ROW1,NUM_5
INB KPAD, ROW2,NUM 8
INB KPAD_ROW3,NUM 0
SETB KPAD_COL1
RET

CHECK3: CLR KPAD_COL2
JNB KPAD_ROWO,NUM_3
JNB KPAD_ROWI1,NUM_6
JNB KPAD_ROW2,NUM_9
JNB KPAD_ROW3,HASH
SETB KPAD_COL2
RET

NUM_1: MOV GETKPAD #00000001B
MOV SAVEDAT#11H
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program 2

B KPAD_ROWO,NUMI
NUMI: LCALL DISPLAY
NI: JNB KPAD_ROWO,N1

SETB KPAD_COLO
AIMP LOOP
NUM_2: MOV GETKPAD,#00000010B
MOV SAVEDAT #21H
B KPAD_ROWO,NUM2
NUM2: LCALL DISPLAY
N2: JNB KPAD_ROWO,N2
SETB KPAD_COLLI
AJMP LOOP
NUM_3: MOV GETKPAD#00000011B
MOV SAVEDAT#31H
JB KPAD_ROWO,NUM3
NUM3: LCALL DISPLAY
N3: INB KPAD_ROWO,N3
SETB KPAD_COL2
AJMP LOOP
NUM_T: LIMP NUM_71
STAR: LIMP STARI
NUM_8: LIMP NUM 81
NUM_0: LIMP NUM_01
NUM_9: LIMP NUM_ 91
HASH: LIMP HASHI1
NUM_4: MOV GETKPAD #00000100B
MOV SAVEDAT#41H
B KPAD_ROWI1,NUM4
NUM4: LCALL DISPLAY
N4: INB KPAD_ROW1,N4
SETB KPAD_COLO
AIMP LOOP
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program 2

NUM_5: MOV GETKPAD,#00000101B
MOV SAVEDAT #51H
B KPAD_ROW1 NUMS
NUMS: LCALL DISPLAY
Ns: JNB KPAD_ROW1,N5
SETB KPAD_COLI
AIMP LOOP
NUM_6: MOV GETKPAD #00000110B
MOV SAVEDAT #61H
B KPAD_ROW1,NUMS6
NUMS: LCALL DISPLAY
N6: JNB KPAD_ROW1,N6
SETB KPAD_COL2
ATMP LOOP
NUM_T71: MOV GETKPAD,#00000111B
MOV SAVEDAT#71H
B KPAD_ROW2,NUM7
NUMT: LCALL DISPLAY
NT: JNB KPAD_ROW2,N7
SETB KPAD_COLO
AJMP LOOP
NUM_8L: MOV GETKPAD,#00001000B
MOV SAVEDAT#81H
B KPAD_ROW2,NUMS
NUMS: LCALL DISPLAY
N8: JNB KPAD_ROW2,N8
SETB KPAD_COL1
ATMP LOOP
NUM_91: MOV GETKPAD,#00001001B
MOV SAVEDAT#91H
B KPAD_ROW2,NUM9
NUM9: LCALL DISPLAY
N9: JNB KPAD_ROW2,N9
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program 2

SETB KPAD_COL2

AIMP LOOP

NUM _01: MOV GETKPAD #00000000B
MOV SAVEDAT #0A1H
B KPAD_ROW3 NUMO

NUMO: LCALL DISPLAY

NO: JNB KPAD_ROW3,NO
SETB KPAD _COLL
AIMP LOOP

STARI: NOP
B KPAD_ROW3,STARR

STARR: MOV P2,#00001011B
LCALL DELAYO0
MOV P2,#00001100B
LCALL DELAY0
MOV P2#00001010B
LCALL DELAY0
MOV P2,400001011B
LCALL DELAY0
MOV P2,400001100B
LCALL DELAY0
MOV P2,#00001010B
LCALL DELAY0
MOV P2#00001111B

ST: JNB KPAD_ROW3,ST
DINZ R2,MEM2

MEMS3: MOV RO#70H
LIMP MEM

MEM2 MOV RO,#60H
LIMP MEM

HASHI1: NOP
B KPAD_ROW3,HASHH"

HASHH: MOV P2,400001010B
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program 2

LCALL DELAYO
MOV P2,#00001100B
LCALL DELAYO
MOV P2,400001011B
LCALL DELAYO
MOV P2,#00001010B
LCALL DELAYO
MOV P2,400001100B
LCALL DELAYO
MOV P2,#00001011B
LCALL DELAY0
HA: JNB KPAD_ROW3HA
LIMP WAIT
DISPLAY: MOV A,GETKPAD
MOV P2A
SETB DSP1
LCALL DELAY0
CLR DSP1
MOV ARO
MOV RLA
MOV A,SAVEDAT
MOV @RLA
INC Rl
MOV ARI
MOV RO,A
RET
: WAIT DETECT
WAIT: MOV P2,#00001110B
SETB P33
1B SENSOR,SS
JNB CHK_TONE,CONTROL1
ATMP WAIT
CONTROLI: LIMP CONTROL
Ss: MOV P2,#00001111B
LCALL DELAYO
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LOOPP:

TEL1:

TEL2:

program 2

MOV P2,#00001110B
LCALL DELAY0
MOV P2,#00001111B
LCALL DELAY0
MOV P2,#00001110B
LCALL DELAY0
MOV P2,#00001111B
LCALL DELAY0
MOV P2,#00001110B
MOV P1,#00H
LCALL DELAY2
MOV P1 #0FFH
LCALL DELAY2
MOV P1,#00H
LCALL DELAY2
CLR S_HOOK
LCALL DELAY2
SETB S_HOOK
LCALL DELAY2
CLR TONE
CLR P10
SETB PL4
SETB P11
SETB P10
CLR P1.0
MOV P2,#00001010B
MOV R2,#02H
MOV R3,#03H
1B DSP1,LOOPP
MOV R1H#0AH
MOV RO#S0H
B DSP1,BUSY
AIMP DIALLING
MOV RIH#0AH
MOV RO#60H
B DSP1,BUSY
AIMP DIALLING
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TEL3:

DIALLING:

MOV:

program 2

MOV R1#0AH
MOV RO #70H
B DSP1,BUSY
AJMP DIALLING

MOV A@RO

MOV PLA
CLR P10
RL A :DISPLAY
RL A
RL A
RL A
CINE AH#IAHMOV
MOV A#00H

MOV P2A
INC RO
LCALL DELAY2
DINZ R1,DIALLING
LCALL DELAY2

’

; CHECK BUSY TONE & RING TONE

B

CHECKTONE:
WAIT_PLUSE:

BUSY:

CHECK_NUML:

MOV P2,#00001011B
B DSP1,WAIT_PLUSE

LCALL DELAY?2
B DSP1,BUSY
LCALL DELAY2
B DSP1,RINGBACK

CLR S_HOOK
LCALL DELAY2
SETB S_HOOK
LCALL DELAY?2
DINZ R3,CHECK_NUM1
AJMP CHANGE

MOV ARO
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CHECK_NUM2:

CHECK_NUM3:

CHANGE:

CHANGEL:

CHANGES3:

CHANGE2:

RINGBACK:

WAIT_HANDSET:

program 2

CINE A#5AH,CHECK_NUM2
LIMP TEL1
MOV ARO
CINE A#6AH CHECK_NUM3
LIMP TEL2
MOV ARO
CINE A#TAH,CHECK_NUMI
LIMP TEL3
MOV ARO
CINE AH#TAH,CHANGE1
LIMP TE
MOV R1#0AH
MOV R3#03H
DJNZ R2,CHANGE2
MOV RO,#70H
LIMP DIALLING
MOV RO,#60H
LIMP DIALLING
LCALL DELAY?2
LCALL DELAY2
LCALL DELAY2
LCALL DELAY2
LCALL DELAY2
LCALL DELAY?2
LCALL DELAY?2
LCALL DELAY?2
NOP
1B DSP1,VOICE
MOV R1,#04H
JNB DSP1,WAIT_HANDSET
LCALL DELAY?2
LCALL DELAY2
LCALL DELAY?2
LCALL DELAY?2
LCALL DELAY?2
LCALL DELAY2
LCALL DELAY?2
LCALL DELAY?2
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program 2

LCALL DELAY4
NOP
B DSP1,VOICE
DINZ R1,WAIT_HANDSET
CLR S_HOOK
LCALL DELAY2
LIMP BUSY
VOICE: JNB DSP1,VOICE
ACALL DELAY2
JNB DSP1,BUSY1
ACALL DELAY?2
INB DSP1,BUSY1
LCALL TRACK4
LCALL DELAY2
ACALL DELAY2
ACALL DELAY2
ACALL DELAY2
CLR S_HOOK
LCALL DELAY?2
LIMP WAIT
BUSYL: LIMP BUSY
; RINGING
CONTROL: MOV P2,#00001111B
1B CHK_TONE,COUT_RING
ATMP CONTROL
COUT_RING: MOV R1#0SH
COUTI: MOV P2,#00001010B
ACALL DELAY2
ACALL DELAY2
ACALL DELAY2
ACALL DELAY2
ACALL DELAY2
ACALL DELAY2

Page 11



ACALL
MOV
JB

JNB

program 2
DELAY2

P2,#00001111B

CHK_TONE,WAIT1
CHK_TONE,COUT2

COUT2: CHK_TONE,COUT2
DINZ R1,COUT1
ACALL DELAYO
ACALL OFF_HOOK
AJMP INTRO
WAIT1: WAIT
OFF_HOOK: ACALL DELAY2
SETB S_HOOK
RET
ON_HOOK: ACALL DELAY2
CLR S. HOOK
RET
INTRO: P1,#00H
LCALL DELAY2
MOV P1#0FFH
LCALL DELAY2
MOV P1,#00H
LCALL DELAY2
CLR TONE
SETB P13
CLR P1.2
CLR P1.1
SETB P1.0
ACALL TRACK1
MOV RO#30H
MOV R3#03H
. CHECK PASSWORD.
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program 2

WAIT_PW:

CHK_PW:

CLEARO:

PRESSI1:

PRESS2:

PRESS3:

PRESS4:

PRESSS:

PRESS6:

MOV APl
MOV P2,#00001101B
CINE A#09H,CHK_PW
JNB DSP1,CLEARO
ACALL DELAY2
JNB DSP1,CLEARO
ATMP WAIT_PW
MOV APl
MOV P2,#00001101B
CINE A #0C9H PRESS1
JNB DSP1,CLEARO
ACALL DELAY2
JNB DSP1,CLEARO
AJMP CHK_PW
LIMP CLEARIL

MOV APl
JNB DSP1,CLEARO
ACALL DELAY2
JNB DSP1,CLEARO
CINE A#19H,PRESS2
MOV R2#19H
AIMP KEEP_PW

CINE A, #29H PRESS3
MOV. R2#29H
AIMP KEEP PW

CINE A#39H,PRESS4
MOV R2#39H
ATMP KEEP_PW

CINE A#49H,PRESS5
MOV R2,#49H
AIMP KEEP_PW

CINE A #59H, PRESS6
MOV R2#59H
AIMP KEEP_PW

CINE A #69H PRESS7
MOV R2,#69H
AIMP KEEP PW

Page 13



program 2

PRESST: CINE A#79H PRESS8
MOV R2479H
ATMP KEEP_PW
PRESSS: CINE A#89H PRESS9
MOV R2#89H
AIMP KEEP_PW
PRESSY: CINE A#99H,PRESS0
MOV R2,#99H
AIMP KEEP_PW
PRESSO: CINE A #0A9H,PRESS_CHK
MOV R2#0A9H
AJMP KEEP_PW
PRESS_CHK: CINE A H0C9H,OTHER_PW
LIMP CHECK
OTHER_PW: CINE A#0B9H,PRESS1
LIMP PRESS1
KEEP_PW: MOV ARO
MOV RLA
MOV AR2
MOV @R1,A
RL A
RL A
RL A
RL A
CINE A#9AHMOVE
MOV A#90H
MOVE: MOV P2A
MOV P2A :TEST DISPLAY
INC R1
MOV ARI
MOV RO,A
KKK: MOV AR2
CINE AP1,WAIT_PW1
AJMP KKK
WAIT_PWL: LIMP PRESSI
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program 2

CHECK: MOV P2,400001110B
MOV RO,#30H
MOV A,@RO
CINE A#19H,FALSE ;PW BIT. 1 ='1'
INC RO
MOV A,@RO
CINE A#29H FALSE ;PW BIT. 2 =2'
INC RO
MOV A,@RO
CINE A #39H,FALSE :PW BIT. 3 ="'
INC RO
MOV A,@RO
CINE A#49H FALSE :PW BIT. 4 =4'
ATMP CHK ;PW TRUE
FALSE: DINZ R3,PLAY_VOICE
ACALL DELAY2
ACALL DELAY2
ACALL ON_HOOK
LIMP WAIT
PLAY_VOICE: ACALL DELAY2
ACALL TRACK2
MOV RO#30H
LIMP CHK_PW
; CONTROL CH
:PRESS => 1-8 => * ONCH.
:PRESS => 1-8 => # OFF CH.

:PRESS=> 9 =>SELECT ALL CH.
;PRESS=>0  =>EXIT

>

CHK: MOV P1,#00H
LCALL DELAY?2
MOV P1#OFFH
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WAIT_DTMF:

CLEARL:

CHK_CH:

CH1:

CH2:

CH3:

CH4:

program 2

LCALL DELAY2
MOV P1,#00H
LCALL DELAY2
CLR TONE
SETB P13
CLR P1.2
CLR P1.1
SETB P1.0
ACALL DELAY2
ACALL TRACK3
MOV P2,400001110B
MOV APl
CINE A#09H,CHK CH
AIMP WAIT_DTMF
LIMP CLEAR
MOV AP1
JNB DSP1,CLEARL
ACALL DELAY2
JNB DSP1,CLEAR1
ACALL DELAY2
JNB DSP1,CLEARL
CINE A#19H,CH2
MOV R2,#00000001B
ATMP NEXT
CINE A#29H,CH3
MOV R2,#00000010B
AJMP NEXT
CINE A#39H,CH4
MOV R2,#00000100B
AIMP NEXT
CINE 'AH#49H,CHS
MOV R2,#00001000B
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CHS:

CH6:

CHT7:

CHS:

ALL_CH:

EXIT:

OTHER:

NEXT:

ON_CH:

program 2

AJMP NEXT

CJNE A #59H,CH6
MOV R2,400010000B
AJMP NEXT

CINE A H#69H,CH7
MOV R2,#00100000B
AJMP NEXT

CINE A #79H,CHS
MOV R2,#01000000B
AJMP NEXT

CINE A#89H,ALL_CH
MOV R2,#10000000B
AJMP NEXT

CINE A #99H,EXIT
MOV R2#11111111B
AIMP NEXT
CINE A#0AIH,OTHER
ACALL DELAY0
CLR S. HOOK
LIMP WAIT
CINE A #0B9H,CHK_CH
LIMP CHK_CH
MOV AP1
JNB DSP1,CLEAR
ACALL DELAY2
INB DSP1,CLEAR
ACALL DELAY2
JNB DSP1,CLEAR
CINE A#0B9H,OFF_CH

MOV AR7
MOV P2,A
ORL AR2
MOV PO,A
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Untitled

MOV R7.A
ACALL TRACKS
AJMP CHK_CH

OFF_CH: CINE A#0C9H,CHK_CH
MOV A#0FFH
CLR o
SUBB AR2
MOV R2,A
MOV AR7
ANL AR2
MOV PO,A
MOV R7,A
ACALL TRACKS
AJIMP CHK_CH

CLEAR: ACALL DELAY2
CLR S HOOK
ACALL DELAY?2
ACALL DELAY?2
LIMP WAIT

; VOICE

TRACK1: MOV P2,#00001110B
AIMP S_PLAY

TRACK2: MOV P2,#00011110B
AJMP S_PLAY

TRACK3: MOV P2,#00101110B
AJMP S_PLAY

TRACK4: MOV P2,#01001110B
AJMP S_PLAY

TRACKS: MOV P2,#10001110B
AJMP S_PLAY

S_PLAY: CLR PDOWN
SETB TONE
CLR PLA_REC
ACALL DELAY?2
SETB PLA_REC

Page 1



Untitled

PLAY: B EOM,PLAY
MOV P2,#00001111B
SETB PDOWN
CLR TONE
RET
. DELAY
DELAY: MOV R3#0DOH
DELL: MOV R4#0DOH
DEL: NOP
DINZ R4,DEL
DINZ R3,DELL
RET
. DELAY TEST
DELAYO: MOV R3,#150
DEL20: MOV R4#0E6H
DELI0: NOP
DINZ R4,DEL10
DINZ R3,DEL20
RET
.DELAY 0.8 S
DELAYI: MOV R4#06H
DEL2: MOV RS #00H
DELL: MOV R6#00H
DELO: DINZ R6,DELO
DINZ RS,DELI
DINZ R4,DEL2
RET
. DELAY 0.5 S
DELAY2: MOV R4,#04H
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DEL21: MOV RS, #00H
DELI11: MOV R6,#00H
DELOL: DINZ R6,DELO1
DINZ RS,DEL11
DINZ R4,DEL21
RET
. DELAY3
DELAY3: MOV R4#04H
DEL23: MOV RS HOEOH
DEL13: MOV R6 #00H
DEL03: DINZ R6,DEL03
DINZ R5,DELI3
DINZ R4,DEL23
RET
. DELAY4 0.25 S
DELAY4: MOV R4#02H
DEL24: MOV RS #00H
DEL14: MOV R6,#00H
DELO4: DINZ R6,DEL04
DINZ R5,DEL14
DINZ R4,DEL24
RET
END
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MH88632
Central Office Interface Circuit
Preliminary Information

Features

« Loop start and ground start capabilities
» Transformerless 2-4 wire conversion

+ Programmable transmit/receive gain with 0dB
defaults

e« Programmable input impedance with 600Q and
900Q defaults

* Programmable network balance with 6002,
900Q, and AT&T compromise default

« One loop start & two ground start relay drivers
e Line state detection outputs

¢ Forward loop, reverse loop, ring ground, tip
ground, ringing voltage

» +5V operation

¢ On-hook audio reception (to accommodate ANI)

Applications

Interface to Central Office for:

- PBX

» Key Telephone System
¢ Channel bank

»  Voice Mail

»  Terminal Equipment

» Digital Loop Carrier

ISSUE 5 April 1995

Ordering Information

MH88632 40 Pin SIL Package

0°C to 70°C

Description

The Mitel MH88632 Central Office Trunk Interface
circuit provides a complete audio and signalling link
between audio switching equipment and a central
office. The functions provided by the MH88632
include 2-4 Wire Hybrid conversion, programmable
transmit and receive gains, programmable line
impedance and programmable network balance. The
device is fabricated using thick film hybrid
technology which incorporates various technologies
for optimum circuit design and very high reliability.

RING TIP vDD VEE = AGND RV FL RLRGTG
s Status
D> Detection
XLA [
XLB Loop
XLC Termination
XLD
E RX
Receive GRX1
LRC Loop Relay = Gain GRX0
LRD Driver ; 2-4 Wire Hybrid ‘ =
I Transmit
BRC Bias Rela i 1 GTX1
=== Driver ! 1 cam GTX0
BRD 1
GRC | Ring Ground Impedance Network
GRD Driver Matching Balance
-
VRLY RGND Z1 72 2600 Z900 NS N1 N2 NATT

Figure 1 - Functional Block Diagram
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TIP 1 N2 21
RING 2 Z900 22
XLA 3 21 23
XLB 4 z2 24
XLC 5 X 25
XLD 6 RX 26
_1c 7 GTX0 27
GRD 8 GTX1 28
IC 9 GRX0 29

i 10 GRX1 30
RGND 1" IC 31
VRLY 12 Z600 32
LRD 13 NS é 33
BRD —=_|14 TG 34
LRCc —=_]15 RL é 35
BRC 16 RV 36
GRC 17 FL 37
AGND 18 RG 38
NATT 19 VEE 39
N1 20 VDD 40

Pin Description

Figure 2 - Pin Connections

Pin# Name Description

1 TIP Tip Lead. Connects to the “Tip” or “Ring” lead of Central Office.

RING |Ring Lead. Connects to the “Ring” or “Tip” lead of the Central Office.

XLA |Loop Relay Contact A. Connects to XLB through the loop relay (K1) contacts when the
relay is activated. Activates internal active termination circuitry.

XLB Loop Relay Contact B. See XLA for description.

XLC |Loop Relay Contact C. Connects to XLD through the loop relay (K1) contacts when the
relay is activated. Activates internal active termination circuitry.

XLD |Loop Relay ContactD. See XLC for description

IC Internal Connection.This pin is internally connected and must be left open.

GRD |Ground Relay Lead Relay Drive (Output). Connects to the Ground Ring Lead Relay Coil,
used for Ground Start applications. A logic low activates the relay. An internal clamp diode
from VRLY to GND is provided.

9 IC Internal Connection: This pin is internally connected and must be left open.

10 IC Internal Connection. This pin is internally connected and must be left open.

11 RGND |Relay Ground. Return path for relay supply voltage.

12 VRLY [Relay Positive Supply Voltage. Normally +5V. Connects to the relay coil and the relay

_ supply voltage

13 LRD |Loop Relay Drive (Output). Connects to the Bias Relay coil. A logic low activates the
relay. An internal clamp diode from VRLY to LRD is provided.

14 BRD |Bias Relay Drive (Output). Connects to the Bias Relay coil, used for Ground start
applications only. A logic low activates the relay. An internal clamp diode from VRLY to BRD
is provided.

15 LRC |Loop Relay Control (Input). A logic high activates the Loop Relay Drive output (LRD). The

Loop Relay activates internal circuitry which provides a DC termination across Tip and
Ring. Used for line seizure and dial pulsing.
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Pin Description (Continued)

Pin # Name Description

16 BRC |Bias Relay Control (Input). A logic high activates the Loop Relay Drive output (BRD),
used for Ground start applications only. This input should be connected to logic high when
not used.

17 GRC | Ground Ring Lead Relay Control (Input). A logic low activates the Ground Ring Lead
Relay Drive output (GRD), used for Ground Start applications only. This input should be
connected to logic high when not used.

18 AGND | Analog Ground. 4-Wire ground. Normally connected to System Ground.

19 NATT |Network Balance AT+T Node. Connects to N1 for a network balance impedance of AT&T
compromise (350Q + 1kQ // 210nF); the device's input impedance must be set to 600Q.
This node is active only when NS is at logic high. This node should be left open circuit when
not used.

20 N1 Network Balance Node 1 (Input). 0.1 times the impedance between pins N1 and N2 must
match the device's input impedance, while 0.1 times the impedance between pins N1 and
AGND is the device’s network balance impedance. This node is active only when NS is at
logic high. This node may be terminated when not used (i.e., NS at logic low).

21 N2 Network Balance Node 2 (Output). See N1 for description.

22 7900 |Line Impedance 900Q Node. Connects to Z1 fora line impedance of 900Q. This node
should be left open circuit when not used.

23 Z1 Line Impedance Node 1 (Input). 0.1 times the times the impedance between pins Z1 and
72 is the device's line impedance. This node must always be connected.

24 Y Line Impedance Node 2 (Qutput). 0.1 times the times the impedance between pins Z1
and Z2 is the device’s line impedance. This node should be left open circuit when not used.

25 TX Transmit (output). 4-Wire ground (AGND) referenced audio output.

26 RX Recelve (Input). 4-Wire ground (AGND) referenced audio input.

27 GTX0 |Transmit Gain Node 0. Connects to GTX1 for 0dB transmit gain.

28 GTX1 |TransmitGain Node 1. Connects to a resistor to AGND for transmit gain adjustment.

29 GRX0 |Receive Gain Node 0. Connects to GRX1 for 0dB gain.

30 GRX1 |Receive Gain Node 1. Connects to a resistor to AGND for receive gain adjustment.

31 ] Internal Connection. This pin is internally connected and must be left open.

32 7600 |Line Impedance 6002 Node (Output). Connects to Z1 for a line impedance of 600Q. This
pin should be left open circuit when not used.

33 NS Network Balance Setting (Input. The logic level at NS selects the network balance
impedance. A logic 0 enables an internal balance equivalent to the input impedance (Zin).
While a logic 1 enables an external balance 0.1 times the impedance between pins N1 and
AGND balanced to 0.1 times the impedance between pins N1 and N2. The impedance
between N1 and N2 must be equivalent to 10 times the input impedance (Zin).

34 TG Tip Lead Ground Detect (Output). A logic low output indicates that the Tip lead is at
ground (AGND) potential.

35 RL Ring Loop Detect (Output). In the on-hook state, a logic low output indicates that reverse
loop battery is present. In the off-hook state, a logic low output indicates that reverse loop
current is present. Reverse loop refers to the Tip lead negative with respect to the Ring
lead.

36 RV Ring Voltage Detect (Output). A logic low indicates that ringing voltage is across the Tip
and Ring leads. Note that this output toggles at the ringing cadence and not at the ringing
frequency.
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Pin Description (Continued)

Pin # Name Description

37 FL Forward Loop Detect (Output). In the on hook state, a logic low output indicates that
forward loop battery is present. In the off-hook state, a logic low output indicates that
forward loop current is present. Forward loop refers to the Ring Lead negative with respect
to the Tip lead.

38 RG Ring Lead Ground Detect (Output). A logic low indicates that the Ring lead is at ground
(AGND) potential.

39 VEE | Negative Supply Voltage. -5V dc.

40 VDD | Positive Supply Voltage. +5V dc.

Functional Description

The MH88632 is a COIC (Central Office Interface
Circuit) used to interface to Central Office 2-Wire
Analog Trunks. The COIC provides both Loop start
and Ground start interface capabilities.

Approvals

FCC part 68, DOC CS-03, UL 1459, CAN/CSA 22.2
No.225-M90 are all system (i.e., connectors, power
supply, cabinet, etc.) requirements. ' Since  the
MH88632 is a component and not a system, it
cannot be approved as a stand alone part by these
standards bodies. However, when installed into a
properly designed system, the MH88632 has been
designed to meet the CO Trunk Interface
requirements of FCC, DOC, UL and CSA, and thus
enabling the complete system to be approved by
these standards bodies.

To meet the regulatory high voltage requirements, an
external protection circuit is required. The protection
circuit shown in Figure 9 is matched to the MH88632
and ensures than they meet the high voltage
requirements of FCC, DOC, CSA and UL when
installed in a properly designed system.

Products are designed in accordance with meeting
the above requirements; however, full conformance
to these standards is dependent upon the application
in which the hybrid is being used, and therefore,
approvals are the responsibility of the customer and
Mitel will not have tested the product to meet the
above standards.

DC Loop Termination

The DC loop termination circuitry provides the loop
with an active Dc load termination when a logic low is
applied to the LRC (Loop Start Relay Control) input.
the termination is similar to a DC resistance between

2-238

200Q and 275Q. An external relay is used to activate
internal circuitry which switches the termination in
and out of the loop. This is used for both seizing the
line as well as generating dial pulses.

Supervision Features

The supervision circuitry provides the signalling
status outputs. The system controlling the COIC,
monitors these logic outputs. The supervision
circuitry is capable of detecting ringing voltage, both
forward and reverse loop battery and loop current,
and both grounded tip lead and grounded ring lead.

a) Supervision Features RV (Ring Voltage
Detect Output)

The RV (Ringing Voltage Detect) output provides a
logic low when ringing voltage is detected. This
detector includes a ringing filter which ensures that
the output toggles at the ringing cadence and not at
the ringing frequency. Typically, this output goes low
50ms after ringing voltage is applied and remains
low for 50ms after ringing voltage is removed.

b) Supervision Features FL & RL (Forward Loop
and Reverse Loop Detect Output).

The FL (Forward Loop Detect) output provides a logic
low when either forward loop battery or forward loop
current is detected (ring lead voltage negative with
respect to ring lead). The RL (Reverse Loop Detect)
output provides a logic low when either reverse loop
battery or reverse loop current is detected (tip lead
voltage negative with respect to ring lead).

See Table 5 for Loop Battery and Current Status
Outputs.
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c) Supervision Features TG & RG (Tip Ground
and Ring Ground Detect Output)

The TG (Tip Lead Ground Detect) output provides a
logic low when _the tip lead is at ground (AGND)
potential. The RG (Ring Lead Ground Detect) output
provides a logic low when the Ring lead is at ground
(AGND) potential.

See Table 6 for Loop Ground Status Outputs.
Ground Start Signalling Features

For Ground Start signalling, relay K2 and resistors
R1 and R2, and relay K3 and resistor R3 are
required (See Figure 8). Activation of K2 is controlled
by the logic signal at the BRC (Bias Relay Control)
input while activation of K3 is controlled by the logic
signal at the GRC (Ground Relay Control) input.

K2 is used to engage the bias resistors while K3 is
used to ground the right lead; this is used in ground
start applications for signalling to the central office.

Typical Ground Start Signalling
Protocol

Refer to Figure 8 for Typical LS-GS Application
Circuit.

In the idle state, the system (e.g., PBX control card)
provides a logic high to the BRC input. This activates
the COIC’s second internal relay driver which
activates relay K2. Both contacts of relay K2 close,
which connect the -48VDC supply to Tip (tip lead)
and Ring (ring lead) through bias resistors R1 and
R2.

Depending on which Ground Start protocol is used,
initiating a Ground start call to the central office can
be performed by the following sequence of events.

The system provides a logic low to the GRC input.
this activates the COIC’s third internal relay driver
which activates relay K3. The contacts of relay K3
close, which connects the ring lead to ground
through a current limiting resistor R3.

The Central Office reconizes the ring ground
condition and responds by grounding the tip lead.

The COIC senses the grounded Tip and switched the
TG (Tip Lead Ground Detect) output to a logic low.

The system then applies a logic high to the LRC
(Loop Relay Control) input. This activates the COIC’s
first internal relay driver which activates relay K1.
Both contacts the relay K1 close, which activates the
COIC’s internal circuitry resulting in an active line
termination across Tip and Ring. The system then
provides a logic low to the BRC input. This
deactivates the COIC’s second internal relay driver
which deactivates K2. Both contacts of relay K2
open, which disconnect the bias from Tip and Ring.
The system then provides a logic high to the GRC
input. This deactivates the COIC'’s third internal relay
driver which deactivates relay K3. The contact of
relay K3 opens. which disconnects the grounded ring
lead. The voice link is now established.

Receiving a Ground Start call from central office is
performed similarly. The central office can signal the
COIC by either grounding the tip lead or by
grounding the ring lead.

Hybrid

The 2-4 Wire Hybrid circuit separates the balanced
full duplex signal at Tip and Ring of the telephone
line into receive and transmit ground referenced
signals at Rx (Receive) and TX (Transmit) of the
COIC. The hybrid also prevents the input signal at
RX from appearing at TX. The degree to which the
Hybrid minimises the contribution of the RX signal at
the TX output is specified as transhybrid loss. For
maximizing = transhybrid loss, see the Network
Balance section.

The 4-Wire side can be interfaced to a filter/codec
such as the Mitel MT896X, for use in digital voice
switched systems.

Line Impedance

The MH88632’s Tip-Ring impedance (Zj,) can be set
to 600Q, 900Q or to a user selectable value. Thus,
Zin can be set to any international requirements. The
connection to Z1 determines the input impedance.
With Z1 connected to Z600, the line impedance is set
to 600Q. With Z1 connected to Z900, the line
impedance is set to 900Q. A user defined impedance
can be selected which is 0.1 times the impedance
between Z1 and Z2. For example, with 2200Q in
series with 11.5nF in parallel with 8200Q, all between
Z1 and Z2, the devices line impedance will be 220Q
in series with 115nF in parallel with 820Q. See Table
3 and Figures 4 & 5.
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Stability

The part will be stable with an AC load over the
range 0.5 Z;, <Load < 2 X Z;p,

The range of loads that can be simulated by the
MH88632 is extensive including those which are
purely resistive and complex in nature. For loads
with a low or zero series resistance additional
measures need to be taken to maintain stability
which involves simulating with a larger series
resistance and adjusting other ~components
accordingly.

Examples:

Sweden: Load is 900Q in a parallel with 30nF. This
is synthesised on the MH88632 by 1.5kQ in series
with a parallel combination of 3nF and 7.4kQ.

Norway: Load is 120Q in series with a parallel
combination of 820Q and 110nF. This is synthesized
on the MH88632 by 1.5kQ in series with a parallel
combination of 12nF and 7.8k€.

Italy: Load is 750Q in parallel with _18nF. This is
synthesised on the MH88632 by 1.5kQ in series with
a parallel combination of 2nF and 6kQ.

Network Balance

Transhybrid loss is maximized when the  line
termination impedance and COIC network balance
are matched. The MH88632's network balance
impedance can be set to Z;, AT&T (350Q+1kQ [/
210nf) or to a user Selectable value. Thus, the
network balance impedance can be set to any
international requirement. A logic level control input
NS selects the balance mode. With NS at logic low,
an internal network balance impedance is matched
to the line impedance (Z;,). With NS at logic high, a
user defined network balance impedance is selected
which is 0.1 times the impedance between N1 and
AGND. For example, with 2200Q in series with
11.5nF in parallel with 8200Q, all between N1and
AGND, and NS at logic high, the devices network
balance impedance in 220Q in series with 115nF in
parallel with 820, the impedance between N1 and
N2 must be equivalent to 10 times the input
impedance (Z;y). In addition, with NS at logic high, an
AT&T network balance impedance can be selected
by connecting NATT to N1; in this case, no additional
network is required between N1 and N2. See
Table 4 and Figures 6 & 7.
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TIP-RING Drive Circuit

The audio input ground referenced signal at RX is
converted to a balanced output signal at Tip and
Ring. The Tip-Ring Drive Circuit is optimised for
good 2-Wire longitudinal balance.

TIP-RING Receive Circuit

The differential audio signal at Tip and Ring is
converted to a ground referenced audio signal at the
TX output. This circuit operates with or without loop
current; signal reception with no loop current is
required for on-hook reception enabling the detection
of ANI (Automatic Number Identification) signals.

Programmable Transmit and Receive
Gain

Transmit gain (Tip-Ring to TX) and receive Gain (RX
to Tip-Ring) are programmed by connecting external
resistors (RRX and RTX) from GRX1 to AGND and
from GTX1 to AGND as indicated in Figure 3 and
Tables 1 and 2. The programmable gain range is
from -12dB  to ~+6dB; this wide range will
accommodate any loss plan. Alternatively, the
default Receive Gain of 0dB and Transmit Gain of
0dB can be obtained by connecting GRX0 to GRX1
and GTX0 to GTX1. In addition, a Receive Gain of
+6dB and Transmit Gain of +6dB can be obtained by
not connecting resistors RRX and RTX. For correct
gain  programming, - the = MH88632's Tip-Ring
impedance (Z;,) must match the line termination
impedance. For optimum: performance, resistor RRX
should be physically located as close as possible to
the GRX1 input pin.

ANI (Automatic Number Identification)

ANI provides the called party with calling party
telephone number identification. The central office
utilizes the voice path of a regular loop-start
telephone line when the COIC (subscriber’s terminal)
is in the on-hook state. The central office sends the
ANI information (data transmission typically of an
FSK signal of 1200Hz and 2200Hz) typically 600ms
after the first ringing burst.

The COIC outputs this FSK signal at the TX output.
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Absolute Maximum RatingE*

Parameter Sym Min Max Units
1 DC Supply Voltage Voo -0.3 7 \Y,
Vee 0.3 -7 \Y)
2 | DC Ring Relay Voltage VRwy -0.3 20 \Y)
3 | Storage Temperature Ts -55 +125 °C
* Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
Recommended Operating Conditions
Parameter Sym Typ* | Min Max | Units Comments
1 DC Supply Voltage Vop 5.0 475 | 5.25 Vv
Vee -50 | -4.75 | -56.25 \
2 | DC Ring Relay Voltage VyRLy 5.0 15 \Y
3 | Operating Temperature Top 0 70 °C
* Typical figures are at 25° C with nominal + 5V supplies for design aid only.
DG Electrical Characteristics’
Characteristics Sym Min | Typ* | Max Units Test Conditions
1 Supply Current lop 13 mA
lee 13 mA
2 Power Consumption PC 187 mW
3 E_L_ IOL =4mA
RL | Low Level Output Voltage Voo 0.5 V lon = 0.5mA
RG | High Level Output Voltage ol ol A3 Vv
RV
4 | LRD | Sink Current, Relay to Vpp lov 100 mA ~ | VoL =-.35V
BRD | Clamp Diode Current ) 510 mA
GRD
5| NS Low Level Input Voltage Vi 0.8 Vv
‘égg High Level Input Voltage Viu 2.0 \
6| Grc | High Level Input Current Iy 1 pA
Low Level Input Current L 1 pnA
+ DC Electrical Characteristics are over recommended operating conditions unless otherwise stated.
* Typical figures are at 25°C with nominal +5V supplies and are for design aid only.
Loop Electrical Characteristics T
Characteristics Sym Min | Typ* | Max | Units Test Conditions
1 | Ringing Voltage VR 40 90 130 Vrms
2 | Ringing Frequency 17 20 33 Hz
3 | Ringer Equivalent Number REN 3
(Type A)
4 | Operating Loop Current 18 mA
5 | Operating Loop Resistance 0 90 Q @18mA, -48V
6 | Off-Hook DC Resistance 2300 Q
7 | Leakage Current mA @1000Vac
(Tip-Ring to AGND) 10
8 | FL Threshold '
Tip-Ring Voltage Detect +30 +40 Vdc LRC-0V
Tip-Ring Current Detect +1.0 +4.2 Vdc LRC=0V
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Loop Electrical Characteristics (Continued)

Characteristics Sym Min | Typ* | Max Units Test Conditions
9 | RL Threshold
Tip-Ring Voltage Detect -30 -40 Vdc | LRC =0v
Tip-Ring Current Detect -1.0 -40 Vvde | LRC =0V
10 | TG and RG Detect Threshold -12 -14 Vdc
+ DC Electrical Characteristics are over recommended operating conditions unless otherwise stated.
* Typical figures are at 25°C with nominal +5V supplies and are for design aid only.
AC Electrical Characteristics!
Characteristics Sym Min | Typ* | Max Units Test Conditions
1 | 2-wire Input Impedance ©® Zin 600 Q
900 Q
Ext. Q
2 | Return Loss at 2-Wire RL 20 dB 200-500 Hz
(Zin = Ref. = 600Q) 20 dB 500-1000 Hz
20 dB 1000-3400 Hz
3 | Return Loss at 2-Wire RL 20 dB 200-500 Hz
(Z;, = Ref. = 9002) 20 dB 500-1000 Hz
20 dB 1000-3400 Hz
4 | Return Loss at 2-Wire @ RL 20 dB 200-500 Hz
(Zin = Ref. = External) 20 dB 500-1000 Hz
20 dB 1000-3400 Hz
5 | Longitudinal to Metallic Balance 58 dB 200 Hz
20®® 58 dB 1000 Hz
55 dB 2000 Hz
53 dB 3000 Hz
51 dB 4000 Hz
6 | Metallic to Longitudinal Balance 60 dB 200-1000 Hz
40 dB 1000 -4000 Hz
7 | Transhybrid Loss THL 18 dB 200-3400 Hz
(Zin = Ref. = Net = 600Q) 21 dB 500-2500 Hz
8 | Transhybrid Loss THL 18 dB 200-3400 Hz
(Zin = Ref. = Net = 900Q) 21 dB 500 -2500 Hz
9 | Transhybrid Loss THL 18 dB 200-3400 Hz
(Zi, = Ref. = Net = External) 21 dB 500-2500 Hz
10 | Transhybrid Loss THL 18 dB 200-3400 Hz
(Zin = Ref. = Net = 600Q) 21 dB 500-2500 Hz
11 | Input Impedance At RX kQ
12 | Output Impedance at TX Q
13 | Transmit Gain, (TX/2-Wire): Input 0.5V
Default Gain (0dB) @ ® dB 1kHz
Programmable Range dB 1kHz
Frequency response gain @ @ dB 200 Hz
(relative to gain at 1kHz) dB 300 Hz
dB 3000 Hz
dB 3400 Hz
14 | Receive Gain, (2-Wire/RX): Input 0.5V
Default Gain (0dB) @ ® dB 1kHz
Programmable Range dB 1kHz
Frequency response gain @ ® dB 200 Hz
(relative to gain at 1kHz) dB 300 Hz
dB 3000 Hz
dB 3400 Hz
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AC Electrical Characteristics! (Continued)

Characteristics Sym Min | Typ* | Max Units Test Conditions
15 | Signal Output Overload Level % THD< 5%
at 2-wire 4.0 dBm | Ref.600Q
at TX 4.0 dBm | Ref. 600Q
16 | Total Harmonic Distortion THD Input 0.5V, 1kHz
at 2-Wire 1.0 %
atTX 1.0 %
17 | Idle Channel Noise Nc
at 2-Wire 13 dBrnC
at Tx 13 dBrnC
18 | Power Supply Rejection Ratio PSRR Ripple 0.1V, 1kHz
at 2-Wire and TX
Vop 20 30 dB
Ve 20 30 dB
19 | On-Hook Transmit Gain, Input 0.5V
(TX/2-Wire)
Default Gain (0dB -1 I dB 1kHz
Programmable Range -12 6 dB 1kHz
On-Hook frequency Response -3 1 dB 200 Hz
Gain (relative to gain to 1kHz) -1 1 dB 3400 Hz

Typical figure are at 25°C with nominal +5V supplies and are for design aid only.
1 AC Electrical Characteristics are over recommended operating conditions unless otherwise stated.
®Impedance set by extemal network of 600Q or 900Q default.

®Extemal network for test purposes consists of 2200Q + 8200% // 11.5nF between pins Z1 and Z2, the equivalent Zin has 1/1 0" the impedance
and is equivalent o 220Q+820Q // 1156nF

@Test condition uses a Zjp, value of 6002, 900Q and the above extemal network.

@Test conditions use a transmit and receive gain set to 0dB default and a Zj, value of 600Q unless otherwise stated.

Notes:

Test conditions use a transmit and receive gain set to 0dB default and a Z, value of 600W unless otherwise stated.

Test conditions uses both the off-hook state (LRC=+5VDC) and the on-hook state (LRC=AGND)

“Ref” indicates reference impedance which is equivalent to the termination impedance.

“Net" indicates network balance impedance

Tables 1 & 2: Transmit and Receive Gain Programming

Tra_nsmit RTX Resistor NGtsd
Gain (dB) Value (Q2)
+6.0 No Resistor
+4.0 38.3k Results in 0dB overall gain when used with Mitel A-law codec (i.e. MT8965)
+3.7 32.4k Results in 0dB overall gain when used with Mitel pi-law codec (i.e. MT8964)
0.0 GTXO0 to GTX1
-3.0 5.49k
-6.0 3.32k
-12.0 1.43k
Receive Gain RRX Resistor Notes
(dB) Value (Q)
+6.0 No Resistor
0.0 GRXO0 to GRX1
-3.0 5.48k
3.7 4.87k Results in 0dB overall gain when used with Mitel A-law codec (i.e. MT8965)
4.0 4.64k Results in 0dB overall gain when used with Mitel p-law codec (i.e. MT8964)
-6.0 3.32k
-12.0 1.43k

Note 1: See Figures 3 and 4 for additional details.
Note 2: Overall gain refers to the receive path of PCM to 2-wire, and transmit path of 2-wire to PCM.
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Table 3: Input Impedance Settings

z2 z1 Z600 Z900 Resulting input impedance (Z;,)
NA Connect Z1 to 2600 NA 600Q
NA Connect Z1 NA Connect 21 900Q
to Z9000 to 2900
Connect network from Z1 to Z2 NA NA 0.1 x impedance between 21 & Z2

Note 1: NA indicates high impedance (10k€2) connection to this pin does not effect the resulting network balance.
Note 2: See Figure 4 & 5 for Applications Circuits

Table 4: Network Balance Settings.

NS (Input) N2 N1 NATT Resulting input impedance (Z;;,)
Low NA NA NA Equivalent to Z,
High NA AT&T compromise (350Q2 + 1kQ // 210nF)
Connect N1 to NATT Zin must be 600Q
High Connect network from N1 to NA

AGND equivalent to 10 X
NETBAL. Connect network
from N1 to N2 equivalent to 10
X Zin-

0.1 x impedance between N1 & N2

Note 1: NA indicates high impedance (10kQ) connection to this pin does not effect the resulting network balance.

Note 2:Low indicates Logic Low.
Note 3: See Figures 6 and 7 for Application Circuit.

Table 5: Control Decode Table

Loop Status Loop Condition LRC (Input) FL (Output) RL (Output)
Forward Battery VT-VR > 40V Low Low High
Forward Current VT-VR >34V High Low High
Reverse Battery VR-VT > 40V Low High Low
Forward Current VR-VT > 3.4V High High Low

No Battery IVT-VRI> 1.0V Low High High
No Current IVT-VRI> 10 V High High High
Not Valid No Condition High or Low Low Low
Note 1: VT - VR = Differential voltage from Tip to Ring VR - VT = Differential voltage from Ring to Tip
Note 2: Low indicates Logic Low. High indicates logic High.
Note 3: See Figures 8 & 10 for Application Circuit.
Table 6: Loop Current Setting
Loop Status Loop Condition RG (Output) TG (Output)
Ring and Tip open VT-VG >-14V High High
VR-VG < -14V
Ring Ground and Tip VR-VG >-12V Low High
Open VT-VG < -14V
Tip Ground and Ring VT-VG >-12V High Low
Open VR-VG < -14V
Ring and Tip Ground VR-VG > -12V Low Low
VT-VG < -12V

Note 1: VT - VR = Differential voltage from Tip to Ring VR - VT = Differential voltage from Ring to AGND
Note 2: A > -B indicates that “A” is less negative than *-B”. A<-B indicates that “A” is more negative than “-B”.
Note 3:Low indicates Logic Low. High indicates logic High.
Note 4: See Figure 8 for Application Circuit.
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K2A 48V BATTERY
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1) SEE FIGURE 9 FOR PROTECTION CIRCUIT
2) CONFIGURED FOR 0dB GAIN, 60092 ZIN AND BALANCE

3)K1,2 EIMFORM C

4)K3 E/M 1 FORM C

5) R1, R2 30.9kQ, 1%, 5W

6) R3 470Q, 5%, 5W

7)K2, 3, R1,2, 3 REQUIRED FOR GS ONLY

Figure 8 - Typical LS-GS Application Circuit
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MH88632
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Figure 11 - Mechanical Data
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Chiplorder

TECHNOLOGYRYISD

1ISD2560/75/90/120 Products

Single-Chip Voice Record/Playback Devices
60-, 75-, 90-, and 120-Second Durations

GENERAL DESCRIPTION

Information Storage Devices' 15D2500 Chip-
Corder® Series provides high-quality, single-chip
record/playback solufions for 60- 10 120-second
messaging applications. The CMOS devices in-
clude an on-chip oscillator, microphone pream-
plifier, automatic gain control, antialiasing filter,
smoothing filter, speaker ampilifier, and high den-
sty multilevel storage aray. In addition, the
ISD2500 is microcontroller compatible, allowing
complex messaging -and - addiessing 1o be
achieved.

Recordings are sfored in on-chip nonvolatile
memory cells, providing zero-power message
storage. This unigue, single-chip solution is made
possible through I1SD's patented multilevel storage
technology. Voice and audio signals are sfored
directly into memory in their natural form, providing
high-quality, solid-state voice reproduction.

Figure i: 1SD2560/75/90/120 Device Block Diagram
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1SD2560/75/90/120 Products

FEATURES

Easy-to-use single-chip voice record/playback
solution

High-quality, natural voice/audio reproduction

Manual switch or microcontroller compatible
playback can be edge- or level-activated

Single-chip durations of 60, 75, 90, and 120
seconds

Directly cascadable for longer durations
Autornatic Power-Down (Push-Button Mode)
— Standby current 1 LA (typical)
Zero-power message sforage

— Eliminates battery backup circuits

Fully addressable to handle multiple
messages

100-year message retention (typical)

100,000 record cycles (typical)

On-chip clock source

Programmer support for play-only applications
Single +5 volt power supply

Available in die form, DIP, and TSOP
packaging

Industrial temperature (-40°C to +85°C)
versions available

Table i: ISD2560/75/90/1 20 Product Summary

Part

: i Duratlon _Input_SampIg Typical FllterPass
| Numbeg @999",‘_’%{ | Rats (KHa) || | Band (KHa)
1ISD2560 60 8.0 3.4
1ISD2575 75 6.4 2.7
1SD2590 90 5.3 2.3
1ISD25120 120 4.0 1.7

Voice Solutions in Silicon™



1SD2560/75/90/120 Products

DETAILED DESCRIPTION

SPEECH/SOUND QUALITY

The ISD2500 series includes devices offered at 4.0,
5.3, 6.4, and 8.0 KHz sampling frequencies, allow-
ing the user a choice of speech guality options.
Increasing the duration within a product series de-
creases the sampling frequency and bandwidth,
which affects sound quality. Please refer fo the
ISD2560/75/90/120 Product Summary table on
page i to compare filter pass band and product
durations.

The speech samples are stored directly info on-
chip nonvolatile memory without the digitization
and compression associated with other solutions.
Direct analog storage provides avery frue, natural
sounding reproduction of voice, music, fones,
and sound effects not available with most solid-
state digital solutions.

DURATION

To meet end system requirements, the ISD2500
series offers single-chip solutions at 60, 75, 90, and
120 seconds. Parts may also be cascaded to-
gether for longer durations,

EEPROM STORAGE

One of the benefits of ISD's ChipCorder technology
is the use of on-chip nonvolatile memory, provid-
ing zero-power message storage. The message is
retained for up to 100 years typically without pow-
er. In addition, the device can be re-recorded
typically over 100,000 times.

MICROCONTROLLER INTERFACE

In addition to its simplicity and ease of use, the
1ISD2500 series includes all the interfaces necessary
for microcontroller-driven applications. The ad-
dress and control lines can be interfaced to a mi-
crocontroller and manipulated to perfom a
variety of tasks, including message assembly,
message concatenation, predefined fixed mes-
sage segmentation, .and message manage-
ment.

PROGRAMMING

The 1SD2500 series is also ideal for playback-only
applications, where single or multiple messages
are referenced through buttons, switches, or a mi-
crocontroller. Once the desired message config-
uration is created, duplicates can easly be
generated via an ISD programmer.

Voice Solutions in Silicon .
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Figure 1: 1SD2560/75/90/120 Device Pinouts

1SD2560/75/90/120
AOMOC] 1@ 28 [ Vced
AlMI ]2 27 1 PR
OVE Te 32 F9 ANA OUT A2/M2[]3 26 [ XCLK
=0 35 :QNG,E\:lN A3M3 [ 4 25 [1 EOM
PD 3 Ko=)
=M1 o OMCReF  A4UMAC]5 241 PD
XCLK 15 28 B MIC ABM5 ] 6 233 CE
¢ PR 6 gz =] }S/é:CA ASMET] 7 22 [ OVF
ccpe7 =
NC o 8 1SD2560/75/90/120 25 EINC AZC8 21 1 ANAOUT
NC 9 %4:!N}§: ABLC 9 20 [ ANAIN
AO/MO 10 33 5P+ A9 AGC
AYMI 11 22 B3 VssA 410 19
Az/M2 12 21 F1Vssp AUXINC] 11 18 7 MIC REF
A3/M3 13 fg =Ll VssD [ 12 17 [ MiC
A4MA 1 —
A5;M5r_‘15 18 A8 VSSALT{13 16 [ VCccA
AbME Y16 17 O A7 SP+[114 15 [ SP-
32-PIN TSOP DIP/SOIC
PIN DESCRIPTIONS
VOLTAGE INPUTS (Vcear Veen) POWER DOWN INPUT (PD)

To minimize noise, the analog and digital circuits
in the 1SD2500 series devices use separate power
busses. These voltage busses are brought out to
separate pins and should be tied together as
close to the supply as possible. In addition, these
supplies should be decoupled as close 1o the
package as possible.

GROUND INPUTS (Vssp, Vssp)

The ISD2500 series of devices Utilizes separate an-
alog and digital ground busses. These pins should
be connected separately through a low-imped-
ance path to power supply ground.

When not recording or playing back, the PD pin
should be pulled HIGH fo place the part in a very
low power mode (see Isg specification). When
overflow (OVF) pulses LOW for an overfliow condi-
tion, PD should be brought HIGH fo reset the ad-
dress pointer back to the beginning of the record/
playback space. The PD pin has additional func-
tionality in the Mé (Push-Button) Operational Mode
described later in the Operational Mode section.

CHIP-ENABLE INPUT (CE)

The CE pin is taken LOW to enable all playback
and record operations. The address inputs and
playback/record input (P/R) are latched by the fall-
ing edge of CE. CE has additional functionalty in
the Mé (Push-Bution) Operational Mode de-
scribed later in the Operational Mode section.

Voice Solutions in Silicon™
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PLAYBACK/RECORD INPUT (P/R)

The P/R input is lafched by the falling edge of the
CE pin. A HIGH level selects a playback cycle
while a LOW level selects a record cycle. For a
record cycle, the address inputs provide the start-
ing address and recording confinues until PD or
CE is pulled HIGH or an overflow is detected (i.e.
the chip is full). When a record cycle is terminated
by puling PD or CE HIGH, an End-Of-Message
(EOM) marker is stored at the curent address in
menmory. For a playback cycle, the address inputs
provide the starting address and the device will
play until an EOM marker is encountered. The de-
vice can continue past an EOM marker in an Op-
erational Mode, or if CE is held LOW in address
mode. (See page 5 formore OperationalModes).

END-OF-MESSAGE / RUN OUTPUT (EOM)

A nonvolatile marker is automatically inserted at
the end of each recorded message. If remains
there until the message is recorded over. The EOM
output pulses LOW for a period of Tggm af the end
of each message.

In addition, the 1SD2500 series has an internal Ve
detect circuit to maintain  message integrity
should Ve fall below 3.5V. In this case, EOM
goes LOW and the device isfixed in playback-only
mode.

When the device is configuied in Operational
Mode M6 (Push-Button Mode), this pin provides an
active-HIGH RUN signal, indicating the device s
currently recording or playing. This signal can con-
veniently drive an LED for a visual indicator of a
record or playback operation in process.

OVERFLOW OUTPUT (OVF)

This signal pulses LOW at the end of memory
space, indicating the device has been filled and
the message has overflowed. The OVF output
then follows the CE input until a PD pulse has reset
the device. This pin can be used to cascade sev-
eral 1SD2500 devices together fo increase record/
playback durations.

MICROPHONE INPUT (MIC)

The microphone input transfers its signal to the on-
chip preamplifier. An on-chip Autornatic Gain
Control (AGC) circuit confrols the gain of this
preamplifier from =15 fo 24 dB. An extemal micro-
phone should be AC coupled tfo this pin via a se-
ries capacitor. The capacitor value, fogether with
the infernal 10 KQ resistance on this pin, deter-
mines the low-frequency cutoff for the 1SD2500 se-
ries passband. See Application Information for
additional information on low-frequency cutoff
calculation.,

MICROPHONE REFERENCE INPUT (MIC REF)

The MIC REF input is the inverting input to the mi-
crophone preamplifier. This provides a noise-can-
celing or common-mode rejection input to the
device when connected to a differential micro-
phone.

AUTOMATIC GAIN CONTROL INPUT (AGC)

The AGC dynamically adjusts the gain of the
preamplifier fo compensate for the wide range of
microphone input levels. The AGC allows the full
range of whispers to loud sounds to be recorded
with minimal distortion. The “attack’ time is deter-
mined by the fime constant of a § KQ internal re-
sistance and an external capacitor (C2 on the
schematic on page 18) connected from the AGC
pin to Vgsa analog ground. The “release” time is
detemined by the time constant of an external
resistor (R2) and an external capacitor (C2) con-
nected in parallel between the AGC Pin and Vgsa
analog ground. Nominal values of 470 KQ and
4,7 uF give satisfactory results in most cases.

ANALOG OUTPUT (ANA OUT)

This pin provides the preampilifier output to the us-
er. The voltage gain of the preamplifier is deter-
mined by the voltage level at the AGC pin.

ISD
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ANALOG INPUT (ANA IN)

The analog input pin transfers its signal to the chip
for recording. For microphone inputs, the ANA OUT
pin should be connected via an external capaci-
tor to the ANA IN pin. This capacitor value, fogeth-
or with the 3.0 KQ input impedance of ANA IN, is
selected fo give additional cutoff at the low-fre-
quency end of the voice passband. If the desired
input is derived from a source other than a micro-
phone, the signal can be fed, capacitively cou-
pled, into the ANA IN pin directly.

EXTERNAL CLOCK INPUT (XCLK)

The extemnal clock input for the ISD2500 devices
has an internal pull-down device. These devices
are configured at the factory with an infernal sam-
pling clock frequency centered to +1 percent of
specification. The frequency is then maintained to
a variation of +2.25 percent over the entire com-
mercial temperature and operating voltage rang-
es. The intemal clock has a +5 percent tolerance
over the industrial temperature and voltage
range. A regulated power supply is recommended
for industrial temperature range parts. If greater
precision is required, the device can be clocked
through the XCLK pin as follows:

Table 1

External Clock Sample Rates

Révdui'r;e‘,d c
1SD2560 8.0 KHz 1024 KHz
1SD2575 6.4 KHz 819.2 KHz
1SD2590 5.3 KHz 682.7 KHz
ISD25120 4.0 KHz 512 KHz

These recommended clock rates should not be
varied because the antialiasing and smoothing fitters
are fixed, and aliasing problems can occur if the
sample rate differs from the one recommended.
The duty cycle on the input clock is not ciitical, as
the clock is immediately divided by two. If the
XCLK is not used, this input must be connected
to ground.

SPEAKER OUTPUTS (SP+/SP-)

All devices in the 1ISD2500 series include an on-chip
differential speaker driver, capable of driving
50mW into 16 Q from AUX IN (12.2 mW from
memaory).

The speaker outputs are held at Vgsp levels during
record and power down. It is therefore not possi-
ble to parallel speaker outputs of multiple ISD2500
devices or the outputs of other speaker drivers.

NOTE = Connection of speaker outputs in paralel
may cause damage to the device.

A single output may be used alone (including a
coupling capacitor between the SP pin and the
speaker). These outputs may be used individually
with the output signal taken from either pin. Using
the differential outputs results in-a 4 to 1 improve-
ment in output power.

NOTE Never ground or drive an unused speaker
output.

AUXILIARY INPUT (AUXIN)

The Auxiliary Input is multiplexed through fo the
output amplifier and speaker output pins when CE
is HIGH, PR is HIGH, and playback is curently not
active or if the device is in playback overflow.
When cascading multiple 1SD2500 devices, the
AUX IN pin is used to connect a playback signal
from a following device to the previous output
speaker drivers. For noise considerations, it is sug-
gested that the auxiliary input not be driven when
the storage array is active.

Voice Solutions in Silicon™
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ADDRESS/MODE INPUTS (AX/MX)

The Address/Mode Inputs have two functions de-
pending on the level of the two Most Significant
Bits (MSB) of the address (A8 and A9).

If either or both of the two MSBs are LOW, the inputs
are all interpreted as address bits and are used as
the start address for the current record or play-
back cycle. The address pins are inputs only and
do not output intemal address information as the
operation progresses. Address inputs are latched
by the falling edge of CE.

If both MSBs are HIGH, the Address/Mode Inputs
are interpreted as Mode bits according fo the Op-
erational Mode table. There are six Operational
Modes (MO..Mé) available as indicated:in the fo-
ble. It is possible to use multiple Operational
Modes simultaneously. Operational Modes. are
sampled on each falling edge of CE, and thus
Operational Modes and direct addressing are
mutually exclusive.

OPERATIONAL MODES

The 1SD2500 series is designed with several built-in
Operational Modes that provide maximum func-
tionality with minimum additional components.
These are described in detail below. The Opera-
tional Modes use the address pins on the 1ISD2500
devices, but are mapped outside the valid ad-
dress range. When the two Most Significant Bits
(MSBs) are HIGH (A8 and A9), the remaining ad-
dress signals are interpreted as mode bits and not
as address bits. Therefore, Operational Modes
and direct addressing are not compatible and
cannot be used simultaneously.

There are two important considerations for using
Operational Modes. First, all operations begin ini-
tially at address 0, which is the beginning of the
ISD2500 address space. Later operations can be-
gin at other address locations, depending on the
Operational Mode(s) chosen. In addition, the ad-
dress pointer is reset to. 0 when the device is
changed from record to playback, playback to
record (except M6 mode), or when a Power-Down
cycle is executed.

Second, Operational Modes are executed when
CE goes LOW and the two MSBs are HIGH. This Op-
erational Mode remains in effect until the next
LOW-going CE signal, af which point the curent
address/mode levels are sampled and executed.

Table 2: Operational Modes Table

Mode Controll ' Func Typicaltss | Jointly Compatibi

MOI Message cueing Fast-forward through messages M4, M5, Mé

M1 Delete EOM markers Position EOM marker at the end of the last M3, M4, M5, Mé
message

M2 Not applicable Reserved N/A

M3 Looping Continuous playback from Address 0 M1, M5, Mé

M4 Consecutive addressing | Record/play multiple consecutive messages MO, M1, M5

M5 CE level-activated Allows message pausing MO, M1, M3, M4

Mbé Push-button control Simplified device interface MO, M1, M3

1. Additlonal Operational Modes can be used simuftaneously with the given mode.

ISD
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OPERATIONAL MODES DESCRIPTION

The Operational Modes can be used in conjunc-
tion with a microcontroller, or they can be hard-
wired to provide the desired system operation.

M0 — MESSAGE CUEING

Message Cueing allows the user to skip through
messages, without knowing the actual physical
addresses of each message. Each CE LOW pulse
causes the intemnal address pointer to skip to the
next message. This mode should be used for play-
back only, and is fypically used with the M4 Oper-
ational Mode.

M1 — DELETE EOM MARKERS

The M1 Operational Mode allows sequentially re-
corded messages to be combined into a single
message with only one EOM marker set af the end
of the final message. When this Operational Mode
is configured, messages recorded sequentially
are played back as one confinuous message.

M2 — UNUSED

When Operational Modes are selected, the M2
pin should be LOW.

M3 — MESSAGE LOOPING

The M3 Operational Mode allows for the automat-
ic, continuously repeated playback of the mes-
sage located at the beginning of the address
space. A message can completely fill the
ISD2500 device and will loop from beginning fo
end without OVF going LOW.

M4 — CONSECUTIVE ADDRESSING

During normal operations, the address pointer will
reset when a message is played through fo an
EOM marker. The M4 Operational Mode inhibits
the address pointer reset on EOM, allowing mes-
sages to be played back consecutively.

M5 — CE-LEVEL ACTIVATED

The default mode for ISD2500 devices is for CE to
be edge-activated on playback and level-activat-
ed on record. The M5 Operational Mode causes
the CE pin to be interpreted as level-activated as
opposed fo edge-activated during playback. This
is specifically useful for terminating playback op-
erations using the CE signal.

In this mode, CE LOW begins a playback cycle,
at the beginning of the device memory. The play-
back cycle confinues as long as CE is held LOW.
When CE goes HIGH, playback will immediately
end. A new CE LOW will restart the message from
the beginning unless M4 is also HIGH.

Mé — PUSH-BUTTON MODE

The 1SD2500 series of devices contain a Push-But-
ton Operational Mode. - The Push-Button mode is
used primarily in very low-cost applications and is
designed to minimize external circuitry and com-
ponents, thereby reducing system cost. In order fo
configure the device in Push-Bufton Operational
Mode, the two most significant address bits must
pe HIGH, and the Mé mode pin must dlso be
HIGH. A device in this mode always powers down
at the end of each playback or record cycle after
CE goes HIGH.

When this Operational Mode is implermented,
several of the pins on the device have altemate
functionality:

Table 3: Alternate Functionality in Pins

~ Alternate Functionalityin
. Push-Button Mode

CE Start/Pause Push-Button
(LOW pulse-activated)
PD Stop/Reset Push-Button
(HIGH pulse activated)
EOM Active-HIGH Run Indicator

Voice Solutions in Silicon g
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CE PIN (START/PAUSE)

In Push-Button Operational Mode, CE acts as a
LOW-going pulse-activated START/PAUSE signal. If
no operation is currently in progress, a LOW-going
pulse on this signal will initiate a playback or a
record cycle according to the level on the P/R pin.
A subseguent pulse on the CE pin, before an End-
Of-Message is reached in playback oran overflow
condition occurs, will cause the device fo pause.
The address counter is not reset, and another CE
pulse will cause the device to continue the oper-
ation from the place where it was paused.

PD PIN (STOP/RESET)

In push-button Operational Mode, PD acts as a
HIGH-going pulse-activated STOP/RESET signal.
When a playback or record cycle is in progress
and a HIGH-going pulse is observed-on PD, the
current cycle is terminated and the address point-
or is reset to address 0, the beginning of the mes-
sage space.

EOM PIN (RUN)

In Push-Button Operational Mode, EOM becomes
an active-HIGH RUN signal which can be used o
drive an LED or other extemal device. It is HIGH
whenever a record or playback operation is in

progress.

Recording in Push-Bution Mode

1. The PD pin should be LOW, usually using
a pull-down resistor.

2. The PR pin is taken LOW.

3. The CE pin is pulsed LOW. Recording starts,
EOM goes HIGH to indicate an operation in

progress.

4. The CE pinis pulsed LOW. Recording paus-
es, EOM goes back LOW. The internal ad-
dress pointers are not cleared, but an EOM
marker is stored in memory to point fo the
message end. The P/R pin may be taken
HIGH at this time. Any subsequent CE would
start a playback at address 0.

5. The CE pin is pulsed LOW. Recording starts
at the next address after the previous set
EOM marker. EOM goes back HIGH.

NOTE If the M1 Operational Mode pin is also
HIGH, the just previously wiitten EOM bit is
erased, and recording starts at that

address.)

6. When the recording sequences are fin-
ished, the final CE pulse LOW will end the
last record cycle, leaving a set EOM marker
at the message end. Recording may also
be terminated by a HIGH level on PD,
which will leave a set EOM maiker.

Playback in Push-Button Mode
1. The PD pin should be LOW,

2. The PR pin is taken HIGH.

3. The CE pin is pulsed LOW. Playback starts,
EOM goes HIGH to indicate an operation in
progress.

4. Ifthe CE pinis pulsed LOW or an EOM mark-
eris encountered during an operation, the
part will pause: The intermal address point-
ers are not cleared, and EOM goes back
LOW. The P/R pin may e changed at this
fime. A subsequent record operation
would not reset the address pointers and
the recording would begin where playback
ended.

5. CE is again pulsed LOW. Playback starts
where it left off, with EOM going HIGH to in-
dicate an operation in progress.

6. Playbackcontinues asin steps 4 and 5 until
PD is pulsed HIGH or overflow occurs.

7. If in overflow, puling CE LOW will reset the
address pointer and start playback from
the beginning. After a PD pulse, the part is
reset o address 0.

NOTE Push-button mode can be used in conjunc-
tion with modes MO, M1, and M3.

ISD



1SD2560/75/90/120 Products

GOOD AUDIO DESIGN PRACTICES

ISD products are very high-quality single-chip
voice recording and playback systems. To ensure
the highest quality voice reproduction, it is impor-
tant that good audio design practices on layout
and power supply decoupling be followed. See
the 1SD Application Notes in this book for deftails.

ISD1000A COMPATIBILITY

The 1SD2500 series of devices is designed fo pro-
vide upward compatibility with the ISD1000A fam-
ily. When designing with the ISD2500 series, the
following differences should be noted.

ADDRESSING

The 1SD2560/75/90/120 devices have 480K stor-
age cells designed to provide 60 seconds of stor-
age at a sampling rate of 8.0 KHz. This is
approximately four times the storage of the
ISD1000A family. To enable the same addressing
resolution, two additional address pins have been
added. The address space of each device is di-
visible into 600 increments with valid addressing
from 00 to 257 Hex. Some higher addresses are
mapped into the Operational Modes. All other
addresses are invalid.

OVERFLOW

The 1SD1000A series combined two functions on
the EOM pin: end-of-message indication -and
overflow. The 1SD2500 separates these two func-
fions. Pin 25 (PDIP package) remains as EOM, but
outputs only the EOM signal indication. Pin 22
(PDIP package) becomes OVF and pulses LOW
only when the device reaches its end of memory,
or is “full.” This change allows easy message cue-
ing and addressability across device boundaries.
This also means that the M2 Operational Mode
found in the ISD1000A family is not implemented
in the 1SD2500 series.

PUSH-BUTTON MODE

The 1SD2500 series includes an additional Opera-
tional Mode called Push-Button mode. This pro-
vides an altemative interface to the record and
playback functions of the part. The CEand PD pins
become redefined as edge-activated “push-but-
tons.” A pulse on CE initiates a cycle, and if tig-
gered again, pauses the curent cycle without
resetting the address pointer (i.e., a Start or Pause
function). PD stops any current cycle and resets
the address pointer to the beginning of the mes-
sage space (i.e., a Stop and Reset function). Ad-
ditionally, the EOM pin functions as an active-
HIGH run indicafor, and can be used to diive an
LED indicating a record or playback operation isin
progress. Devices in the Push-Button mode cannot
be cascaded.

LOOPING MODE

The 1SD2500 series can loop with a message that
completely fills the memory space.

NOTE Additional descriptions of I1SD2500 device
functionality and application examples are
provided in the ISD Application Notes in this
bookK.
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TIMING DIAGRAMS
Figure 2: Record
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Table 4: Absolute Maximum Ratings Table 5: Operating Conditions
(Packaged Parts)(") (Packaged Parts)
Condition Value Condition Value
Junction temperature 150°C Commercial operating 0°Cto +70°C

Storage temperature range

-65°C to +150°C

Voltage applied to any pin (Vgs—- 0.3 V)10
Vee +0.3V)

Voltage applied to any pin (Vss— 1.0 V)10

(Input current limited to 20 MA) | (Ve + 1.0V)

Lead temperature (soldering — 300°C

10 seconds)

VCC—VSS -0.3Vio+7.0V

1. Stresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device reliability.
Functional operation Is not Implied at these

conditions.

temperature rangel!)

Industrial operating
temperature range!!)

-40°C 1o +85°C

Supply voltage (Vee)®

+4.5Vio +55V

Ground voltage (Vss)®

1. Case temperature.
2. Vee = Veea = Veen.
3. Vss = Vssa = Vssp-

oV

Table 6: DC Parameters (Packaged Parts)

jMfﬁ(i’
ViL Input Low Voltage 0.8 V
ViH Input High Voltage 2.0 \Y
VoL Output Low Voltage 0.4 v lop = 4.0mA
Vou Output High Voltage Ve —-0:4 \Y; loy = =10 A
VoH1 OVF Output High Voltage 2.4 Y loy=-1.6 MA
Vorz EOM Output High Voltage | Vee—-1.0 | Vec-0.8 V S =-3.2mA
lee Vee Current (Operating) 25 30 mA  [Rpg=eo®
lsg Vee Current (Standoy) ] 10 o1
e Input Leakage Current == | LA
D Input Current HIGH with Pull 130 pA | Force Ve @
Down
Rexr Output Load Impedance 16 Q Speaker Load
Rpmic Preamp In Input 4 9 15 KQ MIC and MIC REF Pins
Resistance
Raux AUX INPUT Resistance 5 11 20 KQ

10
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Table 6: DC Parameters (Packaged Parts)

Symbol Parameters Min@@ Typ (1 Max(® | Units Conditions
RANA IN ANA IN Input Resistance 2.3 3 5 KQ
Appel Preamp Gain 1 21 24 26 dB AGC =00V
Apren Preamp Gain 2 -15 5 ds AGC =25V
A AUX IN/SP+ Gain 0.98 10 | w
Aarp ANA IN fo SP+/- Gain 2] 23 26 dB
Racc AGC Output Resistance 2.5 5 9.5 KQ

1. Typical values @ Tp = 25°C and 5.0 V.

2. Al Min/Max limits are guaranteed by ISD via electrical testing or characterization. Not all specifications are
100 percent tested.

3. Veea and Veep connected together.
4, XCIK pin only.

Table 7: AC Parameters (Packaged Parts)

Symbol| Charmcteristic | Min®® Max? _
Fs Sampling 1ISD2560 Y
Frequency 1SD2575 7

1502590 (7}
ISD25120 )

Fer Filter Pass Band ISD2560 3.4 KHz - | 3 dB Roll-Off Point (2)(8)
ISD2575 2.7 KHz | 3 dB Roll-Off Point (3)(8)
1SD2590 213 KHz - | 3 dB Roll-Off Point (3)(8)
1SD25120 1.7 KHz | 3.dB Roll-Off Point (31(8)

Trec Record Duration -~ 1SD2560 | = 58.1 60.0 | 620 | sec |Commercial Operation”)
1SD2560 56.5 60.0 63.8 sec | Industrial Operation!”)
ISD2575 72.6 75.0 77.5 sec | Commercial Operation!”)
18D2575 70.7 75.0 79.7 sec | Industrial Operation”)
1SD2590 87.1 900 | 93.0 sec | Commercial Operation”)
1SD25120 |- 116.1 120.0 | 123.9 sec - | Commercial Operation!”)

ThLay Playback Duration  1SD2560 58.1 60.0 62.0 sec Commercial Operation
1SD2560 56.5 60.0 63.8 sec Industrial Operation
1SD2575 72.6 75.0 77.5 sec Commercial Operation
ISD2575 70.7 75.0 79.7 sec Industrial Operation
ISD2590 87.1 90.0 93.0 sec Commercial Operation
ISD25120 | 116.1 120.0 | 123.9 sec Commercial Operation

Tee CE Pulse Width 100 nsec

Tser Control/Address Setup Time 300 nsec

THotD Confrol/Address Hold Time 0 nsec

ISD 1 1
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Table 7: AC Parameters (Packaged Parts)

Symbol Characteristic Min? Typ (1 Max® | Units Conditions
Trud pPower-Up Delay 1ISD2560 24.1 25.0 27.8 msec | Commercial Operation
1SD2560 23.5 28.5 msec | Industrial Operation
1ISD2575 30.2 31.3 34.3 msec | Commercial Operation
ISD2575 29.3 313 35.2 msec | Industrial Operation
ISD2590 36.2 37.5 40.8 msec | Commercial Operation
ISD25120 48.2 50.0 53.6 msec | Commercial Operation
TroR PD Pulse Width 1ISD2560 25 msec
Record ISD2575 31.25 msec
ISD2590 37.5 msec
1SD25120 50.0 msec
TropP PD Pulse Width Play  1SD2560 12.5 msec
1SD2575 15.625 msec
ISD2590 18.75 msec
1ISD25120 25.0 msec
Teos PD Pulse Width Static 100 nsec | ©)
TpoH Power Down Hold 0 nsec
Teom EOM Pulse Width 1SD2560 12.5 msec
ISD2575 15.625 msec
1SD2590 18.75 msec
1ISD25120 25.0 msec
Tove Overflow Pulse Width 6.5 usec
THD Total Harmonic Distortion 1 2 % @ 1 KHz
Pour | Speaker Output Power 12.2 50 | mw |Rgg=16Q¢
Vour Voltage Across Speaker Pins 25 | Vpp |Rexq=0600Q
Vint MIC Input Voltage 20 | mv | Peak-to-Peak ®
Vin2 ANA IN Input Voltage 50 mV, | Peak-to-Peak
Vin3 Aux Input Voltage 125 \% Peak-to-Peak;
REXT =16Q

N

Nowmaw

Typical values @ Tp = 25°C and 5.0 V.

Al Min/Max limits are guaranteed by ISD via electrical testing or characterization. Not all specifications are
100 percent tested.

Low-frequency cutoff depends upon the value of external capacitors (see Pin Descriptions).
From AUX IN; if ANA IN is driven at 50 mV p-p, the Poyr = 12.2 mW, typical.

With 5.1 KQ serles resistor at ANA IN.

Teps Is required during a static condition, typically overflow.

Sampling Frequency and playback Duration can vary as much as +2.25 percent over the commercial
temperature range and voltage range and =5 percent over the industrial temperature and voltage range. For
greater stablity. an external clock can be utilized (see Pin Descriptions).

Fitter specification applies to both the antialiasing fiter and the smoothing filter. Therefore, from Input to output,
expect a 6 dB drop by nature of passing through both fiters.

12
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Figure 4: 1SD2560/75/90/120 Application Example—Design Schematic

Vee
1SD2560/75/90/120 -~
11 Ao Veep |28 »
e Vss l 2 A Veea |16 - [ |
T = 3| a2 Comr=—==C7 —cs
= 0.1 uF T ’_'[-\0.1 uF 22 F
41 A3 Vsso 12 — —
S T R4 5] A4 Vssa 13 l j l
CHIP ENABLE 100KQ 5 _L
R A5 —
—O0 O— 7] A6 SP+ |14 i
8 | A7 sp- |18 |
i POWEOR i 91 A8 AUXIN 1 splzga% ,
10} A9 ANAIN |20
T
23| CE ANAOUT 21 A A AA—] s
PLAYBACK/RECORD 24 | pD
ey 27} PR MIC REF. [18___(Note)
r—«) 25 | Eom mic |2
bt 22| ow ] Vee i [
= 28] xcIk Aec |12
L
R2 D
470KQ A7 uF
NOTE:  If desired, pin 18 (PDIP package] may be left unconnected. (microphone preamplifier noise will be higher}. In

this case, pin 18 must not be fled

provided in

the Application Notes In this book.

to any other signal or voltage. Additional design example schematics are

Table 12: Application Example—Basic Device Control

Power up chip and select record/playback mode

(1.)PD = LOW, (2.) PR = As desired

2 Set message address for record/playback Set addresses AG-A?

3A Begin playback P/R = HIGH, CE = Pulsed LOW
3B Begin record PR = LOW, CE = LOW

4A End playback Automatic

48 End record PD or CE = HIGH

18
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1IS02-cMOS MT8880C/MT8880C-1
MI""EI__® Integrated DTMF Transceiver

Features ISSUE 2 May 1995
Ordering Information

. Complete DTMF transmitter/receiver MT8880CE/CE-1 20 Pin Plastic DIP

« Central office quality MT8880CC/CC-1 20 Pin Ceramic DIP

. Low power consumption MT8880CS/CS-1 20 Pin SOIC

MT8880CN/CN-1 24 Pin SSOP

MT8880CP/CP-1 28 Pin Plastic LCC
« Adjustable guard time -40°C to +85°C

. Automatic tone burst mode
. Call progress mode

» Microprocessor port

based upon the industry standard MT8870
monolithic DTMF receiver; the transmitter utilizes a
Applications 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 a microprocessor to
. Repeater systems/mobile radio analyze ~ call - progress tones. A standard
i : microprocessor bus is provided and is directly

Iterconneet diggs compatible with 6800 series microprocessors. The
MT8880C-1 is functionally identical to the MT8880C
except for the performance of the receiver section,
Description which is enhanced to accept and reject lower signal
levels.

» Credit card systems
« Paging systems

« Personal computers

The MT8880C/C-1 is a monolithic DTMF transceiver
with call progress filter. It is fabricated in Mitel’s
1ISO2-CMOS technology, which provides low power
dissipation and high reliability. The DTMF receiver is

— DO
Row and ; Data
D/IA el Transmit Data
TONE < Converters (?ocﬂ:rtre"r‘s Register B?Jlf]er i
— D2
| Status — D3
ToneBurst | | Control Register IjTi=pt
Gating Cct. Logic 1 Logic U
i - # |RQ/CP
—
IN+ ; Dial Control
Fore Register
IN- - . High Group Digital A -
Filter Filt g A @2
liter Algorithm L
GS - and Code Control 110 < cs
| | Low Group Converter Register Control
0SC1 — Oscillator Filter g < RIW
Circuit 1
0SC2 — c RSO
ontrol : i B
Bias Logic | Steer!ng Reﬁzgi:tgf .
Circuit Logic
T I 1
|l | | |
Voo VRet Vss ESt SUGT

Figure 1 - Functional Block Diagram
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I_
QO
not

m m; ©652z93%

anooononn

IN+ ] 1 ZO%VDD |N+E 1 24%VDD ervmw,_g,\w
IN-[] 2 19[JSYGT IN-[] 2 2317 SYGT NG oA S NC
es 3 18 [JESt es[] 3 22[] est A= o =
VRef[] 4 17]D3 VRef[] 4 21] D3 vssd 7 23 NC
vss[] 5 16 [ ]D2 vss[] 5 20| b2 osc18 221 D3
osc1 6 15]D1 osc1[] 6 191 D1 0sc2]9 21 D2
oscz2[] 7 14JD0_ osczE 7 18 % DO NCéC 10 20 D1
TONE[] 8 13[JIRQ/CP NCL] 8 17J NC NC O 1 19/ DO

RW ] 9 12[Jo2 NC[] 9 16 NC_ SpI2ene

csj1o 11 RS0 TONE[]} 10 15 [] IRQ/CP Eu O 1; OoOUO

N

RW] 11 14 [ 02 YIZBB 28 S

csl12 13 RS0 o o Ia

14

20 PIN CERDIP/PLASTIC DIP/SOIC 24 PIN SSOP 28 PIN PLCC

Figure 2 - Pin Connections

Pin Description

Pin #

20 | 24 | 28 Name Description

11111 | IN+ |Non-inverting op-amp input.

212 1|2 IN- [Inverting op-amp input.

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

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

5|5 |7 | Vss |Ground input (OV).

6 | 6 | 8 |OSC1|DTMF clock/oscillator input.

7 17 | 9 |0SC2|Clock output. A 3.579545 MHz crystal connected between OSC1 and OSC2 completes the
internal oscillator circuit. Leave open circuit when OSC1 is clock input.

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

9 11|13 R/W [Read/Write input. Controls the direction of data transfer to and from the MPU and the
transceiver registers. TTL compatible.

10112]14| CS |[Chip Select, TTL input (CS=0to select the chip). .

11 |13 |15 | RSO |Register Select input. See register decode table. TTL compatible.

121417 @2 |[System Clock input. TTL compatible. N.B. ®2 clock input need not be active when the
device is not being accessed.

1315 [18 | IRQ/ |Interrupt Request to MPU (open drain qutput). Also, when call progress (CP) mode has

CP |been selected and interrupt enabled the IRQ/CP pin will output @ 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.

14-18-|19-|D0-D3 [Microprocessor Data Bus (TTL compatible). High impedance when CS =1 o0r @2 is low.

1712122

18 |22 |26 | 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 toreturn to
a logic low.

19 |23 | 27 | SUGT |Steering Input/Guard Time output (bidirectional). A voltage greater than Vgt detected at St
causes the device to register the detected tone pair and update the output latch. A voltage
less than Vrg, frees the device to accept a new tone pair. The GT output acts to reset the
external steering time-constant; its state is a function of ESt and the voltage on St.

20 (24 (28| Vpp |Positive power supply input (+5V typical).

89 |3,5,| NC [No Connection.
16, | 10,
L

18,

23-

25

4-34




Iso2-cmos MT8880C/MT8880C-1

Functional Description

The MT8880C/C-1 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/C-1 provides
a differential-input operational amplifier as well as a
bias source (Vgef) 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.

c Rin

GS

VRef

MT8880C/C-1

VOLTAGE GAIN
(Av)=Re/RiN

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

o— F— -
c1 R1 IN+
IN-
o—l o
c2 R4 R5
GS
R3 R2
VRet
MT8880C/C-1
e ———

DIFFERENTIAL INPUT AMPLIFIER
C1=C2=10nF

R1=R4 =R5 =100 kQ

R2 = 60kQ, R3 = 37.5 kQ

R3 = (R2R5)/(R2 + R5)

VOLTAGE GAIN

(Ay diff) = R5/R1

INPUT IMPEDANCE
Zindif) = 2V R12+ (1/wC)?

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 v; 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.

Vob
————— = cC1
Voo
SYGT Ve
ESt VNV

R1

tgTa = (R1C1) In (Vpp / Vrs1)

MT8880C/C-1 tGTP = (R1C1) In [VDD / (VDD'VTSI)]

Guard Time Adjustment

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

trec = tppttcTP
tip=tpatiGTA

The value of tpp is a device parameter (see AC
Electrical Characteristics) and tgrgc 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 (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.

tgp = (RpC1) In Vpp / (Vpp-Vrsi]
tgra = (R1C1) In (Vpp/V7sy)

3 Rp = (R1R2)/(R1 + R2)

DD O |
Cc1
SYGT
R1 R2
ESt

a) decreasing tGTP; (tGTP < tGTA)

terp =(R1C1)In [Vpp/ (Vpp-Vr1st)
teTa = (RpC1) In (Vpp/Vrsy)

Rp = (R1R2)/(R1 + R2)

i e
c1
SYGT
R1 R2
ESt

b) decreasing tGTA; (tGTP > tGTA)

Figure 5 - Basic Steering Circuit
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Increasing trgc 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 tggc 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/C-1, 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 IRQ/CP
pin serving as the output. The squarewave output
obtained from the schmitt trigger can be analyzed by
a 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 IRQ/CP
pin will remain low.

DTMF Generator

The DTMF transmitter employed in the MT8880C/C-
1 is capable of generating all sixteen standard DTMF
tone 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 fiygn) 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
1209, 1336, 1477 and 1633 Hz. Typically, the high
group to low group amplitude ratio (pre-emphasis) is
2dB to compensate for high group attenuation on
long loops.

FrLow FhicH DIGIT D3 D, Dy Do
697 1209 1 0 0 0 1
697 1336 2 0 0 1 0
697 1477 3 0 0 1 1
770 1209 4 0 1 0 0
770 1336 5 0 1 0 1
770 1477 6 0 1 1 0
852 1209 7 0 1 1 1
852 1336 8 1 0 0 0
852 1477 9 1 0 0 1
941 1336 0 1 0 1 0
941 1209 * 1 0 1 1
941 1477 # y! 1 0 0
697 1633 A 1 1 0 1
770 1633 B 1 1 1 0
852 1633 C 1 1 1 1
941 1633 D 0 0 0 0

0= LOGIC LOW, 1= LOGIC HIGH
Figure 7 - Functional Encode/Decode Table

LEVEL A
(dBm)

25 i

0 250 500 750

FREQUENCY (Hz)

- = Reject

4 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 |B S - s - | F
Lo | I I |
tRec —% f— —, [Rec — oy —, o
l I TONE TONE
Vi ‘-D l I TONE #n #n+ 1 #ne1 [
T 1
S e T ¢ toa
est e g L =
e 4 tora
[ N N
T Vrs
SYGT A ) ! g | :
4— tpsiRx
1L
RXo-RX DECODED TONE # (n-1) X #n X #(n+1)
= toqus
b3 . I I
b2
W
]
Read
Status I
Register ;
iRQ/CP | I l r

Figure 9 - Receiver Timing Diagram

of time segments is fixed at 32, however, by varying
the segment length as described above the tone
output signal frequency will be varied. The divider
output clocks another counter which addresses the
sinewave lookup ROM.

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

column tones which are then mixed using a low
noise summing amplifier. The oscillator described
needs no ‘“start-up” time as in other DTMF
generators since the crystal oscillator is running
continuously thus providing a high degree of tone
burst accuracy. A bandwidth limiting filter is
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.

Scaling Information

10 dB/Div

Start Frequency =0 Hz
Stop Frequency = 3400 Hz

Marker Frequency = 697 Hz and
1209 Hz

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 mst1 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 individual
tones 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/C-1 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
tone can be calculated using Equation 1, whichis 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 to Vox....
Vs @ measured on the output waveform. The total
harmonic distortion for a dual tone can be calculated

EXPLANATION OF EVENTS

RETAINED UNTIL NEXT VALID TONE PAIR.

EXPLANATION OF SYMBOLS
Vin DTMF COMPOSITE INPUT SIGNAL.

VALID DTMF SIGNAL.

REGISTER IS READ.

teTp GUARD TIME, TONE PRESENT.
tgTA 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.

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

RXg-RX34-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.

tREC MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID.

trRec MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION.

tp MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

tbo MAXIMUM ALLOWABLE DROPOUT DURING VALID DTMF SIGNAL.

top TIME TO DETECT VALID FREQUENCIES PRESENT.

toa TIME TO DETECT VALID FREQUENCIES ABSENT.

Figure 11 - Description of Timing Events
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/ V2 + V2304 V25 + o V2

Vfundamental

THD(%)= 100

Equation 1. THD (%) For a Single Tone

V2 4 V2 o Vo + Vo +

2 2 2
Vo + .. Vo + Vimp

y VA* V3,

Equation 2. THD (%) For a Dual Tone

THD (%) = 100

OUTPUT FREQUENCY
ALThE (E %ERROR
SPECIFIED | ACTUAL
L1 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 1331.7 -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 Vy correspond to the low
group amplitude and high group amplitude,
respectively, and V2|MD is the sum of all the
intermodulation components. The internal switched-
capacitor filter following the D/A converter keeps
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 crystal.
The crystal specification is as follows:

Frequency: 3.579545 MHz
Frequency Tolerance: 10.1%
Resonance Mode: Parallel

Load Capacitance: 18pF

4-40

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

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

A number of MT8880C/C-1 devices can be
connected as shown in Figure 12 such that only one
crystal is required. Alternatively, the OSC1 inputs on
all devices can be driven from a TTL buffer with the
OSC2 outputs left unconnected.

MT8880C/C-1 MT8880C/C-1
0OsC1 0sc2 0SC1 0scC2

o

3.579545 MHz

MT8880C/C-1
OSC1 0scC2

Figure 12 - Common Crystal Connection

Microprocessor Interface

The MT8880C/C-1 employs a microprocessor
interface which allows precise control of transmitter
and receiver functions. There are five internal
registers  associated with - the microprocessor
interface which ‘can be subdivided into three
categories, i.e., data transfer, transceiver control and
transceiver status. There are two registers
associated with data transfer operations.

The Receive Data Register contains the output code
of the last valid DTMF tone pair to be decoded and is
a read only register. The data entered in the Transmit
Data Register will determine which tone pair is to be
generated (see Figure 7 for coding details). Data can
only be written to the transmit register. Transceiver
control is accomplished with two Control Registers
(CRA and. CRB) which occupy the same address
space. A write operation to CRB can be executed by
setting the appropriate bit in CRA. The following
write operation to the same address will then be
directed to CRB and subsequent write cycles will
then be directed back to CRA. A software reset must
be included at the beginning of all programs to
initialize the control and status registers after power
up or power reset (see Figure 16). Refer to Tables 3,
4, 5 and 6 for details concerning the Control
Registers. The IRQ/CP pin can be programmed such
that it will provide an interrupt request signal upon
validation of DTMF signals or when the transmitter is
ready for more data (Burst mode only). The IRQ/CP
pin is configured as an open drain output device and
as such requires a pull-up resistor (see Figure 13).
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RSO R/W FUNCTION b3 b2 b1 b0
0 Viis e Tansm it RSEL | IRQ CP/DTMF TouT
Data Register
- Table 3. CRA Bit Positions
0 Read from Receive
Data Register
1 Write to Control
Regisier b3 b2 b1 )
1 Read from Status — —
Register CR S/D TEST BURST

Table 2. Internal Register Functions

Table 4. CRB Bit Positions

BIT

NAME

FUNCTION

DESCRIPTION

b0

TOUT

TONE OUTPUT

A logic ‘1’ enables the tone output. This function can be
implemented in either the burst mode or non-burst mode.

b1

CP/DTMF

MODE CONTROL

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
bandpass filter is enabled to allow call progress tones to be
detected. Call progress tones which are within the specified
bandwidth will be presented at the IRQ/CP pin in
rectangular wave format if the IRQ bit has been enabled
(b2=1). Also, when the CP mode and BURST mode have both
been selected, the transmitter will issue DTMF signals with a
burst and pause of 102 ms (typ) duration. This signal duration
is twice that obtained from the DTMF transmitter if DTMF
mode had been selected. Note that DTMF signals cannot be
decoded when the CP mode of operation has been selected.

b2

IRQ

INTERRUPT ENABLE

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 will pull to a logic ‘0" condition when either 1) a valid
DTMF signal has been received and has been present for the
guard time duration or 2) the transmitter is ready for more data
(BURST mode only).

b3

RSEL

REGISTER SELECT

A logic ‘1’ selects Control Register B on the next Write cycle to
the Control Register address. Subsequent Write cycles to the
Control Register are directed back to Control Register A.

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. Additionally, 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 IRQ/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 siD SINGLE /DUAL TONE A logic ‘0’ will allow Dual Tone Multi-Frequency signals to be
GENERATION produced. If single tone generation is enabled (logic '1°),
either row or column tones (low group or high group) can be
generated depending on the state of b3 in Control Register
B.
b3 CIR COLUMN/ROW TONES | When used in conjunction with b2 (above) the transmitter
can be made to generate single row or single column
frequencies. A logic ‘0’ will select row frequencies and a logic
‘1" will select column frequencies.
Table 6. Control Register B Description
BIT NAME STATUS FLAG SET STATUS FLAG CLEARED
b0 IRQ Interrupt has occurred. Bitone (b1) | Interrupt is inactive. Cleared after
or bit two (b2) is set. Status Register is read.
b1 TRANSMIT DATA Pause duration has terminated Cleared after Status Register is
REGISTER EMPTY and transmitter is ready for new read or when in non-burst mode.
(BURST MODE ONLY) data.
b2 | RECEIVE DATA. Valid data is in the Receive Data Cleared after Status Register is
REGISTER FULL Register. read.
b3 DELAYED STEERING Set upon the valid detection of the | Cleared upon the detection of a
absence of a DTMF signal. valid DTMF signal.
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Table 7. Status Register Description
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Vob
MT8880C/C-1 o
Ll - I L
C1 R1 _E IN+ VDD L} = 1T
c2
otvrce [H F—~AAA—2 1 - SUGT A7
INPUT I R4
_.E GS ESt <
R2 R3
— | VRef D3 [] e
{]vss D2 [l o>
X-tal
/77 ["—-—1: 0SC1 o1 [ >
0sc2 DO [}— >
— o7 — To uP
ptMF [+ - ¢ ] Tone IRQ/CP [ }- > or uC
OUTPUT c4 el
RL —L rW o2 [ >
I—‘E Cs Rs0 [] —>
'
Notes:
=100 kQ 1%
g;fg., 4.Q 1% § * Microprocessor based systems can inject undesirable noise into
% °° the supply rails. The performance of the MT8880 can be optimized
R4 =3.3kQ 10_/" by keeping noise on the supply rails to a minimum. The decoupling
RL =10k Q (min.) capacitor (C3) should be connected close to the device and ground
C1=100nF 5% loops should be avoided.
C2 =100 nF 5%
C3 =100 nF 10%"
C4 =10 nF 10%
X-tal = 3.579545 MHz
Figure 13 - Application Circuit (Single-Ended Input)
[ s.0vbC 5.0 VDC
MMD6150 S
TEST POINT (or equivalent) . TEST POINT 3kQ
0
130 pF 70 pF
MMD7000
(or equivalent)
Test load for D0-D3 pins Test load for IRQ/CP pin

Figure 14 - Test Circuit
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Absolute Maximum Ratings*

Parameter Symbol Min Max Units
1 | Power supply voltage Vpp-Vss Vbp 6 \Y,
2 | Voltage on any pin V, 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
5 | Package power dissipation Pp 1000 mwW

»

Exceeding these 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 Typ¢ Max Units Test Conditions
1 | Positive power supply Vpp 4.75 5.00 5.25 \%
2 | Operating temperature To -40 +85 °C
3 | Crystal clock frequency fouk | 3.575965 | 3.579545 | 3.583124 | MHz

DC Electrical Characteristics?-vgg=0v.

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

Characteristics Sym Min Typ')‘ Max | Units Test Conditions
1 s Operating supply voltage Vbp 4.75 5.0 5.25 Vv
2 U Operating supply current oo 7.0 1 mA
3 3 Power consumption Pc 57.8 mW
4 | High level input voltage Viho | 3.5 Vv
N (0sc1)
5 ij Low level input voltage ViLo sy \
T (OsC1)
6 | S | Steering threshold voltage VASAIAR R RIS vC |Mbp=5V
T4 Low level output voltage No load
5 (0SC2) VoLo 0.1 Y
8 U High level output voltage ; No load
T (0sC2) Vono | 4.9 \ Vpp=5 V
9 S Output leakage current
T (IRQ) loz 1 10 A | Vou=2.4V
10 | S | Vgeroutput voltage AL 25 |CR% V| No load, Vpp=5V
11 VRef OUtput resistance Ror 1.3 kQ
12 D Low level input voltage Vi 0.8 \Y,
13| o | High levelinput voltage Vir—|—2:0 v
14 ; Input leakage current liz 10 LA ViN=Vssto Vpp
a
|
15 | pata | Source current loH -1.4 | -6.6 mA | Vou=2.4V
16 | Bus | Sink current loL 20| 40 mA | Vg =0.4V
17 | ESt | Source current loy | -0.5 | -3.0 mA | Vou=4.6V
18 | ona. | Sink current S 4 mA | VoL=0.4V
19 né_g/ Sink current loL 4 16 mA | Vg =0.4V

+ 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.
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Electrical Characteristics
Gain Setting Ampllfier - Voltages are with respect to ground (Vgs) unless otherwise stated, Vgg= 0V, Vpp=5V, To=25°C.

Characteristics Sym Min Typi Max | Units Test Conditions
1 Input leakage current N +100 nA Vss< ViINS Vpp
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 60 dB 1 kHz
5 | Common mode rejection CMRR 60 dB 0.75V < V|y<4.25V
6 | DC open loop voltage gain AyoL 65 dB
7 | Unity gain bandwidth BW 1.5 MHz
8 | Output voltage swing Vo 4.5 Vop R 2100 kQ to Vgg
9 | Allowable capacitive load (GS) CL 100 pF
10 | Allowable resistive load (GS) Ry 50 kQ
11 | Common mode range Vem 3.0 Vop No Load

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

MT8880C-1 AC Electrical CharacteristicsT - Voltages are with respect to ground (Vsg) unless otherwise stated.

Characteristics Sym Min Typ Max Units Notes*
Valid input signal levels -31 dBm 1,2,3,5,6,9
: (s?::;)tone of composite 21.8 MVams. | 1,2:3.5.6,9
R +1 dBm 1,2,3,5,6,9
X 869 mVrms | 1.2,3,5,6,9
2 Input Signal Level Reject -37 dBm 1,2,3,5,6,9
10.9 mVgrms | 1.2,3,5,6,9

1 Characteristics are over recommended temperature and at Vpp=5V, using the test circuit shown in Figure 13.

MT8880C AC Electrical Characte ristics’ Voltages are with respect to ground (Vgg) unless otherwise stated.

Characteristics Sym Min Typi Max Units Notes*
-29 dBm 1,2,3,5,6,9
Valid Input signal levels 27.5 = 1235609
1 )R; (each tone of composite RMR fogs i
signal) +1 dBm 1,2,3,5,6,9
869 mVrms | 1.2,3,5,6,9

1 Characteristics are over recommended operating conditions (unless otherwise stated) using the test circuit shown in Figure 13.

AC Electrical Character isticst - Voltages are with respect to ground (Vsg) unless otherwise stated. fc=3.579545 MHz.

Characteristics Sym Min Typi Max Units Notes*
1 Positive twist accept 8 dB 2,3,6,9
2 Negative twist accept 8 dB 23,69
3 Freq. deviation accept +1.5%x2Hz 2,3,5,9
4|} [Freq. deviation reject +3.5% 23,5
5 Third tone tolerance -16 dB 2,3,4,5,9,10
6 Noise tolerance -12 dB 2,3,4,5,7,9,10
7 Dial tone tolerance 22 dB 2,3,4,5,8,9,11

+ Characteristics are over recommended operating conditions unless otherwise stated.
t Typical figures are at 25°C, Vpp = 5V, and for design aid only: not guaranteed and not subject to production testing.
* See “Notes” following AC Electrical Characteristics Tables.
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AC Electrical CharacteristicsT - Call Progress - Voltages are with respect to ground (Vgg) unless otherwise 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) fLr 290 Hz @ -25 dBm
4 | Upper freq. (REJECT) fuR 540 Hz @ -25 dBm
5 | Call progress tone detect level -30 dBm
(total power)
1 Characteristics are over recommended operating conditions unless otherwise stated
t+ 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' - Voltages are with respect to ground (Vgg) unless otherwise stated.
Characteristics Sym Min Typi Max | Units Conditions
1 Tone present detect time top %) 11 14 ms |Note 12
2 Tone absent detect time tpa 0.5 4 8.5 ms |Note 12
3 Tone duration accept tREC 40 ms |User adjustable#
4 | g |Tone duration reject t{REC 20 ms |User adjustable#
5 | X |interdigit pause accept tip 40 ms |User adjustable#
6 Interdigit pause reject too 20 ms |User adjustable®
7 Delay St to b3 tpstha 13 s
8 Delay St to RXp-RX3 tpsirRX 8 s
9 Tone burst duration tasT 50 52 ms |DTMF mode
10 | 1 |Tone pause duration tps 50 52 ms |DTMF mode
11 | X |Tone burst duration (extended) tasTE 100 104 ms |Call Progress mode
12 Tone pause duration (extended) . tpge 100 104 ms |Call Progress mode
13 High group output level Vhout | -6:1 -2.1 | dBm |R_ =10kQ
14 (1; Low group output level Viout | -8.1 -4.1 | dBm  [R_ =10kQ
15 | N |Pre-emphasis dBp 2 3 dB [R_=10kQ
16 v Output distortion (Single Tone) THD -35 dB |25 kHz Bandwidth
o] R_=10kQ
17 | 3 |Frequency deviation fD 107 | £15 | % |fc=3.579545 MHz
18 Output load resistance Ryt 10 50 kQ
19 @2 cycle period teve 250 ns
20 “,f ®2 high pulse width tcH 115 ns
21 | Y |@2 low pulse width o) 110 ns
22 rll @2 rise and fall time tr tF 25 ns
23 | T |Address, R/W hold time tantrwH | 26 ns
24 : Address, R/W setup time (before @2) | tagtrws | 23 ns
25 | |Data hold time (read) R ns |*
26 g ®2 to valid data delay (read) toor 100 ns |200 pF load
27 Data setup time (write) tosw 45 ns
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AC Electrical Characteristics’ (Cont‘d) - Voltages are with respect to ground (Vgg) unless otherwise stated.

Characteristics Sym Min Typi Max Units Notes*

28 Data hold time (write) torw 10 ns

29 Input Capacitance (data bus) Cin 5 pF

30 Output Capacitance (ﬁﬁ/cp) Cout 5 pF

31 | p | Crystal/clock frequency fc 3.5759 | 3.5795 | 3.5831 | MHz

32 ,; Clock input rise time t HeL 110 ns Ext. clock
33 | F | Clock input duty cycle tHLcL 110 ns Ext. clock
34 E Clock input duty cycle DCq_ 40 50 60 % | Ext. clock
35 | K | Capacitive load (OSC2) Cio 30 pF

+ Timing is over recommended temperature & power supply voltages.

+ Typical figures are at 256°C and for design aid only: not guaranteed and not subject to production testing.

* The data bus output buffers are no longer sourcing or sinking current by tpg.
# See Figure 6 regarding guard time adjustment.

NOTES:
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1
2
3
4
5
6
7
8
9
1

dBm=decibels above or below a reference power of 1 mW into a 600 ohm load.
Digit sequence consists of all 16 DTMF tones.

Tone duration=40 ms. Tone pause=40 ms.

Nominal DTMF frequencies are used.

Both tones in the composite signal have an equal amplitude.

The tone pair is deviated by #1.5%+2 Hz.

Bandwidth limited (3 kHz) Gaussian noise.

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

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

0) Referenced to the lowest amplitude tone in the DTMF signal.

11) Referenced to the minimum valid accept level.
12) For guard time calculation purposes.
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