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(A prototype design of a railroad crogsing system control using radio transceiver)
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Pin #

20 | 24 23 Name Description

1 1 1 iN+  |Non-inverting op-amp input.

2 2 IN- [inverting op-amp input,

2 4 GS  |Gain Select. Gives access 10 cutput of front end differential amplifier for
connection of feedback resistor.

4 ] Vpget  |Reference Voltage output {Vp/2).
Veg  [Ground (8Y).

6 0O8C1 |DTMF clockioscillator input. Connect a 4 7Ma resistor to VSS if crystal oscillator is
used,

7 7 g O8C2 |Oscillator outputl. A 3.579545 MHz crystal connected betwesn 05C1 and OSC2
completes the internal oscillator circuit. Leave open cireuit when OSG1 is driven
externally. <

8 10 12 | TONE |Qutput from internal DTMF transmitter,

—_— — -

9 11 13 WR |Write microprocessor input,  TTL compatible.

10 12 14 T3 |Chip Select input. Active Low. This signal must be qualified externally by address
lateh enable {ALE) signal, see Figure 14.

11 13 15 RSO |Register Select input. Refer to Table 3 for hit interpretation. TTL compatible,

12 | 14 | 17 RD  |React microprocessor input.  TTL compatible

13 15 18 | IRQ/ICP Interrupt Request/Call Progress (open drain) output. In interrupt mode, this
output goes fow when a valid DTIMF tone burst has been transmitted or received.
In call progress mode. this pin will output a rectangular 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 &,

14-1718-21) 18-22 | DO-D3 |Microprocessor Data Bus. High impedance when CS =1 orRD = 1,

TTL campatible.
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Control RS0 WR RD CS b3 b2 bl b0
Data 1 0 1 0 | 1 0 |

2) oudndanaunylis Register B 4930 MT888SCE Tasldg1lunidad]

Control RS0 WR RD CS b3 b2 bt b0
Data 1 0 1 0 0 0 0 0
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Control RSO0 WR RD CS b3 b2 bl bl
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4) imsnianaines Interrupt 1371 IRQ w5a91na0 Uz 104 Status Register
5) MInseIuEnIUsU0s Status Register udiiinmansisaeuaniuginiuogisls
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5) 91U Inud 1

Data 0 1 0 0 X X X X
6)  Data I 1 0 0 X X X X
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Pin #

18 | 20 Name Description

111 IN+ Non-Inverting Op-Amp (Input).

212 iN- Inverting Op-Amp (Input).

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

414 Vrer |Reference Voltage (Qutput). Nominally Vpp/2 is used to bias inputs at mid-rail {see Fig. 6
and Fig. 10). .

5156 INH Inhibit (Input}. Logic high inhibits the detection oftones representing characters A, B, C
and B. This pininput is intemally pulted down.

8|6 PWDN  1Power Down {Inpuf). Active high. Powers down the device and inhibits the oscilator. This
pin input is intermnally pulled down.

7 | 8 | 0SC1 [Clock {Input). o

9 O8C2 [Clock (Output). A 3579545 MHz crystal connected bebween pins O8C1 and OSC2
completes the internal osciltator cirouit,

g 110 Vas Grour_;d {input). OV typical.

1011 TOE  iThree State Output Enable (Input}). Logic high enables the outputs Q1-Q4. This pin is
pulied up internally.

11-112-] Q1-Q4 {Three State Data (Cutput). When enabled by TOE, provide the code correspending to the

14115 last valid fone-pair received (see Table 1) When TOE is fogic low, the data outputs are high
impedance.

15117 stD Delayed Steering (Qutput).Presents a logic high when a received tone-pair has been
registered and the output {atch updated; returns to logic low when the voltage on St/GT falis
below Vg,

16| 18 ESt Early Steering (Output). Presents a logic high once the digital algorithm has detected a
valid tone pair (signal condition). Any momentary loss of signal condition will cause EStto
return 1o a fogic low.

17 119 | SYGT |Steering Input/Guard time (Qutput) Bidirectional. A voltage greater than Vg, detected at
8t causes the device to register the detectad tone palr and update the output latch. A
voltage less than Vg, 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 8t.

18| 20 Vpp  |Positive power supply {Input). +5V typical,

7, NC No Connection.
18

s =3 =3 'd
A1319% 2.2 uaasswaziduaven leFues MT8870
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ABSOLUTE MAXRIUM RATINGS

Symibiol Parameter Value Unit
Yo Critput Yolage 58 ¥
i input Voftage Hor BLN20I28/T - 208340 20044D ] ¥
i Cordinucus Doliacior Cumars [ il
% Cortipunus Baze Cument e wd

Ta Uiperatng Ambisnf Tamperaie Rage - iR ¥
Tug Zuorage Tamperanss Range ~& R
T sunstioe Temperabas o

DIF18

DEVICE PART NUMBER DESIGNATION

Y. A 5y o5
If.:{’-‘; " 50 by BERY sy
| oegic Part Munmber
5 LHL 2400 B34S DLAZEES”
TTIL, GO UL 20030 ULSZ025L0
15 L2000 448 ULHEZ4A
CMNOS, PROS LI N2094L" HEI2L

* Adser available Foa cperution be tesen -4 and «55°%C. To ander. changs
etz From “ULN to UL

NN 2.9 ueaednyIzUBINes Aate uazmsennautiananainues lod ULN 2003
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Data input is

Green “OFF”
Red “ON”

Set up MT8888CE

Control Control registerA

Y

Control Control reg

isterB (Burst mode)

4

] Send data 1

!

Mic “OFF”

h 4

Crossing “DOWN”

|

Send data 2

v

1 Crossing “UP”

Y

Red “OFF”

( Send data 1 )

—

Mic L:ONn

Y

Send “77

h 4

Send “7”

|

Send “7”

( Send data 2 }

RET

Y

Mic “ON”

Send “9”

Y

Send “9”

!

Send “9”

Y

Mic “OFF”

v
RET
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Sk R kA kR ) TVF. ASM USING MTSGGGCE# 5 st stk st o e o
gk gk COMPLIER SXAS51, HARDWARE MCU-88252 V3.0 SUT*

D PORT
WR_BIT

CS_BIT
RD _BIT
RS BIT
D3_BIT
D2_BIT
DI_BIT
DO_BIT
RED

GREEN
MIC

EQU P2
BIT P27
BIT P26
BIT P25
BIT P24
BIT P23 -
BIT P22
BIT P2.1
BIT P20
BIT P02
BIT  PO.1
BIT  P0.0

Fd

- 2k e e ok 3 e e s sk s o sleooke o e ke e sk sk ofe sl o sfe sle st sk ok s e ol ole sle she ode st s sk ok sk e ol ol ofe sk st st sl sk el sl e e st e e e ke sl sk sl ok sk ke sk ke ok ok
»

INIT:

ORG 0000H
JMP INIT
ORG 0100H
MOV SP#2FH
MOV P0,#0
NOP

SETB GREEN
CLR RED

;Send code to crossing down

START:

MOV A #0FDH
MOV D _PORT,A
CALL C REG
MOV A #OFOI
MOV D PORT,A
CALL C_REG
SETB MIC |
CALL DELAY 500M
MOV A #0FSH
CALL T OUT
MOV A #0F5H
CALL T _OUT
MOV A #0F5H
CALL T _OUT
MOV A #0F5H
CALL T OUT
CLR MIC
CALL DELAY 500M
CALL RECEIVE

; Normatl
: Write to CRA
; Write to CRB

; Mic on

:Mic off



:Wait fot the green light

DATA 2: MOV RI1,#0
NOP
MOV P1,#0
NOP
MOV P1,#0FFH
NOP
NOP
MOV APl
NOP
NOP
MOV 1A ]
XCH ARI <
CINE A#0F9H,DATA 2
NOP
NOP -
SETB GREEN
CALL DELAY 50M
CLR RED
CALL DELAY_4S
CALL DELAY 28

IMP START
T OUT: MOV D PORT.A
CLR RS BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
DB  0,0,0,0,0
C_REG: CLR CS BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
CLR  WR_BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0.0,0,0
SETB CS BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
SETB WR_BIT
DB 0.0,0,0,0
DB 0,0,0.0,0
DB 00,000

SETB RD BIT

:Receive data 1

:Receive data 2
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SETB RS BIT
CALL DELAY 1S
RET
RECEIVE: MOV PI1.#0FFH
NOP
NOP
NOP
LOOP: MOV APl :Receive red light
NOP '
NOP
MOV 1A
XCH ARI
CINE A#0F7H,LOOP
NOP
NOP
CLR » GREEN :Green off
CALL DELAY 50M
SETB RED :Red on
RET

-#*************************************************************
b

H#H* START DISPLAY FOR XTAL 16.00MHz
;#*******#*****************************************************
DELAY 8S: CALL DELAY 4S ; Delay 8 Sec

DELAY 4S: CALL DELAY 25 ;Delay 4 Sec

DELAY 2S: CALL DELAY 1S ;Delay 2 Sec

DELAY_1S: CALL DELAY_500M ; Delay 1 Sec
DELAY 500M: CALL DELAY 250M ; Delay 250 MilliSec
DELAY 250M: MOV R7#5 ; Delay 250 MilliSec
DELAY S50M: MOV R6.#200 ; Delay 50 MilliSec
DELAY 250U: MOV RS5,#96; Delay 250 MicroSec
HERE: NOP
NOP _
DINZ R5HERE ; 83*(0,75*%4 = 250 MicroSec
DINZ R6,DELAY 250U ; 250%200 =50 MilliSec
DINZ R7,DELAY_50M ; 50%5 =250 MilliSec
RET

END
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Tsunsumantunuueanusalu

ks tok ok K ) TMEv2. ASM USTING MTREQRC TR o ottt s ok ot o o s e e
JRREiokioioiiobioeols COMPLIER SXAS1, HARDWARE MCU-S8252 V3.0 SUT*

D PORT EQU PO
WR BIT BIT P0.7
CS _BIT BIT P0.6
RD_BIT BIT P0.5
RS BIT BIT P04
D3 BIT BIT P03
D2 BIT BIT P02 -.
D1 _BIT BIT PO.1
DO _BIT BIT P0.0
DOWN LBIT Pl4
uP BIT P13
MIC BIT P12
GREEN BIT Pl1.1
RED BIT P1.0
:k* Ak
ORG 0000H
JMP START
ORG 0100H
START: MOV SP,#2FH
MOV PI1.#0
NOP
MOV P2 #0FFH :P2 as input
CALL DELAY 1S
SETB GREEN :Normal -
NOP
CLR RED
;Receive code
RECEIVE: MOV AP2 :Receive data 1
NOP
NOP
MOV 1A
XCH ARI

CINE A#OFSH,RECEIVE
CALL DELAY 28

:Send red light to the train

i



SEND_TONE: SETB MIC ;Mic on

T _OUT:

C OUT:

MOV A#0FDH
MOV D PORT,A
CALL C OUT
MOV A #0FOH
MOV D PORT.A
CALL C OUT

CRB

CALL DELAY 18

MOV A #0F7H
CALL T OUT

MOV A #0F7H

" CALL T _OUT

>

MOV A #0F7TH
CALL T OUT

CLR MIC ;:Mic off’
JMP  CONTROL

MOV D_PORT.A

CLR RS BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
CLR CS BIT
DB  0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
CLR WR_BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
DB  0,0,0,0,0
SETB CS_BIT
DB 0,0,0,0,0
DB  0,0,0,0,0
DB 0,0,0,0,0
SETB WR_BIT
DB 0,0,0,0,0
DB  0,0,0,0,0
DB 0,0,0,0,0

SETB RD BIT
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SETB RS BIT
CALL DELAY 18
RET

:Control crossing

CONTROL: CLR GREEN
NOP
SETB RED
NOP
SETB DOWN
CALL DELAY 168
CALL DELAY 28 -«
CALL DELAY 28
CLR DOWN

»

:Send green light to the train

MOV A #0FDH
MOV D _PORT,A
CALL C_OUT N
MOV A #O0FOH

MOV D PORT,A
CALL C_OUT N

SETB MIC
CALL DELAY_500M

MOV A,#0F911
CALL T OUT N

MOV A #0F9H
CALL T OUT N

MOV A #0FOH
CALL T OUT N

CLR MIC

CALL DELAY_8S
SETB UP

CALL DELAY 168
CLR UP

NOP

CLR RED

NOP

SETB GREEN
IMP  START

:Green off
:Red on

;Crossing down

;Stop crossing

: CRA

;: CRB

:Mic on

;Train passing
;Crossing up

;Stop crossing
:Red off

;Train passed
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T OUT_N: MOV D PORT,A

CLR RS BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0.0,0,0

C OUT N: CLR CS_BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
CLR WR_BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
DB £.0,0,0,0 .
SETB CS BIT i
DB 0,0,0,0,0 |
DB 0,0,0,0,0
DB 0,0,0,0,0
SETB WR_BIT
DB 0,0,0,0,0
DB 0,0,0,0,0
DB 0,0,0,0,0
SETB RD BIT ,
SETB RS_BIT :
CALL DELAY 18 :
RET

DELAY_168: CALL DELAY 8S
DELAY 8S: CALL DELAY 48

DELAY 4S; CALL DELAY 28
DELAY 2S: CALL DELAY 1S

DELAY 1S: CALL DELAY 500M
DELAY_500M: CALL DELAY 250M
DELAY 250M: MOV 545

DELAY 50M: MOV 6,#200 ; Delay 50 ms
AGAIN: MOV 7.#83 ; Delay 250 us
HERE: NOP

NOP

DINZ R7.HERE ; ((4x83)+ Dx(12/16MHz) = 249,75 us

DINZ R6,AGAIN  ; (249.75 us )x200 + ((3x200)x0.75 us) = 50.4ms
DINZ R5DELAY_S0M ; (50.4 ms)x5 + ((3x5)x0.75us) = 252.01 ms
RET

END
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MT8888C
Integrated DTMF Transceiver

with Intel Micro Interface
Data Sheet

Features

»  Central office quality DTMF transmitter/receiver
+ Low power consumption

+ High spead Intel micro interface

»  Adjustable guard time

+ Automatic tone burst mode

- Call progress tone detection to -30dBm

Applications

- Credit card systems
+ Paging systems .
+ Repeater systems/mot;ile radio
« interconnect dialers

+ Personal computers

Description

The MT8888C is a monolithic DTMF trahsceiver with
call progress filter, 1t is fabricated in CMOS technology
offering low power consumption and high reliability.

February 2004

Ordering information

MT8888CE 20 Pin Plastic DIP
MT8888CS 20 Pin S0IC
MT88G8CN 24 Pin 880P
MTE838CP 28 Pin Plastic LCC

-40°C to +85°C

The receiver section Is based upon the industry
standard MT8870 DTMF receiver while the transmitter
utilizes a switched capacitor D/A converter for low

- distortion, high accuracy DTMF signalling. Internal

counters provide a burst mode such that tone bursts
can be transmitted with precise timing. A call progress
filter can be selected allowing a microprocessor to
analyze call progress tones.

The MT8888C utilizes an Intel micro interface, which
allows the device to be connected to a number of
popular microcontrollers with minimal external logic.

[0
- — . Data
. - DiA Rowand Ll Transmit Dota :
TONE « Z ".j Converters Column Register BB:fJ{S- D1
. H Countars Liffer 0
Status 03
ToneBurst | | Confrot Register Interiugt
Gating Cot Logic Logic o
. _ C
N+ —1—+>, Dial Controt
/\,._. Tone I Reg.ster
N — Filter High Group Digital A =Tl
s < Filter Algotithm i ——
= and Code Control e =
. Low Group [ Convetter Register Control
OBCT T Ospiltator Filter 8 l WE
ot ;
s —H Cireuil .
Control e Flats
Bin . Steering Receive Data
C:rlghslit Logic Logic Register
] ] I I
I I

| [
Yoo Vrer Vas
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Figure 1 - Functionai Block Diagram
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MT8888C Data Sheet
o
QD =
BLLLD Lo
I w1 v o= Zé o
M1 200 1vDD -} 2 237 spaT ;fmcvm iy @
-0 2 19 sueT ¢S 3 220] s NCH 5 B
s s 1w Jest vRef[] 4 2107 o3 VRt [ 5AE e
vRet [ 4 17[0ca vss[] 8 0[] n2 VSS [ 7 535 NG
ves[ 5 1500 oscil] 6 9] osclo A 220 D5
0sCid 6 180101 ose2l] 7 B Do GS02E ¢ 210 02
ogcz o7 1400506 nNell 8 L) NG =] 200 D1
TONEL] 8 13 CIIRGICP NGl o Bl Ne MEO1E | o 19 DO
\JFEEQ 2 ? TONELT 10 «.33&”@@3 p T EPRCE
=57 10 s [JRs0 WAL 1 147 7D LTI T
750 12 13[7] Rso HES IR S
A A
20 PN PLASTIC DIRSOIC 24 PIN. S0P 28 PINPLOC

Pin Description

Figure 2 - Pin Connections

Pin#
20 | 24 2g *Name Description

1 1 1 IN+  |Non-inverting op-amp Input.

2 2 IN- |Inverting op-amp input.

3 3 GE  |Gain Select. Gives access fo output of front end differential amplifier for
cohnection of feedback resistor.

4 4 5] Vret [Reference Voltage output (Vpp/2).

5 7 Vgg [Ground (OVY

g 8 0OSC1 |DTMF clock/oschllater input. Connect a 4. 7Ma resistor to VSS if crystat oscillator is
used,

7 7 9 0SC2 |Oscillator oulpul. A 3.579545 MHz crystal connecled between OSC1 and OSC2
completes the internal oscillator circuit. Leave open circuit when OSCH1 is driven
externally.

8 10 12 TONE |Cutput from internal DTMF transmitter.

1 13 WR  |Write microprocessor input.  TTL compatible.

1C iz 14 cs Chip Select input. Active Low. This signal must be qualified externafly by address
latch enabie (ALE} signal, see Figure 14.

1 13 15 RS0 |Register Select input. Refer to Table 3 for bit interpretation. TTL compatible,

12 14 17 RD |Read micraprocessor input.  TTL compatible.

13 15 18 | IRQ/CP (Interrupt Request/Catl Progress (open drain) output. In interrupt mode, this
output goes low when a valid DTMF tone burst has been transmitted or received.
In call pregress mode, this pin will output a rectangular 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, ses Figurs 8.

14-17|18-21| 19-22 | D0-D3 |Microprocessor Data Bus. High impedance when CS = 1 or RD = 1.

TTL compatibie,

2
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MT8888C Data Sheet
Pin Description {continued)
Pin #
20 | 24 | 28 | Name Description

18 | 22 26 ESt |Early Steering output. Presenis a logic high once the digital algorithm has
detected a valid tone pair (signal condition). Any momentary loss of signal
condition will cause ESt to return to 2 logic low.

19 | 23 27 St/GT |Steering Input/Guard Time output (bidirectional). A voltage greater than Vg,
detected at St causes the device to register the detected tone pair and update the
output latch. A voltage iess than Vg frees the device (o accept a new tone pair.
The GT cutput 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 -(SV typical).

8,9, 13,510, NC [No Connection.
16,17 | 11,18,

2328 7

1.0 Functional Description '

The MT8888C Integrated DTMF Transceiver consists of & high performance DTMF receiver with an internal gain
setting amplifier and a DTMF generator which empioys a burst counter to synthesize precise tone bursts and
pauses. A call progress mode can be selected so that frequencies within the specified passband can be detected.

The Intel micro interface allows microcontroilers, such as the 8080, 80C31/51 and 8085, to access the MT8888C
internal registers,

2.0 Input Configuration

The input arrangement of the MTB388C provides a differential-input operational amplifier as well as a hias source
{Vper) which is used te bias the inputs at Vpp/2. Pravision is made for connection of a feedback resistor to the op-
amp outout (GS) for gain adjustment. 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.

3.0 Receiver Section

Separation of the low and high group tones is achisved by applying the DTMF signal to the inputs of two sixth-order
switched capacitor bandpass filters, the bandwidths of which correspond fo the low and high group frequencies
{see Table 1). These filters incorporate notches at 350 Hz and 440 Hz for exceptional diai tone rejection. Each filter
output is foflowed by a single order switched capacitor filler section, which smooths the signals prior to limiting.
Limiting is performsed by high-gain comparators which are provided with hysteresis 1o 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.

3
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MT8888C Data Sheet

i+ .
O] Ay e e -
C Ry
R s
R, Gs
VRet
VOLTAGE GAIN MT8888C
A= Re i Riy b

Figure 3 - Singie-énded Input Configuration

O A
1 R ) [+ 2

N
O A
cp R4 RS
A
G
<v e
RE < R
< <
L——'—*Lw—mwww vF’ef

MT8888C

DIFFERENTIAL INPUT AMPLIFIER
Ct=C2=10nF

Ri=R4=R5 = 100 k2

R2 = 60k, R3 = 37.5 ki

R3 = (RIRGHR2 + RS)

VOLTAGE GAIN

(B ifly - R

INPUT IMPEDANCE

{Zaytliffy = 2 R12 + (1P

Figure 4 - Differential Input Configuration
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MT8888C Data Sheet
FLow FriGH DIGIT Dy | D, | Dy | Dy
697 1200 1 0 0 0 1
897 1336 2 0 0 1 0
697 1477 3 0 0 1 1
770 1209 4 0 1 0 0
770 1336 5 o 1 0
770 1477 8 0 1 1 0
852 1209 7 0 1 1 1
852 1336 8 1 0 0 0
852 1477 T g 1 0 0 1
941 1336 0 1 0 1 0
941 1209 * 1 0 1 1
941 1477 # 1 1 0 0
697 1633 A 1 1 0 1
770 1633 B ' 1 1 0
852 1633 c 1 1 1 1
941 1633 D 0 0 0 o

Tahle 1 - Functional Encode/Decode Table
Note: 0= LOGIC LOW, 1= LOGIC HIGH

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 extranecus signals such as voice while providing tolerance to smali frequency
deviations and variations. This averaging slgorithm has been developed to ensure an optimum combination of
immunity to taik-off and tolerance to the presence of interfering frequencies (third tones) and noise. When the
detector regognizes the presence of two valid tenes (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,

4.0 Steering Circuit

Before registration of a decoded tone pair, the receiver checks for a valid signal duration (referred to as character
recoghition condition). This check is petformed 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 {tarp}, v, reaches the threshold (Vg of the steering logic o register the
tone palr, jatching its corresponding 4-bit code (see Table 1) into the Receive Data Register, Al this point the GT
cutput 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, signaliing that a received
tone pair has been registered, The staius of the delayed steering flag can be monitored by checking the appropriate
bit in the status register. If Inferrupt mode has heen selected, the IRQ/CP pin will pull low when the defayed 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 signais. Thus, as well as rejecting signals too short to be considered valid, the

5
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s e

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 externafly, aliows the designer to taflor performance to

meet a wide variety of system requirements.

Voo
MTE888C

Ve

o A A ]
R

“tara % (RICT) In {Vpp 7 Vrs)

lare = {RICT) I Vo 7 (Vop-Vygd]

»

5.0 Guard Time Adjustment

Figure 5 - Basic Steering Circuit

The simple steering circuit shown in Figure 5 is adequate for most applications. Component values are chosen
according to the following inequalities (see Figure 7):

trec = tpmax*teTPmax - tDAmIn

*ﬁ = tIJPl‘nin"'tGTF'min - tpamax
Yo 2 tpamax*teTamax - tDPmin
oo = tpamin*teTamin - IbPmax

6
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fete # {RpCAI IN Vpp / (Vpp-Vire
tora = (RICT) In (VgpiVrgy)

Vor R = (R1R2}/ (R1 « R2)

j

st (O

R2 ,

a) decreasing tGTP; (tGTF < {GTA}

tarp = (RICT) 11 Vg / (Voo Vreyl]
lara = (R N VepfVrg)
Re = {R1R2) 7 {1 + R3)

R1 % ‘)f R2
g8t (Ot

b) decreasing tGTA: (tGTP > {GTA)

Figure 6 - Guard Time Adjustment

The value of Inp Is a device parameter {see AC Electrical Characteristics) and tpge 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 arangemsants may be used fo select independent tone present {tgrp)
and tone absent (ig7a) guard times, This may be necessary to meet system specifications which place both accept
and reject limits on tone duration and interdigital pause, Guard time adjusiment also allows the designer to tailor
system parameters such 2s talk off and noise immunity.

inoreasing trpg improves talk-off performance since it reduses the probabllity that tones simuiated by speach will
maintain & valid sighal condition long enough to be registerad. Alternatively, a relatively short 1zpe with a long tpy
would be appropriate for extremely noisy environments where fast asquisition time and immunity to tone drop-cuts
are required. Design information for guard time adjustment is shown in Figure 6. The receiver timing i shown in
Figure 7 with a description cf the events in Figure 9.

6.0 Call Progress Filter

A call progress mode, using the MTB888C, can be selecled allowing the detection of varicus tones, which identify
the progress of a telephone call on the network. The call progress fone 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 Tabie 7). Figure 8 indicates the useful detect bandwidth of the call
progress filter. Frequencies presented fo the input, which are within the ‘accept’ bandwidth limits of the filter, are
hard-limited by a high gain comparator with the |RQ/CP pin serving as the output. The squarewave output obtained
from the schmitt trigger can be analyzed by a microprocessor of counter arrangement to determine the nature of
the call progress tone belng detected. Frequencies which are in the ‘reject’ area will not be detected and
consequently the IRQ/CP pin will remain low.

7
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EVENTS | P | = [ c o | E £
1R ——91 :<-— w,: trec :{——- :x-— ke _,: —>: e :-—
TONE TONE
Vi “D TONE #n #i+ #n+i [T
. i
: e T iy
i
ESt .
(11 T e . L
G| < tan
| N F )
SYGT =) v T [ Vs
— t*— tpgiRx
X DECODED TONE # (n-1) ., D{ 4 b4 £in+ 1
Al
3
b2 z
!
Read ; H '—1
Status
Register |
RGP :
Figure 7 - Receiver Thning Diagram
LEVEL ¢
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EXPLANATION OF EVENTS
A) TONE BURSTS DETECGTEG, TONE DURATION INVALID. RX DATA REGISTER NGT UPDATED.
B) TONE #n DETECTED, TONE DURATION VALID, TONE DECGDED AND LATGHED IN RX DATA REGISTER.
c END OF TONE #n DETECTED, TONE ABSENT DURATION VALID. INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALID TGNE PAIR,
) TONE #n+1 DETEGTED. TONE DURATION VALID, TONE DECODED AND LATGHED IN RX DATA REGISTER.
E) ACCEPTABLE DROPOUT OF TONE #in+t, TONE ARSENT DURATION INVALID, DATA REMAINS UNCHANGED.
F) END OF TOME #n+1 DETECTED, TGNE ABSENT DURATION VALID, INFORMATION IN RX DATA REGISTER
RETAINED UNTIL NEXT VALIG TONE PAIR,
EXPLANATION OF SYMBOLS
Vi DTMF COMPOSITE INPUT SIGNAL.
ESt EARLY STEERING GUTPUT. INDICATES DETECTION OF VALID TONE FREQUENGIES.

SHGT STEERING INPUT/GUARD TIME QUTPUT. DRIVES EXTERNAL RC TIMING CIRCHT.

RXy-RXy  4-BIT DECODED DATA IN RECEIVE DATAREGISTER

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
VALID DTMF SIGNAL.

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

RCP INTERRUPT IS ACTIVE INDICATING THAT NEW DATA IS IN THE RX DATA REGISTER. THE INTERRUPT IS
CLEARED AFTER THE STATUS REGISTER {8 READ.

trec MAXIMUM DTMF SIGNAL DURATION NOT DETECTED AS VALID

tree MINIMUM DTMF SIGNAL DURATICN REQUIRED FOR YALID RECOGNITION.
t, MINIMUM TIME BETWEEN VALID SEQUENTIAL DTMF SIGNALS.

too MAXIMUM ALLOWABLE DRGPOUT DURING VALID DTME SIGNAL

top TIME TO DETECT VALID FREQUENCIES PRESENT.

ton TIME TO DETECT VALID FREGUENCIES ABSENT.

tarp GUARD TIME, TONE PRESENT.

tara GUARD TIME, TONE ABSENT,

Figure 8 - Description of Timing Events

7.0 DTMF Generator

The DTMF transmitter employed in the MT8888C 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 fillered providing a
DTMF signal with iow total harmonic distortion and high acouracy. To specify a DTMF signal, data conforming to the
encading format shown in Table 1 must be written to the transmit Data Register. Note that this is the same as the
recetver output code. The individual tones which are generated {f oy and fyigp) are referred to as Low Group and
High Group tones. As seen from the tabie, the Jow group frequencies are 697, 770, 852 and 841 Hz. The high gioup
frequencies are 1209, 1336, 1477 and 1633 Hz. Typicaily, the high group to low group amplitude ratio (twist}) is 2 dB
to com-pensate for high group attenuation on long {oops.

The period of sach tone consists of 32 equal time segments. The period of a tone is controlied 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 freguency of the tone. When the divider reaches the appropriate
count, as determined by the Inpuf code, a reset pulse is issued and the counter starts again. The number of time
segments is fixed at 32, however, by varying the segment length as described above tha freguency can also be
varied. The divider output clocks another counter, which addresses the sinewave lookup ROM.

9
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The lookup table contains codes which are used by the switched capacitor D/A converter {0 obtain discrete and
highly acourate DG voltage levels, Two identical circuits are employed to produce row  and column tones, which
are then mixed using a low noise summing amplifier, The oscilator 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 {o attenuate distortion products above 8 kHz. It ¢an
be seen from Figure 8 that the distortion products are very low in amplitude.

Sealing Information

10 dRliv !

| Start Frequency = 0 Mz

Stop Frequency = 3400 Hz
Marker Frequency = 697 Hz and
1260 Hz

-
|

s

R
s

Figure 10 - Spectrum Plot

8.0 Burst Mode

In certain telephony appilications it is required that DTMF sighals being generated are of a specific duration
determined either by the particufar application or by any one of the exchange transmitier specifications currently
existing. Standard DTMF signal timing can be accompiished by making use of the Burst Mede. The transmitter is
capable of issuing symmetric bursts/pauses of predetermined duration. This burst/pause duration is 51 msz1 ms,
which Is a standard inferval 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 (Cali Progress mode)
is selected, the burst/pause duration is doubled to 102 ms =2 ms. Note that when CP mode and Burst mode have
been selected, DTMF tones may be transmitted only and nof received. In applications where a non-standard
burst/pause time is desirable, a software timing loop or external timer ¢an be used to provide the timing pulses
when the burst mode is disabled by enabling and disabling the fransmitter.

10,
Zarlink Semiconductor Inc



e RGRE MRS T

3
3

- 70

MT8888C Data Shesl

9.0 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.

ACTIVE CUTPUT FREGQUENCY {Hz) % ERROR

INPUT SPECIFIED ACTUAL
L1 697 698.1 - +O.'30
L2 770 766.2 -0.49
L3 852 847 4 -0.54
L4 941 943.0 +0.74
H1 1209 3 12159 +0.57
H2 1336 1331.7 -0.32
H3 1477 ’ 14719 -0.35
H4 1633 1645.0 +0.73

Table 2 - Actual Frequencies Versus Standard Requirements

10,0 Distortion Calculations

The MTBBBEC is capable of producing precise tone bursts with minimal error in frequency (see Table 2). The
internal summing amplifier is followed by a first-order lowpass switched capacitor filter to minimize harmonic
components and intarmodulation products. The total hatmonic distortion for a single fone can be calculated using
Equation 1, which is the ratio of the total power of all the exfraneous frequencles to the power of the fundamental
frequency expressed as a percentage.

\
! e vk e L
\/ Yo e Wi e VR, J
/
s

THD (%} = 100

medamen:a:

Figure 11 - Equation 1. THD (%) For a Single Tone

Tha Fourier compenents of the tone output correspond to Vor.... Ve @8 measured on the output waveform, The otal
harmoenic distortion for a dual tone can be caiculated using Equation 2. V| and Vy correspond fo the low group
amplitude and high group amplitude, respectively and VleD is the sum of all the intermodulation components. The

internal switched-capacitor fiter following the D/A converter keeps distortion products down to a very low levei as
shown in Figure 10,

Vi # Ve = LV e Yy

Y 2
Vo * o Vo + Yo

/ VI e V2,

Figure 12 - Equation 2. THD (%) For a Dual Tone

THE (%) = 100

11
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11.0 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:

Freguency: 3.579545 MHz

Frequency Tolerance: +0.1%

Resonance Mode: Parallet .
Load Capacitance: 18pF

Maximum Series Resistance: 150 ohms

Maximum Drive Level: ZmwW " .

e.g. CTS Krights MP0363
Toyocom TQC-203-A-95

A number of MT8888C devices can be connected as shown in Figure 13 such that only one crystal is required.
Alternatively, the OSC1 inputs on all devices can be driven from a TTL buffer with the 0SC2 olfputs left
unconnected.

MT8883C MTBBBEC MT8888C

Q301 08C2 Q8C1 08C2 0O8C1 08C2

-

3579545 MHz

Figure 13 - Common Crystal Connection

12.0 Microprocessor Interface

The MT8888C Incorporates an Intel microprocessor interface which is compatible with fast versions (16 MHz) of the
80C51. No wait cycles need to be inserted.

Figure 15 and Figure 20 are the timing diagrams for the Intel 8031, 8051 and 8085 (5 MHz) microcontrollers. By
NANDing the address latch enable (ALE) output with the high-byte address (P2} decode oufput, T3 is generated.
Figure 14 summarizes the connaction of these Intel processors to the MT8888C transceiver.

The microprocessor interface provides access to five internai registers. The read-only Receive Data Register
contains the deceded oulput of the last valid DTMF digit received. Data entered into the writg-only Transmit Data
Register will determine which tone pair is to be generated (see Table 1 for coding details), Transceiver control is
accomplished with two control registers {see Table & and Table 7), CRA and CRB, which have the same addrass. A
wiite eperation te CRB is executed by first setting the most significant bit (b3) in CRA. The following write operation
to the same address will then be directed to CRB, and subseguent write cycles witl be directed back to CRA. The
read-only status register indicates the current transceiver state (see Table 8).

A software reset must be included at the beginning of all programs to initialize the control registers upon power-up
or power reset (see Figure 19). Refer to Tables 4-7 for bit descriptions of the two control registers.

12
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The multiplexed IRQ/CP pin can be programimed to generate an interrupt upon validation of DTMF signals or when
the fransmitter Is ready for more data (burst mode_only). Alternatively, this pin can be configured to provide a
squarewave oufput of the call progress signal. The IRQ/CP pin is an open drain output and requires an external
oull-up resistor (see Figure 15),

RSO | WR | RD FUNCTION
0 0 1 Write to Transmit Data Register
0 1 0 Read from Receive Data Register
1 0 1 Write to Control Register
1 1 0 Read from Status Register
Table 3 - nternal Register Functions
b3 b2 b1 b0
RSEL IRQ CRIDTMF TOUT
Table 4 - CRA Bit Positions
’
b3 b2 b1 b0
CR siD TEST BURST
' ENABLE

Tahbie 5 - CRE Bit Positions

BIT

NAME

DESCRIPTION

k0

TOUT

Tane Cuiput Control. A logic high enables the tone output; a logic low turns the tone output
off. This bit controls ail transmit tone functions.

b1

CPR/OTMF

Call Progress or DTMF Mode Select. A logic high enables the receive cali progress mode;
a logic low enables DTMF mode. In DTMF mode the device is capable of receiving and
transmitting DTMF sighais. in CP mode a rectangular wave representation of the received
tone signal will be present on the IRQ/CP output pin if IRQ has been enabled (control
register A, b2=1). In order to be detected, CP sighals must be within the bandwidth
specified in the AC Eledtrical Characteristics for Call Progress. -

Note: DTMF signals cannot be detected when CF mode is selected.

h2

IRQ

Interrupt Enable. A logic high enables the interrupt function; a logic low de-activates the
interrupt function. When IRQ is enabled and DTMF mode is selected {control register A,
b1=0), the IRQ/CP output pin will go low when either 1) a valid DTMF signal has been
received for a vaiid guard time duration, or 2} the transmitier is ready for more data {burst
rode only).

b3

RSEL

Register Select. A logic high selects control register B for the next write cycle fo the control
register address. After writing te control register B, the following cantrol register write cycle
will be directad to control register A.

Tahle 6 - Control Register A Description

13.
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BIT
kO

NAME
BURST

DESCRIPTION

Burst Mode Select. A logic high de-activates burst mode; a logic low enables burst mode.
When activated, the digital code representing a DTMF signal {see Table 1) can be written
tc the transmit register, which will result in a transmit DTMF tone burst and pause of equal
durations (typically 51 msec). Following the pause. the status register will be updated (b1 -
Transmit Data Register Empty), and an Interrupt will occur if the interrupt mode has been
enabled.

When CP mode (control register A, b1) is enabled the normal tore burst and pause
durations are extended from a typical duration of 51 msec to 102 msec.

When BURST is high {de-activated) the transmit tone burst duration is determined by the
TOUT bit (control register A, b0).

Test Mode Control. A logic high enables the tesi mode; a jogic low de-activates the test
mode. When TEST is enabied and DTMF mode is selected {control register A, 51=0), the
signal present on the IRQ/CP pih will be analogous to the siate of the DELAYED
STEERING kit of the status register (see Figure 7, signal b3).

b1 TEST

b2 $i0 Single or Dual Tone Generation. A logic high selects the single tone sutput: a logic low
selects the dual tone (DTMF) cutput. The single tone generation function requires further
selection of either the row or column tones {low or high group) threugh the C/R bit (controi

register B, b3).

h3 ciR Column or Row Tone Select. A logic high selects a column tone output; a logic low selects
a row tone output. This flinction is used in conjunction with the S/0 bit {control register 3,

h2).

Table 7 - Control Register B Description

BIT

NAME

STATUS FLAG SET

STATUS FLAG CLEARED

ul0}

IRQ

Interrupt has occurred. Bit one
{b1} or bit two (b2) is set.

Interrupt is inactive. Cleared after
Status Register is read.

1

TRANSMIT DATA
REGISTER EMPTY
(BURST MODE ONLY}

Pause duration has terminated
and transmitter is ready for new
data.

Cleared after Status Register is
read or when in non-burst mode.

b2

RECEIVE DATA REGISTER
FULL

Valid data is in the Receive Data
Register.

Cleared after Status Register is
read.

B3

DELAYED STEERING

Set upon the valid detection of
the absence of a DTMF signal.

Cleared upon the detectionof a
valid DTMF signal.

Table 8 - Status Register Description

14
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8431/8051
8080/8085

313
3

MTes8es

L 3

Figure 14 - MT8888C lnteriace Connections for Various Intel Micros

T

a2

2R EE

VE}D
]
R MT8880C o
L—J YOio 1 E
Gl Ry L = . o it
o2
%T?r\{;ﬁcp T i-——wf\/\v/*f—{:———wﬂ IN- PEYET Ff < S
S e p R RS ESt Ty
R2 =3
L] vitet 03]
I {1vss bz 1
/7J-7 ‘/\é{\:j osC 017
Ho
o DF——E 0SC2 ool op
3 Moo ou
OTME [ 4+ * Orone  RQGP T ar il
} c4 - =
RLfi [ WR RE (7]
] w R T
Notes:
R1.RZ =100 k0 1% Yrard
R3S = 374 kex 1%

R4 = 3340 10%

RS =47 M0 10%

Ry = 10K & {min)

C1 = 160 nF 5%

C2 = 100 nF 5%

C3 = 100 nF 10%*
C4 = 10 nF 10%

X-tal = 3 579545 MHz

* Microprocessor based systems can inject undesirable noise into the supply rails.
The performance of the MTS888C can be optimized by keeping

noise on lhe supply rails to a minimum. The decouping capaciter {53) shouwld he
connectad cluse to the device and ground loops should be avoided.

Figure 15 - Application Circuit (Single-Ended Input)

15
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5.0VDC 50V0GC
MM_D@; 50 for EJ Do ?
TEST COMNT equivalent) c> ] TEST POINT % 3 kG
’ 1
130pF 7 i 24 k2 100 pF
MMDTGO0 tor
squivalent) )
4 ’
/-
Test load for D0-D3 pins Test load for IRQ/GP pin

Figure 18 - Test Circuits

» INITIALIZATION PROCEDURE
A software reset must be included at the baginning of ail programs o initialize the control registers after power up.The
initialization procedure should be implemented 100ms afler power up.
: Description: Control _ Data
A RS0 WR RD b3 h2a M b0
- 1) Read Status Register 1 1 0 X X X X
4 2) Write to Control Register 1 0 1 0 0 0 0
e 3) Write to Control Register 1 0 1 0 Q q 0
5 4) Write to Control Register 1 0 1 1 0 0 0
: 5) Write to Centrol Register t 0 1 0 0 0 0
¥ 8} Read Status Register 1 1 0 X X X X
t{.
=8 TYPICAL CONTROL SEQUENGE FOR BURSYT MODE APPLICATIONS
; Transmit DTMF tones of 50 ms burst/50 ms pause and Receive DTMF Tones.
Sequence: — -
- RSO WR RD h3 b2 b1 b0
; 1) Write to Control Register A 1 0 1 1 1 0 1
s {tone out, DTMF, iRQ), Select Control Register B}
2) Write to Control Ragister B 1 o] 1 o] 0 0 0
(burst mode)
3) Write to Transmit Data Register 0 0 1 -0 1 1 1
{send a digit 7}
4) Wait for an interrupt or poll Status Register
5) Read the Status Register 1 1 0 X X X X
-if bit 1 is set, the Tx is ready for the next tone, in which case...
Write to Transmit Register 0 0 1 0 1 0 1
' {send a digit 5
-if bit 2 is set, a DTMF tone has been received, in which case. ..
Read the Receive Data Register 0 1 0 X X X X
-if both bits are set...
Read the Receive Data Register 0 1 0 X X X X
Write to Transmit Data Register 0 o 1 0 1 0 1
NOTE: IN THE TX BURST MODE, STATUS REGISTER BIT 1 WILL NOT BE SET UNTIL 100 ms {+2 ms} AFTER THE
%})TA IS( V\iRIT'I;EN TO THE TX DATA REGISTER. IN EXTENDED BURST MODE THIS TIME WILL BE DOUBLED T¢
ms {t 4 ms).

Figure 17 - Application Notes

16
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Absolute Maximum Ratings”

Parameter Symboi Min Max Units
1 | Power supply voltage Viop-Vss Vo 6 v
2 | Vollage on any pin W) Vge-0.3 Vppt0.3 9
3 | Current at any pin {(Except Vpp anq Vas) 10 mA
4 | Storage temperature TsT -65 +150 °C
5 | Package power dissipation Po 1000 mw

* Exceeding these values may cause permanent damage. Funclional operation under these conditions Is not implied

Recommended Operating Conditions
- Vollages are with respect to ground (Vgg) unless ctherwise stated.

Parameter Sym Min Typt Max | Units | Test Conditions
1 | Positive power supply Voo 475 5.00 5.25 V
2 | Operating temperature Ta -40 ' +85 °C
3 | Crystal ¢lock frequency fok | 3.575965 | 3.579545 | 3.583124 | MHz

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

DC Etectrical Characteristics

Tovgg=ov ,
Characteristics Sym | Min | Typt | Max | Units Test Conditions
1 3 Operating supply voitage Voo 475 5.0 5.25 \
2 U Opeftating supply current lop 7.0 11 mA
3 i Power consumption Po 578 | mwW
4 1 High level input voltage Vio 3.5 v Note 9*
N | (OSC1)
8 E Low level input voltage Vilo 1.5 V Note g*
T | {(0SC1)
S | Steering thrashold voitage Vrg | 2.2 2.3 2.5 v Vpp=oV
Low level output voltage No load
o {O8C2) Valo 0.1 v Note 9*
8 U High level output veltage Ne lead
T [ {0SC2) Vouo | 4.8 Y Note 9*
9 5 Quiput leakage current
T | (IRQ) oz 1 10 pA | V=24V
10 S VRet cUtput voltage VRef | 2.4 25 28 vV No load, Vpp=5V
i Vet OUtPUL resistance Ror 1.3 KO
12 D | Low level input voliage VL 0.8 v
i
13 g High level input voltage Viy 2.0 v
14 i Input leakage current Iz 10 pA | VinsVesto Vpp
a
t
15 | paa | Source current low | -14 | 66 mA | Voy=2.4V
16 | Bus | Sink current oL | 20 | 40 mA | Vo =0.4Y
17
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DC Eiectrical Characteristics (continued)
T. Vgg=0V. (continued)
Characteristics Sym | Min | Typ* | Max | Units Test Conditions

17 | ESt [ Source current loH 05 | 30 mA | Vop=4.8Y
F—- and

18 | syt | Sink current o 2 4 mA | Vg =04V

19 | TRey | Sink current loL 4 16 mA | Vg =04V

cP

1 Characteristics are over recommended operating conditions unless otferwiss stater] -

1 Typical figures are at 25 °C, Vgp =5V and for design aid only: not guaranteed and not subject to production testing.
* See “Motes” foilowing AC Electrical Characteristios Tables.

Electrical Characteristics Gain Setting Amplifier
- Voltages are with respect to ground (V38) unless otherwise stated” VS8= OV

Characteristics Sym Min Ty}a Max | Units Test Conditions
1 input leakage current | lin 100 nA Ves=ViN= Vp
2 |inputresistance Rin 10 M
3 Input offset voltage Vos 25 my
4 Power supply rejection PSRR | 50 . dB 1kHz
5 Common mode rejection CMRR | 44 dB
6 | DC open loop voltage gain Ayl 40 dB Cp=20p
7 Unity gain bandwidth BW 1.0 MHz CL=20p
8 | Qutput voltage swing Vo 0.5 Vpp0.5| V R 2100 k2 o Vgg
g |Allewable capacitive icad (GS) (o} 100 pE | PM=>40°
10 | Allowable resistive ioad (GS) R 50 ki) Vo= 4Vpp
11 |Common mode range Veu 1.0 Vpp-1.0 Y Ry = 50k

Figures are for design aid only: hot guaranteed and nat subject to production testing.
Characteristics are over recommended operating conditions unless othenvise staled

MT8888C AC Electrical Characteristics
T . Voitages are with respect to ground (Vg ) unless otherwise stated.

Characteristics Sym Min TypI Max Units Notes™
R Valid input signal ievels -28 +1 dBm 12,356
1 {each tone of composite
X sighal) 27.5 869 MVepms | 123,56

T Characteristics are over recommended operating conditions (unless otherwise stated) using the tes! circuit shown in Figure 15

18
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AC Electrical Characteristics
T Veoltages are with respect to ground {Vgg) uniess otherwise stated. fo=3,578545 MHz

Characteristics Sym Min Typt | Max | Units Notes*

1 Positive twist accept 8 B 2368
2| | Negative twist accept 3 dB | 2.3.69
Z R Freq. deviation accept +1.5%z= 2Hz ] ' 235

4 | x | Freq. deviation reject £3.5% 235
T Third tone tolerance -16 dB 2,3,4,59,10
6— Neise telerance -12 dB 23457810
7| | Dial tone tolerance ' « 22 @B | 234589

T Characteristics are over recommended operating contitions unlesé otherwise stated
T Typical figures are at 25°C, Vg = 5V, and for design aid only: not guaranteed and not subject to produdtion testing.
* *See “Notes" following AC Electrical Characteristics Tables.

Ed

AC Electrical Characteristics!- Call Progress
- Voltages are with respect 16 ground (Vgg). Unless otherwise stated.

Characteristics Sym | Min | TypT | Max | Units Conditions
1 | Accept Bandwidth fa 310 500 Hz | @ -25 dBm,
Note 9
2 | Lower freq, (REJECT) flm 280 Hz @ -25 dBm
3 | Upper freq. (REJECT) fHR 540 Hz @ -25 dBm
4 | Call progress tone detect level {total =30 dBm
power)

T Characteristics are over recommended operating conditions uniess otherwise stated
1 Typical figures are at 25°C, Vpp=5V. and for design aid only: not guaranteed and not subject to production testing

AC Electtical Characteristics T- DTMF Reception
- Typical DTMF tone accept and reject requirements. Actual values are user selectabie as per Flgures 5, 6 and 7.

Characteristics Sym | Min | Typ? | Max | Units Conditions
1 | Minimum tone accept duration trec | 40 -ms
2 | Maximum tone reject duration tREC 20 ms
3 | Minimum interdigit pause duration o 40 “ms
4 | Maximum tone drop-out duration oo 20 ms

+ Characteristics are over recommended operating conditions unless ctherwise stated
I Typical figures are at 25°C, V=5V, and for design aid only: not guarantestt and not subject to production testing

19
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AC Electrical Characteristics
. Voltages are with respect to ground (Vgg), unless otherwise stated.
Characteristics Sym Min Typ1 Max Units Conditions
1 | T {Tone present detect time top 3 11 14 ms  [Note 11
2 CN) Tone absent detect time tha 0.5 4 8.5 ms  |Note 11
3| ¢ Delay St to b3 {psma 13 us  |See Figure 7
4 fil Delay St to RXg-R¥3 tosirx 8 us |See Figure 7
5 Teone burst duration tpsT 50 52 ms {DTMF mode
) Tone pauss duration tpg 50 52 ms {DTMF mode
7 Tone burst duration (extended) tesze 100 104 ms |Cail Progress mode
8 | T |Tone pause duration (extended) tpse | 100 1064 ms  {Call Progress mode
8 S High group output level VhouT -6.1 . -2.1 dBm [R; =10k
10| B [Low group output level ViouT -8.1 -4.1 dBm iR =10k
1 8 Pre-emphasis dBp 0 2 3 dB  |R=10kQ2
12 | T [Output distortion (Single Tone) THD -35 dB |25 kHz Bandwidth
13 Ry =10k
14 Frequancy deviation fo =07 =15 Y%  |fg=3.578545 MHz
15 Output ioad resistance Rt 10 50 ke
16 Crystal/clock frequency fe 3.5759 [ 3.5795 | 3.5831 | MHz
17 | % [Clock input rise and fal time foLre 10 | ns |Ext clock
18 f‘ Clock input duty cycle DCeL 40 50 80 % |Ext clock
19 Capacitive load (OSC2) CiLa 30 pF
T Timing is over recommended temperature & power supply voltages.,
1 Typical figures are at 25°C and for design aid only: not guaranteed and not subject to production testing.
AC Electrical CharacteristicsT- MPU interface
- Voltages are with respect to ground (Vgq), unless otherwise stated.
Characteristics Sym Min | Typ® | Max | Units Conditions
1 | RD/WR clock frequency feve 4.0 MHz | Figure 18
2 | RDAWR cycle period teve 250 ns Figure 18
3 | RDAWR rise and fall time R I 20 ns | Figure 18
4 | Address setup time tas 23 ns Figures 19 & 20
5 | Address hold time tan 28 ns Figures 19 & 20
& | Data hold time {read) tour 22 ns Figures 19 & 20
7 | RD to valid data delay (read) tor | 100 ns | Figures 19 & 20
8 | RD. WR pulse width low towL | 150 ns | Figures 18, 19 & 20
9 | RD. WR pulse width high tpw 109 ns | Figures 18,198 20
10 | Data selup time (write) thswy 45 ns Figures 19 & 20
20
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AC Electrical CharacteristicsT- MPU Interface (continued)
- Voltages are with respect to ground (Vgg). unless otherwise stated.
Characteristics Sym Min | Typt | Max | Units Conditions

11 | Data hold time (write) toHw 10 ns Figures 19 & 20

12 | Input Capaditance (data bus) Cin 5 pF

13 | Output Capacitance {IRQ/CP) Cout 5 pF
1 Characteristics are over recommended operating conditions unless otherwige stated

T Typical figures are at 25°C, Vpp=5V. and for design ald only: not guaranteed and not subjiat to preduction testing

Notes:

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

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

Nominal DTMF frequencies are used.

Both tones in the composite signal have an equat ampiitude.

The tone pair is deviated by = 1. 5%12 Hz

Bandwiath limited (3 kHz) Gaussian noise

The precise dial ione frequengies are 350 and 440 Hz (2%}

Guarantzed by design and characterization. Not subjest to produstion testing.
Referenced to the lowest amptitude tone in the DTMF signal.

For guard time calculation purposes.

220N WD
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Figure 18 « RD/WR Clock Pulse
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Figure 18 - 8031/8051/8085 Read Timing Diagram
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MT8888C Data Shest
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Figure 20 - 8031/80E1/8085 Write Timing Diagram
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Coatrol Dimensions Altern. Dimensions
_ Symbell ___in millimetres in_inches
m m m m m m m m m m \- WIN MNorming] MAX HIN WNeming] MAX
A 1235 265 0.083 0.104
A1 1010 0.30 0.004 0.017
0 1 X1 I X0 O M1
5
Index arec = . . :
- H 10.00 10.65 0.094 3479
e/“ E H FE 1740 760 0725 0.799
) : * L1540 157 0618 5.050
h x4 b1T uwﬁ mmoo =1 o%w > mm%owo
K ER b ) . } .
. _mm E E E E E m E _Hm m f|« ¢ 10.5% 6.37 0.009 0.013
Pin 1 - 1 1 610 & 0 g
. \L,.L_l h j0.25 075 0.010 0,029
Pin ijeqgtures
x \ C N 20
{ ] Conforms to JEDEC ME-013AC tss. T

- Seating Plone

¥

‘I‘C‘* ] 3 |—
Notes:

1. The chamfer on the body s optional. If it not present, o visudl index fecture, e.g. ¢ dot, must be
located within the cross—hgiched arec.

2. Controlling dimension ore in millimeters.
3. Dimension § do not include mould flosh, protrusion or gate burrs. These shail not exceed 0.008" per sice.
4. Dimension E1 do not include inter—lead flash or protrusion. These shall not exceed 0.010° per side.
5. Dimensicn b doas not include dambar protrusion /intrusion. Allowable dambar protrusion shall he 3.004
totgt in excess of b dimension.
@ Zadlink Semlconductor 2002 All fghts reserved. Package Code _U O
ISSUE t 2 3 ) Previous package codes Packoge Qutline for
20 lead S0IC
ACH 8746 | 201941 | 213098 Nﬁ@mﬂm%& "
SEMICONDUCTOR MP \ S (0.300" Body Width)
DATE 7apra5 27Feb87 | 154ul02
APPRD. GPDOOO15




Min | Max | Min | Max
N N 0 I I mm_i_mm_|[incheslinches :
N fnd tead ol 4 corners A 533 0.210
Al 0.38 c.015
! 7 e ew el A2 292 | 495011510195

i o b 1036 | 056 0.0140.027
01 {Fub teoc) = 1 5o 1114 1178 [0.045{0.070

by N2 D1 {Hat tesd) —| -+ 83 infolnfa|n/a|n/o
I I I O - c 0.20 1 0.36 10.008|0.014
—4 23 {Half eco) D 124.89|26.92)0.980|1.080
D1 013 0.005
. £ | 76218726 ]0.300/0.325
F1 1610 | 7.11 [0.240]0.280
! — L & 2.54 BSC | 0100 BSC
fose Plone I i J/ eA | 7.62 BSC | 0.300 BSC
Seoting Plone [ ¢} ! eB 10.92 0.430
:._ Y i \ [[ec 10001157 0000]0.060
H _ b L 292 3.81 |0.115]0.150
<A N 20 20
. E— . . Conforms to Jedec MS—0Q1AD dssue D
- 1= el
Notes:
1. Dimensions D, D1 & Ft do nol include mould flosh or protrusions.
2. Dimensions £ & eA are meosured with iegds constroined te be perpendicular to dotum |- C —
3. Dimensions eB & eC are meosured with the leads unconsirained
4. Controlling dimensions are Inches. Millimeler conveksions are not necessarily exact This drawing supersedes: —
5. N is the moximum of termingt positions. UK drawing # 418/E£D/39502/005
© Falink Semiconducior 2002 AR Aghts reserved. Package Code U >
1SBUE 1 2 Previous package codes

; ; Package Outline for
SEMICONDULTOR DF \ E 20 jecd PDIP
DATE SJund7 | 1502

APPRE. OUUOOM&%

ACM 202562 | 213107

et e o . I . e e P B e e . B . L
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_\ Controf Dimensions Aliern. Dimensions

iH _— Synbof| __in_millimetres in_inches
E _|M ﬁ z : m: 1 : | z ._ MIN INominall MAX MIN Nomingl] MAX
A 11.70 2.00 0.067 0.079
A1 10G.05 0.20 0.002 0.008
AZ {1.65 1.85 0.065 0.073
D _17.90 8.50 0 31 0.335
€1 g E 17.40 8.20 0.291 0.323
EER 5.60 G197 0.220
- L1095 0.95 0.072 0.037

= 0.65 BSC. 0.026 BSC.
« b 1022 0.28 £.009 8015
ﬁ mmémzmmm:m -1 c 1009 02 0.00 0.016
- 1 - o | 0 8 [0} 8

Pin 1 : Pin features
lndex Arec \\m\\w N 74

Conforms to JEDEC MO-150 AG Iss. B

|

| \ 2
gﬂwﬁuﬂ . *lmmo:?m Flane
_ . # This drawing supersedes: —
— —e _ 418/ED /51481 /003 {UK)
b "

Notes:
1. A wvisual index feoture, e.q. o dot, must be located within the cross—hotched area.
2. Controlling dimension are in millimeters.
5. Dimensions D and E1 do not include mould flash or protrusion. Mould flosh or protrusion shall not exceed
0.20 mm per side. D and B! are moximum plastic body size dimensions including mould mismatch,
4. Dimension b does not include dornbgar protrusion fintrusion. Allowoble dambar profrusion shall be 0.13 mm
tolal in excess of & dimension. Dombar intrusion shalt not reduce dimension b by more than 0.07 mm.
© Zarlnk Semizonductor 2002 All ghis reserved, Package Code D D
1SSUE ! ? 3 ‘ Previous package codes Pockage Outline for

ACH 261934 | zosz33]| 213104

@%Fmﬁm NI= \ N 24 lead SSOP

SEMICONDULT (5.3mm Body Width)

DATE 27Feb97| 25%ep98] 15Jui02

#oPRO. GPDO0Z295

i = i ed et e | e e, et e C K
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Iso2-cmos MT8870D/MT8870D-1

Integrated DTMF Receiver

Features

+ Complete DTMF Receiver

+  Low power consumption

« Internal gain setiing amplifier
Adjustable guard time

+  Central office quality

+  Power-down mode

+ tnhibit mode

+  Backward compatible with
MT8870C/MT8870C-1

Appllcations

Receiver system for Bitish Telecom (BT or
CEPT Spec (MTa8700D-1)

+ Paging systems

+ Repeater systems/mobile radio
+  Credif card systems

*  Remote control

« Personal computers

= Telephone answering machine

|BSUE 5 March 1997

Ordering Information
MTB870DE/DE-1 18 Pin Plastic DIP
MT8870D%/D8-1 18 Pin SQIC
MTBE70DN/DN-1 20 Pin SSOP

’ =40 “C to +85 °C

Description

The MT8870D/MTB870D-1 is a complete DTMF
receiver integrating both the bandsplit filter and
digital deccder functicns. The filter section uses
switched capacitor technigques for high and low
greup fillers: the decoder uses digital counting
technigues to detect and decode all 18 DTMF tone-
phirs into a 4-bit code. External component count is
minimized by on chip provision of a differential input
amplifier, clock oscillalor and latched thres-state bus
interface.

VoD vsS VRet INH
Bias
PN Circuit VRet
Buffer
\L sL - J->» 1
Chip  Chip e
F‘owgr l?,éasi'J High Group __._.,..._D' Digital Code
Filter Detection Caonverter I S Ly o
Algorithm and Latch Q2
W " T-E’;;L Zeto Crossing
IN- Filtar Detectors k> (3
3 l.ow Group -
@ Fiter AT ' _&_‘} o4
> E:Oh?:j Bt Steering Z X
Clocks ar Logic
Y
056G Qse2 idel ) ESt ST0 TOE

?igure 1 - Functional Block Diagram
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MT8870D/MT8870D-1 1S0O%-CMOS
N+ 1 Ll 18] vDD IN+ ] 1 - 201 vDD
N-C] 2 7 svGT IN-CF 2 190 seaT
Gs[] 3 6] Est asl] 3 18] est
VRef[] 4 1651 stD VRef [] 4 170 stD
INH[] & 147 Q4 INH[] & 18] NG
PWDN[] & 1300 a3 PWDN[] & 1500 o4
oscil] 7 121] a2 NG 7 141 Aa
oscz[] s 1] o1 0sci1[] a 13070 g2
vss[] o 10] TCE oscz 9 A2 e
vss[] 1o 11 toE
18 PIN PLASTIC DIP/SOIC 20 PIN SS0OP

Pin Description

Figure 2 - Pin Connections

s

Pin #
18 | 20 Name Description
L

111 IN+ Non-lnverting Op-Amp {Inpuf).

212 IN- Inverting Op-Amp (Input}.

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

4| 4 Vget |Reference Voltage (Qutput). Nominally Vpp/2 is used o bias inputs at mid-rail {see Fig. &
and Fig. 10}.

5|68 INH  |Inhibit {Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pin input is internally pulled down.

6 | 8 | PWDN |Power Down {Input). Active high. Powers down the device and inhibits the oscillator, This
pin input is internally pulled down.

0SC1  |Clock (Input).
08C2 |Clock (Qutput). A 3.579545 MHz crystal connected between pins O5C1 and O5C2

completes the internal oscillator circuit.

9 (10 Vgg  [Ground {Input}. 0V typical.

10| 11 TOE  [Three State Output Enable (Input). Logic high enables the oufputs Q1-Q4. This pin s
pulied up internally.

11-112-] Qi-G4 [Three State Data (Output). When enabled by TOE, provide the code cerresponding to the

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

‘ impedance,

15| 17 5tD  [Delayed Steering {Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on St/GT falls
below VTSi'

i6 | 18 ESt Early Steering {Output). Presents a logic high once the digital algorithm has detected a
valid tone pair {signal condition}. Any momentary loss of signal condition will cause ESt 1o
retusn to a logic low. _

17 | 18| SUYGT |Steering Input/Guard time (Qutput) Bidirectional. A voltage greater than Vg, detected at
St causes the device to register the detected tone pair and update the output {atch. A
voltage less than Vg, frees the device to accept a new tene pair, The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

18| 20 Vpp  |Positive power supply {Input). +5V typical.

7. NC No Conneclion,
i6
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Functional Description

The  MT8870D/MTE870D-1  monolithic DTMF
raceiver offers small size, low power consumpiion
and high performance. lts architecture congists of a
bandspiit filler section, which separates the high and
low group tones, followed by a digital counting
section which verifies the frequency and duration of
the received tones beifore passing the corresponding
code to 1he output bus.

Filter Section

Separation of the Jow-group and high group tongs is
achieved by applying the DTMF signal to the inputs
of two sixth-order switched capacitor bandpass
filters, the bandwidths of which correspond to the low
and high group frequencies. The filter section also
incorporates notches at 350 and 440 Hz for
exceptional dial tene rejection {see Figure 3). Each
filter output is followed by a single order switched
capacitor filter section which smooths the sighals
prior 1o limiting. Limiting is performed by high-gain
comparators which are provided with hysteresis to
prevent detection of unwanted low-level signals. The
cutputs of the comparators provide tull rail logic
swings at the frequencies of the incoming DTMF
signals.

Decoder Section

Following the filter section is a decoder employing
digital counting technigues 1o determine the
frequencies of the incoming tones and to verify that
they correspend to standard DTMF frequencies, A
complex averaging algorithm protects against tone
simulation by extraneous signals such as voice while

Voo
. = C
Vi
SvaT v
ESl e A A
R
StD
NT587051 t 7RI V)
forp=t RCHAV oy Von- Vi)

Figure 4 - Basic Steering Cireuit

providing tolerance to small frequency deviations
and variations. This averaging algorithm has been
developed tc ensure an optimum combination of
immunity to talk-off and tolerance 1o the presence of
interfering frequencies (third tones) and nolse. 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”
{ESH output will go to an active state. Any
subsequent loss of signal condition will cause ESt to
assume an inactive state (see “Steering Circuil”}.

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
petformed by an external RC time constant driven by
ESt A logic high on ESt causas v, (see Figure 4) 1o
rise as the capachor discharges. Provided signal

[i] LELL Ll L e PRECISE
/ vo DIAL TONES
/ i
10 *, 1 X-350 Mz
v A Y=4d0Hz
A
A DTMF T 3
. _ /\ MF TONES
ATTENUATION ] 7\ Aoorhe
(dB) l 4 $::852 Hz
30 / D-941 Hz
I z Ew1208 Hz
F=1336 Hz
20 ‘{ (!_:{w-w 477 l:lz
A, 1633 Hz
g % 4 .
K 0,'_: -~
w0 Y ~N
.ttt
thHz
X v AB G D EF G H
FREGUENCY (Hz)

Figure 3 - Filter Response



AR R TR R AT A AT T R e ER e e e A

EREEE S

MT8870D/MT8870D-1

89

ISO2-CMOS

condition is maintained (ESt remains high) for the
validation period (tg7p), v, reaches the threshold
(Vi) of the steering logic to register the tone pair,
latching its corresponding 4-bit code (see Table 1}
into the output latch. At this point the GT output is
activated and drives v to Vpp. GT continues to drive
high as long as ESt remains high. Finally, after a
short delay to allow the output latch to settls, the
delayed steering output flag (SiD) goes high,
signalling that a received tons pair has been
registered. The contents cf the ouiput lateh are made
available on the 4-bit cutput bus by raising the three
stale control input (TOE) to a legic high, The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as wélk as

rejecting signals too short to be considered valid, the:

receiver will tolerate signal interruptions {(dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally,”aliows the designer to
tailor performance to meet a wide varisty of system
requirements.

Guard Time Adjustment

In many situations not requiring selection of tone
duration and interdigital paiuse, the simple steering
circuit shown in Figure 4 is applicable, Component
values are chosen according to the formula;

trec=tpp+icre

hin=tpa+teTa
The value of tpp is a device parameter (see Figurs
11) and tpee is the minimum signal duration te be
recognized by the receiver. A value for G of 0.1 uF is

tare=(REC IniVop (Vo Vrsd)

V, .
o O [ Ty GV Vg
Gy

Bpes( T Bgié(Fey +Az)
a1

Ry

ESt

a} decreasing tgre! tarp<iara)

b= (R CollnfVipry (Vpp-Vrs]

Yan O tram{RpC HmVpp Vg
Gy

R (R Rk 1+ Ry)
SVET)

i decreasmg tyral il ertaral

Figure 5 - Guard Time Adjustment

Digit | TOE | iNH ESt Qy Qy Q, Qy
ANY L X H z z 2 Zz
t H X H 0 0 ] 1
2 H X H- #] 0 i G
3 H X H 4] s} 1 1
4 H X H n 1 0 0
B H X H Q 1 4] 1
<] H , X H O 1 1 o]
7 H X H O 1 1 1
2 H % H 1 0 0 0
9 H X H 1 Q ¢ 1
o H X H 1 0 1 0
g H X H 1 0 1 1
# H X H 1 1 G 0
A H - H 1 1 ¢l 1
B H L H 1 1 1 0
c H L H 1 1 1 1
D H L H V] o] 1] 0
A H H L

B g H L jundetected, the outpld code

will remain the same as the

C H H L |previous detected code

0 H H L

Table 1. Functional Decode Table

L=LOGIC LOW, H=LOGIC HIGH, Z=HIGH IMPEDANCE
X = DON'T CARE

recommended for most applications, leaving R to bhe
selected by the designer.

Difierent steering arrangements may be used to
select independently the guard times for tone
present (lgrp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both accept and reject limits on both tene duration
and interdigital pause. Guard time adjustment also
aflows the designer to tailor system parameters
such as talk off and noise immunity. increasing tgee
improves talk-off performance since it reduces the
probability that tones simulated by speech. will
maintain  signal  condition long enocugh to be
registered. Alternatively, a relatively short tpee with
& long pg would be appropriate for extremely noisy
environments  where {ast acquisition time and
immunity to tone drop-outs are required. Design
information for guard time adjustment is shown in
Figure 5.
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Power-down and Inhibit Mode

A logic high applied to pin 8 (PWDN) wilt powsr down
the device to minimize the power consumption in a
standby mode, It stops the oscillator and the
functions of the fillers,

Inhsitsit mods is enabled by a Togic high input to the
pin 5 (INH) It inhibits the detection of tones
representing charasters A, B, G, and D The owput
code will remain the same as the previous detected
cocte (ses Table 1)

Differential Input Configuration T«

The inpul arrangement of the MT8870D/MTBE700-1
provides a differential-input operational amplifier as
wall as g bias source (Vggrbwhich 5 used to bias the
inputs at mid-rail. Provision is made for connection of
a tesdback resistor to the op-amp ouput {GS) for
adjustment of gain. In & single-ended configuration,
the input pins are comnectad as shown in Figure 10
with the op-amp connected for unity gain and Vg,
biasing the Tnput st YoVpp Figure & shows the
ditfarential  configuration,  which  permits  the
adjustment of galn with the feedback resistor Fg.

Crystal Dseillator

The internal clock drouit is completed with the
addition of an external 3.575545 MHz crystal and is
normally sonnscted as shown in Figure 10 (Single-
Ended Input Configuration). However, i is possible 1o
configure several MTER7OD/MTEETON-1  devices
empdoying only a single oscilfator orystal. The
oscillator ouiput of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device, Subsequant devices
are connecled in a similar fashion, Reler o Figure 7
for details, The problems associated with unbatanced
loading are not a concem with the arrangement
shown, e, precision balancing capadiiors are not
required.

[0 R e PV VY MT8R70D!
[ Be MTA470D-
W~C +
e
N-
Cred s AN,

Vit
P

' giﬂf%'enitéaj‘g1pist amplifier

Ry Fizn 100 ki)

. 5 ) All resisiors am +1% lolerance.
R BOR(L Ry 37 5 K2

All Capacitors are T5% wlerance,

HaiFy

VOUTAGE GAIN (A, diff gé
ALl

INPUT MPEDANCE

. ) A%
Zinpeet = 24/ Ryt (‘E’Sc“)

Figure 6 - Diffarentiat Input Configuration

........._..1 l.....% To OBCT of maxt
C TERTHAMTEE700
A

L Xotal
QS ‘-1— QBG2
| .
0sc2 ...li |__. 0801
I
Ced0 pF
K-take3 579545 Mz
Eigum 7 - Oscillator Conneciion
Parameter Unit Resonator
1 5?11135 10.752
1.1 mk A3z
A pF 4,984
Co [ 37.915
Qm - 86637
Af A H3.2%

able 2, Recommended Resonaiol Spectficalions
Note: Qme=guabity facter of RLG madet, L. 1/2NRICT
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. @ dlustrates the use of
MT8B70D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condilicn can be attained
by choosing a sultable values of Ry and Rs 1o
provide 3 dB atienuation, such that -34 dBm inpuf
signal will correspond to -37 dBm at the gain setting
pin GS of MT8B70D-1. As shown in the diagram, the
component values of Ry and Cy are the guard tipe

requirerneants when the total component tolerance is .

6%. For better performance, it is recommended to
use the non-symmetric guard time circuit in Fig. 8.

ESt

terp(RpC Ve Vi Vsl

teyva=(RColint Vondfyg)

Yoo O""”““‘“"‘““l Hp= R R ifR Ay
Cs
SHGT
Ry Ry

»
Figure 8 - Non-Symmetric Guard Time Circuit
Vo
Gy
otmr ©—1 o=C,
input Py MT4870D-1 )
i
el LG Vpo [ —4
—{ ] I staT]
1 Gs £S5t [ Fg——anad Ry
Rz b Vi Glisl M
O] uH 2] I
O | PWON B0 _
OSG 1 O I e NOTES:
X1 B osce e —1a0 Fy = 102K + 1%
VSS TOE :] RE = F1.6KO o
Ry = 390K 1 %
Gy, Gy = 100 0F £ 5%
Xy = 3.579645 MMz 1 0.1%
Vop = 5.0V £ 5%

Figure 9 - Single-Ended Input Configuration for BT or CEPT Spec
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Absolute Maximum Ratings?

Parameter Symbol Min Max Units
1 | DC Power Supply Voltage Voo 7 v
2 | Voltage on any pin V) Vgg-0.3 Vpop+0.3 v
3 | Current at any pin {other than supply) Iy 10 mA
4 | Storage temperature Tate -65 +150 G
5 | Package power dissipation Pp 500 mw

t Exceeding these values ma

2 %caqse ot
Derate above 75 “C at 16 m “C.  All leads soldered to board.

ermanent damage. Functional operation under these sonditions is not implied.

-,
Recommended Operating Conditions - voltages are with respect to ground (Vgs) unless otherwise stated.

Parameter Sym | Min | Typ? Max | Units Test Conditions
1 | DC Power Supply Vollage Voo | 4.75 5.0 5.25 v
2 | Operating Temperature To -40 +85 “C
3 | Crystal/Ciock Frequency fe 3579545 MHz
4 | Crystal’Clock Freq.Tolerance Afc 0 %
t Typleal figures are at 25°C and are for design aid only: not guarantead and not subject ta production esting.

DC Electrical Characteristics - Vpp=5.0VE 5%, Vg5=0V -40"C = Ty = +85”C, unless otherwise staled.

Characteristics Sym Min Typt Max Units Test Conditions
1 S Standby supply current lopa 10 25 pA | PWDN=Vpp
P 1 Operating supply current Iop 3.0 9.0 mA
P
3 | L | Power consumption Pa i5 mW | {e=3.579545 MHz
Y
4 High level input Vin 3.5 V. |Vpp=5.0V
5 Low level input voitage Vi 1.5 V| Vpp=5.0V
6 | | [Input leakage current ha'lie 0.1 pA | Viy=Vggor Vpp
7 | N | Pull up {source} current ks 75 20 HA | TOE (pin 10)=0,
; Vpp=5.0V
U DDh=v.
8 | T |Pull down (sink) current Ig| 15 45 HA | INH=5.0V, PWDN=5.0V,
s .
Vpp=5.0V
9 Input impedance (iN+, IN-) Rin 10 MO | @ 1KHz
10 Steering thrashold voltage Vst 22 2.4 2.5 V. |Vpp=5.0V
11 Low level output voltage VoL Vgs+0.03 No load
12 8 High level output voitage Vou | Vop-0.03 V | Nolcad
13 g Output low (sink) current loL 1.0 25 mA  |Voyr=04V
14 | U [Qutput high (source} current | oy 0.4 0.8 mA  |Voyr=4.8V
T
15 | 5 | Yget OUtpuUl voltage Vet 2.3 2.5 27 V  INolead, Vpp = 5.0V
16 Ve OUtDUL resistance Ronr 1 ket

t Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
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Operating Characteristics - V=5 0VEE%, Vgg=0V, -407C < Ty . +85°C unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym Min | Typt | Max | Units Test Conditions
1 1 Input lsakage current Iy 100 nA | Veg=VinsVop
2 | Input resistance Fin 10 MG
3 1 Input offset voltage Vos 25 mV
4 1 Power supply rejection PSRR 50 dB 1kHz
5 | Common mode rejection CMRR | 40 dB | 0.75 V< Vjys 4.25 V biased
Bt Ve =2.5 V
& [ DC open loop voltage gain Avol, 32 dB
7 | Unity gain bandwidth fe 0.30 MHz
8 | Output voltage swing Vo 4.0 Yo | Load 2 100 k(2 to Veg @ GS
9 | Maximum capacitive_\oad (GS) Cy 100 pF
10 | Resistive load (GS) RL 50 | kO
11 | Commen mode range Veom | 2.5 Vps | NolLoad

MT8870D AC Electrical Characteristics .

Vp=5 OV £5%,

Vg =0¥, -40°C 2 Toy <

+85°C | using Test Cireuit shown in

) Figurs 10.
Characteristics Sym Min Typ? | Max | Units Notes*
Valid input signal levels {(each 29 +1 dBm 1,2.3,5,6,%
1 | tone of composite signal) 275 889 | mVays | 1.2.3.5,6,9
2 | Negative twist accept 8 dB 2.3,8,9,12
3 | Positive twist accept 8 dB 236,912
4 | Frequency deviation accept +1.5% £ 2 Hz 23,59
5 | Frequency deviation reject +3.5% 23,59
6 | Third tone tolerance -16 dB 2345910
7 | Noise tolerance -1z dB 23457910
8 | Dial tone tolerance +22 dB 2,3,4,5,8,9,11

¥ Typical figures are at 25 °C and are for design aid only:

NOTES
1. dBma= decibels abave or below a reference power of 1 mW into a 600 ohm load.

W00 O BTy

+1.5 %% 2 Hz.

. Digit sequence consisls of all DTMF tones.
Tone duration= 40 ms, tone pause= 40 ms.
. Signal condition censists of nominat DTME frequencies,

- Both tones in composite swgnal have an equal ampiitude,
. Tone pair is deviated by
. Bandwidth limited (3 kHz ) Gaussian noise.
The precise dial tope frequenmes are {350 Hz and 440 Hz) L2 %.
. For an arror rate of better than 1 in 10 000

10. Referenced to lowest level frequency ccmpoment in DTMF signal,
11. Heferenced fo the minimum valid accept fevel.
12, Guaranteed by design and charactarization,

not guaranteed and not subject to production testing.
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MT8870D-1 AC Electrical Characteristics - vyp=5.0vs%. vgy=01 40°C 5 Ty = +B5°C , using Test Gircuit shewn

in Figure 10.
Characteristics Sym Min Typ* | Max | Units Notes*
e rmnet s oo ] 120008
@ 21.8 869 | mVpus
2 | Input Signal Level Reject 57 dBm Ieffgeg gDD:S'OV
109 MVpwg |00
3 [ Negative twist accept 8 dB 236913
4 | Positive twist accept ) 8 dB 235913
5 | Frequency deviation accept £15%+ 2 Hz 2359
6 | Frequency deviation reject 13.5% 2,359
7 | Third zone tolerance -18.5 dB 2345812
8 | Noige toierance " 12 dB 2,34,57.9,10
9 | Dial tone tolerance +22 dB 2,345,891
t Typical figures are at 25 "C and are for design aid enly: not guaranteed apd not subject to production testing.
*NOTES

1. dBm= decibels above or below a reterence power of 1 mW into a 500 ohm load.
2. Digit sequence consists of all DTMF tones.

3. Tone duration= 40 ms, tone pauser 40 ms.

4. Signal condition consists of nominal DTMF fraquencies.

5. Bath tones in composite signal have an equal amplitude.

6. Tone pair is deviated by 1.5 %4 2 Hz.

7. Bandwidth limited (3 kHz } Gaussian noise.

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

9. For an etrer rate of better than 1 in 10,000,

10. Referanced to lowest level frequency component in DTMF signal.

11. Referenced to the minimum valid accept level.

12, Referenced to Fig. 10 input DTMF tone level at -25dBm (-28dBm at GS Pin} interference frequency range between 480-3400Hz.
13, Guarantesd by design and sharacterization
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AC Electrical Characteristics - v,p-5.0V6%, Veg=0V. -40°C = To 1 «85°C . using Test Circuit shown In Figure 10.

Characteristics Sym Min Typt Max | Units Conditions
1 Tone present detact time top 5 " 14 ms |Note 1
2 | 7 {Tone absent detect time DA 0.5 4 8.5 ms |Note 1
3 ,\; Tore duration accept laec 40, ms |Note 2
4 r‘\r Tone duration rejsct tmee | 20 ' ms |Note 2
5 | G |Interdigit pause accept s 40 ms |Note 2
6 Interdigit pause reject oo 20 ms |Note 2
7 Propagatton delay (St o Q) “e| tpg 8 11 us |TOE=Vpp
& [ o |Propagation delay (5t to StD) t'II’StD 12 16 us |TOE=Vpp
9 # Cutput data set up (Qto SID) tosin 34 us  (TOE=Vpp
10 E Propagation delay (TOE to Q ENABLE) | io7g 50 ns |load of 10 kL.
; 50 pF
11 | ® |Propagation delay (TOE to Q DISABLE)] thrp 300 ns  |load of 10 ke,
50 pF
12 g Power-up time tey 30 ms |Note 3
13 \ﬁ Power-down time tep 20 ms
14 Crystalfclock frequency fe | 35759 35785 (35831 | MHz
15 E Clock input rise tima Y HeL 110 ns  |Ext. clock
16 | © |Clock input fall time aLoL 110 ns [Ext clock
17 ﬁ Clock input duty cycle DCqL | 40 50 60 % |Ext clock
18 Capacitive load (OSC2) Cio 30, pF
t Typical figures are at 267G and are for design aid only: not guaranteed and not subject to production testing.
“NOTES:
;: %'}I?:geff}bsgeura«;ffjﬁggbﬁg‘;g‘r?xtfiﬁglsgpgfzeﬁo?ncl{%vice spacifications. The adjustable setiings of these minimums and maximums

are recommendations based upon network requirerients. ) )
3. With velid tone pressnt at input. tp; equals time from PDWN going low until EST going high.

Voo .
Cy
PTMtF Oo— o
npy Z
Ry MT8870D:MT88700-1
T} N Vi g
] IN- SUGTEI— F
N e} GB ESt] '
e B R Sie] M B @)
(@ n——— 1T 4 et
O———{ Pown 5[ eat——O
L—-—E 0SC 1 qe [ —tp—0
*al g osc 2 el W B
/.L:-__E Ves TOE | fomed

NOTES:
Ry.Ry=100KQ & 1%
Ra=200K 2 & 1%
G0y 100 nF £ 5%

X-tal=3.579545 MHz + 0.1%

Figure 10 - Single-Ended Input Configuration
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% N
EVENTS | A | B | ¢ | E | F | @
I
e, e -, e (< & tp = ~3 ts €
l | ! TONE TONE
Vin I ’ TOTE #n #nogt el
nwm9| e T 5 et 7
Es: Tl | I L L
1@,'@\%: lle tara
X ; “Yuy VTSI
SHGT A P 1/”-3‘. L i
(ST Ry
e tosip
: \H\GH PEDANCE
Q4 DECODED TONE #(n1) ¢ X #n B )
; | b
’ trapmdl = | |
o I '
StD !
- |(_ S R
TOE ) C b !
EXPLANATION QF EVENTS
A TONE BURSTS DETECTED. TONE DURATION INVALID, QUTPUTS HOT UPDATED.
Bi TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN QUTPUTS
C) EMD OF TONE #n DETECTED, TONE ABSENT DURATION VALID. QUTRUTS REMIAN LATCHED UNTIL NEXT VALID
TOMNE.
i OUTPUTS SWITCHED TO HIGH IMPEDANCE STATE,
£) TONE #n + 1 DETEGTED. TONE DURATION VALID. TOME DECODED AND LATGHED IN QUTPUTS {CURRENTLY HIGH
{IMPEDANCE).
F) ACCEPTABLE DROPOQUT CF TONE #n + 1, TONE ABSENT DURATION INVALID, OUTPUTS REMAIN LATGHED.
Gy END OF TONE #nr + 1 DETECTED, TONE ABSENT DURATICN VALID, QUTPUTS REMAIN LATCHED UNTIL NEXT VALID

EXPLANATION OF SYMBOLS

Vii\
ESt
SHGT
Qy-Qy
5tD

TOE

TOME.

DTMF COMPOSITE INPUT SIGNAL.

EARLY STEERING CUTPUT. INDICATES DETECTION OF VALID TONE FREQUENCIES.
STEERING INPUT/GUARD TIME QUTPUT. DRIVES EXTERNAL RC TIMING CIRCUIT,

4-BIT DECCDED TONE CUTPUT.

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

TONE OQUTPUT ENABLE {INPUT). A LOW LEVEL SHIFTS Q4-Qy TO ITS HIGH IMPEDANCE STATE.
MAXIMUM DTMF SIGNAL DURATION NOT DETECED AS VALID

MINIMUM DTMF SIGNAL DURATION REQUIRED FOR VALID RECOGNITION

MAXIMUM TIME BETWEEN VALID DTMF SIGNALS.

MAXIMUM ALLOWABLE DROP OUT DURING VALID DTMF SIGNAL.,

TIME TO DETECT THE PRESENCE OF VALID DTMF SIGNALS.

TIME TO DETECT THE ABSENCE OF VALID DTMF SIGNALS,

GUARD TIME, TONE PRESENT.

GUARD TIME, TONE ABSENT.

Figure 11 - Timing Diagram
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Notes:
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1} Notie scale
2} Dimensions in inches r
3} {Dimensions in milimetars)

R ey

b

Plastic Dual-in-Line Packages (PDIP) - E Sutfix

8-Pin 18-Pin 18-Pin 20-Pin

DIM Plastic Piastic Plastic Plastic

Min Max Min Max Min Max Min Max
A 0.210(5.33) 0.210(5.33) 0.210(5.33) 0.210(5.32)
A, D.115(2.82) | 0.195(4.95) | G.115(2.92) | 0.195(495) [ 0.115(292) | 0.195(4.95) | 0.115(2.92) | 0.195(4.95)
b 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 6.022 (0.558)
by 0.045(1.14) | 0.070(1.77) | 0.045(1.14) | Q.OT0{1.77) | 0.045(1.14} | 0.070 (1.77) | 0.045(114) | 0070(177)
e (g.‘ggg) 0.014 (0.356) | 0.008 (0.203) | 0.014(D.356) | 0.008 (0.203) | 0.014 (0.356) | 0.008 (0.203} | 0.014 (0.358)
D 0.355(9.02) | 0.400 (10.16) | 0.780 (19.81) | 0.800 (20 321 | 0,880 (22.35) | 0.920 (23.37) | 0.080 (24.89) | 1.060 (26.9)
D4 0.005 (0.13) ©.005 (0 13) 0.005 (0.13} 0.005 (0.13)
E 0.300 (7.62) | 0.325(8.25) | 0.300(7.62) | 0.325{8.26) | 0.300(7.62) | 0.325(8.26) | 0.300(7.62) | 0.225(8.26)
E; 0.240(6.10) | 0.280(7.11) | 0.240(8.10) | 0.280(7.11) | 0.24046.10y | 0.280(7.11} | 0.240{6.10) | 0.280(7.11)
e 0.100 BSC {2.54) 0.100 BSC {2.54) 0100 BSC (2.54) 0.100 BSC (2.54)
e 0.300 BSC (7.62} 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62)
L 0.115(2.92) | 0.150(3.81) | 0.115(2.92) | 0.150(3.81) | 0.145(292) | 0.150(3.81) | 0115 (282} | 0.150 (3.81)
eg 0.430 (10.92) 0.430 (10.92) 0.430 (10.92) 0.430 (10.52}
ec 0 0.060 {1.52} 0 0.060 (1.52) 0 0.060 (1 52) o} 0.060 {1.52)

NOTE: Controlling dimensians in narenthesis () are in millimeters.
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Package Outlines
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1) Not to scale

2} Dimensions in inchas
3) (Dimensions in millimeters)
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Plastic Dual-In-Line Packages (PDiP) - E Suffix

22-Pin 24-Pin 28-Fin 40-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210(5.33) 0.250 (6.35) 0 250 (6.35) 0.250 {6.35)
Ay 0.125(3.18) | 0.195(4.95) | 0.125(3.18) | 0.195(4.95) | 0.125(3.18) | 0.195(4.85) | 0.125(3.18) | 0.195 (4.95)
b 0.014 (0.356) | 0.022 {0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.358) | 0.022 (0.558) | 0.014 (0.356} | 0.022 (0.558)
by 0.045(1.15) | 0.070(1.77) | 0030{0.77) | 0070 {1.77) | 0.030(0.77) | Q070 (177} | 0.030(C.77) | COTQ(LTT)
C 0.008(0.204) | 0.015(0.361) | 0.008 (0.204) [ G.0M5 ¢0.381) | 0.008 10,204} | 0.015 (1.381) | D.008 {0.204} | 0.015 (0.381}
1,050 (28.67) | 1126 (28.44) | 1.150203) | 1.290(32.7) | 1.380 {351y | 1.365(39.7) | 1.980(50.3) | 2095(33.2)
Dy 0,005 {6.13) 0.005 {6.13) (.005 {0.13} 0.005 {0.13)
E 0.300 (9.01) | 0.430 (10.92) | 0.800 (15.24) | 0.B70 (17.02) | 0.800 (15,247 | 0.670 (17 02) | 0.600 {15.24)

0.670{17.02)

Eq (3.330 (8.39) | 0.380 (9.65) | 0485(12.32) | 0.580 (14.73) | 0485 (12.32) | 0.580 (14.73) | 0.485 (12.32) | 0.580 ({14 73) .
Eq 0.246 (8.25) | 0.254 {(6.45}

e 0,100 BSC {2.54) 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54)

en 0400 BSC (10.18) 0.800 BSC {15.24) 0.600 BSC (15.24) 0.600 BSC (15.24)

ea 0.300 BSC (7.62)

eg 0.430 (10.92)

L 011542.83) | 0160 (4.06) | 0.115{2.93) | 0.200(508) | 0.115(2.93) | 0.200(5.08) | C115(293) | 0200 (508)
o 15° 15¢ 15 15~

Shaded areas for 300 Mil Body Width 24 PDIP anly
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Package Outlines

JHHHHAEHH-

S[sjajzialzlsl:

,.\T’
e
‘ A o I .
,\ I 2 1rils {lead cublanarity)
| Notes:
13 Not o scale
Ay 23 Dimensions i mehes
3} (Blimensiong in mifimetars)
—>| |—<_w 4} A & B Maxitum dimensions include atiowable mold flash
B
oIM 186-Pin 18-Pin 20-Pin 24-Pin 28-Pin
Min Max Min Max Min Max Min Max Min Mayx
A 0.093 0.104 .093 0.104 0.083 0.104 0.093 0.104 0.093 0.104
{2.35) (2.65) [2.35) (2.65) (2.35) {2.65) (2.35) {2.65) (2.35) {2.85)
Ay 0.004 0.012 (.004 0.012 0.004 o012 0.004 0.012 4004 0012
{0.10) (0.30} {0.10) (0.30; (010 {0.30) (0.10) 10.30) (0.10) {0.30)
B 0.013 0.020 2013 0.030 0.013 0.020 0.013 0.020 0.013 0.620
(0.3 {0.51) {0.33) (0.51} (0.33) 051 (0.33) 10.51) (0.33) {0.51)
c 0.009 0.013 (.008 0.013 0.009 0013 0.009 0.013 0.009 0.013
{0.231) {0.318) (0.231) {0.318) (0.231) 0.318) {0,231 (0.318) (0.231) (0.318)
D 0,398 0.413 0.447 0.4625 0.496 0.512 0.5985 0.614 0.697 0.7125
(10.1} (10.5) (11.35) (11.75) (12.60) {13.00) 15.2) -{15.8) {17.7} {18.1}
E 0.291 0.299 0.291 0.299 0.291 0.29¢ 0.291 0.289 6.291 0.259
{7.40) (7.40) (7.40} {7.40) (7.40) {7.40) {7.40} (7.40) {7.40) (7.40)
e 0.050 BSG 0.050 BEC 0.050 BSC 0.050 BSC 0.050 BSC
{127 B3C) (1.27 BSC) (1.27 B5C) 11.27 BSC) (1.27 B&C)
H 0.394 0419 0.394 0.418 0.394 0.419 0.304 0.419 0.334 G419
{10.00) {10.65) 110.00) (10.65) (10.00) {10.65; {10.00} {H0.65) (10.00) 110.65)
L 0.018 0.050 0.018 0.050 0.016 0.050 0.016 0.050 0018 0.050
{0.40) (1.27) (0.40) t1.27) [0.40) {1.27} 1240} {1.27) {0.40} (1.27}

Lead SOIC Package - S Suffix

NOTES: 1. Controlling dimensions In parenthesis { ) are in millimeters.

2. Converted inch dimensions are not necessarily axact.
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Notes:
1) Not to scale
2t Dimensions in inches
A 3 (Dimensions in millimeters)
i 4} Ref JEDEC Standard MO-150/M0118 for 48 Pin
E 51 A & B Maximum dimensions include allowable moid fiash
A
8 2 I{m—
Di 20-Pin 24-Pin 28-Pin 48-Pin
im
Min [ Max | Min | Max | Min | Max | Min | Max
A G.079 - 3.079 0.079 4085 4118
{2 (2} {2) (241 | {2.79)
Aq 0.002 G.002 0.0G2 4.008 0016
(0.05) (0.05) (0.05) 02 | (0406
B 0.0087 | 0.013 | 0.0087 | 0013 | 00087 | O.013 0008 | 0.013%
(0.22) (0.33) (0.22) (0.33) 0.22) (0.33) (0.2} 0.342)
[+ 0.008 0.008 0.008 0.010
(0.213 (0.21) (0.21) (0.25}
D 0.27 0.285 031 033 039 042 062 0.63
{6.9) (7.5) (7.9 (8.5} 9.9) (105 | (15.78) | (16.00)
E Q.2 0.22 0.2 022 02 0.22 0.291 0.299
(5.0} (5.8) (5.0 (5.6} {5.0) (5.8) (7.39) {7.59)
e 0.025B3C 0.025 BSC 0.025BSC 0.025B8C
{0.635 BSC) (0.635 BSC) (0.635 BSC} (0.635 BSC)
A, 0.065 0.073 0.065 0.073 0.065 0.073 0.082 0.09%
(165) | (185 | (185 | (185 | (1.85) | (1.85) | (2.26) | (252
H 0.29 0.32 0.29 032 0.29 0.32 0.39% 0.42
(7.4) 8.2} (7.4) 8.2) (7.4} {8.2} (19.03) | (10.67)
L .022 0.037 0.022 0.037 0.022 0.037 0.02 0.04
(0.55) {0.95) (0.55) {0.95) (0.55) (0.95) 0.51) {1.02;

Smali Shrink Qutline Package (SSOP) - N Suffix
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31 (Dimensieng i miltmeters)

T

S A
b

ﬁ'»fz—

c

L N\
fe— Z‘:""""__"?;,i 32 ec

Plastic Dual-In-Line Packlages {PDIP} - E Suffix

8-Pin 16-Pin 18-Pin 20-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0210 {533) 0.210{5.33) 0.210{5.33) 0.240 (5.233)
As 0.115(2.92) | 0.195(495) | 0.115(2.92) | 0.195(4.95) | 0.115(2.02) | 0.195(4.95) | G 115(262) | 0.195 (4 95)
b 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0 356) | 0.022 (0.558)
b 0.045 (1.14) | 0.070{1.77) | 0.045 (1.14) | 0.070{1.77) | 0.045(114) | 0OVO(177) | 025 (1.14) | 0.070 (1.77)
¢ 0.008 0.014 (0.356) | 0.008 (0.203) | 0.014(0:358} [ 0.008{0.203) | 0.014 (0.356) | 0.008 (0.203) | 0.014 (0.356)
(0.203)
D 0.355 (9.02) | 0.400 (10.16) | 0.780 (19.81) | 0.800 (20.32) | 0.880 (22.35) | 0.920 (23.37) | 0.980 (24.59) | 1.060 (26.%)
D, 0.005 (0.13) 0.005 (0.13) 0.005 {0.13) 0.005 (0.13)
E 0.300(7.62) | 0.325(8.26) | 0.300(7.62) | 0.325(8.26) | 030G (762) | 0.325(8.26) | 0.300(7.62} | 0.325(8.26)
E, 0.240(6.10) | 0.280(7.11) | 0.240(6.10) | 0.280(7.11) | 0.2406.10) | 0.280(711) | 0240610} | 5280 (7.11)
e 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC (2.54) 0.100 BSC ({2 54)
e 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62)
L 0.1152.92) | 0.150(3.87) | 0.115(2.92) | 0.150(3.81) | 0.115(2.82; | 0150(3.81) | 0115 (292) | 0.150 (3.81)
eg 0.430(10.92) 0.430 (10.92) 0.430(10.92) 0.430 (10.92}
ec 0 0.080 (4 52) 0 0.060 {152} 0 0.060{1.52) 0 0.060 {1.52)

NOTE: Controlling dimensions in parenthesis { ) are in millimeters,
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1} Notto scale

2} Dimensions in inches ’
3) (Dimensions in miimeters)
Plastic Dual-In-Line Packages (PDIP) - E Suffix
22-Pin 24-Pin 28-Pin 40-Pin
DIM Plastic Plastic Piastic Piastic
Min Max Min Max Min Max Min Max
A 0.210(5.33) 0.250 {6.35) 0.250 (6.35) 0.250 (6.35)
A2 0125 (318) | 0.195(4.95) | 0.125(3.18) | 0.195{4.95) | 0.125(3.18) | 0.195(4.85) | 0.125 (318} | 0.495 (4.95}
b 0.014 (0.358) | 0.022 (0.558} | 0.014 {0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 {0.555)
by Q.043 (1.15) | 0676 (1.77) | Q03C Q.77 | 007Q{1T7) | 0030077 | 0.070{1.77) | 0030 (077 | 00700177
C 0.008(0.204) | 0.015(0.381) | 0.008 (0.204) [ 0.015(0.381) | 0.008 (2.2043 | £.015 (0.381) | 0.008{0.204) | 0.015 (0.381)
D 1.050 (26.67) [ 1.120(26.44) | 1150 (20.3) | 1.280(32.7) | 1.380(35.1) | 1.365(38.7) | 1.980 (50.3) | 2.095 (53.2)
01 0.005 (0.13) 0.005 (013} 0.005{0.13) 0.004 (013
E 0.360 (9.91) [ 0.430(10.92} | 0.600 (15.24) | 0.670(17.02) | 0600 (15.24) | Q.670 (17 .02) | 0800 (15.24) | 0670 (17.02)
0.330 (8.39) 0,483 {12.32) | 0.380 (14.73) 0.580 (14.73) | 0.485 (12.32) { 0.580 {14.73)
E1 0.746 (8.25) | 0.254 (6.45)
e 0.100 BSC {2.54}) 0.100 BSC (2.54) 0.100 BSC (2 54) 0.100 BSC (2.54)
e 0.400 BSC (10.16) 0.600 BSC (15.24) 0.600 BSC (15.24) 0.600 BSC (15.24}
ea 0.300 BSC {7 62)
eg 0,430 (10.92)
L 0.115{2.93) | 0160 (4.06) | 0.415(2.93) | 0.200(508) | 0.11512.93) | 0.200¢508) | 0.115(2.93) | 0.2060(5.08)
o 15+ 15 15° 197

Shaded areas for 300 Mil Body Width 24 PDIF only
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Package Outlines

Pin 1
JdHHAHEHHH
& E
O = |
\AM—E/' A
/1 c R .
. ﬁ -
! i
. oD i .
! \ | 4 mifs (lead coplanarity) '
| .
Nptes:
1) Not to soaie
A 2} Dimensions i inches
2} (Dimensions in millimeters)
W}I ‘«'m 41 A& B Maximum dimensions include allowable mold flash
B
DIM 16-Pin 18-Pin 20-Pin 24-Pin 28-Pin
Min Max Min Max Min Max 1in Max Min Max
A 0.093 0.104 0,043 0.104 0.093 0.104 0.082 0.104 0.093 0.104
(2.35) {2.65) {2.35) {2.65) (2.3%) 12.65) (2.35) {2.65) {2.35) (2.65)
Ay 0.004 0.012 0.004 0012 0.004 0.012 0.004 0.012 0.004 0.012
(0.10) {0.30) {0.10) {0.30) 10.10} {0.30) (0.10) {0.30Y {0.10) 0.30)
B D.013 0.020 0.013 0.030 0.013 0.020 0.013 0.020 0.013 0.020
{0.33) {0.51) {033 {0.51} 10.33) {0.51) (0.33) 0.51) (0.33} 0.51)
c 0.009 0.013 0.008 0.013 0.000 0.013 0.008 0.013 0.008 0.013
10.2311 {0.318) (0.231) (0.318) {0.231} 0.318) 10,231} (0.318) 0230 (0318}
] 0.398 0.413 0.447 0.4625 0.495 0.512 0.5885 0.614 0.687 0.7125
(10.1) {10.5) (11.35} (11.75) (12.80} (13.00) (15.2) - (15.8) (17.7) (18.1}
E 0.291 0.299 0.2¢1 0.299 0.291 0.259 0.2¢1 0.299 0.281 0.299
(7.40) {7.40) {7.40) (7.40) {7.40} 17.40) (7.40) {7.40) (7.40) (7.40G)
[ 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC 0 0A0 BSC
{1.27 BSC) (1.27 B3C) (1.27 B3C) (1.27 BSG) (1.27 BSC)
H 0.394 0418 0.304 0.419 0.304 0.419 0394 0.419 0.394 0419
(10.00) {10.65) 110.00) (10.65) (10.00) {10.65) 110.00) {10.65) (10.00) {10.65)
L 0.018 0.050 0.018 0.050 0.018 0.050 0.016 0.050 08 0.050
(0.40) (1.27} {0.40) (1.27) (0.40) 11.27) {0.40) (1.273 {0.40) {1.27)

Lead SOIC Package - S Suffix

NOTES: 1. Controlling dimensions In parenthesis { } are in mitllimeters,
2. Converted inch dimensions are not necessarily exact.
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Package Outlines

JHHEHHAHHE

MNotes:

1) ‘Mot o scale

2) -‘Dimansions in inches

3) (Dimeitsions in milifimeters)

4) Ref JEDEC Siandard MO-150/MO118 for 48 Pin

5) A & B Maximum dimensicns inciude allowable moid flash

24-Pin 28-Pin 48-Pin
Max Min Max Min Max Min Max
A 0.079 - 3079 onTo | 0085 | 010
@ 2 2 (241 | 279
Aq | D002 0.002 0.002 0.008 | 0.018
(0.05) {0.05) (0.05) 0.2y | (0.408)

8 | 00087 | 0013 | 00087 | 0013 | 0.0087 | 0.013 | 0.008 | 0.0135
022 | 033 | 022 | 033 ] 022 | 03 | 02 | 0342

c 0.008 0.008 0.008 0.010
(0.21) {0.21) 0.24) {0.25)

D 0.27 0.295 0.31 0.33 0.39 0.42 0.62 063
(6.9) (7.5} (7.9 18.9) 9.9 (10.5) | (15.75) | (16.00)

E 0.2 0.22 0.2 0.22 02 02z 0.291 0.299
(5.0 {5.6) 3.0) 3.6} (5.0 (5.6} (7.39) | (7.5

e 0.025 BSC 0.025B3C 0.025 BSC 0.025BSC
(0.635 BSC) (0.635 BSC) (0.635BSC) (0.835 BSC)

A; 1 0085 | 0073 | 0065 | 0073 | 0065 | 0073 | 0089 | 0.099
(185) | (1.85) | (1.68) | (1.85) | (1.85) | (1.8%) | 228y | (252

H 0.29 0.32 0.29 0.32 0.28 032 0.395 0.42
(7.4) {8.2) (7.4) {8.2) (7.4) (8.2 | {10.03) | (10.67}

L 0022 § 0.037 | 0.022 0.037 0.022 0.037 0.02 0.04
(0.55) | (0.85) | {0.55) | (0.95) | (0.55) | {0.95) | (051} | (1.02)

Small Shrink Qutiine Package (SSOP) - N Suffix
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Ey

A N N s %

n2ndn

]

L

¥
—

Notes:

1) Not to scale

2 Dimensions i inches
3y {¥mensicns in millimetars)

sl |
b

By

| S

Plastic Dual-In-Line Packages (PDIP) - E Suffix

8-Pin 16-Pin 18-Pin 20-Pin
DiM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210 (5.33) 0210 (5.33) 0.210{5.33} 0.210(5.33)
A2 0.115(2.92) | 0.195(4.95) | 0.115(2.02) | 0.195{4.05) | 0.115{2.02) | 0.195¢4.95) | 0.115(2.92} | 0.195 (4.95)
b 0014 (0.358) | 0.022(0.558) | 0.014 ¢0.356) | 0.022 (0.558) | 0.014 (9.356) | 0.022 (0.558) | 0.014 (0.356) | 0.022 (0.558)
hz 0045 (1.14) | 0.070(1.77) | 0.045(1.14) | 0.070{1.77) | 0D45¢1.44) | D.O70(1.77) | 0.045(1.14) | 0.070(1.77)
c f.0es 0.014 (0.356) | 0.008 (0.203) | 0.014(0.356) | 0.008 (0.203) | 6.014 (0.356) | 0.008 (0.203) | 0.014 {3 356}
(0.203)
D 0.355(9.02) | 0400(10.16) | 0.780 (19.81} | 0.800 (20.32) | 0.880 (22.35} | 0.920 (23.37) | D980 (2489 | 1060 (?6.9)
D1 0.005 (0.13} 0.005(0.13) 0.005 (0.13) 0.005{0.13)
E 0.300 (7.62) | 0.325(8.26) | 0.300(7.62) | 0.325{8.26) | 0.300(7.62) | 0.325(B.26) | 0.300(7.62) | 0.325(5.26)
E1 0.240(6.10} | 0.280(7.11) | 0.240(6.10) | 0.280{7.11Y | 0.240(5.10) | 0.280(7.11) | 0.240(6.10) | 0.280(7.11)
e 0.100 BSC {2.54} 0.100 BSC (2.54) 0.100 B3C (2.54) 0.100 BSC (2.54)
ey 0.200 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62)
L 0.115(2.82) [ 0150 (3.81) | 0.115(2.92) | 0.150(3.81) | 0.115(2.927 | 0.150{3.81} | 0.115(2.92) | 0.150(3.81)
eg 0430 (10.92) 0.430(10.92) 0.430(10.92) 0.430 (10.92)
eq 0 0.0680 (1.52) o] 0.060 (1.52) 0 0.060 {1.52} 0] 0080 {1.52)

NOTE: Controlling dimensions in parenthesis () are in miltimeters,
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Package Qutlines

[} es
L
=

Ao rr

E1 E

IR0 O T I .
n2ndn

A

] e L

] B lE—

L

Motes: Dy
1) Netto soale

2) Dirmensions in inches

3) thimensions in millimeters)

Plastic Dual-In-Line Packages (PDIP} - E Suffix

22-Pin 24-Pin 28-Pin 40-Pin
DiM Plastic Plastic Plastic Piastic
Min Max Min Max Min Max Min Max
A 0.210 {5.33) 0.250 (8.35) 0.250 (6.35} 0.250 (8.35)
A2 0125 (318) | 0195 (4.05) | 0.125(3.18) | 0.195(4.95) { 0.125(3.18) | 0195 (4.85) | 0125318} | 0.195(4.95)
b 0014 (0.356) | 0.022 {0.558} | 0.014 (0.356) [ 0.022(0.558) | 0.014 (0.358) | 0.622 (0.558) | 0.014 (0.356} | 0.022 {0,558}
b2 0045 (1.48) | 007001773 | C.030(0.T7 | 0O70 (17T | DO30{0.77) | 0ATO(1.77) | 0030077 | CO70(1TT)
C 0,008 (0D.204) | 0.015{0.381) | 0.008 (0.204} | 0.015{0.381) | 0.008 (0.204) | 0.015(0.381) | 0.008 {0.204} | D.015 (0.381)
D 1080 (26671 | 1120 (2844) | 1460 (203) | 1.200(327) | 1.380(33.1) | 1.565(30.7) | 1.980(50.3) | 2085(83.2)
D1 0.005{(0.13) 0.005 (0.13} 0.0050,13) 0.005(0.13)
E 0.350 (9.91) 0.600 (15.24) | G.670 (17.02) | 0.600 (15.24) | 0.670 (17.02) | D.6C0 24) | 0.670(17.02)
E1 0(8.38) | 0.380(9.85) | 0.485 (12.32) G485 (12523 1 D580 (14 73) | 0485 {1232} | 6.680 {14.73}
E1 0.248(8.25) | 0.254 (6.45)
e 0.100 BSC (2.54) 0.100 B3C (2.54) 0100 BSC (2.54) 0.100 BSC (2.54)
ea 0.400 BSC (10.16} 0.600 BSC (15.24) 0.600 BSC (15.24) 0.600 BSC (15.24)
ep 0.300 BSC (7.62)
eg 0.430(10.92)
L 01152931 | 0180 (4.06) | 0.115(293) | 0.200(5.08) | 0.115(293) | 0.200(5.08) | 0.115(2.93) | 0.200(5.08)
v 15+ 152 15¢ 15

Shaded areas for 300 Mil Body Width 24 PDIP only
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Package Outlines

JHHHFEHBEE

E
O e
A
H |
¢ T
- -
T ) e e
4 mils {lead coplanarity}
Notes:
13'Not 1o scale
23 Dimensions in nches
3) (Dimansions in millmeters}
4} A & B Maximum dimensions include allowaile mold flash
BIM 16-Pin 18-Pin 20-Pin 24-Pin 28-Pin
Min Max Min Max Min Max Min Max Min Max
A 0.093 0.104 0.093 0.104 0.093 (.104 0.093 0.104 0.093 0.104
(2.35) (2.65) {2.35) (2.65) (2.35) (285} {2.35) {2.65) {2.35) (2.65)
Ay 0.004 0.012 0.004 0012 0.004 0.012 0.004 0.012 0.004 0.012
(G.10) (0.30) {0.10) (0.30} (G.10} (0.30) 10 10.30) (0.10) (0.30)
B 0.013 0.020 0.013 0.030 0.013 0.020 0.013 0.020 0.013 0.020
{0.33) 0.51) (0.33) (0.51} (0,33} 10.51) (0.33) (051} {0.33) {0.51)
c 0.009 0.013 0.009 0.013 0.009 0013 0.009 0.013 0.00% 0.013
(0.231) (0.318) (9.231) (0.318) (0.231) (0,318} 0.231) {0.318) (0231} (0.318)
[ 0.398 0.413 0.447 0.4625 0.496 0512 0.5985 0.614 0607 0.712%
(10.1 (10.5) (11.35) {11.75) (12,60} {13.00) {15.2} (15.8) (7.7 (18.1)
E 0.291 0.299 0.281 0.208 0.291 0.299 0.291 0.299 0.291 0.289
(7.40) (7.40) {7.40) (7.40) (7.40) (7.40} {7.40) {7.40} {7.40) (7.40)
e 0.050B5C 0.030 BSC 0.050 BSC 0.050 BSC 0.050 BSC
(1.27 BSC) (1.27 BSC) (1.27 BSC) {1.27 BSC) (1.27 BSC}
H 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0419 0.384 0.419
(10.00}) {14.65) 110.00) {10.65) (10,00} {10.65} {10.00) {10 65) (10.00} (10.65)
L 0.016 0.030 0.018 0.050 0.016 0.050 c018 0.050 0.018 0.050
(0.40) (1.27) (0.40) {1.27) 040 {1.27) (0.40) (1.27) 0.40) 11.27}

Lead SOIC Package - § Suffix

NOTES: 1. Contrelling dimensions in parenthesis { ) are in millimeters.
2. Converted inch dimensions are nof necessarily exact,
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Package Outlines

HAdHdHHHH"

O / = ‘ ES

o,

R

HHHHHHH%@

Notes.

1) Nuotto scale

2y Dimensions in nches

3¥(Dimensions i millimeters)

4y Ref JEDEC Standard MG-150/M01 18 for 48 Pin

51 A & B Maximum dimensions inclhude allowabie mold fash

o 20-Pin 24-Pin 28-Pin 48-Pin
il
Min Max Min Max in Max Min Max
A 078 - 0.079 4079 | 0095 | G
(2 iy} 2 (2410 | (279
Ay | 0002 0.002 0.002 0.008 | 0.018
{0.05) (0.05) (0.05) 0.2y | (0.408)

8 | 00087 | 0013 | 0.0087 | 0.043 | 0.0087 | 0.043 | 0.008 | 00135
©22) | ©33 | 022 | ©33 | 022 | 039 | ©n |64

c 0.008 0.008 0.008 0.010
0.21) 0.21) (0.21) (0.25)

B 0.27 0295 0.31 0.33 0.39 0.42 0.62 0.63
(B9 (7.5) (7.9 18.5) (9.9) (10.5) | (15.75) | {16.00)

£ 02 0.22 02 022 0.2 022 | 0201 | 0.299
B0 | 58 | Go | 58 | B0 | 56 | 739 | (759

e 0.025 BSC 0.025 BSC 0.025 BSC 0.025BSC
(0.635 BSC) (0.635 B3C) (0.635 BSC) {0.635 BSC)

A, | 0085 | 0073 | 0065 | 0.073 | 0.088 | 0.073 | 0082 | 0.09¢
(1.65) | (185) | (1.63) | (1.85) | (1.65) | (1.85) | (2.26) | (2.52)

H | 020 | 032 | 028 | o032 | 029 | 032 | n3os | o042
74 | @ | ga | 2 | oo | 82 |00y | toen

L 0022 | 0037 G022 | 0037 | 0022 | ©.037 0.02 0.04
(0.55) | (0.85) | (055) | (0.85) | (0.55) | (0.95) | (0.51) | (1.02

Smalt Shrink Outline Package {(SSOP) - N Suffix

Ganeral-11
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Notes:

3. Dimensions O
0.20 mm per

total n

4 Dimension D doe
excess o

& Zarink Semigonductor 2002 All Aghs resarved.

1. A wvisual ingex feoture, &g a
2. Controlling dimension are in

and E1 do not
side. D and B1 are moximum plastic
s not
f b dimension.

\ w Tris drawing supersedes:—
. |- 4 &8t/ i = s
I - _ Seating Plane 18 /ED /51481 /002 Ams:ﬁ.aoa\ yrnouth)

dot, must be locoted within the cross—hatched ored.

millimeliers.

include mould flash or protusion. Mould flash or protusion shail nat exceed

body size dimensions ncluding mould mismateh.

include dombar Uwowcmmoz\iﬁcwﬁo:‘ Allowable dambor protusion shall be 0.13 mm
Daognboar intrusion shall nol reduce dimension b by more thon 0.07 mm.

DD

Package Outline for 20 lead

Package Code

Previous package codes

1 2 3 w
ACN 201933 (205234 NSZQ_
27F e 97 255ep 98

SSOP (% .3mm Body width)

GPD00294

NP/ N
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Base

Seating

Notes:

NOUR N

El

Plane

Plane

b2

ety

Leadframe Moterial: Copper
Leadframe finish: Soider Piote
Dimensions B, 01 & E1 do not include mould flash or protrusions.
Dimensions £ & eA are measured with leads constrained te be perpendicular to datum [ C —|
Dimensions ¢B & eC ore megsured with the leads ungonstroined

Controliing dimensions ore Inches. Millimeler conversions ore not necessorily exoct
N is the maximum of termingl positions.

Fndg tead ot & corners

D1 {Fu# Leod} —

01 (Halt Lepg) —

—— B2 {full iecd)

— b3 {Holf iead)

[-3:4

B

Min Max Min Max

mm. i mm lincheslinches
A 533 0.210
Al 1 0.38 0.015
AZ 129214650115 |0.195
o] 0.36 | 0.56 :0.014|0.022
b2 | 1.14 | 1.78 [0.045/C.070
b3 | nfe | nfa | n/a | n/a
c 0.2C0 | .36 {0.008;0.014
D 22.535125.3710.880(0.920
B 013 0.005
£ 7.62 8.26 [0.300 0.325
£1 | 8.10] 7.11 |0.240]0.280
e 2.54 B3C 0160 BsC
ehA 7.62 BSC | 0.300 BSC
eB 10.22 0.430
eC | 0.00 | 1.52 1C.000/0.060
L. 2.82 1 381 10.115[0.150
N 18 18

Conforms to Jedec MS—001AC Issue D

This drowing supersedes: —

Fiyrnouth /Swindon drawing # 418/ED/39502,/004

@ Zanivk Semiconducior 2002 All Aghis reserved,

|SSUE ¥ 2
ACN 202083 [ 212483
DATE SJun7 | SApr02

APPRD.

SEMICONDULTOR

Package Code

DA

Previous package codes

DP / E

Fackage Outline for
18 Lead PDIP

GPD00343
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e

m =
w\ Control Dimensions Altern. Dimensions
—_ Symboll___in_millimetres in_inches
E m m E r _H_ m m m Wi MNomingll M AX RN Nomiral] MAX
A 17 35 265 0.093 o104
A1 1010 0.50 0,004 0017
A DR
. 1. ] 3
tndex orea—, | 4 ) H 110.00 T0.65] 10594 0418
] E [7.40 7.60 0.291 5.299
) : L 10.40 1727 0.015 0,050
r e 177 BeC, 0.050 BSC.
. e N A L0 1 M 1 B o
) . c 10, . 08 X}
e DO0BOHHEHE | — SF w0 2
. I h {0.25 0.75 0010 0.029
i Pin feqlures
_ N 18
A ] J u_p Conforms o JLOEL MS=D13AB Iss. ©
EHE U._alw Seating Plane
: t—o— .
b
w
Notes: g

—

The chamfer on the body is oplionol. if aot present, a visual index feclure, e.g. o dot, must be located
within the cross—hatched area

2. Controlling dimensions are in millimelers

3. Dimension D do not include mould flash, protusion or gate burrs. These shall nol exceed 0.006" per side.

4. Dirnension E1 do not include inter—lead flash or protusion. These shali not excesd 0.0107 per side.

5. Dimensicn b does not include dambor grotusion / intrusion. Allowable dombor protusion shali be 0.0047 total

in excess of b dimension.
& Zardink Semicondustar 2002 Al rghis reserved, Package Code D O
ISSUE 1 2 3 . Frevious package codes Package Outline for
Acn | 6746 [201940{212432  2AaRLINK MP \ S 18 lead SOIC
SEMICONDUCTOR (0.300" Body Width)

pare | fApraS |27Feb37125Mar02
AFDPRI, OT!\VUOQO\_K—;
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ZARLINK

-~ SEMICONDU_CTOR

For more information about all Zarlink products
visit our Web Site at '

www.zarlink.com

information relating 1o products and services furnished herein by Zarlink Semiconductor Inc. or its subsidiaries (collectively “Zarink™) is beliaved to be reliahle.
Hawever, Zarlink assumes no fiability for errors fat may appear in this publication. or for liabiity olhervase arising from the application ar use of any such
informatian, product of service ordor any infringement of patents or other intsllactual propeny rights ovmed by third parties which may resull from such application o
uss, Neither lhe suppl;{)of such fhformalion of purchase of produst o service conveys any license. either express or implied, under patents or other tntefleciuai
property rights cwned by Zarlink or licensed from third E}anies by Zarlink, whatsaever. Purchasers of products are also hereby notified that the use of product in
cartain ways of in combination will Zartink, or non-Zarlink furnishied goods or services may infringe patents or otier inteflectusl property fights cwned by Zailink

This publication fs issued to provide information only and (untess agreed by Zarlink in writing ) may not be Used. applied or reproduced for 21y purpase nor form part
of any order or contract nor to be regarded as a representation relat\ng 10 the products or services concemed. The products. their specificatlons, services and other
infarmation appaaring in this publication are subject to chan%e by Zarlink wilhoub notice, Mo warranty or gusrantee supress of implied is made regarding the
capability. perfarmance or suitability of any product or service, Information concerming possible methods of uge is provided as a gulde only and does pot consiitute
any guarantes that such methods of use will be salisfactory in a specific piece of equipment. |1 is the user's responsibiity to Tully determine the performance ang
suitabllity of any eaui ment using such Information and te ensure that any putkcation or data used is Up 1o date and has not Deen superseded. Manufacturing does
not necessarily inclide testing of all functions or parameters. These products are not suitable for use in a}v medical products whose failure to perform may result i
significant injury or dealh to the user. Ail products and materials are sold and services providad subject lo Zarlink's condltions of sale which are available on reguast

Purchase of Zarlink's 1°C companents conveys a licence under the Phifips 1°C Patent rights o Uss thase somponents in and 1°C System. provided that the systemn
conforms 1o the ¢ Standard Specification as definec by Philips.

Zarlink, ZE and the Zatlink Semiconductor logo are trademarks of Zarlink Semiconductor Inc.

Copyright Zartink Semiconductor Inc. All Rights Reservad.

TECHNICAL DOCUMENTATION - NOT FOR RESALE
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