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ABSTRACT

This thesis presents the use of wireless broadcasting system. All of the system can be
controlled by the transmitter. The transmitter transmits signal in stereo multiplex. The control
signal is entered by DTMF code and sent by modulation of DTMF signal to the sub-carrier
frequency which is the principle of SCA transmission. For the receivers, the control signal
changes from DTMF code ‘to control the receiver and makes it possible to control the on-off

switch in each part. All of the receiver parts can be controlled by DTMF code of the transmitter.
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ORG
LJMP

MAIN:
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
CLR

ORG
SERV_TIMERO:
PUSH
MOV
MOV
INC
CINE
MOV
JB
CPL
CPL
LL1:

INC
CJINE
MOV
INC
MOV
ADD
DA
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CJINE
MOV
INC
MOV
ADD
DA
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CJINE
MQV

0000H
MAIN

SP, #21H
P1,#11111111B
P3,#10101101B
IE, #10000010B
TMOD, #01H
THO, #3CH

TLO, #0BOH

RO, #00

R1, #00

R2,#00

R3, #00

R4, #00

R5, #00

R6, #00

R7, #00

15H, #ORAH
16H, #O0AAH
17H, #0AAH
18H, #OAAH
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000BH
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THO, #3CH
TLO, #0BOH
R2

R2, #20,LL4
R2,400
01H,LL1

R N

00H

R3

R3, #60,LL4
R3, #00

R4

A, R4

A, #00

A

R4, A

R4, #60H, LL2
R4, #00

R5

A, RS

A, #00

A

R5, A

R5, #24H, LL2
R5, #00
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LL2:

L3z

LL4:

START:

71 :

72
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CJNE
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SETB
SETB

JNB
MOV
CJINE
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CLR
CLR

POP
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LCALL
LCALL
JB
JNB
JNB
LJMP

JB
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EWB
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LJMP
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A,16H
A,05,LL3
P3.4
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A,17H
A,04,LL4
A, 05,LL4
P3.4

02H

ACC

TRO
P23l
00H
01H

CONVERT
DISPLAY
B 10
00H, Z2
00H,2Z2
SET TIME

#Rbo, V¥
SHOW. TIMER ON

P1.0
570, 34
SHOW_-TIMER OFF
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Philips Semiconductors Product specification

FM radio circuit TDA7000
#

GENERAL DESCRIPTION

The TDA7000 is a monolithic integrated circuit for mono FM portable radios. where a minimum on peripheral components
is important (small dimensions and low costs).

The IC has an FLL (Frequency-Locked-Loop) system with an intermediate frequency of 70 kHz. The i.f. selectivily is
obtained by active RC filters. The only function which needs alignment is the resonant circuit for the oscillator, thus
selecting the reception frequency. Spurious reception is avoided by means of a mute circuit, which also eliminates too
noisy input signals. Special precautions are taken to meet the radiation requirements.

The TDA7000 includes the following functions:

« R.F.inputstage

o Mixer

o Local oscillator

o |.F. amplifier/limiter

e Phase demodulator

« Mute detector

* Mute switch

QUICK REFERENCE DATA

Supply voltage range (pin 5) Vp 27t010 V
Supply current at Vp =45V Ip typ. 8 mA
R.F. input frequency range fif 1,5t0 110 MHz

Sensitivity for -3 dB limiting
(e.m.f. voltage)

(source impedance: 75 Q: mute disabled) EMF{cyp. § B.5 uVv
Signal handling (e.m.f. voltage)

(source impedance: 75 Q) EMF typ. 200 mV
A.F. output voltage at R, =22 k<2 Vo typ. 75 mV

PACKAGE OUTLINE
18-lead DIL; plastic (SOT102HE); SOT102-1; 1996 July 24,

May 1992 2
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Philips Semiconductors Product specification

FM radio circuit TDA7000

r.t. input
qf ¥
=
T T
LU
AR oW |
i ¢ i
18 17 :L:B 15 |14 13 |12 1 10
1,4V
CORRE-
LATOR 27%Q 7000 | 7009
10 kQ 10kQ D‘( }“——"
] 4
e ! AP . — f 4 12k
| [ “
=% J:F. CIMITER I.F. FILTER
(Va7
X Ll X ke L) ke
X
DEMODULATOR MIXER T TDA7000
136kQ
A 4 A
MUTE
mute control LOCP 2,2k 2,2kQ
FILTER = L7 T={i U =
vco
v,
P fel 1
NOISE Oy
SOURCE
1 2 3 4 5 6 7 8 9
Yo
) (-
= & = .E T
"‘ ; 11 i
Ve . - i
(+45V) b 7Z86839.1

a.f output

Fig.1 Block diagram.

May 1992
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Product specification

FM radio circuit TDA7000
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage (pin 5) Vp max. 12V
Oscillator voltage (pin 6) V.5 Vp-0,5toVp+0,5V

Total power dissipation

see derating curve Fig.2

Storage temperature range Tstg -55to+150 °C
Operating ambient temperature range Tamb 0to+60 -C
7287251
2
P ot
(W) \\
1,8 N
1 \\
0,5 \\
N
0
—50 0 50 100 150
Takb (°cy
Fig.2 Power derating curve.
D.C. CHARACTERISTICS
Vp = 4,5V, T = 25 °C: measured in Fig 4 unless otherwise specified
PARAMETER SYMBOL MIN. TYP: MAX. UNIT
Supply voltage (pin 5) Vp 27 4.5 10 \
Supply current
atVp=45V Ip i 8 - mA
Oscillator current (pin 6) lg - 280 - A
Voltage at pin 14 Vig16 = 1,35 = V
Output current at pin 2 Iy = 60 = A
Voltage at pin 2; R =22 kQ Va16 = 1.3 - \Y
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FM radio circuit

TDA7000

A.C. CHARACTERISTICS

Vp = 4.5 V: Tymp = 25 °C; measured in Fig.4 (mute switch open, enabled); f; = 96 MHz (tuned to max. signal

at 5 uV e.m.f.) modulated with Af = + 22,5 kHz: f, = 1 kHz; EMF = 0,2 mV (e.m.f. voltage at a source impedance of
75 Q)); r.m.s. noise voltage measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified.

PARAMETER SYMBOL MIN. TYP: MAX. UNIT

Sensitivity (see Fig.3)

(e.m.f. voltage)

for =3 dB limiting:

muting disabled EMF - 1,5 — nv

for -3 dB muting EMF = 6 = uVv

for S/IN = 26 dB EMF - 55 - v
Signal handling (e.m.f. voltage)

for THD < 10%; Af = + 75 kHz EMF = 200 - mV
Signal-to-noise ratio S/N - 60 - dB
Total harmonic distortion

at Af=+225kHz THD - 07 — %

at Af=+75 kHz THD - 23 - %
AM suppression of output voltage

(ratio of the AM output signal

referred to the FM output signal)

FM signal: f, =1 kHz; Af=+75 kHz

AM signal: f,, =1 kHz; m=80% AMS - 50 - dB
Ripple rejection (AVp =100 mV;

f=1kHz) RR = 10 - dB
Oscillator voltage (r.m.s. value)

at pin 6 Ve-5(rms) 7 250 - mV
Variation of oscillator frequency

with supply voltage (AVp=1V) ay AN — 60 - kHz/V
Selectivity S4300 o 45 - dB

S 300 - 35 - dB

AF.C. range Af i £ + 300 - kHz
Audio bandwidth at AV, = 3 dB

measured with pre-emphasis (t = 50 us) B 5 10 = kHz
AF. output voltage (r.m.s. value)

at R =22 kQ Vo(rms) - 75 - mV
Load resistance

atVp=45V R - - 22 kQ

atVp=9.0V R - - 47 kQ
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7287252
I T
'R |
(dB)
0 - S+N
A
2

=20 >/ -

N : THD

1 N (%)

‘n\ : i
—40 < 10
RN THD
Nl g NOISE 5
—60 I 0
1058 10-5 JOp? 40553 TG 10-! 1
EMF (V)atRg=75Q
Fig.3 AF output voltage (V,)and totalharmonic distortion (THD) as a function of the e.m f. input voltage (EMF)
with a source impedance (Rg) of 75€2: (1) muting system enabled: (2) muting system disabled.

Conditions: 0:dB = 75 mV; fy = 96 MHz.
for S+ N curve: Af = = 22,5 kHz; f, = 1 kHz.
for THD curve; Af =+ 75kHz: f, =1 kHz.

Notes
1. The muting system can be disabled by feeding a current of about 20 1A into pin 1.

2 The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent tuning can be
achieved by omitting this capacitor.

May 1992 6




116

Philips Semiconductors

Product specification

FM radio circuit

TDA7000

2
Zfé for EMF
L cm cn c15 c14 1521 | ez cn L cio
T 220pF T 330pF 100nF T T 220pF (43 T 150pF  33nFT  330pF
Kr T 220pF 1
18 12 ge 15 |14 13 |12 T
1.4V
CORRE-
LATOR 27ka 7000 | 7009
10kQ 10Kk 1, (D'_‘ 8\
A
AP AP ¢ < f 12%Q
\] < p.
< I.LF. LIMITER I.LF._FILTER
| A,7|’ 47
X X wll ke
X
DEMODULATOR MIXER TDA 7000
J13,em
a
MUTE
mute control LOOP 2,2k 2,2k
FILTER -
vCo
Ve i l g
NOISE i e
SOURCE
1 2 3 4 5 6 7 8 9
Ve
R1 L1 56nH Cl7
1 ]
10kQ - C I
——ci AL o ey ST cs = s J
i 150 22 1,8nF 220F 10nF ;10nF C8 == 180pF
enabled /0 disabled | "F il 4 i
VP cv C!
(+45V)  muteswitch & 7Z88940.1
a.f. output
Fig.4 Test circuit; for printed-circuit boards see Figs 5 and 6.
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7Z86338.1

Fig.5 Track side of printed-circuit board used for the circuit of Fig.4.

7286937 *

Fig.6 Component side of printed-circuit board showing component layout used for the circuit of Fig.4.
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PACKAGE OUTLINE
DIP18: plastic dual in-line package; 18 leads (300 mil)

SOT102-1

|=— seating plane

—» b -

%ﬁﬁﬁﬁﬁﬁﬁf

% pin 1 index i

—— m——

: |
LT LT TR 1]

0 5 10 mm
e, WS ANV N
scale
DIMENSIONS (inch dimensions are derived from the original mm dimensions)
— T
| | A Aq A, ) (U] Pz
!‘ UNIT 1 T O e 50 o S by by c D E e ey L Me | My U e
| -
| 1.40 053 1.40 0.32 21.8 6.48 39 8.25 9.5 >
mm | 47 | 051 | 37 | 174 | o8 114 | 02 UOWmeMRETCoA | 762 34 7s0 | 83 | 04| 085
. e | 0.055 | 0.021 0.055 0.013 0.86 0.26 0.15 0.32 0.37 |
o+ ; | |
} inches | 0.19 | 0020 | 0.15 | 03 | 0015 0044 0008 | 084 | 024 | 010 | 030 g3 03 | o33 | 001 | 003
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
03-10-H4-
SOT 1024 = 95-01-23
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SOLDERING The device may be mounted up to the seating plane, but
the temperature of the plastic body must not exceed the

specified maximum storage temperature (Tgg max)- If the
There is no soldering method that is ideal for all IC printed-circuit board has been pre-heated, forced cooling
packages. Wave soldering is often preferred when may be necessary immediately after soldering to keep the
through-hole and surface mounted components are mixed temperature within the permissible limit.

on one printed-circuit board. However, wave soldering is

not always suitable for surface mounted ICs, or for Repairing soldered joints

printed-circuits with high population densities. In these
situations reflow soldering is often used.

Introduction

Apply a low voltage soldering iron (less than 24 V) to the

lead(s) of the package, below the seating plane or not

This text gives a very brief insight to a complex technology. ~more than 2 mm above it. If the temperature of the

A more in-depth account of soldering ICs can be found in soldering iron bit is less than 300 “C it may remain in

our "IC Package Databook” (order code 9398 652 90011). contact for up to 10 seconds. If the bit temperature is
between 300 and 400 “C, contact may be up to 5 seconds.

Soldering by dipping or by wave

The maximum permissible temperature of the solder is
260 “C: solder at this temperature must not-be in contact
with the joint for more than 5 seconds. The total contact
time of successive solder waves must not exceed

5 seconds.

DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.

Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.

Product specification This data sheet contains final product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are stress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information

Where application information is given. it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices. or systems where malfunction of these
products can reasonably be expected to resultin personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

May 1992 10
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Thick Film Hybrid IC

STK4036X

SANYO

AF Power Amplifier (Split Power Supply)

(50W min, THD = 0.008%)

Features

Package Dimensions

+ Small-sized package permitling audio sets to be made UMt mm
slimmer 4062
« The STK4028X series are available for output 30W to [STK4036X]
100W and are pin-compatible. .0 b5
« Facilitates thermal design of slim stereo sets. o r_
« The use of a current mirror circuit, cascode circuit pro-
vides low distortion (0.008%;/100kHz-LPF ON). 5 ® _{ i
+ Possible to design electronic supplementary circuits ! qg
(pop noise muting at the time of power ON/OFF, load k| o
b
short protector, thermal shutdown) » » 1 &
e IHIIRAEIER
0.5
2-3.67 °
2.3 R4
e——— % K2.54—~—
155 3
Specifications
Maximum Ratings at Ta = 25°C
Parameter Symbol Condlllons Ratings Unit
Maximum supply voltage Voo max 520 %
Thermal resistance 8ic .8 °ChY
Junction temperature T - 15‘5 °C
Operating substrals temperalure Tc 125 °C
Storage lemperature Tstg ~3010 +125 °c
Avallable time for load short-clicuil tye Vg = £365V, R = 8Q, [=50Hz, Py = 50W 2.0 5
Recommended Operating Conditlons at Ta =25°C
Parameter Symbo! Condltions Ratings Unlt
Recommended supply voltage Voe +36.5 v
Load resistance A 8 Q

Tailo-ku; TOKYO, 110 JAPAN
DO296HA(ID) / D1793HO / D279MO / 8298MO / 1075MY, TS No. 1668—1/5

SANYO Electric Co., Ltd. Semiconductor Business Headquarters
TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno,
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STK4036X

Operating Characteristics at Ta=25°C, Ve = 36.5V, Ry = 8Q (noninductive load), f = IkHz, Rg = 600€2,

100kHz-LPF on
Parameter Symbol Condltions min typ max Unit
Quiescent current leco Vg = =42V 15 = 120 mA
f=20Hz to 20kHz, THD =
e Pol® 0.008% % & = W
put power Lo PRl o
Veg = 231.5V, THD = 0.04%, i i
Po(2) Rl =4Q 55 W
Total harmonic dislorlion THD Po=1.0W - = 0.008 %
Frequency response ttn Po=1.0W, a8 = 2010 50k - Hz
tnput impedance h Po=1.0W % 55 - kQ
Output noise voltage Vyo'* Vee = =42V, Rg = 10kQ - - 1.2 mVrms
Neutral voitage Vn Vg = =42V -70 0 +70 mv

Equivalent Circuit

3
nput 1k, /.7;_., ~JI5_

i_
|

Note:  For Power supply at the tme of test, use a constart-vo1age power sup-

ply unless otherwise specified.

* For measuremen: of the available time for load short-circuit and output

noise vollage,
balow.

ncludes no fiicker noise.

DBALOC

E el

2
10000 wee

2 %5002

100K %10k

“se0 -ﬁ 100y

Unit [rosistance: R, capactance: F)

i
% o-XC

Specified Transformer Power Supply
(Equivalent to MG-200)

use the specified. transformer power supply shown

* The cutpul noiss voltaga is representsd by tha peak value on rms scale
(VIVM) of average value indicating type. The ncise voltage wavelorm

No. 1668—2/5
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STK4036X

Qutput power, Po - W Response - dB

Output power, Po - W

- f Response
( 0dB=97.5dB
0 t—
=it : /
_.20 S //
0 o= 1365V
Ry =80
-0 |Po=1W
(NF capacitor 100uF)
_s0 Rg=6000
S 0 £ O W 5 10k 5100k
Frequency, f - Hz
. Po - Vi
S VG=40dB
f=1kHz
100
y ]' Y :
2 .b?‘/ /1 :
7 A A g
10 < Q:Q/ |
5 Pa A gl W 4
> / ’
2 ///
1.0 4
st :
3 Il
g 10 | J
Input voltage, Vi - mV
Po - f
100 0 e
BN
. |
80 Veo=131.6V,R =40 2
e
Veo= £36:5V, R, =80 \\\‘
60 ’
{ I N 7{
L0 ..L_.}l ~
20t . ‘
VG=40dB
Rg= 6000
o 100k LPF on
10 ISy, S 10k b s T 10K

Frequency, f - Hz

Output power, Po - W Response - dB

Oulput noise voltage, Vg -mV

. f Response
] ' VG=40dB
) =600
3 ; ! Rg=6
I}
|
’ i
VCC:ijsv R
g e Bty
cc=213] 5y 8
= ‘-) .R[““n \
-2
-] ——
L2 I 3
10 N
Frequency, f - Hz
Po - Vce
80
Rp=80 i |
10| V6=40dB L9$@/
Rg=6008 | }/// r
g0 | Tc=25C 1,(“6 /,///
THD=0.08% M
50 [ 100k LPF on _ s /
3)
| §7 g
40 £ /‘% R
30 '7'4'/
20
10 | - 4

o]
325 /78 228 Wy

33 $35 37 39 ka4l
Supply voltage, Voo -V
d & Vno - R
T [RL=80
0.7 Voo= 142V :
VG=40dB
0.6 } Transformer MG — 200
L1
0.5 - L =T
1
0.4
0.3 e
0.2
0.1 O
ot ; : L
00 10k 100k

Signal source resistance, Rg - Q

No. 1668—3/5
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STK4036X

Supply current, [oc- A

Total harmonic distortion, THD - %

IC power dissipation, Pd - W

lcc ~
"8 rT=ikin
1.6 —
1.4 Witk =3
1.2
1.0 e
08
0.6
04 .
|
b -
& ’/7 |
0 = ’ |
o1 5T 5 g Jd S 100
Output power, Po - W
. THO - Po
Veo= 1316V T
ARy =40 [L ;
Rg =60002 )
011vG=40dB t T
. | ]
N iy Pt
N \ T~ . 'L | i
= 32 i /7]
P ) AR
% bl | 5
0.01 \7’& 3
4 N
o TN \‘L
2 | \ R
ol ¥ 2 10 9C Y by . RSN
Qulput power, Po - W
Pd - Po
0 M=tkHz
VG =40dB
Rg=6000
X 1R =80
30 '
20 s G|
! »
10 /7/
|
0) i F 2
01 1.0 10 00

Output power, Po - W

Current drain, lge - mA

Total harmonic distortion, THD - %

[C power dissipation, Pd - W

20 g =07
T e o
18— Vge= %315V, R,=40, Po=55W "4
1.6 ] , i
" ] LosW —
R ._40 Po
1.2 VCC‘ig’lsv b P Lt
i S Vee= 1385V, RL 80, Po=50W
[
| i I I ) ;
08 Vo= :Lae.sv Ri=81, Po=26W |
0.6 L)l IS,
T
0.4 VCC: 1 6Y },{ =l 40,Po=1W —
0:2 " Tr=r—3i T
vcc +36.5V, R, =811, Po=1W
9 P I 3%

1 10k I 100k

Frcqucriéy. f-Hz

= THD - Po
Vog= 136.5V
o.1 | RL=8Q
Rg'=6009Q
5 VG =40dB
T~
z) \ﬂQQO ;
2 (=4 >
P~
0.0!
k) -
2
0.00! '
5 0. 2 S 1.0 > 10 5 00
Output power, Po - W
g1 Pd = Po
RL=40Q
f=1kHz
60 | Rg=6000
VG=40dB:
50
40 /
30 I/
%
20 G
10 //; :
==
0 |
0.1 > 0?3 0 > 10

Output power, Po - W
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2V /div

STK4036X
lcco, YN - T¢ &b Icco, VN - Vec i
120 Veo= £ 42v|® } vG =40dB
\ VG=40dB ! ACNF
100 Rg=6000 (20 !
é = ‘é 120 1 0
; B \
| 0
.S \ >z -—‘fu 100 |- Y 1 0
g &0 . n gl g
‘ ]
E R e
| | 20 & 8 e
e e e et L B el
3 H ! z p-)
o i \_EECD " o 2 = -
4 |t 7 60 // &0
] e
0 20 ) 10 & i 120 120 ‘273 +32 *36 %40 *46 +48 %92 .
Operaling substrate temperature, Tes - °C Supply voltage, Ve -V

Shock Noise Wave Form

Transformer MG —200
Veo= T 42V

VG=40dB
! L ——= R |

2s/div

= No products described or contained herein are intended for use in surgical implants, life-support systems, aerospace equipment, nuclea
power control systems, vehicles, disaster/crime-prevention equipment and the like, the failure of which may directly or indirectly cause
injury, death or property loss.

m  Anyons purchasing any products described or contained herein for an above-mentioned use shall:

o Accept full responsibility and indemnify and defend SANYO ELECTRIC CO., LTD,, its affiliates, subsidiaries ana distributors and al
their officers and employass, jointly and severally, against any and ali claims and litigation ard all damages, cost and expenses
associated with such use:

2 Notimpose any responsibility for any fault or negligence which may be cited in any such claim or litigation on SANYO ELECTRIC CO.,
LTD,, its affiliates, subsidiaries and distributors or any of their officers and employees, jointly or severally.

w Information (including circuit diagrams and circuit parameters) herein is for example only; it is rot guaranteed for volume production.
SANYO believes information herein is accurate and reliable, but no guarantees are made or implied regarding its use or any infringements
of inteltectual property rights or other rights of third parties.

This catalog provides information as of December, 1996. Specifications and information herein are subject to change without notice.

No. 1668—5/5
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National Semiconducltor

LM1458/LM1558
Dual Operational Amplifier

General Description Features

No frequency compensation required

Short-circuit protection

Wide common-mode and differential voltage ranges
Low-power consumption

The LM1458 and the LM 1658 are general purpose dual op-
erational amplifiers. The two amplifiers share a common bias
network and power supply leads. Otherwise, their operation
is completely independent.

The LM1458 is identical to the LM1558 except that the 8-lead can and 8-lead mini DIP

LM1458 has its specifications guaranteed over the tempera- No latch up when input common mode range is
ture range from 0'C to +70°C instead of -55°C to +125°C. exceeded

Connection Diagrams
Dual-In-Line Package

Metal Can Package

bt

1
OUTPUT A ~——of

2 7
OUTPUT A 0 0 OUTPUTB INVERTING INPUT A = — DUTPUT 8

INVERTING INVERTING 3
INPUT A INPUT B NUN'INVIENF:,U?g INVERTING INPUT B
NON-INVERTING NON-INVERTING
INPUT A INPUT B v- 4 5 NON.INVERTING
INPUT B
v
D&
Top View Top View
Order Number LM1558H, Order Number LM1558J/883, LM1458M,
LM1558H/883 or LM1458H LM1458MX or LM1458N
See NS Package Number H08C See NS Package Number JOBA, MOSA or NOSE

32000 Natienal Semiconductor Corporation DS007886 www.national com

leyijdwy [euofjesadQ [eng 8SSLINT/8SYLINT
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Absolute Maximum Ratings (note 1)

Operating Temperature Range

" - . . LM1558 -55C to +125'C
If Military/Aerospace specified devices are required, LM1458 0°C to +70'C
(Note 5) Lead T'emperalure.(Soldenng. 10 sec.) 260 C
Soldering Information
Supply Voltage Dual-In-Line Package
LM1558 22v Soldering (10 seconds) 260'C
LM1458 18V Small Outline Package
Power Dissipation (Note 2) Vapor Phase (60 seconds) 215C
LM1558H/LM1458H 500 mW Infrared (15 seconds) 220°C
LM1458N 400 mw See AN-450 “"Surface Mounting Methods and Their Effect
Differential Input Voltage +30V on Product Reliability” for other methods of soldering
Input Voltage (Note 3) +15v surface mount devices.
Output Short-Circuit Duration Continuous ESD tolerance (Note 6) SO0V
Electrical Characteristics (Note 4)
Parameter Conditions LM1558 LM1458 Units
Min Typ Max Min Typ Max
Input Offset Voltage Ta =25C, Rg< 10 kQ 1.0 5.0 1.0 6.0 mV
Input Offset Current Ta=25C 80 200 80 200 nA
Input Bias Current Ta=25C 200 500 200 500 nA
Input Resistance Ta=25C 0.3 1.0 0.3 1.0 MQ
Supply Current Both Ta = 25C, Vg = 215V 3.0 5.0 3.0 5.6 mA
Amplifiers
Large Signal Voltage Gain Ta=25C, Vg = 215V 50 160 20 160 vimV
Vour = £10V. R 2 2 kQ
Input Offset Voltage Rg <10 kQ 6.0 I 3 mV
Input Offset Current 500 300 nA
Input Bias Current 15 0.8 HA
Large Signal Voltage Gain Vg = £15V, Vo = £10V 25 15 VimV
Ry 2 kO
Output Voltage Swing Vg = £15V, R =10 kQ +12 +14 \%
Ry =2 kQ +10 * 53] * \Y
Input Voltage Range Vg = 15V +12 x \%
Common Mode Rg <10 kQ 70 90 70 90 dB
Rejection Ratio
Supply Voltage Rg <10 kQ 77 96 77 96 dB
Rejection Ratio

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may oceur. Operating Ratings indicate conditions for which the device is

functional, but do not guarantee specific performance limits.

Note 2: The maximum junction temperature of the LM1558 is 150 C. while that of the LM1458 is 100°C. For operaling at elevated temperatures, devices in the H08
package must be derated based on a thermal resistance of 150°C/W, junction to ambient or 20°C/W, junction to case. For the DIP the device imust be derated based

on a thermal resistance of 187 C/W. junction to ambient.

Note 3: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

Note 4: These specificalions apply for Vg = 215V and -55°C = T = 125°C. unless otherwise specified. With the LM1458, however. all specifications are limited to

0'C4Ta<70Cand Vg = ¥15V

Note 5: Refer to RETS 1558V for LM1558J and LM1558H military specifications

Note 6: Human body model, 1.5 k(2 in series with 100 pF.

www.hational.com
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Schematic Diagram

P P © 'J- oy v
- > t & I\mx
¢ a4
<
NONINVERTING 38T @ Omventing —AAA
INPUT NPT VWA
RI
45K ars ]
¢ S A
03 P
a 9
75K
AA
VA~
1l
—————ovrrvr
o7 = Q16 b4l
l\ﬁ $F
<
[ a7
6 e
s >—K an oz 1 20
R1 < a1 R2 A4 < A S A
X S 50K ® 5K S sox S
1 |
e D A

Numbers in parentheses are pin numbers for amplifier B.
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Physical Dimensions inches (millimeters) unless otherwise noted

i 0.350-0.370 370

(8. BBU 9 398)
Dl 0.315-0.335 335 DIA

[ | (8.001-8.509)

, 7235 uncomnoueu
! l (0.835)  gap D1

+ -
f foum 0.040

STEETTY ¢ {0.381-1.016)

0.165-0.185
[4191-4.699)

REFERENCE PLANE

SEATING PLANE

0.016-0.019
0.019 piatve
~ 405 =0.483)

0.195-0.205 DIA
: (4.853-5.207) P.C.

L

0.029 onas}\i

{0.737 -1.143)
0.028-0.034

7 - Z0.868) \,

0.115-0.145
(2.921-3.683)
DIA

gl ¥ 5
45° EQUALLY
SPACED  ~—»~| HO8C (REY ©)

Metal Can Package (H)
Order Number LM1558H, LM1558H/883 or LM1458H
NS Package Number H08C

Nl L mE

R0.025 YYP/

T

0 0.310 MAX
1 GLASS

|

I 3 O 3
# g™

0.290 |e— 0.005 GLASS
0.320 MiN / SEALANT
0.180 : } /

X 0.200 |} S 0.020
tE MAX 0.060
/7 , Y, ;
ﬁ 0.150
H 0.125  MIN
o 0.200

/I o
959 1 5° TYP \7,, g o0 £ 49 TYP
;

C.055 MAX —=
EOTH ENDS ' |

0.008 — 0.018 £0.003 TYP
\"'—0.017 —

f+— 0.100£0.010 TYP

0.310
0.410

-

i
|

Small Outline Package (M)
Order Number LM1458M or LM1458MX
NS Package Number M0OSA

103 {REY ¥)

www.naticnal.com 4
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

L 0.129-0.197
T R00-5.000)

(2280244
{5.791-6.198)
|

O D00 yax
- (0.254)

Y s
LEADNO. 17
DENT

0.150-0.157
>‘ (3.810-3.988, ~
0010-0020 4 45¢ - pmi e . ,%
(0.254-0.5¢8) | | ! AT T (ol 0.004-0.010
| ) ALLLERDS A IR 10.102-0.254)
| |
1 J%‘L\\ \ AT i v SEATING
X oo S i ! hy ol
p (0.102) 0018 |
0.00820.010 S 0,059 0.014-0.020
ALLLEAD TiFS - 0356 200 o 0014 0.0y
[ A - 4_‘.‘;.';::_% O30 S ool:_ > T0.356 —0.508)
TYP ALL LEADS 306~ 1.276 >
TYP AL LEADS A T L [
Small Outline Package (M)
Order Number LM1458M or LM1458MX
NS Package Number MOBA
o DAT3e0400
©ATIZ10.06) |
t
—
0.082 —_— 0.032:+ 0,005
T N—" i
= 0.25020 003
CRAE Y e (£.35£0127) PIN HO. 110ENT
0PTION 1
DR EIRO]
L 0.2 . 0.040 |
gz N e o e el W 0PTION 2
0.300:0.320 | (0762 W ecairi e (_g%;:—%lg’
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Molded Dual-In-Line Package (N)
Order Number LM1458N
NS Package Number NOSE
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Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling. can be reasonably expected to resultin a
significant injury to the user.

2. A critical. component is_any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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. g December 1991
National Semiconductor

TP5089 DTMF (TOUCH-TONE) Generator

General Description Features

The TP5089 is a low threshold voltage, field-implanted, met- B 3.5V-10V operation when generating tones
al gate CMOS integrated circuit. It interfaces directly to a B 2V operation of keyscan and MUTE logic
standard telephone keypad and generates all dual tone mul-  m Static sensing of key closures or logic inputs
ti~frequgncy pairs required in tone-dialving systems. Thel tone m On-chip 3.579545 MHz crystal-controlled oscillator
sypthestzgrs are Igcked to an on-chip reference gsolllalor m Output amplitudes proportional to supply voltage
using an inexpensive 3.579545 MHz crystal for high tone . .
; B High group pre-emphasis
accuracy. The crystal and an output load resistor are the o di h
only external components required for tone generation. A Mizow harn‘_xomc iglortion )
MUTE OUT logic signal, which changes state when any key ™ Open emitter-follower lowv-lmpedance output
is depressed, is also provided. m SINGLE TONE INHIBIT pin
Block Diagram
TORE
DISABLE Voo
T = Sl 4h Vs A48 AN AN A" 4 <1 o
] i
| —>|  PROGRAMMABLE |
3.579545 MHz ] @ > DIVIDER l
| l I
' |
oscout| I
JOHNSON COUNTER |
] L ‘
02 vyVYVVYYY |
C3 Ry LOW GROUP D/A I
\4
[ €4 ' soan l
AND |
1 28 A R1 DECODE TONE OUTPUT
45 68 A2 HIGH GROUP 0/A |
(A ") R3 T |
0 #D Ra ] 1 |
| A |
| JOHNSON COUNTER |
|
Vss | A I
‘ |
| PROGRAMMABLE MUTE | moTE
| 2 DIVIDER LOGIC | MUIEQUTRUT
' |
R M. . SSIGENE — q_ if

TL/H/5057 1
FIGURE 1

1995 Nationai Semiconducter Corporation TL/H/5057 RRD-B30M115/Printed in U. S. A,

lojelauan (ANOL-HONOL)4INLA 680SdL
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (Vpp — Vss)
Maximum Voltage at Any Pin

Electrical Characteristics unless otherwise noted. lim
3.5V to 10V, Ta = 0°C to +60°C by correlation with 100% electrical testing at Tp

15V

Vpp t+ 0.3VtoVgg — 0.3V

Operating Temperature
Storage Temperature
Maximum Power Dissipation

correlation with other production tests and/or product design and characterization.

—30°Cto +60°C
=56°C to+ 180°C
500 mW

its printed in BOLD characters are guaranteed for Vpp =

25°C. All other limits are assured by

Parameter Conditions Min Typ Max Units
Minimum Supply Voltage for Keysense 2 Y
and MUTE Logic Functions
Minimum Qperatmg Voltage 3.5 v
for generating tones
Operating Current Mute open > 25 LA
Idle A\ 1.1 2.5 mA
Generating Tones Vpp = 3.5V 3 3
Input Resistors
COLUMN and ROW (Pull-Up) 25 50 ke
SINGLE TONE INHIBIT (Pull-Down) 120 k&
TONE DISABLE (Pull-Up)
Input Low Level 0.2 Vpp \%
Input High Level 0.8 Vpp v
MUTE OUT Sink Current Vpp = 3.5V 0.4 7
(COLUMN and ROW Active) Vo = 0.5V s o
MUTE Out Leakage Current Ve = Vobp 3 rA
Output Amplitude Ry = 240 @
Low Grodp Vol 3 4y 190 250 340 mVrms
Ry = 2400
o 7
Voo = 10V 51 00 880 mVrms
Output Amplitude R = 2400
High Group Vob < 35V 270 340 470 mVrms
RL = 240
Vpg = 10V 735 955 1265 mVrms
Mean Output DC Offset Vpp = 8.5V 1.3 \Y,
Vpp = 10V 4.6 Vv
High Group Pre-Emphasis 2.2 2.7% 3.2 dB
Dual Tone/Total Harmonic Distortion Ratio Vpp =4V, R = 2400
1 MHz Bandwidth . 22 B
Start-Up Time (to 90% Amplitude) 3 5 mS

Note 1: R__is the external load resistor connected from TONE OUT to Vss:

Note 2: Crystal specification: Parallel resonant 3.579545 MHz.

Rg v 150 0. L — 100 mH. Co = 5 pF, Gy = 0.02 pF.
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Connection Diagram

Dual-In-Line Package

1 U 16
Vop—| L— TONE OUT
e 2 | S
TONE DISABLE — |—SINGLE TONE INHIBIT
3 14
oL 1— —ROW 1
4 13
oL 2— —ROW 2
5 TP5089 12
oL 3— —Row 3
6 1
Vss— —ROW 4
7 0=
0SC IN— — MUTE OUTPUT
8 9
0SC 0UT— —coL 4
TL/H/5057~2
Top View
Order Number TP5083N

See NS Package N16A

Pin Descriptions
Symbol Description

This is the positive voltage
supply to the device, referenced
to Vgs. The coltector of the
TONE OUT transistor is
connected to this pin.

This is the negative voltage
supply. All voltages are
referenced to this pin.

All tone generation timing is
derived from the on-chip
oscillator circuit. A low cost
3.579545 MHz A-cut crystal
(NTSC TV color-burst) is
needed between pins 7 and 8.
Load capacitors and a feedback
resistor are included on-chip for
good start-up and stability. The
oscillator stops when column
inputs are sensed with no valid
input having been detected. The
oscillator is also stopped when
the TONE DISABLE input is
pulled to logic low.

When no key is pushed, pull-up
resistors are active on row and
column inputs. A key closure is
recognized when a single row
and a single column are
connectedto Vgg, which starts
the oscillator and initiates tone
generation. Negative-true logic
signals simulating key closures
can also be used.

The TONE DISABLE input has
an internal puli-up resistor.
When this inputis open or at
logic high, the normal tone
output mode will occur. When
TONE DISABLE input is at logic
low, the device will be in the
inactive mode, TONE QUT will
be at an open circuit state.

Voo

Vss

OSC IN, OSC OUT

Row and Column Inputs

TONE DISABLE
Input

Description

The MUTE output is an open-
drain N-channel device that
sinks current to Vgg with any
key input and is open when no
key input is sensed. The MUTE
output will switch regardless of
the state of the SINGLE TONE
INHIBIT input.

The SINGLE TONE INHIBIT
input is used to inhibit the
generation of other than valid
tone pairs due to multiple row-
column closures. It has a pull-
down resistor to Vgg, and when
left open or tied to Vgg any
input condition that would
normally result in a single tone
will now result in no tone, with
all other functions operating
normally. When tied to Vpp,
single or dual tones may be
generated, see Table II.

Symbol
MUTE Output

SINGLE TONE INHIBIT
Input

TONE OUT This output is the open emitter
of an NPN transistor, the
collector of which is connected
to Vpp. When an external load
resistor is connected from
TONE OUT to Vss. the output
voltage on this pin is the sum of
the high and low group sine-
waves superimposed on a DC
offset. When not generating
tones, this output transistor is
turned OFF to minimize the
device idle current.

Adjustment of the emitter load
resistor results in variation of
the mean DC current during
tone generation, the sinewave
signal current through the
output transistor, and the output
distortion. Increasing values of
load resistance decrease both
the signal current and distortion.

Functional Description

With no key inputs to the device the oscillator is inhibited,
the output transistor is pulled OFF and device current con-
sumption is reduced to a minimum. Key closures are sensed
statically. Any key closure activates the MUTE output. starts
the oscillator and sets the high group and low group pro-
grammable counters to the appropriate divide ratio. These
counters sequence two ratioed-capacitor D/A converters
through a series of 28 equal duration steps per sine-wave
cycle. The two tones are summed by a mixer amplifier, with
pre-emphasis applied to the high group tone. The output is
an NPN emitter-tollower requiring the addition of an external
load resistor to Vgg. This resistor facilitates adjustment of
the signal current flowing from Vpp through the output tran-
sistor.

The amplitude of the output tones is directly proportional to
the device supply voltage.
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Functional Description (continued)

TABLE I. Output Frequency Accuracy

Tone | Valid | Standard | Tone Output % Deviation
Group | Input | DTMF (Hz) | Frequency from Standard
Low R1 697 694.8 -0.32
Group R2 770 770.1 +0.02
fL R3 852 852.4 1-0.03
R4 941 940.0 ~0:11
High C1 1209 1206.0 —0.24
Group c2 1336 1331.7 -0.32
fH C3 1477 1486.5 + 0.64
Ca 1633 1639.0 -0.37
TABLE {}. Functional Truth Table
TONE
S‘lel‘;ﬁ;?”'z D;ga';is ROW COLUMN 2HEOTN MUTE
Low High
X 0 0o/C 0/C oV ov 0/C
X X 0/C 0/C oV oV Q/C
X 0 One One Vos Vos ?
X 1 One One fL f (@)
1 1 2 or More One — i @]
1 1 One 2 or More fL — (6]
1 1 2 or More 2 or More Vos Vos (0]
0 1 2 or More One Vos Vos (0]
0 1 One 2 or More Vos Vos (0]
0 1 2 or More 2 or More Vos Vos o
Note 1: X is don't care state.
Note 2: Vs is the output offset voltage.
{9
TP I T 0 Vreo
' Voo
! TONE
' L L B
' B DISABLE |4~
l R1 j4—
=
RING '[ R2 |«
0SC <
out TP5089 R3¢ P A
R4 f4— = 10uF
Ci j4—
TONE |
our 2o
[ox3
C4 f4—
R Vss
l l —0 Vss

*Adjust Rg for desired tone amplitude.

FIGURE 2. Typical Application

TL/H/5057-3
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Physical Dimensions inches (milimeters)

Lit. # 113986

0.843-0.870
0030 | 4‘
——— 21.41-22.10)
%) 2.280) .
o1a NOW NoM | [e) [y [ (R [ [ [W [
2X) I l

PINNO. 1 IDENT \@
1

0.250 +0.005
(6.350 =0.127)

©

0.280
(7.112)

0T [ GF [ G 6T O I

i (gg;;
0.300-0320 | panx i
{7620-8.128) 0065 0060 i 0.130 +0.005
It pticiuie S e ——  (1.016) —
’ (1651  (1528) TYP {3302 :0.127) 3
e
f j__ L f 0.145-0.200
{ 3.683-5.080)
855 00080015 90° =4° i
{0229-0381) e 1 Ly
1075=0.015 l‘ _H_ 0.018:0.003 0.125-0.140 n'nsm
g L PPl L~
gl 10 {7305 -0.381) {0457 -0.075) (3.175-3.556)
S SETTIT 0.400:0.010
+1.016 B\
(“55 -n;m) {2.580 -0.254)
W

Molded Dual-In-

Line Package (N)

Order Number TP5089N
NS Package N16A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUGTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to resultin a significant injury
to the user.

2.°A critical ‘component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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1ISO2-CMOS MT8870D/MT8870D-1
ZARL|N|E Integrated DTMF Receiver

SEMICONDUCTOR

==

Features ISSUE 5 March 1997
. Complete DTMF Receiver Ordering Information

. Low power consumption MT8870DE/DE-1 18 Pin Plastic DIP

+ Internal gain setting amplifier MT8870DS/DS-1 18 Pin SOIC

MT8870DN/DN-1 20 Pin SSOP

. | )
Adjustable guard time -40 °C 10 +85 °C

. Central office quality
«  Power-down mode
- Inhibit mode

. Backward compatible with Description
MT8870C/MT8870C-1

The MT8870D/MT8870D-1 is a complete DTMF

Applications receiver integrating both the bandsplit filter and
- Receiver system for British Telecom (BT) or digital decoder functions. The filter section uses
CEPT Spec (MT8870D-1) switched _capacitor _techniques for high and low

group filters; the decoder uses digital counting

- Paging systems ]
technigues to detect and decode all 16 DTMF tone-

- Repeater systems/mobile radio pairs into a 4-bit code. External compenent count is

« Credit card systems minimized by on chip provision of a differential input

. Remote control amplifier, clock oscillator and latched three-state bus
interface.

- Personal computers
. Telephone answering machine

VDD VSS VRef INH

> Bias
PWDN Circuit VRef
Buffer
Ch_¢ g - ———-|£~—> al
ip ip - -
Powerh Bids High Group —[]"‘ Digital Code:
Filter Detection Converter B
Algorithm and Latch || > Q2
IN + i
T[Qr::g Zero Crossing
A Filter Detectors — > Q3
Gs — LowGroup | | "y
S Filter uie —$—9 Q4

e

‘._DO———) thl)h:i\g St Stegrir1g
Clocks GT Logic

» ’

0sC1 0SC2 SYGT ESt STD TOE

Figure 1 - Functional Block Diagram
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MT8870D/MT8870D-1 1S02-CMOS
IN+ ] 1 = 18[] vDD IN+ ] 1 20 vDD
IN-[] 2 17[0 SvGT IN-[] 2 19] SvGT
Gs[] 3 16[] ESt Gs] 3 18] ESt
VRef[] 4 15[ s VRef [] 4 17 siD
INH[] 5 141 Q4 INH[] 5 16[] NC
PWDN[] & 13[] Q3 PWDN[] 6 1500 Q4
osci[] 7 12[] Q2 NC[] 7 4] Q3
oscz2[] 8 10 at osc1[] 8 130 @z
vss[] 9 10[] TOE oscz2[] 9 120 a1
vss[]10 1E1T0E
18 PIN PLASTIC DIP/SOIC 20 PIN SSOP
Figure 2 - Pin Connections
Pin Description
Pin #
18 | 20 Name Description
i ) IN+ Non-Inverting Op-Amp (Input).

2 |2 IN- Inverting Op-Amp (Input).

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

4 | 4 Vger - |Reference Voltage (Qutput). Nominally Vpp/2 is used to bias inputs at mid-rail (see Fig. 6
and Fig. 10).

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

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

7eH8 OSC1  |Clock (input).

819 0QSC2 - |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

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

10 | 11 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4.This pinis
pulled up internally.

11-]12-| Qi-Q4 |Three State Data (Output). When enabled by TOE, provide the code corresponding to the

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

151117 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on SUGT falls
below VTSt'

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

17 | 19| SYGT |Steering Input/Guard time (Output) Bidirectional. A voltage greater than Vyg, detected at
St causes the device to register the detected tone pair and update the output latch. A
voltage less than Vrg; frees the device to accept a new tone pair. The GT output acts to
reset the external steering time-constant; its state is a function of ESt and the voltage on St.

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

s NC No Connection.
16

4-12
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MT8870D/MT8870D-1 1S02-CMOS
IN+ ] 1 = 18[J vbD N+ ] 1 = 207 vDD
IN-[] 2 1700 svGT IN-[] 2 19 svGT
Ggs[] 3 160 Est Gs[] 3 18] ESt
VRef[] 4 15[ S VRet ] 4 17 stD
INH[] 5 147 Q4 INHC] 5 16 NC
PWDN[] 6 13[] a3 PWDN[] & 150 Q4
osci[] 7 120 Q2 Nel] 7 140 Q3
osc2] 8 1o at osci] 8 1830 Q2
vss[] 9 10[] TOE osc2[] 9 1210 Q1
vss[] 10 1[0 T0E
18 PIN PLASTIC DIP/SOIC 20 PIN SSOP
Figure 2 - Pin Connections
Pin Description
Pin #

18 | 20 Name Description

/2 IN+ Non-Inverting Op-Amp (Input).

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

5415 INH Inhibit (Input). Logic high inhibits the detection of tones representing characters A, B, C
and D. This pininput is internally pulled down.

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

7|18 OSC1 |Clock (Input).

8 |9 0SC2_ |Clock (Output). A 3.579545 MHz crystal connected between pins OSC1 and OSC2
completes the internal oscillator circuit.

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

10 | 11 TOE |Three State Output Enable (Input). Logic high enables the outputs Q1-Q4.Thispinis
pulled up internally.

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

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

15 [ 4 StD Delayed Steering (Output).Presents a logic high when a received tone-pair has been
registered and the output latch updated; returns to logic low when the voltage on SUGT falls
below Vrg;.

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

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

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

7, NC No Connection.
16




MT8870D/MT8870D-1

139

ISO2-CMOS

condition is maintained (ESt remains high) for the
validation period (tg7p), Ve reaches the threshold
(V1gy) 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 settle, the
delayed steering output flag (StD) goes high,
signalling that a received tone pair has been
registered. The contents of the output latch are made
available on the 4-bit output bus by raising the three
state control input (TOE) to a logic high. The
steering circuit works in reverse to validate the
interdigit pause between signals. Thus, as well as
rejecting signals too short to be considered valid, the
receiver will tolerate signal interruptions  (dropout)
too short to be considered a valid pause. This facility,
together with the capability of selecting the steering
time constants externally, allows the designer to
tailor performance to meet a wide variety of system
requirements.

Guard Time Adjustment

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

trec=lpp+lGTP
tip=tpa+lGrA
The value of tpp is a device parameter (see Figure

11) and tgec is the minimum signal duration to be
recognized by the receiver. A value for C of 0.1 uF is

torP=(RpC)In[Vpo(Vop-Vrsi]

V . )
oo O tara=(R:Cp)in(Vpp'Vrsi)
Cy

Rp=(R R)(R+A2)
stGTO

Ry

ESt (O

a) decreasing tgrpi (laTP<taTA)

tare=(R;C)In[Vop/(Voo-Vrsi]

V .
oo C tara=(RpCy)in(Vop/Vrsi)
C

! Rp=(R;R2)/(R+Rz2)
SvGT()
R,

est O

b) decreasing ta1a: (taTP>tGTA)

Figure 5 - Guard Time Adjustment

4-14

Digit | TOE INH ESt Qy Qj Q, Q,
ANY L X H z Z Z
1 H X H o] 0 1
2 H X H 0 0 1 0
3 H X H o] 0 1 1
4 H X H 0 1 0 o}
5 H X H 0 1 0 1
6 H X H 0 1 1 0
7 H X H 0 1 1 1
8 H X H 1 0 0 6]
9 H X H 1 0 0 1
0 H X H 1 0 1 0
: H X H 1 0 1 1
# H X H 1 1 0 o}
A H |2 H 1 1 0 1
B H L H 1 1 1 0
C H L H 1 1 1 1
D H L H (o] 0 0 0
A H H ).

B H H L undetected, the output code

will remain the same as the

c H H L previous detected code

D H H L

Table 1. Functional Decode Table

L=LOGIC LOW. H=LOGIC HIGH. Z=HIGH IMPEDANCE
X = DONT CARE

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

Different steering arrangements may be used to
select independently the guard times for tone
present (tgtp) and tone absent (tgra). This may be
necessary to meet system specifications which place
both " accept and reject limits on both tone duration
and interdigital pause. Guard time adjustment also
allows the designer to tailor system parameters
such as talk off-and noise immunity. Increasing tgec
improves. talk-off performance since it reduces the
probability that tones simulated by speech will
maintain signal-condition long enough to be
registered. Alternatively, a relatively short trgg With
a long tpo would be appropriate for extremely noisy
environments where fast acquisition time and
immunity to tone drop-outs are required: Design
information for guard time adjustment is shown in
Figure 5.
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1IS02-cMOSs  MT8870D/MT8870D-1

Power-down and Inhibit Mode

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

Inhibit mode is enabled by a logic high input to the
pin 5 (INH). It inhibits the detection of tones
representing characters A, B, C. and D. The output
code will remain the same as the previous detected
code (see Table 1).

Differential Input Configuration

The input arrangement of the MT8870D/MT8870D-1
provides a differential-input operational amplifier as
well as a bias source (Vges) Which is used to bias the
inputs at mid-rail. Provision is made for connection of
a feedback resistor to the op-amp output (GS) for
adjustment of gain. In a single-ended configuration,
the input pins are connected as shown in Figure 10
with the op-amp connected for unity gain and Vgef
biasing the input at '/;Vpp. Figure 6 shows the
differential  configuration, which  permits = the
adjustment of gain with the feedback resistor Rs.

Crystal Oscillator

The internal clock circuit is completed with the
addition of an external 3.579545 MHz crystal and is
normally connected as shown in Figure 10 (Single-
Ended Input Configuration). Howeuver. it is possible to
configure several MT8870D/MT8870D-1 devices
employing only a- single oscillator crystal. The
oscillator output of the first device in the chain is
coupled through a 30 pF capacitor to the oscillator
input (OSC1) of the next device. Subsequent devices
are connected in a similar fashion. Refer to Figure 7
for details. The problems associated with unbalanced
loading are not a concern with the arrangement
shown, i.e., precision balancing capacitors are not
required.

Oo— NV MT8870D/
C; R, IN+ MT8870D-1
L—O +
—O-
IN-
O "
G R4
Rs GS
R >
3 F\'g
VRet
0

ifferential Input Amplifier
1=Cp=10 L s
Ry=R4=R5=100 kQ
R,=60k2"R3=37.5 kQ
_ - RaRs
R+Rs

All resistors are +1% tolerance.
All capacitors are 5% tolerance.

R
VOLTAGE GAIN (A, diff)= R_S
1

INPUT IMPEDANCE

T2
@Znoire) =2/ R+ (’(E)

Figure 6 - Differential Input Configuration

__I i__—ﬁ ToOSCH1 of next
C T8870D/MT8870D-1
\/

\ X-tal
OSC1 __L 0osc2
oSsc2 _I—.“——- OSC1
C
C=30 pF

P
X-tal=3.579545 MHz

Figure 7 - Oscillator Connection

Parameter Unit Resonator
R1 Ohms 10.752
L1 mH 432
C1 pF 4.984
Co pF 37.915
Qm - 896.37
Af % +0.2%

Table 2. Recommended Resonator Specifications
Note: Qm=quality factor of RLC model. i.e., 1/2ITfR1C1.
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Applications

RECEIVER SYSTEM FOR BRITISH TELECOM
SPEC POR 1151

The circuit shown in Fig. 9 illustrates the use of
MT8870D-1 device in a typical receiver system. BT
Spec defines the input signals less than -34 dBm as
the non-operate level. This condition can be attained
by choosing a suitable values of Ry and Rp to
provide 3 dB attenuation, such that -34 dBm input
signal will correspond to -37 dBm at the gain setting
pin GS of MT8870D-1. As shown in the diagram, the
component values of Rz and C, are the guard time
requirements when the total component tolerance is
6%. For better performance, it is recommended to
use the non-symmetric guard time circuitin Fig. 8.

tare=(RpC1)In[Vop/(Voo-Vrsi]

tg7a=(R:Cy)In(Vpp Vrs)
e O_____L Rp=(RRa)(Ry+Rs)
ol

SVGT

Ry Ro Notes:

R,=368K 0 £ 1%
Ro=2.2M O + 1%
C;=100nF = 5%

Figure 8 - Non-Symmetric Guard Time Circuit

Voo 1Y
), l
DTMF O—'”—% .
Input R, MT8870D-1
L
—L ] IN+ Vop [H—9
{] IN- SUGT 3—%
[\/\/\N— GS ESt :}— Ry
% Vet stD [ 1— 0
O——— ™ | 3—+——0
O————L|PwDN P ll ol 4
’T{ 0sC 1 Qi e ® NOTES:
L O] osc2 O = Ry = 102KQ + 1%
/Jr,——{ Vss TOE[}— R, = 71.5K0 + 1%
Ry = 390KQ +1 %
C,.C, =100 nF £ 5%

X, = 3.579545 MHz = 0.1%
Vpp = 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 Y
2 | Voltage on any pin V) Vgs-0.3 Vpp+0.3 v
3 | Current at any pin (other than supply) I 10 mA
4 | Storage temperature Tsta -65 +150 C
5 | Package power dissipation Pp 500 mwW

Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied.
g ¥N g pe

Derate above 75 "C at 16 m

Recommended Operating Conditions - Voltages are with respect to ground (Vss) unless otherwise stated.

/°C. All leads soldered to board.

Parameter Sym Min Typt Max | Units Test Conditions
1 | DC Power Supply Voltage Vop 4.75 5.0 526 \
2 | Operating Temperature To -40 +85 “C
3 | Crystal/Clock Frequency fc 3.579545 MHz
4 | Crystal/Clock Freg.Tolerance Afc +0.1 Y%

+

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

DC Electrical Characteristics - Vyp=50V+ 5%, Vsg=0V, -40°C = T  +85°C. unless otherwise stated.

Characteristics Sym Min | Typt Max Units Test Conditions
1 | S |Standby supply current lopa 10 25 A | PWDN=Vpp
— U
2 | p |Operating supply current Ibo 3.0 9.0 mA
[l P
3 | | |Power consumption Po 15 mW | fc=3.579545 MHz
Y
4 ngh level input VIH 3.9 V VDD=54OV
5 Low level input voltage Vi 1.5 V | Vpp=5.0V
6 | , [Input leakage current hahe 0.1 uA  [ViN=Vssor Vpp
7 | N | Pull up (source) current lso #D 20 WA | TOE (pin 10)=0
P {
U | Vpp=5.0V
8 ; | Pull down (sink) current Is) 15 45 uA [INH=5.0V, PWDN=5.0V,
Vpp=5.0V
9 Input impedance (IN+, IN-) Rin 10 MQ |@ 1 kHz
10 Steering threshold voltage Vst 22 2.4 2.5 Vpp =5.0V
11 Low level output voltage VoL Vgg+0.03 VvV |Noload
12 8 High level output voltage Vou | Vpp-0.03 \ No load
13 | T |Output low (sink) current loL 1.0 2.5 mA | Vou7=0.4V
-1 p
14 | u |Output high (source) current | loy 0.4 0.8 mA | Vour=4.6V
L |5 =
15 | g | VRet OUtpUL VOItage VRet 2.3 2.5 2.7 V  |Noload, Vpp = 5.0V
16 VRet OUtpUL resistance Ror 1 kQ

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 - vpp=5.0745%, Vgs=0V. -40°C < T < +85°C .unless otherwise stated.
Gain Setting Amplifier

Characteristics Sym Min | Typ* | Max | Units Test Conditions
1 | Input leakage current IIN 100 nA Vgs< Vin<Vpp
2 | Input resistance Rin 10 MQ
3 | Input offset voltage Vos 25 mV
4 | Power supply rejection PSRR 50 dB 1 kHz
5 | Common mode rejection CMRR 40 dB 0.75V<V|y<4.25V biased
at Vpes=2.5V
6 | DC open loop voltage gain AvoL 32 dB
7 | Unity gain bandwidth fe 0.30 MHz
8 | Output voltage swing Vo 4.0 Vpp | Load 2100 kQ to Ves @ GS
9 | Maximum capacitive load (GS) Cp 100 pF
10 | Resistive load (GS) Ry 50 kQ
11 | Common mode range Vem 2.5 Vpp | No Load

MT8870D AC Electrical Characteristics - Vpp=5.0V £5%. Vgg=0V, -40°C < T < +85°C , using Test Circuit shown in

Figure 10.

Characteristics Sym Min T yp‘c Max Units Notes*

y X]a:i:é?p::létn?igonsailtleles\/izlsa(sach e +1 dBm 0,2, 318%6,9
27.5 869 | mVpys | 1.2.35,6.9

2 | Negative twist accept 8 dB 2,3,8512
3 | Positive twist accept 8 dB 2,3169,12
4 | Frequency deviation accept +1.5% + 2 Hz 2,359
5 | Frequency deviation reject +3.5% <3.9.9
6 | Third tone tolerance -16 dB 2,3,4,59,10
7 | Noise tolerance 2 dB 2.3,45.7,9,10
8 | Dial tone tolerance +22 dB 2.3,4,5,8,9,11

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

*NOTES

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

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

4. Signal condition consists of nominal DTMF frequencies.

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

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

7. Bandwidth limited (3 kHz ) Gaussian noise.

8. The precise dial tone frequencies are (350 Hz and 440 Hz) +2 %.
9. For an error rate of better than 1in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the minimum valid accept level.

12. Guaranteed by design and characterization.
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MT8870D-1 AC Electrical Characteristics - vpp=5.0V£5%. Vgg=0V. -407C < Tg < +85°C . using Test Circuit shown

in Figure 10.
Characteristics Sym Min Typi Max Units Notes*
;| Validinput signal levels (each -31 +1 dBm Tezsfcéég\g/mﬁ-ov
tone of composite signal) 218 869 | MVRms 1929104
i : -37 dBm Tested atVpp=5.0V
2 | Input Signal Level Reject 123,569
10.9 mVRMS i
3 | Negative twist accept 8 dB 2,8,69.13
4 | Positive twist accept 8 dB 2,3,6.9.13
5 | Frequency deviation accept +1.5%+ 2 Hz 2.3,5.9
6 | Frequency deviation reject +3.5% 2,3,5.9
7 | Third zone tolerance -18.5 dB 2,3.459,12
8 | Noise tolerance -12 dB 2.3,4.5,7,9,10
9 | Dial tone tolerance +22 dB 2.3.4.58.9,11
+ Typical figures are at 25 “C and are for design.aid only: not guaranteed and not subject to production testing.
*NOTES
1. dBm= decibels above or below a reference power of 1 mW-into a €00 ohm load.
2. Digit sequence consists of all DTMF tones.
3. Tone duration= 40 ms, tone pause= 40 ms.
4. Signal condition consists of nominal DTMF frequencies.
5. Both tones in composite signal have an equal amplitude.
6. Tone pair is deviated by 1.5 %+ 2 Hz.
7. Bandwidth limited (3 kHz ) Gaussian noise.
8. The precise dial tone frequencies are (350 Hz and 440 KZ) /25
9. For an error rate of better than 1 in 10,000.

10. Referenced to lowest level frequency component in DTMF signal.
11. Referenced to the-minimum valid acceptlevel.

12. Referenced to Fig. 10 input DTMF tone level at -26dBm (-28dBm at G

13. Guaranteed by design and characterization.

S Pin) interference frequency range between 480-3400Hz.
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AC Electrical Characteristics -vpp=5.0v£5%, Vsg=0V.

-40°C < To < +85°C , using Test Circuit shown in Figure 10.

Characteristics Sym | Min | Typf | Max | Units | Conditions
1 Tone present detect time tpp 5 11 14 ms [Note 1
2 | 1 |Tone absent detect time ba 0.5 4 8.5 ms |Note 1
3 ,\'4 Tone duration accept tReC 40 ms  |Note 2
4 rlx Tone duration reject tREC 20 ms |Note 2
5 | G |Interdigit pause accept i) 40 ms |Note 2
6 Interdigit pause reject tbo 20 ms |Note 2
7 Propagation delay (St to Q) tpa 8 11 us |TOE=Vpp
8 | o |Propagation delay (St to StD) tpsiD 12 16 us |TOE=Vpp
9 $ Output data set up (Q to StD) lastd 3.4 us |TOE=Vpp
10 S Propagation delay (TOE to Q ENABLE) | tpre 50 ns |load of 10 kQ.
T 50 pF
11 S Propagation delay(TOE to Q DISABLE)| tp1p 300 ns |load of 10 k.
50 pF
12 | P |Power-up time tpu 30 ms. [Note 3
13 \/3/ Power-down time trD 20 ms
14 Crystal/clock frequency fe 3.5759 | 3.5795 | 3.5831 | MHz
15 f Clock input rise time tLHoL 110 ns |Ext. clock
16 | O |Clock input fall time tHLcL 110 ns  |Ext. clock
17 i Clock input duty cycle DCcL | 40 50 60 %  |Ext. clock
18 Capacitive load (OSC2) CLo 30 pF

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

*NOTES:

A
2.

3.

Used for guard-time calculation purposes only.

These, user adjustable parameters, are not device speci

are recommendations based upon network requirements.
With valid tone present at input. tpy, equals time from PDWN going low until ESt going high.

fications. The adjustable settings of these minimums and maximums

Voo
Cy
DTMF O—|
Input R
: MT8870D/MT8870D-1
—L| IN+ Voo[T—%
] IN- SVGT [ 1—
N —{]Gs ESt{ —

2 ] Vo s [ 3——F—0O
O—— ] mH s —1—O0
O———— (] pOWN a3 —F"0O

L—E 0SC 1 @ —TF90

Xtal Ly osc 2 ol [—+—0
Vs TOE [3—
/J;

Gz

Ry

NOTES:
Ry.Rp=100KO + 1%
R3=300KQ2 = 1%
Cy.Cp=100 nF + 5%

X-tal=3.579545 MHz + 0.1%
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| 0 |
EVENTSl A | B | 6 | E | F | G
! | | |
thec—> :(— —>: trec |« 1(— tip = —, Ibo <
l | l | TONE TONE
v, TONE #n el 0s
tDP—>I < | > <o
ESt l { ! I__
tGTPeT - IK— tata
[ ~ Vist
SUGT J‘ J] VI K l_/ I
’Plo—>| le—
I i<
hsgWane, (IGHIMPERANCE —————
Q,-Qy DECODED TONE # (n-1) O(I #n | < #n+1)
I
tesp—> e | |
EI (™ -y
| |
StD Bl
= |<_ -t PTE
TOE

EXPLANATION OF EVENTS

A)
B)
C)

TONE BURSTS DETECTED, TONE DURATION INVALID, QUTPUTS NOT UPDATED.

TONE #n DETECTED, TONE DURATION VALID, TONE DECODED AND LATCHED IN. QUTPUTS

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

OUTPUTS SWITCHED TO HIGH IMPECANCE STATE.

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

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

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

EXPLANATION OF SYMBOLS

Vin
ESt
SUGT
Q,-Q,
StD

TOE
tRec
ReC
lip

DTMF COMPOSITE INPUT SIGNAL.

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

4-BIT DECODED TONE OUTPUT.

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

TONE OUTPUT ENABLE (INPUT}. A LOW LEVEL SHIFTS Q-Q, TQ 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 OQUT 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:

aaamn
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E4

ooooooood Y

D4

1) Not to scale
2) Dimensions in inches
3) (Dimensions in millimeters)

: v
‘1 !
= —_>|b2i<_'-_)|el(___)ll(__

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) 0.210 (5.33) 0.210 (5.33) 0.210 (5.33)
A, 0.115(2.92) | 0.195 (4.95) | 0.115(2.92) | 0.195(4.95) | 0.115(2.92) | 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) | 0.022 (0.558)
b, 0.045 (1:14) | 0.070 (1.77) | 0.045(1.14) | 0.070.(1.77) | 0.045(1.14) | 0.070(1.77) | 0.045(1.14) | 0.070 (1.77)
c 0,008 0.014 (0.356) | 0.008 (0.203) | 0.014(0.356) | 0.008 (0.203) | 0.014 (0.356) | 0.008 (0.203) | 0.014 (0.356)
(0.203)
D 0355 (9.02) | 0.400 (10.16) | 0.780 (19.81) | 0.800 (20.32) | 0.880 (22.35) | 0.920 (23.37) | 0.980 (24.89) | 1.060 (26.9)
D4 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13)
E 0300 (7.62) | 0.325(8.26) | 0.300 (7.62) | 0.325(8.26) | 0.300(7:62) | 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) | 0.240 (6.10) | 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 BSC (2.54) 0.100 BSC (2.54)
ea 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62)
p 0.115(2.92) | 0.150 (3.81) | 0.115(2.92) | 0.150(3.81) | 0.115(2.92) | 0.150 (3.81) | 0.115(2.92) | 0.150(3.81)
eg 0.430 (10.92) 0.430 (10.92) 0.430 (10.92) 0.430 (10.92)
ec 0 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52)

NOTE: Controlling dimensions in parenthesis () are in millimeters.

General-8
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Package Outlines
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D
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Notes:

1) Not to scale

2) Dimensions in inches
3) (Dimensions in millimeters)
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Plastic Dual-In-Line Packages (PDIP) - E Suffix

22-Pin 24-Pin 28-Pin 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)
A, 0.125 (3.18) | 0.195(4.95) | 0125 (3.18) | '0.195(4.95) | 0.125{3.18) | 0:195(4.95) | 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 {0.356) | 0.022 (0.558) | 0.014(0.356) | 0.022 (0.558)
b, 0.045 (1.15) | 0.070.{1.77) | 0.030.(0.77) | 0.070(1.77) |.0.030(0.77) | 0.070(1.77) | 0.030 (0.77) | 0.070(1.77)
c 0.008(0.204) | 0.015(0.381) | 0.008 (0.204) | 0.015(0.381) | 0.008 (0.204) | 0.015(0.381) | 0.008(0.204) | 0.015 (0.381)
D 1.050 (26.67) | 1.120 (28:44)| 1150 {29.3) || 11290 (82.7) | 1.380 (351) | 1.565(39.7) | 1.980 (50.3) | 2.095(53.2)
D4 0.005 (0.13) 0.005 {0.13) 0.005 (0.13} 0.005{0.13)
0.390 (9.91) | 0.430{10.92) | 0.600 (15.24) {.0.670/(17.02)-| 0.600(15.24) | 0.670 (17.02) | 0.600 (15.24) | 0.670 (17.02)
0290 (7.37) | .330(8:38)

E, 0.330 (8.39) | 0.380(9.65) | 0.485(12.32) | 0.580 (14.73) | 0.485 {12.32) | 0.580(14.73) | 0.485(12.32) | 0.580 (14.73)
E, 0.246 (6.25) | .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)

ea 0.400 BSC (10.16) 0.600 BSC (15.24) 0.600 BSC (15.24) 0.600 BSC (15.24)

en 0.300 BSC {7.62)

eg 0.430(10.92)

L 0.115(2.93) | 0.160 (4.06) | 0.115{2.93) | 0.200(5.08) | 0.115(2.93) | 0.200(5.08) | 0.115(2.93) | 0.200 {5.08)
u 15 15° 15 15¢

:I Shaded areas for 300 Mil Body Width 24 PDIP only
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Pin 1
E
O / T
A
/‘ c
L
H
| |
: =l
| D L
T =
[ \ 4 mils (lead coplanarity)
Notes:
1) Not to scale
A || 2) Dimensions in inches
3) (Dimensions in millimeters)
T ——->| |<— 4) A & B Maximum dimensions include allowable mold flash
B
16-Pin 18-Pin 20-Pin 24-Pin 28-Pin
DIM
Min Max Min Max Min Max Min Max Min Max
A 0.093 0.104 0.093 0.104 0.093 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) (2.65)
Ay 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012
(0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0.10) (0.30)
B 0.013 0.020 0.013 0.030 0.013 0.020 0.013 0.020 0013 0.020
(0.33) (0.51) (0.33) (0.51) (0.33) (0.51) (0.33) (0.51) (0.33) (0.51)
c 0.009 0.013 0.009 0.013 0.009 0.013 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 0413 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) (15.6) (17.7) (18.1)
E 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299
(7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40)
e 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC
(1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27 BSC) (1.27BSC)
H 0.394 0.419 0.394 0.419 0.394 0.419 0.394 0.419 0394 0.419
(10.00) (10.65) (10.00) (10.65) (10.00) (10.65) (10.00) (10.85) (10.00) (10.65)
L 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050
(0.40) (1.27) (0.40) (1.27) (0.40) (1.27) (0.40) (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 exact.

General-7
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1) Not to scale

2) Dimensions ininches
3) (Dimensions in millimeters)

4) Ref. JEDEC Standard M0-150/M0118 for 48 Pin
5) A & B Maximum dimensions include allowable mold flash

20-Pin 24-Pin 28-Pin 48-Pin
Dim

Min Max Min Max Min Max Min Max

A 0.079 d 0.079 0.079| 0.095 | 0.110
(2) @) (2) (2.41) | (2.79)

A, | 0.002 0.002 0.002 0.008 | 0.016
(0.05) (0.05) (0.05) (0.2) | (0.408)
B | 0.0087 | 0.013 | 0.0087 | 0.013 | 0.0087 | 0.013 | 0.008 | 0.0135
(0.22) | (0.33) | (0.22) | (0.33) | (0.22) | (0.33) | (0.2) | (0.342)

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

D 0.27 0.295 0.31 0.33 0.39 0.42 0.62 0.63
(6.9) (7.5) (7.9) (8.5) (9.9) | (10.5) | (15.75) | (16.00)

E 0.2 0.22 0.2 0.22 0.2 0.22 0.291 | 0.299
(5.0) (5.6) (5.0) (5.6) (5.0 (5.6) | (7.39) | (7.59)

e 0.025 BSC 0.025BSC 0.025BSC 0.025 BSC

(0.635 BSC) (0.635 BSC) (0.635 BSC) (0.635 BSC)
A, | 0065 | 0073 | 0.065 | 0.073 | 0.065 | 0.073 | 0.089 | 0.099
(1.65) | (1.85) | (1.65) | (1.85) | (1.65) | (1.85) | (2.26) | (2.52)

H 0.29 0.32 0.29 0.32 0.29 0.32 0.395 | 0.42
(7.4) (8.2) (7.4) (8.2) (7.4) 8.2) | (10.03) | (10.67)

L 0.022 | 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)

Small Shrink Outline Package (SSOP) - N Suffix
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oOoamn

2 1
an

E4

ooOoooord Y

D

n-2n-1 n

J
S i ==s

€
e
sl Sk
Notes: D4 R
1) Not to scale
2) Dimensions in inches
3) (Dimensions in millimeters)
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) 0.210 (5.33) 0.210(5.33) 0.210 (5.33)
A2 0.115(2.92) | 0.195 (4.95) | 0.115(2.92) | 0.195(4.95) | 0.115(2.92) | 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) | 0.022 (0.558)
b2 0.045 (1:14) | 0.070 (1.77) | 0.045(1.14) | 0.070 (1.77) | 0.045(1.14) | 0.070 (1.77) | 0.045(1.14) | 0.070 (1.77)
c 0.008 0.014 (0.356) | 0.008 {0.203) | 0.014(0.356) | 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 (24.89) | 1.060 (26.9)
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(8.26) | 0.300 (7.62) | 0.325(8.26)
E1 0.240 (6.10) | 0.280 (7.11) | 0.240 (6.10) | 0.280.(7.11) | 0.240 (6.10) | 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 BSC (2.54) 0.100 BSC (2.54)
ea 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62)
| 0.115(2.92) | 0.150(3.81) | 0.115(2.92) | 0.150(3.81) | 0.115(2.92) | 0.150 (3.81) | 0.1 15(2.92) | 0.150(3.81)
eg 0.430 (10.92) 0.430 (10.92) 0.430 (10.92) 0.430 (10.92)
ec 0 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52)

NOTE: Controlling dimensions in parenthesis () are in millimeters.
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Package Outlines

:Ld
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annmn
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D
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= 2o

Notes: Dy
1) Not to scale

2) Dimensions in inches

3) (Dimensions in millimeters)

(1.
[
k—ea—>|
eg

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

22-Pin 24-Pin 28-Pin 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)
A, 0.125(3.18) | 0.195(4.95) | 0.125(3.18) | 0.195(4.95) | 0125 (3.18) | 0.195 (4.95) | 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 (0.356) | 0.022 (0.558) | 0.014 {0.356) | 0.022 (0.558)
b, 0,045 (1.15) | 0.070(1.77y | 0030 (0.77) | 0.070.{1.77) | 0.030(0.77) | 0.0701.77) | 0.030.(0.77) | 0.070{1.77)
c 0.008 (0.204) | 0.015 (0.381) | 0,008 {0.204) | 0.015 (0.381) | 0.008 (0.204) | 0.015 (0.381) | 0.008 (0.204) | 0.015 (0.381)
D 1,050 (26.67) | 1.120 (28.44) | 1.150(29.3) | 1.290(32.7) | 1.380 (35.1) | 1.565(39.7) | '1.980(50.3) | 2.095(53.2)
D, 0.005 (0.13) 0.005 (0.13) 0.005 (0.13) 0.005 (0.13)
E 0.390 {9.91) | 0.430(10.92) | 0.600 (15.24) | 0.670 (17.02) | 0.600 (15.24) | 0.670 (17.02) | 0.600 (15.24) | 0.670 (17.02)

0.290 (7.37) .330 (8.38)

E1 0.330 (8.39) | 0.380 (9.65) | 0.485(12.32) | 0.580(14.73)

0.485 (12.32) | 0.580/(14.73) | 0.485 (12.32) | 0.580 (14.73)
E4 0246 (6.25) | 0.254 (6.45)
e £.100 BSC (2.54) 0.100 BSC (2.54) 0.100 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)
ea 0.300 BSC (7.62)
ep 0.430 (10.92)
L 0.115(2.93) | 0.160 (4.06) | 0.115(2.93) | 0.200 (5.08) | 0.115(2.93) | 0.200(5.08) | 0.115(2.93) | 0.200 (5.08)
o 15 15 15 15

E:' Shaded areas for 300 Mil Body Wicth 24 PDIP only
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Package Outlines

Pin 1
E
O f x
A
o
L
H
| |
: o |l
| D L
1‘ v
' \ 4 mils (lead coplanarity)
T Notes:
1) Not to scale
Ay - 2) Dimensions in inches
3) (Dimensions in millimeters)
T —>| l(—— 4) A & B Maximum dimensions include allowable mold flash
B
i 16-Pin 18-Pin 20-Pin 24-Pin 28-Pin
D
Min Max Min Max Min Max Min Max Min Max
A 0.093 0.104 0.093 0.104 0.093 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) (2.65)
Ay 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012
(0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0:10) (0.30) (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) (0.51) (0.33) (0:51) (0.33) (0.51)
c 0.009 0.013 0.009 0.013 0.009 0.013 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) (15.6) (17.7) (18.1)
E 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299
(7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40)
e 0.050 BSC 0.050BSC 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 0.419 0.394 0.419
(10.00) (10.65) (10.00) (10.65) (10.00) (10.65) (10.00) (10.65) (10.00) (10.65)
L 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050
(0.40) (1.27) (0.40) (1.27) (0.40) (1.27) (0.40) (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 exact.
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Package Outlines

HHHHHAAAHR

. e
=

m

ks

HHHHHHH@?

l Notes:
D 1) Not to scale
2) Dimensions in inches
3) (Dimensions in millimeters)
A2 [ \ 4) Ref. JEDEC Standard M0-150/M0118 for 48 Pin
5) A & B Maximum dimensions include allowable mold flash

)

20-Pin 24-Pin 28-Pin 48-Pin
Dim
Min Max Min Max Min Max Min Max
A 0.079 4 0.079 0.079 | 0.095 | 0.110
(2) 2) (2) (2.41) | (279
Ay | 0.002 0.002 0.002 0.008 | 0.016
(0.05) (0.05) (0.05) (0.2) | (0.406)

B 0.0087 | 0.013 | 0.0087 | 0.013 | 0.0087 | 0.013 0.008 | 0.0135
(0.22) (0.33) (0.22) (0.33) (0.22) (0.33) (0.2) (0.342)

Cc 0.008 0.008 0.008 0.010
(0.21) (0.21) (0.21) (0.25)

D 0.27 0.295 0.31 0.33 0.39 0.42 0.62 0.63
(6.9) (7.5) (7.9) (8.5) (9.9) (10.5) | (15.75) | (16.00)

E 02 0.22 0.2 0.22 0.2 0.22 0.291 0.299
(5.0) (5.6) (5.0) (5.6) (5.0) (5.6) (7.39) (7.59)

e 0.025 BSC 0.025BSC 0.025 BSC 0.025 BSC
(0.635 BSC) (0.635 BSC) (0.635 BSC) (0.635 BSC)

Ay 0.065 0.073 0.065 0.073 0.065 0.073 0.089 0.099
(1.65) (1.85) (1.65) (1.85) (1.65) (1.85) (2.26) (2.52)

H 0.29 0.32 0.29 0.32 0.29 0.32 0.395 0.42
(7.4) (8.2) (7.4) (8.2) (7.4) (8.2) (10.03) | (10.67)

|3 0.022 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)

Small Shrink Qutline Package (SSOP) - N Suffix
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Package Outlines
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Plastic Dual-In-Line Packages (PDIP) - E Suffix

—

Notes: Dy
1) Not to scale

2) Dimensions in inches

3) (Dimensions in millimeters)

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) 0.210(5.33) 0.210 (5.33) 0.210(5.33)
A, 0.115(2.92) | 0.195(4.95) | 0.115(2.92) | 0.195(4.95) | 0.115(2.92) | 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) | 0.022 (0.558)
b, 0.045 (1.14) | 0.070 (1.77) | 0.045(1.14) | 0.070 (1.77) | 0.045(1.14) | 0.070(1.77) | 0.045(1.14) | 0.070 (1.77)
c 0.008 0.014 (0.356) | 0.008(0.203) | 0.014(0.356) | 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 (24.89) | 1.060 (26.9)
D4 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(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) | 0.240(6.10) | 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 BSC (2.54) 0.100 BSC (2.54)
ea 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62) 0.300 BSC (7.62)
|5 0.115(2.92) | 0.150 (3.81) | 0.115(2.92) | 0.150 (3.81) | 0.115(2.92) | 0.150 (3.81) | 0.115(2.92) | 0.150 (3.81)
eg 0.430 (10.92) 0.430 (10.92) 0.430 (10.92) 0.430 (10.92)
ec 0 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52) 0 0.060 (1.52)

NOTE: Controlling dimensions in parenthesis () are in millimeters.
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Package Outlines
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Notes:

1) Not to scale

2) Dimensions in inches
3) (Dimensions in millimeters)

Dy

L

=l

.
(o]
=2r—>|
€B

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

22-Pin 24-Pin 28-Pin 40-Pin
DIM Plastic Plastic Plastic Plastic
Min Max Min Max Min Max Min Max
A 0.210(5.33) 0.250 /5.35) 0.250(6.35) 0.250 (6.35;
A, 0:125 (3.18) | 0.195(4.95) | 0.125 (3118) | 0.19514.95) | 0.125(3.18) | 0.195(4.95) | 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 (0.356) | 0.022.(0.558) | 0.014 (0.356) | 0.022 (0.558)
b, 0.045(1.15) | 0.070(1.77) | 0030 (0.77) | 0.070¢1.77) /| 0.080 (0.77) | 0.070 (1.77) | 0.030:{0.77) | 0.070 (1.77)
c 0.008 (0.204) | 0.015(0.381) | 0.008 (0.204) | 0.015{0.381) | 0.008 (0.204) | 0.015 (0.381) | 0,008 (0.204) | 0.015 {0.381)
D 1.050 (26.67) | 1.120 (28.44) | 1.150 (29.3) | 1.290¢32.7) | 1.380(35.1) | 1.565(39.7) | 1.980(50.3) | 2.095(53.2)
D, 0.005 (0.13) 0005 (0.13) 0.005 (0.13) 0.005 {0.13)
0.390 (9,91} | 0.430(10.92) | 0.600(15.24} | 0.670{17.02) | 0.600 {15.24) | 0.670.(17.02) | 0.600 (15.24) | 0.670 {17.02)
10290 (7.37) | .330(8.38)
E, 0.330 (8.39) | 0.380 (9.:65) | 0.485(12.32) | 0.580 (14.73) | 0:485 (12.32) | (.580 (14.73) | 0.485 (12.32) | 0.580 (14.73)
E, 0246 (6.25) | 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 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)
14 0.115(2.93) | 0.160(4.06) | 0.115{2.93) | 0.200({5.08) | 0.115{2.93) | 0.200{5.08) | 0.115(2.93) | 0.200 (5.08}
o 15 15 15¢ 15¢

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

Pin 1
E
o) / &
A
2o
L
H
| I
| D _—H 0 L
/ \ T 4 mils (lead coplanarity)
Notes:
1) Not to scale
Ay | 8 2) Dimensions ininches
3) (Dimensions in millimeters)
1\ —_— |<— 4) A & B Maximum dimensions include allowable mold flash
B
16-Pin 18-Pin 20-Pin 24-Pin 28-Pin
DIM
Min Max Min Max Min Max Min Max Min Max
A 0.093 0.104 0.093 0.104 0.093 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) (2.65)
Ay 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012 0.004 0.012
(0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (0.10) (0.30) (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) (0.51) (0.33) (0.51) (0.33) (0.51)
(o 0.009 0.013 0.009 0.013 0.009 0.013 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) (15.6) (17.7) (18.1)
E 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299 0.291 0.299
(7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40) (7.40)
e 0.050 BSC 0.050BSC 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 0.419 0.394 0.419
(10.00) (10.65) (10.00) (10.65) (10.00) (10.65) (10.00) (10.65) (10.00) (10.65)
L 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050 0.016 0.050
(0.40) (1.27) (0.40) (1.27) (0.40) (1.27) (0.40) (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 exact.
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Package Outlines

HHAHHHAAEA"

©)

HHHHHHH%@

Ay —

-

Notes:
1) Not to scale
2) Dimensions in inches

3) (Dimensions in millimeters)
4) Ref. JEDEC Standard MO-150/M0118 for 48 Pin

5) A & B Maximum dimensions include allowable mold flash

20-Pin 24-Pin 28-Pin 48-Pin
Dim
Min Max Min Max Min Max Min Max
A 0.079 % 0.079 0.079 0.095 | 0.110
(2) (2) (2) (241 | (2.79
A; | 0.002 0.002 0.002 0.008 | 0.016
(0.05) (0.05) (0.05) (0.2) | (0.406)
B | 0.0087 | 0.013 /[ 0.0087 | 0.013 | 0.0087 | 0.013 | 0.008 | 0.0135
(0.22) | (0.33) | (0.22) | (0.33) | (0.22) | (0.33) (0.2) | (0.342)
(o 0.008 0.008 0.008 0.010
(0.21) (0.21) (0.21) (0.25)
D 0.27 0.295 0.31 0.33 0.39 0.42 0.62 0.63
(6.9) (7.5) (7.9) (8.5) (9.9) | (10.5) | (15.75) | (16.00)
E 0.2 0.22 0.2 0.22 0.2 0.22 0.291 | 0.299
(5.0) (5.6) (5.0) (5.6) (5.0 (5.6) (7.39) | (7.59)
e 0.025 BSC 0.025 BSC 0.025BSC 0.025BSC
(0.635 BSC) (0.635 BSC) (0.635BSC) (0.635BSC)
A, |0.065 | 0.073~| 0.065 | 0.073 | 0.065 | 0.073 | 0.089 | 0.099
(1:65) | (1.85) | (1.65) | (1.85) | (1.65) | (1.85) | (2.26) | (2.52)
H 0.29 0.32 0.29 0.32 0.29 0.32 0.395 0.42
(7.4) (8.2) (7.4) (8.2) (7.4) (8.2) | (10.03) | (10.67)
L 0.022 | 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)

Small Shrink Outline Package (SSOP) - N Suffix

General-11
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