





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TDA7325

GENERAL DESCRIPTION

The TDA 7325 performs the entire PPL synthe-
sizer function (from frequency inputs to tuning
voltage output) for all types of radios with the
AM and FM frequency ranges.

The circuit comprises the following:

OPERATION DESCRIPTION

Control information

The following functions can be controlled with
the data word bits in latch B, For data word
format and bit position see Fig. 3.

FM

FM/AM selection; ‘1’ = FM, ‘0’ = AM

® Separate input amplifiers for the AM and FM

b P P REFH reference frequency selection; ‘1’ = 1.25

VCO-signal. kHz, ‘0’ = 1 kHz (sample and hold phase
® A divider-by-10 for the FM channel. (detecton) sampre and hold phas
° . .

i/;pr:tultlplexer which selects the AM or FM 8;3 control bits for the programmable current

ifi ion Electrical Charac-

® A sample and hold phase detector for the CP1 :g?izltuif(::)r (see section Electrica ara

in-lock condition, to achieve the high spectral CPO

purity of the VCO signal. SB2  enables last 8 bits (SLA to TO0) of data
® A digital memory frequency/phase detector yv?rd B; e -

) . : ' 1" enables ‘0’ = disables; when pro-
which operates at a 32 times higher frequency grammed ‘0", the last 8 bits of data word
than the sample and hold phase detector, so B will be set to ‘0’ automatically
fast tuning can be achieved.

@ i 9 @ . SLA load mode of latch A; ‘1" = synchronous,
® An-in-lock counter detects when the system is ‘0’ asynchronous
in-lock. The digital phase detector is switched-
off automatically when an in-lock condition is EBM& phase detector mode
detected. PDM1 PDMO digital phase
® A reference frequency oscillator followed by a detactor
reference divider. The frequency is generated 0 X automatic
by a 4 MHz quartz crystal. The reference fre- on/off
quency can be chosen either 32 kHz or 40 kHz 1 o on
for the digital phase detector (that means 1 1 1 off
kHz and 1.25 kHz for the sample and hold BRM bus receiver mode bit; in this mode the
phase detector), which results in tuning steps supply current of the BUS receiver will
of 1 kHz and 1.25 kHz for AM, and 10 kHz be switched-off automatically after a data
and 12.5 kHz for FM. transmission (current-draw is reduced);
. ‘1" = current switched; ‘0’ = current
® A programmable current amplifier (charge always on
pump), which controls the output current of . .
both the digital and the sample/hold phase T3 test b'.t' must be programmed always ‘0
detector in a range of 40 dB. It also allows the T2 test bit; selects the reference frequency
loop gain of the runing system to be adjusted (32 or 40 kHz) to the TEST pin
by the microcomputer. T test bit; must be programmed always ‘0’
@® A tuning voltage amplifier, which can deliver a TO  test bit; selects the output of the pro-
tuning voltage of up to 25 V. grammable counter to the TEST pin
® BUS; this circuitry consists of a format control T3|T2|T1|TO TEST (pin 18)
part, a 16-bit shift register and two 15-bit 0cjojojoj1
latches. Latch A contains the to be tuned fre- 0| 1|0 | 0 | reference frequency
quency information in a binary code. This 0] 0] 0] 1 | output progrrammable
binary-coded number, multiplied by the tuning counter
spacing, is equal to the synthesized frequency. 0] 1|0 1| outputin-lock counter
The programmable divider (without the fixed ‘0’ = out-lock
divide-by-10 prescaler for FM) can be pro- ‘1" = in-lock
grammed in a range between 512 and 32 767
(see Fig. 3). Latch B contains the control in-
formation.
/8 <74 SGS-THOMSON
Y/, HICROELECTRONICS
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NOSWOHL-S9S

8/L

Fig. 2 - BUS format

DLEN 222222

DLENhoId

U I

tcuBlag2

toist

tizsu(M
tcLBlead tciBlagt
cLBe I
teusL

teusH {DATAlead

DATA {
tTlead
test leading zero

bit no 0 1 2

(1) During the zero set-up time (t_zg,) CLB can be LOW or HIGH, but no transient of the signal is permitted.

tDATANOId

X

XX

when an 12 C bus is used for other devices on the same data and clock lines

Fig. 3 - Bit organization of data words A and B

DATA WOR

leading 1
/% 1

D A

S-7667

This can be of use

zero | 0 | 214| 213] 212| 211| zwl 29| 28I 27| zﬁl 25I 24l 23| ZZI 21I 2°W

DATA WORD 8

bits stored in latch A

512 < dividing number<32767

leading
% zero I 1 I FM |REFH|CP3| CP2 | CP\ICPOISBZlSLA IPDM1 [PDMOIBRMI T3 I T2 I T I T0 V

bits stored in latch B

$-7668

seeLval



TDA7325

APPLICATION INFORMATION

Initialize procedure

Either a train of at least 10 clock pulses should
be applied to the clock input (CLB) or word B
should be transmitted, to achieve proper in-
itialization of the device.

For the complete initialization (defining all
control bits) a transmission of word B should
follow. This means that the IC is ready to accept
word A.

Synchronous/asynchronous operation

Synchronous loading of the frequency word into
the programmable counter can be achieved when
bit ‘SLA’ of word B is set to‘1’. This mode should
be used for small frequency steps where low
tuning noise is important (e.g. search and manual

8/8 57 SGS-THOMSON
Y/, MICROELECTRONICS
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tuning). This mode should not be used for fre-
quency changes of more than 31 tuning steps.
In this case asynchronous loading is necessary.
This is achieved by setting bit ‘SLA’ to ‘0. The
in-lock condition will then be reached more
quickly, because the frequency information is
loaded immediately into the divider.

Restrictions to the use of the programmable
current amplifier

The lowest current gain (0.023) must not be used
in the in-lock condition when the supply voltage
Ve is below 5 V (CP3, CP2, CP1 and CPO are
all set to ‘0’). This is to avoid possible instability
of the loop due to a too small range of the sample
and hold phase detector in this condition (see
also section ‘Electrical Characteristics’).




(ST

TDA7350

BRIDGE-STEREO AMPLIFIER FOR CAR RADIO

VERY FEW EXTERNAL COMPONENTS
NO BOUCHEROT CELLS

NO BOOTSTRAP CAPACITORS

HIGH OUTPUT POWER

NO SWITCH ON/OFF NOISE

VERY LOW STAND-BY CURRENT (100uA)
FIXED GAIN

PROGRAMMABLE TURN-ON DELAY

Protections :

® QUTPUT AC-DC SHORT CIRCUIT TO
GROUND AND TO SUPPLY VOLTAGE

VERY INDUCTIVE LOADS
OVERRATING CHIP TEMPERATURE
LOAD DUMP VOLTAGE
FORTUITOUS OPEN GROUND

APPLICATION CIRCUIT
o

ADVANCE DATA

The TDA7350 is a new technology class AB
Audio Power Amplifier in the Multiwatt
package designed for car radio applications.
Thanks to the fully complementary PNP/NPN
output configuration the high power perform-
ance of the TDA7350 are obtained without
bootstrap capacitors.

A delayed turn-on mute circuit eliminates
audible on/off noise, and a novel short circuit
protection system prevents spurious intervention
with highly inductive loads.

Multiwatt-11

ORDERING NUMBER: TDA7350

22uF rJ_—.v__ 2208uF :.-L:
C4

o +U
L ‘19CBBnF e
L

T.®T
11
sur _°
STAND-BY
22uF :E

"Ll TDA”350

IN Coz—lls— IN2(+)

8. 22uF

1
'—— IN1(+)
ouT
C1 IN1(-) BRIDGE S-GND P-GND

ouT2

ouT1 |
ie

8.22uF

2! 4!

il el

NESTDAZ 358 - 82

June 1988

1/6

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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TDA7350

- ABSOLUTE MAXIMUM RATINGS

Vs Operating supply voltage 18 \%
Vs DC supply voltage 28 \%)
Vs Peak supply voltage (for t= 50ms) 40 \Y
lo louT peak (non rep. t = 100us) A
lo louT peak (rep. freq. > 10Hz) 4 A
Piot Power dissipation at Tc,e = 80°C 40 w
Tstg, T Storage and junction temperature -40 to 150 °c
CONNECTION DIAGRAM
(Top view)
$-10020
) = — STAND-BY
.d;_ 10 I —— ouT1
9T +Vs
3 e mns ssm— ouT 2
7 T > SVR
6 [T > P-GND
5 (Ll > IN 2 (+)
4TI T ——> BRIDGE/STEREO
K3 | 58 s s— S-GND
\ -q;— 2 [ —— INT ()
1T > IN1(+)
e -
L Tab connected to pin 6
THERMAL DATA
Rin jcase - Thermal resistance junction-case max 1.8 °c/W
2/6 ‘— SGS-THOM
\Y/. Rﬁ]ﬂ@lﬁk@ﬂ.ﬁ@?b‘%@?ﬁﬂoﬂ@%
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TDA7350

ELECTRICAL CHARACTERISTICS (Refer to the test circuits, T,mp = 25°C, Vg = 14.4V,

f = 1KHz, unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vg Supply voltage 8 18 \
lg Total quiescent drain current stereo configuration 120 mA
Asp Stand-by attenuation 60 80 dB
Isg Stand-by current 100 HA
STEREO
Po Output power (each channel) RL=168Q 12
- R =2Q 11
d=10% R_ =320 7 8 w
RL =49 6.5
d Distortion 0.1 to 4W Ry =3.2Q 0.5 %
SVR Supply voltage rejection Rs =0 to 10KQ 45 50 dB
f = 100Hz
CT Crosstalk f = 1KHz 45 55 dB
f = 10KHz 50
R; Input resistance 30 50 KQ
Gy Voltage gain 27 29 31 dB
Gy Voltage gain match 1 dB
Ein Input noise voltage Rq = 500 15
(*) uv
Rg = 10KQ 2.0
Rg = 50Q 2.0
(**) nv
Rg = 10KQ 2.7
BRIDGE
Po Output power d =10% Ry =49 20
R =3.2Q 16 22 w
d =05% RL =48 18
d Distortion RL =48 f = 1KHz 0.15 1 %
Py = 0.1W to 10W
Vos Output offset voltage 250 mV
SVR Supply voltage rejection Rs =0 to 10KQ 45 50 dB
f=100Hz
R; Input resistance 50 K
Gy Voltage gain 33 35 37 dB
Ein Input noise voltage Rg = 500 2.0
(*) Y
Ry = 10KQ 25
Rq = 500 2.7
**) Mv
Rg = 10KQ 3.2
(*) Curve A; (**) 22Hz to 22KHz
{yy SGS-THOMSON 3/6
Y/, ICROELECTRONICS
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TDA7350

Fig. 1 - STEREO test and application circuit
Su3
A o +Us
co L| o5 b = cs
22uF 228uF 188nF
L, I,

5 c7
SUR STAND B 2288UF
3 ouT2 ——ﬂ
u 8
cz:rs TDA/’350
—]H a2
ce
8. 22uF 2288UF
o—ll—~ IN1(+) oUT1 ,_ﬂ
ouT ‘e
c1 IN1(-) BRIDGE S-GND P-GND
9.22uF

2 l 4 %-'nnzizé: 6]

Fig. 2 - P.C. and layout (STEREO) of the fig. 1 (1:1 scale)

L

6ND (9) O
IN2 (5)0O
N1 (1)0

CS-0274
O
V¢ PW O; 04 Oy Oy
® GND GND GND
4/6 Ly7 SGS-THOMSON
Y/, ICROELECTRONICS
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TDA7350

Fig. 3 - BRIDGE test and application circuit

22uF £
“ I

-—/c 0 +Us

228uF é L 188nF

Ccé
w o L L5

7
SUR STAND-BY
22uF CL:— ouT2
c3 8
Ll TDAZ350
IN I—— IN2(+)
8.22uF
1
[—- INT(+) ouT1
ouT 18
c1 IN1(-) BRIDGE S-GND P-GND
B.22uF
T ] il el
NEETDAZ3ISE - 82
Fig. 4 - P.C. and layout (BRIDGE) of the fig. 3 (1:1 scale)
™
- —_—
c2 C1
@ JUMP
GND (9) O———F9) ('EI'
IN2 (5)O—F)
INT (1O (o) lJUMP

££$£$£ o

Vg PW 07 04 O Oy
GND GND GND

Lyy, S5S;THOMSON



TDA7350

Fig. 5 - Output power
versus Vg (STEREO)
88TDR7356-01

Po
w1
12 b Fetxnz RL-1.60 A/ 20
d.10% 7
4
18 A
Y/ARY,
8 4 T VT
/,// '// //
5 // ya // 4a
7V o4
2
LA NAA
8 18 12 14  Us (U]

Fig. 8 - Crosstalk vs. fre-
quency (STEREO)

88TDARP356 -04

(dB)

SS

se

45

40

Us.14.4V
35 RL-4a
Rg=18Ka

L

18 38 186 380 1K 3K 18K f (Hz)

Fig. 11 - Quiescent current

versus Vg
88TDA?356-D7
Id
(mA)
Se
'/
48 /
/’///,
30 /'/

4 6 8 10 12 14 VUs (V)

6/6

]
18 36 100 368 1K 3K 18K f (Hz)

Fig. 6 - Poyt versus fre-
quency (STEREO)

88TDAZ356-02

Fig. 7 - Poyt versus fre-
quency (STEREO)
‘88TDAZ356-D3

] Po
()]
Cout = d-10%
22960? 8 - I
'/ / d-8.5%
6
hsa /
uF Us-14.40
/ RL-3.20 |— / Us-14.4V
16@8uF d-18% 4 RL3.20 |—|
C-22@8uF

Fig. 9 - SVR versus Csygr
(STEREO)

18 38 1060 368 1K 3K 18K f (Hz)

Fig. 10 - Output power
versus Vg (BRIDGE)

88TDAZ350-05 88TDA2ISE-06
sur Po ‘I I
()
(db) T /
— f-1KHz 7
d-18% /
o 22 /
C?(uFl/7/ ’
45 |—10 Z / 18 /
84— v
se //
4e—2e / Us-14.4V 14
) 18 RL-3.2a
35 Rin-1a
10
1@ 3@ 188 368 1K F (Hz) 8 18 12 14 Us (u)
Fig. 12 - Dissipated power Fig. 13 - Dissipated power
& efficiency vs. Po & efficiency vs. Po
(STEREO) 9T0A7358-08 (BRIDGE) 887DA7356-D9
Ptot| n n Ptot] n
W (%) W) —TA %)
L Us«14.4V Pre
14 L,” RFL.-EK‘HZ: 68 14 / ‘P/ ~ =3 60
12 p 12 4 -
/ /]
18 . 40 10 A 48
! j /]
8 —r g "
. ,’/ t~Ptot I/ Us-14.4U
6 20 6 - RL-3.2a |20
' / fa1KHZz
U
4 4 It
'y [ ]
4 8 12 16 28 24 2xPa (U] 4 8 12 16 28 24 Po (V)
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TDA7359

LOW VOLTAGE NBFM IF SYSTEM

OPERATION FROM 1.8V TO 9V
LOW DRAIN CURRENT (4mA, V; = 4V)

® HIGH SENSITIVITY (3dB INPUT LIMITING
AT 3uV)

® 3uV INPUT FOR 20dB S/N
® AFC OUTPUT
® | OW EXTERNAL FAIR COUNT

The TDA7359 is a low-power narrow band FM
IF demodulation system operable to less than 2V
supply voltage.

Squelch, Scan Control and Mute Switch.

The TDA7359 is designed for use in NBFM dual
conversion communication equipments using a
455KHz ceramic filter like cordless telephones,
walkie-talkies, scan receivers, etc.

otag . S DIP-18 Plastic $0-20L
Amplifer. Quadraturs Disgiminator, Op. Amp. | ORDERING NUMBERS: TDA7350 DIP-18)
BLOCK DIAGRAM (PIN. NUMBERS are for DIP-18)
18 17 16 15 14 13 12 1" 10
LTJ FILTER
AME.

SQUELCH TRIGGER
WITH HYSTERESIS

MIXER DEMODULATOR é
LM, 1H
AME, 10pF
OSCILLATOR f
18KQ hal  d
18KA
2 3 4 5 7 8 9
S$-9630

June 1988
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TDA7359

ABSOLUTE MAXIMUM RATINGS

V, Supply voltage 9 \
v, RF input voltage (pin 18) 1 Vims
Vg Detector input voltage 1 Vpp
Via Mute function voltage -05t0 5 \"
Top Operating ambient temperature 0to 70 °c
T Junction temperature 150 °c
Tetg Storage temperature -65 to 150 °c
CONNECTION DIAGRAMS
(Top view)
) \J
q 1 18]] RF INPUT 20 [] R NPUT
XTAL l XTAL
[l2 17]] GND 19 ] GND
MIXER [ 3 16 ] AUDIO MIXER ] AUDIO
OuTPUT MUTE ouTPUT MUTE
+Vs I« 15]] condSAN Vs h CONTROL
LIMITER SQUELCH LIMITER SQUELCH
INPUT [s 14 ] SOSRECH INPUT INPUT
DECOUPLING[| 6 13[] JUHER DECOUPLING R
DECOUPLING [| 7 12[]  FULTER DECOUPLING |
QUAD QUAD
INPUT s nl]  arc INPUT ] arc
DEMODULAT, DEMODULAT.
FILTER ® 10] aubio out FILTER ] auoio our
5-9631
NC. ) N.C.
$-9751
DIP-18 SO-20L
THERMAL DATA DiIP-18 SO-20L
Rihjamb  Thermal resistance junction-ambient max 100°C/W 200°C/W
2/6 Ly7 SGS-THOMSOM
Y/, MICROELECTRONICS
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TDA7359

PIN FUNCTION (DiP-18)

N° NAME FUNCTION

1-2 XTAL OSCILLATOR Connections for the Colpitts XTAL oscillator.

The XTAL may be replaced by an inductor (see fig. 5)
if the application does not require high stability.

3 MIXER OUT The Mixer is double balanced to reduce spurious pro-
ducts. The output impedance is 1.8KS2 to match the
input impedance of a 465KHz ceramic filter.

4 SUPPLY VOLTAGE Must be well decoupled with a 100nF ceramic capacitor.

5 IF LIMITER INPUT Input pin of the six stages amplifier with about 50uV
limiting sensitivity and 1.8KS2 input impedance. The if
output is connected to the external quadrature coil
(pin 8) via an internal 10pF capacitor.

6-7 DECOUPLING Good quality 100nF ceramic capacitors and a suitable
layout are important.

8 QUADRATURE COIL A quadrature detector is used to demodulate the 455KHz
FM signal. The Q of the quad coil has direct effect on
output level and distortion (see fig. 6). For proper oper-
ation the voltage should be 100mV,p,s.

10 AUDIO OUTPUT The Audio signal after detection and deemphasis is
buffered by an internal emitter follower.

11 AFC OUT AFC output, with high gain and high output impedance.
If not needed, it should be grounded or connected to
pin 9 (to double the recovered audio).

12 OP AMP. INPUT Because of the low DC bias, the swing on the operational
amplifier output is limited to 550mV,,s. This can be

13 OP AMP. OUTPUT increased by adding a resistor from the operational
amplifier input to ground.

14 SQUELCH INPUT The Squelch trigger circuit with a low bias on the
input (pin 14) will force pin 15 high; and pin 16 Low.

15 SCAN CONTROL Pulling pin 14 above mute threshold (0.65V) will force
pin 15 to an impedance of about 60KS2 to ground and
pin 16 will be an open circuit.

16 MUTE An hysteresis of about 50mV at pin 12 will effectively
prevent jitter.

17 GND Ground connection.

18 10.7MHz MIXER INPUT Input of the wide-band mixer. Normally used as 10.7MHz/

455KHz converter, it can be also used with input fre-
quencies up to 60MHz.

SGS-THOMSON 3/6
MICROELECTRONICS
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TDA7359

ELECTRICAL CHARACTERISTICS (v, =4V; f, = 10.7MHz; f = + 3KHz; f,, = 1KHz; Tymp =

25°C; unless otherwise noted)

Parameter Test Conditions Min. Typ. Max. Unit
' Supply voltage range 1.8 4 9 \%
[ Supply current Squelch OFF 3.8 mA
Squeich ON 4.7
V; Input quieting voltage S/N = 20dB 8 Ny
Vi Input limiting voltage -3dB limiting 3 uVv
Vo Recovered audio output Vi = 10mV 150 mVyms
Vio Detector output voltage 1.5 Vbe
Rig Detector output impedance 400 Q
Detector center frequency 150 mV/KHz
slope
Gy Operating ampliﬁer‘gain f = 10KHz Gy = Vi3/Vj2 40 55 dB
Viz Operating amplifier output 1.5 Vpe
voltage
Ig Op. Amp. input bias Pin 10 20 nA
current
Vr Trigger hysteresis - 50 mV
Rm Mute switching impedance LOW 50 Q
HIGH 10 MQ
Vis Scan voltage pin 14 HIGH (2V) 0 0.5 Vbe
pin 14 LOW (0OV) 3.0 3.4
G Mixer converter gain 30 dB
R; Input resistance 3.3 K&
C; Input capacitance 2.2 pF
e 7. 355 THOMEON
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TDA7359

Fig. 2 - Test circuit

0V5

O  10.245MHz

04 uF
10.7MHz
"—|D 1 18 MIXER INPUT
68 510
68pF TpF
2 17
CFU4S5E
3 16 f|—— O AUDIO MUTE
4 15 SCAN CONTROL
10KQ.

14 p——————OSQUELCH INPUT

13

12

n

10

0. uF
o OP. AMPLIFIER

" OUTPUT
0IuF
Ka i‘_o OP AMPLIFIER
5 INPUT
KN
| AFc

7.5KN

Fig. 3 - Supply current vs. supply

voltage
G- 624911

—(___)——I——OAUDIO OUTPUT
I 10nF

5-9628

Fig. 4 - FM IF characteristics

G-6250

Is Vo
(ma) (dB)
Vo
9 0 >
220 \
7 N
L \
SQUELCH ON \\
5 -40 AN
L1 = - \\
] = 0dB = 150mV
3 —+—TSGUELCH OFF 60 lVs = 4V [N[noise
fg =10.7MHz
frn= 1 KHz
Af =+ 3KHz
0 2 “ 6 8 %W ! 10 10? 103 10%RF INPUT
‘7. I'" SGS-THOMSON 5/6
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TDA7359

Fig. 5 - Colpitts XTAL oscillator

20 !
XTAL

—

C‘ll ' 1
2

Ot Vg

5-9629

6/6

888

or.

Fig. 6 - Effect of quadrature coil
“Q"” on audio level and distortion

G- 6251
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TDA7360

STEREOQO/ BRIDGE AMPLIFIER WITH CLIPPING DETECTOR

Main features:

VERY FEW EXTERNAL COMPONENTS
NO BOUCHEROT CELLS

NO BOOTSTRAP CAPACITORS

HIGH OUTPUT POWER

NO SWITCH ON/OFF NOISE

VERY LOW STAND-BY CURRENT
FIXED GAIN

PROGRAMMABLE TURN-ON DELAY
CLIPPING DETECTION

Protections:

B OUTPUT AC-DC SHORT CIRCUIT TO
GROUND AND TO SUPPLY VOLTAGE

VERY INDUCTIVE LOADS
OVERRATING CHIP TEMPERATURE
LOAD DUMP VOLTAGE
FORTUITOUS OPEN GROUND

APPLICATION CIRCUIT (BRIDGE)

ADVANCE DATA

The TDA7360 is a new technology class AB
Audio Power Amplifier in Multiwatt package de-
signed for car radio applications. Thanks to the
fully complementary PNP/NPN output con-
figuration the high power performances of the
TDA7360 are obtained without bootstrap
capacitors.

A delayed turn-on mute circuit eliminates
audible on/off noise, and a novel short circuit
protection system prevents spurious intervention
with highly inductive loads.

The device provides a circuit for the detection of
clipping in the output stages. The output, an
open collector, is able to drive systems with auto-
matic volume control.

Multiwatt-11

ORDER CODE: TDA7360

), o +Us
- b ke OENF
220F 228UF
I, I I .
sur 7
=£:— STAND-BY
220F otz I
Is TDAZ360
ro—ll—' IN2(+) RL
8.22uF
1
IN o—-l IN1(+) ouT1
I__ ouT 18
CLIP.DET.BRIDGE S-GND P-GND
8.22uF
21 4% 3 si_
-
88TDA7368-52

June 1988
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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TDA7360

ABSOLUTE MAXIMUM RATINGS

Vi Operating supply voltage 18 \
Vg DC supply voltage 28 \)
Vs Peak supply voltage (for t = 50 ms) 40 Vv
lo louT peak (non rep. t = 100 us) 4.5 A
lo louT peak (rep. freq. > 10 Hz) 3.5 A
Piot Power dissipation at T, = 80°C 40 w
Tetg, Tj Storage and junction temperature -40to 150 °C
CONNECTION DIAGRAM
(Top view)
i ~ STAND-BY
18 ouT1
$ S +Us
8 QuT2
7 SUR
6 P-GND
5 IN2(+)
4 OUT BRIDGE
_$_ 3 S-GND
2 CLIP. DET.
N o~ ! IN1(+)
Z TAB CONNECTED TO PIN 6 68T0R7366-54
THERMAL DATA
Rin jcase  Thermal resistance junction-case max 1.8 °C/wW

2/6
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TDA7360

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tamp = 25°C, Vg = 14.4V,

f = 1 KHz, unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
V¢ Supply voltage 8 18 \
lq Total quiescent drain current stereo configuration 60 mA
ASB Stand-by attenuation 60 80 dB
Isg Stand-by current 100 HA
lco Clip detector current average d=1% -1 mA
dtco Distortion threshold for 0.5 %
Clip Detect. output
STEREO
Po Output power (each channel) RL=1.62 12 w
_ RL=2 @ 1 w
d=10% R_ =320 7 8 w
R_.=4 Q 6.5 w
d Distortion f=1KHz 49 0.05 %
100 MW to 4 W
SVR Supply voltage rejection Rg=0to 10 KQ 55 dB
f =100 Hz
CcT Crosstalk f= 1KHz 60 dB
f=10KHz 55 dB
R; Input resistance 50 K
Gy "Voltage gain 20 dB
Gy Voltage gain match. 1 dB
Ein Input noise voltage 22 Hz t0 22 KHz Rg =500 3 "%
Rg = 10KQ 35 ny
BRIDGE
vOS Output offset voltage 250 mV
Po Output power d=10% RL=4Q 16 20 w
RL=328 22 w
d=0.5% R_L=4Q 18
d Distortion R =40 =1KHz 0.05 %
P, = 0.1 to 10W
SVR Supply voltage rejection Rg=0to 10 KQ 55 dB
f =300 Hzto 3.5 KHz
R; Input resistance 50 K&
Gy Voltage gain 26 dB
Ein Input noise voltage 22Hz to 22KHz Rg =500 6 nY
Rg = 10KQ 7 nv
‘_'7 SGS-THOMSON 3/6
/. iicRoELECTRONICS
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TDA7360

APPLICATION INFORMATION

The TDA7360 is equipped with an internal
circuit able to detect the output stage saturation
providing a proper current sinking into a proper
open collector out. (pin 2) when a certain dis-

tortion level is reached on each output.

This particular function allows compression
facility whenever the amplifier is overdriven,
obtaining high quality sound at all listening levels.

Fig. 1 - Dual channel distortion threshold detector

IN1 o [::::> o OUT1
CLIPPING
DET. ©
DISTORTION
DETECTOR
IN2 © |l/ o QUT2

88TDAZ366-81

Fig. 2 - Output from the clipping detector Pin. versus signal distortion

A
Uo
| AUDIO
OUTPUT
A SIGNAL
|
L e N N c
| 1
| I
| | it |
! I ! ! CLIPPING
i | ] ! ! DET.
ICLIP ! ! | ! DUTPUT CURR.
] — time
88TDAZ366-53A
4/6 y7 SGS-THOMSON
Y/, MICROELECTRONICS
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TDA7360

Fig. 3 - Stereo test and application circuit

- o +Us
22uF éu ZZBan—_]-_—. -l- 188nF
“ I, I
11 )
SUR 7
STAND-BY c7
22uF oUT2
c3 8
L| TDA7360 | {*
-
5
o——"—— IN2(+)
c2
8.22uF 2288uUF
1
IN o—-l INT(+) oUT1 —{]
I_ ouT 18
c1 CLIP.DET.BRIDGE S-GND P-GND ce RL

2]

M88TDAZ366-81

T oL oL

Fig. 4 - P.C. and layout (STEREO) of the Fig. 3 (1:1 scale)

o7 Al
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TDA7360

Fig. 5 - Bridge test and applic

22uF
c4

ation circuit

:ﬂ o0 +Us
|—_L| ZZBUFI_l_I L 188nF
L., "I I
11 ]
STAND-BY
ouUT2
8
TDAZ30
IN2(+)
IN1(+) ouT1
ouT 18
CLIP.DET.BRIDGE S-GND P-GND

MBE8TDAZ366-682

T o

il

Fig. 6 - P.C. and layout (BRIDGE) of the Fig. 5 (1:1 scale)
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KYIW %&@%@g&gﬁ%&?@% TDA7361

LOW VOLTAGE NBFM IF SYSTEM

® OPERATION FROM 1.8V TO 9V The TDA7361 is designed for use in NBFM dual
- conversion communication equipments using a
® LOW DRAIN CURENT (4mA, V, avj 455KHz ceramic filter like cordless telephones,
® HIGH SENSITIVITY (-3dB INPUT LIMITING walkie-talkies, scan receivers, etc.
AT 3uVv)

® 8uV INPUT FOR 20dB S/N
® L OW EXTERNAL FAIR COUNT

The TDA7361 is a low-power narrow band FM
IF demodulation system operable to less than
2V supply voltage.

The d ludes Oscill M L DIP-16 Plastic (0.25) SO-16J
e device includes Oscillator, Mixer, Limiting . _
Amplifier, Quadrature Discriminator, Op. Amp. ORDERING NUMBERS: ¥Bﬁ;§gll3(3|8%1-16€)5)
Squelch, Scan Control and Mute Switch.
BLOCK DIAGRAM
16 15 14 13 12 11 10 9
LTJ FILTER
AMP, /AF
AMP
SQUELCH TRIGGER
WITH HYSTERESIS ,_ﬂl_-l
MIXER DEMODULATOR
\
LIM. 1|_'
AM 10pF
OSCILLATOR L~
18K0 ol S]iﬁ
1.8KN
—{ 3
1 2 3 4 S 6
5-9632
June 1988 i/6
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TDA7361

ABSOLUTE MAXIMUM RATINGS

V, Supply voltage

V, RF input voltage (pin 16)

Vg Detector input voltage

Vi Mute function voltage

Top Operating ambient temperature
Tsto Storage temperature

9 Y

T Vims

1 Vpp
-05t05 Y,
0to 70 °c
-65 to 150 °c

CONNECTION DIAGRAM

(Top view)
\J
[ 1 16 ] RF INPUT
XTAL
12 15] GND
MIXER AUDIO
OUTPUT [ 3 14 ] MUTE
+v SCAN
s g 13]] CONTROL
LIMITER 5 12 SQUELCH
INPUT INPUT
DECOUPL!NG[ 6 1 ﬂ FULTER
DECOUPLING.E 7 0 |
Quab. Ie 9 [J auoio our
S-9633
THERMAL DATA DIP-16 S0-16
Rihjamb  Thermal resistance junction-ambient max 100°C/W 200°C/W
2/6 IC77 SGS-THOMSON
Y/, MICROELECTRONICS
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TDA7361

PIN FUNCTION

Ne° NAME FUNCTION

1-2 XTAL OSCILLATOR Connections for the Colpitts XTAL oscillator.

The XTAL may be replaced by an inductor (see fig. 5)
if the application does not require high stability.

3 MIXER OQUT The Mixer is double balanced to reduce spurious pro-
ducts. The output impedance is 1.8KS2 to match the
input impedance of a 4565KHz ceramic filter.

4 SUPPLY VOLTAGE Must be well decoupled with a 100nF ceramic capacitor.

5 IF LIMITER INPUT Input pin of the six stages amplifier with about 50uV
limiting sensitivity and 1.8K$2 input impedance. The if
output is connected to the external quadrature coil
(pin 8) via an internal 10pF capacitor.

6-7 DECOUPLING Good quality 100nF ceramic capacitors and a suitable
layout are important.

8 QUADRATURE COIL A quadrature detector is used to demodulate the 4565KHz
FM signal. The Q of the quad coil has direct effect on
output level and distortion (see fig. 6). For proper
operation the voltage should be 100mV ;.

9 AUDIO OUTPUT SIGNAL The audio Output signal is buffered by an internal
emitter follower.

10 OP AMPLIFIER INPUT Because of the Low DC bias, the swing on the operational
amplifier output is limited to 500mV ;.

11 OP AMPLIFIER OUTPUT This can be increased by adding a resistor from the
operational amplifier input to ground. .

12 SQUELCH INPUT The squelch trigger circuit with a Low bias on the input
(pin 12) will force pin 13 high; and pin 14 Low.

13 SCAN CONTROL Pulling pin 12 above mute threshold (0.65V) will force
pin 13 to an impedance of about 60K to ground and
pin 14 will be an open circuit.

14 MUTE An hysteresis of about 50mV at pin 12 will effectively
prevent jitter.

15 GND Ground connection.

16 10.7MHz MIXER INPUT Input of the wide-band mixer. Normally used as 10MHz/

455KHz converter, it can be also used with input fre-
quencies up to 60MHz.

‘Y—Is S-TH

GS-THOMSON 3/6
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TDA7361

ELECTRICAL CHARACTERISTICS (v, = 4V; f, = 10.7MHz; Af = * 3KHz; o, = 1KHz; Tomp =

25°C unless otherwise noted)

Parameter Test Conditions Min. Typ. | Max. Unit
Vg Supply voltage range 1.8 4 9 \/
Ig Supply current Squelch OFF 3.8 mA
Squelch ON 4.7
Vi Input quieting voltage S/N = 20dB 8 uv
Vi Input limiting voltage -3dB limiting 3 ny
Vo Recovered audio output Vi = 10mV 150 MVims
Vg Detector output voltage 1.5 Vpbe
Rg Detector output impedance 400 Q
Detector center frequency 150 mV/KHz
slope
Gy Operational amplifier gain f = 10KHz Gy = V11 /Vio 40 55 dB
Vi1 Operational amplifier output 1.5 Vbe
voltage
Ig Operational amplifier input Pin 10 20 nA
bias current
Vr Trigger hysteresis 50 mV
Rm Mute switching impedance LOW 50 Q
HIGH 10 MQ
Vi3 Scan voltage Pin 12 HIGH (2V) 0 0.5 Vpe
Pin 12 LOW (0OV) 3.0 3.4
G¢ Mixer converter gain 30 dB
R; Input resistance 3.3 K
C; Input capacitance 2.2 pF
- &7, 355NN
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TDA7361

Fig. 2 - Test circuit

.Vs
Q  10.245MHz
01 uF 10,7MHz
~—|D}—I—— l 16 MIXER INPUT
68
68pF T pF s
,____ﬁ 2 15
CFU4SSE
3 Yo f————— OAUDIO MUTE
4 13 SCAN CONTROL
10KQ
5 2b———— OSQUELCH INPUT
owF OP. AMPLIFIER
n 10 O oureur
KN 0.JuF
0 i O OP_AMPLIFIER
3 TNPUT
75K 2
Q_DT__OAUDIO OUTPUT
10nF

r I
S$-9634

Fig. 3 - Supply current vs. supply Fig. 4 - FM |F characteristics
voltage 6-6249/1 6-6250
Ig Vo
(mA) (dB)
v
9 03 -
20 \
7 N
L] N
SQUELCH ON \
5 L] -40 \\
L /// \\
= — 0dB = 150 mV
—TSGUELCH OFF 60 —{Vs =4V [~ oise
3 fo =10.7MHz
fm = 1KHz
Af = £3KHz
0 2 4 6 8 %) ) 10 10? 103 10RF INPUT
C_YI SGS-THOMSON 5/6
w MICROELECTRONICS
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TDA7361

Fig. 5 - Colpitts XTAL oscillator

Fig.

6 - Effect of quadrature coil

“Q" on audio level and distortion

G-6251
] f
. o 1/
—-— s /
C2 _LXTAL 4 08 ’
-]
C pisToRTION_~] /GU%%T
. 06 — Y,
2 /
04
TDA7361 /
S-9635 02
0 10 20 30 40
QUAD COIL Q
Fig. 7 - Application information (49MHz cordless receiver)
1000 .3V
.._O
XL
2l et 12
nF T MHzD InF
133 F 39 1'7 F
T°° S O
oL [ ]
| *I-x TDA7212 PIHE B3
390 s ¥
pFT 4 [ |
P 'Lﬂ]’r eal _I_ L L
X ! LrEl = TmF2pF
k=0 U 10.245
1 1KA| = MHz
L HF 68pF
sFe — 7 7
TDA7361 9 _cg_ro“"“
10
5 4 3 s "FI
T
|
S5-9636 455E

6/6
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KYIW ?ﬂ&@%@gﬁg%gm?@g TDA8160

INFRARED REMOTE CONTROL RECEIVER

ADVANCE DATA

® | OW SUPPLY VOLTAGE (Vg =5V) signed to amplify the infrared signals in remote
_ controlled TV, Radio or VCR sets. It can be used
® LOW CURRENT CONSUMPTION (I5 = 6mA) in flash transmission mode in conjunction with
® INTERNAL 5.5V SHUNT REGULATOR dedicated remote control circuits (for example:
® PHOTODIODE DIRECTLY COUPLED WITH M491-494).
THE I.C.
® INPUT STAGE WITH GOOD REJECTION
AT LOW FREQUENCY
‘® LARGE INPUT DYNAMIC RANGE Minidip Plastic
® FEW EXTERNAL COMPONENTS
The TDA 8160 is a monolithic integrated circuit ORDERING NUMBER: TDAS8160
in -lead minidip plastic package specially de-
TEST CIRCUIT
*» ’ O 4V
- S
c2 Cc3
BPWAIN J3 Iwoomf %47’1':
3 R3| | 4.7KQ
4
c1
inf 1
o | 1Ons TDA 8160 our
V. .
l l l l in | Cin 5
| toows | 100nF
6

8 7
c4
1uF C5
R2 I 22uF
4 $-8660/1

40

-

June 1988 1/4

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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TDA8160

BLOCK DIAGRAM

Vs
R3
Zne DPEET’?C. L surrer | !
l A |
¢ I7l'CL ell(25
R2 I
S-8662/1
ABSOLUTE MAXIMUM RATINGS
Vg Supply voltage 16
Tstor Storage and junction temperature -40 to 150
Piot Total power dissipation at Tamp = 70°C 400

CONNECTION DIAGRAM

(Top view)
s
ouTPUT [ 1 8 ] DETE%‘EI%S
OPEN [ 2 7 ]DECOUPLING
wie [0 s oND
D1 DC BIAS [ 4 5 ] INPUT
5-8661/1
2/4 ‘—71 SGS-THOMSON
'~ MICROELECTRONICS
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TDA8160

THERMAL DATA

Rihjamp Thermal resistance junction-ambient max 200 °c/w

ELECTRICAL CHARACTERISTICS (Refer to the test circuit; Vg = 5V, f, = 10kHz, Tymp =

25°C, unless otherwise specified)

Parameter Test Conditions Min. Typ. Max. Unit
Vg Supply voltage Applied between pin 3 and 6 4 5 5.25 v
Is Supply current (pin 3) 6 mA
V3 Stabilized voltage at pin 3 I3 =8mA 55 \
Gy1st  Voltage gain (1st stage) 28 dB
gm2nd  Transconductance (2nd stage) 15 mA/V
Vin Input voltage sensitivity (pin 5) For full swing at the output pin 1 2 mVp

Rgen = 60092
lin Input current sensitivity (pin 5) For full swing at the output pin 1 10 nAp
Rin Input impedance 200 K&
L¢R .Lov'v frequency rejection at the C1=100pF f =100Hz 30 dB
input stage

N Noise signal at pin 7 C4 missing 200 mVpp

CIRCUIT DESCRIPTION (See the block diagram)

The infrared light received from D1 generates an 28dB; the second stage is a voltage to current
AC signal that comes in to the device at pin 5. converter of 50mA/V (R, = Zero). A sensitive
The capacitor C1 and the integrated 10KS2 re- peak detector detects the amplifier signal; one
sistor (pin 4) filter out the low frequency noise. open collector output (pin 1) gives out the

The first stage shows a voltage gain of about

recovered pulses.

- 3/4
FO7R- Al s
203




TDA8160

Fig. 1 - Recommended application circuit for the drive of the IC M491 by means of a Flash Mode IR
Transmitter only, in a TV 16 station memory Remote Control subsystem.
The above shown IR receiver application must be housed inside a metal can shield.

Vg=5V25%
R2
an M HIGH VOLTAGE
Ri(KD)a _."“l‘”_':‘“ )
RysRI4 T 1
oL\ JpPwan 33ka KA SeKA 82K TUNING
VOLTAGE
3 16 33v
MFT ‘ DA K Q| TAA 100nF
8160 Ve 5508 urnF 1sonF IOOnF IOOnF
Se BF 259
82 5.6 3.9KN 8SX93
L W7 22 K Tren - o
10 Ka '”FI 2N3903
LU 3.3
- BC297 xa
2y 68 V= +5VESY
Q Ka
15 Tony
— 3 2 3 25 9 K 10 10
. // //_.// 5 Ka Ka|
8.2K0
! — 37 BC177 i
B 1
™7 39 ciry
uozsmhﬁﬁam 8.2K0 |
Py o i @\;cm
b :
L M491 “r !
| | = p— e T
N ey —
‘ 26 v ) 2ef -~
L 16 0.68K0
e 15—
56K
20 19 18 24232221 78 101 v
KHz
1.5 +12V
2 [\6 100 &8 100 ON/OFF
SENANS pF | oF RELAY
< |
BC108
LINEAR AFT
™ DEFEAT
S- 8663 2260
VOLUME
10puF
4/4 ‘7[ SGS-THOMSON
~ MICROELECTRONICS
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Lyz S45-THOMSON

TEA1330

FM STEREO DECODER

REQUIRES NO INDUCTORS
LOW EXTERNAL PART COUNT

ONLY OSCILLATOR FREQUENCY AD-
JUSTMENT NECESSARY

INTEGRAL STEREO/MONAURAL SWITCH
WITH HIGH LAMP DRIVING CAPABILITY

WIDE SUPPLY RANGE: 3V TO 14V

EXCELLENT CHANNEL SEPARATION
MAINTAINED OVER ENTIRE AUDIO FRE-
QUENCY RANGE

LOW DISTORTION: TYPICALLY 0.3% AT
150mV (RMS) COMPOSITE INPUT SIGNAL

EXCELLENT SCA REJECTION (76dB TYP.)

BLOCK DIAGRAM

The TEA1330 is a monolithic decoder circuit for
FM stereo transmissions. Packaged in a 16-pin
DIP, it functions with very few external com-
ponents and requires no inductors.

ORDERING NUMBER: TEA1330

DIP-16 Plastic
(0.25)

FREQUENCY
ADJUST.

19KHz MONITOR

.
T L

2
INPUT PHASE vco
DETECTOR 76 KHz

*

1

<2 +2

|

v

I

PHASE .
DETECTOR

HYS
SWITCH

STEREO
SWITCH

DECODER

e

]

!

HYS HYS
SWITCH SWITCH

VOLTAGE
REGULATOR

i

1 7

LPF

LEFT RIGHT LEDOUT  vCO STOP
SEPARATION OUTPUT
CONTROL

June 1988

+Vg. GND

5-6057/1

1/6

905



TEA1330

- ABSOLUTE MAXIMUM RATINGS

V, Supply voltage 16 \%
e Lamp current 75 mA
Piot Power dissipation T,,,,= 70°C 800 mw
op Operating temperature -25to 75 °C

Tstg Storage temperature -55 to to 150 °C
CONNECTION DIAGRAM
(top view)

Vs I 16]]  vco NETWORK

INPUT {1: [l Looe FiLTER

AMPLIIER (13 uf]  LooP FILTER

out (eFmy [j4 13[) PHASE DETECTOR

out (RiGHn) [Is 12]] 19KHz MONITOR

teoour  fle 11[] Lowpass FiLTER

GND - 10f] Lowrass FiLTER

SEPARATION [ g 9 ] vCO STOP

CONTROL

$-6047

THERMAL DATA
Rith j-amp  Thermal resistance junction-ambient max 100 °C/W

2/6
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TEA1330

ELECTRICAL CHARACTERISTICS (Refer to the test circuit, T,yp= 25°C, V, = 6V, V; = 300
mV-RMS (L + R = 90%, Pilot 10%), f;,= 1KHz, unless otherwise specified)

Parameter Test conditions Min, Typ. Max. Unit
Vs Supply voltage range 3 14 \Y
Iq Current drain Lamp "OFF" 18 mA
Vi Max standard composite d=1% 300 mV
input signal (RMS)
\'A Max mono input signal d=1% 300 mV
(RMS)
R; Input resistance 40 K&
Sep Stereo channel separation R2 = variable (¥) 35 50 dB
R2=270Q 25 40 dB
Vo Audio output voltage 265 mV
CB Mono channel balance Pilot tone “OFF” -2 0 +2 dB
d Total harmonic distortion Vin= 150 mV (RMS) 0.3 %
UR Ultrasonic frequency rejection f=19 KHz 32 dB
f =38 KHz 438 dB
SCA-R SCA rejection (**) f=67 KHz 76 dB
S/N Signal to noise ratio 80 dB
Vih Muting threshold voltage ON (VCO stop) 1 \
(pin 9)
OFF 038
Lon  pilot input level for lamp ON f=19KHz 4 6 9 | mv
Hys Pilot input level hysteresis for - 3 d
lamp turn ON-OFF f=19KHz B
CR Capture range +7 %
(*) R2 has to be adjusted for best figure of channel separation.
(**) SCA = AUX. SUB. CARRIER.
‘_7 77 SGS-THOMSON 3/6
w MICROELECTRONICS
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TEA1330

Fig. 1 - Test circuit

L., °
c9
C8 gg 0.67uF % I|00nF
6 @ )
Ka R7
4InF &7 6800
0.22 uF
™ o 1 3 13 15 1% 6
o—F— 4 OLEFT
33uF
veo TEA 1330
SToP R8
5 ORIGHT
22K 7 10 w8 16 2
Ll o e | Lo o (i
s mmC3 | mmce []ms R6 cs
1ufF Ko 680 SnF 3.9KQ T 39KN 15nF
w00 Re | PF
ska 19KHz
MONITOR $-6048/1
Typical DC Voltages
Pins 1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16
(V) 6 19 {13 3 3 0 0.18 14 {114 |12 |14 |14 |14 | 22
Fig. 2 - P.C. board and components layout of the test circuit of fig. 1 (1:1 scale)
O 19KHz
vCO
O STOP

476

908

or.
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TEA1330

Fig. 3 - Channel separation
vs. modulation frequency

G-4958

Fig. 4 - Distortion vs. modu-

lation frequency

Fig. 5 - Channel separation

vs. input level

6-¢959

6-4960

[CU

=6V \
|| LI R=138 my(90%)
3 Pilot = 15mV (10%)
STEREO

30 |f—-H
25 H
20
15 |

10 100 K 10K f(Hz)

Fig. 6 - Distortion vs. input
level

6-4961

d
)

Vo6V

fm=1KHz
36 L+R=90%

Pilot=10%|
28 —sTere0
24
20 /
16 /
12
08 =

—
—1

04 -

L —
° 00 200 300 400 Vj (m¥)

4 [ (8) ]
(%)
T vg=6v [
6 A R=135mv (907 8 matkttz
Pilot =15 mV ( 10%) Pi.lo'—-|0'/.
STEREO =10%|
14 H STEREO
12 -t 60
10 T =
08 , w0 [MoNO STEREQ
-
06—+ 1 :
i :
04 |+ -1t 20 L
i / |
|
02 - N !
!
0
10 100 ® 10K t(Hz) o 100 200 300 400 V; (mV)

Fig. 7 - Channel separation

Fig. 8 - Distortion vs. supply

vs. supply voltage sz voltage s
(dB) I Pl
(%)
tm=1KHz
g 32 fm=1KHz
Viz150mV|
28
60 24
20
40 16
1.2
20 08
L1
0.4
o 0
2 4 6 8 10 Vg(V) 2 4 6 8 10 Vg (V)

APPLICATION SUGGESTION (see test circuit of fig. 1)

" Recc ded Smaller than Larger than

Comp value Purpose recommended value recommended value

C1 3.3 uF Input coupling Poor low frequency

response and separation
Cc2 1uF LPF for stereo switch Shorter time to switch Longer time to switch
level detector mono to stereo mono to stereo
C3(*) 680 pF Set VCO free running — High VCO jitter Narrower capture range
R3 15 KQ frequency — Wide capture range
R4 5 KQ

(*) Polyester + 5%.

ﬁ SGS-THOMSON

5/6

MICROELECTRONICS
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TEA1330

APPLICATION SUGGESTION (continued)

c Recommended P Smaller than Larger than
omponent value urpose recommended value recommended value
Cc4 15 nF Load and deemphasis Low output voltage Higher distortion for
R5 (**) 3.9K®Q right channel low Vg
C5 15 nF Load and deemphasis Low output voltage Higher distortion for
R6 (**) 3.9KQ left channel low Vg
C6 47 nF Input PLL coupling Poor low frequency
response and separation
C7’ 220 nF
Cc8 470 nF Loop filter High stereo distortion Narrower capture range
R1 1KQ
D1 Stereo indicator
R7 Sets lamp current Excess IC dissipation Dim lamp
R2 (***) 270 Q Channel separation

(**) Deemphasis = 50 us.
(***) Separation can be improved by trimmer adjustement (470 ).

Fig. 9 - Application circuit for portable stereo radio receivers

A

410 T
— .

o
J___‘ 220uF
047N I
//LED
aInF
e 6800
0.22F]
1 3 13 15 % 6
&
BuF aKa !
veo TEA1330 ! ] “10uF
stoP ommF s
s i T Q1 uF

9
2% ) N8 16 ”

'_l T TOA 2822 M “8 “

5 J- -L 47KN L] 470uF
WF Kn | 6800 BnF T 39KQ T 39KA | 15nF 3
s I I I e > _—ﬂ
0.1nF
sKka ” = .

19KH2
MONITOR 100uF I 4

¢ 470 &N

r
<L, 100uF

[ATY

HF

5-60¢9/2

6/6 -
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Lyz S05-THOMSON

TEA2025B

STEREO AUDIO AMPLIFIER

B DUAL OR BRIDGE CONNECTION MODES
® FEW EXTERNAL COMPONENTS

® WORKS WITH LOW SUPPLY VOLTAGE: 3V
® HIGH CHANNEL SEPARATION

® NO SHOCK NOISE WHEN SWITCH ON OR
OFF

® MAXIMUM VOLTAGE GAIN OF 45dB
(ADJUSTABLE WITH EXTERNAL RE-
SISTOR)

® SOFT CLIPPING

MAXIMUM RATINGS

& THERMAL PROTECTION

m 3V < Ve sS12V

B P=2x1W, Ve =6V, R_ =40
P=2x23W, Ve =9V, R =40
P=2x0.1W, Vec =3V, R_ =40

Powerdip
12+2+2

ORDERING NUMBER: TEA 2025B

Vg Supply voltage

lo Output peak current
T; Junction temperature
Tatg Storage temperature

15 \
1.5 A
150 °C

-40 to +150 °C

BLOCK DIAGRAM

O QO O O O—
] 18| 11 12 13 14 15
58a
168Ka
THERMAL
PROTECT. L—f\\\\\ r\
1 1
. L
START
CIRCUIT SKQ[]
16

O l DECOUPLING :,;
1

TEAR28258B
Saa

q
Qu
o=

June 1988

88TEA2625B-B1
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TEA2025B

PIN CONNECTION

BRIDGE [
ouT.2
BOOT.2
GND

GND
FEEDBACK
IN.2C+)
SUR

OO0 M[mMmar

1 ~ 16 [J +Us

2 15 [ 0uUT.1

3 14 [J BOOT.1

4 13 [ GND

S 12 [J GND

6 11 [J FEEDBACK
7 18 [0 IN.1(+)

8 3 [0 GND (sub.)

SCHEMATIC DIAGRAM

881EA2625-C1

Vee
16 1 I ettt it “~Sea b 2
S ,’\L
'—-%( I
v |
P h |
Y |
b4 *L—L: i
Yy !
|
2) OUT,
1
4 1
'
GND I'/ ' :
: =
____________ _..__._.___.___._........_...._..._.__J
5) G _'1%
— The two power _ :
L 1510UT,
1

W

THERMAL DATA

Ringic)
Rina)

Junction-case thermal resistance
Junction-ambient thermal resistance (See note)

15
60

°C/W
°C/w

Note: The Rin(j.a) is measured on devices bonded on a 10 x 5 x 0.15cm glass-epoxy substrate with a 35um thick

copper surface of 5 cm?.

2/4
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TEA2025B

ELECTRICAL CHARACTERISTICS (T,,, = 25°C, Ve = 9V, Stereo unless otherwise specified)

Parameter Test Conditions Min Typ Max Unit
Vs Supply voltage 3 - 12 \
lq Quiescent current - 40 50 mA
Vo Quiescent output voltage - 4.5 - \%
Av Voltage gain
Stereo 43 45 47 dB
Bridge 49 51 53
AAy Voltage gain difference - — +1 dB
R; Imput impedance — 30 — kQ
Po Output power f=1KHz;d =10%
Stereo - per channel
Vec =9V : R =49 1.7 23 —
R_=8Q = 1.3 -
Vec =6V : R =40 0.7 1 -
R_=8Q - 0.6 - w
Vec=3V: R_=4Q - 0.1 -
Bridge
Vee =9V : R_=8Q - 47 -
Vee =6V : R =4Q - 238 -
d Distortion Vee =9V RL =48
f = 1KHz; P, = 260 mW
Stereo - 0.3 1.5 %
Bridge - 0.5 -
SVR Supply voltage rejection Rg =0,Ay =45dB,
Vyippie = 150mV RMS, 40 46 — dB
fripple = 100Hz
Vi Input noise voltage Ay =200,
Bandwidth: 20Hz to 20KHz
Rg =0 - 15 3 RY;
Rg = 10k - 3 6
CT Cross-talk Rg = 10k&;
f=1KHz; R_=4Q; Py = 1W 40 55 - dB
Lyy SGS-THOMSON 3/4
Y/, ICROELECTRONIGS
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TEA2025B

Fig. 1 - Distortion versus output power
88TEA2682568-D1

d
(%)

Us - 6U
RL = 4aq

=] 6.2 8.4 8.6 8.8 1 Polu)

Fig. 3 - Distortion versus output frequency

88TEA28258 -D3

d Us - 9V
(%) RL = 4q
Po - 8.25U

3

1 -
a.3
8.1

100 1K 10K £ (Hz)

Fig. 5 - Bridge application

I 188uF
8.22uF
180uUF
IN I— 18 16
11
1BB£

15
UFI TEA
|

er-Jz_ ° 3
vl
T 1 2

@.15

8
4,5,9,12,13 uF
186uUF %‘ I
88TEA26258-52

4/4 ﬁ
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Fig. 2 - Distortion versus output power

88TEAZ26256-D2

d
(%)

Us = 3V
RL = 8a

8 6.2 8.4 0.6 0.8 1 Po(uW)

Fig. 4 - Output power/versus supply voltage

88TEA26256-D4

Po
)

S

= 1KHz

8 2 4 6 8  18Us (V)

Fig. 6 - Stereo application

180uUF
IN.T I—l@ 16 I]I

14
11 478UF
me‘g 15 ﬂ ouT-1
uF
I TEA — B8.15 RL.
8.220F T v
28258
IN.2 l—— 7 . —ﬂl_
6 4760F
108 ,aeevrl gy our.z
I .
s ——

8.15 RL
4,5,9,12,13 uF

108uF g
I L B8TER26256-51




KYIW %&@%@E&E&%@%@?@g TLO72

LOW NOISE JFET-INPUT DUAL OPERATIONAL AMPLIFIERS

® HIGH SLEW-RATE ... 13V/us TYP. voltage temperture coefficient. Each JFET-input
LOW-NOISE operational amplifier incorporates well-matched,

high-voltage JFET and bipolar transistors in a
® LOW INPUT BIAS AND OFFSET CUR- monolithic integrated circuit.

RENTS
) Devices with an ““I” suffix are characterized for
i g.:_i‘ééNPUT IMPEDANCE . . . JEET-INPUT operation from -25°C to 85°C, and those with a

“C" suffix are characterized for operation from
® LOW POWER CONSUMPTION 0°C to 70°C.

® WIDE COMMON-MODE AND DIFFER-
ENTIAL VOLTAGE RANGES

® OUTPUT SHORT-CIRCUIT PROTECTION
® |INTERNAL FREQUENCY COMPENSATION
® | ATCH-UP-FREE OPERATION

Minidip SO-84

The TLO72 JFET-input operational amplifiers (Plastic and Ceramic)

are designed to offer low-noise high slew-rate,
low input bias and offset current, and low offset

SCHEMATIC DIAGRAM

(one section)

] n

64 0
128 O QUTPUT
=)
64 0

el 0 )
S-6091 .

NONINVERTING
INPUT

INVERTING
INPUT

¥4
J

June 1988 1/7
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TLO72

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage +18 \%
Vis Differential input voltage +30 \
Vi Input voltage +15 \%
Top Operating temperature (TL0O721) -25 to 85 °C
(TLO72C) 0to70 °C
T; Junction temperature 150 °c
Tetg Storage temperature -55t0150  °C
CONNECTION DIAGRAM AND ORDERING NUMBERS
(Top view)
OU'LPUT 1 0t070°C -25 + 85°C Package
TLO72CJG TLO7214G H
INV. INP Ceramic
2 TLO72ACJG - AR
I TLO72BCIG - Minidip
NON INV.
TLO72CP TLO72IP N
e A TLO72ACP - n',’l::?:icp
P TLOBCP -
TLO72CD TLO72ID SO-8
TEST CIRCUITS
10K 0
v; vi
C | =100pF R =2K 0 € L=100pF
S-6739 I
Unity gain amplifier Gain of 10 inverting amplifier
THERMAL DATA Plastic | Ceramic $O-8
Minidip Minidip
Rinjamp Thermal resistance junction-ambient max | 120°C/W | 150°C/W | 200°C/W
277 (N7 SGS-THOMSON
Y/. Rﬂﬂ@lﬁ?@E[LEgm@sMoﬂ@S
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TLO72

ELECTRICAL CHARACTERISTICS (V. = 15V, T, = 25°C, otherwise specified)

wpor g
Parameter Test conditions Unit
Min. | Typ. [Max. | Min. | Typ. | Max.
Vos Input offset voltage Rg =50 TLO72 3 6 3 10
TLO72A 3 6
TLO72B 2 3 v
R = 508 TLO72 9 13| ™
Tamp = full range | TLO72A 7.5
TLO72B 5
AVps Input offset Rg = 50002
AT  voltage drift Tamp = full range 10 10 MY/de
los  Input offset current TLO72 50 5 50
TLO72A 5 50 pPA
TLO72B 5 50
Tamb = full range TLO72 10 2
TLO72A 2 nA
TLO72B 2
Ip Input bias current TLO72 30 | 200 30 | 200
TLO72A 30 | 200 | pA
TLO72B 30 | 200
Tamb = full range TLO72 20 7
TLO72A 7 nA
TLO72B 7
Vem  Common mode input TLO72 +11| 12 £10] + 11
voltage range TLO72A 11 £12 \"
TLO72B £11| £12
Vopp La!'ge signal voltage R = 10KQ 24 27 24 27
swing Tamp = fullrange | R_> 10KQ 24 24 \
R > 2KQ 20 | 24 20 | 24
Gy Lqrge signal voltage R >2KQ TLO72 50 | 200 25 | 200
gain Vo = £ 10V TLO72A 50 | 200 VimV
TLO72B 50 | 200
R = 2KQ TLO72 25 15
Vo =% 10V TLO72A 25
Tamp = full range TLO72B 25
B Unity gain bandwidth 3 3 MHz
R; Input resistance 10'2 102 Q
CMR  Common mode Rs > 10KQ TLO72 80 | 86 70| 76
rejection TLO72A 80 | 86 dB
TLO72B
SVR quply voltage Rs = 10K TLO72 80 86 70 76
rejection TLO72A 80 | 86 dB
TLO72B 80 | 86
Is Supply current R = 28 5 28 5 mA
3/7

IS71 %f@gégfﬁgm@mn@’g
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TLO72

ELECTRICAL CHARACTERISTICS (continued)

e LT
Parameter Test conditions Unit
. Min.| Typ.| Max.| Min.| Typ. | Max.
Cs Channel separation Gy =100 120 120 dB
SR Slew-rate at Vi =10V R =2KQ 13 13 Vlius
C = 100pF
ty Rise time Vi=20mV R =2KQ 0.1 0.1 us
Overshot factor Cp = 100pF 10 10 %
ey  Total input noise Rg = 1000 F = 1KHz 18 18 nv
voltage VHz
f = 10Hz to 10KHz 4 4 Y,
In Input noise current f=1KHz 0.01 0.01 pA_
\/Hz
d Total harmonic Vo = 10V, 0.01 .01 %
distortion Re < 1KS ™ | f=1KHz 0.0
R > 2KQ

Fig. 1 — Maximum peak to
peak output voltage vs.

Fig. 2 — Maximum peak to
peak output voltage vs.

Fig. 3 — Maximum peak to
peak output voltage vs.

frequency. frequency load resistance
6-5032/1 311 6-503411
il Yo TTTH
)T PP R4 LTI
Vg =215V
30—+ £ 30
bt m———
25 |t 25 25 ]
20—+ 20 20 ’f‘
15—+ 15 15
0 =g 10 10 /
5 — 1 s 5
}_ i
o U t i 0 [
100 ALY 10K 100K Mt (M) 100 0. 03 1 3 RUKA)
ig. 4 — si ig. ul urre . ig. 6 — r X
Fig. 4 — Large signal voltage Fig. 5 Supply current vs Fig. 6 — Supply current vs
gain and phase shift vs. ambient temperature supply voltage
frequency
6 6- 303841 '. ' G~ $037/1 6-5038 /1
v . I
(d8) (mA) . (...:) I |
Vs =% 5V o215V ::g::n:l‘s INo signat
-|RL=10K 2 3.2 J No toad 3.2 o
28 ~ 28
100 -\\ 2.4 \ 2.4 1
80 \\ 0 2.0 20
Sy
50 N N PR 16
\ 1.2 1.2
0 PHASE SHIFT \ s 0.8 0.8
20 \\ 135° 0.4 0.4
0 N oot ©
10 100 1K 10K 100K M 10M HHz) -75-50 -25 0 25 50 75 100  Tmp(*C) 0 2 4 6 8 10 12 14 16 Vg(£V)
a7 SGS-THOMSON
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TLO72

Fig. 7 — Input bias current
vs. temperature

Fig. 8 — Voltage follower
large signal pulse response

6-50361/1 v G-5039/
' = ii-_— v(i"“° Vs =215V
T .
(na) [V, = Zisv 2" azoKon |
L= P
10 6
| . VA h
7 outeut |
/ |

5

y ° / T\
[X] -2 1
NPUT‘ \
-4 }
. '— \
0.0% ~6
-50 -25 0 25 50 75 100 Tump(*C) 0 05 1 15 2 25 t (us)
Fig. 10 — Equivalent input Fig. 11 — Total harmonic
noise voltage vs. frequency distortion vs. frequency
§- 304111 6-50421/1
o 111 a S
(nVIVFiE) ] Ve 218V Rl S sS O
T TiAvo =10 ] T Ay =0
60 Rg 100 0 | '~—J v‘,’?nusnm T
50 (2]
.
.
40 “
;
30
001
20 5
. /
10
R
° : . 0.00t 2 ‘68 2 “ 68 « 68
10 100 ALY 10K 1 (Hz) 100 K 10K 1(Hz)

APPLICATION INFORMATION

Fig. 13 — Low-Noise High Slew-Rate mike preamplifier (G, = 40 dB)

out
e}

“550 oF
2360
J S
040 |,
:—1: .
_____ v

r
1
I
I
'

:? '
: |I|
SO 13
|
'
v

0 0
URCE
—— ——J
Ll

S-52721

&7, 55NN

Fig. 9 — Output voltage vs.
elapsed time

6-504 011
Vo
(mV) |
| -
20 ¥ /90-1.
16 1
[
A
2 l [ Vg=t15V
[ =
. RU=2KQ
|
‘ |
10% I
[J
l'
-4
0 0.1 0.2 0.3 04 05 t(ps)
Fig. 12 Common mode
rejection vs. temperature
G-5383
(aB)
Vg= 15V
a’._ncmn
87
86
85
84
83
-50 =25 0 25 50 75 Tumy*C)
5/7

919



TLO72

APPLICATlON INFORMATION (continued)
Fig. 14 — Second order high Q band pass filter (f, = 100KHz, Q = 30, gain = 4)

Fig. 15 - Fourth-order subtractive Linkwitz-Riley crossover filter (f = 200Hz)

1KQ
Ripjmea R HIGH-PASS
cs ce $——O ouT
1
(o] c2 12 —~|
—l 31, 47nF 4nF R . RI10
L072 nKQ
4InF  4InF RZ 2K0 Ro R
INPUT TLO72 —
O— nK nKQ
A'InF b
zzm
2
. LOW-PASS
12 s——O ouT

nxn 4InF % 7 3|,

22K
’ 5-9796/1

Fig. 16 - Frequency response of the 24dB/octave crossover filter of fig. 15
6-6324/1

dB

0
HIGH-PASS LOW-PASS

NENA
\

36
30 100 300 1K 3K 10K 30K t(Hz)

71 ?ﬂ&@géguggm@mu@%

6/7
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TLO72

APPLICATION INFORMATION (continued)

Fig. 17— 20Hz to 200Hz variable High-pass filter (G, = 3dB) Fig. 18 - Frequency response
of the high-pass fiiter of fig. 17

(98) I” - 4720
0.45uF  0.15pF I
N 2 . i
ouT m
—( 0
i F1-P2 =47k /
= =47K:
-6 |4 /
P1=P2:0
-12
-18
n /
S$-527411
-30
1 3’ '10 30 100 300 t (H2)
Fig. 19 - Unity-gain absolute-value circuit Fig. 20 - Single supply sample and hold
10K 10KN 10K
{1
+15V 6
10K 0 Y 1Ns148 ? Vout
IN Vin O 5
out IN
0(010\/
AT j_
I10nF
5-6750 VC
1=HOLD O
0=SAMPLE

$-6743

Fig. 21 - Output current to voltage transformation for a DA converter

+Vg =5V
s
5 w R
MsB A1 O—— —%—o Vret
a2 00—
N 15 R2
8 l
2001 oucomn |0
10 2
6 O—
A I L +
A7 O—] —0O Vo
Lss as O— 4 4 (*) The value of C may
be selected to mini-
16 3 ~Vg=15V mize overshoot and
15 pF Ro ringing (C ~ 68 pF).
S-674411 — V=15V " o
Settling time to within 1/2 LSB (+ 19.56 mV) is approxi- Vies= 2.0 Vg
mately 4.0 us from the time all bits are switched. R1=R2=~ 1.0kQ
Theoretical V,, : Ro = 5.0ka

+

A3, A4 AS . A6 AT v°=—12"(’ (5k)[’7+7’

4 8 16 32 64" 128 256

8
‘ . 265 1 _
Adjust Vyer, R1 or R 50 that V, with all digital inputs 10V [ g6 - o081V
at high level is equal to 9.961 volts.

v
Vo= el (Rg) [AL, A2, A3 AL A5 A6 AT, A3,

. 777
Lyy. S THOMSON
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LOW NOISE JFET-INPUT QUAD OPERATIONAL AMPLIFIERS

® [ OW-NOISE operational amplifier incorporates well-matched,

® LOW INPUT BIAS AND OFFSET CUR- high-voltage JFET and bipolar transistors in a
RENTS monolithic integrated circuit.

® HIGH INPUT IMPEDANCE .. .JFET-INPUT Devices with an “I”" suffix are characterized for
STAGE operation from -25°C to 85°C, and those with a

® | OW POWER CONSUMPTION "9" suffix are characterized for operation from

0 Cto70C.
® WIDE COMMON-MODE AND DIFFER- °

ENTIAL VOLTAGE RANGES

OUTPUT SHORT-CIRCUIT PROTECTION
INTERNAL FREQUENCY COMPENSATION
LATCH-UP-FREE OPERATION

HIGH SLEW-RATE . .. 13V/us TYP.

The TLO74 JFET-input operational amplifiers
are designed to offer low-noise high slew-rate,  DiP-14 S0-14J
low input bias and offset current, and low offset (Plastic and Ceramic)

voltage temperature coefficient. Each JFET-input

SCHEMATIC DIAGRAM

(one section)
NONINVERTING l/'
INPUTO-
INVERTING 640
INPUT 128 0 ouTPUT
O
640
. L
/I
A
S i [1]
S-6091 ¢
June 1988 1/7
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TLO74

ABSOLUTE MAXIMUM RATINGS

Vs Supply voltage +18 \%
Vis Differential input voltage +30 \Y
V; Input voltage +15 \
Top Operating temperature (TLO074l) -25 to 85 °c
(TLO74C) 0to70  °C
T Junction temperature 150 °c
Tetg Storage temperature -55 to 150 °c
CONNECTION DIAGRAM AND ORDERING NUMBERS
(Top view)
U
OUTPUT A 1 % ] OUTPUT D
e a [l 3f]  wwineo 0to 70°C -25 +85°C Package
NON INV. INR A [3 12 ] NON INV.INR D ¥tg;zg‘é‘, TLOZMJ Ceramic
TL074BCJ - DIP-14
+ Vg [ 4 n ] -Vg
TLOT4CN TLO74IN Plastic
TL -
NON INV.INP. 8 {5 10 ] NON INV,INRC TL074BGN - DIP-14
mume e [fe off - wvwec TLO74CD TLO74ID 50-14
ouTPUT 8 [ 7 8 ] OUTPUT C
$-3901
TEST CIRCUITS
10K 0
——O
v vi
c‘-ﬂOOPF-L-' Ru=2k4 CL=100pF
S-6739 S- 6740 I
Unity gain amplifier Gain of 10 inverting amplifier
Ceramic $0-14 Plastic
THERMAL DATA DiP-14 DIP-14
Rinjamb  Thermal resistance junction-ambient max 150°C/W | 165°C/W | 200°C/W
2/7 Lyy SGS-THOMSON
Y/, mu@ﬁ@@m@%@@mu@s
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TLO74

ELECTRICAL CHARACTERISTICS (V, = 15V, T,mp, = 25°C, otherwise specified)

g

L vd

(57 SGS-THOMSON
Y/, MICROELECTRONICS

Parameter Test conditions Unit
Min. | Typ. | Max. | Min. | Typ. | Max.
Vos Input offset voltage Rg =500 TLO74 3 6 3 10
TLO74A 3 6
TLO74B 2 3 mv
Rs =500 TLO74 9 13
Tamp = full range TLO74A 75
TLO74B 5
AVos Input offset Rs =509
AT  voltage drift Tamb = full range 10 10 uV/eC
los  Input offset current TLO74 50 5 50
TLO74A 5 50 | pA
TLO74B 5 50
Tamp = full range TLO74 10 2
TLO74A 2 nA
TLO74B 2
Ip Input bias current TLO74 30 | 200 30 | 200
TLO74A 30 | 200 | pA
TLO74B 30 | 200
Tamp = full range TLO74 20 7
TLO74A 7 nA
TLO74B 7
Vem  Common mode input TLO74 +11]+12 +10) £ 11
voltage range TLO74A £+ 11 12 \Y
TLO74B + 11 12
Vopp Large signal voltage R =10KQ 24 | 27 24 | 27
swing Tamp = full range Ry = 10KQ 24 24 \
R > 2KQ 20 | 24 20 | 24
Gy Large signal voltage Ry > 2KQ TLO74 50 | 200 25 | 200
gain Vo=t 10V TLO74A 50 | 200 V/mV
TLO74B 50 | 200
RL = 2KQ TLO74 25 15
Vo =% 10V TLO74A 25 V/mV
Tamp = fullrange | TLO74B 25
B Unity gain bandwidth 3 3 MHz
Rj Input resistance 10'2 10'2 Q
CMR  Common mode Rs = 10KQ TLO74 80 | 86 70 | 76
rejection TLO74A 80 | 86 dB
TLO74B 80 | 86
SVR quply voltage Rs = 10KQ TLO74 80 86 70 76
rejection TLO74A 80 | 86 dB
TLO74B 80 | 86
s Supply current Ry = 56 10 5.6 10 | mA
3/7
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TLO74

ELECTRICAL CHARACTERISTICS (continued)

e ner
Parameter Test conditions Unit
Min.| Typ.| Max.| Min.| Typ. | Max.

Cs Channel separation Gy =100 120 120 dB

SR Slew-rate at V=10V R =2KQ 13 13 Vius
unity gain C_ = 100pF

ty Rise time Vi=20mV R =2KQ 0.1 0.1 us

Overshot factor Ci_ = 100pF 10 10 %

eN Total input noise Rg = 1008 f=1KHz 18 18 nv
voltage \/Hz

f=10Hz to 10KHz 4 4 uv
In Input noise current f=1KHz 0.01 0.01 -\E/ﬁ*
z

d Total harmonic Vo =10V, 0.01 0.01 %

distortion RO<1KG ™  f=1KHz 0 0

RL > 2K

Fig. 1 — Maximum peak to
peak output voltage vs.
frequency.

1

Ui
LT T

il .
[ LR LA T T

10K 100K M 1 (H2)

Fig. 4 — Large signal voltage

Fig. 2 — Maximum peak to
peak output voltage vs.
frequency

Fig. 5 Supply current vs.

Fig. 3 — Maximum peak to
peak output voltage vs.
load resistance

6-503411

ol

Vg =215V

0.3 1 3 RykA)

Fig. 6 — Supply current vs.

gain and phase shift vs. temperature supply voltage
frequency
6- 5035/ 6~ 503712 6-50381/2
Gy * Ig g
(dB) (mA) l (mA) T l
Vg = 215V
Vs « % 5V 10215V s No si
Ry =10K 0 6.4 < mﬂ::.l 64 ____4"07;9;:'
N 56 5.6
100 \\ 48 “8 ]
80 \ o 4 4
Gy
60 \ \ — s 32 3.2
\\ 2.4 24
40 90"
PHASE SHIFT \ 16 16
20 \ 138" s 08
o \ 180° ]
1 0 100 1K 10K 100K M 10M HMz) =75 -5 -25 0 25 50 75 100 Tamb (°C) 0 2 4 6 B 10 912 14 16 Vg (V)
4/7 Ly7 SGS-THOMSON
V7. HICROELECTRONICS
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TLO074

Fig. 7 — Input bias current
vs. temperature

Fig. 8 — Voltage follower
large signal pulse response

Fig. 9 — Output voltage vs.
elapsed time

G-503611 G- 5039/ G-504011
ip Vi,Vo VeztiSV (,‘,'.%)
(nA) 4 v R =2KD
v, = Z1sv C=100pF " |
10 E§ 6 Lo 20 ¥ /90.'. \
. N / ; ' 1
| loutput ]\ /l
4 |
¥ 2 } } 12 4
| | [ Vet 15V
7 ! [ ! RL=2KQ
0 T T 8
I / i\ i
/ -2 | |
0. ====_=c / ' “ Tonll 7
) | INPUT o g [
— -3 B
0.00 -6 %

-850 -25 0 25 50 7% 100 Tamp(*C) ] 05 1 15 2 25 t (ps) 0 0.1 02 03 04 05 t(ps)
Fig. 10 — Equivalent input Fig. 11 — Total harmonic Fig. 12 Common mode
noise voltage vs. frequency distortion vs. frequency rejection vs. temperature

o= 304111 o-s0s211 5362

N T T 1T ] T (e8)

(nVIVHT) Van£18V [ S Pt 17
T TiAvg =10 T T ayp =t Vgz 15V
60 ss000n H i ) Vi(RMS) =6V RL=10K N
87
50 \ 0,'. o6
“© i ‘ 85
T R
30 w\ 84
i 00,
20 + . 83
10
:
° 0.00¢ 2 4 58 2 4“ 68 4 68
10 100 ALY 10K 1(Hz) 100 1% 10K 1 (Hz) -50 -25 o 25 50 75 Tampf'C}
APPLICATION INFORMATION
Fig. 13 - Low-Noise high Slew-Rate mike preamplifier (Gy = 40dB)
4|ISGOpF
3.3KkNn out
O
3900 2
s-5272n
5/7

"_I' SGS-THOMSON
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TLO74

APPLICATION INFORMATION (continued)

Fig. 14 — Second order high Q band pass filter (f, = 100KHz, Q = 30, gain = 4)

LO out

Fig. 16 — 100KHz quadrature oscillator

ING14B 18K QL (See Note A)
6 sin wt -15v
18pF @
| KO
18pF
+15V 'I
1 +15V
88.4K 0
88.4K0 —{ = 6 cos wt
18 pF
+
_Q, 1K
-15v 18K A
+15V
IN4148 (See NoteA)
) 88.4K 0
S - 6090 T —

Note A: these resistor values may be adjusted for a simmetrical output

Fig 16 — 20Hz to 200Hz variable High-pass filter (G, = 3dB) Fig. 17 — Frequency re-

sponse fo the high-pass
filter of fig. 16

(o) - 4720
I
+6
IN _O(UDT , m >
Il /
e m7 P1=P2 =247 n/
|[[fer=p2-0
12
* I
- l
S$-527411 m
-30
i
1 3: 10 30 100 300 t (H2)
6/7 -
7. SETONS0N
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TLO74

APPLICATION INFORMATION (continued)

Fig. 18 — Unity-gain absolute-value circuit
;%(‘1 10K 10K

1}

+15v

10k ¥ 1Na148

N

¥ 1n4148

5-6750

Fig. 19 — Single supply sample and hold

Vout

0=SAMPLE
$-6743

Fig. 20 — Output current to voltage transformation for a DA converter
+Vg x5V

Lo

AL O—— MC1508

AS O 9 MC1408 ‘_O +Vg =15V
a6 0—1Y 2 3
A'!O—“‘ -L —O Vo
LSB A8 2 “ -
*) The value of C may
‘6‘_1|5pF ? e be selected to mini-
| L mize overshoot and
ringing (C ~ 68 pF).

S-6744 —Vg=18V ——l|——*

C

Settling time to within 1/2 LSB (+ 19.5 mV) is approxi- Vier= 2.0 Ve
mately 4.0 us from the time all bits are switched. R1=R2~1.0kQ

) Ro = 5.0kQ
Theoretical V, :

2v 1 1 1,1 .1 .1 1 1
vo- Vet )AL, A2 A3 A4 A5 A6 A7, A8 VoT gy BWI gt grgraprgtg o]
°" R1 ot s 8 16 32 64 128 256 255
Adjust Vyes, R1 or Rq s0 that V,, with all digital inputs 0V [—ggd - s
at high level is equal to 9.961 volts.
c'-y[ SGS-THOMSON 7/7
w MICROELECTRONICS
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JFET-INPUT DUAL OPERATIONAL AMPLIFIERS

® HIGH SLEW-RATE ... 13 V/us TYP. ational amplifier incorporates well-matched,
® LOW POWER CONSUMPTION high-voltage JFET and bipolar transistors in a
® WIDE COMMON-MODE AND DIFFER- monolithic integrated circuit.
ENTIAL VOLTAGE RANGES Devices with an ““I” suffix are characterized for
® LOW INPUT BIAS AND OFFSET CUR- operation from -25°C to 85°C, and those with a
RENTS “C"" suffix are characterized for operation from

® OUTPUT SHORT-CIRCUIT PROTECTION 0°C to 70°C. The “M” deviceos are characterized
® HIGH INPUT IMPEDANCE ... JFET-INpUT  for operation from -56 to 125 C.

STAGE
® INTERNAL FREQUENCY COMPENSATION
® | ATCH-UP-FREE OPERATION

The TL082 JFET-input operational amplifiers
are designed to offer high slew-rate, low input Minidip SO-8J
bias and offset current, and low offset voltage (Plastic and Ceramic)

temperature coefficient. Each JFET-input oper-

SCHEMATIC DIAGRAM

(one section)

LA

r

NONINVERTING

]

INPUTO—
INVERTING 64 0 :
INPUT 128 0 ouTPUT j
—0
640 :
AN j |
A
A
|
Iy a \:ﬂ ’
5- 6091 !
June 1988 177
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TLO82

ABSOLUTE MAXIMUM RATINGS

Vg Supply voltage +18 \%
Vis Differential input voltage + 30 \Y
Vi Input voltage +15 \
Top Operating temperature (TL082I) -25 to 85 °c
(TLO82C) 0to70 °C
(TLO82M) -B5t0 126  °C
T; Junction temperature 150 °C
Tstg Storage temperature -65 to 150 °c
CONNECTION DIAGRAM AND ORDERING NUMBERS
(Top view)
OUTPUT 11 0to 70°C ~ -25t0 85°C -55 to 125°C Package
A TLO82CJG TLO821JG TLO82MJG Ceramic
INV. INR TLO82ACJG - - PR
|2 TLO82BCJG - - Minidip
NON INV. :
TLO82CP TLO82IP - .
INR A TLOS2ACP - - .G!Z?L'a“p
TLO82BCP - -
|l -
TLO82CD TLO82ID - SO-8
TEST CIRCUITS
10K 0
Vi Vi
C =100pF R =2KA ¢ 1000F
S-6739 I
Unity gain amplifier Gain of 10 inverting amplifier
THERMAL DATA Plastic | Ceramic $O-8
Minidip Minidip
Rthjamb  Thermal resistance junction-ambient max 120°C/W | 150°C/W | 200°C/W
27 Ly7 SGS-THOMSON
V7. HICROELECTRONICS
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TLO82

ELECTRICAL CHARACTERISTICS (v,

=+ 15V, Tump = 25°C, otherwise specified)

apee wgr Y
Parameter Test Conditions Unit
Min. | Typ. | Max.| Min.| Typ. | Max. | Min. | Typ. | Max.
Vos Input offset voltage Rg =509 TLO082 3 6 5 15 3 6
TLO82A 3 6
TLO82B 2 3 mV
Rg = 500 TLO82 9 20 9
Tamb = full range | TLO82A 7.5
TLO82B 5
AVgs Input offset voltage drift | Rg = 509 o
- Tomp = full range 10 10 10 wvre
los  Input offset current TLO82 5 | 100 5 | 200 5 100
TLO82A 5 100 PA
TLO82B 5 100
Tamb = full range | TLO82 10 5 20
TLO82A 3 nA
TLO082B 3
Ip Input bias current TLO82 30 | 200 30 | 400 30 | 200
TLO82A 30 | 200 PA
TLO82B 30 | 200
Tamb = full range | TLO82 20 10 50
TLO82A 7 nA
TLO82B 7
Vem  Common mode input TLO082 11| £12 +10( £ 11 11| £12
voltage range TLO082A T11] 212 v
TLO82B +11] £12
Vopp Large signal voltage R = 10KQ 24 | 27 24 | 27 24 | 27
swing Tamp = full range | R > 10K | 24 24 24 v
R > 2KQ 20 |. 24 20 | 24 20 | 24
Gy Large signal voltage gain | Ry = 2KQ TLO82 50 | 200 25 | 200
Vo =110V TLO82A 50 | 200
TLO82B 50 | 200
R > 2KS TLO82 25 15 15 Vimy
Vo =+ 10V TLO82A 25
Tamb = full range | TLO82B 25
B Unity gain bandwidth 3 3 3 MHz
Ry Input resistance 10" 102 102 Q
CMR  Common mode R > 10K TLO82 80 | 86 70 | 76 80 | 86
TLO82A 80 | 86
TLO82B 80 | 86
SVR  Supply voltage Rg > 10KQ TLO82 80 86 70 76 80 86
TLO82A 80 | 86 dB
TLO82B 80 | 86
Is Supply current Ry = 28 | 56 28| 586 28| 56 | mA
c—y 73 SGS-THOMSON 3/7
~ MICROELECTRONICS
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TLO82

ELECTRICAL CHARACTERISTICS (Continued)

per e Y
Parameter Test Conditi Unit
Min. | Typ. | Max.| Min. | Typ.| Max.| Min.| Typ.| Max.
Cs Channel separation Gy =100 120 120 120 dB
SR Slew-rate at Vi=10V R =2KQ 13 13 8 13 V7,
unity gain Cp_= 100pF us
ty Rise time V; =20mV R =2KQ 0.1 0.1 0.1 I
Overshot factor Cp = 100pF 10 10 10 %
en Total input noise Rg = 1002 25 25 25 nV
voltage f=1KHz \/Fz

Fig. 1 - Maximum peak to
peak output voltage vs.
frequency.

VO
(Vop)

30

Fig. 4 - Large signal voltage

Fig. 2. - Maximum peak to
peak output voltage vs.
frequency.

1

Fig. 5 - Supply current vs.

Fig. 3 - Maximum peak to
peak output voltage vs.
load resistance.

6-50341/1
Yo T
e [T
Vg =215V
30
/——_-—-
25
H
20
15
10
s L
°
01 03 [ 3 RUKA)

Fig. 6 - Supply current vs.

gain and phase shift vs. temperature supply voltage.
frequency. 6 soasn G- 503710 650301
g : ST
(a8) (mA) (mA)
AT Vg = £15V N l
s = % 3 i lo signal
RL=10K 0 321 g N Sigrnal 3.2 o
2.8
— N 4
100 \ 2.4 2.4
\ o 2.0 20
80 \ \ oy
N\ e 16 1.6
60 -
\ . 1.2 1.2
40 90°
PHASE SHIFT N\ 0.8 0.8
20 \\ 1350 0.4 0.4
0 180° o -
1 0 100 1K 10K 100K M 10M f{Hz) -75-50 -26 0 25 50 75 100 Tamb(*C) [ 2 4 6 8B 10 12 14 16 Vg(V)
4/7 C—YI SGS-THOMSON
n MICROELECTRONICS
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TLO82

Fig. 7 - Input bias current
vs. temperature.

Fig. 8 - Voltage follower
large signal pulse response

6-5036/1 G-503911
1, = T V; v,
=== = I sy
n. — L _
- Vs =*15v Clx 100 pF
10 6
X VA )
“ T
7 i louteut |\
1 2 + |
1 i [ ' X
7 0 f 4
!/ !
o e -2 / i
weur ! \
- \
B t
2

-50 -25 0 25 50 75 100 Tamp(*C}

Fig. 10 - Equivalent input
noise voltage vs. frequency.

6- 504111
e [I_T1T
(nVIVAzZ) [Vs=15V
T TiAvp =10
60 Rg=1000 |
S0
40 NI
30
Il
20
0
o i I
10 100 ® 10K f(H2)

o o5 1 18 25t (ps)

Fig. 11 - Total harmonic
distortion vs. frequency.

G-504211
d §SSEEi
3] — H
X Vsatisy H
1 JAvp =! Hi|
Vi(RMS) =6V il
2
T
o1
s
.
2
001 .
s £
P
. Y
2
0.000 7 4 68 2 ‘68 4 68
100 1K 10K 1 (Hz)

APPLICATION INFORMATION
Fig. 13 - Second order high Q band pass filter (f,= 100 KHz, Q = 30, gain = 4) .

IN

Fig. 9 - Output voltage vs.
elapsed time.

6-5040 11

Vo
(mV)

20

[ Vg=t15V
b RL=2KQ

10%

(dB)

87

86

85

84

83

] o1 02 03 04 05 t(ps)

Fig. 12 - Common mode
rejection vs. temperature
G

-5363

Vgz 215V
RL=10K O

-50 -25 0 25 S0 75 Tpmy*C)

5/7
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TLO82

APPLICATION INFORMATION

Fig. 14 - 0.5 Hz square wave oscillator Fig. 15 - High Q Notch filter
Rg =100 K QL
ouTPUT
—O
QUTPUT
Cp=33pF —O
I 1K
91K A R1=R2=2R3=1.5MQ
C3
56088 C1 =C2=—2—=110 pF
= ! f, = ! =1 KHz
27 Rg Ce °  2mR1C1
Fig. 16 - 100 KHz quadrature oscillator
IN4148 18K (See Note A)
6 sin wt -15v
18pF @
_ 1KQ
18pF
+15V l'
+15V
88.4K 0
88.4K 0 —{ = 6 cos wt
18 pF O
I 13y b2 K0
15V 18K 0 s Note A: These resistor
values may be adjust-
eaz.nnm“w ~ (See NoteA) o4 for a symmetrical
S - 6090 — output.
Fig. 17 - 20 Hz to 200 Hz variable High-pass filter (Gy=3dB) Fig. 18 - Frequency response
of the high-pass filter of fig.17
(@8 ”l - 4720
015uF  0.15pF e i
wo— 1 our . A
5.6KN —0 H_I / Pl:PZ:UKﬂ/
e Hy [lfor=pz-0
47KN e Vil
f -18
bd e - - = d
-24
S$-527411 -30

1 3 10 30 100 300 t (H2)

6/7
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TLO82

APPLICATION INFORMATION (continued)

Fig. 19 - Unity-gain absolute-value circuit

10KN 1
0K 10k
{1

+15v

Y 1ns14e

out
0 to10V

AN}

5-6750

Fig. 20 - Single supply sample and hold

v, INVERTER,

c

1= HOLD O——
0:=SAMPLE
S-€743

Fig. 21 - Output current to voltage transformation for a DA converter

+Vg x5V

L

MSB A1 5 -‘—‘L~{_Rt—'__|—I—o Vret
AZO——E-‘
A3Oo—12 15 RZ
8 —
O—= mMcis08
:;c s] Maos [0 +Vg =15V
as0—19 2
A7 O—JJ -L —O Vo
LS8 A8 O——'—24 o
v (*) The value of C may
s oF } vs_m; be selected to mini-
| LN mize overshoot and
v ringing (C ~ 68 pF).
S-e74t ~Vg=18V “c*
Settling time to within 1/2 LSB (+ 19.5 mV) is approxi- Vyer= 2.0 Ve
mately 4.0 us from the time all bits are switched. R1=R2~ 1.0kQ
. Ry = 5.0k
Theoretical Vg :
-2V SIS N U O N U N B
vo=\;'—j'(ﬂo) [L;+%+‘;—3+%+%+%f—,+_£%+£%] Vor 4 BRIl st Tt g Gt e i e )
_ 255 7 _
Adjust Ve, R1 or Rg 5o that V, with all digital inputs 10V [5pgd = 9.961v
at high level is equal to 9.961 volts.
C-’I SGS-THOMSON 77
w MICROELECTRONICS

937






KYIW msﬂg@%aé&gﬁ%@sm?@g TLO84

JFET-INPUT QUAD OPERATIONAL AMPLIFIERS

® HIGH SLEW-RATE ... 13V/us TYP. ational amplifier incorporates well-matched,

® | OW POWER CONSUMPTION high-v?lt?ge. JFET anc! bipolar transistors in a
monolithic integrated circuit.

® WIDE CONNOM-MODE AND DIFFER- g

Devices with an suffix are characterized for
ENTIAL VOLTAGE RANGES operation from -25°C to 85°C, and those with a
® | OW INPUT BIAS AND OFFSET CUR- “C" suffix are characterized for operation from

RENTS 0°C to 70°C. The “I" devices are characterized
. o
® OUTPUT SHORT-CIRCUIT PROTECTION  for operation from -55 to 125°C.

® HIGH INPUT IMPEDANCE . .. JEFT-INPUT
STAGE

® | ATCH-UP-FREE OPERATION

The TLO84 JFET-input operational amplifiers
are designed to offer high slew-rate, low input DIP-14 SO-14J
bias and offset current, and low offset voltage (Plastic and Ceramic)

temperature coefficient. Each JFET-input oper-

SCHEMATIC DIAGRAM

(one section)

1

A

<

NONINVERTING
INPUT
INVERTING 640
INPUT 128 0 OUTPUT
—O0
64.0
g 1
‘/l
A
n a HE
S- 6091 :
June 1988 1/7

939



TLO84

ABSOLUTE MAXIMUM RATINGS

Ve Supply voltage +18 \%
Vis Differential input voltage + 30 \%
V; Input voltage 156 \
Top Operating temperature (TL0841) 25t085  °C
(TLO84C) 0to70 °C
(TLO84M) -565 to 125 °c
T Junction temperature 150 °c
Tstg Storage temperature -55 to 150 °c
CONNECTION DIAGRAM AND ORDERING NUMBERS
(Top view)
Y
OUTPUT A 1 % ] OUTPUT D
e s ff2 af] - wvmeo 0to 70°C -25 + 85°C -55 + 125°C Package
NON INV.INR A [|3 12 ] NON INV.INP D TLO84CJ TLO84l1J TLO84MJ "
[ ] TLOB4AC) - - P
+vsg LA n ] Vg TLO84BCJ - -
NON INV.INP.B [1 5 10 ] NON INV.INRC ltggiﬁg,\, TLO?_"'IN _ Plastic
TLO84BCN - - pip-14
INV.INP. B Le o] INV.INP.C
TLO84CD TLO84ID - SC-14
OUTPUT B ﬂ 7 8 ] ouTPUT C
$-3501
TEST CIRCUIT
10K 0
—O
Vi v,
cL :100pFr R =2KN € L100pF
S - 6738 5- 6740 I
Unity gain amplifier Gain of 10 inverting amplifier
Ceramic $0-14 Plastic
THERMAL DATA DIP-14 - DIP-14
Rihjamp  Thermal resistance junction-ambient max 150°C/W | 165°C/W | 200°C/W
2/7 (57 SGS-THOMSON
Y/, ICROELECTRONICS
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TLO84

ELECTRICAL CHARACTERISTICS (Vg =% 15V, Tamp = 25°C, otherwise specified)

e e e
Parameter Test Conditi Unit
Min. | Typ. | Max. [ Min. | Typ. [ Max. [ Min. | Typ. [ Max.
Vos Input offset voltage Rg = 500 TLO84 3 6 5 15 3 9
TLO84A 3 6
TLO84B 2 3 mV
Rg =500 TLO84 9 20 15
Tamgp = full range | TLOB4A 7.5
TLO84B 5
AVos Input offset voltage drift | Rg = 508 v/ C
AT Tamb = full range 10 10 10 I
los  Input offset current TLO84 5 | 100 5 | 200 5 | 100
TLO84A 5 | 100 pA
TLO84B 5 100
Tamp = full range | TLO84 10 5 20
TLO8B4A 3 nA
TLO84B 3
Ip Input bias current TLO84 30 | 200 30 | 400 30 | 200
TLO84A 30 | 200 PA
TLO84B 30 | 200
Tamp = full range | TLO84 20 10. 50
TLO84A 7 nA
TLO84B 7
Vem  Common mode input TLO84 +11) £12 £ 11 +11] £12
voltage range TLOB4A P11 =12 v
TL084B 11| £12
Vopp Large signal voltage R =10KQ 24 | 27 24 | 27 24 | 27
gain Tamp = full range | R_ > 10KQ | 24 24 24 Y,
Ry = 2KQ 20 | 24 20 | 24 20 | 24
Gy Large signal voltage gain | R > 2KQ TLO84 50 | 200 25 | 200
Vo =2 10V TLO84A 50 | 200 VimV|
TLO84B 50 | 200
R > 2KQ TLO84 25 15 15
Vo =% 10V TLO84A 25
Tamp = full range | TLO84B 25
B Unity gain bandwidth 3 3 3 MHz
R Input resistance 10% 10" 102 Q
CMR Common mode rejection | Rg > 10KQ TLO84 80 | 86 70 | 76 80 | 86
TLOB4A 80 | 86 dB
TL084B 80 | 86
SVR  Supply volage rejection Rs > 10KQ TLO84 80 86 70 76 80 86
TLOB4A 80 | 86 dB
TLO84B 80 86
Is Supply current Ry =o 56 | 11.2 56 | 11.2 56 | 11.2| mA
‘_-YI SGS-THOMSON 3/7
~ MICROELECTRONICS
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TLO84

ELECTRICAL CHARACTERISTICS (Continued)

g agr o
Parameter Test C Unit
Min. | Typ. | Max. { Min. | Typ. | Max. | Min. | Typ. | Max.
cs Channel separation Gy =100 120 120 120 dB
SR Slew-rate at V=10V R =2KQ 13 12 8 13 Vlus
unity gain C_ = 100pF
t Rise time Vi =20mV R =2KQ 0.1 0.1 0.1 us
Overshot factor CL = 100pF 10 10 10 %
en Total input noise Rg = 1000 25 25 25 nVv
Voltage f=1KHz \/m

Fig. 1 — Maximum peak to
peak output voltage vs.

Fig. 2 — Maximum peak to
peak output voltage vs.

Fig. 3 — Maximum peak to
peak output voltage vs.

frequency. frequency load resistance.
v — -503. v G- y—om!" v 6-503411
o o ; I o
ol tvon) IIIIIIiIlIIIIItLI . e Tl l”% 1[
- T T V‘ =215V
30 3 1 30
25 25 L 25 . muniti
20— 20 i ': 20 A1
15— 15 'Ir 15
0= 10 i 10
= ] /
s [ s e
, O ; ‘ N \

100 100 ALY 10K 100K M f(HZ) 01 0.3 1 3 Ru(Ka)
Fig. 4 — Large signal voltage Fig. 5 — Supply current vs. Fig. 6 — Supply current vs.
gain and phase shift vs. temperature supply voltage
frequency

G- S0 G- 50372 6-5038/2
Gy ° 1s [ l |
(a8) (m A)| (mA)
Vg = %15V
Vs =25V 10215 < i
maoka 64 o sigral 64 —{potianat
56 SN 5.6
100 N\ \ b
\\ 48 48
80 [ 4 3
Nev
oo LN N - w2 2
\\ 24 24
40 90"
PHASE SHIFT ] 16 16
20 N, 135" o8 08
0 N 180° o
1 0 100 1K 10K 100K M 10M HHz) -75-50 -256 O 25 50 75 100 Tamb (*C) [ 2 4 6 8 10 12 14 16 Vg(tV)
417 C"' SGS-THOMSON
V7. HICROELECTRONICS
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TLO84

Fig. 7 — Input bias current
vs. temperature

Fig. 8 — Voltage follower
large signal pulse response

Fig. 9 — Output voltage vs.
elapset time.

6-503611 G-3503 9/t 6-504 011
I = = V(.;:o Vg zd15V (:3) l
(na) =t R, =2KQ
M sy Ct-wOPF_
10 6 20 I - -
‘ + t 16 |
v | ouTPUT [\ /I
|
' 2 + i 2 | Vst 15V
A N || L . I l Ry=2KN
A ;/ i w |
[X= -2 t 4 !
= > 0%
" INPUT \ o [
- 1 =
0.0 -6 -4
-850 -25 0 25 50 75 100 Tymb(*C) 0 05 1 15 2 25 t (us) 0 01 02 03 04 05  tips)
Fig. 10 — Equivalent input Fig. 11 Total harmonic Fig. 12 — Common mode

noise voltage vs. frequency

distortion vs. frequency

rejection vs. temperature

G- S04/ G-5042171 G-5363
N a (a8)
(VIVFE) Ve =218V MR oisy
FTTiAvp =10 [T - N
vD [ dayp =? Vg= 18V
60 Rg=1000 H I Vi (RMS) =6V RL=10k
I : i
S0 01
. 86
.
40 .
8s
:
3o 84
001 e
X H
20 € 83
. 7
10
2
0 0.001 2 4 68 2 4 68 4 658
10 100 ® 10K £ (HZ) 100 1K 10K 1 (H2) -50 -25 0 25 SO 75 Tpmy°C)

APPLICATION INFORMATION
Fig. 13 — Second order high Q band pass filter (f, = 100KHz, Q = 30, gain = 4)

43K Q0

IN

1.5k 0

5/7
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TLO84

APPLICATION INFORMATION

Fig. 14 - 0.5 Hz square wave oscillator Fig. 15 - High Q Notch filter

+g
RE =100K A
ouTPUT
INPUT R R2 =0
ouTPUT
=3 —O
Cp=33pF I TC:’ -Vg
1KQ R3
< c2
"“ 5-6089
9.1k 0 R1 = R2=2R3 = 15MQ

5-6088

C1 =CZ=EZ§—= 110 pF

1 ‘ 1
= —— = ———— =1KHz
27 Rg Cg ° 2TR1C1
Fig. 16 - 100 KHz quadrature oscillator
IN4148 18K Q1 (See Note A)
6sin wt -15v
18 @
ll 1K 0
18pF
+15V
+15V
88.4K O
88.4K0Q L - 6 cos wt
18 pF O
+
2y 1KQ
-15v .
3 18K o sy Note A: These resistor
values may be adjust-
8Bl.Kn.iNLh’.e (See NoteA) ed for a symmetrical
S - 6090 7 output.

Fig. 17 - 20 Hz to 200 Hz variable High-pass filter (G,= 3 dB)

0.15uF 0.15pf

out

S-527411

Fig. 18 - Frequency response
of the high-pass filter of fig.17

- EH H{
NSt s
] m I 1+
N [“ P12P2247KN
P1=P2z0
12
" 1 i
Il i
R
* i
3 10 30 100 300 t (M)

6,7 o7 -THOM:
\Y/. %@&E%
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TLO84

APPLICATION INFORMATION (continued)

Fig. 19 — Unity-gain absolute-value circuit

10KN 10KN 10K

I I}

L I— T

+15V
10K 0.
" ¥ 1ns148 6
7 ourt
5 Otol0V
¥ insiss
5-6750
Fig. 20 — Single supply sample and hold
6
u Vour

Ve
12HOLD O
0-SAMPLE

INVERTER
—&)

$-6743

Fig. 21 - Output current to voltage transformation for a DA converter

+Vg 25V
s
5 w A
MS8 A1 O—2 Vret

20—
a30—1
acO0—2  wmcisos
asO——2] MCios
AGO—EJ
a7 00—

LS8 A8 O—

(*) The value of C may
be selected to mini-
mize overshoot and
ringing (C ~ 68 pF).

16 3
15 pF

S-674L ~Vg=18V _“*—

C

Settling time to within 1/2 LSB ( 19.5 mV) is approxi- Vyes= 2.0 Vyc
mately 4.0 us from the time all bits are switched. R1=R2=~1.0kQ
Ro = 5.0kQ

Theoretical V :

2v R I T N T
V- Vet ) (AL, A2, A3, A4, A5, A6, AT, A8y Voo i ML gt g ege gy gt g ]
°" Ry ol 8 16 32 64 128 256 255
Adijust Vyef, R1 or Rq 0 that V with all digital inputs S0V [ - eserv
at high level is equal to 9.961 volts.
"I SGS-THOMSON 7/7
w MICROELECTRONICS :
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TECHNICAL NOTE

DESIGNING WITH THERMAL IMPEDANCE

by T. Hopkins, C. Cognetti, R. Tiziani

REPRINT FROM “SEMITHERM PROCEEDINGS” S. DIEGO (U.S.A.) 1988.

ABSTRACT

Power switching techniques used in many modern
control systems are characterized by single or
repetiive power pulses, which can reach several
hundred watts each. In these applications where the
pulse width is often limited to a few milliseconds, cost
effective thermal design considers the effect of thermal
capacitance. When this thermal capacitance is large
enough, it can limit the junction temperature to within
the ratings of the device even in the presence of high
dissipation peaks. This paper discusses thermal
impedance and the main parameters influencing it.
Empirical measurements of the thermal impedance of
some standard plastic packages showing the effective
thermal impedance under pulsed conditions are also
presented.

INTRODUCTION

Power switching applications are becoming very
common in many industrial, computer and automotive
ICs. In these applications, such as switching power
supplies and PWM inductive load drivers, power
dissipation is limited to short times, with single or
repeated pulses. The normal description of the thermal
performance of an IC package, Rth (j-a) (junction to
ambient thermal resistance), is of little help in these
pulsed applications and leads to a redundant and
expensive thermal design.

This paper will discuss the thermal impedance and the
main factors influencing it in plastic semiconductor
packages. Experimental evaluations of the thermal
performance of small signal, medium power, and high
power packages will be presented as case examples.
The effects of the thermal capacitance of the packages
when dealing with low duty cycle power dissipation
will be presented and evaluated in each of the example
cases.

THERMAL IMPEDANCE MODEL FOR PLASTIC
PACKAGES

The complete thermal impedance of a device can be
modeled by combining two elements, the thermal
resistance and the thermal capacitance.

June 1988

The thermal resistance, Rth, quantifies the capability
of a given thermal path to transfer heat. The general
definition of resistance of the thermal path, which
includes the three different modes of heat dissipation
(conduction, convection and radiation), is the ratio
between the temperature increase above the reference
and the heat flow, AP, and is given by the equation:

pe = AT _ AT
th = "Ap T AQ
At

where: AQ = heat
At =time

Thermal capacitance, Cih, is a measure of the
capability of accumulating heat, like a capacitor
accumulates a charge. For a given structural element,
Cth depends on the specific heat, ¢, volume V, and
density d, according to the relationship:

Cih=cdV

The resulting temperature increase when the element
has accumulated the heat Q, is given by the equation:

AT = AQ/Cth

The electrical analogy of the thermal behavior for a
given application consisting of an active device,
package, printed circuit board, external heat sink and
external ambient is a chain of RC cells, each having
a characteristic time constant:

r=RC

To show how each cell contributes to the thermal
impedance of the finished device consider the
simplified example shown in figure 1. The example
device consists of a dissipating element (integrated
circuit) soldered on a copper frame surrounded by a
plastic compound with no external heat sink. Its
equivalent electrical circuit is shown in figure 2.

1/14

949



Fig. 1 - Simplified Package Outline

Fig. 2 - Equivalent Thermal Circuit of Simplified Package

MOLD

< cHIP .

S5-10621

Rthsi R thframe R th mold

th.
amb

C thsi C th frame C th mold

5-10622

The first cell, shown in figure 2, represents the thermal
characteristics of the silicon itself and is characterized
by the small volume with a correspondingly low thermal
capacitance, in the order of a few mJ/°C. The thermal
resistance between the junction and the silicon/slug
interface is of about 0.2 to 2 °C/W, depending on die
size and on the size of the dissipating elements existing
on the silicon. The time constant of this cell is typically
in the order of a few milliseconds.

The second cell represents the good conductive path
from the silicon/frame interface to the frame periphery.
In power packages, where the die is often soldered
directly to the external tab of the package, the thermal
capacitance can be large. The time constant for this
cell is in the order of seconds.

From, this point, heat is transferred by conduction to
the molded block of the package, with a large thermal
resistance and capacitance. The time constant of the
third cell is in the order of hundreds of seconds.

After the plastic has heated, convection and radiation
to the ambient starts. Since a negligible capacitance
is associated with this phase, it is represented by a
purely resistive element.

When power is switched on, the junction temperature
increase is ruled by the heat accumulation in the cells,
each following its own time constant according with
the equation:

AT =R Pq[1 -elt/7)]

The steady state junction temperature, Tj, is a function
of the Rih (j - a) of the system, but the temperature
increase is dominated by thermal impedance in the
transient phase, as is the case in switching applications.

A simplified example of how the time constants of each
cell contribute to the temperature rise is shown in figure
3 where the contribution of the ceiis of figure 2 is
exaggerated for a better understanding.

Fig. 3 - Time Constant Contribution of Each Thermal Cell (Qualitative Example)
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g
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When working with actual packages, it is observed that
the last two sections of the equivalent circuit are not
as simple as in this model and possible changes will
be discussed later. However, with switching times
shorter than few seconds, the model is sufficient for
most situations.

EXPERIMENTAL MEASUREMENTS

When thermal measurements on plastic packages are
performed, the first consideration is the lack of a
standard method. At present, only draft specifications
exist, proposed last year and not yet standardized (1).

The experimental method used internally for evaluations
since 1984 has anticipated these preliminary recomen-

Fig. 4

dations to some extent, as it is based on test patterns
having, as dissipating element, two power transistors
and, as measurement element, a sensing diode placed
in the thermal plateau arising when the transistors are
biased in parallel.

The method used has been presented elsewhere (2)
for the pattern P432 (shown in figure 4), which uses
two small (1000 sq mils) bipolar power transistors and
has a maximum DC power capability of 40W (limited
by second breakdown of the dissipating elements).

A similar methodology was followed with the new H029
pattern, based on two D-Mos transistors (3) having a
total size of 17,000 sq mils and a DC power capability
of 300 W on an infinite heat sink at room temperature
(limited by thermal resistance and by max operating
temperature of the plastics).

a) P432 Test Die

D.C. _ D.C.
SUPPLY [IJ SUPPLY
D.C. FAST
SUPPLY J— DVM
PULSE J LI< *g ¥ _L STORAGE
GENERATOR SCOPE
i P432 l
=55 S~-10623/1

b) P432 Measurement System
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Using the thermal evaluation die, four sets of
measurements were performed on an assortment of
insertion and surface mount packages produced by
SGS-Thomson Microelectronics. The complete cha-
racterization is available elsewhere (4). The four
measurements taken were:

1) Junction to Case Thermal Resistance (Power
Packages)

2) Junction to Ambient Thermal Resistance

3) Transient Thermal Impedance (Single Pulse)

4) Peak Transient Thermal Impedance (Repeated
Pulses)

Fig. 5
a) H029 Test Die
D.C. D.C.
SUPPLY [_l] t] SUPPLY
D.C FAST
SUPPLY |" DVM
U5 Un
PULSE __J H M _L STORAGE
GENERATOR SCOPE
H029 -L
- 51062411
b) H029 Measurement System
414 &7 SGS-THOMSON
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Fig. 6 - Set-up for Rth (j - ¢) Measurement
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The junction to case thermal resistance measurements

-were taken using the well known setup shown in figure
6 where the power device is clamped against a large
mass of controlled temperature.

The junction to ambient thermal resistance in still air,
was measured with the package soldered on standard
test boards, described later, and suspensed in 1 cubic
foot box, to prevent air movement.

The single pulse transierit inermal impedance was
measured in still air by applying a single power pulse
of duration t, to the device. The exponential
temperature rise in response to the power pulse is
shown qualitetively in figure 7. In the presence of one
single power pulse the temperature, ATmay, reached
at time t,, is lower than the steady state temperature
calculated from the junction to ambient thermal
resistance. The transient thermal impedance Ro, is
obtained from the ratio ATmax/Pd.

Fig. 7 - Transient Thermal Response for a Single Pulse
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The peak transient thermal impedance for a series of
repetitive pulses was measured by applying a string
of power pulses to the device in free air. When power
pulses of the same height, Pg, are repeated with a given
duty cycle, DC, and the pulse length, tp, is shorter than
the total time constant of the system, the train of pulses
is seen as a continuous source with mean power level
given by the equation:

Pdavg = Pd DC

Fig. 8 - Transient Thermal Response for Repetitive
Pulses
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ton tott

On the other hand, the silicon die has a thermal time
constant of 1 to 2 ms and the die temperature is able
to follow frequencies of some kHz. The result is that
Tj oscillates about the average value:

ATjavg = Rth Pdavg

The resulting die temperature excursions are shown
qualitatively in figure 8. The peak thermal impedance,
Rthp, corresponding to the peak temperature, ATmax,
at the equilibrium can be defined:

The value of Rinp is a function of pulse width and duty
cycle. Knowledge of Rihp is very important to avoid
a peak temperature higﬁer than specificed values
(usually 150°C).

EXPERIMENTAL RESULTS

The experimental measurements taken on several of
the packages tested are summarized in the following
sections.

MULTIWATT Package
The MULTIWATT (R) package, shown in figure 9a, is

6/14
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a multileaded power package in which the die is
attached directly to the tab of package using a soft
solder (Pb/Sn) die attach. The tab of the package is
a 1.5 mm thick copper alloy slug. The thermal model
of the MULTIWATT, shown in figure 9b, is not much
different from that shown in figure 2. The main
difference being that when heat reaches the edge of
the slug, two parallel paths are possible; conduction
towards the molding compound, and convection and
radiation towards the ambient. After a given time,
convection and radiation taked place from the plastic.

Fig. 9

a) MULTIWATT assembly

R th mold

Rthsi R thtrame amb

C th mold

R th
—{+—— Tamb

C th si C th frame

S -10625

b) Equivalent Thermal Circuit

Using the two test die, the measured junction to case
thermal resistance is:

P432 Rth (j - ¢) = 2°C/W

HO029 Rth (j - c) = 0.4°C/W

The measured time constant is approximately 1 ms
for each of the two test patterns, but the two devices
have a different steady state temperature rise.

MICROELECTRONICS
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The second cell shown in figure 9 is dominated by
the large thermal mass of the slug. The thermal
resistance of the slug, Rthsiug is about 1°C/W and the
thermal time constant of theslug is in the order of 1
second.

The third RC cell in the model has a long time constant
due to the mass of the plastic molding and its low
thermal conductivity. For this cell the steady state is
reached after hundreds of seconds.

For the MULTIWATT the DC thermal resistance of the

Fig. 10 - Transient Thermal Response MULTIWATT

package in free air, Rth j - g, is 36°C/W with the P432
die and 34.5°C/W with the H029 die.

Figure 10 shows the single pulse transient thermal
impedance for the MULTIWATT with both the P432
and HO29 test die. As can be seen on the graph, the
package is capable of high dissipation for short periods
of time. For a die like the H029 the power device is
capable of 700 to 800 W for pulse widths in the range
of 1 to 10 ms. For times up to a few seconds the
effective thermal resistance for a single pulse is still
in the range of 1 to 3°C/W.
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The peak transient thermal impedance for the
MULTIWATT package containing the P432 die in free
air is shown in figure 11.

Power DIP Package

The power DIP package is a derivative of standard
small signal DIP packages with a number of leads
connected to the die pad for heat transfer to external
heat sinks. With this technique low cost heat sinks can
be integrated on the printed circuit board as shown
in figure 12a. The thermal model of the power DIP,
shown in figure 12b accounts for the external heat sink
on the circuit board by adding a second RC cell in
parallel with the cell corresponding to the molding
compound.

57 SGS

-THOMSON
MICROELECTRONICS

In this model, the second cell has a shorter time
constant than for the MULTIWATT package, due in
large part to the smaller quantity of copper in the frame
(the frame thickness is 0.4 mm compared to 1.5 mm).
Thus the capacitance is reduced and the resistance
increased.

The increased thermal impedance due to the frame
can partially be compensated by a better thermal
exchange to the ambient by adding copper to the heat
sink on the board. The DC thermal resistance between
the junction and ambient can be reduced to the same
range as the MULTIWATT package in free air, as
shown in figure 13.

7/14
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Fig. 11.- Peak Thermal

Resistance MULTIWATT Package
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Fig. 13 - Rth (j - a) vs. PCB Heat Sink Size 12 + 3 + 3 Power Dip
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As a comparison, figure 14 compares the thermal thermal resistance may be simiiar, the MULTIWATT
performance of the power DIP and the MULTIWATT s superior in its performance for pulsed applications.
package. It is clearly seen that even though the DC

Fig. 14 - Transient Thermal Impedance ’for Single Pulses in Power DIP and MULTIWATT Packages
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Standard Signal Packages

In standard, small signal, packages the easiest thermal
path is from the die to the ambient through the molding
compound. However, if a high conductivity frame, like
a copper lead frame, is used another path exists in

Fig. 15

parallel. Figure 15 shows the equivalent thermal model
of such a package. The effectiveness of a copper frame
in transferring heat to the board can be seen in the
experimental results in DC conditions.

=)

S -10627

a) DIP Package Mounted on PCB

C thsi

b) Equivalent Thermal Circuit DIP Package on PCB

R th mold
—

Rthsi R thtrame

C th mold

R th lead R th board

Tamb

C th frame

$-10628/1 C th board

C th lead

Table 1 shows the thermal resistance of some standard
signal packages in two different conditions; with the
device floating in still air connected to the measurement
circuit by thin wires and the same device soldered on
a test board.

Table 1 - Thermal Resistance of Signal Packages

Package | Frame Thickness | Rth (j-a) | °C/W
& Material floating | on board
DIP 8 (0.4 mm Copper) | 125-165 | 78-90
DIP 14 (0.4 mm Copper) 98-128 | 64-73
DIP 16 (0.4 mm Copper) 95-124 | 62-71
DIP 20 (0.4 mm Copper) 85-112 | 58-69
DIP 14 (0.25 mm Copper) | 115-147 | 84-95
DIP 20 (0.25 mm Copper) |100-134 | 76-87
DIP 24 (0.25 mm Copper) 67-84 | 61-68
DIP 20 (0.25 mm Alloy 42)| 158-184 |133-145
SO 14 (0.25 mm Copper) |{218-250 |105-180
PLCC 44 | (0.25 mm Copper) 66-83 | 48-72

The transient thermal resistance for single pulses for
the various packages are shown in figures 16 through
20.

10/14
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The results of the tests, as shown in the preceding
figures, show the true capabilities of the packages. For
example, the DIP 20 with a Alloy 42 frame is a typical
package used for signal processing applications and .
can dissipate only 0.5 to 0.7 W in steady state
conditions. However, the transient thermal impedance
for short pulses is low (11°C/W for tp = 100 ms) and
almost 7 Watts can be dissipated for 100 ms while .
keeping the junction temperature rise below 80°C.

The packages using a 0.4 mm Copper frame have
a low steady state thermal resistance, especially in the
case of the DIP 20. The thicker lead frame increases
the thermal capacitance of the die flag, which greatly
improves the transient thermal impedance. In the case
of the DIP 20, which has the largest die pad, the
transient Ry for 100 ms pulses is about 4.3°C/W. This
allows the device to dissipate an 18 Watt power pulse
while keeping the temperature rise below 80°C.

As with the previous examples the peak transient
thermal impedance for repetitive pulses depends on
the pulse length and duty cycle as shown in figure
14. With the signal package, however, the effect of the
duty cycle becomes much less effective for longer
pulses, due primarily to the lower thermal capacitance
and hence lower time constant of the frame.




Fig. 16 - Transient Thermal Impedance DIP 20 (Alloy 42)
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Fig. 18 - Transient Thermal Impedance 0.25 mm Copper Frame DIP Packages
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Fig. 19 - Transient Thermal Impedance 0.25 mm Frame PLCC Package
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Fig. 20 - Transient Thermal Impedance 0.25 mm Copper Frame SO14 Package
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CONCLUSION

This paper has discussed a test procedure for
measuring and quantifying the thermal characteristics
of semiconductor packages. Using these test methods
the thermal impedance of standard integrated circuit
packages under pulsed and DC conditions were
evaluated. From this evaluaton two important
considerations arise:

1) The true thermal impedance under repetitive pulsed
conditions needs to be considered to maintain the peak
junction temperature within the rating for the device.
A proper evaluation will result in junction temperatures
that do not exceed the specified limits under either
steady state or pulsed conditions.

2) The proper evaluation of the transient thermal

characteristics of an application should take into
account the ability to dissipate high power pulses

14/14
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allowing better thermal design and possibly reducing
or eliminating expensive external heat sinks when they
are oversized or useless.
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Telex: 226363

Telefax: (39-51) 591305

00161 ROMA

Via A. Torlonia, 15

Tel. (39-6) 8443341/2/3/4/5
Telex: 620653 SGSATE |
Telefax: (39-6) 8444474

JAPAN

TOKYO 141

Shinagawa-Ku, Nishi Gotanda
8-11-7, Collins Bldg 8

Tel. (81-3) 491-8611

Telefax: (81-3) 491-8735

KOREA

SEOUL 121

Rm 401, lljin Bldg

50-1, Dohwangdong Mapo
Tel. (82-2) 7167472/3
Telex: K 29998 SGS KOR
Telefax: (82-2) 7167409

NETHERLANDS

5612 AM EINDHOVEN
Dillenburgstraat 25
Tel.: (31-40) 550015
Telex: 51186

Telefax: (31-40) 528835

~ SINGAPORE

SINGAPORE 2056

28 Ang Mo Kio - Industrial Park 2
Tel. (65) 4821411

Telex: RS 55201 ESGIES

Telefax: (65) 4820240

SPAIN

BARCELONA

Poligono Industrial Fontsanta Montilla 5
San Juan Despi

Tel. (34-3) 3733011

Telex: 53077 CSAE

Telefax: (34-3) 37339850

28027 MADRID

Calle Albacete, 5

Tel. (34-1) 4051615
Telex: 46033 TCCEE
Telefax: (34-1) 4031134

SWEDEN

S$-16421 KISTA
Borgarfiordsgatan, 13 - Box 1094
Tel.: (46-8) 7939220

Telex: 12078 THSWS

Telefax: (46-8) 7504950

SWITZERLAND

1218 GRAND-SACONNEX (GENEVE)
Chemin Francgois-Lehmann, 18/A

Tel. (41-22) 986462

Telex: 28895 STM CH

Telefax: (41-22) 984869

TAIWAN

KAOHSIUNG

7FL-2 No

5 Chung Chen 3Rd Road
Tel. (886-7) 2011702
Telefax: (886-7) 2011703

TAIPEI

6th Floor, Pacific Commercial Building
285 Chung Hsiao E. Road - SEC, 4
Tel. (886-2) 7728203

Telex: 10310 ESGIE TWN

Telefax: (886-2) 7413837

UNITED KINGDOM

MARLOW, BUCKS
Planar House, Parkway
Globe Park

Tel.: (44-628) 890800
Telex: 847458

Telefax: (44-628) 890391
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SALES OFFICES

U.S.A.

NORTH & SOUTH AMERICAN
MARKETING HEADQUARTERS
1000 East Bell Road

Phoenix, AZ 85022

(1)-(602) 867-6100

SALES & REPS COVERAGE BY STATE

AL
Huntsville - (205) 533-5995
Huntsville (Rep) - (205) 881-9270

AZ
Phoenix - (602) 867-6340

CA

Fountain Valley (Rep) - (714) 545-3255
Irvine - (714) 250-0455

Los Angeles (Rep) - (213) 879-0770
San Diego (Rep) - (619) 693-1111
Santa Clara - (408) 970-8585

Santa Clara (Rep) - (408) 727-3406

co
Longmont - (303) 449-9000
Wheat Ridge (Rep) - (303) 422-8957

FL

Altamonte Springs (Rep) - (305) 682-4800
Deerfield Beach (Rep) - (305) 426-4601
St. Petersburg (Rep) - (813) 823-6221

GA
Tucker (Rep) - (404) 938-4358

L
Schaumburg - (312) 490-1890

[l
Fort Wayne (Rep) - (219) 436-3023
Greenwood (Rep) - (317) 881-0110

1A
Cedar Rapids (Rep) - (319) 362-2526

MD

Glen Burnie (Rep) - (301) 761-6000
MA

Waltham - (617) 890-6688

Mi

Southfield - (313) 358-4250
Southtield (Rep) - (313) 358-4151

MN
Bloomington (Rep) - (612) 884-6515

MO
Florissant (Rep) - (314) 839-0033
Kansas City (Rep) - (816) 436-6445

NJ
Marlton - (609) 722-9200

NY

Binghamton (Rep) - (607) 772-0651
E. Rochester (Rep) - (716) 381-8500
Hauppauge - (516) 435-1050
Jericho (Rep) - (516) 935-3200
Pittsford (Rep) - (716) 381-3186
Poughkeepsie - (914) 454-8813
Skaneateles (Rep) - (315) 685-5703

NC
Charlotte (Rep) - (704) 563-5554
Morrisville (Rep) - (919) 469-9997

OH
Chagrin Falls (Rep) - (216) 247-6655
Dayton (Rep) - (513) 866-6699

OR
Beaverton (Rep) - (503) 627-0838

PA
Butler (Rep) - (412) 285-1313
Horsham (Rep) - (215) 441-4300

N
Jefferson City (Rep) - (615) 475-9012

TX
Austin - (512) 451-4061
Carrollton - (214) 466-8844

uT
Salt Lake City (Rep) - (801) 269-0419

WA
Bellevue (Rep) - (206) 451-3500

CANADA

Burnaby (Rep) - (604) 421-9111
Mississauga (Rep) - (416) 673-0011
Nepean (Rep) - (613) 825-0545
Quebec (Rep) - (514) 337-5022
Winnipeg (Rep) - (204) 783-4387

BRAZIL

S&o Paulo - (551) 11-883-5455
COLUMBIA

Bogota (Rep) - (011) 57-1-257-8824

MEXICO
Mexico City (Rep) - (905) 577-1883

PUERTO RICO
Rio Piedras (Rep) - (809) 790-4090

URUGUARY
Montevideo (Rep) - (011) 598-2-594-888

WEST GERMANY

6000 FRANKFURT 71
Rennbahnstrasse 72-74
Tel. (49-69) 6708191
Telex: 176997 689
Telefax: (49-69) 674377

8018 GRAFING BEI MUNCHEN
Haidling, 17

Tel. (49-8092) 690

Telex: 527378

Telefax: (49-8092) 3964

3000 HANNOVER 1
Eckenerstrasse 5

Tel. (49-511) 634191
Teletex: 175118418
Telefax: (49-511) 633552

MUNCHEN 70
Perchtinger Str. 3
Posttach 70.19.09

Tel. (49-89) 78790
Telex: 522916

Telefax: (49-89) 7879145

8500 NURNBERG 20
Erlenstegenstrasse, 72
Tel.: (49-911) 597032
Telex: 626243

Telefax: (49-911) 5980701

5200 SIEGBURG
Frankfurter Str. 22a
Tel. (49-241) 660 84-86
Telex: 889510

Telefax: (49-241) 67584

7000 STUTTGART 1
Oberer Kirchhaldenweg 135
Tel. (49-711) 692041

Telex: 721718

Telefax: (49-711) 691408
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for
the consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from
its use. No license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specifica-
tions mentioned in this publication are subject to change without notice. This publication supersedes and replaces all information previou-
sly supplied. SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems
without express written approval of SGS-THOMSON Microelectronics.
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