


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TDA7325 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test Conditions Min. Typ. Max. Unit 

VTR Voltage at TR during discharge - 0.7 - V 

Iblas Bias current into TCA, TCB in-look - 10 nA 

Program mabie current 
amplifier (PCA) 

± Idlg Output current of the dig. - 0.4 - mA 
ph ase detector 
Current gain of PCA 

CP3 CP2 CPl CPO 

Gpl Pl 0 0 0 0 VCC2;;>S V (only for Pl) - 0.023 -
Gp2 P2 0 0 0 1 - 0.07 -
Gp3 P3 0 0 1 0 - 0.23 -
Gp4 P4 0 1 1 0 - 0.7 -
Gp5 PS 1 1 1 0 - 2.3 -

Ratio between the output cur-
rent of S/H into PCA and the 
voltage on 

STCB CTCB - 1.0 - p.A/A 
llVTCB Offset voltage on TCB in lock - 1 - V 

Output amplifier (I N, OUT) 

VIN I nput voltage in-lock; equal to - 1.3 - V 
internal reference 
voltage 

VOUT Output voltages minimum -lOUT = 1 mA - - O.S V 
V OUT Output voltages maximum IOUT= 1 mA VCC3-2.SV - - V 
VOUT Output voltages maximum IOUT= 0.1 mA - VCC3-1 - V 
± lOUT Maximum output current VOUT=VCC3-4V S - - mA 

Test output (TEST) • 

V TL Output voltage LOW - - 0.5 V 
VTH Output voltage HIGH - - 12 V 
IToff Output current OFF VTH - - 10 p.A 
ITon Output cu rrent ON VTL lS0 - - p.A 

Ripple rejection** 

at frlPPle = 100 Hz 
llVCC1/llVOUT - 77 - dB 
II V CC2/ II V OUT - 70 - dB 
II VCC3/11 VOUT VOUT " VCC3-3V - 60 - dB 

* Open collector output •• Measured In FIg. 6 

NOTES 
1. Pin 17 (XTAL) can also be used as an input for an external 

clock. 
Fig. 1 - Circuit configuration showing external 

4 MHz clock 
The values given in Fig. 1 are a typical application example. 

2. See BUS information in section 'operation description. 
3. The output voltage at TCB and TCA is typically 'l.zV CC2+0.3 V 

when the tuning system is in-lock via the sample and hold 
phase detector. The control voltage at TCB is defined as the 
difference between the actual voltage at TCB and the value 
calculated from the formula 'l.zVCC2+0.3V. 

4. Crystal oscillator frequency fXTAL = 4 MHz. 

+5V-]1f 
OV-

4MHz 

5-7670 

. .r._ ..... _.:..;17:..j XTAL 

I 
...JPF 

CXTAL""!'" 
I 

------------- �~� �I�~�t�m�~�~�~�~�l�f� ____________ =5/8 
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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: 

• Separate input amplifiers for the AM and FM 
VCO-signal. 

• A divider-by-10 for the FM channel. 

• A multiplexer which selects the AM or FM 
input 

• A sample and hold phase detector for the 
in-lock condition, to achieve the high spectral 
purity of the VCO signal. 

• A digital memory frequency/phase detector, 
which operates at a 32 times higher frequency 
than the sample and hold phase detector, so 
fast tuning can be achieved. 

• An-in-Iock counter detects when the system is 
in-lock. The digital phase detector is switched­
off automatically when an in-lock condition is 
detected. 

• A reference frequency oscillator followed by a 
reference divider. The frequency is generated 
by a 4 MHz quartz crystal. The reference fre­
quency can be chosen either 32 kHz or 40 kHz 
for the digital phase detector (that means 1 
kHz and 1.25 kHz for the sample and hold 
phase detector), which results in tuning steps 
of 1 kHz and 1.25 kHz for AM, and 10kHz 
and 12.5 kHz for FM. 

• A programmable current amplifier (charge 
pump), which controls the output current of 
both the digital and the sample/hold phase 
detector in a range of 40 dB. It also allows the 
loop gain of the runing system to be adjusted 
by the microcomputer. 

• A tuning voltage amplifier, which can deliver a 
tuning voltage of up to 25 V. 

• BUS; this circuitry consists of a format control 
part, a 16-bit sh ift register and two 15-bit 
latches. Latch A contains the to be tuned fre­
quency information in a binary code. This 
binary-coded number, multiplied by the tuning 
spacing, is equal to the synthesized frequency. 
The programmable divider (without the fixed 
divide-by-10 prescaler for FM) can be pro­
grammed in a range between 512 and 32767 
(see Fig. 3). Latch B contains the control in­
formation. 

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 
REFH reference frequency selection; '1' = 1.25 

CP3 
CP2 
CP1 
CPO 

SB2 

kHz, '0' = 1 kHz (sample and hold phase 
(detector) 

control bits for the programmable current 
amplifier (see section Electrical Charac­
teristics) 

enables last 8 bits (SLA to TO) of data 
word B; 
'1' enables '0' = disables; when pro­
grammed '0', the last 8 bits of data word 
B will be set to '0' automatically 

SLA load mode of latch A; '1' = synchronous, 
'0' asynchronous 

PDM1 phase detector mode 
PDMO 

PDM1 PDMO digital phase 
detector 

0 X automatic 
on/off 

1 0 on 
1 1 off 

BRM bus receiver mode bit; In thiS mode the 
supply current of the BUS receiver will 
be switched-off automatically after a data 
transmission (current-draw is reduced); 
'" = current switched; '0' = current 
always on 

T3 test bit; must be programmed always '0' 
T2 test bit; selects the reference frequency 

(32 or 40 kHz) to the TEST pin 
T1 test bit; must be programmed always '0' 
TO test bit; selects the output of the pro­

grammable counter to the TEST pin 

T3 T2 T1 TO TEST (pin 18) 

0 0 0 0 1 

0 1 0 0 reference frequency 

0 0 0 1 output progrrammable 
counter 

0 1 0 1 output in-lock counter 
'0' = out-lock 
'1' = in-lock 

~6/~8 ____________ i.W.. !~m?I£I~~~JI -------------
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Fig. 2 - BUS format 

DLEN 

CLB 
-- --

DATA ~~=x X ~ __ 

bit no 15 16 

(1) During the zero set-up time (tLzsu) CLB can be LOW or HIGH, but no transient of the signal is permitted. This can be of use 
when an I' 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 WORD A 

DATA WORD B 

bits stored in latch A 
512 ~ dividing number.:s;32767 

bits stored in latch B 

5-7668 

-f 

~ 
"'" to) 
I\) 
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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 

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 
V CC2 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 ofthe sample 
and hold phase detector in this condition (see 
also section 'Electrical Characteristics'). 

~8/~8 ________________________ ~1~!;~~~~ ________________________ __ 
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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 (100~A) 

• FIXED GAIN 

• PROGRAMMABLE TURN-ON DELAY 

Protections : 
• 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 

22uF 
C4 

11 

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 

-Us 

188nF J: C69 

SUR 7 r--.l....-----------'-_ 
STAND-B'!' 

22uF OUT2 
C3 J: 8 

TOA7350 
C!..J 5 IN IN2(+) 

9.22uF 

r!11 
IN1C -) OUT1 

OUT 1B 
IN1I- ) BRIDGE S-GHD P-GND 

9.22uF 
2 

_1lIfV~ .• 

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 
Vs 
Vs 
10 
10 
Ptot 
Tstg , TJ 

Operating supply voltage 
DC supply voltage 
Peak supply voltage (for t = 50ms) 
lOUT peak (non rep. t = 100,us) 
lOUT peak (rep. freq. > 10Hz) 
Power dissipation at Tease = 80°C 
Storage and junction temperature 

CONNECTION DIAGRAM 
(Top view) 

S-1002O 

~11 

-$- 1~ 
8 

$ 
7 

6 

5 
4 

18 
28 
40 

5 
4 

40 
-40 to 150 

STAND-BY 

OUT1 

+Vs 

OUT2 

P-GND 

IN 2(+) 

BRIDGE/STEREO 

1
111111111: SVR _I'h 2~ S-GND 

'P" IN 1 (-) 

~ IN1(+) 

L-T-a-b-eJoln~n=ec=t=ed=t~o::::::p=in~6=::!J 

THERMAL DATA 

Rth J-case Thermal resistance junction-case max 1.8 

v 
V 
V 
A 
A 
W 
°c 

.:;,2/:,;;6 ____________ ~ 1~I@m&'I£~ ------------
878 



ELECTRICAL CHARACTERISTICS (Refer to the test circuits, Tamb 
f = 1 KHz, unless otherwise specified) 

Parameter Test Conditions Min. 

Vs Supply voltage 8 

Id Total quiescent drain current stereo configuration 

ASB Stand-by attenuation 60 

ISB Stand-by current 

STEREO 

Po Output power (each channell RL -l.60 

d = 10% RL =20 
RL = 3.20 7 

RL =40 

d Distortion 0.1 to4W RL = 3.20 

SVR Supply voltage rejection Rs = 0 to 10KO 45 
f = 100Hz 

CT Crosstalk f = 1 KHz 45 
f = 10KHz 

Ri Input resistance 30 

Gv Voltage gain 27 

Gv Voltage gain match 

EIN Input noise voltage Rg = 500 
(*) 

Rg = 10KO 

Rg = 500 
(**) 

Rg = 10KO 

BRIDGE 

Po Output power d - 10% RL - 40 
RL = 3.20 16 

d = 0.5% RL = 40 

d Distortion RL = 40 f = 1 KHz 
Po = O.lW to lOW 

VOS Output offset voltage 

SVR Supply voltage rejection Rs =Otol0KO 45 
f= 100Hz 

RI Input resistance 

Gv Voltage gain 33 

EIN Input noise voltage Rg = 500 
(*) 

Rg = 10KO 

Rg = 500 
(**) 

Rg = 10KO 

(*) Curve A; (**) 22Hz to 22KHz 

TDA7350 

14.4V, 

Typ. Max. Unit 

18 V 

120 mA 

80 dB 

100 fJ.A 

12 
11 W 
8 

6.5 

0.5 % 

50 dB 

55 dB 
50 

50 KO 

29 31 dB 

1 dB 

1.5 
fJ.V 

2.0 

2.0 
fJ.V 

2.7 

20 
22 W 

18 

0.15 1 % 

250 mV 

50 dB 

50 KO 

35 37 dB 

2.0 
fJ.V 

2.5 

2.7 
fJ.V 

3.2 

--------------------------- ~~~I~~~I~~~ _________________________ 3~/6 
879 



TDA7350 

Fig. 1 - STEREO test and application circuit 

SU3 

C4 
22uF :c 11 

STAND-BV 

C6 :c 1BBn: 

TDA7358 
IN21 +) 

OUT2 

+Us 

C7 
22BBuF 

.~ 
C8 

2299uF 

INtl<) OUT1 ~ 
OUT 

Ct IN11 -) BRIDGE S-GNO P-GNO U! 
9.22u~----~----~----~-----p--~ 

2 

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

880 

GND (9) 

IN 2 (5) 
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Fig. 3 - BRIDGE test and application circuit 

22uF 
C4 

11 

199nF J: C69 

SUR 7 r---L-------------------~--~ STAND-BV 
22uF OUT2 

C3 :c TDA7350 
C~ 5 IN IN2 ( +) 

9.22uF 

r!11 IN1 ( - ) oun 
OUT 

Itoft (-) BRIDGE S-GND P-GND 
B.22uF 

2 

_TDN':J5I-1U 

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

1 
C2 C1 

OO~O GND (9) 

IN 2 ( 5) 

IN 1 (1 ) I [00] ) @ 

TDA7350 

-Us 

8 

19 

[ JUMP 

I JUMP 

C 5-0275 
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IU 
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e 

6 

CT 
IdB 

55 

59 

45 

49 

35 

I 

TDA7350 

Fig. 5 - Output power 
versus Vs (STEREO) 

88rOfl?358 01 -
VA 

- f. tKHz RL·1.6n I V2n 
d.191 '/ 

/, 
// / 

r.I 
V/ 3.2 / 

~ V 40 

~ 
// / /' 

12 14 Us (UI 

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

88rOIl?358-04 

" ... 
Us.14.4U 

RL.40 r--
Rg.19Ko 

19 39 199 399 lK 3K 19K f -I Hz I 

Id 

ImA 

59 

49 

I 

Fig. 11 - Quiescent current 
versus Vs 

88rOIl?3511 O? 

'" V 
V 

/v 

V 

6 8 19 12 14 Us IVI 

Po 

IU I 

6 

9 

Fig. 6 - POUT versus fre­
quency (STEREO) 

118rOIl?3511 02 

Cout • 
2299uF t/.;::P" 

/IV 
rtf 

59 1// 
uF II U.·14.4U 

RL.3.20 -
1999uF d.191 

19 3~ 199399 lK 3K 19K f IHzl 

Sur 

Idbl 

59 

45 

35 

Fig. 9 - SVR versus CSVR 
(STEREO) 

88'OIl?3511 05 

C7IUFlu: ~r-" 
-1599 ',!J 
1--29 f/ 

19 I Us.14.4V 

RRLi·n3:loO 

19 39 199 399 lK f IHzI 

Pta 

lUI 

12 

19 

8 

t 

Fig. 12 - Dissipated power 
& efficiency vs. Po 
(STEREO) 118'OIl?3511 08 

n 

, , Us_l".4U 
RL.3.2n 

, , f.1KHz 

, , 
, 

, r-r- Ptot , 
i/l 

I 

69 

49 

29 

8 12 16 29 24 2.Po lUI 

Po 

lUI 

8 

2 

Fig. 7 - POUT versus fre­
quency (STEREO) 

-88rOfl?3511 03 

d·191 

I 

/ d.9.51 

I 
1/ U •• 14.4U 

RL.3.20 -
C.2299uF 

19 39 199399 lK 3K 19K f IHzl 

Po 

IU I 

22 

18 

19 

Pta 

lUI 

14 

12 

19 

t 

Fig. 10 - Output power 
versus Vs (BRIDGE) 

88'OIl?3511 06 

RL·'n / r- f.1KHz 
d.191 

1/ 

/ 
1/ 

/ 

8 19 12 14 Us lUI 

Fig. 13 - Dissipated power 
& efficiency vs. Po 
(BRIDGE) 88rOfl?358-09 

.... ~_n 
/'" r-

Pta t 

/ 

1 l 

L Us_14.4U 
RL.3.2n 

I f .IKHz 

I 

69 

49 

29 

8 12 16 29 24 Po lUI 
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TDA7359 

LOW VOLTAGE NBFM IF SYSTEM 

• OPERATION FROM 1.8V TO 9V 

• LOW DRAIN CURRENT (4mA, Vs = 4V) 

• HIGH SENSITIVITY (.JdB INPUT LIMITING 
AT 31lV) 

• 81lV INPUT FOR 20dB SIN 

• AFC OUTPUT 

• LOW EXTERNAL FAIR COUNT 

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

The device includes Oscillator, Mixer, Limiting 
Amplifier, Quadrature Discriminator, Op. Amp., 
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. 

DIP-18 Plastic 

ORDERING NUMBERS: TDA7359 (DIP-18) 
TDA7359D (SO-20L) 

BLOCK DIAGRAM (PIN. NUMBERS are for DIP-18) 

18 10 

1.8Ka 

2 3 4 5 7 
5- 9630 

June 1988 1/6 
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TDA7359 

ABSOLUTE MAXIMUM RATINGS 

Vs Supply voltage 9 V 
V I R F input voltage (pin 18) 1 Vrms 

V 8 Detector input voltage Vpp 

V14 Mute function voltage -0.5 to 5 V 
o to 70 °c 

150 °c 
-65 to 150 °c 

Top Operating ambient temperature 
Tj Junction temperature 
T stg Storage temperature 

CONNECTION DIAGRAMS 
(Top view) 

XTAL 1 
RF INPUT 

XTAL I 20 RF INPUT 

GND 19 GND 

MIXER AUDIO MIXER 18 J AUDIO 
OUTPUT MUTE OUTPUT MUTE 

+vs 4 SCAN +Vs I 4 17 ~ SCAN 
CONTROL CONTROL 

LIMITER SQUELCH LIMITER I 5 16 ~ SQUELCH 
INPUT INPUT INPUT INPUT 

DECOUPLING 6 FILTER DECOUPLING 6 15 ~ FILTER 
OUTPUT OUTPUT 

FILTER D£COUPI.ING 7 14 FILTER 
INPUT INPUT 

QUAD l' AFC QUAD 8 13 J AFC 
INPUT INPUT 

DEMODULAT. AUDIO OUT 
DEMOOULAT. 9 14 ] AUDIO OUT 

FILTER FILTER 

5- 9631 
[ 10 11 ] N.C. N.C. 

5-9751 

DIP-18 SO-20L 

THERMAL DATA DIP-18 SO-20L 

Rth j-amb Thermal resistance junction-ambient max 

~2/~6-------------------------~~~~~~?vT~~ ---------------------------
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PIN FUNCTION (DIP-18) 

NAME 

1-2 XTAL OSCILLATOR 

3 MIXER OUT 

4 SUPPLY VOLTAGE 

5 IF LIMITER INPUT 

6-7 DECOUPLING 

8 QUADRATURE COIL 

10 AUDIO OUTPUT 

11 AFC OUT 

12 OP AMP. INPUT 

13 OP AMP. OUTPUT 

14 SQUELCH INPUT 

15 SCAN CONTROL 

16 MUTE 

17 GND 

18 10.7MHz MIXER INPUT 

TDA7359 

FUNCTION 

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. 

The Mixer is double balanced to reduce spurious pro­
ducts. The output impedance is 1.8Kn to match the 
input impedance of a 455KHz ceramic filter. 

Must be well decoupled with a 100nF ceramic capacitor. 

Input pin of the six stages amplifier with about 50~LV 
limiting sensitivity and 1.8Kn input impedance. The if 
output is connected to the external quadrature coil 
(pin 8) via an internal 10pF capacitor. 

Good quality 100nF ceramic capacitors and a suitable 
layout are important. 

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 100mVrms• 

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

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). 

Because of the low DC bias, the swing on the operational 
amplifier output is limited to 550mVrms . This can be 
increased by adding a resistor from the operational 
amplifier input to ground. 

The Squelch trigger circuit with a low bias on the 
input (pin 14) will force pin 15 high; and pin 16 Low. 
Pulling pin 14 above mute threshold (0.65V) will force 
pin 15 to an impedance of about 60Kn to ground and 
pin 16 will be an open circuit. 
An hysteresis of about 50mV at pin 12 will effectively 
prevent jitter. 

Ground connection. 

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. 

-------------~ !~tmg,'~AI------------=3/6 
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TDA7359 

ELECTRICAL CHARACTERISTICS (Vs = 4V; fo = 10.7MHz; f= ± 3KHz; fm = 1KHz; Taml:l = 
25°C; unless otherwise noted) 

Paramllter Test Conditions Min. Typ. Max. Unit 

Vs Supply voltage range 1.8 4 9 V 

Is Supply current Squelch OFF 3.8 
mA 

Squelch ON 4.7 

Vi Input quieting voltage SIN = 20dB 8 p.V 

Vi Input limiting voltage -3dB limiting 3 p.V 

Vo Recovered audio output Vi = 10mV 150 mVrms 

V IO Detector output voltage 1.5 Voc 

RIO Detector output impedance 400 n 

Detector center frequency 150 mV/KHz 
slope 

Gv Operating amplifier gain f = 10KHz Gv = V13 /V12 40 55 dB 

V13 Operating amplifier output 1.5 Voc 
voltage 

Ie Op. Amp. input bias Pin 10 20 nA 
current 

VT Trigger hysteresis 50 mV 

Rm Mute switching impedance LOW 50 n 

HIGH 10 Mn 

VIS Scan voltage pin 14 HIGH (2V) 0 0.5 Voc 
pin 14 LOW (OV) 3.0 3.4 

Gc Mixer converter gain 30 dB 

Ri Input resistance 3.3 Kn 

Ci I nput capacitance 2.2 pF 

-"4/c..:.6 ____________ iiii. !~tm=~lt ------------
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Fig. 2 - Test circuit 

.VS 

10.245MHz 

68 
pF 

2 

CFU455E 

3 

4 

5 

6 

7 

J 
8 

33Kll 
9 

150 
pF% 

Fig. 3 - Supply current vs. supply 

IS 
(rnA) 

9 

voltage 

"'-
o 

SQU1LCH f!---
V 
~FF 

G-624911 

...- .....-
V 

-~ -

TDA7359 

0.1 pF 
18 

10.7MHz 
MIXER INPUT 

17 

16 AUDIO MUTE 

15 SCAN CONTROL 

14 SQUELCH INPUT 

O.I)JF 

13 t-ooP. AMPLIFIER 
OUTPUT 

510 
O.I~ Kll 

OP AMPLIFIER 
12 510 INPUT 

Kll 

11 AFC 

10 

Vo 
(dB) 

o 

-20 

-40 

-60 

7.5M 
AUDIO OUTPUT 

1 10nF 
5-9628 

Fig. 4 - FM I F characteristics 

Vo 

'\. 
"-", 

"'~ 
OdB= 150mV ........... NOISE 

- Vs = 4V 
fo =10.7MHz 

- 1m-=: 1KHz 
tJ.f = <3KHz 

10 10' I04RF INPUT 
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TDA7359 

Fig. 5 - Colpitts XTAL oscillator 

0,8 

0.6 

Cl.4 

0,2 

5-9629 

o 

Fig. 6 - Effect of quadrature coil 
"a" on audio level and distortion 

~ 6251 

/' 7 
/ / 

.A V 
DISTCRTlOY r7tUD~~ o TP ... 

/ 
1/ 

1/ 
I 

10 20 30 40 
QUAD COIL Q 
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TDA7360 

STEREO I 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: 
• OUTPUT AC-DC SHORT CI RCUIT 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 
11l9nF 

9 

STANO-BY 

DUT2 1--<>--, 
9 

TOA736G 
11'12 ( .) RL 

11'11 (.) OUT 1 I---Q-...J 
OUT 111 

CLIP.DET .BRIDGE S-GND P-GND 
1l.22uF 

2 

88 TOR?368-52 

June 1988 1/6 
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TDA7360 

ABSOLUTE MAXIMUM RATINGS 

Vs 
Vs 
Vs 
10 
10 
Ptot 
Tstg , TJ 

Operating supply voltage 
DC supply voltage 
Peak supply voltage (for t = 50 ms) 
lOUT peak (non rep. t = 100 !lsI 
lOUT peak (rep. freq. > 10 Hz) 
Power dissipation at T case = 80°C 
Storage and junction temperature 

CONNECTION DIAGRAM 
(Top view) 

l "-"7t 

-$-
19 

9 

8 

7 

6 
5 

-$-
4 

3 

2 

[ ~ 
L TAB CONNECTED TO PIN 6 

THERMAL DATA 

Rth j-ase Thermal resistance junction-case 

18 V 
28 V 
40 V 

4.5 A 
3.5 A 
40 W 

-40 to 150 °C 

STAND-BY 
DUT1 
-Us 

OUT2 
SUR 
P-GND 
11'12 ( - J 

OUT BRII;lGE 
S-GND 
CLIP. DET. 
11'111 - J 

88TOR?368-54 

max 1.8 °CIW 

"'2/..:.6 ____________ ~ !~~~JI-------------
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ELECTRICAL CHARACTERISTICS (Refer to the test circuit, Tamb 
f = 1 KHz, unless otherwise specified) 

Parameter Test Conditions Min. Typ. 

Vs Supply voltage 8 

Id Total quiescent drain current stereo configuration 60 

ASB Stand·by attenuation 60 80 

ISB Stand-by current 

Ico Clip detector current average d~l% -1 

dtco Distortion threshold for 0.5 
Clip Detect. output 

STEREO 

Po Output power (each channell RL ~ 1.6n 12 

d ~ 10% 
RL ~ 2 n 11 
RL ~ 3.2n 7 8 
RL~4 n 6.5 

d Distortion f ~ 1KHz 4n 0.05 
100 mWto4W 

SVR Supply voltage rejection Rs~ Oto 10 Kn 55 
f~100Hz 

CT Crosstalk f~ 1 KHz 60 
f~10KHz 55 

RI I nput resistance 50 
, 

Gv Voltage gain 20 

Gv Voltage gain match. 

Ein I nput noise voltage 22 Hz to 22 KHz Rg = 50n 3 
Rg =10Kn 3.5 

BRIDGE 

VOS Output offset voltage 

Po Output power d = 10% RL =4n 16 20 
RL = 3.2 n 22 

d = 0.5% RL = 4 n 18 

d Distortion RL = 4n f = 1 KHz 0.05 
Po = 0.1 to lOW 

SVR Supply voltage rejection Rs = Oto 10 Kn 55 
f = 300 Hz to 3.5 KHz 

Ri I nput resistance 50 

Gv Voltage gain 26 

E'n I nput noise voltage 22Hz to 22K Hz Rg = son 6 
Rg = 10Kn 7 

TDA7360 

25°C, Vs = 14.4V, 

Max. Unit 

18 V 

mA 

dB 

100 IJA 

mA 

% 

W 
W 
W 
W 

% 

dB 

dB 
dB 

Kn 

dB 

1 dB 

IJV 
IJV 

250 mV 

W 
W 

W 

% 

dB 

Kn 

dB 

IJV 
IJV 

-------------~ ~~~m~~59Al ___________ ---.:3=/6 
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TDA7360 

APPLICATION INFORMATION 

The TDA7360 is equipped with an internal 
circu it 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 

tN1 

CLIPPING 
DET. 0--+----, 

IN2 

>-_----+---0 OUT1 

DISTORTION 

DETECTOR 

>--....... ---+--0 aUT2 

88 T0I1?368-81 

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

Uo 

ICLIP 

B 

1 
1 

- -1- - - r - --
1 1 
1 1 

AUDIO 
OUTPUT 
SIGNAL 

CLIPPING 
DET. 

, OUTPUT CURRo 

~ __ ~ __ ~ ____________ L-_~ _________ ----. time 

BBTDft?368-53ft 

..-"4/..;06 ____________ ~ ~~I~m&rr£~ ~------------
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Fig. 3 - Stereo test and application circuit 

22uF 
C3 

22uF 
C4 :c 11 

STRND-BV 

1BBnF :c C6 9 

TDA736G 
IN2(') 

'Us 

DUT2 

22BBuF 

IN 
INU+) DUn 1 OUT 19 

C 1 -1.._C_L_I_P .. ' ...;,O_E_T_, _B_R .. I D_G_E;;..._S;..-...;G;..N.;.;D;;...~P_-G ... N_0;;,...,J CB RL 
B,22u,.' 

4 

f188TOfl?36B-Bl 

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

TDA7360 

___________________________ ~~~~~~~~ ____________________ ----~5/~6 
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TDA7360 

Fig. 5 - Bridge test and application circuit 

22uF 
C4 I 11 

11313nF I C6
9 

SLiR 7 ...-_.1-. __________ .1-.---, 

STAND-BY 
22uF OUT2 

C3 I TDA736G 
~s IN2(+) 

13.22uF 

IN 0---1 1 IN1C +) OUT1 
OUT 

C1 CLI P. OET . BRIDGE S-GNO P-GNO 
13.22uF 

2 

t1BB TDfI?368- 82 

Fig. 6 - P.C. and layout (BRIDGE) of the Fig. 5 (1: 1 scale) 

+Lls 

B 

RL 

113 
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TDA7361 

LOW VOLTAGE NBFM IF SYSTEM 

• OPERATION FROM 1.8V TO 9V 

• LOW DRAIN CURENT (4mA, Vs = 4VI 

• HIGH SENSITIVITY(-3dB INPUT LIMITING 
AT 3~.LV) 

• 81lV INPUT FOR 20dB SIN 

• LOW EXTERNAL FAIR COUNT 

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

The device includes Oscillator, Mixer, Limiting 
Amplifier, Quadrature Discriminator, Op. Amp. 
Squelch, Scan Control and Mute Switch. 

BLOCK DIAGRAM 

16 

1.8Ka 

2 3 4 

June 1988 

The TDA7361 is designed for use in NBFM dual 
conversion communication equipments using a 
455KHz ceramic filter like cordless telephones, 
walkie-talkies, scan receivers, etc. 

DIP-16 Plastic (0.25) SO-16J 
ORDERING NUMBERS: TDA7361 (DIP-16) 

TDA7361D (50-16) 

5-9632 

1/6 
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TDA7361 

ABSOLUTE MAXIMUM RATINGS 

Vs Supply voltage 9 V 
VI RF input voltage (pin 16) 1 Vrms 
Va Detector input voltage 1 Vpp 
V 14 Mute function voltage 
Top Operating ambient temperature 
Tstg Storage temperature 

-0.5 to 5 V 
o to 70 °c 

-65 to 150 °c 

CONNECTION DIAGRAM 
(Top view) 

16 RF INPUT 
XTAL 

2 15 GND 

MIXER 3 14 AUDIO 
OUTPUT MUTE 

+Vs 4 13 SCAN 
CONTROL 

LIMITER 
5 12 SQUELCH 

INPUT INPUT 

DECOUPLING 6 11 FILTER 
OUTPUT 

DECOUPLING. 7 10 FILTER 
INPUT 

QUAD 
9 AUDIO OUT INPUT 

s- 9633 

THERMAL DATA DIP·16 80-16 

RthJ .... mb Thermal resistance junction-ambient max 100°C/W 200°C/W 

~2/~6~ _______________________ ~1~1~~~~'~~ ---------------------------
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PIN FUNCTION 

NAME 

1-2 XTAL OSCILLATOR 

3 MIXER OUT 

4 SUPPLY VOLTAGE 

5 IF LIMITER INPUT 

6-7 DECOUPLING 

8 QUADRATURE COIL 

9 AUDIO OUTPUT SIGNAL 

10 OP AMPLIFIER INPUT 

11 OP AMPLIFIER OUTPUT 

12 SQUELCH INPUT 

13 SCAN CONTROL 

14 MUTE 

15 GND 

16 10.7MHz MIXER INPUT 

TDA7361 

FUNCTION 

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. 

The Mixer is double balanced to reduce spurious pro· 
ducts. The output impedance is 1.8Kn to match the 
input impedance of a 455KHz ceramic filter. 

Must be well decoupled with a 1 OOnF ceramic capacitor. 

Input pin of the six stages amplifier with about 50p.V 
limiting sensitivity and 1.8Kn input impedance. The if 
output is connected to the external quadrature coil 
(pin 8) via an internal 1 OpF capacitor. 

Good quality 100nF ceramic capacitors and a suitable 
layout are important. 

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 
operation the voltage should be 100mVrms ' 

The audio Output signal is buffered by an internal 
emitter follower. 

Because of the Low DC bias, the swing on the operational 
amplifier output is limited to 500mVrms ' 
This can be increased by adding a resistor from the 
operational amplifier input to ground. 

The squelch trigger circuit with a Low bias on the input 
(pin 12) will force pin 13 high; and pin 14 Low. 
Pulling pin 12 above mute threshold (0.65V) will force 
pin 13 to an impedance of about 60Kn to ground and 
pin 14 will be an open circuit. 
An hysteresis of about 50mV at pin 12 will effectively 
prevent jitter. 

Ground connection. 

Input of the wide-band mixer. Normally used as 1 OM Hz/ 
455KHz converter, it can be also used with input fre­
quencies up to 60MHz. 

___________________________ ~~~~~~~~~ _________________________ 3~/6 
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TDA7361 

ELECTRICAL CHARACTERISTICS (Vs = 4V; fo = 10.7MHz; t::.f= ± 3KHz; fm = 1KHz; Tamb = 
25°C unless otherwise noted) 

Paramet.r Test Conditions Min. Typ. Max. Unit 

Vs Supply voltage range 1.8 4 9 V 

Is Supply current Squelch OFF 3.8 
mA 

Squelch ON 4.7 

VI Input quieting voltage SIN = 20dB 8 /lV 

Vi Input limiting voltage -3dB limiting 3 /lV 

Vo Recovered audio output Vi = 10mV 150 mVrms 

Vg Detector output voltage 1.5 Voc 

Rg Detector output impedance 400 n 

Detector center frequency 150 mV/KHz 
slope 

Gv Operational amplifier gain f = 10KHz Gv = Vn IVlO 40 55 dB 

Vn Operational amplifier output 1.5 Voc 
voltage 

18 Operational amplifier input Pin 10 20 nA 
bias current 

V T Trigger hysteresis 50 mV 

Rm Mute switching impedance LOW 50 n 

HIGH 10 Mn 

V I 3 Scan vo Itage Pin 12 HIGH (2V) 0 0.5 Voc 
Pin 12 LOW (OV) 3.0 3.4 

Gc Mixer converter gain 30 dB 

RI Input resistance 3.3 Kn 

Ci Input capacitance 2.2 pF 
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Fig. 2 - Test circuit 

.VS 

68 
pF 

2 

CFU455E 

3 

4 

5 

6 

7 

8 

33K!l 

Fig. 3 - Supply current vs. supply 

IS 
(rnA) 

voltage 

o 

I--

SQUlLCH C---
~ 
~H FF 

-G 6249'1 

./ V 
V 

-I--I--

S-96H 

TDA7361 

16 
10.7MHz 

1---l11-...... ---oMIXER INPUT 

15 

14 

13 

12 

11 

TO 

9 

Vo 
(dB) 

-20 

-40 

-60 

~-----OAUDIO MUTE 

~-_---oSCAN CONTROL 

1------oSQUELCH INPUT 

O.I,uF 
~ ___ ..... ~.Op. AMPLIFIER 

r-vOUTPUT 

0.1~ 
I--_--I.----""-il OP AMPLIFIER 

510 INPUT 
Kfi 

7·r5,Kfil--_--OAUDIO OUTPUT 

I 10nF 

Fig.4 - FM IF characteristics 

G-6250 

Vo 

I\. 
I\. 

l\. 

",..,. 
OdB = 150mV r-.... NOISE 

r-- Vs = 4V 
fo =10.7MHz 

f--
fm :: 1KHz 

I1f =!.3KHz 

10 10'RF INPUT 
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TDA7361 

Fig. 5 - Colpitts XTAL oscillator 

Q8 

0.6 

0.4 

5- 9635 0.2 

o 

Fig. 7 - Application information (49MHz cordless receiver) 
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Fig. 6 - Effect of quadrature coil 
"a" on audio level and distortion 

G 6251 

/" --; 
/ / 

.A 'V 
DlSTORTION/ '/tUDIO o TPUT 

;... 
/ 

/ 

/ 
I 

10 20 30 40 
QUAD COIL Q 

lOon .3V 

8.2Kn 
9 H:::J-~-c lOr nF 



TDA8160 

INFRARED REMOTE CONTROL RECEIVER 

• LOW SUPPLY VOLTAGE (Vs = 5V) 

• LOW CURRENT CONSUMPTION (Is = 6mA) 

• INTERNAL 5.5V SHUNT REGULATOR 

• PHOTODIODE DIRECTLY COUPLED WITH 
THE I.C. 

• INPUT STAGE WITH GOOD REJECTION 
AT LOW FREQUENCY 

• LARGE INPUT DYNAMIC RANGE 

• FEW EXTERNAL COMPONENTS 

The TDA 8160 is a monolithic integrated circuit 
in -lead minidip plastic package specially de-

TEST CIRCUIT 

BPW41N ~ 

4 

11 10fJS 
• • I· 

JL.R- ~Cin 5 

l.l00fJS .1 100nF 

June 1988 

3 

6 

ADVANCE DATA 

signed to amplify the infrared signals in remote 
controlled TV, Radio or VCR sets. It can be used 
in flash transmission mode in conjunction with 
dedicated remote control circuits (for example: 
M49H94). 

Minidip Plastic 

ORDERING NUMBER: TDA8160 

C3 
D -loy!) 

:r 47fJF 

R3 4.7Kn 

TDA8160 OUT 

!o-8660'1 

4711 

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 

v, 

200K1\. 

200Kll. 

10K1\. 

5- 666211 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage Vs 
T stg-j 

Ptot 

Storage and junction temperature 
Total power dissipation at Tamb = 70°C 

CONNECTION DIAGRAM 
(Top view) 

OUTPUT 

OPEN 

SUPPLY 
VOLTAGE 

01 DC BIAS 

R2 

PEAK 
DETECTOR 

7 DECOUPLING 

GND 

INPUT 

R3 

16 V 
-40 to 150°C 

400 mW 

~2/~4~ _______________________ ~~~~~~~~:~~©~ ________________________ ___ 
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TDA8160 

THERMAL DATA 

Rthj-emb Thermal resistance junction-ambient max 200 

ELECTRICAL CHARACTERISTICS (Refer to the test circuit; Vs = 5V, fo = 10kHz, Tamb = 
25°C, unless otherwise specified) 

Parameter Test Conditions Min. Typ. Max. Unit 

Vs 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 13 = BmA 5.5 V 

Gv 1st Voltage gain (1st stage) 2B dB 

gm2nd Transconductance (2nd stage) 15 mAN 

Vln Input voltage sensitivity (pin 5) For full swing at the output pin 1 2 mVp 
Rgen = 600n 

lin Input current sensitivity (pin 5) For full swing at the output pin 1 10 nAp 

Rln Input impedance 

Lf R Low frequency rejection at the C1 = 100pF 
input stage 

N Noise signal at pin 7 C4 missing 

CIRCUIT DESCRIPTION (See the block diagram) 

The infrared light received from D 1 generates an 
AC signal that comes in to the device at pin 5. 
The capacitor C1 and the integrated 10KU reo 
sistor (pin 4) filter out the low frequency noise. 

The first stage shows a voltage gain of about 

200 Kn 

f= 100Hz 30 dB 

200 mVpp 

28dB; the second stage is a voltage to current 
converter of 50mA/V (R 2 = Zero). A sensitive 
peak detector detects the amplifier signal; one 
open collector output (pin 1) gives out the 
recovered pulses. 

--------------~ ~~~~m~1I~:~~(G~ ____________ ~3/-'4 
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TDA8160 

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

VS=5V!5% 

47Jl. 

4.7nF 
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2. 
30 
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AI (MoA). YH(V)-lJY 

A2·AI~' Om. 

4.7 
KJl. 

Be297 

6 .• 
Oil. 

M491 

1. 

h 

3314 IIkA TUNINI, 
r--i---...---C:J--~Cl-...-C::l-,--e--C::3-,.-- VOLT"(,t 

U ." ". 

11 
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t-+-+-<=--<> +12V 

ON/OFF 
RELAY 

'------::::::T AFT 
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L..---1::::J.-,--VOLU .. E 
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• 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 

SEPARATION 
CONTROL 

June 1988 

l.p.F. 

TEA1330 

FM STEREO DECODER 

The TEA 1330 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. 

DIP-16 Plastic 
(0.25) 

ORDERING NUMBER: TEA1330 

S-6057f1 

1/6 
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TEA1330 

ABSOLUTE MAXIMUM RATINGS 

Vs Supply voltage 
I L Lamp current 
Ptot Power dissipation Tamb= 700 e 
Top Operating temperature 
Tstg Storage temperature 

CONNECTION DIAGRAM 
(top view) 

THERMAL DATA 

INPUT 

AMPl1AER 
OUTPUT 

OUT (LEFT) 4 

OUT (RIGHT) 5 

LED OUT 

GNO 

SEPARATION 8 
CONTROl 

Rth j-amb Thermal resistance junction-ambient 

16 

15 

14 

13 

12 

11 

10 

$-.6047 

16 V 
75 mA 

800 mW 
-25 to 75 °e 

-55 to to 150 °e 

VCO NETWORK 

LOOP FILTER 

LOOP FILTER 

PHASE OETECTOR 
INPUT 

19KHz MONITOR 

LOWPASS FILTER 

lOWPASS FILTER 

VCO STOP 

max 100 °e/W 

~2~/6~ _______________________ ~!~;~~ ________________________ ___ 
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TEA1330 

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

Parameter Test conditions 

Vs Supply voltage range 

Id Current drain Lamp "OFF" 

V. Max standard composite d = 1% 
I 

input signal 

Vi Max mono input signal d = 1% 

Ri Input resistance 

Sep Stereo channel separation R2 = variable (*) 

R2 = 270 n 

Va Audio output voltage 

CB Mono channel balance Pilot tone "OFF" 

d Total harmonic distortion Vin= 150 mV (RMS) 

UR Ultrasonic frequency rejection f = 19 KHz 

f = 38 KHz 

SCA-R SCA rejection ('0) f = 67 KHz 

SIN Signal to noise ratio 

Vth Muting threshold voltage ON (VCO stop) 
(pin 9) 

OFF 

Lon Pilot input level for lamp ON f = 19 KHz 
\ 

Hys Pilot input level hysteresis for f=19KHz 
lamp turn ON-OFF 

CR Capture range 

(*) R2 has to be adjusted for best figure of channel separation. 
('*) SCA = AUX. SUB. CARRIER. 

Min. Typ. Max. Unit 

3 14 V 

18 mA 

300 mV 
(RMS) 

300 mV 
(RMS) 

40 Kn 

35 50 dB 

25 40 dB 

265 mV 

-2 0 +2 dB 

0.3 % 

32 dB 

48 dB 

76 dB 

80 dB 

1 V 

0.8 V 

4 6 9 mV 

3 dB 

±7 % 

---------------------------~~~I~~g~~~~ ________________________ ~3/~6 
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TEA1330 

Fig. 1 - Test circuit 

vco 
STOP R8 

22KO 

Typical DC Voltages 

Pins 1 2 3 

(V) 6 1.9 1.3 

r-----~----------~----------4r------O·~ 

TEA 1330 

4 5 6 7 

3 3 0 

8 

0.18 
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LED 

R7 
&800 

9 

C9 
JJOOnF 

I-------~----OLEFT 
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10 11 12 13 
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Fig. 2 - P.C. board and components layout of the test circuit of fig. 1 (1: 1 scale) 
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Fig. 3 - Channel separation 
vs. modulation frequency 
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Fig. 6 - Distortion vs. input 
level 
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Fig. 4 - Distortion vs. modu­
lation frequency 
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Fig. 7 - Channel separation 
vs. supply voltage 
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Fig. 5 - Channel separation 
vs. input level 

"s,.6V 

I-+--+--t-+-+--t t~R~~~~.f--f-
Pi\ot=IO-J. 

1-+--+--t-+-+--tSTEREO r--r---
, 1 , , --r-... 

i! 
100 200 300 400 "jlm'l) 

Fig. 8 - Distortion vs. supply 
voltage 
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APPLICATION SUGGESTION (see test circuit of fig. 1) 

Component Recommended Purpose Smaller than Larger than 
value recommended value recommended value 

C1 3.3 }JF Input coupl ing Poor low frequency 
response and separation 

C2 1 }JF LPF for stereo switch Shorter time to switch Longer time to switch 
level detector mono to stereo mono to stereo 

C3 (*) 680pF Set VCO free relnning - High VCO jitter Narrower captu re range 
R3 15 KO frequency - Wide capture range 
R4 5 KO 

(*) Polyester ± 5%. 

-------------~ !~tm?::~~©~ ____________ ;;,..;;;.5/6 
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TEA1330 

APPLICATION SUGGESTION (continued) 

Component 
Recommended 

Purpose 
Smaller than 

value recommended value 

C4 15 nF Load and deemphasis Low output voltage 
R5 (00) 3.9 Kn right channel 

C5 15 nF Load and deemphasis Low output voltage 
R6 (00) 3.9Kn left channel 

C6 47 nF Input PLL coupling Poor low frequency 
response and separation 

C7· 220 nF 
C8 470 nF Loop filter High stereo distortion 
R1 1 Kn 

D1 Stereo indicator 

R7 Sets lamp current Excess IC dissipation 

R2 (000) 270 n Channel separation 

(00) Deemphasis = 50 !,s. 
(000) Separation can be improved by trimmer adjustement (470 n). 

Fig. 9 - Application circuit for portable stereo radio receivers 

veo 
STOP 

22~n 

1(.0 I 
680n 

220,..F 

Larger than 
recommended value 

Higher distortion for 
lowVs 

Higher distortion for 
low Vs 

Narrower capture range 

Dim lamp 

.v. 

IQ.l,..F 

o.'n:
0

1"F 
4.1.4 4ft 

'rooF 

O·,ll· 4.7n1 p,n 

I 
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• 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 

Supply voltage 
Output peak current 
Junction temperature 
Storage temperature 

BLOCK DIAGRAM 

9 18 11 12 
58a 

13 

18Ka 

8 

7 

TEA28258 

5 4 

June 1988 

TEA2025B 

STEREO AUDIO AMPLIFIER 

• THERMAL PROTECTION 

• 3V .;;;: Vee';;;: 12V 
• P = 2 x 1W, Vee = 6V, RL = 4[2 

P = 2 x 2_3W, Vee = 9V, RL = 4[2 
P = 2 x O.lW, Vee = 3V, RI.- = 4[2 

Powerdip 
12 +2 +2 

ORDERING NUMBER: TEA 2025B 

14 

3 

15 

2 

88T£Fl28258-81 

15 
1.5 

150 
-40 to +150 

V 
A 

°C 
°C 

1/4 

911 



TEA2025B 

PIN CONNECTION 

BRIDGE 
OUT.2 

BOOT.2 

GND 
GND 

FEEDBACK 
IN. 2 ( + ) 

SUR 

+Us 

OUT.1 

BOOT.1 

GND 
GND 
FEEDBACK 
IN. 1 ( + ) 

GND (sub.) 

88 I Efl2825-Cf 

SCHEMATIC DIAGRAM 

Vee 
11 ~-- 7----------

'2-

-------------------~ I , 
1 
I 

3' , 
1 
1 
1 
1 
I 
1 
1 
1 
I 
1 
1 
I +-_____ +--+ __ -+_-+-4 0UT2 

GNO , 
1 
L~~ ____________________ ~ ______ _ 

I,· ',. 
r-~o ---------n -----------------
1 

1 

The tWO power 

amphfll,. a,. 

1 I, 
L-_______ ~+ 

I 
I 
1 
I .' 5 

il ___ l_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-___ -_-_-_-_-_-_-_-_-_1~__' 
THERMAL DATA 

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

15 °C/W 
60 °C/W 

Note: The Rth(J-a) is measured on devices bonded on a 10 x 5 x 0.15cm glass-epoxy substrate with a 35'l'm thick 
copper surface of 5 cm' . 

~2/~4 _________________________ ~~~1~~~~~~ _________________________ _ 
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TEA20258 

ELECTRICAL CHARACTERISTICS (Tamb = 25°C, Vee = 9V, Stereo unless otherwise specified) 

Parameter Test Conditions Min Typ Max Unit 

Vs Supply voltage 3 - 12 V 

IQ Ouiescent current - 40 50 mA 

Vo Ouiescent output voltage - 4.5 - V 

Av Voltage gain 

Stereo 43 45 47 
dB 

Bridge 49 51 53 

t.Av Voltage gain difference - - ± 1 dB 

Rj Imput impedance - 30 - kO 

Po Output power f=lKHz;d=10% 

Stereo - per chan nel 

Vee =9V: RL = 40 1.7 2.3 -
RL = 80 - 1.3 -

Vee =6V : RL = 40 0.7 1 -
RL =80 - 0.6 - W 

Vee=3V: RL = 40 - 0.1 -
Bridge 

Vee =9V: RL =80 - 4.7 -
Vee =6V: RL =40 - 2.8 -

d Distortion Vee = 9V; RL = 40 
f = 1KHz; Po = 250 mW 

Stereo - 0.3 1.5 
% 

Bridge - 0.5 -

SVR Supply voltage rejection RG = 0, Av = 45 dB, 
Vrlpple = 150mV RMS, 40 46 - dB 
f ripple = 100Hz 

Vn Input noise voltage Av = 200, 
Bandwidth: 20Hz to 20KHz 

RG =0 - 1.5 3 p.V 
RG = 10kO - 3 6 

CT Cross-talk RG = 10kO; 
f = 1KHz; RL =40; Po= lW 40 55 - dB 

__________________________ ~~~~~~~~~©~ ______________________ ~3~~ 
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TEA2025B 

Fig. 1 - Distortion versus output power 
88 TER2f125B 01 

d 

(~I 

B.l 

B.B 1 

V. 
RL 

J 

6V 

I 4n 

[7 
/' 

B B. 2 8.4 B. 6 8.8 1 Po I W I 

Fig. 3 - Distortion versus output frequency 

d 

I~I 

3 

V. • 9V 
RL • 4n 

Po • 8.25W 

'" 
8.3 

8 .1 
188 lK 

88'£1128258 D3 

V V 

18K f 1Hz I 

Fig. 5 - Bridge application 

IN 

Fig. 2 - Distortion versus output power 

d 

(~I 

9.3 

B.l 

8.83 

8.Bl 

V. 
RL 

'-...... 

88 '£1128258 02 

. 9V . 8n 

J 

~ 
V 

8 8.2 13.4 B.6 8.8 1 PolWI 

Fig. 4 - Output power/versus supply voltage 

Po 
(W I 

5 

3 

2 

2 

f • 1KHz 
d • lB~ 
RL • 4n 

V 
./ 

V 

4 6 

Fig. 6 - Stereo application 

88T£1I28258 04 

, , , , 

1/' 

8 lBV. (VI 
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TL072 

LOW NOISE JFET -INPUT DUAL OPERATIONAL AMPLIFIERS 

• HIGH SLEW-RATE ... 13V/p,s TYP. 

• LOW-NOISE 

• LOW INPUT BIAS AND OFFSET CUR­
RENTS 

• HIGH INPUT IMPEDANCE ... JFET-INPUT 
STAGE 

• LOW POWER CONSUMPTION 

• WIDE COMMON-MODE AND DIFFER-
ENTIAL VOLTAGE RANGES 

• OUTPUT SHORT-CIRCUIT PROTECTION 

• INTERNAL FREQUENCY COMPENSATION 

• LATCH-UP-FREE OPERATION 

The TL072 JFET-input operational amplifiers 
are designed to offer low-noise high slew-rate, 
low input bias and offset current, and low offset 

SCHEMATIC DIAGRAM 
(one section) 

June 1988 

NONINVERTING 
INPUTo---4----, 

INVERTING 
INPUT 

s- 6091 

voltage temperture coefficient. Each JFET-input 
operational amplifier incorporates well-matched, 
high-voltage JFET and bipolar transistors in a 
monolithic integrated circu it. 

Devices with an "I" suffix are characterized for 
operation from -25°C to 85°C, and those with a 
.. c,. suffix are characterized for operation from 
OoC to 70°C. 

Minidip 
(Plastic and Ceramic) 

OUTPUT 

SO-OJ 

1/7 
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TL072 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage 
Differential input voltage 
Input voltage 
Operating temperature (TL0721) 

(TL072C) 
Junction temperature 
Storage temperature 

±18 
±30 
± 15 

-25 to 85 
Oto 70 

150 
-55 to 150 

CONNECTION DIAGRAM AND ORDERING NUMBERS 

(Top view) 

OUTPUT 
A 

IN'tINP. 
A 

NONIN't 
INP. A 

-Vs 

11 

I 2 

I 3 

I ' 

TEST CIRCUITS 

C L :100pF 

'-' 

Unity gain amplifier 

THERMAL DATA 

e 

7 

6 

5 

5-3590 

OUTPUT 
B 

IN'tINP. 
B 

NON INV. 
INP. B 

Rth J-amb Thermal resistance junction-ambient 

o to 70°C -25 + 85°C 

TL072CJG TL0721JG 
TL072ACJG -
TL072BCJG -
TL072CP TL072IP 
TL072ACP -
TLOBCP -
TL072CD TL0721D 

10Kll 

Gain of 10 inverting amplifier 

max 

Plastic 
Minidip 

Ceramic 
Minidip 

Package 

Ceramic 
Minidip 

Plastic 
Minidip 

50-8 

80-8 

~2/~7 _________________________ ~~~1~~~~~ __________________________ _ 
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TL072 

ELECTRICAL CHARACTERISTICS (Vs = 15V, Tamb = 25°C, otherwise specified) 

16 1" "e" 
Parametar Test conditions Unit 

Min. Typ. Max. Min. Typ. Max. 

VOS I nput offset voltage Rs= 50n TL072 3 6 3 10 
TL072A 3 6 
TL072B 2 3 

mV 
Rs = 50n TL072 9 13 
Tamb = full range TL072A 7.5 

TL072B 5 

A V os I nput offset Rs = 500n 
AT vo Itage dr ift T amb = full range 10 10 jJ.V/oC 

los I nput offset cu rrent TL072 5 50 5 50 
TL072A 5 50 pA 
TL072B 5 50 

Tamb - full range TL072 10 2 
TL072A 2 nA 
TL072B 2 

Ib Input bias current TL072 30 200 30 200 
TL072A 30 200 pA 
TL072B 30 200 

Tamb = full range TL072 20 7 
TL072A 7 nA 
TL072B 7 

VCM Common mode input TL072 + 11 +12 ±10 ± 11 
voltage range TL072A ± 11 ±12 V 

TL072B ± 11 ± 12 

VoPP Large signal voltage RL = 10Kn 24 27 24 27 
swing T amb = fu II range RL ;' 10Kn 24 24 V 

RL ;' 2Kn 20 24 20 24 

Gv Large signal voltage RL ;.2Kn TL072 50 200 25 200 
gain Vo=± 10V TL072A 50 200 V/mV 

TL072B 50 200 
RL;' 2Kn TL072 25 15 
Vo=± 10V TL072A 25 
Tamb = full range TL072B 25 

B Unity gain bandwidth 3 3 MHz 

RI I nput resistance 10" 10" n 

CMR Common mode Rs ;'10Kn TL072 80 86 70 76 
rejection TL072A 80 86 dB 

TL072B 

SVR Supply voltage Rs;' 10Kn TL072 80 86 70 76 
. rejection TL072A 80 86 dB 

TL072B 80 86 

Is Supply current RL = 00 2.8 5 2.8 5 mA 

--------------~ !~I~mg~©~ ____________ ----=03/'-'-7 
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TL072 

ELECTRICAL CHARACTERISTICS (continued) 

Parameter Test conditions 
Min. 

Cs Channel separation Gv = 100 

SA Slew-rate at VI = 10V AL =2Kn 
CL = 100pF 

tr Aise time VI = 20mV RL =2Kn 

Overshot factor CL = 100pF 

eN Total input noise Rs= lOOn F = 1 KHz 
voltage 

f = 10Hz to 10KHz 

IN I nput noise cu rrent f = 1 KHz 

d Total harmonic Vo = 10Vrms 
distortion RS< lKn f = 1 KHz 

RL >2Kn 

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

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

Vo 
(Vpp 

30 

25 

20 

IS 

10 

I 
11111111 IIIII 
11111111 RL_ 'O KA 

1111111 
¥s ",:1:15\1 

IIlIU 
111111 

"tIOV 

111111 

111111 
:!::5V 

IIIIU 
111111 

111m 

'00 " 10. tOOk ,M f (Ha) 

G. 
(dB I 

100 

BO 

60 

40 
20 

Fig. 4 - Large signal voltage 
gain and phase shift vs. 
frequency 

6- SOJ'" 

\Is • .! 5\1 lo.!.I5Y 
RL_l0K4 

-~ 

~ 

""""' " G. 

\ "~ 
PHASj SHlr \ 

" 

Yo 
(Vpp .. 

25 

20 

15 

10 

G-S03JI1 

I ) 
1111111 

ALe lKA 

11111 
\Is .:J:ISY 

11m 
1111111 

±I;~I~ 

1111111 

1111111 
t .. 

1111111 

IIIIIU 
100 

" 
10K lOOK 1M f{Hzl 

Fig. 5 Supply current vs. 
ambient temperature 

,. Is r-'-'--'-r-r-'--r-~.~-'~"~'~" 
(mAII-+-++-+-+-1;;-,:-;--!..-I+--1 v •• 115\1 

0· 

loS· 

10· 

I 3S· 

1 ... 

3.2 1-+--+r--.--1I-I-+--1::: t!:alr- -
2.' 1-1-+-...p...,j ....... --1--I-r-+-+-I 
2.4 1-+-++-+-+"'"-1 ... 1-+-+--1 
2.0 1-+-++-+-+-1--1-+-+--1 
I.' 1-+-+-+--+-+---1--1-+-+-1 
1.2 1-+-+-+--+-+---1--1-+-+--1 
0.81-+-++-+-+-1--1-+-+--1 
0.4 1-+-+-+--+-+---1--1-+-+-'" 

10 100 1 k 10K lOOK 1M 10M fOb) 
-75 -so -lS 0 25 SO 75 100 '.mb(-CJ 

"I" "c" 
Unit 

Typ. Max. Min. Typ. Max. 

120 

13 

0.1 

10 

18 

4 

0.01 

0.Q1 

30 

25 

'0 

15 

10 

120 dB 

13 V!I"S 

0.1 I"S 

10 % 

18 nV 

.JHz 

4 p.V 

0.01 ~ 
.JHz 

0.01 % 

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

• __ , v 

/ 

V 

F 
II 

0.1 0.3 

Fig. 6 - Supply current vs. 
supply voltage 

I.r-r-~'--r-r~~r-~~ 

'''''-)1-1--'--'--+-+-+--11-1-+-1 

J.2 r- =~~al ,-+-++-+-+-+-1 
2.' r--r--:c::t:;::l=l=l=:j:;;-t-H 
2.4 1-1-+--+--+-+-+--11-1-+-1 
2.01-1-+--+--+-+-+--11-1-+-1 

1 .• I-+-+-++-+-+-1I--+--+-1 
I.' 1-+--+-++-+-+-1I-+--+-1 
0.8 1-1-+--+--+-+-+-"'1-1-+-1 
0.4 1-1-+--+--+-+-+--11-1-+-1 

~4/~7 _______________________ ~~~~~?~~~ __________________________ _ 
918 



Fig. 7 - Input bias current 
vs. temperatu re 

'0 __ 

0"l1li_ 
0.01 '-' ...... ....1-...L....I.-'-' ...... ....1--'--'-''-'--'-...J 

-so -25 

Fig. 10 - Equivalent input 
noise voltage vs. frequency 

(n"";;' H-++.'J!-,.IIIUJJ.II ~b,,-", ,,LLftH#-+-++Htttt-++tt-lttll 
t-- Avo. 10 

60 r- AS _100 .n. 

so f-\-If-tJ-ItltIr-t+fttllif-tttttt1!t-+t-ttt1ttl 

40 Hfltt-ltltlr-t+fttllif-tttttt1!t-+t-ttt1ttl 

30 Hf-Htfflk-t+H+tI-II-tttttt1!l-+f+l+HlI 

10 Hf-H-I+lIIf-t+H+tI-II-tttttt1!l-+f+l+HlI 

-2 

-. 

Fig. 8 - Voltage follower 
large signal pulse response 

G 5031/1 

",,,,:tISY 

~~=:OKO~F-

-- -) 

1 IjOUTPUT \ 
1 / 1\ 

1/ I 

r NPUTI 1\ 
H ~- f..L f-

0.5 1.5 2.5 t (liS) 

Fig. 11 - Total harmonic 
distortion vs. frequency 

0.,. __ 

0.01• __ 

O.OOI'--!-'7~"--':--'-:--'c."'.~-:---'--C~-:" 
10 100 

" 10K f (Hz). 100 ,. 10K f (H:!:) 

APPLICATION INFORMATION 
Fig. 13 - Low-Noise High Slew-Rate mike preamplifier (Gv = 40 dB) 

560 F 

3.3Kfi OUT 

-------------~ ~~~~m~1r~SJ?~ 

'. (m' 

20 

" 
12 

, 

TL072 

Fig. 9 - Output voltage vs. 
elapsed time 

G 504011 

OVERSHOOT ---7"-
f'''' 

/: 
I : Vs ·,:!:!5V 

R L ",2KA 

I I 
I 

10"1. 
I 

I~ 
0.1 0.2 0.3 0.4 0.5 t(J.lS) 

Fig. 12 Common mode 
rejection vs. temperature 

v._t'Sv 
AL_l0K.Q 

.7 ~-+--+--+--.--+--4--+~ 

•• ~-+--+--+--+--+--~-+--4 
.5 r--+--+--+--+--+--4--+~ 

'4 ~-+--+--+--+--+--4--+~ 
.3 ~-+--+--+--+--+--4--+~ 

-50 -25 
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TL072 

APPLICATION INFORMATION (continued) 

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

16K.n 

220pF 

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

HIGH-PASS 
~-'----~-nOUT 

RIO 
I1Kfi 

Rll 

I1Kfi 

lOW-PASS 
~~~--()OUT 

5-919611 

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

G-G324/1 

dB 

o 
HI(~H-PASS ""- LOW- PASS 

/ 
12 

24 

/ \ 
36 

30 100 300 lK 3K 10K JOK f (Hz) 
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TL072 

APPLICATION INFORMATION (continued) 

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

O.15~F 

I No-J 1---<.---11----1>----"-\ 

47~ .n 
PI 

5- 52741' 

Fig. 19 - Unity-gain absolute-value circuit 

tOKA lOKA 10 K.fl. 

10KA 

OUT 

_'r-~t+HH~/~P1T·TP;~·T'7~'°f-ILJ~~ 
PlzP2:0 

-" 1--+-t+I+Hf--+++++IJ~-++++fj1ll 

-" r-~t+H+tIt-~++1Itj1ll--+~+fljjj 

-'a 1-+ltttH1I--+I-++f+HI--+-H+H-Hl 

,. 100 300 t (Hz) 

Fig. 20 - Single supply sample and hold 

IN o--C:J-+--'--P'-
OUT VIN 
OtotOV 

10Kft 5-6750 Vc 
1 "HOLD 0---<>--1 
Q"SAMPLE 

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

F-{=H--0 Vret 

5-611,1,/1 
-VS=lSV c* 

Settling time to within 1/2 LSB (± 19.5 mY) is approxi­
mately 4.0 JJS from the time all bits are switched. 

Theoretical V 0 : 

v .. V ref (A) [~+~+R+M..+&+~+-AL+~l 
o RI 0 2 4 8 16 32 64' 128 256 

Adjust V ref. Fi 1 or Ro so that V 0 with all digital inputs 
at high level is equal to 9.961 volts. 

(*) The value of C may 
be selected to mini­
mize overshoot and 
ringing (C '" 68 pFI. 

Vref= 2.0 Vdc 
Rl = R2 '" 1.0 kG 
Ro = 5.0 kG 

vo = * 15 kl [ + + + + -i + ~ + Ji + ~ + 1~8 + 2~61 

= 10V [ ~~~ 1 = 9.961V 

7/7 
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TL074 

LOW NOISE JFET-INPUT QUAD OPERATIONAL AMPLIFIERS 

• LOW-NOISE 

• LOW INPUT BIAS AND OFFSET CUR­
RENTS 

• HIGH INPUT IMPEDANCE ... JFET-INPUT 
STAGE 

• LOW POWER CONSUMPTION 

• WIDE COMMON-MODE AND DIFFER-
ENTIAL VOLTAGE RANGES 

• OUTPUT SHORT-CIRCUIT PROTECTION 

• INTERNAL FREQUENCY COMPENSATION 

• LATCH-UP-FREE OPERATION 

• HIGH SLEW-RATE ... 13V//ls TYP. 

The TL074 J F ET -input operational amplifiers 
are designed to offer· low-noise high slew-rate, 
low input bias and offset current, and low offset 
voltage temperature coefficient. Each J F ET -input 

SCHEMATIC DIAGRAM 
(one section) 

June 1988 

NONINVERTING 
INPUTO-----1----

INVERTING 
INPUT 

s- 6091 

operational amplifier incorporates well-matched, 
high-voltage JFET and bipolar transistors in a 
monolithic integrated circuit. 

Devices with an "I" suffix are characterized for 
operation from -2SoC to 8SoC, and those with a 
"c" suffix are characterized for operation from 
OoC to 70°C. 

DIP-14 
(Plastic and Ceramic) 

6411. 

OUTPUT 

SO-14J 

1/7 
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TL074 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage 
Differential input voltage 
Input voltage 
Operating temperature (TL0741) 

(TL074C) 
Junction temperature 
Storage temperature 

± 18 
±30 
± 15 

-25 to 85 
o to 70 

150 
-55 to 150 

CONNECTION DIAGRAM AND ORDERING NUMBERS 

(Top view) 

OUTPUT A 14 OUTPUT 0 

lNV.INP. A 13 INV.INP. 0 

NON INV. INP. A 3 12 NON INV.INP. 0 

11 -Vs 

NON INV.INP. B 5 10 NON INV.INP.C 

INY.INP. B INY.INP.C 

OUTPUT B OUTPUT C 

5-3901 

TEST CIRCUITS 

C L =100pF 

Unity gain amplifier 

THERMAL DATA 

Rth j-amb Thermal resistance junction-ambient 

o to 70°C -25 + 85°C 

TL074CJ TL0741J 
TL074ACJ -
TL074BCJ -
TL074CN TL0741N 
TL074ACN -
TL074BCN -
TL074CD TL0741D 

10K 11 

Vi o--C:J-...... -t 

s- 6740 

Gain of 10 inverting amplifier 

max 

Ceramic 
DIP-14 SO-14 

Package 

Ceramic 
DIP-14 

Plastic 
DIP-14 

50-14 

Plastic 
DIP-14 

~2/~7 ________________________ ~~~1~~&'~~ ________________________ __ 
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TL074 

ELECTRICAL CHARACTERISTICS (Vs = 15V, Tamb = 25°C, otherwise specified) 

"1" ··c·, 
Parameter Test conditions Unit 

Min. Typ. Max. Min. Typ. Max. 

Vos I nput offset voltage Rs = 50n TL074 3 6 3 10 
TL074A 3 6 
TL074B 2 3 

mV 
Rs = 50n TL074 9 13 
Tamb = full range TL074A 7F> 

TL074B 5 

/!; V os I nput offset Rs =50n 
~ voltage drift Tamb = full range 10 10 Ip.V/oC 

los Input offset current TL074 5 50 5 50 
TL074A 5 50 pA 
TL074B 5 50 

Tamb = full range TL074 10 2 
TL074A 2 nA 
TL074B 2 

Ib Input bias current TL074 30 200 30 200 
TL074A 30 200 pA 
TL074B 30 200 

Tamb = full range TL074 20 7 
TL074A 7 nA 
TL074B 7 

VCM Common mode input TL074 ± 11 ± 12 ±10 ± 11 
voltage range TL074A ± 11 ± 12 V 

TL074B ± 11 ±12 

VoPP Large signal voltage RL = 10Kn 24 27 24 27 
swing T amb = full range RL ;;.10Kn 24 24 V 

RL;;' 2Kn 20 24 20 24 

Gv Large signal voltage RL ;;'2Kn TL074 50 200 25 200 
gain Vo=± 10V TL074A 50 200 V/mV 

TL074B 50 200 
RL;;'2Kn TL074 25 15 
Vo=± 10V TL074A 25 V/mV 
Tamb = full range TL074B 25 

B Unity gain bandwidth 3 3 MHz 

RI I nput resistance 10" 10" n 

CMR Common mode Rs;;' 10Kn TL074 80 86 70 76 
rejection TL074A 8a 86 dB 

TL074B 80 86 
SVR Supply voltage Rs ;;'10Kn TL074 80 86 70 76 

rejection TL074A 80 86 dB 
TL074B 80 86 

IS Supply current RL = 00 5.6 10 5.6 10 mA 

--------------------------~I~I;~~~©~ ________________________ ~3/7 
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TL074 

ELECTRICAL CHARACTERISTICS (continued) 

Cs 

SR 

tr 

eN 

IN 

d 

v, 
(V,. 

'0 

25 

20 

IS 

'0 

) 

Parameter Test conditions 
Min. 

Channel separation Gv = 100 

Slew-rate at Vi = 10V RL=2Kn 
unity gain CL = 100pF 

Rise time VI = 20mV RL=2Kn 

Overshot factor CL = 100pF 

Total input noise 
voltage 

Rs = lOOn f = 1 KHz 

f = 10Hz to 10KHz 

Input noise current f = 1 KHz 

Total harmonic Vo -l0Vrm. 
distortion Rs < lKn f = 1KHz 

RL >2Kn 

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

CO-SOUIt 

11l1m I II I lID 
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20 
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'0 

) 

Fig. 2 - Maximum peak to 
peak output voltage vs. 
frequency 
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G, 
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.0 

60 

" 
20 

Fig. 4 - Large signal voltage 
gain and phase shift vs. 
frequency 

6- 503511 
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, 

O' 
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45- 3.2 

2.4 
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, 10' 

X) 100 lit 10K lOOK 1M 10M f(H%J 

Fig. 5 Supply current vs. 
temperature 

- 0)7' 

) I I 
'Is • :t 15'1 

No siQnalr--r-
........ No I~d 

........ 

"I" "e" 
Unit 

Typ. Max. Min. Typ. Max. 

120 120 dB 

13 13 V/jJ.s 

0.1 0.1 jJ.S 

10 10 % 

lB 18 nV 

y'Hz 

4 4 jJ.V 

0.01 0.Q1 ~ 
y'Hz 

0.Q1 

'0 

2S 

20 

,s 

'0 

0.Q1 % 

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

v. ,,_, v 

/' 

V 

/ 
I 

0.' 0.' 

Fig. 6 - Supply current vs. 
supply voltage 
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Fig. 7 - Input bias current 
vs. temperatu re 

.. _-
•.. _-
•.•• U-L-LLLl....L...LUU..LLLJ 

-50 -25 25 50 75 100 tarnb{"'C1 

3. 

,. 
,. 

Fig. 10 - Equivalent input 
noise voltage vs. frequency 

,!" 

-, 
-4 

-, 

0.01, . 
0.001 

Fig. 8 - Voltage follower 
large signal pu Ise response 

&·'50:11" 

Vs .. ~15Y 

~t::O~~F-

-- -T 
1 /OUTPUT \ 
1 / 1\ 

!/ I 

8 INPUT I 1\ 
~- f.l. -

•. 5 1.5 2 2.5 t (psI 

Fig. 11 - Total harmonic 
distortion vs. frequency 

.. .. •• , .. •• , .. f 1Hz) '00 ., .. , f (Hz) 

APPLICATION INFORMATION 

Fig. 13 - Low-Noise high Slew-Rate mike preamplifier (Gv = 40dB) 

560 F 

3.3 K II OUT 

v. 
(mV 

2. 

12 

) 

TL074 

Fig. 9 - Output voltage vs. 
elapsed time 

C.-S04011 

o~~~~ 

J. .... 

Ii 
I: Vs ,,:!:: 15V 

RL'"ZK.fl. 

II I 
I 

..... 
I 

1:"'-"; 
" 

0.1 0.2 0.3 0.4 0.5 t(psl 

Fig. 12 Common mode 
rejection vs. temperature 

(dB) r--r-..--....,..-r-...,-,-.!.:f!!~ 

'I5 .. 1:15Y 
RLalOKIl 

., ~-+-~~~r-~~~4-~ 

" 
83 
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TL074 

APPLICATION INFORMATION (continued) 

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

16K.n. 

220pF 

INo--t43::::K}::Jl+_U_+.p... 

1.5K.!l ~"""-oOUT 

Fig. 15 - 100KHz quadrature oscillator 

6 sin wt 

lBpF 

"'5V 

s. - 6090 

lN414B lBKA(S •• Note"') 
~--I ... --_-rI---O-15V 

18pF 

,,'5V 

-15V 

1 Kn 

6 cos wt 
~~----~-o 

lKA 

18K A 
L_-~--~-C::J--o+15V 

lN414B (5 •• Not.",) 
BB_4 KA 

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

Fig 16 - 20Hz to 200Hz variable High-pass filter (Gv = 3dB) 

OUT 

928 

Fig. 17 - Frequency re­
sponse fo the high-pass 
filter of fig. 16 

-I. f--+-I-++Y-f-+j.iJ.j4ll--++++fjjjj 

,10 30 100 300 t (Hz) 



APPLICATION INFORMATION (continued) 

Fig. 18 - Unity-gain absolute-value circuit 
tOKA 

tOKA 
IN o--C:r-+-----'..p.. 

Fig. 19 - Single supply sample and hold 

10Kll 10 K.1l 

OUT 
Otol0V 

Fig. 20 - Output current to voltage transformation for a DA converter 
+Vs ·5V 

13 

MS! A1 i-"'---{:=Jr-...--Q v,., 
.2 ., .. Me150a 

A' MC11008 

AI 

A7 

L.S.- .8 
I. 

Ro 

-V5=15V 

Settling time to within 1/2 LS8 (± 19.5 mV) is approxi­
mately 4.0 /J.S from the time all bits are switched. 

Theoretical V 0 : 

c* 

Vo 

(.) The value of C may 
be selected to mini­
m ize overshoot and 
ringing (C '" 68 pF). 

V,ef= 2.0 Vdc 
Rl = R2 '" 1.0 kG 
Ro = 5.0 kG 

TL074 

V =~(R )[~+g+~+M..+~+~+~+~] 
a R1 . a 2 4 8 16 32 64' 128 256 

Adjust Vref • Rl or Ro so that Vo with all digital inputs 
at high level is equal to 9.961 volts. 

Va' *' (5 kl [ + + + + -i + -,k + i2 + & + 1~8 + 2~6 I 

• 10V [ ~~~ 1 • 9.961V 

7/7 
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TL082 

JFET-INPUT DUAL OPERATIONAL AMPLIFIERS 

• HIGH SLEW-RATE ... 13 V//ls TYP. 

• LOW· POWER CONSUMPTION 
• WIDE COMMON-MODE AND DIFFER­

ENTIAL VOLTAGE RANGES 
• LOW INPUT BIAS AND OFFSET CUR­

RENTS 
• OUTPUT SHORT-CIRCUIT PROTECTION 
• HIGH INPUT IMPEDANCE ... JFET -INPUT 

STAGE 
• INTERNAL FREQUENCY COMPENSATION 
• LATCH-UP-FREE OPERATION 

The TL082 JFET-input operational amplifiers 
are designed to offer high slew-rate, low input 
bias and offset current, and low offset voltage 
temperature coefficient. Each J FET -input oper-

SCHEMATIC DIAGRAM 
(one section) 

June 1988 

ational amplifier incorporates well-matched, 
high-voltage J FET and bipolar transistors in a 
monolithic integrated circuit. 

Devices with an "I" suffix are characterized for 
operation from _25°C to 85°C, and those with a 
"C" suffix are characterized for operation from 
O°C to 70°C. The "M" devices are characterized 
for operation from -55 to 125°C. 

Minidip 
(Plastic and Ceramic) 

OUTPUT 

SO-8J 

1/7 
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TL082 

ABSOLUTE MAXIMUM RATINGS 

v 5 Supply voltage 
Vis Differential input voltage 
VI Input voltage 
Top Operating temperature (TL0821) 

TJ Junction temperature 
T stg Storage temperature 

(TL082C) 
(TL082M) 

± 18 
±30 
±15 

-25 to 85 
Oto 70 

-55 to 125 
150 

-65 to 150 

CONNECTION DIAGRAM AND ORDERING NUMBERS 

OUTPUT 
A 

INV.INP. 
A 

NON INV. 
INP.A 

(Top view) 

OUTPUT 
B 

6 IN'lJNP 

NON INV. 
IN!? B 

5-3590 

TEST CIRCUITS 

C L =100pF 

s ~ 6739 

Unity gain amplifier 

THERMAL DATA 

o to 70°C -25 to 85°C -55 to 125°C 

TL082CJG TL0821JG TL082MJG 
TL082ACJG - -
TL082BCJG - -
TL082CP 'TL082IP -
TL082ACP - -
TL082BCP - -

TL082CD TL0821D -

10K 11 

1Kll. 
Vi o--CJ--<O--f 

5- 67.1,0 

Gain of 10 inverting amplifier 

Plastic 
Minidip 

Ceramic 
Minidip 

Rthl-ilmb Thermal resistance junction-ambient max 

Package 

Ceramic 
Minidip 

Plastic 
Minidip 

SO-8 

50-8 

V 
V 
V 

°c 
°c 
°c 
°c 
°c 

"'2/-'.,.7 ____________ ~ 1~~~m~'~~~JI-------------
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TL082 

ELECTRICAL CHARACTERISTICS (v. = ± 15V, Tamb = 25°C, otherwise specified) 

"'" "c" "M" 
Parameter Test Conditions Unit 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

Vas Input offset voltage Rs ~ 50n TL082 3 6 5 15 3 6 
TL082A 3 6 
TL082B 2 3 mV 

Rs~50n TL082 9 20 9 
T amb = full range TL082A 7.5 

TL082B 5 

AVOS Input offset voltage drift Rs = 50n /lVrC 
AT T amb = full range 10 10 10 

'as Input offset current TL082 5 100 5 200 5 100 
TL082A 5 100 pA 
TL082B 5 100 

T amb - full range TL082 10 5 20 
TL082A 3 nA 
TL082B 3 

'b Input bias current TL082 30 200 30 400 30 200 
TL082A 30 200 pA 
TL082B 30 200 

T amb = full range TL082 20 10 50 
TL082A 7 nA 

TL082B 7 

VCM Common mode input TL082 ± 11 ± 12 ±10 ± 11 ± 11 ±12 
voltage range TL082A ± 11 ± 12 V 

TL082B ± 11 ± 12 

Vopp Large signal voltage RL = 10Kn 24 27 24 27 24 27 
sWing 

Tamb full range RL" 10Kn 24 24 24 V 

RL,,2Kn 20 24 20 24 20 24 

Gv Large signal voltage gain RL ,,2Kn TL082 50 200 25 200 
Vo =± 10V TL082A 50 200 

TL082B 50 200 
VlmV 

RL " 2Kn TL082 25 15 15 
V o =± 10V TL082A 25 
T amb = full range TL082B 25 

B Unity gain bandwidth 3 3 3 MHz 

RI Input resistance 1012 10" 1012 .Il. 

CMR Common mode Rs" 10Kn TL082 80 86 70 76 80 86 
TL082A 80 86 
TL082B 80 86 

SVR Supply voltage Rs ,,10Kn TL082 80 86 70 76 80 86 

TL082A 80 86 dB 

TL082B 80 86 

Is Supply current RL = ~ 2.8 5.6 2.8 5.6 2.8 5.6 rnA 

-------------~ ~~~~mg~:0!~JI-------------'3:!.;../7 
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TL082 

ELECTRICAL CHARACTERISTICS (Continued) 

"I" 
Parameter Test Conditions 

CS 

SR 

" 
eN 

J 

'0 

2S 

'0 

" 
10 

Channel separation Gv = 100 

Slew~rate at VI= 10V 
unity gain CL = 100pF 

Rise time VI = 20m V 
Overshot factor CL = 100pF 

Total input noise Rs = loon 
voltage f= 1KHz 

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

11111111 IIIIIID 
1111111 RL"IOK.o. 

11111 
Vs ·.:I:15V 

111111 

111111 
1:IOV 

111111 

111111 
15V 

1111111 

11111 

11111 

100 lK 10K lOOK 1M f (Hz) 

G. 
( .. J 

100 

80 

60 

40 

,0 

Fig. 4 - Large signal voltage 
gain and phase shift vs. 
frequency. 

G-503511 

Vs '" ± 6V to +lSY 
RL:l0K 11 

- ..... 

""""1\ " G. 

\ " PHASi SHT \ 

" 

I 

o· 

,,' 
.0' 

1 ,,' 
1 80' 

10 100 IK 10K lOOK 1M 10M t(Hz) 

.0 

2S 

20 

'0 

Min. Typ. Max. 

120 

RL = 2KI"l 13 

RL = 2KI"l 0.1 

10 

25 

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

G- $03311 

III~ 1111111 
J 

1111111 
RL ", ZK..Q. 

111111 

111111 
Vs .±ISY 

111111 

+I~~I~ 

]6 111111 
1111! 

111111 

111111 

Min. 

100 lK 10K lOOK 1M 1(Hz) 

Fig. 5 - Supply current vs. 
temperature 

" r-~,_-r-,-r-,--Ir-~~"l 
(m All--+-+-+-I_I----+,".-L. +,+',,",,+---1 
'.2 I--+-+,-j-I--+--I~~ ~~~~al_-1 

'.8 1--1---+--1"--.10-,-+-+---,,----1---+--1 
2.4 I--+-++-I-P--k-+-+-I---/ 
'.0 1--+--+--1--1-1--+-+-1--1---1 

1.6 1--+-+-+-1-1--+-+-+-1---/ 
ul--+-+-+-l-I----+-+-+-l-l 
0.8 1--+--+--+--1,----+-+-+--+--11---1 
0.4 I--+_+-+-ll--+--+-+---+-H 

-75 -50 -ZS 0 25 50 1'J' 100 Tamb(OC) 

"c" "M" 
Unit 

Typ. Max. Min. Typ. Max. 

120 120 dB 

13 8 13 VII" 

0.1 0.1 1" 

10 10 % 

25 25 nV 

v'Hz 

Fig. 3 - Maximum peak to 
peak output voltage vs. 
load resistance. G-50341 1 

{v:~I---I-1-+-++t+tI---+-I+++t+H 

20 1---1-l4-t.1-ffil----I-l++tt+H 

" 
10 

" 

/ 

/ 

0.1 0.' 

Fig. 6 - Supply current vs. 
supply voltage. 

(mA II--+-...L.-L-I_I--+--+--I--I---I 

, .• 1--+--+--1--1---11--+--+--1--1---1 

'.0 1--+-++-I-lI--+-++-+---1 
1.6 I--+--+--I--I~I--+--+--I--I---I 

ul--+--+--+---1-+-+--+--+---1---1 
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Fig. 7 ... Input bias current 
vs. temperature. 

'°lmltll 
0 •• __ 

0.01 L.l.-'-..l-.L...!.-1...--'---.L..I-'--'-"--'-'---' 
-50 -25 25 50 75 100 T.mb(-C' 

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

50 l+t-+tftttit-++ttttItt--+-ftttttlt--+t+ttlfll 

40 H'ttH1l1f--+++tHtl-+ftHttIf-+t-ttlllll 

.0 H-+tftttit-+-H+ttItt--+l+HttIt--+t-++mll 

'0 • 00 •• 10K f (Hz) 

-2 

-4 

Fig. 8 ... Voltage follower 
large signal pulse response 
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I /OUTPUT \ 
I / ,\ 
1/ 1 

NP~TI 11 
H r- p-I--

0.5 1.5 2 2.5 t (JoIs) 

Fig. 11 ... Total harmonic 
distortion vs. frequency. 

I~ r-- "5·*15\1 ~~~~~~~~~~··~"~"I'i' . ~ :~PR~~) .. 6\1 
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APPLICATION INFORMATION 

Y. 
(mY 

20 

IZ 
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) 

TL082 

Fig. 9 ... Output voltage vs. 
elapsed time. 

G-50401 

I ! 
O~~~r 

190." 

iii 
11 "s,,:!;15\1 

RL"ZK.n. 

I 
I 

'0" :1 

." 
0.1 0.2 0.3 0.4 0.5 t(",51 

Fig. 12 -Common mode 
rejection vs. temperature 

85 r--+-~r-~-+-+--+-r-~ 

-50 -25 0 25 50 1S T",,*"'C) 

Fig. 13 ... Second order high Q band pass filter (fo= 100 KHz, Q = 3D, gain = 4) 

161U1 

220pF 
30K.fl. 

4JKll 
1No-C}-+--<II-'+-p.... 

l.SK.n. OUT 

-------------~ !~tmg'~~ 5/7 
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TL082 

APPLICATION INFORMATION 
Fig. 14 - 0.5 Hz square wave oscillator 

RF ='OOKll. 

OUTPUT 

'Kll. 

9.1K .n. 

5- 6088 

f= 

Fig. 16 - 100 KHz quadrature oscillator 

6 sin wt 

'8pF 

-I-1SV 

88.4Kll 

Fig. 15 - High Q Notch filter 

INPUT 

R1 = R2 = 2R3 = 1.5Mil 
C3 

C1 = C2 =-= 110 pF 
2 

f = o 21TR1 C1 
= 1 KHz 

'N4'48 '8KA(S •• Not. A) 
r--~I----..-{=:J -'SV 

~-+ ________ ~6~coswt 

-,sv ,8K ll. 
.,sv 

IN4148 (See NoteA) 
88.4 K ll. 

5 - 6090 '----------------1=}--------------------.J 

Note A: These resistor 
values may be adjust· 
ed for a symmetrical 
output. 

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

OUT 

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

·'0 l-+--IffiHll--+-J-++++lll---I--,H+1+III 

10 30 100 300 t (Hz) 

~6~/7 _________________________ ~!~I~~g~~ ---------------------------
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APPLICATION INFORMATION (continued) 

Fig. 19 - Unity-gain absolute-value circuit 

10K1l. 10Kll. 101<.ll 

.".,,' 
.N o--C:::J-+--'-I~ 

101(11. 

Fig. 20 - Single supply sample and hold 

Vc 
1 = HOLD o---<'-~ 
o =SAMPLE 

lN41.46 

lN4148 

5-67U 

Fig. 21 - Output current to voltage transformation for a DA converter 
+Vs .5V 

13 

". Mse Al P--!=h--0 V'of 

.2 

.3 

'4 MC1508 

AS MC140e 

AS ., " 
LS. A8o--'2 

IS 

"0 
5-614' -Vs",15V 

Settling time to within 1/2 LSB (± 19.5 mY) is approxi­
mately 4.0 IlS from the time all bits are switched. 

Theoretical V 0 : 

c* 

Vo 

(0) The value of C may 
be selected to mini­
mize overshoot and 
ringing (C '" 68 pF). 

V ref= 2.0 Vdc 
R1=R2'"1.0kG 
Ro = 5.0 kG 

TL082 

v ~ V,ef IR) [~+g+&+~+~+~+..!Q.+~1 
o Rl 0 2 4 8 16 32 64' 128 256 

Adjust V ref, R 1 or Ro so that Vo with all digital inputs 
at high level is equal to 9.961 volts. 

Vo =*15k)[ ++++--}+1i+;&+iI+ 1~8+ 2~61 

= 10V [ ;;: I = 9.961V 
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TL084 

JFET-INPUT QUAD OPERATIONAL AMPLIFIERS 

• HIGH SLEW-RATE ... 13V/JLs TYP. 

• LOW POWER CONSUMPTION 

• WIDE CONNOM-MODE AND DIFFER­
ENTIAL VOLTAGE RANGES 

• LOW INPUT BIAS AND OFFSET CUR­
RENTS 

• OUTPUT SHORT -CI RCU IT PROTECTION 

• HIGH INPUT IMPEDANCE ... JEFT-INPUT 
STAGE 

• LATCH-UP-FREE OPERATION 

The TL084 JFET-input operational amplifiers 
are designed to offer high slew-rate, low input 
bias and offset current, and low offset voltage 
temperature coefficient. Each JFET-input oper-

SCHEMATIC DIAGRAM 
(one section) 

June 1988 

NONINVERTING 
INPUTO----+----

INVERTING 
INPUT 

5- 6091 

ational amplifier incorporates well-matched, 
high-voltage J F ET and bipolar transistors in a 
monolithic integrated circuit. 

Devices with an "I" suffix are characterized for 
operation from _25°C to 85°C, and those with a 
"c" suffix are characterized for operation from 
O°C to 70°C. The "rJI" devices are characterized 
for operation from -55 to 125°C. 

DIP-14 
(Plastic and Ceramic) 

OUTPUT 

SO-14J 

1/7 
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TL084 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage 
Differential input voltage 
Input voltage 
Operating temperature (TL0841) 

(TL084C) 
(TL084M) 

Junction temperature 
Storage temperature 

± 18 
±30 
±15 

-25 to 85 
o to 70 

-55 to 125 
150 

-55 to 150 

CONNECTION DIAGRAM AND ORDERING NUMBERS 

(Top view) 

OUTPUT A 14 OUTPUT 0 

INV.INP. A 13 INV.INP. 0 o to 70°C 

NON INV. INP. A 3 TL084CJ 
TL084ACJ 

+ Vs " -Vs TL084BCJ 

NON INV.INP. B 5 NON INV.INRC 
TL084CN 
TL084ACN 
TL084BCN 

INV.INP. B INV.INP. C 

TL084CD 
OUTPUT B OUTPUT C 

5·3901 

TEST CIRCUIT 

C L =100pF 

5 - 6739 

Unity gain amplifier 

THERMAL DATA 

RthHtmb Thermal resistance junction-ambient 

-25 + 85°C -55 + 125°C 

TL0841J TL084MJ 
- -
- -

TL0841N -
- -
- -

TL084ID -

10Kn 

Gain of 10 inverting amplifier 

max 

Ceramic 
DIP-14 50-14 

Package 

Ceramic 
DIP-14 

Plastic 
DIP-14 

SO-14 

Plastic 
DIP-14 

~2/~7 ________________________ ~~~~~~ ________________________ __ 
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TL084 

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

"I" "c" "M" 
Parameter Test Conditions Unit 

Min. Typ, Max. Min. Typ. Max. Min. Typ. Max. 

Vos I nput offset wltag. Rs = 60.11 TL084 3 6 5 15 3 9 
TL084A 3 6 

TL084B 2 3 mV 

Rs = 50.11 TL084 9 20 15 

T 8mb = full range TL084A 7.5 

TL0B4B 5 

llVOS I nput offset wltage drift R,=50n ~vrC 
llT T amb = full range 10 10 10 

los I nput offset current TL084 5 100 5 200 5 100 

TL084A 5 100 pA 

TL084B 5 100 

T 8mb = full range TL0B4 10 5 20 

TL084A 3 nA 

TL0B4B 3 

Ib I nput bias current TL084 30 200 30 400 30 200 

TL084A 30 200 pA 

TL084B 30 200 

T amb = full range TL084 20 10. 50 

TL084A 7 nA 

TL084B 7 

VCM Common mode input TL084 ± 11 ± 12 ± 10 ± 11 ± 11 ± 12 
voltage range TL084A + 11 + 12 V 

TL084B ± 11 ± 12 

VoPP Large signal voltege RL = 10Kn 24 27 24 27 24 27 
gain T 8mb = full rang. RL >10Kn 24 24 24 V 

RL >2Kn 20 24 20 24 20 24 

Gv Large signal voltage gein RL>2Kn TL084 50 200 25 200 

Vo =± 10V TL084A 50 200 V/mV 

TL084B 60 200 

RL >2Kn TL0B4 25 15 15 

Vo=± 10V TL084A 25 

T amb = full range TL084B 25 

B Unity gain bandwidth 3 3 3 MHz 

RI I nput resistance 10" 10" 10" .11 

CMR Common mode rejection R,>10Kn TL084 80 86 70 76 80 86 

TL084A 80 86 dB 

TL084B 80 86 

SVR Supply volags rejection R,>10Kn TL084 80 86 70 76 80 86 

TL084A 80 86 dB 

TL084B 80 86 

Is Supply current RL =- 5.6 11.2 5.6 11.2 5.6 11.2 mA 

__________________________ ~!~~;~~~ ________________________ ~3/7 
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TL084 

ELECTRICAL CHARACTERISTICS (Continued) 

CS 

SR 

t, 

eN 

) 

30 

15 

20 

IS 

10 

"." Parameter Test Conditions 

Channel separation Gv = 100 

Slew-rate at VI= 10V 
unity gain CL = 100pF 

Rise time VI=20mV 
Overshot factor CL = lOOpF 

Total Input nol •• Rs= lOOn 
Voltage f= 1KHz 

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

6-50321t 

1lllr 1IIIm 

Illlf Rl"IOKA 

mmr 
v •• :1:15'1 

111111 

1111111 

tlOV 

rmr 
II 111m 
:t5v 

TTTIIIr 
TTTIIIr 
TTTIIIr 

y. 
(Vpp 

Z5 

20 

15 

10 

) 

Min. Typ. Max. 

120 

RL=2Kn 13 

RL=2Kn 0.1 

10 

25 

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

G-S033/1 

IIII~ 11111IIf 
111111 Rla 2K.Q. 

I 111m 
IIIIIH 

Vs .• ± 15'1 

I I III 

f=, 
IJI,,! n III 

III 

F-
11111 111111 

111111 

100 
" 

10K lOOK 1M f eH; 100 .. 10K lOOK 1M I(Hz) 

G, 

'.B ) 

Fig. 4 - Large signal voltage 
gain and phase sh ift vs. 
frequency 

G- SOSSI! 

Vs • .:!: 5'1 to'±15v 
RL·l0KA 

10 0"--1-.. 

~ 

"" "~: 
\: ~ 

PHASj SHill "' '\ 
"-

80 

60 

40 

20 

Fig. 5 - Supply current vs. 
temperature 

,. Is ..-.,..-...,........,...--.--,,--..-..,.-~.-:..!'.;!.'~' .. 
(m A)'!-+--+--+----+-If...-,j"......L,...b,..+-I 

v ... :t1!IV 
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Fig. 7 - Input bias current 
vs. temperature 
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TL084 

APPLICATION INFORMATION 
Fig. 14 - 0.5 Hz square wave oscillator 
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APPLICATION INFORMATION (continued) 

Fig. 19 - Unity-gain absolute-value circuit 
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be selected to min i­
mize overshoot and 
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Ro = 5.0 kO 
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Adjust V ref. R 1 or Ro so that V 0 with all digital inputs 
at high level is equal to 9.961 volts. 
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= 10V [ ~~: 1 = 9.961V 
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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 
repetitive 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, Ath O-a) Ounction 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, Ath, 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, L::.P, and is given by the equation: 

where: L::.Q = heat 
L::.t =time 

L::.T 

L::.Q 

L::.t 

Thermal capacitance, Cth, 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, c, volume V, and 
density d, according to the relationship: 

Cth=cdV 

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

L::.T= L::.Q/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 
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Fig. 1 - Simplified Package Outline Fig. 2 - Equivalent Thermal Circuit of Simplified Package 

MOLD 

r-----'---~ CHIP < ~FRAME 
5-10621 

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 lowthermal 
capacitance, in the order of a few mJ/oC. The thermal 
resistance between the junction and the silicon/slug 
interface is of about 0.2 to 2 OC/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. 

R thsi R th frame R th mold 

C th si C th frame C t h mold 

5-10622 

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: 

l:\T=Rth Pd[1-e(tlT)] 

The steady state junction temperature, Tj, is a function 
of the Rth U - al 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) 

TIME OR PUlSE UIDTH ( A.U.) 
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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 SUPPLY 

D,C, FAST 
SUPPLY DVM 

PULSE STORAGE 
GENERATOR SCOPE 

b) P432 Measurement System 

____________________________ ~~~~~~?~'f~~~------------------------3-I-l-4 
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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: 

Fig. 5 

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) 

a) H029 Test Die 

b) H029 Measurement System 

_4;.../1_4 ____________ ~ ~~~~m~T:~~lt--------------
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Fig. 6 - Set-up for Rth (j _ c) Measurement 

PRESSURE CLIPPING 

CONNECTION 
THIN WIRES 

WATER-COOLED 
COPPER BLOCK 

\..THERMAL 
GREASE 

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 

5-9785 

THERMOCOUPLE 

The single pulse transient thermal impedance was 
measured in still air by applying a single power pulse 
of duration 10 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, !::.. T max, reached 
at time 10, 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!::.. T max/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 ofthe same height, Pd, are repeated with a given 
duty cycle, DC, and the pulse length, tp, is shorter than 
the total time constant of the system, tlie train of pulses 
is seen as a continuous source with mean power level 
given by the equation: 

Fig. 8 - Transient Thermal Response for Repetitive 
Pulses 

Tmax 

, 
I , , 
I 
I 
I 

Tam b ----':c--, 

P
d 'I ___ J !---:-. ~n~rL __ 

1 :on.l. toff .1 

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: 

6 Tjavg = Rth Pdavg 

The resulting die temperature excursions are shown 
qualitatively in figure 8. The peak thermal impedance, 
Rthp, corresponding to the peak temperature, 6 T max, 
at tlie equilibrium can be defined: 

Rthp = 6 T max/Pd = F (tp, DC) 

The value of Rthp is a function of pulse width and duty 
cycle. Knowledge of Rthp is very important to avoid 
a peak temperature higher 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 

954 

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 

R thsi T amb 

R th 
C th 51 C th frame --c=J--- Tamb 

5 -10625 

b) Equivalent Thermal Circuit 

Using the two test die, the measured junction to case 
thermal resistance is: 
P432 Rth (j _ c) = 2°C/W 
H029 Rth U - c) = O.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. 



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

package in free air, Rth j _ a, 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 H029 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. 

Fig. 10 - Transient Thermal Response MULTIWATT Package 
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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. 

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. 

_______________ ~ ~~~(;)m?1rt:~~©~ _____________ 7;.../1_4 
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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 
performance of the power DIP and the MULTIWATT 
package. It is clearly seen that even though the DC 

thermal resistance may be sirniiar, the MULTIWATT 
is superior in its performance for pulsed applications. 

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 

t 
t Tj 

5 -'0627 

parallel. Figure 15 shows the equivalent thermal modElI 
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. 

P th mold 

Tamb 

a) DIP Package Mounted on PCB b) Equivalent Thermal Circuit DIP Package on PCB 

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 a-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 . 

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 800C. 
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 Rth 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. 

.;;.1~0/..;;1...;.4 ____________ ~ ~~~~m~~~~ .....".--------------
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Fig. 16 - Transient Thermal Impedance DIP 20 (Alloy 42) 
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Fig. 17 - Transient Thermal Impedance 0.4 mm Copper Frame DIP Packages 
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Fig. 18 - Transient Thermal Impedance 0.25 mm Copper Frame DIP Packages 
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Fig. 20 - Transient Thermal Impedance 0.25 mm Copper Frame 5014 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 evaluation 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 

allowing better thermal design and possibly reducing 
or eliminating expensive external heat sinks when they 
are oversized or useless. 
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Telex: 53077 CSAE 
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NJ 
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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 

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

TX 
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Quebec (Rep) - (514) 337-5022 
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Talelax: (49-911) 5980701 

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