TDA1190+TDA1190Z
ONE CHIP TV SOUND SYSTEM

FAIRCHILD LINEAR INTEGRATED CIRCUITS

GENERAL DESCRIPTION — The TDA1190 and TDA1190Z are silicon monolithic
integrated circuits in 12-pin plastic power packages. They perform ail the functions
needed for TV sound systems, including IF limiter-amplifier, FM detector, AF pream-
plifier and power output stage. The TDA1190 is specified for 5.5 MHz (PAL) sound
systems and the TDA1190Z is specified for 4.5 MHz (NTSC) sound systems. They are
constructed using the Fairchild Planar™ epitaxial process.

They provide an output power of 4.2 W into a 16 £2 load at V+ =24 V, or 1.6 W into an
8.0 £2 load at V+ = 12 V. This performance, together with the FM-IF section charac-
teristics of high sensitivity, high AM rejection and low distortion, enables them to be used
in almost every type of television receiver. No external shielding is needed.

The basic differences between the TDA1190 and TDA1190Z are:
The TDA1190Z is designed for a larger volume contral potentiometer (22 kS2 vs 2.2 k2).

The TDA1190 includes one of the gain adjust resistors on the chip, while in the TDA1190Z
both are required in the external circuitry.

DC VOLUME CONTROL

ACTIVE LOW PASS FILTER
OUTPUT POWER 4.2 W (24 V —- 16 )
HIGH SENSITIVITY

EXCELLENT AM REJECTION

ABSOLUTE MAXIMUM RATINGS

Supply Voltage ) 28V
Input Signal Voltage “‘K 1.0V
Qutput Peak Current (Non-repetitive) '\\ 2.0A
Output Peak Current {Repetitive) \\\\ j Q P\ 1.5A
Power Dissipation: at Tyap = 90°C ) 5.0wW

o st T A= B0 CEee Air) \Q 1.0wW

" Storage and Junction Temperature . —40°C 10 +150°C

“ = Pin Temperature {Soldering, 10 s) 260°C
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CONNECTION DIAGRAM
12-PIN POWER PACKAGE
(TOP VIEW) .

PACKAGE OUTLINE/SW
PACKAGE CODE P3 /

IFINPUT [TR 1 12 [T] DE-EMPHASIS

GROUND

DC voL. FEEDBACK
CONTROL

ORDER INFORMATION
TYPE PART NO.

1190 TDA1190
11902 TDA1190Z

*Planar is a patented Fairchild process.
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R1
cz c3
TABS Pl
R2
cé I c7

BLOCK DIAGRAM
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1
]
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REGULATED

POWER
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T "
IF e
Low-PASS 12
AMP =] vorume
DETECTOR
Lim FILTER CONTROL
c8
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* R4 required for
= = = TDA1190Z only.

TDA1190

ELECTRICAL CHARACTERISTICS: See Test Circuits
V+=24V, Tp = 25°C unless otherwise specified.

CHARACTERISTICS TEST CONDITIONS MIN TYP MAX UNITS
Supply Voltage (Pin 10) 9.0 28 \%
) . V=24V 1 12 13 v
Quiescent Output Voltage (Pin 9}
V+=12V 55 6.0 6.5 \%
. . V+=24V 22 35 mA
Quiescent Drain Current P1 =2.2 k&2
V+=12V 19 31 mA
THD = 10%, fg = 6.6 MHz, V+=24V, R =160 30 4.2 W
Output Power
frqa = 1.0 kHz, Af = £25 kHz V+=12V,R_=80% 15 w
THD = 2%, fo = 5.5 MHz, V+=24V,R_=169Q 34 W
Qutput Power
fm = 1.0 kHz, Af = £25 kHz V+=12V,R =80Q 1.4 w
Input Limiting Voltage (—3.0 dB)
. fo=5.5 MHz, fr =1.0 kHz, Af = +75 kHz,P1 =0 30 Y
atPin 1
) N Py = B0 mW, fo = 5.5 MHz, V+=24V,R_ =160 0.65 %
Distortion
f = 1.0 kHz, Af = 75 kHz V+=12V,R =808 0.65 %
Frequency Response of Audio R =16 £2, C10 = 200 pF. Rpp=180Q 50 to 12,000 Hz
Amplifier (—3.0 dB) c12 = 1000 pF, P 220 PF . Reg =10 2 501 9,100 Hz
=2 1. V,fo =55 MHz, f, = 1.0 kHz, Af = £ 7.5 kHz,
Recovered Audio Valtage (Pin 12) ;/1”\1 omV.fo 2 'm 0 khz *75 khz 60 my
ViN 2 1. V,fy = 5! =10k f=1x
Amplitude Modulation Rejection IN OmVY, fo = 5.5 MHz, T, 0 kHz, &f = £50 kHz, 55 dB
m=0.3
VIN = 1.0mV,V, =40V, fy =5.5 MHz, fy; = 1.0 kHz,
Signal and Noise to Noise Ratio IN m ° o zm 0 kHz 70 dB
Af = 450 kHz
Feedback Resistance ot | Resist 3 5.0 65 ka
ernal Resisto . . .
{Between Pins 7 and 9) nrerna tor °
Input Resistance (Pin 1) 30 kQ
) ) VN = 1.0 mV, fo = 6,5 MHz
Input Capacitance {Pin 1) 5.0 pF
Supply Voltage Rejection Ratio RL=402q, fripple =100 Hz, P1 = 2.2 k&2 46 dB
DC Volume Contro! Attenuation P1 =22k 90 dB
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TDA1190Z2

ELECTRICAL CHARACTERISTICS: See Test Circuits
V+=24V,Tp = 25°C unless otherwise specified.

CHARACTERISTICS TEST CONDITIONS MIN TYP MAX UNITS
Supply Voltage (Pin 10) 8.0 28 v
Qui L0 Vol (Pin 9) V+=24V 1 12 13 \
uigscen tput Voltage (Pin
! P ge ve=12V 51 60 69 v
V+=24V 11 22 35 mA
Quiescent Drain Current P1 =22 k2
V+=12V 19 mA
THD = 10%, f, = 4.5 MHz, V+=24V,R_ =160 42 w
QOutput Power
fn =400 Hz, Af = +25 kHz V+=12V,R =800 1.5 w
THD = 2%, f5 = 4.5 MHz, V+=24V, R =16 35 w
Qutput Power
fn = 400 Hz, Af = 25 kHz V+=12V,R =800 14 W
Input Limiting Voltage (—3.0 dB)
) fo =4.5 MHz, fy = 400 Hz, Af = +7.5 kHz, P1 =0 40 100 InY
at Pin 1
o Po = 650 mW, f, = 4.5 MHz, V+=24V, R =16 Q 0.75 %
Distortion
fm =400 Hz, Af =+7.6 kHz V+=12V,R_ =80 1.0 %
Frequency Response of Audio RL =16 £,C10=120pF, Rpg =820 70 to 12,000 Hz
Amplifier {—3.0 dB} C12=470pF,P1 =22kQ Rpg =470 70 tc 7,000 Hz
R . VIN 2 1.0 mV, fg = 4.5 MHz, f, = 400 Hz, Af = +7.5 kHz,
Recovered Audio Voltage (Pin 12) P1=g 120 myv
) . . VIN = 1.0 mV, fo = 4.6 MHz, f, = 400 Hz, Af = +25 kHz,
Amplitude Modulation Rejection 55 dB
m=0.3
VIN = 1.0mV, Vo =40V, fy = 4.5 MHz, f, = 400 Rz,
Signal and Noise to Noise Ratio IN m ° e m z 50 65 dB
Af = £25 kHz
Feedback Resistance .
. External Resistor 22 k$§2
(Between Pins 7 and 9)
Input Resistance (Pin 1} 30 k2
) ) VIN=1.0mV, f, = 4.5 MHz
Input Capacitance (Pin 1) 5.0 pF
Supply Voltage Rejection Ratio R =40¢q, fripple =100 Hz, P1 =22 k2 46 dB
DC Volume Control Attenuation P1=12kQ 90 dB
PACKAGE THERMAL RESISTANCE
6j-tab Thermal resistance junction -tab max 12 °Cc/w
fj-amb Thermal resistance junction-ambient max 70* °c/w

*With tabs soldered to printed circuit with minimized copper area.
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TEST CIRCUIT — TDA1190

b
INPUT 8 2200F 7 AL
TDA1190
1 _I
0.1 4F . 0.001 uF
12
00 2 car 1
0.005
uf 4
:ii 4 u 5 s = = = =
c2 c3
0.1 uF 0.1 uF Tass VOLUME
Pl 22kR
Az LINEAR
I 470 cé I§72 .
68 pF 2p
*RC =50 us L1 =12uH V+ 12 |24 | V
fo g gos MH AL | Bl16] @
=5, 2
°e REp | 18 [ 10| @
TEST CIRCUIT — TDA11902
V+
R Q Ra
: |/'.:E 22k
socr i s !
s 50 uF ca
“W:E 6V msgI :lf 100 uF
= - =3V
17 7 lm = =
9
INPUT c1o
8 120pF
TDA11902 1 R
c1
0.1 4F €12 = c13
, 470 pF 7] 022
12 uF
wnd 2 o
0.0075
HF e
3I 4 " 5 [] == = =
c2 c3
0.047 uF 0.047 uF TABS VOLUME
Pl 22k9
R2 LINEAR
470 c6 c7
120 pF I 9.0 pF
*RC =75 us L1 =10uH Vi 12 124 | Vv
Qu = 60 RL | 8|16 |
fo =4.5MHz
REp | 82 | 47 | @
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RELATIVE AUDIO QUTPUT — dB

2 AMPLITUDE MODULATION REJECTION — dB

TOTAL HARMONIC DISTORTION — %

TYPICAL PERFORMANCE CURVES FOR TDA1190

RELATIVE AUDIO OUTPUT
VOLTAGE AND OUTPUT NOISE
AS A FUNCTION OF
INPUT VOLTAGE

— —
L L H
1 H14
B ~ 4.0 V. Vo
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Y L Rpg=1002 -2
L1 to=55MHz _|
l Fo = 1.0 kHz
8. T[T 2= -2 whe it
. T 0u=80
-1z - N 4 60
_18 -80
0 10? 10° 10* 10°

INPUT VOLTAGE — 4V

AAMR AS A
FUNCTION OF CHANGE
IN TUNING FREQUENCY

40
R =16
Reg=100
Qu=g0
30 1 = 1LOKHz
o¥= 125 kH
m=03
20
ViN=10mV Vin=10m!
10 t +
l 0 = 5.5 MHz I
o 1o
NS
—40 ~20 [} +20 +40

£ TUNING FREQUENCY — kiz

TOTAL HARMONIC
DISTORTION AS A FUNCTION
OF FREQUENCY DEVIATION

[]

20—l Vin=1.0my
R =160
—treg=10n
1o =55 MH2
30—+ fn = 1OKH2
Po= 250 mW
Qu=80

[ -20 40 860 - 80
FREQUENCY DEVJATION ~ kHz

P~ ISION LNALNO JAILYIIY

OUTPUT VOLTAGE
ATTENUATION AS A
FUNCTION OF dc VOLUME
CONTROL RESISTANCE

Lt

' OUTRUT VOLTAGE - dB.
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U
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[

—50 ~30 10 0 +10 +30 +50

FREQUENCY DEVIATION — kHe

AMPLITUDE MODULATION
REJECTION AS A FUNCTION
OF INPUT VOLTAGE
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TOTAL HARMONIC
DISTORTION AS A
FUNCTION OF POWER OUTPUT

[T
FTINN
ve-28V
Fon R =160
z [ ve= __Reg=108
2 0 | RL=80% 1
z Reg=180 m
4 [T 1
o 8o RIS (|
o ViN=1Dmy
z
g o= 5.5MHz
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E A= £ 2B kHz
S o4 Qu=80
g I
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. E
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POWER OUTPUT - W

RELATIVE AUDIO
AMPLIFIER VOLTAGE GAIN
AS A FUNCTION OF FREQUENCY

%‘ Vs 121
2 30 RL=80%
E App= 1B
] | e
Kl g
£ a0 V=24V
a RL=186Q
> s Reg = 10 12|
z Vi = CONST. !
< 2 Ry =501
H C10 =220 pF
€12=0.001 4F
—16
Ll
1 0w 10? 1ot 108

FREQUENCY — Hz
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RELATIVE VOLTAGE GAIN — dB

TYPICAL PERFORMANCE CURVES FOR TDA1190 {Cont'd)

RELATIVE OVERALL
VOLTAGE GAIN AS A
FUNCTION OF FREQUENCY

POWER SUPPLY RIPPLE
REJECTION AS A FUNCTION
OF RIPPLE FREQUENCY

POWER SUPPLY
RIPPLE REJECTION AS
A FUNCTION OF VOLUME
CONTROL ATTENUATION

FREQUENCY - Hz

POWER OUTPUT AS A
FUNCTION OF SUPPLY VOLTAGE

RIPPLE FREQUENCY — Hz

i I 1| ] M M
I A Lol 10 o
T 5
Ly HH HH |
4 . Lo
3.0 9B—-14 2 o —~H ]
2 H
L |4 2 ] |41 5 s
s bl i H P ™~
il L g H H- ¥ ,
EEl z a8 w4 Viy=10m
it z Y N
L L H % b 2 Vripple = 2.0V,
[ N & R - 165
o 1 > NANRPTIE 5 u Rone1
Al H z ripple " 20Vpp | || 2 Fg= 108
[T to=58HMz Y R =169 & Trippie = 100 Hz
m 1 M e ® Reg =108 F 2w af=0
T -t -+ H 1t P1=22k2 an! {1 ]
2 3
-+ £ ol 1 2 w
|11l o LL o
0 108 o 02 0? 0! 10° o -10 -2 -3 -4 -5 60 -70

VOLUME CONTROL ATTENUATION — dB

MAXIMUM POWER DISSIPATION
AS A FUNCTION OF
SUPPLY VOLTAGE
(SINE WAVE OPERATION)

TTT] I T1]
1 - vin=18mv
vy - 1.0my |1 THD - 10%
6.0 | THO = 10% 3' 30— fo=55MHz
1o = 5.5MHz 2 HRLI
M im=t00: T T T T T T T T 11 ] af= =25 kHz
% S0 ar=i25ker 7 g 25—+ u-g0
= |——au - 80 % |
5 | 2 R =801 )
£ B33 o 20 16 0
2 |- ps
g i) £ :
3 L =800
& ap g 15
H P, H /
8 H
g 4 ] pd
20 s 10
X
<
=
1.0 s
a [
o so 10 15 20 25 30 o 50 1 15 20 25 30

SUPPLY VOLTAGE - V

POWER DISSIPATION
AND EFFICIENCY AS A
FUNCTION OF POWER OUTPUT

SUPPLY VOLTAGE - V

QUIESCENT OUTPUT
VOLTAGE (PIN 9) AS A
FUNCTION OF SUPPLY VOLTAGE

/1 Pp [y Y
20 8
z
T > V
2 L1 T 10
B 1s L. é
= bl
e ] ekl E 5 y,
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RELATIVE AUDIO OUTRUT - dB

TOTAL HARMONIC DISTORTION — %

“ AMPLITUDE MODULATION REJECTIQN - dB

TYPICAL PERFORMANCE CURVES FOR TDA1190Z

RELATIVE AUDIO OUTPUT
VOLTAGE AND OUTPUT NOISE
AS A FUNCTION OF
INPUT VOLTAGE

OUTPUT VOLTAGE
ATTENUATION AS A
FUNCTION OF de VOLUME
CONTROL RESISTANCE

il i ol
0dB-4.0V[ Vo Vin=10my
HH o t= 45 MHz
a0l L1l [ 4] 2 @ _20 I = 400 Hz
5 = A= 25k
T 20 3z & a0
4 £
-6.0 —-H < 3 60
-0 —HHH -1 a0 S g -80
o E i
B a o
-12 §q; N P 50 g -120 \
e L o AN
10 107 1% 10 0% w0? 10? 10* 108
INPUT VOLTAGE — 2V RESISTANCE — 12
4 AMR AS A
FUNCTION OF CHANGE RECOVERED AUDIOC AS A
IN TUNING FREQUENCY FUNCTION OF UNLOADED Q
[ 1]
ViN-10mY
T fo = 45 MHz
| foy =400 1z
2 F- - 2 nHe
20 ]
| 2
1 o 400
o] vi 2
-10 E 200
20 z
- 3 200
= Vil
i 1
100
0 I [
-3 20 10 o0 1 2 30 0 1 20 3 4 s0 60
* TUNING FREQUENCY — kHz UNLOADED 0

TOTAL HARMONIC DISTORTION
AS A FUNCTION OF CHANGE
IN TUNING FREQUENCY

TOTAL HARMONIC
DISTORTION AS A FUNCTION
OF FREQUENCY DEVIATION

70
BEEEN [T
W= 10my Vi 10my
3 RL=160 . B0 Ry =165
[T Rre=471 | Rpp =474
L | 1y -asmuz 2 fo - 8.5 MHz
Yoo = 400 Hz = fm = 400 He
[T Po=250mw o f= 25 kHz
20 —+—au <60 2 a Qu=60
)
g
5 a0
H
z
H
10 20
I+ Z
5 E
"o
ol | [
o ) 2 “30 0 20 ¢ o w20 30

FREQUENCY DEVIATION - kHz FREQUENCY DEVIATION — kHz

AMPLITUDE MODULATION REJECTION  dB

TOTAL HARMONIC DISTORTION — %

RELATIVE VOLTAGE GAIN — o8

AMR AS A
FUNCTION OF INPUT VOLTAGE

T -

| T
Ry ==
fo-45Muz TT]
fon = 400 Hz
=25 MH ||

L 14 il m=03 NN

Qu =60
30— !

0 102 10? 10* 108
INPUT VOLTAGE — uv

TOTAL HARMONIC

DISTORTION AS A
FUNCTION OF POWER OUTPUT
10

T

ves12V
9.0 R =806
Rpg =820
80
70
T
4224V
TRL-16%
| Reg=10%
30
20
4
" 1 /
)
102 w0 1 ®

POWER OUTPUT — w

RELATIVE AUDIO
AMPLIFIER VOLTAGE GAIN
AS A FUNCTION OF FREQUENCY

o
U 2 RNz
_20 3.12 [ N '
-4.0 }—— V=AY
R =160
-6.0 Reg = 47 <1 44
_80 L
)N = CONST.
F—tRg=162 11 BE AR
€10=120pF
€12=470pF T 1T BEE
L1
w0 10? 03 log 10°

FREQUENCY - Hz
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RELATIVE VOLTAGE GAIN - dB

RELATIVE OVERALL
VOLTAGE GAIN AS A
FUNCTION OF FREQUENCY

TYPICAL PERFORMANCE CURVES FOR TDA1190Z (Cont'd)

POWER SUPPLY
RIPPLE REJECTION AS
A FUNCTION OF VOLUME
CONTROL ATTENUATION

POWER SUPPLY RIPPLE
REJECTION AS A FUNCTION
OF RIPPLE FREQUENCY

(11 M EEEE TVin=0
T o | Vrippte = 20 Vg 2
= RL=165 i
& 11 z Rpp =47 H
P g s {-P1=22kt £ s
5 L g ]
i 2 L 2
WL i E H Eow
R =161 1 5 g
- ] z Vin - 10myv
O > : o %]
*= 0 25 kHx g & Ry =61 -
RC =75 45 T 2 a 20 Reg =471t .
< [ fiipple = 100Hz | |
L] § ) § " “'I‘Xqi I‘ i
1l 0 o [T 1]
10 02 0? 0% 1 107 10* 10! 10° 0 - -2 -30 -4 50 -60 -70
FREQUENCY - He RIPPLE FREQUENCY — Ha VOLUME CONTROL ATTENUATION — dB
MAXIMUM POWER DISSIPATION
AS A FUNCTION OF
POWER OUTPUT AS A SUPPLY VOLTAGE
FUNCTION OF SUPPLY VOLTAGE {SINE WAVE OPERATION)
o T 77
P vin=10m
b to = 4.5 MHz
2 | w0
= z s _l;\:‘;;z‘son;nx R -802 [R =160
5 i ‘;’ |- au-60
é 0 | / Ry = 1641 § 20
“g‘ 10 LTEo g 15
20 4 § 10 A
x A
10 : 05 4
[ a °
50 10 15 2 25 0 o 50 10 15 20 25 30
SUPPLY VOLTAGE - v SUPPLY VOLTAGE - v
POWER DISSIPATION QUIESCENT OUTPUT
AND EFFICIENCY AS A VOLTAGE (PIN 9) AS A
FUNCTION OF POWER OUTPUT FUNCTION OF SUPPLY VOLTAGE
Po
— Wi
20 / - 80 /
= / 7 e
E 15 / l L g’
g 3 g 2
g P g <
e 1o 0 F g
] v 3 =0
14 *®
as 20
/
] a [
10 20 30 4.0 50 0o S0 1 15 0 2 30
POWER QUTPUT - W SUPPLY VOLTAGE - v
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APPLICATIONS INFORMATION

The electrical characteristics of the TDA1190 and TDA1190Z remain almost constant over the frequency range 4.5 to 6.0
MHz, and therefore can be used in all television standards (FM mod.). They have a high input impedance to operate with a
ceramic filter or with a tuned circuit that provides the necessary input selectivity.

The value of the resistors connected to pin 7 determines the AC gain of the audio frequency amplifier. With the TDA1190
(Figure 1}, only one resistor (REg), is required to adjust the gain. The second resistor is included on the chip (typically
5.0 k&2 between pins 7 and 9). In the TDA1190Z (Figure 2), two resistors are required to adjust the gain (R4 and Rgpg).
This arrangement provides more accurate adjustment of gain.

TYPICAL APPLICATIONS CIRCUIT — TDA1190

v+

+ C14

cq
“HT TH

10

INPUT
= f;,,; TDA1190 AL
CERAMIC | 1
FILTER
R1 2
6000
SRS :!I 4 5 ]
Seson L1
cz c3
0.1 uF 0.1 4F TABS py VOLUME
R2 LINEAR
J 470 c8 o
68 pF 2
—3 — = = — g’ I ’ —
L1 =12uH V+ 12| 24| v
Lo MHe AL | 81116 )2
° AEB | 18 | 10 |

Fig. 1
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APPLICATIONS INFORMATION {Cont’d)

The desired gain should be selected in relation to the frequency deviation at which the AF amplifier's output stage starts
clipping. The capacitance connected between pins 9 and 8 determines the upper cut-off frequency of the audio band. If larger
bandwidth is required, C10/C12 must be reduced keeping the C12/C10 ratio as shown in figure 1 or figure 2. The capacitance
connected between pin 12 and ground, together with the internal resistor of 10 k§2, forms the de-emphasis network. The
Boucherot cell eliminates the high frequency oscillations caused by the inductive load and the wires connecting the loud-

speaker, {R3, C13).
The TDA1190Z is also designed to operate with a larger volume control resistance than the TDA1190 for those systems
where this is desired. The typical volume control resistance for the TDA1190Z is 22 k$2 and for the TDA1190 it is 2.2 k2.

TYPICAL APPLICATIONS CIRCUIT — TDA1190Z

INPUT
_(E ct R
T a70F TDA11302 3
CERAMIC 1 470 022
FILTER 12 PF H
R1 2 el
680 0.0075
> uF —3
% RS 3 4 5 & - - =T =
S680Q L1
c2 c3
0.047 uF 0,047 uF TABS VOLUME
P1 22kQ
R2 LINEAR
470 c6 c7
J J 120 pF I 8.2 pF

L1 =10 uH v+ i2| 24| v
Qu =60 RL 8| 16| a
o =4.5MHz
REg | 82 | 47 | &
Fig. 2
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Fig. 3
V+  GND  AFOUT
RF IN
*TDA1190 and TDA11902Z companents.
R4 is required only for TDA1190Z.
P.C.BOARD COMPONENTS LOCATION
COPPER SIDE {TOP VIEW)
Fig. 4 Fig. 5
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MOUNTING INSTRUCTION

The aj—amb of the TDA1190 and TDA1190Z can be reduced by soldering the tabs to a suitable copper area of the printed
circuit board {Fig. 6 or to an external heatsink (Fig. 7). Figure B shows the maximum aliowable power Pp and the 8j_amb
as a function of the side “L" of the two equal square copper areas having a thickness of 35 u (1.4 mils). During soldering the
tab temperature must not exceed 260°C and the soldering time must not be longer than 10 seconds.

The external heatsink or printed circuit copper area must be connected to electrical ground.

/-‘ COPPER AREA 35 u THICKNESS

HEATSINK
7 =30"C/w
o b
g h
(== aa]
i~ &y : T
g8 '
£z ! b
L~ &% '
O 0 7
[ma mam)
[ ——
\-‘P. C. BOARD
Fig. 6 Fig. 7

MAXIMUM ALLOWABLE

DISSIPATION AND 6j.amp AS A MAXIMUM ALLOWABLE .
FUNCTION OF COPPER \ DISSIPATION AS A FUNCTION
LENGTH (SEE FIG. 6) OF AMBIENT TEMPERATURE /
z H
]
80 80 3 "OY
: D BN \
%i a N a o ,"77 %
Z soN s = 4 o )
y H 3 < 2
El g 20 3 e
§ a0 4 4 g § e s oy
F] = 3 20 HN % 2
5 201 PP ".Th.w—’ === 20 H %54 }’n I\
3 5 e N’I
H [T Pp (Tmp = 70°C) =z I N
1 T T T,
NN 0 . TTHTT
0 w0 20 30 a0 —50 o 50 100 150
CQPPER LENGTH - L {mm) AMBIENT TEMPERATURE - C
Fig. B Fig. 9
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