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n' ’\iz ' M10

TECHNOLOGY ' Low Power Op Amp
and Reference

FERTURES DESCRIPTION

® Guaranteed Operation at +1.2V The LM10 combines a precision reference, a reference
= Op Amp and Reference on Single Chip buffer amplifier and an independent, high quality op amp
w | ow Supply Current 400xA on a single chip. The device is capable of operation from a
= Capable of Floating Mode Operation single supply as low as 1.1V, from dual supplies up to
m [ ow Reference Drift 20ppm/°C + 20V and typically draws 270uA supply current. Input
s Low Offset Voltage voltage range for the op amp includes ground, while the
® Qutput Swings to Within 15mV of Rails unloaded output can swing to within 15mV of each rail.

Further, the LM10 will deliver 20mA output current and
still swing within +=400mV of the supply rails.

APPLICATIONS With its low operating current and fioating operation
= Remote Signa! Conditioner/ Transmitter capability, the LM10 is ideal for two wire analog trans-
® Battery Operated Instruments mitter circuits where the processed signal is carried on
= Precision Current Regulators the same line used for power. The LM10 is suggested for
® Precision Voltage Regulators portable battery powered equipment and is fully specified
= Thermocouple Transmitter for operation from a single 1.2V battery. Other applica-

tions include precision current and voltage regulators,
operating from very low voltages to several hundred

volts.
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LM10

ABSOLUTE MAXIMUM RATINGS

' PACKAGE/ORDER INFORMATION

Total Supply Voltage TOP VIEW ORDER
LM10/LM10B/LM10C .................. 45V ngg;;ﬂg,f PART NUMBER
LM1OBL/LMIOCL . ........... ... ... .... 7V REFERENCE

Differential Input Voltage (Note 1) oureur ° v tmggH
LM10/LM10B/LMI10C ................ +40V SZTAP"C,‘} LM10CH
LM10BL/LM1OCL . .................... +7V 9;;34;’ LM10BLH

Output Short Circuit Duration. . .. ......... Indefinite BALANCE CM0CLH

Operating Temperature Range (Note 2) v
IMIO . ... —55°C<Ta <125°C METAL CAN 1 PACIACE
LM10B/LM10BL .......... —25°C<Ta=85°C A/ LM10CN8
LM10C/LM1OCL ............. 0°C<Ta=<70°C R L i LM10CLNS

Storage Temperature Range . . .. —65°C<Ta <150°C L pawe_2| < LA LM10CJ8

Lead Temperature (Soldering, 10sec.). . ... ... 300°C s >ls oo LM10CLJ8

INPUT (+) L QuTPUT
v- =24 5 BALANCE LM10J8
N LM10BJ8
NEPLASTIC DIP PACKAGE LM10BLJ8
OP AMP ELECTRICAL CHARACTERISTICS (Note 3)
LM10/LM108B LM10C
SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX MIN TYP MAx | UNITS
Vog Input Offset Voltage 03 20 0.5 40 mvV
° 3.0 5.0 mv
AVgg Average Offset ) 2.0 5.0 uv/°C
"ATemp Voltage Drift
los Input Offset Current (Note 4) 0.25 0.7 04 20 nA
) 1.5 3.0 nA
Algs Otfset Current ) 2.0 5.0 pA/°C
ATemp Drift
Ig Input Bias Current 10 20 12 30 nA
°® 30 40 nA
Alg Bias Current Drift ° 60 80 pA/°C
Alemp
AvoL Large Signal Vg= + 20V, lgyr=0, Voyr= + 19.95V 120 400 80 400 v/mv
Voltage Gain °® 80 50 v/mv
Vs=+ 20V, Vgyr= + 19.4V
lour = + 20mA 5 130 25 130 v/mv
lgur = = 15mA o| 20 15 v/mv
VS =+0.6V, oyt = + 2mMA
Vour= £ 0.4V, Vey = —0.4V 15 3.0 1.0 3.0 v/my
Vs= +0.65V, lgyr= = 2mA
Vour= +0.3V, Voy= —0.4V o| 05 0.75 v/mv
Shunt Gain (Note 5) 0.1mA<lgyr<5mA, R =1.1kQ2
1.2V <Voyr <40V 14 33 10 33 v/mv
1.3V < Vgyr < 40V o| 6 6 v/mv
0.1mA < loyr<20mA, R, = 2502
1.5V=V " <40V 8 25 6 25 v/my
ol 4 4 v/my
L s
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LM10

Of AMP ELECTRICAL CHARACTERISTICS (Note 3)

LM10/LM10B

LM10C

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
CMRR Common-Mode Vg= + 20V
Rejection Ratio ~20V=Vey=<19.15V 93 102 9 102 dB
—20V=Vey<19V 87 87 dB
PSRR Power Supply -0.2V=V~ = -39V
Rejection Ratio yt=1.0V 90 9 87 96 dB
Vi =11V 84 84 dB
Vo =-0.2v
1.0V=V+t<39.8v 96 106 93 106
1.1V=V* <398V 90 90
Rin Input Resistance (Note 6) 250 500 150 400
150 115
Is Supply Current 270 400 300 500
500 570
Alg Supply Current 1.2V=sVg= 40V 15 75 15 75
Change 1.3V=Vg= 40V 75 75

REFERENCE AMPLIFIER ELECTRICAL CHARACTERISTICS (Note 3)

LM10/LM10B LM10C
SYMBOL _ PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
' Feedback Sense Voitage at Pin 1 with Pin 1 195 200 205 190 200 210 mv
Voltage Connected to Pin 8 194 200 206 189 200 211 mv
AVRer Reference Drift 0.002 0.003 %/°C
ATemp
Feedback Current Current into Pin 8 20 50 2 75 nA
65 90 nA
Line Regulation 0 <iggr < 1MA, Vpee =200mVY
1.2V=Vg=4QV 0.001 0.003 0.001 0.008 %/V
1.3V=Vg< 40V 0.001 0.006 0.001 0.01 %/V
Load Regulation O<lpge=1mA
V* —Vgegez 1.0V 0.01 041 0.01 0.15 %
V* —Vgge= 1.1V 0.01 0.15 0.01 0.20 %
Reference Amplifier 0.2V<Vpgr=35V N 75 25 70 V/mv
Gain 23 15 v/mv

Ly
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“

OP AMP ELECTRICAL CHARACTERISTICS (Note 3)

LM10CL
SYMBOL | PARAMETER CONDITIONS e T R, -l T
Vos Input Offset Voltage 03 20 0.5 4.0 mv
3.0 5.0 mv
AVgg Average Offset 2.0 5.0 uV/°C
Alemp Voltage Drift
los Input Offset Current (Note 4) 01 07 0.2 20 nA
1.5 3.0 nA
Algs Offset Current 2.0 5.0 pA/°C
ATemp Drift
lg Input Bias Current 10 20 12 30 nA
30 40 nA
Alg Bias Current Drift 60 90 pA/°C
ATemp
AvoL Large Signal Vg=+£3.25V, lgyr=0. Vour= £ 3.2V 60 300 40 300 v/mv
Voltage Gain 40 25 vV/mV
Vg=+3.25V, Vgyr= £ 2.75V
lour = = 10mA 10 25 5 25 vV/my
3 V/mv
lOUT ==+ 2mA, VCM =-0.4V
Vg=+0.6V, Voyr= £ 0.4V 1.5 3.0 1.0 3.0 v/mv
Vg=+0.65V, Vgyr= +0.3V 0.5 0.75 V/mv
Shunt Gain (Note 5) 0.1mA = lgyr < 10mA, R =500Q
1.5V=V* <65V 8 30 6 30 v/mv
4 4 V/mV
CMRR Common-Mode Vg= +3.25V
Rejection Ratio -3.25V=Vay=<2.4V 83 102 80 102 dB
-3.25V=Vey<2.25V 83 74 dB
PSRR Power Supply —0.2V=V = -54V
Rejection Ratio yt=1.0V 86 96 80 96 dB
vt=1.2v 80 74 dB
PSRR V- =-0.2v
1.0V=sV*t<6.3V 94 106 80 106 dB
1.1V=VT <6.3V 88 74 dB
Ry Input Resistance (Note 6) 250 500 150 400 k2
150 115 kQ
Is Supply Current 260 400 280 500 phA
500 570 #A
L ___________________________________________ I
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REFERENCE AMPLIFIER ELECTRICAL CHARACTERISTICS (vote 3

(M108L LM10CL
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
VRer Feedback Sense Voltage Voltage at Pin 1 with Pin 1 195 200 205 190 200 210 mvV
Connected to Pin 8 e 194 200 206 189 200 211 mv
AVper Reference Drift [} 0.002 0.003 %/°C
ATemp
Feedback Current Current into Pin 8 20 50 2 75 nA
® 65 90 nA
Line Regulation 0=<lper=0.5mA, Vper =200mV
1.2V=Vg=<6.5V 0.001 0.01 0.001 0.02 %/V
1.3V=Vg<6.5V e 0.001 0.02 0.001 0.03 %/V
Load Regulation 0<Ilger=<0.5mA
V¥ —Vggez 1.0V 0.01 0.1 0.01 0.15 %
V¥ —Vgegez 1.1V ® 0.01 0.15 0.0t 0.20 %
Reference Amplifier Gain 0.2V<Vper=5.5V 30 70 20 70 V/mv
e| 20 15 V/mV

The @ denotes the specifications which apply over full operating temper-
ature range.

Note 1: The input voltage can exceed the supply voltages as long as the
voltage from the input to any other terminal does not exceed the max-
imum differential voltage, and the maximum junction temperature is not
exceeded due to the excess power dissipation that occurs when the input
voltage is less than the negative supply voltage.

Note 2: The maximum operating junction temperatures are: 150°C for
the LM10; 100°C for the LM10B and LM10BL; and 85°C for the LM10C
and LM10CL. Package derating factors will be found on the back page of
this data sheet.

Note 3: These specifications apply for the following conditions unless
otherwise noted:

at 25°C over temperature

(8) V™ =Vey=V*t—-0.85v V™ sVey=sVt—1.0v

{b) 1.2V =Vg =Vyax 1.3V =<Vg <Vpax
VREF=0'2V and 0< lREF =<1.0mA where VMAX=4DV for the LM10,
LM10B and LM10C and Vyax="8.5V for the LM10BL and LM10CL. The
specifications do not include errors due to thermal gradients {7, = 20ms),
die heating (7,=0.2 sec) or package heating.

Note 4: For T,>90°C, |pg may exceed 1.5nA when Vgy =V ™. When
the common-mode input voltage is within 100mV of the negative supply
and T;=125°C, the offset current will be less than 5nA.

Note 5: Shunt gain defines the operation in floating applications when
the output is connected to the V* terminal and input common-mode is
referred to V™~ (see typicai applications). The effects of larger output
voltage swing with higher load resistance can be accounted for by adding
the positive supply rejection error.

Note 6: Guaranteed by design.

LY
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TYPICAL PERFORMANCE CHARACTERISTICS (0p Amp)

Input Current

15 =]

o

Vg + 20V

|
«

INPUT CURRENT (nA)

o
<2}

\\

T —— OFFSET

0

-50 -25

0 25 50 75
TEMPERATURE (°C)

100 125

Input Noise Voltage

Ayz= 100

100

INPUT NOISE {nV/vHz)

1k
FREQUENCY (Hz)

100 10k 100k

Output Saturation
Characteristics

1.0

0.5

0.2

—20mA

0.1

0.05

0.02

L=

0.1mA

0.01
0.005

SATURATION VOLTAGE (V)

— NPN |

= = PNP

0.002

Vg==2V |

0o/ Ta= —55°C

0.001

-03 0.2

-0 0 0.1 0.2
OFFSET VOLTAGE CHANGE (mV)

0.3

COMMON-MODE LIMITS (V)

SATURATION VOLTAGE (V)

VOLTAGE GAIN (dB)

|
o
w

|
-
[=]

o

]
o
w

-1.0

130

120

110

—
(=]
(=]

90

100k

1.0
0.5

0.2
0.1

<
o
&

0.02
0.01
0.005

0.002
0.001

Common-Mode Limits

f
v+

pomreerem"]
!
//
AVpg< 0.5mV
Alps< 2nA
Alg< 10nA
i

1

2% 50 75
TEMPERATURE (°C)

50 -25 0 100 125

DC Voltage Gain

IR
Vg=+12V
Vo= £ 10V -

1T
Ta=—55°C

M

25°C

N

125°C

™~

10k 1k 100

LOAD RESISTANCE (©2)

Output Saturation
Characteristics

AN

lout ‘=20IT\A

—20mA

— e e—

~
0.1mA

I
=

[ —0.1mA

NPN e e
PNP
Vo= 2V
Ta=25°C

o/
03 -02 -01 0 0.1 0.2
OFFSET VOLTAGE CHANGE (mV)

0.3

2-286

Offset Voltage Drift
05
s
E
w
(5]
= —
=4 |
o
o
e
o
-05
-50 —-25 Q0 25 50 75 100 125
TEMPERATURE (°C)
Transconductance
100 VT T Hzivf
5= +
—_ 50 Vgar= 1V
= Ta= —55°C %
=1 A
& 2 1 :
Z / A l
& 10 A -
% 5 y 4 >, III ;
5 7 25°C 17
= / A :
e 2 4 / 125°C ‘
3 1L/ / !
5 y I
E05 £ i
=2
(=]
0.2
o1 / ‘
001 002 005 01 0.2 05 1.0
OFFSET VOLTAGE CHANGE (& mV)
Output Saturation
Characteristics
1.0
T~
0.5 / \ﬁiA_
/
0.2 B
s . —15mA
g v
= \
= 005 // 1 =0.1mA ]
> -
g 0.02 / '%)‘_'
2
g 0.0 // |
2 [ | —
o 0.005 — - —— PNP
IL=—0.1mA /
0.002 |~ Vs==2V
l { /0 Ta=125°C
0.001 —
1.0 -08-06-04-02 0 02 04 06

OFFSET VOLTAGE CHANGE (mV)

LT



LM10

TYPICAL PERFORMANCE CHﬂﬂﬂCTEﬂISTIfS (Op Amp)

Minimum Supply Voltage Minimum Supply Voltage Minimum Supply Voltage
18 18 18
—— NPN 0 — NPN ——— NPN
——PNP — — PNP —— PNP
I} o
1.6 1T =—55°C R Erre { 1.6 [Ta=125°C
> > A=25°C 1 | = oy =
Z Vgar=1.0V Z = out =20mA > |Vsar=1.0V
" SAT :w: Vgar=1.0V ll \ o
=14 =M 2ma — S14 | \\ =14
g f —t—— g —ooma ! Se g \
= = ] e d i —15mA \
g L= —20mA _J \ g l z N[ 15mA
ERWi I A & / o 1 e o e
21 i TY (%1.2 - _imA - 7 1.2
z T dl__] = / _10A = i —104A
= == 10mA _| = =~ e 104 | ],
1.0 1mA 1.0 7 1.0 —
wea| L = ’
— " TmA %/
0.8 0.8 1 | 0.8
03 02 01 0 -01 -02 03 02 01 0 -01 -02 -03 15 10 05 0 -05 —10 -15
OFFSET VOLTAGE CHANGE (mV) OFFSET VOLTAGE CHANGE (mV) INPUT VOLTAGE CHANGE (mV)
Frequency Response Output Impedance Typical Stability Range
140 T T T 1k =+ == 10-6 g
| Ta=25°C > ees F1.2V=Vs =40V STE
20 N 250 7 o F —55°C<Tp= +125°C N
100 ™\ GAIN / mENIA [,\ R Ay =1 |
N - = 100 e — lour =1mA o 10-7
g a0 - \\ L1000 E = ——— s =1 £PNP T
E N / R Z = 4
2 60 N H 2 lour =0 louT = — 1MA S 1
& N 2% 1 >. 1L o 10-8 — ‘
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§ 20 1 ) - .‘:i’ = NI B
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@ — i A 1
40 1 50 01 EREAIN ! 10-10 |
01 10 10- 100 1k 10k 100k 1M 1% 10k 100k ™ 100 10 1 01 001-01 -1 —10 —100
FREQUENCY (Hz) FREQUENCY (Hz) LOAD CURRENT (mA)
Comparator Response Time for Comparator Response Time for
Large Signal Response Various Input Qverdrives Various Input Overdrives
T T 6 6 U
1® ‘ Vg=+ 15V _ Vop=5mV = Vop=50mV
Ta=25°C S = 57
S 4 \ = 1omv /
> 12 5 5 4 "
ul g 3 - S 3
W - 50mv 10mv 5
= j‘ g ? V E 2
3 L 3 B
S s x 1 5mv
2 \ s \ _
=z | = 0 3 > 0
> E VE=5v ] g 1
e & 100 V-=0 — w 100 f
4 \ E o Ta=25°C _| 2
N\ =] | g % V=5V 1
T 7] = 0 ‘ = v-=0 |
0 L LT P = ol | | 2 . Tp=25C
100 1K 10k 100k -02 0 02 04 0608 1012 1.4 1618 -02 0 0204060810 121416 18
FREQUENCY (Hz) TIME {ms) TIME (ms)
o M
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LM10

TYPICAL PERFORMANCE CHARACTERISTICS

Follower Pulse Response

Noise Rejection
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TYPICAL PERFORMANCE CHARACTERISTICS (reterence)

Supply Current Load Regulation Reference Noise Voltage
0.4 ; , 0.1 1k 0 11—
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LM10
APPLICATION HINTS

With heavy amplifier loading to V™, resistance drops in  Lead resistance can approach 1. Therefore, the com-
the V™ lead can adversely affect reference regulation.  mon to the reference circuitry should be connected as
close as possible to the package.

TYPICAL APPLICATIONS
Standard Limited Range Limited Range Offset Adjustment
Offset Adjustment Offset Adjustment with Boosted Reference

Low Voltage Regulator Best Regulation 0V to 5V Regulator
1 Vin>11v 001,
0.01uF . F—-I l_.
Rt ViN>5.2v
R | vwssav Vaur oo | ™
28k ' '—10\/ VW
L

L__Vour
oV TO 5V

AAA
\r=

1 USE ELECTROLYTIC OUTPUT CAPACITORS
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LM10

TYPICAL APPLICATIONS

Two-Terminal Current Regulator

2 7 (R2 +R3Vper
. IOUT=___.____
, 5 R1R3
M1
3 i 4
+ 1
B
J R1
—AAA—
>
% R2 15 R3
Negative Regulator
4~ GROUND

R2 :I- c1*
100k I 25¢F
5 Vour=—10V

1%

Q1
2N5089

P Vi< —10.5V

“ELECTROLYTIC

c1*
0.014F

AAA

- HF -

Shunt Regulator

*REQUIRED FOR CAPACITIVE LOADING

Floating Regulator

+Vour= (1 +E1g> VREF

Cl s

0.001xF _[

&— GROUND

LY
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LM10

TYPICAL APPLICATIONS

High Voltage Regulator

4 Viy> 204V
Vo r= R2 R4
ur= g% VRer 100k S 8
2N3439
03 D1
1N457 1N457
04 02
1N457 == 1N457
. Q2
2N6513
< R3
S 6k
_ — Voyr =200V
P 4 R1
< 2%
1% c2 Lt
-4 C1 < R2 10uF
001.F S2M
T 0.001,F S o
— COMMON

Light Level Sensor

*PROVIDES HYSTERESIS

6V Battery-Level Indicator

R1 S R4
680K R3 S 1.5
2%
R2 &
12k

LED DIMS BELOW 7V
Transducer Amplifier
R2
10M v+
M . 4 5V
R4
s 1k

VIBRATION"I' SR
SENSOR -I- 1M
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TYPICAL APPLICATIONS

Thermocouple Transmitter

Flame Detector

‘ T0 MOS OR

TTL LOGIC
 Ri
200

*800°C THRESHOLD 1S ESTABLISHED BY CONNECTING BALANCE TO Vger

| =—lour
St
" LM134
715
1%
4
CHROMEL % v PLATINUM
RHODIUM
ALUMEL 5 PROBE
PROBE ™\ s '
4
200°C < Tp= 700°C
1mA < g7 < 5mA
TGAIN TRIM
100 Ra SHIFT
1°/D 9 COLD 200 1’
JUNCTION Ts*
comp
R3 Qe 6.67
50 > 1%
Meter Amplifier
R R2
100k 8.5M
1% 1%
- 0AAS ANN—
INPUT
10mV. 100nA
FULL-SCALE
01 D2
1N457 1N457 |_B1
1.5V

LY R

LM134

Thermometer

V>V

V+
R
V- :;715
< 1%
LRt 732
3 15k 1%
1%

S R4
1.6k

0—100°C
0—1004A

*TRIM FOR SPAN
TTRIM FOR ZERO
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TYPICAL APPLICATIONS

Microphone Amplifier

R1 «
6.2MS

MIC

=
n

Z
|ILAAA

Ri~500

Isolated Voltage Sensor
for Switching Regulators
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OP AMP SCHEMATIC DIRGRAM
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REFERENCE AND INTERNAL REGULATOR SCHEMATIC DIRGRAM

v+
7 o ° -
;f R55 1& R56 073 Re7 A7 S l+ R74
5k > 15k > > 15.6k > C15
) $ RS $ A5 05 078 20k $ 0 gk B
20k 1 % 074 05 $R72 ) V-
< 20k 4 R82
BIAS « _ ! l 086 07 800k
Q79 0.3
Q85
C16
e at RE0
osa——b—': 4 05 083‘ "'@3 \‘ sk 2
05 Q84 ‘v‘\l\'—l+ e'
+ | o
"‘W"—i 6—‘ :: R77 SR
> 1. > 721k
C4 0go}—4 T N
30 08;{
| R76 Sh78
870 082 7* > 150k
Q C12 10k WV
5 >
1 RIS S RE2 b3 v SRS
I 28kS S 149 T > 40k
R34 & b
100 Q69
>
REFERENCE _, eI IR e |
QUTPUT Ay 9
Q66 a7el—e
c3 A [
60 R59 A63 S Re4
4 800 135K < 82.4k < R8t
iy W 3 Ik
05?' - ]
:: R66
Q67 Q70 RE5 & 2.5k
2k
- - AVA'A'
Q55
OEE\}
47 8
V- REFERENCE
FEEDBACK
H Package J8 Package N8 Package
Metal Can 8 Lead Hermetic Dip 8 Lead Plastic
AT e
| ™ fon e W] f B e B e W o]
Dyw D033 ¢ B [} 7
i AED ! * R
a0 i} 02200319 [ nonem
krioh T Y (55887 B74) C* 15096 -7.112)
wax [ ez 01650 185 o . | 5 ] ?
¢ ‘ [ wax “"‘;‘m' s g o 1 I Tr T3 :
smln: 'y P i |
05000 70 i e 005 I Q00 0.060
nnm_nms HU [] HU__ ( (270-19 05) "u::;‘ J e " ?
102547143} o 0D16-8 021 15 - 237020 400
unos =] (029 >t ‘:"-% {9.400-10 16) v
s % 0.015-0 060 ' | 2005 L aiamyr el aniitad
// a MAx  {0.301 -1 524) — rm i MiN H
sty TE Y _swmopms :__;_ | d L‘“"s :
7 owr 0w o7 Dete=T 143 ‘ | (3937;1»5; v |
4 (0.6%6-0.860) s + ] ; _ oo ¢ |1 ) ‘1 ] suslous f “,
{__7““4 N o f_— ‘ % E S asaNE il R I,:,’, N
! mrs;snu» | J n:u ‘/Lr W D o JW‘_‘:‘;:‘;:?:“’I s —ul: mf:g;s
0 05300070 . N T 11 JL. A i R
2u1s 208 1 ‘ " oy oo 02030 381) sl ol L_ 00 Tm Limo-owe "
i 3’*,,92,, ‘“sz‘.‘ ’ 0040023 | ame-om e masiv;:su\ ARl
oV oo ' 8SC " T mase_u e [T
13048 - 4 064) RAD TYP e
g
HOTE MENSIONS W Eres -LEADS WM 0 0070 T80 P05 1 1 it st -LEADS W 0 167 0 T POSTID 1 1 408 ARG
Timax Bia Bic Tjmax Bia Timax bia
150°C 150°C/W | 45°C/w 150°C 100°C/W 100<C 130°C/W

2-206 ALY UNEAR
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