


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPLICATions InFoRmATion 
back slightly toward the previous voltage. The magnitude 
of the sag depends on the voltage change and the time 
spent sampling the new voltage. Several time constants 
are typically evident in the sag, although some capacitors 
tend to exhibit a single time constant, while others show a 
sag that indicates a blending of many time constants. The 
curves labeled CAPACITOR DIELECTRIC ABSORPTION 
show the amount of sag found after a 10V step with sam­
ple time at the new voltage and hold time at the new 
voltage as variables. It is obvious that sag problems are 
minimized by long sample times and short hold times. 
This is often in conflict with basic sampling requirements, 
but one point should be made: if at all possible, keep the 
sample and hold amplifier in the "tracking", or sam­
piing, mode as much as possible to maximize the time the 
hold capacitor spends near the voltage at which it wfll 
eventually "hold". 

The best capacitor for sample and hold applications is 
Teflon. It is clearly superior with regard to dielectric ab­
sorption and operates over the full -55°C to 125°C 
temperature range. If size or price becomes a problem, 
the second choice for full temperature range operation is 
"NPO", or "COG" ceramic units. Some care must be 
used here-not all NPO capacitors use the low dielectric 
constant ceramic necessary for low dielectric absorption. 
For lower temperatures �(�~�7�0�°�C�)�,� Polystyrene has tradi­
tionally been the best hold capacitor. The best units are 
cylindrical and fairly large-there seems to be a strong 
correlation between small size and poorer dielectric per­
formance. Polypropylene has nearly the same absorption 
properties as polystyrene and offers 85°C operation. It 
also tends to be smaller. Again, stay with cylindrically 
wrapped units. Other standard dielectrics such as mica, 
glass, mylar, and ordinary ceramic are much worse with 
regard to dielectric absorption. Mylar is sometimes used 
for large values when the ratio of sample to hold time is 
large and extremely low droop is required. 

Dynamic Sampling Error 
A significant sampling error can occur in any sample and 
hold if the input is moving when the unit is put into the hold 
mode. The two major causes for this error are digital delay in 
switch opening and analog delay across the hold capaCitor. 

LF198A/ LF398A 
LF198/ LF398 

The switch opening delay is obvious and leads to a "held" 
output error of (dv / dt) x (T d), where dv / dt is the slew rate 
of the input signal and T d is switch delay. I n the case of the 
LF198, Td is approximately 150ns, giving a 4.5mV error 
when sampling the zero crossing of a 5V (peak) sine wave 
at 1kHz (dv/dt =A-27rt = 5-271'-103). The analog delay is 
the difference between input signal and capaCitor voltage. It 
is determined by the RC product of the hold capacitor and 
the effective series resistance, which in the case of the 
LF198 is about 1500. This analog delay with a 0.01fLF hold 'II 
capaCitor is R-C=150 x 10-8=1.5fLS, or about ten times �~� 
the delay of the switch. The sign of the analog delay is u. 
negative-the held output is related in time to the input Si 
voltage before the hold command was given. The overall �~� 

dynamic sampling error is the sum of the digital and analog �~� 
errors. The curve labeled Dynamic Sampling Error will be C 
helpful in estimating these errors as a function of input slew 0 
rate and hold capaCitor size. ;;; 

a:: 
Dynamic sampling error can be reduced by a factor of ten 
or more by inserting a delay in the logic input so that the 
"hold" command is delayed by an amount equal to the 
RC time constant of the LF198 and external hold capaci­
tor. For a 0.01 fLF hold capaCitor and the 1500 resistor in­
ternal to the LF198, this is 1.5fLS. A simple RC network 
can be used in front of the logic input for delays up to 
= 1fLS. Longer delays require the addition of a logic gate 
to speed up the rise time of the delayed signal. See LOGIC 
RISE TIME in this section for further details. 

Hold Stap 
Hold step is the small voltage step (after settling) seen at 
the output of a sample and hold amplifier when it is 
switched from the sample mode to the hold mode with a 
steady DC input. Hold step is typically the result of, or can 
be modeled as, a fixed quantity of charge transferred to 
the hold capaCitor as a result of the internal switching that 
occurs during the hold command. In the case of the 
LF198, that charge is about 5 picocoulombs, giving a 
hold step of 0.5mV for a 0.01fLF hold capaCitor and 5mV 
for a 1000pF hold capacitor. (V =Q/C.) Hold step is 
reasonably independent of logiC amplitude if care is taken 
to minimize the stray capacitance between the logic input 
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APPLICATions InFoRmATion 
and the hold capacitor. With thoughtful layout, including 
the guarding technique shown below, stray capacitance 
should be under 0.3pF, limiting charge variations to less 
than 0.3 picocoulombs per volt. 

LOGIC 
REFERENCE 

Guarding Technique 

V+ 

BOTTOM VIEW 

Use 10-pin layout. Guard around Ch Is tied to output. 

Hold step varies slightly with analog input voltage (see 
curves). A typical unit will change at 0.4 picocoulombs per 
volt. This manifests itself as a gain error when the amplifier 
is switched to the hold mode. With a 0.011'F capacitor, the 
resulting gain error will be (0.4 PC/V)/0.01I'F =0.004%. 
This gain error is in the opposite direction of DC (sample 
mode) gain error. At high values of hold capacitor, DC gain 
error will dominate and gain will be slightly below unity 
(0.002%). For low value capacitors « 0.01I'F), hold step 
induced gain error will dominate and hold mode gain will 
be slightly above unity. Zeroing out hold step does not 
change the variation of hold step with regard to input 
voltage. 
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Offset laroing 
A sample and hold amplifier has two distinct offset volt­
ages. The first is just the DC offset of the amplifier while in 
the sample or "tracking" mode. It is identical to the input 
offset of any operational amplifier. The second offset 
voltage is the sum of the DC offset plus a dynamic term 
called hold step. Hold step is a change in output voltage 
when the amplifier is switched from sample mode to hold 
mode, with the input held steady. This second offset is 
often called hold mode offset. It can be less than or much 
greater than the DC offset, depending on the magnitude 
and sign of hold step. 

A fairly accurate model for hold step is a fixed charge 
injected into the hold capacitor by the switch turn-off cir­
cuitry. The magnitude of the charge is reasonably inde­
pendent of logic input amplitude. The resulting change in 
hold capacitor voltage is Q/Ch. The charge, Q, is typically 
S picocoulombs, giving a O.SmV hold step with a 0.011'F 
hold capacitor. Since most sample and hold amplifiers are 
"used," i.e., have their outputs read by an A to D con­
verter, etc., during the hold mode, hold mode offset is 
arguably much more important than sample mode DC 
offset. 

DC offset adjustment is accomplished with a 1 k low TC 
cermet potentiometer tied to V+ with 0.6mA flowing 
through it and the wiper tied to pin 2. This allows pin 2 to 
be moved ± 300mV around its nominal voltage (0.3V 
below V+). Offset adjustment range is ±9mV, and the 
adjustment procedure nominally improves offset drift 
when the DC offset is reduced to zero. This offset 
method can be used to zero out hold mode offset, but at 
the expense of some induced offset drift. Each millivolt of 
hold step offset that is corrected by this method intro­
duces 3.31'V/oC drift. For 0.0021'F or larger hold 
capacitors where hold step is a few millivolts or less, this 
is a practical solution to hold mode offset. In precision 
wide temperature range applications, or where Ch is less 
than 0.0021'F, a separate hold mode zeroing method 
should be used. The circuit shown in the application sec­
tion using a logiC inverter and a SpF capacitor is recom­
mended (DC AND AC ZEROING). 



APPLICATions InFoRmATion 
Logic Fall Time 

LF198AI LF398A 
LF198/LF398 

Hold step is independent of logic input fall time only for 
fall times faster than 10V I~. For instance, as logic fall 
time changes from 1 OV I ~ to 1V I~, hold step with a 
0.01 ttF hold capacitor will typically increase from O. 25mV 
to 1.0mV. See the curve labeled HOLD STEP vs LOGIC 
SLEW RATE for further data pOints. If logic slew rate is not 
constant, use the value at the threshold point (1.5V with 
respect to logic reference). An RC network will have a 
discharge slew rate of VL/RC, where VL is the logic 
threshold of the LF198. The delay generated by the net­
work will be RCeln(V+ IVL), where V+ is logic ampli­
tude. For a 1~ delay, with 5V logic, an RC time constant 
of 0.8~ is needed. This has a slew rate of 2V/~ at 
threshold, which will Slightly degrade hold step. It is ob­
vious that an RC delay network significantly longer then 

1~ will have a large effect on hold step. If longer delays 
are required, they should be followed by several inverter 
stages or a Schmitt trigger to increase slew rate. 

LOGIC InpUT COnFIGURATiOns * 
TTL and CMOS 

3V:s; VL (Hi State):s; 10V 

THRESHOLD = 1.4V 

V+ 

n HOLD 7 

--1 LSAMPLE 

THRESHOLD = 1.4V 
"SELECT FOR 2.BV AT PIN B 

R1" 

2.BV 

RB 
5.6k 

CMOS 
7V:s; VL (Hi State):s; l5V 

V+ 

20k 

THRESHOLO=O.6 (V+)+1.4V 

V+ 

20k 

n HOLD 7 

.J LSAMPLE 
30k 

THRESflOLD=O.6 (V+)-1.4V 

Adding Delay to Logic Input 

V+ 

ANALOG 3 
INPUT 

I C "INVERTERS MAY BE ELIMINATEO 
FOR RCs3!" 

Op Amp Drive 

B.2k -'VV\,_ 
13VRSAMPLE 

-13V HOLO 4.7k 

THRESHOLD = +4V 

13V-HOLD "::' 
B.2k 

-13V SAMPLE 

THRESHOLD = -4V 

'The logic input signal high state must be at least 2V below the positive supply voltage of the LF198. 

4.7k 
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TYPICAL APPLICATions 

15V 
R2 
2M 

X1000 Sample and Hold 

R3 
1M, 
1% 

l°~~f OFFSET +-'VIII~~R-4-~ 
ADJUST 1k 

-15V 1% 

"FOR LOWER GAINS, THE LT100B MUST BE FREQUENCY COMPENSATED 

USE ~~PF FROM CDMP 2 TD GROUND 
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Ramp Generator with Variable Reset Level 

-15V 15V R1 
B.2k 

D1 
LTlOD4 
1.2V RESET 

LEVEL 
INPUT 

?il;~>-::"-'-I-""'-DUTPUT 

RESET 
5V-n. 

DV.J L 
RAMP 

"SELECT FDR RAMP RATE ~ = (R1i)2~ ) 
R>o10k h 

VOUT 

Sample and Difference Circuit 
(Output Follows Input in Hold Mode 
and Resets to VB in Sample Mode) 

VOUT=VB+~V'N (HOLD MOOE) 

nRESET 

.J LTRACK 

"THIS RESISTOR PROTECTS INPUT 
FROM SURGE CURRENTS, BUT INCREASES 
SAMPLE TIME. IT CAN BE ELIMINATED 
IF INPUT IS OTHERWISE PROTECTEO. 

Integrator with Programmable Reset Level 

RESET VR 
LEVEL 
INPUT I 

"4-
RESET-n 

INTEGRATE.J L 

V+ 

.,_,." • .",.-OUTPUT 

1% 

R2 
200k 
1% 

15V 

DIFFERENTIAL { C 
INTEGRATING ~_ h 

INPUT -"'V\I\r--..-....:.j 
R3 
1M 
1% -15V 

R4 
200k 
1% 



TYPICAL APPLICATions 
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Output Holds at Average of 
Sampled Input Fast Acquisition, Low Droop Sample and Hold 

15V 

V+ 

INPUT 

OUTPUT 

1DJ'S---1 L 
SAMPLEn :V 

OC and AC Zeroing 

OC 
Vos 15V 

24k 1k ZERO 

5pF 

AC (HOLD STEP) ZERO 

10k 

INV 

15V 

OUTPUT 

r--~+5V 

JL 
5ms--j I-

2-Channel Switch 

15V 

"A" SELE~~-n 

OV.J L 
"8" SELECT 

Gain 
ZIN 
8W 
Crosstalk 
@lkHz 
Offset 

A 
1 ±0.02% 
10'00 
=lMHz 
-90d8 

=:::;6mV 

"8" INPUT 

1 ±0.2% 
47kO 
=400kHz 
-90d8 

s:75mV 
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TYPICAL APPLICATions 

RESET 5V-n 
DV-.-J L 

CLOCK 

Staircase Generator 

.. / 
5V-n n ------<~-~~N'v-.. 
DV.-l U L 

RS· 
5Dk 

8-42 

02 
1N914 

C4 
T3DOPF 

Capacitor Hysteresis Compensation 

+ 

R1 
2DOk 

C1· 

JO.2#F 

·SELECT FOR TIME CONSTANT C1 = l:Ok 

··ADJUST FOR AMPLITUDE 

C2 
T3DDPF 

R8 
12k 

R5 

R4 
8.2k 

·SELECT FOR STEP HEIGHT 
5Dk- "lV STEP 

Differential Hold 
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TYPICAL APPLICATions 

lN914 

Cl 
0.1 ~FT 

R2 C2 
3k 1000pF 

POLY­
STYRENE 

INPUT 

REF 

";:" 

15V 

-5V 

Isolated Temperature Sensor 

RB 

.----'11°/1°1\0 • ...-..... _--;7 T1 6 

Rl 
";:" 

120k 

R2 D3 
lN914 

·OLMI35 
~~k 2 10mV/'K 

1.5M 

15V 

-15V 

R3 
R4 33k 
2.7k 

C5 
D.0047 ~FT 

R5 
2.4k 

R6 
4.7k 

C2 
470pF 

Dl 
lN914 

'CDMPENSATES FOR TRANSFORMER RESISTANCE. 
SELECT FOR FLAT OUTPUT FROM LF19B WHILE 
IN SAMPLE MODE. 

TI ~ TRW PC-SSO-32 
15V 

5 OUTPUT 1~~V 

-15V 

Pulse Width to Voltage Converter 

D4 

D5 

R3 
12k 

-5V 

r----.- 5V 

R4 
lk 

D2 D3 

5V 

a 
3.4 

R5 
lk 

1 5,14 

74L121 

R6 5V 
lk 

R7 
10k 

'READ «II" AFTER 
Q GOES LOW 

D2-D5 lN914 C4 
1000pF 

t FOR REPETITIVE PULSES 
DNLY. INCREASE C5 FOR 
1,,10kHz 

8-43 

\II 
U a: 
Yo 
a:: 
\II 
l­e -"­c: o 
iii 
a:: 
~ c o 
u 
a: 
I­a: 
Q 
"­va 
o e 
u 



LF198AI LF398A 
LF198/LF398 

TYPICAL APPLICATions 

Motor Speed Controller Needs No Tachometer* 

-:r-:LC2 
- + 1# 

Dlt 
lN914 

Rl 
6k 

15 

LT3524 
14 

R12 
6.2k 

Rl0 
5k 

Rll 
6BOO 

-= R9 

R7 
7.5k 

3.9k 

15V 

R13 
lk 

-= 
03 
lN4001 

R8 
10k lN4148 

"BACK EMF OF MOTOR IS SAMPLED 
AND USED TO CONTROL SPEED. 

""SELECT FOR OPTIMUM LOOP STABILITY. 

tDl IS USED FOR START·UP. IT 
LIMITS DUTY CYCLE TO ~ 75% 

C3 IS NON POLARIZED 

DEFiniTion OF TERms 
Hold Step: The voltage step at the output of the amplifier 
when switching from sample mode to hold mode with a 
constant analog input voltage and a logic swing of 5V. 

Acquisition Time: The time required to acquire, within a 
defined error, a new analog input voltage with an output 
change of 10V. Acquisition time includes output settling 
time and includes the time required for all internal nodes 
to settle so that the output is at the proper value when 
switched to the hold mode. 

Gain Error: The ratio of output voltage swing to input 
voltage swing in the sample mode expressed as a percent 
difference. 

8-44 

Hold Settling Time: The time required for the output to 
settle within 1mV of final value after a hold command is 
initiated. 

Dynamic Sampling Error: The error introduced into the 
held output voltage due to a changing analog input at the 
time the hold command is given. Error is expressed in mV 
with a given hold capacitor value and input slew rate. 
Note that this error term occurs even for long sample 
times. 

Aperture Time: The delay required between "Hold" 
command and an input analog transition, so that the tran­
sition does not affect the held output. 
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PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

H Package 
Metal Can 

If 
(~:~~~D~A~:;~~)-----

r 0.305-0.335 .. 
(7.747-8.509) I 

0.040 DlA 

iiT16i ~~0''''05'''0-----r. 
MAX {1.27U} 0.165-0.185 

I L MAX (4.191-4.699) 

L-- •• 
SEATING ---t-- GAUGE' 

PLANE t - - --t-PLANE 0.500-0.750 
~ 00 0 O~ (12.70.19.05) 

(0.254-1.143) -.11_ 0.016_0.-02-,------'-

.l~~iU"I~ 

J8 Package 
8 Lead Hermetic DIP 

0 5-t 
0.220-0,310 
(5.588-7.874) 

.1 4 ~ 

--II_~ 
(10.29) 

0.200 MAX 

(1.397) 
MAX 

1-~1 (5.080) ~ 0005 

0.'25~ (3.810) 
(3.175-5.080) MIN 

I , 

1/ II 
1/ \1 
// ,I / ,:::::::::,A ttl 

L-_____ ++o 0 

6 I 
o 50 4 0 

GLASS 

-"'rW'm=:1 t-I-[ I ~ 0.150 

t J I-II ~t 0100 (0.762-1.778) 
-'- ....-. TYP 
(2.540) .-.- 0.014-0.023 

BSC -. (0.356-0.584) 

,A, 
-I" too_15' jk.- 0.008-0.015 

(0.203-0.381) 
TY' 

0.290-0.320 
(7.366-8.128) 

Tjmax 

LF1981 LF198A 150'C 

LF398/LF398A 100'C 
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-~2~~~D) 
asc· 

..- RADTYP 

Oja 

150'C/W 

150'C/W 

8jc 

45'C/W 

45'C/W N8 Package 
8 Lead Plastic 

F=1~ 0.24010.280 

~1(609T112) 

J I 0.040 0.060 
- (1.016) MAX (1.524) 

SO 
1..- 0.370-0,400 =t-

.!C!!.!!!.I (9.400-10.16) 

(0~~8) ~ (:::;) 

0'155~t MIN 

~ 

t ~ I -:---::T 
0.125-0.130 t 0.115-0.145 

t JJ It 00::~2:t:683) 
!1!!.Q.. (0.76;Y~.524) 

(~·:t~) -. ~ 
TYP (0.356-0.584) 

TY' 

TYP 

-LEADS WITHIN 0,007 OF TRUE POSITION ITP) AT GAUGE PLANE 

'R-70

±5

0 

I , 
I , 

" I 
II I' 

-I tOO- 15' JI~~ (0.203 - 0.381) 
TY' 

0.290-0.310 
(7.366- 7.874) 

-LEADS WITHIN 0.007 OF TRUE POSITION (TP) AT GAUGE PLANE 
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FEATURES 
• Low Operating Voltage ± 5V to ± 15V 
• 500ftA Supply Current 
• Zero Supply Current when Shut Down 
• Outputs Can Be Driven ± 30V 
• Thermal Limiting 
• Output "Open" when Off 
• 10mA Output Drive 
• Pin Compatible with 1488 

APPLICATions 
• RS232 Driver 
.Power Supply Inverter 
• Micropower Interface 
• Level Translator 

TYPICAL APPLICATiOn 

-6V 

INPUT 

OUTPUT 
ON-OFF 

(OV-5V)t 
INPUT 

OUTPUT 

RS232 Line Driver 

+6V 

STROBE" 

INPUT 

OUTPUT 
RESPONSE TIME 
CONTROL" 
INPUT 

OUTPUT 

"NO CONNECTION NEEDED WHEN NOT USED. 
t5V=ON. 

DESCRIPTion 
The LT1 032 is a RS232 and RS423 line driver that operates 
over a ± 5V to ± 15V range on low supply current and can 
be shut down to zero supply current. Outputs are fully pro­
tected from externally applied voltages of ± 30V by both 
current and thermal limiting. Since the output swings to 
within 200mV of the positive supply and 600mV of the neg­
ative supply, power supply needs are minimized. 

Also included is a strobe pin to force all outputs low inde­
pendent of input or shutdown conditions. Further, slew 
rate can be adjusted with a resistor connected to the 
supply. 

A major advantage of the LT1032 is the high impedance 
output state when off or powered down. 

V+ 

~ 
[il 0.2 

~ 0.4 
Co 
=> 
UJ 

~ 
Cl 
u.J 
0: 

~ 1.0 
u.J 

~ 0.8 

'" !3 0.6 
o 
;:: 0.4 
=> 
Co 

~ 0.2 
o 

V-

Output Swing vs Output Current 

r-t-

VOUT HIGH r-

VOUT LOW 
........-r-I-ro-

"..., I"'" 

/ 

o 4 6 8 10 
OUTPUT CURRENT (mA) 

8-47 

'II 
U 
a: u. a: 

= c -......... 
C o 
'" a::: 
~ c o 
u 
a:: ... 
a:: 
Q 
......... 

'" o e 
u 



LT1032 

ABSOLUTE mAXimum RATinGS 

Supply Voltage. . . . . . . . . . . . . . . . . . . . . . . .. ± 15V 
Logic Input Pins ..................... V- to 25V 
On-Off Pin ......................... GNDto 15V 
Output(Forced) ............. V- +30V, V+ -30V 
Response Pin. . . . . . . . . . . . . . . . . . . . . . . . . .. ± 6V 
Short Circuit Duration (to ± 30V) .......... Indefinite 
Operating Temperature Range 

LT1032M .................... -55°Cto 125°C 
LT1032C ........................ O°Ct070°C 
Guaranteed Functional by Design. .. - 25°C to 85°C 

Lead Temperature (Soldering, 10 sec) ........ 300°C 

ELECTRICAL CHARACTERISTICS 
(Supply Voltage = ± 5V to ± 15V) 

PARAMETER CONDITIONS 

PACKAGE/ORDER InFORmATion 

J PACKAGE N PACKAGE 
14·PIN HERMETIC 14'PIN PLASTIC 

MIN TYP MAX 

ORDER PART 
NUMBER 

LT1032MJ 
LT1032CJ 
LT1032CN 

UNITS 
Supply Current VON/OFF2:2.4V, 10UT=0, All Outputs Low • 500 1000 pA 

Power Supply Leakage Current VON·OFF:s0.4V 
VON.OFF:s0.1V, TA= 125'C 

Output Voltage Swing Load = 2mA I Positive 

I Negative 

Output Current VSUPPLY ± 5V to ± 15V 
Output Overload Voltage (Forced) Operating or Shutdown 

Output Current Shutdown VOUT= ±30V 
Input Overload Voltage (Forced) Operating or Shutdown 

Logic Input Levels Low Input (VOUT= High) 
High Input (VouT=Low) 

Logic Input Current VIN>2.0V 
VIN <0.8V 

On-Off Pin Current o :sVIN:s 5V 
Slew Rate I RESPONSE = 0 
Change in Slew Rate (Note 2) I RESPONSE = + 50pA 

I RESPONSE = - 50p.A 
Response Pin Leakage VSUPPLY = ±6V, VON/OFF:SO.4V, 

V RESPONSE = ± 6V 

The. denotes specifications which apply over the operating 
temperature range. 

Note 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used. 

8-48 

1 10 pA 

• 10 50 pA 

V+ -0.3V V+-0.1V V 

V +0.9V V +0.7V V 

10 22 mA 

• V+-30V V +30V V 

2 100 pA 

• V 30V V 

• 1.4 0.8 V 

• 2 1.4 V 

2 20 pA 
10 20 pA 

• -10 3 50 pA 

4 15 30 V/p.S 

+50 % 
-50 % 

1 pA 

Note 2: Response can be changed by connecting a resistor to the 
supply. For supplies less than ± 6V this current is disconnected when 
shut down. Leave open when not used. 



TYPICAL PERFORmAnCE CHARACTERISTICS 

3.0 

;;;: 2.5 
.s 
!z 
~ 2.0 
'5 
'-' r5 

I 1.0 

~ 
~ 0.5 

o 

On Supply Current vs 
Temperature 

ALL OUTPUTS HIGH ---..... V 
V 

ALL OUTPUTS LOW 

r-" 

~ 

V 

-50 -25 0 25 50 75 100 125 
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LT1032 

TYPICAL PERFORmAnCE CHARACTERISTICS 
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APPLICATions InFoRmATion 
Application Hints 

The L T1 032 is exceptionally easy to use when compared 
to older drivers. Operating supply voltage can be as low 
as ± 3V or as high as ± 15V. I nput levels are referred to 
ground. 

The logic inputs are internally set at TTL levels. Outputs 
are valid for input voltages from 1 V above V- to 25V. 
Driving the logic inputs to V- turns off the output stage. 
The' 'on-off" control completely turns off all supply cur­
rent of the LT1 032. The levels required to drive the device 
on or off are set by internal emitter-base voltages. Since 
the current into the' 'on-off" pin is so low, TTL or CMOS 
drivers have no problem controlling the device. 

The strobe pin is not fully logic compatible. The imped­
ance of the strobe pin is about 2kQ to ground. Driving the 
strobe pin positive forces the output stages low-even if 
the device is shut off. Under worst-case conditions, 3V 
minimum at 2mA are needed driving the strobe pin to in­
sure strobing. 

Pin FunCTion 

PIN FUNCTION 

Minus Supply 

2,5,9,12 Logic Input 

3,6,8,11 Output 

4 On-Off 

Ground 

10 Response Control 

13 Strobe 

LT1032 

The response pin can be used to make some adjustment 
in slew rate. A resistor can be connected between the 
response pin and the power supplies to drive 50J1-A to 
1 OOJ1-A into the pin. The response pin is a low impedance 
point operating at about O. 75V above ground. For supply 
voltage up to ± 6V, current is turned off when the device 
is turned off. For higher supply voltages, a zener should 
be connected in series with the resistor to limit the voltage 
applied to the response pin to 6V. Also, for temperatures \II 
above 100°C, using the response pin is not recom- ~ 
mended. The leakage current into the response pin at "" 
high temperatures is excessive. ~ 

Outputs are well protected against shorts or externally 
applied votlage. Tested limits are ± 30V, but the device 
can withstand external voltages up to the breakdown of 
the transistors (typically about 50V). The LT1032 is 
usually immune to ESD up to 2500V on the outputs with 
no damage (limit of LTC tester). 

COMMENT 

Operates - 2V to -15V 

Operates properly on TTL or CMOS levels, 
Output valid from (V - + 2V) :5 V1N :515V, 
Connect to ground when not used, 

Line drive output. 

Shuts down entire circuit. Cannot be left 
open, For "normally on" operation, con-
nect to V+, 
Ground must be more positive than V-

Allows limited change of slew rate, Leave 
open when not used, 

Forces all outputs low, Drive with 
3V, 
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LT1032 

TYPICAL APPLICATions 

Protecting Against More than ± aov Output Overload 
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V+ 

INPUT •• :>-+-JVII,,"""" TO LINE 

V-

FET Driver 

INPUT 

TTL/CMOS Compatible Strobe 

TTL INPUT 

10k 

TO LT1032 
STROBE 

INPUT 

Slew Rate Adjustment* 

+5VfJ10Vt +15V j 80k 80k . , Q 50 A INCREASES 

~ " SLEW RATE 

PIN1°"l12Bk OR120k~50"A DECREASES f ~ ~ SLEW RATE 

-5V -15V 
10vt 

• ABOUT 4V I", CHANGE 
tZENERS PREVENT LEAKAGE 

DURING SHUT DOWN 

Strobing with CMOS 

TTL INPUT 



TYPICAL APPLICATions 

fCLOCK=lkHz 
5V -1""1 
OV...J L-

j 

± 5V to ± 15V Voltage Multiplier 

+5V 

VOUT 
1"-+ ............ 13.7V AT NO LOAD 

+ 12.0V AT lOrnA 
47M r 

.,.. -VOUT 
,......---+...-:1 ................... -13. 7V AT NO LOAD 

-12.0V AT lOrnA 
470~F"I 

L:" _ ~_~;;~ 

-5V 

Phase Shift Oscillator 

Operating from a Single 5V Supply 

'LEVEL SHIFTING RESISTORS NEEDED FOR EACH INPUT 

LT1032 
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LT1032 

SimPLIFIED SCHEmATIC 

v-

LOGIC 
INPUT 

C1 
10pF 

OUTPUT 

R16 
30 

RESPONSE TIME ADJ STROBE 

PACKAGE DESCRIPTion 

0290-0320 

~17,366-8128)--1 

fE\ L OOOS-0012jl-
(0.203-0304) 

0385±0025 
(9 779±0 6351 
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J Package 
14-Lead Hermetic DIP 

0.310 0785 

i7B'74')~119'94)= MAX MAX 
GLASS -1--- 14 13 12 11 10 9 8 I 

029' 
i7T9'ii~_ 

MAX (0635) 

~~rT~rT~rT~rT~r.T~ 

0160 0.200 
iT054j {SOBOl 

~r Mt 0.020 -0,070 

E~~~~~~~~:Fi3 (0.508-1.778) 

_I 

LT1032MJ 

LT1032CJ 

LT1032CN 

0,125 

mTsi 
"j' 

Timax 
150'C 

85'C 

85'C 

N Package 
14-Lead Plastic 

0,280 

1

- (~:~~~ = ~ ~;~I-I r TYP (2 PLS1-1 Fi ri7:1i2i1 
MIN ~ I~:~~~I -I-i!-++-------_..." H 13.175) MIN 0.130"'0,0051-',---1-+--,-",--,,-,-,---,,-,--/--_-'-

MIN • ~I 

:::1s 1 I Ii 

l~jl- t o 075±001iI -(0.228-0.381) (1 905~0381) 

0.325 ~~'~~; 
(8 m ~~'~i~) 

8iA 8iC 
100'C/W 60'C/W 

100'C/W 60'C/W 

1000C/W 60'C/W 

1

_11_001s.0003 
(0,457±0.076) 
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~"""LlntI\Q MILITARY PRODUCTS 
~, TECHNOLOGY~--------------

LINEAR TECHNOLOGY MIL/JAN PRODUCTS 

Linear Technology Corporation offers a comprehensive se­
lection of precision voltage references, operational ampli­
fiers, voltage regulators, comparators, and CMOS circuits 
designed specifically to serve the rigorous requirements of 
the military marketplace. 

The company's specification system and quality proce­
dures and policies were set up from the beginning to meet 
the exacting demands of MIL-Q-9858 (Quality Program 
Requirements), MIL-I-45208 (Inspection System Require­
ments), MIL-M-38510 (General Specification For Microcir­
cuits) and MIL-STD-883 (Test Methods and Procedures For 
Microelectronics). 

Compliance to these specifications is a statutory require­
ment for all employees at Linear Technology. The programs 
now in place that serve the varied requirements for ground, 
sea, air, and space applications include: 

• JAN 
• DESC Drawings 
• Hi-Rei (SCD) 
• 883 

Linear Technology JAN 

At the end of 1969, the Solid State Applications Branch of 
the Rome Air Development Center (RADC) issued the first 
copy of MIL-M-38510. This general specification for micro­
circuits established the procedures that a manufacturer 
must follow to have his products listed on the Qualified 
Parts List (QPL). 

One major problem faced by defense contractors using 
semiconductor devices was the inability to interchange de­
vices caused by a proliferation of non-standard electrical 
specifications. The 38510 (JAN) program addressed this 
p,roblem by publishing detailed electrical specifications 
(slash sheets) for each component to be listed on the QPL. 

JAN devices are completely processed in the United States 
or its territories and all wafer fabrication, wafer sort, assem­
bly, testing, and conformance testing are performed 
onshore. 

In early 1985, Linear Technology Corporation joined the 
ranks of the eighteen existing QPL suppliers. Of these eight­
een, only a handful of suppliers participate in the linear mil­
itary JAN market. Linear Technology believes its analog 
design experience and manufacturing strength can con­
tribute significantly to this market. 

In August 1984, Linear Technology Corporation was visited 
by a team of DESC (Defense Electronics and Supply Center) 
personnel. This team spent almost four days on their audit 
and at the end of the visit they awarded the company "line 
certification". This was a first for any company to receive 
this distinction on a first audit! 

Linear Technology's first QPL listing was achieved in Febru­
ary, 1985, one year after the company made JAN Class B a 
corporate goal. Other companies have typically taken 2 to 3 
years to achieve this status. The line certification and QPL 
approvals were awarded to the new MIL-38510 Rev. F and 
MIL-STD-883 Rev. Cspecifications. 

Linear Technology's policy of providing JAN Class B linear 
components supports the United States Government's posi- '" 
tion of standardization to decrease the number of active ti 
part types maintained by DESC. This number is currently in ::a 
excess of 70,000 for all types of components (contrasted to 0 
approximately 5,000 industry standard components). Stand- 2 
ardization will clearly decrease costs and assist in the main- Q. 
tenance of military weapon systems and equipment now in ::t­
the field. By the end of 1985, the company plans to have at I 
least 6 devices on the Qualified Parts List and we have an t:: 
active program to pursue more qualifications in the future. i 

EXAMPLES OF LINEAR TECHNOLOGY 
MILITARY PROGRAM PARTICIPATION 

AMRAAM SPARROW PERSHING II 

PHOENIX HARPOON MINUTEMAN 

PHALANX HARM B-1B 

F·15 COPPERHEAD B·52 

F·16 GPS TOW 

F-18 HTTB MAVERICK 

DRAGON SEAHAWK ACTS 

STD. MISSILE FLEET SATCOM M·1TANK 
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MILITARY PRODUCTS 

Linear Technology DESC Drawings 

DESC drawings were initiated in 1976 to standardize the 
electrical requirements for full temperature·tested military 
components. These DESC drawings (or minispecs) were ini· 
tially issued for low power Schottky devices (54LS) used by 
defense subcontractors on the Air Force's F16. The pro· 
gram accomplished standardization of testing, without the 
delays associated with the qualification process for JAN 
components. 

The DESC drawing was viewed as a preliminary specifica· 
tion prior to JAN approval, and it ranks second in the order 
of purchasing hierarchy to JAN. This order is defined in Re· 
quirement 64 of MIL·STD·454.lf a JAN part is available, it is 
still preferred, however, there are many types of devices 
where the volume is such that the cost of a full JAN quali· 
fication may not be justified, but where a need exists for 
electrical standardization. 

CMOS and analog circuits were added to the DESC Drawing 
Program in 1977, 1978 and 1979, but widespread acceptance 
of these parts was not achieved. Today with more emphasis 
being placed on standardization, the interest level in DESC 
drawings has accelerated. This category of product can be 
built offshore with 883·level processing and the electrical 
parameters are tested specifically to the DESC drawing. 

To provide parts to a DESC drawing, a manufacturer has to 
have at least one part on the 38510 Qualified Parts List. He 
must also provide DESC with a certificate of compliance 
agreeing to the tests and conditions listed on the drawing. 

Linear Technology has a number of devices listed on DESC 
drawings, and we are actively supporting this program by 
having parts available off the shelf from Linear Technology 
Corporation and from distribution outlets. 

Linear Technology Hi-Rei 

Linear Technology Corporation recognizes the need for 
source controlled drawings (SCD's) and the company's 
DESC·certified line is well equipped to handle these reo 
quirements for hi·rel applications. The company has a com· 
prehensive review procedure and emphasis is placed on 
compliance to test methods and procedures. Over 1,200 
specifications have been reviewed to date with fast feed· 
back to our customers. 

9-4 

Linear Technology has serviced source controlled drawing 
orders including "S" level specifications with a variety of 
source inspection and conformance test requirements. 
Each source controlled drawing requires dedicated flows, 
software and hardware, and as a result, certain minimum reo 
quirements have to be fulfilled. Linear Technology's Prod· 
uct Marketing group can provide you with more details on a 
case·by·case basis. 

Linear Technology MIL-STD-883 Product 

The semiconductor industry 883 designation on military 
semiconductor components established a de facto stand· 
ard in response to a significant demand from the military 
defense contractors. The Government recognized the exis· 
tence of 883 components in the recent revisions of MIL· 
STD·883C and MIL·M·38510F, and the requirements for com· 
pliant 883 components are now defined very specifically in 
these documents. 

MIL·STD-883 is a test procedures and methods document 
and the lastest revision (Rev. C) became effective on June 1, 
1984. Twenty-seven test methods were modified extensively 
and four new test methods were added. Class C product 
was eliminated leaving Class B and Class S. Class B is in· 
tended for applications where maintenance is difficult or 
expensive and where reliability is vital. Class S is intended 
for space and critical applications where replacement is ex· 
tremely difficult or impossible and where reliability is im· 
perative. The Class B PDA (Percent Defective Allowable) 
was tightened from 10% to 5% following burn·in and the 
Group A electrical sampling plans (LTPD levels) also were 
tightened. In addition, a critical paragraph was added to 
MIL·STD-883 to alleviate any misinterpretation; a factor that 
had previously created vastly different 883 programs 
throughout the semiconductor industry. 

On December 31, 1984, another key clause was added to 
MIL·STD·883 Rev. C, "paragraph 1.2.1." This states that if a 
manufacturer advertises, certifies, or marks parts as com· 
pliant with MIL·STD·883 those parts must meet all of the 
provisions of MIL·STD·883, a practice consistent with 
"Truth in Advertising". 



According to the Defense Electronics Supply Center (a 
branch of the Defense Department's Logistics Agency), the 
intent of paragraph 1.2.1 was to link MIL-STD-883 with the 
controls and details contained in MIL-M-38510. 

Linear Technology Corporation can state unequivocally 
that all of its 883 products are in full compliance with the 
new MIL-STD-883 Rev. C requirements. We have over 150 
versions of our 883 products listed in our current catalog, in­
cluding operational amplifiers, voltage regulators, voltage 
references, comparators, and our advanced line of propri­
etary CMOS circuits. 

MILITARY PRODUCTS 

All products manufactured by Linear Technology are de­
signed to meet the full requirements of the military, from 
- 55°C to 125°C. 

Military Market Commitment 

Linear Technology Corporation is a focused, dedicated 
company servicing the needs of the linear military market­
place. We are shipping to the top U. S. defense electronics 
contractors who have qualified and approved our products. 
Linear Technology Corporation is committed to being the 
best and most proficient high quality supplier of analog mil­
itary components. 
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MILITARY PRODUCTS 

883 PRODUCT FLOW - CLASS B 

Continued Continued 

WAFER FABRICATION 
I J 

AND 
DEVICE ASSEMBLY CONSTANT ACCELERATION BURN IN 

I MIL-STD 883, METHOD 2001 
CONDITION E (Yl only 100%) 

160 HOURS AT 12S'C 
(OR EQUIVALENT) 100% 

PRESEAL INTERNAL VISUAL I I 
MIL-STD 883, METHOD 2010 
CONDITION B 100% FINE LEAK TEST ELECTRICAL TEST 

I 
MIL-STD 883, METHOD 1014 
CONDITION B 100% 

2S'C, + 12S'C, - SS'C 100% 

SEAL 100'10 I I 

I GROSS LEAK TEST 
LOT QUALIFICATION 

STABILIZATION BAKE 
MIL-STD 883, METHOD 1014 
CONDITION C 100% 

MIL-STD 883, METHOD SODS 
GROUP A, B, C & D 

MIL-STD 883, METHOD 1008 
CONDITION C 100% I I 

I 2S'C ELECTRICAL TEST 100% EXTERNAL VISUAL 

TEMPERATURE CYCLING 
I 

Continued 

MIL-STD 883, METHOD 2009 
100% 

MIL-STD 883, METHOD 1010 
CONDITIONC 100% I 

I BOX STOCK 
Continued 
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of .5 
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.1 
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0 

Test 

DC Parametric 

DC Parametric 

AC Parametric 

MILITARY PRODUCTS 

OC CURVES - TIGHTENED SAMPLING PLANS 

Ace. No. = 0 

2 4 6 

% Defecfive 

LINEAR TECHNOLOGY 883 GROUP A SAMPLING PLAN 

Condition 
Linear Technology 883C (Class BI 

Sample Size AOL LTPD Sample Size LTPD 

TA = 25°C 125 .04% 1.8% 116 2.0% 

TA = -55°C 125 .04% 1.8% 45 5.0% 
+ 125°C 76 3.0% 

TA = 25°C 125 .04% 1.8% 116 2.0% 

.n 
~ u :::» o o 
ee 
~ 
:::t­
ee 
a::: 

Linear Technology Corporation uses a Group A sampling plan which exceeds the LTPD requirements of the present 883 specification. This ~ 
ensures an even higher outgoing quality level of Linear Technology product, as is shown in the graph and table above. :::; 

Note (1) AQL defined at a 'Probability of Acceptance' of 95%. e 
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883 CERTIFICATE OF CONFORMANCE 

LTC Part Number _________________ _ 

QUALITY ASSURANCE ACCEPTANCE 
Customer ID __________________ _ 

DATE I QA STAMP 
Purchase Order No. ________________ _ I 
Lot Traceability No. ________________ _ 

Date Code(s) _________________ _ 

LINEAR TECHNOLOGY CORPORATION HEREBY DECLARES THAT THE COMPONENTS SPECIFIED ON THE ABOVE 
PURCHASE ORDER COMPLY WITH THE PROVISIONS AND SPECIFICATIONS DEFINED BY THE LTC 883C 
PROGRAM. ALL SUPPORTING DOCUMENTATION AND RECORDS ARE RETAINED ON FILE BY LTC AND ARE 
AVAILABLE FOR INSPECTION. THE MAJOR ELEMENTS OF THE 883C PROGRAM ARE SHOWN BELOW: 

Operation 

Internal Visual 
Stabilization Bake 
Temperature Cycling 
Constant Acceleration 
Fine Leak 
Gross Leak 
Burn-in 
Final Electrical 

QA Acceptance 
Quality Conformance 

External Visual 

Screening Procedure MIL-STO-883C Method 5004 

Method 2010 Condition B 
Method 1008 Condition C 24 hrs at 150°C 
Method 1010 Condition C 10 cycles - 65°C to 150°C 
Method 2001 Condition E 30K G's Y, axis (TO-3 PKG at 20K G's) 
Method 1014 Condition B5x 10- 6 

Method 1014 Condition C 
Method 1015160 hrs at 125°C (or equivalent) 

+ 25°C DC per LTC Data Sheet 
PDA = 5% 
+ 125°C DC 
-55°CDC 
+25°CAC 

Method 5005 Group A (sample/lot) 
Group B (sample/lot) 

Method 2009 

Group C (sample every 3 months/Generic Group) 
Group D (sample every 6 months/Package Type) 

NOTE: Each operation is performed on a 100% basis unless otherwise stated. 



MILITARY PRODUCTS 

GROUP A DATA 
Mil-Std 883, METHOD 5005 

LTC PIN: ___________ _ LOT#: ______ _ 

GENERIC TYPE: _________ _ PKG: ______ _ 

ASSEMBLY LOC: _________ _ 

AQL= ACC SIS 
# 

SUBGROUP 1 .1% 
Static test at 25°C 

SUBGROUP 2 .1% 
Static tests at maximum rated operating 
temperature 

SUBGROUP 3 .1% 
Static tests at minimum rated operating 
temperature 

SUBGROUP 4 .1% 
Dynamic tests at 25°C 

SUBGROUP 5 .1% 
Dynamic tests at maximum rated operating 
temperature 

SUBGROUP 6 .1% 
Dynamic tests at minimum rated operating G,"4 temperature 

SUBGROUP 7 SAME AS V 
Functional tests at 25°C SUBGROUP 

#1 

SUBGROUP 8 SAME AS 
Functional tests at maximum and minimum SUBGROUPS 
operating temperature 2&3 

SUBGROUP 9 .1% 
Switching tests at 25°C 

SUBGROUP 10 .1% 
Switching tests at maximum rated operating 
temperature 

SUBGROUP 11 .1% 
Switching tests at minimum rated operating 
temperature 

DATE CODE: ______ _ 

# DATE OPER 
FAILED TEST NUMBER 

.,,\ ~ 
~"'~ 

QA APPROVAL: _____ DATE: ___ _ 

FORM No. 00-03-6037 
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MILITARY PRODUCTS 

GROUP B DATA 
Mil-Std 883, METHOD 5005 

LTC PIN: ___________ _ LOT#: _____ _ 
GENERIC TYPE: _________ _ PKG: ______ _ 
ASSEMBLY LOC: ________ _ 

TEST METHOD CONDITION LTPD ACC 
# 

SUBGROUP 1 
Physical Dimensions 2016 0 

SUBGROUP 2 
Resistance to Solvents 2015 0 

SUBGROUP 3 
Solderability 2003 Soldering Temp. of 15 

245 ± 5'C i 
SUBGROUP 4 0 

Internal Visual/Mechanical 2014 design and construction 
requirements 

SUBGROUPS 
Bond Strength 2011 CorD 15 

SUBGROUP 7 
Fine Leak 1014 5 
Gross Leak 

DATE CODE: ______ _ 

SIS # DATE OPER 
FAILED TESTED # 

2 

4 .. O~ ~ 

:-iJ ~'~ 
..... 1 

QA APPROVAL: _____ DATE: __ _ 

GROUpe DATA 
Mil-Std 883, METHOD 5005 

LTCP/N: ___________ _ LOT# _____ _ 
GENERIC TYPE: _________ _ PKG: ______ _ 
C~GROUP: __________ _ 

TEST METHOD CONDITION LTPD ACC 
# 

SUBGROUP 1 5 
Steady State 1005 TA = 125'C 
Life Test (1000 Hours or Equiv.) 

Electrical Endpoints Test # 

SUBGROUP 2 15 
Temperature Cycling 1010 C ~ Constant Acceleration 2001 E Ylonly 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 1010 

1011 
Electrical Endpoints Test # 

FORM No. 00-03-6006 

DATE CODE: ______ _ 

SIS # DATE OPER 
FAILED TESTED # 

.~~~ ~" ~ 
~jJ 

~,. 

~' 

QA APPROVAL: _____ DATE: --­

FORM No. 00-03-6007 
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GROUP D DATA 
Mil-Std 883, METHOD 5005 

LTC PIN: ____________ _ LOT#: ______ _ 
GENERIC TYPE: _________ _ PKG: ______ __ 

ASSEMBLY LOC: _________ _ 

MILITARY PRODUCTS 

DATE CODE: ___________ _ 

TEST METHOD CONDITION LTPD ACC SIS # DATE OPER 
# FAILED TESTED # 

SUBGROUP 1 15 
Physical Dimensions 2016 

SUBGROUP 2 15 
Lead Integrity 2004 B2 (lead fatigue) 

Fine Leak 1014 
Gross Leak 1014 

SUBGROUP 3 15 
Thermal Shock 1011 B 15cycles 
Temperature Cycle 1010 C 100cycles 
Moisture Resistance 1004 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 10041 

~~ 1010 
Electrical Endpoints Test # ." SUBGROUP 4 15 

~~' 
.. 

Mechanical Shock 2002 B 

~ Vibration Variables- 2007 A 
Frequency 

Constant Acceleration 2001 E Y10nly 
Fine Leak 1014 
Gross Leak 1014 
Visual Examination 10101 

1011 
Electrical Endpoints Test # 

SUBGROUPS 15 
Salt Atmosphere 1009 A 
Fine Leak 101'4 
Gross Leak 1014 
Visual Examination 1009 Visual Criteria 

SUBGROUP 6 0 3 
Internal Water-Vapor 1018 5000ppm 

Max water content @ 
100°C 

SUBGROUP 7 15 
Adhesion of Lead Finish 2025 

SUBGROUP 8 0 5 
Lid Torque 2024 Glass Frit Seal only 

QAAPPROVAL: __ _ DATE: ___ _ 

FORM No. 00-03-6008 
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MILITARY PRODUCTS 

MILITARY PARTS LIST 

JAN QPLt 
JM385101101048GA JM38510/101078GC JM38510/114058GA' JM38510/13501 8PA' 

JM38510/101048GC JM38510/101078PA' JM38510/114058GC' JM38510/135028GA' 
JM38510/101048PA' JM385101114028GA' JM38510/13501 8GA' JM38510/13502BGC' 
JM38510/101068EA' JM38510/114028GC' JM38510/135018GC' JM38510/13502BPA' 
JM38510/101068EC' 

JM38510/101078GA 

DESC Drawings 
n03401XA n03401YA n03402XX 7802801EA 
n03401XC n03401YX n03402YA 7802801 EX 

n03401XX 

883 Operational 
Amplifiers LF155AH/8838 LM118J8/8838 LT1022AMH/883B OP-07 AJ8/8838 

LF155H/8838 LT118AH/8838 LT1022MH/8838 OP-07H/8838 

LF156AH/8838 LT118AJ8/8838 LT1023MH/8838 OP-07J8/8838 

LF156H/8838 LT1001AMH/8838 L T1023MJ8/8838 OP-15AH/8838 

LF198AH/8838 LT1001AMJ8/8838 LT1024AMD/8838 OP-158H/8838 

LF198H/8838 LT1001MH/8838 L T1 024M D/8838 OP-15CH/8838 

LH0070-0H/883B LT1001MJ8/883B LT1037AMH/8838 OP-16AH/8838 

LH0070-1 H/8838 L T1002AMJ/883B L T1 037 AMJ8/8838 OP-168H/8838 

LHOO70-2H/8838 L T1002MJ/8838 L T1037MH/883B OP-16CH/8838 

LH2108AD/8838 LT1007AMH/8838 L T1 037MJ8/8838 OP-27AH/8838 

LH2108D/8838 LT1007AMJ8/8838 LT1055AMH/8838 OP-27 AJ8/8838 

LM10H/8838 L T1 007M H/8838 LT1055MH/8838 OP-27CH/8838 

LM10J8/8838 L T1007MJ8/8838 L T1056AMH/883B OP-27CJ8/883B 

LM101AH/8838 L T1008MH/8838 L T1056MH/883B OP-37AH/8838 

LM101AJ8/8838 LT1012MD/8838 LTC1052MH/8838 OP-37 AJ8/8838 

LM107H/8838 L T1012MH/8838 L TC1052MJ/8838 OP-37CH/8838 

LM107J8/8838 LT1013AMH/8838 L TC1052MJ8/8838 OP-37CJ8/8838 

LM108AH/8838 LT1013AMJ8/8838 OP-05AH/8838 OP-227 AJ/8838 

LM108H/8838 LT1013MH/8838 OP-05AJ8/8838 OP-227CJ/8838 

LM 1 08AJ8/8838 LT1013MJ8/8838 OP-05H/883B OP-237 AJ/8838 

LM108J8/8838 L T1 014AMJ/883B OP-05J8/8838 OP-237CJ/883B 

LM118H/8838 L T1014MJ/8838 OP-07AH/8838 

883 Regulators 
LM117H/8838 LM137HVKl883B LT117AKl883B LT150AK/8838 

LM117HVH/8838 LM137K18838 L T123AKl8838 LT1003MK/8838 

LM117HVKl8838 LM 138K18838 L T137 AH/883B L T1 005M Kl8838 

LM 117K18838 LM150Kl8838 L T137 AHVH/8838 L T1 033M Kl8838 

LM123K18838 L T117 AH/883B LT137AHVKl8838 LT1035MK/883B 

LM137H/8838 LT117AHVH/8838 L T137 AKl8838 LT1036MKl8838 

LM137HVH/8838 LT117AHVKl8838 L T138AKl8838 LT1038MKl8838 

9-12 L7~ 



MILITARY PRODUCTS 

883 References 
AD580SH/883B LM185H-1.2/883B LT1019AMH·10/883B LT1021 DMH-10/883B 

AD580TH/883B LM 185H-2.5/883B LT1019MH·2.5/883B LT1029AMH/8838 

AD580UH/8838 LM199AH/8838 L T1 019M H·5.0/8838 LT1029MH/8838 

AD581 SH/8838 LM199AH·20/883B LT1019MH·6.2/883B LT10318MH/8838 

AD581 TH/883B LM199AH·50/8838 LT1019MH·10/883B L T1 031 CM H/8838 

AD581 UH/883B LM199H/883B LT10218MH-5/883B LT1031 DMH/8838 

LM129AH/8838 LT1004MH·1.2/883B LT1021CMH·5/8838 LT1034BMH/8838 

LM129BH/8838 LT1004MH·2.5/8838 L T1 021 DM H·5/8838 L T1 034M H/8838 

LM 129CH/883B LT1009MH/883B LT10218MH·7/883B REF-01AH/883B 

LM134H/8838 L T1 019AM H-2.5/8838 LT1021 DMH·7/8838 REF-01 H/8838 

LM136AH·2.5/883B LT1019AMH·5.0/883B LT10218MH·10/883B REF-02AH/883B 

LM136H·2.5/8838 LT1019AMH-6.2/883B LT1021CMH·10/8838 REF·02H/8838 

883 Comparators 
LM 111 H/8838 L T111 AJ8/883B LT1011 MH/883B L T1 017MJ8/883B 

LM111J8/883B LT119AH/883B LT1011 MJ8/883B LT1018MH/883B 

LM 119H/8838 LT119AJ/883B LT1016MH/883B LT1018MJ8/883B 

LM119J/883B LT1011AMH/883B LT1016MJ8/883B 

L T111 AH/883B LT1011AMJ8/8838 LT1017MH/883B 

Other 883 
LF198AH/8838 L T1525AJ/8838 LTC1044MJ8/883B SG1524J/883B 

LF198H/883B L T1526J/883B LTC1059AMJ/883B SG1525AJ/883B 

L T1 01 OM H/8838 L T1527 AJ/8838 L TC1 059MJ/8838 SG1527 AJ/8838 

LT1010MK/8838 L TC1040MJ/883B L TC1 060AMJ/883B UC1846J/883B 

L T1 020MJ/883B L TC1 041 MJ8/8838 L TC1 060MJ/8838 UC1847J/883B 

L T1 032MJ/8838 LTC1043MD/8838 LTC1061MJ/8838 

L T1524J/8838 L TC1 044M H/8838 L TC1 062MJ8/8838 

• JAN QPL qualification expected to be completed by December 31,1985. 
tparts may be ordered using an "X" lead finish suffix. These parts will be supplied with either gold plate or solder·dip lead finish, at Linear Technology 

Corporation's discretion. 
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SECTION 10-NEW PRODUCTS 
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LT1020, Micropower Regulator and Comparator ................ . . . . . . . . . . . . . . . . . . . . . . .. 10-3 
LTt023, DACAmplifier .. . . . . . . .. .. . . . . . . . . . . .. .. . . . .. . . . . . . . . .. . . . . . . . . .. . . . .. . .. 10-7 
L Tt 025, Thermocouple Cold Junction Compensator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-8 
L Tt 028, Ultra-Low Noise, High Speed Op Amp .......................... . . . . . . . . . . . . . .. 10-9 
LT1030, Quad Low Power Line Driver ................................................ 10-10 
L Tt 039, Triple RS232 Line Driver and Receiver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-12 
LTt051, Dual, JFET Input, Precision High Speed OpAmp . ................................. 10-13 
LT1058, Quad, JFET Input, Precision High SpeedOpAmp ................................. 10-13 
LT1010, 5A High Efficiency Switching Regulator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-14 
LT1011, 2.5A High Efficiency Switching Regulator . .................................... , 10-17 
LTC1045, Hex Universal Level Translator (ULTTM )IRS232 Receiver. . . . . . . . . . . . . . . . . . . . . . . . .. 10-18 
LTC1 061, High Performance Triple Universal Filter Building Block . . . . . . . . . . . . . . . . . . . . . . . . . .. 10-19 
LTC 1 090, 1 O-Bit AID with Serial/IO and 8-Channel MUX .............. . . . . . . . . . . . . . . . . . .. 10-23 
LTC1091, 10-Bit AID with Serial/lOand 2-Channel MUX ................................. 10~24 
LTZ1000, Super-Zener . .......................................................... 10-25 
Surface Mount Small Outline (SO) Device Packaging ..................................... 10-27 
Extended Temperature Range Linear ICs (200°C) ....................................... 10-28 
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FEATURES 
• 40JLA Supply Current 
• 125mA Output Current 
• 2.5V Reference Voltage 
• Reference Output Sources 1 mA and Sinks 0.5mA 
• Dual Output Comparator 
• Comparator Sinks 10mA 
• Dropout Detector 
• 0.2V Dropout Voltage 
II Thermal Limiting 

APPUCAY;OnS 

• Battery Systems 
II Battery Backup System 
II Portable Terminals 
II Portable Instruments 

TYPICAL APPLICATiOnS 
5V Regulator 

VIN205.2V V+ 
10=40,", LT1020 VOUT 1--..--...-.....- 5V 

GND fB 

'A 10~f OR GREATER OUTPUT CAPACITOR 
IS NEEDED fOR fREQUENCY COMPENSATION 

and Comparator 

DESCRIPTion 
The LT1020 is a combination micropower positive regula· 
tor and free collector comparator on a single monolithic 
chip. With only 40JLA supply current, the LT1 020 can supply 
over 125mA of output current. Input voltage range is from 
5V to over 36V and dropout voltage is 0.6V at 125mA. Drop· 
out decreases with lower load currents. Also included on 
the chip is a class B output 2.5V reference that can either 
source or sink current. A dropout detector provides an out· 
put current to indicate when the regulator is about to drop 
out of regulation. 

The dual output comparator can be used as a comparator 
for system or battery monitoring. For example, the com· 
parator can be used to warn of low system voltage while 
the dropout detector shuts down the system to prevent 
abnormal operation. Frequency compensation of the com· 
parator for amplifier applications can be obtained by add· 
ing external output capacitance. Dual output or positive 
and negative regulators can also be made. 

1.00 

i/ 

0.0 1 

Dropout Voltage and 
Supply Current 

DROPOUT 
VompV 

SUPPLY 
CURRENT 

V 

0.0001' 0.001 0.01 0.1 
OUTPUT CURRENT (AI 

10mA 

100,", 
1.0 
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LT1020 

ABSOLUTE mAXimum RATinGS 
Input Voltage ............... " ..................... 36V 
NPN Collector Voltage .............................. 36V 
PNP Collector Voltage ............. Positive Supply - 36V 
Output Short Circuit Duration .................. Indefinite 
Power Dissipation .................... Internally Limited 
Operating Temperature Range 

LT1020C ................. '" ., .......... O°C to 100°C 
LT1020M ............................ -55°Cto 125°C 

Storage Temperature Range 
LT1020C,M .......................... -65°Cto 150°C 

ELECTRICAL CHARACTERISTICS 
PARAMETER CONDITIONS 

Reference 

Reference Voltage VIN = 10V 

Line Regulation 7VSVINS36V 

Load Regulation lour= lmA 
Output Source Current VIN ",5V 

Output Sink Current 

Temperature Stability 

Regulator 

Supply Current VIN = 10V, lours 100~A 
Output Current (Vour-VIN)",IV 
Load Regulation (Vour-VIN)"'1V 
Line Regulation 6VsVIN s36V 

Dropout Voltage lour= 100~A 
lour= 125mA 

Feedback Sense Voltage VIN = 10V, lour = 100~A 
I Dropout Detector lour = 100~A, VOIFF = O.03V 
Feedback Bias Current 

Minimum Load Current TJ = 125°C 

Short Circuit Current 
Pin 9 and Pin 10 Shorted 

Comparator 

Offset Voltage VCM = 2.5V 

Bias Current VCM = 2.5V 
Offset Current 

Gain·NPN Pulldown lour= lmA 
Output Current Sink 

Output Current Source 

Input Voltage Range 

Response Time 

10-4 

PACKAGE/ORDER InFORmATiOn 

MIN TYP MAX 

2.5 

0.01 

0.3 

5 

2 

1 

40 

125 

0.2 

0.01 

0.02 
0.5 

2.5 

5 

15 

30 

250 
40 

3 

40 

4 

10000 

10 

80 

0 V+ -1 

5 

ORDER PART 
NUMBER 

LT1020MJ 
LT1020CJ 
LT1020CN 

UNIT 

V 

%N 

% 

rnA 

rnA 

% 

~A 

rnA 

% 

% 

V 
V 

V 

~A 

nA 

~A 

rnA 
rnA 

mV 

nA 

nA 

VN 

rnA 

~A 

V 

~s 



BLOCK DtAGRAm 

CURRENT LIMIT 

L--------i11 FEEDBACK 

L---____ ..... _-+ ______ -/9 GROUND 

REFERENCE OUTPUT 

TYPICAL APPLICATions 

Battery Backup Regulator 

5VOUT 

1-=--_-.... --+-....... t-=-t2 VOUT 

BATIERY INPUT 3 VIN LT1020 LT1020 

GND GND 
50k 

1M 

LT1020 
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LT1020 

Dual Output Regulator 

V+>5V 

9 

GND V+ 

CaMP IN 
.,.. 

TO REF OUT lOOk 6 
PIN 4 CaMP NPN LT1020 

CaMP PNP 

CaMP NI REF OUT 

1M 500k 

.... ------;o~~ REG 

Compensating the Comparator as an Op·Amp 

1M 

C2 Rl 
R2 

.,.. "J Cl 

Av Rl Cl C2 R2 
1 3311 O.l~F O.OO1~F 

10 10011 O.047~F lOOk 
100 10k O.OO2~F 10k 

10-6 

TO REF OUT 
PIN 4 

Dual Output 150mA Regulator 

GND 

CaMP IN 

lOOk 6 CaMP NPN 

CaMP PNP 

LT1020 

V+ 

CaMP NI REF OUT 

lOOk 

4.7k 

L----_ ..... --.... -VIN 
"FOR TEMPERATURES GREATER THAN 
70'C REDUCE 51k RESISTORS TO 
15k. la WILL INCREASE. 

1 Amp Low Dropout Regulator 
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FEATURES 
• 3ILS Settling Time 
• 1mV Offset Voltage 
• 100nA Bias Current 
• 18V/ILS Slew Rate 
• 3M Hz Gain Bandwidth 

APPLICATions 
• DAC Output Amplifier 
• Fast Inverting Amplifier 

Pin connECTions 

INVERTING 2 

DESCRIPTion 
The LT1023 is a fast inverting op amp with 18V/ILS slew 
rate as well as good DC characteristics. Designed as a 
DAC output amplifier, the LT1023 settles to 0.1 % of a 10V 
step in a maximum of 31LS, The low offset voltage and drift 
eliminate the need for adjustments in most applications. 

Other applications for the LT1023 are fast inverters, oscil­
lators, or audio. Available in packages or dice for hybrids 
the LT1 023 is compatible with the OP-01. 

NC 

V-
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Compensator 

FEATURES 
• 1 °C Accuracy 
• Compensates for E, J, K, R, 

S, T Thermocouples 
• 50ltA Operating Current 
• Operates from 3.5V to 40V 

APPLICATions 
• Temperature Measurement 
• Controllers 
• Sensing 

10-8 

TEMP OUT 3 

DESCRIPTion 
The LT1025 is a monolithic temperature sensor de· 
signed to cold-junction compensate a variety of thermo­
couples. Accuracy is better than 1°C. A 10mVoC output is 
provided from the sensing circuitry to a precision thin film 
divider network. High output accuracy is maintained over 
a OOC to 60°C range. 

5 COMMON 
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FEATURES 

• Voltage Noise @ 1kHz 
• Voltage Noise @ 10Hz 
• Slew Rate 
• Offset Voltage 
• Bias Current 
• Voltage Gain 

0.9nV/{RZtyp. 
1.1nV/{RZtyp. 

15V/p.s typo 
15p.V typo 
15nA typo 

5 million typo 

Voltage Noise vs Frequency 

10 
Vs= ± 15V 

~ 
TA=25°C 

" , 
0.1 

0.1 10 100 1000 
FREQUENCY (Hz) 

High Speed Op Amp 

DESCRIPTion 
The LT1028 achieves a new low in noise performance with 
0.9nV/{RZ 1kHz noise, and 35nV peak·to-peak noise from 
0.1 Hz to 10Hz. This ultra-low noise is combined with 
excellent high speed specifications (gain bandwidth 
product is 65MHz), distortion free output, and true 
precision parameters (0.2p.V/oC drift). Although the LT1028 
input stage operates at 1mA of collector currents to 
achieve low noise, input bias current is only 15nA. 

The LT1028's voltage noise is less than the noise of a 50Q 
resistor. Therefore, even in very low source impedance 
transducer or audio amplifier applications, the LT1028's 
contribution to total system noise will be negligible. 

TOP VIEW 

4 

V -(CASE) 

METAL CAN H PACKAGE 

TOP VIEW 

HERMETIC DIP J8 PACKAGE 
PLASTIC DIP N8 PACKAGE 
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FEATURES 
• Low Operating Voltage ± 5V to ± 15V 
• 500/lA Supply Current 
• Zero Supply Current when Shut Down 
• Outputs Can Be Driven ± 30V 
• Thermal Limiting 
• Output "Open" when Off 
• 10mA Output Drive 
• Pin Compatible with 1488 

APPLICATions 
• RS232 Driver 
• Power Supply Inverter 
• Micropower Interface 
• Level Translator 

TYPICAL APPLICATiOn 

RS232 Line Driver 

-6V +6V 

INPUT STROBE' 

OUTPUT 
ON-OFF 

(OV-5V)t OUTPUT 

INPUT 

OUTPUT INPUT 

OUTPUT 

'NO CONNECTION NEEDED WHEN NOT USED. 
t5V=ON. 

10-10 

DESCRIPTion 
The L T1 030 is an RS232 line driver that operates over a 
± 5V to ± 15V range on low supply current and can be 
shut down to zero supply current. Outputs are fully pro­
tected from externally applied voltages of ± 30V by cur­
rent limiting, Since the output swings to within 200mVof 
the positive supply and 1V of the negative supply, power 
supply needs are minimized, 

A major advantage of the LT1030 is the high impedance 
output state when off or powered down, 

Output Swing vs Output Current 
v+ 

~ 0.2 en 
UJ 

r- I-- I 
VOUT HIGH r-

:::; 0.4 c. 
c. 
=> 
en 
0 
f-
0 
UJ 
c:: 
c:: 1.0 UJ u. 
UJ 
c:: 0.8 
UJ 
C.!J 

;:3 0.6 
0 
> 0.4 f-

VOUT~r--~ r-

~ ~ 

L 
=> c. 
f- 0.2 => 
0 

V-
o 4 6 10 

OUTPUT CURRENT (rnA) 



ABSOLUTE mAXimum RATinGS 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . .. ± 15V 
Logic Input Pins ..................... V- to 25V 
On-Off Pin ......................... GNDt012V 
Output(Forced) ............. V- + 30V, V+ - 30V 
Short Circuit Duration (to ± 30V) .......... Indefinite 
Operating Temperature Range 

LT1030M .................... -55°Ct0125°C 
LT1030C ........................ O°Ct070°C 
Guaranteed Functional by Design. .. - 25°C to 85°C 

Lead Temperature (Soldering, 10 sec) ........ 300°C 

LT1030 

PACKAGE/ORDER InFORmATiOn 
VEE 

(-15VTO -5V) 1 

J PACKAGE N PACKAGE 
14-PIN HERMETIC 14-PIN PLASTIC 

ORDER PART 
NUMBER 

LT1030MJ 
LT1030CJ 
LT1030CN 

ELECTRICAL CHARACTERISTICS (Supply Voltage = ±5V to ±15V) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Current VON/OFF~2.4V. IOUT=O, All Outputs Low • 500 1000 I'A 
Power Supply Leakage Current VON-OFF";O.4V 

VON-OFF";O.1V, TA=125'C 
Output Voltage Swing Load = 2mA I Positive 

I Negative 

Output Current VSUPPLY ± 5V to ± 15V 
Output Overload Voltage (Forced) Operating or Shutdown 
Output Current Shutdown VOUT= ± 30V 
Input Overload Voltage (Forced) Operating or Shutdown 

Logic I nput Levels Low Input (VOUT = High) 
High Input (VOUT= Low) 

Logic Input Current VIN>2.0V 
VIN<O.BV 

On-Off Pin Current 0,,;VIN <5V 
Slew Rate I RESPONSE = 0 

The. denotes specifications which apply over the operating 
temperature range. 
Nole 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used. 

Pin FunCTions PIN 

2,5,9,12 

3,6,B,11 

4 

7 
13 

FUNCTION 
Minus Supply 

Logic Input 

Output 
On-Off 

Ground 

Strobe 

1 10 jtA 

• 10 100 jtA 

V+ -0.3V V+-O.1V V 

V +0.7V V 

5 12 mA 

• V+ -30V V +30V V 

2 100 jtA 

• V 30V V 

• 1.4 O.B V 

• 2 1.4 V 

2 20 jtA 
10 20 jtA 

• -10 3 50 jtA 

4 15 30 VII'S 

Note 2: Response can be changed by connecting a resistor to the 
supply. For supplies less than ± 6V this current is disconnected when 
shut down. Leave open when not used. 

COMMENT 
Operates - 2V to -15V 
Operates properly on TTL or CMOS levels. 
Output valid from (V- +2V),,;VIN ,,;15V. 
Connect to ground when not used. 
Line drive output. 

Shuts down entire circuit. Cannot be left 
open. For "normally on" operation, con­
nect 5V to 10V. 
Ground must be more positive than V­

Forces all outputs low. Drive with 
3V. 
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and Receiver 

FEATURES 

• Three Drivers and Receivers 
• Low Power 
• Shuts Down to Zero Power 
• High Impedance Output When Off 
• Operates ± 5V to ± 15V 
• Wide Output Swing 
• "Keep·Alive" Bias Point 
• Overload Protected 

10-12 

APPLICATions 

The LT1039 is a triple RS232 line driver and line receiver 
featuring low supply current and shutdown. Operating 
from ± 5V to ± 15V, the LT1039 has wide output swing 
minimizing the supply requirements. Outputs can be over· 
driven up to ± 30V. The receiver accepts standard RS232 
levels up to ± 30V input. The receiver output is compatible 
with CMOS or TTL. 

Two unique features available on the LT1039 make it more 
useful. The shutdown completely turns off the LT1039 de· 
creasing supply current to zero. Also, the output goes to a 
high impedance state allowing devices to be paralleled. A 
bias pin allows one of the receivers to be powered up while 
the rest of the LT1039 is shut down. This receiver could 
then be used to power up the rest of the LT1039 in reo 
sponse to an external control. 



~~~[LD[MJDOO&~W 
~"'lIr·lln'll\R LTl05? ILTl058 
~)r TECHNOLOGY~-----Du-a-L-J-F-ET--In-p-ut-,-Pr-e-c-is-io-n 

FEATURES 

• 13V//LS Slew Rate 
• 5MHz Gain Bandwidth Product 
• 250/LV Offset Voltage (LT1 073) 
• 500/LV Offset Voltage (LT1074) 
• 2/LV/oC Drift 
• 80pA Bias Current at 70°C 

High Speed Op Amp 
Quad, JFET Input, Precision 

High Speed Op Amp 

DESCRIPTion 

The LT1057 is a matched JFET input dual op amp in the 
industry standard 8 pin DIP configuration, featuring a 
combination of outstanding high speed and precision 
specifications. It replaces all the popular bipolar and JFET 
input dual op amps. In particular, the LT1057 upgrades the 
performance of systems using the LF412A and OP·215 
JFET input duals. 

The LT1058 is the first precision quad JFET input opera­
tional amplifier in the standard 14 pin DIP configuration. It 
offers significant accuracy improvements over presently 
available JFET input quad operational amplifiers. 
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FEATURES 
• Wide Input Voltage Range 3V-SOV 
• Low Quiescent Current-SmA 
• Internal5A Switch 
• Very Few External Parts Required 
• Self·Protected Against Overloads 
• Operates in Nearly All Switching Topologies 
• Shutdown Mode Draws Only 50/lA Supply Current 
• Flyback·Regulated Mode has Fully Floating Outputs 
• Comes in Standard 5·Pin Packages 

APPLICATions 
• Logic Supply 5V @ 10A 
• + 5V Logic to ± 15V Op Amp Supply 
• Offline Converter up to 200W 
• Battery Upconverter 
• Power Inverter (+ to - ) or (- to +) 
• Fully Floating Multiple Outputs 

TYPICAL APPLICATiOn 
Up Converter (5V to + 12V) 

m070 

GNO 
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+12V 
1A 

10.7k 

1.24k 

Switching Regulator 
DESCRIPTion 
The LT1070 is a monolithic high power switching regulator. 
It can be operated in all standard switching configurations 
including buck, boost, flyback, forward, inverting and 
"Cuk". A 5 amp high efficiency switch is included on the 
die along with all oscillator, control, and protection cir· 
cuitry. Integration of all functions allows the LT1070 to be 
built in a standard 5·pin TO·3 or TO·220 power package. 
This makes it extremely easy to use and provides "bust 
proof" operation similar to that obtained with 3·pin linear 
regulators. 
The LT1070 operates with supply voltages from 3V to SOV, 
and draws only SmA quiescent current. It can deliver load 
power up to 100 watts with no external power devices. By 
utilizing current·mode switching techniques, it provides 
excellent AC and DC load and line regulation. 
The LT1070 has many unique features not found even on 
the vastly more difficult to use low power control chips 
presently available. It uses adaptive anti·sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode reo 
duces total supply current to 50/lA for standby operation. 
Totally isolated and regulated outputs can be generated 
by using the optional "flyback regulation mode" built into 
the LT1070, without the need for opto·couplers or extra 
transformer windings. 
The LT1070 can also be used as an off·line converter by 
driving an external MOSFET, with power levels up to 300W. 

Maximum Output Power 

100 
/ 

V .L I 
BUCK, VOUT-20V_ 80 

L 
BUCK'BObsT-/ ./ Vo=30V,_ 

/ V I 
BOOST! ./ - !!;YBACK'-

IV/' ISOLATEO_ ~ 

~ 60 

'" ~ 
~ 40 

/# ..-~ "-

f)v BUCK·BOOST 
20 

'" Vo =5V 

o 
o 10 20 30 40 50 

INPUT VOLTAGE (VI 



ABSOLUTE mAXimum RATinGS 
Supply Voltage 

L T1 070HV ....................................... 60V 
LT1070 ........................ , ................. 40V 

Switch Output Voltage 
LT1070HV ....................................... 75V 
LT1070 .......................................... 65V 

Feedback Pin Voltage (Transient, 1 ms) ............. ± 15V 
Operating Junction Temperature Range 

LT1070MHV, LT1070M ............. - 55°C to + 150°C 
LT1070CHV, LT1070C ................. OOC to + 100°C 

Storage Temperature Range 
LT1070MHV, LT1070M ............. - 65°C to + 150°C 
L T1 070CHV, L T1 070C .............. - 65°C to + 150°C 

Lead Temperature (Soldering, 10sec) ............. 300°C 

LT1070 

PACKAGE/ORDER InFORmATiOn 

Vc 

BOTTOM 
VIEW 

4 LEAD TO·3 

FRONT 
VIEW 

o 

5 LEAD TO-220 

Vc 

CASE IS GND 

ORDER PART 
NUMBER 

LT1070MHVK 
LT1070MK 

LT1070CHVK 
LT1070CK 

LT1070CHVT 
LT1070CT 

ELECTRICAL CHARACTERISTICS VIN = 15V, Tj = 25°C unless noled. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Supply Voltage Range LT1070HV 3 60 V 

LT1070 3 40 V 
Quiescent Supply Current 3V$VIN$VMAX 6 9 mA 
Switch Breakdown Voltage LT1070HV 75 90 V 

LT1070 65 80 V 
Peak Switch Current (Internally Limited) Duty Cycle $ 50 % 6 9 A 

Duty Cycle = 80% 5 8 A 
Switch On Resistance ISWITCH=5A 0.13 0.2 Il 
Switch Duty Cycle 0 95 % 
Load Regulation 0.1 0.3 % 
Line Regulation 0.02 0.05 %N 
Switching Frequency 36 40 44 kHz 
Operating Efficiency Buck or Boost Mode 90 % 
Reference Voltage 1.220 1.244 1.268 V 
Feedback Pin Bias Current 200 500 nA 
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LT1070 

BLOCK DIAGRAm 

LT1070 OPERATion 
The LT1070 is a current mode switcher. This means that 
switch duty cycle is directly controlled by switch current 
rather than by output voltage. Referring to the block diagram, 
the switch is turned "ON" at the start of each oscillator cycle. 
It .is turned "OFF" when switch current reaches a predeter· 
mined level. Control of output voltage is obtained by using 
the output of a voltage sensing error amplifier to set current 
~rip lev~1. This technique has several advantages. First, it has 
Immedl~te response to input voltage variations, unlike ordi· 
nary sWltchers which have notoriously poor line transient 
response. Second, it eliminates the 90° phase shift at midfre­
q~~ncies in the energy storage inductor. This greatly sim­
pllfl~s c.losed loop frequency compensation under widely 
varying ~nput voltage or output load conditions. Finally, it 
allows simple pulse·by-pulse current limiting to provide maxi· 
mum switch protection under output overload or short condi­
tions. A low·dropout internal regulator provides a 2.3V supply 
for all internal circuitry on the LT1070. This low·dropout de­
sign allows input voltage to vary from 2.5V to 60V with virtu· 
ally no change in device performance. A 40kHz oscillator is 
the basic clock for all internal timing. It turns "ON" the output 
switch via the logic and driver circuitry. Special adaptive anti· 
sat circuitry detects onset of saturation in the power switch 
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O.15V 

0.030 

and adjusts driver current instantaneously to limit switch 
saturation. This minimizes driver dissipation and provides 
very rapid turn·off of the switch. . 

A 1.2V bandgap reference biases the positive input of the er­
ror amplifier. The negative input is brought out for output 
voltage sensing. This feedback pin has a second function; 
when pulled low with an external resistor, it programs the 
LT1070 to disconnect the main error amplifier output and 
connects the output of the flyback amplifier to the compara· 
tor input. The LT1070 will then regulate the value of the fly· 
back pulse with respect to the supply voltage. This flyback 
pulse is directly proportional to output voltage in the tradi­
tional transformer coupled flyback topology regulator. By 
regulating the amplitude of the flyback pulse, the output 
voltage can be regulated with no direct connection between 
input and output. The output is fully floating up to the break· 
down voltage of the transformer windings. Multiple floating 
outputs are easily obtained with additional windings. A spe­
?ial delay net~ork inside the LT1070 ignores the leakage 
!nductance spike at the leading edge of the flyback pulse to 
Improve output regulation. 



l Tl070 OPERATion 
The error signal developed at the comparator input is brought 
out externally. This pin Nd has four different functions. It is 
used for frequency compensation, current limit adjustment, 
soft starting, and total regulator shutdown. During normal 
regulator operation this pin sits at a voltage between 0.9V 
(low output current) and 2.0V (high output current). The error 
amplifiers are current output (Gm) types, so this voltage can 

LT1070 

be externally clamped for adjusting current limit. Likewise, a 
capacitor coupled external clamp will provide soft start. 
Switch duty cycle goes to zero if the Vc pin is pulled to ground 
through a diode, placing the LT1070 in an idle mode. Pulling 
the Vc pin below 0.15V causes total regulator shutdown, with 
only 50jlA supply current for shutdown circuitry biasing. 

~ """"1 ~ffil~[1J][i¥i]O[fi]&ffilW 
..A.., JJ~~~~----2-.5-A-H-ig-h-E-ff-iC-~:-~-~-; 
FEATURES 
• Wide Input Voltage Range 3V-60V 
• Low Quiescent Current-6mA 
• Internal2.5A Switch 
• Very Few External Parts Required 
• Self-Protected Against Overloads 
• Operates in Nearly All Switching Topologies 
• Shutdown Mode Draws Only 50jlA Supply Current 
• Flyback-Regulated Mode has Fully Floating Outputs 
• Comes in Standard 5-Pin Packages 

APPLICATions 
• Logic Supply 5V @ 5A 
• + 5V Logic to ± 15V Op Amp Supply 
• Offline Converter up to 100W 
• Battery Upconverter 
• Power Inverter (+ to -) or (- to +) 
• Fully Floating Multiple Outputs 

Switching Regulator 

DESCRIPTiOn 
The LT1071 is a monolithic high power switching regulator. 
It can be operated in all standard switching configurations 
including buck, boost, flyback, forward, inverting and 
"Cuk". A 2.5 amp high efficiency switch is included on the 
die along with all oscillator, control, and protection cir­
cuitry.lntegration of all functions allows the LT1071 to be 
built in a standard 5-pin TO-3 or TO-220 power package. 
This makes it extremely easy to use and provides "bust 
proof" operation similar to that obtained with 3·pin linear 
regulators. 

The LT1071 operates with supply voltages from 3V to 60V, ~ 
and draws only 6mA quiescent current. It can deliver load u 
power up to 50 watts with no external power devices. By :::::) 
utilizing current-mode switching techniques, it provides 8 
excellent AC and DC load and line regulation. CIC 

The LT1071 has many unique features not found even on 
the vastly more difficult to use low power control chips 
presently available. It uses adaptive anti-sat switch drive 
to allow very wide ranging load currents with no loss in 
efficiency. An externally activated shutdown mode re­
duces total supply current to 50jlA for standby operation. 
Totally isolated and regulated outputs can be generated 
by using the optional "flyback regulation mode" built into 
the LT1071, without the need for opto-couplers or extra 
transformer windings. 

The LT1071 can also be used as an off-line converter by 
driving an external MOSFET, with power levels up to 150W. 
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FEATURES 
• Programmable Power/Speed 
• Translate Any Input Voltage to 

Any Output Voltage 
• Power Can Be Completely Shut Off 
• Three-State Outputs 
• Output Latch Included 

10-18 

Translator (UL l'M)/ RS232 Receiver 

DESCRIPTion 
The LTC1045 is a CMOS circuit consisting of six high 
speed comparators with output latches and three-state 
capability. The comparator's bias current can be easily 
programmed, with an external resistor, to trade off power 
consumption and speed. When power is shut off the out­
puts are latched and continuously available. 

With external current limit resistors the inputs can be driv­
en above and below the power supplies making the 
LTC1045 ideal for us as an RS232 line receiver. 

ULT™ is a trademark of Linear Technoiogy Corp. 



LYLlnF A" [p~~[bO[M]O~&~W 
U\K LTC1061 

TECHNOLOGY~------H-ig-h-P-e-r-fo-rm--a-n-c-e-T-ri-p-Ie 

FEATURES 
• Up to 6th Order Filter Functions with a Single 20 Pin 

0.3" Wide Package 
• Center Frequency Range up to 35kHz 
• faxQ Product Upto 1 MHz 
• Guaranteed Center Frequency and Q Accuracy Over 

Temperature 
• Guaranteed Low Offset Voltages Over Temperature 
• 90dB Dynamic Range 
• Filter Operates From Single 4.7V Supply and Up to 

± 8V Supplies 
• Guaranteed Filter Specifications with ± 5V Supply and 

± 2.37V Supply 
• Low Power 
• Clock Inputs T2L and CMOS Compatible 

APPLICATIons 
iii High Order, Wide Frequency Range Bandpass, 

Lowpass, Notch Filters 
• Low Power Consumption, Single 5V Supply Clock 

Tunable Filters 
• Tracking Filters 

TYPICAL APPLICATiOn 

6th Order, Clock Tunable, O.5dB Ripple Chebyshev BP Filter 

23.7k 

49.9k 

4.99k 

165k 

5.49k 

VO UT 

Universal Filter Building Block 
DESCRIPTion 
The LTC1061 consists of three high performance, univer­
sal filter building blocks. Each filter building block to­
gether with an external clock and 2 to 5 resistors can pro­
duce various second order functions which are available 
at its three output pins. Two out of three always provide 
lowpass and bandpass functions while the third output 
pin can produce highpass or notch or all pass. The center 
frequency of these functions can be tuned from 0.1 Hz to 
35kHz and is dependent on an external clock or an ex­
ternal clock and a resistor ratio. 
The LTC1061 can be used with single or dual supplies 
ranging from ± 2.37V to ± 8V (or 4.74V to 16V). When the 
filter operates with supplies of ± 5V and above, it can han­
dle input frequencies up to 100kHz. 
The LTC1061 is compatible with the LTC1059 single uni­
versal filter and the LTC1060 dual. Higher than 6th order 
functions can be obtained by cascading the LTC1061 with 
the LTC1059 or LTC1060. Any classical filter realization 
(such as Butterworth, Cauer, Bessel and Chebyshev) can 
be obtained by the appropriate choice of the external 
resistors. 
The LTC1059 is manufactured by using Linear Technol­
ogy's enhanced LTCMOSTM silicon gate process. 
LTCMOS TMis a trademark of Linear Technology Corp. 

Amplitude Response 

2kHz 

IClK 1MHz 

-60 

-80 

-100 
10 20 30 40 50 60 

INPUT FREQUENCY (kHz) 
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LTC1061 

ABSOLUTE mAXimum RATinGS 
Supply Voltage ..................................... 18V 
Power Dissipation .............................. 500mW 
Operating Temperature Range 

LTC1061AC, LTC1061C ............ -40oCsTAS85°C 
LTC1061AM, LTC1061M ........... -55°CsTAS125°C 

Storage Temperature Range ............ - 65°C to 150°C 
Lead Temperature (Soldering, 10sec) .............. 300°C 

ELECTRICAL CHARACTERISTICS 

PACKAGE/ORDER InFORmATion 
ORDER PART NUMBER 

LTC1061AMJ, LTC1061MJ 
LTC1061ACJ,LTC1061CJ 
LTC1061ACN, LTC1061CN 

(Complete Filter) Vs = :!: 5V, TA = 25°C, T2L clock input level, unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Center Frequency Range, fo fox 0 s 250kHz, Mode 1 0.1-30k Hz 
fo xOs1.6MHz, Mode 1 0.1-18k Hz 
foxOs250kHz, Mode3, Vs= ± 7.5V 0.1-20k Hz 
foxOslMHz,Mode3,Vs= ±7.5V 0.1-16k Hz 
(Note 1) 

Input Frequency Range 0-100k Hz 

Clock to Center Frequency Ratio, 
fClK/fo 

LTC1061A Sides A, B: Mode 1, R1 = R3 = 50kll • 50±0.4% 
LTC1061 R2 = 5kll, 0 = 10, f ClK = 250kHz • 50±1% 

Pin 7 High. 
Side C: Mode 3, R1 = R3 = 50k 
R2 = R4 = 5k, fClK = 250kHz 

LTC1061A Same as Above, Pin 7 at • 100±0.4% 
LTC1061 Mid·Supplies, fClK = 500kHz • tOO±1% 

o Accuracy 
LTC1061A Sides A, B, Mode 1 • ±2 3 % 
LTC1061 Side C, Mode 3 • ±3 5 % 

foxOs50kHz, fos5kHz 

fo Temperature Coefficient Mode1,50:1, fClK<300kHz -1 ppm/oC 
o Temperature Coefficient Mode 1,100:1, fClK<500kHz -5 ppm/oC 

Mode 1, fClK <500kHz +5 ppm/oC 

DC Offset Voltage 
Vos1, Figure 1 • 2 15 mV 
VOS2 fClK = 250kHz, 50:1 • 3 20 mV 
VOS2 fClK = 500kHz, 100:1 • 6 40 mV 
VOS3 fClK = 250kHz, 50:1 • 3 20 mV 
VOS3 fClK = 500kHz, 100:1 • 6 40 mV 

Clock Feedthrough fClK<1MHz 10 mV 
Max. Clock Frequency Mode 1, 0<5, Vs~ ±5V 2 MHz 
Power Supply Current 6 8 10 rnA 

• 13 rnA 
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LTC1061 

E LECTAICAL CHAAACTE AISTICS (Complete Filter) Vs = :!: 2.37V, TA = 25°C unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Center Frequency Range, fo foxQs120kHz, Mode 1, 50:1 0.1-12k Hz 
fox Qs120kHz, Mode 3, 50:1 0.1-10k Hz 

Input Frequency Range 0-20k Hz 

Clock to Center Frequency Ratio 50:1, fCLK = 250kHz, Q = 10 
LTC1061A Sides A, B: Mode 1 • SO±0.6% 
LTC1061 Side C: Mode 3 50±1% 
LTC1061A 100:1, fCLK =500kHz,Q=10 • 100±0.6% 
LTC1061 Sides A, B: Mode 1 100±1% 

Side C: Mode 3 

QAccuracy 
LTC1061A Same as Above ±2 % 
LTC1061 ±3 % 

Max. Clock Frequency 700k Hz 
Power Supply Current 4.S 6 mA 

ELECTRiCAL CHARACTERISTICS (Internal Op Amps)TA=25°C unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Voltage Range ±2.375 ±9 V 

Voltage Swings 
LTC1061A Vs= ±5V, RL =5k(Pins 1, 2,13,14,19,20) ±4 ±4.2 V 
LTC1061 RL = 3.5k (Pins 3,12, lB) ±3.B ±4.2 V 
LTC1061, LTC1061A • ±3.6 V 

Output Short Circuit Current 
Source/Sink Vs= ±SV 40/3 mA 

DC Open Loop Gain Vs= ±SV, RL=5k BO dB 

GBW Product Vs= ±5V 2.5 MHz 

Slew Rate Vs= ±5V 7 V/~s 

The. denotes the specifications which apply over the full operating 
temperature range. 

Note 1: For a complete description of the various modes of operation 
and application hints, refer to the LTC1060 data sheet. 

(12.18) (13.19) (14,20) 

Figure 1. Equivalent Input Offsets of 1/3 LTC1061 Filter Building Block 
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LTC1061 

BLOCK DIAGRAm 

ClK 
(8) 

lEVEL SHIFT 
(9) 

TO FilTER A 

TO FilTER B 

ro FilTER C 

INVA 
(4) 

INVs 
(17) 

INVc 
(11) 

NA 
(3) 

BPA 
(2) 

lPA 
(1) 

PACKAGE DESCRIPTion Dimensions in inches (millimeters) unless otherwise noted. 

J Package 20 Lead CERDIP 
0160 

~_ GLASS (t~~4) 

~
(~~~I I s~~: ~ ~. 

Ie 1(1~:611~~ ~ ~ 

nI' II f 
0008-0012 r=:I-- 0.080 0.060 01oo±0010 l (0203-0.30sj---"- 0,.'25 - 1.-(2,032) jt(t'524l -I 1.-(2,540±0254) 

(3"'i'75i MAX TYP 
0.385,,0.025 MIN 0,018,,0002 
(9.779,,0535) (0.457±0.051) 

8i' 
100 

8ic 
60 

Timax 
150 

t 
0.300 

(7.620) 
MAX 

t 

0025 
(0635) 
RTYP 

0.130±0005 
(3302±0.127) 

N Package 20 Lead Molded DIP 

t-
0.250±0005 
(6.350±0,127) 

1+----- 1.060 ------+i'j 

~-----(2'5~i;8)-------J 
MAX 

~~~~~~~~~ 
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FEATURES 

• 10-Bit Unipolar, or 9-Bit Plus Sign Bipolar 
• 2's Complement Output Coding on Bipolar Conversion 
• 8-Channel MUX with Address Logic 
• Built in Sample and Hold 
• + 5V or ± 5V Operation 
• Reference and Analog Inputs Common-Mode to 

Both Supply Rails 
• Compatible with Industry Standard Full Duplex 

Serial I nterface 
• User Selectable MSB or LSB First Data 
• 20-Pin 0_3" Wide DIP Package 

and 8-Channel MUX 

DESCRIPTion 

The LTC1090 is a serial 1/0 successive approximation AID 
converter with the capability of performing either 10-bit 
unipolar, or 9-bit plus sign bipolar, conversions on any in­
put selected from the 8-channel input multiplexer. The 
serial 1/0 is designed to be compatible with the industry 
standard full duplex serial interface and provides either 
MSB or LSB first data with 2's complement output coding 
automatically provided in the bipolar mode. An on chip 
sample and hold is also included. 

A single input address configures the AID for channel 
assignment of the 8-channel MUX, single ended or dif­
ferential inputs, conversion mode (unipolar vs bipolar) and 
output data format. 
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U \K LTC1091 

TECHNOLOGY~-lO---Bi-t A-/D-w-it-h-S-er-ia-I-I/-O-a-n-d 

FEATURES 

• 10-Bit Resolution 
• 2-Channel MUX with Address Logic 
• Built in Sample and Hold 
• a-Pin Mini-Dip 
• Compatible with Industry Standard Half Duplex 

Serial Interface 

10-24 

2-Channel MUX 

DESCRIPTion 
The LTC1091 is a 10-bit successive approximation AID 
converter with serial 110, 2-channel input multiplexer and 
built in sample and hold all in an a-pin mini-dip. The serial 
110 is designed to be compatible with the industry stand­
ard half duplex serial interface. 

The 2-channel multiplexer is software configurable for 
single ended or differential inputs, and the input common­
mode range includes both supply rails. 

A sample and hold is provided to allow easy, accurate con­
version of time varying signals. 
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TECHNOLOGY~-------------S-u-p-e-r--Ze-n-e-r 

FEATURES 
• 1J.Np·p Noise 
• 2ppm Stability 
• Low Hysteresis 
• Temperature Stabilized 
• 0.3ppm/oC Drift 

APPLICATions 
III 7-1/2 Digit Meters 
• Scales . 
• Calibrators 
• References 

Long Term Stability 

DAYS 

LONG TERM STABILITY OF A TYPICAL DEVICE FROM TIME=O 
WITH NO PRECONDITIONING OR AGING 

DESCRIPTion 
The Super·Zener is a monolithic IC voltage reference 
designed for exceptionally low temperature drift (0.1 ppml 
0C), about 1/N peak·to·peak noise, and less than 5ppm 
long term stability. It offers superior performance to the 
199 family at the expense of increased circuit complexity 
and thermal layout considerations. 

Included on the die is the reference with temperature 
compensating transistor, heater for temperature stabiliz· 
ing and a temperature sensing transistor. All the control 
and biasing circuitry is external to allow maximum 
flexibility and best long term stabilty. 

Typical stabilized temperature is about 60°C for best 
performance although both higher and lower tempera· 
tures can be set. 

7V Reference Circuit 

CONNECTOR 

...---------/22 ...,~:~~~+ OUTPUT 

,-------------4----_-----410 Iv+ :~30V 
lN4148 

13k 70k 70k 

I GNO 

II:~:!~~ }OUTPUT 

SENSE 

I ~r,J~: ,. 
L---------111 ..JTP 
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LTZ1000 

ABSOLUTE mAXimum RATinGS 
Heater to Substrate (Pin 4) .......................... 40V 
Collector-Emitter Breakdown (01) ................... 15V 
Collector-Emitter Breakdown (02) ................... 25V 
Emitter-Base Reverse Bias ........................... 2V 
Operating Temperature Range .......... - 55°C to 125°C 
Storage Temperature Range ............ - 65°C to 150°C 
Substrate Diode Forward Bias ...................... 0.1V 

PACKAGE/ORDER InFORmATion 

2 6 4 7 
·SUBSTRATE DIODES-DO NOT FORWAO BIAS 

ORDER PART 
NUMBER 

LTZ1000 
FACTORY 
ORDER 

TYPICAL ELECTRICAL CHARACTERISTICS 
Reference Voltage (Iz = 5mA) ....................... 7.2V Long Term Stability ...................... <2ppm/month 
Drift ......................................... 0.1 ppm/oC (This Measurement Test Equipment Limited) 
Operating Current ................................. 5mA Transistor Current Gain ................. ; ........... 150 
Voltage Noise (0.1 Hz to 10Hz) .................... 1JNp-p Transistor VSE ................................... 620mV 
Heater Resistance ................................. 6000 Zener Impedance (Iz = 5mA) ........................ 0.200 
Device must be shielded from air currents. More thermal insulation around the LTZ1000 improves performance. 

Negative Voltage Reference 

....-------- ZENER+SENSE 

....--------------t-------1-- V+20V 

r---_+_------....... -~~t-....... _+_--.._-+_-- GND 

70k 

1N4148 
1k 120 

L...--+----4--;--4_--;r-__ ZENER-FORCE 

L...---t---- ZENER-SENSE 

V--10V 
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U \K Surface Mount 

TBCHNOLOGY~---------S-m-a-II-O-u-tli-ne--(S-O-) 

Linear Technology now offers a continually increasing 
number of high performance CMOS and bipolar linear de­
vices in surface mount packages. At the time of this data­
book printing, the following device types were available 

OpAmps: 
LT1001 Precision Op Amp 
L T1008 Low Bias Current, Low Noise, Op Amp 
LT1012 Low Bias Current, Low Offset, Low Noise Op Amp 
LT1013 Precision, Low Offset Dual Op Amp 
LT1056 Precision, High Speed JFET Op Amp 
OP-07 Precision Op Amp 

Device Packaging 

from LTC packaged in the SO-8 (Small Outline Package) 
per the JEDEC standard outline. For pin out configuration 
and electrical specification limits consult either your LTC 
sales representative or the factory. 

8 7 6 5 O t 1 
B C 

I j 
1 2 3 4 

MIN MAX 
A 0.188 0.197 
8 0.150 0.158 
C 0.228 0.244 
0 0.053 0.069 
E 0.050 TYP 
F 0.014 0.018 
G 0.004 0.008 
H 0.010 0.020 
J 0.007 0.009 NOTES: 
K 0.020 0.045 1. PKG MArl: PLASTIC 
<X 00 80 2. LEAD MArl: A-42. TIN PLATED. 

Voltage References: 
LT1004 Precision Micropower Reference 
LT1009 Precision 2.5 Volt Reference 
LT1019 Precision Bandgap Voltage Reference 
LT1021 Ultra Low Drift Precision Reference 
LM385 Micropower Voltage Reference 

CMOS Products: 
LTC1044 Switched Capacitor Voltage Converter 

Note: By the time you read this list, it will most likely be incomplete. Contact LTC for additional products being offered in the Small Outline Package. 
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Linear ICs (2000C) 

Linear Technology now offers a number of its high per· 
formance products fully characterized, tested, and with 
specification limits guaranteed over an extended operat· 
ing temperature range of from - 55°C to + 200°C. 

The list of extended temperature range products being of· 
fered by Linear Technology continues to grow. At the time 
this catalog was printed, the company offered for sale the 
following products. 

OpAmps: 
LT1001XH Precision Op Amp 
LT1007XH Low Noise, High Speed Precision Op Amp 
LM101AXH Uncompensated General Purpose Op Amp 
LM118XH High Slew Rate Op Amp 
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Precision References: 
LM129XH 6.9V Precision Voltage Reference 

Comparators: 
LM119XH High Speed Dual Comparator 

Complete specifications on Linear Technology's 200°C 
product offerings can be obtained directly from your local 
LTC sales representative or directly from the factory. 
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L'--rLlneI\R INTRODUCTION 
....... , TECHNOLOGY,...------------

Quality and Reliability Assurance Programs 

Linear Technology Corporation has a wide ranging program 
integrating vendor participation, design engineering, and 
manufacturing to produce the most reliable and highest 
quality linear integrated circuits available on the. ma~k~t. 
Our modern manufacturing facility in Milpitas, California IS 

DESC line certified and we have successfully completed 
over 30 major OEM quality system surveys to MIL-Q-9858 
and MIL-I-45208. Our Quality and Reliability Assurance Pro­
grams are summarized below: 

o Wafer Fabrication-A modern class 100 area, modular 
clean room construction with full environmental moni­
tors. Emphasis is placed on statistical quality control, CV 
plots, SEM monitors and on our proprietary dual layer 
passivation system. 

• Assembly & End of Line-Incoming inspection of all 
materials and piece-parts, line surveillance and process 
control monitors. 

o Testing-Incoming inspection and acceptance of all off­
shore lots prior to release to test. Ultra modern LTX 
testers, multipass testing with closed loop binning to re­
duce outgoing electrical defective levels. Many "beyond 
data sheet" tests and full temperature QA lot buy-offs are 
performed as standard processing. 

• Traceability-A backside or side mark is placed on all 
units, where space permits, to give information on a unit­
by-unit basis tracing back to the wafer fab lot, assembly, 
end of line (e.o.l.) and test lots. We consider traceability 
to be essential for good engineering control and addition­
al insurance for our customers. The information provided 
exceeds the seal week control required by MIL-STD-883. 

• ESD (Electro Static Discharge)-A full program is in 
place from design through manufacturing. Products are 
fully characterized to MIL·STD-883C (Method 3015) and 
strict controls on handling and packaging are observed. 

• Training and Certification-Operator training has been 
established for all operations and certification is per­
formed on a 6 monthly basis. 

• Major Change Control-Major change controls are in 
place to notify our customers in accordance with MIL-M-
38510F, LTC internal specifications, or specific customer 
specifications as required. 

o Quality Assurance-Full monitoring and reporting of 
quality data with emphasis on statistical process control 
charts. Refer to our Quality Assurance Program. 

o Failure Analysis and Reporting-A formal program ex­
ists to record, analyze and take appropriate corrective ac­
tion on all returns. A report is generated and sent to the 
customer stating our findings and action. 

o Reliability Flows-Linear Technology reliability flows in­
clude JAN-38510, DESC Drawings, 883 (to the new Rev. C) 
R-Flow, and Hi-Rei (Source Controlled Drawings). In addi­
tion, specialized processing such ~s SEM, PIND and 
other tests can be performed as required. 

o Reliability Monitor-LTC has a unique reliability struc­
ture built into each wafer that is used to obtain rapid 
feedback on reliability. This data is obtained in less than 
1 week, versus 40 weeks for a typical reliability audit. See 
the LTC Reliability Program for more details. 

o Reliability Audit-Data is gathered on a monthly basis II1'II 
for selected package/product combinations. This data is 'II 
summarized each quarter and published in a Data Pak zs 
showing Operating Life, 85/85, Autoclave, 883 Group C, C 
and 883 Group D summary data. Copies of Data Pak sum- 'II 
maries are available by writing or calling Linear t 
Technology, 1630 McCarthy Blvd., Milpitas, CA 95035, a: 
(408) 942-0810. 

III 
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~""""'-LlneJ\R RELIABILITY ASSURANCE 
~, TECHNOLOGY~-----
Introduction 

In the early 1960's the study of reliability was mainly the 
province of mathematicians and statisticians. In the late 
1960's and throughout the 1970's it was realized that an 
understanding of the physical phenomena was necessary 
to identify the various failure mechanisms and consider· 
able progress was made in this area. Sophisticated 
diagnostic techniques were devised and this knowledge 
complemented the earlier theoretical work to form a very 
sound foundation. 

At Linear Technology Corporation we have a firm appre· 
ciation for the impact of Reliability on our products and 
we have made every effort to integrate this knowledge into 
our device designs and manufacturing processes. We be­
lieve that "LINEAR" should be "THE MOST RELIABLE 
COMPONENTS" and it is our intention to supply "TOMOR­
ROW'S RELIABILITY-TODAY"! 

All areas that impact reliability have received consider­
able attention and achieving our goal of "THE NUMBER 
ONE" Reliability Supplier of Analog Circuits has impacted 
the DESIGN, FABRICATION, PACKAGING AND TESTING 
of our products. 

"RELIABILITY" requires a total systems approach involv­
ing all parties; from the raw material vendor, to the de­
signer, to manufacturing. 

Cooperative Interface 

Design 

At the DESIGN stage the reliability of the circuit is heavily 
dependent on layout considerations. The thickness and 
width of the metallization has been defined to minimize 
the current density and avoid electromigration problems 
at elevated temperatures. The routing of the metal pattern 
is designed to eliminate potential inversion, or leakage 
failures and guard ring structures are used where appro­
priate. The positions of the bonding pads are carefully 
selected to optimize device performance and also to fit 
easily into a variety of packages without creating potential 
bond loop problems that could result in shorted wires. In 
all of our voltage regulators, thermal limiting is included 
in the circuitry to shut down the device if the temperature 
exceeds a threshold value. Additional insurance is pro­
vided by employing short circuit current protection to 
safeguard catastrophic failure. The philosophy of incor­
porating fault tolerant designs with innovative circuit con­
cepts is a fundamental design rule at Linear Technology 

5 Amp Positive Adjustable Regulator 

SAFE AREA 

Large Ballasted Power Transistor 
ensures equal current sharing. 

THERMAL LIMIT CIRCUIT 

ISOLATING RESISTOR 

Prevents destruction from high transient 
current in 'Adjust' Pin. 
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RELIABILITY ASSURANCE 

Corporation. The design rules used by Linear Technology 
are conservative to avoid compromising reliability, and 
safe operation regions are chosen to prolong device life in 
the field. Input protection is provided and the ability of our 
devices to withstand transient voltage spikes is better 
than average. We focus on reducing lead count of our de· 
vice designs since there is generally a strong correlation 
between the number of leads in a package and the mean 
time between failures for a device. The thermal layout of 
our circuits is also a major consideration to minimize 
parameter drift and optimize performance. The designs at 
Linear Technology Corporation cover a diverse technolog· 
ical base ranging from Bipolar to CMOS. In the case of 
CMOS, design techniques are used to minimize SCR and 
latch·up phenomena. Many integrated circuit designs are 
susceptible to electrostatic discharge effects (ESD) and 
electrical overstress (EOS) with generally catastrophic reo 
suits. In the designs at Linear Technology Corporation, 
care is taken to ensure that a high degree of protection is 
built into our products to minimize this effect. 

Diverse Range of Processes 

1. Super Beta Structure 

2. Bi-fet Structure 

3. Silicon Gate CMOS Structure 
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Prior to release, new devices are thorougly characterized 
and subjected to rigorous mechanical and electrical 
stress testing to exercise all facets of the design, process, 
and package combination. Linear Technology Corporation 
has an active in·house ESD (Electrostatic Discharge) pro· 
gram to prevent yield loss and the potential weakening on 
devices. 

Wafer Fabrication 

In the WAFER FABRICATION area the key to a reliable 
process is consistency and repeatability. Linear Technol· 
ogy has a brand new ultramodern wafer fabrication facility 
and wafer handling has been kept to a minimum. Cassette 
to cassette transfer is used extensively and proximity 
mode aligners are utilized in masking to significantly reo 
duce photomasking defects. Microprocessor controlled 
furnaces are used to eliminate the impact of operator 
error. 

Cassette to Cassette Transfer 

Canon Proximity Aligner 



Stringent incoming inspection checks are made on the 
raw silicon wafers and masks used in the process. Envi­
ronmental monitoring of the gases, clean air, particle 
count, deionized water, and furnace temperature and 
flows are done on a routine basis to avoid any sudden 
changes that could impact device reliability. 

Quality Control checks at various points in the process en­
sure consistency and control charting is used extensively 
throughout the fabrication area. The qual ity of the oxide is 
checked regularly usingC-V plots to check for contamina­
tion and surface state anomolies and processes are not 
operational until minimum requirements are met. Each 
wafer contains diagnostic structures in addition to the de­
vice structures and these test vehicles are used to inves­
tigate and detect potential yield and reliability hazards in 
advance. Scanning electron microscope pictures are 
taken periodically to check the integrity of the metalliza­
tion system. Emphasis is given to the early detection of 
step coverage or misalignment problems. A proprietary 
passivation system has been developed that will enable 

Microprocessor Controlled Furnaces 

Control Chart 
X CHART 

I~-~--~~~~-
~'iI" )(li1( 
--- ---

RCHART 

~ - --,;;:;:;;..-;, ~ 
';'\7-;<1- - ... 

-------_.-

RELIABILITY ASSURANCE 

our die to operate in a variety of plastic packages and the 
nature of this unique multilayer system will make the die 
virtually impervious to the packaging medium. 

The strategy of Linear Technology in developing its proc­
ess is to make the chip as impervious as possible to mois­
ture and ionic contaminants. This approach assures 
reliable operation even in marginal environments. The Lin­
ear Technology process offers several layers of protec­
tion. 1) Extensive CV monitoring of ali diffusion tubes and 
deposition systems assure underlying oxides with low 
levels of positive ionic contamination. Phosphorous get­
tering ties up these ions in an inactive state. 2) A propri­
etary deposited oxide gives conformal coverage of metal 
and oxide steps, and is free of cracks. 3) A plasma nitride 
overcoat protects the die from external ionic contamina­
tion during handling, testing and assembly. The dual ni­
tride/oxide layer is completely free of cracks and pinholes 
which enhance corrosion protection against moisture 
contamination. 

Passivation Process 

1. Contamination Free Passivation 
Oxide 

2. Conformal Oxide Underlayer 

3. Plasma Nitride Top Layer ___ ....J 
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RELIABILITY ASSURANCE 

Packaging 

The impact of new equipment, techniques and materials 
have had a tremendous impact on device reliability. In the 
area of wafer scribing, sawing of the wafers has de· 
creased device chipping and cracking significantly. The 
handling of dice at second optical inspection and die at· 
tach is now mainly semi·automatic, removing the need to 
use tweezers and the resultant damage due to this opera· 
tion. Semi·automatic lead bonding machines have pro· 
duced tremendous gains in productivity but as importantly 
more consistent lead bonds have resulted from this new 
innovation. Die attach materials have improved and mod· 
ern low temperature glass ceramic seals have dramati· 
cally increased product reliability. At Linear Technology 
we are using the latest state·of·the·art assembly equip· 
ment and materials. Our epoxy material has the lowest 
sodium and chlorine content of any molding compound 
available and the data on operating life, power cycling and 
pressure pot is outstanding. All materials are inspected to 
better than industry standards prior to use and strict QC 

Wafer Saw 

-
Die Attached and Wire Bonded Unit 

Encapsulated and Finished Unit 
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checks are performed on·line to assure control and con· 
formance to specifications. At LTC traceability to a fab· 
rication lot is considered to be of primary importance. On 
all packages where space allows a side mark or a back· 
side mark is used to give this key information. We are able 
to track the country of origin, assembly location, die type, 
wafer fablot, exact seal dated and also identify non stand· 
ard processing if required on a special flow. This unique 
benefit is offered as a standard feature at no additional 
cost and adds immensely to the level of control and trace· 
ability on Linear Technology products. 

MII·Standard 883 Method 2010 Condition B visual criteria 
are applied to all Linear Technology products and a thor· 
ough inspection of all lots received from our assembly 
operations in Southeast Asia is performed prior to testing. 
A system of effective and rapid communications exist be· 
tween our operation in Milpitas, California and Southeast 
Asia to analyze and correct any assembly or process reo 
lated problems before the product is shipped to the cus· 
tomer. Precautions are taken throughout the assembly 
process to minimize the impact of ESD (Electrostatic Dis· 
charge) on our devices. 

Side/Backside Mark on Unit 



Test 

The testing of analog circuits is a science in its own right 
and requires very special technical skills to overcome the 
challenges that are presented. At Linear Technology we 
have invested in the very latest "state-of-the·art" com­
puter controlled testers and our device designs exercise 
the limits of these excellent testers. All Military 883 prod­
ucts receive a 150°C burn-in prior to test and full tempera· 
ture testing is performed. Regulator products are put on 
"rack burn·in" and the devices are exercised in the ther· 
mal shutdown mode prior to testing. This pretest burn-in 
contributes to the removal of infant mortality failures and 
enhances product reliability. Other tests check the ther­
mal regulation and verify the integrity of the die attach as 
the presence of voids under the die for a regulator affects 
device performance adversely. Often, tests additional to 
the data sheet tests are added to a test flow to detect po· 
tential flaws that could impact reliability. 

LTXlLlNEAR Tester with Environmental Handler 

RELIABILITY ASSURANCE 

At Linear Technology we believe that the thorough and 
complete testing of our components is an essential ele· 
ment in our plan to provide 'premier' reliable products. 
Precautions are taken throughout test to safeguard our 
devices from the insidious effects of ESD (Electrostatic 
Discharge). As an example, all chip capacitors are pre­
stressed with voltages (in excess of the device maximum 
voltage ratings) to induce failure in substandard lots. 

Rack 'Burn·in' of TO·3 Regulators 

Burn·in Operation 
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RELIABILITY ASSURANCE 

Reliability Flow 

Reliability failure rate can be broken out into three main 
categories: 1) Infant Mortality, 2) Freak Failures and 3) 
Long Term Failures. Short term burn·in screening as de­
scribed in the previous section address the first cate­
gory-infant mortality. The long term failures represent a 
significant number of hours in terms of the mean time be­
tween failures and so the major area of concern is a suffi­
cient pre-screen conditioning to eliminate the bulk of the 
infant mortality and freak failures. 

These early life failures impact customer warranty costs 
and reputation severely and the replacement costs are 

Typical Representation of IC Lot Failure 
Rates at 50·C Operation 

FAILURE RATES (FITS) 
10' 

10' 

10' 

10' 

10' -=====-=--<---~-~ 
100 10' 102 103 104 105 106 107 

OPERATING LIFE (HOURS) 

1. Infant mortality population which could be 

0.5% of the lot. Its mean life could be as low as 

50 hrs. 

2. The freak population could represent up to 5% 

of the lot. Its mean life could be 5 yrs. 

3. Main population whose mean life could be 

hundreds of years. 

4. The dramatic impact on total lot reliability that 

is achieved by weeding out early failures via 

100% burn-in. 
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clearly several orders of magnitude greater than the initial 
component costs. The Linear Technology 883 program ad­
dresses this requirement and offers a cost effective in­
house flow. The flow is defined in our MIL-STD 883 
brochure and the essential elements of the program in­
clude visual inspection at second and third optical inspec­
tion to Condition B (Mil-Standard 883, Method 2010, 
stabilization bake at 150°C, temperature cycling from 
- 65°C to 150°C, constant acceleration, fine and gross 
leak, followed by a 125°C burn-in for 160 hours or equiva­
lent. Assuming an active energy of 1.0ev, this burn-in is 
equivalent to 80,000 hours or approximately 9 years at a 
normal operating temperature of around 55°C. 

.35 
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.00 

Failure Rate vs Time'--LT07H 

Equ valent B~n In Tem . 125·C ,-- • 0" 
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Operating Life Drift Data 
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81 55°C 
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Wafer Fab Reliability Audit 

As an additional reliability control, Linear Technology has 
innovated a periodic reliability audit of the wafer fab proc­
ess, using a specifically designed reliability structure 
which is stepped into all wafers. 

This structure is optimized to accelerate, under tempera­
ture and bias, the two most common failure mechanisms 
in linear circuits, namely mobile positive ions and surface 
charged-induced inversions. The three-terminal structure 
is scribed from a run and assembled in a hermetic pack­
age. These devices are burned-in for a predetermined tem­
perature and time. The same structure becomes sensitive 
to either failure mechanism depending upon the bias 
scheme used during burn-in. A limit is defined for the leak­
age current change during burn-in; a failure indicates a 

RELIABILITY ASSURANCE 

wafer fab problem which will be addressed by the process 
engineering group. The use of a test pattern allows any de­
vice to be monitored and also gives faster unambiguous 
feedback than is normally achieved by performing reliabil­
ity testing on assembled product. Reliability data is 
generated in less than one week giving immediate feed­
back on device reliability. The standard industry monitor­
ing schemes typically take a minimum of 22 weeks to 
obtain this feedback and it is not uncommon for the cycle 
time to be up to 40 weeks before fab is alerted of a 
problem. 

Linear Technology utilizes this new control technique in 
addition to the conventional reliability audit on randomly 
pulled finished product. 

Process Reliability Monitor 

STANDARD INDUSTRY RELIABILITY AUDIT 

FI Fa Probed Offshore 
WIP Assembly 

Test 
WIP 

ACCELERATED FAB RELIABILITY AUDIT 

FAB 
In-House 
Assembly Test 

FIELD CHANNEL MONITOR 

v-
1 ISO 

1----

Parasitic I I 
Gate L - ~ 3 EPI 

I 

Base 

SODIUM MONITOR 

v-

2 

Base ISO 

EPI 

3 
V· 
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RELIABILITY ASSURANCE 

Conclusion 

At Linear Technology Corporation we are addressing relia­
bility and quality with the same priority to produce the 
best possible product in the analog world. We believe that 
the combination of our extensive design skills, and excit­
ing innovations in the wafer fabrication process, coupled 
with the most modern assembly techniques, has produced 
the "MOST RELIABLE" linear products available in the 
market today. Our standard product flows include thermal 
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limit rack burn-in (for all regulators) and 150°C burn-in for 
Military 883 products to significantly reduce the infant 
mortality failures. In addition, our 883 flow is designed to 
further enhance product reliability. We fully realize that 
the cost of fa'ilure in the field is many orders of magnitude 
more than the initial component cost. By purchasing Lin­
ear Technology Corporation's products, worthwhile insur­
ance can be gained. 

LT07H-Mean Time Between Failures 
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QUALITY ASSURANCE PROGRAM 

At Linear Technology Corporation our overriding commit­
ment is to achieve Excellence in Quality, Reliability and Ser­
vice (QRS). We interpret the word "excellence" to mean 
delivering products that consistently exceed all the require­
ments and expectations of our customers. The commitment 
to QRS extends from the President to every employee, from 
design to product qualification, and from manufacturing to 
shipping. To meet this commitment, Linear Technology has 
established a comprehensive program called "Quality for 
the Eighties." 

This program is divided into four separate, but highly in­
terrelated programs, namely Quality Environment, Total 
Quality Control, Vendor Participation, and Focus for the 
Eighties. 

Quality Environment 

This first program, Quality Environment, serves as the build­
ing block for three other programs. It entails establishing an 
environment that is conducive to the participation of each 
and every employee in helping to build quality into our prod­
ucts. This program encourages every employee to identify 
any quality problem and participate in recommending 
solutions. 

Quality for the '80's 

An operator training and certification program has been 
established that covers every area of manufacturing from 
incoming raw material inspection, wafer fabrication, as­
sembly, and test to shipping. Emphasis is placed on compli­
ance with specifications, performance to quality goals, 
electrostatic discharge damage (ESD) awareness and con­
trols, encouraging operators to think quality and recom­
mend quality improvement ideas. 

To ensure compliance with specifications, a Quality Audit 
Team performs a systems audit of key manufacturing areas 
at periodic intervals. Compliance with process specifica­
tions and the detailed programs of the Corporate Quality 
Assurance Policy are verified, and discrepancies reported 
for quick resolution with special emphasis to eliminate re­
curring problems. The performance of each area is then 
rated, providing a strong incentive for each area to excel. 

With the philosophy that each department, starting from 
incoming raw materials, is considered a customer of the 
preceding department, every effort is made by working 
closely together to meet or exceed our end-customer re­
quirements and goals. 

Systems Quality Audit-Tracking Recurring Problems 

~ 
~ 

~ 
r\ 11\ 

\ 

~ 
~ 

o 
1 2 3 4 5 6 7 8 9 10 11 12 

PERIOD 
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QUALITY ASSURANCE PROGRAM 

Total Quality Control 

The second program starts with the incorporation of innova­
tive, but conservative, design and layout rules to achieve 
the best performance without sacrificing quality and relia­
bility. During the design and development cycle, Design, 
Product, Package, Manufacturing, Quality and Reliabilty 
Engineering groups participate in design reviews to ensure 
that all program aspects are covered; ranging from product 
performance objectives to ensuring reproducibility and re­
peatability in wafer fabrication and assembly. Special em­
phasis is placed on devising input protection circuitry to 
minimize susceptibility to voltage spikes and ESD, optimiz­
ing thermal layout to minimize parametric drift, and 
optimizing bond pad layout to maximize assembly and elec­
trical test yields, at the same time allowing the die to be 
assembled in a wide selection of packages. 

Once the design is approved, a stringent manufacturing 
qualification test plan is conducted on the initial engineer­
ing runs. The test plan is selected to bring out any weak­
nesses in the design and any manufacturability problems, 
and includes reliability stress tests such as high tempera­
ture operational life and high temperature humidity bias 
85°C/85% RH for plastic packages, and MIL-STD-883C 
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Raw Material Controls 

VENDDR QUALIFICATION­
MINIMUM 3 MANUFACTURING LOTS 

QUALIFIED VENDOR LlST-
ADDITION OF NEWLY QUALIFIED VENDOR TO LIST 

STRINGENT INCOMING INSPECTION ON EVERY LOT: 
• DIMENSIONAL 
• VISUAL EXAMINATION 
• FUNCTIONAL TESTING TO SIMULATE ACTUAL 

MANUFACTURING CONDITIONS 
• PLATING THICKNESS MEASUREMENTS 
• COMPOSITIONAL ANALYSIS 
• CHEMICAL ANALYSIS FOR CONTAMINANTS 

VENDOR PERFORMANCE TRACKING­
TO DETERMINE VENDOR QUALIFICATION! 

DISQUALIFICATION STATUS 

method 5005 qualification testing for hermetic packages. 
Product performance on these tests must be equal to or bet­
ter than similar products within the same generic group to 
be considered qualified. Major design, package, material 
and process changes are also subjected to these same 
stringent qualification requirements. In addition to achiev­
ing the required reliability performance, an engineering 
change must also achieve manufacturing yield and quality 
performance levels equal to or better than the original prod­
uct to be considered qualified. 

In manufacturing, process controls start with vendor quali­
fication on raw material piece parts. A Qualified Vendor List 
is maintained and performance of each vendor is continu­
ously monitored on a Vendor Rating Program. A dimen­
sional, visual, functional and, where applicable, composi­
tional analysis is performed on each direct raw material lot. 
Automated state-of-the-art wafer fabrication, assembly and 
test equipment, cassette-to-cassette handling in wafer fab­
rication and automated handling in assembly are utilized, 
where possible, to maintain manufacturing consistency 
and quality. Only fully trained and certified operators are al­
lowed to work on production material. 

SEM Monitor of Metallization Quality 



QUALITY ASSURANCE PROGRAM 

Stringent process controls, typically beyond industry stand· 
ards, are established for each critical manufacturing step in 
wafer fabrication, wafer test, assembly, package finishing, 
mark and pack and shipping as depicted in the Quality Con· 
trol Flow Diagram. The process controls include monitors of 
critical assembly processes at a minimum frequency of four 
times per shift, and lot acceptance inspection for operations 
requiring 100% production inspection. Initial die inspection 
and preseal visual inspection are performed per MIL·STD·883 
Method 2010 Test Condition B. Statistical quality control 
techniques are employed in optimizing process parameters, 
and monitoring process performance through the use of con· 
trol charts with action limits and upper and lower control lim· 
its, and in parametric distribution analysis at electrical test. 

Electrical quality is guaranteed by conservative guard· 
banding on production test programs of a minimum of three 
machine guardbands, by using state·of·the·art test equip· 
ment and 0.04 % AQL for lot acceptance testing at 25°C for all 
military and commercial lots. All lots also receive a QA AQL 
lot acceptance test at the high and low temperature extremes 
of the specification. Additional tests, like rack burn·in, be· 
yond the data sheet specifications on regulator products are 
performed by exercising the parts in a thermal shutdown 
mode. These tests are incorporated into the test flow to im· 
prove reliability and weed out infant mortality failures. Visual 
and mechanical quality is optimized by minimizing handling 
of parts in assembly, test and end of line operations. Lead fin· 
ish processes have been selected that mimimize solderability 

X and R Control Chart for One Variable 
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problems and all lots are subjected to a stringent major 
visual/mechanical inspection. Administrative errors due to 
mixed and wrong parts are minimized by strictly adhering to a 
one lot per station policy, and double checking orders at or· 
der entry and shipping. Before shipment of a lot to the cus· 
tomer each lot is inspected to ensure that it meets internal 
and customer specifications and purchase order require· 
ments. The level of attention paid to each unit is demon· 
strated by the fact that each unit is traceable to the wafer 
fabrication lot number via a side or back mark on both 883 
and commercial products on all packages, except where 
there is a physical constraint. 

Through the use of automated equipment, strict process 
controls (utilizing proven statistical quality control tech· 
niques), periodic systems and quality audits (conducted by 
the Quality Audit Team), stringent facilities and environ· 
mental controls and monitors, Linear Technology is able to 
ensure quality is built into the product and to guarantee a 
consistently high quality level. 

The manufacturing quality controls are complimented by a 
reliability audit program designed to weed out design, fab' 
rication, packaging and assembly deficiencies. Addition· 
ally, controls are supported by a comprehensive failure 
analysis and corrective action program designed to provide 
timely feedback of findings to all operating groups for reso· 
lution. The analysis of customer returns, and corrective ac· 
tion taken, completes the closed loop of our Total Quality 
Control program. 

Military and Commercial Products Share 
the Same Stringent Inspections and Controls 

o WAFER FABRICATION PROCESS CONTROLS & CLASS 100 PROCESSING. 
• REGULAR SEM MONITORS. 
o DICE INSPECTION PER MIL-STD-883C METHOD. 2010 TEST CONDITION B. 
o PRE-SEAL VISUAL INSPECTION PER MIL-STD-883C METHOD 2010. TEST 

CONDITION B. 
o DIE SHEAR TEST PER MIL-STD-883C METHOD 2019. 
o BOND PULL TEST PER MIL-STD-883C METHOD 2011. 
o SOLDERABILITY TEST PER MIL-STD'883C METHOD 2003. 
o MARK PERMANENCY TEST PER MIL-STD-883C METHOD 2015. 
o HERMETICITY TESTING PER MIL-STD-883C METHOD 1014. 
o OA ELECTRICAL TEST TO 0.04% AOL AT 25'C. AND TEMPERATURE TESTING. 
o EXTERNAL VISUAL PER MIL-STD-883C METHOD 2009. 
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QUALITY ASSURANCE PROGRAM 

Bond Strength Histogram 
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QUALITY ASSURANCE PROGRAM 

Vendor Participation 

The requirements of high quality raw materials for Inte· 
grated circuit manufacture range from ppb (parts per billion) 
impurity levels for electronic grade chemicals to ppm (parts 
per million) defective levels for lead frame packaging 
materials. It is not only essential, but critical for the semi· 
conductor manufacturer to work closely with their vendors 
to attain the high quality levels needed in raw materials. At 
Linear Technology, a program has been established and 1m· 
plemented to allow vendor participation In formulating 
specifications and establishing percentage defective and 
lot rejection rate goals. This vendor participation ensures 
that the direct and raw material quality levels received are 
consistent with our manufacturing and end·product quality 
goals. Clearly, achieving optimum quality product requires 
the use of the best possible materials available and with 
continuous communication and feedback from our vendors 
to Improve in this key area. 

Focus For the 80's 

The following key quality improvements programs have 
been established to meet the quality requirements of the 
80's. 

25°C Electrical Average Outgoing Quality (AOQ) 
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PPM Goals 

As demand for quality semiconductor components be· 
comes increasingly more stringent, the percentage goals 
from the 1970's have given way to ppm goals in the 1980's. 
At Linear Technology, ppm quality goals are established for 
every major operation, from incoming inspection to cus· 
tomer returns. Performance to goals is reviewed quarterly 
and, where goals are not met, quality improvement pro· 
grams are defined and implemented. Quality goals are 
updated and tightened on an annual basis, and quality pro· 
grams are redefined to achieve the new goals established. 
One of the early benefits of this program is demonstrated by 
the excellent average outgoing electrical quality (AOQ). 

Statistical ac 
The increased reliance on automated manufacturing and 
test equipment underlines the need for strict process con· 
trol techniques. Statistical QC is a valuable tool and, at 
Linear Technology, we realize the importance of these 
methods. Engineering analysis is performed regularly, 
using SQC techniques to establish the process capability. 
Control charts showing X and R points are tracked to ensure 
the process is within normal limits and action and shut· 
down limits are established for critical operations. 

X and R Control Chart lor Two Variables 
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QUALITY ASSURANCE PROGRAM 

ESDControl 

A comprehensive ESD control program has been estab· 
lished which encompasses design, handling, testing, stor· 
age, and final packaging for shipment. The program 
includes the use of grounded table tops, floor mats, wrist 
straps and heel straps, topical antistatic treatment of floor 
coverings, banning of static bearing materials from the 
manufacturing environment, ionizers, and use of conduc· 
tive or antistatic materials for handling and final packaging. 
Areas where ESD control must be enforced are designated 
as ESD Protected areas. ESD awareness training programs 
help to increase the operator's awareness for successful 
implementation of this program. Every effort is made to 
stamp out this silent chip killer. The benefits of this pro· 
gram are improved quality and reliability to the customer. 

auality System Surveys MIL·a·9858 and MIL.J.45208 Approval 
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CALENDAR QUARTER (FOR CY 1983-1985) 

Based on the foregoing quality programs, Linear 
Technology CoJporation is positioned to con· 
tinuously improve our product quality and ex· 
ceed the demands of our customers in the 80's 
and beyond. 
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Customer Ship·To·Stock Program 

Linear Technology is working hand·in·hand with customers 
to supply consistently high quality·level products to help 
achieve a ship·to·stock program by eliminating the need to 
do an incoming inspection. We recognize the benefits to our 
customers of a ship·to·stock program, namely savings in 
the need to purchase and maintain incoming test equip· 
ment, savings in the need to maintain a safety stock in case 
of incoming lot rejections, and reduction in board failures 
and re·work costs because of higher component quality. 

IF 
FAILURE 
RATE IS 

EXCEEDED 

Ship·To·Stock Program Flow 

100% INCOMING INSPECTION 

ESTABLISH PPM GOAL WITH CUSTOMER . 

CUSTOMER MEASURES AIQ 
(AVERAGE INCOMING QUALITY) 

ELIMINATE 100% INCOMING INSPECTION AND 
START SHIP-TO-STOCK WHEN AIQ ",PPM GOAL. 

LTC PROVIDES CUSTOMER WITH AOQ 
(AVERAGE OUTGOING QUALITY) DATA. 

CUSTOMER TRACKS BOARD/SUBSYSTEM/SYSTEM 
TEST DATA ON SHIP-TO-STOCK PARTS. 

CUSTOMER TO RETURN FAILED PARTS 
TO LTC FOR FAILURE ANALYSIS. 



INCOMING RAW MATERIAL 

QA PRESEAL VISUAL 
INSPECTION (3rd OPTICAL) 

QUALITY ASSURANCE PROGRAM 

Quality Control Flow Diagram 

SILICON WAFERS 
MASK PLATES 
PIECE PARTS 

RESISTIVITY, 
OXIDE THICKNESS, 
METALLIZATION THICKNESS 
PINHOLE DENSITY, 
CD MEASUREMENT, ETC. 
100% ELECTRICAL TEST OF 
EVERY DIE 

INSPECT FOR FLOW, VISUAL 
QUALITY, BACKSIDE QUALITY, 
PROBE QUALITY, ETC. 

4 x ISH 1FT 

PER MIL-STD-883 
METHOD 2010 

VISUAL 4 x ISHIFT. 
DIE SHEAR TEST 2 x ISHIFT 

VISUAL 4 x ISHIFT 
BOND PULL TEST 2x/SHIFT 

CHECK FOR DIE ATIACH 
QUALITY 

PER MIL-STD-883 
METHOD 2010 

OUTGOING VISUALI 
MECHANICAL INSPECTION 

100% FINAL ELECTRICAL TEST 

TOP MARK 

QA MARK VISUAL AND 
PERMANENCY TEST 

QA FINAL ELECTRICAL TEST 

PACK 

QA POST PACK 
VISUAL/MECHANICAL 
INSPECTION 

BOXSTOCK 

SHIP 

~ 

VISUAL,4x/SHIFT 
FINE LEAK, 2 x ISHIFT 
GROSS LEAK, 2x/SHIFT 
MOISTURE, 4 x ISH 1FT 

PER MIL-STD-883 
METHOD 1010 
10 CYCLES 
PER MIL -STD-883 
METHOD 1014 

(OFFERS UNIT TRACEABILITY 
TO WAFER FAB LOT NUMBER 
KAO AAH 515XX 

K=ASSEMBLY PLANT CODE 
AO=DlE TYPE 

AAH=WAFER RUN NUMBER 
515=SEAL DATE CODE 

XX=SPECIAL CODES 

VISUAL/MECHANICAL 
FUNCTIONAL 
(INTERNAL VISUAL, DIE SHEAR, 
BOND PULL, SOLDERABILITY, 
ETC.) 

PER MIL-STO-833 
METHOD 2015 

25'C AND TEMPERATURE 
EXTREMES 

INSPECT TO CUSTOMER 
P.O. REQUIREMENTS 
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Linear Technology R·Flow 

Reliability has been a key focal point at Linear Technology 
Corporation since our inception in 1981. Our standard prod· 
uct reliability is monitored closely and we have generated 
an extensive reliability data base for both hermetic and 
plastic devices. This data is published on a quarterly basis 
and we are seeing very low reliability failure rates in the 1 to 
3 FIT range at 55°C. * 

In response to customer requests, we have added an even 
higher level of reliability screening for commercial hermetic 
and plastic components. LTC's R·Flow adds an equivalent 
160 hours 125°C burn·in to the standard commercial pro· 
cess flow. Following burn·in, a 100% room temperature test 
is performed and a 10% PDA (Percent Defective Allowed) is 
applied. This PDA limit affords an additional level of insur· 
ance on a lot·by·lot basis and prevents the occasional dis· 
parate lot from being shipped for critical applications. The 
additional room temperature insertion also decreases the 
probability of any electrical defectives in the R·Flow lot. -Note: 1 FIT = 1 failure in 109 device hours. 

R·Flow for TO·5 and CERDIP Packages 

OUTGOING QA IN PROC. QA 
SEAL - (OFFSHORE) r- MARK PERMANENCY 

TEST 

STABILITY BAKE INCOMING QA 3 TEMP ELECT QA 
O·C. 25·C, 70·C 24 HRS @ 15O"C (ONSHORE) 

0.04% AQL AT 25·C 

TEMP CYCLE 1st 25·C TEST 
10 CYCLES (FULL PARA. AC/DC) PACK 

-65·C TO 150·C 

BURN-IN 
IN PROCESS QA 15O"C FOR 30 HRS. 

OUTGOING QA FINE/GROSS LEAK (EQUIV. TO 160 HRS. 
@ 125·C FOR Ea=lBV) 

SOLDER DIP (H-PKG) 
OR SOLDER DIP SHIP 

TIN PLATE (J-PKG) 

QA GATE 2nd 25·C TEST 
VISUAL & FULL PARA. AC/DC 

SOLDERABILITY TEST PDA 10% 

FINE/GROSS LEAK 
f- MARK I-100% 
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R·Flow lor Plastic Dual·ln·Line Packages 

BURN·IN 

MOLD .... 150'C FOR 30 HRS 
(EQUIV. TO 160 HRS. 

@ 125'C FOR Ea=1eV) 

2nd 25'C 
CURE ELECTTEST 

6 HR AT 175'C FULL PARA AC/DC 
PDA 10% 

TIN PLATE MARK 

IN PROC QA 
IN PROCESS QA MARK PERMANENCY 

TEST 

TEMP CYCLE 3 TEMP ELECT QA 
5 CYCLES O'C, 25'C, 70'C 

O'C TO 150'C 0.04% AQL AT 25'C 

OUTGOING QA 
PACK (OFFSHORE) 

INCOMING QA 
OUTGOING QA (ONSHORE) 

1s125'C 
ELECT TEST I-- SHIP 

FULL PARA AC/DC 

R-FLOW 
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Introduction 

As integrated circuit technologies achieve higher speed, 
smaller geometries, lower power and lower voltage, there 
is a tendency toward greater ESD (Electrostatic Damage) 
susceptibility. State-of-the-art CMOS ICs can be suscept­
ible to as little as 50V, a static level that is way below the 
500V to 15,000V commonly found in an ESD unprotected 
work environment. As these state-of-the-art ICs get 
designed into systems, the ESD susceptibility of system 
hardware also increases proportionately. Industry esti­
mates of losses due to ESD are in the range of a few billion 
dollars annually. 

It has become increasingly important for semiconductor 
manufacturers and users of semiconductor and other 
electronic components to fully understand the nature of 
ESD, the sources of ESD, and the impact on quality and 
reliability to effectively deal with this silent chip killer. 

Linear Technology Corporation has successfully under­
taken a simple but effective ESD Protection Program as 
part of an overall program designed to enhance product 
quality and reliability. 
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ESD PROTECTION PROGRAM 

The objective of this tutorial is to provide increased ESD 
awareness by identifying the sources of ESD in the work 
environment and recommending keypoints for the suc­
cessful implementation of an ESD program in your 
company. 

The end result of a successful ESD program is the reduc­
tion of line failures, final inspection failures and field 
failures, improved manufacturing yields, improved prod­
uct quality and reliability and lower warranty costs. We 
believe that an ESD Protection Program must be an 
important integral part of every electronic company's 
product quality and reliability program. 

A copy of the Linear Technology ESD Protection Program 
Brochure can be obtained on request by writing directly to: 

Linear Technology Corporation 
1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 
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AN1 Understanding and Applying the LT1005 
Multifunction Regulator 

This application note describes the unique operat­
ing characteristics of the LT1005 and describes a 
number of useful applications which take advan­
tage of the regulator's ability to control the output 
with a logic control signal. 

AN2 Performance Enhancement Techniques for 
3-Terminal Regulators 

This application note describes a number of 
enhancement circuit techniques used with existing 
3-terminal regulators which extend current capa­
bility, limit power dissipation, provide high voltage 
output, operate from 110VAC or 220VAC without 
the need to switch transformer windings, and 
many other useful application ideas. 

AN3 Applications for a Switched-Capacitor 
Instrumentation Building Block 

This application note describes a wide range of 
useful applications for the LTC1 043 dual precision 
instrumentation sWitched-capacitor building 
block. Some of the applications described are ultra 
high performance instrumentation amplifier, lock­
in amplifier, wide range digitally controlled variable 
gain amplifier, relative humidity sensor signal con­
ditioner, LVDT Signal conditioner, charge pump 
F to V and V to F converters, 12-bit A to D con­
verter and more. 

AN4 Applications for a New Power Buffer 

The LT1 01 0 150J.tA power buffer is described in a 
number of useful applications such as a boosted op 
amp, a feed-forward, wideband DC stabilized buff­
er, a video line driver amplifier, a fast sample-hold 
with hold step compensation, an overload protected 
motor speed controller, and a piezoelectric fan 
servo. 

AN5 Thermal Techniques in Measurement and 
Control Circuitry 

6 applications utilizing thermally based circuits are 
detailed. Included are a 50MHz RMS to DC con­
verter, an anemometer, a liquid flowmeter and 
others. A general discussion of thermodynamic 
considerations involved in circuitry is also 
presented. 

AN6 Applications of New Precision Op Amps 

Application considerations and circuits for the 
L T1 001 and LT1002 single and dual precision 
amplifiers are illustrated in a number of circuits, 
including strain gauge signal conditioners, 
linearized platinum RTD circuits, an ultra precision 
dead zone circuit for motor servos and other 
examples. 

AN7 Some Techniques for Direct Digitization of 
Transducer Outputs 

Analog-to-digital conversion circuits which directly 
digitize low level transducer outputs, without DC 
preamplification, are presented. Covered are cir­
cuits which operate with thermocouples, strain 
gauges, humidity sensors, level transducers and 
other sensors. 

AN8 Power Conditioning Techniques for Batteries '" 'II 
U 

is 
A variety of approaches for power conditioning C 
batteries is given. Switching and linear regulators ~ 
and converters are shown, with attention to effi- Go 
ciency and low power operation. 14 circuits are a: 
presented with performance data. iii 
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APPLICATION NOTES 

AN9 Application Considerations and Circuits for a 
New Chopper-Stabilized Op Amp 

A discussion of circuit, layout and construction con­
siderations for low level DC circuits includes error 
analysis of solder, wire and connector junctions. 
Applications include sub-microvolt instrumentation 
and isolation amplifiers, stabilized bufters and com­
parators and precision data converters. 

3rd atr '85 

AN11 Designing Linear Circuits for 5V Operation 

This note covers the considerations for designing 
precision linear circuits which must operate from a 
single 5V supply. Applications include various 
transducer signal conditioners, instrumentation 
amplifiers, controllers and isolated data converters. 

4th atr '85 

AN12 Circuit Techniques for Clock Sources 

Circuits for clock sources are presented. Special 
attention is given to crystal-based designs in­
cluding TXCOs and VXCOs. 

3rd atr '85 

AN13 High Speed Comparator Techniques 

The AN 13 is an extensive discussion of the causes 
and cures of problems in very high speed compar­
ator circuits. A separate applications section 
presents circuits, including a 0.025% accurate 
1Hz-30MHz V to F converter, a 200ns 0.01% 
sample-hold and a 10MHz fiber optic receiver. Five 
appendices covering related topics complete this 
note. 
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AN14 Designs for High Frequency Voltage-To­
Frequency Converters 

4th atr '85 

A variety of high performance V to F circuits are 
presented. Included are a 1Hz to 100MHz 
deSign, a quartz stabilized type and a 0.0007% 
linear unit. Other circuits feature 1.5Voperation, 
sine wave output and non-linear transfer func­
tions. A separate section examines the trade-ofts 
and advantages of various approaches to V to F 
conversion. 

AN15 Circuitry for Single Cell Operation 

1.5V powered circuits for complex linear func­
tions are detailed. DeSigns include a V to F con­
verter, a 10 bit A-D, sample-hold amplifiers, a 
switching regulator and other circuits. Also 
included is a section on component considera­
tions for 1.5V powered linear circuits. 

AN16 Unique IC Buffer Enhances Op Amp Designs, 
Tames Fast Amplifiers 

This note describes some of the unique IC design 
techniques incorporated into a fast, monolithic 
power buffer, the LT1010. Also, some applica­
tion ideas are described such as capacitive load 
driving, boosting fast op amp output current and 
power supply circuits. 
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