
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































NEW PRODUCTS

¥ LINEAR

TECHNOLOGY

Extended Temperature Range 0p Amps:

. LT1001XH Precision Op Amp
o
Linear ICS (200 C) LT1007XH Low Noise, High Speed Precision Op Amp
Linear Technology now offers a number of its high per-

LM101AXH Uncompensated General Purpose Op Amp
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

LM118XH High Slew Rate Op Amp

Precision References:
LM129XH 6.9V Precision Voltage Reference

Comparators:
LM111XH General Purpose Comparator
LM119XH High Speed Dual Comparator

following products. o )
Complete specifications on Linear Technology’s 200°C

product offerings can be obtained from your local LTC

LTCMOS™ and CSOA™ are trademarks of Linear Technology Corporation. sales representative or directly from the factory.

13-74 LY LNEAR
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0 4

LINTAR

TECHNOLOGY

PACKAGE CROSS REFERENCE

L1C NSC SIG FSC MOT T SG AMD RAYTH PMI
Plastic DIP N-8 N N T P1 P M P-8 P,NB P
) wR 8Lead NG
Plastic DIP N N N P P2 N N P-14 PN P
— 14,16, 18,20, N-14 NE P-16
24, and 28 Lead NG
o] T0-220 T T - U T KC P - - -
g m 3Lead
‘g (Optional) '5[?;}2:(? T T - Y} - - P - - -
T
il ﬁ
Side Brazed Hermetic DIP D-8 D | D L - - D-8 - -
g0 o 8Lead
Side Brazed Hermetic DIP D D | D L — - D-14 - YB
0 swme 14,16, 18 and 20 Lead D16 QB
D-18 XB
7092 z Z - w P LP - - - -
o] & 3Lead
Il
il
TO-5,T0-39, 70-96 H H - H G - T H T H
% T0-99, TO-100 and TO-101 H H J
womn K
Ceramic DIP J-8 J F R U JG Y D8 DE z
E:] m 8Lead J8
Ceramic DIP J J F D L J J D-14 DB Y
f W 14, 16,18, 20, J-14 D-16 DC Q
24,and 28 Lead J X
TO-3 (Steel) K K - K K -~ K - - -
2Lead Steel
(Aluminum) - K — K K — - — — -
703 K K - K - - K - - -
4Lead
T0-46 H H — — - - T - - H
3,4 Lead J
000 T0-52 K
3Llead
— T0-3P P - - - - — — — - -
Q} E 3Lead
Plastic SO S8 M D - D D - - - -
Q = 8Lead
Plastic SO S M D — D D - - - -
% === | 14 16Lead

14-3



PACKAGE CROSS REFERENCE

LTc NSC SIG | FSC | MOT | T | SG | AMD | RAYTH | PMI
Plastic SOL s M D - D D — - - -
S 16, 18, 20, 24, 28 Lead
)
FETOE
Plastic SIP \ - — - - — - - - -
g 11Lead
ho of
mmm
; : : i g 10-Lead Cerpac w w H F F w F FM - RC
PROPRIETARY DEVICE L7 LF LP | NE A MC TL | sG | AM RM op
PREFIXES e | W MF | SE RC REF
M CMP

14-4
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¥ LNEAR

PACKAGE DIMENSIONS

TECHNOLOGY

0.300
(7.620)
REF

0.008—-0015

[

0.008—0.015
(0.203-0.381)

0.300
7620)
REF

(0.203—0 381)

D Package
8 Lead Sidebrazed
0520 N
{13.208)
MAX
[ [7 [6] TI51
0020 0298
0.508) \.b T569)
RAD MAX
bl b el 14
0 450
(11.430)
MAX 0.125
[3.175)
0.020—0 040 MAX
(0.508—1.016) L
0.125
3175) I 1
MIN
—T 0.110
0.015-0023 (2.794)
(0.381—0.965) <~ REF
0.1000.010
{25400 254)
08188
D Package
14 Lead Sidebrazed
0.760
{19.30)
MAX
0.485
{12.32)
MAX
[14] 1T1s] [i2] [i1] [ie] [o]I[s]
0298
(7MA§<9) PINNO 1 )
IDENT
P
O] Tef [s] T [T [e] 7]
0.165
a1y 0020-0040
MAX  (0.508—1.524)
1 1
0.0500.010 0054 ‘
0125 (1:270=0.254) (1372) ~
3.175) e
MIN 0.100+:0.010. 0.015-0023 |
{2,540+ 0.254) {03810 584)
D14188

LY IR
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PACKAGE DIMENSIONS

D Package
16 Lead Sidebrazed
0.010 0.080
(0.254) (2.032)
MIN MAX
[ie] (5] [ [13) [r2] [i] [fo] [s]
0050
Tz
REFRAD\9
b0 L] B3] [ Lsf Lol [7] Le]
0.840
(21.336)
0.050 MAX
0.295.0.010 (1.270) 0.050
(7.4930.254) P (1.270)
TYP
[y [ 1
0.200
(5.080) M 3
M;\X A T
Y L 2
0.125
0.008—0 015 (3.175) 0150 |
(02030 381) MIN 0.014-0.023 (3.180)
0.290—0.320 (0.356-0.584) MIN
(7.366—8.128) 0.100 BSC 0.040—0.060
(2 540) BSC (1.016—1 524)
D16188
D Package
18 Lead Sidebrazed
0.910
{23114)
MAX
[ie] [17] [6] [1s] [1a] [1s] [ro] [r] [ro]
9298 0.025
{7569) o=
A {0.635)
RAD
l PIN 1 IDENT —=e
0165 DT Tef T3] Tad Tof [ [0 L]
e 0.485
WA {12.319)
MAX
00200060
0125 {0.508—1.524)
{3175) J
MIN v
0008—0015  0.05040.010 0.100+0.010 0.054
0203-0381) (1.27020254) e {2.540£.0.254) ~ 3
TYP
0300 0.015-0.023
7o) {0.381—0.584)
REF D18188

14-6
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PACKAGE DIMENSIONS

D Package
20 Lead Sidebrazed
L 1010
‘ (25 654)
MAX

o) [i8) [rg] [7] [ve] [18] [fa] [f3] [2] [

0025 —T
(0 635) 0298
RAD \

PIN 1 IDENT- R

U o] Tol [o] ] TeT 2T Tel [o] [l

0485 0165
o 05e 12319) @19
—] MAX
T 372)
| I v -

e

@B
MIN

0015-0023
(0 3810 584)

00200 060
0008—0015 00500010 (05081 528)
(02030 381) (12700 254) 010040010
—— T 0125
(2540 £0 254)
0 300
|e——

D20188

H Package H Package
8Lead TO-5 Metal Can 10 Lead TO-5 Metal Can
03350370 0335-0370
(#5009 398) {85099 398)
DIA DIA
0305-0335 - 030570335_}
(77478 509) {77478 509)
0040 0040
{T016) 0050 (1 016) 0050
MAX @270 0 16550 185 MAX {2n) 0 165£0 185
{ MAX (41914 699) ‘ MAX {41914 699)
¥ ¥ REFERENCE * = \ v REFERENCE
SEATING [y PLANE SEATING Il l ;m] A PLANE
PLANE } M——T—w“ 05000 750 PLANE ™R 4 U= -—T?,f;’ﬁg 0500 -0 750
sooves 0 0 00 R L |10 |
{02501 149) e oos-omr (026-1149 [l 00t6-0021
T e 05m) i

* 0027 -0 045

(06861 143)

/ 00270045 g
T o070 034 /\< }/L {0686-1143) 37 BSC

00270034 AN

{06860 864)

(06860 864)
02000 230
(50805 842)
8SC
]

01100 160 - 01100 160
(2 794 4 064) (2 794—4 064)
INSULATING INSULATING
STANDOFF STANDOFF

NOTE LEAD DIAMETER IS UNCONTROLLED BETWEEN NOTE
THE REFERENCE PLANE AND SEATING PLANE

1 LEAD DIAMETER IS UNCONTROLLED BETWEEN THE REFERENCE PLANE AND SEATING PLANE
HB188

H10188

LY R 147




PACKAGE DIMENSIONS

H Package
3Lead TO-39 Metal Can
0350-0.370
(890-9398) " |
DIA
03050335
% ™ FrarTes [T 0.0
197-4. DIA {T270)
] NiAX
0500 1Nl i
{12.70)
i . 0016-0019
H ”‘ {0406-0 433)
DIA 3 LEADS
0200
5080)
0100
(2540}

00290 040
(0.737—-1016)

H3(39)188
H Package H Package
3Lead TO-46 Metal Can 4 Lead TO-46 Metal Can
0209-0.219 0.209-0 219
{5309-5.537) ~ {53095 563 =
o 01780 195 Y 0178—-0.195
(4.521 -4 953) (4 521 -4 953)
0.080—0 100 0.085—0 105
(2.032-2.540) 0500 0015 (2 1592 667)
500 5381
12 70) (MAX ) I
' ey
]
) }

0.025
(0635)
MAX

0050 0100

(1270) (2.540) 0050

P TYP (T270)
TYP

FOR 3-LEAD PACKAGE ONLY
0.036--0 046

09141 168)\){>

0028-0048
0711 -1219)

H3(46)188

091a= 1168’_\(\

gy
0025
v (00 e
Dot6-0013 7 MAX
{04060 483)
oiA

0050 0100 _,

(1270) (2.540) 0050
VP {1 210)
i 4 P

45
0.036—0.046 00280 048

(0711-1219)

H4(46)188

H Package
4Lead TO-39 Metal Can

0.350—0.370

(8 890 -9 398)
DIA

0305-0335

(77478509 [T
oA

01650195 —=]
{4191-4953)

o [ }
(2 70)
MIN
y
0016-0.019
0.200 | {04060 483)
5.080) DIA 3 LEADS
0.100
I~ {2.540)
0.100
00280034

(0711—0 554;%

HA(39)188

H Package
3-Lead TO-52 Metal Can

0209-0.230

{5309-5.842) "‘

_.'
0.015

Jo—
0.178—0 195
(4 521-4.953)

01160150
(2.921-3.810)

0.
oote_oo19 N MAX
{0.406-0 483)
DIA
0050 0.100
{12 0.050
v

0.028-0.048
(0.711—1219)

0036-0.046
0914=1.168) /(

Ha52)188

14-8
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PACKAGE DIMENSIONS

J Package
8 Lead Cerdip
0.005
012 |
MIN 0.405
{10.287)
MAX
0025
0.635) 8] [7] [6] [5]
RAD TYP
0.220-0.310
(5.588—7.874)
0.290-0.320
(7.37-8.13) T T 5] 4] 0.200
0.055 (5.080)
{1.397) MAX
[ WAX __ 0.015—0.060
H H (0.381-1.524)
0.008—0.018 e
{0.203—0.460) 0°-15 1
0.3850.025 0.014-0.026
0.385+0.025 | 0014-0.026 «— 0.125
(9.779+0.635) (0.360—0.660) ”‘ 3475
MIN
0.038—0.068 0.1000.010
{0.965—1.727) * > (2.540£0.254)
J8188
J Package
14 Lead Cerdip
0.785
0.005 “&2;’29)
©1 ooz
{0.635) [14] [3] [42] [+1] [vo] [o] [&]
RAD TYP
5 0.220-0.310
(5.588—7.874)
0.290—0.320
(7.37-8.13) 0.200
L] Lo Go] Ted s s 21 5.080)
0.098 K
{2.4%0) =
MAX 0.015-0.060
r— {0.387—1.524)
0°-15° ]
—
0008-0.018 | }
{0.203-0.460) L
0.385:0.025 0.014-0.026 0.100£0.010
|' (9.779:20.635) (0.36—-0.66) - {2.5400.258) (_g%g)
0.038—0.068 -
~{0.e65—1.727) MIN

414188

LT IR

149



PACKAGE DIMENSIONS

J Package
16 Lead Cerdip
| 0.840
(21.336)
0005 | VAX
©13)
MiN [15] [1a] [i3] [i2] [31] [r0] [o]
0.025 0.220—0.310
(0.635) (5.588—7.847)
TYP
Ll 2] [ Tal Is 6] L2f 18
0290-0.320 0.160 0.200
(737-8.13) {4 064) {5.080)
: MAX MAX
| ] 0.015—0.060 GLASS !
ﬂ (0.38—152) s 14 -
0°-15° P ?
0.008--0.018 0.080 0.038—0.068
o203 s0a0) 0125 T ™) ~—{0.965—1727)
3 175)
038560025 M 0.100£0.010 < o ll< 0014-002
{9.779=0 635) {2.540=0.254) (0-36—0.66)
J16188
J Package
18 Lead Cerdip
0.960 L
(24.384)
MAX
[l [i7] [e] [1s] [e] [is] [i2] [v1]
0.025 0.220-0.310
(0.635) (5.590~7.870)
RAD
O L] [of L [s] [ef L) [ef 1ol
0.005
P
0.200-0.320 0.160 (oh',ﬂ?qo) ~ 0.200
(7.366-8.128) (4.064) 0038-0.068 . (5.080)
MAX {0.965—1.727) MAX
J 1 | 0.015-0.060
l l \\ 1 0.380—1.520)
0.008-0.018 90°i4°§ T
af o150 {0.203-0.460) e
03850025 0.098 0.014-0.026 0.125
77 5 — ———
(9.779:20.635) QM?)?) > 0100*0010 (0.360-0.660) (3.175)
(2.540% 0 254) MIN

J18188

14-10
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PACKAGE DIMENSIONS

'4—

02900 320
(7 366 -8 128)

0220—-0310 0025
(5.588—7.874) (0 635)
RAD TYP

J Package
20 Lead Cerdip

1060
(26 924)

[ (7] [ [7] (&) [#] [ [7] [7] [

T [ B o] [ (8 o] [l

L]
b

95°£5°

0310-0410
{7874-10 41)

1 271
MIN
0160
0.290-0.320 4 064)
P e GLASS
(7.366-8.128) ‘ SEALANT WX {
0015-0 060 0200
(03871524 ] 00
MAX
0°-15° . }
0008—0 018 uoso 0.038-0 068 01000010
(0203—0457) ots T I*‘ z 09651727 (254020 254)
@3175)
03850025 MIN alle 00140026
{9779+0635) "~ {03560 660) James
J Package
24 Lead Cerdip
1290 ,
(3277)
MAX
21) [23] [22] [21] [20] [i9] [ie] [i7] [36] [55] [34] [33]
0295
(7493)
MAX
Dl I3 eT IsT 6T TzT [T [ TnoJ Tua] [i2]
0180 0225
00600 005 Pucn
s72) ™ [ saz0127) (6.715)
MAX e MAX
0125 0020-0070
i\ 3175 — (0508 —1778)
MIN *
00080012 A
{0203-0308) |
86°-94°
LT
] 0095 _J 010040010 _,IL_ 0.018+0 003
@413 (254040 254) {04570 076)
MAX v

424888

LY R
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PACKAGE DIMENSIONS

J Package
28 Lead Cerdip
1490
(37 85)
MAX

B [l [ 6 B Fl [ R FELEFEE

(13 0513 36)

0025
0514056 (0:639)

L _J
T I W
2 0.225
\ 0590-0.620 (‘Wf) o 00550 005 (5715)
(149915 75) (139720 127) MAX
1 0.020-0.070
0125 {0508—1.778)
@15 B
N L —
0008—0012 f——
o s {02030 305 f
oA 86°-04°
VP
o685 70025 ‘ ~
95 _0.060 o 00600 100 01000010 0.018+0 002
! +0635 ' N {1524~ 2.540) (25400 254) {04570 051)
40T %)
J28888
K Package K Package
2 Lead TO-3 Metal Can 4 Lead TO-3 Metal Can
0.760-0 775
‘ Tk BT e QT80T
03200350 (193019 69)
0.080—0.135 (6 1288 890)
03200350 (152 -343)
(813-8.89) J 1 ¢
L | C 1 f
0420-0.480 f 0116
(10 67-1219) @2 96)
MAX
— 0.420-0480  0038-0.043 _’l |_7
0.038-0.043 0280 - 2o
— iyt {1067-1219) (09651092
11771197
(28 90— 30 40) 1177-1197
1 o 0.067-0.077 (29.50-3040)
T 0ot 0.220-0 23
: (5.588-5.969)
0.210-0 220 !
(5:33-559) OI‘ 0.152-0 162
) ‘ 0.152-0.161 0 445-0.465 S (3860—4 114)
TR RTYP 0 445-0.465
04250435 i (3.86-4.09) {7 30-1181) Q RTYP
{o80-1105) " (
0167-0177 0.167-0 177
@)' @oa—aag " T4
i RTVP
|
1
0.495-0 525
(1257-13.34) atss
0.656—0.675
{16 64—17 15) Ketes

14-12
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PACKAGE DIMENSIONS

N Package
8 Lead Molded DIP
0.400
(10 160)
MAX
fe] [7] [] [5]
0.250+0.010
(6.350=0.254)
O] 2] [T [
0300-0.320 013020 005
| 0.045—0.065 01300005
{7620-8.128) m*| '<~ (330220 127)
0065 ] (([]’2_0%
(1.651) :
vP R MIN
. 0009-0015 0125 T
> (0229-0381) [ (37175)
0325 +0.025 MIN
< ~0.015 00450 015
5 255 +0 635 (T1a3=0381)
—0.381 010040010 |« 00180003
(25400 254) > (0457 =0 076)
N8188
N Package
14 Lead Molded DIP
0770
(19.558)
MAX
[14] [r3] [r2] 1] [io] [e] [&]
0 2500.010
(6 350+0.254)
U T [T [ BT Do 2]
0.065
0.300—0.320 0.045—-0.065 0.065
(7.620—8.128) 0.020 Il —’\ \‘—(1.143_1 R
— 0.125 {0 508)
- 3175 MIN 013020005 [ ] _
MIN { (3.302+0.127)

!

0.075+0.015

0.009—0.015 f
{0.229-0.381)
+0.025
~0.015

(E )

0325

(1.905+0.381)

l

0.018 +0.003
- {0.457 20 076)

0.100£0 010
(2 540 +:0.254)

N14188

LT R
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PACKAGE DIMENSIONS

N Package
16 Lead Molded DIP

0.770
(19.558)

[ (7] (7] [0 (71 (7] (1]

0.250+0.010
(6.350 +0.254)

{

D

bl el sl 47 51 el L7]

0.065
0.300-0.320  0.1300.005 0.045-0.065 1o [1657)
{7.620-8.128) (3.30220.127) {1.143=1.651) | | P
0.020 - [ i
(0,508)1
MIN —— _f
0.009-0.015  0.125 0.045£0.015 || 0.018£0.003
T (029-0381) (3175 (1.1430.381) = 5a5720.076)
MIN
+0.025
0-325 _4'015 0.1000 010
0635 {2,540 £0.254)
(8.255 —0381) N16188
N Package
18 Lead Molded DIP
0.900
{22.860)
MAX
[ie] [i7] [e] [5] [ [i3] [2] [ [W]
0.250+0.010
(6.350+0.254)
i [2] [8] [al [el [l [z] L8] o]
0.300-0.320 0.065
{7.620-8.128) {1.651) 0.045—0.065
‘ TYP 'I |' {1.143—-1.651)
" — i 0.020
0.1300.005 | {0.508)
{3302=0.127) y
Iy Vam—
T 0125 | f
3175
MIN
0.000-0015 __|l T | I‘-Oﬂm 0.010
sl A Mle— 100+ 0.
{0.229-0.381) = (2.540+0.254)
+0.025 0.0450.015 > e 0.01820.003
0325 o015 {1.143£0.381) {0.457 20.076)
(s 255 +04635>
. —0.381 N18188

14-14
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PACKAGE DIMENSIONS

N Package
20 Lead Molded DIP
- 1040
(26.416)
MAX

[20] [79] [8] [7] [F6] [75] [14] [T3] [F2] [77]

02500010
(6.350 +0.254)

IS 2 O N T T T Y N O BN Y BT

0.130+0 005 D.065
0300-0320 (330220 127) (1.651)
(7620—8 128) 0.020

— (0.508) =

1 Y H

[ 0.009-0.015 14_ 0.045—0 065
I~ 0229 =038n) 0125 {

1143 —1.651) 010040 010
7 — P
(3M1N5) (254020 254)
0325 +0 025
5 —0015 - 0.065+0.015 . 0018+0 003
(8 255 +0 635) (1.651+0.381) (0 457 0 076) N20188
—0 381
N Package
24 Lead Molded DIP
1245
@ 62)
24] [2a] [22] [o1] [0] [Go] [Ge] [i7] [Ge] [3s] [34] [s
026040 005
(66040 127) %/a
RAD
DI T eI Tle Tz JTe T T T oo [ T2 ]
0300
{7620
0.020 0.130£0.005
0.290 0.020 ., 0.130£0.005 00400010
T || @38 (Bw02x0 ‘27’%—% T ot z0250)
|
[ 1] A Y H 0020
[ 7 i \ o
“ ,] MIN
0.009-0015
950 4.5¢ {0229-0381)
86°-94°
+0.025
0325 _p015 ‘ (‘;1_33 N L 0,050,015 J L_ 0.100:£0 010 __‘ 0.018£0 003
(5255 70 5) > e {7,651 20 381) {25400 250) {045720.076)
N24888
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PACKAGE DIMENSIONS

N Package

28 Lead Molded DIP

1420

5 [ [ [ [ ) (6l (6] 5] (7] (6] @

3e 07)

0510£0005 (

(129540 127) FAD
DU W @ W E
0.600-0.620
1 -
{15 24— 15 75) o
) 0580 (0762 Q060 013060 005 0050
[473) wa (1520 mae ooy I~ {2
MIN + TP 0.020
— \ T {0 508)
—\- 0125 - 11
1 3 175) MIN
MiN {
00090015
95° 450 0009-0015
* {0229-0 381) | 86°-04°
TvP
J 0625 +0025 | f
| —0015 | ] 0.05040 015 0100:£0 010 0.018+0.003
0635 {1 270+0381) {2540 +0 254) {0457 £0.076)
1587 7020
N28888
S0 Package
8 Lead Small Outline
01890 197
{°801—5 004)
1A A H
0228-0.244 0.150—0.157
(57976 197) {3.810—3 988
- 1 2 34
00100020 0, 00530069
"‘(o 2540 508) (1346-1752) 0.004-0010
00080010 6101—0254)
(o 203-0 254)
j L 0050
0°-8°TYp  0016-0060 (1 270
{04061 270) 0014-0019.
{03550 483)

NOTES
1 PKG MATERIAL PLASTIC
2 LEAD MATERIAL A-42, TIN PLATED

s8188
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PACKAGE DIMENSIONS

S0 Package
14 Lead Small Outline

0.337-0.344
(8.560—8.738)

14 13 12 11 10

0.228—-0.244 0.150—-0.157
(5.791-6.197) (3.810-3.988)

0.010-0.020 0.053 -0.069

"*(0 520508 <* (1.346—1.752) 0.004—0.010
0.008—0.010 e

T (0.101-0.254)
(0.203—0.254)

B 0.050
0°—g°Typ  0.016—0.050 (1 270)
(0.406—1.270) 0.014-0.019

{0.355—0.483)

NOTES:
1. PKG MATERIAL: PLASTIC
2. LEAD MATERIAL: A-42, TIN PLATED

514188

S0 Package
16 Lead Small Outline

0.386—0.334
{9.804—10.008)
6 15 14 13 12 11 10

‘ HHAHAHAAA

mufs

0.228—0.244 0.150-0.157
(5.791—6.197) (3.810-3.988)

0.010-0.020 N 0.053 —0.069
(@ 254—0.508 <® (1.346—1.752) -
0.008—0.010 (0.101—0.254)

[ {0203=0.258)
v '

\f 0.050
0°—8° TYP 0.016—0.050 (1.270)
(0.406-1.270) 0.014-0.019 v
(0.355—0.483)
NOTES:
1. PKG MATERIAL: PLASTIC
2. LEAD MATERIAL: A-42, TIN PLATED st6188
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PACKAGE DIMENSIONS

SOL Package
16 Lead Small Outline (Wide)

0.398-0.413
(10.109—-10.490)
16 15 14 13 12 11 10 9

DAOAARAH

s 0.394—0.419
SEE NOTE ,- _0.394-0.418
& L {10.007=10.643)
-,
0.291—0.299 1 2 3 4 56 7 8 -
(7.391-7.595) 0.093-0.104
0.005 {2.362—2.642) ~
o) | 0.010-0.029 . (%H)
RAD MIN ’ {0.254—0.737) :
‘ 0°—8° TYP
0.009-0.013 %_.‘ L 0.004-0.012
(0:229-0.330) SEE NOTE B {0.102=0.305)
0.014-0.019
0.016—0.050 0.014-0.018 e
(0406—1.270) ! (0.356—0.482)
$16(W)188
SOL Package
18 Lead Small Outline (Wide)
0.447 —0.463
{11.354—11.760)
18 17 16 15 14 13 12 11 10
0.394—0.419
SEENOTE (10.007—10.643)
\,..
A
0.291—0.299 12 3 456 7 8 9 -
{7.391—7.595) 0.093-0.104
0.005 {2.362—2.642) 0.087—0.045
0127) 0.010-0.029 AL
0.127) 0.010-0.020 00 0.640—1.143
AAD W .24 —0.737 < ( )

e—

re

0.009-0.013

(0.229-0.330) SEE NOTE

0.016—0.050
{0.406—1.270)

0°-8°TYP

0.050

Il
s |

'

TYP
0.014-0.019
(0.356—0 482)

aininin EIE
—f

0.004-0.012
(0.102-0.305)

518188

NOTE:

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES
ON THE BOTTOM OF PACKAGE ARE THE
MANUFACTURING OPTIONS. THE PART
MAY BE SUPPLIED WITH OR WITHOUT

ANY OF THE OPTIONS.

NOTE:

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES
ON THE BOTTOM OF PACKAGE ARE THE
MANUFACTURING OPTIONS. THE PART
MAY BE SUPPLIED WITH OR WITHOUT
ANY OF THE OPTIONS.

14-18
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PACKAGE DIMENSIONS

SOL Package
20 Lead Small Outline (Wide)

0.496—0.512
(12.508— 13.005)
20 19 18 17 16 15 14 13 12

DOOOAHAR

—

11

SEE NOTE 3 0.394-0.419
” (10.007—10.643)
Ny
0.291-0.298 12345678 910 -
{7.391-7.505) 0.093-0.104
0.005 {2.362—2.642) 0.007-0085
057, 0.010-0.029 _ 4o {0.940—1.143)
R(AD MI)N = 0.254—0.737) *
0°—8° TYP L
‘L_ = - —i NOTE:
f PIN 1 IDENT, NOTCH ON TOP AND CAVITIES
0.009—0.013 00%0 | 0.004~0.012  ON THE BOTTOM OF PACKAGE ARE THE
(0.229-0.330) SEE NOTE (1.270) {0.102-0.305)  MANUFACTURING OPTIONS. THE PART
0.014—0.019 MAY BE SUPPLIED WITH OR WITHOUT
0.0160.050 Oy e ANY OF THE OPTIONS.
(0.406—1.270) (0.356-0.482) s20188
SOL Package
24 Lead Small Outline (Wide)
0.600—0.615
(15.240—15.621)
2423 2 A 20518171615 1413
L,
SEE NOTE 3 _0.394-0.419_
L (10.007—10.643)
7.
S
googon l:l goa v
123456 78910 112
ey oo 0083-0.104
0.005 (2.362-2.642) 0.037-0.045 NOTE:
0.127) 0.010-0.029. (0.940—1.143) PIN 1 IDENT, NOTCH ON TOP AND CAVITIES
RAD MIN (0.254-0.737) ON THE BOTTOM OF PACKAGE ARE THE
L MANUFACTURING OPTIONS. THE PART
0°—8° TYP MAY BE SUPPLIED WITH OR WITHOUT
i i = 1 ANY OF THE OPTIONS.
0.008-0.013 0.050 ~>l L 0.004—0.,012
(0.229-0.330) SEE NOTE a. 270 {0.102-0.305)
0.014-0.019
0.016—0.050 e e

{0.406—1.270)

24789

LY R
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PACKAGE DIMENSIONS

SOL Package
28 Lead Small Outline (Wide)

0.700—0.715
(17.780—18.161)
8 27 26 25 24 23 22 21 20 19 18 17 16 15

QOROOQ0NRAODAN

> 0.394-0.419
SEE NOTE - _0.394-0419
N % (10.007 = 10.643)
-,
A
123456 78 910111213 14 -
DGR e 00%-0.10
0.005 : : (2.362-2.642)
o 0.010-0.029 _ e0
o) 02540737 <"
0°—8° TYP =
T - NOTE:

PIN 1 IDENT, NOTCH ON TOP AND CAVITIES
0.009-0.013 (o_.g?% 0.004-0.012 ON THE BOTTOM OF PACKAGE ARE THE
S 1.270) 10102-0.305) MANUFACTURING OPTIONS THE PART

0225-0350) SEENOTE v ( ) MAY BE SUPPLIED WITH OR WITHOUT
0.016—0.050 0014-0019 [, ANY OF THE OPTIONS.
{0.406—1.270) (0356-0.482)
528789
P Package
3 Lead T0-247
MOUNTING HOLE
0.125
(3.175) 0.180 —0.200 0.190-0.210
0.180-0.200 15 TYP . :
DATP i {4.826—5 334)
— ((F-
15° TYP
0.860—0.880 _L L—1
(21.844—22.352) 0.160-0.180
(4.064—4.572)
0.060-0.070
(1.524-1.778)
7°TvP
© Y
0.250
(6.350)
0.780-0.820 MAX
{19.812-20.628)
0.070-0.090
) 0.070-0.090 (trs—2288 ]
~{1.778—2.286)
0.025-0.035
— 0.110-0.130 (0.635-0.869) =
{2794-3.302) )
0.200 _|
{5.080) P
BSC "

14-20
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PACKAGE DIMENSIONS

T Package
3-Lead TO-220
— =D
Q1020010 (e
rdzoes | (©%06-10414) 00450055
| {1 143—1897)
] A
N\ 01470151 02500020
N\ {3734-3 835) {67350+0 508
A
0570-0 610
(14 47815 494)
0355-0.370
{90179 398)
-
1020£0015 0150 ul
(259080 381) {3810)
MIN
0 540 +0 040
{13 716=1016)
0013-0025
003240005 00180025 |l
—J 081320 127) (0330-01635)
00900125
01000 010 00%0-0
> i p) (2 286-3175)
0050
(1 270) -
e 3188
T Package
5 Lead TO-220 (Straight Lead)
0.380 -0 420

(9.652—10 668)

01690 185

(4.293—4 699) N
0.235-0 270 0.139-0.153 _0079-0.135 0 035—0.055
(5.969—6.858) | (3 531DTA3 886) (2.007 —3.429) > (0.889—1.397)

©

_1.020—-1.181 ~r—
{25.908—29 997)
0.560—0.650
(14.224—16.510)
B R I
0.057-0.077 0015-0025
(1448—1.956) " s (0.381—0.635) ~ 0079-0115
0028—0.03 -

(0 7110 889)

(2 007 -2 921)

T5(5)289

LY AR
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PACKAGE DIMENSIONS

TPackage
5 Lead T0-220
— e
.906 - 10. 0.170—0.180
0.100—0.120 {#318—4572)
0.570—0.610 0.147-0.151 (2.540 —3.048) 0.045—0.055
(14.48—15.49) (3.734—333? > (1.143—1.397)
Ot I
0 460—0.500
1168—12.70
( ) 0620 o710
0.880—0.910 (15.75)  (35.03)
(22.35—23 11) L
0.970-1.050
0.355-0.370 LM (24.64—26.67) Y
(9.017—9.398)
1 K = '
0.062—0.072 0.090
(1.574—1.829) (2.286)
o 0.030—0.040 0.013-0.025
0.762—1.016 0330-0.635
( ) ¢ ) | 0.170-0.185
{4.318—4.699)
0.327-0.335
’ (8.306 —8.509) T5188
V Package
11 Lead Molded SIP
0.772-0.795 _
- 0.146-0.152 |\
(19.61-20.19) (3.708=3.861)
(?3&5;:2;83, 0.104-0.114 0.157-0.197 N
K 8 ) 0.075—0.102 0,049 (2.642 —2.896) (3.988 —5.004) 0.057—0.063
1.905—2.591 | |——— P ZU.00
: ) oa) '7P ¢ ™ (1.448—1.600)
F B
o) ﬂ
_0.680—0.700 T ) 0.685..0.713
(17.27-17.78) - 0.080 — (174%{”_”
(2.032) 3
0.406—0.429 RAD e ] (_g,_gge:_)
10.31-10.90 / :
( WP /G) A 0.843-0.874 L B L
@1.41-22.20) A v
0.080 0.846-0.878 > )
(2.032) (21.49—22.30)
DIA TYP 0.008° S
v Uy (0.203)
RAD
0.089—0.104
0.062—0.072 | F 0.035—0.037 — ey
(1.575-1.620) ~ >~ 10.889=0.940) 0019-0.022 i (2.261-2.642)
0,664 —0.674 (0.483-0.559) 0.161-0.177
9-004 20,54 4.089—4.49
(16.87-17.12) 0.185-0.209 ( 6)
(4.699—5.309)

V11889

14-22
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PACKAGE DIMENSIONS

W Package
10 Lead Flatpack (Cerpak)
0.290"
——(7.366) —»|
0.003 —0.0062 MAX
(0.076—0.152) ‘ < 0.010—0.0192 0.005
0.256—0.483) -+ G
0.250—0.370
(6.350—9.398)
e -
_— 0.240—0.260 __(gffg;
DETAIL A — ;
(6.096—6.604) i
DETAIL A
v |
_,] 0.005 1
(Or'v;lﬁn 0.250-0.370
L 00080015 (6.350—9.398)
{0.203=0.381)
0.050
0.026-0.045 L o l
{0.660—1.143) < (20— ‘ <~ ’ (_‘11%
— e— (1.
0.030—0.085 e
> {0.760—2.160)
W10688
NOTES:
1. THIS DIMENSION ALLOWS FOR OFF-CENTER LID, MENISCUS AND GLASS OVERRUN.
2. INCREASE DIMENSIONS BY 0.003 (0.076) WHEN LEAD FINISH A IS APPLIED
(SOLDER DIPPED).
Z Package
3-Lead TO-92
0.180+0.005
0.060 0.005 (@#57220.127)
{1524 =0.127)
oA 0.090
i —— (2.286)
0.180+:0.005 : @ ! nom
(4.5720.127) | | /
SEATING ___ ¥ e R | ,i
PLANE T J }
5o
0.500
{270 H NoM

MAX
UNCONTROLLED
LEAD DIA
0.020£0003
(0.508 +:0.076)

|
—
_|> 0.016 +:0.003
(0.406 +0.076)
—>

0.060+0.010
(1.524 +0.254)

e

0.0150.002
(0.381+0.051)

0.050+0.005

(1.270 £0.127)

0.140+0.005

(3.556+£0.127)

L

10°NOM —> 2188
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NOTES

1424 LT TN



SECTION 15— APPENDICES

LY e

15-1



L7IT'EIc!JN§L/§Gl% INDEX

SECTION 15—APPENDICES

Introduction to Quality and Reliability Assurance Programs
Reliability ASSUraNCE PrOgram . . . ... ...t

ESD PrOteCtiON PrOgram . . . oo
SUMace MOUNTPIOGUCES . . . ..ottt
Surface MOUNTParts List . . . ... o
DICE PIOdUCES . . . . ot

15-2 LY HNEAR



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 market.
Our modern manufacturing facility in Milpitas, California is
DESC Class S and Class B line certified and we have suc-
cessfully completed over 70 major OEM quality system sur-
veys to MIL-Q9858 and MIL--45208 including achieving
several major customer quality awards. Our Quality and Re-
liability Assurance Programs 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.

e 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. Ulira 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.

o 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.0.) and test lots. We consider traceability
to be essential for good engineering controi and addi-
tional insurance for our customers. The information pro-
vided exceeds the seal week traceability control required
by MIL-STD-883.

o 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.

e 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-
38510, 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.

* 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 Class S and Class B JAN-38510, Standard Military
Drawings (SMD), DESC Drawings, 883 (to the new Rev. C)
R-Flow, and Hi-Rel (Source Controlled Drawings). In addi-
tion, specialized processing such as 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.

e Reliability Audit—Data is gathered on a monthly basis
for selected package/product combinations. This data is
summarized each quarter and published in a Data Pak
showing Operating Life, 85/85, Autoclave, Temperature
Cycle, Thermal Shock, 883 Group C, and 883 Group D
summary data. Copies of Data Pak summaries are avail-
able by writing or calling Linear Technology, 1630 Mc-
Carthy Blvd., Milpitas, CA 95035, (408) 942-0810.

LY TR
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RELIABILITY ASSURANCE
PROGRAM

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

VENDOR

MANUFACTURING

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 Baliasted Power Transistor
ensures equal current sharing.

THERMAL LIMIT CIRCUIT

ISOLATING RESISTOR
Prevents destruction from high transient
current in ‘Adjust’ Pin.

LT UNOR
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RELIABILITY ASSURANCE
PROGRAM

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 re-
sults. 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

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 re-
duce photomasking defects. Microprocessor controlled
furnaces are used to eliminate the impact of operator
error.

Cassette to Cassette Transfer

15-6
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RELIABILITY ASSURANCE
PROGRAM

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 quality of the oxide is
checked regularly using C-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

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 all 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-
trideloxide layer is completely free of cracks and pinholes
which enhance corrosion protection against moisture
contamination.

Passivation Process

ALUMINUM

OXIDE

[
SILICON
1. Contamination Free Passivation

Oxide
2. Conformal Oxide Underlayer

3. Plasma Nitride Top Layer
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RELIABILITY ASSURANCE
PROGRAM

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 automated, removing the need to use
tweezers and the resultant damage due to this operation.
Automated lead bonding machines have produced tremen-
dous gains in productivity but as importantly more consis-
tent lead bonds have resulted from this new innovation.
Die attach materials have improved and modern low tem-
perature glass ceramic seals have dramatically increased
product reliability. At Linear Technology we are using the
latest state-of-the-art assembly equipment 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 out-
standing. Composibility between the different package
elements, such as the molding compound and lead frame,

Wafer Saw

are carefully researched and selected particularly on our
surface mount packages to achieve the highest reliability
after board soldering. All materials are inspected to better
than industry standards prior to use and strict QC checks
are performed on-line to assure control and conformance
to specifications. At LTC traceability to a fabrication lot is
considered to be of primary importance. On all packages
where space allows a side mark or a backside mark is
used to give this key information. We are able to track the
country of origin, assembly location, die type, wafer fab
lot, exact seal date and also identify non standard
processing if required on a special flow. This unique bene-
fit is offered as a standard feature at no additional cost
and adds immensely to the level of control and traceability
on Linear Technology products.

Mil-Standard 883 Method 2010 Condition B or equivalent
visual criteria are applied to all Linear Technology prod-
ucts and a thorough inspection of all lots received from
our assembly operations in Southeast Asia is performed
prior to testing. A system of effective and rapid commu-
nications exist between our operation in Milpitas, Califor-
nia and Southeast Asia to analyze and correct any
assembly or process related problems before the product
is shipped to the customer. Precautions are taken
throughout the assembly process to minimize the impact
of ESD (Electrostatic Discharge) on our devices.

Side/Backside Mark on Unit

15-8
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RELIABILITY ASSURANCE
PROGRAM

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 or a 125°C burn-in prior to test and
full temperature testing is performed. Regulator products
are put on “rack burn-in” and the devices are exercised in
the thermal shutdown mode prior to testing. This pretest
burn-in contributes to the removal of infant mortality fail-
ures and enhances product reliability. Other tests check
the thermal regulation and verify the integrity of the die at-
tach as the presence of voids under the die for a regulator
affects device performance adversely. Often, tests addi-
tional to the data sheet tests are added to a test flow to de-
tect potential flaws that could impact reliability.

LTXILINEAR Tester with Environmental Handler

o A i

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

LT IEAR
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RELIABILITY ASSURANCE
PROGRAM

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 10° 10* 108 100 107
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.

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,
temperature cycling from -65°C to 150°C, constant ac-
celeration, fine and gross leak, followed by a 125°C burn-
in for 160 hours or equivalent. Assuming an active energy
of 1.0ev, this burn-in is equivalent to 80,000 hours or ap-
proximately 9 years at a normal operating temperature of
around 55°C.

Failure Rate vs Time—LT07H

35

Equivalent Burn In Temp. 125°C
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RELIABILITY ASSURANCE
PROGRAM

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

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 FO Probed Offshore Test

Assembly WIP

WP
B

FA Test

22 Weeks
Feedback

Audit
Product

ACCELERATED FAB RELIABILITY AUDIT
In-House
FAB Assembly Test

1 Week
Feedback

Audit Test
Pattern

FIELD CHANNEL MONITOR

V-
1 1SO
F-—- -

Parasitic ! |
Gate L 3 EPI
|

2 Base

SODIUM MONITOR

Ya l)v"
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RELIABILITY ASSURANCE
PROGRAM

Conclusion

At Linear Technology Gorporation 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

Reliability Test Structure

limit rack burn-in (for all regulators) and 150°C or 125°C
burn-in for Military 883 products to significantly reduce
the infant mortality failures. In addition, our 883 flow is de-
signed to further enhance product reliability. We fully
realize that the cost of failure in the field is many orders of
magnitude more than the initial component cost. By pur-
chasing Linear Technology Corporation’s products, worth-
while insurance can be gained.

LT07H—Mean Time Between Failures

Part No. 5001
20 40 60 80 95 99
10 | 30(50(70| 90 98 {99.5

1,000,000

o’ E®

kN
T
I

&
&
B}
©
Sigma (0)

Time —Hours
2
8
Y

8
R i
°

[T ——

Sioss ] 160°C Bum in

i
1 T

10 30 | 50 70‘ 90 | 98 (99.5
1 5 20 40 60 80 95 99
Failures (Cum %)

15-12

LT R



QUALITY ASSURANCE PROGRAM

TECHNOLOGY

At Linear Technology Corporation our overriding commit-
ment is to achieve Excellence in Quality, Reliability and Ser-
vice (QRS) and total customer satisfaction. We interpret the
word “excellence” to mean delivering products that consis-
tently exceed all the requirements and expectations of our
customers. The commitment to QRS extends from the Pres-
ident to every employee, from design to product qualifica-
tion, and from manufacturing to shipping. To meet this
commitment, Linear Technology has established a compre-
hensive program called “Quality for the Nineties.”

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

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 ’90’s

VENDOR
PARTICIPATION

QUALITY ENVIRONMENT

A comprehensive operator training and certification pro-
gram has been established that covers every area of man-
ufacturing from incoming raw material inspection, wafer
fabrication, assembly, and test to shipping. Emphasis is
placed on compliance with specifications, performance to
quality goals, electrostatic discharge damage (ESD) aware-
ness and controls, encouraging operators to think quality
and recommend quality improvement ideas.

To ensure compliance with specifications, a Quality Audit
Team performs a systems audit of key manufacturing areas
and suppliers at periodic intervals. Compliance with
process specifications and the detailed programs of the
Corporate Quality Assurance Policy are verified, and dis-
crepancies reported for quick resolution with special em-
phasis to eliminate recurring 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

NUMBER OF RECURRING PROBLEMS
-~

1.2 3 4 5 6 7 8 9 10 11 12
PERIOD

Ly UNR
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QUALITY ASSURANCE PROGRAM

Total Quality Control (TQC)

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

Raw Material Controls

VENDOR QUALIFICATION-
MINIMUM 3 MANUFACTURING LOTS

!

QUALIFIED VENDOR LIST-
ADDITION OF NEWLY QUALIFIED VENDOR TO LIST

v

STRINGENT INCOMING INSPECTION ON EVERY LOT:
DIMENSIONAL
* VISUAL EXAMINATION
o FUNCTIONAL TESTING TO SIMULATE ACTUAL
MANUFACTURING CONDITIONS

PLATING THICKNESS MEASUREMENTS
COMPOSITIONAL ANALYSIS

CHEMICAL ANALYSIS FOR CONTAMINANTS
SPC ON CRITICAL PARAMETERS

1 I

ACCEPT-RELEASE TO REJECT-VENDOR
RAW MATERIAL STORES CORRECTIVE ACTION

L_T_J

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

15-14
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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. Additional tests, like rack burn-
in, beyond the data sheet specifications on regulator prod-
ucts are performed by exercising the parts in a thermal
shutdown mode. These tests are incorporated into the test
flow to improve reliability and weed out infant mortality fail-
ures. Visual and mechanical quality is optimized by minimiz-
ing handling of parts in assembly, test and end of line
operations. Lead finish processes have been selected that
mimimize solderability problems and all lots are subjected to

X and R Control Chart for One Variable
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a stringent major visual/mechanical inspection. Administra-
tive errors due to mixed and wrong parts are minimized by
strictly adhering to a one lot per station policy, and double
checking orders at order entry and shipping. Before shipment
of a lot to the customer each lot is inspected to ensure that it
meets internal and customer specifications and purchase or-
der requirements. The level of attention paid to each unit is
demonstrated 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

WAFER FABRICATION PROCESS CONTROLS & CLASS 100 PROCESSING.
REGULAR SEM MONITORS.

DICE INSPECTION PER MIL-STD-883C METHOD. 2010 TEST CONDITION B.
PRE-SEAL VISUAL INSPECTION PER MIL-STD-883C METHOD 2010. TEST
CONDITION B.

DIE SHEAR TEST PER MIL-STD-883C METHOD 2019.

BOND PULL TEST PER MIL-STD-883C METHOD 2011.

SOLDERABILITY TEST PER MIL-STD-883C METHOD 2003

MARK PERMANENCY TEST PER MIL-STD-883C METHOD 2015.
HERMETICITY TESTING PER MIL-STD-883C METHOD 1014.

QA ELECTRICAL TEST T0 0.04% AQL AT 25°C, AND TEMPERATURE TESTING
EXTERNAL VISUAL PER MIL-STD-883C METHOD 2009.

Ly IR
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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 im-
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
toimprove in this key area.

Focus Forthe 90’s

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

PPM Goals

As demand for quality semiconductor components be-
comes increasingly more stringent, the percentage goals
from the 1970s 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 Process Control (SPC)

The increased reliance on automated manufacturing and
test equipment underlines the need for strict process con-
trol techniques. SPC is a valuable tool and, at Linear
Technology, we realize the importance of these methods.
Engineering analysis is performed regularly, using SPC
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 shutdown
limits are established for critical operations. The process
capability of key processes are calculated using the Cpk
capability index on an ongoing basis to ensure a program
for continuous quality improvement.

X and R Control Chart for Two Variables

LY IR
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QUALITY ASSURANCE PROGRAM

ESD Control

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.

Quality System Surveys MIL-Q-9858 and MIL-1-45208 Approval
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Based on the foregoing quality programs, Linear
Technology Corporation is positioned to con-
tinuously improve our product quality and ex-
ceed the demands of our customers in the 80’s
and beyond.

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.

Ship-To-Stock Program Flow

100% INCOMING INSPECTION

ESTABLISH PPM GOAL WITH CUSTOMER.

CUSTOMER MEASURES AIQ

IF (AVERAGE INCOMING QUALITY)
FAILURE

RATE IS

EXCEEDED ELIMINATE 100% INCOMING INSPECTION AND

START SHIP-TO-STOCK WHEN AlQ <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.
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QUALITY ASSURANCE PROGRAM

Y INCOMING RAW MATERIAL
QC INCOMING
INSPECTION
C) LTC WAFER FABRICATION
QA IN-PROCESS
INSPECTION

> LTC WAFER SORT

WAFER SAW/CLEAN

QA WAFER SAW
MONITOR

O

100% DIE VISUAL
INSPECTION
(2nd OPTICAL)

QA DIE VISUAL
INSPECTION

QA DIE ATTACH
MONITOR

L =
>
Ol : O
x

LEAD BOND

QA LEAD BOND
MONITOR

O

QA THERMAL TEST
(TO-3 PACKAGE ONLY)

100% PRESEAL (3rd OPTICAL)
VISUAL INSPECTION

QA POST WAFER SORT
INSPECTION

QA PRESEAL VISUAL
INSPECTION (3rd OPTICAL)

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 /SHIFT

PER MIL-STD-883
METHOD 2010

VISUAL 4 x /SHIFT.
DIE SHEAR TEST 2 x /SHIFT

VISUAL 4 x /SHIFT
BOND PULL TEST 2 x /SHIFT

CHECK FOR DIE ATTACH
QUALITY

PER MIL-STD-883
METHOD 2010

SHIP

@)

QA SEAL MONITOR

TEMPERATURE CYCLE

100% FINE/GROSS LEAK
(HERMETIC PACKAGES)

—10

—0O

)

QA FINE/GROSS LEAK

> SIDE/BOTTOM MARK

OUTGOING VISUAL/
MECHANICAL INSPECTION

LTC QA INCOMING
INSPECTION

100% FINAL ELECTRICAL TEST

TOP MARK

PACK

o

BOXSTOCK

50b

@)

QA MARK VISUAL AND
PERMANENCY TEST

QA SOLDERABILITY

QA FINAL ELECTRICAL TEST

QA POST PACK
VISUAL/MECHANICAL
INSPECTION

QA SHIPBENCH
INSPECTION

VISUAL, 4 x /SHIFT
FINE LEAK, 2 x /SHIFT
GROSS LEAK, 2 x /SHIFT
MOISTURE, 4 x /SHIFT

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=DIE 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-STD-833
METHOD 2015

PER MIL-STD-883
METHOD 2003

25°C AND TEMPERATURE
EXTREMES

INSPECT TO CUSTOMER
P.0. REQUIREMENTS
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R-FLOW

0 4

Linear Technology R-Flow

TECHNOLOGY

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 un-
der 1FIT range at 55°C.*

*Note: 1 FIT =1 failure in 10° device hours.

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.

R-Flow for TO-5 and CERDIP Packages

IN PROC. 0A
SEAL '“tggg:"(‘fﬂg" SOLDERABILITY
TEST
1l 1 |
TEMP CYCLE 151 25°C TEST 3 TEMP ELECT A
10 CYCLES oL e eone 0°C, 25°C, 70°C
—~65°C T0 150°C : 0.04% AQL AT 25°C
| | ]
BURN-IN
IN PROCESS QA 150°C FOR 30 HRS. onc
FINE/GROSS LEAK (EQUIV. TO 160 HRS.
@ 125°C FOR Ea=1¢V)
| | ]
SOLDER DIP (H-PKG) SOLDER DIP
0 IF REQUIRED OUTGOING QA
TIN PLATE (J-PKG)
1 I ]
QA GATE 2nd 25°C TEST
VISUAL & FULL PARA. AC/DC SHIP
SOLDERABILITY TEST PDA 10%
1 1
FINE/GROSS LEAK
SROSS MARK
] |
IN PROC. OA
OUTGOING QA
OHSHORD) MARK PERMANENCY

L
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TECHNOLOGY
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R-FLOW

R-Flow for Plastic Dual-In-Line Packages

BURN-IN
150°C FOR 30 HRS

MOLD (EQUIV. TO 160 HRS.
@ 125°C FOR Ea="1eV)
1 ]
2nd 25°C
CURE ELECT TEST
6 HR AT 175°C FULL PARA AC/DC
PDA 10%
[ 1
MATT TIN PLATE MARK
| 1
IN PROC QA
IN PROCESS QA MARK PERMANENCY
TEST
1 ]
TEMP CYCLE IN PROC. QA
5 CYCLES SOLDERABILITY
0°C T0 150°C TEST
| ]
OUTGOING 0A 3 TEMP ELECT QA
(OFFSHORE) 0°C, 25°C, 70°C
0.04% AQL AT 25°C
| ]
INCOMING QA
(ONSHORE) PACK
| J
1st 25°C
ELECT TEST OUTGOING QA
FULL PARA AC/DC
]
SHIP
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ESD PROTECTION PROGRAM

TECHNOLOGY

Introduction

As integrated circuit technologies achieve higher speed,
smaller geometries, lower power and lower voltage, there
is a trend toward greater ESD (Electrostatic Discharge
Damage) susceptibility. State-of-the-art CMOS ICs can be
susceptible to as little as 50V, a static level that is way be-
low the 500V to 15,000V commonly found in an ESD unpro-
tected 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 now become increasingly more important for all
semiconductor manufacturers and users of semiconduc-
tor and other electronic components to fully understand
the nature of ESD, the sources of ESD, and its 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. Described in this section are the
keypoints of this program.

The objective is to provide increased ESD awareness by
showing the sources of ESD in the work environment, and
to recommend keypoints for the successful implementa-
tion of an ESD program on a company-wide basis.

The end result of a successful ESD program would be the
reduction of line failures, final inspection failures and
field failures, improved manufacturing yields, improved
product quality and reliability and lower warranty costs.
We hope that this will help to convince the reader that an
ESD Protection Program must be an integral part of every
electronic company’s product quality and reliability
program.

Key Elements of a Successful ESD Protection Program

Recent improvements in failure analysis techniques to
correctly identify ESD failures together with an increase in
ESD related information from technical publications,

EOS/ESD symposiums and vendors have significantly
helped to increase ESD awareness.

The ESD Protection Program at Linear Technology
Corporation was successfully launched in 1983 when
production of ICs was first started. A constant upgrading
of the program is still underway. During the ongoing ef-
forts to improve product quality and reliability, previously
unrecognized ESD related problems have been brought to
light and corrected.

An effective ESD Protection Program must start at product
design, and encompass all manufacturing and handling
steps up to and including field service and repair. Our de-
sign goal is to achieve an ESD susceptibility level of
2,000V or greater.

Since the sources of static in any work environment are
similar, key elements of the program successfully imple-
mented at Linear Technology Corporation can also be ap-
plied to all users of electronic components. Where these
key elements apply, static controls generic to an elec-
tronic systems manufacturer are included.

The key elements of a successful ESD Protection Program
include:

1. Understanding static electricity.
2. Understanding ESD related failure mechanisms.
3. ESD sensitivity (ESD) testing.

4. Establishing an ESD task force to outline the require-
ments of the program, sell the program to manage-
ment, implement the program, review progress against
milestones, and follow-up to ensure the program is con-
tinuously improved and upgraded. Selecting an ESD
coordinator to interface with all departments affected.

5, Conducting a facility evaluation to help identify the
sources of ESD and establish static control measures.

6. Setting up an audit program.
7. Selection of ESD protective materials and equipment.
8. Establish atraining and ESD awareness program.
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What is Static Electricity?

Lightning and sparks from a metallic doorknob during a
dry month are examples of static electricity. The magni-
tude of a static charge is dependent on many variables,
among them the size, shape, material composition, sur-
face characteristics and humidity. There are basically
three primary static generators, namely triboelectric, in-
ductive and capacitive charging.

Triboelectric Charging

The most common static generator is triboelectic charg-
ing. It is caused when two materials (one or both of which
are insulators) come in contact and are suddenly separat-
ed or rubbed together, creating an imbalance of electrons
on the materials and thus static charge.

Some materials readily give up electrons whereas others
tend to accumulate excess electrons. The Triboelectric
Series lists materials in descending order from positive to
negative charging due to this triboelectric effect. A sam-
ple triboelectric series is shown here. A material that is
higher on the list, e.g., a human body, will become posi-
tively charged when rubbed with a material, e.g., polyester,
that is lower on the list, due to the transfer of electrons
from the human body to the polyester material.

Triboelectric Series

Human Body

A Positive Glass
+ Mica

Nylon
Wool
Fur
Silk
Aluminum
Paper
Cotton

Hard Rubber
Orlon
Polyester
Polyethylene
PVC (Vinyl)

Negative
- Teflon

Y

Inductive Charging

Static can also be caused by induction, where a charged
surface induces polarization on a nearby material. If there
is a path to ground for the induced charge, an ESD event
may take place immediately. An example of an induced
charge is when the plastic portion of a molded IC package
acquires a charge either through triboelectric charging or
other means, produces an electrostatic field and
induces a charge on the conductive leads of the device.
When the device leads are grounded, a short duration
damaging static pulse can take place.

Capacitive Charging

The capacitance of a charged body relative in position to
another body also has an effect on the static field. To
see that this is true, one need only look at the equation
Q = CV (charge equals capacitance times voltage). If the
charge is constant, voltage increases as capacitance de-
creases to maintain equilibrium. As capacitance de-
creases the voltage will increase until discharge occurs
via an arc. A low voltage on a body with a high capacitance
to ground can become a damaging voltage when the body
moves away from the ground plane. For example a 100V
charge on a common plastic bag lying on a bench may in-
crease to a few thousand volts when picked up by an
operator, due to a decrease in capacitance.

These sources of static can be found almost anywhere in
an unprotected work environment, on personnel wearing
synthetic clothing and smocks, on equipment with
painted or anodized surfaces, and on materials such as
carpets, waxed vinyl floors, and ungrounded work
surfaces.

Understanding the Failure Mechanisms

In the past, analysis of electrical failures to pinpoint ESD
as a cause was often difficult. But with a better under-
standing of failure mechanisms and their causes, and the
use of more sophisticated techniques like scanning elec-
tron microscopy (SEM), pinpointing ESD failures can now
be part of a routine failure analysis.
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Parametric or functional failure of bipolar and MOS ICs
can occur as a result of ESD.

The primary ESD failure mechanisms include:

1. Dielectric Breakdown: This is a predominant failure
mechanism on MOS devices when the voltage across
the oxide exceeds the dielectric breakdown strength.
This failure mechanism is basically voltage dependent
where the voltage must be high enough to cause dielec-
tric breakdown. As such, the thinner the oxide, the
higher the susceptibility to ESD. MOS device failures
are characterized by resistive shorts from the input to
Vpp or Vss.

MGS Transistor Structure
Showing ESD Included Pinholes at Gate Oxide

GATE

e
S = PINHOLES

SOURCE DRAIN

This failure mechanism can also be found on bipolar
ICs which have metallization runs over active semi-
conductor regions separated by a thin oxide. Device
failures are characterized by resistive or high leakage
paths.

2. Thermal Runaway (Second Breakdown): This failure
mechanism results in junction melting when the melt-
ing temperature of silicon (1415°C) is reached. This is
basically a power dependent failure mechanism,
namely the ESD pulse shape, duration and energy can
produce power levels resulting in localized heating and
eventually junction melting, even though the voltage
level is below that required to cause dielectric break-
down. Second breakdown of the emitter-base junction
of a NPN transistor is a common ESD related failure
mode on bipolar ICs, since the highest current density
occurs on the smallest current carrying area which is
typically the emitter-base junction. Low current gain
(hre) is a very sensitive indicator of emitter-base junc-
tion damage on bipolar linear ICs.

3. Metallization Melting: When junction melting and a

short occurs, localized melting of the metallization can
occur if there is enough energy in the ESD pulse. This is
frequently a secondary failure mechanism, following a
short resulting from one of the other failure modes.

. Parametric Degradation: On precision, high speed ICs

(e.g., bipolar operational amplifiers with a typical input
bias current of 10pA and low input offset voltage of typ-
ically 50xV) ESD can cause device degradation, besides
functional failures. This can impact electrical perform-
ance and adversely affect device reliability.

This degradation in device parametric performance is
far more difficult to pinpoint as an ESD related failure
mode. It is also the least understood among the failure
modes. The extent of this degradation is dependent on
the number of ESD pulses and the level of damage
sustained. The first ESD pulse may not cause an IC to
fail the electrical datasheet limits, but with each subse-
quent ESD pulse, the parametric performance can de-
grade to the point where the device no longer meets the
datasheet limits.

There is a great deal of current research focused on
ESD induced latent failures, and there now appears to
be more evidence of this type of failure mechanism.

RESISTIVE SHORT ON A
METALLIZATION STRIP OVER
A THIN OXIDE N+ REGION
ON A BIPOLAR IC
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ESD Failure Analysis Program

ESD defect identification must be an integral part of a fail-
ure analysis program. The key objectives are to help
identify the ESD failure mechanism, isolate the cause for
failure, and implement corrective action to prevent recur-
rence. All devices suspected of being damaged by ESD af-
ter initial electrical verification, should be failure
analyzed.

An ESD failure analysis program is outlined below.
1. Initial electrical test verification.

2. Review device history to determine if there are any simi-

5. Duplication of failure by stressing identical devices.

The same or similar electrical failure mode is a good in-
dicator of an ESD induced failure mode.

. Implement corrective action to prevent recurrence.

Corrective action may include:

e Component, board, sub-system or system level
redesign

e Improve ESD controls

® |mprove part handling

e Improve ESD awareness

lar failures in the past. Review ESD sensitivity data if
available.

. Investigate conditions in any area that can potentially
cause ESD damage. Common potential problem areas
include:

e Proper grounding procedures not being followed
(e.g., conductive table/floor mats not grounded, per-
sonnel not wearing wrist strap, etc.)

© |mproper handling (e.g., handling devices at a non-
ESD protected station)

 Transporting devices in unapproved containers (e.g.,
in common plastic bags/tubes/tote boxes)

e Changes in procedures or operation

® Changes in equipment

* Design deficiencies

. Failure analysis sequence:

® Bench testing and curve tracer analysis

 Pin-to-pin analysis

¢ |nternal visual (10 x t0 1000 x)

® Liquid crystal hot spot detection

® Scanning electron microscopy (SEM), secondary ion
mass spectrometry (SIMS), energy dispersive X-ray
analysis (EDX), scanning auger microprobe (SAM)

© Plasmal/chemical etching

e Special fault decoration

* Micro-sectioning

* Documentation

An excellent failure analysis manual is published by
the Rome Air Development Center titled “Failure Analy-
sis Techniques—A Procedural Guide”.

¢ Improve compliance with ESD protection procedures
e Increase audit frequencies
¢ Improve packaging materials and procedures

Corrective action taken by the end user should include
a thorough review of electrical and mechanical packag-
ing designs. In addition the end user should consult
with the IC manufacturer on their findings, request fail-
ure analysis of suspected ESD failures if needed and
require the IC manufacturer to take appropriate correc-
tive action on any confirmed ESD failure.

ESD Sensitivity (ESDS) Testing

ESDS testing is crucial in helping the IC designer and the
end user evaluate the ESD susceptibility of a particular de-
vice. At Linear Technology Corporation, ESDS testing is
incorporated into the failure anaylsis program and is per-
formed on each device as part of the product characteriza-
tion program. The ESDS testing is also part of new product
qualification. Linear Technology performs this ESDS test-
ing according to MIL-STD-883C, Method 3015.

The ESDS testing provides immediate feedback to the IC
designer on any weakness found in the design and per-
mits design correction before product release. The ESDS
data collected is also used as baseline data to evaluate
the effect of any future design changes on the ESDS test-
ing performance, and to help ensure that the final packag-
ing methods meet MIL-M-38510F requirements. Devices
which are classified as Category A devices, susceptible to
2000V or less, on this ESDS testing are top marked with an
equilateral triangle per MIL-M-38510F requirements.
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Since people are considered to be a prime source of ESD,
the ESDS test circuit is based on a human ESD model. A
15000 resistor and a 100pF capacitor are used in the test
circuit. Human capacitance is typically 50pF to 250pF,
with the majority of people at 100pF or less, and human re-
sistance ranges from 10000 to 5000Q. Five combinations
of input, output, V* and V- pins are tested. An ESD fail-
ure is defined as a voltage level which causes sufficient
damage to the device such that it no longer meets the
electrical datasheet limits.

After initial ESDS testing, it is important that ESDS test
monitoring be performed periodically on devices from vari-
ous lots to determine lot-to-lot variation. The VZAP-1 re-
port titled “Electrostatic Discharge (ESD) Susceptibility of
Electronic Devices” published by the Reliability Analysis
Center, Rome Air Development Center, contains a wealth
of information on ESDS testing data on devices of differ-
ent process technologies from many manufacturers. The
data in this report clearly indicates a large lot-to-lot varia-
tion relating to ESD susceptibility on the same device.

Design for ESD Protection

ESD protection designs employed on Linear Technology
Corporation devices include:

1. Input clamp diodes

2. Input series resistors to limit ESD current in conjunc-
tion with clamp diodes

3. Keeping critical junctions out of reverse breakdown, or
physically enlarging it

4. Eliminating metallization runs over thin oxide regions
when they are tied directly to external pins

ESD Task Force

An ESD task force should consist of members from each
affected department to do the foundation work, sell the
program to management, and implement the program with
the following objectives:

1. Develop, approve and implement an ESD control speci-
fication covering all aspects of design, ESD protected
materials and equipment, and manufacturing

2. Raise the level of ESD awareness
3. Develop atraining and certification program

4, Work with all departments on any ESD questions or
problems

5. Develop a program to educate and assist sales offices,
distributors and customers to minimize ESD

6. Review and qualify new ESD protective materials and
equipment, and keep specifications and training pro-
gram updated

7. Measure the cost-to-benefit ratio of the program

Facilities Evaluation

The ESD task force should be responsible for facility
evaluation. This evaluation should be guided by the ESD
coordinator. The ESD coordinator should be chosen for
strong knowledge of ESD controls, and for the ability to
effectively interface with all affected departments. The
primary objective of the task force is to pinpoint areas that
represent sources of static electricity and potential yield
losses due to ESD.

A representative, preferably the engineering or production
manager, from each of the key manufacturing areas
should be represented on this task force. At Linear Tech-
nology Corporation this effort is headed by the Quality As-
surance Manager and the Package Engineering Manager.
The balance of the ESD task force members are the
Test Engineering, Product Engineering, and Production
Managers.

The only equipment needed for this survey is a field static
meter which measures static up to a level of 50kV. Both
nuclear and electronic type static meters are available
from manufacturers like 3M, Simco, Wescorp and Scien-
tific Enterprises.

Regardless of area classification, all manufacturing areas
can be broken down into the following categories for
evaluation purposes.
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1. Personnel

Personnel represents one of the largest sources of static,
from the type of clothing, smocks and shoes that they
wear (for example, polyester or nylon smocks).

2. The Environment

The environment includes the room humidity and floors.
Relative humidity plays a major part in determining the
level of static generated. For example, at 10-20% RH a
person walking across a carpeted floor can develop 35kV
versus 1.5kV when the relative humidity is increased to
70%-80%. Therefore the humidity level must be con-
trolled and should not be allowed to fluctuate over a broad
range.

Floors also represent one of the greatest contributors of
static generation on personnel, moving carts or equipment
because of movement across its surface. Carpeted and
waxed vinyl floors are prime static generators.

3. Work Surfaces

Painted or vinyl covered table tops, vinyl covered chairs,
conveyor belts, racks, carts and shelving are also static
generators.

4. Equipment

Anodized surfaces, plexiglass covers, ungrounded solder
guns, plastic solder suckers, heat guns and blowers are
also static generators.

5. Materials

Look out for common plastic work holders, foam, common
plastic tote boxes and packaging containers.

Examples of typical static levels are shown in the table
below.

RELATIVE HUMIDITY
10%-20%  70%-80%
Walking across a carpeted floor 35kV 1.5kV
Walking across a viny! floor 12kV 0.3kV
Picking up a common plastic bag 15kV 0.5kv
Sliding plastic box over bench/conveyor 15kV 2.0kV
Ungrounded solder sucker 8kv 1.0kV
Plastic cabinets 8kv 1.0kV

This ESD survey should include all direct and support
manufacturing areas where semiconductor and other elec-
tronic components are handled, and should be extended
to cover distribution and field sales offices, and field ser-
vice centers. Once the facility evaluation is completed, the
results are reviewed by the ESD task force, and controls
are selected to combat each potential ESD problem area.

The ESD Protection Program

The degree of static control should be determined by the
most static sensitive device or assembly in the operation.
Top management support and implementing the same ba-
sic controls in all areas with no double standards will help
to ensure success.

The basic concept of complete static protection is the pre-
vention of static buildup, the removal of any already exist-
ing charges, and the protection of electronic components
from induced fields. The first and foremost line of defense
is the personnel wrist strap together with grounded con-
ductive or static dissipative table tops, and conductive
heel straps and grounded conductive or static dissipative
floor mats.

To increase ESD awareness at Linear Technology Corpora-
tion, all ESD Protection Areas are marked by an identifying
label shown below. This label alerts all personnel that ESD
protection procedures are enforced in the area.

ESD Protected Workstation

Examples of ESD Protected Workstations are shown in
Figures 1and 2.
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Option 1 (Figure 1): All electronic components, sub-assem-
blies and assemblies must be handled at an ESD Pro-
tected Workstation only. The figure illustrates an ESD Pro-
tected Workstation consisting of a static dissipative table
mat grounded to earth or electrical ground through a 1MQ
series resistor, with the requirement that the operator
wears a grounded insulated conductive wrist strap with a

1MQ series resistor. This 1MQ series resistor protects the
operator from electrical shock, should the operator come
in contact with a potentially lethal voltage. Option 1
should be used where the operator does not require a
large degree of freedom, e.g., during product inspection,
component soldering, board repair, etc.

ELECTRIC POWER EQUIPMENT\

3. WRIST STRAP

2. GROUND CORD.

N

4. INSULATION PAD

1. CONDUCTIVE OR STATIC
/ DISSIPATIVE TABLE MAT
S

]
TABLE TOP
m]
GROUND = 7 77, FLOOR 7
MATERIALS: 1 1/16” THICK CONDUCTIVE OR STATIC DISSIPATIVE TABLE MAT WITH SURFACE

RESISTIVITY OF <1080 PER SQUARE.

2. INSULATED CONDUCTIVE GROUND CORD WITH A SERIES RESISTOR OF 1/2W
MINIMUM, 1MQ=10%, AND 18AWG OR LARGER INSULATED WIRE

3. INSULATED CONDUCTIVE WRIST STRAP WITH 1/4W MINIMUM, 1MQ+ 10%,
AND 20AWG OR LARGER INSULATED WIRE. THE CURRENT LIMITING 1MQ
RESISTOR MUST BE LOCATED RIGHT NEXT TO THE WRIST TO PREVENT THE

POSSIBILITY OF SHUNTING THE RESISTOR.

4. POWER TEST EQUIPMENT MUST BE CHASSIS GROUNDED VIA A THREE-PRONG
PLUG, AND PLACED ON AN INSULATION PAD MADE OF FORMICA, FIBERGLASS

OR EQUIVALENT MATERIAL.

Figure 1
2. CONDUCTIVE SHOE STRAP
3. GROUND CORD
1. CONDUCTIVE FLOOR MAT
/ OR CONDUCTIVE FLOORING
L ,
I 77/ FIOER A
GROUND P
MATERIALS: 1. OPTIONAL 1/8/ THICK CONDUCTIVE OR STATIC DISSIPATIVE MAT OR

CONDUCTIVE FLOORING (e.g., CONDUCTIVE FLOOR TILES) WITH A SURFACE
RESISTIVITY OF =< 1080 PER SQUARE.

2. CONDUCTIVE SHOE STRAP WITH A SURFACE RESISTIVITY OF <105Q PER

SQUARE.

3. INSULATED CONDUCTIVE GROUND CORD WITH A SERIES RESISTOR OF 1/2W
MINIMUM, 1MQ +10%, AND 18AWG OR LARGER INSULATED WIRE

Figure 2
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Option 2 (Figure 2): Shows an alternate installation meth-
od for an ESD Protected Workstation. It consists of a
conductive or static dissipative floor mat grounded to
earth or electrical ground through a 1MQ series resistor
with the operator wearing a conductive shoe strap. This in-
stallation is typically used where the operator needs free-
dom of movement over a large area, e.g., environmental
chamber loading and unloading, electrical testing, etc. To
be effective the conductive shoe strap must be attached
to the wearer's shoe to maximize contact between the
strap and the conductive floor.

Option 3: Utilizes the same conductive or static dissipa-
tive floor mat installation as Option 2 with the exception
that the operator is grounded via a wrist strap through the
equipment ground instead of a conductive shoe strap. It is
utilized where an operator is working with a piece of free-
standing equipment and does not require a great deal of
freedom of movement.

Handling

At Linear Technology Corporation all products are han-
dled, transported and staged in volume conductive tote
boxes. This offers maximum protection to the compo-
nents from triboelectrically generated and inductive static
charges. The rule is under no circumstances should com-
ponents be removed from their approved containers ex-
cept at an ESD protected workstation.

Final Packaging

Only antistatic and conductive final packaging containers
{for example, antistatic or conductive dip tubes, volume
conductive carbon loaded plastic bags or metallic film
laminate bags, foil lined boxes) are used. Filler (dunnage)
material used should be antistatic, non-corrosive, and
should not crumble, flake, powder, shred or be of fibrous
construction. Gonductive packing materials are preferred
since they not only prevent buildup of triboelectric charge,
but also provide shielding from external fields.

Other ESD Preventative Measures

* Where possible, ban all static bearing materials,
e.g., common plastics, styrofoam from the work
environment.

¢ Use only synthetic material smocks with 1% to 2% in-
terwoven steel.

e Ensure all electronic and electro-mechanical equip-
ment is chassis grounded, including conveyor belts, va-
por degreasers and baskets, solder pots, etc.

 Tipsof hand soldering irons are to be grounded.

e All parts of hand tools (e.g., solder suckers, pliers, etc.)
which can be expected to come in contact with elec-
tronic components are to be made of conductive mate-
rial and grounded.

e Conductive shorting bars are to be installed on all
terminations for PC boards with electronic components
during assembly, loading, inspecting, repairing, solder-
ing, storing and transporting.

o All PC boards with electronic components are not to be
handled by their circuitry, connector points or connec-
tor pins.

® High velocity air movement is to be delivered through a
static neutralizer.

 Air ionizers are to be employed in neutralizing static
buildup on insulators if they have to be used or as an ex-
tra precautionary measure for extremely sensitive
assemblies.

Do not slide electronic components over a surface.

Air ionizers come in three basic types: nuclear, AC and
pulsed DC. These ionizers can neutralize static charges on
non-conductive materials by supplying the materials with
a stream of both positive and negative ions.

The advantage of the AC or pulsed DG type air ionizer is
that there is no recurring annual replacement cost. The
disadvantages are: it emits ozone which can damage rub-
ber in equipment; EMI (Electro Magnetic Interference);
and an imbalance in the stream of ions if not properly
maintained, therefore necessitating frequent preventive
maintenance.

The advantages of the nuclear type air ionizer are low
maintenance, no ozone, no EMI and no imbalance prob-
lems. The disadvantages are that it requires careful han-
dling because of the radioactive source, and the annual
recurring cost to replace the radioactive source.

The selection of air ionizers must be done with care with
awareness of the above limitations. The squirrel cage
ionized air blower has been proven to produce a signif-
icantly more even distribution of ion patterns than does a
conventional fan blower design.

15-30

LT R



ESD PROTECTION PROGRAM

Maintenance

ESD protective floor and table coverings must be properly
maintained. Do not wax over them. Cleaners must not de-
grade their electrical properties. Vacuum to remove loose
particles, followed by a wet mop with a solution of mild
detergent and hot water.

Periodic Audits

At Linear Technology Corporation periodic audits are con-
ducted to check on the following at least once a month,
unless otherwise noted.

e Compliance with ESD control procedures.

e Ensure that the conductive ground cord connection is
intact by measuring the series resistance to ground
with an ohmmeter.

o Ensure that wrist straps are still functional by measur-
ing the resistance from the person to ground. The
ground lead of the ohmmeter is connected to the
ground connection of the wrist strap, and the positive
lead is connected to a stainless steel electrode (one
inch in diameter, and three inches long #304 stainless
steel) which is held by the person. This test method not
only checks the resistance of the series resistor, but
also resistance through the ground cord and also any
contact resistance between the wrist strap and the per-
son’s skin. This test procedure is required when wrist
straps with an elastic nylon band with interwoven
metallic strands are used, since the metallic strands
breakdown with prolonged use. This monitor frequency
may be shortened depending on audit results.

o Measure the surface resistivity of conductive or static
dissipative table tops once every 6 months using
ASTM-F-150-72, ASTM-D-257 or ASTM-D-991 test meth-
ods as appropriate.

Materials Selection and Specification

Based on the tremendous amount of ESD protective
materials available, it is important that materials are se-
lected based on a stringent qualification. Once the materi-
als have been selected and specifications defined, a
material procurement specification needs to be initiated
that defines the materials and quality requirements to the
vendor. One of the major pitfalls is to procure material in
haste, e.g., a wrist strap, only to find out it does not per-
form reliably.

The SOAR-1 report titled “ESD Protective Material and
Equipment: A Critical Review” published by the Rome Air
Development Center is an excellent reference on the vari-
ous types of ESD protective materials available.

At Linear Technology Corporation a minimum of three
manufacturing lots from a potential vendor are subjected
to qualification testing per the requirements of the materi-
al procurement specification for ESD protective materials.
The vendor is considered qualified only when all three lots
are found to be acceptable. Once vendors have been quali-
fied, all incoming ESD protective materials are subjected
to a stringent incoming inspection.

The following table summarizes a sample material and
test specification for ESD protective materials.

Wrist Strap Resistance Test Set-Up

#304
WRIST STAINLESS STEEL
STRAP ELECTRODE

POSITIVE
LEAD

OHMMETER

LYWW
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Coverings, Conductive Tote
Boxes, Conductive Shoe
Straps

e Conductive: surface resistivity <10°0/square. Static

Dissipative: surface resistivity >10%and <10°Q/square.

MATERIAL PROPERTIES/DESCRIPTION TEST METHODS
Wrist Strap  |nsulated coil cord with a 1M@ +10%, %W minimum Measure series resistance with ohmmeter. Apply normal
series resistor molded into snap fastener (at wristend), | tug to both ends of strap and remeasure series resistance.
and an elastic wrist band with inner metallic filaments Resistance must be between 0.8 to 1.2MQ.
and insulative exterior.
Conductive or Static o Must not shed particles Test per ASTM-F-150-72, ASTM-D-257, ASTM-D-991 (for
Dissipative Table and Floor o Must not support bacterial or furgal growth surface resistivity <10°Q/square).

Conductive Foam  Shall not contain more than 30ppm C1, K, Nawhen a With devices inserted into the foam, the foam must not
quantitative chemical analysis i performed cause lead corrosion after a 24 hour 85°C/85% RH
e Must not support bacterial or fungal growth temperature/humidity storage.
Antistatic and Conductive * Must not exhibit an oily-like film Must meet an Electrostatic Decay test per Federal Test
Dip Tubes Method Standard 101 Test Method 4046. Material charged

to 5000V must be discharged to 1% of its initial value (50V)
in 2 seconds after a 24 hour conditioning at 15% relative
humidity.

Antistatic and Conductive
Bags
requirements of MIL-B-81705

* Antistatic bags must meet MIL-B-81705 type 2
o Conductive bags must meet MIL-B-117 and sealing

* Must not support bacterial or fungal growth

Test method for antistatic bags same as for antistatic/
conductive dip tubes. Test method for conductive bags
same as for conductive table/floor coverings.

Blowers * Noise: 60dB maximum

Static Eliminators/ionized Air | @ Ozone ievel: 0.1ppm maximum for 8 hour exposure

o EMI: non-detectable when measured 6 inches away

Voltage Decay test: A non-conductive sheet of material
charged to 5kV must be discharged to 1% of its initial value
(50V) in 2 seconds at a distance of 2 feet from the ionizer or
larger distance if application calls for a larger distance.

Training and Certification Program

The training program should be developed to increase
ESD awareness and to assist all personnel in complying
with the ESD control specification. The program should
include:

. Adiscussion on “What is Static Electricity?”

. How ESD affects ICs

. Estimated cost of ESD related losses

. Materials and equipment for controlling static
. The importance of wearing the wrist strap

. The importance of an audit program

~N o o1 AW N =

. Encourage floor personnel to feedback any ESD poten-
tial areas to the ESD task force

ESD training should be incorporated into the personnel
training and certification program. At Linear Technology
Corporation only fully trained and certified personnel are
allowed to do actual production work. To help increase

ESD awareness, it is often a good idea to show ESD
awareness films and video tapes which are available from
a variety of sources (Reference 3 provides a list of films
and video tapes). Personnel are retrained and recertified at
aminimum frequency of once per year.

Measuring the Benefits

Where possible, the benefits of an ESD Protection Pro-
gram should be tracked and quantified. The two yard-
sticks used at Linear Technology Corporation are final test
yields and QA electrical average outgoing quality (AOQ).
Since the implementation of this program, there has been
a significant improvement in final test yields especially on
static sensitive CMOS devices. With the elimination of
ESD as a potential failure cause, the electrical AOQ has
averaged well under 100ppm for all products combined.
Improvements such as this help to provide positive feed-
back to manufacturing and support personnel on the im-
portance of an ESD Protection Program, and also help to
ensure its continuing success.
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dures; Test Methods. 4046: Elec-
trostatic Properties of
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SURFACE MOUNT PRODUCTS

TECHNOLOGY

Introduction

Linear Technology Corporation was founded in 1981 to ad-
dress the growing demand for high performance and
superior quality linear integrated circuits.

Today, Linear Technology has successfully established a
leadership position by introducing and supplying leading
edge products in each of the industry’s basic functional
groups—op amps, comparators, voltage regulators, refer-
ences, switched-capacitor filters, interface, data conver-
sion, and a variety of special function CMOS devices, in all
major package styles.

Early on, Linear Technology made the commitment to pro-
vide advanced technology, surface mount packaging. This
makes Linear Technology the first company to offer true
precision and high performance linear devices across the
full range of functional categories, plus many of the popu-
lar second-source devices in JEDEC Standard SO-8, 14, 16
and SOL-16, 18 and 20 pin packages.

Support for Linear Technology’s surface mount devices in-
cludes service for tape and reel, anti-static rails, quality
and reliability data, and datasheets on each product.

Linear Technology intends to address customer demand
for surface mount devices where technology and die sizes
permit, making the combination of small package size and
high performance linear devices readily available to our
users.

This section contains information summarizing Linear
Technology’s capabilities and services for surface mount
packaged products, as well as specific device data-
sheets.

Package Descriptions

Linear Technology’s SO packages conform to Standard
JEDEC SOIC outlines. Figure 1 represents the 8, 14 and
16-lead narrow (150 mil width) SO packages. The 300 mil
width large cavity SOL package is pictured in Figure 2.

In some instances, an LTC product available in an 8-pin
standard DIP package is offered in a 16-pin SOL package.
This covers the situation where the die is too large to be

accommodated by the smaller SO-8 package. Although it
is preferable for an SO-8 device to have the same pin-out
as the standard 8-pin dual-in-line version, some devices
necessitate a rotation of the die to fit in the SO-8 package.
Please refer to the applicable SO device datasheet, or
consult with the factory to verify exact pinouts for each
device.

A
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SURFACE MOUNT PRODUCTS

Electrical Specifications

Wherever possible, electrical specifications for an SO de-
vice are the same as the plastic molded equivalent. Excep-
tions to this are identified by the omission of the standard
product electrical grade designator from the part number.
Forexample:

—LT1013DS8 has the same electrical specifications
as LT1013DN8, since the “D” is common to both prod-
uct numbers.

—LT1012S8 has one or more different electrical specifica-
tions than LT1012CN8, as the “C” is missing from this
product designator suffix.

Please consult the appropriate SO package datasheet for
complete electrical specifications.

Marking

Because of the limited space available for part marking on
some SO packages, abbreviated marking codes are used
to identify the device. These codes, if used, are identified
in the individual SO package datasheets.

Recommended Solder Pads
$0-8,50-14,50-16

—0.040-0.055

,_?q]

i

245

-7

Lead Finish and Solderability

Lead finish is electroplated, matte-tin, with a low carbon
content. Solderability meets the requirements of MIL-
STD-883C, Method 2003. Recommended solder pads are
given in Figure 3.

Wave and Reflow Soldering

Following are the recommended procedures for soldering
surface mount packages to PC boards.

1. Wave Soldering

o Use solder plating boards.

* Dispense adhesive to hold components on board.

® Place components on board.

e Cure adhesive per adhesive manufacturer's speci-
fication.

® Foam flux using RMA (Rosin Mildly Activating) flux
or an organic acid flux if more aggressive flux is
required.

*e Wave solder using a dual wave soldering system at

240°C to 260°C for 2 seconds per wave.

e Clean board.

*Note: LTC packages will survive temperatures of 260°C for 10 seconds.

SOL-16, SOL-18, SOL-20

aJulun

o

420
& 0315-03% | I | |

=

0.2 0.150-0.165 [ [
Yy
ﬁ ﬁ [0
0.028—0.035 °$§‘g—‘<——>{ 0.040—0.,050 — | 000
0.028-0.035
Figure 3. Wave and Reflow Soldering
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2. Reflow Soldering

® Use solder plating boards.

e Screen solder paste on board.

¢ Mount components on board.

e Bake for 15-20 minutes at 65°C-90°C.

® Reflow solder paste. The solder paste temperature
must be 200°C for at least 30 seconds. LTC recom-
mends vapor phase or infra red reflow systems for
best performance.

e Clean boards.

Thermal Information

Table 1 shows the range of junction-to-ambient thermal re-
sistance of devices mounted on a PCB of FR4 material
with copper traces, in still air at 25°C. 6,4 with a ceramic
substrate is about 70% of the FR4 value. Maximum power
dissipation may be calculated by the following formula:

Timax=T
Powax[TA] = '—ngT—A

where Tjmax = Maximum operating junction temperature.
Ta = Desired ambient operating temperature.
6,4 = Junction to ambient thermal resistance.

S0-8 150 to 200°C/W SOL-16 850 100°C/W
SO-14 100 to 140°C/W SOL-18 70to 100°C/W
S0O-16 90 to 130°C/W SOL-20 70to 90°C/W

Conditions: PGB mount on FR4 material, still air at 25°C, copper trace.

Table 1. Typical Thermal Resistance Values

Product Reliability

Linear Technology Corporation publishes a reliability data
pak on a quarterly basis for our complete range of her-
metic and plastic devices. The data generated on the SO-8
compares favorably with that generated for dual-in-line
packages. The tests that are run to assess package and
device reliability are high temperature operating life with
electrical bias, temperature and humidity under bias
(85/85), autoclave, temperature cycle, and thermal shock.
A sample of the data for the S8 (SO-8 small outline plastic
DIP)is shown below.

S8 (8 Lead Small Outline Plastic DIP)
Reliability Data e October 1986

o Operating Life
#DEVICE | # DEVICE | # DEVICE
HOURS | HOURS | HOURS
DEVICE AT AT AT
TYPE §S | 150°C | 125°C() | 55°C() | # FAILURES
0P07 200 | 211.8K | 1186.1K | 591.9KK 0
LT385-1.2 40 419K | 2347K | 117.1KK 0
LT1012 46 294K | 1646K | 82.1KK 0
LTC1044/7660 | 59 474K | 2656K | 132.5KK 0
LT1021 45 234K | 131.0K | 65.4KK 0
300 | 353.9K | 1982.0K | 989.0KK 0
o 85/85 With Bias
TOTAL DEVICE
DEVICE TYPE SS HOURS # FAILURES
OP07 153 234.3K 0
LTC1044C 78 114.2K 0
348.5K 0
o Autoclave
TOTAL DEVICE
DEVICE TYPE SS HOURS # FAILURES
OP07 304 260.4K 0
LTC1044C 103 161.8K 1@
LM385B-1.2 85 129.6K 0
LT1012 148 38.0K 1
589.8K 2
o Temperature Cycle (Air to Air) - 65°C to 150°C
TOTAL DEVICE
DEVICE TYPE S CYCLES #FAILURES
OPQ7 155 465.0K 0
LTC1044C 9% 192.0K 0
657.0K 0
o Thermal Shock (Liquid to Liquid) - 65°C to 150°C
TOTAL DEVICE
DEVICE TYPE SS CYCLES # FAILURES
0P07 156 312.0K 0
LTC1044C % 91.7K 0
403.7K 0

Note 1: Assumes E,=1.0eV.

Note 2: 1Fit = 1 failure in 10° device hours.

Note 3: Non-functional—Bonding pad corrosion.

Note 4: Failure rate at 55°C 1.2 fits® to a 60% confidence level.

More current data, by device type, may be obtained by
contacting Linear Technology Corporation, Marketing
Department.

LY IR
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Tape and Reel Packing

Tape and reel packing is available for all SO and SOL pack-
ages (except 18-lead) in accordance with EIA Specification

481-A. Table 2 lists the applicable tape widths, dimen-

sions, and quantities for all LTC small-outline products.
Consult factory for tape and reel pricing and minimum or-
der requirements.

Plastic Tube Packing

Linear Technology SO and SOL packaged devices are
packed in conductive plastic tubes with the dimensions in-
dicated in Figure 4. Unit quantities per tube are as listed in
Table 3.

COMPONENT | HOLE REEL  |PARTSPER

PACKAGE | TAPE SIZE PITCH PITCH | DIAMETER REEL
S0-8 12mm 8mm 4mm 13" 2500
SO-14 16mm 8mm 4mm 13" 2500
S0-16 16mm 8mm 4mm 13" 2500
SOL-16 16mm 12mm 4mm 13" 1000
SOL-18* - - - - -

SOL-20 24mm 12mm 4mm 13" 1000

S08 100 ea. SOL-16 50 ea.
SO-14 60 ea. SOL-18 40ea.
SO-16 50ea. SOL-20 40ea.
SOL-24 31ea.
SOL-28 27 ea.

*Unavailable at this time.

Table 2. Tape and Reel Packing Specitications

Table 3. Devices Per Tube

15-38
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SURFACE MOUNT PRODUCTS

Linear Technology Corp. packs their SO and SOL products  follows EIA specification 481-A, and is an extra cost item.
in either conductive plastic tubes or tape and reel, depend-  The following pages describe and detail these packing
ing on customer preference. Plastic tubes are manufac-  methods.

tured to LTG specifications, while tape and reel packing

PLASTIC TUBE SPECIFICATIONS

SOL Package Shipping Tube

SO Package Shipping Tube
0.210
“’ 0.025+0.005
WALL
0.060—>]
0.030 RAD REF
\%_ﬁh [ jF 1
0.170 0.310
0.260 / REF REF ( : -
b 0.32010 0.250 0.580
KEEP FLAT
DO NOT ROUND 0.010 RAD
REF
0.070
«——0.150 —| \\ )
. +116 .
Length: 20.50 _ , », inches Y
0.050 <
0.030:0.005
T TvPwaLL
0.115

+1/32

Length: 20.75 * 1ot

inches
Figure 4.
Note 1: Tolerances: +0.010 unless otherwise specified.

Note 2: Material: anti-static treated rigid transparent PVG or rigid black conductive.
Note 3: Printing: “LTC logo, Linear Technology Corp., Antistatic” on top side of tube.
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TAPE AND REEL SPECIFICATIONS

Embossed Carrier Dimensions (12, 16, 24mm Tape Only)

10 PITCHES
CUMULATIVE
b TOLERANCE ON
g 0 TAPE
D l«—Py —»] +0.2mm
analln “7 *1 2 (0.008)
[}
3
COVER A
TAPE r‘ 0"
/. - F W
[l f
v
By —» Ko ; = { O Bg A\ A\
7
SEE NOTE 1 {11 } \( ;
F_J.l
Y \ H /
_—
FOR MACHINE REFERENCE ONLY EMBOSSMENT p Dy
“— INCLUDING DRAFT AND RADII FOR COMPONENTS
CONCENTRIC AROUND Bq ii\%nm ;142mm
CENTER LINES LARGER
USER DIRECTION OF FEED OF CAVITY

Embossed Tape—Constant Dimensions

Tape Size D E Py t(Max.) | AgBgKp
12,16, 15 +0.10 | 1.75+0.10 4.0+0.10 | 0.400 |See Note1
24mm |7 -0.0 |(0.069:+0.004)|(0.157 +0.004)| (0.016)

0050 0904

Embossed Tape—Variable Dimensions

B, D, K R
Tape Size Max. Min. F Max. P, Min. w P(SO) P(SOL)
12mm 82 55+0.05 45 2.0£0.05 30 120+0.30 | 8.0+0.10
0.323) 0217£0002)|  (0.177)  [(0.079£0.002)| (1.181)  |(0.472+0.012) | (0.3150.04)
16mm 121 15 75+0.10 40 16+0.30 80+010 | 120£0.10
(0.476) (0.059)  |{0.295+0.004) 65 2.0+0.10 (1575)  |(0.630+0.012) | (0.315+0.04) |(0.472+0.004)
24mm 20.1 11.5+0.10 (0.256)  1(0.079+0.004) 50 24+0.30
(0.791) (0.453 £0.004) (1.969) | (0.945+0.012)

Note 1: A By Kq are determined by component size. The clearance between nent cannot rotate more than 20° within the determined cavity, see
the component and the cavity must be within 0.05 (0.002) min. to 0.65 (0.026) Component Rotation.

max. for 12mm tape, 0.05 (0.002) min. to 0.90 (0.035) max. for 16mm tape and Note 2: Tape and components shall pass around radius “R” without
0.05(0.002) min. to 1.00 (0.039) max. for 24mm tape and larger. The compo- damage.
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TAPE AND REEL SPECIFICATIONS

Component Rotation Bending Radius

20° MAXIMUM
|« COMPONENT ROTATION

TYPICAL
COMPONENT CAVITY
CENTER LINE

R MIN

TYPICAL
COMPONENT BENDING RADIUS
CENTER LINE SEE NOTE 2

Tape Camber (Top View)

100mm
690 o

(0.039)
r MAX

e

o
(0.039)
250mm__ MAX
(9.843)

Allowable camber to be 1mm/100mm nonaccumulative over 250mm

Tape Leader (Start/End) Specification
END

lO 000 00 0 O |

[] ® ]
- \Bal_Bl[dl_B||2l_E
l«—COVER
TAPE E
4 B LB |3L_F

r&———NO COMPONENTS ——»—————— COMPONENTS ————<—————N0O COMPONENTS ————
START

I"ll'lF_D_|

ooy

3\

MIN 500mm (19.685)

[<«——— 40mm (1.575) MIN ————»| MAX 560mm (22.047)

\ EMPTY COMPUNENT/
POCKETS SEALED

WITH COVER TYPE

_—
USER DIRECTION OF FEED
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REEL DIMENSIONS

Direction of Feed

TOP COVER
TAPE THICKNESS (t4)

0.10mm
(.004) MAX THICK

EMBOSSED
CARRIER

Reel Dimensions

—»‘

40mm (1.575) MIN.
ACCESS HOLE
AT SLOT LOCATION

[— O

EMBOSSMENT

TAPE SLOT IN CORE
FOR TAPE START.

2.5mm (0.098) MIN WIDTH
10mm (0.394) MIN DEPTH

T

*DRIVE SPOKES OPTIONAL IF USED
ASTERISKED DIMENSIONS APPLY.

G (MEASURED AT HUB)AP‘ ‘4—

Tape A B oD N T
Size Max. Min. c Min. Min. G Max.
12mm 330 1.5 13.0+0.20 20.2 50 124 +20 18.4
(12.992) (0.059) (0.512+0.008) (0.795) (1.969) 4200 (0.724)
(0.488 tg;g"’)
16mm 360 15 13.0+0.20 20.2 50 164 +2.0 224
(14.173) (0.059) (0.512+0.008) (0.795) (1.969) * =0.00 (0.882)
(0.646 tg;gga)
24mm 360 15 13.0+0.20 20.2 50 244 +2.0 304
(14.173) (0.059) (0.512+0.008) (0.795) (1.969) * =0.00 (1.197)
0.961 +0.078
U1 ~0.00

*Metric dimensions will govern.
English measurements rounded and for reference only.
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SURFACE MOUNT PARTS LIST

LF398S8, Precision Sampleand Hold Amplifier ... ... ... . .. 9-113
LM318S8, High SPEEA O AMID . . . oottt 2-319
LM33458, Constant Current Source and TEMPErature SENSOT . . . . . ...\ttt ettt e e e e e e 3-99
LM38558-1.2/LM38558-2.5, Micropower Voltage REferenCe . . . ... ... e 3-113
LT1007CS8, PrecisionOPAMD . . . .. .ot e e e e e e e e e e e e e 2-23
LT1004CS8-1.2/LT1004CS8-2.5, Micropower Voltage REfErences . . .......... ... .. it 3-25
LT1006S8, Precision, Single SUPPIy OPAMD . . . . . . oo e ettt e e e 2-53
LT1007CS/LT1037CS, Low Noise, High Speed Precision Op AMPS . . . .. ..ottt 2-69
LT1009S8, 2.5 VOILREIEIONCE . . . . . . . o oottt e e e e e e e e e e e 3-31
LT1012S8, Picoamp Input Current, Microvolt Offset, Low NOISE ODAIMD . . .. ..o e e 2-117
LT1013DS8, Dual Precision ODAMP . . . . . o e e e e 2-141
LT1016CS8, Ultra Fast Precision COMPATAtOr . . .. ...ttt e e e e e e e e e e e e e e 6-41
LT1017CS/LT1018CS, Micropower Dual COmMPArator .. ... ............ ..ot 6-53
LT1020CS, Micropower Regulator and COMPArator .. .. ... ... ........o.uui o i 4-45
LT1021DCS8, Precision REfEreNCE . ... ... .. .. ... ...ttt et e e et e 3-57
LT1028CS, Ultra-Low Noise Precision High SpeedOPAMP . . . . . . .ot e 2-177
LT1030CS, Quad Low PoWerLin@ DIIVEr .. .. ... ... ... .. e e e 10-9
LT1034CS8-1.2/LT1034CS8-2.5, Micropower Dual REference .. ... ......... ... oo e 3-81
LT1054CS/LT10541S, Switched Capacitor Voltage Converter with Regulator ... ....... ... .. ... ... .. ... 5-35
LT1055S8/LT1056S8, Precision, High Speed, JFETINPULODAIMIDS . . . . .ottt e e e 2-231
LT1057S/LT10571S, Dual JFET Input Precision High Speed OpAMPS . . . ... ...t [P 2-247
LT1080CS/LT1081CS, 5V Powered RS232 Driver/Receiver with Shutdown . ... ....... ... .. . . . . i i, 10-51
LTC1043CS, Dual Precision Instrumentation Switched-Capacitor Building Block . . . ........ ... ... . . . .. . . . .. 11-31
LTC1044CS8, Switched Capacitor Voltage CONVEILEr . ... .. ... ..ttt e e e e e e 5-21
LTC1052CS, Chopper-Stabilized Op Amp (CSOAT™ ) . . .. . e 2-217
LTC1059CS, High Performance Switched Capacitor Universal Filter ... ........... . ... . i 7-11
LTC1060CS, Universal Dual Filter BUilding BIOCK . . . ... .. ... . e e e i e 7-35
LTC1061CS, High Performance Triple Universal Filter Building Block . . ...... . ... .. . . .. e 7-55
LTCT1062CS, 5thOrder Low Pass Filler. . . ... ... ...t e e e e e e e 7-1
OP-07CS8, PreciSION QD AMID . .ot ettt ettt e 2-337
'8635248, Regulating Pulse Width Modulator . . .. ... ... . 5-93
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DICE PRODUCTS

TECHNOLOGY

INTRODUCTION

Linear Technology Corporation offers a wide variety of
precision linear IC’s in die form. It is our intent to offer
dice electrically tested to levels which can be expected to
yield the best possible performance in hybrid circuits.
Complicating this task is the fact that many specifications
given for our standard packaged products cannot be
tested at the wafer level. Further, parameters which are
100% tested at wafer probe testing may shift during the
die attach/assembly process.

There is a Dice Products Catalog available that contains
ordering information and datasheets for obtaining dice
products. Catalogs are available from your local LTC
Sales Rep, or from LTC Communications at (800) 637-5545.

GENERAL INFORMATION
Electrical Testing

Dice are 100% tested in wafer form at 25°C to the DC lim-
its shown on the dice data sheet for a given device type.
Many LTC packaged products have multiple electrical
grades associated with a basic die type. A cross reference
appears on each dice data sheet indicating which die
product grade should be ordered to optimize candidates to
meet the specifications of the desired finished product
grade. This information should be used as a guideline only
since LTC does not guarantee electrical specifications af-
ter assembly. Since electrical testing is done only at 25°C,
no absolute guarantee can be made regarding perform-
ance at other temperatures. Some LTC products require
post-package trimming to overcome certain assembly re-
lated parameter shifts. Details on this trimming may be
obtained by contacting the factory.

Visual Inspection

Dice are 100% visually inspected in accordance with MIL-
STD-883, Method 2010 Condition B.

Chip Dimensions

Chip dimensions are as indicated on individual dice data
sheets. Tolerance is 1 mil. Chip thickness ranges from

12 mils to 20 mils, depending on product type. Bond pad
dimensions are 4.5 x 4.5 mils. minimum.

Topside Passivation

Linear Technology products are passivated with a two
layer system: A proprietary deposited oxide gives a crack-
free conformal coverage of metal and oxide steps. A
plasma nitride overcoat protects the die from ionic con-
tamination and scratches during handling, testing and
assembly. Note that LTC uses fuse link and zener zap
trimming techniques which require windows in the passi-
vation over the trim points. This passivation system is a
major contributor to the extremely high reliability demon-
strated throughout millions of device-hours of accelerated
testing of LTC devices in plastic and hermetic packages.

Topside Metallization

The metallization is a minimum of 11,000 A thick unless
otherwise specified. The quality of the metallization step
coverage is monitored via a weekly SEM inspection per
MIL-STD-883, Method 2018.

Backside Metal

Most dice product backsides are coated with an alloyed
gold layer. There are some CMOS products with no back-
side metallization. In addition, some voltage regulators
may be specially ordered with a chrome-nickle-silver
(Cr-Ni-Ag) backside layer. Contact LTC for details on this
type of backside layer or to inquire about availability of
LTC products with a particular backside metallization.

Backside Potential

Linear Technology products are junction isolated. For
proper operation the backside must be electrically con-
nected to the most negative potential seen by the IC (for
bipolar products) or the most positive potential (for CMOS
products). This information is also given in the individual
dice data sheets.

LY IR
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Packaging

Dice are packaged in compartmentalized waffle packs for
ease of handling and storage. Each waffle pack contains
100 dice. Special packaging methods are also available by
contacting the factory.

Quality Levels of Dice Shipped

Each dice lot is guaranteed to meet the following

requirements:

* Internal visual per MIL-STD-883, Method 2010
Condition B: 1.0% AQL Level 1.

* Electrical: Due to variations in assembly methods and
packaging techniques LTC does not guarantee elec-
trical specifications after assembly. When a determina-
tion as to the finished product assembly yield is needed,
the lot acceptance testing available at extra cost should
be pursued.

Reliability Assurance

In addition to the more conventional reliability audits per-
formed on finished products, LTC has innovated a unique
periodic wafer fab reliability audit using a specially de-
signed reliability structure that is stepped into all wafers.
The test structure is optimized to accelerate the two
primary failure mechanisms in linear circuits, namely mo-
bile positive ions and surface charge-induced inversions.
This provides a continuous monitor on the reliability per-
formance of LTC's wafer fab processes and provides
immediate feedback to wafer fab typically within one
week.

Electrostatic Discharge (ESD) Precautions

Precision linear devices, especially those with very low
(pA) input bias current levels and low (<50 microvolts) in-
put offset voltages are susceptible to shifts in electrical
performance and ESD damage as a result of improper han-
dling. LTC recommends that ESD precautions, such as
grounded conductive work stations, grounded conductive
wrist straps and grounded equipment, be taken to prevent
ESD damage.

ORDERING INFORMATION

Dice may be ordered by the part number defined in the
dice data sheet. Minimum direct dice order, per delivery, is
1000 pieces or $5,000, whichever is greater. In some cases,
tighter parameter selections than indicated on the dice
data sheets can be obtained by special order. Please con-
tact the factory for details.

Lot Acceptance Testing

Lot acceptance testing (L.A.T.) based on sample assembly
and testing is available at extra cost. Sample sizes and ac-.
ceptable electrical test limits vary from device to device
and must be negotiated at the time of quoting. Contact the
factory for details.
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APPLICATION NOTES

] TECHNOLOGY

Understanding and Applying the LT1005 Multifunction Regulator
This application note describes the unique operating character-
istics of the LT1005 and describes a number of useful applica-
tions which take advantage of the regulator’s ability to control
the output with a logic control signal.

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 capability, limit power dissipation, provide
high voltage output, operate from 110VAC or 220YAC without the
need to switch transformer windings, and many other useful
application ideas.

Applications for a Switched-Capacitor Instrumentation Building
Block

This application note describes a wide range of useful
applications for the LTC1043 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 conditioner, LVDT
signal conditioner, charge pump F to V and V to F converters,
12-bit A to D converter and more.

Applications for a New Power Buffer

The LT1010 1501A power buffer is described in a number of use-
ful applications such as boosted op amp, a feed-forward, wide-
band DC stabilized buffer, a video line driver amplifier, a fast
sample-hold with hold step compensation, an overload pro-
tected motor speed controller, and a piezoelectric fan servo.

Thermal Techniques in Measurement and Control Circuitry

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

Applications of New Precision Op Amps

Application considerations and circuits for the LT1001 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.

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 circuits which operate with thermo-
couples, strain gauges, humidity sensors, level transducers and
other sensors.

Power Conditioning Techniques for Batteries

A variety of approaches for power conditioning batteries is
given. Switching and linear regulators and converters are shown,
with attention to efficiency and low power operation. 14 circuits
are presented with performance data.

AN9

ANT11

AN12

AN13

AN14

AN15

AN16

AN17

AN18

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

A discussion of circuit, layout and construction considerations
for low level DC circuits includes error analysis of solder, wire
and connector junctions. Applications include sub-microvolt in-
strumentation and isolation amplifiers, stabilized buffers and
comparators and precision data converters.

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.

Circuit Techniques for Clock Sources
Circuits for clock sources are presented. Special attention is
given to crystal-based designs including TXCOs and VXCOs.

High Speed Comparator Techniques

The AN13 is an extensive discussion of the causes and cures of
problems in very high speed comparator 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.

Designs for High Frequency Voltage-To-Frequency Converters

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

Circuitry for Single Cell Operation

1.5V powered circuits for complex linear functions are detailed.
Designs include a V to F converter, a 10 bit A~D, sample-hold
amplifiers, a switching regulator and other circuits. Also
included is a section on component considerations for 1.5V
powered linear circuits.

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 application ideas are described such as capacitive
load driving, boosting fast op amp output current and power
supply circuits.

Considerations for Successive Approximation A— D Converters
A tutorial on SAR type A—D converters, this note contains
detailed information on several 12-bit circuits. Comparator,
clocking, and pre-amplifier designs are discussed. A final circuit
gives a 12-bit conversion in 1.8s. Appended sections explain the
basic SAR technique and explore DAC considerations.

Power Gain Stages for Monolithic Amplifiers
This note presents output stage circuits which provide power
gain for monolithic amplifiers. The circuits feature voltage gain,
current gain, or both. Eleven designs are shown, and perform-
ance is summarized. A generalized method for frequency
compensation appears in a separate section.
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AN19

AN20

AN21

AN22

AN23

AN24

LT1070 Design Manual

This design manual is an extensive discussion of all standard
switching configurations for the LT1070; including buck, boost,
flyback, forward, inverting and “Cuk”. The manual includes
comprehensive information on the LT1070, the external compo-
nents used with it, and complete formulas for calculating
component values.

Applications for a DC Accurate Low-Pass Switched-Capacitor
Filter )
Discusses the principles of operation of the LTC1062 and helpful
hints for its application. Various application circuits are ex-
plained in detail with focus on how to cascade two LTC1062's
and how to obtain notches. Noise and distortion performance
are fully illustrated.

Composite Amplifiers :

Applications often require an amplifier that has extremely high
performance in several areas. For example, high speed and DC
precision are often needed. If a single device cannot simultane-
ously achieve the desired characteristics, a composite amplifier
made up of two (or more) devices can be configured to do the
job. AN21 shows examples of composite approaches in designs
combining speed, precision, low noise and high power.

A Monolithic IC for 100MHz RMS-DC Conversion

AN22 details the theoretical and application aspects of the
LT1088 thermal RMS-DC converter. The basic theory behind
thermal RMS-DC conversion is discussed and design details of
the LT1088 are presented. Circuitry for RMS-DC converters,
wideband input buffers and heater protection is shown.

Micropower Circuits for Signal Conditioning

Low power operation of electronic apparatus has become
increasingly desirable. AN23 describes a variety of low power
circuits for transducer signal conditioning. Also included are
designs for data converters and switching regulators. Three
appended sections discuss guidelines for micropower design,
strobed power operation and effects of test equipment on
micropower circuits.

Unique Applications for the LTC1062 Lowpass Filter

Highlights the LTC1062 as a lowpass filter in a phase lock loop.
Describes how the loop’s bandwidth can be increased and the
VCO output jitter reduced when the LTC1062 is the loop filter.
Compares it with a passive RC loop filter.

Also discussed is the use of LTC1062 as simple bandpass and
bandstop filter.

AN25

AN26

AN27A

Switching Regulators for Poets

Subtitled “A Gentle Guide for the Trepidatious”, this is a tutorial
on switching regulator design. The text assumes no switching
regulator design experience, contains no equations, and re-
quires no inductor construction to build the circuits described.

Designs detailed include flyback, isolated telecom, off-line, and
others. Appended sections cover component considerations,
measurement techniques and steps involved in developing a
working circuit.

A collection of interface applications between various micro-
processorsicontrollers and the LTC1090 family of data acquisi-
tion systems. The note is divided into sections specific to each
interface. The following sections are available:

Microprocessor/

Number AID Microcontroller
AN26A LTC1090 8051
AN26B LTC1090 68HC05
AN26C LTC1090 63705
AN26D LTC1090 COP820
AN26E LTC1090 TMS7742
AN26F LTC1090 COP402N
AN26G LTC1091 8051
AN26H LTC1091 68HC05
AN26I LTC1091 COP820
AN26J LTC1091 TMS7742
AN26K LTC1091 COP402N
AN26L LTC1091 HC83705V0
AN26M LTC1090 TMS320C25
AN26N LTC1091/92 TMS320C25
AN260 LTC1090 780
AN26P LTC1090 HD64180
AN26Q LTC1091 HD64180
AN26R LTC1094 TMS320C25

These interface notes demonstrate the ease with which the
LTC1090 family can be interfaced to microprocessors/con-
trollers having either parallel or serial ports. A complete
hardware and software description of the interface is included.

A Simple Method of Designing Multiple Order All Pole

Bandpass Filters by Cascading 2nd Order Sections

Presents two methods of designing high quality Switched
Capacitor bandpass filters. Both methods are intended to vastly
simplify the mathematics involved in filter design by using
tabular methods. The text assumes no filter design experience
but allows high quality filters to be implemented by techniques
not presented before in the literature. The designs are
implemented by numerous examples using devices from LTC's
Switched Capacitor filter family: LTC1060, LTC1061, and
LTC1064. Butterworth and Chebyshev bandpass filters are
discussed.
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AN28

AN29

AN30

AN31

Thermocouple Measurement

Considerations for thermocouple based temperature measure-
ment are discussed. A tutorial on temperature sensors summar-
izes performance of various types, establishing a perspective on
thermocouples. Thermocouples are then focused on. Included
are sections covering cold-junction compensation, amplifier
selection, differentiallisolation techniques, protection, and
linearization. Complete schematics are given for all circuits.
Processor based linearization is also presented with the
necessary software detailed.

Some Thoughts on DC-DC Converters

This note examines a wide range of DC-DC converter applica-
tions. Single inductor, transformer, and switched capacitor
converter designs are shown. Special topics like low noise, high
efficiency, low quiescent current, high voltage, and wide-input
voltage range converters are covered. Appended sections
explain some fundamental properties of different types of
converters.

Switching Regulator Circuit Collection

Switching regulators are of universal interest. Linear Technology
has made a major effort to address this topic. A catalog of cir-
cuits has been compiled so that a design engineer can swiftly
determine which converter type is best. This catalog serves as a
visual index to be browsed through for a specific or general
interest.

Linear Circuits for Digital Systems

Subtitled “Some Affable Analogs for Digital Devotees,”
discusses a number of analog circuits useful in predominantly
digital systems. Vpp generators for flash memories receive
extensive treatment. Other examples include a current loop
transmitter, dropout detectors, power management circuits, and
clocks.

AN32

AN33

AN34

High Efficiency Linear Regulators

Presents circuit techniques permitting high efficiency to be
obtained with linear regulation. Particular attention is given to
the problem of maintaining high efficiency with widely varying
inputs, outputs and loading. Appendix sections review com-
ponent characteristics and measurement methods.

Converting Light to Digits: LTC1099 Half Flash 8-Bit A/D
Converter Digitizes Photodiode Array

This application note describes a Linear Technology “Half
Flash” A/D converter, the LTC1099, being connected to a 256
element line scan photodiode array. This technology adapts
itself to hand held (i.e. low power) bar code readers, as well as
high resolution automated machine inspection applications.

LTC1099 Enables PC Based Data Acquisition Board to

Operate DC-20kHz

A complete design for a data acquisition card for the IBM PC is
detailed in this application note. Additionally, C language code
is provided to allow sampling of data at speeds of more than
20kHz. The speed limitation is strictly based on the execution
speed of the “C” data acquisition loop. A “Turbo” XT can
acquire data at speeds greater than 20kHz. Machines with 80286
and 80386 processors can go faster than 20kHz. The computer
that was used as a test bed in this application was an XT running
at 4.77MHz and therefore all system timing and acquisition time
measurements are based on that the 4.77MHz clock speed.
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