Bipolar technology & ZAl linear ¢ digital
of & Bolg uE 4 vl Linear IC# lin-
ear process S °|£3le ul= IC family® o

sl |, system® 34 breakdown voltage(BV)

" L

Solid state Electronics Center Honeywell Inc .
plymouth | Minnesota, U.5. A

b ok 50V ololx, f&
2o wlal logic 3 memory device gl ol &
5l = digital IC= BV7F 2 10V, f; = 750
MH, ol 4 5 GH, 72 ok

process o parameter 5 Z 1o sl &35k

Process parameters

300 MH, & Eo|ch

A o F

device

Linear Digital I Digital I Digital I
Process steps
Substrate 9-13 Q -cm 9-13 Q-cm 9-13 Q-cm 9-13 Q -em
p -type (100) p -type (100) p -type (100) p -type (100)
Buried Layer 37+17 /1,104 1144 Q/D, 54 11+4 /0, 5u 205 Q/D0, 4u
Epitaxial layer 1.5 Q-cm 0.35 Q-cm 0.35 Q-cm 0.6 Q-cm
104 5u 35u 1.5
Isolation 8 Q/n 8 Q/n 13 Q/0 Si0, Isolation
N " sinker N/A 12 Q/O 12 Q/0O 12 Q/no
Base (active) 150 Q/0, 3u 130 ©/1,1.2, 500 Q/u 500 @/0
Ion Implant Jon Implant
Base (inactive ) N/A N/A 50 Q/uo 5 Q/0
Ion Implant Ion Implant
Emitter 5Q/0,22u 7 Q/1, 0.9 10 /0 10 @/0
As Implant As Implant
Lst metal Al -Cu Silicide + Silicide + Silicide +
Al-Cu Al -Cu Al -Cu
2nd metal N/A Al-Cu Al -Cu Tiw/ Al -Cu
3nr metal N/A Al-Cu Al -Cu Tiw/Al -Cu
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1. Substrate
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A s Wl Agleh
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defect density & =
AL AR nRAAEY
3 2% =& wafer yield2 %o) utEolof =
Aot 87 =i Folgdrh 24, 27 wafer ol
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SI) technology 4+ microscopic defect®
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HL £AAA FL £X4 annealing 37,
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she o,
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plant 3hH= W o2 A/ o] A, FE
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um AE=Z W3slu, jon-implant 2 dose 2+
energy & Hgrl
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2. Epitaxial Layer(!]
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Bipolar Process & 34|

sistivity 248 A2, o8 wHolAo UA L &
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24 RF heatingel A IR heating® 2 heating
upyo] W3, horizontal reactord vertical
reactor 2 vtFglow, 179 Aajel4 72
epis 1 2t g4 @2 79 (Reduced pres-
sure) oA Zl2A el 2. 7t A epid
7| 29, molecular mean free path7t # = 31
auto-doping°] 14, F7l ¢ sheet resistivi-
ty 4ol 4}, =g dopant & T2 £9]
© phosphorus @l Alel arsenic & AH&3l4 out-
diffusion  defect& ol =ch

3. Furnace operation

Furnace ol A sl& ddle oxidati(;n, depo -
sition,diffusion, annealing % alloy 5°] $i=h
Holl A 7kwbd] & HCl oxidation& & 7
Aol mobile ~ion getteringel 74 e FHE
39 ed, 2w wgH g

Oxidation ¥ i, HC1-& Ab49 ¢ 3~ 5%
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o oF 75%7t Si-Si0, interface ol o 3l
A St BAY gettering W & FAE ¥
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Na" 7} locking ® 1, surface instability 7} &l
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E, =2 X9 stress S Fol7 ¢ BE
furnace ¢ 5% 900°C 2 % FHA wafer&
Aol 3, 875+ €22 g9 fsle
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ok o] #A 319 energy® s 3, 71T
%5 zeo] 2™ contamination°®! F° =+,
% $50 HEe ugold 544l furnace ¥
MEdH & F ek

X, P -type dopant & Aol F 2 gas so-

urce & Ao, AFL A9 boron oxide ¥ 2

o

2| 2] &

A 7}

i bk Boron oxide disk& 2™ uniformity
9} capacity® =4 F oz, A&l 425
74 Al Aolel, Lo w3, n-type source & o}
ZAE POCl; sources 3 A+ ®l, A ar-
senicE A5t wWEger sta rh

4. Photolithography (2, 3, 4, 8

A F Hokz U-d, mask making 3}
mask alignment & F2 5o}

w4 mask making £°k¢ ®3}E 89osid
2% - 13 2o ®lel, 2% - 19@) process
© Al Zkst w)go| #o] ¥, resolution d A
ol F-oll high density device ol = %A w&3lc},
2 -1 Mg (cle A9 ZE dibxa) 44
A7k WA 23 Yv WHos, T 400 ~
500X ¢ composite = computer aided design
(CAD) system % A}&3el. o] HAHA A= 3
pm 7EA 8 LSI circuit & Al #e] 7§ 3iel,
VLSI & F2 (d)2(e) o A& AH83b, soft
electron projection printing-¥ °©| %354 sub-
micron resolution® -3 F ek o #-¢,4
k7t o] €35k e-beam 7|+ shvhrb ¢F 150 1t
% &+, photolithography < 4185+ 71+
AR o 200 ub3 ol4te] slch

Mask alignment 33 o+ photoresist (PR)
spin, bake , align,expose ¥ PR develop 2l 3
Aol gHch o #HHAA, SSI7HAE con-
tact printing % # X W& yieldo €7t ¢
2, SSI ojAtal A e o 3w o]4ke]
dol, projection printing ©l 2 8354 vl
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5. Metallization
Device ¢ geometry 7t A Ztobxlm junc-
tion o] koAl WA, F A £®] Alwe me-

tallization 2 2 alloy @ = metal skike 7}
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CAMERA STEP &
RUBY  [REDUCTION 19 x | _REPEAT 1x WORKING

ARTWORX RETICLE MASTER PLATE
RUBY
cut (a) CONTACT
PRINTING

STEP & PROJECTION
400-507x DIGITIZE maGNETICPHOTO PLOT 10 x| REPEAT 1x PRINTING

COMPOSITI TAPE RETICLE MASTER

®)

proTo PLoT | 10 x DIRECT STEP ON WAFER
| WAFER
RETICLE

()

E-BEAM PATTERN PROJECTION OR SOFT
GENERATION 1x ELECTRON PROJECTION

DIRECY E-BEAM WRITING

8 1. MASK #t=+ A9 wsls

A} A emitter &1 base-& shorting 7|2 g, & MOS device 9] threshold voltage & =4 sl&
ol = & Wy $ A&stn U F, MOS dl 29 o, 2IF& bipolar & wEE H §lef

Y bipolar <Al single metal °o] 8F5 %+ de- AL ok¥ HEs sl4del. Device geometry 7+

vicee Si-Al(2% Si)& #9, £4¥ DCmag 2ol ol we} boron iong 44 double ba-
netron. sputtering system -8 o] &3% 2% se implant & 37| 5]91_7'_, w2lA  emitter

9o Si¢ A3 2AY + Y3 radiationol 9 efficiency & ¢ F U4 =4k =, concen-

g damage® ¢ + Uk z28d, 2% E tration gradient-S %4 5lod, high current

1o

2 3% metallization°l 87 H+& 7 $o Si— gain%y high breakdown voltageS 4 <& 5 ¢
Al metallization$ 2w, contact hole o] Si v}, 2]w, £A & phosphorusE of&35lod
epitaxial layer7}t 4 A contact resistance 7} emitter & =& 7] W-Toll, diffusivity 7} ¥ o}
wsolxl2=2, ofg w§ & Yo qizrE} 2 25 A% junction©] oA 1 transi-
Z, Pdvt Pt silicided b3 2 el A1S 4} stor o] parameter& ZA sty d 57 AL,As

3 wholeh o] W g 4w, £ Allo R £ implant sle] s AsA =<k As implant
& control 3t7] & Schottky diode o V& 9ol As-doped poly-Si$¢ #71% 3lm cop-~

44 control & < Ut sule system-% 2715 3, device @ WA o]
6. Etching ol Avl=Ee g G4 A4 g2 EA
3um °] 42| geometry= wet chemical 3 HE 7t exm et L 3| sheet resisti-

plasma etching (6,7, 61 mto g FH3] device vity (0s) F & vl % jon implant-§ 4F-&3}

£ e 4 A nk, submicron HE geome -  H, ©1FA S AHY Y p 5 AL WA
try ol A& ion milling [®, 1,121 o]} plagma 4% 4 vt

etching & AF&stAl ¢tod obxlel o] ubyo & 7R+  process o FL% iAo s

o3 24m °]s+9 metal °ly dielectric{ oxide, ol ubd ol wWEE AEsig ov, g0 2 linear

nitride,poly - Si &) % etching & + U=k ¢} digital process 2| W3E w2 AWyt
7. lon Implantation "** #3828 743 M¥A < linear ¢} digital bipo-
5~64WA 7R E jon implantation-& F= lar9] transistor parameterS H 2o | A3}
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ek
& 2. Electrical parameters

device

Electrica Linear [Digital J|Digital IiDigitalll
Parameter

s 100 -500 150 100 100 [~
BVego(Volt) | 100 30 25 15
BVgo(Volit) 50 15 10 7
BVgsc(Volt) 15 10 5 5
f, (GHz) 0.3 0.75 3 5

II. Linear Bipolar Process 2| 35}

34 2 W7 process 9 7R Yo W
w3kl ofgket, o process& =& techno-
logye] devices #-& chipol =% 7 3ol
A7k &lE &9 Linear I2L, Bipolar- Junc -
tion FET(BIFET), Bipolar - MOS, Bipolar-CM
0S %°l U=t

12Lol4 mask shvet n'-diffusion& o &
7t3}ul, base regionel n'-ring$ wbEe 8, &
=9 4 b &=, BIFET Y BiMOS & contact
holeg st7l Alel 22 chipel JFETW MOS
process & © 3t npEw Hrl

Ion implant & 44 ¥ %2 sheet resisti-
vity5 &l 1, laser & thin-film resistor(Cr -
Ni)E trimshd 4 &g resistor 2 A& +

Ul A, A FHHE AY 5 Yok
IV. Digital Bipelar Process & &}

Ly

0.3 nsec

Bipolar process Aol A 743 g
7tA & Hobz, & A2zt nkEE
propagation delay (gate %) ¢ 7t& @& de-
vice ¢ process T Zwts AWgoz4, 1 W
3} g 400 sHAE

o] process+ 2% 24 EX°] junction
22 isolationdlxl ¥m S10,® 3t4, junction
capacitance ¢ chip 271§ 929, =g 4
9 walled emitter& 4 A w4 & %olxu pro-
cess & Zr&SHA stgrl Al s L, =i po
type substrateel] <t 20 Q0 AH X9 deep col-

lector ( buried layer) ¥ =t&3. 0.5um ¢

000A si0,
\_ Buried Layer n*

20Q /0, 4u
p-type, ¢ 100>, 9~13Q-cm

a) Buried Iayer formation

Epi 1.5, n-type

n+h

__—_—-(;7B~ L

P Substrate

b) Epi growth

1000A SizNg Boron Implant
10004 Si02
H
n + + +
‘ ( B-L n*)

¢) Si etch and boron implant
for channel stop

1000A SizN,
10004 SiO,

rasrrsrsrsiy

d) Isolation oxide formation
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—Emitter
—Base
—n-Epi
il
n
‘L n*
P
d) Completion of transistor
(n'Sinker, Base and Emitter)
a8l 2. 7k4&% oxide isolated( walled

emitter) process 2] %Hl

n-type epi5 71 &8¢} ©] o, epi FA 7} uni-

formai ok 522, BE 9 reactor & Z=35)
¢ oA
% g sie},

2y, 3 Yol oF

133§ reduced pressure reactor 7}
g0 2, 1000 A H 59 SiQ, & 7
1000 A ©| nitride ( SN, ) &
Ael Fvh Nitride§ ol &35hL olf:,isola -
tiong del Si0, ¥ 71§ T & Al SiQ,
7t 471 A& =7 YA o/rf, Nitride i
d Q& Si0,E Si % Si0,9
pansion match$ & #e°lx, Si; N, ¢ Si0,

o FAE A3 A sid defect 2t 49| bird-
beak € E°la SiQ, Spike& FH4L2 Fd +
et oS, isolation iregion—% cut s+ epi

o 4} HEE etchd F, boronS implant 3}
o base2t SiO,llA 47l leakageE E 4

vk 283, o 1000°Cei4l 40 417E 52t Si0,

+ Ay Fx b, o] 257 v E E2
o epi etch¥ ol detect 7t %o] 4 A,

R2 gt

thermal ex-

wo

junction leakage & A7} # el
oxidation& 17lctel A & @m 10719 of
Aol A sl2 g, 40 A7k oA A 2l oxidation
ueh,

sure oxidation system-g °©| &34, AZSE &

T 4R Fd 5 o] 2§ high pres.

°lm buried layer 2| out-diffusion & & epi

SAE 10umAA oA ¥ 4 Avh 2 B
o, n" sinker & uk§°] F& dl, buried layer
¢ n'sinker = ¥ %9 diffusion ¥y e ule
o},

Base = inactive base ¢} active base o] + &%
Fo 2 vo| 2™, inactive base & oF 50Q /10
2 boron-implant 3+« ®uk-E3, base contact9h
2} 3ol o] £Xr}, 2k 50081
2 implantste current gain® A 3=, ¢
ol Al g3k ute} %ol energy ¢+ boron dose
Z o224 st FH implant s Wy S £

Emitter & As implant & %4 3452 U
t}, o] dl, emittere ZAol7} ¢k 0.4pmolBR
1 Al2 2 metallization & 7 $°l alloy
spike 7t 44 E_-B short7t 4717 el 29
A, Al-Si F2 Pty Pd silicide & #4& o
Sol Al& & dl, 2layer ol 42 metalliza-
tion ol A& Al -Si & 2 Y silicide & A&7

v} 2 layer metallization2 =iz 3 WA me-

Active base &

tal & ¢ 31, dielectric layer& 34414 con-
tact hole-$ shd ob-&, T WA metal & ¢+
& Axch

ulx| 2o 2, plasma nitride Y+ polyimide 2
passivation$ A1#H Fm =2 Tl 25 p_doped
Si0,& AMAAIA reliability® < Fu gk
2 .4}o] designst=  logic°lYt memory cir -
cuit o] A2 Wi Lol metal ol AR5 =AY
o] 371 wgoli, metallization$ 3 wakoz
HAsd £ chipel Z7E Folm Yek A=
7t at=%& logic family S 3 layer metal &
44
master slice 7§ 4 & ©| &35l contact 743 &
upgof
olall, &

HA metal & 52 transistor-transistor .o

®e 2 5tE circuite] e d, o7&

E7to] ulE3, metal 8 connection 1t

2 T/ logics wEr W Fole

transistor -resisior % 7 $l4+= 5, component



Bipolar Process & 4|

o] =@ oA 3l component ¢ cell dAHL
a o, = WAl metal 2 cell3 cell, 4l 4
s metal -& cell 3 power supply & bus
wire§ A shs ddor Ho gloh
28, ol circuit2 #A 3um2| line width

2 43 Y= dl. 1981 o= 1.25um, 19834
o= 0.75pm 2| # A line width circuit o]
9l system olf o Z Aoz =lof e}
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