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1. ¥ B

19700d e} Zof 49 merged transistor logic!"! o]&k
o]0 7 4% I’L (integrated injection logic)!' ™% &
bipolar transistor 24 inverter 7]%5% #3&v L
Ao de 3 £rAdYe] T4£2 Y WL speed-
power productw]F-oll =2|3] 2o d&] AL&E 3 9ok
&3] bipolar transistor & FA Heo] o] & AP
bipolar42} % TTL, ECL £39 Az4e fol4
22 gldtd 2 Bx¥ Azl ogst slo stz e
F Aol ot

uwebd Lo 5275 W 2 AeEsky obge] &
Bokoll Ak @A A & R ek

olr

I. InverterxX % 7|

281(a) & Fl-inverter 8 7|2 4% vpeblia 9l
t}. pnp transistor &) base ¥ collector® Z7} npn
transistor ©| emitter ¥ base® FFeolmyg g1
(b) &} Z°] planar technique 23 47A FAAHAAH A
4= 9Jck pnp transistor Q,2] emitter-baseof Fut
& Aol Awd AHF 17} injection®le] 2 F L7t
pnp & collector ©]&F 54} ol npn transistor Q2] base
ql Pedodo] =wdslA] ®rh Q,9 base B7F 0 voltage
(positive logic low) o™l Foisl AF+ =% =z
BE E3led Zevel Q= a4zt sHel Q. col-
lectoroll e Ut collector-emitter Aol vtepr}A

(a) (b)
321, IPl-inverter & 7|23z 9 A4z tldx

5}o] logic high7} =t}

Qtth 2 input(%kat B) o] open Eol glowd Ze &
o] & hole df+& Q:9] baseo] FH5lo] Q9 base-
emitter threshold Z¢toll =%35ked Q.9 inputo] lo-
gic high7l Hi Q,+ %%l output &=} CE, At
ololl&= npn9l collector-emitter saturation AY (=0
voltage) ©| e} logic low 7} E ol

ol Mbd7l& 3 A&zt U pnp Y npnd] F
EAHel $oz qlsled Aol A LeHck =
logic level©] base-emitter threshold(=0.68V) =<}t
o] o] power consumptiono] A& Zo] EAo|r},
AFE THT Qe AFALT FZo] AAE 4 o]
injector 2} ¥-Er}. Q,& multicollector =& 31 )
o] wired-ANDE 4 A #& 4 o2 logic func-
tion?] designo] £o]3} A A logic designAlys
22 9} 7o] NAND gate &4 AL-® )18

(a) (b)
2212, I’Le] NAND gate H 3

M. Switching Speed

L9 switching time2 95+ current7t #H-&
wo} $e wje] F RR o2 Folxu] HL current
7} % o] switching time S 23l 72 depletion
layer capacitance (<junction capacitance)elth. ©]
junction capacitance 2] charge} discharge A|ZH-&

injection 5] & currento] whgt Zelx|e FF A sAA
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A7} i b3} o) s

—_ Vagon >C
b 2al (1)

Vieon - Logic swing level (=npn®] base-emitter
threshold A<}

33C : AA junction capacitance

@ Ipnp transistor common base A{FFE

I . Injection current

AR7E F7hsd Ao & 5 Sle ulel 3o
junction capacitance 2] charge“} dischargeol £ .25
= A7 AAH goelx+ b4 low doping ¥ n-epita-
xial Zol| 41 2] minority carrierql hole%-2 &7 4 ¥t
Bl ey Aol Frhelod A AAARE H9
A "k o] 4L intrinsic regionel2} 3o ojuf 9
x| AA Zbe IPL 9 FHARAAFAZbe] Hlcoh 2-3L in-
trinsic region®] 2] minority carrier & & Z & v}e}
W itk p&-2 n-epitaxial &2t} high doping 5=
2 nepidol A3 holeo] pZol 2% electron B
o} ¥4 gowd, wali n-epiZo] =AHH holeo|
A "

switching timeoll Z o1 8F&

n s |0 n*
Wwe

n Wepi

F e £

a8l3. 44 carrier £ FL

A/2)= intrinsic regionoll 48] Hi=]ed A7} o] ch. 12
_ 14 /2801 (2)

Dmin — 1
4af(1— )
wi{1 50

f: > npn transistor & transient frequency

Besr - npn transistor & A LA FSFH

41(2) -4 Berrs 7 R ZEso] o] Gmin ol
a1zl &L WAl froll G tmin©l 2
Frteol HaA AT Hmaol 3

2,1 . fr¥= technology 2 24 7}53l para-
meter & 7HA o AL Aoz A 4 ot

S New Do
2T Sp Ng Weo Ws

S¢ :npn transistor & collector H 3

fi=

(3)

Ss . npn transistor 2] base™ =
Nept - npn transistor & emitter doping ¥
5 npn transistor 2] active base ¢ 2] doping

5

Ws : npn transistor ¢ base &

Wea - npn transistor 2} epitaxy &

fre Sc/Se7’t E4E, New?t 21 Np7l ZHE4E
Z 78l base F Wy o Weu7t #E4E F718E

& & get

N. o7 % 7y S8

o & dubAal inverteret wlAAAE wE AL
=% 45}141‘4 2 AFddoME AQLRst Sshst
A Ack, AR A e 2ol ubs) A RLx o] 3t
Aol —-173"——1«] Zha7b vebuA ek
1) 34 switching & & NA A . 24 switching &

s o) 4@, @SeId & & b ust B

o 2 LG A W] AT ez AP A

gslo] 7k 9lch. Technology Aol e FAH

4&7ol9] Z¥Ax &4 carrier ¥ ¥¥, junction

fakol Z4E JelA Ho 5

Aet. olebzre olubHel FA HaAelo] F49

of A Auslel 23 Y& FH JMAE 43

A4 gk

@D £ Sc/Ss¥l

274 Sc/Se® AT & whyolshtve, o
A4 (a) 9 n-epicll Si0,9 & FEL etchslI p-type
2] poly-siliconZ-g =ulE-o] high temperature process
5 54l drive-in#4k-g st pdoio] sidEoial
ok 254 (b) ok Ze] AHA

2 4

%ol n* doping & 3}

P-POLY SILICON

— ——so
(a) .
Si0,
'Lﬁ P-POLY Si
1 — Si0,
(b) Py N
H temmmenmeo p’}
S
Al
—Si0,
H L P-POLY Si
(e) T o ™ sio,
H L ,-P
________________ .
214, Poly-siliconS diffusion source® o}-&35}=
process.
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3L collector 2] contact¥ & & 93 Si0, % etch 3}=

274 (c) 9 22 wd9 npn transistor 5 AA Hch

oz Al &o 24 basefFol contact®& Y3 window
5 openAlZ #27t glo] based] side =& HiAz
Z9 4 glo] S/Sp7t ZA A=<

@ Shallow-PL-Inverter

Holed] &4 & AA 7] 95t New s 2Al
sfof sh=ol o)A =W ohF =Al2 base9t collec-
torE 2% p ¥ n* diffusiono] o]8]$- 22 epitaxy
% A3 Newd 3-7“ T 4 vk Wb 2759
7ol npn9l emitter ¢ St n-epi=e 1 £
& 243 p-doping & "’33}"4 base &] n*7} A3 =gt
A Ho] n*7} emitter ZL St o] emitter effi -
T2 FAll hole«] Aol A9 A Ho
o] St AR tan®l a7t vebAl gepo-t

ciency 7}

50 S I I 5 B

n*

385, Schallow-I’L-inverter S %

® 9| Base High Doping

Ni & collector °}2lo] Sl A A Hal base doping
& A #of sttt olwl podd HAE low
doping 3+ pnp 2 hole VwlAl  m
qt ofu2} base A d o) electron? ZHo] Zr}s)
v base o A g =& Z715 o] multi-collector T2 7

£ injector ol 4]

injection ©}

5 Xol] ¥ collector+ p-base A
gloll o]t A 9k7 62 npn transistor @] base 9} emit-
teroll 22 Fgle] AejA Ho] AL Es} eAE
Aol glek. NaE low doping3hA SAlol o] &t
e 24st7] Sstel 236 31 Zol n* (collector) v}
2 olefol] sigdsls ¥ basedH ol A
ion-implantation ¢|} o] % 2 ALS % 3lo] high doping
< ek

i

P-IMPLANTATION # &34t

L] A T

326, npn transistor 2} base 2] high doping

@28 73 %bo] npn transistor & baseql peid
ol ¥ energy® Bor-ion2 implantation-Z A1 A
base 9] doping profile-Z A 479 base 9 collector
Z-ol| 4 emitter %2 33} electric field7} A= o]
emitter ol 4] &3} electron©] base & £34% o 7}
%522 7l $718Y thmn©l a0

Si0,

NN 7

P-IMPLANTATION

12| 7. npn transistor based A FAL 3l
doping A7l " ¥ profile

2) Low currentoll4] 2] t, A4

4718} 7+e technological parameter ¥ 7io| o}3h
fr A} o2 22 AF bue HAS AT AT}
Al&=Ee vl 45 op £ delay time# power 2| pro-
duct AL A% =8¢ ALs|n 9ich

SAA el Af7t B intrinsicd o] obd #HE ex-
trinsic 9 oll 4 switching speed & M AA]Z Fab 9
ot energy £40] A oA ubE3l delay time g 4
< 4 97l A Eolch A1)l vEb U A ex-
trinsic A oll 4= delay time ©] junction capacitance
Fell wlelste 2 dimension& 2HA sfof et A
o 4 dch ©] dimesnsiong F44]771 YA
FAHLAl 4 W 1 FHE AT 1-@ud =
Agsle] ol9 o] Autd W sA AAAE LA EnA
Lidod

@ Schottky-I’L:

a8 8L

> ne o

logic level Vegoxe ZA| 3}od low current
of| 4] delay time-2 74 A] 7] o] l!#-211  npn-
transistor 2} base 2} collectorol] Schottky diode =
HHAIFI L collector o} ek} b o] g™ A
ool = thg shte] Schottky diode S AZAT 7%
swing 8k logic level®] Schottky diode 2] A -tA}
Vspz — Vspe @l 23l v}e}riA]l 5lm Schottky diode 1, 2
—E‘ '?’lsﬂ 7-}7-]' Ti %1 Dt‘% *]”g‘ﬁ]'cd Vasou% 0.35V ;g
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TN

LOGIC 1;Uscon
LOGIC 0;Usor—Usos+Unzon
LOGIC LEVEL~LOGIC 1~LOGIC 0~Usps—Usn:

wa =

12| 8. Schottky-I*L inverter
% & ZFol Ho] switching time S +AEE A
Rt

@ Substrate Fed Logic :

28199} Fhol 2709 epi%d FAAIA prE FH
injection | hole°} =¥ npn¢| base & injection |
A & 4 22= 2 pnp transistor common base A
FEEE o7t N 2A Frhsol 7b et
o A Yol

o}9}7t-2. substrate logic 2l = p
ododoll, Z npn2| baseol base AT T AU
7} gle] collector & Hot= Fdla TA4Z 4+ o
v} baseoll Schottky diode & HAA|A 4+ 9lorz
multibase & multicollector 9] SA4& 7AA EH=z

packing density & A4 7] 2
A AHA A 4 9ot (standard PLXEch oF 25% o]

A2 gate )

complex 3 logic & 4

) I, —1
VIR,

RGN TN\
NEEREIN

L EPITAXIES

L4/

12l9. Substrate- Fed logic 2] tluix

o|2}zto] IPL o] minimal time 7WA13 p-t, product
MA = packing density A4S 3 A7+ tech-
nological parameter 7} switching timeoll & o ko]
4 Zubsled st 2w . 2#10e XL, CMOS
2 ECL® delay time, £89® % {-p AAE o}
bl eh?? PPL& CMOS B.t} paking density ™

]
M AEE Zn ASL F 4+ Utk

%5 5%
'L C-MOS ECL
Delay time 1 ~10nS 10nS 1nS
A& 8™A 1 10 6~7
to Xp <1pd <1lpl 50pJ

2010, I’L, C-MOS % ECL2 AadA)|7h, 428w
o Hep ¥l

a11e
Thf 3 wm FLE obd A% Aegol 27}
o 9z vimd Azl AL szebs AL

ura] Fa gleh

50% A1%

=g gl
ol 4 A4t

1-10%
TR

Ay Al
SAMPLE

1 1 1
1960626466 68 70 72 74 76 78 80 82

a1, Fe AAs)z e AW A7) wlm

19710l high density, low power memory cell!®
2 5A35le] 750l static shift register % 200 bits/
mm? X2 AR o2 ojul]l I’)L microprocessor
SBP0400°] A& SA# k2o olu)] digital A]A ol
PLo| 385} digital |42 #& £AHo2 down
A Z) e ujizs??l Fajrchildol A 4 K RAM, 4K DRAM&
n-MOS M} ofF 28] wE £33 Aztgchie

76~77 ~kololl Mass production©] A} 2tsle]  Tele
Text decorder, ¥417}7], Camera3l&, timing3lZ,
Radio phase-locked AFC3| %ol §-&5lgjc}ize-3
Technology & A& MOS X linear function& 3=
ot device &3 A A" 4 glov} driver & device
o= AAE7 3o dvksid MOS+E IPLect <
108) A= o) 27]E 712 =2 dirver ghol] 33+ one
Agakrl o8 7] wFoleh
2ol ubsf IPLLe Z+E 9] bipolar transistor 2} &3

A7} 7|0l compatible 3}ed linear bipolar transistor 2}

chipoll 223t space S

A A A7 analog signal?} digital signal& 3k chipeil

4 BAe HeE 4 9o driverwatel FH o

Lo Fol 2 =7 A e Ausof A ek
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17kel S @ Fold B, G¥ol Re w28 4+ Yok 199 v swos

24 e JuAE AFeol delebs DAY HWE simulate sk Aoleh T & Yk o)F s
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® AR 3 system 90l 2L command S HFIH Hest Yo
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@ % & system 2}9] interface® &AHE 284 129kgt Zio] Mouse
@ A4l data dase olch, Mouse & ARRéled Ao Cursord A4
® presentation system FA ol &AL Aty 22 A8 Menud AlH
® 3 system gteh, Mouse 9 Hardware 28 2 {9 7| +=
7t ek &, ZlAAE 3sba] el
Multi-Window 7144 Mouse 7h&ule F44 2] ball o] HoA
He] A= AHe 2o 754 549 ) Ak, Mouse§ AAo)A FAelctd Ho] A
el #e] 2ol glcl u]3 XEROX CORP. 9 gt oo Haste 249 3AEE ARgsle] o}
star 7 AlQkgE A2 A&7 #He|ghe] ZAE s $29 43 "leE(X-axis) & 43 93 (Y-axis) 9
Aste Aoz AAdM Y FF ol imaged olF#g ®Adet g, Feh4] wieiE vpga
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o oje|AloA WE =97t A He Us 2l AH8dch Mouse padole A Hdoz
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7 A= 95 32 o] A2 4+ YR & system Aol AR 2709 LF diode 9} sensor Ao
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