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Integrated Injecton Logic & 4 Al-E npn trapsistor & E@EIEHS ZE, fu & T4z stdq A
Estgeh. 'L sl@8/28 DC,AC 43 npa transistor o Wol= AF4EE  FY3A  flsted
test structure & A=t sfgos] =g IPL T flip-flop & A, Al=pspodek. # 2=l test structure
o] &4¢e Au7t 10, speed-power product 7k 2.6pl/gate, Ha Al AJzke| 36nsec Go= T
flip-flop-& 35 MHz 7tx) =3 get.

Abstract

Design considerations of I’L are discussed with particular emphasis on the upward current gain
of the npn transistor, fu. Several test structures have been fabricated to measure the DC and AC
characteristics of the I?L basic cell and the base current components of the npn transistor, A T
flip -flop has also been designed and fabricated using the I’L technology. The upward current gain
of 10, the speed -power product of the 2.6pJ/gate and the minimum propagation delay time of 36
nsec have been obtained from the test structure. The maximum toggle frequency of the T flip~flop

has been measured to be 35 MHz,
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ek bipolar LSI 7t vt ol Heb. L olf& E-
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Fig.l. Origin of I*L structures,
(a)DCTL structure (b) Basic structure of I*L

icad #| g} wlAldl] npn transistor & active load =
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Fig.3. Layout and cross section of I*L gate
with fanout of 2,
(a) Layout (b) Cross ~sectional view
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a8} 4. I*L gate & base AF AL F
Fig.4. Base current components of I*L gate,

a, metal 3} A& base FH(WH=Sy) 22
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2 7] §Eld AL test FEE ALLEtd F4 AHEE
Z2x3edol b 81 [, & base AAHHLE A=

f— sg —f

= S¢ k-

o L]
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n* n n n
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(a) (b)

@5 Jso & T3H71 9% test T X
Fig. 5. [?L test structure to determine J,,.
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Z¥sr collector = A& v} & 717 58 test T Xl 4

base AF4) Aol g FHFoeH T€ 4 Yod,o

A Juo €
Jno =

Alg
NS¢
Sgr, Spc =4 A

oF e} whAskR 2 [, v 1Y 69 test T R4
T8 + o
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I n* | | n* I
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a8 6. Jm: % %5}7] %i\l test - &

Fig. 6. ’L test structure to determine J,. .

Yolzl AF4+%F I, & injector 2 collects]
& 2APozd TE 5 AR, v v FAHHA
A base FFAA velx] 3 ARl Y7t AFE

o4 T} F vt

d A 2

3. ™A W M

A @A Bu B A F7 QA AME Sc/Spp
aA stefof ¢ & Adet. HetA, Ha &

10um, alignment tolerance

i
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o &

5pum ¢ design rule
gt Hae @AY AR FE2E A S A,
Sc/Spgr & 2Al 3}7) Ysted Spr = 60um X 30um,
SC:ZO,Ltm So
7] 5 1% L gate &)

20X 30 ( UNIT : MICRON )
10X20 —— 60 —

n‘
Tl n
30 x

20X20

X 10 10

10X10 10X10
g7, 71¥ I’L gate 9 layout
Fig.1. Layout of the basic I*L gate.
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layout = 2@ 73 7o},

ol AL I'L gate & 443kl £Z Aol ghol
ARgsl= T flip-~flop -& 2% 83 o]l AAl #1¢
b, 2Y 8(b)Y I2L T flip- flop 3|22 29 8
(a)2] NAND gate & A}23 T flip-flop 3 2 9}
wlas m»wl, I’L oA+ transistor sl 7} gate db
Y AL & 4 4 k. I°L T flip- flop &
layout = 29 8(c)o} o] zzksiAl dAsr},

(ay (b)
Ta T5 Ts 17
T, T3 | [®] ®[[ % out-2
wl[le=]] || [@]= :
Bl |[=1 ]l '] || [&] % ouT-
N [ = 8] = [ =]
Bllell[=] == =]
——
T
Injector ¢

aej8 IPL T flip- flop
(a) NAND Gate 3= (b) I’L 8z T,~T,
o pop EdXLEE I-AN 4F 592,
(¢) I’L Layout

Fig.8. I*L T flip-flop.
(a) NAND Gate realization (b) I?’L realizat-
ion (pup transistors for T,~T, are omitted in
the drawing.,) (c) I*L Layout

'L RPETRAAE ®E bipolar TR}E @,
Rgc/Rsp & Z Al 3171 $)3lo base fgo] Folob
t}. wabA, IPL T flip-flop 3 ol 2] test TE7} &
o] ¥ chip & st BERKKoR 29 99 T
f2&ol w2} base §§o] O6um7t HEE A zsgch,
Agol 44" wafer = n/nw wafer 24 Joo AE
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STARTING WAFER
n/n*  Pepi=0.330-cm
Wepi=3.5um

INITIAL OXIDATION
X = TOOO A

1)

ISOLATION (N) DIFFUSION
PHOSPHORUS SPIN-ON SOURCE

Xg= 45um

1

BASE (P) DIFFUSION
BORON-NITRIDE
(X48) passive =1.92 um, Pa=1909/a

EMITTER (N) DIFFUSION
PHSPHORUS SPIN-ON SOURCE
(Xye)=152um, Pa=780/a
(X8} active=2.12um

I

—

CONTACT AND METALLIZATION J

1
B ALLOY ]

89, I’L test chipd A= ¥3
Fig 9. Fabrication sequence of I*L test chip.

4 Zol7l H&AP T 3um & epi TS 03
Q-8 EL epi B4E FEE /MR wafer & A&
sgivh. Mask = 35 spsrdel A Al A sl Mask A2
Z|U0T 2 Abgate] ubBe] FHo
Spin -on Sourcel!!1 ol Boron-Nitride Sourcel!?] &

ahol Wkl Foh,

810, AlAbs IPL test chip & &lv]7 AhA
Fig.10. Microphotograph of the fabricated I2L

test chip,

, EEE H4ae

Td A4sle Adg4AddlA 8 =Hglow A4H
chip g} w7 AR 2@ 103 e},

4 &3 U HE

PL ¢ £8% DC &40l w5 transistor F X
& apn transistor ¥ A4 ]2 common emitter =l
%28, fp, npn transistor 8] collector$} emitter
% ulFe} A8 @8 common emitter WFSE &,
Bu, injector & emitter & 2}-88 o} 2| pnp transi-
stor & common base AHF5EE, ap, pnp transistor
9| emitter 9} collector & u}F o] A}-§3 i 2| common
base AFEEE, agol drh AR 'L chip o

236 243 o5 ge B2sl vk

HE 2 I°L Transistor & E4
Table 2. Characteristics of [®L transistor,

247 g2za
ﬂn 90 Ic ZIOO;LA
Veg =0.6V
1. Collector 88 Ic=100pA
fu 2 Collector 5.0 Veg=0.6V
3 Collector 32
ap 0. 21 Ic=100uA
i ap 0.04 le=100pA
L

E 2914, A2 I°L ¢ Bust #Hdl collector
7 4AQ T flip-flop & F3As7 & ol 1Y
%2 A3, collector 7} golA 4L S./Spr7b
o4 Buzt AetAE & F ook, ap o ag?¥ F

Aol Ae AL epid ¥EE BEI 2X100mt oz
Aol Wad ¥E LR 3

31, base %o 10um 2 ¥7l # -Fo|r}. collector
7b &4l I2L gate off wléled &A= A{F — A4S
Ao oy 115 zet,
2% 12% test FEE A4L6d ZF 3 of 2 base
ARALEEL ehdn,
25 zhe 298°Kd 4 thg&x g
Jnc =6.2X10"'° Cexp ( qVBE/kT) -1 mA/Cl’
Jpo =LTX10*°Cexp (gVpe/ KT)—1] mA/cm®
Ipvy =32Xx10° Cexp (gVae/ L1256 KT mA/om?
Jpt A22 Vgg=650mV sl ¢f 1107A 24 w7
- o} base AFAELFT 7t A, collector 7} 1
A, 3700 I°L gate S ol w3l V=650 mV o 4
Z A FAFol AAFE T & 33 A, & 3

_11_



19794 5  BFIEEE B166 2

a8 1, I*L transistor & -V
vertical I 5004 A/div.,
div,, step: 50y A/ step

Fig 11. I -V characteristic curve of I?*L transistor.

434

horizontal . 500mV /

vertical : 5004 A /div., horizontal : 500mV /
div,, step:50 uA/step,
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OB 12. I°L gate o] base AF A&
Fig.12. Base current component of I*L gate,

H 3. Vgg = 650mV 9= I’L gate &} base A% A%
Table 3. Base current components of I°L gates at

Vpg = 650m V |
{ 1 collector 3 collector
j I’L gate I*L gate
l A7 {MA) % AF0A) %
Spc Jac 130 11 130 5.6
Spo Ino 494 42.4 1071 46.6
| Sgr Jev 432 37.1 988 43.0
SeL T 110 9.4 110 48
1, J 1166 100 2299 100
L .

a4 EAEH 480 BTEE AL Az A%
ﬂ%%iVﬁmtm:@%i%4§4:@&&@4=
ek, Jp AR 5%

pup transistor & A F5Z-&o] A

Aol wet E 9l FE AAEHA D Aol
F8% AC 549 gated] FFAY Aol 5w

g AAE Agshe FAstgon, old gate o

Ha A AAR 7R xR F ]9 »(54 3} 2re}, injector
AFE u o 7hud EAT gated) HFAT A A
7Zhe 2% 133 2,
Opust
E A
lnsi— A -one - collector
2 E B : four - collactor
8 L
&8 |
100ns |-
I
ions oo w0
ol | 10 100 1000
ni/Gate

28 13. Injector A
o A7k

Fig 13. Gate propagation delay versus imjector
current per gate.

Fol WE gate o HF AP A

I3 13414 'L &4 el 542 Af{7t S7Hte)
ot} RledAzbo] AotA & (KEH d A=t 2 dAiztol
F9 Sl AAIgol 4T HER 499 5 o
do3 v¥e A& ¢ 5 U, EEEK d9dAHE
A ed A} 7ko] FEF| parasitic capacitance o] st A

A=, 49 A5k QA2 F (speed-power
oM

T T

T T TYTT

100K

Maximum Qperating Frequency ( Hz)

TTTTIT

PSRN uJ PR

b saal Lo daand
‘OKi 10 100

Injector Current {uA/Gate )}
a2t 14, Injector Aol w2 T flip-flop 2} 3f

FA5 s
Fig 14, Maximum operating frequency of an I*L T
flip -flop versus injector current per gate,
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product ) o] 4 A& & ZEc}, Collector 7} st
QA% WAL A 'L gateo) W5l A2

speed -power product+ Ztzk 26p] 9 6p] vt

LAF Aol A A DAz} FF =9 diffusion
capacitance o] st A A 5}, Collector 7} FHH4l
2 & 4] 72
d
EMqu ol I’L T flip-flop¢] §2Fsl4E injector

7492l WM ALY L gated] FH4
2tzt 36 nsec ¢} 50nsec Hr}. ol T I2L 9

Aol =e} s},

Injector AFE& wiF =4 $4 T flip-flop & 3
W FAFsi4E 29 149 2ok, 'L T flip-flop
€ 35MHz 74" §ate] b5 stglen, TTL-in

terfacel* 15 24 &3 T flip-flops 3
g 532 29 159 e,
INPUT
OUTPUT

@15, I*L T flip-flop & 1% sty
Fig.15. Input and output waveforms for the I*L
T flip ~flop .
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