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Research and Development Trends in LSI Technology
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Synopsis:

Recent trends in LSI research and development have been review-
ed on the basis of papers presented at International Solid-State Cir-
cuits Conference (ISSCC), International Electron Devices Meeting
(IEDM) and Custom Integrated Circuits Conference (CICC). The
most-advanced LSI devices reported are 16M DRAMSs with 0.6 to
0.5 micron design rules, The number of circuit elements exceeds
30 millions, inaugurating the ULSI era. New JEDEC standard 3.3-
V power supply has been employed. Microprocessors are going into
64 bits with 20 to 50 MIPS by RISC architecture. Gate arrays be-
come larger and larger beyond 100 KG in scale.  New species, user
programmable logic devices, have exceeded 9 K in the usable gate
count and & new market segment is now developing. While CMOS
prevails, BICMOS is gradually examined in various LSI devices, for
supplementing CMOS’s low drivability. Photosteppers are still used
for the 0.5-micron design rule and the limitation of the g-line wilk

become a controversial issue in the coming age.
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Table 1 Number of regular papers in 1989 ISSCC as classified in terms of circuit type and device technology
o Number of Device technology
Circuit type s
pape NMOS CMOS BiCMOS Bipolar GaAs Others
Memories DRAMSs 5
SRAMs 3 4 1
Noenvolatile memories 9
Subtotal 1 17 4 1
Logic ICs | Gate arrays 7 2 2 2
High-speed digital ICs 14 2 7 3 1 1%t
MPUs and FPPs 11 1 10
Subtotal 32 1 14 8 5 3 1
ASSPs Video and image DSPs 8 7 1
Data communication ICs 6 4 1 1
Telecommunication ICs 8 7 1
Subtotal 22 18 2 1 1
Others Imagers and sensors 1 1 3z
AD and DA converters 6 5
Amps and analogue ICs 12 3 3 3 1 ons
Subtotal 23 9 4 4 1 5
Total 95 1 b8 18 11 5 6
(%) (100) (1) (59 (18) (11 (5) (6}

* CCD. * DMOS.

*! Josephson Junction,
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Fig. 1 Trends of number of circuit elements in ICs
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o Tt BT L7 NMOS (REFIR 75 4 fd - 1235 SEIX
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S bDTHLHY, HRENLIEAL 26W Thd,
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DESTN RILES
CIRCINT TYPE HE A DISTRIBUTION 3 -
1,002 2.014 3.014
AN R R A R
HEHORIES | DRAMS 0,681 11 1
SRAHs 0.731 12 3 1
Nonvolatile Memories 1.15 11 3 12 1
SUBTOTAL OB Ty by bon besce by by |
|OGEC Gale Arrays 0.80 3
ICs High-Speed figital ICs ] 0.931 1 212 2 1
MPHs And FPPS 199 2 31 5
SUBTOTAL YLy brcrs e oo boco b
ASSPs Video and Image DSPS 1.27 1 1 2 21 1
Data Communication JCs| .57 1 2 1
Telecommunication ICs | 1.87 11 1 2 2
R, ) . -
h
SURTOTAL VS b boror oo bl
OTNERS | Imagers and Sensors | 1.71 2 1
AD and DA Converters 1.63 1 1 1 2
Amps and Analogue I0s | 2,18 1 1 1 2
SUBTOTAL L8 Ly oo oo booa bon bonad
TOTAL 1.22;3131A1A1C124A 2 5 3 4 1

+ Geometzica! mean of desion rules among MOS papers.
1 Number of MOS papers are plotted against desion rule, where A=10, B=11, C=12.and so on.

Fig. 2 MOS design rule distribution in 1989 ISSCC regular papers
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Table 2 CMOS well structure in 1989 ISSCC regular papers

Well structure
Substrate type  j———— ———s———1 Total
P-well ; N-well ?v‘:llln T‘:Lp!{e
N-tye 8 | — — 1 9
P-type - 12 1 — 13
P-epi on P-sub. — 2 1 — 3
Not described — — 2 ] — 2
Total LR ERY 4 1 27
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BELBHEWVS EEGERKEYE b OB SR THER,
Twin well 52 Triple well $ BE SN T 54, PEIRTHD. 7
b F T L THEE LT E Y s — B ERTABAL WA,
FEAAEO LTRSS X Aoy, Qi LOCOS (Local Oxidation of
Silicon) =+ v v FLORFAEEBTOESCTLILLDTHL. I
By . — T RTP =/ PEET, LEED vV = AHEEOME
[ME—F LT 2, o BCMOS P = &/ PEEVEEATH L,

CRLFAL A T ARROREMARESND IEDM 13,

b3 v oAXOEEEML AR LAECESTH I BEIZA
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MR FA AR SR, £B v 22+ CEL (Contrast Enhanced
Lithography) fvvot 7 e ABHOMEBENF - €, FECH
HLARELTETCWS, b hoZFit ey oz
MmEWH T ETHD,

RRHENT ICHE - TR Al S — 2 TH5, KRS, ==
—YaV, TLZ bt —Ya, APLARAL I Ly
v, bwy 2, SiEBEC XD EARET, Sifrbc sk
—afEph lE, PAEEILBEL T w525 ERELTRESHO MOS
LSI iy Al-1%S1 pMlibh Tl B, REIC A & SEH LTy oy
O E G SHEHL B A 5 A, BAEOEZT BV, BR”N
HATHLECR UHEI R LCHBR L LU0 st TS &
St HAELY, L THCEGH TR VBECEBR ISR T
ZDTHL,

fREREECoTE, W, Mo, Ti, Pt R B F 6D U+ 4
Fo, WALWALTIREN, FHORIAHPRRIRTGB, L
L, FIfHIhB2 0B -Th, BAO—MELED, TO
BELLED ANRSIIZR -T2, REMT T £ AlCH
ALORREH IR T vk, Eho@lEs LS mihilnsE ),
FEMOTEEE S BFHEICE L THREC ), takF—2
DERYUITETENLTH S, BMIT ko T ALLYS 2
CiIIIEEIH L - TR T B2 v 3 2 rBADAY ¥ 2 20
Y, BoRnliBsbEFEL T (DT EHEESMD,

MOS + 3 v o2 2 OEL LTit, LDD (Lightly Doped Drain)
PHALF v A BER 12 MEI D2 LBHAIAHD .
Phote 1 {3 LDDMOS + 5 v & A X —fITHD, FL 4D+
v FABROTMREYEL LT, MAMBRCLAET + 218
BEBLET2LELE, BREYENLTHy b4+ ) 7TORERD
HLTvD, FHEALF + 2 LT+ YV TOHFREY SIHEEL D
BCMBEZLT, sy bF+ §7HBELTE, ¥ — FEREEICD
AZREVEEEC LA D ThHD, ChbLOBENE OO

Photo 1 Cross-sectional photomicrograph of a current LDD
MOS transistor with gate polysilicon (the black part
at the center) length of 0.8 ¢ and gate oxide thickness
of 10 nm
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—77, ¥ — PEEMEERL, 10nm LUT 245 @l ki £ o, g
FREESV N L IHEREYR AL ABACK TV, TTCEH
BEBEEHTHRAA IR T 5 A, 05 u LA 16M
DRAM # 4 M SRAM Ci2, §iEZD L5, AT A 3.3V
CTTFHTWB,

E BTy —  Fdt deep submicron I e B L, P F v U R K
RSB D EBDD, TAAA Vo b= s Y TRFHE
EFASE R, ETPELOEEY 1 # 1 HEwT5
Bfe7F B RERES S, BRFLMEL Lo THD, EEH
HETLAREREELRLEL L->TRIS, BAHEBROEHTH
%o

4 ASIC &

Lt A A & 4 IC oA e - T 5 ASIC (Application Spe-
¢ific IC) L5 SWAEMCHELR DR 1982 0 CICC L Fhb
hTuwa, CICC {4555 A7 £ ¥ # Tz ASIC HF O
DTHD, RERATOTAEL, CAD v 7+ . 7k L0t ASIC 7
—%F 7 F o 0 AERERE, ASIC CHEBRARLT, ILHK
FAL R Fawafif, FALF, Ay br—U v ZEMMCEA T
Ba

Wi 1988 242 CICC 10 SR L w5 = &0, [HEMsLHEE
e ASIC EREOMARK] LETALEERV D -, TOPT,
ASIC HfifiBd4 5% 10 FRiOTME, B, E04HE 10 EHO
FROE ST W0FEWNOF N Cl, BIHROESE, =2
—ABHFERE, 2y r— oGt EBEEMEL S EroT
Vi, EG DY =t 7 vA bl Lz inAaz A ICORE,
BlvFotso CAD Ofght, €v 7V, F7r40L 5 M
HEviwis, r—vwR5E, EBEEROYRCT, OF
BhTiiE Mo T e B L I 9,

b TrAOBRBIE L DH -0, HTIEERRAROSE
ECLIFcBRbh Ty, AR GBR 2 L 5 oDl
Hi5E ASIC 2 WABESEE L1982 FEEL L THD, FIE
WHEIC oMBBEBARE Y~ BV ETHDITHL, ZOHT
hak, Fo ERHROBE- ¥~ T VA 4, CMOS T 1K &
— P EBTLONTES L 3T foe WFIREHRF « & AR
TH 7, LSS TS L, 1986 CICC -1 & — F HEER o SOG
(Seu of Gates) SfEFE Stz By — PR I28K &+, EAF
BEy — FEh SOK ¥—r i uhbh B L 90 ofc, SHiZ 1988
CICC -vy1, 3 BRMGHEROMA L CAD otz L, {FRWTEE
v — P EBEN 00K # — 2 # 2 k, 1989 CICC Tiz 0.8
CMOS Ty — M 1TTK »¥— 1+, #—+BE10ps 055
W OREL B -7, BCMOS HEfiOBA L E - T, 100kG
23 ADLONEEIRTE,

Ewbt BE@L L7 ECL 5 — 1 7 v f & R EBEA 2 &, 1988
CICC Tl 0K #— +r 225 40 2 HFRE I iz, 29
BHEMIIOW LR/ aD T, <y r — ORI TR ED
LTwvh, A—FOFT2IK ¥ —rTr— b BE 4305 L1105
BFBiS o, F 7o 1980 ISSCC T2 30K #— b, 40W 213
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ECL #— b7 LA, XHEB—F—Fh5 2108/ mW L\ 5
REND -

A=A E bV B R E v E — Feall, £k BFE
BlbEoEyfizRE5 ASIC LR T fudl, REELAE—F
WEBY— F 7 L AZBECETFBR, R e A FRARTFER
AR L5 1/t THE TV B, BEEFCEM L oot
w, MRME2AES, BERBRAEVLWHIF LAY , PRI R —
AT » 7E3NTHEDTTHD, LosL CAD ogEi b, £
FOAVE2S 7 PARIBEALEAZ VI~ Ve TEEHRL L
i, B, EBOREZEZOERB Ve, 2ERABRLL AT,
T ey PR, REAOLSI A vk EDFEALL
THWHBhLOT, S#BORHEEYH - TW2HFD LS 4 —
A E S TCRBENGZHE I VL L5, TRES 1 DA <—2F
b TIROERTEL, RITTLCER AT 4 -2 OB RAE
AREETAT R 7ERTHS S,

ASIC D& 120y + v AL PLD T 5, i = —~ #HHST
A—vF I L RXTESB LS ERT UPLD (User Programmable
Logic Device) & 4M¥ihb, ¥Y— 71X d X s, 7
APHE /B0, ChETRREE Y- P HEE CRBELRT
Pro LA 1986 HE CMOS{LIc kb 1K » — F %8 iz,

Y=t T ADBELE S TH-12d, ASIC OGHIBEIIRL
THEming, 1K vy~ 1 2olMo L 5icBhn s, [EHD
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Table 3 Circuit and device technology innovations in DRAM

Memory Sample Design Innovations for makers In i { N
capacity year rule themselves novations 1or customers
1Kb 1971 10 r S-zansistor cell 1Kb i It dual in-line package for mai
B m; .
u . Si-gate PMOS in a smal! dual in-line package for main memory
) = 1 Tr-1C cell + On-chip clock generation
4 Kb 1974 7
H . NMOS - High speed (~5 times)
16 Kb 1976 6p » Double-layer poly-Si + Pin number reduction from 22 to 16 by address muitiplexing
64 Kb 1980 3p - 5V single power supply (Internal voltage conversion)
256 Kb 1983 2 + Redundancy . Versat?]e operation modes
+ Double-layer metal - Versatile word length
o . CMOS peripheral
1 Mb 1985 1.2 periphera - Pseudo SRAM (Auto-refresh)
« Stacked capacitor cell
« Trench it 11
4 Mb 1987 0.9~0.82 rene (,:apac! or e + Video RAM application {Multiport and serial access}
+ Trench isolation
» Versatile AS i
16 Mb 19907 0.6~0.54 « Low voltage operation crsatiie n-lemones
- Battery operation
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