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Synopsis :

Recent trends in LSI research and development have reviewed the basis of papers
presented at International Solid-State Circuits Conference (ISSCC), International
Electron Devices Meeting IEDM) and Custom Integrated Circuits Conference (CICC).
The most-advanced LSI devices reported are 16M DRAMs 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 become larger
and larger beyond 100 KG in scale. New species, user programmable logic devices, have
exceeded 9 K in the usable gate count and a new market segment is now developing.
While CMOS prevails, BiICMOS is gradually examined various LSI devices, for
supplementing CMOS's low drivability. Photosteppers are still used for the 0.5- micron
design rule and the limitation of g-line will become a controversial issue in the coming

age.
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IC oRBEHIAIAT R TWAEBRETOR TR, IS, &
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90 ST EHBRBE 1000 £ o Th, BADPILICILEBE.
WAL, CDFEAER DAL 1960 P ICH - T, Frut
ICHMHEDOK &M TH » 72, B¥Wo LS 12 1 KDRAM (Dy-
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MPU (Microprocessing Unit) ¢, #EF v ThbHTRETS
2T, 1971 FDZ ETH LD,

LS B HEARE 10T 2B L0 LB LSI L5, EEOWE
D197 FFITtp E > e AXRDHB LS Fe o o 2 VO B, HER
KW TRG2hBElAS -8, TORELECER Lizon
VISI (Very Large Scale Integration) & - #r, E#H® VLSI it
1980 fRiz.Hi7- 64 KDRAM v, SE 13 FTH S,

ULSI (Ultra Large Scale Integration) & v 5 EEN L KOEC
B 3 A fo @ 1k 1983 sE 0 IEDM (International Electron De-
vices Meeting} TH5, ERELAEVAL O L SORITEEEE 10005
THAH 5 AND HIFER, 1987 55 X 1071988 40 I8SCC (Interna-
tional Solid-State Circuits Conference) -1 16 M DRAM ' —3Fiz
REEhi, IREBHEHEALRCGL, TORBLIZI000H5%
Had. T ULSI ROz A - Tw 5D ThE,

LSI Bl DR FHEEE & v 243, ISSCC, IEDM, CICC, VLSI Sym-
posivm, EMEETHE =7 1w, ICCAD +, EFiL2Es 5
AR THEBEL E EH0, 2055 LSI o pfdepEs
BriiEatncas ke, R Ehogen, REEMcEsavE
Wi ISSCC th B, —F, FAA42 - TreAEHIC2WTRY
EEH 5t [EDM Thz, BfFomLyv LSlc kT, 7
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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,

T7 A Y ATHAND,, M OEIREER 100 4B REZ A
THD, FESEDTHLCOTHETH S, BETR7 AV bk
JUBENCORILUTIE 40% T2 HD TS, BINE TS
RECI1 4000 AxHE %%, Table 12 1989 40 ISSCC ¥ 1+ 5 3¢
BNy, HROBHELE T A AR I-oTHELLELDOTS
5o FFERERCOVTHSDTRE 5,

AEUDANAF A ML I6MDRAM v, 3{03EER S -1,
LR EAELEERETEChith - e ik L, SEILE
BREOCEVHERERs TS, wld oI b vyrsRHpE
Teotedyy, R, 7HBE{B-TWB, 772281 A2 45~
60ns, MWMIFWE 1L %k fit {f& JEDEC (Joint Electron Device Engineer-
ing Council) D 33V iCBTL 2255, 2Hic IMDRAM
DELEHLEICIS, 792 —~T20ME, FE VWS Y T A
AEYNBREINL, BEF A AZDI5E, 64 VFT 2 —nd
BA»BIM E, bR AL FARET 72 A T2L0THD,
TR7®m , 72250 BEHR % J+ » 7O EPROM (Erasable Pro-
grammable Read Only Memory) oA + 7 LTk &, FHE43 L3
Kigos T3, 7 — AERRERL 20 Mbps T2,

SRAM (Static RAM) @7 7R & 1 A}, HROBELCHS,
CMOS T4z 10ns # §) » foo A% VEEIL, KEENIM
w FTHB, T, 722214 2508 M5, AM E, O
E#HL{ESH 27 SRAM 04 1 20 L HALAS 42 1 (Ap-
plication Specific Memory) T4 fERM L — b 7 1 1 i SRAM
EEBLEL DR o0, 2o AS 2= 94, SRAM k2
LichDT, AL v 27 2 —AHHT1IEKG ¥ b7 4 %
A CdHan, BICMOS Gl A4 E—F QB B0, 77 wA % {4
Sns BIV2nsC, 4, Va AEVHTHES,

THRE AV CRBEACYETHE L EPROM Th 2
EEPROM (Electrically Erasable PROM) &% vt v~ 7, | M
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PHAM Y, FEBRERINE, —HBHEEFRO 7 5 5 v L BA
PLT, BARERIONNE L LD LD THD, 205 H 4M
¥y M NAND B ROM 84 VTwE, 77824+ A
— FiLBWS, BEELIEET, BETF+ A7S0vA 2200
Bz dhbaTw35,

firz FRAM (Feroelectric RAM) &\v» 7, DRAM 0 % 4 2
R BEY BT ERE RAM sigF sk, EEPROM o
M THIBALZHEERROHE A04~10%) A, < € VR
LI0EMEL VS, IBK ¥y +T7 % w28 40120008 T
Do

<A 7nFeey MPU CiISEIFHT64 £ o b @A 3R
ARt A2 e, FPTAEAAAY6 Y, PO LB
Bo d~6 LRADALF Iy, 22V EBRBOM, &< ARG
VA7 o — AR built-in test #AEL 2 D L H it o . S HEENIC
RISC (Reduced Instruction Set Computer) H & 73T & dfc- TH
Tu5, FHAECE GBS EBIBRLL, Biiaaofad
bRECLBEHAT, ~—Fyx70ERYEZZLTVE, Y71
Y7 OAEBARBERIATVEY, VUASRBECERTE

CBODT, MEBAY— MR, 20~50MIPS #ZER LT3, 20

1ETRIE2EDAL-FT » 7 ThHo. BEELEBER LD,
CMOS TLEfEREOHBEBINMLEW L2 IW LTk,
27wl LTk, BB/ E 7 = FPP (Floating Point
Processor) OBRAER T, 6 HHRFEEhi. FPP ¥t HAL
LC=— XS, TEE AT Anh CLETRTROEBEL o
TET A, MEA Y — Fi232 ¢, +T 40 MFLOPS (Millien
Floating Point Operations Per Second) & 23, 64 ¥ 5, + ¢ 21
MFLOPS FioUnh, BoEEty AL LA oCit, 1@/
O MPU CfZRA L LD RERERT WD BEREEH ML
THE LT bl des, ST ERARRARE R,
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Fig. 1 Trends of number of circuit elements in ICs

FPP #& s, 7EEO¥I L DT\ 5,

—%, toXsMPUDAE-- FRELRDBE, shbTA
FArtH¥ s vAFAYRAALERT, 2024 I v 70BBNE
B/ o TETVA, FREE LT, BEESH 7 b i, PLL (Phase-
Locked Loop) MEA##AGAAN o 7o e ¥ MBE N TR, #—F
4 BB CRUAIALLHCBRTWBEETHD,

ASSFP (Application Specific Standard Product) o 3EREIL 5 4 o %
AEESNBEERE DSP (Digital Signal Processor) - @{E A IC TH
%, DSP IEECESOBMEELT > —8&o MPU ©th 5, 1979
FROOBRMABREINTLCE, R od oS #i MODEM
(Modulator and Demaodulator) i K OBAFKE ChH 100, 5
TUHHEOLTACIT 7 4 7 AAPER LT3, SEL 7 -
w 7 R 20 MHz 5, 2 200 MHz f2338 % & Rtz JAFEES 200
MIPS L5 BE 7 — V=R 7 e e L REFZL T3, -4,
BERAIC@H7 e s F,4 o VBEAROARNL L OTHS
A3, ISDN (Integrated Services Digital Network) B & Lz, 2B1Q
EVEFi=—FHRRCL D T v v - L8l ey, A L BR
EhionEBEEhD,

7HesIC vy, THr FBBOF 4 v A A{LERBRL T, AD
BBV SHELREHRE IR, D5 H2EIBE , b plh 40
MHz b S BERTHE, FALOREDOKEMERLEBTR
TAFIRNCHLH, BES T k-0 FRBEY AT,
THu/BBARA AL TIL /T A LIC D, BEBFIAR
YoXRAC—- FEERELTW5, R 282538, 2604
Bl 4opRESRL,

Fig. 12 IC ALK DEREOT(L LR T, KEEILTER
2IETHRTERD, BX %104 T LS offd il f. 1975 4£L)
BRETHAELTVAL, ThTd 2EC2E0E, 3HT48ES
BULWOBEELZTR LTV 3, oL 10ETIOFTHE, STk
hi¥, 1975 %% iz LSL b5~ ¥EBEARICE o b FELT
WD THL, TNV FHEYEL LTETRECERII T
bbb LSl o s s RicEbs T,

FESEECikA eV LREIC L L 5 B BB oM
BRLTWA, TRAMN1975 SR D &, EIRBEOILANE
ARTUA VAL X OREEORERY DS 251l -,
W IC oERBRTHD MPU &, —HTrRsiAl-Tuvw3a,

S A YD 1FETCH 5. Lindk MPU 0RO
ERASLHETSOMC s = U AL ORI Y4B T2 L% B
i, BEMNABREILLRERIOE VLS,

. ERAAHERHOPCHE 5 AEE ORER 10K ¥ -1
AER VPR TVWE, Thil kX CAD v A KEBEDL %R 2 i
Wb TAAM, SE V. — 2 AEREOHERCE
Sl Thind, BRIV E . — 2 ODUABEENL 10 £ 710 &K
Ll Tl O Thah, B, 7314 A+ ¥iolb—vaViZ
iz rad ey, BRAF—VRICET V. 7R 2+ ORI
iR AR SRS,
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1989 ISSCC mIeskas (Tablel) ¥Rz L, Fi4amnz {7
{3 CMOS »E My 4 { Ts8 4k (59%), LLT BICMOS 18 f#:
(18%), +3 4 #—F 11 #F (11%), GaAs < — 25 (5%) L&
<, ZOHEL BICMOS #B T 1988 L3 L A F BB Bty
o Tt BT L7 NMOS (REFIR 75 4 fd - 1235 SEIX
DRI T LEwl, 32 £, F MPU ¢, gififkxhb
S bDTHLHY, HRENLIEAL 26W Thd,

BiCMOS {2 1988 £235 8T, 2D 5 b 4 {4 SRAM ThH 1o,
SER -SRI BN b, CMOS i BEMILE 14
-SSR IZERBELLL, 77 Fy v s ARERB~DE
AxhboT, WALARHTCEEL22H 5, BICMOS ¢F
FEEABRLABILSERRIh, UL CMOS A B & B
fbiz k- TE2ErEEtThTtE w507, BEkrsdc CMOS
OHERCHE LTI o, BREFGOENILRT, b ELY
DTV ERBRL, ¥, TEARES LT s v ADHES L
Db — Fr7THAHA, k7, 15FFHD DRAM & CCD
{Charge Coupled Device) £ £ ) D& MEBEVH E 5, BICMOS
it, CMOS X b, eLA L4~ 3 IC Oh CEREOH V- IE
PEBEExBITITLOLESR~ENL LA,

A4 A-FIC OB, rFA7ARBITECEY T~ 7 FICAS
#:. 16,6 GHz 7 & &£ A% fjv+ 7= 54 KG ECL (Emitter Coupled Log-
e} 7UARIIUSE LT, 14GHz 21 {4, 8GHz 233 fp& & c
2 TvA,
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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

GaAs ~— A}3 MESFET 3¢, ~F & FET L ff, ~F m/tf #
= F1HTHED, TR ARELFR L T5, i MESFET (Met-
al Shottky FET) %\ vtos~F7 v A4 Tit, 044, 345GHz 7
Rz AR LD, ¥ — FEE30ps £, CMOS i le~T 1B
ECLEDAE— FABLGAT WS, L LHRER, e eak
W BEL Y S, FEMTEALENETES D,

LSl mBEA& L e D 7304 AERR it b CMOS ®pih b L
MOS E#iCH 5, MOS L3I oML oI & 7 5 it e —
OeHTEn, B AAATATGLIREIMOS b3 v RED
F—btR (r—tr-HUr0avols) CREXSLTS, Fig.
2 y3 1989 1SSCC migYic kit 5 MOS LSI o 2 3t e S 43 i
LichDTHA, 4 €Y, H1 T4 DRAM AEFMICEATED,
FrImS—VFA4AATHEI L FMELTRL T 5, l KDRAM
DWxALEE-T, IMTiZ12g 4M T2 09~08g, 16M
Tk 0.6~05p &, BBROREHELT-> T -5, o DRAM
Cl o b2 TEV w308 SRAM T, 1M Tt 0.8~
064, 4M Tz, 058 EitoThB,

HEIC odrTd, Az vABRCHIOBESy—-7 v
Tk, 0.8p &, T AMDRAM % 1 M SRAM 03 L8
Fr o T A, 1988 ISSCC it Fsigcit, TASIC 1z 2/ v o —
VA2 55mn] s MEREND - 7oa 51T 1989
IS5CC Tt~ A RED 7T ~ <12l D Elf bhr, B migsE
HeEAR THEGEOE T, F2/ ro— P43 {EvaTh
AEYTHLY, SBEREBR Y — 7 v btintdoc
Hh.

MPU ¢ DSP o3 it 22 1op ik Tth 5, BEAIC
27Fa7ICLELL, THIZERPHIZH- T dh, IbD
LSI wit, SEEL Y LIEARAZ 2 BEORKON A EERE
T, MROTz— MET AU XA AF A flsietu
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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

Bo 7w 7 IC CRER T 4 — 5 OFPPHLHELARS Vb
THD,

1975 LM T4 % &, DRAM i ERIIIE 5 |FTPITie
2 T\hy, —H, ¥+ 7O0—AOEIRHMI0ET2HTL-> T
L, COMETRBELE S LIFETA/ELLDOTHS,

Table 2 {3 1989 IS3CC oot T CMOS o & - v AN
HLTHL LD ELALOTHSL, PEEECNT 2205
MENEENCSE -, 72 F7 7, o b=UZ b Vit &
WEDAKERBHTHDL, EEONEELICP Y = v v 5 i
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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7 AV a TS, DOOERETENEETH- 120, 5T
VLR A 0005 L BA RS A X BT o foe T ® 2/3 A3 LSI dech
SDELivlavyF L ATHSB,

M TEMRE LT, 2 0FRBAREESI LM b,
~ A 7@ RS ERA %, £7 EB (Electron Beam) @3 Hj
BT XBEad v b—FLEHRTHD, 05 Lic-T
LRARL U TKBNAFE AT » A THED, 7+ oA FLE
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

95 —

MOS ¥ CHATELZRERD LB CH 2, i LDD #%
BAED 7 2 L AR TR Y — AL EEREC R -TLE S, +O
BRy—ALyr—bROM A7, PinkD, HEFEEHNE LTA
S THRBID, HEav 22 vAMEFLTLES, flbra v
HEAREDHENRABRATVLIN, 28— viEisflfsshso
MEESTHD,

—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,
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ECL #— b7 LA, XHEB—F—Fh5 2108/ mW L\ 5
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WEBY— F 7 L AZBECETFBR, R e A FRARTFER
AR L5 1/t THE TV B, BEEFCEM L oot
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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
FHEVEOFTE L LR AERARA 10K » — F pRAEGH 2
Enk, BREEBROBAN 1IK~10K ¥~ bcfBd LT\ A0ThH
AH, Bicwbids, 1988 CICC TirEls T PLD Yo+, v
avHEz Lh, EERETRASICOEEE L TBMEIR,
1989 ISSCC Cit [Fr I =N - FALAOH L HA) LB
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Skl 70 PLD 2 EMEEED, L\ 52 EHFEEE
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B, TR 7R 2 A% R LELOTHE, H21Y, Trys27
ANHE S R, 2F T VARICES, FOME IR S AR
Ay Fv sy AT—v YYRALTEELLDOTHE, Tr sy
VS SRAM v v # v Twd, 0o HPLD 380tz 5
~FREL, K - b RERLTWD, 20ECBACTHRESH
fet—b= b voihxRird 0T, HEOWREE L —FKET
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L7 e s a8 T2BLALDOTHED. Bl DBt b EiEt:
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BEODBHENFLTENMCH A 2 AbTE, BEFL LY
WO, B ASIC CH D UEIL Y — T v A LR DD
D7 P TELTELBRT VN, HRBRETEHIA L
W Ex25E, BEIE 2000 @HLLTOEXDESE HPLD, +h
Driyr—tr7v 4k 0841, SHASICHEY 29 LTH
LOTiIR s EBbhi,

ETEHH I0ER 0 ASIC HEETHich 5, EODIHE T,
(1) AR LS v A1, (2) BBTAMER, (3) B
W7 e A R (BICMOS, GaAs), (4) 7+r 7[F 4 o2 1i
EIC, (5) L&, r— (PLCC, TAB) #281Fs,
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BOLhEELL2 v e —ARRELL, vV v Bk o¥Hlx
Aa—vOFERETELT S, TORBE, LSlassiw—BsLkd
#it, RRERERS.

MPU R Eb7r 7BBOF s 22 bR R L, 7422
AMEBIT PR FESRENTRERCEL, #HFCH, BEE
HFEV. LELEAT I r 7ESTh, T T4 o5 BT
T E, BRESELA-TLES, Fyoaxa{bDihic
i1, EROEESYBECABTIHFEILECH T, WbiEa v
Vo -2 i 2 ERERE NN CHhOEM S Ihs o 240
PETCH» bt T, MPU 1 DSP OB, F3icod=
— XX A DTH o1,

T sBBROF s oAbl LSI O AR Sy I hinke
BFad & binot, HFEBLELAEFRARE - BEOCHE
WAL, BEOTF 4 X ALEAB > THDH T E R b O T
BB, [SIRHECEROBTFEBROSTFCEH L TiToTv-5iEA
Dehd, BFRBEOHLVAEYRELTW2DOTHS,

TV =5 EBAT, LSl omiioRE kHBIEs, Bite
Hoti b h Az s LSIC, S8 ASIC ©h 5, £
D ASIC %, ¥—F7 4635 HPLD &, v LHRicmm
BCHEHLTERET%, $-BRISIOREFL LT, §TRHEA
OEFEBCEVCLRTvA DRAM 4, &£ xhitxfiavie. —
02422 )ERO ASSP Th o1, Fhats H o, FER
W2 T, FLrvED—FHEE?VF, FICA LT THETF+ RAM
DLy, BUASSE SFCH LVEREEEBD TV S, =~
LA ADOBEOCHERSBETETREELHLITTHS 5,

Table 3 ;2 DRAM w313 2 Biflf 8%, A—-2BHOLHOY
DEa—FOhOLD LRI TE DL D THS, DRAM
OHBIE LR ELRMAEES5 L LTV %, DRAM Ao hi#l
FRahhBgy D5 Ltk Ry, EREEY XD,
Bea—Fobofun L dhb a7, B, 71 ARRLED
WAWATRRTERS » febl} TH 5B,

WH-TIE, 1985 4 6 2000 SF @i T O 15 HEFEO BT,
LS ssd SmEs |l o & LCHBSTv-5, Bl 1085 4
SACRELS v, PR EDERTHEEF LI 3V T 7 2 %5
WL, ¥—rTLAREO—BIEBA L. —H, 1986 10 Aiz
GERRRRMIE LSL R« v 2 2RI L, ASIC DEdMma
A, A, FA4R, FeeAFEE»LY Y a vEER Y o
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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

—~ERCELET, BONSHRMELHEL V5, ZOEK
ML LT, NISRgmE o LS S+ BRI, RBE, 8

HIBXBRBHTHS, LI O RERLHELTLEHLLT, Tk

FHELELEBELWORS] X EHLT, o pHDLHL
< h&ELiv,
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