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Abstract

This paper describes a novel bit line structure to minimize coupling noise induced by coupling capacitance between bit
lines. In DRAMs coupling capacitance is inherently present bit lines. As in submicron process the bit line space gets
narrower, bit line coupling capacitance increases and this increased coupling capacitance sharply raises cross-talk noise. In
this paper using different layers of metal for adjacent bit lines has been tested to reduces cross-talk noise and a novel bit
line structure capable of reducing capacitance is introduced and verified.

Keywords : DRAM, AEH ko=, ALY AHAH, 222 EaFE

o m lo |o

.M B wolz7} HE 3t ME Bele] BF AT F

2 BAYET e FF BE wolzE A2 9z

DRAMO| AHats HlE gjal7ze 1 Fa¥d A% 3538 93 AAHA G 9 oF )
Wet SU= HE el % oF vE PAow s o REE

A7EE HE A3} e gelo] A 4xE
Stk Ha A 2717} 8F2Q) EOjE WjE slle uE Aoz Aad s 1 HE gazg f= g
6F29) ©.& W]E @hlo] Hls) 1 Ak AR, o] o Mgto] AzhHo] 4lo] MuHw, ME FAme
Zo] g WAT 29 829 THG Yoid fYsE  HE Pl MEuEx gomz wE feln ME o
2, 8 A4 2 AREY AE g ASERY Qo f7)HE wol2sh Az gan. ogA HE &

ZY= HE gQlo] 9 HE IFRET} w024 A3 HIE gle] M2 t& H7)FH dAd FolA H
g Wgdo] £ olfr HIE 21 /MHE gle] F B2 AANSE IFERE FEU)7} ot oY@
g 4 BE Yo 9NFoE Y= Ay AZY  olFE ZUE wE FUATEI) 0T HE FATER
| o wolzol gi@ WAe) STty dmHoz A7

" Qo 2Egstm YREATY &L oy, HIE 213 ME &Y ol 5 Fao)
(Department of Computer & Communiation fFr1HEE FET AYshd d2d A e 74 AZE
Engineering, Graduate School Chungbuk University) A He 23 BAHE o]z TEHOoE A

Heda} 20029104219, s+ g8 200495€912¢

(421

e

i



18 DRAMS| HIE 2t¢cl 7t HEY LO|ZE A 43St 2F HE 2017z

HE ZRle] 4&& nX= AEH A= CBP
(MlE gl-9= =l AEY J=AY), CBPIE 2
A-4 Zo|E AEY A=HAH), CBBHIE FI-H]
E g2l AZY F9AlE), CBs(HE #gl-Substrate
yola, tjAkQ) o] M4 wAE d¢

2 CBB7} #7o] %7 } stz gk

DRAMSY ¢&d#3 3y Feigze 259 AZo]
A8 A ofgold Hld wo|ze] Jgo| FrjHon
Aok, &8 1T A2 & 5% Ago] glernz 97
54 Al A3} F(Charge sharing)ol 23] F9mvel
22 ATHAYE o] 8HlA Al QzoA FE357] o
oll, 53] HE #izte A2~ EF| g o]
© 39 wolz B & FEE v
£ =3dAE ASICETAS o]&3A dAg ]

2o QIHs= BHE IS AZ TE F9 F
S-S AHEete QF HE IR Aoz HE
Rt AZY ANHAEHE EUoZH AZH A
o 93 AEA EIL HAiFs RALHAY =
ojzd o3 e & FHAE HAs e F2E AU
doh. A #HAE HAagsr] YA vEe] dE
DRAMZ}= &g W7 Y TA7IE di2 AHE3EA
i R AYHAGS U2 Ao FHolEA Vep) R
e HRAAYLE AMEFH

Dol A Planar Aol 729} W= 2hzts) A%
% A F WE 2ele) Ashis 2 HE g
Qo] Mpasel wE Ay whae) Zadael tad
Z1estg o, MAANME HE 27t #AEY 7l
AHE £017] A8iA I HE ZRIE A7 FE
of g&ujdo R HAAG AMEL HE gAFxe 3k
AlEdold A3 9 HAEZA A Jeat gk

hu ol

II. Planar DRAM X

1. Planar Ao 7%

ASICEZAE o843 DRAM AA Aol Agshe
Planar DRAMZ Z1g1e]A ¢ o] &g A& &3
SubstrateAtel9] A AE ishdsS AzAEHE
AHgsitt Aol o9 WA F AFAE = DRAMIA S
o] &g ~d Aoy} EdX Az Hluwsd wf¢ 2
o] 9o, FYo] DRAME A vl ek 3
Mol 917] W&o & g9 DRAMS HRE =

2Fd 9
Word line
1
L
Bit line Plate (VDD)
Bit line
Plate (VDD) Word line Word line

LN+ ] U

a8 1. Planar 4 7=
Fig. 1. Structure of Planar cell.

) \+]

PANE veds Feht do) Agtart™ 2 =
BolA AHgE ZEht AL 0J/umTAoE AAHS
T aejde) §3%e 9FE

Ao &3Fo] 213, E DRAM 229 WAL Zo]/]
A8 WEHG BATNE g ki, 1] Y
Bhd A3} o] A Zeo|EMME A% ALAYE A}
§eozA, A% WY Asy} e 4 ool
Ak wekd Aol 9y F2 A 9% dgte] W
A H9 HE Zele Akl ggxy] wiEd 9R A
AAge] Wae] me} wyshz ALY ol zd o)
& Ao RASt LAV Uos 4 AYS AL
e FzEg "ol Ak

2. MEMY Wl o5t MY OlNZAEY 5T
At W3l = Power noised] W Alx i
o] A4 wxle ¥Watkg ZAs] s WE HAEE

Stk ME H2E PEe Ao dolHE & el A

e 20, e We Age 2 WY AYH FAW

20val Olv8 Z7PI91 SiE A A% 271/ 3 %

S 917 W, 1wz Ao del8g 2 wel Ag

237, 9e UY AYe dolHE & W FUY
/Ys_l

¢

37velA o FEA7IY de 1 AR 27/ A A
& ¢z o AHESHATE AE HIAE SiEE HE
2}el7te] 7“; dS HUg A= A3 e 9
BS ALEST Algdo)lde a2e) el upo)
o] th&-9] 2747 270 s A3 ok



20044 62 HXNETE=ZX H 41 H SDE A 6 &

BL2

L
ma
Hol

1
ci c2

(b) Case2

a8 2. Casel29] Mo xZE 7t
Fig. 2. Cell values of Casel2.

Casel: F719 AF WE gile] 25 ¢v HE &
A3 wkdlo] HolHE 7HXa e AFolH, Case:
FAY AR WE G F e HE Al gt
3.

&%, A A%4

-

2 W Ax Q=Y AY U 2Y3 BABAG, 1
U3 29velH Ao HoleE 21 9L We) Age

A2 RE dEoR A

29valA 01VH Z7HA71H ¢S o Ala ize) Al
vHE AlEE ol Axtoltt. a4 1933 v

2 37vollA Add dolHE 23 9L
A 01v4 F7HA171H
o|dgt ZAfolr},

373, 4004 & 7 e ek o] Casel HCase2?]
A eb2 o 10mv7t zpol7h ve o] Aol AEY
HAHAE Y zpol = A LG & 5 o

HIE ghizke] AEH Aol eJaiM A4 vl ¢
apol7b ve A FHEhy] AsA HIE gt AE
Y AHAEE HEA7)HA 2 A EYo)AS A

O¥5E ™24 A 0'dlolElE 717l vlE EIBLL

o] A2 29v
e Ay mE AlEd

0l.o
Eal=)

19

90 -
\E\ —+— Casel
~@&- Case2
c 80
o
@
2 70
> '
2 .
@ .
S \
@ 60+

T

2.8V 3.0v 3.1V 3.2v 33V 3.4V 35V 3.6V 3.7V
vDD

a3 3 H Mok 4T/ 2
Fig.

zet 97|

3. Low voltage write / High voltage read.

~+— Casel

-~ CaseZ/I/

_a

]

Sensing Margin
>

2.9v 3.0V 3.1V 3.2V 3.3V 3.4V 35V 36V 3.7V
VDD

MY M7 H

High voltage write / Low voltage read.

a8
Fia.

zet gl

4.
4,
Agto] AEH AAAECLC2Y & OfF-16fF7+A] W
A2 o, BLIFYe] ®¥3ts A& HoFErh BL1S
A walde AZY AHAEs 1FS7HE whet
3mvy F7vstAl "ok

862 HE % BLIAYC] '1'dolHE 7t 7
=3 NAAECLC29 7 OfF ~ 16F7HA W3 A
BLIAY] Wate Ag HoErh BLIY Ay HeH
< AEH MNAHAE} 1FS7H ] uhgt 3mvy 743}
A dr.

a5 69 2 AlEdHolAE 7] AdM 74 HE
219 APAIE E o] o} A AH At o
Y HE o] 9429 AL A EHEE R 2
Jate] g3 A2 AlEY oA Antol Yehd A
7 o] @& APHGAA 2, Azl A

955 A4 vie] PolAk

=0
It o

R

RAe ¢
E# o] EX Gtol

& ARl 27k, 1) A Z7hat
7, 2) WE Felg [@eto] 2748k, 3) VBLPAYE
Z7}8HA 1A%, HVBLPASHY M3t gho] HE o)l
Asrel Wehnch o 27 9ok gebd r1HolEE 2
g we) A4 whAe ZASA U, rElelHE 9le
el Ay sk At el 0dolHg 9g o



20 DRAMY| HE 2}

1.245
1.24 }
1.235 f
123 }

Bit iineZ g}
)
~n n
n w

1.215
1.21 +

1.205 r
)

1.2 —%—

of 2f 4f &1 8f 10f

Coupfing Capgt

12f 141 1€t

a8 5 AHEZ FmiAle{ztel Halo| mE "|E 2ele
ek (- E 2ielo] 02 d9)
Fig. 5. The voltage of BL1 that is depends of
oupling- capagitor { In case of "0")
1.5 7 -
1.495 }
1.49 ?
1.485 b
a1 1,48it
B 1.475 ¢
£ 147 |
© 1465 b
1.46 !’
1.455 |
1.45 | ™~
1.445 ‘- - —— -
of 2% 4f 6f 8f 10% taf 14f 16f
Coupling Capgt
agl 6 FHEZ FEAeZtel HElol w2 HlE 2iele
Mok (BE 2ielof 1 )
Fig. 6. The voltage of BL1 that ia depends of coupling
capacitor.(In case of "1”)
EgFo] dAsA A
W2 22 AYAQA 23, @& AUzl A
9242 FUdskA 44 vhRlo] HolAe AL ¢
Acko| AL Pl hhstd, DA ol gl
#Zasti, 2) HE 219 #Agte] ZHA3ta, 3)VBLPA
A5 ZAASA HATHAHVBLPAY S W3 o] ¥[E
ghleke] Wt o A "tk wEkA "0elolHE
9% gl A4 iRl 7k S, 1ol el ¢
2 e A4 vhde gas ol 1HoleE g
w) EFo] drAslA A}
3. MM sl ost HIE 20l © S &7

YT 7| AHEE HE ERlFxE HE 2l
o] 59 %9 F&ujdor FyYsA HdAF 5L
AZ NAAEE et 2989+ 1879 =
BYo]Ad AFEA AAAge] HE o v|E 9 o
ole7} dAHE AN BoREth 198 AdE B
W odgHge] 29VelA Ao "0'g 23, AYALE

Al

2Z HE giol42 *EA 9
7f 7f
BLO | | BLt | BL2
{Metal1) _l I_— (Metal1) _‘l I_ (Metal1)
C2

) _l_ cl
Ica

|

L=l
e

ag 7. 71&9 HE 2iel 3= (Metall-Metall-Metall)
7. Conventional bit line structure.

Fig.

(Metal1-Metal1-Metal1)

o 45 ——e
O
Zl 35|
5 25
Q
3 15
g 05
_._05 B Y G O S
S &R QS N S &
fw, BT e o ’b 2 BT T o
VDD
gl 8 7|EL| F=ol Casela HESH A2 ofMd ZHxl
Fig. 8. Simulation results of casel that was using
conventional scheme.
4 — ———— ———— —— e ————— - — ——
3.5
3
3l L
o 25
3 2
3 1.5
R
[11]
0.5 |
0 & - *> ,g - -
_05 _— = L S S S U RSN ot IS S—— |
2.9V 3.0V 3.1V 3.2V 3.3V 3.4V 3.5V 3.6V 3.7V
VDD
a3 9. 7|&e #xof| Case22 HE¢t
Algeo|ME 3t
Fig. 9. Simulation results of casel that was using

29VolA 01VESZ Z7XI|HA AL
7]]_X]_1:_ I!O//o]
oy

R

o] =

o] MrE HhA 1;101 x>
g o] dojue Fa
dolelzl AAEE mE
JE Aol o] o ¢

conventional scheme.

Hod 3. 3V

A zigte] 34vVelddd o, ¢
ot ol @ HlOlEi
AL AT HE A
g3 & golHE A3
171 E2 Aol BIE 2Rlzte]

A x] gt %

oriE

ALY ARAH g3 2zx 2agsoz A4 5

L
[

u]E 2ele] e

AEAA A Aze] A e



2004 68 HXZES

Z+L.
=

g oj=goZHN o st =e Aot
Case2& 283 1‘39‘“ ALAEE 3R FoiA
glol= dlolg k@ do] dojyx] ke AL HAF
o} o] AL Caselo] HI8)|A Case2d A$o& HE &
A AEY AMAAEIL 50%0]7] W&ol
Al g HE #lel Aot HEE %R £7

wjolch, wekd 9% AUAY Ase] 24 ol
I MER HIE 2jold|

1. ®Meke BIE 22l X

AR HE FA 3 AEHY € H43 3
AH HE AL AZH ANEE Zoof 3
, VBLPS} Hgtdistuc HlE el Ashiste o
A M A ek1E Hdg gGrsteor ot wE

ro]Z

jTR:)

#ele Ashdstes =A slelw, W8 FH(Charge
sharing) ¥ #F HE el M3 E a4 stojo} s},

Ast B4 T HE vl gelo] HKVB)E A 4
532 ohdsh ol EAETY

_ VBLP Voo
Vi= By ooy Y Craer ooy W
_ vBLP
AVE=1TTcB+ cO) @

CB = ¥|= 2k} A|HATE, CC = 4 ATAE,
VH = A3 34 ¥ HE g,
AVH = WE Belag wstgolt,

49 g Bu AY A5BL I 871984
CB/CCY] & #A 3hd A,

CCY & IA AU CBY @& Sold =y
CCol 3% ZA steld Ao AAEH £ oo}
St o)A Ao WAL A stook &) Yo 3
< Wxo] 27 Hr}. T WY CBE &
HE 2l AHAE ] HEL DuE el Y359 PN
A ATAE, DHE 2B 9= el AT A5
A€, JHIE el A E¥o|EAtole] HZe A
B, YHE 23} 2EA) wsAlole] AZY A
©,5) A HIE A2l ATY ARAER o)A
Ak,

A1)-5)9] AHAE

uq

f

P

A3 =

3 &

=l A

rr

¥ QE¢

HEY 7

431)

=2X M 41 2 SDH N 6 3 21

3t 2.5
BL1
—"‘_(Metals)—_l (M%tL;}IS)
=1 il
w Tor I TIH =%
Ic c7 1-
BLO H BL2
(Metalt) I IL (Metal1)
cs

l Co af -LCZ
! !

I3 10, MetE vl giel X (Metall-Metal3-Metalt)
Fig. 10. Proposed bit line structure(Metali~Metal3-Metai1)

44f

HE Bzt AZY AAEE ol HE FAT
2% AL

38102 ME Bz AZY AAAEE
ME BAFEE BN 7129 WE SATrE
59 39 F4uhdoz WE Be FASRLL, A
FE FrE QY HIE AL N2 TR 39 B
Moz FHFOEA HE Fte AZY AsiNEE
29 4 1 =Y,

Fole

f .

2. NBHOIHY 53 2T,
Jg1L12e 238108 25 ] golgt AFHaH
A& $Y B9 FEMHOZ 4B HE o 72
o WA ARUE el AZF ANAEL o)

10fFol 4 85Fo.8 ZolEozH
7tk Ae B & gk

71&9 TZ2EE A 6mVoldHE A9AY
o g wol= mpdo] 29v-34vont, AHE HE
ZRATFZAME 29v~3,7ve] ko]Z vlNEAS 7144
"t} oz upzlo] AME olf-E AMHIE ity
AEL NAANEE EUo2ZRN A2 A EH o5
AL BP0 2987 Hol AA gz AN v}
Zlol F7stAl | olth AlEd o)A A} 71E9 »)
E Tz v 48mve] A4 uiRle] o dxg
AYE Haogr)

AlEHOIAATE &3] HaiA 71y HE
A FEE XL Zﬂ‘ﬁ‘-‘*]' M= H]E gRIFZE A
L3 AES £ ol &AM ALY W3l
nE < FAHsATY. R %ﬁ%ﬁl wstel fAL
% TESTE #17] 91814 Cellol 2= A7} 9= g
< 72 ¥gE F3 A3

A4 videl F73]

&}

L



22 DRAMS| HIE 2lel 2+ HEY LO|ZE FHAJS 2Z HE 297X 28 2
100 -
: —e—Casel
80 + —m--Case2
g 80
£
g \‘
‘% 60 *
50
O e e
2.9v 3.0V 3.1v 3.2v 3.3V 3.4V 3.5V 3.6V 3.7V
vDD
b =TI B WS B K P S B e s el =t o . Bk ‘ ; ‘
Fig. 11. Low voltage write / High voltage read. a8 15 Hok E HIE 2Il7=2 Metall HIEE2FIQ
ch AL
160
150 - —e—Caset " Fig. 15. Cross section of metall bit line that was a
- et proposed scheme.
;:”’ 130
g 120

? 110 +
100 +
90 St ot ¢ E e oo o o e

2.9v 3.0V 3.1v 3.2v 3.3V 3.4V 3.5V 3.6v 3.7V
voD

8 12 DY AT /A Eek 7

Fig. 12. High voitage write / Low voltage read.

3 %

[VDD-READ ] #4--=—4-——p-—m—t-———t l - |
T 28 16 Mot E H|E 2l Rl Metald ulE2tele
3.800v 1. ..|...PPPPPPP chey ARRI
3.700v  |].. -.|..pPPPPPPP . , o
3.600v I1....1....1.PPPPPPPPP Fig. 16. Cross section of metall bit line that was a
3,500y  ++-——+-  +PPPPPPPPPP
3.400v {[....]....PPPPPPPPPPP proposed scheme.,
3.300v I}....1... PPPPPPPPPPPP
3 ooy H 'ngggg;ggggggg 2138 7]£9 H|E glol7ze P RAME

. v - a A 7 b =
3.000v H—---wpppppprrjggggggg d13 I&e] HE 2ely-29] Planar D 4
2.900v ....|PPPPPPP [ o = = e E O =25
2.800v  |i....|PPPPPPPPPPPPPPP Y Ay Wsfol] B2 Noise54< 543 Shmoo 1
) o PPP - - -
SRRt atis s tatast gzolt, 2=9) 7tREe Celldl £mo) AAALS
2.000v 3.000v 4.000v _

(VDD-WRITE ] UEM I Al25e ¢lsue AdAdLs yehd Aoy

a7 13, 71E HlE alelTxe] MAMY Lo|x 54 Shmoo 2#jzef A “P'= Pass¥H & Hehdnh 542

Fig. 13. Shmoo graph of power noise characteristizs FE B AYAYL 209volA] Aol dHolg|& 21, 34v

that was a conventional scheme. olAom A 91w Bako] wAdHE AL HAF

[VDD-READ ] *#=-—-d--m-domo—t————t 3 9tk agl4E B =8l A A g HE gelTx
4.000v ++----+----+-PPPPPPPPP - .
3.900y ....|....\ePPPPPPPPP £ 7} Planar DRAMS] A9 A9 W3] wE Noise
3.800v .. ..PPPPPPPPPPP
3.700v ..|.~ PPPPPPPPPPPP Ee =3 TJalToe 7|Ee ZE £X)
3.600v ....|~ PPPPPPPPPPPPP 54% 54 Shmoo a#xeltt. 71E9 728 54
3.500v ++-—---+-PPPPPPPPPPPPPP 5 21133 ikels Z] 2l ] oro Al
3.400v  ||....|PPPPPPPPPPPPPPP b 2191354 W) uE W), AYHGE 29velA] Aol o
3.300 .. |PPPPPPPPPPPPPPP S
3.200v . |PPPPPPPPPPPPPPP olelE W 37voldolA EFo] HAd = AL Ho
3.100v ....|PPPPPPPPPPPPPPP = y
3,000y  ++--__+PPPPPPPPPPPPPPP £t} o] dab= 7€ HE gl FR H|EA] oF A
2.900v ....|PPPPPPPPPPPPPPP
[ cstsaattiassss AT =12l i BaALEn 106 e
2.700v R

LR e et UL LD TS ) =713 Ao
2.000v  3.000v  4.000v °© }_‘— Aeldt.
[VDD-WRITE ] olael g2 AEHolMAE B Y AIAY ko

I3 14, HeheEl vl EajeiT=e| MelMe wol= 4 ZE4S H2EZHE ol&dA HZES A7E B

Fig. 14. Shmoo graph of power noise characteristcs that W e HE FAL AZ OgE 29 FEujHes

was a proposed scheme.

(432)



20044 6% XS

4% HIE sl Pxe] DRAMC] 59 e
o= 74 WE selpzne oH0%0
B R PN

2915162 A HEHRIS 7
W P2 Aol

V.2 8

HE who]ZE ool MMLE A4 HE2IzH
2ol Fobol et HE Hzte AZY AN
of 98 AZY wolz: AW TAZ FHR 9
o B8l B oA Jl4d ASICERS o8 d T
g e QudE mEelol s AAHY wol=
of Aoksith. B =RAAE oldd Ao AL
A4 IS B0 344 S8 A HeA @ A2
A Y A2 FEE ASAT Ak T2
DRAM®] 414451310l 60mves] H ekl tfat o
= vhalo] 10%e14 A14E Ass Agich

f

A

“

S |

=8

[1] Yasunao Katayama, "TRENDS IN SEMICON

DUCTOR MEMORYS,” IEEE Micro 1997
pp.10-17

[2] Hoi-Jun Yoo, "DRAM Design,” IDEC pp.26-70,
1996

[3] Zhan Chen and Israel Koren, "Crosstalk Minimi
zation in Three-Layer HVH Channel Routing,”
IEEE Proceeding of the 1997 Workshop on De
fect and Fault-Tolerance in VLSI System, 1997
(4] John Poulton, "An Embedded DRAM for CMOS
ASICs,” Deparment of Computer Science Univer
sity of North Carolina at Chapel Hill
Kevin T.Tang and Eby G. Friedman, "Inter
connect Coupling Noise in CMOS VLSI Cir
cuits,” Department of Electrical and Computer
Engineering University of Rochester, 1999 pp.
48-53
[6] Jong-Shik Kim, Yu-Soo ChoiHoi-Jun Yoo, and
Kwang-Seok Seo,”A Low Noise Folded Bit-line
Sensing Architecture for Multi-Gb DRAM with
Ultra High Density 6F2 Cell,” Seoul National
Urniversity
[7]1 Wingyu Leung, Fu-Chich HsuMark-Eric Jones,
"The Ideal SoC Memory:1T-SRAM,” Mosys Inc
Kevin M. Lepak, Irwan Luwandiand Lei He,
"Simultaneous Shield Insertion and Net Ordering
under Explicit RLC Noise Constraint,” DAC

[5]

(8]

a5=

(433)

=X M 41 & SDH X 6 &

23

2001, June 18-22,2001

[9] J.AMandelman, "Challenges and future directions
for the scaling of dynamic random-access me
mory(DRAM),"IBM ]J. RES.& DEV. VOL.46
NO.2/3 March/may 2002 pp.187-212

[10]Jong-Woo Park, "Performance Characteristics of
SOI DRAM for Low-Power Application,” IEEE
International ~ Solid-State  Circuits  Conference
1999



24 DRAMS| HIE 201 7t HEY LO|Z& 238 2F H|E 203z 23+ 9
— X A 2 N
2% HAHID) = 4 5H3Y)

AxE e A £9.
2002 FHUstE FRFANFSI HA 4.
2004d RIS Hx-F e} uhAl A8t
<F#4) E ok Embedded Memory A7), Emedded
MCU A A>

1993d 5o gta

IR RN EE)
19884 7% )5t
1999d F &gt u
20034 F5jeti
<FRRR 1%

AAFES A} B4,
ARENTGR Hib 2,
AL 29,

Embedded MCU 3|2 A A>

AxF 8} AL &Y.

1989 T4 g MxFE AL &4,

1992 T3 U HAxFE dAl &4,

19793 ~1986\d FA4AF TV A4 AddT4.

19923 ~dA FEUegn T FrEA
gk R

<FHAEE VLSI Alz=g AA, BAA2"9E&

LSI /A, g wfolaz 2 A AA>

1977d B Hdi st



