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71 &zbe] ke AR 7194224 cathode
ray tubed] 71942}, magnetic core 7] 4AAE AH
monolitic ¥FEA] 7194 R o]o)Act Hlx A 7|4
A+ planar bipolar transistorg o] &3 7|94 A7 A

74 Hdod, n3A Jq4xy Jxg =g
£ MOS DRAM¢®] #Ajql Intele] 1Kb DRAM(1971
)2l Aol
ok 209 ol 1990Wel: 4M DRAMe| okabs
16M DRAMS] At glg 7} o] Fxglon, o= o 1
abfe] Az FrhgE dujgch 4714 e
DRAMS| 2A#HE 4, AA, AFY 71€d &4
# A SHolA 1A} Foz AGE o
B aA g},
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Alvin Toffler} 9] *32} Future Shock, The Third
Wave, Power Shift 5ol 4 Za3 A uo Ao &z
olu] 4 gles Fuel d& A Adslz ek
2247 BEA AFS o4& A BYLF
oza @A m2A $2 A A5t Hejrln o
ot 2333 wk=4d DRAME ARl ny sl
A4 RFozHA 7bg E A4 (AA dEA A3 11
%)& AANL gom 1 Ade A% A7l d29
ok =3 AlF Alke]l LES) Ho] dfF Aako] Lol
2§53 A4 Y AFGEA A FgE T
JEE7 Fohe Aol 2 B4ol2 ¥ 4 YUtk

71 & o] WebkalE ¥ vacuum tube decimal reg-
isters2 ¥ 2] 3le] Murcury delay lines, cathode
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ray tube memory, drum storage memory 5<% AA ¥
a7 e 719429l magnetic core memory & 4t
A5t 2% 19684 bipolar semiconductor memory
b AEglen, nAA s]qazte] &A)9l MOS
DRAME 1971 PMOSE ¢]€3F 1Kb DRAM(Intel
1103)o]¢dcd. MOS DRAMYE] cell WA #A4-S 973}
w 6T2C(6 transistor + 2 capacitor) cell2 Zt3}od
4AT2C cell, 3T1C cell(Intel, 1971)& AA 1TIC cell
(Intel, 1972)2} 1Kb DRAMY AE3z WA sl
2% 19734 4K NMOS DRAMe] 43812 1xige
o o)% o) 3okt aule) YAE S5 ARG o
F4% A4 =9 F7bE 1970dd o & litho-
graphy 71& % Z37]43} design toole] o] 7]al
3 Aoz vl 3y MFS(minimum feature size) 9
~30% shrinkE 7}57 dtdoy 2w 4L Ay
3™ 27|19 contact printing 7]&EX€ 70 2o
projection printing 7|&9 A3} Slalzl 5X stepper
o 28 2z 399 webdsie)l lense] A7,
19904 excimer stepper®] Z#o| 27¢]t}h. Etching
7% =3 wet etching© 2 %-¥ dry etching, RIE, ME
-RIE, ECR eicher2¢] we wAS 7}z g}l Thin
filmo] A=  solid/wet source diffusion®. ZXE im-
plantere] %3d, CVD(chemical vapor deposition)
technique®l &3} evaporation® Z5¥ sputtering
technique®] WA, BPSG 9 SOG planarization tech-
niqued] A = ukE A 419 1A sl ©Be 7|
of & 3¢t} Double poly process”} A1¥gl A-& 1976
d 16K DRAM3} &g en] 5V-E DRAMeo] A 39l
A2 19801 64K DRAMolA et A4 Z2doA =
19741 address multiplexed 4K DRAMo] £ 75} o]
353} 59lem 19773+ on-chip bias generator7}

T =
A= 3



2 19924 57 WY TBGE 5 19 & 5 3

2053 19810+ multi-stage sense amp.$} self

refreshing DRAMo| Z75]o] 22 WAL o] &3l9 ).

Triple poly DRAM& CMOS DRAMz} 37 1983
(64K, 256K DRAM)o] A& A/M=gln 1984
trench DRAM cello] sfjutziolony, 198590E A
stack capacitor cell#} DDD(double diffused drain)ej
o]o] LDD(lightly doped drain)7} sj&ls}7] A)2}batgdc}.

L PO R 1T1C cell o|%¢ DRAM wAzA-L
Ao 2us) 37, 47, A% 144 SRl x
Han goza AUE dad L1d o

DRAM 7Ht
‘A5t 1986”1%*31 A kA DRAME =7}

2 A% AAE A9 9
o AZlA olo 2wd AFF she} o] BEA 4
49 1Y¥shA4, DRAMS $5s 2355 714 2
Al A4 (1991 Data Quest AA k=) A Ao 11%) 3
A4 A4, AT EF4oz i A4
of golgt 3, ol <sjd BIH 44t 9 AY A4
o & RYARAE 4 2oz $A1E e ¥
239 o] §3o] ¥lmA Dol 44 27 Y
9 249 7% 445 ¢ 4 Y3teks 431 DRAM
of WEA 74P AAF 4TS Behe HolA

o
R

W2 Wed Agelgista s 2 44 9 A
A ARE B oo Aod J7s AT Aol Az
A ATz Qe voleh 2l A Agle I F
=3 Aol Yol memory Aol AHE F2 4%
dto] gov] olutx ZAIAE A|AA 2 AYSH
¢ 7t @ memoryd] YEEE AL L Aoz
ol 5

Talt memory FofollA SR o|FE
—"‘3_—:}?] A& 1980 A&} v]Fe wimaA AME
3lad By AE £ wfo] sel A AA
2 1980dc] YR njZof wla] A A A
(12% vs 3~5%)°] Algs|o] dL7|go] FA F§
£ A3 £ sigled, EAlEE Jgdel ©rAE o9
Brope Al Afo] $£A4E F AR H g
o| AL Azl Z2AY ¥ ZFI83 4FA parti-
cle controlz A4 4& AL o]Fsldn =3
AAA E& stack process®] 7§23 non-epi wafer
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(178 epi wafer AH8) AHgoz AzUke A7bol
A & Azeldh. dA JEd Ade F§, L&A
o) Haz) 4o} AL A A2 slump(1985~
1986)A] =] 71%¢ DRAM Al Aol A %Z3ed 43
& dEHol Sk AdRe gUdde ey A
g Fsbo] dheAl Aabgule Az oA $4 TS
= 4 itk A8 ukeA ] gAY AL FE 3L
A fFgor E57t sed AAE o7 A6 349
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DRAMS] 24

2. Z¥7|8 % X £H0A 2 DRAMS| wH

2+ 20099 Fob ¥whEA] memorys WAl AYALE
FoAA A FE5E Al geod, 53 oA
type2] dF=A| memoryF DRAME 7} mo aie
B gled 3 ol v bitsh AAel AR A,
deviced] AR} £2 A, Ago] 7usta Lo A
59 33 dEolch oloid AL 2% + UEIY
89159 shpe YollA] A A uie} o] 1T/1CY +
Zolry, 19724 4Kb DRAME AjFoz AZ71|
DRAM®] 7184 27} gla e,

DRAM¢| memory §3¢ of 3usich 4] A4
3718 ol%3l gon, chipe) WHE 4% o pack
age, 73v] Az o|f wifel 3 A 14we] F
7holl 23, AA 0 2 memory cell areat i A

W 1/2~1/32 Zojd b AS o 4 gek(ad 1),
1000 T T T T — T T T j
E i !
S |
=3
=
: f ; }
10 1 L L L ! 1 i
64K 256K ™M ™ 16M  64M  256M
Chip Density
(a)
1000 . . . !
64K
1 3 E 256K 3
E‘ i ™
S b 4
s f M
3 i 16M
$ 64M
1 B h
f fzssM
0.1 L L L L
1975 1980 1985 1990 1995 2000
FIAAAZ(DE)
(b)

18| 1. DRAMS] AA o) w& chip area(a)® cell
area(b) 2] ¥z}
Chip areat 7+ Aldi=jc} 14818 27}, cell
areaw 1/2-1/39) Holc

= =
45

st A 3

Chip 9 cell area® %0]7] 9§ A=+ photolitho-
graphy®l 7]%# celle] F2A7o g2 AAdL ol F
stgiom, DRAMe A=#d 7&& =4
“technology driver’¢] <3&-% gllslx 2 3}gich =3
DRAM®] 7]% 0] technology drivere] 138 wrls}
4E ol§E drlau A, WAL T2 ool
B 937 A B 44T 4 Uz, A,
DRAMSY| 4§l vz 3kL logic deviceS ¥.ch
Ay w2 A A 4 9)ov(test vehicled] Az o
test® 2138 designg logic circuit ®o} 4 44 ¢
4 Sich) Alsl, DRAMS| A4k Feko] Bonz de
vice process®] 7Zgo] ¥l w2 A oA + Sl
R Sojg

DRAMe] bit® 7bA4L& 1970ddlE 7)Foz 1/
60002 7}Aslgl=d], o83 7442 foloz = MFS
(minimum feature size) ] 7}4, MOS transistorg =
£, process®} designe} WA, process #u|e] WA EL
F e, Sl A odFd vie} 7ol MOS DRAM
19703 PMOS process& o3t 3 transistor
TFz22 Azsgled, 1T/1C Fz=2 dasgda =
719} 64K DRAMY] F=7t4 Si0, 5 ©}-&3 capacitor
F27b ol gsigion AdAHe £33 s A
Hi-C® 27} Ak $& ddolA] Be gael
capacitance® 337 UG At Adslol F7¢)
64K DRAM =% 256M DRAMolAE SiN,-Si0,9]
sandwitch 727} $tAslo] xZo] oj21 ). 4M
DRAMoll A 2 g 3a1Y +& Z, stacko]i} trench
27} 5341 AdagEd, 2 olfE 231l
B s} 2o| cell areas}t Zo}A planar structure o

13 L3 AN -EAE Fusty] oHYF
w]-Fo|t}. =3 access timed Fo|7] Y3 Az IM
DRAMoA 2 E silicided] £¢& &AFom, o
& double-level metale] %<jo] 4A&3 =o] higher
density DRAMS| 7901 ol Abgo] 443 o]
olch. DRAMY) process % technologyole] =t A
A2 CMOS processe] #-2oldl 1970 % Ao
NMOS process?] E3A4-L Zof "gon o o]f&
A 38l power dissipation®l] AH=E w2 A 31 den-
sity & Z71A1A ok §7] ofFo]ch. CMOS technology+
sk A 4%, fAqle] 7+4 3k, noise marging] &
¥, SER(self error rate)9] 7r4, higher density
array’} 758tk AM~16M DRAMS A|Hojd:
3D cell +2¥ 439l Ao g AFsglor stacko]
v} tranch® AR&-gF B¢ AT Azsl wtEs s glope

o
we e
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=3
o
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olg]dt dT5L 64M, 256M DRAMS] 7% ol % 714
3 5|3 glou, processd] 7HeA H AAHY So]
A 1245 9]-% o charge storaged] AY & 1T/1C +
Zol| 895 AVEe FH=s Yo olHE AHE T
23517 AF A2 A7} AFsn glovteld A
g3l ol27] SlaE Be A4 % A7 s
o), 64M~256M DRAM] #$%5 1T/IC celle] A
Z, “charge storage” 49 Fz7} AL 4
Zto] A o]}, o] Fol| A% charge storee] 7|3}

1

AN AFAA AEdel R LAY F= Y
scaling lawoll A 3ste] ¢o 29 DRAMS Al gk

€ &3l Eoh

Cell 725 233} 317 YA+ cell designe] H3-
£ oldidle Ho] oi¢ F23 =, okl Ao] cell de-
sign®] 712§ o|d|st 7 F27 Aot

Cs
+Cs

AV
1+y

olw], y = Cy/Cs AV, : sense amp.2] sensitivity,
AV : storage cap.?] ¢ voltage z}o]i, bit line
L “9”, “1”¢] %7} voltage® pre charge o] 3}
744l o] ollE 2454 cell &l
go A HE a o SER(soft error rate),
Cell plate voltage % word, bit line$] swingell &
noise margino] & A,
A9 access timeo] Weldl FAZ wE A3}ol 5
(charge transfer) % & paracitic R.C delay,
Process®] 7t 3} 4 okAab4
e A1zl Ao e riskE Z2E A,
4 9 goirt ol ¥ A,
Technology driver9] 4& &,

Bole] A4 Fo| o3k

Sense amp.8] F+Z+ YukH o 2 cross-coupled flip
flope] T+2& zZted e A4 U+ sensitivity
+ 100~150mV(1~16M DRAM)o| %} oo quarter mi-
cron®. 2 process #9-& w9 maximum sensitivity+
15~50mV AE 2 o&= 3 9o},

=3 16M DRAM ol 49 74 Wi7et 3125 A
L5 9 3.0~3.3VE Al A4 FHE
Z3teked ol| “0”, “179 Ask zpol& 2~3 Volt A
oli, wetd AVs=2 Volt A=xo|r}. AV,, =50
~150mV FE=5 7}gstd y = Cy/Cs? o] FA
o). dA7tx] x5 DRAMY #A$ Cy = 250~500fF

SRAM= logic %

=
—_
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19924¢ 5 ETFI2EaE # 198 F 5 %

Aol o)A 2RE Cg=25~50fF AE7 Hdoix
2, Qc=Cs+ AV =50~100fC A=o]z SERE 2
3 Q¢ = 50~150fC A =o]r}h.

Leakage current®] £w& u#dd F3 leakage
path® P-N Junction?] leakage, dielectric®] leakage,
pass transistor®] leakagedl d], ¥utq o2 refresh=
20% A= leakage o Aol o] Fojz o} sfmz

[L 1 =02 Q¢ (2)

o4} 1M DRAMS 7% rx = 8ms, Qc = 10° electron
o] AL I n.=4PA Axo|t}. 222 F7]1Z refresh
7} o} %] A7) YA+ 4M, 16M, 256M DRAMY
7S 7z47+ 16, 64, 128ms 379 refresh7} 9 83w
50~150fC2] storage charges Z}AHS o 64M,
256M DRAMS # % 27 il = 0.15~047PA,
Iimax = 0.08~0.24PA 0)3}9] leakage current7} Z2
o} gheh, 29 247} operation voltage7} Folxl=
2 storage voltage®) AYAE dhopd I....° %=
gtsts] . Qlx]wk ONO layerg WA g M2
Ao AL FhsAol A dFsln =t Capac
itor dielectrico] Z+olof st EAEL dAGH, §4
A4zt an, A ArAHdAE e F4 AR
EXNL 7on, defect densitys} Fo A, & FAA
2 EAo] Blx 9% process compatibilityE Ztojof
3} A& Ze EHolojof drh FHIToE
64M % 256M DRAMSY capacitor dielectric £3 24
ferroelectric £49 A4 7154l ddlAE AEE T
Qe 2 ZF7}%] capacitor dielectrice. & dAF Xu¥
EA28E Ta 0 Al0,-Ta, 0, Y04, (Bay
Sri-x) TIOS™ Fof glont, & A4 2 A/H &
¢ fa4% of A7k Fastetn 47,

Pass transistor?] 7% 32 DRAMS FA& 7t
& o] A< 50nsecd device speed7} 7= ¢on
writed 7% 2nsecd] A|7te] 8"y A A
lon =Q./Ten = (50 ~150fC) / 2nsec = 25~ 75 A 9
current7} 283tch Ly =W = 0.3um, T,, = 804,
Vo =05VY 2% [4.,>1500A A X ZM pass tran-
sistor9] operation-& 2 Feojj7} =z ¢}

23 20 16MAA9) el £¢ Aelshn ol el
7)1 z3te] 64M o 256Me] dizle]l E& oS35l

T dEo4 2¥ = 64M DRAMS] Ao &2
A9(% 1, ¥ 2) A Ao|ZE dizk 10 X 20mm*e] =
710l 50 ~60% o cell efficiancy 2 7} Ast4 cell

0
s

T ulo
Z]_,_ W
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64K
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E } 16M ]
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FAARA (D E)

38 2. A A4 75 7)oz ste] 7} device ¥
design ruled] A|A]H ol 24

sizer o 1.35 ~ 1.62um*A ol 10% =49 #|24)
of AF9 7$ 162mm*(9 X 18)9] 277} bl
7A$olch olmle cell size:r oz} 1.2um*E ZAHch
Capacitor ¢ dielectric t,, = 5nm¢l #$ C,=7F/

pm? olm 2 30~ 50fFe] £3& #u3dy] YalAe
A, =43 ~T71um® Yol #rso} At A 144
64M DRAMS} 73 Hitachi#}9] Ta,0; dielectricS A
geta A BE A7k NO 2& ONO 72% 24
3la glom webA AsiAel A aread A7] Yt o
Bohd Bael 29 O, ag o) F2E
HA4 Y Aol 2B e F2L Aa)
e 2 Azl Yaston AAHs A 240 64M
DRAM®] 739 cell area A, = 1.2um?29] 7ol
ONO +z7} oyl 2§ dielectric 529 &Fdo] 7]
sy 53 256M DRAMSE| 7% chip area”} 64M
DRAMe| wjsf 148 F7hsbe AE 7HAshd® 11.8
X 23.6 = 278.5 mm*E oA 4 9o cell efficien
cy 60%2 7% cell size A, = 0.65:m% 2nd genera-
tiond #$ A, =2256mm* AEE AT 4 g1
A, =052um? AHxolrh. 1991 IEDMoA Htd s
IBM¢] 256M DRAMS 93 sjsjA|e] F=o4] 0.25
X 0.4um®e] F7o] 115mm Zol9 trench(t,, =
8nm)7} X5 gE vl 10pm o] AHY] trench& 3 A3}

H 119913 =7tA] %2 Journalo] W% % 64M DRAMS technology % 5% parameter

1991. 12. 6. (Fri.)

Feature Hitachi Siemens Toshiba Fujitsu Mitsubishi Matsushita
MFS 0.3 0.4 0.3 0.4 0.4
(um) (DWEB) (G-line NA=0.55) | (KrF Excimer) |(i-Line Phase-ShiftNA=05) (i-Line) (KrF Excimer)

Chip Size 197.53 183.21 176.38 224.72 233.75 234.36
(mm?) (20.08x9.74) (19.7x9.3) (19.7x9.22) (19.94x11.27) (18.7x12.5) (21.60x10.85)

Cell Size 1.28 1.62 18 1.7 20
(ymn?) (1.6x0.8) (1.8x09) (17x0.9) (1.8x1.0) (L7x10) (2.0x1.0)
Cell Type Stack Stacked-Trench Stacked-Trench Stack Stack Stack
Crown-Shape (5¢m) Asymmetrical STT(35m) |Fin-Shape(2fins)|  Dual-Cell Plate Tummel-Shape
C,(fF) 44 35 32 30 35
Tracns) 50 40 33(3.3V)/40(3V) 40(3.3V) 45(3V) 50(3.3V)
Organization X4 - X1/x4 x1/x4/x8 x1/%x4 x 16
Pur. Suppy(V) 15~36 3.3(Vap=-1) 3.3(Vgp=-15) 3.3 3.3
Op. Curent(mA) || 29~35(180ns) - 90(90ns) 80(120ns) 160(120ns) 130(95ns)
Stand-By(mA) 1 - - 0.2 1.0
Refresh 8192(64ms) - 8192 8192(128ms) 4096 (64ms) 4096
Redundancy ~ - I-REM)/I-C(2M) | 2-R/2-C(2M) 128-R/32-C -
Well/Tech. Triple-Well CMOS | Twin-Well CMOS Triple-Well CMOS CMOS Twin-Well CMOS Twin-Well CMOS
Topology 1-W Polycide 2-ALP-Sub | 1-Ti Polycide 2-ALP-Sub | 2-Mo Polycide 2-ALN-8ub | 2-A1,N-Sub 2-Al 1-W Pelycide 2-A1
Gate Ox.(nm) 6.5 10 - 12 12
Tr.(Ly/ Lp)(sm) 0.5/0.6(Peri.) 0.4/0.4 0.5/0.7(Peri.) - 0.4/0.5 0.6/0.8(Peri.)
Dielectric(nm) 2.8(Ta,05) 5(2/4/1.5) 5 5 7
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E 2. 92 64M DRAM | 3= A= 3 9l photolithography ] o

(Nikkei Microdevices, 199141 5€ %)

NEC Toshiba Hitachi Fujitsu
64M DRAM
14= 24 <) 1A 241 LA o 24| o LA 24
Design- Rule/Chip=1
sign- Rule/ChIpA 5 /10x20| 0.3/0x8 |037/10x20[0.32/9x 18 038/10x 20| 0.3/9x18 [0.35/10x20 | 0.3/9x18
(gm)  (mm?)
Photolithography R . KrF, o, o
ATy KrF KrF 1, 94 Shift | i, 914 Shift KrF £ A Shift | b A Shift | 1, 944 Shift
AdrE _ o . 4 o] .
gy | WS | 94 S| KiF KeF |5, 94 Shift | i94 Shit | KeF | KiF,
4 Shift
Mitsubish Oki Matsushita Sony
64M DRAM
14 = 244 14 24|} LA = 24 o 141 24 df
Design Rule/Chip= &
sign Rule/Chip 035/2 | 03/2 | 035/230 | 0.3/190 [034/95x19] 0.3/9x18 | 0.35/200 | 0.3/160
(¢m) (mn?)
Photolithography . i . . . )
, 1,94 Shift | 1,914 Shift | 1, 94F Shift | 1, 4} Shift KrF KrF KrF KrF
AlFR
AdsE _ ol ol .
. KeF K, KrF KeF | 94 Shift [i, 914+ Shift| i 94Shift | KrF,
A58 , _
S Shift 914 Shift
I w33} process7t oA 5o A AL 1 ) ——
Z& A= ujA 4ol o ™
#Z DRAMY] 241§ v 19929 £A4Hoz 53 tov
—_ 16Mb
=l noiebook3 & %3 super low power DRAM % £ o i
19924 Aol EAdez SAuedn dag: z o s
LOC(lead on chip)ell B1% 300 mil packagee] 16M 8 s oo |
DRAM % A2¥ W¥& golstx YUt =4 DRAM = =AY
A4 Aze A Edoz: A 7L ol % o
g ulg A7 A% % & cut down o SR,
wide-bit ¥, AAstst 5 wpoksz Al 29 WHe R A I R A A

A7t stz ek w@ & 20] A st 2ol
photolithography ] 7|€% KrF eximer laser, [ line +
A4 shift, KeF + 94 shift 5 64M, 256M DRAM
o 4de A AFAA o] &g slErd o
% o] gAHQ xPr)Eo] L7, A =53 girt
Fuiee] AL bl AYS Asry 27 34 ¥ 3
3} 7}, ok A B 4M, 16M, 64M, 256M2l 7
£, U7t 27 1990, 93, 96, 99 AL B o =5

a8 3. 3 iy oA A

o, 9] 7% 1989, 91-92, 94, 96-97 A= Zchi
density’t ¥old 4% ARt A%s: AL ¥
& gk o] olfE AA4HA FA4E Aol HA, 7
% 3% 2918 Aulel $34 8 AY v1F] A2 &

Qo] shviet Az
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DRAMS| HbAd whakst A=t

B 3 AM~1G7HA8) A 24 % b4 AR, Ao A4 AR5E A3
(Semiconducter International Jan. 1992)

198311984 | 1985{1986 | 1987 | 198811989 | 1990] 19911992] 199311994 1995] 1996 | 1997 | 1998 | 1999 2000|2001 2002] 2003} 2004 § 2005 2006{ 2007 | 2008 2009
New tool selection
| = 1
DRAM II\Ion-DIRAMI
. Process devellopment/improvement \ ,
LI T T 1
‘ DRAM Non-DRAM
]
AMb Baseline Customer Volume ’Peak Peak
0. 8um) Process qualification production production|  production
— — —i | e | o |
DRAM DRAM DRAM  |DRA Non-DRAM
| Newltool select'ion
1 ¥
DRAM Non-DRAM
3rocelss deyelopment/improvement s 1
li)RAl\il " Non-DRAM
16Mb Baseline Customer Volume Peak Peak
0. 5m) Process qualification production production production
— — — e °
DRAM DRAM DRA DRA Non-DRAM
I
ew tool selection
: P )
DRAM Non-DRAM
Procesls development/improvement
b t f--F--t--1-4
' DRIAM on-[l)RAM
64Mb Baseline Customer Volume Peak Peak
(0. 354m) Process  qualification production production production
—i | — — . .
[l)RA DRAM DRAM DRA Non-DRAM
I l
New lu)ol sielection
DRAM Non-DRAM
Prolcess development/improvement‘ i
DfiAM ' Non-DRAM
256Mb Baseline Customer Volume Peak Peak
0. 25m) Process qualification production  production production
— — — [} °
DRAM DFEAM DRAM DRAM Non-DRAM
|
New tool selection
| 0 Y S
DRAM i\]on—?RAMl
Process development/improvement
s : b dey
DRAM lNon-llJRA}v
|
1Gb Baseline Customer Volume Peak Peak '
(0. 151m) Process qualification production production | production
— — — | @} | ®
DRAM DRAM DRAM DRAM  Non-DRAM
19831984 {1985 [ 1986 | 19871988 | 1989|1990 [ 19911992 1993 1 1994] 1995 | 1996 | 1997 | 1998119991 2000] 2001| 2002 | 2003 | 2004 | 2005} 2006 | 2007 2008 | 2009
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3. A 00N 2 DRAM &N Higf

DRAM-& 22 cell capacitortjol] AA3 oo]els-
A3 3 Sk} A3AAG A2ee] FE A2
olgt AZA4% + Utk ol JAA wlgtrd E 4
o 28 4elA & 4 9l w9} 3ol 16K DRAM +
ST cellst FAAE 5T 29X 2¢o2
AAdGebe DCASl BhFo] 3ol A3
£ AU 12V cgelsh] el oo A4
charge7t &3 AA AA FAo| 5+ LJeFL
Ao HAL Foln AYLEE 7247 o “d«l 7
dol ot Address AlZE 2312 ol e
address ®RlgE ZAAIAA WAL L=
address multiplexing®] | A&7} dynamic circuitg A}
Lot A 224HE a7 Walo] FAHE )

# 5 it

E 4. DRAM 3)27]49 Awada)

Density| Vi Memory Circuit Technique
1 - > 3MOS » Differential Sense
4K |12V » Address Multiplex

16K {12V | 1MOS » Dynamic Amplifier

» Dynamic Driver

« Folded Dataline
rchitecture

» Word Boost
» VBB Generator

» Shared Amplifier
+ Al Shunted Wordline
» Redundancy

+ CMOS Periphery

» Half Vce Precharge
+ Divided Dataline

« Shared 1/0

+ Multibit Testing

« BiCMOS DRAM

64K | 5V 1MOS

256K | 5V Double Poly

IM | 5V

Stacked Capacitor
Trench Capacitor

« Voltage Limiter

16M | 5V » Transposed Dataline

ol 3 AYAo] 5V olAz 4zl A71E Fo
Eo] cello] AAEE charger} 7t2sodeh =3 cell
47t FoVet ] whitoll o] A= ujekd dlo[El Al
3 & S/Nratio?} £25 3l 23d 5 e AY &
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A 24 715 celld charged A W¥9 7% A&
5 WAAAHA FE3FE sense amp.9t bit line/
word line 474 #A 3}, 24A sl @& LA+ F7}
dE RALEe F7 AEE dn seA SR8t
AzvlAy n&slzel AAsE ol Cello] A%
F|+= chargex 23 50|49} o] data lineol| capaci-
tive couplinge] &3] %715+ noise, storage nodeol] A
9] leakage charge 2 g-rayoll 9§ charge £4& =
% 4 d& marging 7HHopat doh EE cell ca-
pacitance Cs& F7}siA charged F714)7]+ whdlo]
A4 AHAR B35} 5le Aolw o] A9 stacked
capacitor cell#} trench capacitor cell & o] & &3
3} stacked-trench capacitor cell®) 334 Fz7} |
Ha orh. olo] s 28 foll4] HFo] devicer}
scaling down o] % cell capacitance & 40fF A%
9 271z dAA FAs = RE ¢ 4+ Aok Device
73e] A=xs FolAo] ulz} bit-linez} word linezte)
couplingel] 98 noiser} AA ZF8351A Y} o] &
2237 9% F27} 64K DRAMe) =457 A%
gl folded bit line FZo|c}t), 28 7& open bit line
TZ9 folded bit line FZo tig AMd=eo]ct Open
bit line-2 sense amp.o] 3745 bit line#} bit lineo] 7
% g 4718 4o $olA o} word lineste]
coupling Aste] Z7] oh& 471 Qloh o]e] ul3ly
folded bit line ®}4joll4]& bit linex} bit lineo] %<3k
coupling capacitance g2 7} 0 2.2 noise AH4 &35
7F 9} 2-& noise wto| #7185+ AA ol Qlrh
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256K ¥ 1M DRAMS Ajdlo] dz] A4sdd
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N ratio® Z7H4|7led & 719& dgich. AARs} 2
7hgtoll whet 5 bit lineo]] wlo)ebg Aofo} dHe cell
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4 MEMORY CELL P-sus

OPEN DATA LINE (NOISE DUE TO V-V >35mV)

FOLDED DATA LINE (NOISE CANCELLATION < 5 mvV)

33 7. Open bit line#t4) 3} folded bit line ¥H4) ]

A=

Y :Y DECODER

(b)

2] 8. Shared sense amp.2} multi divided bit line
B4 AdE

o] A7t F7hete] bit lined) Zolx AojA 1 pass
transistor?] drains#e] A 3to] Z7}3le parasitic ca-
pacitance®. A4 Z7}4lt}. Sense amp.ol|4] sensing|
+ A2 cell charges bit line capacitance® o]
A QdojAeul ¢ dFd ulek 7ol bit line cap.o]
%7}k 2 sensing voltage”} Z+43lod S/N ratios} 2t
3tect ol & WAl iAl bit lined o2 AR Yo
capacitances 7}4 3} ©] bit lineS 2 sl EY3
sense amp.& FF3leE 3l ulyo| shared sense
amp. %A 2 multi divided bit line W4 0.2 =2 8o}
vie} 2let. Word line#}t bit line A}e] % olu)z} bit
lines} bit line Abole) Azl Mzt FHHA ole] o
noise7} 16M DRAMY-H EA|A o 2 o) 557 A 23}
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16Mb amb
v
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N
(=]
T

NOISE / SIGNAL (%)
-
[~]

3 4 5 6 7 8
DATA-LINE PAIR PITCH dy (pm}

gl 9. Data-line7} 7b43H8 9 transposed data line
o] Fzol 93 o2 oA

A olF FE3E= uwhAo] 23 9ol4 ®<] trans-
posed bit line FZo]t}*], §,& celloj4] bit lineo &
dlolet7h A" wf LA noiseolw] §,%& signal am-
plification Fol] A3+ noiseolt}d. 3pme) bit line
pitch® 714 o} ok 1/4 7}2ko] cell Al 37} noiseol] &
a 7+4 28 o 4 9ok 3kA)ul transposed bit line Bt
Ag A3y noisel M2 AHAAAN FLAA &
oL o];}

DRAMS®] AAx 7} Zr}3to)] ge} A £n% Z7)
A wfadol el o] AL 1 1001]/‘19} 7ol £ 32 9f
A% 1,9 memory array % 28 Ftol 7)9ld A
oleh. Ip9] 7l decoder 7)&—’.‘— o A ez Fot
ol @& Zo|m 1,8 F7}& bit line capacitance mCp
o F7t wlgolch o] F &AL oz s AYA
o Vecd 2t4ste whalel 98 4 9low w329
74+ CMOSE #H&sle AFS 2A£A91E wabe &
F Aok LiE Zaadle ohﬁ % 2 10044 2
of Ia =mCyVy / trcmin®l mCp% Vpg 7
ZA171E kol gloh °‘17]H me § word lineo] 9
A9 EQAAEY 4oy Cp¥ bit line capacitance,
Vot bit line precharge AL, tremind H4 refresh
cycle timeo|c}. wabAl 3 refresh cycle Fof m79
cellge] FAloll refresh 5w} of Fao] nyl HlE-5lo
oF AA| Ao| refreshZ e}, tremin = Btier/n 2.2 ¥
AFBZ o] ge FAINA FA%H, & 2 LA
L toE 2002 2 F4lol ng 2402 S} array
size7} 2v7} slo|% power consumption& 37} gl
ot 35k 4M DRAM ojAbel & pE 2A st =
AA cell& refresh A7]& ©l £85%= A]7ko] Zo]A
=% 3t [hF 2taA) gl e 4o AHE T gleh( 2

>ln

11). C, &
bit line-%- 0131 ME Y
v Voo ik o3 aJﬂ‘%}i 74344} 7]
limiter ®¥ voltage converter?)& A}&3s)n] =3}
precharge Htg Vo/22 3] VpE wto® Fol&
shoto] 1 sjel g3 g},

I
rlr

n‘.
_&
mlo

ox

N

2

rir o

Vee Vo
1, [ Iy xmc VD’
| WORD LINE W,
ATA LINE
PERI g
ARRAY
m —

Power Reduction
+ Lower Vecc
» Lower I, : CMOS
» Lowerl, .
» mC, Reduction
* Reduce m : Increase n with const taepyaxn
» Reduce C,
Musti-divided data line
» V; Reduction
Half V¢ Precharge, Voltage Limiter

POWER DISSIPATION, P (W)

0 "
4K 16K 64K 256K ™ am 16M  64M

MEMORY CAPACITY (bit)

EERIEC P CRTE

4M DRAM o|32¢ oifslo] gog BAHoz
A" DRAMe e A g Ylods ns
Agol 7hsdte] ¥ AAete) H&o| AzHE “logi-
cal system”o| & A o|c}. 14 access modes} tho}s}
Al A4A4s]o] DRAM 3|20 349 accessH o] 9)oj
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DRAMS] H#HA

74 mode 327} Z7}=l9lch. Page modest 14
modele] #5& olFv Efel st
enhance nibble mode, static column mode%°] AH&¥
ot HZole wlE £55 7] HAE 259 clock
signalol 93] E2=l& synchronous DRAMo| | ¢ts]
i glep

o] 7219] read cycle operation2 EA|§F Aol 27 12
ol RAS, CASS 9 2E A&7} clockd 7|28 3
of JHE ez 10ns =9 4L AL 47 Yok In-
terfaced] 7|5 ¥7ste Aog+ X8, X9, X16 ¥
X 189] byte-wide =+ word-wide| /0 pind Z+
DRAME3 DRAM controllero| 4] 33}% refresh con-
trole& DRAMuol| E3H1| 7]+ auto-refresh =+ self-
refresh DRAME & 4 gl =8 130]] o] ot
block diagram$ 2.lch. o] DRAMelA& CAS7L
RAS ®c} #iA low® slo] CBR modes} ® & RAS
9] cycle timeo] 16ms o|Ate] =19 self-refresh mode
2 A5l CAS7} high?d =9 self-refreshol 4] wixi
oA He

o] oz FAY e} s wAY yieldE 4547
7] 93 redundancy circuit®] ==}z test times &
o] 7] 93t built-in self test HFo xLo]® A
DRAMolAlE #8388 37} 32 7e=A F% 2o
otk o] o Asj=E 256M DRAM =]+ 1G DRAM
9] 71%&oAt basic memoryd 7]5RtiE ojudl
smart CAD design toole|Y} computer #2] &5 %
functional test So| Az} A2 #7]2

nibble mode,

4. M= =00 2 DRAM A

DRAMo| A}£5]i= Bokt computer memory ol A5
¥l laser printer, HDTV(high definition TV) % A=z}
game7]7|o] o277 W& ddoz HAso skxn
et

DRAMY A¥ _O_iKIBI ubd 24 DRAMo| £A
qez 23 e d3Ad 54, 5 29, 2448
o o3 bit B7tE ‘SI% 4 ke Aol F43 po
table computer?] R o] =2 low voltage(battery
back-up)-& wlzele 48 Z7}, 4% personal com-
puter®] t} bit DRAM®] 48 = “downsizing” ¢} 34|
of W& EWSY 7% st 14 memoryd] 48 F
A5 sAel 2geld 1 524 Asnua Yo
Az WAl 2dg Anea 34 Ve YW £ Vs
9 Jdtel oz} DRAMY AA =+ A4 F713ld &

Aoz ook,

waps) A 11

N

SYNCHRONOUS RAM READ CYCLE ex 1
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ADDRESS
| I [N I I

|

18} 12. Synchronous DRAM®] read cycle$} timing

diagram
VBB Array Array Array Arvay
Generator Driver Driver{ | Driver | | Driver

I U]

T
| 10SC Control
: Binary Counters Sireuit

bt e et e s m - m e m -

Refresh Tlmer
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Control
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. 16mS
RAS : ./ \_/
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R A
Y/ A Y

- o

(b) Timing dagram

12| 13. Self-refresh® F&83d+ 3]29 block dia-
gram "% timing diagram

o7 DRAMY AF& W44+ H5l7] wigel stan-
dard spec.& atEA]7] & —iL g£8ko] DRAME %3}
ot se %350k & A 200459 DRAM Hofo]
A& DRAM Aabak v gbe bits A s &
29A20AE 1 DRAMo| 3o} AJ2®< AAZ
tbeb manufacturerzt A|A-2 2z dls =409l
utebd FAo] sl Foke AzFAolY LabAl

911 photolithography 7] ¢ el a2 4 di-
mension®] Z47} BAo ek 287 YAAE bit
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%9 @77t DRAMS| A3.57k 37l mhet 224
st ka9 8% Yol Aol Asdd By
Sohe ado) 29 BAA| Hek.

A% 9 Ao ool F¥e ARA 9= 224
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FE3 EA 76l olzEeh ol A 4M
DRAM A& 2717} 3 A9 IM DRAM #|#¢ 1
/2o AvtA Geves d& F44e EAE 4+
Aed HEAe] DRAM A|7e] A 23s|o] 7}
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2de 54¢ 49 237 48 AFuoe 979
Ao Wzt wE 53 AFo] 27HE A7
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i)

« Cache DRAM
¢ System Memory
« ASIC DRAM e Synchronous DRAM

Integration Application

DRAM

L |
Speed Power /0

Fast DRAM Low Voltage Supply Word/Byte Wide
Battery Back-Up (x8, x9, X16, X18)

* Puseudo SAAM
« Video DRAM

8 14, deksiA WH A= DRAMY F+#

DRAMY| AF EAF 714 $47 Ao T35
£u|AHAY Aolgh. BE A HAE costd yieldaE
Zdol|4] F83}xuk FulE-9] integrationo A =317
2 3t. DRAMe £39] F7l= 449 scaling
down®] ZA#e] ol 4x9 277} #old 4% trans-
conductance g, %73l F#4E(access time)&
74l dAat 64MF o] AFEH = goo Tl wWE
Zxo0|5o] 3¢ Z7}o] w2 interconnection delay?)
Z7te} ol 9% &% £AF A9 vk 27 15
ol ]9} 7to] access timeo] °of 50nsZ E 348 Ao
o A, 3}zak §2of et & DRAM &
Fol Ay}t ¥& 4vAHE 7IAWAE DRAME u&
o2 #old A9LEs 9len] BICMOS 3128 x|43ld
2 2435 Ard 45 ¥, DRAMY AA =
7} 2513 ol e} deviced] sizer} A& FAFHE FA
o1} power supply voltage® A& #3l7} 1] witol
device7l 78 ee AAY Arle A% Frtstd 47
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32| 15. Standard DRAM¢) 758

o Aol HojA e F9o AL wAZe} oo ¢
& A5 25 DRAMe] AA7L s o]ef 3}
v] # ¢ potable computer? EFo] w2 A 4HA
2 DRAMY] 2 F7} =& oo digh g 7144
713 et

ol Aol elme] §8ko] Fridtel wel multi-bit
datas YEH3}dE FE3 £ dlojetg: AAF 4 3L
Al 5k olo) wiel A3 personal computerdl] A+
ol %2 2 main memoryE thAlEgo 24 ALE9 7}
Hat A 7143 o A 4vlAbSE 228 401 QA
Heloh olHd 275 $E4)9]7] 93 4M DRAME
B Xx8, x16 bite] 3J%¥ pind zZ+= DRAMd| gt
A&o]l 9o 16MIE-E+E byte wide/word wided]
B|Fo| v & Fdi= elebe Autolch

= o2 Z oy 84E Azde ez
DRAM controllery] refresh controle] ehg #A7kA]

70 4 9l+ Pseudo SRAMo] 2% 3huto] th¥, Chipol
refresh A4 ping @dto] of pinoll YHH A3l
93} auto refresh =+ self refreshe} 7522 F3 3}
5% 3= 7oz 16K DRAM Alti¥ Sas4 )
o olzm k. =d FHAALe] DRAMo} 256K
DRAM A 38 BFEo] TV VIR-E¢ FiFO(first
-in-first-out) memory % ZAA &9 t} 7% dual
port memory o] FEsElo] Ao A aalgcH®,
1991d=t = 1992y %o} synchronous DRAM(S-
DRAM)elgls A2 ¢ A9 ZF37 Eos|x g
o] A|¥-& main clocke] Y& = vt X E Ud&d
control signal % data signalo] ] clockel| 7|&%¢ 5



DRAM®] 4 w3 Ao 13
FHAEE AAs]o] 10nsthe] 214 Fzke] y]d5 oJutsl s microprocessor® DRAM, cache SRAM
3 gon] 16M DRAMYE AFo| AR dAo|ch 1l DRAM controller& %9 Aol #AA3} g A28 3
FIRAE AFH A54 9 AFEBF olZHE o A% 4ol Uoh & RA 4FY w9 ol
£2 o2 A3 DRAM3}9 integrationo)] Qctz & DRAMS®| 4% 7} interconnection delayOl] 98] %35
7ol 19924 v]F ISSCC &3lolA] Axel cache o odnzle $3%E deoj4oz A Ha gle=
DRAM®13} system memory?®1& 7 o2 5 4 Qich 2 oxg 5% AA3) sln &9 aread] ofE A
Cache DRAML cache memory¢l SRAM3} main =< AAF slod bus sizeE: Fddlto] wE A AHY
memory?l DRAMS A%skslel 2 715¢ 243 & 4% 3715 s9n wob oo 2158 F7hahe Aol
el Fe EAHez: AA=Id SRAM3 Ao 7)EA ol etn A7k o] ¢ yields}
DRAM #}o| 9] bus line limitationo] A= 3lo] ¢js) < 45 WA Zo| FAZ dFHo| built-in-self repairz}
5o hitrated 2447 47 Atk TE board & A4S ASHE 5 yieldE Foldt xelel 93
QA% 22A 471 Yo A% costs ARY 4 o} AR ola TAZ dol ek £ S5
Acte FAH sl e AHLE 22 F4E &+ Ao AL design®] A testo] WAL Holth Main
r & 74 AFeZE 0.3um Aol Lutst g frame CPUol Z3txlo] 9l 10°-10"74 £x5&
getr Ao = “system memoryo] FHH}E A= 4 Aol A Aol AAH 2 Al5E %’%ﬁl
g system memoryE & 4 Ut 11719 4M DRAM, testgtels AL FESofat e & dolgt 3AA
6712 64K SRAM % 1-4¢] 18K gate array & 38.18 t}.
x50.5mm’ @ Aol A3} 3lsict. o|ed gl
E 5.
64M DRAM 256M DRAM 1G DRAM H] i
Aut &g A7) 1993~1994 1996~ 1997 1999~2000
kAL A2 A} 7] 1996~1997 1999~2000 2002~v2003.
Design Rule 0.35 0.25 0.15 MFS
(4m)
Gate Oxide Thk 100 70 50 T AHAAL Yo
Tox eq(A) t} 8} /Oxynitride 3}
Capacitor NO NO/Ta,0s/ Ta,0s
Aol upal 2HFAA LFAA
Tox eq(A) 45 30 20
Isolation Modifid Lo Trench Trench
Space(y) Cos/Trench 0.35 0.25 0.15
Planarization (BPSG & SOG) |(BPSG & DED DED : Dep Etch Dep
or & CMP) or (DED ? CMP : Chemical Mechanical Pol
(BPSG& DED) & SOG & CMP) ish
Contact W-Etchback or Selective-W or Al 0
Selective-W -Reflow(or CVD) ’
Metal Layer 2~3 3 3~4
Lithography [-Line+TLR DUV+PS+ TLR DUV : Deep U.V
(Annular) or or DUV+TLR PS . Phase Shift
I-Line+ Desire (Annular) TLR : Tri Level Resist

(355)
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AAZ W48 59, cell efficiency % A% ¥4 4
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ol A Ao syt shE e o Adse s)sAke
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DRAM# rambus DRAM So.8 A¥9 duisls} &
A3 = Aolrh. =3 DRAM technologyE o] &3t
system integration ZW% A7z 2 4 gl Loz y
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5ol 2 Holgt & 4 gledl FAY ALE of] Ax
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@2 =3 microprocessor Zol| A& F =& ulolrh
o] 2 5w 8038602 YE 80486°.29 Wile 71F9
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