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(Key Parameters)

Mega-bit¥ DRAM®] unit memory cell= one-tran-
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tor 447} capacitor G F o2 Fejsle] A 4
9t Cell capacitore AAH o2 AWE AAst
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A5z A=t} Memory celloll 4] storage capacitor
9] w7 (As), storage capacitance(Cs), bit-line ca-
pacitance (Cg), storage nodeol| 4] “ 0" Ale) o} “1” Ab
del WA (AVS) 53 2L coll Waoh HE An
Hql BAE o]Fx Uk Celld storage capacitan-
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retention time$- EU‘“ i on Aol AF (on)
7} A7t H =2 shodof memory 3 &% 2 atab
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number of bits(N), memory chip®l Z7](A,), cell®]
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pacitance (Cs), soft error rate (SER), sense amp. <
sensitivity (AVsa), total storage charge capacity (Qc)
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1) Total number of bits(N)

+ redundancy bitE& %33 DRAM chipbﬂg] -’E;—
bit 4ot} Redundancy: chip®] 48 (yield)-2
A|717] f5te] FAH dummy bit} 7 387} “é7]'
H F22 4 physical repair WH# error detection
and correction (EDC) 4 o] qlc}. EDC 32 &
Woll 7R ZHE 2% bit 1 ¢k 10% F7hska,
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256M bit DRAMol| A= & bit 4~ N7} Zbzh 7,38 % 107
2} 3,10x10° bits 7} e},

2) Chip(Die) size(Ad)

DRAMY] chip sizet AZFAe AAA (&
size, package, yield, /4 4] 4 redundancy A %)z =
A BAE FIA L Qlom, Aulel Yarlee W
22 A% Frlslel gkoh 70dd) 2719 oF 10mm?
sizedll 4] 1M bit DRAMol A& 45— 70mm* 2.2 4M
bit DRAMell A= 70— 120mm?2. 2 DRAM = Aot
L4x F7eted dA] AlgA= 5]z gl 16M DRAM
ol 4+ 130-160mm’® size7} |91t} 64M/256M DRAM
2] sizew A 83 AZ87= g oFH A=l wafer

size®] %7} A%, redundancy®] %7}, package?| A

wafer

g, g g FAAES T W o 7}
7} 150 - 200mm? 8} 200-280mm?°] © Aoz =3

ek
3) Cell size(Ac)

DRAM chip2 ZA| core cell array®} FH3I|Z
FELE ol 44 4 dod, of F ¥¥E
cell array W& 8] 2 array efficiency, 7 (p=N. Ac/

Ad)el g wl, p3k2 AE7A A4¥  DRAM
chipell = 0.4-0.6°1%0 vt Memory cell®] array
efficiency & 50% % 7} sts, HollA =A3F  chip
sizeS o834 cell sizex 27 Ac=1-1.36um?
(64M DRAM) 3} Ac=0.32-0. 46um’® (256M DRAM)
size? 249 o] o ZHeh,

4) Srorage capacitor®] =3 (As)

One-transistor DRAM cell +3&+ transistor, ca-
pacitor ¥ 4 A7 7] (isolation) 9§52 2 Y& 4
t}. o714 Y cell®] HA A storage capa-
citor #A¥]E roleltx ALsH, & r=As/Ac,
planar cell?] 739 r 32 18t} 2o v cello] stacko]
v} trench e8] 33487} o] Foixw 18} AHA
4 24t} 4M DRAMe|v} 16M DRAMe] HL£3 cell
T2 r3ke 747 1-4,2-5 F =0l ok w2k 64M/
256M DRAMell A& r3te 2-7 A=2 ol&d 4 3l
},

5) Storage capacitance (Cs) 9} bit-line capacitance

(Cs)

Storage capacitance Cst= DRAM cell®] charge
capacity (Qc) & ZA3}+= ¥4 2 4] storage capacitor
o 93, fAAS F18 % FAN A2 C

£ 3A st celld) WAL —‘21 /‘1 storage capa-
citor area®] WH-E WIAY nHAE UdE AR
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Z ) electric field Ey-> DRAM cell storage capa-
citorol] AR£ == Aodntule] Ao breakdown field=.
A] storage capacitor®) T wAHT Hd A}k
(Qs) & AlArsted F2381A 22°]+ parametere] o,
Eus F44¢ Al8lA, TDDB, leakage current5-%
13 223 gholojok dArh 24 Si0, el Eu
2 5 7MV/emo]¥, capacitord] = A3k
Qs =Qc/Ac= €ox. Ey=20fC/um’ ol tt. 7|4 eoxe
Si0. 9] A&l

7) Leakage (I) ¢ # ™} on-current (Ion)

Leakage A§-, I.& DRAM®| refresh time(rs) &
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8) Sense amp. 9 sensitivity (AVsa) 2} Cp/Cs
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+ sense amp. 2] sensitivity (AVsa:sense amp. 7} 7+
A 4 & 073 AR E TEde 24 A
2} ¢} bit-line capacitpnee, Cp} capacitor9] storage
capacitance, Cs At vl & ynus § 4 Utk A
4M bit DRAMe| Y} 16M DRAMol A AHE-E+= sense
amp. 8] AVsat 50mV o] 3% W E| 9l x| al, o 25
100-150mV HEolm, ymax=7-10 H=olt}. 64M
DRAM ol 43 noise, device, chip architecture %%
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¥ 1. Summary of projected parameters for 64Mb
and 256Mb DRAMs

Parameter 64Mb DRAM 256Mb DRAM
Chip Size (Ad) 150 — 200mm? 200 — 280mm*
Cell Size(Ac) 1.00-1.36um®  0.32-0.46um’
Total Storage Charge 50-150 fC 50-150 {C

of Capacitor (Qc)

Capacitor Area(As) 3.0-9.5um’ 0.64~3.2um*

As/Ac Ratio 2-7 2-7
0.3-0.40u#m 0.20-0.25¢m

*Minimum Feature

Size (F)
*The cell size is assumed to be 8F* — 12F*

¥ 10 2& parameterEol 4], AAlth DRAMoIA
2 75]%& storage charge density (Qs) @t 28 1l
A9} zro] E 4 Qe

64M DRAMol A= charge storage area (capacitor
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fC/um?olth, wle}x Si0, & FAHAZ ALY AL
Qsv 20fC/um*olm2 3z FZ9 memory cellE-
% o] sHAste] Si0rF ONO #babe ALg-3 64M
DRAM=} A 7l54-& BodFa ok =3 Qs7}
50fC/um’ & 7] Y= Ta,0s Wetolud, PZT
9peflln) Zhe pFAES 2E FAHAY Apge] B
sHog 97 =3 256M DRAMolME Asv}
As=0.64-3.2um’*| 22 QsE Qs=20-100fC/um?
et webd 24l DRAMolA AHE o 284

2

24 Si0, Y ONO #tetE 2= Qs7}t 50— 100£C/um?
o) mAS FHEFS AL 4 glon, of wetsg

HY 28T st
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g AsHez st 48AAck shol, o2l A
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oo} grk
T T T TTT T T
100 Qc=150fC
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Storage Capacitor Area (um?)

2% 1. 64M DRAMeIA 25|+ charge storage
density®} storage WA 72| A
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Toshiba, MissubishiAl 5-oll 4] = A]A| & el A3
stolem, '80d 59 Ful AR AT 16Mb
DRAMS| 4514 472 AAEE 25l A0 b

(315)

190 8A BFIHEHE H17% & 4 5%

Al

) 3lo)

2.
=2 1 v

a}7]ol] o] 27 cp "
A F7A w35 16Mb DRAMS F8 E4,

2 9 3471%

Al
maker 2 ¥ 2] AHelsl

e 0

o 2
o} Celld) Z7]¥€ 3.3-6.1um® AEol, design
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A v 4 9tk 24" DRAMES Fd317) 94
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3 glgels £73lx2, 4A 16Mb DRAMe| H&
% storage cellol]l Halxe & Wilst Qe o 4
Ak 2 olfr2e AzTA, AHA W cost Sol
At Aekg A me{sfiop 817 wFolc),

wal] A 2-E el el memory cell S AlA]
AL AHAE oA AFH At 2AE
chip A &) FA o] dai] AFE AES o] FolA
of et

87 NTT~7} IVEC (isolation merged vertical capa-
citor) +29] cellZ o] €3 16Mb DRAMS 2331y
88\doll+ Hitachi”} stack =, Matsushita 7}
SCC (surrounding hi-capacitance cell) &, Toshiba
7} STT (stacked trench) +Z¢ cell% 2431 16Mb
DRAME 2r#E3to 24 trench Hel9 cello] %2
o]F-o] gtor} 89 ISSCC % VLSI Symposiumol
/"]T':— Toshiba®] trench ¥e]2] cell +2E5 A st

+ NEC, Mitsubish, Samsung 5& 2% stack X,
cell 20 FF& o]Fx givh zejwd o47)4 A
16Mb DRAM A& A|A| Fof] L5 3 9% memory
cellg9] A& zibs] ¥4 wed o3 2o

1) Stack F+=

2% 2 Mitsubishi AF¢] 16Mb DRAM®]|
T-shaped stacked cello]®}. Storage § %<
7171 #1814 storage node®] WS 1.5um
= T el & o] %, storage &% A A
A7t 60A (A3t FAl 2 AN o 36fF el o) Sto-
rage node®| & thxl2 9l topology A4l W-plugs
ol&gt wiAwoz &)A slglen], =3 0 5um
7] AHA] field shield isolation ®¥-&
A g},
16Mb DRAMol 2333} 7
FHE o83 stack F=
3t} Hitachi A= PEARL (peri-
o] &-3}o]

A

oF At

]

aL,

o ofN
oo
2o
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isolationS-
o] £-51] bird’'s beak freed FZE

NECA}Fe} HitachiAl=
< quadruple poly gate
cell& H&3ln

pherally added resist lithography) 7] &%

cell 2715 4.2um*E 9 1, cell storage 232 &
Al T4 71 50 AL o 33{FS AYx, 28 404 o}
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¥ 2. 16Mb DRAM
gk | gy NEC MITSUBISHL | TOSHIBA SAMSUNG | TEXAS INST. | TOSHIBA WITACHI  MATSUSHITA |NTT
cdl 72 Merged Isolation Stack Stack Stacked Trench | Trench & saddled Trench Stacked Trench Stack Isolation Merged | Isolation Merged
e & Node Trench Stack Trench Trench
(Name) (MINT) | (Quadruple poly) (STC) (STT) (TSS) {CTT) (STT) (Quadruple poly) (SCC) (IVEC)
Design¥ (um) | 0.5 0.5 0.5 06 06 0.8 07 0.6 05 0.7
chip size (nm’) | - 8.5%15.9(135.2) |7.717.5(134.8) [7.8'17.4(136.9) |[8.5*18.4(156.8) |6.8°16(1088)  |17.5*12(210) 8.217.3(12)  |5.4'17.4(83.8) [8.9%16.6(147.8)
Cel 94 (un') |413 1.5%2.7.05)  [15%3.2(4.8) 1.6%3.0(4.8) 165%3.30(5.50) |L5%.50.75 [L73.66.12) [13%3.2(42) 1.5%2.20.9) 1.5%3.25(4.88)
Storege £% {95 IF 5iF BIF 0F ¢ WFE e WF 3F 63(F W0iF
Access Time 50ns (Tuc) 5505 (Tue) 60ns(Tye) £5ns(Thue) 65n5(Tud) 60ns (Tud) 708 (Tea) 60ns (Tus) 65ns (Tue) 80ns(Tra)
Trench 70| 8pm [ [ dym [ 10um fpwd | 3.3um 4pm
Orguiization | IGMILAMMD | IGMPIb/AMMD | IGMPIbAMMD | I6MPIb/AM | M W't 16M #*1b M 1AM | 2M Wb
Fast pege/Static | Fast page/Static | Fast pege/Static | Fast page/Static . .
Functon Mode | = colm/Nibble | cohann/Nibble | cohan/Nibkle | cohamn/lbit | F‘,St: S:;d‘i ). 156":° ﬁ““‘;“test ECC
Mode Mode Mode paralll test b e
Supply Voltage Single 5V 3.3V 5V 5V 5V 5V Array & Sense 3. Single 5V/Cell3V
...... Interral 4V | Intemal 4V el 4V | V/PerivheralSV | Peripherald V|, o1
Supply Current Active :80mA | Active :30mA Active:65mA Active:80mA Active: 20mA Active:84mA Active:90mA
Stard by: 2mA | Stand by:0.2nA | Stand by:0.5mA | Stand by: 1 mA e Stand by: 3mV | Stand by: 1mA
Stelow Trench Dot Al v | D00 AL g | Trle well CMOS| o :"_”"e‘;lmgxs Srpoly/Mo poly | e PEARL | Zpoly/2 W poly 3‘_’“"‘; élmos
Key 34 Tsolation, poly i };Og W | CMOS Trige poly i o o D“’"‘ |2 A Singe W Siy T | cide/2 Al s ;e !
Surface strap Fiel shield isol | Double meta] eep el cMos Double Al Opentbitlne | -0 CHE’J’“ e
JOURNAL "% VLSI symp.| *89 ISSCC "89ISSCC |89 ISSCC *89 VLSI Sympo. |"89 1SSCC 88 1SSCC '8 1SSCC "8 ISSCC 87 1SSCC
Storage Node  Cell Plate  w_ppyg ,W-Bit Line

Plate-Electrode

Capacitor Dielectric
Film

Storage Node

\ Word Line

Field Shield Isolation Transfer Gate

32 2. MitsubishiA} 16Mb DRAMe] H4-3
T-shaped STC +Z% cell

32 4. HitachiAl2] double stacked storage node
cell

xfOTF?DL el double stacked storage node HEIZA =
i storage §%% Z7HA17 4 2l AL stack T2
2 w3tk Fuolxx '89d=E VLSI Sympo-
o) - siumoll MEE TSS cell™e 7|22) stack ol
FoBu‘rtILPoly b - Third Poly Z o= o Qero olol
(Polycide) ' trench® Z&3te] 30{F9 storage £33 Ak
\ 5 =
Second Poly 2) Stacked trench —*
First Poly Toshibat > 881 =28 59k 7+ stacked trench T
Word Line

%9 16Mb DRAME ¥ sigicl. 7]&¢ BSCC

18] 3. NEC, HitachiA} 16Mb DRAMel = &3l
quadruple poly STC -2 cell

(buried stacked capacitor cell) 72 celle] +} SPT(sub-
strate plate trench) 7% celloll A= transfer gate 9

(316)
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B. L. Polycide AL-2

Cell P-Well

p-SUB T

ONO

0

2l 5. Toshiba 16Mb DRAM®| stacked trench
T2 cell

source %o 7| o2 A= gate controlled
diode 2% 7}A storage nodeol & FAAFo
olo] =|A| =} stacked trench F+&+ trench W&
Abshet gl Al poly silicon 28 A48 3 ol F9
02 n-%8& A3 F gate controlled diode F+ZEE
WAS FAAFE 2A £Y + A FHol ol
= TFEF A A=
sense amplifier scheme!®g A}-83}o] capacitor plate
AL A FoZ A cell 271 % 4.8um’E 22,
triple-well 2% AL23l0] well biasS =3} 519
ot =3 FHisize| p-MOSFETY A5&
7171 Y&l STD (sidewall with double
drain) T2 & AFE30 2 4 access time©] 45nsE 7}
7 w2 16Mb DRAMS ¥ 3)3i o},
3)Isolation merged trench 3
Matsushitat= SCC (surrounding hi-capacitance
cel) 29| cellg o|-&, 18 63 72 opdn-bit line
722 16Mb DRAMS 23 stelth Fell open-bit

shared

44

transistor

line 2% folded-bit line 7ol v]all celle] =izlg-
e 2 £ 4 9o}, sense amplifier? layout

pitch @ ol cell 27]7} & <k wigkel,
o|2]8t F-A & main/sub-bit line 7= relaxed
sense amplifier pitch T2&E ] {739 1, cell 7]
3. 3um77t#| &9 e v, open-bit line 722}
noise immunityx reversal word-line 7|& 24 3
745193 cl®  Storage capacitor trench &4¥-&- £
[e)

[}
access transistor3 A 3| Fx RES

= EE
2l

o]

o] §-3fed

1990 8H BTLEGH

(317)

BITE F 45

Wordline assist (First Al)

SBL
‘(Poly Si) == - (] 1 -
Nitride : H
Cell Plate

(Buried Poly S|)

wi [ ConnectionStorage Capacitor
N~ | ™

el 7 l
[ [(o—

A=

, L]

1% 6. Matsushita 16Mb DRAM®] SCC +2
cell B layout

3.3um trench Aol 2 A5 63fF9| storage &S

A8 4 gk 22y trench &g hi-capacitan-
ce® g7 HY ¥ E EFE dopingE: HaEl A
Aol 5ol 3HsI¢el aate,

NTT2] IVEC (isolation merged vertical capacitor)
T2 celle 28 73 %ol trench F9HE& o]&
access transistor® A3 F#H L storage
capacitor2 AF&3l A& Matsushita®] SCC cell F
29} v|=dlel SCC F&E trench 99| polys}t
71378 capacitorE ©] 23 hi-C FRolm, IVEC
&+ trench %2 poly [ poly II Abo] 2] capacitor
2 o] &3 +=2olt} 4um trench Z oo 70fF A%

£ Row,
writing lithography 7]&§& ©]23}91

4) Trench +%

Texas Instrument= '861] TTC (trench transistor
cell) =22 4Mb DRAMS °o]& ’goel&
TTC T8 ftAFEIA| ak cell 271 & % £4£4]7)
CTT (composed trench transistor) =2 16Mb
DRAME wg3lgct &2 TTC F2+ capacitor 9

9 trench WY &¥< AY access transistorZ A}

A

T

FHE de E-beam direct

2] storage

4§ 3
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Sub- Bitline (Silicide)

I\i‘ Window / E -
Storage -
P-Well Electrode

Cell Plate
5 P*-Sub

Word Line {Poly-Si)
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. Si0,

Active Area \1 \_t/v
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\ } Window
! L]
Sub-Bitline

\ g s -
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i % /. 77
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—~ 1 Self- H ;
Aligned ] 1
Contact | .

S - =77 %
sl | Vs
S I | % 72774

]

.

%
i
I
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3

2] 7. NTT 16Mb DRAM®] IVEC +&

cell & layout

gl o), CTT +2E 213 83 2ol field Abstat
o2 HzlA7|a trench Zy el access tran-
sistorZ AREEA] celld FAAHow, FHIZE=
salicide & ©] 23} twin-tub CMOS F&-<& o] &35}9
o},

5) 71et ¥l memory cell +&

Aol A 1F3F cell5& 2F7} capacitor S35
27 AR el BAS dheleh  aeivt
memory celloll 4] access transistore Awhd] =13 -S-
Azslog Fol7| 3 dTFE Uit o] & el
A 1339l DRAM cellZ2 4] =3 99} #o| SOI
(silicon on insulator) 7]E-2 ©] &3} cell#, selective
epitaxy 7]1&-2 o] &3 cellE2 FHE 4 A}k SOI
71%& o] L4 cell FREE HitachiAle] SSS (stack-
ed switching transistor on SOI) FZ9!" SharpA}
9] SS-SPT(stacked SOI substrate plate trench
capacitor) +27} k. olgl3 F2EL wHH o
& 842 Fout SOI 727t 7hale 2¥A4l &

Gate Polysilicon

Buried N+ <]

Lateral
Contact

12 8. Texas Instrument 16Mb DRAMS] CTT +2

Bitline Wordline SiO, Thin

Insulator
‘\\}\

I/A

\" =
- N S
N
Si0,/SisNo /510, 5

IBM SEOT Cell NEC TOEL Cell
379, 7B Al T2 cel
A % 1% AL ¥ol77h 5D FOUUGE ac-

cess device?} 7)39] floating AHBl 2 F2S 3l ok3}
£ TEAQ FAAE] AHH o AT selective
epitaxy 7]|&E N2 o] 5 o] L3} cell +RELE SEOT
(selective epitaxy over trench), TOEL (transistor
on a lateral epitaxy silicon layer cell)™5-0] glc}
SEOT F&% trench ol A=A o2 epi 52 4
A7l e}8 trench L2 9ol access transistor= 9t
Ty P2EA], access transistor WAL g cell ©]
4% 4k agdel Frolth azld oD
coll T2l AT BAAEL 29T BAelmz
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A A Foll HL5}7]el e 7
o7 AzbEch

£ Holl4{= 16Mb DRAMoll AF&-5] 31
Z9] 7% 9 EAo) daliA AFsteict A 16M
bit A7} J452H-& sk 16Mb DRAM full chip
working die® A 2} 3Al= AAAAcZ 2- 37
3] Atel] £ Ao dejAm 9o okAltz|
= Yog 2d%9 91-92d A5 Z oAsloz (5
-0.6um designruleol| e BA7|59 kA st Al
;]/H akaoﬂ Z,‘_E_:p-L 740;_ g L_sf,]_r,].
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AT cel] ?‘

N. 16M/64M DRAME 2|5l Memory Cell

=]
‘E:&l'

16Mu 64M DRAMe #-&3l7] 93te] odF7 A
=2 de AZF Fel DRAM cell SHEL
30“ 755“1]01’;0\1{5]'. —“l% cylinder 5045}]/] stack *+&
ol 1.28um® celld A3 A chip size7} 198mm? <]
64M DRAM A & AJH F& Lo '90 VLSI Sym-
posiumo| A LE9] HitachiAl7} wFE.3} 91 o} £ 8-0)
A DRAMoA € 28z FAAstsle zo)4d
DRAM cell 7]&¢] 1% ] Z0|® zoz oAkglch

oo} 7ro} 2H2 1,28um? cell sizeollA]E 4M/16M
ol A Abg-sloled vk dt stack F24 trench &9
cell 241 &

\_

z

3}v, access transistor
1} capacitor ¥ FAA 2E 3393 7]E oA
7t A gdch 879 ol RE HaA wEsH
&, trench 3, stacked trekch & cell Soil ©f
g el SA¥E Tl FAsle] ®gky, 2h4
o DRAMe|l A& 7b54-S Ao o3 3o

scalinge] &7}%

stack

1) Stack ¥ X cell

Capa01tor«1 storage &% F714)7]7] S5k o
21100 A2} 7ro] storage noded o2 ALALF
access transistor®] Slulelv} Zwlo g A7 A
storage node A& F7}11]7]& ulgo] gt olgl

3 uie)3 883 cell2 A& Toshibarle] STC I,
STCIIE cell™ MitsubishiAF¢] T -shaped STC!%,
storage node?] HElZ fin =28 3 Fujitsurty fin
STC™" Hitachi A2l DASH +2M"17} 9o}, Hitachi®
stack & celldl DASH F= cellel| 4] storage node 7}
abx sl H@H-g 2ANE T 7171 YA bit-line
o] Mz Ag £ storage nodeE wHEY 3, cell 0|
bit-lineol] o8 FA=Eo] U}

oA 39 bit-line®] storage node®} platecl] 2
3 shield ¥]-= &3} 2 bit-line coulping capacitance 7}
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1990F 8H BFIHGHE £ 17% % 4 5%

Folet Aol glrh =& Toshiba®l STCH cell
o & trench® HEAZ 4% storage $HS F
7FAZ 4 9ol 64Mb DRAMOIE A& 71532 o
o 9}

# ol = Toshibarl7} W& 3, storage node & <l
A cell GH7tA] BAAAA capacitord] £} F

e
1= F

2 stack TZMc} <ok 2uj 7HA17 Az A
J 2] SCC(spread stackgd capacitor) cell®-2- =289
o vehHeleh. Bit-lned H4% chiol AT ol%
3l 270 celld storage noded A& wWQZoz 3
Aste] Zzte] AAEE A2 Ao celld) GAI7A
g2 7}, o)9fzte] dtw FA storage nodeZl A
2] 24l9 memory cell 9§38 A}83 4 lo] 4
storage &%-& 27 FIHAA & 64M /256 M
DRAMoj| 418 4 do] =g vty &
T+ ek

o] 9422 stack B2 cell o} uvlAlgl cell HA
ol storage £33 7141717 $18l 4 storage node
o Fo|7} AXE Folx| ) olouta}l wAlsiE =
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2 2

A3

N

=

s

N

o)
AA T

[+]
T

Storage Node

w22 by
» fcsyems)

BL WL

Word Line Isclation Region

Toshiba STCII Cell Mitsubishi Cylindrical Shaped STC Cell

apacitor area.

Plate
\

Storage Node

Fujitsu Fin-STC Cell Hitachi DASH Cell

; Storage Electrode of ,
"‘3RD Memory Cell—"
£ \v

1 Storage Electrode of ,
~ D Memury Cell—-

3 452 foman

er]d Ox:de
Word Line H
Slorage Electrode of }
ST Memory Cell ™

32110. o27}A] storage node FEHS] stack F&
cell
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<h2k9) topology +AH & s A steE o] Fa &
A7lEZ 55z 9tk MitsubishiAle] W-plug &
o]&¢ =% wiAd wgelr}, Hitachirte] bit-lined
storage node Bt} w# glol= widHEZo o)g]g)
e Fo28 ¥4 gy Eelnh

2) Trench® F+Z cell

82 trench N9 cello] Mg HE= 3, 84d
Hitachi A}oll4] CCC (corrugated capacitor cell) +Z&
9] IMb DRAME #w¥ 3} o]% trench HH& &
g AZF T2 cellgol 4 fho| Auwrslo] il
o]+ trench =% cello] stack %9 cell®.t} sto-
SHAIE + Adrke "ol AkAld)
DRAMel| H& 7tsAe]l v$e] 27] wifolch 27
1} trench 729 cell celld] 27)71 FolEol w
gt EH o2 WAsE FAAF o punch through
+A 2} a-particleol] 93}t soft error 2-A7} 7} Z
THEZ HFEAE Trench® cell F29] sjuke
g TAEE HAsy] A weo s AT
ot 27113 3ol signal B8-S trenchlloll = 23}
Gk
Al trench®} trench A}o] A2 E 1umAE o3tz &
A 4~ dh =3 access transistor7} well atoll 9
Astrg 7)o L4 sl2le7} memory array@ A
T3l AS DolFr, trench ¥ol] 247 2lo]
collection W Ho] 2o ma SERe| wfi WAool a2
2 FAAF7 CCC 2ol ®l8] At Signal A3}
£ trench Wol| A As= 2L N3] cell24 BSE
(buried storage electrode) +Z% TTC(trench tran-

topology A& &7

rage & %%

o]
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ol

B2 inversiong ©°|-£3}E trench capacitorel

sistor cell) =7} lem F=2 4Mb DRAMe] =
£5deh. TTC 729 celle WL BLS mibA
o cell o] x5l mg ==& AL TRl
A=t WL} WL/BL®| capacitance”’} 2.3, buried
lateral contact®]| cell A2 &40 SAE Fr}

TTC F%u BSE & 25 welle AHE3lx] 7]
wl] B-oll substrate bias generator& AR 73
strate-plate bump &} 24 =& A9l stress7} 7}
A3, 2 FARFA B2E BAe] Yo
SPT +& A9 22+ access transistor 2|
source®} trench &4 2o gated diode +Z5 7}
# 4] storage nodeol| 4] FAAF7} Z Mo},
plate biasS 1/2 Vpp 2 AFE3 749 plate bump no-
iseoll &3l signal loss7} A7} ﬁ‘,]_r,]_ IBM2] MINT
(merged isolation'and node trench) +% cell®S SPT

F29] trench capacitor access transistor® iso-

sub-

Rt

1990 8 A EFIBE
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B1ITE B 4%

lation H-oll FA3to 24 storage TS F 7147
WA SPT T2 cell noise®] 94 &g 243 stgch
28128 MINT 329 cell# o] &5 0|3t layout
< JelHz el Stacked trench -2 SPT cellol
A2} 7ol capacitor plate® high doping%l 7]3t Alz]
F2 A3 Al trench atel] =
= plate® AFE-gtole Aol th2 3, trench
gated diode T+2Z wjAdloe HZT 2438
g+ cell +Zolt}, ToshibaAl®] STT cello] vt Mit-
subishi®] DSP (double stacked capacitor cell)cell®,
HitachiA}2] HSP (half-Vcc  sheath-plate capacitor)
cell® 7 %= stacked trench ¢ cello] =},
MitsubshiAb] DSPF2+& 23130 A2} 2te] 7]
L3} poly 1Al 9] capacitor®} trench 48] poly I,
poly TTAFo)9 capacitor® A& 24 storage &
2s T2 E7} Al 7o, source®t draing self-
align W} o2 A3t A 2F isolation WHS o]
2302y cell 27]E 24 HolF
3le}. Hitachik®] HSPC &&= 2314049 2o
capacitor WHE FAAZ isolation 3}o] trench®}
trench Ake1 8] A#E 0.5um A7 7453A 3

2 poly layer
23]

vk

o som
Y l5ae

et 3 71E cell# 7ol epi-wafer®  ARE-3}A|
93 sheath plate B} & capacitor plates® =Hso]

1/2Vop A AE ARE3t o 1A 575 504 744
F o]l 1 storage 32 A slgdon] DRAMo| <t
AsHA| F2E 4+ negative substrate bias5 -
A% 4 A stk =& 7|22 HSPC 2o

side wall contact ¥ 3} bit-line contact® 93 pad

o] X
AR

mmmtre _Wordline = Trench
Z %
= n*Diffused Bitline I !—/Zijl Wordii
e Ch: \ 5 rdline
‘}\C annel la
~ ™ Buried Bl BEE— Bitline
( Contact
\| " Storage
a2h1. SPT, TTC T2 cell ¥ layout
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Passing
Word Line

Surface Strap

Word Lines ’ D

g
I Do
o‘ﬁ( Bit Line 'y 4‘///;;77.///////1// )
é""‘/{h ,}l, Cotm.act@ Z A-[/

Bit Line

Surface
il "\‘ 01 Strap
‘%ﬂ ‘|-‘ Word Line~ 77771/}
\ DD ~
N-Well p*Substrate Trench Storage Trench

%12, IBM MINT & cell % layout

III/// 2 I'”,(,I///, ((A q
1 :%k - §%§ ;
I ¥ vk
SR e NN
NN A WA
N A N
A Vil
A Y A ]mm
N cn P RN A 3
SO N o, am

Cell Size:1.7%3,5=5, 95um’

1213, Mitsubishi DSP F+&

+3
ik
zo de 2 F poly & Alele] nAl=A Adqt
< A% 71€3, trench gl 3 o|4ke] poly

(322)

Zo| &A% v trench® opendle 2 27|71 A
ok ubA] ¥
75_6—]‘ ‘-;-‘IL";E"‘% —‘H%H/l-] trench %—D‘i-"—]‘ H}-‘;—“‘% capaci-

tor2 o]&3h= tAl, Hol7} 7] trench] Z¥uk2- capa-
citor2 o] &8}l w wujekg- ol A A7 isolationol] °]&
3 FCC(folded capacitor cell) 7-&!42} FASIC
(folded bit line adaptive sidewall cell™) F+Z7} it}
FCC +%7} open-bit line T4 <l ubwd, 2159 o]
FASIC F+2% folded-bit line AL noisedl] i
g WAlo] Fr} 2y} FASIC F& cell AIZE £
A trench &4 UH-E HF2]4]7]7] Y3l side wall
isolatione $3&F o] 239 %) deep trench 5 159
Az2gA 7€l 274t

Trench %S storage capacitor® °©|-&3l= T2
Zol| A4 trench?} grid el S 7}x HA] access tran-
sistor T4 AAE o]&3l= FHol& IVEC (isola-
tion merged vertical capacitor) F+2H" SCC (sur-
rounding hi-capacitance cell)5-¢] $lt}, ¥k IVEC
F-Z% trench 3+ poly 19} poly I AFe] €] capacitor
£ o83t SCC +2+ polyst 7147k hi-C +
29| capacitor® °|&3l= Ho| &l IVEC +&

Sidewall Cell Plate

LOCOS
Sidewall

Bottom Isolation

(Third Poly)q - 2
BL-X ZID I

\- T 4 ]
T~

, P
Cell Plate (First Poly) (Second Poly & Al)

3215, Mitsubishi FASIC #+2 cell % layout
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dute 2 isolation® trench QFoll storage A=

| dv dd=z FAHdF 4 SER) it Aol =
]2l SPT Fxol49} 7}o| access transistor sour-
B Zoll gated diode FZ & )3l parasitic channel
side well +AARF7I & 7l5Ae] & SCC +&
o]z{qt whAd-& glx|ut 712k signal AsHE AF

X
o 2

[

b}

2]

e

3} hi-C F=°] 2.2 minority carrier collection €3
oo F7l2 SER WA diaid ST sps4lel
=} =3 o]2)d FZREL open-bit linel & T4
& 4 8ol glolA noise® AAEE 3T JIEEA
2.8lstedof 5wy, bit-line?t A& 317) 13 contact

o] cellobct shby W2 sl m g cell AL &40
"ozl i, cell W F4ofl AekE FA Hrh
£ HolAE 16M/64M DRAMol| =48 sliA o

TZoll e Ao TH 2 2 EH4ES 32 9 A
Z23A Zv9 Autkd S A8 19kct. 64Mb DRAM
=)

TE FollA oj=Fol o Feldrte 4 72 A
ez qlste] Ak F4o] gt zejA HY
9 makerg FrHAE WA sto] AFANRE 53
|21 A& o] A4 DRAM
Az FAe geol4, s
A sejsfof 3hed, chip
g 227t A8t

=1

AFo AL3t7] JAlAHE
A, cost Goll tdt Alekg =
architecturedl] A= AlF

V. 64M/256M DRAM Cell 213158t

C

4M DRAM At o]F A= d- Nl F83d] 2
storage £ (=25(F)-% #3357 93}, stack o]}
trench 7+Z8} 2% capacitor®} 33 F+Z71 "4
AHolet, AMF-E 64M AH7AA £ o] 5F A= & ¥
g7} Wy so] ALLE Zlolth e 256MH 1G
DRAMo A4+ capacitor 5-5-9] 334 f=xuto g Al
A 540l 8
ding gate transistor (SGT) cell®3} 7ro] 3214 3}l7}
P ozt o F =t

v} Z TIAlel41E ’89 IEDMo4] 4M DRAM of 4]
2123} trench +Z & ¥ 3t L=8-2lo] field plate
isolation B2 A}238} trench capacitor 64M DRAM ol
AL 754 S w3 5l vh o] 9f2ro] Bh3t trench
cello] o} I transistor7bA % 3243} &
cell24 64M DRAME AdZ 4 Y& HAFY
3, =3 256M DRAM o|4e] si& &g d& 4+ 3
= o]Alg memory cell2 4] silicon pillar = T2
2 ¥ SGT cellol 3160049} 2Fo] A zo] At

o2l

I access transistor §-%% surroun-

trench

19902 8 H BFIBE

(323)

BIUTE E 4%

Silicon Pillar

Silicon Pillar

Bit Line
Word Line
Plate

o Polysilicon

Storage
1 Node

2216, SGT cell

Sof ol& FF5Ao] sHalsigie

SGT celld) 53¢ Arsivg] HA silicon pillar &
HFAsted, 1 sidewall Aol transistor®  sidewall
3F-ol] capacitor® vericaldtAl A9 A pillar Aol
A 7lek o] W&ol silicon
pillarE 47] side ™ol FAH gateZ controlZ. o],
2 %3 &L transistor channel % silicon pillar Z A}
o] B]X] 7] w]Eol| switching S4Je] # ™ transistor

Bt A"} E channel Aol % F44A171E A

=2 p =]
contact® TFE%EE

=

£ F33HA channel® trench o] whko 2 A
A&7 4 9l7] wlFol short channel &35 A
=

@ 4 glow, A% 75 SHE ¥4 A7 4 Uk
221} trench cell arrays F402ZH WA=
trench-trench 7+2] leakage current”} 7}3 & FA|
7} 519, trench +Z& ¥ A35t7] 93 dry etch %
refill 7]%, trench 9o AT Alorlg,
doping 7|% %, trench 77} #olALE 352 F
A 7)&o] H a3}

E3] cell-cell 7+ isolation2 LOCOS isolation2
A 4 v H4H< 0.8umBE HFoz

sidewall

A)

g 4

742 4 woZE trench Wie] = 7t
EAo] 7bA 29, 0.3um °13}Y isolation® 753}
cha shelE 3w glet

89 IEDMoi| 4] toshiba AR ©] 213} SGT cell 24
0.7um design rule$ ©]-&3}¢] 16M DRAM A X0l A}
£33} 3.6¢m® memory cell® A =Hdle] 7]&F 2kl
“1"3 “0"9] datas read/write Shed| 7|&£#q F
AL gieke Zlo) Bgsct =3 16M DRAM
of A= 0.5um® design ruleg AMEEHA =W
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64M DRAM cell sizeQl 1.2xm?tol 30fF Axo =
sl F28 storage %3S 712 memory cell
o o] & FAsAde] WS w2 Aoz Isgdch

o] ot vf n]4dg 256M/1G DRAMS] cell sizeX
trench cell®] #4q] flexible 3 design ruleZA A
d 7HestAl dte] FH 2= 0. 154mF 1G DRAM
Ak 7bsAdol Eoldvtn 2 4 9lrh

wt2b4] surrounding gate transistor cell® transis-
tor2} =43 7Zlo® 64M
DRAM °|& 7}# z}33Hk= memory cell +271 =
Zolr AL3l7} & memory cell 7]&S o] ¥} o
HAE J)ge] Pelx wy F Aol

capacitor & 54|l

2

Z =2

[

VL.

A48k ule) 2ol wix] zAlt) DRAM 7l wto
2.3 memory cell 713 7|58 2FAEC of
A AA olsi e 4+ A=E F2 memory cell para-

Y

=

meter=-% one-transistor memory cell®] charge
% Eojz 24, A4 DRAMo| 4&
2 F8 parameter 2 HHE 53}t Mega
bit# o] Ae] DRAM-E cost effectived}A| A=, A Ak
3}17] 913l A&, minimum feature size (F)7} submicron
o2 fe{zel utet o|Fel Z-8= DRAM cell 72
+ one-transistor®} one-capacitor® TFAH stack©]
1} trench el 2 3210317} o] Folal w27 Ha
Holr},
A Z7A ZARE vle} 7ol 16Mb DRAMo]
memory cell 7|E 2 27] AdgbAo) A+ stack,

trench % SEG (selective epitaxial growth) 7|& 5%

o] &3l o2 el memory cell FREo] dF5|o]
o] o] AEE A=, AzFAH &ol4, <t
Aot 5l AL 28 E W stack Hel
cell T27F F218 Aoz W5l Yk 16M
DRAM M u+7)< 24 design rule® 0.5-0.6umo|iL

M5 F44E Sio.v ONO  what
4 e =@ 4M bit o4+l DRAME 7]
o dAA Aol Avtn B 5 Uk

28]} 64M bit ©]4te] DRAMS Adtsl7] 9lal A
= storage capacitor A A9 A3} A U= (sto-
rage charge density) 7} 20fc/um® o|Ao|B2  7|E&
of A=l gl& Si0, v ONO 32 9hE2 4}
2 4 glow, Ta, Os ¥etol i} PZT Hbupzr-E af-%

&5 2% FAA Aol g o|w] design rule

storage 7§43

4g

3}
=

memory

capacitor o]

g e

L

2L op

rlo
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0.4um ©]3L24 7]22] optical Wl 93} litho-
graphy 7|22 4= A¥E715 S22 excimer, X-ray
high speed E-beam -2 A2 lithography 7]%& 7
uto] 3 ¢ 3ltd Memory celld] TR stack o)}
trench 2] 329 FZ2 4 cell aspect ratio 7}
ZA 5712 7ol 2 deep submicron lithography 7|
7 t&o] ECR etch®} 22 A "L dry etch
7Z1go]l HestA & Zoltt =3 device scaling ]
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