1998 1k kil f LB R HFHOBMAE B XE BB N1 98/6

X3 DRAM 78 2 9 &t
Boosted Voltage Generator0f| 8t &3t

blackout@hymail hanyang.ac.kr

A Study on the Design of the Boosted Voltage Generator
For Low Power DRAM

Seung-Hoon Lee, Jong-1300 Joo, *Sang-Un Jin, **Hong-Jae Shin, Kae-Dal Kwack
Dept. Electronic Engineering. Hanyang University, *LG Electronics, **Orion Electric Co., Ltd
17 Haengdang-Dong Sungdong-Gu Seoul Korea 133-791

Abstract wok dine] o) =W 2E Q) AL Narrow Width Effect 24
In this paper, a new scheme of s Boosted Voltuge Generator nho} mateh 332, =S Implantation® Channel Stopo]
(BVG) is designed for low power DRAM's. The designed BVG e 2ol elel ig H¥e R vogto] Afidos 3

(=l
rEL

can supply stable ¥, using a new circuit operation method. This

T W dFE 24 gk 3 AdHE FEE

method controls charge pumping capability by switching the glel TEF OAY Mol waA sHidH, o ooz
supply voltage and ring oscillator frequency of d-rlv‘mg.c:ircmt,‘ 50 Ao e vel ¢do] 2 FES 4%shd HI, Daa
the BVQ can save area and reduce the power dissipation durms Wz Lmel s A B0 Y 297 EobabA
V,, maintaining period. The charge pumping circuit of the BYG ) T

gfith 35, B2 dgkel a6k o 31 o sj2e) B9

suffers no V. loss and is to be applicuble to low-voltage

DRAM's. V,, level detecting circuif can detect constant vajue of <02 Uf 2l WEbdTh3). ol & 9= Za] 77 9]k
V.. aganst temperature variation. The level of V., varies BVGe| FaAlol F7het e alrh.
—0.55% -~ 0.089% during its maintaining peviod. Charge pumping v|&2] #)#= Ring Oscillator, Driving 32, Charge
circuit can make Vi, levet up to 295V with V  =1.5V. The Pumping B2, )i v, A4St FE(V,, Level Detecting)
detecting level of V.. level detecting circuit changes sl F4 gl qlch v, #Ag f7Ale) e AoldeE
—0.34% ~ 0.01% as tempemture varies from —20 to 80°C. The aste] v, dAgto]l Bebds A, 2% Wk tsle v,
power dissipation during V,, maintaining period 1s 4. | mW. aor AT Hzob AFE v, ADL AR Res
Lay el olcl 3 Active Mode 9} Stand-by Modeol A
L ME ne) sgoh wastoz, A" ol A
DRAM®] # 2 917 58E GbF DRaMel A 9l #e] 4 n w2 A FTh4),
HAEL SRS g A AR vk wd R B ol 72 520 0 de paste exo gL
oiell ERA e e vl Wal s vlen, RHE AR Aol el bAG v, Level 2 TF & 5 = A=

DRAMT @& 9idl F A A2 sae o z7) R BVG%cﬁ%n}ﬂc},

WM st Hof wel BA ok gy 2elvh DRAM?

A @57} ol o upe} 7] vh(Substrate) ¥ = 9F Well ¥ 1.7} II. Charge Pumping 8| 2o Ex} 27|
=7) &4 B9 at, olo] ubE vio] mapnpr] fmahe] o 3ol

A n 2dch[2] ol AdL® FE Ashvord 7 gl

- 530 -



HAxa DRAM 7828 $% Boosted Voltage Generatore] &3 <7

o - Iy S £ R ed ed it ) R
Block diagram% L}eby a2 gic)

Churge Pumping 3| = ¢}

Az 28 1.2 B, Charge Pumping Capacitor Gy, ¥} Cp, 1=
Q39} Q4o 28 Voo — Vi 2 Precharpe b 5] 3 &, Clock

@7} Lowsl 4 Highi, Clock @ = Higholl «] Low it J“'IZFLC}.
o) o] Node N17} N2= # s Al €] & §h(Capacitive Coupling)®]
olel) 2Vee—Vn 2 -V 21 g 7=l sl

l __| W1 e

=% 1. H Y Charge Pumping 5 2

of 4% Q59 v 7k -2v olth 2ERAlL Q1 v 7h -2V,
ol 2 ON4AHE] 7} S o] 2Vee— Vv el ¢ Node N1E Load
Capacitor C, 7} 13 Al A ;T‘-Oi‘Cp,i?}f?l Charge Sharing®) 2] 3k
q4ge = Trh Q60 VE 2Vee-Vmeolzz

OFF4Hel 7} =], 04El¢] Node N2§ Load Capacitor C, 7}

Bl AlAGcH 28], Q29 Gatedol 2Vee— Vi olvhis
VBt & dgtol 917 HEF ONAViZE Y1o] Pumping
Capacitor Cp,°l Vo5 Precharge A1# 73, QU2 Guieol

Vo olepiz dgte] 17h sz OFF4HIZE s)=le Q37
ONo| 5] G, 0l Voo — Vv 02 Precharge it A171 7T

Clock @7} HigholA] LowE © 7} Lowol A
High& #old mjel= 919} ¥Fl S Node NI-T Node N2+=
Capacitive Couplingd o1&l —v,, 7 2v  ©] dd& 7h=a
gl o] 49 Qs V7t ZVeo+ Vs o128 OFFEj 7L
¥]e] Load Capacitor C, ¥} Node Ni#: o) A7 21, Q19
Gateol 2v..7} 4l =¥ E 0 v, Edgel v
Precharge A1 # 7o Tt Clock®] &2 9.1, Charge Pumping
AL L FHE Trh Q60 Vi, E 2V cluR
ONZFEl7E 5 o] 2v  AFER] Node N24 Loud Capacitor C 3}
Ad M Fol €221 Charge Sharing®l] ©1#] Her & o
wl Qe Gateoll o 0R el el A H1LEL OFF ik o
zeiy Qazk ONe| ¥l Coll Vee— Van o
MAETH

delalar,

(C'

Precharge

s} e F3HE yHEETEA Charge Pumping 8 2 & v, 2|
Aol gln FF WAool d@gicl v A Agd ds
A #H ErE
. eHE kv, Level A &

v|&2] BVGE Pumping 5 Ho] EF5 & A7 Wof
Load Capacitor C,of Fw5& HFo| %o gomz, Y
41 2121 Level H &£ 0] ?]XLL 25 w2 Bolgdes
QEhe VeEwd FEek Eerh oo,
Pumping5 % & i"ﬂl-?] 98, =5 /AN HEE
AHEER R R o] 7)) T o] AATH[S][6].

Actali= BYGE olelzt EalHA AMste chdE
V498 FE8r 98, T v, Y #E 328
AbgiA gishs v, WYl el Tk 293
o ?Eﬁi‘r"-’l ?’31*‘%}9 9’]—:— HAarel 3.3velA
21V R Yo ap & A oratod ol

E S ChlpoT g H %L ”L‘?u L g FR=
A 7] Pumping 99 @& "F‘ ALV, Level = B AaHT|
A)7hol ol deld, ekl 4 o 2 falhnw o o] Alvh

-,
5.4V Sensing signal

ohdE

_~

Front Oscillator

Cuiput Next Inverier Stage

¥ 2 Ring Oscillator 77 ¥ 8 5 &

olel FaAlEL slA3L7) #180 Ring Oscillator ©] F71&
rgl 20f A ®yr ompel o] Thehgr A9 FAOF Ring
Oscitlator?] 718 100as °lA] 8ons= WEA #HFo] v,
Level 2] B ol &k A8 = ah ol et

wpebay, Thergt 9] Ao T Pumping 5 @S RASE 2,
Vo ds 748 31 22E Y 5 2y, 7€ 32
e WAL 2 7 odek 2R 0, G @D v, 140 E 35 #
T lth

Iv. 2k B4d V., Level Detector
71&e) BVGE V4% HEF HRE o f&te v, HY
@e £Y ypalnE de Algso] #th[e] Level
Monitor® BVG7H DRAMeI A 275 E v, 4944 3317
AeMes v, 3% 23 A271 v, 4498 A9 353

- 531 -



1998 418 AWML - LA H HFER D

e

K & owlE ®m204% 1L 98/6

Fojob gl e, AHF npejels AGL AEs
710 HE H2e 2xvt Frhgel vt v, 1 &
Aol ¥y wkelr s 44 yERN % 20009
80°C7HA 2] 100°C &% Habol] thal 3l-& wpEo] +4.80% ~
-6.07%7HA] Mste g 32 WA7 £ oy sl ey gtag
Vo g 58] Febd

AL Vg AE F 2 gk npojo] s wgE A4
gt v1&e] sl 2o} g Erie whel gobEbe ghE b
vpolo] A2 Q2 AL g-abe] & Watel s e v, q9t
£ A8 7 S st vpololagle] FE g gho) obe

3} 250 L wg ol wet Eoabe gt vl

Y w rlr

2IREF - Lu3
Y
tn - Cax - Wi
oja} gej, kol 2= AlFE 7hA E ulelol 2 HE AL
sho] PMOS Qioll A A4 W= SNO s £ 0 Boj ol dital
o & sk W o g Ldste] thal 54y T1el 3, 5.5V
ol ATV, Levels zsﬂ g adnw Ak il s

A2 Level Detector 2] < Ae chi s ol

V. =V

bias

From ¥V -

IR 2% 0 AE v, Level Detector

V.  Simulation 3% A% AF

AAHE BVGE ol 08um F3H Panmeerd AME-E
HSPICEE ol &&talrh A Edold 71"‘}', Voo MG A
V1ol Hats —0.55% ~ 0.089%% .1, Charge Pumping
HE2e 15vel FF d9E AHESe ""JSV”]-ZI V., &
],

‘3?"1 A g oglelm, vIEe] 2t oF (3ve] Hx
g% mados], Oscillaer?] FiaE whEs) aho
Ve Aol wat & o wh=A A Leveld 44 o4
aloich, &% wWitel et Level Detecting =29 #&
Level®] ¥ 8 0.34% ~ 0.01%0121VE Level 4140 419] 49
ZEE 4 lmwarthay 70 82 Alekyl Charge pumping
glze] AEdelde) ATIEA V. ANE &Y flo

WV & oty g nrso] WE W neldeh 3¢ 9.9}
o] Leveld #-x & o, v, Level®] WetFE """%—Tlﬂﬂ
dAE v, A Level— FAE2 vk 23 o6& BVG?
N84 85 de 24U F5 4 el U]‘:—; Pumping

Rati

o(Vee/ Vo) & B 551 gled, 35 A4 we) Al

dgata 2 & /A adrk

VL.

HE

WoEEel M A DRAMTHE S8k 2§ 39

BVGE HAsdrh Ate slEk PEHG A9
wgog v, A% #3 A, oMol dE Hizma)w,

Oscillator®] 5b% #9170 wiez ol
o,
FRE ¢ Qe ek Wzl td YW v, HUL

o ma

L
[SEs]

;
WOV, HGhe) atel el mbE o b A v, d3 2
&

Rlo). fig|ar, e g aolAie] w@ AR

Ak wet, vy "l e gln H mfe] & Chage
Pumping =5 AMREY W& T HU4E AMdEe

DRAMoOI = %8 /bahee siqlch

(1]

(2]

(3]

{4]
(51

{6]

28
Y. Nakagome, H. Tunaka, K. Takeuchi, E. Kume, Y.
Watanabe, T. Kaga, Y. Kawamoto, F. Murai, R. lzawa, D.
Hisamoto, T. Kisu, T. Nishida, E. Takeda and K. Itoh, "An
Cxperimental 1.5V 64Mb DRAM." [EEE Journal of Solid-
State Circuits, vol. 26, no. 4, pp. 456-471, April 1991.
M. Aoki, J. Etoh, K. Itoh, S. Kimura and Y. Kawamoto, "A
5V DRAM for Battery-Based Applications,” [EEE Journal of
Solid-State Circuits, vol. 24, no. 5, pp. 1206-1212, October
1989,
S. Wolf, Silicon Processing for the VLSI Era, vol. 2, Lattice
Press, 1990,
fr 3] &, DRAM Design, 35 718 23141, 1996
Y Nakagome, Y Kawamoto, H.Tanaka*, K.Takeuci,E. Kume,
Y. Watanabe*, T.Kaga, F.Murai, R.Hisamoto, T.Kisu*,
Trnuishida, E. Takeda and K.Itoh, * A 1.5V Circuit Technology
for 64Mb DRAM's”, Symposium on VLS Circuits, pp.§7-
18, 1990.
John K. Buchanan, Tempe, Ariz, “ MOS DC Voltage
Booster Circuit™, United State Patent, no. 3,942,047, Mar.2,

- 532 -

Tropneod ¢
iisnttid ——

Touy B [

A, Dty vy wich Fouishr
1 o v s ot

284 AL # 2 2] Block Diagram



%8 DRAM 788 %3 Boosted Voltage Generatore| @& o3

Sensing Voltage [V}

Pumping Ratio{ V,_ /V ]

] reroposeD BV

el

600 — T
—_—
(o s | .
- ! Hugemad Semm i T
-
[ g
.60 — i T
Ay hani S
!V’* g -
5.20
4.80 'E/
— 7T 7 T 717
20,00 0,00 20.00 40.00 §0.00 80.00

Temperature( ‘'C }

24 5. Level Detector?] 2= 4

240 - 9 Fopasecucat ||
AE‘.— AchyatGichar Cirgun

= o

2.00 — 1

Je T
f

1.20 - -
1 : | " 1 L i L
1.50 2.00 2.50 300 150
Supply Voltags(V)

ad 6. 37 AYel ubE Pumping Ratio

~ACTIVE KICKER BY

TSONALOS BVG

97 FF Agel 33ve A

ACTIVE KICKER BYG

NMOS BYG

¥ 8 FH el Lsved A e

TROPOSED BYG® '

PEibgaiiecnifi

el o USED BVG

34 9. &3 H4le] Oscillationd &= Bl

....... ETEANE 22 Mg
ELE- 1=

; Sensing ©

- 533 -

REHANS
: Sensing &

O 10. AL BVGE HA FEx



