Z A DRAME VPP Generator 3

AUE - oY - vy - AG
Adoigta
A VPP Generator Design for a Low Voltage DRAM
Tae-Hoon Kim™ - Jae-Hyung Lee - Pan-Bong Ha - Young-Hee Kim'
‘Changwon National University
E-mail : kimth@changwon.ac.kr

2 o

B =2 A AAY¢ DRAME VPP Generatore] 2313 = 3] 2 (Charge Pump Circuit)E A&
At AT At A} FPEI| 2= 2-Stage AR A AE AP 3) 2 (Cross-Coupled Charge Pump
Circuit)o]t}. 4719 vH]EH FHAIES o83t Asldgd &S PYAAR, &4 AHFGH=ZG vt}
Oscillation #7188 £9Y9 23 o2 Distributed Clock Driverg]l Inverter 47§ F715td EIAF
(Pumping Current)g Z7IAZth Z2x AsAg EWPX2EY Ao|Edd ZIAXJ=E
(Precharge Circuit)& Fo tiZ7|2=XY A ¥ g e $AsA Xt nAAS w A8t £
9] AFHAPE EoEIYe FAE dAddNY. rFUFEA HIPHF, HHEE(Pumping
Efficiency), 39} & & (Power Efficiency) 25 48 AL #1893, 0.18um Triple-Well 348 ©}
23k Layout st

ABSTRACT

In this paper, the charge pump circuit of a VPP generator for a low voltage DRAM is newly
proposed. The proposed charge pump is a 2-stage cross coupled charge pump circuit. The charge
transfer efficiency is improved, and Distributed Clock Inverter is located in each charge pump
stage to reduce clock period so that the pumping current is increased. In addition, the precharge
circuit is located at Gate node of charge transfer transistor to solve the problem which is that
the Gate node is maintained high voltage because the boosted charge can't discharge, so device
reliability is decreased. The simulation result is that pumping current, pumping efficiency and
power efficiency is improved. The layout of the proposed VPP generator is designed using 0.18um
Triple-Well process.
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Fig. 1. Cross-Coupled charge pump circuit.
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Fig. 2. The conventional Cross-Coupled charge pump
circuit.
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Fig. 3. The block diagram of VPP Generator.

a8 4= N FA ALF VPP Generatore] &
SIEE JExolt) e HIH=E Iaze 2749
Lzt Ao 3 2(MN7, MN8)9} 2718 =3}
2| 3Z(MN9, MN10, MP7, MP8, MP9, MP10),
NMOS A3t AT A9X(MNI, MN2), AEE

= —

PMOQOS A 5} g 2= Z](MP1, MP2),
Bulk-Potential Biasing 3]2(MN3, MN4, MNS5,
MN6, MP3, MP4, MP5, MP6)2} NMOS A3} H
3 FHAE(CL, C2, C3, C4)¢9F 4/1¢] Clock
Driver§ <QIHEZ 4 Ho 3l NMOS,
PMOS AstAE 29X%¢ Body HAf
Bulk-Potential Biasing3]2& A3l A A%t
g A2xE Aol AVHoE AAPOEH B
A Ezl me gEAgd 271E ¥AE
Charge Loss A2 <13 Latch-Up #AHE& WA
& 4~ glt}. CLK Driver7} & Charge Pumpoj
Globaldl Al %)= A o] ol Oscillation F71&
=g 2ZHog Distributed Clock Drivergl
Inverter7} 478 27}5o] Ut}d. o]FEA dE=
Charge Pump®] Oscillation F7|& £ Fdd
Charge Pump®& Pumping CurrentE 3 7}A|Z
4 3tk 12li MN1, MN29] AoEdZ ti7]
T = (Stand-by mode)A] VDD Hgto g I g|z}A|
A7)7] 9% =R 32 (MP7, MP8, MN9<}
MP9, MP10, MN10)7} F7I=%ich o]l& <13
MN1, MN2¢] Alo]Edo] HAF irjm= Y
A BRY Ase PAGA Rad 1AL #
Ao 2atel Aol BAE obrlstd A7)
A=A

CLKD

X X

L e
13
Sk 1 g
_.‘
|l-:
i b
a1
- HE,
DC.OEE { ]
i A
o=
S
I [}

& 4. VPP Generatore| MatEH= 3|2,
Fig. 4. The Charge Pump Circuit of VPP Generator.
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Fig. 5. The voltage of each nodes in steady state.

a9 5= AAAEHANY 4 == AgE o
el o 409 £33 HN&<¢ CLKO, CLK],
CLK2, CLK3&= HlE3d &8 Al3zoln CLKO®}
CLK2v= ¥ FHEHE A7HE AQ3ln 7|EFHo
2 ZE S 7RG e E8 A5e 29
A AL 0OV~VDDojtl.

2-Stage2 7Y ZIPEIZ= VDDA o]
A Aol VPP o] & Aot} 1143
oA N3xZ=7} C2 A=A o] 23] 2VDDZ H
g N1k =7) VDDAY o 2 ZglxbA 5o ¥
dd Adle= VOUTe 2 AgHY N2kEs 2
HAHAIE ] &5 2VDD7} Ho] N4 & =gzt
A A71A] "ok 477t N1x=7} 2VDD7}
o] N3 &8 T ax|3ln Nd-=x C4 FHAA
B ¢ 2VDDZ HgHc}l oy, N2kt
VDDZjto]l2 2 N4o] HPd 3= VOUTHL
2 XASHY. 12, t3, t5, t6 7L FHAZTEY F
32 9sly] A8 CLK1% CLK2413 7} Highol A
LowAtEl 2 2938} 7] Ao CLK0S+ CLK3A3.
7} Lowol A High/del2 29334 AU
a2l 12 BAE T N49) H3d oA
3= MP2E &3 VOUT =2 AdHA "o
ahA A3 FEPS F F7]5¢ 29 dojyx
ZAY2 2VvDD o2 #FRPHE AYL FAEH
€}t =3, MN1o] OFF ®H o]& (3¢ o3 A
tE P ol dojvbar, MN27F OFF & o]%o C49l
o)s) H3tHHo] dojutnz HPH JAFI} X
2]3}4 EWRA2E]Q] MN1, MN2E E3) wzL}
7eAS A%l 33 A{JFE 71 A2 4 A

o
., Do|als AHn}
® 12 HHAH[(Pumping Current)ql IPP, H
B & -&(Pumping  Efficiency), 3} & &(Power

Efficiency)& Hlugt ZAio|t). FEF7]= 43ns
olx VDDAHYLL 15V NMOS Slowet PMOS
Slow, X+ 60TAAN 7]& APz A
83 VPP Generator®} M Agtd Aty
£ AI83 VPP GeneratorE uvlw3lgot. 1 2
3}, Worst case simulation ZZA oA AREA At
" VPP Charge Pump® Pumping Current9}

Power Efficiency”’} 7]&2] 32 Hl3] Z& ¥
oA gdd AL ¢ 5 o

¥ 1, IPP, Pumping Efficiency, Power Efficiency H|1l.
Table t. The comparison of IPP, Pumping Efficiency
and Power Efficiency.

~ Condition VD = 1.5V . SS aode, Temp = 60° C
 Itess Conventional | Newly proposed
Tosc 43 ns 43 ns
Ipp 575.2 uh 718.6 uA
Pumping
Efficiency 26.88 % 28.85 X
Power
Etficiency 59.13 % 63.47 X
ayd 62 Fx3lold 0.18ym Triple-Well

CMOS FAE o]&3td AAE VPP Generator
o] Layout =Wo|x, Layout HZ2
249.6;m ©]t}.

388.5/m x

a2 6. MetEl HH et DRAME VPP Generatore
Layout =™,

Fig. 6. The layout plot of the proposed VPP Generator

for a low voltage DRAM.
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