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ABSTRACT

A non-overlap boosted-clock charge pump(NBCCP) with internal pumping capacitor, an advantageous circuit from a minimizing point of
TFT-LCD driver IC module, is proposed in this paper. By using the non-overlap boosted-clock swinging in 2VDC voltage, the number of
pumping stages is reduced to half and a back current of pumping charge from charge pumping node to input stage is also prevented compared
with conventional cross-coupled charge pump with internal pumping capacitor. As a result, pumping current of the proposed NBCCP circuit is
increased more than conventional cross-coupled charge pump, and a layout area is decreased. A proposed DC-DC converter for TFT-LCD
driver IC is designed with 0.18m triple-well CMOS process and a test chip is in the making.
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E 1. TFT-LCD midoll Al8ses 75 M
Table 1. Driving voltage for TFT-LCD panel.

T2 $E
VDH Source Line Power
VGH Gate High Voltage
VGL Gate Low Voltage

TFT-LCD 4 -& 7-5357] 98 A4 & 17 o]
A4 A LA Y(VDD) R o} =2 o] 3L H(Positive High
Voltage)$l VDH, VGH 18] 11 18}-9-=(GND) A Y K.t}
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Voltage)& = 2 2 JHcll].
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AFE-5] 31, VGHS}F VGL S Gate Line 7% AY L 2 A&
At} TFT-LCD % IC(Integrated Circuit)ol] A Gate Line
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g A7HA ol FAE 7HA R Aok ¢HH 29 R]-A
ANEol o3t e B XA 473E By ARAE
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(Pumping Stage)w}t} &) 7o B3 A e} A}t A%
3 7] 9] A) E{(Charge Reservoir Capacitor) S A}-2-8] o} 32
E TFT-LCD 25 9] &3 3tel] of 7 R-0] Qlci2). 2jA
o= W33 #3 7942 el (Interal Pumping Capacitor)
S A e g x A o] ol AT I Ut

WasE B9 ANEE AEEe
Dickson 13} = (Dickson Charge Pump) 3 2& 2 A}
&3t glen, 1 FRE fojez-d A
(Diode-Configured Switch)$} B3 A &2 FAATt
3] z2iuy AAdfol Zade wha} dojo=of #<l
Z H(Cut-In Voltage) 2. 2 13 i B A ¢H(Maximum
Pumping Voltage)o] &#A3IA EolEx HY a8
(Pumping Efficiency)o] @ojal& 47} gith ol e £
A g #1437 918 A% Dickson 4 3% Z(Modified
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= A3} A9 ~ 9] X|(High-Voltage Driven Charge Transfer
Switch)Z A}-&-3l= 7§ X | Dickson A8 EFE 3|2& &
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Fig. 1. Conventional 2-phase cross—coupled charge
pump circut.
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(Cross-Coupled) NMOS A3t Ag A~ X (MN13} MN2),
A2A-7)ZEZ PMOS A3t Ag 29A(MPLFH MP2),
Bulk-Potential Biasing 3] Z(MN3, MN4, MN5, MN6, MP3,
MP4, MP59} MP6)$} 213} B3 A RAE(C13 C2)= T
A8 2-9)A4 32 A7 Z 2 A5} Z(2-Phase Cross-Coupled
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Q}F 22412 A A 5} 31, Bulk-Potential Biasing 3] 22 AM8-3}
o HEAAZE A3 Ag 2939 vir] MY (Body
Voltage) & A2 A-AZE Asl A 29X Ax v
Aol A7)H o2 AANEE B4 Ao Wt BEHA
o] F7Hg wAsk ¢l

J8d Z2AAEE A A A9AE o] & A
SEEE ALEE e A B 229 ZE HE7 PMOS
E @A AE] Q] MP1, MP2 29X &

g ojol sh} JH A sHE 9 E Tinput Stage) o] NMOS
Edx£E 9 MNI, MN2 29X 2 #pAvrtes EAH

1267



FZUA B ZANGH=FA A10A A7E

S 7HAH, Ad B A¢L (BB G F+)xVDD o] B2
BAGE THEY] A8 Y 9 52 duit} Folopx
A & (Layout Area)©] H] #| 8l F718t= @3 o] 9ot
=R ojAE v F 3 ¥ (Non-overlap Clock) A3}
2E AHg3te dat ¥ ==9) N1, N29| Astrt
©o 2 3 = W(Feedback) ¥ & A& s| A3t A
AF 2 58S M8, 9
VDC(Voltage-Down Converter) A} o2 A9 A3+ K
»E-Z2% A 7| (Boosted-Clock Generator)E A}-&31o
ZA 7|ee A2 2 AEE A A 2 & AT
AFHTHG HP G FE Fo|BZ Hojox WAL F
43}stgirh. §3 DC-DC ¥W3r]o gAY HH7t
2.5V~33Vo]2 2 A 318 Tof AL§ 5= 5VMOS EAX
2E 9 AL FA37] A3 VDC 3|28 AHE-5to
25Ve) YRAGE wEe AgEATh 048m
Triple-Well CMOS ¥ 3 & AH&-3of 2| DC-DC # 3
719 H2E F& A2 Fol Ut

B
L™
3

=
=

o 2 [H

ZHL 23“9]

= 5=

0. &2 &

A A9 TFT-LCD F% IC § DC-DC ¥ 379 o1 ¥
AL, 25A%%, TEAR, B E At o A A
© % 29} 201, 0.18;m Triple-Well CMOS £ 7]1$&
Argahelet,

I3 2% A¢HE VGH WA 7} (Generator) 9] B2 & &
B odth VGH g 7] &= ulo] o] A A 7] (Bias Generator),
VGH #A¥ ZA7|(Level Detector), 3 27 7|(Ring
Oscillator), v]F3H 28 ZA7|(Non-overlap Clock
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Table 2. Design specifications of a DC-DC converter
for TFT-LCD driver IC.

TE FQ AA AN
9y FAY 25V ~ 33V
A AY < 50mV
VDH 45V ~ 55V
9
Ao VGH 12V ~ 16V
VGL 12V ~ -8V
VDH 2mA
;uf VGH 100¢A
L
VGL 10014

a2 2 AMeot® VGH 27| EEX
Fig. 2. Block diagram of a proposed VGH generator.

a8 3 mMetEl VGH MelE= 25k
Fig. 3. Block diagram of a proposed VGH charge
pump circuit.
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3 ¥ o2 VOUTLY o &8 A<t 2VvDColt} 1
23 U A 3719 AstEZE 2VDC AY HEE 29
3 8 CLK113} CLK129) SR 93 24 Y= B9}
3 Akl VOUT2(=VOUT1+2VDC), VOUT3 (=VOUT2+
2VDC), VGH(=VOUT3+2VDC) 9} Hdj &8 d o] 4z
4VDC, 6VDC, 8VDCZ 2VDCH R~d dt}t. 1A
VGHE= U 20V7hA] 28 & 5 it}
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-Metal) A3t 83 AYAE(CL, C2, C3, CHE T4 5 of
2tk 4719 23 415 (CLKO, CLK11, CLK12, CLK3)+&
853 28 A oi0, CLKO9} CLK12+ v 53 5= A
S ALstaE N EA o7 28 9L AT frAlS
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2 AL VDCo| 31, B2 E-28<] CLK117} CLKI12
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A3 E A 2R Ao F2 9 By AFHAE
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VOUuT

N4 MP2
1 MN2 l
N2 2 =
MNI10 V] o] MP5 A MPS
L T g =

(@) VGH B E= 32%
(@) VGH unit-pump circuit.

Cas .
CLKO f vss vDC

- T ]
CLE1 29DC vss
CLK12 yss 29DC

N
CLK3 vDC vss i
V@Y VIN VINVDC l
VQN2) VIN+VDC VN ;
vy H VIN+ZYDC VIN
e viN VIN+2VDC
ol i3 " 15it6 a il u

b) Hatatelol Mol AEE 2% Eo|UE
(b) Control logic timing diagram in steady-state.

@ 4. MotE VGH MSHH= 325 ¢ Elojglx
Fig. 4. Proposed VGH charge pump circuit / timing
diagram.
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Table 3. Node voltage of proposed VGH charge pump.

CLKO VSS vDC
CLK11 2VDC VSS
CLK12 VS§S 2VDC
CLK3 VDC VSS

N1 VIN VIN+VDC

N2 VIN+VDC VIN

N3 VIN+2VDC VIN

N4 VIN VIN+2VDC
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YR REAN I =EA A10A ATS

1% 5% VDC A dAdz 293 94y
(CLK1, CLK2)& 2VDC A ¢ il & A9 48t FF
#(CLK11,CLK12)& tEo} FE F2E-ZH T
2T s noFrh A4 AejelA CLK13 CLK27F 7}
7} VSS¢}t VDCY wj N1, N2, CLK11, CLK128] A& ¥
40 A} B =nls} Zro] VDC,2VDC, VSS,2VDColt}. 1]
1 CLK13} CLK27} z+z} vDC$} VSSel 73$- Ni, N2,
CLK1!, CLK12¢] A& VDC, 2VDC, VSS, 2VDCo| Tt}

o
N
)

vDC
MP1

MN2

CLK1 I }
N1
CLK2
MN1
vss

a2l 5 FAE-Z2Y dly| 25
Fig. 5. Boosted~clock generator circuit.

¥ 4 RAE-ZY 2MT|9 L= M

Table 4. Node voltage of a boosted-clock generator.

C1K1 VSS vDC

CLK2 VDC VSS

N1 VDC 2VDC

N2 2VDC VDC

CLK11 VSS 2VDC

CLK12 2VDC VSS
AR ol BE B AGRT opye AR
% 54¢ Juishe B A% BV 9 Ak

oA 1 A
oto] VDC, 28 A& VOUT, 183 B¥ F# o] VDC
Atoz 2934 & 73$ H3) AFAPP)E A ()T} 2o

A

H, Toscs @ $A7)9] ¥ 3718 ez Ne 39
we] +8 etk 85700 28 el Aat BB 55
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2 A

o} 7)1 Cpi= B2 7 7 A] &) (Boosting Capacitor) 2 1.3
5¢] B ~E-22 ¥i)7] 3] 2 =0 A MOS A A B Q] MN2
o} MN4E ojnjgiet. Goe B3 AAAEE HERl L, I8
4(@)e] VGH ©9] B3| 2T o)A Astg el F3h #AujA]
B9 C39} C4E 2Jm| 8t N& B3 o] 55 Uehdth

&9 AYE 7HAE VGL AstHE 9] 3¢ AAHA
T2z VGHS} #1872 & 7hA T VGL 24719 &
E5 = 19 694 B o] ulojoj 2 A7), VGL
g 7kx]7], 8§ 237), 5y 29 2], FLEZ
Ayl Astg e FAH o, JEl F2E
A3t VGL Aol Z2XAUGE FAGEE @tk
VGL Agte] 2F Agdrrl =& o VGL 4 7
29 A%9 OSC_ENb: VSSo]aL g ¥
A&t AatAF AN EZ A3 FP & A
A VOL Age 8 A &8t o W
7bett}. VGL Aol BF A4S w718k OSC_ENb=
VDC/} 51 g 237 2R S Wi o o]4Fe] Hst
BHYL dojuhA] =

X

pz 2
o
o [ e lo

¢
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r

18 6. HotE VGL Y| 25X
Fig. 6. Block diagram of a proposed VGL generator.

a3 7. HotEl VGL MEtEE 28X
Fig. 7. Block diagram of a proposed VGL charge
pump circuit.
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AABL 2= AP AYL2VSSTHE e n &8 A
32 VGLo| ok A ¥ A %’4 Mg 2= VDC A
Z 294 5= u]%@ £l CLKO, CLK3%}2VDC
of RAEd A %’4%3 = CLKI11, CLK12¢]
%E—i?&ﬂlﬂf&xﬁ}% 2 VOUTLY] A =4 A%
& 2VDCot}, 118 3 L}ui A 2709 e AFHZTE A
WA sk Lo} uirtA| 2 52beie] F8 R o) 7
B o] Hiy Hgel VOUT2(=VOUTI-2VDC), VGL
(=VOUT2-2VDC)9l Hul &% ZSto] Zhzh -4vVDC,
-6VDCE -2VDCHA R 8 gt 1704 VGLE Hu)
-ISVAAR] 2" & 4= 9l

VGL A ¢te] B3 7gho] -12Ve o 7] &9 22 27

=) up

J R
Ry
=
VIN >< VOUT
—
SARER
T wrio

(@) VGL ohelE= slz2x
(a) VGL unit-pump circuit.

CLRO Vbe vss

CLKN vss wDe

CLE12 2voe vss

CIK3 1 vss VDC

-

VN VIN VIN.YDC T
vy Ll vIN.¥DC VIN

V) VIN-2vDC Vi

vy iy IN.29DC

12l " sits 1 20 W

(b) BAMEjOlMe| HEE 23 Elojglx
{b) Control logic timing diagram in steady-state.

a8 8 HMetaEl vaL MEtE= 325 ¢ Elojd s
Fig. 8. Proposed VGL charge pump circuit and timing
diagram.

1Y 8= AU E VL G M HE S ZEE H o
Zth. VL ¢ AR E 3£+ VGH ©9] As 83
29 A2 4 H 3 ¢l (Complementary) el 2 7} 1, 27)
o] Zg|xkA] Ao 3 2 (MP7, MP8, MP9, MP10)9} PMOS
Ast AY 29X (MP1, MP2), 22 24-7E= NMOS A
8} g 29X (MNI, MN2), Bulk-Potential Biasing 3] =
(MP3, MP4, MPS, MP6, MN3, MN4, MN5, MN6) S MIM
A8k Hg A A E(CL, C2,C3,CHE FA = of gith

E 5 MoteEl VGL MStEZE 2ol L& Meb
Table 5. Node voltage of proposed VGL charge pump.

CLKO vDC VSS
CLK11 VSS 2VDC
CLK12 2VDC VSS
CLK3 VSS VDC
N1 VIN VIN-VDC
N2 VIN-VDC VIN
N3 VIN-2VDC VIN
N4 VIN VIN-2VDC

4711 9] 22 2 5(CLKO, CLK11, CLK 12, CLK3)& H|
A 29 Aoy, e VOL D9 stE Lo
7 w2 AR & 5o veht glen], 259 A4S A
Uy 29 8yl A EdF 3 9Jrk CLKOS} CLK3 &
g AzY 293 dYge VDColx
CLK113} CLK12 28 A5 9 ~9% [ gHe 2VDCo|th,
N13} N2 == 4] AgL L2]zkA] Ao 329
3 AHAE(CL, C2)ell ¢J3f VINF VIN-VDC Atoje]]
A 293tk 29 8b)l Hole o] 7315 CLKO,
CLK11, CLK12¢} CLK3%= 72} VDC, VSS, 2VDC 9} VSS
7h €tk o] m N1, N2, N39} N4 = =9] ¢ 242} VIN,
VIN-VDC, VIN2VDC$} VINo]EZ MNIL ONE I
MN2%= OFF5 0] N4 == 9] A ¢He VIN d¢to 2 Ze)x}
7 =11, VIN2VDC Ao 2 B e N3 ‘—‘:4 =
A= MNLE E38) VOUT == 2 9435 Agdrc)
2 a8 t1Z BAE :IL7}‘0 2t N42| %‘%%
3= MN2E 53 VOUT & A} A
Zgtel VOUTS VIN-2VDCE R A¥ T°r
T it

a9 9@ )= A7 2733 7o AHE® VGHSH
VGLY] 2] %} ) (Precharge) 3| 2 2 K o}tk VGH Z g
217 3 2= VGH 2A7] 3| 27} OFFFHil 7% VGH

B e Z#H
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PG RN =R A10E A7E

A4S VDC Ao 2 ZeE AR A]7]3L, ON A Ejo]H
A2 5 £ = Hi-Z(High Impedance) 4e] & 4] 3k
VGH| el F&& vAA §=F 3t FJRorh
Power-On T-7F5¢F VGH_ENbA 5 VDDE -3} 5t
MP2E OFF, MN1£ ON©] 5 o] N1 == ¢] A ¢te] VSS7}
gt} o] Aejo]AE MP1S ONo| 5o VGH =E&
VDC Ago 2 ] 2A] "}, FAHA 2] Power-On 0] &
VGH_ENb 2137} low2 Eo]A| ™ MN1-& OFF, MP2&=
ONE|¢] N1 =% 9] A9 VGH7} ¥ o] MP1-& OFF A} 7]
o2 YA 2= H-ZAHE FA3o 23 9b) 9
VGL ZE AR 3|25 VGH Z g A4#] 3] 29} fA}8HA
Ezhsl, VGL 247 8 =7} OFFEIQl 739 VGL A
S VSS Agto 7 ZTEl xR A]7) 1, ON Arejold X
A7 B 25 HI-Z 4 HE A 81o] VGL] Hgtel A&
v =& st 2otk

{a) VGH =Z2|xx|3 2
(a) VGH precharge circuit. {b) VGL precharge circuit.

{b) VGL =2|xtxi35| 2

o=l 9

3 9 HotEl MetEH= 32 Z2|XIX| 52
Fig. 9.

Precharge circuit of a proposed charge pump.

Dojdy #n

¥ 6& 0.18/m Triple-Well 32 o] gato] dAE
VGH 2 VGL A3t = o] SPICE 29|43 v|i 23g
Hoj#oh 25Ve] AYAY, 85T X, 16Ve] VGH,
-12V¢] VGL, NMOS ¢} PMOS E # x| A €] 7} Slow 2° Z
Aol A 71&9 ARNE WY 22 2-AEE Hepg
S At ANANY WHE FAE-2Y HPTE v
WEHT E 60 A HEupe} o] At F&
Astg=x g27t 7|8 222-AFE A3y

e fm l

)

=1
H
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B3 A F7} VGH, VGL 44 57%, 19.16% 718 A&

B 49 aeln 29 %VGH VGL 242 13.7%,
33% 713 AL & # Uk EF Fojopx WAL
VGH, VGL 7}7} 1.36%, 11.44% Z It} 0] 9} ZHo] A etg
F2E-29 AipgLrt 7)ed] a22-AEE dahg
Zoj vla] HY HF, WA T SHAA AT H &t
At

¥ 6. VGH d3tEHZo| gHely 4 d|@
Table 6. Comparison character of VGH charge pump

type.

2y EE 2y ("9 43

= AFA] | B(%] | @ | [w]
Ao

ﬂiE;i 14439 | 1094 | 7 | 276866
VGH F————
PrE

S mm | 16254 | 1109 | 4 | 273100
25 7=
Ao

ﬂii}; = 138.55 13.75 6 238,829
VGL ————
HrE

e gz | 16509 | 14205 | 3 |211,500

2% 102 0.18;m Triple-Well CMOS 42 o] &5}¢]
d7¥ DC-DC Converter®] #lo]oh- 18& WehiH,
Y o] o}-2 W A L 400um x 2000 ©] T}

agl 10, M otE DC-DC HEr| e glojot2
Fig. 10. Layout plot of a proposed DC-DC converter.
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TFT-LCD 7% IC & # 9| A1&] 114 % DC-DC 8] 27

shEze) As B =29 A Y
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#3 AANE WRY A2 2-AZE A8 A 244
E AL At H g HY 4o £5 FY T AU
0.18m Triple-Well ¥4 & ©]-83}¢] DC-DC ¥ #7] 3|
28 A A3 Add vFH FAE-EY A
(NBCCP) 3] &7} 7];—,] FZA-AZTE A8 Lo
B AF7E AREJY, dojol WA £ ZHAE
TFT-LCD 7% IC X 89 233 SHA {2

o 723}
g9 At
A7) A0 A% Fol glom 4 F HAE Fol e
AHR 2SS AAT Adolnt,
HFu2s
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