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A Charge Pump Design with Internal Pumping Capacitor for TFT-LCD Driver IC
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2 =204 TFI-LCD 7% IC BE9 2% 3 $HA #88 DCDC ¥y 329 F3 AHAEH W3
A2 2-71FE 783 X(Cross-Coupled Charge Pump with Internal Pumping Capacitor) 3] 27} 1\}]%7}] A ot= ¢t}
VGH % VGL A3 L 247}k Q18 gda} 13} ¥ ==F @24 3h= NMOS ¥ PMOS tho] 58 Fo, 27| 53
Al A3t B =28 M2 2& gog T sty Y H o Ast YL T Yt Jal A HMH st
Hxo] 725 b2 AAste HYP Ayt JPde s dFHE A4S A Yk =3, ¥y 28 FE =
ZolH| o] YA S B A vl 2 gol Fol 7)1 Agoz Qg FP 2 9] AR BJZlEM TEF
2E P ARG mx o2 WA Y HY AHYAE S Stack-MIM ARAE] & A5 7]29 322 AZE A
SHEIZ Ho} ojoh WA S H28E gk Al¢HE TFT-LCD 75 IC £ 38 = 3] 2 & 0.13;m Triple-Well DDI
FAE ALt AAG L, HAE P2 AFste ASs et

ABSTRACT

A cross-coupled charge pump with internal pumping capacitor, witch is advantages from a point of minimizing TFT-LCD driver IC
module, is newly proposed in this paper. By using a NMOS and a PMOS diode connected to boosting node from VIN node, the pumping node
is precharged to the same value each pumping node at start pumping operation. Since the first-stage charge pump is designed differently from
the other stage pumps, a back current of pumped charge from charge pumping node to input stage is prevented. As a pumping clock driver is
located the front side of pumping capacitor, the driving capacity is improved by reducing a voltage drop of the pumping clock line from
parasitic resistor. Finally, a layout area is decreased more compared with conventional cross-coupled charge pump by using a stack-MIM
capacitors. A proposed charge punp for TFT-LCD driver IC is designed with 0.13m tn'ple-well' DDI process, fabricated, and tested.
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FoE 927), g2 74 2HDSC), Foi-§ =uty
7171 Sl AL E & 428 H2Ed o A= 42F 5
ZAF3E T AF BAHE gook st Eokolth &
3 FoE U7 MP3 A7 BS 2 27U A
7t @A 3] FopA 1 A= 3ol 2P s 2 AMNA
£ 9] € & 31 SoC(System ona Chip) 7| = 71¢2 3 4
o o} X F3 Aeitt. AA 4£F tiAF o] FA=
QQVGA(128RGBx160) &< TFT-LCD(Thin Film
Transistor-Liquid Crystal Display) 7} =2 A}-£-5 1 it}

TFT-LCD #d& 753817] ¢ A4S & 15} 2ol
A ALAHVCDETY 2 YF(Positive)o] LA
(Positive High Voltage)<! DDVDH, VGH A ¢}, 2811 1
2 E=(GND) A¢tu ) e A4 VGLI o] §
2E¥®  HY(Boosted Voltage)s TFLE  ITH1]
DDVDH+= TFT-LCD ¥ Al 9] Source Line 7% Ao 2
A} 5 37, VGHS} VGL2 Gate Line 75 A4 o2 AFE-
HrH1).

¥ 1. TFT-LCD #Hdo] AIBEl= 5 MY
Table 1. A driving voltage for TFT-LCD panel.

TE 45
DDVDH Source Line Power

VGH Gate Line High Voltage

VGL Gate Line Low Voltage

TFT-LCD 7% IC(Integrated Circuit)l] 4 Gate Line ¥}
Source Line 5o .23 A& F73H= DC-DC W
72 AYHE AHS3t= PWM(Pulse Width
Modulation)*}4] 5} 2] X]-7 5 A] €} (Switched -Capacitor)
o | 15} % = (Charge Pump) "$4 0 2 TAY 5 3]
oo, 29 X-AAAE o o3 AP P FFIC
5259 4233 5ol FHE 7HAR Yok A 29 A-
AN E ol 2§ At E a]ol A ]FE HY A
A) E{ (External Pumping Capacitor) & A}-8-3t& 4= ¥
3 thH(Pumping Stage)u}t} ) o] HY FhA e o} A5}
A%} 7 ) A] B} (Charge Reservoir Capacitor) & A+-§-3foF
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FZALE AT 3]. 17 1014 9} o] PMOS 22~
AT AFHE 29 X)|(Charge Transfer Switch)$l
MPl, MP2& AHg3te] A3t dgA £EAG &4
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o 7}448} PNP BIT7} £4)38} 31, ©] BIT/} F2E
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Region)ol| Q1222 Hyg A3} 7|wo2 wa vt
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Fig. 1. A cross-coupled charge pump circuit.
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Fig. 2. A conventional 2-phase cross-coupled charge
pump circuit.
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Fig. 3. Asymmetrical pumping node voltage swing of
a conventional charge pump.
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$: W (Layout Area)o] ) 3h] F7heh,

B =EdAe 98d VINg 3 2E3 X9 NI,
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Stk vhz7bA 2 28 © VOUTH B AE wE NI,
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YA F2EF =271 VOUT =1 Vol &
old 9 PMOS t}o] Q. E & E3) VOUT == & urAl 3
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9] 718 A & (Parasitic Resistor) ©. 2 13+ A 75+ 1}
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Table 2. A design specifications of a DC-DC
converter for a TFT-LCD driver IC.

T8 F8AA A G
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x] O]
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VGH 20014
k4
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Fig. 4. A block diagram of newly proposed VGH
generator.
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CLK3):= H|FH 29 Alzojn, VCI Ago s 294
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CLK3E 7j2Hoeg 2& 94 7ixch A4
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Agad e a9 50)0 e glon, 289 AA T
L= Aee 3850 BRF 1 QIth NIFN2 =&
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{a) A 1st-stage VGH charge pump circuit.
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(b) A timing diagram in the steady state.

Node Name Node Voltage

u i
CLKO ov va
CLK1 VeI ov
CLK2 ov VeI
CLK3 VeI ov
VNO) vaI Wa
VN3) 2VCI va
VN VeI Vel
VN VeI 2VCl

(©) ™ ©f VGH MstE =9 = Meh
(c) Node voltages of 1st-stage VGH charge pump.
a2 5 MEA Meotel XM ¢ VGH MotE = o
3lz2¢, Elo|edxr ¥ = MY
Fig. 5. A circuit, a timing diagram and node voltages
of a newly proposed 1st-stage VGH charge pump.
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B AFE S/MAE 5 Ak

283 1Y 6@ T A oo T ALSE VGH &
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=3z AFAZ = NMOS A3l gk A2 X(MN1, MN2),
AZA-AEE PMOS 3l A A X(MP1, MP2),
Bulk-Potential Biasing 3] 2(MN3, MN4, MN5, MN6,
MP3, MP4, MP5, MP6)$} MIM A3} B3 7 3 AJE)(Cl,
C)2 T =AU B g el A VGH G Hstg T
ozt =29 MY S 28 6b)oll Ve glom, 1
B AT == A2 29 6ol A RAF 2 gl

L vour

(@) A VGH cH9| M3lH= 3l2%
(a) A VGH unit charge pump circuit.
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{b) A timing diagram in the steady state.

Node Voltage
Node Name ” pe
CIK1 VCI oV
CLK2 oy VCI
VND VIN+VCI VIN
V(N2) VIN VIN+VCI

(c) VGH cttgf MelH=of L& Mot
(c) Node voltages of a VGH unit charge pump.
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orE VGH el Moty = o
325 BlojYs ¢ ==Xt

Fig. 6. A circuit, a timing diagram and node voltages
of newly proposed VGH unit charge pump.
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Fig. 7. A symmetrical pumping node voltage swing of
a charge pump.
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328 31 N A ARANE A L A 2 B
] AE L g Alo), T T oA HEo] GDS(Global
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Scheme) TF5HH o] 22 3 Fulao A P F3 9
29 Aol o ] FEHA Y FHS NG F
Ak =3 WFE BY AHAEA Cl, C2& 7]&9
MIM 7 3 A] €] ©.t} 8-7Fo] 24 o] A Stack-MIM 7]
HAEHZ ALEEte] 7] &9 A2 2-AFE A G &
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A& 122 290

328 o
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Fig. 8. A pumping node voltage swing difference by
different pumping capacitor driving methods.
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F9 ot ¥ 49] 2-94 AHLAA Y 4Y
Aeto] VCI, &8 A VGH, 12l 2 ¥ 2o V(I
Aoz 294 & A B9 ARAGHE 4 )T 2
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VGH- VCI

CpX | VCI—- %

IGH=

= Al
Tog 2 40

o} 7] Cpiz VGH A3 g Lol X o] § AAAEHE
U™, Tosce 3 23719 23 F7]15 YelZ N
< 99 g 5 vehdnt. & F7)d 23 9] M3t g3
S P2 HY A Fe -9 dehgZ el vl s 2u
ojth.

&9 AehE 7HA = VGL A3t E Z o] A4 A 2
TZE VGH 2 A7) 9 §:AH8 2 & 7H o VGL 2 A
719 S8 =& I9 994 Hents} 2o] VGL #d 7
A7), 3 #7), AEE 2 243 g, 2 =
2729 Mgz 2 FAH] e, JEy F2E
AHE-3te] VGL #gte] RRALE #AES $r.
VGL <ol 58 Aturt &S o VGL & 24A]7] 9
29 21 5.¢1 OSC_ENb=0Vo] 1 3 37| = S & A
&ata] 43 AHAE QA 1uF o] AstAZ AHAEHE A
G} EFEASIG TYM VL AU L SR ALE 7
sto] g9 Wako 2 Ttk VGL M gto] X AE
%57}st® OSC_ENbE VCI/L Hla 3 227+ 33 &
30l o o] e At WP L2 dojukA etk

ven S {
VOL | oscmm | ¥R lyey osc| SO | wemibvor |l RS | vor ] ver
Level Ring Controt b vor : e
AGND| ) Hdies: 4 Tnges :
Detector | Osiflater Toge axa ! i .

DOVGL Clavae Fump

a3 9. MEA MotE VGL LYT|e E5E
Fig. 9. A block diagram of newly proposed VGL
generator.
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19 10@)< AE VOL 3 A HelgZ 32 v s
RaFrh VGL 3 WA A= 3l2x 2709 =gt
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X](MN1, MN2), Bulk- Potential Biasing 3] 2 (MN3, MN4,
MNS, MN6)2} MIM A 3} 8 3 7 5 A E](C0, C1, C2, C3)
2 A= rt 4709 28 A15(CLKO, CLK1, CLK2,
CLK3)= H|53 €8 Adon, VCl Aoz ~93
gt CLK09} CLK2:= H|ZHHE A A9sta:
7IRALoE Ze IS 713 #ALeA CLK1T
CLK3%= 7|23 02 22 948 7hath A el ol A
VGL A W7 A3 PZ o] 2} = A 29 10()d]
vpehu Qlod, 159 AAE AgtstE e 23 10b)oll
A BojF 3 9lrk N17}F N2 l = o) AAbabe) Aghe T
2|2k Al o] 5] 2.9} B A A E)(C1, C2) 2] OV}

aalle
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: co TCI F}\"‘
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@ ™ o VGL Hslg= 325,
(a) A 1st-stage VGL charge pump circuit.
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(b) A timing diagram in the steady state,

Node Name Node Voltage

4 t1
CLKO VeI ov
CLK1 ov VeI
CLK2 VeI ov
CLK3 ov VeI
V(NO) ov va
V(N3) va ov
VN -VCI oV
Vi) ov VI

(© H™ ot VGL Mstgzo| = Feot,
(c) Node voltages of 1st-stage VGL charge pump.

a8 10 MBH Aeots XM o VGL Matg = ol
3 2%, Elolar ¥ L= Mo
Fig. 10. A circuit, a timing diagram and node
voltages of a newly proposed 1st-stage VGL charge
pump.

a8 100b)e] Hole ¢ F7HEe CLKO, CLK,
CLK29} CLK3%+ 7}2} VCI, OV, VCISH 0V 7} "t} o] o
NO, N3, N18} N2 :==.9] 29k 7tz oV, -VCI, -VCI9}
0Vel= 2 MP12 OFFE 3 MP2: ONE| o] N2 = ¢
e oV Ao 2 2 gk 28 3 VeI Age
EFARYENI =50 B A8 E MNIS $3)
VOUT =2 Agdth a8l 29 10(b)9] t12 F A
H FELN2 =20 HYE S48 E MN2E 3
VOUT = =2 d98th 294 As §YL 3 o] 2
429 Lot VCIZ 29 3= Y A5 EALE
22 EZPAP VOUTS -VCIZ BAelw Ade
FR 3} $H MP1o] OFFH o] Clej 93 3} 9
o] Yolrtal, MP27} OFFE o] 3o = C20)) 9 &) =13}
Ho| dojutnz Fyd S8y} ZExy EUx
£EQ MPL3t MP2E B8 A U7he AL 9A) 5l
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223 1l@yE F A © o] Fof A4¥ VGL &9
AP 322 BojFr} VGL G ASHE g2 =
ag2-AEE PMOS A3} Ag 2% X (MP1, MP2), 3.
2X-71ZZ NMOS A3l Ag 2$A(MNI, MN2),
Bulk-Potential Biasing 3] 2 (MP3, MP4, MP5, MP6, MN3,
MN4, MN5, MN6) 2t MIM A 3} 83 7 5} A €](C1, C2) 2
FA ootk Faaeiel A VGL g Astg o] 7}
= Aduty e 33 1ip)e] Vet glen, 189
AAE 22 AL 28 1A BegF 2 gl

=
M3 XNPA i% w3\ wN
C
' T
MR : . Nt Mt
betby
vIN .v,,.. | vour
1|
w2 Ly N2 MN2
—LCZ
MPS X MPE g% NS \ M|
(@) VGL £t MSHHE= 32T
(@) A VGL unit charge pump circuit,
CLK1 oV vecl
CLK?2 vel oy
vae) VIN.VCI VIN
V@) VIN VIN-vCI
-wgi0 “ S i 1 QiGh-u
(b) MAtAtefol Mol Etoj2 T
{(b) A timing diagram in the steady state.
Node Name Node Voltage
t4 tl
CLK1 ov vCI
CLK2 vCI ov
VIND VIN-VCI VIN
VN2 VIN VIN-VCI

() VGL £t Mot z=e L= Mt
{c) Node voltages of a VGL unit charge pump.
Oz 11, MBA mM et VGL tHel MEtE =
3|2, Elojds ¥ TEFE
Fig. 11. A circuit, a timing diagram and node
voltages of newly proposed VGL unit charge pump.
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Fig. 12. A VGH charge pump output voltage with
respect to input voltages.
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Fig. 13. A VGL charge pump output voltage with
respect to input voltages.
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Table 3. A pumping efficiency and current of newly
proposed charge pump.

T Conventional | Proposed | Remark
Pumping VGH=
Efficeney| VOH | 845% 9.32% 165V

(3::)“ VGL | s2% ow0% | O
Pumping VGH=
Current VGH 202 235uA 165V
@ Tosc VGL=
(=40ns) VOL | 20 2k | sy
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Fig. 14. A layout plot of VGH and VGL charge pumps.
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Table 4. A measurement values of proposed charge
pump with respect to VCI1 changes.

ven Target[V]  Measurement[V]
@ BT<2:0>=000 @ BT<2:0>=000
™ VGH VGL VGH VGL
2.4 14.04 -11.70 14.01 -11.75
2,15 12.90 -10.75 12.87 -10.83
2.04 1224 -10.20 1221 -10.26
1.9 11.64 -9.70 11.61 -9.78
L78 10.68 -8.90 10.65 -8.99
1 10.26 -8.55 1023 -8.64
159 9.54 -1.95 9.50 -8.04

¥ 4= AT A4 5 E Z1229 VoI A
& VC20> = ALg sl Wste shRA A% @
B 2EAE AR HL Aol AW SE @3 A
o $AE RE AL FAS B9 BAE 5 glow,
A4 T4E 3 Sk

E 5 BT<20>0 w2 wote Mstg= z9
£¥Z 3t
Table 5. A measurement values of proposed charge
pump with respect to BT<2:0>.

Target[V] Mensurement{V]

BT<2:0> @ VCI1=2.34V @ VCI1=2.4V
VGH VGL VGH VYGL

000 14.04 -11.70 14.01 -11.75
001 14.04 -9.36 14.01 -9.40
010 14.04 -7.02 1401 -1.05
011 11.70 -11.70 11.67 -11.75
100 11.70 -9.36 11.67 -9.40
101 11.70 -7.02 11.67 -71.05
110 9.36 -9.36 9.34 9.40
111 9.36 -7.02 934 -7.05

¥ 5% BT<2:0> X 2H 3ol ¥sle] o2 VGH 2
VGLY &9 g SA3Ath BT<2:0>= AL
%9 S FAstE Zs oy, HoA BE0] VGHE=
VCI1 A ¢te] 4~64), VGLE VCI1 2 ¢te) -3 ~-5u) 2 3
Ao, A=) Wdle] W EF g A 2HH =
#=7H S gk
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