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Abstract

An area-efficient DC-DC voltage up-converter in a poly-Si TFT technology for system-on-glass is described which
provides low-ripple output. The voltage up-converter is composed of charge-pumping circuit, comparator with threshold
voltage mismatch compensation, oscillator, buffer, and delay circuit for multi-phase clock generation. The low ripple output
is obtained by multi-phase clocking without increasing neither clock frequency nor filtering capacitor. The measurement
results have shown that the ripple on the output voltage with 4-phase clocking is 123mV, while Dickson and conventional
cross—coupled charge pump has 590mV and 215mV voltage ripple, respectively, for Rout=100k?, Cout=100pF, and
fclk=1MHz. The filtering capacitor required for 50mV ripple voltage is 1029pF and 575pF for Dickson and conventional
cross—coupled structure, for Iout=100uA, and fclk=IMHz, while the proposed multi-phase clocking DC-DC converter with
4-phase and 6-phase clocking requires only 290pF and 157pF, respectively. The efficiency of conventional and the
multi-phase clocking DC-DC converter with 4-phase clocking is 65.7% and 65.3%, respectively, while Dickson charge
pump has 59% efficiency.

Keywords: DC-DC ¥&3|2, st Y 3= vF Y4 29

I.M E

Al Elgia =] X]

2
2

EARo2 TFT-LCDE HAd Ag=

T A, T A3, g w AAAY AR ST
(Div. Electrical and Computer Eng., Hanyang Univ.)
HAedak 2004910869, T3 S5 Y 200501412

(19)

28] (Amorphous Silicon Thin Film Transistor : a-Si
TFT)E o]&3te] Tds=H a-Si TFTE o=/t
U R ol SARE Aojste 29A AR ARRE
1, TEIEE Fe  BFE TAB  (Tape
Automated Bonding) 59 WHoZ AZA HER
TFT-LCD2] #uj¢} 7tHe] Frtele EAHo] rh



2 System—0On—GlassE A8 Poly-Si TFT & A DC-DC BH@3 2

v o2y dygE dgEeEdAAE  (Polycrystalline
Silicon Thin Film Transistor : poly~-Si TFT)¥ 9%
o FEIHEE A F FE Aol ZHA HEz o
da =atoln] IC Alo]e] dZMdo] e §iA HER
TFT LCDY E%E% AP S 2A 4 F Uk
e a-Sid AS it BoldSE =gl IC9
AZAs= B9 pitcholl Wigk A7 it o] d o
Froll A daFdol Aave HAFERE 07 19 2ol
poly-Si TFTE °]&3te] AlE 3 dlolf =2}o|
IC ¥ olYz DC-DC ®gs|z9} HEE 237X

g EE A&gol #Hdd  FAHAHE  SoG
(System-on-Glass)7} & 2ot

sjdo} AT A=}t Fopde) wt Hde TF
7] g FRslzse A"HARsE A F,

DC-DC #3327} FasiFojol & Heo] AXA H
A4 o] A 28 AYG9 EEH, F EHdol
AR HEAGS Fo)7] Hslix= Adt HZ o
DC-DC ¥Es|ze] A3 ANANEE ZA AFAY
29 Fu58 A4 s 5 /A gl . A
% poly-Si TFTS W& o]z Q3 T3 FoT=
A=A Ht welA poly-Si TET DC-DC #3332
oA BEALGSE ¥E F U FLT P ZHY

ARAEE A AFE

R

Poly - &t TET-LOD

B R S SR

e e s

Poly-Si TFTE ol2%t SoGe} 2id T
Concept of SoG with poly-Si TFT.

T

a8 2. Dickson M8 H= 3|22} ElO|AUL
Fig. 2. Dickson charge pump circuit ang its timing.

(80

o|#E 9

g%
3
oo 3
glol= SoGE g
FHsAT

Io. &5t H= 2|2

1. 7|1Z9| M3t H= 32

At o WEe 98 g de) AMSEE Dickson
Ag AZ P25 39 29 JeuAy? @9 mge
NTFT &7e] FEAQ) ZAste] g3 Ag=ojdnt. &
go| et gEAge FEY AR} o 2
7] E<F CLKI®] high® Welw 4 guz 28 3
spo] HE3HA v

14 AR EE FA
doy 28 AIA%e 4

W3 2ol Yepd 47}

& =
ek B e

=
I
V. — .___.__L 1)
!
rppe fclk X C10ut
EEAqt 74stZ €138 Dickson 43t BX 329 §
EAsle 29 39 JEbd cross-coupled TERE AME
oz AR =7 o wa cross—coupled T+
ZE ARgSto R & U2 APe &8 g EHdIA
UEeldT) o] FxolA ZHFY AHAEE v F9 F
7) B9t CLK1, CLK27} 247} highd W} 4522 &
Hol| el #fZAYS Dickson 7220 H|s] A9
Hutoz ZoEA Ho 7|4 AMAHE FAFIHA
2 (2)9) 2ol vEhd 4 gl
QuT
—
Vo %cw
CLK1 -1 ] .
CLK2D>—
CLK1_]
CLK2 |

a8l 3. Cross—coupled Hst H= s=et Elo| =
Fig. 3. Cross—coupled charge pump circuit and
timing.

its



Fig. 4.

20054 28 FXSHA=EN M 42 A SO H 2 & 3

M1

Dickson ™3t Hz= 3=29| (q) #ald
b) 58&3

{a) Microphotograph and (b) measured waveform
of Dickson charge pump circuit.

329

7|1Z29} cross-coupled T+= St HI=

(@) #old A3 ()
(a) Microphotograph and (b) measured waveform
of conventional cross-coupled charge pump
circuit.

SEEE

V- _ Iout
P 2K ok X (Cous + Coumpny) )
—~ Iout
- 2 X fclkX Cout
R LR EREETEE

X
A

7] & B} AF &
A AAFA dod HEAdGS e S948A € A
ojth. o2l Ndg o] &3t thE A F9H WS
A st ot

% 49} 1% 59 Dickson As HE 329} 7|&
9] cross—coupled M3t HZ 32| g HIE #H
o] gulF AR SAZRE 47 JeRddYh FA42
Rou=100k, Cow=100pF, fax=1MHzo|Al ©]Fo] How
2443 g8 A Dickson 7% cross—coupled 7%
Zzkell g3 &9 A2 98Vt 106V, fEHgte
50mvel 215mVeS & 7 dow E8-2 59%9)
65.7%9 & IUL

2. Motst OHE 4 Mot BHE 3|2
23 39 ekl 7129 cross—coupled 3} H o
7} 2709 A=A E, NTFT, PTFTZ FA4EHE st &

ouT
ee - Tt 1 J_ —4
VI‘W Rwi T Cou
o
CLKI>T T L -
CLKS l e
K3 e
CLKAS> e
CLKA1, -
CLK2 ] T
CLK3. -
CLK4 ™| B
(a)
— O
Vi e
@ - Rwi f -
CLK1 e
CLRKZ2 > wan
CLK3D—— el
CLKAS> oo
> wes
=ERe
CLK1 -
CLK2 ] P
CLK3 1
cLk4 7]
CLKS
CLK6

(b)

a3 6. ZI&9 cross-coupled THZ=o

olat B MW M3

(@) 4-2i4k, (b) 6-
Mz 3|22 Efo]
Uz

Cross—-coupled charge pump and its timing with
(@) 4-phase and (b) 6-phase clocking.

Fig. &



4
{b)
a® 7. 7I&9 cross-coupled Tx0f 4-9A EHZUE
MEsH Mst gz 29| (g) #ald ARz (b)
EZ B
Fig. 7. (a) Microphotograph and (b) measured waveform
of cross—coupled charge pump circuit with
4-phase clocking.
Charge pumping circuit our
y )
v, . é,m
Comgparalnr
H Osillator

13 8 DC-DC #as|lz #=
Fig. 8. Architecture of DC-DC converier.

i
=y

RS
o
m{N oy off

2 s 14 ARAEE FA BT &
2ol AEAE el #7100

i Z % R}
jgﬂlﬂ
o.?:,é"

System~On—Glass& 9T+ Poly—Si TFT 4

HA DC-DC HEs2 old 2

Decision stage CutpJt buffer

Pre—-amplifier

a8 9. J|&2| H|m7|
Fig. 9. Conventional comparator.
I
_ out
Vrz’pple“‘ (3)

N X fclk X Cout

4

I
z,
it
(o3

dek AL 53 4

mQ

E:l Z] =

Lo} S ATHE AEAY, 3 4F
%oﬂ ;q.g]. 1;].27411]1:]. om]-;q =4 E]"é” -r] Ak
oK F/15E B ANAEY 2]k 2
g AAEY 2R Fomz gF 94 29

o=y DC-DC #Es| o] W7t 7} 7153)

3 Aoket thE YA 227 9L DC-DC g_]rgq
27} BFdFol0L & AFV 255 B4YL o Eo
ABZ SoGE A o477t Erhn @ £ 9

= 29

=

~J$L
o —|>

o=

]
)
—Eoﬁ‘im&iﬂl

O‘l‘ i

f[: AR

a3y 74 4-994 FE7S ALl M Hx |
We H2E SEe @07 Apls 23392 e
Atk GA EHL Row=100kQ, Cou=100pF, fa=1MHz2]
244 olFo zon E¥ Jde 114V, HEIYE
2 135mVejn §8-2 65.3%°lck. 23 5ol Yk 7]
F9 cross—coupled T2l H|3} 2]& Aol A o] A
gho] HA| ¥ olFE "%‘, Ao zpold] e £

A5l Holo] 7lAd Aol

Roigp
[

§_L

I &E #ld 25E ©lst HZE g8t
DC—DC HEs|2

bAl

0% DC-DC HEsjg= 19 8d Veld A
AE A8t F 32, vawr], eAddeld, Wy, g



200549 28 HASE3=2X X 42 A SD A 2 & 5
L d oo
by I
?-—‘(l 3’%
" [ et
— [+] ]
a‘_'J in2 {jj ELCI
'j-/o — our Detection  Driving
a \l,'—;“*\* *‘?—‘—_\7‘ Time Time
:] [ ] i 72 2]
SWa
: SWhb
[ E! } SWe |

f

(a)

37 10 (@) SEHTE HaE 248 Bjwo|et (b) ElolYE

(b)

Fig. 10. (@) Comparator with VTH mismatch compensation and (b) its timing.
o5 944 288 AAE) A AdsEE A4 E of Jd4=xnz sFjsAEole Vppe A7t FAF
Hay|E 29 A4 71E Agg vlaste] 21 ¥t ATt o T2 Sl AdAEdE AgEH IR
A H3R N5 E A8 9% high £ lowe] AH3 Vop®] Hst= TFTY Ves7t #EAYGH 2ol AR
23 Agre FFIYY 27U grain boundary 2 Q) A Hrz FYHAG7A B gebA detection 7
3 2 2EAY ¥sE /A E poly-Si TFTR EE 3 b FddlE ZH TFTY AlE Zof sle FFHAE
27} 7857 Q& Bur]e) BS & offset2® © wgAdRtge] AZHA "ok F% 717 59
st} & FASIA ¥E 7F Aok weEkx] 1Y 90 Z} TFTY =89 A 74 @7 2o] Yehd 47}
vebd 71ES vlarld & =3 Aetet £9 z9} At
WEkE B varlE a9 109 JEepi it W

H| 7] 93 pre-amplifier, positive feedback &= :"gT (Ves+ | Ve | — | Vg | )?

decision stage, % WH Huog FAHo Jr}
Pre-amplifiers Hlu7]9) 48 A3 & 2 vudg 4 9l
EE AAEE goF7] da 48 N5 E FE3)
positive feedback stageZHE o0& 293 F&&
g Azel FEA7le 98& ¢t} Decision stage:s
7 98 A3 F o= o] 23 A2AE AA ) b
Ago 2 self-biasing -2 & e 24€E A
HE " A5zH 233959 Self-biasinge FH
e e A 8749 Bl s upolojx AE
QHAZIA 7]+ negative feedback %2 A Foj9lth
oA poly-Si TFTO] E8x¢k ¥isle 29 By o
dME BAR o2 naEouT

meba] B oA Al vlir]e] £E et Wl
BALS 9 99 YElA 7]E29] 329 A output buffer
%S A ZF TFTO suhel Adr et 24X S
o] g3t Ao FEAYS RSl 2 At
THAS FHAEE Ak TEAYE RS
A ¥larle] FAdAE g 2o T1 §% Z
AW E S FE2 Vppoll dZ2FH T thE &% HA

Ry

Of
e K

q}_z

83

W (4)
= gT ( VGS)2

)

webA 72 TFTY =49
I H]7] 9] offsetS B

A=A = §
AFe 29A

J
BT,

V. AEgold & 53 A

¥ SAARAAN EFHARY Aolo 7]
X*%}«l ole 17 119 A Bl Aael ojg o
X 1A E F de AAME Lu=100uAs] L3

601] A Dickson 7% 719 cross—coupled 7%l 4]
o] B]EH4L 5088mVel 2634mVel whH 4-2)47)

=
=
ok

|

Z

F

6-914 2UAL AEE UMY PEAgL
1323mV ¢ 73mVeR ooz Zojgis & 47}
)sl‘:} ]' Iout 100UA91' fclk 11VH‘IZ°“A‘1 50mV-4 ‘j/]n;ﬂ

&s 7M7) A8 eEHe EEHE AgAEY a7
Dickson T%¢} 7129 cross—coupled TFZo)A]
1029pF 3 575pF¢l whd 4-9143 6-94 &

L
o
L
T

2%

[e]
47¢



6 System—-0On-Glass& 98t Poly-Si TFT & HA DC-DC HE3| 2 ojnd 9
280 ; 0 S —
240 T ; T when Vqy is compénsated
200 v \ Dickson e 9 ™ : .

— 160 , - 8 Ewhenv is not compensated"-

3 120 A e | o

E 80 / / 7. | E

@ 40 56 - :

(2] oy [P

g 0 S5 g \

0>J -40 g : Vi

& 80 | 4

S : J i "

S -200 / 2 \

> 240 \J 1 T : Viu
-280 ¢ B B
-320° 0 - m

970.6 970.8 9700 9712 9714 9716 9718
Time [usec]

a8 11, las=100uA, Cou=100pF, 2|2 fy=TIMHZOIA 2t

TxY 2lENY

Fig. 11. Ripple voliage of each structure for low=100UA,
Cou=100pF and fu=1MHz.

600

500
. —5— Dickson
=
g 400 —4— 4-phasc
@ -~ 2-phase
g ~¥~ B—phas
a— | s}
= 300 P
=
@
g 200
R

100

o . . . ,

100 200 300 400
Qutput Capacitor [pF}
38 12, lu=100uA2}t fa=iMHZOIAM 2 =¥ output

capacitore| 27|o wE 2| &MY
Fig. 12. Ripple voltage vs. output capacitor for lo=100uA
and fa=1MHz. |

E 1 lw=100uA fucIMNzOIA2] AlBalold Znf

Table 1. Simulation result for 1lox=100uA and fau=1MHzZ
Filtering capacitor Ripple voltage
(for 50mV ripple voltage) (Cour=100pF)
Dickson 1029pF 508.8mV
Cross-coupled 575pF 263mV
4-phase clocking 290pF 132.3mv
6-phase clocking 157pF 73mV
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Fig. 13. Comparator of threshold voltage compensation
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Table 2. Simulation result vs. measured result for
Rou=100kR, Couw=100pF and fuctMHzZ.
Output Ripple o
voltage voltage Efficiency
Simulation 2.67V 550mV 61.27%
result
Dickson
Measured 9.8v 500mV 59%
resuit
Simulation 10.71v 205mv 67.79%
Cross- resuit
coupled | Measured 10.6v 215mv 65.7%
result
Simutation 1154V 123mv 67.79%
4-pha_se result
clocking | Measured 1.4v 135mV 65.3%
result
8phase |  Simulation 11.82v 68mV 67.76%
clocking result
E 3 lo3mA,  fucIMHZOIM  2F =& filtering
capacitor?| HAD M M5t H= 3z ME
Table 3. Required area of filtering capacitor and charge
pump circit for lae=3mA and fac=1MHz.
Area of filtering capacitor Area of charge pump
(for 50mV rippie voltage) (for 5OmV ripple voltage)
fum?) [un?]

Dickson 298,260,870 299,770,170
Cross-coupled 166,666,667 168,201,767
4-phase clocking 84,057,971 86,288,771
6-phase clocking 45,507,246 48,463,746
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