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Class-AB Rail-to-Rail CMOS Buffer Amplifier for TFT-LCD
Source Drivers

Yen-Ting Chen' Fang-Hsing Wang”’

ABSTRACT

A class-AB rail-to-rail CMOS buffer amplifier is proposed and fabricated. The main circuit structure includes a bias
circuit, a complementary folded-cascode differential input stage, a common-mode rejection ratio (CMRR) enhancement
stage, and a class-AB output stage. With the complementary folded-cascode input stage, high input common-mode range
(ICMR) and rail-to-rail output are realized. By utilizing the CMRR enhancement stage, the open loop gain and CMRR
have been enlarged, hence errors of the amplifier have been greatly diminished and the offset voltages are decreased
by the high gains of the input stage and the CMRR enhancement stage. The circuit is demonstrated by using a 0.35-um
CMOS technology. The output load of the buffer is a 5-stage R-C network (R = 2 kQ, C = 30 pF). The average offset
voltages are about 0.57 mV in mid-gray levels and the output swing reaches from 0.011 to 3.296 V with a 3.3 V supply
voltage. The settling times are 1.84 and 1.34 ps for rising and falling edges, respectively, and the quiescent current is only
3.1 pA. The proposed buffer amplifier has the potential to be applied for source drivers of large-size, high-resolution, and
high-color-depth TFT-LCDs.

Key words: buffer amplifier, CMOS, common-mode rejection ratio (CMRR), source driver, TFT-LCD.
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1. INTRODUCTION

In recent years, TFT-LCDs have been widely used
everywhere. From the portable devices, such as cellular
phones, to LCD-TVs, TFT-LCDs are adopted commonly.
For home theaters and multimedia applications, large-
size, high-resolution, and high-color-depth displays are
indispensable. In general, to drive LCDs needs DC/
DC converters, timing controllers, scan driving circuits
and source driving circuits. The LCD source driving
circuit includes shift registers, sample/hold registers,
level shifters, digital-to-analog converters (DACs), and
output buffers. Output buffers play important roles in
an LCD panel. It concerns with power consumption,
image contrast, crosstalk, flicker, and accuracy of gray
levels. For large-size and high-resolution LCD-TVs, due
to the data lines with heavy RC loads, the charging and
discharging of the pixel electrodes must be completed
within a few micro-seconds, so buffer amplifiers with
high driving capability are needed. For multimedia and
TV applications, an above 10-bit color depth is preferred,
so offset voltages of output buffers need to be controlled
well. Due to requirements of large-size, high-resolution,
and high-color-depth for LCD-TVs, a low offset voltage,
rail-to-rail and large driving capability output buffer is
necessary.

In CMOS technology, the output buffers for TFT-
LCD application have been studied [1-10].
investigations have been carried out to eliminate the

Several

offset voltage and speed up the slew rate of the buffer
amplifiers. The replica gain circuit to achieve the mean
offset less than 0.88 mV has been reported in [2], but
the slew rate was not large enough for large-size TFT-
LCDs.
buffer by recursively coping the output driving current

A high-slew-rate and low-power-dissipation

and increasing the tail current during slewing has been
proposed by Kim et al. [3]. Ker et al. took advantage
of a switched-capacitor to cancel the offset voltage, but
sampling and compensation of offset voltages consumed
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a significant amount of time [4]. A buffer amplifier with
large driving capability by adding comparators, which
detected the rising (or falling) edge of the input signal to
turn on a push (or pull) transistor to charge (or discharge)
the output load, was developed in [5]. Reference [6]
adopted a slew rate enhancement structure to improve the
driving capability of the buffer. Pugliese et al. presented a
new settling-time-oriented design strategy for operational
amplifiers with current-buffer Miller compensation [7].
In this work, a complementary folded-cascode
operational amplifier (OPA) with low power dissipation,
low offset voltage, and large output swing has been
developed. The proposed buffer is suitable for large-size,
high-resolution, and high-color-depth AMLCDs.

2. NONIDEAL CONSIDERATION

FOR OPERATIONAL AMPLIFIER

A high-precision amplifier should have high open
loop gain, large phase margin, low offset voltage and large
common mode rejection ratio (CMRR). The nonideal
factors could be divided into two types: systematic and
random components. The systematic item depends on
circuit’s architecture. The random component is caused
by technological parameters or the device mismatch.
In this section, offset voltage and CMRR of a buffer
amplifier are studied.

2.1 Derivation of the Common mode
Rejection ratio (CMRR)
The CMRR is a major characteristic of a stable
system in amplifiers. The CMRR is represented by the
) over the common mode gain

diff?
In an ideal condition, the common mode gain is

differential mode gain (4
(Aey)-
ideally zero, so the CMRR is toward infinite. The output
voltage is given by

aut Adsz le// + A V (1)
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Where
Vdi//' = V;n+ - V;nf 2)
and
Viie ¥ Ve
Vew = m# 3)

In an ideal condition, a unity-gain configured amplifier
has a zero offset voltage and an infinite CMRR. The

output voltage is

A4
I/out = . I/in
1+ 4,

“)

Where 4, is the open loop gain of the amplifier with a
zero offset voltage and an infinite CMRR. If the open loop
gain is infinite, the output voltage would be equivalent to
the input voltage. Finite open loop gain would make the
output voltage less than the input voltage. In the unity-
gain buffer configuration, this nonideal characteristic is
an important issue. Figure 1(a) shows the nonideal effect
of an OPA. At first, we define that the offset voltage is
zero and the CMRR is finite in the ideal OPA in Figure
1(a). From (1), (2), and (3), the output voltage is [11]

Vo =VewA'er+ Vdiﬁ”A 'dgﬁ"

V;n+ + I/inf ' ] (5)
= At Ve =V ) Ay

Where CMRR’, 4’,,, and 4’

M diff
mode rejection ratio, the common mode gain, and the

represent the common

differential mode gain for zero offset voltage. If the OPA
becomes a unity-gain buffer, as shown in Figure 1(b), V, .
will equal to V. Then, the output voltage becomes

A f1e—L
2CMRR'

I/z)ut: 1 I/in (6)
Ay 1= |41
2CMRR'

Where 4’ is the open loop gain for zero offset voltage.
From (6), if the CMRR’ is infinite, (6) will be the same
as (4). The finite open loop gain still influences the close-
loop gain. By (6), finite CMRR’ could modulate the
closed-loop gain to overcome the problem of finite open
loop gain.

2.2 Derivation of the Offset Voltage

If the differential input voltage of an ideal OPA is
zero, the output voltage should be zero too. In unity-
gain configuration as shown in Figure 1(b) without
V e the output voltage and the negative input voltage

are identical. If the offset voltage is not zero, the output
voltage will be

V:)ut = AV '(Vin+ - VOS - Vout) (7)

Figure 2 presents a two-stage amplifier with offset
voltages. 4, and 4, are the gains of the first and the second
stages, respectively. ¥ and V , are the offset voltages of
the first and the second stages, respectively. The offset
of the second stage should be divided by the gain of first
stage. The total offset voltage of the two-stage OPA is
expressed as (8) [12].

2
Vos = Vos12 + ( I/OSZ ] (8)

If we assume same values for V/  and V ,, the input

stage determines the offset since 4, is certainly large.

Vout

(b)

Figure 1. The nonideal effect of an operational
amplifier (a) zero offset voltage and finite CMRR
(b) unity-gain buffer configuration.
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Figure 2. Input referred offset generators in a
two stage amplifier.

2.3 Error Factors of Amplifiers

Considering the common mode to differential mode
conversion 4
as (9).

ovose WE can write down the relationship

— AVOS,out
CM-DM A V

CM ,in

(€)

Where AV, | is the change in differential output voltage
and 4V, . is the change in the input CM mode. Then,
CMRR could be written as

CW — ADM — ADM — A VCM,in
Ao DVosou  AVosou — (10)
A VC M ,in ADJW

Where 4, is the differential mode gain and AV, /A4

S,out =DM
is the input referred offset voltage. Therefore,

AV,
CMRR = —S¥%. (11)

OS.,in

By (11), CMRR depends on the input offset voltage and
the input common mode level. In another way, with nonzero
offset voltage and finite CMRR, the output voltage is

v

out =
A, 1_;
2CMRR'

Ay [1+2CA14RRJ
j (Vi =Vos)  (12)
+

From (12), the CMRR’ would decrease the output error
due to finite open loop gain.

2.4 Stability of Buffer Amplifiers

Figure 3 shows the block diagram of the proposed
buffer amplifier. In the circuit system, the output
capacitive load and the compensation circuit would have
influence on the stability of the buffer. For large size
LCD panels, the output load of the buffer amplifier is

very large and thus the dominant pole of the frequency
analysis moves to approach the origin. The dominant
pole compensation caused from the large capacitive
loads brings a large value of the phase margin. For
middle or small size panels, the output load is small and
the compensation resistor R . and miller compensation
capacitor C_ keep the circuit in a stable state. The open-
loop transfer function is shown below:

V,(s) T
Ay(s) === “ (13)
Vin(s) (l_wi)(l_wi)(l_wi

Where A4, is the dc gain, w,, is the zero, and w,, @,
and w,, are the first, the second, and the third poles,

respectively. 4, is defined as
A, = gm R ,gm,R, gm; R, (14)
Where gm,, gm,, and gm, are the transconductances of

the first, the second, and the output stages, individually,
and R, R,, and R, are the output impedances of the first,

the second, and the output stages, respectively. w_,, @,
®,,, and w,, are described as
-1
“n = 1 15
CC( . ch (15)
My
o - -1
Pl —
|:1 +8Myye (ro,MPé 1, wvs )J CcRy
_1 (16)
My (ro,MP6 1 ra,ms)CcRo
—gm,,,.C —gm —gm
®, = EMyveCc ~ —8Mune  —8Muwe a7
CC,+CC.+C.C, C +C, G,
and
Opy = — 18
" TR, (18)
where
G =C rstC i tC, = C, (19)

Cl = ng,MP8+C gd,MN8+C gd,MN4C+ng,MN4C (20)
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and

R =r,llT,
1 1
m_// EMyvaclonac m— (1)
MP4 MN4

= 8Mypacts,mpac
The compensation resistor R. could modulate the
zero to eliminate the second pole. By varying R, the
phase margin would be enlarged enormously, as could be
seen in following equation.

—gm -1
0, =0,= EMve _

CZ I
g MN 6

:>RC=7CC+C2[ ! ] (22)

EMyye

Summarize the aforementioned reasons; the proposed
buffer amplifier would have stable system for applications
for small to large TFT-LCD panels.

Compensation
Circuit (Re, Cc)
Vin- The 1st | The 2nd [—| 1P
. stage stage output Vout
Vin+ 00— 8¢ ] 8¢ stage

Load

Figure 3. The block diagram of the proposed
buffer amplifier.

VDD VDD

MP3 |_T_|

Mbpl

3. SCHEMATICOFTHE PROPOSED
BUFFER AMPLIFIER

From the above-mentioned conceptions, a novel
structure to diminish the nonideal factors in an OPA has
been proposed. Figure 4 shows the proposed class-AB
rail-to-rail buffer amplifier. This circuit includes four
parts: the bias stage (Mbpl-Mbp3, and Mbnl-Mbn3),
the complementary folded-cascode differential input
stage (MN1-MN4, MN3C-MN4C, MP1-MP4, MP3C,
and MP4C), the CMRR enhancement stage (MP7-MP9,
and MN7-MNBS), and the class-AB output stage (MP5-
MP6, and MN5-MNG6) [13]. The Mbp1-Mbp2 and Mbn1-
Mbn2 constitute current mirrors to offer the bias currents
to the NMOS and the PMOS input pairs, respectively.
The complementary folded-cascode input stage has large
input common-mode range (ICMR).

Generally, a traditional folded-cascode amplifier has
four sets of bias voltages for four transistor pairs. In this
work, the input stage uses two reference voltages (Vbl
and Vb2). The cascode current source would make the
output voltage of the input stage having large swings.
Figures 5(a) and 5(b) show the cascode current source
and the cascode current mirror, respectively [5]. When

VDS > VGS - VT (23)

transistors will be in the saturation region. In order to
keep these three transistors in Figure 5(a) being in the
saturation region, the voltage of the node B is AV (4V is
the saturation voltage of drain-to-source) and the voltage
of node A is ¥ +AV. If transistor M3 is in the saturation
region, then

VDD VDD

Vb3

MP4

o—| MP9 MP5 :ID—' I: MP6
L

—| MN1 MN2
‘i'_h e
Vbl

p—0 Vin+ Vin-

Vb2
—| MP1 MP2 MN3C jl—I—'E MN4C

| —AW—]
1|_MP7 MP8 Ij— |—<—o Vout

Mbnl

MN3 !l—l—'! MN4 MN7 !I—l—“ MNS8 -Il MNS5 I_|! MN6

Figure 4. The proposed low offset voltage rail-to-rail buffer amplifier.
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In Figure 5(b), two current mirrors are cascoded, and the
gate voltage of M3 would be

Vous =2V +2AV (25)
Therefore, the output voltage is

14

i = Ve F2AV (26)
From (24), we could modulate the output voltage by V, .
But in (26), the output voltage has been clamped by V,
and A4V. Thus, the output voltage in Figure 5(a) has larger
swing than that in Figure 5(b).

The n-channel input pair, MN1 and MN2, is able to
reach the positive supply rail, while the p-channel one,
MP1 and MP2, can sense common-mode voltage around
the negative supply rail. In detail, when the p-channel
input pair works, the p-type current mirrors (MP3,
MP4, MP3C, and MP4C) will act as an active load.
The transistors MN3C and MN4C act as a common-
gate configuration to raise the output impedance. The
transistors MN3 and MN4 are the current mirror as a
bias current source. In general, there will be noise in
the ground or in the negative power supply. Noise may
transmit through the parasitic capacitor Cgs of MN3 to
the output terminal. But in ac analysis, the gates of MN3
and MN4 are short to ground and the two electrodes of
C, are forced to ground too. Consequently, the circuit is
far from the noise generated by the power supply. In a
multiple-stage amplifier, the offset voltage and the CMRR
are dominated by the first stage. At first, the gate-source
voltage of an MOS transistor should be considered as
two components, the threshold voltage and the effective
gate-source voltage which actually drives the transistor.

Ve =Ve 4V erap 27)

‘Where the term V seff

voltage of an 1nput transistor that leads half of the tail

,represents the effective gate-source

current. Then, the offset voltage of the input pairs is
shown in (28) [14]

Vou = ﬁ(@AVr,Mm,Mm + \/ZAVT,MNI,MNZ )

Aﬂ]\/ﬂ’l,[\/ﬂ"Z

ﬂMPI,MP2

AﬂMNl,MNz

(28)

_ 1 Vgsi,f?ff a

\l/ Vout Vout
+ 1 ref I ref

ms [——[ M4

ﬂMNl,MNZ

- 2Ve+2 AV
A 9 B
j M2 +
M1
Vi+AV Av
Vout=V,-V; Vout=V:+2AV
(@) (b)

Figure 5. (a) Cascode current source (b) Cascode

current mirror.

Where the parameters a, and «, are the multiplication
factors of the tail currents, /, and /,. /, is the pull down
current for MN1, MN2 and /, is the tail current for MP1,
MP2. o, is equal to unity when the n-channel input pair
works. In the same way, a, will be equal to unity if the
p-channel input pair operates. The contribution of the
current source to the input pair is given by (29).

.
52 \/Z‘F\/OT,,

A
/MAVr,ms,W Vo M] 29)
ﬂMNl,MNZ ﬁﬂ/fN},MV4

The contribution of another current source is given by

ﬂMP3,MP4

1
\/7 \/7 \/(l T ap) Brwivz M
AﬁMP3 MP4
I+—a, oy
\/7 \/7[ ] gsieff

IBMPS, MP4

(30)

The total equivalent input referred offset is the sum
of (28), (29) and (30). From (11), the change in input
offset is also concerned with the CMRR. In this work, the
offset change in input voltage is

2011/1/6 T4 05:27:05 (
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1 ’ﬂ 3,MP4
AVOS = AVTMNI,MNZ + AVTMPI,MPZ +5 LA
IBMNl,MNz
+l ﬂMN3,MN4 + Vgs,eff AﬂMNl,MNZ 31)
2 ﬂMPl,MPZ 2 ﬂMNl,MNZ
+ AﬂMPl,MPZ ) A:BMN3,MV4 ) Aﬂl‘/IP3,MP4 ]

ﬂMPI,MP2

ﬂMN3,MN4 ﬁMP},MP4

The offset voltage can be reduced by lowering Vo
increasing the size of input transistors and decreasing the
W/L ratio of the current mirror. The transistor size factor
had been considered for offset minimization when this
circuit was designed. Therefore, the offset voltages of the
proposed output buffer are very small.

The second stage (CMRR enhancement stage) is a
p-type input pair differential amplifier (MP7-MP9, and
MN7-MNS). This stage amplifies the differential signal
from the first stage and enhances the open loop gain of
the buffer to modulate the finite CMRR, and then the
output error could be reduced effectively. The circuits
with differential mode and common mode signals are
shown in Figure 6. Besides, the random offset of the

proposed circuit is expressed in (32).

2 2
V. V.,
I/m — I/m IWZ + 0s,2nd + 0s,3rd (32)
; o Al A2

Vo weand V. represent the offset voltages

Where V
of the input stage, the second stage and the output stage,
respectively. Since the de gains of the input stage and the
second stage are large, the offset voltage of this circuit
could be minimized to about V , . The V , could be
lessened by the optimized layout and aspect ratio design.
Based on small signal analysis, (33) and (34) show the

gain of the input stage and the second stage.

AV,m = (ngl +gmy, ) X [ng3CV0P3C

(’:;PS | 7,51 ) I gmyscroyse (roN3 | 7,51 ):| (33)
AV,znd = 8Mp, (roPS I ’”oNs) (34)

Above all, we derived the gain of the complementary

folded-cascode input stage. The differential mode gain is

1
AV,di//l = E(gmm +8gmy, )I:R(JP I RaN:| (35)

where

R,p =Topsc + &Mpsctypace ("om I "oNl)"'(rom Il roNl)

= 8Mpsclypyc (”ops I roNl) (36)

R,y =Tnse + 8Mysclovae (rom I ’"oPl)"'(raN} I ”om)

= 8Mysctonse (rDN3 I roPl) (37)

The common mode gain of the input stage is

4

y.CM

(38a)

!
8M i Top 8Mp3cTypsc (Rup I rup})

' 1 |
(RoN Hrg,\r3)+g’”,\'3€’3wzc(Rom' ||"0N3)+’7;Nzc+gmmcropsc (Rap Hr0]13)

1
&M, 1op18Mp3clysc (Rap l rupS)

= ; ; (38b)
8My3clonsc (RDN 7,3 ) +8Mpsclyp3c (RaP I rop})
where
" _
R,y'= 2rnbp2 + zgmplroPlrobpz +7p 39)
R,p"=21,,, +28My\ T Ty + Tony (40)

Because (R, ||

' v3) Of 7. is much smaller than gm

N3C
X oN3C(RoN’||r ) OF Zupse X 1, op3C(RoP’Hr 0[13)’ (38a) can
be expressed as (38b). From (38b), it is found that
the common mode gain of the input stage is not small
because the impedance of the current mirror transistors is
too large. Hence the common mode gain is increased and
the CMRR is decreased. In order to enhance the CMRR,
the second stage is added. The differential mode gain of
the second stage is

1
AV,diffZ = Egmm (”opg Il ’ZNs) 41)

The common mode gain is

EMp7¥,pq
_ N7
Avey, =
20, pg +28Mpy Ty prlypg + Topy +
8My;
-
~ oP7
2 Mp T, o V. (42)
8Mp7¥,p77,po
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1
AV,diffl x AV,diffZ = E(ngl +gmy, )X I:gmmcmmc
(ropz Il 7n1 ) Il gmys3croysc (roNS 17,5, ):|

1
ngmm (roPS [ roNS)' (43)

The common-mode gain of this circuit is a product of
(38b) and (42) and is expressed as

1
MP3 :] |_T_| [: MP4
M MN2
Mpsc:] —— [: MP4C
Vbl Rop
—o Vout
= Vb2 RoN
+V,2 Va2
Q | MN3Cj —— I: MN4C
Vem e P mp2 (G Vem
= = w | I—l——| | MM
@ =
Va2 V2
Vem Vem

b)

Figure 6. The circuits with differential mode and

common mode signals. (a) The input stage (b) The

CMRR enhancement stage.

The differential mode gain of the circuit is a product of
(35) and (41) and is expressed as

W {EFBLindd 8

A

b ovn X Ay car
1
8Mp\ 151 8Mp3ctopsc (ROP l rops)

1 1
8Mysclonac (RON 7,53 ) + 8Mp3cT,p3c (RoP [ ’"opa)
% Top7 (a4)
28Mpt i pg
'
&Mp 151 8Mp3cTop3c (RoP 17,3 )roP7

' '
|:gmN3CroN3C (RoN [ ’”mvs)"' 8Mp3ctypsc (RoP (17,55 )} 28yt prlpg

Dividing (43) by (44),

CMRR
4

) 1 !

V diff total

=L+ gy )< g (1 )
V ,.CM total

X[gmpscmpsc (”nm | roNl) | gmyscroyse (roN3 7,1 )] (45)
y [gmN3c”(;N3c (RoN 73 ) +8MpscTopc (Rol’ (17,3 )} 28Mp T prT o

1
8Mp 1,1 8Mpsclypsc (RoP [ roP})roP7

(gmm + gy, )ng3CraP3C (’}Ps (I )gmm (’upx [ ’}.\'s)gm;\'ac’?,;vsc (RUN s )ng7VuP7r0P9
2y 1 @Ml (RaP | Vops)rnm

= (gmm +gmx1)gmpwgmmcrgpsc (Vm [ rg}\’l)(r:;PS [ raws)

e

Consequently, the CMRR of the folded-cascode amplifier
is insufficient. By adding the second stage, the proposed
buffer amplifier has a large CMRR and has sufficient
ability to resist the noise and lessen the offset voltage.

The proposed rail-to-rail buffer amplifier was
simulated by a 0.35-um CMOS technology. Figure 7
shows the output load of the buffer with 5-stage R-C
network (R =2 kQ, C =30 pF), which corresponds to the
loads of data lines and pixels on an about 40” LCD panel.
The supply voltage VDD is 3.3 V.

The simulated CMRR in the input stage is 41.5
dB. After the second stage, the value of CMRR has
been raised to 67.6 dB. The output error could be
calculated from (12). Figure 8 presents the output error
of the proposed circuit. After the complementary folded-
cascode input stage, the output error in the middle gray-
level is about 0.85%. After the second stage, the output
error is diminished to less than 0.05%. The output error
has been decreased greatly.

2 KQ 2 KQ 2 KQ 2 KQ 2 KQ
1t Vout XL T T T
Vin ou 30pFI 30pFI 30pFI 30 pF I3OpFI

Figure 7. The output buffer with 5-stage RC load.
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0.9 4
0.8 4
0.7 4
0.6 +

0.5+ —— After the first stage

044  mmees After the second stage

0.3+

Output error (%)

0.2 4
0.1 4

00 T T T T T T T M T T T T T
00 05 10 15 20 25 30 35

Input voltage (V)

Figure 8. Output error of the proposed buffer

amplifier.

4. MEASUREMENT RESULTS

The proposed class-AB rail-to-rail buffer amplifier
is fabricated by a 0.35-um CMOS technology. Figure 9
displays the die photograph of the chip with pads. The
active area of the proposed circuits is 56 um x 101 um. A
5-stage RC load as shown in Figure 7 is connected to the
output node to replace the load of data lines and pixels on
panels. Each resistor is 2 kQ and each capacitor is 30 pF
in Figure 7.

Egﬁmﬁ

T
mEy

A

sla[sis

Figure 9. The die photograph of the chip with pads.

Figure 10 shows the typical measurement results for
a 100 kHz input pulse with a supply voltage of 3.3 V. The
upper trace is the input signal and the lower one is the
output signal. The output swing can reach 0.011-3.296 V.

It is observed that the measured rising time is 42.4 ns from
10% to 90% of the output signal and the measured falling
time is 61.4 ns from 90% to 10% of the output signal. The
slew rates calculated from the rising and falling edges are
61.5 V/us and 43.0 V/us, respectively. The rising and the
falling settling times to within 0.2 percent are 1.84 us and
1.34 ps, respectively.

Figure 11 exhibits the comparison between the
simulated output voltage and the measured values.
The measurement results are close to simulation ones,
suggesting that the proposed buffer has good linearity
and a well layout. Figure 12 shows the measurement
offset voltages (chip 1-5). The simulation results are also
shown for comparison. For LCD applications, the gray
levels near VDD or VSS, which correspond to black or
white color, may have larger voltage differences than
those in middle gray levels due to the nonlinearity of the
transmittance-voltage characteristic of liquid crystals.
With a 3.3 V supply voltage, the measured average offset
voltages are about 16.4, 0.57, and 1.39 mV for low,
middle, and high gray-levels, respectively. The well-
controlled offset voltage is suitable for 10 bit color depth
TFT-LCDs. The quiescent current is only 3.1 pA. The
overall performance of the proposed class-AB rail-to-rail
buffer amplifier is summarized and compared with prior
circuits in Table 1. Obviously, the proposed buffer has
better performance in the output swing, offset voltage,
slew rate, settling time and quiescent power consumption.

Chi[ 2.00V  |[@iF] 2.00V < M4.00us| A Chl & 2.00V
Figure 10. Step response of the proposed buffer

amplifier with a 100 kHz square wave input signal.
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Figure 11. Comparison between the simulated

output voltages and the measured values.
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Figure 12. Offset voltages of the proposed buffer

amplifier.

Table 1. Performance Summary of the Proposed Buffer Amplifier
Parameter Proposed buffer Chan’s buffer [2] Lu’s buffer [5]
Technology 0.35 um CMOS 0.8 um CMOS 0.35 um CMOS
Power supply 33V 5V 33V
Frequency 100 kHz 100 kHz 50 kHz
Output Swing 0.011-3.296 V - 0-3.3V
0-0.6V 16.4 mV Max. 12.2 mV
Offset Voltage (Ave.) 0.6-2.7V 0.57 mV Mean 0.88 mV
2.7-3.3V 1.39 mV Mean 3.7 mV
Rising Time 42.4 ns - -
Falling Time 61.4 ns - -
Rising slew rate 61.5 V/us 1.5 V/us 4.51 Vl/us
Falling slew rate 43.0 V/us 3 V/us 4.22 V/us
Rising Settling Time 1.84 ps - 2.7 pus
Falling Settling Time 1.34 ps - 2.9 ps
Quiescent Current 3.1 pA 345 pA 7 nA
5-level
Load 100 KQ[|65pF 600 pF
2KQ[|30pF
) 56 pm* 450 pm* 46.5 pm*
Active area
101 pm 220 um 57 um
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5. CONCLUSIONS 4. Ker, M.D., Deng, C.K. and Huang, J.L., “On-

A class-AB rail-to-rail CMOS buffer amplifier was
developed and demonstrated. The buffer employs the
complementary folded-cascode differential input stage,
the second CMRR enhancement stage and the class-AB
output stage. By utilizing the complementary folded-
cascode differential input stage, high ICMR and rail-to-
rail swing was accomplished. In addition, by employing
the second CMRR enhancement stage, the CMRR value
of the buffer can be enlarged from 41.5 to 67.6 dB.
Therefore, the average offset voltage can be reduced
to 0.57 mV in mid-gray levels. By using the class-AB
output stage, the buffer has a high driving capability
and its rising and falling settling times are 1.84 and 1.34
us, respectively. The quiescent current of the buffer is
limited to 3.1 pA. The proposed class-AB rail-to-rail
output buffer has the potential to be applied for source
drivers in large-size, high-resolution and high-color-
depth TFT-LCDs.

ACKNOWLEDGMENT

The authors would like to thank the National Science
Council of the Republic of China, Taiwan, for financially
supporting this research under Contract No. NSC 95-
2221-E-005-111.

REFERENCES

1. Pasch, T., Kleine, U. and Klinke, R., “A
Common Mode Feedback Structure for
Differential OpAmps Using NMOS Depletion
Transistors,” Analog Integrated Circuits
and Signal Processing, Vol. 27, pp. 191-196
(2001).

2. Chan, P.K., Siek, L., Tay, H.C. and Su,
J.H., “A Low-Offset Class-AB CMOS
Operational Amplifier,” Proceedings of IEEE
International Conference on Circuit and
Systems, Geneva, Switzerland, pp. 455-458
(2000).

3. Kim, S.K., Son, Y.S. and Jeon, Y.J., “Low-
Power High-Slew-Rate CMOS Buffer
Amplifier for Flat Panel Display Drivers,”
Electronics Letters, Vol. 42, No. 4, pp. 214-
216 (20006).

10.

11.

Panel Design Technique of Threshold Voltage
Compensation for Output Buffer in LTPS
Technology,” Journal of Display Technology,
Vol. 2, No. 2, pp. 153-159 (2006).

Lu, C.-W., “High-Speed Driving Scheme
and Compact High-Speed Low-Power Rail-
to-Rail Class-B Buffer Amplifier for LCD
Applications,” IEEE Journal of Solid-State
Circuits, Vol. 39, No. 11, pp. 1938-1947
(2004).

Itakura, T., Minamizaki, H., Saito, T. and
Kuroda, T., “A 402-Output TFT-LCD Driver
IC with Power Control Based on the Number
of Colors Selected,” IEEE Journal of Solid-
State Circuits, Vol. 38, No. 3, pp. 503-510
(2003).

Pugliese, A., Amoroso, F.A., Cappuccino, G.
and Cocorullo, G., “Design Approach for Fast-
Settling Two-Stage Amplifiers Employing
Current-Buffer Miller Compensation,” Analog
Integrated Circuits and Signal Processing,
Vol. 59, pp. 151-159 (2009).

Loikkanen, M. and Kostamovaara, J., “Low
Voltage CMOS Power Amplifier with Rail-
to-Rail Input and Output,” Analog Integrated
Circuits and Signal Processing, Vol. 46, pp.
183-192 (2006).

Son, Y.S., Kim, J.H., Cho, H.H., Hong,
J.P., Na, J.H., Kim, D.S., Han, D.K., Hong,
J.C., Jeon, Y.J., Cho, G.H. and Daejeon, K.,
“A Column Driver with Low-Power Areca-
Efficient Push-Pull Buffer Amplifiers for
Active-Matrix LCDs,” IEEE International
Solid-State Circuit Conference Digest of
Technical Papers, pp. 142-143 (2007).

Wang, F.H. and Hsu, T.H., “Low Offset
Voltage and High Slew Rate Buffer Amplifier
for TFT-LCD Applications,” Society for
Information Display Conference Digest of
Technical Papers, pp. 333-335 (2006).

Yu. C.G. and Geiger. R.L., “Nonideality
Consideration for High-Precision Amplifiers-
Analysis of Random Common-Mode Rejection
Ratio,” IEEE Transactions on Circuits and
Systems I, Vol. 40, No. 1, pp. 1-12 (1993).

2011/1/6 T4 05:27:09 (




W {EFBLindd 12

12

FIIH]E Pozloge (= B R E S AR Y PO E

12.

13.

14.

Maloberti, F., Analog Design for CMOS VLSI
System, Springer, New York, pp. 228-235
(2001).

Klein, H.-W. and Engl, W.L., “Minimization
of Charge Transfer Errors in Switched-
Capacitor Stages,” IEEE Journal of Solid-
State Circuits, Vol. 18, No. 6, pp. 764-766
(1983).

Razavi, B., Design of Analog CMOS
Integrated Circuit, McGraw-Hill, New York,
pp. 314-324, (2001).

2011/1/6 T4 05:27:09 (



