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Two-Stage Driving Circuit for One-Chip TFT-LCD Driver 1C”
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Abstract: A two-stage driving circuit of a one-chip TFT-LCD driver IC for portable electronic devices is pro-

posed. The driving buffers of the new circuit are built in the y-correction circuit rather than in the source driver.

The power consumption,die area,and driving capability of the driving circuit are discussed in detail. For a two-

stage driving circuit with 13 driving buffers, the settling time of the driving voltage within 0. 2% ecrror is about

19. 2us when 396 pixel-loads are driven by the same grayscale voltage. The quiescent current of the whole driving

circuit is 5182A,and the power consumption can be reduced by 77% . The proposed driving circuit is successfully
applied in a 132RGB X 176-dot, 260k color one-chip driver IC developed by us for the TFT-LCD of mobile phone,
and it can also be used in other portable electronic devices, such as PDAs and digital cameras.
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1 Introduction

With the rapid development of VLSI and mo-
bile communication technologies, portable elec-
tronic devices,such as cell phones and PDAs have
been widely used in people’s daily life. Because
TFT-LCD has many advantages such as high lumi-
nance,high image quality, fast response time,and
low power consumption,it is widely applied in all
kinds of portable electronic devices. The TFT-
LCD driver IC is one of the key parts in LCM
(LCD module) ; which directly affects the image
quality and power dissipation of LCM.

Currently, TFT-LCD driver ICs can be classi-
fied into two kinds. One is the multi-chip solution
applied for large TFT-LCD panels, which consists
of a source driver IC, gate driver IC, TCON IC,
etc,and in which driving buffers are connected to
the outputs of the source driver'’. The other is
the one-chip solution applied for portable elec-
tronic devices that use a battery power sup-
ply2=)
large TFT-LCD driver ICs are integrated in a one-

,for which all functional blocks used for

chip driver IC in order to reduce die area and
power consumption. Small die area can decrease
the chip cost, and low power dissipation can
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lengthen battery’s working life.

The settling time of the source driver output
voltage is an important factor for a one-chip driv-
er IC. A large driving ability can yield better im-
age quality. Currently, for 260k color TFT-LCD
one-chip driving ICs, the power consumption is
under 5mW in the module; the die area is about
20.69mm X 2. 47mm; and the settling time is less
than 35us*~* . However.the circuits of driver ICs
must be optimized further in order to achieve low-
er power consumption and chip cost.

In this paper. we proposed a two-stage driv-
ing circuit for one-chip TFT-LCD driver IC. The
driving buffers are placed in the part outputs of -
correction circuit rather than in the every outputs
of it,and thus the number of driving buffers is re-
duced greatly as compared with the conventional
driving circuit. Considering the trade-off for the
power consumption, the die area and the driving
capability,a typical two-stage driving circuit with
13 driving buffers is designed which is satisfying
the requirement of driving circuit with 13 driving
buffers is designed which is satisfying the require-
ment of driving capability. The designed driving
circuit is successfully applied in 132RGB X 176-
dot,260k color one-chip driver IC developed by us
for TFT-LCD of mobile phone.
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2 Driving circuits of one-chip driver 1C

A block diagram of an LCM using a one-chip
driver IC**~*) is shown in Fig.1. The driving buff-

er of a one-chip driver IC is usually connected to
the output of the 7y-correction circuit while the
source driver block is only used as a digital-to-an-
alog converter.
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Fig.1 Block diagram of LCM using one-chip driver 1C

The timing controller (TCON), gate driver,
source driver, y-correction circuit, DC-DC con-
verters, and graphic RAM are typical circuit
blocks for a one-chip driver IC. TCON generates
controlling signals and timing clocks for the whole
driver IC. The gate driver and source driver gen-
erate line driving voltages and column driving
voltages, respectively. The +y-correction circuit
generates grayscale voltages corresponding to in-
put digital display data. The DC-DC converters
generate operational voltages of all blocks and
driving voltages for the panel. Graphic RAM is
used to store one frame of digital display data.

In the one-chip driver IC, the y-correction
circuit generates full-scale grayscale voltages ap-
pended with driving buffers at the outputs, and
the source driver selects the proper grayscale volt-
ages by D/A converter according to input digital
display data and then outputs to the LCD panel to
display the color images. Figure 2 shows the con-
ventional driver architecture of a one-chip driver
IC for a small TFT-LCD.

In Fig. 2, the driving voltage buffers are in-
cluded in the y-correction circuit and the source
driver is only used to select the grayscale voltages.
This is different from the source driver IC for a
large TFT-LCD panel where the driving voltage
buffers are included in every source driver® . The

number of driving buffers in Fig.Z2 is smaller than
that of the source driver IC for a large TFT-LCD
panel so that the die area and power dissipation of
the driver IC can be reduced greatly.

3 Load analysis of TFT-LCD panel
and driving capability requirement

3.1 Load analysis of TFT-LCD

The equivalent load of one pixel in a TFT-
LCD panel can be modeled by a five-stage serial
RC circuit or a one-stage RC circuit'”', as shown
in Figs.3 (a) and (b). A one-stage RC equivalent
circuit is suitable for a small TFT-LCD panel be-
cause the area of sub-pixels is small and the length
of ITO and metal (Cr/A1l) line is short as com-
pared with large TFT-LCD. R, is the equivalent
resistance when the TFT is on, and C,., is the
equivalent capacitance of the sub-pixel. The values
of R, and C,,, are different for all sizes of TFT-
LCD panels,but for a 50mm TFT-LCD panel, the
equivalent RC loads of one sub-pixel are about R,
=10kQ and C ., = 20pF.

In Fig. 2, the load impedances of the driving
voltage buffers are different from each other de-
pending on the input digital display data. For the
best situation,the digital display data are different
from each other so that every grayscale voltage
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Fig.2 Conventional driver architecture of one-chip driver IC for small TFT-LCD
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Fig.3 Load models of TFT-LCD panel (a) Five-
stage serial RC circuit; (b) One-stage RC circuit

(also every driving buffer) drives only one sub-
pixel, and the load impedance of every driving
buffer is R, and C,, . However,in the worst situa-

tion,the digital display data all have the same val-
ue so that the whole line of sub-pixels are driven
by one grayscale voltage (also by one driving
buffer). If there are N sub-pixels in a line,then N
sub-pixels are paralleled for a driving buffer, so
that the total load impedance of one driving buff-

. R,
eris R = N and CY.. = NC o -

3.2 Driving capability requirement

The settling time of the grayscale voltage is
the sum of the SR limiting settling time (Tsz) and
the small signal settling time ( Ts)™ . In this pa-
per,the settling time of the driving voltage is de-
fined as the time that the output voltage of the
driving buffer takes to rise from zero to the
grayscale voltage V, within + 0.2% error at the
worst load condition (R and C[,).

For a one-chip TFT-LCD driver IC, T is de-
termined by the minimum row period Ty, ma» and
maximum charge sharing time T churge share.max 3 their
relationship is as follows™1 ;



388 5

{ZS

22
-+

i % 28 &

Ts < Trowymin = T charge. share, max oY)
This relationship ensures that the liquid pixels and
storage capacitor can be charged to grayscale volt-
age in a row period.

For a 132RGB X 176-dot, 260k color one-chip
driver IC of a TFT-LCD used for a mobile phone,
T ow.min = Tcharge_share.max = 40pus, We need T, <30pus
(10ps for margin) ,and Tsx<20pus, Tss<10ps.

4 Driving architecture with buffers
built into the y-correction circuit
4.1 One-stage driving architecture with 8 driving

buffers

In order to further reduce the power con-
sumption and the die area, the circuit shown in
Fig.2 can be simplified to the one-stage architec-

Buffers

ture shown in Fig.4 with 8 built-in buffers in the
y-correction circuit, where the driving buffers are
moved from the outputs of the y-correction circuit to
the outputs of 8 reference voltages circuit, and the
number of driving buffers is reduced from 64 to 8.

4.2 Load analysis of one-stage driving architecture

In this architecture, 8 reference voltages
(VINO~VIN7) are driven by 8 OPAMP buffers
and are then applied to the resistance-string cir-
cuit to generate 64 level grayscale voltages. The
loads of buffers consist of three parts:the equiva-
lent loads of the TFT-LCD panel, the on-resist-
ance of the 6-bit DAC,and the resistance in resist-
ance-string of the y-correction circuit. The loads
of the buffers are different when digital display
data from the MPU is changed.

R-string circuit
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Fig.4 One-stage driving architecture with 8 built-in driving buffers

In the worst load situation, the loads for
whole lines of pixels are driven by one grayscale
voltage V,,1.as shown in Fig.5. VINn and VIN
n +1 are two adjacent reference voltages,and R,
and R, are the equivalent resistances in the resist-
ance-string. For BUF1, the circuit shown in Fig. 5
can be equivalently simplified to the circuit shown
in Fig.6(a).

If the on-resistance of the analog switch in
the source driver is R,,the output impedance of
BUF1 is

(NR, + R, + ROR,, Cius + Ry 1

= - +
Z1IN(Ry + Ry) + Ry + R Coms +1 - R’

eq S

(2)

Source switch
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Fig.5 Equivalent load model of one-stage driving ar-
chitecture in the worst situation
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Fig.6 Load equivalent circuit of BUF1 and its step
voltage response  (a) Equivalent circuit; (b) Step

voltage response

When R, is large enough,the quiescent current of
R, is very little as compared with the charging
current of loads,and so R, can be ignored. thus
we have,
R. + R,
N
Ce = NCio D
Thus the time constant r for the output load of
BUF1 is
7= RyqCoq = (NRy + Ry + ROCioa (D)

Ry = Ry + (3)

4.3 Settling time analysis

For the circuit shown in Fig. 6 (a), C is
charged by the output voltage of the buffer
through the resistance R, when the switch is ON.
The capacitor charging process when the input is
applied by a step voltage can be considered as fol-
lows. From start to Tz »the driving buffer experi-
ences a slew rate process, and the voltage of C,
rises with a constant slope of SR. When > T .
BUF1 operates under a linear small signal
process,the voltage of C,, rises exponentially until
the output voltage V, equals the input voltage V;,
as shown in Fig.6 (b).

Assuming the driving buffers are two-stage
OPAMPs with bias current I, and open loop gain
A,and a Miller capacitor C. is used to improve

the phase margin,then the slew rate can be writ-

ten as'®?’

— dvo — Ibias
SR = di  C.+Cy (6)

Because the slew rate process is over at T, the

output voltage of BUF1 at this time is
Va = SR X T D)
When t > T, the driving buffer is assumed
to be in a linear small signal process,and we have
Vols) _ A w1
Vi(s) 1+A 1+
Thus the step voltage response can be obtained by
inverse Laplace transform as

€))

_ A -
vV, = Vi—1+A(1 e H)UCt) 9

Then the voltage of capacitor C., can be ob-
tained as

SRXt, 0<t< T
V,(t)= A mTeR
1vol+<vg—vm>m<1—e =)t >Taw
(10)
At time T
|V°(t‘>/—_vg‘><100% <0.2% (1D
g
We have
(17 ‘\//Ol>1fA
TS:T5R+Tln £
17‘/‘“) A o998 + Ve
V,/1+ A .

12)

From Eq. (12),it is observed that Ts depends

on A,SR, r and V,. When A is large enough,we
have

T, = Te + TI:ln(l - “//°1)+ 6] (13)
g

According to Eq. (13), Ts is determined
mainly by T, 7z, and V,/V,,and Ts is larger
when T and ¢ are larger or V,/V, is less. For
fixed Vi, /V,s T is the main factor of Ts,.so we
can increase the SR of the driving buffer to re-
duce T,.Further,r is another important factor for
reducing T,.Since C,, and R, are the load of the
TFT-LCD panel and cannot be changed, reducing
the values of R, and R, is the only way to reduce
7 according to Eq. (4).

An analog switch with a 6bit decoder circuit
can be used in the source driver so as to obtain a
low R..However,there are two methods to reduce
R, :one is reducing the value of unit resistance in
the grayscale voltage generating circuit (resist-
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ance-string) sand the other is changing the topolo-
gy of the driving circuit. However,if the value of
unit resistance is reduced,the quiescent current of
the resistance-string circuit will be increased,
which is not desirable for a TFT-LCD driver IC.
Consequently it is necessary to change the driving
buffers’ architecture to increase T, but without
increasing the power dissipation.

The driving buffers’ architecture can be
changed by adding additional driving buffers into
the y-correction circuit at the proper place of the
resistance-string circuit. For example, in the cir-
cuit shown in Fig.5,another voltage driving buff-
er can be added between BUF1 and BUFZ. Its in-
put (or output) voltage is between VIN#n and VIN

n+1,and as a result, the load conditions of the
driving buffers are changed and R, is reduced.

4.4 Two-stage driving circuit with 13 driving buffers

The properties of the driving architecture
shown in Fig.4 can be improved by increasing the
number of driving buffers. As shown in Fig.7,five
additional buffers are added into the y-correction
circuit, which is called a two-stage driving archi-
tecture. In this new driving architecture, the num-
ber of reference voltages appended with driving
buffers at the outputs is increased from 8 to 13,s0
the R, of each buffer is reduced,and also T, can
be expected to decrease.

R-string circuit

Buffers
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Fig.7 Two-stage driving architecture with 13 driving buffers

The two-stage driving architecture is formed
as follows. The 8 first-stage driving buffers are
added at cach of the outputs of the 8 reference
voltages ( VINO ~ VIN7), two large resistances
(larger than 100kQ) for voltage division are con-
nected between outputs of two adjacent buffers
for the middle reference voltages ( VIN1 ~
VING6) ,and then the 5 second-stage driving buff-
ers are added between the division resistances and
grayscale voltage generating circuit (resistance-
string) . Then the outputs of the second-stage buff-
ers are connected to the resistance-string circuit
accordingly without changing the grayscale volta-

ges division ratio. With the increase of the unit re-
sistance in the grayscale voltage generating circuit
(resistance-string) , the quiescent current will be
reduced, but the circuit area will increase,and the
resistance load of the buffers will increase so that
the settling time will be affected. A tradeoff be-
tween the unit resistance value (power consump-
tion and die area) and the settling time needs to
be made.

5 Simulation and measurement results

The driving circuits using the two-stage driv-
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ing architecture proposed in this paper are de-
signed and simulated by HSPICE using a 0. 25m
CMOS process. The parameters of R, and C,y, in
the load model are 10kQ and 20pF, respectively.
The simulation results for 3 kinds of driving archi-
tectures in the worst load situation are shown in
Table 1.

Table 1 Simulation results for 3 kinds of driving ar-
chitecture

Simulation condition Simulation results

worst load situation
T=27C

R+ Ri¢ | Coorn | Ry T, I T, I T, I
/kQ /PF | /Q | Jps | /pA | Jps | /pA | Jps | /pA

135/4| 13.4 |764.2| 9.4 |922.1| 6.6 | 2707

135/3|16.3 {629.1| 11.3 |787.6| 6.6 | 2674

135/2| 22.1 {494.1| 15.0 |653.1| 6.5 | 2404
135 | 30.0 |359.0(| 26.0 |518.6| 6.6 | 2269

8 buffers 13 buffers 64 buffers

10+5 20

Note: R =135Q, R, is the unit resistance of R-string circuit, T is
the settling time,and I is the quiescent current.

From the simulation results shown in Table
1,we can draw the following conclusions.

First,for a given driving architecture, the set-
tling time and quiescent current consumption are
affected by the value of unit resistance of the R-
string circuit. With the decrease of the value of u-
nit resistance, the settling time decreases but the
quiescent current consumption is increases.

Second, for the given value of unit resistance,
the settling time and quiescent current consump-
tion are different for different driving architec-
tures. With the increase of the number of driving
buffers,the settling time decreases but the quies-
cent current consumption increases.

Third, for a two-stage driving architecture
with 13 buffers,the settling time and power dissi-
pation are the tradeoff of the values for the archi-
tecture with 8 buffers and 64 buffers. When R, =
135Q,we have T, =26us and I, =518. 6pA, T sat-
isfies our design specifications,and the power dis-
sipation can be reduced by 77% as compared with
the conventional architecture with 64 buffers.

The two-stage driving architecture proposed
in this paper has already been successfully applied
in a 132RGB X 176-dot,260k color one-chip driver
IC (named as “Longtium-T1”) developed by us
for the TFT-LCD of mobile phone.

The measured waveform of the source driver
output voltage of the driver IC using 13 driving
buffers and R, =135Q is shown in Fig.8. The set-

Two-Stage Driving Circuit for One-Chip TFT-LCD Driver IC 391
.................. - :
19.2p
e * Source driver output

B 1.00V M| 20.0ps

Fig.8 Measured waveform of source driver output

tling time of the grayscale voltage from 0.8 to
5.0V is about 19. Zus, which satisfies the design
requirement. It can be seen that the measured set-
tling time is less than the simulated one (T, =
26ps) shown in Table 1. This is because the load-
ing parameters of the TFT-LCD panel such as R,
and Cu, used in the simulation are larger than the
real parameters.

The test results of the LCM using this driver
IC (“Longtium-T1”) are shown in Fig. 9. It is
shown that high quality display images are a-
chieved, in which the two-stage driving circuit
proposed is used.

TFT-LCD
panel

Driver IC
“Longtium-T1”

Fig.9 Photo of LCM using longtium-T1 driver I1C

6 Conclusions

A two-stage driving buffer architecture of a
one-chip TFT-LCD driver IC for portable clec-
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tronic devices has been proposed. For this new ar-
chitecture, the power dissipation and the die area
of the driver IC has been greatly reduced by re-
ducing the number of driving buffers.

Optimization of the two-stage driving archi-
tecture can be carried out in order to drive differ-
ent sizes of TFT-LCD panels and to reduce the
power dissipation and the die area further,and e-
ven three-stage or multi-stage driving architec-
tures can be considered.
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