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Abstract—A new proposed gate-bias voltage-generating tech-
nique with threshold-voltage compensation for analog circuits
in the low-temperature polycrystalline silicon (LTPS) thin-film
transistors (TFTs) is proposed. The new proposed gate-bias
voltage-generating circuit with threshold-voltage compensa-
tion has been successfully verified in an 8-yum LTPS process.
The experimental results have shown that the impact of TFT
threshold-voltage variation on the biasing circuit can be reduced
from 30% to 5% under a biasing voltage of 3 V. The new proposed
gate-bias voltage-generating technique with threshold-voltage
compensation enables the analog circuits to be integrated and
implemented by the LTPS process on glass substrate for an active
matrix LCD panel.

Index Terms—Analog circuit, biasing circuit, low-tempera-
ture polycrystalline silicon (LTPS), thin-film transistor (TFT),
threshold-voltage compensation, threshold-voltage variation.

I. INTRODUCTION

OW-TEMPERATURE polycrystalline silicon (LTPS)
Lthin—ﬁlm transistors (TFTs) have attracted a great deal of
attention in the applications with the integrated on-panel periph-
eral circuits for active-matrix liquid crystal display (AMLCD)
and active-matrix light-emitting diodes (AMOLEDs) [1]-[3].
Recently, LTPS AMLCDs integrated with driving and con-
trol circuits on glass substrate have been realized in some
portable systems, such as mobile phones, digital cameras, and
notebooks. In the near future, the AMLCD fabricated in the
LTPS process is promising toward system-on-panel (SoP) or
system-on-glass (SoG) applications, especially for achieving a
compact, low-cost, and low-power display system [4].

The LCD data driver contains shifter registers, level shifters,
digital-to-analog converters (DACs), and output buffers. The bi-
asing circuit is a critical circuit block for analog circuits on the
LCD panel to achieve low power consumption, high speed, and
high resolution. However, the poly-Si TFT device suffers from
significant variation in its threshold voltage, owing to the nature
of crystal growth in the LTPS process. The threshold-voltage
variation across a 2.7-in panel was about 300 mV [5]. The vari-
ation could even be as large as 1 V in some high-performance
TFT devices across a large substrate area [6]. The threshold-
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voltage variations of TFT devices will cause large mismatches
on the biasing voltages and currents in analog circuits to re-
sult in nonuniformity of performances among analog circuits
over the whole panel. The design with threshold-voltage com-
pensation for analog circuits on glass substrate is a very impor-
tant challenge for SoP applications. The design technique with
switches and capacitors under multiphase clock operation were
usually used to compensate for the threshold-voltage variation
among TFT devices in LTPS AMLCDs [7]-[9]. Some design
techniques with switch and capacitor under multiphase clock
operation were used to reduce the offset voltage of the analog
buffer in the LTPS process [7]. In LTPS technology, the on-panel
output buffers with a pair of n-type and p-type TFT devices im-
mune to the mismatch of threshold voltage were also reported
[8], [9]. The mismatch of threshold voltage can be compensated
by a holding capacitor or the mathematical product of voltage
gain. Besides, the threshold-voltage-shift compensation tech-
nique was used to compensate for the threshold-voltage vari-
ation for differential amplifiers in analog circuits [10]. How-
ever, those techniques [7]-[10] only emphasize the impact of
threshold-voltage variation on the offset voltage of the analog
buffers on glass substrate. The biasing circuit with threshold-
voltage compensation for analog circuits in the LTPS process is
not yet reported in the literature.

In this paper, a method to reduce the influence of threshold-
voltage variation on the gate-bias voltage-generating circuit for
analog circuits on glass substrate is proposed. The experimental
results have shown that the impact of TFT threshold-voltage
variation on the biasing circuit can be reduced from 30% to 5%
under a biasing voltage of 3 V. The new proposed biasing tech-
nique with threshold-voltage compensation enables the analog
circuits to be integrated and implemented in the LTPS process
for an AMLCD panel.

II. IMPACT OF THRESHOLD-VOLTAGE VARIATION
ON TFT I-V CHARACTERISTICS

In general, the TFT devices on glass substrate are usually de-
signed in the saturation region for analog circuit applications.
The small-signal gain and frequency response of analog circuits
in the LTPS process are determined by transconductance (g,,,)
and output resistance (r,) of TFT devices. The small-signal pa-
rameters of transconductance (g, ) and output resistance (7, ) in
TFT devices can be expressed, respectively, as

w 2Ip
m = UCox—Vas — V7 = 1
g HCox T (Vas — Vru) (Vs — Vi) (D
Va
0 — — 2
T T (2)

1551-319X/$25.00 © 2007 IEEE



310

[$)]
[3,]

a
o

H
[3,]

»
o

w
[3,]

w
o

N
5,

N
o

=
(3]

-
o

[, ]

Output Drain Current | (nA)

o
T

15 20 25 30 35 40
Gate Voltage V_ (V)

Fig. 1. Simulated waveforms of n-TFT drain current Ip with 50% threshold-
voltage variation of Gaussian distribution under different gate voltages V¢ in
an 8-um LTPS process.

where p is the mobility of carrier, L denotes the effective
channel length, W is the effective channel width, Cy is the
gate oxide capacitance per unit area, Vpy is the threshold
voltage of the TFT device, Vg is the gate-to-source voltage
of the TFT device, V4 is the Early voltage, and I, is the drain
current of the TFT device. Comparing (1) and (2), the drain
current Ip is the major factor for analog circuits in the LTPS
process. Therefore, the performances of analog circuits in the
LTPS process are dominated by the drain current of the TFT
device. The drain current Ip of the TFT device operated in the
saturation region can be expressed as

1 w
Ip = EILCOXT(VGS — Vrn)?.

3)
The channel-length modulation of the TFT device is not in-
cluded in (3). The threshold voltage (V) of the TFT device is
an important parameter in (3), so the threshold-voltage variation
among TFT devices will cause the variation on drain currents of
TFT devices to degrade the circuit performances in analog cir-
cuits on glass substrate. How to design a stable biasing circuit
with threshold-voltage compensation to reduce nonuniformity
of performances in analog circuits over the whole panel in the
LTPS process is an important design challenge.

The HSPICE with Monte Carlo analysis can be used to sim-
ulate and analyze the impact of threshold-voltage variation on
drain current of the TFT device. The threshold-voltage varia-
tion of the TFT device on glass substrate can be modeled by
Gaussian distribution. The simulated waveforms of n-TFT drain
current Ip with 50% threshold-voltage variation of Gaussian
distribution under different gate voltages Vg in an 8-pum LTPS
process is shown in Fig. 1. The dimension of n-TFT device is
8 pm/8 pm. The gate voltage is biased from 1.3 to 4.3 V. In
order to confirm that the n-TFT device is operated in the sat-
uration region, the drain voltage of the n-TFT device is also
biased from 1.3 to 4.3 V to keep the gate-to-drain voltage of
0 V. The simulated result shows that the n-TFT device with 50%
threshold-voltage variation of Gaussian distribution causes the
drain current with a variation as large as 22 pA in the LTPS
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Fig. 2. Concept of the new proposed gate-bias voltage-generating technique
with threshold-voltage compensation.

process. Therefore, the large variations on drain currents of TFT
devices will cause large mismatches on the biasing voltages and
currents in analog circuits to further result in nonuniformity of
performances in analog circuits over the whole panel. For the
SoP applications, reducing the impact of threshold-voltage vari-
ation on performance among analog circuits in the LTPS process
is a very important design challenge.

III. NEW PROPOSED GATE-BIAS VOLTAGE-GENERATING
TECHNIQUE WITH THRESHOLD-VOLTAGE COMPENSATION

A. Design Concept

The new proposed gate bias voltage generating technique
with threshold-voltage compensation is illustrated in Fig. 2.
The biasing current Ip_yjc is a small current used to bias the
M device operated in weak inversion region. When the M¢
device is operated in the weak inversion region, the gate control
voltage V¢ can be written as

Vae = Veias + Vra_mc (4)
where Vrpg_ e is the threshold voltage of M device, and
VBIas is the applied biasing voltage. The drain current Ip_np
of Mp device can be expressed as

1 w
Ip_vp = §NCOX (f) (Vac — Vrr.ub)?
MD

1 w
= ~uCox | —
voox (%),

x (Veias + Vra_mc — Vravp)?

(&)

where Vg _yp is the threshold voltage of Mp device. The M
and Mp devices are drawn with the same device dimension.
The threshold-voltage difference between M¢ and My, devices
can be reduced as small as possible by symmetrical and com-
pact layout in an adjacent location. Therefore, (5) can be further
rewritten as

w

1
Ip_vp = - pCox <—> (Varas)®.
MD

5 i (6)

The drain current Ip yp of Mp device can become inde-
pendent of the threshold voltage and dominated by the Vpias
voltage. The new proposed gate-bias voltage-generating tech-
nique with threshold-voltage compensation does not need
any extra clock signal and capacitor to reduce the impact of
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Fig. 3. Complete circuit of the proposed gate-bias voltage-generating circuit
with threshold-voltage compensation for analog circuits in LTPS technology.

threshold-voltage variation on the biasing circuit for analog
circuits in LTPS processes.

B. Circuit Implementation

The complete circuit of the proposed gate-bias voltage-gen-
erating technique with threshold-voltage compensation for
analog circuit applications in LTPS technology is shown in
Fig. 3. The new proposed gate-bias voltage-generating circuit
with threshold-voltage compensation is formed with M;, Mo,
Ms, My, Ms, and Mg devices. The My, My, Ms, and Mg
devices form the current mirror. In order to reduce the power
consumption and chip area of the new proposed gate-bias
voltage-generating circuit, the M3 and M, devices are used to
realize the referenced current source. The M3 and M, devices
are operated in the saturation region to generate a biasing
current through the current mirror of My, My, M5, and Mg
devices to bias M device operated in the weak inversion
region. The voltage V- can be expressed as

Ve — [Vru_ms|) + Vru_ma
1+7r

Ve =" @

®)

where V3 is the voltage at the source node of M3 device in pro-
posed gate-bias generating circuit. The biasing current Ip _yp4
and Ip_nic can be written, respectively, as

L

1
Ip_vc = <?> Ip

where the K is the dimension ratio of M5 and M, in the current
mirror. The K factor is especially designed much larger than
one to reduce the impact of biasing current (Ip_y4) variation

1 w
Ip s = §NCOX (-) (Vo — Ve aa)? ©)]
M4

(10)
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Fig. 4. Simulated gate control voltage V¢ of the proposed gate-bias voltage-
generating circuit with threshold-voltage compensation under different biasing
voltages Viias.
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Fig. 5. Simulated gate control current Vi of the proposed gate-bias
voltage-generating circuit with threshold-voltage compensation under the
different biasing voltages Vgias with the 50% threshold voltage variation
(Gaussian distribution) on n-TFT and p-TFT devices.

on gate control voltage (Vi) of the new proposed gate-bias
voltage-generating circuit.

The simulated gate control voltage V¢ of the new proposed
gate bias voltage generating circuit with threshold-voltage
compensation under different biasing voltages Vpiag is shown
in Fig. 4. The typical threshold voltage of an n-TFT device
in an 8-um LTPS process is approximately 1.3 V. The Vpias
voltage is biased from 0 to 3 V. The gate control voltage
Ve is changed from 1.3 to 4.3 V. The gate control voltage
Vae of the new proposed gate-bias voltage-generating cir-
cuit with threshold-voltage compensation is approximately
VBias + Vru_mc. The HSPICE with Monte Carlo Analysis
is used to verify the function of the new proposed gate-bias
voltage-generating circuit with threshold-voltage compensation
in LTPS technology. The simulated gate control current V¢
of the new proposed gate-bias voltage-generating circuit with
threshold-voltage compensation under the different biasing
voltages Vpras with the 50% threshold voltage variation
(Gaussian distribution) of n-TFT and p-TFT devices is shown
in Fig. 5. The variation on gate control voltage V¢, which can
be used to compensate the threshold-voltage variation of TFT
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Fig. 6. Simulated drain current /p_yp of the proposed gate-bias voltage-gen-
erating circuit with threshold-voltage compensation under different biasing volt-
ages Vgias with the 50% threshold voltage variation (Gaussian distribution) of
n-TFT and p-TFT devices.

device in the LTPS process, is 0.675 V. The simulated drain cur-
rent Ip_yp of the new proposed gate-bias voltage-generating
circuit with threshold-voltage compensation under different
biasing voltages Vpias with the 50% threshold-voltage vari-
ation (Gaussian distribution) of n-TFT and p-TFT devices
is shown in Fig. 6. The device dimension of Mp device is
80 pm/8 pm. The gate-to-drain voltage of Mp device is set
to zero voltage to be operated in the saturation region. The
simulated results show that the 50% threshold-voltage variation
with Gaussian distribution of n-TFT and p-TFT devices causes
only a variation of 3.84 pA on the drain current Ip \p in
the new proposed gate-bias voltage-generating circuit with
threshold-voltage compensation. Comparing the simulated
results of Figs. 1 and 6, the new proposed gate-bias generating
circuit with threshold-voltage compensation can effectively
reduce the impact of threshold-voltage variation on the biasing
circuit in the LTPS process.

IV. EXPERIMENTAL RESULTS

The new proposed gate-bias generating circuit with
threshold-voltage compensation has been fabricated in an 8-pm
LTPS technology. Fig. 7 shows the chip photograph of the new
proposed gate-bias generating technique with threshold-voltage
compensation. The test chip size of the new proposed gate-bias
generating circuit with threshold-voltage compensation circuit
is 517 x 389 pum? in 8-pum LTPS technology. The averaged
power consumption of the proposed gate-bias generating circuit
with threshold-voltage compensation is only 47 W under the
supply voltage of 10 V. In this study, the definitions of mean
value and variation (%) of currents in these measured results
are adopted as

Ipi + Ip2 + Ips + Ipa

Mean Value = 1 (11
Lo _ Mean Value — Ip_y
Variation(%) = Monn Valoe x 100%  (12)

where Ip1, Ips, Ips, and Ipy are drain currents of samplel,
sample2, sample3, and sample4 of four LPTS n-TFT devices
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Fig. 7. Chip photograph of the proposed gate-bias generating technique with
threshold-voltage compensation fabricated in an 8-m LTPS process.
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Fig. 8. Measured dependence of variation (%) on the gate voltage V; among
four LTPS n-TFT devices in different panel locations.

in different panel locations, respectively, and the # is a sample
number from 1 to 4. The power supply voltage Vpp is set to
10 V. Fig. 8 shows the measured dependence of variation (%)
on the gate voltage Vi under four LTPS n-TFT devices in dif-
ferent panel locations. The device dimensions of four n-TFT de-
vices are kept at 80 xm/8 pm in an 8-um LTPS process. The
gate voltages of these samples are biased from 1.3 to 4.3 V. The
gate-to-drain voltage of the n-TFT device is set to 0 V to keep
the n-TFT device operating in the saturation region. Because the
gate-control voltage V¢ of the new proposed gate-bias gener-
ating circuit is Vpras+ V., the gate voltage from 1.3t0 4.3 Vis
normalized from O to 3 V. The variation (%) among four LPTS
n-TFT devices in different panel locations is decreased from
195% to 30%, when the gate voltage is increased from 0 to 3 V.
The measured results have confirmed that the variation (%) of
four LPTS n-TFT devices in different panel locations under low
gate voltage is large, but that under high gate voltage is low.
The measured dependence of variation (%) on the biasing
voltage Vpras among four LTPS test circuits of the new pro-
posed gate-bias generating circuit with threshold-voltage com-
pensation in different panel locations is shown in Fig. 9. The
variation (%) among four LPTS test circuits in different panel
locations is decreased from 73% to 5%, when the gate voltage
is increased from O to 3 V. Comparing the measured results
between Figs. 8 and 9, the new proposed gate-bias generating
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Fig. 9. Measured dependence of variation (%) on the biasing voltage Viias
among four LTPS test circuits of the new proposed gate-bias generating tech-
nique with threshold-voltage compensation in different panel locations.

technique with threshold-voltage compensation can effectively
reduce the impact of threshold-voltage variation on the biasing
current or biasing voltage for analog circuits in SoP or SoG
applications.

V. DISCUSSION

When the referenced current source Ip y4 is realized
with an ideal referenced current source, the simulated results
show that variation of Ip_yp is only 0.27 pA under 50%
threshold-voltage variation (Gaussian distribution) of n-TFT
and p-TFT devices. In order to achieve the low power con-
sumption and small chip area, the referenced current source
Ip_niy in the proposed gate-bias voltage-generating circuit
with threshold-voltage compensation is realized by Ms and
M, devices. Because the voltage V¢ is dependent on threshold
voltages of n-TFT and p-TFT devices, the threshold-voltage
variation will cause some variations on the voltage V¢ and
biasing current (/p_y4 and Ip_hic) to degrade the perfor-
mances of the proposed gate-bias voltage-generating circuit
with threshold-voltage compensation. The variation of Ip_yp
is finally increased from 0.27 to 3.84 pA under 50% threshold
voltage variation (Gaussian distribution) of n-TFT and p-TFT
devices. In order to reduce the impact of referenced current
Ip_\14 variation on circuit performance, the M3 and M, refer-
enced current source can be further replaced by the modified
n-TFT threshold-voltage referenced current source [11]. The
complete circuit of the proposed gate-bias voltage-generating
circuit with n-TFT threshold-voltage referenced current source
for analog circuit applications in LTPS technology is shown
in Fig. 10. When the referenced current source Ip_pp4 iS
realized with modified n-TFT threshold-voltage referenced
current source, the simulated results show that the variation of
Ip_nip is only 0.36 A under 50% threshold-voltage variation
(Gaussian distribution) of n-TFT and p-TFT devices, as shown
in Fig. 11. Because the threshold voltages of n-TFT devices
have the same variation trend in the local panel location, the
biasing current Ip_np with modified n-TFT threshold-voltage
referenced current source can further reduce the variation on
performance of the proposed circuit.

Biasing Circuit

Fig. 10. Complete circuit of the proposed gate-bias voltage-generating circuit
with modified n-TFT threshold-voltage referenced current source for analog cir-
cuits in LTPS technology.
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Fig. 11. Simulated drain current /r_up of the proposed gate-bias voltage-gen-
erating circuit with modified n-TFT threshold-voltage referenced current source
under different biasing voltages Vi1as with the 50% threshold voltage variation
(Gaussian distribution) of n-TFT and p-TFT devices.

VI. CONCLUSION

A new gate-bias generating technique with threshold-voltage
compensation has been presented to reduce the impact of
threshold-voltage variation on analog circuit performance in
LTPS technology. The new proposed gate-bias generating cir-
cuit with threshold-voltage compensation has been successfully
verified in an 8-pm LTPS process. The measured results have
confirmed that the impact of threshold-voltage variation on
drain current of the n-TFT device can be reduced from 30% to
5% under a biasing voltage of 3 V. The new proposed gate-bias
generating technique with threshold-voltage compensation can
be applied to realize analog circuits in the LTPS process for
SoP or SoG applications.
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