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Abstract: This paper proposes a 10-bit parasitic insensitive capaci-
tive DAC with time-mode reference voltage generator for high resolu-
tion LCD drivers. In this architecture, the parasitic insensitive opera-
tion is achieved by modifying the switch control scheme of the DAC.
Furthermore, the time-mode reference voltage generator replaces the
conventional resistor divider scheme, which reduces the size of the ref-
erence generation circuitry and enables programmable DAC reference
voltage. The proposed DAC was designed with CMOS 0.35µm technol-
ogy. The maximum INL and DNL showed −0.049LSB and −0.026LSB
even with 10% parasitic capacitance.
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1 Introduction

Nowadays, image sources require high resolution, due to increasing display
panel size, and higher demand for better image quality from the end users.
Therefore, the digital-to-analog converter (DAC) which is an essential compo-
nent in display driver must have high resolution [1, 2]. For higher resolution,
capacitive-type DACs (C-DACs) are better than resistive-type DACs, since
they lead to lower power consumption and area [3, 4]. However, as the resolu-
tion increases the performance of C-DACs are critically limited by parasitic
capacitance, and the capacitor area is also a heavy burden. Although the
double bit processing in single capacitor scheme [4] can considerably reduce
the capacitor area, precise reference voltage generation using the resistor
divider is still problematic.

In this paper, a parasitic insensitive 10-bit C-DAC with time-mode refer-
ence generator is proposed. Instead of generating the DAC reference voltages
with the conventional resistor divider, the proposed DAC uses a time-mode
reference voltage generator based on time-mode signal processing [5]. Al-
though the proposed scheme is similar to [5], since both approaches use time
difference variables as an intermediate way of processing the voltage signal,
[5] mainly uses the delay difference whereas the proposed scheme varies the
pulse width to generate different reference voltages, which is much simple
and can reduce the reference generator area.

2 Proposed parasitic insensitive DAC

Fig. 1 (a) shows the operation of the proposed DAC. The DAC architecture
uses a similar double bit processing in single capacitor structure [4] to re-
duce the capacitor area, yet the switch control scheme is modified to achieve
parasitic capacitance insensitive operation.

The detail switch configuration of the parasitic insensitive DAC is de-
picted in Fig. 1 (b), where CP1 and CP2 represent the top and bottom plate
parasitic, respectively. For simplicity, only one capacitor C is described. In
addition, the feedback parasitic is not included, since this does not affect the
DAC output voltage. During phase-1, in case b5 is high, CP1 will be charged
to GND while CP2 is charged to VREF. In phase-2, CP2 is connected to either
−VREF/32 or GND, However the charge stored in CP1 will not change, since
CP1 is connected to the input node of the amplifier which is virtual GND.
As a result, the charge stored in CP2 will not transfer to the feedback capac-
itor 32C through C, since the bottom plate of C is connected to a constant
voltage, and CP2 is not directly connected to 32C. Therefore, CP1 and CP2

do not affect the output voltage of the DAC, which enables the parasitic
insensitive operation.

3 Time-mode reference voltage generator

Although the proposed DAC is insensitive to parasitic capacitance, the ac-
curate generation of the two reference voltages VREF and −VREF/32 are stillc© IEICE 2012
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Fig. 1. (a) Operation of the proposed parasitic insensitive
10-bit C-DAC (b) Detail switch configuration

problematic. Fig. 2 (a) shows the conventional resistor divider reference gen-
erator, whereas Fig. 2 (b) shows the proposed time-mode reference voltage
generation circuit with the control clock timings. The time-mode reference
generator occupies less area, since the resistor string is replaced with two
capacitors and several control switches.

The proposed reference generator first charges capacitor C1 until the volt-
age across C1 reaches the desired reference voltage level VREF or VREF/32,
and transfers this charge to capacitor C2. A reference current IREF = 16 µA
was generated by setting Vin = 1 V and R = 62.5 kΩ, since IREF = Vin/R.
The DAC reference voltages VREF and VREF/32 are obtained by controlling
the charging time of C1, which is set by the pulse width of T. That isc© IEICE 2012
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VC1 =
k · IREF · Td

C1
(1)

Where k is the current scaling factor and Td is the pulse width. In order
to minimize both the charging current and capacitor size, small k value is
preferred, since this will enable reduced area and power consumption of the
reference generator. The value of k is set by the size of the current mirror
transistors M2 and M3. That is

k =
(W/L)3
(W/L)2

(2)

where W and L are the width and length of the transistors. However, small
k will make the charging current fall below the µA range which can degrade
the current mirror matching that will eventually lead to reference voltage
error. As a result, the optimum value of k was set to 1/8. This leads to a
capacitor charging current of 2µA, and Td of 160 ns and 5 ns for VREF = 1 V
and VREF/32 = 31.25 mV, respectively with C1 = C2 = 320 fF.

Furthermore, in each phase-1 (S1 = H) and phase-2 (S2 = H), C1 is
charged while C2 is discharge during the first half, and C1 is connected to
C2 via the reference amplifier during the remaining second half. Therefore,
the output voltage of the reference amplifier VR is set to VREF in phase-1
and −VREF/32 in phase-2, where VR is connected to the bottom plate of
each capacitor C ∼ 16C to supply the DAC reference voltage. However,
during phase-2, the top plate of C1 is connected to the input node of the
reference amplifier to invert the polarity of the output voltage VR that will
lead to −VREF/32. The control clocks including C1 charging pulse T and
C2 discharging pulse R, and two non-overlapping clocks S1 and S2 are all
generated from a 100 MHz main clock with 50% duty cycle. The pulse width
Td of 5 ns and 160 ns were obtained by combining the counter outputs that
divide the frequency of the main clock with combination logics. With now-
a-days CMOS technology, it is not difficult to generate control signals by
processing a 100 MH clock. However, in order to minimize the rise and fall
time of the control signals, buffers were used to drive the following loads of
the control clocks. In addition, with the 100 MHz clock, we expect the jitter
is not critical than the rise and fall time, unless it is huge. The estimated area
of the proposed reference generator compared to the conventional reference
generator is 45%, which is less than half of the conventional circuit.

However, the proposed time-mode reference generator can limit the con-
version speed of the DAC, since the reference voltage is determined by the
absolute pulse width of the control signal (160 ns for VREF and 5 ns for
VREF/32), and requires an extra cycle for discharging C2. Therefore, it is
beneficial to adopt the proposed scheme for low speed applications such as
the DAC used for high resolution and compact mobile LCD display driver
ICs. In addition, accurate generation of the control signal pulse width can be
another drawback, since this can add extra circuitry and power to minimize
the rise and fall time.c© IEICE 2012
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Fig. 2. (a) Conventional resistor divider reference voltage
generator (b) Proposed time mode reference volt-
age generator

4 Simulation results

The proposed DAC including the time-mode reference voltage generator was
designed using CMOS 0.35µm technology with supply voltage of 3.3V. A
2-stage amplifier was used for the DAC main amplifier, and a folded-cascode
amplifier was used for the reference amplifier. Furthermore, the value of the
unit capacitor (C) was set to 100 fF. The DAC was able to operate with
conversion rate up to 1.5 MS/s.

Fig. 3 (a) and 3 (b) show the INL and DNL plots of the conventional C-
DAC [4] with 1% top and bottom plate parasitic capacitances. Fig. 3 (c) and
3 (d) show the INL and DNL plot of the proposed DAC with 10% top and bot-
tom plate parasitic. For the conventional DAC, the maximum INL and DNL
are around 10.1LSB and 1.02LSB with 1% top and bottom plate parasitic
capacitances. The maximum INL and DNL of the proposed DAC are around
−0.049LSB and −0.026LSB even with 10% top and bottom plate parasitic
capacitances. This shows the parasitic insensitivity and proper operation of
the time-mode reference voltage generator.

The reference current IREF change due to resistor R variation directly
affects the reference voltage. However, since both reference voltages are gen-
erated from the identical current IREF and capacitor C1, in this case, VREF

and VREF/32 will be affected by the same amount of error. This will simply
increase the gain error of the DAC, where the gain error does not degrade the
INL and DNL. The INL and DNL of the DAC with worst case 10% R varia-
tion (assuming due to process and temperature variation) showed −0.07LSB
and −0.03LSB, respectively. This justifies the reference error due to R vari-
ation does not significantly degrades the performance of the proposed DAC.
However, calibration scheme should be incorporated for application where
DAC gain error is critical.

Switch charge injection and reference amplifier input parasitic can affect
c© IEICE 2012

DOI: 10.1587/elex.9.745
Received March 13, 2012
Accepted March 27, 2012
Published April 16, 2012

749



IEICE Electronics Express, Vol.9, No.8, 745–751

Fig. 3. (a) INL, (b) DNL of conventional DAC with 1%
parasitic capacitance (c) INL, (d) DNL of pro-
posed parasitic insensitive DAC with 10% para-
sitic capacitance

the control pulse width and cause reference error as well. Therefore, in order
to minimize the effect of charge injection and amplifier input parasitic, min-
imum sized CMOS transmission gate were used for the control switches, and
parasitic insensitive switched capacitor configuration was employed for the
reference voltage generation. In addition, the optimized value of C1 and C2

was chosen considering switch charge injection and amplifier input parasitic.
Furthermore, to investigate the effect of switch charge injection and reference
amplifier input parasitic with supply voltage variation, the DAC was simu-
lated with ±10% supply voltage variation (this amount is usually considered
for commercial products). However, even with ±10% supply voltage varia-
tion, the proposed DAC showed negligible performance degradation. This
means the effect of switch charge injection and amplifier input parasitic with
±10% supply voltage variation can be tolerated.

5 Summary

A parasitic insensitive 10-bit C-DAC with time-mode reference generator is
proposed. It is shown that the proposed DAC is insensitive to parasitic ca-
pacitance which is a major performance limiter for C-DACs. Furthermore,
the time-mode reference voltage generator that replaces the conventional re-
sistor divider can reduce the size of the reference generator and provide pro-
grammable reference voltage levels.
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