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ABSTRACT

This Thesis presents a current-mode sample-and-hold circuit using 0.5pm CMOS
technology. The input signal is sampled using a current subtracter and a half wave rectifier
instead of a sampling switch used in the conventional sample-and-hold circuit. As a result, the
switch feedthrough error is eliminated. The proposed circuit achieves high sampling frequency up
to 100MHz and high accuracy. The performances of the proposed circuit are demonstrated by

PSPICE simulation results.
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A Current-mode CMOS Sample-and-Hold Circuit for ADC

Phitet Mahatthumthanant, Thawatchai Kamsri, Wandee Petchmaneelumka,
Tiparat Sungkabunchoo, and Vanchai Riewruja
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Abstract:

This paper presents a current-mode sample-and-hold circuit using 0.5um CMOS technology. The input

signal is sampled using a current subtracter and a half wave rectifier instead of a sampling switch used in the
conventional sample-and-hold circuit. As a result, the switch feedthrough error is eliminated. The proposed circuit
achieves high sampling frequency up to 100MHz and high accuracy. The performances of the proposed circuit are

demonstrated by PSPICE simulation results.

Keywords: Sample-and-hold, Subtracter, Half-wave rectifier, Current-mode

1. INTRODUCTION

Digital signal processing is one of the most important
technique in many applications such as video and audio
system, measurement and instrumentation, and digital
control system. An analog-to-digital converter (ADC) is
the interface between analog signal and digital signal.
To avoid the degradation of signal conversion from
ADC, the sample-and-hold circuit (S/H) is required at
front-end. Usually, S/H circuit employs a MOS switch
to sample and hold an analog signal. Using the MOS
switch exhibits signal distortion at the S/H output
caused by switch-on resistance, channel charge injection,
and clock feedthrough. These are major factors that
contribute to discrepancy from ideal performances. In
the past, the switch is implemented by a single MOS
transistor. Unfortunately, the on resistance of the switch
is varied with the switched voltage and dependent on
the magnitude of control voltage [1]. In order to
minimize the switch-on resistance, the bootstrapped
switch technique and the switch control-voltage boosted
technique have been proposed in literature [2-4]. The
technique based on bootstrapped switch generates the
constant gate-source voltage for the MOS switch to
prevent the on-resistance effects. For the boosted
technique, the voltage multiplier generates the control
voltage in excess of the supply voltage for the MOS
switch to reduce the switch-on resistance. The control
voltage signal, which is usually up to twice the supply
voltage, may produce a catastrophic failure caused by
the voltage breakdown across the gate oxide. It should
be noted that the sampling frequency can be varied in a
narrow range due to the specific on-chip capacitance
value used in both techniques. For charge injection and
clock feedthrough cancellation, a differential
configuration technique and a dummy transistor
technique have been introduced [5-6]. However, these
techniques have never completely cancelled the effects
of channel charge injection and clock feedthrough.

The purpose of this paper is to proposc a CMOS
current-mode technique for realization of a high-speed
and high accuracy S/H circuit. The proposed circuit
employs a current subtracter and a half-wave rectifier
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instead of a conventional sampling switch, The emars
due to the charge injection and the clock feedthrough
are minimized. The resulting performances of the
proposed circuit show high accuracy and high sampling
rate up to 100MHz.

2. CIRCUIT DISCRIPTION

Fig. 1 shows the block diagram of the proposed S/H
circuit. It consists of current substracter, half-wave
rectifier, peak detector, and discharge scheme. The S/H
control signal, isy, scts the operational state of the
proposed circuit. The current i, is the input signal,
which has the value between zero and the value for the
high state of igy. If the signal iy, is set to low or iy =
OpA, the input signal iy, is sampled, and thus transmitted
to the output. Otherwise, iyy is set to high such as iy =
50uA, the last value sampled is held until the input is
sampled again. The operation of the proposed S/H
circuit as shown in Fig. 2 can be explained as follows.

contiol Current 2 Half.wave -'l- Peak <= oupul
nput Subtracter rectifier Detecior node
node  —= -
W | énﬁ_
| ;
| L ——— : Discharge
________ -@..:. schemne
s
Fig. 1 Block diagram of the proposed $/H circuit.
Basically design of the proposed circuit, all

transistors are well matched and operated in their
saturation regions. The drain current of transistor
operated in saturation region is expressed as [7]

1=

C. W
Haloe _(

1
> 1L 0

Yus — V‘r)l = K("('.x -V )2

where K, viy, and ¥y are the device transconductance
parameter, the pate-source voltage, and the threshold
voltage, respectively. The transistors M,-M; and M;-M,



in the current substracter form as the unity-gain current
mirrors to capture the control signal igy and the input
current i, to node D, respectively. Considering at node
D, the current iy, can be written as
iﬂ;h ="‘m _in (2)
The transistors MM,y function as the half-wave
rectifier that produces a half-wave replica of the current
iy If the current i, is negative, the flow of the current
i,» through the transistor My increases the voltage at
node D, then the transistor My is to cutoff. The current J,
is equal to zero. For a positive current iy, the
transistors Ms and M, are conduct and cutoff,
respectively. Thus the current i, is equal to iy From
Eq. (2), the current i, can be stated as

i
l'f,: 0

The current i, is fed through the peak detector [8], to
transmit to output node. The transistors M;3-M,, form as
the unity-gain current mirror. The transistors M,, and
M,; function as the current follower to provide the
discharge current iy, and the charge current i to the
capacitor C,, respectively. Considering at node F, the

Jor iy ="low’

3
for iy, ="high' @
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gate-source voltages of transistors M5 and M, are risen
and held by the capacitor C,. From Eq. (1), the output
current i, can be stated as

4

i =ipry =ipta =Koy -V }

If i, = i, and iy, = 0, the voltage at node E, vy, effects
the transistor M;; to conduct. The flow of the charge
current i through the capacitor C,, which is equal to
ima, increases the voltage v, Then the transistors M,;
and M, are activated. When the voltage v rises to the
steady state value that causes the transistor M)y to
cutoff. The voltage v, still forces the transistors M;;
and M, to conduct, thus i,, = i, If i, =0, the peak
value of input current i, is less than that of the previous
input signal, and i, = 0, the voltage v, is decreased.
Therefore, the transistor M,y still turn off and the
voltage v, is unchanged. If the input current i,, exceeds
the output current and iy = 0, then the voltage vy is
increased and the transistor M, is active. The voltage
vy is risen to force the output current equal to the last
sampled value. If the value of input current iy, is less
than that of the previous input signal and iy = 1, the
voltage v is decreased. Therefore, the output current
i i1s forced to be tracking /.

E

—_

Al
-

My

M,

Currents substracter and
) Half wave rectifier

Peak detector

My

Fig. 2 Proposed S/H circuit.
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In discharge scheme, the gates of transistors Mz, M3,
and My, are connected to node C, node B, and node A,
respectively. Thus ipyy = ip, ipis = iy and ipys = igy. The
transistors M,s-M;¢ function as the unity-gain current
mirror to capture the current iy to node G. The current
igcan be stated as

Lo =ty —hg =1, —hin (3

The current i, is fed through the half-wave rectifier that
consists of the transistors M 4-My,. From Egs. (3) and
(5), the current ip;; can be written as

. in =ty
22 =1,

Where iy is the previous peak current of the current i,
The transistors M,-M,y; function as the current
comparator to compare the current ijp; and igy. From
Eq. (6), if the control signal iy is set to low, the voltage
at node H can be given by

0 Joring >, -
vy = . :
Vi Joring <i,

Jor 0>,

Jor ing<iy,

(6)

Otherwise, the current fyy is set to high, we have

i

IEERRSRRRAAR
Fig. 3 Waveform sketches of the proposed circuit.

The voltage at node |, vy, is forced to follow the voltage
vy by the use of the inverters Mays-Mys and Mag-Ma;.
Based on the unity-gain current mirrors My-Mys and
Mjo-Mj,, the current iy, is equal to ipy. From Egs.
(7)-(8), the current i;pg OF iy, can be expressed as
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KWpp=Ve } forig, ='low'and i,y >i,
fdu' =10
0 Sor igy = high'

Sor igy ='low'and i o <iy, (9)

From above discussion, the waveform sketches relating
to various currents are shown in Fig. 3.

3. SIMULATION RESULTS

The performances of the proposed circuit were
studied by using PSPICE analog simulation program.
The BSIM MOS model of the 0.5pm CMOS process
was used in the circuit simulation. The supply voltage
and the current source were chosen as Vpp = 3V and
lgy = 50pA. The ratio of channel width and length
(W/L) of the devices are shown in Table 1.

Table 1 Devices aspect ratios.

Device W/L (pm/pm)
M., Mz, Mg, Mag, My,
M2z, Mz3, Maa, Mas, Mag, 2/1
Mzy, Mo
M;, My, M5, Mo, Mg, Mo 5/1
Mg, M3, Mg, My, Mys, Mg 10/1
Mz, My3, Myg, Mag, My 4/1
Mi, 6/1
Mo 1.2/
o
1
0 50 100 150 200
Time (ns)
3
3 5]
z
% 50 100 150 200
Time (ns)

Fig. 4 Input and output waveforms for a [0MHz
sinusoidal input sampled at 100MHz.
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% 50 100 150 200
Time (ns)

g

3 25

ki

o 50 100 150 200
Time (ns)
Fig. 5 Input and output waveforms for a 10MHz
triangular input sampled at 100MHz.
16 T
F.= 100MHz

14 /
g1 /
g
Lo

0nx

vé T 5 2

s & 7
Input signal frequency {MHz)
Fig. 6 THD versus the varied input signal frequency.

The input and output waveforms as shown in Fig. 4,
the upper waveform is a sinusoidal input current of
+20pA amplitude at 10MHz and the lower is the output
current for the input current sampled at 100MHz. Fig. 5
shows the input and output waveforms, the upper
waveform is a triangular input current of *20pA
amplitude at 10MHz and the lower is the output signal
for the input current sampled 100MHz. The total
harmonic distortion (THD) versus the varied input
signal frequency of the amplitude +20pA at 100MHz
sampling frequency is shown in Fig. 6.

4. CONCLUSION

This paper describes a current sample-and-hold
circuit using a current subtracter and a half wave
rectifier instead of a sampling switch to avoid the clock
feedthrough. The PSPICE simulation results verifying
the performances of the proposed circuit are in close
agreement with the theoretical.
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