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Abstract—A very high speed and low voltage open-loop dual edge 

triggered sample and hold (S/H) circuit is proposed. Using a high 

speed and low voltage multiplexer (MUX) and employing simple 

and efficient switches the proposed sample and hold circuit can 

operate with a sampling rates of about 5 GS/s making it suitable 

for high-speed analog-to-digital converters and wired-line 

communication systems. Designed in a 0.18 m CMOS process 

and under a supply voltage of 1 V, it consumes approximately 

106 W for a 125 MHz input sinusoidal signal with a 0.8V peak-

to-peak swing at mentioned sampling rate using a 2.5 GHz clock 

signal. 

Keywords—open-loop, sample and hold circuits, low-voltage 

multiplexer, high-speed switches 

I.  INTRODUCTION 

High performance ADCs have many applications in signal 
processing systems and broadband communication application. 
One of the important blocks in very high speed ADCs is 
sample and hold (S/H) circuit where high speed, high linearity 
and high precision characteristics are simultaneously required. 
The sample and hold circuits can be substantially divided in 
two categories; 1) closed-loop S/H and 2) open-loop S/H. The 
first type of S/Hs and their operations are explained in [1-3] 
while the second types are discussed in [3-5]. Both types have 
their own disadvantages and benefits comparing to each other. 
There is a main trade-off between linearity and speed in both 
types. Close-loop S/Hs are more linear than open-loop 
counterpart. Open-loop S/Hs, on the other hand, achieve higher 
speed, low power consumption and have lower circuit 
complexity [4]. However, in very high speed applications, 
linearity will be the main challenge if using open-loop S/H 
circuits. It can be shown that availability of switches with very 
low time constant can alleviate the trade-off between speed and 
linearity in the open-loop S/Hs.  

This paper proposed a new and simple open-loop S/H 
circuit, which employs a low voltage 2:1 MUX to increase the 
speed and reduce the power. Fundamental limits of switches 
for S/H circuits are summarized in Section II. In Section III, 
usual methods for reducing these limitations are described. In 
Section IV two architectures of 2:1 MUX for high speed 
applications are compared and their benefits and shortcomings 

are addressed. Section V describes the implementation of a 
novel open-loop S/H using a 0.18 m CMOS process followed 
by results and discussion provided in Section VI. 

II. SWITCH LIMITATIONS FOR S/H CIRCUITS 

A. Background 

Fig. 1 shows a simple sampling switch consisting of a 
nMOS transistor as a switch and a holding capacitor. In this 
switch, when the CLK goes high (switch is on), Vout follows 
Vin and when goes low (switch is off) Vout remains constant 
freezing the instantaneous value of Vin across CH. 

 
Fig.1. A simple sampling switch  

When Vin < VDD - Vth (assuming CLK is a rail-to-rail 
signal), this transistor is in deep triode region and exhibits an 
on-resistance of 
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Now, we can represent Vout as a function of time for t  0 s as 
follows: 
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This equation reveals that Vout eventually reaches to Vin. 
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B. Speed Limitations 

Switch speed can be defined as the time required for the 
output voltage to go from zero to the maximum input level 
after the switch turns on [1]. In this situation, we can represent 
the speed with a simple time constant as follows: 

Hon CR .

where Ron is the transistor on-resistance and CH is holding 
capacitor, as shown in Fig. 1. Note that we can reduce holding 
capacitor or transistor on-resistance to decrease this time-
constant thereby improving the speed. 

C. Charge Injection Limitations 

When a transistor is on, a finite amount of mobile charge 
there exists in its channel. When the transistor turns off, this 
charge will exit trough the source and drain terminals of the 
device [1]. The total amount of this charge in the inversion 
layer is  

thinDDoxtot VVVWLCQ

The charge that injected to the source terminal is stored on 
the holding capacitor and creates an error in the output voltage 
(Fig. 2). Assuming that the channel charges are divided equally 
between the drain and source side, the estimated voltage error 
can be obtained as 
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Unlike to the speed, this equation shows that Verror is 
inversely proportional to holding capacitor and directly 
proportional to W and L.  

 
Fig.2. Effect of charge injection assuming the charges are divided equally 

between both terminals 

D. Phase and Amplitude Distortion 

Shown in Fig. 3, for defining phase and amplitude 
distortions, the simple nMOS switch must be assumed as a 
single-input single-output system. In this situation, the transfer 
function of the system is as follows:
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Representing this transfer function in amplitude and phase 
form, we have 
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where  is the angular frequency. As a result, at high 
frequencies, the switch attenuates the signal amplitude and 
shifts the input signal phase at the output. 

 
Fig.3. An on-switch as a single-input single-output system  

III. USUAL METHODS FOR REDUCING SWITCH LIMITATIONS  

Phase and amplitude difference between input and output of 
simple switch given in (6) and (7) are directly proportional to 

Ron CH while switch speed from (3) is inversely proportional to 

Ron CH. Moreover, charge injection as a representative for 
sampling precision, from (5), is inversely proportional with CH. 
Thus, with decreasing the amount of transistor on-resistance 
and holding capacitor, we can reduce the speed limitations, and 
phase and amplitude distortion. However, this will lower the 
sampling precision. To overcome this problem, we should 
choose an optimum amount for holding capacitor, and reduce 
the transistor on-resistance as much as possible. Consequently, 
improving the charge injection and speed limitations might be 
accomplished using following three methods: 

A.  Reducing Channel Length 

According to (5), (1) and (3), this issue reduces the charge 
injection (and therefore enhances the sampling precision), and 
increases the speed. 

B. Employing Differential Architecture 

An alternative approach to reduce the effects of charge 
injection is using differential switch. In this approach, the 
charge injection would appear as a common mode distortion. 
As shown in Fig. 4 and from (4), we know that q1=q2 only if 
Vin+ = Vin- [1]. Furthermore, with this method, the effect of 
clock feed-through due to the gate-source or gate-drain overlap 
capacitance of the MOS switch phenomenon can be reduced. 

 
Fig.4. Differential switch    

C. Using Dummy Transistor 

Simply, a dummy transistor is a transistor that its drain and 
source terminals are shorted. Assuming the charge that is 
pushed away from the switch to each side is half of the total 
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charge in the channel, a dummy transistor with a half size of 
the switch, if turned on when the switch turns off can absorb 
the emitted charges from switch and prevents them from 
generating an error-voltage on the sampling capacitor. 

IV. 2:1 MUX ARCHITECTURE 

High speed operation imposes a MUX that has minimum 
capacitance at its output nodes. As shown in Fig. 5(a), a tail 
current (IDD) is switched between two circuit paths through the 
M5, M6. The CLK command determines whether the tail 
current steers through M1-M2 or M3-M4. After each transition 
of CLK, Vout will be a new value. It means that when CLK 
goes high, Vout follows Vin1 and for low levels of CLK, Vout 
followsVin2 [6]. 

 
Fig.5. Two architecture for a 2:1 MUX (a) a MUX biased with a specific tail 

current (b) a MUX without a specific tail current 

In fact, in Fig. 5(a), a biasing current mirror is used to 
discharge the output capacitances. Thus, this circuit is not very 
sensitive to PVT variations. Since in very high speed 
applications, maximum available speed of technology is 
needed, an amount of IDD must be chosen such that unity gain 
frequency of M1-M4 is maximized. However, one of the main 
problems of this topology is the number of accumulated 
transistors in a path that limits functionality of this circuit, 
when the supply voltage is low. Moreover, these stacked 
transistors limit the output swing. 

Fig. 5(b) shows an alternative topology, which is a 
modified version of the previous topology. In this circuit, the 
biasing current mirror transistors (M7-M8) are eliminated to 
reduce the number of stacked transistors. The operation of this 

circuit is similar to the previous circuit. In this circuit, M5 and 
M6 operate as switches and work in triode region. The recent 
topology has some advantages in comparison to the previous 
topology. By reducing the number of stacked transistors; the 
maximum voltage swing at the output node will be increased. 
On the other hand, owing to the fewer number of stacked 
transistors, the VGS and VDS of M1-M4 will be increased. Thus, 
according to the relation for transconductance of a MOS 
transistor 

DSthGSoxnm VVV
L
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we can decrease transistor sizes to have the same value of gm 
comparing to the previous topology. This means that we have 
smaller output capacitance and therefore, the latter topology is 
faster. 

V. PROPOSED S/H CIRCUIT 

Fig. 6 shows the proposed dual edge sampling S/H 
consisting of two track and hold circuits and one 2:1 
multiplexer. This circuit is designed fully differential to 
increase robustness against noise and other distortions. In this 
figure, the transistors where the input signal is connected to 
their drain terminal work as switch, and the transistors that 
their drain and source terminals are shorted together, are 
dummy transistor. 

In this circuit when, for example,  CLK goes high, M8 and 
M12 turn on and track the input signal while M1, M9 remain off. 
In other words, when CLK signal has its high level, output of 
M1 and M9 is a held level of input signal and for situations 
where CLK is low the input will be sampled by M8 and M12. 
As a result, by a 2:1 MUX we can choose one of the sampled 
levels of input signal on each clock edges. In addition, as 
shown in Fig. 6, when CLK command is high, M13 is on and 
M14 is off. Therefore, M3 and M4 pass to the output a sample 
of input at the output of M1 and M9. 

As shown in Fig. 6, at the output of switches there is not 
any specific holding capacitor. Actually there is not any need to 
use explicit holding capacitors with large values. In fact, 
parasitic input capacitances of MUX stage were utilized as 
holding capacitors. 

VI. SIMULATION RESULTS 

An up to 5 GS/s dual edge triggered sampling S/H was 
designed in a 0.18 m CMOS technology under a 1V supply. 
Simulations for the MUX circuits were done under equal 
power consumption and equal transconductances for M1-M4. 
A differential 2.5GHz clock signal (CLK) was utilized and a 
sinusoidal 1.25GHz input signal was applied to both inputs of 
each MUX circuits. Fig. 7 reveals that the circuit of Fig. 5(b) 
achieves higher bandwidth in comparison to the circuit of Fig. 
5(a).  

Simulations of proposed S/H circuit under a 1 V supply 
voltage shows approximately 106 W power consumption and
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Fig. 6. Circuit schematic of the proposed S/H

 
Fig.7. Comparison of 3dB bandwidths of both MUX architectures.  

a differential signal swing of 0.8 Vp-p. To examine the 
operation of this circuit, a differential mode 125 MHz, 0.8 V 
peak-to-peak sinusoidal wave was applied to the inputs and 
then sampled at 1.5 GS/s sampling rate. Fig. 8 shows the input 
and output waveforms and Fig. 9 shows the spectum of the 
output revealing a 34 dB SFDR. To justify the circuit 
operability at higher frequencies, input and output of the circuit 
for a 1.25GHz sinusoidal input and sampling rate of 5GS/s are 
shown in Fig. 10. Consequently, this circuit can be used in very 
high speed applications such as wired-line transceivers and 
other high speed communication systems. 
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Fig.8. Input and output waveforms of proposed S/H  

 

Fig.9. Proposed S/H output spectrum for 125 MHz input sampled at 1.5 GS/s. 

 

Fig.10. proposed circuit waveforms for 1.25 GHz input frequency and 5 GS/s 

sampling rate
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