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Abstract: A multiplexer with a low-distortion high-bandwidth analog switch is presented. The gate-to-source voltage of the

switch is set by the combined on-voltage of a pMOS and an nMOS, and the difference between its gate-source voltage and

the threshold voltage ( Vgsr) is guaranteed to be constant with input variation. Thus, the body effect is nearly canceled.

Implemented in a TSMC 0. 18um CMOS process, results from HSPICE simulation show that the Vs is nearly constant

with an input range from 0.3 to 1. 7V,and the — 3dB bandwidth is larger than 10GHz;the SFDR (spurious free dynamic

range) of the output is 67. 11dB with 1GHz input frequency;the turn-on time is 2. 98ns,and the turn-off time is 1. 35ns,

which indicates a break-before-make action of the multiplexer. The proposed structure can be applied to high speed signal

transmission.
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1 Introduction

In high speed signal transmission and multi-chan-
nel analog-to-digital converter (ADC) systems, the
design of high-linearity low-distortion input switches
and multiplexers is critical because variation in the
on-resistance (R,,) can introduce distortion. This var-
iation can be easily demonstrated by the on-resistance
of a simple MOS-only switch which can be written as:

R, = 1 1)

110 Co %(VG V- V)

where Vi is the gate-voltage of the switch, V, is the
input voltage,and V, is the threshold-voltage and is
givenas Vi, = Vo + y(/2]¢:| + Vg —/2]¢:|) . Equa-
tion (1) shows that the on-resistance is dependent on
the input. On the other hand,the — 3dB bandwidth is
also limited by R,, with load capacitance C, con-

stant,and is:
. _ 1
fﬁ‘?‘dB a 2Ttlzon Chold
From the above analysis, the main limitation of
the MOS-only switch is the non-linearity of R,, and

(2)

its limitation on the input bandwidth. In order to
solve these problems,a CMOS switch and a boostrap
switch are used. However, despite improvements in
the linearization of R,, in a CMOS switch,the corre-
sponding nonlinearities in n- and p-transistors are not
matched and substantial variation in R,, still occurs.

Article ID: 0253-4177(2008)06-1040-04

Boostrap switches can make the gate-source voltage
constant, but have body effects. References [1 ~ 3]
presented some solutions. The main idea of Ref.[1] is
to make the well connect to the source when the
switch is on, but there is parasitic capacitance with
the well. Other solutions may limit the input band-
width or increase the complexity of the design.

In this paper, a low-distortion high-bandwidth
analog switch is presented and is applied to a 2 1
multiplexer, not only making the difference of gate-
source voltage and the threshold voltage ( Vs ) con-
stant and achieving a significantly higher linearity,
but also achieving feasibility for high-speed signal
transmission and meeting the requirement of break-
before-make action of the multiplexer.

2 Proposed constant Vg switch

The proposed constant Vgsr switch is shown in
Fig. 1. The I-V relation of MOSFET operating in sat-
uration is:

w
L

_ 21
Vo= emcwrn t Vm 4)

From Fig. 1. the following relation can be ob-

1= 2 Co PV = Vi (3)

Therefore,

tained:
Vgs.NZ + ng.Pl = Vgs,Nl (3
Substituting Eq. (4) into Eq. (5) ,then:
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Fig.1 Proposed constant Vgsr switch
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Therefore,the Vg of switch N1 is:

21 ias
Vst =, /m + Viune = Vionw +

2 Ibias
—_— =+
/lpcox(W/L)m VTI[.PI
The threshold voltage of N1 and N2 has the same

variation with input,so the body effect of N1 and N2

(6)

D

can compensate each other,and P1 has no body effect
because its well is tied to its source. Therefore, the
proposed switch has a constant on-resistance and very
low distortion.

3 Proposed multiplexer using proposed
constant Vg switch

Figure 2 is the proposed 2 : 1 multiplexer. N1,

N2,P1, P2, P6, P7,N9 and N20, N21, P19, P20, P16,
P17,N19 form the circuit realization of a constant
Vst switch,respectively. The other part is used to de-
termine which channel is selected;the Boost block is a
boostrap circuit which makes the voltage of node @
2V -and has the same structure as Ref.[4]. The op-
eration of the multiplexer is as follows: when clock
CLK1 is low and CLK1N is high,the voltage of node
@ is boosted to be 2V by MOS capacitor N10. Be-
cause the voltage of node (D is also 2V, ., transistor P8
is off. At the same time,the voltage of node @) is low,
and transistor N4 is on, making the voltage of node ©®
low,the nMOS switch N2 off,and the input signal IN2
transmit to the output. On the contrary, when clock
CLK1 is high and CLKIN is low, the voltage of node
@ is V4 and transistor P8 is on, which makes the
voltage of node @ 2V . Then, P7 and N9 is on to
provide bias current to transistor N1 and P1, turning
switch N2 on and transmitting input signal IN1 to the
output.

4 Simulation results

Based on a TSMC 0. 18:m CMOS process, the cir-
cuit is simulated with HSPICE tools. Figure 3 shows
the threshold voltage variation of transistor N1 and
N2 with respect to the input signal level. The thresh-
old voltage of transistor N1 changes in substantial uni-
son with the threshold voltage of transistor N2,so the
body effect of the two transistors remains the same to
compensate each other. Figure 4 is the Vgsr perform-
ance of the switch. With a 1.8V power supply, the
Vst changes from 0. 83 to 0. 64V with the input ran-
ging between 0. 3~1. 7V,an improvement over Ref.
[5] which has a V variation of 200mV.
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Fig.2 Proposed multiplexer
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Figure 5 is R,, versus input for three switches (a
regular CMOS, a boostrap switch from Ref.[6], and
the proposed),and the proposed switch has the most
flatness. A good multiplexer has a break-before-make
switch action that guarantees only one channel is se-
lected at a time. Using the test method given in Ref.
[7],Figure 6 shows the turn-on and turn-off perform-
ance of the switch with input constant at 1. 2V. The
turn-on and turn-off time is 2. 98 and 1. 35ns, respec-
tively, which indicates a break-before-make action.
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Fig.6 Turn-on and turn-off performance

Figure 7 shows the frequency response of the
Its —3dB bandwidth can be larger than
10GHz,which allows the multiplexer to transmit sig-
nals with GHz frequency. Figure 8 is the SFDR of the
output versus input frequency with a 0. 8V peak-peak

switch.

input. As input frequency increases,the SFDR decrea-
ses,and the SFDR is 67. 11dB with 1GHz input fre-
quency.

5 Conclusion

A multiplexer is proposed with a low-distortion
high-bandwidth analog switch. The gate-source volt-
age of the switch is set by the on-voltage of an nMOS
and a pMOS, not only making the difference of gate-
source voltage and the threshold voltage constant, a-
chieving a significantly higher linearity.but also mak-
ing high-speed signal transmission feasible. The —3dB
bandwidth of the switch is larger than 10GHz,and the
turn-on and turn-off time is 2. 98 and 1. 35ns, respec-
tively , which guarantees the break-before-make action
of the multiplexer. Spectral analysis shows that the
SFDR is 67.11dB with an input frequency of 1GHz.
The proposed structure is suitable for high speed sig-
nal transmission.
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