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ABSTRACT
Tow different computer calculation methods for distortion of the wide-band diode bridge track and hold amplifier (THA)
are presented based on a high frequency Schottky diode model. One of the computer programs calculates the distortion
of weekly nonlinear THA based on the KCL and the nonlinear-current method. The other calculates the weekly nonlinear distortion by using a Volterra series method and a nodal formulation. Comparative calculation results for the diode
bridge THA have shown good agreement with these two computer program calculation methods, whereas the overall
computational efficiency of the nonlinear-current method is better than that of the nodal formulation method in a special
evaluation.
Keywords: Track and Hold Amplifier; Broadband Amplifiers; High-Speed Integrated Circuits; Schottky Diode
Frequency Converters; Harmonic Distortion; Volterra Analysis; Computer Program; Nonlinear-Current
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1. Introduction

2. A Diode Bridge THA

A diode bridge architecture THA prior to the analog to
digital converters are used to implement low-cost ultra
high speed transceivers. Distortion is one of the important factors that limit the dynamic range of THA [1]. It is
crucial to predict and calculate the distortion in the
weakly nonlinear circuit by computer program calculation or simulation. Several methods used to resolve
the distortion issues are shown in [2-6]. Two computer
programs based on these methods are implemented to
evaluate the distortion of THA with an improved procedure in terms of the Volterra series.
In this paper, two computer program are used to calculate the weakly nonlinear distortion of the diode bridge
switch THA based on the high frequency Schottky diode
model in terms of a Volterra-series analysis. Section 2
describes a diode bridge THA for ultra high speed application. In Section 3, the high speed diode model,
assumptions and distortion analysis are presented. The
computer program description is proposed in Section 4.
Section 5 shows the program calculation results and then
follows by conclusion.

Consider a diode bridge THA shown in Figure 1, which
is directly derived from Figure 2 in [7], this circuit consists of a high-speed Schottky diode bridge ( D1 to D4 )
used as a switch between the input and output, a hold
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Figure 1. A diode bridge track and hold amplifier [7].
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capacitor C H to maintain the sampling voltage, a differential pair ( Q1 and Q2 ) to turn on/off the diode bridge
switch, two load inductors used to extend bandwidth, two
load resistors, a bootstrap buffer, a output buffer and a
current tail. This THA with diode bridge configuration is
suitable for wideband and high speed application [7].

3. Model, Assumptions and Distortion
Analysis
As shown in [8]. A simplified equivalent circuit for the
diode bridge THA in track mode is illustrated in Figure
3(a).
The first order Volterra kernel H 1 ( jω1 ) is given by
the following Equation (1) [1].
1
+ jω1C K
rd
(1)
H 1 ( jω1 ) =
1
jω1C H + + jω1C K
rd
The second order and the third Volterra kernel
H 2 ( jω1 , jω 2 ) and H 3 ( jω1 , jω 2 , jω3 ) are shown in
Equation (2) and Equation (3) respectively. Equation (2)
and Equation (3) imply that if H 1 ( jω1 ) = 1 , the Volterra kernels H 2 ( jω1 , jω 2 ) and H 3 ( jω1 , jω 2 , jω3 )
tend to zero.
Id
(1 − H 1 ( jω1 )) 2
2
2Vt
H 2 ( jω1 , jω 2 ) =
Id 1
− + + C K ( jω1 + jω 2 )
Vt rd
−

(2)

Id
H 2 ( jω1 , jω2 )( H1 ( jω1 ) − 1)
Vt 2
H 3 ( jω1 , jω2 , jω3 ) =
Id 1
− − CK j (ω1 + ω2 + ω3 )
Vt rd
Id
(1 − 3H1 ( jω1 ) + 3H12 ( jω1 ) − H13 ( jω1 ))
6Vt 3
+
Id 1
− − CK j (ω1 + ω2 + ω3 )
Vt rd
+

(3)

The third-order harmonic distortion HD3 is the ratio of
the amplitude of the third-order harmonic to the amplitude of the fundamental harmonic. With the Volterra coefficients, HD3 is defined as followings [1,9].

(a)

Figure 2. Program flow chart for calculating the distortion
[4,10].
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(b)

Figure 3. A simplified equivalent circuit for the diode bridge
THA.
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HD3 =

1 | H 3 ( jω1 , jω 2 , jω3 ) | 2
 Vin
4
| H 1 ( jω1 ) |

(4)

The third-order intermodulation distortion which is the
ratio of third-order kernel to the first-order kernel can be
expressed as [1].
3 | H 3 (ω1 , ω 2 , ω3 ) | 2
(5)
IM 3 =
 Vin
4
| H 1 (ω1 ) |3
In term of Volterra analysis, one can choose the appropriate values for the bias current and the hold capacitor,
C H , to yield a suitable IM 3 performance [1].

4. Computer Program Description
(1) Nonlinear-current method:
The KCL and the nonlinear-current method are used in
this program. The detailed description of the nonlinearcurrent method was proposed in [5,6], [4] and [10]. In
this approach the small-signal I/V characteristic for a
simple voltage-controlled conductance is expressed as
[10]:

i = g 1 v + g 2 v 2 + g 3 v 3 + g 4 v 4 + g 5 v 5 + ...
where the first-order voltage v(t ) is
1 Q
v(t ) = ∑ v s , q exp( jω q t )
2 q = −Q

3

are derived from the Volterra series.
(2) Volterra series and nodal formulation method:
The flow chart of this method is shown in Figure 4.
More detailed description of this method is depicted in
[11]. To compare with the results from those of nonlinear-current method, the program has been rewritten in
Python language.

5. Calculation Results
Figure 5 illustrates the IIP3 versus input frequency results of both nonlinear-current method and nodal formulation method, which indicates that these two results
have a good agreement in the range of the input frequency.
The results of the HD3 versus input frequency for both
nonlinear-current method and nodal formulation method

(6)

(7)

the second-order current [4,10] is

i2 (t ) = g 2 v12 (t )
+

g2
4

Q

Q

∑ ∑v

q1 = − Q q2 = − Q

v exp[ j (ωq1 + ωq2 )t ]

(8)

1, q1 1, q2

This program is implemented in Python in terms of the
nonlinear-current method and KCL [4,10]. The linear
resistors, diodes, capacitors, inductors, controlled sources,
transmission lines and the nonlinear resistors, diodes,
capacitors, and controlled sources are used in this program for calculating the distortion of Volterra series. The
flow chart for the program is illustrated in Figure 2,
where the basic algorithm used in this paper is depicted
in [4,10].
The program first initializes the environmental variables, which includes setting up the values of the resistors, the capacitors, the diodes, the inductors, the
VCCS etc. and replacing every non-linearity with its
linearized equivalence.
Then the program begins to calculate the first order
voltage with linearized equivalence [4]. The output data
are saved and then the second and the third order currents
and voltages are computed, the calculation of these
higher order currents and voltage depends on those of the
lower order ones that have been saved. As shown in the
flow chart, the related currents and voltages are solved
for each order and the desired corresponding responses
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Figure 4. Program flow chart for the computation of volterra kernels [2].
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Table 1. Summary of calculation time.
Frequency (GHz)

1

3

5

Nonlinear-current method (Sec)

12.78

36.42

42.75

Nodal formulation method (Sec)

25.17

72.49

87.73
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Figure 5. Comparison of third-order intercept point.
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