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Dynamic Power Dissipation of Track/Hold Circuit
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SUMMARY  This paper describes the formula for dynamic
power dissipation of a track/hold circuit as a function of the
input frequency, the input amplitude, the sampling frequency,
the track/hold duty cycle, the power supply voltage and the hold
capacitance for a sinusoidal input.
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1. Introduction

A Track/Hold (T/H) circuit is an essential component
for data acquisition systems, and let us consider the
T/H circuit shown in Fig. 1. When its power consump-
tion is discussed, usually only the static power con-
sumed in the input and output buffers is considered
[1], [2]. However the hold capacitor Cp is charged from
power supply Vyq or discharged to GND through the
input buffer according to the input signal; this leads to
some power consumption which we call “the dynamic
power dissipation of the T/H circuit.” In most cases
this dynamic power dissipation is not accounted for,
but — as the input frequency increases and low power
circuit design is demanded — this power becomes not
negligible. Hence, in this paper, we will consider the
formula for the dynamic power dissipation of the T/H
circuit as a function of several parameters.

2. Formula for Dynamic Power Dissipation

Proposition: Consider a T/H circuit in Fig. 1 where
we assume that the input buffer and sampling switch
are ideal and the input signal and the sampling clock
are not synchronized. In other words, the incoherent
sampling is performed [3]. Then its dynamic power dis-
sipation, Pr, g, of the T/H circuit for a sinusoidal input
(Vin(t) = Asin(27 fint) + Vaa/2) is given as follows:

ane (-

(1)

where sinc(z) := sin(z)/z, fi, is the input frequency, A
is the input amplitude, f, is the sampling frequency, r
is the track/hold duty cycle (in other words, r/ fs is the

Pryg=2ACyVaifin [T—i—(l —r)
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duration in track mode while (1 —1r)/fs is the duration
in hold mode, and 0 < r < 1), Vg4 is the power supply
voltage and Cg is the hold capacitor.

Before we give the general proof of Eq. (1), we will
consider some special cases.
A. Power Dissipation in Track Mode (r = 1): Let us
consider the special case where the sampling switch is
always ON and hence r=1 . Then during 0 < t <
1/(2fin), charge of 2AC is provided to the hold capac-
itor C'y from V4 through the input buffer while during
1/(2fin) <t < 1/ fin, the hold capacitor is discharged
to GND through the input buffer (Fig. 2); hence in this
case the dynamic power dissipation P,—; is given by

P—1 =2ACHVyifin- (2)

We see that P.—; is equal to Pr/g in Eq. (1) withr =1,
and note that this formula (Eq. (2)) is similar to the fol-
lowing well-known dynamic power dissipation formula
for digital CMOS logic where 24 = V4 [4]:

2
Plogic = CHVddftoggle'

Here fioggte is the number of the logic gate output tog-
gles per unit time.

B. Power Dissipation in Impulse Sampling (r = +0):
Next let us consider the case where the duration in
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Fig.1 A T/H circuit which consists of an input buffer, a sam-
pling switch SW, a hold capacitor C'; and an output buffer.
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Fig.2 The output waveform of the T /H circuit for a sinusiodal
input when r = 1. During T'1 the hold capacitor is charged from
the power supply Vgg through the input buffer while during 72
it is discharged to GND.
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Fig.3 The input and output waveforms of the T/H circuit
when the duration in track mode approaches zero (i.e., r = 40).

track mode approaches zero and the one in hold mode
approaches 1/ f; (i.e., r — +0); this case happens such
as in impulse sampling. Then the output waveform of
the T/H circuit is given in Fig. 3 and the hold capaci-
tor C'y is charged/discharged by the amount of @, 541
from time n to n + 1, where

Qn,n-&-l

= ACy {sin (277%(71 + 1)) — sin (277%71)}

2ACy sin (W%) cos <27r% <n + %)) . (3)

Here if Qnn+1 > 0, Cpg is charged from Vgyq, while if
Qnn+1 <0, Cp is discharged to GND by an amount of
|Qn.,n+1]- Hence the dynamic power dissipation P,— is
given by

P = %Vddfs@~ (4)

Here |Q)| is defined by

1 N—-1
‘ | = ngnoo N Z% |Qn,n+1|~ (5)

The coefficient of “1/2” in Eq.(4) is due to the fact
that when the charge ) is charged to Cy from Vg
during 1/ fs and discharged to GND during next 1/ fs,
then the power of V33Q(fs/2) is dissipated. Since we
assume that the input signal and the sampling clock
are not synchronized, f;,/fs is not a rational number
(e.g., not like f;,/fs = 0.5) [3], we obtain the following
(see also Appendix):

N-1
1\}51(1)0 N nE:O cos <2ﬂ'f (n + 5))‘

! ! | cos(z)|dx = 2 (6)

s

:EO

Hence it follows from Egs. (3), (5) and (6) that |Q] is
given by

1 N-1
‘ | = ngnoo N E:O ‘Qn,n+1|
n—
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Fig.4 The output waveform of the T /H circuit for a sinusiodal
input when durations of track and hold modes are equal (i.e.,
r=0.5).
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Then it follows from Egs. (4) and (7) that

2 in
Pr:O = _ACHVddfs sin <7Tf—) ‘
™ f

sin (Trfin/fs)
Wfin/fs

2ACHVddf'Ln sinc (7‘1’%) ’ . (8)

= 2ACHVad fin

We see that P.— in Eq. (8) is equal to Pr/g in Eq. (1)
with r = 0.

C. Power Dissipation in General Case: Consider the
general case where the ratio of durations of track and
hold modes is 7: (1 — r). Figure 4 shows the output
waveform of the T /H circuit for a sinusiodal input when
r = 0.5. Since the ratio of the track mode per a sam-
pling period is r, the dynamic power, Pryqck, consumed
in track mode is given by

PTrack = rP’r:l
= QTACHVddfm. (9)

During the transition from mn-th hold time to
(n + 1)-th track time, the hold capacitor Cpg is
charged/discharged by an amount of Q4 41, Where

Qn+r,n+1
= ACq {sin (271'&(71—!—1)) —sin (QW@(n—l—r))]
[s fs
=2ACK sin ((1—7‘)7r%) cos (27T% (n—i—l%)) .

Here if Qpyrnt1 = 0, Cy is charged from Vg4, while if
Qntrnt+1 <0, Cp is discharged to GND by an amount
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of |Qntrnt1|- Hence the dynamic power, Pgoiq, con-
sumed during the transition from hold to track modes
is given by

%Vddfsmv (10)

Pyoa =

where |Q,| is defined by

N-1

‘Qr| = lim N Z |Qn+rn+1|~ (11)

N—o0

Assuming that f;,/fs is an irrational number, we ob-
tain the following equation similar to Eq. (6):

N-1
1 Z in 1
]\}EI})ON n=0 o (271—% <n+ ;T)>’
1 [ 2
= -_— d = —. ].2
- | lcos(a)lde = (12)

Then it follows from Egs. (11) and (12) that |Q.| is
given by

|Qr‘ = lgl'(lxj N nz:o |Qn+rn+1‘

sin (1—7‘ fm)‘
N—
fzn 147
X oo (23 (24 557))|
sm(l—r J;:)

0) and (13

= 2ACH

X lim
Ngvoo

= —ACH

Hence it follows from Egs. (1 ) that

sn (1= el

= 2(1 —=r)ACHVaafin Sm((l(l_;;;;fz;]/fﬂ)

sinc ((1 — ) J;"> ‘ . (14)

) that the total

Proia

2
— ACH Vddfs
s

=2(1 =r)ACHVaafin

Then it follows from Egs. (9) and (14
dynamic power Pr, g is given by

Prig = Prrack + PHold

which yields to Eq. (1), and thus the proposition has
been proved.

3. Numerical Calculation

Figure 5 shows the numerical calculation results of
Eq. (1) in cases of r = 0, r = 0.5 and r = 1.0. Here the
range of fi, : fs is greater than 1: 2 because some ap-
plications (such as wideband digitizing oscilloscopes in-
corporating equivalent-time sampling function) require
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Fig.5 The numerical calculation results of Eq. (1), where

A=1V, Cyg=2pF, V44=3.3V, fs=100MHz and f;,=0 ~
200 MHz.

such range. We see that in case of r = 1.0 the dynamic
power dissipation is proportional to f;, while in case
of r = 0 it takes the maximum value of 2ACH Vy4fin
at fin/fs = n+ 1/2 and the minimum value of 0 at
fin/fs =n, where n =0,1,2,3,....

4. Conclusion

We have derived the formula for dynamic power
dissipation—which will be important for high frequency
input signal and sampling clock—of a track/hold circuit
as a function of the input frequency, the input ampli-
tude, the sampling frequency, the track/hold duty cy-
cle, the power supply voltage and the hold capacitance
for a sinusoidal input. This result may be also useful
for some switched-capacitor circuits.
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Appendix

This appendix discusses the validity of Egs.(6) and
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The numerical calculation result of Z —0 \(:05(27rf”1 (n + ))| when

fin/[fs is equal to 1/(27r) an irrational number. In other words, thc numerlcal calcu-

lation result of -+ ~ Z —0 \cos(n + 35 )| with respect to N, and we see that it converges to

a value of 2/m. ( NZ

(12). Note that if input signal and the sampling are syn-
chronized (i.e., the coherent sampling is performed) and
hence f;/fs is a rational number [3], we do not have
necessarily the results of Egs. (6) and (12). Consider
the case of Eq.(6) and, for example, if f;,/fs = 0.5,
then

(o (o) oo 2) -

for all of an integer n and hence

N-1
o1 fin 1
]\}Lrgoﬁ E cos <2Wf <n+ >)‘—0.

n=0

In other words, if f;,/fs is a rational number,

8(n) := moda <27TJ;;—S" < + 1)) (A1)

N-1
\cos n+ 2)| vs. N. (b) [% ano

| cos(n + %)| -5l vs. N.

may take only specific values and may not cover all
range from 0 to 27; in that case Eq. (6) does not nec-
essarily hold.

On the other hand, if input signal and the sampling
are not synchronized and hence f;,/fs is an irrational
number [3], the following lemma is valid:

Lemma: When f;,/fs is an irrational number, for a
given 6(0 < § < 27) and an arbitrary € > 0, there exists
an integer n which satisfies |6(n) — d| < e. Here 6(n) is
defined by Eq. (A-1).

Then in this case 6(n) can cover (almost) all range from
0 to 27 and then Eq. (6) holds; this was confirmed by
numerical simulation (Fig.A-1). Similar arguments are
valid also for Eq. (12).




