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Clocking high-speed data converters

Introduction
In circuit design that involves the use of a
high-performance, high-speed analog-to-
digital converter (ADC) such as the
ADS5500, one of the main careabouts is
the clocking scheme. Questions about the
type of clock to be used (sinusoidal or
square), the voltage levels, or the jitter are
common. The purpose of this article is to
explain the general theory to support the
circuit designer in making the right choices.

Figure 1 shows a simplified model of the
clock circuit inside a high-speed ADC like
the ADS5500. Although not all ADCs have
exactly the same internal blocks in their
clock distribution, this diagram can be
modified to fit your particular ADC. Since nowadays most
of the circuits sold as ADCs include a front sample-and-hold
(S&H), for the purpose of this article we will differentiate
between them. The circuit that takes an instantaneous
analog snapshot of the input signal will be called the S&H;
and the ADC itself, which converts the analog value being
held by the S&H into quantized digital output, will be called
the quantizer. Analyzing what parameters of the internal
clock are important for these two circuits will help us
understand the main careabouts in our external clock design.

Errors in the sampling instant
The conversion process starts when a clock signal tells the
S&H to take the sample. Up to that instant, the internal
switch on the S&H circuit has been closed, allowing the
voltage across the capacitor to track the input signal
(which is why other literature more properly calls this 
circuit “track and hold”). One of the edges of the input
clock then indicates when to open this switch, and the
capacitor holds the voltage at that instant in time. This
instant is represented in Figure 2 by a vertical solid line.
Any error in that instant (∆t) will translate as an error in
voltage (∆V) dependent on the input signal slope. The
error in that instant is what we will call jitter.

A mathematical estimation of the best-case signal-to-
noise ratio (SNR) (without other noise sources), given a
certain amount of jitter, can be extracted from Figure 2.
Given a sinusoidal input of amplitude A and frequency fIN
(1/T), the uncertainty of the sampled voltage at a given
point will be proportional to the slope of the input signal
at that instant and to the uncertainty of the sampling
instant (jitter, which is the rms value of that variation,
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Figure 1. Simplified model of clock circuit in high-speed ADC
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uncorrelated with the input level). The total uncertainty is the addition of all the uncertainties at each point of the sinusoid
weighted by the probability of sampling each of the points:

The theoretical limitation of the SNR due to jitter is given by

Figure 3 shows this limitation as a function of the input frequency.
Observe that increasing or decreasing the input amplitude (AIN) has no effect on the SNR component coming from 

jitter. In other words, as we decrease the input amplitude, the amount of error due to the jitter also becomes smaller.
Nevertheless, there are other sources of error, like thermal noise, that do not get smaller. Assuming all these sources of
noise are uncorrelated, the total noise is the addition of a noise term independent of input frequency and a noise term
dependent on input frequency (jitter):

SNR dBc

A

Thermal Quantization
A

T

( ) log=







+ + 





10 2

1
2

2
10

2

π 22
2Jitter





















SNR dBc
S

N

A

A
T

Jitter

( ) log= =


























= −10 2

1
2

2
10

2

2
2π

220 210log ( ).π f JitterIN

σ τ τ

πτ

τJitter

T

T
Slope Jitter d

T

d A
T

d
Jitt2 2

0

1 1
2

= ×( ) =





∫ ( )

sin
eer d

T
Jitter

A
T

T
d

T

T



















=

















∫

∫

0

2

2

0

2

1 2
2

τ

π πτ

τ
cos

== = =

= 





=∫

a
T

da

d T

T A

T
Jitter

T
a da

T

2 2

2

2 1

2

2
2 2

0

2

πτ
τ

π

π
π

π

π

,

(cos )
22 1 1

2

2

2

2
2

0

2

2

π

π
π

πA

T
Jitter

T
a a a

T A

T
Jit







+ ×

= 





( sin cos )|

tter
T

A

T
Jitter2

2
21 1

2

2π π= 





(1)

40

50

60

70

80

90

100

110

10 100 1000

f (MHz)IN

0.1 ps
0.2 ps

0.4 ps
0.8 ps
1.6 ps

3.2 ps

S
N

R
( d

B
c

)

Figure 3. Limitation of the SNR due to jitter
as a function of input frequency
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