
Texas Instruments Incorporated Data Acquisition

66.0

65.5

65.0

64.5

64.0

63.5

63.0

62.5
10 2 3 4 5

Clock Amplitude (V )
PP

S
ig

n
a

l-
to

-N
o

is
e

 R
a

ti
o

, 
S

N
R

( d
B

F
S

)

f = 300 MHzIN

f = 100 MHzIN

f = 500 MSPSS
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frequency (from ADS54RF63 data sheet)
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Using Schottky clipping diodes
Using clipping diodes is a common way to protect the data 
converter’s inputs from exceeding the maximum voltage 
rating. Because low-capacitance Schottky diodes, such as 
the HSMS-2812 from Avago Technologies, can maintain fast 
slew rates, they are well-suited for RF and high-speed appli-
cations. The HSMS-2812 has a forward voltage of 410 mV. 
Using a pair of anti-parallel diodes (see Figure 26) creates 
a differential clipping voltage of ±410 mV (820 mVPP). For 
ADCs that require a higher clock amplitude, two pairs of 
anti-parallel diodes can be placed back-to-back, doubling 
the clipping voltage to ±820 mV (1.64 VPP).

Figure 27 shows the filtered LVCMOS output of the 
CDCE72010 that results when a 1:4 transformer is used 

Single
Diode Pair (SDP)

Dual
Diode Pair (DDP)

Figure 26. Using clipping diodes to protect 
ADC inputs
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Figure 27. Clock signal with different transformer and 
clipping-diode configurations

with and without a single diode pair (SDP). Also shown is 
the output for when a 1:8 transformer is used with an SDP 
or a back-to-back dual diode pair (DDP). It can be seen 
that with the 1:4 transformer, the SDP reduces the sine-
wave amplitude from about 1.6 to 0.9 VPP. However, the 
clipped output waveform no longer resembles a pure sine 
wave but looks instead like a square wave.

It is interesting to note that when the SDP configuration 
is used, there doesn’t seem to be an amplitude difference 
between using the 1:4 or the 1:8 transformer, although the 
waveform for the latter appears to have a slightly faster 
slew rate. For the DDP configuration with the 1:8 trans-
former, the output amplitude is about 1.6 VPP with a little 
better slew rate around the zero crossing point.
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SNR measurements
An investigation was conducted to see whether the ADC’s 
aperture degradation due to the external clock’s slew-rate 
limitation could be improved. Different configurations 
using step-up transformers, an SPF-5043 LNA, and clip-
ping diodes were tested to maximize the ADC’s SNR when 
a real istic clocking solution such as the CDCE72010 was 
used (see Figure 28) rather than a low-jitter clock-source 
generator.

As highlighted in Part 2 of this article series, the filtered 
LVCMOS output of the CDCE72010 has about 90 fs of 
clock jitter, while the clock-source generator has only 
about 35 fs. Although the clock-jitter difference prevents 
the CDCE72010 from ever achieving the same SNR as 
when the clock-source generator is used, the goal was to 
find a configuration to reduce the resulting SNR gap as 
much as possible. The ADS54RF63 ADC was used with a 
sampling frequency (fS) of 122.88 MSPS and an input fre-
quency (fIN) of 1.0 GHz. The ADS5483 ADC was also used, 

CDCE72010

10-MHz
Reference

ADS54RF63
5483ADS

fIN

Clock-Source
Generator

Signal-Source

Generator

10 MHz

f 122.88 MHzS =

SPF-5043
LNA

Transformer
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Diodes

491.52 MHz

VCXO

Figure 28. Setup for testing different active- and passive-
gain circuits

with the same value for fS but with an fIN of 100 MHz.
The following different parameters were examined:

 Use of an LNA to boost the output voltage and slew rate 
of the CDCE72010

 Step-up transformers with ratios of 1:1, 4:1, 8:1, and 
16:1 (Coilcraft WBC series and Mini-Circuits ADT series)

 Avago’s HSMS-2812 clipping diodes—either SDPs or 
back-to-back DDPs in anti-parallel configuration

Measurements for ADS54RF63
The default configuration for the ADS54RF63 evaluation 
module (ADS54RF63EVM) used a Coilcraft WBC4-1 step-
up transformer, and the baseline SNR was about 60.7 dBFS 
when the low-jitter clock-source generator was used. If 
the CDCE72010 with the LVCMOS output was used as the 
clock source instead, the SNR dropped to 57.8 dBFS. 
However, with only about 90 fs of clock jitter, an SNR  
better than about 60 dBFS should theoretically be attain-
able, so there was room for at least a 2.2-dB improvement.
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Figure 29 shows the different EVM 
clock-input configurations along with 
the measured SNR values of the 
ADS54RF63. It can be seen that the 
clipping diodes alone seemed to 
improve the SNR with the default 
WBC4-1 step-up transformer, while 
the addition of the SPF-5043 LNA 
provided a big boost in SNR. Using 
the single-diode-pair (SDP) configu-
ration along with the WBC4-1 trans-
former and the LNA improved the 
SNR to about 60.4 dBFS, which was a 
2.6-dB improvement! Using a purely 
passive solution, the WBC8-1 trans-
former with an SDP and no LNA, 
yielded an SNR of about 59.5 dBFS, 
very close to the 60-dBFS target.

Figure 30 shows a comparison of 
the clock-input waveforms that 
occurred with different configurations. 
The low-jitter clock-source generator 
combined with the WBC4-1 step-up 
transformer provided a very large 
slew rate. Figure 30 shows that the 
filtered output of the CDCE72010 had 

54

55

56

57

58

59

60

61

62

— DDP — SDP DDP SDP DDP SDP DDP

WBC1-1 WBC1-1 WBC4-1 WBC4-1 WBC4-1 WBC8-1 WBC8-1 WBC16-1 WBC16-1

S
N

R
( d

B
F

S
)

Clock-Source Generator + BPF

CDCE72010 + BPF

CDCE72010 + SPF-5043 LNA + BPF

Default EVM
Configuration

Figure 29. Measured SNR of different clock-input configurations using ADS54RF63 
with fS = 122.88 MSPS and fIN = 1 GHz

A
D

C
 C

lo
c
k
 I
n

p
u

t
( 5

0
0
 m

V
/d

iv
)

Time (2 ns/div)

1

Clock-Source
Generator
WBC4-1

CDCE72010 + LNA
WBC4-1

DDP

CDCE72010
WBC4-1

SDP

CDCE72010
WBC4-1

(No Clipping)

CDCE72010 + LNA
WBC4-1

SDP

Figure 30. Input waveforms with different clock-source and 
clipping-diode configurations

 29 fS = 122.88 MSPS  fIN = 1 GHz  ADS54RF63 
 SNR

 30 
 29  EVM 

 ADS54RF63  SNR 
 WBC4-1 

 SNR  SPF-5043 
LNA  SNR

(SDP)  WBC4-1 
 LNA  SNR  

60.4 dBFS  2.6-dB
 WBC8-1 

SDP  LNA  
59.5 dBFS  SNR  60-
dBFS 

 30 

 WBC4-1 
 30 

CDCE72010

 ADC 
 SDP 



Texas Instruments Incorporated

11

Analog Applications Journal 3Q 2011 www.ti.com/aaj High-Performance Analog Products

Data Acquisition

a smaller peak-to-peak amplitude and thus a slower slew 
rate, which negatively impacted the ADC’s aperture jitter. 
Adding the SDP to that configuration seemed to slightly 
improve the slew rate around the zero crossing point, 
which also manifested itself as improved SNR performance. 
Adding the high-gain LNA to the CDCE72010 output sent 
a much larger signal with a much larger slew rate to the 
clipping diodes. This resulted in an even faster transition 
through the zero crossing point, which in turn further 
improved the aperture jitter of the ADC. The dual-diode-
pair (DDP) configuration seemed to improve the slew rate 
immediately before the zero crossing point a little bit. 
However, Figure 30 also shows that if the CDCE72010 
with the WBC4-1 transformer were used without the LNA, 
the output voltage might be too low to fully trigger the 
clipping event. The measurement results in Figure 29 
show better SNR performance with the WBC8-1 step-up 
transformer and DDPs.

Measurements for ADS5483
The ADS5483EVM employed a Mini-Circuits ADT4-1WT 
step-up transformer on the clock input. The baseline SNR 
with a low-jitter clock source was measured at 78.2 dBFS, 
while the CDCE72010 output yielded an SNR of about 
76.8 dBFS. The CDCE72010 with a clock jitter of about  
90 fs should provide an SNR of about 77.6 dBFS, which 
would be an improvement of almost 1 dB.

The measured SNR values of the ADS5483 with the  
various EVM clock-input configurations are illustrated in 
Figure 31. Adding the SDP to the ADT4-1WT transformer 
provided enough boost to the slew rate for the SNR with 
the CDCE72010 to improve by almost 1 dB to the 77.6-
dBFS target. A larger step-up ratio didn’t seem to add any 
further benefit. Adding the LNA in addition to the  
ADT4-1WT boosted the SNR to about 77.8 dBFS. It should 
be noted as well that a lower clock amplitude (WBC1-1) 
significantly degraded the SNR, as expected.

Conclusion
As explained in Parts 1 and 2 of this article series, the 
ADC’s aperture jitter is not fixed but dependent on the 
clock-input slew rate. While the bandpass filter is necessary 
to minimize the clock jitter as much as possible, it also 
reduces the clock’s slew rate by filtering out the higher-
order harmonics. This article has shown practical ways 
(using either active or passive gain) to improve the slew 
rate of an existing clocking solution with a bandpass filter, 
thus improving the ADC’s SNR by several decibels. The 
SNR measurements have shown that improving the slew 
rate of the clock signal makes the ADC’s SNR match the 
predicted SNR for a given amount of clock jitter.
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