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14-bit, 125-MSPS ADS5500 evaluation

Introduction
The ADS5500 is a high-speed, pipeline, CMOS ADC with
14-bit resolution and a 125-MSPS sampling rate. In March
2004 Texas Instruments (TI) introduced the device, which
is the first ADC in the world market with such high sampling
speed and high resolution. The ADS5500 is suitable for
applications such as wireless communication, test and
measurement instrumentation, control systems, medical
imaging, and high-speed digitization.

The ADS5500 consists of an input sample-and-hold stage;
a 14-bit, pipeline ADC core; an internal voltage reference;
a clocking circuit; digital error correction; a digital output
driver; and a single 3.3-V voltage supply. The leading 
features and advantages of the ADS5500 are a wide signal
input bandwidth of 750 MHz, a large dynamic differential
input-signal range of 2.3 V peak-to-peak, a high signal-to-
noise ratio (SNR) and spurious-free dynamic range (SFDR)
at wide frequency range, a good SNR of up to 74 dBFS
with low signal amplitude for receiver applications, and
very low power dissipation (780 mW) at normal operation
with a large load.1 For example, with a 125-MSPS sampling
rate, a –1-dBFS signal amplitude, and an input frequency
of 190 MHz with proper input configuration, the ADS5500
has a typical SNR of about 70 dB and an SFDR above 82 dB.
With the same sampling frequency, the same input frequency,

and a –15-dBFS input signal amplitude, the ADS5500 has
an SNR of 74 dBFS and an SFDR of 83 dBFS.

Since the ADS5500 has such high performance, it has a
wide application; however, because of its high speed and
high resolution, the device is sometimes challenging to
evaluate. For this reason, this article introduces an ADS5500
evaluation system that includes the test equipment, system
configuration, test circuit, basic high-speed ADC test con-
cept, and test data.

The ADS5500 test system
One of the ADS5500 bench test systems used for dynamic
performance evaluation is shown in Figure 1. It basically
consists of a signal source (HP8644), a clock source
(HP8644), a digital logic analyzer (TLA714), a data gener-
ator (DG2020), bandpass filters (BPFs), a test board, and a
fast Fourier transform (FFT) program. The signal source
generates a pure tone signal with the amplitude and fre-
quency necessary to test the ADS5500. The clock source
generates a sine wave to trigger an external clock circuit of
the ADS5500, which can be a transformer or PECL driver
to produce an ideal sampling clock. The data generator is
used to generate serial data for the control register. The
Tektronix digital logic analyzer (TLA) is used to capture
the data from the ADS5500 and analyze it with the FFT. If
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Figure 1. ADS5500 bench evaluation system
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no such instrumentation is available, a FIFO or
an FPGA board with a PC can be used as a TLA
or data generator.

Some important specifications of the instru-
mentation in this system are signal frequency
bandwidth, signal power, source impedance,
noise, harmonics, jitter, phase lock function, and
the ADS5500 digital load. The low input capaci-
tance of devices such as the digital buffer, digital
data capture board, or logic analyzer is important.
The logic analyzer shown in Figure 1 has a 2-pF
input capacitance. The maximum digital output
load of the ADS5500 is 12 pF; a larger load will
affect the ADS5500 evaluation. The timing between
the data capture clock and the ADC output data
can affect the test result if an external capture
clock is used, so the timing must meet the data
sheet specification. Data must be captured during the data-
valid time. Using the ADS5500 output clock to capture
ADS5500 data is strongly recommended, since the output
clock is synchronized with the output data. There is a
delay variation between the input clock and the output
clock across devices and temperature as well as supply
voltage; therefore, using the input clock for output data
capture is less preferred and is not recommended, particu-
larly at high speeds.

On the analog side of the ADS5500, all the signal and
clock generators shown in Figure 1 have phase lock func-
tion, low-noise mode (Mode 3), 50-Ω source impedance, and
20-dBm source power. To avoid energy reflection on the
signal transmission path, the equivalent input impedance
of the ADC, including the external input circuit, should
match the source impedance. This is shown in Figure 2, a
configuration similar to one shown in Reference 2. At very
high input frequency with certain test conditions, the
source may not have enough power for the ADC due to
the attenuation from the BPF and input circuit. In this
case a wideband amplifier (for example, the THS900x or
ZHL-6A) with a certain gain and a 50-Ω input/output
impedance is needed to provide sufficient power to the
ADS5500. Properly reducing R1 and R2 and increasing RT1
and RT2 will reduce the power requirement from the
source at very high input frequency.

In a real test system, a BPF is used in the ADS5500 signal
input path to minimize the harmonics and noise from the
source. A narrow BPF is also used in the clock input path
to minimize jitter from the clock source and to provide a
good clock duty cycle when the sampling speed is very high.
The bench test shows that with or without a BPF on the
input signal path, the FFT result is dramatically different.
The bench test also shows that, with the system in Figure 1
and a high input frequency, a narrow (3-MHz-bandwidth)
BPF on the signal input path results in an SNR at least 
0.3 dB better than a wide (10-MHz-bandwidth) BPF. The
BPF on the clock input path can improve SNR more than
0.5 dB and SFDR more than 2 dB on the current EVM board
with a 125-MHz clock and a very high input frequency. In
any case the BPF itself should be tested to make sure it is

functioning well. The input and output impedance of the
BPF should be matched with the signal source impedance
and the ADC input impedance. A good BPF choice would be
the TTE KC series with a stopband attenuation of 50 dBC
(minimum) to optimize the evaluation.

In the ADS5500 test it was observed that the ADS5500
performance is sensitive to the system jitter, analog input
configuration, and test-board layout. These are discussed
in the following sections.

The clock requirement
For the best evaluation, the ADS5500 requires its input
clock to have low jitter; a 50% duty cycle; and a differential
amplitude of 3 VPP if the input clock signal is a sine wave,
or 1.5 VPP if it is a pulse. A sharper input clock signal edge
provides a better SNR. The ADS5500 internally supports a
dc offset voltage to the internal input clock circuit; there-
fore, a clock ac coupling path is recommended. To provide
a sharp clock signal edge and the lowest external circuit
noise and thus to get the best performance from the
ADS5500 EVM, a 1:2 turns ratio transformer is used to
couple a sine wave into the ADS5500 clock input as shown
in Figure 3.2 With a high clock frequency, using a BPF
such as the TTE KC4T-125M-3M-50-69A BPF on the input
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clock path is recommended if necessary to reduce the
clock jitter noise from the source. To preserve the excellent
ac performance of the ADS5500 and get the best evalua-
tion, a low-jitter clock for this test is critical because the
ADS5500 itself has a very low jitter of about 300 fs.1 Any
input clock circuit or driver must not carry extra jitter.
Generally, as the input frequency increases, the clock jitter
becomes more dominant in the system for maintaining a
good SNR. The following equation can be used to calculate
the achievable SNR for a given input frequency and system
jitter in psrms.

where tja is the rms aperture jitter from all jitter sources
such as the clock edge, input signal, test board, and
device; and fIN is the input frequency.

In addition, the input clock is treated as an analog signal,
and its power supply should be separated from the digital
driver power supply to limit the digital noise.

Analog input configuration
The analog input configuration of the ADS5500 is important
for the evaluation and typically includes a transformer-
coupled differential input (see Figure 2) or an operational
amplifier-driven differential input (see Figure 4). This
configuration can be found in Reference 2. The trans-
former configuration provides low noise and harmonics
over a wide frequency range. It also provides ac coupling,
differential input, and a wide signal bandpass, making it a
good way to evaluate the ADS5500 even though the
transformer has some insertion loss. The op amp, widely
used for signal conditioning and power boosting, is also
used for dc coupling.

SNR
f tIN ja

= 20
1

2
log ,

π

In the transformer configuration, the input impedance of
the ADS5500 is an important consideration. The ADS5500
input impedance is capacitive and is the function of both
the sampling clock frequency and the input signal frequency.
When the sampling and input frequency speeds are rela-
tively low, the ADS5500 input impedance is relatively high,
and matching the source impedance is not difficult. When
the sampling speed is very high (at 125 MHz) and the
input frequency is very high (above 150 MHz), the input
impedance of the ADC is low. In this case the equivalent
input impedance could be smaller than 50 Ω, which may
cause a mismatch with the source impedance and require
more source current. This needs to be accounted for in
the evaluation.

Figure 2 shows a transformer-coupled analog input 
circuit for the evaluation of the ADS5500. RT1 and RT2 are
the termination resistors for the source impedance match;
they also form the low-pass filter with CT. We have seen that
at input frequencies below 150 MHz, RT1 + RT2 = 50 Ω pro-
vides the best SNR and SFDR; while at input frequencies
above 150 MHz, higher values of RT1 and RT2 can be used in
the evaluation due to low ADC input impedance and high
transformer roll-off. R1 and R2 are the analog input serial
resistors for isolation between the ADC switch capacitor
input and the signal source. They also form a low-pass filter
with the ADS5500 input capacitance. Proper R1 and R2
values are needed for the best performance. If R1 and R2
are too small, the SFDR could decrease; and if they are too
big, the signal source power will increase. We have seen that
a value of 25 Ω for R1 and R2 provides the best result when
a transformer coupling is used in the input circuit. In
Reference 2, two transformers are used in the input circuit
to reach the best differential signal balance; but this causes
a 9-dB input signal roll-off from 70 MHz to 350 MHz at the

front end of the ADC and
requires a large signal source.
For this reason only one trans-
former was used in some tests.
We have seen that there is no
significant difference in the
performance whether one or
two transformers is used. The
transformer is used in our test
for signal ac coupling and 
single-ended to differential 
signal conversion.

Figure 4 shows the ADS5500
EVM configuration used to
evaluate the ADS5500 when the
input signal is driven by the
THS4503 fully differential op
amp. The dc-coupled THS4503
is set for unity gain by the input
and feedback resistors. A low-
pass filter is set by the feedback
resistor and capacitors on the
feedback paths to limit signal
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Figure 4. The op amp input configuration for ADS5500 evaluation
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bandwidth. The THS4503 receives a single-ended analog
signal and dc offset voltage, then outputs a differential 
signal with the dc offset voltage for the ADS5500. A small
(22-pF) input capacitor is needed to form a low-pass filter
with serial resistors R1 and R2. The serial resistors are
important for isolation between the op amp and the ADC
input stage. A value around 60 Ω is chosen for these resis-
tors in the circuit. With this configuration the ADS5500 can
provide good performance with input frequencies of up to
20 MHz. This is described later under “ADS5500 test data.”

Board layout and decoupling
The evaluation board layout and signal decoupling are
equally important factors in the ADS5500’s performance.
The ADS5500 package is designed with the analog inputs
on one side and the digital outputs on the other, providing
good physical isolation between them. To achieve optimum
ADS5500 performance, it is important to use a short signal
trace, separated digital and analog signal locations, and
ground planes with a multilayer board. When the analog
inputs to the ADS5500 are driven differentially, it is espe-
cially important to make the layout highly symmetrical to
avoid phase differences between the two signal paths, as
an asymmetrical parasitic on the PCB creates input signal
distortion. The differential input clock signal traces should
be symmetrical and short to avoid mismatches in propaga-
tion delays. The clock lines should not cross any other 
signal traces. Short circuit traces on the digital outputs will
minimize capacitive loading.

The ADS5500 must be treated as an analog component,
and its power supply pins should be connected to the 
analog supply. For the best performance, the analog supply
(AVDD) and the digital driver supply (VDRV) should be
separated to limit substantial current transient noise from
the digital driver. The VDRV pins must also be connected to
a low-noise supply. The supply voltage must be thoroughly
filtered before connecting to the supply of the converter.
The recommended supply decoupling scheme for the
ADS5500 is shown in Reference 2. All supply pins can be
bypassed with a combination of 0.1-µF ceramic capacitors
and a 10-µF tantalum tank capacitor or ceramic capacitor.
To minimize the lead and trace inductance, the capacitors
must be located as close to the supply pins as possible. In
addition, larger (10-µF to 47-µF) bipolar decoupling capaci-
tors effective at lower frequencies must be used on the
main supply pins.2 All ground connections on the ADS5500
are internally bonded to the metal flag (bottom of the
package) that forms a large ground plane. All ground pins
must directly connect to the analog ground plane that is
under the converter. All the supply pins and reference pins
must be sufficiently bypassed due to the clock feedthrough
(switch noise) caused by the high-frequency clock of the
ADS5500. Insufficient bypassing will add noise to the 
conversion process. Besides the factors already discussed,
others affecting SNR and SFDR, such as external bias
resistance, the serial port, the digital output load, the
external buffer, etc., can contribute a small performance
variation to the evaluation.

FFT analysis
In the ADS5500 dynamic performance evaluation, the FFT
is used to determine the SNR, total harmonic distortion
(THD), and SFDR of the device in the test system shown
in Figure 1. The FFT signal frequency domain analysis
provides a signal spectrum. When a pure tone signal passes
through a nonideal or real system, the signal spectrum
always changes. The changed signal spectrum presents
the system dynamic characteristics.

When a high-performance ADC is tested, a perfectly
synchronized system is critical. Therefore the user must
make sure that the input signal and sampling clock sources
are synchronized and that they meet the following coher-
ent sampling requirement to avoid spectrum leakage on
the FFT.

where fIN is the input signal frequency, fS is the sampling
clock frequency, N is the sampling size, and m is an odd
number. If coherent sampling can’t be ensured, then win-
dowing techniques can be used in the FFT.3

ADS5500 test data
As good application examples of this test system, some
test data is presented here for users whose designs are
not covered by the current ADS5500 data sheet.2 This
data includes an FFT at very high input frequency; two-
tone intermodulation distortion (IMD); an FFT of the
ADS5500 combined with an op amp; as well as differential
nonlinearity (DNL) and integral nonlinearity (INL). The
data is measured using an EVM similar to the ADS5500
EVM shown in Reference 2. Some of this data is better
than the data sheet specification because the test system
used here was optimally set for the frequency conditions.

Figure 5 shows an FFT plot of the ADS5500 with a very
high input frequency and a 125-MHz sampling clock through
a transformer-coupled differential input configuration. The
input frequency is 190 MHz and the amplitude is –1 dBFS.
The FFT analysis shows that the SNR is 69.6 dBFS and
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Figure 5. FFT plot of ADS5500 with 190-MHz
input frequency and 125-MHz sampling clock
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the SFDR is 85 dBFS. In this case the input impedance
due to RT1 and RT2 is about 200 Ω, and R1 and R2 are
each less than 25 Ω in the input circuit.

Figure 6 shows the dynamic performance of the ADS5500
with different input amplitudes, a 190-MHz input frequency,
and a 125-MHz sampling clock. This data shows that at
such a high input frequency and with low input amplitudes,
the ADS5500 has a 74-dBFS SNR and a high SFDR.

Figure 7, Figure 8, and Table 1 show the two-tone IMD
test data of the ADS5500 in an undersampling condition.
This test uses the ADS5500 EVM shown in Reference 2.
The test signal is a two-tone signal combined from two sine
waves with different frequencies, such as any two frequen-
cies above the ADC’s Nyquist frequency with a 1-MHz 
separation. The two-tone signal amplitude should not
exceed the ADS5500’s full scale. Just as with a single-tone
FFT, when the signal amplitude is higher, the spur and
IMD from the ADC are higher. In this test the amplitude of
–7 dBFS or –10 dBFS for each tone is used, providing the
ADS5500 with a combined input signal at full scale or 3 dB
below full scale. The input signal frequency ranges from
76 to 125 MHz, and the clock frequency ranges from 96 to
125 MHz. The IMD rejection is the ratio of the rms value
of one input tone to the value of the worst third-order
intermodulation product.
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Figure 6. Dynamic performance of ADS5500 
with different input amplitudes, 190-MHz input
frequency, and 125-MHz sampling clock
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Figure 7. Two-tone IMD of ADS5500 
with 100-MHz input frequency, 1-MHz
separation, and 125-MHz sampling clock
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Figure 8. Two-tone IMD of ADS5500 
with 125-MHz input frequency, 1-MHz
separation, and 96.5-MHz sampling clock

INPUT INPUT IMD
CLK FREQUENCY 1 FREQUENCY 2 SFDR REJECTION IMD2 IMD3 AMPLITUDE

(MHz) (MHz) (MHz) (dBFS) (dBFS) (dBFS) (dBFS) (dBFS)
125 99.0 100.0 96 — 98 94 –10
125 81.0 82.0 95 — 104 92 –10
125 99.0 100.0 — 87 95 86 –7
125 81.0 82.0 — 88 102 88 –7
102.4 76.1 77.1 91 — 101 93 –10
102.4 76.1 77.1 — 95 101 91 –7
96.5 124.5 125.5 97 — 102 97 –10
96.5 124.5 125.5 — 83 97 81 –7

Table 1. Two-tone IMD of ADS5500

Figures 7 and 8 show FFT plots for two different sampling
speeds at an input amplitude of –10 dBFS for each tone.
In Figure 7 the two-tone SFDR is 96 dBFS with about a
100-MHz input frequency, a 1-MHz separation, and a 
125-MHz sampling clock. In Figure 8 the two-tone SFDR is
97 dBFS with about a 125-MHz input frequency, a 1-MHz
separation, and a 96.5-MHz sampling clock.
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Table 1 shows that with a 125-MHz sampling clock and
an 80- to 100-MHz input frequency, the two-tone IMD
rejection is above 87 dBFS at full-scale input (–7-dBFS
input amplitude for each tone). Table 1 also shows the
ADS5500’s good undersampling IMD performance with a
96.5- to 125-MHz sampling clock and a 76- to 125-MHz
input frequency. This data shows that the ADS5500 has
leading IMD performance at such high input frequencies
and sampling speeds.

Figure 9 shows the dynamic performance of the ADS5500
and THS4503 combined. This data is measured on the 
circuit shown in Figure 4 with a 125-MHz sampling clock
and different input frequencies. Note that the serial resis-
tors R1 and R2 in Figure 4 each have a value of 62 Ω
instead of 25 Ω as mentioned in Reference 2. The data
shows that with the THS4503, at input frequencies of up
to 18 MHz, the ADS5500 can provide an SNR of 71 dBFS
and an SFDR above 86 dBFS. At input frequencies above
20 MHz, the performance starts degrading due to the
bandwidth limitation of the THS4503. The THS4503 is a
fully differential op amp; detailed information can be
found in Reference 4. For wideband applications with an
op amp input configuration, the OPA695 is recommended.5

The linearity of the ADS5500 is important in its applica-
tions. Two specifications, DNL and INL, are used to describe
ADC nonlinearity. DNL is measured from sampling a pure
sine wave with a large sample size, then calculating the
deviation of the transition from each code. INL is integrated
from DNL. Figure 10, Figure 11, and Table 2 show a typi-
cal linearity measurement of the ADS5500 from the test
system just discussed and a typical EVM board. With a
125-MHz sampling clock, an input frequency of 10 MHz,
and at room temperature, the maximum/minimum DNL is
±0.5 LSB, and the maximum/minimum INL is ±2.5 LSB.
Table 2 shows that the ADS5500 has good linearity, with
similar DNL/INL at input frequencies of 10, 45, and 100 MHz.
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Figure 11. ADS5500 INL with 10-MHz input
frequency and 125-MHz sampling clockINPUT MAX/MIN MAX/MIN

FREQUENCY DNL INL MISS
(MHz) (LSB) (LSB) CODE

10 0.46/–0.52 2.44/–2.40 0
45 0.47/–0.48 2.59/–2.57 0
100 0.43/–0.44 2.05/–3.05 0

Table 2. DNL/INL of ADS5500 vs. input frequency with 125-MHz
sampling clock
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Conclusion
The ADS5500 is a very high-performance device with wide
application, but evaluating it can present some test setup
challenges due to its high frequency and high resolution.
This article has introduced an ADS5500 evaluation system
including the test equipment, system configuration, test
circuit, clock requirements, basic high-speed ADC test
concept, and test data. This evaluation has shown the
leading performance advantages of the ADS5500: wide 
signal input bandwidth, large dynamic differential input
signal range, high SNR and SFDR over a wide frequency
range, good SNR of up to 74 dBFS with a low signal ampli-
tude for receiver applications, and very low power dissipa-
tion with a high (125-MSPS) sampling rate.
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liable for such altered documentation. 

Resale of TI products or services with statements different from or
beyond the parameters stated by TI for that product or service
voids all express and any implied warranties for the associated TI
product or service and is an unfair and deceptive business
practice. TI is not responsible or liable for any such statements. 

Following are URLs where you can obtain information on other
Texas Instruments products and application solutions: 

TI Worldwide Technical Support
Internet
TI Semiconductor Product Information Center Home Page
support.ti.com
TI Semiconductor KnowledgeBase Home Page
support.ti.com/sc/knowledgebase

Product Information Centers
Americas
Phone +1(972) 644-5580 Fax +1(972) 927-6377
Internet/Email support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa
Phone

Belgium (English) +32 (0) 27 45 54 32             Netherlands (English)  +31 (0) 546 87 95 45
Finland (English) +358 (0) 9 25173948 Russia +7 (0) 95 7850415
France +33 (0) 1 30 70 11 64 Spain +34 902 35 40 28
Germany +49 (0) 8161 80 33 11 Sweden (English) +46 (0) 8587 555 22
Israel (English) 1800 949 0107 United Kingdom +44 (0) 1604 66 33 99
Italy 800 79 11 37

Fax +(49) (0) 8161 80 2045
Internet support.ti.com/sc/pic/euro.htm

Japan
Fax

International +81-3-3344-5317 Domestic 0120-81-0036
Internet/Email

International support.ti.com/sc/pic/japan.htm
Domestic www.tij.co.jp/pic

Asia
Phone

International +886-2-23786800
Domestic Toll-Free Number Toll-Free Number

Australia 1-800-999-084 New Zealand 0800-446-934
China 800-820-8682 Philippines 1-800-765-7404
Hong Kong 800-96-5941 Singapore 800-886-1028
Indonesia 001-803-8861-1006 Taiwan 0800-006800
Korea 080-551-2804 Thailand 001-800-886-0010
Malaysia 1-800-80-3973

Fax 886-2-2378-6808 Email tiasia@ti.com
Internet support.ti.com/sc/pic/asia.htm ti-china@ti.com
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Safe Harbor Statement: This publication may contain forward-
looking statements that involve a number of risks and
uncertainties. These “forward-looking statements” are intended
to qualify for the safe harbor from liability established by the
Private Securities Litigation Reform Act of 1995. These forward-
looking statements generally can be identified by phrases such
as TI or its management “believes,” “expects,” “anticipates,”
“foresees,” “forecasts,” “estimates” or other words or phrases
of similar import. Similarly, such statements herein that describe
the company's products, business strategy, outlook, objectives,
plans, intentions or goals also are forward-looking statements.
All such forward-looking statements are subject to certain risks
and uncertainties that could cause actual results to differ
materially from those in forward-looking statements. Please
refer to TI's most recent Form 10-K for more information on the
risks and uncertainties that could materially affect future results
of operations. We disclaim any intention or obligation to update
any forward-looking statements as a result of developments
occurring after the date of this publication.

Trademarks: All other trademarks are the property of their
respective owners.

Mailing Address: Texas Instruments
Post Office Box 655303 
Dallas, Texas 75265 

© 2005 Texas Instruments Incorporated

Products

Amplifiers amplifier.ti.com

Data Converters dataconverter.ti.com

DSP dsp.ti.com

Interface interface.ti.com

Logic logic.ti.com 

Power Mgmt power.ti.com 

Microcontrollers microcontroller.ti.com

Applications

Audio www.ti.com/audio

Automotive www.ti.com/automotive

Broadband www.ti.com/broadband

Digital control www.ti.com/digitalcontrol

Military www.ti.com/military

Optical Networking www.ti.com/opticalnetwork

Security www.ti.com/security

Telephony www.ti.com/telephony 

Video & Imaging www.ti.com/video

Wireless www.ti.com/wireless
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