Agilent
Generate CW Signals With the
N6030A Arbitrary Waveform

Generator and N7509A
Waveform Generation Toolbox

Application Note

Agilent Technologies



Introduction

The N6030A arbitrary waveform generator is a
numerically-controlled digital machine that converts
mathematical formulae into analog signals. Its ability

to function as a frequency synthesizer depends primarily
on three things: (1) how good is the phase noise of the
sample clock, (2) how many effective bits is the DAC,

and (3) how much memory it has.

Phase Noise of the Sample Clock

The phase noise of the ceramic resonator oscillator (CRO)
used in the N6030A can be easily measured using an
E5052A signal source analyzer. From a practical sense,
the phase noise needs to be) lower than the quantization
noise floor and b) ultra-low jitter. If the output of the
N6030A, in this case a CW signal at Fy/3 (416.666667 MHz),
is measured using a performance spectrum analyzer
(PSA) as in Figure 1, the noise floor of the PSA clearly
dominates at approximately —-90 dBm. This demonstrates
the superior phase noise performance of the N6030A.
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Figure 1. PSA noise floor at ~—90 dBm



Effective DAC Bits

There are a couple rules of thumb that can be used to
demonstrate how the effective DAC bits impact the
customer experience. If the DAC is perfect, its dynamic
range is approximated by 6.02dB x N where N is equal

to the number of DAC bits. The following example serves
to explain this. Assume an AWG is using a 10 bit DAC.
We want to generate a sine wave and have it look pure on
a spectrum analyzer. The 10-bit DAC is capable of 210-1
different voltage levels. Doing a best-fit curve of these
levels to the real sine wave we get to the Least Significant
Bit and it doesn’t fit quite right. It effectively “truncates”
the sine wave and creates a little square wave piece of
the signal. Square waves create distortion products like
harmonics. So what is produced are a series of distortion
products starting at approximately —63 dBc. In the case
of the N6030A, it has a 15 bit DAC, so it has 215-1 possible
voltage levels. This reduces the level of this truncation
effect down to -93 dBc. If the noise floor of the analyzer
being used to measure the signal is —-90 dBm or so in

this mode, then these products won’t be seen above the
noise floor.

If the DAC and its associated support circuitry were
perfectly linear, the analysis above would be all that is
necessary. Unfortunately, non-linearities creep into the
system in the form of baluns, amplifiers, filters, power
supply currents, leakage, and so forth. These combine

to increase the levels of spurious signals coming from
the DAC. There may also be spurs due to power supply
contamination with line frequency and clock leakage into
the path. These can mix in the non-linear components
and create more spurious signals. This can be a serious
degradation. For example, if an AWG had only -35 dBc
between the signal being measured and the undesireable
signals you didn’t want, that would erode the “effective
number of bits” from 10 down to 5.3. The N6030A is
specified at —-65 dBc worst case, so its “effective number
of bits” is ~10.3. In most cases, the real value is closer

to 12. Figure 2 of a sine wave at Fy/3 shows one spur that
is actually from leakage, and no “truncation” spurs at all.
They are all below the -91 dBm noise floor.

Memory

Because the N6030A uses digital circuitry to produce
an analog output, it doesn’t have the ability to generate
the exact frequency in all cases. The following example
explains the limitation. Using the Fy/3 that was used
before, it is readily apparent that it doesn’t have a

nice integer value. Its frequency is 1.25e9 / 3 =
416,666,666.666... Hz. With a frequency synthesizer we
can expect to get within 1 Hz of the desired frequency.
With the N6030A, as with other digital machines, the
limitation is how much memory is available to divide
the sample clock with. This will determine how close the
AWG can get to some arbitrary non-integer frequency.
The rule is simple: (Fg + memory size = minimum
frequency resolution). So, 1.25e9 Hz + 16e6 samples =
78.125 Hz/sample. This is the finest setability for the
N6030A. This means that for integer multiples of 78.125
Hz and integer sub-multiples of Fg, we can get exactly
on frequency, and for others we can get very close.

For frequency resolution less than 100 Hz it probably
won’t be right on.
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Figure 2. F;/3 and a spur




Generating CW Tones With the N7509A
If Matlab® were used, the N6030A could generate the

The N7509A can be used to generate CW tones, or sine exact frequency because the sine wave is created in the
waves, with very good resolution and purity. To do this, time domain and Fy/3 is an integer sub-multiple of F. The
select the Multi-tone Generator waveform type and set multi-tone engine in the N7509A creates the sine wave
the number of tones equal to 1 as in Figure 3. The best in the frequency domain. It cannot manipulate the length
quality signal comes from using a single channel of the of the waveform to make this frequency come out exactly
N6030A, rather than both channels in I/Q mode and and still function as a multi-tone engine, so instead gets
up-converted. This is done using IF mode. Here’s how as close as possible. Figure 4 demonstrates how close our
the setup would look for generating Fy/3. AWG gets to F/3 with a rounding error of ~83 Hz. This

is more then would be expected based on the example
above where the minimum frequency resolution was

N ——— =8 calculated to be 78.125 Hz. This can be explained by
[olza the fact that the AWG used in this example only had
8 Msamples of memory, and consequently, 156.25 Hz
—— D of resolution. So the conclusion to draw here is that the
sl S b N7509A can be used to generate CW sine waves as long
P Po— T as they don’t always have to be exactly on frequency.
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Web Resources

For more information, go to:
www.agilent.com/find/awg

MATLAB is a U.S. registered trademark of The Math Works, Inc.

g Agilent Email Updates

www.agilent.com/find/emailupdates

Get the latest information on the products and applications you select.

www.agilent.com

Agilent Technologies’ Test and Measurement Support, Services, and Assistance
Agilent Technologies aims to maximize the value you receive, while minimizing your
risk and problems. We strive to ensure that you get the test and measurement
capabilities you paid for and obtain the support you need. Our extensive support
resources and services can help you choose the right Agilent products for your
applications and apply them successfully. Every instrument and system we sell
has a global warranty. Two concepts underlie Agilent’s overall support policy:

“Our Promise” and “Your Advantage.”

Our Promise

Our Promise means your Agilent test and measurement equipment will meet
its advertised performance and functionality. When you are choosing new
equipment, we will help you with product information, including realistic
performance specifications and practical recommendations from experienced
test engineers. When you receive your new Agilent equipment, we can help
verify that it works properly and help with initial product operation.

Your Advantage

Your Advantage means that Agilent offers a wide range of additional expert test and
measurement services, which you can purchase according to your unique technical
and business needs. Solve problems efficiently and gain a competitive edge

by contracting with us for calibration, extra-cost upgrades, out-of-warranty repairs,
and onsite education and training, as well as design, system integration, project
management, and other professional engineering services. Experienced Agilent
engineers and technicians worldwide can help you maximize your productivity,
optimize the return on investment of your Agilent instruments and systems, and
obtain dependable measurement accuracy for the life of those products.

For more information on Agilent Technologies’ products, applications or services,
please contact your local Agilent office.

Phone or Fax

United States: Korea:

(tel) 800 829 4444 (tel) (080) 769 0800
(fax) 800 829 4433 (fax) (080)769 0900
Canada: Latin America:
(tel) 877 894 4414 (tel) (305) 269 7500
(fax) 800 746 4866 Taiwan:

China: (tel) 0800 047 866
(tel) 800 810 0189 (fax) 0800 286 331
(fax) 800 820 2816 Other Asia Pacific
Europe: Countries:

(tel) 31 20 547 2111 (tel) (65) 6375 8100
Japan: (fax) (65) 6755 0042

(tel) (81) 426 56 7832 Email: tm_ap@agilent.com
(fax) (81) 426 56 7840 Contacts revised: 05/27/05

The complete list is available at:
www.agilent.com/find/contactus

Product specifications and descriptions in this document
subject to change without notice.

© Agilent Technologies, Inc. 2005
Printed in USA, July 20, 2005
5989-3174EN

- Agilent Technologies



