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Phase noise measurements fall under two 
categories: absolute and additive (residu-
al). Absolute phase noise measurements 

are typical of oscillator or LO system level 
noise. Additive phase noise measurements are 
more specific, measuring the additive noise of 
an individual component or subsystem. Ad-
ditive noise measurements are typically at a 
lower level and a more difficult measurement 
than absolute, requiring careful measurement 
setup and calibration. While the setup involves 
traditional microwave plumbing, the calibration 
can be tedious and prone to significant error. 
Holzworth Instrumentation’s HA7000B Series 
of phase noise analyzers addresses this problem 
by completely automating the calibration as well 
as an option for automating the setup.

Holzworth Instrumentation’s HA7000 Se-
ries phase noise analyzers were designed to 
optimize measurement speed and low noise 
floors, while being highly intuitive to set up 
and operate. The high level of automation was 
driven by the customers’ requirements to tran-
sition phase noise testing from R&D to the 
manufacturing environment while maintaining 
the low noise expected in R&D.

In response to customer requests to mea-
sure both absolute and additive phase noise 
with Z540 traceability, Holzworth has released 
revision B of the HA7000 Series. The revisited 
design for the HA7062B and HA7402B in-
clude: a more advanced front end, an external 
power supply for cleaner spurs (also allowing 

for powering the analyzer via a 12 V battery), 
and a Z540 traceable calibration. Most signifi-
cantly, it has introduced fully automated addi-
tive phase noise measurements.

Using external HX series components de-
signed specifically for the HA7062B and 
HA7402B, the calibration process has become 
completely automated. By using calibrated and 
traceable external components, the Z540 trace-
ability is extended from absolute measurements 
to additive phase noise measurements. Using 
the advanced capability of the instrument, the 
measurement is both automated and accurate.

HA7000 CROSS CORRELATION 
PERFORMANCE ADVANTAGE

Additive phase noise measurements share 
some common issues with absolute phase noise 
measurements. Problems such as port to port 
isolation and match in traditional instruments 
can lead to false readings by allowing the in-
dependent branches in the cross correlation 
system to not be independent enough for cross 
correlation theory to hold true. Depending on 
the setup, this can lead to either false measure-
ments being high or low. To be confident in the 
data, the port match and port to port isolation 
need to be as close to as ideal as possible — 
not unlike a spectrum analyzer or network ana-
lyzer. The HA7000 Series typically has better 
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standards. To aid measurement setup, 
the software includes an active quadra-
ture monitor for visual feedback.

Two different external calibration 
standards are available. The fi rst is 
a narrowband electronic phase shift 
calibration standard that adjusts the 
instrument into quadrature (where 
phase detection occurs) and per-
forms  full calibration. The second is 
a broadband time delay calibration 
standard where the user uses the soft-
ware quadrature monitor to achieve  
quadrature and the time delay calibra-
tion standard is used to calibrate the 
instrument.

NARROWBAND, INTEGRATED 
PHASE SHIFT AND CALIBRATION

The fi rst calibration standard setup 
incorporates a pair of Holzworth elec-
tronically (system) tuned phase shifters. 

than –20 dB return loss and isolation 
greater than 80 dB. Internal to the 
instrument, attention to detail involv-
ing ground loops, spurious and shield-
ing provides confi dence that the raw 
data refl ects the true performance of 
the DUT. Without tedious attention 
to these performance parameters, 
the cross correlation function may be 
ineffective at accurately isolating the 
noise due to the DUT only.

ADDITIVE PHASE NOISE TEST 
SETUPS

Additive phase noise of compo-
nents and subcomponents give de-
signers and manufacturers valuable 
insights to the performance of their 
systems. While absolute phase noise 
(oscillator or LO noise) can provide 
the user with the overall performance 
of a source or total system, additive 
phase noise focuses 
the noise contribu-
tions of individual 
two-port elements. 
The results can help 
to troubleshoot or 
predict overall sys-
tem performance, 
similar to cascading 
S-parameters or cal-
culating noise fi gure. 
Oscillator designers 
can even isolate the 
effect of different 
amplifi ers on the 
overall noise.

Proper calibration 
of the additive phase 
noise system has 
traditionally been a 
manual process that 
is not extremely dif-
fi cult, but even a 
small error can lead 
to erroneous results. 
The greatest chal-
lenge in the calibra-
tion is calculating the 
phase detector con-
stant in relation to a 
known phase shift.  
The HA7000 Series 
phase noise analyz-
ers feature a series of 
checks involving the 
internal frequency 
counters and power 
meters in conjunc-
tion with the new 
external calibration 

s Fig. 1  Fully automated, narrowband test setup.
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s Fig. 2  Automated, broadband test setup.
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MISSIONCRITICAL
High-Power PIN Diode Technology

Hill Engineering specializes in “mission critical” custom & non-custom switches, RF 
limiters, and multi-function modules. Our technology focuses on control components and 
active high power RF products for the military, aerospace, and missile markets, including:

u    Fast switching PIN diode switches u  Multi throw and T/R switches

u    RF receiver limiter protectors  u  Multi-function assemblies for Tx and Rx paths

Our many years of experience in high power RF and microwave positions us far above 
the competition.  We fully understand the importance of your program’s success and are 
dedicated to meeting our customer’s needs.  Whether you are looking for a prototype 
or high volume production, Hill Engineering has the solution you’re looking for. 
Call today to find the PIN Diode device technology that’s right for your critical mission.

The Power of Positive Partnering
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BROADBAND, USER SUPPLIED 
PHASE SHIFTER, AUTOMATED 
CALIBRATION

The second additive phase noise 
test setup automatically calibrates the 
system over a broad range of frequen-
cies. It is up to the user to provide the 
necessary phase shift for quadrature. 
As mentioned previously, the software 
includes a log scale quadrature moni-
tor to assist the user with setting exact 
quadrature. As shown in Figure 2, 
the test system configuration again in-
cludes a frequency source and a three-
way power divider. The phase shift is 
performed manually, typically with a 
mechanical phase shifter. Calibration 
is automatic using a Holzworth time 
delay calibration standard.

Once the user has the DUT in 
place, the log scale Holzworth Quadra-
ture Monitor (see Figure 3) is used to 
monitor the quadrature variation of 
each LO channel, while making small 
adjustments to each phase shifter. 
Once the quadrature of each channel 
is set to inside the target range, the 
user simply selects “Acquire” and the 
system automatically calibrates and 
begins taking data.

The broadband Time Delay Cali-
bration standards are also Z540 trace-
able standards that are available as a 
calibrated set. They are optimum for 
either broadband work where mechan-
ical phase shifters are available or when 
the very lowest noise at close to the 
carrier is required. Mechanical phase 
shifters offer a performance advantage 
over electronic phase shifters close to 
the carrier when the lowest noise floors 

phase lock and calibration. If any out of 
spec conditions occur, a warning mes-
sage will appear.

The Electronic Phase Shifter Cali-
bration Standards are sold in matched 
pairs and are for narrowband applica-
tions, optimized for frequency measure-
ment offsets of 10 Hz to 1 MHz, but 
will operate down to a 1 Hz offset. Each 
calibrated pair is narrowband and may 
be ordered at any frequency. A range of 
standard models are available from Hol-
zworth to cover common frequencies.

In this scenario, both quadrature adjust-
ment and calibration is fully automatic. 
As shown in Figure 1, the test system 
setup includes a frequency source, a 
three-way power divider and two Holz-
worth Electronic Phase Shifter Calibra-
tion Standards. The user introduces a 
DUT with an appropriate power level 
set and simply selects “acquire” on the 
analyzer’s GUI. The software takes 
over and monitors input frequency and 
power, then automatically adjusts each 
phase shifter to optimize conditions for 

s Fig. 3  Holzworth quadrature monitor 
interface.
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Engineering, without compromise since 1954.

FPGAs
Analog. Meet Digital. 

Digital and microwave technologies 
have �nally come together, in the 
Field-Programmable Gate Array 
(FPGA). FPGAs can do anything ASICs can, but each 
of its con�gurable logic blocks can be programmed and 
reprogrammed for many functions, from simple-state machines 
to complete microprocessors. That means FPGAs are not only incredibly versatile, 
they’re also easily upgradeable. Combine them with microwave circuit functions in 
IMAs, and you can make dense, highly functional modules that need less space and 
less power.

Take Narda’s Model 10512. It’s a programmable signal source that digitally creates 
frequency-modulated noise waveforms and applies them to a carrier whose center 
frequency can be varied ±50 MHz in less than 100 ns. Many of its functions are built 
into a single FPGA that’s only 4” x 4” x 0.6”, weighs under an ounce, consumes just 
11W...and meets military shock and vibration requirements. How’s that for SWaP?

IMAs using FPGAs might just be what you’re looking for. 
Contact us today to learn more. 

Analog. Meet Digital.

. FPGAs can do anything ASICs can, but each 
of its con�gurable logic blocks can be programmed and 

 for many functions, from simple-state machines 
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MHz and the power is +15 dBm. In this 
scenario, 1000 correlations are used to 
reduce the noise fl oor, approaching the 
limit of the system. At 10 correlations, 
the noise fl oor is approximately –180 
dBc/Hz (10 kHz offset). At 100 correla-
tions, the noise fl oor had reached –185 
dBc/Hz (10 kHz offset). At 1000 correla-
tions, the noise fl oor had reached a fl oor 
of approximately –190 dBc/Hz (10 kHz 
offset). If mechanical phase shifters are 
used with the Time Delay Calibration 
Standards, a much lower noise close to 
the carrier can be expected.

The HA7000 Series has fully auto-
mated a diffi cult and sensitive mea-
surement in an easy to use system. 
Like the absolute phase noise of high 
performance sources, additive phase 
noise is becoming an important evalu-
ation parameter for two-port devices 
as they infl uence the overall phase 
noise of a system. The Holzworth 
HA7000 Series phase noise analyzers 
now include valuable additive phase 
noise features that automate the resid-
ual phase noise measurement by way 
of an intuitive interface. The revised 
designs couple versatility and ease of 
use with NIST traceable accuracy.

Holzworth Instrumentation, 
Boulder, CO
(303) 325-3473, 
sales@holzworth.com,
www.holzworth.com.

tem into quadrature and automati-
cally calibrate the test setup prior to 
each measurement. A photograph of 
the system setup confi gured to dem-
onstrate the noise fl oor of the additive 
test system is shown in Figure 4.

Additive phase noise measurements 
allow the measurement setup and system 
noise fl oor to be accurately measured 
under a given condition. Figure 5 shows 
the measurement noise fl oor of the Hol-
zworth HA7402A system for this setup. 
This evaluation is performed at fc=100 

are required. The reduced noise fl oor 
is a trade-off for complete automation.

ADDITIVE TEST SETUP EXAMPLE
The block diagram for a typical 

phase noise measurement setup is 
shown in Figure 1. In a traditional sys-
tem, the phase shifters are mechani-
cal and the calibration is manual, rely-
ing on the operator’s experience with 
the system. In this scenario, a pair of 
Holzworth Electronic Phase Shifter 
Calibration Standards move the sys-

s Fig. 4  Holzworth additive phase noise 
setup.
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s Fig. 5  Test system noise fl oor at 100 MHz.
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