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RoHS

   
Phase Noise Measurements to -175dBc/Hz 

 
Power supply measurements to 1nV 

 
FFT Analysis from DC to 100kHz 

 
0dB / 32dB / 64dB Gain Steps 

 

Programmable Analog PLL 

 

100dB Dynamic Range 

 

Opto-Isolated      

The Holzworth HA2100A is an FFT analyzer optimized for use with a Holzworth low phase noise source as 
part of a phase noise test set.  An extremely low noise input stage exhibits 1nV of noise.  The integrated 
programmable analog PLL can be used for phase locked phase noise measurements or as a general 
purpose PLL.    

The FFT analyzer has the ability to measure Power Supply Noise using the AC coupling feature.  Power 
supply noise may be measured down to 1nV.  Holzworth products are 100% final performance tested for 
phase noise verification1.     

PARAMETER MIN TYP MAX UNITS COMMENTS  
Frequency Range DC  100k Hz Measurement Frequency Offset 

Gain 0 32 64 dB FFT Preamp 

ADC Range -2  2 V  

Input Impedance  1k  ohm At 64dB gain setting 

Input Noise  1  nV/Hz1/2 Gain = 64dB, Short Circuit 

Input AC Coupling -3dB  2  Hz  

Dynamic Range  100  dB SFDR 

PLL Frequency Range 10  20k Hz Dependent on Kvco 

Anti-Aliasing Filter Stopband  128  kHz  

Anti-Aliasing Filter Rejection  -20  dB  

Operating Temperature Range 0  50 C  

FFT Input Connector SMA Female 

PLL Output Connector  SMA Female 

Rear Panel Display Device Status/Update Indicator 

Rear Panel Connectors USB 2.0 for Data and Power 

Minimum System Requirements Pentium 4, 512MB RAM, USB 2.0 

Operating System Windows XP, 2000, 2003 Server, Vista    /  Java 6.0 installed 

Minimum Display Resolution 1280x768 pixels 

 

1 Final performance verification with open/short circuit input, 10Hz to 100kHz 
2 Specifications are subject to change per the discretion of Holzworth Instrumentation, Inc. 

PRODUCT SUMMARY 

SPECIFICATIONS 2
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The HA2100A has been optimized to measure noise to extremely low levels.  Figure 1 demonstrates the 
Voltage Noise response with the FFT input port open circuited, seeing approximately 1000 ohms of internal 
impedance.  Figure 2 shows the Voltage Noise response with the input short circuited, effectively 
demonstrating the absolute noise of the test system.  
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Figure 1:  Input Open Circuit 
(Gain = 64dB, 1kohm Internal Resistance, -170.8dBV = 2.87nV/Hz) 
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Figure 2:  Input Short Circuit 
(Gain = 64dB, -180dBV = 1nV/Hz)  

HA2100A Absolute Noise Performance 
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The HA2100A FFT Analyzer was primarily developed to simplify absolute and residual phase noise 
measurements over traditional high end test systems.   With the appropriate peripheral accessories, accurate 
phase noise measurements become very straight forward.  

The figure to the right shows how simple the 
configuration of a hybrid phase noise test 
system can be.  For making phase noise 
measurements, the HA2100 was designed to 
operate with a Holzworth ultra low phase 
noise RF synthesizer.  Holzworth RF 
synthesizers provide the phase noise 
performance and control over the necessary 
variables required for making accurate 
measurements.  In addition, Holzworth 
peripheral components are designed with 
ultra low phase noise performance in mind.  
With Holzworth, a hybrid phase noise test 
system can be obtained without needing to 
justify an exorbitant capital purchase.  

Test system components include:  

 

HA2100A FFT Analyzer 

 

HS1001B 1.024GHz RF Synthesizer 

 

HA2410 Isolation Amplifier 

 

HX3200 Power Splitter 

 

HX3400 Phase Detector  

Phase noise performance and measurements are at the core of Holzworth’s business.  All Holzworth products 
are subject to 100% final tested for phase noise, guaranteeing the performance our customer’s expect.    

Holzworth test results and methodologies have been validated against well known phase noise test sets with 
matching results.     

The HA2100A FFT Analyzer includes the necessary performance options for making sensitive power supply 
noise measurements down to the level of 1nV.  In the microwave world, the noise within a system can be no 
better than the noise exhibited by the system power supplies.  Engineers who design to meet low noise 
requirements often experience frustration with regulators that are sold as “low noise regulators”, only to find 
large variations in the noise.  Although, oscilloscopes can provide valid peak-to-peak measurements, they are 
not capable of making measurements near low noise.  Pre-amps, anti-aliasing filters, calibration and ground 
loops are all contributing factors in making noise a difficult measurement.  The HA2100A simplifies these 
measurements.  

Design time is better spent with a primary focus on the end product rather than screening components. 
Because our engineers design low noise systems on a daily basis, Holzworth has included all the necessary 
hardware and features into the HA2100A FFT Analyzer so that the measurement of power supplies is fast 
and simple.  

Phase Noise Measurements 

DUT

 

Absolute Phase Noise Hybrid Test System 
Sample data shown in Application window (page 4) 

Power Supply Measurements 
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Taking advantage of valuable customer feedback, the Holzworth HA2100 application software was designed 
to be intuitive for the user, providing all the functions necessary for quickly making accurate phase noise and 
power supply noise measurements.  

  

By incorporating tools such as an oscilloscope mode, to provide a visual means for proper phase locking 
when taking phase noise measurements; including features like automatic calculation of the phase detector 
constant (KD) and VDC for power supply noise measurements, to help save time; and adding simple functions, 
such as a one step save of presentation ready plots with full control over graphic labels and colors… the 
application software is virtually all you need.   

NOTE:  Minimum monitor resolution requirement is 1280x768 pixels to support application. 

    

The majority of laboratory test systems utilize PCs for data capture and compilation, so there are advantages 
to using a PC to control an instrument. Without sacrificing product performance, the user gains valuable real 
estate on the bench top or within a closed test system.  

The HA2100 utilizes the USB HID (Human Interface Device) transfer protocol because it simplifies installation 
and improves ease of use while providing the highest stability.    

The application software is JavaTM based as it is an extremely robust platform and accepted as an industry 
standard. Operating on a minimal amount of memory (<2.3MB), users can run the HA2100 application directly 
from a USB memory stick, if need be. 

With one USB cable to connect for both data and power, the 100% portable HA2100 is fully operational within 
a few minutes of removing it from the shipping box. 

VIRTUAL INSTRUMENT 

APPLICATION  
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FFT Operation  
The FFT analyzer has been optimized for low noise measurements. Integration of gain stages with an 
extremely low 1nV/Hz self noise allow for measurements that reside down to the thermal noise of a 50ohm 
resistor.  The HA2100A is currently the lowest noise commercially available FFT Analyzer.  

The ADC input range of the HA2100A is ±2V (around ground) with programmable 0dB / 32dB / 64dB preamp 
settings. The AC input coupling circuit has a cutoff frequency of 2.5Hz, which allows for AC coupled 
measurements of noise sources, power supplies and other high voltage applications.  The integrated DC 
block allows for up to 15V of DC offset.  

Analog Programmable PLL Operation  
The programmable analog PLL is an extremely low noise op-amp based PLL.  The architecture is a standard 
second order phase lock loop with programmable resistance and capacitance values allowing for a high 
degree of freedom in adjusting loop bandwidths to optimize phase locking during phase noise measurements.    

Refer to Figure 3 for the HA2100A functional block diagram.                     

The HA2100A was primarily designed out of necessity for making accurate phase noise measurements, 
although the PLL subsystem can be utilized for other test and laboratory applications.  Careful attention was 
given to proper power supply isolation and opto-isolation of the USB circuit so that troublesome ground loops 
are eliminated from the measurement system.  

The HA2100A is a USB powered instrument, allowing for isolated PC laptop measurements that eliminate the 
need for using large batteries or inverters.   

Theory of Operation 

Figure 3:  HA2100A Functional Block Diagram
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