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NOISE SOURCE MODULE FOR 
MICROWA VB TEST SYSTBMS 

This invention relates generally to automatic test equipmentt and more 

specifically to automatic test equipment for testing and characterizing RF/microwave 

devices. 
Automatic test equipmmtt commonly known as a "tester," has traditionally 

beon used in processes for manufacturing semieonductor devices to determine whether 

the manufactured devices contain defects. In this way, large volumes of devices can be 

tested quickly, thereby reducing both time-to-market and production costs. 

More recently, testers have been used for both testing and characterizing high 

frequency semiconductor devices. which are designed to operate in the radio frequency 

(RF) and microwave ranges. Such '•wireless" devices include those used in the cellular 
telephone industry, where high volume, low cost production is especially important. 

One characteristic that is frequently measured relates to noise parameters of 

RF/microwave devices. For example, testers have been used to measure the noise 

factor of RF/microwave devices, which when expressed in decibels (dB) js commonly 

referred to as the noise figure of a device. 

FIG. lA shows a partial block diagram of a conventional tester 100 used to 

measure the noise figure of a device under test (DUT) 118, which is designed to 

operate in the RF or microwave band. The tester 100 has a tester body 102, which 
includes a computerized controller 106 that can be programmed by a tester operator to 

perform various test and analysis operations. For example. the controller 106 may be 

programmed to control RF signal sources (e.g .• an RF source 110) and receivers (e.g .• 

an RF receiver 112). The RF source 110 and the RF receiver 112 generate and detect. 

respectively, test signals for the DUT 118. 

The tester 100 aJso includes a test head 104. which generally routes the test 
signals between the tester body 102 and the DUT 118. Accordingly, the test head 104 

includes switching modules (e.g., a switching module 114) for directing the test signals 

between the RF source 110, the RF receiver 112, and the DUT 118. 

In a typical test configuration, an external noise source 116 is coupled to the 

test head 104 and used for measuring the noise figure of the DUT 118. Thus. the 

switching module 114 also routes signals between the noise source 116 and the DUT 

118. Further, the noise source 116 is typically attached to a device Interface board 
(not shown). which also includes hardware for interfacing the test head 104 with the 

DUT 118. 

FIG. lB shows a simplified schema.tic diagram of the switching module 114, 

which routes signals between the RF source 110, the RF receiver 112, the noise source 

116, and the DUT 118. The switching module 114 includes a directional coupler 120 
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with one port connected to the RF source 110. two ports connected to the throws of a 
switch 122, and one port connected to the pole of a switch 124. 

Further, the pole of the switch 122 is coupled to the RF receiver 112. The 

switch 122 can therefore be actuated for allowing the RF receiver 112 to detect signals 
on either the "source side,, or the "DUT side" of the directional coupler 120. 

The throws of the switch 124 are connected to the OUT 118 and a throw of a 
switch 126. The switch 124 can therefore be actuated to pass test signals from the RF 
source 110 to the DUT 118. 

The other throw of the switch 126 is also connected to the OUT 118. Purther, 
the pole of the swjtcb 126 is coupled to the noise source 116. The switch 126 can 

therefore be actuated co pass signals from the noise source 116 to the DUT 118. In 
addition, switches 122, 124, and 126 can be actuated to pass signals from the noise 
source 116 to the RP receiver 112. 

Although the noise source 116 is primarily meant to be used for measuring the 

noise figure of the DUT 118, it is well understood that noise is inherent in all electronic 
cireuitry, including the circuitry used to implement the measurement system. It is 

therefore generally necessary to take into account the noi';e contributed by the 

measurement system when measuring the noise figure of the DUT 118. 
The noise figure of the Dtrr 118, FDur. can be calculated using the formula 

FoUT = 10 Log [Fsvs - (FRcva -1)/Gour]. {eq. 1) 

where Psvs is the noise figure of the measurement system., FR.CVR is the noise figure of 
the RF receiver 112, and Gwr is the gain of the DUT 118. The noise contributed by 
the measurement system is therefore included and accounted for in the calculation of 
Pout using eq. 1. 

The noise figure of any two-port electronic device can generally be detennined 
using the formula 

F- 10 Log (ENR- [(N1/N2)-l]}, (eq. 2) 

where ENR is the "excess noise ratio"' of the noise source, and N 1 and N2 are the noise 
power from the two-port device when the noise source is biased "on" and uoff', 

respectively. 
In particular, ENR values for the noise source 115 can be determined 

experimentally. More likely. these ENR values are measured by the manufacturer of 
the noise source 116 and provided to the tester operator as documentation. Further. 
the ENR values for the noise source 116 are typically specified as a function of 
frequency. 
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Eq. 2 can therefore be used to determine values for Fsys and FRcVR in eq. 1. 
When Pays is determined, the switch 126 is actuated to couple the noise source 116 to 

an input port of the DUT US, and the switches 122 and 124 are actuated to couple an 

output port of the DUT 118 to the RF receiver 112. However, when Pacva is 

determined, the switches 124 and 126 are actuated to by-pass the DUT 118. 

The gain of the DUT 118, GDur, can be calculated using the fonnula 

where T 1 and T z are che noise temperatuteS supplied by the noise source 116 when the 

noise source 116 is biased .. on,, and "off', respectively; k is the Boltzmann's constant; 
and, B is the bandwidth of the DUT 118. The product, k {T 1 - T 2.) B, is commonly 

called the ••excess noise power" from the noise source. The noise figure of the DUT 

118 can therefore be calculated after incorporating suitable values for Psvs, PkcvR., and 

GotJT into eq. 1. 
We have recognized that measuring noise parameters of a device under test in 

the manner described above may result in measurement uncertainties, which can 
adversely affect the accuracy of noise figure measurements. Highly accurate noise 

figure measurements are important to RF/microwave device manufacturers becanse it 
allows them to provide better noise specifications for their devices. Further, 

RF/microwave device customers are generally willing to pay more for devices with the 

best noise specifications. It is therefore hnportant that noise parameters of a device 

under test be made as accurately as possible. 

One type of measurement uncertainty is caused by .impedance mismatches. 
including mismatches between the noise source and the device under test, the noise 

source and the RF receiver, and the device under test and the RF receiver. Such 
impedance mismatches can cause signal reflections that affect the amount of power 

provided to the elements of the measurement system. Further, these impedance 

mismatches tend to be more prevalent in measurement systems operating in. high 

frequency ranges. 

For exampJe, impedance mismatches between the noise source 116 and the 

input port of the DUT 118 can affect the noise power provided to the DUT 118, 

thereby adding uncertainty to the detennination of Pris. Impedance miSmatches 
between the output port of the DUT 118 and the RF receiver 112 can also add 

uncertainty ro Fsvs by affecting the power provided to the RF receiver 112. Similarly. 

impedance mismatches between the noise source 116 and the RF receiver 112 can 

affect the noise power provided to the RF receiver 112, thereby adding uncertainty to 

the detennination of FacVR· These uncertainties generally lead to inaccurate noise 

figure measurements for a de\7ice under test. 
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Further, different testers can yield different levels of impedance mistnatch. This 

means that noise parameter measurements made on the ~ame device might vary from 

tester-to-tester. In addition, testers such as the tester 100 are meant to test and 

characterize devices in volume quantities. However, different levels of impedance 

mismatch might result with each device tested. This means that noise paratneter 

measurements made by the same tester might vuy from device-to-(levic:e. These 
tester-to·tester and device·to-device variations can lead to inconsistent noise parameter 

measurements, which are undesirable in tnas$ productjQn envirol\1'rlents. 
Another type of measurement uncertainty is caused by uncertainties in the 

values ofENR used in eq. 2. As mentioned above, the BNR. values for the noise 

source 115 are typically specified as a thn¢tion of frequency. Thi$ means that a limited 

number of di$crete ENR values 8.fC detennined or provided across a bandwidth. For 

example. the manufacturer of the no~ source 116 typically provides a limited number 

of ENR values across a bandwidth as documentation for the noise source. 
However. it is frequently necessary to int-erpolate between these BNk values 

when calculating noise figure using eq. 2. This results in uncertainty in the BNR 

values, which also leads to inaccuracies in the noise figure calculations for Psvs, FaCVR. 
and ultimately Fnm. 

We have also recognized that it can be both cumbersome and costly to 

incorporate an external noise source into a tester. For example, in order to make 

accurate noise parameter measurements, it is Jmportant that the noise source be 

situated as close as possible to the device under test. This is why the noise source 116 

is attached to the device .interface board (not shown) in the tester 100. 

However, a different device interface board is generally needed to test each 

tYPe of device. A different noise source must therefore be attached to each device 

interface boa.rd for each type of device tested. This generally adds to the cost of a 
tester. 

It would therefore be desirable to have a tester that can measure noise 

parameterS of RF/microwave devices with less measurement uncertainty than 
conventional testers. Such a tester would be able to account for impedance 

mismatches throughout the measurement systm11t and minimize uncertainty in ENR 

across a band.width of interest. This would lead to more accurate noise parameter 

measurements. It would also be desirable to have a tester for RF/microwave devices 
that is easier and less costly to manufacture. 



5 

SUMMARY OF THB INVBNTlON 
With the foregoing background in mind, it is an object of the invention to 

provide a tester for testing and characterizing RF/microwave devices. 
Another object of the invention is to provide a tester that measures noise 

parameters of RF/microwave devices with increased accuracy. 
Still another object of the invention is to provide an easy way to account for 

te..~ter-to-tester and device-to-device variations while performing noise parameter 
measurements. 

Yet another object of the invention is to provide a tester for testing and 
characterizing RF/microwave devices chat is easier and less costly to manufacture. 

The foregoing and other objects are achieved in a tester having an integrated 
noise source module with a noise generator and a plurality of progran:nnable storage 
devices. The storage devices are programmed With data relating to .impedance 
mismatches and pl1.1ralities ofENR values for the noise generator. 

In a preferred embocllment, the noise source module is plugged into a testert 
thereby switchably colUlecting the module to at least one of a plurality of measurement 
channels. 

According to one feature, the storage devices are programmed with reflection 
coefficients of the noise generator for both the •'biased-on .. and '"biased .. oft', 
conditions. 

According to another feature, the plurality of programmable storage devices is 
implemented using a plurality of BEPROM's. 

Still further objects and advantages will become apparent from a consideration 
of che ensuing description and drawings. 
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BRIBP DESCRIPTION OF THB DRAWINGS 
The invention will be better underscood by reference to the following more 

detailed description and accompanying drawings in which 
FIG. lA is a partial block diagram of a conventional tester; 
FIG. lB is the FIG. IA apparatus including a simplified schematic diagram of a 

switching module; 

PIO. 2A is a block diagram o.f a tester incorporating a noise source module in 
accordance with the present invention; 

PIG. 2'8 is a schematic diagram of a noise generator included in the noise 
source module shown in FIG. 2A; 

FIG. 2C is a schematic diagram of a switching .lll()dule coupled to t~ noise 
source inodule of the FIG. 2A apparatus; and 

FIO. 3 is a flowchart diagram of a method for measurmg noise parameters 
using the FIG. 2A apparatus. 
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DESCRIPTION OF THB PRBFBRR!D BMBODIMBNT 
FIG. 2A shows a block diagram of a tester 200 in accordance with the present 

invention. The tester 200 includes a tester body 202, which incorporates 

programmable controller circuitry 206. Further. the tester 200 is prhnarily meant to be 

used for testing and characterizing high frequency semiconductor devices, such as 
those used in cellular telephone equipment. These devices are typically designed to 

operate in a frequency range of about IO MHz to 6 GHz. For this reason, the tester 
body 202 also includes a plurality of RF/microwave signal sources (e.g., an RP source 
210) and a plurality of RP/microwave signal receivers (e.g., an l<.P signai ~ver 212). 

A tester operator can program the controller 206 to perform various operations 
for testing, analyzing, and characterizing high fteqUcncy devices. For example. the 

tester operator ma.y program the controller 206 for directing the RF source 210 to 

provide RF test signals for a device under test, and for directing the RF receiver 212 to 

detect RF signals produced by the device under test .in response to the test signals. 

Because high frequency devices under test often include lower frequency 
analog circuitry and digital circuitry, the tester body 202 also includes circuitry (not 

shown) for generating and detecting low frequency AC signals, a.nd digital signals. 

Further. the tester body 202 also includes circuitry for generating DC levels (e.g., a DC 

source 213). 

It should be understood that the tester body 202 is meant to incoxporate 
elements that are well known in the art and may be found in conventional testers. The 

exact implementation of these elements and their configuration in the tester body 202 

is therefore not critical to the invention. 

The tester 200 also .includes a test head 204 inco:rporating at least one 

switching module 214. Additional details about the general structure and operation of 

che switching module 214 can be obtained by refening to US patent no. S.572,160, 
assigned to TBRADYNEe, lnc., Boston, Massachusetts, USA, which is incorporated 

herein by reference. For example, the switching module 214 includes a plurality of 

directional elements~ such as a directional coupler 220, and a plurality of switches, 
such as switches 222 and 224. The switching module 214 also includes circuitry (not 

shown) for controlling the operation of the directional elements and the switches. The 

programmable controller 206 generally directs the operation of this circuitry. 
In particular, the directional coupler 220 is a four-port device. As shown in 

FIG. 2A, one port of the directional coupler 220 is connected to the RF source 210 

and another port is connected to a throw of the switch 224, which may be actuated to 

connect the directionBl. coupler 220 to a device under test (DUT) 218. Accordingly, 

one port may be regarded as being on the '~urce-side" of the directional coupler 220, 

while another port may be regarded as being on the ''DUT ~sidett of the directional 
coupler 220. The RF source 210 can therefore produce an RF/microwave test signal 
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that passes from the source-side to the DUT-side of the 4itectional coupler 220, 
through the switch 224, to an electrical node of the DUT 218. 

The directional coupler 220 also has two port.S that are coupled to the thro~s 

of the switch 222. These ports are commonly referred to as the "forward'' and 
"reverse'' ports of the directional coupler 220. In particular. the forward port can be 

viewed as being coupled to a signal provided to the port on the source side of the 

coupler 220. Similarly. the reverse port can be viewed as being coupled to a signal 
provided to the port on the DUT side of the coupler 220. ~switch 222 can 

therefore be actuated to connect the RF receiver 212 to either the forward or the 

rev~rse port of the directional coupler 220. 

The switching module 214 shown in FIG. 2A is a simplified version of a 
switching module used in the tester 200. Practical switching modules generally include 

a pl11l'8lity of paths or channels to a device under test. For example. PIG. 2C shows a 
more detailed block diagram of the switching moduie 2141 which now includes two 

channels 238 and 239 to the OUT 218. The channels 238 and 239 may be used for 
applying and measuring respective signals at leads of the OUT 218. Alternatively, 

signals on the channels 238 and 239 may be combined using the intermodulation (IM) 

path incerc:onnecting directional elements 245 attd 2S9 and switches 246 and 260. 

As mentioned above, the tester 200 is primarily meant to be used for testing 
and characterizing RF/microwave devices. Such devices are generally used in low· 
noise systems. It is therefore important to be able to measure the noise parameters of 
these devices as accurately as possible. One noise parameter that is frequently used to 

characterize RF/microwave devices is the noise figure of a device. Other noise 

parameters include the Y-factor and signal-to-noise ratio (SNR). The noise figure of a 

device can generally be detennined by connecting a noise source to the device and then 

measuring the input and output noise levels of the device. 
For this reason, the test head 204 also incorporates a noise source module 216, 

which includes a noise generator 221 and a plurality of programmable memory devices 
(e.g .• device 223). In the prefeITed embodiment. the memory device 223 is 
implemented using an EEPROM, such as the X24645 BEPROM manufactured by 

XICOR~. Inc., Milpitas, California, USA. 

Further, the no.ise generator 221 is preferably implemented as shown in the 

schematic diagram of FCG. 2B. In particular, a switch 230 switchably applies a DC 

voltage level, Vs. thereby operating a noise diode 232 in its avalanche breakdown 

region to produce a noise signal. This is known as biasing the noise generator 221 

••on" and '4off.'' The DC leve~ Vs. is supplied by the DC source 213 in the tester body 

202. 

In addition. a resistor 231 and a capacitor 233 on opposite sides of the noise 

diode 232 isolate the DC level, Vs. from the noise signal output. Further, low-noise 
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amplifier (LNA) 235 and attenuation pads 234 and 236 adjust rhe level of the noise 
signal output. 

The output of the noise generator 221 is connected to the other throw of the 

switch 224. which may be actuated to connect the noise generator 221 to the DUT 
218. The noise generator 221 can therefore produce a noise signal that passes through 

the switch 224 to an electrical node of the DUT 218. 

In the preferred embodiment, the noise generator 221 and the EBPROM,s 

(e.g., BEPROM 223) are situated on the same assembly and collectively constitute the 
noise source module 216. Further, suitable connectors (not shown) are used to 

facilitate the transmission of data from the EEPROM's to the controller 206, and the 

transmission of noise signals from the noise generator 221 to the switching module 

214. Accordingly, the noise source module 216 is preferably plugged into the tester 

200. thereby making the noise source module 216 easily connectable and 

interchangeable. 

As mentioned above, the noise figure value is often used to characterize the 
performance of an RP/microwave device. A simplified process for measuring the noise 
figure of a device under test includes the steps of applying noise signals to the device 

under test and then measuring the resulting output noise power. Accordingly. the DC 

source 213, the noise generator 221, and the switch 224 can be operated under the 

control of the controller 206 for applying noise signals to the DUT 218. Further, the 
switch 224, the directional coupler 220, the switch 222., and the RF receiver 212 can 
be sllnilarly controlled for measuring the resulting DUT outputs. 

However. in a practical measurement configuration, the input and output 

impedances of various elements of the measurement system are not perfectly matched. 
Consequently, signal reflections can occur along the transmission paths between the 

system elements. This means that noise signals applied to a device under test by a 
noise source may be partially reflected by the device under test, thereby affecting the 

amount of noise power provided to the device under test and causing uncertainties in 
noise figure measurements. These uncenainties are commonly called "mismatch" 

uncertainties. 

For example. the output impedance of the noise source module 216 is generally 

not matched to the input impedance of the DUT 218. As a result, when the noise 

generator 221 produces a noise signal and the switching module 214 is configured so 
that the noise signal is applied to the DUT 218, a portion of an incident noise signal 

will generally be reflected back toward the test head 204. 

Because there may also be impedance mismatch between the OUT 218 and the 
switching module 214, a portion of the reflected noise signal is generally retlected from 

the switching module circuitry baclc to the OUT 218. This phenomenon may be 

referred to as the fusr order effects of the reflected noise signal. 



-----.~· ... ·~ ... - .. 

10 

Further. because the switching module 214 is configured so that the noise 
signal passes from the noise source module i 16 to the DUT 218, a remaining portion 
of the reflected noise signal is generally passed through the switching module 214 to 
the noise generator 221. The impedance mismatch at the noise genorator 221 will then 
cause another portion of the reflected noise signal to be reflected from the noise 
generator 221 back toward the DUT 218. This phenomenon may be refetred to as the 

second order effects of the reflected noise signal. 
A novel way of compensating for the eifects of reflected signals in microwave 

test systems is described in. US patent application no. OS/955.182, JS&igned to 
TBRADYNEQ!). Inc., which is incorporated herein by reference. That application 
describes a calibration procedure that includes the step of detetmining the ''s­

parameters" (i.e.~ S1 i, S11~ S21, and Sn) of switching module circuitry. These s .. 
parameters can be viewed as forming a mathematical model of the switching module 
circuitry. For example, a vector network anal,zer (VNA) and known cah'bration 
techniques may be used to determines-parameters for the switching module 214. 

The VNA may also be used to measure the reflection coefficients, r Nl and rm, 
of the noise source module 216. r Nl and rm are the reflection coefficients of the noise 
source module 216 when the noise generator 221 is biased "on" and uoff'. 

respectively, using the switch 230. Further, the VNA may be used to measure 
reflection coefficients, r DU'r, IN and r DlJ'r, Ollrt relating tO input and OUtpU.t ports, 
respectively, of the DUT 218. 

Once the s~parameters of the switching module 214 and the reflection 
coefficients of the noise source module 216 and the DUT 218 are known, the first and 
second order effects of the reflected noise signal can be calculated and used to make 
appropriate corrections when determining the noise power provided to the DUT 218. 

An important advantage of the present invention is that the reflection 
coefficients, r 1111 and r N2. for the noise source module 216 arc preferably measured and 
stored in the EEPROM's before the noise source module 216 is plugged into the tester 
200. This simplifies the cahbration of the tester 200 fot noise parameter measurements 
because the reflection coefficients. r ro and f'N2. stay with the noise source module 216. 

Accordingly. when a noise source module is added to a tester, or when a noise source 
module in a tester is interchanged with a different noise source module, it is not 
necessary to measure the reflection coefficients r ... 11 and r Nl before using the tester to 
perform noise parameter measurements. This is because the reflection coefficients r ro 

and r Ni are easily accessed from the EBPROM's included with the noise source 

module. 
As mentioned above, the calculation of noise .figure values generally includes 

the "excess noise ratio" (ENR) of a noise generator. BNR is generaJly defined as the 
amount of noise power above the noise floor. Further, BNR values for a noise 
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generator are ty¢cally provided by the noise generator manufacturer and are typically 
specified as a function offtequency. Because noise generators are generally designed 
to cover a particular bandwidth, the noise generator manufacturer typically provides 
ENR values at a plurality of frequencies a.cross the bandwidth. 

However~ when calculating noise figure values, it is sometimes necessary to use 
ENR values that arc not provided by the manufacturer. These ENR values typically 
correspond with freque.nc.ies that fall between the frequencies for the ENR _values 
proVided. This means that it is sometimes necessary to interpolate between the BNR 
values. thereby causing additional uncertainties in noise figure measurements. These 
uncertainties are commonly called t'ENR. uncertajnties!' 

For this reason, the BJ3PROM's included in the noise source module 216 are 
also used for storing ENR values for the noise generator 221. These stored BNR 
values are used with the stored r Nt and rm coefficients for obtaining more accurate 
noise parameter measurements. 

No_ise generator manufacturers have traditionally provided a limited number of 
ENR values across a particular bandwhith of interest; for example., twenty-eight {28) 
ENR values. However, the EBPROM's .included with the noise source module 216 
preferably store at least 600 ENR values covering the bandwidth for the noise 
generator 221. These ENR values can be determined using known techniques. 
Because the stored number of ENR values is substantially greater than that which is 
normally provided, BNR uncertainties in noise figure calculations are substantially 
decreased using the noise source module 216. 

The ENR values and the reflection coefficients, r NJ and rm. might be stored in 
respective EEPROM's in the noise source module 216. However, it should be 

understood that the exact configuration for storing the BNR values and the r NJ and 
r N2 coefficients is not critical to the invention. 

A method of determining noise parameters, such as the noise figure., of an 
RF/microwave device under test is preferably implemented in accordance with the 
procedure shown in PIG. 3. This procedure is performed under control of software 
that is programmed into the controller 206 included in the rester body 202. 

First, mismatch data relating to reflections at the noise source module 216 is 
measured in block 310. This mismatch data includes the reflection coefficients rNI and 
r N2.· In the preferred embocliment, the reflection coefficients, r NI. and r Ni. are 
measured using a VNA connected to the noise source module 216, which is unplugged 
from the tester 200. Accordingly, the VNA measures the reflection coefficients, r NJ 

and rm, looking into a port 267 (FIG. 2C) of the noise source module 216. Further, 
because the noise generator 221 is designed tO cover a bandwidth. rNI and rNl are 
preferably determined at various frequencies across the bandwidth. 
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Next, ENR values looking into the port 267 {FIG. 2C) are computed in block 

312. As mentioned above, at least 600 BNR values are preferably computed, with 
each ENR value corresponding to a different frequency across the bandwjdth of the 

noise generator 221. Further, the reflection coeftlcients, r NJ and rm, are preferably 

computed in block 3 t 0 at these same 600 frequency points. 

After the desired number of reflection coefficients and BNR values are 
determined in blocks 310 and 312, respectively. the reflection coefficients and the BNR 

values are programmed into BEPROM's in block 314. :For example> one EBPROM in 
the noise source module 216 might be progrmxrned for storing the ENR values and 

their corresponding frequencies, and che remaining BBPROM"s might be programmed 

for storing the reflection coefficients and their corresponding frequencies. 
Alternatively, reflection coefficients and ENR values corresponding to the same 

frequency points might be programmed into the BBPR.OM's in adjacent memory 
locations. 

A noise source module in accordance with the present invention therefore 
includes a noise generator and BBPROM,s progranuned with reflection coeftieient and 

ENR data directly relating to the noise generator. The noise source module may then 
be plugged into a tester, which uses the data stored in the BBPR.OM's to reduce 

mismatch and BNR uncertainties and therefore increase noise :measurement accuracy. 

Por example, the data stored in the BBPROM' s is used to compute the 

reflection coefficients, r NJ, CORRECJCD and r Nl. CORRECJ'Elli looking .into a port, SU.Ch as a 
port 268 (FIO. 2C), of the switching module 214. The corrected mismatch data for 

the port 268 may be computed using the fonnulae 

Accordingly. the s-parameters S1 h S 12, S1i, and S22 of the switching module 
214 looking into the port 268 are also measured. The s-parameters are preferably 
measured using a VNA connected externally to the tester 200. For example, the VNA 
may be connected to a tester pin on a device interface board (not shown), which serves 

as an interface between the test head 204 and the DUT 218. This tester pin may in 
tum be connected to the port 268 (FIG. 2C) of the switching module 214. Further, the 
s-parameters are preferably measured at the same frequency points as the reflection 

coefficients and BNR values determined in blocks 310 and 312. 

The data stored in the EEJ>ROM's and the s-parameters of the switching 

module 214 are also used to compute corrected ENR values. The corrected ENR 
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values looking into the port 268, which is coupled to an input port of the DUT 218, 
may be computed using the formula 

The corrected mismatch and BNR data may then be stored in a memory (not 
shown) included in the controller 206. Both the ll'WUlet and means of storing the 
corrected mismatch data are also not critical to the invention. 

As mentioned abov~ noise contributed by the measurement system must be 
taken into account when making noise figure measurements using the noise source 
module 216. For this reason, the nome figure oftbe RF receiver (e.g., the RF receiver 
212) included in the tester body 202 is measured in block 316. 

The no.ise figure of the RF receiver 212, P11,cva, may be measured usittg known 
techniques. For eu:mple, switches 263 and 264 in the switching module 214 (PIG. 
2C) may be actuated to pass noise signals from the noise source module 216 to a bias­
T network 265 that is connected directly to a bias-T network 251t thereby by-passing 
the DUT 218. Switches 248. 249, and 250 may also be actuated to pass the noise 
signals at the bias-T network 251 to the RF receiver 212. 

Because there is generally mismatch between the noise source module 216 and 
the RF receiver 212, signal reflections at the RF receiver 212 may affect the amount of 
noise power provided lo the RF receiver 212, thereby causing an inaccurate 
measurement of PR.CVR· For this reason, a reflection coefficient, r Reva, is measured 
using a VNA; s-parameters are measured using a VNA looking into the port 269; and, 
a corrected reflection coefficient. r RCvR, coRREcrao, is computed as 

where s• 11> S' 12, s· 21. and S '22 are the s-parameters of the switching module 214 
looking into the port 269. 

Further. ENRcoRRECTED values looking into the port 268, which is now coupled 
to the port 269, are computed as 

ENRcORRECTEo = ENR I S21I21It-s11rN1I2 I 1-rN1,CORRECTEDrRcva~coRRECT!D I 2. 

(eq. 8) 

The noise figure, FRCVRi may then be computed using eq. 2. Further. suitable 
mismatch and BNR data (e.g., rNJ. COR.tt.ECTED> r N2, CORREC'r£D. r llCVR. COlU~ECTEI>. and 
ENRcouEcrao) may be used to make corrections for the noise power (ie., Ni and N2) 
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provided to the RF receiver 212. This reduces measurement uncertainty cause by rhe 
impedance mismatch between the noise source module 216 and the RF receiver 212. 

The noise power corrections are preferably made computationally using 
techniques that are known to those skilled in this art. Further, the noise power 
corrections may be made by the controller 206 when analyzing the noise detecied by 

the RF receiver 212. It should be understood that the exact method used to make 
these corrections is not critical to che invention. 

Blocks 310 through 316 of the procedure shown in FIG. 3 are primarily meant 
to be performed during an initial calibration of the tneaSUl'ement system. Blocks 310 
through 316 are therefore perfonned relatively infrequently. However, blocks 318 
through 324 are primarily meant to be pcrfonned repeatedly in a manufacturing 
process for quickly measuring noise parameters of volume quantities of RF/microwave 
devices. 

In particular. an RF/microwave device under test. such as the DUT 218, is 
connected to the tester 200 in block 318. A device under test is generally connected to 
a tester through a device interface board. Further, connection$ between the device 
under test and the tester may be made in an automatic fashion using an automated chip 
handling apparatus. Alternatively, these connections might be made manually. 

Next. the noise figure of the measurement system is measured in block 320 
using known techniques. Accordingly, the switches 263 and 264 in the switching 
module 214 may be actuated to pass noise signals from the noise source module 216 to 
the blas·T network 265 (FIG. 2C), which is now connected to the input port of the 
OUT 218. 

Further, an output port of the DUT 218 is connected to the bia.s·T network 
251 (FIG. 2C}. The switches 248. 249. and 2SO may then be actuated to pass noise 
signals at the bias-T network 251 to the RF receiver 212. 

Eq. 2 may then be used to compute the noi~ figure, Fsvs. of the measurement 
system. Accordingly, suitable mismatch and BNR. data {e.g., rNl,CORR.P.C'l'ED, rm. 

CORRECTED. r our. IN. and ENRcon2CTED) may be used to make corrections for the noise 
power provided to the DUT 218. Similarly, suitable mismatch data (e.g., rllCVR. 

CORRECTED• and f Dtrr, QU'I') may be used to make corrections for the noise power 
provided to the RF receiver 212 by the DUT 218. Again. these corrections are 
preferably made computationally by the controller 206 using techniques that are known 
to those skilled in this art. 

The gain of the DUT 218. Gour. is then computed in block 322. Eq. 3 may be 
used to compute the gain. GoU'I'· In addition, che controller 206 may access suitable 
mismatch and ENR data (e.g., rNl.CORR.ECTBD. rm.cORRBCTEDs rDlJT,INt and 
ENRcoR.RBCTet.>l to make any necessary computational corrections to the noise power 
provided ro the OUT 218, thereby reducing uncertainty in the computed gain, Got.rr· 
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Finally, the noise figure of the DUT 218t FotJT, is computed in block 324. 
Accordingly, the values for FaCVR, Fsvs, and GoUT computed in blocks 316, 320, and 
322 may be incorporated into eq. I to compute the noise figure. FotIT-

Having described one embodiment. numerous alternative embodiments or 
variations might be made. For example. it was described that the noise source module 
of the present invention is preferably incorporated into highly automated test 
equipment. However, this was me~!y an .illustration. The noise source module might 
alcematively be used with les$ automated test systems. 

f'u.rther, particular tester architecture was described including a tester body and 
a test head. However, this was also merely an iDustration. The noise source module 
may be used whh a tester of any architecture. The noise source module may also be 
used with measurement instruments that are designed for bench-top use. 

In addition, it was described that the noise source rnodule can be used for 
perfonning noise figure measurements on devices. However. this was merely an 
illustration. The noise source module can also be used to determine parameters such 
as noise factor. Y·factor. and signal .. to·noise ratio. 

In addition, it was described that EEPRO~ s are used f()l' storing BNR and 
mismatch data in the noise sou~e module. Howeller. this was also merely an 
illustration. Any programmable non-volatile storage devices might alternatively be 
used. 

In addition, FIG. 2B shows a schematic diagram of a particular implementation 
of the noise generator included with the noise source module. However. FIG. 2B is 
only meant to be illustrative. Any useful noise circuit might alternatively be used. 

In addition, it was descnbed that 600 BNR values are stored in the EEPROM's 
of the noise source module. However, this was merely an illustration. Fewer or more 
BNR values might alternatively be stored so long as the need for interpolathlg between 
ENR values does not result in an unacceptable level ofBNR uncertainty. 

Further? it was described that the 600 BNR values for the noise source module 
are computed using known techniques. However. this was also merely an illustration. 
The ENR values that are stored in the noise source module might include ENR values 
provided by the manufacturer and/or BNR values computed by the tester operator. 

In addition. FIG. 3 shows a particular sequence of steps for perfonning noise 
figure measurements using the noise source module. However, this was also merely an 
illustration. The steps shown in FIG. 3 may be perfonned in any useful and convenient 
order so long as the noise source module is fully programmed before any noise 
measurements are made. Further. other useful formulae might be used when 
performing the steps for computing values for noise figure, ENR, and gain. 

Therefore, the .invention should be limited only by the spirit and scope of the 
appended claims. 
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What is claimed is 

1. A module for use in a tester. the tester including computerized control 

circuitry, pluralities of signal sources and receivers, and a plurality of channels 

for selectively connecting the sources, the receivers, and the module to 

electrical nodes of a device under test, the module comprising: 

means for generating test signals coupled to at least one of the channels; and 
at least one programmabl~ storage device coupled to the computerized control 

circuitry. 

wherein the at least one storage device is progranuned with data that is used by 

the computerized control circuitry for minimizing uncertainties .in 

measurements made using the generated test sigrtals. 

2. The module as recited in claim 1. 

wherein the means for generating test signals is a noise generator. 

3. The module as recited in claim 2, 

wherein the at least one storage device is programmed with mismatch data for 

the noise generator. 

4. The module as recited in claim 2, 

wherein the at least one storage device is programmed with BNR. data for the 

noise generator. 

5. The module as recited in claim 1, 

wherein the at least one programmable storage device is a programmable non­

volatile memory. 

6. A test system of the type having a tester body and a test head and incorporating 
the module as recited in claim 1, 

wherein the module is incorporated into the test head. 

7. A test system of the type having a tester body and a test head and incorporating 

the module as recited in claim 1. 

wherein the module is incorporated into the tester body. 

8. A method of operating a tester, the tester including computerized control 

circuitry. pluralities of signal sources and receivers, the module as recited in 
claim 1 ~ and a plurality of channels for selectively connecting the sources, the 

iliiim 
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receivers. and the module to electrical nodes of a device under test, the method 
comprising the steps of: 

(a) applying a test signal to the device under test using the means for 
generating test signals included in the module; 

(b) detecting a signal from the device under test, the detected signal being 
produced by the device under test in response to the signal applied in 
step (a); and 

( c) measuring a characteristic of the device under test using the signal 
detected in step (b), comprising the substeps of 
( c 1) accessing data from the storage device included in the module. 

and 
(c2) using the data accessed in step (cl) for reducing uncertainties in 

the characteristic :measured in step (c). 

9. The method as recited in claim 8, 
wherein the data accessed in step (cl) includes mismatch data for the means for 

generating test signals. 

10. The method as recited in clalln 8, 
wherein the means for generating cest signals is a noise generator. 

11. The method as recited in claim 10. 
wherein the data accessed in step (cl) includes data corresponding to the cold 

noise temperature and the hot noise temperature supplied by the noise 
generator. 

12. The method as recited in claim 10, 
wherein the data accessed in step {cl) includes BNR values for the noise 

generator. 

13. The method as recited in claim 9, 

further including the step of computing mismatch data for a channel connecting 
the module to the device under test. 

14. The method as recited in claim 13, 

wherein the mismatch data for the means for generating test sign.a]s and the 
mismatch data for the channel are used for making corrections to the 
signal detected in step (b). 

1ifi1iiiii 
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15. The method as recited in claim. 8, 
wherein the characteristic measured in step (e) is the noise figure of the device 

under test. 

16. A noise source module for use in equipment for measuring noise parameters, 
the module comprising: 
a noise generator; and 

at least one programmable memoey device, 
wherein the at least one programmable memory device is programmed with 

data relating to reflection coefficients and BNR for the noise generator. 

17. The noise source module as recited in claim 16. 
wherein lhe reflection coefficient and BNR data is for reducing mismatch and 

BNR uncertainties in noise parameter measurements. 

iiiii1nT 


