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NOISE SOURCE MODULE FOR
MICROWAVE TEST SYSTEMS

This invention relates generally to automatic test equipment, and more
specifically to automatic test equipment for testing and characterizing RF/microwave
devices.

Automatic test equipment, commonly known as a “tester,” has traditionally
been used in processes for manufacturing semiconductor 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
lelephone industry, where high volume, low cost production is especially important.

One characteristic that is frequently measured relates to noise paramaters of
RE/microwave devices. For example, testers have been used to measure the noise
factor of RF/microwave devices, which when expressed in decibels (dB) is commonly
referred to as the noisc figure of a device.

FIG. 1A shows a partial block diagram of a conventional tester 100 nsed 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 2 cormputerized controlier 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 also includes a test head 104, which generaily 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 bardware for interfacing the test head 104 with the
DUT 118.

FIG. 1B shows a simplified schematic 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 actnated 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 DUT 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 DUT 118. Further,
the pole of the switch 126 is coupled to the noise source 116. The switch 126 can
therefore be actuated to 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 RF 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 noise contributed by the
measurement system when measuring the noise figure of the DUT 118,

The noise figure of the DUT 118, Fpyr, can be calculated using the formula

Fpur = 10 Log [Feys — (Frevr ~1)/Gpur], (eq. 1)

where Rgys is the noise fignre of the measurement system, Frevg is the noise figure of
the RF receiver 112, and Gpyr is the gain of the DUT 118, The noise contributed by
the measurement system is therefore included and accounted for in the calculation of
Fpur using eq. 1.

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

F=10Log {ENR - [(N/N:)-11}, (eq.2)

where ENR is the “excess noise ratio” of the noise source, and N; and N, are the noise
power from the two-port device when the noise source is biased “on™ and “off”,
respectively.

In particular, ENR values for the noise source 116 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 Frevr ineq. 1.
‘When Fgys is determined, the switch 126 is actvated to couple the noise source 116 to
an input port of the DUT 118, and the switches 122 and 124 are actuated to couple an
output port of the DUT 118 to the RF receiver 112, However, when Frevr is
determined, the switches 124 and 126 are actuated to by-pass the DUT 118,
The gain of the DUT 118, Gpyr, can be calculated using the formula

Goor=(N; =Nk (T: -T2) B, (eq. 3)

where T, and T are the noise temperatures 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, — T2} 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 Fsyg, Freve, and
Gpyr into eq. 1.

We have recognized that measyring noise parameters of a device under test in
the manner described above may result in measnrement 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 important that noise parameters of a device
under test be made as accurately as possible.

One type of measurement uxncertainty 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 clements of the measurement system. Further, these impedance
mismatches tend to be more prevalent in measurement systems operating in high
frequency ranges. :

For example, 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 determination of Feys. Impedance mismatches
between the output port of the DUT 118 and the RF receiver 112 can also add
uncertainty to Fsys by affecting the power provided to the RF receiver 112. Similarly,
impedance mismatches between the noise source 116 and the RE receiver 112 can
affect the noise power provided to the RF receiver 112, thereby adding uncertainty to
the determination of Fecvg. These uncertainties geperally lead to inaccurate noise
figure measurements for a device under test,
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Further, different testers can yield different levels of impedance mismatch. This
means that noise parameter measurements made on the same 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
misroatch might result with each device tested, This means that noise parameter
measurernents made by the samg tester might vary from device-to-device. These
tester-to-tester and device-to-device variations can lead to inconsjstent noise parameter
meashrements, which are undesirable in mass production environments.

Anxother type of measurement uncertainty is caused by uncertainties in the
values of ENR used in eq. 2. As mentioned above, the ENR values for the noise
source ] 16 are typically specified as a function of frequency. This means that a limited
number of discrete ENR values are determined or provided across a bandwidth. For
example, the manufacturer of the noise 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 interpolate between these ENR values
when calculating noise figure using eq. 2. 'This results in uncertainty in the ENR
values, which also leads to inaccuracies in the noise figure calculations for Fgys, Frcyr.
and ultimately Fpyr.

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 nojse parameter measurements, it is important 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 board 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 system, and minimize uncertainty in ENR
across a bandwidth of interest. This wonld 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.
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SUMMARY OF THE INVENTION

With the foregoing background in mind, it is an object of the invention to
provide a tester for testing and characterizing RE/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
tester-to-tester and device-to-device variations while performing roise parameter
measurements.

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

The foregoing and other objects are achieved in a tester having an integrated
noise soutce module with a noise generator and a plurality of programmable storage
devices. The storage devices are programmed with data relating to impedance
mismatches and pluralities of ENR values for the noise generator.

In a preferred embodiment, the noise sonrce module is plugged into a tester,
thereby switchably connecting 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~off”
conditions.

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

Still further objects and advantages will become apparent from a consideration
of the ensuing description and drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be better understood by reference to the following more
detajled description and accompanying drawings in which

FIG. 1A is 2 partial block diagram of a conventional tester;

FIG. IB is the FIG. | A apparatus including a simplified schematic diagram of 2
switching module;

FIG. 2A is a block diagram of 2 tester incorporating a noise source module in
accordance with the present invention;

FIG. 2B is a schematic diagram of a noise generator inclnded in the noise
source module shown in FIG. 2A;

FIG. 2C is a schematic diagram of a switching module coupled to the noise
source module of the FIG. 2A apparatus; and

FIG. 3 is a flowchart diagram of a method for measuring noise parameters
using the FIG. 2A apparatus.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 2A shows a block diagram of a tester 200 in accordance with the present
invention. The tester 200 inchudes a tester body 202, which incorporates
programmable controfler circuitry 206. Further, the tester 200 is primarily 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 10 MHz to 6 GHz. For this reason, the tester
body 202 also includes a plurality of RF/microwave signal sources (e.g., an RF source
210) and a plurality of RF/microwave signal receivers (e.g., an RF signal receiver 212).

A tester operator can program the controller 206 to perform various operations
for testing, analyzing, and characterizing high frequency devices. For example, the
tester operator may 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 résponse 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, and 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 incorporate
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 incorporating at least one
switching module 214. Additional details about the general structure and operation of
the switching module 214 can be obtained by referring to US patent no. 5,572,160,
assigned to TERADYNE?®, Inc., 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 directional coupler 220 to a device under test (DUT) 218, Accordingly,
one port may be regarded as being on the “source-side” of the directional coupler 220,
while another port may be regarded as being on the “DUT-side” of the directional
coupler 220. The RF source 210 can therefore produce an RF/microwave test signal



that passes from the source-side to the DUT-side of the directional coupler 220,
through the switch 224, to an electrical node of the DUT 218.

The ditectional coupler 220 also has two ports that are coupled to the throws
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 canbe
viewed as being conpled 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, The switch 222 can
therefore be actuated to connect the RF receiver 212 to either the forward or the
reverse 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 plurality of paths or channels to a device under test. For example, FIG. 2C shows a
more detailed block diagram of the switching miodule 214, which now inclndes two
channels 238 and 239 to the DUT 218. The chantiels 238 and 239 may be used for
applying and measuring respective signals at leads of the DUT 218, Alternatively,
signals on the channels 238 and 239 may be combined using the intermodulation (D)
path interconnecting directional elements 245 and 259 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 systemns, 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 RE/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 determined 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 preferred embodiment, the memory device 223 is
implemented using an EEPROM, such as the X24645 EEPROM manufactured by
XICOR®, Inc., Milpitas, California, USA,

Further, the noise generator 221 is preferably implemented as shown in the
schematic diagram of FIG. 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 “off.” The DC level, Vs, is supplied by the DC source 213 in the tester body
202,

In 2ddition, a resistor 231 and a capacitor 233 on opposite sides of the noise
diode 232 isolate the DC level, V;, from the noise signat output. Further, low-noise
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amplifier (LNA) 235 and attenuation pads 234 and 236 adjust the 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 nojse generator 221 and the EEPROM’s
(e.2., EEPROM 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 nojse source module 216 easily connectable and
interchangeable.

As mentioned above, the noise figure value is often used to characterize the
performance of an RE/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 similarly controlled for measuring the resnlting DUT outputs.

However, in a practical measurernent 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 uncertainties 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 DUT 218 and the
switching module 214, a portion of the reflected noise signal is generally reflected from
the switching module circuitry back to the DUT 218. This phenomenon may be
referred to as the first order effects of the reflected noise signal.
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Further, because the switching module 214 is configured so that the noise
signal passes from the noise source module 216 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 generator 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 referred to as the
second order effects of the reflected noise sighal.

A novel way of compensating for the effects of reflected signals in microwave
test systems is described in US patent application no, 08/955,782, assigned ro
TERADYNE?, Inc., which is incorporated herein by reference. That application
describes a calibration procedure that includes the step of determining the “s-
parameters” (i.., Sy1, Sz, Sz1, and Sz,) of switching module circnitry, These s-
parameters can be viewed as forming a mathematical model of the switching module
circuitry. For example, a vector network analyzer (VNA) and known calibration
techniques may be used 1o determine s-parameters for the switching module 214.

The VNA may also be used to measure the reflection coefficients, Iy and Iy,
of the noise source module 216, Iy, and T, are the reflection coefficients of the noise
soutce module 216 when the noise generator 221 is biased “on” and “off”,
respectively, using the switch 230. Further, the VNA may be used to measure
reflection coefficients, I'pur, i and Upyr, our Felating to input and output 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 caleujated 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, [y, and Dy, for the noise source module 216 are preferably measured and
stored in the EEPROM’s before the noise source module 216 is plugged into the tester
200. This simplifies the calibration of the tester 200 for noise parameter measurements
because the reflection coefficients, I'ny and 'y, stay with the noise source module 216.
Accordingly, when a noise sonrce module is added to a tester, or when 2 noise source
module in a tester is interchanged with a different noise source module, it is not
necessary to measure the reflection coefficients I'; and Iy before using the tester to
perform noise parameter measurements. This is because the reflection coefficients [y,
and I'y; are easily accessed from the EEPROM’s included with the noise source
module.

As mentioned above, the caleulation of noise figure values generally includes
the “excess noise ratio” (ENR) of a noise generator. ENR is generally defined as the
amount of noise power above the noise floor, Further, ENR values for a noise
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generator are typically provided by the noise generator manufacturer and are typically
specified as a fanction of frequency. Because noise generators are generally designed
to cover a particular bandwidth, the noise generator manufacturer typically provides
ENR values at 2 plurality of frequencies across the bandwidth.

However, when calculating noise figure values, it is sometimes necessary to use
ENR values that are not provided by the manufacturer. These ENR values typically
correspond with frequencies that fall between the frequencies for the ENR values
provided. This means that it is sometimes necessary to interpolate between the ENR
values, thereby causing additional uncertainties in noise figure measurements. These
uncertainties are commonly called “ENR uncertainties.”

For this reason, the EEPROM’s included in the noise¢ source module 216 are
also used for storing ENR values for the noise generator 221, These stored ENR
values are used with the stored I'y; and I'y; coefficients for obtaining more accurate
noise parameter measurements.

Noise generator manufacturers have traditionally provided a limited number of
ENR values across a particular bandwidth of interest; for example, twenty-eight (28)
ENR valuecs. However, the EEPROM'’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, ENR uncertaintieés in noise figure calculations are substantially
decreased using the noise source module 216.

The ENR values and the reflection coefficients, T'v; and Iz, might be stored in
respective EEPROMs in the noise sotirce module 216. However, it should be
understood that the exact configuration for storing the ENR values and the I'yy; and
vz cosfficients 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 FIG. 3. This procedure is performed under control of software
that is programmed into the controller 206 included in the tester 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 Iy and
Divz. In the preferred embodiment, the reflection coefficients, Iy -and Ty;, are
measured using a VNA comnected to the noise source module 216, which is unplugged
from the tester 200, Accordingly, the VNA measures the reflection coefficients, Fy;
and vz, looking into a port 267 (FIG. 2C) of the noise sonrce module 216. Further,
because the noise generator 221 is designed to cover a bandwidth, Tyg and Ty 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 Jeast 600 ENR values are preferably computed, with
each ENR value corresponding to a different frequency across the bandwidth of the
noise generator 221. Further, the reflection coefficients, T'y; and Ty, are preferably
computed in block 310 at these same 600 frequency points.

After the desired number of reflection coefficients and ENR values are
determined in blocks 310 and 312, respectively, the reflection coefficients and the ENR
values are programmed into EEPROM's in block 314. For example, one EEPROM in
the noise source module 216 might be programmed for storing the ENR valves and
their corresponding frequencies, and the remaining EEPROM’s might be programmed
for storing the reflection cocfficients and their corresponding frequencies.
Alternatively, reflection coefficients and ENR values corresponding to the same
frequency points might be programmed into the EEPROM’s in adjacent memory
locations.

A noise source module in accordance with the present invention therefore
includes a noise generator and EEPROM’s programmed with reflection coefficient and
ENR data directly relating to the noise generator. The noise sdurce module may then
be plugged into a tester, which uses the data stored in the EEPROM’s to reduce
mismatch and ENR uncertainties and therefore increase noise measurement accuracy.

For example, the data stored in the EEPROM's is used to compute the
reflection coefficients, I'ns, correcrep and 'z, correcten, looking into a port, such as a
port 268 (FIG. 2C), of the switching modnle 214. The corrected mismatch data for
the port 268 may be computed using the formulae

I'ny, correctep = S22 + (S21Sizl)/(1 - FngSyp),  (eq-4)
'z, correctep = S22 + (S21812lw)/(! - IneSu1).  (eq. 5)

Accordingly, the s-parameters Sy, St2, S21, and S; 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
turn 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 ENR values determined in blocks 310 and 312.

The data stored in the EEPROM’s and the s-parameters of the switching
module 214 are also used to compute corrected ENR values. The corrected ENR



13
values looking into the port 268, which is coupled to an input port of the DUT 218,
may be computed using the formula

ENRcoprecrsn = BNR | S0, {711 -8, [2] 1~ Tm.comnrmrr,mlz- (eq. 6)

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

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

The noise figure of the RF receiver 212, Frcvg, may be measured using known
technigues. For example, switches 263 and 264 in the switching module 214 (FIG.
2C) may be actuated fo pass noise signals from the noise source module 216 to a bias-
T network 265 that is connected directly to a bias-T network 251, 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 js 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 to the RF receiver 212, thereby causing an inaccurate
measurement of Frcyr. For this reason, a reflection coefficient, Treyr, is measured
using 2 VNA; s-parameters arec measured using a VNA looking into the port 269; and,
a corrected reflection coefficient, I'revr, correcep, is computed as

I'revr, correctep = 872z + (87218 12Trevr)/ (L - TreveS™u), (€9.7)

where 871, S’1z, S721, and $°2; are the s-parameters of the switching module 214
looking into the port 269.

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

ENRcorsecrep = ENR |85, 1711 - Snlw |z| 1- FNl.connachaFRcw;conxscﬁnlz-
(eq. 8)

The noise figure, Frcv, may then be computed using eq. 2. Further, suitable
mismatch and ENR data (e.g., I'vi, correcrep, e, correcten, Trevr, correctep, and
ENRcopgrecten) may be used to make corrections for the noise power (ie., N; and N,)
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provided 1o the RF receiver 212, This reduces measurement uncertainty cause by the
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 detected by
the RF receiver 212. It should be understood that the exact method used to make
these corrections is not critical to the invention.

Blocks 310 through 316 of the procedure shown in FIG. 3 are primarily meant
to be performed during an initial calibration of the measurement system. Blocks 310
through 316 are therefore performed relatively infrequently. However, blocks 318
through 324 are primarily meant to be performed 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
conmected to the tester 200 in block 318. A device under test is generally connected to
a tester throngh a device interface board. Further, connections 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 nioise figure of the measurement system is meagured 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 bias-T network 265 (FIG. 2C), which is now connected to the input port of the
DUT 218.

Further, an ontput port of the DUT 218 is connected to the bias-T network
251 (FIG. 2C). The switches 248, 249, and 250 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 noise figure, Fsys, of the measurement
system. Accordingly, suitable mismatch and ENR data (e.g., T, correcten, iz,
correctep, 1 our. v, ahd ENRcorrecrep) may be used to make comrections for the noise
power provided to the DUT 218. Similarly, suitable mismatch data (e.g., Trevr,
correcTep, and Ipur, our) 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, Gpyr, is then computed in block 322. Eq. 3 may be
used to compute the gain, Gpyr. In addition, the controller 206 may access suitable
mistnatch and ENR data (e.g., T, correctap, I'ng, correcrens Tour, ov, and
ENRcorrgcTED) to make any necessary computational corrections to the noise power
provided 1o the DUT 218, thereby reducing uncertainty in the computed gain, Goyr.
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Finally, the noise figure of the DUT 218, Foyy, is computed in block 324.
Accordingly, the valnes for Fecvg, Fsys, and Gpur computed in blocks 316, 320, and
322 may be incorporated into eq. 1 to compute the noise figure, Four.

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 merely an illustration. The noise source module might
alternatively be used with less automated test systems.

Further, particular tester architecture was described including a tester body and
a test head. However, this was also merely an illustration. The noise source module
may be used with 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 module can be used for
performing noise figure measurements on devices. However, this was mersly 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 EEPROMs are used for storing ENR and
mismatch data in the noise source module. However, this was also merely an
illustration. Any programmable non-volatile storage devices might alternatively be
uscd.

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

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

Further, it was described that the 600 ENR 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 ENR values computed by the tester operator.

In addition, FIG. 3 shows a particular sequence of steps for performing noise
figure measurements using the noise source module. However, this was also merely an
illustration. The steps shown in FIG. 3 may be performed in any useful and convenient
order 5o 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

A module for use in a tester, the tester including computerizad control

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

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

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

means for generating test signals coupled to at Jeast one of the channels; and

at Jeast one programmable storage device coupled to the computerized control
circuitry,

wherein the at least one storage device is programmed with data that is used by
the computerized control circuitry for minimizing uncertainties in
measurements made using the generated test signals,

The module as recited in claim 1,
wherein the means for generating test signals is a noise generator.

'The module as recited in claim 2,
wherein the at least one storage device is programmed with mismatch data for
the noise generator.

The module as recited in claim 2,
wherein the at least one storage device is programmed with ENR data for the
noise generator.

The module as recited in claim 1,
wherein the at least one programmable storage device is a programmable non-
volatile memory.

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.

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.

A method of operating a tester, the tester including computerized control
circuitry, pluralities of signal sources and receivers, the module as recited in
claim1,and a plnrahty of channels for selectively connecting the sources, the
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receivers, and the module to electrical nodes of a device under test, the method

comprising the steps of:

()  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

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

and
(c2) using the data accessed in step (c1) for reducing uncertainties in
the characteristic measured in step (c). |

The method as recited in claim 8,
wherein the data accessed in step (c1) includes mismatch data for the means for
generating test signals,

The method as recited in ¢laim 8,
wherein the means for generating test signals is a noise generator,

The method as recited in claim 10,

wherein the data accessed in step (c1) includes data corresponding to the cold
noise temperature and the hot noise temperature supplied by the noise
generator.

The method as recited in claim 10,
wherein the data accessed in step (c1) includes ENR values for the noise
generator.

The method as recited in claim 9,
further including the step of computing mismarch data for a channe] connecting
the module to the device under test.

The method as recited in claim 13,

wherein the mismatch data for the means for generating test signals and the
mismatch data for the channel are used for making corrections to the
signal detected in step (b).
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The method as recited in claim 8,
wherein the characteristic measured in step (¢) is the noise figure of the device
under test.

A noise source module for use in equipment for measuring noise parameters,

the module comprising:

a noise generator; and

at least one programmable memory device,

wherein the at least one programmable memory device is programmed with
data relating to reflection coefficients and ENR for the noise generator.

The noise source module as recited in claim 16,
wherein the reflection coefficient and ENR data is for reducing mismatch and
ENR uncertainties in noise parameter measurements.
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