ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

@ R.A.WOOD
ASSOCIATES

RFSpecTest — RF Spectral Test Executive

RFSpecTest is a software program for performing computer automated tests for
RF components, using signal generators and a spectrum analyzer
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*R. A. Wood Associates has developed a software program to perform computer
automated RF testing using the National Instruments NI 5660
» RFSpecTest — RF Spectral Test Executive

»"R. A. Wood Associates has been using the NI 5660 extensively to troubleshoot,
upgrade and perform final test of RF Modules for Lockheed Martin

» The final test data for 1 RF module contains 480 test data sheets (for gain and gain
compression tests)

» One gain test data sheet contains 21 measurements

» One gain compression test data sheet contains ~300 measurements

» The RFSpecTest software and the NI 5660 saved tens of thousands of dollars in test time
compared to manual measurements

= Contents:
» RFSpecTest program information
= Example displays and printouts
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Measurements
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General RF Test Configuration

Signal Generator 3
(GPIB)

"
"
"
"

Power
Meter

R. A. Wood Associates Computer
RFSpecTest w/GPIB
Software Interface
[
> — Spectrum
/ Analyzer
GPIB Cable
Signal Generator 1
(GPIB) '
Signal Generator 2 }\{ DUT
(GP|B) RF Cables V

" Device Under Test

* Equipment Needed:
* RFSpecTest Software
* Computer with GPIB Interface
* 1, 2, or 3 Signal Generators
* RF Power Meter (for Test System Calibration)
* RF Power Combiner (for Two Tone Tests)
* Spectrum Analyzer
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Wittt RF Test Configuration using NI PXI Equipment

FOR TODAY 'S INDUSTRIES
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PXI Chassis <«— NI 5660 —
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R. A. Wood Associates @) =1 0o O o
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GPIB Cable
For Primary [ Signal Generator 1
Measurements (GP|B)
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Signal Generator 2 1| DUT
(GPlB) RF Cables

/

For Intermodulation
Measurements

Measurements (GP| B)

Power

For Calibration
Meter

For Conversion (LO) _>|: Signal Generator 3
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Current Measurements with RFSpecTest

» Tests developed:
» Gain/Insertion Loss vs. frequency
» 1 dB Gain Compression vs. frequency
» Relative Measurement vs. frequency
= Intermodulation distortion (IMD) products vs. frequency
» Test Station Calibration using RF Power Meter
» Future Tests to be added:
» Phase vs. frequency
» Adjacent channel power (ACP)
= Others as requested

= All tests can be performed for various frequency plans:

= Same input/output frequency

= Down conversion with local oscillator (LO)
= High or low side LO

= Up conversion with LO
» High or low side LO
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Devices That Can be Tested Using RFSpecTest

= Amplifiers

» RF Switches

= Mixers

» Receivers chip sets with down conversion
= Filters

= |solators

» Fixed attenuators

= Variable attenuators

» Transmitter chip sets with up conversion
» Local oscillators

= Couplers

= Power Dividers

= Higher level RF modules and sub-systems
= Other RF and microwave components ...
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= Statistical parameters are available
for each test parameter across a
user-defined frequency range

Statistical Parameters

Test Time [g] 35.37

Date/Time  8/7/02 12:00FPM

= Average

= Minimum vs. frequency Gan e | peumereDEEEl

» Maximum vs. frequency Plot of Stat Date

» Peak to peak (P-P) Flatness vs. ELE
frequency .

» Standard deviation :

» Root mean square (RMS) MD; -

Amplitude
=
(%]
[

= Best fit line slope vs. frequency
= Minimum deviation from best fit line

15.005
= Maximum deviation from best fit line ;
= P-P variation from best fit line 1250~

Frequency

S | @

® | Measured
Eﬂﬂ Bezt Fit Line

L1517 R S R S RTRRT SR R S
10000 12000 14000 16000 18000 20000 22000 24000 28000 28000

A

Statistics

AYERAGE
8.30

MIN OF DATA
724

Max OF DATA
9.27

PP FLATMESS

2

i 66

-
[TE)

RMS
2.3
STD DEY
.64

i

Slope of Best Fit Line
-2.13

in D from BFL
-0.21

kax Dew from BFL

i

b arker 1 105000 119.23
b arker 2 105000 119.23
StartFreq  PlatYs
’_.:;l 0 ":,l Output Frequencies
_Stop Freq
-J|2700

‘.-’-'l.rnplitude Delta[Marker 1 - Marker 2]
oo |

‘ Frequency Deltaltarker 1 - Marker 2)
oo |

0.1
P-P % ariation from BFL
|32

1
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Data File Storage and Retrieval

» RFSpecTest provides capability to store measurements to data files, and

retrieve measurements from data files

= All measured data can be stored as tab-separated text data files
» Data files can be loaded and analyzed into the program for future use
= Data files can be imported into spreadsheet programs (Excel, etc)

Test RFSpecTest
Equipment/Measurements

and DUT

Display
Results

Measurement Process
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RFSpecTest
Software

Display
Results

Retrieval Process
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» RFSpecTest is very close to being the first non-customized (off the shelf) RF
Automated test program

» The RFSpecTest Software can easily be configured for additional signal
generators and spectrum analyzers

» New test equipment drivers would be added for additional equipment
» The core software does not change as new test equipment is added

» New test equipment would be a custom modification, but the program will be
expanded to include additional drivers

““““““““““““““““““““““““““““““““““““““

Signal
Generators
RFSpecTest , ! P
P Generic Commands to ; Test P , .
Core Software |, : p . : Spectrum 111 Drivers will be added
and <« Set up Test Equipment [« » Equipment Analyzer : to control additional
nd Take M rement \ | Driver i
User Interfaces and Take Measurements j e test equipment
Analyze Power Meter
and
Store Data | ISR
e
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*»The base cost for RFSpecTest is $1995.00

» The current software is designed to be used with the NI 5660 PXl-based
spectrum/signal analyzer and Agilent 8648C signal generators

» Some additional fees may be required to add drivers for your test setup
= Call us for quotes for other test equipment
= \We have experience with drivers for other test equipment:
» Signal Generators (Agilent, Rohde and Schwarz, etc)
» Spectrum Analyzers (Agilent/HP, Rohde and Schwartz, etc)
» RF Power Meters (Agilent, Boonton, etc)

= We can also add additional measurements to the core software
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FOR TODAY 'S INDUSTRIES

= A demonstration version of RFSpecTest can be downloaded from our WWW site
» www.rawood.com/software products

» The demonstration version shows the various tests and user interfaces
» The program does not take real measurements

» The program reads data files to simulate actual measurements
» The demonstration version should allow the user to see all the features and interfaces

= Call us to receive the full program
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» The RFSpecTest uses an RF power meter to calibrate signal generators, RF
cabling, and the Spectrum Analyzer
= Calibration is performed at the Device Under Test (DUT) interface
» Very accurate measurements of output power at the DUT is possible
= Several calibration steps are built into the software:
» Input calibration from Signal Generator 1 to the DUT input

» Input calibration from Signal Generator 2 to the DUT input (for two tone measurements)

= Input calibration from Signal Generator 3 to the DUT input (for Local Oscillator (LO))
= Qutput calibration from the DUT output to the spectrum analyzer

» Separate input and output calibration files allows measurements to be made through
frequency conversions

» Gain/Insertion loss accuracies comparable with network analyzers are possible (within
tenths of a dB)

» Power measurements with RFSpecTest are generally more accurate than network analyzers

= Calibration is performed at the DUT output, RF cable losses are taken out
= VSWR effects can be minimized by adding fixed pads at the DUT interface

9/27/2002
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= Gain vs. frequency

= Reverse isolation vs. frequency

=1 dB gain compression vs. frequency
= Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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Example Amplifier Test: Mini-Circuits ERA-5SM: Gain

EE Top_Level Gain_Test12.wi | <]
File Edt DOperate Tools Browse “Window Help
Gain Test
Configure Test Frequencies ' Gain Plot ‘ Mumeric Dizplays | Test Time (5] /35,37 Date/Time §5.7/02 1200 PM S< Tlab 1d
ISplaye
RF START Frequency [Mhz] piay
1050.00 Plat of Stat Data Statistics
’ 25.00- AVERAGE
RF STOP Frequency [Mhz) g
J I‘IB.BD
2oL 2 80 MIN OF DATA
RF STEF Size [Mhz) ] 17.24
50,00 -
000 &< OF DATA
RF Power Level (dBm) . ] | 119.27
-10.00 = : enm— P-P FLATNESS
EL 17.50- 203
= 3
15.00- FittS
: 11831
] STD DEY
1250~ 064
10.00- Slope of Best Fit Line
1000.0 12000 14000 1600.0 18000 20000 22000 24000 26000 2800.0 |-2.13
Frequency Fir Der from BFL
P Marker 1 105000 (1923 <] |8 Measured 1-0.21
Mini-Circuits ERA-5SM : . Eiest Fit Line &= De from BFL
Makerz 105000 11923 || @ Jo17
) Start Freq : Plat "z Amplitude DelkalMarker 1 - Marker 2] P-P % ariation from BFL
;)|EI U|Dutput Frequencizs “DJ 0.00 IEI.32
. Stop Freq ‘ Frequency Deltaltarker 1 - Marker 2)
J|2700 =J/0.00
Comments Output File Path
ini-Circuit Amp ERA-BSM-TE Sn- RaWw 002 CwWINDOWSAD esktop'\Mini-Eircuits
[ TaKE MEASUREMENTS B savE Datal Ext AmpshSN RAWDDZ Gain Test
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Amplifier Test: Gain

|_Level_bain_lestT.zw *
dit Operate Toolz: Browze Window Help
Gain Test
e ‘ — Dilas | Test Time [s] 35,37 Date/Time 8/7/02 12:00 P <.< Tab 2
RF START Frequency (Mhz) Input Frequencies LO Frequencies Dutput Frequencies Gain Array Displayed
105000 9o oo o0 Jiomor 50 Jiosoon g0 Jaz
RF STOF Frequency (Mhz] Iw IM Iw IW
HFESETESIIZ'D;ZE [fhz) Iw IM Iw IW
50,00 |12'JD.EIEI |1DEIEI.DD |12IJEI.|:||:| |19.na
RF Power Level [dBm] lm lm lm IW
o 30000 | o000 30000 a5
Mini-Circuits ERA-5SM 1700 o) e =
Comments Output File Path
tini-Circuit &mp ERA-BSM-TE Sn- RaMw 002 CWwWAND DWW S D ezktopiMini-Circuits
| 1&KE MEASUREMENTS ff save patad Bt AmpshSH RAWD0Z Gain Test
RAWood

9/27/2002 Page 15



R A WOOoOoD
ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

Amplifier Test: Gain Compression

{2 1_db_gain_comp_test15_vi

File Edit Operate Toolz Browse “Window Help

X dB Gain Compression Point Test

Configure Test Frequencies

RF START Frequency [Mhz]

' Output ws Frequency Plat

Output dB Comp Paint

Qutput we Frequency Data | Firwe Pout |

Colurnn for v :) Qutput dB Comp Point

Test Time [5] 633,70

Date/Time 8/3/02 216 PH

Statistics

I
=
m
)
I
ol
m

19.13
MIN OF DATA,

A

0 2500.0

117,61

Max OF DATA
1968

PP FLATNESS
207

:

T

1313
STD DEY
0.46

:

Slope of Best Fit Line
-1.26

Min Dex from BFL
-0.88

Max Dew from BFL

il

300.00
RF STOF Freguency [Mhz] 25.00-
2500.00 23 650 E
RF STEP Size [Mhz] 20_002 .
100.00 E u
RF Power Level [dBm) 1730 =
15,00 g 15002
e E
F 1250=
= |
< 10,002
7503
.00
2507
Mini-Circuits ERA-5SM D001 v v de e o e
u 2500 5000 750.0 10000 12500 15000 1750.0 20000 2250.
Frequency
Marker 1 1eo0o0 1930 4] | @] ® | Measured
- - Best Fit Line
Makerz  |eso000 |1761 o) 4| &l
dB of Gain Compression . Start Freg Amplitude Dekat arker 1 - Marker 2]
Ao Ao 1.63
FJ] ' } Stop Freq Freguency DeltalMarker 1 - Marker 2]
Tzt Input Power Level Step Size .-:) 700 800,00

) 200

|0.38
P-P W anation from BFL
1.26

:

2nd Input Power Lewel Step Size
) 010

TKE MEASUREMENTS I save patad et

l

Test Comments
ERA-B5M-TE,

Output D ata File

CWINDDWS D esktopiMini-Circuits AmpshSH
% Raw 002 Gain Comprezsion

<< Tab 1
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EE 1_db_gain_comp_test15.wi
File Edt Dperate Tools Browse Window Help

[
X dB Gain Compression Point Test
Configure Test Frequencies ' Output vz Frequency Plot — Output vz Frequency Data Fir wz Paut I Test Time (<] [639.70 Date/Time |6/3/02 216 PM <<Tab 2
RF START Frequency [Mhz)
300.00 Imput |Output |Starin | Gain | Input |Compr | dB of |Output Input Frequencies L0 Frequencies Output Frequencies
RF STOP Frequency [Mhz Freq | Freq g at Campr || essed | Gain | 14 jr ] T ]
[MHz] " [MHz] | Input | Input  |eszsion | Gain | Comp | Comp
2500.00 Power | Pawer | Paint Paint
RF STEF Size (Mhz)
100.00
RF Power Level [dBm]
-15.00
Mini-Circuits ERA-5SM
dB of Gain Compreszion
;-j 1.00
T3t Input Power Level Step Size —
4200
2nd Input Power Level Step Size
9 0o Test Comments Output D ata File
ERA-B5M-TE, 5 I::'\WINDDWS\.Desktup'ﬁ.Mini-Eircuits AmpshSH
[ 1eKE MEASUREMENTS | save patal Exi7 ] AU B D BT T ERTaT
Kl | ﬂJ
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FOR TODAY 'S INDUSTRIES

iis! 1_db_gain_comp_test15.vi

File Edit Qperate Toole Browse ‘wWindow Help 196
©|E | 13pt &pplication Font | = ll :,;.v' Tn:v"fg"lv' Comp
=
X dB Gain Compression Point Test
Configure Test Frequencies | Dutput vz Frequency Plat | Output vs Frequency Data  Pin vs Pout Test Time (] 63370 Date/Time | 8/3/02 216 FM <<Tab 3
RF START Frequency [Mhz) Plot
200,00 Fir We Pout Aray 2200~ [
RF STOP Frequency (Mhz) . Pin  Gain  GC  Pout Ideal 50,00 3 ‘,"’
h b = / —
250000 )0 1300 1905 001 605 605 = e
_ S |1100 1903 000 8O3 805 el Ui /
RF STEP Size (Mhz) o0 |ao0 13p2 opt 1002 1005 16.00° >
100.00 700 1901 002 1200 1205 1100 /""
500 19.00 003 1400 1405 0= L
R 200 1883 010 1593 16.05 £ 12007 f-#""'
-15.00 .00 1882 021 1782 1805 = : >
100 1819 085 1319 2005 & 10.00- L
300 1681 222 1981 2205 £.00= ’,./
000 1864 033 1864 1905 1]
010 1861 042 1871 1915 B.00-
020 1856 047 1876 1925 4.00-
030 1853 050 1883 1935 2
D40 1850 053 1890 19.45 2.00=
050 1845 053 1895 1955 D00 | b e
——— 060 1841 062 1301 1965 140 420 100 80 &0 40 20 00 20 40
Mini-Circuits ERA-5SM 070 1836 067 1906 1978 Frequency
080 18239 074 1309 19.85 —
080 1825 078 1915 1995 Marker 1 130 93 4l la] ® | Measured EE
100 1819 084 1313 2005 S Best Fit Line
110 1816 087 1926 2015 barker 2 1.30 03w 8] -
120 1808 095 1328 2025
130 1801 102 1331 2035
Itput Fi .
dB of Gain Compression 000 000 000 000 000 A :EED E'Eq”e”':y Pin DeltalMarker 1 - Marker 2)
A oo oo 000 000 000 000 oJ/1600. -1.03
:J - ; Pout Delta(Marker 1 - Marker 2]
1zt Input Power Level Step Size 0.00 I
o) 200 :
2nd Input Power Level Step Size
’_.-JJ IR ] Test Comments Output Data File
ERA-BSH-TE, 5 C:WwIND DWW S DesktophMini-Circuits AmpshSN

R/ 002 Gain Compression

TAKE MEASUREMENTS l SaE D;’-‘-.T.-’-\I EKITI

EﬂStart”J @ 'EI :\_fj E‘ |J —ydownloads | test panels3doc.doc - W, | LabWIEwW | HF_test_setﬂr?.vi ||1_dh_gain_cnmp_te... || 225 PM
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FOR TODAY 'S INDUSTRIES

I Top_Level Gain_Test12 vi

File Edit QOperate Tools Browse “Window Help

Gain Test
Configure Test Frequencies ' G air Plat | Mumeric Displays | Test Time [=] Job:21 Date/Time |8/3/02 233 PM
RF START Frequency [Mhz]
00,00 Plot of Stat Data Statistis
- 0.00-
RF STOP Frequency [Mhz) - ERAEE
3 22,81
2500.00 -5.00- kI OF DT
RF STEP Size [Mh 3
ize [Mhz] 10.00- 2344
100.00 : M OF DATA,
RF Power Level [dBm) o 5.00- |-22.21
-15.00 3 : P-P FLATMESS
E -2EI.IZIIJE . |-|.23
2500~ RMS
: 12282
3000~ STD DEY
-36.00= |'135
! A R A R R A R R A A R R R A R R R AR
2500 5000 7800 10000 1250.0 15000 17500 20000 22500 25000 1.11
Frequency fdin D ew from BFL
Marker 1 0000 2344 B8] @ Measured E E 1-0.27
- , _~ Best Fit Line b ax Dew fram BFL
Maker2 130000 2344 ] | @] 013
. Start Freq ) Plat 'z Amplitude Deltaltarker 1 - Marker 2] P-P % aniation from BFL
',DHEI '_erDutput Frequencies 0.00 IEI.4E
) Stop Freq Frequency Deltaltarker 1 - Marker 2]
oJ|2700 0.00
Comments Output File Path

ERA-BSM-TE Rewerze lzolation 5

[ 1akE MEASUREMENTS Il seve patal exit
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E Top Level Intermod Test2. v

Fil= Edit Operate Tool: Browse ‘wWindow Help

Amplifier Test: Intercept Points (dBm)

- 10] x|

Intermodulation Distortion {IMD) Measurement

Corfigure Test Frequencies | Intermod Measurement Plot | Numeric Displays | TestTime (5] 4317 Date/Time 8/10/02 810 PM
RF START Frequency (Mhz) Plot of IMD S 1o Ehn Sl
ata to Run Stats on
4500~ Py
500.00 E ) IF3 (dBm]
RF STOP Frequency (Mhz) 40,002 p
5 AWERAGE
2600.00 3
35,00~ I
FF STEF Size [Mhz) 3 ri-lINSgF DATA
400.00 30.00- 514
RF Power Level (dBm) 1“::3" 2500 E P& OF DATA
-10.00 S 50 DDE | | | |34.38
< T | | I PP FLATHESS
15.00- |5-24
'ID.DEI; RS
5 00 3 |32.D2
- STD DEY
000 e e e e e e e e e e e ey |2.I35
Mini-Circuits ERA-5SM GO0.0 YO0 10000 1250.0 15000 17600 2000.0 22600 25000 27500 -
Frequency Slope of Best Fit Line
Maker1 150000 (352 |-l 8-] ® T ] 10T Sy lrfjsé 1
- - Taone 2 [dBm] ™ i B! L7
Marker 2 00D 952 4l @] MD3 |-068
. Stat Start Freq Frequency Differenceltarker 1 - Marker 2] IMD5 Max Dev from BFL
o 0.00 IMD7 IW
Tane 2 Freq OffsetiMHz) Sl S Fiee Amplitude Difference(Marker 1 - Marker 2] D P-P % ariation from BFL
j 10.00 U|—2F"DD ooo |1.55
e IMD5
) Data Dizplay IMDT o
>> "::I Intercept Points (dBm]
Camments Output File Path
Mini Circuitz ERA-BSM Intercept Paints 3
[ BUN IMD MEASUREMENTY seve Datal Ex1
Y
9/27/2002 Page 20 RAWood
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[ Top Level Intermod Test2 vi

File Edit Dperate Toolz Browse Window Help

Amplifier Test: Intermodulation Distortion (dBc)

i [=] B

Intermodulation Distortion {IMD) Measurement

Test Time [z] 43.23

Mini-Circuits ERA-5SM

Frequency

Configure Test Frequencies ' Intermod Measurement Plot . Mumeric Dizplays |
RF START Frequency (Mhz] Plat of [MD
500.00 15.00=
10.00-
RF STOP Frequency [Mhz) -
2600.00 0.00-
RF STEP Size [Mhz) A0.00=
400.00 :
-20.00-
RF Power Level (dBm) 1"::3" g
000 EL -SD.DD;
< 4000-
A0.00--
-ED.DDf
70,005 - e S
e | [ |_F._._ | | |
i S

S00.0 7500 10000 12500 1500.0 1?5|EI.I:I 2000.0 22500 2500.0 2750.0

Date/Time 8/10/02 8:12 PM

) Data to Run Stats on

j IMD3H (dBc)

AYERAGE
-43.41

tIM OF DATA
-50.06

e OF DATA
-45.21

PP FLATHESS
4.85

§EEE

RMS
43.45
STD DEY
1.95

ié

Slope of Best Fit Line

Marker 1 sooo0 a5z | ol & ® | Tone 1 [dBm) s Ir:-'gi:. S
- : Tone 2 [dBrm] ™ 0 [LE litain]
4| @
Maker2  |50000 1952 el - @ D (115 |
. Stat Start Freq Frequency Difference(tarker 1 - Marker 2] IMD5 Maw Dev from BFL
ol 0.00 IMD7 LLo: .
. Tone 2 Freq OffsetHz) Stat Stop Freg Amplitude Difference(Marker 1 - Marker 2] I P-F Wariation from BFL
100 2700 0.00 J220
E IMD5
) Data Digplay IMD7 L
>> U Intermodulation Products [dEc)
Camments Output File Path
Miri Circuitz ERA-BSM Intercept Paints 9
[RUN MD MEASUREMENTH seve patad] e
Y
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Bl Top_Level Gain_Test12.vi

File  Edit

Operate  Tools

Example Amplifier Test: WJ Communications AH1: Gain

Browsze ‘Window Help

Gain Test

Configuie Test Frequencies | Gain Plot | Numeric: Displays: |

RF START Frequency [Mhz)

Test Time [g] 1938 Date/Time 8/9/02 409 PM

Plot of Stat D ata ish
00.00 . Statistics
RF 5TOF Frequency [Mhz] T ";‘fEEHDAGE
2500.00 15.00-= - er;J OF DATA
RF STEF Size [Mh: 3 '
ize [Mhz] 10.00= 10.02
100.00 - hlde OF DATA
RF Power Level [dBm] » 5.00 : |13.1D
-10.00 = : P-P FLATHESS
;E 000 i |3.DB
5.00- RMS
. 11163
-10.00
] STD DEY
-15.00-= ID.84
20 DD—: Slope of Best Fit Line
800.0 1000.0 1200.0 14000 16000 18000 20000 2200.0 2400.0 2600.0 -2.68
Frequency tin Dew from BFL
Marker 1 sono0 130 ] -l @] ® Measured E :_: 1-0.25
- - Best Fit Line bl aw Diee From BFL
Makerz  Jsono0 Jizi0 el @] 025
StaitFieg  Plots Amplitude Delkaltdarker 1 - Marker 2] PP ariation from BFL
EHD a|Dutput Frequencies 0.00 ID.ED
) Stop Freq Frequency Delta(karker 1 - Marker 2]
)|2700 0.00

[ Take MEASUREMENTS f save pataf Exr |

Comments

DOutput File Path

C:hn/IMDOWS \Desktop \Mini-Circuits
B mpstaH1 Amp GAIN

9/27/2002 Page 22
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" Insertion loss vs. frequency

= On/Off isolation vs. frequency

=1 dB gain compression vs. frequency
= Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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EE Top _Level Gain_Test12.vi

RF Switch Example: Hittite HMC194MS8: Insertion Loss

Fil= Edit Operate Toolz Browse “wWindow Help

Gain Test
Conligure Test Frequencies | Gain Plot ‘ Numeric Displaps | TestTime [s] 25.2F  Date/Time 8/9/02 301 PM
RF START Frequency [Mhz)
p— Flat of Stat Data Statistics
) 16.00-
RF STOP Frequency [Mhz] g ASJEQAGE
12.50= s
2500.00 : MIN OF DATA
RF STEP Size (Mhz) 10-005 030
100.00 7.50= i OF DT
RF Power Level [dBm) o 500 £ I'D-53
0.0 E P-F FLATHESS
B 2 10.27
T oo
EIE) RS
-2.50- ID'?B
500 STD DEY
5 ID.DB
-7.60=
10.00= Slope of Best Fit Line
! ST P T B T e B o B BT T R
2500 5000 750.0 10000 12500 1500.0 17500 20000 2250.0 2500.0 I-EI.1?"
Frequency | Min Dev from BFL
Marker 1 3000 067l -lEe] ® | Measured E E |-0.15
. , Best Fit Line M ax Dev fram BFL
Makerz  Jaono0 |0s7 ) -+l @e o
. Start Freq : Plat %z Amplitude DeltalMarker 1 - Marker 2] P-P % ariation fram BFL
"_DHEI "_rlelutput Frequencies L) 0.0n IEI.25
) Stop Freg ‘ Frequency DeltalMarker 1 - Marker 2]
) 2700 Jl 0.00
Comments Output File Path
Hittite Switch Insertion Lozs CowfIMD OS5 \Desk tophMini-Circuits

[ TakE MEASUREMENTS B save pataf exr |

& ArmpghHittite Switch Inzertion Lozs
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enimenmmee socomone | RF Switch Example: Hittite HMC194MS8: On/Off Isolation

FOR TODAY 'S INDUSTRIES

HRelative_lsolation_Testh. i

]

ile Edit Operate Tool: Browse Window Help

Relative Measurement Test Time [5] |25.38
Configure Test Frequenciss I & Measurement Flot . B Meazurement Plot | Difference Plot | Murneric Displaps . Date/Time |3/3/02 £:13 PH << Tab 1
RF START Frequency [Mhz]
p—— Label far Meazurement & {Hitte Sw. BF1 ON Statistics &
RF STOP Frequency [Mhz) 12.?53 AVERAGE
2500.00 : 073
RF STEP Size [Mhz) 1|:I'I:":I_: MDIESDFDMA
100.00 8.00- o
. - Ma OF DATA,
RF Power Level [dBm) 5-':“:": B
0.00 | 4mo- P-PFLATHESS
=R + o2z |
= 3 027
E 2.00°
000 RMS
3 0,73
- 200 STD DEW
ON” Measurement 4002 W
?ggz Slope of Best Fit Line
2500 5000 750.0 10000 1250.0 15000 17500 20000 22500 25000 | 014
Frequency bdin Dex from BFL
. ; 014
Marker 1 137500 lz7s ] | & ® Messued
Best Fit Line o | | MazDev from BFL
Marker 2 137500 |275 |-l e : o | [R5
~ Stat Start Freg & Frequency Difference AlMarker 1 - Marker 2] P-P % ariation from BFL
Difference Flat 0 0.00 0
'I:.I A -B " Stat Stop Freg & Amplitude Difference Alkarker 1 - Marker 2]
ol =700 0.00
Commentz Cutput File Path
RUM & MEASUREMENT 0] Hitite: Switch RF1 On, RF2 OFF 9 C:AwIND D0/ShDesktopMini-Circuits
RUN B MEASUREMENT | savE paTal] Bt Amps'Hitite Sw. RF 10N
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

Relative_lsolation_Testh. v

I

le Edit Operate Tool Browse

RF Switch Example: Hittite HMC194MS8: Off Isolation

Window Help

Relative Measurerment

Test Time [z] |25.49

Configure Test Frequencies

RF START Frequency [Mhz]
330,00

RF STOP Frequency [Mhz)
250000

RF STEF Size (Mhz]
100,00

RF Power Level [dBm)
[0.00

“OFF” Measurement

9/27/2002

Difference Plot
)& -B

RUM A MEASUREMENT

Label for keasurement B

I A Measurernment Plot | B Meazurernent Plot

Difference Plot | Murnenc Displays '

10.00-
0.00-
10.00-
£ 20.00-
I -
< -30.00-
-40.00- ;ﬂ,’-!_"‘"
50,00 ﬁu-‘!"'
||
-B0.00 - T T e e T ey
2600 B000 7A0.0 10000 1250.0 15000 17500 20000 22600 2500.0
Frequency
Marker 1 137500 |20 49 | & ® | Measuied ™
- - | Best Fit Ling e
Maker2 137500 |-2500 @l | &l 2
~ Stat Start Freq B Frequency Difference B{Marker 1_- Marker 2]
5.0 0.00
_ Stat Stop Freq B Amplitude Ditterence BMarker 1 - Marker 2]
2700 0.00

Date/Time |8/3/02 E:13PM

Statisticz B

AYERAGE

-45.65

FIM OF DATA

-56.50

fA 2 OF DATA

-34.55

P-F FLATMESS
1.532

§EEE

RS
46.01

STD DEY
.79

i

Slope of Best Fit Line

18.65

tin Der from BFL

-1.47

b4 & Diew fram BFL
.84

P-P % ariation from BFL
32

iiif

[

RUM B MEASUREMENT

savE DAt ExiT |

LComments
Hitite Switch BF1 O, BF2 Tem.

Cutput File Fath

%

C:WwIND 0w S \Desktophhini-Circuits
ArmpziHitite Sw. BF 1 0OFf
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Mlinishidyiahyigo bl RF Switch Example: Hittite HMC194MS8: On/Off Ratio

FOR TODAY 'S INDUSTRIES

ii=! Relative_lsolation_T est5. vi

File Edit QOperate Toolz: Browse “Window Help

Relative Measurement Test Time (5] |25.49

Configure Test Frequencies I & Measurement Plok | B Meazurement Plat  Difference Plat | Murmeric Displags . DatedTime [3/3/02 E:13 Pi <<Tab 3
AF STAAT Fiegusricy [l Difference Label | - Hitite Sw. RF1 off RF2 Tem.
330,00 Statistics 3
RF STOP Frequency [Mha) fon- AVERAGE
2500.00 5.00- A4.86
RF STEP Size [Mha) 10.00- MIN OF DATA
100,00 -15.00- 55.84
RFF . Level [dB 20.00- b OF DATA,
oveer Lewvel [dBm] u .25_00_- 33,79
0.00 RN F-P FLATHESS
§ S 22.05

-35.00- =

40.00- fﬂ'—-‘ RMS
45.00- ___,.(_:’—-1 45,24
“ON/OFF” Ratio 000 ||t e
55 00-H— 5 :
-EI:I_I:IEI—_I,,,,I,,,,I,,,,I,,,,I,,,,I,,,,I,,,,I,,,,I,,,,I Slope of Best Fit Line
2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 | igsr
FICTIEE Min Diew from BIFL
Marker 1 100815 4761 @l %] ® l Measured o .54
Marker 2 196253 4081 B & i | Beatfine | TS
] 1.78
:  Stat Start Freq Difference  Frequency Difference(Marker 1 - Marker 2] P-F % ariation fram BFL
I’__leference Plat :J 0 984 37 W
:‘I o J Stat Stop Freq Difference Amplitude Difference(Marker 1 - Marker 2]
’:] 2700 6,80
Cormments Output File Path
RUM & MEASUREMENT <] Hitite Switch RF1 OF, RF2 Term. g CWINDOWS\DeskiopiiniCicuits
RUN B MEASUREMENT | sane DaTaf Exi7 | AmpsiHitits Sw. Difference Piat
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

RF Switch Example: Hittite HMC194MS8: On/Off Ratio

EE Helative_lzolation_Testh vi

File Edit Operate Toolz Browse Window Help

Relative Measurement

Tezt Time [z] 25,49

Configure Test Frequencies

RF START Freguency [Mhz]

l &, Meazurement Plot | B Measurement Plot | Difference Plot | Mumeric Dizplays ‘

Date/Time 18/3/02 E13PM

33000

RF STOP Frequency [Mhz] ) Input Frequencies L0 Frequencies Dutput Frequencies Gain A Aray Gain B Anay Difference Armray

2500.00 A0 Wanoo )0 Nioonoo o0 Wasnoo | A0 Baer o) Nseso o0 esas

RF STEP Size (Mhe] 43000 100000 430,00 067 5434 5427

— 53000 100000 530,00 071 15235 5224

R Pomer Level[d&m) 63000 J1000.00 630,00 J 073 5076 {5003 |

— 7000 100000 (730,00 1074 5041 4986

lean.00 1100000 130,00 1075 -49.89 4315

l930.00 100000 190,00 1077 14935 4858

1103000 100000 1103000 041 14523 4733

"ON/OFF” Ratio 113000 1100000 [1130.00 080 47,52 [4672

1123000 100000 1123000 1030 4723 4648

1133000 100000 1133000 1079 |47 66 4587

1143000 1100000 1143000 054 14610 4526

1153000 100000 1153000 1074 4571 4457

1163000 100000 1163000 0.0 14538 4458

1173000 100000 1173000 1073 4452 4379

jDifference Plat 1183000 100000 1183000 1077 4323 4245

B -A
Carmments Output File Fath

RUN & MEASUREMENT |5

RUN B MEASUREMENT | 5evE Datal

ExiT |

Hitite Switch RF1 O, RF2 Terrn.

q C:WwIMD DWW SADesktopiMini-Circuits
AmpztHitike Sw. Difference Plot
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R A WOOoOoD
ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

RF Switch Example: Hittite HMC194MS8: Intercept Points

EE Top Level Intermod Test2.wi _ O x|
File Edit Operate Toolz Browse ‘Window Help
Intermodulation Distortion {IMD) Measurement
Corfigure Test Frequencies ' Intermod Measurement Plot Mumeric Displays | Test Time [3] 55.53 Date/Time 8/9/02 3:55 PM
RF START F il Plat of IMD
requency (Mhz] E0L00- _Data to Run Stats on
300,00 e “_,)Ton.ﬂ [dEirm)
RF STOF Frequency [Mhz) 45.00= |
B AYERAGE
280000 40,00
RF STER Size [khz] E e |2'?4
25,00 kI OF DATA
300.00 3 l—
= 274
RF Power Level [dBm] g 0.0 E bax OF DATA
= 25.00= l
.00 = e | | 274
< 20,002 i | | ' | | | —= P-P FLATNESS
S ID.DD
15,00
10,002 FiMS
z |2.?4
5.00- =
: 5TD DEY
L T T T T ID.EIEI
2600 5000 ¥50.0 1000.0 12600 12000 17500 20000 22500 25000
Frequency Slope of Best Fit Line
Matket 1 e EET S ® | Tane T [dBm) " I':,aND -
. - Tane 2 [dBm] L™ In L&y imarm
Maker2  |30000 (582 4l o8- D3 [oon |
. Stat Start Freq Frequency Difference(tarker 1 - Marker 2] IMD5 lwmm BFL
A0 0.00 IMD7 =
Tane 2 Freq Dffset(MHz] JI Amplitude Difference(Marker 1 - Marker 2] P-F % ariation from BFL
: ) Stat Stop Freg IMD3
.-) 010 :J 2700 119 IU.EIEI
- IMD5
) Data Display MO 7 L
f_.-) Intercept Points [dBm)
Comments Output File Path
Hitite Switch 5 E:_\_WINDDWS\.Desktpp'\Mini-Eircuits Ampsh
[ RUM IMD MEASUREMENTH savE petal Ex1 USSR TS Al T
y
Page 29 RAWood

9/27/2002




ASSOCIATES

P A . WOOD
Miniimyiidyjio bl Measurements with RFSpecTest — Mixers

FOR TODAY 'S INDUSTRIES

= Conversion loss vs. frequency (up or down conversion)

= |solation vs. frequency
» | to | isolation
» | to R isolation
» R to | isolation
= | to R Isolation
»1 dB gain compression vs. frequency

= Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

Mixer Example: Anzac MD-525: Conversion Loss

9/27/2002

I Top_Level_Gain_Test]2.vi

File Edit Operate Toolz Browse ‘wWindow Help

Tab 1

Down Conversion,
Fixed LO,
Stepped RF and IF

Gain Test
Configure Test Frequencies | Gain Plat ‘ Mumeric Displays | TestTime ] 115,05 Date/Time |8/3/02 456 FM
RF START Frequency [khz)
p—— Plat of Stat D ata Statistics
- 20,00
RF STOP Frequency [Mhz] = A:E?AGE
1800.00 15.00- MIN OF DATA
RF STEF Size (kb 3 I
ize [Mhz) 10,002 712
25,00 - hAz OF DATA
RF Pawer Level (dBm) , B0 - |-B.94
Anon = P-P FLATHESS
- = 000
§ E ID.1B
Frequency Optionz .00 : RS
Miser - Down Conversion 3
. : -10.00-= I?.D1
i=er O ptionz 3 STD DEV
Fised L0, Stepped RF and IF A5.00- 1005
Down Converzsion O piohs 20 ElEl—: Slope of Best Fit Line
|=R-L b R R R R R AR R RN R R ERE
5000 5a0.0 BO0.0 £50.0 F00.0 Fan.0 200.0 I-D.DE
LO Frequency (Mhe) Frequency Min Diev fram BFL
1000.00 = w1l
Marker 1 so000 |69 | | E@e] ® | Measured E E |01
L0 Power Level (dBm) . - Eest Fit Line M ax Dev from BFL
Marker 2 sonon |694 el | @
12.00 10.08
) Start Freq ) Plat Wz armplitude Delta(tarker 1 - Marker 2] P-F % anation from BFL
L0 Power(dBm) E:llD ;Jlﬂutput Frequencies 0.00 ID.'IB
12.00 ) Stop Freq Frequency DeltalMarker 1 - Marker 2]
fl2700 0.00

[ 12KE MEASUREMENTS f save Datall BTl

Comments

Mixer Diown Corversion]

Output File Path

CAWINDOW S \Dezk topiMini-Circuits
AmpzhaHT Arp GAIN
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

Mixer Example: Anzac MD-525: Conversion Loss

B! Top_Level Gain_Test]2 vi

File Edit Operate Toolz Browze Window Help

Gain Test

Corfigure Test Frequencies | Test Time (5] 1605 Date/Time |8/3/02 4:55 PH Tab 2

Gain Plot  Mumeric Dizplays |

RF START Frequency [Mhz]
1500.00

RF STOF Frequency [Mhz)
1800.00

Input Frequencies L0 Frequencies DOutput Frequencies [ ain Array

o

RF STEP Size [Mhz]
25,00
RF Power Level [dBm]

Down Conversion,
Fixed LO,
Stepped RF and IF

-10.00

Frequency Options
Miser - Down Conversion
Mirer Options
Fixed LO, Stepped RF and IF
Diown Converzion Options
|=F-L
LO Frequency [Mhz)
100000

LO Power Level [dBm)
1200

LO Power[dEm)
12.00

Commentz Output File Path

C:AWINDOWSAD esktopMini-Circuits
B AmpstAHT Amp GAIN

Mixer Down Converzsion

[ 1aKE MEASUREMENTS ff sewe Datal] BTl
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

B! Top_Level Gain_Test]2.vi

Mixer Example: Conversion Loss: Up Conversion

File Edit Operate Toaolz Browse Window Help

Anzac MD-525

Up Conversion,
Fixed LO,
Stepped RF and IF

Gain Test
Configure Test Frequencies ' Gait Plat | Murneric: Cisplays | Test Time [¢] 14.23 Date/Time 8/3/02 5:03 PM
IF START Frequency [Mhz]
—— Plot of Stat D ata Shatistics
- 20,00~
IF STOP Frequency (Mhz) E "“:SEF‘AGE
BOD.00 15.00- MIN OF DATA
IF STEP Size [Mh 3 I
ize [Mhz) 10,002 £91
25.00 3 b OF DT
|F Power Level [dBim) - 500 : |-5.82
-10.00 = . P-P FLATMESS
;E 0.an I—_I e
Frequency Options -5.00- RS
tizer - Up Conversion .
. . -10.00= IE'2?
Mixer Ophons T STD DEY
Fized LO, Stepped RF and IF AR.002 ID'35
Up Conversion Options 3 -
20,00 Slope of Best Fit Line
R=L+| | I A A O R R
158000 1550.0 16000 1650.0 17000 1750.0 1800.0 I-'I.DE
L0 Frequency [Mhz) Frequency | Min Crev from BFL
1000.00 Marker 1 R A ® | Measured 018
LOF Level [dB - - Best Fit Line tax Dev from BFL
12”;”;' svel [dBm] Marker 2 10000 | Bas gl | 8] 025
l ) Start Freq ) Plat %'z Amplitude DeltalMarker 1 - Marker 2] P-P % ariation from BFL
LO Powwer[dBEm] LJHEI a|Dutput Frequencies .00 IEI.44
12.00 ) Stop Freq Frequency Delkaltarker 1 - Marker 2]
/2700 0.00
Commentz Output File Path
tiser Up Conversian 5 |

[ 1&KE MEASUREMENTS ff save patad ExiT ] *
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ASSOCIATES

Mlrinidunyihiiio bl Mixer Example: Conversion Loss: Up Conversion

FOR TODAY 'S INDUSTRIES

I Top_Level Gain_Test]2.vi

File Edt Operate Toolz Browse Window Help

Gain Test
Configure Test Frequencies ' Gain Plot | Numeric Displays | Test Time (2] 14.55 Date/Time 9/9/02 5:48 P
LO START Frequency [Mhz)
0000 Plat of Stat D ata Statistics
- 20.00-
LO STOF Frequency [Mhz) 7 A:EEHAGE
1200.00 15.00- MIN OF DATA
LO STEF Size [Mh 3 K
ize [Mhz] 10.00= IT
25.00 3 b OF DATA
L0 Pewer Level (dBrm] , 500 | 535 Up Conversion
1200 E P-F FLATHMESS Fixed IF ’
E 000- I—':'- " ixed IF,
= E Stepped RF and LO
Frequency Options F.00-= Rk5
Mixer - Up Conversion i
Miver Dot 10,00 HE
imer O ptions : STD DEY
Fized IF, Stepped RF and LO 4500 - II:I.‘I 4
Up Canverzion Options 3 -
0.00= Slope of Eest Fit Line
= L I A R T R A R R A R
1550.0 1600.0 1650.0 1700.0 1750.0 1800.0 1850.0 I-D.1B
IF Frequency [Mhz] Frequency D Min Dev from BFL
B50.00 Marker 1 155000 686 | @ @ | Measured |0.23
IFP L | [dE . - BEest Fit Line klax Dew from BFL
s () Maker2z  |1os000 |685 el -l @] o5
. StartFreq  PlatVs Amplitude Delkaltarker 1 - Marker 2] P-F % ariation fram BFL
LO Power[dBm] EHEI J;HElutput Frequencies 0.oo ID.SS
12.00 ) Stap Freq Frequency Delta[Marker 1 - Marker 2]
|27 0.00
Anzac MD-525 Camments Output File Path
Mimer Up Corversion 9 E:\WINDDWS\.D esktup\.Mini-Eilcuits
[ TakE MEASUREMENTS I seve pataf ExiT ] plER T CS Gl
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A WOOoOD
iyt i Measurements with RFSpecTest —

Receiver Chip Sets with Down Conversion

» Gain vs. frequency (through down conversion)
1 dB gain compression vs. frequency

= Intercept points vs. frequency

» Gain/attenuator adjust accuracy vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

Receiver Chip: RF 2494 High Frequency LNA/Mixer:

Conversion Loss

g+ Top_Level Gain_Test12. vi

File Edit Operate Toolz Browse 'wWindow Help

Gain Test

Configure Test Frequencies | Gain Plat | Mumeric Displays |

RF START Frequency (Mhz]
2200.00

RF STOP Frequency [Mhz]
2E685.00

RF STEFP Size [khz]
500

RF Power Level [dBm)
-45.00

Frequency Options
tixer - Down Conversion

Mirer Options

Fined IF, Stepped RF and LO

Drowwry Corweerzion Optionz
I=R-L

|F Frequency [Mhz)
ar4.00

L0 Pawer Level [dBm]
-10.00

LO Power[dBm]
-10.00

RF Micro Devices RF2494

Plot of Stat Data

Test Time [z] 96.29

Date/Time |8/9/02 7:33 PM

Statistics

%)

=

=

=
1

AWVERSGE
0

:

MIM OF DATA
-13.89

:

Max OF DATA
865

:

o
o]
=

PP FLATHESS
22.54

iy

Amplitude
(] -
= =
[ ] -

744

T

Down Conversion,
Fixed IF,
Stepped RF and LO

Looking at RF
passband

-1 EI.EID:
il ‘-—V STD DEV
15.00= IT.44
20 EID—: Slope of Best Fit Line
2200.0 23000 24000 2500.0 26000 27000 |-3.93
SUEGUEE, | MinDev from BFL
Marker 1 T EEET: S )M ® | Measured ﬁ |-15.02
. , Best Fit Line tax Dew fram BFL
Marker 2 T RPN 2 e 16
StartFreq  PlatVs Amplitude Delta(tarker 1 - Marker 2] P-F %ariation from BFL
;)lD ;)llnput Frequencies .00 |23.18
) Stop Freg Frequency Deltaltdarker 1 - Marker 2
f|2700 0.00
Comments Output File Path

[ TakE MEASUREMENTS f save patalfl exi |

RF Micro Devices RF2434 HF /LMA Adixer

Ewaluation Board. Full RF Path.

CWINDOW S DezkopiMin-Circuits

AmpshRF 2494 Full path 2200-2700
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

{2l Top_Level Gain_Testl2 vi

Receiver Chip: RF 2494 High Frequency LNA/Mixer:

Conversion Loss

Fil= Edit Operate Toolz Browse “Window Help

RF Micro Devices RF2494

Gain Test
Configure Test Frequencies ' Gain Plot ‘ Numeric Displays | Test Time [s] 45,70 Date/Time 8/10/02 717 PM
RF START Frequency [Mhz)
245000 Plot of Stat D ata Statistics
’ 10.00- AVERAGE
RF STOF Frequency [khz) N
5.00 s 567
2450.00 - P MIN OF DATA
RF STEF Size [th 9 il
ize [Mhz] 500 / _'_.—_.____.... |-31.EIIJ
1.00 g { A M OF DATA
. - ———a
RF Power Level (dBrm] I 4 \ {533
30,00 ERE { \ P-P FLATNESS
EL -20.00 ] \ |38.23
. <L 2500
Frequency O ptiong - \ RS
Mixer - Down Conversion 30,00 = N 18.45
Mixer Options R 5TD DEY
Fised L0 Stepped RF and IF L 11618
Diowt Corwerzion Options 2l i L
| oR.L £ 111/ L R S R R S S I —— S aiiBees A s
/00 3/EO 3B00 3BHO0  IFO0 3IFE.0 3800 3IBB0 3900 3550 |14.85
LO Frequency (Mha) Frequency Min De from BFL
2065.00 = I 1 |_
Marker 1 ;200 |30es | |8 ® | Measured K 29.58
L0 Powver Lewel [dBm) . - Best Fit Line b aw Dev from BFL
=i Marker 2 3200 |-a068 ) |8 [1554
_StatFreqg  Plat's Amplitude Deltaltdarker 1 - Marker 2] F-P ariation from BFL
LO Paower[dEm] L)|D ’_.—j)|Dulpul Frequencies 0.00 |45.1 2
5.00 _ Stop Freg Frequency DeltalMarker 1 - Marker 2
2700 0.00

Down Conversion,
Fixed LO,
Stepped RF and IF

Looking at IF
passband

[ TakE MEASUREMENTS | seve Datal] Exim ]

Comments

RF Microdevices RF2434 High Frequency LMAS
M_iHer Receiver Chip. Looking across 374 Mhz IF

Output File Path

C:Ww/IND W ShDesktophhini-Circuits
AmpziAF 2494 Full path 2420-2460
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R A . WOOoOD
W Measurements with RFSpecTest — Filters

" Insertion loss vs. frequency

= P-P ripple across the passband
» Rejection vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

Filter Example 1 — Insertion Loss vs. Frequency
2.4 GHz ISM BPF

= Top_Level Gain_Test12 vi

File Edit Operate Toolz Browse Window Help
Gain Test
Configure T est Frequencies l Gain Plat ‘ Mumeric Displays | Test Time [s]  7i0.64 Date/Time  8/7/02 1:07 P
RF START Frequency [Mhz)
000 Plot af Stat Diata Statistics
. 0.00-
RF $TOP Frequency (Mhz) : N SUEELE
£.00 -25.97
2570.00 i / MIN OF DATA
RF STEF Size [Mhe] aatt / A\ L A5 54
15,00 = -
10.00 i / - Mé OF DATA
-20.00 s
RF Power Level [dBm) o L \ I-EI.BB
10.00 = 2slls ] AN P-P FLATNESS
£ -30.00- - l‘\ |44.9?
* 0 e \ e
-40.00 ) -—/ |3EI.1 9
45,00 —puret e 5TD DEY
-B0.00 |15.4EI
RE 84— Slope of Best Fit Line
20000 21000 22000 23000  2400.0  2500.0 26000 27000 |29.95
SUEgLETEy | Min Dev from BFL
Marker 1 o4sno0 085 4 | @] ® | Measured i | 2383
. , Best Fit Line tax Dew from BFL
Marker 2 00000 |45z ] ] & [21.73
) Start Freq : Plat %z Arnplitude DeltalMarker 1 - Marker 2] P-P % ariation from BFL
’_._—)|2DDD ;)lﬂutput Frequencies ":J 44,36 IED.E2
) Stop Freg ' Frequency Deltaltarker 1 - Marker 2]
2700 +1450.00
Comments Output File Path
COMMAW Filter 5 C:hwf IMD W S SDeskbopMim-Circuitz
[ 1aKE MEASUREMENTS f save patal exiT Amps\COMNAY FILTER
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ASSOCIATES

Mlrinidunyihiiio bl Filter Example 2 — Insertion Loss and Rejection

FOR TODAY 'S INDUSTRIES

il Top_Level Gain_Test]3.vi

File Edit Operate Toolz Browse Window Help
Gain Test
Canfigure Test Frequancies ' Gain Plat | Murneric: Displays [ Test Time (] 14330 Date/Time BA13/02 12:31
RF START Frequency [Mhz]
pp——— Plot of Stat Data Shatiztics
' 1.00=
RF STOP Frequency [Mhz] E Y ERRELE
10002 -f0.87
2250.00 E [ '\ MIN OF DATA
FF STEP Size [Mhz] 20,007 \ |-57.60
100.00 30,002 b OF DATA
FF Power Level (dBm] # Paints o 4000 |09
= e - / \ P-F FLATNESS
- B -6B0.00-= ISE [
= < 3
< gnons / \
E / \ RMS5
70003 f \ 177.44
ano——— 1 5TD DEW
: ,"I |31 22
-30.00< __,.;-I", E T e o
T 011 i a— Slope of Best Fit Line
10000 12000 14000 16000 18000 20000 22000 24000 |1 2.97
Frequency Min D from BFL
Maker1 172000 167 -l @] ® hizzzued |-28.58
- ; - 3 Best Fit Line |- ™ .- M ax Dev from BFL
Marker 2 snonon |oazsn el | @ f6355
Start Freq Plat Wz Amplitude Delta [Marker 1 - Marker 2) P-P % ariation from BFL
’_::I|1 000 £J|Dutput Frequencies 50,83 |93_25
Stop Freg Frequency Delta [Marker 1 - Marker 2]
j 2700 -280.00
Comments Dutput File Path
1.68 GHz Band Pass Filter Tesy 5
[ Take MEasUREMENTS f save pataf BT
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R A WOOoOoD
Myitimahiistogh il Measurements with RFSpecTest — Isolators

" Insertion loss vs. frequency
» Reverse isolation vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range

9/27/2002 Page 41

RAWood



ASSOCIATES

R A . WOOoOoD
ittty lisivl Measurements with RFSpecTest — Fixed Attenuators

= Insertion loss vs. frequency
» Attenuation accuracy vs. frequency
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R A . WOOoOD
Wlmgidiyinljiston ity Measurements with RFSpecTest — Variable Attenuators

" Insertion loss vs. frequency

= Attenuation accuracy vs. frequency
= vs. attenuation setting

=1 dB gain compression vs. frequency
= Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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R A . WOOoOD

ASSOCIATES = .
ity il Variable Attenuator Example: 0 dB State (Reference)
FOR TODAY 'S INDUSTRIES
Relative_lsolation_Test5_ vi
File Edit Operate Toolz Browse ‘Window Help
Relative Measurement Test Time (5] | 26.47
Configure Test Frequencies I Measiiemenipiatl | FEIMEEswemarI PRt | Difference Plat | Murneric Displays | Date/Time |3/10/02 10:06
RF START Frequency [Mhz)
0.0 Label for Measurement & | Insertion Loss [0 dB) Statiztics &
RF STOP Frequency [Mhz) 0.00- AYERAGE
o000 200 Mdnf DEIF DATA
RF STEP Size [Mhz] -
-4.007 |-4.98
25.00 £00° bl OF DT,
RF Power Level [dBm) E |_4_21
0.00 g B PP FLATNESS
§L -10.00- |0.77
=T Z
-12.00 : =19
4007 451
- STD DEW
-16.00
: ID.23
-18.00-

- ] E Slope of Best Fit Line
RF Micro Devices RF2420 A0O0= v e e e e e [0 |
Attenuator IC 300.0 400.0 500.0 E00.0 #00.0 800.0 900.0 1000.0 :

Frequency it Drew from EFL
; : I-D.'H
Marker 1 gsoon z7s | el &ed ® Measured
Best Fit Ling b4 zx Dew from BFL
Marker 2 B50.00 |275 el il - = H0.10
~ Stat Start Freq A Frequency Difference AlMarker 1 - Marker 2] P-P Wariation from BFL
Difference Plot o 0.0 ||j_22
E‘J B-& J Stat Stop Freq A Amplitude Difference Albarker 1 - Marker 2)
S 0.00
Comments Output File Path
AUM & MEASUREMENT 5] RF Micro Devices RF2420 Programmable Atteruatar 5
RUM B MEASUREMEMT SAuE D.-’-\T.Ql ExIT I
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A WOOoOD
iyt i Variable Attenuator Example: 4 dB Measurement

FOR TODAY 'S INDUSTRIES

Relative_lsolation_Testh.vi

I

le Edit Operate Tool: Browsze “Window Help

Relative Measurement Test Time (s] | 26.47

Configure Test Frequencies I & Measurement Plot | B Measurement Plat | Difference Plot | Murneric Displays | Date/Time 15/10/02_10:06
RF START Frequency [Mhz] Statiztics B
Label for Measurement B 14 dB State Meas
280,00 AVERAGE
RF STOF Frequency [Mhz) 0.00- |-564
980,00 -2.00-= IM OF DATA
RF STEP Size (Mha) 4005 EXE
25.00 : M OF DATA,
- -6.00- |-8.1 g
RF Power Level [dBm 3
(dBml W B0 PP FLATHESS
0.00 = : |0.96
EL -10.00-
< 4200 - RS
: 16,65
14.002 STD DEY
1E.00 : IEI.ES
18.00 ; Slope of Best Fit Line
. . e 111111 SR SRR N S S S S |-0.95
RF Micro Devices RF2420 3000 400.0 5000 £00.0 7000 Bo0.0 000 10000 Kin D from BFL
Attenuator IC Frequency |-0.09
Marker 1 §50.00 |2500 4| il Bl ® | Measured Ef Max D from BFL
- Bt Fit Line: IEI.DE
q - | b -
Maker2 o000 2500 klBd . PP Variation from BFL
_Stat Stat Freq B Frequency Difference BltMarker 1 - Marker 2] IU_-] 5
Difference Plat 2o 0.0
:;.I B-A J Stat Stop Freq B Amplitude Difference BlMarker 1 - Marker 2]
2| 2700 0.00
Comments Output File Path
RUN A MEASUREMENT {E RF Micro Devices RF2420 Programmable Attenuatar

RUM B MEASUREMENT SAVE DATﬂI Ex=IT '
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A WOOoOD
v smone | Variable Attenuator Example: 4 dB Attenuation Accuracy

FOR TODAY 'S INDUSTRIES

I Relative_lzolation_Test5.vi
File Edt Operate Tools Browse ‘wWindow Help
Relative Measurement Test Time [5] | 26.47
Configure Test Frequencies I £ Measurement Flot | B Measurement Plot  Difference Plat Mumenc Displays Date/Time |5/10/0= 10:08
RF START Frequency (Mhe] Differenice Label 4 dBt State Meas - Insertion Loss [0 dB)
280,00 Statistics 3
RF STOP Frequency (Mhz) R EVERAGE
950.00 -2.00= |-4.D4
RF STEP Size (Mhz) 4.00° I“MMA
a 414
25,00 3
FIF Power Level [dEm] bt M OF DATA
ower Level [dBm ]
o -B00S |-3.92
0.00 E: ‘IDDD: F-F FLATHESS
g |0.22
< 42007
] RS
-14.00- W
-1E.00= 5TD DEY
A8.00< 10.06
; ; Y ETT— Slope of Best Fit Line
RF Micro Devices RF2420 000400 SO0 BOOD 7000 000 @000 10000 oo
Attenuator IC Frequency .
bin Dew from BFL
Marker 1 137500 000 ] 6 ® | Measured L™ | 10 0y
Best Fit Line L™ b ax Dev from EFL
4 G| | & - L
Maker2  |1375.00 1-30.00 4| | &l _ o
Stat Start Freq Difference Frequency Difference(tMarker 1 - Marker 2] P-P % ariation from BFL
Difference Plat f"J 0 0.00 W
iE -A J Stat Stop Freq Difference  Amplitude Differenceltarker 1 - Marker 2]
12700 0.00
Comments Cutput File Path
RUN & MEASUREMEMNT @ RF Micro Devices RF2420 Programmable Attenuator 9
RN B MEASIIREMEMT SaWE D.-’-‘«T.-’-‘«I ExIT '
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R A WOOoOoD
ASSOCIATES

cnemeemme =ocomome | Variable Attenuator Example: 8 dB Attenuation Accuracy

FOR TODAY 'S INDUSTRIES

Relative_lsolation_Testh.vi

Im

ile Edit Operate Toolz Browse Window Help

Relative Measurement Test Time (3] |26.47

Canfigure Test Frequencies I & Measurement Plot | E Measuwrement Plot - Difference Plot | Mumeric Displays | Date/Time J5/10/02 1005
RF START Frequency (Whe] Difference Label |8 dB State Meas - Inzertion Lozs [0 dB)
280,00 Statistics 3
RF STOP Frequency (Mhz) fog-= AVERAGE
950,00 -2.00= |-5.27
RF STEP Size [Mhz) 400- IMM’*‘
E .39
25,00 5
RF Fomer Lavel (d8m] B.00= M&x OF DATA,
DWETN LEVE m g
@ -8.00- — I'B-D?
0.00 2 1000 N P-P FLATHESS
E T {0.31
< qzms
14002 i
it |5 27
-16.00= 5TD DEY
- : 18.00- |00
RF Micro Devices RF2420 - Slone of Bast FiL L
-20. 00— T T e e ope of Best Fit Line
Attenuator IC 000 0D SO0 BODO 7000 eonD 000 10000 | jozm
gy Min Dev from BFL
Marker 1 gsoon oo ] 6 ® | Measured Ef [-0.07
- i Best Fit Line tax Dew from BFL
Marker 2 g5000 000 ) & - oo
| 0.08
Stat Start Freq Difference  Frequency Difference(tarker 1 - Marker 2) P-P Variation from BFL
Difference Plot f'] 0 0.00 IW
Z'I B J Stat Stop Freq Difference Amplitude Difference(Marker 1 - Marker 2]
“i|2700 0.00
Comments COutput File Path
RUM A MEASUIREMENT @ RF Micro Devices RF2420 Programmable Attenuator 3
UM B MEASUREMENT | save Datall exat |
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R A WOOoOoD
ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

B! Top Level Intermod Test2. vi

File Edit Operate Tools

Variable Attenuator: Intermodulation Distortion (dBc)

Browsze ‘Window Help

=10 x|

Intermodulation Distortion {IMD) Measurement

Configure Test Frequencies

| Intermod Meazurement Plat Murmeric Dizplays |

RF START Frequency [Mhz]
350,00

RF STOP Frequency [Mhz]
350,00

RF STEP Size [Mhz]
100,00

RF Power Level [dBm)
5.00

RF Micro Devices RF2420
Attenuator IC

Tohe 2 Freq Offzet(MHz]
-} 10.00

) Drata Display
U Intermadulation Products [dBc)

Flot of [MD

Test Time [2] 42 B8

5.00-

-

0.00-

rd
o
=
=

Arnplitude

-50.00

§00.0
Frequency

a00.0 400.0 500.0

voo.0

2000

500.0

1000.0

Diate/Time 8/10/02 10:23

) Data to Run Stats on

) IMD3H [dBx)

AYERAGE
-41.06

MIN OF DATA
-41.67

M OF DATA,
-40.31

PP FLATMESS
1.36

§ 68

T

.06
STD DEY
0.33

:

Slope of Best Fit Line

e
)8

Marker 1 350.00 4-40.93

0.51

Marker 2 380.00

) Stat Start Freg
0 0.00
) Stat Stop Freq

EJ 2700 -41.50

¥

Frequency Difference(Marker 1 - Marker 2]

Arnplitude DifferenceMarker 1 - Marker 2]

Taone 1 [dEim]
Taone 2 [dBm]
IMD3
IMD5
1D 7
IMD3
ItD5
D7

P
P &

L

10.10

tin D from BFL
-0.64

bdax Dew from BFL
0.70

P-P % ariaticn fram BFL
1.34

s

Comments

RF Micio Devices RF2420 Programmable Attenuator

[ RUN IMD MEASUREMENTH SavE

patal Ext

-0 dB state, Intermodulation product

Output File Path

%

A
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R A WOOoOoD
W Measurements with RFSpecTest —

- Transmitter Chip Sets with Up Conversion

» Gain vs. frequency (through up conversion)
=1 dB gain compression vs. frequency
= Intercept points vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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R A . WOOoOD
SSOoOC = = .
Wity i Other Tests Available — Local Oscillators

= Output Power vs. frequency

» Assumes digital or analog control available

Statistical parameters are available for each test parameter across a defined frequency range
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ASSOCIATES

P A . WOOD
Wil il Measurements with RFSpecTest — Couplers

FOR TODAY 'S INDUSTRIES

" Insertion loss vs. frequency
» Coupling vs. frequency

= |solation vs. frequency

= Directivity vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range
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R A . WOOoOD
Wlmgidiyinljiston ity Measurements with RFSpecTest — Power Dividers

" Insertion loss vs. frequency
= |solation vs. frequency
= Qutput port matching vs. frequency

Statistical parameters are available for each test parameter across a defined frequency range

9/27/2002 Page 52 RAWood



R A WOOoOoD
ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

Power Divider Example — Isolation Between Output Ports

iE» Top_Level_Gain_Test12.vi

Filz= Edit Operate Toolz Browse Window Help
Gain Test
Configure Test Frequencies | Gain Plot | MNumeric Displaps | TestTime[s] 3658 Date/Time |8/7/02 342 PM
RF ST&RT Frequency [Mhz)
1050.00 Plat of Stat Data Statistics
- 15.00-
RF STOP Frequency [Mhz) 3 EIT AR
10.00 -24.14
(lno & 00- MIN OF DATA
RF STEF Size [Mhz] = |-32.43
50.00 o= M OF DATA
FF Power Level [dBm) e |-2D.ED
£ 4500 [11.54
-20.00 RS
d o ey
25.00 _7"_ \ / \&fc— 124.33
e N/ 5TD DEY
e ~ 1310
-35.00
40 EIEI—_ Slope of Best Fit Line
b O T T T T T S O N R (AT |
10000 12000 1400.0 16000 1800.0 2000.0 2200.0 24000 2600.0 2300.0 IEI.‘IE
Frequency | MinDev from BFL
Marker 1 105000 |27 g | @ ® | Measured E E | 522
: : Bexzt Fit Line M ax Dev fram BFL
Maker2 1105000 2797 4] | @] 353
. Start Freg 5 Plat s Amplitude Deltaltarker 1 - Marker 2] P-P % ariation from BFL
":HD :_.—JHDutput Frequencies ",J 0.00 I'I‘I.B?
) Stop Freg ‘ Frequency DeltalMarker 1 - Marker 2]
) 2700 ) 0.00
Comments Output File Path
lzalation A-B MaCombiner PE2242 9 C:\WI_NDEIWS\_Desktop\MAE
[ TaKE MEASUREMENTS i sawe Datal] £x1 Combinerlsolation -8 Ports
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R . A WOOD
ASSOCIATES

Mlriniiyiidyinto ki Top Level Test Panel >> RF Measurements

FOR TODAY 'S INDUSTRIES

B RF_test_set47.vi _ ol x|

File Edit Operate Toolz Browse “Window Help ﬂ

#[2][@[n]

RF Automated Test System {using NI 5660)

BF Measurements | Calibiration and Ltilities |

|Gain Comprassian Test‘

|Isc:|ati|3n, Felative Aﬂenuatic:n‘

Other Tests will be Added Here |

STOPI

et S e B ) b eoyiadan o Sainie Savanad
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R . A WOOD
ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES
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Fil= Edit Operate Toolz Browse ‘Window Help
»[2][@n]
RF Automated Test System {using NI b660)
RF Measurements  Calibration and Utilities |
| Set Up Test Equipment ‘
| Setup Power Sensor Head FiIe'
STOPI
St SORET e 5 bl enoiaden AF St Revesed’

Kl

Top Level Test Panel >> Calibration and Utilities

RAWood



R A WOoOoD
ASSOCIATES

Mininidigiibijinin bkl Configure Test Frequencies: Same Input/Output Freq’s

FOR TODAY'S INDUSTRIES

= Configure Test Frequenciess i

Input Frequencies LO Frequencies Output Frequencies
Frequency Options '3'0_ '3'0_ 3
@lSame Inputs Jutput Freg's
200.0

500.0 1000.00

RF START Frequency [Mhz] RF Power Level [dBm)

Hrooowo gomw

RF STOP Frequency [Mhz)

éh 500.00

RF STEF Size [Mhz)

fronss
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R A WOoOoD
ASSOCIATES

Mltiidadiuhjido il Configure Test Frequencies: Down Conversion Example

FOR TODAY'S INDUSTRIES

I —————————— Fixed IF Frequency, Stepped RF and LO

i Configure Test Frequenciess.vi

Input Frequencies LO Frequencies COutput Freguencies

Frequency Options ! L | 220000 @
| |Mi:<er - Diown Cokversion ] 250,00

Miwer Optionz
.§|Fixed IF. Stepped RF and LO

Dawen Converzion Options
all =L-R

RF START Frequency [Mhz] RF Power Level [dBm]

ramo Yoo

RF STOP Frequency [Mhz)

S

RF STEP Size (Mhz)

Hamm

IF Frequency [Mhz] L0 Power Lewel [dEm]

FETT P

[sewe anp exirf cance]
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R A . WOOoOoD

Myriisishioylifhiil Configure Test Frequencies: Up Conversion Example
e ——————— Fixed LO, Stepped RF and IF

i Configure Test Frequenciess.vi

Input Frequencies LO Frequencies COutput Freguencies

Frequency Options | | 1200000 @
| |Mi:<er - Up Conversion ] 1200.00

Mixer Options ) 1200.00
7} Fixed L0, Stepped RF and IF 00,00

Up Converzion Options
L 200.0
a F=L+I -

IF START Frequency [Mhz]  IF Poweer Level (dBim]

alw alw ! 1200.00

IF STOF Frequency [Mhz)

S

IF STEP Size [Mhz]

Y

LO Frequency [Mhz] L0 Power Lewel [dEm]

Jmon P

[sewe anp exirf cance]
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ASSOCIATES

FOR TODAY 'S INDUSTRIES

[ Input output Cal19.vi X|
File Edit Operate Toolz Browse ‘Window Help

Calibration
Calibration Panel | Wiew Calibration Arrays Date/Time |4/5/02 1216 AM
Power Meter Madel
Wailing g HF 4364

Cal Step 1
Signal G tar 1 Input Cal
el A 1] I Input Cal Sig Gen 1 Power

@ f_) 0,00 Q “Wiew Plots of Input Cal D ata

Cal Step 2
Signal Generator 2 Input Cal ‘Input Cal Sig Gen 2 Power

@ ’r) -10.00 @ Wiew Plots of lnput Cal Data

Cal Step 3

Sl e oy LY Bl ‘Input Cal Sig Gen LO Powwer

@ Hro0n (0 View Flots of L0 Cal Data

Cal Step 4
Output Cal ‘Dutput Cal Sig Gen 1 Power ‘FletunC_l,l Tolerance [MHz)

@ ’r) 10,00 ’r) 0.20 @ “Wigw Plats of Dutput Cal D ata

| Setup Cal Frequencies ' Wiew Cal Data' RLIM Caliblatinn‘ Save Calibration Data‘ EXIT I
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R A WOoOoD
ASSOCIATES

Wiiniiiyiiivioyilisind Calibration >> Setup Cal Frequencies

FOR TODAY'S INDUSTRIES

I+ Setup_cal_Freq3.vi

Set Up Calibration Frequencies

155000 | 135000 |
V605000 | V605000 |
@ [ @ [

(o]

o |

-
|

70000 |
130000 |
¢ I

Mate: Separate calibration frequencies can be
uged for Input Frequencies, Dutput Frequencies,
and LO Frequencies.

oo
=
=
=
o
oo
=
=
=
o
[l
=
o
=]
=
o
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R . A WOOD
ASSOCIATES

[l bgiogbinl Calibration >> View Calibration Data

FOR TODAY 'S INDUSTRIES

——— - =
B! ViewD ata2_vi

File Edt Operate Tool: Browse ‘wWindow Help
View Calibration Data
¥ Graph Plat O P
9.1- : AYERAGE
 Calibration File ag ,’W«“L . BE2 |
- CAL_SG2_to_DUT.ghl 1 i
89 P = MIN OF DATA|
o = 796
Last Cal Date: 8/13/02 11:05 ' e
FIraY) LT
o 87 T Mz OF DATA|
Lg EE |*| ) .irAHIIII. - |E“:IB |
f Az 5 P | Fﬂ“! !Lu"'l. 'I =
E-)'I Cal Factor DT to 5G2 3 o 8.5 mrh'-"' e P-F FLATHESS
[w]} [ L
Ba4 P M1z |
E 83 ||5| |I!|\:il i
' A SLOPE|
8.2 . 1.03
X |
81 -5 i
&80 ' 1
?'E_I 1 1 1 1 1 1 1 1 1 1 1 1 1
2000 4000 B000 8000 1000.0 1200.0 1400.0 1600.0 1800.0 2000.0 2200.0 2400.0 2600.0 2800.0
Freq [MHz]
S
ExIT }) Freq [MHz) 0
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

E

ile Edit Operate Toolz Browse ‘Window Help

Setup Test Equipment Panel

Set Up Test Equipment

Primary Signal Source for Gain, Gain Compression Tests

Signal Generator 1 Maodel S5G1 GPIB Address

o) HP g645C e
Secondary Signal Source for Intermodulation Tests

Signal Generator 2 Model SG2 GPIE Address

2 HP 645 919
Third Signal Source for Local Oscillator {(LO)

Signal Generatar 3 Model SG3 GPIE Addiess

9 HF 8643C f;) 20

Comments

LoaD sETuPl save setupl et

Date/Time |4/5/02 1216 &AM

Measurement Source (Spectrum Analyzer)

Spectium Analyzer Model SA GPIE Address

£ N 5660 Ja
Calibration Source

Calibration Source kodel Cal GPIB Address

HP 434 9e

Output File Path

%
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» Additional equipment (drivers) can be added and selected in this panel
»Once the drivers are added, this menu can be used to select your test setup

RAWood



. ARLA.wooLr
mﬁ% ’%%%] Create Power Sensor Head File Panel

(111
= T = ' 4
For ropav's iINGUST

B= Create_Power_ Meter_Sensor_Data _File.vi

f;'- 11./28/200

Thiz iz a zample Sensor Head Cal File

Used for setting up
calibration factors for
older RF power

sensor heads

£

e
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ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

R A WOOoOoD
ASSOCIATES
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Our Contact Information

* Bob Wood

= E-mail: rawood@rawood.com
= Phone: 315-735-4217

»Fax: 315-735-4328

» Address:
= R. A. Wood Associates
= 1001 Broad St.
= Suite 450
= Utica, NY 13501

RAWood




