. A WoOoOoD
Mlsividuniuhiivioy il LDMOS RF Power Amplifier Automated Test System

FOR TODAY 'S INDUSTRIES

» This presentation provides a brief overview (excerpts) of an automated test
system developed by R. A. Wood Associates
= Topics
» Test System Block Diagram
» Main Test Panel
= Calibration Panel
» View Plots of Current Cal Data Panel
» Configuration Panels
= Various tests and parameters panels, test limits
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. A WoOoOoD
Mninisdintiihjivupliind LDMOS RF Power Amp Test System

FOR TODAY 'S INDUSTRIES

Signal Signal
Source 1 Source 2 Power Meter 1 Power Supply (Vg) Power Supply (Vd) N
E4432B* E4432B* HP 438A* Agilent Sorensen 235?30
A B 3632A% DCS33-33E* pectrum
Analyzer

N

Multi-Meter
FLUKE 45%*
(Id)
Za
Power Combiner

. 30 dB
CT-2440-N 10 10 o 25 002
* Weinschel 2025-6002-10
244 49-30-34
— VA

) 10
AR Agilent
60S1G3 778D
150W*
Weinschel
1439-4
*Oversized |::|
for future
needs
A B Computer
W/ GPIB
Power Meter 2 Card
HP438A" LabVIEW

*GPIB Controlled
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Wiyl LDMOS Power Amplifier Test Setup

FOR TODAY 'S INDUSTRIES

% RP.A. WOOoOD
g ASSOCIATES

(during software development)

BT = Signal Generators




R A WoOOoD
ASSOCIATES

FOR TODAY 'S INDUSTRIES

=2 Types of Main Test Panel Interfaces, selectable from a pull-down menu

» “View Full Test Data” Interface

= Shows full-page test results for each part tested

= Used primarily for Engineering tests

= No Pass/Fail determination

= Can also be used to view previous device measurements (administrator level)
» “View Summary Results” Interface

» Shows a line by line summary of each measurement in a text window

» Pass/Fail determination is made for each test

» Used primarily for Production tests

= Shows history of each part in a Lot test (scrolling text window)

» Yields and failure bins are also shown as the Lot test progresses

3/3/2002  Page 4 RAWood



R A WoOOoD
ASSOCIATES

lrivuiryiidgiciop il Administrator and Operator Levels

FOR TODAY 'S INDUSTRIES

» The program has two levels of operation: “Administrator”’ and “Operator”

= Operator Level:
» Primarily for running tests, for production personnel or technicians
» Does not provide capability to set up test conditions
= Calibration allowed

= Administrator Level:
» Can be used for running tests or setting up test parameters and conditions
» Configuration Panels allowed
= Calibration allowed
= Utilities Panel allowed
= Capability to view previous part data allowed
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R A WoOoOooD

ynsidsibjisi il Main Test Panel >> View Full Test Data Display
e ————————— (Administrator Level, before test start)

i»! MultiPointD ataPanel95. vi

Fil= Edit Operate Toolz “Window Help

nsp
Sernial Humber Waitng | Test Timelzen]
180
Data Folder Location Select Part ritz Tested
T J:\UploadiageresPhase 2hAgens Data Files Ihrl 3hw2aa_1_12-10-01_4_083 PM.mpd i | WIERW F'AHTI
lzer Data
|Jzer Mame Date Time Part # Sernal # Lot D ata File Config File
OC Tests Comments
Wdd Idg Wog | Rong | Ronh | Grg | Gk
Molts] | [mps] | Molks] | [VAa) | () | ] | e
Linear Tests
Freq | Pin |Poutlo] Rloss | Gain | Idd Eff Pae |-2ACP |1ACP | -ACP | +ACP |+1ACP|+2ACP | IMD7L | IMDSL JIMD 3L |IMD3H |IMDEH |IMD7H
[Mhz] | [dBm] | (dBm) | [dB] | [dB] |l&mps]] (%) [%] | [dBc] | [dBc] | [dBc] | [dBe) | [dBe) | [(dBc) | [dBc] | (dBc] | (dBc] | [dBc] | [dBc] | [dBe)
Pull-
down
menu
to
Compression Tests \j/ef:i:(:
Freg | Fin JPoutHi| Rloss | GC Idd Eff Pae |-28CP |-1ACF | -ACP | +ACP |+1ACP |+2ACP [ IMD7L | IMDSL JIMD3L JIMD3H JIMDEH JIMD7H test
iMbz] | (dEm | [dBm] | (@8] | (98] [iampst| () | (2 | (d8c) | (decl | ([dBc) | (decl | [@Bc) | (dBel | (dee) | (dBc) | (dBel | idBc) | (dBel | [dBc) panel
_1| to
 display
s7aRT LOT TESTAuTiLTiES | cateration] conmc (stord ;;l"-ﬁ'iew Full Test Data
Kl | Llj
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g A WoOoOoD
ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

Note: Some measured data blurred to protect customer info

Main Test Panel >> View Full Test Data Display
(Administrator Level, after test)

s MulliPnintD ataPanel9h i
File Edit Operate Toolz ‘window Help
iy T
=
Senial Mumber — Test Ti
| Waiting | est Timefzec]
150
[ata Falder Location Select Part Urits Tested
% MU ploadt, 12_7_01DATA Iﬁrl AMwi2aa 1_12-7-01_3 52 Ph.mpd S ' YIE W F‘.-i'-.FETI
Uszer Data
[Jzer Mame D ate Time Part & Serd # Lot DataFile Config File
adminiztrator 12/7/M 252 P A Zaa 1 3232323 At 2aa 1_12-70 L
DC Tests Comrmerks
Wdd ldg | %og | Aong | Ronh | Gmg | Gk
Malez] | [amps] | Malez] | A8 | WAL RS ] R
280000 0550 |12414) 1173 | 1.839 | 0.358 | 0.703
Linear Tests
Freqg | Fin |PoutLo] Alogz | Gain | Idd EIf Pae |-24CF | -1ACP | -ACF | +ACP | +1ACP |+2ACP | IMDTL JIMOSL JIMD3L |IMD3H [IMDEH JIMDIH
[thz] | [dBm] | [dBm] | |dB] | [dB] |i&amps) | [%) [ | (dBc] | [dBc) | (dBc] | (dBc) | [dBc) | [dBc] | [dBc) | [dBc) | (dBc] | [dEc) | [dBc| | [dBc)
1930.0)16.757 | 29976 i & i ¢ i i 6205 | 4 i i i AL E bk, ¥
1960.0]16.934 | 30,008 { 1 . =1E i i GhM|&TN| & { i &7 4
1990.0)17.049]29979 i i | b dadd ] & ¥ 1K &J 08 | 4 A= E & i
Compreszion Testz
Freq | Fin |PoutHi] Alozs | GC Idd Elf Pae |-24CP |-1ACP | -ACF | +ACP | +1ACP |+2ACP | IMDTL | IMOSL JIMD 3L |IMD3H [ IMDEH JIMDAH
[thz] | [dBm] | [dBm] | |dB] | [dB] |i&amps) | [%) [ | (dBc] | [dBc) | (dBc] | (dBc) | [dBc) | [dBc] | [dBc) | [dBc) | (dBc] | [dEc) | [dBc| | [dBc)
1930.0]30.365 | 43036 i b 2 B -+ IE i i ‘ i { { { i
1960.0 30,725 43,005 i i TAr i m
1990.0130.903 | 43007 ] 4 4 . i i '
5T&RT LOT TESTJUTILITIES | caueranion] conmg {sToR] i)wew Full Test Data
Kl | L'Jé
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ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

MultiPointD ataPanel96_vi

Main Test Panel >> View Summary Results Display
(Administrator Level, after test)

File Edit Operate Toolz ‘Window Help
np
=
Senal Number Test Time[zec]
Waiting ___ ;
Units Tested
5
zer Data
Ilzer Mame Date Time Part # Serial # Lat Data File Canlig File
adrmiriztrator 12426/ 2:09 P A 2aa b 1234567830 A 2aa_ 5 12-260] CANWINDOWSY
Test Results
Lata Besults for Shop Flow Lot Mo. 1234587820 Serial MHo. &
1di Mumber Taest Descriptors Uit low limit Measured hi limit DiF
=
Lata Besults for Shop Flow Lot Mo. 1234587820 Serial MHo. &
1di Mumber Tast Descriptors Uit low limit Measured hi limit DiF
00000000055 0000 Eff Low 1330 % O.0d0000e+00  0Q.000000e+400 &_200000e+00 P
00000000025_ 0100 Eff High 19230 % O.0d0000e+00  0Q.000000=400 3. E000CO=+01 P
0000000005&_ 0000 Eff Low 1360 % O.000000=e+00 0Q.000000e+400 &_Z00000=+00 P
00000000035 _0Z00 Eff High 1960 % 0.000000e+00  0Q.000000e+400 3. 500000=+01 P
oo0oooooo05?_ 0000 Eff Low 13320 % O.0d0000e+00  0Q.000000=400 & Z00000=4+00 P
00000000025_ 0300 Eff High 15950 % O.0d0000e+00 0Q.000000=+400 3. E00O0CO=+01 P L
-
Summary [nfo
Summary Info for Shop Flow Lot Moo 12345878330
Bin Count Percent -
1.00 5. 00 lao._o0o .
-
s7aRT LOT TESTA uTiLmes | caueration] cowmc |stord £ View Summary Results

| ol
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R A WoOoOoD
ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

Main Test Panel >> Calibration Panel

iE»! Top_Level_Calibration2.vi

= Calibration Panel
is used to
calibrate the test
station losses

= All Cal Steps must
be run

» Use default signal
levels shown if
possible

= During
Calibration, the
software provides
prompts and tells
the operator what
to connect
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Calibration Panel Waiting
) Cal Step 1: Loss to Input Power Meters

_Ea|1 Sig Gen 1 Pawer
2-33.00

_Eal 1 PM 14 Min Power
o1|-35.00

{ m) Cal Step 2: Signal 1 vs Signal 2 Balance

Maote: Program uses same settings as Cal Step 1

_Eal JaSig Gen 1 Power
1300

_Eal 3b Sig Gen 1 Power
1300
{ ») Cal Step 4: DUT Qutput Calibration

_Eal 4 Sig Gen 1 Power
-J|-20.00

_ Frequency Tolerance [MHz)
=J|0.20

Mate: All powers are in unitz of dBm

Mozt Recent Cal 1 Date | 7/3/00 1:02 P

_Eal 1 PM 14 kax Power

ol-1z.00

{ ») Cal Step 3a: 0 dB Return Loss Reference (Short)

{ ®) Cal Step 3b: 0 dB Return Loss Reference (Open)

) View Plots of Cal Data 1

Mozt Recent Cal 2 Date 742407 1:20 P

) View Plats of Cal Data 2

Mozt Recent Cal 3a Date | 7/23/01 2:08 PM

[, B View Plats of Cal Data 3a

Mozt Recent Cal 3b Date | 7/23401 220 P

) View Plots of Cal Data 3b

Mozt Recent Cal 4 Date | 7/3/01 245 P

B View Plots of Cal Data 4

| Set Up Cal Frequenciesl Wiew Test Setup l Wies Platz af Cumrent Cal Datal Fun Selected Calibrations l Save Cal Datal

File Edt Operate Toolz Browse ‘Window Help Top
T level
@ [@n] Calib

oL




ASSOCIATES

ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

ke Top_Level_Calbration2. i

Calibration Panel

o[n
Select Cal Step 1

Use default values
for Cal

Select Cal Step 2

Select Cal Step 3a

Select Cal Step 3b

Select Cal Step 4

3/3/2002  Page 10 |4

1:02 P

1:20 P

245 PM

Most Recent
Cal Date for
current Cal
Data

View Cal Data
after Step 1

View Cal Data
after Step 2

View Cal Data
after Step 3a

View Cal Data
after Step 3b

View Cal Data
after Step 4

RAWood
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JUlimidiydinhirglihiinod Calibration >> View Plots of Current Cal Data Panel

FOR TODAY 'S INDUSTRIES

il Cal_data_plot_vi X |
File Edt Operate Toolz Browse ‘window Help

Statistics of

Select the Cal file to be viewed Cal Data
View Calibration Data Ufility
7 Graph Plot O m
-13.5- AVERAGE
Calibration File [16.01
()| CAL_5G1_to_PM1A.gbl 0 = :
145 fy MIM OF DATA|
' ;g b 1648 |
Last Cal Date:  7/3/01 1:02 PM D 150 g iﬁ
o Fr o |MAX OF DATA
— i
= 155 7 "E [12.92
T Az I ﬁ[l P‘i
Py . .o
.;) P14 Pout at Sig Gen 1 Power 2 o -16.0 ' t f E j‘i P-P FLATMESS|
- m
I 1 B ;!
2 165 e i 1 450 |
o o h
ﬂ ﬁ h .lIl LY
E 7.0 £ L F'; I SLOPE
# 5 1.56 |
A7 51— }s“
Any column of data can be ;
viewed for any Cal File 180~ |
¥
I
1 8-5_? [ [ [ [ [ [ [ [
1500.0 1600.0 1700.0 1800.0 1900.0 2000.0 21000 2200.0 2300.0
Freq [MHz]

\ \ Fabiz
o) Fre (MHz] 0
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ENGINEERING SOLUTIONS
FOR TODAY 'S INDUSTRIES

\§ R A WOOD
: ASSOCIATES

» The Configuration Panel allows
tests to be selected and
defines the test parameters

» RF Measurements are
performed at low power and
high power

= Currently available tests are
shown

= All test information and
parameters are stored in
Configuration files
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LDMOS RF Power Amp System
Automated Measurements

[E=! Configure_Tests6.vi

Select Teszt Mame

DC Tests

Fang

Fianh

Gmg Transconductance

Gmh Transconductance

Idg Setup

RAF Tests Pout Low

Fout Low Power Set

Idd

ACP Pout Low

IMD 357 Pout Low

E fficiency

FAE

Fetumn Loss

RF Testz Pout High

Pout High /2 dB Gain Comp

Idd

ALCP Pout High

IMD 35 7 Pout High

E fficiency

PAE

Feturn Loss

Other Setups

H HEEEEEEN EEEEEEEE EEEEE

Freq Band/Freq Lizt

Canfiguration File

o

Test

Setup Limits?

| (aisisisiaial s [(sisisisiaia] s [sisisis] |

J: AU ploadiageretPhaze 3bazeline.cfg

Select and Configure Tests to be Run

Stop on First Failure

[ SETUP FAILURE ALARM]

Servoed Output Pawer High

LOAD COMFIGURATION FILE

S&WE COMFIGURATION FILE

RETURM

RAWood
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iyt bl Main Test Panel >> Configuration Panel

FOR TODAY 'S INDUSTRIES

ii=! Configure_Testsb._vi These buttons
/ show if the test has
been configured

Stop tests after

Select and Configure Tests to be Run

Select Test Mams Sle'jlt:' Lirnits? the first test fails
e top an Fist Fail:y/ or continue testing
g R :ﬁ'l after failure
| Fianh
amg Transconductance
: Gmh Transconductance | SELUEGSLLIBESLaRN I \
ldg Setup [ Configure the
. RF Testz Pout Low Failure Alarm
| Pout Love Power Set
> |
These buttons are /_ dd These tests are
used to select the H ACP Pout Low ——— already configured, or
tests to be run | |MD35.?PDUELDW do not need to be
Efficiency .
— =T configured
B Retum Logs

g RF Tests Pout High

Paut High / 5 d8 Gain Comp This indicates whether the

oeivaedDINpEE e el Pout High Test is servoed

\ )
B Idd for a certain power level, or
B £CF Pout High for X dB of gain
| IMD 35 7 Pout High compression
| Efficiency
- PAE Load a file with test
et Loss LOAD COMFIGURATION FILE | €—00 |

L . .
Other Setups SaWE COMFIGURATIOM FILE con.flguratlons already
- defined
Freq Band/Freq List RETURM
Configuration File \ Save all test

2 J:hUploadiageretPhase 3vbaseline.cfg configurations to a

7 file for loading
later
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| [(aisisisiaial Ia [sisis aiaisl s [(sisisis

Current configuration file
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lniniduniishjioylid Example Configuration >> IMD 3 5 7 Low Test Setup

FOR TODAY 'S INDUSTRIES

Configure_IMD_Low_vi

Configure IMD 3 5 7 Low

Two Tone IMD Low Test Setup

_Tw::- Taone Low Start G ain [dB]

5} 15.00
Two Tone Low Desired Output Power [dBm]
34.00

.Twu:u Tone Low Output Power Tolerance [+/-dE]

iJ] 0.10

_Twu:u Tone Low Frequency Offset [MHz]

- 5.00

_Twu:u Tone Low Power Offzet{dBm]

- 0.00

Max # of lteratians

J°

Mote: "Two Tane Low Desired Output Power [dBm]" iz | Define IMD Low Test Limits and kare... '
baszed on "Output Power Low D ezsired Output Power T §
[dBrm]"* setting in the "Pout Low Power Set'! configuration, [ Test Limits Configured?

| 54vE and EXTY camceL] [ Test Setup Configured?

Page 14 RAWood



