Focus Microwaves Inc,

a7 Monles-de-Ligsse. Suite 308

Ville S1-Laurent, Quabee

Canade HAT {347

Tel (514] 335-8227 Fax: (514} 335-67a7
Email: facus US&ree oo

Wb site: hitp.itwww. focus-microwaves, com Product Note No 16

GPIB Tuner Controller - GPTC

GPTC is a GPIB Programmable User Interface that enable employment of
Automatic Tuners as fully characterized modules in ATE.

GPTC permits the following operations:

- Control the position and nifialize the tuners:

- Calibrate the tuners at any frequency using a Network Analyzer;

- Tune to any interpolated impedance using the calibration data;

- Send GPTC and GPIB commands from the keyboard;

- Save test procedures in a file (LEARN mode) and repeat them from the
file (EXECUTE mode).

Automatic Load Pull and Noise test procedures involving GPIB instruments
(incl. wafer probe stations) and calibrated tuners can be generated using the
GPTC.

Introduction

Despite existing Load Pull and Noise measurement systems with “Ready to Use” software there
are many individual Engineers sho wish to develop their own test procedures tailored to thejr
specific needs and particular devices, For those individuals none of the existing automatic Load
Pull and Noise measurement systems can be fully adequate.

In a, somehow, "step backwards® Focus Microwaves introduces g GPIB programmable User
Interface that permits to make the basic operations of the {much more sophisticated) "turn key”

or MTS systerns, but without Compromise as far as ithe Tuner Operation is concerned,
including the accuracy of the Tuner Calibration, the Impedance Synthesis and full Interpolation
Capability of the complete systerns and the Enhancement of o LEARN and EXECUTE
operalion mode.

This Mote deseribes the Hard and Software components of a GFTC, the GPIB mnemonics and
technigues to control it and Eies programming examples in ‘C and HP-Basie,
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GPTC Requirements and Components

1t is meanwhile common knowledge that generating knewn microwave impedances using tuners
for Load Pull or Noise testng is as much required as the actual tuner loss st this state, so any
measurement of Signal or Noise power can suecessfully be de-embedded to the device reference
plane.
The key difference between an "Automatic”, ie. motor driven or electronically switchable Tuner
and a “Programmable” Tuner is the fact that the second one can be sent 1o a required Impedance
(mot State or Position) with full knowledge of ite microwave behaviour at that state befare the
measurements starts. Only this way an "on line" search for Minimum Noise Figure or Masimum
Power, Gain, Efficiency ete. at the device reference plane is possible.

This means that the GFTC must be able to fulfil the following requirements:

- Move and Initialize the Tuners

- Calibrate the Tuners on a Network Analyzer

- Tune (ie. generate the positions required in order to synthesize microwave Impedances based
on previous Tuner ¢ahbration data)

- Compute the 4 S-parameter and the Loss of a tuner at its actual state.

- Control and Read GPIBE Instrument

These requirements are met by the following components of the Foous' GPTC ;

1 - Hardware Components:
1.1 - Tuner Control Electronics
1.2 - RAM, Hard-disk, Power Supply, Display and Eeyboard
1.3 - GFIB Interface

2 - System Software with following capability:
2.1 - Read and Write to a standard GPIB
2.2 - Position and Initialize (read limit switches) the tuners
2.3 - Control and read a Network Anabyzer
2.4 - Calibrate the tuners at any frequency fully automatically
2.5 - Ssve and Retrieve the Calibration Data
2.6 - Tune to any required Impedance
2.7 - Compute the S-parameters and the Loss of the Tuner Twoport
28 - Enter GPTC and GPIB commands from the GPTC keyboard
1.9 - Save all GPTC/GPIB commands in a LEARN file
210 - Repeat all Learned commands from file (EXECUTE mode).

It is abwious that a readily everywhere available IBM®PC can very well meet the requirements
1.4, whereas items 1.1 and 2.1 to 210 are own developments of Focus Microwaves. Ttem 1.3 is a

commercially available GPIB interface card plugged into the PC bus together with the Tuner
Controller (item 1.1).

Figure 1 illustrates the configuration of the GPIB Tuner Controller (GPTC).
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Figure 1. Configuration of GFIE Tuner Controller

GPTC Components

Hardware Components

GPTC includes the following components:

1- Tuner Controller Interface (IBM PC insertable)
2- GPIB Interface

3- Ome or more awtomatic tuners (0.4 to 110 GHz)
4- Cables

3- An IBM-PC (386 or 436 computer)

Software Components

1- GFTC operation system (programm GFTC.EXE)
2- Tuner Calibration Software

3- GPIB drivers



GPTC Operation

The GPTC can be installed in any IBM®PC compatible computer and operated either directly or
remotely from another GPIB equipped computer (not necessarily IBM®-PC).

Once a number of initialization parameters have been set execution of the system programm
GPFTC.EXE permits the following operations:

1- Tuner Control from GPTC keyboard (cursor operation)

2- GPTC and GPIB command entry from GPTC keyboard

3- Send GPTC and GPIB commands from another computer via GPIB

4- Save GPTC/GPIB commands in a file (LEARN mode)

5- Execute LEARN-ed files (EXECUTE mode)

6- Save all operation steps and Instrument readings in PROCEDURE files

When executed the programme GPTC.EXE presents the following screen

. FOCUS HMicrowavez Ine.
== EPTC == GPIE Tuner Controller (for [BM-PC) U-2.8
C el
USE THE CURSORS +to HWE ...
FL/F2 —» Initialize Tumer 172
Fi ———> Switch Tumer
F4 ——> Cparse Stap
F5 ====—) Set Speed [188 steps/sec]
P&t ———=—> Local Control
Fi<F8 —2» Learn/Executs
FiB —> Quit
¥»» TUMER 1 -> HORIZ = B » VERTICAL = B s max = ZHBE
TMER 2 > HORIZ = @ ; VERTICAL = A ) Ymax = 3608
LoCal Alt+Y = Change Ymax Alt+D = DOS Command

Figure 2: GPTC screen for Tuner Control and Remote operation

Keys F1 and F2 are used to initialize tuner 1 and 2. F3 permits to pass control to either tuner.
F4 and F5 adjust the number of motor steps generated at each cursor hit and the motor speed.

Fb, F7 and F8 permit to operate the GPTC locally (ie. via its own keyboard) for sending GPIB
or GPTC commands to the instruments or the tuners. These commands can be saved in a learn
file {LEARN mode = F7 ) and executed afterwards (EXECUTE mode = F2 ). Complete |
command hles (LEABN files) can be included in the list of commands in form of subroutines.

An executed procedure is saved automatically in a PROCEDURE file, which includes the
commands sent, any comments, subroutine files and all instrument responses.



The following screen is activated for either F6, F7 or F8 operations,

FOCUS MNicrowaves inc,
== GPIC == CPIP Tuner Controller (For IBN-PC) v-2.8

C &3

Syntax: €GPIC: Enter OO (Ex: mov 1688 ..)
FILE: SMWE = executes File..
GPIB: Enter BADK § MNEMONICS
Example: 812 FREQ 2.4 Q2

Press 'Esc’ to Return. ..

TUNER 1 -> HORIZ = 8 » VERTICAL = 8 : Ymax = 2888
TUMER 2 -> HORIZ = @ » VERTICAL =

F@mm Conmand = ,

CONTROL Alt+¥ = Change Ymax Alt+D = DOS Command

Figure 3: GPTC screen for Local Control, Learn and Execute modes

GPTC Programming

GPTC Programming is easy, Either you send GPIB/GPTC commands from another computer via
the GPIB cable (the GPTC is in Peripheral mode) or you type in the same commands in the
GPTC computer keyboard (the GPTC is in Active Controller mode).

There is no hardware dis-connections necessary to switch between both modes.

At the end of this Note there are listings of examples of GPTC programmes, written either in
HP-Basic (to be used with a HP-9000 o HP-85 computer) or LEARN and PROCEDURE files
that can be used directly from the GPTC [BMePC computer.



Flow Chart of GPTC Operation
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Summary of GPTC Commands

The GPTC vocabulary includes System Control, Parameter Setting and Tuner Control
commands. In Local, Learn and Execute mode it also includes FILE commands.
- System Control Commands:

l = PROCEDUR.CODL...

LOC, REM, END, WAIT, TMO (Time Out), WFR (Wait For Ready).
= Tuner Control Commands;

INI (move tuners to Zero), GOT (GO To a pasition), MOV (move a number of steps), POS?
(returns tuner position), SPD (sets motor speed).



- Calibration and Tuning Commands:

MEM (allocates dynamic memory for Cal Data), CAL (Calibrates Tuner on a Network Analyzer),
LTC (Loads Tuner Cal Data in memory), INV (Inverts Tuner Ports), TUN (tunes to a microwave
Impedance = Impedance Synthesis), TUN? (returns the actual tuned impedance), LOS? (returns
the actual Tuner Loss).

- Parameter Setting Commands:

SET (defines and saves on file key operation parameters, such as speed, Ymax, VNA selection),
SET? (returns the key operation parameters).

Programming Examples

Example for HP-Basic programming (from external system controller)

10 ! Calibration example
£0 | -HPF- B85 VERSION

30 | Tuner contreller at address 720

40 ON INTE 7 QOSUB 1000

50 ENABLE TNTR 7;8

60 OQUTPUT 720 ;"INI 1"

70 OUTPUT 720 ;“INI zv

80 INPUT"Enter horizental step :" hatep

20 INPUT"Enter wvertical step "L, VEtep

100 DISP"Connect the tunerl on the netwerk analyzer"
105 INPUTYPRESS A KEY WHEN DONE", KS

119 CALL Calcleops

120 CALL Networkmeasure

130 QUTROT 720;"mov hastep 0 0 0¥

140 IF hstep ¢ limith THEN GOTO 120

150 OUTPOT 720:;"got 0 -1 -1 -1w

160 QUTPUT 720; "mov 0 vEtep 0 O©

170 IF vstep <« limitv THEN GOTO 120

180 OUTPUT 720;%ipi 1w

200 DISP"Connect the tuner 2 on the network analyzer"
205 INPUT"FRESS h KEY WHEN DONE®, KS

210 CALL calecloops g
220 CALL Networkmeasure

230 OUTPUT 720;%mov 0 0 hstep o"

240 IF hstep < limith THEN coTo 220

250 QUTPOT %20;%got -1 -1 @ -1

260 QUTFUT T72Z0;"mov 0 0 g vatep"

270 IF vstep < limitv THEN GOTD 220

280 OUTPUT 720;"inj z-

220 DISP “CALIBRATION DONE®

300 END

400 SUB Calcloops

! Here is your subrcutine that computes the total displacement of 'the axis to
clese the phase and tc have the maximum reflection ! (limith and limitw)

500 sSUB Hetworkmeasyre
! Here is vour subroutine that measures the parameters from the
! Network Analyzer and stores them inte a file (calibration file)
! with the positicne of the axis after this measurement
! generated using QUTEUT T20;"pos? ENTER 720:pos
1000 P=SPOLL(720)
1010 IF B AND 1 THEN GITO 1000
1020 STATUS 7.1 1x !
1020 ENTER 720 iy
1040 RETURMN



Example of GPTC LEARN File

! File "TEST 1" Moves Tuner 3 times
| and reads Wiltronm 360 Automatic
! Hetwork Analyzer

ini 1

| Start Test Procedure
QUTPUT, 06; dl4

QUTPUT 06, e wis

wir 6 34 4

QUTPUT 06; chl fma ofd
ENTER 0&

OUTPUT 06; fhi cwf 1.2 ghz
OUTPUT 06;: avg 16 xX¥l
QUTPUT 0&; trs wis

wir & 34 4

OUTPUT 06; chl fma ofd
ENTER 06

| Cycle 1

mov O 2900

OUTPUT 0&; trs wis

wir & 34 4

OUTPUT 06; chl fma ofd
ENTER 0& '

! Cycle 2

mov 1000

OUTPUT 06; trs wis

wir € 34 4

OUTPUT 06; chl fma ofd
ENTEER 0&

| Cycle 3

mov 1000

OUTFUT 06; trs wis

wiz 6 24 4

OUTPUT 06; chl fma ofd
ENTER 06

end

The listing on the next column corresponds
to the execution of the above LEARN file
and is saved as ASCII file on Hard disk.

Example of PROCEDURE File

LEARN File = test_ 1

FROCEDURE = FROCEDUR.039

Date = Tue Jul 19 18:24:14 1994

Ccomment = Move Tuner 1 and Read
Network Analyzer

S: SEWD, R: RECEL VE, C COMMENT . . .
5: ini 1

C: | Start Test Procedure

2; OUTPUT 06; did

8: QUTPUT 0&6; tre wis

5: wir 6 34 4

8: OUTPUT 06; chl fma ofd

5: ENTER 06

R:023.23318230E-03, -128.52520760E+00
5: QUTPUT 06; fhi cowf 1.2 ghz

5: QUTPUT 0&; avg 16 XXl

3: OQUTPUT 06; trs wis

g: wfr 6 34 4

&: OUTPUT 06; chl fma ofd

5: ENTEER 0&

E:023.24195950E-03, - 128 . 5413666 0E+00
C: ! Cycle 1

S: mov O 2900

5: OUTPUT 06&; trs wis

5: wfr & 34 4

g: OUTPUT 06; chl fma ofd

5: ENWNTER 056

E:T67 .65924700E-03, -135.61224560E+00
Cr F Cycle 2

5: mov 1000

8: OUTPFUT 06; trs wfs

S: wfr & 34 4

g: OUTPUT 06; chl fma cfd

2: EWNTER 06
R:790,01212130E-03,-030,19167900E+00
c: ! Cycle 3

3 mov 1000

§: OUTFUT 06; trs wis

S: wiz & 34 4

§: OUTPUT 06; chl fma ofd

S: ENTER Q&
B:804.19874200E-03,-103.23461160E+00
S: end



