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SECTION 1 GENERAL

The receiver of the Microwave System Analyzer (MSA) can be remote controlled with GPIB (IEE 488 Bus).
The GPIB system is a general interface bus system for digital equipment approved by IECE {Institute of
Electrical and Electronics Engineers). It standardizes the remote control, data IO, and data transmission of

measurement equipments and peripheral equipments.

With the integration of interface with this specification in controllers and peripheral equipments, each device
become fully compatible through the interface connector (specified by 1IEEE 438).

With this interface bus, a maximum of 15 devices can be connected on-1 bus. Three wire handshake is used for
data transmission ensuring transmission between devices with different transmission speed.

1.1 GPIB Interface Capability
MSA (Option 04) has the GPIB interface functions listed in Chart 1-1.

Chart -1 GPIB Interface function

Code : ' Interface Functions
SH1 Have all functions of source handshalke
AH1 Have all functions of accepter handshéke
T6 Have talker release funct.i'on with basic talker and MLA command
L4 Have listener release function with basic listener and MTA commuand
SRO No service requester function (serial poil)
RL1 Have all rernote/local functions .
PPO No parallel poll function
DC1 Have all device clear functions
DTO No device trigger function
Co No controller function
El "~ Open setector bus driver

Note: The function codes are listed in IEEE488-1978 Appendix C.
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i.2 Bus Message

There are 12 types of fundamental messages transmitted scross GPIB. The response from MSA to these
messages are as shown in Chart 1-2.

Chart 1-2 Bus Messages

(Note) GPIB Address of MSA is 10

GPIB Related Interf M Sample Statements
Response from MSA clate nieriace essage .
Message P Comments | Functions | Type ANC-BASIC HPL
. (Packet 11} {9825)
Data Receives input data and
3 . i - Input A
sets front panfii functions I'6 4 P WRITE @110: ... Wrt 710, .....
and prepares for data trans- L4 ata
mission 15 shown in section 3. Al o
uiput . A N
Qutput data is sent n format SH1 data READ @110: ... red 710, ...
shown in section 3.3.
Trigger Not used.
Clear [n.l_tmhzcs data inputfoutput DCL el System DLC @1 clr 7
pointer. Clear
Sbe Device |y carto olr 710
_ Clear
Remote Cmitrol sho‘wn m. section 2.1 REN RL1 System REN @1 rem 7
is changed form front panel Remote
to GPI1B. However, LOCAL Device
swm:h is excluded. . Remote REN @110 rem 7110
Local Controf shown in section 2.1 System .
@
is changed from GPIB to front Local LeL et tel 7
antel GTL RL1L -
panet.. i Device
LCL @116 el 710
L.ocal
Local Pressing of [ocal switch will LLO RLY LLO @1 el 7
Lockout not return to local.
Cie;u Reteases local lockout and :
Lockout/ changes control shewn in REM RL1 LCL @1 Tl 7
Set Local section 2.1 to front panet.
Requice ’ .
sed.
Service Not use SRQ
Status - SPL
t used.
Byte Not used SPD
SFaLus Not used. PPO
Bit .
Pass
Control Not used. co
Abort Not nsed. IFC

1.3 Specification and Fusnished Accessory

With the attachment of option 04, the receiving part of MSA will have the following functions.




1.3.1 Interface bus specifications
(1}  General
{EEE Std 488-1973: IEEE Stz.mdard Digital Interface for Programmable Instrumentation.
(2) Bus structure
Bus line consists of 16 signal lines and & ground lines.

@ Data bus (8 lines)
DIO 1 -DIO 8

@ Data byte transfer control
DAV, NRFD, NDAC

@ General interface management (5 lines)
ATN, REN, IFC, SRQ, EOL

(3) Data transfer

Three wires handshake:  Performed by command
Speed: : Less than 1 Mbyte/sec

(4} Electrical characteristics

@ Digital signal level (Negative logic)
OQutput 0: =1 +2.4 volis
Output 1: <1 +0.4 voits
Input 0: 221 +2.0 volts
Input I: <t +0.8 volts

Power

5V 5%
(5) Mechanical characteristics

Cable conniector
23 shielded cores wire with 24 pins.

| 60 mm typical —_—
[ Receptacle ﬁ
R

i Bady
= , Cable . - B

Plug

15 mm typical

’?7_

[ifise
—

C ring

b

15 mm min

®.
[ﬂ]
®

L
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@ Cable length
o Cable length should be less than 20 meters at one system configuration.

o Cable length should be followed by the following equation when the number of interface
to be connected is less than 10:

L<2N meters.
L..... Total length of cable
N..... Number of the interface to be connected

(6) Number of interface
Eess than 15 at one system configuration.

{(7) Cable connector

Cable

P Receptacle side

/3

DIC1 1 13 DIOS

pLO2 fz] [E4 DIOG

PIO3 (IR0 M— ) (¢ ¥

blo4 4 16 DIO8

EOI I'5 [E REN

DAV ——HIHE] (I8 Ground of DAV
NRFD Ground of NREFD
NDAC 8] Zqt Ground of NDAC
IFC 5] [z1l Ground of fFC
SROQ a6l 23} Ground of SR
ATN — 11 23} Ground of ATN
Shield @ Ground of LOGIC

<

1.3.2 GPIB performance of MSA
(1) Listener function

Set the following items with remote control.

@ Measuring ilems . Linearity, Delay, Ampl, DG, DP, Return Loss, DC Input
@ Receiver mode _ ; IF, BB

@ CRT sensitivity 1 Auto, Manual

@ Normalizer mode setting  : S/N improvement, subtraction

@ P-P function : ON/OFF

(6) CAL function - ON/OFF

@ FREQ SELECT : MARKER/COUNTER
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(2) Talker function
The following data can be sent.

IF/BB input level

FM deviation

BB frequency

Sensitivity of CRT

Measurement result; _ P-P value
IF Frequency

IF Sweep width

Slide Marker Frequency

9

CERELELEE

Measurement image on CRT;  use the normalized data*
(i) MEAS memory measurement data '

(i) STO memory measurcment data

Note: The measurement image on CRT can be sent for the following measurement iterns.
(z) YL; Linearity/DG, Delay/DP, Ampl, Return Loss
(o) Y2; Lihearity/DG, Delay/DP, Ampl, DC
Measurement image of AM-PM, Spectrum, BB AMPL, BB RETURN LOSS cannot be sent.

fu order to send CRT image with GPIB, following condition is necessary.

1) Horizontal axis should be swept by 50 (60) Hz sinusoidal wave

2}y CRT horizont_al axis should be set to full-scale

3)  Transferred CRT image has foﬁowing error against CRT scale.
Vertical axis: less than 0.2 dB (Approx. 2 mm)

Horizonta) axis: less than 0.2 dB (Approx. 2 mm)

1.3.3 Fumished Accessory

Accessory _ Q'ty Remarks

Operation manual 1
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SECTION 2 PROGRAMMING GUIDE

This manual describes matter pertaining only to remote control using GPIB. Microwave System Analyzer
operation manual should be referred to for function of each key, operational sequence and handling of

measurement instrument.

2.1 Explanation on Panel

The keys on the front panel and the program code are related as indicated in Figure 2-1. For details on this
program code refer to section 3.

NA
. NB
[¥iLj [;f;] [g(l)] [s(l)] [gl’\l?-lI {RA]  [RM] iBF} {xg}

/ .

yaviai

Y1A V1B ¥Y1C Y1B Y1IE YlR* VZA ¥2B ¥Y2C Y20 Y2E [iy2r*]
Y 10: OFF L.** YZO OFF

!

R

B
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2.2 Instrument State
(1) REMOTE/LOCAL
This is the LED indicator to inform whether the instrument is on Remote Mode or Local Mode.

COMNTROL

CI REMOTE CALOCAL

{2} Local Switch

This switch is to be used for changing the instrument in remote mode to Local Mode.

When the instrument is in Local Lockout.

CAL
DEW‘}FTIONS Made status, Remote Mode cannot be altered to Local Mode.
S Refer fo Clear Lockout in [tem 1.2 for detail in this case,
LOCAL Note: This switch functions as CAL switch when the instru-

ment is in LOCAL mode status.



2.3 Address Switch

Address is set in the following manner on the address switches on the rear panel:

GUP-IB ADDRESS 5-BIT
5 4 3 2 1 DECIMAL CODLE
p g@ 6 0 0 0 © 00
TALK ONLY GP-iB ADDRESS @ 0 0 01 01
‘ 0 0 0o 1 0 02
. 5 4 3 2 1 ¢ 0 0o 1 1 03
ON 0 0 1 0 O 04
Trrrrer o
OFF ' 0 0 t 1 0 06
2 1 0 0 1 1 1 07
PLOTTER SELECT ¢ 1 0 o0 0 08
@ o 1 g o0 1 0o
¢ 1 0 1 0 10
c 1 0 1 1 11
6 1 t 0 ¢ 12
o 1 1 0 1 13
0 1 1 I 0 14
No. Marking Description 0 1 1 1 1 15
(1) | TALK ONLY OFF | This is the GP-IB address settable 1 0 06 0 0 16
state. The address is set with the
GP1B ADDRESS switches. 1o 6 0 1 17
ON i The talk only mode is set. This 1 0 0 t 0O 18
device is fixed as the talker _
without regard to the setting of 1 0 ¢ 1 1 19
the GP-IB address switches.
(Used when plotting directly at Lo oo 20
the plotter/printer without goiog 1 o 1 0 1 21
through the controller.) 1 o 1 | o : 1
(2) |GPAB ADDRESS | These switches set the GP-IB 1 P11 23
address of this device. Thirty-one )
addresses from 0 to 30 can be 1 1 0 0 0 24
selected, 1 1 o 0 1 75
(3) {PLOTTER SELECT | When plotting - directly at the 1 1 0 1 0 26
plotter without going through the .
controller, this switch must be 1 10 1 1 27
selected according to the kind of 1 1 1 0 0 28
plotter. (For further information,
refer to Direct Plotting of Lot ool 29
the operation manuab.) 1 1 1 1 0 30
Note 1: ON
0. OFF
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SECTION 3 PROGRAMMING

A list of MSA program codes is shown in section 3.1. Using these codes, setting equivalent to LOCAL using
key switch can be made.

The program codes of MSA can be divided into the ib-liow'mg 3 types.

(1) Codes for setting fuﬂction

{2) Codes for sending measured data

(3) Other codes

Whent the code for sending measured data is received, send preparation is performed with the data at that time
and when the MSA is speciﬂed as the talker and the data is requested, this data is senxt in format shown in

section 3.3.

Sending of measured image on CRT is performed using the normalizer function by converting the measured
image to digital value. For detail of this procedure, see section 33.6.

When the measurement items or other functions of this MSA are switched, a little time is necessary for the
measurement data to stabilize. Take this into account when programming.
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3.1 List of Program Codes

3.1.1 Setting of functions

CODE

DESCRIPTION

Remarks

Y1A
YiB
YIC
Yip
Y1E
Y10

®
®
©)
@
®
®

Settmg of Y1 Measuring Items

Linearity/DG

Delay/DP

AMPL

Return loss

AM-PM (Measurement image cannot be sent)
OFF

See section 3.2.1

Y2A
Y28
Y20
Y2D
Y2E
Y20

e

o
®
©)
®
®
©®

Setting of Y2 Measuring Items

Linearity/ DG

Delay/DP

AMPL

Return Loss

Spectrum (Measurement image cannot he sent)

OFF -

See section 3.2.2

Ml
MB

=

W1
@ »

Settmg of RECEIVER MODE

See section 3.2.3

RA
RM

=

O,
@ ™

Setting of RANGE MODE

AUTO

Sce section 3.2.4

PO
Pl

il

® o
@

Settmg of PEAK TO PEAK. {p-p)

Q

N

See section 3.2.5

NA
NB
NC
NO

&

Q)
©)
®
@

Setting of NORMALIZER

AVG (S5TO)
Y-5TO
AVGE TO
OrY

See section 3.2.6

Co
Cl

1.

0]
©

Setting of CAL
OFF
ON

See section 3.2.7

YIR*
Y2R*

8.

®

Setting of CRT SENSITIVITY (RANGE)
¥1 CRT SENSITIVITY

(2) Y2 CRT SENSIFIVITY

See section 3.2.8

RL)F *

9.

Setting of RETURN LOSS OFFSET

See section 3.2.9




CODE DESCRIPTION Remarks

10, Setting of I[F counter/{requency marker See section 3.2.10,
CN @ {F counter, sweep width
MR (2) Marker

1. In return [oss measurementt, IF/BB made is set. See secton 3.2.11.

At this time, RECEIVER MODE must be set to
BB and Y| measurement item must be set to

RET. LOSS.
RI @ iF return loss mca.surement
RB @ BB return loss measurement
[2. CRT semsitivity of IF return loss measurement See section 3.2.12.
Y1R4 (1) 1 dB/div.
YIR6 (2) s dBidiv.

3.1.2 Sending of data

Upon receiving the following commands, the MSA prepares for sending of data and when it is specified as the
talker the data is sent.

CODE * DESCRIPTION _ NOTE
IF 1. TFINPUT LEVEL See section 3.3.1
M 2. FM DEVIATION See section 3.32
BB 3. BBINPUT LEVEL | See section 3.3.3
BF 4. BBFREQUENCY "See section 3.3.4
5. LED DISPLAY Data See section 3.3.5

YIL @ vI LED DISPLAY
Y2L (2) Y2 LEDDISPLAY

6. Send the measured data on See section 336

CRT

Y (M (1) MEAS Memory Data of Y1
Y1§FH* (2) STO Memory Data of Y1
Y2M* (3} MEAS Memory Data of Y2
Y25*#* (@) STOMemory Data of Y2 |
Cr 7. [IF Frequency See section 3.3.7
MF " 8. Slide Marker Frequency See section 3.3.8
sw 9. IF Sweep Width See section 3.3.9
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3.1.3 Other codes

CODE

DESCRIPTION

NOTE

MOV

Transmit AVG memory data to memeory
for GPIB. The nomalized measurement
fmage at the time this command is
received is sent with the command No. 6
in section 3.1.2, (example for Y1 channel:
Y IM***) when specified as the talker.

See section 3.3.6

AS

Prepare to send setting data for all functions.

See section 3.4.1

TL

Title display on CRT

See section 342,

ETL

Erasing of title

See section 3.4 3.

GA Xn, Yn
GB Xn, Yn

Displaying reference line on CRT

See section 3.4.4.

3.2 Program Codes for Setting Front Panel Key

To set MSA through GPIB, the foﬂowing program code must be sent in the same sequence as for manual

setting (LOCAL Operation). To show the end of data, LF or EOLis required as delimiter.

321 Setﬁng of Y1 Meaéurihg Ttem

(1)  Program Code

@ Lineardty/DG . . ... ... o L. -Y1A
() Delay/DP . ......oviiiiiiaan Y1B
(3) AMPL . ... Y1C
() ReturnLoss...........ooooomonn YD
(5) AMPM ... ..o YIE

(2) Note

(1) Measurement image for AM-PM conversion cannot be sent.

@ Measurement image for BB Ample and BB return loss cannot be sent.
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3.2.2  Setting of Y2 Measuring ltem

(1) Program code

Linearity/DG .. . ... ......
Delay/DP ... ... ... .. ...
AMPL ...

CIDICIOIOIO
g

(2) Note

@ Measurement image of spectrum cannot be sent.

@ Measurement image of BB Ample cannot be sent.

3.2.3 Setting of receiver mode

3.2.4 Setting of range mode

{1) Program code

D AUTO «...............
() MANUAL ...............
(2) Note

@ AUTO cannot be set when the normalizer is set to Y-STO or AVG-STO. As in LOCAL
operation, the key lamp blinks to notify the error but no comment s sent to the controller.

3.2.5 Setting of peak to peak (p-p)

(1) Program code

(2) Note

@ PP cannot be set when the normalizer is set to Y-STO or AVG-STO. As in LOCAL opera-
tion, the key lamp blinks to notify the setting error, but no comment is sent to the contro-

Her.



3.2.6 Setting of normalizer

(1) Program code
(1) AVGTO) ... i NA
(D YSTO ... NB
(3) AVGSTO ... oeveiiiann s NC
B OFF . coiieiii i NO
{2) Concerning AVG Memory and STO memory
The normalizer function of MSA has 4 memories. The name and operation of these memories are
as shown in Chart 3-1. Standard data such as internal deviation is written in STO (INT) memory.
For method of reading data from the memory, see section 3.3.6.
Chart 3-1
Normalyzer
Channel | Name of memory Application of memory
AVG (STO) | Y-STO | AVG-5TO | OFF
Vi AYVG (MEAS) Measurement image store Write Hold Write Hold
- STO Internal store Write Hold Hold Hold
. AV(G (MEAS) Measurement image store Write Hold Write Hold
STO Internal store Wiite Hold Hold Hold

Note:  AVG (STO) holds all memories for 2 seconds after switch is changed. STO memory data is not
changed if switch is changed to next step within 2 seconds.

(3)

(4)

Concerning averaging speed -

@ Normal response time: Maximum approximately 90 seconds. It takes a maximumn of appro-
ximately 90 seconds to converge when the signal is changed duting AVG (STO) operation.

@ By turning the normalizer off once, the time until convergence is descreased.
When the normalizer is changed from OFF to ON approximately 12 seconds, rough averag-
ing is performed for the first few seconds to decrease the time till convergence.
When switching measurement item 'or when the input signal changes, resetting, atter turning
off the normafizer once (for more than 1 second), will speed up the time till convergence.

Other precautions

@ When Y-STO or AVG-STO is selected, PP always changes to OFF and RANGE maode
always changes to manual.
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3.27 CAL

(1) Program code

(1) OFF.....cocirvnvanaannsnnnns co
(D ON L Cl
3.28 CRT sensitivity
(1) Program code
(1) Y1 CRT sensitivity .. ......ooo-n-- YIR* *:RANGE NO.
(2) Y2 CRT sensitivity ... .....ooooon Y2R*
(2) Note
@ To set CRT senéitivity from outside, the RANGE mode in section 3.2.4 must be set to
MANUAL. o
@ The sensitivity of measurerhent item selected with Y1/¥2 FUNCTION is set.
@ The value for sensitivity is chosen from the RANGE No. in chart 3-2 and substituted for the
" *in the code.
(4) For example, if Y1: Linearity/DG is set and the range is to be set to 3
“Y1R6”.
Chart 3-2 Ranges and Their Numbers
Uni RANGE NUMBER
Items nits of
: CRT Sensitivity | - O 1 20 3 475 6 7 9
Linearity /DG | %/DIV 00510102 | 05{10([20]50 |10
. ' 0.1
Group Delay ns/DIV 0.5 10720 50 F.O 20150 (Y2)
DP DEG/DIV 02 ] 0511020750
: Q01
IF Amplitude | dB/DIV 00501702 ]065(10]20
(Y2)
BB Amplitude | dB/DIV 01102 05|10
AMP-PM a
P
Coelficient JAB/DIV 02 05110120
- Return Loss . '
d8/DIV ;
(IF) /DI | 1.0 50 .
Dc mV/DIV 1 2 5 1 101 20| 50 {100
Spectrum 0.25/DIV Constant

idiv, send the code




329 Retumlossoffset .. ... . ..t RL**  *#%. data

@ This code is valid for Y1 Measuring Items: Retura Loss, RANGE: MANUAL. For RANGE:
AUTO, it is automatically set by the device itself.

@ The range of Return Loss offset data is as follows:
[F Return Loss: 14 to 46 dB, 1 dB step
Example Set the center.of CRT scale o Retum Loss 30dB. ... .... RL30
3.2.10 Setting of [IF COUNTER/MARKER

(1) Program code

3.2.11 Setting of Receiver Mode in Return Loss Measurement

{1) Program code

@ IFreturndoss .o ov e T RI
@ BBreturnloss ... ... ... RB
(2) Note

When the receiving mode is BB, the retum loss measurement mode .czm be switched to the IF
band. This command is effective only when the receiving mode is set to BB and the Y1 measure-
- ment item is set to RET. LOSS.
32.12 CRT Sensifivity of IF Return Loss Measurement

(1) Program code

(1) CRTsensitivity 1dB/div. ... .. .oovian i Y1iR4
(2) CRT sensitivity 5 dB/div. .. ... .......... O YIR6
(2) Note

This command is effective only when the Y1 measurement item is set to RET. LOSSIF.

3.3 Sending of Data

The output data of MSA is a combination of 7 bit ISO codes. As a delimiter for marking the end of data, EOI
is sent together with LE.
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331 IFInmputLevel ..... ... .. ... ... it 1F

(1) Output data format

W

For =209 to +10 9 dBm

1 i1 15 26 30 35 36
| i : |
IF ThLEVELm_ [dBm] . (XXX ___CRLF
e i
Space 10 EOI is sent together.
Note: (+)send space
For greater than +11 . dBm
24
o4
IF_LEVEL__{dBm}____________ ¥ 110_____CRLF
e — 1~
8 error mark (shows over-range)
For less than 21 dBm
24
oo
IF_LEVEL _[dBm] ___-_____* 210 CRLF

1& .
error mark (shows under-range)

When there is no input signal 24
e
IF_LEVEL__ [dBm] - CRLF

T.
error mark (shows input signal off)

(2) Example: GPIB address of MSA is set to the 10

PACKET I (Anritsu) _ 9825A, (HP)
10 DIM A$*40 © 10 dim AS ]40]
20 WRITE @110: “[F” 20 wrt 710, “IF”
30 READ @110: A$ 30 red 710, AS
40 PRINT A3 40 prt AS

50 END 50 end



332 FMdeviation ........ ... ... aienan FM

(1) Ouiput data format

Q0

@

20.1 kHz rms to 99.0 kilz rms

1 11 18 26 35 36 ..... calumn
4 { 4 4 o
DEVIATION [kHzrmms} ). 6. 0. 0. S, CRILF

100 kHz mms to 999 klz mms

26
i
DEVIATION _{kHzmms]__ - XXX ______CRLF
Greater than 1000 kHz mms
. 211 2&,6
DEVIATION_ [kHz rms] * 999 _CRLF

error mark (shows over-tange)

Less than 20 kHz rms

2 28
DEVIATION_[kHz rms} *__0 CR LF

error mark (shows under-range)
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333 BBInputLevel ... .. .. ..cooovverenrroe BB

(1) Output data format

(1) For—509 dBm to +10.9 dBm
1 1 13 26 30 35 36
1 L4 R Vb
BB LEVEL__[dBm] . . (¥) XXXX____CRLF

Note: (+) Send space

@ For greater than +11 dBm _
24
4
BB_LEVEL_ _[dBm]l___ .. *__110___ CRLF

error mark (shows overtange)

(3 Less than —51 dBm

24
: T :
8B _LEVEL __{dBmj__ .. .. * 510____CRLF

error mark (shows under-range)
334 BB Frequency .......- [P BF
(1) Output data format

@ When receiving the frequencies shown in the following chart.

1 10 14 26 30 3536

v P v

BB_FREQ__ {kHz] XXXXX_ CRLF
1 '

When there is no BB signal (or when receiving BB signal other thand those shown in the
following chart).

I 10 14 214

i EN) 1

BB _FREQ.__[kHz] ____ * CRLF
4
error mark
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(2) BB frequencies that can be tuned in.

ME453 K ME453 L ME453 M
ME538 K MES38 L MES38 M
f1 63.3 kHz 92 6 kHz 833 kHz
£ 200 kHz 278 kHz 250 kHz
3 400 kHz 556 kHz 500 kHz
4 2 MHz 2.4 MHz 2.4 MHz
f5 3.58 Mfz
f6 443 MHz
£7 5.6 MHz
3 8.2 MHz
9 12.39 MHz (ME538K/L/M only)

3.3.5 Sending of Y1/Y2 LED display data (RANGE, P-P value)

YILED Display . ..o vvovnnann YiL
 YZLEDDisplay ........... .- UYL

(1) Sending of Y1 CRT sensitivity

@ Coundition: P-P function must be OFF.

@ Quiput data format

1 11 14 18 20
+ + 4 b4
¥1_RANGE __/DIV__ XXX ..
RS
unit
For RET. 1L.OSS 1 dB/DIV
1 1t 17 2021

oo

b ' 4
Y)_R,LOS__1DB/DIV_ _DB.._.

@ Note:
32,

(2) Sending of Y2 CRT sensitivity

26 27 35 36
1y o4
XXXXX ___CRLF

| S
range data

2627 35 36
44 B T

XX _CRLF

@ Condition: P-P function must be OFF.

@ Qutput data format

i 11 I4 18 20

4 oo + 4

Y2 _RANGE_ _/DIV- XXX ___
Mgt
unit

262¢ 30

1y

__ XXX
[N

range data

35 36

oo
_CRILF

The unit is determined by the measurement item. {(measurement itern to which the
Y1 function is set when Y1L command is received). This relation is shown in Chart



(3) Sending of P-P value of measurement imageon YICRT . .. ... ... ......... YIL
@ Condition: P-P function must be ON

@ Qutput data format

I 18 26 35 36
i) 4 o
Yi.P-P____ XXX XXX _CRLF
St it Smem—
unit data

(3} Output data format: in the case of overrange

I 18 24 3536
{ 4 4 o
Yl_P-P XXX * CRLF
e —
unit
{4) Sending of P-P value measurement image on Y2CRT ........ [P Y2L

@ Condition: P-P function must be ON

@ Output data format

1 18 26 : .35 36
4 : 4 4 Ll
Y2_p-P XXX XXXX CRLF
R L——
unit data

@ Qutput data format: in the case of overtange

i 18 24 35 36
i ' 4 iy
Y2 PP XXX % __CRLF

3.3.6 Sending of measurement image on CRT

When sending the measurement image on the CRT from the MSA fo the controller through the GPIB interface,
the following 4 steps are required.

(i) Convert the measured image to digital signat using the norrmalizer function (see section 3.2.6)

(i) Use the “MOV” transmission command and transmit the digital s}gnal in memory to the GPIE,
memory of MSA.
The measured image at this point is sent to the controller with the commands from (iii}. {see (1) in

this section)

(iii)  Use data send preparation command {example YIM***) and prepare data to be sent. (see (2) in
this section)

(iv)  Specify MSA as talker.
The actual operation is shown in (3).
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(1) Command for transmitting AVG memory data . ... ........ MOV

One of the commands used when sending the measurement image on the CRT of MSA to the
controller through GPIB interface. When the normalizer function is used to convert the measured
image to digital signal, the data is stored in AVG memory. This command is used to transmit this
data to GPIB memory. The normalizer function continues the averaging of measurerment image on
CRT, but when this MOV command is received, averaging is stopped and the data in the AVG
memory is transmitted to the GPIB memory.

(2) Data send preparation command

@ Command code

(i) MEAS MEMORY data of Y1 channel YIM*es
*#+%: CRT X axis address (item (3))

(ii) - STO MEMORY data of Y1 channel YISH**

(iii) MEAS MEMORY data of Y2 channel YIMEEE

(iv) STO MEMORY data of Y2 chaunel Y25+

Note: **%: address data
@ Displaying of X axis address on CRT and measurement value on Y axis

The measurement. 1mage on the CRT can be sent with the resolution of 201 points-on the X
axis and 801 points on the Y axis. This setting is shown in Fig. 3-1. :

Fig. 3-1 Setting of X/¥X CRT Scales

400 X axis: —100 — +100
Center should be 0.
Minimum step 1.

Y axis: -4.00 —+4.00
Center should be G.
Miniraum step 0.01

—4.00
—100 : B +100

(3)  Address setting when the controller read out data.

In order to read out the measurement image using MOV command data is read out by transrfﬂtting
data of measured image into GPIB memory is performed at {irst, and setting CRT Y axis address.

3.14



+400

Measurement
/ image of Y2
N . /
ol N/ N4
/N : h,
/ S~ [ "1
q Measurement
image of Y1
~400
100 0 +100

Fig. 32 Example of measurement image on CRT

Address setting example for reading out measurement image Y1 in Chart 3-2. The controiler set
address as chart 3-3 using command which is discribed in 3.3.6 (2) (i). After that, Y axis data in

each address is sent by specitying MSA as
Y-axis address setting.

talker. Chart 3-3 shows data sending example with 1 div

X-axis address from controller to MSA
(for Y1 channel, MEAS memory)

Y-axis data from MSA to controller
(data format is in accordance with item 4)

Y1M-100
Y1M-80
Y1M-60
Y1M40
Y1M-20
Y1MO
YIM20
Y1M40
Y EM60
Y1MS0
Y1M100

—1.70
—0.40
+0.70
+1.10
+1.20
+1.20
+1.20
+1.10
+0.50
--0.10
=220

(4) Output data format

1 . 5 6 7 Colum
H b33

Note: *# % *% . Yoaxis data
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{5)

Example of measurement image reading

As previously mentioged, in order to send the measurement image on the CRT of MSA to the
controller through GPIB the measured image must be converted to digital signal.

The speed of this conversion to digital signal can be increased by turning the Normalizer OFF and
then ON again as stated in section 3.2.6.

Taking these into consideration, the flowchart for a controller program to read the measurement
irmage is as follows: '

3-2 One example of flow-chart for sending measurement image

( Start ,

Normalizer : )
AVG (STO) Code. NA N
? Convert measurement image to digital
signal
Wait time
approx. 10 sec.
Transmission data l Transmit AVG memory data of MSA
AVG memory —~ Code: MOV to GPLB memory
GPIB memory
Transmission data Code: YIM¥**¥*®
preparation; YOMEHE .
YiMT R Address The controller takes in the
{ex. YIM-100) data
Specify MSA as
the talker

Pata read
completed?

NO

{Process next data)
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3.3.7 Sending of IF Center Frequency ............ ... omieasnn. CF
Before using this command, select the IF counter mode.

(1} OQutput data format

P47 10 14 26 31 35 36
I { 4 | 1
CF_FREQ__ [MHz] o XXXXXX____CRLF
33.8 Sending of Slide Marker Frequency ........ I MF

Before using this command, select the marker mode.

(1) Ouiput data format

1 5 10 14 18 26 30 35 36
i 4 : oo ¥ 1 11
SLD.MRK 4/ _[MHz]____ . XXXXX... .CRLF
339 Sending of IF Sweep Width ............ .. ... oiiiiis SW

Before using this cormand, select the IF counter mode.

(1) Output data format _
1 6 11 15 26 29 35 36

4 1 1 4 oo + o4
SWP__+f—__[MHz] o XXXX CRLF
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3.4 Other Codes

3.4.1

Sending of ALL SETTING FUNCTION data

Command code for notifying the following status of function to the controller.

Function and its Status

Name of Function Status Set Status to be Sent
Y1 Linearity/DXG Y1a
Delay/DP YiB
Ampl YiC
Return Loss YID
AM-PM YIE
OFF Y10
Y2 Linearity/DG YZA
Delay/DP Y28
Ampl Y2C
pC YD
Spectrum Y2E
OFF Y20
Receiver Mode IF Ml
BB MB
Range Mode Auto RA
Manuat RM
p-p OFF 0
ON !
Normalizer AVG (STO) NA
Y-STO NB
AVGSTO NC
OFF NO
CAL OFF 0
ON I
FREQ SELECT COUNTER N
MARKER MR
RET. LOSS mode IF RETURN LOSS RI
BB RETURN LOSS RB
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(1) Output format

4 68 11 15 19 23 27 30 33 35 36
134 A
(X, Y2X, _MX, _RX,_PX,_ NX,_CX,CN,RI,CRLF

o
R
342 Display Title on CRT
This is used when displaying a text (title, etc.} on the CRT.
(1) Program code
TL®** * - Pata, maximum 20 characters
{2} Usable characters
Oto9 AtoZ,* + — [ blank,.
(3) Note
@ ~ When the number of characters is 20 or less, enter {,] at the end.

"[‘L EE S
LR S 4
5 Characters\—“—[,] is entered.

If this [,] is not entered, part of the previously displayed data will remain on the CRT.
@ Wﬂen the number of characters exceeds 20; the part exceeding 26 is ignored.
343 EfasingTitiemeCRT ........... ETL
This is used to erase the text (title, etc.) displayed on the CRT.
344 Displaying Reference Lines on CRT
Two reference lines cm be displayed on the CRT. The resolution of the CRT is as follows:

1. Measured value

+40
-axis easured value
—i00 Q +100
X-axis
X-axis: ~~100 to +100, Center . _ ... Q, Minimum step 1
Yeaxis: —40 to +40, Center . . ... 0, Minimum step 1
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(1

2)

3

R. ference line input program code
@ Input reference line A .. ... i GA Xn, ¥Yn,
@ Input reference line B . .. ... T L GB Xn, Yn,
Xn = X-axis data, —100 to +100 ‘
Y = Y-axis data, 40 to +40
@ Note
(i) Also enter each GA (or GB) command when reference line data is input continously.
{Example] GA-100, -10, GA-99, -9, GA-98, 8,
(i)  Input the X-axis data from the low value.
(i)  If input from halfway in the X-axis, a rising vertical line appears.

Input from --100 of the X-axis, then erase the unwanted values with the blank
command described next.’

Program code which makes part of the displayed reference lines blank

This is used when entering broken line, etc. as reference lines.

' @ Make part of reference lines Ablank ... ... o GA Xn, B,

@ Make part of reference limes Bblank . ... .. ..o GB Xn, B,

@ Note

{i) When displaying broken line, etc. as reference lines, first input X-axis —100 to +100
(201 points) by GA, GB command, then erase the unwanted parts by blank com-
" mand (GA Xn, B,). :
Erasing displayed reference lines

@ Erase reference lIneS A L o . o o o i r v i e cme e EGA

@ EraserefercncelinesB.....;..................; .......... EGB

320
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SECTION 1 GENERAL

The receiver of the Microwave Systemn Analyzer (MSA) can be remote controlled with GPIB (TEE 488 Bus).
The GPIB system is a general interface bus system for digital equipment approved by IEEE (Institute of
Electrical and Electronics Engineers), It standardizes the remote control, data 1/0, and data transmission of

measurement equipments and peripheral equipments.

With the integration of interface with this specification in controllers and peripheral equipments, each device
become fully compatible through the interface connector (specified by IEEE 488).

With this interface bus, a maximum of 15 devices can be connected on-1 bus. Three wire handshake is used for
data transmission ensuring transmission between devices with different fransmission speed.

1.1 GPIB Interface Capability
MSA (Option 04) has the GP1B interface functions listed in Chart 1-1.

Chart 1-1 GPIB Interface funciion

Code Interface Functions

SH1 Have all functions of source handshake

AH1 Have all functions of accepter handshake

T6 Have talker release function with basic talker and MLA command
14 Have listener release function with basic listener and MTA command
SRO No service requester function (serial poll)

RLI Have all remoteflocal funciions

PPO No parallel poll function

DC1 Have all device clear functions

DTO No device trigger function

co No controller function

Et Open selector bus driver

Note: The function codes are listed in IEEE488-1978 Appendix C.



1.2 Bus Message

There are 12 types of fundamental messages transmitted across GPIB. The response from MSA to these
messages are as shown in Chart 1-2.

Chart 1-2 Bus Messages

{Note} GPIB Address of MSA is 10

GPIB ) Related —— M Sample Statements
Response from MSA clate nierface essapge - _
Message pomse Comments Functions | Type ANC-BASIC HPL
(Packet 1) {9825)
Data Receives input data and
sets front panel functions 6 fnput WRITE @110: .. | Wrt 710, ...,
and prepares for data trans- L4 data
mission as shown in section 3. AHL
Output B110 d 710
Qutput data is sent in format SH1 data READ @110- ... e -
shown in section 3.3.
Trigger Not used.
Clear Im_tlall?es data inputfoutput DCL Dol System DLC @i e 7
pointes. Clear
SpC Device | prcatio ol 710
Clear
Remole _Conh'o! shown in section 2.1 REN RLI1 System REN @1 -
is changed form front panel Remote
o fteh 1 oxctoed. rocaL Device | ppN @110 rem 710
switch is excluded. Remote N @
Local Control shown in section 2.1 System o
1L @ y
is changed from GPIB {o front Local . LCL @1 el 7
GTL RLL -
panel. Device
LCL @110 fel 710 .
Local .
\4. ] 1 avird § ol 3
Local Pressing of local switch will LLO RL1 LLO @1 1l 7
Lockout not return to focal.
Clear Reteases local lockout and _
Lockout/ changes control shown in REN RL1 LCL @1 It 7
Set Local section 2.1 to front panel.’
Require -
Service Not used. SRQ
Status - - SPE
Byte Not used. SPD
Status ) "
Bit Not used. PPO
Pass .
Control Not used. CO
Abort Not used. 1C

1.3 Specification and Furnished Accessory

With the attachment of option 04, the receiving part of MSA will have the following functions.
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1.3.1 Interface bus specifications
(1) General
IEEE Std 488-1978: 1EEE Standard Pigital Interface for Programmable Instrumentation.
{2) Busstructure
Bus line consists of 16 signal lines and 8 ground lines.

@ Data bus (8 lines)
DIO 1 -DIO 3

@ Data byte transfer control
DAV, NRED, NDAC

@ General interface management (5 lines)
ATN, REN, 1FC, SRQ, EOl

(3) Data transfer

Three wires handshake:  Performed by command
Speed: Less than 1 Mbyte/sec

(4} Electrical characteristics

@ Digital signal level (Negative logic)
Output 0: =1 +2.4 volts
Output 1: <1 +0.4 volts
Input 0: =1 +2.0 volts

Input 1: <1 +0.8 volts

Power
+5V 15 %

(5) Mechanical characteristics

Cable connector
- 23 shielded cores wire with 24 pins.

60 mun typical PR
I Receptacle |r21

b

=

i : Body *é

%j Cable ) h g

. ' ' J =
& Plug [é\ C ring

. _ £ S 9

_ &

wmiic]E==\1F

- o

I )

15 mm min



@ Cable length

o Cable length should be less than 20 meters at one system configuration.

o Cable length should be followed by the following equation when the number of interface
to be connected is less than 10: '

1<<2N meters.
L..... Total length of cable
N..... Number of the interface to be connected

{6) Number of interface

Less than 15 at one system configuration.

— Cable
_ Receptacle side

{7) Cable connector

(\\
DIOY 1 13 DIOS
DIG2 . S A D06
DIO3 DIOT
DIO4 -~ 4 15 — DIOS
EOI 5] (7 REN
DAV . & 18 Ground of DAV
NRFD —— 77 [ sround of NRED
NDAC - I8 P Groumd of NDAC
1FC 9 51 Ground of {FC
SRQ ———4Hi[10] (22 Ground of SRQ
ATN — 131 3 Ground of ATN
Shield 5q Ground of LOGIC
e

1.3.2  GPIB performance of MSA
(1) Listener function

Set the following items with remote control.

@ Measuring items . Linearity, Delay, Ampl, DG, DP, Return Loss, DC Input
@ Receiver mode : IF, BB

@ CRT sensitivity : Auto, Manual

@ Normatizer mode setiing : §/N improvement, subtraction

(5) PP function - ON/OFF

(6) CAL function : ON/OFF

(7) FREQSELECT : MARKER/COUNTER

14



(2) Talker function
The following data can be sent.

IF/BB input level

FM deviation

BB frequency

Sensitivity of CRT

Measurerent result; P-P value
IF Freguency

IF Sweep width

Slide Marker Frequency

EEREVELERE

Measurement image on CRT; use the normalized data*
(i MEAS memory measurement data

(iiy STO memory measurement data

Note:  The measurement image on CR'T can be sent for the following measurement items.
Y1; Linearity/DG, Delay/DP, Ampl, Return Loss
@ Y2; Lihearity/DG, Delay/DP, Ampl, DC
Measurement image of AMPM, Spectrum, BB AMPL., BB RETURN LOSS cannot be sent.

In order to send CRT image with GPIB, following condition is necessary.

1)  Horizontal axis should be swept by 50 (60} Hz sinusoidal wave

2y CRT ﬁorizontal axis ghould be set to fullscale

3)  Transferred CRT image has following error against CRT scale.
Vertical axis: less than 0.2 dB (Approx. 2 mam)

Horizontal axis: less than 0.2 dB {Approx. 2 mm)

1.3.3 Furnished Accessory

Accessory Q'ty Remarks

Operation manuat 1
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SECTION 2 PROGRAMMING GUIDE

This manual describes matter pertaining only to remote control using GPIB. Microwave Systemn Analyzer
operation manual should be referred to for function of each key, operational sequence and handling of

measurement instrument,
2.1 Explanation on Panel

The keys on the front panel and the program code are related as indicated in Figure 2-1. For details on this
program code refer to section 3.

[vivg [ﬁ::a] [2(1)] [g?] [;nﬂn} {(RA] [RM]  [BF] [:g

YI1A VIB YIC YID Y1E YlR*} Y2A Y2B Y2C Y2 Y2E [¥2Rr*]
Y 10: QFF RL** YZ2(3: OFF
]
2]

B
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2.2 Instrument State

(1)

@

REMOTE/LOCAL

This is the LED indicator to inform whether the instrument is on Remote Mode or Local Mode.

CONTROL.
—

3 REMOTE CALOCAL

Local Switch
This switch is to be used for changing the instrument in remote mode to Local Mode.

When the instrument is in Local Lockout.

CAL
DE W%FTISN Made status, Remote Mode cannot be altered to Local Mode.
R[%SS Refer to Clear Lockout in Hem 1.2 for detail in this case.
LOCAL Note: This switch functions as CAL switch when the instru-

ment is in LOCAL mode status.
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2.3 Address Switch

Address is set in the following manner on the address switches on the rear panel:

S

7

TALK ONLY: GP-iB ADDRESS
; 5

4 3 2 1
ON
merrrrrer
2 1
PLOTTER SELECT
No. Marking Description

(1) | TALK ONLY OFF

ON

This is the GP-IB address settable
state. The address is set with the
GP-IB ADDRESS switches,

The talk only mode is set. This
device is fixed as the talker
without regard to the setting of
the GP-IB address switches.

(Used when plotting directly at
the plotter/printer without going
through the controlier.)

(2) | GP-IB ADDRESS

These switches set the GP-IB
address of this device. Thirty-one
addresses from 0 to 30 can be
selected. '

(3) | PLOTTER SELECT

When plotting directly at the
plotter without going through the
controdler, this switch must be
selected according to the kind of
plotter, (For further information,
refer to Direct Plotting of
the operation manual.)

23

GP-IB ADDRESS 5-BIT
5 4 3 2 1 DECIMAL CODE

.0 0 0 0 0 00
0 0 0 0 1 01
0 0 0 1 0© 02
0 0 0 1 1 03
0 0 &t 0 0 04
00 1 0 1 05
0 0 &t 1 0 06
0 0 1 1 1 07
0 1.0 0 O 08
01 0 o 1 09
0 1 0 1 0 10
0 1 0 1 1 11
0 1. 1 0 0 12
g 1 1 0 1 13
0t 1 1 0 14
0 1 1 1 1 15
1 0 0 0 0 16
1 0 0 0 1 17
1 0 0 1 0 18
1 0 0 1 1 19
i 01 0 0 20
I 0 1 0 1 21
1 0 1 1 0 22
1 0 t 1 1 23
1 1 0 0 0 24
1 1 0 0 1 25
11 0 1 0 26
1 1 0 1 1 27
1 1. 1 0 0 28
11 1 0 1 29
1 1 1 1 0 30

Note 1: ON

0: OFF







SECTION 3 PROGRAMMING

A list of MSA program codes is shown in section 3.1. Using these codes, setting equivalent to LOCAL using
key switch can be made.

The program codes of MSA can be divided into the following 3 types.

(1) Codes for setting functioﬁ

(2) Codes for sending measured data

(3) Other codes

When the code for sending measured data is received, send preparation is performed with the data at that time
and when the MSA is specified as the talker and the data is requested, this data is sent in format shown in

section 3.3.

Sending of measured image on CRT is performed using the normalizer function by convertmg the measured
image to digital value. For detail of thl& procedure, see section 3.3.6.

When the measurement items or other functions of this MSA are swilched, a little time is necessary for the
measurement data to stabilize. Take this into account when programming.-
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3.1 List of Program Codes

3.1.1 Setting of functions

CODE

DESCRIPTION

Remarks

Y1A
Y1B
YIC
Y1D
Y1E
Yio

Setiing of Y1 Measuring [tems
Linearity/DG
Delay/DP
AMPL
Return loss
AM-PM (Measurement imagc'cannot be sent)

OrF

See section 3.2.1

Y24
Y28
Y2C
Y2D
Y2E
Y20

Setting of Y2 Measuring [tems

Linearity/DG

Delay/DP

AMPL

Return Loss

$pectrum (Measurement image cannot be sent)
OFF

See section 3.2.2

Mi
MB

- Setting of RECEIVER MODE

I¥

&
o=

See section 3.2.3

RA

SCIOMICIOICIOCIONICICIOCOION

Setting of RANGE MODE

AUTO
MANUAL

See section 3.2.4

PO
1

Setting of PEAK TO PEAK (p-p)

OFF
ON

See section 3.2.5

NA
NB
NC.
NO

Setting of NORMALIZER

AVG (5TO)
Y870
AVGSTO
OFF

See section 3.2.6

Co
Cl

Setting of CAL
OFF
ON

See sechion 3.2.7

YIR*
YZ_R*

OISR CIOCIOMICICRRICS

&)
®

Setting of CRT SENSITIVITY (RANGE)
Y1 CRT SENSITIVITY
¥2 CRT SENSITIVITY

See section 3.2.8

RE**

9.

Setting of RETURN LOSS OFFSET

See section 3.2.9




CODE DESCRIPTION Remarks

10. Setting of {F counter/frequency marker See section 3.2.10.
CN @ IF counter, sweep width
MR (2) Marker

11. In return loss measurement, IF/BB made is set. See section 3.2.11.

At this time, RECEIVER MODE must be set to
BB and Y1 measurement itemn must be set to

RET. LOSS.
R1 @ I return loss fneasurement
RB @ BB return loss measurement
12. CRT sensitivity of IF return loss measurement See section 3.2.12.
YIR4 (1) 1 dp/div. '
Y1R6 (2) 5 av/div.

3.1.2 Sending of data

Upon receiving the following commands, the MSA prepares for sending of data and when it is specitied as the
talker the data is sent.

CODE DESCRIPTION NOTE
1F I. I¥ INPUT LEVEL See section 3.3.1
M 2. FM DEVIATION See section 3.3.2
BB ht 3. BBINPUT LEVEL See section 3.3.3
BF 4. BB FREQUENCY : © See section 3.3.4
5. LED DISPLAY Data Sce section 3.3.5

YIL - (D Y1 LEDDISPLAY
Y2L () Y2 LEDDISPLAY

B 6. Send the measured data on See section 3.3.6

CRT :

YIMES* (1) MEAS Memory Data of Y1
YigHe (Z) $TO Memory Data of Y1
Y2MEEE (3) MEAS Memory Data of Y2
Y25k @ STO Memory Data of Y2
CF 7. IF Frequency See section 3.3.7
MF 8. Slide Marker Frequency See section 3.3.8
SW 9. IF Sweep Width See section 3.3.9
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3.1.3 Other codes

CODE DESCRIPTION NOTE

MOV 1. Transmit AVG memory data to memory See section 3.3.0
for GPIB. The normalized measurement
image at the time this command is
received is sent with the command No. 6
in section 3.12, (example for Y1 channei:
Y IM**¥) when specified as the talker,

AS 2. Prepare to send setting data for all functions. | See section 3.4.1
TL 3. Title display on CRT _ See section 3.4 .2.
ETL 4. Erasing of title _ See section 34 3.
GAXn,Yn | 5. Displaying reference line on CRT Yee section 3.4 4.
GBXn, ¥Yn

3.2 Program dees for Setting Front Panel Key

To set MSA through GPIB, the following program code must be sent in the same sequence as for manual
setting (LOCAL Operation). To show the end of data, LF or EOl is required as delimiter.

3.2.1 Setting of Y1 Measuring 1tem

(1) Program Code

(D) Linearity/DG . . ...t oveanane - YIA
() Delay/DP . ..., Y1B
(3) AMPL .................. S YIC
(4) Retunloss............. P YID
() AMPM ...t Y1E
(6) OFF . ... e, Yi0

(2) - Note

Measurement image for AM-PM conversion cannot be sent.

@ o

Measurement image for BB Ample and BB return loss cannot be sent.
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322 Setting of Y2 Measuring [tem

(1) Program code
Linearity/DG . ... ... ... ........ Y2A
Delay/DP .. ... ... ... .. ...... Y2B

Sloletels
2
5
wr

(2) Note
@ Measurement image of spectrum cannot be sent.

@ Measurement image of BB Ample cannot be sent.

3.2.3  Setting of receiver mode

3.2.4 Setting of range mode

(1) Program code

D AUTO ... ..o RA
() MANUAL ..................... RM
{2) Note

@ AUTO cannot be set when the normalizer is set to Y-8TO or AVG-STO. As in LOCAL
operation, the key lamp blinks to notify the error but no comment is sent {0 the coatroller.

3.2.5 Setting of peak to peak (p-p)

(1) Program code

(D OFF ..., PO
2y ON ] Pl
(2) Note

(D PP cannot be set when the normalizer is set to Y-STO or AVG-STO. As in LOCAL opera-
tion, the key lamip blinks to notify the setting error, but no comment is sent to the contro-
ler. :



3.2.6 Setting of normalizer

(1) Program code

(1) AVG(STO) - ceveee i NA
(Z) YSTO oiitiiiie e NB
(3) AVGSTO .....iveiiaanan. NC
(@ OFF.....oiiiiniiiiaaann. NO

(2} Concerning AVG Memory and STO memory

The normalizer function of MSA has 4 memories. The name and operation of these memories are
as shown in Chart 3-1. Standard data such as internal deviation is written in STQO (INT) memory.
For method of reading data from the memory, see section 3.3.6.

Chart 3-1
) Normalyzer
Channel | Name of memory Application of memory .

AVG (STO) | YSSTO | AVG-STO | OFF
i AVG (MEAS) Measurement image store Wiite Hold Write Hold
. 510 Internal store Write Hold Hold | Hold
v2 AVG (MEAS) Measurement imagé store ‘Write Hold Write Hold
STO Internal store Write Hold Hold | Hold

Note: AVG (STO) holds all memories for 2 seconds after switch is changed. STO memory data is not
changed if switch is changed to next step within 2 seconds. :

(3) Concerning averaging speed

@ Normal résponse time: Maximum approximately 90 seconds. It takes a maximum of appro-
ximately 90 seconds to converge when the signal is changed during AVG {STO) operation.

@ By turning the normalizer off once, the time until convergence is descreased.
When the normalizer is changed from OFF to ON approximately 12 seconds, rough averag-
ing is performed for the first few seconds to decrease the time till convergence.
When switching measurement item or when the input signal changes, resetting, after turning
off the normalizer once (for more than I second), will speed up the time till convergence.

{4y Other precautions

@ When Y-STO or AVG-STO is selected, P-P always changes to OFF and RANGE mode
always changes to manual,
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327 CAL

(1) Program code

(D) OFF . ..o o
(D ON o Cl
3.2.8 CRT sensitivity
(1) Program code
(1) Y1 CRT sensitivity .. .........-.-- YIR* *:RANGE NO.
(3) Y2 CRT sensitivity . ..........-..- Y2R*
(2) Note
@ To set CRT senéitivity from outside, the RANGE mode in section 3.2.4 must be set to
MANUAL.
{2) The sensitivity of measurement item selected with Y1/Y2 FUNCTION is set.
@ The value For sensitivity is chosen from the RANGE No. in chart 3-2 and substituted for the
* in the code.
@ For example, if Y1: Linearity/DG is set and the range is to be set to 5 %fdiv, send the code
“Y1R6". :
Chart 3-2 Ranges and Their Numbers
e Units of RANGE NUMBER
CRT Sensitivity 0 1 2 3 4 516 | 7 9
Linearity/DG | %/DIV | 0050102 0510|2050 10
0.1
Group Dela ns/DIV 05 (1020 | 5071020130 y
P y / : (Y2)
DP DEG/DIV 02 | 0510|2050 '
- _ 001
IF Amplitude | dB/DIV 0050102 | 051020
(Y2)
BB Amplitude | ¢B/DIV 01102 | 05110
AMPPM | o, o
Coefficient /dB/DIV 02 | 051020
Return Loss
(IF) dB/DIV 110 50
DC mV/DIV L] 2 | 5| 10| 2050|100
Spectrum 0.25/DIV Constant
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329 Returnlossoffset ... ... ...t iiiiinnnn RL**  **. data

@ This code is valid for Y1 Measurng Items: Return Loss, RANGE: MANUAL. For RANGE:
AUTO, it is automatically set by the device itself.

@ The range of Return Loss offset data is as follows:
IF Return Loss: 14 to 46 dB, 1 dB step
Exarﬁple Set the center.of CRT scale to Retu;n Loss30dB. ....... RL30
3.2.10 Setting of IF COUNTER/ MARKER.
(1) Program code |
@ IF counter, sweep width .. ............. L P CN
(2) Marker ...... S MR
32.11  Setting of Receiver Mode in Return Loss Measurement

{1} Program code

@ IF return loss . . . .. ......... e e DU .. RI
@ BB returm loss . . . o e e e e et e e RB
{(2) Note

When the receiving mode is BB, the return loss measurement mode can be switched to the ¥
band. This command is effective only when the receiving mode is set to BB and the Y1 measuze-
ment item is set to RET. LOSS. : '

'3.2.12 CRT Sensitivity of IF Return Loss Measurement

(1) Program code

(1) CRT sensitivity 1 dB/div. . ... «.oviviin oo Y 1R4
(2) CRT sensitivity 5 dB/div. .. ..o vnmvrien e YIRG
(2) WNote

This command is effective only when the Y1 measurement item is set to RET. LOSSJF.
3.3 Sending of Data

The output data of MSA is a combination of 7 bit ISO codes. As a delimiter for marking the end of data, EOX
is sent together with LF.
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331 1FInputlevel ...... .. ... ... ... ... . ., IF

¢y

2)

OQutput data format

(1) For-209to +10.9 dBm

1 11 15 26 30 35 36
¥ + Lo
(£)XXX____CRLF

| o4
' IF,},LEVELWW fdBmj____
—
Space 10 EOI is sent together.

Note: (+)send space

(2) For greater than +11 dBm .

IF_LEVEL__[dBm] * 110 CRLF

8 error mark (shows over-range)

@ For less than --21 dBm

IF_LEVEL.___[dBm] 210 CRLF

error mark (shows under-range)
(4) When there is no input signal 24

IF_LEVEL__ [dBm] . CRLF

4
. error mark (shows input signal off)

Example: GPIB address of MSA is set to the 10

PACKET It (Anritsu) 9825A (HP)

10 DIM A$*40 10 dim A$ [40]

20 WRITE @110: “IF” 20 wrt 710, “H>
30 READ@110: A$ 30 red 710, A$

40 PRINT A% 40 prt A$

50 END 50 end
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332 FMdeviation . ... .. ... ... .. .. ...... FM
(1) Output data format

(D 20.1 kHz rms to 99.0 kHz rms

1 1 18 26 35 36 ..... calumn
' i 4 4 Yol
DEVIATION [kHzmms] XXXX_____ CRLF
(2) - 100 kHz rms to 999 kHz rms
26
¢ .
DEVIATION__[kHz rms) _XXX CRLF
(3) Greater than 1000 kHz rms
211 %Lﬁ
DEVIATION _[kHztms} * 999 CR LF
' t

@ Less than 20 kHz rms

2;1 Zf
DEVIATION _[kHzoms] _ * 0 CRIF

error mark (shows under-range)
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333 BBInputlevel ...............covunnnnn BB

(1) Output data format

(1) ¥For 509 dBm to +10.9 dBm

1 11 15 26 30 35 36
b I 4 4 L3
BB_LEVEL_ [dBm] ______ (¥) XXXX____CRLF

Note: (+) Send space

(2) For greater than +11 dBm

BB_LEVEL. _[dBm]_ .. .*..1 10____ CRLF
4 .
error mark (shows over-range)
@ Less than —51 dBm
' 24
. . i
BB _LEVEL __[dBm] . ____ * _510__ _ CRLF

error mark (shows under-range)
334 BBFrequency ..........e..eoooneaarans BF

(1} Output data format

@ " When receiving the frequencies shown in the following chart.
DU 10 14 26 30 35 36

Lo R i 4 o
BB_FREQ. [kMz] __ .. . XXXXX____CRLF

L U —
11

When there is no BB signal (6r when receiving BB signal other thand those shown in the

following chart).

1 10 14 24

§ ' ¥ '

BB_FREQ__ [kHz] *_ CRLF
error mark
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(2) BB frequencies that can be tuned in.

ME453 K ME453 L ME453 M
MES38 K MES38 1, MES38 M
£1 63.3 kHz 97.6 kHz 83.3 kHz
£2 200 kHz 278 kHz 250 kHz
£3 400 kHz 556 kHz 500 kHz
f4 2 MHz 2.4 MHz 24 MHz
5 3.58 MHz
6 443 MHz
£7 5.6 MHz
i 8.2 MHz
£9 12.39 MHz (MES38K/L/M only)

3.3.5 Sending of Y1/¥2 LED display data (RANGE, P-P value)

"Y1 LEDDisplay . .. v.ocieu . LYIL
Y2 LEDDisplay .. ... Y2L
(1) Sending of Y1 CRT sensitivity ., .........coocovvnvnnnn YIL

@ Condition: P-P function must be OFF.

@ Output data format
1 1114 1820 2627 30 3536
& + 4 b4 1y 4 o4
Y1 _RANGE _/DIV____ XXX_ XXXXX.____CRLF

e ~
unit range data
For RET. LOSS 1 d4B/DIV
1 11 17 20721 2627 35 36
1 1 ool 14 o
YI.R.LOS. IDB/DIV__DB XX ... CRLF

@ Note: The unit is determined by the measurement item. (measurement item to which the
' Y1 function is set when Y 1L command is received). This relation is shown in Chart
3.2.
(2)  Sending of Y2 CRT sensitivity ... ... ....c.oorennnnarors Y2L
(1) Condition: PP function must be OFF.

@ Qutput data format

1 1114 18 20 2627 30 35 36
1 Lo d o4 b4 o
Y2_RANGE__/DIV_ XXX _ . XXXXX__ __CRLF
. LR — s
unit range data
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(3) Sending of P-P value of measurement imageon YICRT . . .. ... .. ... .. ...... YIL
@ Condition: P-P function must be ON

@ Output data format

1 i8 26 35 36
¥ i ¥
Yi_pr-p__ XXX_ XXX CRLF
St e
unit data

@ QOutput data format: in the case of over-ange

1 B 24 3536
\ ¥ 4 ot
YL P-P___ XXX A CRLF
[S——"
unit
{4) Sending of P-P value measurement imageon Y2CRT .......... ... ........Y2L

(1) Condition: P-P function must be ON

@ Qutput data format

1 18 26 35 36-
¥ + + + o4
Y2_P--P XXX XXX CRLF
. Mg e e
unit data

@ Output data format: in the case of over-range

i 13 24 35 36
4 { 4 44

¥Y2_P-P XXX * e CRLF
336 Sending of measurement image on CRT

When sending the measurement image on the CRT from the MSA to the controller through the GPIB interface,
the following 4 steps are required. :

i) Convert the measured image to digital signal using the normalizer function (see section 3.2.6)

(ii) Use the “"MOV” transmission command and transmii the dlgisdl signal in memory Lo the GPIB,
memory of MSA. :
The measured image at this point is sent to the controller with the commands from (iti). (see (1) in

this section)

(iii)  Use data send preparatmn command (example YIM***) asid preparc data to be sent. (sec (2)in
this section)

(iv})’  Specify MSA as talker.
The actual operation is shown in (3).
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(1) Command for transmitting AVG memory data ... ... ...... MOV

One of the commands used when sending the measurement image on the CRT of MSA to the
controfler through GPIB interface, When the normalizer function is used to convert the measured
image to digital signal, the data is stored in AVG memory. This command is used to transmit this
data to GPIB memory. The normalizer function continues the averaging of measurement image on
CRT, but when this MOV command is received, averaging is stopped and the data in the AVG
mernory is transmitted to the GPEB memory.

(2) Data send preparation command

@ Command code

(i) MEAS MEMORY data of Yt channel YiM**+*
*#%. CRT X axis address (item (3))

(i) STo MEMORY data of Y1 channel Y1§%+#

(iii). MEAS MEMORY data of Y2 channel Y2M*TEE

{iv) STO MEMORY data of Y2 channel Y2 H**

Note: ***: address data
(2) Displaying of X axis address on CRT and measurement value on Y axis

The measurement image on the CRT can be sent with the resolution of 201 points-on the X
axis and 801 points on the Y axis. This setting is shown in Fig. 3-1.

Fig. 3-1 Setting of X/Y CRT Scales

+4.00 : X axis: —100 — +100
: Center should be 0.
Minimum step 1.

Y axis: —4.00 — +4.00
Center should be 0.
Minimum step 0.01

—4.00
—100 0 +100

{3) Address setting when the controller read out data.

In order to read out the measurement image using MOV command data is read out by transmitting
data of measured image into GPIB memory is performed at first, and setting CRT Y axis address.
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+400

e Measurement
/ / image of Y2
= .
ol N1 NV
7Z a A\
A o]
- P Measurement
- image of Y1
—400
—100 0 +100

Fig. 3-2 Example of measurement image on CRT

Address setting example for reading out measurement image Y1 in Chart 3-2. The controller set
address as chart 3-3 using command which is discribed in 3.3.6 (2) (i). After that, Y axis data in
each address is sent by specifying MSA as talker. Chart 3-3 shows data sending example with 1 div

Y-axis address setting:

X-axis address from controller to MSA
(for Y1 channet, MEAS memory)

Y-axis data from MSA to controller
(data format is in accordance with item 4)

YIM-100
Y1M-80
Y1M-60
Y1M40
Y1M-20
Y1MO
Y1M20
Y 1M40
YIM60

YIMSO
YIMIOO

170
—0.40
+0.70
+1.10
£1.20
+1.20
+1.20
+1.10
+0.50
~0.70
220

{(4) Output data format

1 5 6 7 Colum
I b

Note: **** % . Y.yis data
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{5) Example of measurement image reading

As previously mentioned, in order to send the measurement image on the CRT of MSA to the
controller throngh GPIB the measured image must be converted to digital signal.

The speed of this conversion to digital signal can be increased by turning the Normalizer OFF and
then ON again ag stated in section 3.2.6.

Taking these into consideration, the flowchart for a controller program to read the measurement
image is as follows: '

3.2 One example of flow-chart for sending measurement image

‘ Start )

Normalizer;

AVG {STO) C()de. NA -
Convert measurement image to digital
signal :

Wait time

approx. 19 sec.

- Transmission data ' Transmit AVG memory data of MSA
é\,;r{(;; mem(:)ry > Code: MQV _ " to GPIB memory
memory
Transmission data Code; YIM***
preparation: Y2MERE
YiMr ¥ Address The controlter takes in the
(ex. YIM-100) data
Specily MSA as
the talker

{Process next data)



3.3.7 Sending of IF Center Frequency ....................... e CF
Before using this command, select the IF counter mode.

(1} OQutput data format

4 7 10 14 26 31 35 36
oy ! ool
CF_FREQ. _[MHz}__.. .. XXXXXX._..CRLF

3.3.8 Sending of Slide Marker Frequency ........ R MF

Before using this command, select the marker mode.

{1}, Output data format

15 10 14 18 26 30 3536
ol Voo P [
SLD_MRK__+/— [MHz] . _XXXXX.... . CRLF

339 Sending of IF Sweep Width ....... R SW

Before using this command, select the IF counter mode.

(1) Output data format

1 6 i1 15 ' 26 29 35 36
! ) v DR iy
SWP__+— _[MHz] o . _XXXX__.___CRLF
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3.4 Other Codes

341

Sending of ALL SETTING FUNCTION data

Command code for notifying the following status of function to the controller.

Function and its Status

Name of Function Status Set Status to be Sent
Yl Linearity/DG YI1A
Delay/DP Y1B
Ampl Y1iC
Return Loss YID
AM-PM YiE
OFF Y10
Y2 Linearity/DG YZA
Delay/DP Y2B
Ampl Y20
DC YD
Spectrum Y2E
OFF Y20
Receiver Mode iF Ml
BB MB
Range Mode Auto RA
Manual RM
p-P B OFF 0
ON 1
Normalizer A\}G {(STO) NA
Y-STO NB
AVGSTO NC
OFF NO
CAL e OFF 0
ON 1
FREQSELECT COUNTER CN
MARKER MR
RET. LOSS mode IF RETURN LOSS’ Rl
BB RETURN LOSS RE




{1} Output Format

2 4 68 11 L5 19 23 27 .30 33 35 36

. ! Soob L b
_YIX,Y2X, _MX,_RX,_ PX, NX, CX,CN,RI,CRLF

342 Display Titleon CRT . ... ... .. i i TL
This is used when displaying a text {title, etc.) on the CRT.
(1)} Program code
TL*** * . Data, maximum 20 characters
(2) Usable characters
Dt09 AtoZ, * +, A,'/, blank,. |
(3). Note
@ When the number of characters is 20 or less, enter [,] at the end.

,
5 characterF—[,] is entered.

If this [,] is not entered, part of the previously displayed data will remain on the CRT.
@ When the number of characters exceeds 20, the part exceeding 20 is ignored.
343 ErmsingTitle From CRT ... ... ... . . . .. ETL
This is used to erase the text (title, etc.) displayed on the CRT.
34.4 Displaying Reference Lines on CRT
Two reference lines can be displayed on the CRT. The resolution of the CRT is as follows:

1. Measured value

+403
o
2
o
|
i
]
Y-axis G §~ Measured value
i;.
74(} Q:.
kL
—100 [} +100
K -axis
X-axis; --100 to +100, Center ... .. O, Minimum step 1
Yeaxis: --40 1o +40, Center . ., .., 0, Minimum step 1
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(1

3)

R, ference line input program code
@ Inputreference line A ... ... ... GA Xn, Yn,
@ Input reference ine B .. ... .. i e GB Xn, Yn,
Xn = X-axis data, —100 to +100
Yo =Y -axis data, ~40 to +40
@ Note
(i) Also enter each GA (or GB) command when reference line data is input continously.
[Example] GA-100, -10, GA-99, -9, GA-98, 8.,
(ii) [nput the X-axis data from the low value.
(i)  Ifinput from halfway in the X;axis, a rising vertical line appears.

Input from —100 of the X-axis, then erase the unwanted values with the blank
command described next.

Prograrﬁ code which makes part of the displayed reference lines blank -

This is used when entering broken line, etc. as reference lines.

@ Make part of reference lines A blank . .0 e e e e e GA Xn, B,

@ Make part of reference lines Bblank . ... .. ... GB Xn, B,

@ Note

(i) When displaying broken line, etc. as reference lines, first inpﬁt X-axis —100 to +100

(201 points) by GA, GB command, then erase the unwanted parts by blank com-
mand {(GA Xn, B,).

Erasing displayed reference lines

@ Erase teference e A . o ot v o e e e e oot iin e m e e EGA

@ Erase reference ines B . .. .. . ... .. e e EGB

320
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SECTION 1 GENERAL

The roceiver of the Microwave System Analyzer (MSA) can be remote controlled with GPIB (IEE 438 Bus).
The GPIB system is a general interface bus system for digital equipment approved by IEEE (Institute of
Fleetrical and Electronics Engineers). It standardizes the remote control, data I/O, and data transmission of

measurement equipments and peripheral equipments.

With the integration of intecface with this specification in controllers and peripheral equipments, each device
become fully compatible through the interface connector (specified by IEEE 488).

With this interface bus, a maximum of 15 devices can be connected on 1 bus. Three wire handshake is used for
data transmission ensuring transmission between devices with different transmission speed.

i.1 GPIB Interface Capability
MSA (Option 04) has the GPIB interface functions listed in Chart 1-1.

Chart 1-1 GPIB Interface function

Code _ Interface Functions

SH1 Have all functions of source handshake

AH1 Have all func.tions of accepter handshake

T6 Have talker release function with basic talker and MLA command
L4 Have listener release funciion with basic listener and MTA command
SRO No service requester function (serial poll)

RIL1 Have all remote/local functions

PPO No parailel poll function

BCl Have all device clear functions

DTO No device trigger function

Co No controiler function

El Open seiector bus driver

Note: The function codes are listed in IEEE488-1978 Appendix C.
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1.2 Bus Message

There are 12 types of fundamental messages transmitted across GPIB. The response from MSA to these
messages are as shown in Chart 1-2.

Chart 1-2 Bus Messages

(Note) GPIB Address of MSA is 10

CPIB Related Inter - Sample Statements
Response from MSA elate: nleriace assare - N
Message P Comments Functions | Type ANC-BASIC HPL
(Packet I} {9825}
Data Receives input data and )
sets front parel functions Té put | ypirE @110 .. | Wit 710, ..
and prepares for data trans- 14 data
mission as shown in section 3. AHL
. B . Output . . ] 710
Qutput data is sent in format SH1 data READ @110: ... red S
shown in section 3.3. :
Trigger Not used.
Clear im'tlah;ccs data input/output DCL pet Systern BLC @1 clr 7
pointer. Clear
S bevice | ps c@ro clr 710
Clear
Remote _Control shown in section 2.1 REN RL! System REN @1 rem 7
is changed form front panet Remote
to GP-{B. However, LOCAL -
1 Device
oo N @ .
switch is excluded. Remote REN @110 rem 710
Locat Control shown in section 2.1 System o )
is changed from GPIB to front Local LCL @1 el 7
ancl ' GTL RL1 —
panct. Device
LCL @110 lel 710
Local
Local Pre:ss:gg of 10@1 switch will LLO RL1 LLO @1 i 7
Lockout not return to local. )
Clear Releases local lockout and .
Lockoutf changes control shown in REN RLE LCL @1 Il 7
Set Local section 2.1 to front panel. :
Require N
Service Not used. 5RO
Status SPE
Byte Not used. SPD
Status
Bit Not used, PPO
Pass Not used CO
Controf o
Abort Not used. IFC

1.3 Specification and Furnished Accessory

With the attachment of option 04, the receiving part of MSA will have the following functions.




1.3.1 Interface bus specifications
(1) General
IEEE Std 488-1978: IEEE Standard Digital Interface for Programmable Instrumentation.
(2) Bus structure
Bus line consists of 16 signal lines and 8 ground Hnes.

@ Data bus (8 lines)
DIO | -DIO 8

@ Data byte transfer control
DAV, NRFD, NDAC -

@ General interface management (5 lines)
ATN, REN, IFC, SRQ, EOI

(3y Data transfer

Three wires handshake:  Performed by command
Speed: - Less than 1 Mbyte/sec

{4) Electrical characteristics

@ Digital signal level (Negative logic)
Qutput 0: =1 +24volts -
Cutput 1: <1 +0.4 volts

InputQ: =1 #2.0 volts

Input t: 1 +0.8 volts

@ Power

H V%
(5) Mechanical characteristics

Cable connector _
23 shielded cores wire with 24 pins.

e 60 mm typical

3 |

I[ Receptacle g
: i Body ‘:
5 Cabie B B i
J a
Ell
Plug g ring
P Ama——. 1

1 el

T

15 mm min

23 mm typical
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@ Cable length

o Cable length should be less than 20 metexs at one system configuration.

o Cable length should be followed by the following equation when the number of interface

to be connected is less than 10:

L<2N meters.

L..... Total length of cable
N Number of the interface to be connected

(6) Nurmber of inter{ace

Less than 15 at one system configuration.

{7) Cable connector

__,«/ Cable

. Receptacle side

DIOY 1 i3 DIOS

DEO2 71 [13) DIOG

DIO3 pIQ7

DG4 4 15 DIOS

EOL 5] [ REN

DAY - [ 18] Ground of DAV

NRFD Ground of NRFD
NDAC 78] [Zohf-— Ground of NDAC
rC 9 P Ground of [FC
SRO 0] [22 Ground of SRQ
ATN Ground of ATN
Shield Ground of LOGIC

1.3.2  GPIB performance of MSA

(1) Listener function

Set the following items with remote control.

Measuring items
Receiver made

CRT sensitivity
Normalizer mode setting
P-P function

CAL function

FREQ SELECT

CROBLRE

Linearity, Delay, Ampl, DG, DP, Return Loss, DC Input
I¥, BB

: Auio, Manual

§/N improvement, subtraction

ON/OFF

©: ONJOFF

MARKER/COUNTER
14




(2) Talker function
The tollowing data can be sent.

IF/BB input level

FM deviation

BB frequency

Sensitivity of CRT

Measurement resuit; P-P value
IF Frequency

IF Sweep width

Slide Marker Frequency

CEEELELEE

Measuremnent image on CRT;  use the normalized data™
(i) MEAS memory measurement data

(iiy STO memory measurement data

Note: The measurement image on CRT can be sent for the following measurement items.
@ Y1: Linearity/DG, Delay/DP, Ampl, Return Loss
(b) Y2; Lihearity/DG, Delay/DP, Ampl, DC
Measurement image of AM-PM, Spectrum, BB AMPL, BB RETURN LOSS cannot be sent.

In order to send CRT image with GPIB, following condition is necessary.

iy  Horizontal axis should be swept by 50 60) Hi sinusoidal wave

2)  CRT horizontal axis should be set to full-scale

3)  Transferred CRT image has following error against CRT scale.
Vertical axis: less than 0.2 dB (Approx. 2 mm)

Horizontal axis: fess than 0.2 dB (Approx. 2 mum)

1.3.3 Furnished Accessory

Accessory Q’ty Remarks

Operation manual - 1
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SECTION 2 PROGRAMMING GUIDE

This manual describes matter pertaining only to remote control using GPIB, Microwave System Analyzer
operation manual should be referred to for function of each key, operational sequence and handling of

measurement instrument.
2.1 Explanation on Panel

The keys on the front panel and the program code are related as indicated in Figure 2-1. For details on this
program code refer to section 3.

MEA
NS
rvicg {g\é] [gg [5?] [SI\BA] [RA} [RM] (BF] [:g]

MB]

L]

s LY2L]

YiA Y18 YIC YID Y1E YIR*] Y20 Y2B Y2C W20 Y2 [r2r~j
YLI: OFF RL** Y¥20: OFF
I .
R

B

21



2.2 Instrument Siate

(D

(2)

REMOTE/LOCAL
This is the LED indicator to inform whether the instrument is on Remote Mode or Local Mode.

CONTROL
P

3 REMOTE CIL.OCAL

Local Switch
This switch is to be used for changing the ipstrument in remote mode to Local Mode.

When the instrument is in Local Lockout.

CAL
DEVIATION Mode status, Remote Mode cannot be altered to Local Mode.
SS Refer to Clear Lockout in Item 1.2 for detail in this case.
LOCAL Note: - This switch functions as CAL switch when the instru-

ment is in LOCAL mode status.



2.3 Address Sw

itch

Address is set in the following manner on the address switches on the rear panel:

i

GP-1B ADDRESS

TALK ONLY~——l

5 a4 3 2 1
ON '
mrrrrrrer
2 1
PLOTTER SELECT
No.| . Marking Description
(D) | TALK ONLY OFF | This is the GP-IB address settable
state. The address is set with the
GP-IB ADDRESS switches.
ON | The talk only mode is set. This

device is fixed as the talker
without regard fo the setting of
the GP-IB address switches.

{Used when plotting directly at
the plotter/printer without going
through the controller.)

(2) | GP-1B ADDRESS

These switches set the GP-IB
address of this device. Thirty-one
addresses from 0 to 30 can be
selected.

(3) | PLOTTER SELECT

When plotting directly at the
plotter without going through the
controller, this switch must be
selected according to the kind of
plotter. (For further information,
refer to Direct Plotting of
the operatio_n manuak.}

GP-1B ADDRESS 5.BIT
5 4 3 3 | DECIMAL CODE
0 0 0 0 00
00 0 0 1 01
O 0 0 1 0 02
00 0 1 1 03
O 0 1 0 0o 04
0 0 1 ¢ 1 05
o 0 1 1 ¢ 06
0 0 1 1 1 o7
.01 0 0 0 08
g 1 0 0 1 09
0 1 0 1 90 10
O 1 0 1 1 1"
0O 1L t 0 0 12
0 1 1 0 1 13
0 1 t 1t o 14
0O 1 1 1 1 15
1 0 0 0 0 16
1 0 0o 0 1 17
1 0 0 1 0O 18
a0 ¢ 1 1 19
1 0 1 0 ¢ 20
1 ¢ 1 0 1 21
1 6 1 1 0O 22
I 0 1 1 1 23
1 1 0 0 0 24
i 1 0 0 1 25
1 1 0 1 0 26
L1 0 1 1 27
1 1 1 0 0 28
I 1 1 0 1 29
P 1 1 1 ¢ 30
Note 1: ON

=

: OFF







SECTION 3 PROGRAMMING

A list of MSA program codes is shown in section 3.1, Using these codes, setting equivalent o LOCAL using
key switch can be made.

The program codes of MSA can be divided into the following 3 types.

(1Y Codes tor setting function

(2) Codes for sending measured data

(3) Other codes

When the code for sending measured data is received, send preparation is per.formed with the data at that time
and when the MSA is specified as the talker and the data is requested, this data is sent in format shown in

section 3 3.

Sending of measured image on CRT is performed using the normalizer function by converting the measured
image to digital value. For detail of this procedure, see section 3.3.6.

When the reasurement items or other functions of this MSA are switched, a Little time is necessary for the
measuremnent data to stabilize. Take this into account when programming.
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3.1 List of Program Codes

3.1.1 Setting of functions

CODE DESCRIPTION Remarks
_ 1. Setting of Y1 Measuring Items See section 3.2.1
YIA @ Linearity/ DG '
Y1B (2) Delay/DP
Y1C (3) ampL
Y1b @ Return loss
Y1E @ AM-PM (Measurcment image cannot be sent)
Y10 {(6) OFF

2. Setting of Y2 Measuring kems See section 3.2.2
Y2A @ Linearity/ DG
Y2B () Dpelay/DE
Y2¢ (3) AmPL
Y2D @ Return Loss
Y2E @ Spectrum (Measurement u’lldgL cannot be sent)
Y20 (6) OFF

3. Settmg of RECEIVER MODE See section 3.2.3
Mi (D) 1
MR (2 B

4. Settmg of RANGE MODE See section 3.2.4
RA D a
RM (1) MANUAL

5. Setting of PEAK TO PEAK (p-D} See section 3.2.5
PO (1) orF
P @ o

6. Setting of NORMALIZER See section 3.2.6
NA (D) AVG(STO)
NB (2) vsTO
NC (3) AVGSTO
NO (#) oFr

7. Setting of CAL See section 3.2.7
co O o
1 @ o

8. Setting of CRT SENSITIVITY (RANGE) See section 3.2.8
YIR* (D) Y1 CRT SENSITIVITY
Y2R* (Z) Y2 CRT SENSITIVITY

9.  Setting of RETURN LOSS OFFSET _Sce section 3.2.9
RL—‘EIF :




CODE DESCRIPTION Remarks

10. Setting of IF counter/frequency marker See section 3.2.10.
CN @ IF counter, sweep width
MR (2) Marker

11, 1n return loss measurement, IF/BB made is set. See section 3.2.1 1.

At this time, RECEIVER MODE must be set to
BE and Y1 measurcment item must be set to

RET. LOSS.
Ri @ IF return loss measurement
RE @ BB return loss megsurement
12. CRT sensitivity of IF return loss measurement See section 3.2.12.
YIR4 (D taw/div.
Y1R6 (2) s as/div.

3.1.2 Sending of data

Upon receiving the following commuands, the MSA prepares for sending of data and when it is specified as the
talker the data is sent.

CODE DESCRIPTION NOTE
1F 1. IFINPUT LEVEL See section 334
FM 2. FM DEVIATION See section 3.3.2
BB 3. BBINPUT LEVEL | See section 3.3.3
BE 4. BB FREQUENCY " Seosection 334 |
5. LED DISPLAY Data See section 3.3.5
YIL O Y1 LED DISPLAY
Y2L (Z) Y2 LEDDISPLAY
6. Send the measured data on See section 3.3.6
CRT
YIM#E* (1) MEAS Memory Data of Y1
Y1gHEE (2) STO Memory Data of Y1
o Y2MEEr (3) MEAS Memory Data of Y2
Y2g*E* (4) STO Memory Data of Y2
CF 7. [IF Frequency See section 3.3.7
MF 8. Slide Marker Frequency See section 3.338
SwW 9. IF Sweep Width See section 3.3.9
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3.1.3 Other codes

CODE DESCRIPTION NOTE

MOV I. Transmit AVG memory data to memory See section 3.3.6
for GPIB. The normalized measurement
image at the time this command is
received is sent with the command No. 6
in section 3.1.2, (example for Y1 channel:
Y IM**¥) when specified as the talker.

AS _ 2. Prepare to send setting data for all functions. | See section 3.4.1
TL 3. Title display on CRT See section 342,
ETL 4. Frasing of title See section 343,
GA Xn,Yn | 5. Displaying reference line on CRT See section 34 4.
GBXn,Yn '

3.2 Program Codes for Setting Front Panel Key

To set MSA through GPIB, the following program code must be sent in the same sequence as for manual
setting (LOCAL Operation). To show the end of data, LF or EOQI is required as delimiter.

321 Setting of Y1 Measurihg FHem

(1} Program C.o de
Linearity/DG . . .. oo Y1A
Delay/DP ... ..ot Y1iB
AMPL ... . YiC

@OELE
7
<
o

(2) Note
Measurement image for AM-PM conversion cannot be sent.

OIS)

Measurement image for BB Ample and BB return loss cannot be sent.
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3.22 Setting of Y2 Measuring [tem

(1) Program code
Linearity/DG . . ... ... ... ...... YZA
Delay/DP .. ... .. ... ... . ...... Y2B
AMPL . ... . Y2C

Slolclelele
S
.
o

(2) Note
@ Measurement image of spectrum cannot be sent.

@ Measurement image of BB Ample cannot be sent.

3.2.3 Setting of receiver mode

324 Setting of range mode

(1) Program code

(D AUTO ... . i, RA
(2) MANUAL ..................... RM
(2) Note

@ AUTO cannot be set when the normalizer is set to Y-STO or AVG-STO. As in LOCAL
operation, the key lamp blinks to notify the error but no comument is sent to the controller.

3.2.5 Setting of peak to peak (p-p)

(1) Program code

(2) Note
@ PP cannot be set when the normalizer is set to Y-STO or AVG-STO. As in LOCAL opera-
tion, the key lamp blinks to notify the setting error, but no comment is sent to the contro-
Ler.
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3.2.6 Setting of normalizer

(D

Program code

(1) AVG(STO) ...
@ YsTO ......
(3) AVGSTO .. ..

() OFF........

(2) Concerning AVG Memory and STO memory
The normalizer function of MSA has 4 memories. The name and operation of these memories are
as shown in Chart 3-1. Standard data such as internal deviation is written in STO (INT) memory.
For method of reading data from the memory, see section 33.6.
Chart 3-1
MNormalyzer
Chadnel | Name of memory Application of memory
AVG (STO) | Y-STO | AVG-STO | OFF
vi AVG (MEAS) Measurement image store Write Hold Write Held
5TO Internal store Write Hold Hold Hold
AVG (MEAS) Measurement image store Write  Hold Write Hold
Y2
5TO Internal store Write Hold Hold Hold
Note: AVG (STO) holds alt memories for 2 seconds after switch is changed. STO memoiy data s not

changed il switch is changed to next step within 2 seconds.

(3) Concerning averaging speed

Q)

@ Normal response time: Maximum approximately 90 seconds. It takes 2 maximum of appro-
ximately 90 seconds to converge when the signal is changed during AVG (STO) operation.

@ By turning the normalizer off once, the time until convergence is descreased.
When the normalizer is changed from OFF to ON approximately 12 secon

ing is performed for the first few seconds to decrease the time till convergence.
When switching measurement item or when the input signal changes, resetting, after tuming
off the normalizer once (for more than 1 second), will speed up the time till convergence.

Other precautions

ds, rough averag-

@ When Y-STO ot AVG-STO is selected, P-P always changes to OFF and RANGE mode
always changes to manual.




3.2.7 CAL

(1) Program code
(D) OFF . .ooiiiiiiaaannn o

©)

328 CRT sensitivity

(1) Program code

(D) Y1 CRT senmsitivity .. .. .oooovnvno- YIR* *:RANGENO.
(Z) Y2 CRY senmsitivity ... ..ooovno- - Y2R*
(2) Note
@ To set CRT sensitivity from outside, the RANGE mode in section 3.2.4 must be set to
MANUAL.
@ The sensitivity of measurement item selected with Y1 /Y2 FUNCTION is set.
@ The value for sensitivity is chosen from the RANGE No. in chart 3-2 and substituted for the
* in the code.
@ For example, if Y1: Linearity/DG s set and the range is to be set to 5 %{div, send the code
“YIRG”_ )
Chart 3-2 Ranges and Their Numbers
oms Units of RANGE NUMBER
CRT Sensitivity 0 1 2 31 4 5 6 7 9
Linearity/DG | %/DIV _ 005 0.1[02 | 05({10]20}50 (10
0.1
Group Delay | ns/DIV 05 (10|20 | 50:10(20}50 (2)
pr DEG/DIV 02 ] 0511012050
. 0.01
IF Amplitude | dB/DIV 005101102 | 0511020 (Y2)
BB Amplitude | dB/DEV 01§02 05110
AMP-PM o
Coefficient JdB/DIV 02 | 051101420
Return Loss
\'
(IF) dB/DI J10 50
DC mV/DIV 1 2 5110 20| 50 | 100
Spectrum 025/DIV - Constant




329 Returnlossoffset ... .. ... . . ... s RL*¥  ¥%. data

@ This code is valid for Y1 Measuring Items: Return Loss, RANGE: MANUAL. For RANGE:
AUTO, it is automatically set by the device itself.

@ The range of Return Loss offset data is as follows:
IF Return Loss: 14 to 46 dB, t dB step
Example Set the center.of CRT scale to Return Loss 30 dB. ... .. RL30
3.2.10 Setting of IF COUNTER/MARKER

(1) Program code

3.2.11 Setting of Receiver Mode in Return Loss Measurement
(1) Program code
@ IF return loss
@ BB return loss
(2) Note
When the receiving mode is BB, the return loss measurement mode can be switched to the IF
band. This command is effective only when the receiving mode is set to BB and the Y1 measure-
ment itern is set to RET. LOSS.

3.2.12 CRT Sensitivity of IF Return Loss Measurement

(1} Program code

(1) CRT sensitivity 1 dB/div. .. .. .. e Y1R4
(2) CRT sensitivity § dBJAiv. . . v oo oovreenee e Y1R6
(2) Note

This command is effective only when the Y1 measurement item is set to RET. LOSS-IF.

3.3 Sending of Data

The output data of MSA is a combination of 7 bit 1SO codes. As a delimiter for marking the end of data, EOI
is sent together with LF.
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331 1FInputlevel ... ... ... ... .. ... . .. 13
(1} OQutput data format

@ For —209 to +10.% dBm

i It 13 26 30 35 36
1 4 + b b
IF 5 LEVEL__[dBm]___ () XXX_____CRIF
\._,._._._._...V__.,_}
Space 10 EOI is sent together.

Note: (+)sead space

@ For greater than +11 dBm

24
4
IF_LEVEL__[dBm]________ *__110____CRLF
[ E——
8 error mark (shows over-range)

{3) Forless than —21 dBm _
24
+
IF_LEVEL__[dBm}____ - __ * -210__ _ CRLF

+
error mark (shows under-range)
@ When there is no input signal 24

F_LEVEL _[dBm}_____ e CRLF

T
error mark (shows input signal off)

(2) Example: GPIB address of MSA i5 set to the 10

PACKET O (Anritsu) 9825A (HP)
[0 DIM A$*40 10 dizn AS [40]
20 WRITE @110: “IF” 20 wrt 710, “IF”
30 READ @110: A$ 30 red 710, AS$
40 PRINT AS 40 prt AS

50 END 50 end



332 FMdeviation ......................... FM
(1) Output data format

@ 20.1 kHz rms to 99.0 kHz mms

i i1 18 26 35 36 ... calumn
1 { ¥ & oy
DEVIATION _|[kHzrms] ... XXXX_ . CRLF

(2) 100 kHz tms to 999 kHz rms

26
¥
DEVIATION_ [kHz ons] __ XXX CRLF
@ Greater than 1000 kHz rms
24 Zf
DEVIATION [kMHzmms] . __* 999 CRLF

@ Less than 20 kHz rms |

24 28
DEVIATION_{kHz rms} 0 CRLF

error mark {shows under-range)
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333 BBImputLevel . ... ... .ccooveronrens BB

(1) Output data format

(1) For 509 dBm to +10.9 dBm
1 115 26 30 35 36
4 + ! 1 o
BB_LEVEL__[dBm] .. __ . (B XXXX__ .. CR LF

Note: (+)Send space

@ For greater than +11 dBm
24
¥
BB_LEVEL___[dBm] o * _110____CRLF
error mark (shows over-range)
@ Less than —51 dBm

. %4
BB_LEVEL_ . _[dBm] .*= 510 ____CRLF

error mark (shows under-range)
334 BBFrequency ...........c..0-- e BF
(1) Output data format

@ When receiving the frequencies shown in the following chart.

L 10 14 26 30 35 36
1 P D v
BB_FREQ__[kHz} XXXXX_____CRLF
LSS .
il
When there is no BB signal (or when receiving BB signal other thand those shown in the
following chart).
1 10 14 24
I o 4
BB_FREQ_ _[xH=z] __ _ S CRLF
error mark



(2) BB frequencies that can be tuned in.

ME453 K ME453 L ME453 M
ME538 K MES38 L ME538 M
1 633 kiz 92 6 kHz 833 kiz
2 200 kHz 278 kilz 250 kHz
3 400 kHz 556 KLz 500 kil
4 2 MHz 2.4 MHz 24 MIEz
e 358 Mz
f6 443 MHz
7 5.6 MHz
s | §.2 MHz
9 1239 MHz (MES38K/L/M only)

3.3.5 Sending of Y1/Y2 LED dispiay data (RANGE, P-P value)

YiLEDDisplay . ... ... ... ... Y1L
C Y2LEDDisplay . ... Y2L

(1) Sending of Y1 CRT sensitivity ... .. .. .ovohoovmrroonnnnns
@ Condition: P-P function must be OFF.

@ Qutput data format

1 11 14 18 20 2627 30 35 36
4« o4 o4 o4 i
YI1_RANGE __/DIV___ XXX__ _KXXXX .. CRLF
—— et .
unit range data

For RET.LOSS 1 dB/DIV

1 11 17 20721 2627 35 36
1 H ool N} L
YI_R.LOS__1DB/DIV.__DB._ XX ____CRLF

@ Note:  The unit is determined by the measurement item. (measurement item to which the
Y1 function is set when Y1L command is received). This relation is shown in Chart

3-2.
(2)  Sending of Y2 CRT sensilivity ... . .....ovnomrvreore s
(1) Condition: P-P function must be OFF.

@ Qutput data format

1 1l 4 18 20 2627 30 35 3o

{ i 44 oo I

Y2_RANGE_ /DiV_ XXX____ _XXXXX. __ _CRLF
unit range data

312



0)
@

@
W
©)

©)

€3) Sending of P-P value of measurement imageon Y1 CRT .. ... ... ... .. ..... YIL
Condition: P-P function must be ON
Output data format
1 18 26 35 36
i v i 4o
Yi_e-b__ XXX XXX CRLF
fp— Mt
unit data
QOutput data format: in the case of over-range
| : 18 24 3536
i 3 4 I
Y1 _P-P XXX * CRLF
L S——
unit
Sending of P-P value measurement image on Y2CRT .. ... .. ... ... .... .. Y2L
Coadition: P-P function must be ON
Output data format
i ' 18 26 35 36
4 . 4 + R
Y2_P-P___ XXX XXXX_ CRLF
unit data
Qutput data format: in the case of over-tange
I 18 24 35 36
+ & o i
Y2_P-P XXX * _CRLF

3.3.6 Sending of measurement image on CRT

When sending the measurement image on the CRT from the MSA to the controller through the GPIB interface,
the following 4 steps are required.

(i)
(i)

memory of MSA.
The measured image at this point is sent to the controller with the commands from (jii). (see (1) in
this section)

(iii)

this section)

(iv)

Specify MSA as talker.

The actual operation is shown in (3).

3-13

Convert the measured image to digital signal using the normalizer function (see section 3.2.6)

Use the “MOV” transmission command and transmit the digital signal in memory to the GPIB,

Use data send preparation command (ekample YIM***) and prepare data to be sent. (see (2) in



(1) Command for transmitting AVG memory data . ... ........ MOV

One of the commands used when sending the measurement image on the CRT of MSA to the
controller through GPIB interface. When the normalizer function is used to convert the measured
image to digital signal, the data is stored in AVG memory. This command is used to transmit this
data to GPTB memory. The normalizer function continues the averaging of measurement image on
CRT, but when this MOV command is received, averaging is. stopped and the data in the AVG
memory is fransmitted to the GPIB memory.

(2) Data send preparation command
(1) Command code

() MEAS MEMORY data of Y1 channel Y IMEEE

##%: CRT X axis address (itemn (3))
(ii) STQ MEMORY data of Y1 channel Y15%*#
(i) MEAS MEMORY data of Y2 channel YIMEEE
(iv) STO MEMORY data of Y2 channel Y25**

Note: #¥*: address data
@ Displaying of X axis address on CRT and measurement value on Y axis

The measurement image on the CRT can be-sent with the resolution of 201 peints-on the X
axis and 801 points on the Y axis. This setting is shown in Fig. 3-1.

Fig. 3-1 Setting of X/Y CRT Scales

+4.00 ' Xaxis: —100 — +100
Center should be 0.
Minimum step 1.

Y axis: —4.00 - +4 00
Center should be 0.
Minimum step 0.01

—4.00
—100 U +100

{3) Address setting when the controller read out data,

In order to read out the measurement image using MOV command data is read out by transmitting
data of measured image into GPIB memory is performed at first, and setting CRT Y axis address.
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+400

Measurement
/ image of Y2

Y /]
NAV.4 A N4
N
TS —
p———Measurement
image of Y1
—400
-100 0 +100

Fig. 3-2 Example of measurement image on CRT

Address setting example for reading out measurement image Y1 in Chart 3-2. The controller set
address as chart 3-3 using command which is discribed in 3.3.6 (2) (D). After that, Y axis data in
ecach address is sent by specifying MSA as talker. Chart 3-3 shows data sending example with 1 div
Y -axis address setting: '

X-axis address from controiler to MSA Y -axis data from MSA to controller
(for Y channel, MEAS memory}) (data format is in accordance with item 4)
YIM-100 -1.70
Y1M-80 040
Y1IM-60 +3.70
Y1M-40 +1.10
YIM-20 +1.20
YIMO +1.20
Y1iM20 +1.20
Y1M40 +1.10
Y IM60 ‘ +0.50
Y 1M80 -0.70
Y1MI100 ' ~2.20

(4) Output data format
1 5 6 7 Colum
R/

Note: *#**%*: Yaxis data
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(5) Example of measurement image reading

As pteviously mentioned, in order to send the measurement image on the CRT of MSA to the
controller through GPIB the measured image must be converted to digital signal.

The speed of this conversion to digital signal can be increased by turning the Normalizer OFF and
then ON again as stated in section 3.2.6.
Taking these into consideration, the flowchart for a controller program to read the measurement
image is as follows: '

3-2 One example of flow-chart for sending measurement image

NO

‘ Start '

Nommalizer:
AVG (ST

Wait time
approx. L} sec.

‘Transmission data
AV G memory -+
GPIB memory

Transmission data
preparation:
YIME**

Specify MSA as
the talker

Data read
completed?

{Process next data)

Code: NA

Code: MOV

Code: YIM***®
Y2MFEEE
*%%. Address
(ex. Y1M-100)

Convert measurement image to digital
signal

Transmit AVG memory data of MSA
to GPIB memory

The controller takes in the
data



3.3.7 Sending of IF Center Frequency .................ciuiiinnonn. CF
Before using this command, select the IF counter mode.

{1) Qutput data format

1 4 7 10 14 . 26 31 35 36
[ ) | vl
CF_FREQ__[MHz] . XXXXXX__.CRLF

3.3.8 Sending of Slide Marker Frequency ........ e MF

Before using this command, sefect the marker mode.

(1) Output data format

15 10 14 18 2% 30 3536
() Voyd DA vl
SLD_MRK__+/—_[MHZ} — _XXXXX____CRLF

339 Sending of IF Sweep Width ...............oooiniiiinnnnn Sw

Before using this command, select the IF counter mode.

{1} Qutput data format

1 6 11 15 : 26 29 35 36
i A ) TR Py
SWP__+/--___[MHz} o XXXX.._.._CRLF
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3.4 Other Codes

341

Sending of ALL SETTING FUNCTION data

Command code for notifying the following status of function to the controller.

Function and its Status .

Name of Function Status Set Status to be Sent
Yi Linearity/DG Y1A
Delay/DP Y1B
Ampl YicC
Return Loss Y1D
AM-PM Y1E
OFF YO
Y2 Linearity/ DG Y2ZA
Delay/DP Y2B
Ampl Y2C
DC 2D
Spectrum Y2E
OFF Y20
Receiver Mode H3 Mi
BB MB
Range Mode Auto RA
Manual RM
p-P OFF 0
ON 1
Normalizer AVG (87T0) NA
Y-STO NB
AVGSTO NC
OFF NO
CAL | OFF 0
ON i
FREQSELECT COUNTER CN
o MARKER MR
RET. LOSS mode IF RETURN LOSS RI
BB RETURN LOSS KRB
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(1) Output {omuat
24 68 11 1S 23 27 30 33 35 36
T | Il | Lol L
SYLIX,Y2X, OMX, _RX, _PX, _NX, CX,CN,RI,CRLF

34.2 Display .Title on CRT ... TL
This is used when displaying a text (title, etc.) on the CRT,
(1) Program code
TL*%* * . Data, maximum 20 characters
(2) Usable characters
0t09,AtoZ, *,+ —,/, blank,.
(3) Note
@ When the aumber of characters is 20 or less, enter [,] at the end.

TL & kA \

———
5 characters\—w—[,J is entered.

If this |,] is not entered, part of the previously displayed data will remain on the CRT.
@ When the number of characters exceeds 20, the part exceeding 20 is ignored.
343 ErsingTitle From CRT .. ... . i ei e ETL
This is used to erase the text (title, etc.) displayed on the CRT.
34.4 Displaying Reference Lines on CRT
Twao reference lines can be displayed on the CRT. The resolution of the CRT is as foilows:
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R. ference line input program code
@ [nput reference line A ... ... GA Xn,Yn,
@ fnputreference e B ... e GB Xn, Yo,
Xn = X-axis data, —100 to +100
Y =Y-axis data, —40 to +40
@ Note
D Also enter each GA (or GB) command when reference line data is input continously.
[Example} GA-!OO, ~10,GA-99,~9,GA-98,8, (rinens
(i)  Input the X-axis data from the low value.
(i) I input from halfway in the ¥ -axis, a rising vertical line appears.

Input from —100 of the X-axis, then erase the unwanted values with the blank
command described next.’

Program code which makes part of tﬁe displayed reference lines blank

This is used when entering broken line, etc. as reference lines.

@ Make part of reference lines Ablank ... ... e GA Xn, B,
@ Make part of reference lines Bblank . ... ... e GB Xn, B,

@ Noie

(i) When displaying broken line, etc. as reference lines, first input X-axis —100 to +100
(201 points) by GA, GB command, then erase the unwanted parts by blank com-
mand {GA Xn, B,).
Erasing displayed reference lines

@ Erasereference HRCS A . . v o e vee imim i EGA

@ Erase reference ines B . . o oo i vt i e EGB
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