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Please note

In correspondence concerning this instrument, please quote the type number and serial number as given on the
type plate.

Bitte beachten

Bei Schriftwechsel iiber dieses Gerit wird gebeten, die Typennummer und die Gerdtenummer anzugeben. Diese
befinden sich auf dem Typenschild an der Riickseite des Gerétes.

Noter s. v. p.

Dans votre correspondance et dans vos réclamations se rapportant 3 cet appareil, veuillez toujours indiquer le
numéro de type et le numéro de série qui sont marqués sur la plaquette de caractéristiques.

Important

As the instrument is an electrical apparatus, it may be operated only by trained personnel. Maintenance and repairs
may also be carried out only by qualified personnel.

Wichtig

Da das Gerit ein elektrisches Betriebsmittel ist, darf die Bedienung nur durch eingewiesenes Personal erfolgen.
Wartung und Reparatur diirfen nur von geschultem, fach- und sachkundigem Personal durchgefiihrt werden.

Important

Comme l'instrument est un équipement électrique, le service doit re assuré par du personnel qualifié. De méme,
I'entretien et les réparations sont a confier aux personnes suffisement qualifiés.

@ Philips GmbH — Hamburg — Germany — 1980

Ali rights are strictly reserved.
Reproduction or divulgation in any form whatsoever is not permitted without written authority from the copyright owner.
Issued by Philips GmbH -Unternehmensbereich Elektronik fiir Wissenschaft und Industrie- Werk fiir MeRtechnik
Printed in Germany
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GENERAL
INTRODUCTION

The LF synthesizer PM 5190 is a versatile high performance signal gene-
rator. It produces three wave forms, namely sine wave, square wave or
triangular wave form in the frequency range from 1mHz to 2MHz.
The instrument is designed for most professional applications, where a
stable signal source is asked for, for development laboratories, in-
cluding calibration purposes and advanced educational programs.

The frequency settings of the synthesizer are highly accurate due to
X-tal controlled generation. All basic signal parameters, i.e. fre-
quency, amplitude, dc offset and wave form are set via keyboard in the
local mode of operation. In addition all these parameters are remotely
programmable via the built-in IEC bus interface. In local as well as in
remote operational mode these parameters are indicated by a bright
seven segment LED display in combination with dimension and wave form
LED's.

A microprocessor represents the central data processing and control
unit of the instrument. It accepts input data from the keyboard or via
IEC bus. After diagnosting and processing these data it stimulates the
various functional units of the instrument for proper response via as-
signed I/O ports. In case of incompatible settings the microprocessor
initiates the LED display flashing.

A rub-out facility allows fast alteration or correction of keyboard
input data.

The inherent signal generation technique of the instrument is called
direct digital signal synthesis:

Succeeding digital samples of the signal are computated by a fast pro-
cessing TTL circuitry and converted to analogue. This technique effects
extreme fast responding on alternate frequency settings.

Remote data programming is organized according to the international
standard "Interface System for Programmable Measuring Apparatus",
called IEC bus. So via the built-in IEC bus interface the PM 5190 co-
operates with all Philips and non-Philips IEC bus instruments.

The dc output voltage may be selected separately or whenever used as dc
offset voltage added to the output signal.

The generator provides external amplitude modulation facilitye.

For TTL circuitry testing and stimulating a separate TTL output is
available.

All these facilities are built into a compact portable housing. The
clearly designed frontpanel and the simplicity of keyboard input as
well serve for convenient operating the instrument.



1.2.

1.2.1.

TECHNICAL DATA
General information:

On delivery from the factory, the instrument complies with the safety
regulations of measuring and control equipment. The information and
warnings contained in this instruction manual must be followed by the
user to ensure safe operation and to maintain the instrument in a safe
condition.

~ Only data with indicated tolerances or limits are guaranteed; data
without tolerances are only given for guidance.

- All specifications will be met after a warm-up time of 30 min. when
keeping the instrument in a constant mounting position.

- Inaccuracies (absolute or in %) relate to the indicated reference
value.

Frequency

nominal range 1 mHz - 2 MHz

measuring range 0.001 Hz - 2000 kHz for sine wave,

square wave

0.001 Hz -<100 kHz for triangular wave

setting local : via front panel keyboard
remote: via IEC bus interface

resolution 6 digits

display 6-digit 7-segment LED display
6 decimal points
2 LEDs for dimension Hz, kHz

. -6 o
setting error +1 x 10 at 23 C
temperature coefficient <1 x 10-6/K

aging <1.5 x ‘IO_6 per year



1.2.2. Wave forms

selectable wave forms sine wave,
square wave,
© triangular wave,
all time-symmetrical,
all with or without dc offset;
dc voltage without ac,

selection local : via front panel keyboard
remote: via IEC bus interface

indication LEDs for the selected wave form

Sine wave

total harmonic distortion < 0.4% for frequencies 1 mHz to 50 kHz
< 1.5% for frequencies 50 kHz to 2 MHz

non-harmonic components < -46 dB
at max. amplitude

phase noise < -50 dB within 30 kHz bands, centered
to the output frequency;
(frequencies >50 kHz)

Square wave

rise time, fall time < 50 ns

duty cycle 50%

- tolerance < 0.5% (f=1 kHz)
tilt < 3% (£<100 kHz)
overshoot < 3%

Triangular wave

frequency range 1 mHz - <100 kHz

linearity errorx < 1% for frequencies <10 kHz



1.2.3.

1.2.4.

Modulgtion
mode

mode indication
carrier

- wave form

- frequency

modulation frequency

modulation coefficient

modulation depth

connection
- input impedance

- max. external voltage

- reference potential

Output

connection

impedance

load capability

max. external voltage

reference potential

AC voltage

amplitude range

sub-ranges I
II
III

minimum increments

amplitude modulation, external

LED

sine wave, triangular wave

>10 Hz

dc...20 kHz

0.1 V /10% AM

O. «+90%

BNC input socket AM EXT, rear side
20 kOhm

+30 V
external contact of BNC socket

BNC socket

50 Ohm, +2%
short-circuit proof
+15 Vv

external contact of BNC socket

0 - 19.9 Vac,pp, open circuit

0.00 - 1.99 Vac
00.0 - 19.9 Vac

1 mV in sub-range I
10 mV in sub-range 1II
0.1 V in sub-range III



setting

resolution

display

setting error

temperature coefficient

DC offset voltage

dc voltage range

sub-ranges I
I1
III

sub-range selection

minimum increments

polarity

setting

resolution

display

setting error

local : via front panel keyboard
remote: via IEC bus interface

2 1/2 digits

2 1/2-8igit 7-segment LED display
3 decimal points

+3% for settings 02.0 V ac 19.9 V
for frequencies 100 kHz
+3%/-6% for settings 02.0 V ac 19.9 V
for frequencies 100 kHz

< 0.1%/K

0 - 9.9 Vvdc, open circuit

0.00 - 0. 99 Vdc

determined by
ac sub-range setting

1 mV in sub-range I
10 mV in sub-range II
0.1 V in sub-range III

positive or negative polarity

local : via front panel keyboard
remote: via IEC bus interface

2 digits

polarity +/-

2-digit 7-segment LED display

3 decimal points, position determined

by ac decimal point setting

+4% from 10% to 100% of each sub-range

<0.1%/K from 10% to 100% of each
sub-range

temperature coefficient

depending on ac voltage setting:
dc indication< 100 - (ac indication)/2;
decimal points ignored

max. dc voltage setting



1.2.5. TTL output

connection BNC socket TTL OUT
duty cycle 50%
fan out =10 TTL inputs
level standard TTL level: high>2.4 V
low <0.8 V
external voltage not proof against external voltage>5 V

1.2.6. Out-of-range indication

display flashes, if - frequency setting = 2000 kHz
- frequency setting =100 kHz for
- frequency resolution <1 mHz
- dc voltage exceeds the max.
dc voltage setting

1.2.7. Remote control

conformity IEC-625: Interface System of
Programmable Measuring Apparatus

interface built-in IEC bus interface

- input/output system bit parallel - character serial
- input/output code ISO-7 bit code (similar to ASCII)
- input/output levels L = -0.5 Veeet0.8 V

H= 42.0 Veeoet+5:.5 V

remote state indication front panel LED
programmable parameters - frequency

- ac voltage

- dc voltage

wave form

response time 7 ms for frequency
6 ms for ac voltage
14 ms for dc voltage
5 ms for wave form

interface functions - AH1 : acceptor handshake, complete
- L2 : basic listener
- RL1 : remote-local capability,

no local lock-out



programming example:

yry
-
L]
N
[
PN

F1.25A10.ODO5W 1ETX
] { I{_[:_________."end of text"; character no 3 of ASCII code

sine wave

wave form identification
dc value (0.5 V)

dc voltage identification
ac value (10.0 V)

ac voltage identification
frequency (1.25 kHz)
frequency identification

connection 25-pole standard interface connector,

rear side
max. external voltage -0.5 V/+5.5 V
reference potential measuring earth

‘connector housing connected to protective conductor

1.2.8. Power supply ac mains
nominal values 110 Vv/128 V/220 V/238 V, selectable
by solder links
nominal operating range +10% of selected nominal value
operating limits +10% of selected nominal value
nominal frequency range 50 - 60 Hz
- tolerance +5% of nominal frequency range

power consumption

59 VA



1.2.9.

1.2.10.

1.3.2.

Environmental conditions

ambient temperature

- reference value

- nominal range

-~ limits for storage
and transportation

relative humidity

- reference range

~ nominal working range
air pressure

- reference value

- nominal working range
air speed

- reference value

- nominal working range

radio interference voltage

operating position

warm-up time

Cabinet

protection type
protection class
overal dimensions
- height

- width

- depth

weight

ACCESSORIES

Standard

Optional

+23OC +1OC

- o
+ 5°Ces.+40.C
~40°C...+70°C

(oS¢

45...75%
20...80%

1013 mbar (£760 mm Hg)
800... 1066 mbar (up to 2200 m height)

0...0.2 m/s
O...0.5 m/s

level of interference <« K

normally upright on feet or with handle
fold down

30 min.

IP 20 (see DIN 40 050)
class I, protective conductor
(see IEC 348)

140 mm

310 mm
365 mm

approx. 6.1 kg

instruction manual
fuse 630 mA delayed

PM 9075, coaxial cable BNC-BNC

PM 9585, termination 50 Ohm/1 W

PM 9480, IEC bus cable (length 1m)

PM 9481, IEC bus cable ( " 2m)

PM 9482, IEC bus cable ( " 4m)

PM 9483, IEC/IEEE cable adaptor (1m)

Test-PROM

Book: "digital instrument course,
part 4: IEC bus interface"



1.4.

OPERATING PRINCIPLE

The block diagram of the PM 5190 is shown in fig.30. The data input
circuitry, IEC bus interface, keyboard and display with their data and
control connections to the controlling micro-processor and the program
memory are depicted in the upper part.

The adjusted parameters are transmitted with the aid of the IEC bus or
keyboard interface components to the micro-processor, which then car-
ries out the necessary adjustments of the I/O expanders (static control
signals).

In detail, the following circuit blocks are controlled:

- generator (synthesizer) with: accumulator, complementer 1+2,
sine/triangle selector, sine ROM
analog element with: DAC, low pas filter, square wave generator,
amplitude modulator, switching array

- dc-generator
ac amplitude control
output amplifier unit (output amplifier, attenuator)

The triangle and sine signal is generated as a binary sequence of num-
bers. The conversion of the binary sequence of numbers in stepped sine
or triangle signals is effected in the 9 bit DAC. The following lowpass
filter suppresses the alias frequencies, smoothes the signal and thus
generates equidistant zero pauses within the sine signal. In the square
wave generator, a time-symmetrical square wave signal is generated.

The amplitude modulation can be joined up into the sine/triangle signal
path.

Thus 5 functions can be chosen: sine, square, triangle, AM sine and AM
triangle.

Via a buffer amplifier, (buffer 2), the signal is applied to the 8 bit
binary controlled amplitude control and further to the output ampli-
fier. Its input is a virtual zero point at zero potential. The signal
current and the current of the 8 bit controlled current of the dc-gene-
rator flow within this virtual zero point. Thus three modes of opera-
tion are possible: ac mode, ac + dc mode, and dc mode. The signal flows
via the 0/20/40 dB attenuator to the output socket.

All clock frequencies needed are derived from a crystal stabilized
master frequency in the clock pulse generator.

The power supply delivers +20 V and -20 V and two seperate +5 V volta-
ges. This seperation diminishes coupling of the digital interference
noise into the analogous circuitries.



2.1.

2.1.2.

INSTALLATION
SAFETY REGULATIONS

Upon delivery, the instrument complies with the required safety regulations. To maintain this condi-
tion and to ensure safe operation, it is recommended to follow the instructions below.

Before connecting

Mains voltage

Check whether the instrument is adapted to the nominal mains voltage.

Protection

This instrument is protected according to class | (protective earth) of the |EC 348 or VDE 0411. The
mains cable provides earth connection. Outside specially protected rooms, the mains plug must be con-
nected only to sockets with earthed contact.

It is not allowed to interrupt the earth connection inside or outside the instrument.
Maintenance and repair

Failure and excessive stress

If the instrument is suspected of being unsafe, take it out of operation permanently.
This is the case when the instrument

— shows physical damage

— does not function anymore

— is stressed beyond the tolerable limits (e. g. during storage and transportation)

Dismantling the instrument

When removing covers or other parts by means or tools, live parts or terminals could be exposed. Before
opening the instrument, disconnect it from all power sources.

If the open live instrument needs calibration, maintenance or repair, it must be performed only by
trained personnel being aware of the risks. After disconnection from all power sources, the capacitors
in the instrument may remain charged for some seconds,

Fuses

Only use the specified fuses.

Repair, Replacing parts

Repairs must be made by trained personnel. Ensure that the construction of the instrument is not altered
to the detriment of safety. Above all, leakage paths, air gaps and insulation layers must not be reduced.

When replacing, use only original parts. Other spare parts are only acceptable when the safety precau-
tions for the instrument are not impaired.



2.2,

23.

2.4.

25.

MOUNTING

The instrument may be used in any desired position. With the handle fold down, the instrument may
be used in sloping position; for this purpose press the buttons of the handle. Do not position the
instrument on any surface which produces or radiates heat, or in direct sunlight.

EARTHING

Before switching on, the instrument must be earthed in conformity with the local safety regulations.
The mains cable fixed to the instrument includes a protective conductor, which is connected to the
earth contacts of the plug. Thus, when connected to an earthed mains socket, the cabinet of the instru-
ment is consequently connected to the protective earth.

WARNING: Connect the mains cable plug only to a socket with protective earth contacts. This pro-
tection must not be made ineffective, e. g. by using an extension cable without earth
protection!

The circuit earth potential applied to the external contacts of BNC sockets is connected to the cabinet
by means of a parallel-connected capacitor and resistor. So correct HF-earthing of the circuit is ob-
tained. The external contacts of the BNC sockets must not be used to connect a protective conductor.

DISMANTLING THE INSTRUMENT

|

Unplug the mains connector

Fold up the handle to the top. For this push the buttons of the handle.
Loosen the central screw at the rear '
Remove the lead-through of the mains cable from the cabinet
Dismantle the cabinet

[

MAINS CONNECTION

The instrument must be connected only to an AC supply. On delivery the instrument is set to 220 V.
Before mains connection, ensure that the local mains voltage ranges within the set mains voltage range
indicated on the plate at the rear of the instrument.

I the instrument is to be used on a different supply voltage proceed as follows:

— Unplug the mains connector
— Dismantle the instrument, see 2.4.
— Resolder links on the mains transformer in accordance with the stick-on connection diagram. See

also below.
¢-0 o6 @ 170V | 530maT
*—' -9 ‘ 128V

* ) ‘ ® 220V 315 mAT

d oo o0 238y
13 S 7 9

- Insert the supplied fuse 630 mA delayed into the fuse holder instead of the one built-in

- Change the mains voltage plate at the rear of the instrument in accordance with the mains voltage
selected. The plates for the other supply voltages are inserted into a plastic cover, as the fuse just
mentioned

- Close the instrument

Mains connection must be made in accordance with the local safety regulations. This implies that the
instrument is connected to mains socket with protective earth contact (see para. 2.3.).



3. OPERATING INSTRUCTTIONS
3.1, CONTROLS AND SOCKETS (Fig.31, 32)
legend function
POWER mains switch:
o ON white dot for ON position
e OFF

SRR
2|22

Qb EXT

FRQ

Hz
kHz

AC

DC

RUB
ouT

pushbuttons for the required wave form,
LED indication of the selected wave form:

sine wave
square wave

triangular wave

pushbutton and LED indication for selection of
external amplitude modulation

pushbutton for preparation

of frequency settings

pushbutton for selecting the frequency range

.001 Hz - 999999 Hz
.000001 kHz - 2000 kHz

pushbutton for preparation
voltage settings

pushbutton for preparation
voltage settings

pushbutton for positive or

keyboard (pushbuttons) for
- frequency

- AC output voltage

- DC (offset) voltage

of signal output

of DC (offset)

negative DC voltage

setting the

pushbutton for alteration or correction of

keyboard input data



legend

function

LUOHUL s LU sew LU vee

OUTPUT

TTL OUT

aM Ext /N

(rear side)

IEC BUS
(rear side)

&) REMOTE

display for indication of the set

- frequency eXeXeXeXeXeX
- AC output voltage XXX
- DC (offset) voltage XXX

BNC output socket for the signal
BNC output socket for the TTL signal

BNC input socket for the external amplitude
modulation voltage

standard 25-pole IEC bus connector for remote
operation of the instrument

LED indication for remote operation



3. 2. 20

3.2.3.

OPERATION

Switching on the instrument

After the instrument has been connected to the mains in accordance with
the paras. 2.3. and 2.4., it can be switched on by pressing the mains
switch POWER. The white spot inside the POWER switch mechanically indi-
cates that the instrument is switched on.

When switching on, the instrument is set to initial state, which is
defined by

- no frequency generation

- no output voltage

- the display showing 000000 Hz .000 V ACpp +.000 V DC
and indicated sine wave: (¥X) ~v

KEYBOARD INPUT

Setting the required output wave form

The following wave forms may be selected:

- sine wave

- square wave

- triangular wave

and in combination with the external modulation facility
- sine wave / AM EXT

- triangular wave / AM EXT.

The active wave form is indicated by LED's assigned to the pushbuttons.
If you previously selected the square wave signal, the AM EXT button is
inhibited.

If you previously chose M~ /AM EXT or 7 /AM EXT, and you select the
square wave, the AM EXT function is switched off.

The modulating voltage must be fed in via the BNC connector at the rear
side.

Setting the frequency

Choose the convenient frequency range by means of the alternately re-
acting button Hz/kHz; the range is indicated by LED's:

Hz for the range .001 Hz - 999999 Hz
kHz for the range .000001 kHz - 2000 kHz

For triangular wave form the upper frequency limit is 99.9999 kHz.



Push the button FRQ

The signal generator is set to the initial state, which is defined as
follows:

the frequency display section is blanked

the output frequency is zero

the output amplitude is zero

the frequency section is prepared for frequency settings via the nu-
merical part of . the keyboard

The 6 digit display has left entry.

The output frequency immediately follows the state of the display.

The decimal point can be set at any position: «X.X.X.X.X.X

If you set a d.p. behind the 6th digit, it will not be accepted.

If a d.p. was set and you give in a second d.p. at a different posi-
tion, this second action is accepted, while the first d.p. is blanked.
Trailing zeroes behind a d.p. may be left out, because they have no
effect on the generated frequency.

It is up to you to make the choice of setting the frequency into dif-
ferent display positions, depending on convenient data entry.
1 Hz e.g. may be set as follows:

1 Hz
01 Hz

3

000001 Hz

1. Hz
00001. Hz
. 001 kHz

000.001 kHz
etc.

For all these settings the same frequency accuracy results.

Out-of-range indication:

If you choose a setting exceeding the permitted ranges or resolution
the display starts flashing.

€.ge. .0001 Hz ~/"L/ A,
2001 kHz ~v /"L / Ay
100 kHz ~

1.0001 Hz



Rub out facility

If you set a wrong figure or decimal point, you have two possibilities
to correct them:

1. Push the FRQ key and start setting the data once more.

2. Push the RUB OUT key. By doing this the last digit keyed in is
blanked. Repeated pushing the RUB OUT key continues blanking the
figures from right to the left until the whole display field is
blanked.

Remark: Changing from Hz to kHz and vice versa is possible without
any RUB OUT action or without preparing the frequency setting
by FRQ.



3.2.4.

Setting the signal output voltage Vacpp,
setting the dc (offset) voltage Vdc

Push the button AC.
The analogue output circuitry of the generator is set to the initial
state being defined as follows: :

- the output voltage is zero

- the ac display is blanked

- the dc display is set to 000

- the decimal points are set in front of the first digit for ac as well
as for dc

- the amplitude control and attenuator section of the instrument and
their display fields are prepared to accept settings via the numeri-
cal part of the keyboard

The maximum ac voltage is 19.9 Vac : so 2 1/2 digits can be set.
Therefore the 1st digit must be O or 1. If you push a numeric > 1,
- it is placed in the 2nd digit '

- the 1st digit will be automatically set to O

- the decimal point is shifted: 0.X

As stated for the frequency generation, the ac output voltage immedi~-
ately follows the display status.

Shifting a decimal point

If you want a decimal point be shifted to the right, key in the d.p.
behind the set digit; the old d.p. will be blanked. A d.p. behind the
3rd digit will not be accepted.

Alteration of ac settings may be done by pushing the AC key once more

or by RUB OUT action. The effect of pushing the RUB OUT key conforms to
the actions of frequency rub-out, except the decimal point: Erasing a
digit with decimal point postponed causes the d.p. to be shifted one
digit to the left. So in any case one d.p. is set in the ac display.

Setting the dc voltage

A dc output voltage may be selected separately or whenever used as dc
offset voltage be added to the ac output signal.

Note: It is not possible to set a dc voltage without having previously
set the ac value.

Push the button DC.

The dc generator is set to the initial state, which is defined as

follows:

- the dc voltage is zero

- the first digit of the display remains being O, the further two
digits are blanked

- the decimal point is always fixed to the same position as in the ac
display

- the internal dc generator and the assigned display field are prepared
for settings via the numerical part including d.p. of the keyboard.




2 digits can be set. The maximum dc voltage is 9.9 Vdc, but is re-
stricted with regards to the ac settings, see chapter "out-of-range-
indication" below.

As stated for the frequency and ac section, the dc generator output
voltage immediately follows the display status, i.e. the single key-
board settings.

Positive or negative dc voltage can quickly be changed by pushing the
+/-key; the changing is alternately. It can be done at any time without
pushing DC before.

Alterations of dc settings may be executed by pushing the DC key or RUB
OUT key, the actions of which you are aquainted to out of the frequency
and ac operating part.

But note: After completion of keying in the ac and dc data alterations
or correction of the ac setting can only be achieved by AC key action,
which besides of blanking the ac field resets the dc display too!

Out-of~-range indication

The maximum dc offset voltage depends on the ac settings in order to
prevent overdriving the output amplifier:

dc indication = 100 - ac indication/2;
decimal points ignored.

If your dc setting exceeds this limitation, the display starts
flashing.

Examples:

Vac Vdc
permitted |not permitted

10. 0o5. 05.1
19.9 00.0 00.1
19.8 00. 1 00. 2
00.3 09.8 09.9

1.19 0.04 0.05
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Amplitude modulation

Two carrier wave forms can be selected:

- sine wave
- triangular wave

The actual wave form is indicated by LED's assigned to the pushbuttons.
If you selected the square wave signal, the AM EXT button is inhibited.
If you previously chose ~u/AM EXT or ~v /AM EXT, and you select the

square wave, the AM EXT function is switched off.

The modulating voltage must be fed in via the BNC connector at the rear
side.

123 The carrier amplitude pp is 1/2 of the indicated Vacpp.

So, when adjusting the carrier amplitude set the displayed value
twice the effective amplitude!



IEC BUS

Introduction to the IEC interface bus

More and more measuring instruments are being used in systems designed
for the automatic monitoring of some process or performance of multi-
function measurements with a number of instruments.

These instruments may be listeners and (or) talkers which depends on
the function of the instrument. Switching to listen or talk mode is
done by means of a controller which is the head of a system and which
is able to address the other instruments as talkers or listeners.

For more complex systems a special controller may be needed, while
smaller systems can sometimes use controller functions built into one
of the instruments.

Now such a system obviously requires some means of interconnection
between the different units; this is the interface system. To ensure
that all instruments can communicate, international agreements have
been reached concerning the characteristics of such an interface sy-
stem. These are laid down in an IEC document entitled "The IEC inter-
face system for measuring apparatus".

What is the purpose of the IEC interface?

- All instruments provided with facilities for the IEC bus interface can

be used together in a system, no matter where they were made or who
made them.

Users can thus select the instruments that meet their needs best, and
combine them in a system, without having to worry about making a spe-
cial interface.

The IEC bus

The IEC bus is a bus-line system with 16 parallel lines. Eight of these
are combined in the "data bus", which is used for the transfer of mea-
suring data, addresses and programming data. Three lines are used for
the "data-byte tranfer control"; (direct communication between a tal-
ker and one or more listeners). The remaining 5 lines are for general
interface-management messages (communication between the control ele-
ment and the other devices). Up to 15 instruments can be interconnected

- by an IEC bus system. This is limited by the maximum bus-load that can

be driven. The maximum number of instruments to be addressed is 31
(5 bits for selecting the device-address). These may be talkers and
(or) listeners. Each instrument has its own coded address, while a
dual-function instrument (one that can function both as talker and a
listener) has both a talker address and a listener address. As we have
already mentioned, at a given moment only one instrument can be ad-
dressed as talker but several as listener.



3.3.2.

3.3.2.1

3.3.2.2

E 3-10

Talk - listen - control

In a well organized meeting, people talk one at a time, while the rest

listen to what is of interest for them. The chairman decides who should

do the talking at a given moment. The communication between the instru-

ments in a system is organized in a similar way (but more strictly than

in a meeting). The control element plays the role of the chairman here;

of course in order to do this job properly, it must itself be a talker

part of the time and a listener the rest of the time. The other instru-

ments will be talkers or listeners, as dicided by the control element.

For example:

e A programmable DVM must be able to listen (to receive programming
data) and to talk (to supply measuring data).

e A pulse generator can only listen (receive programming data).

® A tape reader can only be able to talk.

The control element must be able to control, talk and listen.

Remote operation of PM 5190

The LF synthesizer can be remotely controlled via the built-in IEC bus
interface. Instruments provided with this facility can be used together
in a system, no matter where they were made or who made them. Users can
thus select the instruments that meet their needs best, and combine
them into automated test and measuring systems without having to worry
about making a special interface.

Interface functions of the PM 5190

out of a set of operating capabilities each IEC bus instrument has its
assigned interface function. For PM 5190 the following functions are
valid:

e AH1: Acceptor Handshake interface function, complete:

the acceptor handshake function provides the instrument with the capa-
bility to guarantee proper reception of remote multiline messages.

® L2: basic Listener interface function:
the listener function provides the instrument with the capability to
receive data via the interface from other devices.

@ RL1: Remote/Local interface function; no local lock-out:

the remote/local function provides the instrument with the capability
to select between two sources of input information, either wvia front
panel control (local) or via the interface (remote). "No local lock-
out"” means that the instrument, once being addressed via the IEC bus,
cannot directly be switched over to keyboard input again. Keyboard
actions will only be accepted after the controller has sent the GO TO
LOCAL command, see next chapter and table of the ASCII code.

Addressing the instrument

In order to coordinate all devices connected onto the bus system, each
instrument must have its individual address for identification. When a
controller e.g. sets an address.on the bus lines, all instruments com-
pare the address with their own and the one that finds both to be the
same reacts.
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Addressing of IEC-bus instruments is achieved by a special bit pattern
together with ATN being sent from a controller. Bit 1 to bit 5 of this
pattern are selectable by means of switches, the decimal value of these
five bits represents the device address in the table fig. 2. If, for
instance, the device-address 4 (= 00100 binaray value) is set by means
of the five switches, the instrument can be addressed by sending the
address 4 from a controller. If it is necessary to send the ASCII-code
of the listener-address, the symbol 'g' must be sent to address the

PM 5190 as a listener.

The device-address 31 (= ASCII character '?') connot be used since it
is reserved for the de-addressing command 'unlisten'.

on delivery the instrument is set to the address 4: (switches are set

to 00100). This device address can be changed. For this 5 switches on
the conductor side of the digital printed circuit board, unit 2, are
accessible from the rear bottom part of the instrument (see fig.1). It
is not necessary to remove the cabinet.

7 = ,
\j ] A o 1
most
L Ei>"‘"‘*““‘§\‘“‘-~.__ ' bit 5 significant
| , bit
é03§ T | bit 4
_f\ 5l | | bit 3
| bit 2
least
' bit 1 significant
' bit
\ et
ﬂ&~ FT ,up}
. r/ example of the set address:
— =S (04) 00100
] ' = ASCII value dec.36

Fige1 Addressing the instrument (bottom view)
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When the address set on the bus by a controller is identically to this
internal address, the instrument reacts and changes from keyboard input
("local" state) to IEC bus input ("remote" state). The remote state is
indicated by a LED at the front panel. The synthesizer then will accept
messages from the bus and will not react on keyboard inputs. The lat-
ter will only be possible again after the controller has sent the GTL
(go to local) command, character No.1 of the ASCII code, SOH (start of
heading), which is interpreted as GTL on the IEC bus. -

LISTENER ADDRESSES TALKER ADDRESSES DEVICE
ASCI| DECIMAL DIO BUS ASCII| DECIMAL DIO BUS ADDRESSES
CHAR VALUE 87654321CHARVALUE sl716]s]4l312]1
SP 32 oclolijojojojojof @ 64 ol11olojojojo}o 0
] 33 ololilofojojof1f A 65 oli1lolofojo]o}" 1
- 34 olol1lofofol1]o] B 66 ol1/olojoloj1fo 2
#* 35 ololijojojof1]|1]l ¢ 67 ol1lojofojoj1]1 3
g 36 olol1]ojof1]o]o} O 68 oli1lolojol1{o}o 4
% 37 olol1]ofoj1|o|1) E 69 ol1lclolof1]0f1 5
g 38 ololt1]lajol1|1]|O) F 70 ol1lofofof1{1]0 6
g 39 olol1|ofof1|1|1} G 71 ol1lofafof1{1]1 7
( L0 ololt1]oj1]o]o]Of H 72 ol1lojoj1jojoio 8
) 41 olol1lof1|ojo|1 | / 73 ol1lolof1{o0|0]|1 9
* 42 olol1lol1]oj1{o} J 74 ol1lolof1]o}1]0 10
+ 43 ololtjofrlolr]1]] K 75 ol1lolof1]of1] 11
) Lk olol1lof1|1]ojof ¢ 76 ol1lolof1{1]ojo) 72
- 45 ololtlof1]1]ol1| M 77 olilojolr|+{olt}f 13
. 46 olol1lol1|1{1]|oll N 78 ol1lololt{+]rjo)ff 74
/ L7 ololtlofr1{1f{r{1}{ O 79 ol1lofolt (1|11 75
[) 48 olol1l1]olojojo} P 8¢ ol1lo[1]olo]ojo}l 1716
1 49 olol1l1]olojo|1} @ 81 ol1]ol1lojofo]1 17
2 s9 olol1l1jolofrjo} R 82 ol1lol1|ofo|1|of 78
3 51 olol1l1]ofoft{1}f S 83 ol1lol1lalof1]1 19
4 52 ololilrlo[1]ofof T 84 olilol+jo|1|o(o] =2¢
5 53 ololalrjof1lojt| Vv 85 ol1lol1lofrjojr{ 27
6 54 olol1l[1]of1{rjo)f V¥ 86 ol1lol1lof1 1ol 22
7 55 ololal1lofjajt|1 | W 87 ol1lolt o1 {1]] 23
8 56 olol1]1]1]ojojo} X 88 ol1]loj1|1{ojofo) 24
9 57 ololal1j1{ojofrf Y 89 olrlol1|1]ofof1] 25
: 58 olol1 |1 ]1]ol1|o}f Z EY) ol1lol1l{1]of1{o}l 26
; 59 ololalil1jofa{2l C 91 oliloltlt|o[r|1}] 27
< 60 ololalr{t[rfofoll N\ 92 olilol1[1l1]ojoff 28
= 61 olola 1|1 {t1fofrl 3 93 olrjol1[t|1]oft ) 29
> 62 NERERERERERLE A 94 ol1lols(1]1]1 (o] 3€
? 63 Jojo|1|1]1]! 1|1 — | 9% AERC) KR ER N

Fig.2 Representation of multiline interface messages in ISO 7 bit
code with the ASCII table.
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bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1

Talk-addr. 1 (0] b4 b4 X X b4

s et RN N

device address (selectable)

Fig.3

3.3.2.3 Connecting cables for the IEC bus system

A range of connecting cables for computer controlled test and measuring
equipment conforms to the IEC 625 system of interfacing. The cables are
fitted with two 25-pole connectors at each end; one of the connectors
is male, the other female. The two connectors are mounted back-to-back
in an aluminium housing which is clamped onto the cable.

The cable contains 24 separately insulated conductors arranged as 12
twisted pairs.

A special adapter is also available for use with American test equip-
ment which employs the IEEE-488/75 bus system.

4 standard cables meet the requirements:

- PM 9480 IEC bus cable, length 1 m
- PM 9481 IEC bus cable, length 2 m
- PM 9482 IEC bus cable, length 4 m
- PM 9483 IEC/IEEE cable adapter, length 1m

O
O DIO-1
pio-s Qo DI0-2
DIO-6§ ‘EO C‘: 010-3
pio-7 \70 d DIO-¢
D10-8 's) 5
h n;o Oe REN N
52 O - EG?
;QO O’ DAV
zﬂ) Cf NRFD
P 5D O ok
3 —~a IFC
ey o~ s SRQ¥
;O ! ATN
. —1|4—0O 13 CaBLE
\\/ SHIELD
O * not used for PM 5190

Fig.4 IEC bus cable connector
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Programming examples

Frequency data string format

On the 8 bit parallel data lines the frequency instruction must be pro-
grammed as follows:

1« 2o 3. 4. 5. 6. 7. 8. 9. byte
X X + X X X X EIX

- F: frequency identification

~ the decimal point may be left out;
can be set at any position

- the dimension of the frequency is always kHz

- spaces are ignored

- 1 digit at least must be set

- if more than 6 digits are set, the first 6 are accepted, the further
digits are ignored

- other characters than digits, decimal point or spaces are accepted,
but will wrongly be interpreted

- ETX: end of text; may be left out and set at the end of the complete
instruction;
initiates execution of the data preceded.

Example: F12.5ETX means

set frequency to 12.5 kHz
execute

Out-of-range indication:

If you choose a setting exceeding the permitted ranges or resolution,
the display starts flashing, see chapter 3.2.3.

Ac/dc data string format

The ac/dc instruction must be programmed as follows:

7. 2. 3. 4. 5. 6. 7. 8. 9. 10. byte

A X X . X D - X X EIX
\ ] \ ~J
V vV
ac value dc value

- A: ac identification

- for the ac value 3 digits must be set;
leading and trailing zeroes must not be left out

- the first ac digit must be O or 1

- a decimal point must be set either in front of the 1st, 2nd or 3rd
digit; otherwise the sequence will be ignored

- spaces are ignored

- D: dc identification; must be set as 6th byte; otherwise the sequence
will be ignored

- for positive dc values the + sign must be left out;
in consequence the string comprises 9 bytes only

- for the dc value the decimal point must be left out, as it is
determined by the ac d.p. setting; otherwise the complete instruction
will be accepted but wrongly interpreted
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Formatting with PET/cbm

When formatting the amplitude control string by means of the PET/cbm
BASIC computer the main ideas for solving the problem are:

1. Adding a great decimal value to the amplitude value. The numerics of
the decimal value at the positions of the amplitude value should be
Zeros.

2. Converting the sum of the two values to a string.

3. Dividing a substring with three characters including the decimal point
depending on the amplitude A.

Example:

A =0.35vV
Decimal value for adding 100.0005
Sum of these values 100.3505
Segment of the sum with three 0.35

characters for controlling
the PM 5190.

You can see in which way leading and trailing zeros are provided by
using this method.

The assignment of the position of the stringsegment to the value of the
amplitude A you can see in the following table:

A A + 100.0005
<.2 0.001 100.0015
0.199 100. 1995
<2 0.2 100. 2005
1.99 101.9905
>2 2.0 102.0005
19.9 119.9005

There are three possibilities of constellation depending on the value A
being less than .2 V, between .2 V and 2 V or greater than 2 V.
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The following subroutine is an example for programming such a providing
method to form an ac-control-string.

800 A$ = STR$(100.0005+2)
810 FOR I = O TO 2

820 IF A = .2*10¢I THEN 850
830 M$ = MID$(A$,5-I,4)

840 RETURN

850 NEXT I

In this small example the variable A represents the amplitude value. M$
is the result of this algorithm, the correct formatted stringsegment to
control the ac-setting of PM 5190.

Example: PRINT#5, "A";M$; "DOO" ; CHR$ (3)

The meaning of CHR$(3) is the control symbol ETX which must be sent to
terminate the datastring.

The programming method shown above is very useful if you have to format
a great many of different amplitude values. This can happen in case you
want to program e.g. an amplitude sweep where the amplitude is a value
which changes within a wide range.

Formatting the DC-value

As well as for the amplitude values it is only useful to write a spe