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WARRANTY

All Wavetek instruments are warranteed against defects in material and workmanship for a period
of one vear after date of manufacture. Wavetek agrees to repair of replace any assembly or
component lexcept batteries} found to be defective under normal use during this period.
Transfermatic Switch assemblies, manufactured by Wavetek, are unconditionally warranteed for
the life of the instrument, Wavetek's obligation under this warranty is limited solely to repairing
any such instrument which, in Wavetek's sole opinion, praves 1o be defective within the scope of
the warranty when returned to the factory or to an authorized service center. Transportation to
the factory or service center is to be prepaid by purchaser, Shipment should not be made without
prior authorization by Wavetek.

This warranty does riot apply to any products repaired or altered by persons not authorized by
Wavetek, or not in accordance with instructions furnished by Wavetek. if the mstrument s
defective as a result of misuse, improper repair, of abnormat conditions or gperations, repairs will
be billed at cost.

Wavatek assurnes no responsibility for its product being used in a hazardous or dangerous manner
either alone or in conjunction with other equipment. High voltage used in some instruments may
be dangerous i! misused. Special disclaimers apply to these instruments. Wavetek assumes no
tiability for secondary charges of consequential damages and, in any event, Wavetek's liability for
breach of warranty under any contract or otherwise shall not exceed the purchase price of the
specific instrument shipped and against which a claim is made.

Any recommendations made by Wavetek for use of its products are based upon tests believed 10
be retiable, but Wavetek makes no warranty of the resuits to be obtained. This warranty is in Heu
of all other warranties, expressed or implied, and no representative or person is authorized o
represent or assume for Wavetek any liabitity in connection with the sate of our products other
than set forth herain,
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1.1 INTRODUCTION

The Wavetek Model 3520 is a rugged,
microprocessor controlled, GP1B-
addressable Signal Generator covering
the frequency range of 1 to 2080 MHz.

All instrument parameters are set via
either front-panel keyboard entry or
GPIB {(IEEE-488) interface. Instrument
settings and parameters are displayed
on three alphanumeric vacuum-
fluorescent displays.

A flexible cursor system allows a
selected digit of a parameter to be
incremented, or the parameter may be
incremented by a user-defined step
gsize. A vrelative/reference function
may be used to test with respect to a
specified parameter value.

Nonvelatile memory locations allow up
to 32 complete front panel settings to
be quickly stored and recalled in any
order.

1.1.1 FREQUENCY CHARACTERISTICS

The carrier frequency may be set to a
resolution of 100 Hz from 1 to 1040
MHz, and 200 Hz from 1041 to 1080 MHz.
The accuracy of the instrument is
based on a crystal-controlled
oscillator which serves as a stable
frequency reference, enabling the
instrument to provide high-stability
signals to an accuracy of 0.001% over
its specified frequency range. This
accuracy includes possible errors due
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toe short-term drift, long-term drift,
incidental FM, and variations due to
line wvoltage changes and temperature
changes. The accuracy of the
instrument can be improved by using
the optiovnal External Reference input,
the optional Internal/External
Reference, and/or the optional High
Stability Internal Reference.

1.1.2 WMODULATION

The instrument features both internal
and externazl AM and FM capabilities.
The internal modulation source wmay be
set to any 1 Hz multiple between 80 Hz
and 999 kHz and 10 Hz multiple between
1 ¥Hz and 10 kHz. FM deviation can be
set to any desired wvalue up to 100
kHz. AM depth is specified from 0 to
30%.

The internal and external sources may
be wused simultaneously to produce
complex modulation. An automatic level
control (ALC) function is provided to
normalize externmal sources.

1.1.3 OUTPUT LEVEL FEATURES

The 50 ohm calibrated output of the
instrument is leveled to $2.0 dB
across the 1 to 2080 MHz frequency
range. RF output level 1is settable
from +10 dBm to -137 dBm with a
resolution of 0.1 dB.

The level may be read out in dBm or in
Volts RMS. Reverse power protection to
50 watts is standard.



1.2 SPECIFICATIOHS

1.2.1 RF FREQUENCY
Range
Readout

Resolution

Accuracy

Stability
{after 1 hr warmup)

Switching Speed
1.2.2 RF OUTPUT
Impédance
Power Level Range
Readout

RF Level Control

Total Level Accuracy

Accuracy Traits

Leakage

Output Connector

1 to 2080 MHz
Alphanumeric vacuum-fluorescent display

100 Hz (1-~1039.9999 MHz)
200 Hz (1040-2080 MHz)

$0.001% in all modes with ALC on: #(0.001% +10
kHz) in all modes with ALC off

0 to 520.9999 MHz: 0.2 ppm/hr with ALC on; 500 Hz/
10 min with ALC off

521 to 1039.9999 MHz: 0.2 ppm/hr with ALC on; 1000
Hz/10 min with ALC off

1040 to 2080 MHz: 0.2 ppm/hr with ALC on; 2000
Hz/10 min with ALC off

Typically <275 msec (<115 msec for steps >1 MHz)

50 ohms (SWR <1.3 at RF levels below (.1 VRMS).
+10 to -137 d4dBm (1 V to 0.0316 UVRMS)
Alphanumeric vacuum-fluorescent display

Adjustable in 0.1 dB steps in dBm mode, or to
three significant digits in voltage mode

+10 to -36.9 dBm +2.0 dB
~37 to -46.9 dBm +2.2 4B
-47 to -56.9 dBm 2.4 dB8
-57 to -66.9 dBm +2.6 dB
-67 to -76.9 dBm +2.8 dB
~77 to -86.9 dBm +3.0 dB
~87 to -96.9 dBm +3.2 dB
~97 to ~106.9 dBm 3.4 dB

~107 to -116.9 dBm +3.6 dB
-117 to -126.9 dBm 3.8 dB
-127 to -137 dBm 4.0 dB

Flatness: (+10 to -6.9 dBm) +1.5 dB
Step Attenuator: 0.6 dB or 2% of attenuation,
whichever is greater

< 1 w¥ into a two-turn, 1 inch diameter loop
held 1 inch from any surface at 500 MHz.

Type N



1.2.3 SPECTRAL PURITY
Harmonic Outiput

1 to 10 MHz
10 to 1040 MHz
104) to 2080 MHz

Nonharmonics

Subharmenics

Residual FHM

Residual AM

Phase Noise

1.2.4 AMPLITUDE MODULATION

Internal Frequency
Source

Internal Frequency
Accuracy

<-26 dBc

<30 dBc

<-25 dBe

Fundamental Spurious Level

1 to 3 MHz <—60 dBe in 1 to 3 MHz band
3.0001 to 250 MHz <-65 dBe in 3 to 250 MHz band
3.0001 to 350 MHz <-55 dBe in 3 to 350 MHz band
3.0001 to 520 MHz <-35 dBe in 3 to 1000 MHz band
3.0001 to 2000 MHz «<-30 dBc in 3 to 4160 MHz band
3.0001 to 2080 MHz <-25 dBc in 3 to 4160 MHz band

1 to 520.9999 MHz: none detectable
521 to 2080 MHz: <-30 dBe

1 to 520.9999 MHz: <200 Hz in a 50 Hz to 15 kHz
post-detection bandwidth (typically <100 Hz)
521 to 1040.9999 MHz: <400 Hz in a 350 Hz to 15 kHz
post-detection bandwidth (typically <200 Hz)
1041 to 2080 MHz: <800 Hz in a 50 Hz to 15 kHz
pest-detection bandwidth (typically <400 Hz)

<-60 dBc in a 50 Hz to 15 kHz post-detection
bandwidth.

1 to 520.9999 MHz: <-93 dBc typical {(offset 20 kHz
from carrier with 1 Hz bandwidth)

1 to 520.9999 MHz: <-120 dBe typical (offset 500
kHz from carrier with 1 Hz bandwidth)

521 to 1040.9999 MHz: <-87 dBc typical (offset 20
kiz from carrier with 1 Hz bandwidth)

521 to 1040.9999 MHz: <~114 dBe typical (offset
500 kHz from carrier with 1 Hz bandwidth)

1041 to 2080 MHz: <-81 dBc typical (offset 20 kHz
from carrier with 1 Hz bandwidth)

1041 to 2080 MHz: <-108 dBc typical {(offset 500
kHz from carrier with 1 Hz bandwidth)

NOTE: These specifications apply for a carrier
level <+2 dBm. AM is possible above +2 dBm if the
peak output does not exceed +10 dBm.

80 Hz to 999 kHz in 1 Hz steps
1 kHz to 10 kHz in 10 Hz steps

(2% + 6 Hz) of Reading



External Frequency
Input

Depth Resolution

Depth Indicator
Accuracy

Readout
Range

Distortien
(measured at 1 kHz)

1.2.5 FREQUENCY MODULATION

Internal Frequency
Source

Internal Frequency
Accuracy

External Frequency
Input

Deviation Resolution

Deviation Indicator
Accuracy

Readout

Range

Distortion
{measured at 1 kHz)

1.2.6 REVERSE POWER PROTECTION

Trip Time
RF Trip Level

Maximum RF Input

DC Blocking Voltage

DC to 30 kHz (3 d¢B bandwidth) with ALC off.

100 Hz to 30 kHz (3 4B bandwidth) with ALC on.
Input level required for calibrated display: 10
Vp~p into 600 ohms with ALC off; 0.25 to 1 Vp-p
into 600 cohms with ALC on.

0.1%

0 to 90%: 16% of reading

Alphanumeric vacuum-fluorescent display
0 to 100%
0 to 30% AM: <1.5%

0 to 70% AM: <3%
O to 90% AM: <5%

80 Hz to 999 kHz in 1 Hz steps
1 kHz to 10 kHz in 10 Hz steps

+{2% + 6 Hz) of Reading

DC to 60 kHz (1 dB bandwidth) with ALC off.

100 Hz to 60 kHz (1 dB bandwidth} with ALC on.
Input level required for calibrated display: 10
Vp-p into 600 ohms with ALC off; 0.25 to 1 Vp-p
inkto 600 ohms with ALC on.

100 Hz for deviations <10 kHz
1 kHz for deviations >10 kHz

+5% of reading

Alphanumeric vacuum-fluorescent display
0 to 100 kHz deviation

10 to 100 kHz deviation: «<2%
3 to 10 kHz deviation: <4%

<2 msec
approximately 0.7 W

50 W

30 Volts



1.2.7

i.2.8

1.3

1.3.1

1.3.3

1.3.4

1.4

REMOTE PROGRAMMING

Interface

Function

GENERAL

Dimensions

Weight

Power

Operating Temperature

OPTIOHNS

OPTION 5

OPTION 5A

OPTION 8

OPTICN 9

ACCESSORIES

Furnished with instrument

Available at extra cost

GPIB; Conforms to IEEE Standard 488-1978. Controls
all functions.

Listens and talks, gives error status and
instrument status. SH1, AHl, Teé, TEO, L4, LEO,
SR1, RL1, PPO, DC1, DT1, €O, EZ2.

43.2 em (17 in) wide; 14.6 cm (5-3/4 in) high;
40.6 cm (16 in) deep

14.5 kg (32 1)

90 to 110, 110 teo 130, 180 to 220, or 220 to 240
VAC; 50 to 400 Hz: approximately 75 watts.

25 5 €, all specifications apply; 25 +£15° C,
with slight degradation of specifications

External Reference. Provides a rear-panel BNC
connector for an external frequency reference,
Reference frequency can be 1, 2, 2.5, 5, or 10
MHz, with minimum level of 50 nV into 1 k02,

Internal/External Reference, Uses either an
internal TCX0 or an external source as the
instrument frequency reference. Internal TCXO

improves accuracy to 1 ppm from the standard 10
ppm, and can be used as a reference for other
devices. External reference may bhe 5 or 10 MHz,
0.5 to 5 VRMS.

1 kHz Low End. Extends the low frequency
capability to 1 kHz.

Rear Panel RF & Modulation counnectors.

Operating manual.

Rack Mount Kit (K0234)

Precision Frequency Standard (5 MHz), Model 2102
GPIB cable (1 meter) PN 6000--50-0006

GPIB cable (2 meter) PN 6000-50-0007

Module Service Kit (K0244)

Service Manual



2.1 INTRODUCTLION

This section provides complete in-
stallation and operating instructions
for the Wavetek Model 3520. The in-
structions include information on
mechanical installation, electrical
installation, front- and rear-panel
features, installation checks, and
operating procedures.

2.2 MECHANICAL THSTALLATION
2.2.1 INITIAL TNSPECTION

After unpacking the instrument,
visually inspect external parts for
damage to connectors, surface areas,
ete. The ghipping container and
packing material should be saved in
case ' it is necessary to veship the
unit.

2.2.2  DAMAGE CLAIMS

If the instrument received has been
damaged in transit, notify the carrier
and either the nearest Wavetek area
representative or the factory in
Indiana. Retain the shipping carton
and packing material for the carrier's
inspection. The local representative
or the factory will immediately
arrange for either replacement or
repair of your instrument without
waiting for damage claim settlements,

SECTIOR 2
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2.2.3 RACK MOUNTING (Xit K0234)

See Figure 2-1 for assembly drawing.

ITEM QTY PART RNO.

A (8ide) 2 1019-00-0234
B (Screw) 2 2810-17-6108
C (Screw) 2 2810-17-6110
PROCEDURE

Remove the four screws securing one
side panel to the instrument. Place
one rack mount side (Item A) over the
side panel and secure with the screws
{Items B & () provided in the rack
mount kit. Repeat for the other side
of the instrument.

CAUTION

If the rack mount kit ig removed from
the instrument, use the serews
originally installed in the side
panela to avoid possible internal
danage.

2.3 ELECTRICAL INSTALLATION

The instrument can operate from 100,
110, 220, or 240 VAC supply mains. The
rear-panel AC LINE connector selects
which of these operating voltages is
being wused, and adjusts the Power
Supplies accordingly. (Refer to Figure
2-4.) The Power Supplies are designed
to operate over an AC supply frequency
range of 50 to 400 Hz.
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A Figure 2-1, Rack Mounting A

NOT AVAILABLE

Figure 2-2. Front Panel

NOT AVAILABLE

Figure 2-3, Rear Panel



Instruments are shipped from the
factory set up for 110 VAC operation
unless otherwise specified.

HOTE

Before operating the instrument, check

that the rear-panel AC LINE fuse is.

the correect value for the supply
voltage (see Section 2.5).

2.4 DESCRIPTION OF FRONT PANEL
Refer to Figure 2-2.
2.4.1 CONNECTORS/SWITCHES

(1) ®F DUT connector provides
connection for RF output signal.

{2) BXT MOD I¥ comnector provides
input for external AM or FM signal.

(3) POWER switch applies AC wvoltage to
the Power Supplies.

2.4,2 KEYBOARD

The front-panel KEYBOARD 1is divided
into saveral functional group areas,
The following descriptions are refe-
renced to each functional group.

HOTE

Por each function which can be sad-
dressed via the GPIB, the function
code letter is printed in white at the
lower left of the function key.

{4) GPIB

ADRS key enables the user to display
and reset the instrument My Listen
Address (MLA).

CMD/RCL key displays the 40 most
recent command/data characters on the
MODULATION/GPIB  display. {only 20
characters are displayed at a time.
Pressing the -+ or « CURSOR key
shifts the display 5 characters.)

LCL  key returns control of the
instrument to the front-panel KEYBOARD
unless the GPIB Local Lockout |is
enabled.

SRQ key sends a service request over
the GPIB to the controller.

{5) MODULATION

AM key selects amplitude modulation
and enables the data keys to enter the
% modulatien.

F¥ key selects frequency modulation
and enables the data keys to enter the
FM deviation.

PM key has no function unless pulse
modulation option is installed.

EXT ey selects the EXT MOD IN con-
nector as the modulating signal source.

CW key selects no modulation (contin-
uous wave output).

RATE key enables the data keys to enter
the internal modulation frequency.

STAT key sequentially displays the
active parameter values.

ALC key selects whether the automatic
level control (ALC) circuitry is
active (ALC 1) or inactive (ALC 0),

{6) MAIN

FREQ key enables the data keys to
select the CW or carrier frequency.

LEV key enables the data keys to
select the RF output level,

(7) SETTING

STOR key enables the present instru-
ment parameters to be stored (in an
address selected via the data keys)
for future recall.

RCL. key enables a previously stored
setting to be recalled when addressed
via the data keys.



{8) REF

SET key enables an output frequency or
output level to be wused as a
reference, with the REL key used to
vary the aective parameter about the
reference.

REL key enables the data entered via
the data keys to be referenced (4/-)
relative to the reference value
selected via the SET key.

(9) CURSOR

The CURSOR keys allow the active
output parameter digits to be
incremented by units of 1 or the whole
parameter to be incremented by a user
defined step size., The up and down
cursor keys may. also be used to
sequence the stored settings.

(10) out

OF key selects whether the RF output
is enabled (ON 1) or disabled (ON 0).

RST key resets the reverse power
protection <ircuit when it has bheen
tripped. The RST key can also be used
as a ‘"“push-to-test"™ button to check
the operation of the veverse power
protection circuit (see Section 4.19).

(11) DATA

The 10 number keys, the decimal key,
and the +/- key allow the entry of the
numeric portion of output frequency,
output level, and modulation data.

The MHz /SEC/V, kHz /mSEC, Hz/uSEC/
wv, and %/dBm keys {units keys)
select the wunits of the data being
entered and executes the data entry.

EXP key selects the exponent {(power of
10} of the data being entered.

CLR key allows the clearing of the
data being entered, and restores the
applicable display to the current
output parameter.

ERXEC key executes the data entry.

TONE key enables or disables (toggles)
the internal audio indicator.

{12) OTHER

UNIT EST key resets the instrument to
its turm-on parameters.

DISP TEST key turns on all display
segments for approximately one second
as a check for defective or burned-out
segments.

STEP SIZE allows the data keys to
enter the increment of change imple-
mented by the CURSOR keys.

2.4.3 DISPLAYS

The instrument parameters are shown on
three alpha-numerice, vacuum—
fluorescent displays.

(13) MODULATION/GPIB display shows the
modulation parameter nost  recently
selected (deviation, depth, rate), or
the GPIB data.

(14) FREQUENCY display shows the
current output CW or carrier frequency
in MHz. Tf one of the phase-locked
loops in the instrument has become
unlocked, the display will read *“XXX
UNLOCKED", where XXX indicates the
module controlling the phase-locked
loop.

(15) LEVEL display shows the current
output level in dBm, or VBMS as
selected, If the leveling circuits in
the instrument cannot maintain proper
leveling, the display will read "XxX
UNLEVELED", where XXX indicates the
module containing the unleveled
civeuit, The display will also show
the status of the RF Circuit Breaker
circuit and the RF output on/off
status.

2.5 DESCRIPTION OF REAR PANEL

Refer to Figure 2-3.



(1) AC LINE coninector provides
connection to AC mains via line cord
with 3-prong plug. Also contained in
thig connection are the 1line fuse
(time delay; 3 A4 for 100/120 VAC
oparation, 1.5 A for 220/240 VAC
operation), and the voltage selector
card for selecting the applicable AC
supply voltage (see Figure 2-4),

(2) GPIB connector allows instrument
operation from a vemote controller
{refer to Section 2.8).

{(3) OPTION holes accommodate options
installed in the instrument.

The rtear panel option holes are
assigned as follows:

Option 05/054
Option 06
-6  Future Use

W R

(4) The fan vremoves heat from the
instrument, and lowers 1its operating
temperature,

(5) Intake air vent.
2.6 IHSTALLATION CHECKS

The following procedure is used to
determine that the instrument is ope-
rating properly. Performance testing
anid  calibration procedures for the
instrument are contained in  other
sections of this wanual. 1If it 1is
determined that ‘the wunit 1is not
operating properly, refer to these
sactions.

2.6.1 TURN ON

Verify that the power-transformer
primary is matched to the available
line voltage, and that the proper fuse
is installed {see Section 2.5). De-
press the POWER switch. The displays
will indicate operation. The instru-
ment turn-on parameters are as follows:

QUTPUT FREQUENCY 260 MHz
QUTPUT LEVEL 0 dBm (RF off)
MODULATION CW

When the instrument is initially
powered up, an RF off symbol will
appear to the right of the level
display indicating the RF output is
shut off (see Table 2-1). In order to
turn it on, press the OUT-ON key,
enter a 1 and execute (EXEC) the entry.

Wo warmup is needed for the following
checks; however a high-frequency os-
cilloscope must be used.

2.6.2 RF OUTPUT CHECK

Connect the equipment as shown in
Figure 2-5 and call stored setting 601
{refer to Section 2.7.8). The 10 MHz
signal should be approximately 1 Vpp.

2.6.3 AM CHECK

Call stored setting 602. Verify that
the AM envelope digplaved on the os-
cilloscope has a peak-to-valley wvol-
tage of approximately 0.5 Vv and a
period of 1 msec (see Figurve 2-6).

2.6.4 FM CHECK

Call stored setting 603 and set an M
deviation of 100 kHz by pressing FM
100 %¥Hz. Verify that an FM display
appears on the ‘oscilloscope (see
Figure 2-7).

2.6.5 ATTENUATION CHECK

Call stored setting 438. Verify that
the 1 MHz CW signal ig approximately
0.2 Vpp.

2.1 OPERATING PROCEDURE

No preparation for operation is
required beyond completion of the
initial installation checks contained
in Section 2.6. To insure that the
instrument will perform as stated in
the specifications, the instrument
should have a two-hour warmup before
using. If the instrument is not going
to be used to the extreme limits of
its specifications, it can be used
inmediately.



Remava the line cord and slida the window 3l the wey to
the lafe. Ramove the Ruse by pulling the iever. Rermove the
voltage salector card. Orient tha voitaqeselacior card $o
that tha dasired voltsge it v the upper vk and push the
card firmly into the svot. Swirng the lever ta the nght and
check that the saiected voitage s vinbie. Replace tha tusa,
dids the window to the rght. and repisce the line cord.

NOTE

Chock that the fuss is the proper ralus for tha selweied
volwge (10¢ Section 2.5),

Figure 2-4. Voltage Selection

NOTE: MUST BE HIGH-FREQUENCY 2520 score
OSCILLOSCOPE (GREATER THAN 10 MHz) o >
RE \\___/
QUTrPUT VERTICAL
S’) J
» . BMC THE
Figure 2-5. Test Setup ’TLF_
soQ
LOAD

Figure 2-6. Amplitude Modulation Figure 2-7. Frequency Modulation

2-6



SYMBOL MEANING

Non-executed Scratch Setting
Reference Setting

Relative Readout

Step Size

RF Output Turned OFf

ALC Turned OfF

Unterminated Entry

Remote ﬂparaticn

KA R BN L X

Display Test

Table 2-1, Special Mode Indicators

TALK

/—"LA:2;7 TERMINATORS

=
y ("7 7T 5 s 7 fL//i;;;?
L—"GPEB

CARD

Figure 2-8. Switch S1 {(Factory Settings)



CAUTION

Check the air flow regularly from the
rear-panel fan. When air flow is
reduced, eclean the filters installed
in the intake vents.

2.7.1 TURN ON

Depress the POWER switch. The turn-on
parameters are as listed in Section
2.6.1.

2.7.2 DATA ENTRY (GENERAL)

The instrument parameter values may be
entered in one of two formats; string
entry and units entry. In each format
there must be a header (parameter
function), the data, and a terminator.

In uniis entry, a header, the data,
and a terminator are selected on the
KEYBOARD. When the terminator (units
key) is selected, the data is trans-
ferred intoc the microprocessor memory
and 1is executed., Cne function at a
time may be implemented using units
entry. Exponential data values may be
used, but are more commonly not
helpful.

HOTE

An audible tone or "beep" is emitted
with each keyboard entry. An invalid
entry causes a double beep. See 2.7.14.

In string entry, a header and the data
are selected as in units entry; how-
ever, instead of a units key being
pressed as a terminater for each
function, a series of functions may be
entered in a string, with the termi-
nator (a units key or the EXEC key)
being pressed at the end of the string
to execute the entire series simul-
taneously. The units are assumed to be
the lowest possible for each parameter
{except for level entries, which will
ratain the units of the last previous
entry), thus exponential values are
commonly used.

For example, to enter an output fre-
quency of 125.4730 W¥Hz, an output
level of -4.5 dBn, and z modulation
setting of 40 kHz FM deviation at a
1.2 kHz rate, the keystrokes required
would be:

UNITS ENTRY STRING ENTRY
MAIN FREQ MAIN FREQ
1 1
2 2
5 5
4 4
7 7
3 3
MHz EXP
MAIN LEV é
A f MAIN LEV
4 +/ -
. 4
5 .
%/DBM 5
MOD FM MOD FM
4 4
0 EXP
KHZ 4
MOD RATE MOD RATE
1 1
p 2
KHZ EXP
3
EXEC

In string entry, the header for the
next function entry serves as the
terminator for the current function
entry, and causes it to be transferred
into a "scratchpad” memory. It 1is
therefore important to terminate the
last entry in a string after which no
header would normally follow. This
terminator may be any function header.
The entire string is then retained in
the scratchpad until the final termi-
nator (units or EXEC key) is pressed,
at which time all values in the
scratchpad are transferred into the
microprocessor memory and executed.



The CLR. key deletes the data being
entered from the scratchpad and dis-
play register, and replaces it with
the executed parameter values.

The MODULATION STAT key causes the
executed values for each instrument
paranmeter to be displayed, with the
modulation parameters being displayed
sequentially with each press of the
MODULATION STAT %key. The scratchpad
memory values are not affected.

2.7.3 FREQUENCY SELECTION

To select the output W or carrier
frequency, press the MAIN FREQ key and
enter the degired frequency on the
data keys (be sure to press the
correct units key or the EXEC key).
The FREQUENCY display will show the
data as it is being entered. When the
units or EXEC key 1is pressed, the
display will change to show the
selected frequency in MHz. TIf the
frequency selected iz invalid, a
double tone will sound {if the tone is
enabled), and the diszplay will revert
to the previous rveading to show that
the new entry has not been accepted.

2.7.4 LEVEL SELECTICH

To select the output level, press the
MAIN LEV key, and enter the desired
level on the data keys (be sure Lo
press the correct units key or the
EXEC key). The output level may be
entered in dBm, VEMS, wWVRMS, or
BVRMS. TIf the EXEC key 1is preassed,
the units fron the previous entry will
be retained. The LEVEL display will
show the data as it is being entered.
When the units or EXEC key is pressed,
the display will change to show the
selected level in the units selected
(if - the EXEC key was pressed, the
units displayed will be the same as
for the previous level setting). TIf
the level selected is invalid, a
double tone will sound (if the tone is
enabled) and the display will rvevert
to the previous reading to show that
the new entry has not been accepted.

2.1.5 INT AM/FM OPERATION

Te modulate the carrier f{requency or
output level with the internal source,
press the MODULATION AM or FM key, as
desired, and enter the desired modu-
lation depth (%) or deviation (Hz or
Hz) wvia the data keys (be sure to
pregs the correct units key or the
EXEC key). Press the MODULATION RATE
key and enter the desired modulating
frequency wvia the data keys. The
MODULATION display will show the data
as it is being entered. When the units
or EXEC %key is pressed, the digsplay
will change to show the selected modu-
lation parameter in the units selec-
ted (if the EXEC key was pressed, the
uanits displayed will be the same as
for the previous setting). If the
modulation parameter selected ig
invalid, a double tone will sound (if
the tone is enabled), and the display
will revert to the previous reading to
show that the new entry has not been
accepted. To turn off the modulation,
press MODULATION CW and EXEC.

2.7.6 EXT AM/FM OPERATION

To modulate the carrier frequency or
output level with an external source,
press the MODULATION EXT and AM or FH
keys, as desired, and connect the
modulating signal., For a calibrated
display, the external =ignal level
should be between 0.1 and 1 Vp-p with
ALC enabled, or 10 Vp-p with ALC
disabled. Enter the desired wodulation
depth (%) or deviaktion (Hz ovr kHz) via
the data keys (be sure to press the
correct units key or the EXEC key).

The MODULATION display will show the
data as it is being entered. When the
units or EXEC Xkey is pressed, the
display will change to show the
selected mwodulation parameter in the
units gelected (if the EXEC key was
pressed, the units displayed will be
the same as for the previous setting).
1f the wmodulation parameter selected
is invalid, a double tone will sound
{if the tone is enabled), and the



display will revert to the previous
reading to show that the new entry has
not been accepted.

CAUTION

Input voltage greater than +5 VDC or
3.5 VEMS should not be applied to the
EXT MOD IN connector, or damage to the
ingtrument may occur.

WOTE

When samplitude wmodulating, care must
ba - taken to not exceed the +13 dBm
maximum level, or excessive distortion
and an unleveled condition can exist.

To turn off the modulation, press
MODULATION EXT, CW and EXEC.

2.7.7 STMULTANEQUS IWT/EXT AM/THM
OPERATION

Internal and external modulation can
be performed simultaneously by
following the procedures given in
sections 2.7.%5 and 2.7.6 with both
internal and external modulating
gources active. In this way, FM/FM,
FM/AM, or AM/AM can be accomplished.

2.7.8 STORED SETTINGS

The instrument memory contains many
standard settings for test and main-
tenance functions. These are listed in
Table 4-~2. To call one of these
settings, press the SETTING RCL key,
the stored setting location number,
and the EXEC key,

Other settings wmay be programmed and
stored by the user in a non-volatile
memory. This memoty holds 32 complete
front panel settings in locations,
addresses numbered 01 through 32, Each
of these locations are partitioned
into three independently addressable
subgroups.

A prefix numbered 0 - 3 precedes the
location address to identify the
subgroups or groups that are to be
specifically addressed. -

The information contained in each
subgroup 1is as shown in Table 2-2.
This table may be copied and used to
record user defined settings.

A 0 prefix is used to address the
entire contents of a location.

A 1  prefix addresses modulation

parameters. These include the
modulation status of the two
individual internal and external

modulation sources, an internal
modulation rate, and the AM% and FM
deviation parameters for the internal

and external modes.

& 2 prefix addresses the MAIN
frequency parameter.

A 3 prefix addresses the RF amplitude
parameter and the RF on/off status.
The wuse of a prefix before the
location address allows all three
subgroups or individual subgroups to
be addregssed and manipulated, To
recall the frequency parameter stored
in  location 09, for example, the
keystroke sequence would be:

RCL 209 EXEC
HOTE

When storing or calling a setting, be
sure to enter the entire 3-digit

Jocation. If only 1 or 2 digits are

entered, the Iinstrument will supply
following 0s to fill out the location;
thus, pressing the SETTING RCL, 2, 3,
and EXEC keys would call stored

. setting 230, not 023.

The 4 and T CURSOR Xkeys may also
be used to increment or decrement the
last two digits of the stored setting
being called. (E.g., if stored setting
223 were the last function called,
pressing the T CURSOR key will call
stored setting 224, thus changing the
frequency setting to the value stored
in user-programmable location 24). If
the location called contains an
invalid entry, an error message will
be displayed. Invalid data does not
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normally exist in memory locations
because they are all filled with valid
settings at the factory.

1f the memory back-up battery or the
RAM on the Multi-function card has
been removed during servicing however,
these settings will be lost and randonm
data will take their place until the
locations are re-programmed.

2.7.9 CURSOR/STEP SIZE OPERATION

The Model 3520 ~has two systems
available for incrementing parameters:

1. increment by cursor position

2, increment by user-defined step
gize.

The parameters which can be
incremented are: cutput frequency;
output level; %AM; FH deviation; and
modulation rate.

INCREMENT BY CURSOR POSITION MCDE

Press the function key of the
parameter you wish to increment and
then use the cursor left («) or the
cursor vright (») %keys to position
the flashing cursor on the digit of
the parameter you want to increment.
The cursor up (1) or cursor down
() keys may now be used to
increment or decrement the active
digit by steps of 1. To turn off the
increment by position cursor mode,
step the cursor off the display so no
digits are flashing.

INCREMENT BY STEP SIZE MODE

When the increment by cursor position
mode is off (no flashing cursor on the
display), the increment by step size
mode is enabled. A different step size
value wmay be defined for each
parameter. To define the step size,
press the STEP SIZE key followed by
the parameter key you want to set a
step for. Then enter the step size
using the entry keys and a units key.

A small z will appear after the entry
to indicate it is a step size. The
cursor up (T) and down (I} keys
may then be used to increment and
decrement the addressed parameter by
the defined step size. The cursor left
(¢« and right (+) %keys serve no
purpose in the increment by step size
mode; however, pressing either of
these keys will cause the flashing
cursor to appear on display and
therefore revert back to the increment
by cursor position mode.

If an attempt is made to use the
increment by step size mode when no
step sgize has bheen defined, the
display will default back to the
increment by cursor position mode.

NOTE

If the selected parameter range is
exceeded ‘using the STEP SIZE or CURSOR
keys, a double tone will sound (if the
tone is enmabled), but no error message
will be displayed. The selected
parameter and display will  remain at
the last valid value.

The T and | CURSOR keys may also
be used to increment or decrement the
called stored setting {refer to
Section 2.7.8)., The ¢« and + CURSOR
keys may also be used to shift the
MODULATION/GPIBR display when the GPIB
CHMD/RCI. key has been pressed. The CMD
RCL key enables the last 39 command
characters to be displayed on the
MODULATION/GPIB display, hut only 20
may be displayed at one time. Pressing
the ¢ or +» CURSOR key allows the
display to be shifted by 5 characters.
The Step Size and CURSOR functions are
not addressable via the GPIB.

2.7.10 RELATIVE REFERENCE OPERATION

This function allows the wuser to
define a set reference frequency
and/or level and then program offsets
from that set reference. When in this
mode the corresponding display reads
out the difference between the set
reference and the actual settings.



To establish the reference parameter
press the REF SET key followed by the
parameter funetion (Main FREQ or main
LVL) as desired. Then enter the value
via the data keys and terminate it
with a units key. When the units key
iz pressed, the parameter will becone
the present setting and the display
will therefore go to zero (indicating
0 difference between the actual
setting and the reference). A small
*r" will appear on the display to
indicate the readout is relative.

Offsets relative to the set reference

may then be entered and displayed by

pressing the REF REL key and entering
the desired offset via the data keys
and wunits keys. The display will
continue to show only the relative
difference. The cursor keys may alsa
be used in this mode.

To exit a function from the reference
mede press the function key for that
parameter and the display will show
the actual setting again. To review a
set reference value press the REF SET
key followed by the function key (main
FREQ or wain LVL) as desired. The
corresponding display will show the
set reference value followed by a
small "s" to indicate it is a set
reference and therefore not
necessarily the actual setting.

NOTE

If the selected parameter range is
sxceaded using this function, a double
tone will sound (if the tone 1is
enabled), but no error message will be
digplayed. The selected parameter and
display will remain at the last valid
value.

This function is not addressable via
the GPIB.

2.7.11 RF OW/OFF OPERATION
The RF output may be disabled while

retaining the instrument pavameter
settings by pressing the OUT ON, O,

and EXEC keys. The LEVEL digplay will
read “RF OFF (0)". The RF output may
be re-enabled by pressing the QUT ON,
1, and EXEC keys. The LEVEL display
will read "RF OH (1)". Whenever the RF
gutput is disabled, an RF symbol will
appear at the right side of the LEVEL
display {see Table 2-1). (This
function nmay also be addressed via the
GPIB.)

2.7.12 RF CIRCUIT BREAKER
When a signal of approximately 6 VRMS

or more is applied to the RF OUT
connector, the RF Circuit Breaker

“eircuit will open the RF output path

to protect the instrument from damage.
When the RF Circuit Breaker opens, the
RF output 1is interrupted, and the
LEVEL display reads "CB TRIPPED".

After the signal is rewoved from the
RF OUT connector, the RF Circuit
Breaker circuit may be rTeset by
presgsing the OUT RST key (the display
will read "GB OPEN (0)"), the 1 key
(the display will read "CB CLSD (1)_™),
and the EXEC key. The RF Circuit
Breaker will close, the digplay will
read "CB CLSD (1)", and the instrument
will return to its pre-tripped status.

WARNING

To prevent damege to the RF output
stage, never reset a tripped circuit
breaker until the reason for the trip
has been identified and removed.

2.7.13 ALC

The automatic level <control (ALC)
circuit serves to provide a calibrated
MODULATION display when using an ex-
ternal medulation socurce with an input
level of 0.1 to 1 Vpp. If a calibrated
display ig not desirved, or if
modulating frequencies <100 Hz are to
be used, the ALC circuit may be dis-—
abled by pressing the MODULATION ALC,
0, and EXEC keys. The ALC circuit may
be re-enabled by pressing the MODU-
LATION ALC, 1, and EXEC keys. Whenever



the ALC circuit is disabled, an "ALCY
gynbol will appear on the MHODULATION/
GPIB display (see Table 2-1)., This
function may also be addressed via the
GP1B.

2.7.14 TONE

The internal audio indicator sounds a
tone upon instrument turn-on, at every
KEYBOARD key press, and a double tone
when an invalid data entry 1is not
accepted. The audio indicator may bde
digsabled after instrument turn-on by
pressing the TONE key once. Pressing
the TONE key again will re-enable the
audio indicator. (The tone function, is
not addressable via the GPTE.)

2.8 GPIB PROGRAMMING
2.8.1 INTRODUCTION

All instrument functions except Power
on/off may be set via the General
Purpose Interface Bus (GPIB). The bus
follows the IEEE-488 1978 standard.
Bus functions imp lemented include
gource handshake, acceptor handshake,
talker, listener, service request,
remote local, device clear and device
trigger. The interface lines are
driven by tristate devices.

2.8.2 ADDRESS SETTING

When power is applied to the
instrument, or when the instrument is
reset to its turn-on paraweters, the
MLA (My Listen Addrvesg) is determined
by the setting of positions 1 through
5 of DIP switch 81 on the GPIB card
(item 16 on Figure 5-4). The switches
are preset at  the factory for an
address of 2., The MLA can be changed
as desired by rvesetting these switch
positions. To gain access to the DIP
switch, vemove the instrument's top
cover {(paragraph 5.2). Also see Figure
2-8.

The MLA can aiso be reset from the
front panel by pressing the ADRS key
{the current MLA will be displayed),

the desired address number keys (0 to
31), and the EXEC key. The new address
will be maintained until it is changed
from the front panal or the instrument
iz reset to its turn-on parameters via
the UNIT RST Key, a Reset command, or
by removing and re-applying AC power.

2.8.3 LOCAL/REMOTE

When power is first applied to the
instrument, or when the instrument is
reset to its turn-on parameters, the
ingstrument is in local mede, i.e., all
functiong are controlled from the
front panel. To switch to remote mwode,
the GPIB controller must send the
Remote command to the instrument. When
the instrument is in remote mode, the
front-panel KEYBOARD is inactive
except for the LCL and SRQ keys. (If
the Service Request function has not
been enabled by the controller, the
SRQ key is inactive. If the Local
Lockout bus conmand has been sent by
the contreller, both the SRG and LCL
keys are inactive.) UNIT RST is also
active in vemote.

To switceh to local mode from remote
mode, press the LCL key (unless the
Local Lockout command has heen sent),
send a Q command character or a Go To
Local command from the controller, or
remove and re-apply AC power.

2.8.4 DATA ENTRY

Data entry (setting parameter values)
is accomplished over the GPIB in
essentially the sawme wnanner as from
the front panel {(refer to Section
2.7.3). The format of a header, the
data, and a terminator wmust be
followed. String entry 1is the more
common wethod of entry. The headers
are as follows:

Output frequency
Store setting into location

A Cutput Level

B External modulation
c AM

D FM

F

M



CH

RF output on/off

Local enable

RF Circuit Breaker on/off
Modulation rate

ALC on/off

Call stored setting

Unit reset

NHaHRO"Oo

Following the theader is the data
itself, which consists of digits 0
through 9, ., -, and E {(exponent of
10). For stored settings and the P, R,
and V parameters, see Section 2.7.

Following the data. ig the terminator,
which may wvary with the header and
format., Valid terminators include:

Optional between data and
following header - no functiom

-

% Units for AM depth entries

Mz Units terminators for frequency
Kz entries, MHz, kHz, and Hz

HZ

DB Units terminators for level

Vo entries, dBm, VEMS, mVRMS,

My HVRMS

v

I Execute

For exauple, to set the parawseter
values of Section 2.7.2 over the GPIB,
the character string would be:

F125.473E6A-4.5D40E3T1, 2831

The data following the P, R, and V
headers will be simply a 1 (enable
function) or 0 (disable function). The
data following the M and Y headers
will be the 3 digit stored setting
location (refer to Section 2.7.8).

The Z header (unit reset) causes any
characters following the header to be
lost wuntil the reset is complete;
thus, it is recommended that Z should
be sent by 1itself. The Q header will
switch control of the instrument to
the front panel, and so any commands
or data following the @ header will
also be lost.

2,8.5 X COMMANDS

The X commands enable the controller
to alter or determine various
instrument GPIB functions as desired.
These include:

L] Group execute trigger (GET)
Xp Parameter value

XQ Service request (SRQ)

T Talk code

XV Talk terminator

The X commands are self-executing, and
thus do not require a following I
(execute) command,

2.8.5.1 GET (XG)

The GET (Group Execute  Trigger)
cotmand may be used to execute
previously called commands. The GET
function is disabled until enabled by
an XG command from the controller, as
follows:

XG0 Disable GET function
XG1 Execute (1)
xG2 Call next stored setting

The selected function is executed by
sending the GET command from the
controller,

2.8.5.2 PARAMETER VALUES (XP)

The value of a currently set parameter
{actual wvalue from mwicroprocegsor
memory) may be requested by the
controller wusing an XP command, as
follows:

XPA OQutput Level
XPBC External AM

XPBD External FM

XPC AM

XPD  FM

XPF Qutput frequency
XPT Modulation rate

When the controller performs a read,
an  ASCII chavacter string which
corresponds to the curvent value of
the parameter will be returned to the
controller.



2.8.5.3 SRQ (XQ)

The SRQ (Service Request) function is
used to signal the controller that an
exception or error condition exists.
It is enabled by sending the XQl
command from the controller, and
disabled by sending the EQO0 command.

When an exception or errvor condition
exists with SRQ enabled, the
ingtrument will send an SRQ to the
controller. The controller should then
perform a serial poll on each device
connected to the GPIB to determine
which device is requesting service. A
byte will be read on the serial poll,
with the - device rvequesting service
setting bit 7 (right-hand bit = bit 1)
of this byte to 1 (thus the byte will
be >40 hexadecimal or »>64 decimal),
and all other devices setiing bit 7 to
0, If the Model 3520 is requesting
service this byte will wvary according
to the type of exception ov error
condition, as follows:

hexadecinal decimal
Command Brror 66 102
{(i1legal command,
syntax error)
Execution Error 62 98
{out of range
value, return to
local mode)
Internal Frror 63 99
{(hardware problem)
SRQ Key 40 64

(front panel)
HOTE

If the controller does not recognize
SRQ, the function cen be simulated by
performing a rtead on the instrument
after the execution of each operation.

The instrument will return an ASCII
error nessage or, if there 13 no
error, the ASCII rubout character (77
hexadecimal, 127 decimal). Thus, if

the response to the read is a
gingle-character message, no error or
exception has occurred. if the
Tegponse 1is  a two-or-more-charscter
nesgage, an error or exception
condition exists.

Alternatively, SRQ can be simulated dy

-gending an XTlL command (refer to

Section. 2.8.5.4) and performing a
read. If the response to the read is
non-zerp, an  error of  exception
condition exists.

2.8.5.4 TALK CODE (XT)

The normal instrument response to a
read operation by the controller is
the ASCII rubout character (7F
hexadecinal, 127 decimal) or an error
message chavacter string as explained
in Section 2.8.5.3. The instrument
response may be changed (for one read
operation only) with a Talk Code
comuand as follows:

XTO No effect. Included for
compatability with other
Wavetek instruments.

xT1 Byte which would be sent at
Serial Poll. Byte is cleared;
pending error message is not
affected.

XT2 Value of most recently set
paraneter.

XT3 Byte which would be sent at
Serial Poll. Byte and pending
BLTOr wessage are cleared.

KT4 Changes since last Execute
XTS5 Instrument identification
2.8.5.5 TALK TERMINATOR {(XV)

The terminator of a talk message from
the instrument may be wvaried to suit
the controller. When power is applied
to the instrument, or when the
instrument 1is reset to its turn-on
parameter, the talk terminator 1is



determined by switch positions 6 and 7
of DIP switch 81 on the GPIB card as
follows:

Position & Position 7 Terminator

Of £ Off LF/EOX

Ooff Oon CR LF/EOT

Oon Off Last character/
EOT

on on LF only

where LF = ASCII line feed character
CR = ASCTI cavriage return
character
EOI = GPIB end-or-identify line
iy asgserted with the last
character

Refer to Figure 2-8,

The talk terminator may be changed as
desired from the GPIB by sending an XV
command, as follows:

Xvo0 Use the terminator selected by
GPIB card switch S1

Xvi CR LF/EOQT

Xv2 LF/EOT

V3 Last character/EOT

XV4 LF only

XV5YYY YYY, where YYY is the decimal
equivalent of any ASCTI
character

Tf the controller does not read the
3520 properly, tvy a different
termination.

Figure 2-8. Switch 351
{Factory Settings)

Z2.8.6 SAMPLE PROGRAMS
TNTRODUCTION
GPIB ADDRESS AND SELECT CODE

When writing programs for the Wodel
3520 use the correct GPIB address, and
make certain that only one instrument
ig assipgned to that address. It may be
helpful to assign the GPIB address
near the beginning of a program. For
example, on the Wavetek 6000
Instrumentaticn Computer:

130 ...

140 ! SIG GEN

150 LET 8 = 702

160 ! POWER METER

170 LET P = 713

180

190 WRITE @& $: "Fl00 MzZ”

200

210 WRITE @ P: "... .. ...."

NOTE: The controller gelect code is
often set to "7, and its bus address
set to "21"., In sample program lines
above the "7" indicates select code,
and 02" and 13", the wy listen
address (MLA).

Mnemonic address forms are also
popular. For example, “PWR" for power
meter, or "SIG" for signal generator.
Their usage depends upon the
programmer's preference, and upon the
controller’'s sophistication. Moewonic
and simple variable forms of address
pernit easy address changes, and may
enhance readability of the program.

In orvder to ewmphasize the factory
getting of the MLA at 2", most of the
sanple programg that follow use WRITE
@ 702" "COMMAND STRING". Of course the
user is free to change address as
explained in paragraph 2.8.2.

SENDTNG AN TNITTAL MESSAGE

Befure proceeding, conmect the CPIB
cable from the controller interface to
the rear-panel GPIB connector on the
Model 3520. Turn on the controller and



the Model 3520. Turn on a power meter
(or frequency counter) and connect its
input to the RF output of the unit.

The = following exanples arve for
selected controllers, and need not be
sent as a program step. Any GPIB
compatible controller can be used,
however.

HWavetek 60C0;
WRITE @ 702: "#100MZ Al1ODB O BO PLI"

HP 85:
QUTPUT 702: "F100MZ AIQDB O BO P1L"

TEK 4051: .
PRINT @ 2,32: "FlLO00OMZ ALODB O BO PLI™

HP 9825:
wret 702, "F100MZ AlQODB O BO PLI™

The Model 3520 front-panel displays
should indicate:

WAVETEK 3520R
100 MHZ
RF ON (1)

HNote that the comand string (the
coding between quotation wmarks) is
identical for each controller. TIn
general, - this isg the case. Any
controller using any wvalid language
will accept identical messages if it
is compatible with GPIB specificatlons.

Monttor the RF output of the
instrument with a frequency counter,
power wmeter, wmodulation neter, or
spectrum  analyzer, The ianstruments
should indicate within the instrument
gpecifications.

WOTE: Model 3520 parameters are reset
at turn on {Section 2.6.1) in a CW
mode with the RF output off. The
instrument ecan be rveset by pressing
the front-panel UNIT RST KEY. On the
GPIB the instruwent can be reset by
sending the code letter "Z¥ as the
command string, or by sending the
controller's device clear or selective
device clear. If either 1internal or

external modulation or both have been
programmed without unit reset, then,
if CW is needed, the code letter "O"
gshould be sent in the command string
to clear the internal modulation, and
code letters "BO" sent to clear

. external modulation.

PROGRAMMING HINTS

Begin by wrilting siaple programs to
becone familiar = with programming
codes. Refer to front-panel key
coding, or to the Table 2-3 at the end
of this section. Write coding in the
game order as making front-panel
entries, TIn general the ovder of
entries in a command string makes no
difference in the execution time.
However, if some parameters are held
constant while another is varied, it
ig mnot mnecessary to re-execute the
constant paraweters in a for-next
loop, since they are latched in memory
until changed.

One can feel assured if wneasurement
data obtained from the RF output of
the wunit wunder program control agrees
within narrow limits to data obtained
manually. TIf the data do not agree,
the program should be examined, and
executed by single steps. Programs
that do saxecute properly and yield

valid data should be properliy
structured for future use in
subroutines.

USE DELAY TIMES JUDICIOUSLY

Another item of sgpecial importance in
writing prograwns for the Model 3520 is
the use of delay times. This is
especially true of programs written in
FORTRAN.

Delays following Model 3520 program
statenents are necessary to  assure
satigsfactory execution. YUsing a time
delay expressed by a simple wvariable
is recommended, Delay time can be
increased or decreased as experience
dictates. Some controllers execute
more quickly (16 bit) than others (8



bit). The total switching time of an
instrument on the GPIB (the time
needed for a parameter to be within
specified limits) consists of the
instrument's microprocessor
progranming time plus the havdware
response time. The time delay inserted
into the program should exceed the
total switching time. This delay aight
varvy depending upon the user's
application as indicated below.

When programming kHe digits > 0 in the
output frequency, the switching time
is typically 275 ms (75 ms for
software, and 200 ms for hardware). 1If
only MHz digits are programmed between
1 and 520 MHz, the switching time is
typically 115 ms (75 ms for software
and 40 ms for hardware). From 521 to
1040 MHz a frequency doubler is used.
Even MHz digits typlcally switeh in
115 ms; odd in 275 ms. Above 1040 MHz
a gecond doubler is used. If the last
two MHz digits, (for example, 1996
MHz) divided by 4 is an integer, the
switching time is typlically 115 ws; if
not 275 mwms. The phase-locked loop
controlling %kHz digits is slower than
other loops.

VARIETY OF COMMAND STRINGS

A variety of comwmand strings may be
used.

Single string: “F1l00MZ AlLO0DB O BO P1I™

Strings & constant: "FLOOMZ A“Y, 10,
"DB O BO PLI"

Strings & variable: “F100MZ A", X, "DB
0 BO PLI" (where X = 10)

Goncatenated strings: "“FLOOMZ A" &
STR$(X) &" DB 0O BO PlI (where the
variable X" is expressed aw a string)

Single string: “F1C00E6 AlOEQ0 O BO PLI"
{MZ and DB not used. Executed by final
!l'{ Il)

All the above are wvalid forms of
conmand strings with the identical
meaning when progranmed. Spaces
between letters are ignored by the
Model 3520. They may make the string
sasier to proof read. The best form to
use depends upon the application.

Some controllers operate with the
decimal place set by default., If
frequency in a command string were
expressed as “F", 100.,0006, "MZ", the
600 Hz could be lost by rvounding to
the nuaber of decimal places set by
the controller. The problem is solved
by using appropriate formatting.

CONTROLLER DIFFERENCES

There are controller differences which
prevent direct translation of program
statements from one conktroller to
another. As more sophisticated
languages, and computers are brought
on line, it is the programmer who must
decide how an instrument is to be
progranmed.

SAMPLE PROGRAM PURPOSE

The following sample programs are
intended as an introduction to
pperating the Model 3520 on the GPIB.
They may be adapted or merely scanned
by reading depending upon the user's
experience with Tbus instruments. A
careful study of the controller’s GPIB
chapter should be helpful.

Although practice geldom mnakes
perfect, it usually improves
progranmming.

FTRST PROGRAM DESCRIPTION

The first program, UP DOWN PARAMETER
EXERCISE, is written in BASIC for the
Wavetek Model 6000 TInstrumentation
Computer. Tt instruets an operator
(lines 170-230) to enter any
instrument paramneter code, and
exercize that pavameter throughout its
vange. (Godes ave printed on valid
keys.)



When the program is run at line #:
120 Strings dimnensioned

140 Controller screen cleared
150 3520 rveset (SDC)

160 Beep 750 Hz, 200 ms

To “VARTADLE PARAMKTER STRING™, the
operator might respond below at line #:
280 F (A%, output frequency)

290 100 (B$, data starting point)

310 MZ (C%., unit pacameter)

320 10 (S%, data step size)

To "FIXED PARAMETER  STRING", the
operator might respond below at line #:
360 A-7DB C50% DO P1I.

This entry of D$ remains fixed through-
out the test while B$ is varied by 8%,
the step size, ‘

the operator can enter a null string
by pressing RETURN without entering
D§. The parameters reset at line 150
would then remain fixed throughout the
test.

Toe lines 410 to 450 the operator
receives further instructions.

LOOP (lines 470 to 530)

When the program enters the loop, the
wariable pavameter string is sent to
the instrurent {line 480Q), and
digplayed on the Controller's screen,
FLOOMZ (line 490). Line 500 1is an
input prompt for the simple variable 7,

At line 500 the operator has three

choices:

1. Continue to hold down RETURN key
{J=0).

2. Enter a new value for J<1E%99.

3. Enter 1E99.

The program steps to line 510.

At line 510:
If J=0, program steps ko line 520.
If J<0 or J»0, program steps to
subroutine at line 550.

At line 520, a new B$ is computed from
the sum of the values of the old B$
and the step size S§. (Value B$=110)

At line 530 the program loops back to
line 480 wherse a frequency of 110 MHz
is sent to the 3520.

At line 510 if J # 0, the program

steps to the subroutine at line #:

550 1If J=1E99 go to end routine.

560 J converted to a string which is
equated to S§

570 J reset to O

580 Program returned to line 520.

TIf at line 3510 the RETURN key is held
down, the progran will repeatedly step
through the loop, and the oubtput
frequency will step from 106 MHz to a
maximum of 1040 MHx at which time a
doubhle beep 1is ewitbted. The operator
ean  then enter -10 at step 500, and
the frequency will then gtep down.
{Overshoots can occur, but the program
frequency will eventually equal the
Model 3520's frequency.



The UP DOWN PARAMETER EXERCISE using the HP9825 is a third version of this
program. The program has fewer lines because some of the instructions were
omitted, and fewer blank spaces were entered. The operation is very similar to
the Wavetek 6000 program.

"UF DOWN FARAMETER EXERCISE using 9825":

dim AFLIT,BEC10OY,CHL1@1,D$0501,5%010)]
fud 4

clr 7@&%
beep

"WARIABLE PARAMETER":
ent "Enter FARAMETER to be varied",f#

[rd seme T35 =v 3@ ®6 an #4 v oan

e SN DU R - S
[

: ent "Enter DATA starting point",E$
:oent "Enter TERMINATOR string",C#
: ent "Enter data STEF cirze",5%
14: "FIXED FARAMETER STRING":
1%: ent "Enter FIXED parameter string” ,DF
ih: o wrt V@2 ,D¥
17 wailt laZ
18
1%: dsp "Hold CONTIRUE down o TEST JTONT "t hesnratp
<l dsp "Release key tao STOF JUONTIMM Y jetp
Ll dzp "To END test enter 1a9% FRONTINUE "1 stp
ddr dsp "VARTIABLE STRING is displaved”ibespiwait 1ed
24y “loop':
ST owrt TP RELBILIE desp AFLRELCE
b ent MU, J1if 0 or Jo@igsb +3
i ostr {val (FE)+val (SF) ) 2REjgbo ~2
283
29y if J=1e9%9atn “end?
3B str Iy rGFE; @y

Zir ret

22

ZZ: "end"ibeepidsp "ENDY
4 end

®¥27A6P



L6
bt iti]
£184
&8

POUR DOWN PARAMETER ERXERLISE uming L2209

DIM a3, BF+1Q,C#10, D450, 55%10

1

CLEAR

poL e7al
BREER 75A, 200
PTHIS PROGBRAM EXERCISES  THOSE PARAGMETERS ON  THE BFIRY

FRINT
FRINT
FRINT
FRINT
FRINT
PR DY
FRINT
FRINT

LovaRTAkRLE

FRINT
ITNFUT
InFUT
FRINT
ITHFLT
INPUT
PRINT

ETHAT AN OFERATOR EXERCISES AT THE  MODEL

EANELL .

11 &1 .

"Enter
FROMPT
FROMPT
"Enter
FROMPT
FROMFT

I57@A 0 FRONT -

ANY VALTD PARAMETER CAN BE ENTERED, AND STEFPEDR!
PTHROUEGH 1TSS RANGE BY HOLDING DOWN THE RETLIRN  HEY, iFe
HTHE KEY I8 RELEABED, & NEW STERF S1ZE

TRE ENTERED AND STEPFIMNG  RESUMED. I
HEMITTED, A STEF REVERSAL IS INDICATED

FARAMETER STRING

(4 DR -3 CAM THEN"
A BROUBLE BEER I8¢

I
B

FARMMETER to be varied. {(See front-panel codes):o®

A, F, O, D, Ty, BC, or BR, etcV:ifd

“Enter data STARTING point: "B
TERMINATOR string:”
DR, Vi, MV, UV, HI,
"Enter data STEF size

K72, MZ, or
s e SF

! FIXED FARAMETER STRING

INPUT
PRINT

WRITE @792:0%

PROMFT

[11

WATT DELAY 1

H

"Enter FIXED parameter string:":D#

FRINT "Hold RETURN key down to TEST. Release
' "Teo EWND TEST enter LEF?.Y

FRINT
FR N
FRINT
BEEF

L0

WRTE
ERINT
THELT

IF oJxa Ok I0@

Lot

PUARTAR
Tog, Z20a

Y]

LE STRING is dizplaved below:

7R AR OF

AR

FROMET

&
1 n : ‘;T
THEM &0 5l 558

LET B#E=S5TRE (VAL {BF)+VAL (5F))

B0 Ta
3

4HE

iF J=1E+99 THEN GO TO &HO0
EET SE=ETRE(J)

LET J=

1%]

RETLIRN

i
PRINT
FRINT
END

nn

MEND OF FROGRAMY

7

u g

et CF

ETOR, "



128 ! UP DOWN FARAMETER TEST

119 !

128 DIM AFEZTIT BSL1BIT,C$0107, D05

@1 '

1380 CLEAR

148 CLEAR 7@2

i5@ BEEF

=17

17@ ¢ VARTABLE FAaRAMETER STRING
18@ DISP "Enter FAROMETER to be

varied!

193 DIsFE "4, F, C, D, T, BC, or

BD, etoiM;

208 INPUT A%

218 DISF "Enter data STARTING po
int:";

228 INFUT B$

2E5@ DIGF "Enter UNIT (terminator
I string:"

2490 DISF "DR, VO, MV, KI, MI, %,
aeto: s

L3388 INPUT C#

260 DIsF v

279 DISF "Enter data STEP SIZE: ™

288 IMFUT o

290 Dige o »n

zol

Ei@ ¢ FIXED PARAMETER STRING

E2@ DISFE "Enter FIXED param=ber

styring™y

TIEE OINFUT DE

EA4@ OUTPUT TRZ 1 D¥F

SEY prER owe

260 WALT 1980

4%

Zgw I=val (k)

ERE DISE "Fress CONT key to TEST

420 DISEF "Fress RESET key to END
TEST."

41@ DISF "Enter S= +/- xx to CHA
NGE step.”

A28 DIgE »v

470 DISF "WARIABLE STRING displa
ved below:"”

448 BEEF
4= !
4 ' LOOF

478 QUTRUT 782 ;Aafavals (1) ulE
488 DISFE AruvalE (L) LLE

493 PAUSE

PR I=I+8

319 GOTO 478

228 !

O30 END

The UP DOWN PARAMETER test using the
HPBS as a controller is another
version of the UP DOWN PARAMETER
EXERCISE using the Wavetek 6000. Even
though both programs are written in
BASIC, there are noticeable
differences when comparing the two. In
response to an INPUT PROMPT statement
in a program loop on the Wavetek 6000,
the RETURN key can be held down
without a keyboard entry. This permits
an operator to stop or to continue
stepping through the loop as desired.
The INPUT key on the HP85 does require
an entry, and a CONT key response. To
simplify operation the PAUSE key was
used (line 490) in place of the INPUT
key. However, the PAUSE %key cannot be
held down, but must be released to
continue in the loop. Otherwise the
program executed similarly.



The AUTOSWEEP program is similar to the first program, but adds the following:

1.

Autométically sweeps any parameter up or down using a for-next loop with
START and STOP limits and step size entered by the user.

User may add a second bus instrument, a talker {(lines 330 and 460).

Arrays are dimensioned for data storage: X for 3520 (line 430) and Y for
talker (line 460).

1B 0 AUTESWEEF using WAVETEER £208

11 !

120 DIM A$%#*3,BF#10,CF+1@,DFx38,X (508 , Y (T2A)

120 CLEAR

148 DCL @74l

159 BEER 750,290

140 !

178 ! VARIARLE FARAMETER STRING

180 FRINT "Epter FARAMETER to be varied:”

19@ INFUT FROMFT "A, F, T, D, T, BC, or BD, etc":As%
208 INFUT FPROMET "Enter START value of parameter”:iAl
219 INPUT PROMPT "Enter STOP value of parameter”:iA2
220 FRINT "Enter TERMINATOR string:z*

23 INFPUT PROMFT “DR, V0O, MV, UV, HZ, KZI, MI, or %, 2tc":C¥
243 IMPUT FROMPT "Enter data STEP size':15

250 IF ALXAZ2 THEN LET S=-5

268 1

278 P FIXED FARAMETER STRING

2@ INFUT FROMPT "Enter FIXED parameter string”:O¥
290 WRITE @7AZ:DF

A7 B

210 ENTER FPROMPT “"Enter DELAY in SECDONDS for ZS28"1uWl
I20 PRINTER [5 @74

IEIB OCWRITE @7XX:"String for 2nd UNIT on bus!

4@ ENTER FROMET "Enter DELAY in SECONDS for 2nd UNIT" W2
Tha ¢

Z&M PRINT "DESERVE INSTRUMENT READINGESY

I70 BEEP 730, Sad

e

I 0 LOoR

428 LET K=

413 FOR I=A1 7O A2 STEF S

328 LET F=R+1

470 LET X<{k)=I

443 WRITE @702:AFLETRF(IYALCH

450 WAIT DELAY W1

4460 ' READ @7XX: Y ()

47@ WATT DELAY W2

486G NEXT 1

49

oA BEERP 750,200

5138 WAIT DELAY .2

D20 FRINT "END OF ROUTINE"

53@ END



The TALK ROUTINE demonsirates the ability of the Model 3520 to return the
latest parameter. The user inputs a valid parameter string. The controller
sends the string to the instrument at line 300. The controller sends the talk
code "XT2" at line 350. The instrument reads the return string at line 370,
and prints it at line 390. See 2.8.5.4.

A typical printout might read:
EXECUTED BY CONTROLLER WRITE @ 702: "A-127DB"

STRING RETURNED BY TALK COMMAND: LEV -127.0 DBM

10@ ! TALK ROUTINE

i11a !

129 BIFM AF+3 ,BE=10, 0D, THx30Q

1z@ !

148 1 UNIT RESET

15@ WRITE @7@2:"Z"

160 WAIT DELAY 2

179 !

180 REEF 758,200

198 WAIT DELAY .2

2ae ! .

21@ ' EMTER :
220 FRINT "Enter 2328 +front-panel COLDE for parameber:?
PRINT o

INPUT PROMET "UU"FE"Y for FRER, YUAY" for LEVEL, *7OW" for 48,
FRIMT oo

INFUT FROMFT "Enter DATA to bhe pronrammned’ s RBE

PRIMT v

INFUT FROMPT “Enter TERMINATOR: MZ, DB, %, etc':if
PRINT "

WRITE @702: A$LE$2CHE

WALT DELAY .2

FRINT "EXECUTED BY CONTROLLER:®

PRIMT "WRITE@7@Z: """ LASLEFLOES" " "

FRINT ¢
WRITE @7Q2:"%72"
WALT DELAY .2

RERD @7RZ:TF

FRINT "STRING RETURNED BY TALK COMMAND:
FRINT T%

BEEF 728,200

WAIYT DELAY .2

420 PRINT "¢

430 FRINT YEND OF ROUTINE"

440 END




The STORE SETTINGS program enables the user to duplicate on the GPIB at the
controller keyboard the storage routine at the instrument front panel (Section
2.7.8). As shown in Table 2-2 there are 32 memory locations available to the

user.

In the following RECALL SETTINGS program the
following locations:

001 -~ 032 all parameters 401 - 457
101 - 132  all modulation 501 - 538
201 - 232 main frequency 601 -~ 604

301 - 332 on/off level

12 ! STORE SETTINGS: LSER MEMORY
11@¢ !

12¢¢ CLEAR

130 DIM a5

148 FORMAT:CL1,FZ3,C1

1549 ! :

168 ! ENTER

178 -BEEFP 750,299

183 WATT DELAY .2

user may recall any of the

See Table 2-2
See Table 5-1
See Table 4-2

199 INFUT FROMFT "Enter FIRST MEMORY location®iiii
208 INFUT PROMPT "Enter LAST MEMOIRY location":M2

210 IF M1<1 OR M1:32 OR M2ZIML OR MR2-22
228 FRIMNT OV
2Ig !

270 PRINT "Enter STRINGS in form:”

THEN 176

29@ PRINT "F1O@Mi AL@DE £18@% TIiKZ BO PLI®

29@ FRINT "

80 LET T=.5

210 !

320 ! LOOF

IIQ FOR I=M1 TO M2

F4@ FRINT "Enter STRING for fMemory location (I

IEA INFUT FROMPT "M 4¥

THA WRITE a/dl:of

378 WALT DELayY ¥

380 WRITE @782 USING 149 'M", I, 1"
I9@ WAIT DELAY T

418 PRINT "¢

420 NEXT 1

434 !

448 BEEF 750,200

470 WAIT DELAY .2

488 PRINT "END OF ROUTINE®
49@ END



i@y ' RECALL SETTINGS: USER MEMORY
lig ¢

128 CLEAR

130 DIM AfeDd

1480 FORMAT:CL,FZ3,0C1

156 LET T=, 2%

1468 BEEF 758,208

170 WRIT DELAY .2

1ga i

196 1 ERNTER

2848 INPFUT PROMEFT "Enter FIRST MEMORY locationspl
21@ IMPUT FROMFT "Enter LABT MEMORY location®sp2
2ZB PRINT ¢

2Eg

246 Y GET SR

258 WRITE @72 "Xair

250

Z7@E O LnoR

280 FOR I=Mi TO M2

27@ PRINT "Memory location”,l

@B WRITE @702 USING 1483 "Y' ,T,"1¢
T19 WAIT DELAY T

IZD STATUS @&782: %

II@ WAIT DELAY 2=T

T4l IF S5-x46F THEN GO SUR NOT

EE@ WRITE &7@0: "XFFD

FZAD WAIT DELAY T

78 !

IR D READ FrREQ

IRE READ G7AZAF

4B FRINT a%

418 WRITE @782: "XFaY

4210 WAIT DELAY T

47368 !

448 'READ LEVEL

450 READ @7ils aF

4650 FPRINT A%

478 TF [=M2 THEN S9@

480 FPRINT “©

4904 INFUT PROMPT "Press RETURN +or NEXT location:l
500 NEXT 1

518 ¢

528 NOT: PRINT

SHE@ PRINT "NOT A MEMORY LOCATION.™
548 FRINT "DATA FUOR LAST RECALLED: ¢
S58 BEEFR 10008, 200

S350 WAIT DELAY .2

578 RETURN

580 1

9@ PRINT o2

@0 BEEF 735@,209

&18 WAIT DELAY .2

HZ2@ FRINT "END OF ROUTINE"

A8 END



The STORE SETTINGS #2 program provides a different approach to storing
settings in memory locations 1 to 32. The command strings (lines 210 to 320 in
steps of 3) are examples only. The user would type the program with his
settings and store the entire program on dise or tape. If the front-panel
settings were changed, the original program could be run with the original
settings. Any number of users with their separate lists could be stored as
needed. The initial program with its utility for one group of settings, could
be replicated many times thereby increasing the utility of the instrument.

14¢ ! STORE SETTINGS: #2

i@ ¢

128 ' RESET UNIT

170 WRITE a@7@2;»2¢

14@ WAIT DELAY 2

1=2@ !

i68 ' DATA STORAGE ROUTINE

173 PRINT "Storing command strings®
1860 FRINT "¢

17@ BEEP 750,200

200 LET W=_.72

210 WRITE @702:“F1490@KZ A1B.7DR O BD P11
229 WAIT DELAY W

250 WRITE @7@%: "Mt

248 WAIT DELAY W

LO@ WRITE @7@Q2:"FI10MZ AIDE CBSQ% TI2.2KZ BO 119
258 WAIT DELAY W

SFD WRITE 472 "MR@AZI "

220 WAIT DELAY W

L0 'WRITE @7@2: "ENTERED BY LSER™
220 WAIT DELAY W

J19 TWRITE @7@2:'Mpaziv

320 WAIT DELAY W

I TWRITE @7Q2: "ENTERED RY USER"
4@ WAIT DELAY W

S5 TWRITE @702 'HMap41

-2 S

7@ MARE ENTRIES AS AROVE IF MNEEDED
S8y !

99 IFC &7

488 WAIT DRELAY 2

41@ BEEF 730,200

420 WAIT DELAY L2

4380 FRINT “END OF ROUTIMNE"
44 END



The FREQ DIGIT TEST program exercises each digit from 100 Hz to 100 Muz
beginning at 1 MHz and concluding at 1040 MHz. It is similar to the manual
test in Section 4.2. It permits a test of the 3520 FREQUENCY display and
internal programming lines. The user can autosweep, or step through the range.
Some controllers permit the user to stop and then continue during autosweep,

! FREG DIGIT TEST

4

CLEAR

FORMAT:C1,F9.4,02

BEEF 750,200

INFUT FROMFT “Enter ""0"" for AUTOSWEEF, "“1"" for STEF:S
IF S=1 THEN PRINT “Fress RETURN to TEST"

IF 8=0 THEN INFUT PROMPT “"Enter WAIT TIME in SECONDS":T

i

@RITE @7@2: "FiMZ ABDE O P11V
WAIT DELAY T

FRINT "NOTE 520 FREGENCY DISFLAY™
i

FOR d=-4 Fir o

FOR D=1 TN

COB WRTTE @/dl USING 1E0: F  FRIa190, ez
T@Q IF S=1 THEN FRIMT F+I#£1@7J;

212 IF S9=1 THEN INFUT PROMET "9

TEROIF S=0 THEN WAIT OELAY T

i=—~1 THENM LET F=0
ST OIF 3=32 O THEN LET M=
rJ

SEQ PEER TIa, Ui

SR8 WaAlT DELay L3

4@0 FRINT "END F ROUTINME®
41@ EMND



The MILLIVOLT OUTPUT program enables the user to program the instrument in
millivolts rms (0.001 to 1000 mV) between any two limits in any step size. The
50 ohm equivalent in dBm is displayed on the controller screen.

10
11a
120
130
140
150
160
170
182
19@
200
210
220
270
zap
259
40
270
220
297
00
19
320
I
4@
Ceg
260
370
789
SEh
100
419
420
470
14@
450
149
47@

MILLIVOLT QuUTeuT

i

Ui
ot
LR 1]

ps between
cul ates

L]
1
[
i
!
ClLEAR
FORMAT: C1,F1G.4,C2
BEEF 72@,200

WALIT DELAY .2

START and STOF
equivalent level

entriss.
in dBm.

]

INFUT PROMPT "Enter CARRIER FRER in MHz“:F
INFUT FROMFT "Enter TIME DELAY in SECONDS": T
INFLUT FROMFT "Enter START Jlevel in millivolts®:ildl
INEUT FROMFT "Entesr STOF level in millivolts L2
THMPUT #ROMFT "Enter STEF S14E in millivealts":S
IF Lixbd THEN LET 8=-3

I

WRITE @78%2:"F" ,F,"MZ O BO PLIT

WATT DELayY T

FRIMT v

[MGE « Bl bE, HHRE  FHEEHE. 48

FRINT " GUTRUT LEVEL™

PRINT my odBm"

FRIMT Y e e "

i

L I E

FOR I=i.1 7O 1.2 STEFR S

WRITE @7@2 USIMG 14&@: At I, "myr

WATT OFiAY 1

FRENT USING 2990 1, [@=L06010 0, a@i 15 58h

MEXT I

i

FC @z

REEF 750,200
WAIT DELAY .2
FRINT "
FRINT
END

"END OF ROUTIMNE®



The SRQ: SERVICE REQUEST program demonstrates the utility of this bus command
using the serial poll routine. Each bus device would be polled serially, but
in this program the status byte is returned (line 760 - 820) for the GPIB
address 702. When the program is run the status bytes should conform to the
results in Section 2.8.5.3. In writing programs for SRQ, some controllers
interrupt the normal routine, read the status byte of each busg device, and
react according to the byte or bytes returned. If "99" stop test, for example.

198 ! SRQ: SEFRVICE REQLEST

tig !

120 CLEAR

138 BEEP 75@,200

1480 WATIT DELAY .2

15@ FRINT "When conducting a SERIAL FPOLL on the GFIR, the®
168 FRINT "controller READS STATUS (DIO lines 1 through 8)."
17@ FRINT "If SBRE {(service request) is active, bit & =1, and"
18@ PRINT "STATUS BYTE =:r01200000 {(bimary), =r64 (decimal)."
198 PRINT w©

Z9a !

212 ' NO SERVICE REOUEST

220 LET T=t

=@ 30 SUR RESET

24 WRITE @782 "FIZZ,454L7MI AZDE C88Y TSKZ P11V

2@ FRINT "I+ NO SERVICE REOUEST (for sxamplel:”

26@ FRINT “"WRITE @702:""F1373,45487M7 AZIDE UBBY THEZ g#ilvow
S7@ PRINT YSERIAL FOLL of 3518 far normal spbrws

288 G0 SUR STATUS

=299

2@ ! SYNTAX ERROR

19 GO SUR FPROMPT

IE@ 30 SUB RESET

IZ@ WRITE @/@02:"FIee0XX A1DE O F1Iz"

TA4E PRINT "COMMAND ERROR in STRING: "“"EFIQ8@ixvem

T GO SUBE STATUS

RY.-YT

GYAOY FREQ T HIGH

8@ G0 SUR PROMPT

2B 30 SUR RESET

4908 WRITE @702:"F20%0MZ Al10DE O PLIv

410 FRINT "EXECUTION ERROR: ""FR90MZ*" (FRERQ 700 HIsH) "

428 60 SUB STATUS

47@ 1



44
459
4463
47
4839
497
SEEH
=1k
528
i
S4@
558
43
B8
SR
B Vi
rayreln]
H18
28
&30
5448
S8
Ea b
578
B
&0
7o
Ji@
TEE
74
T
Rt
7N
Py
7R
LEALE
216
£H2a
g8
49
bt
Ba&i
@7

PORAM TOD HIGH: 1@8% at +18 dBm

E0 SUR PROMFT

GO SUR RESET

WRITE @7@2: "FO29M7 A10DE CLO0Y% FLIY

WAIT DELAY 5=T

FRINT "HARDWOARE FROBLEM: ""Qi@DR Cciagyser
FRINT "¥aM TO0 HIGH at +19 4Bm"

5O Stin 8TATUS

i

POEEIR SRE EEY

B0 SUR FROMPT

IFD @7

H0 SUB RESQET

BEEF 708,200

INFUT FROMFT "Fress 2320 6RO key, then RETURN bkey": 1
WRITE @7@2: "FL23.4347MZ Alaba 0 LI

FRINT "OFERATOR IMITIATES SERVICE REQUESTH
&l SLB STaTus

GO TO 2848

RESET: PRINT

WRITE @7@247 7" RESET UNIT
WATT DELAY Z=T

WRITE @7@Z: "Xl RESET S8k
WATT LELAY T '

RETLIRNM

§

FROMETY PRINT

BEEF 75@, 2008

FHFUT PROMET "Press RETURN for nest 3RO TEST 31
RETLHFRN

STATUS:y PRINT

WaIT DELAY T

STATUS @782 51

WALT DELAY T

FRINT “STATUS BYTE: 7 ,BSTRE(S1,8) .81

FRIMT "#A% 080t @b g XA ¥ FRRFRERRERREE R AR AR E SRR AR R R AR R XD
RETLIRN

1

REER 750, 200

WAIT DELAY .2

FRINT "END OF ROUTINE"
ERD



The TRIGGER TEST program uses the "XG1" command (Section 2.8.5.1) at line 170
to "ARM" the trigger. The Wavetek 6000 permits a selective device trigger
(line 230), and a group execute trigger (line 300) to "turn on" the RF output
of the instrument. Note that the RF output must be turned off (line 140 by
selective device clear) (line 280 by "POI") before Pl is set. The execute
terminator "I (line 390) is used as a trigger (lines 340 - 390). "I" does not
need to be armed (line 350). The other trigger methods are generally faster.

192 ! TRIGGER TEST

119 !

111 FRINT "Observe LEVEL display®
112 BEEF 40@,200

129 DOL @782

130 LET T=1

140 WAIT DELAY T

159 !

168 ! ARM TRIGGER

170 WRITE @7@2:"XG1"

188 WAIT DELAY T

1op 1

SRR ¢ DEVICE TRIBEER

2@ WRITE @7(2: "F1lOQOMZI ALEDE P1Y
o7 WAIT DELAY T

23R TRE @ral

749 BEEF 700,700

A

2@ 0 GBROUR EXECUTE TRIGGBER
279 WALT DELAY T

2B9 WRITE @7@2:"FR1 FLY

290 WAIT DELAY T

I@Q COMMAND @7:CHR$(8)' GET
T19 BEEP 300,700

e ]
-t

IT@ 0 EXECUTE USING "IY
740 WRIT RELAY T

IEQ WRITE a7l "xiagn
TAHE WAIT DELAY T

VR WRITE @7@2:"F3 FLY
899 WAIT DELAY T

IR WRITE @7@2: 1"

428 BEEF 299,200

421 F

470 WATT BELAY .2

45@ EMD



The CIRCUIT BREAKER TEST program is performed with a 50 ohm load connected to
the RF output. The CB is tested at a lower threshold level than the normal
overload using the "ROI" command (line 290). This test duplicates the action
of the front-panel OUT RST key. See item (10) in Section 2.4.1 and 2.7.12,
Since the unit recognizes the open breaker as a hardware error, a double beep
should be emitted, the LEVEL should indicate CB TRIPPED, and the RF output

should turn off. The status byte at line 360 should be decimal 99. The CB is
reset by sending "R1iI™.

189 ¢ OR: CIRCULT BREAEER TEST

11 !

(2@ ¢ 5@ ohm LODAD to RF OUT

139 LET T=1

t4Q DCL @7er

15@ WAIT DELAY T

2

178 ' SET SR

180 WRITE @702:"X@1"

190 BEEF 75@,200

209 !

718 FPRINT "Enter FREQUENCY in MHz®
220 IMPUT EROMPET "0 fF

2Ea

249 ! LEVEL +1@ dEm

TE@ WRITE @7@03: "FUaSTRES)ILOMI ALQLDE PLIY
T6H@ WAIT DELAY I#T

270

28@ Y U TEST

290 WRITE @7@2: "ROL"

TB@ WAIT DELAY 2T

T1@ PRINT

320 FRINT "RF OFF and CR TRIPFEDT"
TIH OSRINT M0

4@ !

IS0 STATUS @700: %1

TR WATT DELAY T

I7Q FRINT CSTATUS BYTE'  BSTREG] 3,81
8@ f Sl= 99 7
399 !

4Q@ FRIMNT "

416 REEP 750,200

420 WALIT DELAY .2

438

449 ! RESET CH

450 INFUT FPROMET "Enter Y""RIIV" and RETURN to RESET.":0%
4458 WRITE 2722:4%

474 !

4830 END



The GPIB: GENERAL BUS UTILITY program dJdemonstrates the response of the
instrument to the controller commands listed in lines 160 te 210. The GET {(see
TRIGGER TEST) is also in this group. It is helpful if a spectrum analyzer or
powaer meter is connected to the unit's RF cutput to monitor the responses.
These commands are useful to the programmer in addition to the "write"” and
"read"” statements. Some think of the GPIB as having two modes. A command mode

for general interface management, and a data mode when data messages are sent
on the data bus.

18@ ! GFTE: GENERAL BUS UTILITY

119
i20 CLEAR

132 FRINT "GENERAL UTILITY ROUTINES INCLUDE: "
140 FRINT "ommemom mmmme 2

158 PRINT #v¢

1600 PRINT “REN {(remote emnable) "

178 PRINT "L {(go to locali®

L82@d FRINT "LLD (jocal lockout)d®

P90 PRINT "O0L (device clear)™

2RB FRINT "800 (gs2lective device clear:”
Zld PRINT "IFC {interface clear)®

=2l

20 QR{TE ]

: Tty BN
240 WATT DELaY 2
278 60 SUEB PROFPET

Y B

78 ' REM: Remote ENzhia

S840 REN 7@z

290 FRIMNT “'Controller zends ... FEN @7@az"
398 B0 SR DISFLAY

: FRINT YREMOTE OFERATION e

GOV FROHPT

PoLEL @aryer

Ll aza2

FRINT "Controller sends ... LOL a7azy
GO SUR DISFLAY

FRINT "LOCAL GFERATIONY

20 SR PROMPT




4230 0 LOCAL LOSEOUT

440 WRITE @782:"P11 F111.2222M7 A-3Z.3 09BY TSRZ ROV

450 WATIT DELAY !

4658 FRINT "Controllser sends:”

478 FRINT "WRITE @782: " "P1I Fiil.2222 MHI &-7.230DB 098% Tskz gowee
483 L0 &7

498 WAIT DELAY 1

S@En PRINT v

=18 PRINT "Controllsr sends ... LLO &7

SEG GO SUER DISFLAY

SEE PRINT "MODAGRISE MOD RATE 5 EMZ F

4@ PFRINT YFREDENCY: 111,2222 MHZY

S50 FPRINT "LEVEL: -5 % DEmY

BED FPRINT »v

E5VE OPRINT "NOTE: 2520 KEYROARD WILL RMNOT ACCERT®

S8E PRINT ¢ TWERATOR EMTRIESHY

&BH G0 SUR PROMPT

i@ ¢

HE@ ! SELEDTIVE DEVICE CLEAR

HT@ DCL @vez

&H48 PRINT "Lontroller sends ... DOL @7az"

A5E GO SUR DISPLAY

H&HB PRINT "WAVETERE MODEL Z52a¢

A78 PRINT "¢

HBO PRINT "MNOTE: FERATOR AN NOW SELECTH

AR FRINT FRONT-PANEL. HEEYS. "

708 FRINT

il BEER 750,720
TE@ WALT DELAY .32
FIA OPFRINT UPLEASE ¢ARE NEWN FROMT--PFANEL ENTRIES, ™
TRFUT PROMPT Yand then press HETURM key. "3l
i

STORE SETTIMGS at Hi1
WRITE a@7az: "mMa@giin
CiEAR
!
PODEVICE CLEAR
Gl @7
FRINT "Controller sends ... DL @rFn
FRIMT @@
S48 FRINT "0OFPS! ftoo bad the Controller CLEARED vowr?
A5 PRINT Vantries. But they were STORED at location®
868 PRINT "1, and we will RECALL them later !
H7@ FRINT "0
=Y GO SUER DISFLAY
898 FRINT "MODASRF IR WAVETER MIDEL Z52av
F@E PRIMT “FREQUERNCY: per=17 I e T
1A PRINT "LEVEL: @ DEM #
FE@ PRINT o
FIH PRINT "HMOTE: DOL &7, DOL @782, and WRITE @7@F:»vz»0e
24 FRIMNT ¥ parform UNIT RESET, the zame az the
FEP OFRINT ¢ front—pansel LUNIT RET key.”




=15 B

78 (30 BUR PROMET

YEG

P90 ! RECALL SETTINGS at location 991
123 WRITE @7QZ: "vagiin

1E10 WAlT DELAY |

1928 FRINT “Controlier =ends ... WRITE G B 4717 5 I UL

1aza ¢

1240 ' 30 TO LOCAL

1258 101 @792

18468 FRINT "Computer sends ... LOL @rgo:

1879 PRINMNT no

1388 FRINT "Fress I528 STAT ey to check®

@%@ PRINT "vour entries. Settimgs recalleg”

1128 FRINT "from memory location BR1, "

1118 G0 SUB PROMPT

iize

1130 ' INTERFACE CLEAR

1148 WRITE @7Q2:"T2.5K7 DSS5.5KZ BO FlOg@OMI &0DD FiIn

1152 WAIT DELAaY 1

1158 FRINT "Controller sendg:

1179 PRINT "WRITE @®7@2:""T2.5KZ DS5.5K7 B0 F1eaaMl AQDE RLIVew
1ig@ FRINT vo

Vi9®n IFC @7y

1288 PRINT "Uontroller sends ... IFs a7n

G50 S DISPLAY

FRINT "HOD/GRIE Lnal OFERATION”

FRIMNT "FREGLIENDY: LEa@a pMHZ -
FRINT "LEVEL: B DR

e IRyy

FRINT "SNOTE: [FC 87 {interface cleapr
FRINT ¢ LRCAL, but parameters a
GO SUE PROMET

boreturns
e ot afFeo

BEER 756, 200

GO TO EnND

f

FROMPT: PRINT

RBEER 750,280

WaIT DELAY .7

INFUT FROMPT "Fress RETURN key for next GRIE operation. "z 1
CLEOR

RETLIRN

{

DISFLAY: PRINT

PRINT YIDZE FRONT-FONEL should indicate:”

RETLIRN

1

ENMD: PRINT

FRINT ©»o

INFUT PROMPFT “"Enter ""@"" +no END, or ""i"" to REFPEATY:I
IF I=1 THEN GO TG 100

END




ITEM

Output
Level
Frequency

Power
Not Executed
RF on
RF off
Executed
RF on
RF off

CW (LETTER "0O")
Internal
External

Modulation
Internal
AM
™
Rate
External
AM
FM
Not Executed
ALC on
ALC off
Executed
ALC on
ALC off

Circuit Breaker (2.7.12)
Not Executed
RL
RO
Executed
R1I
ROI

Memory (2.7.8)
Store
Recall

Mise (2.8.4)
Execute
Terminator
Local
Unit Reset
AM depth

Units (2.8.4)
Level
dBm
Vrms
mVrms

uwyrms

CODE ITEM
Frequency
A Hz
F kHz
MHz
Data
Pl Digits
PO Exponential
101w
PLI Decimal Peint
POI Sign
X Commands
0 GET (2.8.5.1)
BO Disable
Execute
Czll next

stored setting

c Parameter Values {(2.8.5.2)
b Output level
T External AM
External FM
BC Internal AM
BD Internal FM
Output Frequency
Vi ‘Modulation Rate
Vo Service Request (2.8.5.3)
Disable
Vil Enable
Vo1
Talk (2.8.5.4)
No effect
Serial poll:
Rl Byte only cleared
RO Latest param value
Serial poll:
R1Y Byte + message cleared
ROI Changes since
last execute
Wavetek 3520
MXXHI
YXXXIL Talk Terminator (2.8.5.5)
Selected by S1
CR/LF/EDL
1 LF/EOI
3 Last char/EOT
Q LF only
Z ASCII decimal
% char YYY
DB
YO
My
uv

Table 2-3., GPIB Code Summary

CODE

HZ

MZ

0-9

XG0
XG1

xG2

EPA
XPBC
XPBD
KpPC
XPD
XPF
XPT

XQO
XQ1
XTO

KT1
ET2

XT3

KT4
XT5

Xvo
vl
Xv2
XV3
Xv4

XYYy



3.1 TINTRODUCTION

The signal generator can be divided
into two main operational sections;
the control section and the RF
generating section. An overall view of
each operational section will be given.

Detailed circuit descriptions are
included in Section 3 of the Service
Manual.

3.2 DIGITAL CONTROL SECTION OVERVIEW
Refer to Figure 3-1.

The two main purposes of the digital
section are to monitor input data from
the front-panel keyboard and rear-
panel GPIB in order to determine what
the output settings of the instrument
should be, and then to control the RF
generating section.

Digitally encoded data is sent to the
analog control section where the data
is transformed into control voltages.
These voltages are routed to the
individual modules of the RF section
where the control actually takes
place. Besides controlling the RF
parameters and monitoring the keyboard
and GPIB, the Digital section also
sends data to the front panel
displays, and writes data out the rear
panel GPIB.

The digital control section consists
of four PC boards. They are the
Multi-function card, the Analog
Control microprocessor card, the
input/output (I/0) microprocessor card
and the display board,

SECTICK 3

THREORY OF OPERATION

3.3 RF GENERATING SECTION OVERVIEW
Refer to Figure 3-2.

A 40 MHz crystal-controlled oscillator
generates the reference frequency for
the RF section of thig instrument. The
wide and narrow oscillators are
varactor-tuned and indirectly phase-
locked to this reference. The wide
oseillator (1199 to 1718 MHz) and the
narcow oscillator {1198 WMHz) are
mixed, and their difference f{requen-
cies are tunable over the range of 1
to 520 MHz. The narrow oscillator can
be frequency modulated.

The difference frequency from the
mixer is amplified and leveled by a
wideband amplifier (WBA). Below 521
MHz the leveled output 1is switched
under microprocessor control to the 0
-~ 130 dB step attenuator, and through
the RF circuit breaker to the front-
panel RF output.

Two frequency doublers are switched
into the output system above 520.9999
MHz. The first doubler, which selects
the second harmonic of the first WBA,
operates from 521.0000 to 1039:9999
MHz with a minimum step size of 100
Hz. The second doubler, which selects
the second harmonic of the first
doubler, operates from 1040.0000 to
2080.0000 MHz with a ninimum step size
of 200 Hz.

3.3.1 RF GENERATION

The RF output frequency 1is generated
by two UHF oscillators and a mixer.
The outputs of the two oscillators are
heterodyned in the mixer. The 4if-
ference frequency is amplified and fed
to an output amplifier.



MULTIFUNCTION CARD OATA IN
INTERPROCESSOR INTERFACE
SERIAL BUS TO ANALOG INTERFACE SECTIONL.RATA QUT
- —] A COMMON Lok sy GICR
FRONT-PANEL '
DISPLAY AND A COMMON RESET LINE , ,
BEEPER CONT=CL ADDPESSVDMA CONTROL Aconsssimm
/O CONTROL ANALOG CONTROL
KEYBOARD [MICROPROCESSOR MICROPROCESSOR
GPIB
DIGITAL CONTROL SECTION .
I "ANALOG CONTROL SECTION
RF SECTION ' IFREQUENCY]™ 119
: CARD | ANALOG
DATA | INTERFACE
| CARD
| IMODULAT stroee| CLOCKS
) CARD
| i
| 3
I LEVEL
[ | CARD

ERROR LINES

Figure 3-1. Overall Block Diagram

AMALODR [T T T it e e o o o e e f

—f  sECTIGM

Figure 3-2 R,F. Section



The frequencies of these oscillators
are contrelled by DC veltages applied
to their varactor diodes. The narrow
oscillator yields a single frequency.
The wide oscillator can be programmed
over a range which extends from the
frequency of the narrow oscillator to
520 MHz higher than the narrow oscil-
lator frequency.

3.3.2 RF FREQUENCY CONTROL

The RF output frequency is determined
by programming the frequency of the
wide oscillator. The wide oscillator
iz ultimately controlled Dby the
digital control section. The digital
input is converted to an analog vol-
tage which programs the oscillator in
1 MHz steps. This analog signal can
provide approximately 3 MHz accuracy.

3.3.3 RF AMPLIFICATION AND LEVELING

The RF power ig amplified by a multi-
stage, wideband amplifier. The flat

“output is maintained by a closed-loop

leveling system around this amplifier.

The leveler includes a monitor diode,
an error amplifier, and a voltage-
variable attenuator, The monitor
detects the peak output of the ampli-
fier. This detected level 1is compared
to a DC reference by the error ampli-
fier. The output of the error ampli-
fier is fed to a PIN diode (voltage-
variable) attenuator which changes the
input level to the amplifier until the
monitored signal produces a DC level
equal to the reference level,.

3.3.4 LEVEL CONTROL AND AM

The circuitry for controlling the RF
cutput level 1is directly related to
the leveling system because changing
the DC level reference changes the RF
output level,

Oof the 150 dB output range, 130 dB is
passive attenuation. The remaining 20
dB is controlled by changing the level
reference.

S8ince the RF level can be voltage con-
trolled, AM can be accomplished by
applying the modulating signal to the
leveling circuit. This causes the
reference voltage to the error amp to
change at the frequency of the modu-
lating signal. The modulating signal
is taken from either an internal
oscillator or an external source.

3.4 PHASE-LOCKED LOOPS

The RF generation circuitry discussed
above has 2 frequency range of 1 teo
520 MHz, has an output voltage which
is leveled and adjustable, and has the
ability to be amplitude modulated.
With the above circuitry, however, the
frequency accuracy is only 3 MHz with
1 MHz resolution. To achieve the
desired resolution and accuracy, the
instrument includes five phase-locked
loops.

PLL 1, 2, and 4 are used to stabilize
the wide oscillator and tune it in 1
kHz steps. The wide oscillator is part
of PLL 4. PLL 1 and 2 convert the
digital input to reference frequencies
for PLL 4.

PLL 3 and 5 provide stabilization to
the narrow oscillator and allow FM
operation. The mnarrow oscillator is
part of PLL 3. PLL S5 converts a modu-
lating signal (if 9present) to a
reference frequency for PLL 3. PLL 5
is also used to program 100 Hz offset
steps into the narrow oscillator for
100 Hz resolution.

Figure 3-3 illustrates the relation-
ships between the five phase-locked
loops.
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4.1 INTRODUCTION

The purpose of the performance tests
in the following sections is to verify
that the Signal Generator meets its
published specifications {Section
1.2). Individual performance tests
consist of: the specification to be
verified; the method of testing; a
list of equipment required; and a
detailed test procedure including, in
some cases, a simplified setup
drawing. 1If optional features are
installed in the instrument, refer to
Section 8 for possible changes to the
performance test procedure.

Critical specifications for each item
of test equipment are listed in Table
4-1. Except as detailed, settings of
test equipment apply to performance
test procedures. All other test equip-
ment operating details are omitted,

As 2 convenience and to reduce testing
time, internal stored settings are
provided for many tests. Refer to
Section 2.7.8 for stored setting ope-
ration. The internal stored settings
are listed in Table 4-2.

SECTIOR 4

PERFOEMANCE TESTS

The Signal Generator should have its
top and bottom covers installed for
the performance tests. All of the
tests can be performed without access
to the internal controls. Before
applying power to the Signal Genera-
tor, see Section 2 for details of
electrical installation. The line wol-
tage should be maintained as specified
in Section 2.3 throughout the tests.
The performance test procedures are
begun after a one-hour minimum warmup
of the Signal Generator in a +20 to
+30° C ambient temperature range.

A copy of the Performance Test Record
(PTR) is provided at the end of this
section for convenience in recording
the performance of the Signal Genera-
tor during performance tests. It can
be filled out and used as a permanent
record for incoming inspection, or it
can be used as a guide for routine
verformance testing. The PIR lists the
section, test, and specification
limits. All tests refer to this record.



TABLE 4-1. RECOMMENDED TEST EQUIPHMENRT

INSTRUMENT CRITICAL REQUIREMENT RECOMMENDED

(1) Digital Multimeter Range: to 40 VDC Keithley 179
Accuracy: 10.1%

(2) Distortion Analyzer Range: 80 Hz to 60 kHz HPB903A

(3) Frequency Counter Range: 1 to 2080 MHz Racal-Dana 9921

(4) Function Generator Level: 10 Vpp sine wave Wavetek 270

into 600 ohm load
Range: 1 Hz to 60 kHz
Distortion: <1%

(5) Power Meter Range: 1 to 2080 MHz HPA36A/B482A
Input Level: -7 to +13 dBm
Accuracy: *.05 dBm

{6) Modulation Meter Range: 1 to 1300 MHz HP8901A
to 1.3 GHz
Residual FM: <50 Hz (RMS3)
(quiet room) Marconi 2305
Residual AM: $0.05% (BMS) (in CW)

> 1.3 GHz
AM Accuracy: 2%
{7) Oscilloscope Range: DC to 2 MHz Tektronix 2213
Sensitivity: 0.2 V/div (AC coupled)
(8) Spectrum Analyzer Range: 1 to 4160 MHz HP8558B/182T
Display: 1 dB log and 10 dB log & HPB559A/182T
{9} Preciszion Attenuator Pads 10, 20, 30, 40, and 50 dB Weinschel 5010,
50-20, 50-30,
50-40 and 50-50
(10) Wideband Amplifier Range: 1 to 2080 MHz Laboratory
Quality
Gain: >20 dB
Impedance: 50 ohm
{11) Signal Generator Range: 1 to 2080 MHz Wavetek 3520
(12) VSWR Bridge 5 to 2000 MHz Wiltron 60N50
Directivity: 40 dB
Impedance: 50 ohm
(13) Coaxial Short Type N female Wiltron 22NF
(14) Coaxial Termination Type N male Wiltron 26N50
Impedance: 50 ohm
SWR: <1.05
{15) 50 obm lo@ad == -~ Wavetek T151

{16) Loop Probe @ @ e ——— See Figure 4--5



Location

401
402
403
404
405
406
407
508
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449

Freq. (MHz)

10.0000
40.0000
500.0000
1000 . 0000
2000, 0000
100.0000
100.0000
100.0000
2000.0000
1.0000
1.0000
10.0000
10.0000
1.0000
500.0000
1000. 0000
1300.0000
500.0030
1000.0030
1300.0030
500.0000
500.0000
500.0000
500, 0000
500.0000
1000. 0000
1000.0000
2000.0000
2000. 0000
500.0000
1000. 0000
2000 . 0000
500.0000
500 .0000
500.0000
1000, 0000
1000.0000
1000. 0000
1300.0000
1300.0000
1300.0000
500.0000
500.0000
1000 . 0000
1000.0000
2000 . 0000
2000. 0000
500.0000
500.0000

TABLE 4-2.

Level (dBm)

+10
+10
+10
+10
+10
+10
+3

-7

+10
+3
+10
+3
+10
-6
)
-6
+10
+10
+10
+2
+2
+2
-3
-3
-3
-3
-3
-3
+2
+2
+2
-6 .
~6.
-6,
-6.
-6.
-6.
-6.
~-6.
—-6.
+10
+10
+10
+10
+10
+10
+10
+10

[€o JV = JN > N+ VS R+ Y o Y« QK]

STORED SEITINGS

Internal
(% or kHz)

CW
CW

gaggggaazzg

CW

10%
10%
10%

EEE

30%
30%
30%
30%
90%
30%
50%
30%
90%

EEEREREERER

CW

30%
70%
90%
30%
70%
90%
30%
70%
90%
10
90
10
90 k
10 k
90

EEEREEREREER

=
25
[

e
3

fa
3]

N

=

%mﬁ:ﬂ:ﬂ
2 FREL23

10

3

Modulation

External
(% or kHz)

CW
CW
CW
CH

222228822222 ¢2¢2

222282222283242

100 kHz FM

(9}
=

Rate (&Hz)

N/A
N/A
N/7A
N/A
N/A
N/A
N/A
N/A
N/A&
N/A
N/A
N/A
N/A
N/A
1.0

.

. e e e a2 e e a2 e .
CPPOO0OO0OOOOCOLOOCO0O00CO0
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Location

450
451
452
453
454
455
456
457
601
602
603
604

Freq. (MHz)

500.0000
1.0000
521.0000
1041 .0000
500.0000
500.0000
1.0000
500.0000
10.0000
10.0000
10.0000
10.0000

TABLE 4-2.

Level (dBm)

+10
-8
-8
-8
-107
-10
+10
+10
+2
+2
+2
+2

STORED SETTINGS (Con't.)

Internal
{% or kHz)

100 KHz F¥

22228224

CW

50% AM

10 kHz FM
CW

NOTE: ALC is enabled for all above stored settings.

Modulation

External
(% or kHz)

222228432284

Rate (kHz).

1.0
N/A
N/A
N/A
N/A
N/A
H/A
N/A
N/A
1.0
1.0
N/A



4.2 FREQUENCY RANGE AND RESCLUTION TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

COUNTER INPUT

Mohm Low Range
Mohm Low Range
Mohm Low Range
Mohm Low Range
Mohm Low Range
Mohm Low Range
50 ohm High Range
50 ohm High Range
50 ohm High Range
50 ohm High Range
50 ohm High Range
50 ohm High Range
50 ohm High Range
50 ohm Range

50 ohm Range

50 ohm Range

50 chm Range

50 chm Range

50 ghm Range

50 ohm Range

N el el

MIW FREQ MAX FREQ RESOLUTION
1 MHz 1040 MH=z 100 Hz
1041 MHz 2080 MHz 200 Hz

A frequency counter is used to measure frequency
range and resolution. Each digit (a total of 121
gsettings) will be tested.

3
1. Call stored setting 401.

2. Connect the front-panel RF OUT connector to the
appropriate input of the frequency counter as
indicated in the following table. Use a BNC Tee
and a 50 ohm terminator at the 1 Mohm input of the
counter,

3. Using the CURBORS, step through each frequency
setting and verify that the actual counter fre-
quency increase per step is equal to the allowable
increase per step tl count (see following table).

FREQUENCY COUNTER INCREASE/STEP
SETTINGS RESOLUTION {+1 COUNT)
010.0000-010.0009 10 Hz 100.0 Hz
010.0010-010.0090 100 Hz 1.00 kHz
010.0100-010.0900 100 Hz 10.000 kHz
010,1000-010.9%000 1 kHz 100.0 kHz
011.0000-019.0000 1 kHz 1.000 MHz
020.0000-0%0,0000 1 kHz 10.000 MHz
100.0000--900.0000 1 kHz 100.000 MHz
900.0001-900.0009 -10 Hz 100.0 Hz
900.0010-900.0090 100 Hz 1.00 kH=z
900,0100-%00.0%00 1 kHz 10 kHz
900.1000-800.9000 1 kHz 100 kHz
901.0000-909.0000 1 kHz 1 MHz
910.0000-1000.0000 1 kHz 10 MHz
1000.0000-1900.0000 1 kHz 100 MHz
1900.0002-1900.0010 10 Hz 200 Hz
1900.0010-1900.0100 100 Hz 1 kHz
1800.0100-1900.1000C 1 kHz 10 kHz
1900.1000-1901.0000 1 kHz 100 kHz
1901.0000-1910.0000 1 kHz 100 kHz
1910.0000-2080.0000 1 kHz 10 MHz

4. Verify the  instrument frequency vrange by
entering the minimum and maximum specified
frequencies and noting the frequency counter
readings.

5. If both the resolution (step 3) and range (step
4) are correct, place a check mark on the PTR.



4.3 FREQUENCY ACCURACY TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4.4 FREQUENCY STABILITY TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

All modes (CW, AM, and FM) #0.001% with ALC on;
{$0.001% + 10 kHz) with ALC off

A frequency counter is used to measure frequency
accuracy. All carrier frequencies are derived from
a single crystal-controlled oscillator. The
instrument will be tested at one CW frequency to
verify that the crystal-controlled oscillator
operates within specified limits.

(3)
1. Call stored setting 402.

2. Connect the 1 Meg ohm input of the frequency
counter to the RF OUT connector using a BNC tee
connector and the 5¢ ohm load.

3. The counter should read between 39,999.60 and
40,000.40 kHz. Record the counter reading to seven
places on the PIR.

4, Turn ALC off. The frequency counter should read
between 39,989.60 and 40,010.40 kHz. Record the
counter reading on the PTR,

0.2 ppm/hr with ALC on; With ALC off: 1 to
520.9999 MHz, 500 Hz/10 min; 521 to 1039.99%9 MHz,
1000 Hz/10 min; 1040 to 2080 MHz, 2000 Hz/10 min

The frequency stability is measured with a fre-
quency counter at the indicated time intervals
after a one-hour minimum warmup.

(3
1. Call stored setting 403.

2. Connect the 50 ohm input of the frequency
counter to the RF OUT connector.

3. Allow the instrument to warm up for at least 2
hours. After the warm-up record the f{requency
counter readings to nine places at 15-minute
intervals for a one-hour period. The difference
between the maximum and minimum readings in the
one-hour period should not exceed 100 Hz. Record
the difference between the maximum and minimum
readings in Hz on the PTIR.



4.5

SPECIFICATION

METHOD

4. Press the ALC, 0, and EXEC keys to turn the ALC
off. After a one-minute interval, record the
frequency counter readings to nine places at
five-minute intervals for a ten-minute period. The
difference hetween the maximum and minimum readings
in the ten-minute period should not exceed 500 Hz.
Record the difference between the maximum and
minimum frequency readings in Hz on the PTR.

OUTPUT LEVEL ACCURACY TESTS

Power Level: + 10 to -137 dBm (0.707 VvV to 0,03
B

Total Level Accuracy:+10 to -36.9 dBm +2.0 dB
-37 to -46.9 dBm 2.2 4B
-47 to -56.9 dBm t2.4 dB
~-57 to -66.9 dBm +2.6 dB
-67 to ~76.9 dBm +2.8 dB
~77 to -86.9 dBm 3.0 dB
-87 to -96.9 dBm +3.2 4B
-87 to ~-106.9 dBm 3.4 4B
-107 to -116.9 dBm +3.6 4B
-117 to -126.9% dBm +3.8 4B
-127 to -137 dBm 4.0 4B

Accuracy Breakdown: Flatness: (+10 to -6.9 dBm)
1.5 dB
Step Atten: 0.6 dB or 2%
of attenuation, whichever
is greater

The level accuracy between +10 and -6.9 4Bm is the
sum of the flatness for the given frequency ranges
and the display error. Both errors are measured
with a power meter.

The flatness is measured relative to 100 MHz in 1
MHz steps from 1 to 10 MHz and in 10 MHz steps
from 10 to 2080 MHz at +10, +2, and -7 dBm output
levels.

The level accuracy below -7 dBm depends upon the
Step Attenuator error in addition to the flatness.

The Step Attenuator error is measured by an RF
substitution method. Each of the four pads (10,
20, 40, and 60 d4B) in the Step Attenuator is
measured at 2000 MHz. A reference output level is
set with a power neter. A reference trace is
cbtained with a spectrum analyzer and a standard
attenuator pad. The standard pad is removed and
the Step Attenuator position to be measured is
substituted. The sgpectrum analyzer trace |is
returned to the reference level by resetting the



4.5.1 FLATNESS TEST
EQUIPMENT

PROCEDURE

-

output level. The resulting instrument output
level is measured and compared to the original
power meter reference level. An RF amplifier is
required to boost signal levels below the -60 dBm
level.

(5)
1. Call stored setting 406.

2. Connect the power sensor to the front-panel RF
QUT connector and note the power meter reading.

3. Using the CURSORS, change the instrument RF
output frequency in 10 MHz steps between 10 and
2080 MHz and observe the maximum change in the
power meter readings from the +10 4Bm reading.
Repeat this procedure except change the frequency
in 1 MHz steps from 1 MHz to 10 MHz. The maximum
allowable change is +1.5 dB. Record the maximum
change on the PTR.

4, Call stored setting 407 and note the power
meter reading.

5. Repeat step 3 except observe the maximum change
in the power meter readings from the +3.0 dBm
reading. Record the maximum change from the +3.0
dBn reading on the PTR.

6. Call stored setting 408 and note the power
meter reading.

7. Repeat step 3 except observe the maximum change
in the power meter readings from the -7 dBm
reading. Record the maximum change from the -7 dBm
reading on the PTR.

4.5.2 STEP ATTENUATOR ACCURACY TEST

EQUIPMENT

PROCEDURE

(5) (8) (9) (10)
1. Call stored setting 409.

2. Connect the power sensor to the RF OUT
connector and note the power meter reading.

3. Disconnect the power sensor and connect a
standard 10 dB attenuator pad to the RF OUT
connector. Connect the output of the attenuator
pad to the spectrum analyzer as shown in Figure
4-1.



4. Set the spectrum =znalyzer to 2000 MHz, the
bandwidth to 10 kHz, and the frequency span per
division to 1 kHz. Set the vertical display to 1
dB per division.

5. Use the analyzer log reference controls to
obtain a peak trace one division below the log
reference line of the spectrum analyzer display.
Center the trace in the display with fine tuning.

6. Enter an amplitude of -10 dBm.

7. Disconnect the 10 dB attenuator pad from the
setup and reconnect the spectrum analyzer to the
RF QUT connector.

8. Use the CURSOR keys to realign the peak of the
trace one division below the log reference line as
in step 5.

9. Disconnect the spectrum analyzer from the
front-panel RF OUT connector. Connect the power
meter and enter an amplitude of 10.0 dB greater
than the present setting.

10. Observe the difference between the actual
power meter reading and the 0 dBm reference
setting in step 2. The difference or error should
be +0.6 dB maximum. Record the error on the PTR.

11. Repeat steps 1 through 10 using the standard
attenuator pads and the instrument output ampli-
tude settings indicated in the following table.

STEP 3 AND 7 STEP 6 STEP 10
ATTENUATOR PAD QUTPUT AMPLITUDE ERROR
(dB) (dBm) {dB)

20 ~20 0.6

40 -40 10.8
40420 ~60 +1.2

NOTE: To test the Step Attenuator below -20 dBm,
an RF amplifier (>20 dB gain) is required. Insert
the amplifier batween the standard attenuator pad
and the spectrum analyzer. The Step Attenuator can
be tested dowm to -130 dBm if a higher-gain RF
amplifier is used and if precautions are taken to
properly shield the BF output from the instrument
proper.

The test may be repeated at other frequencies if
desired.



4.6 HARMONICS TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

<-26 dBc from 1 to 10 MHz
<30 dBe from 10 MHz to 1040 MHz
<~25% dBe from 1041 to 2080 MHz

A spectrum analyzer is used to measure harmonics
in the frequency range of the instrument at +10
and +3 dBm output levels. '

NOTE: Use the analyzer reference level control to
maintain a constant reference level ag the
instrument frequency is changed.

(8)
1. Call stored setting 410.

2. Connect the spectrum analyzer to the instrument
RF OUT connector.

3. Set the specirum analyzer to measure harmonic
distortion for fundamental frequencies below 10
MHz. Set the display to 10 dB/division. Locate the
zero reference at the left edge of the graticule
and adjust the fundamental amplitude to the log
reference line (0 dB) in the display.

4. Using the CURSORS, increass the RF oubput
frequency in 1 MHz steps up to 10 MHz. Record the
maximum harmonic level observed {(should be <-26
d4Bc¢) on the PIR.

5. Call stored setting 411 and repeat steps 3 and
4. TRecord the maximum harmonic level observed
{should be <-26 dBc) on the PTR.

6. Call stored setting 412.

7. Set the spectrum analyzer to measure harmonic
distortion for fundamental frequencies between 10
and 1040 MHz.

8. Using the CURSORS, increase the RF output fre-
quency in 10 MHz steps between 10 and 1040 MHz
while observing the spectrum analyzer display.
Record the maximum harmonic level observed {(should
be <-30 dBe) on the PTR.

9. Repeat step 7 for frequencies between 1040 and
2080 MH=z.

10. Repeat step 8 for frequencies between 1040 and
2080 MHz. Record the maximum harmonic level
obgerved {(should be <-25 dBc¢c) on the PTR.
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4.7 NON-HARMONIC TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

11. Call stored setting 413.

12. Repeat steps 7 and 8, and record the maximum
harmonic level observed (should be <-30 dBe) on
the PTR.

13. Repeat steps 9 and 10, and record the maximum

harmonic level observed {(should be <-25 dBe) on
the PTR.

Fundamental Non-harmonic Non-harmonic

Range (MHz) Range (MHz) Level (dBc)
ito3 1 to 3 <—60
3.0001 to 250 3.0001 to 250 <65
3.0001 to 350 3.0001 to 350 <55

3.0001 to 520 3.0001 to 1000 <~35
3.0001 to 2000 3.00C1 to 4160 <-30
3.0001 to 2080 3.0001 to 4160 <-25

A spectrum analyzer is used to measure the level
of nonharmonics in the frequency range of the
instrument at the maximum specified output level
of 413 dBm.

(8)
1. Call stored setting 414,

2. Connect the front-panel RF QUT connector to the
RF input of the spectrum analyzer.

3. Set the spectrum analyzer to measure the non-
harmonic content of the instrument output between
1 and 3 MHz, Set the bandwidth to 30 %kHz, the
frequency span per division to 1 MHz, and the
display to 10 dB/division. Locate the zero refe-
rence at the left edge of the graticule, and
adjust the fundamental to the log reference line
(0 dB) in the display.

4., Using the CURSORS, increase the RF output
frequency in 0.1 MHz steps between 1 and 3 MHz.
Record the maximum non-harmonic observed (should
be <-60 dBc) on the PTR.

5. Set the spectrum analyzer to measure the non-
harmonic content of the instrument output between
3 and 1000 MHz. Set the bandwidth to 300 kHz and
the frequency span per division to 100 MHz.



4.8 RESIDUAL AM TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

6. Using the CURSORS, increagse the R®RF output
frequency in 1 MHz steps between 3 and 10 MHz, and
in 10 MHz steps between 10 and 1000 MHz while
observing the spectrum analyzer display. Using the
table below, record the maximum nonharmonic level
observed in each range on the PTR.

FUNDAMENTAL RANGE NON-HARMONIC NON-HARMONIC
{MHz) RANGE (MHz) LEVEL (dBe)
3.0001-250 3-250 <-65
3.0001-350 3-350 <-55
3.0001-1000 3-1000 <-35
3.0001-2000 3-4160 <-30
3.0001--2080 3-4160 <-25

<~-60 dBc in a 50 Hz to 15 kHz post-detection
bandwidth.

A modulation meter operating in AM mode is uged to
demodulate the instrument output at the minimum
leveler point where AM noise is maximum. A 10 MHz
high-pass filter is used to eliminate feedthrough
at the modulation meter IF. A distortion analyzer
(operating in level mode) is used to increase the
resolution of the demodulated output of the modu-
lation meter. The system is calibrated at a 10% AM
level. The 10% &AM is removed and the residual AM
is read in dB below the calibrated 10% AM level.
20 dB is added to the reading to relate the
residual AM to the carrier.

(2) (8)
1. Call stored setting 415.
2. Connect the equipment as shown in Figure 4-2.

3, Set the modulation meter to read %AM and the
filter bandwidth to 50 Hz - 15 kHz. Enable the 10
MHz high-pass filter by using special function 3.4.

4, Use the CURSOR keys to produce a modulation
meter reading of 10% AM.

5. With the distortion analyzer operating in AC
Volts mode, calibrate it for a 0 4B meter reading.
The system is now calibrated at a reference level
of -20 dBc. Since the modulating signal and
carrier amplitudes are equal at 100% AM, it
follows that at 10% AM the modulating signal is
-20 dBe.

6. Press the MODULATION CW and EXEC keys.



4.9 RESTDUAL FY¥ TEST

SPECIFICATION

HMETHOD

EQUIPMENT

PROCEDURE

7. Without disturbing the instrument or modulation
meter controls, read the residual AM below the 0
dB reference level in step 5, then =sdd 20 dB to
the above reading to obtain the residual AM below
the carrier. (For example, a 48 4B residual AM
below the 0 dB reference +20 dB = 68 4B residual
AM below the carrier.) The residual AM should be
<-60 dBc. Record the residual AM in dBec on the PTR.

8. Call stored setting 416 and repeat steps 3
through 7 for a carrier frequency of 1000 MHz.

9. Call stored setting 417 and repeat steps 3
through 7 for 2000 MHz carrier.

Other frequencies may be tested as desired.

1 to 520.9999 MHz: <200 Hz in a 50 Hz to 15 kHz
post-detection bandwidth
521-1040,9999 MHz: <400 Hz in a S50 Hz to 15 kHz
post-detection bandwidth
10412080 MHz: <800 Hz in a 50 Hz %to 15 ¥kHz
post-detection bandwidth.

A modulation meter is used to measure residual FM,
The instrument is operated in FM mode where the
residual FM is greatest.

The residual FM is mnmeasured in an environment
where the noise level is <60 dB relative to
2x10-4 ywbar. '

(6)
1. Call stored setting 418.

2. Connect the front-panel RF OUT connector to the
50 ohm RF input of the modulation meter.

3. Set the modulation meter to read ¥M deviation
at 500 MHz and the filter bandwidth to 50 Hz -~ 15
kHz.

4. Measure the average level of the FM deviation
on the modulation meter (disregard occasional
peaks). The residual FM should be <200 Hz. Read
the residual F¥M on the modulation meter with the
function switch set to +FM and the -FM positions.
Record the average of the two readings in Hz on
the PIR.



5. Call stored setting 419 and repeat steps 3 and
4. The residual F¥ should be <400 Hz.

6. Call stored setting 420 and repeat steps 3 and
4. Residual FM¥ should be <BOO Hz.

4.10 INTERNAL MODULATION FREQUENCY ACCURACY TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4.11 PERCENT AM ACCURACY TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

+(2% + 6 Hz)

A frequency counter and the output from the
modulation meter are used to measure modulation
frequency. Since the same oscillator is used for
both the AM and FM modes, one test will suffice
for both modes,

{(3) (&3
1. Call stored setting 421.

2. Connect the low frequency input of the fre-
quency counter to the modulation meter cutput. The
counter should read between 386 and 414 Hz. Record
the counter reading on the PTR.

3. Call stored setting 422. The counter should
read between 974 and 1026 Hz. Record the counter
reading on the PTR.

4, Call stored setting 423. The counter should
read between 9,794 and 10,206 Hz. Record the
counter reading on the PTR.

+6% at a frequency of 1 kHz. NOTE: This specifi-
cation applies at an output of < +2 dBm. AM is
possible above +2 dBm if the peak of the modulated
output does not exceed +10 d&Bm.

The %AM accuracy is measured with a modulation
meter.

(6)
1. Call stored setting 424.

2. Connect the modulation meter input to the
instrument RF OQUT connector. Set the modulation
meter to read +AM and the filter to 200 kHz.

3. Note the modulation meter reading in %AM. Set
the modulation meter to -AM, and note the
modulation meter %AM reading as before. Compute
the average of the two readings. The average %AM
should be between 28.2 and 31.8%. Record the
average %AM on the PIR.



4,12  AM BANDWIDTH TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4. Call stored setting 425 and repeat step 3. The
average %AM should be between 84.6 and 95.4%.

5. Call stored setting 426 and repeat step 3. The
average %AM should be between 28.2 and 31.8%.

6. Call stored setting 427 and repeat step 3, The
average %LAM should be between 84.6 and 95.4%.

7. Call stored setting 428 and repeat step 3. The
average %AM should be between 28.2 and 31.8%.

8. Call stored setting 429 and repeat step 3. The
average %AM should be between B84.6 and 95.4%.

Other modulation depths may be tested as desired.

100 Hz to 30 kHz (3 dB bandwidth) with ALC on.

DC to 30 kHz (3 dB bandwidth) with ALC off.

Input level required for calibrated display: 10
Vpp into 600 ohms with ALC off; 0.25 to 1 Vpp into
600 ohms with ALC on.

The measurement is made with a modulation meter
operating in AM mode and a function generator. The
function generator supplies an external sine wave
to amplitude-~modulate the instrument. At
approximately 50% AM, the modulation meter is set
to relative dB mode. The external modulation
frequency 1is increased from 1 kHz to 30 kHz and
the AM bandwidth is measured as the change in dB
level from the ¢ dB reference level.

(2) (6)
1. Call stored setting 430.
2. Connect the equipment as shown in Figure 4-3.

3. Set the modulation meter to read +AM and turn
off all filters.

4. Set the function generator for a 1 kHz sine
wave output and the attenuator controls for an
approximately 0.5 Vpp sine wave on the
oscilloscope.

5. Set the modulation meter to the Relative dB
mode.

6. Maintain the 0.5 Vpp external input level and
slowly decrease the function generator frequency
from 1 to 0.1 %kHz, then slowly increase the
function generator frequency to 30 kHz. Observe
the modulation meter. It should read between +3
and -3 dB. Note the change in 4B from the 0 dB

calibration level.
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4.13 AM DISTORTION TEST

SPECIFICATION

METHOCD

EQUIPMENT

PROCEDURE

7. Repeat steps 5 and 6 with the modulation meter
set to -AM. Note the change in dB from the O dB
calibration level.

8. Record the larger of the two 4B changes ob-
tained in steps 6 and 7 on the PTR.

9. Turn the ALC off and set the function generator
controls for a 10 Vpp sine wave on the
oscilloscope.

10. Use the CURSORS to produce a modulation meter
reading of 0 dB {(approximately 50% AM).

11. Maintain the 10 Vpp external input level and
slowly decrease the function generator frequency
from 1 kHz to 20 Hz, then slowly increase the
function generator frequency to 30 kHz. Observe
the modulation meter. It should read between +3
and -3 dB. Note the change in dB from the 0 4B
calibration level.

12. Repeat steps 10 and 11 with the modulation
meter function switch set to -AM. Note the change
in dB from the 0 dB calibration level.

13, Record the larger of the two d&B changes ob-
tained in steps 11 and 12 on the PTR.

14. Call stored setting 431 and repeat steps 3
through 13 for a carrier frequency of 1000 MHz.

15. Call stored setting 432 and repeat at 2 GHz.

<1.5% distortion to 30% AM; <3% distortion to 70%
AM: <5% distortion to 90% AM (at a frequency of 1
kHz) .

NOTE: This specification applies £for an output
level of < +2 dBm. AM is possible above +2 dBm if
the peak of the modulated output does not exceed
+10 dBm.

The measurement 1is made with a modulation meter
and a distortion analyzer which measures the dis-
tortion of the demodulated AM from the modulation
meter.

(2) (6)

1. Call stored setting 433.

2. Connect the equipment as shown in Figure 4-2.



4.14 FM DEVIATION TEST
SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

3. Set the modulation meter to read +AM and the
filter bandwidth to 50 Hz to 15 kHz.

4, Set the modulation meter to -AM, and observe
the modulation meter reading. Use the CURSORS
until the average of the modulation meter readings
in +AM and -AM is equal to 30% AM.

$. Measure the distortion. It should be less than
1.5%. Record the distortion on the PIR.

6. Call stored setting 434.

7. Use the CURSORS until the average of the
modulation wmeter readings in the +AM and -AM
positions of the function switch is equal to 70%
AM.

8. Measure the distortion. It should be less than
3%. Record the distortion on the PTR.

9. Call stored setting 435.

1¢. Use the CURSORS wuntil the average of the
modulation meter readings in the +AM and -AM
positions of the function switch is equal to 90%
AM.

11. Measure the distortion. It should be less than
5%. Record the distortion on the PTR.

12. Use the procedure in steps 1 to 11 to measure
and record the % distortion, except call the

following stored settings: 436, 437, 438, 439,
440, and 441,

5% at 1 kHz modulation frequency.

The FM deviation is measured with 3 modulation
meter.

(6)
1. Call stored setting 442.

2. Connect the input of the modulation meter to
the instrument RF OUT connector.

3. Set the modulation meter to read FM deviation
and the filter to 50 Hz - 15 kHz.

4, The modulation meter should read an actual
deviation of between 8500 and 10500 Hz. Record the
modulation meter reading on the PTR.



4.15 FM BANDWIDTH TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

5. Call stored setting 443.

6. The modulation meter should read an actual
deviation of between 85,500 and 94,500 Hz. Record
the modulation meter reading on the PTR.

7. Repeat step 4 using stored setting 444.
8. Repeat steps 5 and 6 using stored setting 445.
9. Repeat step 4 using stored setting 446.
10. Repeat steps 5 and 6 using stored setting 447.

Other deviations may be tested as desired.

100 Hz to 60 kHz (1 dB bandwidth) with ALC on;

DC to 60 kHz (1 4B bandwidth) with ALC off.

Input level required for calibrated display: 10
Vpp into 600 ohms with ALC off; 0.1 to 1 VYpp into
600 ohms with ALC on.

The measurement is made with a modulation meter
and a function generator. The function generator
supplies an external sine wave +to frequency
modulate the output signal. The system is cali-
brated with a 1 kHz sine wave at 100 kHz devi-
ation, and modulation meter then set to relative
dB. The external modulation frequency 1is varied
from 1 kHz to 100 Hz, and from 1 kHz to 60 kHz,
and the FM bandwidth is measured as the change in
dB level from the calibrated level.

(4) (6) (1)
1. Call stored setting 448.
2. Connect the equipment as shown in Figure 4-3,

3. Set the modulation meter to read +FM and turn
off all filters.

4, Set the function generator for a 1 kHz sine
wave output and the attenuator controls for an
approximately 0.5 Vpp sine wave on the
oscilloscope.

5. Set the modulation meter to the Relative 4B
mode.

6. Maintain the 0.5 Vpp external input level and
slowly decrease the function generator frequency
from 1 kHz to 100 Hz, then slowly increase the
frequency to 60 kHz while observing the modulation
meter. It should read between +1 and -1 dB. Note
the maximum change from the 0 dB reference to the

nearest ¢.1 dB.



4.16 FM DISTORTION TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

7. Repeat steps 5 and 6 with the modulation meter
function switch set to -FM. Note the change from
the ¢ dB reference as in step 6. Record the larger
of the two changes in dB (in this step and in step
6) on the PIR.

8. Turn the ALC off and set the function generator
controls for a 10 Vpp sine wave on the
oscilloscope.

9. Set the modulation meter to +FM.

10. Maintain the 10 Vpp external input level and
slowly decrease the function generator frequency
from 1 kHz to 20 Hz, then slowly increase the
frequency to 60 kHz while observing the modulation
meter. It should read between +1 and -1 dB. Note
the maximum change from the 0 4B reference to the
nearest 0.1 dB.

11. Repeat steps 9 and 10 with the modulation
meter gset to -FM. Note the change from the 0 dB
reference as in step 6. Record the larger of the
two changes in dB {in this step and in step 10) on
the PTR.

<2% (10 to 100 kHz deviation) at a frequency of 1
kHz.
<4% {3 to 10 kHz deviation) at a frequency of 1
kHz.

The mneasurement is made with a modulation meter
and a distortion analyzer, which measures the
distortion of the demodulated ¥FM from the modu-
lation meter. Distortion below 3 %kHz deviation
increases Dbecause of regidual FM noise. The
distortion at 3 kHz deviation is measured in an
environment where the noise level 1is <60 dB
relative to 2x1074 ubar.

(2) (&)

1. Call stored setting 449,

2. Connect the equipment as shown in Figure 4-2.

3. Set the modulation meter to read +FM deviation
and the filter bandwidth to 50 Hz - 13 kHz. The
modulation meter should read approximately 10 kHz.
4. Calibrate the distortion analyzer and measure

distortion. The distortion should be less than 4%.
Record the distortion on the PTR.



4.17 IMPEDANCE TEST
SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

5. Repeat steps 3 and 4 with FM deviation set to 3
¥Hz, and record the distortion on the PTR.

6. Call stored setting 450. Calibrate the
distortion analyzer and measure distortion. The
distortion should be 1less than 2%. Record the
distortion on the PIR.

7. Repeat step 6 for FM deviation set to 11 kHz.
Record the distortion on the PTR.

50 ohm; VSWR <1.3 at RF output levels <0.1 VRMS.

The measurement is made with a VSWR bridge, =and
the return loss iz displayed on a spectrum
analyzer. An RF signal from a signal generator is
fed to the input of the bridge. A reference level
is established by shorting the bridge output port.
The short is replaced by the RF impedance of the
instrument. The signal generator is tuned from 1
to 2080 MHz, and the return loss versus frequency
is displayed. The frequency of the test generator
must be in the same “band" (i.e. 1-520, 521-1040
or 1041-2080 MHz) as the Model 3520 output
frequency.

(8) (11) (12) (13)

1. Connect the equipment as shown in Figure 4-4.
Connect the signal generator to the input port,
the spectrum analyzer to the reflected output
port, and the coaxial short to the
device-under-test port of the VSWR bridge.

2. Set the signal generator output level to -10
dBm, the mode to CW and the frequency to 250 MHz.

3. Set the spectrum analyzer to span the appro-
priate range (1 to 520, 521 to 1040, or 1041 to
2080 MHz) and the bandwidth to 300 kHz. Use the
log reference level controls to calibrate the 250
MHz signal at the top line (0 dB reference) of the
digplay graticule.

4. Disconnect the coaxial short and connect the
device—under-test port of the VSWR bridge to the
front-panel RF OUT connector. Call stored setting
451 and use the CURSORS to tune from 1 to 520 MHz.
Verify that the signal level on the display is »17
dB below the 0 d8 reference. Record the reading in
dB below the reference on the PTR.



4,18 RFI TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

5. Disconnect the VSWR bridge from the RF O0UT
connector and reconnect the coaxial short to the
VSWR bridge device under test port. Set the signal
generator output frequency to 750 MHz and use the
analyzer log reference controls to calibrate the
750 MHz signal at the top line (0 dB reference) of
the display graticule,

6. Disconnect the coaxial short and connect the
device-under-test port of the VSWR bridge to the
front-panel RF O0OUT connector. Call stored setting
452 and use the CURSORS to tune from 521 to 1040
MHz. Verify that the signal level on the display
is >17 dB below the 0 dB reference. Record the
reading in dB below the reference on the PTR.

7. Call stored setting 453 and repeat the above
procedure for 1041 to 2080 MHz with the signal
generator set to 1500 MHz. Record the reading on
the PTR.

<1.0 ¥V 1is induced in a two-turn, one-inch
diameter loop which is held one inch away from any
surface (loop feeds a 50 ohm receiver) at 500 MHz.

A 50 ohm receiver consisting of a 26 4B amplifier
and a spectrum analyzer are calibrated at a 1 uv
level using the instrument. A loop probe is then
connected to the receiver and the leakage is
measured at a one-inch distance from the external
surfaces of the instrument with the RF OUT con-
nector terminated in 50 chms. Figure 4-5 describes
the loop probe. A screen room may be required for
this measursment.

(8) (10) (14) (15) (16)

1. Call stored setting 454. Set frequency to 500
MHz .

2. Connect the equipment as shown in Figure 4-6.

3. Set the spectrum analyzer bandwidth to 100 kHz,
the scan width to 0.5 MHz/div, the wvideo filter to
100 Hz, the input attenuation to 0 dB, and the log
reference level to -~50 dBm with a 10 dB/division
vertical scale. Center the signal on the display
using the center frequency control. Calibrate the
analyzer for the -107 dBm signal at the -30 dB
graticule using the log reference controls.



. Rexolite Rod: 1.25 in. dia. by

11 in.

. Hole: 1.00 in dia., by .80 in.

deap.

. Groove: 0.120 in wide by 0,125

in deep 1.00 in from eand of vrod.

. Coaxial Cable: (RG-174/U) 0,110"

diameter by 19”7 long. Strip
shield for 7 in, and cut of £
shield to % in length. Strip in-
sulation from center conductor
Y in., Wind 2 turns of insulated
cantaer conductor in grocove of
rod. S3Solder shield to center con-
ductor, and insulate the solder
joint.

5. Wind wmylar tape around the two-

turn loop, and around the rod
(three places).

BNC male connector.

Figure 4-5, Loop Probe
MODEL, 3520 RF AMPLIFER SPECTRUM ANALYZER
/F
RF QUT INPUT QUTPUT| INPUT
O o O O G

Figure 4-6.

Setup for RFI Test



4.19

REVERSE POWER
PROTECTION CHECK

4. Disconnect the RF amplifier from the instrument
and connect the 50 ohm coaxial termination to the
jnstrument RF OUT connector. Tighten the termi-
nation to minimize RF leakage.

5. Call stored setting 455. Set f{frequency to 500
MHz .

6. Connect the loop probe to the input of the RF
amplifier. Move the loop probe over the surfaces
of the instrument with the two-turn loop at a one-
inch distance. The signal plus noise should be
less than the -107 dBm reference. Record the
maximum reading in dBm on the PIR.

The following procedure is recommended to ensure
proper operation of the protection circuit.

1. Call stored setting 456 and connect a 50 ohm
detector to the RF OUT connector.

2. Monitor the DC output of the detector on a
suitable oscilloscope.

3. The Reverse Power Protection circuit is checked
by pressing the OUT RST, 0, and EXEC keys. This
lowers the trip level of the cireuit, thus causing
the circuit breaker to open and latch, the CB
TRIPPED error message to appear on the LEVEL
display, and the detected output displayed on the
oscilloscope to go to zero. The circuit breaker
can then be reset by pressing the OUT RST, 1, and
EXEC keys.

4, Call stored setting 457 and repeat the check.
NOTE

The above procedure, while not a complete per-
formance check, 1is considered adequate for most
applications. Also, if available, a high-power RF
gignal source, set for an output of slightly
greater than 0.7 W, can be used to verify circuit
breaker operation.

Other frequencies can be checked but it should be
noted that this test is wvalid only with a
generator output of +10 dBm and Freq less than 700
MHz. If the circuit is operating properly, place a
check mark on the PTR.



PERFORMANCE TEST RECORD, HCDEL 3520 S/8 DATE

SEC TEST MINIMUM SPEC MEASUREMENT MAXTMUM SPEC
4.2  FREQ RANGE/RES (O awx T
5.3 FREQ ACCURACY 39,999.60 kHz Wz 40,000.40 kHz
39,989.60 kz wr 40,010.40 kHz
4.4  FmEQ sTABILITY e o wowz
"""""""""""""""""""""""""""" we  soomz
s.5.1 ramEss  -1se & wsa
vse & w.sa
1se a s.sa
4.5.2 STEP ATT ACCURACY 0.6 a8 & s0.6 a8
o.6a e v0.6 a8
os8a s s0.8a8
12a s 2
a6 mamwowres e 26 a8c
"""""""""""""""""""""""""" asc  -26 ame
"""""""""""""""""""""""""" ésc  -30dpe
""""""""""""""""""""""""""""" ae .25 ae
"""""""""""""""""""""""""""" ae 304
""""""""""""""""""""""""""""" ame 25 ame
&7  Now-mamwowres ae 0 aBe
""""""""""""""""""""""""""" e esase
"""""""""""""""""""""""""""" @ -s5.aBe
"""""""""""""""""""""""""""""" @ -35.ame
""""""""""""""""""""""""""""" e -30 aBe
"""""""""""""""""""""""""" e -30.dBe
“““““““““““““ T ae asaee
4.8  RESIOUAL AM - Came -60 dBe "
dBc -60 dBe



PERFORMANCE TEST RECORD, MODEL 3520 (Cont'd)

S/8 DATE
SEQ€ TEST HINIMUM SPEC MEASUREMERT MAXTMUM SPEC
P T e T
“““““““““““““““““““““““““ T e T
“““““““““““““““““““““““““““
T i e ren e e T T T
T T e T
T v
T e e T
T e T
T T T T
T T e
T = -
e T T e
e T P e T
e T P T
T P e T
e T PR e T
T T e T
T P m T
Ty e T T T
“““““““““““““““““““““““““
“““““““““““““““““““““““““““““
“““““““““““““““““““ T e T
"""""""" B
“““““““““““““““““““““““““““““ TR T
****** ) ) N % __1.5% o
""" - R T
% 5%




PERFORMANCE TEST RECORD, MODEL 3520 (Cont'd) S/8 DATE

SEC TEST MINIMUM SPEC MEASUREMENT KMAXIMUM SPEC
;jlé F¥ DEV ACCURACY _;:500 H;‘M _________________ I;;— ““;0.500 0z
85,500 kz W 04,500 Hz
9,50 Bz e 10,500 B2
85,500 w2 wz 94,500 Hz
9,500 kz Bz 10,500 Hz
85,500 ¥z We 94,500 Bz
4.15 M BANDWIDTW  -1.048 @ +1.0 a8
1.0 a8 - & sn.0a
4.16 FH DISTOQ{;;;;I ———————————————————— ;a “““““““““““ ;;e ————————————————————
% o 4% N
""""""""""""""""" % S
"""""""""""""""""""" « o=
4.7  eeomvce e 17 @
““““““““““““““““““““““““““““““ e 17 aBe
""""""""""""""""""""""""""" e 17 aBc
sa8 ®T am 107 aBm



The UP DOWN PARAMETER EXERCISE using the HP9825 is a third version of this
program. The program has fewer lines because some of the instructions were

omitted, and fewer blank spaces were entered. The operation is very similar to
the Wavetek 6000 program.

@: “UP DRWN FARAMETER EXERCISE using 9875":
ls

2y dim AFLII,BFLIAL,CHLL1D],DFLEAT, SEL1D]
Z: fxd 4

g

St oclr 702

4H: beep

7

gd: "VARIABLE FARAMETER":

P: ent "Enter PARAMETER to be varied®,iof
10: ent "Enter DATA starting point",BF
11: ent "Enter TERMINATOR string",C¥

12: ent "Enter data STEF size",o#

13y

14: "FIXED FARAMETER STRING?:

1 ent "Enter FIXED garameter string”,DE
o wrt 797, D%
17: wait (=3

18:

19: dsp "Hold CONTINUE down to TEST JCONT! g o
2@: dsp "Release key to STOF MOONTINUE";stp

21; dsp "To END tezst enter 1299 JCONTINUE":st

221 dsp "YARIABLE STRING is displaved"ibeepiwait iael

24: "ioop':

A owrt R, OF0BRELCFidosp AFLRELOE

25 ent MY, Jiif S0 or Jd@digsh +3

27 strival (BE)+val (8%)) 1 RBEE;nto -2

w2 1f I=1e991nto 'end®
E: str ) rSE;A3 T

Zt: ret

T2

FZ: "end":beepidsp "END"
T4 end

* 27068



GEMERAL INFORMATION

Option 5 includes the circuitry necessary to enable the
instrument to be driven by an external reference frequency,
thus improving the accuracy of the signal generator. The
reference input requirements are as follows:

FREQUENCY -1, 2, 2.5, 5, or 10 MHz
ACCURACY - within 1 ppm of above frequencies.
LEVEL RANGE - 50 mV to 5 V (RMS})
IMPEDANCE - 1 kilohm

INSTALLATION

To add this option to the instrument, first remove top and
bottorn covers as explained in Section 5.2 of this manual.
The module plugs into the open socket adjacent to the
M30-1/4 {refer to Figures 5-5 and 5-6). The additionat RF
cables connect the M39 to the M30-1/4 and the instrument
rear panel.

CPERATION

When an external signai is connected to the rear-panel BNC
connector, the instrument is ready to use with increased
accuracy. The front-panel ACCURACY tlights should
indicate “EXTERNAL" unless the FREQUENCY
VERNIER is out of the CAL position.

THEORY OF QPERATION
The purpose of this circuit is to phase lock the Crystal

Reference in the instrument to a higher accuracy reference.
The circuit functions include: “phase detection” to

OPTION B
EXTERNAL REFERENCE

compare the variable frequency to the reference and supply
2 reference voltage, “harmonic generation’’ to allow the
external reference to be any of several freguencies, “unlock
indication” to tell the operator when this loop is unlocked,
and “‘reference monitoring’’ to disengage this loop from this
instrument when the refernce input is disconnected.

Refer to Figure 8/5-1 for a block diagram of the circuit.
PHASE DETECTION

The reference {10 MHz} input to the phase detector is
supplied from an external source via the harmonic
generator. The signal is fed through a pair of inverters to
make the signal fevel more compatible with the phase
detector. The variable (10 MHz) signal from the voltage
contratled oscillator is fed through inverters for the same
reason. The phase detector output is filtered by an
integrator circuit and applied to a varactor diode in the
oscillator in the Crystal Reference module. The 40 MHz
oscillator frequency is divided by four and fed to the phase
detector. A certain voltage to the VCO will tune the
variable input to the phase detector to the exact frequency
of the reference input. If the variable input frequency
shifts high or iow, the phase detector output voltage
changes and tunes the varactor oscillator in the opposite
direction, thus keeping the variable input locked to the
reference input.

UNTOCK INDICATION

The integrator output {phase detection circuit} is fed to a
window detector. When this tuning voitage goes outside
the normal operating range {too positive or negative}, a DC
voltage is applied to both an LED on top of the module and
to the flasher circuitry in the Modulation Board assembly
to cause the front-panet ACCURACY light to flash.

8/5-1



HARMONIC GENERATION

‘The external referance is fed into a circuit which generates
harmonics. The output is fed to 8 10 MHz filter 10
eliminate undesired harmonics. This signal is then fed to an
amplifier with automatic gain control.

The AGC circuit includes a detector and a comparator. The
detector produces 2 DC level proportional to the AF signal
ievel, This is then “compared” to a DC reference. The
comparator output is applied to the AGC input of the
amplifier to complete the AGC loop. If the amplifier
output level starts to change {increase, for example), the
detector output changes (goes more positive} and the
comparator autput changes the voltags (more negative) on
the AGC input to the amplifier. The gain of the amplifier is
thus changed {decreased), and the output returns
{decreases) to its original level.

8/5-2

REFERENCE MOMITOR

This circuit monitors the amplitude of the 10 MMz
reference by looking at the detector cutput in the AGC
circyit of the 10 MHz amplifier stage. This level is
compared to a fixed DC level. When the reference falls
below 2 level necessary to drive the phase detector, the
comparator switches three transistors which eliminate the
tuning output to the VCO and also prevent the unlock
indicator from being activated.
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INTRODUCTION

Option 6 provides a high-stability rear-panel output which
can be used to drive the rear-panel input of Option 5. This
high-stability TTL output can afso be used to drive other
devices which require a high-stability reference input.
Maximum fan-out is four,

SPECIFICATIONS
Qutput Frequency 5 MHz
Qutput Level TTL

Temp Stability {1 hr. warm-up

over 107 to 40° C range. 0.05 ppm

Aging _ 0.005 ppm/day
0.05 ppm/mao,
0.3 ppm/yr.

CPTION 6

HIGH-STABILITY REFERENCE

Typicat Overall Accuracy
{within 3 months of calibration) 0.2 ppm
OPERATION

Option B {External Reference} is necessary for driving a
Wavetek 3000 Series instrument with this High Stability
Reference. The instrument Wiring Diagram (Schematic 1}
and the instrument Top View (Figure 5-8 shows the
incorporation of this option into the unit. The necessary
circuitry is housed in the M40 module.

An RF cable takes the High Stability Reference output
{5 MHz) to a rear-panel BNC connector. Another cable
cannects this outpui to the External Reference input of
Option 5, thus referencing the instrument’s Crystal
Reference to the High Stability Reference.

8/6-1



This manual provides descriptive material and instructions for the instaliation and operation of the
Wavetek Model 3520 Signal Generator.



SPECIAL PRODUCTS MODIFICATION #749
MODEL 3520

This instrument includes Opt. 05 and Opt, 06, which are not normally available
on the model 3520,

Information on Opt. 05 and Opt. 06 follows.



INTRODUCTION

This option extends the low-frequency
limit from 1 MHz to 1 kHz. It consists
of a Down Converter Module M215, a
DC-coupled Reverse Power Protection
Module M35-8 to replace the standard
AC~coupled M35-9, three RF cables, and
a software change. The software change
is accomplished by replacing IC2, IC3,
and IC4 on the RF Microprocessor Card
and IC1l, IC2, IC3, and IC4 on the I/0
Microprocessor Card. 'The M215 module
is installed in the location indicated
in Figure 8/8-2. Cable W2 is removed
and replaced with cables W2B and W2C.
Cable W22 is installed as shown. This
cable supplies a 10 MHz TTL signal to
the M215 module. A simplified block
diagram of the M215 is shown in Figure
8/8-1.

For operation at 1 MHz or higher, the
enable line at pin 13 is a “HI™ (5 V),
and the relay 1is in the position
shown. This allows the RF signal to
pass through the module. When an RF
cutput frequency below 1.0 MHz is
programmed, the enable line goes “LO"
(0 V), and the relay throws to the
opposite position. The RF input signal
is programmed to a frequency in the
range of 10.00%1 to 10.9999 MHz, and is
mixed with the 10 MHz crystal-reference
signal. This results in a difference
signal of 1 to 999.9 kHz, which is
connected through the RF relay in the
M215 to the RF attenuator, reverse-
power cirecuit, and finally to the
front-panel RF output connector.

See Figure 8/8-2. Control R1B enables
the output level of the down-converter
signal to be adjusted to the same
level as the 1 MHz output signal.

OPTION 8 - DOWN CONVERTER

Specifications for the 3520 are listed
below.

SPECIFICATIONS

FREQUENCY RANGE 1 kHz to 2080 MH=z

HARMONICS <-35 dBe
1 kiz to 1 MHz

CALIBRATION

Refer to the M215 schematic. The Q11
circuit converts the 10 MHz TTL signal
to a +12 dBm signal with harmonics >40
dB down. Calibration is accomplished
by removing the shorting plug P2, and
connecting J5 to a spectrum analyzer.
€25 and €29 are adjusted for maximum
output. Reconnect P2.

With no input to either J1 or J2,
connect a DC voltmeter to J3, and
adjust the BALANCE control R1&6 to
provide 0 VDC at J3.

The module RF OUTPUT LEVEL control RILS8
is adjusted for a maximum RF output of
+13 dBm.

TROUBLESHOOTING

Many troubleshooting problems can be
located simply by checking the DC
input currents at pins 3 and 4,
Currents should be within ~5 mA of
the currents shown on the module
schematic.

If currents are within Llimits, the
problem can be isolated to the mixer
circuit, or the output amplifier, by
removing the shorting plug P3, and
connecting the filter output to a
spectrum analyzer. The output of the
filter should be the program frequency
at a level of approximately -13 dBm.



OPTION 8 — FIELD INSTALLATION

Refer to Section 5.2.1 in the Service Manual, and remove unit top and
bottom covers.

CAUTION

Static-sensitive devices are used in this instrument. Use appropriate
anti-static procedures. See Section 5.2 in Service Manual.

Refer to the top view drawing of unit in Service Manual. Remove the jumper
cable connecting the Analog Interface Card (item 8) to the Multi-function
card (item 6). Remove the RF Microprocessor Card (item 7) using green card
extractors. With attention to the position codes A000Q, CO000, and E000,
replace the three 2764-type ROMs labeled "RF" with the new 2764-type ROMs
labeled "LOW RF". Re-install the RF Microprocessor Card (item 7), and the
jumper cable.

Remove the 1/0 Microprocessor Card (item 5) using purple card extractors).
With attention to the position codes 8000, AQ0O, G000, and E000, replace
the four 2764-type ROMs labeled "I/O0" with the new 2764-type ROMs labeled
"LOW 1I/0". Re~install the I/0 Microprocessor Card (item 5).

Refer to Figure 8/8-2, and install module M215 using #6-32 x 5/16" screw.
Replace RF Cable W2 with RF Cables W2B and W2C. Install RF Cable W22.
Replace M35-9 {(item 12) with M35-8 module.

Replace covers.

Check operation.



