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WARRANTY

Wavetek warrants that all products manufactured by Wavetek conform published Wavetek specifications and are
fres from defects in materials and workmanship for a pericd of two {2} years from the date of defivery when used under
normal operating conditions and within the service conditions for which they were furnished.

The obtigation of Wavetek atiging from & Warranty claim shali be fimited to tepairing, or atits option, replacing without
charge, any product which in Wavetek's sole opinion proves 1o be defective within the scope of the Warranty. tn the
event Wavetek is not able to modiy, tepair or replace non-conforming defective patts of componerts to a condition
as warranteed within a reasonable ime after receipt thereof, Buyers shall ba credited for their value at the original
purchase price. :

Wavetek must be notified in wiiting of the defect or nonconformity within the Wareanty period and the affected product
returned to Wavetek's factory or to an authorized setvice center within (30) days after discovery of such defect or
nenconformity.

For product wartantes requiring retumn to Wavetek, products must be returned to a service facility designated by
Wavetek. Buyer shaii prepay shipping charges, taxes, duties and insurance for products returned to Wavetek for
warranty service, Except for products retura to Buyer from another country, Wavetek shall pay for return of praducts
¢ Buyer. : '

Wavetek shall have no responsibility hereunder for any defect or damage caused by improper storage, improper
installation, unauthorized modification, misuse, neglact, inadequate maintenance, accident or for any product which
has been repaired or aliered by anyone other than Wavetek of its authorized representative and notin accordance with
instructions furnished py Wavetek.

EXCLUSION OF OTHER WARRANTIES

The Warranty described above ks Buyers sole and exdusive remedy and no other warranty, whether written or oral,
is expressed or impiied. Wavetek speciically disclaims the implied warranties of merchantability ang fitness for a
particuiar purpose. No statement, representation, agregment, of understanding, oral or written, made by an agent,
distributor, representative, or employee of Wavetek, which is not cortained in the foregoing Warranty wili be binding
upon Wavetek, unless made in writing and executed by an authorized Wavetek employee. Under no circumstances
shall Wavetek be liable for any direct, ingirect, speciai, incidental, or sonsequentiat damages, expenses, losses, or
delays (indluding toss of profits} based on contract, tort, or any other legat theory.

WAVETEK RF Products, Inc.
5808 Churchman By-Pass
indianapolis, IN 46203-6108

217/788-9351
(TOLL FREE QUTSIDE INDIANA) 1-800-428-4424
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USE OF THIS MANUAL

Thig is the Instruction Manual for the Wavetek Model 2407 RF Signal Generator.
1t contains ten sections.

Section 1 provides general information about the unit, including
specifications.

Section 2 contains detailed installation instructions. Instructions proceed
from the initial inspection (after unpacking a unit) to the instrument
checkout procedure after installation is completed.

Section 3 provides detailed operating instructions for the unit.

Section 4 contains performance tests that may be used to verify the unit is
operating at the limits of its specifications. '

Section 5 provides maintenance procedures, including user diagnostics and the
almost completely automatic calibration (AUTOCAL™) procedure for this unit,

Section 6 containg documentation for the GPIB interface.

Section 7 contains Theory of Operation for the unit.

Section 8 provides generalized Troubleshooting information.

Section 9 has the Reference Drawings (schematics, part layout, and assembly
drawings) for the 2407. Schematics and their associated parts layout drawings

are grouped together.

Section 10 contains the Replaceable Parts Lists for the unit.


https://www.manualsplus.com/

W09 sn|dsfenuep


https://www.manualsplus.com/

CONTENTS

SECTION 1 - GENERAL INFORMATION
1.1 INTRODUCTION
1.2 SPECIFICATIONS
1.3 OPTIONS

SECTION 2 - INSTALLATION INSTRUCTIONS
2.1 INTRODUCTION

INITIAL INSPECTION

MECHANICAL INSTALLATION

ELECTRICAL INSTALLATION

INSTALLATION CHECKS

NN NN
LE N FURE 6]

SECTION 3 - OPERATING IRSTRUCTIONS
3.1 INTRODUCTION
AIR FILTER CAUTION
FRONT PANEL DESCRIPTION
REAR PANEL DESCRIPTION
LOCAL MODE OF OPERATION
TURN ON
NUMERIC ENTRIES (KEYBOARD AND CURSOR KEYS)
NUMERIC ENTRY (KEYBOARD OWLY)
NON-NUMERIC ENTRY
SETTING RF OUTPUT CHARACTERISTICS
3.5.5.1 FREQUENCY
3.5.5.2 POWER LEVEL
3.5.5.3 MODULATION
3.5.6 . STORAGE/RECALL OF FRONT PANEL SETTINGS
3.5.7 RETURN TO LOCAL MODE OF OPERATION FROM REMOTE
3.6 STATUS KEY OPERATION
ERROR MESSAGES
3.6.2 DIAGNOSTIC PROCEDURES
3.6.3 OPTION REVIEW AND PROGRAMMING
3.6.4
3

W W W
L R PV S ]

W W W W
thh »nonn n
R O R

Lo
o
[ =3

.6. CALIBRATION
.6.5 CONTROL SWITCH SETTING
3.7 DEVIATION METER OPERATION

SECTION 4 - PERFORMANCE TESTS
4.1 INTRODUCTION
FREQUENCY RESOLUTION AND RANGE TEST
FREQUENCY ACCURACY TEST
HARMONICS TEST
NON-HARMONICS TEST
PHASE NOISE TEST
SWITCHING TIME TEST
AM PERFORMANCE THESTS (AM ACCURACY, DISTORTION, AND
BANDWIDTH)
4.9 RESIDUAL AM TEST
4.10 TRESIDUAL FM TEST

PR R . S
O~ N W N


https://www.manualsplus.com/

B o B

SECTION 5
5.
5.

o n
n b~ W

SECTION 6
6.

SECTION 7

~1

6.
6.

e T e B e B B 2 M B |

.11

.12
.13
.14
.15
.16

1
2

1

(SN

00~ W D W

Pt b et ek
A N~

(AN = A W= Y AN O = AU & SO & AT+ AU < O < o)

CONTENTS (Con't)

FM PERFORMANCE TESTS (FM ACCURACY, DISTORTION, BANDWIDTH,

AND DEVIATION RANGCE)

OUTPUT POWER ACCURACY TEST
QUTPUT POWER LEVEL FLATNESS TEST
OUTPUT IMPEDANCE TEST

EXTERNAL REFERENCE TEST
DEVIATION METER TEST

— MATNTENANCE

INTRODUCTION

SERVICE INFORMATION

5.2.1 FAN/AIR FILTER MAINTENANCE
5.2.2 TOP COVER REMOVAL

5.2.3 AIR FILTER CLEANING

USER DIAGNOSTICS

AUTOCAL® CALIBRATION

POWER UP TESTS

- GPIB

INTRODUCTION

INSTALLATTON INSTRUCTIONS

OPERATING INSTRUCTIONS ‘
.3, LOCAL/REMOTE MODE SELECTION
ADDRESS SETTING

GPIB INPUT COMMAND DEFINITIOR
GPIB INPUT COMMAND TYPES
PARAMETER COMMANDS
ENUMERATED COMMANDS

DIRECT COMMANDS

QUERY COMMANDS

DEVIATICON METER COMMANDS
CALIBRATION COMMANDS

SAMPLE SOFTWARE PROGRAMS

W wwwwwww
ped b > 00 O U1 B N
[l ]

—~ THEORY OF OPERATION
INTRODUCTEION

GENERAL OVERVIEW

MICROPROCESSOR BOARD

CONTROL BOARD _

DIRECT DIGITAL SYNTHESIZER BOARD
SYNTHESIZER BOARD AND VCC BOARD
REF/LO BOARD

AM/DI1VIDER BOARD

QUTPUT BOARD

MOTHERBOARD

DISPLAY BOARD AND KEYBOARD
POWER SUPPLY

DEVIATION METER

ii


https://www.manualsplus.com/

CONTENTS {(Con't)

SECTION 8 - TROUBLESHOOTING

1 . INTRODUCTION

2 PERSONNEL SAFETY CONSIDERATIONS
3 INSTRUMENT SAFETY CONSIDERATIONS
4 INITIAL INSPECTION

.5 GENERAL TROUBLESHOOQTING NOTES

6 REPAIR WORK CAUTIONS

7 POWER SUPPLY

8 ON BOARD REGULATORS
MICROPROCESSOR BOARD

.10 AM/DIVIDER BOARD

.11 SYNTHESIZER BOARD

.12 CONTROL BOARD

.13 OUTPUT BOARD

.14 DISPLAY/XEYBOARD

.15 DDS BOARD

.16 REFERENCE/LOC BOARD

.17 DEVIATION METER BOARD

o CO 00 00 00 €0 €0 O 00 CO 00 O 00 00 60 0O (0
W

SECTION 9 - REFERENCE DRAWINGS
B i 2 INTRODUCTION
9.2 REFERENCE DRAWINGS
9.3 ORDER OF REFERENCE DRAWINGS

SECTION 10 - REPLACEABLE PARTS LISTS
10.1 INTRODUCTION
10.2 MANUFACTURER CODES
10.3 ORDER OF PARTS LIST
The manufacturer codes follow the parts lists.

iii


https://www.manualsplus.com/

LIST OF FIGURES AND TABLES

Figure 2-1  AC Power Connector Module

Wavetek Model 2407 Front Panel
Wavetek Model 2407 Rear Panel

Figure
Figure

Figure 5-1 Card Cage Board Locations

Figure 7-1  Frequency Synthesis Block Diagram

Figure 7--2 Card Cage Board and Cable Locations

Table 4-1 Recommended Tesi Equipment

Table 5-1 Automated Diagnostics

Table 5-2 A/D Testpoint Selections

Table 5-3 DAC Test Selections

Table 5-4 Card/Latch Debug Descriptions

Table 5-5 Comm Debug Descriptions

Table 5-6 Ctrl Debug Descriptions

Table 5-7 Stuck Key Codes

Table 5-8 Card ID Codes

Table 6-1 Parameter Command Headers

Table 6-2 Engineering Notation

Table 6--3 Enumerated Command Listings

Table 6-4 fnumerated Command Headers 0
Table 6-5 Direct Command Headers

Table 6-6 Query Command Headers/2407 Response

Table 6-7 Header Formats for ID, ERR, SET, PSM, and NCM Query Commands :
~Table 6-8 Error Messages o
Table 7-1 Identification Codes

Table 7-2 Card Location Numbering Scheme

Table 7-3 Control DAC Bit Configuration

Table 7-4 RF Signal Path Information

Table 7-5 RF Signal Path Summary

Table 8-1 Recommended Test Equipment

Table 8-2 Visual/Mechanical Checklist

Table 8-3 Bandswitch/Diode Relationships

Table 8-4 Path/Switch Relationships

iv


https://www.manualsplus.com/

1.1 INTRODUCTION

The Wavetek Model 2407 is a dual micro-
processor controlled, single-loop syn-
thesized signal generator that covers
the frequency range of 10 kHz to 550
MHz. It has an output power level con-
tinuously adjustable  from +13 dBm to
~-127 dBm. In addition to CW operation,
it is capable of AM/FM operation from an
internal or external source. The 2407
has a very broad 500 kHz to 1 MHz peak
FM deviation over the majority of its
cperating range. Standard features in-
elude an exclusive AutoCal®

selfcal-

ibration function for frequency and amp-

litude, extensive user diagnosties, an
auytomatic power up test sequence, and 15
nonvolatile memory locations to store
front panel settings. A 10 MHz sine wave
reference oulput 1is available at the
‘rear panel.

A talk/listen GPIB fully conforming to
the IEEE-488 standard is standard for
the Model 2407. Because it utilizes the

minimum unlqueness concept, the 2407 is
easily conformed to any ATE system. It
is fully compatible with the entire

Wavetek 2500 family of instruments.

The Model 2407 also has an FM devia-
tion meter that will measure FM devia-
tion on externally applied input signals
from 30 MHz to 500 MHz.

411 operational controls are located on
the front panel. Controls include key-
pad switches for entry of all RF output
numeric parameters. A 4-key cursor pro-.

vides increment/decrement entry of num-

eric data in digit steps, with any dis-
played digit selectable as the digit

Output level may be read in dBm, mV,

SECTION 1

GENERAL INFORMATION

around which changes occur. Instrument
settings and operational status are in-
dicated on a two-line LCD display.

The 2407 1is a space-saving 3/4-rack
size. (Twe optional rack mount adaptor
kits are available.)

1.1.1 FREQUENCY CHARACTERISTICS

The carrier frequency may be set from
10 kHz to 550 MHz with 10 Hz resolution
and .0005% (5 ppm} accuracy. Frequency
aging is <2 ppm/year.

1.1.2 MODULATION CHARACTERISTICS

The instrument features both internal
and external AM and FM capabilities. The
internal modulation source may be set at
a 400 or 1000 Hz rate. AM depth is spec-
ified from 0 to 99%. FM deviation can be
set at peak values from 10 kHz to 1 Miz,
depending upon the output frequency (see
section 1.2.7.2). A TTL compatible sine
or squate wave at 10 MHz may be used as
an external reference input. C

Internal and external sources may be
used simultaneocusly to produce complex
modulation.

1.1.3 OUTPUT LEVEL CHARACTERISTICS

The Model 2407 hasz an RF output range of
+13 &Bm to ~127 dBm with an accuracy of
1.5 dB of the actual measured level.
Level resolution is .1 dB.

or

V. Reverse power to 50

watts is standard.

protection
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1.1.4 AutoCal®/DIAGNOSTICS

The Model 2407 utilizes a unigue Auto-
cal® routine to perform a quick and
easy almost completely automatic self-
calibration. The routine 1is software
controlled, menu driven, and activated
from the front panel. A varilety of other
menu driven diagnostic/control program-
ming aids are standard with the 2407.

1.1.5 STORED SETTINGS
Nonvelatile memory locations allow up to
15 complete front panel settings to be
stored and recalled in any order. This
storage permits fast and accurate recall
of frequently used settings.
1.2 SPECIFICATIONS .
1.2.1 FREQUERCY

Range

Resolution

Stability, 0-50° C

Stability, Aging

Switching Time 200 ms

Reference

Internal 10 MHz

External
1.2.2 RF QUTPUT
L.evel Range
Level Resolution 0.1 dB
Level Accuracy
Impedance 50Q

Output Connector

SWR

<2 ppm/year

The 2407 powers up with the same set-
tings present when power was removed,
except the RF output will be off.

1.1.6 ERROR INDICATORS

The 2407 front panel display iIndicates
the following error conditions:

- A control microprocessor communica-
tion failure

~ An unlocked condition in the phase
locked loop circultry

— An unleveled condition in the RF out-
put leveler circuitry

~ A tripped RF circult breaker

-~ Deviation meter errors

10 kHz to 550 MHz
10 Hz; digital readout

.G005% (5 ppm)

(t+ 100 Hz of final wvalue in CW and for
changes »>10 kHz in FM); typically 100 ms

Aceepts 10 MHz

?ype “N",

1-2

or 5 MHz TTL compatible

+13 to 127 dBm (1 volt to 0.1 microvolt)

+1.5 dB of set output level

female

<1.3:1 at RF outputs below -7 dBm
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EMI/RFI Leakage

1.2.3 SPECTRAL PURITY

Harmonics

Nonharmonics _
Spurious(>5 kHz from carrier)

1.2.4 PHASE NOISE @ 500 MHz
1.2.5 RESIDUAL AM
1.2.6 RESIDUAL FX
1.2.7 MODULATION
Modes

Internal Source -

External Source
AM Mode

FM Mode
Ranges

Deviation Error
Distortion

©~1.2.7.1 AM CHARACTERISTICS
AM Frequency Resgponse
AM Resolution

AM Range

Modulation Accuracy,
AM (0 - 90%)

AM Distortion

<1 ¥V into a 2~turn 1 inch diameter lcoop held
one inch from any surface at 550 MHz

<-30 dBc for frequencies >10 MHz

<-26 dBc for frequencies <10 MHz

<-35 dBe

10 kHz offset ; <-100 dBRc/Hz guaranteed

<=60 dBe (50 Hz to 15 XHz post detection
bandwidth)

<30 Hz rms (50 Hz to 15 XHz post detection
bandwidth) '

AM, FM, COMPLEX (EXT AM and INT FM; EXT FM and
INT AM)

400 Hz, 1 kHz; derived from frequency standard

10 Hz to 50 kHz, 600 Q input
Input Level 1 volt peak-to-peak into 600 ohms for
full scale modulation

50 Hz to 100 kHz, 600 £ input

0 to 1 MHz (3-137.4999% and »>275 MHz); O to 500
¥Hz (137.5-275% MHz); 0-100 kHz (1-3 MHz); 0-10
kHz (.2-1 MHz) ' . _

45% of deviation at 1 kHz, excluding residual FM
<2%

10 Hz to 50 kHz, (3 dB BW, 50% modulation)

A%

0 - 99%

+1% + {(+5% of indicated getting) at internal rates
<1.5%, below 30% modulation

<3%, 30% to 70% modulation
<5%, 70% to 90% modulation
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1.2.7.2 ¥FM CHARACTERLSTICS

FM Resolution

FM Rate

M Deviation Range
(1 kHz Rate)

Modulation Accuracy, FM

FM Distortion

1.2.8 FM DEVIATION
METER CHARACTERISTICS

Frequency Input
Input Signal Level
Input Impedance
Measurement Range
Polarity
Modulation Rate
Accuracy

1.2.9 FRONT PANEL CONTROLS

Type

1.2.10 REVERSE POWER PROTECTION

Max RF Power
Trip Level
Trip Time

RF Circeuit Breaker

100 Hz (deviations <100 kHz)
1 kHz (deviations <l MHz)

50 Hz - 100 kHz (3 dB BW)

1 MHz peak (3-137.49999 & >275 MHz)

500 kHz peak (137.5 - 275 MHz)
100 kHz peak (1 - 3 MHz)
50 kHz peak (0.1 -~ 1 MHz)}

At internal rates, +5% of
excluding residual FM

<2% at internal rates
excluding residual FM

<0.5% at external rates for
excluding residual FM

30 to 500 MHz
15 millivolts to 5 volts rms
50 ohms

0 to 500 kHz

indicated setting,

for deviation . <100 kHz,

deviation <100 kﬁz,

Selectable positive or negative

100 Hz to 8 kHz

6% of full scale from 100 Hz to 8 kHz

Push-button

50 W
~ .1 W
Typically <2 mSec

Resettéble from front panel
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1.2.11 STORED SETTINGS
15 Total, non-volatile

1.2.12 EXTERNAL REFERENCE INPUT
(REAR PANEL)

Frequency

Required Input Level
Regquired Input Impedance
Waveform

1.2.13 INTERNAL REFERENCE OUTPUT
(REAR PANEL) =~ :

Frequency
Voltage Out/Impedance
1.2.14 GENERAL

Dimensions
Weight
Power Requirements

Calibration Interval

1.2.15 Remote (GPIB) Operation

Interface
Control

Functions

1.3 OPTIONS

Rack Mount Kits

Complete front panel settings stored

10 MHz or 5 MHz
TTL compatible
50 @

Sine or Square Wave

10 MHz

>.5 Vp-p, into 50 @

14 em (5.2 in.) High; 31.75 em (12.5 in.) Wide;
54.36 cm (21 in.) Deep

11.79 kg {26 1bs.) net; 13.61L kg (30 1lbs.)
shipping

100, 115, 215, or 230 VAC +*10%; single rphase;
50, 60, or 400 Hz; 100 watts, maximum

After calibration, the Model 2407 will meet each
performance requirement within the tolerance
specified for a period of at least 12 months

The GPIB permits remote programming of front panel
functions. Command codes conform to TEK codes and
formats, Tektronix Standard 80009, Rev. ¢, 1979.
GPIB IEEE-488.1, IEEE~488.2

All functions except On/Qff

T6, L4, SHL, AH1, RLL, DCl, DTl, E2, SRLl, TEO,
LEO, PPO, CO

Wavetek manufactures two rack mount adaptor kits,
one without slides and one with slides. The rack
mount adaptor kit without slides provides a fixed,
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immovable unit mount. The rack mount adaptor kit
with slides allows the unit to be pulled out from
the rack. Complete installation instructions are
supplied with the hardware for either kit.
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2.1 INTRODUCTION.

This seetion provides complete installa-
tion instructions for the Wavetek Model
2407 RF Signal Generator. These instruc-
tiong include the initial inspection re-
quired for the unit and contain informa-
tion on mechanical installation, elec-
triecal installation, and the initial
installation checks.

2.2 IRITIAL INSPECTION

After unpacking the Iinstrument,
ally .inspect external parts for damage
to connectors, surface areasgs, ete. The
shipping container and packing material
should be saved in case it is necessary
~ to reship the unit.

2.2.1 DAMAGE CLATMS

If the instrument received has been dam-
aged in transit, notify the carrier and
either the nearest Wavetek area repre-
sentative 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 re-
placement or repair of your instrument
without waiting -for damage claim set-
tlements.

visu-

2-1

- The

SECTION 2

INSTALLATION INSTRUCTIONS

2.3 MECHANICAL INSTALLATION

2.3.1 Mechanical installation instrue~
tions are limited to those steps requir-
ed to install the 2407 into a rack using
the optional rack mount adaptor kits
available from Wavetek.

manufactures two rack
mount adaptor kits, one without sglides
and one with slides. The rack mount
adaptor kit without slides provides a
fixed, immovable wunit mount. The rack
mount adaptor kit with slides allows the
unit to be pulled out from the rack.

2.3.2. Wavetek

2.3.3 Conmplete = installation instruc-
tions are supplied with the hardware
for either kit.

2.4 ELECTRICAL INSTALLATION

instrument can operate from 100,
115, 215, or 230 VAC supply mains, over
an AC supply frequency range from 50 to
400 Hz. The rear-panel AC power connec-
tor module is set for the operating
voltage Dbeing used, and adjusts the
Power Supplies accordingly. The AC power
connector module connects to an AC
supply via a line cord with a 3-prong
plug. The module contains a time-delay
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line fuse: 1 A for 100/115 VAC opera-
tion; 0.5 A for 215/230 VAC operation.
The fuse and a clearly marked voltage
selector are accessed when the fuse/
voltage select compartment door is open
{see Figure 2-1).

Instruments are shipped from the fac-

tory set up for 115 VAC operation unless
otherwise specified.

VOLTAGE SELECTOR

i

TG
IMARZY
3oADOL

-

—

i

o~

FUSE AND FUSE CARRIER
0012-00-0176

Figure 2-1. AC Power Connector Module
NOTE

Before operating the instrument, check

that the rear-panel AC fuse is the cor-.

"rect value for the supply wvoltage.
2.5 INSTALLATION CHECKS -

Wavetek performs a rigorous and com-
plete test/calibration of each 2407
before it leaves the factory. Because
accidents can occur during shipment,
the user may elect to perform any or
none of the following functional cheeks

to further verify proper operation. It '

is the wuser's responsibility to deter-
mine the degree to which the unit will
be tested initially (upon receipt).

Any time power is applied to the Model
2407, it automatically performs a test
sequence to verify various subsystems
and subsystem cireuitry are functional.

That power up test sequence is des-
ecribed in Section 5.5 of this manual.

The following installation check pro-
cedures provide a quick functional test
to verify that the instrument (total
system) is operating properly. If the
user desires to verify operation at
specification limits, the performance
test procedures in Section 4 of this
manual must be used.

The functional test procedures involve
use of the front panel controls and
displays. Controls and displays are
described in detail in Section 3 of
this manual. Please read Section 3 be-
fore initiating operation.

AutoCal®, the almost completely
automatiec self-calibration procedure
for the Instrument, is contained in
Section 5.4 of this manual. If it is
determined that the unit is net oper-
ating properly, perform the AutoCal®
procedure, then retest.

2.5.1 REQUIRED TEST EQUIPMENT

The test equipment required to perform.

~the following installation checks will

depend upon the degree to which the
user wants to verify the instrument. If
the desire is to verify to specifica-
tion, the usger should proceed to Sec-
tion 4 and complete the performance
tests detailed there. The installation
checks described in the next few par-
agraphs are intended to provide a func-
tional test of the unit. The operator

~will verify the output frequency, mod-

ulation, and power levels are accurate
to the limits of the test equipment
used and that the output characteris-
ties change when programmed te change.
The following tests are general in na-
ture because the operator may use the
test equipment on hand ({spectrum an-
alyzer, modulation analyzer, oscillo-
scope, power meter, etc.) to perform
them., Wavetek does not recommend sgpec-
ific test equipment to use for these
initial functional tests,
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2.5.2 TURN ON

Verify that the voltage selector is set
to select the available line voltage,
and that the proper fuse is installed

(see Section 2.4). Verify that the
EXTERNAL/INTERNAL REFERENCE has heen
selected properly. Selection 1is made

using the diagnostie and contrel pro-
gramming procedures (see section 3.8.2).
If the internal reference source is
ugsed, the INT source must be selected,
(If the INT source is not the selected
source when the internal reference is
used, the power up self test will give
an error message and the unit will not
operate.} Depress the POWER switch. The
display will indicate operation, with
the RF OFF. Press the RF ON/OFF key to
turn on the RF,

2.5.3 TEST PROCEDURE

The following paragraphs briefly out-
line a general functional test proce-
dure for the 2407. Verify measurements
to the limits of the test equipment
used, if desired,

2.5.3.1 FREQUENCY

Use the keyboard (Section 3.5.2.1) to
set the output frequenecy to 550 MHz at
a 0 dBm power level, with no modula-
tion. Measure the output frequency.
Change the output frequency to 250 MHz.
Measure the output frequency. Use the
keyboard to set the frequency to 0.01
MHz . Measure the frequency.

2.5.3.2 OQUTPUT POWER

Set the output frequency at 1 MHz with
no modulation. Use the keyboard to set
the output power level at +13 dBm. MHea-
sure the output power. Set the output
power to -7 dBm. Measure the output
power. Set the output frequency to 200
MHz. Measure the output power. Use the
keyboard to change the output power to
+13 dBm. Measure the output power. Set
the output frequency to 550 MHz. Measure
the output power. Change the outpub to
-7 dBm. Measure the output power. '

2.5.3.3 AM

Set the output frequency at 1 MHz and
power level at -7 dBm. Select INT AM and
the 1000 Hz internal source. Set inter-
nal AM at 9%0%. Measure AM. Change the
output freguency to 550 MHz. Measure AM.
Select the 400 Hz internal source. Mea-
sure AM,

2.5.3.4 FM

Set the output frequency to 275 MHz and
the power level at 0 dBm. Select INT FM
and the 1000 Hz internal source. Set in-
ternal FM deviation at 99.9 kHz. Measure
the deviation. Change the output fre-
quency to 500 MHz. Measure deviation.
Select the 40C Hz internal source. Mea-
sure FM deviation.

2.5.3.5 EXTERNAL AM/FM

The user may elect to insert an external
modulation source at the "Mod In" con-
nector on the front panel and repeat
steps 2.5.3.3 and 2.5.3.4 for EXT AM and
EXT FM outputs. Select EXT AM and EXT
FM by pressing the appropriate keyboard
switch,

2.5.3.6 DEVIATION METER

Press the "Pos Dev" key on the front

panel. Set the output frequency of the
Model 2407 to 250 MHz.

Connect the RF output from an external
signal generator to the 2407 front panel
Mod In connector. Set the external gen-
erator to 250 MHz, 0d4dBm, FM modulation
500kHz peak, internal rate of 1 kHz.

The external generator's positivé M
deviation to %30 kHz will be shown in
the 2407's LCD display.

Press the "Neg Dev" key on the front
panel.The external generator's negative
FM deviation to 30 kHz will be shown

"in the 2407's LCD display.

Decrease the external generator's out-
put frequency by 200 kiHz. When the de-
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viation measurement is used, the 2467  The display will show "TUNE 4" or "TUNE

display will show the message "TUNE -, -" when the external source frequency is
This indicates the 2407 output fre- within approximately 1 MHz of the 2407
quency must be adjusted down to make the frequency.

measurement .
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3.1 - INTRODUCTION

This section provides complete operating
instructions for the Wavetek Model 2407
RF Signal Generator. No preparation for
operation is required. The optional in-
itisl installation checks contained in
Section 2 of this manual may be perform-
ed at this time.

The 2407 may be operated locally using
the front panel controls or remotely
through the General Purpose Interface
Bus (GPIB) interface on the rear panel,
under ecomputer/controller instructions.
The GPIB conforms to proposed IEEE 488.1
and is described in section 6 of this
manual.

3.2 AIR FILTER CAUTION

Regularly check the air flow filter in-
stalled over the intake vents on the
bottom of the unit. Clean or change as
necessary. Air filter maintenance is
described in the Maintenance Section of
this manual.

3.3 FRONT PANEL DESCRIPTION

Front panel operating controls, dis-—
plays, and connectors are
Figure 3-1. All controls necessary for
local (manual) operation of the unit are
located on the front panel. Front panel
features are identified by number in
Figure 3-1. Each numbered feature is
briefly described in the following par-
agraph with the same number.

1. POWER

The power switch turns on/off the 2407.

shown in .

SECTION 3

OPERATING INSTRUCTIONS

CAUTICN

Allow a 2-second time interval between
turning power off and on to prevent
current surges.

2. FUNCTION CONTROL KEYPAD

The function control keys are grouped
together into a keypad for operator con-
venience. Each key is deseribed in the
following section.

The "Int AM" key s=electz the internal
amplitude modulation mode of operation
and is associated with the Rate key.

The "Int FM" key selects .the internal
frequency modulation mode of operation
and is associated with the Rate key.

The "Ext AM" key selects the external
amplitude modulation mode. Connect the
external amplitude modulation source at
the "Mod In" connector {(feature 7).

The "Ext FM" key selects the external
frequency modulation mode. Connect the
external frequency modulation source at
the "Mod In" cofinector (feature 7).

The "Rate™ key determines which inter-
nal source , 400 or 1000 Hz, provides
the internal modulation rate (AM or FM,
selected by the "Int AM" key or the "Int
FM" key, respectively).

The "Mod Off" key turns off all modula-

tion of the carrier wave, selecting an
unmodulated CW RF output. This key also
turns off the deviation meter.

The "Pos Dev" (Positive Deviation) key
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Figure 3-1. Wavetek Model 2407 Front Panel

3-2
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deviation meter option.

The "Neg Dev" key is used with the FM
deviation meter option.

The "Fregq" key initiates the procedure
to set the RF output carrier frequency.

The “Lvl" key initiates the procedure
to establish the RF ocutput power lével.

The two (2) "OPT" keys that are pre-
sent but nonfunctional on the standard
Model 2407 provide potential operator
interfaces for future 2407 options. If
an option is installed, its associated
key will be relabeled. Documentation
for future options will be supplied
separate to this manual.

The "Str"” key initiates the procedure to
store front panel settings in non-vola-
tile RAM (Random Access Memory). There
are 15 locationg available for stored
settings.

The "Rel" key initiates the procedure to
recall front panel settings from storage
locations in non-volatile RAM.

The "Lel™ key is used to reestablish
front panel control of the 2407 from the
remote control source when the unit is
in the remote control mode of operation
{GPIB). Note that documentation for the
GPIB 1is provided in section 6 of this
manual .

The *Stat"” key initiates
associated with error messages, diag-
nostics, options, calibration, and con-

trol switch setting operations
3. NUMERIC ENTRY/TERMINATOR KEYPAD

Numeric data is entered usiang 12 of the
16 keys grouped in this keypad. The dig-
its (0-9) and a decimal point (.) are
represented by individual keys. The
"+/-" key establishes the sign of an
entry (positive or negative) and is the
"exit” key for various status key opera-
tions described later in this manual.

LCD menus

3-3

The "MHz/mV" key terminates an output

frequency (MHz) or output level (mV)
entry.
The "kHz/pV" key terminates output fre-

guency and FM deviation (¥XHz) and out-
put level (uV) entries.

The "dBm/%" key terminates output level

(dBm) and AM modulation depth (%)
entries :
The "OPT" key that is present but non-

functional on this
additional operator interface for future
2407 options. If an option is installed,
this key will be relabeled to indicate
the optien it controls. Option documen-
tation will be supplied separate to
this manual.

keypad provides an

4., CURSOR

The four cursor keys work together to
provide fine and coarse control of out-

put frequency, output level, AM depth
(%), and FM deviation (kHz). The keys
work in pairs. The left/right arrow keys
{resolution digit keys) form one pair.
The up/doewn arrow keys form the other
pair. The operation of each pair is
described in the following sections.

The “left and right arrow keys act as
cursor keys to establish the "resolu-
tion" digit in the numeric portion of a
displayed function (see item 6). The
"resolution™ digit is controlled by the
up/down kKeys (see the paragraph immedi-
ately following this one). The digifs to
the left of the rescolution digit also
are controlled by the up/ down keys. The
resolution digit is underlined on the
display. Pressing the up/down keys will
not change digits te the right of the
resolution digit.

The up/down keys increase or decrease
the numeric wvalue displayed, with the
resolution digit as the point around
which the change cccurs. Pressing the up
key will increase the value. The down
key will decrease the value.
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5. RF ON/OFF

The "RF on/off" key is used to switch
the RF signal on and off at the "RF out”
connector (feature 8). Also it is used
to reset the reverse power protection
circuit breaker when it trips.

6. LCD DISPLAY

The front panel display is a two line by
forty charaeter, dot matrix, liquid
erystal display (LCD). The display pro-
vides information about RF output char-
acteristics, indicates operational stat-
us of the instrument, and shows devia-
tion meter readings. The display is
divided into- various information fields
described in the following sections. The
top line includes modulation
tion, frequency information,
information. The bottom line includes
additional modulation information, front
panel setting storage/recall information
(memory), OGPIB and external reference
indicators, status information, and the
RF on/off indicator. Both lines carry
deviation meter information. Many of the
numeric values shown on the display will
contain the underlined resolution digit
used with the cursor (see item 4 of
Figure 3-1 and see section 3.3).

and level

The modulation field is the left most
twelve characters of the first line of
the display. It is identified by the
"Modulation™ label above the display. It
is separated from the next field by two
blank characters. (Additional modulation
information is shown on the second dis-
play line).

The first three characters of the modu-
lation field form a mnemonie that indi-
cates the current modulation input or
the last modulation input. TIdentical
mnemonics are used for front panel and
remote (GPIB) operation. Mnemonics for
normal operating conditions are:

TAM Internal AM
IFM Internal M
XAM External AM
XFM External FM

informa-

After a blank space, the next four char-
acters of the modulation field indicate
the numeric portion , including decimal
point, of the modulation value. The Cur-
sor (see item 4 of Filgure 3-1 and sece
section 3.3) may be used to control
these digits. After another blank space,
the last three characters show the mod-
ulation units (% or kHz). When no modu-

lation (internal or external) is in
effect, MOD OFF is displayed in this
field.

Note that when the deviation meter is in
use, it replaces all internal and exter-
nal modulation functions. The display
will show the positive or negative FM
deviation values with the POS or NEG
mnemonic, the numerical deviation value,
cursor, and the Hz unit. (The first

‘field of the second line on the display

will show the characters DEV).

The frequency field is on the first line
of the display, below the "Frequency"
label. It conegists of characters 15
through 28 on the line and ig separated
from the modulation field by two blank

spaces. The numeric value of the fre-
quency, including decimal point, is
shown in the first ten characters. The

Cursor (see item 4 of Figure 3-1 and see
section 3.3) may be used to control
these digits. After a blank space, "MHz"
units are shown.

The level field is composed of the last
ten characters on the first line of the
display. These characters are located
under the "Level™ label. Two blank
spaces separate this field from the fre-
quency field. The first character in the
level field is the plug or minus sign
for level in dBm. The next five charac-
ters show the numeric wvalue of the
level, including decimal point. The Cur-
sor {see item 4 of Figure 3-1 and see
section 3.3) may be used to control
these digilts. After a sgpace, the last
characters are dedicated to the level
units (dBm or mV or uV).

When external and internal modulation
are in use, the first line of the dis-
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play showg the modulation type last en-
tered. The first three characters of the
second line of the display show the
additional modulation. These characters
are the same as those shown on line one

(IAM, 1FM, XAM, or XFM) and have the
same meaning. The next five characters
give the internal rate in Hz (either

1000 or 400). When no internal modula-
tion is used, no internal rate is dis-
rlayed.

When the deviation meter is in use, the
characters DEV will replace the modula-
tion status shown in this field.

wWhen instrument settings are loaded into
{stored} or recalled from memory loca-
tions, the location for storage or re-
call is shown under the Frequency label
on line two of the display. Typical
gstore/recall ‘indications are STORE 11
‘and RECALL 11, for example. When a set-
ting is changed and no longer represents
the contents of a particular location,
the 1location information 1s removed.
“The Cursor {see item 4 of Figure 3-1 and
see sgection 3.3) may be used to incre-
ment or decrement the recall operation.

When the instrument is controlled across
the GPIB bus (remote operation), this
field will show the indication REMOTE.

The third field on the second line dis- -

plays XREF when an external reference is
used. TIREF is shown when the internal
reference {(default condition) is usged.

The fourth field on the second line con-
tains the STATUS message that will flash
on and off when an instrument error con-
dition occurs. The S8TATUS error message
will continue to flash on and off until
the Status (Stat) key (item 2 of Figure
3~1; section 3.3) is pregsed.

After the STATUS request is acknowledg-
ed by pressing the "Stat" key, the
second display line will show the
following message:

1:ERROR 2:DIAG 3:0PTN 4:CAL 5:8SET +:EXIT

3-5

This 1is the status key operation select
menu. It shows the available status key
operations. The status key is used to
initiate error reporting, diagnostics,
options, calibration, and control switch
setting operations. ERROR represents
error reporting  operations. DIAG stands
for diagnostic test procedures. OPTN is
the option review and programming proce~
dures. CAL stands for calibration proce-
dures. SET is the control switeh setting
operations. To initiate the status key
operation shown, enter its associated
number. The appropriate menu will be
called up. The cursor is initially
located under the “E" in “ERROR", as
shown above. Pressing the STATUS key is
like pressing the "1 key in this in-~
stance. The first in the series of Error
Reporting menus will be generated (see
section 3.6.1).

Pressing the "+/-" key from the status
key operation select menu will restore
the normal operating display. If the
error conditlion is still present after
returning to the normal display, the
"STATUS" indicator will be on but will
riot be blinking on/off. If a new error
condition occurs, the "STATUS" indica-
tion will begin flashing again. If the
error condition disappears, the "STATUS"
message will turn off.

Status %key operation incorporates user
friendly LCD menus that guide the opera-
tor through the procedures associated
with the status key. CAL (Calibration)
operations - are described in Section 5.3
of this manual. The remaining status key
operations are described in sections

'3.6.1 through 3.6.5.

The last field in the second line shows
the status of the RF output. Tt will in-
dicate RF ON or RF OFF. This information
is always present on the display.

7. Modulation Ih Connector
The “Mod In" connector is'a BNC connec-

tor to which an external modulation
source or the deviation meter input will

be applied.
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8. RF Output Connector

The "RF Out"™ connector is a tyﬁe N con-
nector at which the RF output signal is
obtained.

3.4 REAR PANEL DESCRIPTIOHN

Rear panel connectors are shown in
Figure 3-2. Each numbered feature 1is
briefly described in the following par-
agraph with the same number.

1. INTERNAL REFERENCE OUT CONNECTOR
This is the connector at which the 10
MHz sine wave internal reference sig-
nal may be obtained.

2, EXTERNAL REFERENCE IN

This is the connector at which an exter-
nal 10 MHz signal or 5 MHz (TYTL compat-
ible, sine or square wave) is applied.

3. GPIB CONNECTOR

This is the connector for GPIB commun-
ication. It permits instrument operation

from a remote controller (GPIB documen-
tation is in Section 6 of this manual).

4. FANW

The fan removes instrument heat. Air
inlet vents are located on the bhottom
cover near the fromt of the unit.

5. AC POWER CONNECTOR MODULE

The voltage selector in this module is
removable. It must be inserted in the

. correct AC line voltage position to

adjusts the unit’'s power supply cor-
rectly. (See Section 2.4 and Figure 2-1
of this manual for greater detail.)

6. OPTION PLUGS

These four (4) plugs cover openings for
installation of options. Uptions may be
installed at the factory when a unit is
ordered or in the field by the customer.

7. WARNING LABELS

The electrical shock and fuse replace-~
ment warnings are on the rear panel.

J IEEE STD 488 PORT

g
=

SHY, AHT,TE, TED, L4, LED,

o—Jo |p

RLY, PPOG,DC1,0T1,C8,8R1,E2

INT REF EXT REF PULSE
iN N

WARNING: WARNING:

@ = LINE ¥ £10%
= A8~ 440~ 100 VA

= FUSE j_00V1 Y - 215V 230V

A { 500ma

FOR CONTINUED PROTECTION
AGAINST FiRE HAZARD SEPLACE AEMOVE COVERS. NO USER SERVICE-
OKNLY WITH THE SAME TYPE AND ABLE PARTS INS|DE, REFER SERWICING
CRATING OF FYSE.

TG PREVENT ELECTRIC SHOCK, DO NOT

TO QUALIFIZDR PERSONNEL.

Figure 3-2. Wavetek Model 2407 Rear Panel
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Note that there are no user serviceable
parts inside this unit. Service must be
performed by qualified personnel.

3.5 LOCAL MODE OF OPERATION

In the local mode of operation the in-
strument is completely controlled from
the front panel. Front panel control
involves interaction of the display,
function keys, and termination keys.

3.5.1 TURN ON

Depress the power switch to turn on the
unit. The unit will power up with the RF
output off. The front panel settings
that were active when the unit was last
turned off will be active when the unit
ig turned on again. The power up test
sequence described in Section 5.5 will
be performed each time power is applied
to the unit. See gection 5.5 for the
displays associated with power up.

3.5.2 NUMERIC ENTRIES {KEYBOARb AND
CURSOR KEYS)
The . following front panel operations.

require numeric entry that can be made
using the keyboard and/or the cursor
arrow keys: '

the output frequency (FREQ)

the output level (LVL)

the source and type of mod-
ulation (INT AM, INT FM, EXT AM, EXT
FM), and its value (% AM or kHz De-
viation ¥M) _ .

- Setting deviation meter frequency

~ Setting
- Setting
~ Setting

3.5.2.1 SEQUENCE OF OPERATIONS

The keyboard/cursor key sequence and
the instrument response for a numeric
entry are: '

a. Press the function key (FREQ, LVL,
INT AM, INT FM, EXT AM, EXT FM, POS DEV,
'NEG DEV). After the function is select-
ed, the resolution digit for the cursor
keys will be indicated on the appropri-

ate display fileld for the function se-

lected.

- to enter a number.

‘ing digit locations

b. If the arrow cursor keys are going to
be used ito determine the numeric value
for the selected function, they must be
uged before the numeric keypad (numbers
0-9, decimal point, and +/- key) is used
(Cursor key opera-
tion is described in detail in Section
3,5.2.2, immediately following this sec-
tion, :

¢. Either use the cursor keys to esta-

blish the numeric value to be entered
(Section 3.5.2.2) or use the numeric-
keypad to enter the value for the funec-
tion. The first keypad number entry will
appear in the most significant digit
(MSD) of the display for the selected
funetion. The cursor will appear under
the digit immediately following the MSD.
Blank spaces will appear in the remain-
and the decimal
point will not appear in the display
field. Any suffix will be blanked out.

d. Enter the numbers to the left of the
decimal point (gee e, below). As further
numbers are entered, they will be placed
to the right of the previously entered

‘digit until the last digit position has

been reached. When the last position has
been reached, further number entries may
be accepted (up to a maximum of fifteen
gignificant placeg), but will not be
displayed.

e. Enter the decimal, as required. When
the decimal key is depressed, the deci-
mal point will be placed to the right of
the previously entered digit. The deci-
mal point key can be pressed more than
once during a single entry, moving the
location of the decimal point. Enter the
remaining digits.

f. After the complete number has been
entered, enter a terminator. When the
correct terminator key has been press-
ed, the entered number will be adjusted

‘as required to put it into the standard

format. If an insufficient number of
digits have been entered, for example,
then the display will be filled with
zeroes and these will be used for the
data entry. The correct suffix will also
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be enabled. The function will be execut-
ed with the new data.

g. The following responses will occur
for illegal key entries:

~ Inadvertently pressing another func-
tion key during a numeric entry will
enable that function. The function
for which the numeric entry was be-
ing made will be restored to its pre-
vious value.

~ If a non-numeric function key (dis-

cussed in  Seection 3.5.4) is de-
pressed, the function will be
executed without affecting the
numeric entry process. After the
non-numeric process has been exe-

cuted, the numeric entry process can
be completed.

~ If the entered data is out of the
range of the function, the previous
function value will be restored and
displayed.

3.5.2.2 CURSOR KEY OPERATION

The up and down arrow and left and
right arrow cursor keys are used to
increase or decrease the numeric value
of a function. Pressing the up arrow
cursor key increases the value;, press-
ing the down arrow key decreases the
value. Values for output frequency,
power level, internal and external
amplitude modulation, and internal and
external frequency modulation may be
controllied.

a. The left and right arrow
controls are used to select
digit, the resolution digit, on the
chosen function's display field. The
resolution digit for a particular
function can be changed by using the
left and right arrow cursor keys. The
line under the resolution digit will be
moved to the left or right to indi-
cate the selected digit. When the LSD
(Least significant digit) 1is reached
using the right arrow %key, the next
depression. of the right arrow key will

cursor
a given

3-8

be ignored. Likewise, when the MSD
(Most sgignificant digit) is reached
using the left arrow key, the next

depression of the left arrow key will
be ignored. Wo wrap-around occurs in
either "direction.” The resolution
digit selected for each function will
be retained during operation of the
2407 Signal Generator.

b. When the wup/down arrow Xeys are
pressed, the value for the selected
resolution digit will increase or de-
crease. The digits to the left of the
resolution digit will be affected by
either a carry or a borrow operation

and will also increase or decrease,
respectively. The digite to the right
of the resolution digit will not be

affected by cursor key operation. These
digits will maintain their previous
values during cursor key operation.

The cursor keys permit very coarse
control when used with the most sign-
ificant digit, and very fine control
when wused with the least significant
digit. When the upper or lower range
limit of a function is reached, the
display and the function parameter will
stop at that value, Once the limit is
reached, further use of the cursor key
will not cauge a further change in the
displayed value.

¢. CAUTION: When the cursor Xeys are
used to set the output level, care
should be exercised not to overdrive a
device being tested.

3.5.3 NUMERIC ENTRY (KEYBOARD ONLY)
The 2407 contains fifteen (15) loca-
tions in memory for storage of 15 dif-
ferent sets of {ront panel settings.
These locations are identified by a two
digit number (01-15). The function keys
“"Str® and "Rel" {(items 13 and 14 of
Figure 3-1) are used to initiate stor-
age or recall, respectively, of the
front panel settings at a given loca-
tion. The numeric keyboard is used to
specify the two digit location. Refer
to Section 3.5.6.1 for a detailed dis-
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cussion of the STORED SETTINGS feature.

3.5.4 NON-NUMERIC ENTRY

Five functions do not require a nu-
meric entry. These functions are direct
action functions. The desired opera-
tion will be executed when the key is
depressed. The functions are:

— Selection between 400 -and 1000 Hz
internal modulation source (Rate)

-~ Selection of the CW unmodulated out-
put (Mod Off)

- Local mode selection (Lel)

—  Switching the RF output on and off
(RF on/off)

-~ Status key operations (Stat)

Toggle switches control the 400/1000 Hz

Rate and RF on/off functions. When ei-
ther key is depressed, its function
toggles between the two possibilities
shown.

The "Mod Off™, "Lel™, and "Stat" keys
select particular functions. When one
of these keys is depressed, the func-

tion 1is executed and the appropriate
annunciators are displayed. The "Stat”
key is a multifunction key (see Sec-
tion 3.8 for a detailed description).

3.5.5 SETTING RF OQUTPUT CHARACTERISTICS
(FREQUENCY, LEVEL, MODULATION)

The three basic RF output character-
istics are frequency, level, and modu-
lation. Each can be set from the front
panel. This section describes the pro-
cedures to set each characteristic when
the unit is in the Local Mode of opera-
tion. Remote Mode {(GPIB ) operation is
described in Section 6.

3.5.5.1 FREQUENCY

The output RF frequency of the 2407 is
set using the keyboard/cursor key sequ-
ence described in Section 3.5.2.

Press the "Freq"” function key to initi-
ate a change in frequency. Then enter
the numeric wvalue using the keyboard or

'FM output will be restored.

cursor keys as described in Section
3.5.2.
The "kHz" and "MHz" keys are termin-

ators for numeric entry of frequency.
Output frequency is shown on the fre-
quency field of the display.

When FM (Frequency Modulation) is se-
lected and a frequency change >10 kHz
is to be made, the 2407 will be momen~
tarily set to the CW mode. After the
frequency change has been made and the
generator has stabilized, the original
(A frequen-
¢y change <10 kHz will not turn off the
modulation.)

3.5.5.2 POWER LEVEL .

The RF output power level of the 2407 is
set using the keyboard/cursor key sequ-
ence described in Section 3.5.2.

Press the "Lvl" function key to initi-
ate a change in output level, Enter the
numeric value for the required output
using the keyboard or cursor keys (Sec-
tion 3.5.2). Terminate the entry using
the "dBm'", "mV", or "uwV" key. Output
level will be shown on the Level field
of the display. '

Convert dBm to mV or uV by pressing
the "Lv1" function %ey, then pressing
the "mV" or- "uV" key. The conversion
from mV or uV to dBm is performed by
pressing the "Lvl" key followed by
pressing the "dBm" key.

CAUTION: When the cursor keys are used
to set the output level, be careful not
to overdrive a device being tested.

3.5.5.3 MODULATION

The "Mod Off" key selects a CW (unmodu-
lated) output of frequency and level as
set in Sections 3.5.5.1 and 3.5.5.2,
regpectively,.

Modulation of the 2407 R¥ output signal
is set wusing the keyboard/cursor Kkey
sequence described in Section 3.5.2.
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There are three basic modes of modu-
lation that may be selected using the
function keys. They are:

~ AM, Internal or External
- FM, Internal or External
~ Complex, AM and FM together

Single modulation (AM, internal or ex-
ternal; or FM, internal or external) is
established by pressing the function
key assoclated with the desired type of
modulation ("Int AM" or "Ext AM"; "Int
FM" or “Ext FM"). The numerie value for
the modulation depth (AM) or deviation
(FM) is then set using the keyboard/cur-
sor key sequence (described in BSection
3.5.2). Single modulation is executed
by pressing the appropriate terminator
key (%" for AM; "kHz" for FM).

Section 1.2.7.1 of this manual lists
the Model 2407 specified AM range.
Althoeugh the unit may be set to an AM
depth of 100%, an AM depth greater than
90% is outside the specified range.
Section 1.2.7.2 lists the Model 2407
specified deviation  range for FM
operation. A deviation greater than 50
¥Hz in the freguency range from 0.1 MHz

to 1 MHz, for example, is outside the
specified range. AM or FM operation
outside specified ranges may produce

one or more of the front panel messages
described in Sections 3.6 and 3.7.

The following combinations of
modulation are possible:

complex
~ INT AM and EXT FM
« INT FM and EXT AM

internal and ex-
entered 1is not

The order in which
ternal modulation is
important.

Modulation characteristics will be shown
on lines 1} and 2 of the display.

Use the "Rate" function key (item & on
Figure 3-1) to choose between internal

modulation sources of 400 and 1000 Hz.

To obtain a calibrated output, an exter-

nal modulating signal of 1 volt peak-
to-peak (0.353 RMS) into a 600 @ load
must be provided.

HOTE

If the external modulating signal is not
1 volt peak-to-peak, the output will not
be calibrated.

3.5.6 STORAGE/RECALL OF
SETTINGS

FRONT PANEL

There are 15 memory locations set aside
for storage of 15 complete front panel
settings (output frequency, level, and
modulation settings). The function keys
associated with this dedicated mnmemory
are the "Str" (store) and "Rel” (recall)
keys. Each is described below.

3.5.6.1 STORED SETTINGS
RECALL)

(STORAGE AND

a, Use the following key sequence to
store the current front panel settings.

1) Press the "Str” function key. The
word "STORE" will appear on the display.
The last location into which front panel
gettings were stored also will be dis~
played.

2) Enter the two digit number that de-
signates the storage location. Location
3 would be entered as 0" and "3". The
"0" is placed in the most significant
digit position. The "3" will go into the
least significant position.

3) When the final lecation digit is en-
tered, the current front panel settings
are stored at that location.

b. To recall a stored setting:

1) Press the "Rel™ function key. The
word Y“RECALL" will appear on the dis-
play. The last location from which front
panel settings were recalled will be in-
dicated on the display.

2) Enter the two digit number identi-
fying the location from which recall is
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to be performed, After entry of the
second digit the display will show the
two digit location entered. The front
panel settings that were recalled will
be executed and the display will be up-
dated to show the recalled settings.

c. The following responses will occur
for illegal key entries:

1 If a terminator, sign, or decimal
point key is depressed, the key will be
ignored.

2) If any function key associated with
a numeric entry 1s pressed, that func-
tion 1is enabled and the store/recall
process 1is aborted. The store/recall
display will be blank.

3) If a function key not associated with
a numeric entry is pressed, the funec-

tion will be executed. After the non- -

numeric process is executed, the stor-
age/recall process will resume.

4) If the stored setting number is out
of range, the entry is ignored. The dis-
play returns te the last storage loca-
tion that was stored or recalled.

3.5.7 RETURN TO LOCAL MODE OF OPER-
ATION FROM REMOTE '

The "Lcl" key will cause the 2407 to
exit the Remote Mode (GPIB) of oper-
ation and return to full front panel
operation (Local Mode). The front panel

display will show the message "LOCAL" on
the second line.

When the unit is in the Remote Mode, the
REMOTE indicator is sghown on the dis-
play. The front panel keys, except for
the “Lcl"” key, are disabled., The "Lel™
key is disabled if the loecal lockout
command is received over the GPIB. (GPIB
operation is described in Section 6 of
this manual.)

3.6 STATUS KEY OPERATION

?ressing the status key (Stat) is the
initial step in calling up error report-
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ing, diagnostics, option review/program-
ming, calibration, and control switeh
setting menus. Menu selections are nu-
meric. Each number shown has an assocci-~
ated operation. Entering a number on the
keyboard generates the operation shown
on the menu. The cursor is automatical-
ly placed under the most frequent choice
on each menu, allowing the selection of
that choice by pressing the status key.
The "+/-" key 1is the exit key for each
menu,

3.6.1 ERROR MESSAGES

Several error messages are displayed by
this instrument. An instrument malfune-
tion or operation of the instrument out-
side its specified range may generate
the error message sequence described in
the following sections.

If an instrument error occurs, the four-
th field on the second line of the nor-
mal operating display will have a STATUS
annunciator that will blink on and off.
The STATUS error message will continue
to blink on and off until the "Stat" key
(item 2 of Figure 3-1; see section 3.3)
is pressed. If a new error occurs after
the initial response, the STATUS indi-
cation will begin blinking again.

_After the status key is pressed to ack-

nowledge the STATUS request, the second
display 1line will show the following
message:

1:ERROR 2:DIAG 3:0PTN 4:CAL 5:SET +:EXIT

This is the menu that shows the paths
available through status key operations.
When the "Stat" key is pressed in re-
sponse to an error indication (8TATUS
blinking on/off), the cursor is initi-
ally located under the "E" in "ERROR"
as shown above. When ERROR is implement-
ed (press the '"Stat” key when the cursor
is under the "E" in “ERROR" or press the
"1" key), the second line of the display
will show the error condition(s) actual-
ly present. The locations on the second
line for the wvarious error indicators.
are: :
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MFREQ TRIP UNLOCKL UNLOCK2 UNLEV +:Exit
and
CONTROL uP COMMUNTICATION FAILURE +:Exit

Tndividual errors are described in sec-
tions 3.6.1.1 through 3.6.1.5. The cur-
sor will be present under the "EXIT"
message. Pressing the "+/-" key or the
"Stat"™ key will restore the normal oper-
ating display. If the error condition
is still present after returning to the
normal display, the "STATUS" indicator
will be on but will not be blinking. If
a new error condition occurs, the STATUS
indicator will begin to blink on/off

again. If the error condition. should
disappear, the STATUS message will turn
off.

Error reporting will not interfere with
the normal operation of the unit.

Tf the error procedure has been imple-
mented when no errors are in effect, the
second line of the display will show:
SYSTEM COPERATIONAL +:Exit
Pressing the “+/~" key or the status key

will restore the normal operating dis-
play to the LCD.

Note that ¥M Deviation Meter errors also
are shown in the display. They are de-
tailed in the Deviation Meter discussion
f{gection 3.7).

3.6.1.1 MFREQ

The MFREQ error message indicates a pro-
blem with the selected reference. If the
internal reference has been selected
{gsection 3.6.5.1), the MFREQ error mess-
age indicates that the internal modula-
tion reference (400 Hz or 1000 Hz) de-
rived from the frequency reference is
not accurate. If the external reference
has been selected, the MFREQ error mess-
age indicates either there is no exter-
nal reference input or the input is not
within specifications.
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3.6.1.2 TRI?

A "TRIP" message on the display indi-
cates an external input has been con-
nected to the 2407 RF output, tripping
the RF circuit breaker that provides re-
verse power protection. If this ocecurs,
remove the external input and then push
the “RF on/off" swiich, first off then
on, to reset the circuit breaker.

3.6.1.3 UNLOCKL and UNLOCK2

The "UNLOCKL/UNLOCK2'" messages on the
display may indicate one of the phase
locked loops ({PLLs) in the output fre-
quency generating circuitry has Dbecome
uniocked. UNLOCKL indicates the loop in
the Synthesizer circuitry may be unlock-
ed. UNLOCK2 indicates the loop in the LO
(Local Oscillator) circuitry may be
unlocked. If either UNLOCK message
occurs, perform the calibration describ-
ed in Section 5.4 of this manual. (If
this procedure does not erase the UNLOCK
indicator, the unit has a problem that
will require troubleshooting. Wavetek
recommends returning the unit to the
factory for repair, after factory auth-
orization, unless the customer has high-
ly qualified maintenance personnel that
are experienced at RF repalr work.)

3.6.1.4 UNLEVEL

The UNLEVEL message alsc indicates the
output amplifier/leveling circuitry may
be cut of calibration. Perform the cal-
ibration deseribed in Section 5.4 of
this manual. (If this procedure does not
erase the UNLEVEL megsage, the unit has
a problem that will require trouble-
shooting. Wavetek recommends returning
the unit to the factory for repair,
after factory authorization, unless the
customer has highly qualified mainten-
ance personnel that are experienced at
RF repair work.)

3.6.1.5 CONTROL UP COMMUNICATION FAILURE

The "“CONTROL uP COMMUNICATION FAILURE
message on the display indicates the
eontrol microprocessor  communication
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system has failed during execution of a
command. This failure can be due to a
component failure of the dual-port RAM
or failure of the control microprocessor

or any of its associated memory and
decoding.
3.6.2 Diagnostie Procedures

Pressing the status key ("Stat") during

normal operation will ecali wup the
initial screen for status key opera-
tions. The first line will contain nor-

mal  operating information The second

tine will look like:
1:ERROR 2:DIAG 3:0PTN 4:CAL 5:8ET +:EXIT

To initiate the Diagnostics, press the

"2" key. Software will turn off the RF
output (RF OFF) and store the current
instrument settings. The diagnostic

selection display will be called up:

DTAGNOSTIC
1:AUTO 2:1LLD 3:KEY 4:DACS 5:DEBUG +:EXIT

Diagnostics are part of 2407 maint-
enance and are detailed in section 5.3.

3.6.3 Option Review And Programming

included in the
Typically

are
axpansion.

The option menus
2407 for future

-these menus allow review or programming

of the options installed in a unit.
Press the "Stat"” key from any rnormal
operating menu to call up the status key
operation select menu (second display
line shown):

1:ERROR 2:DIAG 3:0PTN 4:CAL 5:SET +:EXIT

Enter a 3" to implement Option review/
programming. The initial option display

called up offers the alternatives to
review or program the status of options
installed or to be  installed in the
unit:
CPTION PROGRAMMING

+ EXIT

1:REVIEW 2:PROGRAM

3.6.3.1 Option Review

To review the options currently in-
stalled, enter a "1" or press the "Stat”
key, from the initial option review/

programming menu. If the option review/
programming functions were operational
in the 2407, the options installed and
their revision levels would be shown in
a series of displays. The up/down arrow
curser keys would be used to scroll
through the series of option review
menus. Because the option menus in the
2407 are not active (for future expans-
ion only), the sole option review menu
is:

OPTIONS INSTALLED:T™BACK VNEXT +:EXIT
NO OPTIOKS INSTALLED

3.6.3.2 Option Programming

The Model 2407 optlon review/programming
screens currently in place are for fu-
ture expansion only and are not truly
functional. Therefore no programming
screens are shown in this manual. Oper-
ational option programming functions re-
guire entering a five digit security
code for access to programming. This
code can be easily changed as security
requires. When the five digits are en-
tered in the correct order, the display
will show a series of screens that 1list
the options that can be programmed, with
instructions for programming them.

3.6.4 Calibration

Pressing the ™"Stat™ key during normal
operation will «call wup the initial
sereen for status key operations (second
display line shown):

1:ERROR 2:DIAG 3:0PTN 4:CAL 5:8ET +:EXIT

To initiate c¢alibration procedures,
press the "4" key. Calibration is part
of 2407 maintenance. Calibration is de-
scribed in detail in section 5.4 of this
manual .
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3.6.5 Control Switeh Setting

The Control Switches set the reference
source {(internal or external), load the
factory default settings into system
menory, set LCD contrast, set the GPIB
address and terminator, and initiate a
service request. Press the "Stat" key
during normal operation to call up the
initial status key operations sereen
{gecond line shown):

1:ERROR 2:DIAG 3:0PTN 4:CAL 5:SET +:EXIT

Press the "5" key to call up the first
of the Control Switch Set menus:

*:INT REF 2:XREF10 3:XREF5 4 :DEFAULT
5:CONTRST 6:ADDR 7:TERM 8:85RQ +:EXIT

3.6.5.1 Reference Programming

In the initial control switch setting
menu, shown immediately above, the as-
terisk in front of the "INT REF" in-
dicates the internal reference is the
current reference source. Enter a 2"
from this menu to change from the in-
ternal reference to an external 10 MHz
reference. When an external source is
used, the instrument must be told an
external source 1is Dbeing wused. The
"XREF-5" characters are for future use
with the 2407. After a reference change
entry, the cursor 1is automatically
placed below the EXIT field because the
reference change 1is the most probable
use for this menu. (Internal Reference
is the default reference setting). An
asterisk beside the entry chosen veri-
fies the new selection. The reference
selection with the asterisk (as INT REF,
above) will Dbe implemented when the
status key (78tat”) is pressed while the
cursor is under EXIT.

2.6.5.2 Load Factory Default Settings
The initial Control Switeh Set menu is:

*:INT REF 2:XREF10 3:XREF5 4:DEFAULT
5:CONTRST 6:ADDR 7:TERM 8:5RQ +:EXIT

Enter a "4" from this menu to load the
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factory default gettings inte the cur-
rent settings locations in the contin-
wously powered RAM., Calibration values
are not affected. This test is primarily
a factory test that also may be used to
verify RAM loading/storage. The cursor
will move to EXIT and an asterisk will
be placed in front of the DEFAULT char—
acters to indicate the operation is com-
plete:

1:INT REF 2:XREF10 3:XREF5 *: DEFAULT

5:CONTRST 6:ADDR 7:TERM 8:8RQ +:EXIT

The default conditions are shown in
following table.

MOD OFF
FREQ 1 MH=z
LEVEL 0 dB
INT AM 50%
EXT AM 50%
INT FM 10 kHz
EXT FM 10 kHz
RF OFF
INT RATE 1 kHz
DEV METER OFF

3.6.5.3 LCD contrast

Enter a "5" from the initial control
switch setting menu to call up the LCD
contrast adjustment screen:

DISPLAY CONTRAST PROGRAMMING#¥¥x 0
Adjust using up/down arrows +:Exit

LCD contrast can be adjusted using the
up and down arrow cursor Xeys, as indi-
cated by the directions shown on the
second line of the LCD. The contrast
level is displayed on the right side of
the upper display line. There are 16
levels of contrast, from a minimum 0"
level to a maximum 15" level.To leave
this procedure, press the "+/-" key or
the status key.

3.6.5.4 GPIB address
Entry of a "6" from the initial control

switch setting menu calls up the GPIB
address setting screen:
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GPIB ADDRESS SELECTION: 02
ENTER NEW SELECTION(OOTO30):%* +:EXIT
The GPIB address can be programmed for
any value from 00 to 30. The value for
the current address is shown on the
first line of the display. The second
line ghows the address range -and has
asterisks where the new address should
be entered. The two asterisks indicate
that two digits of programming are re-
quired. The cursor will be placed in the
EXIT field. Pressing the "+/-" key or
the status key will immediately activ-
ate the new address. If no new address
igs entered, the current address display-
ed will be maintained. The factory de-
fault address is 02. :

3.6.5.5 GPIB terminator

Entering a "7" from the initial con—
trol switch setting menu calls up the
GPIB terminator programming menu:

GPIB TERMINATOR SELECTION: 10 LF
ENTER NEW SELECTION(0OTO31):%% +:BEXIT

Any ASCII characters corresponding to a
decimal number from 00 to 31 may be used
as a CGPIB terminator. The terminators
LF, EO0OI, and CR are always accepted as
GPIB input terminators, regardless of
the terminator chosen using this display
mentt. This menu provides an additional
input terminator, a fourth acceptable
terminator. The first line of the dis-
play identifies the procedure and indi-
cates the terminator currently chosen.
The second line shows the available ter-
minator range and has asterisks to indi-
cate the two digit decimal wvalue to
enter to select a different terminator.

The ASCII characters associated with any
number from 00 to 31 may be used. The
most common terminator/ASCII numbers
are:

NC (Null Character) 00
L¥ (line feed) 10
CR (Carriage Return) 13

The ECI (End or Identify) terminator is

always an output terminator, regardless
of the terminator chosen using this dis-
play menu. The terminator chosen using
this display menu will also be sent as
an output termintor., The factory default
terminator is L¥, because it 1is spec-
ified in IEEE 488.2 and it is the most
commonly used terminator. When this pro-
gramming procedure is entered, the cur-
gsor will be under the EXIT field to
avoid accidental reprogramming of the
terminater. Terminator programming is
executed immediately upon pressing the
"+/-" key or the status key.

3.6.5.6 SRQ operation

Entering an “8" from the initial control
switeh setting menu will issue a service
request to the GPIB. The cursor will
move to the EXIT field and an asterisk
will be placed in front of the SRQ char-
acters to indicate the operation has
been completed. '

1:INT REF 2:XREF10 3:XREF5  4:DEFAULT
S:CONTRST 6:ADDR 7:TERM *:SRQ +:EXIT

3.7 DEVIATIOW METER OPERATION
3.7.1 Operating Instructions

The 2407 performs an automatic calibra-
tion of its deviation meter circuitry
anytime the "“Pos Dev" or "Neg Dev" key
is pressed. Perform the following oper-
ations to ugse the 2407 deviation meter:

1. Press the "Pos Dev" or "Neg Dev"
key. :

2. Connect the signal to be measured
at the "Mod In" connector.

3. Enter the measurement £requency.
. The measurement frequency may
range from 30 MHz to 543 MHz. The
frequency entered will be shown
on the middle of display line one.

4. Read the measured deviation to the
left of the deviation frequency on
line one of the display. ‘

5. Press "Mod Off" to exit the devia-
tion meter mode of operation.

The deviation meter mode will be stored .
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in memory when the unit is turned off.
At turn on, the unit will power up with
the deviation meter active 1if it was
active when the unit was turned off.

3.7.2 Deviation Meter Error Messages
There are four deviation meter errors

that may be shown in characters 29
through 35 on the second line of the

display when the unit is in the de-
viation meter mode. They are "TUNE 4"
(tune higher), "TUNE -" (tune lower),
“TUNE" (tune meter), and TLOLEVEL"

{input level tooc low)}.
3.7.2.1 TUNE +
The "TUNE +" display indicates the de-

viation meter is set at too low a fre-
quency and needs to be tuned higher.

3.7.2.2 TUNE -

The "TUNE ~" display indicates the de-
viation meter is set at too high a
frequency and needs to be tuned lower.

3.7.2.3 TUNE

The "TUNE" display indicates the devia-
tion meter frequency is not set within
the approximate 1 ©  MHz window
required by the instrument to tell
whether the deviation meter frequeney
is too low or too high. The meter needs
to be tuned.

3.7.2.4 LOLEVEL

The "LOLEVEL" display indicates the in-
put level is too low in amplitude, or
too far off frequency, for the meter to
measure it.
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4.1 INTRODUCTION

This section econtains the performance
tests to verify that the Wavetek Model
2407 RF S8ignal CGenerator meets its pub-
ligshed specifications (Section 1.2).

These tests will be performed with the
unit in the Local Mode of operation as
opposed to the remote (GPIB ) mode.

Each performance test consists of: the
specification to be verified; the
method of testing; the test equipment
required; and a detailed test procedure.

If a performance test cannot be complet-
ed satisfactorily the AutoCal® proce-
dure of Section 5 chould he performed
and the test repeated. If the test is
failed again, after autocalibration, the
factory calibration and/or trouble-
shooting must be performed.

The user may elect to return the unit
to the factory for factory recalibration
and/or repair, after authorization. The
Customer Service Department at the fac-

SECTION 4

PERFORMANCE TESTS

tory is available for consultation dur-
ing the regular work week.

Recommended test equipment is listed in
Table 4-1. Test equipment required for
each procedure is identified in each
procedure by number(s) from Table 4-1.

The Model 2407 Signal Generator should
have its top cover installed for the
performance tests. All of the tests can
be performed without access to the in-
ternal controls. Before applying power
to the Signal Generator, see Section 2
for details of electrical installation.
The line voltage should be maintained as
specified in Section 2.4 throughout the
tests. Allow a one-hour warm up of the
Signal Generator before beginning the
performance test procedures.

The results of completed performance
tests should be filed for future refer-
ence. Record the performance of the sig-
nal generator during performance tests
to maintain a permanent record for
incoming inspection, and to use as a
guide for routine performance testing.
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(L)

(2)

(3)

(4)

(5)

(6
(7

(8)

(9
(GRe)]
(1)

(12)

TABLE 4~-1. RECOMMENDED TEST EQUIPMENT

Signal Generator

Oscilloscope

Frequency €ounter

DVM

Spectrum Analyzer

Spectrum Analyzer
Measuring Receiver

Power Meter

Function Generator
Audio Analyzer
VSWR Bridge

Sweep Generator

4.2 FREQUENCY RESOLUTION

SPECIFICATICHN

METHOD

EQUIPMENT

PROCEDURE

INSTRUMENT RECOMMENDED
Wavetek Model 2500A or equivalent

Tektronix 2465 or equivalent, with matched X10
probes

Hewlett-Packard Model 53834 with external reference
time Dbase accuracy of %5 parts in 10%, or
equivalent )

Fluke Model BOl1OA, or equivalent

Tektronix 496, 492, or equivalent
H~P 85584, or equivalent

Hewlett-Packard 8568, or equivalent
H-P 8902A, with sensor module 117224, or equivalent

Wavetek 8531, with Power
equivalent

Sensor

Wavetek Model 20 or equivalent
H~P 8903A, or equivalent
Wiltron Model 6050, or equivalent

Wavetek Model 2002A, or equivalent

AND RANGE TEST

MIN FREQ MAX FREQ RESOLUTION

.01 MHz 550 MHz 10 Hz

& frequency counter is used to measure freguency
resolution and range. The 2407 cursor keys (see
Section 3.5.2.2) are used to step through the fre-
quency range to verify cursor operation. Frequency
resolution may be varied from 10 Hz to 100 MHz,
depending upon which digit is established as the
resolution digit.

(3)
1. Put the unit into the Local Mode of operation.
Connect the Model 2407 front-panel RF OUT con-

nector to the appropriate input of the frequency
counter. Use the MOD OFF key to select a CW output,

42

85312, or
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4.3 FREQUENCY ACCURACY TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

Turn on the RF output.

2. Use the cursor keys to step through each fre-
quency range shown in the following table. The
underlined digit in each range is the resolutiom
digit for that range. The value of the resolution
digit will be increased one step (one unit) at a
time until the entire range is verified. The Model
2407 resolution per step in each range is indica-
ted below. Read the frequency counter after each
step change. Verify the counter shows the same fre-
quency as that set on the Model 2407, to within the
specified accuracies of the counter and the 2407,
Record the frequency counter values for mninimum
(.01 MHz) and maximum (550 MHz) frequencies.

FREQUENCY 2407
RANGES (MHz)} | RESOQLUTION
0.01000 - ~ 0.01010 10 Hz
0.01010 - 0.01100 100 Hz
0.01100 -  0.02000 1 kHz
0.02000 - 0.10000 _ 10 kHz
0.30000 -  1.00000 . 100 kHz
1.00000 - 10.00000 1 MHz
10.00000 - - 100,00000 10 MHz
100.00000 - 500.00000 100 MHz

3. Use the numeric keypad (see Section 3.5.2.1, if
necessary) to enter a frequency output of 0.2 MHz.
The frequency counter should indicate a value be-
tween 199.999 kHz and 200.001 kHz. :

All modes (CW, AM, and FM): 15 ppm (+.0005%),
0 - 50° C

A frequency counter 1is used to measure frequency
accuracy. All carrier frequencies are derived from
a single temperature compensated crystal-controlled
oscillator (TCX0). The instrument will be tested at
500 MHz (CW) to verify that the crystal-controlled
oscillator operates within specified limits. The
user may pick a frequency value in each of the
three frequency ranges to verify the Model 2407
frequency conversion circuitry.

(3)
1. Set the 2407 CW output at 500 MHz. Use the
frequency counter to verify the frequency output

is between 499,997.500 ¥XHz (469.997500 MHz) and
500,002.500 kHz (500.002500 MHz}.

4-3
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4.4 HARMONICS TEST

SPECIFICATION
METHOD

EQUIPMENT

PROCEDURE

4.5 HNON-HARMONICS TEST
SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

< -30 dBc for frequencies >10MHz
< -26 dBc for frequencies <iOMHz

A spectrum analyzer is used to determine levels
for the second and third harmonics associated with
the output frequency range of the Model 2407.

(5)

1. Set the 2407 output for .01 MHz frequency at a
+13 dBm level.

2. Connect the spectrum analyzer. Use the cursor
keys (see Section 3.5.2.2, if necessary) to estab-
lish the 10 kHz digit (0.01000) as the resolution
digit and then increase the frequency from .01 MHz
to 10 MHz in 10 kHz steps. Monitor the second and
third harmonics on the analyzer at each step. Re-
cord the worst case. It should be less than -26
dBc.

3. Set the resolution digit at 1 MHz (10.00000 MHz)
and increase the output frequency from 10 MHz to
550 MHz in 1 MHz steps. Monitor the second and
third harmoniecs at each step. Record the worst
cagse. It should be less than --30 dBe.

4. Set the. 2407 output level at +3 dBm and repeat
steps #2 and #3, described above.

5. Set the 2407 output level at -3 dBm and repeat
steps #2 and #3, described above.

offset »>5 kHz from carrier frequency:<-35 dBc

A spectrum analyzer is used to measure non-harmon-
ies.

(5

1. Set the 2407 for a 275 ¥Hz output signal at a 0
dBm level. Set the spectrum analyzer to a 5 MHZ
span, centered at 275 MHz. Note and record the
worst case sideband location and level.

2. Repeat step 1 for 0.5 MHz and 50 kHz spans.

3. Repeat steps 1 and 2 for 389.5 MHz, 390 MHz,
and 550 MHz outputg (2407).

4ot
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4.6 PHASE NOISE TEST
SPECLFLICATION

METHOD

EQUIPMENT

PROCEDURE

4. Set the 2407 for a 50 MHz output signal at a -3
dBm level. Set the spectrum analyzer for a 50 -
550 MHz sweep.

5., Use the ecursor keys (Section 3.5.2.2) to in-
crease frequency in_o.l MHz steps from 50 MHz to
137.% MHz., Check each step for non-harmonics.

_Record the loeation (frequency) and level for the
‘worst case.

< -100 dBc/Hz at $00 MHz; 10 kHz offset

An H-P 8568 (or equivalent) spectrum analyzer is
used to measure phase noise at 500 MHz,

{6)

" 1. Set the 2407 output to a frequency of 500 MHz

and a 0 dBm level, with no modulation. Connect the
H-P 8568 spectrum analyzer (or equivalent). Center
the analyzer at 500 MHz.

2. Set the analyzer at the followling values:

50 kHz span

1 kHz resolution BW
30 Hz video BW

0 dBm reference level

3, Press the following analyzer Xey sequence to re-
ference the 2407 output signal to the graticule of
the analyzer CRT display:

“Peak search”
"MkroRef level"”
"Signal track”
“OFF"

=N T v g

4. Press the following analyzer key sequence to
measure phage noise in a 1 Hz BW:

a. “"Shift"

b. “Normal" (Marker)
C . I!Tl‘ B

d. "t (again)

5. Read the phase nolse value directly from the
analyzer CRT display. It should be more than 100
4B below the reference level {shown at the top of
the display).

4-5
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4.7 SWITCHING TIME TEST
SPECIFICATION

METHOD

BQUIPMENT

PROCEDURE

200 mSec

An H-P 8568 spectrum analyzer, or equivalent, will
be used to measure switching time cover two frequen-
¢y changes,

(6)

1. Set the 2407 for a 274.9 MMz output at a 0 dBm
level, with no modulation.

2. Set the H-P 8568 specirum analyzer at- the
following values, then connect the 2407:

'275.0 MHz center frequency
0 dBm reference level

300 kHz resolution BW

10C¢ kHz video BW

0 Hz span

1 Sec sweep time

L SRR o N e B g1

3. The spectrum analyzer CRT display will be used
to indicate switching time as the 2407 changes fre-
quency from 274.9 MHz to 275.0 MHz and back again.
The frequency change must begin at the same time as
an analyzer trace (sweep) begins {step 4, below),
The "VIEW" key on the analyzer must be pushed
before the end of the same sweep (step 5, below).

4. Use the 2407 numeric keypad sequence (Section

- 3.5.2.1) to select a frequency change (press “FREQ"

key), then enter a frequency value of 275.0 (press
the appropriate numeric/decimal keys), and finally
enter the terminator (press “MHz" key) at the
beginning of a CRT sweep.

5. Push the "VIEW" key before the end of the sweep
at which the 2407 "MHz" terminator key was pushed
{step 4). Performing step 4 and this step requires
use of both hands, one for the 2407 anéd one for
the analyzer.

6. Note the transient character of the "stored”
analyzer . sweep. The trace should have settled
(returned to reference level) in less than 2 hor-
izontal screen divisions {200 mSec).

7. Push the “clear/write'" key on the spectrum
analyzer to clear the stored CRT display.

8. Repeat step 4 above, except enter a 2407 fre-
guency of 274.9 MHz.

4-6
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4.8 AM PERFORMANCE TESTS
SPECIFICATION
AM Accuracy

Distortion

A¥ Bandwidth

METHOD

EQUIPMENT

PROCEDURE

9. Repeat steps 5 - 7, above.

10. Set the 2407 for a 389 MHz output. BSet the
analyzer at a center frequency of 38%.1 MHz. (The
remaining values are set as shown in steps 1 and
2, above.)

11. Repeat step 4, above, except set the 2407 at =
389.1 MHz output. :

12. Repeat steps 5 - 7, above.

13. Repeat step 4, above, except set the 2407 at a
389 MHz ocutput.

14. Repealt steps 5 - 7, above. Disconnect the spec-
trum analyzer.

+1% of Full Scale + ($5% of reading)

at 70% - 90% AM = < 5%
at 30% - 70% AM = < 3%
at <30% AM = < 1.5%

10 Hz to 50 kHz: < 3 dB change at 50% AM

An audio analyzer and a measuring receiver will be
used to measure AM accuracy and distortion at three
modulation levels for +3 dBm and -3 dBm output
levels. A function generator will then be used to
help measure frequency response (AM bandwidth)
over an external 10 Hz to 50 kHz modulation rate
at 50% AM.

7y, (9, (10

1. There are a variety of measuring receilvers on
the market that measure AM accuracy and distortion.
Some audio analyzers alsce contain an  audio
generator, The user must modify the following
procedure according to the equipment available,

2. Make the following connections, as appropriate.
Connect the 2407 output to the measuring receiver.
Connect the audio output of the measuring receiver
to the audio analyzer input. Connect the function
generator output to the external medulation input
of the 2407.

3. AM accuracy and distortion will be measured to-

4-7


https://www.manualsplus.com/

gether at the modulation and power levels iden-
tified below., AM frequency response (bandwidth)
will be tested later in this procedure (starting
with step 15 below).

4, Set .the 2407 for an output frequency of 11 MHz,
internal AM, and modulation at the 1 kHz rate. Set
the output power level at +3 dBm. Set AM for 90%.

5. Press the "+PK and "-PK" control buttons on the
measuring receiver and record modulation accuracy.
Calculate average accuracy as: (+PK) + (~-PK)

2
and record this value. This must be within the
+1% of Full Scale + (#5% of reading) range
specified (B4.5 - 95.5%).

&. Press the appropriaste button(s) on the audic
analyzer to measure AM distortion. Record the
displayved value. Distortion must be less than 5%.

.7. Repeat steps 5 and 6 for each of the following
frequencies:

137 MHz
138 MHz
194 MHzZ
195 MHz
274 MH=z
275 MHz
400 MHz
550 MHz

ae 0 0 o

8. Set the 2407 AM level to 70% and the outiput fre-
gquency to 11 MHz. Repeat step 5, above. The average
accuracy must be within the +1% of Full Scale +
(5% of reading) range specified (65.5 - 74.5%).

9. Repeat step 6, above, distortion must be less
than 3%. '

10.Repeat steps 8 and 9, above, for each of the
frequencies listed in step 7, above.

11.8et the 2407 for a 30% AM level and 11 MHz
frequency output. Repeat step 5. AM accuracy nust
be within the 1% of Full Scale + (5% of
reading} range specified (27.5 —~ 32.5%).

12. Repeat step 6. Distortion must be less than
1.5%.

13. Repeat steps 11 and 12 for each frequency
listed in step 7, above.

4-8
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4.9 RESIDUAL AM TEST

SPECIFICATION

HETHOD

EQUIPMENT

PROCEDURE

14. Repeat steps 4 - 13, above, with the 2407
power output set at the -3 dBm level.

15. To measure frequency response (AM bandwidth)
set the 2407 for external AM at a 50% modulation
level. Set the output frequency at 11 MHz and
power at +3 dBm. Set the function generator for a
1 wvolt peak-to-peak signal at 1 kHz (at the "Mod
In" connector. on the 2407 front panel). Set the
measuring receiver as follows:

a. Push the AM modulation button.

b. Press the "Ave" bution.

¢c. Push the ratio button at the 1 kHz modulatlon
rate.

16. Use the function generator to sweep from 1 kHz
to 50 kHz while observing the relative dB output
change on the measuring receiver. Record  the
change. It should be less than 3 dB.

17. Repeat steps 15 and 16 for each of the fre-
gquencieg listed in step 7.

<—60 dBe; CW mode with 50 Hz to 15 kHz post detec-
tion bandwidth (PDBW)

A measuring receiver is used to measure residual AM
at a variety of output frequencies,

(7

1. Set the 2407 for a 200 kHz output at the 0 dBm
level with 10% AM modulation.

2. Connect the 2407 output to an HP-890ZA measur-
ing receiver, or equivalent. Select the 50 Hz high
pass and 15 kHz low pags post detection bandwidth
filters on the measuring receiver. Put the receiver
in the.average detection mode.

3. Select AM on the measuring receiver and set a
reference using the Ratio and Log/Lin keys. This
is the ~20dB (10% AM) reference level. '

4., Press the "Mod Off" key on the 2407. Determine
residual AM by subtracting 20 . 4B from the
measuring receiver's reading. If the measuring
receiver indicates a reading of -50 4B, the
residual AM is -50-(20)= -70 dBe.

5. Record the residual AM measurement. It should

4-9
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4.10  RESIDUAL FM TEST
SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

be < -60 dBc, after the 10% AM (-20 dB) correction.

6. Change the 2407 frequency output to each of the
frequencies listed below and record the residual
AM associated with each. Each should be <-60 dBec.

&. 1 MHz F. 50 MHz
b. 2 MHz £. 100 MHz
c. 5 Mz h. 200 MHz
d. 10 MHz i. 400 MHz
e. 20 Miz i 550 MHz

< 60 Hz rms; Post detection bandwidth .05 - 15 kHz

A measuring receiver is used to measure residual FM
at selected frequencies from 102.401 MHz to 550
MHz.

(7

1. Set the 2407 for a 102.401 MHz output at the 0
dBm level with no modulation.

2. Connect the 2407 output to an HP-8%02A measur-
ing receiver, or equivalent. Select the 50 Hz high
pass and 15 kHz low pass post detection bandwidth
filters on the measuring receiver. Put the receiver
in the average detection mode.

3. Record the residual FM measurement. It should
be less than 60 Hz rms.

4. Change the 2407 frequency output to each of the

frequencies listed below and record the residual
FM associated with each. Each should be less than
60 Hz rms.

-a. 128.001 MHz e, 350 MHz

b. 275 MHz d. 550 MHz

5. The user may elect to choose and then determine
residual FM values associated with 2407 freguency
outputs in the .01 - 137.5 MHz range and the 137.5
~ 275 MHz range, if desired. The residual FM mea-
sured should be less than 60 Hz rms for any fre-
quency in these ranges, respectively. The success-
ful performance of steps 1 through 4, above, will
automatically verify the .01 - 137.5 MHz and 137.5
- 2715 MHz ranges.
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4.11 FM PERFORMANCE TESTS
SPECIFICATIONS

"FM Accuracy

Distortion

FM Bandwidth

Deviation Range

METHOD

EQUIPMENT

PROCEDURE

15% of setting, at internal rates (excluding
residual FM)

<2% at internal rates for deviation < 100 kHz {(ex-
cluding residual FM)

From 50 Hz to 100 kHz with respect to 1 kHz
reference: <« 3 dB relative change

For 1 kHz rate:

1 MHz peak for 3 - 137.49999 MHz and > 275 MHz
500 kHz peak for 137.5 - 275 MHz

100 kHz peak for 1 - 3 MHz

50 kHz peak for 0.1 -~ 1 MHz

A measuring recelver is used to measure FM accu-
racy. An audic analyzer and a measuring receiver
are wused to measure FM distortion. A function
generator and measuring receiver are used to mea-
sure the FM bandwidth. The frequency deviation
range is measured using a spectrum analyzer.

(53, (73, {9, (103

1. There are a variety of measuring receivers on
the market that measure FM accuracy and distortion.
Some audio analyzers also contain an audio gene-
rator. The user must modify the following procedure
according to the equipment available.

2. Make the following connections, as appropriate.
Connect the 2407 RF output to the measuring
receiver. Connect the audio output of the measuring
receiver to the input of the audio analyzer.

3. To determine FM accuracy, set the 2407 for an
output frequency of 275 MHz at the 0 dBm power
level. Select the internal 1 kHz modulation source.
Set internal FM deviation at 99.9 kHz. Read de-
viation accuracy on the measuring receiver (+PK
value) and verify it is between 94.9 kHz and 105.9
kHz. -

4. Repeat step 3, increasing the 2407 output fre-
quency from 275 MHz to 550 MHz in 5 MHz steps.
Verify FM deviation shown on the measuring receiver
is between 94.9 kHz and 105.9 kHz at each
frequency. Record the worst case deviatioen.
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5. To further check FM accuracy and to check M
distortion, set the 2407 output frequency to 500
MHz. Record the FM accuracy reading (+PK) on the
measuring receiver. It must be between %4.9 and
105.9 kHz (+5% of setking). Set the measuring
receiver to measure FM distortion and record the
value shown. Distortion must be less than 2%.

6. Set FM deviation at 100.0 kHz. Measure FM
accuracy and distortion. Accuracy as shown on the
measuring receiver must be between 95 kHz and 105
kHz. Distortion must be < 2%.

7. Change the 2407 internal modulation source from
the 1 kHz to the 400 Hz source. Set FM deviation
at 99.9 kHz. Record FM accuracy and distortion.
Verify accuracy is between 94.9 kHz and 104.9% kHz
and distortion is less than 2%.

8. Set FM deviation at 100.0 kHz. Record accuracy
and distortion. Verify accuracy is between 95 kHz
and 105 kHz. Verify distortion is less than 2%.

9. To measure FM bandwidth set the 2407 for exter-
nal FM at 9.9 kHz deviation. Set the output fre-
quency at 330 MHz.

10. Use the function generator to apply a 1 Vpp
signal at a 1 kHz rate to the external modulation
input of the 2407.

1l. Set the measuring recelver for Taverage"
detection. Use the Rel dB function on the receiver
to get the modulation reference rate at 1 kHz.

12. Use the function generator to sweep from 50 Hz
to 100 kHz while observing the relative 4B output
change on the receiver. Record the change. It
should be +3 dB or less.

13, Disconnect the test equipment. To measure de-
viation range connect the 2407 RF output to a spec-
trum analyzer. Set the 2407 at the 1 kHz internal
rate source, at an FM deviation of 1000 kHz, and
an output frequency of 389 MHz. Use the spectrum
analyzer to verify a deviation vrange of 1 MHz
+5% (2 MHz peak to peak).

14. Select an output frequency value between 137
to 275 MHz. Repeat step 13. Verify the 500 kHz

peak deviation range on the spectrum analyzer.

15. Disconnect the spectirum analyzer.
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4,12 OUTPUT POWER ACCURACY TEST
SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

1.5 dB

A measuring receiver with power sensor is uged to
measure output power at 3 representative frequen-
cies.

(7)

1. Connect the 2407 RF output to the power sensor
for the measuring receiver. Set the 2407 for an
output frequency of 5 MHz at a +13 dBm power level.

2. Read the power measurement on the measuring re-
ceiver and verify it is between +14.5 and +11.5
dBm.

3. Set output power to O dBm and verify the mea- .
suring receiver reading is between -1.5 and +1.5
dBm. '

4. Use the cursor keys to set the output power
resolution digit at the 10 dB incremental pogition
and to decrease output power in 10 4B steps.
Observe the output level on the measuring receiver
and verify it is within *1.5 dB of each output
level setting below:

output (dBm) Output (dBm)
~10 ~70
-20 -80
-30 _ -80
40 -100
-850 -110
-60 -120

5. Set the 2407 output frequency to 400 MHz. Set
the power level at +13 dBm. Repeat step 2, above.

6. Repeat step 3, above.
7. Repeat étep 4, above.

8. Set the 2407 output frequency to 550 MHz. Set
the power level at +13 dBm. Repeat step 2, above.

9. Repeat step 3, above.
10.Repeat step 4, above.

11.Disconnect the test equipment.


https://www.manualsplus.com/

4.13 QUTPUT POWER LEVEL FLATNESg TEST

SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4.14 OUTPUT IMPEDANCE TEST
SPECIFICATION

METHOD

EQUIPMENT

- PROCEDURE

- 41 dB

A power meter and an oscilloscope with a 509
input are used to measure representative output
levels across the 2407 frequency spectrunm.

(23, (8

1. Connect the power sensor unit of the power meter
to the 2407 RF output. Set the 2407 output at the.
+13 dBm level.

7. Use the cursor kevs (see Section 3.5.2.2, if
necessary) to sweep through the 2407 frequency
spectrum (.03 MHz to 550 MHz) while monitoring
output power on the power meter. Using an oscillo-
scope with a 50 £ input, measure the peak-to-
peak amplitudes at 10 kHz, 20 kHz, and 30 kHz.
Verify the highest output power is within 2 dB of
the lowest output power across the frequency
range.

3. Set the 2407 output level at +3 dBm. Repeat
step 2.

4. Set the 2407 output level at -3 dBm. Repeat
step 2.

5. Disconnect the test equipment.

506, with VSWR <1.5:1 at output power <-3 dBm

A VSWR bridge, spectrum analyzer, and sweep gener-
ator are used to measure output Impedance across
the frequency range.

(5) (11) (12)

1. Connect the RF input of the VSWR bridge to the
sweep generator output. Connect the VSWR reference
short across the bridge test port. Connect the
bridge RF output port to the spectrum analyzer
input.

2. Set the sweep generator to sweep from ¢ - 550
MHz using a 20 second sweep at a power level of
+10 dBm. Store this data in the spectrum analyzer
as the reference level.

3. det the 2407 for an output frequency of 50 MHz
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4.15 EXTERNAL REFERENCE TEST
SPECIFICATION

METHOD

EQUIPMENT

PROCEDURE

4.16 DEVIATION METER TEST
SPECIFICATION

'?requency Range

Input Level

Deviation Rangé

at a -3 dBm output power level.

4; Remove the reference short from the test port
on the VSWR bridge and connect the 2407 output to
the test port.

5. Use the sweep generator to manually sweep the
frequency range (.01 MHz to 550 WMHz) again.
Compare these spectrum analyzer readings to the
spectrum analyzer reference level from step 2,
Record the worst case frequency and level. The
worst case level should be <«-14 dBm from the
reference level.

External source specification

A signal generator is used to verify the 2407
external reference circuitry,

(1)
1. Determine thé arror in the external source.

2. Connect the external source (a Wavetek Model
25004 signal generator, for example) to the
external reference input on the rear panel of the
2407, Set the source at 1 volt peak-to-peak and 10
MHz. Set the 2407 external reference selection at
10 MHz.

. 3. Set the output frequenecy for the 2407 at 100

MHz and set the power level to O dBm.

4, Verify that the 2407 output frequency is within
the external source limits.

5. Disconnect the external source and set the 2407
reference at the appropriate value.

Note that the above procedure may be performed

using a 5 MHz external reference, with the 2407
external reference selection set at 5 MHz.

30 MHz to 500 MHz

15 mv fo 5 VRMS

0 to 500 kHz peak deviation
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Deviation Accuracy
Modulation Rate

METHOD

EQUIPMENT

PROCEDURE

6% of full scale
100 Hz to 8 kHz

A signal generator is used as an FM source to
verify accuracy of the deviation meter over a
level range from -25 dBm to +13 dBm. An audio
analyzer or a function generator is used to test
the modulation bandwidth.

(1), (9) or (10}

1. Set the 2407 tp its FM Deviation Meter mode be
pressing the POS DEV front panel key.

2. Set the 2407 frequency to 250.000 MHz.

3, Set the signal generator frequency to 250.000
MHz, 500 kHz peak FM deviation. Connect its RF
output to the 2407 MOD IN front panel connector.

4. Verify that the 2407 Deviation Meter display
(Left section of LCD) indicates 500 kHz £30 kHz.

5. Adjust the signal generator level over the
range from -25 dBm to +13 dBm and verify Deviation
Meter accuracy at several different input levels.

6. Repeat steps 2 through 5 at frequencies of 30
MHz and 500 HHz.

7. With the test set up of steps 2 and 3, set the
signal generator to 250.200 MHz. Verify the
Deviation Meter display indicates "TUNE+".

8. Set the signal generator at 249.800 MHz. Verify
the Deviation Meter display indicates "TUNE-".

9, Set the signal generator at 250.000 MHz.
Connect the Audio Analyzer or Funection Generator
putput to the EXT MOD IN connector on the signal
generator.

10.8et the audio source for a 1 kiHz, 1 volt
peak-to-peak sine wave (measured at the MOD IN
connector). Set the signal generator for external
FM zt 500 kHz peak deviation.

11.Vary the audio source frequency from 100 Hz to
8 kHz and verify that the Deviation Meter reading
is 500 kHz %30 kHz. '

12.The preceding steps are equally applicable to
test the NEG DEV mode of the Deviation Meter.
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5.1 INTRODUCTION

This section provides maintenance in-
formation for the Wavetek Model 2407 RF
Signal Generator. Maintenance consists
of service information (fan/air filter
maintenance and cover removal instruc-
tions), user diagnostics, and calibra-
tion procedures. This section alsc con—
tains a description of the instrument
test sequence automatically performed
when the power is turned on.

WARNING

High veoltages are present in this unit.
Do not operate this unit with the cover
removed and the power on.

5.2 SERVICE INFORMATION
5.2.1 FAN/AIR FILTER MAINTENANCE

The rear-panel fan reduces operating
temperature, and contributes to the long
life of the instrument.The air filter
installed in the bottom intake vents
must be kept clean. Remove the cover and
clean the air filter as desceribed below.

5.2.2 (OVER REMOVAL

The cover is U-shaped ané wraps around
and covers the sides of the unit. Remove
power from the instrument. Lay it on its
top (with the bottom up). Remove the sgix
bottom screws. Place the unit right side
up again. Remove the eight rear panel
screws, Remove the two screws on top

‘gnostics,

SECTION 5

MATNTENANCE

near the front of the unit. 8lide the
cover back and remove it. {Reverse this
procedure to reinstall the cover.)

5.2.3 AIR FILTER CLEANING

The air filter is glued to the bottom
of the unit. Use an air hose to direct
a sgtream of air against the filter to
clean it.

5.3 USER DIAGHOSTICS

The user diagnostics allow the user to
verify proper operation of 2407 sub-
systems. When the 2407 is in user dia-
any command across the GPIB
bus will be ignored.

Press the status key ("Stat") to call up
the status key select menu (second line
of the display shown):

l:Error 2:Diag 3:Op£n 4:Cal 5:Set +:Exit

Press the "2" key to implement the dia-
gnostics (DIAG). Software will turn off
the RF output (RF OFF) and store the
current instrument settings. The diag-
nostic selection display will be called

up: :

DIAGNOSTIC
1:AUTO 2:LCD 3:KEY 4:DACS 5:DEBUG +:Exit

The first line indicates the instru-
ment is in the diagnhostic mode. The
second line displays the available diag-
nostic functions. To implement a choice,
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press the numerie key associated with

the choice. EXIT (pressing the "+/-key")
will recall the settings that were saved
when DIAGNOSTICS was implemented and
will return the instrument to normal
operation, except the RF will be turned
off after a diagnostic 1is performed.
Manually turn on the RF to completely
restore normal operation.

5.3.1  Automated Diagnostics
Pressing a 1"
the diagnostics select menu will initi-
ate the sequence of diagnostic tests
shown in Table 5-1.

Table 5-1. AUTOMATED DTAGNOSTICS

1 Control Microprocessor
{internal timer)
2 Communications Miecroprocessor

{internal timer)

3 Non-volatile RAM (Battery
Backed-up RAM)

4 Dual Port RAM

5 Static RAM

& Control ROM

7 Communication ROM

8 RF Data/Address Bus

9 Card ID Code

10 ADC/DAC

11 LO Unlocked Feedback

12 Synthesizer Unlocked Feedback
13 Carrier Unleveled Feedback

14 400 Hz Feedback

These tests are performed automatically.
The particular test being performed will
be shown on the top line of the display.
The second line will be blank throughout

or the status key from

the entire sequence of testg unless a

test is failed. For example, while the
control microprocessor test is running,
the second line of the display will be
blank and the first line wilil look like:

DIAGNOSTIC ACTIVE:CONTROL MICROPROCESSOR

If a failure results during testing,
automatic testing will halt. The failed
test and further operator choices will
be indicated on the gecond line of the

5-2

display. For example, a fallure of the
non~volatile RAM test will produce the
following display:

DIAGNOSTIC ACTIVE:NON-VOLATILE RAM
TEST FAILED 1:CONT 2:REPEAT+:Exit

Press the "1" key to continue with the
remaining tests. Press a "2" to repeat
the failled test. Press the "+/-" key to
exit the automatic diagnostics and re-
call the diagnostics select menu.

When the entire automatic test sequence

is completed, the second line of the
display will show a summary of test
results. Successful completion of all

tests will be indicated as:

DIAGNOSTIC ACTIVE:
PASSED +:Exit
If failures occur, their number will be

shown. For example:

DIAGNOSTIC ACTIVE:
FATLED IN 2 TESTS +:Exit
The automated diagnosties are described
briefly in the following sections. De-
sceriptions occur in the order the tests
are listed in Table 5-1. Diagnostics are
verifications of proper operation. They
also provide valuable troubleshooting
informatien if a failure occurs. Please
note that although the 2407 is simple to
operate and calibrate, it is a wvery so-
phisticated instrument. To troubleshoot
and repair a malfunctioning unit re-
quires a thorough knowledge of sections
3-5 and 7-10 of this manual, and great
technical expertise and experience with
this type of  instrument. Wavetek
recommends return of a malfunctioning
unit to the factory for repair (after
factory authorization).

TESTS NUMBER 1-2: MICRCPROCESSOR TESTS
The miecroprocessor tests verify proper

operation of the control and communica-
tion microprocessor circultry.
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TESTS NUMBER. 3-7: RAM/ROM TESTS
The RAM/ROM tests verify ROM checksums
and RAM read/write integrity.

TEST NUMBER 8: RF DATA/ADDRESS BUS TEST

The RF Data/fddress Bus test verifies
that the RF data and address bus oper-
ates correctly.

TEST NUMBER 9: CARD ID CODE TEST

The Card ID (Identification) Code Test
verifies that all cards are installed
and are installed in their proper slots
by reading their 1D codes.

TEST NUMBER 10: ADC/DAC TESTS

The ADC used in instrument calibration
and deviation meter measurements is
tested for accuracy at minimum and max-
imum input levels. Three of the five
DACs are set to minimum and maxinmum
values, and their accuracies are mea-
sured by the ADC.

TESTS NUMBER 11-14: FEEDBACK TESTS
The feedback tests check the ability to
monitor the hardware error conditions
agsociated with each entry number.
5.3.2 LCD Test

The diagnostic select menu is:

DIAGNOSTIC
1:AUTO 2:LCD 3:KEY 4:DACS 5:DEBUG +:Exit

Pressing the 2" key from this menu will
call - up a two-line display test pattern
that shows all printable characters,

permitting the visual verification that

the display is functional.
5.3.3 Keypad Test
The diagnostie select menu is:

DIAGNOSTIC

1:AUTO 2:LCD 3:KEY 4:DACS 5:DEBUG +:Exit.

Entering a "3" from this menu will call
up the keypad test screen. The second
line will be blank until a key is press-
ed. The first line will be:
KEY TEST: PRESS TO DISPLAY KEY +1Exit
Pressing any key will produce a second
line that shows the mnemonic associated
with the key. For example, pressing the
"Mod Off" key will generate the follow-
ing digplay:

KBEY TEST: PRESS TOQ DISPLAY KEY +:Exit
MOD OFF

Pressing the "+/-" key will recall the
diagnostics select menu.

5.3.4 DACs Test

There are two basic screens associated
with the DACS diagnostics. The A/D Test-
point sereen is the first of the two
basic sereens. The second basic sgcreen
is the DAC Entry Selection screen. Both
screens are described in the following
section. The RF ON/OFF key may be used
to toggle between the two sereens. The
DACS diagnostics may be exited by press-
ing the STATUS key.

The DACS diagnostics are sgelected from
the diagnostic select menu:

DIAGNOSTIC
1:AUTO 2:LCD 3:KEY 4:DACS 5:DEBUG +:Exit

Entering a "4 from this menu will call
up the A/D Testpoint screen:

ADC TEST:
00: Ground ref

Pos A/D: 4+X.%X% V
A/D value: xux

+1

The "xxx" value displays the current A/D
value being read for the selected test-
point. The "x.xx" indicates the equival-
ent voltage for that A/D value. The A/D
readings are taken continuously at ap-
proximately a 200 msec sampling rate.

The key function definitions in this
mode are ag follows:
"+/-": Toggles between a positive and
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negative peak detection of the se-
lected testpoint. The current status
is displayed on the upper line
following the "+:" and is indicated
by "Pos' or "Neg.”

“ING" (Up Arrow): Increments the
testpoint selection number. A list
of testpoint selections is shown in
Table 5-2, with a description of the
testpoint associated with each test-
point number.

“DEC" (Down Arrow): Decrements the

testpoint selection number; has no
effect when the selection number is
‘!0{)" .

"R¥F ON/OFF": Calls wup DAC Entry

Selection screen (described follow-
ing A/D Testpoint screen text).

"STATUS'": Exit DACS Diagnostics and
recall diagnostic select menu.

Table 5-2 A/D TESTPOINT SELECTIONS

Number - Description

0 Ground ref

0% +10 V ref

02z ~AM DAC output

03 FM DAC output

04 Level DAC output
05 Temp sensor

06 Ext analog input
07 Syn: error voltage
08 Syn: tuning voltage
09 AM: testpt 1

10 AM: testpt 2

11 AM: testpt 3

12 Qut: detect test
13 Out: PIN test

14 . Dev: demod FM

15 Dev: Vtune

16 Dev: RSSI

The maximum voltage that can be read by
the A/D is +10 volts. Voltages up to
415 wolts will not cauge damage but
will be displayed as 110 volis.

The A/D Testpoint sgereen igs the first
of two hasic sereens associated with
the DACs diagnostics. The RF ON/OFF key

may be used to toggle between the two
screens. Press the RF ON/OFF key to call
up the sgecond basic screen, the DAC En-
try Selection screen:

DAC TEST:
00: Ramp ail DACs +1

Pos A/D: X . XX V
Start

The “x.xx" indicates the A/D voltage for
the last testpoint selected. The Xkey
function definitions in this mode are
as follows:

"4/ This key starts/stops the ramp
DAC test. Whether the key will start
or stop the ramp test is shown on the
second line of the display following
the "+:" entry. When this test is en-
tered from another DAC test or the
A/D Testpoint screen, the ramp test
is off and the key function is
"Start,” as shown above. When the
key is pressed, the DACs are ramped
and the function of the key becomes
"Stop,” which is then displayed after
the "+:" on the second line of the
LCD. The ramp DACs test consists of
ramping all 12-bit DACs simultane-
ously. The coarse tune and loop com-
pensation DACs are alternately
ramped, with the unramped DAC kept
at a midrange value.

"INC"” (Up Arrow): Increments the DAC
test selection number. This key has
noe effect when the highest selec~
tion (11) number is active. & list of
test selections is shown in Table
5-3, with a description of the test
associated with each test number and
the size of the register (number of
bits) for the DAC.

"DEC" (Down Arrow): Decrementg the
test selection number; has no effect
when the selection number is "00".

YRE ON/OFE": Calls up A/D Testpoint
" gereen {(described earlier in this
seetion).

“STATUS": Exit DACS Diagnostics and
recall diagnostic select menu.


https://www.manualsplus.com/

Table 5-3 DAC TEST SELECTIONS

Number Description Bits
00 Ramp all DACs N/A
01 AM depth DAC 12
02 FM deviation DAC 12
03 Level DAC 12
04 Coarse tune DAC 8
05 Loop comp DAC 8
06 A aux pll reg 8
o7 N aux pll reg 8
08 R aux pll reg 8
0g A main pll reg 8
10 N main pll reg 8
11 R main pll reg 8

The initial DAC Entry Selection screen
is: '

‘Pos A/D: +H.XX V
+: Start

DAC TEST:
00: Ramp all DACs

Press the "“INC" (Up arrow) key to call
up the screen for DAC test number 01:

DAC TEST:
01l: AM depth DAC

Pos A/D: 4. ¥X V
DAC value: xxx

This is a typical screen for non-ramp
DAC teste. The "xxx" value displays the
last DAC value written to the selected
DAC (the AM depth DAC, in this case).
The "x.xx" indicates the equivalent
voltage for that DAC value. Numeric keys
may be used to make DAC data entries.
- The data is entered in hexadecimal (base
16) code format. Code entries terminate
automatically after 3 digits for the
12-bit DACs and after 2 digits for the
8-bit DACs and the PLL registers. The
numeric keys 0-9 are used for the digit
values 0-9.. For the hex digit values
A-F, the following keys are used:

Hex Key
A MHz
B kHz
C dBm
D oPT
E +/ -
F
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The RIGHT and LEFT arrow keys may be
used with non-ramp DAC tests:

"RIGHT" (arrow key): If the cursor is
currently under the DAC test selec-
tion number, the cursor will be moved
to the most significant digit of the
current DAC value. If the cursor is
under a digit of the current DAC
value, the cursor will be positioned
one digit position to the right, un-
less it is under the least signifi-
cant digit of the current DAC value.
If it is under the least significant
digit of the current DAC value, it
will be repositioned under the DAC
test selection number.

"LEFT" (arrow key): I1f the cursor is
currently under the DAC test selec-
tion number, the cursor will be moved
to the least significant digit of the

" current DAC value, If the cursor is
under a digit of the current DAC
value, the cursor will be shifted one
digit position to the left, unless it
is under the most significant digit
of the current DAC wvalue. If it is
underr the most significant digit of
the current DAC value, it will be
repositioned under . the DAC test se-
lection number.

The "INC" and "DEC" (UP and DOWN arrow)
keys will increment and decrement the
current digit of the DAC value selected
when the cursor is positioned under the
DAC value.

When the ramp DACs test ig  performed
(Test 00), the internal modulation rate
selection 1is set for 1 kHz with both AM
and FM selected (to observe the ramp
output of the DACs) and the high range
FM mode is gelected (for the larger ramp
voltage output). One complete cycle of
ramping the 12-bit DACs requires approx-
imately one minute. The PLL registers
are not affected during the ramping. For
the AM and FM DAC test selections, again
the internal modulation rate selection
is set for one kHz and AM and FM are en-
abled so that the DAC output is enabled.
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When performing DAC test 01 (AM depth
DAC), set the DAC wvalue at "000" and
verify the corresponding voltage shown
ig "0.00 v". Then set the DAC value to
"FPF" and verify a voltage of "9.9¢ v".

DAC test 02 (FM deviation DAC), should
be performed at the low and high ranges
of the DAC. To test the DAC's low range,
first return to normal operation (leave
the DACS diagnostics mode} and set in-
ternal FM to 1 kHz. This sets the high/
low FM range bit for a low range output.
Return to the DACS diagnostics. Set the
DAC wvalue at 000" and verify the cor-
responding voltage shown is "0.00 v,
Then set the DAC value to "FFF" and ver-
ify a voltage of "1.00 v". To test the
DAC'es high range, return to normal oper-
ation (leave the DACS diagnostics mode)
and set internal FM to 1 MHz. This sets
the high/low FM range bit for a high
range output. Return to the DACS dia-
gnostics. Set the DAC value at "000" and
verify the corresponding voltage shown
is "0.00 v". Then set the DAC value to
“FFF" and verify a voltage of "9.99 v".

Te perform DAC test 03 (Level DAC),
first go to DAC test 01 and set the AM
depth DAC value st "000". Then return to
DAC test 03 (level DAC. Set the DAC
value at "000". Verify the corresponding
voltage shown is "0.00 v'. Then set the
DAC value to "FFF" and verify a voltage
of "9.99 v".

The remaining DAC tests {(04-11) are bas-
ically debugging exercises, intended
primarily for factory test purposes.
5.3.5 DEBUG DIAGNOSTICS

The DEBUG diapnostics are provided to
troubleshoot the instrument hardware.

They are entered from the diagnostic
select menu:

DIAGNOSTIC o
1:AUTO Z:LCD 3:KEY 4:DACS 5:DEBUC +:Exit

Press the "5 key to call up the DEBUG
diagnostics selection screen:

DEBUG MODE

1:LATCH 2:C0MM 3:CTRL +:Exit
Three different debugging screens may be
selected. ‘

5.3.5.1 Latch Debug Mode

Enter a "1™ to select the Latch debug
screen. This screen will display the
names of all the cards and latches found
in the system and will allow access to
the data in the latehes. The display
format is:

*Card description'
'Latch description’

CARD: 0 LATCH: 0
READ DATA: XX

The cursor under the digit following
"CARD" indicates that the "Card Des-
cription” is the active selection par-

ameter. The number stands for the posi-
tion of the card in the 2407 card cage,
Card cage positions are shown in Figure
5-1. '

Figure 5-1 CARD CAGE BOARD LOCATIONS
(looking into the card cage)

| |
| 0 1 |
I - -
| 1
| 4 2 1
| l
I |
I 5 3 1
| — i |
I |
| 6 8 |
| —_— ]
i !
l 7 9 |
l 1
I |
| |

Selection of a card is made by pressing
the UP/DOWN arrow keys. As the card cage
position number ig incremented or decre-
mented, the corresponding card descrip-
tion is updated. Card slot position num-
bers and the cards that occupy those
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positions are listed in Table 5-4. Cards active parameter selection between the

0-3 are unenclosed cards.

enclosed RF cards.

The LEFT/RIGHT arrow Xeys

Cards 4-9 are CARD selection and the LATCH selection.

Latch selection is in terms of the card
on which a lateh i1s located. A message

toggle the corresponding to the selected latch is

Table 5-4 CARD/LATCH DEBUG DESCRIPTIONS

CARD

LATCH

NO.

DESCRIPTION

DDS CARD

MICROPROCESSOR CARD

CONTROL CARD

CARD NOT FOUND

SYNTHESIZER CARD

CARD NOT FOUND
AM/DIVIDER CARD

OUTPUT AMP CARD

LO/REF CARD

DEF METER CARD

=
o

W N e O

D O O B O w o

<

LN O

W N O O QO

<o

SELECTION TYPE

ID code

10 Hz/1 Hz prog

1 kHz/100 Hz prog
100 kHz/10 kHz prog

=S

RF data out port
RF data in port
RF addr out port
Interrupt port

WO R

1D code

RF card select

RF addr select

RF data out

RF data in
Undefined latch
Attenuator prog
Peak detector ctrl
A/D data (8 lsbhs)
A/D data (4 msbs)
Modulator select
DAC select/ FR range

S E NN E E E WEE EW

=]

Undefined latch

ID code
DAC/PLL/tstpt select
DAC/PLL data

EE W

Undefined latch ' R

ID code : ' R
Band/tstpt select W

Ib code
Band/tstpt select

= o

ID code

Undefined latch

1.0 enable/ ref select
PLL data/ register

EExw

ID code
Testpt select

5-7

E =


https://www.manualsplus.com/

shown on the lower line of the display.
Some of the latches are undefined. Lat-
ches and their associated cards are
listed in Table 5-4.

Each latch selection is either a read
only or a write only latch and is indi-
cated by the READ or WRITE message that
follows the lateh deseription on the
lower line of the display. The “Latch
Type” column entry of Table 5-4 uses
"R" (Read) or "W" (Write) to identify
the Latch Type. For read only latches,
the data display shows the data that is
currently being monitored at that latch,
No data entry is allowed to a read only
latch, so the numeric keyg are disabled.
For write only latches, the data display
indicates the last data written to the
selected latch. This data value may be
incorrect under certain conditions
{e.g., entry into latch debug mode, RF
card latches written to through the con-
trol card RF bus latches), but will be
accurate under most cilrcumstances. Nu-
meric entries are allowed to write only
latches. Data entry is in 2 digit hexa-
decimal format where the data input is
automatically terminated after the
second digit entry. The numeric Xkeypad
is defined identically as for the DACS
Dilagnostic mode described earlier (Sec-—
tion 5.3.4).

Any changes made to the operation status
of the instrument are overwritten when
the debug mode is exited and the unit is
returned tec normal operation. To exit
this mode, press the STATUS key.

5.3.5.2 Comm Debug Mode
Enter the communication nicroprocessor
(Comm) debug mode from the debug dia-

gnostics select screen (Section 5.3.5.)

Enter a "2" to call up the initial Comm
debug screen:

0000:
PORT

A04142434445464 748484 A4B4CADAELF
EABCDEFGHIJKLHMRNDO

The communication debug mode can be used
to display the contents of any address-

able location of the communication
microprocessor. The starting address is
shown in the upper left corner of the
display. A cursor is placed under the
L8D (least significant digit). The
cursor keys may be used to increment
and decrement the selectd digit and to
position the cursor under a selected
digit. Addresses are shown in 16 bit
hexadecimal format. A title block that
indicates the region of memory being
displayed is below the address. The
region refers to the address of the
first byte being displayved (the address
above it), and not necessarily that of
all the ©bytes being displayed when
region boundaries are crossed. The
defined microprocessor regions, address
ranges, and wmemory descriptions are
listed in Table 5-5.

Table 5-5 COMM DEBUG DESCRIPTIONS

Region Addr Range Description
PORT 0000--001F 6801 uP int
registers
STACK 0080--00FF uP int RAM
for stack
PIAl 0400-04FF PIA registers
{LCD contrast)
PIAZ 0800--0BFF PIA registers
{keybd scan)}
GPIA 0CO0--0CFF GPIB device
DPRAM 1C00--1FFF global RAM
between the 2
wPs(1l kbyte)
SRAM 2000~ 3FFF local RAM (8K~
static)
EPROM 8000-FFFF code section

Sixteen bytes of data are displayed at
a time with the upper line formated in
hexadecimal and the lower line formated
in ascii. The left and right arrows will
position the cursor on the starting ad-
dress being displayed. The INC/DEC keys
will inerement/decrement the current
address digit. Press the STATUS key to
exit this mode.

5.3.5.3 Ctrl Debug Mode

The control miecroprocessor (Cirl) debug
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mode is entered from the debug select
sereen:

DEBUG MODE

1:LATCH 2:COMM  3:CTRL +:Exit
Enter a "3" to call up the initial Ctrl
debug screen. The control microprocessor
debug mode functions exactly like the
communication microprocessor debug mode
(Section 5.3.5.2), except the control
microprocessor can be be used to display
the contents of any addressable location
of the control microprocessor.

befined microprocessor regions, address
ranges, and memory descriptions for the
control debug mode are listed in Table
5-6,

5.4 AUTOCAL® CALIBRATION

The Wavetek Model 2407 RF Signal Gen-
erator uses an almost completely auto-
matic calibration procedure
te calibrate the circuits that deter-
mine output frequency and output power
level., The status key is used to imple-
ment AutoCal®, The detailed procedure
to perform the Model 2407 calibration
is described in the following sections.

5.4.1 Turn on the Model 2407 and per-
mit a warm up time of one hour (if
necessary).

5.4.2 Press the status key ("Stat")
to ecall up the status key operation
select menu:

1:Error 2:Diag 3:0ptn 4:Cal 5:8et +:Exit

{AutoCal®)

Note that only the second line of the
display is shown above. The second line
of the LCD display containg operator se-
lections. The first line of the digplay
shows the current modulation, freguency,
and level settings for the unit.

5.4.3
of Operation

Implement the Calibration Mode
(AutoCal®) by pressing
the "4" key. Software will turn off all
modulation, turn off the RF output, and
store the current instrument settings.
The initial calibration screen will be
called up:’

CALIBRATION SELECTIONS
1:Freq 2:Level 3:Default +:Exit
Output frequency or output level may be
calibrated in the AutoCal® mode. The
output frequency calibration routine is
described in section 5.4.4; the output
level calibration routine is described
in section 5.4.6.

The frequency calibration must be per-
formed before the output power level
calibration. '

When either calibration routine is se-
lected, the entire calibration procedure
must be completed. No exit or abort will
be allowed after thi¢ point.

5.4.4 Before performing a frequency
calibration, factory default data must
be entered from the initial ealibration
screen;

CALTBRATION SELECTIONS

1:Freq 2:Level 3:Dbefault +:Exit

Table 5-6 CTIRL DEBUG DESCRIPTIONS

Region A4ddr Range
PORT 0000-~001F
STACK 0080~-00FF
PIAL 0800~08FF
PIA2 1000-10FF
DPRAM 2000--2FFF
SEAM 4000~7FFF
EPROM 8000-FFFF

5-9

Description

6801 uP int registers

yP int RAM for stack

PIA registers (RF data/addr bus)

PIA registers (err intrp in)

global RAM between the 2 uPs(l kbyte)

local RAM (8K- nonvolatile; expandable)
code section
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Press a "3" from this display to load
factory default wvalues for  frequency
and level calibrations into memory. The
following message will be displayed:

LEVEL & FREQUENCY CALIBRATION DATA
RESET TO FACTORY DEFAULT VALUES

This message is displayed for 2-3
seconds while default calibration data
is loaded. A generic table of frequency
calibration values and a default selec~
tion of level flatness calibration fre-
guencies are loaded. The level flatness
and linearity calibration factors are
reset to 0.0 dB. Then the initial cali~

bration menu is displayed again, ready
for another selection.
After entering the default data, press

a "1" from the initial calibration menu
to call up the menu used to initiate a
frequency calibration:

FREQUENCY CAL SELECTIONS

1:FULL 2:VC01l 3:V¥C02 4:Date +:Exit
Three separate frequency calibrations
may be selected and a calibration date
may be entered. Pressing the "1V key
will initiate a complete frequency cali-
bration. Pressing the "2" key will
calibrate the lower VCO only. Pressing
the 3" key will calibrate the upper
VCO only. Pressing the "4" key will
initiate the procedure to enter a cali-
bration date (deseribed at the end of
this section).

the appropriate numeric key
from ‘the initial calibration
select the desired frequency
calibration. Each frequency calibration
routine is completely automatic and
requires no operator input at any step.

Press
(th3ﬂ)
menu to

Pressing a "1” or a "2" will initiate
calibration of the lower VCO and call
up the the VCO 1 display:

FREQUENCY
CALTBRATION

275 MHZ

Vco 1 DELAY 60

Pressing a "3" will initiate calibration

of the upper VCO and call up the VCO 2
digplay:

390 MHZ
vCco 2

FREQUENCY
CALIBRATION DELAY 60
The bottom line of either calibration
display shows the 60 second countdown
delay, with the count decreased by 1
every second, -that allows a 60 second
warmup time for each VCO to eliminate
drift problems. The DELAY message will
digsappear after reaching "DELAY 1".

puring lower VCO calibration, the cur-
rent frequency being calibrated will be
shown. Calibration data will be shown in

the right section of the bottom display

line, following the characters "DATA".
three data values are shown: the coarse
tune DAC value, the loop compensation
DAC wvalue, and the FM correction value.
The A/D error voltage for the associated
coarse tune DAC wvalue is shown immedi-
ately above the calibration data. A typ-

‘ical display will look like:

FREQUENCY vco 1 A/D: +0.32 v
CALIBRATION 275 MHZ DATA: 40 2D 5FD

To calibrate the first calibration
point (for each VCO) requires about 10

seconds. Calibration is performed at 2
MHz intervals, taking approximately
£Wo seconds for each succeeding

calibration point. The loop compensa-
tion DAC and coarse tune DAC values are
determined every 10 MHz. FM correction
is sampled every 5 MHz. These measure-
ments are used to interpolate FM cor-
rection values at 1 MHz intervals.

When the lower VCO calibration is com-
plete, the unit will automatically begin
calibration of the upper VCO if a com-
plete frequency calibration was request-
ed (the "1" key was the initial key
pressed). After the last frequency cali-
bration has been performed the following
sereen will be displayed for approxi-
mately 2 seconds:

FREQUENCY

CALIBRATION COMPLETED
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The initial calibration screen will then
be recalled: :

CALIBRATION SELECTIONS
l:¥req 2:Level 3:Default +:1Exit

Press a "4" from the initial frequency
calibration menu to call up the screen
for the calibration date:

FREQ CAL Lagt call: xx-x-xX
DATE Enter: MM-DD-YY +:Exit

The last date entry (Last ecall) is shown
on the top line of the display. The date
should be updated every time a frequency
calibration is performed. Loading de-~
fault calibration data will reset the
date to 00-00-00. The numeric keys are
used . to modify the date. The cursor is
placed under the digit to be changed,
and automatically goes to the next digit
when an entry is made. Entries are made
in the order shown, (month, day, year).
There is no internal verification that
valid dates are entered. Modifying the
freguency calibration date entry does
not affect the level calibration date,
which is accesgsed from the level cali-
bration procedure. Date entries are
accessible over the GPIB.

5.4.5 Frequency calibration errors typ-
ically are due to hardware problems and
require some degree of troubleshooting.
Wavetek recommends returning the unit
to the factory for troubleshooting and
repair. '

The peak A/D detector is tested before
calibration begins because frequency
calibration depends upon it functioning
properly. If it fails the test, the
following screen will be called up:

FREQUENCY
CALTBRATION

275 MHz FAIL: A/D ERROR

PRESS STATUS TO EXIT

The A/D error can occur only at the be-
ginning of the fregquency calibration.
Press the status key ("Stat") to recall
the initial calibration display.
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During frequency calibration the coarse
tune DAC is adjusted to make the synthe-
sizer error voltage equal 0.0v. Two
errors can occur. If the coarse tune DAC
can not be reduced as far as it needs
to be, the coarse low fail error will
occur:

275 MHz ~ FAIL: COARSE LOW
PRESS STATUS TO EXIT

FREQUENCY
CALIBRATION

If the coarse tune DAC can not be in-
creased as much as it needs to be, the
coarse high fail error will occur:

275 MHz FATL: COARSE HIGH
PRESS STATUS TO EXIT

FREQUENCY
CALIBRATICN

If either error occurs, press the status
key to recall the initial calibration
display.

The loop compensation DAC vwvalues are
derived from the coarse tune values.
There are no errors associated with
them. The FM correction values are de-
termined by adjusting the FM DAC value
until the peak A/D value matches a level
corresponding to the desired deviation
value. Therefore the FM correction
values can have the same errors as the
coarse tune DAC. That is, it may not be
possible to adjust the DAC value low

~encugh (FM Cal Low error) or high enocugh

(FM Cal High error) to reach the desired
voltage level. The associated error
messages are:

FREQUENCY 275 MHz FATL: FM CAL LOW
CALIBRATION PRESS STATUS TO EXIT
FREQUENCY 275 MHz FAIL: FM CAL HIGH
CALIBRATION PRESS STATUS TO EXIT

If either error occurs, press the status
key to recall the initial calibration
display.

5.4.6 The level calibration routine is
semiautomatic when performed using front
panel controls. A power meter will be
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comnected to the RF output and the unit
tuned from the front panel, according to
the power meter readings.

The frequency calibration described in
gection 5.4.4 should be performed before
the output power level calibratien to
ensure the frequency points used in the
level calibration ‘are accurate. T1f the
frequency and level calibrations have
been performed, and only an adjustment
in either level flatness or linearity
is needed, it is not necessary to per-
form the frequency calibration again.

The LEVEL calibration routine is se-
lected from the initial calibration
ment:

CALIBRATION SELECTIONS

1l:Freq 2:Lavel 3:Dbefault +rExit

Press the "2" key to initiate level cal-
ibration and call up the initial level
calibration screen:

LEVEL CAL SELECTLIONS

1:Flatness 2:Linearity 3:Dale +iExit
Separate procedures are available to
calibrate level flatness and level line-
arity. Pressing the "3" key will initi-
ate the procedure to enter a calibration
date (described at the end of this
gection).

The level flatness calibration process
(section 5.4.6.1) adjusts the level
accuracy of the instrument over differ-
ent frequency settings. 1This flatness
correction is performed at a fixed level
output of 0. dBm, and the adjusiment
corrects for the variations in level

across the operating frequencies of the.

instrument.

The  level linearity calibration process
{Section 5.4.6.2) adjusts the level
accuracy of the instrument over differ-
ent level settings. Because the level
flatness correction is performed at a
fixed level output (0 dBm), the line-
arity =adjustment must be performed to
correct for the nonlinearities of the
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level control circuitry. The linearity
calibration is performed at a fixed fre-
quency of 300 MHz, with level settings
adjusted from +13 dBm to -7 dBm in 1 dB
increments. '

1f the level calivration data has been
reset to the default setting (Section
5.4.4Y, it doesn't matter whether level
fiatness or level linearity calibration
ig performed first. Note that whichever
calibration 1is performed last should
have nearly 0.0 dB correction factor at
the Terossover" point. The crossover
point for the level flatness calibra-
tlon is the 300 MHz frequency calibra-
tion point. The 0.0 dB level calibration
point is the crossover point for the
level linearity calibration.

5.4.6.1 To begin a level flatness cali-
bration, enter a "1" from the initial
level calibration screen tc call up the
following screen:

LEVEL CALIBRATION
CONNECT POWER METER

The message to connect a power meter
will be displayed for approximately 4
seconds., Connect an RF power meter with
range from .0l MHz to 550 MHz to the
2407 RF output connector.

1f cable losses are also te be nulled
out so that a flat signal is transmitted
at the end of a long cable length, con-
nect the power meter to the end of the
cable when making the level flatness

adjustments,

The level flatness calibration mode
screen will appear after the TCONNECT
POWER METER" message:

LEVEL CAL UP/DOWN: xx.x dB <~ adjust
FLATNESS LET/RIT: xxxx MHz +:Exit

The top line of the display indicates
the procedure being performed (LEVEL
CAL) and shows the UP/DOWN arrow cursor
keys control the output RF (xx.x dB).
The “<-adjust” identifies the wvalue
assoeciated with the UP/DOWHN arrow keys
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{xx.x dB) asg the value to be adjusted.
The bottom line indicates the part of
the procedure Dbeing performed, the
YFLATNESS' procedure, and shows the
left/right arrow cursor keys ~advance
the level flatness calibration through
the frequency points (xxxx MHz) at
which calibration occurs. The "+ key
will recall the previous display.

buring the level flatness. calibration,
the 2407 output will be tuned so the
power meter reads O dBm at each fre-
quency calibration point.

The up and down arrow cursor keys incre-
ment and decrement the calibration fac-
tor (the "xx.x dB" value required to
make the power meter reading equal O
dBm) at each calibration frequency
point. '

The right and left arrow cursor keys
step forward and backward from one fre-
quency calibration point to the next.
The right arrow cursor is used to step
forward through the level flatness
calibration frequencies. Pressing this
key at the last calibration point will
display the message "DONE" in place of
the frequency display,  to indicate
there are no more calibration points.
When this message is displayed, only the
left arrow key, the "+" key and the
STATUS key are active. The left arrow
cursor is used to recall a calibration
point for review, The left arrow key has
no effect when the first (lowest fre-
quency} calibration point is displayed.

The "+" key and the STATUS key may be
used to exit the level flatness calibra-
tion mode and recall the initial level
calibration menu.

The level flatness calibration factor
(in xx.x dB) for the current frequency
calibration point is displayed to the
left of the UP/DOWK characters. The Up
and Down cursor arrow keys will adjust
the level flatness calibration factor
in 0.1 dB steps. The RF output at each
calibration point should be adjusted to

0.0 dBm, using the up/down cursor arrow
keys as necessary.The range over which
adjustment can occur is from +6 dB to -6
dB. After all calibration points have
been adjusted initially, it is usually
beneficial to review the calibration
points and refine the adjustments.

The calibration factor displayed indi-
cates the amount of adjustment that was
necessary at each calibration frequency,
but should not to be used as an indi-
cator of how much adjustment to perform.

The following frequencieg are points at
which level flatness calibration occecurs:

10 kHz, 20 kHz, 40 k%Hz, 60 kHz, B0 khH=z,
100 kHz, 200 k%Hz, 400 kHz, 600 kHz, 800
kHz, 1 MHz, 2 MHz, 4 MHz, 6 MHz, 8 MHz,

10 MMz, 15 MHz, 20 MHz, 40 MHz, 60 MHz,
80 MHz, 100 MHz, 150 MHz, 200 MHz, 250
MHz, 300 MHz, 350 MHz, 400 MHz, 450

MHz, 500 MHz, and 550 MHz

If a point c¢an not be adjusted to 0.0
dBm, a hardware problem is indicated.

When all calibration points have been
adjusted to 0.0 dBm, press the "+" key
or the STATUS key to exit the level
flatness calibration process, and recall
the initial level calibration display.

5.4.6.2 To begin a level linearity cali-
bration, enter a "2" from the initial
level calibration screen to c¢all up the
following secreen:

LEVEL CALIBRATION
CONNECT POWER METER

This  message will be displayed for
approximately 4 seconds. Connect an RF
power meter with range from .01 MHz to

550 MHz to the 2407 RF output connector.

The level linearity calibration mode
screen will appear after the "CONNECT
POWER METER" message:

LEVEL CAL UP/DOWN: xx.% dB <- adjust
LINEARITY LET/RIT: xx.% dBm ~+1EXLt
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The top line of the display indicates
the procedure being performed (LEVEL
CAL) and shows the UP/DOWN arrow cursor
keys control the output RF (xx.x dB).
The <~adjust" identifies the value
associated with the UP/DOWN arrow keys
{xx.x dB) as the value to be adjusted.
The bottom line indicates the part of
the procedure being performed, the
"LINEARITY" procedure, and shows the
left/right arrow cursor keys advance
the level linearity calibration through
the power level points (xx.x dBm) at
which ecalibration occurs. The "+ key
will recall the previous display.

buring the level linearity calibration,
the 2407 output will be tuned at each
calibration point to make the power
meter read the same value as the level
value shown on the bhottom line of the
display.

The up and down arrow cursor kKeys incre-
ment and decrement the calibration
factor {(the "xx.x dB" value required to
make the power meter reading equal to
the value shown on the display's bottom
line) at each calibration level point.

The right and left arrow curser Xeys
step forward and backward from one
level calibration point to the next.
Calibration is from +13 dB to -7 dB.
The right arrow cursor is used to step
backward through the level linearity
calibration power levels. Pressing this
key at the last calibration point will
display the messape “DONE" in place of
the level display, to indicate there are
no more calibration points. When this
message 1is displayed, only the left
arrow key, the "+" key and the STATUS
key are active., The left arrow cursor is
used to recall a calibration point for
review. The left arrow key has no effect
when the beginning (+13 dB) calibration
point iz displayed.

The "+" key and the STATUS key may be
used to exit the level flatness calibra-
tion mode and recall the initial level
calibration menu.

The level linearity calibration factor
(in x%x.x dB) for the current power level
calibration point is displayed to the
left of the UP/DOWN characters. The Up
and Down cursor arrow keys will adjust
the level linearity calibration factor
in 0.1 dB steps, The range over which
adjustment can occur is from +6 dB to -6
dB. The RF output at each level calibra-
tion point. should be adjusted using the
up/down cursor arrow keys to make the
power meter reading equal the level
value shown on the bottom line of the
display. After all calibration points
have been adjusted initislly, it is us-
ually beneficial to review the calibra-
tion points and refine the adjustments.

The calibration factor displayed indi-
cates the amount of adjustment that was
necessary at each calibration level, but
should not to be used as an indicator
of how much adjustment to perform.

Level linearity calibration occurs from
+13 dB to -7 dB, at 1 dB increments.

If a point can not be adjusted so the
2407 level output and the power meter
readings are the same, a hardware pro-
blem is indicated.

When all calibration points have hbeen
adjusted, press the "+" Xkey or the
STATUS key to exit the level linearity
calibration process, and recall the
initial level calibration display.

LEVEL CAL SELECTIONS

1:Flatness 2:Linearity 3:Date  +:Exit
Press a "3" from the initial level cal-
ibration menu to call up the screen for
the calibration date:

LEVEL CAL Last call: XX-XX-XX
DATE Enter: MM-DD-YY +:Exit

The last date entry (Last call) is shown
on the top line of the display. The date
should be updated every time a level
calibration is performed. Loading de-
fault calibration data will reset the
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date to 00-00-00. The numeric keys are
used to modify the date. The cursor is
placed under the digit to be changed,
and automatically goes to the next digit
when an entry is made. Entries are made
in the order shown, {(month, day, year).
There is no internal verification that
valid dates are entered. Modifying the
level calibration date entry does not

affect the frequency calibration date, .

which is accessed in the frequency cali-
bration mode. Date entries are access-
ible over the GPIB. :

5.5 POWER UP TESIS
Each time power is applied to the 2407

{the unit is turned on) it performs an
automatic sequence of tests to verify

various subsystems are functional. The
display shows:

WAVETEK Model 2407 rev 4.0

POWER UP SELF-TEST

The following tests are performed in

sequence. As each test is performed, the
upper line of the display remains as
shown above. The lower line of the dis-
play schows the test just completed and
the test result. All possible displays
for each test are shown. If a test is
passed, no fail message will be shown.

1. The communication test detects stuck
keys and verifies that the two micro-
processors communicate with each other
properly. The read/write capability of
the both microprocessors dual-port RAM
'ig examined. The communication microp-
rocessor verifies it can read and write
to its half of the RAM, and requests
that the control microprocessor do the
same. Data ig then passed to the control

microprocessor, checked against the
value it expected, echoed back to the
communication niecroprocessor, and

checked against the value it originally
sent. This is the same test as the diag-
nostic test for dual-port RAM,

The following messages are displayed on
the bottom line to indicate the result
of the test:

515

Communication test: PASSED

Stuck key: xXxxxxxx FATL +:GCONT
Dual-port RAM test: FAIL +: CONT
If a stuck key 1is detected, its key

code is displayed (represented by the
"xxxxxxx'"). Key codes basically repeat
the legend found on  the key and are
shown in Table 5-7. The self-test will
halt until a stuck key is no longer de-

tected, and will automatically continue
when the key is released. If "?27?77%7"
is displayed as the key code, it means

that the keyscan port of the micro-
processor has detected a short between
at least one column and one row scanned,
and there is no corresponding key at
this position.

TABLE 5-7 STUCK KEY CODES

Up DOWN
LEFT RIGHT
RF MHZ/MV
KHZ/UV DBM/%
+/ - LCL
FREQ LVL
STR RCL

INT AM PCS DEV
INT FM NEG DEV
EXT AM MOD OFF
EXT FM RATE
The numerals 0-9
the

decimal ".”

Note that a bad cable or a bad micro-
processor card component can alse cause
a stuck key indication.

2. The RAM test verifies the RAM of both
microprocessors can be written to and
read from correctly. If an error |is
found, the self-test will stop until the
+ key or the STATUS key is pressed. The
following messages indicate the results
of this test: '

RAM test: PASSED
Control RAM test: FATL +: CONT
Communication RAM test: FAIL +1 CONT

3. The ROM test verifies that the PROMs
of both microprocesgers have the correct
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checksum. If an error is found, the
self-test will stop until the + key or
the STATUS key is pressed. The following
messages indicate the results of this
test:

ROM test: PASSED
Control ROM test: FAIL +: CONT
Communication ROM test: FAIL +:CONT

4. The non-volatile data test verifies
the checksums of the calibration set-
tings and powerup instrument settings
mateh the walues that were saved. An
error in either or both of these tables
may indicate that the non-volatile RAM
is Ffailing. {(Note that errors may be
induced by handling the microprocessor
card any time it 1is removed from the
unit). Recurrent failure may dictate
replacing the non-volatile mMemory
device. If the calibration data is lost,
it must be regenerated by performing
both a frequency and a level calibra-
tion. A powerup instrument settings data
failure will result in the powerup set-
tings being reset to their factory de-

fault values. When either failure
oceurs, any or all of the stored set-
tings may be lost. If either error

occurs, - the default values are loaded
in place of the corrupt data.

An error will cause the =zelf-test to
stop until the + key or the STATUS key
is pressed. The following messages
indicate the results of this test:

Non-volatile data test: PASSED
Calibration table: FAIL
~ Instrument setting: FALL

+:CONT
+:CONT

5. The hardware test verifies that all
necessary cards are installed properly
and that the RF data and address bus is
operational. This test determines if the
cards are in their correct positions in
the eard cage by reading the ID code
lateh on each card. Each card has a
specific position in the card cage, so
the cards' ID code can be used to verify
that each card slot contalns the correct
card. Card ID codes are listed in Table
5-8.

TABLE 5-~8 CARD ID CODES

Code Card

¢ pBS Card

2 Control Card

4 Synthesizer Card

6 AM/Divider Card

7 Output Amp Card

8 L.0/Reference Card

g9 Deviation Meter Card

The Control card and the DDS card are
read directly from the Microprocessor
card. If these cards are installed pro-
perly and an error is indicated for
either of these two card positions (ID
codes 0 and 2), the problem can be iso-
lated to the RF data/address port of the
microprocessor card, or its connections
to these cards. Power supply loss to
these cards ecan also cause a misleading
hardware error indication.

Because the Control card is required to
read the RF cards, the RF cards are
skipped if the Control card cannot be
read. If one of these cards gives an
error indication (ID codes 4,6-9), even
though it is installed correctly, the
problem can be isolated to the RF data
or address bus between the Control card
and the RF cards, or to the Control card
latches that drive these lines.

The RF data bus test consists of exer-
eising the RF data bugs on the Control
card to verify that the data written is
written properly. A test failure will
indicate a problem localized to the RF
data bus or the corresponding latch
drivers on the Control card. The control
card must be properly installed to per-
form this test.

An error will cause the self-test to

"stop until the + key or the STATUS Kkey

igs pressed. The following messages
indieate the results of this test:

Hardware test: PASSED
Card ¥ not installed: FAIL +: CONT
RF data bus test: FATL +:CONT

5.5.1
pleted,

After power up tests are com-
the unit is ready for normal
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operation as detailed in Section 3 of
this manual. The unit powers up with the
instrument settings that were active
when it was last turned off.

5.5.2 If the front panel display does

5-17

not operate (is blank or exhibits non-
sense or a garbage message), the Model
2407 1is inoperable and needs repair.
Wavetek recommends the unit be returned
to the factory, after authorization,for
any repair work.
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6.1 INTRODUCTION

The general purpose interface bus (GPIB)
in the Model 2407 is fully compatible
with IEEE Std 488-1978 and 1987. The
following interface functions are imple-
mented,

SH1 Complete source handshake
capablility _

AH1l Complete acceptor  handshake
capability _

T6 Basic ~“talker, ~serial poll;
unaddressed if MLA (my listen
address) 1is active; talk only
mode disabled '

TEO Extended talker mode disabled

L4 Bagic listener; unaddressed if
MTA (my talk address) is
acktive;
listen only mode disabled

LEO Extended listener mode disabled

RL1 Complete Remote/Local capabil-
ity

PPO Parallel poll capability dis-
ahled

DC1 Complete deviece clear capabil-
ity .

DTL Complete device trigger capa-

~ bility :

€0 Controller capability disabled

E2 Device dependent code to data
line to indicate end of string;
bit 2 (of bits 1-8) must bhe
set. _

SRl Complete service request capa-
bility

All instrument functions except Power
on/0ff may be set wvia the GPIB. The
Model 2407 is both a listener and a
talker over the GPIB and provides error
status and instrument status to its as-
sociated computer/controller.

The GPIB command format uses the minimum
uniqueness concept to allow considerable
flexibility in programming the 2407

SECTION 6

GPIB

functions. Because of this flexibility
the Model 2407 with GPIB can be easily
conformed +to any GPIB based Automated
Test Equipment (ATE) system. It also is
compatible with Wavetek 2500 family
instruments.

6.2 INSTALLATION INSTRUCTIONS

The GPIB circuitry is located on the
dual microprocessor card inside the
Mocdel 2407. The bus address {(My Listen

Addresgs; MLA) for the Model 2407 is fac-
tory preset at 72", but this may be
changed over the GPIB or through the
front panel diagnostics procedure if
desired. Installation asgsoclated with
GPIB control of the 2407 consigts of
using a GPIB cable to connect a GPIB
controller to the GPIB connecitor on the
rear panel of the 2407,

A GP1B controller is a digital computer

that has 1/0 interface hardware and an
operating system that is compatible with
the IEEE-488 standard. The controller
sends ASCI1 command strings over the
GPIB to control a GPIB instrument.

Verify GPLB operation by
simple carrier frequency conmmand "FRQ
200 MHZ" over the bus. (The complete
command entry will depend upon the con-
troller used. 8ee Sections 6.3.5 and
6.3.11. for greater detail.) The 2407
FREQUENCY display will show 200 MHz and
the second line STATUS display will show
the REMOTE annunciator if installation
ig correct.

sending the

6.3 OPERATING INSTRUCTIONS

6.3.1 LOCAL/REMOTE MODE SELECTION

When power is first applied to the Model
2407 the instrument will be in the Loecal
Mode of operation. ALl functions will be
controlled from the £ront panel. The
2407 will enter the Remote Mode of oper-
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ation after any valid command has been
transferred cver the GPLB bus.

When the unit is in the Local Mode with
a STATUS menu displayed (Error, Diagnos-
tic, Calibration, or Debug screen) , no
GPIB activity can occur. GPIB activity
can resume when the unit is returned to
normal operation.

Wwhen the 2407 is in the remote mode, the
front panel keypad is inactive with one
possible exception. The LGCL Kkey may be
used to switeh operation back to the
Local Mode if the Local Lockout bus com-
mand hag not been sent by the con-
troller. Note that if the GPIB has been
used to send Local Lockout, the 2407
front panel is totally inactive (except
for the power on/off switch) and the
keyboard cannot be used to make changes
in operating functions/values.

Three procedures may be used to switch
from remote mode to local mode. The
operator may cycle power {turn the 2407
of £, then on), with power up in the
local mede. The operater may press the
LCL key on the 2407 front panel (if the
Local Lockout Command has not been sent
over the GPIB). The operator may send
the return to local mode (RTL) command
over the GPIB. Either of these three
procedures will return control to the
2407 front panel. The wunit will not
enter the local mode while wvalid GPIB
commandgs are being sent.

6.3.2 ADDRESS SETTING

The MLA (My Listen Address), the 2407
instrument bus address, is programmable
over the GPIB and from the front panel
using the diagnostics menus. The power
up (default) address is factory preset
at "2". The default MLA can be changed
by reprogramming through the diagnostic
mode or reprogramming over the GPIB bus.
SIG (signal generator), MLA (my listen
addressg), and MTA (my talk address) are
all methods of changing the programmable
instrument address over the GPIB bus.
The talk and listen addresses must be
-the same. Only a decimal address of 0-30
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ig allowed. An error will be generated

if the programmed address is out of
range and the current address is not
changed. The last valid address set

through the diagnostics procedure is the
power-up default address. The 2407
allows only primary addressing.

6.3.3 GPIB 1INPUT COMMAND DEFINITION

A GPIB input command is a statenenlt gen-
erated at the controller and communicat-
ed to the 2407 by the GPIB that causes

the 2407 to execute a particular fune-
tion or establish a particular setiing.

The Wavetek 2407 GPIB recognizes a var-
jety of input commands to provide maxi-
mum user friendliness. The najority of
GP1B  input commands are identiecal in
format to their corresponding manual
inputs (using the 2407 front panel key-
board). The remaining GPIB commands are
used to obtain system statue informa-
tion or to change system status.

6.3.4 GPIB INPUT COMMAND TYPES

There are four (4) basic Lypes of GPIB
input commands: parameter, etnumerated,
direct, and gquery. Each type of command

and its format are described in the
following sections. GPIB commands use
the minimum wuniqueness concept to en-
hance user friendliness (see below).

6.3.5 PARAMETER COMMANDS

Parameter commands are commands that
change numerical values of the 2407
operational settings (output frequency,
output level, ete.) A parameter command
specifies a particular numerical value
for an instrument setting.

The parameter command format is:

<header> gpace <numeric argument>
<terminator>

6.3.5.1

Parameter command headers are shown and
deseribed in Table 6-1. Characters (let-
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ters) may be entered in upper or lower
case. Each header must contain a minimum
number of letters in a specific order.
The mininum format is the minimum set of
letters in the specific order shown that
will identify the operating parameter
described. Each header has a maximum
length format. The maximum format is the
maximum set of characters for identifi-
cation of the parameter.. To specify =a
parameter command header the operator
may use the minimum format, maximum for-
mat, or any combination of letters be-
tween the minimum and maximum format
that includes the minimum format char-
acters in their specified order. This is
the minimum uniqueness concept. For ex-
ample, the header for a command te al-
ter center frequency (or deviation meter
frequency) may be entered as "FRQ",
YFREQ", or "FREQUENCY". Three parameter

commands (MLA, MTA, and BSIG) - have

identical minimum and maxinum formats.
6.3.5.2

After the header 1is entered, a space
character must be entered to separatle
the header from the numeric argument of
the parameter command format. Note that
after this required space has been en-
tered, spaces may be included anywhere
else in the command string at the users’
option {(to make the user's program more
easily readable, for example).

6.3.5.3

The numeric argument consists of a num-
ber and the applicable engineering nota-
tion for the units associated with the
parameter entered. The general form for
a numeric argument is: (sign) (9 digits
and decimal point) (engineering nota-
tion). If no sign is entered the 2407
will assume the numeric value is pogi-
tive (the sign is positive). The 2407
will accept a number that has a maximum
of nine digits and has a decimal point
anywhere within the nine digits en-
tered. The cperator may enter any number
of digits from 1 to 9. The 2407 will
ignore any digits entered after the
ninth digit.

6.3.5.4

The number may be entered in sclentifie
notation, using a two digit exponent
value that is not part of the nine digit
maximum. Scientifie notation takeg the
form: (E) (sign) (digit 1) (digit 2).
The sign and the second digit are op-
tional. If no sign is entered, the 2407
will assume the sign is positive. The
"E" character (for exponent) may be en-
tered in upper or lower case. The gen-
eral form for the number part of a nu-
meric argument entered in -scientific
notation is: (overall sign) (9 digits}
(decimal point) {E} (exponent sign}
(digit 1) (digit 2).

TABLE 6-1. PARAMETER COMMAND HEADERS

MINIMUM FORMAT MAXIMUM FORMAT

FRQ ' FREQUENCY
LVL LEVEL

TAM INTERNALAM
IFM ' INTERNALFM
XAM o EXTERNALAM
XFM EXTERNALFM
RTE ' © RATE

STR - STORE

RCL RECALL

MLA MLA

MTA - MTA

S1G SIG

Dutput or Deviation Meter Frequency
Qutput Level

Internal Amplitude Modulation
Internal Frequency Modulation
External Amplitude Modulation
External Frequency Modulation
Internal Modulation Rate

Storage of an Instrument Setting
Recall of an Instrument Setting
‘Programmable Talk and Listen Address
Programmable Talk and Listen Address
Programmable Talk and Listen Address
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The general form for a numeric argument

with scientific notation is: (sign) (9
digits) (decimal point) (E) (exponent
sign) (digit 1) (digit 2} (engineering
notation).

6.3.5.5

The engineering notation for the units
associated with the parameter entered
may contain additional numeric informa-
tion. For example, kHz 1is 1000 Hz.
Therefore, an entry of 3.000 kHz is an
entry of 3000 Hz. Engineering notation
igs shown in Table 6-2. Note that GHZ,
GZ, MHZ, MZ, KHZ, XKZ, MV and UV provide-
numeric and engineering unit informa-

tion. Engineering notation may be enter- .

ed in upper or lower case Or any com-
bination of the two.

6.3.5.6

The numeric values for the parameter
command arguments have the ranges spec-
ified as normal ranges for the 2407
signal generator functions. The internal
modulation rate (RTE) argument can have
only itwo values, "400" and "i000" Hz,
The RTE argument does not require an
engineering notation (HZ) entry.

TABLE 6-2. ENGINEERING NOTATION

NOTATION ASSOCIATED PARAMETER

GHZ Qutput or Dev Meter Frequency

GZ Qutput or Dev Melter Frequency

MHZ Qutput or Dev Meter Frequency

MZ Output or Dev Meter Frequency

KHZ Output Frequency, Internal
.FM, External FM

KZ Output Frequency, Internal
FM, External FM

HZ Qutput Frequency, Internal
¥FM, External FM

DB Output Level

DBM . Output Level

MV Output Level

uv Qutput Level

v Qutput Level

% Internal AM, External AM

6.3.5.7

The arguments for the storage (STR) and
recall {(RCL) of a complete front panel
setting are limited to values between 1
and 15. Extended storage options are av-
ailable to expand storage limits from 1
to 25 or from 1 to 50. The STR/RCL funec-
tion is a unitless value requiring no
engineering notation as part of its ar-

gument. The programmable talk and listen

address commands {(MLA, MTA, znd SIG)
limited to values between 0 and 30
also are unitless. MLA (my listen ad-
dress), MTA (my talk address), and SiG
(signal generator) are all commands to
change the programmable instrument ad-
dress over the GPIB instead of changing
the address from the front panel with
the diagnostic procedure. The talk and
listen addresses must be the same.

are
and

6.3.5.8

The final item in the generalized para-
meter command format is an end of string
(EOS) terminator. A series of parameter
commands may be entered at the con-
troller before any single command in the
series ig executed across the GPIB. The
serieg is called a string of commands.
The EO0S terminator tells the controller
to send the entered command or string of
commands to the 2407. The commands in a
string of commands are separated from
one another by semicolons after each
command's engineering notation. The EOS
terminator tells the controller that the
entered sequence has been concluded.

The EO0S terminator is programmable. The
EOS terminator sequence is selected from
the front panel diagnostic programming
mode. Any ASCII data character associ-
ated with the decimal numbers 00-31 may
be programmed as the E0S terminator. The
number 10, for example, sSelects the LF
terminator. The number 13 selects the
CR terminator. The operator may estab-
lish a different EQS terminator charac-
ter by performing the GPIB enumerated

command identified as TRM in Section
6.3.6, immediately following this
section.
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Regardless of the EOS terminator select-
ed, EQI ig also sent. The EQI message ig
not an ASCIT character, but is a bus
control line issued simultaneocusly with
an ASCII data character. The responses
generated by the 2407 always will ter-

minate with the programmed terminator.

character (the ASCII equivalent to deci-
mal 00-31) and EOI. Any of the follow-
ing, individually or in combination,
will terminate a command: CR, LF, EOIL.

Upon power up, the EOS terminator is

set to LF. These are the default EQS
terminators.
6.3.6 ENUMERATED COMMANDS

Enumerated commands, with one exception,
are commands that provide distinct
choices to change system status. The
modulation off command (see Table 6-3)
has no alternative choices. Enumerated
commands follow the format: <header>
space <alphabetic or ASCI1 control sym-
bol argument> <terminator>.

6.3.6.1

Enumerated command headers and their
associated arguments are shown in Table
6-3. The majority of commands require
an alphabetie argument. Argument charac-
ters may be in upper or lower case or
any combination of the two. The EOS ter-
minator command reguires use of an ASCII
control symbol(s)., A brief description
of each command function is included in
Table 6-3. More information about each
command is contained in the following
gections, as required. '

Tt is the minimum format for enumerated
command headers that is shown in Table
6--3. These headers also employ the
minimum  uniqueness  concept  (Section
6.3.5.1) to provide expanded user
friendliness. Minimum and maximum
formats for enumerated command headers
are shown in Table 6-4.

£.3.6.2

A space character must be entered be-
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tween an enumerated command header and
its argument. Additional spaces may be
entered anywhere else in the command
string as degired (to aid in reading a
program, for example).

6.3.6.3

The final item in an enumerated command
is the RO0S (end of string) terminator.
The discussion of EOS terminators of

parameter commands in Section 6.3.5.8
is equally applicable for enumerated
commands .

6.3.6.4

When enabled, the RQS (Request for Ser-
vice) allows the 2407 to signal to the
GPIB corntroller that the 2407 is re-
questing atitention. The service request
line will signal the controller if an
error condition exists within the 2407
or a message is pending in the GPIB
output buffer. This function is disabled
at 2407 power up (the default condi-
tion). The function is enabled by the
GPIB enumerated command "RQS ON". The
GPIB command "RQS OFF" will disable the
RGS function.

When an error generates a service re-
quest, the operater must send the query
command "ERR" (discussed in Section
6.3.8) over the GPIB to receive a coded
message identifying the source of the
error. If the SRQ function is not en- .
abled, the 2407 serial poll buffer will
still contain the current status of the
2407,

Note that to utilize the 2407 SRQ capa-

bility the controller alsc must have
complete service .request (8R1) capa-
bility.
~6.3.6.5

The GET (&roup Execute Trigger) command
is used to automatically execute a group
of functions within the 2407. There are
four (4) types of GET input commands:
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HEADER

RF

RE

MOD

ROS
RQS

GET

GET
GET

TRM

TABLE 6-3. ENUMERATED COMMANWD LISTINGS

OF¥

OF¥F

DESCRIPTION

RF output gignal enabled at the RF OUT connector on

the 2407 front panel

RF output signal disabled at the RF OUT connector

on the 2407 front panel

Digsables all modulation: internal and external AM,

and internal and external FH

also Turns off the deviation meter readings and

returns the unit to its normal operation mode

XANOTE** MOD ON is not a valid command. The specific modulation desired
muist be entered as a separate parameter command (see Section 6.3.5, £f).

*AXROTE**  The deviation

Section 6.3.9).
ON
OFpE

ON

OF¥
S8
1 ASCIT control

symbel at uger's
discretion

Enable the 2407 to produce service regquests
Disable all service requestis

Execute the previopusly transmitted group
functions

Pisable the group execution or group input
Execute the next stored setting

Programmable end of string terminator (see
Section 6.3.5.8).

IABLE 6-4. ENUMERATED COMMAND HEADERS

MINIMUM FORMAT MAXTMUM FORMAT

RF

MOD
RQS
GET
TRM

RF

MOD
REQUESTFORSERV
GET
TERMINATORS

COMMARD NAME

RF Signal OQutput

Modulation

Request for Service

Group. Execute Function

Programmable End of String Terminators

meter is turned on using a query command (see

of
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1. GET precedes a group of commands
which will be executed at one time. The
commands following "GET" are stored un-
til "GET ON" is received. At that time,
the commands are passed to the 2407 and
executed. GET storage is limited to 100
characters. If the length of the GET
command string exceeds 100 characters,
the excessive characters will write over
the earlier GET entries.

2. GET ON sends the stored commands to
the 2407 for group execution.

3. GET OFF disables the GET function and
clears all stored commands.

4. GET SS calls up the "next" 2407 stor-
ed setting and executes that setting.
The stored settings calculated as "next
settings” will refer only to settings
that have been set up through the GPIB,
This avoids having the contreller guery
the 2407 to obtain the current stored
setting, wait for the 2407 response,
and then ask for a recall of the next
setting.

The GET command also may be used to sim-
ultaneously trigger a group of devices
(instruments) on the GPIB.

6.3.6.6

The TRM {(programmable terminator) func-
tion allows the user to select an end of
string termination ASCI! control char-
acter. Any ASCLI dsta character as-
sociated with decimal 00-31 may be used.
The terminator command must always be
completed with a semicolen. The current
EOS terminator is not a valid completion
indication for this command because a
resetbing of the EOS is occurring as the
TEM command is given. If the terminator
input preocess 1s incorrect, an error
will be generated and the current ter-
mination string will not be changed.

The general format for the TRM conmand
is: TRM (char);.

Only ASCII control characters (decimal
00-31) may be used as a terminator char-
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status;  3)

acter. The minimum format header TEM ig
shown (see Section 6.3.5.1 for a brief
discussion of the minimum uniqueness
concept, 1if necessary).
6.3.7 DIRECT COMMANDS
Direct commands make the 2407 perform an

immediate action. The format for a dir-
ect command is:<header> <terminators.

6.3.7.1

The header specifies the action to be
performed. Minimum and maximum formats
for the direct command headers and com-
mand name are shown in Table 6-5. The
minimum uniqueness concept discussed in
Section 6.3.5.1 is equally applicable
for - direct command headers.

6.3.7.2

The terminator description of Section
6.3.5.8 is equally applicable for the
direct command format.

6.3.7.3

The LLO (Local Lock Out) command dis-
ables the 2407 front panel controls
withh the exception of the power on/off
switch., The front panel LCL key cannct
be used to return the 2407 o local con-
trol when the GPIB command LLO has been
entered at the controller.

6.3.7.4

The RTL {Return to Local) command will

return 2407 control to the 2407 front
panel (local mode of operation).

6.3.8 QUERY COMMANDS

The majority of query commands tell the
2407 to send 2407 operating parameters/
status information teo the controller.
(Two query commands turn on the devia-
tion meter; see section 6.3.9.) Using
query commands, the 2407 is capable of
inferming the GPIB controller of: 1)
the 2407's identity; 2) its operaticnal
certain error conditions
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" mand format tells

which have occurred; 4) the need for
immediate attention. The query command
format is: <header> <%> <terminator>,

6.3.8.1
The header specifies the type of infor-

mation to be sent to the controller. The
majority of the parameter command head-

erg (Section 6.3.5.1) and enumerated
command headers RF and MOD  also serve
as query command headers. Table 6-6

lists all query command headers (minimum
format) and the associated 2407 response
to the command. HNote that information
about 2407 output level (LVL) may be
supplied to the controller in units of
v, nmv, uV, or dBm. There are nine
posgsible responses to a "MOD" query,
and two responses to both "RF" and "RTE"
gueries, The 2407 responses to commands
1D, ERR, and SET are discussed in detail
in Sections 6.3.8.4 through 6.3.8.6.

ALl " responses use a fixed message
length of 30 characters, not including
the terminator character. Blanks are

inserted as necessary at the end of the
message to comnplete the message length.

Table 6-6 lists query command headers in
minimum format. The minimum uniqueness
concept of Section 6.3.5.1 is valid for
query commands also. Header formats for
all commands but ID, ERR, SET, and the
two deviation meter query commands PSM
and NGM Thave been presented earlier in
this section. Header formats for these
commands are shown in Table 6-7.

6.3.8.2

Because parameter and enumerated com-
mand headers can also be guery headers,
the question mark <?> in the query com-
the 2407 to send,
rather than receive, information. The
gquery command "<FRQ> <?> <terminator>"
requests the current operational output
frequency setting for the 2407.

6.3.8.3
characters

The terminator in a query

6-8

command are exactly as described in
Section 6.3.5.8 for parameter commands,

6.3.8.4

The response of the 2407 to the query
command ID (Identify) will be “ID WVIK/
2407,0,Fx.%'", where: WVIK/2407 is the
Wavetek model number for the 2407, 0 is
a place holder, and Fx.x is the firm-
ware version number.

6.3.8.5 .

The 2407 will respond to the query com-
mand ERR (Brror) with error messages
that identify the source of a detected
error{s). The general format of an error
nessage is:

XXX~ENGLISH DESCRIPTION OF THE ERROR

where XXX is an identifier which is used
to identify the error. To malntain the
fixed message length of 30 characters,
the total error message will be kept to
30 characters. Error messages are shown
in Table 6-8.

when an error is detected, the error bit
{bit 5) of the serial poll byte will be

set. Bit 6 of the serial poll byte also
will be set if RQS (request for service)
is enabled. Bit descriptions for the
serial poll byte are as follows:

Bit 7 Deviation Meter Updated

From Last Reading

Bit 6 Service Request

Bit 5 Error

Bit 4 Message Avallable

Bit 3 Undefined

Bit 2 Undefined

Bit 1 Buffer Empty

Bit 0 Message In Process’

The buffer empty flag (bit 1) will be
set if the output bduffer is empty and
no messages are being processed for
output, If there is no message to send
but a talk request has been made, the
2407 will respond with a terminator
character only.
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DIRECT COMMAND HEADERS

Lockout of Front Panel
Return Instrument to Local Control

TABLE 6-6. QUERY COMMAND HEADERS/2407 RESPONSE

Table 6-5.
LLO LOCALLOCKOUT
RIL RETURNTOLOCAL
HEADER 2407 RESPONSE
FRQ FREQUENCY ffff.{fff MHz
LVL AMPLITUDE aaaa Voltis
AMPLITUDE aaaa mV
AMPLITUDE aaaa uV
AMPLITUDE aaa.a dBm
RF RF OUTPUT ON
RF QUTPUT OFF
IAM INTERNAL AM mm %
IFM INTERNAL FM mmmm kHz
XAM EXTERNAL AM mm %
XFM EXTERNAL FM mmmm kHz
RTE MOD RATE 400 Hz
MOD RATE 1000 Hz
CAL See CALIBRATION
COMMANDS, Section 6.3.10
OPT NO OPTIONS INSTALLED

HEADER

MOD

ID

ERR
SET
PSM

NGM

2407 RESPONSE

MODULATION
MODULATION
MGDULATION
MODULATION
MODULATION
MODULATION
MCDULATION
MODULATION POS MET
MODULATION NEG MET

ID WAVETEK/2407, 0, Fx.x
xx¥--ENGLISH DESCRIPTION
CURRENT 2407 SETTINCS
See DEVIATION METER
COMMANDS, section 6.3.9
See DEVIATION METER
COMMANDS, section 6.3.9

OFF

INT AM/EXT FM
EXT AM/INT FM
INT AM

INT FM

EXT AM

EXT FM

TABLE 6~7. HEADER FORMATS FOR ID, ERR, SET, PSM, AND NGM QUERY COMMANDS

MINTMUM MAXIMOM

FORMAT FORMAT

D IDENTIFY

ERR ERROR

SET SET

PSM POSMETER

NGM - NEGMETER
TABLE 6-8.

101-COMMAND HEADER
103--ARGUMENT

205--ARGUMENT OUT OF RANGE
302--SYSTEM ERROR

310-L0O UNLOCKED
311-SYNTHESTZER UNLOCKED
312-UNTT UNLEVELED
313-CIRCUIT BREAKER TRIPPED
315-400 HZ NOT FUNCTIONAL
316-UPPER FREQUENCY UNLEVELED

DESCRIPTION

Request for the instrument name and model
Request for the current listing of errors
Request for a listing of the current
instrument settings

Turn on deviation meter, positive dev
Turn on deviation meter, negative dev

ERROR MESSAGES

317-EXTERNAL MOD SOURCE UNCAL

320-DEV METER FREQUENCY HIGH
321-DEV METER FREQUENCY LOW
322-DEVIATION INPUT LEVEL LOW
323-FM DEV SIGNAL OUT OF RANGE
342-0PTION PROGRAMMING ERROR
349-POWER UP SETTINGS ERROR
350-STORED SETTING ERROR
401~-POWER UP

496-SYSTEM OPERATIONAL
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The message in process flag (bit 0) will
be set if the output buffer is empty,
but =z message is currently being pro-
cessed for output. This will indicate
that an output buffer message will be
‘available soon.

The message available flag (bit 4) will
be set if one or more messages are pend-
ing in the output buffer. This will in-
dicate data is ready to be read.

Only the message available condition and
the error condition will issue a service
request (when RQS is enabled).

6.3.8.6

The 2407 responds to a SET query (SET?)
with the the current operating settings
of the instrument. Each setting is sent
ag an individual messsge. Continuous
"READS" must be performed to get all
settings. SET also sends the last devia-
tion meter readings and puts the unit
into the negative deviation meter mode.

6.3.9 DEVIATION METER COMMANDS

The deviation meter is turned on by
either of two query commands. The
command <PSM> <?> turns on the meter,
if it ilsn't already on, and sets up the
display for a positive deviation meter
reading. Thig command also requests the
last positive deviation meter reading
made. The command <NGM> <7> turns on
the meter, if it isn't already on, and
sets up the display for a negative dev-
jation meter reading. This command also
requests the last negative deviation
meter reading made,

When the deviation meter mode is turned
on, the 2407 performs a calibration that
takes about 8 seconds to complete. In
the meter mode, one reading per second

is taken. Therefore when a positive or
negative deviation meter reading is
requested, a valid response takes about

8 seconds 1f the meter must be turned
on and about 1 second if it is on.

A response is generated every time a

6~-10

PSM or NGM query command is issued. The
response value indicates the last meas-
urement taken, and will be available
until the next sample is taken. In
order to determine if the reading
requested has been updated from the
last query, the program used must check
the status of bit 7 of the serial poll
register. If set, the reading is from a
fresh sample. If not, the program must
continue requesting z reading until bit
7 is set. Note that the output buffer
is loaded with a response whether the
setting has been updated or not. There-
fore the response must be read for each
query performed.
Deviation meter freguency may be set
across the GPIB using the Parameter
command FRQ, as detailed beginning at
section 6.3.5 (see Table 6-2 for header
format). The query command ERR (section
6.3.8.5) requests the error status of
the instrument if an error message
oceurs in the deviation meter mode.

The enumerated command MOD OFF (section
6.3.6) turns off the deviation meter
mode and returns the unit to its normal
operating mode.

6.3.11.5
program

contains a
wging the

Section
software

sample
remote

~capability of the 2407 deviation meter

with a Wavetek Model 6000.
6£.3.10 CALIBRATION COMMANDS

The three types of CAL (Calibration

Commands) are:

"CAL O
!'CAL ?”
"CAL + data string”

"CAL 0" is used to load the factory de-
fault calibration values into the cali-
bration tables. "CAL ?" is the CAL
QUERY, the request for all calibration
data. The level and frequency calibra-
tion data will be returned as a series
of data strings. "CAL + data string"
sends change information for specific
calibration data ag 1identified and
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coded in the data string.
6£.3.10.1 CAL Command Data Strings

The data strings shown after a "CAL ?"
query or the data string used with a
"CAL + data string” entry have the same
character definition. A typical string
sequence following the "CAL 7" entry
might contain lines that look like the
following (the dotted lines indicate
the entire sequence of data strings is
not shown): '

LF0O0
LF006
LFOOC

510052005300540055005600
570058005800610062006300
640065006600670068006900
Q001IFEFC0406000003020202
$20000000004040000000001

LCO00
LCOOC
404040404040404040404040
404040404040

FLOOO
FLOOC
324549505357595C666A7177
82868F939

FC000
FC0O0C
055505550555055505550555
055505550555055505550555

FMQOO
FM006
FM10E 055505550555055505550555

Ag indicated above, not all 30 character
spaces may needed in each data string.

A typical data string sent with the
"CAL + data string”™ entry might be:

"CAL LFCO00 510052005300540055005600"
The level calibration and'freéuency cal~
ibration date entries produce strings

with slightly different formats. They
are single line entries of format:

"tDOOO MMDDYY" and ”FDOOOO HMMDDYY"

The characters MMPDYY are replaced by
decimal digits representing the date
last set.

6.3.10.2 Data String Characters

The argument {characters following CAL)

6-11

for the preceding entry and the char-
acters in the data strings resulting
from a "CAL ?" entry have identical de-
finitions. Characters 1-2 are the table
gelection alpha code. The code, listed
in the order in which information is
supplied following a "“GAL ?" query, is:

the level calibration daﬁe.
LF = the level calibration frequency
table, which containg the fre-
quencies at which level calibra-
tion is to be performed.

the level flatness calibration
correction table, which contains
the level correction in .1dB
increments at each  calibration
point,

LC =

the level linearity calibration
correction table, which contains
the corrections at 1 dB decre-
ments from +13 dBm to -7 dBm.

the frequency calibration date.

the frequency loop compensation
DAC table, which contains DAC
compensation wvalues for frequen-
cies starting at 275 MHz, with
each succeeding entry at a 10
MHz higher frequency.

FC = the frequency coarse DAC table,
which contains coarse DAC values
for frequencies starting at 275
MHz, with each suceceeding entry
at a 10 MHz higher frequency.

the FM calibration table, which
contains FM values starting at
275 MHz, with each succeeding en-
try at a 1 MHz higher frequency.

The following descriptions apply to the
formats for the calibration tables (LF,
LG, FL, FC, F¥M, and LL) listed above.
The calibration date formats have been
described earlier {Section 6.3.10.1).
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Characters 3-5 indicate the entry number
of the selected table at which to store
the calibration data. Table entry leng-

ths can be one or two bytes. The first
byte of each table ig 000", with the
exception of the level calibration
table (LC). The first digit of the LC
first Dbyte indicates the attenuator
gseleetion (range 0-C; hex for 12, or
120 dB). The last two digits indicate

the Jlevel calibration entry number for
that attenuator.

Character 6 is a daia field separator
(an ASCI1 space character).

Characters 7 to the end of the string
contain the actual data, which is de-
seribed in  detail 1in the following
sections.

£.3.10.3 Data Characters

Chavacters 7 to the end of the string in
a data string contain dataz, with each

byte of datas represented as 2 ASCII
characters. All calidbration data char-
acters are ASClI characters. In the

following descriptions, a data wvalue
that has a “"signed binarvy byte” is data
that has its two ASCII characters con-
verted into the binary wvalue they re-
present. The ASCII characters "E2", for
example, would be converted into their
hexadecimal value $E2 (a one byte binary
value). Therefore, all data characters
must be made up of ASCILl characters 0-9

and A-F (lower case accepted), unless
the data is decinal. If the data is
decimal, only the characters 0-9 are

allowed.

Each of the level frequency (LF) table
datas entries are four -characters in
length. "These entries represent the
frequencies at which the level cali-
bration data wvalues (LC) are to be
used. The number of entries in this
table can be increased from the 30 set
up in default to a maximum of 255. The
range of valid frequencies is from 10
kHz to 550 MHz, the operating range of
the instrument. The format of the data

entry is:

exponent of frequency  value
in .1 Hz units; range from 5
to 9; for example, 10 kHz
would be E5 (10 kHz in Hz
units is E4, buit exponent
must increase by 1 when
using .31 Hz units = EB)

most significant digit of
frequency data; must be a
nonzero decimal value

second most significant dig-
it of frequency data; must be
a decimal value

third mest significant digit
of frequency data; nust be a
decimal value

char 1 =

char 2 =

char 3 =

char

Each of the level correction (LC) table

data entries are two characters in
length. These entries represent the
level correction values {factors) in .1
dB units to be applied at their corre-
sponding level calibration frequencies.
Each correction factor is used over the
frequency range extending from the mid-
points of the two calibration points on
either side of the calibration point
that actually corresponds to the correc—
tion factor. The lower freguency limit
for a correction factor is the frequency
halfway between the calibration point
that corresponds to the correction fac-
tor and the calibration point immedi-
ately preceding it. The upper frequen-
ey limit for a correction factor is the
frequency halfway betiween the calibra-
tion point that corresponds to the cor-
rection factor and the calibration point
immediately following it. The calibra-
tion data is in signed binary notation.
A correction value of "FE”, for example,
corresponds to a correction of -0.2 dB.
A value of "12" corresponds to a correc-
tion of +1.8 4B.

The number of entries in the LC table
must always be the same as the number
of entries in the LF table. Therefore,
if the LC table is to be extended, the
additional frequencies must first be
defined in the LF table.
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Each of the loop compensation DAC (FL)
table data entries are two characters in
length. These entries represent the
values to be programmed into the loop
compensation DAC for the given frequen-
cies. ‘The number of entries
table is fixed at 28. This corresponds
te one entry every 10 MHz, starting at
275 MHz. The values are one byte binary,
with a range from 00 to FF.

Each of the coarse tune DAC (FC) table
data entries also are two characters in
length. These entries represent the val-
ues Eto be programmed into the coarse
tune DAC for the given frequencies. The
number of entries in this table also is
fixed at 28. This corresponds to one
entry every 10 MHz, starting at 275 MHz.
The values are one byte binary, with a
range from 00 to FF.

Each of the FM calibration (FM) table
data entries are four characters in
length. Thezse entries represent the FM
DAC values corresponding te a deviation
"of 1 MHz at the given frequencies. The
number of entries in this table is fixed

at 276. This corresponds to one entry
every 1 MHz, starting at 275 MHz. The
values are twelve bit binary, with a

range from 0000 to OFFF (the first char-
acter always must bhe a "0").

The level linearity calibration table
centry produces a 21-byte long siring,
each byte represented by 2 hexadecimal
characters. Because each line displays
12 bytes, the data is shown on 2 lines
and 1is organized as followings. The
first byte represents the level linear-
ity correction at +13 dBm. Succeeding
values represent corrections at 1 dB
decrements up to and including -7 dBm.

in this

Correction factor limits are the same

as those for the level flatness {(LC)
data. These limits are from -60 to +60,
(hexadecimal values C4 to 00 for nega-
tive values and 00 to 3C for positive
values),

6.3.10.4 Checking For Errors

Two methods may be used to verify cor-

6--13

rect CAL commands (check for errors).
The error query "ERR ?" command may be
sent (to look for errors that have
occurred) or the "RQS ON" command may
be sent (to enable the service request
and issue a service request if an error
cccurs). In either case, an error will
generate the appropriate error message
shown in Table 6-8.

Argument errors may be
the following reasons:

generated for

1. The table select code is missing
or invalid. _
2. The table entry number is missing

or invalid (not 3 ASClI - hex
characters).

3. The data field separator is miss-
ing.

4., Data is missing or invalid ({(not

ASCII hex characters).
5. Word-format data is only partially
defined (must be four characters

each).

6. Byte-format data is only partially
defined (must be two characters
each).

Range errors may be generated for the
following reasons: '

1. The entry number exceeds the number
of entries for the selected table.

2. Level frequency calibration table
data is not in a valid format (exp

D1, D2, D3: where exp = §5
to $9, D1 = $1 to $9, D2 = 0 to
$9, D3 = 30 to $9.

If the data string length exceeds 12
data bytes (24 characters), no error is
generated but the string is truncated to
12 bytes.

If the data string length is less than
12 data bytes (24 characters), no error
is indicated and only these data bytes
read are output. Note that an argument
error will result if any non-hex values
oceur in the data string.
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6.3.11 SAMPLE SOFITWARE PROGRAMS

These basic programs can be adapted to
any GP1B controller if the appropriate
write and address formats are substi-
tuted. These programs illustrate the
2407 as a listener, The 2407 is also a
talker. :
6.3.11.1 FUNCTION: FREQUENCY

Exercise: Program the frequency in 50
MHz steps between 100 and 550 MHz,

WAVETEK 6000 BASIC:

100 FOR I=100 to 550 STEP 50

11¢ WRITE @ 702:"FRQ "&STRF(L)& "MHZ,;"
120 WAIT DELAY.2

130 NEXT I

140 END

The 200 millisecond time delay in line
120 permits the Model 2407 frequency to

stabilize.

HPB5 BASIC:

100 FOR 1=100 to 550 STEP 50

110 CUTPUT 702;"FRQ "&VALS(L)}&"MHZ;"
120 WAIT 260

130 NEXT I

140 END

HPS825 HPL;

0: for I=100 to 550 by 50

1: wrt 702,"FRQ "&str(Il)&""MHZ;"
: wait 200

: next I

: end

P A B ()
.

IBM
100
110
120
130
140
150
160
170

PC BASIC:

for I=100 to 550 STEP 50
TE=RIGHTS (STRE(CT) ,LEN(STRE(1I)-1)
WRTE="FRQ "+I$+"MHZ;"

CALL TBWRT(SIGEN%,WRT$)

FOR J=1 to 200

HEXT J

NEXT T

END

In line 110 a blank space is removed to
prevent an illegal response. In lines
140 and 150 an approximate delay is
achieved by using a for-next 1000.

6-14

- 150

NOTE: The necessary program lines that
initialize the PC, set the device num-
ber, and clear the 2407 (NAME: SIGEN)
are omitted from the above program.
6.3.11.2 FUNCTION: LEVEL

Program the output level in 5 dB steps
between +10 and -10C dBm. Initially set

the frequency teo 500 MHz in CW mode
with the RF output on.

WAVETEK 6000 BASIC:

100 WRITE@702:"FRQ 500 MHz; MOD OFF;
RF ON;"

WAIT DELAY .2

FOR I=10 TO -100 STEP -5
WRITE@702:"LVL "&STRE(IL)& "DBM;"
NEXT 1

END

110
120
130
140
150

HP 85 BASILC:

100 OUTPUT 702:"FRQ S500MHz; MOD

OFF; RF ON,;"

WAIT 200

FOR I=10 to -100 STEP -5
OUTPUT702;"LVL “&VAL$(L)& “DBM;"
NEXT I

END

110
120
13¢
140

HP 9825 HPL:

: wrt 702,"FRQ S500MHZ;MOD OFF;RF ON;"
: walt 200

for I=10 to -100 by -5

: wrb702,"LVL "&STR(I)&"DBM; "

: next I

end

(e

1BM
100
110
120
130
140
150
160
170
180

PC BASIC:

WRT$-"FRQ 500 MHZ:MOD OFF;RF ON;"
FOR I=1 to 200

NEAT 1

FOR I=10 70 -~10 STEP -5
T$=RIGHTE{STRE (L) ,LEN(STR$(I})-1
WRT$="LVL "+I§+"DBM;"

CALL IBWRT(SIGEN%,WRT$)

NEXT I '

END

6.3.11.3 FPUNCTION: RF LEVEL (ON/OFF)

Set the Model 2407 to 500 MHz at +13 dBm
in CW mode with the RF output off for
400 milliseconds, then on for 200 milli-
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seconds, then off adgain.

WAVETEK 6000 BASIC:

100 WRITE@702:"FRQ 500MHZ;
MOD OFF:; RF OFF;"
110 WAIT DELAY .4
120 WRITE@702:"RF ON;"
130 WAIT DELAY .2
140 WRITHE@7CZ:"RF OFF;"
150 END
HP 85 BASIC:
100 OUTPUT 702:"FRQ 500MHZ; MOD OFF;
RF OFK;"
110 WAIT 400
120 OUTPUTT02;"RF ON;"
130 WAIT 200
140 OUTPUTTOZ;"RF OFF;"
150 BND :
HP 9825 HPL:
0: wrt702 "FRQ SOO0MHZ; MOD OFF;
RF OFF;
1: wait 400
2: wrt702,"RF ON;"
3: wait 200
4: wrk702,"RF OFF;"
5: end
1BM PC BASIC:
100 WRTE= “FRQ S00MHZ; MOD OFF;
RF OFF;"
110 CALL IBWRT(SIGEN%,WRT$)
120 FOR I=1 to 400
130 NEXT T
140 WRT$="RF ON;":CALL IBWRT (SIGEN%,
WRT$)
150 FOR I=1 to 200
160 NEXT T
170 WRT$="RF OFF;":CALL IBWRT
(SIGEN%,WRTS$)
180 END
6.3.11.4 FUNCTION: INTHERNAL FM

Initially set the Model 2407 to 500 MHz
at +10 dBm in CW mode with RF outpub on.
After 1 second, set the inlernal FM de-
viation to 500 kHz at 1 kHz modulation
rate. After 500 milli-seconds turn the
modulation off.

WAVETEK 6000 BASIC:

100 WRITE@R702:VFRQ 500MHZ;

'LVL 10DBM ; MOD OFF;RF ON;"
110 WAIT 1
120 WRITE@702:"IFM 500KHZ;RTE 1000;"
130 WAIT .5
140 WRITE@702Z:""MOD OFF;"
150 END
HP 85 BASIC:
100 QUTPUT 702;"FRQ 500MHZ;

LVL 10 DBM; MOD OFF; RF ON;"
110 WAIT 10060
120 OQUTPUTT702;"IFM 500KHZ; RTE 1000;"
130 WAIT 500
140 QUTPUTLTOZ;"MOD OFF;™
150 END
HP 9825 HPL:
0: wrt?702,"FRGQ S500MHZ; LVL 1O0DBM;

MOD OFF; RF ON;"

1: wait 1000 .
2: wrt702,"1IFM S500KHZ; RTE 1000:;"
3: wait 500 '
4: wrt702,"MOD OFF;"
5: end
IBM PC BASIC:
100 WRTE="FRQ SO0MHZ; LVL 10DBM;

MOD OFF; RF OFF;"
110 CALL IBWRT (SICEN%,WRT$)
120 FOR I=1 to 1000
130 NEXT I
140 WRT$="IFM 500KHZ; RTE 1000;"
150 CALL IBWRT (STGENY, WRTS)
160 FOR I=1 TO 500
170 NEXT 1
180 WRT$="MOD OFF;":CALL IBWRT

(SIGEN%,WRT$) '
190 END
6.,3.11.5 FUNCTION: DEVIATION METER
The following sample  program  and
comments show the 2407 deviation meter
used with a Wavetek Model 6000
controller. The program requests a

given number of positive and negative
deviation meter readings, and displays
them only after a new reading 1is
completed., If an error . occurs while
readings are being taken, the error
message 1s displayed until the error
condition disappears. -
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PROGRAM

WAVETEK 6000 BASIC:

100
110
120
130
140
150
160
170

180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
380
400
410
420
430
440
450
460
470
480
490
500

510 PRINT ERR$

520 GO TO ERRWAIT _

530 ERREND: IF ADB(S,32)<»>0 THEN GO TO
ERROR

540 RETURN

550 ¢

9999 END

DIM POSEX40,NEGE*40,ERRE*40
t

EOT ON

TERM IS CHS$(10)

LET SGEN=702

LET DTIME=.3

!

LOOP: PRINT "ENTER # OF READINGS
TO TAKE"

INPUT A

4

FOR ¥=1 TO A

f

POS: WRITE QSGEN: "PSM ?"
POSWATT: WALT DELAY DTIME

STATUS @SGEN:S _

TF ADB(S,16)=0 THEN GO TO POSWAIT
READ @SGEN: POS$

1F LEN(POS$)<2 THEN GO TO POSWALT
IF ADB(S,32)<>0 THEN GO SUB ERROR
TF ADB(S,128)=0 THEN GO TO POS

i

NEG: WRITE Q@SGEN: "NGM #"
NEGWAIT: WAIT DELAY DTIME

STATUS @SGEN:S

TF ADB(S,16)=0 THEN GO TO NEGWALT
READ @SGEN: NEGS

IF LEN(NEG$)<2 THEN GO TO NEGWALT

I¥ ADB(S,128)=0 THEN GO TO NEG
'

PRINT POSE;NEGS

HEXT Y

GO TO LOOP

1

ERROR: WRITE @SGRN: "ERR ?"
ERRWAIT: WAIT DELAY TIME DTIME

STATUS @SGEN:S

TF ADB{S,2)<>0 THEN GO TO ERREND

IF ADB(S,16)=0 THEN GO TO ERRWAIT
LET OLDERR$=ERR$(1:3)

READ @SGEN: ERRE

IF ERR$(1:3)=0LDERR$ THEN GO TO
ERRWATT
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COMMENTS

2407 Responge strings

TERMINATOR CHAR =

LF
GPIB ADDR = 02
LOOP DELAY = .3 SEC

ISSUE POS DEV METER QUERY
RESPONSE DELAY

READ SERTAL POLL REGISTER

WALT FOR RESPONSE AVAILABLE FLAG
READ RESPONSE

CONTINUE WAITING IF NULL MESSAGE
CHECK FOR ERROR FLAG

REPEAT IF NOT NEW READING

ISSUE NEG DEV METER QUERY
RESPONSE DELAY

READ SERIAL POLL REGISTER

WAIT FOR RESPONSE AVAILABLE FLAG
EEAD RESPONSE

CONTINUE WAITING IF NULL MESSAGE
REPEAT TF NOT NEW READING

PRINT POS AND NEG DEV READINGS

ISSUE ERROR QUERY

RESPONSE DELAY

READ SERIAL POLL REGISTER
BRANCH IF NO MOVE RESPONSES

WAIT FOR RESPONSE AVAILABLE FLAG
SAVE LAST ERROR #

READ ERROR RESPONSE

PRINT ERROR IF UPDATED

REPEAT IF MCRE ERRORS
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7.1 INTRODUCTION

This is the theory of operation for the
2407. This section begins with a general
overview of the instrument circuitry
{Section 7.2) and proceeds to a detailed
description of each board used {Sections
7-3 to 7-13). Each circuit board Iis
described in terms of the schematic{s)
agssociated with it. Some have more than

one schematic. An overview of each
hoard will be presented, followed by
more detailed circuit descriptions

where appropriate,

Figure 7-1 is a block diagram of the
frequency synthesis circuitry. Figure
7-2 shows card cage location for the
boards. The detaliled theory of operation
makes extensive references to the sche-
matic diagrams (Figures $-1 through
9-14) bound in Section 9, the reference
drawing section, of this manual. Sche-
matics and their assoclated . parts
layout diagram(s) are located together
in Section 9. Other reference drawings
are also located in Section 9.

7.2 GENERAL OVERVIEW

The block diagram feor frequency syn-

thesis in the Model 2407 Synthesized
Signal Generator is shown in Figure
7-1. The "BD" abbreviation for Board

shown on the figure will also be used
in this text. The internal/external
reference switching circuitry is con-
tained on the LO/REF BD and is select
logic that determines whether the inter-
nal 10 MHz Temperature Compensated
Crystal Oscillator (TCX0Q) source will
be used as the frequency reference (as
shown in Figure 7-1) or an external

7-1

SECTION 7

THEORY OF OPERATION

5 MHz or 10 MHz source will be sub-
stituted. The 10 MHz vreference is
divided by 10 to generate 1 MHz refer-
ence signals to the phase detectors on

the LO/REF BD and the DDS (Direct
Digital Synthesis) BD. The 10 MHz
reference also is sent to the SYNTH

{(Synthesizer) BD.

The NVCO (Narrow VCO) on the LO/REF BD
provides a 512 MHz output to the Mixer
on the OUTPUT BD. The 512 MHz output
from this loop also is fed to a divide-
by-512 (+ 512) circuit. ‘The resultant
1 MHz signal (512 MHz + 512 = 1 MHz)
is applied to the phase detector to
provide an error voltage to lock the
loop output at 512 MHz.

. The WVCO (Wide VCO) loop on the SYNTH

BD 1is the main loop for fregquency
synthesis. It contains two VCOs that
provide outputs from 275 - 550 MHz to

the associated AM/DIV BD circuitry.

The main loop output frequency is the
product of several operations. Software
gselects the appropriate VCO in the WVCO.
Software also provides the appropriate
input to the coarse tuning circuitry to
generate an output frequency within
tracking {lock-in) range of the loop.
Frequency lock-in is controlled by the
feedback circuit from the WVCO output
to the phase detector in the WVCO loop.
The cutput from the WVCO loop is fed to
a divide-by-10 divider and then to a
Single Side Band (S8B) HMixer and then
to the Main Loop Frequency Divider
(Fractional-N Divider).

The S8B Mixer also recelves 115-190 kHz
inputs from the DDS BD.
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Each loop contains filter circuitry as
shown. FM is added to the WVCO loop from
the CONTROL BD as shown.

The 275-550 MHz output from the WVCO is

fed to a straight through or a divide-'

by-2 frequency conversion circuit in
the AM/DIV BD. The top path shown in
the AM/DIV BD provides direct coupling
of the main loop WVCO output (275 - 500
MHz) to the amplifiers in the Output
BD. The bottom path connects the WVCO
loop output to the divide by two (%
2) ecircuitry. The main loop WVCO output
will be divided by two, applying 137.5
-275 MHz to the amplifiers in the
Output BD.

The AM/DIV BD receives AM from the CON-
TROL BD as shown.

Both amplification and leveler circuitry
are shown by the blocks for the OUTPUT
BD on Figure 7-1. Outputs to the power
amplifier circuitry (on another part of
the OUTPUT BD) and to the DEV MTR (Dev-
iation Meter) BD are shown.

The power output £rom the OUTPUT BD is
applied to the Attenuator Assembly and
its Reverse Power Protection circuitry
before it is gent to the front panel RF
QUT connector.

7.2.1 On Board Voltage Regulation

The majority of the boards described in
the following sections have on board
voltage regulators. Voltage in and out
igs eclearly identified.

7.2.2 Identification {ID) Codes

For debugging purposes, and to identify
options installed and hardware revision
levels, each card (except the yP card)
has a fixed 8-bit identification (ID)
code that can be accessed by the uP
card. ID codes are shown in Table 7-1.

The two most significant bits (MSBs) in-
dicate the card's functional history.
When the bits are "0 0", the card

7-4

currently installed in the slot is the
one originally located there. A two bit
code allows identification for up to
four functionally different cards (the
original card and up to three replace-
ment cards) being used at any given
position. These “function" bits may be
used to indicate the options installed
in the system.

The next three significant bits indicate
the required card slot position of the
card. Card slot locations are shown in
Table 7-2. The card slot bits verify
operation of the RF data and address
busses. If a card is placed in an
incorrect location, it will .generate an
RF data/address bus error. Missing cards
are also detected when a card slot 1ID
code is read and the position code is
an illegal value.

The three least significant bits (LSBs)
indicate the revision level of the card.
The revision level ig updated only for
a hardware revision that requires a
software modification.

The address decoding of the 1D ceode
lateh for all cards is #$00, Because the
RF cards and the control driver cards
are on separate data/address busses,
card ID codes only need to be unique
for the separate busses. The ID codes

eurrently defined are shown in Table
i-1.

7.3 MICROPROCESSOR BOARD

7.3.1 Overview

The Microprocessor (uP) Board (see Fig-

ures 9-1 and 9-2) may be divided into
communication and control sections. The
control section (Figure 9-1) handles the
internal interfacing tasks consisting of
RF control data output and RF feedback
data input. This section is also the
math processor. Essentially, the calcu-
lation of the RF latch data are the only
math operations performed. The commun~
jcation section (Figure 9--2) Thandles


https://www.manualsplus.com/

Table 7-1 Identification Codes

Function Position Revision
Hist Code Code Code
Card
D7 D6 D5 D4 D3 D2 D1 DO Position Card Name
RF Cards: 0 O 0 0 1 0O 0 0O 4 : Synthesizer
0 0 11 0 g 0 0 5 : For future use
0 0 0 1 1 0 0 O 6 : AM/Divider
o o i ¢ 0 0 0 ¢ 7 : Cutput Amp
0 0 0 1 0 0 0 0O 8 :  LO
0 0 i 0 1 0 O 9 Dev Meter
Controcl O © 1 1 0 0 0 0 0 DDS
Cards - - - e - = 1 uP (no code)
o 0 o 0 0 0 © 2 Control
0 0 1 0 1 X X X 3 For future use
Table 7-2 CARD LOCATION NUMBERING SCHEME:
0 1
H 2
4 o e - 3
5 - e e e s s e e o e
6 e i B 8
7 . S
the external interfacing tasks that other through a shared dual port RAM
include GPIB I/0, keyboard input, and {shown of Figure 9-1).

display output.  The communication sec-
tion is a language processor, converting
external input ‘into a form usable by
the control section, and converting
data provided by the control section to
a displayable form with meaning for the
user. Because the communication P
handles most of the system I/0, and
therefore initiates most of the internal
communication, it is the master con-
troller of the system. Each section is
governed by a separate P, The two
microprocessors communicate with each

The communication yP handles the GPIB
and keyboard inputs in solitude until
execution of a setting or toggle func-

tion is complete. Then the input data
is converted to the language of the
control uP, and fed to i1t via the
dual port RAM. An interrupt will be

issued ‘to "wake" the control uP, if
necessary, so that it can perform the
niecessary calculations to wupdate the
data in the RF latches. If return in-


https://www.manualsplus.com/

formation is necessary {(feedback errors,
deviation reading, etec.), the control
wP will perform any necessary math-

ematical calculations on the data and

return it to the dual port RAM. It will
then issue an interrupt to the commun-
ieation uyP to get its attention, so
that it can reformat the data for the
display. This arrangement minimizes the
amount of communication needed between
the microprocessors. *The dual port RAM
provides a method of sharing common
information with a minimum of software
overhead.

Both sections ({control and communica-
tion) contain their own uP, EPROM,
local RAM, parallel I/0 interface, and
reset, decode, and interrupt cireuitry.
A single dual port RAM is shared by
both sectionsg. The control I/0 section
ineludes the parallel RF control data
interface and the feedback data inter-
face. The communication 1I/0 section
includes the GPIB interface, keyboard
interface, and LCD data interface.

Control

7.3.2 Microprocessor  Board

Circuitry

The Control Section of the Microproces-
sor Board is shown on Figure 9-1. IC101
is the control microprocessor. Lines
ADO-AD7 (pins 37-30) are the data bus.
Lines A8 - Al5 (pins 2% - 22) are
address lines. The read/ write (R/W)
output line is at pin 38. The interrupt

request (IRQ) input at pin 5 may be
from the communication microprocessor
(INTCOM, low) from pin 44 of dual port

RAM IC112 to pin 13 of NAND gate ICL09
or a system interrupt (INTCTA, low) from
pin 41742 of Peripheral Interface
Adaptor (PIA) ICL05 to pin 1 of WAND
gate TC109. (The INTCTB, low, interrupt
line at pin 2 of NAND gate ICl09 is not
used at this time. It is reserved for
future expansion.)

The reset (RST, low) signal at pin 6 is
generated from <45V regulator IC137 on
power up. This circuit resets the
control wP and the communication P
(Figure 9-2). The reget provided for

7-6

the RF control boards is generated under
software control.

Lines P17-P10 ‘and P24-P22 (pins 20-10)
are used for factory test purposes only.

The ecrystal (X101) input at pins 2 and
3 is divided by 4 internally to produce
the control microprocessor clock.

Address Lateh IC102 demultiplexes the
input from data lines DOR-D7R (pinsg
2-9) to output address lines AQO-A7

(pins 19-12). ICl02 1is enabled at pin
11 by the control microproeocessor.

The Microprocessor Board control sec-
tion memory is in EPROM IC103 {32Kx8),
non-volatile RAM IC104 (8Kx8), and Dual
Port RAM ICl1l12. The NAND gates in ICILil
and Inverters in IC107 that connect to
pins 1 and 26 of RAM IC104 are for
future bankswitching decode logic. They
are not used in the 2407,

Peripheral Interface Adaptor (PIA) IC105
receives system interrupts at pins 3-10
from pins 26A-2%C of P102, These are
output at pins 37-29 onto data lines
DOR-D/R to the control microprocessor to
identify the particular interrupt gener-
ated. The interrupts at Pl102 also are
fed to NOR gate IC113. Any interrupt
will be felt at pin 44 of PIA ICl05 and
generate the INTCTA, low, interrupt
signal at pin 41/42 that is seni to the
control microprocessor telling it to
interrogate the PIA to determine which
system input generated the interrupt.

Contaets AA2 and AA3 of Switeh SW101
are reserved for future expansion and
are not used in the 2407.

PIA IC106 is an I/0 device. Pins 3-10
connect to the data bus (D0-D7) at pins
174-20C of P102. The data bus is
bidirectional. Pins 11 and 13~15 of PIA
IC106 provide output to the address bus
(AC-A3) at pins 21A-22C of Pl02. Pins
16-19 are Board Selects 0, 1, and 2,
and the R/W signal output to pins
234-24C of PLOZ2. Pins 20, 21, 44, and
43 are for future expansion and are not
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used in the 2407. Interrupt INTCTB at
pin 41/42 is not used in the 2407.

The port decode logic for PIA chips
ICLO5 and IC106 is the WAND gate (from
ping 9-11 te pin 8) in I€110 and the
Inverters in IC108.

Dual port RAM 1Cl112 is common to both
the control and communication sections
of the Microprocessor Beoard. The micro-
processors for each section communicate
through ICi12. The left side of 10112
communicates with the communication sec-
tion of the WMiecroprocessor Board. The
right side of 1I¢112 communicates with
the control section of the Micro-
processor Board. Interrupt INTCOM, low,
from pin 44 is applied through pin 13
of WNAND gate 1IC109 and inverter IC107
to pin 5 of control microprocessor 10101
to tell it that the communication micro-
processor has an execution request.
Interrupt INTCTL, low, from pin 4 is
applied through pin 2 of NARD gate IC134
and TInverter IC135 to pin 5 of com-
munication microprocessor IC121 (Figure
1 9-2) to tell it that the control micro-
processor has an execution request.

-7.3.3 Microprocessor Board
Communication Seection Cirecuitry

The Communication Section of the Micro-
processor Beoard is shown on Figure 9-2.
1€121 is the communication micropro-
cessor. Lines ADO-AD7 (pins 37-30) are
the data bus. Lines A8-A15 (pins 29-22)
are address lines. The read/ write (R/W)
output line is at pin 38. The interrupt
request (IRQ) input at pin 5 may be from
the control microprocessor {(INTCTL, low)
from pin 4 of dual port RAM ICl12
(Figure 9-1) or from the GPIB (INTGPI,
low) from pin 19 of General Peripheral
Interface Adaptor (GRIA} 1IC1l26, or the
Keyboard (INTKEY, low) from pin 3 of
NAND gate IC136.

The reset (RST, low) signal at pin 6 is
generated from +5V regulator IC137 (Fi-
gure 9-1) on power up.

Lines P10-P17 ecommunicate with the LCD
Display.

71

The crystal (X102) input at pins 2 and
3 is counted down internally to produce
the control microprocessor clock.

Address Latch 1C123 demultiplexes the
input from data lines DOR-D7R (pins 2-9)
to output address lines A0-A7 (pins
19-12). 1C123 1is enabled at pin 11 by
the communication microprocessor,

The Microprocessor Board communication
section memory is in EPROM IC124 (32Kx
8), RAM IC125 (8Kx8), and Dual Port RAM
1€112. 8Signals at pins 2, 26, and 27 of
EPROM 1C124 and contact AA4 of Switch
SW1l01l are for future bankswitching pur-
poses. They are not used in the 2407.

General Peripheral Interface Adaptor
{(GP1A) 1IC126 provides the interface to

the GPIB. GPIB Drivers 1C130, ICL31,
16133, and 1C133 transfer signals to
and from the GPIB at Plil. The inter-

rupt at pin 40 (INTGPI, low) of 1IC126
is applied to the communication micro-
processor when the GPIB needs to bhe
serviced.

Contact AAB of Switch SW10l may be used
to break the shield ground to the GPIB
circuitry.,

Peripheral Interface Adaptor (PIA) IC127
provides the interface between the Key-
board and the communications mieropro-
cessor. Pins 3-8 process "row" informa-
tion (see Section 7.11) from pins 94 -T4A

of P102. Pins '11 and 13-19 process
"column™ information from pins 9C-16C
of P102. Column information also is fed

to WAND gate IC129. Any Keypress will
put a low into 1C129, producing a high
at its output (pin 8) which is applied
to pin 20 of IC127. A rising edge at pin
20 will generate an interrupt at pin
41/42 which 1is transferred through the
NAND gates in IC136 asg the INTKEY (low)
interrupt to the communications micro-
processor (to pin 5 through IC134).

Programmable Logic Device (PLD) IC128
is a decoder. It decodes lines AISL-
AlZ2L into the chip selects and output
enables on pins 19-16. Inputs ROMXO,
ROMX1, and ROMX2 are for future ROM
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bankswitching purposes and are not used
in the 2407,

Contacts AAS, AA6, and AA7 of Switch
SW101 which provide inputs to pins 4-6
of 1¢122 are reserved for future ex-
pansion and are not used in the 2407.
Signals ROMX0, ROMX1, and ROMX2 which
provide inputs to pins B8-10 of IC122
are reserved for future expansion and
are not used in the 2407.

Pins 16-~1% of IC122 are output voltages
that are used to set the contrast on
the LCD. More than one may be active at
a time, placing one or more of the four
resistors (R159, R157, R168, or RI158)
in series with R156. The magnitude of
the voltage output at pin 3A of P102
depends upon which resistors are chosen,
varying LCD contrast accordingly.

Pins 7, 20, 21, 44, and 43 of 1IC122 are
not used in the 2407. The interrupts at
pins 41 and 42 of 1C122 are not used in
the 2407.

7.3.4 Communication Between Control
and Communication Microprocessors

pual port RAM 1Cll2 (Figure 9-1) 1is
common to both the control and commun-
ication sections of the Microprocessor

Board. The microprocessors for each
section communicate through IC112. The
control microprocessor interrupts the

communication microprocessor by writing
a memory location in the Dual Port RAM,
and the communication microprocessor
clear it by reading from the same lo-
eation. The communication microprocessor
interrupts the control microprocessor
by writing to another memory location
alsp in the Dual Port RAM, and the con-
trol microprocessor clears it by read-
ing from the location written to. The
data written to these locations is in
the form of a flag indicating the type
of the data being transferred. The in-
terrupted microprocessor always returns
this value to a 0, after accepting the
interrupt. The communication micro-
processor always 1initiates the data
exchange by first setting up the data
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to transfer in the Dual Port RAM, then
writing a code to location to the RAM
that interrupts the control micropro-
ceszor and indicates the type of data
to be transferred. The control micro-
processor then clears this location,
accepts the data transferred (usually
by executing a setting), then returns
an error code to the communication
microprocessor by writing it to the Dual
Port RAM. The communication micro-
processor will then determine what error
has occurred (if any) and take the
appropriate display and/or GPIB action.
The arbitration registers in the dual
port RAM prevent the simultaneous set-
ting and clearing of a microprocessor
communication interrupt.

7.4 CONTROL BOARD

Refer to the two schematics associated
with the Control Board (Figures 9-3 and
9-4) for the following discussion. The
eireuitry shown on Figure 9-3 will be
described before the circuitry on Figure
9-4 ig described, with the following ex-
ceptions. The temperature sensing cir-
cuitry of 1IC247 (Figure 9-3) will be
described with the analog signals feed-
ing into Multiplexer IC217 of Figure
g-4. The 1 MHz reference input at pin 6B
of P200 (Figure 9-3) provides the clock
for the clock control logic (IC222 and
associated circuitry) shown on Figure
94,

7.4.1 Overview

The control board performs the follow~
ing functions:

1) Generates the 400 Hz and 1 kHz
modulation rate reference sources

2) Generates the FM deviation, AM
depth, and level analog drive
voltages for the RF modules

3) Transfers data between the
Miecroprocessor Board and the RF
nodules (keeping the data and
address busses static on the RF
gide) '
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4)
A/D
the

inputs so that a
convertor can read
analog feedback lines
Performs a peak detection of the
analog input selected
Generates the select
the attenuator

7) Provides RF circuit breaker
protection on the RF output
Provides self-check capabilities

single
all

53
for

6) lines

8)

for the analeog drive outputs,
the med rate frequency, and the
REF module data and address

busses (including the ability to
identify the RF cards currently
installed in the system)

7.4.2 Internal Modulation Circuitry

The 4 kHz modulation reference from the

Synthesizer Beard at pin 7C of P200
{(see Figure 9-3, the Control Board
Schematic, sheet 1 of 2) 1is counted

down by 2 and counted down by 5 inside
Counter chip IC230 to generate a 2 kHz
“putput at pin 3 and an 800 Hz output at
pin 7, respectively. Both oulput signals
are applied to Quad NAND GATE 1C233.
The circuitry in IC233 is enabled by a
. 400 Hz or a8 1 kHz enable signal from
Latch IC249. The appropriate switch in
Nand Gate chip 1IC233 is enabled (the
400 Hz enable at pin 5 or the 1 %Hz
enable at pin 2) to pass either an 800
Hz or a 2 kHz signal through 1IC223
{output at pin 8) back into Counter
10230 (at pin 15). That input ig counted
down by 2 again and output as a 400 Hz
or 1 kHz signal at pin 13.

The TTLMOD outpui shown between pin 13
‘of Counter 1C230 and pin 10 of Nand
Gate Chip 1C233 goes to pin 9 of . ID
Buffer IC208 (Figure 9-4) and provides
‘the microprocessor input used to verify
the 400 Hz signal.

The 400 Hz modulating signal is selected
from pin 13 of 1C233 through to pin 11
by the 400 Hz enable at pin 12. The 1
kHz modulating signal is selected from
pin 10 of IC233 through to pin 8 by the
1 kHz enable at pin 9. fmplifier 1C234

Multiplexes a variety of analog

and its associated circuitry form a two
stage low pass filter with amplifica-
tion for the 400 Hz signal. The SVpMp
TTL signal at pin 11 of ¥C233 is amp-
lified to a 20V, signal at pin 7 of
IC234. R267 proviggs the 400 Hz signal
output level adjustment. Amplifier IC235
and its associated circuitry form a two
stage low pass filter with amplification
for the 1 kHz signal. The 5me TTL
signal at pin 8 of 1IC233 is ampfified
to a ZOVP_ .stgnal at pin 7 of 1C235.
R281 yrovigés the 1 kHz signal output
level adjustment. The selected modu-
lating signal (400 Hz or 1 kHz) is
appiied to pin 2 of unity gain amp-
iifier IC236, buffered, and output at
pin 6 to pin 3 of Quad Switch IC237 and
pin 3 of Quad Switch IC238.

Quad Switches 1C237 and 1€238& (Figure
9--3) are controlled by software through
Latch TC24%9. An internal AM signal at
pin 3 of IC238 will be passed through
to pin 2 if the control signal at pin 1
is low (to put the switeh in the closed
position). An external AM signal at pin
6 of IC238 (see section 7.4.3) requires
that switch to be closed (low at pin B8)
before the signal can pags through to
pin 7. The voltage at pin 8 opens or
closes the switch. The control voltages
at pins 1 and 8 come from pins 14 and
13, respectively, of Latch 1C249. The
selected AM signal (internal or exter-
nal modulation) is applied to pin 8 of
AM DAC 1C244 (see section 7.4.5 for s
discussion of the three DACs shown on
Figure 9-3). When nc¢ AM signal should
be present (AM off), a low at pin 9 (AM
enable) of 1IC238 closes the switeh from
pin 10 to pin 11 and any incidental AM
present is shorted to ground through
the switch.

FM signals are routed from pin 2 to pin
2 (Internal Modulation) er from pin 6
to pin 7 (External Modulation) of Quad
Analog Switch TIC237. Control voltages

applied to pins 1 and 8 of these
switches come from pins 17 and 16,
respectively, of Latch 1¢€249. The se-

lected FM signal (internal or external
modulation) is applied to pin 8 of FM
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DAC TC242 {see section 7.4.5 for a dis-
cussion of the three DACs shown on
Figure 9-3). When no FM should be pre-
sent (FM off) pin %, the FM enable, of
10237 closes the switeh from pin 10 to
pin 11 and any incidental FM present 1is
shorted to ground through the switch.

Pin 16 of 1¢238 is associated with the
¥M deviation range (see Section 7.4.4).
7.4.3 External Modulation

For the Model 2407, the external mod-

ulation input to the Control Board is
at pin 28 of P200. This input comes
from the deviation meter circuitry.

Section 7.13 details its routing. (The
EXT MOD IN shown at at P203 is used for
members of the 2400 series family of
test instruments that do not include
deviation meter circuitry).

The external medulation input is a 1V
signal that is amplified by Amp-
ifier IC239 and its associated cir-
cuitry into a 20Vp_ output at pin 6
of IC23%. This Dutpug is applied to the

external modulation inputs to Quad
Switches 1C237 (pin 6) and IC238 (pin
6). The action of these switches are

described in section 7.4.2. The exter-
nal modulation signhal may be enabled
through the appropriate switch into the
FM (IC242) or AM DAC (IC244).

7.4.4 Control Board DAC Cireuitry

The three DACs (FM DAC,IC242; AM DAC,
TC244; and LEVEL DAC, IC245) shown on
Figure 9-3 are enabled by signals from
Latch. ICz48 (FMEN, AMEN, LEVEN, respec-
tively; all active low) to pin 1 of the
appropriate DAC. Inputs to each DAC are
at pin 8. Each is a 12-bit DAC served
by an 8-bit data bus (RFDO-RFD7), there-
fore the 12-bit control word to the DAC
must be written in two stages: the
first 8 bits, then the last 4 bits. The
sequence to write to any DAC is as
follows. First, the DAC is enabled by a
low at its pin 1. Then the upper and
lower bytes are written to the DAC,
with +he MSB (Most Significant Bit)

written first, followed by the LSB
{Least Significant Bit). After the LSE
has been written, the entire 12 bits is
tatched out to the DAC. The bit con-
figuration for the DAGs is shown in
Table 7-3.

Address bus signalgs RFA3 and RFA4 from
Data Latch 1IC205 (on Figure 9-4) deter-
mine the control word write sequence to
the DACs. Each DAC multiplies its input
at pin 8 by the control word from the
data bus, The output from its .assoc-
jated Dual Buffer/Amplifier (pin 1 of
10243, IC253, or 1C244) 1is fed to a
downstream amplifier (the other half of
the Buffer/Amplifier) and alsoc fed back
to pin 9 of the DAC to provide feedback.
A sample of the output from each DAC
sent to Multiplexer 1IC217 shown on
Figure 9-4 (see section 7.4.6). The
three DACs serve different functions
but are identical! in performance. The
¥ DAC (IC242) will be described and
compared with the remaining two DACs.

FM DAC 1IC242,
10243, and their associated capacitors
(245, €246, and C250) comprise the FM
DAC eircultry shown in Figure 9%-3. The
FM input at pin 8 of FM DAC 1C242 is
multiplied by the control word from
data bus RFDO-RFD7, when this DAC has
been selected by a low at pin 1, the FM
DAC enable. The output at pin 1 of IC243
provides DAC feedback to pin 9 and is
applied to pin 5 of IC243. The amplified
signal goes through pin 4B of P200 to
the Synthesizer Board (see section
7.6). A sample of the output is sent to
Multiplexer IC217 shown on Figure 9-4
(see section 7.4.6).

The ¥M DAC circuitry contains an FM
range selector not found in the other
DAC circuitry. "A" and TB" taps on
either side of R297 (located between
pin 1 and pin 5 of IC243) connect to
pins 15 and 14, respectively, of Switch
IC238. The control signal FMRG at pin
16 determines whether the switch is
closed (and R297 is shorted out of the
cireuit) or whether the switch is open
{and R297 is in the circuit). Signal

one half of dual op amp
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FMRG comes from pin 17 of Latch IC248.

The deviation ranges are:

Range 1: 0 - 99.9 kHz; R2%97 in
the cirecuit
Range 2: 99.9 kHz - 1 MHz,;, R297

not in the circuit

When all modulation is turned off, the
. Modulation DACs are programmed for min-
imum outputs.

‘The comparable DAC circuitry output
from the AM DAC at pin 1 of IC253 pro-
vides feedback for the DAC and is sent
to pin 3C of P200 and then to the AM/
Divider Board (see section 7.8). A
sample of the output is sent to Multi-
plexer 10217 shown on Figure 9-4 (see
section 7.4.6). The output also goes
through the cther half of the dual
amplifier (pins 6 to 7) and provides

I¢217 shown on Figure 9-4 (gee section
7.4.6).

7.4.,5 . Data Transfer

Refer primarily to Figure 9-4 for the
following discussion. Data latches
IC203, 1IC205, and IC206 transfer data
onn buss lines DO-D7 from the micro-
processor to the RF modules. I1IC203 pro-
vides device Select Lines SELO through
SEL5, all active low (pins 23A,B,C and
24A,B,C of P200) to the RF modules.
IC205 provides Address Lines  RFAO
through RFA4 (pins 29C,B,A and 28C,B of
P200). IC206 provides Data Lines RFDO
through RFD7 (pins 27B,A and 26C,B,A
and 25C,B,A of P200). Buffer IC207 reads
the RF data bus back to the micro-
processor from the RF modules., Buffer
IC208 1is the ID buffer, transferring

the board ID information back to the

the input to LEVEL DAC IC245. The LEVEL microprocessor when selected. (The 1D

DAC output at pin 3A of P200 goes to

the Output Board (see section 7.9)

where it is used with AM in the leveler

range from 10 Hz and below. 4 sample of

this output also is sent to Multiplexer

Table 7-3. Control DAC Bit Configuration

R/W DATA HAME b7 b6 b5 b4 b3 b2 bl b0
e i T S s e L £
W DAC data xfer contrl Dox: x o X :/EFR:/WRT: % : X : X% :
W Selected DAC Hi Data : D1l: p1O: D9 D8 : D7 : D6 : D5 : D4
W Selected DAC Lo Data : D3 : b2 : D1 DO @ x: X ¢ X! ¥
W DAC select latch fSLEV: /AM: /FM: X : X : X : X! X :

Table 7-3 Definitions:

/XFR =High byte/Low byte select and DAC transfer enable lines

1 = Enable

/WRT to MSB latch, disable /WRT to DAC transfer lateh

0 = Disable /WRT to MSB latch, enable /WRT to DAC transfer latch
: (LSB latch always enabled)

/WRT Write MS8B latch, LSB latch, and DAC transfer latceh
0 = Transfer data from input to lateh output
1 = Lateh data (disable output from follewing input)

/LEV Chip select Level DAC {0 = enable, 1 = disable)
/A¥M Chip select AM DAC {0 = enable, 1 = disable)
/FM  Chip select FM DAC {0 = enable, 1 = disable)
Dxx (12) Selected data bits. D11 is MSB and DO is LSB.
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buffer also transfers the 400 Hz test
gignal TTLMOD described in section
7.4.2 and the reverse power protection
signal TRIP described in section 7.4.x
back to the microprocessor).

data lateches and both Tbuffers
device selects from decoders
10204 and I1€211, which form a 1:16
decoder, decoding lines 10g5, A3,
A1, and AO. The data, address, and card
select busses on the RF module side are
static in the sense that they change
only when new data is written to the RF
modules.

The
receive

7.4.6 Analog Feedback Signal

Multiplexing
The FM, AM, and LEVEL DAC output
signals and the TEMPSENS signal from

temperature sensing device IC247 (shown.

on Figure 9-3) are multiplexed by
Multiplexer IC217 shown on Figure 9-4.
The test and calibration signal TPX
(pin 1C of P200) from the Synthesizer
Board {see section 7.6) and the
Deviation Meter Board (see section
7.13) and +10V and ground signals are
also multiplexed by IC217. The selected
output from pin 12 of the multiplexor

is applied to pin 5 of Comparator
IC220. 16220 is part of the peak
detection circultry described in

section 7.4.%.

Latch IC224 provides select and enable
logic {pins 16-19) for the multiplexer
(pins 3, 4, 1, and 16). Data lines DO~
D7 from the microprocessor contreol Latch
1C224 outputs. The Latch chip select (a
low at CE7) comes from Decoder I1C204.
7.4.7 Peak Detection Circuitry’

The peak detection circuitry includes
D/A Converter IC218, Dual Operational
Amplifier 10219, Gates IC221, IC222, and
Ic223, Up/Down Counters 1IC225, IC226,
and IC227, and Buffers IC228 and ICZ29.
The analog inputs to IC217 are multi-
plexed into the peak detection circuitry
and measured. Peak detection ig per-
formed digitally, and is implemented by

AZ,
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driving a 12-bit DAC with a 12-bit bin-
ary counter, enabling the counter clock
as long as the output of the DAC is less
than the analog input to which it is
compared. Both positive and negative
peaks can be detected by inverting the
polarity of the enable signal and the
direction of the count. The counter is
clocked by a 1 MHz reference or the
microprocessor. This setup allows the
microprocessor to test the peak detec-
tor circuit.

The multiplexed analog input from Mult-
iplexer I€217 (pin 12) is applied to pin
5 of Comparator IC220 and compared to
the A/D Converter output at pin 4. The
difference is applied to pin 1 of Ex-
clusive OR Gate 10221 and is routed
through the clock control logic of NAND
gates in 1IC223 and IC222. The 1 MHz
signal at pin 4 of IC222 is the clock
for the A/D Converter. It comes from
the REF/LO Board (see section 7.7) and
enters the Control Board at pin 6B of
P200 {shown on Figure 9-3),

A high or a low from pin 13 of Latch
IC224 will be loaded 1into Up/Down
Counters - IC225 through 10227 teo set
their 12 output bits (pins 3, 2, 6, and
7 on each chip) to the D/A Converter
(input at pins 4-15) to produce a +10V
or a ~-10V level at pin 4 of Comparator
TC220. For positive peaks, any time the
DAC output 1is lower than the analog
input at pin 5 of Comparator IC€220, it
will generate a low at pin 12. The low
will be passed from pin 1 of Exclusive
OR gate IC221 through the cloeck control
logie and increment the Up/Down Counter
string until the DAC output is identieal
to the analog input to the Comparator.
When this occurs, pin 12 of IC220 will
go high, pin 1 of IC221 will go high,
and this will turn off the clock. Hote
that the A/D Converter will require
gseveral cycles to match the a sinusoidal
input analog signal. The clock will
decrement the counter string during
those times the input signal is higher
than the DAC output. When the peak
signal for a positive peak has been
determined, the output from pin 12 of
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Comparator  1C220 will remain high
throughout the input signal swing. The
output from pin 3 of I1C221 will remain
low throughout the eycle. NWo further
counter changes will oecur. For negative

peaks, a DAC output higher than the
analog input at pin 5 of Comparator
10220, will result in the clock incre-

menting the counter string. When the
peak signal for a negative peak hag been

determined, the output from pin 12 of
Comparator 1C220 will remain low
throughout the input signal swing. The

output from pin 3 of IC221 will remain
high throughout the cyele. No further
counter changes will occur. The PEAX
signal at pin 3 of 1IC221 is applied to
pin 9 of Buffer IC228 and read back to
the microprocessor to indicate the peak
value has been obtained. That 12-bit
value is on lines 2-9 of Buffer IC229
and lines 2-5 of Buffer 1C€228 and is
read back to the microprocessor on data
lines DO-D7 when the buffers are se-
lected (chip selects are lows at CEB
and CE9).

One half of IC219 (at pin 2 of the D/A
Converter) serves ag a current compen-
- gation device, adding the -equivalent
current of one half a Least Significant
Bit to the D/A output current.

The analog multiplexer inputs include a
ground and +10 volt reference. These
selections allow self calibration of
the A/D Converter without adjustments.

7.4.8 Attenuator Control

I¢201 is the attenuator Driver. 1I€202
"is the Latch for the attenuator driver.
The Latech select at pin 11 - of 1IC202
comes from pin 9 of Decoder I1C204. The
RESET low at pin 12 of Exclusive OR
gate IC221

1) after power up has been accomplished.
7.4.9 Reverse Power Protection
Reverse power protection is provided by

comparator 1IC216 and transistors Q203
and Q201 and their associated circuitry.

is a microprocessor signal
to enable the Attenuator Lateh (at pin.
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Transistor Q202 and its assocliated cir-.
cultry provide the reverse power pro-
tection reset path. The actuating signal
comes from the reverse power detector
in the Programmable Attenuator (see
Section 7.9) and enters the Control
Board at pin 22C of P200. This signal
is applied through R208 to pin 2 of
comparator IC216. It is compared to the
reference voltage at pin 3. When the
voltage at pin 2 is greater than the re-
ference voltage at pin 3 it trips the
reverse power protection circuit. The
output at pin 1 of 1IC216 goes low
(approximately ~13 V) and causes tran-
sistor Q203 to turn off. The collector
(pin 3) of Q203 goes high (45 V), apply-
ing a high (45 V) to the TRIP output
that goes to pin 8 of ID Buffer IC208
(and is read as an Interrupt by the
mieroprocessor). Transistor Q201 nor-
mally is turned off when RF power is
on. When the collector (pin 3) of Q203
goes high, transistor Q201 is turned on,
producing a low at its collector (pin
3) which is applied to pin 8 of Attenu-
ator Driver IC201l. The signal at pin 8
drives the RFEN output at pin 11, which
controls the drive relay at the Atten-
uator. A low at pin 8 of IC201 turns
off the drive relay, turning the RF off.
Until it has been reset, the reverse
power protection circuit will continue
to output the TRIP interrupt, and hold
RF off.

A RFON low at pin 8 of Exclusive OR
gate IC221 serves to reset the reverse
power protection circuit. The RFON high
comes from the microprocessor when the
front panel RF ON/OFF switch is toggled.
The high is applied to pin 1 (Base) of
transistor 202, turning it on. When
Q202 turns on, a negative going AC
coupled pulse is applied through diode
CR201 to pin 2 of Comparator IC2Zl6.
Because pin 2 ig lower than the
reference signal at pin 3, the output
at pin 1 becomes high again (as it was
before the TRIP occurred). The high at
pin 1 is applied to Q203, turning it

on. When Q203 conducts, TRIP goes low
and the RF power can be turned on
again. The reverse power protection
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circuit is reset when Q203 conducts and
its output from pin 3 goes low.

The next RFON low will turn on the RF
again {(assuming the condition causing
the TRIP interrupt has corrected itself
or been corrected). The RFON low comes
from the microprocessor when the front
panel RF ON/COFF switch is toggled. The
low is applied through R202 to the base
of Q201 (pin 1), turning it off. When
Q201 turns off, pin 3 goes high. The
high is applied to pin 8 of Attenuator
Driver 1C201. The RFEN output at pin 11
turns on the attenuator drive relay and
RF is applied to the output.

7.5. DIRECT DIGITAL SYNTHESIZER BOARD

7.5.1 Overview

The Direct Digital Synthesizer (DDS)
circuitry shown in Figure 9-5 controls
fine frequency resolution of the Syn-
thesizer Board. The DDS output frequency
is 115-118 kHz or 140-165 ®Hz or 168-1S0
kHz, in 1 Hz increments to maintain the
i0 Hz instrument resolution.

The output from the DDS circuit is gen-
erated from a loock up sine table stored
in EPROMs accessed by a phase accumula-
tor network. The output from the phase
accurnulator network provides the EPROM
address from which a 12-bit binary voli-
age representation is taken. The EPROM
address ig incremented some number (the
prhase increment input from software) at
each clock pulse to generate (synthe-
size) the required output frequency.
The phase accumulator section processes
the phase increment input (frequency
control number) from software to incre-
ment a serieg of BCD Adders the required
number.The 12-bit binary output from
the sine table 1is converted into an
equivalent current by a DAC, amplified,
and filtered. The filtered signal is
sent to a phase splitter network, with
cutputs that are identical in voltage
level and frequency but 90° out of phase
with one another.

7.5.2 Sine Table

The output from the DDS cireuit is gen-
erated from the look up gine table in
EPROMs IC317 and IC 318 as they are
accessed by the Phase Accumulator HNet-
work. The EPROMs contain 4000 addresses
with 12-bit binary numbers which repre-
sent the voltage levels at 0.09 degrees

of phase angle along a sine wave. Each
address in sequence from 0000 to 3999
contains the wvoltage representation

agssociated with that point on the sine
curve. Note there are lines for 16 bits
but only 12 are used.

7.5.3 Phage Accunulator Network

The phase accunulator network includes

the shift registers (IC304, IC305, and
- IC306), BCD Adders (IC307, IC308, 1IC309,
IC310, I¢3il, and IC312), Octal D type
flip-flops (IC313, 1IC314, and IC315),
Dual D type flip-flops (IGC31%6}, and
gates in 1C300 and TIC301. The output
from the phase accumulator network pro-
vides the address input (lines
Ap~A13 on IC3L7 and IC318) to the

sine table EPROMs from which the 12-bit
binary voltage representation is taken.
iC317 holds the most significant data

byte. IC318 holds the lower significant
data byte. The EPROM address "n" 1is
ineremented some number "k (the phase

increment input from software) at each
clock pulse to generate (synthesize)
the required output frequency. The 1
MHz reference (pin 30A from P303 to pin
3 of IC300) clocks all the flip-flops
to latch the address (which is the new
accumulator value). For example, if k =
1, then at each clock pulse the look-up
address "n" 1is incremented by 1. The
phase accumulator network is reset to n
= 0 any time frequency is changed;
therefore the first frequency control
number clocked through the shift regia-
ters to the adder series and into the
sine table EPROM is n = 0. At the next
clock pulse the address is incremented
k=1 to address n = 1. At the next
clock pulse the address n = 1 is incre-
mented by k = 1 and bhecomes n = 2,
Flip—flops IC313 - IC315 provide feed-
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back as shown to the series of zdders.
1C316 extends the range of the accumula-
tor by latehing overflow at 4x10%. The
address increment segquence with k ='1 is
shown below:

for ¥ = 1
0000 first address ny = 0 (reset)
0001 n3 = ny+k = 041 =
0002 ng notk = 1 + 1
0003 ny = ng+k = 2 + 1 =

Hop
o

i
w

i

0999
1000
1001

3988
3999 .
0000 rolls over to 0000 again

When k = 1, each address of the look-up
table EPROM ig accessed at a rate of 1
address per clock cycle (1 yusec). It
requires 4000 wusec to get one cycle
out at this address increment (frequency
control) number.
at k = 1 is therefore

fo = A = 250 Hz
4000 usec

Congider the case when k = 5, The phase

accumulator is reset to n = 0 but each
suceegsgive increment (k 5) increases
the phase angle of the output by .45°
(.09° x 5) skipping to every fifth add-
ress (rather than every address ag when

k = 1). The address sequence will be:
for k = 5

0000 first address ny = 0 (reset)

0005 Ny = ny+k = 0 +5 =5

0010 i3 = np+k = 5 + 5 = 10

B

0015 ng = n3+k 10 +5 = 15

0995
1000

The output frequency

.the

1005

3890

3995 .
0000 rolls over to 0000.
When k¥ = 5 the complete look-up table

is accessed five times as rapidiy as
when k¥ = 1 because every fifth address

'is accessed at each clock pulse. It
requires 800 <clock opulses {1 psec/
pulse) to generate one cycle out,

Therefore the output frequency at k = 5
is

Fo = —k = 1250 Hz
800 usec

The general equation for output fre-

quency (fs) as a function of phase
-offset (k) is:

fo = fe1x X X

Bfyll scale

where' f.1x = the frequency of the
clock = 1x10® Hz and ngy11 gcale i
4000 or the maximum number of EPROM
addresses available.
Note that this equation expresses

output frequency as a function of the
rate at which one complete cycle is
synthesized from the look-up table
EPRCOM., That rate 1is a funetion of the
address inecrement steps k, used to step
through

the table,

The 1 MHz reference (pin 30A of P303)
for the DDS ceircuit provides clock
pulses at 1 psec intervals. '

The phase accumulator section processes
frequency programming input (the
control number that determines the phase
increment) from the microprocessor
(through the Control Board) to pins 12C-
%A of P303. The frequency programming
input is three bytes of information.
Registers IC304-IC306 each process one
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Decoder IC302 selects the active
register. BCD Adder IC312 pro-

the least significant digit of
the frequency control number (phase
increment input). Adder IC311 processes
the next least significant digit. Adders
IC312, IC311, and IC310 do not address
the EPROM, therefore these three adders
allow k¥ to be a fractional value as low

byte.
byte
cesses

as 0.001, permitting an output fre-
quency resolution of 0.25 Hz. For k =
0.001, for example, output frequency
(fo) is:

fo = feix X -%-
Nfyull scale

f, = 1x10% Hz x _.001
4000
fo = 0.25 Hz
When the hundreds digit controlled by
ICc312 is full, the carry (pin 6 of
IG312Y steps IC311 up one unit (one
. tenth). When the tenths digit con-
trolled by 1I¢311 is full, +the carrvy

(pin 6 of IC311l) is fed to IC310 (pin
5) to step the ones place up one unit.

In summary, at each cloek pulse the
phase accumulator network provides an
address that is latched through octal
flip~flops (IC313-1IC315) into the sine
table EPROMs. The address is incre-
mented some value k (the phase increment
in-put; the frequency control number) at
each cloek pulse. This number k is
basically the number of degrees along
the sine curve that the address n is
incremented at each clock pulse.

7.5.4 DAC 1C321

The output from the EPROMs at each clock
pulse is a 12 bit binary number repre-
sentative of the sine wave voltage at
the associated sine wave phase angle.
This number 1is latched by flip-flops
IC319 and IC320 into 12-bit DAC IC321.
The pulse from pin 6 of Exclusive OR
gate TC300 clocks the 12-bit binary
word through IC319 and IC320 into the
DAC (1C321).
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DAC = IC321 converts the input binary
word into the egquivalent output current
at pin 9. The output is fed to pin 2 of
amplifier IC322A. The output at pin 1
of 1C322A is applied to a high and low
pass filter network (R325, €340 to C342,
R304) that also scales the voltage
output. The scaled signal 1is then
applied to a two stage low pass filter
comprised of IC322B and IC323A and
their associated circuitry. This filter

eliminates the frequency component
introduced as a result of the step
nature of the sine table waveform. The
cutoff for the low pass filter is 250

kHz.

The filtered signal at pin 1 of IC323A
is sent to the phase gplitter network
of IC3254/B, 1C326A/B, and their
associated circuitry. The outputs at
pins 1 and 7 of IC326A and 1IC326B,
respectively, are identical in voltage
level and frequency but 90° out of
phase with one another. These are the
quadrature DDS outputs supplied to the
Synthesizer Board (see Section 7.6).
7.5.5 1D Buffer

ID buffer TIC303 provides the 1D code
{see Section 7.2.2) for the DDS Board.

7.6 SYNTHESIZER BOARD and VCO BOARD
7.6.1 Overview

The synthesizer board (see Figure 9-6)
generates a CW or FM-modulated signal
in the frequency range of 275-5350 MHz,
with a 10 Hz resolution. The synthesis
is indirect Phase Locked Loop (PLL),
with a single loop, fractional division,
and DDS (Direct Digital Synthesis)
offsetting, using a Single Side Band
{3SB) mixer. The VCO board is attached
to the synthesizer board. The funection
of the VCO Board is to produce an RF
signal with a frequency range of 275 -
550 MHz.

The digital interface that controls the
synthesizer board consists of a data
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bus, address busg, and a beard select
line. Two inputs from the DDS board and
a reference input from the REF/LO board
are part of the frequency control. An
FM input from the Contrel Board modu-
lates the signal when the unit 1is in
the ™M mode. A 4 kHz signal (used for
internal modulation), and an analog
test and calibration signal (TPX) are
output to the Control Board. An inter-
rupt (INT) signal is output to the
Microprocessor Board. :
7.6.2 Digital Control

The synthesizer board accepts an 8-bit
data bus (pins 15-8 of P401; data lines
RFDO-RFD7), 2-bits {(pins 34 and 33 of
P401; RFAC and RFAl) of a 5-bit address
bus, and a card-select sgsignal (pin 27 of
P401; SEL 3). When the synthesizer board
is selected by a low at SEL 3, there
are three options for the data bus:

and
the
the

1. ID buffer 10406 1is selected
the 1ID 1is transferred to
data bus to be read by
microprocessor.

and
is

2. Data latch TC404 is sgelected
the content of the data bus
transferred to it.

3. Control latch IC405 is sgelected
and the content of the data bus
is transferred to it.

the control board {(pins 1,8 of Switch
1C419).

7.6.3 Synthesizer Phase Lock Loop

The Synthesizer Phase Lock Loop (PLL)
consists of Main PLL Synthesizer chip

IC408, the switchable loop filter net-
work composed of switch IC413  and
buffers/op amps IC411 and 1IC417 and
their asgsocliated circuitry, dual D/A

convertor IC414, VCO IC500, Divide by-10
Counter 1C416, a Single Side Band (SSB)
Mixer composed of Mixers MX400 and MX401
and Power Divider PS401 and resistors

R448-R450, and the Divider WNetwork of
Dual Modulus Counter IC410 and Adder
IC409. The frequency dividers in Aux-

iliary PLL chip TIC407 also are used in
the PLL.

- The 10 MHz reference frequency (pin 3

The data on the data latch is used for

the loop compensation and coarse tuning

DACs in dual DAC IC414 and also for
programming the PLL chips (IC407 and
IC408).

The data on the control lateh is used
for strobing the main and auxiliary PLL
chips (1C408 and IC407, respectively),
switching the VCO bands (the BANDSW
signal at pin 3 of VCO IC500), select-
ing CW or FM modes (pins 6 and 9 of
Switeh IC413), selecting the loop com—
pensation or coarse  tuning DAC and
enabling writing into the selected DAC
(pins 6 and 16 of dual DAC chip IC4l4),
‘and enabling the analog signal (TPX) to
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~the

of P401) from the the REF/LO Board is
sent to the Main PLL Chip I1C408, where
it is counted down to fy, the PLL re-
ference frequency. The 10 MHz signal
into IC408 is counted down by 10 to a
fg of 1IMHz or counted down by 200 to
a fr of 50 kHz, depending upon whether
the unit is in the CW mode or FM mode,
respectively. The 1 MHz or 50 kHz PLL
reference frequency, fp, 1is applied
to the phase detector in ¥C408. The
phase detector in IC408 also receives
an input from the Divider Network
(described later in this discussion).

The outputs from the phase detector at
pins 16 and 17 Of IC408 are applied to
the loop filter, which is switched into
ene of two configurations by Switch
IC413. During operation in the CW mode,
R406 and R407 are each shorted and C433
is not connected. During operation in
FM mode, R406 1is in series with
R408, R407 is in series with R409, and
C&433 is in parallel with C434. A control
signal from pin 16 of Control Latch
IC405 sets the switch to the CW or FM
setting.

The output from the switched Jloop
filter also ig applied through diodes
CR401 and CR402 to pins 9 and 10 of
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IC418. This cirecuitry forms a window
comparator to check the output for
saturation, which would mean the loop

is unitocked (UNLOCK1). If the signal is
outside a $10.0 V window, an inter-
rupt signal (INT 3) will be sent to the
Microprocessor Board through pin 26 of
P401L.

The signal from the loop filter network
is applied to pin 4 of dual DAGC (Digital
to Analog Convertor) chip IC414. IC414
contains two DACs and their asseoclated
registers and circuitry. This chip
performs two functions. It provides
loop compensation to maintain constant
loop bandwidth and alsc provides the
coarse tuning signal. One of the two
registers in TC414 holds the number by
which the loop compensation DAC input
is multiplied. The other register holds
the number by which the coarse tuning
DAC input (a constant +15V at pin 18)
is multiplied. The DAC multipliers are
on data bus lines D0O-B7 from Data Latch
1C404 and are applied to 1C414 pins 14-
7, respectively. The registers are con-

trolled by signals at pins 6 and 16
{(from Contrel Latch IC405). One control
signal 1is a write enable, the other

gelects which buffer is written to. The
coarse tuning voltage 1is output at pin

20, the loop compensation voltage at
pin 2. The two voltages are summed and
output at pin 1 of Output Amplifier
TC417. The output goes through 50 kHz
trap (R432, R444, L4044, and C476) and
has the FM signal (from pin 2 of Switch
IC413) added to it. The FM signal

enters the board at pin 5 of P40L (FM
Return at pin 6), goeg through Buffer/
amp I1C417, and through Switch TIC413
(pins 3 and 2 are connected during FM
mode operation).

The coarse tune/loop compensated sig-
nalt, with FM addad if appropriate, is
sent to pin 12 of amplifier IC4A18 and
also sent to pin & of VCO IC500. IC4l8
cirecuitey is used as a difference amp-
lifier to compare the summed signal
{coarse tune/loop compensated/FM, if
present) at pin 12 (of IC418) with the
coarge tune output from pin 1 of IC418
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through pins é and 7 of 1C418. The dif-
ference signal at pin 7 of IC418 is sent
through Switeh TC419 (pin 2 to pin 3)
to pin 24 of P401. This is error volt-
age signal TPX, an analog signal sent
to the Control Board for test and cali-
bration  purposes. Switch  IC419% is
enabled by a low at pin 1 from Control
Latch IC405.

The coarse tune/loop compensated signal,
with FM added if appropriate, sent Lo
pin 6 of VCO IC500 is used to tune and
modulate the VCO.

VCO IC500 is actually a small board that
fits on the Synthesizer Board. The VGO
Board contains two VCOs. The BSEL signal
at pin 3 selects the VCO to be used. The
low band VCO (275-390 MHz) is szelected
by a low at pin 3. The high band VCO
(390-550 MHz) is selected hy a high at

pin 3. The conktrol signal comes from
_Control Latch IC405, pin 17.

The VCO Board schematic is shown in

Figure 9-7., The function of the VCO

Beard is to produce an RF signal with a
frequency range of 275 -~ 550 MHz. The
frequency get by a tuning voeltags
Vtune. The frequency range 1s separated
into a low band (275-390 MHz) and a high
band (390-550 MHz), each provided by a
different oscillator. An analog switch
selects the oscillator used. The oscil-
lator outputs po through a common buffer
amplifier to the VCO Board's output.

ig

The basic active component in the low
band oscillater is Transistor 501,
configured as a modified Clapp oscil-

lator. L5002 and Varactors CR501-504
form the main resonator. Feedback is
provided through capacitors (C502-504,

Varactor CR505, and enitter resistors
R504 and R505. The output obtained from
the collector across R502 goes through
a low pass filter (L506, C511 and C512)
and a PIN Dicde CR506 to the buffer
amplifier.

The high band oscillator has the same
basic design as the low band oscillator,
with Q502 the main active component. The
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main resonant tank consists of 1508,
CR508 and CR509. The feedback network
consists of RS16, 517, €522, 524 and
CR510-513, with €523 a DC ©blocking
capacitor., OQutput is obtained from the
collector across R514, and goes through
a low pass filter (L507, €519 and C520)
and PIN diode CR507 to the buffer am-
plifier.

Band switching is performed by IC501.

IC501 is a single-pole, double-throw
analog switch controlled by the band
select line (BSEL). When BSEL is at a
logic "HIGH" level, power 1is supplied

to the high band oseillator and CR507
is also turned on. Similarly, when BSEL
is at logic "LOW", power is supplied to
the low band oseillator and CR506 is
turned on.

IC502 is the Buffer Amplifier. Signals
from the two oscillators pass through
an attenuator formed by R509, 510, and
511 into amplifier IC502. The output of
10502 goes to the 08C Out to be used by
the Synthesizer Board. .

The VCO output is sent to the RF OUT
Jack J501 through a 17 dB attenuator
pad (R454, R455,
amplifier (IC420) to 1isolate the VCO
(from. the ocutput load at J501). A sample
of the VCO output is applied to pin 2
of amplifier IC421. The output at pin 7
goes through an attenuator pad (R466,
R464, and R465) and a high pase filter
(€594, L407, and ©593) to pin 2 of
amplifier 1C422. These stages isolate
the VCO from the PLL feedback,

The output at pin 7 of IC422 is applied
to Divide-by-10 Counter IC4lé. This
device is a Divide-by-10/11 wired as a
Divide-by-10. TIts counted down output
goes through amplifier IC415 to the
resistive in-phage power divider (R448-
R450) that makes up part of the Single
‘$ide Band (88B) Mixer used in the PLL
feedback circuit. The outputs of the
power divider drive the LO inputs of
the double balanced mixers (MX400 and
¥X401) in the S8B Mixer. The IF inputs

and R456) and a 17 dB-

of the  double balanced mixers are
driven by quadrature DBPS signals, 90°
out of phase from one another, from the
DDS Board (pins 1 and 2 of P401). The

outputs of the two mixers are combined
in 90° Power Divider/Combiner PS400.
The Upper Silde Band (USB) output at pin
6 is terminated (R423). The Lower Side
Band (LSB) output at pin 1 is amplified
by IC412 and passed through to IC410, a

divide-by-5/6 counter. IC410, Adder
1C409, Counters Ny and A, in Main
PLL chip IC408, and Counters N, and
A; in Auxiliary PLL chip IC407 com-

prise the fractional divider network in
the PLL feedback circuit.

The modulus control signal from pin 14
of Main PLL chip IC408 to pin 9 of
Divide-by-5/6 Counter TIC410 determines
the part of the total counting time
that IC410 divides by 5 and the part of
the total counting time ~that IC410
divides by 6. This modulus control line
is itself controlled by Counters Ny
and Ay in Main PLL chip 1IC408, when
fractional division is required, Coun-
ter A; must divide by Ay for the
part of the counting time and divide by
Ap+tl for the remaining part of the
counting time (see section 7.6.4, Fre-
quency Synthesis, for greater detall).
The four bits from pins 4, 1, 13, and
10 of Adder IC409 to Main PLL chip
I1C408 determine whether A, divides by
A, or by Au+l. These four bits are
controlled by the modulus control signal
from pin 14 of the Auxiliary PLL chip
IC407 to pin 6 of Adder IC409. When
this signal is low, A, divides by
An. When. this signal is ‘Thigh, Ay
divides. by Ap+l. Counters N, and
A, in Auxiliary PLL chip IC407 con-
trol the signal over the total counting
time. {(see section 7.6.4, Frequency
Synthesis, for greater detail). The
data bus (DO-D7) sets the internal
conditions for all internal cirecuitry
in the two PLL chips and the Adder chip.

7.6.4 Frequency Synthesis

The synthesizer board output frequency,
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fs, is:

fs = 10 [Ny + EY . £R + £DDS]
20

where fR is the reference frequency
of the PLL and ig 1 MHz for the CW
mode, 50 kHz for the FM mode.

frequency
excluding

Nep is the integer
division in the feedback,
the constant divide-by-10.

F is an integer, specifying the
fractional frequency division: F=0
(no fractional division) for the FM
mode; O < F <20 for the CW mode.

£DDS is the DDS fregquency (115-118
kHz, 140-155 ~ kHz, 168-190 kHz;
AfDDS = 1 Hz).

When the internal reference or an exter-

nal 10 MHz reference is used, the
reference divider Ry (a register in
the Main PLL chip TIC408) is set at 10
for the CW node and 200 for the FM

mode. When an external 5 MHz reference
is used, Ry is half these values.

N is obtained by the +5/6
counter(IC410y and the Np and Ay
counters in the Main PLL chip 1C408.

The total division is:

Hp = 5 Ny + Ap
For fractional division to occur,
counter Ay nust divide by Ay for
part of the counting time and divide by
A+l for the remaining part of the
counting time. Counters N, and Ay
in the Auxiliary PLL chip IC407 deter-
mine the Agp/Ag+l counting ratio of
counter” A,. There are twenty {20)

intervals in a complete counting cycle.
Counter N, is set at 20, Counter A4
set at 20~F. The Modulus Control output
of the Auxiliary PLL (pin 14 of IC437)
will be low for 20-F pulses, high for ¥
pulses. When this signal is high, the
output of the 4-bit adder (pins 4, 1,
13, and 10 of TC409) is increased by
one, The main PLL IC is set (by the
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data bus) so that 1its divider
(register) is controlled by the 4-bit
Adder output. Therefore, A; divides
by A, for 20-F pulses and by (Agpt+l)

for F pulses.

The average division is (Ay + Fy.
20
The total division is (N + E).
) 20

7.7 REFERENCE and LO BOARD
7.7.1 Overview

Figure 9-8 i# the schematic for the Re-
ference and LO (Local Oscillator) Board.
Thig board provides the 10 MHz internal
reference source and contains the cir-
cuitry that processes the 10 MHz or 5
MHz external reference. This board also
provides the 5 MHz or 10 MHz reference

£to the Synthesizer Board, the 1 MHz
reference to the DDS Board and Control
Board, and the 512 MHz L.0O. output to
the Output Board.

7.7.2 Internal/External Reference
Source

The INT/EXT,low, control signal from

pin 12 of Control GLateh IC604 deter-
mines which Switch of Diode Switeh pair
CR606 and CR607 1ig closed (and allows
signal flow toc pass) at any given time.
The internal 10 MHz reference cones
from pin 2 of Temperature Compensated
Crystal TCX0. The signal is applied
through Transistor Q606 and passes
through Switch CR606 when it is closed
by a high at its anode {the INT/EXT,

low, signal from Control Latch T1C604
through Switeh Driver IC612 1is high).
Coll L6006 provides a high impedance

path for the 10 MHz signal when CR606
is open, with any signal leak through
the coil shorted to ground by Cé5%. The
10 MHz reference at the emitter of Q606
also passes through an attenuator pad

(R647, R646, and R645) and is applied
to Amplifiler IC614. The amplified
signal 1z the TInternal Reference Out

signal at J603.
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The 5 MHz or 10 MHz external reference
input at J604 passes through an attenu-
ator pad (R648, R649,
applied to Switch CR607. 1t passes
through Switch CR607 when it is closed
by a low at its cathode (the INT/EXT,

low, signal from Control Latch 1Ce04
through Switch Driver 1C612 is low).
Coil L6055 provides a high impedance

path for the 5 MHz or 10 MHz external
reference signal when CR607 1is open,
with any signal leak through the coil
shorted to ground by C659.

The reference source passed through
Diecde Switch pair CR606/CR607 goes
through another attenuator pad (R639,
Re40, and R641) to Amplifier IC613. The
anmplified reference is applied to pin 7
of Phase  Lock Leoop (PLL) Synthesizer
1C601 and also to pin 3 of P601 (the

reference to the Synthesizer Board; see
Section 7.6).
7.7.3 Phase Lock Loop (PLL)

Synthesizer IC

The L.0. (Loecal Oscillator) consists of

a VC0, phase-locked to a reference, by
the Phase Loek Loop (PLL) Synthesizer
IC601. The VCO output frequency (fg)

from the emitter of Transistor Q603 is
fed back to pin 2 of divide-by-64 fixed
prescaler IC602. The prescaler output
frequency (fq) is then divided by 8
in a divide-by-8 divider in PLL Synthe-
sizer 1IC601. The output frequency of
the divide-by-8  device {£,) is
compared by a PFD (Phase/Frequency
Detector) in the PLL Synthesizer Chip
to a 1 MHz fixed frequency (fy)
derived by dividing the input 10 MHz
TCXC signal (fy) at pin 7 by 10 {or
dividing an external 5 MHz reference
input at pin 7 by 5). At phase lock:

fv=fR=§.HHZ

(because fy = fo. . = .fo
i 64 x B 512
then:

fo = 512 fg = 512 MHz

and R650) and is -

Pin 18 of the PLL Synthesizer Chip
provides the 1 MHz reference to the DDS

Board and the Control Board (see
Section 7.5) at pin 5 of P6O1.

71.7.4 Loop Filter and Comparator
Circuits

The PFD outputs at pins 16 and 17 of
1C601 are connected to a differential
Loop Filter {(LF) composed of 1C60BA and
its associated circuitry. The LF output
from pin 1 of 1C608A drives the VGO
tuning circuitry (see Section 7.7.5).
The LF output from IC608A also goes to
Comparator IC608B. When the Local Oscil-
lator is enabled and the loop is locked,
the output at pin 7 will be between 4V
and 10V.  An unlocked condition will
produce an output at pin 7 less than 4V
or greater than 10V, and generate the
LO UNLOCK (UNLOCK2) sgignal at pin 26 of
P601 (sent to the Control Board; see
Section 7.4).

.7.7.5 VCO Circuitry

The LF output from pin 1 of IC608A (see
Section 7.7.4) is applied through L603

“to drive the VCO tuning circuitry.
Varactor CR605, €652, the transmission
line segment between C652 and R62Z
(which acts as an inductor), and €653
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and €654 form the main resonant tank
for the VCO. The tank resonates at 512
MHz, with feedback provided through
R624, R625, (€653, and C654. Transistor
Q603 is the active device for the VCO.

Transistors Q605 and Q604 are controlled
by the L..0. enable signal from pin 13
of Control Latch 1C604 and provide bias
for oscillator Q603.

7.7.6 VCO Output Circuit

The output at the collector of (603
passes through a low pass filter net-
work (C648, (647, and the inductance in
the transmission line segments shown
between the two capacitors) and is then
applied to pin 1 Amplifier 1IC605. The
output from pin 3 of IC605 is the 512
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MHz Local Oscillator output to the
OQutput Board at J602 (see Section 7-9).

The RLC network between the output of

1605 and J602 is a bias decoupling
network,
7.7.7 Control and Data Circuitry

Control logic is provided by Control
Latch IC604. Data is processed through
Data Latch IC603. ID Buffer 1C606 con-
- tains board identification (see Section
7.2.2). 1c607 is the Decoder. Data bus
lines RFD7-RFDC (pins 8-15 of Ps01) and
SEL2 and Address lines RFAC and RFAL
fping 27, 34, and 33 of P601) provide
communication to the Control Board.

7.8 AM/DIVIDER BOARD
7.8.1 Overview

Refer to Figure 9-9 for the following
discussion. The AM/DIV board takes the
275-550 MHz RF. signal from the Synthe-
sizer Board (see section 7.6) and sends
it through frequency conversion cir-
cuitry (a bank of swiiched filters and
a freguency divider) to obtain the
additional 137.5 to 275 MHz range. This
cireuitry also reduces harmonic centent.

The signal then goes through a chain of
variable attenuators, amplifiers and a
level detector to set the output power
level and to allow amplitude modulation
(AM). AM is achieved by comparing the
level detector output with the modu-
lation seignal at AM REF IN, and using
the difference wvoltage as a negative
feedback to control the variable atten-
tators. This system produces an output
amplitude that varles directly with the
modulation signal.

Note that the 550-1100 MHz circultry
shown at the top left section of the
schematic is not used with Model 2407
Signal Generator.

7.8.2 Frequency Conversion Section

The frequency conversion section con-

722

sists of five separate paths the RF IN
signal at J700 can take, depending upon
the desired output frequency, and the
microprocessor band switch control
network that determines the path the
signal will take.

The first of the five pathways the RF
In signal can take through the frequency
conversion circuitry is the 550-1100
MHz circuit, not used with the Model
2407 Signal Generator. The frequency
input at J700 for this circuit comes
from doubler circuitry not installed in

the 2407, not the Synthesizer Board.
When the circuitry 1is installed, the
input 550-1100 MHz signal 1is passed

unchanged through the resistor/ diode
string from CR700 to C703 and into the
variable attenuator PIN diode circuitry
of CR729 and CR730 (see section 7.8.1).

The four remaining signal pathways
receive a 275-550 MHz input from the
Synthesizer Board {or the doubler cir-

cuitry, when it is installed) at J700.
These paths consist of two straight
through, ne conversion circuits (one

for 390-550 MHz signals, one for 275-
390 MHz signals) and two divide-by-two
circuits (one for 195-275 MHz signals,
one for 137.5-195 MHz signals).

gignal paths 1-3 are non-conversion
routes. Signal path 1 (550-1100 MHz)}
beging through dicde CR700 to resistor
R700. Path 2 begins through CR701 and
CrR727. ©Path 3 begins through diodes
CR704 and CR705. Signal paths 4 and 5
begin through diodes CR704 and CR707
and go through C722 to pin 7 of divide-
by-two frequency divider IC700. The
divided output at pin 2 will then go
through the low rpass filter string
beginning at C729/L710 (path 4; 165-275
MHz) or beginning at C736/L714 (path 5;
137.5--185 MHz).

The RF signal in at J700 is applied sim-

ultaneously to each path described
above. Only one path will be opened
(turned on). The actual path the signal
takes will be determined by the band

switching control sgignals from the
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microprocessor on data bus lines RFDO-
RFD7. These are fed to Data Control
Lateh IC712 and transferred to Buffer
IC711. The buffered signals, HO and
Fi-F4, turn on/off the bandswitch diodes
and the frequency divider. Output
cireuitry (transistors Q701 and Q702)
further processes the F3 and F4 control
gignals.

The band -switching signals turn
diodes (and other components in paths 4
and 5) to allow signal flow. Band

switching signals are positive leogic (1
5 volts), with all lines active high.
The frequencies, control signals, and
bandswitch diodes associated with each
path are shown in Table 7-4.

All of the the low pass filters used in

the frequency conversion pathways are
of the same design., They are ninth
order Tschebyshev filters, consisting

of four series inductors and flve shunt
capacitors.

The frequency divider is an  ECL
flip-flop ~(iC 700) connected as a
divide-by-two circuit. The divider

converts the Iinput frequency range of

275-550 MHz into an output frequency
range of 137.5-275 MHz. Power is
applied to the divider through

on -

tor PIN diodes CR729 and CR730. resis-
tors and decoupling capacitors. The
second attenuator consists of CR731 and
CR732 and their bias network., Two stages
of variable attenuation are required to
provide leveling and to provide the
ampiitude modulation (AM) range control.

The PIN diode attenuators are driven
through transistors Q700 and Q703 by the
output at pin 1 of Comparator IC705B.
The Comparator compares the linearized
detected output (see the following seec-

- tiong) with the AM drive reference from

5V

Voltage Regulator IC701 when either F3.

or F4 is turned on. -

The output from each of the five fre-
quency conversion paths goes through
€703 and is applied to variable 7.8.3
Leveler/AM Range Control

The leveler section indludes two stages
of variable attenuation. The first vari-
able attenuator consists of PIN diodes
CR729 and CR730, and their bias attenua-

pin 5 of PJ00 from the Control Beard
(see section 7.4). Transistor Q703 fune-
tions as a voltage level shifting device
that controls the current through PIN
diodes CR729 and CR730 to set the coarse
RF signal level. (PIN diodes CR731 and
CR732 provide fine level control).

A feedback system 1is used to achieve
level control. The RF output to J701 is
detected by two Schottky diodes CR722 &
CR723 acting as full wave rectifiers.
Their outputg are combined in Operation-

al Awmplifier ICTO6A. biode  CR724
provides temperature compensation for
the rectifiers. Potentiometer R750 is

used to nullify the offset voltage at
the output of IC 706A (TP 1).

The detector output is linearized by
summing the output of IC706A with the
voltage drop across another diode of
the same type as the detector. Using
the voltage drop from a diode of the
gsame type as the detector corrects for
the non-linear behavior of the detector
at low RF levels. This voltage drop is
provided by CR726, R761 and IC706B.
Diode = CR725 prevents saturation of
IC706B by a positive offset voltage at
TP1. The output of IC706A and the volt-

Table 7-4. RF Signal Path Informatlon
CONTROL
PATH OUTPUT FREQ. INPUT FREQ, SIGNAL SW DIODES
1  550-1100 MHz SAME - HO CR 700,728,702
2 390-~550 " F1 CR 701,727,703
3 275-390 " F2 CR 704,705,715,706
4 195-275 390 - 550 F3 CR 704,707,711,712,708
5 137.5-195 275 - 390 F4 CR 704,707,713,714,708

7-23
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age drop across the diode are summed in
Op Amp IC705A. Potentiometer RI76 ad-
justs the offset voltage at TP2 to zero.

Comparator 1C705B compares the line-

arized detector output from IC7054 with .

the AM reference voltage. The difference
ig integrated in IG705B to form a type-
one system where tracking error appro-
aches zero with the increase of time.
The resultant error signal at pin 1 of
IC705B is applied to the base of
transistor Q703, producing a voltage
change that controls the current through
PIN dicdes CR729 and CR730. The error
signal at pin 1 of IC705B also is
applied to the base of transistor 700,
producing a voltage change that controls
the current through PIN diodes CR731
and CR732. Transistors Q700 & Q703 form
emitter followers to increase the cur-
rent drive ability for IC705B to drive
the two . variable attenuators. R779
{(connected to pin 2 of IC705B) deter-
mines the nominal RF output level and
resistors R773, R770, R765, and R77¢
determine AM accuracy.

The error signal at pin 1 of ZIC705B
also is fed to pins 10 Switch 1C707
be ocutput to the Control Board as test
signal TPX (pin 24 of P700) if that

PR
[

section of the switch is enabled (see
section 7.8.4).

Amplitude modulation is achieved by
superimposing =a modulation signal on

top of the DC level reference voltage
in the AM drive sgignal. The amplitude
of the RF out signal will track the AM
input.

Two types of amplifiers are uged to amp-
lify the RF signal. IC715, 1c702, and
IC703 are small signal amplifiers. Out~
put stage amplifier IC704 is a medium
level anplifier.

Roll-off compensation consists of a
serieg tank (L747 and C811) that reson-
ates at 1 GHz across resistor R794 and
also the shunt arms of resistors R783 &
R795 in series with L745 and L746, re-
spectively. Thig circuit attenuates the
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signal at leow frequencies to compensate
for roll-off in the amplifier and detec-
tor circuits.

7.8.4 Digital
Feedback Circuits

Interface and Analog

Decoder IC709 decodes the digital in-
terface signals (Address bus lines RFAO-
RFAZ and SEL 1) that select the AM/
Divider board (SEL 1, low) and then
select the various devices on the board,
ID Buffer IC710 returns the code for AM/
Divider board identification {see sec-
tion 7.2.2) to the microprocessor. Data
Control Lateh I€712 latches the control
information from data lines RFDO-RFD7.
IC 711 shifts the control signals to
proper voltage levels for band switching
and controls the varicus switches in
Switch IC707. Switch IC707 operation is
identical to that described for gquad
switches IC237 and 1IC238 in section
7.4.2, with control signals at pins 1,
8, and 9 opening and closing the inter-
nal switches. Bwiteh IC707 selects be-
tween Test Points 1, 2, and 3 inputs
(at pins 2, 7, and 10, respectively)
and sends the selected signal to pin 24
of P700C as signal TPX. This signal is
then sent to the Control Board for diag-

nestic and calibration purposes (see
section 7.4).

7.8.5 Bypass Capacitors

The capacitor string (C776-C787; lower

left corner) are bypass capacitors.
7.9 OUTPUT BOARD
7.9.1. Overview

Figures 9-10 and 9-11 are the schematics
for the Output Board. The Output Board
provides the main RF output to the
attenuator, with vernier level conirol
and DC AM. The Output Board extends the
AM/Divider Board's output signal (see
Section 7.8) down to 10 kHz by mixing
it with the local oseillator input (512
MHz)} from the LO/REF Board (see Section
7.7). The Output Board also provides a
buffered Auxiliary Output (AUX OUT) for
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use with the Deviation Meter (see Sec-—
“tion 7.13).

The Output Board contains an input
buffer, a straight through path, an
auxiliary output path, two heterodyne

paths, a leveler, and an output amp-
lifier. The RF signals are switched
through these - different sections, and
through two different variable gain

blocks in the leveler section, depend-
ing on the desired output frequency.

7.9.2 Input Buffer

The RF signal coming in from the AM/DIV
Board at J800 (Figure 9-10) goes through
a fixed attenuator (pad RB800, R801, and
R802) and a buffer amplifier (IC80L)
for isolation. The buffered signal is
switched into different paths depending
on the desired output frequency. The
three signal paths are shown in Table
7-5, with their associated input/output
frequencies, control signals, and con-
trol switches.

7.8.3 Straight Through Path and Aux
Out Path

When the output frequency is greater
than 137.5 MHz (shown as the THRU Band

in Table -7-5), the RF signal from
buffer/amplifier  1IC801 is switched
through control diodes CR801-CR804 and
additional attenuation, and split
between two paths after R845. Part of
the signal power goes to amplifier
{IC804) and the AUX O0UT connector at

JB02 to the Deviation Meter (see Sec-
tion 7.13). The rest of the signal power
goes to the straight through (THRU) path
that begins on Figure 9-10 and ends on
Figure 9-11. ON Figure 9-10, the signal
goes through wvariable attenuators
diodes CR811 and CR812) and amplifier
IC803 and is output as signal AA to
Figure 9-11. The GAIN CONTROL input to
R864 (and PIN diodes CR811 and CR812)
in the THRU path on Figure 9-10 is from
the Leveler circuitry (gee Section
7.9.5). The THRU path on Figure 9-11 is
through variable attenuators (PIN diodes
CR815 and CR816) and buffer amplifier

(PIN
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IC805, through PIN diode switch CRR21
into amplifier IC809. This amplifier and
the circuitry following it are common
te all signal paths on the OQutput Board.
The GAIN CONTROL input to R924 {(and the
PIN diodes) is from the Leveler cir-
cuitry {see Section 7.9.5).

7.9.4 The Mixer and Heterodyned Bands

The frequency range below 137.5 MHz is
produced by two heterodyned bands, HETI1
(10 MHz to 137.5 MHz) and HETZ (10 %kHz
to 10 MHz). When either of these bands
is selected, the input RF signal at J800

" (Figure 9-10) passes through amplifier

ICB01 and is switched by control switch
CRB00 through a fiwxed attenuator (pad
R808, R809, and R810) into mixer MXB800.
In the mixer this signal beats against
a 512 MHz signal from the LO IN con-
nector (J801) to produce the desired
output frequency at the IF (I) port of
the mixer. The 512 MHz LO IN signal
goes through a fixed attenuator (pad
RBO6, R825, and R807) and a buffer
amplifier (IC800) for isolation.

The IF signal from the mixer is passed
into a Diplexor (R813, R814, L8802, and
C808) and a 150 MHz Low Pass Filter
(C812, LBO4, and C814) where all unwant-
ed signals above 150 MHz are blocked
without being reflected into the mixer.
The signal then goes through Broadband
Amplifier 1IC802 and another Low Pass
Filter (C829, L813, and (834).

If the HET1 path (10 MHz to 137.5 MHz
output frequency) is sgelected, the
signal passes through PIN diode switch
CR810 to R845 and is split between the
THRU ‘and AUX OUT paths described in sec-
tion 7.9.3, earlier. CRB10 is controlled
by the F67A signal at R816.

If the HET2 path (10 kHz to 10 MHz) is
selected, then a portion of the signal
power also goes through FET Switch Q800
into a variable gain amplifier composed
of Dual Gate FET Q804 and Transistors
Q801 and Q803. The GAIN CONTROL input
to RB39 (and to G2 of Q804) is from the
Leveler circuitry (see Section 7.9.5).
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TABLE 7-5 RF Signal Path Summary
Band Output Input Control Signal Switeh
Frequency Freguency Active Active
THRU >137.5 MHz Same F5, F56 CR801-804,
CRrR821
HETL 10 - 137.5 MHz = 502 — 374.5 MHz F56, F67 CR800, CR821
: CR810
HET2 10 kXHz - 10 MHz 511.99 - 502 MHz F7 CR800O, CRB10,

F67,
_ Q800, Q802

The output through FET Switch Q802 is
applied ag gignal BB to Amplifier ICB09

(Figure 9-11).
and closes the two FET Switches
and Q802) in the HETZ path.

Control signal F7 opens
{Q800

7.9.5 Leveler

Variable gain for signals with frequency
above 10 MHz is provided separate to
that for signals with frequency below
10 MHz. PIN diode variable attenuators
CR811 and CR812 associated with amp~
lifier IC803 and PIN diode variable
attenuators CRB15 and CRB16 associated
with amplifier IC805 provide the wvari-
able gain for signals above 10 MHz. The
variable gain amplifier composed of Amp-
lifiers Q804, Q801, and Q803 provides
the variable gain for signals below 10
MHz .

The signal from the THRU path or the
HETI path or the HETZ path goes through
two stages of amplification (Amplifiers
ICB09 and IC810; Figure 9-11) and then
to the detector circuit. Diodes CRE17
and CR818 are the detectors. Their
outputs go to pins 2 and 3 of Summing
Amplifier IC806. The output at pin 1 is
applied to the other half of IC806. The
circuitry agsociated with this thalf
(pins 5, 6, and 7) of ICB06 forms a
linearization circuit for the detected
output. Temperature compensation is

provided by CR816. The linearized out-
put at pin 7 is applied to pin 2 of Com-
parator IC808 and 1is then compared to
the Level Reference Input (LEV REF) at
R905 from pin 3 of J804& (Figure 9-10).
The difference voltage at pin 1 of IC808
is integrated and used as a negative
feedback (GAIN CONTROL signals) to con-
trol either the variable gain amplifier
or the wvariable PIN diode attenuators.
Vernier level control and DC AM is ac-
hieved because the RF power level coming
through +the detector varies directly
with the LEV REF input.

The linearized detector output at pin 7
of IC806 may be applied through Switch
ICR07 {(pin 11) as test signal TP to pin
24 of JB04 (Figure 9-10). The DET TEST
low output at pin 12 of Command Code
Lateh 1IC900 igs applied to pin 9 of
Switch IC807 (Figure 9-11) to close the
switch. The GAIN CONTROL signal at the
emitter of Transistor Q808 (Figure 9--11)
may be applied through pin 14 of Switch
ICB07 as test signal TPX to pin 24 of
J804 (Figure 9-10). The PIN TEST low

“oputput at pin 13- of Command Code Latch

71~26

IC900 is applied to pin 16 of Switch
IC807 (Figure 9-11) to close the switch,

7.9.6 OQutput Amplifier
Two stages of output amplification
bring the BRF power to the required

level at the MATN OUT connector (J805).
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Transistor Q900 is the first stage amp-

current is con-
Q901 and its

lifier. Its collector
trolled by Transistor
. assoclated cirecuitry. Transistor 902
is the second stage amplifier. ' Its
operating point is maintained by Tran-
sistor Q%03, which sets the collector
voltage, and Transistor Q905 whiech sets
the collector current. Negative feedback
is used in both stages to obtain the
wide frequency range of operation.

7.9.7 Control Logic Circuitry

Contrel logie is provided by Command
Code Lateh IC900 (Figure 9-10) and
Buffer IC903. Buffer IC903 provides
proper level signals to Control Signal
Drivers Q904, Q906-Q909. ID Buffer IC901
contains board identification {see
Section 7.2.2). 1C9%02 is the Decoder.
Data bus 1lines RFD7-RFDO (pins B8-15 of

J804) and SEL3{low) and Address lines
RFA3-RFAQC (pins 27, 30, and 32-34 of
J804) provide communication to the

Microprocessor Board through the Con-
trol Board.

7.10 MOTHERBOARD
7.10.1 Overview

Figure 9-12 is the schematic for the
Motherboard. The various boards used in
the 2407 fit into slots identified by
board name on the Motherboard schematic.
The Motherboard provides busg lines and
other interconnections that run between
these: boards. The Motherboard also
contains the LGD backlighting circuitry.

7.10.2 Board Interconnection

The data and address bus lines and other
interconnections that run Dbetween the
boards are clearly labelled on Figure
9-12. The jacks at which connections
are made for each board and their assoc-
iated pins are also clearly identified.
Note that there are two slots reserved
for option boards.

7.10.3 LCD Backlighting

The EL Inverter E1001 provides the back-
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light source for the LCD (Liquid Crystal
Display). The +5V IN is converted to a
100VAC, 400 Hz, OUT to pin 1 of J1014
on the Motherboard. The 100VAC drives
the display backlighting.

7.11 DISPLAY BOARD AND KEYBOARD

7.11.1 Overview

The Display Board used in the 2407 in-
cludes the LCD (Liquid Crystal Display),

four LCD drivers and a Controller/
Driver. Instruction and Data Registers,
Address Counters, and a Digplay Data

RAM are contained inside the Contreller/
Driver. The RAM stores data in 8-bit
character codes,

7.11.2 LCD/Communication
Microprocessor Communication

Data and control signals go from the
communication microprocessor (1C121 of
Figure 9-2) to the LCD through con-
nectors shown on Figure 9-13, the Key-
board schematic. Data lines from the
microprocessor pass through pins 1-8
(AD7-ADO} of J1111 to Pins 14-7 of P1112
to the LCP. Control signal RS (pin 12
of J1111) ig the register select to the
LCD (pin 4 of P1112). Control signal
READ (pin 13 of J1111) provides the
read/write signal to the LCD (pin 5 of

P1112). Contreol signal STOBE (pin 14 of
J1111) is the LCD enable (pin & of
P1112. Control signal VO (pin 16 of
J1111) is the LCD contrast control
voltage (pin 3 of P1112).

7.11.3 Keyboard Circuitry

When a keyboard switch is pressed, the

keyboard interrupt request (INTKEY, low)
is generated and the communication
nicroprocessor (IC12i on Figure 9-2)
initiates the data exchange mnecessary to
identify the particular key that gener-

ated the request for service. Decode
process components are found on two
schematics, the Keyboard schematic

(Figure 9-13) and Hicroprocessor Board

schematic Figure 9-2.

During operation between Xkeyboard use,
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the communication microprocessor sets a
logic "0" (low; o volts) at the "Row OV
to "Row 5" pins (26, 28, 30, 32, 34,
and 36) of J1111 (Figure 9-13). The
voltage at the "COL 0" to "COL 7" pins
(25, 27, 29, 31, 33, 35, 37, and 39) of
JI111 is a logic "1V (high; +5 volts)
because these pins connect through pins
9C-16C of P102 (¥igure 9-2) to +5 volts
at pull-up resistor network R180-R187.

Pressing any keyboard switch (key)
closes the switch and connects its
associated Column (COL, o0dd numbered

pins 25-39 of J1111; Figure 9-13) to
the low in the Row (ROW, even numbered
pins 26-36 of J1111) in which the
pressed switeh is located. The low at
the column is fed through J1111 to the
associated pin input to NAND gate IC129
(Figure 9-2) where it generates a high
output at pin 8 of IC12%. This signal
is the INTKEY low that tells the com-
munication microprocessor (ICi21l, Figure
9--2) the keyboard requires service.

Following a keyboard interrupt, the com-
munication microprocessor will read the
column output to determine which column
is low. This is the column in which the
pressed key is located. Then the micro-
processor will write a low (zereo) to
that column (the other columns will be
high). The clesed switeh in the column
will pass the low from the micro-
processor inte the row in which the
switch ig located. The microprocessor
will read the row outputs and identify
the row with the low output (the rows
in which no key has been pressed will
have high outs). Finally, the micropro-
cessor will compare the column/row
information with the 8x6 switch matrix

(table) stored in memory to determine
which key was pressed, and proceed
accordingly.

If the STR key (switch SW1123 in column
4) 1s pressed, the microprocessor will
receive the keyboard interrupt and then
locate the pressed key in the following
manner. The microprocessor will read
the column outputs, identifying column
4 (pin 33 of J1til) as low. The micro-
processor will then write a low to

column 4 and read the row outputs at
J1111l. Switch 1123 (STR)} will be closed
s0 the low at its pin 1 will be passed
to its pin 2 and out to the row 4 out-
put at pin 34 of J1111. The micropro-
cessor will at column 4 and row 4 of
the switceh matrix, and initiate execu-
tion of the STR (store) function.

~ 7.12 POWER SUPPLY

7128

The Model 2407 Pcwer'Supply (see Figure
9-14) provides the DC power for the
instrument circuiltry and fan.

AC input power passes through a line
filter and then through either a 1 amp
or 0.5 amp fuse, depending upon the
input wvoltage source. Input power is
then routed through the power switch to
the primary of transformer T1300.

The instrument will operate from a 100
VAC, 115 VAC, 215 VAC, or 230 VAC
source. The voltage selection wheel in
the rear panel AC power connector medule
(see Figure 2-1) must be rotated to
show the proper input voltage through
the small window in the module (the
module's full cover must be removed to

rotate the selector wheel).

The voltage selector wheel opens and
closes the switches associated with the
primary of T1300 as shown in the Line
Voltage Selector table on the power
supply schematic (Figure 9-14) to con-
figure the transformer primary as re-
guired. When a 115 VAC source 1is
selected, for example, switches G, I,
and J are closed, as shown in the
table. Switches H and X are open. Each
of the two primary windings are in
parallel across the "voltage in" lines
{at points F and B). When a 230 VAC
source is selected the primary windings
are configured in series.

The secondary of T1300 has five taps;
the center tap is grounded.

CR1300 1s a bridge rectifier providing
full wave rectification of the signal
across the secondary of T1300. Each half
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of the input cycle charges capacitor
C1300 to provide a +27 VDC level at the
collector of wvoltage regulator Q1301.
Each half of the input cyele also
charges C1306 to put a -27 VDC level at
the emitter of voltage regulator Q1303.

The +18 VDC at pins 1 and 2 of J1302 is
produced by +18 VDL regulator Q1301
which is controlled by its base volt-
age. Voltage reference IC1300 provides
+5 VDC to pin 3 of operational amplifier
IC1301. When the +18 wvolt regulator
(Q1301) is at +18 V, voltage divider
network R1303 and R1316 feeds a +5 volt
level back to pin 2 of IC1301. If the
voltage out from the regulator drops,
the voltage output at pin 1 of IC1301
increases in response to the decrease
in input signal at pin 2. The output at
pin 1 of IC1301 is applied to the base
" of regulator Q1301. When base voltage
increages, emitter voltage increases,
and the +18 volt supply returns to +18
volts.

FET Q1300 is a current gource,
supplying current to R1302 to raise the
control wvoltage to the base of Q1301 as
needed. This circuit supplies Dbase
current to Q1301 to make certain that
the regulator will start up when power
is applied.

Diode CR1302 provides protection for
electrolytic capacitor C1302 (prevents
& negative voltage at pin 1 or pin 2
being fed to the capacitor).

The -18 VDC at pins 3 and 4 of J1302 is
produced by -18 V regulator Q1303 which
is controlled by its base voltage. The
output from pin 7 of op amp IC1301 con-
trols transistor Q1302 which controls
~the -~18 V regulator. Op amp ICLl301
receives a ground (zero volt) reference
input at pin 5. The voltage divider
network of R1305 and R1307 (from +18V
to ~18V) sets the other input (pin &)
to zero (0) volts when the -18 V (and
+18 V) levels are accurate. If the -18
volt output goes lower (to -17 wvolts,
for example), the input at pin 6 of
IC1301 will go positive, forcing pin 7
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negative. The negative will be applied
to the base of 1302 which will turn
Q1302 on harder. When Q1302 conducts
harder, more base current is drawn from
regulator Q1303 and the output voltage
goes back to -18 volts.

Diode CR1304 provides protection for
electrolytic capacitor (1308, prevent-
ing a positive voltage at pin 3 or pin
4 being fed to the capacitor.

The voltages fed through diodes CR1305
and CR1306 to C1309 provide an unregul-
ated +12.4 volts to the collector of
Darlington power transistor Q1304. R1312
and CR1307 make up a 12V Zener voltage
gource. applied to the base of Q1304.
The twe diode veltage drop (approx-
imately 0.6 volts per diode; two diodes
in Q1304) of 1.2 volts lowers the +12
volt input to a +10.8 volt level to the
fan (J1301, pin 1). The +10.8 volts
results in a longer operating life for
the fan and quieter operation.

The +8 volt supply at pins 5 and 6 of
J1302 iz produced by +8 volt three
terminal voltage regulator IC1302. The
+12.4 wvolts input (from CR1305 and
CR1306) 1is regulated to an 48 volts
output using output feedback through
the registor network of R1313 and R1314
and capacitors C1310 and Cl1311.

Dicde CR1309 protects the regulator
from a negative input at pins 5 or & of
J1302. :

7.13 DEVIATION METER

Refer to the Deviation Meter Schematic

(Figure 9-15) for the following dis-
cussion.

Because the Model 2407 Deviation Meter
input connector (J1402) also functions
as the External Modulation Input, high
pass (C1408, L1400, and (1409) and low
pass (L1404, C1419, and L1403) filters
are needed to isolate the two inputs.
The low pass filter cuts off at 200
kHz, with the signal routed tec the mod-
ulation control circuits at pin 5 of
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P1461. The high pass filter cuts off at
10 MYz, with the signal routed te a 10
dB pad (R1400, R1401, R1402, R1434) and
then to on/off PIN switch CR1406. The
on/off PIN switeh is needed to turn off
the modulation input during self cal-
ibration. It also is off when the devia-
tion mneter is not in use, which de-
creases the opportunity for leakage out,
increasing RFI protection. PIN switch
CR1406 is controlled by the output from
pin 7 of op amp 1C1420. When the output
is high, CR1406 ic an open {(off). When
the op amp output is low, CR1406 con-
ducts and the signal passes either
straight through to the mixer (MX1400)

or through a 20 déB pad (R1403, R1404,
and R1405) and then te the mixer. The
output from pin 1 of op amp ICLl410
determines whether the signal goes

through the 20 4B pad or not. When the
output is high, CR1401 and CR1402 turn
on and CR1403 and CR1404 are off and
the signal goes through the 20 dB pad.
When op amp IC1410's output is low,
CR1401 andéd CR1402 turn off and CR14903
and CR1404 turn on and the signal goes
straight through (0 dB attenuation) to
the mixer.

The 20 4B pad reduces the input signal
level to the mixer. The maximum input
level to the deviation meter is +27 dBm
so the maximum level at the miwxer RF
port will be -3 dBm.

A sample of the signal generator RF
output signal (J1401) provides the LO
drive for mixer MZX140C. The input sample
frequency will be the meter receive
frequency +7 MHz at -6 dBm. This signal
is attenuated by a 12 dB pad (R1406,
R1433, and R1407) and then amplified by
12 4B (IC1408) and amplified again by 8
dB  (IC1408). The 6 dB pad keeps the
firgt amplifier stage from being over-
driven and sets the proper LO drive
tevel.
mixer (pin 8) is +8 dBm,

The mixer 7 MHz IF output (at pin 1) is

connected to a 10 4B RF pad (R1415,
R1435, and R1416}, bandpass filtered
(L1408, C1421, C1422, L1409, 11410,

The output signal level to the -

C1423, L1411, and C1424), and amplified
(IC1412) before being connected to the
input of the MC13055 FSK Receiver (IC
1413). The input level to the MC13055
will range from approximately -3 dBm to
-33.5 d4Bm.

The MCL13055 functions as a limiter, and
an FM demodulator, and produces a fairly
linear signal strength indicator over a
60 dB dynamic range. R1431, L1413,
C1439, and C1440 form a gquadrature tank
circuit to provide a distortion null for
the MC13055, with C1440 the centering
adjustment.

The demodulated FM is taken different-
ially from pins 10 and 11 and then
amplified by a differential amplifier
{(1/2 of 1ICl431, inputs at pins 5 and
6). The demodulated FM is AC coupled to
a 20 kHz low pass filter/amp (the other
half of IC1411 and its associated cir-
cuitry). The output of this filter is
approximately +8 V¥ for 500 %Hz peak
deviation and is routed through switch
IG1404 and pin 24 of P1l401 as signal
"TPX" to the Control Board {see Section
7.4).

The demodulated FM from pin 7 of TIC1411
is also DC coupled to a 15 Hz low pdss
filter/amplifier (1/2 of IC1410: input
at pin 6) to strip off the AC component
of the modulation. The DC output at pin
7 1is fed through switch ICl404 £ pin
24 of P1401 as signal "TPX" to the CJone
trel Board (see Section 7.4). This sgig-
nal is used as a frequency error indi-
cator, providing the "TUNE™ instructions
for the unit. The nominal signal output
voltage is +2.5 VDC at 7 MHz with
approximately a +3.5 V/MHz sensitivity.

The signal from pin 12 of IC1413 1is
applied to pin 3 of amplifier IC1420
and serves as the Received 8ignal
Strength Indicaztor (RESI) signal. It is
connected through switch IC14C4 and pin
24 of P1401 to the Control Board {see
Section 7.4). It indicates when the
signal into IC1413 is too low to be
read, providing the "LOW LEVEL" in-
dicator. This signal is also used to
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indicate when the RF input 20 dB atten-
uator pad should be switched on and off
by the microprocessor.

ICL400, ICI401, and IC1403 provide the
interface circuitry between the devia-
tion meter ecircuitry and the micropro-
cessor. Decode chip IC1400 uses signals
RFAZ-RFAC (pins 32-34 of P1401) to
select either read only ID Buffer IC1401
or write only Control Latch IC1404 for
access to buss lines RFDO-RFD7 {(pins

8~15 of P1401). The SEL 5 signal at pin
27 of P1401 is the card select signal,
the active low signal that turns the
Deviation Meter Board on and off.

ID Buffer IC1l401 provides the 1D code
{see Section 7.2.2) for the Deviation
Meter  Board, Control Lateh  IC1403
latches microprocessor signals through
to control the various Deviation Meter
Board circuitry indicated by LDO-LD7
labels.
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- troubleshooting.

8.1 INTRODUCTION

No troubleshooting guide ecan replace the
knowledge and skills of experienced re-
pair personnel. The purpose of this
guide is to provide information to help
the troubleshooter isclate the cause of
an instrumenti failure, correct the pro-
blem, and return the unit to normal ser-
vice as soon as possible. This guide
algo provides a general methodology for
Some failures are eas-
ily corrected. Others may require a
thorough understanding of the circuit
descriptions in Section 7 of this
manual. Successful troubleshooters un-
derstand circuit operation within and
between unit subassemblies. The trouble-
shooter should be familiar with the
functional and detailed circuit descrip-
tions and the schematics for this unit.

When the instrument is operating, but
outt of specifications (Section 1.2},
performing the  AutoCal® calibration
procedure in Section 5.4 of the Manual
may correct the problem.

8.1.1 INITIAL PREPARATION

Before attempting to troubleshoot the
Model 2407, please read the Theory of
Operation in Section 7 of this manual.
Signal flow through the unit ig traced
in detall, with subassembly inputs and
outputs clearly identified, The troub-
leshooter should be familiar with the
relevant performance test procedures
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SECTIOH 8

TROUBLESHOOTING

and maintenance procedures (especlally

the user diagnostics) detailed in
Sections 4 and 5, respectively, of the
manual.

8.1.2 METHODOLOGY

Troubleshooting is, in general, a sys-

tematic process of elimination. A thor-
ough understanding of the circuit des-
criptions located in Section 7 of this
manual will enable the trouble symptom
to be associated with a particular cir-
cuit function. Once this has been accom-
plished, the problem can be further
isolated using the reference schematics
in Section 9. Voltage and resistance
checks may then be used to locate the
defective component.

8.1.3 FACTORY REPAIR

Wavetek maintains an on-site staff of
highly skilled, experienced electronic
technicians to  provide assistance for
those customers who lack the necessary
test equipment or personnel to trouble-
shoot/repair the wunit. Please obtain
factory authorization before returning
a unit for repair. If a unit is returned
for repair, please include a detailed
description of the problem encountered
(to minimize turnaround time).

8.1.4 RECOMMENDED TEST EQUIPMENT

Recommended troubleshooting test equip-
ment is listed in Table 8-1.
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TABLE 8-1. RECOMMENDED TEST EQUIPHMENT

INSTRUMENT
Signal Generator

Oscilloscope
probes

Frequency Counter ‘
time

Tektronix 2465 or equivalent,

equivalent

DVM

Spectrum Analyzer

MODEL RECOMMENDED

Wavetek Model 2500A or equivalent

with matched X10

Hewlett-Packard Model 5383A with external reference
base

accuracy of 5 parts in 10f, or

Fluke Model 8010A, or equivalent

Tektronix 496, 492, or equivalent

H-P 855%A, or equivalent

Spectrum Analyzer
Measuring Recelver

Power Meter

Wavetek

8531,

equivalent

Function Generator

Audio Analyzer

VSWR Rridge

Sweep Generator

8.2 PERSONNEL SAFETY CONSIDERATIONS

Maintain the standard safety precautions
required when working around 100-240
VAC. Be aware that when the unit's cover
is removed, there is 120 VAC at the back
of the display board.

8.3 INSTRUMENT SAFETY CONSIDERATIONS

Static sensitive devices are used in
this instrument, Use ESD precautions
when handling a static sensitive device
or a card on which a static sensitive
device is mounted. These devices may
not fail catastrophiecally if precau-
tions are not taken, but the life of
the device and its performance may be
reduced and an early failure may result.

Wiltron Model

Waﬁetek Model

Hewlett-Packard 8568, or equivalent

H-P 89024, with sensor module 117224, or equivalent

with Power Sensor 85312, or

Wavetek Model 20 or equivalent

H~-P 8903A, or equivalent

60N50, or equivalent

20024, or equivalent

8.4 INITIAL INSPECTION

Instrument problems sometimes have sim—

ple, fairly obvious, solutions that are
apparent upon visual inspections.
Perform the following ingpections be-
fore proceeding with extensive trouble-

shooting.

8.4.1 INPUT POWER

Verify the unit is plugged into an
appropriate power source and that the
unit is turped on. Verify the voltage
selector (Section 2.4) is set properly.
Verify the fuse in the AC Power Con-
nector Module (Section 2.4) has not
opened,
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8.4.2 INCORRECT CONTROL SETTINGS

Verify a correct operating procedure has
been used. Refer to Section 3 of the
manual for a complete description of
each front and rear panel control, dis-
play, and connector. Section 3 contains
operating instructions for the unit.

8.4.3 VISUAL AND MECHANICAL CHECKS

Failures, whether they are continuous or
intermittent, may be caused by any item
listed in Table 8-2. The entire list may
be checked out prior to further trouble-
shooting. :

Note: Units are shipped from the fac-
tory in operating condition. Some items
on this checklist can occur because of
improper handling during shipment and
unpacking. Be aware that poor trouble-

shooting procedures can generate almost

any of the items on the list,

TABLE 8-2.
VISUAL/MECHANICAL CHECKLIST

Loose RF Cables.

Loose cards.

Improperly mated connectors.

Burned or broken components.

Loose or missing screws.

RF cables to intorrect connectors.
Defective ribbon cables.

Solder joints on connectors or PC
cards defective.

8. 1Incorrect power selection and fuse

00~ O U0 B L b

(see 2.4).

10. Defective contacts on cable con-
nectors,

11. Defective wiring harness.

12. Broken wires.

B.5 GENERAL TROUBLESHOOTING NOTES
8.5.1 POWER UP TESTS/DIAGNGSTICS

The power up tests and the user diag-
nostics described in Section 5 of the
manual should be used as troubleshoot-
ing aids when possible.

.related

8.6 REPAIR WORK CAUTIONS
8.6.1 CUSTOM COMPONENT REPLACEMENT

Reference schematic components that have
a star (*) beside them are custom com-

_ponents. The value for the component, if
- shown, 1is its typical value and may or

may not be its actual value. The actual
values for custom components are deter-
mined at the factory during factory cal-
ibration. They are the values required
to bring an individual unit into spee-—
ification. Major repair of a subassem—
bly may regquire a trial and error sub-
stitution for the custom components in
circuitry to recalibrate the
unit.

8.6.2 ROUTINE REPATR WORK CAUTIONS
Observe the standard precautions asso-

ciated with any electronic instrumen-
tation repair. For example:

. Make certain there are no solder

shorts on any board.

. Check the pin 1 location of any IC
that is removed and reinserted or
replaced; make certain that the IC
is inserted correctly.

e Make certain electrolytic
tors are installed properly.

capaci-

8.7 POWER SUPPLY

8.7.1 If the unit is totally inoperable,
check the power supply. If there is no
output or low output, cheek the line
fuse and verify that the voltage selec-
tor switeh is in the proper position.

8.7.2 A power supply problem alszo may
cause many seemingly unrelated symptoms.
The power supply should be checked when
a symptom(s) does not clearly indicate
a specific trouble area.

8.7.3 If the +18V is inaccurate, check
Q1301, IC1301, IC1300, and CR1300.

8.7.4 If the -18V is not present, verify
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the +18V supply (the -18V supply will
not come up without the +18V supply). If
the +18V supply is correct, check Q1302,
01303, IC1301, and CR1300.

8.7.5 If the +8V is inaccurate, check
IC1302, CR1305, and CR1306.

8.7.6 If the fan Bt is absent, check
01304, CR1307, CR1305, and CR1306.

8.7.7 Sense ground kpin 7 of Ji302) and
chassis ground (pins 8/9 of J1302) must
be conmected together for proper output
voltage.

8.7.8 If the power supply voltages are
acceptable, verify the microprocessor
board is functional (See Sections 7.3
and 8.9).

8.8 ON-BOARD REGULATORS

A voltage level problem on the indiv-
idual boards in this unit may be the
result of a defective regulator or a de-
fective electrolytic capacitor. Volt-
meter tests with the power supply turn-
ed on will normally reveal any such
problem.

8.9 MICROPROCESSOR BOARD

Verify the the power supply voltages
are acceptable before working on the
microprocessor board. The micropro-
cessor board is very complicated. Care-
fully read Section 7.3 before trouble-
shooting this board.

Microprocessor board circuitry controls
much of the unit's operation. Proper
operation of the board is indicated by
the front panel displays during the
automatic power up test (described in
Section 5.5). Erratic or nonsense
operation may result if microprocessor
circuitry is bad, or the unit may be
totally inoperable.

8.9.1 Basic system timing is derived
from the 3.579545 MHz crystals (X101,
X102) on the microprocessor hoard. The
microprocessors (IC10l, Figure 9-1 and

TC121, Figure 9-2)) provide the 1 MHz
system clocks and the clock enables
used to generate the wvarious clocks
that provide timing for control
functions.

8.9.2 There are several control signals

and address and bus lines that are re.
quired for proper system operation.
Usually it is only necessary to verify
these signals and lines are switching.

8.9.3 If the display indicates "Dual
port RAM test: FAIL" on powerup:

Verify that the control uP ROM
(IC103) is installed correctly (no
bent lead).

Check the Enable clock (IC101 pin
40) for a IMHz clock. If bad,
geither IC101 or 1its assoclated
oscillator circuit is bad.

Check the INTCOM low signal (IC112
pin 44) to verify the interrupt
request to the control wP. If
-that is not the problem, there are
two possibilities. Verify the
decode selection €S0 line (pin 25)
pulses low. A decode selection C30
line that does not pulse low
“indicates a problem with ICl2Z28.
Verify that ICL0l pin 5 also pulses
low. If IC10L pin 5 does not pulse
low , there probably 1is a problem
with ICl34 or IC135.

8.9.4 If the display shows "Calibration
tgble: FAIL" on powerup:

A nonvolatile memory (IC104)
failure may Thave occurred. The
failure may be caused by inserting
a new software version or a battery
failure of IC204. Rerun the
calibration process using the
status menu selection.

8.9.5 If the display indicates "Instru-
ment getting: FAIL" on powerup:

A nonvolatile memory (IC164) fail-
ure may have occurred. The failure
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may be caused by inserting a new soft-
ware version or a battery failure of
IC204. -The default settings will
reloaded automatically.

8.9.6 If the front panel display and
keyboard are operational, but there is
no RF response:

Check the decode select to IC106
{(pin 25) for TTL pulses. If no
pulses are present, verify that
IC108 and IC110 decoder logic are
good., If I1C108 and IC110 are good,
check ICi06 pins 24, 26, 27, 28 for
TTL pulses. If pulses are present,
check 1C106: and its pullup
" resistors. :

8.9.7 1If the front panel display is

operational, but the keyboard does not

function:.
Check 1IC127 pins 3-10 for logic
level low. If these pins are low,
verify IClZ?Iand its corresponding
decode logic (IC128) are functioning
properly. Also verify that pins
11-20 in all the ICs are pulled
high. If all pins are not high, one
or more keys may be stuck.

When a key is pressed, verify that
one of the lines on pins 11-19 of
IC127 goes low. If this does not
happen, suspect a problem with the
keyboard. When a key is pressed,
line CB1 <(IC127, pin 20) should
pulse high. If not, suspect IC129.
When a key is pressed,
IC127 should pulse low.
1¢121 also should pulse
either does not Thappen,
I1C127 or ICs 134-136.

Pin 5 of
low. If
suspect

8.10 AM/DIVIDER BOARD

The AM/Divider Board circuitry is des-

eribed in detall in Sections. 7.8 of
this manual. Review this sgection care-
fully. Troubleshooting the circuitry

involved ig a straight forward proce-
dure.

8.10.1 Check the input and output of

be -

pin 41 of

8-5

each band in a frequency conversion net-
work to isolate a problem. Be aware of
common problems. For example, if neither
the 185-275 MHz nor the 137.5-195 MHz
band is operational, the problem is
common to both bands (and could be that
voltage regulator 1IC701 or frequency
divider IC700 is malfunctioning).

8.10.2 When a fatled network has been
isolated, the problem will usually be a
failed component.

8.10.3 The signal paths through the fre-
quency conversion circuits of the amp-
lifier assembly are controlled by band
switching diodes. If the correct diodes
are not turned on, the output signal
will not be correct. The band gswitch/
diode relationships are shown in Table
8-3.

TABLE 8-3. _
BANDSWITCH/DIODE RELATIONSHIPS

Band

Diodeg Turned On

1(550-1100 MHz)
2{390-550 MHz)
3(275-390 MHz) CR704,705,715,706

4(195-275 MHz) CR704,707,711,712,708
5(137.5-195 MHz) CR704,707,713,714,708

CR700,728,702
CR701,727,703

8.10.4 Level control is performed by PIN
diode pairs CR729/CR730 and CR731/CR732,
which are driven through transistors
Q700 and Q703 by the output at pin 1 of
Comparator IC705B.

8.11 SYNTHESIZER BOARD
The Synthesizer Board is described in
detail in section 7.6 of this manual.

8.11.1 For no RF output (at J501) or
too low an output, check the amplifier
circuitry (IC420 and its associated
components) or a VCO preblem (IC500 and
its associated components). '

8.11.2 If output harmonics are too
high, Check for a VCO problem (IC500 and
its associated components).
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8.11.3 If output spurs at 50 kHz are too

high, check the 50 kHz trap (L404,
C476). If the problem isn't there,
check for a loop pole problem (C450,

C435, C427, C431).

8.11.4 For no FM or FM too low, check
for an ¥M control problem (IC405, IC413)
or an FM path problem (IC413, R424,
R433, IC417, and associated components),

8.11.5 If FM is too high, check for an
FM attenuator problem (R424, R433) or an
FM buffer problem (IC417 and its assoc-
iated components.

8.11.6 If a false UNLOCK indication
occurs, the most likely cause is IC418
or its associated circulitry.

8.11.7 If a false TPX indication occurs,
check the TPY control circuitry (IC405,
IC419). Check the TPX amplifier/buffer
circuitry {(IC418 and its associated com-
ponents).

8.11.8 ¥For no 4 kHz MOD output or an
-output at the wrong frequency, replace
IC407.

8.11.9 If the synthesizer becomes un-
locked, there are several possible
cayses. There may be a problem with:

The VCO cireuitry (IC500 and its
associated circuitry.

The Dbuffer/divide-by-10 ‘prescaler
circultry (IC421, 1C422, IC416,
IC415, and their associated eir-
cuitry.

The SSB mixer circuitry (MX400,
MX401, PS400, IC412, and their
assoclated circuitry.

The divide-by-5/6 prescaler cir-
cultry (IC410 and its associated
components) .

The PLL (IC407, IC408, IC409, and
associated components).

The leoop filter (IC411i, IC413,

IC414, IC417, and their associated

circultry).

The coarse tuning circuitry (IC4l4,
IC418, and their associated
components).

The control/data transfer circuitry
(IC400, IC404, IC405).

External signals may be missing or
be at an incorrect frequency or an
incorrect amplitude.

8.12 CONTROL BOARD

The Control Board is deseribed in detail
in section 7.4 of this manual.

8.12.1 Possible modulation rroblems
fall into several categories. Problem
areas and circuitry to check for each
are:.
Problem Check

Modulation source IC249, IC233, 10223,
switching and IC230

1 ¥Hz source 1C238

ICZ235 and

400 Hz source IC234 and IC236

Ext Mod ICZ39
FM IC242, IC243, 10237,
IC238, IC248, and
ICz249
AM IC244, IC253, IC237,
IC238, IC248, and
1C249
Level IC245, IC246, IC253,
' and IC248
B.12.2 For problems with the RF re-

verse power protection (circuit breaker)

circuitry, check IC216, Q201, Q202, and
Q203.

8.12.3 For attenuator control
problems, check IC201 and IC202.


https://www.manualsplus.com/

8.12.4 If RF control circuitry does
not work properly, check IC204, IC205,
IC211, IC203, IC206, and IC207. '

8.12.5 Problems with the peak detector
may show up as a frequency calibration

or a deviation meter measurement pro-

blem. Cheek IC217-1C229,
8.13 OUTPUT BOARD

The Output Board is described in detail
in section 7.9 of this manual. Review
this section carefully. Troubleshooting
the circuitry involved is a straight
forward procedure.

8.13.1 There are three f{requency con-
version paths for signal flow. Cheek
the input and output of each path to
isolate a problem. Be aware of common
problems. For example, if Amplifier
ICBO3 opens, no signal will be present
at the straight through path or heter-
odyne 1 path.

8.13.2 When an inoperable path has been
isolated, the problem will usually be a
failed component.

8.18.3 The signal paths are controlled
by switching diodes. If the correct
diodes are not turned on, the output
signal will not be correct. The switch/
diode relationships are shown in Table
8-4.

TABLE 8-4.
PATH/SWITCH RELATICNSHIPS

Path Switches Turned On
THRU CRBO0O-804, CR821

HET1 . CR800, CR810, CR821
HET2 CR800, CRB10, Q800,

Q802

8.13.4 Gain control for the THRU path
and the HET1 path is performed by PIN
diode pairs CR811/CR812 and CR815/CR816,
which are driven through transistor Q808
by the output at pin 1 of Comparator
1C808.

Gain control for the HET2 path is per-
formed by Dual Gate FHET Q804, which are

- driven through transistor Q808 by the

output at pin 1 of Comparator IC808.

8.13.5 Transistors Q900 and Q902 are
the output amplifiers.

B.14 DISPLAY/KEYBOARD

The Display/Keyboard is desecribed in
detail in section 7.11 of this manual.
Verify a keyboard problem is not strict—
ly a physical one (sticking key, damag-
ed area, etc.). The Keyboard and Display
interface through the Microprocessor
Board. Look at Figure 9-2 for the fol-
lowing hints.

8.14.1
keyboard are operational,
no RF resgponse:

If the front panel display and
but there is

Check the decode select to ICL06
(pin 25) for TTL pulses. If no
pulses are present, verify that

IC108 and IC110 decoder logic are
good. If IC108 and IC110 are good,
check ICl106 pins 24, 26, 27, 28 for
TTL pulses. If pulses are present,
check IC106 and itg pullup
resistors.

If the front panel display is
but the keyboard dees not

8.14.2
operational,
function:

Check IC127 pins 3-10 for logic
level low. If these pins are low,
verify IC127 and its corresponding
decode logic (IC128) are function-
ing properly. Also verify that pins
11-20 in all the ICs are pulled
high. If all pins are not high, one
or more keys may be stuck.

When a key is pressed, verify that
one of the lines on pins 11-19 of
IC127 goes low. If this does not
happen, suspect a problem with the
keyboard. When a key is pressed,
line CB1 (ICL127, pin 20) should
pulse high. TIf not, suspect IC129.
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pin 41 of
Pin 5 of
low.
suspect

When a key is pressed,
IC127 should pulse low.
IC121 alsoe should pulse
either does not Thappen,
IC127 or ICs 134-136.

8.15 DDS BOARD

The DDS Board is described in detail in
gsection 7.5 of this manual.

8.15.1 If both 0° and 90°

missing, check:

outputs are

For the absence of a 1 MHz REF
input.

1C302, Jc321, IcC322, IC323, and
their associated circultry.

For a permanent RST(low); will

happen if IC301 bad or the RST line
shorted to ground.

8.15.2 For only one output present {(0°
or 90°), check 1IC325, 1326, and their
associated circulitry.

8.15.3 If the output levels are too low,
check IC321, IC€322, IC323, and their
aggociated circultry.

8.15.4 If output spurs or harmonics are
too high, check 1317, IC318, IC319,
IC320, TIC321, IcC322, 1Tc¢323, and their
associated circuitry.

8.15.5 If the output frequency is not

correct, there are several possible
causes:
Verify the 1 MHz REF

quency 1s correct.

If bad, almost any digital IC on
the board may cause this problem.

Verify there is no problem with the
address and data bus input lines.

8.16 REFERENCE/LO BOARD

The Reference and LO Board is described
in detail in section 7.7 of this manual.

If

input fre-~

8-8

8.16.1 If there is no LO output at J602,
check:
For a disabled LO

(10607, IC694,

Q605, 604, and their associated
circuitry).
For a VCO not oscillating (Q603 and

its associated circuitry).

For
its

an amplifier problem (IC605 and
associated circuitry).

8.16.2 If the output at J602 is too low,
check for an amplifier problem (IC&05
and its associated circuitry).

8.16.3 If the LO becomes unlocked, there
are several possible causes:

The VGO circuitry c652,
Ce53, Co654, Q603).

(CR601,

The prescaler circuitry (IC602 and
its associated circuitry).

The PLL (IC601 and its associated

circuitry).
The loop filter (IC608, 10603,
IC607, and their associlated
circuitry).
A reference problem (IC604, Y601,
Q606, CRe06, IC613, ICe1z2, and

their associated components).
8.16.4 If there is no INT REF output or

the output level is too low, check IC614
and its associated circuitry.

8.16.5 If the LO is not locking on EXT

REF, check 1IC604, 1IC61lZ, CR607, and
their associated circuitry.

8.16.6 If a false UNLOCK indication
oceurs, cheek IC608, Q601, and their

associated circuitry.
8.17 DEVIATION METER BOARD
The Deviation Meter Board 1is described

in detail in section 7.13 of this man-
ual.
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8.17.1 Possible Deviation Meter pro-
blems  fall into several categories.
Problem areas and circuitry to check for
each are are listed in the following
sections.

8.17.2 If a general loss of Deviation
Meter control 1is experienced, check
IC1400 and TICL1403.

8-9

8.17.3 For a general loss of meter sen-
sitivity, check CR1401-CR1406, IC1420,
IC408, IC409, and J1401.

8.17.4 If TFM demodulation distortion
occurs, check ICL413.

8.17.5 If there is no TPX {(test point
output), check ICl404 and IC1403.
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9.1 INTRODUCTION

This section contains the reference
drawings for the Model 2407. Reference
drawings are schematics, board top as-
sembly drawings (board parts
drawings), and assembly drawings.

9.1.1 A starred (*) value shown on a
schematic " indicates the nominal value
for the particular part. A component
with a slightly different value may be
substituted for a starred part during
calibration.

9.1.2 Some early versions of the Micro-
processor, Control, and Output boards
were built with a .047 uF ceramic
capacitor instead of the .1 uF tan-
talum capacitor shown on these sche-
maties.

9.2 REFERENCE DRAWINGS

Schematics are numbered from Figure 9-1
to Figure 9-15. Some boards require two
(2) schematics to show circuitry detail.
For example, the Microprocessor Board
requires two schematics (Figures 9-1 and
9-2).
{parts layout drawing) is shown on the

layout

The board top assembly drawing .

" used,

SECTION 9
REFERENCE DRAWINGS

rage immediately following its asso-
ciated schematic. If two schematics are
the top assembly drawing will be
shown following the first schematic. The
top assembly drawing for the Micropro-
cessor Board, for example, follows
Figure 9-1, the first of the two Micro-~
processor Board schematics.

& sgchematic may show components found
on several subassemblies., When this
occurs, more than one assembly drawing
may be required to clearly show detail.
For example, the 2407 power supply re-
quires four asgembly drawings (Figures
9-14A, 9-14B, 9-14C, and 9-14D). Assem-
bly drawings have the same numeric de-
signator as their associated schematics.
They also contain a letter suffix.

Assermbly drawings are shown in Figures
8-14A through 9-14D, and 9-16 through
9-26. Hach assembly drawing refers to a
"Reference BOM" (Bill of Material). Each
BOM is included in Section 10 of this
manual as a "Parts List".

9.3 ORDER OF REFERENCE DRAWINGS

Reference drawings are located

in the
following order: '
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2407 REFERENCE DRAWING LIST

Figure 9-1 SCHEMATLC, MICROPROCESSOR BD {Sheet 1 of 2){0014-30-0420)

Figure 9-1A TOP ASSEMBLY DWG, M1CROPROCESSOR BD (0012-30--0123)

Figure 9--2 SCHEMATLC, MLCROPROCESSOR BD (Sheet 2 of 2){0014-30-0420)

Figure 9--3 SCHEMATLC, COWITROL BD (Sheet 1 of 2){(0014-30--0415)

Figure 9-3A TOP ASSEMBLY DWG, CONTROL BD (side 1)(0012-30-0103)

Figure 9-3B TOP ASSEMBLY DWG, CONTROL BD (side 2)(0012-30--0103)

Figure 9-4 SCHEMATIC, CONTROL BD (Sheet 2 of 2)(0014-30- G415)

Figure 9-5 SCHEMATLC, DIRECT DIGLTAL SYNTHESLZER BD (0014-30-0421)

Figure 9-54A TOP ASSEMBLY DWG, DDS BD (0012-30--0124)

Figure 9-6 SCHEMATLIC, SYNTHESIZER BD (0014-30-0428)

Figure 9-6A TOP ASSEMBLY DWG, SYNTHESIZER BD (0012-30-0122)

Figure 9-7 SCHEMATLIC, VCO BD (0014-30--0430)

Pigure $-74 10P ASSEMBLY DWG, VCO BD (0012-30-0127)

Figure 9-8 SCHEMATLC, REFERENCE & LO BD (0014-30-0427)

Figure 9-8BA TOP ASSKEMBLY DWG, REFERENCE & LO BD {0612-30-0121)

Figure 9-9 SCHEMATIC, AM/DIVIDER BD (0014-30--04256)

Figure 9-9A TOP ASSEMBLY DWG, AM/DIV BD (0012-30-0120)

Figure 9-10 SCHEMATLC, OUTPUT BD (Sheet 1 of 23 (0014--30-0424)

Figure 9- 104 TOP ASSEMBLY DWG, OUTPUT BD (0012-30--0118)

Figure 9-11 SCHEMATIC, OUTPUT BD (Sheet 2 of 2)(0014-30-0424)

Figure 9-12 SCHEMATIC, MOTHER BD (0014-30-0422)

Figure 9- 124 TOP ASSEMBLY DWG, MOTHER BD {0Q012-30-01%6)

Figure 9-13 SCHEMATLC, KEYBOARD (0D14-30-0425)

Figure 9-13A TOP ASSEMBLY DWG, KEYBOARD (0012-30-0019)

Figure 9-14 SCHEMATEC, POWER SUPPLY {(0014-30-0423)

¥igure 9-14A TOP ASSEMBLY DWG, POWKR SUPPLY {0012-30-0117)

Figure 9-14B ASSY DWG, HEATSINK (0012-10-0133)

Figure 9-14C ASSY DWG, TRANSFORMER (0012-20-0100)

Figure 9-14D ASSY DWG, FAN (0012-20-0101)

Figure 9-15 SCHEMATLC, DEVIATION METER {0014-30-0416)

Figure 9- 154 TOP ASSEMBLY DWG, DEVIATION METER (0012-30-0104)

Figure 9-16 ASSY DWG, F.P. MECH. (0012-30-0113)

Figure 9-17 ASSY DWG, FRONT PANEL (0012-30-0114)

Figure 9-18 ASSY DWG, CARD CAGE (0012-30-0115)

Figure 9-19 ASSY DWG, CARD CAGE CABLE LOGATLON (0012-10-0135)

Figure 9-20 ASSY DWG, ENCLOSURE, AM/DIV AND OUTPUL, 2407 (0G12-30-0131)

Figure 9--21 ASSY DWG, ENCLOSURE, DOUBLER AND SYN, 2407 (0012-30-0132)
. Figure 9-22 ASSY DWG, ENCLOSURE, LO REF AND DEV METER (0012-30-0133)

Figure 9-23 ASSY DWG, BOTTOM COVER (0012-30-0126) '

Figure 9-24A/B ASSY DWG, REAR PANEL ASSY. {2 sheets) {0012-30-0125)
Figure 9-25A/B ASSY DWG, CHASSIS ASSY. (2 sheets) (0012-30--0128)
Figure 9-26 ASSY DWG, FINAL ASSY. {(0012-30-0129)

9-2
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10.1 INTRODUCTION

This section contains replaceable parts
liste for the Model 2407. A complete
parts list may have more than one page.

10.1.1 A part with a starred (*) value
indicates that it is the nominal value
that is shown for the particular part.
A component with a slightly different
value may be substituted for a starred
part during calibration.

10.1.2 Some early versions of the Micro-
procesgsor, Control, and Output boards
were built with a .047 uF ceramic ca-
pacitor instead of the .1uF tantalum

PCB ASSY, Uproc Bd, 2407 (1218-00-2621)

“ SECTION 10
REPLACEABLE PARTS LISTS

capacitor shown (part number 151C;27—
9104).

10.2 MANUFACTURER CODES

Component manufacturers are identified
by abbreviation codes on the Replace-
able Parts Lists in this section. Com-
plete manufacturer information (entire
name, location, and FSCM number) for
each manufacturer are shown immediately
after the last of the parts lists.

10.3 ORDER OF PARTS LISTS

The parts lists begin immediately and
are located in the following order:

HYBRID PTS KIT, Uprcc Bd, 2407 (1219-00-0740)

EPROM KIT, Uproc Bd, 2407 (1219-00-0753)

PCB ASSY, Control Bd, 2407 (1218-00-2620)
HYBRID PTS KIT, Control Bd, 2407 (1219-00-0741)
PCB ASSY, DIRECT DIGITAL SYN, 2407 (1218-00-2622)

"PC ASSY, Syn Bd, 2407 (1110-00-2315)

EPROM KIT, DDS, 2407 (1219-00-0752)

PC ASSY, LO/Ref Bd, 2407 (1110-00-2318)

HYBRID PTS KIT, LO/Ref Bd, 2407 (1219-00-0739)
PC ASSY, VCO, 2405/2407/2410/2475 (1218-00-2623)
HYBRID PTS KIT, VCO, 2405/2407/2410/2475 (1219-00-0749)

PC ASSY, AM/Div Bd, 2407 (1110-00-2314)

HYBRID PTS KIT, AM/Div Bd, 2407 (1219-00-073s)

PC ASSY, Output Bd, 2407 (1110-00-2313)

HYBRID PTS KIT, Output Bd, 2407 (1219-00-0735)

PC ASSY, Mother Bd, 2407 (1110--00-2311)

PC ASSY, P/S, 2407 (1110-00-2312)
HEATSINK ASSY, 2407 (1216-00-0349)
XFMR ASSY, 2407 (1219-00-0731)

FAN ASSY, 2407 (1219-00-0732)

PC ASSY, Dev Meter Bd, 2407 (1110-00-2317)>

FP- ASSY, 2407 (1111-00-0206)

FP MECH ASSY, 2407 (1216-00-0351)
LCD ASSY, 2407 (1219-00-0754)
CABLE K1T, FP, 2407 (1219-00-0734)
CD/CAGE ASSY, 2407 (1216-00-0348)
CABLE KIT, RP, 2407 (1219-00-0733)
CABLE KIT, RF, 2407 {(1219-00-0728)

CABLE KIT, ATTEN, 2407 (1219--00-0742)
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ENCLOSURE, AM/DIV & OUTPUT, 2407 (1114-00-0534)
ENCLOSURE, SYNTH, 2407 (1114-00-0535%)

ENCIL.OSURE, LO/REF & DEV METER, 2407 (1114-00-0536)
BOTTOM COVER ASSY, 2407 (1216--00-0347)

RP ASSY, 2407 (1111-060-0205)

CHASSIS ASSY, 2407 (1111-00-0204)

FINAL ASSY, 2407 (1118-00-0183)

10-2
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REFERENCE DESIGNATORS PART DESCRIPTION . >k ORIG-MFGR-PART-NO | MFGR | WAVETEK NO. | @Iy
1101 1¢121 MPU, CHOS HDS3503RP HIT | B00O-63-0310 | 2.000
PLAS,DIP-40,*SS¥
1104 8K XB NON-VOL RAM pS1225Y-200 DLLAS | 8000-12-2510 | 1.000
PLAS,DIP-28, *SS*CHOS _
1112 RAM DUAL PORT,1KX8 CY7C130-45pC CYPRS | B000-71-3010 | 1.000
PLAS,DI1P-48, CMOS*SS*
1C125 RAM CMOS,8KXB,DIP-28 | HM6264LP-12 HIT | B0OO-62-6400 | 1.000
120nS, *Ss*
1c126 ADPTR,GEN PURP INTFC | MC6B488P MOT | BOOS-84-8810 | 1.000
PLAS,DIP-40,CMOS*SS*
IC130 1C131 10132 IC133 | XCVR,BIDRCT INST BUS | MC3448AP MOT | BOOD-34-4800 | 4.000
PLAS,DIP- 16, *55¥
10137 VOLT REG,5Y,*Ss* LM2925T NAT | 7000-29-2510 | 1.000
PLAS, TO- 220, 750MA
W/DLYD RESET
pi02 CONN,96 POS,DIN,M,RA | 10-8457-096-002-026 | ELCO | 2112-20-0004 | 1.000
64 PIN,ROM B VOID
P111 HDR,DBL, RA, 26-PIN 842-816- 2633-435 APL | 2112-08-0055 | 1.000
SWi01 SWITCH,DIP,B SPST | 435802-1 aMp | 5112-00-0004 | 1.000
14101 HDR,DBL,STRT,GOLD,16 | 65610116 BER | 2112-07-0079 | 1.000
X161 X102 (O)CRYSTAL,3.579545 | MPCI8-3.579545MNZ | NEL | 2310-00-1190 | 2.000
HhZ
WaveETEK PCB ASSY,UPROC BD, 1218-00-2621 A
PARTS LIST 2407 '
PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION  >f ORIG-MFGR-PART-NO | MFGR | WAVETEK ¥o. | Ty

£10t c111 ¢115 CAP,TANT, 10 UF,25V NRD106M25R12 NEC | 1510-27-9106 | 3.000
SURFACE MOUNT,T/R

€102 €103 C116 €117 (PYCAP,CER, 12PF,50V | C2012C0G1H120FT TOK | 1510-06-5120 | 4.000
1%, CHIP, NPO, +/ - 30PPH
0805, T/R, VALUE MARKD

€104 C105 €106 C107 C110 | (P)CAP,TNT,.1uF,50V | TAJAT04MOSOR AVX | 1510-27-9304 | 30.000

€112 C113 TH4 CU18 €119 | +/-20%.CHP.T/R,

120 €121 €122 €123 126 | 1206 CASE

€125 ©126 £128 £129 €130

C131 €132 €133 €134 C135

C136 C138 €139 C140 C141

108 C109 CAP,TANT,1 UF,35V NRE105M35R12 NEC | 1510-27-9105 | 2.000
SURFACE MOUNT

ci27 (PYCAP,CER, 180PF, 50V | 500R15M1B1JV3P W-1 1510-06-5181 | 1.000
5%,CHIP, NPO, +1-30PPH
0805,T/R,VALUE MARKD

1€102 16123 LATCH 8 BIT 3 STATE | T4HCS573D SIG | 8007-45-7311 | 2.000
$0-20 WIDE PKG,*SS*
PLAS,H SPD CMOS

IC105 1C106 10122 16127 | PERIPHERAL INTERFACE | EF6821FN THOMN | 8000-68-2112 | 4.000
ADAPTER, PLCC- 44 , THHZ
*Ssﬁ'

1C307 10108 16135 HEX INVERTER 7AHCO4DHT SIG  |8000-74-0413 | 3.000
PLAS,S0-14,%58*
H-SPD CMOS

IC10% 1C110 1C111 1C134 | HAND GT,TRIPLE 3 IN | 74HCIODH SIG | 8000-74-1012 | 4.000
-PLAS, SO~ 14, *Sg¥
H SPD CHOS

1c113 " 8-INPUT HOR/OR GATE | DM74HC4O78M NAT  |8074-40-7810 | 1.000
PLAS,S01C- 14, #S8*
K SPD CHOS

16129 8 INPUT WAND GATE N74LS30D SIG | 8000-74-3013 | 1.000
PLAS, SO- 14, *55%
L-PHR SCHOTTKY

10136 QUAD 2-INPUT MAND GT | M74LS00D $16  {8000-74-0015 | 1.000
PLAS,S0-14,%58%
L-PWR SCHOTTKY

R101 R102 R104 R10S R106 | (PIRES,CHP,5.11K, 1% | MCRI206-5,11KONM,1%T |RCD  |4741-03-5111 |70.000

R107 R108 R109 R110 R111 | 1/8W,T¢=100ppm, T/R

R112 R119 R120 R121 R125 | 1206

R126 R127 R128 R129 R130

R131 R132 R133 R134 RI35

R136 R137 R138 R139 R140

RI41 R142 R143 R144 R145

R146 R147 R148 R150 R151

R152 R153 R154 R157 R165

R166 R167 R168 R169 R170

R171 RI72 R1T3 R174 RI7S

R176 R177 R178 R179 R18D

R181 R182 R183 R1B4 R1BS

R186 R187 R188 R189 R190

WANVETEK HYBRID PTS XIT, 1219-00-0740 ¢
UPROC 8D, 2407
PARTS LIST _ PAGE: 1 REV
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REFERENCE DESIGHATORS

PART DESCRIPTION >K

ORIG-MFGR-PART-NO

MFGR

WAVETEK NO.

ary

R10G3 R14%

R118 R122 R123 R124

R155

R156 R160

RiBE

R159

(S)RES, CHP,6.19M, 1%
1784, 1206,7C=100 PPM
/R

{PIRES,CHP, 100, 1%
1/8W, TC=100ppm, T/R
1206

RES,CHP,576,1%
1/8W, TC=100ppm, T/R
1206

RES,CHP,2.15¢, 1%
1/84, TC=100ppm, T/R
1206

(PIRES,CHP, 1.0K, 1%
1/8W, TC=100ppm, T/R
1206

{PIRES,CHP, 10.0K, 1%
1786, TC=100ppm, T/R
1206

RK?3H286194?
RMC 1810091C
RMC 1B57691C
RMC 1B21511C
BCK1601FR

RMC 1810021¢C

KOA
KMYQ
KMYO

KHYO

KKYD

4711-03-6194

4711-03-1000

4711-03-5760

4711-03- 2151

4711-0%- 1001

4711-03- 1002

2.000

4,000

1.0G0

2.000

1.000

1.0600

NABNEDTE I
PARTS LIST

HYBRID PTS KIT,
UPRGC BD, 2407

1219-00-0740

PAGE: 2

REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR | WAVETEK 0. | aTY

10103 10124 32Kx8 ROM LHOS ONE TMS27C256- 25N T-1 | 8002-72-5600 | 2.000
TIME PROGRAMMABLE
PLAS,DIP-28, *SS*

10128 PLD,ONE TIME ONLY EP320PC-2 ALTRA | 8000-32-0210 | 1.000
PLAS,DIP-20, *SS*HCHOS

WAVETEK EPROM K1T,UPROC, 2407 1219-00-0753

PARTS LIST
§ LIS PAGE: 1 REV
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REFERENCE DESIGNATORS

PART DESCRIPTION

>

ORIG-WEGR-PART-ND

MEGR

WAVETEK NO,

1y

CR201 CR202

12201

I€202 1C203 1C205 1C206

1C226 1C248 10249

10206 10211

1C207 1C208 10228 1C229

1€212

1c213

IC214

1c215

1C216 1C219 IC243 IC246

10253

1247

1218

Ic220

IC221

10222 1¢233 1252

1C223

DIODE, SIGNAL,GP
AXIAL,V=75V,10=10mA
CT=4pF , *§5*

FLOUR DISPLAY DRVR
wggw

OCT 3-STATE NON-INV
D-TYPE FLIP-FLOP¥SS*
PLASTIC,BIP-20 CMOS

DCOR/DEMUX, §-0F-8
PLAS,DIP-16
H SPD CMOS,*ss*

BUFFER,OCTAL,3 STATE
PLAS,DIP-20,*S8*
HIGH SPEED CMOS

VOLT REG,+12V,3- TERM
PLAS, T0O-220,35vde
10=500mA, *$5*

VOLT,REG, FIXED, - 15V
PLAS, TO-22684A, -35Vde
10%, 1o=100mA, *55*

VOLT REG, FIXED,+15V
PLAS,3 PIN(IO-220)
35vdc, . 1%, 700mA, *55*

POS. VOLT REG-3 TERM
PLAS, T0-22048,5 VOLT
500mA, 7 W,5%,3-TERM

OP AMP,JFET DUAL
PLAS,D1P-B, 22vdc
10V/uS, LOW OFST,*55*

MULTIPLEXER,4/8 CHAN
PLAS,DIP-16,+-17Vdc
CMOS, 30Uk, R=170, %55*

MULTIPLYING,DAC
PLAS,DIP-18,17Vdc
£HOS, 12 BIT,*ss*

VOLT COMPARATOR
PLAS,DIP-8, Tr=200n3
*ogk

EXCL-OR G,0QUAD 2 INP
PLAS,DIP-14,
B SP CMOS,*S5*

NAND GATE,QUAD 2-INP
PLAS,DIP-14,%55*
H-SPD CMOS-LSTIL

NAND G,TPL 3-INP
PLAS,DIP- 14,CHOS*SS*

1914

UDN-6118A

HCT4HCE 74N
MCT4HC138N
HCTLHCS4 1N
LM7BH12CT
LMTILISACZ
SATBMISCU
STBHOSCY
LEG12CN
ADTSO1JN
ADTS41AKN
LM3TIN
SN74HCB6
METAHCOON

SPT4HCIO0

G-

SPR

MOT
Mot
MOT
NAT
AT
siG
siG
NAT
A-D
A-D
NAT
-1
MOT

SPI

4807-01-0914

8000-61-1800

B0OT-45-7410

B00T-41-3811

8007-45-4110

7000-78-1200

7000-79-1510

7000-78- 1500

7009-78-0500

7000-04-1210

7000-75-0110

700G-75-4110

7000-03- 1100

8000-74-8611

8000-74-0012

8000-74-1601

2.000

1.000

7.00C

2.00¢

4.000

1.000

1.000

1.000

1.000

5.600

1.000

1.006

1.000

1.060

3.000

1.000

WAVETEK
PARTS LIST

PCB ASSY,CONTROL BD,
2407

1218-00-2620

PAGE: 1

REV
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REFEREHCE DESIGNATORS

PART DESERIPTION >

ORIG-MFGR-PART-NO

MFGR

WAVETEK NO.

GTY

1€225 1226 Ic22f

FC230 IC231 1C232

16234 10235

1C236 1C23%

IC237 1C238

10242 1C244 1C245

1C247

1£250

P200

P201A P201B

R267 R281

RN2T6 RN222 RN228

UP/DWR CNTR,4& BIT
PLAS,DIP-16,%55*
H-SPD CMOS,PRESETTBL

CHTR,BIN RPL,DUAL
PLS,DIP-16
H SPD CHOS,*Ss*

OP AMP,DUAL,LW NOISE
PLAS,DIP-8,18Vde
140KHz, SY/US, *55*

0P AMP,LOW NOISE
PLAS,DIP-8,20Vde
260KHz, 13V/uS, #55*

ANLG SW,QUAD,SPST
CERM,DIP-16,CHMOS*SE>

DAC,12B1T,UP, COMPAT
PLAS,DIP-20, *SS*LMOS

PREC TEHP SENSOR
PLAS, TO-92, 1=15m4
Ir=15mA,+-2C,*58*%

VOLT REF,PREC, 10V
PLAS,DIP-8,+-100my
*SS*

D-CONN,96 PIK,RA,
MALE,ROM A-C FILLED

HEADER, 8-PIN STRT
REF:2112-07-0000

TRM,CH,L,5K, 10%,PC
1T,PH,CH, .375H, . 2004
3751, 84

RES, N, 4.7K,51P,2%
1-174\,BUSSED 9 RES
TC=100PEM

SNTAHCI9MH

MM74HC3F0N

NEB532AN

KESH34AH

DG291C 4

HP1230KH

EM3352

REF-0iCP

DIN-QECPC-SRI-TR

65501-408

IZ885-1-502

750-101-R4.7K

HAT

siG

:34c}

19 4
HCS

HAT

PHI

R-H
BER

oy

CTSBR

8007-4%-9110
8007-43-9011
7000-55-3201
F000-55-3401

8000-02-010%
8001-20-3000

7000-03-3500
7000-060-0101

2112-2¢-0007
2112-07-0006

4£6%0-00-1302

4770-00-0014

3.000

3.000

2.000

2.000

2.000
3.0800

1.000

1.000

3.000

WaAVETEK
PARTS LIST

PCB ASSY,COHTROL BD,
2407

PAGE: 2

1218-00-

2620

REV
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REFERENCE DESIGNATORS - | PART DESCRIPTION  »>< ORIG-MFGR-PART-NO | MFGR | WAVETEK WO. | amv
C201 €202 €203 €211 C212 | (P)CAP,TNT,.1uF,50V | TAJATO4MOSOR A | 1510-27-9104 | 47.000
C213 €214 C217 €218 €230 | +/-20%.CHP,T/R,
C231 C238 C239 €245 C247 | 1206 CASE
C248 €250 £251 252 €253
- €255 256 CI57 €258 C259
€260 C261 C262 (263 C264
€265 C266 C267 C268 C269
€270 €271 C272 C273 C274
C277 €283 284 (285 €286
£287 C288
£204 C206 C208 CAP, TANT, 10 UF,25V NRDTO6M25R12 HEC | 1510-27-9106 | 3.000
SURFACE MOUNT, T/R .
€205 C207 €209 C210 €219 | CAP,TANT, UF,35V | . NRBIOSM35R12 NEC | 1516-27-9105 | 14,600
220 C223 C226 C227 C229 | SURFACE MOUNT .
C234 €237 C240 C241
(221 €222 224 €225 €232 | (P)CAP,CER,.0%uF,50v | O0BGSSCIO3MATOSOM | AVX | 1510-06-7103 | 8.000
C233 €235 236 20%, CHP, XTR, 0805, T/R
VALUE MARKED
c228 | (P)CAP,CER,22PF,50¥ | C2012C0G1H220F7 ™K | 1510-06-5220 | 1.000
1%, CHIP  NPO, +/ - 30PPM
BBUS, T/R, VALUE MARKD
(246 €249 C254 (C)CAP,POR,5.1pF,50V | MASSB5RIC MURGA | 1590-02-9519 | 3.000
+/+.25,CHP NPO
.07"x, 055"
289 (P)CAP, CER, 100PF,50v | C2012C0G1H101FT K | 1510-06-5101 | 1.000
1%,CHIP, PO, +1-30PPN '
D805, T/R, VALUE MARKD
0201 0202 0203 NPN,SOT-23,MED PR BSSTOC-SOT-23 SIEM | 4902-00-0170 | 3.000
F=250m, V=40, P=310m, .
hFE=40. *SS*. T/R
R200 R208 R249 R259 R268 | (P)RES,CHP,1.0K,1% RMC 1810011C kMYO | 4711-03-1001 | 8.000
R269 R271 R2T2 1784, TC=100ppm, T/R
1206
R201 R202 R204 R205 R206 | (P)RES,CHP,10.0K,1% | RMC 1810021C KMYO | 4711-03-1002 | 24.000
R209 R212 R247 R250 R251 | 1/8W,TC=100ppm,T/R
R260 R261 R265 R2TS R279 | 1206
R285 R286 R289 R291 R292
R293 R295 R296 R299
R203 R258 R263 (S)RES,CHP,35.7K,1% | RK73H2B3S72F KOA | 4711-03-3572 | 3.000
1784, 1206, TC=100 PPH’ :
/R
R207 (SYRES,CHP,1.0M,1% | RK73H2B1004F oA | 4711-03-1004 | 1.000
1784, 1206, TC=100PPM
/R
R210 R276 (SIRES,CHP,8.25K,1% | RK73H2BB251F KOA | 4711-03-8251 | 2.000
1784, 1206, 7C=100 PPH
/R
R211 R255 R290 (PIRES,CHP,5.11K,1% | RMC1B51111C KO | 4711-03-5111 | 3.000
1/8W, TC=100ppm, T/R '
1206
WAVETEIK HYBRID PTS KIT, 1219-00- 0741 B
PARTS LIST COMTROL BD,2407 e 1 -
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REFERENCE DESIGNATORS

PART DESCRIPTION

>

)<

OREG-MFGR-PART -NO

MFGR

WAVETEK NO.

QTY

R213

R24&

R248

R253 R2Z73 R2T4 R2ZT7 R278

R262 R264

K266 R280

R270

R282 R283

R284

RZBY R294

R297

(PIRES, CHP, 2, 00K, 1%
1784, TC=100ppm, T/R
1206

(5)RES,CHP, 332K, 1%
1/84,1206,TC=100 PPH
T/R

(CIRES,CHP,39,1%
1784, HON-STD VALUE

RES,CHP, 14.7K, 1%
1/84, TC=100ppm, T/R
1206

(PIRES, EHP, 39, 2K, 1%
1/84,1206,7C=100 PPM
T/R

(S)RES,CH,6.81K, 1%
1784, TC=100ppm, T/R
1206

(SIRES,CHP,511,1%
1/84,1C=100ppm, T/R
1206

RES,CHP, 604, 1%
178W, TC=100ppm, T/R
1206

{SHRES,CHP, 130K, 1%
1784, TC=100ppm, T/R
1206

RES, CHP, 4.99K, 1%
1784, TC=100ppm, T/R
1206

(P)RES,CHP, 178K, 1%
1/8W, TC=100ppm, T/R
1206

RMC 1820011C
RK73H2B3323F

REC1839081C

RMC 1814721C
RK7IH2B3922F
RKT3HZ2BTHBT1F

RMC 1851191C

RMC 1/8 604 OHM 1%
RMC1/8 13.0K 1%
RMC 1849911C

RMC1B17831C

KMYO

KOA

KMYO

KMYD

KOA

KCA

KMYO

K®YO

KWYO

KMYo

KM¥YQ

4711-03-2001

4711-03-3323

4711-03-3909

4711-03-1472

4711-03-3922

4711-03-6811

4711-03-5110

4711-03-6040

471%1-03-1302

4711-03-4991

4711-03-1783

1.000

1.000

1.060

5.000

2.000

2.000

1.000

2.000

1.000

2.000

1.000

WAVETEIC
PARTS LIST

HYBRID PTS KIT,
CONTROL BD, 2407

PAGE: 2

1219-00-0741

REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR WAVETEK NO. | aTv
€300 €301 C302 €303 €304 | CAP,CER,.1uF,50V SAZ0SE10424A AVX 1510-17-1104 | 31.000
£305 £306 C307 C308 C309 | 20%,AXL,Z5U _
£310 €311 €312 €313 €314 | .10"Dx.26"L
€315 €316 C317 C318 C319
C320 €321 €322 €323 C324
£327 €328 €329 C330 €331
€332
€333 334 €335 €336 CI37 | CAP,TNT,iuf,25V 173D105X9025U SPR 1510-21-7010 | 6.000
£338 10%, AXL . 0954DX . 26041
€340 C341 CAP, CER, .01UF 50V SAT05C103KAA AVX 1510-17-1103 | 2.000

10%, AXL , X7R :
©.10%bx. 17HL
€342 4700 PF 20% 100V X7R | C410C4TZMIRSCA KEM 1510-17-1472 | 1.000
AXIAL LEAD,TAPE/REEL
C344 €345 €347 C348 C349 | CAP,CER, 10GOPE,50V SAT05A102FAR AVX 1510-17-5102 | "8.000
€350 €351 €352 1%, AXL,NPO, T/R
L10%D X A7
£353 354 CAP, CER, .47uF,50V SAZOSEATLMAR AVX 1510-17-1474 | 2.000
: 20%, AXL , 25U
L159D x L29ML
16300 EXCL-OR G,QUAD 2 INP | SN74HCBS T1 8000-74-8611 | 1.000
- PLAS,DIP-14,
H SP CMOS,*S$*
10301 AND G,QUAD 2-INP MC74HCOBN MOT 8000-74-0812 | 1.000
PLAS,DIP-14
H-SPD CHOS,*SS*
16302 - DCDR/DEMUX, 1-OF -8 MET4HCI38N MOT 8007-41-3811 | 1.000
PLAS,DIP-16 . :
H SPD CMOS,*SS*
16303 " BUFFER,OCTAL,3 STATE | MC74HCS4IN ¥oT BOO7-45-4110 | 1.000
PLAS,DIP-20,%SS*
HIGH SPEED CMOS
10304 1€305 1C306 1C313 FF,OCT,COM CLX &RST MCT&HC273N Mot 8007-42-7300 | 8.000
1C314 1C315 1C319 1C320 PLAS,DIP-20
H SPD CMOS,*$S*
1307 1£308 1C309 1310 ADDER,BCD,4 BIT,FULL | CD74HCSB3E RCA 8007-45-8300 | 6.000
1C311 16312 PLAS,DIP-16,*SS*
H SPD CMOS
1C316 FE,DUAL-D,W/SETERST MCT4RCT4 Mot 8000-74-7403 | 1.000
PLAS,DIP-14,
H SPD CMOS,¥S8*
16321 Ki-SPEED 12-BIT D/A DAC1265LCJ NAT 8006-12-6510 | 1.000
CONVERTER W/REF,*S8*%
CER,DIP-24
16322 16323 1325 10326 OF AMP,JFET INPUT TLOB2CP 1-1 7000-00-8200 | 4.000
PLAS,D1P-8,18Vde
13V/uS, ¥SS*
WaveETEK PCB ASSY,DIRECT 1218-00-2622 A
: DIGITAL SYR, 2407
PARTS LIST ' PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION  >< ORIG-MFGR-PART-NG MFGR WAVETEK NO, | @TY
1C327 POS. VOLT REG-3 TERM STEMOSCY Sig 7000-78-0500 1.900
PLAS,TO-220AB,5 VOLY
500mA,7 W,5%,3- TERM
16328 VOLT REG, FINED,+15V SA7EMI5CH 516G 7000-78-1560 | 1.000
PLAS,3 PIK(TO-220)
35Vde, . 1%, 700mA, *S5*
16329 VOLT REG,-15V,3-TERM |  7OMASCY SIG 7000-79-1500 | 1.000
PLAS, TO-220,35vde
5%, 1.5W, 1.0A
p303 . CONN,96 POS,DIN,M,RA | 10-8457-096-002-026 | Enco | 2112-20-6004 | 1.000
© 64 PIN,ROW B VOID
R30C R304 (SIRES,ME,51.1,1% MF55D-51.1-F-T/R KOA 4701-03-5119 | 2.000
1/84, AXL, TC=100ppmT /R '
R3D1 R302 R303 (PIRES,HE,3.01K, 1% ME55D-3.01K-F-T/R KOA 4701-03-3611 | 3.000
1784, AXL, TC=100ppmT /R
R30S (SIRES,MF, 1.43K, 1% MFS50-1.43K-£-1/R KOA 4701-03-143% | 1.000
1/BW, AXL, TC=100ppmT /R
R306 (SIRES,MF,309,1% ME550-309-F-T/R KCA 4701-03-3090 | 1.000
1/84, AXL, TE=100ppaT /R
R307 R308 R311 R312 R313 | (PIRES,MF,10K,1% MFS50- 10K-F-T/R KOA 4701-03-1002 | 17.000
R315 R316 R318 R319 R321 | 1/8W,AXL,TC=100ppaT/R
R322 R323 R324 R325 R334
R332 R333
R309 _ (S)RES,MF,819,1% MF55D-619-F-T/R KOA £701-03-6190 | 1.000
1/8W, AXL, TC=100ppanT /R
R310 (SIRES, MF, 1.58¢,1% MF55D-1.58K - T/R KOA 4701-03-1581 | 1.000
1785, AXL, TC=100ppmT /R
R314 CSIRES, M 374, 1% MF55D-374-F-T/R KA 4701-03-3740 | 1.000
1/8W, AXL, TC=100ppmT /R
R317 (SIRES, MF,4.42K, 1% MESSD-4 . 42K-F-T/R KOA 4701-03-4421 | 1.000
/84, AXL, TC=100ppmT/R
R320 (PIRES,MF,1.50K, 1% ME55D-1.50K-F-T/R KOA 4701-03-1501 | 1.000
1784, AXL, TC=100ppmT /R
WWAVETEK PCB ASSY,DIRECT 1218-00- 2622 A
PARTS LIST DIGITAL SYN, 2407 ORGE: 2 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NG | MFGR | WAVETEK NO. | Q7Y

€400 C4O7 C4OB C409 C410 | CAP,CER,.1uF,50V SAZ05E1042AA avx | 1510-17-1104 | 27.000

€411 C412 C413 C415 C417 | 20%,AXL.Z5U

CA1Y C421 C425 CL426 (429 J10Dx. 264

D430 G437 U441 C4dh Cad4s

C446 C4AE CAAD C452 C453

C4TT C478

C4D1 £402 C4D3 C4O04 C4O5 | CAP,TNT,TUF,25V . 173D105X9025U SPR | 1510-21-7010 | 9.000

C406 €432 C44T C450 10%, AXL . 0954Dx . 2601

414 €416 C422 C42Z7 C43T | CAP,CER,1000pF,50V RPATOX7R102KS0VPT | MURGA | 1510-16-8102 | 23.000

C438 €440 C443 C454 C455 | 10%,AXL,X7R

C490 CATL CL95 C406 C497 09uDx . 16mL

C49B C499 C590 C591 C592

C595 C596 C597

C418 €420 CA23 C434 C436 | CAP,CER,,01uF,50v SATO5CTO3KAA AVX | 1510-17-1103 | 10.000

C439 CA51 CAT6 CAB3 C4B4 | 10% AXL X7R
L10%Dx. 7L

C428 C433 CAP,CER, uF 50V CROZC105K5R5C0A KEM 1510-16-6105 2.060
16%, AXL , XTR -
LeaNDx . 50nL

€435 4700 PF 20% 100V X7R | C410C4T2MIRSCA KEM | 1510-17-1472 | 1.000
AXIAL LEAD,TAPE/REEL

C456 C457 C4S8 €459 C460 | 100 PF 20% 100V NPO | C410C10TMIGSCA KEM | 1510-17-1101 | 25.000

Ché1 ChO2 C463 Chéh C4E5 | AXIAL LEAD,TAPE/REEL

C466 CL6T C46B T469 CATO

C4T71 C4T2 C4T3 C4TL C4T75

£4T9 CABO CAB2 C485 C486 |

ci81 CAP,CER,200V,47PFT/R |  C114C4704265CA KEMET | 1510-16-8470 | 1.000

491 C492 CAP, TNT, 10uF, 25V, 1730106X0025W SPR | 1510-21-7100 | 2.000
20%, AXL, D=3
180y 3450

£493 CAP,TNT,68UF,25V,10% |  T353L6B6KO25AS | UNCAR | 1510-22-7680 | 1.000
RAD, DIPPED - :
J350x. 734, 2018

Ch93 Ch94 CAP ,CER, 15pF, 50V NAD 154 50V NPO NIC 1516-16-8150 2.000
5%, AXL , NPO. 09D 16%L

CR4GT CR40Z CRAD4 DIODE, STGNAL, GP W94 G-E | 4807-01-0914 | 3.000
AXIAL V=75V, 10=10mA
CT4pF , *$5*

CR403 DIODE, ZENER, 500mW,GP |  1N5231 MOT | 4801-01-5231 | 1.000
DO-35,V=5.1, 1T=20mA
TF=89mA, +/ - 20%, *SS*

1€400 DCDR/DEMUX, 1-OF -8 MCT4HC138M MOT | 8007-41-3811 | 1.000
PLAS,DIP-16
H SPD CMOS,*SS*

1c401 - POS. VOLT REG-3 TERM | S7BMOSCV SIG | 7000-78-0500 | 1.000
PLAS, T0-2204B,5 VOLT
500mA, 7 W,5%,3-TERM

WavETEK PC ASSY,SYN BD,2407 1410-00-2315 b
PARTS LIST PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION > ORIG-MFGR-PART-NO | HFGR WAVETEK k0. | a1y

1c402 VOLT REG,FIXED,+15V |  SA78MI5CU SIG 7000-78-1500 | 1.000
PLAS,3 PIN(70-220) '
35Vdc, . 1%, 700mA, *55%

10403 VOLT REG,-15V,3-TERM |  79MASCU SIG 7000-79-1500 | 1.000
PLAS, TO-220,35Vdc
5%, 1.5, 1.0A

10404 1C405 OCT 3-STATE NON-INV | HCT4HCSTAN HOT 8007-45-74%0 | 2.000
D-TYPE FLIP-FLOP*SS*
PLASTIC,DIP-20 CMOS

16406 BUFFER,OCTAL,3 STATE | MCT4HCS4IN MOT 8007-45-4110 | 1.000
PLAS,DIP-20,%$5%
HIGR SPEED CMOS

IC407 1C408 PLL FRQ SYN,D BUS IN | MC145146P1 MOT | B014-51-4610 | 2.000
PLAS,DIP-20,CMOS*55*

16409 ADDER,4-8 BINARY MCT4HC283 MoT 8007-42-8311 | 1.000
PLAS,DIP-16 -
H SPD CMOS,*SS*

1C610 PRESC,2-MOD,DIV 5/6 | HC12009P MOT | 800%-20-0910 | 1.090
PLAS,DIP-16,ECL, *$5* '

1C411 1C417 OP AMP,JFET INPUT TLOB2CP T-1 7000-00-8200 | 2.000
PLAS,DIP-B,18Vdc
13V/uS, *SS*

1c412 UMAVE WB AMP,0204%SS*|  MSA-0204 AVT 4902-00-2040 | 1.999

16413 ANLG SW,CMOS DG303AC scx | 8000-03-0316 | 1.000
CERM,DIP- 14, *SS* .

1C414 MULTIPLYING DAC,BFRD | AD7528.N A-D 800G-75-2810 | 1.000
DUAL,8-BIT,CHOS
PLAS,DIP-20,*S8*

16415 UWAVE WB AMP,0404%SS*|  MSA-D4G4 AVT | 4902-00-4040 | 1.000

1C416 PRESC,2-M0D,DIV B 10 | MC12013pC MOT 8001-20-1300 | 1.000
PLAS,DIP-16,ECL*SS*

10418 OP AMP,QUAD,LOW PWR LM324N NAT 7000-03-2400 | 1.000
PLAS,DIP-14,30V -
THHz, 45nAdc, *SS¥

1C419 ANLG SW,QUAD,SPST G201 sCX | 8000-02-0101 | 1.000
CERM,DIP- 16, CHOS*S8*

1C420 1C421 1C422 WIDEBAND HI FREQ AMP | MES205K sIG | 7000-52-0510 | 3.000
PLAS,DIP-B,*55%

4501 CONN, SMA-F,50,PC WT | 42-302-1 CNTRS | 2110-02-0077 | $.000
RT ANG

L400 L401 L402 L403 L405 | CHOKE,COATED,10UH 08N100 JEF 1810-03-0100 | 5.600
10%,D=0.1201N,
L=0.3001N, 1=130MA

L40& LAD6 CHOKE , MOLDED , 1HH 155102¢ JEF | 1810-02-0102 | 2.000

WAVETEK PC ASSY,SYN BD,2407 1110-06-2315 D
PARTS LIST PAGE: 2 REV
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REFERENCE DESIGNATORS PART DESCRIPTION < ORIG-MFGR-PART-NO | MFGR | WVAVETEK NO. | Q1Y

L407 COIL,MOLDED, 33nH, 5% 132-02 CLCFT | 1810-14-0330 | 1.000
RAD, L=0.38%,W=0.23",
H=0.2610=648, F=50MHz

L502% L508% (C)SELECTED AIRCOILS | 1815:99-9999 Wl 1815-99-9999 | 2.000

MX400 MX401 MIXER,DBL.BAL. SBL-1-DBL MIN-C | 3010-54-0004 | 2.000

P4LOT D-CONN, 37P0S, RIGHT 617L037PAJ201 APL 2112-04-0020 | 1.000
ANGLE, MALE :

PS&00 SPLITTER,2WAY %0 DEG [ PSCQ-2-50 HIN-C 3010-20-0017 1.000
25-50HHZCASE AG1

R40D R4DT R4TZ RAT3 R415 | (PIRES,MF,10K,1% MESSD- 10K-F-T/R CKOA | 4701-03-1002 | 15.000

RA16 RG1B R420 R43T R432 | 1/8M,AXL,TC=100ppmT/R

RG36 R&G5 RLLS RGLE RG4T

RGDZ R4O4 R424 R4ZS R426 | (S)RES,MF,475,1% MFS5D-475-F-T/R KOA | 4701-03-4750 | 7.000

R427 R42S 1784, AXL, TC=100ppmT/R

R4O3 RL2D RATE (PIRES,MF, 1K, 1% MF55D- 1K-F-T/R XOA | 4761-03-1001 | 3.000

. 1784, AXL, TC=100ppmT /R '
RGOS R423 R4Z0 R434 RAZS | (SIRES,MF,51,1,1% MFSSD-51.1-F-T/R KOA | 4701-03-511¢ | 5.000
: 1/8W, AXL , TC=100ppmT /R

RG06 R4OT (SIRES, MF, 665K, 1% ME55D-665K-F-T/R KOA 4701-03-6653 | 2.000
1/8U, AXL , TC=100ppmI /R

R408 R4E9 RG10 R411 R4TT | (PYRES,MF,20K,1% M550 -20K-F-T/R KoA | 4701-03-2002 | 8.000

R419 R4ZT R&22 1/8W, AXL, TC=100ppmT/R

R414 (PIRES, MF, 100K, 1% MESSD- 100K-F-T/R KOA 4701-03-1003 | 1.000
1/84, AXL , TC=100ppmT /R

R433 (SIRES,MF,10,1% MF55D-10-F-T/R KOA | 4701-03-1009 | 1.000
1/8u, AXL, TC=100ppmT /R

RALB RG4S R450 (SIRES,MF,18.2,1% MF55D-18.2-F-T/R KoA | 4701-03-1829 | 3.000
1784, AXL, TC=100ppmT /R

R451 (SIRES,MF,392,1% MF55D-392-F-T/R KOR | 4701-03-3920 | 1.000
1/84, AXL, TC=100ppmT/R

R4S2 R4S3 (PIRES,MF, 100, 1% MF550-100-F~T/R KoA | 4701-03-1000 | 2.000
1/8W, AXL, TC=100ppmT /R

R454 RAS6 R46S R4G6 {SIRES,MF,68.1,1% MES50-68.1-F-T/R KOA | 4701-03-681% | 4.000
1/84W, AXL, TC=100ppmT /R :

R4S5 R457 R4SB R4S9 RAGD | (SIRES,MF,182,1% MF55D-182-F-T/R KOA | 4701-03-1820 | 9.000

R461 RGE2 R4E3 R4GSL 1/84, AXL, TC=100ppmT /R ‘ _

R4TT (P)RES,MF, 1.50K, 1% MF55D-1.50K-F-T/R KOA | 4701-03-1501 | 1.000
1/8W, AXL , TC=100ppmT/R :

R4T8 (PIRES, MF, 15K, 1% MESSD- 15K-F-T/R KoA- | 4701-03-1502 | 1.000
184, AXL, TC=100ppmT /R

WAVETEK PC ASSY,SYN BD,2407 4110-00-2315 D
PARTS LIST PAGE: 3 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR | WAVETEK NO. | ary
1317 1C318 32Kx® ROM CMOS ONE TMS27C256- 254 T-t | 8002-72-5600 | 2.000
TIME PROGRAMMABLE
PLAS,DIP-28, *S8*
WAVETEK EPROM KIT,DDS,2407 1219-06-0752
PARTS LIST REV

PAGE: 1
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO KEGR WAVETEK RO. | @rY
C601 C602 CA03 C604 €605 | CAP,CER,.TuF,50V SA20SE10424A AVX 1510-17- 1104 | 31.000
C606.C616 C612 €613 €615 | 20%,AXL,I5U
C616 Co40 CE5T C658 0659 | .10MDx.26%L
C660 CE6T C662 C663 CHEL
£665 666 CHOT COEB CALP
C670 CET1 CA72 COT3 674
c676
CE07 C608 CE09 C642 €646 | CAP,CER,1000pF,50V RPA1OX7RIO2KS0VPT HURGA | 1510-16-8102 | 5.000
10%,AXL, X7R
.09HDX. 160
C617 T618 C419 €620 €621 | CAP,TNT,1uf,25v 1730105X50250 §PR 1510-21-7010 | 6.000
c622 10%, AXL . 095"Dx. 260 _
tes2 CAP,VAR,2.5-5PF 302504111 STR 1510-70-8508 | 1.000
675 100 PF 20% 100V NPO £410CT0IMIGSCA KEM 1516-17-1101 | 1.000
ANIAL LEAD,TAPE/REEL
CR6D1 CRGDZ CR&O4 DIODE, SIGNAL,GP ING14 G-E 4807-01-0914 | 3.000
' AXIAL, V=75V, 10=10mA
CT=4pF , *55%
CRE602 DIODE,ZENER,500m,6P |  1N5231 MOT 4801-01-5231 | 1.000
pO-35,Y=5,1, 1 T=20mA
IF=BOmA,+/- 20%, *55*
| CR6GS CREO7 DIODE,PIN,GP SWIT 5082-3080 H-P 4B05-02-0002 | 2.000
AXIAL, V=100V
_ CT=0.4pF, *s5*
1C601 PLL FRQ SYN,D BUS IN | HMCI45146P1 Hotr B014-51-4610 | 1.000
PLAS,DIP-20,CMOS*SS*
16602 LO-PWR PRESCALER HC12073P MOT BODI-20-7310 | 1.000
DIVIDE BY 64,PLAS
DIP-8,MECL *S§*
1603 10604 OCT 3-STATE HON- 1NV MCTARCSTAN HoT BOO7-45-7410 | 2.000
D-TYPE FLIP-FLOPYSS¥
PLASTIC,DIP-20 CHOS
16605 1C614 UWAVE WB AMP,0204%$5% |  MSA-0204 AVE . | 4902-00-2048 | 2.600
1C506 BUFFER,OCTAL,3 STATE | MC74HCS41N Mot 8007-45-4110 | 1.000
PLAS,DIP-20,*55* :
H1GH SPEED CMOS
1607 DCDR/DEMUX, 1-0F -8 HCT4HC138M MOT 8007-41-3811 | 1.000
PLAS,DIP-16 :
H SPD CMOS,*SS*
1608 16612 OP AMP,JFET INPUT TLOB2CP T-1 7000-00-8200 | 2.000
PLAS,DIP-8, 18Vdc
13V/us, *55%
1C40% POS. VOLT REG-3 TERM | S78MoSCY S16 70006-78-0500 | 1.600
PLAS,TO-220AB,5 YOLT
500mA, 7 W,5%,3-TERM
16610 VOLT REG, FIXED,+15V SATEMISCU 516G 7000-78-1500 | 1.000
PLAS,3 PIN(TO-220)
35vdc, . 1%, 700mA, *S5*
WavETEK PC ASSY,LO/REF BD, 1116-90-2318
2407 :
PARTS LIST PAGE: 1 REV -
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REFERFNCE DESIGHATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO HFGR WAVETEK KO, ary
1cett VOLT REG,-15V,3-TERM | 79MASCU 816 7000-79-1500 | 1.000
PLAS, TO-220,35Vde
5%, 1.54,1.0A
10613 UWAVE WB AMP,0404%SS*|  MSA-0404 AVT 4902-00-4050 | 1.000
4602 CONN, SMA-F,50,PC MT 085-2080-BRASS LYNIC | 2110-02-0017 | 1.000
RT ANG
J603 JEG4 CONN,RF,RT.ANGLEJACK | 700214 CBLWV | 2110-08-0005 | 2.000
L601 L603 L604 CHOKE ,COATED, 1UR,10% | 0841RO0 JEF 1810-03-0010 | 3.000
D=0.1201N,L=0.3001N,
1=385MA
L605 L&06 L6OT LGOS L609 | CHOKE,COATED,39UH 09C390K JEF 1810-03-0398 | 5.000
10%,0=0. 1201N,
L=0.300, I=125MA
P60 D-CONN, 37P0S, RIGHT 61TLO3TPAIZOY APL 2112-04-0020 | 1.000
ANGLE, MALE
REDD RG02 RE03 R&GA RG0S | (PIRES,MF, 10K, 1% 4701-03-1002 w-1 4701-03-1002 | 9.000
R&32 RE33 RE37 RE3B 1/8M, AXL, TC=100ppnT/R
R60T RE34L R535 RE36 (PYRES,HF, 1K, 1% MFSSD-1K-F-T/R KOA £701-03- 1061 4.006
1784, AXL , TC=100ppmT /R
R606 RED7 REHT (S)RES,MF,3.65K, 1% MF55D-3.65K-F-T/R KOA 4701-03-3651 | 3.000
: 1/84, AXL, TC=100ppmT /R :
R668 (SIRES,MF,619,1% MF55D-619-F-T/R koA | 4701-03-6190 | 1.000
1784, AXL , TC=100ppmT /R
R609 R610 (S)RES HF,7.15K, 1% MF55D-7.15K-F-T/R KOA | 4701-03-7151 | 2.000
1784, AXL , TC=100pomT /R
RE1Z R642 R643 RGLL (S)RES, NF,475,1% MF55D-475-F-T/R KOA | 4701-03-4750 | 4.000
1/8W, AXL, TC=100ppmT /R
R639 R641 (PIRES, HF, 150, 1% WFS5D-150-F- T/R KOA 4701-03-1500 | 2.000
1/8W, AXL, TC=100ppmT /R
R640 (SIRES,MF,37.4,1% MFS50-37.4-F-T/R KOA 4701-03-3749 | 1.000
1784, AXL, TC=100ppmT /R
R645 RGLT R6LE RESD R&51 | (SIRES,MF,95.3,1% MF55D-95.3-F-T/R KOA 4701-D3-9539 | 5.000
178U, AXL, TC=100ppmT /R
R646 RELY (S)RES,MF,68.1,1% MF55D-68.1-F-T/R KOA 4701-03-6819 | 2.000
1/8W, AXL, TC=100ppmT /R
Y601 X0,10 MHZ,5PPM,DIP TCO-706AB ToYe | 2311-00-0022 | 1.000
WavETEK PC ASSY,LO/REF 8D, 1110-00-2318
2407
PARTS LIST agE: 2 REV
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REFERENCE DESIGNATORS

PART DESCRIPTION >

K ORIG-MFER-PART-KO

MFGR

WAVETEK KO.

ary

0623 €624 £625 C626 L627
C628 C629 C630 €631 C632
C633 C634 €635 €636 C6IT
C638 C639

Co44 CH50 C655 €657
C64T CHAB

649 C656

£853
€654

| CR&05

501 Q604 G605
. 6603

Q606

R617 R625 R627
R618 R622 R626
R619 R623 RE24
RE20

R628 R629

R630 RS631

(PICAP,CER, 100PF, 50V
1%,CHIP, HPO;+1-30PPH
0805, T/R, VALUE MARKD

(P)CAP,CER, 1000pF
100V, 20%, CHP, X7R
0805, T/R,VALUE MARKD

(P)CAP, CER, 15PF, 50V
1%,CHIP,NPO,+/-30PPH
0805, T/R, VALUE MARKD

CAP, TANT 10 UF,25V
SUREACE MOUNT,T/R

{S)CAP,POR,20 PF
500V,+/- 1%, CHP
NPQ,30PPM, 0805, T/R

(5) CAP,POR, 15 PF,
500V, +/- 1%, CHP,
KPQ,30PPM, 0805, T/R

DIODE,VAR CAP,*SS*%
$0T-23,Ct=1.BpF,v=28
/R

PNP,SOT-23,MED PWR
F=200m, V=40, P=350m,
hFE=4D, *SS*, T/R

NPN,STL,H FRQ,TRAN
$07-23, £1-BGHz,
*55%, T/R

PN, S0T-23,MED PUR
£=250m, V=40, P=310m,
hFE=40,*SS¥, T/R

RES,CHP, 243, 1%
1/Bw, TC=100ppm, T/R
1206 CASE

RES,CHP,576,1%
1/84, TC=108ppra, T/R
1206 :

(PIRES,CHP, 10.0,1%
1784, TC=100ppm, T/R
1206 .

RES,CHP,37.4,1%
1/8W, TC=100ppm, T/R
1206

(PIRES,CHP, 10.0K, 1%
1/8W, TC=100ppm, T/R
1206

(SIRES,CHP, 2.67K, 1%
1/8W, TC=100ppm. T/R
1206 CASE

C2012COGTHIDNFT

T0IRTSWI02MV3P
- C2012C0G1THTI50F

NRD106M25RT2

' SO0R15Q200FW2T
S00R15RISOF2T
BBY31 (SOT-23) T/R
BSR1BA T/R
6813118
BSS79C-SOT-23
RMC1824391C
RMC 1857691C
RMC 1B10081C
RM1837481C

 RHC 1870021

RMC1826711C

TOK

JHSN

TOK

HEC

JHSH

JHSN

APX

APX

KEC

SIEM

KRYQ

KMYQ

KMYO

KHYD

KMYD

KKYQ

1510-06-5101

1510-06-7102
1510-06-5150

1510-27-9106

1510-06-3200
1510-06-3150
4807-02-0005
4902-00-0800
4902-68-1330
£902-00-0170
471?;p3*2430
4711-03-5760
4711-03-1009
&711-03-3749
4711-03-1002

4711-03-2671

17.000

4.000

2.000

2.000

1.000

1.000

1.000

3.000

1.000

1.G00

3.000

3.000

3.000

1.000

2.000

2.000

WAVETE K
PARTS LIST

HYBRID PTS KIT,
LO/REE BD,2407
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REFERENCE DESIGNATORS PART DESCRIPTION >K  ORIG-MFGR-PART-NO MFGR WAVETEK NO. ary

a502 NPN, T0-35, AMP NE6B135 HEC 4902-68-1350 | 1.000
F=0G, V=14, JC80=1,0UA
P=290mW, HFE=100, *s$*

WAVETEK PCB ASSY,VCO,2405/ 1218-00- 2623
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PART DESCRIPTION >

REFERENCE DESIGNATORS OR1G-MEGR-PART-KD MFGR WAVETEK WO. | Q7Y
£501 £505 €506 C507 C508 | (P)CAP,CER, 1000pF 0BOS1CTORMATOS0M AVX 1510-06-7102 | 17.000
£509 €510 €513 (514 £515 100V, 20%, CHP , X7R
£516 €517 €518 0521 €523 | 0805,1/R,VALUE MARKD
€525 ©526
c502 (S)CAP,HI-Q,10.0pF 50DR1201006V5E JHSK 1510-06-3100 | f.000

50V, +/- . 25pF ,CHP ,PRO
20ppm, 0505, T/R _
€503 (S)CAP,HI-0,15pF 500R12Q150FVSE JHSH 1510-06-3156 | 1.000
50V, +/-1%,CHP,PS0
20ppm, 0505, 1/R
£504- {S)CAP,RI-Q, 12pF S00R120120FVSE -JHSN 1510-06-3120 | 1.000
50V, +/-1%,CHP, P30
20ppm, 0505, T/R
. £511 ¢512 {P)CAF,CER, 10PF 50V C2012C06THIN0DT DK 1510-06-5100 | 2.000
+/- 5PF,CHIP NPO
OBO5, T/R,VALUE MARKD
C519 ¢520 (PYCAP,CER,5.6PF,50vV | C2012COGTHSREDT TOK 1510-06-5569 | 2.000
+/- 5PF,CHIP,NPO :
0805, T/R,VALUE MARKD
£522% C524% (S)CAP,HI-Q,8.2pF S00R120BR2CVSE JHSH 1510-06-382% | 2.000
S0V, +/- . 25pF, CHP, PO
20ppm, 0505, T/R
CRS01 CRS02 CR503 CR504 VARACTOR DICDE $SOT23 | 208308 FRRNT | 4RO3-02-0030 | 4.00C
1OPF ,+/-5%, 25V
CR505 CR508 CR509 CR510 DIODE, VAR CAP, *SS* BBY31 (507-23) 1/R | APX 4807-02-0005 | 7.000
CR511 CR512 CR513 $0T-23,Ct=1.8pF, V=28 :
T/R
CR506 CR507 DIODE,PIN,GP,00S-07 ALET226-07 EATON | 4B05-02-0016 | 2.000
V=100V, Cd=0.4pF
*$8% T/R
iC501 ANLG SW SINGLE SPDT, | DGLI9DY 5CX 8000-04-1900 | 1.9000
PLAS,50-8,CHDS, *55% : :
16502 WIDEBAND AMP,20 DB NESZ05D SiG 7000-52-0500 | 1.600
600 MHZ BW,S0-8 PKG
£501 1503 L504 1509 L510 | CHOKE,CHIP,1 UH,20% LEM4S32T 1ROM TAIYG | 1816-02-0102 | 8.000
L511 1513 L514 MOLDED, . 189L X .12
T/R : _
L505 1512 BEAD,SHIELD,SURF MNT | - 2743019447 FRTE | 1813-00-01M1 2.000
TAPE & REEL
L506 CHOKE,CHIP,22nH,5%, SM3-0224 - GWNDA | 1816-01-0228 | 1.00C
L129LX, 104, MOLDED , .
/R
L507 CHOKE,CHIP, 15nH, 5%, SM3- 0154 GWNDA. | 1816-01-0150 | 1.0G0
.1291X. 10", MOLDED,
/R
Q501 HPN,SDT-23,HI FREQ NEB5533-TIB NEC 4902-85-6330 | 1.000
7GHz, 12V, 100mA, T/R
*SS* . .
- WAVETEK HYBRID PTS KIT,VCO, 1219-00-0749 8
PARTS LIST 2405/ 2407/24610/2475 orce: 1 REV
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REFERENCE DESIGHATORS

PART DESCRIPTION

>

A

CRIG-MFGR-PART-ND

MEGR

WAVETEXK RO,

a1y

R501* RB15*

R502* R504 RG14* R51S
R518*

RS03% R513%

RS05*

R506

R5GY

R508* R510 R512

R509 R511

R5Y7*

RES,EHP,576,1%
1/8W, TC=100ppm, T/R
1206

(PIRES, CHP, 100, 1%
1/Bw, TC=100ppm, T/R
1206

RES, CHP,37.4,1%
1/8W,TC=100ppin, T/R
1206

RES, CHP,365,1%
1/8H,TC=1GGppm,T/R
1206

(SIRES, CHP,8.25K, 14
1/8W,1206,TC=100 PPH
/R :

RES, CHP,4.99K, 1%
1/84, TC=100ppm, T/R
1206

(SIRES,CHP,178,1%
1784, TC=100ppm, T/R
1206

RES,CHP,66.5,1%
/8, TC=100pom, T/R
1206

RES, CHP, 294,1%
/8w, TC=100ppm, T/R
1268

RMC 18574%1C

RMC 1810081C

RM1837481C

RMC 1834591C

RK73H2B8251F

RMC 1849911C

RMC 1817891C

RMC 1866581C

SCT2063A29460FKR

KMYD

K¥YO

KNYD

KMYO

KOA

KMYO

KHYO

MY O

K-E

4711-03-5760

4711-03-1009

LT11-03-3749

4711-03-3650

4#71%1-03-8251

£711-03-4991

4711-03-1780

4711-03-6659

4711-03-2940

2.000

5.000

2.800

1.000

1.000

1.0600

3.000

2.000

1.000

WWAVETEIK
PARTS LIST

HYBRID PTS KIT, VCO,
2403 /2407 /261042475

1219-00-0749

PAGE: 2

REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR_ | WAVETEK NO. | a1y
1C700 PRESCALER, H-SPD MC12050P MOT | 8001-20-9010 | 1.000
PLAS,D1P-16,%S5¥ -
MECL ,TYPE D FF
16702 1C703 16715 UMAVE WB AMP,0304%SS*| HSA-0304 AVT | 4902-00-3040 | 3.000
1C704 UMAVE WB AMP,0404%SS*|  MSA-0404 AT | 4902-00-4040 | 1.000
1C707 ANLG SW,QUAD, SPST DE201C4 SCX | 8000-02-0101 | 1.000
CERM,DIP-16, CHOS*SS*
10709 DCDR/DEMUX, 1-OF -8 MC74HC138M MOT | 8007-41-3811 | 1.000
PLAS,DIP-16
H SPD CMOS,*SS*
1C710 BUFFER,OCTAL,3 STATE | MC74HCS4IN - ®OT | 8007-45-4110 | 1.000
PLAS,DIP-20,*S5*
HIGH SPEED CMOS
16711 FLOUR DISPLAY DRVR UDK-6118A SPR | BODD-61-1800 | 1.000
1712 OCT 3-STATE NON-INV | MCT4HCSTSN MoT | 8007-45-7410 | 1.000
: D-TYPE FLIP-FLOP*SS*
PLASTIC,D1P-20 CMOS
1713 VOLT REG,FIXED,+15¥ | SA78M1SCU SIG | 7000-78-1500 | 1.000
PLAS,3 PIN(TO-220)
35vdc, . 1%, 700mA, *S5*
700 J701 CONN,SMA-F,50,PC MT | 088-2080-8RASS LYNIC | 2110-02-0017 | 2.000
RT ANG
P700 D-CONN, 37P0S, RIGHT 817L037PAIZ01 APL | 2112-04-0020 | 1.000
ANGLE, MALE
R750 R776 TRM,CM,L,20K, 10%,PC | 3386R-1-203 BOU | 4610-00-3203 | 2.000
1T,PN, CM, . 19H, .375W
- 375L,TA
WAVETEK PC ASSY,AM/DIV BD, 1110-00-2314 B
. 2407 -
PARTS LIST PAGE: 1 REV



https://www.manualsplus.com/

REFERENCE DESIGNATORS PART DESCRIPTION ok ORIG-MFGR-PART-NO | MFGR | WAVETEK NO. | oTY
€700 €701 C702 €711 C712 | (PICAP,CER, 1000pF 08051C102MATOS 04 AVX | 1510-06-7102 | 18.000
€713 C719 €720 C721 C722 | 100V, 20%,CHP,X7R
€723 €724 £727 €728 C734 | 0805,T/R,VALUE MARKD
735 €755 £756
€703 C776 C777 C778 C779 | (P)CAP,CER,100PF,50V | C2012C0GTHIOTFT 0K | 1510-06-5101 | 39.000
C780 C781 C782 C783 C784 | 1%,CHIP,NPO,+1-3GPPH
€785 C786 C7B7 C788 C789 | 0B05,T/R,VALUE MARKD
C790 791 C792 C793 C79%4
€795 £796 C797 C798 C799
£800 CB01 CBO3 €804 €805
£806 C8O7 CBOB T8O9 €812
£813 CB15 CB16 €817
£707 €708 L709 (P)CAP,CER,6.8PF 50V |  C2012C0GTH6RBOT oK | 1510-06-5689 | 3.000
+/~.5PF,CHIP, NPD
0805, T/R, VALUE HARKD

£714 €718 (P)CAP,CER,8.2PF,50V ]  C2012C0GTHBRZDT TOK | 1510-06-5829 | 2.000
+/-.5PF,CHIP,NPD
0805,T/R,VALUE MARKD

P15 C716 C717 C729 CT33 | (PICAP,CER,15PF,50V | C20126061H150F K | 1510-06-5150 | 5.000
1%,CHIP, NPD, +/ - 30PPK
0805, T/R, VALUE MARKD

725 C726 C741 C743 C7S7 | CAP,TANT,1 UF,35V NRB1OSM35R12 NEC | 1510-27-9105 | 5.000
SURFAGE MOUNT

C730 C731 C732 (P)CAP,CER,22PF,50V | C2012COGTH220FT DK | 1510-06-5220 | 3.000
1%,CHIP, NPO, +/- 30PPH
0805,7/R,VALUE MARKD

C736 C740 (PICAP,CER, 18PF,50V | C2012COGIHIBOFT TBK | 1510-06-5180 | 2.000
1%,CHIP, NPO, +/ - 30PPH
0805,T/R, VALUE MARKD

C737 C738 C739 (P)CAP,CER,33PF,50V | . C2012COGIH330FT K | 1510-06-5330 | 3.000
1%,CHIP, NPO, +1-30PPM
0805, T/R,VALUE MARKD

C742 G744 C758 CAP, TANT, 10 UF, 25V MRDVOGH25RE2 NEC | 150-27-9106 | 3.000
SURFACE MOUNT,T/R

C748 CT49 C759 C764 C765 | (PICAP,CER,.G1uf,50V | 0B055C103MATOSOM AVX | 1510-06-7103 | 15.000

C767 CT68 C769 CY70 C771 | 20%,CHP,X7R,0805,T/R

€772 T775 CB10 TB14 CB18 | VALUE MARKED _

€762 €763 (PICAP,CER, 2200F,50V | S00R15N2214V3P JHSN | 1510-06-5221 | 2.000
5%,CHIP, NPO, +1- 30PPK
0865, T/R,VALUE MARKD

C766 C773 (PICAP,CER,330PF,50V | SOORTSN3314V3P JHSN | 1510-06-5331 | 2.000

: 5%, CHIP, NPO,+/-30PPH

0805, T/R, VALUE MARKD

€811 €819 CAP,POR,1.2pF, 50V MA1B1RZB MURGA | 1510-02-812% | 2.000
+/-.1,CHP, P30, 20PPM :
LO7nx . 055u

CR700 CR701 CR702 CR703 | DIODE,PIN,GP,00S-07 | AL67226-07 EATON | 4805-02-0016 | 16.000

CR704 CR7O5 CR706 CRPO7 | V=100V, CJ=0.4pF

' £R708 CR711 CR712 CR713 | *ss*,T/R

CR714 CR715 CR727 CR728
WAVETEK HYBRID PTS KIT, 1219- 60- 0736 D
AM/DIY BD, 2407
FPARTS LIST PAGE: 1 REV
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REFERENCE DESTGNATORS PART DESCRIPTION e OREG-MFGR-PART-NG MFGR WAVETEX NO. QTY
CR709 CR7I0 DIODE,PLANAR, HI SPD BAS16 SEM 4812-02-0005 | 2.000
SWIT,S0T-23,V=T75, 10=
250m, SUR, *§5*, T/R
CR722 CR723 CR724 CR725 DIODE,HOT CAR,S0T-23 |  MMED10T Mot 4809-02-0015 | 5.000
CR726 SMD, V=4VCT=1pF, S5#1
CR729 CR730 CR731 CR732 DIODE,PIN,POMER HALPETE-T/R H-A 4805-02-0009 | 4.000
: SOT-287, V=100V
C=.15pF, *$5%, T/R
1C70% 1C708 VOLTAGE REG,3 TERM | HMC7BLOSACD HOT 7000-78-0511 | 2.000
PLAS,50-B,5V, 100MA5Y
1C705 10706 DUAL JFET INPUT MC34002AD HOT 7003-40-0210 | 2.600
OP AMP,SO-8%5s* .
16714 -15V VOLTAGE,REG,PLS | MC79L1SACD MoT 7000-79-1511 | 1.000
PLAS, 208, *S5*,
10=100mA
L700 LT0% LT4T* L1749 CHOKE, CHIP, 15nH, 5%, SM3-0154 GWKDA | 1816-01-0150 | 4.000
‘ L129LX, 10 MOLDED,
/R
L701 L702 L705 L706 L707 | CHOKE,CHIP,22nH,5%, SH3- 0224 GWNDA | 1816-01-0220 | 8.000
. L70B L745 L746 : .12"LX. 10"W, MOLDED ,
1/R
L709 L720 L721 L723 L744 | CHOKE,CHIP,1 UH,20% LEM6532T TROM TAIYO | 1816-02-0102 | 6.000
L748 MOLDED, . 1891 X .12%
T/R
L710 L711 L712 L713 CHOKE, CKIP, 33n4, 5%, SM3- 033 GWNDA | 1B16-01-0330 | 4.000
.12"LX, 16"\, HOLDED , :
T/R
L7146 U715 L716 LT17 CHOKE , CHIP ,47nH, 5%, SM3- D474 GWMDA | 1815-01-0470 | 4.000
.12"LX. 10™4, MOLDED,
/R
L724 L726 L727 L72B L729 | BEAD,SHIELD,SURF MNT | 2743019447 FRTE | 1813-00-0111 | 18.000
L730 1731 L732 L7335 L734 | TAPE & REEL
L735 L736 L737 L738 L739
L7460 L74T L743 .
Q700 G701 G702 4703 PN, SOT-23,MED PUR BSS79C-SOT-23 SIEM | 4982-00-0170 | 4.000
F=250m, V=40, P=310m, :
hFE=40, *$5%, T/R
- R70D RES, CH, 1/8W,5%,0 ERJ-BGCIROOD PNSHC | 4711-05-0000 | 1.000
R701 | (SIRES,CHP,178,1% RMC 1817891C kMYo | 4711-03-1780 | 1.000
1/84W, TC=100ppm, T/R :
1206
R702 R718* R733 R734 R786 | (S)RES,CHP,B2.5,1%, RMC1882581¢ KMY0 | 4711-03-8259 | 14,000
R787 R7BB R790 R796 R797 | 1/Bw,TC=100ppm, T/R,
R798 R84 RBDS R806 1206
R703 R712 R715 RT17 R726 | (S)RES,CHP,475,1% RK73H2B4750F KOA | 4791-03-4750 | 7.000
RT728 R7$2 1/8W, 1206, TC=100 PP
/R
WAVETEK HYBRID PTS KIT, 1219-00-0736 b
'PARTS LIST - AM/DIV BD,2407 ongEs 2 REV
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REFEREHCE DESIGHATORS PART DESCRIPTION si< ORIG-HWFGR-PART-BO | MWEGR |  MAVETEX RO QTY
R704 R713 R714 RV16 R723 RES,CHP, 294, 1% QUIZ063AZVLOFKR M-E 4711-03-2940 | 16.000
R724 R72T RT29 R780 R781Y 1/8W,1C=100ppm, T/R
R782 R784 R799 RBOY R8BOZ 1206
RBOT
RT19 RES,CHP,1.18K, 1% BCK1181FB A-B 4711-03-1181 1.000
1784, TC=100ppm, T/R
1206
R720 {S)RES,CHP,3.92K, 1% RK7T3H2B3V21F KCA 4711-03-3921 1.000
1/84,1206, TC=100 PPH
T/R
R721 R722 RES,CHP,118,1% RMC118-118 KHYD £711-03-1180 2.00G
1/78d, TC=100ppm, T/R
1206
R725 R737 R791 (S)RES,CHP,51.1,1% RMC18511B1C KMYD £711-03-511¢2 3.000
1/84, TC=100ppm, T/R :
1206 CASE
R735 R736 RBO7 RBO8 RBOY RES,CHP,37.4,1% RMIB37481C KKYO 4711-03-3749 5.000
) 1/8u, TC=100ppm, T/R
1206
R742 RTL3 R744 RVT64 R794 {PYRES, CHP,100,1% RMC 1810091C KHYO 4711-03-1000 6.000
R8I0 1/84, TC=100ppm, T/R
1206
R748 R749 R751 R755 R7S59 {P)RES,CHP, 100K, 1% RMC 1810031C KMYO 4£711-03-1003 | 10.000
R762 R7S7 RYTY RTT2 RT78 | 1/84,7TC=100ppm, T/R
1206
R752 R753 R774 R77S RES, CHP, 499K, 1% RKT3H2B4TISF KOA A711-03-4993 | 4.000
1/78W, TC=10Cppm, ¥ /R
1206
R754 R758 {S)RES, CRP,B.25K, 1% RK73H2BB2S1F KOA 4£711-03-8251 2.000
1/84,1206, TC=100 PPH : '
T/R
R756 R757 {5)RES,CHP, 200K, 1% RMC 1820031C KMYOQ £711-03- 2003 2.004
178, TC=100ppm, T/R
1206
R7&H0% (8)RES,CHP,56.2K, 1% RK73HZBS622F KOA 4711-03-5622 1.000
1/8W,TC=100ppm, T/R i
1206
R761 R768 RES,CHP,49.9X,1% - RMC1814992 KMYO 4711-03-4992 2.0b00
1/84, TC=100ppm, T/R
206
R743 R785 (P)RES,CHP,1.0K, 1% RMC 1810011C KMYC &711-03- 1001 2.800
1/84,1C=100ppm, T/R
1206
R765 RT7C RES,CHP, 14.7K, 1% RMC  1814721C KMYOD A711-03-1472 2.0090
178, TC=100ppm, T/R
12066
R760 {S)RES,CHP,68.1K, 1% RK7IH2BEB12F KGA 4711-03-6812 1.000
1/84, 1206, TC=100 PPY
T/R
WAVETEK RYBRID PTS KIT, 1219-50-0736 D
AM/DIV BD, 2407 .
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REFERENCE DESIGNATORS

PART DESCRIPT]ON >

ORIG-MFGR-PART-NO

MFGR

WAVETEK NO.

GIY

R7E9
RT73*
RTT7
R779
R783 RBQO

R793 R795

(SIRES,CHP,35.7K, 1%
1784, 1206, TC=100 PPM
T/R

(PIRES,CHP, 178K, 1%
1784, 1C=100ppm, T/R
1206

(S)RES,CHP,B2.5K, 1%
1/8W,1206,1C=100 PPM
/R .

'(S)RES,CH,Eé?K,TZ,
178, TC=100PPM, T/R,
1206 CASE

(PIRES,CHP, 10.0K, 1%
1784, TC=100ppm, T/R
1206 :

(PIRES, CHP, 150, 1%
1/8M, TC=100ppm, T/R
1206 _

RK7IHBIST2F
RMC1B17831C
RK7TIHZBB252F
RMC1826731C
RMC 5518021C

RHC 1815091C

KOA

KMYO

KOA

KMYQ

K¥YO

KMYD

4711-03-3572

4711-03-1783

4711-03-8252

4711-03-2673

4711-03-1002

4711-03-1500

1.000

1.000

1.000

1.000

2.000

2.000

VAAVETE K
PARTS LIST

HYBRID PTS KIT,

" RM/DIV BD,2407

1219-00-0736

PAGE: 4.
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR WAVETEK NO. | QIY
IC800 1C801 1CE03 1CR04 UWAVE WEB AMP,0306%SS*|  MSA-0304 AVT | 4902-00-3040 | 6.000
1C805 (C809
16810 UMAVE WE AMP,0404%SS*| MSA-0404 AVT | 4902-00-4040 | 1.000
1C903 FLOUR DISPLAY DRVR UDR-6118A SPR | 800G-61-1806 | 1.000

*SS*
10905 VOLT REG,FIXED,+15¥ | SA7BMISCU $1G 7000-78-1500 | 1.000
PLAS,3 PINCTO-220)
35Vdc, . 1%, 700mA, *SS*
10907 REFERENCE DIODE,2.5V | LM3362-2.5 AT 7000-03-3600 | 1.000
PLAS,T0-92
Imax=10mA, *SS*
JBOO JB01 J802 J803 CONM,SMA-F,50,PC T | 08B-2080-BRASS LYRIC | 2110-02-0017 | 4.000
RT ANG
JBOL D-CONN, 37P0S , RIGHT 617L037PAS201 APL 2112-04-0020 | 1.000
ANGLE, MALE
. QBG4 21GMOSFET, TO-72,AMP | MFE 201 KOT 4903-00-2010 | 1.000
F=500,v=253, Igss=10n4
=360, KF=4 5, SS#1
4900 RPN,317-01 HFREQ MRE571 HOT 4902-00-5710 | 1.000
F=2G,V=8, ICES=70mA
P=14, HFE=50-300, *sS*
Q902 PN, 319- 04, REPUR MRF839F NOT 4902-00-8390 | 1.000
F=870M,V-12.5, 1CEC=1
mA, P=34, *Ss*
Q905 PHP, T0- 126, POMER MIE252 sT1 4902-00-2520 | 1.000
F=40,V=80, Icbo=. 1uA
P=15U, hFE=25, *S§*
RB12 R820 R85T RBLY RES,C,1/2V,5%,220 PR50-220-5 PIC | 4700-25-2200 | 4.000
RB49 (GIRES,C,1/44,5%,300 | RDO 1483015¢ KMYO | 4700-15-3000 | 1.000
USE P/N:4701-03-3010
RES7 R4 (SIRES,NF,200,1% MF55D-200-F- T/R koA | 4701-03-2000 | 2.000
1/84,AXL, TC=100ppmT /R
R872 R873 RES,C,1/2H,5%, 100 PR50-100-5 pic | 4700-25-1000 | 2.000
R960 R901 TRM,CM,L, 10K, 10%,PC | 3386R-1-103 BOU | 4610-00-3103 | 2.000
1T,PN,CH, . 19H, 375
375,14
R923 RES,C,1/2W,5%,68 PR50-68-5 prc | 4700-25-6809 | 1.000
R926 (P)RES, ¥F, 150, 1% MF55D-150-F-T/R KOA | 4701-03-1500 | 1.000
1/8W, AXL, TC=100ppmT /R
R931 RO32 (S)RES,MF,21.5,1% MF550-21.5-F-T/R koA | 4701-03-2159 | 2.000
1784, AXL , TC=100ppmT /R
WWaAVETEK PC ASSY,DUTPUT BD, 1110-00-2313 A
2407
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REFERENCE DESIGNATORS PART DESCRIPTION >l ORIG-MFGR-PART-NG | MFGR | WAVETEK §O. | OTY
C800 G801 CBOZ CBU3 CBO4 | (P)CAP,CER,.OTuF,50V | O0B0SSCIOZMATOSOM | AVK | 1510-06-7103 | 29.000
€805 CB06 CBO7 CB10 CBT1 | 20%,CHP,XTR,0805, T/
€813 C815 C819 (822 C835 | VALUE MARKED
CB36 CB4LO C841 CB49 CBS3
CB62 CB63 CBG4 CBGT CBAS
€501 €910 €913 €917
CBOB CB27 CB46 CBS1 CO00 | (P)CAP,CER,10PF,50V |  C2012C081H100DT ™K | 1510-06-5100 | 5.000
+/- 5PF ,CHIP NPO .
0805, T/R, VALUE MARKD
CB09 CB20 CB21 CB23 €824 | (P)CAP,TNT,.IuF,50V | TAJATD4HOSOR AVX | 1510-27-9104 | 28.000
CB25 €826 CB28 CB30 €831 | +/-20%,CHP,T/R, '
| CB32 833 CB37 C838 CBA3 | 1206 CASE
CB4L CB45 CB47 CB4B CBEO
CB61 CB69 CATO C904 CO38
€939 CO40 Co41 -
£812 CB14 CB29 C34 | (PYCAP,CER,22PF 50V | (C2012COGTH220FT TOK | 1510-06-5220 | 4.000
1%, CHIP, NPO, +/ - 0PPH
0805, T/R, VALUE MARKD
CB16 CB17 CBB C842 CB50 | (S)CAP,CER,.G7uF,50V | 1B125E474MATOSOM | AVK | 1510-06-7474 | 19.000
C852 €857 CB58 CBS9 C85 | 20%,CHP,Z5U,1812,T/R
CB66 C902 CRO3 €905 €907 VALUE MARKED
€909 €911 C915 €916
€839 C908 C943 C945 CO47 | CAP,TANT,10 UF,25V | NRDIOSMZ5RI2 NEC | 1510-27-9106 | 5.000
SURFACE MOUNT,T/R
£912 €914 C942 €944 CO66 | CAP,TANT,1 UF,35V NRB10SM35R12 NEC | 1510-27-9105 | 5.000
SURFACE MOUNT
€918 €919 C920 €922 923 | (P)CAP,CER,100PF,50V | C2012C0GTHIONFT ™K | 1510-06-5101 | 30.000
€924 €925 C926 T927 C928 | 1%,CHIP,NPQ,+1-30PPH |
£929 €931 C932 £933 (934 | 080S,T/R,VALUE MARKD
C935 €936 C937 €948 C94P
£950 €951 C953 €954 €955
£956 C957 C958 €959 960
CRB00 CRBO1 CRBOZ CRBO3 | DIODE,PIN,GP,0DS-07 | AL67226-07 EATON | 4805-02-0016 | 11.000
CR804 CRB10 CRB11 CRB1Z | V=100V,CJ=0.4pF :
CR815 CRB16 CRB2T *SS%,7/R
CRBI7 CRB18 CRB19 CRE25 | DIODE,HOT CAR,SOT-23 | MMD10] MOT | 4809-02-0015 | 4.000
SMD, V=4VCT=1pF, SS#1
CRE20 CRBZ3 CRB24 DIODE,PLANAR, HI SPD | BAS16 SEM | 4812-02-0005 | 3.000
o SWIT,SOT-23, V=75, 10=
250m, SUR, *$§*, T/R
cR822 DIODE, ZENER, *SS*,T/R | * BZXB4CAV7EL APX | 4801-02-0010 | 1.000
3500, SOT-23,V=4. 7
/5% '
10802 WIDEBAND AMP,20 DB | NES205D SIG | 7000-52-0500 | 1.000
600 MHZ B,S0-8 PKG
16806 1808 DUAL JFET INPUT MC340024D MoT | 7003-40-0210 | 2.000
0P AMP,SD-8¥SS¥
1C807 ANLG SV.,QUAD, SPST, | DG201ADY scx | 8000-02-0102 | 1.000
PLAS, SO~ 16,CMOS
WAVETEK © HYBRID PTS KIT, 1219-00- 0735 c
PARTS LIST OUTPUT BD, 24067 oAGE: 1 . REV
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REFERENCE DESIGNATORS PART DESCRIPTION > ORIG-MFGR-PART-KO MFGR WAVETEX HO. ary

1900 OCT,3-SF D-FLIP FLOP | MCT4HUST4DW HOT B007-45-7411 | 1.000
PLAS, 50-20,*SS* , HEMOS

1C901 BUF,OCT,3 STATE, MCT4HCS61DU MOT 8007-45-4111 | 1.000
PLAS,50-20,%55% , HCMOS

12902 DEDR/DEMUX, t-0OF -8, MC74HC138D MOT B007-41-3812 | 1.000
PLAS,SO- 16, H-SPD,
CMOS, *#SS*

16904 VOLTAGE REG,3 TERM MCTBLOSACD MoT 7000-78-0511 1.0060
PLAS,S0- 8,5V, 100MA5%

10906 -15V VOLTAGE,REG,PLS | MC79L15ACD MoT 7006-79-1511 | 1.000

. PLAS,20-B,*55*,

1o=100ma

L800 1801 LBO3 LY00 L9O1 | CHOKE,CHIP,1 UH,20% LEM4532T1RON TAIYC | 1816-02-0102 | £.000

L1926 MOLDED, . 184L X .12"W
T/R

LB0Z LBO4 LB13 CHOKE , CHIP, 68nH, 5%, SM3-0684 _ GWNDA | 1B16-01-0680 | 3.600
L12%LY . 107, MOLDED,
T/R

LBO5 1806 LBO7 LBOS LBOF | CHOKE,CHIP,T00UH,10% | LEMAS32T101K TAIYD | 1B16-02-0104 | 7.000

L810 1812 MOLDED, ,1BYL X .12
T/R

L811 L904 LSO5 L90S LSO7 | BEAD,SHIELD,SURF BNT | 2743019447 FRTE | 1813-00-0111 | 23.000

1908 L909 LPI0 L1911 L2 TAPE & REEL
L913 L914 L9153 L9 L917
L9188 L9119 £920 L1921 L1922
L923 L924 1925

L9002 L903 . CHOKE , CHIP,22nH, 5%, SMZ-0224 GWHDA | 1816-81-0220 2.000
LE2ELX, 0%, BOLDED,
T/R

MXB09 MIXKER, SURFACE MOUNT SCM- 1AL HIN-C | 3010-54-0016 | 1.000

500 MHZSAM 2000

Q800 QBO2 FET, SOT-23, UHF/VHF, MMBFJ310T1 MOT 4962-00-3100 2.000
V=25, ID=60MA , P=350MY : .
TAPE/REEL, *$§*

Q801 Q803 QB08 0904 Q906 HPK, S0T-23,MED PWR BSS79C-507-23 S1EM 4902-00-0170 8.000
Q907 Q908 Q9 F=250m, V=40, P=310m, :
hFE=40,%58*,T/R

4901 0203 PRP,SOT-23,MED PWR BSR18A T/R APX 4902-00-08D0 2.006
F=200m, ¥=40,P=350m,
hfE=40, *SS¥, T /R

R800 RBOZ RES,CHP,78.7,1% RMC 1878781C K¥YO £711-03-7879 2.000
178, TC=100ppm, T/R
1206
RBO1 RES,CHP,107 1% SC12063A107T0FKR M-E 4711-03-10670 1.G00
1/84, TC=100ppm, T/R
1206
WavETEK HYBRID PTS K17, 1219-00-0735 c
PARTS LIST OUTPUT BD,2407 PAGE: 2 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR | WAVETEX NO. | arv
R803 R916 RO17 R942* (S)RES,CHP,22.1, 1% RMC 1822181C KMYO | 4711-03-2219 | 4.000
1/78W, 7C=100ppm, T/R )
1206
R80S R80S RB10 R811 R828 | RES,CHP,66.5,1% RMC 1866581C KMYO | 4711-03-6659 | 6.000
R870 1/84, TC=100ppm, T/R
' 1206
R806 RBO7 R816 RB18 R833 | RES,CHP,294,1% 9C12063A2940FKR M-E | 4711-03-2940 | 16.000
RBS3 RBS4 RBSS RBSD RB62 | 1784, TC=100ppm, T/R .
RB64 RB65 R921 R924 ROZS | 1206
R940
RB09 R922 R93Z0 (S)RES, CHP, 178, 1% RMC 1817891C KMYG | 4711-03-1780 | 3.000
‘ 1784, TC=100ppm, T/R
1206
RB13 RB14 R823 R838 RG4S | (S)RES,CHP,S51.1,1% RMC1851181C KMYO | 4711-03-5119 | 8.000
RE59 RB71 R919 1784, TC=100ppm, T/R
1206 CASE
RB1S RB26 RES, CHP, 118, 1% RMC118-118" KMYO | 4711-03-1180 | 2.000
1784, T€=100ppm, T/R )
1206
RB22 R&34 ROOZ* RES, CHP, 499K, 1% RK73H2B4993F KOA | 4711-03-4993 | 3.000
1784, TC=100ppm, T/R ~
1206
RB25 RB4G R93Z9 - (PRES,CHP,10.0, 1% RMC 1810081C KMYo | 4711-03-1009 | 3.000
1784, TC=100ppm, T/R
1206
RE30 RB4B RB9O R915 R933 | (SIRES,CHP,475,1% RK73H2B4T50F KOA | 4711-03-4750 | 5.000
. 178w, 1206, TC=100 PP
/R
RB31 RB41 RB47 R85O R852 | (P)RES,CHP,100,1% RMC 181009%C KMYO | 4711-03-1000 | 9.000
RB&6 REYY RT3 RO41 1784, TC=100ppm, T/R
1206
R832 RB4Z (SIRES, CHP, 681, 1% RMC 1868191C KMYO | 4711-03-6810 | 2.000
1/84W, TC=100ppm, 1%1206
RB36 RB37 RA39 RB83 R8B6 | (PIRES,CHP,10.0K,1% | RMC 1810021C KMYO | 4711-03-1002 | 8.000
R9O7 R910 RI1B 1784, 1€=100ppm, T/R
1206 -
R840 R929 RU38 RES, CHP, 1.40K, 1% IMS-010-2-1401-F INS | 4711-03-140% | 3.000
1/8W, TC=10Dppm, T/R
1206
RB43 RB9B R906 RSO8 R909 | RES,CHP,4.99K,1% RMC 1849911¢ KMYO . | 4711-03-4991 | 6.000
R920 1784, TC=100ppm, T/R
1206
RBA4L* RES, CHP, 14. 7K, 1% RMC. 1814721C KMYO | 4711-03-1472 | 1.000
1/8%, TC=100ppm, T/R
1206
RS57 REA2 RBSS (PYRES, CHP, 150, 1% RMC 1815091C KMYO | 4711-03-1500 | 3.000
’ 1/8W, TC=100ppm, T/R
1206
WAVETEK HYBRID PTS KIT, 1219-00-0735 ¢
PARTS LIST OUTRUT 8D, 2407 a3 nEv



https://www.manualsplus.com/

REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-KO MFGR WAVETEK NO. Q1Y

R8BS RBBB RE93 REYL (SIRES, CHP , 332K, 1% RKT3H2B3323F koA | 4711-03-3323 | 4.000
1/84,1206,7C=100 PPH
T/R

R8T RB8Q REVZ R896 RYU2 | (PIRES,CHP,100K,1% RMC 181003%C KMYO | 4711-03-1003 | 8.000

RS04 RYCS R 3/8N,TC=100ppm,'¥/R
3206

RBOT (SIRES,CHP,30.1,1% RHMC 1830181C kwyo | 4711-03-3019 | 1.000
1784, TC=100ppm, T/R
1206

RESS (PIRES,CHP,20.0K,1% | RMC1820021C Kvo | 4711-03-2002 | 1.000
1/8W, TC=108pp, T/R
1206

RBO7* (SIRES,CHP, 1.0M, 1% RKT3H281004F koA | 4711-03-100& | 1.000
1784, 1206, TC=1009PHM
7R

R912 (SIRES,CHP,68.1K,1% | BKT3H2BABI2F koA | 4711-03-6812 | 1.000
1784, 1206, TC=100 PPM
/R

R927 RUZB RES,CHP, 17.4,1% RHC 1817481C KMYG | 4711-03-1749 | 2.000
1784, TC=100ppm, T/R
1206

WAVETEK HYBRID PYS KIT, 1219-00-0735 ¢

QUTPUT BD, 2407
PARTS LIST ' PACE: 4 REV
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ORIG-HFGR-PART-HO

REFERENCE DESIGNATORS PART DESCRIPTION MFGR | WAVETEK NO. | o1y
H PLB, MOTHER, 2407 1710-30-0104 W-1 1716-30-0104 i.000
2 SCREW, STNLS,PPH,4-40 | 23022 F-§ | 2810-23-0064 | 10.000
X 1/4
3 HEX NUT 4-40 CRES. . 70202 F-§ 2810-156-0023 6.000
- STNLS.
4 SHIELD,BACK LIGHT 1410-60-4250 W-1 1610-60-4250 1.000
DRIVER :
5 SCW, PPH, 4-40X3/8 23024 F-s | 2810-23-0053 | 4.000
STAIRLESS
6 WASH, 1OCK, SPLIT, 4 1355 F-s | 2810-28-0038 | 16.000°
E1001 DC/AC INVERTER FOR D32-43 OPTRX | 3010-90-0058 | 1.000
EL,5V TO 100V AC,
40087 *SS*
J1001 J1oc2 CONN, S6POS, BINLF,STR 20-B457-096-001-026 | ELLO 2112-20-0005 2.800
64 PIN,ROM B VOID
$1003 D-CONN,96 PIN,ST 20-8457-096-001-025 | ELCO | 2112-20-0006 | 1.000
FEM, ROW A-C FILLED
J1005 J1006 J1007 J1008 | O CONN,37POS,STRT F H2R37ST28C HLMBG | 2112-04-0019 | 5.000
41009 SHIELDED,4/40 INSERT
41011 HDR,DBL, 40-PIN 80-40-013 WIN | 2112-07-0102 | 1.000
SHRD, W/LATCH
31012 HEADER, LOCKING,9-PIN |  09-65-1091 . MoL - | 2112-05-000% | 1.000
. 1564SPACING, RND PIN
$1013 HEADER,20-PIN ST W/ IDH-20PK2-§3-T6 R-N | 2142-08-0082 | 1.00¢
LATCH/SHROUDED S
41014 HEADER, LOCKING,2-PIN |  09-65-1021 MOL | 2112-05-0010 | 1.000
. 1569SPACING, RKD PIN '
WavETEK PC ASSY,MOTHER BD, 1110-60-2311 ¢
2407
PARTS LIST PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR | WAVETEK NO. | QTY
£1300 CAP, ALM, 4700uF, 35V BOD472P0354C5 SPR | 1510-27-7472 | 1.000
80%, RAD
1.0 "DX1.4 “LX.084LS
£1301 €1307 4700 PF 20% 100V X7R | CATOC472MIRSCA KEM | 1510-17-1472 | 2.000
AXIAL LEAD,TAPE/REEL
1302 C1308 CAP,ALM, 100UF , 25V RE100MF25V20% ELNA | 1510-23-4101 | 2.000
20%, RAD
C1303 €1364 €1305 CAP, TNT, 1uF, 25V 173D105X9025U SPR | 1510-21-7010 | 3.000
10%, AXL . 0955Dx . 2600
C1306 CAP,ALM, 2700UF, 35V B0DZ72P035JA5 SPR | 1510-27-7272 | 1.000
80%,RAD
1.0 "DX1.0 "LX.08YLS
1309 CAP,ALM,10000UF, 16V | ECESICVIO3S PNSNC | 1510-27-3103 | 1.000
++20%, RAD
1.0%DX1, 38MLX. 080LS
£1310 C1311 CAP, TNT, 10uF, 25V, 1730106X0025W SPR | 1510-21-7100 | 2.000
20%, AXL ,D=3%
REPRTT
CR300 DIODE,RECT BRDG,GP KBLOY G-1 | 4806-02-0020 | 1.008
V=100V, 10=4A, 1$=200A
CR1301 CR1303 DIODE, SIGNAL,GP W14 G-E | 4807-01-0914 | 2.000
AXIAL, V=75V, 10=10ma
CT=4pF, *S5*
CRT302 CRY304 CR1308 DIODE, RECT, GP TNADO4 P-C | 4B06-01-4004 | 4.000
CR1309 DO- 15, V=400V, [0=1 ,0&
*$8% , TAPEGREEL
CRY305 CR1306 DICDE,RECT,GP IN5624 G-F | 4806-01-5624 | 2.000
AXIAL V=200, 10=5.0A
SUR 1=225A,*SS*
CR1307 DIODE , ZENER, W, GP NG742A MOT | 4801-02-0003 | 1.000
DO-41,V=12, 1T=21mA
1F=76mA, +/-5%, *S5* _
1€1300 SV PREC VOLT REF,.3% | REFO2CP PMI | 7000-00-0203 | 1.000
PLAS,DIP-8,30Vde
W/TEMP TRANSDR,*SS*
11301 OP AMP,JFET INPUT TLOB2CP T-1 | 7000-00-8200 | 1.000
PLAS,DIP-8, 18Vdc '
13V /us, *55%
Q1300 JFET-N,T0-92,AUD AMP | E232 St | 4902-00-2326 | 1.600
VGS=40, 1DSS=10mA
P=350m, SS#1
Q1302 PNP,TO-92,GP AMP/SW | 2N3906 1.1 | 4901-03-9060 | 1.000
F=300,v=40, 1cex=50nA
=625m, hFE=100, *S§*
1304 NPN,TO-126,DRLNG PHR | MJESD3 MOT | 4902-00-8030 | 1.600
F=1M, V=80, I ceo=100uA
P=40M,hFE=750, *S§*
WAVETER PC ASSY,P/S,2407 1110-60- 2312
PARTS LIST PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PARI-NO | MFGR | WAVETEK NO. | QY
R1300 (PIRES, MF, 1K, 1% ME55D- 1K~ F-T/R KOA | 4701-03-1001 | 4.000
1784, AXL, TC=100ppaT /R
R1301 (PIRES HF ,47.5K,1% MF55D-47.5K-F-T/R | KOA | 4701-03-4752 | 1.000
1784, AXL, TC=100ppaT /R
R1302 (P)RES,NF,3.92K, 1% MFS50-3.92K-F-T/R | KOA | 4701-03-3921 | 1.000
178, AXL, TC=100ppmT /R
R1303 (PIRES, HF, 13.0K, 1% MFS5D-13.0K-F-T/R | KOA | 4701-03-1302 | 1.000
1/8M, AXL, TC=100ppanT /R
R1305 R1307 R1309 (PORES, MF, 10K, 1% 4701-03-1002 W-1 | 4701-03-1002 | 3.000
1/8%, AXL , TC=100ppaT /R
R1308 R1311 (S)RES,MF,4.75¢,1% MESSD-4.75K-F-T/R | KOA | 4701-03-4751 | 2.000
1784, AXL , TC=100ppmT /R '
R1310 (SIRES, MF, 1.24K, 1% MF55D-1.24K-F-T/R | KOA | 4701-03-1241 | 1.000
1/8W, XL, TC=100ppmT /R
R1312 (S)RES, MF,825,1% MF550-825-F-T/R KOA | 4701-03-8250 | 1.000
1/84, AXL , TC=100ppal /R
1313 (PIRES,HF,2.74K, 1% MFS5D-2.74K-F-T/R | KOA | 4701-03-2741 | 1.000
' 1/8MW, AXL, TC=100 PPM ‘
/R
R1314 (PIRES, NF,499,1% MFS50-499-F-T/R KOA | 4701-03-4990 | 1.000
1/8M, AXL, TC=100ppaT /R .
R1316 (PIRES, MF,4.99€, 1% MFS5D-4.99K-F-T/R | KOA | 4701-03-4991 | 1.000
1784, AXL., TC=100ppmT /R '
WAVETEK PC ASSY,P/S,2407 1110-00-2312
RTS LIST
PARTS LIS PAGE: 2 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MEGR-PART-NO | MFGR WAVETEK NO orY
1 PS HEATSINK,2407 1416-01-5150 -1 1410-01-5150 |  1.000
z MICA INSULATOR BOBBSIA001 Mot 2810-11-0004 | 3.000
3 SHLDR WSHR, TO-220 B51547F019 HOT 2810-11-0031 | 3.000
4 SCW, PPH, 4-40X1/4 190220P F-$ 2810-55-4104 | 3.000
1c1302 ADJ REG,1.2v-37V LM317T AT 7000-03-1700 | 1.000
PLAS,T0-220,1.5A=10
154, 0. 1%, *S5*
G130% Q1303 PROT PWR DARLINGTON LH395T NAT 4902-00-3950 2.000
*ss*
WaAVETEK HEATSINK ASSY, 2407 1216-00-0349
PARTS LIST REV

PAGE:



https://www.manualsplus.com/

REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR | WAVETEK Ng. | Ty
1 TERM,LOOP, WIRE CRIMP | 08-50-0106 MoL | 2113-07-0002 | 5.000
18- 24GA
P1300 JACK, FEMALE , 5~ CKT 09-50-3051 WOL | 2113-06-0008 | 1.000
MCDOG- 066 .
11300 POWER XFMR,115/230v | BE 23143-00 BASLR | 5610-06-0077 | 1.000
+12.4 & +/-24.2V SEC '
PER B/P -
WhvETEK XFHR ASSY, 2407 1219-00-0731
PARTS LIST
PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR | WAVETEK NO. | ary

2 TERM,LOOP,WIRE CRIMP |  08-50-0106 MOL | 2113-07-0002 | 2.000
18-246A

3 FAN,12VDC,BOXBOX25MM |  3110PL-O4W-B30-DO0 | WMB | 3010-13-0018 | 1.000
25CFM

P1301 CONN, FEMALE , 2-PIN 09-50-3021 MOL | 2113-06-0014 | 1.000
. 1S6"SPACING, SNAP LK

WAVETEK FAN ASSY, 2407 1219-00-0732

PARTS LIST e 1 REy
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR | WAVETEK KO. | a1y

1400 C1401 C1406 C1405 | CcAP,CER,.01uF,50V SA105CTO3KAA AVX | 1510-17-1103 | 28.000

C1406 C1407 C1410 C1411 10%, AXL , X7R

1412 C1413 C1414 C1415 . 107Dx, 1770

C1416 C1417 CH418 C1420

L1425 C1426 C1427 C1428

C1634 C1435 C1438 C1445

Cl446 C1467 C1468 C1469

C1402 C1403 1441 C1442 | CAP,TNT,1uf,25V 1730105X9025U SPR | 1510-21-7010 | 7.000

C1447 C1448 C1449 10%, AXL . 095D . 2604L

C1408 C1409 330 PF 20% 100V NPO |  C410CZ3INTGSCA KE¥ | 1510-17-1331 | 2.000
AXIAL LEAD,TAPE/REEL

1419 CAP,CER,2700pF, 100V | SA301A272JAR AVX | 1510-16-4272 | 1.000
5%, AXL,NPC, T/R,
A5 X .20mL

1421 CAP,CER,B20pF, 100V, | SA101A8214AA AVX | 1510-16-4821 | 1.000
5%, AXL ,NPO, T/R,
0Mp ¥ 7ML

C1422 CAP, CER, 120pF , 100V €11461214165CA KEM | 1510-17-0121 | 1.000
5%, AXL , NPO. 091D 161,

C1423 CAP,CER,1800pF, 100V |  SA301A1824AA ax | 1510-17-9182 | 1.000
5%, AXL , NP0, T/R
1D X 26M

C1424 CAP,CER,2200F,100v, | 5A101A221JAA AVX | 1510-17-422% | 1.000
5%, AXL, kPO, T/R,
LD X A7

C1629 C1464 CAP, CER, . 1UF, 50V SA205E1042A4 AVX | 1510-17-1104 | 2.000
20%, AXL , 75U '
-10"Dx. 26%L

1430 CAP,CER,200V,47PFT/R | C114C470J2G5CA KEMET | 1510-16-8470 | 1.000

1431 CAP, CER, 10D0pF , 50V RPATOX7RIO2KSOVPT | MURGA | 1510-16-8102 | 1.000
10%, AXL, X7R
.09Dx. 1641

c1432 CAP, CER, TUF, 50V C202C1O5KERSCA KEM | 1510-16-6105 | 1.000
10%, AXL , X7R
.254Dx. 500

C1433 22PF 20% 100V NPO - £410C220M1G5CA KEW | 1510-17-1220 | 1.000
AXTAL LEAB,TA?E/R_EEL o

C1436 C1437 CAP, CER, 470pF,50V 5920C0647140508 SPR- | 1510-16-4471 | 2.000
10%, AXLNPO -
O9MDX. 16ML

1439 CAP,CER, 10pF, 100V SAT06AT004AA AVK | 1510-17-1900 | 1.000
5%, AXL, NPO
L10MDx. 17L, T/R

1440 CAP,VARI,7-35PF,160v | CV101-035 W1 1510-70-0350 | 1.000

£1443 4700 P 20% 100V X7R | C410C472MIRSCA KEM | 1510-17-1472 | 1.000
AXIAL LEAD,TAPE/REEL

WaAVETEK PC ASSY,DEV METER BD 1110-00-2317 A
2407
PARTS LIST PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NG | MFGR | WAVETEK KO. | aTY
L1450 €1451 C1452 C1453 | 100 PF 20% 100V ¥PO |  C410CT0TMIGSCA KEM 1510-17-1101 | 17.000
C1454 C1455 C1456 C1457 | AXIAL LEAD,TAPE/REEL
C1458 C1459 C1460 C1461
C1462 C1463 C1464 CT465
C1466
CR1401 CR1402 CR1403 DIODE,PIN,GP SWIT 5082-3080 H-P | 4805-02-0002 | 7.000
CR1404 CRI405 CR1A06 BXIAL V=100V
CR1407 CT=0.4pF, *SS*

161400 DCDR/DEMUX, 1-OF - 8 MCT4HC 13BN MOT 8007-41-3811 | 1.000
PLAS,DIP-16
H SPD CMOS,*SS*

1C1401 BUFFER,OCTAL,3 STATE | MCT4HCS4AN MOT 8007-45-4110 | 1.000
PLAS,DIP-20, *SS*
HIGH SPEED CMOS

161402 VOLT REG,+5V,3-TERM | &71-045 w1 7000-78-6501 | 1.000
PLAS,T0-92, 35vVdc
5%,10=100mA, *SS*

1C1403 OCT 3-STATE NOW-INV | MCT4HCS74N wOT BOD7-45-7410 | 1.000
D-TYPE FLIP-FLOP*SS*
PLASTIC,DIP-20 CHOS

1C1404 QUAD ANALOG SWITCH HE-201-5 HSD 8000-02-0300 | 1.000
*SS*
. 101408 UMAVE WB AMP,0204%SS*  MSA-0204 AVT 4902-00-2040 | 1.000
1C1409 UWAVE WB AMP,0404*SS*.  MSA-0404 AV | 4902-00-4040 | 1.000
IC1410 1C1411 1C1420 OP AMP,JFET INPUT TLOB2CP T-1 7000-00-8200 | 3.000
PLAS,DIP-8,18Vde
13v/0S, *55*

101412 WIDEBAND HI FREQ AMP | NES205N 816 | 7000-52-0510 | 1.000
PLAS,DIP-8,*sg* :

101413 WIDEBAND FSK RCVR MC13055P MoT | 8001-30-5510 | 1.000
PLAS,DIP-16, *5*

161414 . VOLT,REG,FIXED,-15Y | LM79L15ACZ AT | 7000-79-1510 | 1.000
PLAS, T0-226A4, - 35Vdc
10%, 1o=100mA, *SS*

1£1415 VOLT REG,FIXED,+15V | SATSMISCU S1G 7000-78-1500 | 1.000
PLAS,3 PIN(TO-220)
35vdc, . 1%, 700mA, *S5*

101416 VOLT REG,+12V,3<TERM | LM78L12ACZ HAT 7000-78-1220 | 1.000
PLAS,T0-92,35Vde
5%, 100mA, *SS*

21401 CONH,SMA-F,50,PC MT | 088-2080-BRASS LYNIC | 2110-02-0017 | 1.000
RT ANG

J1402 CONN,RE,RT.ANGLEJACK | 700214 CBLWY | 2110-08-0005 | 1.000

L1400 CHOKE,COATED,0.47UH | OBNR4T JEF 1810-03-0478 | 1.000
10%,0=0.1201N
L=0.300IN, 1=650MA

WAVETEK PL ASSY,DEV RETER BD 1110-00-2317 A
2407
PARTS LIST PAGE: 2 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-HO | MFGR | WAVETEK NO. | aTY
L1407 L1402 L1405 L1406 CHOKE , COATED , 39U 09C390K 1 gef 1810-03-0390 | 7.000
L1407 L1412 L1414 10%,b=0. 1261,
L=0.300, [=125HA

L1403 L1404 CHOKE, COATED, 510UH 10154-48K JEF 1810-03-0511 | 2.000
10%, T/R, NON-STD VAL.

L1408 CHOKE , COATED, 0. 68UH O8NR6S ' JEF 1810-03-0688 | 1.006
10%,D=0. 121N
L=0.3001N, I=495HA

L1409 CHOKE, COATED , 4. 7UH O8N4RT JEF 1810-03-0479 | 1.000
10%,0=0. 1201K
L=0.3001N, 1=230MA

L1410 CHOXE,COATED,D0.27UR | O0BNRZ7 | uEF 1810-03-0278 | 1.000
10%,D=0. 12018 '
1=0.300IN, I=960HA

L1411 CHOKE , COATED, 2. 2UH 0BN2R2 . JEF |.1810-03-0229 | 1.000
10%,D=0. 1201H
L=0.3001IN, 1=395MA

11413 CHOKE, COATED,, 15uH 08N150 JEF 1810-03-0150 | 1.000
10%,D=0. 1201, L=.30v :

L1415 L1416 L1417 L1418 WIRED FERRITE BEAD 11424-4A6 FRXC | 1813-00-0114 | 17.000

L1419 L1420 L1421 L1422 .138 DIA X .236 1/R

L1423 L1424 L1425 L1426
L1427 L1428 L1429 L1430
L1431
¥X1400 MIXER,DBL.BAL. SBL-1-DBL MIN-C | 3010-54-0004 | 1.000
P1401 0~ CONN, 37P0S, RIGHT B17LO3TPAI201 APL | 2112-04-0020 | 1.000
ANGLE, MALE

R1400 R1401 RES,L-A,176W,1%,196 | SPS-N-347-196 IRC | 4741-19-6008 | 2.000
TAPE AND REEL :

R1402 R1415 R1416 (S)RES,MF,95.3,1% ME55D 95.3-F-T/R KOA | 4701-03-9539 | 3.000
1/84, AXL , TC=100ppmT /R

R1403 R1404 R14634 R1435 | .(SIRES,MF,60.4,1% MF55D-60.4-F-T/R KoA | 47071-03-6049 | 4.000
1/8W, AXL , TC=100ppmT /R _

R1405  (S)RES,MF,249,1% MF55D- 249~ F-T/R KOA | 4701-03-2490 | 1.000
1/84W,AXL, TC=100 PPH :
1R

R1406 R1407 " (SIRES,MF,78.7,1% MF550-78.7- F-T/R KOA | 4701-03-7879 | 2.000
1/84,A%L, TC=100 PPHM
T/R

R1408 R1413 R1414 (SIRES,MF,392,1% MF55D-392- F-T/R KDA | 4701-03-3920 | 3.000
1/84,AXL , TC=100ppmT /R

R1409 (S)RES,MF, 274, 1% 4701-03-2740 WSD | 4701-03-2740 | 1.000
1/8W,AXL, TC=100 PPM :
/R

R1410 R1411 R1412 R1425 (PYRES, MF, 10K, 1% 4701-03-1002 W-1 4701-03-1002 | 6.000

R1437 R1438 1/84, AXL , TC=100ppmT /R

WaveTeEx PC ASSY,DEV METER BD 1110-00-2317 A
2407 :
PARTS LIST PAGE: 3 REV
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REFERENCE DESIGNATORS PART DESCRIPTION  >l< ORIG-MFGR-PART-NO | MFGR | WAVETEK NWo. | _QIY
R1417 R1418 R1426 (PIRES,MF,3.92K, 1% MESSD-3.92K-F-T/R | KOA | 4701-03-3921 | 3.000
178, AXL, TE=100ppnT /R|.
R1419 R1420 (PIRES,MF, 20K, 1% HFS5D - 20K-F-T/R KOA | 4701-03-2002 | 2.000
1784, AXL , TC=100ppmT /R
R1421 R1422 (5)RES,MF,76.8K, 1% MFS5D-76.8K-F-T/R | KOA | 4701-03-7682 | 2.000
1784, AXL , TC=100ppaT /R
R1423 R1432 . (PIRES,MF, 13.0€, 1% MFS5D-13.0K-F-T/R | KOA | 4701-03-1302 | 2.000
1784, AXL , TC=100ppmi /R
R1424 R1428 (PORES, MF, 100K, 1% F550 - 100K-F-T/R KOA | 4701-03-1003 | 2.000
1784, AXL, TC=100ppeT /R
R1427 (P)RES, MF, 200K, 1% MF55D-200K-F-1/R KOA | 4701-03-2003 | 1.000
1784, AXL , T€=100ppaT /R
R1429 (PIRES,MF, 1M, 1% MF550- {H-F-T/R KOA | 4701-03-1004 | 1.000
1784, AXL, TC=100ppmT /R
R1430 (PIRES,MF,47.5K, 1% WFS5D-47.5K-F-T/R | KOA | 4701-03-4752 | 1.000
178W, AXL , TC=100ppnT /R
R1431 R1439 (P)RES, MF, 1K, 1% MESSD- 1K-F-T/R KOA | 4701-03-1001 | 2.000
1/84, AXL, TC=100ppmT /R
k1433 | (PIRES, MF, 100, 1% MFS5D - 100-F-T/R KOA | 4701-03-1000 | 1.000
1784, AXL , TC=100ppaiT /R
R1436 (SIRES, MF,51.1,1% KESSD-51.1-F-T/R KOA | 4701-03-5119 | 1.000
1/84, AXL, TC=100ppaT /R
WavETEK PC ASSY,DEV METER BD 1110-00-2317 A
2407
PARTS LIST _ REV
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REFERENCE DESIGNATORS PART DESCRIPTION  >< ORIG-MFGR-PART-NO | WFGR | WAVETEK Wo. | ary
1 KEYBD ASSY,2407 1216-00-0350 W-1 | 1216-00-0350 | 1.000
2 PP MECH ASSY,2407 1216-00-0351 W-I | 1216-00-0351 | 1.000
BUTTON,LT GRAY JS2304 30656 C-L | 5110-04-0019 | 1.000
4 KEYBOARD SPACER " 1410-30-8790 V-1 | 1410-30-8790 | 1.000
6 1/8% SPACER 610-009 w-1 | 2810-05-0017 | 3.000
7 NUT, KEPS, 4 71500 F-S | 2810-16-0026 | 11.000
9 © SEMS-PPH- INT PER DESC2810-57-4103| F-5 | 2810-57-4103 | 4.000
4-40 X 3/16 NPPER B/P T
10 SEMS-PPH- INT PER DESC2810-57-4104| F-S | 2810-57-4104 | 2.000
4-40 X 176 WPPER 8/p
1 KEYPAD 5108-00-0014 ‘w1 | 5108-00-0014 | 1.000
12 LED ASSY,2407 1219-00-0754 W1 | 1219-00-06754 | 1.000
13 CABLE K1T, FP,2407 1219-00-0734 W-1 | 1219-00-0734 | 1.000
WAVETEK FP ASSY,2407 ~ 1111-00-0206 A
PARTS LIST PAGE : 1 CREV
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REFERENCE DESIGNATORS PART DESCRIPTION _ > ORIG-MFGR-PART-NC | MFGR | WAVETEK KO. | oIy

1 RIGHT & LEFT FRONT 1410-30- 8830 w1 | 1410-30-8830 | 2.900
PANEL BEZEL,2407
FROM:3210-06- 0055

2 BOTTOM EROMT PANEL 1410-30- 8850 @1 | 1410-30-8840 | 1.000
BEZEL, 2407
FROM:3210-06-0055

3 TOP FRONT PANEL 1410-30- 8850 -1 | 1410-30-8850 | 1.000
BEZEL, 2407
FROM: 3210~ 060055

4 FRONT PANEL, 2407 1410-80-2460 Wi | 1410-80-2460 | 1.000

5 SPACER, HEX,4-40X1/4 | 108301NP F-§ | 2810-02-4104 | 4.000
HD101-404

6 SPACER,THD,4-40X1/2 |  108304NP F-S | 2810-02-4108 | 2.000
HD101-408 ‘

7 HANDLE, STYLE-Z,0- 15112-187-0 AMATM | 2810-07-0020 | 2.000
FINSH, . 187YHOUNT FOR
#BSCREW; BATCH/PAINT

8 NUT , KEPS, 4 71500 F-s | 2810-16-0026 | 10.000

9 NUT, KEPS, 6 9225 F-s | 2810-16-0027 | 6.000

10 SCW, PPH, 8-32X5 /16 190634p F-s | 2810-55-8105 | 6.000

WaVETEK FP MECH ASSY,2407 1216-00-0351
PARTS LIST AEV

PAGE: 1
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REFERENCE DESIGNATORS PART DESCRIPTION H<  ORIG-MFGR-PART-NO KFGR WAVETEX KO. orY

5 LED,DOT MATRIX,40X2 DMC4021BNEY OPTRX | 2410-03-0025 | 1.000
SUPERTHISYT, TOP VIEMW
EL BACKLIGHT ¥*§§*

w27 CABLE ASSY,DISPLAY 1217-50-0008 W1 1217-50-0008 | 1.000
TO MOTHER BD, 2407

M K - LCD ASSY, 2407 1219-00-0754

PARTS LIST ' REV

pagE: 1
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | WFGR | WAVETEK NO. | @TY
WOt (PYCABLE ASSY,5.5 IN | 1217-92-0049 Wl 1217-92-004% | 1.000
SHMA-M, . 141" CORFORM
REF DWG:0012-10-0084
Wo3 CABLE ASSY,&",BNC WX2407- 43 -1 1217-80-0137 | 1.000
CABLE JACK TO SMB,
RA PLUG
W20 CABLE ASSY,RI1BBON 6011-60-0096 -1 6011-60-0096 | 1.000
40-PIN,6 IN
w21 CABLE ASSY,RIBBON 6011-60-0095 W1 5011-60-0095 | 1.000
16-PIN,3.5 IR -
W26 POWER SWITCH/HARN 1212-00-0040 B 1212-00-0040 | 1.000
ASSY, 2407, 267 W26
WaveTeER CABLE KIT,FP,2407 1219-00-0734
PARTS LIST orcEs 1 REV
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REFERENCE DESIGNATORS "PART DESCRIPTION >k ORIG-MFGR-PART-NO MEGR WAVETEK MO, | ary

1 FRONT PANEL BRACE2407] 1410-30-8860 W-1 1410-30-8860 | 1.000

2 CARD CAGE ENCLOSURE 1410-30-8880 y-1 1410-30-8880 | 6.000
GUIDE, 2407

3 MALE-MALE THREADED 1410-30-8920 W1 1470-30-8920 | 4.060
ADAPTER #4-40 -

4 CARD CAGE 1410-80-2480 W-1 1410-80-2480 | 1.000

5 CARD CAGE CENTR WALL | 1410-80-2520 W-1 1410-80-2520 | 1.000
2407

& CARD GUIDE,SLOTTED PRD- 875 uTkK 2112-16-0033 | 8.000
L=6.875,W=.375
MTG .4 CTRS W/0 RVTS

7 RIVET,AL,1/8X1/8 AD42ARS USMFS | 2810-30-0015 | 5.000

8 RIVET, SNAP- IN RV4700 uTK 2810-30-0039 | 14.000
060 THK CHASSIS :
FOR:2112-16-0033

9 RIVET,POP, OPEN-END AK45BS EMHFG | 2810-30-0040 | 18.000
.125 BODY,CKTR SUNK '
GRIPRANGE, .25%- 312

16 RIVET,POP, OPEN-END AKL2BS EMHEG | 2810-30-0041 | &.000
.125 BODY,CNTR SUNK,
GRIPRANGE, .0635-.125

WaveTEK CD/CAGE ASSY, 2407  1216-00-0348

PARTS LIST PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION ¢ ORIG-MFGR-PART-NO MFGR WAVETEK HO. ary
Wh WS CABLE ASSY,16 IN WXT080A-41 Wi | 1217-80-0082 | 2.000
W2z CABLE ASSY,MOTHER BD 1217-50-0003 -1 1217-56-0003 1.000
YO PS BD,2407
w23 CABLE ASSY,GPIB,17%, | 1217-50-0005 w-1 | 1217-50-0005 | 1.000
2407
425 CABLE ASSY,10% POMER |  1217-50-0002 W1 | 1217-50-0002 | 1.000
ENTRY MODULE, 2407
WavETEK CABLE KIT,RP,2407 1219-00-0733
PARTS LIST PAGE: 1 REV
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REFERENCE DESIGNATORS PARYT DESCRIPTION > ORIG-MFGR-PARI-NO | MFGR | WAVETEK NO. | a7y
W06 (P)CABLE ASSY,4 IN, 1217-91-0007 W-1 1217-91-0007 ;|  1.000
SMA-SMA, . 0B5%SOFT FM
REF -DWG:0012-10-0126
wo7 (PICABLE ASSY,3 IN, 1217-91-0005 u-1 1217-91-0005 | 1.000
SHA-SMA, .0B5SOFT FH
REF DWG:0012-10-0126
W08 W09 (P)CABLE ASSY,7.5 IN | 1217-91-0014 -l 1217-91-0014 | 2.000
SMA-SMA, .OB5“SOFT FM
REF DWG:0012-10-0126
WAVETEK CABLE KIT, RF,2407 1219-00-0728
PARTS LIST REV

PAGE: 1
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REFERENCE DESIGNATORS PART DESCRIPTION >k DRIG-MFGR-PART-NO | MFGR | WAVETEK NO. | oTY
Woz (PYCABLE ASSY,4 IN 1217-92-0007 w-1 | t297-92-0007 | 1.000
SHA-SMA, . 141" CONFN
REF DWG:0012-10-0126
W24 RIBBON CABLE ASSY 1217-50-0010 W-1 | 1217-50-0010 | 1.000
20-PIN
WaveTerx CABLE KIT,ATTEN,2407 1219-00- 0742 A
PARTS LIST PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION . >k  ORIG-MFGR-PARY-NO MFGR WAVETEK NO. QTY
2 ENCLOSURE HANDLE,2407| 1410-30-8900 W-1 1410-30-8900 | 2.090
3 GUIDE PIN .150 0.D. 1410-30-8910 -1 1410-30-8910 | 2.008
4 FRONT ENCLOSURE END 1410-60-4090 W1 1410-60-4090 1.60C
CAP  AM/DIVEDUTPUT2407
5 REAR ENCL END CAP 1419-60-4170 -1 1410-60-4170 | 1.000
AM/DIV & OUTPUTZ2407
6 REAR ENCLOSURE 1410-60-4180 w-1 1410-60-4180 | 1.000
GASKET , 2407
7 FRONT ENCLOSURE 1410-60-4190 -1 1410-60-4196 | 1.000
GASKET , 2407
8 RE ENCLOSURE WITH 1410-80-2550 W-1 1410-80-259¢ | 1.000
CENTER WALL,24XX
9 SCREW 4-40X1/4% PPH 2810-22-0008 ANY 2810-22-0008 | 8.000
THREAD CUTTING,TYPE?
ZINC PLATED _
10 SCW, 82 PRUCUT, PER DESC2810-23-0091| F-§ 2810-23-0091 | 6.000
: 4-40X3/16 -
11 SEMS-PPH- INT PER DESCZB10-57-4104] F-S 2810-57-4104 4.000
4-40 X 1/4 WPPER B/P
12 HUT 3/8 ACRUSS FLATS | 2810-16-0030 E-S 2810-16-0030 | 6.000
,250-35 THREAD
13 1,LM,1/6X.408X.018 30-420 F-S 2810-28-0001 | 6.009
HW102-000
14 WASHER, FLATPER B/P | 2810-26-0017 W-1 2810-26-0017 | 6.000
A700 PC ASSY,AM/DIV 8D, 1110-00-2314 W-1 1110-00-2314 | 1.000
2407
A800 PC ASSY,OUTPUT ED, 1116-00-2313 W-1 | 1110-00-2313 | 1,000
2407
WAVETEK ENCLOSURE , AM/DIV & 1114-00-0534 ¢
QUTPUT, 2407
PARTS LIST PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO KFOR WAVETEK NO. | QTY

2 ENCLOSURE HAMDLE,2407] 1410-38-B900 W-1 1410-30-8000 | 2.060

3 GUIDE PIN .150 0.D. 1410-30-8910 W-1 1410-30-8910 | 2.000

4 FRONT ENCLOSURE END 1410-60-4110 u-1 1410-66-4110 | 1.000
CAP, SYNTH, 2407

5 REAR ENCLOSURE 1410-60-4180 -1 1510-60-4186 | 1.000
GASKET, 2407

6 FRONT ENCLOSURE 1410-60-4190 W-1 1440-60-4190 | 1.000
GASKET, 2407

7 REAR ENCLOSURE END 1410-60-4260 W-1 1410-60-4260 | 1.000
CAP{TOP D-SUR ONLY),
2407

8 RF ENCLOSURE WITH 1410-R0-2590 y-1 1410-80-2590 | 1.000
CENTER WALL ,24XX

9 SCREW 4-40X1/4% PPH 281G3-22-0008 ANY 2810-22-0008 | B.0OOD
THREAD CUTTING,TYPET
ZINC PLATED

10 SCW, 82 PFUCUT, PER DESC2815-23-0091| #-3 2810-23-0091 | 6.000
4-4DX3716

11 SEMS-PPH-INT PER DESCZ2810-57-4104| F-3 2810-57-4104 2.000
440 X 1/4 WPPER B/P

12 NUT 3/8 ACROSS FLATS | 2810-16-0030 £-5 2810-16-0030 | 1.000
.250-36 THREAD

13 1,1, 174X.408X.018 30-120 F-5 2810-28-0001 51.000
HW102-080

1% WASHER, FLATPER B/P 2810-25-0017 Yol 2818-26-0017 | 1.00D

A400 PC ASSY,S7N BD, 2407 1110-00-2315 Wt 1116-00-2315 | 1.000

WWAVETE K ENCLOSURE, SYNTH, 2407 1114-09-0535 )
PARTS LIST PAGE: 1 REV
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REFERENCE DESIGKATORS PART DESCRIPTION =~ > ORIG-MFGR-PART -NQ MFGR WAVETEK KO. QryYy

2 ENCLOSURE HANDLE,2407| 1418-30-8906 W1 1410-30-8900 | 2.000

3 GUIDE PIN .150 0.D. 1410-30-8910 W1 1410-30-8910 | 2.000

4 FRONT ENCLOSURE END |  1410-60-4100 W1 1410-60-4106 | 1.000
CAP,LO/REFEDEY MTR -
2407

5 REAR ENCLOSURE END 1410-60-4120 -t 1410-60-4120 | 1.000
CAP, 2407

6 REAR ENCLOSURE 1416-60-4180 -1 1416-60-4180 | 1.000
GASKET, 2407

7 FRONT ENCLOSURE 1416-60-4190 -1 1410-60-4190 | 1.000
GASKET | 2407

8 RF ENCLOSURE WITH 1410-80-2590 Wi 1410-80-2590 | 1.000
CENTER WALL,24XX

9 SCREW 4-40K1/47 PPH |  2810-22-0008 any | 2810-22-0008 | 8.000
THREAD CUTTING,TYPE]
ZINC PLATED

10 SCW, 82 ‘PFUCUT, PER DESC2810-23-0091| F-§ | 2810-23-0091 | 6.000
4-40¥3/16

11 SEMS-PPH-INT PER DESLZ810-57-4104| F-8 2810-57-4104 4,000
4-40 X 174 NPPER B/P

12 NUT 3/8 ACROSS FLATS | 28%0-16-003¢ F-s | 2810-16-0030 | 2.000
.250-36 THREAD

13 1,1V, 1/4X.408X.018 30-120 F-s | 2810-28-0061 | 2.000
HW102-000

14 WASHER, FLATPER B/P | 2810-26-0017 W-1 2810-26-0017 | 2.000

AG30 PC ASSY,LO/REF BD, 1110-00-2318 -1 1110-00-2318 | . 1.000
2407 :

A1400 PC ASSY,DEV METER 8D | 1110-00-2317 W1 | 4110-00-2317 | 1.000
2407

WAVETEK ENCLOSURE, LO/REF & 1114-00- 0536 ¢
PARTS LIST DEY METER, 2407 PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | MFGR | WAVETEK WO, | oty

1 CD/CAGE ASSY, 2407 1216-00- 0348 w1 | 1216-00-0348 | 1.000

2 FOAM FILTER 1410-01-5160 Wi | 1410-01-5160 | 2.000
1.20 X 1.05
FROM:3210- 99- 0050

3 FOAM FILTER, 1410-91-5170 W-I | 1410-01-5170 | 1.000
1.20 X 6.95
FROM:3210-99- 0050

4 ADHESIVE STRIP,2407, | 1410-01-5180 W1 | 1410-01-5180 | 4.000
201y, 750

5 ADHESIVE STRIP,2407, | 1410-01-5190 w1 | 1410-01-5190 | 2.000
206 80"

6 BOTTOM COVER, 2407 1410-80-2510 W1 | 1410-80-2510 | 1.000

7 FOOT,W/TIP-UP,BLACK | 10603-025 SCHRE | 2810-08-0029 | 2.000

8 FOOT,L=1.59,W=.748 | 10603-026 SCHRF | 2810-08-0030 | 2.000
BLACK W/LOCATOR TAB :

9 RIVET,AL,1/8X1/8 AD42ABS USHFS | 2810-30-0015 | 12.000

10 SEMS-PPH- INT PER DESC2810-57-6106| F-5 | 2810-57-6106 | 4.000
6-32 X 3/8 NPPER B/P

WAVETEK BOTTOM COVER ASSY, 1216-00-0347 A
24,07
PARTS LIST orcs 1 REV
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REFERENCE DESIGHATORS

PAGE: 1

PART DESCRIPTION  >< ORIG-MFGR-PART-NO- | MFGR | WAVETEK NO. | a1y
1 POWER SUPPLY, 2407 1115-00- 0050 w1 | 1115-00-0050 | 1.000
2 XFMR ASSY, 2407 1219-00- 0731 W1 | 1219-00-0731 | 1.000
3 FAN ASSY, 2407 1219-00-0732 w1 | 1219-00-0732 | 1.000
4 GPIB CONN COVER 1410-01- 4980 Wi | 1410-01-4080 | 1.000
PER B/P _
5 FAN SCREEN 1410-30- 8240 Wi | 1410-30-8240 | 1.000
FROM:3210-02- 0571
PER B/P
6 FAN GASKET 2407 1410-30-8930 W-1 | 1410-30-8930 | 1.000
7 REAR PANEL, 2407 1410-80-2470 W-1 | 1410-80-2470 | 1,000
8 GROUND LUG, #6, INT 38-111 F-s | 2112-03-0003 | 1.000
HG102- 600
9 FUSE,3AG,SB,1A,250v | MDL-1 BUS | 2470-05-0005 | 1.000
10 FUSEHOLDER/PWR ENTRY |  PE712003 CRTIS | 2410-05-0045 | 1.000
MODULE
1 CABLE CLAMP,1/4 8957 WHS | 2810-00-0004 | 1.000
12 JACK SOCKET ASSY 3341-3K17 Ma¥ | 2810-09-0035 | 1.000
13 KEP NUTS-32 9226 s | 2810-15-0007 | 4.000
14 SCREW,PH,M3.5X.6¥6MM |  PER DESC2810-23-0122| S-§ | 2810-23-0122 | 2.000
13 HOLE PLUG, 1/2 BLK P500 HEYCO | 2810-35-0001 | 1.000
HR118-000 -
16 HOLE PLUG,3/8 110-016 w-i | 2810-35-0002 | 3.000
HB118-001
17 SEMS-PPH-INT PER DESU2810-57-4104| ¥-8 2810-57-4104 2.000
4-40 X 174 NPPER B/P
18 SCW, PPH,8-32X1-3/4BK | 19074-BK OXIDE F-S | 2810-65-8128 | 4.000
19 FAR GUARD FE-3256 AFP | 3010-13-0017 | 1.000
20 LINE CORD,3-COND,SVT | 6011-80-0006 ECMC | 6011-80-0006 | 1.000
18 GA,7-1/2 FT,W/REC
EUROPEAN COLOR CODE
21 WIRE, 18,UL1015,GN/YL |  UL1015-18-EN/YL ULSP | 6013-11-8545 | 7.000
WAVETEK RP ASSY, 2407 1111-00- 0205 A
PARTS LIST REV
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REFERENCE DESIGNATORS PART DESCRIPTION ORIG-MFGR-PART-NO | MFGR | WAVETEK HO. | qrY
1 RP ASSY, 2407 2407-RP W-1 1111-00-0205 | 1.000
2 FP ASSY, 2407 2407-FP W-1 1111-00-0206 | 1.000
3 BOTTOM COVER ASSY, 1216-00- 0347 -1 1216-00-0347 | 1.000
2407
4 SCW, 82 PFUCUT, PER DESC2810-23-0096| F-§ | 2810-23-0096 | 6.000
6-32X1/4
5 StW, PPH, 6-32X3/16 1904 1HP F-s | 2810-55-6103 | 1.000
& SEMS-PPH- INT PER DESC2810-57-4104| F-s 2810-57-4104 | 9.000
4-40 X 1/4 NPPER B/P :
7 SEMS-PPH- INT PER DESC2810-57-4108{ F-§ 2810-57-4108 | 2.000
4-40 X 1/2 NPPER B/P
8 SEMS-PPH- INT PER DESC2810-57-6104] F-§ | 2810-57-6104 | 12.000
6-32 X 1/4 NPPER B/P
A1000 PC ASSY,MOTHER BD, 1110-00-2311 W-1 1110-00-2311 | 1.000
2407
ATO P1111, BARRACUDA P11 -1 1113-40-0169 | 1.000
WaveTeEK CHASSIS ASSY, 2407 1111-00-0204 B
PARTS LIST PAGE: 1 REV
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REFERENCE DESIGNATORS PART DESCRIPTION >k ORIG-MFGR-PART-NO | NFGR | WAVETEK NO. | QTY
1 CHASSIS ASSY, 2407 2407-CHAS W-1 | 1111-00-0204 | 1.000
2 ENCLOSURE, AK/DIV & 1114-00-0534 W1 | 1114-00-0534 | 1.000
OUTPUT, 2407
3 ENCLOSURE,DOUBLER & | 1114-00-0535 ¥-1 | 1114-00-0535 | 1.000
SYN, 2407
4 ENCLOSURE, LO/REF & 1114-00-0536 Wl | 1114-00-0536 | 1.000
DEV METER, 2407
5 " CABLE KIT, RF,26407 1219-00-0728 ¥-1 | 1219-00-0728 | 1.000
6 CABLE KIT,ATTEN,2407 | 1219-00-0742 v-1 | 1219-00-0742 | 1.000
7 THUMB NUT ,84-40, 75001-NP F-s | 2810-16-0037 | 6.000
NICKEL,3/B%0 X 1/4%H
A100 PC ASSY,UPROC BD,2407| 1110-00-2321 W-1 | 1110-06-2321 | 1.000
£200 PC ASSY,CONTROL 80, | 1110-00-2320 w1 | 1110-00-2326 | 1.000
2407
A300 PC ASSY,DIRECT 1410-00- 2319 W-1 | 1110-00-2319 | 1.000
DIGITAL SYN, 2407 -
WAVETEK FINAL ASSY, 2407 1118-00-0183 8
PARTS LIST PAGE: 1 REV
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FRANT FERRANTI ELECTRIC, INC. COMMACK NY 22119
FrREC FISHER SCIENTIFIC £7. LOUIS M0 80011
FRTE FalR RITE PROOUCTS CORF. Wal L KILL NY 4gee
FRXC FERFROXCUBE DIVISION SAUGERTIES NY 02114
Fut FUTARS
G-E GEMERaL ELELTRIC INDIANAPOLIS IN 2h44 0
G- BRAYHILL. INC, LA GRANGE - IL 81073
G-I GEN‘L INSTRUMENT SEMICMUTH HICKSVILLE NY 14963
G-7 GRANI! TRANSF ORMERS GHAaNDl HAVEN P Q2459
GAL GalLILEQ ELECTRO~-CGFTICE STURBRIDGE ML 28719
GARDLY GaRRY TITIV. NORTH BRUNSWICK NJ —
GHTES BATES EMERGY FROD. LENVER co S70T3
GEN GILEERT ENGINEERING CO.,INC FHOENTX Az g2316
GLE GO ELECTRONICS ROCKFORT Il BO112
GHZ GHI DEVICES, INC. CHELMEFORD Hf
GILMN GILLMAN INDIPLS iN
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GLORE GLORE MILWAUKEE Wi
GH=~NF GH NAMEFLATE s INC. SEATTLE We 22470
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GHINEC GENERAL DEVICES CO. INDIANAPOLIS IN DoE 66
DHRAT GEWFHAD INC CONCORT Fa Z46TT
Gou GOULLD, INC . 7. FaUL M BRIy
GRIES GRIEE REFRODUCLER NEW ROCHELLE NY 0Se7 3
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[ 3 *
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HI-G - HI-(G INC WINDSOR LOCKS CT 02289
HIT HITACHI AMERICA, LTI, SaN: FRANCISCO Ca XN AN
HI —MK HALL-MAaRK ELECT. : IN ﬁIﬁNmFOLIS I
HHLN HAMLIN : : LARKE MILLS WI 12617
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HOLUE HOLUR DISTRIBUTING CO. NEWRORT RY HEAXH
HEMTT HERMETITE CORF, : AVON A Q4307
HE T HARRIE CORF. SEMICIFR. LIV, HRELEKOURNE Fl 27410
MU HUDSON TOOL & DIIE COD. NEWARK NJ 02873
HWDN HOWDEN CO. NEUWARE GH
HY/FL HYIRO FLASTICS INC. GRORGETOWN KY AR
HYSOL HYSOL CORF INTIUSTRY Cha 1240%
HYSYS HYRREID SYSTEMS RELFORD HA IT200
HYT HYTRONICS - : FINELLAS FaRE Fl 29520
i-5. %ﬁgTRUHENT SFECIALTIES CO.. EELﬁdﬁhE WHTER GA FA

[y -

CIRNED INDIanA ROLT ANL NUT CO. INTIANARDL IS In
ICI ILLINGIS CAFPACITOR INC.. MORTON GROVE IL 74840
I1CC-R IC0~-Ral LY . Fall aLTO- CA L1703
Inc INTL DIQnE COR® HaREISON NJ 16068
JEL INDUSTRIAL ELZCTRONIC ENG NORTH HOLLYWOOD CA Qo464
IERC INT’L ELEL. RESEAKRCH CORF. BURBANK Ca 8978
IME ItME ELECTRONICS PROLUCTS. I SANTA FE SPRINGS CA 27TTA
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