odel 2030

MULTIFUNCTION WAVEFORM SYNTHESIZER

TNTHESTER

2038 WULTIFURCTION WAVITORN &

MAINTENANCE MANUAL

ANALOGIC. B

The Wortd
for Precision Signal Techuology



Hardware Maintenance Manual

MODEL 2030

Multifunction Waveform
Synthesizer

ANALOGIC =

The World Resource
for Precision Signal Technology



Proprietary Statement

The information contained in this publication is derived in part from proprietary and patent data of the Analogic

Corporation. This information has been prepared for the express purpose of assisting operating and maintenance
personne! in the efficient use of the instrument described herein. Publication of this information does not convey

any rights to reproduce it or 1o use it for any purpose other than in connection with the installation, operation, and
maintenance of the equipment described herein.

P/N 82-7070
Revision Preliminary
January 1993

Copyright © Analogic Corporation 1393
Ali rights reserved.
Printed in U.S.A.



Safety Precautions

The following safety precautions should be observed while operating this instrument. Failure to comply with these
precautions violates safety standards of design, manufacture and intended use of this product. Analogic Corpora-
tion assumes no liability for the customer’s failure 1o comply with these requirements.

USE PROPER GROUNDING

A three-conductor power cord is supplied with this instrument. To minimize the hazard of shock, the instrument
chassis and cabinet should be connected to electrical ground. The power cable should be either plugged into an
approved, three-wire, grounded electrical outlet or used with a three-to-two-wire adapter with the ground (green;)
wire solidly connected 1o a good electrical ground at the power outlet.

HIGH VOLTAGES

Hazardous high voltages are present inside the cabinet of this instrument. Making contact with any such voltage
levels could cause Injury or even death. Servicing should be performed only by qualified personnel.

OBSERVE ANY SPECIAL SYMBOLS MARKED ON THE EQUIPMENT

Refer to the Instruction Manual: The instrument is marked with this symbol when the user is required to

refer to the manual for special operating instructions that may prevent any hazard or damage to the
instrument.

OBSERVE ALL WARNINGS, CAUTIONS AND NOTES

The operating instructions in this user's manual include special notes, cautions and warnings pertaining to the use
of this instrument. Be sure to pay special attention 10 the foliowing items:

WARNING: Describes a condition or action that is considered hazardous to the user, such as working around
high voltages that can cause serious injury.

CAUTION: Describes a condition or action that may damage the instrument, such as applying input volages
that exceed the limitations of the instrument.

NOTE: Describes other essential information that should be brought to the user's attention, such as operat-
ing features that would otherwise be overlooked.



Warranty

Analogic warrants only to the original purchaser that this product, as purchased from Analogic or an Analogic
distributor or dealer, will conform to the written specifications for a period of one year from the date of purchase. It
the product fails to conform to these warranties, Analogic, as its sole and exclusive liability hereunder, will repair
or replace the product and/or its components within a reasonable period of time i the product is returned to
Analogic’s facility at Peabody, MA, within the warranty period as expressed above. These warranties are made
upon the express condition that:

a. The purchaser promptly notify Analogic in writing of any non-conformity with the above warranty including a
detailed explanation of the alleged deficiencies.

b. The product is returned to Analogic at the buyer’s expense only after obtaining the proper authorization from

Analogic.

When the product is returned for repair, a copy of the original bill of sale or invoice is sent with the product .

Analogic will not be liable for any incidental or consequential damages.

e. Inthe opinion of Analogic upon inspection, the product has not been misused, altered, or damaged due 10
abnormal handling and/or operation. _

1. Repairs to the product and/or its components have not been made by anyone other than Analogic or one of
its authorized repair agents.

g. The product has not been modified, altered, or changed in any manner by anyone other than Analogic or one
of its authorized repair agents.

Qe o0

THIS WARRANTY EXCLUDES ALL OTHER WARRANTIES, WHETHER EXPRESSED OR IMPLIED, ORAL
OR WRITTEN, INCLUDING WITHOUT LIMITATION WARRANTIES OF MERCHANTABILITY AND/OR FIT-
NESS FOR A PARTICULAR PURPOSE.

No term, condition, understanding or agreement purporting to modify the terms of this warranty shall have any
legal effect unless made in writing and signed by an authorized officer of Analogic and the purchaser.
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Section 1
Introduction

1.1 SCOPE OF MANUAL

This manual provides maintenance information for the Model 2030 Multifunction Waveform
Synthesizer. In general, maintaining this instrument includes periodic calibration. If a failure
occurs and repair becomes necessary, it can usually be accomplished quickly by replacing the
faulty ficld-replaceable subassembly. This manual does not cover circuit board level
troubleshooting.

The information in this document is organized into the following sections:

Section 1

Section 2

Section 3

Section 4

Section §

Section 6

Section 7

Introduction
Provides an overview of the manual and the product. Directions for getting
technical assistance are also included.

Specifications
Contains detailed product specifications.

Theory of Operation
Describes the hardware and software operation of the instrument using
functional block diagrams.

Troubleshooting & Testing
Contains quick functional checks and fault-isolation procedures for tracing a
failure to a ficld-replaceable subassembly.

Semi-Automatic Calibration
Describes a semi-automatic calibration procedure using a PC running a special
calibration software program.

Parts Replacement Procedures
Provides instructions for removing and replacing field-replaceable
subassemblies.

Schematic Diagrams
Contains circuit schemaltic diagrams of field-replaceable circuit boards and
modules.

1-1
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1.2

PRODUCT OVERVIEW

The modular design of this Multifunction Waveform Synthesizer is shown in Figure 1-1.
This Figure also illustrates the physical architecture of the overall system,

The front panel has a bright easy to read Liquid Crystal Display (LCD). Display contrast and
brightness are adjustable by software control. The combination of display and keypad
provides the user interface to the many functions of the instrument,

The CPU Board and I/O interfaces provide overall control of this system. This computer
subsystem is responsible for transmitting and receiving data on the RS232 or IEEE-488
communication links, managing the front panel keyboard and display subsystems, and storing
all the waveform calculation algorithms used by the Digital Signal Processor (DSP). The
CPU decides which algorithms the DSP will execute and what parameters it will use in its
calculations and communicates this information to the DSP on an 8-bit interprocessor bus.
This CPU Board receives power from the Digital Power Supply via the DSP Board. The
CPU Board also supplies high voltage to the front panel display subsystem.

The DSP Board acts as a motherboard for the CPU Board, the Digital Power Supply and the
Analog Subsystem. The DSP Board lies flat on the bottom of the chassis and the CPU Board,
Digital Power Supply and Analog Board stand vertically in their respective edge connectors.
The DSP calculates the waveform data points and loads them into a waveform memory. The
memory allows the DSP to store freshly calculated waveform data points while it simulta-
neously sends waveform points to the Analog Subsystem,

The Analog Subsystem consists of the Analog Board, the Filter Board and the Analog Power
Supply. This subsystem is clectrically isolated from the rest of the system. The Analog
Subsystem receives the digital data from the DSP and creates an analog waveform. The
analog reconstruction includes a high-speed digital-to-analog converter (DAC), lowpass
filters, attenuators and a highly-accurate low-noise output amplifier. The main signal output
floats with respect to the DSP and CPU boards, and is sent to the front and rear panels. The
Analog Power Supply also floats with respect to the rest of the system,
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1.3

1-4

TECHNICAL ASSISTANCE

If this product fails 10 operate upon arrival, contact your Analogic dealer or the Measurcment
and Control Division (MCD) at the Analogic factory in Peabody, MA 01960 to arrange for an
exchange. Upon contacting MCD Order Entry, you will be given a Return Material Authori-

zation (RMA) number.

To arrange for an exchange, contact MCD Order Entry:
Tel: (508) 977-3000, Ext. 3871
FAX: (508) 532-6097
For technical assistance, contact MCD Applications Engineers:

Tel: (508) 977-3000
Domestic calls: Ext. 3876, 3840 or 3844
International calls: Ext. 3011 or 3844

FAX: (508) 531-1266
To arrange for service, contact the Customer Service Office:

Tel: (508) 977-3000
Repairs: Ext. 3612
Parts: Ext, 3614

Before contacting the Customer Service Office, have the following ready:
0 Model number

Serial number

Purchase order number

Quantity being retumed

A detailed description of the malfunction

Q Your “Bill To” and ““Ship To" addresscs

o od

Upon contacting the Customer Scrvice Office, the Service Coordinator will provide you with
the following:

Q Customer service order number (CSO)
O Warranty status of the units being returned
O Repair charge, if any

The CSO numbkr is your authorization number. Please write this number on your purchase
order and shipping label.

Send all authorized retums to:
Analogic Corporation
8 Centennial Drive
Pcabody, MA 01960
Atn: Receiving Dock B.
CSO#

After the material has been retumed, you will receive an acknowledgement copy of the CSO
which will be marked with the scheduled return date,




Section 2
Specifications

Functions
Standard Waveforms...................... Sine, Square, Triangle, Puise, Ramp Up, Ramp Down, DC, Noise
Modulations and Sweeps ............... AM Double Sideband, Double Sideband Suppressed Carrier, AM Single
Sideband, Single Sideband Suppressed Carmrier, FM, PM, Decay Pulse Envelope,
Sin x/x Envelope, Linear Sweep, Log Sweep
Additional Waveforms .................... Combined Wavelorms, Arbitrary and Special Waveforms
Output
Source Impedanca ... 500/600Q2 £1% or open circuit
Amplitude Range & Resolution ......5 mV pk to 9.998mV pk in steps of 1.V
10mV pk to 99.99mV pk in steps of 10uV
100mV pk to 599.9mV pk in steps of 100uV
1V pk to 10.000V pkin steps of ImV
Amplitude Accuracy ... Analog output circuitry error less than +1% of requested amplitude at 1kHz.
Typical relative error 0.05%.
Offset Range & Resolution............. ~10.00V to +10.00V in steps of 2.5mV
Offsot ACCUIBLY .......ceevvcrererernenen. 1% £ 200 pV (20 o 30°C) 1 34 uV/rC
Freq. Range & Resolution .............. 0.001Hz to 9.999999kHz in steps of 0.001Hz
10kHz to 99.99999kHz in steps of 0.01Hz
100kHz to 999.8999kHz in steps of 0.1Hz
1MHz to 5.000000MHz in steps of 1Hz
Sinewave only: SMHz to 20MHz in stops of 1Hz
Frequency Stability ..................ovee. (intemal reference) 2ppm, 0 to 50°C, 2ppm/year
Relative Freq. Accuracy ................. 10.2 ppm ratiometric frequency error referred to Internal Reference Oscillator or
External Reference Input
NOISE ..o < 0.2mV rms with 10MHz Bandwidth; < 0.75mV rmsg with 1000MHz Bandwidth
JHEBT .. < 0.005% of waveform period +100 ps (sine); < 0.05% of waveform period +100
ps (others)
Protection ...........ccieiiiinienininns Output overloads greater than £150mA cause apening of output relay.
Safe voltage is greater than +15V on the output connector.
1801BLON ...c.eovrviirir it Common Mode voltages of <42V can be applied to the output connector.
Trigger
Manual, External, Bus
Free Run, Counted Burst, Gated, Start, Stop, Start/Stop
Sine Wave
0.001 Hz to 20 MHz
10.1 dB dec to 100 kHz
0.2 dB 100 kHz to 1 MH2z
10.3 dB 1 MHz to 20 MHz
~70dBc¢ to 20kHz
—65dBc to 100kHz
-55dBc to 1MHz
—25d8¢ to 20MHz
Phase Range..........ccccccccnncrnnnn. +360° in 0.1° increments
Phase Accuracy 11.0° dc to 100 kHz
Triangle and Ramp
Frequency Range ..............cceeeune 0.001 Hz to 5 MHz
Nonlinearity .........ccveerirnrinvirnarns 10.05% @ dc to 10 kHz; 10.5% @ 10 kHz to 1 MHz; +2.0% @ 1 MHz 1o 5 MHz
{10% to 80% on waveform)
RINGING ..o e e < 0.1% up to 10 kHz
<0.2% up to 5 MHz
Triangle Symmetry .......cccoevivinnnn. User adjustable from 5% to 95% in 0.1% steps; S0nS min. risetime
Triangle Delay Range ................... 1 1 period in steps of 0.1nS to 0.1mS, depending on trequency solkected
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Square and Pulse
Frequency Range............c.ccoceueeee 0.001Hz to SMHz
Pulse Polarity ........ccccovreeirvernrrcnnnens Positive with zero volt baseline
Duty Cydle ... Adjustable from 5% to 95% in 0.1% steps (50ns minimum risetime restriction)
Delay Range ... ivneiniinnnns 11 waveform period in steps of 0.1 ns to 0.1 ms, depending on the
frequency selected
Ris® TiMe .....ccovvcervminiririceiinniiiins 15ns from ....... 0.001Hz to 1.47Hz
10us from ....... >1.47Hz to 1kHz
1us from ......... >1kHz to 10kHz
50 ns trom ...... >10kHz to 5 MHz
16 ns in Fast Square Wave (FSQR) (typ.)
Overshoot and Ringing...................< 0.1% up to 10kHz; < 0.2% up to 5§ MHz

Noise Function

Amplitude Ranga ..........cccceeieeninne tmV to 1.8V rms in steps of 1 uV to 1 mV (no load)
Noise Spectral Distribution Pseudo random with the ability to set number of spectral lines.
Ampilitude Distnbution .................... Approaches Gaussian with zero mean, depending on the selected noise
record size.
Modulation and Sweeps
Modulation TYpes ..o AM DSB, DSB SC, AM SSB, SSB SC, FM, ®M, Exponential Decay, Sinx/x
Carrier Range......... venees 1.4T0HZ t0 20 MHZ
Modulation Rate .... ... 1.470Hz to Carrier Frequency
Modulation Span ...... ...(Within 20-MHz bandwidth)
AM: 0.0% to 200.0%
FM: lesser of tcarrior/2 or 2 MHz
PM: 7200 degrees
Envelope Distortion ............cconeenenee AM: <1%
Exponential Decay Envelope ......... 1?6~ envelope defined by peak time, duration
Sinx/x ENVeIope .........ocvvinieniviciinnonn Defined by bandwidth, repetition rate
External Modulation ...0 10 40% AM
SWEOPS ... Linear and log

Combined Waveforms
Up 1o 4 standard functions can be summed or used in modulation.

CAMBE .. resresiene Any standard function

MOdUIRLOT ..ovevereeriricreiiss e Summation of up to 3 standard functions
Modulation Type ........ccccccrurerrcirernns AM, FM, or PM

Postmodulation Summation ........... Up to 2 standard functions

Arbitrary Waveforms

Maximum Clock Rate ..............o.eeeee 50MHz, SMHz, or 384kHz intemal; 25 MHz external
Waveform Length 2k to 256k points
Waveform Library
Fast Square Wave, sine cubed, sinx/x, RC lowpass/highpass filtered square wave
General
Non-volatile Memory ......................Over 50 instrument setups
Battery Type ................. ... Lithium BR2030
Rear Panel Inputs ........ .... Tngger, Ext. Clock/Raference, Ext. Modulation (AM)
Rear Panel Outputs ............. ....Function, 10 MHz Reference, Sync/Marker
Multi-unit Frequency Sync... ... Within 0.4 ppm _
Intertaces.............c.ce.eeee.. ....RS-232 and |IEEE-488 (Model 2030A)
Operating Temperature ... ....0t0 50°C
POWBN .....ccocoeiamiiiireeeene < 30W, 100/120/220/240 Vac +15%, S0/60 Hz
Safety Class | 1o VDE 0411 (IEC348)
Dimensions 216 mm (8.5in) W, 132 mm (5.2in) H; 429 mm (16.9in) D
Weight ...6 kg (13 Ib)
Mechanical Stress Shock tested to MIL STD 810D, 40g; Vibration tested % DIN |EC 68-2--6,

5 to 55 Hz (sine) 49 rms, 80 to 300 Hz (random)



Section 3
Theory of Operation

3.1 ARBITRARY WAVEFORM GENERATORS

This Multifunction Waveform Synthesizer is classified as an Arbitrary (ARB) Waveform
Generator. Before describing the actual instrument that you have purchased, let’s become
familiar with this type of instrument.

3.1.1 Definition of an ARB Waveform Generator

An ARB Waveform Generator can produce waveforms of any shape from user-supplied
information. Signal or Function Generators can only produce a small predefined set of
waveform types. For example, the waveform that simulates middle “c” on the piano might
look like the waveform in Figure 3-1. This function is not available on any function genera-
tor, but you can define the waveform to an ARB gencrator and produce the signal.

Figure 3-1. Middle C Waveform Example

AR

(¢] 5
-0.5
-1.0

-1.6

Other ARB wavcforms can be medical waveforms such as EKG and EEG, acoustical signals,
speech simulation, sonar or radar pulses, telephone and computer modem signals, or simu-
lated ac mains signals with added glitches and noise.
A typical ARB gencrator can do some or all of the following functions:
O  Accept waveform data files via a computer interface (IEEE-488)
Automatically generate standard waveforms (sine, triangle, etc.)
Modify standard shapes by adding noise, offset, symmetry, etc.
Automatically generatc complex waveforms such as AM, FM, Sweeps, etc.

Mathematically manipulate or combine multiple waveforms

C 0000 O

Entry of waveform definitions using algebraic equations
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3.1.2

3-2

Typical ARB Generator Operation

Figure 3-2 shows the basic blocks of a typical ARB Waveform Generator. Waveform data,
previously stored in memory, is sent to a Digital-to-Analog Converter (DAC). The data
consists of a series of numbers, cach of which is one point in time on the voltage waveform.

Figure 3-2. ARB Generator Basic Block Dlagram

Series of [ 5009
Numbers:| 12es

2408
3314
3885
4006

‘ !
M " ' ' Analog
emory \ - ,
256K Words || DAC>‘" Roconstruction | ip.{ Attenuators @
Amplifiers

Figure 3-3 shows how the memory is structured in this application. The memory address is
generated by an address counter. Its clock rate, and start and loop-back addresses are deter-
mined by the operating program of the system.

Figure 3-3. Wavetorm Memory Structure

High-Speed High-Speed
VO Port Waveform 1O Port
Data Memory
To/From (| "R AW) Data to DAC
Memory
Variable Memory Address
Clock b
Address
Programmable Start and Counter
Loop-Back Address *

Figure 3-4 shows one cycle of a waveform based on eight points. Note that the waveform
data is generated so that the last point in memory smoothly connects with the first point. The
DAC receives these time samples, or numbers and generates a sampled version of the original

waveform.
Figure 3-4. Waveform Data Example — 8 points/cycle
3
)
1 ] 1
1i [ R 5
' 1 ] First H
Firstpoint \o 1+ rst point
6 )
7 Last point
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A programmable lowpass reconstruction filter (Figure 3-5) recreates the original waveform

by removing unwanted signal components. This filter is usually a series of filters covering

diffcrent frequency bands. The Filter must block all frequencies above 1/2 of the waveform
sampling frequency.

Figure 3-5. Reconstruction Fliter Biock Diagram

) 100-kHz 1-MHz 20-MHz
Signal In Lowpass Lowpass Lowpass
Filter Fiker Filter
Signal Out
O
Filter Output
1 .
1 Sampling Sampling
2 Frequency Frequency

Finally, the waveform passes through signal conditioning circuitry (Figure 3-6) before
reaching the output connector. This circuitry usually includes a serics of aticnuators, an
offsct voltage circuit and an output amplifier.

Figure 3-6. Signal Conditioning Block Dlagram

ouUTPUT
AMP
INPUT
FROM 6dB }-12dB | {2448 OUTPUT
FILTERS
OFFSET
VOLTAGE
GENERATOR
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3.2

3-4

SYSTEM OVERVIEW

The basic functional blocks of this instrument are shown in Figure 3-7.

The CPU Board controls the overall operation of the instrument. It contains a microprocessor
(uP) chip which is referred to as the Control WP to distinguish it from the Digital Signal
Processor (DSP) on the DSP Board. The P can communicate with external devices using
the RS232 interface and the IEEE-488 General Purpose Instrument Bus (GPIB).

The Front Panel includes a LCD display screen, a2 numerical keypad interface, several soft-
ware control keys (“Softkeys') and a Rotary Encoder knob. The display screen and Front
Panel keys enable you to operate the instrument through the interactive Graphics User
Interface (GUI).

When the CPU WP is instructed to generate a waveform, it sends commands to the Digital
Signal Processor (DSP) on the DSP Board. The DSP is a very fast and powerful micropro-
cessor, It is solcly responsible for performing all the waveform point-by-point calculations
and producing the waveform output of the instrument, The calculaied waveform data is
temporarily stored in video RAM (VRAM) before being sent to the Analog Subsystem.

Digital waveform data is sent from the DSP Board to the Analog Board in the Analog Sub-
system. The Analog Subsystem is electrically isolated from the rest of the system. Itis
powered by a scparate dc power supply and all data and control signals are transferred via
magnetic couplings. The Digital-to-Analog Converter (DAC) on the Analog Board converts
the pre-calculated waveform data to an analog output. The DAC output passes through
reconstruction filters on the Filter Board before going to the output connectors.

This system is powered by two identical switching-regulator power supplies, one for the
digital section and one for the analog section. Each is fed by separate secondary windings of
a common ac line transformer. The Digital Power Supply Assembly is mounted above the
DSP Board in front of the Power Input Module on the Rear Panel. The Analog Power Supply
Assembly is bolted onto the Analog Board.
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Figure 3-7. System Function Block Dlagram

J

FILTER BOARD

Display
Data
Display H IEEE-488
Screen V:‘g;e = 5 iy M GPIB
t attery —_.| Memory Interface
“®—1 Driver Back-up T_|
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(-} arg peelf—e—y
& Fyfltc))otary Keyboard| Keyboard Control  [“@——®» RS232
Encoder Data | Scanner Serial Dat uP Serial
N = eriai pata " Interface
Interface
DC Inter-Processor
Power Communications
EXTTRIG ~ ——® : gﬁ?
EXT CLOCK IN —— - ®
]
' DSP BOARD — SYNC MARKER
Digital )
Power [~ L CLOCK OUT
Supply : 12-Bit Waveform
) Data
AC Mains SERIAL
* BUS
Line ISOLATION BARRIER
[t Bl Sl Al R S 1
. Transformer .
' * Analog !
' — Subsystem !
' Isolation Circuits 0
. Analog .
. Power {—m )
: Supply ANALOG BOARD — MAINOUT |
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t ‘ 1
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Figure 3-8. CPU Board Functional Block Diagram
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3.3 CPU BOARD

The CPU Board (Figure 3-8) controls the overall operation of the instrument. It is respon-
sible for generating the menu-driven user interface, reading the keyboard and Rotary Encoder
inputs and directing the functions of the DSP. The CPU Board can communicate with
external hosts or devices via the RS232 interface and the IEEE-488 General Purpose Instru-
mentation Bus (GPIB).

3.3.1 Control uP

The Control puP directs all functional activity of this board and the instrument based on the
fimmware program. The uP is reset by a Reset Circuit pulse which is triggered at power-on or
whenever the reset switch is pressed on the top edge of the board.

Timing for the uP and system clocks is based on a 14.7456-MHz crystal oscillator. Since the
RS232 serial communications interface is included in the WP chip, the clock frequency was
chosen to make the Control UP easily configurable for standard RS232 baud rates.

The WP addresses the on-board functions via the Address Buffer. Data is exchanged with the
HP through the Data Multiplexer which interfaces with the DSP Board, on-board memory, the
GPIB interface and the Front Panel functions.

3.3.2 On-Board Memory

On-board memory (Figure 3-9) consists of EPROM and SRAM. The Memory Address
Decoder selects the appropriate memory section when the applicable memory address is on
the bus. The EPROM contains the program (firmware) used to operate the instrument. Part
of thc SRAM is used as general data processing memory space. When the Front Panel power
switch is set to OFF, a Battery Backup supply powers a small portion of SRAM which is used
to store the setup of the instrument at the moment the power is removed. The Memory
Address Decoder also selects the CPU-to-DSP I/O functions.

Figure 3-8. CPU Board Memory Configuration

CPU Address Bus
from Address Butfer
. EPROM
Read/MWrite Control (Program)
from pP Select
Bus Control —eeee———y
e
Select SRAM
Memory
Address CPU Board
Decoder . Data Bus
SRAM
Select ‘ + Vde
Battery
Back-Up
Select » VO Enable
to 10 Control Logic
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3.3.3 CPU to DSP Inter-Processor Communication

The instructions that tell the DSP Board how to calculate the waveform are sent to the DSP
Board over the CPU-DSP 8-bit data bus. This information is loaded into the intemal registers
of the DSP chip. The DSP registers are addressed by a DSP Register Address Bus from the
I/O Control Logic. The DSP Registers are described further in Section 3.4,

A general purpose register controls various DSP Board and Analog Board functions. The
register format is shown in Figure 3-10.

Figure 3-10. 'O Genaral Purpose Register Format

7 413 211 0

6| 5
DSP Reset Pulse —J L 1/0-t0-1XO DMA Control - Controls
handshaking of DMA transfers from

Serial Data GPIB to DSP memory.
; GPIB System Controller - Controls direction of
Serial Datato _| Serial Clock REN and IFC signals on GPIB interface.
o9 Serial Strobe #2 , ,
— Software Trigger - Sends trigger pulse (0-to-1) to
Sarial Strobe #1 ——————— DSP waveform trigger circuit.

3.34 Front Panel Interface

The front parkl interface consists of the Keyboard and Rotary Encoder Buffer and the Dis-
play Control Circuits,

A read-only Wheel Count Register (Figure 3-11) stores front panel information used by the
CPU Board. When a key is pressed or the Rotary Encoder is moved, data is latched into the
hardware and an interrupt is sent to the pP. This register and the Keyboard register are
examined during interrupt servicing.

Figure 3-11. Wheel Count Register Format

71 6] 5| 4]3]2 1 0

Not Used :]

L Count: Number of wheel ticks (1)
since the last reading

Sign Bit:
Front Panel Interrupt: 0 = Positive
0 = No interrupt 1 = Negative

1 « Interrupt has occurred )
— Change in wheel motion:

0 = No wheel motion detected since last reading
1 = Wheel motion detected
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The read-only Keyboard Register (Figure 3-12) works in conjunction with the Wheel Count
Register described previously. Status bits FPI and CHG are duplicated so that by reading
either bit the source of the interrupt is immediately determined. A Keyboard scanning signal
clock is generated by a read/write counter register in a timer chip.

Display contrast is controlled by pulse-width modulation. In the timer chip, a second read/
write counter register is used to control the contrast of the display screen. A third read/write
counter register controls the drive signal for the display backlighting high-voltage output.

Figure 3-12. Keyboard Register Format

716|543 2 1 0
L J L J
1 |
Input Row Scan Column
{Data read determines speclied row/column intersection.)

CHG - Change in whee! motion:
0 = No whee! mation datected since last reading
1 = Wheel motion detected

— FPIl-Front Panel Interrupt:
0 = No interrupt
1 = Interrupt has occurred

3.3.5 Serial Interface (RS232)

The controller for the RS232 serial communications port is located inside the PP chip.
However, external line drivers are used to buffer the Transmit/Receive lines between the uP
and the external connector,

3.3.6 GPIB Interface

The GPIB interface consists of a TMS9914 GPIB Controlier chip with bus drivers to buffer
signals between the chip and the external connector. This device enables the instrument to
comply with IEEE488 Standards. For more information, refer to specifications IEEE-488.1 -
1987, IEEE-488.2 - 1987, SCPI April 1990 and the TMS9914 GPIB Controller User's Guide,
Texas Instruments #1602246-9701.
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Figure 3-13. DSP Board Functional Block Diagram
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3.4 DSP BOARD

The DSP Board (Figure 3-13) is responsible for generating a digitized waveform and transfer-
ring it to the Analog Subsystem which converts the digital data to an analog output. The DSP
is controlled by instructions received from the CPU Control Microprocessor (JP).

The DSP Board basically consists of a DSP chip, 32k words of static RAM (SRAM), 512k
words of video RAM (VRAM) and control circuits for various functions. The DSP Board
also provides signal paths for the CPU-t0-Analog Board serial interface and the Output

Overload flag which are discussed in the Analog Subsystem section. The DSP Board does

not affect the function of these signals.

3.4.1 The DSP Chip

The heart of the DSP Board is a low-power, user-programmable DSP chip which is a very
fast and powerful processor. The CPU Boards sends instructions to the DSP 1o tell it how to
calculate the waveform. The CPU writes these instructions into the DSP internal registers.
Using the intemal DSP data bus and VRAM, the DSP calculates the user-selected waveform.
As the waveform is calculated, the DSP builds an address table which is used when transfer-

ring the calculated waveform to the Analog Board.

3.42 CPU -to-DSP Control Registers

The CPU pP controls DSP functions using internal registers in the DSP chip. The DSP Host
Port Register controls CPU-to-DSP data transfers. The DSP Host Port consist of eight data
bits, three address lines plus control signals. The Trigger Mode Register (Figure 3-14) is an
8-bit register that controls the trigger source and trigger type. The Counter Register (Figure
3-15) controls the variable clock source rate, trigger level and memory refresh clock rate.

Figure 3-14. Trigger Mode Register Format

MSB
7] 6

LSB
0

5 4

L

L Trigger Type:
00011 = Free Run
01110 = + Gated
01100 = — Gated
01010 = + TOo +
01000 « — TO ~
00010 = + Start
00000 = ~ Start
10010 = + Stop
10000 = - Stop

0 = Not Valid
2= GET 488

Trigger Source:
1 = External Trigger
3 = Software Trigger

— Used for DSP initialization.

Figure 3-15. Counter Reglster Format

MSB

LSB

oo+

E

0 |

Counter 0:
Variable Clock Rate =
0002, (2.5 MHz) to

FFFFg (76.29511 Hz)

Counter 2:
Refresh Clock Rato =
40 (78.125 kHZ)

— Counter Input Data

Counter 1:

Trigger Level =

0116 to 3F16 (78 mV/it)
01 = 2.73V
24 = OV
3F = ~2.106
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3.4.3

Trigger and Gate Control

The Trigger and Gate Control circuit (Figure 3-16) selects a trigger source from one of three
inputs and produces the GATE signal. GATE is determined by the Trigger Source Data from
the CPU and Trigger Type Data from the DSP.

Figure 3-16. Trigger and Gate Control Circuit

EXT.
TRIG
IN

CPU-DSP Data Bus

DSP Data Bus
Counter Trigger Gate
Type Type
Register Data Data
Trigger
Level
EXT
External | TRIG . Memory and DAC
Trigger [ ™ Trigger Gate Gate Gate Clock Enables
Circuit ™ Control State
gger Machine
Source —— DSP interrupt
Software Trigger —®»={  Mux
IEEE-488 Trigger ——pm-
99 End of block flag
from harware
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Three trigger sources are sent to the Trigger Source Mux: an extemal trigger, a soilware
trigger and an IEEE-488 trigger. The multiplexer selection is controlled by Trigger Source
Data from the CPU pP. The Trigger Source data is a two-bit code which selects one of three
inputs. The two-bit code remains at the multiplexer input for as long as a particular trigger
source is selected.

The extemal trigger pulse (EXT TRIG) is received from the external BNC connector on the
rear pancl. The External Trigger Circuit, which basically consists of a comparator chip, is
similar 1o the trigger circuit of an oscilloscope. The Trigger Level is adjusted by an output of
the Counter Register. The Software Trigger is generated by a software generated command.
This can be due to a signal received from the RS232 or IEEE-488 port, or a front panel
pushbutton. The IEEE-488 Trigger is a very specific type of hardware interrupt received via
the IEEE-488 port (“GET” command).

The Counter Register consists of a timing chip which is programmed by the CPU Board to
operate as a pulse-width modulator. The CPU puP Data changes the duration that the timing
chip output is high and low. The chip output is heavily filtered to produce the dc Trigger
Level signal which adjusts the trigger level of the External Trigger circuit.

The sclected trigger signal is sent to the Gate Control circuit which converts trigger pulses to
different types of gate signals as directed by the Trigger Type data input from the CPU uP.
Trigger Type data is defined by the user-selected functions. Table 3-1 describes the Trigger
and Gate output waveforms for each type of trigger.

The Gate Control and Gate State Machine are responsible for controlling the output wave-
form, This circuit, controlled by the Gate signal, the Gate Type Data and the Block Start flag
tells the other circuits how to calculate and shape the output waveform. The Gate Type Data
creates the output modes shown in Figure 3-17.
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Table 3-1. Trigger Type vs. Gate Descriptions

FREE RUN Level = Don't Care ><
The simplest mode of operation.  TRIG IN X
TRIG IN is ignored and the

Output Gate Is always ON (high)  Ouput Aways ON (High)
to produce an output, Gate _._/

+GATED l l l '
The Output Gate goes ON at TRIG L

every rising edge of TRIG IN

and goes OFF at evary falling Output ON ON

edge of TRIG IN. L —

—GATED

The Output Gate goes ON at TRIG IN____]

every falling edge of TRIG IN -

and goes OFF at every rising Output ON ON ON
edge of TRIG IN. Gato

+TO+ ‘ |
On each rising edge of TRIG TRIG IN e

IN, the state of the Output Gate

toggles. Output ON
Gate ___|

-TO- '
On each falling edge of TRIG TRIG lnm

IN, the state of the Output Gate

toggles. Output ON
Gate I

+START
On first rising edge of TRIG IN, TRIG m_f

the Output Gate goes ON and
stays on, ignoring any further Output ON
changes in TRIG IN. Gate __|

=START
On first {alling edge of TRIG TRIGIN ____| L

IN, the Output Gate goes ON

and stays on, ignoring any Ouput l ON
turther changes in TRIG IN. Gate

+STOP -

On first rising edge of TRIG IN, TRIG IN I

the Output Gate goes OFF and —_—

stays off, ignoring any further Output

changes in TRIG IN. Gate OFF

-STOP " I

On first falling edge of TRIG IN, TRIGIN ____|

the Output Gate goes OFF and .

stays off, ignoring any further Ouput ON

changes in TRIG IN. Gate QFf
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Figure 3-17. Output Waveform vs. Gate

Example
waveform in
memory:

Gate Control J

Gate Type:
SAMPLE & HOLD

-

— = A = = = == = — = =

'
BURST MODE
t

BURST & STOP I
!

AUTO RESTART!
1

AUTO & STOP |
]

!
BLOCK END » !
|

END & STOP : !

+ - - -

[P S — _—e— = = - - .y - - - - - =

3.4.4 Video RAM (VRAM)

The output waveforms are sent from the Waveform Memory (VRAM) (Figure 3-18). The
waveform memory basically consists of six VRAM chips configured into two banks, A and
B. Each bank consists of three YRAM chips to form a 12-bit output word. Maximum speed
of VRAM is 25 MHz. The memory output is held in latches before going through a high-
speed, two-to-one, 12-bit output multiplexer.

Each bank of VRAM sends a 12-bit word to the A and B Multiplexer inputs. The high-speed
multiplexer switches between the two 12-bit, 25-MHz inputs to create a 50-MHz input to the
DAC. The switching action reads the YRAM output words in an alternating manner — one at
A and then onc at B, onc at A and one at B again, etc.
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Figure 3-18. VRAM Block Diagram
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The firmware nomally views each 256k-word VRAM chip as two 256 k-word segments in
order to perform calculations more conveniently. One 256 k-word segment of each VRAM
contains the waveform currently being output while the other segment holds the next wave-
form to be calculated. The DSP uses these two VRAM segments in an altemating manner.
When the segment currently sending out the waveform is empty, the DSP switches to the
other secgment to output the next waveform. While this segment is read, the first segment
holds the next waveform to be calculated.

Each VRAM is a dual-port RAM using an 18-bit address (9 bits/row and 9 bits/column) and
a shift register for an output stage (Figure 3-19). After receiving an 18-bit address from the
transfer row and column latches, an Output Clock Pulse loads memory data into one of the
two 256-word shift register buffers (A or B). One instruction can completely fill one of the
shift register buffers. These two buffers, which operate independently, alternately shift out 4-
bit waveform data words. While data is shifted out of one buffer, data is loaded into the
other. After buffer A is empty, buffer B is read automatically — when B is empty, A is read
automatically and so on. When control switches from one buffer to the other, the output
stage sends an interrupt to the DSP which essentially tells the DSP that one buffer is empty
and nceds to be refilled while the other buffer shifts out data.

Figure 3-19. Video RAM Functlonal Biock Diagram

Output Clock P Shift Butter Empty
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4 Bits RAM Output to CPU
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Data .
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Address 256 Words
Bus
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3.4.5

3.5

3.5.1

3-16

At the beginning of a waveform, the VRAM is addressed and pre-calculated waveform data is
loaded into buffer A. The next block of 256 words is stuffed into buffer B. The firmware
then tells the system to start reading data from buffer A. When A is empty, it generates an
interrupt and switches immediately to buffer B. To service the interrupt, the DSP sends
another 256-word block of data to buffer A. It then goes back to what it was doing. While
buffer B is shifting out data, the DSP has 256-words of time to perform other tasks before it
gets interrupted again to send another block to buffer B.

The DSP retums to scrvice the buffers every 256 output words. Meanwhile, it is busy
calculating additional waveform information. For example, let’s say the unit is generating a
1-kHz waveform and you change the frequency on the front panel. At that moment, the
output shift register is still sending the 1-kHz waveform data. But, the DSP must now
calculate new waveform data due to a change in frequency.

DSP Software Controls

Several registers within the DSP memory map control the waveform digitizing functions of
the DSP. The VRAM Transfer Address Register is used to transfer data between two sec-
tions of memory. The digitized waveform output of the DSP Board is clocked out of the
serially-accessed memory (SAM) port of the VRAM. Before data is clocked out of the SAM,
it must be transferred from RAM to the SAM using this register. Data transfers can be split
transfers (32 to 512 points) or full transfers (32 to 1024 points).

The VRAM Read/Write Address Register holds the address for reading or writing data
between the DSP and VRAM. The Marker Data Register identifics the position of the marker
within a SAM. The Control Register controls the Gate Type and a compensation function for
pipeline delays in the output circuitry.

The PC Register controls the special Port C functions of the DSP chip. These functions
include VRAM read/write data format, real-time interrupt enabling, memory bank switching,
system clock selection and Gate State clocking.

ANALOG SUBSYSTEM

The Analog Subsystem (Figure 3-20) consists of the Analog Board, Filter Board and an
isolated Power Supply. This subsystem converts the calculated digital waveform into an
analog output and feeds it to the front and rear panel extemal BNC connectors. The Analog
Board receives data and control signals from the DSP Board and ¢xternal AM modulation
from the rear panel BNC connector. The Analog Power Supply module is mounted on the
back of the Analog Board. The Filter Board is also mounted on the Analog Board.

Data and Control Signal Interface

The Analog Board receives data and control signals in parallel and serial data formats from
the DSP Board. The waveform data and clock are received from the DSP VRAM over a 12-
bit data bus. Waveform amplitude, waveform offset data and various output controls arc
received serially. '

Serial and paraliel data are transferred to the Analog Board through isolation circuits., Serial
data is converted in the isolation circuits to 16-bit parallel data words, Twelve bits of this
data are latched into the Vemier and Offset DACs by Serial Strobe 0, the remaining bits arc
used for control functions. Serial Strobe 1 latches data into control registers for other func-
tions such as setting dc offsct polarity, switching AM on or off, opening or closing the output
relay, selecting output impedance, selecting attenuation and switching the Filter Board relays,
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Figure 3-20. Analog Subsystem Block Diagram
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The serial data interface is controlled by four bits in the Serial Data Interface Register (Figure
3-21). Thesc four bits are sent from the CPU Board to the Analog Board via a path provided
on the DSP Board (see Figure 3-13). The 16-bit serial data word is clocked in (MSB to LSB)
by the Serial Data Clock. When all bits have been shifted in, either Serial Strobe 0 or Serial
Strobe 1 latches the data into the hardware.

Figure 3-21. Serlal Data Interface Register Format

MSB LSB
P77, 7770777777
/1) 6 s 2% 15,9

5 4
Serial Data J J L L Saerial Strobe 0

Serial Clock Serial Strobe 1

Input data for the Vernicr DAC and Offset DAC is latched into the hardware by Serial Strobe
0. The data format for this function is shown in Figure 3-22. Bits 12 and 13 determine which
DAC receives the data word. The 12-bit Vernier DAC controls the amplitude of the Wave-
form DAC over a 2-t0-1 range. When used with the attenuators, you can achieve fine control
of the output amplitude over the full output range. The 12-bit Offset DAC controls the dc
offset that is added directly to the output. The level is independent of the attenuator. How-
ever, the maximum instantaneous signal plus offset that can be tolerated on the output is 10
volts unterminated or 15 volts terminated.

Serial Strobe 1 latches data into the hardware to control waveform filtering, attenuation,
output impedance, opening or closing the output relay, external modulation and offset polar-
ity. The data format for this function is shown in Figure 3-23.

After power-on, the latching relays are initialized by first setting bits 5 and 8 to 14 to the
opposite state and then set to the required state. Initially, the Output Relay bit (4) is automati-
cally set 1o the disconnect state.

Figure 3-22. Serlal Strobe 0 Data Format

MSB ) LSB
LY 7y
157141 13) 12[ 11{ 10| o] 8| 7| 6] 5[ 4] 3] 2] 1] 0
) L JL l
Not Vemier and Ofiset DAC Input Data
Used |
DAC Selection: [ 1T | |
00 = Not Valid Vemnler DAC Data: Offset DAC Data:
01 = Offset DAC Hex Dec Output Hex Dec Offset (open cir.)
}(1) = \'sermerDAC FADO 4000 Maximum FAO 4000 10 Volts
= [NONO
XXX Max Out x a XXX 10 Volts x XXX (2 smvse)
7D0 2000 -6.02dB(1/2)Max 000 000 Zero Volts
<7D0 Not Valid
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Figure 3-23. Serial Strobe 1 Data Format

MSB Lss
77 77 7 7
%_5314[13]12[11[1019[8{ %ggs 4%@%2 1 o|
{ ] L
_J L . L oftset:
Filter Selection: Attenuation: 0 = Negative
00 = HF (20 MHz) 0 — 66dB in 6 dB steps 1 = Positive
01 = MF (1 MHz) Fitters: External Modulation:
10 = LF (100 kHz) 0 = Off 0 = Off
11 = NOT VALID 1=0On 1=0n
— Always setto
] Output Impedance: — L~ ouput: complement of Bit 1.
y/ 0 = 50 Ohm 0 = Disconnect
A Not Used 1 = 600 Ohm 1 = Connect

3.5.2 Digital-to-Analog Conversion

Three 12-bit DACs are used to generate a waveform: the SO-MHz Waveform DAC, the
Vernier DAC and the Offset DAC. The Vemier and Offset DACs are stow DACs compared
to the 50-MHz Waveform DAC.

Parallel waveform data is clocked into the Waveform DAC to provide the main digital-to-
analog conversion, This DAC is always fully loaded and always converting at its full resolu-
tion., The Waveform DAC is usually clocked at one of three rates: 390.625kHz, SMHz or
50MHz. The frequency of the Waveform Data Clock is controlled by the DSP,

The 12-bit Waveform DAC input data word from the DSP Board generates the following
range of voltages at the output of the Waveform DAC:

Data Word (Hex) Output Level

7FF +Maximum Output (Most Positive)
000 Zero

801 -Maximum Qutput

800 Minimum Output (Most Negative)

The Vemier DAC controls the amplitude of the Waveform DAC output by performing a finc
adjustment of the main conversion. The Vemier DAC output is a function of the DC refer-
ence plus the AM modulation. This DAC, operating in conjunction with the Attenuators,
controls the output waveform over the full output range.

The Offset DAC adds a programmed amount of dc offset (10 volts) to the output waveform
at the input to the Output Amplificr, making the dc offset level independent of the Attenuator.
However, the maximum instantaneous signal plus offsct that can be tolerated is £10 volts,
unterminated and 15 volts, terminated. The offset polarity is controlled by data bit 0 in the
Serial Strobe 1 data word. The Output Amplifier has a gain of 10 and provides a 10-volt

/ peak-to-peak output into a 50-ohm load or 20 volts peak-to-peak open circuit.

3.5.3 Waveform DAC Output Filtering

The three filters on the Filter Board are used in conjunction with the Waveform DAC clocks
to reconstruct the output waveform. These filters are program-selectable by the CPU Board
via the Serial Data Interface. The controlling data bits (bits 12-14) are latched into the
hardware by Serial Strobe 1.
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3.5.4

3.5.5

3.5.6

3.5.7

3.6

3-20

Attenuators

The Attenuators are connected together in various combinations by relays to provide 0 to 66
decibels of attcnuation in 6-dB steps. The relays are controlled by serial data bits 8-11 in the
Serial Strobe 1 data word.

Current Limiting

The Current Limiter monitors the output current. If the output current exceeds 150
milliamps, the Current Limiter circuit sends the Output Overload signal to the CPU Board via
a path provided on the DSP Board. Output Overload causes a CPU Board interrupt - the
CPU scts a data bit in the serial data stream which is latched into a hardware register by
Serial Strobe 1 and opens the Output Relay.

Output Impedance Selection

The output impedance of the instrument is set to 50 or 600 ohms by closing or opening the
Output Impedance Relay. This is controlled by bit 5 in the Serial Strobe 1 data word.

Output Signal Control

The Qutput signal is placed on the output connector when the Output Relay is closed. This is
controlled by bit 4 in the Serial Strobe 1 data word. This relay is opened when an Output
Overload signal is sent to the CPU,

POWER SUPPLY MODULE

Both the Analog and Digital power supply modules (Figure 3-24) receive ac voltage from the
same line transformer. The line transformer receives the ac mains input via the power entry
module on the rear panel of the instrument. The power entry module contains an input filter,
the line fuses and line voltage selection switches.

Each power supply module uses a flyback switching regulator and lincar post regulation to
produce £15 volts and two 5-volt outputs (main and auxiliary). The +15-volt and auxiliary
5-volt outputs are isolated from each other and from the main 5-volt output. The main 5-volt
output shares a common with the primary side regulator and the center tap of the line trans-
former sccondary,

The ac input from the center-tapped 50/60 Hz line transformer is fed into a rectifier and filter
to produce a raw 23-volt supply (nominal). A 40kHz flyback regulator converts the raw 23
volts dc into 40-kHz duty cycle modulated power which is applied to the primary of a ferrite
core transformer on the power supply module. The switching regulator senses the main 5-
volt output and regulates the flyback duty cycle as appropriate to maintain a constant output
voltage. A power-saving circuit initially supplies power to the switching regulator circuit
from the raw 23-volt dc supply and switches to the 5-volt supply once the system is running.

A synchronous switch and filter convert ac from the switching transformer secondary to dc
for the main S-volt outpul. A crowbar circuit across the output protects the system from
catastrophic over-voltage. For the auxiliary supplics, rectifier and filter circuits produce
partially-rcgulated dc voltage from the switching transformer secondary windings. The linear
post regulators then provide tightly-regulated, low-ripple 5-volt and £15-volt outputs.
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Figure 3-24. System Powar Supply Functional Block Diagram
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4.1

4.2

4.3

4.3.1

4.3.2

Section 4
Troubleshooting and Testing

INTRODUCTION

This section includes troubleshooting and testing information used for isolating failures to a
field-replaceable subassembly. Several quick functional checks are provided which can be
used to verify that the basic functions of the instrument operate as specified.

RECOMMENDED TEST EQUIPMENT
The following equipment is recommended for troubleshoooting:
Q Tektronix Model 2465 High-Speed Oscilloscope or equivalent
U Tektronix 7A22 Differential Input Scope Plug-In or equivalent
QG HP3458A AC-DC Voltmeter or equivalent

QUICK FUNCTIONAL CHECKS

These quick functional checks do not require removing the covers from the instrument. All
checks are performed at the front and rear panels using bench test equipment. The results of
these checks are only general indicators of the problem. To further isolate the problem to a
subassembly, see Section 4.4.

Power-On Check

If you are experiencing trouble, it is important to first check that the instrument is inititalized
properly at power-on.

(1) Check that the Power Input Module on the Rear Panel is set for the correct ac line
voltage. If incorrect, refer to your User's Manual for instructions on changing the line
voltage setting.

(2)  Set Front Panel power switch to ON.,

(3) Note that the instrument performs a self test during which the manufacturer’s name and
the firmware revision number are displayed bricfly on the display screen. When the
power-on process is complete, the display screcn will show whatever display was on it
when the power was sct to OFF,

(4) If the instrument fails to follow this sequence, either the CPU Board, the Front Panel
Assembly or the intemnal power supplies could be faulty. If necessary, see Section 4.4
for further troubleshooting. See Section 6 for parts replacement procedures.

Front Panel Checks

Operating the Front Panel keys tests the user Interface of the instrument. Any malfunctions
discovered here may point to a faulty Front Panel Assembly or CPU Board. Referring to
Figure 4-1, verify that all keys perform their respective functions. Refer to your Hardware
User’s Manual if you need more information about local operation.
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Figure 4-1. Front Panel Key Functions
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If you detect a malfunction, replace the CPU Board first to correct the problem. If the
problem still exists, replace the Front Panel or Display Cable Assembly. If necessary, see
Section 5 for further troubleshooting. See Section 6 for parts replacement procedures.

4.3.3 Quick Output Checks

(1) Using a BNC-t0-BNC cable, connect the oscilloscope to the front panel main output.

(2) Run and verify any waveform. If no output, see Section 4.4,
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(3)

and verify that the output is identical. If no output, see Section 4.4.

@

connector. Verify signal on oscilloscope. If no output, see Section 4.4

(5
(6)

Move the cable back to the Front Panel main output connector.

are detected, see Scction 4.4.

4.4

ISOLATING FAULTY SUBASSEMBLIES

Move the cable from the Front Panel connector to the Rear Pancl OUTPUT connector

Move the cable from the Rear Panel OUTPUT connector to the REF 10MHZ OUTPUT

Run and verify each type of waveform using the oscilloscope. If any output problems

Table 4-1 and Figure 4-2 are provided to help you isolate failures to a system subassembly.
Figure 4-2 is a pictorial summary of functional activity within the system, Table 4-1is a

guide to locating the faulty subassembly. Locate the type of failure detected in the lefi-hand
column of the table and follow the recommended action as listed in the right-hand column,

Table 4-1. Troubleshooting Table

Fallure

Recommended Actlon

No Backlight.

1.
2,
3.

" Replace CPU Board.

Replace Digital Power Supply.
Replace Front Panel Assambly.

Backlight on but not adjustabla.

Replace CPU Board.

Display scrambied, blank, or dead
rows/columns.

1.

Raplace Front Panel Assembly.

2.  Re-initialize CPU and NVRAM (see Section 4.5).
3. Replace CPU Board.
No front or rear autput, 1. Swap front and rear output cable connections on the Analog Board (P4 and
P6). Check outputs again to isofate bad cable, replace i found.
2. Replace Analog Board.
No external AM input. 1. Replace EXT AM input cable.
2. Replace Analog Board.
No RS-232 or IEEE-488 1.  Replace /O Cable Assembly
communication. 2.  Replace CPU Board.
3. Replace Digital Power Supply.

Problems with: 1. Run DSP diagnostic routines (see Section 4.5).
'é'rigger. 2. Re-initialize CPU and NVRAM (see Section 4.5).
B S 3 Roplaca CPU B
Ext Ref, OR Sample Clock input; 4. Replace Digital Power Supply.
or oscillator “out of lock”. 5. Replace DSP Board.

Wrong waveform ofiset, amplitude or | 1.  Replace Analog Board

output impedanca. 2. Replace CPU Board.

3. Replace Analog Power Supply.
Waveform corrupted. 1.  Re-initialize CPU’and NVRAM (see Section 4.5).
2. Replace CPU Board.
3. Replace Analog Power Supply.
4. Replace DSP Board.

Power-up diagnostic errors

Replace CPU Board.

User interface locks up.

Re-inttialize CPU and NVRAM (see Section 4.5).
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Figure 4-2. Functional Summary Block Diagram
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4.5 CPU/NVRAM RE-INITIALIZE PROCEDURE

(1)  Set the power swtich to OFF.

CAUTION: High voltage is generated Inside this instrument. Be careful when operating the
Instrument with the Top Cover removed.

(2) Remove the Top Cover.

(3) Place an insulator, such as a piece of paper, under the plus terminal of the battery
holder to disconnect the battery (Figure 4-3).

(4) Carefully, attach one end of a clip lead to the chassis and momentarily touch the other
end of the lead to the plus terminal of the battey holder to remove any stored charge.

CAUTION: Do not ground the pius side of the battery Itself.

(5) Remove the insulator from the battery terminal to connect the battery.
(6) Replace the Top Cover.
(7)  Sect the power to ON.

Figure 4-3. Disconnecting the Battery on the CPU Board

Place insulator under Battery
[ +] terminal to disconnect.

- CPU Board \\ \ y Lithium Battery
o]
I r @1@ o
(
y X [52] [
e —— %
3! E@ =0

4.6 DSP DIAGNOSTIC TESTS

The firmware of the instrument contains three diagnostic tests to check the performance of
the Digital Signal Processor (DSP) Board. These tests exercise the DSP chip, its intemal
memory, the external memory and the waveform output memory. All tests are accessed by
command over the GPIB interface.

To set the instrument to the test mode, send
WAVE=TEST
To select a test, send:

DSP_TEST=<test number>
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To run the test and receive the results, send:

DSP_TEST?

To retum to a normal operating mode, set the instrument to one of the waveform modes:

WAVE=STD ... for Standard Waves
WAVE=MOD ... for Modulated Waves
WAVE=COMB . . for Combined Waves
WAVE=ARB ., . for Arbirary Waves

NOTE: "DSP_TEST=<test number>" must be sent before each "DSP_TEST" query.

Table 4-2, DSP Tests

No. | Name Successful Results
2 DSP Internal Memory Test DSP_TEST= 22
3 External Memory Test DSP_TEST« 33
4 Waveform Output Memory Test DSP_TEST= 44

Table 4-3. DSP Test Fallure Messages

Message Meaning

DSP_TEST= XX Test failed.

DSP_TEST= NO TEST Test was not specified before sending DSP_TEST?
DSP_TEST= NO UPLOAD Failure to communicate with the DSP.

4.7 POWER SUPPLY VOLTAGE CHECKS

Replacing a power supply may be avoided by measuring the output voltages first to deter-
mine if a failure has occurred. The following procedures describe how to access test points
on the Digital and Analog Power Supplies.

4.7.1 Digital Power Supply Voltage Check

The Digital Power Supply output voltages can be measured on the connector of the Digital
Power Supply. To gain access to this connector and measure the voltage outputs, do the

following:
(1)  Set the power switch to OFF.
(2) Disconnect the ac line cord from the Power Input Module on the Rear Panel.

3
@
&)

Remove the Top Cover (Section 6.2.2) and Rear Cover Assembly (Section 6.2.3).
Plug the ac line cord into the Power Input Module and set the power switch to ON.

Referring to Figure 4-4, locate the Digital Power Supply connector and measure the
voltages using a digital multimeter.

4.7.2 Analog Power Supply Voltage Check

The Analog Power Supply output voltages can be measured on the connector of the Analog
Power Supply. To gain access to this connector and measure the voltage outputs, do the

following:
(1) Set the power switch to OFF.
(2) Disconnect the ac line cord from the Power Input Module on the Rear Panel.
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(3) Remove the Top Cover (Section 6.2.2).
(4) Plug the ac line cord into the Power Input Module and set the power switch to ON.

(5) Referring to Figure 4-5, locate the Analog Power Supply connector and measure the
voltages using a digital multimeter,

Figure 4-4. Digltal Power Supply Test Points

- et
‘ 1
[ b
- ]
1
b
' o b
lll T - b
o }'. E.il
Digital Power Supply Pin Signal Range
‘] 1 415V +14.410 +15.6
2 Ground =~
= 3 -5V -14.410 -15.6
4 +18V +16.010 +18.0
5 +5V +4.9 to +5.1
6 (€77-77],": J———
7 1T I —
] 8 Ground = —---mem—— -
9 +5V +4.9t0 +5.1
\ 10 +5V +4.9to +5.1
Pin 1
Flgure 4-5. Analog Power Supply Test Points
P !
L4 ol
sl
u
D
o [ e} ® EI
Pin  Signai Range.
1 +15V +14.410 +15.6
2 Ground ccecemecacensonnsan
3 -8V +14.410 4156 Analog Power Supply /7
4 (V[ VLTV A ——
) Not Used  --—-cemecmeemeeenn
6 Ground O,
7 5.2V ~-51t0-56.3
8 52V -5.110-6.3
9 L €T72:171: Y O —
10 Ground  seeemmeeeeeeeeee Pin 1
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Section 5
Semi-Automatic Calibration

5.1 INTRODUCTION

This section describes a semi-automatic method of calibrating your Multifunction Waveform
Synthesizer using a PC and the Calibration Software disk supplied with this manual. The
Test Software can communicate with this instrument through either the RS232 or GPIB
(IEEE-488) port. If you choose to use the GPIB port, a GPIB card must be installed in the PC
before this calibration can be performed.

NOTE: The GPIB card and supporting GPIB software are not supplied with this manual.

5.2 RECOMMENDED TEST EQUIPMENT

Q IBM-PC or compatible
Q HP5334B Frequency counter with Option-01 (oven-stabilized crystal) or equivalent

O Tektronix Model 2465 High-Speed Oscilloscope with Tektronix 7A22 Differential
Input Scope Plug-In or equivalent

U HP3458A AC-DC Voltmeter or equivalent
O Non-metallic adjusting tool

QO For GPIB users: National Instruments GPIB Interface card and supporting software
(Must be compatible with software driver NI-488.2 from National Instruments)

5.3 CALIBRATION PROGRAM OVERVIEW

The calibration program begins by asking you to select the interface used to communicate
with the Unit Under Test (UUT). If using the RS232 port, the program displays its main
menu of selections (Figure 5-1). If using the GPIB port, you are ask to enter the device
number of the UUT before the main menu is displayed. To use any of these routines, just
enter the number of your choice and follow the instructions as they appear on the monitor.
Entering zero exits the program.,

Figure 5-1. Callbration Program Main Menu Display

~N

RAKRRARRNBRAANRRAAAARA N RN AR ARARRRRARRARRANRARRARANNAARARARA

MULTIFUNCTION WAVEFORM SYNTHESIZER CALIBRATION PROCEDURE
IR EEN SRR R ERE R R NN ERE R SRR RN R RNESESN SRR NEARESER SRR
{1) Link Test
(2) Osclllator Calibration
{3) Output Amplifier Flatness Calibration
(4) Converter gain, offset, and zero crossing calibration
(0) Exit

Enter cholce:
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53.1  Link Test(1)

This test is used 1o check the communications link between the PC to the Unit Under Test
(UUT). Itis a good idea to run this test after you first power-on the unit.

5.3.2 Osclliator Calibration (2)

This routine allows you to calibrate the intemal oscillator and consists of the following
adjustments:

Q
Q
Q
Q

Internal Reference Oscillator Frequency Calibration
Main Oscillator Duty Cycle Calibration

Main Oscillator Sideband Minimization

Deviation adjustment of Phase Slip Oscillator

These adjustments are performed in order. Following the last adjustment routine, the pro-
gram returns to the main menu.

533 Output Amplifier Flatness Calibration (3)

This routine allows you to adjust the flatness specification of the output amplifier. The
program retums to the main menu following this routine.

5.3.4 Converter Gain, Offset, and Zero Crossing Calibration (4)

This routine is used to calibrate the DAC output. Perform the following adjustments in order.
Following the last adjustment routine, the program retumns (o the main mem.

535 Exit (0)

Q

C0oo00o

Offset Errors in the D/A Converter REF INPUT SIGNAL
D/A Converter Absolute Gain

D/A Converter Offset

Offset Generator Full Scale

Offsct Generator Accuracy Near Zero

Offset Generator Zero Point

Entering 0 exits cal_test . exe and returns control to whatever was running before.

54 HARDWARE SETUP
5.4.1 For RS232 Communications

M

@)
3
C)
&)
(6)

52

Verify that the fuse and voltage settings of the Unit Under Test (UUT) are appropriate
for the local AC power.

Connect the UUT to the AC Mains.,

Connect the UUT serial port (RS232) to COMI1 on your PC.

Sct the UUT power to ON and wait for the self tests to run.

Set the UUT to 9600 baud, no parity, 1 stop bit; and transfer control to the RS232 port.
Install the calibration software. Refer to Section 5.5.1.
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54.2 For GPIB Communications

N

@

3)
@
&)
6

Install a National Instruments GPIB Interface card in your PC. The GPIB card must be
compatible with software driver NI-488.2 from National Instruments.

Verify that the fuse and voltage settings of the Unit Under Test (UUT) are appropriate
for the local AC power.

Connect the UUT to the AC Mains.

Connect the UUT GPIB port to the GPIB port of the PC using a standard GPIB cable.
Set the UUT power to ON and wait for the self tests to run,

Install the calibration software. Refer to Section 5.5.2.

5.5 CALIBRATION SOFTWARE INSTALLATION
5.5.1 RS232 Software Installation

For RS232 interfacing, install these two files in your computer system — these files are
provided on the Calibration Software disk:

0]
@

3)
@)

driver.bin ....RS232 software driver for the UUT
cal_test.exe ..Scmi-automatic calibration program
Copy driver.bin and cal. test.exe to your hard drive.

Add the following line to your config.sys file. Make sure that the path to
driver.bin in config.sys iscorrect. Thisline may differ from your setting if
you copied the driver to a subdirectory on your hard drive.

DEVICE=C:\DRIVER.BIN/SPEED=9600/NAME=WAVE/
TIME=100/BUFFER=1000/VERBOSE

Reboot your PC.
Run cal_test.exe to start the calibration program.

552 GPIB Software Installation

For GPIB interfacing, install these three files in your computer system — only
cal_test.exe is provided on the Calibration Software disk, gpib.com and
ibconf.exe can be obtained from National Instruments;

1)
@

3
C))

ibconf.exe ....Configuration program supplicd by National Instruments
gpib.com ...... GPIB software driver supplied by National Instruments
cal_test.exe ..Semi-automatic calibration program from Analogic

Copy cal_test.exe to your hard drive from the calibration software disk.

If not previously installed, copy gpib.com and ibconf.exe to yourhard drive
from the National disk and reboot your PC.

Run ibconf.exe and configure the GPIB interface for the UUT.
Run cal test.exe to start the calibration program.
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5.6 SYSTEM CALIBRATION PROCEDURE

Each routine of the calibration program tells you how and when to connect the test equipment
and what control to adjust. Therefore, the following is only a general guideline when the
actual calibration process begins. Figures are provided to identify the locations of adjustment
controls and test points,

NOTE: Aliow the UUT to warm up for at least one hour before performing callbration.

1)
@)

(€))
)
)

Run cal_test.exe.

Select RS232 or GPIB on the PC. If GPIB was selected, enter the device number of the
UUT (Default = DEV1).

Select the Link Test to verify that the PC is communicating with the UUT.
Remove the Top Cover of the UUT and immediately start the calibration process.

Run the Oscillator Calibration routine (#2) and follow the instructions given by the
screen prompts. Refer to Figures 5-2 through 5-5 to locate adjustments and test points.

CAUTION: The adjusting tool must be non-metallic since the osclllator frequency Is affected by

metal and because AC line voitage Is present on nearby terminals.

6)

)

(®)
®

Run the Output Amplifier Flatness Calibration (#3) routine and follow the instructions
given by the screen prompts. Refer to Figure 5-6 to locate the adjustments.

Run Converter Gain, Offset, and Zero Crossing Calibration (#4) routines and follow the
instructions given by the screen prompts. Refer to Figure 5-6 to locate the adjustments.

Calibration is complete. Enter zero to exit the Calibration program.
Set the UUT power to OFF and install the Top Cover.

Figure 5-2. Internal Osclllator Adjustment

Use with Sectlon 5.6, step (5)

{Top View, Top Cover Removed)

Internal Reference Oscillator (TCX0) Adjustment

]
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Figure 5-3. Anaiog Board Test Points 1 and 8

Use with Section 5.6, step (5)
TP8 (GND)
(Right Side View, Covers Removed) Analog Board / TP1 (CLK)
O =» \ /
N // ®
20 e

Figure 5-4. DSP Board Adjustments

Use with Section 5.6, step (5)

(Left Side View, Covers Removed)

jEEn — @
:

N ‘ 1
/ /

R200 R108 R141
50-kHz Oscillator Phase Slip Osdillator  Phase Slip Oscillator
Duty Cycle Adjustment Sideband Adjustment  Deviation Adjustment
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Figure 5-5. Location of JP9

Use with Section 5.6, step (5)
(Top View, Top Cover Removed)

LT

Ei ® @ c——>r—j]°

<
T
T

®
g : 1
‘T] 1 J
JPS
Phase Slip Oscillator
Sideband Adjustment

Figure 5-6. Analog Board Adjustments

Use with Section 5.6, steps (6) and (7)

A1 222800 A

=) N\ /
T = v

ke lp 12 I |

[\

D/A Converter Offset Generator
Absolute Gain Near Zero Crossing
Adjustment Accuracy Adjustment

D/A Converter REF INPUT D/A Converter Offset Genarator
Oftset Error Adjustment Offset Adjustments Circuit Adjustment

Output
Amplifier
Flatness

Adjustmant
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Section 7
Schematic Diagrams

This section contains the following schematic diagrams:

Name Drawing No.
CPU Interface 5-11293
DSP-Memory 5-11299
Analog Board 5-11298
Filter Board 5-13909
Front Panel Keyboard 5-13950
Power Supply 5-13907
Primary Side Wiring 5-12572
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