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Section 1
Introduction

SCOPE OF MANUAL
This manual provides maintenance infomtation 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 field-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 5

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

Troubleshooting & Testing
Contains quick functional checks and fault-isolation procedures for u'acing a
failure to a field-replaceable subassembly.
Semi-Automaric Calibration
Describes a semi-automatic calibration procedure using a PC running a special
calibration software program.
Parts Replacement Procedures
Provides instmctions for removing and replacing field-replaceable
subassemblies.

Schematic Diagrams
Contains circuit schematic diagrams of field-replaceable circuit boards and
modules.
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PRODUCT OVERVIEW
The modular design of this Multifunction Wavefomt Synthesizer is shown in Figure l-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 wavefonn 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 interprooessor 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 comteetors.
The DSP calculates the wavefonn 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 wavefonn points to the Analog Subsystem.

The Analog Subsystem consists of the Analog Board, the Filter Board and the Analog Power
Supply. This subsystem is electrically 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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TECHNICAL ASSISTANCE
If this product fails to operate upon arrival, contact your Analogic dealer or the Measurement
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 Retum 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
lntemational 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:
II Model number
II Serial number
II Purchase order number
II Quantity being returned
It A detailed description of the malfunction
:I Your "em To” and “Ship To” addresses

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

El Customer service order number (CSO)
1-L.l Warranty status of the units being retumed
El Repair charge, if any

The CSO number 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
Peabody, MA 01960
Attn: Receiving Dock B.
CSO# a1l__._pq-an-nIIIr__ 1_ - ——— I-II--I-II___ ,- ~

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



Functions
Standard Wavelonns .................... ..
Modulations and Sweeps ............. ..

Additional Wavelorrns ............ ..

Output
Source Impedance ....................... ..
Amplitude Range 3 Resolution

Amplitude Accuracy ..................... ..

Offset Range 3 Resolution ........... ..
Offset Accuracy ............................ ..
Freq. Range 8- Resolution ............ ..

Frequency Stability ....................... ..
Relative Freq. Accuracy ............... ..

Noise ............................................ ..
Jitter .............................................. ..

Protection ..................................... ..

Isolation ........................................ ..

Trigger
Source .......................................... ..

_ Modes ........................................... ..

Sine Wave
Frequency Range ......................... ..
Amplitude Flatness ....................... ..

Hamtonic Distortion ................. ..

Phase Range ................................ ..
_ Phase Accuracy ........................... ..

Triangle and Ramp
Frequency Range ......................... ..
Nonlinearity .................................. ..

Ringing .................................. ..

Triangle Symmetry ....................... ..
Triangle Delay Range .................. ..

Section 2
Specifications

Sine, Square, Triangle, Pulse, Ramp Up, Ramp Down, DC, Noise
AM Double Sldebend, Double Sldebend Suppressed Carrier, AM Single
Sidebend, Single Sideband Suppressed Carrier, FM, PM, Decay Pulse Envelope,
Sin xix Envelope, Linear Sweep, Log Sweep
Combined Wavelonns, Arbitrary and Special Waveforms

50016000 11% or open circuit
5 mV pk to 9.999mV pk in steps oi1uV
t0mV pk to 98.99mV pk in steps ol10uV
100mV pk to 999.9mV pk in steps oi 100uV
1V pkto10.000V pk in steps oi1mV
Analog output circuitry error less than i1% of requested amplitude at 1kHz.
Typical relative error 0.05%.
-10.00V to +10.00V in steps of 2.5rnV
1%i200uV(20to30°C)i34uVl°C
0.001 Hz to 9.999999kHz in steps oi 0.001 Hz
10kHz to 99.99999kHz in steps ol 0.01 Hz
t00kHz to 999.9999kHz in steps of 0.1 Hz
1MHz to 5.000000MHz in steps ol 1 Hz
Sinewave only: 5MHz to 20MHz in steps oi 1Hz
(lntemal reference) 2ppm, O to 50°C, Zpprnlyear
10.2 ppm raliometric frequency error referred In internal Reference Oscillator or
External Reference Input
< 0.2mV mrs with 10MHz Bendwiclh; < 0.75mV rrns with 1000MHz Bandwidth
< 0.005% of waveform period +100 ps (sine); < 0.05% oi waveform period +100
ps (others)
Output overloads greater than ;tt50mA cause opening oi output relay.
Sale voltage is greater than 3:15)! on the output connector.
Common M-ode voltages of <42V can be applied to the output connector.

Manual, External, Bus
Free Run, Counted Burst, Gated, Stat, Stop, Start/Stop

0.001 Hz to 20 MHz
i0.1 dB dc lb 1(1) kl-Iz
:t0.2 dB 100 KHZ in 1 MHZ
:l:0.3 dB 1 MHZ to 20 M-Hz
-70£e to 20kt-lz
-65cBc to 100kHz
—55dBc to 1 MHz
-25cBc to 20MHz
i360° in 0.1.‘ lnerernents
:l:1.0° dc to 100 kHz

0.001 Hz to 5 MHZ
:t:0.05% @ dc to 10 kHz; i0.5% @ 10 kHz to 1 MHz; 12.0% @1MHz to 5 MHZ
(10% to 90% on waveform)
< 0.1% up to 10 kl-lz
< 0.2% up to 5 MHz
User adiustdzile from 5% to 95% in 0.1% steps; 50nS min. risetime
i 1 period in steps ol 0.1nS to 0.1mS, depending on frequency selected

2-1
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Square and Pulse

Noise Function

Frequency Range ......................... ..0.001Hz to SMHZ
Pulse Polarity ............................... .. Positive with zero volt baseline
Duty Cycle .................................... ..Ad]usteble from 5% to 95% in 0.1% steps (50ns minimum risetirne restriction)
Delay Range ........................... ..:I:1 waveform period in steps of 0.1 ns to 0.1 ms, depending on the

frequency selected
Rise Time ..................................... ..15ns from ..... ..0.001Hz to t.47Hz

1011.5 from ..... ..>1.47Hz to tkl-iz
tus from ....... ..>1kl-lz va10kHz
50ns lrom .... .. >10kHz to 5 MHZ
16 ns in Fast Square Wave (FSQR) (typ.)

Overshoot and Ringing ................. ..< 0.1% up to 10kHz; < 0.2% up to 6 MHz

Amplitude Range .......................... ..l mV to 1.8V rms in steps of 1 p.V to 1 mV (no load)
Noise Spectral Distribution ........... .. Pseudo random with the ability to set number of spectral lines.
Amplitude Distribution .................. .. Approaches Gaussian with zero mean, depending on the selected noise

record size.

Modulation and Sweeps 8
Modulation Types ......................... ..AM DSB, DSB SC, AM SSB, SSB SC, FM, OM, Exponential Decay, Sinx/x
Carrier Range ............................... .. 1.4701-lz to 20 MHZ
Modulation Rate ........................... ..1.470Hz to Carrier Frequency
Moddation Span .......................... .. (Within 20-MHz bandwidth)

AM: 0.0% to 200.0%
FM: lesser of icarrier/2 or i2 MHz
PM: :i:7200 degrees

Envelope Distortion ...................... ..AM: <1%
Exponential Decay Envelope ....... .. tar" envelope defined by peak time, duration
Sinxlx Envelope ............................ .. Defined by bandwidth, repetition rate
Extemal Modulation ..................... ..0 to 40% AM
Sweeps ........................................ .. Linear and log

Combined Weveforms  
Up to 4 standard functions can be summed or used in modulation.
Carrier .......................................... ..Any standard function
Modulator ..................................... ..Summation of up to 3 standard functions
Modulation Type ........................... .. AM, FM, or PM
Postmodulation Summation ......... .. Up to 2 standard functions

Arbitrary Waveforms
Maximum Clock Rate ................... ..50MHZ, SMHZ, or 364i-tHZ lntemal; 25 MHZ exlamd
Waveform Length ......................... .. 2k to 256k points

Waveform Library

General

2-2

Fast Square Wave, sine cubed, sinx/x, RC lowpassihighpass filtered square wave

Non-volatile Memory .................... ..Over 50 instrument setups
Battery Type Lithium BR2030
Rear Panel inputs ........................ ..Trigger, Ext. Clock/Reference, Ext. Mochiation (AM)
Rear Panel Outputs 10 MHz Reference, Sync/Marker
Muiti-unit FrequencySync0.4 ppm
interfaces ...................................... .. I=isI2a2 and IEEE-488 (Model 2030A)
Operating Temperature ................ ..0 to 50°C
Power ........................................... .. < sow, roe/120/220/240 Vac 115%, soreo Hz

Safety Class i Io VDE 0411 (lEC348) -
Dimensions ................................... ..216 mm (8.5 in) W; 132 mm (5.2 in) H; 429 mm (16.9 in) D
Weight .......................................... ..6 kg (I3 lb)
Mechanical Stress ........................ ..Shock tested to MIL STD 810D, 40g; Vibration tested to DIN IEC 68-2--6,

5 to 55 Hz (sine) 4g rms, 80 to 300 Hz (random)



Section 3
Theory of Operation

3. 1 ARBITRAHY 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 s

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 wavefomr 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 defme the wavefonn to an ARB generator and produce the signal.

Figure 3-1. Middle C Wavotorm Example

1.5

1.0 P
0.5 ht

l 0 S
ll O 1 2 3 4 5

-0.5

-1.0

-1.5

Other ARB waveforms 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 generator can do some or all of the following functions:
CI Accept waveform data files via a computer interface (IEEE-488)
II Automatically generate standard waveforms (sine, triangle, etc.)
II Modify standard shapes by adding noise, offset, symmetry, etc.
II Automatically generate complex waveforms such as AM, FM, Sweeps, etc.
Cl Mathematically manipulate or combine multiple wavefonns
El Entry of wavefonn definitions using algebraic equations

3-1



Model 2030 Hardware Maintenance Manual

3. 1.2 Typical ARB Generator Operation
Figure 3-2 shows the basic blocks of atypical 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, each of which is one point in time on the voltage waveform.
Flgure 3-2. ARB Generator Baelc Block Dlegrem
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Amplifiers \

Ftgure 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. Waveform Memory Structure

High-Speed High-Speed
A Dam vo Port “¥j'"°l°m no Port

To/From  V  (éffy? Data to DAC i
Memory

vafiable Memory Address ;
Clock ,

Address
l Programmable Start and C°um9"

Loop-Back Address

Figure 3-4 shows one cycle of a wavefonn 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
wavefonn.

lgure 3-4. Waveform Data Example - B polnteieycleF

3 l
I 4 ‘ ‘

1 | 1 | 5
_,...r _

O3
viii

' i l F- . l
First point I I , "st pom

A L ____ I ,5 Last point H

3-2



Theory or Operation

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
different frequency bands. The Filter must block all frequencies above l/2 of the waveform
sampling frequency.
Figure 3-5. Reconstruction Filter Block Diagram

-. r r so - - -- - -- - -1"-'""""* — - ~ 1 — '" ’ * ’ "’ ’ ”"'""'" " m" ’ ’ t
ll

_ 1004“-{Z 1-MHZ 20 MHZ V i
Signal in Lowpass Lowpass Lowpass ti

, Filter Filter Filter It
1

;, . - ' - Signal Out A

‘, Filter Output ,

41 I

l 1 Sampling Sampling
, '2' Frequency Frequency

Finally, the wavefonn passes through signal conditioning circuitry (Figure 3-6) before
reaching the output connector. This circuitry usually includes a series of attenuators, an
offset voltage circuit and an output amplifier.

Figure 3-6. Signal Conditioning Block Diagram
i * W FFTW W A 7 WW’ ‘F’ G A W7 F

5 OUTPUT
AMP|FNR%,J E 6 > OUTPUT

FILTERS

' OFFSET "
votrnos A

, oeneamoa l
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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 ls referred to as the Control uP to distinguish it from the Digital Signal
Processor (DSP) on the DSP Board. The u.P can communicate with extemal devices using
the RS232 interface and the IEEE-488 General Purpose Instrument Bus (GPIB).
The Front Panel includes a LCD display screen, a 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). i
When the CPU |.tP is instructed to generate a waveform, it sends commands to the Digital
Sigral Processor (DSP) on the DSP Board. The DSP is a very fast and powerful micropro-
cessor. It is solely responsible for performing all the waveform point-by-point calculations
and producing the waveform output of the instrument, The calculated 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. It is
powered by a separate 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. Tire 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. Syetem Function Block Diagram

Display
A Data l

Display IEEE-488
‘ Screen High GPIB ‘

\ Backllght Battery ._';. M9m°W interface
Driver Back-up

FRONT
PANEL '<°g§§§'“ CPU aonno A

l K d Signals ——~ -
eyboar

a Rotary Keyboard lgzrabrgneerid Comm, Rsgaz
i Encoder Data Serial Data PP . Sena‘

lnterlaee Interface

‘t DC Inter-Processor
‘ Power Communications

Chip
EXT CLOCK IN —---D-

Dsp BOARD SYNC MARKER 1
Digital "
POW CLOCK ourSupply 12-Bit Wavefoml

l Data
AC Mains SERIAL 1

BUS

U06 ISOLA TION BARRIER
l‘ " ' “ “ ‘ ‘ ' ‘ ' ' ' ‘ ' ' ' ' ' ' ' ' ' ' ' ' ' ' ’ ’ ' ‘ ' ' ' ' ' ' ‘ ' ' ‘ITransformer

Analog
_ Subeyetem t

Isolation Circuits ,Analog --H r r ~ -—- — -

1111111131

-i—i

ljijjiiiiiiiiiiiij

1 Power
Supplv ANALOG eonno I MAIN ou» onset I <Fer>

Cl itAttenuators mu —I>MAIN OU
(Fiear)

i A
, F|LTER BOARD t ,

4 3 _ _ — fi _ — — — — _ — — — — — — ———eIII — Q _ — — — — — — — — — — — — — —_——_r-n

3-5



MWMMMWHMmM

Hj;Hi":__ wQ8;Yg:9:WEng__g__8WE3

28$IE“

m_lllIUj8&6Wgig_63_m__8

_g__8m__m
gag8&3

I_ mg

Emma
E2B

g“____AS8n_mgn_0_$355K_"_8v__

mg
5&65&0

__2“

__‘|||__|_a___$85

E_

£86£8gmEEm“E3gmfimfi_g__8_88__m_£8E?"v_Egg__§%v_
_ _§Q§_I_wgS&_

gEGB_§__

___ __g

_.______E2“Vg §_§___

"E
V$5§m_mm___°_____8um_m__"_o

_-_El|Il_m_’1___|_____u§% p  
%%_Elgs

Q___°__53823_E8_g__8g_D_____8_ _E;Q

‘UH__W53
Emg5

bog:_gggm§§_3%p_ Lggmggmw_3§___

_g8omgégéOPE:(HEsgmo

L Eggas

gg Ego38:10g sxmgazmiwmgn______Q_o

  Am5E0

 NabE°*°>m;mg_LE8_

ESQ V‘

8fl___2____NMN2

gmEOE
fig$0 mafi_$_

8a§____£35E

_gc8omgmmci__8___

W218%Ram___n_O A
my_6F
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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
extemal hosts or devices via the RS232 interface and the [BEE-488 General Purpose Instru-
mentation Bus (GPIB).

3 3 1 Control uP
The Control uP directs all functional activity of this board and the instrument based on the
firmware program. The p.P 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-Ml-Iz crystal oscillator. Since the
RS232 serial communications interface is included in the |.tP chip. the clock frequency was
chosen to make the Control |.lP easily configurable for standard RS232 baud rates.
The u.P addresses the on-board functions via the Address Buffer. Data is exchanged with the
p.P 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 the 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 9 CPU Board Memory Configuration

CPU Address Bus . _. .. s r . . _ s
Irom Address Buffer

. s EPROM
Rfiad/W|’ll8 Control _'.¢ . (Pyogfam) ‘II

I ”
Bus Control

Saba . - SHAH
Memory l
Address CPU Board
D9°°d9F _ y Data Bus

' SHAH
Select 1 + Vdc

Battery \
Back-Up l

S°'°°‘ uo Enable
to U0 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 lntemal 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 fonnat is shown in Figure 3-10.

Figure 3-10. U0 General Purpose Register Format
1,, , _.._. .. ,.,, i ii’ W . , _a~. -4: —:. ***._.__ i : flmi ,—.— —1*—.—*7.,,i.7,—.— — ——*,.,-; iii 7

i

l l rill 51- 3 nu
r DSP Reset Pulse —J L l/O-to-V0 DMA Control - Controls

l handshaking oi DMA transfers irom
. Serial Data GPIB to DSP memory.

A. Serial Data to Sena] mock g GPIB System Controller - Controls direction of
FIEN and IFC signals on GPIB interface.

A“a'°9 B°“"d Serial Strobe #2 P l‘—- Software Trigger - Sends trigger pulse (0-to-1) to ii
Serial $lI'0b9 #1 DSP waveform trigger circuit.

La -..- —— _ _

3.3.4 Front Panel interface
The front panel interface consists of the Keyboard and Rotary Encoder Buffer and the Dis-
play Control Circuits.

A read-only Wheel Count Register (Figure 3-1 1) stores front panel infonnation 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 u.P. This register and the Keyboard register are
examined during interrupt servicing.

Figure 3-11. Wheel Count Register Format

’ lrl 6| 5 iii 9 I2 -
“if” ‘WTNot Used r Count: Number oi wheel ticks (1)

since the last reading
Sign Bit:

Front Panel interrupt: 0 - Positive ‘
0 - N0 il‘liBI'i'Upi . 1 I Negative
1 - interrupt has occurred _— Change in wheel motion:

O - No wheel motion detected since last reading
1 - Wheel motion detected

l _; is _ ___ _ A m_ as _ - __ _ _ _ _ D ll
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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

IIBIIHHIIII
, Input Row Scan Column

(Data read determines specllled rowloolumn intersection.) ,

CHG - Change in wheel motion:
0 - No wheel motion detected since last reading l
1 - Wheel motion detected I

FPI - Front Panel interrupt: M
r O - No interrupt *

1 - Interrupt has occurred

3.3.5 Serial Interface (RS232)
The controller for the RS232 serial communications port is located inside the p.P chip.
However, external line drivers are used to buffer the Transmit/Receive lines between the |.tP
and the extemal connector.

3.3.6 GPIB interface
The GPIB interface consists of a TMS9914 GPIB Controller chip with bus drivers to buffer
signals between the chip and the external connector. This device enables the instnrment to
comply with IEEE-488 Standards. For more information, refer to specifications IEEE-488.1 -
1987, IEEE-4 88.2 - 1987, SCPI April 1990 and the TMS99l4 GPIB Controller User's Guide,
Texas Instruments #1602246-9701.
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Theory oi Operation

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

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-to-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 to tell it how to
calculate the wavefonn. 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 ealculated wavefomi to the Analog Board.

3 4 2 CPU to-DSP Control Registers
The CPU u.P controls DSP functions using intemal 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
if “T":* “WT” T H” ‘C’ iii’ TTJWT * *0

.0 ruse LSB
i BBIIBBIIII

E Trigger Type: i
00011 - Free Run griggg; 331$“: 1
01110 - + Gated '

l 01010.. T 2'GET"8801000 I f_ T3: . s - Software Trigger
00010 - + Stan 1
°°°°° - - $18" — Used lor DSP initialization.
10010 - + Stop
10000 . - Stop,.

ll.l~ ——- - _—

Figure 3-15. Counter Register Format

1 MSB _ * LSB ,
L7‘[6l5_I-4|3ll2l1|0i

if Counter lnpdt Data l
.--—"""’ I ‘“‘“_'“"“ Counter 1:

l Counter 0: Trigger Level -
. Variable Clock Rate - Counter 21 0116 to 3F16 (re mV/olt)
, 0002.6 (2.5 MHZ) to Refresh Clock Rate - Q1 ,, g_73v ;
1, FFFF,6 (76.2:->511 Hz) 4° (78-125 KHZ) 2; - 0v A3 - - 2.106
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3.4.3 Trigger and Gare 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
I ____ N47 _’-_ M _ , H —_ -- —__-_-,..,_.,-_._*_ _- - .* 2 . v _ . _ _ _-—-- — 1 7 —— *- i i

l e

1 CPU-DSP Data Bus DSP Dam Bus

-l
A Trigger Trigger Gate ~

C°""l°' Source Type Type i
999519‘ Data Data Data l

:1 EXT» Level \
Trigger T

1-me EXT .
, External TRIG _ G Memory and oac

~: © Trigger T"99°l Gare am Gar, Clock Enables *
‘ Circuit Control State 1

Trigger N
Y Source Mac M DSP lnternrpt

l Software Trigger Mu;
IEEE-488 Trigger End of block flag

\ from harware

Three trigger sources are sent to the Trigger Source Mux: an exlemal trigger, a software
trigger and an IEEE-488 trigger. The multiplexer selection is controlled by Trigger Source
Data from the CPU |.|.P. 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 iongas a particular trigger
source is selected.

The extemal trigger pulse (EXT TRIG) is received from the extemal BNC connector on the
rear panel. The Extemal Trigger Circuit, which basically consists of a comparator chip, is
similar to 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 LEEE-488 Trigger is a very specific type of hardware interrupt received via
the IEEE-488 port (“GET” command). s

The Counter Register consists of a timing chip which is programmed by the CPU Board to
operate as a pulse-width modulator. The CPU u.P 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 Extcmal Trigger circuit.
The selected 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 u.P.
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-
fonn. This circuit, controlled by the Gate signal, the Gate Type Data and the Block Stan 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.

3-12
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Tabla 3-1. Trigger Typo vs. Gate Descriptions

FREE RUN >< Level - Don't E...‘ X
The simplest mode oi operation. TRIG IN
TRIG IN is ignored and the
Output Gate ls always ON (high) Output 7 Alvflrfl ON II-liehi
to produce an output. 6'"

+GATED
The Output Gate goes ON at
every rising edge oi TFIIG IN
and goes OFF at every falling
edge of TFIIG IN.

—GATED
The Output Gate goes ON at
every falling edge of TFIIG IN
and goes OFF at every rising
edge oi TRIG IN.

+ TO +
On each rising edge oi TFIIG
IN, the state oi the Output Gate
toggles.

_TQ_
On each tailing edge of TFIIG
IN, the state oi the Output Gate
toggles.

+START
On first rising edge oi TFIIG IN,
the Output Gate goes ON and
stays on, ignoring any further
changes in TFIIG IN.

-START
On first tailing edge oi TRIG
IN, the Output Gate goes ON
and stays on, Ignoring any
further changes In TRIG IN.

+STOP ‘ N
On first rising edge oi TRIG IN,
the Output Gate goes OFF and
stays ofi, ignoring any further
changes in TFIIG IN.

-STOP“ '
On first Ialling edge oi TRIG IN,
the Output Gate goes OFF and
stays off, ignoring any further
changes in TRIG IN.

TFIIGII-l I I I I

Gate

TRIG |N___J I

Output 0"
Gate

TFIIG IN i I I I

WWI I E“ I
Gala

J

TFiIGIN_,,_,, I I I I

Output I 5“ I
Gate

TRIG IN I I I I

Output I O"
Gate

THIGIN__J I I I

Output | <5-F?“ ‘I’ ‘I
Gate

TFIIG IN I I I I

Output I
Gate . . W W .

TRIG INJ k , I I

Output G‘ I
Gate
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ure 3-17 Output Waveform vs Gate5° - t - '7 __ _- _-___

I Example
waveform in
memory: I

Gate Tyg:
~ SAMPLE 8| HOLD

Gate Comm‘ 

BURST MODE

eunsr a STOP A

AUTO HESTART

iii?

AUTO 8t STOP ‘

BLOCK END

END & STOP

3.4.

3-14

4 Video RAM (VRAM)
'I‘he 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 VRAM 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, l2—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-Ml-Iz inputs to create a 50-Ml-lz input to the
DAC. The switching action reads the VRAM output words in an alternating manner - one at
A and then one at B. one at A and one at B again, etc.
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Figure 3-18. VRAM Block Diagram

I .-----I I
' . 12 “if” 12 j 12

12 I Latch A
2ss|< F

Data I - Counter 12,8“DSP Data . I I
To/From Bum" C1 :1-Terra I Mux Q Dztato lo o r D C

Qi
DSP

I I\/FIAM 12 12

 B B II 1 256K I
t ._ _ ._ _

-L I“

_ T iéi __ ; :7 7 — — —7 ———7 — __ ____ 7" ~— — _ __ — _7_,-._ _ W" _ — _— ;—;——‘— —— ‘¢;—— —;;i4_ :_;, *A—— 7 _;———

The firmware normally views each 256k-word VRAM chip as two 256 k-word segments in
order to perform calculations more conveniently. One 256 k-word segnent 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 segment to output the next wavefonn. 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, altemately shift out 4-
bit waveform data words. While data is shifted out of one buffer. data is loaded into the
other. Alter 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 needs to be refilled while the other buffer shifts out data.

Figure 3-19. Video RAM Functional Block Diagram
wit-al:__ —_ ,1 — —.»-.-—--—~—— —; _;—_ ___ —-Yr _ _ __ ____ — — T A —7 _7— 7 7 _...___4.._-. -_-_ .,_ 7

Output Clock Shift Butter Empty
_ . R Ist Interrupt (INT A)

, \/RAM 4 B“ RAM OWPI-it 89- er to CPU
Data

. 4 _

I I Fi-AM ® 256 words 4 Waveiorm Data
9 BIIS/HOW TOI _ (2ssKB) Q .

I Xd ss 9 Brts/Column 256 wgfds I ' 12-8“ “km

,,_,,., , 7.” ,__ 1 I

Bus
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At the beginning of a wavefomt, 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
intenupt 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 service 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-kl-Iz waveform and you change the frequency on the front panel. At that moment, the
output shift register is still sending the l-kl-lz waveform data. But, the DSP must now
calculate new wavefonn data due to a change in frequency.

DSP Software Controls
Several registers within the DSP memory map control the wavefonn 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 I024 points).

The VRAM Read/Write Address Register holds the address for reading or writing data
between the DSP and VRAM. The Marker Data Register identifies 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 cireuitry.

The PC Register controls the special Port C ftmctions 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 extemal 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, waveforrnoffset data and various output controls are
received serially. I

Serial and parallel data are transferred to the Analog Board through isolation circuits. Serial
data is converted in the isolation cireuits 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 are
used for control functions. Serial Strobe 1 latches data into control registers for other func-
tions such as setting dc offset 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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The serial data interface is controlled by four bits in the Serial Data Interface Register (Frgure
3-21). These 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 l latches the data into the hardware.

Figure 3-21. Serial Date Interface Register Format
F 1” file "‘""** W T" * * *0 * * 1

l

. it1 Serial Data Serial Strobe O
Serial Clock Serial Strobe 1

l__ _** _ J

Input data for the Vemier DAC and Offset DAC is latched into the hardware by Serial Strobe
O. 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-to-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 :i: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. extemal modulation and offset polar-
ity. The data fomtat for this function is shown in Figure 3-23.
After power-on, the latching relays are initialized by first setting bits S 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 to the disconnect state.

Figure 3-22. Serial Strobe 0 Data Format

a_

use . tse
I Y I I if 7771”101211100 0 1 0 sa 2_1 0

Not Vemier and Oiiset DAC Input Data
Used l .__. ._[———— | ———|

DAC Selection: | - --- - - . ..__ .-
00 = Not Valid Vernier DAC Data: Oiiset DAC Data:
01-Otfse_tDAC Hex Dec Output Hex Dec Offeet (open cir.)
10=V@ruwrDA0 FAO 4000 Maximum FAO 4000 10 Volts
11 -= N°“° xxx Max 001 x % xxx 10 v0110 >1 %§ (2.5mWLSB)

7D0 2000 -6.02dB(1/2)Max 000 000 Zero Volts
<7D0 Not Valid

: _ f __ f _ _ _ _ _ _4l

l
l
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Figure 3-23. Serial Strobe 1 Date Format
i ”“‘"‘ ‘"3 F T ‘

Operation

MSB _W__ g g_ LSB

1 1-1l10|12]11 10 0 flfififlflfiflflfl
1 1T1 f L .

‘ Filter Selection: Attenuation: L gizsfitégativg
O0 1- HF (20 MHZ) O - GBCIB in 6 dB steps 1 1- Positive

10-LF(100kHz) 0.0" °_ofl
11- NOT wtuo 1.00 1-0"

Always set to '
‘ 7 Output lmpwance: Output: Oomplement Of Bit

/ 0 - so Ohm _ ~
% Not Used 1 - 600 Ohm E, 1-

1
‘__

01 MF (1 MHZ) Fillfifl‘-=1 External Modulation:

__;i; _ ___ __ _ 1__ ___ _;_; ; —___ _; ;_ ___;—_1~; —;— _ 4~ ___———_— -7 —— ——-—— — ——_ — — 5 ~ —_—- -—— 7 _4-——+—

3.5.2 Digital-to-Analog Conversion
Three 12-bit DACs are used to generate a waveform: the S0-MHz Waveform DAC, the
Vernier DAC and the Offset DAC. The Vernier and Offset DACs are slow DACs compared
to the S0-M112 Waveform DAC.
Parallel waveform data is clocked into the Wavefonn 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. SM]-lz 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 (Herr) Output Level
7FF +Maximum Output (Most Positive)
000 Zero
801 -Maximum Output
800 Minimum Output (Most Negative)

The Vemier DAC controls the amplitude of the Waveform DAC output by performing a fine
adjustment of the main conversion. The Vernier 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 wavefonn over the full output range.
The Offset DAC adds a programmed amount of dc offset (:|:l0 volts) to the output waveform
at the input to the Output Amplifier, making the dc offset level independent of the Attenuator.
However, the maximum instantaneous signal plus offset that can be tolerated is d:10 volts,
unterminated and :l:5 volts,tem1inated.t The offset polarity is controlled by data bit 0 in the

g Serial Strobe l data word. The Output Amplifier has a gain of 10 and provides a 10-volt
/1 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 wavefonn. These filters are prograrn-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 l.
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3.5.4 Attenuators
The Attenuators are connected together in various combinations by relays to provide 0 to 66
decibels of attenuation in 6—dB steps. The relays are controlled by serial data bits 8-11 in the
Serial Strobe l data word.

3.5.5 Current Limiting
The Current Limiter monitors the output current. If the output cunent 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 sets a data bit in the serial data stream which is latched into a hardware register by
Serial Strobe 1 and opens the Output Relay.

3.5.6 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 l data word.

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

3.6 POWER SUPPLY MODULE

3-20

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 flybaclr switching regulator and linear post regulation to
produce ;i:l5 volts and two 5-volt outputs (main and auxiliary). The il5-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 secondary.

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 40k]-Iz 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 S-volt supply once the system is nrnning.
A synchronous switch and filter convert ac from the switching transformer secondary to dc
for the main S-volt output. A crowbar circuit across the output protects the system from
catastrophic over-voltage. For the auxiliary supplies, rectifier and filter circuits produce
partially-regulated dc voltage from the switching transformer secondary windings. The linear
post regulators then provide tightly-regulated, low-ripple 5-volt and :l:l5-volt outputs.
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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:

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

Cl 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 perfonned 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.

4 3 1 Power-On Check
If you are experiencing trouble, it is important to first check that the instrument is inititalized
properly at power-ort
(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 briefly on the display screen. When the
power-on process is complete, the display screen will show whatever display was on it
when the power was set to OFF.

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

4 3 2 Front Panel Checks
Operating the Front Panel keys tests the user Interface of the insuument. Any malfunctions
discovered here may point to a faulty Front Panel Assemblyor 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 W W g g _

Move Left I Delete Key
, Moves t or e n a numeric field;curs

steps through a list ol selections in
bottom-to-top order; deletes last digit
entered during numeric entry.

Rotary Encoder Move RE ht Key
o ncrease or ovest cursor

decrease a numeric right in a numeric
value, or scroll through lield; steps through a
a pre-defined list oi list of selections in

gififi parameter selections. top-to-bottom order.Select or activate the function displayed on the screen.

STANDARD wave
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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 pans replacement procedures.

4.3.3 Quick Output Checks
(1) Using a BNC-to-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) Move the cable fi'om the Front Panel connector to the Rear Panel OUTPUT connector
and verify that the output is identical. if no output, see Section 4.4.

(4) Move the cable from the Rear Panel OUTPUT connector to the REF IOMHZ OUTPUT
comrector. Verify signal on oscilloscope. If no output. see Section 4.4

(S) Move the cable back to the Front Panel main output connector.
(6) Rllll and verify each type of waveform using the oscilloscope. If any output problems

are detected, see Section 4.4.

4.4 ISOLATING FAULTY SUBASSEMBLIES
Table 4-l 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-l is a
guide to locating the faulty subassembly. Locate the type of failure detected in the left-hand
column of the table and follow the recommended action as listed in the right-hand column.

Table 4-1. Troubleshooting Table .

 Hmmmsndsd Action
No Backlight. 1. ‘ Replace CPU Board.

2. Replace Digital Power Supply.
3. Replace Front Panel Assemb .

Display scrambled, blank, or dead 1. Replace Front Panel Assembly. R
'0“/°°'"m "=- 2. Re-initialize CPU and rwnau (see Section 4.5).

R = laceCPU Board.

P6). Check outputs again to isolate bad cable, replace if found.

. Re/pace Ana - - Board.
No RS-232 or IEEE-488 . .Rep ace V0 Cable Assembly
<=°m"w"l¢a1l°"- Rep? ace CPU Board.

R ‘aceD‘ ital Power Su;,- .
Problems with: Run DSP diagnostic routines (see Section 4.5).

Trigger, Re-initialize CPU and NVRAM (see Section 4.5).
Sync/Marker Output, H CPU Bo d_
Rel. 10MHz Output, “P °°° 3'
Ext Rel. on Sample Clock input; R°P ‘=‘°° °'9"a' '°°“'°' SUPP"-
or oscillator “out oi lock‘. Rep 800 DSP Board.

Wrong waveform offset, amplitude or Replace Analog Board
°l-“Pl-R lmP°d3"°°- Repgace CPU Board.

Replace Anal Power Su .
Waveform corrupted. Re-Initialize CPU'and NVRAM (see Section 4.5).

Replace CPU Board.
Replace Analog Power Supply.

4. R laceDSP Board.
i

-»ro

N

F-°!°r".¢°!°:"P".*"S-°!\9."‘.°*!°""‘>"

Power-u d anostic errors Relace CPU Board
User rnterlace locks up Re-initialize CPU and NVRAM see Section 4 5
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Troubleshooting and

4.5 CPU/NVRAM RE-INITIALIZE PROCEDURE
(1) Set the power swtich to OFF.

Testing

 

CAUTION: High voltage is generated Inside this instrument B0 careful when operating the
instrument with the Top Cover removed.
i- 

(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 temtinal of the battey holder to remove any stored charge.
 

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

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

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

Place insulator under Battery
[+] terminal to disconnect.

CPU Board S Lithium Battery

-I5-‘II FE M S"so .. _ Q
u "t '* in T "H" ' , 1

l '- Q.
L Egn|||||t|||——
U q °

I : Q O 1

|
El

4.6 DSP DIAGNOSTIC TESTS
The firmware of the instrument contains three diagnostic tests to cheek the performance of
the Digital Signal Processor (DSP) Board. These tests exercise the DSP chip, its intemal
memory, the external memory and thewaveform 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=<t;est number->
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To run the test and receive the results, send:
DSP_'I'ES'I'?

To retum to a normal operating mode, set the instrument to one of the wavefonn modes:
wAvE=sTn . . . for Standard Waves
WAVE=MOD . . . for Modulated Waves
WAVE:==COMB . . for Combined Waves
WAVE==ARB . . . for Arbirary Waves

NOTE: "DSP_‘FEST:-eteet number>" muet be eent before eeclr "DSP_TES‘l" query.

Table 4-2. DSP Teete

@ 
DSP Internal Memory Test DSP_TEST- 22
Extemal Memory Test DSP_TEST- 33
Waveform Output Memory Test s DSP_TEST- 44

Table 4-3. DSP Test Failure Messages

 
DSP__TEST- xx Test tailed.
DSP_TEST- NO TEST Test was not specified before sending DSP_TEST?
DSP__TEST- NO UPLOAD Fallure to communicate with the DSP.

4. 7 POwsn SUPPLY votmGE cnscxs
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).
(4) Plug the ac line cord into the Power Input Module and set the power switch to ON.

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

4.7.2 Analog Bower Supply Voltage Check
The Analog Power Supply output voltages can be measured on the comtector 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.

4-6



Remove the Top Cover (Section 6.2.2).

Plug the ac lme cord into the Power Input Module and set the power switch to ON

Flgure 4-4 Dlgltal Power Supply Teet Polnte

Tl‘oubleshootlng and Testing

Refemng to Figure 4-5, locate the Analog Power Supply connector and measure the
voltages using a digital multimeter.

El —— ‘*1-0-rir

# ‘,4inllI|_li_

Digital Power Supply

 

ll'lI.
Pin 1

Flgure 4-5 Analog Power Supply Test Polnte

--I-(OG>\JO3Ul-h-(.OI\3—*'O°5

Slgnel
-it-15V
Ground
-15V A
+18V t
+5V
Ground
Ground
Ground
+5V
+5V

Flange
+t4.4 to +15.6

-14.4 to -15.6
+16.0 to +18.0
+4.9 to +5.1
iUI—O.U-I OODDDOCQ

QQIQQQQC §Q@_§Ql—

-1---———_ _— —___—-

+4.9 to +5.1
+4.9 to +5.1

~omwmmowm—uQ5'

'!!"Q1

ll k _..._._Q ll E_ ' ** I-L""'~--"E"

Signal
+15V
Ground
-1 5V
Not Used
Not Used
Ground
—5.2V
—5.2V
Ground

i #— _ A‘-* _ 2 J I' '1' ' '_’ e—*;-4:-:.:|--in-1:. 7*, 7; '_ 1' ' W ;* 7 7;-g*_,_'; _ :1 :1¢—7—_ 1» _
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Range.
+14.4 to +15.6

+14.4 to +15.6
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Ground -------------------- Pin 1
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Section 5
Semi-Automatic Calibration

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 instmment 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 ere not supplied with this manual.

RECOMMENDED TEST EQUIPMENT

El IBM-PC or compatible
E] I-lP5334B Frequency counter with Option-01 (oven-stabilized crystal) or equivalent
Cl Tektronix Model 2465 High-Speed Oscilloscope with Tektronix 7A22 Differential

Input Scope Plug-In or equivalent
El HP3458A AC-DC Voltmeter or equivalent
El Non-metallic adjusting tool
El For GPIB users: National Instruments GPIB Interface card and supporting software

(Must be compatible with software driver NI-488.2 from National Instruments)

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 rnenu is displayed. To use any of these routines, just
enter the number of your choice and follow the instnrctions as they appear on the monitor.
Entering zero exits the program.
Figure 5-1. Calibration Program Main Menu Display

iitliiiliiiiilldfliiiiiiilfiiifliiflilltifiiifiiifllifliiiikfiiii

HULTIFUNCTION HAVEFORH SYNTHE$IZER CALIBRATION PROCEDURE
eenneneneeseeseeeeeeeeeeeeeeeseesneeeeeeeeeeeeeeeeeeeeee

(1) Link Test

(2) Oscillator Calibration
(3) Output Amplifier Flatness Calibration
(4) Converter gain, offset. and zero crossing calibration

(0) Exit

Enter choice-
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5.3.1 Link Test (1)
"fills test is used to check the communications link between the PC to the Unit Under Test
(UUT). It is a good idea to run this test alter you first power-on the unit.

5.3.2 Oscillator Calibration (2)
This routine allows you to calibrate the intemal oscillator and consists of the following
adjustments:

Cl lntemal Reference Oscillator Frequency Calibration
El Main Oscillator Duty Cycle Calibration
El Main Oscillator Sideband Minimization
El Deviation adjustment of Phase Slip Oscillator

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

5.3.3 Output Amplifier Fiatness 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. Perfonn the following adjustments in order
Following the last adjustrnent routine, the program returns to the main menu.

Ii Offset Errors in the D/A Converter REF INPUT SIGNAL
U D/A Converter Absolute Gain
Cl D/A Converter Offset
Ci Offset Generator Full Scale
Ci Offset Generator Accuracy Near Zero
‘Cl Offset Generator Zero Point

5.3.5 Exit (0)
Entering 0 exits cal__test . exe and retums control to whatever was running before.

5.4 HARDWARE SETUP
5.4. 1 For RS232 Communications

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

(2) Connect the UUT to the AC Mains.
(3) Connect the UUT serial port (RS232) to COMI on your PC.
(4) Set the UUT power to ON and wait for the self tests to run.

(5) Set the UUT to 9600 baud, no parity, 1 stop bit; and transfer control to the RS232 port.
(6) Install the calibration software. Refer to Section 5.5.1.
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5.4.2 For GPIB Communications  
(1) 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.
(2) Verify that the fuse and voltage settings of the Unit Under Test (UUT) are appropriate

for the local AC power.
(3) Connect the UUT to the AC Mains.

(4) Connect the UUT GPIB port to the GPIB port of the PC using a standard GPIB cable.
(5) Set the UUT power to ON and wait for the self tests to run.
(6) 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:

driver . bin . . . . RS232 software driver for the UUT
cal_test: .exe . .Semi-automatic calibration program

(1) Copy driver .bin and cal_;_test . exe to your hard drive.

(2) Add the following line to your config. sys fle. Make sure that the path to
driver . bin in config . sys is correct. This line may differ from your setting if
you copied the driver to a subdirectory on your hard drive.
DEVICE=C: \DRIVER . BIN/ SPEED==_=96OO /NAME=WAVE/
TIME=lO0/BUFFER=1000/VERBOSE

(3) Reboot your PC.
(4) Run cal__test: . exe to start the calibration program.

5.5.2 GPIB Software installation
For GPIB interfacing, install these three files in your computer system - only
cal_tests . exe is provided on the Calibration Softwaredisk, gpib . com and
ibconf . exe can be obtained from National Instruments:

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

(l) Copy ca l_test . exe to your hard drive from the calibration software disk.

(2) lfnot previously installed, copy gpib . com and ibconf . exe to your hard drive
from the National disk and reboot your PC.

(3) Run ibconf . exe and configure the GPIB interface for the UUT.
(4) 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 A
actual calibration process begins. Figures are provided to identify the locations of adjustment
controls and test points.

NOTE: Allow the UUT to warm up ior at least one hour before perfonnlng ceiibretion.

(1) Run cal__t:est . exe.
(2) Select RS232 or GPIB on the PC. If GPIB was selected, enter the device number of the

UUT (Default = DEVI).
(3) Select the Link Test to verify that the PC is communicating with the UUT.
(4) Remove the Top Cover of the UUT and immediately start the calibration process.

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

CA UTION: The adjusting tool must be non-metallic since the oscillator frequency is affected by
metal and because AC line voltage is present on nearby temtineie.
 

(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.

(7) 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.

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

Figure 5-2. internal Oscillator Adjustment
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Figure 5-3. Analog Board Test Points 1 and 8
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Figure 5-5. Location oi JP9
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This section contains the following schematic diagrams:

Name
CPU Interface
DSP-Memory
Analog Board
Filter Board
Front Panel Keyboard
Power Supply
Primary Side Wiring

Drawing No.
S-11293
5-11299
5-11298
5-13909
5-13950
5-13907
5-12572

Section 7
Schematic Diagrams
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