






















































































Operation Model 3325A 

Table 3-10. Programming Codes (Cont'd). 

ASCII 
Instruction Characters 

High Voltage Output H 
v 

Modulation-Amplitude M 
A 

Modulation-Phase M 
p 

Rear or Front Output R 
F 

Data Transfer Mode M 
D 

Assign Zero Phase Reference A 
p 

Perform Auto Cal. A 
c 

Perform Self Test T 
E 

Mask SRO M 
s 

Interrogate I Parameter) I 

Interrogate Error I 
E 
R 

EOS !End of String) 
Line Feed LF 
Asterisk * 

All spaces (40 octal), carriage returns (15 octal), com­
mas (54 octal), and all lower case alphabetics are ig­
nored by the 3325A. 

NOTE 

A program string 111ay progra111 one para-
111eter or all para111eters. For example, the 
string "FU2FRIOKHAM3 VO" programs the 
following: 

FU2 = Square wave function 
FRIOKH = JO kHz 
AM3VO = 3 V p-p 

The EOS character should follow the com­
plete string, or a maxi111u111 of 48 characters 
(see Paragraphs 3-115 through 3-118). 

3-115. Data Transfer Mode. 

3-116. The 3325A accepts data from the HP-IB in 
either of two modes. If speed of communication is a 
critical factor on your HP-IB system, Mode 2 is prefer­
rable. The characteristics of the two modes are: 
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Data Mode 1. The 3325A turns on in Data 
Mode 1. In this mode, each device dependent 
character (byte) is processed when received. 

Binary Octal Decimal Hexadecimal 
Code Code Code Code 

1 0 0 1 0 0 0 110 72 48 
1010110 126 86 56 

1001101 11 5 77 4D 
1000001 101 65 41 

1001101 115 77 4D 
1010000 120 80 50 

1 0 1 0 0 1 0 122 82 52 
1000110 106 70 46 

1001101 1 1 5 77 4D 
1000100 104 68 44 

1000001 101 65 41 
1 0 1 0 0 0 0 120 80 50 

1000001 101 65 41 
1000011 103 67 43 

1 0 1 0 1 0 0 124 84 54 
1000101 105 69 45 

1001101 115 77 4D 
1 0 1 0 0 1 1 123 83 53 

1001001 1 1 1 73 49 

1001001 1 1 1 73 49 
1000101 105 69 45 
1010010 122 82 52 

000101 0 12 10 A 
0 1 0 1 0 1 0 52 42 2A 

Line feeds and Asterisks (EOS characters) 
are ignored. No other device dependent data 
communications are permitted on the bus 
until the entire 3325A program string has 
been accepted and all but the last character 
processed. 

Data Mode 2. Device dependent characters 
are accepted and stored in an internal buffer 
and not processed until the EOS character is 
received or the buffer is filled (48 bytes). 
Consequently, other communications on the 
bus are permitted after the program string 
has been accepted (at the rate of approx­
imately 150 to 200 microseconds per 
character). If the program string contains 48 
characters or more, the 3325A will hold up 
the bus while it processes the 48 characters 
before accepting and storing the rest of the 
string. Because the instrument turns on in 
Data Mode l, Mode 2 must be programmed 
remotely. It will then remain in Mode 2 until 
Mode 1 is programmed or until the POWER 
switch is set to STBY. 

3-117. While the 3325A is processing data it will accept 
and respond to universal commands. For this reason, 
when operating in Mode 2, the controller can send a 
program string (48 characters or less) to the 3325A, and 
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while this data is being processed the controller can 
unaddress the 332SA to listen and then communicate 
with another device. However, if the string is more than 
48 characters, the bus will be held up until the first 48 
characters have been processed and the remaining 
characters accepted. In order for the bus to be used dur­
ing 3325A processing time for communication between 
other devices, a program string greater than 48 
characters should be divided and an EOS character sent 
after (or at a convenient place before) the 48th byte. The 
remaining program can then constitute a second string. 
While the 3325A is processing input information, a 
"Busy" flag is set in the status byte (see Paragraph 
3-136). This flag can be used to determine when the 
3325A has finished processing. 

NOTE 

The 3325A will handshake bus communica­
tions even though the POWER switch is set 
to STBY. This will not interfere with the 
operation of the bus unless it was set to 
STBY while addressed to talk. Before it is set 
to STBY, make sure it is not addressed to 
talk, or else disconnect the HP-IB cable 
from the 3325A. The addressed to talk con­
dition can be cleared by an /FC command, 
even when the 3325A is in Standby. 

3-118. Programming Data Transfer Mode. 

3-119. Instructions for programming Data Transfer 
Mode are included in Paragraph 3-126. 

3-120. Programming Entry Parameters. 

3-121. The 3325A entry parameters are: 

Frequency 
Amplitude 
Offset 
Phase 
Sweep Start Frequency 
Sweep Stop Frequency 
Sweep Marker Frequency 
Sweep Time 

The programming syntax for these parameters is: 

Mnemonic, Data, Delimiter, EOS 

NOTE 

All program codes are shown in ASCII 
characters. 

Valid mnemonics: 

FR = Frequency 
AM = Amplitude 
OF = Offset 

Operation 

PH = Phase 
ST = Sweep Start Frequency 
SP = Sweep Stop Frequency 
MF = Sweep Marker Frequency 
TI = Sweep Time 

Valid data: 

0 thru 9 = ASCII numerics (if too many 
digits are sent, the extra digits will be 
ignored or rounded) 

+ = ASCII plus sign (plus sign is accepted 
but not required) 

- = ASCII minus sign (minus sign will be ig­
nored if sent for parameters that cannot be 
negative) 

= ASCII decimal (floating decimal entries 
not valid) 

Valid delimiters: 

HZ = Hertz 
KH = Kilohertz 
MH = Megahertz 
VO = Volts (peak-to-peak or de) 
MV = Millivolts (peak-to-peak or de) 
VR = Volts rms 
MR = Millivolts rms 
DB= dBm 
DE = Degrees 
SE = Seconds 

NOTE 

When operating in Data Mode I, an EOS 
character is not required. When in Mode 2, 
the EDS character should not be sent until 
the end of the program string (or after 48 
bytes; see Paragraph 3-117). 

3-122. Programming Waveform Function. 

3-123. The selectable functions are: 

DC only 
Sine wave 
Square wave 
Triangle wave 
Positive Slope Ramp 
Negative Slope Ramp 

The programming syntax for selecting function is: 

Mnemonic, Data, EOS 

Valid mnemonic: 

FU = Function 
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Operation 

Valid data: 

0 = Function off (de only) 
1 Sine 
2 Square 
3 Triangle 
4 Positive Slope Ramp 
5 Negative Slope Ramp 

3-124. Programming Binary (On or Off) Functions. 

3-125. The programmable binary functions are: 

High Voltage Output (Option 002) 
Amplitude Modulation 
Phase Modulation 

The programming syntax for binary functions is: 

Mnemonic, Data, EOS 

Valid mnemonics: 

HV = High Voltage Output (If the 3325A receives 
the HV mnemonic but does not have the high 
voltage option, SRQ (if enabled) and an error 
code will be generated. See Paragraph 3-134.) 

MA = Modulation - Amplitude 
MP = Modulation - Phase 

Valid data: 

0 
1 

Off 
On 

NOTE 

The rear panel signal output is inactive (no 
internal signal connection) if the instrument 
has the High Voltage Output Option 002 in­
stalled. Instructions are given in the 
Operating and Service Manual, Section VIII, 
Service Group M, for activating the rear 
panel signal output in one of two ways: 1) 
Placing the standard/high voltage output on 
the rear panel only, disconnecting the front 
panel signal output, or 2) Disabling the high 
voltage output and enabling the standard 
front/rear output configuration. 

3-126. Programming Selection Functions. 
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NOTE 

The selection functions are similar to binary 
functions, but instead of ON or OFF states, 
selection is made between two mutually ex­
clusive operations. 
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3-127. The programmable selection functions are: 

Rear Output/Front Output 
Linear Sweep/Logarithmic Sweep 
Data Transfer Mode 

The programming syntax for the selection functions is: 

Mnemonic, Data, EOS 

Valid mnemonics: 

RF = Rear or Front Output 
SM = Sweep Mode 
MD = Data Transfer Mode 

Valid data for RF is: 

1 = Select Rear Output 

2 = Select Front Output (If the 3325A receives the 
RF mnemonic but does not have rear output 
capability (Option 002, for example) SRQ (if 
enabled) and an error code will be generated. 
See Paragraph 3-134.) 

Valid data for SM is: 

= Linear Sweep (The 3325A turns on in Linear 
Sweep function. This function need not be pro­
grammed except to change from Linear to Log 
Sweep or to return to Linear.) 

2 = Logarithmic Sweep 

Valid data for MD is: 

= Data Mode 1 (The 3325A turns on in Data 
Mode 1. This function need not be programmed 
if it is desired to remain in Data Mode 1.) 

2 = Data Mode 2 

3· 128. Programming Execution Functions. 

3-129. The programmable execution functions are: 

Assign Zero Phase Reference 
Perform Amplitude Calibration 
Start Single Sweep 
Start Continuous Sweep 
Perform Self Test 

The programming syntax for execution functions is: 

Mnemonic, EOS 

Valid mnemonics: 

AP = Assign Zero Phase Reference 
AC = Perform Amplitude Calibration 
SS = Start Single Sweep 
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SC = Start Continuous Sweep 
TE = Perform Self Test 

NOTES 

1. The Start Single mnemonic must be sent 
twice (SSSS). The first SS sets the output 
(and display) to the start frequency, and the 
second SS starts the sweep. 

2. While the 3325A is in Continuous Sweep 
mode, if it receives the mnemonics SC, SS, 
FR, PH, AC, AP, or TE, it will stop sweep­
ing. It must receive SC again in order to 
resume continuous sweeping; or if a single 
sweep is to be programmed, SSSS is re­
quired. 

3. The "Busy" flag (bit 7 in the status byte, 
see Paragraph 3-138) will be "l" for the 
duration of a Self Test operation. After Self 
Test, the 3325A returns to the previously 
programmed conditions, except that if a 
sweep was in progress the sweep will remain 
stopped. 

3-130. Programming Amplitude Units Conversion. 

3-131. The programming syntax for converting ampli­
tude units (Vp-p, Vrms, dBm) is: 

Mnemonic, Delimiter, EOS 

Mnemonic = AM = Amplitude 

Delimiter = The units to which you want to convert: 

VO= Vp-p 
MV = mVp-p 
VR = Vrms 
MR= mVrms 
DB = dBm 

Example: If amplitude was programmed in Vp-p, it may 
be converted to dBm by programming "AMDB". If 
amplitude was the last parameter programmed and is 
shown in the display, only the delimiter "DB" needs to 
be programmed. 

3-132. Programming Storage Registers. 

3-133. The data that will be stored includes the current 
program of Entry Parameters, Function (Waveform), 
Binary Functions, and Selection Functions. The storage 
register functions are: 

Store Data in Register N 
Recall Data from Register N 

Operation 

The programming syntax for storage register functions 
is: 

Mnemonic, Data, EOS 

Valid mnemonics: 

SR = Store 
RE = Recall 

Valid data: 

0 thru 9 = ASCII numerics specifying register 
number 

NOTES 

1. If no data has been stored in a register, 
the recall command for that register will be 
ignored. 

2. An amplitude calibration is performed 
when a register is recalled. 

3. The numeric value for the phase is stored, 
but the phase of the output is not changed 
when the register is recalled. (Phase may 
need to be reprogrammed.) 

4. DCL (Device Clear) and SDC (Selected 
Device Clear) commands do not affect the 
storage registers. 

3-134. Service Requests. 

3-135. The 3325A will set the SRQ line true for any of 
the following reasons, if enabled by the SRQ mask (see 
Paragraph 3-144): 

Program String Error 
Sweep Started or Sweep Stopped 
System Failure (Possible component problem) 

Failed Self Test 
Failed Amplitude Calibration 
External Reference Unlocked 
Main Oscillator Unlocked 

3-136. Serial Poll. 

3-137. When the system controller determines that the 
SRQ line is true, it may conduct either a Serial Poll or a 
Parallel Poll to determine which device(s) initiated the 
Service Request, and the reason(s) for the request. The 
3325A responds to a Serial Poll, which is conducted in 
the following manner: 

Controller places A TN true (command mode) 
Controller sends Serial Poll Enable (SPE) on lines 

DIOl-8 (ASCII CAN, binary code xOOllOOO) 
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Controller sends 3325A Talk address, controller 
Listen address 

Controller places ATN false (data mode) 
3325A responds by sending status byte on DIOl-8 
Controller places A TN true (after each device has 

been polled) 
Controller sends Serial Poll Disable (SPD) on 

DIOl-8 (ASCII EM, binary code x 0011001) 

Serial Poll Disable clears the SRQ message originated by 
the 3325A, resetting bits 0 through 3 and bit 6 in the 
status byte. 

NOTE 

Some of the above Serial Poll operations are 
performed automatically by some con­
trollers in response to certain programming 
statements. Refer to the programming in­
structions for your particular controller. 

3-138. Status Byte. 

3-139. A status byte consists of one 8-bit byte on the 
HP-IB data lines. A "1" in bit 6 indicates that the 
3325A did request service (placed SRQ true), and a "0" 
in bit 6 indicates that it did not request service. The 
3325A status byte contains the following information: 

7 6 5 4 3 2 1 0 Status byte bits 
(8 7 6 5 4 3 2 1 DIO lines) 
FR F x SSS S F =Flag; R = Request Service: 

I Ltatus c 1 = Program String Error 

1 = Sweep Stopped 

= Sweep Started 

System Failure 
(possible component failure), 
includes: 

Failed Self Test 
Failed Amptd Cal 
Ext Ref Unlocked 
Main Osc Unlocked 

,___ __ Sweep Flag. 1 =Sweep in Progress. 
Does not cause SRQ. 

RQS Message. 1 =Service Request. 

,__ __ Busy Flag. 1 = 3325A busy processing data. 
Does not cause SRQ. 

3· 140. Busy Flag. 

3-141. The Busy Flag (status byte bit ·7) is high (1) while 
the 3325A is processing data. This bit can be monitored 
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by the controller to determine when the 3325A is ready 
for more data. 

3-142. Sweep Flag. 

3-143. The Sweep Flag (bit 5 of the status byte) is high 
(1) while the 3325A is in the process of sweeping. This 
bit can be monitored by the controller to determine 
when the end of a sweep occurs. 

3-144. Masking or Enabling Service Requests. 

3-145. Bits 3 through 0 in the status byte can be masked 
so that the corresponding conditions will not cause a 
service request. However, a "1" will still appear in the 
status byte if the condition exists, and can be cleared 
only by a serial poll. At instrument turn-on all SRQ con­
ditions are masked. The programming syntax for mask­
ing and enabling SRQ conditions is: 

Mnemonic, Data, EOS 

Mnemonic = MS 

Valid Data is shown in Table 3-11. 

3-146. Interrogating Program Errors. 

3-14 7. The ''Program Error'' service request may result 
from the following Errors: 

ASCH 
Numeric Error 

Entry parameter out of bounds (for exam­
ple, Freq <?:: 61 MHz) 

2 Invalid delimiter 

3 

4 

5 

6 

7 

8 

9 

Frequency too large for function (for ex­
ample, Function Triangle, Freq 
<?:: 11 kHz) 

Sweep time too small or too large 

Offset incompatible with amplitude, or 
amplitude incompatible with offset 

Sweep frequency too large for function; 
Sweep bandwidth too small; Start fre­
quency too small (log sweep); Start fre­
quency greater than stop frequency (log 
sweep) 

Unrecognizable mnemonic received 

Unrecognizable data character received 

Option does not exist (High Voltage or 
Rear/Front) 
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Table 3-11. SRO Mask/Enable Data. 

System 
ASCII Bits Fail 

Character 3 thru 0 Bit 3 

@ *0000 Mask 
A 0001 Mask 
B 0010 Mask 
c 0011 Mask 
D 0100 Mask 
E 0101 Mask 
F 0110 Mask 
G 0111 Mask 
H 1000 Enable 
I 1001 Enable 
j 1010 Enable 
K 1011 Enable 
L 1100 Enable 
M 1101 Enable 
N 111 0 Enable 
0 1 1 1 1 Enable 

*Initial turn-on conditions 

The programming syntax for interrogating error is: 

Mnemonic, EOS 

Mnemonic = IER 

After receiving IER, the 3325A will send back the 
following the next time it is addressed to talk: 

Mnemonic, Data, CR (ASCII carriage return), LF 
& EOI (ASCII line feed with EOI sent simultane­
ously) 

Mnemonic = ER 

Data = The ASCII numeric corresponding to the first 
error that occurred (see list above). 

If no error occurred, the code returned is 0. When more 
than one error has occurred, only the code for the first 
error will be returned. After interrogation, the error 
code is set to zero until the next error occurs. 

3· 148. Interrogating Entry Parameters. 

3-149. Each entry parameter can be interrogated by the 
controller to determine its value. The programming syn­
tax for interrogating entry parameters is: 

I, Mnemonic, EOI 

I = the ASCII character I and indicates interrogation 
desired. 

Valid mnemonics (parameter to be interrogated): 

FR = Frequency 
AM = Amplitude 
OF = Offset 

Sweep Sweep Program 
Start Stop Error 
Bit 2 Bit 1 Bit 0 

Mask Mask Mask 
Mask Mask Enable 
Mask Enable Mask 
Mask Enable Enable 

Enable Mask Mask 
Enable Mask Enable 
Enable Enable Mask 
Enable Enable Enable 
Mask Mask Mask 
Mask Mask Enable 
Mask Enable Mask 
Mask Enable Enable 

Enable Mask Mask 
Enable Mask Enable 
Enable Enable Mask 
Enable Enable Enable 

PH = Phase 
ST = Sweep Start Frequency 
SP = Sweep Stop Frequency 
MF = Sweep Marker Frequency 
TI = Sweep Time 

After receiving a parameter interrogation, the 3325A 
will send back the following the next time it is addressed 
to talk: 

Mnemonic, Data, Delimiter, CR (ASCII Carriage 
Return), LF & EOI (ASCII Line Feed with EOI 
sent simultaneously) 

Mnemonic = The mnemonic of the parameter being in­
terrogated 

Data = 11 digits of ASCII numerics equal to the value 
of the specified parameter plus decimal point. If the 
value is negative, the first digit is a minus sign. 

Delimiter = The data suffix mnemonic denoting the 
parameter value (see Paragraph 3-120) 

NOTE 

Only one parameter can be interrogated by 
each interrogation message. 

3· 150. Interrogating Function (Waveform). 

3-151. The 3325A may be interrogated by the controller 
to determine the current function programmed. The 
programming syntax for interrogating function is: 

I, Mnemonic, EOS 

I = The ASCII character I and indicates interrogation 
desired 

3-25 



Operation 

Mnemonic = FU = Function 

After receiving IFU, the 3325A will send back the 
following the next time it is addressed to talk: 

Mnemonic, Data, CR (ASCII Carriage Return), LF 
& EOI (ASCII Line Feed with EOI sent simul­
taneously) 

Mnemonic = FU 

Data = One ASCII numeric indicating function as 
follows: 

0 
1 
2 
3 
4 
5 

DC Only (Offset) 
Sine 
Square 
Triangle 
Positive Slope Ramp 
Negative Slope Ramp 

3-152. Interrogating Miscellaneous Parameters. 

3-153. The other parameters shown below can be inter­
rogated by the controller to determine their present 
state. The programming syntax is: 

I, Mnemonic, EOS 

I = The ASCII character I and indicates interrogation 
desired 

Valid Mnemonics (parameter to be interrogated): 
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SM = Sweep Mode 
RF = Rear or Front Output* 
HV = High Voltage Output* 
MA = Amplitude Modulation 
MP = Phase Modulation 

Model 3325A 

*Rear/Front output and High Voltage Output (Option 
002) are mutually exclusive. If either RF or HV is inter­
rogated, the mnemonic and data returned will indicate 
the actual capability of the instrument and its state. For 
example, if the High Voltage option is present and OFF, 
HV0 will be returned in response to either IRF or IHV. 

After receiving an interrogation, the 3325A will send 
back the following the next time it is addressed to talk: 

Mnemonic, Data, CR (ASCII Carriage Return), LF 
& EOI (ASCII Line Feed with EOI sent simul­
taneously) 

Mnemonic = The mnemonic of the parameter being in­
terrogated 

Data = 1 ASCII digit specifying the state of the 
parameter. This is the same digit that would be used to 
program the parameter to that state. 

3-154. Using the Interrogate Capability. 

3-155. When the 3325A is changed from local to remote 
operation or vice versa, it retains its currently pro­
grammed state until this program is changed by the 
operator or controller. This feature can be useful in set­
ting up a program string for HP-IB programming. For 
example, using the 3325A in local, the operator can 
determine experimentally the parameters required to 
perform the operation or test desired. Then the 3325A 
can be placed in remote and its function and entry 
parameters interrogated. Each item can be stored by the 
controller and then combined to form the 3325A pro­
gram string to be incorporated into the total HP-IB pro­
gram. 
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3-156. 3325A Programming Procedure. 

3-157. The following examples are given to illustrate 
the basic procedure for developing a program. Program 
examples are shown in Appendix B-3, using the -hp­
Model 9825A Calculator as the system controller. Ap­
pendix A-3 diagrams the required messages. 

Example 1: 
Address controller to talk, 
3325A to listen 

Send Program Data 

Example 2: 
Address controller to talk, 

3325A to listen 

Send Program Data 

Check for Require Service 
message 

If yes, determine reason 
from 3325A Status Byte 

Take corrective action if 
necessary 

Continue 

Address Controller To 
Talk, 3325A To Listen 

Send Program Data 

Address Controller To 
Talk, 3325A To Listen 

Send Program Data 

NO 

Determine Reason for 
SRO (Status Byte) 

Operation 

Corrective Action 
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SECTION IV 
PERFORMANCE TESTS 

4-1. INTRODUCTION. 

4-2. This section contains tests which are in-cabinet 
procedures to determine whether the instrument is 
operating properly. In the Operating and Service 
Manual two sets of procedures are provided: 

a. Operational Verification procedures which are 
recommended for incoming inspection and general 
after-repair tests. 

b. Performance Tests which compare the instrument 
operation to the specifications listed in Table 1-1. 
The Operating Supplement contains only the Opera­
tional Verification Procedures. 

4-3. CALCULATOR-CONTROLLED TEST. 

4-4. The only calculator-controlled test in these pro­
cedures tests the HP-IB interface circuits for proper 
operation. All input and output lines are tested. The 
program used for this test is written specifically for the 
-hp- Model 9825A Calculator but may be adapted to 
other controllers. The calculator prints the test results. 
This test is recommended for both the Operational 
Verification Checks and the Performance Tests. 

4-5. OPERATIONAL VERIFICATION. 

4-6. The following procedures are recommended for in­
coming inspection and for testing the instrument after 
repair. Additional tests to be performed following 

·repair of certain circuits are indicated in Section VIII. 
An Operational Verification Record is located at the 
end of this section. For ease of recording the test data at 
various times, copies of the blank Operational Verifica­
tion Record may be made without written permission 
from Hewlett-Packard. 

4-7. Operational Verification includes the following 
procedures: 

Par. No. 

4-10 
4-12 
4-14 
4-16 
4-18 
4-20 
4-22 
4-24 
4-26 
4-28 
4-30 

Test 

Self Test 
Sine Wave Verification 
Square Wave Verification 
Triangle and Ramp Verification 
Amplitude Flatness Check 
Sync Output Check 
Frequency Accuracy 
Output Level and Attenuator Check 
Harmonic Distortion Test 
Close-in Spurious Signal Test 
HP-IB Check 

4-8. Required Test Equipment. 

4-9. A list of test equipment required for the Opera­
tional Verification procedures is given in Table 4-1. Any 
equipment that satisfies the critical specifications given 
in the table may be substituted for the recommended 
model. 

4-10. Self Test. 

4-11. This test uses the control, ROM, and control 
clock circuits to verify operation of these and other cir­
cuits. The following front panel indications result from 
this test. 

LED check: Turns on all LED's for about two 
seconds 

The following messages are displayed for about 
one second: 

OSC FAIL - displayed only if the VCO is not con­
trolled (displayed continuously after test) 

PASS or FAIL 1 - tests AMPTD CAL of sine 
wave 

PASS or FAIL 2 - tests AMPTD CAL of square 
wave 

PASS or FAIL 3 - tests AMPTD CAL of triangle 

Press the blue entry prefix key, then press SELF TEST 
(AMPTD CAL) key. All LED's should light, and the 
display should not indicate any failures. 

4-12. Sine Wave Verification. 

4-13. This procedure visually checks the sine wave out­
put for the correct frequency and any visible ir­
regularities. 

Equipment Required: Oscilloscope (-hp- Model 1740A) 

a. Connect the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp­
Model 1740A, set the input switch to the 50-ohm posi­
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed­
thru Termination) at the input. 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function . . . . . . . . . . . . . . . . . . . . . . . . . . Sine 
Frequency ..................... 20 MHz 
Amplitude ..................... 10 V p-p 

4-1 
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Table 4· 1. Test Equipment Required for Operational Verification. 

Instrument Critical Specifications Recommended Model 

Oscilloscope Vertical: -hp- 1740A 
Bandwidth: de to 100 MHz 
Deflection: 1 V to 5 V/div 

Horizontal: 
Sweep: .05µs to 1 s/div 
External Sweep Input 

Electronic Counter Frequency measurement to 20 MHz -hp- 5328A 
Accuracy: ± 2 counts with Opt. 040 or 041 
Resolution: 8 digits 

DC Digital Voltmeter Ranges: 0. 1 V to 1 00 V -hp- 3455A 
Resolution: 6 digits 
Accuracy: ± 0. 1 % 

50-ohm load Accuracy: ±0.2% -hp- 11048C 
Power Rating: 1 W 

High Frequency Frequency Range: 1 MHz to 80 MHz -hp- 141T/8552B/8553B 
Spectrum Analyzer Amplitude Accuracy: ±0.5 dB 

Noise: > 70 dB below reference 

Low frequency Frequency Range: 1 00 Hz to 50 kHz -hp- 3580A 
Spectrum Analyzer Amplitude Range: 2 m V to 20 V 

Noise: > 80 dB below input reference 
or -140 dBv 

Resistor 681 n. 1 %, 112 w -hp- 0757-0816 

Adapter BNC female-to-dual banana plug -hp- 1250-2277 

Calculator HP-IB Control Capability -hp- 9825A with 
98034A Interface, 
General 1/0 ROM, 
Extended 1/0 ROM 

Capacitor .47 µF -hp- 0160-0174 

Sine Wave Synthesizer accuracy and stability -hp- 3335A 
Signal Source Frequency Range: 50 kHz to 200 kHz or 

Amplitude: + 7 dBm -hp- 3325A 

Double Impedance: 50 !] 
Balanced Frequency Range: 50 kHz - 200 kHz -hp- 10534A 
Mixer 

c. Set the oscilloscope vertical control to 2 VI div, 
horizontal to .05 µs/div. 

i. Set the oscilloscope input switch to 1 MO de coupl­
ed position (or disconnect external 50-ohm load). 

d. The oscilloscope should display one cycle per divi­
sion, approximately five divisions peak-to-peak. 

e. Change 3325A frequency to 1 MHz. 

f. Change oscilloscope horizontal control to .1 
µs/div. 

g. The oscilloscope should display one sine wave hav­
ing no visible irregularities. 

High Voltage Output (Option 002) 

h. Set the oscilloscope vertical control to 5 VI div. 

4-2 

j. Press 3325A High Voltage Output key (lower right 
corner of front panel). 

k. Change 3325A amplitude to 40 V p-p. The 
oscilloscope should display one sine wave approximate­
ly eight divisions peak-to-peak having no visible ir­
regularities. 

4-14. Square Wave Verification. 

4-15. This procedure checks the square wave output for 
frequency, rise time, and abberrations. 

Equipment Required: Oscilloscope (-hp- Model 1740A) 
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a. Connect the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp­
Model 1740A, set the input switch to the 50-ohm posi­
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed­
thru Termination) at the input. 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function ........................ Square 
Frequency ....................... 1 MHz 
Amplitude ..................... 10 V p-p 

c. Set the oscilloscope vertical control to 2 VI div, 
horizontal to .2 J.tS/div. The oscilloscope should display 
two square waves, approximately five divisions peak-to­
peak. 

d. Switch the oscilloscope vertical control to 1 V /div. 
so that the abberrations (overshoot and ringing) can be 
measured. Aberration excursion should be less than 500 
mV (1h div.). 

e. Repeat Step d at 2 kHz and .1 ms/div. 

f. Adjust the oscilloscope vertical and horizontal 
controls so that the square wave rise time between the 
lOOJo and 900Jo points can be measured. Rise time should 
be less than 20 nanoseconds. 

4-16. Triangle and Ramp Verification. 

4-17. This procedure checks the triangle and ramp out­
put signals for frequency, shape, and ramp retrace time. 

Equipment Required: Oscilloscope (-hp- Model 1740A) 

a. Connect the 3324A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp­
Model 1740A, set the input switch to the 50-ohm posi­
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed­
thru Termination) at the input. 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function ....................... Triangle 
Frequency ....................... 10 kHz 
Amplitude ..................... 10 V p-p 

c. Set the oscilloscope vertical control to 2 V /div, 
horizontal to .1 ms/ div. The oscilloscope should display 
one triangle wave per division, approximately five divi­
sions peak-to-peak. 

d. Change 3325A function to negative slope ramp. 
The display should be one ramp per division, approx­
imately five divisions peak-to-peak. 
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e. Change 3325A function to negative slope ramp. 
The display should be one ramp per division, approx­
imately five divisions peak-to-peak. 

f. Change the oscilloscope horizontal and vertical 
controls so that the ramp retrace time from the 900Jo to 
lOOJo points can be measured. Retrace time should be 
less than 3 J.tS. 

g. Change 3325A function to positive slope ramp and 
repeat Step f. 

h. Change 3325A function to triangle. 

i. Set oscilloscope vertical control to 2 VI div, 
horizontal to 10 J.tS/ div. The oscilloscope should display 
one triangle wave with no visible irregularities in either 
slope. 

4-18. Amplitude Flatness Check. 

4-19. This procedure provides a visual check of the sine 
wave amplitude flatness. 

Equipment Required: Oscilloscope (-hp- Model 1740A) 

a. Connect. the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp­
Model 1740A, set the input switch to the 50-ohm posi­
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm Feed­
thru Termination) at the input. 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function .......................... Sine 
Frequency ........................ 2 kHz 
Amplitude ..................... 10 V p-p 
Sweep Start Freq ................... 0 Hz 
Sweep Stop Freq ................. 20 MHz 
Sweep Marker Freq ............... 5 MHz 
Sweep Time ....................... 01 sec 

c. Adjust the oscilloscope vertical selector and ver­
nier to expand the sine wave display to the full graticule 
height. 

d. Connect the 3325A rear panel X Drive output to 
th Oscilloscope External Sweep input and set the con­
trols for external sweep. 

e. Press the 3325A ST ART CONT key. 

f. The oscilloscope display should show a sweep that 
is essentially flat, dropping no more than 3:50Jo at the 
high end. Any D.C. variations should be ignored, tak­
ing the peak to peak reading for flatness comparison. 

4-3 
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4-20. Sync Output Check. 

4-21. This test verifies the sync output signal levels. 

Equipment Required: Oscilloscope (-hp- Model 1740A) 

a. Connect the 3325A sync output to the oscilloscope 
vertical input. If the oscilloscope is an -hp- Model 
1740A, set the input switch to the 50-ohm position. If 
your oscilloscope does not have a 50-ohm input, use a 
50-ohm load (-hp- Model 11048C 50-ohm Feedthru Ter­
mination) at the input. 

b. Set the 3325A function to sine, frequency to 20 
MHz. 

c. Adjust the oscilloscope controls to measure the 
high and low voltage levels of the sine square wave. The 
high level should be greater than + 1.2 V and the low 
level should be less than + 0.2 V. 

4-22. Frequency Accuracy. 

4-23. This test compares the accuracy of the 3325A out­
put signal to the specification in Table 1-1: ± 5 x 10·6 

of selected frequency. 

Equipment Required: Electronic Counter (-hp- Model 
5328A, calibrated within three months or with an 
accurate 10 MHz external reference input) 

a. Connect the 3325A signal output to the electronic 
counter channel A input with a 50 0 load. Allow 3325A 
and counter to warm up for 20 minutes. 

b. Set the 3325A output as follows: 

Function .......................... Sine 
Frequency ...................... 20 MHz 
Amplitude ................... 0.99 V P-P 
DC Offset .......................... 0 V 

c. Set the counter to count the frequency of the A in­
put with 1 Hz resolution, and adjust for stable trigger­
ing. Electronic counter should indicate 20 000 000.0 Hz 
± 100 Hz. 

d. Change 3325A function to square wave. Frequen­
cy automatically changes to 10 MHz. Electronic counter 
should indicate 10 000 000.0 Hz ± 50 Hz. 

e. Change 3325A function to triangle. Frequency 
automatically changes to 10 kHz. Move the counter in­
put to the sync output of the 3325A. Set the counter to 
average 10,000 periods. Overflow will occur, but the 
most significant digit may be read by switching to 1000 
periods. Electronic counter should indicate 100,000 ns 
± .5 ns. 

f. Change 3325A function to positive slope ramp. 
Electronic counter should indicate 100,000 ns ± .5 ns. 

4-4 

Model3325A 

4·24. Output Level and Attenuator Check. 

4-25. This procedure checks the output level and the at­
tenuator by using the "de only" function. 

Equipment Required: 
DC Digital Voltmeter (-hp- Model 3455A) 
50-ohm Feedthru Termination (-hp- Model 11048C) 

a. Connect the 3325A signal output through a 
50-ohm feedthru termination to a de digital voltmeter 
input. 

b. If the instrument has High Voltage Output Option 
002, make sure the High Voltage Output is Off (High 
Voltage indicator light in the center of the "SIGNAL" 
key in the lower right corner of the front panel if Off). 

c. Press whichever function key is presently active, 
indicated by a lighted indicator in the center of the key. 
This removes the ac output. The indicator in the center 
of the DC OFFSET key should light. 

d. Set the 3325A de offset to -5 V, then press the 
AMPTD CAL key. 

e. the de digital voltmeter reading should be -4.980 V 
to -5.020 V. 

f. Change 3325A de offset to ( + )5 V. Digital 
voltmeter reading should be + 4.980 V to + 5.020 V. 

g. Change 3325A de offset to the following voltages. 
The voltmeter readings should be within the tolerances 
shown. 

DC Offset Tolerances 

± 1.499 v 
±499.9 mV 
± 149.9 mV 
±49.99 mV 
± 14.99 mV 
±4.999 mV 
± 1.499 mV 

± 1.49300 to 1.50499 V 
±0.49790 to 0.50190 V 
±0.14930 to 0.15050 V 
±0.04979 to 0.05019 V 
±0.01493 to 0.01505 V 
±0.004979 to 0.005019 V 
±0.001479 to 0.001519 V 

High Voltage Output Option 002 DC Offset 

h. Remove the 50-ohm feedthru termination and 
connect the 3325A output directly to the digital 
voltmeter input. 

i. Press the "SIGNAL" key in the lower right corner 
of the 3325A front panel to select High Voltage Output 
(Option 002). Lighted indicator in the center of this key 
indicates High Voltage Output is on. 

j. Set 3325A de offset to 20 V. Digital voltmeter 
reading should be + 19.775 V to +20.225 V. 

k. Set 3325A de offset to - 20 V. Digital voltmeter 
reading should be -19.775 V to -20.225 V. 
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4-26. Harmonic Distortion Test. 

4-27. This procedure tests the harmonic distortion of 
the 3325A sine wave output against the following 
specifications from Table 1-1. 

Harmonic Distortion (relative to fundamental) 

Fundamental No Harmonic 
Frequency Greater Than 

0.1 Hz to 50 kHz 
50 kHz to 200 kHz 
200 kHz to 2 MHz 
2 MHz to 15 MHz 
15 MHz to 20 MHz 

Equipment Required: 

-65 dB 
-60 dB 
-40 dB 
-30 dB 
-25 dB 

High frequency spectrum analyzer (-hp- Model 141T/ 
8552B/8553B) 

Low frequency spectrum analyzer 
(-hp- Model 3580A) 

50-ohm feedthru termination (-hp- Model l I048C) 
Resistor: 681 0 1 o/o 1/2 W (-hp- Part No. 0757-0816) 
Double balanced mixer (-hp- I0534A) 
Sine Wave signal source (-hp- 3335A or 3325A) 
Capacitor: .45 µF (-hp- Part No. 0160-0174) 

a. Set the 3325A output as follows: 

High Voltage Output (Option 002) ..... Off 
Function .......................... Sine 
Frequency ...................... 20 MHz 
Amplitude ..................... 999 Vp-p 

b. Connect the 3325A signal output to the high fre­
quency spectrum analyzer 50-ohm input (on 8553B). See 
Figure 4-l(a). 

8-JW 
_J _J 

3325A 

-_J _J _J _J 

_J _J _J _J 

_J _J _J _J 

_J _J _J _J 

D _J 
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c. Set the Spectrum Analyzer input attenuation to 40 
dB. Adjust the spectrum analyzer controls to display the 
fundamental frequency and at least 4 harmonics. Adjust 
level of fundamental to full scale on the display. All har­
monics should be more than 25 dB below the fundamen­
tal. 

d. Set the 3325A to the following frequencies and 
verify that all harmonics are below the levels required: 

15MHz 
2MHz 
200 kHz 

-30dB 
-40dB 
-60dB 

e. Disconnect the 3325A from the high frequency 
spectrum analyzer and connect as shown in Figure 
4-l(b). 

f. Set the sine wave signal source amplitude to + 7 
dBm, frequency 51 kHz. 

g. Set the 3325A frequency to 50 kHz, amplitude to 
9.99 Vp-p. 

h. If you are using the 3580A low frequency spec­
trum analyzer, use the following control settings: 

Center Frequency 
Resolution Bandwidth 
Freq Span/Div 
Sweep Time/Div 
Sweep Mode 
Amplitude Mode 
Amplitude Ref Level 
Input Sensitivity 

1 kHz 
Med 
0 
1 sec 
Rep 
IO dB Log 
Normal 
-50 dBv 

i. Adjust the center frequency fine tuning of the 
3580A for maximum, then adjust the input sensitivity 
vernier for - IO dB. 

I 

I 
I 

I 
I 

I 
I 

1-flGH FREQUENCY 
SPECTRUM ANALYZER 

D 

Figure 4· 1 (a). Harmonic Distortion Verification. 
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j. Change the sine wave signal source frequency to 
101 kHz. Take a visual average of the 0 Hz sweep. This 
is the second harmonic relative to the - 10 dB reference. 
The display reading plus 10 dB should be - 65 dB or 
lower. 

k. Change the signal source frequency to 151 kHz 
and read the third harmonic as in j. This completes the 
50 kHz test. 

I. Connect the 3325A to the low frequency spectrum 
analyzer as shown in Figure 4-l(a). Set the 3325A fre­
quency to 10 kHz, amplitude to 10 Vp-p. 

m. Set the low frequency spectrum analyzer as 
follows: 

Start Frequency 
Resolution Bandwidth 
Display Smoothing 
Freq Span/Div 
Sweep Time/Div 
Sweep Mode 
Amplitude Mode 
Amplitude Ref 
Input Sensitivity 

0 kHz 
300 Hz 
Med. 
5 kHz 
1 sec 
Rep 
10 dB Log 
Normal 
+ 10 dBv 

n. The fundamental and 3 harmonics should be 
displayed. Adjust input sensitivity vernier to place the 
fundamental at 0 dB. All harmonics should be below 
-65 dB. 

o. Change 3325A frequency to 1 kHz. Change 
analyzer resolution bandwidth to 100 Hz and freq 
span/div to .5 kHz. Verify that all harmonics are below 
-65 dB. 

REF IN 

REF OUT 

3325 A 

SIGNAL 

SINE WAVE 
SIGNAL SOURCE 

MIXER 
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p. Change 3325A frequency to 100 Hz. Change 
analyzer resolution bandwidth to 10 Hz, display 
smoothing to min, and freq span/div to 50 Hz. Verify 
that all harmonics are below - 65 dB. 

High Voltage Output (Option 2) 

q. Remove the 50 ohm feedthru termination; connect 
the 3325A directly to the low frequency spectrum 
analyzer input. 

r. Set the 3325A frequency to 100 Hz, press the signal 
key to activate the high voltage output, and set the 
amplitude to 40 Vp-p. 

s. Set the analyzer to display 100 Hz distortion as 
above. All harmonics should be below - 65 dB. 

t. Set the 3325A frequency to 10 kHz. Set the 
analyzer to display the distortion as for the standard 
output. All harmonics should be below - 65 dB. 

u. Disconnect the 3325A signal output from the low 
frequency spectrum analyzer, and connect it through a 
681 ohm series resistor to the high frequency spectrum 
analyzer. 

u. Disconnect the 3325A signal output from the low 
frequency spectrum analyzer, and connect it through a 
681 ohm series resistor to the high frequency spectrum 
analyzer. 

v. Set the 3325A frequency to 200 kHz. 

50il 
x 

T .47µf 

LOW FREQ 
ANALYZER 

hp3580A 

Figure 4· 1 (b). Harmonic Distortion Verification at 60 kHz. 
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x. Set the 3325A frequency to 1 MHz. Repeat Step v. 
All harmonics should be more than 40 dB below the 
fundamental. 

w. Adjust the spectrum analyzer controls to observe 
the fundamental and at least 4 harmonics. Set the 
analyzer input attenuation to 50 dB. Adjust level of the 
fundamental to full scale on the display. All harmonics 
should be more than 60 dB below the fundamental. 

4-28. Close-In Spurious Signal Test. 

4-29. This procedure tests the sine wave output for 
spurious signals which may be generated by the 3325A 
frequency synthesis circuits. The spurious signals must 
be more than 70 dB lower than the fundamental signal. 

Equipment Required: High frequency spectrum 
analyzer (-hp- 141T /8552B/8553B) 

a. Set the 3325A as follows: 
High Voltage Output (Option 002) ..... Off 
Function .......................... Sine 
Frequency ...................... 20 MHz 
Amplitude ................... 999 mV p-p 
DC Offset .......................... 0 V 

b. Set the spectrum analyzer as follows: 
Frequency ...................... 20 MHz 
Tuning Stability ..................... Off 
Bandwidth ..................... 0.01 kHz 
Scan Width ................ 0.02 kHz/div 
Input Attenuator .................. 20 dB 
Base Line Clipper ............. Fully CCW 
Scan Time .................... 0.5 sec/div 
Log Ref Level ................... 10 dBm 
Linear Sens. Vernier ....... Approx - 6 dB 
Scale ......................... 10 dB Log 
Video Filter ...................... IO kHz 
Scan Mode ...................... Manual 
Scan Trigger ....................... Auto 

c. Connect the 3325A signal output to the spectrum 
analyzer input (50 ohm). 

d. Adjust spectrum analyzer scan control to place the 
marker dot on the vertical center line of the display. 

e. Carefully adjust spectrum analyzer frequency con­
trol to place the 3325A output signal at the marker (in­
dicated by a sharp vertical deflection of the dot). This 
adjustment does not have to be exact but should be very 
close. 
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f. Set spectrum analyzer tuning stabilizer to ON. Us­
ing the frequency vernier control, adjust carefully for 
maximum vertical deflection of the marker dot. This 
should be very near the top line of the display. 

g. Set the spectrum analyzer Scan Mode to INT. 

h. Adjust spectrum analyzer Linear Sensitivity Ver­
nier to set signal reference level to 0 dB (full scale). 

i. Set 3325A frequency to 20 001 000.0 Hz. (This may 
be done either by entering this frequency or by using the 
Modify keys.) 

j. If a spurious signal is present, it will appear at the 
same horizontal position that the signal appeared (Step 
h). All spurious signals should be more than 70 dB 
below the reference. 

4-30. HP-18 Interface Test. 

4-31. The following calculator program tests the opera­
tion of the 3325A HP-IB interface circuits. The pro­
gram is written for an -hp- Model 9825A calculator but 
may be adapted for other controllers. 

Equipment Required: 
-hp- Model 9825A Calculator equipped with: 
98034A HP-IB Interface (set to select code 7) 
Any combination of ROM's that includes a General 
1/0 ROM and an Extended 1/0 ROM 

a. Connect the calculator interface cable to the 
3325A rear panel HP-IB connector. It is recommended 
that no other equipment be connected to this HP-IB 
during this test. 

b. Enter the program into the calculator. 

c. Press RUN. Tests 4 through 7 in this program re­
quire the operator to press CONTINUE if the test 
passes, or 1 CONTINUE if the test fails. If the Test 4 
question (SRQ LIGHT ON?, 1 = NO) does not appear 
in the calculator display within 30 seconds after start of 
the program (RUN), the 3325A and calculator are not 
interfacing properly. The calculator may display an er­
ror indication that will identify the problem. If not, the 
3325A HP-IB circuits are probably not operating cor­
rectly. 
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Instrument Returns To Known Conditions After Self 
Test 

Test 1 - Did Frequency Go To 1000 Hz? 

Test 2 - Interrogate Frequency 

Test 3 - Interrogate Amplitude 

Test 4 - Test SRO Circuits 

Test 5 - Test Talk Circuits 

Test 6 - Test Listen Circuits 

Test 7 - Test Remote Circuits 

PROGRAM FLOWCHART 

Enter 3325A Bus Address 

Perform Self Test 

Program: 
Freq= 1234.56789 Hz 
AMPTD = 50 mV 

Program Sweep: 
1 kHz to 1 0 kHz 
1 0 sec, Enable Mask 

Print Results 

End 

Model 3325A 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 
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Variables used in this TestProgram: 

A Address of 3325A (defaults to 717) 
F Frequency read from 3325A in test #1 
G Frequency read from 3325A in test #2 
H Amplitude read from 3325A in test #3 
I Counter used to print test results 

r1 -r7 Test results (0 =Pass, 1 =Fail) 
S Status read from 3325A in test #5 

Samples of Program Printouts: 

T E3T 1 

T E3 T 2 

4 
FAIL 

5 

7 

Linked or Used as a Subroutine 

.-, 

.:::. 

4 

-. ·-' 

( 

**************** **************** 
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4-32. PERFORMANCE TESTS. 

4-33. The following procedures compare the instrument 
operation to its specifications, listed in Table 1-1. A 
Performance Test Record is located at the end of this 
section. This Test Record lists all of the tested specifica­
tions and the acceptable limits. For ease of recording 
data at various times, copies of the blank Performance 
Test Record may be made without written permission 
from Hewlett-Packard. 

4-34. The Performance Tests include the following: 

Par No. 

4-37 
4-39 
4-41 

Test 

Harmonic Distortion 
Spurious Signal Tests 
Integrated Phase Noise 

4-43 

4-45 
4-47 
4-49 
4-51 
4-53 
4-55 
4-47 
4-59 
4-61 
4-63 
4-65 
4-67 
4-69 
4-71 

Performance Tests 

Amplitude Modulation Envelope .Distor­
tion 
Square Wave Rise Time and Aberrations 
Ramp Retrace Time 
Sync Output 
Square Wave Symmetry 
Frequency Accuracy 
Phase Increment Accuracy 
Phase Modulation Linearity 
Amplitude Accuracy 
DC Offset Accuracy (DC Only) 
DC Offset Accuracy with AC Functions 
Triangle Linearity 
X Drive Linearity 
Ramp Period Variation 
HP-IB Interface 

Table 4-2. Test Equipment Required For Performance Tests. 

Instrument Critical Specifications Recommended Model 

High Frequency Frequency Range: 1 kHz to 80 MHz -hp- 141T/8552B/8553B 
Spectrum Analyzer Amplitude Accuracy: ± 0.5 dB 

Noise: > 70 dB below reference 

50-ohm Load Accuracy: ±0.2% -hp- Model 11 048C 
Power Rating: 1 W 

Resistor 681(}1% 1/2 w -hp- 0757-0816 

Low Frequency Frequency Range: 5Hz to 50 kHz -hp- 3580A 
Spectrum Analyzer Amplitude Accuracy: ± 0. 5 dB 

Spurious Responses: 80 dB below reference 

Sine Wave Signal Frequency Range: 1 MHz to 21 MHz -hp- 3335A 
Source Amplitude Range: to + 13.01 dBm 

Output Impedance: 500 
Phase Noise (Integrated): 

9.9 MHz: < - 63 dB 
20 MHz: < - 70 dB 

Spurious: > 75 dB below fundamental 

Double Balanced Mixer Impedance: 50 (} -hp- 10534A 
Frequency Range: 1 MHz-20 MHz 

AC/DC Digital AC function (True RMS) -hp- 3455A 
Voltmeter Ranges: 1 V to 100 V 

Accuracy: ±0.2% 
Resolution: 6 digits 
Crest Factor: 4: 1 

DC Function 
Ranges: 0.1 V to 100 V 
Accuracy: ± 0.05% 
Resolution: 6 digits 

1 MHz Low Pass Filter Cut-off Frequency: 1 MHz J903 
Stopband Atten: 50 dB by 4 MHz TT Electronics, Inc. 
Stopband Freq: 4 MHz-80 MHz 2214 S. Barry Ave. 

Los Angeles, CA 90064 

1 5 kHz Filter Consisting of: 
Resistor: 1 0 kO 1 % -hp- 0757-0340 
Capacitor: 1600 pf 5% -hp- 0160-2223 

Capacitor .4 7 µF Ceramic -hp- 0160-0174 

AC Voltmeter Ranges: 0. 1 V to 1 V -hp- 400FL 
Frequency Range: 21 Hz-1 MHz 
Input Impedance: 2: 1 MO 
Meter: Log scale 
Acc(100Hzto10kHz): ± 1% 

Sine Wave Signal Frequency: 10 kHz -hp- 204C 
Source Amplitude: 1 V rms into 20 kO 

Distortion: - 60 dB 
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Table 4-2. Test Equipment Required For Performance Tests (Cont'd). 
Instrument Critical Specifications Recommended Model 

Oscilloscope Vertical: -hp- 1740A 
Bandwidth: de to 100 MHz 
Deflection: 1 V to 5 V/div 

Horizontal: 
Sweep: 0.05 µs to 1 s/div 
x 1 0 magnification 

Electronic Counter Frequency measurement -hp- 5328A 
Frequency Range: to 20 MHz With Option 040 or 041 
Resolution: 8 digits 
Accuracy: ± 2 counts 

Time Interval Average A to B 
Resolution: 0.01 ns 

DC Power Supply Volts: 0 to ±5 V -hp- 6214A 
Amps: 10 mA 
Floating Output 

Thermal Converter Input Impedance: 50 0 -hp- 11050A 
Input Voltage: 1 V rms 
Frequency: 2 kHz to 20 MHz 
Frequency Response: ± 0.05 dB 2 kHz to 

20 MHz 

Resistive Divider Consisting of: 
2 Resistors: 61. 11 0 . 1 % 1 /4 W -hp- 0699-0090 
2 Resistors: 36.55 0 .1 % 1 /8 W -hp- 0698-7169 

Resistive Divider Capacitor: 300 pF 5% -hp- 0160-2207 
Consisting of: 

3 Resistors: 1330 0 .1 % 1 /4 W -hp- 0698-7453 
Resistor: 430 . 1 % 1 /8 W -hp- 0698-8264 

High-Speed DC DC Voltage: 0 to ± 10 V -hp- 3437A 
Digital Voltmeter External Trigger: Low True 

TTL Edge Trigger 
Trigger Delay: Selectable 1 0 µs to 1 40 µs 

BNC-to-Triax 50 ohm 
Adapter 

Resistive Divider Consisting of: 
+ 2.5 Resistor: 30 0 1 % 1 /4 W 

Resistor: 20 0 1 % 1 /4 W 

Resistive Divider Consisting of: 
+ 2.6 Resistor: 100 kO 1 % 1 /8 W 

Resistor: 1 62 kO 1 % 1 /8 W 

Calculator HP-18 Control Capability 

Adapter Female BNC-to-Dual Banana Plug 
BNC Tee 

4-35. Equipment Required. 

4-36. The test equipment required for the Performance 
Tests is listed in Table 4-2. Any equipment that satisfies 
the critical specifications given in the table may be 
substituted for the recommended model. 

4-37. Harmonic Distortion Test. 

4-38. This procedure tests the harmonic distortion of 
the 3325A sine wave output against the following 
specifications from Table 1-1. 

4-12 

-hp- 1250-0595 Adapter 
or 11172A RF Cable 

-hp- 0698-7533 
-hp- 0698-6296 

-hp- 0757-0465 
-hp- 0757-0470 

-hp- 9825A with 
98034A Interface, 
General 1/0 ROM, 
Extended 1/0 ROM 

-hp- 1250-2277 
-hp- 1250-0781 

Harmonic Distortion (relative to fundamental) 

Fundamental 
Frequency 

0.1 Hz to 50 kHz 
50 kHz to 200 kHz 
200 kHz to 2 MHz 
2 MHz to 15 MHz 
15 MHz to 20 MHz 

No Harmonic 
Greater Than 

-65 dB 
-60 dB 
-40 dB 
-30 dB 
-25 dB 
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3325A 
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SRECTRUM ANALYZER 
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' 
HIGH FREQUENCY 

SPECTRUM ANALYZER 

D 

Figure 4·2(a). Harmonic Distortion Test. 

Equipment Required: 
High frequency spectrum analyzer (-hp- Model 

141T/8552B/8553B) 
Low frequency spectrum analyzer 

(-hp- Model 3580A) 
50-ohm feedthru termination (-hp- Model 11048C) 
Resistor: 681 0 1 OJo 1/2 W (-hp- Part No. 0757-0816) 
Double Balanced Mixer (-hp-10534A) 
Sine Wave Signal Source (-hp- 3335A or 3325A) 
Capacitor: .47 ILF (-hp- Part No. 0160-0174) 

a. Set the 3325A output as follows: 

High Voltage Output (Option 002) ..... Off 
Function .......................... Sine 
Frequency ...................... 20 MHz 
Amplitude ..................... 999 Vp-p 

REF IN 

REF OUT 

3325 A 

SIGNAL 

SINE WAVE 
SIGNAL SOURCE 

MIXER 

b. Connect the 3325A signal output to the high fre­
quency spectrum analyzer 50-ohm input (on 8553B). See 
Figure 4-2(a). 

c. Set the Spectrum Analyzers input attenuation to 40 
dB. Adjust the spectrum analyzer controls to display the 
fundamental frequency and at least 4 harmonics. Adjust 
level of fundamental to full scale on the display. All har­
monics should be more than 25 dB below the fundamen­
tal. 

d. Set the 3325A to the following frequencies and 
verify that all harmonics are below the levels required: 

x 

15MHz 
2MHz 
200kHz 

son 

r .47µf 

-30dB 
-40dB 
-60dB 

LOW FREQ 
ANALYZER 

hp3580A 

Figure 4·2(b). Harmonic Distortion Test at 50 kHz. 
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e. Disconnect the 3325A from the high frequency 
spectrum analyzer and connect as shown in Figure 
4-2(b). 

f. Set the sine wave signal source amplitude to + 7 
dBm, frequency 51 kHz. 

g. Set the 3325A frequency to 50 kHz, amplitude to 
9.99 Vp-p. 

h. If you are using the 3580A low frequency spec­
trum analyzer, use the following control settings: 

Center Frequency 
Resolution Bandwidth 
Freq Span/Div 
Sweep Time/Div 
Sweep Mode 
Amplitude Mode 
Amplitude Ref Level 
Input Sensitivity 

1 kHz 
Med 
0 
1 sec 
Rep 
10 dB Log 
Normal 
-50 dBv 

i. Adjust the center frequency fine tuning of the 
3580A for maximum, then adjust the input sensitivity 
vernier for - 10 dB. 

j. Change the sine wave signal source frequency to 
101 kHz. Take a visual average of the 0 Hz sweep. This 
is the second harmonic relative to the -10 dB reference. 
The display reading plus 10 dB should be - 65 dB or 
lower. 

k. Change the signal source frequency to 151 kHz 
and read the third harmonic as in j. This completes the 
50 kHz test. 

I. Connect the 3325A to the low frequency spectrum 
analyzer as shown in Figure 4-2(a). Set the 3325A fre­
quency to 10 kHz, amplitude to 10 Vp-p. 

m. Set the low frequency spectrum analyzer as 
follows: 

Start Frequency 
Resolution Bandwidth 
Display Smoothing 
Freq Span/Div 
Sweep Time/Div 
Sweep Mode 
Amplitude Mode 
Amplitude Ref 
Input Sensitivity 

0 kHz 
300 Hz 
Med. 
5 kHz 
1 sec 
Rep 
10 dB Log 
Normal 
+ 10 dBv 

n. The fundamental and 3 harmonics should be 
displayed. Adjust input sensitivity vernier to place the 
fundamental at 0 dB. All harmonics should be below 
-65 dB. 

o. Change 3325A frequency to I kHz. Change 
analyzer resolution bandwidth to 100 Hz and freq 
span/div to .5 kHz. Verify that all harmonics are below 
-65 dB. 
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p. Change 3325A frequency to 100 Hz. Change 
analyzer resolution bandwidth to 10 Hz, display 
smoothing to min, and freq span/div to 50 Hz. Verify 
that all harmonics are below - 65 dB. 

High Voltage Output (Option 2) 

q. Remove the 50 ohm feedthru termination; connect 
the 3325A directly to the low frequency spectrum 
analyzer input. 

r. Set the 3325A frequency to 100 Hz, press the signal 
key to activate the high voltage output, and set the 
amplitude to 40 Vp-p. 

s. Set the analyzer to display 100 Hz distortion as 
above. All harmonics should be below - 65 dB. 

t. Set the 3325A frequency to I 0 kHz. Set the 
analyzer to display the distortion as for the standard 
output. All harmonics should be below - 65 dB. 

u. Disconnect the 3325A signal output from the low 
frequency spectrum analyzer, and connect it through a 
681 ohm series resistor to the high frequency spectrum 
analyzer. 

v. Set the 3325A frequency to 200 kHz. 

w. Adjust the spectrum analyzer controls to observe 
the fundamental and at least 4 harmonics. Set the 
analyzer input attenuation to 50 dB. Adjust level of the 
fundamental to full scale on the display. All harmonics 
should be more than 60 dB below the fundamental. 

x. Set the 3325A frequency to 1 MHz. Repeat Step v. 
All harmonics should be more than 40 dB below the 
fundamental. 

4-39. Spurious Signal Tests. 

4-40. This procedure tests the 3325A sine wave output 
for spurious signals. Circuits within the 3325A may 
generate repetitive frequencies that are not harmonically 
related to the fundamental output frequency. All 
spurious signals must be more than 70 dB below the fun­
damental signal or less then - 90 dBm, whichever is 
greater. 

Equipment Required: 
High frequency spectrum analyzer (-hp- Model 

141T/8552B/8553B) 
Low frequency spectrum analyzer (-hp- Model 

3580A) 
Sine wave signal source (-hp- Model 3335A) 
Mixer (-hp- Model 10534A) 
50-ohm feedthru terminal (-hp- Model 11048C) 
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Mixer Spurious Test 

a. Connect the 3325A signal output to the high fre­
quency spectrum analyzer 50-ohm input as shown in 
Figure 4-3(a). 

3325A 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function .......................... Sine 
Amplitude .................... - 20 dBm 
DC Offset .......................... 0 V 
Sweep Start Frequency ........... 10 MHz 
Sweep Stop Frequency ............ 20 MHz 
Marker Frequency ................ 5 MHz 
Sweep Time ........................ 5 sec 

HIGH FREQUENCY 
SPECTRUM ANALYZER 

D 

A. MIXER SPURIOUS TEST 

REF OUT 

3325A 

MIXER 

SINE WAVE 
SIGNAL SOURCE 

50.0. 
fEEDTHRU 

15kHz FILTER 
r - -- -, 

IOK 

1600 T 
I pf W 
I 

B. FRACTIONAL N SPURIOUS TEST 

Figure 4-3. Spurious Tests. 

SPECTRUM ANALYZER 

D 

3325A-41A 
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c. Press "START CONT" key. 

d. Adjust the spectrum analyzer to display the fun­
damental frequencies and the 2: 1 spur which will sweep 
between 10 MHz and 20 MHz. (As the fundamental fre­
quency sweeps from 10 MHz to 20 MHz, the spur will 
sweep from 20 MHz to 10 MHz.) Suggested control set­
tings for the -hp- Model 141 T /8552B/8553B are as 
follows: 

Frequency ...................... 15 MHz 
Bandwidth ...................... 30 kHz 
Scan Width .................. 1 MHz/ div 
Attenuator ....................... 10 dB 
Base Line Clipper .................. CCW 
Scan Time .................... 20 ms/div 
Log Ref Level ...................... 0 dB 
10 dB Log Sensitivity ................ - 10 
Video Filter ...................... 10 kHz 

e. The 2: 1 spur should be more than 70 dB below the 
level of the fundamental. 

Close-in Spurious Test 

f. Connect the equipment as shown in Figure 4-3(b). 

g. Set 3325A frequency to 5 MHz, amplitude to 0 
dBm. 

h. Set the sine wave signal source frequency to 5.01 
MHz, amplitude to +7.00 dBm. 

i. Adjust the spectrum analyzer to display to 10 kHz 
difference frequency (from the mixer and low pass 
filter) and set the reference level. 

j. Change the 3325A frequency to 5.001 MHz. 

REF OUT 

3325A 

SIGNAL 
GENERATOR 

3335A 

MIXER 

50{2 
FEEOTHRU 

3325A-42 
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k. All spurious (non-harmonic) signals should be 70 
dB lower than the reference set in Step i. 

I. Repeak Steps g through k for frequencies of 10.010 
MHz, 15.010 MHz, and 20.010 MHz. 

m. All spurious (non-harmonic) signals should be 70 
dB lower than the reference set in Step i. 

n. Repeat Steps g through m for frequencies of 
10.001 MHz, 15.001 MHz, and 20.001 MHz. 

4·41. Integrated Phase Noise Test. 

4-42. This test compares the integrated phase noise to 
the specification in Table 1-1, which is: 

- 60 dB for a 30 kHz band centered on a 20 
MHz carrier (excluding ± 1 Hz about the 
carrier). 

Equipment Required: 
Sine wave signal source (-hp- Model 335A) 
Mixer (-hp- Model 10534A) 
50-ohm load (-hp- Model 11048C) 
DC digital voltmeter (-hp- Model 3455A) 
AC voltmeter (-hp- Model 400 FL) 
15 kHz noise equivalent filter consisting of: 

Resistor: 10 kn ± 1 OJo (-hp- Part No. 0757-0340) 
Capacitor: 1600 pF ± 50Jo (-hp- Part No. 

0160-2223) See Figure 4-4 

a. Connect the equipment as shown in figure 4-4, 
connecting the 15 kHz noise equivalent filter output to 
the ac voltmeter. Phase lock the 3325A and the signal 
generator together. 

' ' ' ' ' ' ' ' ' ' ' ' ' 

IOK 
1% 

15kHz 
Fl LTER 

·-----------------

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 

AC 
VOLTMETER 

DIGITAL VOLTMETER 

._____QJ 
' ' ' '~----------------------' 

Figure 4·4. Integrated Phase Noise Test. 
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b. Set the 3325A as follows: 

Function .......................... Sine 
Frequency .................. 19.901 MHz 
Amplitude ....................... 0 dBm 

c. Set the sine wave signal source (reference) as 
follows: 

Frequency .................... 19.9 MHz 
Amplitude .................. + 7 .00 dBm 

d. Record the ac voltmeter reading (dB scale). 

e. Change 3325A frequency to 19.9 MHz. 

f. Connect the 15 kHz filter output to the de digital 
voltmeter. 

g. Press the 3325A PHASE entry key. Using the 
MODIFY keys, adjust the 3325A output phase for a 
minimum reading on the digital voltmeter. 

h. Disconnect the 15 kHz filter output from the 
digital voltmeter and connect it to the ac voltmeter. 

i. Record the ac voltmeter reading (dB scale) and sub­
tract it from the reading recorded in Step d. The dif­
ference should be - 54 dB or greater. Add - 6 dB to this 
number and enter on the performance test card. The 
6 dB is a correction factor compensating for the folding 
action of the mixer. 

NOTE 

Frequencies used minimize the phase noise 
contribution of the 3335A. 

SIGNAL 
GENERATOR 

B 
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4-43. Amplitude Modulation Envelope Distortion Test. 

4-44. This procedure tests the 3325A against the 
amplitude modulation envelope distortion specification 
in Table 1-1: 

- 30 dB to 80% modulation at 10 kHz, 0 V 
de offset 

Equipment Required: 
Sine wave signal source (-hp- Model 204C) 
Spectrum analyzer (-hp- Model 141 T /8552B/8553B) 

a. Connect the equipment as shown in Figure 4-5. 

b. Set the 3325A output as follows: 

Function .......................... Sine 
Frequency ....................... 1 MHz 
Amplitude ....................... 3 Vp-p 
DC Offset .......................... 0 V 
High Voltage Output (Option 002) ..... Off 
AM ................................ On 

c. Set the modulating signal source frequency to 10 
kHz and adjust the level to produce 80% modulation of 
the 3325A output. 80% modulation is indicated by 
modulation sidebands being 8.0 dB down from the car­
rier, as viewed on the 2 dB/ div display of the spectrum 
analyzer. 

d. Adjust the spectrum analyzer to display the fun­
damental frequency, the 10 kHz sideband frequency, 
and at least 4 harmonics of the sidebands. All har­
monics should be at least 30 dB lower than the modula­
tion sidebands. 

SPECTRUM ANALYZER 

D 

3325A 
TO AMPTD"'-~~~~~~----. 

MOD 
INPUT 

3325A-43 

Figure 4-5. AM Envelope Distortion 
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4-45. Square Wave Rise Time and Abberations. 

4-46. This procedure compares the 3325A square wave 
output to its rise/fall time and overshoot specifications 
in Table 1-1. 

Rise and Fall Time: < 20 ns, 10% to 90% at 
full output 

Overshoot: < 5% of p-p amplitude at full 
output 

Equipment Required: Oscilloscope (-hp­
Model 1740A) 

a. Connect the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp­
Model 1740A, set the input switch to the 50-ohm posi­
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm feedthru 
termination) at the input. 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function ........................ Square 
Frequency ....................... I MHz 
Amplitude ..................... 10 V p-p 

c. Adjust the oscilloscope vertical and horizontal 
controls so that the square wave rise time between the 
10% and 90% points can be measured. Rise time should 
be less than 20 nanoseconds. 

d. Adjust the oscilloscope to measure the square 
wave fall time between the 90% and 10% points. Fall 
time should be less than 20 nanoseconds. 

e. Expand the oscilloscope vertical display and adjust 
controls so that the overshoot can be measured. Over­
shoot should be less than 500 m V at positive and 
negative peaks. 

4-47. Ramp Retrace Time. 

4-48. This test compares the retrace time of the positive 
and negative slope ramps to the specifications in Table 
1-1: 

<3 µ.s 90% to 10% 

Equipment Required: Oscilloscope (-hp- Model 1740A) 

a. Connect the 3325A signal output to the 
oscilloscope vertical input. If the oscilloscope is an -hp­
Model 1740A, set the input switch to the 50-ohm posi­
tion. If your oscilloscope does not have a 50-ohm input, 
use a 50-ohm load (-hp- Model 11048C 50-ohm feedthru 
termination) at the input. 
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b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function ............ Positive Slope Ramp 
Frequency ....................... 10 kHz 
Amplitude ..................... 10 V p-p 

c. Adjust the oscilloscope vertical and horizontal 
controls so that the ramp retrace time from the 90% to 
10% points can be measured. Retrace time should be 
less than 3 µ.s. 

d. Change function to negative slope ramp and 
repeat Step c. 

4-49. Sync Output Test. 

4-50. This procedure checks the voltage levels of the 
sync output square wave: 

Vhigh> + 1.2V;V10w> +0.2 V into 50 ohms 

Equipment Required: Oscilloscope (-hp- Model 1740A) 

a. Connect the 3325A sync output to the oscilloscope 
vertical input. If the oscilloscope is an -hp- Model 
1740A, set the input switch to the 50-ohm position. If 
your oscilloscope does not have a 50-ohm input, use a 
50-ohm load at the input (-hp- Model 11048C 50-ohm 
Feedthru Termination). 

b. Set the 3325A function to sine, frequency to 20 
MHz. 

c. Adjust the oscilloscope controls to measure the 
high and low levels of the sync square wave. The high 
level should be greater than + 1.2 V and the low level 
should be less than + 0.2 V. 

4-51. Square Wave Symmetry. 

4-52. This procedure checks the symmetry of the square 
wave signal output to the specification in Table 1-1: 

0.02% of period + 3 nanoseconds 

Equipment Required: Electronic counter (-hp- Model 
5328A) 

a. Connect the 3325A signal output to both inputs of 
the electronic counter, using a BNC tee (see Figure 4-6). 

b. Set the 3325A output as follows: 

Function ........................ Square 
Frequency ....................... 1 MHz 
Amplitude ...................... 1 V rms 
DC Offset .......................... 0 V 
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c. Adjust the electronic counter to measure time in­
terval average A to B, with Slope A +, Slope B - . Note 
the reading. 

3325A-44 

3325A 

_J _J_J_J _J 

_J _J_J_J _J 

_J _J_J_J _J 

_J _J_J_J _J 

Performance Tests 

d. Change Slope A to - , Slope B to + . Reading 
should be equal to the reading in Step c ± < 3.2 ns. 

ELECTRONIC 
COUNTER 

T-CONNECTOR 

Figure 4·6. Square Wave Symmetry. 

4-53. Frequency Accuracy. 

4-54. This test compares the accuracy of the 3325A out­
put signal to the specification in Table 1-1: 

± 5 x 10- 6 of selected frequency 

Equipment Required: Electronic Counter (-hp- Model 
5328A, calibrated within three months or with an ac­
curate 10 MHz external reference input) 

a. Connect the 3325A signal output to the electronic 
counter channel A input with a 50 n load. Allow 3325A 
and counter to warm up for 20 minutes. 

b. Set the 3325A output as follows: 

Function .......................... Sine 
Frequency ...................... 20 MHz 
Amplitude ................... 0.99 V P-P 
DC Offset .......................... 0 V 

c. Set the counter to count the frequency of the A in­
put with 1 Hz resolution, and adjust for stable trigger­
ing. Electronic counter should indicate 20 000 000.0 Hz 
± 100 Hz. 

d. Change 3325A function to square wave. Frequen­
cy automatically changes to 10 MHz. Electronic counter 
should indicate 10 000 000.0 Hz ± 50 Hz. 

e. Change 3325A function to triangle. Frequency 
automatically changes to 10 kHz. Move the counter in­
put to the sync output of the 3325A. Set the counter to 
average 10,000 periods. Overflow will occur, but the 
most significant digit may be read by switching to 1000 
periods. Electronic counter should indicate 100,000 ns 
± .5 ns. 

f. Change 3325A function to positive slope ramp. 
Electronic counter should indicate 100,000 ns ± .5 ns. 

4-55. Phase Increment Accuracy. 

4-56. This test compares the phase increment accuracy 
of the 3325A to the specification in Table 1-1: 

±0.2° 

Equipment Required: 
Sine wave signal source (-hp- Model 3335A) 
Electronic Counter (-hp- Model 5328A) 

a. Connect the equipment as shown in Figure 4-8. 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function .......................... Sine 
Frequency ...................... 100 kHz 
Amplitude ...................... 13 dBm 

c. Set the sine wave signal source (3335A) as follows: 

Frequency ..................... 0.1 MHz 
Amplitude ...................... 13 dBm 

d. Set the electronic counter (5328A) as follows: 

Function ........ Time Interval Avg. A to B 
Frequency Resolution, N .............. 10s 
Inputs .................... 50 0, Separate 
Slope A and B ................... Positive 
Sample Rate .................. Maximum 

4-19 



Performance Tests 

3325A 

aa25A-45 

Model 3325A 

ELECTRONIC 
COUNTER 

Figure 4-7. Frequency Accuracy. 
e. Press the 3325A PHASE entry key to display i. Determine the time difference between the counter 

phase. Using the Modify keys, adjust the phase until the readings in Step h and Step f, and record in the "Time 
counter reads approximately 200 nanoseconds. Press Difference" column. The difference should ,tie from 
the 3325A blue entry prefix key, then ASGN ZERO 22.22 ns to 33.34 ns. 
PHASE. 

f. Set the electronic counter sample rate to HOLD. 
Press RESET. Record the counter reading (to 2 decimal 
places) on the Performance Test Record in the space for 
"Zero Phase Time Interval". This is the phase dif­
ference (in nanoseconds) between the 3325A output and 
the reference signal. 

g. Set the 3325A phase to -1°. 

h. Press the electronic counter RESET. Record the 
counter reading (to 2 decimal places) in the space for 
"1° Increment Time Interval". 

TO EXT 
REF IN 

IOMHz 
REF 

3325A 

3335A 

0 

j. Set the 3325A phase to -10°. 

k. Press the electronic counter RESET. Record the 
counter reading to the space for "10° Increment Time 
Interval". 

I. Enter the time difference between the "Zero Phase 
Time Interval" and the reading in Step k in the "Time 
Difference" column. This should be from 272.22 ns to 
283.34 ns. 

m. Set the 3325A phase to -100°. 

5328A 

B A 

REFERENCE 

o325A-46 

Figure 4·8. Phase Increment Accuracy. 
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3325A 
532BA 

COUNTER 

3335A 

REFERENCE 
SOURCE 

0 

3325A-47 

Figure 4-9. Phase Modulation Linearity. 

n. Press the electronic counter RESET. Record the 
counter reading in the space for "100° Increment Time 
Interval". 

o. Enter the time difference between the "Zero Phase 
Time Interval" and the reading in Step n in the "Time 
Difference" column. It should be from 2722.22 ns to 
2783.34 ns. 

4-57. Phase Modulation Linearity. 

4-58. This procedure tests the phase modulation lineari­
ty. The specification in Table 1-1 is: 

± 0.5%, best fit straight line 

Equipment Required: 
Sine wave signal source (-hp- Model 3335A) 
Electronic counter (-hp- Model 5328A) 
DC power supply (-hp- Model 6214A) 
Digital voltmeter (-hp- Model 3455A) 

a. Connect the equipment as shown in Figure 4-9. 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function .......................... Sine 
Frequency ....................... 100 Hz 
Amplitude ............... , ...... 13 dBm 
Phase Modulation ................... On 

c. Set the sine wave signal source (3335A) as follows: 

Frequency ....................... 100 Hz 
Amplitude ...................... 13 dBm 

d. Set the electronic counter (5328A) as follows: 

Function ...... Time Interval Avg. A and B 
Frequency Resolution, N .............. 105 

Inputs .................... 50 0, Separate 
Slope A and B ................... Positive 
Sample Rate .................. Maximum 

e. Using the digital voltmeter to monitor the de 
power supply output, set the de voltage as near - 5.0000 
V as possible. 

f. Press the 3325A PHASE entry key to display 
phase. Using the Modify keys, adjust the phase until the 
counter reads approximately 200 nanoseconds. Record 
the counter reading as a reference for the following 
steps. 

g. As soon as possible after recording the counter 
reading, note the digital voltmeter reading and record 
on the Performance Test Record in the "DVM Reading, 
x1" space. 

h. Press the 3325A blue prefix key, then ASGN 
ZERO PHASE. 

i. Change the de power supply output to - 4.0000 V. 

j. Using the Modify keys, adjust the 3325A phase to 
return the counter reading to the value recorded in Step 
f. 

k. Record the digital voltmeter reading in the "DVM 
Reading, x2" space. 

1. The 3325A display indicates the phase change 
resulting from the 1 V change in modulating voltage. 
Record the phase display in the "Phase Difference, 2" 
space (positive value). 

m. Press the 3325A blue prefix key, then ASGN 
ZERO PHASE. 
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n. Change the power supply output to the following 
voltages and repeat Steps j through m for each. Record 
the dvm readings and phase differences in the ap­
propriate spaces on the Performance Test Record. 

DC DVM Phase 
Voltage Reading Difference 

-3.0000 v X3 3 
-2.0000 v X4 4 
-1.0000 v X5 5 

0.0000 v x6 6 
+ 1.0000 v X7 7 
+2.0000 v Xs 8 
+3.0000 v X9 9 
+4.0000 v XIO JO 
+5.0000 v Xll 11 

o. Enter the cumulative pliase change in the 
"Cumulative Phase" column. That is, enter the "2" 
Phase Difference in the y2 space, then add the "y2" and 
"3" values and enter in the y3 space. Add the "y3" and 
"4" values and enter in y 4, etc. 

p. On the Performance Test Record, multiply each x 
value by the corresponding y value and enter in the "x 
times y'' column. 

q. Total the "DVM Reading" column and enter in 
the Ex space. Total the "Cumulative Phase" values and 
enter in the Ey space. Total the "x times y" values and 
enter in the Exy space. 

r. Square each x value and enter in the "x2" column. 
Total this column and enter in the Ex2 space. 

s. Square the Ex value and enter in the (Ex)2 space. 

t. Multiply the Ex value by the Ey value and enter in 
the ExEy space. 

u. The equation for determining the "best fit straight 
line" specification for each y value is: 

y = a1x + a0 

Where: a1x and a0 are constants to be 
calculated from data taken previously 

Where: x is the value of the modulating 
voltage, recorded as x1 through x11 

v. First determine the value of a1 using the following 
equation: 
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Where: Ex, Ey, Exy, ExEy, Ex2, and (Ex)2 
are the previously calculated values entered 
on the Performance Test Record 

Model 3325A 

n = 11 (the number of points to be 
calculated) 

w. Determine the value of a0 using the equation: 

y x 
ao = - al 

ao = n 
al n 

x. Calculate each value for y using the equation: y = 
a1x + a0• Enter each result on the Performance Test 
Record in the "Best Fit Straight Line Values" column, 
(y1 through (y11). 

y. Determine the test limits for each y value by in­
creasing and decreasing the calculated (y) values by 
0.50/o of the (yll) value. Enter in the Maximum and 
Minimum columns. 

z. Transfer the y 1 through y 11 "Cumulative Phase" 
entries to the "Measured Cumulative Phase" column. 
Each value should be within the calculated limits. 

4-59. Amplitude Accuracy. 

4-60. This procedure tests the amplitude of the 3325A 
ac function output signals against the accuracy 
specifications in Table 1-1. 

Equipment Required: 
AC/DC digital voltmeter (-hp- Model 3455A, 
average converter opt. 001 preferred) 

AC: Accuracy sufficient to verify a 1 OJo specifica­
tion to 100 kHz. 
DC: Resolution, 1 microvolt. 

High speed DC voltmeter (-hp- Model 3437A). At 
least 3 Yz-digit resolution, 1 Yz microsec. or faster set­
tling time. 
50-0hm step attenuator (-hp- Model 355C) 
50-0hm feedthru termination (-hp- Model 11048C) 
Thermal converter (-hp- Model 11050A) 
Oscilloscope (-hp- Model 1740A) Must have delayed 
sweep of .05 microsec/div and delayed sweep gate 
output. 
Components: 

Resistor 36.55 ohm 0.1 O/o 0.125W 2 ea 0698-7169 
Resistor 61.11ohm0.10/o 0.25W 2 ea 0699-0090 
Resistor 43ohm* 0.1 O/o 0.125W 1 ea 0698-8264 
Resistor 1330ohm* 0.1 O/o 0.25W 3 ea 0698-7453 
Capacitor 300 pF* 50/o 1 ea 0160-2207 
*Used only to test High Voltage (option 002). 

Amplitude Accuracy at Frequencies up to 100 kHz 

a. Sine Wave Test. Connect the 3325A signal output 
through a 50 ohm feedthrough termination to the AC 
digital voltmeter input. 
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b. Set the 3325A as follows: 
Off High Voltage Output (Option 002) 

Function Sine 
lOOHz 

3.536 V RMs(lO Vp-p) 
ov 

Frequency 
Amplitude 
DC Offset 

c. Press AMPTD CAL key. 

d. Read AC Voltmeter. Change 3325A frequency to 
kHz and 100 kHz and repeat. Verify that all three 

voltmeter readings are between 3 .495 V RMS and 3. 577 
VRMS (±0.l dB). 

e. Change 3325A amplitude to 1.061 VRMS (3 Vp-p) 
and take ac voltage readings for 100 Hz, 1 kHz and 100 
kHz as above. Verify that all three voltmeter readings 
are between 1.048 VRMS and 1.073 VRMS (±0.1 dB). 

f. Change 3325A amplitude to .3536 V RMS and set de 
offset to 1 mV. Set 3325A frequency to (100 Hz, 1 kHz, 
and 100 kHz and read ac voltage. Verify that all three 
readings are between .3411 VRMS and .3660 VRMS 
(±0.3 dB). 

g. Function Test. Connect 3325A sync output to ex­
ternal trigger input of oscilloscope. Connect 3325A 
signal output to the voltage divider of Figure 4-lO(A). 
Connect the voltage divider output to oscilloscope ver­
tical input and to high speed voltmeter input. Connect 
delayed sweep gate from oscilloscope to external trigger 
input of high speed voltmeter. See Figure 4-lOA. 

h. Set the 3325A as follows: 
High Voltage Output (Option 2) 
DC Offset 
Amplitude 
Frequency 
Function 

1. Set the oscilloscope as follows: 
Display 
Vertical Sensitivity 
Trigger 
Main Sweep 
Delayed Sweep 
Delay 

OFF 
ov 

lOVp-p 
99.9 Hz 
Square 

AorB 
.5 volts/div 

Ext 
1 msec/div 
5 µsec/div 

250 

j. Set the 3437A voltmeter as follows: 
Range 
Trigger 
Delay 

l.OV 
Ext 

0 sec 

k. One cycle of the square wave should fill the screen 
of the oscilloscope, and the sample time for the 
voltmeter should be seen as the intensified spot of the 
delayed sweep. 

I. Press AMPTD CAL on the 3325A. 

Performance Tests 

m. Read positive peak voltage of attenuated 
waveform on voltmeter. If the reading is not stable, 
press hold, then ext. alternatively to repeat readings. 
Change oscilloscope delay to 750 and read negative 
peak. Add the two readings to obtain volts peak to 
peak. Verify that sum is between 3.661 volts and 3.735 
volts. 

n. Change 3325A function to Triangle. Change 
oscilloscope to: 

Vertical Sensitivity 
Vertical Position 
Main Sweep 
Delay 
Magnify 
Delayed Sweep 

.2 volts/div 
9 o'clock 

.5 msec/div 
500 

XlO 
1 µsec/div 

o. Adjust oscilloscope delay to place the intensified 
spot on peak of triangle and read positive peak voltage 
on 3437A. Press neg trigger, move vertical position 
knob of CRO to 3 o'clock and adjust intensified spot to 
read negative peak on the 3437 A. Verify that sum of 
positive and negative peak voltages is between 3.643 and 
3.754 volts. 

p. Change 3325A function to pos ramp. Change 
oscilloscope to: 

Trigger pos 
Main Sweep 2 msec/div 

Place spot on positive peak, press hold, then ext, then 
hold a few times on the 3437 A and record most positive 
reading. 

q. Move vertical position knob to 3 o'clock, adjust 
delay and read negative peak. Ramp jitter should be 
visible on all ramp readings (the 3437 A will hold the 
readings). Verify that sum of pos and neg peaks is bet­
ween 3.643 and 3.754 volts. 

r. Change 3325A function to neg ramp. Change CRO 
trigger to pos and take neg ramp reading as above. 

s. Change 3325A function to square and frequency to 
1 kHz. Set CRO as follows: 

Main Sweep 50 µsec/div 
Delayed Sweep .05 µsec/div 

Read positive peak; push neg trigger and read negative 
peak. Verify that sum is between 3.661 and 3.735 volts. 

t. Change 3325A function to triangle and frequency 
to 2 kHz. Set CRO main sweep to 20 µsec/div and delay 
to 610. Adjust delay and position and set pos and neg 
trigger to read peaks. Verify Vp-p to be between 3.643 
and 3.754 volts. 

u. Change 3325 function to pos ramp and frequency 
to 500 Hz. Set main sweep of CRO to .2 msec/div and 
adjust sweep vernier to return peaks to center screen 
(trigger must be neg to see jitter at this point). Verify 
Vpp to be between 3.643 and 3.754 volts. 
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v. Change 3325A function to neg ramp and CRO 
trigger to pos. Verify Vpp of 3.643 to 3.754 volts. 

w. Change 3325A frequency to 100 kHz and function 
to square. Return CRO sweep vernier to calibrate and 
set main sweep to .5 µ.sec/div and magnify to off. Read 
pos and neg peak voltages in the center of the screen. By 
pressing pos/neg trigger. Verify Vpp of 3.661 to 3.735 
volts. 

x. Change 3325A function to triangle (frequency will 
go to 10 kHz). Set CRO main sweep to 5 µ.sec/div and 
press magnify. Verify Vpp of 3.513 to 3.883 volts. 

y. Change 3325A function to pos ramp. Set cro mam 
sweep to 20 µ.sec/div. Adjust delay to set end of inten­
sified spot on highest peak. Verify Vpp of 3.328 to 3.996 
volts. 

z. Change 3325A function to neg ramp. Verify Vpp 
of 3.328 to 3.996 volts. 

aa. Change 3325A amplitude to 3 Vpp, and remove 
the voltage divider from the circuit. Set frequency to 
99.9 Hz and function to square. 

bb. Repeat tests i through z. New test limits are as 
follows: 

Test Frequency Function Minimum Maximum 

m 99.9 Hz Square 2.970 v 3.030 v 
0 99.9 Hz Triangle 2.955 v 3.045 v 
q 99.9 Hz Pos Ramp 2.955 v 3.045 v 
r 99.9 Hz Neg Ramp 2.955 v 3.045 v 

l kHz Square 2.970 v 3.030 v 
2 kHz Triangle 2.955 v 3.045 v 

u 500 Hz Pos Ramp 2.955 v 3.045 v 
v 500 Hz Neg Ramp 2.955 v 3.045 v 
w 100 kHz Square 2.970 v 3.030 v 
x 10 kHz Triangle 2.850 v 3.150 v 
y 10 kHz Pos Ramp 2.700 v 3.300 v 
z 10 kHz Neg Ramp 2.700 v 3.300 v 

cc. Change 3325A amplitude to 1 Vpp, and set de of-
fset to 1 mV. Set frequency to 99.9 Hz and function to 
square. Set CRO vertical sensitivity to .05 volts/div for 
all 1 Vpp tests. 

dd. Repeat tests i through z. New test limits are as 
follows: 

Test Frequency Function Minimum Maximum 
m 99.9 Hz Square .970 1.030 
0 99.9 Hz Triangle .960 1.040 
q 99.9 Hz Pos Ramp .960 1.040 

99.9 Hz Neg Ramp .960 1.040 
s l kHz Square .970 1.030 

2 kHz Triangle .960 1.040 
u 500 Hz Pos Ramp .960 1.040 
v 500 Hz Neg Ramp .960 1.040 
w 100 kHz Square .970 1.030 
x 10 kHz Triangle .940 1.060 
y 10 kHz Pos Ramp .890 1.110 
z 10 kHz Neg Ramp .890 1.110 
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High Voltage Output Amplitude Accuracy 
For Frequencies To 100 kHz 

(For Instruments with High Voltage Option 002) 

ee. Sine Wave Test. Connect 3325A signal output to 
the AC voltmeter via a 6 ft. cable. Connect a 500 0, 300 
pF load (at either end) in parallel with the line. 

ff. Press the 3325 high voltage key near the 3325A 
output connector. A LED in the key indicates that the 
high voltage output is on. 

gg. Set 3325A function to sine, frequency to 2 kHz, 
and amplitude to 14.14 VRMS (40 Vpp). Press AMPTD 
CAL key. The AC voltmeter reading should be 13.86 to 
14.42 VRMS· 

hh. High Voltage Function Test. Connect 3325A 
signal output to CRO and voltage divider via a 6 ft. 
cable. Trigger CRO on 3325A sync output. Trigger high 
speed DC voltmeter on delayed sweep gate from CRO 
See Figure 4- lO(B). 

ii. The voltage divider shown in Figure 4- lO(B) is 
built into a small metal box with 2 BNC connectors. 
Parts used are: 

R3, 443 ohm, consists of 3 parallel 1330 ohm resistors, 
each 0.1 "lo, 0.25 watt, -hp- Part Number 0698-7453 

R4, 43 ohm, 0.1 OJo, 0.125 watt, -hp- Part No. 0698-8264 
Cl, 300 pF, 5"7o, -hp- Part Number 0160-2207 

Connect the tap to the input of high speed DC voltmeter 
as shown in Figure 4-lO(B). 

jj. Set 3325A frequency to 2 kHz and amplitude to 40 
Vpp. Set DC voltmeter to IV range and ext trigger. Set 
oscilloscope as follows: 

Vertical Sensitivity 
Vertical Position 
Trigger 
Main Sweep 
Delayed Sweep 
Delay 
Magnify 

2 volts/div 
8 o'clock 

Ext 
20 µ.sec/div 

.05 µ.sec/div 
615 

XlO 

kk. Set 3325A to square wave and read positive peak 
on DC voltmeter. Switch CRO to neg trigger, take ver­
tical position to 4 o'clock, and read neg peak. Verify 
that peak to peak voltage is between 3.466 and 3.607 
volts. 

11. Change 3325A function to triangle, and read peak 
voltages. Vpp should be 3.466 to 3.607 volts. 

mm. Change 3325A to pos ramp. Change CRO main 
sweep to .1 msec/div and delay to 500. Verify Vpp of 
3.466 to 3.607 volts. Repeat for neg ramp by changing 
CRO trigger to pos. 

Amplitude Flatness: (Frequencies above 100 kHz) 
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nn. Set the 3325A as follows: 
High Voltage Output (Option 2) 
Function 
Frequency 
Amplitude 

OFF 
Sine 

1 kHz 
3Vpp 

oo. Set the 50 0 attenuator (-hp- Model 355C) to 3 dB 
and connect to signal output. Connect 1 V RMS thermal 
converter (-hp- 11050A) to attenuator output. Connect 
DC digital voltmeter with microvolt resolution (-hp-
3455A) to thermal converter output. See Figure 4-lO(C). 

pp. Press 3325A AMPTD CAL key. Record the 
voltmeter reading in the 3 V sine wave 1 kHz reference 
space on the performance test record. 

qq. Set the 3325A modify key to the 1 MHz position 
and bump the frequency in 2 MHz steps from 1 kHz to 
20,001 MHz, recording the voltmeter reading at each 
frequency. 

rr. Verify that all flatness readings are within ± 
6.6% of the 1 kHz reference reading. 

ss. Change attenuator to 12 dB. Change 3325A 
amplitude to 10 Vpp. Repeat steps pp and qq for 10 
Vpp. Verify that all readings are within 6.3% of the 1 
kHz reference. 

tt. Disconnect the thermal converter from the 3325A 
output. 

uu. Square wave flatness. Set the 3325A as follows: 
High Voltage Output (Option 2) OFF 
Function Square 
Amplitude 10 Vpp 
Frequency 1 kHz 

vv. Connect the 3325A signal output to an 
oscilloscope (-hp- 1740A) with a 500 load. Set the 
oscilloscope as follows: 

Vertical Sensitivity 2 volts/ div 
Time/Div .1 msec 

ww. Use the modify keys to bump the 3325A fre­
quency from 1 kHz to 10.001 MHz in 2 MHz steps. Two 
lines will appear on the oscilloscope. Verify that they re­
main within Yi major division of 5 divisions apart for all 
11 frequencies. 

xx. High Voltage (Option 2) Amplitude Flatness 
above 100 kHz. 

yy. Connect the 3325A output to an oscilloscope 
(-hp- 17 40A) with a 500 0, 500 pF load (load attached at 
either end). Cable capacitance (30pF /foot) must be in­
cluded in the 500 pF. The HV divider (Figure 4-lO(B)) 
may be used with 6 feet of cable. 
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zz. Set the oscilloscope as follows: 
Vertical Sensitivity 10 volts/div 
Time/Div 1 msec 

aaa. Set the 3325A to 40 Vpp sine wave (HV option 
on) and 1 kHz. Adjust oscilloscope intensity and focus 
for a sharp trace. 

bbb. Use the modify keys to bump the 3325A fre­
quency from 1 kHz to 1.001 MHz in 200 kHz steps. 
Verify that the width of the bright region of the screen is 
4 ± .4 divisions for all 11 frequencies. 

4·61. DC Offset Accuracy (DC Only). 

4-62. This procedure tests the de offset accuracy when 
no ac function output is present. The de only specifica­
tion in Table 1-1 is: 

± 0.4% of full range 

Equipment Required: 
DC digital voltmeter with 5-digit resolution, capable 

of measuring >20 V for High Voltage Output 
Option 002 (-hp~ Model 3455A) 

50-ohm Feedthru termination (-hp- Model 11048C) 

a. Connect the 3325A signal output through the 
50-ohm feedthru termination to the de digital voltmeter 
input (see Figure 4-ll(A)). 

b. Press whichever function key is presently active, 
indicated by a lighted indicator in the center of the key. 
This removes the ac output. The indicator in the center 
of the "DC OFFSET" entry key should light. 

c. Set the 3325A de offset to 5 V, then press the 
"AMPTD CAL" key. 

d. The de digital voltmeter reading should be + 4.980 
to +5.020 V. 

e. Change 3325A de offset to - 5 V. Digital volt­
meter reading should be - 4.980 to - 5.020 V. 

Attenuator Test 

f. Set the de offset to the positive and negative 
voltages shown below. The digital voltmeter reading 
should be within the tolerances shown for each voltage. 

DC Offset 

± 1.499 v 
±499.9 mV 
± 149.9 mV 
±49.99 mV 
± 14.99 mV 
±4.999 mV 
± 1.499 mV 

Tolerances 

± 1.49300 to 1.50499 V 
± 0.49790 to 0.50190 V 
±0.14930 to 0.15050 V 
±0.04979 to 0.05019 V 
± 0.01493 to 0.01505 V 

±0.004979 to 0.005019 V 
±0.001479 to 0.001519 V 
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Figure 4· 10. Amplitude Accuracy and Flatness. 
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High Voltage Output Option 002 DC Offset 

g. Remove the 50-ohm feedthru and connect the 
3325A output directly to the digital voltmeter input. 

h. Press the "SIGNAL" key in the lower right corner 
of the 3325A front panel to select High Voltage Output 
(Option 002). Lighted indicator in the center of this key 
indicates High Voltage Output is on. 

i. Set 3325A de offset to 20 V. Digital voltmeter 
reading should be + 19.775 V to 20.225 V. 

j. Set 3325A de offset to - 20 V. Digital voiJ.tmeter 
reading should be -19.775 V to -20.225 V. 

4-63. DC Offset Accuracy with AC Functions. 

4-64. The specifications for DC Offset accuracy with 
AC Functions given in Table 1-1 are as follows: 

DC+ AC, sl MHz: ±1.2%, Ramps ±2.4% 
DC + AC, > 1 MHz: ± 3% 

Equipment Required: 
DC Digital voltmeter (-hp- Model 3455A) 
50-ohm feedthru termination (-hp- Model l 1048C) 

a. Connect the equipment as shown in Figure 
4-1 l(A). Set the digital voltmeter to measure de voltage. 

b. Set the 3325A output as follows: 

High Voltage Output (Option 002) ..... Off 
Function .......................... Sine 
Frequency ........... 20.999 999 999 MHz 
Amplitude ...................... 1 V p-p 
DC Offset ...................... + 4.5 V 

c. Press AMPTD CAL key. After amplitude calibra­
tion (approximately 2 seconds) the digital voltmeter 
reading should be + 4.350 to + 4.650 V de. 

d. Change the de offset to - 4.5 V. Digital voltmeter 
reading should be - 4.350 to - 4.650 V de. 

e. Change the 3325A frequency. to 999.9 kHz. The 
digital voltmeter reading should be - 4.440 to -4.560 V 
de. 

f. Change the 3325A de offset to ( +) 4.5 V. The 
digital voltmeter reading should be + 4.440 to + 4.560 V 
de. 

g. Set the 3325A function to Square. The digital 
voltmeter reading should be + 4.440 to + 4.560 V de. 

h. Change the 3325A de offset to - 4.5V. The digital 
voltmeter reading should be - 4.440 to - 4.560 V de. 

Performance Tests 

i. Change the 3325A frequency to 9.9999 MHz. The 
digital voltmeter reading should be - 4.350 to - 4.650 
v. 

j. Set the 3325A function to Triangle, frequency to 
9.9 kHz. The digital voltmeter reading should be 
- 4.440 to - 4.560 V. 

k. Set the 3325A function to + Ramp. The digital 
voltmeter reading should be - 4.380 to - 4.620 V. 

4-65. Triangle Linearity. 

4-66. This procedure tests the linearity of the triangle 
wave output against the specification in Table 1-1: 

± 0.05 OJo of full output, 10% to 90%, best fit 
straight line 

Because the triangle and ramp outputs are generated by 
the same circuits, this procedure effectively tests the 
ramp linearity also. 

Equipment Required: 
High-speed de digital voltmeter (This procedure is 

written to use the high speed and delay capabilities 
of the -hp- Model 3437 A) 

Resistive divider, + 2.5, consisting of: 
30ohms±1% v.iw (-hp- Part No. 0698-7533) 
20 ohms ± 1 OJo v.i W (-hp- Part No. 0698-6296) 

BNC-to-Triax adapter (-hp- Part No. 1250-0595 or 
Model l l l 72A RF Cable) 

a. Connect the 3325A and the high-speed digital 
voltmeter through the divider as shown in Figure 
4-ll(B). 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function ....................... Triangle 
Frequency ....................... 10 kHz 
Amplitude ..................... 10 V p-p 

c. Set the digital voltmeter as follows: 

Range .............................. 1 V 
Number of Readings ................... 1 
Trigger ............................. Ext 

NOTE 

The Model 3437A triggers on the negative­
going edge of the 3325A sync square wave. 

d. Set the digital voltmeter delay to .00003 (seconds). 
Record the digital voltmeter reading on the Perfor­
mance Test Record under "Positive Slope Measure­
ment, ( 10%) y 1 ". This is the 10% point on the positive 
slope of the triangle. See Figure 4-12. 

4-27 



Performance Tests Model3325A 

3325A 

DlGlTAL VOLTMETER 

11 J 
50.n 

FEEDTHRU 

A. 

3325A 
SYNC OUT 

8_J83]_J ...J ...J ...J ...J 
_J _J ...J ...J ...J ...J 

...J ...J ...J ...J 
...J ...J ...J ...J ...J ...J 

300 
u .2511 

EXTERNAL 
1RlGGER '34'37 
INPUT ..--....JL..----...----, 

20 n 
u .2511 l'lZS-4-11 

Figure 4-11. Triangle and Ramp Linearity Test. 

e. Measure the voltage at each 10% segment point by 
setting the digital voltmeter delay to the following. 
Enter on the Performance Test Record in the ap­
propriate spaces under "Positive Slope Measurement." 

Delay 

.000035 

.00004 

.000045 

.00005 

.000055 

.00006 

.000065 

.00007 

Percent of Slope 

20 
30 
40 
50 
60 
70 
80 
90 

f. Measure the voltage at each 10% segment point on 
the negative slope by setting the digital voltmeter delay 
to the following. Enter the readings on the Performance 
Test Record in the appropriate spaces under "Negative 
Slope Measurement." 
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Delay 

.00008 

.000085 

.00009 

.000095 

.0001 

.000105 

.00011 

.000115 

.00012 

Percent of Slope 

90 
80 
70 
60 
50 
40 
30 
20 
10 

g. Algebraically add the voltages recorded in the 
"Positive Slope Measurement" column and enter the 
total in the "Ey" space. 

h. Multiply Ey by 45 (which is Ex) and enter the 
re~ult in the "ExEy" space. 

i. Multiply each y value by the corresponding x value 
and enter in the "x times y" column. Total these values 
and enter in the "Exy" space. 
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Figure 4· 12. Triangle Linearity Test. 

j. The equation for determining the "best fit straight 
line" specification for each y value is: 

Where: a1 and a0 are constants to be 
calculated from data taken previously. 

NOTE 

Calculate the values of a 1 and a0 to at least 
five decimal places. 

k. First determine the value of a1 using the following 
equation: 

ExEy 
Exy-

n 

(Ex)2 

Ex2 -
n 

Where: Ex, Ey, Exy, ExEy, Ez2, and (Ex)2 
are the previously calculated values entered 
on the Performance Test Record. 

n = 9 (the number of points to be 
calculated) 

I. Determine the value of a0 using the equation: 

Ey Ex 
ao =- - al -

n n 

m. Calculate the "Best Fit Straight Line" value for 
each point (y1 through y9) using the equation: 

Enter each result on the Performance Test Record in the 
"Best Fit Straight Line" column. 

n. Determine the minimum and maximum allowable 
voltages at each point by subtracting and adding 0.002 
V to the voltages calculated in Step m (10 V + 2.5 x 0.05 
%). Enter these voltage limits on the Performance Test 
Record under "Minimum" and "Maximum". The 
voltages measured and recorded in the "Positive Slope 
Measurement" column should be within these calculat­
ed tolerances. 

o. Algebraically add the voltages recorded in the 
"Negative Slope Measurement" column and enter the 
total in the "Ey" space. 

p. Repeat Steps h through n to determine the "Best 
Fit Straight Line" values and tolerances for the negative 
slope. The voltages measured and recorded in the 
"Negative Slope Measurement" column should be 
within the calculated tolerances. 

4·67. X Drive Linearity. 

4-68. This procedure tests the linearity of the rear panel 
X Drive output to the specification in Table 1-1: for all 
linear sweep widths which are integral multiples of the 
minimum sweep width for each function and sweep 
time: 

± 0.1 % of final value, 10% to 90%, best fit 
straight line. 
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Equipment Required: 
High-speed de digital voltmeter (This procedure is 

written to use the high speed and delay capabilities 
of the -hp- Model 3437 A) 

Resistive divider, +- -2.6, consisting of: 
lOOkO 1 % l/8W (-hp- Part No. 0757-0465) 
162k0 1 % l/8W (-hp- Part No. 0757-0470) 

DC power supply (-hp- MOdel 6214A) 
BNC-to-Triax adapter (-hp- Part No. 1250-0595 

Model 1ll72A RF Cable) 

a. Connect the equipment as shown in Figure 4-13. 

b. Set the 3325A as follows: 

High Voltage Output (Option 002) ..... Off 
Function .......................... Sine 
Amplitude ..................... 10 V p-p 
Sweep Start Frequency ............ 1 MHz 
Sweep Stop Frequency ............ 10 MHz 
Sweep Marker Frequency .......... 4 MHz 
Sweep Time ..................... 0.01 sec 

c. Press 3325A START CONT key. 

d. Set the digital voltmeter as follows: 

Range .............................. 1 V 
Number of Readings ................... 1 
Trigger ............................. Ext 

NOTE 

The Model 3437A triggers on the negative­
gong edge of the Z Blank signal, which oc­
curs at the start of a sweep up. 

e. Set the digital voltmeter delay to .001 (seconds). 
Adjust the de power supply for a digital voltmeter 
reading of - 1.600 V. Record the digital voltmeter 
reading on the Performance Test Record under "X 
Drive Ramp Measurement, (10%), y1." This is the 10% 
point on the X Drive ramp. See Figure 4-14. 

f. Measure the voltage at each 10% segment point by 
setting the digital voltmeter delay to the following. 
Enter on the Performance Test Record in the ap­
propriate spaces under "X Drive Ramp Measurement". 
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Delay 

.002 

.003 

.004 

.005 

.006 

.007 

.008 

.009 

Percent of Ramp 

20 
30 
40 
50 
60 
70 
80 
90 

Model 3325A 

g. Algebraically add the voltages recorded in the "X 
Drive Ramp Measurement" column and enter the total 
in the "I:y" space. 

h. Multiply I:y by 45 (which is l:x) and enter the 
result in the "l:xl:y" space. 

i. Multiply each y value by the corresponding x value 
and enter in the "x times y" column. Total these values 
and enter in the "I:xy" space. 

j. The equation for determining the "best fit straight 
line" specification for each y value is: 

Where: a 1 and a0 are constants to be 
calculated from data taken previously. 

NOTE 

Calculate the values of a 1 and a0 to at least 
five decimal places. 

k. First determine the value of a 1 using the following 
equation: 

l:xy -
n 

r:x2 -
n 

Where: r:x, I:y, l:xy, l:xI:y, I:z2, and (I:x)2 
are the previously calculated values entered 
on the Performance Test Record. 

n = 9 (the number of points to be 
calculated) 

I. Determine the value of a0 using the equation: 

l:y r:x 
ao = - - a1-

n n 

m. Calculate the "Best Fit Straight Line" value for 
each point (y1 through y9) using the equation: 

y = a 1x + a0 

Enter each result on the Performance Test Record in the 
"Best Fit Straight Line" column. 
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Figure 4-13. X Drive Linearity Test. 

n. Determine the minimum and maximum allowable 
voltages at each point by subtracting and adding 0.004 
V to the voltages calculated in Step m (10.5 V + 2.6 x 
0.1 %). Enter these voltage limits on the Performance 
Test Record under "Minimum" and "Maximum". The 
voltages measured and recorded in the ''X Drive Ramp 
Measurement" column should be within these 
calculated tolerances. 

NOTE 
The 3325A X Drive maximum voltage 
(100%) is set at the factory to + 10.5 V .. 

4-69. Ramp Period Variation. 

4-70. This procedure tests the variation between alter­
nate cycles of the positive and negative slope ramps to 
the specification in Table 1-1: < ± 1 OJo of period, max­
imum. 

Equipment Required: Oscilloscope, with delayed 
sweep (-hp- Model 1740A) 

a. Connect 3325A signal output to the oscilloscope 
vertical input. (Do NOT use a 10:1 probe.) If the 
oscilloscope is an -hp- Model 1740A, set the input 
switch to the 50-ohm position. If your oscilloscope 
doesnot have a 50-ohm input, use a 50-ohm load (-hp­
Model 11048C 50-ohm Feedthru Termination) at the in­
put. 

b. Set the 3325A as follows: 

Function ............ Negative Slope Ramp 
Frequency ....................... 100 Hz 
Amplitude ..................... 10 V p-p 

c. Set the oscilloscope as follows: 

Vertical. ........................ 2 VI div 
Main sweep ................... 2.0 ms/div 
Delayed sweep ................. 20 µsl div 
Trigger ......................... Positive 

d. With oscilloscope horizontal controls set to main 
sweep, adjust the intensified portion of the trace to the 
reset (positive going) portion of the ramp. 

e. Set the horizontal controls to delayed sweep and 
position the ramp reset portion near the center of the 
display. 

f. The reset portion should show more than one line, 
as in Figure 4-15. The lines should not be separated by 
more than ten divisions on the display. 

g. Change the 3325A function to positive slope ramp 
and set oscilloscope trigger to negative to verify the 
positive ramp. 

h. Bump the 3325A frequency to 99.999999 Hz to 
check the low frequency ramps. Verify that ramp period 
variations do not exceed ten divisions. 
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Figure 4-14. X Drive Linearity Test. 

4-71. HP-IB Interface Test. 

4-72. The following calculator program tests the opera­
tion of the 3325A HP-IB interface circuits. The pro­
gram is written for an -hp- Model 9825A calculator but 
may be adapted for other controllers. The program is 
printed on a foldout page for your convenience. 

Equipment Required: 
-hp- Model 9825A Calculator equipped with: 
98034A HP-IB Interface (set the select code 7) 
Any combination of ROM's that includes a General 
1/0 ROM and an Extended 1/0 ROM 

a. Connect the calculator interface cable to the 
3325A rear panel HP-IB connector. It is recommended 
that no other equipment be connected to this HP-IB 
during this test. 

b. Enter the program into the calculator. 
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c. Press RUN. Tests 4 through 7 in this program re­
quire the operator to press CONTINUE if the test 
passes, or 1 CONTINUE if the test fails. If the Test 4 
question (SRQ LIGHT ON?, 1 = NO) does not appear 
in the calculator display within 30 seconds after start of 
the program (RUN), the 3325A and calculator are not 
interfacing properly. The calculator may display an er­
ror indication that will identify the problem. If not, the 
3325A HP-IB circuits are probably not operating cor­
rectly. 

Figure 4-15. Ramp Reset Waveform. 
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Instrument Returns To Known Conditions After Self 
Test 

Test 1 - Did Frequency Go To 1000 Hz? 

Test 2 - Interrogate Frequency 

Test 3 - Interrogate Amplitude 

Test 4 - Test SRO Circuits 

Test 5 - Test Talk Circuits 

Test 6 - Test Listen Circuits 

Test 7 - Test Remote Circuits 

PROGRAM FLOWCHART 

Enter 3325A Bus Address 

Perform Self Test 

Program: 
Freq= 1234.56789 Hz 
AMPTD = 50 mV 

Program Sweep: 
1 kHz to 1 0 kHz 
10 sec, Enable Mask 

Print Results 

End 

Performance Tests 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 

NO 
ERROR 
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2: P rt ,. 332:5FI 11 

(::if fl·:::i1::::;7l.7·:•f:I 
'?; c 1 r Fi --------------------Clear the 3325A to Turn-on State 
::::: t"~:· f"1 7--------------------Set HP-IB Remote Enable (Select Code 7) 

10 
:I. 1 
l ;;~ 

1 :~: 
14 
:l ~5 

"TEST l ": 
1 •• .1 rt f:I :1 ''TE'' -------------------Perform Self Test 
1 •• .1 t" t 1=1 , " I i::· 1:::: " Interrogate Frequency 
red F1, F Read 3325A Frequency 
i. f F :l:t 1 0 ~J (I ; 1 .. :1• I"' l Compare Frequency to 1 000 Hz 

i.6 "TEST 2, 3 SETI.ff'": 
l '? :: 1,.,1 rt H, ''Fl? 12::;;:4" 567:::90HZ f=1M~:;C11"'1V ''---Set Freq to 1234.567890 Hz, Amptd to 50mV 
I:::::: 1 • .,1 n. fl, "::;; F: :::::" --------------store Settings in Register 3 
:1.·::1 : c1.1"· 14 ------------------<·learthe3325A 
;;:: 0 :: 1 .• .11·· t f:1 , " r.:: E:::: " Recall Settings in Register 3 
;;::'. t = 

;;::3 :: 1 •• .11··t fl :1 ''I FF:'' --------------------Interrogate Frequency 
---------------------Read Frequency 

2 !'.,) : i f' C 11: :l ;;::: :~:: 4 , ~j 6? :::: 9 ; 1 ..;.. t" ~~ --------------Compare to Frequency Stored 

:;:~?: :1 TE~:;T:::: II: 
::: ::;: : 1,..11"· t A, " I fi M '-' -------------------Interrogate Amplitude 
::: ·:~ : r· e d f:1 , H Read Amplitude 
:::;: (j : i f' H 1* • (1 ~'.'.'.i ; l ·~· I"'::;;: Compare to Amplitude Stored 

J :::: :: 1 •• .1 i"' t f:I :1 " ::;:; T :i. I< H :;:;; F :I. O I< H :;:; t"l l T I 1 Ci::::; [ M :;:: F :::: ::;; ::;; :;:; '~Lin Sweep 1 - 1 OkHz, Enable SRO Mask 
::;::4: c J. i. ? ; 1 c]. ? Clear Interface, Interface to Local 
3~:; :: bee1:::0 ;; 1::·t"1t ":;;;;r;::() I.. .. I GHT Cit .. !?, :I. ::::t·iO" :1 r4 Did 3325A Initiate SRO? 
36: 
:::::? :: II TE~::: ·r ~:; ,, fi 

3 ::::: :: r cl::::. ( f1) .. :, ::;; Read Status into Variable 5 
:::::·~1:: t"ef"1 '?-------------------Set Remote Enable 
4('.) :: i"'~::·d 1=1, :;::; Read from the 3325A 
4 :I.:: be1::·P; i::-nt ''Tri!....!< l... I GHT Cii"·i? :• 1 ::::t .. 10 '' :1 r~::i ----Did 3325A respond to Talk Command? 
42:: 

:\-4:: 1 ... 1rt H; I.cl ? Write to the 3325A, Interface to Local 
l 1'.:i: b1::·1;:;·p :: ~=·nt "L. I :::::T[;::l' .. I L. I CHT CH .. !"?, :I. :::::1 .. 10" :• r6 -- Did 3325A respond to Listen Command? 

i·?:: "TE::;:;T ?" :: Remote Interface, Write to 3325A, 
I:::: :: t" •:::· f"t l :: :,..1 1· t H :: c l i. '? Clear Interface 
·i'):: bi:::.::-1::.:: ent ''i?[i"iUT[ l...ICHT 01·1:: :1 J::::i·IU'' :• i"l-----Did the 3325A Respond to Remote? 
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5 1 : :::. j~:i C ; f:a r t 1 1 ~~· •:1:• •:1:• •:1:· ·!~· •:I:· * "*' ~.;. -:t:• ~E· ~I=· ~I~ 11 

52: F.:•1"·1:. ''TE:::;T F::E::::;l..JL.T::;: '' 
5:~:: ;:.pc ;i-:a-J;f::-::d ~J 
54: if r!:::f:1; i::ort "T[::::n" ~'I," 
55: .if 1· .. I=1; t.:ort "TE::3T", I," 

---------Print Results of Tests 
F. fl I I....'' 

. 56: i f ( I+ 17 I ) < ::: ? ; ,j f'I F-' -2 
5 7 : p t°' t I I •:.:- -:Z:• ·~:· ~=· ~I~ -:+:• ~I:• •:.:• •:~· .;.;. ~.;. •:.:• •t.- -=-~ •:t• "*' I I ;: ::::, f::a c :;:: 
58: i::·nt '' F.:i::·f.:·~::·o.t t e:::.t?, l :::'-f'E:·:::. '' ~1 C; i. f C= 1; ·::1t o 0---Self Contained Program may be 
5 '3 : i::· n d Linked or Used as a Subroutine 

Variables used in thi.s Test Program: 

A Address of 3325A (defaults to 717) 
F Frequency read from 3325A in test #1 
G Frequency read from 3325A in test #2 
H Amplitude read from 3325A in test #3 
I Counter used to print test results 

r1 -r7 Test results (0 =Pass, 1 =Fail) 
S Status read from 3325A in test #5 

Samples of Program Printouts: 

**************** **************** 
3325A 3325A 
HP--IB TEST HP-IB TEST 
°*"************ ************* 

TE3T 1 

TEST .-, 
.::. 

.-, 

.::. 
F1WCC 

ii ._1 ._1 

TEST .-, 
.,:1 

4 4 
FAIL 

._! 

6 6 

7 
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APPENDIX A 
SECTION 111 

META MESSAGES 
BLOCK DIAGRAMMED 

DAT A MESSAGE - The Data message is the actual information that is sent from a talker 
to one or more listeners. This action requires the controller to first enter the command mode 
to set up the talker and listener(s) for the transfer of data. The information is then trans­
ferred in the data mode. 

DATA 
MESSAGE 

ATN 
(TRUE) 1--

COMMAND MODE 
_r==- ADDRESSING---, 

DIO 1-8 
UN LISTEN 1-r- CONTROLLER TALK 

? DEVICE LISTEN 
DATA MODE 

0779 
OR ATN DIO 1-8 + (FALSE) 1--- DEVICE DEPENDENT 

t-
DEVICE TALK 

CONTROLLER LISTEN 

DATA 

OR 

"-- DEVICE TALK 
ANOTHER DEVICE LISTEN 

TRIGGER - The Trigger message causes all addressed instruments with this capability to 
execute some predefined function simultaneously. 

The 3325A does not have Trigger capability. 

TRIGGER 
MESSAGE 

(GROUP EXECUTE) 

ATN 
(TRUE) 

r- COMMAND MODE---, 

DIO 1-8 
UN LISTEN 

0779 

LISTEN ADDRESS 

L_ADDRESSING__J 

REN MUST BE TRUE BEFORE EXE­
CUTING THE TRIGGER MESSAGE. 

DIO 1-8 
GROUP EXECUTE 

TRIGGER 
0108 

CLEAR - The Clear message may be implemented for addressed devices or for all devices 
on the bus capable of responding. In both cases the controller places the bus in the command 
mode to execute the message. 

CLEAR 
MESSAGE 

(ALL DEVICES) 

COMMAND MODE 

ATN 
(TRUE) 

DIO 1-8 
DEVICE CLEAR 

0248 

A-1 
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A-2 

CLEAR 
MESSAGE 

(SELECTED DEVICE) 

ATN 
(TRUE) 

COMMAND MODE 

DI01-8 
UN LISTEN 

0773 

LISTENER ADDRESS 

L__ ADDRESSING __J 

DIO 1-8 
SELECTED DEVICE 

CLEAR 
0048 

REMOTE - Only the system controller can place the device into the Remote operating con­
dition. To implement the Remote message, the controller must set the REN line true. The 
HP-IB is then in the Remote Enable mode. The controller then sends the listen addresses of 
those devices that are to be placed in the Remote operating condition. Some instruments 
have been designed to enter the Remote mode as soon as REN is true. 

REMOTE 
MESSAGE 

(FOR SELECTED 
DEVICE) 

REMOTE MESSAGE 
(ENABLE ONLY) 

ATN 
(TRUE) 

REN 
(TRUE) 

COMMAND MODE 

DIO 1-8 
UN LISTEN 

0118 

LISTEN ADDRESS 

L-ADDRESSING ___J 

LOCAL - The Local message will remove addressed devices from the Remote operating 
mode to local (front panel) control. The controller must place the HP-IB into the command 
mode and address to listen all devices that are to be returned to local. The Local message 
does not remove the HP-IB from the Remote mode, only the listening devices. 

LOCAL 
MESSAGE ATN 

(TRUE) 1---i 

COMMAND MODE 

DIO 1-8 
UN LISTEN LISTEN ADDRESS 

? I---
0773 

L__ ADDRESSING _J 

DIO 1-8 

~- GO TO LOCAL 
GTL-0019 
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LOCAL LOCKOUT - The Local Lockout message prevents the operator from placing the 
instrument into local control from the front panel. The controller must be in the command 
mode to send the Local Lockout message. 

LOCAL 
LOCKOUT 
MESSAGE 

ATN 
(TRUE) 

COMMAND MODE 

DIO 1-8 

~ LOCAL LOCKOUT 
LL0-0219 

REN MUST BE TRUE BEFORE EXE­
CUTING THE LOCAL LOCKOUT MES­
SAGE. 

CLEAR LOCKOUT AND SET LOCAL - This message removes all devices from the Local 
Lockout mode and causes them to revert to local control. Because the REN line is set false, 
the HP-IB is in the local mode. 

CLEAR 
LOCKOUT/LOCAL 

MESSAGE 

COMMAND MODE 

~ 
~ 

REQUIRE SERVICE - The Require Service message is implemented by a device setting the 
SRQ line true. The Require Service message and, therefore, the SRQ line is held true until a 
poll is conducted by the controller to determine the cause of the request for service, or until 
the device no longer needs service. 

REQUIRE 
SERVICE 
MESSAGE 

SRO 
(TRUE! 

*REFER TO THE STATUS BYTE MES­
SAGE FOR THE SPECIFICATIONS 
REQUIRED TO FORCE SRO FALSE. 

A·3 
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A-4 

STATUS BYTE - The Status Byte message represents the operational status of a single in­
strument during a Serial Poll. A controller usually Serial Polls devices in response to a Re­
quire Service message. The controller requests device status from one device at a time. The 
status information byte (8 bits) sent by the device will tell whether that device needed service 
and why. A device will stop requesting service upon being Serial Polled, or if it no longer 
needs service. The controller initiates the message by placing the bus into the command 
mode, sending the Serial Poll Enable command, and addressing the specific devices to be 
polled, one at a time. The device then sends its Status Byte and clears the SRQ line provided 
the cause for the require Service message is no longer present. The controller then places the 
bus in the command mode to terminate the message with a Serial Poll Disable command. 

STATUS BYTE 
MESSAGE 

ATN 
(TRUE) 1--

COMMAND MODE 

DIO 1-8 
UN LISTEN 1--? 

0118 

c~D 

FALSE 

LISTEN ADDRESS 

+ 
DATA MODE 

D~c 

STATUS BYTE 

+ 
COMMAND MODE 

l Dl01-8 
ATN SERIAL POLL 

(TRUE) ~ DISABLE 
0313 

1--

D~c 

SRO 
(FALSE) 

DIO 1-8 

~i SERIAL POLL 
TALK ADDRESS 

ENABLE 
0303 

*THE SRO LINE WILL NOT GO FALSE 
UNLESS THE DEVICE NO LONGER 
REQUIRES SERVICE. 

STATUS BIT - The Status Bit message is sent by a device to the controller to indicate its 
operational status in response to a Parallel Poll. Parallel Polling consists of the controller re­
questing one bit of status from each device simultaneously. The Parallel Poll may consist of 
three types of operations: Configuring, Polling, and Unconfiguring. In Configuring, the 
controller assigns each device a logic level and bit (on the bus data lines) for a poll response. 
During polling, each device responds on its assigned data line with the appropriate logic 
level. In Unconfiguring, the controller negates the bit and level assignments for all or 
selected devices. Several devices may be assigned to the same bit and level, causing their 
response bits to be logically ORed or ANDed. 

I 
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STATUS 
MESSAGE BIT 
(CONFIGURE) 

STATUS 
BIT 

MESSAGE 
(POLLING) 

STATUS 
MESSAGE BIT 

IUNCONFIGURE) 

l 

OR 

ATN 
(TRUE) 

ATN 
(TRUE) 

ATN 
(TRUE) 

ATN 
(TRUE) 

1--

1--

CONTROLLER TO DEVICE 

DIO 1-8 
UN LISTEN 

? 
0118 

EOI 
(TRUE) 

1--' PARALLEL 
c~D POLL 

LISTEN 1-- CONFIGURE 
ADDRESS PPE (058) 

DEVICE TO CONTROLLER 
PARALLEL POLL RESPONSE 

PPR 
STATUS BIT 

FROM DEVICES 

I---

PARALLEL 
POLL 

ENABLE 
PPE 1408 
THRU 1578 

ATN 
(FALSE) 

OR 

E01 
(FALSE) 

CONTROLLER TO DEVICE 

DIO 1-8 
UN LISTEN 

PARALLEL 
POLL 

UNCONFIGURE 
PPU (0258) 

' c~D LISTEN 
ADDRESS 

PARALLEL 
POLL 

CONFIGURE 
PPD (058: 

PARALLEL 
POLL 

DISABLE 
PPD (1609) 

PPE ASSIGNS THE LOGIC LEVEL AND DATA LINE OF 
A DEVICEISI RESPONSE. 140a THRU 1478 ASSIGN 
THE LOW (TRUE) LEVEL ANO 1508 THRU 15078 
ASSIGNS THE HIGH (FALSE) LEVEL. 1409 AND 1508 
ASSIGNS BIT 2° (DATA LINE 1), 1418 AND 1578 
WHICH ASSIGN BIT 27 AND IS THE LAST POSSIBLE 
ASSIGNMENT. 

The 3325A does not respond to Parallel Poll. 

Appendix A 
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PASS CONTROL - The Pass Control message transfers bus management responsibilities 
from the active controller to another controller. In order to pass control, the active con­
troller must enter the command mode, send the talk address, and the HP-IB characters for 
talk control. 

PASS 
CONTROL 
MESSAGE 

ATN 
(TRUE) 

0101-8 
UN LISTEN 

0779 

COMMAND MODE 

DI01-8 
TAKE CONTROL 

0119 

* TALK ADDRESSING OF 
RECEIVING CONTROLLER 

*THE RECEIVING CONTROLLER TAKES 
CONTROL AT THIS TIME. 

ATN 
(FALSE) 

The 3325A does not respond to the Pass Control message. 

ABORT - The system Controller implements the Abort Message to regain control of the 
HP-IB from the active controller. 

ABORT 
MESSAGE 

IFC 
TRUE 

(UNADDRESSES 
ALL DEVICES) 
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APPENDIX B 
SECTION Ill 

PROGRAMMING THE MODEL 3325A 
with the 

MODEL 9825A CALCULATOR 

The following basic examples are provided to assist the operator in developing programs for 
the Model 3325A in an HP-IB system which uses the -hp- Model 9825A Calculator as the 
system controller. The calculator must be equipped with a General 110 ROM and an HP-IB 
Interface set to select code 7. The calculator (controller) normally holds the REN line true, 
unless the "kl 7" (local) command is sent. REN may be returned to the true state by the 
"rem 7" (remote) command. 

Example 1: This is a basic program statement which accomplishes the following: 

Address the controller to talk 
Address the 3325A to listen 
Sent Program Data: 

Function: Sine 
Frequency: 5 kHz 
Amplitude: 3 Vp-p 
Off set: + 1.5 V 

.....--------------- This portion places the bus in the command mode, 
addresses the calculator to talk and the 3325A to 
listen 

..------------- Change to data mode 

.....------------ Function 

.....----------- Frequency 

~------- Amplitude 

All alphabetics must 
be capitals 

~ ()ff set 

- .-'-.. __.__ -"-
'' ;, ... :. 
:,:): 

The last parameter programmed can be changed without sending the parameter mnemonic. 
For example, following the program string above, the offset (OF) may be changed to 1 V by 
sending "1 VO". 

B-1 
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Example: 2: This program sets up sweep parameters and initiates a single sweep. 

Address the controller to talk 
Address the 3325A to listen 
Send Program Data: 

Function: Sine 
Amplitude: 3 Vrms 
Start Frequency: 1 kHz 
Stop Frequency: 10 kHz 
Marker Frequency: 5 kHz 
Sweep Time: 2 seconds 
Start Single Sweep 

NOTE 

To start a single sweep the mnemonic "SS" must 
be sent twice. The first "SS" sets the 3325A to the 
Start frequency, and the second "SS" starts the 
sweep . 

......-------------- 7 = Interface select code 

---------------17 = 3325A address 

.--------------Function 

......-----------Amplitude 

...---------- Start Frequency 

,..._------ Stop Frequency 

Sweep Time 

Start Single 

Model 3325A 
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Example 3: This example checks the "Require Service" status of the 3325A and if it did re­
quest service, determines the reason. 

CD 
1. Enables all service request conditions. 

2. Program data contains an error. Stop frequency 
(SP15KH) is too large for triangle function (FU3). 

3. Wait statement allows time for sweep to start 
before reading status. 

4. Read status byte from the 3325A and place in the 
calculator variable "S". 
5 If bit 6 of the status byte == 1, the 3325A did request 
service. Go to subroutine to determine the reason. 

6. Programming continues at this point if the 3325A 
did not request service or upon returning from the 
subroutine. 

7. If service request resulted from a program string 
error, interrogate the 3325A to determine the error 
code and place in the calculator variable "E". 

8. Determine the nature of the program error. 
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9. Determine other reason for service request and if 
"Sweeping" or "Busy" flags were true. 

10. Return from subroutine. 

11. Printer records the results of the serial poll. 

12. If the program string were corrected to make all 
data valid, this printout would result from the above 
program. 

Example 4: The 3325A can be set up manually to the optimum parameters needed for the 
test to be performed, then the calculator can interrogate the 3325A to determine and record 
these parameters. This example program interrogates: 

Function: IFU 
Frequency: IFR 
Amplitude: IAM 
DC Offset: IOF 

(i ~ 1.=.i r·· t ? l ? ~ =
1 I F U =· 

; t"1:·ci ? 17:=1.-i; f >::d 
6 

I: : I 

::::: , ~··i 

Line 0 Write statement interrogates Function; read 
statement addresses 3325A to talk, calculator to 
listen, and places data in variable W; '' fxd 6'' fixes six 
decimal places. · 

Line 1 Because only numerical data can be placed in 
the variables, print statements may include in quotes 
the parameter interrogated. 
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Appendix B 

Lines 2 - 7 Other parameters are interrogated. 
Amplitude data acquired by this program does not in­
dicate the units programmed. Frequency is always 
returned in Hz and DC Offset in Volts. 

If the calculator is equipped with a String Variable ROM, the interrogate program may be 
changed to the following. Because string variables accept both alpha and numeric 
characters, the resulting printout includes the mnemonics and delimiters (units). 

1. Dimension a string variable for each parameter 
you want to interrogate. The dimension number (in 
brackets) is the number of spaces assigned to the 
variable. 

2. This printout results when string variables are 
used. 

B-5 



Appendix B Model 3325A 

B-6 

Example 5: The 3325A can be made to sweep amplitude (in steps) if a for/next statement is 
used in the calculator program. It is recommended that the upper and lower amplitude limits 
selected be on the same range because irregularities in the sweep will occur if the attenuator 
relays are switched. 

i;~i ; i.:.i !'"' t '? 1 ? , 11 F tJ l F 
t? 1. t::: H 0 F:- 0 11/ C) t=i M :3 =:/ 0 :i 

l; for 
u l ; i.:J rt 
·= \=! 0 :: 

,. 
J. 

I:::: :l. 1~:1 to 
::::; b '/ ..... ~ :l ;; !.:) !'. t 
.? 1 '? ~ I :1 := \i 0 :I 

Line 0 DC Offset (OF0VO) is programmed to zero 
because any off set would be incompatible with the 10 
V maximum amplitude of this sweep. 

Line 1 The sweep limits (3 to 10) are on the same 
range. The sweep increment is in .1 V steps. Because 
amplitude was the last parameter programmed, the 
write statement does not require the "AM" 
mnemonic. 

Line 2 The calculator returns to Line 1 until I = 10, then 
proceeds to Line 3. 

Line 3 The sweep decrement is also in .1 V steps. 

Line 5 Return to Line 1 to continue sweeping. 

The sweep speed is determined by calculator and 3325A data transfer and processing times. If a 
slower sweep time is desired, wait statements may be added before the "next I" statements. 



Model 3325A Appendix B 

FUnction 
DC only 0 
Sine 1 
Square 2 
Triangle 3 
Positive Ramp 4 
Negative Ramp 5 

FRequency 
- Hz HZ 

kHz KH 
MHz MH 

AMplitude 
- Volts p-p VO 

mVp-p MV 
Vrms VR 
mVrms MR 
dBm DB 

DC Offset 
Volts VO 
mV MV 

PHase 
Degrees 

Sweep STart Frequency 

Sweep ~toR Frequency 

DE 

Sweep Marker _!::requency 

Sweep Time 
Seconds SE 

Sweep Mode 
- Linear 1 

Logarithmic 2 

Sto~e Program 
0 - 9 

REcall Program 
0 - 9 

Rear or Front Panel Output 
- Front 1 

Rear 2 

MODEL 3325A 
SYNTHESIZER/FUNCTION GENERATOR 

HP-18 PROGRAMMING CODE 
(ASCII Characters) 

High y oltage Output 
On 1 
Off 0 

Amplitude Modulation - MA 
On I 
Off 0 

Phase Modulation - MP 
On -1 
Off 0 

Data 
0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

.(Decimal) 

Interrogate Operations 
Function !FU 
Frequency !FR 
Amplitude !AM 
Offset !OF 
Phase !PH 
Swp Start Freq !ST 
Swp Stop Freq ISP 
Swp Mkr Freq IMF 
Sweep Time !TI 
Sweep Mode ISM 
Rear/Front Out !RF 
High Volt Out IHV 
Error !ER 

Program Mode IMD 
Amptd Mode IMA 
Phase Mode IMP 

Error Codes (See Paragraph 3-146) 
I. Entry parameter out of bounds 
2. Invalid delimiter 
3. Frequency too large for fun ct ion 

Execution Functions 4. Sweep time too small or too large 
Assign Zero _fhase 5. Offset and amplitude incompatible 
Perform Amptd Cal 6. Sweep frequency or bandwidth error 
~tart ~ingle* - 7. U nrccognizable mnemonic 
Start Continuous 8. Unrecognizable data character 
Perform Self TEst 9. Option docs not exist 

*Start Single code must be sent twice "SSSS". The first "SS" resets the sweep to start conditions and 
the second "SS" starts the sweep. 

B-7 
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I 

00 
HP-18 IMPLEMENTATION WORKSHEET 

DEVICE 
IDENTIFICATION 

LISTEN 
ADDRESS TALK 

DEC I MAW 
MESSAGE DEVICE IMPLEMENTATION• 

DATA 

TRIGGER 

CLEAR 

LOCAL 

REMOTE 

LOCAL LOCKOUT 

CLEAR LOCKOUT 
AND SET LOCAL 

REQUIRE SERVICE 

STATUS BYTE 

STATUS BIT 

PASS CONTROL 

ABORT 

•S=SEND ONLY R=RECEIVE ONLY SR=SEND AND RECEIVE N=NOT IMPLEMENTED 



Hewlett-Packard 
Model 3325A 
Synthesizer/Function Generator 

Serial No.----------

Par. 4-10 

Par. 4-12 

Step d 

Step g 

Par. 4-14 

Step c 

Step d 

Step e 

Par. 4-16 

Step c 

Step d 

Step e 

Step f 

Step g 

Step i 

Par. 4-18 

Par. 4-20 

Par. 4-22 

Step c 

Step d 

Step e 

Step f 

OPERATIONAL VERIFICATION RECORD 

Tested by------------

Date--------

Self Test Passed 

Sine Wave Verification 

20 MHz: Frequency and Amplitude Passed 

Signal Purity Passed 

High Voltage Output ( 1 MHz) Passed 

Square Wave Verification 

Frequency and Amplitude Passed 

Rise Time Passed 

Overshoot Passed 

Triangle and Ramp Verification 

Triangle Freq. and Amptd. Passed 

+ Ramp Freq. and Amptd. Passed 

- Ramp Freq. and Amptd. Passed 

- Ramp Retrace Time Passed 

+ Ramp Retrace Time Passed 

Triangle Linearity Passed 

Amplitude Flatness Passed 

Spec 

Sync Output Check High > + 1.2 v 
Low <0.2V 

Frequency Accuracy Spec. 

Sine, 20 MHz ± 100 Hz 

Square, 10 MHz ±50 Hz 

Triangle, 10 kHz ( 100,000 ns) ± .5 ns 

Ramp, 10 kHz (100,000 ns) ± .5 ns 



Operational Verification 

Par. 4-24 Output Level and Attenuator Check 

(DC Offset Only) 

Entry Min. Max. 

-5V -4.980 v - 5.020 v 
(+)5 v + 4.98<1 v + 5.020 v 
1.499 v + 1.49300 v + 1.50499 v 

499.9 mV +0.49790 v +0.50190 v 
149.9 mV +0.14930V + 0.15050 v 
49.99 mV +0.04979 v +0.05019V 

14.99 mV +0.01493 v +0.01505 v 
4.999 mV +0.04979 v +0.005019 v 
1.499 mV +0.001479 v +0.001519V 

High Voltage Output (Option 002) 

20 v + 19.775 v +20.225 v 
-20 v -19.775 v -20.225 v 

Par. 4-26 Harmonic Distortion 

All Harmonics Below: 

20 MHz -25 dB 

15 MHz -30 dB 

2 MHz -40 dB 

200 kHz -60 dB 

50 kHz -65 dB 

10 kHz -65 dB 

1 kHz -65 dB 

100 Hz -65 dB 

High Voltage Output (Option 002) 

100 Hz -65 dB 

10 kHz -65 dB 

200 kHz -60 dB 

1 MHz -40 dB 

Par. 4-28 Close-In Spurious Signal Test Passed 

Par. 4-30 HP-IB Check Passed 

2 



PERFORMANCE TEST RECORD 

Hewlett-Packard 
Model 3325A 
Synthesizer/Function Generator 
Serial No. _______ _ 

Par. 4-37 

Par. 4-39 

Par. 4-41 

Par. 4-43 

Par. 4-45 

Harmonic Distortion 

Fundamental Frequency 

20 MHz 

15 MHz 

2 MHz 

200 kHz 

50 kHz 

10 kHz 

1 kHz 

100 Hz 

High Voltage Output (Option 002) 

100 Hz 

10 kHz 

200 kHz 

1 MHz 

Spurious Signal Tests 

Mixer Spurious Test 

Close-in Spurious Test 

5 MHz 

10 MHz 

15 MHz 

20 MHz 

Integrated Phase Noise 

19.901 MHz 

Amplitude Modulation Envelope Distortion 

Square Wave 

Rise Time 

Fall Time 

Overshoot, Positive Peak 

Overshoot, Negative Peak 

Specification 

_________ - 25 dB 

_________ - 30 dB 

_________ - 40 dB 

_________ - 60 dB 

_________ - 65 dB 

_________ - 65 dB 

_________ - 65 dB 

________ -65 dB 

_________ - 65 dB 

---------- 65 dB 

---------- 60 dB 

_________ -40 dB 

_________ - 70 dB 

________ - 70 dB 

_________ - 70 dB 

_________ - 70 dB 

_________ - 70 dB 

_________ - 60 dB 

________ -30 dB 

_________ < 20 ns 

---------< 20 ns 

________ <500 mV 

________ <500 mV 



Par. 4-4 7 

Par. 4-49 

Par. 4-51 

Par. 4-53 

Par. 4-55 

Ramp Retrace Time 

+ Ramp 

- Ramp 

Sync Output 

Square Wave Symmetry 

Frequency Accuracy 

Sine, 20 MHz 

Square, 10 MHz 

Triangle, 10 kHz ( 100,000 ns) 

Ramp, 10 kHz ( 100,000 ns) 

Phase Increment Accuracy 

Zero Phase Time Interval ________ _ 

1 ° Increment Time Interval _______ _ 

10° Increment Time Interval _______ _ 

100° Increment Time Interval _______ _ 

Par. 4-57 Phase Modulation Linearity 

Minimum 

22.22 ns 

272.22 ns 

2772.22 ns 

DVM Phase Cumulative 
Reading Difference Phase 

x, 0 Y1 0 

X2 2 Y2 

X3 3 Y3 

X4 4 Y4 

X5 5 Y5 

X5 6 Y5 

X7 7 Y7 

X9 8 Ya 

X9 9 Y9 

X10 10 Y10 

X11 1 1 Y11 

Ex Ey 

(Ex) 2 ExEy 

2 

Time 
Difference 

__________ < 3 µ.s 

__________ < 3 µ.s 

________ >+1.2 v 
________ <+0.2 v 

---------> 3.2 ns 

________ +100 Hz 

_________ + 50 Hz 

_________ + .5 ns 

_________ + .5 ns 

Maximum 

33.34 ns 

283.34 ns 

2783.34 ns 

x times y x2 

0 

Exy ____ _ Ex2 ___ _ 



Best Fit 
Straight Line Minimum 

Phase Limit 

ly1) 

(y2l 

(y3) 

(y4) 

(y5) 

Ivel 

(y7) 

lval 

(yg) 

(Y1ol 

(Y11l 

Specification: ± 0. 5% of (y 11 ) ± __ 0 

Par 4-59 Amplitude Accuracy 

Entry Minimum 

Sine Wave Test 

Amplitude: 3.536 Vrms 

Sine, 100 Hz 3.495 v 
Sine, 1 kHz 3.495 v 

Sine, 1 00 kHz 3.495 v 
Amplitude: 1.061 Vrms 

Sine, 100 Hz 1.048 v 
Sine, 1 kHz 1048 v 

Sine, 1 00 kHz 1.048 v 
Amplitude: 0.3536 Vrms 

DC, 1 mV 

Sine, 100 Hz 0.3411 v 
Sine, 1 kHz 0.3411 v 

Sine, 100 Hz 0.3411 v 
Function Test 

Amplitude: 10 Vpp 

Square, 99.9 Hz 3.661V 

Triangle, 99.9 Hz 3.643V 

Pos Ramp, 99.9 Hz 3.643V 

Neg Ramp, 99.9 Hz 3.643V 

Square, 1 kHz 3.661V 

3 

Measured 
Cumulative 

Phase 

Y1 0 

Y2 

Y3 

Y4 

Y5 

Ye 

Y7 

Ya 

Yg 

Y10 

Y11 

Measured 

Maximum 
Limit 

Maximum 

3.577 v 
3.577 v 
3.577 v 

1.073 v 
1.073 v 
1.073 v 

0.3660 v 
0.3660 v 
0.3660 v 

3.735V 

3.754V 

3.754V 

3.754V 

3.735V 



Triangle, 2 kHz 3.643V 

Pos Ramp, 500 Hz 3.643V 

Neg Ramp, 500 Hz 3.643V 

Square, 1 00 kHz 3.661 v 
Triangle, 1 0 kHz 3.513V 

Pos Ramp, 1 0 kHz 3.328V 

Neg Ramp, 1 0 kHz 3.328V 

Amplitude: 3 Vpp 

Square, 99.9 Hz 2.970 v 

Triangle, 99.9 Hz 2.955 v 

Pos Ramp, 99.9 Hz 2.955 v 

Neg Ramp, 99.9 Hz 2.955 v 

Square, 1 kHz 2.970 v 

Triangle, 2 kHz 2.955 v 

Pos Ramp, 500 Hz 2.955 v 

Neg Ramp, 500 Hz 2.955 v 

Square, 100 kHz 2.970 v 

Triangle, 1 0 kHz 2.850 v 

Pos Ramp, 1 0 kHz 2.700V 

Neg Ramp, 1 0 kHz 2.700V 

Amplitude: 1 Vpp 
DC: 1 mV 

Square, 99.9 Hz 0.970 v 

Triangle, 99.9 Hz 0.960 v 

Pos Ramp, 99.9 Hz 0.960 v 

Neg Ramp, 99.9 Hz 0.960 v 

Square, 1 kHz 0.970 v 
Triangle, 2 kHz 0.960 v 

Pos Ramp, 500 Hz 0.960 v 

Neg Ramp, 500 Hz 0.960 v 

Square, 100 kHz 0.970 v 

Triangle, 10 kHz 0.940 v 

Pos Ramp, 1 0 kHz 0.890 v 

Neg Ramp, 10 kHz 0.890 v 

High Voltage (Option 002) Sinewave Test 

Amplitude: 14.14 Vrms 

Sine, 2 kHz 13.86 v 

3.754V 

3.754V 

3.754V 

3.735V 

3.883V 

3.996V 

3.996V 

3.030 v 
3.045 v 
3.045 v 
3.045 v 
3.030 v 
3.045 v 
3.045 v 

3.045 v 
3.030 v 

3.150 v 
3.300 v 
3.300 v 

1.030 v 
1.040 v 
1.040 v 

1.040 v 

1.030 v 

1.040 v 

1.040 v 
1.040 v 

1.030 v 

1.060 v 
1.110V 

1.110V 

14.42 v 

4 



High Voltage (Option 002) Function Test 

Amplitude: 40 Vpp 

Square, 2 kHz 

Triangle, 2 kHz 

Pos Ramp, 2 kHz 

Neg Ramp, 2 kHz 

3.466V 

3.466V 

3.466V 

3.466V 

Amplitude Flatness 

Sine, 3 Vpp, 1 kHz 
(Reference) 

Allowable tolerance 
(±6.6%) 

2.001 MHz 

4.001 MHz 

6.001 MHz 

8.001 MHz 

10.001 MHz 

12.001 MHz 

14.001 MHz 

16.001 MHz 

18.001 MHz 

20.001 MHz 

Sirie, 10 Vpp, 1 kHz 
(Reference) 

Allowable tolerance 
(±6.3%) 

2.001 MHz 

4.001 MHz 

6.001 MHz 

8.001 MHz 

10.001 MHz 

12.001 MHz 

14.001 MHz 

16.001 MHz 

18.001 MHz 

20.001 MHz 

Square, 10 Vpp, 

(0.934Y) 

(0.937Y) 

Pass 

High Voltage (Option 002) Flatness 

Sine, 40 Vpp, 
Pass 

5 

(check one) 

(check one) 

= y 

3.607V 

3.607V 

3.607V 

3.607V 

(1.066Y) 

= y 

(1 .063Y) 

Fail 

Fail 



Par. 4-61 

Par. 4-63 

DC Offset Accuracy (DC Only) 

Entry Minimum Maximum 

5V +4.980 v + 5.020 v 
-5V -4.980 v -5.020 v 

-1.499 v -1.49300 v -1.50499 v 
1.499 v + 1.49300 v + 1.50499 v 

499.9 mV +0.49790 v 0.50190 v 
-499.9 mV -0.49790 v -0.50190 v 
-149.9 mV -0.14930 v -0.15050 v 

149.9 mV +0.14930 v +0.15050 v 
49.99 mV +0.04979 v +0.05019 v 
-49.9 mV -0.04979 v -0.05019 v 

-14.99 mV -0.01493 v -0.01505 v 
14.99 mV +0.01493 v +0.01505 v 
4.999 mV +0.004979 v +0.005019 v 

-4.999 mV -0.004979 v -0.005019 v 
-1.499 mV -0.001479 v -0.001519 v 

1.499 mV +0.001479 v +0.001519 v 

High Voltage Output Option 002 

20 v 
-20 v 

+19.775V 

-19.775 v 

________ +20.225 v 

---------20.225 v 

DC Offset Accuracy with AC Functions 

Sine 20.999 999 999 MHz Minimum Maximum 

4.5 v +4.350 v +4.650V 

-4.5 v -4.350 v -4.650V 

Sine 999.9 kHz 

-4.5 v -4.440 v -4.560 v 
4.5 v +4.440 v +4.560V 

Square 999.9 kHz 

4.5 v +4.440 v +4.560V 

-4.5 v -4.440 v -4.560V 

Square 9.9999 MHz 

-4.5 v -4.350 v -4.650V 

6 



Triangle 9.9 kHz 

-4.5 v 

Ramp 9.9 kHz 

-4.5 v 

Par. 4-65. Triangle Linearity 

x Values Positive Slope Measurement 

x, = (10%) Y1 

X2 = 2 (20%) y 2 

X3 = 3 (30%) y 3 

x 4 = 4 (40%) y 4 

X5 = 5 (50%) y 5 

X5 = 6 (60%) Y5 

X7 = 7 (70%) y 7 

X9 = 8 (80%) Ys 

Xg = 9 (90%) Yg 

Ex= 45 Ey 

(Ex) 2 = 2025 ExEy 

Ex2 = 285 

Par. 4-65. Triangle Linearity (Con'd) 

Par. 4-65. Triangle Linearity 

x Values Positive Slope Measurement 

Xg = 9 (90%) Yg 

X9 = 8 (80%) Ys 

X7 = 7 (70%) y 7 

X5 = 6 (60%) y 6 

X5 = 5 (50%) y 5 

X4 = 4 (40%) y 4 

X3 = 3 (30%) y 3 

Xz = 2 (20%) y 2 

x, = 1 (10%) Y1 

Ez = 45 Ey 

(Ex) 2 = 2025 ExEy 

Ex2 = 285 

-4.440 v ________ -4.560 v 

-4.380 v ________ -4.620 v 

Calculated Best Fit Tolerances 
x times y Straight Line Minimum Maximum 

(y 1) 

(y2) 

(y3) 

(y4) 

(y5) 

(y5) 

(y7) 

(Y9) 

(yg) 

Exy __ 

Calculated Best Fit Tolerances 
x times y Straight Line Minimum Maximum 

(yg) 

(ysl 

(y7) 

(y6) 

(y5) 

(y4) 

(y3) 

(y2) 

(y,) 

Exy __ 
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Par. 4-67. x Drive Linearity 

Calculated Best Fit 
x Values Positive Slope Measurement x times y Straight Line 

x, = (10%) Y1 

X2 = 2 (20%) y2 

X3 = 3 (30%) Y3 

x4 = 4 (40%) y4 

X5 = 5 (50%) y 5 

X5 = 6 (60%) y6 

X7 = 7 (70%) y 7 

Xa = 8 (80%) Ya 

Xg = 9 (90%) Yg 

Ez = 45 Ey 

(Ex) 2 = 2025 ExEy 

Ex2 = 285 

Par. 4-69 Ramp Period Variation 

Negative Slope Ramp, 1 00 Hz 

Positive Slope Ramp, 1 00 Hz 

Positive Slope Ramp, 99.9 Hz 

Par. 4-71. HP-IB Interface 

Pass Fail 

Test 1 

Test 2 

Test 3 

Test 4 

Test 5 

Test 6 

Test 7 

(y,l 

(y2l 

(y3) 

(y4) 

(y5) 

(y5) 

(y7) 

!Yal 

(yg) 

Exy __ 

_______ < ± 100 µs 

_______ < ± 100 µs 

_______ < ± 100µs 

or Attach Calculator Tape 

8 
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Product Line Sales/Support Key 
Key Product Line 
A Analytical 
CM Components 
C Computer Systems 
CP Computer Systems Primary Service Responsible Office (SRO) 
CS Computer Systems Secondary SRO 
E Electronic Instruments & Measurement Systems 
M Medical Products 
MP Medical Products Primary SRO 
MS Medical Products Secondary SRO 
P Consumer Calculators 

Sales only for specific product line 
Support only for specific product line 

IMPORTANT: These symbols designate general product line capability. 
They do not insure sales or support availability for all products within 
a line, at all locations. Contact your local sales office for information 
regarding locations where HP support is available for specific products. 

HP distributors are printed in italics. 

ANGOLA 
Telectra 
Empresa Tecnica de Equipamentos 

Electricos, S.A.R.L. 
R. Barbosa Rodrigues, 41.-1. OT. 
Caixa Postal 6487 
LU ANO A 
Tel: 35515,35516 
A',E,M,P 

ARGENTINA 
Hewlett-Packard Argentina S.A. 
Avda Santa Fe 2035 
Martinez 1640 BUENOS AIRES 
Tel: 798-6086, 792-1293 
Cable: HEWPACKARG 
A,E,CP,P 

Biotron S.A.C.l.y.M 
Avenida Paseo Colon 221 
9Piso 
1399 BUENOS AIRES 
Tel: 30-4846, 30-1851, 30-8384, 

34-9356, 34-0460, 34-4551 
Telex: (33)17595 BIONAR 
Cable: BIDTRON Argentina 
M 

Fate S.A. Electronica 
Bartolomeu Mitre 833 
1036 BUENOS AIRES 
Tel: 74-41011, 74-49277, 

74-43459 
Telex: 18137, 22754 
p 

AUSTRALIA 

Australia Capital Territory 
Hewlett-Packard Australia Ply.Ltd. 
121 Wollongong Street 
FYSHWICK, A.C.T. 2609 
Tel: 804-244 
Telex: 62650 
Cable: HEWPARD Canberra 
A• ,CM,CS,E,MS,P 

New South Wales 
Hewlett-Packard Australia Pty .Ltd. 
17-23 Talavera Road 
NORTH RYDE, N.S.W. 2113 
P.O. Box 308 
Tel: 887-1611 
Telex: 21561 
Cable: HEWPARD Sydney 
A,CM,CP,E,MS,P 

Queensland 
Hewlett-Packard Australia Ply.Ltd. 
5th Floor 
Teachers Union Building 
495-499 Boundary Street 
SPRING HILL, Queensland 4000 
Tel: 229-1544 
Telex: 42133 
Cable: HEWPARD Brisbane 
A,CM,CS,E,MS,P 

South Australia 
Hewlett-Packard Australia Ply.Ltd. 
153 Greenhill Road 
PARKSIDE, S.A. 5063 
Tel: 272-5911 
Telex: 82536 
Cable: HEWPARD Adelaide 
A' ,CM,CS,E,MS,P 

Victoria 
Hewlett-Packard Australia Ply.Ltd. 
31-4 1 Joseph Street 
BLACKBURN, Victoria 3130 
Tel: 89-6351 
Telex: 31-024 
Cable: HEWPARD Melbourne 
A,CM,CP,E,MS,P 

Western Australia 
Hewlett-Packard Australia Ply.Ltd. 
141 Stirling Highway 
NEDLANDS, W.A. 6009 
Tel: 386-5455 
Telex: 93859 
Cable: HEWPARD Perth 
A,CM,CS,E,MS,P 

AUSTRIA 
Hewlett-Packard Ges.m.b.h. 
Veraufsbuero Graz 
Grottenhofstrasse 94 
A-8052 GRA2 
Tel: 21-5-66 
Telex: 32375 
CM,c·,E· 

Hewlett-Packard Ges.m.b.h. 
Wehlislrasse 29 
P.O. Box 7 
A-1205 VIENNA 
Tel: (222) 35-16-210 
Telex: 135823/135066 
A,CM,CP,E,MS,P 

BAHRAIN 
Green Salon 
P.O. Box 557 
BAHRAIN 
Tel: 5503 
Telex: 88419 
p 

SALES & SUPPORT OFFICES 

Wael Pharmacy 
P.O. Box 648 
BAHRAIN 
Tei." 54886, 56123 
Telex. 8550 WAEL GJ 
M 

BANGLADESH 
The General Electric Co. of 

Bangladesh Lid. 
Magnet House 72 
Dilkusha Commercial Area 
MOTIJHELL, Dacca 2 
Tel: 252415, 252419 
Telex: 734 
Cable: GECDAC Dacca 
A,E,M 

BELGIUM 
Hewletl-Packard Belgium S.A./N.V. 
Boulevard de la Woluwe 100 
Woluwedal 
B-1200 BRUSSELS 
Tel: (02) 762-32-00 
Telex: 23-494 B 
A,CM,CP,E,MP,P 

BRAZIL 
Hewletl-Packard do Brasil l.e.C. 

Lida. 
Alameda Rio Negro, 750 
ALPHAVILLE 06400 Barueri SP 
Tel: 421-1311 
Telex: 011 23602 HPBR-BR 
Cable: HEWPACK Sao Paulo 
A,CM,CP,E,MS 

Hewletl-Packard do Brasil l.e.C. 
Lida. 

Rua Padre Chagas, 32 
90000-PORTO ALEGRE-RS 
Tel: 22-2998, 22-5621 
Cable: HEWPACK Porlo Alegre 
A ',CM,E,MS,P' 

Hewlett-Packard do Brasil l.e.C. 
Lida. 

Avenida Epilacio Pessoa, 4664 
20000 RIO DE JANEIRO-RJ 
Tel: 286-0237 
Telex: 021-21905 HPBR-BR 
Cable: HEWPACK Rio de Janeiro 
A,CM,E,MS,P' 

BURUNDI 
Typomeca S.P. R. L. 
B.P. 553 
BUJUMBURA 
Tel: 2659 
p 

CANADA 

Alberta 
Hewletl-Packard (Canada) Ltd. 
210, 7220 Fisher Slreet S.W. 
CALGARY, Alberta T2H 2H8 
Tel: (403) 253-2713 
Telex: 610-821-6141 
A,CM,CP,E' ,MS,P' 

Hewletl-Packard (Canada) Ltd. 
11620A-168th Streel 
EDMONTON, Alberla TSM 3T9 
Tel: (403) 452-3670 
Telex: 610-831-2431 
A,CM,CP,E,MS,P' 

British Columbia 
Hewlett-Packard (Canada) Ltd. 
10691 Shellbridge Way 
RICHMOND, British Columbia V6X 

2W7 
Tel: (604) 270-2277 
Telex: 610·922-5059 
A,CM,CP,E ',MS,P' 

Arranged alphabetically by country 

Manitoba 
Hewlett-Packard (Canada) Ltd. 
380-550 Century Slreel 
Saint James 
WINNIPEG, !,1aniloba R3H OL8 
Tel (204) 786-6701 
Telex: 610-671-3531 
A,CM,CS,E,MS,P' 

Nova Scotia 
Hewlett-Packard (Canada) Ltd. 
P 0. Box 931 
900 Windmill Road 
DARTMOUTH, Nova Scotia B2Y 3Z6 
Tel: (902) 469-7820 
Telex 610-271-4482 
CM,CP,E· ,MS,P' 

Ontario 
Hewlett-Packard (Canada) Ltd. 
552 Newbold Street 
LONDON, Onlario N6E 2S5 
Tel: (519) 686-9181 
Telex: 610-352-1201 
A,CM,CS,E' ,MS,P' 

Hewletl-Packard (Canada) Ltd. 
6877 Goreway Drive 
MISSISSAUGA, Onlario L4V 1M8 
Tel (416) 678-9430 
Telex: 610-492-4246 
A,CM,CP,E,MP,P 

Hewletl-Packard (Canada) Ltd. 
1020 Morrison Drive 
OTTAWA, Ontario K2H 8K7 
Tel: (613) 820-6483 
Telex: 610-563-1636 
A,CM,CP,E· ,MS,P' 

Quebec 
Hewlett-Packard (Canada) Ltd. 
275 Hymus Boulevard 
POINTE-CLAIRE, Quebec H9R 1 G7 
Tel (514) 697-4232 
Telex: 610-422-3022 
A,CM,CP,E,MP,P' 

CHILE 
Jorge Calcagni y Gia. Lida. 
Arturo Burhle 065 
Casilla 16475 
Correo 9, SANTIAGO 
Tel. 220222 
Telex: JCALCAGNI 
A,E,M,P 

Olympia (Chile) Ltd. 
Rodrico de Araya 1045 
Casilla 256-V 
SANTIAG021 
Tel. 25-50-44 
Telex: 40-565 
p 

COLOMBIA 
lnstrumentacion 
H. A. Langebaek & Kier S.A. 
Carrera 7 No. 4B-75 
BOGOTA 2, DE 
Apartado Aereo 6287 
BOGOTA 1 D.E. 
Tel.· 269-8877 
Telex: 44400 
Cable: AARIS Bogota 
A,E,M,P 

lnsrrumenlacion 
H.A. Langebaek & Kier S.A. 
Edif. Camacol, Local 105 
Carrera 63 NO. 49-A-31 
Apartado 54098 
MEDELLIN 
Tel: 304475 
A,E,M,P 

COSTA RICA 
Cientifica Costarricense S.A. 
A venida 2. Calle 5 
San Pedro de Montes de Oca 
Apartado 10159 
SANJOSE 
Tel. 24-38-20, 24-08-19 
Telex: 2367 GALGUR CR 
Cable: GALGUR 
A,E,M,P 

CYPRUS 
Kryponics 
19 Gregorios Xenopoulos Street 
P.O. Box 1152 
NICOSIA 
Tel: 45628, 45629 
Telex.· 3018 
E,M,P 

CZECHOSLOVAKIA 
Vyo1ova a Provozm Zakladna 
Vyzkumnych Ustavu v Bechovicich 
CSSR-25097 BECHOVICE U PRAHY 
Tel.· 89-9341 
Telex. 12133 
p• 

Hewlett-Packard 
Obchodni Zastupilelstvi v CS.SR 
Pisemny styk 
Post. schranka 27 
CS 118 01 PRAHA 011 
Tel: 66-296 
Telex.· 121353 1HC 
A',C',E',M',P' 

DENMARK 
Hewlett-Packard A/S 
Datavej 52 
DK-3460 BIRKEROD 
Tel: (02) 81-66-40 
Telex: 37409 hpas dk 
A,CM,CP,E,MS,P 

Hewlett-Packard A/S 
Navervej 1 
DK-8600 SILKEBORG 
Tel: (06) 82-71-66 
Telex: 37409 hpas dk 
CM,CS,E 

ECUADOR 
CYEDE Gia. Lida. 
P.O. Box 6423 CCI 
Avenida Eloy Alfaro 1749 
OUITO 
Te/." 450-975, 243-052 
Telex: 2548 CYEDE ED 
Cable: CYEDE-Ouito 
A,E,P 

Hospitatar S.A. 
Casilla 3590 
Robles 625 
OU/TO 
Tel.· 545-250, 545-122 
Cable: HOSPITALAR-Ouilo 
M 

EGYPT 
Samitro 
Sarni Amin Trading Office 
18 Abdel Aziz Gawish 

ABO/NE-CAIRO 
Tel: 24-932 
p 

International Engineering Associates 
24 Hussein Hegazi Street 
Kasr-el-Aini 
CAIRO 
Tel: 23-829 
Telex: 93830 
E,M 



0 SALES & SUPPORT OFFICES 
(.'~ 

Arranged alphabetically by country 

EL SALVADOR Hewlett-Packard France Hewlett-Packard GmbH Hewlett-Packard Ltd. INDIA 
/PESA 2 Allee de la Bourgonette T echnisches Buro Munchen King Street Lane Blue Siar Ltd. 
Boulevard de las Heroes F-35100 RENNES Eschenstrasse 5 WINNERSH, Wokingham Bhavdeep 
Edificio Sarah 1148 Tel: (99) 51-42-44 0-8021 TAUFKIRCHEN Berk shire RG 11 5AR S/adium Road 
SAN SALVADOR Telex: 740912F Tel: (089) 6117·1 Tel: (0734) 784774 AHMEOABAO 380 014 
Tel: 252787 CM,CS,E,MS,P• Telex: 0524985 Telex: HEWPIE WINNERSH 847178 Tel: 42932 
A·,c,E,M,P Hewlett-Packard France A,CM,CP,E,MS,P A,CM,E,MP,P Telex: 012·234 

4 Rue Thomas Mann Cable: BLUEFROST 
ETHIOPA F -67033 STRASSBOURG Cedex GREAT BRITAIN GREECE E 
Abdella Abdulmalik Tel: (88) 28-56·46 Hewlett-Packard Lid. Kos/as Karaynnis Blue Star Ltd. 
P. 0. Box 2635 Telex: 89014 lF Trafalgar House 8 Omirou Street 11 Magarath Road 
ADDIS ABABA CM,CS,E,MS,P• Navigation Road ATHENS 133 BANGALORE 560 025 
Tel: 1 t-93-40 ALTRINCHAM Tel: 32-30-303, 32-37-371 Tel: 55668 
A,E,M Hewlett-Packard France Chesire WA 14 1NU Telex: 21 59 62 RKAR GR Telex: 0845·430 20 Chemin de la Cepiere Tel: (061) 928-6422 E,M,P Cable: BLUESTAR 
FINLAND 31081 TOULOUSE Cedex Telex: 668068 

Tel: (61)40·11·12 'Plaiso' A,CM,C,E 
Hewlett-Packard Oy A,CM,CP ,E ',MS G. Gerados 
Revontulentie 7 Telex: 531639F 

24 Stournara Street 
Blue Star Ltd. 

A,CM,CS,E,P' Hewlett-Packard Ltd. Band Box House SF ·02100 ESPOO 10 Lorrilleaux Bolton Premises ATHENS 
Tel: (90) 455·0211 Hewlett-Packard France Tel:36-tt-160 

Prabhadevi 

Telex: 121563 hewpa sf Bureau de Venle de Lille 
Morely Road, Staplehill BOMBA r 400 025 
BRISTOL BS 16 4QT Telex: 21 9492 Tel: 4513·01 A,CM,CP,E,MS,P lmmeuble Pericentre Tel: (0272) 570743 p 

Telex: 0 t t-3751 Rue Van Gogh CM,CS,MS 
FRANCE F-59650 VILLENEUVE D'ASO GUAM Cable: BLUESTAR 
Hewlett-Packard France Tel: (20) 91 ·41-25 Hewlett-Packard Lid. 

Guam Medical Supply, Inc. 
A,M 

Le Ugoures Telex: 160124F 14 Wesley Street 
Jay Ese Bldg., Room 2t0 Blue Star Ltd. 

Bureau de Vente de CM,CS,E,MS,P• CASTLEFORD 
P.O. Box 8947 Sa has 

Aix-en-Provence Yorkshire WF10 1AE 
TAMUNING 969 t 1 4 t412 Vir Savarkar Marg 

Place Romee de Villeneuve GERMAN FEDERAL Tel: (0977) 550016 
Tel: 6464513 Prabhadevi 

F· 13090 AIX·EN·PROVENCE REPUBLIC Telex: 5557355 
Cable: £ARMED Guam BOMBA r 400 025 

Tel: (42) 59-41·02 Hewlett-Packard GmbH CM,CP 
M,P Tel: 46 65 55 

Telex: 410770F T echnisches Buro Berlin Hewlett-Packard Ltd. Telex: O 11·4093 
A,CM,CS,E,MS,P· Keithslrasse 2·4 9 Savoy Street GUATEMALA Cable: FROSTBLUE 
Hewlett-Packard France D-1000 BERLIN 30 LONDON WC2R OBA /PESA A,CM,C,E,M 
Bureau de Venle de Lyon Tel: (030) 24·90·86 Tel: 013797700 Avenida Relorma 3-48 Blue Star Ltd. 
Chemin des Mouilles Telex: 018 3405 hpbln d CM,CP Zona 9 7 Hare Street 
Baile Postale No. 162 CM,CS,E,P Hewlett-Packard Ltd. GUATEMALA CITY CALCUTTA 700 00 t 
F-69130 ECULLY Cedex Hewlett-Packard GmbH Fourier House Tel: 316627, 314786, 664715 Tel: t2-01·31 
Tel: (78) 33·81·25 Technisches Buro Boblingen 257·263 High Streel Telex: 4192 Teltro Gu Telex: 02 t · 7655 
Telex: 310617F Herrenberger Strasse 110 LONDON COLNEY, SI. Albans A,C,E,M,P Cable: BLUESTAR 
A,CM,CP,E,MP D· 7030 BOBLINGEN Her ls., AL21 HA A,M 
Hewlett-Packard France Tel: (07031) 667·1 Tel: (0727) 24400 HONG KONG Blue Star Ltd. 
lmmeuble France Evry Telex: 07265739 bbn Telex: 1·8952716 Hewlett-Packard Hong Kong, Ltd. 

Meenak shi Mandiram 
Tour Lorraine A,CM,CP,E,MP,P CM,CP,E,MS Room 105, Austin Center 

XXXXV/1379·2 Mahatma Gandhi 
Boulevard de France Hewlett-Packard GmbH Hewlett-Packard Ltd 1st Floor 

Road 
F-91035 EVRY Cedex Technisches Buro Dusseldorf Tradax House, SI. Mary's Walk 21 Austin Avenue COCHIN 682·016 
Tel: (60) 77-96·60 Emanuel-Leulze·Slrasse 1 MAIDENHEAD TST P.O. Box 98524 

Tel: 32069 
Telex: 692315F 0-4000 DUSSELDORF Berkshire, SL6 1ST KOWLOON, Hong Kong 

Telex: 085·514 
CM.E Tel: (0211) 5971-1 Tel: (0628) 39151 Tel: 3·721143/8 

Cable: BLUESTAR 
Telex: 36678 HEWPA HX 

Hewlett-Packard France Telex: 085/86 533 hpdd d CM,CP 
Cable: PASIAL TO Hong Kong 

A• 

Batimenl Ampere A,CM,CP,E,MS,P Hewlett-Packard Ltd. E,CP,P Blue Star Ltd. 
Rue de la Commune de Paris Hewlett-Packard GmbH 308/314 Kings Road 

Hewlett-Packard Hong Kong, Ltd. 
133 Kodambakkam High Road 

Boite Postale 300 Vertriebszentrale Frankfurt READING, Berkshire MADRAS 600 034 
F-95153 LE BLANC MESNIL Berner Strasse 117 Tel: 61022 11th Floor.Four Seas Building Tel: 82057 
Tel: (01) 865·44·52 Poslfach 560 140 Telex: 84·80·68 212 Nathan Road Telex: 041·379 
Telex: 211032F 0·6000 FRANKFURT 56 A,CM,E',MS P.O. Box 795 

Cable: BLUESTAR 
CM,CP,E,MS Tel: (0611) 50-04·1 Hewlett-Packard Lid. 

KOWLOON, Hong Kong 
A,M 

Tel: 3697 446 
Hewlett-Packard France Telex: (841) 04 13249 hpffm d Quadrangle Telex: 36678 HEWPA HX Blue Star Ltd. 
Avenue du President JF Kennedy A,CM,CP,E,MP,P 106-118 Station Road Cable: HEWPACK Hong Kong Bhandari House, 7th/8th Floors 
F-33700 MERIGNAC Hewlett-Packard GmbH REDHILL, Surrey RHI IPS E,CP,P 91 Nehru Place 
Tel: (56) 34-00-84 Technisches Buro Hamburg Tel: (0737) 68655 

Schmidt & Co. (Hong Kong) Ltd. 
NEW DELHI 110 024 

Telex: 550105F Kapstadtring 5 A,CM,CP.E,MS,P Tel: 682547, 682970 
CM,CP,E,MS 0·2000 HAMBURG 60 Hewlett-Packard Lid. 

Wing On Centre, 28/h Floor Telex: 031·2463 
Hewlett-Packard France Tel: (040) 63804· 1 Westminster House 

Connaught Road, C. 
Cable: BLUESTAR 

HONGKONG 
32 Rue Lothaire Telex: 021 63 032 hphh d 190 Stratford Road Tel: 5-455644 A,CM,C,E,M 
F-57000 METZ A,CM,CP,E,MS,P SHIRLEY, SOLIHULL Telex: 74766 SCHMX HX Blue Star Ltd. 
Tel: (87) 65-53-50 Hewlett-Packard GmbH West Midlands B90·3BJ A,M t-1-11711 Sarojini Devi Road 
CM,CS Technisches Buro Hannover Tel: (021) 7458800 SECUNDERABAO 500 033 
Hewlett-Packard France Am Grossmark I 6 Telex: 339105 ICE LAND Tel: 70126 
Avenue des Tropiques 0-3000 HANNOVER 91 CM,CP,MS £/ding Trading Company Inc. Telex: 0155-459 
Zone d' activities de Courtaboeuf Tel: (0511) 46·60·01 Halnarnvoli· Tryggvagotu Cable: BLUESTAR 
Boite Postale 6 Telex: 092 3259 P.O. Box 895 A,E 
F-91401 ORSAY Cedex A,CM,CS,E,MS,P IS-REYKJAVIK Blue Star Ltd. 
Tel: (1) 907-78·25 Hewlett-Packard GmbH Tel: 1-58·20, t-63·03 T.C. 71603 Poornima 
Telex: 600048F T echnisches Buro Nurnberg M Marulhankuzhi 
A,CM,CP,E,MP,P Neumeyerstrasse 90 TRIVANDRUM 695 013 
Hewlett-Packard France 0-8500 NURNBERG Tel: 65799 
15 Boulevard De L' Amiral Bruix Tel: (0911) 56-30-83 Telex: 0884·259 
F-75016 PARIS Telex: 0623 860 Cable: BLUESTAR 
Tel: (01) 502-12-20 CM,CS,E,MS,P E 
Telex: 613663F 
CM,CP,MS,P 



INDONESIA 
BERGA Indonesia P. T. 
P.O.Box 4961.Jkl. 
JL. Abdul Muis 62 
JAKARTA 
Tel: 373009 
Telex: 46748 BERSAL IA 
Cable: BERSAL 
A,E,M,P 

BERGA Indonesia P. T. 
J.L. Jimenlo 23 
SURABAYA 
Tel· 42027 
Telex: 31146 BERSAL S.O. 
Cable: BERGACON 
A•,E,M,P 

IRAQ 
Hewlett-Packard Trading S.A. 
Mansoor City 9Bl3/7 
BAGHDAD 
Tel: 5514973 
Telex: 2455 HEPAIRAO 1k 
CP 

IRELAND 
Hewlett-Packard Lid. 
Kestrel House 
Clanwilliam Place 
Lower Mount Street 
DUBLIN 2, Eire 
Tel: 680424, 680426 
Telex: 30439 
A,E,P' 
Hewlett-Packard Lid. 
2C Avongberg Ind. Est. 
Long Mile Road 
DUBLIN 12, Eire 
Tel: 514322, 514224 
Telex: 30439 
A' ,CP,E,MS,P' 
Cardiac Services Lid. 
Ki/more Road 
Ariane 
DUBLIN 5, Eire 
Tel: (OJ) 315820 
M 

ISRAEL 
Electronics & Engineering Div. 
Motorola Israel Lid. 
16 Kremenetski Street 
P.O. Box 25016 
TEL-AVIV 
Tel: 338973 
Telex: 33569 
Cable: BASTEL Tel-Aviv 
A,CM,C,E,M,P 

ITALY 
Hewlett-Packard llaliana S.p.A. 
Via Martin Luther King, 381111 
1-40132 BOLOGNA 
Tel: (051) 402394 
Telex: 511630 
CM,CS,E,MS 

Hewlett-Packard llaliana S.p.A. 
Via G. Di Villorio 9 
1-20063 CERNUSCO SUL NAVLIGLIO 
Tel: (2) 903691 
Telex: 334632 
A,CM,CP,E,MP,P 
Hewlett-Packard ltaliana S.p.A. 
Via Nuova san Rocco A 

Capadimonte, 62A 
1-80135 NAPOLI 
Tel: (081) 7413544 
A,CM,CS,E 

Hewlett-Packard llaliana S.p.A. 
Via Turazza 14 
1-35100 PADOVA 
Tel: (49) 664888 
Telex: 430315 
A,CM,CS,E,MS 
Hewlett-Packard llaliana S.p.A. 
Via G. Armellini 10 
1-00143 ROMA 
Tel: (06) 546961 
Telex: 610514 
A,CM,CS,E,MS,P' 

Hewlett-Packard ltaliana S.p.A. 
Corso Giovanni Lanza 94 
1-10133 TORINO 
Tel: (011) 682245, 659308 
Telex: 221079 
CM,CS,E 

JAPAN 
Yokogawa-Hewlett-Packard Lid. 
Inoue Building 
1348-3, Asahi-Cho 
ATSUGI, Kanagawa 243 
Tel: (0462) 24-0451 
CM,C',E 
Yokogawa-Hewlett-Packard Ltd. 
Kumagaya Ashai Building 
4 Tusukuba, 3-chome 
KUMAGAYA, Saitama 360 
Tel: (0485) 24-6563 
CM,CS,E 
Yokogawa-Hewlett-Packard Lid. 
Milo Mitsui Building 
4-73, San-no-maru, 1-chome 
MITO, lbaragi 310 
Tel: (0292) 25-7470 
CM,CS,E 
Yokogawa-Hewlett-Packard Lid. 
Sunitomo Seimei Bldg. 
11-2 Shimo-sasajima-cho 
Nakamura-ku 
NAGOYA, Aichi 450 
Tel: (052) 581-1850 
CM,CS,E,MS 
Yokogawa-Hewlett-Packard Lid. 
Chuo Bldg., 4TH FLOOR 
54-20 Nishinakajima, 5-chome 
Yodogawa-ku, Osaka-shi 
OSAKA, 532 
Tel: (06) 304-6021 
Telex: 523-3624 YHPOSA 
A,CM,CP,E,MP,P' 

Yokogawa-Hewlett-Packard Lid. 
29-21 Takaido-Higashi 3-chome 
Suginami-ku TOKYO 168 
Tel: (03) 331-6111 
Telex: 232-2024 YHPTOK 
Cable: YUHPMARKET TOK23 724 
A,CM,CP,E,MP,P' 

Yokogawa-Hewlett-Packard Lid. 
Tanigawa Building 
2-24-1 Tsuruya-cho 
Kanagawa-ku 
YOKOHAMA, Kanagawa 221 
Tel: (045) 312-1252 
Telex: 382-3204 YHP YOK 
CM,CS,E 

JORDAN 
Mouasher Cousins Company 
P.O. Box 1387 
AMI/AN 
Tel: 21456, 24907, 39907 
Telex: 21456 SABCO JO 
E,M,P 

SALES & SUPPORT OFFICES 

KENYA 
International Aeradio (E.A.) Lid. 
P. 0. Box 95221 
MOMBASA 
M 

AOCOM Lid., Inc. 
City House, Wabera Street 
P. 0. Box 30635 
NAIROBI 
Tel: 331955 
Telex: 22639 
A·,E,M 

International Aeradio (E.A.) Lid 
P.O. Box 19012 
Nairobi Airport 
NAIROBI 
Tel: 336055, 336056 
Telex: 22201, 22301 
M 

KOREA 
Samsung Electronics 
C.P.O. 2775 
SEOUL 
Tel: B334311, 8330002, 8330006 
Telex: SAMSAN 27364 
A,C,E,M,P 

KUWAIT 
Al-Khalidya Trading & Contracting 
P. 0. Box 830 Sa/at 
KUWAIT 
Tel:42-4910, 41-1726 
Telex: 24B 1 Areeg kl 
A,E,M 

Photo & Cine Equipment 
P.O. Box 270 Sa/al 
KUWAIT 
Tel: 42-2846, 42-3801 
Telex: 2247 Matin 
p 

LUXEMBOURG 
Hewlett-Packard Belgium S.A./N. V. 
Boulevard de la Woluwe 100 
Woluwedal 
B-1200 BRUSSELS 
Belgium 
Tel: 762/32/00 
Telex: 23-494 paloben bru 
A,CP,E,MP,P 

MALAYSIA 
Hewlett-Packard Sales (Malaysia) 

Sdn. Bhd. 
Suite 2.21/2.22 
Bangunan Angkasa Raya 
Jalan Ampang 
KUALA LUMPUR 
Tel: 483544 
Telex: MA31011 
A,CP,E,M,P' 

Prolel Engineering 
P.O. Box 1917 
Lot 319, Satok Road 
Kuching, SARAWAK 
Tel: 53544 
Telex: MA 70904 PROMAL 
Cable: PROTELENG 
A,E,M 

MEXICO 
Hewlett-Packard Mexicana, S.A. de 

c.v. 
Av. Periferico Sur No. 6501 
Tepepan, Xochimilco 
MEXICO CITY 23, D.F. 
Tel: (905) 676-4600 
Telex: 017-74-507 
A,CP ,E,MS,P 

Arranged alphabetically by country 

Hewlett-Packard Mexicana, S.A. de 
c.v. 

Rio Volga #600 Colonia del Valle 
MONTERREY, N.L. 
Tel: 78-42-93, 78-42-40, 78-42-41 
Telex: 038-410 
cs 
MOROCCO 
Do/beau 
81 rue Kara/chi 
CASABLANCA 
Tel: 3041-82, 3068-38 
Telex: 23051, 22822 
E 
Gerep 
2 rue d'Agadir 
Boite Postale 156 
CASABLANCA 
Tel: 272093, 272095 
Telex: 23 739 
p 

MOZAMBIQUE 
A.N. Goncalves Lid. 
162, 1° Apt. 14 Av. D. Luis 
Caixa Postal 107 
MAPUTO 
Tel: 27091, 27114 
Telex: 6-203 NEGON Mo 
Cable: NEGON 
A,E,M,P 

NETHERLANDS 
Hewlett-Packard Nederland B. V. 
Van Heuven Goedharllaan 121 
NL 1181 KK AMSTELVEEN 
Tel: (20) 47-20-21 
Telex: 13 216 
A,CM,CP,E,MP,P 
Hewlett-Packard Nederland B.V. 
Bongerd 2 
NL2906 VK CAPELLE AID ljssel 
Tel: (10) 51-64-44 
Telex: 21261 hepac nl 
A,CM,CP 

NEW ZEALAND 
Hewlett-Packard (N.Z.) Lid. 
169 Manukau Road 
P.O. Box 26-189 
Epsom, AUCKLAND 
Tel: 68-7159 
Cable: HEWPACK Auckland 
CM,CS,E,P' 

Northrop Instruments & Systems 
Lid. 

Eden House, 44 Khyber Pass Road 
P.O. Box 9682 
Newmarket, AUCKLAND 
Tel: 794-091 
A,M 

Northrop Instruments & Systems 
Lid. 

Terrace House, 4 Oxford Terrace 
P.O. Box 83B8 
CHRISTCHURCH 
Tel: 64-165 
A,M 

Hewlett-Packard (N.Z.) Lid. 
4-12 Cruickshank Street 
P.O. Box 9443 
Kilbirnie, WELLINGTON 3 
Tel: 877-199 
Cable: I :EWPACK Wellington 
CM,CP,E,P 

Northrop Instruments & Systems 
Lid. 

Sturdee House 
85-87 Ghuznee Street 
P.O. Box 2406 
WELLINGTON 
Tel: 850-091 
Telex: NZ 31296 
A,M 

NIGERIA 
The Electronics Instrumentations 

Lid. 
N6B/770 Oyo Road 
Otuseun House 
P.M.B. 5402 
/SADAN 
Tel: 461577 
Telex: 31231 TEIL NG 
A,E,M,P 

The Electronics Instrumentations 
Lid. 

144 Agege Motor Road, Mushin 
P.O. Box 6645 
Mushin, LAGOS 
A,E,M,P 

NORTHERN IRELAND 
Cardiac Services Company 
95A Finaghy Road South 
BELFAST BT 10 OBY 
Tel: (0232) 625-566 
Telex: 747626 
M 

NORWAY 
Hewlett-Packard Norge A/S 
Nygaardsgaten 114 
P.O. Box 4210 
N-5013 Nygaardsgaten, BERGEN 
Tel: (05) 21-97-33 
Telex: 16621 hpnas n 
CM,CS,E 

Hewlett-Packard Norge A/S 
Oestendalen 18 
P.O. Box 34 
N-1345 OESTERAAS 
Tel: (02) 17-11-80 
Telex: 16621 hpnas n 
A' ,CM,CP,E,MS,P 

OMAN 
Khimjl Ramdas 
P.O. Box 19 
MUSCAT 
Tel: 72-22-17, 72-22-25 
Telex: 3289 BROKER MB MUSCAT 
p 

PAKISTAN 
Mushko & Company Lid. 
10, Bazar Road 
Sector G-614 
ISLAllABAD 
Tel: 28624 
Cable: FEMUS Rawalpindi 
A,E,M,P 

Mushko & Company Lid. 
Oosman Chambers 
Abdullah Haroon Road 
KARACHI 0302 
Tel: 511027, 512927 
Telex: 2894 MUSHKO PK 
Cable: COOPERATOR Karachi 
A,E,M,P' 
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PANAMA PUERTO RICO SINGAPORE SRI LANKA SYRIA 
Electronico Balboa, S.A. Hewlett-Packard Puerto Rico Hewlett-Packard Singapore (Pie.) Metropolitan Agencies Ltd. General Electronic Inc. 
Apartado 4929 Calle 272 ltd. 20919 Union Place Nuri Basha-Ahnaf Ebn Kays Street 
Panamas #203 Urb. Country Club 6th Floor, Inchcape House COLOMB02 P.O. Box 5781 
Calle Samuel Lewis RIO PIEDRAS, Puerto Rico 00924 450-452 Alexandra Road Tel: 35947 DAMASCUS 
Edificio •Alfa• No. 2 Tel: (809) 762-7255 SINGAPORE 0511 Telex: 1377METROL TD CE Tel: 33-24-87 
CIUDAD OE PANAMA Telex: 345 0514 P. 0. Box 58 Alexandra Post Office Gable: METROL TD Telex: 11215 IT/KAL 
Tel: 64-2700 A,CP Singapore 9115 A,E,M,P Cable: ELECTROBOR DAMASCUS 
Telex: 3480380 Tel: 631788 E 
Gable: ELECTRON Panama QATAR Telex: HPSGSO RS 32409 SUDAN Sawah & Co. 
A,E,M,P Business Com1THJ11icaticns Ouatar Gable: HEWPACK, Singapore Radison Trade Place Azme 
Foto Internacional, S.A. P.O. Box 3656 A,CP,E,MS,P P.O. Box921 Boite Postale 2308 
P.O. Box 2068 DOHA KHARTOUM DAMASCUS 
Free Zone of Colon Tel: 5851 SOUTH AFRICA Tel: 44048 Tel: 16-367, 19-697, 14-268 
COLON3 Telex: 4454 Hewlett-Packard South Africa (Ply.) Telex: 375 Telex: 11304 SA TACO SY 
Tel: 45-2333 

p ltd. A,E,M Gable: SAWAH, DAMASCUS 
Telex: 3485126 Nasser Trading & Contracting Pine Park Center M 
Gable: IMPORT COLON/Panama P.O. Box 1563 Forest Orive, Pinelands SURINAM 

DOHA CAPE PROVINCE, 7 405 Suriel Radio Holland N. v. Suleiman HHal El Mlawi 
p P.O. Box 2528 Tel: 22170 P.O. Box 120 Grote Hofstr. 3-5 

PERU Telex: 4439 NASSER Howard Place P.O. Box 155 Mamoun Bitar Street, 56-58 

Compania Electro Medics S.A. M CAPE PROVINCE 7 450 PARAMARIBO DAMASCUS. 

Los Flamencos 145, San Isidro Tel: 53-7955, 53-7956, 53-7957, Tel: 72118, 77880 Tel: 11-46·63 

CasiHa 1030 RHODESIA 53· 7958, 53· 7959 Cable: Suriel Telex: 11270 

LIMA I Field Technical Sales Telex: 57-0006 E,M Cable: HILAL DAMASCUS 
45 Kelvin Road North M 

Tel: 41-4325 A,CM,CS,E,MS,P 
Telex: Pub. Booth 25424 SIS/ORO P.O. Box 3548 Hewlell-Packard South Africa (Ply.) SWEDEN TAIWAN 
Cable: ELMED Lima SAUSB/JRY ltd. 

Hewlett-Packard Sverige AB 
Hewlett-Packard Far East Ltd. 

A,E,M,P Tel: 705231 P.O. Box 37066 
Enighelsvagen 3 

Kaohsiung Branch 
Telex: RH 4122 Overport S-16120 BROMllA 68-2, Chung Cheng 3rd Road 

PHILIPPINES A,E,M,P DURBAN 4067 Tel: (08) 730-0550 
Shin Shin, Chu 

The Online Advanced Systems Tel: 28-4178, 28-4179, 28-4110 Telex: (854) 10721 MESSAGES 
KAOHSIUNG 

Corporation ROMANIA CM,CS 
Cable: MEASUREMENTS 

Tel: 241-2318, 261-3253 
Rico House, Amorsolo Cor. Herrera Hew/ell-Packard Reprezentanta 

Hewlell-Packard South Africa (Ply.) 
A,CM,CP,E,MS,P 

CS,E,MS,P 
Street Boulevard Nico/ae Balcescu 16 Hewlett-Packard Sverige AB 

B/ICURESTI ltd. Hewlett-Packard Far East Ltd. 
Legaspi VU/age, Makati Sunnanvagen 14K 
P.O. Box 1510 Tel: 13D725 Hewlell-Packard Centre S-22226 LUND Taiwan Branch 

Metro MANILA Telex: 10440 Daphne Street Tel: (46) 13·69·79 
Bank Tower, 51h Floor 

Tel: 85-35-81, 85-34-91, 85-32-21 C0 ,E' Private Bag Wendywood 
CM.CS 

205 Tun Hwa Norlh Road 
SANDTON 2144 TAIPEI 

Telex: 3274 ONLINE SAUDI ARABIA Tel: 802-5111 Hewlett-Packard Sverige AB Tel: 751-0404 
A,C,E,M Modem Electronic EstabHshment Telex: B4782 Vastra Vinlergalan 9 Cable:HEWPACK Taipei 
Electronic Specialists and P.O. Box 193 Cable: HEWPACK Johannesburg S· 70344 OREBRO A• ,CP,E,MS,P 

Proponents Inc. AL-KHOBAR A,CM,CP,E,MS,P Tel: (019) 14-07-20 San Kwang Instruments Co., Ltd. 
690-B Epifanio de los Santos Tel: 44-678, 44-813 CM.CS 20 Yung Sui Road 

Avenue Telex: 670136 SPAIN Hewlett-Packard Sverige AB TAIPEI 
Cubao, O/IEZON CITY Cable: ELECTA AL·KHOBAR Hewlell-Packard Espanola S.A. Frolallisgatan 30 Tel: 361-5446, 361-5447, 
P.O. Box 2649 Manila C,E,M,P cfEntenza 312 S-42132 VASTRA.fROlUNDA 361-5448, 361-5449 
Tel: 98-96-81, 98·96-82, 98-96-83 

Modern Electronic Establishment 
E-BARCELONA 29 Tel: (031) 49-09-50 Telex: 22894 SANKWANG 

Telex: 742-40287 P.O. Box 1228, Baghdadiah Street 
Tel: (3) 322-24-51, 321-73-54 Telex: 85410721 Cable: SANKWANG Taipei 

Gable: ESP/NC MANILA 
JEDDAH 

Telex: 52603 hpbe e CM,CS,E,P A 
p 

Tel: 27-798 
A,CM,CP,E,MS,P 

SWITZERLAND TANZANIA 
POLAND Telex: 401035 Hewlell-Packard Espanola S.A. 

Hewlett-Packard (Schweiz) AG International Aeradio (E.A.) Ltd. 
Gable: ELECTA JEDDAH c/San Vicente sin 

Buro lnformacjH Technicznej Edificio Albia II, 7 ° B Clarastrasse 12 P.O. Box 861 
Hew/ell-Packard C,E,M,P 

E-BILBAO 1 CH-4058 BASEL DAR ES SALAAM 
UI Stawki 2, 6P Modern Electronic Establishment Tel: 423-82-06, 423-83-06 Tel: (061) 33·59·20 Tel: 21251 
PL00-950 WARSZAWA P.O. Box 2728 A,CM,E,MS A,CM Telex: 41030 
Tel: 39-59-62, 39-67-43 RIYADH Hewlett-Packard (Schweiz) AG M 
Telex: 81 24 53 Tel: 62-596, 66-232 Hewlett-Packard Espanola S.A. 

Bahnhoherweg 44 THAILAND 
A,C 0 ,E 0 ,M 0 ,P' Telex: 202049 Calle Jerez 3 

C,E,M,P E-MADRID 16 3018 BERN UN/MESA Co. Lid. 

PORTUGAL Tel: (1) 458-2600 Tel: (031) 56-24-22 Elcom Research Building 

Telectra-Empresa Tecnica de SCOTLAND Telex: 23515 hpe CM 2538 Sukhumvit Ave. 

Equipmentos Electricos S.a.r.I. Hewlett-Packard ltd. A,CM,E,MP,P Hewlett-Packard (Schweiz) AG Bangchak, BANGKOK 

Rua Rodrigo da Fonseca 103 Royal Bank Buildings Hewlell-Packard Espanola S.A. 47 Avenue Blanc Tel: 393-2387, 393·0338 

P.O. Box 2531 Swan Street Colonia Mirasierra CH-1202 GENEVA Telex: TH81160, 82938, 81038 

P-USBON 1 BRECHIN, Angus, Scotland Edtticio Juban Tel: (022) 32-30·05, 32·48-00 Cable: UN/MESA Bangkok 

Tel: (19) 68-60-72 Tel: 3101, 3102 clo Costa Brava 13 CM,CP A,E,M 

Telex: 12598 CM,CS E·MADRID 34 Hewlett-Packard (Schweiz) AG Bangkok Business Equipment Lid. 
A,C,E,P Hewlell-Packard Ltd. Tel: (1) 734-8061, 734-1162 29 Chemin Chaleau Bloc 515-6 Deja Road 

Mundinter SOUTH QUEENSFERRY CM,CP CH-1219 LE UGNON·Geneva BANGKOK 

lntercambio Mundial de Comercio Wesl Lothian, EH30 9TG Hewlett-Packard Espanola S.A. Tel: (022) 96-03-22 Tel: 234-8670, 234-8671, 

S.a.r.I GB-Scotland Av Ramon y Cajal 1 Telex: 27333 hpag ch 234-8672, 234-8673 

P.O. Box 2761 Tel: (031) 3311000 Edificio Sevilla 1, Planta 9 Cable: HEWPACKAG Geneva Cable: BUSIOUIPT Bangkok 

Avenida Antonio Augusto de Aguiar Telex: 72682 E·SEVILLA 5 A,CM,E,MS,P p 

138 CM,CP,E,MS Tel: (954) 64-44-54, 64-44-58 Hewlett-Packard (Schweiz) AG TRINIDAD & TOBAGO 
P·LISBON A,CM,CS,MS,P Zurcherstrasse 20 CARTEL 
Tel: (19) 53-21-31, 53·21·37 Hewlett-Packard Espanola S.A. P.O. Box 307 Caribbean Telecoms Lid. 
Telex: 16691 ITHJll/er p C/Ramon Gordillo 1 (Entlo.) CH-8952 SCHUEREN-Zurich P.O. Box 732 
M E·VALENCIA 10 Tel: (01) 730-5240, 730·1821 50/A Jerningham Avenue 

Tel: (96) 361-1354 Telex: 53933 hpag ch PORT.fJF·SPAIN 
CM,CS,P Cable: HPAG CH Tel: 62 4214, 624213 

A,CM,CP,E,MS,P A,E,M,P 
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TUNISIA California Hewlett-Packard Co. Iowa Hewlett-Packard Co. 
Tunisie E/ectronique Hewlett-Packard Co. 4080 Woodcock Drive, #132 Hewlett-Packard Co. 1024 Executive Parkway 
31 A venue de la Liberte 7621 Canoga Avenue Brownell Building 5815 S.W. 5th Street ST. LOUIS, MO 63141 
TUNIS CANOGA PARK, CA 91304 JACKSONVILLE, FL 32207 DES MOINES, IA 50315 Tel: (314) 878-0200 
Tel: 280-144 Tel: (213) 702-8300 Tel: (904) 398-0663 Tel: (515) 243-5876 A,CM,CP,E,MP 
E,P A,CM,CP,E,P CM,c·.E·,Ms .. CM,Ms·· 

Nebraska 
Corema Hewlett-Packard Co. Hewlett-Packard Co. Hewlett-Packard Co. Hewlett-Packard 
1 ter. Av. de Carthage 1579 W. Shaw Avenue P.O. Box 13910 24 15 Heinz Road Suite 101 
TUNIS FRESNO, CA 93771 6177 Lake Ellenor Drive IOWA CITY, IA 52240 71O1 Mercy Road 
Tel: 253-821 Tel: (209) 224-0582 ORLANDO, FL 32809 Tel: (319) 351-1020 OMAHA, NE 68106 
Telex: 12319 CABAM TN CM,MS Tel: (305) 859-2900 CM,CS,E •,MS Tel: (402) 392-0948 
M Hewlett-Packard Co. A,CM,CP,E,MS 

Kansas CM,MS 

TURKEY 
1430 East Orangethorpe Hewlelt-Packard Co. Hewlett-Packard Co. Nevada 

Teknim Company Lid. 
FULLERTON, CA 92631 P.O. Box 12826 514 South Westview Hewlett-Packard Co. 

Riza Sah Pehlievi 
Tel: (714) 870-1000 Suite 5, Building 1 DERBY, KA 67037 Suite D-130 

Caddesi No. 1 
CM,CP,E,MP Office Park North Tel: (316) 265-5200 5030 Paradise Blvd. 

Kavaklidere, ANKARA Hewlett-Packard Co. PENSACOLA, FL 32575 CM,CS LAS VEGAS, NV 89119 
Tel: 215800 5400 W. Rosecrans Boulevard Tel: (904) 476-8422 

Tel: (702) 736-6610 
LOS ANGELES, CA 90260 A,CM,MS Kentucky 

Telex: 42155 Hewlett-Packard Co. CM,Ms•• 
E Tel: (213) 970-7500 Hewlett-Packard Co. 

10170 Linn Station Rd., Suite 525 CM,CP,MP 110 South Hoover, Suite 120 New Jersey 

UNITED ARAB EMIRATES Hewlett-Packard Co. TAMPA, FL 33609 Atkinson Square Hewlett-Packard Co. 

Emitac Ltd. 3939 Lankersham Blvd. Tel: (813) 872-0900 LOUISVILLE, KY 40223 W120 Century Road 
Tel: (502) 426-0100 

P.O. Box 2111 NORTH HOLLYWOOD, CA 91604 A• ,CM,CS,E• ,M• 
A,CM,CS,MS 

PARAMUS, NJ 07652 

ABU DHABI Tel: (213) 877-1282 Georgia 
Tel: (201) 265-5000 

Tel· 331310, 331311 regional headquarters Hewlett-Packard Co. Louisiana A,CM,CP,E,MP 

E,M,P Hewlett-Packard Co. P.O. Box 105005 Hewlett-Packard Co. Hewlett-Packard Co. 

Emitac Ltd. 3200 Hillview Avenue 450 Interstate N. Parkway P.O. Box 1449 60 New England West 

P.O. Box 1641 PALO ALTO, CA 94304 ATLANTA, GA 30339 3229 Williams Boulevard PISCATAWAY, NJ 08854 

SHARJAH Tel: (415) 857-8000 Tel: (404) 955-1500 KENNER, LA 70062 Tel: (201) 981-1199 

Tel: 354121, 354123 CM,CP,E Telex: 810-766-4890 Tel: ( 504) 443-6201 A,CM,CP,E 

Telex: 68136 Hewlett-Packard Co. A,CM,CP,E,MP A,CM,CS,E,MS 
New Mexico 

E,M,P 646 W. North Market Boulevard Hewlett-Packard Co. Maryland Hewlett-Packard Co. 
SACRAMENTO, CA 95834 Executive Park Suite 306 Hewlett-Packard Co. P.O. Box 11634 

UNITED KINGDOM Tel: (916) 929-7222 P.O. Box 816 7121 Standard Drive Station E 
see: GREAT BRITAIN A• ,CM,CS,E,MS AUGUSTA, GA 30903 HANOVER, MD 21076 11300 Lomas Blvd.,N.E. 
NORTHERNIRELAND 

Hewlett-Packard Co. Tel: (404) 736-0592 Tel: (301) 796-7700 ALBUQUERQUE, NM 87192 
SCOTLAND 

9606 Aero Drive CM,MS A,CM,CP,E,MS Tel: (505) 292-1330 

P.O. Box 23333 Hewlett-Packard Co. Hewlett-Packard Co. Telex: 910-989-1185 

UNITED STATES OF SAN DIEGO, CA 92123 P.O. Box 2103 2 Choke Cherry Road CM,CP,E,MS 

AMERICA Tel: (714) 279-3200 1172 N. Davis Drive ROCKVILLE, MD 20850 Hewlelt-Packard Co. 
CM,CP,E,MP WARNER ROBINS, GA 31098 Tel: (301) 948-6370 156 Wyatt Drive 

Alabama 
Hewlett-Packard Co. Tel: (912) 922-0449 A,CM,CP,E,MP LAS CRUCES, NM 88001 

Hewlett-Packard Co. 
700 Century Park South 363 Brookhollow Drive CM,E MaHachusetts Tel: (505) 526-2484 

SANTA ANA, CA 92705 Hewlett-Packard Co. Telex: 910-9983-0550 
Suite 128 Hawaii CM,C•,E,M• 
BIRMINGHAM, AL 35226 Tel: (714) 641·0977 Hewlett-Packard Co. 32 Hartwell Avenue 

Tel: (205) 822-6802 A,CM,C.,E 2875 South King Street LEXINGTON, MA 02173 New York 
CM,CS,MP Hewlett-Packard Co. HONOLULU, HI 96826 Tel: (617) 861-8960 Hewlett-Packard Co. 

Hewlett-Packard Co. 3003 Scott Boulevard Tel: (808) 955-4455 A,CM,CP,E,MP 6 Automation Lane 

P.O. Box 4207 SANTA CLARA, CA 95050 A,CM,CS,E,MS Michigan Computer Park 

8290 Whitesburg Drive, S.E. Tel: (408) 988-7000 
Idaho Hewlett-Packard Co. ALBANY, NY 12205 

HUNTSVILLE, AL 35802 A,CM,CP,E,MP 
Hewlett-Packard Co. 23855 Research Drive Tel: (518) 458-1550 

Telex: 710-444-4691 
Tel: (205) 881-4591 Hewlett-Packard Co. 11311 Chinden Boulevard FARMINGTON HILLS, Ml 48024 

A,CM,CS,E,MS CM,CP,E,M• 454 Carlton Court BOISE, ID 83707 Tel: (313) 476-6400 
SO. SAN FRANCISCO, CA 94080 Tel: (208) 376-6000 A,CM,CP,E,MP Hewlett-Packard Co. 

Alaska Tel: (415) 877-0772 650 Perinton Hill Office Park 
Hewlett-Packard Co. CM,CS,M• Hewlett-Packard Co. 

CM,CP 4326 Cascade Road S.E. FAIRPORT, NY 14450 
1577 "C" Street, Suite 252 Illinois Tel: (716) 223-9950 
ANCHORAGE, AK 99510 Colorado Hewlett-Packard Co. GRAND RAPIDS, Ml 49506 

Telex: 510-253-0092 
Tel: (206) 454-3971 Hewlett-Packard Co. 211 Prospect Road Tel: (616) 957-1970 

CM,CP,E,MS 
CM.cs·· 5600 OTC Park way BLOOMINGTON, IL 61701 CM,CS,MS 

ENGLEWOOD, CO 80110 Hewlett-Packard Co. 
Arizona Tel: (309) 663-0383 Minnesota No. 1 Pennsylvania Plaza 
Hewlett-Packard Co. 

Tel: (303) 771-3455 CM,CS,Ms•• Hewlett-Packard Co. 551h Floor 
2336 East Magnolia Street 

A,GM,CP,E,MS 
Hewlett-Packard Co. 2025 W. Larpenteur Ave. 341h Street & 8th Avenue 

PHOENIX, AZ 85034 Connecticut 1100 31st Street ST. PAUL, MN 55113 NEW YORK, NY 10001 
Tel: (602) 273-8000 Hewlett-Packard Co. DOWNERS GROVE, IL 60515 Tel: (612) 644-1100 Tel: (212) 971-0800 
A,CM,CP,E,MS 47 Barnes Industrial Road South Tel: (312) 960-5760 A,CM,CP,E,MP CM,CP,E.,M. 

Hewlett-Packard Co. P.O. Box 5007 CM,CP MlsslBSippl Hewlett-Packard Co. 
2424 East Aragon Road W~t.UNGFORD, CT 06492 Hewlett-Packard Co. Hewlett-Packard Co. 5858 Easl Molloy Road 
TUCSON, AZ 85706 Tel: (203) 265-7801 5201 Tollview Drive 322 N. Mart Plaza SYRACUSE NY 13211 
Tel: (602) 889-4661 A,CM,CP,E,MS ROLLING MEADOWS, IL 60008 JACKSON, MS 39206 Tel: (315) 455-2486 
CM,CS,E,MS • • Florida Tel: (312) 255-9800 Tel: (601) 982-9363 A,CM,CS,E,MS 

Arkansas Hewlett-Packard Co. A,CM,CP,E,MP CM,MS Hewlett-Packard Co. 

Hewlett-Packard Co. P.O. Box 24210 Indiana Missouri 3 Crossways Park Wesl 

P.O. Box 5646 2727 N. W. 62nd Street Hewlett-Packard Co. Hewlett-Packard Co. WOODBURY, NY 11797 

Brady Station FORT LAUDERDALE, FL 33309 P.O. Box 50807 11131 Colorado Tel: (516) 921-0300 

LITTLE ROCK, AR 72215 Tel: (305) 973-2600 7301 No. Shadeland Avenue KANSAS CITY, MO 64137 Telex: 510-221-2183 

Tel: (501) 376-1844 CM,CP,E,MP INDIANAPOLIS, IN 46250 Tel: (816) 763-8000 A,CM,CP,E,MS 

CM,MS Tel: (317) 842-1000 Telex: 910-771-2087 
A,CM,CS,E,MS A,CM,CS,E,MS 
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North Carolina TenneBSee Washington FOR COUNTRIES AND EAST EUROPEAN AREAS 
Hewlett-Packard Co. Hewlett-Packard Co. Hewlett-Packard Co. AREAS NOT LISTED: 
5605 Roanne Way 8906 Kingston Pike Bellefield Office Park AUSTRIA 
GREENSBORO, NC 27 409 KNOXVILLE, TN 37919 1203 114th Ave. S.E CANADA Hewlett-Packard Ges.m.b.h. 

Tel: (919) 852-1800 Tel: (615) 691-2371 BELLEVUE, WA 98004 Wehlistrasse 29 

A,CM,CP,E,MS A',CM,MS Tel: (206) 454-3971 Ontario P.O. Box 7 

., Ohio Hewlett-Packard Co. A,CM,CP,E,MP Hewlett-Packard (Canada) Ltd. A-1205 VIENNA, Austria 

Hewlett-Packard Co. 3070 Directors Row Hewlett-Packard Co. 6877 Goreway Drive Tel: (222) 35-16-20 

9920 Carver Road Directors Square _ Suite A-1 MISSISSAUGA, Ontario L4V IMS Telex: 135823/135066 

CINCINNATI, OH 45242 MEMPHIS, TN 38131 708 North Argonne Road Tel: (416) 678-9430 
Telex: 610-492-4246 EUROPEAN AREAS 

Tel: (513) 891-9870 Tel: (901) 346-8370 SPOKANE, WA 99206 

CM,CP,MS A,CM,CS,MS Tel: (509) 535-0864 EASTERN USA SWITZERLAND 
Hewlett-Packard Co. Hewlett-Packard Co. CM,CS Hewlett-Packard S.A. 

16500 Sprague Road Suite 103 West Virginia New Jersey 7 Rue du Bois-du-Lan 

CLEVELAND, OH 44130 478 Craighead Sir.eel Hewlett-Packard Co. Hewlett-Packard Co. CH-1217 MEYRIN 2, Switzerland 
Tel: (216) 243-7300 NASHVILLE, TN 37204 4604 MacCorkle Ave., S.E. W 120 Century Road Tel: (022) 98-96-51 
Telex: 810-423-9430 Tel: (615) 383-9130 CHARLESTON, WV 25304 PARAMUS, NJ 07652 Telex: 27835 hpse 

A,CM,CP,E,MS CM.MS" Tel: (304) 925-0492 Tel: (201) 265-5000 Cable: HEWPACKSA Geneve 

Hewlett-Packard Co. Texas A,CM,MS 
MIDWESTERN USA MEDITERRANEAN AND 

962 Crupper Ave. Hewlett-Packard Co. Wisconsin MIDDLE EAST AREAS COLUMBUS, OH 43229 Suite 310W Hewlett-Packard Co. Illinois 
Tel: (614) 432-1041 7800 Shoalcreek Blvd. 150 S. Sunny Slope Road Hewlett-Packard Co. GREECE 
CM,CP,E' AUSTIN, TX 78757 BROOKFIELD, WI 53005 5201 T ollview Drive Hewlett-Packard S.A. 
Hewlett-Packard Co. Tel: (512) 459-3143 Tel: (414) 784-8800 ROLLING MEADOWS, IL 60008 Mediterranean & Middle East 
330 Progress Rd. CM,E A,CM,CS,E' ,MP Tel: (312) 255-9800 Operations 
DAYTON, OH 45449 Hewlett-Packard Co. 35 Kolokatroni SI. 
Tel: (513) 859-8202 Suite C110 URUGUAY SOUTHERN USA Platia Kefallariou 
A,CM,CP,E' ,MS 4 171 North Mesa Pablo Ferrando S.A. C. e.I. GR-Kifissia, ATHENS, Greece 

Oklahoma El PASO, TX 79902 Avenida Italia 2877 Georgia Tel: 808-0359, 808-0429 

Hewlett-Packard Co. 
Tel: (915) 533-3555 Casilla de Correo 370 Hewlett-Packard Co. Telex: 21-6588 

P .0. Box 32008 
CM,CS,E',MS" MONTEVIDEO P.O. Box 105005 Cable: HEWPACKSA Athens 

6301 N. Meridan Avenue Hewlett-Packard Co. Tel: 40-3102 450 Interstate N. Parkway 

OKLAHOMA CITY, OK 73122 5020 Mark IV Parkway Telex: 901 Public Booth Para Pablo ATLANTA, GA 30339 OTHER AREAS 
FORT WORTH, TX 76106 Ferrando 919520 Tel: (404) 955-1500 Hewlett-Packard Co. 

Tel: (405) 721-0200 
Tel: (817) 625-6361 Cable: RADIUM Montevideo Telex: 810-766-4890 ICON Headquarters A' ,CM,CP ,E' ,MS A,E,M 

Hewlett-Packard Co. 
CM,C' WESTERN USA 

3495 Deer Creek Road 

Suite 121 Hewlett-Packard Co. Guillermo Kraft de/ Uruguay S.A. PALO ALTO, CA 94304 

9920 E. 42nd Street 10535 Harwin Street Avda. Libertador Brig. Gral. California U.S.A. 

TULSA, OK 7 4 145 HOUSTON, TX 77036 Lavalleja 2083 Hewlett-Packard Co. 
Tel: (415) 857-2824 

MONTEVIDEO TWX: 910-373-1267 
Tel: (918) 665-3300 Tel: (713) 776-6400 

Tel: 23 45 88, 23 48 08, 20 88 30 
3939 Lankersham Blvd. 

Telex: 034-8300; 034-8493 
A",CM,CS,M' A,CM,CP,E,MP p NORTH HOLLYWOOD. CA 91604 

Cable: HEWPACK 

Oregon Hewlett-Packard Co. Tel: (213) 877-1282 

Hewlett-Packard Co. 
P.O. Box 1270 VENEZUELA 

9255 Pioneer Court 
930 E. Campbell Rd. Hewlett-Packard de Venezuela C.A. 

WILSONVILLE, OR 97070 
RICHARDSON, TX 75081 P. 0. Box 50933 

Tel: (503) 682-8000 
Tel: (214) 231-6101 3a Transversal Los Ruices Norte 

A,CM,CP,E' ,MS 
A,CM,CP,E,MP Edificio Segre 2Y3 
Hewlett-Packard Co. CARACAS 1071 

Pennsylvania 205 Billy Mitchell Road Tel: 239-4133 
Hewlett-Packard Co. SAN ANTONIO, TX 78226 Telex: 25146 HEWPACK 
Crystal Brook Professional Building Tel: (512) 434-8241 Cable: HEWPACK Caracas 
Roule 35 CM,CS,E,MS A,CP,E,MS,P 
EATONTOWN, PA 07724 

Utah Tel: (201) 542-1384 YUGOSLAVIA 
A',CM,C',E",P' Hewlett-Packard Co. Iskra Commerce, n. sol. o. 
Hewlett-Packard Co. 

3550 W. 2100 South Street lastopstvo Hewlett-Packard 
1021 8th Avenue 

SALT LAKE CITY, UT 84119 Obilicev Venac 26 
King of Prussia Industrial Park 

Tel: (801) 974-1700 YU 11000 BEOGRAD 
KING OF PRUSSIA, PA 19406 

A,CM,CP,E,MS Tel: 636955 
Tel: (215) 265-7000 Virginia Telex: 11530 
Telex: 510-660-2670 Hewlett-Packard Co. C",E',M',P' 
A,CM,CP,E,MP P.O. Box 9669 Iskra Commerce, n. sol. o. 
Hewlett-Packard Co. 2914 Hungary Spring Road Zastopslvo Hewlett-Packard 
111 Zeta Drive RICHMOND, VA 23228 Miklosiceva 38Nll 
PITTSBURGH, PA 15238 Tel: (804) 285-3431 YU-61000 LJUBLJANA 
Tel: (412) 782-0400 A,CM,CP,E,MS Tel: 321674, 315870 
A,CM,CP,E,MP Hewlett-Packard Co. Telex: 31300 

South Carolina 
3110 Peters Creek Road, N.W. C',E',M',P' 

Hewlett-Packard Co. 
ROANOKE, VA 24015 

ZAMBIA Tel: (703) 922-7000 
P.O. Box 6442 

CM,CS,E" R.J. Tilbury (Zambia) Lid. 
6941-1 N. Trenholm Road P. 0. Box 2792 
COLUMBIA, SC 29260 Hewlett-Packard Co. LUSAKA 
Tel: (803) 782-6493 5700 Thurston Avenue Tel: 81243 
CM,CS,E,MS VIRGINIA BEACH, VA 23455 A,E,M,P 

Tel: (804) 460-2471 
CM.CS.MS 9-01-80 
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