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Warranty

E

EIP Microwave, Inc. warrants this product to be free from defects in material and workmanship
for one year from the date of delivery. Damage due to accident, abuse, or improper signal
level is not covered by the warranty. Removal, defacement, or alteration of any serial or
inspection label, marking, or seal may void the warranty. EIP Microwave, Inc. will repair or
replace, at its option, any components of this product which prove to be defective during the
warranty period, provided the entire unit is returned PREPAID to EIP or an authorized service
facility. In-warranty units will be returned freight prepaid; out-of-warranty units will be returned
freight collect. No warranty other than the above is expressed or implied.

Certification

EIP Microwave, Inc. certifies this instrument to be in conformance with the specifications noted
herein at time of shipment from the factory. EIP Microwave, Inc. further certifies that its
calibration measurements are traceable to the United States National Institute of Standards and
Technology. '

Manual Change Information

As EIP continually improves and updates its products, changes to the material covered by the
manual will occur. When a part or assembly in an EIP instrument is changed to the extent that
it is no longer interchangeable with the earlier part, the configuration control number (CCN) of
the instrument, shown on the titie page of the manual, will change, and a new edition of the
manual will be published.

To maintain the technical accuracy of the manual, it may be necessary to provide new or
additional information with the manual. In these cases, the manual is shipped with a Manual
Update. Please be sure to incorporate the information as instructed in the Manual Update.

Customer Suggestion Form

A mail-in form at the end of this manual provides an easy way for you to tell us about any
additions, corrections, or changes that would improve this publication. Your suggestions are a
valuable part of the input used in revising our manuals and developing the structure and format
for new manuals. -
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SAFETY

The EIP model 625A is a Safety Class 1 instrument. This instrument has been designed and
tested according to international safety requirements. This manual contains information,
cautions, and warnings that must be followed by the service pserson to ensure safe operation
and to retain the instrument in safe condition.

SAFETY SYMBOLS

WARNING  The WARNING sign denotes a hazard. It calls attention to a procedure or
practice, which, if not correctly performed or adhered to, could result in
personal injury.

CAUTION The CAUTION sign denotes a hazard. It calls attention to an operating
procedure or practice, which, if not correctly performed or adhered to, could
result in damage to or destruction of part or all of the product.

OVERALL SAFETY CONSIDERATIONS

WARNING

Before this instrument is switched on, the protective earth terminals of this instrument
MUST be connected to the protective conductor of the ac power cord. The power cord
shall only be inserted into a receptacle provided with a protective earth contact. The
protective action must not be negated by the use of an extension cord (power cable)
without a protective earth (grounding) conductor.

WARNING

Only fuses with the reguired rated current voltage and specified type should be used.
DO NOT use repaired fuses or short-circuited fuseholders. To do so could cause a
shock or fire hazard.

WARNING

Whenever it is likely that the protection has been impaired, the instrument MUST BE
made inoperative and be secured against any unintended operation.

WARNING

All protective earth terminals, extension cords, autotransfermers, and devices
connected to this instrument should be connected to a socket outlet provided with a
protective earth contact. Any interruption of the protection will cause a potential shock
hazard that could result in personal injury.

WARNING

Whenever ac power is connected to this instrument, the power supply is energized.
Therefore, exercise caution whenever covers are removed.

CAUTION

Before connecting power to the instrument, check to insure that the correct fuse is
installed and the voltage select switch on the rear panel of the instrument is set
properly. Refer to Section 2, Installation.

CAUTION

Excessive signals can damage this instrument. To prevent damage, do not exceed
specified damage level. Refer to specifications listed in Section 1.
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SECTION 1
GENERAL INFORMATION

DESCRIPTION

The EIP 625A is a microprocessor-based microwave frequency counter that measures the frequency
of CW signals from 10 Hz to 20 GHz.

Frequency measurements are divided into three bands. Band 1 is a high impedance input
(1 Megohm/20 pF) and covers the frequency range from 10 Hz to 100 MHz, with a sensitivity of 25 mV
rms. Band 2 has an input impedance of 50 ohms and covers the frequency range from 100 MHz to 1
GHz, with a sensitivity of =15 dBm. Band 3 has an input impedance of 50 ohms and covers the
frequency range from 850 MHz to 20 GHz, with a sensitivity of -25 dBm from 950 MHz to 12.4 GHz and
a sensitivity of =20 dBm from 12.4 to 20 GHz.

Through keyboard control, the EIP 625A counter provides frequency offsets and frequency
multiplication. Remote operation via the general purpose interface bus (GPIB) is a standard feature. A
high stability time base is available as an option. Measurements are presented on a 12 digit LED
display that is sectionalized to read directly in GHz, MHz, kHz, and Hz.

SPECIFICATIONS
General
Size (H, W, D) 3.5in. x 8.125 in. x 18.5 in. (8.9 cm x 20.6 cm x 47.0 cm)
Operating Temperature 32° to 122° F (0° to 50° C)
Environmental _ Mil-STD-46IC and Mil-T-28800D Type lll, class 5, style E
Power 100/120/140/200/220/240 Vac +10%, 50-400 Hz, 60 VA typical
Resolution 1 Hz to 10 MHz in Band 1
1 Hz to 1 GHz in Bands 2 and 3
Gate Time
Band 1 and 3 1 ms to 1 s (depending upon resolution)
Band 2 4 ms to 4 s (depending upon resolution)
Band 1
Frequency Range 10 Hz to 100 MHz
Connector BNC (female)
Impedance 1 M ohm/20 pF, nominal
Sensitivity 25 mv rms, 15 mv rms typical
Maximum Input 1Vrms
Damage Level 100 V rms

Maximum FM Carrier frequency must remain within band

1-1
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Band 2

Frequency Range
Connector
Impedance
Sensitivity
Maximum input
Damage Level

Maximum FM/Chirp

100 MHz to 1 GHz

BNC (female)

50 ohms, nominal

-15 dBm, -20 dBm typical
+10 dBm

+24 dBm

Carrier frequency must remain within band

Band 3

Frequency Range
Connector
Impedance

VSWR

Sensitivity

Maximum Input

Damage Level

Amplitude Discrimination

Maximum FM/Chirp
Acquisition Time

Center Frequency

Tracking Speed

850 MHz to 20 GHz
Precision Type N (female)
50 ohms, nominal

2.5:1, typical

-25 dBm (850 MHz to 12.4 GHz) -30 dBm, typical
-20 dBm (12.4 to 20 GHz) -25 dBm, typical

+10 dBm

+45 dBm peak (30 watts) continuous power. +53 dBm peak (200
watts) pulsed power (<1 us pulse width, 0.1% duty cycle).

10 dB. If <10 dB, will count one signal accurately if separated by
>200 MHz.

20 M»Hz peak-to-peak (up to 10 MHz rate)
<220 ms standard. <20 ms center frequency mode.

Will lock on signals <5 MHz from the entered frequency at sensitivity;
resolution is 1 MHz. (Equal amplitude signals must be separated by
>40 MHz.)

>800 MHz/s

TCXO Time Base

Freguency

Aging Rate

Short Term Stability
Temperature Stability
Line Variation
Warm-up Time

Time Base Output

10 MHz

<|1 x 1077 | per month. |1 x 107®| per year.
<1 x 10-° RMS for one second averaging time
<|1 x 10-8| over the range of 0° to 50° C

<|1 x 1077| (+10% line voltage change)

30 minutes

10 MHz, square wave. 1 V peak-to—-psak minimum into 50 ohms from
rear panel BNC (female) connector.

1-2
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TCXO Time Base (Continued)

Phase Noise

-95 dBc/Hz at 10 Hz from carrier

External Time Base

Input

Requires 10 MHz, 1 V peak-to-peak minimum into 300 ohms be
applied at rear panel BNC (female) connector. External time base
operation enabled via Special Function 08.

Oven Oscillator Time Base (Option 05)

Phase Noise

Aging Rate/24 Hours
(After 72 hour warm-up)

Short Term Stability
(1 second average)

0° to +50° C
Temperature Stability

+10% Line Voltage
Change

Retrace

External dc Input

-95 dBc/Hz at 10 Hz from carrier

<|5 x 10719]
<1 x 107 rms
<|3 x 1078|
<|2 x 1079

<5 x 10~ of final value 15 minutes after counter is plugged in at 25° C
if counter is unplugged for less than 10 minutes.

Range: 10 to 15 Vdc. Rear panel connector for powering the oven
oscillator during transit. A cable for connecting the input to an
automobile cigarette lighter is included with the oven oscillator option.

CAUTION

To avoid damage to the oven oscillator option, connect only +10 Vdc to +15 Vdc to
the oven oscillator power input connector on the rear panel.

1-3
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SECTION 2
INSTALLATION

UNPACKING AND INITIAL INSPECTION

If the shipping container or cushioning material is damaged, it should be Kept until the contents of the
shipment have been checked for completeness and the instrument has been checked mechanically
and elsctrically. If the contents are incomplete, if there is mechanical damage or defect, or if the
instrument does not pass the electrical performance tests, notify EIP in care of the address shown on
the title page. If the shipping container is damaged, or the cushioning material shows signs of stress,
notify the carrier as well as EIP. Keep the shipping materials for carrier’s inspection. The EIP office will
arrange for repair or replacement without waiting for claim settlement.

STORAGE ENVIRONMENT

The instrument may be stored or shipped in environments within the following limits:

Temperature: -40° to +75° C
Humidity: Up to 95%
Altitude: Up to 50,000 feet (15,240 meters)

OPERATING CONDITIONS

This instrument is designed to be operated at temperatures not exceeding 0° to 50° C at a relative
humidity not to exceed 95% (75% over 25° C and 45% over 40° C). This instrument will perform to
specifications at altitudes not exceeding 3050 m (10,000 ft) and will tolerate vibrations not exceeding
2 g's. It is fungus resistant. The chassis is not designed to provide protection from mechanical shock
or falling water particles and is intended for normal bench use in an environmentally clean area.

INSTALLATION

There is no special installation required for the EIP 625A frequency counter. The unit is a
self-contained bench or rack mounted instrument that only requires connection to a standard,

single-phase power line for operation.
PREPARATION FOR USE

VOLTAGE SELECTION
CAUTION

Disconnect ac power cord before changing voltage selection switch.

The voltage selection switch should be set to the proper line voltage. (See Figure 2-1.) To change the
line voltage, proceed as follows:

1. Disconnect the counter from the power line.

2. Using a screwdriver, turn the slotted voltage indicator to the desired position.

2-1
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FUSE REPLACEMENT

WARNING

Disconnect ac power cord before replacing fuse.

The counter has one fuse located on the rear panel, above the line voltage plug. The type of fuse used
in your counter depends upon the primary power, as follows:

Line Voltage Fuse Type
100/120/140 Vac 1.5 A, slow-blow, MDL
200/220/240 Vac 0.8 A, slow-blow, FST

To release the fuse, use a screwdriver to rotate the slotted cap counterclockwise. To reinstall the fuse,
press the fuse and slotted cap assembly into the fuse cavity and turn cap clockwise until it locks into

place.

CAUTION

To avoid damage to the counter, always be sure that the fuse used is the type and
value specified, and that the voltage select switch is set to correspond to the ac

power input voltage. (See Figure 2-1.)

100-140 VAC
1.5
SH1 AH1 T5 f a
L4 SR1 RLT | (O) K B ©
DC1 DT
200-240 VAC
0.8A GPIB [EEE 488 1978

D

1.0 0 e~

ADJ IN/OUT

Figure 2-1. Rear Panel Fuse and Voltage Select Switch Locations.
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INCOMING OPERATIONAL CHECKOUT

This following test is designed to provide a basic operational check of the instrument. If more extensive
testing is required, refer to Section 5.

1. Before connecting power to the instrument, check to make sure the correct fuse is installed and
the voltage select switch is set properly.

2. Connect the power cord to the appropriate single—-phase power source. The ground terminal on
the power cord plug must be properly grounded.

3. Turn the POWER switch to on. All LEDs and annunciators should light for about two seconds. The
counter model number and GPIB address should be displayed for about one second. The counter
should then display all zeros indicating that the automatic self-check has been successfully

completed.

SPECIAL

4. Press: D Display should read 100 000 +1 (100 MHz).

SPECIAL
5. Press: @ Display should read all 8’s and all annunciators should be lit.
FUNC i

SPECIAL
6. Press: @ Each display segment should light in turn (adjustable by the

FUNC front panel SAMPLE RATE control).

SPECIAL
7. press: (2) () (&) Each digit should light in turn (adjustable by the front panel
FUNG SAMPLE RATE control).

This completes the operational checkout procedure.

SERVICE INFORMATION

PERIODIC MAINTENANCE

To maintain accuracy, it is recommended that the counter be recalibrated every six months. Other
than calibration, no periodic maintenance is required.

CAUTION

Do not attempt repair or disassembly of the microwave converter or time base
oscillator assemblies. Such action will void the warranty on the counter. Contact EIP
or your sales representative if these units require servicing.

COUNTER IDENTIFICATION

The counter is identified by three sets of numbers: the model number, a serial number, and a
configuration control number. These numbers are located on a label affixed to the frame at the rear of
the counter and must be included in any correspondence regarding your counter.
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FACTORY SERVICE

If the counter is being returned to EIP for service or repair, be sure to include the following information
with the shipment:

® Name and address of owner.
e Model number, serial number, and configuration control number of the counter.

L] A compiste description of the problem. (E.g., under what conditions did the problem occur?
What was the signal level? What equipment was attached or connected to the counter? Did that
equipment also experience failure symptoms?)

° Name and telephone number of someone familiar with the problem who may be contacted by EIP
for any further information if necessary.

° Shipping address to which the counter is to be returned. Include any special shipping
instructions.

SHIPPING INSTRUCTIONS

Wrap the counter in heavy plastic or kraft paper and repack in original container if available. If the
original container cannot be used, use a heavy (275 Ib test) double-walled carton with approximately
four inches of packing material between the counter and the inner carton. Seal carton with strong
filament tape or strapping. Mark the carton to indicate that it contains a fragile slectronic instrument.
Ship to the EIP address on the title page of this document.
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SECTION 3
OPERATION

INTRODUCTION

This section lists the controls, connectors, and indicators featured on the EIP 825A frequency counter,
explains how each counter function operates, and provides some general measurement
considerations.

FRONT PANEL CONTROLS, INDICATORS, AND CONNECTORS

Front panel controls, indicators, and connectors fall into four general groups: data display, status
display, signal input, and keyboard. (See Figure 3-1.)

f 10 Hz-100 MH. 100 MHz-1 GH
EJI[]HEI MODEL 625A CW MICROWAVE COUNTER | MEG/Z0SE e ore
BAND 1 BAND 2
RMT HLD SPECIAL SAMPLE RATE GHz DATA
EXT REF o ]
FUNC up hold down &
OFS CF CLEAR
BAND FREQ |CENTER | FREQ MHz *
= [ - N N |
offset FREQ mult DISPLAY
950 MHz-20 GH.
sTBY e| ON RESET RESOL 50 (ZD:M ‘
B B =B B == BAND 3
POWER LOCAL

Figure 3-1. Front Panel Controls, Indicators, and Connectors.

POWER SWITCH

° STBY - In standby (STBY) position, all controls and displays are inactive; the Power Supply (A2)
is energized, but power is only applied to optional oven time base (if installed).

(] ON - In the ON position, power is applied to the counter circuits and controls.
DATA DISPLAY

The 12 digit LED data display provides a direct numerical readout of an input frequency measurement.
The frequency readout is displayed in a fixed position format that is sectioned into GHz, MHz, kHz, and
Hz.

STATUS INDICATORS

] RMT - Lights to indicate that the counter is being controlled via GPIB and all front panel controls
are disabled except POWER switch and LOCAL switch.

] EXT REF - Lights to indicate that the counter is set to an external time base reference.
° OFS - Lights to indicate that the frequency offset function is active.
° HLD - Lights to indicate that the counter’'s measurement cycle is halted. The instrument

continues to display the last measurement.
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L] CF - Lights to indicate that the center frequency function is active.

® MLT - Lights to indicate that the frequency multiplying function is active.

® GAT - Lights to indicate that the counter gate is open and a measurement is being made.
L] SRH - Lights to indicate that the counter is in Band 3 and searching for a signal.

° SPC - Lights to indicate that the counter is operating in a special function mode.

® B1 - Lights to indicate that Band 1 has been selected.
® B2 - Lights to indicate that Band 2 has been selected.

® B3 - Lights to indicate that Band 3 has been selected.

Figure 3-2. Status indicators.

SIGNAL INPUT CONNECTORS

® BAND 1 - A BNC female connector with a nominal input impedance of 1 megohm shunted by 20
pF.

® BAND 2 - A BNC female connector with a nominal input impedance of 50 ohms.

® BAND 3 - A precision N female connector with a nominal input impedance of 50 ohms.

10 Hz-100 MHz 100 MHz-1 GHz
1 MEG/20pF 50 OHM

BAND 1 BAND 2

950 MHz-20 GHz
50 OHM

BAND 3

Figure 3-3. Signal Input Connectors.
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KEYBOARD

Both data entry and function selection are controlled through the keyboard. (See keyboard section on
page 3-4.)

REAR PANEL CONNECTORS AND CONTROL (see Figure 3-4)

] Fuse - Provides overload protection.

° Ac power connector - Input for ac power.

® VAC switch - Sets the operating voltage of the counter to match ac power line voltage.

e 10 MHz IN/OUT - The time base input/output (IN/OUT). This BNC female connector accepts an
external time base reference input or provides time base reference output to external units. The

state is selectable using Special Functions 07 and 08. (See special functions listing.)

£ 10 MHZ ADJ - Provides a means for calibrating the internal oven oscillator frequency. (Option 05
only.)

] GPIB connector - Used for remote operation with General Purpose Interface Bus.

® 12 VDC input - Input for external +12 Vdc source to power oven oscillator during transit.
Refer to specifications prior to use of this feature. (Option 05 only.)

100-140VAC

1.5A
SH1 AH1 T5 - =
= O e

200-240 VAC
0.8A

GPIB IEEE 488 1978

OVEN OSC ONLY

Figure 3-4. Rear Panel Connectors and Control.

OPERATION
CAUTION

The EIP 625A counter is a sensitive measuring instrument. To avoid damage to the
instrument, do no exceed the maximum input specifications.
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POWER ON

With the counter plugged in and the POWER switch set to STBY, displays and controls are inactive.
Power is applied only to the optional oven time base, if installed.

When the POWER switch is set to ON, the counter goes through power—up test of RAM and PROM and
verification of counter functional operation. Counter displays “EIP 625A" during this test. If all tests are
passed, the counter begins normal measurement operation. If any part of the test fails, an error
message will be displayed. (See Error Messages section.)

DEFAULT SETTINGS

When the counter is initially turned on, its state is determined by the default values stored in memory.
The factory set default values are shown bslow. Special Function 72 can be used to customize the
power-on default values to meet specific requirements.

Parameter Default Value
Band 3
Center frequency 0 (disabled)
Display Enabled
Internal reference On
External reference Off
Frequency multiply 1
Freguency offset 0
Hold Off
Resolution 0 (1 Hz)
Sample rate Maximum

KEYBOARD OPERATION

The keyboard consists of 18 pushbutton keys that control the major functions of the counter. Twelve
keys are used for numerical data entry—the digits O through 8, the decimal point, and the change sign
(+). The decimal point key is also used as a trigger (see page 3-5). Two keys (MHz and GHz) act as
terminators for the input of frequency parameters. The CLEAR DATA and CLEAR DISPLAY keys are
used to clear stored or displayed data, respectively. Each of five of the numerical keys are dual
function keys used to select the band, resolution, test function, frequency offset, and frequency
multiplier functions.

SPECIAL SAMPLE RATE GHz DATA
R El E B B
FUNC up hold down ®

CLEAR
BAND FREQ CENTER FREQ MHz A
B | E B 2
offset FREQ mult DISPLAY
RESET RESOL
KN @S =8
LOCAL

Figure 3-5. Keyboard.
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Single Key Instructions

1.

Valid Single Key Instructions:

] RESET LOCAL - If under front panel (local) control, pressing this key halts the counter
measurement or acquisition sequence and initiates a new acquisition sequence. It does not
affect the status of any measurement condition set by the front panel controls. If under
GPIB control (RMT indicator on), pressing this key returns control to the front panel and
initiates a new acquisition sequence.

= CLEAR DISPLAY - If the counter is in the data entry mode, pressing this key clears the
current entry and returns the counter to the display measurement. It does not affect stored
data. Otherwise there is no effect.

° SAMPLE RATE up - A single press of this key increases the sample rate one increment.
Holding the key down continues increasing the sample rate until maximum sample rate is
achieved. At maximum sample rate, the time between samples is 40 ms, nominal.

] SAMPLE RATE down — A single press of this key decreases the sample rate one decrement.
Holding the key down continues decreasing the sample rate until the minimum sample rate
is achieved. At minimum sample rate, the time between samples is 10 seconds, nominal.

] SAMPLE RATE hold - Pressing this key puts the counter sample rate into hold, freezes the
display on the last measurement made, and lights the HLD indicator.

° “." (trigger) - If the counter SAMPLE RATE controls are set to hold, pressing this key once
generates a single measurement or special function event.

Invalid Single Key Instructions:

GHz, MHz, CLEAR DATA, all numbers, and + are invalid single key instructions. None of these
keys initiates a single or multiple key instruction. All require a prior key to initiate a valid
instruction set. The counter will display ERROR 01 until CLEAR DISPLAY is pressed or a valid

instruction set is initiated.

Multiple Key Instructions

BAND - The BAND key initiates the band selection instruction set. Band annunciators B1, B2, and
B3 flash until 1, 2, or 3 is selected. Counter operation is not affected until an instruction
terminating number is selected. At that time, the counter changes bands, resets, and initiates
the proper acquisition sequence for the selected band. Selecting any other number or key
causes the counter to display ERROR 10, which is displayed until either a valid instruction set is
reinitiated or CLEAR DISPLAY is selected.

This parameter controls the frequency measurement range. Select the appropriate band
according to:

Band Range
1 10 Hz to 100 MHz
2 100 MHz to 1 GHz
3 850 MHz to 20 GHz
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Keyboard Example:

BAND DATA
PrRESS: () (U to select default band.

CLEAR
BAND
PRESS: D to select Band 2.
GPIB Example:

Enter: OUTPUT 718;“BAND 2" to select Band 2.

FREQ offset - The FREQ offset key initiates entry of a positive or negative decimal number to
offset the measured frequency (to 1 Hz resolution). A number is input, and the instruction is
terminated by selecting a units terminator (MHz or GHz). The OFS annunciator flashes until the
instruction sequence is terminated and then remains lit for as long as the instruction is in effect.
The display shows the last offset entered until entry of the first number of the new offset. The
new oftset is displayed as it is being input. The OFS annunciator remains lit while the instruction
set is in effect. Selecting any key other than +, ., a number, a units terminator, or CLEAR
DISPLAY causes the counter to display “ERROR 16," which is displayed until CLEAR DISPLAY is
selected or until a valid instruction set is reinitiated. The counter exits this mode of operation
when the FREQ offset key and the CLEAR DATA key are selected.

Frequency offset allows the entry of a negative or positive frequency to 1 kHz resolution into the
offset frequency register. This parameter cdntrols the constant B in the formula:

Displayed frequency = (M x measured frequency) +B
where M is the frequency multiplier and B is the frequency offset. Select frequency offset in the

range of -89.999 999 GHz to +99.899 899 GHz. The number can be entered in any fixed-point
format, with the units terminator that determines the scale of the input number.

Keyboard Examples:

FREQ DATA

PRESS: C] D to select the default value.
offset CLEAR

FREQ

MHZz
PRESS: D @@O to select a 12.34 MHz value.

offset

FREQ GHz

PRESS: D @ @ O to select a -0.12 GHz value.
offset

GPIB Example:

Enter: OQUTPUT 718;“OFFSET 12.34 MHZ" to select a 12.34 MHz value.

FREQ mult - The FREQ mult key initiates entry of a positive integer, between 01 and 39, that is
multiplied by the measured frequency. The second digit of the entered number acts as the
instruction sequence terminator. The MLT annunciator flashes until the sequence is terminated
and then remains lit as for long as the instruction is in effect. The display shows the last multiplier
until entry of the first digit of the new multiplier. It shows the new multiplier until the instruction is
terminated. To review current multiplier status, press the FREQ mult key. The CLEAR DISPLAY
key returns the counter to the multiplied and measured displéy. If both multiplier and offset
functions are used, the counter displays the value derived from the following: (measurement x
multiplier) + offset. The counter exits this mode of operation when the FREQ mult key and the
LEAR DATA key are selected.

Frequency multiplier controls the value of the constant M in the formula:
Displayed frequency = (M x measured frequency) +B

where M is the frequency multiplier and B is the frequency offset. The frequency multiplier must
be an integer in the range of 01 to 98.
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Keyboard Examples:

FREQ CLEAR

PRESS: O O to select the default multiplier value.
mult DATA

FREQ
PRESS: D @ to select a multiplier value of 7.

mult

FREQ

PRESS: D to select a multiplier value of 31.

mult

GPIB Example:
Enter: OUTPUT 718;“MULTIPLIER 31" to select a multiplier value of 31.
° RESOL - The RESOL key is used to set the least significant digit of the display. Values of .1 (in

Band 1 only) and integers O through 9 set the least significant digit as a power of 10 and
terminate the instruction set as follows:

Resolution Values

0.1 Hz
1 Hz
10 Hz
100 Hz
1 KHz
10 kHz
100 kHz
1 MHz
10 MHz
100 MHz
1 GHz

OCONODNDRWN = O —

NOTE

When a value of .1 Hz is entered in Band 1, the significance of the digits on the front
panel display is shifted left 3 digits. For example, a 9 MHz signal input is displayed as 9
GHz (see Figure 3-6). One digit is displayed to the right of the decimal, and the two
right-most digits are blanked out. The display digit to the right of the decimal will be
zero until the measurement is updated at the end of the 10 second gate interval. When
changing bands, the resolution value is retained except when using a resolution of 0.1
Hz in Band 1. The new resolution, when switching to Band 2 or Band 3, is resolution 0.

.................................................

R PR R
e GHz——

[E][[]][E] MODEL 625A CW MICROWAVE COUNTER

Figure 3-6. Measurement Display at 0.1 Hz Resolution.

Keyboard Examples:

RESOL CLEAR

PRESS: O D to select default resolution.
DATA
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RESOL

PRESS: @ to select resolution 2 (100 Hz).

RESOL

press: () (CJ to select resolution .1 (0.1 Hz).

GPIB Examples:
Enter: OUTPUT 718;“RESOLUTION 4" to select resolution 4 (10 kHz).
Enter: OUTPUT 718;“RESOLUTION .1" to select resolution .1 (0.1 Hz).

® CENTER FREQ - The CENTER FREQ key is used to limit the counter's frequency search range in
Band 3, and provides the following capabilities:

In an environment of multiple signals of equal amplitude (separated by as little as 40 MHz), the
counter will select and measure individual signals. The counter will also select and measure a
signal among other higher amplitude signals, with the provision that signal separation be greater
than 40 MHz. Once a signal is found and measured, and the signal drifts out of the center
frequency search range, the counter will track and measure the signal. The center frequency
function also shortens the counter’'s signal acquisition time, thereby providing measurement
results more quickly.

To initiate the center frequency feature, press the CENTER FREQ key, followed by the desired
signal frequency (+5 MHz) and a units key (MHz or GHz). To exit the center frequency mode,
press the CENTER FREQ key followed by the CLEAR DATA key.

Keyboard Examples:

CENTER CLEAR
PRESS: O O to select the default value.

FREQ DATA
CENTER GHz

PRESS: C] @ G to select a center frequency value of 14.8 GHz.
FREQ
CENTER MHz

PRESS: C] D to select a center frequency value of 2175 MHz
FREQ (2.175 GHz).

GPIB Exampile:

Enter: OUTPUT 718;“CENTERFREQ 14.8 GHZ" to select a center frequency of 14.8 GHz.

SIGNAL MEASUREMENTS

AUTOMATIC FREQUENCY MEASUREMENTS

To measure the frequency of a CW signal, apply the signal to the input connector that corresponds to
the frequency being measured and select the appropriate band. The counter automatically finds the
signal, measures it, and displays the measured frequency.

FREQUENCY MEASUREMENT IN A MULTIPLE SIGNAL ENVIRONMENT

in many applications, there is often more than one signal present. In a multiple signal environment, the
counter automatically measures the frequency of the highest amplitude signal, within the limitations of
the counter’s amplitude discrimination specification. Amplitude discrimination is the ability of the
counter to select, among multiple signals, the signal of highest amplitude.
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It is sometimes necessary to select and measure a lower amplitude signal among multiple signals. To
meet this need, the counter provides a center frequency mode in Band 3. Figure 3-7 shows an
example of the center frequency feature. If the signals shown in the figure are applied to Band 3, the
counter would, in normal operation, select the signal at 6.2 GHz, since it is the highest amplitude
signal. The center frequency mode makes it possible to select any of the signals shown. For example,
to select the signal at 6.3 GHz, a center frequency of 6.3 GHz is entered. This limits the frequency
search to a narrow range centered at 6.3 GHz, and prevents the counter from selecting either of the

other two higher amplitude signals.

'NPU(LBT_nO)WER CENTER FREQUENCY = 6.3 GHz

+20 —

+10

+10 1 <— SEARCH RANGE

10 -

-20 4+

FREQUENCY
T = (GHz)

-30
6.2 6.3 6.4

<

DISPLAYED
FREQUENCY

o —

Figure 3-7. Center Frequency.

COUNTER ACCURACY

When making any type of measurement, some degree of measurement error exists. In EIP CW
counters, measurement error is a result of a combination of time base error and gate phasing error

(+1 count).

The measurement error is specified as:
Measurement error = time base error +1 count (gate phasing error)

A frequency error in the time base oscillator results in a proportional error in the frequency
measurement. An example would be the aging rate of the internal time base, specified to be less than
1 x 1077 parts per month. This means that if the oscillator is set precisely on frequency at the
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beginning of a month, it could be as much as 1 Hz off at the month's end. On a freguency
measurement of 18 GHz, a 1 Hz error in the 10 MHz time base would cause a measurement error of

1 .‘8 kHz.

Time base error is caused by the following factors:
° temperature stability

e line variation

@ aging rate

® short—term stability

Temperature stability refers to variation in output frequency of an oscillator caused by changes in
temperature. The counter's internal time base is a temperature compensated crystal oscillator (TCXO)
with components that compensate for temperature-related frequency drift.

Variations in the line voltage applied to the counter cause variations in the oscillator frequency. The
counter provides regulation to improve line stability and minimize time base frequency variance.

Aging rate is the long-term frequency drift that occurs in an oscillator, and is a function of the inherent
characteristics of the crystal.

Short-term stability is the ongoing random frequency fluctuations that occur in oscillator output. The
primary cause of short—-term frequency fluctuation is circuit noise.

Gate phasing error, the second source of measurement error, is caused by the relative timing of the
gate and the arrival of the signal to be counted. This results in an uncertainty of +1 count in the least
significant digit of the measurement. For example, if the counter resolution is set to 1 kHz, then the
potential error on each gate is +1 kHz. Figure 3-8 illustrates gate phasing error. The incoming signal,
after passing through the signal conditioner, appears at the main gate as a pulse train. Gate B, though
the same width as Gate A, counts three events (pulses corresponding to signal zero-crossings) while
Gate A counts only 2.

SIGNAL AWANARANARA
VARV VIRV IRV IRV,

MAIN GATE '
INPUT

GATE A

GATE B

Figure 3-8. Gate Phasing Error.
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TECHNIQUES FOR IMPROVING ACCURACY

In most cases, the specified accuracy of the EIP 825A counter will be more than sufficient to meet
measurement requirements. Greater accuracy, if required, can be achieved by minimizing error in the
time base, since this is the primary source of measurement error.

Temperature effects on the time base are minimized by calibrating the time base at the temperature at
which the counter will be used, using a time base of higher accuracy. Long-term frequency drift can
be minimized by frequent calibration of the time base. Finally, an external time base with a higher
degree of accuracy can be used, such as a 10 MHz oven oscillator, or a rubidium or cesium beam
frequency standard.

CALCULATING MEASUREMENT ERROR

Following is @ sample calculation for determining the measurement error of the counter, based on the
time base aging rate.

Given: Aging rate: 1 x 107 7/month
Calibration interval: 6 months
Frequency: 20 GHz

+ (aging rate x cal. interval x frequency)

-7
(1—xmloﬂ— x 6 mo. x 2 x 10" Hz)

Calculation:  Error

I+

(6 x 107" x 2 x 10" Hz)
(12 x 10° Hz)
12 kHz

]
H B W

Counter measurement, after the recommended six month calibration interval, could have an error of
+12 kHz in measuring a 20 GHz signal.

This example is for illustrative purposes only. Actual calculation of measurement error must include the
other sources of time base error, as well as gate phasing error.

SPECIAL FUNCTIONS

The special functions of the EIP 625A counter can be divided into three categories:
1. Counter operation verification
2. Calibration/troubleshooting aids

3.  Counter capability enhancements

ONE-SHOT OR CONTINUOUS ACTION SPECIAL FUNCTIONS

Each special function is labeled as being either a one-shot or a continuous action function:

® One-shot functions — automatically revert the counter to its normal operation after a specific
action has been taken.
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° One-shot/CLEAR DISPLAY functions — after a specific action has been taken, require a press of
the CLEAR DISPLAY key to return the counter to normal operation.

° Continuous action functions — stop all normal operations of the counter and cause it to stay in the
special function mode until the user terminates the function. Most continuous action functions
can be terminated by pressing the CLEAR DISPLAY key or entering any function command
through the GPIB interface. After the special function is terminated, the function corresponding to
the key pressed or the command entered will be serviced and a reset will be generated.
Exceptions to the above termination sequence are stated in the individual special function
descriptions.

SPECIAL FUNCTION (SPC) INDICATOR ON OR OFF

The SPC ON/OFF notation at the end of a special function description indicates whether the SPC status
indicator on the front panel is on or off upon exiting this function. The SPC status indicator is also
accessible via the GPIB.

OPERATION VERIFICATION FUNCTIONS

SPECIAL FUNCTION 01: 100 MHz Self-Test

This function verifies operation of the count chain, gate genserator, and VCO. The display shows 100
MHz +1 count. These results are output to the GPIB interface when frequency readings are requested.

CONTINUOUS ' SPC INDICATOR:ON

SPECIAL FUNCTION 02: Light Display Segments Test

This function verifies that all digit segments and annunciator LEDs are operational. When this function
IS activated, all digit segments and all annunciators are turned on.

CONTINUOUS SPC INDICATOR:ON

SPECIAL FUNCTION 03: Scan Display Segments Test

Each segment in all the digits and the bank of annunciators is turned on sequentially by this function to
test the display segment drivers. The scan rate is determined by the setting of the SAMPLE RATE up
and down controls. For manual control, activate sample rate hold, and press the “." key to activate a
single segment.

CONTINUOUS SPC INDICATOR:ON

SPECIAL FUNCTION 04: Scan Display Digits Test

Each digit and sach bank of annunciators is turned on sequentially by this function to check the display
digit driver. The scan rate is determined by the setting of the SAMPLE RATE up and down controls. For
manual control, activate sample rate hold, and press the “." key to activate a single digit or
annunciator.

CONTINUOUS SPC INDICATOR:ON

SPECIAL FUNCTION 05: Keyboard Test

This function verifies the operation of the keyboard. When this function is activated, the counter stops
normal operations, and the display shows the key code of the last key pressed.(See table.) When a
new key is pressed, the display is updated to show the code of the new key. The CLEAR DISPLAY key
will not return a key code, but will instead return the counter to normal operation. When the GPIB
controller requests a key code, the code of the last key pressed is output. If the controller requests a
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key code, the counter outputs to the GPIB interface the code of the last key pressed even if Special
Function 05 is not activated. If the counter is in local, this function must be terminated by the CLEAR
DISPLAY key. If it is in remote, this function can be terminated by any device-dependent command.

CONTINUOUS SPC INDICATOR: ON
Key Code
SPECIAL FUNC 35
BAND 36
O/RESET LOCAL 31
7/SAMPLE RATE up 12
4/FREQ offset 22
1 32
8/SAMPLE RATE hold 13
5/CENTER FREQ 23
2 33
9/SAMPLE RATE down 14
6/FREQ mult 24
3 34
GHz 15
MHz 25
*."” (decimal or trigger) 21
CLEAR DATA 16
CLEAR DISPLAY exits test
RESOL 11

SPECIAL FUNCTION 06: PROM Check Sum Test

This function generates the check sum for the PROM in the counter and compares it with the check
sum stored in the firmware. If the check sum generated is correct, the counter displays the word
“PASSEd” on the front panel. If the check sum is incorrect, an error message is output to the display.
At the same time, the ERROR CONDITION status bit in the GPIB serial poll status byte is set. During

check sum generation, “SPECIAL 08" is displayed.

ONE-SHOT/CLEAR DISPLAY

SPC INDICATOR:ON

SPECIAL FUNCTION 07: Display Counter Model Number and GPIB Address

This function displays the counter’s model number and GPIB address. No reset is generated.

ONE-SHOT/CLEAR DISPLAY

SPC INDICATOR:ON

SPECIAL FUNCTION 08: External Time Base Select

Selecting this function causes the counter to accept an external time base input. When this function is

enabled, the EXT indicator on the front panel comes on.

ONE-SHOT

SPC INDICATOR:OFF
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SPECIAL FUNCTION 089: Internal Time Base Select

Selecting this function causes the counter to use its internal 10 MHz time base.

ONE-SHOT SPC INDICATOR:OFF

CALIBRATION/TROUBLESHOOTING AIDS

Special Functions numbered 20 through 47 aid the user in calibrating and/or troubieshooting the
counter.

SPECIAL FUNCTION 20: Band 3 Detected RF Level

This function displays the relative power level of the input signal. It verifies coarse calibration of the
Band 3 YIG DAC offset and YIG DAC slope adjustments. When this function is activated, the counter
waits for the user to enter the new YIG calibration frequency. The previously entered frequency and
“Fr" are displayed. The special function stops in this state until the user enters a new frequency.

After the number has been entered, the YIG DAC is set to the entered frequency. The display shows
“CAL DAC" plus a number from O to 8 corresponding to the information on the Band 3 power
discrimination circuitry. To activate this function via the GPIB, Y3FREQ must be specified, and then
Special Function 20 must be called. The counter will output the power discrimination circuitry
information when requested by the GPIB to output LEVEL.

CONTINUOUS SPC INDICATOR:ON

SPECIAL FUNCTION 40:  Sweep YIG DAC

When this function is activated, the counter waits for the user to enter the start frequency of the YIG
sweep. The previously entered start frequency and “F1” are displayed. The special function stops in
this state until the user enters a new start frequency.

After the start frequency is entered, the counter waits for the user to enter the stop frequency of the
YIG sweep. The previously entered stop frequency and “F2" are displayed. The special function stops
in this state until the user enters a new stop frequency.

When both the start and stop frequencies have been entered, the display reverts to “SPECIAL 40."
The YIG DAC sweeps continuously from F1 to F2 in 2 MHz steps until the function is terminated. If F1
and F2 are equal, the YIG DAC is set to that particular frequency. The sweep rate is controlled by the
SAMPLE RATE up and down controls, and maximum sweep rate is obtained by disabling the sample
rate (Special Function 63) before calling this function. For manual control, activate sample rate hold,
and press the “." key to generate a single sweep.

To activate this function via the GPIB, start and stop frequencies Y1FREQ and Y2FREQ must first be
specitied (where Y1FREQ and Y2FREQ correspond to F1 and F2 respectively), then Special Function 40
must be called. If the start or stop frequency required is different from that previously specified in
Y1FREQ or Y2FREQ, the number in that frequency register must be updated before Special Function 40
is called.

CONTINUOUS SPC INDICATOR:ON
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SPECIAL FUNCTION 41: Sweep VCO with VCO Power Amplifier On

After this function is activated, the counter waits for the user to enter the start frequency of the VCO
sweep. The previously entered start frequency and “F1” are displayed. The special function stops in
this state until the user enters a new start frequency.

After the start frequency is entered, the counter waits for the user to enter the stop frequency of the
VCO sweep. The previously entered stop frequency and “F2” are displayed. The special function
stops in this state until the user enters a new stop frequency.

When both the start and stop frequencies have been entered, the display reverts to “SPECIAL 41.”
The VCO is swept continuously from F1 to F2 in 100 kHz steps until the function is terminated. |If F1
and F2 are equal, the VCO is set to that particular frequency. The VCO power amplifier is turned on
during this function.The sweep rate is controlled by the setting of the SAMPLE RATE up and down
controls. Maximum sweep rate is obtained by disabling the sample rate (Special Function 63) before
calling this function. For manual control, activate sample rate hold, and press the “.” key to generate
a single sweep.

To activate this function via the GPIB, the user instructs the controller to output SPECIAL 41. The start
and stop frequencies used are the frequencies specified in the GPIB commands V1FREQ and V2FREQ
(where V1FREQ and V2FREQ correspond to F1 and F2, respectively). If the start or stop frequency
required is different from that specified in VIFREQ or V2FREQ, the number in that frequency register
must be updated before SPECIAL 41 is activated.

CONTINUOUS SPC INDICATOR:ON

SPECIAL FUNCTION 42: Sweep VCO with VCO Power Amplifier Off

After this function is activated, the counter waits for the user to enter the start frequency of the VCO
sweep. The previously entered start frequency and “F1” are displayed. The special function stops in
this state until the user enters a new start frequency.

After the start frequency is entered, the counter waits for the user to enter the stop frequency of the
VCO sweep. The previously entered stop frequency and “F2” are displayed. The special function
stops in this state until the user enters a new stop frequency.

When both the start and stop frequencies have been entered, the display reverts to “SPECIAL 42."
The VCO is swept continuously from F1 to F2 in 100 kHz steps until the function is terminated. If F1
and F2 are equal, the VCO will be set to that particular frequency. The VCO power amplifier is turned
off during this function.The sweep rate is controlied by the SAMPLE RATE up and down controls.
Maximum sweep rate is obtained by disabling the sample rate (Special Function 63) before calling this
function. For manual control, activate sample rate hold, and press the “.” key to generate a single
sweep.

To activate this function via the GPIB, the user instructs the controller to output SPECIAL 42. The start
and stop frequencies used are the frequencies specified in the GPIB commands V1FREQ and V2FREQ
(where VIFREQ and V2FREQ correspond to F1 and F2, respectively). If the start or stop frequency
required is different from that specified in VIFREQ or V2FREQ, the number in that frequency register
must be updated before SPECIAL 42 is activated.

CONTINUOUS SPC INDICATOR:ON

SPECIAL FUNCTION 44: Disable Normal Operations

This function prevents the counter from performing the normal converter lock and measurement
cycles. It freezes the counter in the state it was in when the function was activated and displays
PAUSE. Special Function 44 remains activated until terminated by Special Function 45.

CONTINUOUS SPC INDICATOR:ON
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SPECIAL FUNCTION 45: Enable Normal Operations

This function returns the counter from Special Function 44 to normal operation. A reset is generated
and the STOP ON/OFF status bit is cleared when this function is activated.

CONTINUOUS SPC INDICATOR:OFF

SPECIAL FUNCTION 46: Display and/or Alter Memory

CAUTION

Care must be used when operating Special Function 46. Although the counter
cannot be damaged by this function, stored calibration data can be changed. For
this reason, access to this function is blocked by an internal memory protect
switch. Attempting to access this function with the memory protect switch in the
protect position will cause the counter to display “ERROR 53.”

NOTE
See Service Manual for instructions on unprotecting memory.
This function provides the user with a means to display and/or alter any memory location. The counter

continues its normal operations when it is performing this function unless Special Function 44 has
previously been activated.

After this function is activated, the counter waits for a memory address to be entered. During this
time, “Addr-——-"is displayed. As the address is entered, the hexadecimal digits keyed will replace
sach blank (=) sequentially. After the memory address is entered, the content of that memory location
is exhibited in the last three digits of the display.

At this point the user can do one of the following:
1. Exit the function by issuing a CLEAR DISPLAY command.
2. Alter the content of the memory location by entering a two-digit hexadecimal number.

3. Enter another memory address by first issuing an ADDRESS command (pressing the CLEAR

DATA key).
If the content of a memory is altered, the new content of that memory location is displayed. If the
ADDRESS command is issued, the display will change to show “Addr----", prompting for the input of

hexadecimal digits to replace the blanks in the display and complete the memory address. The content
of the entered memory address will then be displayed.

In the local mode, the keys on the keyboard take on different meanings after Special Function 46 is
activated. Following are the definitions of the keys when the counter is in this function:

° All number keys remain number keys

° GHz key = hexadecimal digit A

® MHz key = hexadecimal digit B

® “." (decimal or trigger) key = hexadecimal digit C
@ “+" key = hexadecimal digit D

® SPECIAL FUNC key = hexadecimal digit E
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° BAND key = hexadecimal digit F

® CLEAR DATA key = ADDRESS command

° CLEAR DISPLAY key remains the same

In the remote mode, a memory content can be interrogated by using the OUTPUT MEMORY command.
When the counter is addressed to talk, the last memory address accessed will be output. A memory
location can be accessed using the MEMORY OHHHH command (where each H represents a
hexadecimal digit). The content of a memory location can be altered using the MEMORY OHHHH OHH
command. In the remote mode, Special Function 46 need not be activated when accessing and
altering memory locations. Those operations can be done by the controller in the background.

CONTINUOUS SPC INDICATOR:ON

SPECIAL FUNCTION 47: Count Chain Test

This function provides the user with the means to measure the frequency of the signal present at the
input of the count chain assembly without having the counter converter locked on the signal.

When this function is activated, the counter stops the normal converter lock and measurement cycles.
The VCO, YIG, and all microprocessor-controlled hardware switches will be left at the state they were
in when the function was activated. The counter then starts measuring the frequency of the signal
present at the the input to the count chain assembly. The measurement results are displayed on the
front panel. The result is also output to the GPIB interface if frequency readings are requested. This
function does not check periodically for the presence of a signal as in the normal operation of the
counter.

CONTINUOUS SPC INDICATOR:ON

CAPABILITY ENHANCEMENT FUNCTIONS

Special Functions 61 through 91 provide users sophisticated additional functibns not required in normal
operation.

SPECIAL FUNCTION 61: Disable Input Signal Tracking

This function stops the counter from tracking the input signal after every measurement cycle, thus
shortening the measurement cycie time. This function is canceled by Special Function 62.

ONE-SHOT SPC INDICATOR:ON

SPECIAL FUNCTION 62: Enable Input Signal Tracking

This function cancels Special Function 61.

ONE-SHOT SPC INDICATOR:OFF

SPECIAL FUNCTION 83: Disable Sample Rate Control

This function causes the counter to ignore the local and the remote sample rate controls. The counter
starts a new measurement cycle immediately upon the termination of the previous one, thus
shortening the measurement cycle time. This function is canceled by Special Function 64.

ONE-SHOT SPC INDICATOR:ON
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SPECIAL FUNCTION 64: Enable Samplie Rate Control

This function cancels Special Function 63 and sets the sample rate to maximum.

ONE-SHOT SPC INDICATOR: OFF

SPECIAL FUNCTION 85: Disable Measurement Display

This function inhibits the output of the measurement results to the front panel display which,
alternatively, displays a row of dots. When the user enters parameters through the keyboard,the
display responds normally. This function shortens the measurement cycle time and provides security
in systems used with classified frequencies. This function is canceled by Special Function 66.

ONE-SHOT SPC INDICATOR:ON

SPECIAL FUNCTION 66: Enable Measurement Display

This function cancels Special Function 85. When this function is activated, the display will indicate the
most recent measurement resuits.

ONE-SHOT SPC INDICATOR:OFF

SPECIAL FUNCTION 72: Store Counter Setup and/or Default Values

This function serves two purposes. lts primary use is to store the current counter setup in the storage
register specified. When activated via the front panel, the counter requests the user to enter the
register number by displaying “REG-." The counter remains in this state until entry of a register
number between 0 and 9, inclusive. After the register number is entered, the function proceeds to
store the current counter setup in the register specified. During this time, “REG N" is displayed on the
front panel, where N is the number of the specified register. To store the counter setup using GPIB,
issue the command STORE N, where N is the register number.

This function can also be used to customize the default values of the counter, which determine the
state of the counter at turn-on. This is accomplished, via the keyboard, by setting the instrument up in
the desired turn-on condition and then storing that state in register O, using Special Function 72. The
information stored in register O determines the power-on state of the counter. To accomplish this
using GPIB, the command STORE 0 is used. To clear the instrument and return it to the factory-set
default values, select Special Function 72 and press the CLEAR DATA key. To return the counter to the
factory-set state using GPIB, jssue the command STORE DEFAULT.

ONE-SHOT SPC INDICATOR:OFF

SPECIAL FUNCTION 73: Recall Counter Setup

This function recalls the counter setup stored in the storage register specified. When this function is
activated, the counter requests entry of the register number by displaying “REG-." The counter
remains in this state until entry of a number between O and 9, inclusive. After the register number is
entered, the function proceeds to set up the counter in agreement with the information stored in the
register specified. During this time, “REG N”" will be displayed on the front panel, where N is the
register number specified. When the counter setup is completed, a reset is generated. To recall a
stored counter setup using GPIB, issue the command FETCH N, where N is the register number.
(NOTE: Unless new setup values (different from the factory—set values) have been stored in register O,
recalling this register will generate Error 06. Press the CLEAR DISPLAY key, or, using GPIB, issue the
CLEARDISPLAY command to return the counter to normal operation.)

ONE-SHOT SPC INDICATOR:OFF
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SPECIAL FUNCTION 74: Relative Frequency Readings

When this function is activated, the counter assigns a negative value to the last input frequency
reading and enters it into the frequency offset register (overwriting any previously entered frequency
offset). This is the actual frequency of the input signal, not the frequency displayed on the front panel.
The counter displays the sum between the current frequency and the offset, subject to any other
functions activated. It will continue until the FREQ offset and CLEAR DATA keys are pressed. The OFS
indicator is lit while this function is active.

CONTINUOUS SPC INDICATOR:OFF

SPECIAL FUNCTION 75: Display IF Frequency Readings

When this function is activated, the counter assigns a negative value to the local oscillator (LO)
frequency and enters it into the frequency offset register (overwriting any previously entered
frequency offset). The counter subtracts the LO frequency from the input frequency and displays the
resulting IF. It continues to do so until the FREQ offset and CLEAR DATA keys are pressed. The OFS
LED is turned on.

CONTINUOUS SPC INDICATOR:OFF

SPECIAL FUNCTION 76: EEPROM Test

CAUTION

Care must be used when operating Special Function 76. Although the counter cannot be
damaged by this function, if execution of this function is interrupted prior to completion, a
loss of the data contained in the EEPROM will occur. For this reason, access to this
function is blocked by an internal memory protect switch. Attempting to access this
function with the memory protect switch in the protect position will cause the counter to
display “ERROR 53.”

This function allows the user to test the EEPROM.

This function performs write and read tests on each location on the EEPROM. If any one location on the
EEPROM fails the write and read tests, “ERROR 94" is displayed. If all memory locations pass the
tests, “PASSEd” is displayed. '

This function requires approximately two minutes to complete. During those two minutes, the counter
will not respond to any entry from the keyboard.

ONE-SHOT SPC INDICATOR:ON

SPECIAL FUNCTION 90: Display and/or Alter GPIB Address

The counter displays the current GPIB address. The function is terminated by pressing either the
CLEAR DISPLAY or CLEAR DATA key.

The GPIB address is changed by entering a two-digit number between 01 and 99 inclusive. The
function is terminated and the display returned to displaying measurement results after the second
digit key is released.

ONE-SHOT/CLEAR DISPLAY SPC INDICATOR:ON

SPECIAL FUNCTION 91: YIG DAC Automatic Calibration

This function calibrates the Band 3 input filter. Refer to the 625A Service Manual for complete
information.
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ERROR MESSAGES

Error messages are displayed in the following format: ERROR XX, where XX is the two-digit error
code.

01
04
05
06
07
09
10
12
13
15
16
17
21

22
23
24
25
26
27
28
29
31

32
34
36
37
40
41
43
44
45
46
47
48
49
50
52
53
60
61

62
63
90
91

94
99

Invalid key sequence

Center frequency entry only in Band 3
Center frequency entry outside band range
No valid data in storage registers for recall feature
Converter unable to lock on signal during special
invalid register entry

invalid band entry

invalid resolution entry

Invalid special function entry

Invalid multiplier entry

Invalid frequency offset entry

Invalid center frequency entry

invalid sampie rate entry

Invalid SRQ number entry

Invalid GPIB address

Invalid VCO frequency 1 entry

Invalid VCO frequency 2 entry

Invalid YIG frequency 1 entry

invalid YIG frequency 2 entry

Invalid YIG DAC frequency entry
Frequency overflow due to multiplier

GPIB input message too long

GPIB message starts with a number
Unrecognized GPIB command

Missing space

Wrong mode argument

Non-numeric parameter value

Wrong frequency terminator

Wrong output argument

Numeric argument syntax error

Numeric mantissa has too many digits
Numeric exponent has too many digits
HEX data should be preceded with a zero
No HEX memory address specified

invalid HEX data entry

invalid HEX address entry

Invalid entry

Access to this function blocked by memory protect switch
RAM fault

ROM check sum error: ADDR 4000 to 7FFF
ROM check sum error: ADDR 8000 to BFFF
Activate SPC 72 and 73 through store and fetch
No key release detected

Option not instalied

Nonvolatile memory failure

No IF detected

3-20
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SECTION 4
PROGRAMMING

REMOTE PROGRAMMING

GENERAL PURPOSE INTERFACE BUS

The GPIB interface in the 625A counter conforms to the |IEEE Code and Format conventions and the
[EEE 488 - 1978 Standards. Using the GPIB interface, the counter can respond to remote control
instructions and can output measurement results. At the simplest level, the counter can output data to
other devices, such as a printer. In more sophisticated systems, an instrument controller or computer
can program the counter remotely, trigger measurements, and read results. A quick reference list of
GPIB commands is located at the end of this section.

GPIB FUNCTIONS IMPLEMENTED

The following GPIB interface function subsets are implemented:

Interface Function Subset Description
SOURCE HANDSHAKE SH1 Complete capability
ACCEPTOR HANDSHAKE AH1 Complete capability
TALKER T5 Basic talker, serial poll, talk only

mode, unaddress if MLA

LISTENER L4 Basic listener, unaddress if MTA
SERVICE REQUEST SR1 Complete capability
REMOTE/LOCAL RL1 Complete capability
DEVICE CLEAR DCH Complete capability
DEVICE TRIGGER DT1 Complete capability

For remote operation, the 625A counter provides the following capabilities:

Acceptance of device-dependent messages to set the instrument measurement mode and
parameters. The input buffer can store up to 256 characters from the bus. Execution of the
device-dependent messages starts after the first message separator is accepted. Input of more
characters will interrupt the execution so that the additional characters are accepted and stored
for fast bus response (unless buffer is full).

Output of measurement results, any parameter value, or instrument mode on demand from the
system controller.

Configuration of the output format in several ways to accommodate different system controliers
and speed requirements.

implementation of device clear and selected device clear functions to configure the instrument to
the power-up state. See page 4-9 for the counter’s power—-up configuration.

Implementation of group execute trigger (GET) message to start a new measurement cycle.

Implementation of serial poll functions to allow the system controller to get a status byte from the
instrument that gives status information for various functions. The instrument can also be
instructed to interrupt (SRQ) the controller on any ORed or ANDed combination of the status
events. :

implementation of remote/local transitions. When the counter is in remote, all front and rear
panel keys and switches are disabled (except the POWER switch). Remote/local transitions will
not change any instrument configuration (except the sample rate settings, which will override in a
remote-to—local transition). When the counter changes from local to remote functioning, or

4-1
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vice—versa, all stored information is retained. The counter will operate in the same state as
before the change. The exception is that, when the counter is performing a special function
during a transition, the special function will be terminated.

e Implementation of local lockout, with the RESET/LOCAL key disabled accordingly. When the
counter is in remote, and local lockout is not active, the RESET/LOCAL key on the front panel
acts as the return-to-local key.

® Front panel annunciator to indicate remote (RMT) operation.

° Recognition of all three bus terminators: CR LF (carriage return line feed), NL (null), and EOI
(end or identify).

e Implementation of talk-only modes for no-controlier applications.

DEVICE-DEPENDENT MESSAGES (LISTENER FEATURES)

A device—dependent message generally consists of reserved words and numbers. The message
structure depends on the type of message, and can be:

] Header only
] Header and argument
® Header and argument and terminator

Where the header is a reserved word, the argument is a number or a reserved word, and the
terminator is a reserved word.

Messages can be linked with a comma (,) or semicolon (;) as separators. A message chain can be
terminated with CR LF or NL or EOI. Any device-reserved word will be recognized by at least the first
two characters of the word, with the exception of RESET which requires entry of the first four letters
(RESE). The first two characters of each command are printed in large boldface type in the
following command lists to promote user familiarity with the shortened form of the command. Spelling
of more characters (up to the full word) is optional for user program readability.

Example: INITIALIZE
INITIAL are all recognized equivalently
INIT
IN

A <number> can be sent in any of the defined IEEE formats (NR1, NR2, NR3).

Example: 12000

12000.00 are all recognized equivalently
001.2e4
.12000E+5

NOTE

The reserved word DEFAULT can replace a numeric argument for default value
assignment. The terminator in the parameter messages group is optional, and defaults
to Hz or s.

A command message having a header and argument (e.g., HOLD ON) must have a space separating
the header and argument. However, this is optional if the second word is a number (OFFSET4.3eS and
OFFSET 4.3E9 are recognized equivalently). Additional spaces in front of words, between words, or
after a message are optional, and will be ignored. Nulls and CRs are ignored anywhere. Both upper
and lower case characters are acceptable.

4-2
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Control, mode, and parameters messages are all used with the controller in the listener mode to enter

instructions and data.

Control Messages

Header Argument Terminator Description

CLEARDISPLAY None None Returns the display to normal measurement results
display, and clears errors (equivalent to front panel
CLEAR DISPLAY key). '

INITIALIZE ” g Reconfigures the instrument to power-up state. All
parameters are set to default values.

RESET " g Resets counter to initiate a new signal acquisition
cycle (equivalent to front panel key).

TRIGGER " " Triggers a new measurement cycle (equivalent to
front panel “.” key).

Mode Messages

Header Argument Terminator Description

DYNAMIC ON or OFF None Suppresses blanks when the counter is configured
in talker mode for faster free—field data transfer.

EXTERNAL " " Controls the INT/EXT time base reference.
(Special Function 08 can also be used to select the
external time base.)

HEADER ” ” Adds an alpha header and terminator for talker.

HOLD " " Holds the last result if ON (equivalent to front panel
HOLD).

SCIENTIFIC " " Selects scientific notation for talker.

SEPARATE ” ” Replaces the commas with CR LF between

multinumber results.

NOTE

in the local mode, SAMPLE RATE and HOLD are controlled via the front panel controls, but in
remote the front panel controls are not active. In the remote mode, both SAMPLE RATE and
HOLD are under software control. Refer to GPIB SAMPLERATE and HOLD commands.

Parameter Messages

Header Argument Terminator Description

ASRQMASK <number> None Selects the ANDed combination of status events to
cause a service reqguest.

BAND " ” Selects a specific band (1 to 3) or DEFAULT.

CENTERFREQ " (Hz/kHz/MHz/GHz) Sets a center frequency value and mode.

4-3
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Parameter Messages (Continued)

Header Argument Terminator Description

FETCH " None Recalls counter setup stored in specified storage
register (0 to 9) (see Special Function 73).

MEMORY <hex_adrs> <hex_data> Accesses a memory location and alters it (altering
is optional).

MEMORY INCREMENT . Accesses the next location and alters it (altering is
optional).

MEMORY DECREMENT : Accesses the previous location and alters it
(altering is optional).

MULTIPLIER  <number> None Inputs a multiplier value (0 to 99).

OFFSETFREQ ! (Hz/kHz/MHz/GHz)  Sets a frequency offset value (1 kHz to 99.9 GHz).

RESOLUTION " None Sets the frequency measurement resolution
(.1 in Band 1 only and 0 to 9).

SAMPLERATE " (s/ms) Sets a delay between measurement cycles
(O to 100 sec, 10 ms resolution).

SPECIAL " None Activates a specific special function (01 to 99).

SRQMASK " Selects the ORed combination of status events to
cause a service reqguest.

STORE Stores current counter setup in specified storage
register (0 to 9) (see Special Function 72).

V1FREQ " (Hz/kHz/MHz/GHz)  Sets a start frequency for VCO sweep (see Special
Functions 41, 42).

V2FREQ " ! Sets a stop frequency for VCO sweep (see Special
Functions 41, 42).

Y1FREQ ! Sets a start frequency for YIG sweep (see Special
Function 40).

Y2FREQ " ¥ Sets a stop frequency for YIG sweep (see Special
Function 40).

Y3FREQ : ! Sets YIG frequency (see Special Function 20).

Output Control Messages

These commands are used with the controller in the talker mode to request the output of data.

Command Description

OUTPUT BAND Outputs the number of the current band.

OUTPUT CENTERFREQ Outputs the center frequency last specified.

OUTPUT DATE Outputs a 25-character string that shows the EIP part number, revision

level, and date of the instrument firmware contained in the PROM on
the microprocessor assembly.

4-4
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Output Control Messages (Continued)

Command

Description

OUTPUT ERRORNUMBER

OUTPUT IDENTIFICATION
OUTPuT KEYCODE
OUTPUT LEVEL

OUTPUT MEMORY
OUTPUT MULTIPLIER
OUTPUT OFFSETFREQ
OUTPUT RESOLUTION
OUTPUT SAMPLERATE
OUTPUT SETUP

OUTPUT SRQMASK

OUTPUT V1FREQ

OUTPUT V2FREQ

OUTPUT Y1FREQ

OUTPUT Y2FREQ

OUTPUT Y3FREQ

Outputs the number of the last error (see listing of error numbers on
page 3-20).

Outputs “EIP625A GPIB dd”, where dd is the GPIB address.
Outputs the code of the last key pressed.

Outputs a number between 0 and 8 corresponding to the signal level
applied to Band 3 (see Special Function 20).

Outputs the contents of the memory in the last accessed location.
Outputs the current multiplier value.

Outputs the current offset frequency.

Outputs the current frequency measurement resolution.

Outputs the current delay time between measurement values.

Outputs a 106-character string that describes the current setup (see
below).

Outputs the combination of status events required to cause a service
request (see page 4-8).

Outputs the current start frequency for VCO sweep (see Special
Functions 41 and 42).

Outputs the current stop frequency for VCO sweep (see Special
Functions 41 and 42).

Outputs the current start frequency for YIG sweep (see Special
Function 40).

Outputs the current stop frequency for YIG sweep (see Special
Function 40).

Outputs the current YIG frequency (see Special Function 20).

Output Setup Command

The output setup command causes the counter to output a 106-character string that corresponds to
the current setup of the instrument. The following sample program, for the HP Model 320 controller,
can be used to obtain the default setup string: -

10 DIM A$[110]

20 OUTPUT 718;“OUTPUT SETUP”

30 ENTER 718;A%
40 DISP A%

Setup string:

! Dimension a variable to hold the string
! send command to counter

! get output from counter

| display output on HP Model 320

BA3,RE00,MUO01,0F+000000000KH,LO000800MH,HI0O20500MH,

CEOO0000MH, SA000000MS, SR000, SP62,SP64,SP66,SP45,HO0,EXO

The following list can be used to decode the returned setup string. The information contained in the
parentheses will change depending on the current setup of the instrument.

BA3: BAND (3)

REOO: RESOLUTION (0)

4-5
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MUO1: MULTIPLIER (1)

OF+000000000KH: FREQUENCY OFFSET (0)
LOOO08O0OMH: LOW LIMIT = (800) MHz

HIO20500MH: HIGH LIMIT = (20.5) GHz
CEOOOOOOMH: CENTER FREQUENCY (0) NOT ACTIVE
SA000000MS: SAMPLE RATE = (0) ms (Maximum sample rate)
SR000: SERVICE REQUEST MASK OFF

SP62: SPECIAL FUNCTION (82) ACTIVE
SP64: SPECIAL FUNCTION (64) ACTIVE
SP66: SPECIAL FUNCTION (66) ACTIVE
SP45: SPECIAL FUNCTION (45) ACTIVE
HOO: HOLD (0) OFF

EXO: TIME BASE (0) INTERNAL

Output and Format Example

The following program illustrates how controllers function with the counter and how different kinds of
controllers give instructions. These programs set the counter up in a sample configuration and
program it to make a series of measurements of a 12.5 GHz signal. The talk and listen address of the
counter is assumed to be 18.

e Hewlett Packard Model 320

10 DIM A$[18]

20 OUTPUT 718;"IN"

30 WAIT 4000

40 OUTPUT 718;"BAND 3"
50 OUTPUT 718;“RE 4"
60 WAIT 1000

70 ENTER 718;A%

80 DISP A$

90 END

This Model 320 program initiates the counter, selects Band 3, provides a resolution value, and
instructs it to output the frequency to the controller display. The controller display would appear
something like this:

12500000000
OUTPUT MESSAGES (TALKER FEATURES)

After receiving a talk address, the GPIB will output the current configuration or any parameter value or
measurement result, in response to the appropriate output control message. After power-up or
device-clear, the controller outputs the displayed measurement results (as it does after the OUTPUT
DEFAULT command).

The format of each output message can be controlied by the following features:

e SCIENTIFIC - provides exponential notation with engineering exponents when SCIENTIFIC is ON.
Default is OFF.

e DYNAMIC - suppresses blanks and trailing zeros for faster data transfer when DYNAMIC is ON.
Default is .OFF.

e HEADER - provides an alpha header and terminator around sach numeric data item for clarity,
(useful for printers) when HEADER is ON. Default is OFF.

NOTE

Terminator takes over the exponential role if both SCIENTIFIC and HEADER are ON.

4-6
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e Default — the data output format when SCIENTIFIC, DYNAMIC, and HEADER are off. The fixed
fields are 16 characters long for the header and argument, § characters long for
the terminator, numbers are right justified, letters are left justified, and blanks are

filled.

Example: The counter is measuring a 12.34 GHz signal. The operator enters the following
messages through the controller:

-RESOLUTION 6
OUTPUT FREQ

The output will be as follows (b is for blank):

Parameter Output
Default: bbbbb12340000000 CR LF
SCIENTIFIC ON: bbbbbbbb12.340E+3S CR LF
DYNAMIC ON: 12.34E9
HEADER ON: FREQUENCY 12.34 GHz CR LF

If the counter is searching, zero data will be output to the controller on all results once every search
loop. If the counter has found a signal, a measurement result will be output only once; thus when the
instrument is in HOLD, the user must trigger the counter before sending another talk address or the
counter will hold indefinitely, since it has no data to output.

SERIAL POLLING STATUS BYTE

The 625A counter maintains a one byte register that contains current information on the status of the
instrument. This register, called the status byte, can be accessed through the GPIB using the serial poll
command. When serial polled, the counter responds by returning a numeric value between O and 256.
This value is the weighted sum of the status bits which are set. The status byte is structured as follows:

bit7( 6 5 4 2

3 1 |bitO
(128) (64) | (32) | (16) | (8) | (4) | (2) | (1

(1)

Input buffer empty

Service request (SRQ)

Error condition
Undefined
Gate on

Search on

Signal found

Valid measurement
result (data) ready

Figure 4-1. Status Byte Structure.

For example, execute the following commands using an HP Model 320.

10 A=SPOLL(718)

20 DISP A

30 END
With no signal applied to the counter, the value displayed on the HP Model 320 controller should be
132. Since the value is the weighted sum of all the bits set in the status byte, a value of 132 indicates
that the GPIB input buffer is empty and the counter is in the search mode.

4-7
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SERVICE REQUEST MASKS

The counter can be instructed to send an interrupt, by setting the SRQ line on the GPIB, when any
ORed combination of the bits in the status byte are set. An interrupt may also be generated when any
ANDed combination of status bytes are set. These interrupts are accomplished by sending the counter
service request masks.

For example, to instruct the counter to generate an SRQ whenever it has valid data available OR an
error condition exists, send the following service request mask:

OUTPUT 718;“SRQMASK 33"

This tells the counter to generate an SRQ interrupt whenever bit 0 or bit 5 of the status byte are set.
Since bit 0 corresponds to valid measurement result ready and bit 5 corresponds to error condition,
the counter generates an SRQ whenever either an error condition exists or a valid measurement Is
available.

Similarly, the counter can be instructed to generate an SRQ when a signal is found AND the input
buffer is empty. To accomplish this, the following service request mask can be sent:

OUTPUT 718;“ASRQMASK 130"

The counter then generates an SRQ whenever bit 1 (signal found) and bit 7 (input buffer empty) are
set. The following items should be included in any program using the SRQ feature:

1. Tell the counter when to generate an SRQ. That is, tell the counter which events should generate
an SRQ. This is done by using either the SRQMASK or ASRQMASK commands.

2. Tell the controller to monitor the SRQ line on the GPIB. The SRQ is a maskable interrupt and the
controller needs to know if it should respond to the interrupt.

3. Tell the controller what to do when it receives an SRQ interrupt.

4. Serial poll the counter after an SRQ is generated to clear the interrupt. When the counter
generates an SRQ it sets bit 6 in the status byte. Serial polling the instrument clears the SRQ bit
and allows the instrument to generate a new SRQ upon the next occurrence of the conditions
specified in the particular service request mask.

5. It may also be necessary to clear the SRQ register in the controller. Consult your manual on the
controller for more information on clearing the SRQ register in the controller.

The following program, written on an HP 3826, demonstrates how to use the SRQ feature to obtain a
valid measurement from the counter.

10 ASSIGN @COUNTER TO 718 Assigns 718 to address variable

The number 7 is the GPIB interface
and 18 is the counters GPIB address
Place counter in Remote

Send SRQ mask to counter

Enable interrupt in controller

Tell controller how to handle interrupt

Label

20 REMOTE @COUNTER

30 OUTPUT @COUNTER;"SRQMASK 1"

40 ENABLE INTR 7,2

50 ON INTR 7 GOTO FLAG

80  WAITING:

70  PRINT “WAITING FOR VALID MEASUREMENT"
80 GOTO WAITING

80 FLAG: PRINT “***** SRQ RECEIVED =*~"*"
100 ENTER @COUNTER;FREQ

110 PRINT “FREQ = ";FREQ

120 S2 = SPOLL(@COUNTER)

130 STATUS 7.4;S

Input Frequency from counter
Print Frequency

Clear SRQ bit in counter
Clear SRQ bit in controller

4-8



[m]

I, !E 625A 4/Programming

140 OUTPUT @COUNTER; " SRQMASK 00" | Turn off SRQ mask in counter
150 OFF INTR 7 I Turn off interrupt in controller

160 END ! Program end

To demonstrate this program, set up counter with no signal applied and start the program. The
controller should continually print out “Waiting for valid measurement.” Then apply a signal. As soon
as the counter finds the signal and counts it, the controller will print out the frequency of the signal.

DEFAULT STATE (DEVICE CLEAR FEATURES)

The default state of the instrument occurs after power-up and/or hardware initialization, and after the
device clear command. The customer can customize the default state of the counter through the use
of Special Function 72. For more information on this feature, see page 3-18. The following table lists
the factory-set default state of the counter.

Parameter Default State
Band 3
Center frequency 0
Clear display Activated
Converter Reset
Display Enabled
Dynamic Off
External reference Off
Header Off
Hold Off
Internal reference On
Multiply frequency 1
Offset frequency 0
Output Frequency measurement data
Reset/local - Local
Resolution 0 (1 Hz)
Sample rate Maximum
Scientific Off
Separate Off
Special functions Off
SRQmask Off

GPIB ADDRESS SELECTION

This counter employs a software selectable GPIB address which is stored in nonvolatile memory. To
verify the GPIB address, enter Special Function 80: the counter will display the current GPIB address.
Press the CLEAR DISPLAY key to exit Special Function 80 without changing the GPIB address.

To change the GPIB address, enter Special Function 30 followed by the desired GPIB address (see
table below).

SPECIAL

PRESS: QNC ) @D

Since the GPIB address is stored in nonvolatile memory, the counter will aiways default to the last GPIB
address selected.

4-9
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ADDRESS
CHARACTERS”

ADDRESS
CODES

Listen Talk

Binary

3

1

Decima

Itt

SP

(OCO\IO)U"A(»)M—*O\'
‘—"\*—N-<><g<c—4(/):UQ'UOZgl_7<‘—"‘IG)“nmUOUJ)>®

v oA

A

5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

4
0
0
0
0
0
0
0
0
1
3
1
1
1
1
1
1
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1

0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1

2
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1
1
0
0
1

0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
18
20
21
22
23
24
25
26
27
28
29
30

»  Address characters in ASCIl code.

*» Decimal Talk/Listen Address is provided as a cross-reference for
those controliers which use decimal address.

TALK ONLY MODES

The talk only modes enable the counter to contin
as a printer, without the need of an instrument con
the GPIB address corresponding to the desired dat

the listen only mode to enable data transfer across the bus.

uously output data to other devices on the bus, such
troller. To use the counter in a talk only mode, enter
a output format. The receiver must be configured to
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NOTE
Address is composed of the binary value of the choices + 32.

Scientific Separate Header Dynamic Address
off off off off 32
off off off on 33
off off on off 34
off off on on 35
off on off off 36
off on off on 37
off on on off 38
off on on on 39
on off off off 40
on off off on 41
on off on off 42
on off on on 43
on on off off 44
on on off on 45
on on on off 46
on on on on 47

DATA INPUT AND OUTPUT SPEED

Input Speed

It takes a specific amount of time for the counter to process input data (due to error checking,
formatting, changing the mode of operation, etc.). To prevent the data rate of the bus from slowing
down while the counter is doing input data processing, the data is accepted as soon as it is available
on the bus and is temporarily stored in a 256-character storage memory.

The users of the GPIB interface need to be aware of the difference between accepting data and
complying with it. If the counter is asked to output a reading before it is finished processing the input
data, the output will not reflect the newly entered data. To prevent this, sufficient programmed delays
must be provided (see the sample program format on page 4-6). The user can also make use of the
counter’s status byte. Bit 7 in the status byte can be used to determine if the counter has completed
the processing of the GPIB command messages. Refer to the section on the serial polling status byte.

Output Speed

Several options have been provided in the GPIB interface for the user who wants to increase the output
speed of the counter. Each of the following conditions decreases the measurement cycle time. The
fastest measurement cycle time is achieved with all of the following conditions set:

HEADER OFF: Outputs the numeric results without header or terminator (default).
SCIENTIFIC OFF: Outputs fixed point results which are shorter than exponential notations (default).
DYNAMIC ON: Suppresses leading blanks. NOTE: The controller must have free field capability.

SPECIAL 61: Disables the tracking feature, thus saving the time reqguired for YIG and VCO
corrections.

SPECIAL 83: Disables sample rate control, eliminating any delay between gates. (For counter in
local mode.)
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SPECIAL 65: Disables the LED results display thus saving the time required for display,
formatting and output.

SAMPLERATE 0: Same as SPECIAL 83 for counter in remote mode.

READING MEASUREMENTS

To read a measurement from the counter to an instrument controller, the user must first address the
counter to talk and the controller to listen. The examples below indicate how a controller may read a
measurement from the counter.

e Hewlett Packard 3825A

10 red 718,A
20 prt A

e Hewlett Packard 9845A

10 ENTER 718,A
20 PRINT A

e Tektronix 4051A

10 INPUT @ 18:A
20 PRINT A

The EIP counter user has a choice of method for taking readings. When the command HOLD is ON, the
counter takes one reading then waits for & RESET command or a device trigger GPIB command. In this
condition, the counter is sent a RESET command or a device trigger and (when addressed to talk)
outputs a new reading to the bus. The counter will hold that particular reading on the display until
another RESET command or device trigger is received.

When the HOLD command is off, data is read out to the bus in the normal way. The display is
automatically updated according to the specified sample rate, and the counter can output successive
readings without requiring a RESET command or device trigger each time.
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SECTION 5
OPERATIONAL VERIFICATION TESTS

INTRODUCTION

This section contains information for verifying proper operation of the counter. Although these tests
are not comprehensive, they do insure, to a high degree of confidence, that the instrument is
operating properly. They can be useful for incoming inspection and should be performed after any
servicing to insure proper operation of the counter. All tests can be performed without removing the
instrument covers. A test report form is included at the end of this section that can be used to provide
a test record. If the application is especially critical in nature, more extensive testing may be
necessary and is covered in the performance verification test section of the service manual.

EQUIPMENT REQUIREMENTS

Equipment required for the operational verification tests on the EIP 625A counter is listed in Table 5-1.
The critical parameters are the minimum use specifications required for the performance of the
procedures, and are included to assist in the selection of alternative equipment. Satisfactory
performance of alternative items should be verified prior to use. All applicable equipment must bear
evidence of current calibration. For many of the following tests, an EIP 578B counter is used to source
lock the microwave sweeper, thus providing a stable source for testing. This combination may be
replaced by a frequency synthesizer.

Table 5-1. Equipment Requirements.

Critical Recommended

Description Parameters Manufacturer Model
Synthesized Function 10 Hz to 10 MHz Wavetek 23
Generator
Sweep Generator 10 MHz to 20 GHz Wiltron 6647B
Sweep Generator 3 GHz to 18 GHz Wiltron 6635B
Source Locking Counter 10 MHz to 20 GHz EIP 578B
Spectrum Analyzer 3 GHz to 18 GHz Hewlett Packard 8566A
Power Meter Hewlett Packard 437B

Power Sensor 50 MHz to 20 GHz Hewlett Packard 8485B

(-20 to +10 dBm)

Oscilloscope DC to 100 MHz Tektronix 475
Power Splitter 10 MHz to 20 GHz Hewlett Packard 11667B
Directional Coupler 950 MHz to 18 GHz Narda 4222-16
Directional Coupler 18 GHz to 20 GHz Narda 4017B-10
3 dB Attenuator DC to 20 GHz Weinschel 9-3
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SOURCE LOCKING SETUP

In some of the following tests, the EIP 578B counter is used to source lock the sweep generator to
provide a stable frequency source for testing the 625A counter.

The source locking setup, described below, is not limited to locking the Wiltron sweeper. It can be
used to source lock aimost any electronically tunable signal source over a frequency range of 10 MHz
to 110 GHz. For more information on source locking the Wiltron 6600 series of sweep generators,
request Application Bulletin 10 from our sales representative in your area or directly from EIP.

Regardiess of the particular sweeper, the procedure for source locking is basically the same. A
sample of the output from the sweeper is applied to the appropriate band on the EIP 5§78B counter. For
the setup shown in Figure 5-1, a power splitter provides the sample. The COARSE TUNE OUT
connector from the 578B counter is connected to the external sweep input on the sweeper. The
& LOCK OUT connector on the 578B counter is connected to the FM input on the sweeper. The
frequency modulation on the sweeper is enabled and the sweeper is set to the external sweep mode.

578B COUNTER

COARSE & LOCK
TUNE OUTPUT
OUTPUT
EXTERNAL
SWEEP FM
INPUT vy INPUT
N EEE e

WILTRON 6647B

— OUTPUT

HP11667B
POWER SPLITTER

Figure 5-1. Source Locking Setup.

With the equipment set up as described above, source locking over the entire range of the sweeper
can be achieved by entering the desired frequency.

For example, to lock the sweeper at 10 GHz:

LOCK GHz
press: () ) O

FREQ

At this point, the sweeper should be locked to 10 GHz, the LCK annunciator on the counter should be
lit, and 10 GHz should be the displayed frequency. In the following tests, the output frequency from the
sweeper is controlied directly by the EIP 578B counter, while the power is controlled at the sweeper.
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OPERATIONAL VERIFICATION TEST PROCEDURES

BAND 1 - RANGE AND SENSITIVITY TEST

Description

This

test verifies counter operation from 10 Hz to 100 MHz at 25 mVrms (70.7 mV p-p). The

oscilloscope is used to set signal levels below 10 MHz, and the power meter is used to set signal levels
at 10 MHz and above. Test setup 1 tests the counter from 10 Hz to 10 MHz and test setup 2 tests the

counter from 20 MHz to 100 MHz.

Equipment

Synthesized Function Generator (Wavetek 23)
Sweep Generator (Wiltron 6647B)

Source Locking Counter (EIP 578B)

Power Meter (Hewlett Packard 437B)

Power Sensor (Hewlett Packard 8481A)
Power Splitter (Hewlett Packard 116878B)
Oscilloscope (Tektronix 475)

Equipment Setup 1

SYNTHESIZED
FUNCTION OSCILLOSCOPE

GENERATOR 625A COUNTER

©0O 06

CH1 ™

Figure 5-2. Band 1 Range and Sensitivity Test Setup (10 Hz to 10 MHz).

Procedure

1.

2.

Connect equipment as shown in Figure 5;2.

Set the counter to Band 1 and select resolution O (1 Hz resolution).

Set the output frequency from the synthesizer to 10 Hz.

Using the oscilloscope, set the output signal Ievel. from the synthesizer to 70.7 mV p-p.
Apply the signal to the counter, verify proper reading, and record the results.

Repeat steps 3, 4, and 5 at 100 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz, and 10 MHz.
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Equipment Setup 2

578B COUNTER

(SOURCE LOCKING SETUP.
SEE FIGURE 5-1.)

POWER METER

625A COUNTER
2 & O
o EEmmeTd o

SIIIIII o

SWEEP GENERATOR

POWER

SPLITTER POWER

SENSOR

Figure 5-3. Band 1 Range and Sensitivity Test Setup (20 MHz to 100 MHz).

Procedure

1. Connect equipment as shown in Figure 5-3.

2. Set the 625A counter to Band 1 and select resolution 3.

Using the EIP 578B counter, source lock the sweeper at 20 MHz.

Using the oscilloscope, set the output signal level from the sweeper to 70.7 mV p-p.

Apply the signal to the 625A counter, verify proper reading, and record the results.

o O b W

Repeat steps 3, 4, and 5 at 40, 80 and 100 MHz.

BAND 2 - RANGE AND SENSITIVITY TEST

Description

This test verifies counter operation from 100 MHz to 1 GHz at =15 dBm. The power meter is used to set
signal levels.

Equipment

Sweep Generator (Wiltron 66478)
Source Locking Counter (EIP 578B)
Power Meter (Hewlett Packard 4378B)
Power Sensor (Hewlett Packard 8481A)
Power Splitter (Hewlett Packard 11667B)

Procedure

1. Connect eguipment as shown in Figure 5-4.

2. Set the 625A counter to Band 2 and select resolution 3.

Using the EIP 578B counter, source lock the sweeper at 100 MHz.

Using the power meter, set the output signal level from the sweeper to -15 dBm.

Apply the signal to the counter, verify proper reading, and record the results.

_0)()1#(,0

Repeat steps 3, 4, and 5 at 300, 500, 700, and 300 MHz and 1 GHz.
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Equipment Setup

578B COUNTER

(SOURCE LOCKING SETUP.
SEE FIGURE 5-1.)

625A COUNTER

POWER METER
o

SWEEP GENERATOR

POWER

SPLITTER POWER

SENSOR

Figure 5-4. Band 2 Range and Sensitivity Test Setup.

BAND 3 - RANGE AND SENSITIVITY TEST

Description

This test verifies counter operation from 950 MHz to 20 GHz.

Equipment

Sweep Generator (Wiltron 6647B)
Source Locking Counter (EIP 578B)
Power Meter (Hewiett Packard 437B)
Power Sensor (Hewlett Packard 8485B)
Power Splitter (Hewlett Packard 11667B)
Directional Coupler (Narda 4222-16)
Directional Coupler (Narda 4017B-10)

3 dB Attenuator (2) (Weinschel 9-3)

Equipment Setup

578B COUNTER

(SOURCE LOCKING SETUP.
SEE FIGURE 5-1.)

POWER METER
o

=lllllll e

625A COUNTER
el O O

SWEEP GENERATOR

POWER

SPLITTER POWER

SENSOR

Figure 5-5. Band 3 CW Signal Range and Sensitivity Test Setup.
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Procedure

1. Connect equipment as shown in Figure 5-5.

Set the counter to Band 3 and select resolution 3.

Using the EIP 578B counter, source lock the sweeper at 850 MHz.

Using the power meter, set the output signal level from the sweeper to -25 dBm.
Apply the signal to the 625A counter, verify proper reading, and record the results.
Repeat steps 3, 4, and 5 at 1, 3, 6, 10, and 12.4 GHz.

Using the EIP 578B counter, source lock the sweeper at 13 GHz.

Using the power meter, set the output signal level from the sweeper to -20 dBm.

Apply the signal to the 625A counter, verity proper reading, and record the results.

O © ® N O O s WoN

—_

Repeat steps 7, 8, and 9 at 15, 18, and 20 GHz.

BAND 3 - AMPLITUDE DISCRIMINATION TEST

Description

This test verifies that the counter will measure accurately the larger of two signals differing in
frequency by >100 MHz and differing in amplitude by >10 dB.

Equipment

Sweep Generator (Wiltron 66478)

Sweep Generator (Wiltron 6635B)

Spectrum Analyzer (Hewlett Packard 8566A)
Power Splitter (Hewlett Packard 116678B)

Equipment Setup

SWEEP GENERATOR 1
= == 2= 625A COUNTER

¢ POWER
SPLITTER
(COMBINER)

SWEEP GENERATOR 2
O =3 3

coaal
cooo| :
caoal - e
coao

Figure 5-6. Band 3 Amplitude Discrimination Test Setup.
Procedure
1. Connect equipment as shown in Figure 5-6.
2. Set signal generator 1 to 3.0 GHz at 0 dBm and set signal generator 2 to 3.1 GHz at +6 dBm.

3. Using the spectrum analyzer, adjust the generator power levels so that the signal amplitude
difference is 10 dB.

4. Verify that the counter correctly measures the frequency of the higher power signal source.

5. Repeat steps 2, 3, and 4 at 6 and 6.1 GHz, at 12 and 12.1 GHz, and at 17.9 and 18 GHz.
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OPERATIONAL TEST RECORD

DATE:

MODEL: 625A SERIAL NO.: CCN:
TEST ACTUAL SPECIFICATIONS

BAND 1 RANGE AND SENSITIVITY TEST 10 Hz TO 100 MHz

INPUT SENSITIVITY 10 Hz —4m4 — 25 mVrms

100 Hz

1 kHz
10 kHz
100 kHz
1 MHz
10 MHz
20 MHz
40 MHz
80 MHz
100 MHz

BAND 2 RANGE AND SENSITIVITY TEST 100 MHz TO 1 GHz

INPUT SENSITIVITY 100 MHz @ — -15 dBm
300 MHz
500 MHz
700 MHz
900 MHz
1 GHz

BAND 3 RANGE AND SENSITIVITY TEST 950 MHz TO 20 GHz

INPUT SENSITIVITY -~ 950 MHz =~ — -25 dBm
1 GHz
3 GHz
6 GHz
10 GHz
12.4 GHz

INPUT SENSITIVITY 13GHz @ —— -20 dBm
15 GHz
18 GHz
20 GHz

BAND 3 AMPLITUDE DISCRIMINATION TEST CONDITIONS: F1 > F2 BY 10 dB OR MORE.
F1 F2 PASS FAIL

3 GHz 3.1 GHz 10 dB
6 GHz 6.1 GHz
12 GHz 12.1 GHz
17.9 GHz 18 GHz
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SECTION 6
THEORY OF OPERATION

INTRODUCTION

The 625A microwave counter is a microprocessor-based multifunction instrument that automatically
measures CW signals in the frequency range of 10 Hz to 20 GHz.

All major functions are controlled through the 18-key, functionally-grouped keyboard. Information is
output via a 12-digit, sectionalized LED frequency display and a 13-message LED annunciator bank.

Microprocessor control and the unique architecture permit not only the major counter functions such
as frequency offsets and frequency multiplier capabilities, but also a variety of special functions such
as internal diagnostics, calibration and test aids, and sophisticated operational enhancements.

All front panel controls, except the POWER switch, and all background functions are externally
programmable via the IEEE 488 - 1978 standard GPIB (General Purpose Interface Bus). Additionally, all
displayed information, as well as counter setup status, is accessible via the GPIB.

The counter can best be understood by dividing it up into the following major sections: the basic
counter, the RF converters for Bands 1 and 2, and the Band 3 Microwave Converter.

BASIC COUNTER

The basic counter, shown in Figure 6-1, receives input signals from all three bands and performs
frequency measurements. The basic counter can directly measure the frequency of signals from 10 Hz
to 250 MHz.

iF >__ WAVESHAPING -
10 Hz-250 MHz NETWORK MAIN COUNT
GATE CHAIN DISPLAY

GATE
U

CLOCK GATE
SELECT " | GENERATOR

T 100 kHz/25 kHz

Figure 6-1. Functional Block Diagram of Basic Counter.

Overall operation of the counter is controlled by Processor/GPIB assembly, A5. This assembly contains
a Motorola 68B03 microprocessor, its control logic, the system memory, and the circuitry for the GPIB
interface. It communicates with all other assemblies in the counter via a triple bus system: the data
bus, address bus, and control bus. Each assembly (except for the Signal Conditioner) contains a
peripheral interface adapter (PIA) that provides the interface between the bus system and the counter
hardware.

Frequency measurements are performed by comparing the unknown signal to a reference frequency
output by the time base. The standard time base is a 10 MHz temperature-compensated crystal
oscillator (TCXO). An optional high-stability oven oscillator is also available for improved frequency
accuracy. For coherence with system clocks, the 625A has the capability of accepting an external 10
MHz reference.

A frequency measurement is made by generating a gate time consisting of a number of cycles of the
reference. This gate time is used as a time interval during which the input signal is counted.
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RF CONVERTERS

BAND 1 CONVERTER

Signals between 10 Hz and 100 MHz require no prescaling and are directly counted. The Band 1 signai
is first processed by the signal conditioner assembly (A8). The output is then sent to the basic
counter, the measurements performed, and the measurement results displayed. Figure 6-2 is a
functional block diagram of the Band 1 circuitry.

BAND 1 INPUT
10 Hz-100 MHz
IMPEDANCE SCHMITT BASIC
CLIPPER MATCHING | LIMITER O
2— MATCHING TRIGGER COUNTER

Figure 6-2. Band 1 Converter Functional Block Diagram.

BAND 2 CONVERTER

Signals between 250 MHz and 1 GHz are prescaled by four before reaching the basic counter. In this
mode, the gate is made four times longer to compensate for the prescaled signal. While Band 2 is
selected, the counter continuously monitors the input for a signal. When a signal is detected, the
threshold detector causes the counter to generate a gate signal and the frequency of the signal is
measured. To provide the wide dynamic range without distortion, an AGC (automatic gain control)
circuit is used. This circuit adjusts the attenuation of the input attenuator to maintain an optimum signal
level. Figure 6-3 is a functional block diagram of the Band 2 converter, and Figure 6-4 is a flow
diagram of the Band 2 measurement routine.

BAND 2 INPUT

100 MHz-1 GHz [\
- AMP ATTN SIGNAL L4
V SELECT :

¥ Y

THRESHOLD
DETECTOR s

!

Figure 6-3. Band 2 Converter Functional Block Diagram.

START

/4\
|

SIGNAL NO
PRESENT

?

4

* YES

COUNT WITH X4
GATE AND DISPLAY
RESULT.

YES SIGNAL NO

PRE§ENT

Figure 6-4. Band 2 Converter Lock Process Flow Diagram.
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BAND 3 MICROWAVE CONVERTER

Frequency measurement in the microwave band is accomplished by down converting the microwave
signal to an IF signal of approximately 120 MHz. A narrow bandpass microwave filter (YIG filter)is used
on this band to eliminate all but the desired microwave signal prior to down conversion. Figure 6-5 is a
functional block diagram of the Band 3 converter, and Figure 6-6 is a flow diagram showing converter
operation.

[P o e s S i S o S S S s gk G T = = SaEf accevBiv -
| VCO ASSEMBLY | AFC ASSEMBLY |
: ' | : STROBE 1
| . vco | CONTROL [T oo —C
1 AMP 400 - 505 MHz AFC At cLOCK
I———YI—G_ = | E [ RATA
| ASSEMBLY : e = —- A10J5
| ¥ 10 MHz INPUT
[ | ‘ @
HARMONIC |
| GENERATOR| | \ I A1004
[ : BUFFER i VCO OUTPUT o
BAND 3 | ' / | y
viG
@"’JI" FILTER c Rl :
INPUT MIXER/ \ A10J3
l 4 DETE°T|°R BUFFER | VCO OUTPUT TO ASJ2 o
: | / [ 0 TO +4 dBm
|
- ] —
r- \ 1
| IF ASSEMBLY |
; ; A10J1
IF - IF OUTPUT
| ATTEN AMP T TO ASJ3 @
| |
| [
1 |
| AGC l A10J2
| [ VIDEO OUTPUT 5
| T TO A9JB
| [
_____________________ —
YIG DRIVER ASSEMBLY |
|
! DATA
YIG !
DAC | | _cLock
|
STROBE 2 |
-

Figure 6-5. Band 3 Microwave Converter Functional Block Diagram.

The actual process of signal measurement in the microwave band is accomplished using a series of
steps:

1. Search for the largest signal.

N

Center the YIG on the largest signal.
Calculate the harmonic number and required VCO frequency.
Measure the IF.

Perform calculations.

o, 0 A W

Display measurement.
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START

SEARCH FOR
SIGNAL

DETERMINE
LARGEST
SIGNAL

CENTER YIG
FILTER ON
SIGNAL

CALCULATE
N AND VCO
FREQUENCY

ADJUST VCO
SO THAT
FIF = 120 MHz

COUNT IF
AND DISPLAY

F = NFvco t FIF

IF
PRESENT
?

NO

ADJUST Fvco AND
Fvic TO MAINTAIN

IF AT 120 MHz

Figure 6-6. Microwave Converter Operation Flow Diagram.



625A 6/Theory of Operation

During the search routine, the counter selects the largest signal present within the selected, or default
range of the Band 3 input. During this routine, the YIG filter, a narrow bandpass electronically tunable
microwave filter at the input to Band 3, is continuously swept from the low limit to the high limit. During
this time, the Band 3 local oscillator is turned off and the microwave mixer at the output of the YIG filter
is used as a microwave detector. The output from the mixer is applied to the video amplifier which
feeds a 16 bit flash A/D converter, with a resolution of approximately 6 dB. The A/D converter
continuously converts the detected signal into a 16 bit digital word. The least significant bit on the A/D
is tied to an interrupt line so, if a signal is found while the YIG filter is sweeping across the band, an
interrupt will be generated. The microprocessor responds to the interrupt by stopping the YIG filter at
that point in the sweep. The microprocessor then reads the YIG DAC setting and relative amplitude
from the flash A/D and stores it in memory. The counter than continues the sweep. If other signals are
detected, their relative amplitudes are compared with the stored information. If the new signal is higher
in amplitude, the memory is updated with information on the new signal. After searching the entire
band, the YIG DAC setting and relative amplitude of the highest signal present are stored in memory.

The next step is to precisely center the YIG on the selected signal. This process begins by moving the
YIG to the signal selected during the search routine. The YIG is then stepped in 2 MHz steps around the
signal until two points are found: the points on either side of the peak 3 dB down from the peak. From
these points the approximate “center of mass frequency” of the signal is found, and the YIG filter is

set to that frequency.

After the YIG is centered on the signal, the harmonic number N is calculated based on the setting of
the YIG filter using the following formula:

N = FYIG - 120 MHz
- 500 MHz

The resulting N is rounded up to the next higher integer. At this point low side mixing is assumed, and
the proper VCO frequency is calculated using the formula:

FyiG - 120 MHz

Fvco =
VCO N

If the results yield a VCO frequency which is less than 400 MHz (the minimum VCO frequency), high
side mixing is assumed, and FVCO is recalculated using the formula:

FYIG + 120 MHz

Fvco = N

Since FYIG is only approximately equal to FIN, the frequency will not be exactly 120 MHz. Therefore,
- the next step is to adjust the VCO to shift FIN into the middle of the IF passband by counting FIF and
adjusting Fvco as follows:

+FIF - 120 MHz

AF =
\Yelel N

Where: +FIF is used if low side mixing and
—FIF is used if high side mixing.
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Once the VCO corrections have been made, the counter counts the IF and calculates the input
frequency using the following formula:

FIN = N x FVCO + FIF

Where: N = Harmonic number
Fvco = VCO frequency
+ = + for low side mixing

- for high side mixing
and the results are displayed.

After sach measurement, new frequencies for the YIG and VCO are calculated to maintain the IF at
120 MHz. This method provides rapid tracking of a signal being tuned.
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SECTION 7
ADJUSTMENT AND CALIBRATION

INTRODUCTION
The following procedures are used to adjust and calibrate the EIP 625A counter. The recommended
calibration interval is six months. Adjustments within this time interval should be made if the counter

does not operate as specified, or if it has been repaired. If the adjustments do not result in the
specified performance, refer to the troubleshooting section of this manual.

The following is a list of the adjustment and calibration procedures described in this section:
° Power supply adjustment

] Display intensity adjustment

] Time base calibration

) Band 3 YIG DAC calibration

Table 7-1 lists the functions, specifications, and methods used when performing the adjustment and
calibration routines. Figure 7-1 shows the locations of the adjustment controls. (Note: for additional
information on PCB assembly component or test point (TP) locations, refer to Section 10 of this
manual.)

Table 7-1. Adjustment and Calibration Procedures.

Function Performance Specification Method
Power Supply Voltage between A2TP1 (+12 V) Adjust A2R3; verify with DVM.
and ground is +12 +0.05 V
Voltage between A2TP2 (-12 V) Adjust A2R6; verify with DVM.
and ground is =12 +0.05 V
Voltage between A2TP3 (-5.2 V) Verify with DVM.
and ground is -5.2 +0.25 V
Voltage between A2TP4 (+5 V) Verify with DVM.
and ground is +5 +0.25 V
Time Base Adjust the output frequency On AB, turn the TCXO adjustment
Adjustment of the TCXO to 10 MHz +1 Hz screw to set frequency using frequency

standard as a reference.

YIG DAC Automatic calibration of DAC to Use Special Function 91.

Calibration YIG filter

Display LED brightness level is adjusted Adjust A12A2R1 on Front Panel Display/
Intensity to suit operator’'s comfort Logic board.
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Figure 7-1. Adjuétment Control Locations.

EQUIPMENT REQUIRED

Table 7-2 provides a list of equipment for use in performing the adjustment and calibration procedures
detailed in this section. The critical parameters listed are minimum use specifications required for
calibration, and are included to assist in selecting alternative equipment. Satisfactory performance of
alternative equipment should be verified prior to use, and all applicable equipment must bear evidence
of current calibration.

Table 7-2. Equipment Required.

Critical Recommended

Description Parameters Manufacturer Model
Microwave Counter 0.1 Hz resolution EIP 5458
Digital Voltmeter 4 1/2 digit resolution Fluke 8050A
50 ohm Feedthrough 50 ohms resistance Pamona 4119-50
Termination
Oscilloscope 100 MHz bandwidth Tektronix 475
Microwave Synthesizer 2 GHz to 18 GHz HP 8340A
Power Meter 2 GHz to 18 GHz HP 436A
Power Sensor 2 GHz to 18 GHz HP 8485A
Frequency Standard Short term stability Stanford Research FS700

>1 x 107" with
Option 01
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PRELIMINARY OPERATIONS

WARNING

All adjustments and calibrations described in this section must be performed with
power applied to the counter and the top cover removed. Some of the instrument
components carry high voltages that can, if contacted, result in personal injury.
Extreme caution must therefore be exercised whenever the covers are removed.
Only a qualified technician who is aware of the hazards invoived should perform the
following operations. '

Before any adjustments or calibrations can be performed, the top and bottom covers on the 625A
counter must be removed. To remove the covers, perform the following:

Remove the 12 screws from each cover of the 825A. From the rear of the counter, insert a small
screwdriver (or similar tool) into one of the 5/16 in. holes located near the corner of the rear frame
assembly and gently push to dislodge the cover.

Before starting calibration, set all counter controls to their default values by performing the following:
1. Press the SPEC FUNC key on the front panel keyboard.
2. Press the "7” key followed by the “2" key to call Special Function 72.

3. Press the CLEAR DATA key on the front panel. This sets all counter parameters to their default
values.

Review each procedure carefully before proceeding with adjustments or calibrations.

ADJUSTMENTS
POWER SUPPLY ADJUSTMENT
Description

This procedure describes the steps required to adjust the +12 V and the -12 V supplies, and how to
check the +5 V and -5.2 V supplies located on Power Supply assembly A2. The test points listed are
accessible from the bottom of the counter.

Equipment
Digital voltmeter (Fiuke 8050A)

Equipment Setup

DIGITAL VOLTMETER

o

625A COUNTER

Figure 7-2. Power Supply Adjustment Setup.
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Procedure

1.  Set up equipment as shown in Figure 7-2 and as described below.

2. Turn the counter on and allow it to warm up for 30 minutes.

3. On PCB assembly A2, connect the digital voltmeter between TP1 (+12 V) and ground.
4. Using the voltmeter, verify that the voltage is +12 V +0.05 V. If not, adjust R3.

5. On PCB assembly A2, connect the digital voltmeter between TP2 (-12 V) and ground.
6. Using the voltmeter, verify that the voltage is -12 V £0.05 V. If not, adjust R6.

7. On PCB assembly A2, connect the voltmeter between TP3 (-5.2 V) and ground.

8. Using the voltmeter, verify that the voltage is -5.2 V +.25 V.

g. On PCB assembly A2, connect the voltmeter between TP4 (+5 V) and ground.

10. Using the voltmeter, verify that the voltage is +5 V +.25 V.

DISPLAY INTENSITY ADJUSTMENT

Description

This procedure describes the method used to adjust the front panel display intensity. The adjustment is
optional and is for viewer comfort only; it does not affect counter performance.

Procedure
1. Turn the counter on.

2. On PCB assembly A12A2, use a screwdriver (or similar tool) to adjust potentiometer R1 to set the
front panel display intensity level for the most comfortable viewing.

CALIBRATION

TIME BASE CALIBRATION

NOTE

The following calibration procedure applies only to 625A counters equipped with the
standard TCXO time base. For instruments equipped with the high stability oven
oscillator (Option 05), refer to the Options section of this manual.

Description

The accuracy of the TCXO time base directly affects the measurement accuracy of the 625A counter.
From the time an oscillator is set to its specified frequency, it will begin drifting. The magnitude of the
frequency drift is specified as the aging rate of the oscillator. Time base calibration removes the
frequency error due to the oscillator aging rate. Calibration of the time base is recommended once
every six months. When measuring a 20 GHz signal at the end of the six-month calibration interval,
measurement error due to aging rate may be as much as +12 kHz.
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NOTE

Two procedures are given for calibration of the TCXO time base. The first method will
provide more accurate measurements when the counter is operated at 25° C only.
The second method is used when the counter is to be operated over the temperature
range of 0° to 50° C.

Method 1

In the following procedure, the time base is calibrated against a frequency standard, using an
oscilloscope. The 10 MHz frequency standard is used to trigger the oscilloscope while the 10 MHz
signal from the counter is applied to channel 1 of the oscilloscope. Since the oscilloscope is triggered
by the frequency standard, any difference in frequency between the 10 MHz frequency standard and
the 10 MHz from the counter causes the displayed signal trace to move to the left or to the right. The
rate of the signal trace movement is directly proportional to the frequency difference between the
frequency standard and the time base in the counter. The fractional time base error can be calculated
using the following formula:

Fractional Time Base Error = (movement in cm per second) x (time per division)

For example, if the sweep speed of the oscilloscope is set to 1 us per division, and the signal is drifting
at a rate of 2 cm per second, then the fractional time base error is calculated as follows:

-6
Fractional Time Base Error = 2 zm X 1;(”,30 o 2x10°®

The actual time base error in Hz is calculated by multiplying the fractional time base error by the
frequency of the frequency standard, as follows:

Time Base Error (Hz) = +[(2 x 10-8) x (10 x 108)] = +20 Hz
The counter measurement error is calculated by multiplying the fractional time base error by the

frequency of the signal being measured. For example, if the fractional time base erroris 2 x 10-8, then
the measurement error on a 20 GHz signal is calculated as follows:

Measurement Error (Hz) = +[(2 x 10-6) x (20 x 10°)] = +40 kHz

Equipment

Frequency standard (Stanford Research Systems FS700)
Oscilloscope (Tektronix 475)
50 ohm termination (Pamona 4113-50)

Eguipment Setup
OSCILLOSCOPE
50 OHM
TERMINATION\_
- e ©® 0O e
L}cr—n ~ 10MHZ IN| o oo B
EXT
TRIGGER FREQUENCY
STANDARD

= O

@
i[i[a
g
Om
1]

[]

625A COUNTER
Figure 7-3. Time Base Calibration Setup for Operation at 25° C.
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Pr r

1. Turn on the EIP 625A counter and allow a warm up period of at least 30 minutes prior to
calibrating the time base.

2. Set up the equipment as shown in Figure 7-3 and as described below.

3. Connect the frequency standard output to the external trigger input on the oscilloscope. Connect
the 10 MHz IN/OUT connector from the rear panel of the 625A through a 50 ohm feedthrough to
the channel 1 input of the oscilloscope.

4. Set the oscilloscope to external trigger.
5. Set the oscilloscope sweep speed to 1 us per cm.

8.  While monitoring the 10 MHz time base signal from the 825A on the oscilloscope, adjust the time
base (by turning the TCXO adjustment shown in Figure 7-1) until the horizontal movement rate is
<1 centimeter in 10 seconds. This sets the time base to an accuracy of 1 x 10-7 (10 MHz +1 Hz).

Method 2

The following calibration procedure is used when the counter is to be operated over the temperature
range of 0° to 50° C and should be performed at 25° C.

Eguipment

Microwave counter (EIP 545B)
50 ohm termination (Pamona 4118-50)
Frequency standard (Stanford Research Systems FS700)

Equipment Setup

| TEAMINATION
10 MHz lNl 10 Mz
o O
€000 = o-'-.'::.-%EEEE ©
erEqUENCY 5458 COUNTER P ————

Figure 7-4. Time Base Calibration Setup for Operation from 0° to 50° C.
Pr r
1. Turn the 625A counter on and allow it to warm up for 30 minutes.

2. Connect the 10 MHz IN/OUT connector on the rear panel of the B625A through a 50 ohm
feedthrough termination to the BAND 1 input of an EIP 545B counter.

3. Connect a 10 MHz standard to the 10 MHz IN/OUT (external reference) connector on the rear
panel of the 545B counter. On the 545B counter, set the rear panel 10 MHz INT/EXT switch to
EXT.

4. On the 545B, use 1 Hz resolution (1 second gate time) for coarse adjustment and 0.1 Hz
resolution (10 second gate time) for fine adjustment of the TCXO frequency.
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5. While monitoring the TCXO signal frequency from the 825A, displayed on the front panel of the
5458, turn the TCXO adjustment to set the TCXO frequency to 10 MHz plus the frequency offset
labeled on the TCXO cover. For example, if the frequency offset on the TCXO cover is -3.5 Hz,
then the TCXO frequency is adjusted to 10 MHz + (-3.5) Hz which equals 9.8933365 MHz.
Likewise, if the TCXO frequency offset is +2.0 Hz, then the TCXO frequency is adjusted to
10 MHz + (2.0) Hz which equals 10.000002 MHz.

BAND 3 YIG DAC CALIBRATION - SPECIAL FUNCTION 91
Description

The counter uses an electronically-tuned bandpass YIG filter on the BAND 3 microwave input. The
frequency to which the filter is tuned is controlled by a digital-to—analog converter (DAC). The
following YIG DAC calibration procedure develops a table of correction factors that correlates the
digital information sent to the DAC with the frequency to which the YIG filter is tuned.

When Special Function 91 is activated, the counter displays “F1” and measures a user-supplied 2 GHz
input. The counter then displays “F2” until the “.” (trigger) key is pressed, indicating that the
frequency has been changed to 18 GHz. After measuring the 18 GHz input, the counter then calculates
and stores (in nonvolatile memory) the correction factors for the YIG DAC.

CAUTION

In order to operate Special Function 91 and calibrate the YIG DAC, the RAM
memory protect feature on processor assembly A5 must first be disabled. Although
the counter cannot be damaged by using Special Function 91, improper use of this
function may result in loss of calibration and configuration data, rendering the
counter unusable until it can be recalibrated. To insure the proper use of Special
Function 91, the following procedure must be strictly followed.

Equipment

Microwave synthesizer (Hewlett Packard 8340A)
Power meter (Hewlett Packard 436A)
Power sensor (Hewlett Packard 8485A)

Equipment setup

MICROWAVE
SYNTHESIZER 625A COUNTER POWER METER
i O R k o
P
POWER
SENSOR
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