| Models 545A & 548A
Microwave Frequency Counters

[ EIP Microwave, Inc. TEL: (408) 433-5900
[ 2731 North First Street, San Jose, CA 95134 TWX: 910- 338-0155

Manual Part Number: 5580033-00 545A: CCN 2209

Printed in U.S.A, November 1987 548A:. CCN 2309




Printing History

New editions incorporate all update material since the previous edition. The date on the
title page changes only when a new edition is published. If minor corrections and updates
are incorporated, the manual is reprinted but the date and edition number on the title page
do not change.

FIRSTEDITION. . svivive enviie wionio svimis April, 1981
SECOND EDITION . iivviii s e s wsins avaiwii April, 1983
THIRD EDITION ;i i o5 o svie v isins August 1985
FOURTH EDITION. ......... ..... .. August 1986
FIP-TH EDITION: wuns vooms dmmn wees saes October 1986
SIXTH EDITION. ..o viivs siasasavs snains January 1987
SEVENTH EDITION ii05:055 655555 saien sas June 1987
EIGHTHEDITION .. ....coiviininnn .. November 1987




5580033

Certification

EIP Microwave certifies that this instrument was thoroughly inspected and tested, and
found to be in conformance with the specifications noted herein at time of shipment from
factory.

Warranty

EIP Microwave warrants this counter 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 will repair or
replace at its option, any components of this counter which prove to be defective during the
warranty period, provided the entire counter is returned PREPAID to EIP or an authorized
service facility. In-warranty counters will be returned freight prepaid; out-of-warranty units
will be returned freight COLLECT. No other warranty other than the above warranty is
expressed or implied.
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Section 1
General Information
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DESCRIPTION

The 54XA series counters are microprocessor-based heterodyne instruments, The 545A and 548A span the
frequency range from 10 Hz to 18 GHz and 10 Hz to 26,5 GHz, respectively. The model 548A, when
equipped with frequency extension capability (Option 06), is used in conjunction with a remote sensor
(See Model 590) to measure up to 110 GHz.

Using keyboard control, the 54XA series counters provide frequency offsets and frequency selectivity.
Options include Power Measurement, full Systems capability via GPIB or BCD/Remote Programming
and D/A Converter output,

Full frequency range is covered in three bands. Band 1 is a high impedance input (1 M ohm/20 pF), and
spans a 10 Hz to 100 MHz range, with a sensitivity of 256 mV RMS. Band 2 has an input impedance of
50 ohms, a 10 MHz to 1 GHz range, with a sensitivity of —20 dBm. Band 3 has an input impedance of
50 ohms nominal over a range of 1 GHz to 18 (or 26.5) GHz, and a sensitivity to —30 dBm. For frequencies
above 26.5 GHz a remote sensor, with an appropriate waveguide input, is called Band 4.

Measurements are presented on a 12 digit LED display that is sectionalized to read GHz, MHz, kHz, and
Hz. When the optional power measurement function is activated, the digits on the far right display power
in dBm with .1 dB resolution, and frequency resolution is limited to 100 kHz.
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SPECIFICATIONS
BAND 1
RANGE 10 Hz t0 100 MHz o
SENSITIVITY 25 mVrl‘:nS
IMPEDANCE 1 M£2/20 pF
CONNECTOR BNC (female)
MAX. INPUT LEVEL 120V rms *
DAMAGE LEVEL 150 Vrms *

* (Above 1 KHz max, input will decrease at 6 dB/octave
down to 3.0 V rms. )

-30 dBm: 1,0 GHz to 12,4 GHz
=25 dBm: 12,4 GHz t0 18 GHz

BAND 2

RANGE 10 MHz 10 1 GHz
SENSITIVITY 20 dBm
DYNAMIC RANGE 30 dB
IMPEDANCE 5081 Nominal
CONNECTOR BNC (femnale)
MAX, INPUT LEVEL +10 dBm
DAMAGE LEVEL +27 dBm
ACQUISITION TIME < 50 msec
BAND 3

RANGE 1 GHz 10 18 GHz (26.5 GHz for model 548A)
SENSITIVITY

-20 dBm: 18 GHz 10 22 GHz
15 dBm; 22 GHz to 26.5 GHz

DYNAMIC RANGE

1 GHz t0 12,4 GHz, 37 dB
12,4 GHz to 18 GHz, 32 dB

18 GHz to 22 GHz, 27 dB
22 GHz 10 26.5 GHz, 22 dB

IMPEDANCE

Sonﬁkﬁarl'n'il\_a_l_ -

CONNECTOR

MAX_ INPUT LEVEL

Model 545A - Prei;ision type N, (female)
Model S48A - APC - 1.5 (female)

+7 dBm

DAMAGE LEVEL

5 Watts (+37 dBm)

ACAQUISITION TIME

~ 250 msec Independent of frequency

AUTO AMPLITUDE
DISCRIMINATION

(Automatic amplitude discrimination of twa
frequencies) 10 dB

FM MODULATION

20 MHz P-P up 10 10 MHz rate

VSWR

< 2.5:1 typical

FREQUENCY LIMIT

Keyboard control of desired limits (standard), Counter
will measure largest signal within programmed limits
Signal outside operating band must be separated by at
least 100 MHz from either limit. For signals more than
10 dB above desired signal, separation is typically 200
MHz

TIME BASE

FREQUENCY 10 MHz TCXO o
AGING RATE <| 1 x 10 7|per month 11 x 101 11 x 10761 per vear
SHORT TERM <11 x 109ms for one second averaging time,
TEMPERATURE <11 x106]| 010 +50°C

LINE VARIATION *

<|1x 107 | £ 10% change.

WARM UP TIME

NONE

OUTPUT FREQUENCY

10 MHz, square-wave, 1 V pp minimum into 50 ohms,

EXT. TIME BASE

Requires 10 MHz, 1 V p-p minimim into 300 ohms.

1-2
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SPECIFICATIONS, continued

GENERAL
RESOLUTION

Front panel keyboard input select 1 Hz to 1 GHz

MEASUREMENT TIME

1 msec for 1 KHz resolution
1 sec for 1 Hz resolution

DISPLAY 12 digit LED sectionalized
ACCURACY * 1 count * time base error
TEST Front panel selected diagnostics

SAMPLE RATE

Controls time between measurements variable from
100 msec typ. to 10 sec, Switchable Hold position
holds display indefinitely.

RESET

Resets display to zero and initiates new reading

OFFSETS

Keyboard control of frequency offsets (standard) and

power offsets (standard with power measurement Option 02).
Displayed frequency (power) is offset by entering value to 1 Hz
resolution (0.1 dB power).

OPERATION TEMP.

0°Cto50°C

POWER

100/120/220/240/VAC * 10% (selectable) 50 to
60 Hz, 60 VA typical

WEIGHT, NET

~ 26 |bs, (11.8 kg)

WEIGHT, SHIPPING

~ 321lbs. (14.5 k9)

DIMENSIONS (HWD)

35" x 16.75" x 14.0” (89 mm X 425 mm X 356 mm)

ACCESSORIES FURNISHED

Power Cord and Manual

BAND 4
Used with 578/06 Counter and 590 Frequency Extension Kit
OPTION 91 92 93 94 95 96
SELECT BAND 41 42 43 44 42 or 43 41 or 42
Waveguide Band Ka u E W v Q
Range 26.5-40 GHz | 40-60 GHz 60-90 GHz 80-110 GHz 50-75 GHz 33-50 GHz
Sensitivity (typ) ~25dBm —26 dBm -26 dBm -25 dBm -25 dBm -25 dBm
(=20 dBm min)
Waveguide Size WR-28 WR-19 WR-12 WR-10 WR-15 WR-22
Wavegulde Flange UG-589/U uG-383/U UG-387/U UG-387/U UG-385/U UG-383/U
Max. Input (typ) +5 dBm 45 dBm +5 dBm +5 dBm +5 dBm +5 dBm
Damage Level +10 dBm +10 dBm +10 dBm +10 dBm +10 dBm +10 dBm
Aqulisition Time (typ) 2.5 sec <2.5 sec <2.5 sec <2.5 sec <2.5 sec <2.5 sec

EXAMPLE:

If desired measurement is 60 - 90 GHz, the required equipment is:

Model 578 with Option 06 - Extended Frequency and
Model 590 - Extended Frequency Cable Kit with Option 93 - Remote Sensor

1-3




5580033

SPECIFICATIONS, continued

OPTIONS See Section 10 for detailed information.
01 DTO A CONVERTER
DAC will convert any three consecutively displayed digits into an analog voltage
output on rear panel,

02 POWER METER
1 to 18/26.5 GHz will measure sine wave amplitude to 0,1 dBm resolution from sensitivity to -10 dBm;
from -10 dBm to overload and display 0.2 dBm resolution simultaneously with frequency,
Power offset to 0.1 dB resolution, selectable from front panel.
Option will not degrade the basic performance of the counter.

TIME BASE OSCILLATOR OPTIONS:

03 04 05
AGING RATE/24 HOURS
{After 72 hour warm-up) <|5x109| <]1x109| <|85x 1010
SHORT TERM STABILITY
(1 second average) <1x10%0ms | <1510 10 mms | <1x10"%rms
0*to +50°C TEMPERATURE
STABILITY <|6x108] <|3x108| <|3x108|
+10% LINE VOLTAGE CHANGE | <|5x 10-10| <|2x1010| <|2x1010|

06 EXTENDED FREQUENCY CAPABILITY —548A
Use in conjunction with models 590 Frequency Extension kit

07 REMOTE PROGRAMMING/BCD OUTPUT

08 GPIB — Provides programming and output capability per |IEEE 488-1978.

09 REAR INPUT

10 CHASSIS SLIDES

1-4
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Section 2
Installation

SAFETY

The Model 545A/548A Microwave Counter is a Safety Class | 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 person 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 conduction of the (mains) power cord. The mains
plug shall only be inserted in a socket outlet 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 required rated current, voltage, and
specified type should be used. Do not use repaired fuses or
short-circuited fuse holders. 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,
autotransformers, 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.
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INSTALLATION

No special installation instructions are required. The counter is a self-contained bench or rack
mounted unit and only requires connection to a standard 100/120/220/240V 50-60 Hz power
line for operation.

CAUTION

Check current rating of counter fuse and setting of rear
panel VAC selector switch before applying power to counter.

COUNTER IDENTIFICATION

This counter is identified by two sets of numbers, the model number 545A or 548A and a serial
number that is located on a label affixed to the rear panel. Both numbers must be mentioned in
any correspondence regarding this counter.

SHIPPING

Should it be necessary to ship the counter, wrap it in heavy plastic or kraft paper and repack in
original container if available. If the original container cannot be used, use a heavy (275-pound
test) double-walled carton with approximately four inches of packing material between the
counter and the inner carton. Seal the carton with strong filament tape or strapping. Mark the
carton to indicate that it contains a fragile electronic instrument.

STORAGE

The instrument should be stored in an environment that is protected from sand, dust, and
other contaminants at an altitude of less than 12,000 m (40,000 ft) and should not be exposed
to temperatures beyond the range of -40° C to 75° C, humidity above 95 +5% (75 +5%
above 30°C, 45 +5% above 30°C), dripping water, or vibration shock of greater than 2 g.

PERFORMANCE CHECKOUT PROCEDURE
The following procedure can be performed without special tools or equipment.

1. Turn counter power switch off. Check fuse rating and setting of AC POWER switch on rear
panel.

2. Connect power cord to 100/120 or 220/240 V, 50-660 Hz single-phase power source. The
ground terminal on the power cord plug should be grounded.

3. Turn POWER switch on. Dashes will be displayed for about one second, followed by all 0's.
This indicates that automatic self-check has been completed.

TEST

4. Press O @ @ Display should read 200 000 000 +1.
TEST

5. Press O @ @ Display should read all 8’s and all annunciators should be lit.
TEST

6. Press D @ @ Each display segment should light in turn.
TEST

7. Press D @ @ Each digit should light in turn.

8. This completes the performance checkout procedure.

2-2
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Section 3
Operation
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Figure 3-1. Front Panel, Model 545A

FRONT PANEL CONTROLS AND INDICATORS

DISPLAY

w The 12 digit LED display provides a direct numerical readout of a measurement or of an input
frequency., The frequency readout is displayed in a fixed position format that is sectionalized in

GHz, MHz, kHz and Hz, Power information is displayed in dBm to 0.1 dB resolution, on the three
right-most digits, When both power and frequency are displayed, frequency resolution is limited to

100 kHz.

® POWER switch turns counter on.

L] SAMPLE RATE/HOLD varies time between measurements from 0.1 to 10 seconds (nominal),
(Gate time is added to sample time, thus the minimum reading for 1 Hz resolution is 1.1 seconds.)
The last reading is retained indefinitely in HOLD.

[ GATE lights when the signal gate is open and a measurement is being made.

® SEARCH lights when the counter is not locked to an input signal.

® RESET manually over-rides all controls, resets the counter and converter, and initiates a new reading.

31
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OPERATING STATUS

The operating status of the counter is indicated by a series of LEDs. When the counter is displaying input
data, instead of a measurement, the appropriate LED status indicator will flash.

L] REMOTE lights to indicate that front panel controls are disabled, and that the counter is being
controlled by the GPIB option (08}, or by the BCD/Remote Programming option (07).

L EXT REF lights to indicate the counter is set to an external time base reference,

CAUTION

When EXT REF lights it does NOT
indicate that correct signal level
has been applied.

L] dBm lights to indicate that the Power Meter option (02) is active.
L] FRQ LMT, LOW/HIGH lights when frequency limits for Band 3 operation have been selected.
° OFFSET, PWR/FRQ lights when power and/or frequency offsets are stored in the counter memory.

° Band 1, 2, 3, 41, 42, 43, 44 light to indicate which operating range has been selected. When any

Band 4 annunciator is lit it indicates that the Extended Frequency Capability option (06) has been
selected (Available on 548A only).

L] DAC lights to indicate that the Digital-to-Analog Converter option 01 is active.

L] MLT lights to indicate the multiplier function is active.

POWER METER/DAC OPTION KEYBOARD

Four keys control the operation of these options,

L] ON/OFF push button activates/deactivates power meter .
L] OF FSET push button activates the power offset function,

L] dB pushbutton acts as a terminator for the input of power offsets,

° DAC pushbutton, followed by two digits (00-12), activates the DAC option. The number keyed
in will select the most significant digit (00 = OFF, 01 = 1 Hz, 12 = 10 GHz).
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Figure 3-2. Front Panel, 548A

SIGNAL INPUT

Band 1 input connector (BNC female) has a nominal input impedance of 1 Meg ohms, shunted by
20 pF. It is used for measurements in the range of 10 Hz to 100 MHz.

Band 2 input connector (BNC female) has a nominal input impedance of 50 ohms. It is used for meas-
urements in the range of 10 MHz to 1 GHz.

Band 3 input connector on the model 545A is a precision type N female. It is used for counter oper-
ation in the range of 1 GHz to 18 GHz. Model 548A has an APC-3.5 female connector that is used
for operation in the range of 1 GHz to 26.5 GHz.

Band 4 is used in conjunction with the Extended Frequency capability option (06), the Model 590
Frequency Extension Cable kit and a remote sensor. Remote sensors are options to the Model 590
and cover waveguide bands from 26.5 to 110 GHz.
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Figure 3-3. Rear Panel

REAR PANEL CONTROLS AND CONNECTORS

e Spaces labeled BAND 1, BAND 2, BAND 3, BAND 4, and TO REMOTE SENSOR are used for those
connectors in instruments equipped with Option 09, Rear Panel Input.

® TIME BASE ADJUST control is used with options 03, 04, or 05 only. Screwdriver adjustment allows
precise setting of the internal ovenized crystal oscillator.

® TIME BASE INT/EXT switch selects either the internal time base or an external 10 MHz reference.

® TIME BASE connector (BNC female) allows monitoring of internal 10 MHz time base, or input of an
external 10 MHz reference.

DAC OUT connector provides a voltage analog to any specified three digits of frequency displayed, in
instruments equipped with Option 01, D to A Converter.

® GPIB connector is used with the |IEEE 488 - 1978 Gener.! Purpose Interface Bus.

® FUSE provides overload protection. Use a 1 amp slow-blow MDL type fuse for 100/120 V operation.
Use a .50 amp slow-blow FST type fuse for 220/240 V operation.

® VAC SWITCH sets the operating voltage of the counter to match power line. There are 4 settings:

100, 120, 220, and 240 VAC. Counter will operate at voltages within £10% of selected line veltage,
at frequencies of 50 to 60 Hz.

CAUTION

Switch setting and fuse rating must match power line voltage,

® AC POWER connector accepts the power cord supplied with the counter.
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Figure 3-4. Keyboard

KEYBOARD

The keyboard consists of 16 pushbuttons that control major functions of the counter. Twelve keys are
used for numerical data entry, the digits O through 9, the decimal point and the minus sign. Two keys
(MHz and GHz) act as terminators for the input of frequency offset or frequency limits, The CLEAR
DATA and CLEAR DISPLAY keys are used to clear stored or displayed data. Seven of the numerical keys
are also used to select the band, resolution, test function, frequency offset, frequency limits, and multiplier
function,

UNITS (MHz/GHz)

MHz
PRESS: l Completes Entry Sequence
PRESS: Completes Entry Sequence
GHz

CLEAR (DATA/DISPLAY)

DATA
PRESS: Return “STORED' data of selected function to Power On state.
CLEAR Clears Limits {Low/High), Offsets, DAC, and multiplier operations.
CLEAR .
PRESS: D Clears display. Does not affect stored data. Restores counter to
measurement mode.
DISPLAY
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BAND SELECTION

To select one of three standard operating bands on the model 545A or b48BA .

BAND BAND BAND

press: () (1) o [ [2] o [] (8]

Notice annunciator flash and selected band number will light when chosen. This feature allows multiple
inputs to be connected and selected in turn,

The “BAND" KEY followed by a numeric key enables the following band selection.

BAND
PRESS: (] (1) 10Hz- 100 MHz Input
BAND
PRESS: [ | [2 J10MHz-1GHz Input
BAND
PRESS: (] [3)1GHz-18GHz (Model 645A) 26.5 GHz (Model 548A)

On the model 548A equipped with option 06, a 590 cable kit and appropriate optional remote sensor,
Band 4 is selected by:

BAND

PRESS: () (x]
For example, with the 91 Sensor you will press: Fi_lﬂ)} E] @
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RESOLUTION / GATE TIME SELECTION

The “RESOL" key followed by a numeric key enables following resolutions.

RESOL

PRESS: [j (o) 1 Hz RESOLUTION
RESOL

PRESS: [ ] (1]  10Hz RESOLUTION
RESOL

PRESS: ) (2]  100Hz RESOLUTION
RESOL

PRESS: (3] 1KHz RESOLUTION
RESOL

PRESS: (4]  10KHz RESOLUTION
H:ESU_I-. o

PRESS: (5]  100KHz RESOLUTION
RESEI_L

PRESS: | (8] 1 MHzRESOLUTION
RESOL

PRESS: 10 MHz RESOLUTION
RESOL

PRESS: | (s 100 MHz RESOLUTION
RESOL

prRess: () (2]  1GHzRESOLUTION

As the resolution is decreased from 1 Hz to 1 kHz, the gate time LED should cycle faster:
® 1 Hz resolution equals a gate time of 1 sec.
® 10 Hz =100 msec Gate time
® 100 Hz = 10 msec Gate time

® 1KHzto1GHz =1 msec Gate time

37




5580033

DISPLAY AND DATA ENTRY SEQUENCE

The keyboard display and data entry sequences are segmented into four main groups. All keyboard
operations must be started by choosing the function first.

DATA ENTRY - enter offsets or limits

Sequence : 1.  FUNCTION , SIGN (plus sign not required) , NUMBER , DECIMAL , NUMBER , UNITS
(decimal and second number is optional )

2. FUNCTION , NUMBER

Examples: 1. % [I] E@ GCHZJ

OFFSET
BAND

2. D@

DISPLAY DATA - display previously entered data
Sequence : FUNCTION , CLEAR DISPLAY

FREQ CLEAR
Example :

OFFSET  DISPLAY
CLEAR DATA - clear entered data
Sequence: 1. FUNCTION, CLEAR DATA

2. FUNCTION, [0 ], UNITS

3. FUNCTION , UNITS

FREQ DATA
Examples: 1.
OFFSET CLEAR
FREQ
2 )
OFFSET GHz
FREQ

3. DD

OFFSET GHz
CLEAR ENTRY - clear display before completing data entry

Sequence : FUNCTION , STRING , CLEAR DISPLAY
FREQ CLEAR
came: () (D@ ()
OFFSET DISPLAY
3-8



5580033

MULTIPLY FUNCTION:
In the multiply function the measured frequency is multiplied by an integer up to 99. The result is dis-
played to 1 KHz resolution. If the results of the multiplications are too big for the front panel to display,
the front panel will show F's.

MULT
EXAMPLES: PRESS AND KEY IN TWO DIGIT NUMBER

MULT
EXAMPLE [:] [j_] [Z} FOR MULTIPLIER = 2

NOTE: When “MULT" key is pressed the annunciator “MLT"" will flash until the sequence is completed.
The two digit multiplier (m) will be displayed as the numbers are entered.

To clear the multiplier function the following operation is performed. |

MULT CLEAR MULT
PRESS [:] D or  PRESS DE] E]
DATA

This sequence clears the multiplier function and multiplier (m).

mX+b

By using the frequency offsets and multiply functions the counter can automatically perform mX * b
calculations.

The equation for the function performed is:
Displayed Reading = mX + b where ~m = Multiplier (up to 99) entered from keyboard.
X = Input frequency.

+ b = Frequency offset entered from the keyboard.

TO DO mX + b CALCULATION FOR m =2, b= -70 MHz

MULT MHz

wmess [ () (0 e ) B EC)
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FREQUENCY LIMITS

Frequency limits can be entered to 10 MHz resolution .

FREQ LIMIT
PRESS: Notice flashing annunciator.
low

PRESS: ‘ # l Number keys corresponding to desired frequency low limit to 10 MHz resolution,

MHz
PRESS: or "] To terminate input sequence. Notice FRQ LMT LOW annunciators

GHz solidly lit.
FREQ LIMIT

PRESS: D Notice flashing annunciator

high
PRESS: Key numbers corresponding to desired freq. Hi limit.

MHz
press: L -

or GH: To terminate input sequence. Notice FRQ LMT Hi annunciator,
solidly lit.
To recall stored limits.
FREQ LIMIT CLEAR FREQ LIMIT CLEAR
PRESS: low and DISPLAY then high and DISPLAY

To clear data memory and remove frequency limits.

FREQ LIMIT DATA FREQ LIMIT DATA
PRESS: low and CLEAR then high and CLEAR Vary Source. Notice

selected limit(s) are erased. Also notice “FRQ LMT LOW HI'" annunciators are out.

NOTE: High and low limits should be separated by at least 100 MHz.
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TEST SELECTION

The following tests will verify proper operation of most functional areas of the counter, At the initial turn
on the counter performs a RAM and PROM check, During this check dashes are displayed until the check
has been completed.

RAM and PROM

The processor writes a sequential bit pattern to each RAM location, then independently reads that
pattern. Thus each bit in each location is checked. If the RAM check fails the display will show all
“E's”. This indicates that the RAM or the RAM decoding is faulty.

The PROM check verifies the PROM bit pattern. If the PROM check fails an error message will be dis-
played. This indicates that the PROM’s or the PROM decoding is faulty. See Section 6.

If both RAM and PROM check are good the counter will begin normal operation about one second after
turn on. The counter will now display all 0’s,

200 MHz SELF TEST

TEST

press: (] (o) [1)

Notice display is 200 MHz. This verifies operation of the time base reference and it's associated circuits,
the signal selection, the count chain, and the local oscillator.
LED TEST

TEST

PRESS: [ ] [o] [2]

Notice all LED segments and yellow annunciators are lit. This verifies operation of all visual indicators

LED SEGMENT TEST

TEST
eress. () (0] (3]

Notice each segment of each display digit is lit in turn. The sample rate pot will change the rate, and may
be adjusted. This checks the segment drivers,

DISPLAY DIGIT TEST

TEST

PRESS: (] (o] [a]

Notice all segments of each digit are lit in turn to verify that each digit operates independently.

The sample rate pot will change the rate, and may be adjusted.
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KEYBOARD TEST

TEST

press: [ ) (o] (5]

Notice display is 05. Press any key and display will indicate a two digit number showing the position of
that key within the matrix thus checking keyboard operations, See Figure 6-5 for coordinates.

TO EXIT TESTS

CLEAR

PRESS: D to exit a test and return to normal operation.
DISPLAY

To exit tests 1 through 4, 6 and 7 you can press any function key. This will exit the test and enter the
function selected,

Tests 6 through 10 are used for calibration and troubleshooting. See Pages 6-6 and 6-7.
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SET-UP FOR BASIC FREQUENCY MEASUREMENT

BAND
Choose the input band by pressing D and a number key corresponding to the band. Choose resolution
RESOL

by pressing Lg] and a number key corresponding to required resolution. The signal coupled to the
selected input Band Connector will be automatically displayed to the resolution chosen.

NOTE: When pressing the RESOL key the display will go blank for approximately 1/4 second.

FREQUENCY OFFSETS

Frequency OFFSETS can be added or subtracted from the measured value, These OFFSETS can be entered
via the front panel keyboard to 1 Hz resolution:

FREQ
PRESS: _] Notice the flashing annunciator.,

OFFSET
PRESS: Number keys corresponding to desired frequency OFFSETS. If OFFSET is to be subtracted

press and notice polarity sign indicator at far left of display.

we (]

PRESS: L or GHz to integrate programmed OFFSET into actual frequency measure-
ment. Notice solidly lit annunciator indicating instrument memory is loaded.,

FREQ
PRESS: E] Recalls OFFSET to display, FRQ and OF FSET annunciators flashing.
OFFSET
CLEAR
PRESS: 1} Notice frequency displayed includes OF FSET: annunciators are lit continuously.
DISPLAY
FREQ
PRESS: Recalls OFFSET to display.FRQ and OFFSET annunciators flashing.
OFFSET
CLEAR Clears data memory and clears offset.
PRESS: | FRQ and OFFSET annunciators are out,
DATA Display is actual frequency without offset,
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DISPLAY ERROR MESSAGES

When an error occurs the error number will be displayed. The probable cause of each error is listed below.

OPERATOR ERRORS

The following error messages indicate an operator error.

01
02
03
04
05
06
07
08
09
10
1
12

13

Illegal Key Sequence.

A resolution number was not entered.

A band number was not entered; or the number entered was too large.
No power reading in current band.

Frequency limit high > 18.5 GHz, 27 GHz (548A).

(Freq Limit HI) — (Freq Limit Lo) < Min. (100 MHz) difference.

Frequency Limit Low < .95 GHz (5456A/548A).
lllegal test mode key sequence.
Illegal DAC key sequence.

lllegal Multiplier key sequence.

Option not installed.

COUNTER ERRORS

The following error messages indicate a malfunction within the counter.

31
32
33

Check sum error Section 1 PROM DO000 - DFFF
Check sum error Section 2 PROM EO00 - EFFF
Check sum error Section 3 PROM EQ00 - FFFF

3-14

A105, U13
A105, U17

A105, U156




5580033

Section 4
Theory of Operation

GENERAL

The 545A and 548A counters automatically measure and display the frequency of an input signal within
the range of 10 Hz to 18 GHz for the 545A, and 10 Hz to 26.5 GHz for the 548A. In both models the’
frequency is divided into three bands.

BAND 1 operates from 10 Hz to 100 MHz. An impedance converter provides an input impedance of 1
M ohm, shunted by 20 pF.

BAND 2 operates from 10 MHz to 1 GHz, using aheterodyne down converter which converts the input
signal into an output signal with a range of 10 MHz to 190 MHz.

BAND 3 operates in the microwave range of 1 to 18 GHz (or 26.5 GHz) and uses a Y1G tuned heterodyne
converter to translate the input frequency downward to an intermediate frequency (IF) of 125 MHz.

GATE GENERATOR A107 A108
AMPLITUDE BAND 1
TIME BASE MEASUREMENT IMPEDANCE 1 BAND 1
OSCILLATOR DETECTOR OUT CONVERTER INPUT
SYSTEM
10 MH2 1 =
A108 | 0N BAND 2
= GATE 200 MH2 !
GATE COUNT - BAND 2
GENERATOR CHAIN CONVERTER INPUT
t—— e figure 4 - 3
A105
DATA BUS
< <
MICROPROCESSOR < ADDRESS BUS
) CONTROL BUS A
< < <,
FRONT PANEL AT10 OPTIONS
nenaL O BAND A203
. GE AL 3 BAND 3
DISPLAY . =
PURPOSE —— CONVERTER INPUT
L INTEAFACE BUS wee figure 4 2 il
OR -
o7 Al08
BCD CONVEATER
KEYE0ARD OUTPUT/REMOTE CONTRGL
PROGRAMMING

Figure 4-1. Counter Block Diagram, Simplified
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BASIC COUNTER

Overall operation is controlled by the Microprocessor Assembly A105. This assembly contains an eight bit
microprocessor, its control logic, and the system memory. It communicates with all other assemblies in
the instrument by means of a triple bus system: the data, address, and control bus. On each assembly there
is a Peripheral Interface Adaptor (PI1A) which provides the interface between the bus system and the instru-
ment hardware.

Frequency measurements are performed by comparing an unknown signal to a reference frequency, namely
the time base. A 10 MHz crystal oscillator is used as the internal reference and is a part of the Gate Gener-
ator Assembly A107. For increased accuracy and stability, ovenized oscillator options are available, or the
user may select an external 10 MHz reference.

A frequency measurement is made by generating a time interval (Gate Time) consisting of a number
of cycles of the reference. This Gate Time is then used as an interval during which the input signal is count-
ed by the Count Chain Assembly A106.

Initially, the microprocessor selects one of several available inputs to the Count Chain Assembly and the
appropriate Gate Time based on user input information; band selection, resolution, etc. The microprocessor
then initiates the measurement cycle by resetting the Count Chain to zero and allowing a gate to be gener-
ated. During the gate interval, the Count Chain accumulates the number of cycles of the input signal. At
the end of the gate time, the microprocessor reads the stored information in the Count Chain and performs
any required calculations necessary to convert the measurement into a direct reading of the unknown
frequency. The front panel display is then updated with the new measurement results. Figure 4-1 shows
a simplified block diagram of the counter,

BAND 2 CONVERTER

An input signal is applied to the mixer along with an appropriate local oscillator (L.0.) to generate an
IF frequency in the range of 10 MHz to 190 MHz. This signal is filtered and amplified to a level suitable
for direct measurement by the Count Chain.

The L.O. frequency is generated by the Voltage Controlled Oscillator (VCO) of the Band 3 Converter.
This frequency is phase locked to the counter’s time base and controlled by the microprocessor. A VCO
multiplier serves to either pass along the signal directly or double it. It can also turn off the signal and
pass only a DC bias to the mixer,

Two detectors provide outputs proportional to the amplitudes of both the applied RF signal and the
resulting IF signal. These outputs are compared in the Signal Comparator, which provides a digital output
when the IF amplitude exceeds the RF amplitude.
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VCO » 375 - 435 MHz e FROM
MULTIPLIER vCo
DC BIAS,
' FV{'.O X1,0r Fyeo X2
10MHz IF
- 1GHz
10 MHz - 210 MH2 ouT
| ATTENUATOR ||  MIXER i LOW PASS 10 MHz - 200 MHz o
200 MH2 FILTER IF AMPLIFIER COUNT
= CHAIN
A106
- DETECTED IF
RF DETECTOR DETEETED OF IF DETECTOR
SIGNAL - TO
COMPARATOR MICROPROCESSOR

Figure 4-2 Band 2 Converter Block Diagram, Simplified

The output frequency of the system is the difference between the input signal and the L.O. applied to
the mixer. Since the L.O. frequency is a harmonic (N) of the VCO frequency, the unknown input fre-
quency can be expressed as F\N=N Fyco + F|F. There are three primary functions of the software operat-
ing the converter:

e To select the appropriate harmonic number N,

® Toselect an appropriate VCO frequency.

® To determine whether the IF frequency is added to, or subtracted from the L.O. frequency.
These functions are accomplished by selecting N and Fyco and looking for an IF signal of the appro-
priate amplitude and frequency. Overall system gain is such that whenever the correct L.O. frequency
is applied, the |F power will exceed the RF power. This is the primary information used in determining
the correct VCO frequency and harmonic number. Once an |F is obtained, the harmonic number is verified

and the +/- sign in the equation is determined by shifting the VCO frequency and observing the magnitude
and direction of the resulting IF shift. Converter operation is diagrammed in figure 4-3.
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MULTIPLIER
TO DC BIAS
PiE > PRE JE8 COUNT FIF <190 Mhz
IF
"NO NO
[
Fyco = 370 Mhz
MULTIPLIER
TO X1
YES COUNT 25 MHz < F g
FiE (1) < 185 MHz
NO
|
Fyeco = 425 MHz
YES | COUNT
Fir 1)
NO NO
[
Fyco = 375 MHz
MUiq'lPLIEH
TO X2
YES| COUNT 25'MHz < Fip
Fie (1) < 185 MHz
NO
|
Fyco = 425 MHz
YES COUNT 25 MHz < FIF
Fig (1) < 185 MHz
NO NO
|
FVCO = 489.9 Mhz '
PSP YES COUNT
IF RF F (1)
IF
NO NO

(ex1m )

YES

YES

CONVERTER
LOCKED
F=F

( ExiT )

YES

Figure 4-3. Band 2 Converter Operation
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The L.O. frequencies being used, except the range of direct counting (< 190 MHz), have been selected
so only IF frequencies from 26 MHz to 185 MHz are required. Since the counter can count signals less
than 10 MHz, the restricted operating range provides margin for frequency modulation on the input
signal, and for incrementing the VCO frequency.

Figure 4-4 shows the operating ranges for the various harmonics and VCO frequencies used.

Input IF
Frequency VCO Harmonic Frequency
Range Frequency Number Range
FIN(MHz) Fvco(MHz) N FIF(MHz)
10- 190 - 0 10- 190
185 - 345 370 1 185- 25
345 - 400 425 1 80- 25
400 - 560 375 1 , 25-185
560- 610 425 1 135- 185
610- 725 375 2 140- 25
725- 825 425 2 125-25
825- 935 375 2 75- 185
935 - 1035 425 2 85- 185
1035- 1164.8 489.9 2 55,2 - 185

Figure 4-4.  Band 2 Operating Ranges
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BAND 3 CONVERTER

Measurement of a signal in Band 3 is accomplished by down converting from the microwave range to
approximately 125 MHz. This is accomplished by mixing the input signal with a known reference fre-
quency which is found by selecting a VCO harmonic in the range of 400 to 500 MHz. The VCO frequency
can be selected in 50 kHz increments by using a microprocessor controlled phase lock system, while re-
taining the accuracy and stability of the counter’s time base reference.

A simplified diagram of the Band 3 converter is shown in figure 4-6. There are two major assemblies. The
Converter Control assembly (A108) and the Converter Assembly (A203),

CONVERTER CONTROL A108

The Converter Control assembly contains the interface between the microprocessor bus system and the
Converter (A203). A digital-to-analog converter and a precision current (YIG) driver provide a 2 MHz
frequency resolution for setting the YIG filter of A202.

A108 also contains the programmable VCO phase lock control system. This system lets the microprocessor
interface select any VCO frequency between 400 and 500 MHz, in increments of 50 kHz.

CONVERTER A203

The Converter assembly consists of three subassemblies,
® A201A, Voltage Controlled Oscillator (VCO) Assembly
® A2018B, IF Amplifier Assembly
® A202, Microwave Assembly (yig)

The A202 Microwave Assembly contains the Y1G filter, mixer and comb generator.

The input signal (1 GHz - 18 GHz/26.5 GHz) passes through a YIG filter on A202. The filter is an
electronically tunable bandpass filter, with an operating frequency proportional to its tuning current,
This filter determines the approximate frequency of the input signal, and filters out any undesired
signals, making it possible to count a signal at one frequency even if a larger signal is present at another
frequency.

When tuning the YIG filter to the input signal, the mixer is used as an RF detector, and its output is ampli-
fied in the video amplifier on the |F assembly .

The output of the Video amplifier is maximum when the YIG filter is tuned to the input signal. In the

case of multiple input signals, the video amplifier output determines which signal is largest,
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START

R

SEARCH
FOR
SIGNAL

Y

DETERMINE
LARGEST
SIGNAL

!

CENTER YIG

FILTER ON
SIGNAL

!

CALCULATE
N AND VCO
FREQUENCY

1

ADJUST VCO
E s0 that
IF = 125 MHz

|

Count IF
AND DISPLAY

F=NF oot Fp

IF
THRESHOLD

See Flgure 4-7.

See Figure 4-8,

See Figure 4-9.

See Figure 4-10,

NO

ADJUST FVCO

AND FYIG TO

RESTORE FlF o
125 MHz

See Figure 4-11,

Figure 4-6. Band 3 Operation, Simplified.
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On units equipped with the Power Measurement Option (02), accurate frequency correction factors are
stored in the counter’s memory. This allows absolute power calibration of the video amplifier output.

Once the YIG filter is tuned to the input signal, the appropriate harmonic number (N} and VCO frequency
(Fyco) are selected to produce an IF frequency (F|F) at approximately 125 MHz. An approximation
of the input signal is found by using:

FIN=NFyco £ F IF

The IF frequency produced in the mixer is amplified by the high gain IF amplifier and sent to the count
chain (A106). The IF threshold detector {A201B) insures sufficient IF amplitude for count accuracy.

OPERATION

First the YIG filter is stepped, (in 64 MHz steps), from its low to high limits. During this search the RF
detected output is fed, through a microprocessor controlled step attenuator to a threshold detector. After
each step the threshold detector is checked. If triggered, the search mode is halted until the amplitude of
the signal is determined. This is done by stepping the filter back and forth through the signal and stepping
the attenuator until the signal is attenuated below the threshold. The counter then returns to the search
mode to look for any larger signals. After searching the entire frequency range, it returns to the largest

signal and begins to center the YIG filter precisely on the input frequency. See Figure 4-6 for a simp-

lified diagram of Band 3 operation. For more detailed descriptions of Band 3 operation see Figures 4-7
through Figure 4-11.

The centering process consists of slowly stepping the YIG filter down (in 2 MHz increments) until a level
of 3-6 dB below the peak is reached. This frequency is stored and the process is repeated from the other side
by stepping the filter up in 2 MHz steps. The average of the two frequencies obtained is the center of the
passband. This is the frequency which is used to determine the N and FVCO‘

After centering, N is determined from N = Fy|G - 125 and then rounded up to the next highest integer.
500
From this, FycQ is calculated using Fyco = Fy|g - 125. Should this yield Fyco < 400 MHz, then

Fyvco is recalculated using Fyco = Fy|g + 125.
N

Since Fy |G is only approximately equal to F|p, the IF frequency will not be exactly 125 MHz. Therefore,
the next step in operation is a VCO frequency adjustment to shift Fjf into the middle of the IF passband.

VCO frequency correction is achieved by counting FjF and changing Fyco by * FiF - 125, If the error

is large enough to be outside the IF passband (IF threshold is not triggered) then a series of steps (shifting
the IF in * 20 MHz increments) are taken until the signal falls within the passband.

Once the VCO corrections have been made, the converter has acquired the signal and the counter is ready
to count and display the input frequency.
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After each measurement, the frequency of the IF is examined. If the input frequency has shifted more

than 10 MHz, new frequencies for the YIG and VCO are calculated to restore the IF to 125 MHz. This
method provides rapid tracking of a signal being tuned. )
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CONTROL YIG —=FLOW

Figure 4-8,
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YES
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Figure 4-7. Band 3 Search For Signal
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Section 5
Maintenance
and Service

This section contains information about your counter and instructions for performing
maintenance and service.

MAINTENANCE
FUSE REPLACEMENT

The Model 545A/548A Microwave Counter uses one fuse; it is located on the rear panel next
to the voltage select switch.

0 For 100/120 Vac operation use a 1.0-A slow-blow MDL-type fuse.
0 For 220/240 Vac operation use a 0.50-A slow-blow FST-type fuse.

The voltage select switch should be set to the proper line voltage.

WARNING

Be sure the counter is disconnected from the power line.

1.  With a flat-edged screw driver, rotate the voltage select switch until the arrow points to
the desired line voltage.

2. Change to a fuse with the value specified for the line voltage selected.
WARNING

Only fuses with the required rated current, voltage, and
specified type should be used. Do not use repaired fuses or
short-circuited fuse holders. To do so could cause a shock
or fire hazard.

CAUTION

Always be sure that the voltage select switch is set to
correspond to the ac power input voltage, or the counter
may be damaged.

AIR CIRCULATION

Air circulates through the vents in the rear panel of the counter. These vents must not be
obstructed or the temperature inside the counter may increase enough to reduce counter
stability and shorten component life.

PERIODIC MAINTENANCE

No periodic maintenance is required. To maintain accuracy, it is recommended that the
counter be recalibrated every six months.

If the following assemblies are repaired or replaced, the counter may require recalibration for
proper operation.
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0 Power Supply (A101)

0 Gate Generator (A107)

0 Converter Control (A108)

o) Microwave Converter (A102)

Care should be taken when removing any assemblies to prevent damage to components or

cables.
CAUTION
Do not attempt repair or disassembly of the Microwave
converter (A203) or Time Base Oscillator (A204)assemblies.
| Opening the sealed covers of these assemblies voids the
: warranty on the counter. Contact EIP or your sales
| representative.
\
SERVICE

DISASSEMBLY, REPAIR, REPLACEMENT, AND REASSEMBLY

GENERAL INSTRUCTIONS

To perform repairs on the 545A/548A printed circuit boards listed in the procedures below, you
will need to open the counter by removing the top and/or bottom covers. The top cover may
be removed by loosening the six screws that secure it to the counter frame. The bottom cover
is held in place to the bottom of the frame by four screws.

Refer to Figure 5-1, Counter Assembly Locations, on page 5-9, for the names and locations of
parts and assemblies described in this procedure. Numbers referred to in brackets [ ] in
these procedures are keyed to the numbers in Figure 5-1. Cables are referred to by their
reference designators (W-) so that they can be located in Figure 5-1. Cables are further
identified by their EIP part numbers (2040XXX-01) because these part nmbers are printed on
the cables themselves. The format in which socket J1 on the A101 baord is referred to as
A101J1 is used throughout this procedure.

WARNING

Before proceeding with any further disassembly, be sure the
counter is disconnected from the ac power source. Voltages
as high as 230 Vac may exist in the counter. Serious injury or
DEATH may result from contact with these potentials.

A101 POWER SUPPLY

Disassembly

1. To remove the A101 board, both top and bottom covers must be removed. Take off the
top cover by removing the six screws that secure it to the counter frame [1]. Turn
tecounter over and take off the bottom cover by loosening the four screws that hold the
bottom cover to the frame.

2.  With the counter still up side down, unscrew the four screws that hold the A101 board to
the Main Interconnect board (A110).
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3. Return the counter to the upright position. Disconnect from J1 on the A101 board the
connector attached to the W6 cable from the transformer (T1).

4. Lift the board extractors [2] away from the center of the board to unlock the board from
the card guides (3] and remove the board from the counter.

Reassembly

1. To reassemble, thread the board into the card guides (3], and press it down about an
inch.

2. Attach the connector for the W6 cable to A101J1.
2. Press the board down the rest of the way until it is seated.
3.  Flip the board extractors [2] down to lock the board into position.

4. Screw in the four screws that attach the A101 board to the Main Interconnect (A100)
board from the bottom.

A102 (OPTION 08, GPIB)

If your instrument is equipped with Option 08, GPIB programming capability, the GPIB board
will be present in the A102 slot.

Disassembly

1. Lift the board extractors [2] away from the center of the A102 board to unlock it from the
card guide [3].

2. Slide the board up and remove from the counter,

Reassembly

1. To reassemble, thread the board into the card guides [3], and press it down until it is
seated.

2. Flip the board extractors [2] down to lock the board into position.
A105 MICROPROCESSOR

Disassembly

1. Lift the board extractors [2] away from the center of the A105 board to unlock it from the
card guide.

2. Slide the board up and remove from the counter,

Reassembly

1. To reassemble, thread the board into the card guides [3], and press it down until it is
seated.

2. Flip the board extractors [2] down to lock the board into position.
A106 COUNT CHAIN

Disassembly

1 Lift the board extractors [2] away from the center of the board to unlock it from the card
guide.
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2.  Slide the board up about an inch until the cables can be disconnected.

3. Disconnect from A106J1 the connector for the W15 cable (2040210-01) from A109J5.
4. Disconnect from A106J2 the connector for the W14 cable (2040172-01) from A201J1.
5.  Lift the board up and out of the instrument.

Reassembly

1. To reassemble, thread the board into the card guides [3], and lower it about an inch.
2. Reconnect cable 2040210-01 to A106J1.

3. Reconnect cable 2040172-01 to A106J2.

4. Press the board the rest of the way down until it is seated.

5 Flip the board extractors [2] down to lock the board into position.

A107 GATE GENERATOR

Disassembly

4

Lift the board extractors [2] away from the center of the board to unlock it from the card
guide.

2.  Slide the board up until the cables can be disconnected.

3. Disconnect from A107J1 the connector for the W8 cable (2040173-01) from A201J4.

4, Disconnect from A107J3 the connector for the cable (2040227-01) from A108J3.

5. If your instrument is equipped with Option 03/04/05, Time Base Oscillator, disconnect
from A107J2 the connector for the W30 cable (2040179-01) from A114,the optional time
base oscillator and J6 (not shown) on the Main Interconnect (A100) board) .

6. Lift the board up and out of the instrument.

Reassembly

1. To reassemble, thread the board into the card guides [3], and lower it about an inch.

2. Reconnect cable 2040173-01 to A107J1.

3. Reconnect cable 2040227-01 to A107J3.

4. Reconnect cable 2040179-01 (if present) to A107J2.

5. Press the board the rest of the way down until it is seated.

6. Flip the board extractors [2] down to lock the board into position.

A108 CONVERTER CONTROL (BAND 3)

Disassembly

1.

2.

Lift the board extractors [2] away from the center of the board to unlock it from the card
guide.

Slide the board up about an inch until the cables can be disconnected.
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3. Disconnect from A108J1 the connector for the W6 cable (2040208-01) from A109J3.
4.  Disconnect from A108J2 the connector for the W9 cable (2040174-01) from A201J3.

5. Disconnect from A108J3 the connector for the cable (2040227-01) from A107J3.

6.  Lift the board up and out of the instrument.

Reassembly

1. To reassemble, thread the board into the card guides [3], and lower it about an inch.
2. Reconnect cable 2040208-01 to A108J1.

3. Reconnect cable 2040174-01 to A108J2.

4. Reconnect cable 2040227-01 to A108J3.

5. Press the board the rest of the way down until it is seated.

6. Flip the board extractors [2] down to lock the board into position.

A109 BAND 2 CONVERTER

Cisassembly

1.

Lift the board extractors [2] away from the center of the board to unlock it from the card
guide [3].

2. Lift off clip [10] that is attached to card cage edge from A109 board.

2.  Slide the board up about an inch until the cables can be disconnected.

3. Disconnect from A109J1 the connector for the W17 cable (2040175-01) from A201J2.

4. Disconnect from A109J3 the connector for the W16 cable (2040208-01) from A108J1.

5. Disconnect from A109J4 the connector for the W11 cable (2040166-01) from J112 (Band
2 input on the front panel).

6. Disconnect from A109J5 the connector for the W15 cable (2040210-01) from A106J1.

7. Disconnect from A109J6 the connector for the W10 cable (2040165-01) from J111 (Band
1 input on the front panel).

8. If the instrument is a 548A equipped with option 06, Extended Frequency (Band 4),
disconnect from A109J2 the connector for the W27 cable (2040213-01) from P1 on the
Option 06 (Band 4 Converter) assembly.

9.  Lift the board up and out of the instrument.

Reassembly

1. To reassemble, thread the board into the card guides [3], and lower it about an inch.

2. Reconnect cable 2040175-01 to A109J1.

3. Reconnect cable 2040208-01 to A109J3.

4.  Reconnect cable 2040166-01 to A109J4.
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Reconnect cable 2040210-01 to A109J5.

Reconnect cable 2040165-01 to A109J6.

If present, reconnect cable 2040213-01 to A109J2.

Press the board the rest of the way down until it is seated.

Flip the board extractors [2] down to lock the board into position.

A111 FRONT PANEL LOGIC

Disassembly

1.

10.

11.

With top cover off, remove two screws [8] holding front black bracket (5210235-01) [4]
to front edge of counter frame.

Remove two more screws [ 9] that hold front panel assembly (consisting of front panel
overlay [5], Front Panel Display and Keyboard A110 board, and Front Panel Logic A111
board) to front edge of frame.

With the bottom cover off, remove four screws (in positions corresponding to the top
screws) that hold front panel assembly to bottom of front edge of counter frame.

Loosen eight screws [6] (two on top of right corner post, two on top of left corner post,
two on bottom of right corner post and two on bottom of left corner post) that hold front
panel board to side panels.

Pull side panels (7] apart slightly and pull boards forward and free of side panels so that
cable connectors can be disengaged.

Disconnect from A11J5 the W19 cable (2040168-01) from transistor U14 on support
bracket [8].

Disconnect from A111J4 the W20 cable (2040168-00) from R101 (Sample/Hold control)
on front panel.

Disconnect W1 cable (2010189-01) from power switch assembly (S101) on front panel.

Disconnect at A109/Band 2 Converter board end W10 cable (2040165-01) for Band 1
from J6A109 and W11 cable (2040166-01) for Band 2 from J4A109. These cables must
stay with the A111 board.

Disconnect from A111P2 the W7 cable (2040169-01) from J1 on A100 (Main
Interconnect board).

If instrument is a 548A equipped with Option 06, extended frequency, disconnect at A204
Band 4 Converter end the W28 cable (2040231-01) from J1A204 and the W29 cable
(2040232-01) from J2A204. These cables must stay with the A111 board.

A110 FRONT PANEL DISPLAY AND KEYBOARD

To gain access to the A110 (Front panel Display and Keyboard) board, it is necessary to
separate the Front Panel Logic (A111) board from the Front Panel Display (A110) board.

1

Unscrew the eight screws (four on the upper edge and four on the lower edge) that hold
the A110 and A111 boards and the front panel overlay together and lift the boards from
the front panel.
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2.

3.

Then unscrew a ninth screw (about halfway down on the left side of the boards) that
holds the A110 and A111 boards together.

Gently separate the two boards.

Reassembly of A110 to A111

1

To reassemble Front Panel Logic (A111) board to Front Panel Display and Keyboard
(A110) board and front panel overlay, replace A111 on A110 as it was when removed
from the counter.

Secure with screw at center of left edge of both boards.

Secure both boards to front panel overlay with eight screws (four on upper edge and four
on lower edge).

Reassembly of A110, A111, and Front Panel Overlay to Counter

1.

10.

i

12.

13,

To reassemble front panel assembly to counter, position the front panel assembly just
outside of its normal position in the counter so that the cables can be reattached.

Reconnect W20 cable 20401342-01 to A111J4.
Reattach W19 cable 2040168-01 to A111J5.
Reconnect W1 cable 2040167-01 to S101.
Reconnect W10 cable 2040165-01 to A109J86.
Reconnect W11 cable 2040166-01 to A111J1.
Reconnect W7 cable 2040169-01 to A100J1.

If the instrument is a 548A with Option 08, reconnect W28 cable (2040231-01) and W29
cable (2040232-01) from Band 4 Converter to A111J1 and A111J2 respectively.

Spread the side panels [7] slightly to allow the front panel assembly to be inserted in its
proper position.

Tighten the two screws [6] on the top of the left corner post, the two screws [6] on the
top of the right corner post and the two screws each on the bottom right and left corner
posts that hold the front panel boards to the side panels.

Secure front panel assembly (consisting of front panel overlay, front panel display and
keyboard board and front panel logic board) to top of front edge of frame with two
screws [9].

Secure black bracket [4] (5210235-01) to front panel assembly with two screws [8].

Secure front panel assembly to bottom of front edge of counter frame with four screws in
positions corresponding to screws in top of frame,

FACTORY SERVICE

If the counter is being returned to EIP for service or repair, be sure to include to include the
following information with the shipment. Pack the counter for shipping per instructions in
Section 2.

1s

Name and address of owner.
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2.  Model and complete serial number of counter.

3. Complete description of the problem (Under what conditions did the problem occur?
What was the signal level? What equipment was attached or connected to the counter?
Did that equipment experience failure symptoms?).

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

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

FIELD SERVICE

EIP has an assembly exchange program. All plug-in assemblies, modules, and the front panel
assembly may be exchanged.

After you have identifed a faulty assembly, call EIP with the assembly number and shipping
information. A replacement can be shipped within 24 hours. After you have received the
replacement assembly, return the faulty assembly to EIP for credit.
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Figure 5-1. Counter Assembly Locations
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Section 6
Troubleshooting

This section defines troubleshooting aids that are incorporated in the '545A/548A counter. They are:
® Signature analysis

® Self diagnostics

® [Keyboard controlled circuit tests

The procedures and tables are provided for troubleshooting to a functional circuit level.

SIGNATURE ANALYSIS

Signature analysis is a technique used to troubleshoot complex logic circuitry. It uses data compression
to reduce any data pattern to a 4 character alpha-numeric word.

The start and stop inputs define the measurement window. Each time a transition within the measure-
ment window occurs on the clock input, the probe is sampled, and the logic level is shifted into the ana-
lyzer. This information is used to generate a signature unique to that data string. That signature can then
be compared to a reference signature, taken from a known good product, to determine if the data string
is correct. The counter implements signature analysis in either a free running or program controlled manner.

FREE RUNNING

This mode of signature analysis is essential for trou bleshooting problems that could prevent the program
from running. A CLRB instruction can be forced by breaking the data bus at A105 E1 and placing it in
socket A105 E2, effectively “free running”” the microprocessor. “Free running’ means forcing a simple
instruction (such as NOP or CLRB) on the data bus, which the microprocessor sees at every address
location. This causes the microprocessor to continually cycle through its entire address range, accessing
everything on the address bus as it does. By strategically placing the start and stop connections the entire
bus system can be probed for bad signatures.
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START STOP CLOCK
CONNECTIONS A105 TP4 A105 TP4 A105 TP3
BUTTONS IN IN IN
LINE SIGNATURE LINE SIGNATURE
A0 (P1 Pin 54) uuuu
A1 (P1 Pin 54) FFFF
A2 (P1 Pin 53) 8484
A3 (P1Pin51) P763
A4 (P1 Pin 50) 1USP
A5 (P1 Pin 49) 0356
AB (P1 Pin 48) U759
A7 (P1Pin 47) 6F9A
A8 (P1 Pin 46) 7791
A9 (P1 Pin 45) 6321
A10 (P1 Pin 44) 37C5
A11 (P1 Pin 43) 6U28
A12 (P1 Pin 42) 4FCA
A13 (P1 Pin 41) 4868
A14 (P1 Pin 40) 9UP1
A15 (P1 Pin 39) 00001
U3 Pin7 76AC
US Pin 8 0000
TP6 854F
TP7 PACH
TP8 755F
TP9 755H
UBPin 19 u3r7
U9 Pin 18 0003
U10 Pin 18 0003
U17 Pin 1 9F 14
U17 Pin 2 9F17

+ 5V 0003, phase 2 0003 "

Due to the synchronous qualities of the signature analyzer, phase 2 will read the same as + 5V but

the logic probe will be flashing. Likewise, anything gated with phase 2 may have the same signature

as the ungated signal.

Figure 6-1. Microprocessor Free Running Signatures
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PROGRAM CONTROLLED

If the counter is working sufficiently to access the test functions, program controlled signature analysis
can be used. In program controlled signature analysis the start and stop (and therefore the signature)
are controlled by software. This allows the signature analyzer to be used, in many cases, to troubleshoot
the hardware outside the bus system.

SELF DIAGNOSTICS

At turn-on, the counter performs several internal diagnostic checks, checking the RAM, PROM, and
the associated decoding circuitry. The display shows dashes during these checks. If the counter passes
the tests it then enters the normal operating mode. |f it fails RAM check, the display will show all Es, |f
the counter fails any of the PROM checks, an error message will be displayed. Please refer to Figure 6-2.

The counter generates PROM error signatures only during the power up diagnostics check. It is
necessary to turn the power off, and then on again, while the signature analyzer is connected, to
get a signature.

START STOP CLOCK PROBE
CONNECTION A106 TP5 A106 TPS A105 TP8 A105 TP6 (+5V)
BUTTONS ouT 1t IN 4 IN V|
PROBLEM ERROR SIGNATURE
Ram Bad All E's
A105 U11 (Basic Program) Bad 31
, A105 U12 (Basic Program) Bad 32
A105 U13 (Basic Program) Bad 33

Figure 6-2. Self Diagnostic Error Indications
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KEYBOARD CONTROLLED CIRCUIT TESTS

TEST
There are 11 keyboard controlled circuit tests (01 thru 11). All tests are accessed by pressing [j
and then the two digit test number. Tests which do not require keyboard inputs to function (tests 01, 02,
03, 04, 06, 07, 11) can be exited by pressing any key. The counter will exit the test and enter the functions

selected. Tests which use the keyboard in their operation (tests 05, 08, 09, 10) can be exited by pressing
CLEAR

any key not used by the test. All tests can be exited by pressing . The counter will return to
DISPLAY

normal operation. Some tests require hexidecimal coded keyboard inputs (tests 08, 09, 10). For those

tests the keyboard is defined in figure 6-3.

MULT MH2z
-
UNITS
FREQ FREQ LIMIT -5
offset low high GHz B
iAii iiSO' TE iT ATA C
RESET
DISPLAY
|
KEY HEX EQUIV. KEY HEX EQUIV.
0 0 9 9
1 1 MHz A
2 2 GHz B
3 3 CLR DATA C
4 4
5 5 ™ D
6 6 +/— E
! 7 RESET F
8 8 CLR DISPLAY EXITS TEST

Figure 6-3. Keyboard Configuration For Tests Requiring Hexadecimal Inputs.
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START sTOP CLOCK PROBE
CONNECTION OuUT ¢ IN | IN |
BUTTONS A106 TP A106 TPS A105 TP8 A105 TP6 (+5V)
BUTTON COORDINATES SIGNATURE
Reset 47 u68cC
Power Meter ON/OFF 46 U7HA
Power Meter Offset 36 20P6
dB 16 U2F9
DAC 26 811P
7 41 A19C
8 42 66PU
9 43 CCH7
MHz 44 UsPU
4 31 PUPH
5 32 uUc70
6 33 HF3A
GHz 34 OPA2
1 21 APH1
2 22 C45H
3 23 1766
CLR DATA 24 H9C8
+/— 1 375U
0 12 H7PC
L 13 UAHH
CLR DISPLAY EXIT TEST C75U

Figure 6-4. Keyboard Test Coordinates and Signatures,
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TESTS

01

02

03

04

05

06

200 MHz Self Test This test sets the VCO to 400 MHz, divides it by two, and counts the 200 MHz
output from the divider. It checks the count chain, VCO and VCO phase lock circuitry, and the gate
generator.

8's Test  This will light all LED's, annunicators, and decimal points. It checks that everything on the
display is lit, the intensity of the display, and the alignment of the LED's and annunciators.

Display Segment Test This lights one segment of each digit, and one annunciator at a time, cycling
through all segments. The cycle rate can be adjusted with the sample rate pot. It verifies that each
segment of the display, segment drivers and display multiplexer operate properly and independ-
ently.

Display Digit Test This lights one entire digit, and its decimal point, at a time. It cycles through
all digits and annunciators. The cycle rate is determined by the sample rate pot. It checks each digit
and digit driver independently, and verifies operation of the display multiplexer.

Keyboard Test This will display the coordinates of each key as it is pressed. It also generates a
unique signature for each key, so the keyboard can be checked without the display. Test 05 may
be entered by keyboard or by momentarily tying A108 TP1 to A105 TP6. This makes it possible
to enter the keyboard test for troubleshooting even if the keyboard is not operating well enough to
enter the test in a normal manner. Test 05 checks the keyboard, keyboard interrupt, and keyboard
decode circuitry. The coordinates and signatures for each key are shown in figure 6-4.

Converter Ramp Test Test 06 continuously ramps the Band 3 Converter DAC from 0 to 27 GHz,
in 2 MHz (LSB) steps. It also generates a signature for each of the inputs to the DAC. (See figure
6-5). It can be used to test the yig DAC, yig drivers, yig, and Band 3 RF level circuits.

START STOP CLOCK
CONNECTIONS A106 TPS A106 TP5 A105 TP8
BUTTONS ouT 1t IN L IN
NODE SIGNATURE NODE SIGNATURE
A108 U4 Pin 2 9u78 A108 U4 Pin 9 7763
A108 U4 Pin 3 9946 A108 U4 Pin 10 HPBA
A108 U4 Pin 4 BF62 A108 U4 Pin 11 P45A
A108 U4 Pin 5 89U9 A108 U4 Pin 12 BOAS8
A108 U4 Pin 6 833F A108 U4 Pin 13 77U6
A108 U4 Pin 7 uacc A108 U4 Pin 14 7245
A108 U4 Pin 8 FCAG A108 U4 Pin 15 28U9
+ 5V 49P4

Figure -6, Converter Ramp Test Signatures
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07

08

09

19

n

VCO Test This test cycles the VCO frequency from 400 to 500 MHz, in increments of 50 kHz,
The cycle rate can be adjusted by the sample rate pot. 07 tests the VCO and the phase lock circuitry.

Power Meter Offset Test This makes it possible to set the power meter zero DAC to any setting.
The setting is entered as a four digit hexidecimal number (figure 6-5). The first two digits are used
to program the course offset DAC, and the last two digits program the fine offset DAC. Test 08
enables the power meter zero DAC to be tested, and can provide a DC level signal to aid in testing
the power meter circuit.

Power Meter Gain Test This makes it possible to set the power meter sensing circuit to any num-
ber. The number is entered as a five digit hexidecimal number (figure 6-5) in the following format.

1st digit A107 U10 bits 4-7

2nd digit A107 U10 bits 0-3

3rd digit A107 U12 bits 4-7 (Power Meter Option only)
4th digit A107 U12 bits 0-3 (Power Meter Option only)
5th digit bit 0 Sets Amp marked 15 dB Gain" to high gain
5th digit bit 1 Sets Amp marked 30 dB Gain’’ to high gain

Digit 5 is a 2 bit number, so any number entered for digit 5 will be justified to a number from 0-3.
Test 09 checks the RF level and power meter circuits.

Information Read/Alter Routine Test 10 can read any microprocessor address and, if that address
is RAM or 1/0, change its contents. The desired address is entered as a 4 digit hexidecimal number
(see figure 6-5). When the 4th digit is entered the counter will display the contents of the desired
address. The contents are then changed by entering a two digit hexidecimal number,

NOTE

Test 10 can change any temporary storage in
the counter, including locations that are essen-
tial to the operation of the counter. Changing
the wrong location will not damage the counter
permanently, but it can cause improper opera-
tion. To return the counter to proper operation
turn the counter off then back on,

Test 11 for the DAC option 01 is described in Section 10.
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SIGNIFICANT ADDRESSES, 1/0 PORTS

If an 1/O bit is configured as an output, the number read by test 10 will be the same number that is pro-
grammed. If an 1/0 bit is configured as an input, the number read by test 10 will be the input signal level
on the 1/O line. Therefore, if an I/O port is programmed, and then read, the number displayed may not
correspond to the number programmed because some bits of the |/O port may be configured as inputs.

DESCRIPTION ADDRESS OF ADDRESS OF
PA PORTS PB PORTS
PIA on Count Chain (A106) 2C00 2C02
PIA on Gate Generator (A107) 1900 1902
Frequency Control PIA on Converter
Control (A108) 1840 1842
Programmable Counter PIA on
Converter Control (A108) 1820 1822
PIA on Band 2 Converter (A109) 1880 1882
‘ PIA on Front Panel Logic (A111) 1808 180A
‘ PIA on BCD/Remote (A102) 9A00 9A02
| PIA on DAC Board (A103) AB20 A822
DESCRIPTION ADDRESS
| GPIB Address Switch 1C04

Figure 6-6. 1/0 Addresses.
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Two important |/O port locations are the yig frequency control (address 1840, 1842) and the VCO fre-
quency control (address 1820, 1822).

To convert from the desired yig frequency to the PIA program number:

1. Round the desired frequency to a multiple of 2 MHz (The yig DAC resolution is 2 MHz).
2. Divide the desired frequency in MHz by 2 (F/2).

3. Convert F/2 from decimal to hexidecimal.

4. The two most significant digits are programmed to address 1842, and the two least significant digits
are programmed to address 1840.

To convert from the desired VCO frequency to the PIA program number:

EXAMPLE (420. 75 MHz)

1. Round the desired frequency to a multiple of 50 kHz
(The resolution of the VCO frequency is 50 kHz).

2. Multiply the desired frequency (in MHz) by 5. ... ... ... ... .. ....... 420. 75 X 5=2103.75

3. If the result contains no fractional part, go to step 8.

4. Multiply only the fractional part by 16 . . . . .. .. ..t e e et e 75X 16=12
5. Add the result to the most significant digit fromstep 2. . .. ...... MSD of 2103.756=2-2+12=14
6. Convert the result to hexidecimal. . . ... . ..ot e e e e 1410 = E16

7. Replace the MSD from step 2 with the result from step 6

and drop the fractional part. . . .. .. . . it e e 2103.75 —E103

8. The two most significant digits are programmed to address 1822, and the two least significant digits
are programmed to address 1820,
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SIGNIFICANT ADDRESSES, RAM

All storage in RAM are in the following formats.

REGISTER FORMAT, FREQUENCY STORAGE

REGISTER FORMAT, POWER STORAGE

ADDRESS SIGN (00=+, FF = —) ADDRESS SIGN (00 = +, FF = =)
ADDRESS + 1 100 GHz 10 GHz ADDRESS + 1 NOT USED
ADDRESS + 2 1 GHz 100 MHz ADDRESS + 2 NOT USED
ADDRESS + 3 10 MHz 1 MHz ADDRESS + 3 NOT USED
ADDRESS + 4 100 KHz 10 KHz ADDRESS + 4 NOT USED
ADDRESS +5 1 KHz 100 Hz ADDRESS + 5 100 dB 10 dB
ADDRESS + 6 10 Hz 1 Hz ADDRESS + 6 1dB .1dB
REGISTER ADDRESS

L.O. frequency 01A8

I.F. frequency 023F

Frequency output to display 0188

Frequency limit low 0258

Frequency limit high 0254

Frequency offset 0246

Figure 6-7. Frequency Storage Registers
REGISTER ADDRESS
Power output to display 01BF
Power offset 024D

Figure 6-8.
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TROUBLESHOOTING TREES

Troubleshooting trees are intended only as a guide, and do not describe every possible failure situation.
Turn power off before removing or installing any P.C. boards or connectors. If the following assemblies
are repaired or replaced, recalibration of the counter will be necessary.

A101 Power Supply
A107 Gate Generator
A108 Converter Control
A203 Converter Assembly

CAUTION

Do not attempt to repair or disassemble
the A203 hybrid assembly.

TEST EQUIPMENT REQUIRED

MANUFACTURER MODEL DESCRIPTION CRITICAL PARAMETERS
Tektronix 475 Oscilloscope 100 MHz min. Bandwidth
Fluke 8050A D.V.M. 44 digit resolution

H.P. 182C, 8559A Spectrum Analyzer 125 MHz

H.P. 5004A Signature Analyzer

H.P. 6518 Signal Generator 10 Hz - 10 MHz

Wavetek 2002 Sweeper 10 MHz - 2 GHz

EIP 928 Microwave Source 1 GHz - 18.6 GHz

H.P. 8690A, 8696A Microwave Sweeper 18 GHz - 26. 5 GHz

Figure 6-9. Troubleshooting Test Equipment (Or Equivalent).

To use the troubleshooting trees:

1. Refer to the main troubleshooting tree.

N

Step through the main troubleshooting tree, performing all necessary checks, until the failure mode
is noted.

3. Refer to the appropriate troubleshooting tree for that failure mode.
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TURN UNIT ON
IS FAN RUNNING?

NO CHECK FUSE, AC POWER, AND
ON/OFF SWITCH

+YES

CHECK POWER SUPPLIES,

Figure 6-10. Main Troubleshooting Tree

6-12

BLANK
PLAY | DISPLAY POWER SUPPLY, AND
NOTE DISPLA DISPLAY DECODE LOGIC.
INVALID
CHARACTERS
= SEE FIGURE 6-11
2ERO PROGRAM
INOPERATIVE
1
ALL UNIT FAILED RAM CHECK
a THE SYSTEM RAMOR DOES UNIT RESPOND TO
THE RAM DECODING CHIPS ON EVEDARD?
A105 ARE BAD.
YES NO
E;‘Zg” Y L= SEE FIGURE 612,
0. !
UNIT FAILED PROM CHECK. EEYHOARD
REFER TO ERROR MESSAGE CHECK BAND 1 OPERATION.
| TABLE FOR BAD PROM OR PROM DOES BAND 1 OPERATE
DECODING. PROPERLY?
ZEROS YES |N°
T | SEE FIGURE 6-13,
DIGITS BAND 1
MISSING DISPLAY DIGIT DRIVER PRESS: TEST, 0, 1
CIRCUITRY BAD. USE TESTS 02 | | DOES TEST 01 COUNT 200 MHz?
AND 04 TO TROUBLESHOOT.
YES NO
5‘5?35 ¥ —--ssfogmuns 614,
MHz TEST
el CHECK BAND 2 OPERATION ‘
MISSING DISPLAY SEGMENT DRIVER -
= CIRCUITRY BAD. USE TESTS 02 DOES;'AND 2 OPERATE
AND 03 TO TROUBLESHOOT. ROPERLY?
YES NO
1 DIGIT | L = SEE FIGURE 6-15.
LIT VERY BAND 2
BRIGHTLY
DISPLAY MUX CHECK BAND 3 OPERATION.
DRIVER BAD DOES BAND 3 OPERATE
PROPERLY?
YES NO
| | = SEE FIGURE 6-16.
BAND 3
UNIT OK
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PROGRAM IS NOT
RUNNING PROPERLY.
CHECK POWER SUPPLIES.

BAD

* GOOD

CONNECT SCOPE TO
A106U1 PIN 37
TURN COUNTER OFF, THEN
BACK ON. AT TURN ON DOES PIN
40 GO LOW FOR APPROX. 50 ms,
THEN GO HIGH?

NO

POWER SUPPLY OR
POWER LINE INPUT BAD.

* YES

REMOVE E1 TO INSTALL E2
CONNECT SIGNATURE
ANALYZER AS INDICATED IN
FIGURE 6-1.

PROBE ALL POINTS INDICATED.
ARE ALL SIGNATURES GOOD?

NO

POWER ON
RESET CIRCUITRY
BAD

YES

\

TURN COUNTER OFF
REMOVE GROUND
FROM A105 TPS

REPLACE E2 TO E1
REMOVE ALL PCB’s EX-
CEPT MICROPROCESSOR (A105)
AND DISPLAY (A110).
TURN UNIT ON. DOES UNIT
DISPLAY DASHES FOR APPROX.
1 SEC. THEN DISPLAY ZEROS?

NO

PROBE TO POINT WHERE BAD
SIGNATURE STARTS. REPLACE
BAD COMPONENT.

'YES

ONE AT A TIME REPLACE PC
BOARDS AND REPEAT PREVIOUS
STEP UNTIL BAD BOARD IS
FOUND. DATA BUS OR PIA ON
THAT BOARD IS BAD.

A105 U8 BAD, OR DATA BUS ON
MOTHER BOARD (A100) OR DIS-
PLAY LOGIC BOARD (A110) BAD.

Figure 6-11. Program Inoperative
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TURN UNIT OFF, THEN BACK ON.
WHILE UNIT IS STILL DISPLAY-
ING DASHES, PRESS BAND AND
HOLD IT IN, WHEN THE DISPLAY
GOES TO ZEROS, IS THE BAND
LIGHT FLASHING?

YES NO

!

ENTER KEYBOARD TEST BY
MOMENTARILY TYING A108TP1
TO A105TP8. PRESS ANY KEY.
DOES THE DISPLAY SHOW

CXX (XX = COORDINATES)?

{Figure 6-9)

YES NO

KEYBOARD SCAN OR KEYBOARD
INTERRUPT CIRCUITRY BAD.

KEYBOARD OR KEYBOARD !

BUFFER BAD.
\
WITH SCOPE LOOK AT
A201B-E4 (I.F, THRESHOLD)
ISITATTL LOW?
YES NO
I.F. AMP OR LF.

T THRESHOLD BAD.

R F LEVEL FROM I.F. AMP BAD,
POWER METER ZERO DAC BAD,
OR POWER METER BAD.

GO TO POWER METER TROUBLE-
SHOOTING TREE. Figure 6-11,

Figure6-12. Keyboard
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CONNECT A 50 MHz -20 dBm
INPUT TO BAND 1. CHECK
A109TP5. ISIT ATTL LOW?

YES NO
IMPEDANCE CONVERTER OR

\ -
SIGNAL SELECT ON A109 BAD.

IS GATE LIGHT FLASHING?

YES NO

CHECK A107U22PIN 2. ISIT A
CHECK THE ANODE OF A106 CR4, .
IS IT A .5V, 50 MHz 100 KHz TTL LEVEL CLOCK ?

SQUARE WAVE ?
YES \ NO
YES [ NO
REF OSC SELECTOR/DIVIDER ON
SIGNAL SELECTOR ON A106 BAD A107 BAD.
\
CHECK A106TP1. IS IT A 50 MHz
PULSE, ABOUT 3 ns WIDE? PRESS: TEST, 0, 4
AS THE SAMPLE RATE POT IS
. r NG VARIED DOES THE CYCLE RATE
\ OF THE DISPLAY VARY ?
A106 SIGNAL CONDITIONING
CIRCUIT BAD. YES NO
/
SAMPLE RATE CIRCUITRY ON
CHECK A106TP7. IS IT A 5 MHz, A111 BAD.
TTL LEVEL CLOCK?
YES NO
RIRAT DED SN 18 OGIATEN GATE GENERATOR ON A107 BAD

COUNT CHAIN CIRCUITRY ON
A106 BAD.

Figure6-13. Band 1
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CHECK SIGNAL AT A201A-J2

NO OUTPUT

FREQUENCY
OTHER
THAN 400 MHz

VCO BAD

400 MHz
|

PHASE LOCK CIRCUITRY ON
A108 BAD.

CHECK A109U3 PIN 3, IS IT AN
ECL LEVEL 200 MHz CLOCK?

YES NO

|

L.O. BUFFER OR DIVIDE BY 2 ON
A109 BAD.

SIGNAL SELECTOR ON A109 BAD

Figure6-14. 200 MHz Test

(START)

CHECK BAND 2
OPERATION FROM 10 MHz TO
190 MHz (BAND 2A). DOES BAND

2A WORK PROPERLY?

NO YES

L.O. SELECT CIRCUITRY ON
A109 BAD.

CONNECT A 50 MHz, -20 dBm
SIGNAL TO THE BAND 2 INPUT.
CONNECT A SCOPE TO A109TP12.

IS A109TP12 ATTL HIGH?

NO YES

SE——

|

ISOLATION AMP, 200 MHz L. P.F.,
I.LF. AMP, OR BAND 2 LOCK DET.
ON A109 BAD.

SIGNAL SELECT CIRCUITRY ON
A109 BAD.

Figureg-15. Band 2
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START

WHAT IS SYMPTOM OF BAND 3
PROBLEM?

UNIT COUNTS UNIT COUNTS AFTER
WRONG NUMBER SIGNAL IS REMOVED

—

VCO IS GENERATING
WRONG FREQUENCY, CONNECT
CONVERTER TO A109J2. (VCO
REF.) IS FREQUENCY BETWEEN

400 MHz AND 500 MHz?

AND STABLE?

‘YES NO

® LOCK CIRCUITRY ON
A108 BAD.

\

VCO NOT @ LOCKED.
CONNECT A POWER SUPPLY TO
A201J3. VARY VOLTAGE FROM
-2 TO +9V. DOES THE VCO FRE-
QUENCY VARY FROM APPROX.
370 MHz TO APPROX. 510 MHz?

|.F. THRESHOLD BAD

UNIT DOES
NOT COUNT

\

WITH NO SIGNAL INTO THE
COUNTER, CONNECT A SCOPE
TO A100J7 PIN 2. DOES IT CON-

TAIN A 60 ms RAMP?

YES NO

B

YES NO
\

@ LOCK CIRCUITRY ON
A108 BAD.

CONNECT A SIGNAL WITHIN THE
OPERATING RANGE OF BAND 3
TO THE BAND 3 INPUT. WITH A
SCOPE LOOK AT A100J7 PIN 2.
IT SHOULD CONTAIN A COM-
PLEX WAVEFORM. DOES A POR-
TION OF THE WAVEFORM LOOK
LIKE PHOTO A

VCO BAD

NO YES

TTITIN

PHOTO A,

POWER METER OR
POWER METER ZERO CIRCUITS
ON A107 BAD.

SEE FIGURE 6-20,
= POWER METER

Figure 6-17. Band 3
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CONNECT A SPECTRUM
ANALYZER TO A106J3. AS THE
COUNTER FINDS THE INCOMING

SIGNAL AN L.LF. OF
126 MHz  + 20 MHz SHOULD BE
GENERATED, THEN THE I.F,
SHOULD BE CORRECTED TO
125 MHz EXACTLY.

O.K.

FREQUENCY INPUT OUTSIDE
FREQUENCY LIMITS OR SIGNAL
SELECTOR ON A106 BAD.

NO IF.

VCO POWER AMP BAD.

DOES NOT
CORRECT I.F.

I.F. THRESHOLD BAD.

THE WRONG FREQUENCY.

PERFORM CONVERTER
CALIBRATION (SECTION 7). IF
PROBLEM IS NOT FIXED, PRESS:
TEST, 0,6. WITH A SENSITIVE
SCOPE LOOK AT A100J7 PIN 2.

CHECK THE RAMP FOR ANY

LARGE STEPS OR NON-

LINEARITY. IS THE RAMP O.K.?

I.LF. MORE THAN 20 MHz FROM
126 MHz, OR CORRECTED TO

YES | yco @ LOCK CIRCUITRY

1

ON A108 BAD.

NO
A108 FREQUENCY CONTROL

DAC BAD.

Figures-16. Band 3, continued
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B

PRESS: TEST, 0, 6

DOES A100J7 PIN 2 CONTAIN A

1.8 VOLT 325 ms RAMP?

NO YES

325 ms RAMP?

LOOK AT A108TP2, DOES IT
CONTAIN A5 VOLT

YES

NO

CHECK A201B-E4 (IF THRESH.)
ISITATTL HIGH?

A108 FREQUENCY CONTROL
DAC BAD.

\

A108 YIG DRIVER BAD.

YES

NO

I.F. THRESHOLD BAD

POWER METER OR POWER
METER ZERO CIRCUIT ON

A107 BAD.

Figure 6-16. Band 3, continued
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( START

REMOVE A107J1. GROUND A107J1, PIN 1.

PRESS: BAND, 3, RESET, BAND, 1

TEST, 0, 9, RESET(F), RESETI(F),
RESET(F), RESET(F), 3, CLEAR DISPLAY
LOOK AT A107TP4. ISITOV 10 mV?

PRESS: TEST,0,8,0,0,0,0
IS TP4 10V 21V?

YES NO

YES

U9 OR Q8 BAD.

IS U11 PIN 6 THE SAME
POLARITY, AS TP4?

VOLTAGE, BUT THE OPPOSITE

YES NO

U10 OR U11 BAD.

\

IS TP3 THE SAME VOLTAGE
AS TP4?

YES NO

U12 OR U13 BAD.

ISUI4PIN 1T ATTL LOW?

YES NO

U14B BAD.

NO

CONNECT A POWER SUPPLY TO
A107J1 PIN 1. VARY THE
VOLTAGE SUCH THAT A107TP3
VARIES ABOVE AND BELOW
GROUND. WHEN TP3 IS ABOVE
GROUND, 1S A107U14 PIN 7 A
TTL LOW, AND WHEN TP3 IS BE-
LOW GROUND IS A107U14 PIN 7
ATTL HIGH ?

YES NO

A107 U14A BAD.

POWER METER
ZERO DAC BAD.

@)

Figure 6-17. Power Meter and Power Meter Zero DAC
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#

PRESS: RESET(F), RESET(F)
RESET(F), RESET(F)

IS TP4 -6V TO -11V?

YES NO

- U23 OR Q8 BAD.

ISU11PIN 6 THE SAME
VOLTAGE BUT THE OPPOSITE
POLARITY AS TP4?

YES NO

U10 OR U11 BAD.

IS TP3 THE SAME VOLTAGE

AS TP4?
YES NO
- U12 OR U13 BAD.
)
ISUI4PIN 1 ATTL HIGH?
YES NO
- U148 BAD.
|
ISUT7PINBATTL LOW?
YES NO
o U17 BAD.

15dB  AMP ON
I.F. AMPLIFIER BAD.

Figure 6-17. Power Meter and Power Meter Zero DAC, continued
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GENERAL

and

Section 7
Adjustments
Calibrations

To correctly adjust the 545A or 548A counter use the following procedures. Adjustments should only be
made if the counter does not operate as specified, or following the replacement of components. If the
adjustments do not result in the performance specified then refer to the troubleshooting section of this
manual, The test equipment required is:

MANUFACTURER MODEL DESCRIPTION CRITICAL PARAMETERS
Tektronix 475 Oscilloscope General Purpose

Fluke 8050A D.V.M. 4% digit resolution

H.P. 182C, 8559A Spectrum Analyzer 125 MHz

Wavetek 2002 Sweeper 10 MHz - 2 GHz

EIP 928 Microwave Source 1 GHz -18.6 GHz

H.P, 8690A, B696A Microwave Sweeper 18 GHz - 26.5 GHz

EIP 2000017 Service Kit See Appendix A (A-3)

POWER SUPPLY ADJUSTMENTS

Prior to making any adjustments to the power supply the counter should warm up at least 20 minutes,

Voltages are measured on the back of the Power Supply board (A101).

1. Connect the Digital Volt Meter (DVM) between ground and +12V on A101, pin1and 8. -

2. Adjust A101 R5 until the voltage measures +12.000 VDC + .010 VDC.

3. Connect the DVM between ground and -12 V on XA101, pin 1 and 18.

4. Adjust A101 R17 until the voltage measures -12.000 VDC + .010 VDC.

71
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R17, R5
Y g = 0
i
5101 [}-k
POWER wi B1
ON/OFF m™
no o ‘
=
R101 l_ W1 wa
SAMPLE wie F‘ISE
FU
RATE T TR we L
N2 . n - J1
enesnamsnsnne L (Y 5 101 Ll POWER
INPUT
—_ % A102 .- o] s
VOLTAGE
PR -a A103 .- OPTION SELECT
" ASSYS
it - A104 --
- A105 Wia
R4 e
\\ w8 :
[ .ni S2
wa — @ INT/EXT
SELECT
w112 J3 Pabt z
J112 J5
BAND 2 I W5 10 MHz
A100 IN/OUT
A100
Joan W10 Ja
I e
l W8
J113 . Ja
BAND'3 A202 A201 s
32 1
W13

Figure 7-1. Adjustment Locations.
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YIG DAC CALIBRATION PROCESS

THEORY

The purpose of this process is to compensate the nonlinearity of the YIG and DAC error. The
process allows a software route start in the EEPROM. The instrument generates a YIG DAC
correction table, which resides in EEPROM. After the YIG searches for and centers on a signal,
the software corrects the DAC reading (not the DAC itself) according to the correction table.
This process yields the true YIG frequency. Then the program tunes the VCO according to the
true YIG frequency instead of the ERROR DAC reading.

Each entry of the carrection table contains two values:

(1) the YIG frequency and
(2) the DAC reading

Each value consists of 2 bytes. The YIG frequency is represented in hex in 2 MHz increments.
For example, if the YIG frequency is 1 GHz then:

1 GHz = 1000 MHz =2 * 500 MHz = 2 * 01F4 (hex)

and “01F4" is what is written to the table.

The table looks like this:

entry 1 YIG freq 1 DAC reading 1*
entry 2 YIG freq 2 DAC reading 2
entry N YIG freq n DAC reading n*

where N must be at least 2 and can be as much as 248. *The values in entry 1 and N are
extrapolated.

YIG DAC CORRECTION TABLE

Given a DAC reading D, the software first searches through the second row of the table. If D
is equal to an exact DAC reading in entry n, where 1 <= m <= 248, then the software generates
the corresponding YIG frequency reading. If D falls between 2 consecutive DAC readings in
entry p and q, where 1 < =p < q < = 248, then the software uses a linear interpolation
algorithm to find the corresponding YIG frequency Y as shown in the following equation:

If: DACg-DACp - D-DACp
YIG q - YIG p Y - YIG p
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then Y is:

YIGqg-YGp
DAC q - DAC p

Y=(D-DACp) * + YIG p

NOTE

When Y is being calculated, the multiplication is performed
before the division to avoid precision error.

If for some reason the instrument cannot find a suitable DAC reading entry, ERROR #40 is
generated to indicate error in the correction table.

CORRECTION TABLE SETUP

Setting up the correction table is actually the YIG DAC calibration process. The user enters
“Test 90" to activate the process. At first the table contains two entries:

YIG frequency DAC number
default 1 0 0 hex
default 2 3FFF hex 3FFF hex

The user applies a synthesized signal Y1 GHz to the counter, then enters Y1 GHz through the
counter's front panel or via GPIB. After the user enters the number, a routine converts that
number to hexadecimal, stores it to the table as the YIG frequency of entry #2, and shifts the
original entry #2 to entry #3. Then the counter sweeps the YIG to look for the signal and
center the YIG on it. If the searching and centering are successful, the DAC number D1 is
read and stored as DAC # of entry #2 of the table. Now the table looks like this:

default 1 0 0
entry 1 Y1 D1
default 2 IFFF 3FFF

The user can repeat the above sequence up to 246 times with the following restrictions:
(1) the sequence must be repeated at least two times.
(2) the frequency entered must be greater than the previous frequency.

If either of the two requirements above are not fulfilled or the counter cannot center the YIG on
the signal, the whole process is aborted and the correction table is not altered.
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After N repetitions, the correction table will be as follows:

default 1. 0 0
entry 1. Y1 D1
entry 2. Y2 D2
entry N-1. Y N-1 D N-1
entry N. YN DN
default 2. 3FFF IFFF

where 2 <= N <= 2486.

Since default values are used for the first and the last entry, they must be corrected before the
user exits the calibration process. The software accomplishes this task by using Y1, Y2, D1,
D2 to extrapolate default 1 and Y N-1, YN, D N-1, DN to extrapolate default 2.

The equation is :

¥ D~ (¥Y2-VY1) + Y1~ D2 -Y2+ D1
D2 - D1

The final correction table looks like this:

axtrean%%aae.d Y0 Do
entry 1. YA DA
entry 2. Y2 D2
entry N-1 Y N-1 D N-1
entry N YN DN

liomolaied Y N Y N

where 2 <= N <= 246.
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FORMAT AND ADDRESS OF THE CORRECTION TABLE

The correction table resides in EEPROM.

Address: 0C00 hex

Format:
yyyy dddd yyyy dddd .... .... yyyy dddd FFFF FFFF EEEE
where “yyyy" means 2 bytes of YIG frequency
“dddd” means 2 bytes of DAC reading
“FFFF FFFF" represents 4 bytes of end of table mark and
“EEEE" means for software usage.
NOTE

Before performing this procedure, A108 S-1 must be open.
(A108 U4, Pin 17 will be high). After calibration, S1 must be on
(A108 U4, Pin 17) low to protect calibration.

CALIBRATION PROCEDURE

Manual Calibration

1.

2.

10.
11.
12,
13.
14,
15.

16.

Press “BAND 3" on the front panel.

Press “TEST 90" on front panel. the counter will then display “FO1".
Apply a synthesized 1-GHz signal at 0 dBm to Band 3 of the counter.
Enter “1" and press “GHz" on the front panel.

Counter should display “F02",

Apply a synthesized 1.3-GHz signal at 0 dBm to Band 3 of the counter.
Enter 1", “.", “3" and press “GHz" on the front panel.

Counter should display “F03".

Apply a synthesized 10-GHz signal at 0 dBm to Band 3 of the counter.
Enter “1", 0" and press “GHz" on the front panel.

Counter should display “F04".

Apply a synthesized 18-GHz signal at 0 dBm to Band 3 of the counter.
Enter “1", “8" and press “GHz" on the front panel.

Counter should display “F05".

Go to step 28 if the model of the counter is 535/545/575.

Apply a synthesized 22-GHz signal at 0 dBm to Band 3 of the counter.

Enter “2", “2" and press “GHz”" on the front panel.

7-6




5580033

21.

22.

23.

24,

25.

26.

27.

28.

Counter should display “FO7".

Apply a synthesized signal 25.5 GHz at 0 dBm to Band 3 of the counter.
Enter 2", “5", ".", “5" and press “GHz" on the front panel.

Counter should display “F08".

Apply a synthesized signal 26.5 GHz at 0 dBm to Band 3 of the counter.
Enter 2", "6", “.", “5" and press “GHz" on the front panel.

Counter should display “F09".

Press ''CLEAR DATA" to abort the process, or press ‘‘CLEAR DISPLAY" to exit the
process.

NOTE:

If the counter can not find or center on the signal, it will display
an ERROR #42 message.

NOTE:

The above frequencies are required to calibrate the counter.
Other frequencies are at user's choice.

Calibration using GPIB controller.

1.

2.

10.

11.

12.

134

14.

15.

Output “B3TA90" to the counter.

Command the signal source to generate 1 GHz at 0 dBm.
Output “1G" to the counter.

Command the signal source to generate 1.3 GHz at 0 dBm.
Output “1.3G" to the counter.

Command the signal source to generate 10 GHz at 0 dBm.
QOutput “10G" to the counter.

Command the signal source to generate 18 GHz at 0 dBm.
Output “18G" to the counter.

Go to step 19 if the model of the counter is 535/545/575.
Command the signal source to generate 22 GHz at 0 dBm.
Output “22G" to the counter.

Command the signal source to generate 24 GHz at 0 dBm.
Output “24G" to the counter.

Command the signal source to generate 25.5 GHz at 0 dBm.

7-7



5580033

16.

17.

18.

18,

Output “25.5G" to the counter.

Command the signal source to generate 26.5 GHz at 0 dBm.

Output “26.5G" to the counter.

Output “C" to exit the calibration process or “D" to abort the process.

NOTE:

When the counter has acquired the signal and is ready to
accept the next frequency, the GPIB status byte bit 0 will be set
to 1. This can be recognized through service request.
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TIME BASE CALIBRATION

NOTE
For Option 03, 04, 05, refer to Option Section of the manual.
It is important to note that the precision of the time base calibration directly affects overall counter ac-

curacy. Reasons for recalibration, and the procedures to be used, should be thoroughly understood before
attempting any readjustment.

The fractional error in the frequency indicated by the counter is equal to the negative of the fractional
frequency error of the Time Base Oscillator with respect to its true value, That is:

4% Af,

fg fy

where fg is the true frequency of the measured signal, and fy is the true frequency of the Time Base Oscil-
lator. Thus, the inaccuracy associated with a frequency measurement is directly related to the quality of
the Time Base Oscillator, and a measure of the precision with which it was originally adjusted.

TEMPERATURE COMPENSATED CRYSTAL OSCILLATOR (TCXO)

The standard time base oscillator used in the counter is a TCXO (A113). The range of the actual measured
frequencies of this oscillator will differ by no more than 2 parts in 106 if the temperature is slowly varied
from 0 to +50 degrees C.

With a stable input frequency, the measurement indicated by the counter will fluctuate in proportion
to the TCXO drift. To center this fluctuation on the true value of the measured signal, each TCXO has
imprinted on its side the frequency setting required at +25 degrees C:

At approximate room temperature (+25 degrees C ), the slope of the frequency vs. temperature curve is
normally no worse than+1 X 10 -7 parts per degree C. When the counter is used in an ordinary laboratory

environment, the TCXO may be set as close to 10,000,000 Hz as desired. In this environment, a peak-to-
peak temperature variation of 5° C will result in a measured signal error of no more than + 2.5 X 10-7

parts. This signal error is due to the temperature characteristics of the time base oscillator.

The natural aging characteristics of the crystal in the time base oscillator can also cause inaccurate signal
measurements. Aging refers to the long term, irreversible change in frequency (generally in the positive
direction) that all quartz oscillators experience. The magnitude of this frequency fluctuation in the
TCXO is less than 3 X 1077 parts per month as specified. This may improve to at least 1 X 10°6 parts per
year when in continuous operation.

Error due to aging adds directly to error due to temperature. The number of times the counter requires
recalibration depends on the environment in which the counter operates, and upon the level of accuracy
required.

For example, if the counter is subjected to the full operating temperature range one month after proper
initial adjustments, the inaccuracy could vary from +1.3 X 106 parts