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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, prov ided 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. 

IV 
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DESCRIPTION 

Section 1 
General Information 

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 con trol, 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 t o 100 MHz range, with a sensitivity of 25 mV RMS. Band 2 has an input impedance of 
50 ohms, a 10 MHz to 1 GHz range, with a sensitivity o f - 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 sect ionalized 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 100kHz. 

1·1 
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SPECIFICATIONS 

BAND 1 

RAN GE 10Hz tO 100 MH1 --
SENSITIVITY 25 mV rms 

IMPEDANCE 1 Mn/~0 pF 

CONNECTOR BNC !female) 

MAX . INPUT LEVEL 120 V rms • 
DAMAGE LEVEL 150 V rms . . (Above 1 KHz max. onpu t will decrease at 6 dB/ oc tave 

down to 3 .0 V rms. ) 

BAND 2 

RANGE 10 MH z to 1 GHz 

SEN SITIVITY ·20 dBm 

DYNAM IC RANGE 30 dB 

IMPEDANCE SOn Nominal 

CO NNECTOR BNC (femal~) 
MAX INPUT LEVEL +10dBm 

DAMAGE LEV EL +27 dBm 

ACOU ISITION TIME < 50 msec 

BAND 3 

RANGE 1 G Hz to 18 GHz I26.S GHz for model 548AI --SENSI TIV ITY -30dBm: 1.0GHz to 12.4 GHz -20 dBm : 18 GHz to 22 G Hz -2S dBm: 12.4 GHz to 1B GHz -15 dBm : 22 GHz 10 26.5 GHz 

DY NAMIC RANGE 
1 GHz 10 12.4 G Hz, 37 d B 18 GH1 to 22 GHz, 27 dB 
12.4 G Hz to 18 G Hz, 32 dB 22 GHz to 26.S G Hz, 22 dB 

~DANCE SOH No;;:;·inal -------
---

CONNECTOR Modo! S45A · Precosoon t ype N , (female) 
Model 548A · APC • 3.S (female) ---- - -

M AX. INPUT LEVEL +7 dBm 
f[)AMAGE L EVE L S Watts (+37 dBm l 

ACQUISITION TIME - 250 msec Independent o f f requency 
AUTO AMPLITUDE IAutoma t oc amplitude doscromma11on o f two 
D ISCR IMINATI ON frequenc1esl 10 dB f---'-=" -
FM MODU L A TION 20 M Hz P Pup to 10 MHz rat e 

VSWR < 2 5 1 lVPICal 
FREQUENCY LIMIT Keyboa rd con to o l of desored lorn1ts (standard ). Counter 

will measure larges t s1gnal woth 1n programmed l1mots 

Sognal OUtS1de opera t ong band mus t be separa ted by at 

least 100 MHL f rom ei ther limot For Signals more than 

10 dB above desired sogna l, separatoon is typ ,cally 200 
MHz 

TIME BASE 

FREQUENCY 10 MHz TCXO 
~A;...;,.;G..;:I .,;:N::.cG::..::.Rc.cA..;:T_E _______________ <~I 1 x 1o-7!per mon th 11 x 101 11 x 10·61P~r yea• 

~S~H~Q~R~T~T~E'-'R~M'-'--------------<~I~1-x~17o~--~' lrlr~m~s~fo..;:r~o~n-csecondaveraglngt ime . -------~ 

TEMPERATU RE < J I x 10·61 0' 1o + 50 ' C 

LINE VARI ATION' < 11 x 1Q· 71 ± 10%change, 

WARM UP TIM E 

OUTPUT FREQUENCY 

EXT. T IM E BASE 

N ON E 

10 MHz, square-wave, 1 V Pil mln~mum in t o 50 Ohms. 

Requires 10 MHz , 1 V P·P minlmlm Into 300 ohms. 

1-2 
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SPECIFICATIONS, continued 

GENERAL 

RESOLUTION Front panel keyboard i'l2_ut select 1 Hz to 1 GHz 

MEASUREMENT TIME 1 msec for 1 KHz resolution 
1 sec for 1 Hz resol ution 

DISP L AY 12 digit LED sectionalized 

ACCURACY ± 1 count ±time bose error 

TEST Fron t panel selected diagnostics 

SAMPLE RATE Con t rols t ime between measurements variable from 
100 msec typ , to 10 sec. Switchable Hold position 
holds display indefinitely. 

RESET Resets d isplay to zero and Ini tiates new reading 

OFFSETS Keyboard control of frequency offsets (standard) and 
power offsets (standard w i th power measurement Option 0 2). 
Displayed frequency (power) Is offset by entering value to 1 Hz 
resolution (0.1 dB power). 

OPERATION TEMP. o·c to so ·c 
POWER 100/ 120/220/240/VAC ± 10% (selec table) 50 to 

60Hz, 60 VA typical 

WEIGHT, N ET -26 lbs. (1 1.8 k~) 

WEIGHT, SHIPP ING - J2 1bs. (14.5 kg) 

D IMENSIONS (HWD) 3.5" x 16.75" x 14.0 " (89 mm X 4 25 mm X 356 mm l 

ACCESSO RIES FURNISHED Power Cord and Manual 

BAND 4 
Used with 578106 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 a 
Range 26.5-40 GHz 4Q-60 GHz Go-90 GHz 90-110 GHz 60-75 GHz 33-50 GHz 

Sensitivity (typ) -25d8m -25 dBm -25 dBm - 25 dBm -25 dBm -25 dBm 
(-20 dBm min) 

Waveguide Size WR-28 WR- 19 WR-12 WR- 10 WR-15 WR-22 

Waveguide Flange UG-599/U UG-363 /U UG-387/U UG-387 /U UG-385 /U UG-383/U 

Max. Input (typ) t5 dBm -+5 dBm -+5 dBm t5 dBm t5 dBm +5 dBm 

Damage Level t10 dBm t10 dBm t10 d8m t10 dBm t10 d8m t10 dBm 

Aqulslt•on Time (typ) <2.5 sec <2.5 sec <2.5 sec <2.5 sec <2.5 sec <2.5 sec 

EXAMPLE: lf desired m easurement Is 60 - 90 GHz . the required equipment Is : 

Model 578 with Option 06 - Extended Frequency and 
Model 590 - Extended Frequen cy Cable Kit with Opt ion 93 - Remote Sensor 

1-3 
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SPECIFICATIONS, continued 

----
OPTIONS See Section 10 for detailed information. 

01 D TO A CONV EATER 
DAC will convert any three consecutive ly displayed digi ts into an analog voltage 
output on rear panel. 

02 POWER METER 
1 to 18/26.6 GHz will measure sine wave amplitude to 0 ,1 dBm resolut ion f rom sensi tivi ty to -10 dBm; 
f rom -10 dBm to overload and display 0 .2 dBm resolut ion simultaneously wi th frequency . 
Power offset to 0.1 dB resolution , selectable f rom front panel . 
Option will no t degrade the basic performance of the coun ter. 

TIME BASE OSCILLATOR OPTIONS: 

03 04 05 

AGING RATE/24 HOURS 
<i s" 10·9 1 (Al ter 72 hour warm-up) <1 1 X 10·91 < i5x1Q·10 j 

SHOAT TEAM STABI LITY 
< 1 x 10-IOrms < 1 x 1Q·10 rms < 1 x 10' 10 rms ( 1 second average) 

0 " to +50 • C TEMPERATURE 
STABILITY <1 6 x 10·8 1 <iJ x 10·81 < I J x 10·81 

± 10% LINE VOLTAGE CHANGE <i s x 10-101 < 12 x 1o-1o 1 < 12 x 1o-1o 1 

06 EXTENDED FREQUENCY CAPABILITY -S48A 
Use in conJunction wi th models S90 Frequency Ex1ension kit 

07 REMOTE PROGRAM MING/ BCD OUTPUT 

08 GPJB - Provides programming and output capabil ity per IEEE 488· 1978. 

09 REAR INPUT 

10 CHASSIS SLIDES 
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SAFETY 

Section 2 
Installation 

The Model 545A/548A Microwave Counter is a Safety Class I 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 

CAUTION 

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. 

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 1 00/ 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 O's. 
This indicates that automatic self- check has been completed. 

TEST 

4. Press 0 0 GJ. Display should read 200 000 000 ± 1. 

TEST 

5. Press 0 0 [D. Display should read all B's and all annunciators should be lit. 

TEST 

6. Press 0 0 CIJ. Each display segment should light in turn. 

TEST 

7. Press 0 0 GJ. Each digit should light in turn. 

8. This completes the performance checkout procedure. 
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Figure 3·1. Front Panel, Model 545A 

FRONT PANEL CONTROLS AND INDICATORS 

DISPLAY 

Section 3 
Operation 

• 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 posi tion format that is sec tional ized in 

GHz, M Hz, 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 resolut ion is l imited t o 

100kHz. 

• POWER switch turns counter on. 

• SAMPLE RATE/HOLD varies time between measurements from 0.1 to 10 seconds (nominal). 

(Ga te 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 ligh ts when the coun ter is not locked to an input signal. 

• RESE T manually over-rides all controls, resets the counter and converter, and initiates a new reading. 
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OPERATING STATUS 

The operating status of the counter is indicated by a series o f LEDs. When the counter is displaying input 

data, instead of a measurement, the appropriate LED status indica tor will flash. 

• 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). 

• 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. 

• dBm lights to indicate t hat the Power Meter option (02) is active. 

• FRO LMT, LOW/HIGH lights when frequency limits for Band 3 operation have been se lected. 

• OFFSET, PWR/FRQ lights when power and/or frequency offsets a re 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 Capabi lity option (06) has been 
se lected (Available on 548A only). 

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

• ML T lights to indicate the multiplier function is active. 

POWER METER/DAC OPTION KEYBOARD 

Four keys control t he operation of these options. 

• ON/ OFF push button ac tivates/deactivates power meter. 

• OFFSET push button activates the power offset function. 

• dB pushbutton acts as a terminator for the input of power offsets. 

• DAC pushbutton, followed by two c1igits (00-12). activates the DAC option. The number keyed 

in will select the most significant digit (00 = OFF, 01 = 1 Hz, 12 = 10 G Hz). 
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Figure 3·2. Front Panel, 548A 

SIGNAL INPUT 

.~..:- ~t\) 
~ .. ::.:..4® 

• 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 10Hz to 100 MHz. 

• Band 2 input connecto r (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 GH z. 

• 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 opt ions to the Model 590 
and cover waveguide bands from 26.5 to 1 10 GH z. 
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Figure 3-3. Rear Pane l 

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 equ ipped with Option 09, Rear Panel Input. 

• TIME BASE ADJUST contro l is used with options 03, 04, or 05 o n ly. Screwdriver adjus tment allows 
precise se tting of the internal ovenized crystal oscil lator. 

• T IM E BASE INT /EXT switch selects ei ther the internal time base o r an external 10 MHz reference. 

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

• DAC OUT connector provides a voltage analog to any specifi ed three digits of frequency displayed, in 
instruments equipped with Option 0 1, D to A Converter. 

• GPIB connector is used with the IEEE 488 - 1978 Gener .. l Purpose Interface Bus. 

• FUSE provides overload protection . Use a 1 amp slow·blow MDL type fuse for 100 / 120Voperati on. 
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 V AC. Counter will operate at vo ltages within ± 10% of selec ted line voltage, 
at freque ncies o f 50 to 60 Hz. 

CAUTION 

Switch setting a nd fuse rati ng must match power line voltage. 

• AC POWER connector accepts the power cord supplied with the counter. 
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MULT 

D 
MHz 

•I 
FREQ FREQ LIMIT 

II liD 
offset low high GHz 

BAND RESOL TEST DATA ..... .. 
C R 

•• DISPLAY 

Figure 3-4. Keyboard 

KEYBOARD 

The keyboard consis ts of 16 pushbuttons that contro l ma jor functions of the counter. Twelve keys are 

used for numerical da ta en try, the dtgtts 0 through 9, the decimal point and the minus sign. Two keys 

(MHz and GHz) act as terminators for the tnput of frequency offset or frequency ltmi ts. The CLEAR 

DATA and CLEAR DISP LAY keys are used to clear stored o r displayed data. Seven of the numerical keys 
are also used to select the band, resolutton, t est function, frequency offset, frequency limits, and mu ltiplier 

function. 

UNITS (MHz/GHz) 

PRESS : 

PRESS: 

MHz 0 Completes Entry Sequence 

0 Completes Entry Sequence 
GHz 

CLEAR (DATA/ DISPLAY) 

DATA 

PRESS: D 
CLEA R 

PRESS : 
CLEAR 

D 
DISP LAY 

Return "STORED" da ta of selected fu nc t ion to Power On state. 
Clears Limits ( Low/ Htgh), Offsets, DAC, and multiplier operations. 

Clears display. Does not a ffect stored data. Restores counter to 

measurement mode. 
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BAND SELECTION 

To select one of three standard operating bands on the model 545A or 548A . 

BAND BAND BAND 

PRESS: O CQ or 00 or 00 
Notice annunciator flash and selected band number will light when chosen. This feature al lows multiple 

inputs to be connected and selected in turn. 

The "BAND" KEY followed by a numeric key enables the following band se lection. 

BAND 
0 W 10Hz · 100 MHz Input PRESS: 

PRESS: 
BAND 0 0 10 MHz · 1 GHz Input 

BAND 0 0 1 GHz- 18 GHz (Model 545A) 26.5 GHz (Model 548A) PRESS: 

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

PRESS: 
BAND 

08]0 
BAND 

For example, with the 91 Sensor you will press: D CDGJ 
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RESOLUTION I GATE TIME SELECTION 

The "RESO L" key f ol lowed by a numeric key enables following resolutions. 

RESOL 

PRESS: D CD 1 Hz RESOLUTION 

RESOL 

PRESS: D GJ 10Hz RESOLUTION 

RESOL 

PRESS: D 0 100Hz RESOLUTION 

RESOL 

PRESS: D 0 1 KHz RESOLUTION 

RESOL 

PRESS: D CD 10KHz RESOLUTION 

RESOL 

PRESS: D CD 100KHz RESOLUTION 

RESOL 

PRESS: D CD 1 MHz RESOLUTION 

RESOL 

PRESS: D 0 10 MH z RESOLUTION 

RESOL 

PRESS: D 0 100 MHz RESOLUTION 

RESOL 

PRESS: D [!] 1 GHz RESOLUTION 

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 

• 1 KHz to 1 GHz = 1 msec Gate t ime 
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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 . UN ITS 
(decimal and second number is optional ) 

2. FUNCTION , NUMBER 

Examples : 1. 

FREO 

D 
OFFSET 

ITJGJ80 D 
GHz 

BAN D 
2. 00 

DISPLAY DATA · display previously entered data 

Sequence : FUNCTION, CLEAR DISPLAY 

FREO 

D 
CLEAR 

D Example : 
OFFSET DISPLAY 

CLEAR DATA · clear entered data 

Sequence : 1. FUNCTION, CLEAR DATA 

2. FUNCTION • 0 . UNITS 

3. FUNCTION. UNITS 

FREO DATA 

Examples: 1. D D 
OFFSET CLEAR 
FREO 

2. D 0 D 
OFFSET GHz 
FREO 

3. D D 
OFFSET GHz 

CLEAR ENTRY - clear display before completing data entry 

Sequence: FUNCTION, STR ING, CLEAR DISPLAY 

Example : 
FREO 

D GJDCD 
OFFSET 

CLEAR 

D 
DI SPLAY 
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MULTIPLY FUNCTION: 

In the multiply function the measured frequency is mult iplied by an integer up to 99. The result is dis­
played to 1 KHz resolution. If the results of the mu ltiplications are too big for the front panel to display, 
t he front panel w ill show F's. 

MULT 

EXAMPLES: PRESS D AND KEY IN TWO D IGIT N UM BER 

MULT 

EXAMPLE D 0 0 FOR MULTIPLI ER . 2 

NOTE: When " MUL T" key is pressed the annunciator " ML T" w ill fl ash until the sequence is completed. 
The two digit multiplier (m) will be displayed as the numbers are entered. 

To clear t he mul tipl ier funct ion the following operation is performed. 1 

MULT 

PRESS D 
CLEAR 

D 
DATA 

or 
MULT 

PRESS DGC2J 

This sequence clears the multiplier function and mult ipl ier (m) . 

mX ± b 

By using the frequency offsets and multiply funct ions the counter can automatically perform mX ± b 
calcul ations. 

The equat ion for the funct ion 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 m X ± b CA LCULATION FOR m • 2, b • -70 MHz 

MULT FREQ MHZ 

PRESS D G0 ANDDCD00 0 
OFFSET 
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FREQUENCY LIMITS 

Frequency ltm1ts can be entered to 10 MHz resolu tion. 
FR EO LIMIT 

PRESS: 0 Notice flashing annunciator. 
lo w 

PRESS: Number keys corresponding to desired frequency low limi t t o 10 MHz resolution. 

MH l 

PRESS: D 
FR EO LIMIT 

PRESS D 
h igh 

PRESS. 

MH z 

PRESS: D 

To recal l stored limi ts. 
FR EO LIMIT 

D PRESS: low 

or 

or 

D 
GHz 

To terminate input sequence. Not ice FRO LMT LOW annunciators 

solidly l it. 

Notice flashing annunciator 

Key numbers corresponding to desired freq. Hi limit. 

D 
G Hl 

CLEAR 

To terminate input sequence. Notice FRO LMT Hi annunciator 
solidly lit. 

FREQ LIMIT CLEAR 

and D 
DISPLAY then D 

h igh and 0 
DISPLAY 

To clear data memory and remove frequency limits. 

F R EO LIMIT DATA FREO LIMIT DATA 

PRESS: g and gR then g and g R 
selected limit (s) are erased. A lso not ice "F RQ LMT LOW HI " annunciators are out. 

NOTE : H igh and low limits should be separated by at least 100 MHz. 

3·10 

Vary Source. Notice 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



5580033 

TEST SELECTION 

The following tes ts 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 Sect ion 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 O's. 

200 MHz SELF TEST 

TEST 

PRESS: D ~CiJ 

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 oscil lator. 

LED TEST 

TEST 

PRESS: D 
No tice al l LED segments and yellow annunciators are lit. This verifies operation of all visual indicators 

LED SEGMENT TEST 

TEST 

PRESS: 0 
Notice each segment of each display digit is lit in turn. The sample rate pot wi l l change the rate, and may 

be adjusted. This checks the segment drivers. 

DISPLAY DIGIT TEST 

TEST 

PRESS: 0 00 
Notice all segment s 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: D CD CD 
Notice display is 05. Press any key and display wi ll indicate a two digit number showing the position of 
that key within the matrix thus check ing keyboard operations. See Figure 6-5 for coordinates. 

TO EX IT TESTS 

CLEAR 

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

To ex it 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 mput band by pressing 0 and a number key corresponding to the band. Choose resolution 
RESOL 

by pressing 0 and a number key corresponding to required resolu tion . The s1gnal coupled to the 

selec ted input Band Connector wi ll be automatically d isplayed to the resolut ion chosen. 

NOTE: When pressi ng 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 resolut ion . 

PRESS: 

PRESS: 

PRESS: 

PRESS. 

PRESS: 

PR ESS: 

PRESS: 

FREO 

0 Notice the flashing annunciator. 

OFFSET 

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

press QJ and not1ce polar1ty sign indicator at far left o f display. 

MHz 

D D 
to integrate programmed OFFSET into actual frequency measure, GHz or 

ment. Notice solidly l it annunciator indicating instrument memory is loaded. 

FREO 

0 
OFFSET 

CLEAR 

c 
DISPLAY 

FREO 

D 
OFFSET 

CLEAR 

D 

Recalls OFFSET to display, FRO and OFFSET annunciators flash1ng. 

Notice frequency displayed includes OFFSET; annunciators are li t continuously. 

Recal ls OFFSET to display; FRO and OFFSET annunciators flashing. 

Clears data memory and clears offset. 

FRO and OFFSET annunciators are out. 

OAT~ Display is actual frequency withou t offset. 
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DISPLAY ERROR M ESSAGES 

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 Illegal Key Sequence. 

02 A resolution number was not entered. 

03 A band number was not entered; or the number entered was too large. 

04 No power reading in current band. 

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

06 (Freq Limi t HI)- (Freq Limit La) < Min. (100 MHz) difference. 

07 Frequency Limit Low < .95 GHz (545A/548A) . 

08 

09 Il legal test mode key sequence. 

10 Illegal DAC key sequence. 

11 Illegal Multiplier key sequence. 

12 

13 Option not installed. 

COUNTER ERRORS 

The following error messages indicate a malfunction within the counter. 

31 Check sum error Section 1 PROM 00000 - DFFF 

32 Check sum error 

33 Check sum error 

Section 2 PR OM 

Section 3 PROM 

3-14 

EOOO- EFFF 

EOOO- FFFF 
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GENERAL 

Section 4 
Theory of Operation 

The 545A and 548A coun ters automatically measure and display the frequency of an input signal within 
the range of 10 Hz to 18 GHz for the 545A, and 10Hz 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 aheterodynedown converter which conver ts the input 
signal into an output signal with a range of 10 MHz to 190 MHz. 

BAND 3 operates In the microwave range o f 1 to 18 GHz (or 26.5 GHz) and uses a Y IG tuned heterodyne 
converter to translate the input frequency downward to an intermediate frequency ( I F) of 125 MHz. 

GATE Ct '- t RAT O II A l 0 7 
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0$CI LL A1 0 U 

AMP LITU DE ·l 
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Figure 4· 1. Counter Block Diagram. Simplified 
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BASIC COUNTER 

Overall operatton is controlled by the Microprocessor Assembly A 105. This assembly contains an eight bit 
microprocessor, its cont rol logtc, and the system memory . It communtcates with all o ther assembl ies in 
the instrumen t by means of a triple bus system : the data, address, and control bus. On each assembly there 
is a Peripheral Interface Adaptor (PIA) which provides the in te rface between the bus system and the instru· 
ment hardware. 

Frequency measurements are performed by comparing an unknown signal to a re ference frequency, namely 
the time base. A 10 MHz crystal oscillator is used as the internal re ference and is a part of the Gate Ge ne r· 
a tor Assembly A 107. For increased accuracy and stability, ovenized oscillator options are available, or the 
user may selec t an external10 MH z reference. 

A f requency measurement is made by ge nerating a time in terval (Gate Time) consisting of a number 
of cycles o f the reference. This Gate Time is then used as an tnterval during which the input signa l is count · 
ed by the Count Chain Assembly A 106. 

lnittally, the m icrop rocessor selects one of seve ral available inputs to the Count Chain Assembly and the 
appropriate Gate Time based on u ser input information; band selec tion, resolut ton, etc. The m icroprocessor 
then initiates the measurement cycle by resetting the Count Chain to zero and a llowing a gate to be gener· 
ated. During the ga te in terval, the Co unt Chain accumulates the number of cycles of the input signal. At 
the end of the ga te t tme, the microprocessor reads the stored informat ion in the Count Chain and pe rforms 
any required calcula tio ns necessary to convert the measurement into a direct reading of the unknown 
frequency. The front panel display is then updated w ith the new measurement results. Figure 4 -1 shows 
it simplified block diagram of the counte r. 

BAND 2 CONVERTER 

An input signal is applied to the mixer along with an appropriate loca l oscillator (L.O.) to genera te an 
IF frequency tn the range of 10 MH z to 190 MHz. This signal is filte red and amplified to a level suitable 
for d irec t measureme nt by the Count Chain. 

The L.O. frequency is generated by the Vol tage Controlled O scillator (VCO) of the Band 3 Converter. 

This frequency is phase locked to the coun ter's t ime 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 b ias to the mixer. 

Two detectors provide outputs proportional to the amplitudes of both the appl ied RF signal and tho 

resulting IF signal. These ou tputs are compared in the Signal Comparator, wh ich provides a digital o utput 

whe n the IF amplitude exceeds the RF amplitude. 
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F VCO X 1, or r vco X'2 

1F 

10 MH 1 210 MHl OU T 

r- M IXE R L OW PASS 1-- 10 Mitt · 100 MHz ~--- ---
200 Mitt FILTER IF A MPLI F IER 

DE TECTED R F D ETECTED IF 
IF DETECTOR f-

SIG NAL TO 
COMPARATOR MICROPR 

Figure 4-2 Band 2 Converte r Block Diagram, Simplif ied 

FROM 
vco 

TO 
COU NT 
CHAI N 
A1 06 

OCESSOR 

The output frequency o f the system is the difference between the in put signal and the L.O. appl ied to 
the mixer. Since the L.O. frequency is a harmonic (N) of the VCO frequency, the unknown input fre­
quency can be ex pressed as F1N=N Fvco ± F IF· The re are th ree primary fu nctions of the software operat· 
ing the converter: 

• To se lec t the appropria te harmonic number N. 

• To select an appropriate VCO frequency. 

• To determine whether the IF frequency is added to, or subtracted from the L.O. frequency. 

These func tions are accomplished by selecting N and Fvco and looking for an IF signal of the appro­
priate amplitude and frequency. Overall system gain is such tha t whenever the correc t L.O. frequency 
is applied, the IF power will exceed the R F power. This is the primary informat ion used in de termining 
the correct VCO frequency and harmo nic number. Once an IF is obtained, the harmonic number is ve rt fied 
and the +/· sign in the equation is de termined by sh ifting the VCO frequency and observtng the magn itude 
and directio n of the result ing IF shif t. Conver ter operation is d iagrammed in figure 4 -3. 
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COUNT 
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Figure 4·3. Band 2 Converter Operation 
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The L. O. frequencies being used, except the range of direct counting ( < 190 MH z), have been selected 
so only IF frequencies from 25 MHz to 185 MHz are required. Since the counter can count signals less 
than 10 MHz, the restricted operating range provides margin f or 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 
F !N(MHz) Fvco(MHz) N F!F(MHz) 

10 . 190 - 0 10 . 190 

185 - 345 370 1 185 - 25 

345 - 400 425 1 80 - 25 

400 - 560 375 1 
' 25 - 1R5 

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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Figure 4-5 Band 3 Converter, Simplified. 
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BAND 3 CONVERTER 

Measurement of a signal in Band 3 is accomplished by down convert ing from the microwave range to 

approximately 125 MH z. This is accomplished by mixing the 1nput signal with a known reference fre · 

quency wh ich 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 control led phase lock system, while re · 
taining the accu racy and stab il i ty of the counter' s time base reference. 

A simplified rliagram of the Band 3 converter is shown in figure 4·5. There are two major assembl ies. The 

Converter Cont rol assembly (A 1 08) 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 curren t (Y IG) driver provide a 2 MHz 

frequency resolution for setting the Y IG filter of A202. 

A 108 also con tains the programmable VCO phase lock control system. This sys tem lets the microprocessor 

interface selec t any VCO frequency between 400 and 500 MHz, in increments of 50 kH z. 

CONVERTER A203 

The Converter assembly consists of three subassemblies. 

• A201A, Voltage Controlled Osci ll ator (VCO) Assembly 

• A201 B, IF Amplifier Assembly 

• A202, Microwave Assembly (yig) 

The A202 Microwave A ssembly contains the YIG filte r, mixer and comb generator. 

The input signal (1 GHz - 18 GHz/26.5 GHz) passes through a YIG fi l ter on A202. The fil ter is an 

electronically tunable bandpass filter, with an operat ing frequency proportional to its tuning current. 

This f i l ter determines the approx imate 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 Y IG filter to the input signal, the mixer is used as an RF detector, and i ts output is ampl1· 

tied in the video amplifier on t he I F assembly . 

The output of the Video amplifier is maximum when the Y IG f i lter is tuned to the input signal. In the 

case of multiple input signals, the video amplifier output determines wh ich signal is largest. 
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SEARCH 

FOR 

L-___ S_IG.,.N_ A_L __ ~ See Figure 4· 7. 

DETERM INE 

LARGEST 
SIGN A L 

CENTER Y IG 

FILTER ON 
SIGNA L 

CA LCU LATE 

NAND VCO 
FREQUENCY 

GDJUST VCO 
so tha t 

F ~ 125 MHz 

Count IF 
AND DISPLAY 

F • N FVCO ± F IF 

See Figure 4-8. 

See Figure 4-9. 

See Figure 4- 1 0. 

NO 

NO 

ADJUST FVCO 

A ND FYIG TO 

RESTORE FIF ~ 

125 MHz 

See Figure 4-11 . 

Figure 4·6. Band 3 Operation, Simplified. 
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On units equipped w1 th the Power Measurement Option (02), accurate frequency correction factors are 

stored tn the counter's memory. This allows absolute power calibration of the video amplifier output. 

Once the YIG filter is tuned to the inpu t signal, the appropriate harmon ic number (N) and VCO frequency 

(Fvcol are se lected to produce an IF frequency (F IFl at approximately 125 MHz. An approxima t ion 

of the mpu t signal is found by using: 

F 1 N N F V CO ± F IF 

The IF frequency produced in the mixer is amplified by the high gain I F amplif1er and sent to the count 

chain (A 1 06). The IF threshold detector (A201 B) insures sufficient I F amplitude for count accuracy. 

OPERAT ION 

First the Y IG filter is stepped, (in 64 MHz steps), from its low to high l imi ts. 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. I f tr iggered, the search mode is hal ted until the amplitude of 

the signal is determined. This is done by stepping the fil ter back and for th 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 Y IG 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 centenng process consists of slowly stepping the Y IG filter down (in 2 MHz increments) unti l 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 = FYIG - 125 and then rounded up t o the next highest integer. 
500 

From this, Fvco is calcul ated using Fvco = FYIG · 125. Should this y ield Fvco < 400 MHz, then 

Fvco is recalculated using Fvco = FYIG + 125. 
N 

N 

Smce FYIG 1s only approximately equal to FJN, the IF frequency will not be exactly 125 M Hz. TherP.fore, 

the next step in opera t ion is a VCO frequency adjustment to shift F1F into the middle of the IF passband. 

VCO frequency correct1on is achieved by counting F 1 F and changmg Fvco by ± F 1 F - 125. If the error 
N 

is large enough to be outside the IF passband (IF threshold is not trigge red) then a senes of steps (shi fting 

the IF in l 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 coun t and display the input frequency. 
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After each measu rement, the frequency of the IF is examined. I f the input frequency has shifted more 

than 10 MHz, new frequencies for the Y IG and VCO are calculated to restore the IF t o 125 MHz. This 

method provides rapid tracki ng of a signal being tuned. 

Figure 4-8 , 

NO 

PATT- MIN 

FY IJ:J- F LOW 

INCREMENT 

FY JG 

64 M HZ 

INCREMENT 

FY IG 

64 MHz 

NO 

Figure 4·7. Band 3 Search For Signal 

4-10 

EX IT TO 
YIG CENTER 

GOTO 
ATTEN. CONT. 

Figure 4-8. 
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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. 

o For 100/120 Vac operation use a 1 .0-A slow-blow MOL-type fuse. 

o 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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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 . 

o For 1001120 Vac operation use a 1.0-A slow-blow MOL-type fuse. 

o For 220/240 Vac operation use a 0.50- A slow- blow FST - type fuse. 

The vol tage 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 requ ired rated current, voltage, and 
specified type should be used. Do not use repa ired fuses or 
short - circuited fuse holders. To do so could cause a shock 
or fire hazard. 

CAUTION 

Always be sure that the voltage se lect switch is set to 
correspond to the ac power input voltage, or the counter 
may be dam aged. 

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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o Power Supply (A 101) 

o Gate Generator (A 1 07) 

o Converter Control (A 1 08) 

o Microwave Converter (A 1 02) 

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

SERVICE 

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 
rep resentative. 

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 
A 101 J 1 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 m ay exist in the counter . Serious injury or 
DEATH may resu lt from contact wi th these potentials. 

A 101 POWER SUPPLY 

Disassembly 

1. To remove the A 101 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 A 101 board to 
the Main Interconnect board (A 11 0). 
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3. Return the counter to the upright position. Disconnect from J 1 on the A 101 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 A 101 board to the Main Interconnect (A 1 00) 
board from the bottom. 

A 102 (OPTION 08, GPIB) 

If your instrument is equipped with Option 08, GPIB programming capability, the GPIB board 
will be present in the A 102 slot. 

Disassembly 

1 . Lift the board extractors [2] away from the center of the A 102 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. 

A 105 MICROPROCESSOR 

Disassembly 

1 . Lift the board extractors [2) away from the center of the A 1 05 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 posi tion. 

A 106 COUNT CHAIN 

Disassembly 

1 . Li ft 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 (204021 0-01) from A109J5. 

4. Disconnect from A 1 06J2 the connector for the W14 cable (2040172-01) from A201 J1. 

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 A 1 06J2. 

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 

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 wa 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 A 1 07J2 the connector for the W30 cable (2040179-01) from A 114, the optional time 
base oscillator and J6 (not shown) on the Main Interconnect (A 1 00) 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. 

A 108 CONVERTER CONTROL (BAND 3) 

Disassembly 

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

2. Slide the board up about an inch until the cables can be disconnected. 
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3. Disconnect from A 1 08J 1 the connector for the W6 cable (2040208-01) from A 1 09J3. 

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. Lil t 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 A 1 08J 1 . 

3. Reconnect cable 2040174-01 to A108J2. 

4. Reconnect cable 2040227- 01 to A 1 08J3. 

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. 

A 109 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. Lilt off clip ( 1 0] that is attached to card cage edge from A 109 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 A 1 09J4 the connector for the W1 1 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 A 1 09J6 the connector for the W1 0 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 A 1 09J2 the connector lor the W27 cable (2040213-01) from P1 on the 
Option 06 (Band 4 Converter) assembly. 

9. Lilt 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 A 1 09J 1 . 

3. Reconnect cable 2040208-01 to A 1 09J3. 

4. Reconnect cable 2040166-01 to A109J4. 
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5. Reconnect cable 204021 0- 01 to A 1 09J5. 

6. Reconnect cable 2040165- 01 to A109J6 . 

7. If present, reconnect cable 20402 13-01 to A109J2. 

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

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

A 111 FRONT PANEL LOGIC 

Disassembly 

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

2. Remove two more screws [ 9] that hold front panel assembly (consisting of front panel 
overlay [5] , Front Panel Display and Keyboard A 110 board, and Front Panel Logic A 111 
board) to front edge of frame. 

3 . 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. 

4. 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. 

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

6. Disconnect from A1 1J5 the W19 cable (2040168-01) from transistor U1 4 on support 
bracket [8] . 

7 . Disconnect from A 111J4 the W20 cable (2040168-00) from R1 01 (Sample/Hold control) 
on fron t panel. 

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

9. Disconnect at A 109/Band 2 Converter board end W1 0 cable (2040165-01) for Band 1 
from J6A 109 and W11 cable (2040166- 01) for Band 2 from J4A 109. These cables must 
stay with the A 111 board. 

10. Disconnect from A 111 P2 the W7 cable (2040169-01) from J1 on A 100 (Main 
Interconnect board). 

11. If instrument is a 548A equipped with Option 06, extended frequency , disconnect at A204 
Band 4 Converter end the W28 cable (2040231-0 1) from J 1 A204 and the W29 cable 
(2040232-01) from J2A204. These cables must stay with the A 111 board. 

A110 FRONT PANEL DISPLAY AND KEYBOARD 

To gain access to the A 110 (Front panel Display and Keyboard) board, it is necessary to 
separate the Front Panel Logic (A 11 1) board from the Front Panel Display (A 11 0) board. 

1. Unscrew the eight screws (four on the upper edge and four on the lower edge) that hold 
the A 110 and A 111 boards and the fron t panel overlay together and lift the boards from 
the front panel. 
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2. Then unscrew a ninth screw (about halfway down on the left side of the boards) that 
holds the A 11 0 and A 111 boards together . 

3. Gently separate the two boards. 

Reassembly of A 11 0 to A 11 1 

1. To reassemble Front Panel Logic (A 11 1) board to Front Panel Display and Keyboard 
(A 11 0) board and front panel overlay, replace A 111 on A 11 0 as it was when removed 
from the counter. 

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

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

Reassembly of A 11 0 , A 111 , and F rant Panel Overlay to Counter 

1. To reassemble front panel assembly to counter, posi tion the front panel assembly just 
outside of its normal posit1on in the counter so that the cables can be reattached. 

2. Reconnect W20 cable 20401342-01 to A 111 J4. 

3. Reattach W19 cable 2040168-01 to A 111 JS. 

4. Reconnect W1 cable2040167-01 toS101. 

5. Reconnect W10 cable 2040165-01 to A109J6. 

6. Reconnect W11 cable 2040166- 01 to A1 11J1. 

7. Reconnect W7 cable 2040169-01 to A100J1 . 

8. If the instrument is a 548A with Option 06, reconnect W28 cable (2040231-01) and W29 
cable (2040232-01) from Band 4 Converter to A 11 1 J1 and A 111 J2 respectively. 

9. Spread the side panels [7) slightly to allow the front panel assembly to be inserted in Its 
proper posi tion. 

10. 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 tha t hold the front panel boards to the side panels. 

1 1. 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 ) . 

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

13. Secure front panel assembly to bottom of front edge of counter frame with fou r 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. 

1. 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 wi th 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 tes ts 

The procedures and tables are provided for troubleshoot ing to a funct ional circuit leve l. 

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 sta rt and stop inputs define the measureme nt window. Each time a transition with in the measure· 

ment window occurs on the clock input, the p robe is sampled, and the logic level is shifted into t he ana­

lyzer. This information is used to generate a signature un ique 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 troubleshooting problems that could prevent the program 
from running. A CLR B instruction can be forced by breaking the data bus at A105 E1 and placing it in 
socket A 105 E2, effectively "free running" the microprocessor. "Free running" means forcing a simple 
ins truction (such as NOP or CL RB ) on the data bus, wh ich the microprocessor sees at every address 
location. This causes the microprocessor to continually cycle through its entire address range, accessing 
every th ing on the address bus as it does. By strategicall y 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 A 105 TP4 A 105 TP3 

BUTTONS IN IN IN 

LINE SIGNATURE LINE SIGNATURE 

AO (P1 Pin 54) uuuu 
A 1 (P1 Pin 54) FFFF 

A2 (P1 Pin 53) 8484 

A3 (P1 Pin 51) P763 

A4 (P1 Pin 50) 1U5P 

A5 (P1 Pin 49) 0356 

A6 (P1 Pin 48) U759 

A7 (P1 Pin 47) 6F9A 

A8 (P1 Pin 46) 7791 

A9 (P1 Pin 45) 6321 

A10 (Pl Pin 44) 37C5 

A 11 (Pl Pin 43) 6U28 

A12 (P1 Pin 42) 4FCA 
A13(P1 Pin41) 4868 

A14 (P1 Pin 40) 9UP1 
A15 (P1 Pin 39) 00001 

U3 Pin 7 76AC 
U5 Pin 8 0000 

TP6 854F 
TP7 PACH 
TP8 755F 
TP9 755H 

US Pin 19 U3P7 
U9 Pin 18 0003 
U10 Pin 18 0003 
U17 Pin 1 9F 14 
U17 Pin 2 9F 17 

+ 5V 0003, phase 2 0003 • 

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

the logic probe wi ll 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 suff iciently to access the test functions, program controlled signature analysis 
can be used. In program controlled signature analysis the start and stop (and therefore the signatu re) 
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, check ing the RAM, PROM, and 
t he associated decoding circuitry. The display shows dashes during these checks. If the counter passes 
the tests it then enters t he normal operating mode. If it fails RAM check, the display will show all E~. · If 
the counter fails any of the PROM checks, an error message wil l be displayed. Please refe r to Figure 6-2 . 

The counter generates PROM error signatures only during the power up d iagnostics 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 I PROBE 

CONNECTION A106 TP5 A106TP5 A 105 TPS ' .A 105 TP6 (+5V) 

BUTTONS OUT t IN .j. IN .j. I 

PROBLEM ERROR SIGNATURE 

Ram Bad All E's 

A 105 U 1 1 (Basic Program) Bad 31 
A105 U12 (Basic Program) Bad 32 
A 1 05 U 13 (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 test s (01 thru 11 ). All tests are accessed by pressing 0 
and then the two digit test number. Tests wh ich do no t 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 funct ions 

selected. Tests which use the keyboard in thei r operation (tests 05, 08, 09, 10) can be ex ited by pressing 
CLEAR 

any key no t used by the test . All tests can be exi ted by pressing 0 . The counter will return to 
DISPLAY 

normal operat ion. Some tests require hexidecimal coded keyboard inputs (test s 08, 09, 10) . For those 

tests the keyboard is defined in figure 6-3. 

lo 1:)1 o l MH~ .. ... 
UNITS 

A 
FREQ FREQ LIMIT • lEI 10 ~ .. 8 
offset low hlnh GHz 

I• n •I • CLEAR 

lu a l • 111!11 .. 
DISPLAY ~ POWER M£T£R I·DAC I on /off offset dB ••• 

c 

F E D 

KEY HEX EOUIV. KEY HEX EOU IV. 

0 0 9 9 

1 1 MHz A 

2 2 GHz B 

3 3 CLR DATA c 
4 4 
5 5 • D 

6 6 +I- E 

7 7 RESET F 

8 8 C LA DISPLAY EX ITS TEST 

Figu re 6-3. Keyboard Configuratio n Fo r Tests Requiring Hexadecimal Inputs. 
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START STOP CLOCK PROBE 

CONNECTION OUT t IN ~ IN ~ 

BUTTONS A106 TP5 A106 TP5 A 105 TP8 A 105 TP6 (+5V) 

BUTTON COORDINATES SIGNATURE 

Reset 47 U68C 
Power Meter ON/ OFF 46 U7HA 
Power Meter Offset 36 20P6 
dB 16 U2F9 
DAC 26 81 1P 
7 41 A19C 
8 42 66PU 
9 43 CCH7 
MH z 44 U5PU 
4 31 PUPH 
5 32 UC70 
6 33 HF3A 
GHz 34 OPA2 
1 21 APH1 
2 22 C45H 
3 23 1766 
CLR DATA 24 H9C8 
+I- 1 1 375U 
0 12 H7PC 

• 13 UAHH 
CLR DISPLAY EXIT TEST C75U 

Figure 6-4. Keyboa rd Test Coordinates and Signatures. 
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TESTS 

01 200 MHz Self Test This test se ts the VCO to 400 MH z, div ides it by two, and counts the 200 MHL 

output from the divider. It checks the cou n t cha in, VCO and VCO phase lock circuitry, and the ga te 

generator. 

02 S's Test This will li ght a ll LED 's, annunica tors, and decimal poin ts. It checks that every thing on the 

d isplay is lit, the intensity o f the display, and the alignment o f the LED 's and annu nciato rs. 

03 Display Segment Test This lights one segmen t o f each digit, and one annunciator at a t ime, cycling 

through all segmen ts. The cycle rate can be adjusted with the sample rate pot. It verifies th a t each 

segment o f the display, segment d rivers and display mu ltiplexer opera te prope rly and independ· 

en t ly. 

04 Display Digit Test This lights one enti re digit , and its dec imal point , at a time . It cyc les through 

all d igits and annuncia tors. T he cycle ra te is determined by the sample rate pot. It checks each digi t 

and digit drive r independently, and veri fies operation of the di splay multip lexer. 

05 Keyboard Test This w ill di splay the coordina tes of each key as it is pressed. It also gene rates a 

un ique signa ture for each key, so the keyboard can be checked withou t the display . Test 05 may 

be entered by keyboard or by momentarily tying A108 TP1 to A 105 T P6. This makes it poss ib le 

to ente r the keyboa rd test for troubleshooting even if the keyboa rd is not o pera ting well enough to 

enter the test in a normal manner. Test 05 checks the keyboard, key board int erru pt, and keyboard 

decode circuitry. The coordinates and signatures for each key are shown in figure 6-4. 

06 Converter Ramp Test Tes t 06 continu ously 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 y ig DAC, yig drivers, yig, and Band 3 RF leve l ci rcuits. 

START STOP CLOCK 

CONNECTIONS A106 TP5 A 106 TP5 A105 TP8 

BUTTONS OUT t IN l- IN ~ 

NODE SIGNATURE NODE S IGNATURE 

A 108 U4 Pin 2 9U78 A 108 U4 Pin 9 7763 

A 108 U4 Pin 3 9946 A 108 U4 Pin 10 HP8A 

A 108 U4 Pin 4 8F62 A 1 08 U4 Pin 11 P45A 

A108 U4 Pin 5 89U9 A108U4Pin 1 2 80A8 

A 108 U4 Pin 6 833F A 108 U4 Pin 13 77U6 

A 108 U4 Pin 7 U9CC A 1 08 U4 Pm 14 724 5 

A 108 U4 Pin 8 FCA6 A 1 08 U4 Pin 1 5 28U9 

+ 5V 49P4 

F igure 6-5. Converter Ramp Tes t Signa tu res 
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07 VCO Test This test cycles the VCO frequency from 400 to 500 MH z, 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. 

08 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 f irst two d igits 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 test ing 
the power meter ci rcuit. 

09 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 
2nd digit 
3rd digit 
4th digit 
5th digit bit 0 
5th digit bit 1 

A 1 07 U 1 0 bits 4-7 
A 1 07 U 10 bits 0-3 
A107 U12 bits 4-7 (Power Meter Option on ly) 
A 107 U 12 bits 0-3 (Power Meter Option on ly) 
Sets Amp marked " 15 dB Gain" to high gain 
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 R F level and power meter circuits. 

1\l Info rmation Read/Alter Routine Test 10 can read any microprocessor address and, if that add ress 
is RAM or 1/0, change its contents. The desi red address is entered as a 4 digit hexidecimal number 
(see figure 6-5) . When the 4th digit is entered the counter wi ll display the content s 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 wi ll 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 o n. 

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

If an 1/0 bit is configured as an ou tput, the number read by test 10 will be the same number that is pro· 
grammed. If an 1/0 bi t is con figured as an input, the number read by test 10 wil l be the input signal level 
on the 1/0 l ine. Therefore, if an 1/0 port is programmed, and then read, the number displayed may not 
correspond to the number programmed because some bits of the 1/0 port may be con figured as inputs. 

DESCRIPTION ADDRESS OF ADDRESS OF 

PA PORTS PB PORTS 

PIA on Count Chain (A 106) 2COO 2C02 
PIA on Gate Generator (A107) 1900 1902 

Frequency Control PIA on Converter 
Control (A 108) 1840 1842 
Programmable Counter PIA on 
Converter Control (A 1 08) 1820 1822 
PIA on Band 2 Converter (A 109) 1880 1882 

PI A on Front Panel Logi c (A 111) 1808 180A 

PI A on BCD/ Remote (A 1 02) 9AOO 9A02 

PIA on DAC Board (A103) A820 A822 

DESCRIPTION ADDRESS 

GPIB Address Switch 1C04 

Figure 6·6. 1/0 Addresses. 
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Two important 1/0 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 t o a multiple of 2 MH z (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 signifi cant digits are programmed to address 1842, and the two least signi f icant digits 
are programmed to address 1840. 

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

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

EXAMPLE (420. 75 MHz) 

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

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

4. Multiply only the fractiona l part by 16 .. .. ............... . .. . .. ... .. .. .. 75 X 16 = 12 

5. Add the result to the most significant digit from step 2 . ... .. .. .. MSD of 2103.75 = 2 · 2 + 12 = 14 

6. Convert th e result to hexidecimal ..................... ... .. ... . ......... 1410 = E16 

7. Replace the MSD from step 2 with the resul t from step 6 

and drop the fractional part . ..... . ...... .... . . .... . ....... .. .... . . 2103.75- E103 

8. The two most significant digits are programmed to address 1822, and the two least significant digits 
are programmed t o address 1820. 
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SIGNI FICANT 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 100KHz 10KHz ADDRESS+ 4 NOT USED 

ADDRESS+ 5 1 KHz 100Hz ADDRESS+ 5 100 d8 10 dB 

ADDRESS+ 6 10Hz 1 Hz ADDRESS+ 6 1 dB . 1 dB 

REGISTER ADDRESS 

LO. 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 018F 

Power offset 024D 

Figure 6-8. Power Storage Registers 
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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. I f the f ol lowing assemblies 

are repaired or replaced, recalibra tion of the counter will be necessary. 

• A101 Power Supply 

• A 1 07 Gate Generator 

• A 108 Converter Control 

• A203 Converter Assembly 

CAUTION 

Do not attempt to repair or disassemble 

the A203 hybrid assembly. 

TEST EQUIPMENT REQUIRED 

MANUFACTURER MODEL DESCRIPTION 

Tekt ronix 475 Oscilloscope 

Fluke 8050A D.V.M. 

H.P. 182C,8559A Spectrum Analyzer 

H.P. 5004A Signature Analyzer 

H.P. 6518 Signal Generator 

Wavetek 2002 Sweeper 

EIP 928 Microwave Source 
H.P. 8690A, 8696A Microwave Sweeper 

CRITICAL PARAMETERS 

100 MHz min. Bandwidth 

4 Y. digit resolution 

125 MHz 

10Hz· 10MHz 

10 MHz - 2 GHz 

1 GHz - 18.6 GHz 

18 GHz · 26. 5 GH z 

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

To use the troubleshooting trees : 

1. Refer to the main troubleshooting tree. 

2. Step through the main troubleshooting tree, performing all necessary checks, until t he failure mode 

is noted. 

3. Refer to the appropriate troubleshooting tree for that failure mode. 
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( STARTJ 

T 
TURN UNIT ON NO CHECK FUSE, AC POWER, AND 
IS FAN RUNNING ? ON/OFF SWITCH 

~ YES 

BLANK 
CHECK POWER SUPPLIES, 

NOTE OISPLA Y DISPLAY POWER SUPPLY , AND 
DISPLAY DECODE LOGIC. 

'INVALID 
CHARACTERS 

SEE F IGURE 6-11 

ZERO PROGRAM 

l 
INOPERATIVE 

ALL 
E's UNIT FAILED RAM CHECK. PRESS: BAND, 1 
~ THE SYSTEM RAM OR DOES UNIT RESPOND TO THE RAM DECODING CHI PS ON 

A105 ARE BAD. KEYBOARD? 

YES jNO 
ERROR SEE FIGURE 6-12. 
31-33 

UNIT FAILED PROM CHECK. 
KEYBOARD 

REFER TO ERROR MESSAGE CHECK BAND 1 OPERAT ION. 
TABLE FOR BAD PROM OR PROM DOES BAND 1 OPERATE 

DECODING. PROPERLY? 

YES jNo ZEROS 
WITH SEE FIGURE 6-13. 
DIG ITS 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 INO 
ZEROS SEE FIGURE 6-14. 
WITH 200 MHz TEST 
SEGMENTS 
MISSING DISPLAY SEGMENT DR IVER CHECK BAN D 2 OPERATION. 

CIRCUITRY BAD. USE TESTS 02 DOES BAND 2 OPERATE 

AND 03 TO TROUBLESHOOT. PROPERLY? 

YES 'NO 
1 DIG IT SEE FIGURE 6-15. 
LIT VERY BAND2 
BRIGHTLY 

DISPLAY MUX CHECK BAND 3 OPERATION. 
DR IVER BAD DOES BAND 3 OPERATE 

PROPERLY ? 

YES INO 
SEE F.IGURE 6-16. 

I 
BAND 3 

UNIT OK 

Figure 6-10. Main Troubleshooting Tree 
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(sTART 

1 
PROGRAM IS NOT BAD POWER SUPPLY OR RUNN ING PROPERLY. 

POWER LIN E INPUT BAD . CHECK POWER SUPPLIES. 

~ GOOD 

CONNECT SCOPE TO 
A 105U1 PIN 37 

NO _ POWER ON TURN COUNTER OFF, THEN 
RESET CIRCUITRY BACK ON . AT TURN ON DOES PIN 

BAD 40 GO LOW FOR APPROX . SOms. 
THEN GO HIGH? 

t YES 

REMOVE E1 TO INSTALL E2 NO PROBE TO POINT WHERE BAD 
CONNECT SIGNATURE - SIGNATURE STARTS. REPLACE 

ANALYZER AS INDICATED IN BAD COMPON ENT. 
F IGURE 6·1. 

PROBE ALL POINTS IND ICATED. 
ARE ALL SIGNATURES GOOD? 

-. YES 

TURN COUNTER OFF 
REMOVE GROUND 

FROM A 105 TP5 

REPLACE E2 TO El 
REMOVE ALL PCB's EX- NO A105 U8 BAD, OR DATA BUS ON 

CEPT MICROPROCESSOR (A 1051 MOTHER BOARD (A100) OR DIS· 
AND DISPLAY (A110). PLAY LOGIC BOARD IA110) BAD. 

T URN UNIT ON. DOES UNIT 
DISPLAY DASHES FOR APPROX. 
1 SEC. TH EN D ISPLAY ZEROS? 

1 YES 

ON E AT A T IME REPLACE PC 
BOARDS AND REPEAT PR EVIOUS 

STEP UNTIL BAD BOARD IS 
FOUND. DATA BUS OR PIA ON 

THAT BOARD IS BAD. 

Figure 6-11. Program Inoperative 
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(STAAT 

1 
TURN UNIT OFF, TH EN BACK ON . 
WH ILE UNIT IS ST ILL DISPLAY-
l NG DASHES, PRESS BAND AND 
HOLD IT IN. WHEN THE DISPLAY 
GOES TO ZEROS, IS THE BAND 
LIGHT FLASHING? 

YES I NO 

ENTER KEYBOARD TEST BY 
MOMENTARILY TYING A108TP1 
TO A105TP8. PRESS ANY KEY. 
DOES THE DISPLAY SHOW 
CXX (XX • COORD INATES)? 
(Figure 6-9) 

YES ~ NO 

KEYBOARD SCAN OR KEYBOARD 
INTERRUPT CIRCU IT RY BAD. 

~ KEYBOARD OR KEYBOARD 
BUFFER BAD. 

WITH SCOPE LOOK AT 
A201 B-E4 (I .F. THRESHOLD) 
IS IT A TTL LOW? 

YES NO 

L...--.- I .F. AMP OR I.F . 
THRESHOLD BAD. 

R F LEV EL FROM I .F. AMP BAD, 
POWER METER ZERO DAC BAD, 
OR POWER METER BAD. 
GO TO POWER METER TROUBLE-
SHOOTI NG TREE . Figure 6-1 1. 

Figure6- 12. Keyboard 
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(START) 

CONNECT A 50 MHz -20 dBm 
INPUT TO BAND 1. CHECK 
A109TP5. IS IT A TTL LOW? 

I YES NO -t IMPEDANCE CONVERTER OR 
SIGNAL SELECT ON A109 BAD . l 

IS GATE LIGHT FLASHING? 

I YES l NO 

CHECK THE ANODE OF A 106 CR4. CHECK A107U22 PIN 2. IS IT A 

IS IT A .5V, 50 MHz 100 KHz TTL LEVEL CLOCK 7 

SQUARE WAVE ? 
YES NO 

YES l NO 

SIGNAL SE LECTOR ON A106 BAD l REF OSC SELECTOR/DIV IDER ON 
A 107 BAD 

CHECK A106TP1 . IS IT A 50 MHz 
PULSE, ABOUT 3 nsWIDE ? PRESS: TEST, 0, 4 

AS THE SAMPLE RATE POT IS 
YES ~NO VARIED DOES THE CYCLE RATE 

OF THE DISPLAY VARY? 

A 106 SIGNAL CONDITIONING l CIRCUIT BAD. YES NO 

CHECK A 106TP7. IS IT A 5 MHz 
SAMPLE RATE CIRCU ITRY ON 

TTL LEVEL CLOCK 7 ' 
A11 1 BAD. 

YES 1 NO 

FIRST DCU OR ITS ASSOCIATED l 
CIRCUITRY BAD. GATE GENERATOR ON A 107 BAD I 

COUNT CHAIN CIRCUITRY ON 
A106 BAD. 

Figure 6-13. Band 1 
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(sTART 

~ 
CHECK SIGNAL AT A201A·J2 

lNO OUTPUT VCO BAD 
I 

FREQUENCY 
OTHER 
THAN 400 MHz 

PHASE LOCK CIRCUITRY ON 
400 MHz A108BAD. 

CHECK A 109UJ PIN 3 . IS IT AN 
ECL LEV EL 200 MHz CLOCK 7 

Y ES 
INO 

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

SIGNA L SE L ECTOR ON A109 BAD 

Figure6- 14. 200 MHz Test 

(sTART) 

i 
CHECK BAND 2 

OPERAT ION FROM 10 MHz T O 
190 MHz (BAND 2A). DOES BAND 

2A WORK PROPERLY ? 

NO 
tYES 

L .O. SELECT CIRCUITRY ON 

J 
.... 

A109 BAD. 

CONN ECT A 50 MHz. - 20 dBm 
SIGNAL TO T HE BAND 2 INPUT. 
CONNECT A SCOPE TO A109TP1 2. 

IS A 109TP11 A TTL HIGH 7 

NO L__ SIGNAL SEL ECT CIRCUITRY ON 
A 109 BAD. 

ISOLAT ION AMP, 200 MHz L .P.F .. 
I.F . AMP, OR BAND 2 LOC K DET 

ON A 109 BAD. 
----

Figure6-15. Band 2 
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WHAT IS SYMPTOM OF BAND 3 
PROBLEM? 

UNIT COUNTS 
WRONG NUMB ER 

UNIT COUNTS AFTER 
SIGNA L IS REMOVED 

VCO IS GENERAT ING 
WRONG FREQUENCY. CONN ECT 
CONVERTER TO A109J2. (VCO 
REF.) IS FR EQUENCY BETWEEN 

400 MHz AND 500 MHz 7 
AND STABLE? 

NO 

VCO NOT 0 LOCKED. 
CONNECT A POWER SUPPLY TO 
A201J3. VARY VOLTAGE FROM 
-2 T O +9V . DOES THE VCO FRE· 
OUENCY VARY FROM APPROX. 
370 MHz TO APPROX. 510 MHz 7 

YES 

a LOCK CIRCU ITRY ON 
A 108 BAD. 

NO 

VCO BAD 

PHOTO A. 

I.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 

CONN ECT A SIGNAL WIT HIN THE 
OPERATING RANGE OF BAND 3 
TO THE BAND 3 INPUT. WITH A 
SCOPE LOOK AT A 100J7 PIN 2. 
IT SHOULD CONTAIN A COM· 
PLEX WAVEFORM. DOES A POR­
T ION OF TH E WAVEFORM LOOK 

LIKE PHOTO A 

NO 

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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CON N ECT A SPECTRUM 
ANALYZER TO A106J3. AS THE 
COUNTER FINDS THE INCOMING 

SIGNAL AN I.F. OF 
125 MHz ± 20 MHz SHOULD BE 

GENERATED, THEN THE I.F. 
SHOUL D BE CORRECTED TO 

125 MHz EXACTLY. 

la.K. 

NO I.F . 

DOES NOT 
CORR ECT I.F . 

FREQUENCY INPUT OUTSIDE 
FREQU ENCY LIMITS OR SIGNAL 

SE LECTOR ON A 106 BAD. 

VCO POWER AMP BAD. 

I.F. THR ESHOL D BAD. 

I.F. MORE THAN 20 MHz FROM 
125 MHz, OR CORRECTED TO 
T HE WRONG FREQUENCY. 

PERFORM CONVERTER 
CALIBRATI ON (SECTION 7). IF 
PROBLEM IS NOT FIXED, PR ESS: 
TEST, 0, 6. WITH A SENSIT IVE 
SCOPE LOOK AT A 100J7 PIN 2. 

CHECK THE RAMP FOR ANY 
LARGE STEPS OR NON· 

LIN EARITY . IS THE RAMP O.K.? 

YES -
NO 

VCO ~LOCK CIRCU ITRY 
ON A 108 BAD. 

~ A 108 FREQUENCY CONTROL 
DAC BAD. 

Figure 6-16. Band 3, continued 
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PR ESS: TEST, 0,6 
DOES A 100J7 PIN 2 CONTA IN A 

1.8 VOLT 325 ms RAMP? 

I YES 

LOOK AT A108TP2. DOES IT 
CONTAINA5VOLT 
325 ms RAMP? 

YES 

r 

I NO 

A108 FREQUENCY CONTR OL 
DAC BAD. 

A108 Y IG DRIVER BAD. 

l 
CHECK A 201B-E4 (IF THRESH.) 

IS IT A TTL HIGH? 

YES 

1 
I.F. THRESHOLD BAD 

POWER METER OR POWER 
METER ZERO CIRCUIT ON 

A 107 BAD. 

I.._ _ __ SEE FIGURE 6·17 
POWER METER 

Figure S. 16. Band 3, continued 
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STAAT 

REMOVE A 107J1. GROUND A107J1, PIN 1. 

f'R ESS: BAND, 3, RESET, BAND, 1 
TEST , 0, 9, RESETlFl, RESETlFl, 
R ESET(F), RESETlFI, 3, CL EAR DISPLAY 

LOOK AT A107TP4. IS ITOV t 10mV? 

PRESS: TEST,O,B, O,O,O,O 
IS TP4 lOV t lV ? 

YES NO 

U9 OR 08 BAD. 

IS U11 PIN 6 THE SAME 
VOLTAGE, BUT THE OPPOSITE 

POLARITY, AS TP4 ? 

YES 

U10 OR U11 BAD. 

YES 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, IS A107U1 4 PIN 7 A 
TTL LOW, AND WHEN TP3 IS BE­
LOW GROUND IS A 107U14 PIN 7 

A TTL HIGH? 

YES NO 

A107 U1o4A BAD. I 
POWER METER I 
ZERO DAC BAD. 

IS TP3 THE SAME VOLTAGE 
AS TP4 ? 

YES NO 

- U12 OR U13 BAD. 

IS U14 PIN 1 A TTL LOW? 

YES 

I Not_____ r-----'1 ~U14BBAD. 

~------------~A 

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 -{)V TO - 11 V 7 

YES NO 

U23 OR 08 BAD. 

IS U11 PIN 6 THE SAME 
VOLTAGE BUT THE OPPOSITE 

POLARITY AS TP4 7 

YES NO 

U10 OR U11 BAD . 

IS TP3 THE SAME VOLTAGE 
AS TP4 7 

YES NO 

U12 OR U13 BAD. 

IS U14 PIN 1 A TIL HIGH? 

YES NO 

U148 BAD. 

IS U17 PIN 8 A TTL LOW? 

YES NO 

U17 BAD. j 
15 dB AMP ON 

I.F. AMPLIFIER BAD. 

Figure 6· 17. Power Meter and Power Meter Zero DAC, continued 
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Section 7 
Adjustments 

and Calibrations 

GENERAL 

To correctly adjust the 545A or 548A counter use the fol lowing procedures. Ad justments should only be 

made if the counter does not operate as specified, or following the replacement of components. If the 

ild justments do not result in the performance speci f ied then refer to the troubleshoot ing section of this 

manual. The t est equipment required is: 

MANUFACTUR ER MOD EL DESCRIPTION CRITICAL PARAMETERS 

Tektronix 475 Osci lloscope General Purpose 

Fluke 8050A D.V.M. 4 Y, digit resolution 

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

Wavetek 2002 Sweeper 10MHz - 2 GHz 

EIP 928 Microwave Source 1 GHz -18.6 GHz 

H.P. 8690A, 8696A Microwave Sweeper 18 GHz - 26.5 GHz 

EIP 2000017 Service Ki t See Appendix A (A-3) 

POWER SUPPLY ADJUSTM ENTS 

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 (A 101) . 

1. Connect the D igital Volt Meter (DVM) between ground and + 12V on A 101, pin 1 and 8 . 

2. Adju st A 101 R5 unti l the volt age measures +12.000 VDC ± .010 VDC. 

3. Connect the DVM between ground and -12 V on XA 101, pin 1 and 18. 

4. Adjust A 101 R 17 until the voltage measures -12.000 VDC ± .010 VDC. 
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R 17, R5 

'1'16 

T1 

'I'll '1'14 
..r---., F1 
..,_ __ __. FUSE 

-----·· ____ ::::==== ~~==== } OPTION 
ASSVS 

- ---- ·-----A104------

Figure 7-1. Adjustment Locat ions. 
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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 
correct ion 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 y ields 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 correction 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 • 01 F4 (hex) 

and "01 F4" 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 equa l 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: DAC g- DAC p 
YIG q - YIG p 

= 

7-3 

D- DAC p 

Y- YIG p 
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then Y is : 

YIG q - YIG p 
Y = (D - DAC p) • DAC q _ DAC p + 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 1140 is 
generated to indicate error in the correction table. 

CORRECTION TABLE SETUP 

Setting up the correction table is actually the YIG OAC 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 112 to entry 113 . 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 OAC number 01 is 
read and stored as OAC II of entry 112 of the table. Now the table looks like this: 

default 1 0 0 

entry 1 Y1 01 

default 2 3FFF 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 fulf illed 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 0 the correction table will be as follows: 

default 1. 0 0 

entry 1. Y1 01 

entry 2. Y2 02 

. .. . .. 

entry N- 1. Y N-1 D N- 1 

entry N. YN DN 

default 2o 3FFF 3FFF 

where 2 <= N <= 246. 

Since default values are used for the first and the last entry. they must be corrected before the 
user eyits the calibration process. The software accomplishes this task by using Y1 0 Y2o 01 0 

02 to extrapolate default 1 and Y N-1. YN. D N-1. DN to extrapolate default 2. 

The equation is : 

Y= D • (Y2 - Y1) + Y1 • 02 - Y2 • 01 

02- 0 1 

The final correction table looks like this: 

extrapolated 
entry 0. 

entry 1. 

entry 2. 

entry N- 1 

entry N 

extrapolated 
entry N+1 

where 2 <= N <= 246. 

YO 

Y1 

Y2 

. . . 

Y N- 1 

YN 

Y N+1 

7-5 
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01 

02 

. .. 

D N-1 

DN 

Y N+1 
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FORMAT AND ADDRESS OF THE CORRECTION TABLE 

The correction table resides in EEPROM. 

Address: OCOO hex 

Format: 

YYYY dddd yyyy dddd ..... ... yyyy dddd FFFF FFFF EEEE 

where "yyyy " 
"dddd " 
"FFFF FFFF" 
"EEEE" 

means 2 bytes of YIG frequency 
means 2 bytes of DAC reading 

represents 4 bytes of end of table mark and 
means for software usage. 

NOTE 

Before performing this procedure. A 108 S-1 must be open. 
(A 108 U4. Pin 17 will be high) . After cal ibration . 81 must be on 
(A108 U4, Pin 17) low to protect calibrat ion. 

CALIBRATION PROCEDURE 

Manual Calibration 

1 . Press "BAND 3" on the front panel. 

2. Press "TEST 90 " on front panel. the counter will then display " F01 " . 

3. Apply a synthesized 1-GHz signal at 0 dBm to Band 3 of the counter. 

4 . Enter "1" and press "GHz" on the front panel. 

5. Counter should display "F02 " . 

6. Apply a synthesized 1 . 3-GHz signal at 0 dBm to Band 3 of the counter. 

7. Enter "1", " ." , " 3" and press "GHz" on the front panel. 

8. Counter should display "F03" . 

9 . Apply a synthesized 1 0- GHz signal at 0 dBm to Band 3 of the counter. 

10. Enter " 1 ". " 0 " and press " GHz" on the front panel. 

11 . Counter shou ld display "F04". 

12. Apply a synthesized 18- GHz signal at 0 dBm to Band 3 of the counter. 

13. Enter " 1 ". "8" and press " GHz" on the front panel. 

14. Counter should display "FOS". 

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

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

17. Enter "2 ", " 2" and press " GHz" on the front panel. 
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21 . Counter should display "F07". 

22 . Apply a synthesized signal 25.5 GHz at 0 dBm to Band 3 of the counter. 

23 . Enter " 2". "5", ".", " 5" and press "GHz" on the front panel. 

24. Counter should display "FOB " . 

25. Apply a synthesized signal 26.5 GHz at 0 dBm to Band 3 of the counter. 

26. Enter "2", "6", " ." , " 5" and press "GHz" on the front panel. 

27. Counter should display "F09". 

28. 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 . Output "B3T A90" to the counter. 

2. Command the signal source to generate 1 GHz at 0 dBm. 

3. Output " 1 G" to the counter . 

4. Command the signal source to generate 1.3 GHz at 0 dBm. 

5. Output "1.3G" to the counter. 

6. Command the signal source to generate 10 GHz at 0 dBm. 

7 . Output " 1 OG " to the counter. 

8. Command the signal source to generate 18 GHz at 0 dBm . 

9. Output " 18G" to the counter. 

10. Go to step 19 if the model of the counter is 535/545/575. 

11. Command the signal source to generate 22 GHz at 0 dBm . 

12. Output " 22G" to the counter. 

13. Command the signal source to generate 24 GHz at 0 dBm. 

14. Output " 24G" to the counter. 

15. Command the signal source to generate 25.5 GHz at 0 dBm . 
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16. Output "25. 5G" to the counter. 

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

18. Output "26.5G" to the counter . 

19. Output "C" to exi t the calibrat ion 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 cou nter 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: 

Dds 6ft 

where fs is the true frequency of the measured signal, and ft 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 (A 113). The range of the actual measured 
frequ encies 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 wil l 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 approx1mate 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 varia tion of s· C will result in a measured signal error of no more than ± 2.5 X 1Q -7 

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

The natural aging characteristics of the crystal in the t ime base oscil lator 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 10-7 parts per month as specified. This may improve to at least 1 X 10·6 parts per 

year when in con tinuous 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 accu racy 

required. 

For example, if the counter is subjected to the fu ll operating temperature range one month after proper 

initial adjustments, the inaccuracy could vary from +1.3 X 10·6 parts to -0.7 X 10-6 parts. 
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TCXO CALIBRATION PROCEDURES 

METHOD 1 (with accurate frequency counter) 

1. Remove top cover of counter. Connect counter to line voltage. Check that ambient temperature is 
- 2o0 c. 

2. Measure the frequency of the TCXO (at the rear panel 10 MHz connector) with a second cou nter 

of known calibration accuracy. 

3. Refer to calibration label on TCXO showing offset from 10 MHz requ ired for accurate function over 
0 · 50° C range. 

4. Adjust the TCXO by turning the calibration screw on the TCXO case until the measured frequency 

equals that shown on the TCXO calibration label. 

METHOD 2 (with accurate frequency source) 

1. Apply a 10 000 000 Hz signal from a frequency standard (or other oscillator of suitable accuracy 
and stability) to the Band 1 input of the counter. 

RESOL 
2. Press D ( 1 Hz resolution) 

3. Adjust the TCXO until the reading on the counter is offse t from 10 000 000 Hz by the negative 

of the frequency shown on the TC XO. For example, if the TCXO calibration label shows a frequency 
of 1 0 000 003 Hz, adjust the TCXO until the counter displays 9 999 997 Hz. 

DISPLAY INTENSITY 

On the front panel logic assembly (A 111 l, R4 may be adjusted to provide the most comfortable display 
intensity . 

7- 10 
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Section 8 
Performance Tests 

GENERAL 

These tests a re for the basic counter. Peformance tests for options a re in section 10 . These tests will enable 

the user to verify that the counter is operating within specifications. 

VARIABLE LINE VOLTAGE 

During the performance tests the counter should be connected to the power source, through a variable 

voltage device, so that line voltage may be varied ±10% from nominal. This will assure proper operating of 

the counter under various supply conditions. 

REQUIRED TEST EQUIPMENT 
(or equivalent) 

MANUFACTURER MODEL 

H.P. 6518 

Wavetek 2002 

EIP 928 

H.P. 8690A, 8696A 

BAND 1 
( 10Hz - 100 MHz) 

1. Set the coun ter to band 1. 

CRITICAL 
DESCRIPTION PAR AM ETE RS 

Signal Generator 10Hz-10MHz 

Sweeper 10MHz-2GHz 

Microwave Sou rce 1 GHz- 18.6 GHz 

Microwave Sweeper 18 GHz- 26.5 GHz 

2. Connect the signal source output, through a 50 ohm shunt feedthrough resistor, to the band 1 input 

on the counter. 

3. Set the signal level to 25 mv RMS (-19 dBm into 50 ohms). 

4. Vary the signal from 10Hz to 100 MHz (changing signal source as required) . 

The counter should display the correct input frequency. 
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BAND 2 
( 10 MHz - 1 GHz ) 

1. Set the coun ter to band 2. 

2. Connect the signal source output to the band 2 input of the counter. 

3. Set the signal level t o -20 dBm (22 mv RMS). 

4. Vary the signal input from 10 MHz to 1 GHz. 

The counter should display the correct input frequency. 

BAND3 
(548A: 1 GHz - 26.5 GHz) 
(545A: 1 GHz - 18 GHz) 

1. Set the counter to band 3. 

2. Connect the signal source output t o the band 3 inpu t of the counter. 

3. Vary the signal frequency from 1 GHz to 18/26.5 GHz (changing the signal source as required) at the 

following levels. 

1 GHz - 1.2 GHz -25 dBm (12 mv RMS) 

1.2 GHz - 12.4 GH z -30 dBm (7 mv RMS) 

12.4 GHz - 18 GHz -25 dBm (1 2 mv RMS) 

18 GHz - 22 GHz ·20 dBm (22 mv RMS) 

22 GHz - 26.5 GHz - 15 dBm (38 mv RMS) 

The counter should display the correc t inpu t frequency . 
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Section 9 
Functional Description and 

Illustrated Parts Breakdown 

This section contains a functional description, a parts list , an illustration , and a schematic diagram for each 
printed c ircuit board used in this counter. 

Parts are listed alphabetically by component type and then in numeric order within component type. Com­
ponents that have a different reference designator (REF DES) but the same EIP part number are described 
for the first such component listed . Subsequent descriptions of that component will refer to the first entry. 
The total number of like components used on the same assembly will be listed with the f irst entry in the 
column identified as UNITS PER ASSEMBLY. 

The last two columns of the parts list give the name and the Federal Supply Code for Manufacturers 
(FSCM) numberof the manufacturer. A list of manufacturers' names . addresses, and FSCM numbers is 
given in Appendix B. The FSCM number is used in the parts list as a guide to the manufacturer or supplier 
o f a part. 

Pages 9-3 through 9-5 contain the top assembly of the counter and other basic information. After page 
9-5 , the page numbers have a three-digit f irst number fol lowed by a dashed number. The three-digit 
number reflects the number of the assembly being described on those pages. The dashed number is the 
page sequence for the description on that assembly. For example, pages 105-1 through 105-5 all relate to 
the A 105 printed circuit board. This page numbering system facilitates simple, modular page replacement 
when an assembly revision makes a manual update necessary. 

REFERENCE DESIGNATORS 

A Assembly 
B Battery or Fan 

J 
K 
L 
p 

Jack or Connector 
Relay 

C Capacitor Inductor 
CR Diode 
OS Indicator (Display) 0 

A 

Plug or PCB Contacts 
Transistor 

F Fuse Resistor 

ABBREVIATIONS 

CBN CARBON NOM 
CER Ceramic PC 
CMT Cermet PCB 
CNTR Counter pF 
CONV Converter PREC 
COMP composition PROM 
CONN Connector RAM 
ELEC Electrolytic RSTR 
FDTH Feedthrough AT AN 
FLM Film S.A.T. 
FML Female 
GP General Purpose sw 
IC Integrated Circuit TANT 
K Kilo (x 1 , 000) TRIM 
LED Light Emitting Diode uF 
M Meg(a) (x 1,000,000) uH 
MET OX Metal Oxide VAR 
MF Metal Fi lm WPRF 
mH Millihenry ww 
ML Male XSTR 
MTCH PR Matched Pair 

9- 1 

s Switch 
Transformer T 

TP Test Point 
Integrated Circuit 
Socket or Holder 
0 1 through 03 

u 
X 
01-3 
0 1/2 

Nominal 

0 1 and 02 (matched pair) 

Printed Circuit 
Printed Circuit Board 
picofarad 
Precision 
Programmable Read Only Memory 
Random Access Memory 
Resistor 
Right Angle 
Value or type selected at factory 
test. Part may not be used. 
Switch 
Tantalum 
Trimmer 
Microfarad 
Microhenry 
Variable 
Waterproof 
Wirewound 
transistor 
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FROM 
A1S101J1 

A 1J12 

AlSl 

A1J10 

A1B1 

A101J 1 

A111P2 

A 107J1 

A 108J2 

A 1J111 

A1J112 

A201 

A202J2 

A 1 06J2 

A 1 06J1 

A100J1 
A102 (GP!B or BCD OPT.) 

W7 

P2 A104 CDAC OPT.) 

A201 

81 

-.r--_.._, F1 
......._ __ .....-' FUSE 

J1 
POWER 

'---.-'INPUT 
5 1 
VOLTAGE 
SELECT 

Figure 9-1 . Assembly Locations and Cable Connections in Counter 

CABLE CONNECTION GUIDE 

CABLE TO FROM CABLE TO 
Wl A l Sl , Fl,Jl A108J1 W16 A109J3 

W2 AlT l A109J1 W17 A201J2 

W3 A1J12 A 1JS,S2 W18 A100J4 

W4 A1S 1 A 1U14 W19 A111J5 

ws A1J10 A1R101 W20 A 111J4 

W6 AlTl A 107J3 W21 A108J3 

W7 A100J1 

wa A201 

W9 A20 1J3 

W10 A109J6 

W11 A109J4 A100J2 W26 Al ,GPIB (OPT . 08) 

W12 A100J7 A204P1 W27 A109J2 (BAND 4 , OPT 06) 

W13 A 100J7 A204J2 W28 A1J1 (BAND 4 , OPT 06) 

W14 A201 J l A204J1 W29 A1J2 (BAND 4, OPT 06) 

W15 A109J5 A 107J2 W30 A100J6 (OPT. 03/04/05) 
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545A/548A MICROWAVE COUNTER 

REF EIP UNITS TYP 
DESCRIPTION PER TYP MFG NO. FSCM DES NO. ASSY NO . 

COUNTER,MODEL545A 201 0224 ·06 EIP 34257 
MODEL 548A 2010225-06 EIP 34257 

·1 FRONT PANEL ASSY 2010218-09, 10 1 EIP 
Knob 5210223 1 5000160 31013 

Button set, 12 + 9 5210220 1 5230005-02 
Panel 5210378 1 
Sample Rate Control Assy 2010 134-01 1 
Alignment Pin 5210190 2 
Retainer Key 5210191 1 
Switch, toggle, PWR 2010187-01 1 

-2 REAR PANEL ASSY 2010219-01 1 EIP 
Panel 5210192 1 
Conn, Filter 2650005 1 3EF1 05245 
Switch, toggle, SPOT, 120V, 5A 4510001 1 7101 H 09353 

Fuse holder 5000172 1 031.1653/1666/1 663 
Fuse, 1A, SB, 250V 5000085 1 MDL-1A 71400 
Fuse, .50A, SB, 250 V 5000169 1 FST034-3114 71400 
Conn, BNC 2610024 1 KC -79 -35 91836 
Voltage Select Switch Assy, A151 2010159-01 1 

-3 FAN ASSY 2010136-01 1 
Fan 5000151 1 760/ 126LF / 182/ 111 5 
Conn, Pl ug, 3 p in 2620110 1 03. 06 - 2032 OOOOA 
Contact, Male 2620038 2 02 - 06 . 2103 OOOOA 
Spacer 5210016 2 

-4 FRAME KIT 2010151 -01 1 
Panel, Side, Enclosure 5210210 2 
Trim, Front Post 5220004 2 
Trim, Handle 5220025 2 
Frame 5210248 2 
Corner Post, Front 5250001 2 
Corner Post, Rear 5250002 2 
Hand le, Enclosures 5250011 2 

-5 TRANSFORMER, ASSY, A1T1 2010359-01 1 
Transformer, Power 4900005 1 
Conn, Plug, 9 pin 262011 2 1 03. 06. 2092 OOOOA 
Conn, Housi ng, 6 pin 2620129 Ref 640427 . 6 AMP 
Contact, Male 2620038 7 02 - 06-2103 OOOOA 
Contact, Female 2620036 02. 06 . 1103 OOOOA 

-6 FRONT CARD GU IDE ASSY 52 10199 1 

-7 REAR CARD GU IDE ASSY 5210200 1 

-8 TOP COVE R ASSY 20102 12-0 1 1 

-9 BOTTOM COV ER 5210209 1 

-10 TILT BAIL 5000055 1 

-11 Foot. Plastic Enclosure 5220003 4 

·12 Line Cord Set · Domestic 5440002 1 
Line Cord Set · Export 5440017 1 
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545A/548A Microwave Counter (continued) 

REF EIP 
UNITS TYP 

DES 
DESCRIPTION 

NO . 
PER TYP MFG NO. FSCM 

ASSY NO. 

PCB ASSEMBLIES See Page No. 

A100 Counter Interconnect 2020180- 01 1 100- 1 
A101 Power Supply 2020131 - 01 1 101- 1 
A105 Microprocessor 2020215- 02 1 105-1 
A 106 Count Chain 2020136- 03 1 106- 1 
A107 Gate Generator 2020197- 09 1 107-1 
A108 Converter Control (Band 3) 2020200- 04 1 108- 1 
A109 Band 2 Converter 2020139-05 1 109- 1 
A110 Keyboard Display and Logic 2020140- 02 1 110-1 
A111 Front Panel Logic 2020191 -02 1 111 - 1 
A203 Microwave Converter (Band 3) 2020241 - 06 1 203- 1 
A201A Voltage Control Oscillator (not shown) 2020199-00 
A201B IF Amplifier) (not shown) 2020143-01 
A202 Microwave (YIG) Assembly (not shown) 

CABLES 

W17 Front Panel . Flat Ribbon 20401 69- 01 1 
W19 ,2U Front Panel , Harness 2040168-01 1 
W1,3 ,5 RearPanel. Harness 2040167- 01 1 
W10 (A1J1 11- A109J6) Band 1, Coax 2040165- 01 1 
W11 (A112- A109J4) Band 2 . Coax 2040166- 01 1 
W16 (A108J1-A109J3) Coax 2040208-01 1 
W15 (A 1 06J2- A 1 09J5 2040210-01 1 

W12,13 VCOIIF , Harness 2040170- 01 1 

W14 (A201BJ1-A106J2) Coax 2040172-01 1 
W8 (A201J4 - A107J1) Coax 2040173- 01 1 
W9 (A201AJ3- A108J2) Coax 2040174 - 01 1 
W17 (A201AJ3-A109J1) Coax 2040175- 01 1 

PROMS REVISION LEVEL OF PROMS 
MUST BE SPECIFIED WHEN 

A105 BASIC PROM SET 2060025-01 ORDERING PROM SET 
U11 Section 1 6400010-01 1 (SEE LABEL ON PROM) 
U12 Section 2 6500010- 01 1 
U13 Section 3 6500010- 02 1 

A105 GPIB OPTION 2060010- 02 
U19 6400010- 03 1 

A107 POWER METER OPTION 2060010-03 
U20 6400010- 05 1 

A105 DAC OPTION 2060010-04 
U13 (contained In basic PROM set) 

A 105 B CD / REMOTE OUTPUT OPTION 2060010-05 
U19 6400010- 04 1 

A105 BAND 4 OPTION 2060010-06 
U20 6400010-02 1 
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Figure 9-2. 545A/548A Block Diagram 
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FUNCTIONAL 
DESCRIPTION 
f\KJT REQUIRED 

100-1 

A100 
COUNTER INTERCONNECT 

(202180) 
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A100 COUNTER INTERCONNECT ASSY 2020180- G 

REF EIP UN ITS TYP 

DES 
DESCRIPTION 

NO. 
PER TYP MFG NO. FSCM 
ASSY NO. 

A100 Counter Interconnect Assy 2020180 1 EIP 34257 

J1 Header, Str, 26 pin 2620078 1 3429 - 2302 76381 

J2 Header, Str, 50 pin 2620081 2 3433 - 2302 76381 

J3 J2 
J4 Friction Lock, 4 pin 2620061 1 09 - 65 - 1049 OOOOA 

J5 Friction Lock, 6 pin 2620090 1 09 - 65 - 1069 " 

J6 Header, Str, 7 pin 2620186 1 09-64-1071 " 

J7 Header, Str, 10 pin 2620187 1 09-64-1101 " 

J8 Friction Lock, 4 pin 2620068 1 640456-4 AMP 

XA101 Conn, 11 position 2620183 1 5193-442-1 AMP 

XA102 Conn, 50 position 2620185 1 5193-442-3 " 

XA103 

thru 

XA109 Conn, 30 position 2620184 7 5193-442-2 " 

Key Plug 50001030 10 530286 - 2 " 

I 
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J2 

XA101 

J1 

TO DISPLAY 
ASSY. 

Fk'JM 
AIOO: ~ 

RMT/ GPIB 

J2 

BCD 

J3 

& '-" '0" T~J..( J "1(1'- '::JIJ~ 1-t.A .,.· ( ..:OMM()p.J C(J~fr,J£.(T •Co,J~ 
-:.· J - 'loJ£. ~ ~ "~"'J"J ,, B~ r ... .. E..., : . 

FkUM 
~AIC'2 

e::o 
UTPvT 
T v J3; 

( ;;r.;; 

rF! 

XA102 

26 ~0 
I,... ~~~ ~~ o .... c 

FP, ~ 

~ ,.:,;~ 

GPIB OR 
RMTIBCD OPT. 

TO REAR PANEL 

L~, . 
:u7P\... 
(T: ~3 

rt:. I 

J4 J vur 0

"-'o.+~~, ": -fll 
~.:r- ~'21 •.· u~~:..=~-. j 

---~ 

X A103 

E,.. ,. ~.J ... ~ e ·--""c I (TIJ.2l 
.:~c 

... -.... 

(.;\t_:-... ­
u,c. ~ 
PNR. 
,. ~ _.P-._Y 

l LOCK 

TO OVEN OSC. TO YIG 

LJ PROCESSOR 

XA105 

~~ _ e "b.. ,. J7 .. ~o:~ :!~ : 

COUNT 
CHAIN 

X A106 
~~_;,f"J:") 

ro OPT ION 06 
MODULE 

J8 

~
....:.!L ·!_., 

-
--c._: __ _ 

GATE 
GE NERATOR 

XA107 

CONVERTER 
CONTROL 

XA108 

CONVERTER 
BAND 

XA109 

5500180-A 

Figure 100-2. Counter Interconnect Schematic 
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A101 
POWER SUPPLY 

(2020131) 

The power Supply furnishes al l basic operating voltages required by the counter. The supply consists of 

two basic sub-assemblies. 

• PC Board (A 101 ), containing the rectifiers, filter capacitors, and regulator circuitry. 

• Chassis mounted components consisting of the power transformer (T 1 ), primary wiring, F 1 fuse ; 

(1 00/120V), the 220/240V power programming switch; and the on/off power switch (S1 01) mounted 

on the front panel. 

The basic voltages required by the counter are unregulated +18V. regu lated +5V, - 5.2V, +12V and - 12V. 

The input AC voltage is full wave recti fi ed and filtered to produce DC vol tages o f± 9V and ± 18V. 

The unregulated +18V is used directly as one supply voltage. The +18V is regulated to a +12V by the action 

of LM305, a series pass transistor (MJE3055), and foldback curren t limiting ci rcuitry. The - 18Vis reg­

ulated to a - 12V by LM304, a series pass transistor, and foldback current limiting circuitry. 

The +9V is regulated to +5V by a three terminal regu lator containing thErma l and current shutdown cir­

cuitry. The -9V current is also regulated to - 5.2V by a three terminal regulator that contains thermal 

and current shutdown circuitry. 

I 
I J 

+ 5 
f--REGULATOR 

I ........ I 

u: ± 9V 
RECTIFIERS 

11 
I 

+ 1 I 

+5V 

POWER - 5.2V 
~ TRANSFORMER~ REGULATOR 

I 
± 18V 

- 5.2 v 

+ 18 v 
I RECTIFIERS 

I 
I 

..._... 
AC 

L., I 
I + 12 V 

INPUT 1-+-REGULATOR + 12 v 
I I 
I I 

I - 12 v I 
I REGULATOR ~ - 12 v 

Figure 101 -1. Power Supply Functional Diagram 
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A101 POWER SUPPLY ASSY 
2020131 - L 

REF EIP UN ITS TYP 
DESCR IPTION PER TYP MFC NO. FSCM DES NO. ASSY NO . 

A101 Power Supply Assy 2020131 1 EIP 34257 

C1 Tant. 10uF. 20%, 25V 2300029 3 TAG 20 - 10/25(M) 14433 
C2 Mica, 47 pF, 5%, 500V 2260004 1 DM 10 - 470J 72136 
C3 C1 
C4 Tant, 33pF, 20%, 20V 2300023 1 TAG 20 - 33/20 · 20 14433 
C5 Cer, .001pF, 20%, 20V 2150001 1 5GA- 0 10 56289 
C6 Tant, l.OpF, 20% 35V 2300008 2 TAG 20-1.0/35- 50 14433 
C7 Elec, 14,000pF, 25V 2200017 1 3110HB143U025 80031 
C8 Elec, 9,500pF, 15V 2200016 1 3110HA952U025 80031 
C9 Elec, 32,000pF, 15V 2200019 1 3110RB323U015 80031 
C10 Elec, 4,900JJF, 15V 2200020-00 1 3050JJ4920U 15JM 80031 
C11 C6 
C12 Cl 

CR T 
thru 

CR4 Rectifier 2704001 4 IN4001 07263 
CR5 Zener, 12V 2720963 1 IN963A 04713 
CR6 Rectifier Brdg 27 10029 1 MDA970 - 1 04713 
CR7 Rectifier, Brdg 27 10028 1 MDA990- 1 04713 

J1 Conn, 6 pin (FRCTN Lock) 2620157 1 64044 5-6 OOOOA 

01 NPN Power 4710001 2 MJE3055 04713 
02 PNP Power 4710002 2 MJE370 047 13 
03 01 
04 02 
05 PNP, General Purpose 4704126 1 2N4 126 04713 

R1 Comp, 68 ohms, 5%, 1/4 W 4010680 2 RC07GF680J 81349 
R2 Met Ox, 36 ohms, 2%, 1/4 W 4130360 1 C4/2%/36 24546 
R3 Wire Wound, 0.66 ohms, 3% , 4W 4110012 2 RS-2 91637 
R4 Prec, 14.7K ohms, 1%, 1/S W 4061472 1 RN55D1472F 81349 
R5 Var. Cer., 500 ohm 4250014 1 72XR500 73138 
R6 Prec, 2.26K ohms, 1%, 1/8 W 4062261 1 RN 55D2261 F 81349 
R7 Met Ox, 820 ohms, 2%, 1/4 W 4130821 2 C4/2%/820 24546 
AS R7 
R9 R3 
RIO R1 
R 11 Comp, 100 ohms, 5%, 1/4 W 40101 01 1 RC07GF 101J 81349 
R12 Met Ox, 9 10 ohms, 2%, 1 /4 W 4130911 1 C4/2%/910 24546 
R13 Met Ox, 1 2K ohms, 2%, 1 /4 W 41 30123 1 C4/2%/ 12K 24546 
R14 Prec, 2.43K ohms, 1%, 1/8 W 4062431 1 RN55D243 1 F 81349 
R1 5 Prec, 4. 7K ohms, 2%, 1/4 W 41 30472 1 C4/2%/4.7 24546 
R16 Met Ox, 1 K ohms, 2%, 1/4 W 41 30102 1 C4 /2%/1K 24546 
R17 Var, Cer, 2K ohms 4250016 1 72XR2K 73 138 

Ul Vol tage Regulator 3040305 1 LM305 oooox 
U2 Voltage Regulator 3040304 1 LM304 oooox 
U3 +5VDC Regulator 3057805-01 1 UA78H05A 07263 
U4 -5.2 V Regulator 3057905 1 MC7905.2 CT 047 13 

1 01 ·3 
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A105 
MICROPROCESSOR 

(2020215) 

The Microprocessor board contains the microprocessor, the control logic, and the firmware for controll tng 
the opera ti on of the counter. The board can be divided into five functional blocks. 

1. Microprocessor 
2. Power-up Reset Circuit 
3. Address Decoder 
4. RAM and Program Memory 
5. Control Logtc Buffers. 

MICROPROCESSOR 

The counter uses a Motorola 68809 microprocessor. The clock generatton ctrcut try for the digital system is 
contained within the 6809. The only ex ternal components requ ired for clock generation are two 24-pF 
capacitor and an AT -cut 8-MHz crystal. 

The NMI, FIRO. and DMA functions of the 6809 are not used. Thei r corresponding control lines are 
always disabled. The processor state indicators (BS, BA) are also not used by the counter. The HALT and 
the MRDY controls are connected to tho Interconnect bOard through the edge connector. 

POWER-UP RESET CIRCUIT 

The Power-up Reset circuit provides a 100-ms reset signal to the entire digital system af ter tho counter is 
turned on. The reset signal remains true as long as the +5-volt power supply stays below +4 volts. 

When the counter is turned on, the voltage across C5 is 0 volts. The output of the compara tor U1 is at logic 
low. The capaCitor C5 slowly charges up through R2. The ou tput o f the comparator remains low as long as 
the voltage across C5 is lower than the voltage on pin 3 of the comparator. When the voltage across C5 
becomes higher than that on pin 3, the ou tput of the compara tor becomes true, removing the reset signal. 
R3 is provided for hysteresis purposes. When power is removed, C5 will discharge quickly through CR 1. 

ADDRESS DECODER 

The address decoding is performed by a 4-to-16 line decoder. The 64K·byte address space is divided into 
sixteen 4 K-byte blocks, one of which is always enabled. 

The enable signals for the memory blocks become true no later than 51 ns after 0. They stay true unti l a 
maximum of 40 ns after E has becom false. The 4-to-16-line decoder has open collector outputs. This 
enables the addressed memory block to be enlarged by w ire-ORing two or more ou tputs together. 

The memory map for the counter is as fo llows : 

Volatile RAM Memory 

Non-Volatile RAM Memory 

1/0 
Signature Analysis 

Program Memory 

Reserved (6809) 

IRQ 

RE SET 

105· , 

0000- 07FF 

0800- OFFF 

1000- 2FFF 

3000- 3FFF 

4000- FFEF 

FFFO. FFF1 

FFF2- FFF3 

FFF4 - FFF5 

FFF6-FFF7 

FFF8. FFF9 

FFF A - FFFB 

FFFC - FFFD 

FFFE . FFFF 
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RAM AND PROGRAM MEMORY 

RAM 

A 2K-byte-wide volatile RAM is provided for the normal operation of the counter. To prevent data from 
being erroneously written into the RAM, the chip enable signal is active only when the E clock and the 
RAM memory block enable signal from the address decoder are both active and when the A 11 address line 
is at logic 1. 

PROM 

A block of 48K bytes of memory are assigned for system program The Microprocessor board contains 
three 28·pin sockets for PROMs. Each of the snckets is wired to accept a 16K-byte PROM. 

CONTROL LOGIC AND BUFFERS 

The digital system of the counter contains three buses : the data bus, the address bus, and the control bus. 

DATA BUS 

The data bus originates from the microprocessor. For signature analysis, the data bus can be-disconnected 
from the rest of the system at the microprocessor by removing jumper header E1. The data bus on the 
microprocessor board is buffered from the rest of the digital system. The data bus buffer is enabled only 
when the address space assigned to 1/0 is addressed. The direction of the data bus buffer is determined by 
the state of the R!W control line. 

ADDRESS BUS 

The address bus also originates from the microprocessor. The address bus buffer is always enabled. 

CONTROL BUS 

The control bus contains eight control lines. Five of the control lines originate from the Microprocessor 
board. The other three control lines or iginate from the rest of the digital system. 

R!W, E, and 0 originate from the microprocessor. Reset is supplied by the power-up reset circuit. The 1/0 
SEL control line is true when A 15 and A14 are at logic 0 and ei ther A13 or A 12 or both are at logic 1 
levels. The I RO control line is the wired-OR of all the interrupt request lines. M ROY is the wired-OR of 
the memory ready control lines. The MRDY and HALT control lines are provided for future expansion . 

... 

... 
f • •' 

Figure 105-1. Functional Block Diagram, Microprocessor 
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A105 MICROPROCESSOR 2020215-02 A 

PER 
TYP MFG NO. 

TYP FSCM 
REF DES DESCR IPT ION EIP NO. ASSY NO. 

C1 Mica, 24pF, 5%, 500V 2260018-00 2 CD1 OED240J03 14655 
C2 C1 
C3 Disc, 0.0.1)-LF, 20%, 100V 2150003-00 14 TG- 8 10 56289 
C4 C3 
C5 Tant, 3.9).lF, 10%, 15V 2300027-00 1 1960395X9015HA1 56289 
C6 C3 
C7 C3 
C8 C3 
C9 Tant, 33).lF, 10V 2300015-00 2 TAPA33M10 14433 
C10 C3 
C11 C3 
C12 C3 
C13 C3 
C14 C3 
C15 C3 
C16 C3 
C17 C3 
C18 C3 
C19 C9 

CR1 H/C 2710016-00 1 5082-2835 28480 
CR2 ZNR, 3.9V 2705228-01 1 IN5228 04713 

R1 Met Ox, IM, 5%, 1/4W 4010105- 00 1 RC07GF105J 81349 
R2 Met Ox, 22K, 5%, 1/4W 4010223- 00 1 RC07GF223J 81349 
R3 Met Ox, 300K, 5%, 1/4W 4010304-00 1 RC07GF304J 81349 
R4 Not used 
R5 Met Ox, 240, 5%, 1/4W 4010241 -00 1 RC07GF241J 81349 
R6 Met Ox, 4.7K, 5%, 1/4W 4010472-00 4 RC07GF472J 81349 
R7 R6 
R8 R6 
R9 R6 

RN1 Res Ntwrk, 9 x 10K, 2%, 2W 4170003- 00 3 782- 1-R10K 80740 
RN2 RN1 
RN3 RN1 
RN4 Res Ntwrk, 9x4. 7K, 2%, 1.25W 4170014-00 1 43 10R-101-472 32997 

TP1 
Thru 
TP10 Pin, T.P. Swage 2620032-00 10 460-2970-02-03 71279 

U1 lnt: Volt Comparator 3050311-00 1 MLM311P1 27014 
U2 Microprocessor 3050025-00 1 MC68B09 04713 
U3 Ovr Hex Bus/Buffer 3084365-00 1 SN74LS365N 01295 
U4 Not used 
us 3 lnp NOR Gate 3087427-00 1 DM74LS27 27014 
U6 Ovr Line/Oct Buff lnvg 3084244-00 2 SN74LS244N 01295 
U7 Not used 
us Xcvr Octal Bus 3084245-00 1 SN74LS245N 01295 
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A105 MICROPROCESSOR 
2020215-02 A 

REF DES DESCRIPTION EIP NO. 
PER 

TYPMFG NO. 
TVP FSCM 

ASSY NO. 

U9 2K x 8 CMOS RAM 3056116- 00 1 HM6116LP-4 62786 
U10 2K x 8E PROM 6420000- 00 1 X2816A 60395 
U11 PROM Set: 16K x 8 2060006- 00 1 27128 
U12 U1 1 
U13 U11 
U14 3 INP NAND Gate 3087410- 00 1 DM74LS1 0 27014 
U15 us 
U16 4- 1 6 Decoder 3074159- 00 

I 
1 SN741 59N 01295 

U17 Hex Inverter 3087404- 00 1 DM74LS04 27014 

E1 Prog, Header, 16 Pin DIP 5000205- 00 1 16- 675- 191T 51167 

Y1 Xtal. 8.00 MHz 2030100-00 1 MP- 1 ATRON 
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A106 
COUNT CHAIN 

(2020136) 

The Count Chain Assembly receives IF signals from the Band 3 IF Amplifier (A2018) and the Band 2 Con­

verter (A 1 09). It also receives a gate signal and a 100 kHz reference signal from the Gate Generator (A 1 07) . 

The count chain assembly selects the appropriate IF signal, gates it, and counts it to produce a BCD output 

that represents the input frequency. It also produces one or two IF output signals to be used for options 

at J3 and J4. 

The A 1 06 board receives two IF input signals on J 1 and J2. The appropriate input is selected by enabling 

one of two differential amplifiers (U1A or U1B). Enabling of the appropriate ampl ifier is achieved by 

turning on a transis tor switch (011 or 012) . The appropriate transistor is turned on by the output of an 

open collector inverter (U7C or U7A) driven by a TTL signal from the PIA (U10). 

The output of the input selector differentially drives a squaring circuit. The squaring circuit consists of a 

differentially driven current mirror (01) driving a tunnel diode (CR5) . The voltage across the tunnel diode 

changes abruptly between two states (approximately 0.2V and 0 .5V) . The signal across the diode drives the 

pulse forming circuit. This circuit begins with a high speed differential amplifier (02 and 03). The output 

of this amplifier drives 04 which is a current switch. The square wave current, from 04's collector, drives 

an inductor ( L 1 ). The voltage across the inductor is a series of pulses; a positive pulse when 04 turns on 

and a negative pulse when 04 turns off. Diode CR5 tends to remove the negative pulses and increases the 

damping to improve the amplitude of the positive pulses. The positive pulses from the generator drive a 

pulse inverter (06). The pulse inverter is a high-speed zero bias amplifier that is biased at cut off by diode 

CR6. 

The output of the pulse inverter (06) drives the input to the first decade counter (U2) . The bias for the U2 

input is established by a tracking bias supply (U3, 07). The voltage at TP2 is equal to the voltage on U2 pin 

1, plus a fixed DC offset selected by R45. The BCD outputs from U2 are slew-rate limited, and can only be 

seen after the counting ends and comes to rest. The carry output on pin 9 is an ECL level U2 signal, and is 

always visible. 

The ECL output of U2 drives an ECL to TTL converter (08, 09 and 010). This converter is a differential 

amplifier with a cascode output buffer (08). The response of 08 is improved by inductive peaking provided 

by L2. The output of 08 drives a decade counter (U4) wh ich in turn drives a third decade counter (U5) . 

The BCD outputs of U4 and U5 are connected to a 6 decade counter (U6) which derives its clock infor· 

mation directly from the BCD outputs of U5. When counting is finished, 8 decades of BCD data are read 

by the microprocessor (through the PIA U10) from U6 by a time multiplex process. The multiplexer (set 

to the first digit by the e nd of the previous reset clock) loads the multiplex latches with the Latch Load 

clock, and steps to the remaining 7 digits with 7 pulses on the Scan Clock line. The firs t decade of BCD 
data from U2 is read directly from the PIA. 

A single reset line is used to reset all count stages to zero before the next count cycle begins. 

A real-time clock (US, U9) is also on the count chain assembly. This circuit takes the 100kHz reference 

signal, that is coming from the Counter In terconnect Assembly (A 100). and d ivides it by 10,000 to give 

a 10Hz (lOOms) clock. The output from this clock is fed to the PIA to allow the microprocessor to gather 

time information at a 1OHz rate for timing functions within the program. 
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A106 COUNT CHAIN ASSY 2020136-03 8 

REF EIP UNITS TYP 

DES 
DESCRIPTION NO. PER TYP MFG NO . FSCM 

ASSY NO . 
A106 Count Chain Assy 2020136 1 EIP 34257 

C1 Tant, 33pF, 20%, 10V 230001 5 5 TAG 20 - 33/ 10 - 50 14433 
C2 Cer., .01pF, 20%, 100V 2150003-00 17 TG - 510 56289 
C3 C2 
C4 C1 
C5 Mica, 10pF, 5%, 500V 2260012 1 CD100J03 72136 
C6 Tant, 10pF, 20%, 25V 2300029 4 DF106M259 72136 
C7 C2 
C8 C2 
C9 Cer., .001pF, 20%, 1 KV 2150001 3 5GA - 010 56289 
C10 C2 
C11 Not used 
C12 C9 
C13 C2 
C14 C6 
C15 C6 
C16 C2 
C17 C9 
Clil Not Used 
C19 Not Used 
C20 C1 
C21 C2 
C22 C1 
C23 Not Used 
C24 
thru 

C2 C28 
C29 C1 
C30 
thru 
C33 C2 
C34 C6 

CR1 Diode: Fast Sw 2704148 3 IN4148 07263 
CR2 Zener, 6.2V 2705234 1 IN5234 04713 
CR3 CAl 
CR4 Tunnel, Switching 2710033 1 G00010C 20754 
CR5 Hot Carrier 2710004-00 1 5082 - 2835 28480 
CR6 CR1 

l1 Part of Board 
L2 Inductor, 1pH 3510003 1 DO 1.0 72259 

01 PNP, RF 4704959 1 ?.N4959 04713 
02 NPN, Microwave 4710032 3 NE02137 33297 
03 02 
04 PNP, RF 4710010 1 MPS - H81 04713 
05 PND, RF GRADED 4710013 1 2N5179 34257 
06 NPN, RF 4710026 1 NE734328 oooos 
07 02 
08 NPN,RF 4705179 3 2N5179 04713 
09 08 
010 08 
011 PNP, General Purpose 4704126 2 2N4 126 04713 
012 011 
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A106 COUNT CHAIN ASSY, continued 2020136-03 B 

REF CIP UN ITS TYP 

DES 
DESCRIPTION NO . PER TYP MFG NO . FSCM 

ASSY NO. 

) -

R1 Comp., 1.5K, 5%, 1/4 W 4010152 2 RC07GF152J 81349 

R2 Comp., 6.2K, 5%, 1/4 W 4010622 2 RC07GF622J 81349 

R3 Comp., 51 ohm, 2%, 1/4 W 4130610-00 2 C4/2%/51 24546 

R4 Comp., 5.1 K, 5%, 1/4 W 4010512 2 RC07GF512J 81349 

R5 Comp., 2.7K, 5%, 1/4 W 4010272 2 RC07GF272J 81349 

R6 Comp., 51 ohm, 5%, 1/4 W 4010510 1 RC07GF510J 81349 

R7 Met Ox, 2K, 2%, 1/4 W 4130202 3 C4/2%/2K 24546 

R8 Comp., 510 ohm, 5%, 1/4 W 4010511 1 RC07GF511J 81349 

R9 Comp., 5.6 ohm, 5%, 1 /4 W 4010569 5 RC07GF5R6J 81349 

R10 R5 
R 11 R9 
R12 Met Ox, 68 ohm, 2%, 1/4 W 4130680 1 C4/2%/68 24546 

R13 Met Ox, 43 ohm, 2%, 1/4 W 4130430 1 C4/2%/43 24546 

R14 Met Ox, 3.9K, 2%, 1/4 W 4130392 1 C4/2%/3.9K 24546 

A15 R7 
A16 R4 
R17 R1 
A18 A2 
A19 Comp., 100 ohm, 5%, 1/4W 4010101 1 RC07GF101J 81349 

R20 Met Ox, 56 ohm, 2%, 1/4 W 4130560 2 C4/2%/56 24546 

R21 R9 
A22 R20 
R23 Comp., 360 ohm, 5%, 1/4 W 4010361 1 RC07GF361J 81349 

A24 R9 
R25 Met Ox, S.A.T. (2K, 2% Nom) 4130999 1 C4/2%/XX 24546 

R26 Met Ox, 39 ohm, 2%, 1/4 W 4130390 2 C4/2%/39 24546 

R27 Met Ox, 200 ohm, 2%, 1/4 W 4130201 3 C4/2%/200 24546 

R28 Met Ox, 270 ohm, 2%, 1/4 W 4130271 1 C4/2%/270 24546 

R29 A3 
R30 Not used 
A31 Comp, 10 ohm, 5%, 1/4 W 4010100 1 RC07GF100J 81349 

R32 Met Ox, 4 7 ohm, 2%, 1/4 W 4130470 1 C4/2%/47 24546 
R33 Met Ox, 20 ohm, 2%, 1 /4 W 4130200 1 C4/2%/20 24546 

R34 Met Ox, 510 ohm, 2%, 1/3 W 4130511 1 C4/2%/510 24546 

R35 R9 
R36 Met Ox, 1K, 2%, 1/4 W 4130102 3 C4/2%/ 1 K 24546 

R37 R26 
R38 Comp., 390 ohm, 5%, 1/4 W 4010391 1 RC07GF391J 81349 

R39 
thru 
R42 Comp, 10 K. 5%, 1/4 W 4010103 4 RC07GF103J 81349 
R43 Met Ox, 20 K, 2%, 1/4 W 4130203 4 C4/2%/20K 24546 

R44 R43 
R45 R36 
R46 R43 
R47 Met Ox. 18 ohm, 2%, 1/4 W (NOM) SAT 4130999 1 C4/ 2%/18 24546 

R48 R43 
R49 Met Ox. 240 ohm, 2%, 1 /4 W 4130241 1 C4/ 2%/240 24546 
A 50 R27 
R51 R27 
A 52 R36 
R53 Met Ox. 430 ohm. 2%, 1/4W 41 30431 1 C4/ 2%/430 24546 
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A106 COUNT CHAIN ASSY, continued 2020136-03 B 

REF EIP UN ITS TYP 
DESCRIPTION PER TYP MFG NO. FSCM 

DES NO. ASSY NO . 

R54 R7 
R55 Comp., 1.SK, 5%, 1/4 W 40101S2 1 AC07GF1S2J 81349 
A 56 Comp., 4.7K 5%, 1/4 W 4010472 1 RC07GF472J S1349 

TP1 
thru 
TP 10 Conn., Pin, .040D 2620032 10 460-2970-0203 71279 

U1 Duai/Diff Amp! 3043049 1 CA3049T 07263 
U2 UHF, BCD, Decade Counter 3010637 1 SPS637B 5S317 

U2 Alt. High Spd. Div. 3018636 Ref. SPS636D 58317 

U3 Op Amplifier 3040741 1 LM741 CD 27014 
U4 PST Decade Counter 3084196 1 SN74LS196N 01295 
us 4 Bit Decade Counter 3084160 1 SN74LS160N 01295 
U6 6 Dec. Ctr/S Dec. Latch 3057031 1 LS7031 01295 
U7 Hex Inverter 30S7404 1 SN74LS04N 04713 
us Decade Counter 3084490 2 74LS490N 01295 
U9 us 
UlO Periph. Interface Adapter 30S6821 1 MC6SB21P 04713 
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Figure 106-3. Count Chain Schematic 
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This assembly performs the following functions. 

• Reference O(cillator Control 

• Gate Generation 

• Band 3 Amplitude Determination 

• Power Meter Control (Option 02 only) 

REFERENCE OSCILLATOR CONTROL 

A107 
GATE GENERATOR 

(2020197) 

This circuit selects, as the time base for the counter, either the internal reference osci l lator or an external 

10 MHz signal applied to the rear panel. This circui t provides a 100kHz TTL level clock signal for the gate 

generator, a 10 MHz TTL level clock signal for the microwave converter and, in the internal oscilla tor mode, 

a 10 MHz signal (1 volt P·P int o 50 ohms) to the rear panel. 

The 10 MHz internal reference signal is applied to a switchable "analog to TTL" converter (01, 02, 03) . 

When the Ref lnt/Ext line is high the TTL converter is enabled. One output goes to drive 04, giving a 

square wave (1V P·P into 50 ohms) on the 10 MHz Ref line. A second output goes to NAND gate U1 (also 

switchable for signal isolation. The output of U1 goes to J3 to be used by the microwave converter. The 

output of U1 also goes to the clock input of U2. U2 is a dual decade divider that divides by 100. The 

output o f U2 is a 100kHz TTL clock signal to the gate generator. 

When the Reference lnt/Ext l ine is se t to external ( low) the TTL converter (0 1, 02, 03) and driver (04) 

are disab led, TTL conve rter (05, 06, 07) is enabled, and U1 is set to select the external input. An external 

reference signal applied to the 10 MHz reference l ine is then converted to the input of U2. 
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GATE GENERATOR 

The Gate Generator must provide an accurate, stable, signal gate to the Count Chain. The gate must be 

switchable, in decade increments, between 100 micro sec and 1 sec. The gate generator consists of a pro­

grammable divide-by-N time base (U5), a dual f lip-flop (U6A, U6B). and an ECL fl ip flop (US). The divide 

ratio of U5, which determines the gate time, is set by U5 pins 12, 13, and 14 as follows. 

Pin 12 Pin 13 Pin 14 Divide Ratio Gate Time 

0 0 10 1 100 p.sec 

0 0 102 1 Msec 

0 103 10 Msec 

0 0 10 4 100 Msec 

0 105 1 sec 

The outputs of U5 and U6 enable ECL fl ip-flop US, but US is clocked directly from the 100kHz clock 

to insure gate accuracy. 

When the gate is not active, U5 is permitted to free·run by holding U68 clear (T O). The gate is initialized 

by setting U6B. This clears U6A and clears U5 (T1). The next clock pu lse sets US (T2). The gate is then 

enabled by momentarily clearing U6B (T3). The next clock sets U6A which enables U5 and U8 (T4). 

At T5 the gate is opened and U5 begins counting clocks (T5). Halfway through the gate, U5 pin 1 goes high 

(T6). After U5 has accumulated the proper number of clocks its output, pin 1, goes low. This sets U68, 

which clears U6A, and sets US pin 7 high (T7) . The next clock closes the gate (T8). The program next 

clears U6B (T9). which enables the gate to free-run again (TO). See figure 107-1. 
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Figure 107-1. Gate Generator Timing Diagram 

BAND 3 AMPLITUDE DETERMINATION 

This circuit consists of three mam parts. 

• THE POWER METER ZERO DAC is used to automatically zero offsets in the Power Meter. I t 

consists of two 8 bit latching DACs (U3, U4), and a comparator (U14A) . Al l the latching DACs are 

driven in parallel by shift register U 16, with the appropriate DAC being written t o by the four write 

lines (U15, pins 2. 4, 6. 8). The coarse DAC (U3) has a range of + 200 micro amps, and the fine 

DAC (U4) has a range of +1.5 micro amps. The Power Meter Zero DAC (U3) is adjusted so that 

on step 1 U14A is not set, but on the next step U14A is set. This adjusts the input to U14 to 0 volts, 

nulling any offsets in the power meter circuit. 

• THE POWER METER consists of a 15 dB switchable gain stage (U9). an 8 bit DAC used as a variable 

attenuator (U10). a 100 mV compara tor (U14B). and a latch (half of U1 7). Two variable attenuators 

are used, on counters equipped with the op tion 02 power meter, to provide greater resolution (U10, 

U12). 

When the detected signal from th e microwave converter enters U9 the power meter is first set for 

maximum gain and minimum attenuation. Next the latch (U17) is reset. If the input to the compara· 

tor (U 14 B) is greater than 1 OOmV, latch U 17 will be set. The signal amplitude to the comparator 

is then reduced. and the process is repeated until latch U17 no longer gets set. The input amplitude 

can then be calculated from the switch and DAC settings. On counters without the power meter 

option the amplitude is calculated to a 3dB resolution. On counters with the power meter option 

th e amplitude is calculated to a resolution of 0.1dB. 

107·3 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



5580033 

• The POWER METER PROM (Opt1on 02 only) contains a logic comparator (U21), a 2K X 8 prom 

(U20), and a bus driver (U19) . The logic comparator IS connected to the microprocessor address bus. 
and is configured to decode the 2K address range from 4000 Hex to 47FF Hex . The comparator 
output drives the chip select of the Prom, and the bus driver. The prom contains the Power Meter 
program as well as the power correction factors. Bus driver U19 is used as a buffer for driving the 
microprocessor data bus. 

PERIPH ERIAL INTERFACE ADAPTER (PIA) 

The Peripherial Interface Adapter (U18) is used as the microprocessor 1/0 port. It has an address range 

from 9900 Hex to 9903 Hex . Peripheral Port A is at address 9900, and Peripheral Port B is at address 9902. 
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Figure 107-2. Gate Generator Block Diagram 
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A107 GATE GENERATOR 2020197 -09 A 

REr CIP UNITS TYP 
DCSCRIPTION PER TYP MrG NO. FSCM DCS NO. ASSY NO . 

A107 Gate Generator Assy -05/06 2020197 1 EIP 34257 
A 113 Crystal Osc 2030002 Ref 

C1 Cer, .OlpF, 20%, 100V 2150003 15 TG - Sl O 72982 
C2 C1 
C3 Tant, 33pF, 20%, 10V 2300015 4 TAPA33M10 14433 
C4 
thru 
C7 C1 
ca Mica, 22pF, 5%, 500V 2269999 1 CD10ED220J03 72136 
C9 Tant, 1pF, 20%, 35V 2300008 1 TAPA 1.0M35 14433 
ClO M1ca, 33pF, 5%, 500V 2260021 2 CD10ED330J03 72136 
C1 1 M1ca, lOOpF, 5%, 500V 2260034 1 CD10FD101J03 72136 
C12 C10 
C13 
thru 
C15 C1 
C16 Tant, 10pF, 20%, 25V 2300029 2 DF 106M25S 767 18 
C17 C1 
C18 C3 
C19 C3 
C20 C1 
C21 C1 
C22 C3 
C23 C1 
C24 C1 
C25 C16 
C26 C1 

CA l Hot Carner 2710004 1 5082-2835 28480 
CR2 Hot Carrier 271 0006 1 5082-2800 28480 
CR3 CAl Option only 
CR4 Zener, 6.2V 2700827 1 IN827 

Rl Comp, 10 ohm. 5%. 1/4W 4010100 2 RC07GF 100J 81349 
R2 Comp, 1 K, 5%, 1/4W 4010102 2 RC07GF 102J 81349 
R3 Comp, 620, 5%, 1 /4W 4010621 2 RC07GF621~ 81349 
R4 Comp, 2.2K, 5%, 1 /4W 4010222 3 RC07GF222J 81349 
R5 Comp, 220, 5%, 1 /4W 4010221 2 RC07GF221 J 81349 
R6 Comp, 510, 5%. 1/4W 4010511 2 RC07GF511J 81349 
R7 Comp, 200, 5%, 1/4W 4010201 1 RC07GF201 J 81349 
AS Comp, 27, 5%, 1/4W 4010270 1 RC07GF270J 81349 

R9 Comp, 300, 5%, 1/4W 4010301 1 RC07GF301J 81349 
R10 Camp, 4.7K. 5%, 1/ 4W 4010472 6 RC07GF472J 81349 
R1 1 Rl 
R12 Comp, 2K, 5%, 1/4 W 4010202 2 RC07GF202 81349 
R13 R10 
R14 R4 
R15 AS 
R16 R6 
R17 R3 
A18 Met Ox, 5.6K, 2%, 1/4W 4130562 1 C4/2%/5.6K 24546 
R19 Met Ox, 3.3K, 2%, 1/4W 41 30332 1 C4/2%/3.3K 24546 
R20 Met Ox, 27. 2%, 1 / 4W 41 30270 1 C4/2%/27 24546 
A21 Comp, 2.7K, 5%, 1/4W 4010272 1 RC07GF272J 81349 
R22 R10 
R23 R10 
R24 R2 
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A107 GATE GENERATOR continued 2020197 -09 A 

REF EIP UNITS TYP 

DES 
DESCR IPTION NO. PER TYP MFG NO . FSCM 

ASSY NO. 
-

R25 R12 
R26 R4 
R27 Met Ox, 30K, 2%, 1/4W 4130303 1 C4/2%/30K 24546 
R28 Met Ox, 39K, 2%, 1/4W 4130393 1 C4/2%/39K 24546 
R29 Pre c. 1.69K, 1%, 1/ 1 OW 4051691 1 RN55C1691 F 81349 
R30 Prec, 1.82K, 1%, 1/ 10W 4051821 1 RN55C1821 F 81349 
R31 Prec, 57 .6K, 1%, 1/10W 4055762 1 RN55C5762F 81349 
R32 Comp, 36K, 5%, 1/4W 4010363 1 RC07GF363F 81 349 
R33 Comp, 15K, 5%, 1 / 4W 4010153 1 RC07GF153F 81349 
R34 Met Ox, 750, 2%, 1/4W 4130751 , C4/2%/750 24546 
R35 Prec, 6.1 9K, 1%, 1/1 OW 4056191 1 RN55C6191 F 81349 
R36 Prec, 100. 1%, 1/8W 4051000 1 RN55C1000F 81349 
R37 R10 
R38 R10 
R39 Met Ox, 10K, 2%, 1/4W 4130103 2 C4/02/10K 24546 
R40 R39 

* R4 1 Comp, 1 OK, 5%, 1 / 4W 4010103 1 RC07GF103J 81349 
RN1 Network, 5 X 10 K, 0.:!-IY, 2% 4170005 1 4608X-1 01 -682 80740 

01 NPN · General Purpose 4704124 4 2N4124 
02 PNP · General Purpose 4704126 3 2N4126 
03 01 
04 02 
05 01 
06 02 
07 01 
08 DMOS, FET SW 4710031 1 SD215 18324 

U1 Ouad NAND 3084132 1 DM74LS132 01295 
U2 Dual Decade Coun ter 3084490 1 SN74LS490N 01295 
U3 8 Bit OAC 3057524 3 AD7524JN 
U4 U3 
U5 D1gital P Chan. MOS D1vider 3035009 1 MK5009P 
U6 D Type Pos Flip-flop 3087474 2 OM74LS74N 01295 
U7 Ouad 2-1 NP NOR Gate 3087402 1 DM74LS02N 01 295 
u8 D1gital Dual D Flip-flop 3110131 1 MC10131L 04713 
U9 Dual Low No1se Op Amp 3045534 1 NE5534N 
U10 8 Bit DAC Buff 3057525 2 AD7524LN 
U10 U3 
U11 Op Amplifier 3040308 2 LM308AN 27014 
U12 U10 Buff 
U13 U11 
U14 Comparator Dual Low Pwr/Volt 3050393 1 LM393N 27014 
U15 Hex Bu ffer/ Dnver 3007407 1 DM7407N 27014 
U16 Dual 4 Bit Static S/ R 303401 5 1 MC40158 047 13 
U17 U6 
U18 Per iph. To MC6800 308682 1 1 68B21P 01295 
U19 Oct. Buffe r I Opt; on' 3084244 1 SN74 LS244 (6400002-04) 01295 
U20 PROM Set 02 2060002-03 1 TI -TM2516 04713 
U21 6 Bit Comparator Bus Only 3078136 , DM8136 270 14 
U22 Ouad Dual Flip flop 3084175 , SN74LS175 01295 
U23 Op Amp/ Lin 304074 1 1 LM741CN 27014 

TP1 ·4 PC, Pin .040D 2620032 4 460-2970-02-03 71279 
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Figure 107-3. Gate Generator Component Locator 

NOTE : If the counter contains Option 02 th is board is replaced with 2020197-03/04. 

Refer to Section 10, Option 02 for the 03/04 version of this assembly. 
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NOTE If your counter contains Option 02 this assembly is replaced with the Option 02 version of 
the Gate Generator part number 5500197-03/04. See Section 10 for Opt1on 02. 
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Figure 107-4. Gate Generator Schematic 
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A108 
CONVERTER CONTROL 

(2020200) 

The Converter Control performs two major functions. One of the functions is to provide a precise yig 

tuning current which is controlled by the microprocessor via P.I.A . U4. The other function is to phase lock 

the VCO in the microwave converter to a selected harmonic of a 50 kHz reference signal to provide a 

synthesized L.O. The converter control also permits the microprocessor to control the L.O. power amplifier 

and provides the microprocessor input for the I. F. threshold signal. 

YIG FREQUENCY CONTROL DAC and DRIVERS 

The yig tuning current is supplied by the yig driver (U3, 01, 02, & 03) which is controlled by the DAC. 

The DAC is composed of a 12 bit monolithic DAC (U2), summing amplifier (U1) and resistors to provide 

a total resolution of 14 bits. PA ports 0 and 1 of the P.I.A. (U4) are used to drive the 2 least significant 

bits of the DAC directly. A change in the least significant bit of the DAC corresponds to a yig frequency 

change of 2 MHz. A voltage analog of yig current appears across R25 and is compared to the DAC output 

at the summing junction of U3, with resistors R 1 and R 19. 

The slope of yig current vs DAC voltage is compensated with corrections through software. 

VOLTAGE 
REFERENCE 

J1 

DAC 
U1. U2 

14 

P.I.A. U4 

RF SAMPLE PROGRAMMABLE 

10 MHz 
REFERENCE 

FREQUENCY 
DIVIDER 
US - U12 

16 

P.I.A U7 

FILTER 

LO POWER CONTROL 

IF THRESHOLD 

PHASE ,___._, CHARGE 
DETECTOR PUMP 

U14 1--~ CAB- CR11 

50 kHz 
REFERENCE 

DIVIDER 
U15 . U16 

Figure 108-1. Converter Control Diagram 
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VCO CONTROL 

The VCO control, together with the VCO, form a phase lock loop frequency synthesizer. The frequency 

range over which the synthesizer is used is from 370 MHz to 500 MHz. 

An output of the VCO (via a buffer amplifier, U2, on the Band 2 converter board) is applied to the 
programmable frequency divider (U5-U13). The programmable frequency divider is programmed by the 
microprocessor via P.I.A. U7 . The output of the programmable frequency divider is compared to the 
50 kHz reference (derived from a 10 MHz clock from the gate generator board) in the phase detector U14. 
A phase difference between the divided down VCO and the 50 kHz reference will result in an output from 
the phase detector. The phase detector has two output ports, a pump-up port and a pump-down port. 
Pump-down is U 14, pin 2. Pump-down is normally high and goes low to reduce the VCO frequency . 
Pump-up is U18, pin 3. Pump-up is normally low and goes high to increase the VCO frequency. The 
outputs of the phase detector go to the charge pump, which converts them to a single tri-state output. The 
charge pump output is open with no pump command, sources current with pump-up, and sinks current 
with pump-down. The output of the charge pumps is connected to the input of the loop amplifier U19 and 
U17. The loop amplifier provides the proper gain and filtering to achieve the desired loop response. The 
output of the loop ampli fi er is the VCO tuning voltage. 
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