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Note: This CD Manual is an “Operation Manual” only and not an “Operation & 
Maintenance Manual” as stated in some of the pages contained herein. 
 
These pages are identical to the equivalent Operation & Maintenance Manual pages 
through Chapter 3 and the Maintenance and Calibration sections of Chapter 5. A paper 
version of the full Operation & Maintenance Manual for this instrument is available from 
the Factory. 
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Reference Information on CE Certification of 
XL Microwave Frequency Counters 

 
The XL Microwave, Inc. Equipment noted below has 

been tested at ERA Ltd. In England and conforms with 
the essential requirements of the European Directive 89/336/EEC 

relating to EMC, as transposed to the relevant 
European and National Standards. 

 
For Model 3400 and Model 3401 Counters 

 
CE Certified
EN 55022 Class B
EN 50082-1
VDE 0871/6.78 Class B 

 
Tested 15–17 February 1993 by ERA Technology, Ltd., Surrey, England 

Test Report 5044/6N2 
Certificate No. 93/002, dated 23 March 1993 

The EMC Division at ERA is accredited by NAMAS as a Test Laboratory. 
ERA is registered as a Competent Body in the European Union. 

Report reissued 29 April 1996 to add EN 55022 Class B certification to the report. 
 

Models Tested: 
Model 3400, S/N 930235304 
Model 3401, S/N 930236326 

 
 

The following XL Microwave models are CE approved via the Technical Construction File 
Route as Derivative Variants of the referenced tested models.

 
Derivative Variants of the 
Tested Model 3400 
40 GHz CW Counter: 
 
Model 3600, 60 GHz CW Counter 
Model 3500A, 50 GHz CW Counter 
Model 3460A, 46 GHz CW Counter 
Model 3400A, 40 GHz CW Counter 
Model 3260, 26.5 GHz CW Counter 
Model 3200, 20 GHz CW Counter 
Model 3120, 12.4 GHz CW Counter 
Model 3080, 8 GHz CW Counter 
Model 3030, 3 GHz CW Counter 

 
Derivative Variants of the 
Tested Model 3401 
40 GHz Source Locking Counter: 
 
Model 3601, 60 GHz Source Locking Counter 
Model 3261, 26.5 GHz Source Locking Counter 
Model 3201, 20 GHz Source Locking Counter 
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CHAPTER 1
GENERAL INFORMATION

1-1. INTRODUCTION

1-1.1. This manual contains information pertaining to the specifications, installation, operation, and
maintenance of XL Microwave millimeter wave Frequency Counters models 3400A, 3460A, 3500A and
3600. The four models discussed in this manual are referred to as the mm-Series. Their upper frequency
ranges are: 40 GHz (3400A); 46 GHz (3460A); 50 GHz (3500A); and 60 GHz (3600). Included information
pertains to both the standard mm-Series CW Counters and the Battery Option mm-Series CW Counters.
All of the Battery Option Counters are capable of battery operation via an internal 12 VDC/2.3 Ah battery.

1-1.2. The information contained in this manual is arranged in the following manner.

Front Matter: Includes Title Tage, Quality Policy, CE Reference Informa-
tion, ISO 9001 Certificate, Proprietary Notice, Warranty, Dimensioned
Drawing, List of Effective Pages, and Table of Contents with List of Tables,
and List of Figures.

Chapter 1, General Information: Describes the manual format, manual
effectivity, safety practices, a brief functional description of the mm-Series,
and provides a specifications table including a description of the standard
options.

Chapter 2, Installation: Discusses the receiving inspection, installation
criteria, initial turn-on, confidence check, system interfaces via the GPIB
(IEEE Std 488 General Purpose Interface Bus), and preparation for reship-
ment.

Chapter 3, Operation: Describes the front panel and the rear panel
controls, indicators, connectors, general instrument operating procedures
of each mode and function, and instrument operation both local front panel
control and remote control via GPIB.

Chapter 4, Theory of Operation: Provides a detailed functional/circuit
description of the mm-Series to guide technical personnel in troubleshoot-
ing, maintenance, and calibration.

Chapter 5, Maintenance: Contains the procedure for performance verifi-
cation, calibration, preventative maintenance, corrective mainte-
nance/troubleshooting and disassembly/reassembly instructions.

Chapter 6, Parts List: Provides information for ordering parts, manufac-
turers code-to-name conversion, listings for recommended spare parts,
manufacturers’ part numbers, and assembly and component location
diagrams.

Chapter 7, Schematic Diagrams: Contains Schematic Diagrams for main-
tenance and troubleshooting.

Chapter 8, Option Information: Contains Schematic Diagrams, Parts Lists,
and Theory of Operation that pertain to options for mm-Series CW Micro-
wave Counters, including Battery Option and Oscillator Options.

mm-wave CW Counters GENERAL INFORMATION Chapter 1
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1-2. EFFECTIVITY OF MANUAL

1-2.1. Information contained in this manual is date-coded at the bottom of each page (for example:
3600/97NOV01). A summary of these date codes is given in the list of effective pages provided in the
front of this manual. Changes made to instruments after the printing of this manual will be documented
by change supplements and inserted in the front of future printings. Change supplement information
may also include the correction of errors which were not yet determined at the date of this publication.
Any future changes of this manual will be reflected by the date code on the effected pages and in the
List of Effective Pages.

1-3. SAFETY PRACTICES

1-3.1. Personnel assigned to the operation or maintenance of the mm-Series Microwave Frequency
Counters are encouraged to review the safety practices given in this section. These are recommended
procedures which may prevent a serious accident, save a life, or protect the counter from damage.

1-3.2. Whenever the safety of operating or maintenance personnel is involved, special safety instruc-
tions are inserted in the text as “WARNINGS”. Instructions concerning the safety of the counter are
inserted as “CAUTIONS”.

1-3.3. The following recommended procedures should be understood and applied during any phase
of operation or maintenance of the instrument.

1-3.4. Chassis Grounding. Prior to applying power to the counter, determine that the internal
protective power ground is connected to the protective ground conductor of the power cord. This
ground, in turn, must be connected through the external power cord to the grounded power outlet.
(Verify ground continuity using an ohmmeter with power totally removed from the instrument).

1-3.5. Any interruption of the protective ground conductor, inside or outside of the instrument will
create a potentially hazardous condition due to possible voltage differences between the frequency
counter and any other equipment. When the counter is connected into a system with other units, all
power grounds should connect via a common bus to optimize circuit breaker (fuse) response in the
event of a ground fault. Intentional interruption of the grounding system by use of two-wire plug
adapters or two-wire extension cords must be considered an unsafe practice.

1-3.6. Whenever it is determined that the protective ground system has been impaired, the equipment
must be made inoperative or be secured against inherent operation until the deficiency is corrected.

1-3.7. Removal of the top or bottom covers while the counter is operating exposes personnel to
potential dangers. Only allow qualified personnel to maintain this instrument.

1-3.8. Under certain conditions, dangerous potentials may still exist when power is removed from the
unit due to charges retained by capacitors. To avoid injury, always remove power; then discharge or
ground any large capacitors prior to replacing components or making repairs. Also, when the power
cord is not disconnected from the AC mains, AC voltage is always present on the Power Supply PCBA3!

1-3.9. To avoid potential damage to the counter, always remove power from the instrument before
extracting or installing any circuit boards and/or discrete components.

1-3.10. Troubleshooting, repair or adjustments of the counter with power applied to the circuits should
be minimized whenever possible. However, when instrument manual procedures so dictate, these
should be performed only by skilled technical personnel who are aware of the various hazards involved.

1-3.11. Do Not Service or Adjust Alone. Under no circumstances should any person service or adjust
equipment unless in the presence of another person who is capable of rendering first aid/resuscitation
services in the event of an accident.

mm-wave CW Counters GENERAL INFORMATION Chapter 1
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1-3.12. Defective Parts Replacement. To avoid possible damage or degrading of instrument perform-
ance, technical personnel are cautioned to replace defective components only with new factory
replacement items, or, in certain cases, cross-referenced, direct-substitute items. Be certain that only
the correct power fuse with required rating (voltage/current) and specified type (slow blow/fast blow
etc.) is used for replacement purposes. The use of repaired fuses or short-circuiting of the fuse holder
is considered an unsafe practice.

1-3.13. Safety Summary. The following safety symbols are used on all XL mm-Series instruments
and/or in this manual.

Instruction manual symbol. The instrument will be marked
with this symbol when it is necessary to refer to the
instruction manual.

Indicates Protective Conductor terminal (earth ground).
(IEC 417, No. 5019)

WARNING The WARNING sign denotes a personnel hazard. It high-
lights an essential operating or maintenance procedure,
practice, condition, statement, etc, which, if not strictly
observed, could result in injury to, or death of, personnel
or long term health hazards. Do not proceed beyond a
WARNING sign until the indicated conditions are fully
understood and met.

CAUTION The CAUTION sign denotes an instrument hazard. It high-
lights an essential operating or maintenance procedure,
practice, condition, statement, etc, which, if not strictly
observed, could result in damage to, or destruction of,
equipment or loss of mission effectiveness. Do not pro-
ceed beyond a CAUTION sign until the indicated condi-
tions are fully understood and met.

1-3.14. Battery Safety. The following information concerning the Battery Option should be observed.

1. Important safety considerations:
• Do not incinerate battery, may exploded if disposed of in fire.
• Do not directly connect the negative and positive terminals.
• Do not use other than the instrument’s internal charger to recharge battery.
2. To prevent deterioration or damage to battery:
• Do not drop or subject to strong physical shock.
• Do not use to power equipment other than specified.
• Do not use below -10°C (14°F) or above + 40°C (104°F). If the temperature exceeds this
upper limit, a safety device will automatically prevent operation of the battery.
3. To ensure long battery life:
• Do not discharge completely.
• Recharge battery immediately after use.

Recycling Battery. The sealed Lead/Acid battery, shipped
with the millimeter Battery Option counters, contain Lead
(Pb) and must be recycled or disposed of properly after
its useful life is exhausted. Do not incinerate this battery
or dispose of in garbage container.

mm-wave CW Counters GENERAL INFORMATION Chapter 1
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1-4. GENERAL DESCRIPTION

1-4.1. The mm-Series Millimeter wave Frequency Counters are high-performance, system-oriented,
bench or rack mounted microprocessor-based counters. Frequency measurements to 40, 46, 50, and
60 GHz (model dependent) and input power (amplitude) measurements are operational at the front
panel or via the rear panel GPIB interface.

1-4.2. The mm-Series counters are continuous wave millimeter wave frequency counters with meas-
urement ranges of 10 Hz to 40, 46, 50, and 60 GHz. Band 1 provides a frequency range from 10 Hz to
250 MHz via a front panel BNC (1-megohm/50-ohm impedance) connector. Band 1 is split into two
separate sub-bands…10 Hz to 100 MHz with 1-megohm impedance, and 50 MHz to 250 MHz with a
50-ohm impedance. The 10 Hz to 100 MHz range (Band 1/1 MΩ) is measured by reciprocal counting
and the 50 MHz to 250 MHz range (Band 1/50 Ω) is measured by prescaling the input frequency by
two, and then reciprocally counting the result. Band 2 provides a frequency range of 200 MHz to 40
GHz, 46 GHz, 50 GHz, or 60 GHz (model dependent) via a front panel mounted female sparkplug
connector: 2.92 mm ’K’ (models 3400A & 3460A); 2.4 mm (model 3500A); or 1.85 mm ’V’ (model 3600).
Band 2 input impedance is 50Ω. Band 2 inputs are down-converted to an IF by a harmonic-heterodyne
down-conversion technique. The IF is added to or subtracted from a multiple of the local oscillator to
determine the input frequency.

1-4.3. Frequencies above 200 MHz are measured with automatic amplitude discrimination. A power
meter provides amplitude measurements from -35 dBm or the minimum sensitivity of the
counter...whichever is greater, to + 10 dBm [-30 dBm to 26.5 GHz; -25 dBm to 40 GHz; -20 dBm to 46
GHz; -15 dBm to 50 & 60 GHz].

1-4.4. Resolution and display storage time are selected in steps via front panel controls. An internal
microprocessor performs all measurement calculations, taking into account the selected resolution.
Measurements are displayed with correctly placed decimal point and unit of measurement on the front
panel display.

1-4.5. The front panel is self-explanatory, with well-defined controls and indicators for selecting power,
bands, and resolution using push-button toggle switches. Remote GPIB operation is also indicated on
the front panel.

mm-wave CW Counters GENERAL INFORMATION Chapter 1
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1-5. SPECIFICATIONS

1-5.1. Table 1-1 lists the mm-Series counter specifications; procedures for acceptance testing and
calibration make reference to these specifications as a tolerance guide.

Table 1-1. Specifications

INPUT: BAND 1 / 1 MΩ BAND 1 / 50 Ω BAND 2
Frequency Range: 10 Hz to 100 MHz 50 MHz to 250 MHz 200 MHz to 40 GHz (Model 3400A)

200 MHz to 46 GHz (Model 3460A)
200 MHz to 50 GHz (Model 3500A)
200 MHz to 60 GHz (Model 3600)

Sensitivity: 25 mVrms -25 dBm -30 dBm to 26.5 GHz,
-25 dBm to 40 GHz,
-20 dBm to 46 GHz,
-15 dBm to 50/60 GHz.
(-20 dBm @ 50/60 GHz typical)

Dynamic Range: 25 mVrms to 1 Vrms -25 dBm to + 10 dBm minimum sensitivity to + 10 dBm

Overload Indicator: ON at + 10 dBm nom. to 26.5 GHz,
increasing to + 15 dBm at 40 GHz,
to + 20 dBm at 50/60 GHz

Coupling: AC AC AC

Impedance: 1 megohm / 25 pF 50 Ω nom. 50 Ω nom.

Damage Level: 250 VAC+DC to 440 Hz + 25 dBm + 25 dBm (+ 23 dBm/Model 3600)
decreasing to 5 V at
1 MHz; 5 V from 1 MHz
to 100 MHz

Automatic Amplitude 10 dB separation between
Discrimination: 2 signals within 30 MHz,

20 dB otherwise.
(30 dB otherwise/Model 3600).

Integrated Kickback Noise: -50 dBm typical

AM Tolerance: Any modulation index,
provided the minimum
signal is not less
than the sensitivity spec.

FM Tolerance: 20 MHz P-P to 40 GHz,
 (worst case) decreasing to 10 MHz at

60 GHz.

VSWR: 3:1 typical.

Connectors: BNC female BNC female 2.92 mm female ’K’ sparkplug,
2.4 mm female sparkplug (3500),
1.85 mm female ’V’ sparkplug (3600)

Signal Acquisition N/A N/A < 100 milliseconds.
Time:
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GENERAL SPECIFICATIONS:
Accuracy: ± 1 count, ± t ime base accuracy.
Gate Time: 10 sec, 1 sec, 0.1 sec, .01 sec., 1.0 ms.
Resolution: 1 MHz, 100 kHz, 10 kHz, 1 kHz, 100 Hz, 10 Hz, 1 Hz, 0.1 Hz, & *0.01 Hz.

(0.1 dBm: Power Meter).
Display Time: 0.3 sec, 3.0 sec, Infinite & Min.
Self-Test: All digit segments, all LED’s and 10 MHz clock.
Display: 11 digits, LED 0.5" high, Overload, decimal point, sign.
Display Legend: Hz, kHz, MHz, GHz, dBm.
Status Indicators: BAND 1/1MΩ, BAND 1/50Ω, BAND 2, EXT REF, GATE, DISPLAY TIME (2),

REMOTE, ∆F, OVERLOAD (band 2 only), STANDBY/TEST,
dBm (band 2 only: Power Meter).

DF: Difference between stored reading and current reading displayed.
* (Note: 0.01 Hz resolution is frequency dependent)

POWER METER (Band 2 only):
Frequency Range: 200 MHz to 40 GHz (Model 3400A)

200 MHz to 46 GHz GHz (Model 3460A),
200 MHz to 50 GHz (Model 3500A),
200 MHz to 60 GHz (Model 3600).

Power Range: -35 dBm or counter sensitivity, whichever is greater to +10 dBm max.
Damage Level: + 25  dBm (+ 20 dBm/model 3500A and Model 3600)
Accuracy: ± 1 dBm to 26.5 GHz, typical,

± 2 dBm 26.5–40 GHz, typical,
± 2.5 dBm 40–46 GHz, typical,
± 3 dBm at 50/60 GHz, typical.

Resolution: 0.1 dBm
Measurement Time: Frequency measuring time + 15 ms.
Display: Simultaneously displays Frequency (with 0.1 MHz resolution) and Power.

TIME BASE, Standard TCXO (See Options 112, 120, and 125 for other):
Frequency: 10 MHz
Aging Rate/second: ≤ ± 5 parts in 10-9/√τ (root Allen variance).
Aging Rate/year: ≤ ± 7.6 parts in 10-7.
Retrace: ≤ ±  5 parts in 10-7 after 24 hrs. ON, 24 hrs. OFF, 3 hrs. ON.
Temperature stability: ≤ ±  1 part in 10-6 (0oC to 50oC).
MAINS change (± 10%): ≤ ±  4 parts in 10-7.
Calibration Schedule: One (1) year.

INTERNAL/EXTERNAL REFERENCE OSCILLATOR:
10 MHz REF OSC OUT: 10 MHz, 1 Vrms into 50 Ω, AC coupled.
     Connector: BNC female (rear panel).
EXT REF OSC IN: External time base accepts 1 MHz, 2 MHz, 5 MHz, or 10 MHz time base

signal, 0.2 Vrms to 5 Vrms. Automatically disconnects internal time base
if external signal is > 0.2 Vrms.

     Connector: BNC female (rear panel); 1 kΩ impedance.

GPIB / IEEE 488:
Programmable BAND 1/1 MΩ, BAND 1/50Ω, BAND 2, RESET, STANDBY, POWER METER,
Functions/Controls: ∆F, ∆F REFERENCE, TEST, DISPLAY TIME, RESOLUTION.
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General Specifications contd.

ENVIRONMENTAL: Designed to meet MIL-PRF-28800F Type III, Class 3, Style E
                                   and EN 61010-1 (IEC 1010-1), Specifically:
Operating Temperature: 0oC to 50oC.(standard CW) / 0°C to 40°C (Battery Option)
Storage Temperature: -40oC to 71oC (w/o battery) / -10°C to 40°C (w/battery).
Relative Humidity: 95% ± 5% 10oC to 30oC;

75% ± 5% to 40oC;
45% ± 5% above 40oC.

Altitude: 4600 m (15,092 ft.)
Vibration (random): 5–500 Hz.
Burn In: Failure-free burn in of no less than 100 hours at 40oC (w/o battery).
Pollution Degree: 1 (no pollution)(EN 61010-1/3.7).
Transient Overvoltage: Installation Category II (EN 61010-1/J)

The XL  mm-wave CW counters do not contain nor require a cooling fan.

RELIABILITY:
MTBF: Mean Time Between Failure = > 32,000 hours (MIL-HDBK-217E).
MTTRACM: Mean Active Corrective Maintenance Time = 30.92 minutes

(MIL-HDBK-472).

SUPPLEMENTAL SPECIFICATIONS:
ISO 9001: XL Microwave’s Quality System for design and manufacture is registered

and certified by TÜV Essen to ISO 9001-1994.

Montreal Protocol: Nil Return.

EC (European Union):
     EMC Emissions: Certified to EN 55022:1987 Class B
     EMC Emmunity: Certified to EN 50082-1:1992
     Low Voltage Directive: complies with EN 61010-1.
VDE (Germany):
     EMC Emissions: Certified to VDE 0871/6.78 Class B.
BS (United Kingdom): Complies with BS 4743:1979 (IEC 348) (Safety Requirements) and 

Defense Standard 59-41/Issue 3 (EMC) for the following classes:
          Ship use: parts 1, 2, and 3 for Type 1 equipment (Below Decks)
          Land Service use: Class F.
This Equipment complies with the environmental requirements of
British Defense Standard 66-31/2 for Category III equipments.

BATTERY CHARACTERISTICS (Battery Option Counters only):
Manufacture: Panasonic.
Manuf. Part No.: LC-SA122R3U, Rechargeable Lead/Acid Battery.
Nominal Voltage: 12 VDC.
Nominal Capacity: 2.3 Ah.
Capacity affected by
Temperature: 40°C (104°F) 102%

25°C (77°F) 100%
0°C (32°F)   85%
-15°C (5°F)   65%

Self-Discharge
25°C (77°F): Capacity after 3 month storage-     90%

Capacity after 6 month storage-     80%
Capacity after 12 month storage-   60%
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General Specifications contd.

MECHANICAL:
Power:          DC: 11 VDC to 28 VDC; 20 VA (18 VDC to 28 VDC; 20 VA, Option 125 only).

Battery Option: 12 VDC/2.3 Ah Rechargeable Sealed Lead/Acid Battery
(Panasonic part number LCS-2312NC).
Battery power operating time on full charge: approx. 3 hours.

         AC MAINS: 90/132 VAC or 180/265 VAC, 45 Hz to 440 Hz; 25 VA.
AC MAINS Fuse: (115 V) 1/2 A/250 V SLO-BLO (3AG)(1/4" x 1-1/4").

(230 V) 1/4 A ‘T’/250 V (IEC 127-III-T Time-lag)(5 x 20 mm).
Weight:       Net: Standard CW: 3.6 kg (8 lbs.)

Battery Option: 5 kg (11 lbs.)(including battery and Instrument Back-Pack).
           Shipping: Standard CW: 5.5 kg (12 lbs.).

Battery Option: 6.8 kg (15 lbs).
Dimensions (HxWxD): 89 mm x 213 mm x 333 mm (3.5 in. x 8.375 in. x 13.1 in.).

ACCESSORIES FURNISHED:
One (1) Operating/Maintenance Manual.
One (1) AC power cord, 2 meters (6 ft.)
      (conforms to IEC 320-3:1987/EN 60 320 and CEE color coding)
      UL listed type SVT, 3 conductor Vinyl with NEMA, type 5-15p plug and
      IEC 320-3:1987/EN 60 320 end termination.

     Battery Option only: One (1) Weather-Resistant Instrument Back-Pack with Field Reference Card.
One (1) Panasonic LCS-2312NC, 12 VDC/2.3 Ah, Rechargeable,
     Sealed Lead/Acid Battery.
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3600/97NOV01 1-8



1.6. OPTIONS

1-6. Table 1-2 lists the options that are available for the mm-Series counters.

Table 1-2. Options

Oscillator Options Available:
OPTION: 112 120 125

OCXO OCXO RUBIDIUM (see Note)

Aging/second: 5 x 10-10/√τ 5 x 10-12/√τ 1.4 x 10-11/√τ
root Allan variance root Allan variance root Allan variance

Aging/day: 3 x 10-9 after 30 days 4 x 10-10 2 x 10-11 after 60 min.

Aging/year: 5 x 10-7 5 x 10-8 2 x 10-9

Warm-up (time): 1 x 10-8 in 30 min. 5 x 10-8 in 30 min. 5 x 10-10 in 4 min.
   @ 25°C

Retrace: 2 x 10-8 after 72 hrs. ON, 5 x 10-9 after 72 hrs. ON, 5 x 10-11 after 72 hrs. ON,
   @ 25°C 24 hrs. OFF, 12 hrs. ON 24 hrs. OFF, 2 hrs. ON 24 hrs. OFF, 1 hr. ON

Temperature: 2 x 10-8 7 x 10-9 3 x 10-11

   (0°C to 50°C) (2 x 10-8, -30°C to 70°C)

MAINS change: 5 x 10-9 2 x 10-9 N/A
   (± 10%)

Calibration Schedule: 1 year 1 year 1 year

Note : Election of Rubidium Osc. Option 125 extends counter chassis depth from 13.1 in. (333 mm) to 14.5 in. (368 mm).
Rubidium oscillator, option 125, is not available with Battery Option 150 counters. 

Other Options:
150: Battery Option. AC MAINS and Internal Battery Powered CW counter. This option includes a Weather-Resis-
tant Instrument Back-Pack and a 12 VDC/2.3 Ah Rechargeable sealed Lead/Acid Battery (approx. 3-hour operat-
ing time per full charge). The battery will recharge whenever the counter is connected to AC Mains.

Note: In addition to the standard TCXO oscillator, both the OCXO oscillators (Option 112 & 120) are also available with
the Battery Option. Rubidium Oscillator Option 125 is not available with Battery Option 150 counters.
Battery and Back pack are excluded from instrument’s warranty.

160: OCXO Oven Always ON. Provides constant power to OCXO oven circuitry with Battery operation
(shortens battery operating time)(requires Options 150 & 112 or 120 OCXO).

170: Rack Ears: 3.5 in. x 19 in. (88.9 mm x 482.6 mm) (H x W) (EIA RS-310).

NOTE: ALL OPTIONS ARE INSTALLED BY FACTORY ON ORIGINAL INSTRUMENT ORDER.
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1.7. ACCESSORIES AND SERVICES

1-7. Table 1-2 lists the accessories and services that are available for the mm-Series counters.

Table 1-3. Accessories & Services

Accessories
302: Case: Hard Shell.

326: Case: Watertight, airtight, corrosion proof, dust proof, crush proof, for severe environmental conditions.

336: Back-Pack: Custom Weather-Resistant Instrument Back-Pack.

320: Battery: Spare, 12 VDC / 2.3 Ah Rechargeable Sealed Lead/Acid.

305: Manual: Spare Operating and Maintenance Manual.

Services
214: Factory Calibration: All Instruments (includes report per ISO 9001).

mm-wave CW Counters GENERAL INFORMATION Chapter 1
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CHAPTER 5
MAINTENANCE

5-1. INTRODUCTION

5-1.1. This chapter describes the adjustments required to maintain the mm-Series counter (models
3400A / 3460A / 3500A / 3600) operating within specifications. Adjustments should be made when
performance or parts replacement indicate they may be necessary.

5-2. EQUIPMENT REQUIRED

5-2.1. The recommended test equipment for the adjustment procedure is listed in Table 5-1, “Recom-
mended Test Equipment". Substitute test equipment may be used if it meets or exceeds the recom-
mended characteristics.

Table 5-1. Recommended Test Equipment

INSTRUMENT MODEL CHARACTERISTICS RECOMMENDED

Oscilloscope 100 MHz Bandwidth Tektronix 2236

Oscilloscope Probe (2 required) High Impedance (10 Megohm) Tektronix P6121

Synthesized Microwave Generator 10 MHz to 40 GHz
-50 dBm to + 10 dBm

Wiltron 6769A

Frequency Standard (NIST traceable) Accuracy of ≥ ±  1x10-9 XL Microwave 500

Microwave Frequency Counter 10 Hz to 40 GHz XL Microwave 3400A

Power Meter 100 MHz to 40 GHz HP 432A

Power Sensor 100 MHz to 18 GHz HP 478A

Power Sensor 18 GHz to 26.5 GHz HP K486A

Power Sensor 26.5 GHz to 40 GHz HP R486A

Power Sensor 40 GHz to 60 GHz millitech 45773H-1100

Signal Generator 10 Hz to 10 MHz HP 652A

5-3. CLEANING

5-3.1. Accumulated dirt on the exterior of the instrument may be removed with a soft cloth or a small
soft brush dampened with a mild detergent-and water solution. Abrasive cleanser should never be
used.

5-4. SAFETY CONSIDERATIONS

WARNING!

Maintenance is performed with power supplied to the instrument and protective covers removed.
Only trained service personnel who are aware of the hazards involved should perform any
maintenance on these instruments. Before any repair is completed be sure that all necessary parts
are connected to their protective grounding. Electronic components and assemblies can be
permanently degraded or damaged by electrostatic discharge during maintenance. Be sure that
all maintenance is performed at a static-safe work station.
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5-5. PERFORMANCE VERIFICATION

5-5.1. This section outlines the performance verification procedure and may be used as a confidence
check for incoming inspection and to verify the need for recalibration or maintenance.

Allow the counter and all test equipment to warm-up for 24 hours.

5-5.2. REFERENCE OSCILLATOR Verification. Connect a traceable reference frequency standard
to the ’external sync’ input of a 100 MHz oscilloscope and set the oscilloscope to external sync. Connect
the counters’ rear panel ’10 MHz REF OSC OUT’ signal to the ’Channel A’ Input of the oscilloscope.
Observe the 10 MHz REF OSC OUT signal on the oscilloscope display for signal movement. The signal
should not drift more than one cycle in ten minutes. If the drift exceeds this limit, then proceed to the
’Reference Oscillator Adjustment’ section of this Manual (paragraph 5-8).

5-5.3. BAND 1 Verification. Place the counter in Band 1/50Ω (50 MHz–250 MHz) and apply a signal
of 120 MHz at -19 dBm to the ’Band 1’ input connector of the counter. Verify that the front panel display
reads the correct frequency count. Reduce the amplitude of the signal until the instrument fails to count
correctly (typically around - 28 dBm). NOTE: Do not exceed +25 dBm, as damage could occur to the
instrument!

5-5.4. BAND 2 and POWER METER Verification. Place the counter in Band 2 and apply a signal of
200 MHz to 400 MHz at 0 dBm to the ’Band 2’ input connector of the counter. Verify that the front panel
display reads the correct frequency count. Place the counter in Power Meter and verify the correct
power reading (±1.5 dBm). Reduce the input signal to - 30 dBm and re-check the frequency and power
measurements as described above.
NOTE: Do not exceed +25 dBm (+ 20 dBm/model 3600), as damage could occur to the instrument!

5-5.5. OVERLOAD Verification. Place the counter in Band 2 and apply a signal of 200 MHz to 400
MHz at 0 dBm to the ’Band 2’ input connector of the counter. Increase the signal level until the Overload
LED lights (at approx. +10 dBm). Carefully increase the input signal until "OUCH" appears on the front
panel display (typically between +13 dBm and +15 dBm).
NOTE: Do not exceed +25 dBm (+ 20 dBm/models 3500/3600), as damage could occur to the
instrument!

This Completes The Performance Verification Check.

5-6. MAINTENANCE SCHEDULE

5-6.1. The mm-Series counters do not require any regular maintenance except for the recommended
annual calibration of the internal oscillator.

VERY IMPORTANT!
The "P" number marked on the Mixer Label and stamped on the Mixer Block MUST MATCH
the "P" number printed on the PROM label(s) U20 (& U18).
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5-7. REFERENCE OSCILLATOR ADJUSTMENT

5-7.1. XL Microwave recommends that your mm-Series counter has its internal reference oscillator
(TCXO standard or OCXO Options 112 or 120) calibrated annually to a traceable reference frequency
standard (such as NIST) in order to maintain the counter’s guaranteed specifications.

5-7.2. Allow the instrument to warm for three (3) hours for the TCXO, 24 hours for the OCXO. The
instrument’s reference oscillator time base can be adjusted, via a ten-turn trim pot (RA1), through a
’Reference Oscillator Adjustment’ access hole located on the instrument’s bottom cover.

5-7.3. Two ways are given to calibrate the counter’s internal reference oscillator. The first way (analog)
is simpler, requiring only a scope and a traceable frequency standard. It also offers instant visual
feedback of the result of the tuning adjustment. The second way (digital) requires more equipment but
is faster and yields a more accurate number.

5-7.4. Analog. You will need the following test equipment from Table 5-1: a 100 MHz Oscilloscope and
a traceable 10 MHz Frequency Standard. Connect the equipment as illustrated below in Figure 5-1.

Figure 5-1. Reference Oscillator Test Setup, analog version.

5-7.5. Set the scope to show 1 to 5 cycles of a 10 MHz signal. Connect the 10 MHz signal from the
Frequency Standard to Channel ‘A/1’ of the scope and trigger on Channel ‘A/1’. Connect channel ‘B/2’
of the scope to the ‘REF OSC OUT’ BNC connector on the back of the counter. Watch the scope’s
display and note the time it takes for one complete cycle of channel ‘B/2’ to drift one cycle compared
to channel ‘A/1’. On the Oscillator CCA (5999-45561, figure 6-6) adjust the ‘Oscillator Trimpot’ (RA1)
for minimum drift of the signal on the oscilloscope display using a nonconductive tuning tool (remove
the tool when noting drift as the tool will affect the observation). Accuracy =  (for a one-cycle drift)
1 second drift/cycle =  10-7; 10 second drift/cycle =  10-8; 100 second drift/cycle =  10-9.

10 M Hz from
Freq . Std.

10 M Hz REF O SC OUT from  Counter

Ch B/2

Ch A/1

100 M Hz O SCILLO SCO PE

XL M icrowave Counter Under Test
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5-7.6. Digital. You will need the following test equipment from Table 5-1: a 40 GHz Frequency Counter;
a traceable 10 MHz Frequency Standard; and a 40 GHz Synthesized Signal Generator.

5-7.7. Connect the equipment as illustrated below in Figure 5-2. The 10 MHz signal from the traceable
Frequency Standard is connected to the Synthesizer’s external reference input. Set the Synthesizer to
40 GHz (or the highest frequency that the test counter can count). Connect the output of the Synthesizer
(40 GHz) to the microwave input of the test counter. Connect the Internal Reference Oscillator 10 MHz
signal from the Counter Under Test, to the external reference oscillator input on the test counter. Set
the resolution on the test counter to display the greatest resolution possible.

Figure 5-2. Reference Oscillator Test Setup, digital version.

5-7.8. On the Oscillator CCA (5999-45561, figure 6-6) of the Counter Under Test, adjust the ‘Oscillator
Trimpot’ (RA1) for the closest possible reading to 40.000000000 GHz on the test counter’s display. Use
a nonconductive tuning tool (remove the tool when noting reading as the tool will affect the observa-
tion).

5-7.9. This method effectivly multiplies up the traceable Frequency Standard’s 10 MHz to a traceable
40 GHz signal (with the accuracy of the frequency standard) to the test counter’s microwave input.
The accuracy of the test counter’s readout of this 40 GHz signal is now dependant on the accuracy of
the 10 MHz internal oscillator in the Counter Under Test which you are adjusting. To read the accuracy
of the adjustment of the internal oscillator, a Reading on the test counter of:

40.000 000 023 GHz is equivalent to 5 parts in 10-10 
40.000 000 040 GHz is equivalent to 1 part in 10-9

40.000 000 800 GHz is equivalent to 2 parts in 10-8

40.000 006 000 GHz is equivalent to 1.5 parts in 10-7

W ILTRO N 40 G Hz
Synthesized Frequency Generato rX L M ode l 500

Traceab le
R b Frequency Standard

10 MHz

OSC

STATUS
1 MHz

1 MHz

5 MHz

5 MHz 10 MHz1 pps

FREQ UENCY STANDARD    MODEL 500

TTL OU T

SINE OUT (1 Vrms / 50 )Ω
MICROWAVEXL

10 M Hz from
Freq . Std.

10 M Hz REF O SC O UT from  Counter

40 GHz
@  0  dBm

from  synth .

EXT REF IN

XL  34 0 0 4 0 G H z C ou nte r

40.000000023

Ext R ef IN

XL M icrowave Counter Under Test

40.000 GHZ 0.0 DBM
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5-8. A2, MMW-ANALOG CCA ADJUSTMENT LOCATIONS

5-8.1. Analog CCA, A2 (5999-45498), adjustment locations are identified in Figure 5-3. All adjustments
are made with the top and bottom covers removed.

5-9. POWER METER ADJUSTMENT

5-9.1. Center all adjustment pots R402 (LOW LOG), R404 (OVL SET), R410 (OFFSET), and R416 (SLOPE).

5-9.2. Apply a + 10 dBm signal to the Band 2 input at a frequency between 200 to 400 MHz. Adjust
R404 until the OVERLOAD light comes on. Raise and lower the signal level and adjust R404 so that the
OVERLOAD indicator turns on and off at + 10 dBm ± 0.5 dBm.

5-9.3. Switch the instrument to Band 2, turn Power Meter on. Reduce the input to 0 dBm and note the
display reading. Reduce the input level to –10 dBm and note the change in displayed power. If the
change is more or less than 10 dB, R416, the SLOPE pot, must be adjusted. The "SLOPE" pot changes
the gain of the log amp system. Continue adjusting the slope while changing the input power by 10
dB until the display changes 10 dB.

5-9.4. Return the input to 0 dBm and adjust R410 (the OFFSET pot) for 0.0 displayed power.

5-9.5. Reduce the input to –34 dBm and adjust R402 (the LOW LOG pot) for correct reading.

5-9.6. Check the log accuracy at 0, –5,–10,–15, –20, and –25 dBm.

5-9.7. If there is a slope error, readjust R416 ,the SLOPE pot, to improve tracking. Readjust R410, the
OFFSET pot, at 0 dBm for correct reading.

5-9.8. Recheck R402 (the LOW LOG pot) for –34 dBm display with –34 dBm input.

5-9.9. Increase the signal level to + 10 dBm and note the display should be greater than + 9 dBm.

5-9.10. Increase the signal level until the OUCH display appears; the signal level should be between
+ 13 dBm and + 15 dBm.

Figure 5-3. Analog Board Cover
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5-10. BAND 1 SENSITIVITY ADJUSTMENT

5-10.1. Place the instrument in Band 1/50Ω (50 MHz–250 MHz) and apply a signal of 120 MHz at
− 19 dBm.

5-10.2.  Reduce the amplitude of the signal until the instrument fails to count correctly. Then adjust
R113 (the Band 1 threshold pot) for correct counting with minimum signal level in.

5-11. 10 MHz BUFFER ADJUSTMENT, POWER SUPPLY CCA (L10 or L204)

Note: This is a Factory adjustment should only be done if components have failed and been replaced
within the 10 MHz Buffer section of the Power Supply.

5-11.1. Disconnect AC power from counter and remove the bottom cover. Locate the 10 MHz Buffer
section of the Power Supply located just behind the two BNC connectors on the rear panel (REF OSC
OUT & EXTERNAL REF OSC IN) and remove the three # 4-40 screws attaching the metal cover over
the Buffer section and remove the cover.

1. Using a BNC/BNC coax cable, connect the Counter Under Test’s ’10 MHz REF OSC
OUT’ BNC to a test bench frequency counter.

2. Power-up the Counter Under Test and note 10 MHz displayed on the bench counter.

3. diconnect the internal oscillator from the 10 MHz Buffer/Power Supply CCA (J4)
just behind the 10 MHz Buffer section.

4. Adjust the FREQ ADJ inductor (L10, std p/s; or L204, battery p/s) for a reading of
10.00xxxxx MHz on the bench counter. Use a nonconductive tuning tool and remove
the tool when noting reading as the tool will affect the observation.

5. Reattach the internal oscillator (J4). The reading on the bench counter should be
10 MHz, within the tolerence of the internal oscillator.

6. Verify buffer circuit operation by inserting a 1, 2, 5 & 10 MHz reference signal into
the ’1, 2, 5, 10 MHz EXTERNAL REF OSC IN’ BNC jack and confirm that a 10 MHz
reading is displayed on the bench counter. The ’EXT REF’ LED on the front panel of
the counter under test should be illuminated to confirm automatic switching to external
reference in the presence of an appropriate signal.

7. Verify REF OSC signal input levels  of 0.2–5.0 Vrms (as given in the Specifications
section of Chapter 1) automatically switch to EXT REF when applied (front panel REF
OSC LED).

8. Adjustment is complete. Reattach Buffer section cover and screws and bottom
cover of counter.
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5-12. mm-DIGITAL CCA BAND 2 SENSITIVITY ADJUSTMENT, RA1

5-12.1. On the mm-Digital Circuit Card Assembly (5999-45502) the Band 2 Sensitivity pot, RA1, is
adjusted as follows:
     Connect a synthesized signal of 270 MHz at -50 dBm to the front panel Band 2 input connector. Set
RA1 fully clockwise. Increase the signal amplitude, in 1 dB steps, until the counter begins to count—with
the lower digits unstable. Adjust RA1 until the counter reaches a stable count—or no count. If there is
no count, increase the signal amplitude until the counter counts. Repeat this procedure until the count
is stable.

5-13. mm-DIGITAL CCA PHASE DETECTOR BALANCE ADJUSTMENT, RA2

5-13.1. On the mm-Digital CCA, A4 (5999-45502), the Phase Detector Balance pot, RA2, is adjusted
as follows:
     Connect a synthesized signal, set to 10 GHz at -20 dBm, to the front panel Band 2 input connector.
Connect a Spectrum Analyzer to the mm-Digital CCA, A4–JW4, Phase-Lock IF signal input. Adjust the
analyzer so the IF frequency is centered (approx. 130 MHz) and the analyzer displays a 200 kHz span
per division. Adjust RA2 for minimum 200 kHz sidebands (typically ≥ 30 dBc).
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