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i-1. INTRODUCTION

1-2.  The John Fluke Model 7220A is a nine-digit port-
able, bench-type Counter that provides wide-range fre-
quency measurement capability up to 1300 MHz. There
are two input channels. The ac-coupled Channel A input
allows frequency measurements from 10 Hz to 125 MHz
with 1 Megohm input impedance. The Channel B input
allows prescaled frequency measurements of continuous
wave or burst signals from 100 MHz to 1300 M Hz with 50
ohm input impedance, Channel A signal conditioning
includesa X 10 {ixed attenvator and a Xi0 variable atten-
vator. For low frequency measurements, a 100 kHz low-
pass filter may be selected. Four standard resolution
settings and gate times may be selected that allow resolu-
tion in decade steps from 100 Hz to 0.1 Hz. Four add:-
tional resolution settings {up to .0001 Hz) are available
when the Resolution Multiplier Option -351 is installed.

1-3.  Measurements are displayed on a nine-digit LED
display. Three LED annunciators indicate gate time,
measurement overfiow, and if optional oven time base is
receiving power. The 7220A may be cperated with the
standard 10 MHz time base, an optional TCXO (Tempera-
ture Compensated Crystal Oscillator) time base, or either
of two optional low power oven time bases, A self check
mode applies the time base signai to the internal counters,
thus providing a check for most of the 7220A internal
cireuitry.

1-4. The 7220A is enclosed in a PTI {Portable Test
Instrument) case which includes an inner metal lining for
RFI shielding, The counter may be operated at switch
selectable line voltages of 100V, 120V, 220V or 246V at
47-63 Hz, or with an optional battery pack.

1-5. OPTIONS AND ACCESSORIES

1-6.  When the Battery Pack Option 010 is installed
along with one of the optional oven time bases, high

{ 22UA

Section 1

introduction & Specifications

measurement accuracy is provided with portable conven-
ience. When the Digital Interface Option -521 is installed
in the 7220A. serial BCD data is available at a rear panel
output. Option -521 also allows the counter to operate
directly into a Fluke 2020A, 2021 A, or 2030A Printer
{with Option -004 installed'in the Printer), When Option
-521 is installed in the 7220A, and it is used with a Fluke
1120A Translator with Option -522 instalied {in the
1120A), the 7220A is compatibie with the IEEE-488 Bus.
All of the options are described in detail in Section 6.
Tables 1-1 and 1-2 list the available options and acces-
sories for the 7220A.

1-7. SPECIFICATIONS

-8, Specifications for the 7220A are given in Table 1-3.
Comparative specifications for ali of the optional time
bases are also given. Specifications for the options are
inctuded in Section 6 with the option descriptions.

Table 1-1. 7220A Options

OPTION NO. DESCRIPTION

72XXA010 Battery Pack

7220A-111 1 PPM TCXO Time Base

T2XXA-131 L.ow Power Oven Time Base

72XXA132 Superior Low Power Oven Time Base

7220A-351 Resolution Multipiier

72X XA-B2Y Digital Interface (factory-instatled
in 7220A)

72X XA-522 Interface PCB Assy {instalied in
1120A)

72X XA-529 |EEE-488 Interface {includes Options
-521, -622, and Accessory Cable
Y7203}

-1




Table 1.2. 7220A Accessories

Freguency A

Measurement Time

Frequency B

Minimum Burst

ACCESSORY DESCRIPTION ACCESSORY DESCRIPTION
NO. NO.
AB3 Whip Antenna Y2020 C-5ize Panel Adapter
Y2014 C-Size Single Rack Adapter Y7203 2-Foot Ribbon Cable Assembly
Y2015 C-Size Dual Rack Adapter Y7204 5-Foot Ribbon Cable Assembly
Table 1-3. Specifications
FUNCTIONS

10 Hz — 125 MHz

Range . . . v v v v i e e i s
Resolution. . . ...... ...y 0.1 Hz, 1 Hz, 10 Hz, 100 Hz
ACCUFBCY .+ v v v v v e e e e e ee v a s 1 count £ time base errors
Display . . .. ..o i v n MHz with decimal point

Gate Time™ + cycle time**

100 MHz — 1300 MHz

Range . ...... ..y
Resolution. . . ... ... ... ..., 0.1 Hz, 1 Hz, 10 Hz, 100 Hz
ACCUMBEY o v v v e v e e e e e s 1 count * time base errors
Display . - .. oo i vii i v Mtz with decimal point
Measurement Time ... ........ Gate time” + cycie time™**
Burst Mode

Gate Time* + 40 ms
Dispiay holds last complete reading until Reset

Automatic Hold

*For gate times, see Table 2-5.
**Cyele time is approximately 150 ms.

SIGNAL INPUT - CHANNEL A

10 Hz — 12b MHz, ac coupled
10mV rms at 10 Hz — 50 MHz

15 mV rms at 50 MHz — 100 MHz
25 mV rms at 100 MHz — 125 MHz
1 Megohm, shunted by 60 pF

X1 to X100, X1 or X10 fixed plus
X1 te X10 continuously variable
100 kHz low pass selectable

See chart below:

Bandwidth
Sensitivity

Input Impedance
Attenuator

Filter
Maximum Input Voltage

V{rms!}
250V
5\ 4 5V rms
10Hz 5kHz 2MHz 125MHz
FREQUENCY

Channe! A Maximum input Voltage

TOONA
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Table 1-3. Specifications (cont}

[ AAN Y

SIGNAL INPUT — CHANNEL B

Bandwidth. . ... ......... . .... 100 MHz ~ 1300 MHz

Sensitivity .. ... ... ... BEmV rms at 100 MHz to 600 MHz
10 mV rms at 600 MHz to 1000 MMz
40 mV rms at 1000 MHz to 1300 MMz

fnput lmpedance. .. ... ... ... ... 50 ohm
VSWR . .. e 2.5:1 typical maximum
“aximum input Voltage. . . . ... ... 5V rms at 100 MHz 1o 1300 MHz

SIGNAL INPUT — EXTERNAL TIME BASE

Frequency Required ... ... ...... 10 MHz

SensitivitY « v v v v e 300 mV rms

Input impedance. . . ... ......... 1 kilohm, shunted by nominal 30 pF, ac coupled
Maximum Input Voltage. . . . ... ... 3V rms

SIGNAL OUTPUT — TIME BASE

FrequUenty . . . . oo vt i v i a e 10 MHz, square wave
Amplitade . . ... ..o Lo L TTL levels
iImpedance. . .. ..o ot i 200 ohms, nominal

STANDARD TiME BASE

Frequency . . ... oo i v 10 MMz

Aging Ratepermonth . .. ... ..... 5 x 1077
Temperature Stability ... ........ 5 x 107, 0 t0 40°C
Line Voitage (£ 10% change) ...... 1 x 1077

Battery Operation. . . ........... 1 x 1077

OPTIONAL TIME BASES

OPTION -111 OPTION -131
T PPM TCXO Low Power Oven
Freguency 10 MHz 10 MHz
Aging Rate
Per day - —
Per month +3 x 1077 1 x 107"
Per vear +1x 1078 -
Accuracy with temperature** 1 x 1078 +1x1077
(6° 10 40°C)
Line Voltage +2 x 1077 +2 x 1078
Battery Operation +2x 1077 +5x 1078
Warm up™™*
10 Min - £5x 1077
20 Min - +3 x 1078

*After 5 days continuous operation.

**Includes errors caused by temperature variations during operation ss well as all calibration errors when

calibrated per specifications.
**¥Compared to frequency 24 hours after turn-on,

OPTION 132
Superior Low Power Oven

10 MHz

+3x107%*
5 x 1078%

+3 x 1078

4 % 107°
+1 x 1078

5 x 1077
+3 x 1078

1-3
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Table 1-3. Specifications {cont}

GENERAL

Display Annunciation. . . ...... ...

Cycie Rate. . ...

Power Requirements . . ... .... ...

Line Voltage. . . .
Line Frequency. .

Dimensions .. ..

g-digit LED, with leading zero suppression and decimal point. Three LED
annunciators: Gate, Measurement Overflow, Qven Time Base Power.

tn contintious measurement mode, time between end of one gate time and
beginning of next gate time is fixed at approximately 150 ms.

Counts and displays 10 MHz Time Base.

Reset switch clears display; holding Reset lights all S-digit LED segments,
releasing Reset aliows new measurement to take place.

24 VA maximum
100V, 120V, 220V or 240V ac * 10%, internally selectable
47—63 Hz

103ecmLlx203cmWx108emH (128iInL x8.0inWx4.3inH)
See Figure 1-1,

0% 10 40°C
-40° 10 70°C
3.2 kg {7 Ibs)

Internal metal RF | shield meets most requirements of M{L-STD-461, notice 3.

Relates solely to insutlation or grounding properties defined in |EC 348.

&

20.45cm{8.05in) =

10.48cm{4.13in}

32.64cmi{12.85in}

. A

1-4

Figure 1-1. Outline Drawing
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2-1. INTRODUCTION

2-2. This section of the manual contains information
concerning the installation and operation of the Model
7220A Freguency Counter. The contents of this section
should be read before operating the counter. Should any
difficulties arise during operation of the instrument,
please contact your nearest John Fluke Sales Represen-
tative, or the John Fluke Mfg. Co., Inc. (P.O. Box 43210,
Mountiake Terrace. WA, 98043; Telephone 206 774-
2211). A list of sales representatives is given in Section 7.

2-3. SHIPPING INFORMATION

2-4. The 7220A is packaged and shipped in a foam-
packed container, Upon receipt of the instrument, make
a thorough inspection for proper contents and possible
shipping damage. Special instructions for inspection and
claims are included with the shipping container. If
reshipment is necessary, use the original container, If the
original container is not available, a new container can

be obtained from the John Fluke Mfg. Co., Inc. Please
specify the instrument model number when requesting a
new shipping container.

2-5. INSTALLATION

2-5. Input Power

2-7. The 7220A can be operated with an input line
voltage of 100, 120, 220, or 240V ac (xI0%). Line fre-
quency may vary between 47 and 63 Hz. A rear panel
decal specifies the voltage selected prior to shipment. If a
change in voltage is required, have a qualified technician
perform the procedure. The selection procedure is given
in Section 4 of this manual. Replace the fuse when the line
voltage setting is changed. Proper fuse ratings are given
under Fuse Replacement,

LYW T

Section 2

Operating Instructions

2-8. Fuse Repiacement

2-9, Theac input line and the Channel B input hine are
both fuse protected. The acinput line fuse (F1) is access-
ible by way of a rear panel fuse holderlocated to the right
of the input power connector. If fuse replacement is
required. disconnect the 7220A from line power and
remove the fuse cap and fuse (twist the fuse cap cow using
a screwdriver). Select and install a replacement fuse with
a rating that is compatible with the local line voltage.
Replacement fuse information for the line power fuse is
available on the rear panel decal and in the folloswing list.
Channel B fuse replacement reguires removal of the
instrument covers. and should only be performed by a
qualifted technician. The Channel B {use replacement
procedure is given in Section 4.

1. 100 to 120V ac use fuse type MDL slo-blo [ /4A

2. 220010 240V ac use hise tvpe MDL slo-bio |/ 8A

2-10. Stacking PT! Instruments

2-11. The stacking feature of the PTI case allows the
7220A to be stacked with. and locked to other Fluke
instruments in the PT1 product lire. Use the following
procedure to stack PTI instruments:

I. Locate and pull the black latches on both sides
of the unit to their extended position.

2. Place the unit on top of the PTI stack with the
front panel toward the front of the stack. See Figure
2-1.

3. When the unit is properly seated, push both
latches in. This will lock the unit to the stack.

2-1
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Figure 2-1. Stacking PT! Instruments

2-12. Tilt-Down Bail

2-13.  When used as a separate instrument, the 7220A
may be tilted up, or down, with the aid of the tilt bail. In
the extended position, the bail may be locked in place by
firmly pressing the legs into slots provided in the bottom

panel. When retracted, the bail Hes flush with the botfom
panel and does not interfere with case stacking. The bail
is normally mounted toward the front of the instrument.
Toremove the bail, compresseither of its legs toward the
center of the case and pull out. Installation may then be
made in identical mounts at the rear of the boitom panel.

2-14. Rack Instaliation

2-15. The 7220A may be installed in a standard 19-inch
equipment rack or a DIN panel mount. Mounting kits for
these accessories are described in Section & of this man-
ual. A list of ail available accessories and options is
presented in Section 1.

2-16. OPERATING FEATURES

2-17. The function and location of all 7220A controls,
indicators, and connectors are shown in Figures 2-2 and
2-3, and described in Tables 2-1 and 2-2.

123 4
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Figure 2-2. 7220A Front Panel Controls, Indicators and Connectors
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Table 2-1. 7220A Front Panel Controls, Indicators, and Connectors

REF. NAME FUNCTION
NO,
1 OVEN Annunciator Hiuminates if an oven time base is installed and is receiving power,
2 OVFEL Annunciator [tiuminates if the accumulator has exceeded the measurement range selected,
3 GATE Annunciator Hluminates while the Main Gate is enabled and the input frequency is being
counted.
4 Display A nine digit LED measurement display with automatic decimal point placement
and leading zero suppression.
5 Measurement Units Indicates the units for the measurement displayed. All measurements are
Indicator displayed in MHz, except when the Resolution Multipiier Option is selected using
the Function Control. Then the measurement is displayed in Hz.
6 ATTENUATION These two controls {which only affect Channel A} can be used to limit the input
Controls signal to the dynamic operating range of the input amplifier.
The upper rotating control allows variable attenuation between X1 and X 10.
The lower two-position slide switch allows step attenuation of X10, The two
controls can be used separately or together to allow total attenuation range of
X1 to X100,
7 CHANNEL B BNC input con:;ector for Channet B. Channe! B has a 50 ohm input impedance
Connector and is internai fuse protected.
8 CHANNEL A BNC connector for Channet A. Channe! A has a 1 megohm input impedance.
Connector
9 CHA/CHSB A six-position slide switch which allows selection of 7220A operaﬁng mode.

Moving the slide between positions automatically generates 2 Reset command
for the instrument. The function of each operating mode is as follows:

CHK  initiates instrument self-test. The 10 MMz time base signal from the
instrument is applied to the counting circuitry, This allows an internal
check of ail instrement circuits except the input circuits. 1n this
mode, the frequency dispiayed should be 10 MHz,

CHB
1300 Enables Channel B measurement of signals from
100 MHz 1o 1.3 GHz {1300 MHz).
1300 BURST  Enables measurement of burst signals from 100 MHz
to 1.3 GHz (1300 MHz).
CHA

125 Enables Channel A measurement of signals from
10 Hz to 125 MHz,

FOMA




Table 2-1. 7220A Front Panef Controls, Indicators, and Connectors (cont}

REF
) NAME FUNCTION
NO.
O FILT Enables Channel A measurement of signals from 10 Hz
to 100 kHz by switching in a 100 kHz Low Pass Filter,
RESMULT 1£ the -351 Option is installed, this position enables the
10 kHz resolution multiplier and changes the scale of the
RESOLUTION control. The 100 kHz Low Pass Filter
is switched in. 1f the -351 Option is not installed,
selection of this mode will prevent the instrument
from counting.

10 RESOLUTION Four-position slide switch which aliows resolution selection of 100 Hz, 10 Hz,

Control 1 Hz, or.t Hz, If the -351 Resolution Multiplier Option is installed, the range
of resolution is extended to include .01 Hz, .001 Hz, and .0001 Hz selections,
and is color-coded by a biue band with the appropriate Function control
position. Moving the slide switch between positions automatically generates
the instrument’s Reset command,

11 RESET Pushbutton switch that resets the counters and zeros the display. The number
888888888 is displayed while the butten is pressed to allow a visual check of
the L ED display segments.

12 POWER switches These two push-push switches allow selection of instrument power source,
BAT/LINE If the -010 Battery Option is not installed, this switch

will not affect instrument operation, |If the -G10
Battery Option is installed, this switch allows selection
of either battery or line power,

ON/STBY The ON position enabies normal operation. The
STBY position powers the oven {with rear panel REF
switch set to INT) and battery charging circuits if
these options are installed.

2-18. OPERATING NOTES

2-19. The following paragraphs provide information
which should be considered before operating the 7220A.,
This includes information about basic frequency counter
operation and descriptions of the 7220A operating
modes.

2-20. AC Line Connection

2-21.  The input power cord is a three-pin polarized
connector which permits connection through the rear
panel power receptacle to any of the power voltages
described under Input Power. Ensure that the ground pin
is connected to a high quality earth ground.

2-4
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2-22. Maximum Input Levels
CAUTION

To prevent instrument damage, do not con-
nect the active lead of the Input signals to the
sheli of the BNC connector. All BNC connec-
{or shells on the 7220A are tied directly to
earth ground through the power plug.

2-23, Three of the four BNC connectors on the 7220A
aredesigned to accept signal inputs. Two are on the front
panel and allow input signals to be ac-coupled to the two
input channels. The third input connector is on the rear
panel and is the EXT REF input. Refer to Table 2-4 for
the maximum signal input levels,
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é Figure 2-3. 7220A Rear Panel Centrols, Indicators and Connectors
§ Table 2-2. 7220A Rear Panel Controls, Indicators, and Connettors
REF.
- NA FUNCTIO
v NO. ME N
" 1 input Power A 3 prong receptacle for ac line input.
* Connector
2 F1 Fuse holder that houses the ac line power fuse and allows easy access for fuse
replacement.
4 3 DATAQUT Connector location for the Digital Interface, Option -521. When the -5217 is
OPT, -621 not installed, the hole is covered by a removable panei.
ﬁ 4 FREQADJ If the Option -111 time base is installed, this is the access point for adjusting
OPT. 111 the TCXO frequency. This adjustment is made during calibration oniy.
:
5 INT/EXT REF Switch Tweo position slide switch that determines whether the instrument is clocked
o by the 10 Mz internal timebase {INT position], or by an external timebase
(EXT position) connected to the 10 MMz REF IN connector rear panel.
_____ 6 10 MHz REF
: IN BNC connector for connecting an external timebase. This input is used only
; when the INT/EXT REF switch is in the EXT position.
L
. ouT BNC connector which allows access to the timebase signal being used by the
instrument.
! 2-5
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Table 2.3, Counter Terminology

Attenuation
Attenuation is used to limit the input signal within the dynamic range of the input amplifier. The 7220A has two

attenuatars for use with Channel A, One aliows variable attenuation from X1 to X10, and the other aliows step attenu-
ation from X1 to X10. They can be used separately or in combination to provide totat attenuation from X1 10 X100.

Gate Time

Gate time refers to the length of time during which an input frequency is being counted for display. kn the 7220A, the
gate time is determined by the resciution selected (see Table 2-5}). The greater the degree of resolution, the longer the

gate is open.

Hysteresis

in frequency counters such as the 7220A, proper counting requires a pulsed cutput from the input circuitry. To form
this pulse, each input waveform {regardless of its shape} triggers a Schmitt trigger in the input circuit at predetermined
triggering or hysteresis levels. An input waveform must pass through both of these hysteresis levels for the input circuitry
to generate a pulse. The voltage difference between the two levels is termed the hysteresis window; the minimum signal
that can trigger both levels therefore defines the sensitivity of the instrument. Generation of the hysteresis window
and sensitivity is illustrated in Figure 2-4.

Input impedance

The input impedance is the impedance seen by & signal source. Input impedance on Channei A is 1T megohm, shunted
by 60 picofarads. Input impedance on Channe! B is 50 ohms,

Linear Operating Range

The linear operating range refers to the excursions of the input signal that can reiiably trigger the input amptifier
without distortion. The linear range of the 7220A varies between the smatlest signal level acceptabie by the input
amptifier {minimum} and the largest attenuated signal that wili not be clamped by the input circuits in the amplifier
(maximum). The minimum is defined by the sensitivity specifications of the instrument, Operation within maximum
levels for Channel A may be ensured through proper use of the ATTENUATION controls.

Prescaling

This is @ method of extending the frequency measuring range of a frequency counter Ly dividing the input signal
before it enters the main gate. Thus, a lower-frequency signal is obtained which is coherent with the input signal,
and lies within a range which the counter can accept. In the 72204, the input signals to Channel B are prescaled {or
divided) by a factor of 16. To compensate for this, gate times are increased by this same factor so that the counter will
stiif obtain and display an accurate count for the high frequency range.

Resolution

This is defined as the smallest increment of frequency recognized by the counter and thus, the smallest displayed unit
in a measurement. In the 7220A, this unit {the least significant digit, or LSD) is defined by each combined setting of
the CH A/CH B and RESOLUTION controls.

Sensitivity

This is defined as the minimum specified input signal assured of triggering the instrument, and thus being reliably
counted, This specification is related to the hysteresis window, temperature, and the characteristics of the amplifier.
See hysteresis.

Trigger Level

This is defined as the voltage level nominally haifway between the upper and lower hysteresis levels, Trigger level is set
at OV in the 7220A and is not adjustable.

2-6
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Table 2-4. Maximum Input Levels

INPUT TERMINAL

FREQ. RANGE

MAXIMUM INPUT

Channel A
{See chart in Specifications, Table 1-3)

10 Hz to b KHz
5 KHz to 2 MHz

250V rms
Value linearly decreases from 250V rms at
b kHz to BV rms at 2 MHz.

2MHz to 125 MHz BV rms
Channel B 100 MHz to 1300 MHz BV rms
EXT REF 3V ms

2-24. Counter Terminology

2-25. Table 2-3 contains definitions which are useful in
understanding how and when to use the 7220A controis.
These terms are used throughout the manual

2-26. ACCURACY

2-27. The foilowing paragraphs discuss some of the
possible sources of error when making frequency meas-
urements, and some techniques for minimizing these
errors.

2-28. One Count Error

2-29. The one count ambiguity, inkerent in any gate
and counter type of frequency meter, results from an
out-of-phase relationship between the puise train of the

input circuit and the pulse train from the timebase. The -

effect is demonstrated in Figure 2-5. Both Signal A and
Signal B have a frequency of 9.5 Hz. But over the same
gate time of 1 second, the in-phase Signal A accumulates
10 counts, while the out-of-phase Signal B accumulates
only 9 counts. This ambiguity can show up in the meas-
urement as an error of £1 count, Since this affects the
least significant digit {1.SD) of the measurement. the one
count error can be reduced by selecting a greater degree
of resolution. The error caused by this is calculated as
follows:

Error = +1/Input Frequency

2-30. Signal Noise, Atienuation, and Filtering

2-31. The extreme sensitivity of the input circuitry of
the counter can cause inaccurate counting if there is a
significant amount of noise on a large signal. Figure 2-6a
shows how this can occur. The inputsignal is much larger
than is needed to transit the hysteresis, and the high
frequency noise that is riding on the input signal is of a
large enough amplitude that it can also transit the hys-
tergsis window. This causes the ¢xtra count shown in

Figure 2-6a. This extra count can be eliminated by proper
use of the attenuation controls. As iltustrated in Figure
2-6b, the input signal and the noise have been attenuated
so that the noise does not transit the hysteresis window
and correct counting takes place.

2-32.  Incorreet counting can also take place if the input
signal is overattenuated. In this case, the input signal may
be reduced so that it does not always transit the hysteresis
window, thus leaving out counts. This is often indicated
by an unstable, fluctuating display.

2-33.  If the Channel A input signal being measured is
below 00 kHz, the 100 kHz low pass filter can be used to
eliminate noise that is above 100 kHz This filter is
switched into the Channel A input circuit whenever the
front panel CH A/CH B FILT .1 MHz mode is selected,
or the Resolution Multiplier Option -351 is instalied and
the CH A/CH B RES MULT mode is selected.

2-34. Time Base Error

2-35.  All crystal oscillator time bases drift in frequency
and are thus subject to error. This frequency drift is due
to fluctuation in temperature, fluctuation in line voltage,
and crystal aging. These effects can be compared in the
specification table in Section | of this manual. The grea-
test error is due to temperature fluctuation. This can be
reduced by maintaining a stable temperature in the
environment in which the instrument is being used, Con-
sideration should be given to the proximity and tempera-
ture fluctuation of other instruments, particularly when
stacking instruments. The instrument should alsc be
allowed proper warmup time {typicaily 10 minutes).

2-36. Another way to reduce time base error due to
temperature fluctuation is to install one of the optional
time bases described in Section 6 of this manual. Option
-111 is designed with a temperature compensating ele-
ment to improve accuracy, and Options ~-131 and -132
house the crystal in an oven to minimize temperature
changes. Time base error can also be reduced by usingan

- 27
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Figure 2.5, One Count Error

externail timebase that is more stable and accurate as an
external reference. To connect an external timebase,
place the REF switch on the rear panel in the EXT
position and connect the external timebase to the 10
MHz REF IN terminal on the rear panel.

2-37. Total Error Calculation

2-38.  Assuming that signal noise and distortion are not
causing false triggering and counting, frequency meas-
urement error can be calculated using the following
formuia:

Frequency measurement error = 41 count % time base
error

2-8
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2-39. OPERATION

2-40. Use the following procedures to operate the
7220A. Refer to the previous paragraphs if necessary.
Pay particular atfention to the turn-off procedure if the
Option -010 Battery Pack is instalied.

2-41. Initial Procedure

2-42. The following procedural checks should be per-
formed prior to operating the 7220A.

1. Check that the instrument has been connected to
appropriate line power.

2. On the rear panel, ensure that the REF switch is
set to INT.

3. Set the ON/STBY switch to the ON position.

4, Allow adeguate time for instrument warmup,
especially if an optional oven time base is installed
{tvpically [0 minutes).

5. If the Option -010 Battery Pack is installed, set
the BAT/LINE switch to the desired position,

2-43. Frequency Measurements —
CHANNEL A

2-44, Frequencies from 10 Hz to 125 MHz can be
counted and directly displayed using Channel A. Use the
following procedure:

i. Connect the input signal to the Channel A BNC
connector.
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2. Set the CH A/CH B switch to the 125 MHz
position.

3. Set the RESOLUTION swiich to the desired
resolution.

4. Adjust the ATTENUATION controls to obtain
a stable display. Attenuating the signal to just
above instrument sensitivity will reduce false trig-
gering to a minimum while leaving signal strength
high enough to ensure positive triggering,

5. If the input signal is below 100 kHz, eliminate
high frequency noise by setting the CH AJCH B
switch to the FILT .1 MHz position.

6. If the Option -351 Resolution Multiplier is
installed and higher resolution is desired for signals
below 10 kHz, move the CH A/CH B switch to the
RES MULT position. The RESOLUTION switch
is now scaled up by a factor of 1000 so that the 100
Hz, 10 Hz, 1 Hz, and .1 Hz resolution settings are
now .1 Hz, .01 Hz, .001 Hz, and .0001 Hz respec-

tively. The Option -351 Resolution settings and the
Hz measurement unit are color-coded to the RES
MULT position by a blue band on the front panel.

7. Read the frequency on the display and observe
the units of measurement (MHz or Hz) to the right
of the display. The OVFL annunciator should not
be illuminated.

2-45. Frequency Measurements —
CHANNEL B

2-46. Frequencies from 100 MHz to 1300 MHz can be
counted and directly displayed using Channel B, Use the
following procedure:

1. Connect the input signal to the Channel B BNC
connector.

2. Tomeasure continuous wave signals, set the CH
A/CH B switch to the 1300 MHz position. Meas-
urements are taken consecutively, and the display is
updated continuously.

2-9
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3. To measure burst signals, set the CH A/CH B
switch in the BURST position. The first burst signal
that arrives at the input triggers one measurement
cycle, and this measurement is displayed without
being updated. Subsequent measurement cycles are
held off while in the burst mode until the signal
ievel on the input is reduced below the Channel B
reference threshold level, This prepares the counter
to receive, measure and display another burst signal.
If the signal carrier leve! between bursts is greater
than the Channel B reference threshoid level, it will
be necessary to externally attenuate the signal being
measured 1o accomplish this, To measure burst
signals, bursts must be present {or at least 40 ms +
gate time. where gate time = [6/ Resolution. For
gate times, see Table 2-5.

Table 2-5. Resolution Settings and Gate Times

Resolution
Setting {Hz)....... 100 10 1 0.1

Resolution Multiplier
Setting-Channe! A

only (Hz). ... ... .. 0.1 0.01 0001t 0.0001
Gate Time
{sec) — Channel A | .. 0.01 Q0.1 1 10

~ Channel B , .. 016 1.6 16 160

fable 2-6. CHK Function Display

RESCLUTION SWITCH DISPLAY
SETTING
0.1 Hz 10.0000000 MHz
1 Hz 10.000000 MH:z
10 Hz 10.00000 MHz
100 Hz 16.0000 MHz

2.47. Self Check Mode (CHK)

2-48. The self-check function is used to verify the over-
all operation of the counter, excluding time base accu-
racy and the input circuitry. Each setting of the RESO-
LUTION control provides a predictable display of the 10
MHz reference signal generated by the internal time base.
Tao self-check the 7220A, use the following procedure:

I. Set the CH A/CH B switch to CHK.

2. Momentarily press the RESET control. The
dispiay should read 888888888 while RESET is
pressed. This resets all the counters and zeros all the
display latches.

3. Verify correct display for each of the RESOLU-
TION settings as defined in Table 2-6.

2-10

2-49. Turn Off Procedure

2-50.  When the Option -010 Battery Pack is not installed
in the 7220A, use the following procedure to turn off the
instrument:

I. Setthe ON/STBY switch to the STBY position.
This will remove power {rom most of the circuits,
but the transformer, regulators, and assoctated cir-
cuitry will still be connected to line power. Also, if
either of the two optional oven time bases {Option
-131 or -132) is installed, it will receive power if the
rear panel REF switch is set to INT. This is indi-
cated by the front panel OVEN annunciator which
is illuminated when an oven time base is receiving
power, To remove power from an oven time base,
set the rear panel REF switch to EXT.

2. To remove line power from the 7220A trans-
former, regulators, and associated circuitry, dis-
connect the ac power cord.

2-51.  Whenthe Option-010 Battery Pack 1s not installed,
the BAT/LINE switch will have no effect on the opera-
tion of the instrument. When the Option -010 is installed,
use the turn off procedure outlined above when the
BAT/LINE switch is set to LINE. When Option -010 is
instailed and the BAT/LINE switchisset to BAT, usethe
foliowing turn off procedure:

t. Disconnect the ac line power cord, if it is not
already disconnected.

2. Set the ON/STBY switch to STBY. This will
remove battery power from the instrument, but if
either of the two optional oven time bases is
installed, it will still receive power from the battery
if the rear panel REF switch is set to INT. To
remove power from an oven time base, set the rear
panel REF switch to EXT.

10/80
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Some semiconductors and custom IC's can be
‘/ damaged by electrostatic discharge during
handling. This notice explains how you can
minimize the chances of destroying such devices
by:
I \ . Knowing that there is a problem.
. Learning the guidelines for handling them.
. Using the procedures, and packaging and
bench techniques that are recommended.

The Static Sensitive (5.8.) devices are identified in the Fluke technical manual parts list with the symbol

l!®'|

The following practices should be followed to minimize damage to S.S. devices.

1. MINIMIZE HANDLING

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE.

3. DISCHARGE PERSONAL STATIC BEFORE
HANDLING DEVICES. USE A HIGH RESIS-
TANCE GROUNDING WRIST STRAP.

4, HANDLE §.S. DEVICES BY THE BODY
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5. USE STATIC SHIELDING CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE S.8. DEVICES OVER
ANY SURFACE

7. AVOID PLASTIC, VINYL AND STYROFOAM®

IN WORK AREA

PORTIONS REPRINTED
WITH PERMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV,

& Dow Chemical

Page 2 of 2

10.

11

WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE CONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED SS DEVICES.

HANDLE S.S. DEVICES ONLY AT A
STATIC-FREE WORK STATION

ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

ONLY GROUNDED TIP SOLDERING
IRONS SHOULD BE USED.

A complete line of static shieiding bags and acces-
sories is available from Fiuke Parts Department,
Telephone 800-526-4731 or write to:

JOMN FLUKE MFG. CO,, INC.
PARTS DEPT. M/S 86

8028 EVERGREEN WAY
EVERETT, WA 98204

JOOB89D-07UBB04/SE EN  Litho in U.S.A.
Rev. 1 MAR 86



[

_.
b;?ﬁg;-ﬁév‘m’i_-g‘ o

7, — %ﬂ

%%MW'

e

3-1. INTRODUCTION

3-2.  The theory of operation of the 7220A Frequency
Counter is presented on two levels. The first is an overall
functional description of the 7220A. This is followed by a
detailed analysis of the logic and circuits of each major
functional element in the counter, The text is supported
in this section by functional block diagrams, tables, sim-
plified circuit diagrams, and by the complete instrument
schematics in Section 8 of this manual.

3-3. OVERALLFUNCTIONALDESCRIPTION
3-4. Introduction

3-5. The7220A Frequency Counter is designed to meas-
ure a wide range of frequencies with two possible input
channeis. Channel A allows the lower range measure-
ment, and inchides a selectable 100 kHz low pass filter,
Channel B allows higher range prescaled frequency meas-
urement up to 1300 MHz. The Channel B BURST mode
allows measurement of high frequency bursts up to 1300
MHz. A self check mode is also provided to check the
internal circuitry of the counter, There are several resolu-
tion settings that can be selected, as well as an optional
resolution multiplier that is fully described in Section 6 of
this manual.

3-6. Basic Counter Block Diagram

3-7. To understand the operation of the 72204, it is
helpfui to first ook at the basic operation of a digital
electronic frequency counter. The basic elements of the
counter are shown in Figure 3-1. The frequency of a
signal can be described by the eguationf=n/t, where f is
the average frequency found by accumulating i cycles of
the signal over the time period t. The frequency meas-
urement is accomplished by counting the number of

LRV R

Section 3

Theory of Operation

cycles n of the unknown signal over a period t, which is
precisely established by a very accurate reference time
base and time base dividers. This procedure is illustrated
in Figure 3-1.

3-8, Theinputsignal is appiied to the signal conditioner
which conditions the signal to a form that is compatible
with the internal circuitry of the counter. The signal
conditioner also shapes the signal into a square wave,
which is then presented to the main gate for counting.

3-9, The main gate is the heart of the counter, for when
it is open, it allows the preconditioned input signal to pass
through and be counted. In some counters, there is a
separate logic gate whose only function is to serve as the
main gate. Inthe 7220A, however, the main gate function
is served by the First Counter flip flop in the counter
series. To “open™ or “close” the main gate actually means
this First Counter FF is being enabled or disabled. The
amount of time the First Counter FF is enabied is called
the gate time. The First Counter FF is enabled or dis-
abled by the main gate flip flop which responds to output
puises from the time base dividers.

3-10. The events required to make a frequency meas-
urement occur as follows: The operator selects the meas-
urement resolution desired. This teils the time base
dividers how long the First Counter FF is to be enabled,
or in other words, what division factor to apply to the
time base reference frequency. The time base dividers
trigger the main gate flip flop which enables the First
Counter FF, beginning the gate time. While the counters
count the unknown frequency, the time base dividers
divide the reference frequency by the factor selected.
When this is compieted, the main gate flip flop is trig-
gered again. This disables the First Counter FF, ending
the gate time, and the measured signal is displayed. The
timing for these events is presented in Figure 3-1.

3-1
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Figure 3-1. Basic Counter Block Diagram

3-11. FUNCTIONAL BLOCK DIAGRAM

3-12. Major functional areas of the 7220A are shownin
Figure 3-2. The operation of each block 1s described in
the foliowing paragraphs.

3-13. Measurement Controls

3-14.  The measurement controls consist of the Resolu-
tionr Control and the Function Control. These are the
front panel RESOLUTION and CH A/CH B slide
switches, and their function depends on the position of
the switch. The Resolution Control supplies decimal
point placement information to the display decoder, and
measurement range information to the main time base
divider. The Function Control supplies mode selection
information to the Control Logic and the Input Select.

3-15. Control Logic

3-16. The Contro! Logic governs the sequence of events
in the counter, including the time base division and
counting. It receives information from the Function con-
trol, including burst and reset modes. It generates reset
commands for the Main Time Base Divider and the
" accumuiators, and it ctears the Main Gate Flip Flop. It
also generates the strobe command for the display
latches.

3-17. Time Base and Dividers

3-18. The Time Base generates the 10 MHz reference
signal which is used to provide the precise timing needed
for the internal signal counters. The 10 M Hz is generated
by the standard internal oscillator, one of the optional

3-2
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TCXO0 or oven oscillators, or by an external time base
whose signal is applied at the rear panel of the instru-
ment. The Time Base Dividers receive measurement
range instruction from the Resolution Control. They
divide the 10 MHz by the proper amount to provide the
Control Logic and First Counter FF with the proper
timing needed to generate the actual required gate signal.

3-19. First Counter Flip Flop and Main Gate
Flip Fiop

3-20. As mentioned inthe previous section on the basic
counter block diagram, some counters have a separate
logic gate {sometimes called the “main gate™) whose only
function is to aliow or prevent passage of the unknown
frequency into the counters 1o be counted. In the 72204,
however, this main gate function is served by the First
Counter FF, which is the first counter in the counter
series. While the First Counter FF is enabied, the
unknown frequency is counted, but while it is disabled,
no counting takes place, The interval during which the
First Counter FF is enabled is called the gate time. The
First Counter FF isenabled or disabled by the Main Gate
FF, which operates through the Gate Synchronizer FF.
The First Counter FF responds to instructions from the
Control Logic and the Time Base Dividers.

3-21. Counters

3-22. Thereare nine decade BCD counters that tally the
number of counts received while the First Counter FF is
enabled, and present the information to the Display
Latch and Multiplexer function. The first decade BCD
counter is actually a series of four flip flops, the first of
which is the First Counter FF described above,
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3-23. Input Select

3-24. The Input Setect responds to instruction from the
Functien Control, and it supplies the First Counter FF
with one of four possible input signals, When CH A is
selected, the squared signal from the Channel A Signal
Conditioner is used as the input. When CH B is selected,
the shaped and prescaled signal from Channel B is the
input, If the optional RES MULT is selected, the input is
the Channel A input signal multiplied by 1000. Finally,
with CHK selected, the 10 M Hz time base signal serves as
the input. :

3-25. Channel A Signal Conditioners

3-26. Channel A canreceive input of 16 Hz to 125 MHz.
The ac-coupled signal can be filtered or attenuated, and is
passed into a preamplifier, where it is squared and condi-
tioned before being presented to the Input Seilect.

3-27. Resolution Muitiplier Option -351

3-28. The optional Resolution Multiplier provides
X000 muitipfication of Channel A input frequencies
from 10 Hz to 10 kHz by means of a phase-locked fcop.
More counts can therefore be accumuiated during gate
times, and this effectively increases the resclution. This
option is fully described in Section 6 of this manual,

3-29. Channel B Signal Conditioners

3-30. The 100 MHz to 1300 MHz input signal is
received through Channel B, and prescaled or divided by
a factor of 16. For example, a 1200 MHz input signal is
actuzlly seen by the counters as a 1200/16 = 75 MHz
signal. To compensate for this prescaling of the fre-
quency, there is a special Channel B time base divider {the
Binary Drvider) which increases the gate time by this
same factor of 16, thus increasing the count accumulated
so that the correct reading of 1200 MHz is actually dis-
plaved. The Channel B sigpal is also amplified and
buffered in this block before prescaling.

3-31. The input circuits are on a hybrid which also

contains a threshold detector. The input signal is com-
pared to an adjustable reference threshoid signal level,
and if it is equal to or greater in amplitude, then the
detector enables the Control Logic to initiate the coun-
ter's measurement cycle. If the input signal is below the
reference threshold, the Controt Logic inhibits the meas-
urement cycle of the counter, When the Channel B
BURST mode is selected, the B Enable notifies the Con-
trol Logic when an input is detected.

3-32. Self Check

3-33. The purpose of this block is to provide a way of
checking counter operation without applying external

3-4

signals. It applies the 10 MHz signal from the time base of
the counter to the clock input. Since the measurement is
based on the counter’s own time base, the input signal
conditioners are not checked, but correct operation can
be verified for the Time Base Dividers, the Main Gate FF,
the Counters, the Control Logic, the Display Latch and
Multiplexer, and the Display.

3-34. Display Latch and Multiplexer

3-35. The Display Latch and Multiplexer takes the
accumulated data and presents the multiplexed strobe
and data information to the Display function and the
Digital Interface Option -521.

3-36. Display

3-37. The Displayis a 9 digit LED display with decimal
point. There are also 3 LED annunciators which provide
information about the gate time interval, display over-
flow, and optional oven time base power.

3-38. Digital Interface Cption -521 (DIG)

3-39. The Digita] Interface supplies the data to the bus
lines for use directly with a companion printer or withan
1120A Translator for ITEEE-488 compatibility. When
used with the 1120A Translator, the Interface PCB
Assembly Option -522 must be installed in the 1120A.
When properly connected with Option -522 and the
1120A, the Digital Interface allows remote sampling of
instrument measurements, reset control, and selection of
single or continuous measurements.

3-40. LOGIC AND CIRCUIT ANALYSIS
3-41. Power Supply

3-42. The 7220A uses conventional ac to dc rectifying,
filtering and regulating techniques to obtain the +3V,
-5V, +12V, -12V, and Channel B -1.8V operating volt-
ages. The 7220A is fuse protected at the ac line connec-
tion by fuse F1. The ac power enters through the rear
panel power connector and passes to the voltage selection
switches S4 and S5 on the primary side of transformer
T1. Correct configuration of 84 and S$§ allows accom-
modation of line voltages of 100V, 120V, 220V, or 240V,
Information about the procedure for changing voltage
selection can be found in Section 4. The secondary side of
T1 feeds full wave rectifier bridges CR! and CR2, which
provide the unregulated +12V, -12V, +5V, and -3V sup-
plies. The +12V and -12V are regulated by regulators U40
and U42. The +5V passes through the adjustable regula-
tor U41. The three regulated lines then pass to the front
panel ON/STBY switch.
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3-43.  Sincethe 7220A has no separate ac power switch,
ac power 18 always applied to the transformer, bridges,
and regulators when the power cord is connected. When
the ON/STBY switch is in the ON (depressed) position,
power is supplied io the internal circuits. When the
ON/STBY switch is in the STBY position, power is
removed from the internal ¢ircuits, butis supplied to any
optional oven time base that is installed {when the rear
panel REF switch is set to INT) to eliminate the need for
oven warm-up time, The front panel OVEN LED annun-
ciator indicates that an oven time base is receiving power.

3-44. The regulated +5V line passes to the froat panel
BAT/LINE switch. When the Battery Pack Option -010
is not installed, the position of the BAT/ LINE switch has
no effect on instrument operation. Refer to Option -010
in Section 6 for a discussion of the battery option cir-
cuitry. The Channel B high speed counter -1.8V voitage
regulation is described in the Channel B Signal Condi-
tioner section.

3-45. Channel A Signal Conditioners

3-46. The Channel A signal conditioners consist of volt-
age divider attenuators, current limiters, a high imped-
ance FET buffer, and a preampiifier IC that consists of a
differential input amplifier, a Schmitt trigger, and ELC
and TTL logic drivers. As can be seen in Figure 3-3, the
Channel A signal enters at the front panel BNC and
passes to the main voltage dividers, resistors R1 and R2,
which provide attenuation of X 10. The X 10 attenuation
can be selected by positioning the front panel ATTEN-
UATION slide switch. The signal then passes through the
current limiting and clamping network consisting of
resistors R3 and R4, and diodes CRI and CR2. This
limits the signal presented to the gate of the high imped-
ance buffer, FET QI,to [.2V p-p. Q1 is a low frequency
device, so capacitor C5 provides a high frequency path
around it. The signal is ac-coupled through C6 to one
input of the differential input amplifier on the preamp IC,
Ul A dc return path is provided by R7.

3-47. PREAMPIC

3-48. Most of the signal conditioning takes place in the
preamp 1C UL, Ul is enabled by the front panel Function
control when one of the three Channel! A modes is
selected. and is off when Channel A is not in use, Ul
requires +5V and -3V power supplies for operation. The
+5V supply passes through choke L1 before arriving at
UF. The -5V supply is obtained from the three terminal
regutator U2, which drops a -12V supply to the required
-5V,

3-49. The amplifier in Ul has a dynamic operating
range which is weil beyond the 1.2V p-p range allowed by
the signal clamps R3, R4, CR] and CR2. Normally, the

T oAy

amplifier has a 3 dB bandwidth which ensures adequate
handiing of Channel A’s 10 Hz to 125 MHz inpuf signal
range. For low frequency signals, however, a low pass 0
to 100 kHz filter can be switched in by selecting front
panel CH A/CH B position CH A FILT (if the Resolu-
tien Multiplier Option -351 is instalfed, the CH A RES
MULT position will also switch in the filter). This turns
on transistor Q2, which switches capacitor C12 into the
amplifier circuit. The value of Ci2 determines the low
pass filter bandwidth, which in this case is 100 kHz.

3-50. The amplifier trigger level is adjusted by potenti-
ometer R1{. The R10 setting is an internal adjustment,
and is adjusted during instrument calibration to compen-
sate for the amplifier offset. This procedure can be found
in the Calibration Adjustments in Sectior 4. Variable
attenvation of Channel A signals can be achieved by
adjusting R12, which controls the gain of the amplifier.
R12 is actually the upper attenuation control which is
accessible from the 7220A front panel. R12 aliows a
variable attenuation range up to X10, and when used in
conjunction with the X 10 step attenuator, allows a total
attenuation range of X100.

3-51. SCHMITT TRIGGER

3-32. Ascanbeseenin Figure 3-3, the signals pass from
the amplifier to the Schmitt trigger, where the waveform
is shaped into a pulse train suitable for counting. The
width of the hysteresis window can be varied by adjusting
R11. This is an internal adjustment, and proper adjust-
ment procedure is described in the Calibration Adjust-
ments in Section 4.

3-53. The ECL driver on Ul drives Channel A ECL
{thus the mnemonic AECL) and complementary ECL
(AECL) logic level signals to the Input Select for count-
ing. The TTL driver 1s powered only whenthe CH A/CH
B switch is in the RES MULT mode, and it provides
Channel A TTL (ATTL) logic level signals for the Reso-
lution Multiplier Option -351. The Resolution Multiplier
muitiplies the low frequency signals by 1000, and presents
the X1000 signal to Input Select for counting, thus
increasing signal resolution. Resclution Multiplier oper-
ation is described more fully in Section 6.

3-54. Channel] B Signal Conditioners and
Prescaler

3-55. The 100 MHz to 1300 MHz Channel B signals are
amplified, prescaled (divided by 16}, and buffered before
being presented to the 7220A Main Gate for counting. As
carn be seen in Figure 3-4, the amplification and first stage
of frequency division takes place in the hybrid, U4. Also
shown in Figure 3-4 is the threshold detect ircuitry
which indicates whether a valid Channel B input signal is
present or not, and a tracking regulator which maintains
a constant 6.8V across the signal dividers.
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3-56. The Channel B input signals enter through the
front panel BNC connecter and pass through fuse F2,
which provides voltage overload protection for the input
circuitry. A spare, unconnected fuse, F3, is also located
on the main PCB. The signals enter the high frequency
four-stage ampilifier on U4, The amphifier provides
approximately 40 dB gain, and presents the signal to the
high speed divider on U4 for prescaling.

3-57. PRESCALING

3-58. The purpose of prescaling is to extend the meas-
urement range of the frequency counter by prescaling or
dividing the input signal down to the operating range of
the counters in the frequency counter. To compensate {or
this signal division, the First Counter FF is enabled
longer so the proper number of counts are accumulated.
This is described in detail in the theory of operation
regarding the time base dividers. The Channel B 100
MHz to 1300 MHz input signals are prescaled by a factor
of 16. This 1s accomplished by a very high speed divide-
by-four ECL prescaler mounted on the hybrid, U4, and a
second divide-by-four ECL prescaler, U3. The two pre-
scalers are ac-coupled, and are shown in Figure 3-4. U3
has complementary outputs that provide ECL level sig-
nals to U2A, which buffers them, and presents the Chan-
nel B ECL level (BECL) signal to the Input Select.

3-39. HIGH SPEED COUNTER VOLTAGE
REGULATICON

3-60. The high speed divide-by-four prescalers (one is
mounted on the hybrid U4, and the other is U3} are
sensitive to voltage fluctuation, and must be supplied
with a constant 6.8V to operate properly. This is particu-
larly important if the 7220A is being operated with bat-
teries, since the voltage supptly levels will sometimes drop.
The 6.8V voltage regulation is accomplished by the track-
ing regulator U39 and transistor Q4. U39 tracks the +5V
supply line, and operates with Q4 to supply the two
prescalers with a constant 6.8V below the +5V line (or
~1.8V). The 6.8V difference can be calibrated by adjusting
potentiometer R 14. See the Calibration Adjustments sec-
tion in Section 4 for the proper procedure. When the
7220A front panel CH A/CH B switch is not ineither of
the two Channel B modes, transistor 35 acts as a power
switch that turns off U39, and transistors Q2 and Q3 act
as power switches to remove the +12 supply from U4,
Thus the Channel B input circuitry is off when not in use.

361, THRESHOLD DETECT CIRCUIT

3-62.  Inthe absence of an input signal, the high-speed
divide-by-four prescaler on U4 will oscillate, thus supply-
ing an erroncous signal which would be counted and
displayed by the frequency counter if not eliminated. To
prevent this from happening, a threshold detect circuit is

3-8
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provided which determines whether an input signai is
being applied that is above a preset reference fevel or
threshold. If an input signal is above the threshold, then it
is aliowed to pass on through to the Input Select for
counting and display. 1f, however, the input signal is
below the threshold, the osciliation signal is squelched. or
suppressed, and not allowed to pass through to the Input
Select.

3-63.  Ascan beseen in Figure 3-4, the threshold detect
circuit begins on the hybrid, U4. U4 contains the thres-
hold detector circuitry which tops the input signal
between the third and fourth amplifier stages and passes a
detector out level {Det Qut) and a detector reference level
{Det Ref) to the inputs of the comparator UI0. The
threshold or detector reference level is determined by the
setting of a potentiometer, the Squelch Adjust, which is
located on U4. The correct procedure for setting the
Squelch Adjust can be found in Section 4 under Calibra-
tion Adjustments.

3-64. U10 compares Det Out with Det Ref. Either of
two situations can arise: In the first case, 1f the Det Out is
more positive than the Det Ref {indicatinga signalabove
threshold), the output of Ul is high. Transistor Q6
inverts the high by turning on, thus presenting a logic low
to the D input of U7, an edge-triggered D {lip flop. Since
bothset and clearare tied high, U7 presentsa logic low to
the buffer U2B when it is clocked by a Reset pulse from
the Control Logic Sequencer. U2B produces an ECL low
signal whickh is tied to the output of buffer U2A. Since the
outputs of U2A and U2B are wired together, they form a
logic OR. Inthis case, withan ECL Jow signal from U2B,
the prescaled Channel B signal (BECL) from U2B passes
through unhindered to the Input Select circuitry.

3-65. In the second case, however, the outcome is just
the opposite. When the Det Out is less positive than the
Det Ref, {indicating a signal is below threshold), the
output of the comparator is low. Q61nvertsthis to a high,
which is passed by the D flip flop to buffer U2B. U2B
produces an ECL high signal which is joined to the U2A
output., This ECL high overrides any erroneous signal
from the freely oscillating prescaler. Thus, until & valid
input signal is present, no signal will be counted or dis-
played. The function of the B Enable (BE) is described in
the section on the Control Logic Sequencer.

3-66. Input Select

3-67. Thereare four possible input sources to the 7220A
First Counter FF. As can be seen in Figure 3-5, each of
the four possible sources are applied to one of the NOR
gates on UR, a quad 2-input NOR gate. The gate sources
are the prescaled Channel B signal (CH B/1é}, the i0
MHz timebase signal, the Channel A signal with the
Resolution Multiplier Option -351, and the Channel A
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Figure 3-5, Input Sources

signal without the Resolution Multiplier. Depending on
which Function is selected by the 7220A front panel CH
A/CH B switch, the appropriate source is enabled by a
logic low signal from the Function logic, and is applied to
the First Counter FF for counting.

3-68. Time Base Dividers

3-69. The 7220A Time Base Dividers provide the accu-
rate timing needed for the gate time intervals, as well as
the clock for the Gate Synchronizer, and the scan rate for
the Control Logic Sequencer. This is accomplished by
dividing the 10 MHz reference signal from the time base
according to instructions received from the CH A/CH B
and RESOLUTION Controls.

3-70. Asshownin Figure 3-6, there are three time base
dividers: the Decade Divider, the Binary Divider, and the
programmable Main Divider. The Decade Divider
receives the 10 MHz time base signal and divides it to |
MHzand i00 kHz The 100 kHzsignalis sent tothe Gate
Synchronizer, and is explained in the section about the
Gate Synchronizer. The | MHz can follow one of two
paths, depending on which Function is selected on the
7220A front panel Function Control switch. For Channel
A modes, the | MHz is sent directly to the Main Divider.

--3-7t.  For Chananel B modes, the | MHz goes first to the
Binary Divider where it is divided by 16 before being sent
to the Main Divider. The [/16 MHz division compen-

sates for Channet B signal prescaling. The high frequency
input signals coming into Channel B are prescaled
(divided) by a factor of 16 to the operating range of the
counters. To compensate for this slower input signal, the
gate times are increased by the same factor of 16 (see
Table 3-1) by dividing the Main Divider clock signal to
1/16 MHz. Therefore, even though the Channel B signal
is divided by 16 by the time it reaches the First Counter
FF, the gate times are 16 times longer, so the 7220A will
count and display the proper frequency, The Binary
Divider also provides the 61 Hz Scan Rate for the Con-
trol Logic Sequencer, U32, a decade ring counter. The 61

Hz is approximate, for it is actually | MHz divided by
214,

3-72. MAIN DIVIDER

3-73. The actuai counting of the gate time intervals
takes place in the Main Divider, U20. The Main Divider
consists of a series of decade counters which can be
selected according to binary code information recetved
onthe RNG 1 and RNG 2 lines. RNG | and RNG 2 are
controiled by the front panel RESOLUTION Centrol
setting, and they select the counting range for U20, and
thus the gate time, This operation isoutlined in Table 3-1.
For example, assume the Resolution selected s 10 Hz
Then RNG ! willbe I, RNG 2 will be 0, and the U20 will
be programmed to count to 100,000. For Channel A
mode, the | MHz clock is used, so it will take 100,000/ 1
MHz or 0.1 seconds for U20 to count to 100,000, This 0.1
second time interval is the gate time.

3-9

T220A



3Svd INLE WOYL4 ZHIN 01

w? R _ R— ey [ ,,7 " - B m.“:.,”x%a ma 1. .mv« . M o s e ;
I
| 44
SHILNNOD u H3LNAOD
u 1Sy
44
I PE— ag—————————
HONAS3LVD @m0  3L¥D 10 34408 1L 1N0 T0H1NOD
Z ONY NOLINT0S3Y
LN 0 gn HITAID NIVIN TINYY LNOH A
i T WOHH 3Q02
410 AHVYNIgG
Z0 31vis .
.FVOIV XVINY ozn
3
HIININDIS w:EsR_,
g HD z
51907 + A iy
TOHLINGCD r— _ii_J
_ LIgIHNL | 1ot 2T el yaaiaig
IONINDIES ALYH NVYISE Z/ZMW OL) 2H 19~ | L —J L sn_ AHYNIE
ZEN vl
8zn |
Phm L
m— reT oL
A + tleey O Mm_ﬂm\m%w_m
ZHY 001 Lo - J
&LN

Figure 3-6. Time Base Dividers and First 'Counter FF

3-10

72204



3-74. For Channel B mode, the 1/ 16 MHz clock is used,
so it takes 16 times longer for U20 to count up to 100,000.
This means the 10 Hz Resolution gate time is 16 times
tonger for Channel B than for Channel A, or 1.6 seconds
instead of 0.1 second. As can be seen in Table 3-1, the
Resolution Multiplier Option -351 does not affect the
range or gate times, but instead multiplies very low fre-
quency Channel A signals by 1000, which has the effect of
increasing the Resolution by 1000. This is described in
detail in the Option -351 information in Section 6 of this
manual.

3-75. FIRST COUNTER FF

3-76.  The First Counter FF is enabled or disabled by a
sequence of events which begins with the Control Logic
Sequencer, and involves the Main Divider, the Main
Gate FF, and the Gate Synchronizer. The operation of
the Control Logic Sequencer is described in detail else-
where in this section. The timing of the event sequence
can be seen in Figure 3-7.

3-77. The event sequence which opens the Main Gate
begins with the Q2 pulse from the Control Logic
Sequencer. As can be seen in Figure 3-6, Q2 clears the
Main Gate FF, and is inverted and applied to the R Max
of the Main Divider, U20. When R Max receives a posi-
tive pulse, it resets the U20 counters to all 9's. R Max is
normaliy held high, holding the U20 counters at all 9's,
but when the inverted (low) Q2 pulse arrives, it releases R
Max, ailowing the counters to be advanced by the time
base clock. On the negative edge of the next clock pulse
into U20, the counters advance to all (s, generating an
Cut pulse through the TTL buffer (which is needed to
raise the U200 MOS signal to TTL) and then on to the
Main Gate FF, U13, where it sets the U13 Q output at |,

This is applied to the Gate Synchronizer, which enables
the First Counter FF {beginnging the gate time) and
atlows the unknown signal to pass on to the counters.

3-78. At the same time, the U13 Q output goes to 0 and
is appiied to the Sequence Inhibit (U31, pin 8). The
Sequence Inhibit prevents the Sequencer from advancing
for the duration of the gate time by holding off the Scan
Rate clock. Meanwhile, U20 counts up to the range
selected, and when the U20 counters reach their full count
and again advance to all (s, another Qut pulse is gener-
ated and applied to the Main Gate FF, U3 Ul3isa
toggle mode, so the Q output toggles to 0. This is applied
to the Gate Synchronizer, which disabtes the First Coun-
ter FF (thus ending the gate time) and stops the counting
of the unknown input signal. The U3 Q output togglesto
[, releasing the Sequence Inhibit, and allowing the Con-
trol Logic Sequencer to resume its sequence advance on
the next Scan Rate pulse.

3-79. GATE SYNCHRONIZER

3-80. The purpose of the Gate Synchronizer is to re-
store the time base accuracy to the timing sequence
before it reaches the First Counter FF. Since the Main
Time Base Divider. U20, is a MOS device, by the time 1t
completes its input clock division and clocks the Main
Gate FF, the signal may not be as accurate as the refer-
ence time base. The Main Gate FF presents a signal on
the D input of the Gate Synchronizer, a D FF, but the
Gate Synchronizer does not pass the signal on to the
First Counter FF until it is clocked by a 100 kHz signal
that comes from the Decade Time Base Divider. This 100
kHz signal has been divided from the 10 MHz reference
time base, so time base accuracy is restored to the timing
sequence, and the gate times are as precise as the time
base signal. This sequence can be seen in Figure 3-7.

Table 3-1. Resolution Control Range and Gate Time

RESCLUTION Setting {Hz} 100
Channels A and B

RES. MULTIPLIER Setting (Hz} 0.1
Channel A only

RANGE CONTROL RBNG 1

RNG 2
U20 Main Time Base 104
Division Factor
GATE TIME (sec.) CH A 0.01
CHB 0.16

10 i 0.1
0.01 0.001 0.0001
1 0 1
0 1 1

10° 108 107

0.1 1 10
1.6 18 160

3-11
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3-81. A time delay is present between the time the D
input is received and the next edge of the 100 kHz signal
clocks the Gate Synchronizer. This same delay occurs at
the trailing edge of the gate time. The effect is to bring the
gate signtal into time sync with the time base clock, and
thus remove the time jitter introduced by the MOS
divider chain.

3-82. Contirol Logic Sequencer

3-83. The Control Logic for 7220A operation is pro-
vided by the Control Logic Sequencer, /32, adecade ring
counter. U32 operation is outlined in Figure 3-8 and
Table 3-2, and a timing diagram is provided in Figure 3-7.
The Sequencer advances through a ten-step sequence ata
Scan Rate of approximately 61 Hz which is provided by
the Binary Time Base Divider. Each of the 10 counts
{Q0-Q9) has a separate output, and is normally low
except during its respective decimal time slot, when it
goes high.

3-84. B ENABLE AND BURST FF

3-83. Inorder to understand the operation of the Con-
trol Logic Sequencer, it is necessary to understand the
operation of the BURST Logic, which includes the B
Enable and the BURST FF.

3-86. When the Channel B BURST mode is selected by
the front panel CH A/CH B switch, the 7220A is
designed to wait until a signal input above threshold is
present on Channel B, then allow one pass through the
measurement cycie from Q0-Q9. During this one cycle, it
will count and display the input signal, and then held that
display without update until another burst occurs. This is
done by enabling the Clock Enable on the Sequencer{CE,
U32, pin 13) for one measurement cycle, and then
disabling the Clock Enable.

3-87. Disabling the Clock Enable involves the B Enabie
(BE) line, which is tied to the coliector of Q6 (see Figure
3-4), When a Channel B input signal above threshoid is
present, comparator U0 is high, turning on Q6, which
puts a low signal on BE. BE is then inverted to BE, and
BE is applied to the BURST FF, U21A (see Figure 3-8).
The high BE clocks U21A, and the U21 A Q is low, which
enables the Clock Enable and aliows the measurement
cycle to start, beginning at state Q0. At the end of the
measurement cycle, the leading edge of the Q9 pulse
clears U2[ A, which sends the U21A Q high, disabling the
Clock Enable. No further measurement cycles will take
place uneil BE goes low at the end of the burst and then
high again with the next burst.

16/80

3-88. Ascan be seen in Figure 3-8, the Function Con-
trol supplies the BST line to the Set input of U2 A. Inthe
BURST moede, BST is fow and U2[A is not set. Butina
non-BURST mode, U21A is set by the high BST, which
causes the low Q to enable the Clock Enable all the time,
thus allowing continuous measurement cycles to occur in
non-BURST modes.

3-89, In order for there to be a measurement in the
BURST mode, the BURST signal must be present for a
minimum length of time {for gate times see Table 3-1):

Mintmum Burst = Gate time + 40 ms
3-90. SEQUENCE INHIBIT

3-91. Therearetwo ways of preventing the U32 Sequen-
cer from advancing. One s by means of the Clock Enable
input on U32 and the BURST FF as described earlier.
The other is by externally disabling the clock, As can be
seen in Figure 3-8, the 61 Hz Scan Rateclock isapplied to
the Sequence Inhibit function. The Sequence Inhibitalso
has inputs from the Main Gate FF and the Digital Inter-
face Opticn -521 (DIO). The Main Gate FF disables the
Scan Rate clock instate Q2 during the gate time interval.
The D10 can disable the Scan Rate clock in state Q3. The
Sequencer will then be held in state Q5 until a Reset is
generated. The operation of the Main Gate FF is
described in more detatl in the previous First Counter FF
description. The DIO is described in the section on the
Sequence Count Cycle (state Q5) and in Section 6 of this
manual.

3-82. SEQUENCE RESET

3-93.  The high signal on the U32 Reset input will reset
the Sequencer to its first (Q0) count. The Reset may be
generated by the front panel Reset coatrol, by remote
operation through the Digital Interface Option -521, or
by an out-of-lock signal from the Resolution Multiplier
Option -351. The operation of the options is described in
more detai] in Section 6 of this manual

3-94, SEQUENCE COUNT CYCLE

3-95. The count cycle (states QO0-Q9) for the U32
Sequencer is described in the following paragraphs.

3-96. States Q0 and Q1

3-97. The Sequencer 32 count cycle is outlined in
Table 3-2, The count cycle begins with the Q0 state. As
shown in Figure 3-8, Q0 does several things: it resets the
accumulators, it clears U21B, anditappliesalowtothe R
Max on the Main Time Base Divider, U20, releasing R
Max.
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REM
U37 ey
U32 i 3
c
SEQ. INHIBIT N
U31B D10
< U31A ~G1 Hz SCAN RAIE CLOCK as| OP-521
MAIN GATE FF Q &—> £
—i>
DI0-521 RESET (ST} .
RESET {FRONT PANEL RESET (RESET) .
LOPTION - 351 RESET (RESETM) y
R AND R RESET ACCUMULATORS .
u13 8
Qo CLR Q.. .CLR Q) )
8E U218 MAIN GATE
FF ! i
SET » TO GATE
CLK SYNCHRONIZER
_ WHICH ENABLES 2
SEQUENCER ouT OR DISABLES c
FIRST COUNTER
R MAX uz20 FF U1,
a2 MAIN TIMEBASE T
DIVIDER |
s M (MEAS. UPDATE) STROBES LATCHES INTO ACCUMULATORS > ‘o
5B BUSY SIGNAL TO DIO OR POSSIBLE D10 SEQUENCE INHIBIT i
Qol-CLEARS BURST EF IN BURST MODE ONLY
CEleCLOCK ENABLE
BST (FROM FUNCTION CONTROL) SET| @ U21A CLR
BURST FF .
BE (B ENABLE) >
Figure 3-8, 7220A Control Logic 2
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Table 3-2. Sequencer Count Cycle

FUNCTION MODE
SEQ, CHANNEL A CHANNEL B NON-BURST CHANNEL B BURST
STATE with signal with signal
above threshold below threshold
an Ctear Main Gate FF
Reset Accumulators
Remove U20 R Max {But no gate because Main Gate FF held clear)
Q1 Nothing happens
Q2 BE high, so U21B does not set, thus removing BE low, so U218 sets, Same as Channel A
U20 R Max, and allowing Main Gate FF to which holds Main
enabie U1, beginning gate time. Seguencer Gate FF clear and U1
inhibited by Main Gate FF Q until end disabied throughout
of gate time. Atend of gata time, sequence states |
Sequencer resumes. Q0-Q9. I
I
!
Q3 Nothing happens :
}
1
Q4 M Measurement Update strobes latches into i {No measurement, so :
accumuiator, then display i nodisplay) i
: t
J— H |
05 BY Busy signal to DIO Option -521 i |
Aiso, DIO Remote Sequence Inhibit possible | !
L 1
{ T
6-08 Nothing happens I i
i
Qs Nothing happens I Resets BURST FF U214,
: which only allows one
] pass through Q0-09.
1
3-98. A high puise to R Max will reset 120 counters to whether or not the gate opens. There are two possible

all 9’s. The counters are held atall 9'sas longas R Maxis
held high. When R Max goes low, or is "released,” then
the next clock pulse to U20 will advance the U20 coun-
ters. As can be seen in Figures 3-7 and 3-8, R Max is
reieased by Q0. This allows the next clock pulse into U20
to advance the counters to all s, which generates a pulse
on the Out line and clocks the Main Gate FF. However,
the Main Gate FF does not respond to the clock signal at
this time because it is being held clear by the Q2 output of
U32Z, which is low while Q0 is high. At the next Scan Rate
pulse, U32 advances to QI which causes U20 to reset to
all 9s, but nothing else happens during Q1.

3-99. State Q2

3-100. TheFirst Counter FF can be enabled or disabled
during the Q2 state. As shown in Table 3-2, the events
that occur during Q2 depend in part on the Function
control mode selected. If the Channel B non-BURST
mode s selected, the Channel B input signal determines

cases. In the first case, if an input signal below threshold
is detected by the Threshold Detect Circuit (as described
inthe section on Channel B signal conditioners), then BE
{B Enable) goes low and U21B will set. This will hold the
Main Gate FF clear, so that the First Counter FF will not
be enabled and no measurement takes place.

3-101. Imthesecond case, ifaninputsignal above thres-
hold is detected by the Threshold Detect Circuit, then BE
goes high and UZ1B will be reset by Q0. As shown in
Figure 3-8, Q2 will release R Max. The next clock pulse
into U20 turns the counters over to all 0's, generating an
Out pulse which clocks the Main Gate FF, Ui3. This
sends Ul13 6 low, inhibiting the Sequencer, and sends
U113 Q high, which is presented at the D input to the Gate
Synchronizer, U7, The next 100 kHz clock pulse into U7
clocks U7, which enables the First Counter FF, U1,
beginning the gate time, and allows the tnput signal to be
counted. U20 counts up to the range selected by the
RESOLUTION setting, and again turns over to all 0's,
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generating an Out pulse which clocks U13. The Q output
of U13 goes low, and is presented at the U7 D input. At
the next 100 kHz clock pulse, U7Q goes highand disables
the First Counter FF, UL, ending the gate time. Mean-
while, U13 Q goes high and removes the Sequence
Inhibit, allowing the next 61 Hz pulse to advance the
Sequencer to state Q3.

3-102. Asshownin Table3-2, when Channel BBURST
and Channel A are selected, the Sequencer follows the
same steps as when the Channel B non-BURST is
selected and an input signal above threshold is detected.
Channel A follows these steps because diode CR7 pulls
the BE line low, which makes it lock like the Channel B
non-BURST mode with an input signal above thresheid.

3-103. States Q3 and Q4

3-104. Nothing happens inthe Q3 state. In the Q4 state,
the M Measurement Update is generated, which strobes
the count into the latches and allows the count to be
displayed.

3-105. State Q3

3-106. Inthe Q3 state, a busy signal is sent to the DIO
" Option-521 {if installed), which teils the remote interface
that a measurement cycle is in progress. As mentioned in
the section about the Sequence Inhibit, the Sequencer
can also be held in state Q35 by commands from the DIO.
Figure 3-8 shows how this works, When the REM line is
true, the counter’s measurement cycle can be controlled
by an external controller operating through the -522 and
-521 Options (see Section 6) and contrelling the SC line.

3-107. When REM islowand SCis high, the Sequencer
is altowed to go through one measurement cycle begin-
ning at state Q0. When state Q5 occurs and is applied to
U31B along with the high SC, the Sequence Inhibit pre-
vents the Scan Rate clock from advancing the Sequencer.
The Sequencer remains in state Q5 until a Reset (ST)
command is generated through the DIO. When REM is
low and SC is low, the Sequencer will pass through the
measurement cycle continually. This is because the low
SC line does not allow the Q5 to remove the Scan Rate
clock from the Sequencer. When REM is high, the switch
U37 grounds the SC line, thus preventing Q5 from inhib-
iting the Scan Rate clock from the Sequencer. The
Sequencer will pass through the measurement cycle con-
tinually if not in the BURST mode,

3-108. States Q6 Through Q9

3-109. Nothing happens in states Q6, Q7, and Q8. As
mentioned before, when the Channel B BURST mode s
selected, state Q9 wili reset the BURST FF, This allows
only one Q0-Q9 measurement cycle to take place. The
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Reset command must be generated to aliow another meas-
urement cycle to take place in the BURST mode.

3-110. Nine Digit Count and Display

3-111. The 7220A nine digit display capacity is pro-
vided by nine decade counters, with appropriate iatch,
muitiplex, driver and dispiay circuitry. Most of the coun-
ter, latch and multiplexing capability is provided by U 15
As can be seen from Figure 3-9, U15 provides six of the
nine decade counters. as well as the latches and multiplex-
ing for the first eight digits. The other three decade coun-
ters are external to U15, and the ninth {most significant)
digit has its own counter, latch. multiplexer, and control
logic to insert the ninth digit information onto the bus
lines to the digit and LED segment drivers.

3-112. COUNTERS AND LATCHES

3-113. Thecounter which supplies the data for the least
significant digit is actually composed of four J-K flip-
flops. The first Counter FF, Ul, a very high speed ECL
J-K FF, also serves the gating function for the 7220A. [1s
clock input is the unknown signal to be measured, and it
is enabled or disabled by the Gate Synchronizer, U7, via
the J and K inputs. The First Counter FF is aiso de-
scribed in the section on Time Base Dividers.

3-114. When the gate signal enables Ul, its Q and Q
outputs pass the divided-by-two signal to the transistor
differential pair, Q7 and Q8. Transistors Q7 and Q8
translate the Ui ECL level signal to TTL, and pass it to
the next three J-K FF's, which collectively divide the
signal by five and provide the rest of the BCD data for the
least significant digit. The carry of the last FF passes to
the next BCD decade counter which provides BCD data
for the second least significant digit. As shown in Figure
3-9, the first two digits of BCD data pass into Ul5 to be
latched. The BCD decade counters for the third through
the eighth digits are contained in U15. The carry from the
eighth digit counter passes outside U153 to the ninth {most
significant) digit BCD counter. When U15 and the ninth
digit latch receive the M Measurement Update pulse
from the Coatrol Logic Sequencer, the eight internai
latches of U135 and the ninth digit fatch open and receive
the BCD data from the counters.

3-115. MULTIPLEXING AND DISPLAY

3-116. The timing for the digit strobing and the LED
segment BCD data strobing is outlined in Figure 3-10.
Pruring dispiay operation. the Buffer/LED drivers for
the nine digits are powered one at a time, beginning with
the most significant digit, DS9, on through to the least
significant digit, DS}, The multiplexer follows the same
sequence to select the proper latch, and presents the BCD
data to the BCD-to-Seven-Segment Decoder/ Driver,
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Figure 3-9, Counter and Display Logic
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which selects the LED segments required to configure the
proper value for that digit to display. The LED segment
bus line of the Decoder/ Driver is connected to all nine
digitsin the display, but the only digit that lights up is the
one seiected and powered at that time by its digit strobe.

3-117. Asshownin Figure 3-10, the length of the digit
strobe is slightly less than the length of time the BCD data
is presented. Both the leading and trailing edge of the
data strobe are protected in this way to ensure that the
BCD data is displayed by the proper digit strobe.

3-118. UiS5 Multiplexing

3-119. Multiplexer U135 provides the digit strobing and
BCD data multiplexing for digits eight {the second most
significant) through one (the least significant). The ninth
digit strobing and multiplexing i1s provided by separate
circuitry, and is described later under Ninth Digit Logie.
The strobing and multiplexing of Ul3is accomplished by
an internal scan counter. The scan counter isdriven by an
internal osciliator whose frequency is determined by the
value of capacitor C30 and resistor R61. The oscillator
frequency is approximately 1.2 kHz. As can be seen in
Figure 3-10, the scan counter advances on the negative
edge of the oscillator signal, and it steps through the
digits in sequence, from DS8 to DS1.

3-120. Ninth Digit Logic

3-122.  The purpose of the Ninth Digit Control Logic,
which is shown in Figure 3-11, is to generate the ninth
digit strobe {DS9, the most significant digit), and to insert
DSY and the ninth digit BCD data into the U5 scan
sequence, The control logic receives input from the oscil-
lator, blanking, and DS1 of Ul5, At the end of DSI, the
control logic generates DS9, and SR, the Scan Reset.
D89 is applied to the Buffer/ LED Driver, and also to the
Ninth Digit Multiplexer, which routes the BCD data
from the ninth digit latch to the LED segment Driver.

3-122. SR forces the Scan Counter of U5 to the eighth
digit state, where it is held until SR is refeased. During
SR, the multiplexing function of UIS is held off,
although its internal oscillator continues to run. U5 is
also held in state D83, but DS8 is not desired at this time,
since DS9 is being strobed. To prevent DS8 from being
applied to the Buffer/ LED Driver, SR is inverted and
tied to DS8 to remove it (in Figure 3-11, S8 is the U15
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output at pin 2, while DS8 is the effective digit strobe seen
by the Buffer/LED Driver). The Ninth Digit Control
Logic holds D2S%9 and SR for one period of the oscillator,
then releases them. Now U5 resumes its scan sequence,
beginning with DS8, and continues through the sequence
untif the completion of DS1, when the Ninth Digit Con-
trol Logic again inserts D89,

3-123. Display Blanking Logic

3-124.  The purpose of the Display Blanking Logicisto
suppress all but one leading zero occurring in the display.
The Display Blanking Logic operation is outlined in
Figure 3-12. Flip-flop U35A examines the nine digits
from the left (Digit 9, the MSD) to the right {Digit 1, the
LSD), and will suppress all but one leading zero. U35A s
used as an R-S FF. While it is set, it blanks U7, the LED
Segment Driver, and will continue to blank U17 untilitis
cleared. Itis set during D59 and will be cleared by one of
two things: () Any non-zero BCD data preceding the
decimal point; 2} The BL (blanking) output of Ul5ifa
zero is to precede the decimal point. If a clear input to
U35A occurs during DS9, it will override the set input
and allow display of DS9.

3-125. Decimal Point Placement

3-126. The purpose of the Decimal Point Placement
Logic is to get the decimal point turned on during the
proper digit strobe time so it appears in the correct place
in the display. Depending on its position, the front panel
RESOLUTION switch puts +5V on one of the lines DP1,
DP2, DP3, or DP4. U38 is an analog switch which con-
nects any one of these 4 lines (or none of them} to the base
of the decimal point driver, Q9. This is shown in Figure
3-13. The digital multiplexer U26 connects one of two
possibie sets of digit strobes to the control lines of analog
switch U38. One combination of digit strobes is con-
nected when using the Resolution Multiplier Option
-351, and another is selected when in any of the other
Functions, giving the two sets of possible decimal point
jocations. As digit strobe pulses appear at the analog
switch control inputs, C1-C4, the corresponding input
DP1-DP4is connected to the output. When the input line
with +3V on it is connected to the output, the decimal
point lights in the correct position of the display. Table
3-3 presents a list of Resolution settings and the corres-
ponding Digit Strobes during which the decimai points
appear.
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Figure 3-12. Display Blanking Logic
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Table 3-3. Decimal Point Digit Strobes
RESOLUTION DIGIT STROBE RESCLUTION DIGIT STROBE
Without Resclution Multiplier With Resclution Muitiplier
MULT = 0 MULT = 1
MULT = 1 MULT = 0
100 Mz Dsh 0.1 Hz DS2
10 Hz DS 0.01 Hz Ds3
1 Hz DSs7 0.001 Hz Ds4a
0.1 Hz Ds8 (,0001 Hz Ds5
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Section 4

Maintenance

WARNING

THESE SERVICING INSTRUCTIONS ARE FOR USE BY QUALIFIED
PERSONNEL ONLY. TO AVQOID ELECTRIC SHOCK, DO NOT PER-
FORM ANY SERVICING OTHER THAN THAT CONTAINED IN THE
OPERATING INSTRUCTIONS UNLESS YOU ARE QUALIFIEDTODO

SO.

4-1. INTRODUCTION

4-2. This section of the manual provides information
concerning warranty, general maintenance, performance
tests, calibration and troubleshooting for the 7220A Fre-
quency Counter. Test Equipment recommended for per-
formance tests, calibration, and troubleshooting is listed
in Table 4-1. If the recommended equipment is not avail-
able, equipment with equivalent specifications may be
used.

4-3. SERVICE INFORMATION

4-4. The instrument is covered by a warranty for a
pertod of T year from the time of delivery to the original
purchaser. The WARRANTY is located on the back of
the title page of this manual,

4-5. Factory authorized calibration and service for each
Fluke product is available at various world wide loca-
tions. A complete list of these service centers is inciuded
in Section 7 of this manual. If requested, an estimate wiil
be provided to the customer before any work is begun on
instruments that are beyond the warranty period.

4-6. GENERAL MAINTENANCE

NOTE

To avold contaminating the pcbs with oil
Jrom the fingers, handle the pchs by their
edges or wear gloves. If a peb does become
contaminated, refer to the cleaning procedure.

4-7. Disassembiy

4-8. To disassembie the instrument, use the following
procedure:

I. Pressthe power switch to STBY, and remove the
iine power cord.

2. On the case bottom, remove the six securing
screws. Two of these screws will be found in the
middle of the case along the side, under the latches.
To access either middle screw, as shown in Figure
4.1, alternately push the two latching rails away
from the triangular stop. Pull the latch out far
enough to reveal and remove the screws,

NOTE

Do not hold the case bottom while lifting off
the case top, as this could result in damage 10
the Main PCB. The Main PCH is still
attached to the case bottom by a screw in the
middle of the board,

3. Inthe front, press down on the BNC input con-
nectors, while gently pulling up on the case top lip.
In the rear, press down on the BNC connectors,
while pulling up on the top case lip. Alternating
between front and back panels, pry the case top free
from the rest of the instrument.
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Table 4-1. Required Test Equipment

EQUIPMENT TYPE

REQUIRED SPECIFICATIONS

RECOMMENDED
TYPE

Cscilloscope

High Frequency Signal Generator

Low Frequency Signal Generator

Variable AC Power Supply

Frequency and Time Standard

Digital Multimeter {DMM}

Variable RF Attenuator
RF Volimeter

50 Ohm Terminators (2}
BNC Tee

Gscilloscope Probe

Suat trace, DC-200 MHz wide band

1-1300 MHz at a level of 1V rms.
Time base 1 x 1078 per day.

5 Hz-10 MHz at a level of 1V rms.
Time base 1 x 1078 per day.

Variable voitage from 0-250V ac.

Aging rate of 5 x 10719 per day or
less.

AC voits 0-250V ac.

DC volts 0-20V dc with accuracy
+0.1% of reading %1 digit.

Resistance G - infinity.
0-50 dB over 0-1500 MHz range.
125 MHz, 4 mV rms - BV rms.

tmpedance match the 7220A.

X10, DC-125 MHz

Tektronix 475

HP 8660

John Fiuke 680114

Variac

HP BOGTA

John Fluke BOZ20A

Weinschel AD-117A

Boonton 92-BD

GR 874

Tektronix PE0bS

P

il

I E—)

72204

Figure 4-1. Latch Removal
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NOTE

For most test and calibration procedures,
stop at this step. If continuing bevond this
step, take special note of Step 4.

4. Remove the single screw at the middle of the
Main PCB, and separate the case bottom.

5. Toremovethe Front Panel Assembly (A2) from
the Main PCR Assembly, first pull off the following
switch buttons in the lower left corner of the front
panel:

a. ON - STBY (green)
b. BAT - LINE (white)
¢. RESET (biue)

6. Gently iift the Front Panel Assembly away from
its 40 square-pin connector (left) and guide pin and
3 square pins (right). The Channel B input coax
cable may be disconnected from the Main PCB by
pulling its connector straight up from the Main
PCB.

NOTE

Avoid bending any of the connector square
pins on the Main PCB. After removing the
Front Panel Assembly, examine the pins and
straighten any that are bent before reconnect-
ing the Front Panel Assembly.

7. 1 1tis necessary to separate the Front Panel PCB
from the front panel, remove the following items:

a. Froat panel Channel A BNC nut,
b. Front panel variable attenuator knob.

¢. Mounting screw by the power switch holes
(accessible from rear of PCB).

d. Mounting screw by the variable attenuator
trimpot R12 (accessible from rear of PCB}.

NOTE

When the front panel is separated from the
Front Panel PCB, there are no stops 1o pre-
vent the slide switch actuators from moving
beyond their proper position. Care must be
taken to keep them in position.

8. To remove the rear panel, first remove the top
and bottom case covers, If the Option-321 PCB has
been instalied, it must be detached {rom its Main
PCB connector before the rear pane! can be re-
moved. Remove the two rear panel mounting
screws that attach the heat sink to the Main PCB
(see Figure 4-8). Carefully pull the bottom of the
rear panel outward so it can clear the REF switch,
and firmly pull the rear panel straight up, pulling
the leads of the 3 regulators {140, U4l and U42} out
of their sockets.

9. Referto Section 6 of this manual when removing
any optional assemblies.

4-9. Reassembly

4-10. For reassembly, the disassembly procedures can
generally be followed in reverse order. Keep the following
considerations in mind:

1. When reinstalling the Front Panel Assembly.
care should be taken not to bend the connector
sguare pins, and to align the three square pins on
the right side so they correctly engage their sockets.

2. When reinstalling the rear panel, care shouid be
taken not to bend the regulator leads. Also, be sure
to firmly tighten the mounting screws that connect
the heat sink fo the Main PCB. The regulator leads
will not be firmly seated unless these screws are
firmly tightened.

3. When reconnecting the top and bottom case
halves. ensure that the Front and Rear Panels fit
into their appropriate grooves in the case top half.
Slide the top half into place uniformly. Firmly
sgueeze top and bottom together (at front and
rear), and reinstall the six securing screws.

NOTE

FProper RFI shielding depends on top and
bottom case halves being securely maited.

4-11. Input Power

4-12. Input line voltage is selected by positioning the
two switches in the right rear corner of the Main PCB.
Each switch (S4 and S5) shows a position identifving red
or white dot. Line voltage settings identified by dot ¢olor
are presented in Figure 4-7. Factory line voltage settings
of 100V, 120V, 220V, or 240V are identified on the rear
panel of the instrument. When changing the line voltage.
refer to the Power Supply Adjustment under the Calibra-
tion Adjustments section.
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4-13. Fuse Replacement

WARNING

BEFORE ATTEMPTING FUSE REPLACE-
MENT, REMOVE LINE POWER FROM THE
INSTRUMENT.

4-14. The 7220A line power fuse F1 is accessible on the
rear panel, and fuse requirements are marked on the rear
panel beside the fuse holder, A 1/4A (sio-blo MDL Fluke
#166306) fuse is required for line inputs of 100V or 120V,
and a 1/8A (slo-blo MDL Fluke #166488) fuse is required
for line inputs of 220V or 240V. If {use replacement is
necessary, disconnect the 7220A from line power and
remove the fuse cap and fuse (twist the fuse cap ccw using
a screwdriver), and replace the fuse.

4-15. The Channel B input is fuse-protected by fuse F2,
a 2/ 10A plug-in fuse (Fluke #370577) which s plugged
into the Main PCB next to the Channel B coaxial cable.
There is also aspare Channel B fuse, F3, which is plugged
into the Main PCB in front of the transformer T1. Both
of these fuse locations can be seen in Figure 4-8. To
remove F2 or F3, remove the top and bottom case halves
from the Main PCB. Firmly work the fuse straight out
from its socket.

4-16. Cleaning

4-17. Clean the instrument periodically to remove dust,
grease and other contamination. Use the following
procedure:

CAUTION

Do not use aromatic hydrocarbons or chlori-
nated solvents for cleaning. They will react
adversely with plastic materials used in manu-
facture of the instrument,

I. Clean the front panel and case with soft cloth
dampened with a mild solution of detergent and
water.

2. Clean the surface of the PCBs using clean, dry
air at low pressure (=20 psi). If grease is encoun-
tered, spray with Freon T.F. Degreaser or anhy-
drous aicohol and remove grime with clean, dry air
at low pressure.

4-18. PERFORMANCE CHECKS

4-19.  The Performance Checks are used to compare the
performance of the instrument with the Specifications
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given in Section {. The Performance Checks are recom-
mended as an acceptance test when the unit is first
received, and later as a calibration procedure to verify
instrument accuracy at the scheduled calibration periods.
it is also useful as an aid in troubleshooting. All of the
Performance Checks other than the Time Base Check
should be performed every 90 days. The Time Base Check
should be performed as often as the desired Specification
requires. Should the instrument fail any portion of the
Performance Checks, calibration and/or repair may be
needed. Refer to Table 4-1 when specific test equipment is
required.

4-20. [Initial Set-up

4-21. The following controls should be in the indicated
positions prior to conducting any Performance Check.

i. On the rear panel of the 7220A, set the REF to
INT. The iine power cord should be connected to
line power,

2. Onthefront panej of the 7220A, set the controls
as follows:

ON/STRY ON

BAT/LINE LINE
RESOLUTION 10 Hz
CHA/CHB CHK

VAR, ATTENUATION  Fully CCW
STEP ATTENUATION X1

3. Set CH A/CH B to CHK. Verify the display as
iisted in Tabie 4-2.

4. Observe that the display resets each time the
RESGLUTION or CH A/CH B switches are
changed.

To verify the operation of the RESOLUTION MULTI-
PLIER mode, see the Performance Check in Section 6.

Table 4-2. Display Check

FUNCTION RESOLUTION DIGIT DISPLAY
125 MHz 100 Hz 0.60G0o
125 MHz 10 Hz 0.00000
125 MMz 1 Hz 0.000000
1256 MHz 0.1 Hz 0.000C00C
CHK 100 Hz 10.0000C
CHK 10 Hz 10.00000
CHK 1 Hz 10.000000
CHK 0.1 Hz 10.0000000
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4-22. Time Base and Time Base Qutput Check length of RG-58 cable as possible. The oscilloscope
end of the test cable must have a 50 ohm termina-

4-23. Use the following procedure to check the accu- tion. Be sure the 7220A rear panel REF is set to

racy of the time base and the operation of the INT REF INT.

QUT circuitry:

NOTE

To check the time base, the source of the input
signal must have an accuracy greater than
that of the time base. Refer to Table 4-3 for
the maximum allowable time base error, and
refer to Table 4-1 for the recommended Fre-
quency and Time Standard.

. Set the 7220A controls as listed in the Initial
Set-up except for the following changes.

RESOLUTION 0.1 Hz
CHA/CHB 125 MHz

2. Connect a 16 MHz Frequency standard to the
Channel A input terminal.

3. Verify that the display reading on the 7220A is
10 MHz % the maximum allowable count error.
Table 4-3 lists the maximum allowable count error
at 10 MHz {and 6.1 Hz resolution) for each of the
four time bases available for use with the instru-
ment. The maximum allowable count error can be
computed for any input signal by multipiying the
frequency of the input signal by the total time base
accuracy (given in Table 4-3) and adding the %]
count error to the product.

4. Connect the oscilloscope to the REF OUT ter-
minal on the 7220A rear pane! through as short a

5. Verify that the signal displayed on the oscillo-
scope is 10 MHz.

4-24, Channel A Input Sensitivity Check

4-25.  Use the following procedure to verify that Chan-
nel A input sensitivity lies within the Specifications given
in Section i:

I. Set the 7220A controls as listed under Initial
Set-up except for the following changes:

Rear panel: REF EXT
Front panei: CHA/CHB 125 MH2

2. Connect the 7220A and test equipment as illus-
trated in Figure 4-2.

3. Verify that correct readings are displayed for the
input signals and voltage levels listed in Table 4-4.

NOTE

The stability of counter readings will be no
greater than the stability of the Signal
Generator.

4. Setthe 7220A RESOLUTION to 0.1 Hz. Apply
a Channel A input signal of 125 MHz at 100 mV
rms. Following a [0 second pgate time, verify that
the display is 25 MHz and that the OVFL LED is
lit.

Table 4-3. Time Base Performance Check

1 PPM TCXO OVEN OVEN
TIME BASE TYPE
! FREE AIR OPTION 111 OPTION 131 OPTION -132

Total Time Base +56 x 1077 +15.0 x 1077 2.2 x 1077 +8.4 x 1078
Accuracy ®
Maximum Allowabie +56.1 Hz +15.1 Hz +2.3Hz 0.9 Hz
Deviation™*
{with 10 MHz input}

*Includes aging rate per month, temperature effects, line voltage variation.
**4llowable deviation in Hz is found by multiplying the input frequency (10 MHz in this case} by the total accuracy, and
adding T count error. These figures apply when in 0.1 Hz resolution.
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CH A

RF
VOLTMETER L

HF Si1G. GEN,
ouT

RF PROBE/ \

r— BNC “TEE"

50 {t TERMINATOR

Figure 4-2. Channel A High Frequency Input Sensitivity Check

Table 4-4. Channel A High Frequency
Input Sensitivity

Table 4-5, Channel A Low Frequency
Input Sensitivity

INPUT SIGNAL VOLTAGE {rms)
50 MHz 10 mv
100 MHz 15 mV
125 MHz 25 mV

INPUT VOLTAGE
RESOLUTION SIGNAL (rms)
1 Hz 10 Hz 10 mv
1 Hz 1000 Hz 10 mV
10 Hz 50 kHz 10 mV
10 Hz 1 MHz 10 mv
10 Hz 10 MHz 10 mv

5. Setthe 72200 RESOLUTION to 10 Hz, Applya
Channe! A input signal of 125 MHz at 25 mV rms,
While varying the input signal voltage level from 25
mV rmsto | Vrms, observe a correct display of 125
MHz at all voltage levels.

6. Disconnect the High Frequency Signal Genera-
torand R¥ voltmeter from the 7220A, and connect
the Low Frequency Signal Generator as shown in
Figure 4-3.

7. Verify that correct readings are displayed for the
7220A RESOLUTION settings, input signals and
voitage levels listed in Table 4-35.

LF SIG. GEN. 7220A
ouT CHA

50 1 TERMINATOR

Figure 4-3. Channel A Low Frequency, Filter, and
Attenulation Check

7220A

4-26. Channel A Filter Check

4-27.

Use the following procedure to verify that the Channel

A 100 kHz low pass filter operates properly:

F. Set 7220A controls as listed under Initial Set-up
gxcept for the following changes:

RESOLUTION | Hz
CHA/CHB 125 MHz

2. Connect the 7220A and test equipment as illus-
trated in Figure 4-3,

3. Applyal MHzsignalat 10 mV to the Channel A
input,

4. Set CH A/CH B1o FILT .I MHz. Observe that
the display reads 0.000000 MHz with the input
signal voltage fevel the same as in Step 3.

5. Gradually increase the input signal level until the

7220A again correctly displays 1.000000 MHz

{+ time base error xi count), Verify that the input
signal voltage level is 33 mV to 61 mV.

g
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4-28. Attenuation Check

4-29. Use the following procedure to verify proper
operation of the 7220A variable and step attenuators:

|. Connect the 7220A and test eguipment as illus-
trated in Figure 4-3.

2. Setthe 7220A controls as listed under the Initial
Set-up except for CH A/CH B which should be set
to 125 MHz. Be sure the attenuators are set as
follows:

VAR, ATTENUATION Fuliy CCW
STEP ATTENUATION X|

3. Applya ! MHzsignalto the Channel A input at
[0 mV. Verify that the display s | MHz.

4, Change the STEP ATTENUATION to XI10,
Verify that the display goes to 0.00000 MHz.

5. Change the input signal level to 100 mV. Verify
that the display is | MHz.

6. Change the VARIABLE ATTENUATION to
fully CW. Verify that the display goes to 0.00000
MHz.

7. Change the input signa!l level to 1V. Verify that
the display is | MHz,

4-30. Channel B Operationand BURST Check

4-31.  Use the following procedure to verify that the
Channel B non-BURST and BURST modes operate

nroperly:
NOTE

All signal levels in this section are actual
levels. Aitenuator setrings may be different
depending on the calihration of the High Fre-
quency Signal Generator output level,

1. Connect the 7220A and test equipment as illus-
trated in Figure 4-4. Set 7220A controis as listed
under Initial Set-up except for the fellowing
changes:

Rear panel REF INT
Front panel CH AJ/CH B 1300 MHz

2. Setthe High Frequency Signal Generator to 600
MHz with 0 dBm output, and set the attenuator to
25 dB. Verify that the 7220A displays 6060 MHz,

HF SIG. GEN. 7220A
ouT CHB
RF
VARIABLE
ATTENUATOR

Figure 4-4, Channel B Check

3. Set the attenuator to 31 dB. Verify that the
GATE LED turns off and that the display is
0.00000 MHz.

4. Setthe CH A/CH Bswitchto 1300 BURST. Set
the High Frequency Signal Generator to 800 MHz
with 0 dBm output, and set the attenuator to 32dB,

5. Press and then release the 7220A front panel
RESET switch. Verify a display of 0.00000 MHz
and that the GATE LED is not flashing.

6. Set the attenuator to 22 dB. Verify that the
7220A gates once and only once, resulting in a
display of 800 MHz.

7. Remove the attenuator and connect the High
Frequency Signal Generator directly to the Chan-
nel B iaput. Set the CH A/CH B switch to 1300
MHz.

8. Verify that correct readings are obtained at the
input signal frequencies and voltage levels listed in

Table 4-6.

Table 4-6. Channel B Input Signals

INPUT SIGNAL INPUT VOLTAGE
50 MHz 5mV
600 MHz 5mV
1000 MHz 10 mv
1300 MHz 40 mV

4-32. External Clock Input Check

Use the following procedure to verify proper

operation of the 7220A rear panet External Clock input,

1. Set the 7220A controls as listed under the Initial
Set-up except for the rear panel REF switch, which
should be set to EXT.

47
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2. Press and release the front panel RESET and
verify the counter reads 0.00000 MHz.

3. Connect the Low Frequency Signal Generator
to the 7220A rear panel 10 MHz REF IN input as
indicated in Figure 4-5 (the 50 ohm terminator must
be connected as shown),

4. Apply a 10 MHz 300 mV signal from the Low
Frequency Signal Generator, and verify that the
7220A 15 gating and the display is 10 MHz.

5. Setthe 7220A rear panel REF switchto INT and
verify the 7220A is gating and the display is [0
MHz.

50 £2 TERMINATOR

/H EAR PANEL

REF IN
LF SIG. GEN. 7220A
ouT

Figure 4-5, External Clock Input Check

4-34. Crosstalk Check

4-35,  Usethe following procedure to verify that there is
no signal crosstalk under normal operating conditions.

I. Connect the 7220A and test equipment as iflus-
trated in Figure 4-6,

2. Setthe 7220A controls as listed under the Initial
Set-up except for CH A/CH B which should be set
to 125 MHz.

7220A
CHA

T}—SO 2 TERMINATOR

LF SIG. GEN.

Figure 4-8. Crosstalk Check

7220A

3 Apply a 5 MHz 100 mV rms input sigral to
Channel A. Observe a display of 5 MHz.

4. Set the CH A/CH B to CHK. Observe the dis-
play for at least 30 seconds and verify that there is
never a reading other thar 10.00000 MHz (+ time
base error £ count).

4-36. CALIBRATION ADJUSTMENTS

4-37. These procedures should be performed whenever
the instrument has been repaired or fails to pass the
Performance Checks. Refer to Table 4-] when test
equipment is required. Unless otherwise specified, refer
to the disassembly instructions in the General Mainte-
nance section and remove the top haif of the instrument
case.

4-38. Power Supply Adjustment

4.39.  Use the following procedure to adjust the regu-
lated +5V power supply, to check the regulated +5V,
+12V, and -12V power supplies, and to adjust and check
the Channel B 6.8V tracking regulator. This procedure
should be followed after replacement or repair of the
power supply. Line voltage selection of 100V, 120V,
220V, or 240V is provided by switches S4 and S5. S4and
S5 are located on the right rear of the Main PCB, and
their position is indicated by a red or white dot. Line
voltage selection and the corresponding switch configu-
ration is illustrated in Figure 4-7,

NOTE

See Figure 4-8 for location of test points and
trimpots referred to in this procedure.

1. At the ac input receptacle of the 7220A, use the
DMM to measure the resistance between the ground
pin (center pin} and the chassis. The resistance
should be less than 0.1 ohm.

2. Usethe DM M to measure the resistance between
the two 7220A line voltage pins and the chassis. The
resistance should be infinite.

3. Set the variable transformer to 0V and connect
to line power. Connect the 7220A line power cord
to the variable transformer.

4. Set the 7220A controis as follows:
Rear panel REF INT

Front panel ON/STBY ON
BAT/LINE LINE

Pbmis ey s “N‘
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55 S4
100V WHITE WHITE
120V RED WHITE
220V WHITE RED
240V RED RED

ss | [©1 1 [T9] |4

T1

FRONT

Figure 4-7. Line Voltage Selection

5. Refer tothe voltage selection guide in Figure 4-7
and position 54 and 35 to select the line voltage at
which the 7220A 13 to be operated.

6. Slowly raise the variable transformer voltage to
the line voltage selected.

7. Connect the DMM positive lead to TP3, and the
negative lead to El (or any other common ground).

8. While observing the DMM display, adjust R69
to obtain 5.00 +.01V dc. This adjusts the +5V regu-
lated power supply.

9. Usingthe DMM and an accoupled oscilloscope,
check the power supply outputs for the tolerance
ranges and maximum ripple voltages as given in
Table 4-7. In each case the DM M positive lead and
the oscilioscope probe should be connected to the
test points listed, and the negative lead connected to
El {or any other common ground).

10. Lower the variable transformer voltage to the
selected line voltage minus 10% {forexample, if the
line voltage selected in Step 5 was 120V, now lower
the variable transformer voltage to 108V).

Il. Repeat Step 9.

2. Raise the variable transformer voltage to the
line voltage selected in Step 5 plus 10%.

13. Repeat Step 9.
NOTE

Steps 5 through 13 may be performed to
adjust the +5V regulated power supply and to

 check the power supplies for any line voltage
selected. Before changing the positions of §4
and S5, be sure to reduce the variable trans-
former voliage to OV.

14. Be sure 54 and S5 are in the proper position,
and return the variable transformer voltage to the
line voltage selected.

15. Set the 7220A CH A/CH B control to 1306
MHz. Connect the DMM positive lead to TP8 and
the negative lead to TPO.

16, While observing the DM M display, adjust R14
to obtain 6.80 + .05V dc. This adjusts the Channel B
6.8V tracking regulator.

17. Set the 7220A CH A/CH B control to 123

MHz. Use the DMM to verify that the voltage
between TP8 and TP is now 0.2 + 0.1V dc.

Table 4-7. Power Supply Levels

MAXIMUM
TESTPOINT | SUPPLY | TOLERANCE RIPPLE
T3 +5V *0.01V 50 mV p-p
TP1 +12V + 0.8V 50 mV p-p
TP2 -12v 0.6V 50 mV p-p
4-9
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4-40. Channel A Trigger Level Adjustment

4-41. Use the foliowing procedure to adjust the Chan-
nel A Trigger Level Adjustment:

1. Using appropriate BNC adapters, connect the
Low Frequency Signal Generator and the rf volt-
meter with a 50 ohm terminator to the Channel A
input of the 7220A., This is iltustrated in Figure 4-9.

2. Set the 7220A controls as follows:

Rear panel
REF INT
Front panel
ON/STBY ON
BAT/LINE LINE
RESOLUTION 10 Hz
CHA/CHB 125 MHz

VAR, ATTENUATOR Fully CCW
STEP ATTENUATOR X1

O SRR

3. Apply | MHz at 10 mV rms to Channel A.
Adjust R10 Trigger Adjust trimpot (located on the
top of A2, the Front Panel PCB: see Figure 4-10) if
necessary to obtain a reading of 1.00000 MHz
{(# time base error 1 count). Reduce input voltage
fevel and continue to adjust R 10 to obtain the cor-
rect display, but do not reduce the voltage level
below 4.7 mV rms.

4. If R10 cannot be adjusted to obtain the correct
reading at the 4.7 mV rms input level, adjust it
midway between fully CW and fully CCW. Turn
the R11 Hysteresis Adjust trimpot (located on the
right rear of A2, the Front Panel PCB; see Figure
4-10) fully CW. Then stowly turn R11 CCW until
the correct reading is displayed.

NOTE

Do not wrn RI1 CCW beyvond the point
where the correct reading is first displaved.

LF SIG, GEN. 7220A
ouT CHA
I_J RF
L VOLTMETER
BNC “TEE”/
50 £ TERMINATOR RF PROBE
Figure 4-9. Channel A Trigger Level Adjustment
CHANNEL A
YTR&GGER ADJ,
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Figure 4-10. Front Panel PCB Adjustment Location
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5. Recheck R10 as in Step 3.
6. Recheck R}l as in Step 4.

7. Decrease the input voitage level t0 4.25mV rms.
Verifv that the 7220A displays unstable, fluctuating
readings fess than 1.00000 MHz. If the display still
indicates 1.00000 M Hz {+ time base errorz1 count},
repeat Steps 4-6.

4-42. Channel B Squelch Adjustment

4-43.  Use the following procedure for the Channel B
Squelch Adjustment;

1. Connect the 7220A and test equipment as indi-
cated in Figure 4-11.

HF SIG. GEN, 7220A
ouUT CHB
RF
VARIABLE
ATTENUATOCR

Figure 4-11. Channel B Squelch Adjustment

2. Setthe 7220A controls and indicators as foliows:

Rear panel
REF INT

Front panel
ON/STBY ON
BAT/LINE LINE
RESOLUTION 10 Hz
CHA/CHB 1306 MHz
VAR. ATTENUATOR Fully CCW

STEP ATTENUATOR Xi

3. Setthe High Frequency Signal Generator to 600
MHz at 0 dBm. and the attenuator to 29 dB.

4. Turnthe Squelch Adjust trimpot (located on the
Channel B hybrid 1C, U4: see Figure 4-8) fully
CCW. Then adjust the trimpot CW until the 7220A
dispiays 600 MHz.

5. Change the attenuator to 31 dB. Verify that the
GATE LED turns off and that the display is
0.00000 MHz. 1f the 7220A still displays 600 MHz,

4-12
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repeat Steps 4 and 5 until the 7220A displays 600
MHz at 29 dB attenuation, and 0.00000 MHz at 31
dB attenuation.

4-44. Standard Time Base Calibration

4-45. Calibration should be made whenever the time
base is repaired or replaced, or when it is determined that
the instrament accuracy is not within the Specifications
given in Section 1. The foilowing procedure is to be used
for calibration of a standard time base. Calibration
procedures for any of the optional time bases (Options
-111,-131, or-132} are provided in Section 6. The calibra-
tion should be performed in an environment having an
ambient temperature between 20° and 30° C (68° and
86°F).

NOTE
The 72204 must be operating for at least
thirfy minutes with top and bottom covers on

before this procedure is followed.

1. Set the 7220A controls as follows:

Rear panei
REF INT

Front panel
ON/STBY ON
BAT/LINE LINE
RESOLUTION I Hz
CHA/CHB 125 MHz
VAR. ATTENUATION  Fully CCW

STEP ATTENUATION X1

2. Connect the 7220A and test equipment as illus-
trated in Figure 4-12.

7220A
CHA
50 {2 TERMINATCR
ouT
LF SiG. GEN,
REF IN
10 MHz
“STANDARD

Figure 4-12. Standard Time Base Calibration
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NOTE

The Low Frequency Signal Generaror must
be synchronized 1o a Standard Frequency
Source for this procedure.

3. Set the Low Frequency Signal Generator to 10
MHz at 100 mV rms and connect it to the Channel
A input with a 50 ohm terminator.

4. Using a non-ferrous adjustment tool, adjust the
oscillator trimeap to obtain a display of [0.000000
MHz + 57 Hz. 57 Hz is the maximum allowable
deviation for this time base at this input frequency
and resolution setting. The maximum allowable
deviation can be found by multiplying the input
frequency by the total accuracy, and adding the |
count error (see Table 4-3). The oscillator trimcap is
accessible through a hole at the left rear corner of
the bottom of the 7220A (see Figure 4-13), so the
7220A will have to be turned on its side or top to
perform this adjustment. If the tilt bail is mounted
in the rear, it will have to be removed. )

BOTTOM VIEW
LEFT REAR CORNER

TIME BASE
ADJUSTMENT
ACCESS HOLE

Figure 4-13. Time Base Adjustment Loeation

2. If adjustment does not yield the desired display,
disconnect the 7220A line power cord, remove the
top cover, and lock at the top of the time base PCB
{left rear corner of the Main PCB). Some of the

Standard Time Bases are equipped with another
trimcap on the top of the PCB for coarse adjust-
ments. If your instrument has such a trimeap, refer
to the Coarse Time Base Adjustment section which
follows this section,

6. If the time base cannot be adjusted within the
Specifications given in Section | and coarse adjust-
ment is not available, refer to Troubleshooting.

7. After 24 hours, recheck any adjustment per-
formed to verify stability.

4-46. Coarse Time Base Adjustment

4-47. Some of the Standard Time Bases have a coarse
adjustment trimeap on the top of the PCB in addition to
the fine adjustment trimcap which is accessible through a
hole in the bottom of the instrument case (see Figure
4-13).

NOTE

Do not perform the Coarse Time Base Adjusi-
ment unless the Standard Time Base Calibra-
tion fails 1o bring the instrument within the
specifications.

Ifitis determined that coarse adjustment is necessary, use
the following procedure:

1. Set the fine time base adjustment to midrange.
* 2. Remove the 7220A top cover.

3, Foliow steps 1, 2 and 3 of the Standard Time
Base Calibration.

4. Using a non-ferrous adiustment tool, adjust the
coarse adjustment trimcap to obtain a display as
close as possible to 10.000000 MHz.

5. Install the 7220A top cover. Now perform the
Standard Time Base Calibration.

4-48. TROUBLESHOOTING
4-49. [Introduction

4-50. The material in the remainder of this section is
presented as a troubleshooting aid for technicians. If the
instrument fails to perform as expected, select the CHK
function, If the instrument display is incorrect, the fault is
in the instrument; if the display is correct, the fault may
not lie in the instrument. Check the controi seitings for
the 7220A. Also check the control settings, function, and
interconnections of all associated equipment.

4-13
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4-51. Sections 2 and 3 of this manual should be read
and thoroughly understood before attempting to trou-
bleshoot. As an aid to the troubleshooter, three addi-
tional subsections follow: Visual Inspection. Trouble-
shooting Guide, and Troubleshooting Technigues.

4-52.  Whenever working with the instrument, foilow
procedures outlined on the yellow Static Awareness sheet
located in this manual to prevent static discharge damage
to CMOS and PMOS devices, Exercise special care when
soldering to avoid damage to the instrument.

4-53. The instrument uses three basic types of logic
ECL. TTL, and CMOS. The circuits handling high fre-
quency signals employ Emitter-Coupled Logic (ECL).
Circuitry using CMOS ICs operate at CMOS logic levels.
The remainder of the instrument employs Transistor-
Transistor Logic {TTL). Table 4-8 lists typical high and
low logic levels for each logic type.

Table 4-8. Typical Logic Levels

LOGIC
TYPE LOGIC 1 LOGICO
TTL 2.4V 0.8V
ECL >4.1V < 3.2V
CMOS >3.5V <1.8V
{>70% of supply) (< 30% of suppiy}

4-54. Visual Inspection

4-55.  Visual inspection can sometimes quickly locate
mstrument faults, saving the technician time. Use the
Disassembly procedure presented earlier in this section to
remove the top case cover. Carefully inspect the instru-
ment, inside and out. Check for loose or broken wires and
component leads, improperly seated plug-in assembilies,
physically damaged components, discoloration due to
arcing, or other obvious faults. Sherted capacitors or
resistors in short paths are often discolored or burnt,
Abusively high overloads may physicaily destroy carbon
composition resistors, glass diodes, ceramic capacitors,
thermistors, and other components. These symptoms or
anything that looks suspect should be carefully checked
before proceeding with involved troubleshooting.

4-56. Troubleshooting Guide

4-57. The Troubleshooting Guide, Table 4-9, provides
some basic guidelines for locating the cause of improper
operation. There are three basic cases of improper
operation:

1. The iastrument will not turn on. Check the main
power supply per Table 4-9.

4-14
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2. Theinstrument turns on, but the problems seem
to be spread throughout the instrument or are
erratic. This situation may be due to any of a
number of power supply related problems. Check
the power supplies per Table 4-9.

3. The instrument has a problem in one or more
functions or ranges. Follow the guidelines in Table
4-9 for the appropriate circuit,

NOTE

See Figure 4-8 for the location of tesipoints
and identification of components. Use a 10X
probe on the oscilloscope.

WARNING

TO AVOID SHOCK HAZARD, DO NOT
TOUCH POWER SUPPLY COMPONENTS.
LINE POWER VOLTAGE IS PRESENT FROM
THE POWER CORD THROUGHOUT THE
PRIMARY CIRCUIT OR THE MAIN POWER
TRANSFORMER.

4-58. Troubleshooting Techniques

4-59.  The foliowing are techniques useful in isolating a
fault in the instrument.

4-60. CURRENT TRACING

4-61. Current Tracer probes, such as the HP 547A, are
usually the best way to locate shorts in the instrument. If
the short is so bad that the power supply is loaded down,
the Performance Checks may not provide any help in
isolating the faulty circuit. Starting at the output of the
loaded power supply, logically move the Current Tracer
through the instrument until the short is found. The
Current Tracer will glow brightest at the terminal of the
shorted components. Shorted logic elements can be more
difficult to locate because currents invelved can be small.

4-62. HEATING AND COOLING

4-63. Alternately warming (with a heat gun) and cool-
ing (with freon spray) of possible faulty circuits can pro-
vide a fast and effective troubleshooting technigue for
finding components that work intermittently.

4-64. MEASURING TEMPERATURE

4-65. Shorted components overheat. Resulting tempera-
ture differences can be monitored with the Fluke 80T-150
and any of its associated digital multimeters, or with the
8024 DMM with an accessory thermocoupie attached.
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Table 4-9. Troubleshooting Guide

PROBLEM

iINSTRUCTIONS OR COMMENTS

Power Suppty

Time Base and
Clocking Signals

Seif Check, Control
Logic and Counters

Sequencer

Main Gate FF
Gate Synchronizer

tnput Counters

Channel B

Check ac power receptacle pins, power supplies, line voltage selector switches, Fuse F1.
Check TP1, TP2, and TP3 for values listed in Table 4-7.

Hint: If supplies are OK with front panel ON/STBY switch in STBY, but fail in ON, compo-
nents outside the supplies may be shorted.

Hint: Make certain that reguiator 1Cs (U40, U41, and U42) are properly tightened to the
heatsink, and that the heatsink is tightened to the circuit board.

Be sure the rear panel REF switch is set to INT,

Check: You shouid see:

TP4 10 MHz, TTL (ctock}

U18-13 1 MHz, TTL

U183 100 kHz, TTL

u28.7 Approx. 63 kHz, CMOS {used only in Channel B}

U28-3 Approx. 81 Hz, CMOS {Scan rate clock that advances
Sequencer U32}

U16-40 Approx. 1.2 kHz (U15 display osciilator}

Set the CH A/CH B switch to CHK and set RESOLUTION to 10 Hz, Be sure the rear panel
REF switch is set to INT. Display should be 10.00000 MHz, Refer to the Timing Diagram
in Figure 3-7.

Check: Y ou should see:

U324 (Q2 state} Positive pulses, sfightly wider than gate time of 0.1 sec.
U323 {Q0 state} Positive pulses

u3z-1o {Q4 state} Positive pulses

321 {Qb state} Positive pulses

U3z-1n {Q9 state) Positive pulses

U136 Positive pulse, 0.1 sec. wide
uU7-8 Negative pulse, 0.1 sec. wide
Ut-4 10MHz, ECL

Us-3 5 MMz, TTL when gate is on
Uusg-9 1 MHz, TTL when gate is on
U14-8 0.1 MHz, TTL when gate is on

Set the front panel CH A/CH B switch to 1300 MHz, Check the Channel B power supplies:

tnput Fuse F2

TP8 +bV

TPY -1.8V
u4-1 +12V
U4-23 =12V
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Table 4-8. Troubleshooting Guide (cont}

PROBLEM

INSTRUCTIONS OR COMMENTS

Channel B {cont)

Channel B BURST

Channel A
{front panel)

Apply a signal to Channel B input within specifications (100-1300 MHz, 40 mV-5V rms)

Q86 collector TTL low

U34 input/4, ECL
u3-2 Input/16, ECL
u1t-4 input/16, ECL

Set the front panel CH A/CH B switch to 1300 BURST. Apply signal to Channel B as above,
only in bursts at least as long as 40 ms + gate time {see Table 3-1 for gate times).

U21-6 tLow, CMOS

U21-3 Positive pulses, CMOS, same width as input bursts
U21-2 Puises

41-4 input/16, ECL

Hint: If excessive input voltages have been applied to the Channel A input, it is likely that
(1 is damaged, or that CR1 or CR2Z are teaky.

Set front pane! CH A/CH B switeh to 1256 MHz. Apply signal to Channel A input between

10 Hz and 125 MHz, and at a leve! equal to the sensitivity specification at the frequency used,
Set attenuation controls to X1 and fully CCW, If necessary, refer to the Disassembly
instructions and remove the front panel first.

Q1-Drain Approx. +11,5V
Q1-Gate Same as input
U1-11 Same as input
Ui-12 -8V
U1-2and U1-3 Approx. square wave, same frequency as input, ECL
Ut-18 Approx. sguare wave, same frequency as input, TTL
Display Hint: To test the LEDs, press and hold front panet RESET to turn on all segments. |f only
one segment is dark, suspect the LED. 1f an entire digit is dark, or the same segment on ali
digits is dark, suspect the digit drive or segment drive electronics respectively.
To test decimal points, remove any inputs to the 7220A, Set POWER to ON. Set the
CH A/CH B switch to RES MULT and check for a single decimal point at gach RESOLUTION
setting. Set the CH A/CH B switch to any other setting and check for a single decimal point
at each RESOLUTION setting.
Also check:
U15-40 Approx. 1.2 kHz puises (display clock}
U1s-2 Positive pulses, 22% duty factor {digit strobes 8 and 8)
U115 pins 3 through 8 Positive pulses, 11% duty factor {digit strobes 7
through 1}
U184 Positive pulse, 11% duty factor {digit strobe 9)
Set CH A/CH B switch to CHK and RESOLUTION to 100 Hz with no signal inputs.
us3s-2 Positive pulse, 6% duty factor {leading zeros blanking}
4-16
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Section 5

List of Replaceable Parts

TABLE OF CONTENTS

ASSEMBLY NAME DRAWING TABLE FIGURE
NO. NO. PAGE NOC. PAGE
Final Assembly 7220A-T&B, 5001 5-1 5-1 5-1 5-5
Al Main PCB Assembly 7220A-4001T 5-2 5-X 5-2 5-13
A2 Front Panel PCB Assembly 7220A-4002T 5-3 5-14 5-3 5-16
A3 Timebase PCB Assemblv 1952B-4010T 5-4 51 5-4 5-17
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5-1. INTRODUCTION

5-2. Thissection contains an illustrated parts list for the
instrument. A similar parts listing for each of the Options
will be found in Section 6. Components are listed
alphanumerically by assembly. Both electrical and mechan-
ical components are listed first by reference designation
and second by item number. Each listed part is shown in
an accompanying itlustration.

3-3.  Parts lists included the following information:
i. Reference Designation or Item Number,
2. Description of each part.
3. FLUKE Stock Number.

4, Federal Supply Code for Manufacturers. {See
Section 7 for Code-to-Name list.}

5. Manufacturer’s Part Number or Type.
6. Total Quantity per assembly or component.

7. Recommended Quantity: This entry indicates
the recommended number of spare parts necessary
te support one to five instruments for a peried of
two vyears. This list presumes an availability of
common electronic parts at the maintenance site.
For maintenance for one year or more 4t an isolated
site, it is recommended that at least one of each
assembly in the instrument be stocked. In the case
of optional subassemblies, plug-ins, etc., that are
not always part of the instrument, or are deviations
from the basic instrument model, the REC QTY

T A

column lists the recommended quantity of the item
in that particular assembly.

8. The Use Code: This eniry indicates a note
number. The corresponding note will be at the end
of that table.

5-4. HOW TO OBTAIN PARTS

5-5. Components may be ordered directly from the
manufacturer by using the manufacturer's part number,
or from the John Fluke Mfg. Co., Inc. factory or author-
ized representative by using the FLUKE STOCK
NUMBER. In the event the part you order has been
replaced by a new or improved part, the replacement will
be accompanied by an explanatory note and installation
instructions if necessary.

5-6, To ensure prompt and efficient handling of your
order, inctude the following information.

I, Quantity..

2. FLUKE Stock number.

3. Description,

4. Reference Designation or ltem Number.
5. Printed Circuit board Part Number.

6. Instrument Model and Serial Number.
CAUTION

@

Indicated devices are subject to damage by
static discharge.
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Figure 5-1. Final Assembly

LT VLY

FLUKE | MFg N
REF MFG PART N WY JRECY ¢
BESCRIPTION STOEK SPLY
DES NO. CODE OR TYPE gry | QTY ‘E
@ FINAL ASSEMBLY, 7220A
FIGURE 51 (7220A-T&B, 5001}
Al MAIN PCB ASSY, TESTED 471540 89536 471540 1
A2 FRONT PANEL PCB ASSY 471516 89536 471516 1
A3 TIMEBASE PCB ASSY 406926 BO9536 406926 1
Fi FUSE, SLO-BLOW, 1/4 AMP 166306 71400 MDLi-4 1 5
Hi LOCKWASHER, SPLIT #4 110395 895356 110403 2
HZ NUT, HEX 110916 73734 17-200-WP 1
H3 NUT, HEX, 4~40 110635 89536 110635 2
H4 NUT, SELF LOCK, 6~32 152819 78199 511-061800-0C 4
H% SCREW, FHP, CNTR. SUNK, 6-32 X 5/8 114876 8%536 114876 &
HE SCREW, PHP, 4-40 X 1/2 152132 73734 19026 4
H7 SCREW, PFHP, 6-20 X 3/8 288266 88536 288266 1
H8 SCREW, PHP, 6-32 X 1/2 177030 89536 177030 2
HS SCREW, THD. FORM, 632 X 3/8, BLK 48%227 89536 485227 &
Hi0 WASHER, INT/LK, #4 110403 89536 110403 2
H1l WASHER, LOCK, EXT. TOOTH 175943 89536 175943 1
Hi2 WASHER, SHOULDER 485417 89536 485417 2
MP1 BOTTOM COVER, ASSY 489302 89536 489302 1
MP2 BUSHING, INSULATION 488429 89536 488429 2
MP3 BUTTON, BLUE 486472 89536 486472 1
MP4 BUTTON, GREEN 486498 B9536 486498 1
MP5 BUTTON, LIGHT PUTTY GRAY 486480 89536 486480 1
MP6 CONNECTOR, BNC 152033 95712 30355-1 2
mMB7 COVER, CONNECTOR 488395 895356 4883%5 1
MP8 FRONT PANEL 478396 B9536 478396 1
MP9 GROMMET 104273 72653 7582 1
MPLG HEAT SINK 473868 89536 473868 1
MPll INSULATOR, RUBBER 534453 89536 534453 2
MP1iZ INSULATCR, TRANSFORMER 507517 88536 507517 1
MpP13 KNOB ASSY 490755 88536 490755 1
MP14 LABEL, WARNING 386250 889536 386250 1
MP15 LATCH 467548 89536 467548 2
MP16 LUG, SOLDER 441972 79963 7ol 1
MP17 REAR PANEL 475939 88536 475939 1
MpP18 SERIAL NAMEPLATE 472795 89536 472795 i
MP19 SPEC DECAL 483032 89536 483032 1
MP20 TOP COVER ASSY 489310 89536 489310 1
T1 TRANSFCORMER 486514 89536 486514 1
i1 INSTRUCTION MANUAL (72208} (NOT SHOWN) 487488 89536 487488 1
Ul IC, ECL, EPGE-TRIGGERED, JK FLIP FLOP 402743 07263 FO95029DC 1 1
Uz IC, ECL, TRIPLE LINE RECEIVER 16-PIN DIP 364702 18324 N]0l1léeB 2 1
U3 IC, ECL 1600 SER DIV-BY-~4 GHZ PRESCALER 472787 (04713 MC1e97p 1 1
U4 IC, HYBRID, CHANNEL B PRESCALER 490664 89536 490664 ‘1 1
ug IC, ECL, QUAD, 2-INPUT NOR, 16~PIN DIP 380881 04713 MC10102P 11
Uil IC, ECL, TRIPLE LINE RECEIVER 16~PIN DIP 369702 18324 N10l16B REF
Uls@ IC, 6-DEC MOS UP COUNTER W/8 DEC LATCH 473215 B9536 473215 1 1
u3e - IC, LIN, NEG VOLT, REG SERIES 2-24 VOLTS 394551 04713 MCOOXCT 1 1
U4o IC, VOLTAGE REGULATOR, FIXED VOLTAGES 413195 04713 MCT7812CT 1 1
NOTE: @ Indicztes the item can be damaged by static discharge.
5-3
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Table 5-1. Final Assembly {cont)

N
REF DESCRIPTION STocK | SeLy MFG PART 0. AR
OR TYPE TY Q1Y | T
DES NO. | CODE orviem) .
usl IC, LIN, ADJUST VOLT REG 1.2-37V, 1.5A 460410 89535 460410 1o
1 LINE CORD (NOT SHOWN) 343723 12040 LM3LTT 1
W2 AC CABLE ASSY, GREEN 504068 89536 504068 1
W3 AC CABLE ASSY, WHITE 504050 89536 504050 1
Wa AC CABLE ASSY, BLACK 504076 89536 504076 1
WS CABLE ASSY 539833 89536 539833 1
XF1 FUSEHOLDER, W/NUT 460329 89536 460329 1
FUSEHOLDER, CAP 460238 89536 460238 1
RECOMMENDED SPARE PARTS LIST/KIT, 7220A 583625 89536 583625 AR
5-4
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Figure 5-1. Final Assembly {cont}
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Tabie 5-2. A1 Main PCB Assembly

FLUKE | MEG N
REF MFG PART NO. T0T |REC| ¢
DESCRIPTION STOCK | SPLY

DES ND. CODE OR TYPE oTY |QTY 'Ef

®MAIN PCB ASSEMBLY 471540 89536 471540 REF
FIGURE 5-2 (7220A-4001T)

c1 CAP, ELECT, 470 UF -10/425%, 35V 478792 89536 478792 3
c2 CAP, ELECT, 470 UF -10/+25%, 35V 478792 89536 478792 REF
c3 CAP, ELECT, 470 UF -10/+25%, 35V 478792 89536 478792 REF
c4 CAP, ELECT, 4700 UF -10/4100%, 18V 460261 80031 314TS502V015 1
cs CAP, TA, 10 UF +/=-20%, 20V 330662 56289 196D10GX0020KA] 32
6 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
c7 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KA1 REF
ce CAP, CER, 0.0l UF +/-20%, 100V 149153 %6289 CO23B1OIFIOW 5
c9 CAP, CER, 0.01 UF +/-20%, 100V 149153 56289 CO023B101F102M REF
€10 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
c1l CAP, ThA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
€13 CAP, TA, 22 UF +/-20%, 15V 423012 56289 196D226X0015KAL 1
ci4 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
€15 CAP, CER, .0l UF +/-20%, 100V 407361 72982 81l21-Al00-WSR-103M 5
C16 CAP, CER, 0.01 UF +/-20%, 100V 407361 72982 B121-A100-WSR-1C3M  REF
c17 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
c18 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
C1% CAP, CER, (.01 UF +/-20%, 100V 407361 72982 8121-A100-WSR-1034  REF
€20 CAP, CER, 0.01 UF +/-20%, 100V 407361 72982 B8121-Al00-WSR-103M  REF
c2l CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
c22 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D10GX0020KAL REF
c23 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
c24 CAP, CER, 0.0l UF +/-20%, 100V 149153 56289 CO23BL0IFI0M REF
c25 CAP, CER, 0.1 UF +/-20%, 100V 149146 56289 33C4186 1
C26 CAP, CER, 0.0l UF +/-20%, 100V 149153 56289 CO23BLOIF103M REF
c27 CAP, CER, 0.0l UF +/-20%, 100V 149153 56289 CO0238101F103M REF
€29 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
C30 CAP, MICA, 5000 PF +/-5%, 500V 181065 72136 DM15502-7 1
c31 CAP, CER, 330 UF +/-10%, 6V 193011 56289 150D330X9006S2 1
c32 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
c33 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
¢34 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D10C6X0020KAL REF
c35 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
C36 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
C37 CAP, TA, 10 UF +/-20%, 20V 330662 %6289 196D106XD020KAL REF
c38 CAP, TA, 10 UF +/-20%, 20V 330662 56289  196D106X0020KAL REF
€39 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
€40 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0D020KAL REF
c4l CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
caz CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
c43 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D10GX0020KAL REF
c44 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
C45 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
Ca6 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
ca7 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D10EX0020KAL REF
ca8 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
c49 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D10EX0020KAL REF

HOONA
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Table 5-2. A1 Main PCB Assembly {cont}

FLUKE | MFB K
REF MFE PART NO. TOT [REC| g
DESCRIPTION STOCK | SPLY
DES ND. CODE oR TYPE 0TY | BTY E
€350 CAB, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
cs1 CAF, CER, 0.0l UF +/-20%, 100V 407361 72982 8121-A100-WSR-103M  REF
€52 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF
CR1 DIODE, RECTIFIER BRIDGE 296502 21845 Fo03C-22 21
CR2 DIODE, RECTIFIER BRIDGE 296502 21845 F303C-22 REF
CR3 DIODE, SI, RECTIFIER, 2 AMP, 50V 347559 14099 3SM05 2 1
CR4 DICDE, SI, RECTIFIER, 2 AMP, 50V 347559 14099 3SMO5 REF
CR5 DIODE, ZENER 5.6V 277236 07910 IN7SZA 1 1
CR6 DICDE, SI, HI~SPEED SWITCHING 203323 07910 1N4448 31
CR7 DICDE, SI, HI-SPEED SWITCHING 203323 07910 IN4448 REF
CR8 DICDE, SI, HI-SPEED SWITCHING 203323 07910 1N4448 REF
F2 FUSE, 1/5 AMP 370577 75915 273.200 2 10
F3 FUSE, 1/5 AMP 370577 75915 273,200 REF
Ji SOCKET, CONNECTOR 352450 98291 51-051-0000 1
JB1-JB2 CONNECTOR, PIN 379438 00779 1-87022-0 102
L1 CHOKE, 6-TURN 320911 89536 320911 2
L2 CHOKE, 6-TURN 320911 89536 3200il REF
MP1 GUIDE PIN (NOT SHOAN) 375840 89536 375840 3
MP2 SOCKET PINS (USED W/U4) 376418 22526 75060~007 23
MP3 SPACER, STANDOFF 442913 89536 442913 1
Pl CONNECTOR, PIN 379438 00779 1-87022-0 REF
P2 CONNECTOR, PIN 379438 00779 1-87022~0 REF
P4 CONNECTOR, PIN 379438 00779 1-87022-0 REF
P6 CONNECTOR, PIN 379438 00779 1-87022-0 REF
o1 XSTR, SI PNP 195974 04713 2N3906 11
o2 XSTR, SI, PNP 352369 12040 2N4403 11
03 XSTR, SI, NPN 218396 04713 2N3904 4 1
04 XSTR, SI, NBN 218396 (4713 2N3%04 REF
05 XSTR, SI, NPN 330803 07263 MPSE560 101
06 XSTR, SI, NPN 218386 04713 23904 REF
Q7 XSTR, PNP, HI-SPEED SWITCHING 369629 07263 543576 21
08 XSTR, PNP, HI-SPEED SWITCHING 369629 (7263 543576 REF
09 XSTR, SI, NPN 218396 04713 2N3904 REF
Rl RES, DEP. CAR, 1.8K +/-5%, 1/W 441444 80031 CR251-4-5P1K8 1
R2 RES, DEP. CAR, 180 +/-5%, 1/4W 441436 80031 CR251-4-5P180F 1
R3 RES, DEP. CAR, 100 +/-5%, 1/4W 348771 80031 CR251-4~5P1C0E 5
R4 RES, DEP, CAR, 470 +/-5%, 1/4W 343434 80031 CR251-4-5P4708 2
RS RES, DEP. CAR, 4.7K +/-5%, l/44 348821 80031 CR251-4-5P4K7 8
RG RES, DEP. CAR, 470 +/-5%, 1/4W 343434 80031 CR251-4-5P470E REF
R7 RES, DEP. CAR, 150 +/-5%, 1/44 343442 80031 CR251-4-5P150E 3
RS RES, DEP. CAR, 27 +/-5%, L1/4W 348763 80031 CR251-4-5P27% 3
- RY RES, DEP. CAR, 47K +/-5%, 1/4W 348896 80031 CR251-4-5P4A7K 1
R10 RES, DEP. CAR, 2.4K +/-5%, 1/4W 441493 80031 CR251-4-5P2K4 1
R1l RES, DEP. CAR, 10K +/-5%, 1/4W 348839 80031 CR251-4-5P10K 10
R12 RES, MTL. FILM, 361 +/-1%, 1/8W 267740 91637 CMFS53010F 1
R13 RES, MTL. FILM, 43.2 +/-1%, 1/8W 296731 91637 CMFS543R2F 1
R14 RES, VAR, S0 +/-10%, 1/2W 447862 11236 360T500A 1
R19 RES, DEP. CAR, 100 +/-5%, 1/44 348771 80031 CR251-4-5P100E REF
R21 RES, DEP. CAR, 100 +/-5%, 1/4W 348771 80031 CR251-4-5P100E REF
R22 RES, DEP. CAR, 10K +/-5%, 1/4¢ 348839 80031 CR251-4~5P10K REF
5-9
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Table 5-2. AT Main PCB Assembly (cont)

FLUKE | MFBG N
REF MFE PART HO. TOT | REE| ¢
DESCRIPTION STOCK | SPLY

BES NO. CODE DR TYPE oTY | QTY E
R23 RES, DEP. CAR, 10K +/-5%, 1/4W 348839 80031 CR251-4-5P10K REF
R24 RES, DEP. CAR, 100 +/-5%, 1/4 348771 80031 CR251-4-5P100E REF
R25 RES, DEP. CAR, 4.7K +/-5%, 1/4W 348821 80031 CR251-4-5P4K7 REF
R26 RES, DEP, CAR, 100 +/-5%, 1/& 348771 80031 CR251~4-5P100E REF
R27 RES, DEP, CAR, 560 +/-5%, 1/4W 385948 80031 CR251-4-5P5608 9
R28 RES, DEP. CAR, 560 +/-5%, l/4W 385948 80031 CR251-4-5PS60E REF
R29 RES, DEP. CAR, 4.7K +/-5%, 1/4W 348821 80031 CR251-4-5P4K7 REF
R30 RES, DEP. CAR, 560 +/-5%, l/44 385948 80031 CR251-4-5P560E REF
R31 RES, DEP. CAR, 560 +/-5%, 1/4W 385948 80031 CR25]-4-5P560E REF
R32 RES, DEP. CAR, 150 +/-5%, 1/4A 343442 B0031 CR251-4-5P150% REF
R33 RES, DEP. CAR, 330K +/-5%, 1/4W 376640 80031 CR251~4-5P330K 1
R34 RES, DEP, CAR, 1M +/-5%, 1/44 348987 80031 CR251-4-5P1M 1
R35 RES, DEP. CAR, 4.7K +/-5%, 1/4W 348821 80031 CR251-4-5P4K7 REF
R36 RES, DEP. CAR, 4.7K +/-5%, 1/404 348821 80031 CR251-4-5P4K7 REF
R37 RES, DEP, CAR, 1K +/-5%, 1/4W 343426 80031 CR251-4-5P1K 5
R38 RES, DEP. CAR, 1K +/-5%, 1/4W 343426 80631 CR251-4-5P1K REF
R3S RES, DEP. CAR, 1K +/-5%, 1/4W 343426 80031 CR251-4-5p1K REF
R4O RES, DEP. CAR, 560 +/-5%, 1/44 385948 80031 CR251-4-50560E REF
R41 RES, DEP. CAR, 560 +/~5%, 1/4W 385948 80031 CR251-4-5P560E REF
R42 RES, DEP. CAR, 4.7K +/-5%, 1/4W 348821 80031 CR251-4-5P4K7 REF
R43 RES, DEP. CAR, 560 +/-5%, 1/4W 385948 80031 CR251-4-5P560E REF
RA4 RES, DEP. CAR, 390 +/-5%, 1/ 441543 80031 CR251-4~5P390E 2
R45 RES, DEP. CAR, 390 +/-5%, 1/4W 441543 80031 CR251-4-5P390E REF
R46 RES, DEP. CAR, 240 +/-5%, 1/4W4 376624 80031 CR251-4-5P240E 2
R47 RES, DEP. CAR, 240 +/-5%, 1/4W 376624 80031 CR251-4-5P240E REF
R48 RES, DEP. CAR, 4.7K +/-5%, 1/ 348821 80031 CR251-4-5P4K7 REF
R49 RES, DEP. CAR, 27 +/-5%, l/4W 348763 80031 CR251-4~5P27E REF
RS0 RES, DEP. CAR, 566 +/-5%, 1/44 385548 80031 CR251-4-5PSGOE REF
R51 RES, DEP. CAR, 560 +/-5%, 1/4W 385948 80031 CR251-4-~5PSG0E REF
R52 RES, DEP. CAR, 150 +/-5%, 1/44 343442 BO031 CR251-4~5P1508 REF
R53 RES, DEP. CAR, 10K +/-5%, 1/4W 348839 80031 CR251-4-5P10K REF
RS54 RES, DEP. CAR, 10K +/-5%, 1/ 348839 80031 CR251-4-5P10K REF
RS5 RES, DEP. CAR, 10K +/-5%, 1/4W 348839 80031 CR251-4~5P10K REF
R56 RES, DEP. CAR, 10K +/-5%, 1/44 348839 80031 CR251-4-5P10K REF
R57 RES, DEP. CAR, 1K +/-5%, 1/4W 343426 80031 CR251-4-5P1K REF
R58 RES, DEP. CAR, 6.8K +/-5%, 1/8W 368761 80031 CR251-4-5P6KS 1
R59 RES, DEP, CAR, 4.7K +/-5%, 1/4W 348821 80031 CR251-4-5P4K7 REF
R0 RES, DEP. CAR, 1K +/-5%, 1/44 343426 80031 CR251-4-5P1K REF
R61 RES, DEP. CAR, 10K +/-5%, 1/4W 348839 80031 CR251-4~5P10K REF
RE2 RES, DEP. CAR, 10K +/-5%, 1/4W 348839 80031 CR251-4-5P1OK REF
RE3 RES, DEP. CAR, 10K +/-5%, 1/4W 34883% 80031 CR251-4-5P10K REF
R64 RES, DEP. CAR, 1.3 +/-5%, 1/4W 442012 80031 CR251-4-5P1E3 1
R65 RES, DEP, CAR, 330 +/-5%, 1/4W 368720 80031 CR251-4-5P330E 3
RE6 RES, DEP. CAR, 27 +/-5%, 1/&4 348763 80031 CR251-4-5P27E REF
R67 RES, DEP. CAR, 330 +/-5%, 1/4w 368720 80031 CR251-4-5P330E REF
R68 RES, MTL. FIilM, 1K +/-1%, 1/84 168229 91637 CMFS51001F 1
R69 RES, VAR, 200 +/-10%, 1/2w 275743 89536 275743 1 1
R70 RES, MTL. FILM, 3.01K +/-1%, 1/84 312645 01637 CMFS53011F 1
R71 RES, DEP. CAR, 330 +/-5%, 1/4W 368720 80031 CR251-4-5P330E REF
RN RESISTOR NETWORK 412866 89536 412866 1
5-10
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Table 5-2. A1 Main PCB Assembly {cont}

N RV

FLUKE | MFG N
REF MFG PART NO. TOT {REC| ¢
Es DESGRIPTION Si?fk ggé; OR TYPE QTY | oTY ‘é“
RN2 RESISTOR NETWORK, 4.7K +/-2%, 1/8W 412916 89536 412916 1
§1,2,3 PUSHBUTTON ASSY 473991 B9536 473991 1
s4 SWITCH, SLIDE, DPDT 234278 B9536 234278 2
S5 SNITCH, SLIDE, DpDT 234278 89536 234278 REF
58 SNITCH, SLIDE 354878 B9536 354878 1
TF1-TP9  CONNECTOR, PIN 379438 00779 1-87022-0 REF
Ul SEE FINAL ASSEMBLY TABLE 5-1
uz2 SEE FINAL ASSEMBLY TABLE 5-1 REF
u3 SEE PINAL ASSEMBLY TABLE 5-1 REF
U4 SEE FINAL ASSEMBLY TABLE 5-1 REF
Uus IC, TTL, QUAD, 2-INPUT POS-AND GATE 477539 01295 SN74S08N 1 1
ué IC, TTL, DUAL J-K EDGE TRIG, F/F 363440 01295 SMT4S112N 2 1
U7 IC, DUBL, "D* TYPE, EDGE TRIGGERED, F/F 418269 01295 SN74S74N 1 1
us SEE FINAL ASSEMBLY TABLE 5-1 REF
U9 IC, TrL, MIS, QUAD, 2-LINE-TO-1-LINE 403576 01295 SN74157N 1 1
Ul IC, LINEAR OP AMP 284760 12040 LM308 1 1
ull SEE FINAL ASSEMBLY TABLE 5-1 REF
ulz IC, EOS NOR GATES, TCTEM POLE OUTPUTS 393041 01295 SNT4LSOZN 1 1
ul3 IC, TTL, DUAL J-K EDGE TRIG, F/F 363440 01295 SM74S112N REF
U4 IC, TTL, MSI, DECADE COUNTERS 293159 01295 SN7490AN 2 1
Uis SEE FINAL ASSEMBLY TABLE 5-1 REF
Ule@ IC, TTL, MIS, QUAD "D" TYPE F/F W/CLEAR 355057 01295 SN74175 1 1
u17® 1€, C-M0S, BCD TO 7-SEG LATCH/DECCODER 429522 04713 MC14511CP 1 1
U1B@ 1C, C-M0S, HEX BUFFER/INVERTERS 381848 02735 CDAD49UBE 2 1
U19 IC, DUAL, 4~BIT DEDADE & BINARY COUNTERS 483594 01295 SN74LS390N 1 1
uzom 1C, MOS, COUNTER TIME BASE CIRCUIT 381822 50088 MKSO0ON 1 1
u2l® IC, C-MOS, DUAL, "D" TYPE, F/F 340117 02735 CDA013AE 31
uzz® 1€, C-M0S, HEX BUFFER/INVERTERS 381848 02735 CD4049UBE REF
u23 1C, PTL, MSI, DECADE COUNTERS 293159 01295 SN7490AN REF
U24@ IC, C-MDS, TRIPLE 3-INPUT OR GATES 408575 02735 CD4073BE 1 1
U25@ %, MCS-TO-LED HEX DIGIT DRIVER 429506 12040 DST75492N 21
U26@ 1C, C-M0OS, QUAD, AND-OR SELECT GATE 419010 18324 CDADI9AE/NAOIGA 1 1
u27 iC, TTL, SCHMT, TRGGR, POS NAND GATES 483180 01295 GSN74LS14N 1 1
uzs@ IC, C-MOS 14-STAGE BINARY CNTR/DIVIDER 394486 02735 CD4D20AE 1 1
U29 10, 'BTL, QUAD, 2-INPUT, EOS, NAND GATE 393033 01295 SN74LSOON 1 1
U30@ IC, C-M0E8, HEX BUFFER/INVERTER 381830 02735 CD4050AE 1 1
Ulld IC, C-MOS, NAND GATES, TRIPLE, 3-INPUT 375147 02735 CD4023A 1 1
U32® 1C, C-M0S, DECADE COUNTER/DIVIDER 403568 18725 CDAO17AE 1 1
U3z IC, C-MOS, QUAD, 2-INPUT NOR GATES 355172 02735 CD4001AE 1 1
U34@ IC, C-m0S, DUAL, "D" TYPE, EF/F 340117 02735 CD4D13AE REF
U3s® IC, C-MOS, DUAL, "D" TYPE, F/F 340117 02735 CDAOL3AE REF
UB® IC, MOS-TO-LED HEX DIGIT DRIVER 429506 12040 DS7549 REF
u37T@® IC, COS/MOS, QUAD, BILATERAL SWITCH 363838 02735 CD4016AE 21
U3se 1C, COS/MOS, QUAD, BILATERAL SWITCH 363838 02735 CDAULGAE REF
U39 SEE FINAL ASSEMBLY TABLE 5-1 REF
u4n SEE FINAL ASSEMBLY TABRLE 5-1 REF
U4l SEE FINAL ASSEMBLY TABLE 5-1 REF
U4z IC, LIN, 3-TERMINAL, NEG FIXED VOLT NEG 473819 (7263 A7T9L12AWC 1 1
U43 IC, LINEAR TIMER 402610 18324 NESS55N 1 1
XF2 SOCKET, FUSE 403642 00779 50B63-8 4
NOTE: @ indicates the item can be damaged by static discharge.
5-11
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Table 5-2. A1 Main PCB Assembiy (cont)

FLUKE | MFG N
REF MFG PART NO. TOT | REC| ¢
DESCRIPTION STOCK | SPLY
DES 08 TYPE Y (oY | T
NO. | CODE LA
XF3 SOCKET, FUSE 403642 00779 508638 REF
XU1 SOCKET, 1C, 16-PIN DIP 370312 91506 316-AG39D 4
P SOCKET, IC, 16-PIN DIP 370312 91506 316-AGIID REF
X3 SOCKET, IC, B-PIN 478016 91506 308-AG39D 1
XU8 SOCKET, IC, 16-PIN DIP 370312 91506 316-AG3ID REF
X1l SCCKET, IC, 16-PIN DIP 370312 91506 316-AG39D REF
XU15 SOCKET, IC, 40-PIN DIP 429282 09922 DILB4OP-108 1
X3 SOCKET, XSTR 402958 09922 402958 3
XU40 SOCKET, XSTR 402958 09922 402958 REF
x4l SOCKET, XSTR 402958 09922 402958 REF
5-12
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Table 5-3. A2 Front Panel PCB Assembly

FLUKE | MFB N
REF MFS PART NO. TOT {REC! g
DESCRIPTION STOCK | §PLY
on TYPE Trigryi T
DES NO. | cooE rv o
a2 FRONT PANEL BCB ASSEMBLY 471516 89536 471516 1
FIGURE 5-3 {7220-4002T)
Cl CAP, MTL. FILM, .C68 UF +/-20%, 250V 478651 25403 C2B1A/AGBK 1
c2 CAP, CER, 7.5K +/-0.25 PF, 1000V 519082 56289 561CCOIBALO2AFTREC 1
c3 CAP, CER, 500 PP +/-10%, 1 KV 105692 71590 ZDDH6ONSOLK 1
cs CAP, TA, 10 UF +/-20%, 15V 193623 56289 196D106X0015A1 4
c5 CAP, CER, 100 PF +/-10%, 1 KV 105593 71590 DD-101 1
cé CAP, ELEC, 22 UF +/-20%, 16V 519074 56289 196D226X0016A1 1
c7 CAP, CER, .001 UF +/-20%, 500V 402966 72982 8121~Al00-WSR-1024 5
ol CAP, Th, 39 UF +/-20%, 6V 163915 56289 196D396X0006KAL 2
C9 CAP, TA, 39 UP +/-20%, &V 163915 56289 196D396X0006KAL REF
C10 CAp, Th, 10 UF +/-20%, 15V 193623 562890 196D106X0015A1 REF
c11 CaP, CER, .001 UF +/-20%, 500V 402966 72982 B121-Al00-WSR-102M  REF
c12 CAP, MICA, 390 PP +/-5%, 500V 148437 72136 IDM15F391J 1
c13 CAP, CER, .001 UF +/-20%, 500V 402966 72982 B8121-AlO0-WSR-102M  REF
c14 CAP, CER, 39 PF +/-2%, 1000V £19090 56288 561CCOIBALGZAG390F 1
C15 CAP, CER, .001 UF +/-20%, SO0V 402966 72982 8121-A100-WSR-102M REF
c17 CAP, ThA, 10 UF +/-20%, 15V 193623 56289 196D106X0015A1 REF
ci8 CAP, TA, 10 UF +/-20%, 15V 193623 56289 196D106XC015A1 REF
c19 CAP, CER, .00l UP +/-20%, 500V 402966 72982 B812i-Al00-WSR-102M REF
CR1 DIODE, 5I, LOW CAP, 250 MW 523746 07263 FEJT 1138 2 1
CR2 DIODE, SI, LOW CAP, 250 MW 523746 07263 FJT 1138 REF
D51 DISPLAY LED 477562 89536 477562 9 2
DsS2 DISPLAY LED 477562 89536 477562 REF
0s3 DISPIAY LED 477562 BO536 477562 REF
DS4 DISPLAY LED 477562 89536 477562 REF
0S5 DISPLAY LED 477562 89536 477562 REF
LS6 DISPLAY LED 477562 89536 477562 REF
157 DISPLAY LED 477562 89536 477562 REF
Ds8 DISPLAY LED 477562 89536 477562 REF
D59 DISPIAY LED 477562 89536 477562 REF
DS10 DIODE, LIGHT EMMITING 483420 28480 HLMP6203 1 1
DS11 DICDE, LIGHT EMMITING 483420 28480 HIMP6203 REF
DS12 DIODE, LIGHT EMMITING 483420 28480 HIMP6203 REF
H1 SCREW, PHP, 2-28 X .406 493957 89536 493957 8
J1 CONNECTOR 460030 22526 65000-220 1
a2 CONNECTOR, RECEPTACLE 375329 00779 §5863-3 3
Ll CHOKE, 6-TURN 320911 89536 320011 1
MPl ACTUATOR (51, S2, & S3) 434371 00779 435995 3
MP2 CARRIER 477976 00779 435999-9 2
MP3 CONNECTOR, COAXIAL 479162 24931 28JR175 1
mp4 DETENT SPRING 472878 00779 435996 3
MP5 SPACER, LED 426882 89536 426882 1
MP6 TEST JACK (ON CIRCUIT SIDE, NOT SHGAN) 149112 74970 105-0753 1
MP7 WIPER GUIDE 472886 00779 435998 3
o1 XSTR, J-FET, N-CHANNEL 288324 89536 288324 1 1
02 XSTR, SI, NPN 218396 04713 2N3904 1 1
R} RES, COMP, S10K +/-5%, 1/4W 285338 D1121 (CBYL1S 1
R2 RES, COMP, 100K, +/-5%, 1/4W 148189 01121 CB1043 1
R3 RES, COMP, 220K +/-5%, 1/ 109025 01121 CB2215 1
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Table 5-3. A2 Front Panel PCB Assembly {cont}

N |
REF DESCRIPTION g’;g'é; g‘;& MFG PART NO. 107 [REC| g
DES no. | coor OR TYPE orY | QTY ;f
R4 RES, DEP. CAR, 150 +/-5%, L/4W 343442 80031 CR251-4-5P150E 1
RS RES, DEP. CAR, 12K +/-5%, 1/4W 348847 80031 CR251-4-5P12K 1
R6 RES, DEP. CAR, 2.7K +/-5%, L/AW 386490 80031 CR251-4-5P2K7 1
R7 RES, MTL. FIIM, 1.5K +/-1%, 1/84 313098 91637 CMF55152F 2
RS RES, MIL. FILM, 1.5K +/-1%, 1/8W 313098 01637 CMF5S152F REF
R9 RES, DEP, CAR, 470K +/-5%, 1/44 342634 80031 CR251-4-5P470K 1
R10 RES, VAR, 25K +/-10%, 1/2W 289678 11236 3605253 11
R11 RES, VAR, CERMET, 5K +/-20%, 1/24 226084 80031 ETSOW02 PO
R12 RES, VAR, 25K +/-30%, 1/4W 485664 89536 485664 11
R13 RES, DEP. CAR, 10K +/-5%, 1/84 348339 80031 CR251-4-5P10K 2
R14 RES, DEP. CAR, 10K +/-5%, 1/d4W 348839 80031 CR251-4~5P10K REF
R15 RES, DEP. CAR, 180 +/-5%, 1/4W 441436 80031 CR251~4-5P180E 1
R17 RES, DEP. CAR, 560 +/-5%, /AW 335948 80031 CR251-4-5PS6OE 2
R18 RES, DEP. CAR, 560 +/-5%, 1/4W 385948 80031 CR251-4-5PS60E REF
BN1 RESISTOR NETWORK, 10K +/-2%, 1/8W 412924 89536 412924 1
RN2 RESISTOR NETWORK, 10K +/-2%, 1/8W 414003 89536 414003 1
Ul IC, ANALOG BI-POLAR DC COUP WIDEBAND 2MP 420191 89536 429191 1 1
Uz i, LIN, 3-TERMINAL NEG FIXED VOLT REG 454793 04713 MCT79L0RACP 1 1
XUl SOCKET, 1.C. 413229 01205 C 93102 1
5-15
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Table 5-4. A3 Timebase PCB Assembly

FLUKE | MFG N
REF MFG PART NO. TOT | REC]
DESCRIPTION STOCK | SPLY

DES ND. CODE OR TYPE ovY | gryY I

A3 TIMEBASE PCB ASSEMBLY 538660 89536 538660 REF
FIGURE 5-4 (7220A=-2009T)
1 CAP, MINIATURE TRIMMER, 1.5-14 UF, 250V 543520 91293 8091 1
gz £aP, CER, 22 PF +/-5%, 100V LUBKNG  B0031  2222-638-10229 1
€3 CAP, CER, 0.01 UF +/-20%, 100V 407361 T2982 B121-A100-WSR-103M 1
ch CAP, CER, 0.22 UF +/-20%, 50V 300846 71590 CWI0C224K 1
L1 CHOKE, 6~TURN 320911 B%536 320911 1
MP1 PINS, CONTACT (NOT SHOWN) 376574 0QO0T79 3-87022-1 5
"1 RES, MTL. FILM, 47.5 +/-1%, 1/8W 306076 91637 CMFS54TRSF 1
R2 RES, COMP, 560 +/-5%, 1/8V 115303 01121 BBS615 5
R3 RES, COMP, 1K +/-5%, 1/8W 153916 01121 BB1025 1
RY RES, COMP, 560 +/-5%, 1/8W 115303 01121 BBS615 REF
RS RES, COMP, 560 +/~5%, 1/84 115303 01121 BB5615 REF
R6 RES, COMP, 560 +/-5%, 1/8W 115303 01121 BBS615 REF
RT RES, COMP, 560 +/-5%, 1/8W 115303 01121 BB5%15 REF
] 30, ECL, DUAL 4-5 INPUT OR/NOR GATE 5496 ONT13  MC1010%P 1 1
¥1 CRYSTAL, QUARTZ 385732 89536 1385732 1
—(R2 }—
R
= T
c2 o Ut 4
R
&
c=
U gy SR, i b
O [ea ]
7220A-1609
Figure 5-4. A3 Timehase PCB Assembly
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6-1. INTRODUCTION

6-2.  This section of the manual contains information
about options and accessories available for use with the
7220A. Where applicable, these descriptions will include
the same kind of information as presented in Sections 1-5
of this manual {specifications, installation, theory of

“r e n A

operation, etc.). Schematic diagrams for any appropriate
option or accessory may be found in Section 8.

6-3. Accessory information can be identified with
“600-" paragraph numbers. For options, relevant page
and paragraph numbers contain the option number.
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600-1. ACCESSORIES
600-2. Ordering Information

600-3. When appropriate, instaliation instructions are
inciuded with each accessory ordered. Be sure to include
the accessory model number when ordering.

600-4. Rack and Panel Adapters

600-5. Mounting kits may be ordered to adapt the
standard 7220A PTl-style size C instrument case to either
rack or panel mounting. Each kit includes all mounting
hardware. Model Y2014 allows one 7220A case to be
mounted in a 19-inch rack, and Mode! Y2015 allows two
7220A cases to be mounted in a i9-inch rack. Mode!
Y2020 ailows one 7T220A case to be panel-mounted.

600-6. Instrument Cables

600-7. Two instrument ribbon cables are available for
connecting the Digital Interface Option-521 to the Inter-
face PCB Assembly Option~522, which is mounted in the
1120A IEEE-488 Translator. The cables are identical in

Accessories

function and differ only in length. Cable Y7203 is 2 feet in
length, and cable Y7204 is 5 feet in length. Cable Y7203 is
supplied with Options -521 or -529.

600-8. Whip Antenna

600-9. The AS53 Whip Antenna atlows the 7220A to
make RF measurements via the antenna rather than
cable connection. The Whip Antenna attaches directly to
the 7220A front panel Channel A or Channel B input
BNC connectors, and can be swiveled or extended for
easy positioning.

Table 600-1. 7220A Accessories

MODEL NO. DESCRIPTION
Y2014 Singte mount 19 inch rack
Y2015 Dual mount 19 inch rack
Y2020 Singie mount panel
Y7203 2 foot connecting cable
Y7204 5 foot connecting cable
AB3 Extendable whip antenna

600-1/600-2

7220A
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010-1. INTRODUCTION

010-2.  Option -010 is a nickel-cadmium rechargeable
battery unit. The option uses "F” cell nicad batteries fora
total capacity of 5.6 amp hours. With a completely
discharged battery, charge time is a minimum of 16 hours
at room temperature. A discharge cut-off relay has been
incorporated to guard against discharging the nicads to
too low a level. A thermistor sensor circuit monitors
battery temperature and halts the charging if the battery
gets too hot. The battery output is fused to protect it
against short circuits. Housed in a separate plastic box to
eliminate acid corrosion problems, the battery assembly
is attached inside the top cover. This option can be
installed in the field. Order kit number 72XXA-010K.

010-3. SPECIFICATIONS

010-4. Specifications for the -010 Battery Option are
listed in Table 010-1.

010-5. INSTALLATION

010-6. Use the following procedure to install the -010
Battery Option. Refer to Figure 010-1 for instaliation
instructions. Component location can also be determined
using Figures 010-3 and 010-4.

1. Remove line power from the instrument.

2. Remove the top cover using the procedure
described in Section 4.

3. Place the battery assembly so that the battery
and Battery Option PCB are closer to the front of
the instrument and the two instrument handle hold-
down bolts are through the corresponding holes on
the battery bracket,

Option -010
Battery Pack

4. Place the two nuts on the instrument handle
hold-down bolts and tighten.

5. Remove the bottom cover using the procedure
described in Section 4. Do not remove the Front or
Rear Panel assemblies from the Main PCB.

6. locate solder bridge SBI near the
BTRY/LINE switch on the bottom of the Main
PCB.{For 7220A, SB!l is on the front left corner of
the bottom of the main PCB). Remove the short. In
addition, remove the short on SB6 for the 7261A
only.

7. Install the bottom cover.

8. Plug the two cables from the Battery Option
PCB into their appropriate connectors on the Main
PCB. Grey plug to JBI, black plug to JB2,

§. TFasten the grey ribbon cable under the grey
retaining clip (located on the bottom side of the
instrument’s top cover).

10. Install the top cover of the instrument.

Tabie 010-1. Specifications

Capacity . . . . b.B Ampere hours
Battery Type . Four size “'F"' nicad cells
Charge Time 16 hours minimum at
room temperature
Thermistor actuated shut
down of charging circuit
if battery gets near 65°C
Discharge . . . . Low voltage automatic
Protection shut down at about +4V
to prevent batiery dis-
charging to a reversed
cell condition.

Charge Protection

010-1
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Figure 010-1. Installation
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010-7. OPERATION

010-8.  Touse the battery for instrument power, set the
BTRY/LINE switch to the BTRY position. The
ON/STBY switch functions normally. The instrement
may be powered from the batterv with the line cord
plugged into line power. This serves no useful purpose,
however, and discharges the battery needlessly. When the
battery has discharged to about 4V, the low battery
voltage relay will remove the instrument load from the
battery output, preventing the battery from discharging
to too low a jevel. Place the two POWER switches in the
STBY and LINE positions to recharge the battery. After
the battery has been charged sufficiently, the RESET
switch on the instrument front panel must be pressed to
uniatch the low voltage relay and restore normal battery
operation.

010-9. I neither oven time base option is instailed, the
battery will recharge any time the instrument is connected
to line power and the power control is set to STBY. The
charge rate is maximum when the ON/STBY switchisin
the STBY position, and the BTRY/LINE switch is in the
LINE pesition. If the battery is discharged completely,
this charge rate will recharge the battery in 16 hours at
temperatures around 22°C {72°F). If either oven time
base is installed, the BTRY/LINE switch determines
which source will power the oven. For maximum charge,
the switch must be in the LINE position and the
ON/STBY switch must be in the STBY position. If the
BTRY/LINE switch 15 in the BTRY position and the
ON/STBY switch is in the STBY position, the oven will
draw about 200 mA of the 560 mA charging current.
Under these .conditions, the battery may not charge
completely. If the POWER switches are in the ON and
LINE positions, the charging rate will be reduced to
prevent overheating inside the instrument. This charge
rate 18 insufficient to recharge the battery but will
maintain a float charge on the battery. The thermocoupie
sensor wili halt the charge to keep the battery temperature
from exceeding 65°C (149°F). (This will only occur in
high ambient temperature environments.) The battery
charge will automatically resume when the battery has
cooled enough.

NOTE

Batrery manufacturers recommend that nicad
batieries should not be stored for extended
periods of time without recharging at least
every 90 days. Srorage iemperature below:
259C (77° F) is recommended.

010-10. THECORY OF OPERATION

010-1}.  The theory of operation for the -010 Option
will be divided into a basic functional description of the

major circuits of the option and a detailed circuit analysis
of each circuit.

010-12. BASIC FUNCTIONAL
DESCRIPTION

010-13,  As Figure 010-2 shows, there are four main
sections to the Battery Option PCB circuitry. The Current
Source uses +5V unregulated power from the Main PCB
to provide the charging current for the battery. The
charging rate (high or low) is determined by the position
of the ON/STBY switch. The Battery Hi-Temp Circuit
reduces the charging current if the battery temperature
approaches 65°C. The Low Battery Voltage Relay circunt
normally passes the battery powerontothe BTRY/LINE
switch. Should the battery voltage drop to around 4V, the
relay contacts will open, removing the ioad from the
battery. The RESET switch on the instrument front panel
must be pressed to restore the Low Battery Voltage Relay
Circuit. If the BTRY/LINE switch is in the BTRY
position, the +5V power {rom the battery is connected to
the ON/STBY switch, and the oven if an oven time base is
installed. If the ON/STBY switch is in the ON position,
the battery power is supplied to the instrument and the
Inverter circuit. The Inverter circuit provides aperating
voltages for the -5V, +12V and -12V regulators.

010-i14. DETAILED CIRCUIT ANALYSIS

010-15. The Battery Option Schematic in Section §
will be used to illustrate the detailed circuit analysis. The
battery and thermistor are located inside the battery case,

010-16. Battery Hi-Temp Circuit

010-17.  The Battery Hi-Temp Circult is an inverting
amplifier that protects the battery by reducing the battery
charging current as the battery temperature approaches
65°C. It does this by aitering the bias voitage of the
Current Seurce controller to turn off the current source.
The inverting amplifier is U1B with thermistor RT! used
as the feedback resistor. The positive input of the opamp
is COMMON. The negative input is the -2V coupled
through R9. RT1 is located next to the batiery, When the
battery is about 22°C, the resistance of RT! will be about
50}, At this time, the output of the inverting amplifier
(felt at the lower junction of R7 and R8) 1s about +.4V.
RTI exhibits a positive temperature coefficient. As the
battery temperature rises, the resistance of RT1 increases.
When the battery temperature approaches 65°C, the
resistance of RT! passes over a sharp knee and
approaches 500(). The outpui of the negative gain
ampiifier approaches +5V.

010-18. Current Source

010-19.  The Current Source uses the unregulated +5V
from the Main PCB to provide charging current for the

010-3
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Figure 010-2, -010 Option Block Diagram

battery. This circuit consists of the series pass element,
Q1; the sensing element, R1; the control element, UTA;
and their associated circuitry. QI directly controls the
current charging the battery. The base biasof Q1 isinturn
controlied by the output of UlA. The positive input is
battery voltage felt on the battery side of R1 (TP2). The
negative input is picked off the voltage divider network
composed of R2, RE and sometimes R7. The voltage
divider is between the input side of R (TP1) and the
oatput of the Battery Hi-Temp circuit.

010-20.  Thechargingcurrent is changed by altering the
input to UlA from the voltage divider. The voltage
divided input is altered by changing the position of the
ON/STBY switch. When the switch is in the STBY
position, R7 is placed in parallel with R8. Their combined
resistance is about one-fifth that of R8 alone. At normal
operating temperatures, the bottom of the voltage divider
is at -+0.5V and the top is at battery voltage plus the
voltage drop across R1. The op amp causes Q1 to pass
nominally 560 mA through R 1. If the ON/STBY switchis
in the ON position, R7 is no longer in parallel with R8.

010-4
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This change in the voltage divider input to UL A will cause
the charging current to decrease to nominally 110 mA. If
the batiery temperature approaches 65°C, the bottom of
the voltage divider becomes +5V and the voltage at TP1
approaches the battery voltage. This decreases the output
of the op amp cutting off QI. As the battery cools, the
resistance of the thermistor decreases allowing the battery
charge to resume. If FI blows, removing the regulated
input to UlA, CR10 will limit the conduction of QI so
that the voltage at TP2 does not exceed 6V.

010-21. Low Battery Voitage Relay Circuit

£10-22.  The low battery voltage relay keeps the battery
from discharging to a reversed cell condition by removing
the battery load when battery voltage drops to about 4V.
The battery is connected to its load through K1, a two coil
latching relay. During normal operation, the battery and
its load are connected, Q2 and Q6 are off and Q51is in
saturation. When battery voitage drops to about 4V, the
base bias on Q5 (TPS5) is low enough to cut Q5 off. This
lets the input on pin 13 of flip-fiop U2 rise. This will
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change the state of U2 making the output on pin 11 of U2

go low. This causes Q6 to conduct, charging C2 and

turning Q2 on. When Q2 conducts, the coil of K1 in the
coliector of Q2 will energize, opening K1 When Kl
removes the battery loads, the input circuitry for Q2 is
deenergized. C2 has been charged to make (32 conduct
long enough to insure that KI is latched in the open
condition. After the battery has been recharged, pressing
the RESET switch on the front panel will connect battery
voltage to both the reset coil of K1 and pin 6 of U2, The
RESET switch contacts will be closed long enough to
insure that K1 will be latched shut. This will restore the
connection between the battery and its load. Q5 will go
into saturation. The battery voltage at pin 6 of U2 will
cause pin 11 to go high, turning off Q6.

010-23. Inverter

010-24.  The Inverter is composed of Q3, Q4, T! and
their associated circuitry. The three components form an
oscillator that runs at about 10 kHz. This oscillation
allows T1 to step up the battery voltage to provide
rectified operating voitages to the -3V, +12V and ~12V
regulators for instrument power.

010-25. PERFORMANCE TEST

(10-26. Use the following procedure as a performance
test. Table 010-2 lists the test points. The component
location diagram at the end of this option can be used to
jocate these test points. The instrument wili be referred to
as the UUT (Unit Under Test). Use a variable DC power
supply with an output range of at least 3-5V and the test
equipment listed in Section 4.

|. Remove the top cover of the UUT using the
procedure given in Section 4. Leave the cables from
the Battery Option PCB connected to the Main
PCB and lay the top cover beside the instrument,
upside-down, The grey ribbon cable will have to be
removed from the retaining clip on the bottom side
of the top cover.

Table 010-2, Test Points

TEST
POINTS COMMENTS
TP1 Voltage across sensing resistor, R1.
TP2
TP3 COMMON
T84 Battery voitage.
TP5 Low Battery Voltage Sensing Point
TP6 Low Battery Voitage Cut-Off Signal.

2. Connect the UUT to line power.

3. On the UUT front panek:

a. Set the ON/STBY switch to the STBY
position,

b. Set the RTRY/LINE switch to the LINE
position.

4. Connect the DVM: + to TP2, - to TP3.

5. Verify that the DVM reads greater than 5V. If it
does not, continue the charge until this reading
(Battery Voltage) is at least 5V.

NOTE

In the next step, the DV M test leads must be
isolated from ground.

6. Connect the DVM: + to TPI, - to TP

7. Verify that the DVM reads between 96 mV and
128 mV,

8. Set the ON/STBY switch to ON.

9. Verify that the DVM reads between 14 mV and
30 mV,

10, Set the ON/STBY switch to STBY.
11. Connect the DVM: +to TP4, - to TP

2.  Verify that the DVM reads battery voitage. If
there is no voltage present, press the RESET switch
on the front panel. The DVM should now read
battery voltage.

CAUTION

The counier must be disconnecied from
ground during the following soldering
procedures. Disconnect the power cord and
any other connection (e.g., BNC) that may be
introducing a ground to the instrument. The
use of an ungrounded soldering Iron Is
recommended.

13. Unsolder an end of the fuse wire located on the
PCB near the battery harness.

14. Adjust the DC Power Supply for a +5V
output.

15. Connect the DC Power Supply + to TP2, - to
TP3.

010-5
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16, Connect the DVM - lead to TP4, - lead to
ground.

17.  Slowly reduce the DC Power Supply voltage
untii the relay opens as indicated by the voitage of
TP4 dropping suddenly to 0V. {The click of the
relay may also be heard.)

18. Verify that the output voitage of the DC
Power Supply is between +3.8V and +4.3V.

19. Disconnect the DC Power Supply. Resolder
the fuse wire.

20. On the front panel of the UUT:
a. Press and release the RESET switch.

b. Set the ON/STBY switch to the ON
pOSition.

¢. Set BTRY/LINE switch to the BTRY
position.

d. Setthe RESOLUTION switch to the | kHz
position. (For 7220A, 100 Hz.)

e. Set the function select switch to the CHK
position.

21. Verify that the UUT display reads 10.000. (For
7220A, display shouid read 10.0000.)

010-27. MAINTENANCE

010-28. Battery Replacement

010-28.  Use the following procedure to replace the
batiery:

610-6

I. Remove the line power {from the instrument.

2. Remove the top cover of the instrument using
the procedure given in Section 4. Place the top cover
upside-down on the work surface,

3. Disconnect the two cables between the Battery
PCB and the Main PCB.

TRXXA-010

4. Remove the four screws holding the battery
case to the battery bracket.

5. Note the position of the thermistor. This will be
impoertant in a later step.

6. Lift the battery case and Battery Option PCB
off the battery and place it to one side.

7.  Unsolder the two wires connected to the battery
(white and black).

8. Dispose of the old battery.

9. Solder the white and black wires {0 the tabs on
the new battery. White to the tab on the recessed
battery end (+) and black to the tab on the flush
battery end (-).

i0. Replace the battery case being sure to place
the thermistor in the same position noted in step 5.

}l. Connect the two cables between the Battery
PCB and the Main PCB.

12. Replace the top cover,
010-30. Fuse Replacement

010-31.  Use the following procedure to replace the fuse
on the Battery Option PCB:

1. Remove the line power from the instrument.

2. Remove the top cover from the instrument
using the procedure given in Section 4. Place the top
cover upside-down on the work surface.

3. Unsolder the ends of FI from its terminals.

4, Solder a suitable length of #35 magnet wire
between the fuse terminals,

5. Place the top cover on the instrument.

010-32. LIST OF REPLACEABLE PARTS

010-33.  Table 010-3 is a list of replaceable parts for the
battery assembly. Figure 010-3 is the component location
diagram for this table.
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Tabie 010-3. Battery Option -010 Assembly

FLUKE | MFG N
REF MFG PART NC. TOT {REC] g
BESCRIPTION STOCK | SPLY
¥ T
DES ND. cODE OR TYPE oy oy T
@ BATTERY OPTION-010 ASSEMBLY OPTION ~010 1
FIGURE 6010-3 (7220A-4010T)
BATTERY PCB ASSY ORDER BY QPTION ~010 REF
BT1 BATTERY ASSY 484048 89536 484048 1
c1 CAP, TA, 2.2 UF +/-20%, 20V 161927 56289 196D225X0020HAL 6
cz CAP, TA, 4.7 UF +/-20%, 25V 161943 56289 196D475X0025KAL 1
C3 CAR, TA, 330 UF, +/-10%, 6V 193011 56289 150D337X9006S 1
4 CAR, Th, 2.2 UF +/-20%, 20V 161927 56289 196D225X0020HAL REF
s CAP, CER, 47 PP +/-20%, 1000V 369132 56280 CO30B102H4707 1
Ca CAP, CER, 0.1 UF +/-GWM, 25V 369199 71590 UK-25-104 1
o CAP, TA, 2.2 UF +/=-20%, 20V 161927 56289 196D225X0020HAL REF
ce CAP, TA, 2.2 UF +/-20%, 20V 161927 56289 196D225X0020HAL REF
c9 CAP, TA, 2.2 UF +/-20%, 20V 161927 56289 196D225X0C20HAL REF
Ci0 CAB, TA, 2.2 UF +/-20%, 20V 161927 56289 196D225X0020HAL REF
CR1 DICDE, SI, HI-SPEED SNITCH 203323 07910 1n4448 9 2
CR2 DIODE, $I, HI-SPEED SWITCH 203323 07910 1N4448 REF
CR3 DIODE, SI, HI-SPEED SWITCH 203323 07910 1N4448 REF
CR4 DIODE, 81, HI-SPEED SAITCH 203323 07910 1N4448 REF
CRS DIODE, SI, HI-SPEED SWITCH 203323 07910 1N4448 REF
CR6E DIODE, SI, HI-SPEED SWITCH 203323 07910 1N4448 REF
CR7 DIODE, SI, HI-SPEED SWITCH 203323 07910 1N4448 REF
CR8 DIODE, S1, HI-SPEED SWITCH 203323 07910 1N4448 REF
CR9 DIODE, SI, HI-SPEED SWITCH 203323 07910 1N4448 REF
CRIC DIODE, ZENER, 7.5V 256446 (7910 INUS5B 1
H1 NUT, HEX, #4 147611 89536 147611 2
H2 SCREW, PHP, 4~40 X 1/4 120890 73734 19022 1
H3 SCREW, PHP, 6-32 X 1/4 152140 73734 19042 8
H4 SCREW, RHD, PH, 4-40 X 3/8 152124 73734 18024 2
HS SPACER 500074 89536 500074 4
HE WASHER, FLAT #8 110288 73734 97425 4
HY WASHER, FIBER 246488 73734 1471 4
HE WASHER, #6 110338 89536 110338 8
HY WASHER, #6 152140 89536 152140 4
H10 WASHER, LOCK #4 110403 73734 1302 2
H1ll WASHER, SHOULDER, INSULATING 485417 86928 5607-50 1
H12 WASHER, SPLIT #4 110395 89536 110395 1
K1 RELAY, LATCHING 484535 89536 484535 1
Ll CHOKE 502138 89536 502138 1
MP) BRACKET, BATTERY 476200 B9536 476200 1
MP2 CASE, BATTERY 475459 89536 475459 1
MP3 CABLE TIE 172080 06383 SST-1M 1
MP4 INSULATCR, REG. 412809 13103 43-77-8 1
MPS PLUG, CONNECTOR KEY (NOT SHOWN) 500801 52152 3435-0000 1
MPG SPACER, FCB COMPONENT (NOT SHOWN) 296319 89536 296319 1
MP7 SPACER, XSTR (TO 02) (NOT SHOWN) 152207 07047 10123-DAP 1
Q1 TRANSISTOR, SI, NPN, PNR 325761 09214 D44CH 1 1
02 XSTR, SI, NEN' 346916 89536 346916 11
03 XSTR, SI, NPN, BWR 325720 (04712 MJE2055 2 1
04 XSTR, SI, NEN, EWR 325720 04713 MIE3055 REF
010-7
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Table 010-3. Battery Option -070 Assembly {cont)

NOTE: @ Indicates the item can be damaged by static discharge.

FLUKE | Mf6 N
RLF MFE PART NG TOT | REC| ¢
BESCRIPTION STOCK | SPLY
BES N, COOE OR TYPE oFY | oty E
05 XSTR, SI, NPN 218396 04713 2N3904 1 1
06 XSTR, SI, PNP 195974 04713 2N3906 1 1
R1 RES, WW, 0.2 +/-3%, 0.7W 255661 89536 255661 1
R2 RES, MTL. FILM, 1.1K +/-1%, 1/84 241497 91637 CMF551101F 1
R4 RES, DEP. CAR, 100K +/-5%, 1/4W 348920 80031 CR251-4-5P100K 1
RS RES, MTL. FILM, 86.6K +/-1%, 1/84 201468 91637 CMFS58661F 1
R6 RES, DEP. CAR, 47 +/-5%, 1/4W 441592 80031 CR251-4-5P47E 2
R7 RES, MTL. FIIM, 61.9K +/-1%, 1/6W 237230 91637 -CMF556191F 1
R8 RES, MTL. FILM, 249K +/-1%, 1/8W 268805 91637 CMF552493F 1
R9 RES, DEP. CAR, 1.2K +/-5%, 1/44 441378 80031 CR251-4-5P1K2 1
R10 RES, DEP. CAR, 47 +/-5%, 1/4W 441592 80031 CR251-4~3P47E REF
R1i RES, COMP, 10 +/-5%, IW 166298 01121 GB10OS 1
R12 RES, DEP. CBR, 330 +/-5%, 1/4W 368720 80031 CR251-4-SP330R 1
R13 RES, DEP. CAR, 82 +/-5%, 1/&4 442277 80031 CR251-4-5PB2E 1
R14 RES, MTL. FILM, 10K +/-1%, 1/8W 168260 91637 CMFS51002F 1
R15 RES, MPTL. FILM, 6.65K +/-1%, 1/8W 294918 91637 CMFS56651F 1
R16 RES, THERMISTOR, 10K +/-10%, 3 MW 104596 15801 JA4l3l
R17 RES, DEP. CAR, 1K +/-3%, 1/4W 343426 80031 CR251-4-5P1K REF
R18 RES, DEP. CAR, 470 +/-5%, 1/4W 343434 80031 CR251-4-5P470E 1
T1 XFMR, POWER 4B6530 89536 486530 1
Ui IC, LINEAR OP AMP 414284 12040 IM1458N 1 1
uz@ 1C, COS/MOS, NOR GATES, PFOS LOGIC 355172 (2735 CD4001AE 1 1
Wl CABLE, BATTERY #1 488403 89536 488403 1
W2 CASLE, BATTERY #2 438411 89536 488411 1
W3 CABLE, BATTERY #3 491704 89536 491704 1
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111-1. INTRODUCTION

111-2. Option-111isa temperature compensated crys-
tal oscillator (TCXO) with an intrinsic stability greater
than the standard time base, This increased stability is
due to a temperature compensation network. Figure
111-1 shows the frequency variation for change in
temperature for an uncompensated oscillator and the
compensation network effect. The resulting frequency
deviation (solid line) is held to a minimuam over the
designated temperature range. If the temperature limits
are exceeded, the time base stability may exceed the
specified value.

111-3. SPECIFICATIONS

111-4, Specifications of the 7220A-111 Option are

listed in Table 111-1. Comparative specifications for the

other time bases available are listed in Section | of the
7220A Instruction Manual.

111-5. INSTALLATION

t11-6. Installation of the | PPM TCXO (Option -111)
necessitates removal of the counter’s Main PCB; refer to
disassembly instructions in Section 4 of the Instruction
Manual. The TCXO is installed in the left rear corner of
the Main PCB. Use the {oliowing procedure:

|. Unsolder and remove any other time base already
installed.

2. Refer to Figure 111-2 and install the insulator
and the TCXO.

3. While exercising care not to overheat the Main
PCB, solder the TCXO connections.

Option-111
1 PPM TCXO

4, Completethe followingjumper and solder bridge
arrangements as follows: H necessary, remove the
short at SB2 (bottom of Main PCB, front left
corner}. Also. if necessary, remove the short at SB4
or SB5 (bottom of Main PCB, left rear corner}).
Solder a jumper at SB3 (left rear corner).

111-7. OPERATION

111-8.  Operation of the instrument with the Option
-111 installed is the same as operation of a standard
instrument. Refer to Section 2 for operating instructions.

111-9. CALIBRATION

111-10. Calibration for the TCXO (Option -111) time
base necessitates the use of a frequency reference with an
accuracyof£1 X 10, A cesium standard, such as the HP
50614, is recommended. This calibration procedure calls
for applying the reference frequency to Channet A and
adjusting the time base for a counter display of the known
input. At the 0.1 Hz Resolution setting on the counter,
this method yields an adjustable accuracy of +3 parts in
16® (+ one count error). Proceed with the foliowing steps:

1. Remove the top cover from the 7220A.
2. Press the POWER switch to ON. Allow a min-
imum warmup of twenty minutes.

WARNING

LINE VOLTAGE S PRESENT WHENEVER
POWER CORD IS CONNECTED.

3. Apply an external frequency source of 10 MHz
{100 mV rms) with an accuracy of £1 x 1079

111-1
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Figure 111-1. Compensation Effects

4. On the 7220A front panel,

settings:
RESOLUTION 1 Hz
CHA/CHB 125 MHz

make the foliowing

ATTENUATION as required for a stable

display

5. Ascertain the offset frequency for the installed |
PPM TCXQO. This figure is stamped on the TCXO
case (which is mounted on the left rear corner of the

Main PCRB).

Table 11%-1. Option 7220A-111 Specifications

Nominal Frequency. . . .... .. .. ... 10 MHz
Aging Rate. .. ... perday . ... .... -
per month ... ... +3x107"
per year. .. .. ... +1x107®
Accuracy with Temperature®
(6°t0d40°C). . ... .. .. +1x107°
Line Voltage {10% line variation) . , ... +2x 1077
Battery Operation. ... ........... £2x 1077

*Includes errors caused by temperature variations
during operation as well as all calibration errors when

calibrated per specifications.

111-2

7220A-111

111-11,

FE-12.
completely sealed unit containing no replacement parts.
However, the 7220A-111 Option Kit (Fluke Part Number
5751060) does include the -111 PPM Osallator (Fluke
Part Number 516104} and the Insulator (Fiuke Part
Number 487710), either of which may be ordered separ-

6. Locate the OPT. -111 FREQ ADJ port on the
lower right corner of 7220A rear panel.

7. Using a non-ferrous alignment too! (Fluke Part
Number 542886, Fed. Stock 5120-724-3767), adjust
the | PPM TCXO through the access pori. Adjust
for a displaved reading of 10.000000 MHz MINUS
the offset frequency. For example, with an offset
stamped on the TCXO of -3.7 Hz, adjust for a
display of 13.000004 MHz.

8. Set the RESOLUTION control to 0.1 Hz.

5. Nowadjustthe TCXO foradisplayed reading of
10.0000000 MHz MINUS the offset frequency For
the example given in Step 7, the display should be
10.0000037 Hz.

10. Install the 7220A top cover,
REPLACEABLE PARTS

The 7220A Option -111 1 PPM Osciilator is a

ately, For information about ordering, see Section 5.
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131-1. INTRODUCTION

131-2.  The -131 Option is a crystal oscillator inside a
temperature stabilized oven. The oven uses an extremely
small amount of power. After the assembiy is warmed up,
power consumption is 1 watt, typically. This allows oven
controfled time base accuracy with a battery powered
instrurnent. Operation and Calibration of an instrument
equipped with the -131 Option is the same as with a
standard instrument. Refer to Sections 2 and 4 of this
manual for additional information.

131-3. SPECIFICATIONS

131-4. Thespecifications of the-131 Option are listed in
Table 131-1.

131-5. INSTALLATION

6131-6. Installation of the Low Power Oven Time Base
{Option -131) necessitates removal of the counter’s Main

Tahle 131-1. -131 Gption Specifications

Nominal Frequency . . . . 10 MKz

Aging Rate . . . . . . 1 X 1077 /month*

Accuracy with Temperature 1 X 1077

10° to 40°C)

Line Voltage . . . . . . 2X107®

{10% line variation)

Warmup™”*
10minutes. . . . . . 5X1077
20minutes . . . . . . 3x10°®

Battery Operation 15X 1078

* After 5 days continuous operation.
** Specifies offset from final frequency value (the vaiue
after 24 hours}.

Option-131
Low Power Oven Time Base

PCB: refer to disassembly instructions included with
Section 4. For each counter, the Low Power Oven Time
Base is instailed in the top left rear corner of the Main
PCB. Use the following installation procedure:

[. Unsolder and remove any other time base
already installed.

2. Referring to Figure 131-1, install the Low
Power Oven Time Base and insulator. Use the
provided hardware to secure the time base to the
Main PCB.

3. While exercising care not to overheat the Main
PCB, solder the time base connections.

4. Complete jumper and solder bridge arrange-
ments on the Main PCB as described below:

a. 7220A: I necessary, remove the shortat SB4
and jumper SBS (bottom of Main PCB, left rear
corner), Jumper SB2 (bottom, left front corner).

b. 7250A: If necessary, remove the short
between W1 and +12V and jumper W1 to +3V
(top of Main PCB, left front corner). Jumper
SB2 (bottom of Main PCB, left front corner).

c. T260A or 7261 A: Remove the short at SBS
and jumper SB4 (bottom of Main PCB, left
rear). Jumper SB2. '

131-7. CALIiBRATION

131-8.  Calibration for the Low Power Oven Time Base
necessitates the use of a frequency reference with an
accuracy of =1 X 109, A cesiumstandard, such as the HP

131-1
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5061A, is recommended. This calibration procedure calls
for applying the reference frequency to Channel A and
adjusting the time base fora counter display of the known
input. At the 0.1 Hz RESOLUTION setting on the
counter, this method vields an adjustable accuracy of 2
parts in 10® (X one count error). Proceed with the
foliowing steps:

!. Ensure that the counter’s top and botiom
covers are installed.

2. Apply power to the counter and allow for a
minumum warmup of 20 minutes. When possible a
warmup of 24 hours is preferred.

3. Setcounter controls and connections as defined
in Section 4 of this manual ("Time Base
Calibration”).

4, Conpect the 5 MHz (100 mV) frequency
reference output to CHANNEL A input on the
counter.

5. If necessary, adjust the time base so that the
counter’s display corresponds to the first reading
presented in Table 6131-2, The adjustment is
accessed through a hole in the left rear corner of the
bottom case half. Use a JFD 5284 (or equivalent)
non-ferrous adjustment tool. If installed at the rear
of the bottom case half, the bail will have to be
removed to allow access,

6. Change the counter’s RESOLUTION setting to
the next step listed in Table 6131-2 and repeat step
(5) for the respective display. Display update in the
0.1 Hz setting occurs every ten seconds.

NOTE
When the OVFL LED is illuminated, observe

the GATE LED (on) to verify that a
measurement is being made.

6131-9. LIST OF REPLACEABLE PARTS

131-10. A replacement oscillator can be ordered by
ustng Fluke Part Number 516112, The Manufacturer’s
Federal Supply Code 1s 89536 and the Manufacturer's
Part Number is 516112. The insulator can be ordered
with part number 487710. Refer to Section 5 for ordering
information.

Table 131-2. Calibration

RESOLUTION DISPLAY (£t COUNT)
1Hz 5000.000 kMz (7250A, 7260A, 7261A}
5.000000 MHz {72204)
0.1 Hz 000.0000 kHz"* {7250A)

5000.0000 kHz (7260A, 7261A)
5.0000000 MHz {7220A}

131-3/131-4
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Option -132

Superior Low Power Oven Time Base

132-1. INTRODUCTION

132-2,  The -132 Option is a ¢rystal oscillator inside a
temperature stabilized oven. The oven uses an extremely
small amount of power. After the assembly is warmed up,
power consumption is | watt, typically. This allows oven
controlled time base accuracy with a battery powered
instrument. Operation and Calibration of an instrument
equipped with the -132 Option is the same as with a
standard instrument. Refer to Sections 2 and 4 of this
manual for additional information.

132-3. SPECIFICATIONS

132-4. The specifications of the -132 Option are listed in
Table 132-1.

132-5. INSTALLATION

132-6.  Installation of the Superior Low Power Oven
Time Base (Option -132) necessitates removal of the

Tabie 132-1. -132 Option Specifications

Nominal Frequency . . . . 10MHz

Aging Rate . +3 X 107% /day”
+5 X 107% /month™

Accuracy with Temperature . =3 X 1078

{0° 10 40°C)
Line Voltage . . . . . . 4 X107
(10% line variation}
Warmup
10 minutes . . . . . . *BX107
20 minutes . . . . . . *3X107®

Battery Operation +1 X 1078

* After 5 days continuous operation.
** Specifies offset from final frequency value {the value
after 24 hours).

counter’s Main PCRB; refer to disassembly instructions
included with Section 4. For each counter, the Superior
Low Power Oven Time Base isinstalled in the top left rear
corner of the Main PCB. Use the following installation
procedure:

I. Unsolder and remove any other time base
already installed.

2. Referring to figure 132-1, install the Superior
Low Power Oven Time Base and insulator. Use the
provided hardware to secure the time base to the
Main PCB.

3. Whileexercising care not to overheat the Main
PCB, solder the time base connections.

4. Complete jumper and solder bridge arrange-
ments on the Main PCB as described below:

a. 7220A: If necessary, remove theshortat SB4
and jumper SB35 (bottom of Main PCB, left rear
corner). Jumper SB2 (bottom, left front corner).

b, 7250A: I necessary, remove the short
between W1 and +12V and jumper W1 to +5V
(top of Main PCB, left front corner). Jumper
SB2 (bottom of Main PCB, left front corner).

c. 7260A or 7261A: Remove the short at SBS

and jumper $B4 (bottom of Main PCB, left
rear). Jumper SB2.

132-7. CALIBRATION

132-8.  Calibration for the Superior Low Power Oven
Time Base necessitates the use of a frequency reference

132-1
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Figure 132-1, Installation
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withanaccuracy of £1 X 10% A cesium standard, suchas
the HP 5061 A, is recommended. This calibration proce-
dure calls for applying the reference frequency to Chan-
nel A and adjusting the time base for a counter display of
the known input. At the (.1 Hz RESOLUTION setting
on the counter, this method yields an adjustable accuracy
of 2 partsin 108 (! count error). Proceed with the follow-
ing steps:

I. Ensure that the counter’s top and bottom
covers are installed.

2. Apply power to the counter and allow for a
minumum warmup of 20 minutes. When possible a
warmup of 24 hours is preferred.

3. Setcountercontrols and connections as defined
in Section 4 of this manual ("Time Base
Calibration”).

4. Connect the 5 MHz (100 mV) frequency
reference output to CHANNEL A input on the
counter,

5. If necessary, adjust the time base so that the
counter’s display corresponds to the first reading
presented in Table 132-2. The adjustment is accessed
through a hole in the left rear corner of the bottom
case half. Use a JFD 5284 (or equivalent) non-
ferrous adjustment tool. If installed at the rear of
the bottom case half, the bail will have to be
removed to allow access.

6. Change the counter’s RESOLUTION setting
tothe next step listed in Table 132-Z and repeat step
(5) for the respective display. Display update in the
0.1 Hz setting occurs every ten seconds.

NOTE

When the OVFL LED is illuminated, observe
the GATE LED {(on) 1o verify that a
measurement is being made.

132-9. LIST OF REPLACEABLE PARTS

132-10. A replacement osciliator can be ordered by
using the Fluke Part Number 516096. The Manufac-
turer’s Federal Supply Code is 89536 and the Manufac-
turer’s Part Number is 516096. The insulator can be
ordered with Fluke Part Number 487710. Ordering
information 1s given in Section 5 of the Instruction
Manuat

Table 6132-2. Calibration

RESOLUTION DISPLAY (1 COUNT)
1 Hz 5000.000 kHz {72504, 72604, 7261A)
5.000000 MHz (7220A)
0.1 Hz 000.0000 kHz™* {7250A)

5000.0000 kHz {7260A, 7261A)
5.0000000 MHz (7220A)

132-3/132-4
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351-1. INTRODUCTION

351-2. The Resolution Multiplier Option -351 isused to
provide high resolution for low frequency Channel A
input signals. This is accomplished by using a phase-
locked loop to multiply the conditioned signals by a
factor of 1000 before they are counted. This has the effect
of increasing the four available Resolution settings by the
same factor of 1000. When installed, the Resolution Mul-
tiplier may be selected by the 7220A front panel Function
slide switch. The Resolution settings available in the
Resolution Multiplier mode are color coded by the blue
band on the front panel. When the Resolution Multiplier
mode is not selected by the CH A/CH B slide switch,
power is removed from the circuit.

351-3. SPECIFICATIONS

351-4. The specifications for the Resolution Multiplier
Option -351 are given in Table 351-1.

351-5. INSTALLATION

351-6. Usethe following procedure to install the Option
=351

l. Release the POWER switch to STBY and
remove the line power cord. Remove the top cover.
Remember that the case bottom is secured to the
Main PCB Assembly with one central screw. Pry-
ing the case top up'while pressing down on the case
bottom may damage the Main PCB.

2. Referring to Figure 351-1, crient the Option
-351 PCB so the components are facing the front,
and gently guide the PCB down over the two align-
ment rods mounted on the Main PCB so that the
eight connector pins on the Main PCBare properly
inserted into the eight connectors on the Option

10/80
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Option -351
Resolution Multiplier

Table 351-1. Specifications

7220A Input: Channel A
Operating Range: 10Hzto 10kHz

7220A

Resolution

with Option

-351: {Hz} 0.1 .01 0.001 0.0001
Gate Time: {sec)} 0.0t 0.1 1 10

Accuracy: *2 counts £ timebase accuracy with signal
input = 100mV RMS,

-351 PCB. Firmly push the Option -351 PCB until it
is securely connected to the Main PCB.

3. Reconnect the top case half, making sure that
the Front and Rear panels fit into their appropriate
grooves in the case top half, Slide the top half into
place uniformly. Firmly squeeze top and bottom
together (at front and rear), and reinstall the six
SECUTINg SCIews,

NOTE

FProper RFI shielding depends on top and
bottom case halves being securely mated.

351-7. OPERATION

351-8. The Resolution Multiplier may only be used
with Channel A signal inputs, and its operating range is
1¢ Hz to 10 kHz. As can be seen in the Specification
Table, the Resolution Multiplier can be used to increase
the measurement resolution for the same gate times as
without the Resolution Multiplier. For example, without
Option -351 the gate time for the 0.1 Hz resolution is 10
seconds, whereas with the Option -351, the same 10
second gate time allows 0.0001 Hz resolution.

351-1

FAANRA BACA



f LM

OPTION -351

7220A MAIN PCB

Figure 351-1. Option -351 Installation

351-9. The Resolution Multiplier can also be used to
speed up measurement cycles by selecting shorter gate
times. For example, a low frequency signal being meas-
ured with a resofution of 0.1 Hzrequires a gate time of ten
seconds. To adjust the frequency of the signal being
measured while observing the counter would be very
difficult because of the time lag between the adjustment
and the resultant display on the counter. This problem
can be solved with the Resoiution Multiptier by selecting
the 0. Hz or 0.01 Hz resolution settings, which have fast
gate times of oniy 0.01 second or 0.1 second, thus decreas-
ing the time lag to an acceptable amount.

351-10. To operate the counter with the Resolution
Multiplier, proceed as foliows:

1. Connect a 10 Hz to 10 kHz input signal to the
Channet A front panel BNC connector.

2. Set the front panel CH A/CH B switch to RES
MULT,

351-2
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3. Select the desired resolution. The LED Gate
annunciator at far left of the display will flash at the
beginning of each gate time. The unit of measure-
ment for the frequency on the display will be Hz.

351-11, THEORY OF OPERATION

351-12. The operation of the Resolution Multiplier is
ithustrated in Figure 351-2. The heart of the circuit is the
frequency phase comparator U2 and the voltage con-
trolled oscillator (VCO) Q6. The frequency phase com-
parator provides a feedback foop to maintain the precise
de voltage ievel needed for the VCO to oscillate at a
frequency 1000 times the signal input.

351-13. Ascan be seen in Figure 351-2, the input signal
from the Channel A preamp enters one input of the phase
comparator. The second input to the comparator receives
the actual output of the multiplier circuit after being
divided by a factor of 1000. When the output of the
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Figure 351-2. Resolution Multiplier Circuit

multiplier is exactly 1000 times greater than the input
from the preamp, the two comparator inputs are in phase
and a constant dc level is present at the VCO input. The
comparator output, fiitered by R10, R14, and C6, drives
(36 and controls the charging rate of C7 through CRI.
The voltage across C7 is applied to the input of a Schmitt
trigger (which changes state at some threshold point).
The Schmitt trigger causes Q7 to discharge C7 to begin
the action again.

351-14. Theoutput of the Schmitt trigger is buffered by
Q8 and Q% (NPN type) and fed to the Main Gate for
counting. The cutput isalso divided by 1000 and fed back
for comparison with the input from the Channel A
preamp to form the phase-locked loop. Any frequency or
phase difference between the two inputs will cause the
output delevel applied to the VCO to change to maintain
multiplied output equal to 10060 times the input. When-
ever the multiplier is not locked in phase, it triggers the
timer U7, which generates the reset pulse that resets the
counters, This holds off the counter during start-up or
when an invalid input 1s present at the muitiplier.

351-15. PERFORMANCE CHECK

351-16.  The following procedure can be used to check
whether the installed Resolution Multiplier Option -351
is functioning properly. It is assumed when following this
procedure that the 7220A is functioning properly and
within the instrument specifications listed in Section | of
the Instruction Manual. If the 7220A Option -351 fails to

satisfy the requirements of this performance check, refer
to Section 4 of the Instruction Manual and verify that the
7220A satisfies the requirements for the instrument per-
formance test (Channel B does not need to be tested, since
it s not used in the Resolution Multiplier mode).

351-17.  Alowfreqguencysignal source is needed for this
procedure. The Fiuke 60I1A is recommended.

. Setthe 7220A CH A/CH B slide switch to RES
MULT. Be sure the rear panel REF switch is set to
INT.

2. Connect the low frequency signal source to the
7220A Channel A input. Set the input {requency to
100 Hz at 20 mV rms.

3. Setthe 7220A RESOLUTION to .0001 Hz and
confirm that the resultant display is as listed n
Table 351-2.

4. Repeat Step 3 {or the next three RESOLUTION
settings in Table 351-2,

5. Set the RESOLUTION to .001 Hz and set the
input signal to 10 Hz at 20 mV rms. Confirm that
the display is as listed in Table 351-2. Repeat this
for the next three input signals listed.

6. Setthe input signal to 25 kHz at 20 mV rms and
confirm the display is as hsted. The GATE LED

351-3
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Table 351-2. Option -351 Display

RESQLUTION INPUT SIGNAL CORREGT DISPLAY

{+2 counts * timebase accuracy)

L0001 Hz 100 Hz {20 mV rms) 100.0000 Hz

001 Hz 100 Hz iz 100.006 Hz

.01 Hz 100 Hz . 100.06 Hz

A Hz 100 Mz s 100.0 Hz

001 Hz 10Kz b 10.000 Hz

100 Hz I 100.000 Hz

1 kHz " 1000.00C Hz

10 kHz “ 10000.000 H:z

001 Hz 25 kHz " 0.000 Hz

001 Hz 1 Hz " 0.000 H:z

should not be illuminated. This checks the out-of-
lock feature.

7. Repeat Step 6 for 1 Hz.

8. Settheinputsignalto 10 Hz. When the display is
stable, step the input signal up to 10 kHz. Confirm
that the second reading after changing the input
signal is correct.

351-18. TROUBLESHOOTING

351-19. If the Resoiution Multiplier fails the Perfor-
mance Check, repair may be necessary. The following
steps provide guidelines for troubleshooting.

1. Remove the 7220A top cover.

2. Setthe front panel CH A/CH B switch to RES
MULT.

3. Apply an appropriate signal between 10 Hz and
10 kHz to the Channel A input.

351-4
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4. Check the following points using an oscilloscope:

Check: You should see:

Uz2-16 +12V

Us-2 Pulses 000X frequency of input, TTL
U612 Pulses 1/10 frequency of U3-2

Us-11 Pulses [/10 frequency of U6-12

U4-11 Pulses [/10 frequency of US-11.

5. Check for pulses at U3-10. The presence of
pulses indicates that the phase-tocked loop is not
tocked. Check U2 and the VCO circuit involving Q3
through Q9.

351-20. LIST OF REPLACEABLE PARTS

351-21. A list of replaceabie parts for the Resolution
Muitiplier are provided in Table 351-3. The component
locations can be found in Figure 351-3,
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Tabie 351-3. Resolution Multiplier (Option -351)

L AN o g TS

BEF DESCRIPTION ;lflé;((:i g&;& MFG PART NO. 10T | REC g
BES ND. CODE OR TYPE oTY | Q1Y g
® RESOLUTION MULTIPLIER, OFTION-351 CRDER  BY OPTION =351 1
FIGURE 6351-3 (7220A-4006T)

c1 CAP, CER, 0.0l UF +/-20%, 100V 149153 56289 CO23B10OLIFI0M 2

c2 CAP, TA, 10 UF +/~20%, 20V 330662 56289 196D106X0020KAL 6

c3 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106XCO20KAL REF

c4 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF

s CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF

Cé CaP, TA, 10 UF +/-20%, 20V 330662 56289 196D106X0020KAL REF

C7 CAP, MICA, 22 PF +/-5%, 300V 148551 72136 IM1SE2203 1

c8 CAP, CER, 0.0l UF +/-20%, 100V 149153 56289 CO23BlOIF103M REF

c9 CAP, TA, 10 UF +/-20%, 20V 330662 56289 196D1C6X0020KAL REF

CR1 DIODE, SI, HI-SPEED SWITCHING 203323 07910 1N4448 21

CR2 DIODE, SI, HI-SPEED SWITCHING 203323 07910 1N4448 REF

J6 CONNECTOR, AMP SOCKET 375329 00779 85863-3 8

MP1 CONNECTOR, PCB MOUNT TEST JACK 149112 74970 105-0753 2

01 XSTR, SI, RNP 352369 12040 2N4403 101

02 XSTR, S1, NPN 218396 04713 MPS6520 2 1

03 XSTR, PNP, HI-SPEED SWITCHING 369629 07263 S43576 2 1

04 XSTR, PNP, HI-SPEED SWITCHING 369629 07263 S43576 REF

05 XSTR, FET, DUAL N—-CHANNEL 379271 17856 E421 101

06 XSTR, FET, P-CHAMNEL, JUNCTION, TO-92 403600 04713 2N4342 101

07 XSTR, NPN, SI, HI-SPEED SATURATED SWITCH 369645 07263 2N4274 3

08 XSTR, NPN, SI, HI-SPEED SATURATED SWITCH 369645 (7263 24274 REF

09 XSTR, NPN, SI, HI-SPEED SATURATED SWITCH 369645 07263 2N4274 REF

010 ¥STR, SI, NPN 218396 04713 MPS6520 REF

R1 RES, DEP. CAR, 2.7K +/-5%, 1/4W 386490 80031 CR251~4~5P2K7 3

R2 RES, DEP. CAR, 1K +/-5%, 1/4&4 343426 80031 CR251-4-5P1K 6

R3 RES, DEP, CAR, 2.7K +/-5%, 1/4W 386490 80031 CR251-4-5P2K7 REF

R4 RES, DEP. CAR, 22K +/-5%, 1/4W 348870 B8G031 CR251-4-5P22K 2

RS RES, CEP. CAR, 560 +/-5%, 1/4W 185948 80031 CR251-4~5P560E 1

R6 RES, DEP. CAR, 1K +/-5%, 1/8 343426 80031 CR251-4-5P1K REF

R7 RES, [EP, CAR, 1K +/-5%, 1/4W 343426 80031 CR251-4-5P1K REF

R RES, DEP. CAR, 4.7K +/-5%, 1/4W 348821 80031 CR251-4-5P4K7 2

RY RES, DEP. CAR, 4.7K +/-5%, 1/4W 348821 B0031 CR251-4~5PAK7 REF

R10 RES, DEP. CAR, 100K +/-5%, 1/4W 348920 80031 CR215-4-5P1O0OK 2

R1l RES, DEP. CAR, 1K +/-53, 1/4W 343426 80031 CR251-4-5P1K REF

R12 RES, DEP. CAK, 1K 4/-3%, 1/44 343426 80031 CR251-4-5P1K REF

R13 RES, DEP, CAR, 1K +/-5%, 1/4W 343426 80031 CR251-4-5PIK REF

R14 RES, DEP. CAR, 3.2 +/-5%, 1/64 348813 80031 CR251-4-5P3K3 1

R15 RES, DEP. CAR, 1.2% +/-5%, 1/4W 441378 80031 CR251-4-5P1K2 1

R1G RES, DEP. CAR, 390 +/-5%, 1/44 441543 80031 CR251-4-5P390E 2

Rr17 VRb, DECEL, CAR, M o4,-5%, 1/4W 348987 80031 C(R25]14-5PM 1

RlY RES, TP, CAR, 470N +/-5%, 1/44 342634 B0031 CR251-4-5P470K 1

R1Y RES, LEP, CAR, 150 +/-5%, 1/4W 343442 80031 CR251-4-5P1S0E 1

R20 RLS, ULP. Ok, 22 4/-5%, 1/4W 348870 80031 CR251-4-5P22K REF

R21 RES, DEP. CAR, 820 +/-5%, 1/4W 442327 80031 CR251-4~5P820E 1

R7Z RES, LEP. CaR, 300 +/-5%, 1/44 441543 80031 CR251-4~5P390E REF

R23 RES, LEP. CAR, 180 +/-5%, 1/4W 441436 80031 CR251-4-S5P180E 1

R24 LES, DEP. CAR, 2.7K +/-5%, 1/4d 386490 80031 CR251-4-5P2K7 REF

351-5
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Tabie 351-3. Resolution Multiplier (Option -351} (cont}

N
e ESCAIPTION rock | ey NFGPARTHO. | TOT |REC g
DES OR TYPE Y |oTY | T
NG CODE 0 r
RZ5 RES, DEP. CAR, 100K +/-5%, 1/4W 348920 B0O031 CR215-4-5P100K REF
R2C RES, DEP. CaR, 10K +/-5%, 1/44 348839 80031 CR251-4-5P10K 1
u2® IC, LIN, C-MOS, PHASE LOCKED LOOP . 403584 02735 CD4C4GAE 11
U3 IC, TTL, HEX INVERTER 288605 (1295 SNT41eN 1 1
U4 IC, TTL, DECADE COUNTER 402545 (1295 SNT74LS90N 2 1
us IC, TTL, DECADE COUNTER 402545 (1295 SN74L590N REF
Ue IC, TTL, 30-MHy PRESETTABRLE DECADE 393256 01295 SN74L5196N 1 1
U7 IC, LINEAR TIMER 402610 18324 NES5SN 12
NOTE: @ Indicates the item can be damaged by static discharge.
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521-1. INTRODUCTION

52§-2. The purpose of the Printer Interface is to allowa
Fluke counter (7220A, 7250A, 7260A, or 7261A) to be
connected to a Fluke printer (2020A, 2021 A, or 2030A)
for printed output of counter measurements. The Printer
Interface consists of the 72XXA-521 Digital Interface
PCB. which 1s factory-installed in the counter.

NOTE

The 72X X A-521 Digiwal Interface PCBis also
used in the TEEE Interface system for the
counters. For information about its funcrion
in the IEEE Interface, refer 1o the 72X XA-
F21/-522 JEFE Interface.

521-3. The 2020A or 2021 A prmters must have Printer
Optioin -004 instalied. The 2030A is ready for connection
without any additional options. The counter and printer
are connected by an accessory cabie. The cable is avaii-

able in either a 2 foot (Y7203), or 5 foot (Y7204) length.

521-4.  Datais transferred from the counter to the print-
er in a bit-parallel, characterserial manner. The printout
from the printer includes the measurement reading of the
counter and the measurement unit.

521-5. OPERATING INSTRUCTIONS
521-6. Preparation

52i-7. To prepare the instruments for printing
measurements, follow these steps:

11/80
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Printer Interface

{. Connect the counter and printer together via
cable Y7203 or Y7204. Cable connections are made
at the rear panel of each instrument.

2. Apply power to each instrument,

3. Apply a valid input signal to the counter, and
set the controls as desired.,

4. Set the printer controis as desired. If necessary,
refer to the printer manual for operating
instructions,

521-8. Printing Measurements

521-9. Figure 521-1 shows three examples of
measurement printouts made by a 2030A printer, Notice
in all 3 examples that all counter digits are printed (either
8 or 9, depending on the counter) including any leading
zeros, Notice also in the first example that 8 digits are
printed for the 7250A. The 7250A has a 7 digit display,
but it supplies § digits of valid information o the printer.

521-10. The numbers 2and 3 in the column at the far left
are non-selectable instrument addresses which have been
preassigned at the factory in conformance with a printer
addressing feature. All the counters have been assigned
address 2 except the 7220A, which has been assigned
address 3. The 7220A has a unique address because its
measurement capacity is one digit greater than the other
counters.

521-11. The addresses correspond to a jumper pin on
the Digital Interface PCB in the counter. If the printer
does not print measurement data correctly, or if it does
not print at all, the jumper may be in the wrong position.
To check the position or move the jumper, refer to the
following paragraph.

521-1
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Period Measurement made by 7250A in
PER A mode with 1 us resotution.

Frequency measuremeni made by 7260Ain
FREQ A mode with 1 Hz resolution.

Frequency measurement made by 7220A In
FREQ A mode with .1 Hz resolution.

Figure 521-1. Printer Output Examples.

521-12. Moving the Address Jumper
WARNING

THESE SERVICING INSTRUCTIONS
ARE FOR USE BY QUALIFIED PERSON-
NEL ONLY. TO AVOID ELECTRIC
SHOCK, DO NOT PERFORM ANY
SERVICING UNLESS YOU ARE
QUALIFIED TO DO SO.

321-13. To examine the address jumper, disconnect the
counter power cord and remove the top cover of the
counter, Be careful not to separate the front and rear
panels from the bottom case half. Locate the jumper on
the upper left corner of the component side of the Digital
Interface PCB. Refer to the table in Figure 521-2, and

examine the jumper to determine the address selected. If

521-2

TOXXA-521

the proper address is not selected, remove the jumper pin
by pulling 1t straight out. Refer to the tablein Figure 321-
2 and determine the proper wiper and slot location {the
jumper slot numbers are also printed on the back of the
PCB). Firmly insert the jumper into place.

521-14. Operating Notes

521-15. In the single print mode, the printer prints the
first counter reading it receives and then stops. In the
continuous print mode, the printer prints out counter
readings as it receives them, up to a maximum rate of 3
readings per second. When the measurement cycle rate of
the counter is greater than 3 per second (such as frequency
measurements made with 100 Hz resolution), then notall
counter readings will be printed out. The printer also will
not print out readings made in the Totalize mode by the
7250A, 7260A, or 7261A.

11/80
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521-16. It is important to note that the printer gives no
indication when an overflow condition exists in the
counter. The printer will print whatever digitsare present
on the display at the end of the reading, whether the
counter display has overflowed or not. The one exception
to this is the 7250A, which supplies eight digits of vahd
information to the printer before overflowing. even
though it has a seven digit display.

521-17. THEORY OF OPERATION
521-18. Overview

521-19. An overview of the operation of the Printer
Interface is presented at the top of Figure 521-3. Asshown
in the figure. the printer functions primarily as a passive
listener which receives and prints counter readings
without affecting the operation of the counter. The
printer does have a limited talk function. however, It must
first send an acdress to the Printer Interface and have the
address acknowledged by the Interface before data can be
transferred from the counter.

521-20. An expanded view of the interface operation is
shown in the large box at the bottom of Figure 521-3.
Data transfer is controlled by the control logic, which
receives address input from the printer, and three inputs
from the counter, OSC, DSI, and BUSY. OSC is the
osciliator signal from the scan oscillator that controls the
timing of the internal strobing and mutiplexing of the
counter. DS! is the first Digit Strobe (LSD) of the
counter, and BUSY is a signal from the control logic of
the counter which indicates that a measurement cycie isin
Progress,

521-21. The Iaterface Control Logic has three outputs.
One output enables the Data Buffer, and the other two are
the control lines DATVAL and ADRVAL thatare sent to
the printer to enable data transfer.

521-22. Detailed Description

521-23. The following paragraphs discuss the sequence
of events that take place before, during, and after data
transfer. Refer to the block diagram at the bottom of
Figure 521-3. The timing can be seen at the top of Figures
521-4 and 521-5, and the circuits are shown in detail in the
schematic in Section § of the counter Instruction Manual.
52i-24. ADDRESS DECODING

521-25. Data Transfer is initiated by the printer. The
printer places a 4 bit BCD address on lines A0, AT, A2
and A3. The BCD address is converted to decimal, and if
the address corresponds to the address selected by the
address jumper, a high signal passes on to the Control
Logic. This signal then enables the [data Buffer, and is

also inverted and returned to the printer as a low
ADRVAL. '

521-4

T2XXA-521

521-26. DATA TRANSFER

321-27 Thelow ADRVAL issent to the microcomputer
of the printer and indicates that the Printer Interface has
received the address and the counter is preparing to
transfer data. After the counter takes a reading. BUSY
goes low, then high. which tells the Interface Control
iogic a reading has been compieted. The next DST digit
strobe enables the DATVAL line, which is the inverted
OSC signal. The digits of the information are now
transferred in the sequence indicated in Figures 521-4and
521-5. The 7220A s shown in a separate {igure because it
is a nine-digit counter, and nine digits of information are
passed instead of eight.

521-28.  The timing of the data transfer is controlled by
the DATVAL pulses. One DATVAL pulse occurs for
each digit of information transferred. All the counters
have eight DATVAL pulses except the 7220A, which has
nine for its nine digits. The second DS digit strobe
disables the DATVAL pulses. thus ending the data
transfer,

521-28. Data Format

521-30. The format for the data transfer is shown in
Figures 521-4 and 521-5. The digits are transferred in the
sequence shown, beginning with the LS D, thenthe MSD,
and continuing in descending order of significance. Note
that the 7250A provides eight digits of information to the
printer even though the 7250A has a seven digit display.
The MSD in Figure 521-5 15 not displayed on the 7250A,,
but is printed by the printer. The seven digits displayed on
the 7250A are 28SD-1L.SD.

5321-31. There are six lines on which measurement data
passes from the counter to the printer. Four of the lines
{Bl, B2, B4 and BE) transfer the measurement reading in
BCD. The DP and UX lines are used to indicate when to
insert the decimal point and the type of measurement
unit. Table 521-1 shows an example of the format for the
transmission of measurement data from a 7250A.

521-32. MAINTENANCE
521-33. Troubleshooting

521-34. If the printer does not print measurment data
correctly, or if it does not print at all, first check the
position of the address jumper on the Digital Interface
PCB. Refer tothe section on Moving the Address Jumper
in the Operating Instructions.

521-35.  If the printer still does not print data correctly,
make sure the printer and counter are properly connected
with cable Y7203 or Y7204. Apply power to the
instruments, select desired settings, and apply a valid
input signal to the counter. A non-burst mode must be
selected for a 7220A. Use an oscilloscope and complete
the procedure given in Table 521-2,
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7220A

- DATVAL

m————l

BUSY
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—

D&Y
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!

|
‘st ,2nd!3rd! 4th,| 5th | 6th | 7th |8th,| oth)

UX bit = 1 per reading. All others = 0 or are ignored.

DATA 3 21213 823231233
< 9 = RQiB|LIB|8 L8
TRANSFER h
/ \
/ \
/ \
\
/
/ \
/ \
/ \
/LSD MSD 28D 38D 4SD 5SD  6SD 7SD 838D\
LSE LsSB LSB | LsB LSE LsSB LSe Lea LSE |———
358 358 3588 35B 358 35B 358 358 35B  pumenrenee
258 258 258 258 25B 258B 258 258 258 p———m—
MSB MSEB MEB MSE MSEB MSB MSEB MSH MSB  p——
X X dp dp dp dp ap dp dp  pre—
X X X Hz X X X X Y
X = Doesn't matter
DP = Decimal Point follows digit when dp = 1. Oniy cne dp — 1 per
reading. All others = 0.
UX = Measurement unit cccurs as indicated when bit = 1, Only one
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Figure 521-4. 7220A Data Transier Format and Timing
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DATA 5 0 % Diolololaoloc
TRANSFER : 21212/ 22|32 2|
/ \
/ \
/ \
/ \
/ \
y \
\
72504 /
7260A \
70618  / \

/LSD MSD 28D 3SD  4SD 58D 6SD 78D\

B1

€——————— 1SB LSB LS8 LS8 LSB L88 LSB L5858

« B2 | sse | ass | ass | sse | ase | ase | ase | ass
B4

G 28R 2sB 288 258 288 258 258 288
B8

< MSB | MSB | MSB MSB | MSB MSB | MSB MSRB
DP

< X X dp dp dp dp dp dp
X

- X X Hz s ms HS KHz MHz

X = Doesn't matter —
DP = Decimal Point foilows digit when dp = 1. Only one dp = 1 per
reading. All others = 0.
UX = Measurement unit occurs as indicated when bit = 1. Only one
UX bit = 1 per reading. All others = 0 or are ignored.

Figure 521-5. 7260A, 7261A, 7250A Data Transfer Format and Timing
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Table 521-1. Data Formal Example

7250A frequency measurement of 537.387 kHz made in the FREQ A mode with 1 Hz

resolution.
LSk MSD 250 38D 45D 58D 650 750D
B1 1 0 0 1 1 1 1 0
B2 1 0 0 Y 1 1 1 0
B4 1 0 0 1 0 1 0 0
B8 C 0 0 G 0 0 0 1
DP X X 0 4 0 1 0 4]
UX X X 0 0 0 0 1 0

x=Doesn't matter

The printer ouiput looks like this:

Table 521-2. Troubleshooting Guide-Printer Interface

CHECK: YOU SHOULD SEE:
Connector J4 Pin 2 +5V (supplied by counter)
Address Decode U2-5 Positive pulse {CMOS) each time the printer addresses

the counter.

1 Buffer Enabte U3-4 Negative pulse, inverse of pulse on U2-5.
BUSY (BY) u2-3 Pulses from counter indicating measurement is complete.
2-1 Positive pulse, cne per print command. Occurs at comple-

tion of measurement.
Uz-1 FPositive pulses, DSI from display.

uz-13 Positive puise, one per print command. Goes high at
beginning of DS, fatls at beginning of nexi DSL

DATVAL L4-11 ~ Burst of 8 negative pulses (8 for the 7220A), one burst per
print command.

521-8
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521-36. Pin Assignment Table

521-37. Table 521-3 provides a list of the pin
assignments for PS5, which is the connection at the rear
panel of the counter between the Digital Interface PCB
and the cable to the printer. For pin assignments for J4,
the connection between the Digital Interface PCB and the

W AVEY SRS TN

Main PCB of the counter, see the schematic in Section §
of the Counter Instruction Manual

521-38. REPLACEABLE PARTS

521-39. A detailed list of replaceable parts is presented
in Table 521-4. Figure 521-6 can be used as an aid in
locating components. Refer to Section 5 of the counter
instruction manual for parts ordering information,

Table 521-3. P5 Pin Assignments.

SOURCE
P5 PIN NO. MNEMONIC COUNTER PRINTER DESCRIPTION
1 ADRVAL Address Valid
2 DATVAL Data Valid
3 AD X LSB N\
4 Al X 38B
> Counter Address

5 A2 X 25B
& A3 X MSE /
7 not used
8 not used
g Do BCD Bit 1
10 D1 BCD B 2
11 D2 BCD Bit 4
12 BK] BCD Bit 8
13 D4 Decimal Point (DP)
14 D5 Measuremant Unit (LX)
15 not used
16 not used
17 GND
18 +5V Supplied by printer

19-38 not used

Note: BUSEN (pin no. 22) is aiways held high when the Printer Interface is used with a printer.

521-9
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Table 521-4. Digital Interface {Option -521)

N
il DESCRIPTION g?égf( ?;fv MFG PART NO. TOT I REC] 0
T
DES NO. cone 0R TYPE 1y | Q1Y ;
@ DIGITAL INTERFACE, QOPTION-521 ORDER BY OPTION ~521 1
FIGURE £521-6 (7220A-4007T)
J4 CONNECTOR, 36-PIN 484733 00779 B87406-1 1
PS CONNECTOR, 36~PIN 479493 00779 552817-1 1
RN1 RESISTOR NETWORK, 100K 461038 89536 461038 1 1
i@ IC, C-M0OS5, HEX NON INVET BUFFERS 407759 04713 MC1l450CR 3 1
uzxze IC, CMCS, BUAL TYPE "D" FLIP-FLOP 340117 04713 MC14013CP 1 1
uie iC, CMOS, QUAD, Z-INPUT NAND GATES 355198 (04713 MCl4011CP 1 1
U4 IC, TRI-STATE HEX BUFFER 483800 01295 SNT74LS367N 1 1
us@ iC, C-M0OS, BCD TO DECIMAL DECCDER 380741 01295 TP4028AN 1 1
ue IC, L[O-PWR, SCHOITKY TRI-ST OCTAL, BFR. 429902 12040 DMBILSO95N 1 1
u7@ IC, C-M0S5, HEX NON INVET BUFFERS _ 407759 04713 MC14503CP REF
ug® IC, C-MOS, HEX NON INVET BUFFERS 407759 04713 MC1l4503CP REF
Wl PLUG, JWMPER 416842 91506 8l136-651P2 1
Wl SOCKETS 376418 89536 376418 13
NOTE: @ Indicates the item can be damaged by static discharge.

F5
S
i
e 9o f@ S
cp co Lh
WD i o
ol rn:\_|:;‘z:L,r:x‘r:u:u:‘u.l§ ;Lll
e W ur Py |
:, . Lrrrerooooo ir,l
us N {1 |
oo Il«l
. ’ B !\]l
. - B
© & b

T220A-1807

Figure 521-6. Digital Interface {Option -521)
£21-10
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Section 7

General Information

7-1. This section of the manual contains generalized
user information as well as supplemental information to
the List of Replaceable Parts contained in Section 5.



List of Abbreviations and Symbols

A or amp
ac

at

a/d
assy
AWG
B

bed
g
cap
cow
cer
cermet
ckt
cm
cmir
comp
cont
crt
cw
d/a
dac
d8

dec
dmm
dvm
elect
ext

°F
FET

freq
FSN
gd
GHz
gmy

gnd

hd

ampere
alternating current
audio frequency
analog-to-digital
assembly

american wire gauge
bei

binary coded decimal
Celsius

capacitor
counterciockwise
ceramic

ceramic 10 matal{seal)
circuit

centimeter

common mode rejection ratio
composiion

continue

cathode-ray tube
clockwise
digital-to-analog
digital-to-anaiog converter
decibel

direct current

digital multimeter
digital voitmeter
electrolytic

external

farad

Fahrenheit
Field-effect transistor
flip-flop

frequency

- federal stock number

gram

giga (10°

guard

germanium

gigahertz

guaranieed minimum value
ground

henry

heavy duty

kHz
kQ
kv

LED
LSB
LSD

mA
max
mf
MHz
min

ms

MSB
MSD
MTBF
MTTR
mYy

my

MO

n

na

NC

{-} or neg
NO

ns

opnt ampl
P

para

peb

pF

pn

high frequency
hertz

integrated circuft
intermediate frequency
inch(es)

internat
input/output

kiig {107

kilphertz

kilohmi{s)

kilovolt(s}

low freguency
Hght-emitting diode
least significant bit
leas! significant digit
mega (109

milli (107
milliampere(s)
maximum

metal film
megaheriz

minimum

millimeter
mitlisecond

most significant bit
most significant digit
mean time between failures
mean time 10 repair
mitlivali{s)
mutiivibrator
megohmis)

nano (10-%)

not applicable
normally closed
negative

normally open
nanosecond
cperational amplitier
pice {10719
paragraph

printed circuit beard
picofarad

part number

{+} or pos
pot

p-p

ppm
PROM

psi
RAM
rf

rms
ROM
S Of sec
scope
SH

Si
semo
s7

th
tc

tcxo

tp
uory
ubt
us of us
uut

v

v

var
vCo
vhif
vif

W
xtmr
xstr
xial
xtlo

positive

potentrometer
peak-1o-peak

parts per million
programmablie read-only
memory

pound-force per sguare inch
random-a0cess memaory
radio frequency

rOot Mean square
read-only memory
second (lime}
oscilloscope

shieid

silicon

serial number

shift regisler

tantalum

terminal board
temperature coefficient or
temgperature compensating
temperature compensated
crystal osciliator

test paint

micro (107}

ultra high frequency
microsecond(s) (109
unit under test

valt

voltage

variable

voltage controlled osciliator
very high frequency

very low frequency
watt{s}

wire wound

transformer

transistor

crystal

crystal oscillator

ohmi{s}

micro (10-%}
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Federal Supply Codes for Manufacturers

00213

Nytronics Comp. Group in¢
Subsidiary of Nylronics tnc.
Formerly Sage Electronics
Rochouter, New York

003z7?
Welwyn international. inc.
Westlake. Chio

00656
Aerovaox Corp.
New Bedtord, Massachusetts

00686
Film Capacitors, Ing.
Passaic, New Jersey

00779
AMP Inc.
Harrisburg, Pennsyivania

o112t
Allen-Bradiey Co.
Milwaukee, Wisconsin

01281

TRW Etectronic Comp.
Semiconductor Operations
Lawndale, California

01285

Texas instruments, ine.
Semiconductor Group
Dallas. Texas

01537

Motoroia Communications &
Electronics inc,

Franklin Park, lilinois

01686
RGL Electronics Inc.
Manchester. New Hampshire

01730
Replaced by 73586

01884

Use 56289

Sprague Electric Co
Dearborn Electronic Div,
Lockwood, Florida

02114
Ferroxcube Corp.
Saugerties. New York

02131

General instrument Corp,
Harrig ASW Div.
Waestwood, Maine

02385
Rason Mfg. Co.
Brooklyn, New York

02533

Sneigrove, C.R. Co., Lid.
Don Milts, Ontario, Canada
M3B 1Mm2

02606

Fenwal Labs

Div. of Travenal Labs.
Morton Grove, Iliinois

02660

Bunker Ramo Corp.. Conn Div.

Formerty Amphenol-Borg
Electnic Corp
Broadview, Hiincis

02799
Areo Capacitors, Inc.
Chatsworth, California

03508

General Electric Co.
Semiconductor Products
Syracuse, New YOrk

03614
Replaced by 71400

03651
Replaced by 44655

03797

Eldema Div.

Genisco Technology Corp
Compton. California

03877
Transistron Electronic Corp.
Wakefield, Massachusetts

03888
KD Pyrofilm Corp.
Whipparny, New Jersey

03911

Ciairex Electronics Div.
Ctairex Corp.

Mt Vernon, New York

03980
Muirhead Inc.
Mouniainside, New Jersey

04008
Arrow Hart inc.
Hartford, Connecticul

04062
Replaced by 72136

04202
Replaced by B1312

04217

Egsex International inc.
Wire & Cable Div.
Anigheim, California

04221

Aemco, Biv. of
Midtex Inc.
Mankato, Minnesota

04222

AVX Ceramics Div.
AVX Corp,

Myrtle Beach, Florida

04423
Telonic Industries
Laguna Beach, California

04645
Replaced ny 75376

04713

Motorola Inc. Semiconducior
Products

Phoenix. Arizona

04945
Standard Wire & Cable
Las Angeles, California

05082
Repiaced by 94988

05236
Jonathan Mig. Co
Fullertons, Caiifornia

03245

Components Corp. now
Corcom, Inc.

Chicago, {llinois

05277

westinghouse Electric Corp.
Semiconductor Div,
Youngwood, Pennsylvania

05278
Replaced by 43543

05279

Southwest Machine &
Piastic Co.

Glendora, California

05397

Union Carbide Corp.
Materials Systems Div.
New York, New York

05571

Use 58289

Sprague Electric Co.
Pacitic Div.

Los Angeles, Calitornia

05574
Viking ingustries
Chatsworth, California

05704
Replaced by 16258

05820
Wakelietd Engineering inc.
Wakelield, Massachusetts

001

General Electric Co.
Electronic Capacitor &
Battery Products Dept.
Columbiza. South Carolina

06136
Replaced by 63743

06383
Panduit Corp.
Tinley Park, llinms

06473

Bunker Ramgo Corp
Ampheno! SAMS Div.
Chatsworth, California

06555

Beeda Electrical Instrument Co.

Paenacook, New Hampshire

05739
Electron Corp.
Littleton, Colorado

06743
Clevite Corp.
Cleveland, Ohio

06751
Components, Inc. Semgor Div
Phoenix, Arizona

06860
Gould Automaotive Div,
City of Industry, California

06961

Vernitron Corp.. Piezo
Electric Div,

Formerly Cievite Corp., Piezo
Eiectric Div

Bedlord, Ohio

08980

Eirmac Div.

Varian Associates
San Carlos, California

07047
The Ross Milton Co
South Hampton, Pennsylvama

07115
Aeplaced by 14674

07138

Westinghouse Electric Corp.,
Electronic Tube Div
Horsehead. New York

07233

TRW Electronic Components
Cinch Graphic

City of industry, Caiifernia

07256

Silicon Transistor Corp.
Div. ot BBF Group inc.
Cheimsford, Massachusetts

07261
Aumel Corp.
Cuiver City, Caiitornia

07263

Fatrchild Semiconductor
Div, of Fairchild Camera
& Instrument Corp.
Mountain View, California

07344
Bircher Co., Inc.
Rochester, New York

07597

Burndy Corp.
Tape/Cable Div.
Rachester, New York

orre?
Lerma Engineering Corp.
Northampton, Massachusetts

07910

Teledyne Semiconductor
Formerly Continental Device
Hawthorne, California

07833

Use 48956

FRaytheon Co.
Semiconductor Div. HG
Mountain View. California

08225
industro Transistor Corp.
Long Isiang City, New York

7-3



Federal Supply Codes for Manufacturers (cont{}

08261
Spectra Strip Corp.
Gargen Grove, California

08530
Retance Mica Corp.
Brookiyn, New York

0BBOS

General Eiectric Co.
Miniature Lamp Products Dept
Cleveland. Ohio

08863
Nytomatic Corp
Norrisviile, Pennsylvania

08988

Use 53085

Skottie Electronics inc,
Archbald, Pennsyivania

08214

G E Co Semi-Conductor
Products Dept.

Fower Semi-Conductor
Products OPN Sec.
Auburn, New York

09353
C ant K Components
Watertown, Massachusetis

09423
Scientific Components, Inc.
Santa Barbara, California

09922
Burndy Corp.
Norwaik. Connecticut

09965
Dale Electronics Ing
Yankton, S. Dakota

10058

Barker Engineering Corp.
Formerly Amerace, Amerace
ESNA Corp.

Kenilworth, New Jersey

11236
CTS of Berne
Berne, Indiana

11237
CTS Keene inc.
Paso Robles, California

11358

CBS Electronic Div.

Columbia Broadcasting System
Newburyport. Minnesota

11403
Best Products Co.
Chicago, linois

11503
Keystone Columbia Inc.
Warren, Michigan

11532
Teledyne Reiays
Hawthorne, Catifornia

11711

General Instrument Corp.
Rectifier Division
Hicksville, New York

11726
Qualidyne Torp.
Santa Glara. Calitornia

12014
Chizago Rivet & Machine Co.
Beilwood, lilinois

12040
National Semiconductor Corp.
Danburry, Connecticut

12060
Diodes, tnc.
Chatsworth, Caiifornia

12136
Philadelphia Handle Co.
Camden, New Jersey

12300

Potter-Brumfteid Div.
AMF Canada LTD.
Gueiph, Ontario, Canada

12323
Presin Co., Inc.
Shelton, Connecticut

12327

Freeway Corp. jormerty

Freeway Washer & Stamping Co.
Cteveland, Ohio

12443

The Budd Co. Polychem Products
Piastic Products Div.

Bridgeport, Pennsgylvania

12615
U.8. Terminals Inc.
Cinginnatl, Ohio

12617
Hamiin Inc.
Lake Mills, Wisconsin

12697
Clarostat Mig. Co.
Dover, New Hampshire

12749
Jamaes Electronics
Chicago, linois

12856
Micrometals
Sierra Magre, Cabifornia

12954
Dickson Electronics Corp.
Scotisdaie, Arizana

12968
tinitrode Corp.
Watertown, Massachusetts

13103
Thermalioy Co., Inc.
Dallas, Texas

13327
Solifron Devices Inc.
Tappan, New York

13511

Amphenot Cadre Div,
Bunker-Ramo Corp.
Los Gatos, California

13606

Use 5628%

Sprague Electric Co.
Transisior Div.

Concord, New Hampshire

13839
Replaced by 23732

14083
Semtech Corp,
Newbury Park, Calitornia

14140

Edison Electronic Div.

mMe Gray-Edison Co.
Manchester, New Hampshire

14183

Cal-R-inc. formerly
California Resistor, Corp.
Santa Moenica, California

14298

American Components, inc,
an Insilco Co.
Conshohocken, Pennsylvania

14655

Corneil-Dublier Electronics
Division of Federal Pacific
Electric Co. Govt. Controt Dept.
Newark, New Jersey

14752
Electro Cube Inc,
San Gabrel, California

148659
Replaced by 96853

14936

General instrument Corp.

Semi Conductor Products Group
Hicksvilie, New York

15636
Elec-Trof inc.
Saugus, California

15801
Fenwal Eiectronics Inc.

Div. of Kidde Walter and Co., Inc.

Framingham, Massachusetts

15818

Teledyne Semiconductors,
formerly Amelco Semiconductor
Mountain View, Caiifornia

15849

Litten Systems Inec. Useco Div.
formerly Useco Inc.

Van Nuys, Caiifornia

15898

International Business
Machings Corp.

Essex Junction, Vermont

1590%
Repiaced by 14140

16258
Space-Lok inc.
Burhank, California

16299

Corning Glass

Electronic Components Div.
Raleigh, North Carolina

16332
Replaced by 28478

16473

Cambridge Scientitic Ind.
Div. of Chemed Corporation
Cambridge, Maryland

16742

Parameount Plastics
Fabricaters, Inc.
Downey, Cailifornia

16758

Delco Electronics

Div. of General Motors Corp
Kokomo, Indiana

17001
Replaced by 71468

17068
Circuit Structures tab.
Burbank, California

17338
High Pressure Eng. Co., Inc.
Oklahoma City, Oklahoma

17545
Atlantic Semiconductors, Inc.
Asbury Park, New Jersey

17856
Siliconix, Inc.
Santa Clare, California

17870
Replaced by 14140

18178
Vactec inc
Maryland Heights, Missouri

18324
Signetics Corp.
Sunnyvale, Callfornia

18612

Vishay Resistor Products Div.
Vishay [ntertechnoiogy {nc.
Malvern, Pennsylvania

18736
Voltronics Corp.
Hanover, New Jersey

18927

GTE Sylvania Inc.
Precision Material Group
Parts Division

THusville, Pennsylvania

19451
Perine Machinery & Supply Co.
Seattle, Washington

18701
Electro-Midland Corp.
tMepco-Electra Ine.
Mineral Wells, Texas

20584
Enochs Mig. inc.
Indianapolis, indiana
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Federal Supply Codes for Manufacturers {cont)

20891
Selt-Organizing Systems, inc.
Dallas, Texas

21604
Bucheye Stamping Co.
Coiumbus, Chio

21845

Solitron Devices inc.
Transistor Division
Riveria Beach, Florida

22767
{TT Semiconductors
Pato Alto, California

23050
Product Comp. Corp.
Mount Vernon, New York

23732
Tracor Inc.
Rockville, Maryland

23880
Stanford Applied Engrng.
Santa Clara, California

23936

Pamotor Div, Wrm. J. Purdy Co.

Burlingame, California

24248
Replaced by 94222

24355
Analog Devices Inc.
Norwood, Massachusetts

24555
General Radio
Congcord, Massachusetts

24758
Lenox-Fugle Electronics inc.
South Plainfield, New Jersey

25088
Siemen Corp.
Isilen, New Jersey

25403

Amperex Electronic Corp.
Semiconductor &
Micro-Circuits Div,
Slatersvitle, Rhode istand

27014
National Semiconductor Corp.
Santa Clara, Catifornia

27264
Molex Products
Downers Grove, 11hinois

28213

Minnesota Mining & Mfg. Co.
Consumer Products Div.

St Paul, Minnesota

28425

Serv-/-Link formerly
Bohannan industries
Fort Worth, Texas

28478

Deitrol Controls Div,
Deiltrol Corporation
Milwaukee, Wisconsin

28480

Hewiett Packard Co.
Corporate HQ

Paio Alto, California

28520
Heyman Mig. Co.
Kenilworth, New Jersey

29083
Monsanto, Go., Inc.
Santa Clara, California

29804
Stackpole Components Co.
Raleigh, North Carolina

30148
AR Enterprise Inc.
Ahoskie, North Carslina

30323
tlingis Tool Works, Inc.
Chicago, lilinois

31091
Opfimax Inc.
Celmar, Pennsylvania

32539
Mura Corp.
Great Neck, New York

32767
Griffith Plastic Carp.
Burlingame, Calfornia

32879

Advanced Mechanical
Components
Northridge, California

32887

Erie Technological Products. Inc.
Freguency Control Div,

Carlisle. Pennsylvania

32997

Beourns Inc.

Trimpot Products Bivision
Riverside, California

33173

General Electric Co.
Products Dept.
Owenshoro, Kentucky

34333
Siticon General
Waestminister, Caifornia

34335
Advanced Micro Devices
Sunnyvaie, California

34802
Electromotive Ing.
Kenilworth, New Jersey

37842
P.R. Maliory & Co.. inc.
indianapolis, indiana

42498
Nationa! Radio
Meirpse, Massachusetts

43543

Nytronics inc.
Transformer Co. Biv
Geneva, New York

44655
Chmite Mfg. Co.
Skokie, Hiingis

49671
RCA Corp.
New York, New York

49956
Raytheon Company
Lexington, Massachusetts

50088
Mostek Corp.
Carrofliton, Texas

50578
Litronix inc.
Cupertino, Catifornia

51605
Scientific Components inc.
Linden, New Jersey

53021
Sangamo Etectric Co.
Springfield, Hiinois

54294
Cutier-Hammer Inc. formeriy

Shaticross, A Cutter-Hammer Co.

Seima, North Carolina

55026

Simpson Electric Co.

DRiv. of Am. Gage and Mach. Co.
Elgin, illinois

58289
Sprague Electric Co. |
North Adams, Massachusetts

58474
Superior Electric Co.
Bristol, Connecticut

60399

Torin Corp. formerly
Torrington Mig. Co.
Torrington, Connecticut

63743
Ward Leonard Electric Co,, inc,
Mount Vernon, New York

64834
West Mig. Co.
San Francisco, Calitornia

65082
Weston Instruments inc.
Newark, New Jersey

65150

Winsiow Tele-Tronics inc.
Eaton Town, New Jersey
70485

Atlantic India Rubber Works
Chicago, lilinais

70563
Amperite Company
Union City, New Jersey

70803
Belden Corp.
Geneva, IHlinois

71002
Birnback Radio Co., Inc.
Sreeport, New York

71400

Bussmann Mig.

Div. of McGraw-Edison Co.
Saint Louis, Missouri

71450
CTS Corp.
Elkhant, Indiana

71468
ITT Cannon Electric inc.
Santa Ana, California

71482
Clare. C.P & Co.
Chicago, 1Hinois

71590

Centrelab Electronics
Div. of Globe Union inc.
Milwaukee, Wisconsin

Vakiv
GCoto Coil Co., Inc.
Provigence. Rhode istand

71744
Chicago Miniature Lamp Works
Chicago, llinois

71785
TRW Electronics Components

Cinch Connector Operations Div,

Eik Grove Village
Chicago, liinois

72005
Witber B. Driver Co.
Newark, New Jersey

72082
Replaced by 06980

72136
Electro Motive Mifg, Co.
Wiliiamantic, Connecticut

72258
Nytronics inc.
Petham Manor, New Jersey

72618

Dialight Div.

Amperex Electronic Sorp.
Brookiyn, New York

72653

G.C. Electronics

Div. of Hydrometais, Inc.
Brookiyn, New York

72665

Replaced by 80303
72754

Dzus Fastener Co., inc.
West {slip, New York

72928

Guiton ind. ing.
Gudeman Div.
Chicago, lliinois
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Federal Supply Codes for Manufacturers (conf)

72982
Erie Tech. Products Inc.
Erie, Pennsylvania

73138

Bechman instrument Inc.
Helipot Division
Fulierton, Calitornia

73283

Hughes Aircraft Co.
Electron Dynamics Div.
Torrance, California

73445
Amperex Electronic Corp.
Hicksville, New York

73559
Carting Electric Inc.
west Hartford, Conngcticut

73586
Circle F Industries
Trenton, New Jersey

73734
Federal Screw Products, inc.
Chicago, Hlinois

73743
Fischer Special Mig. Co.
Cincinnati, Chio

13800

JFD Electronics Co.
Components Corp.
Brooklyn, New York

73949
Guardian Electric Mfg. Co.
Chicago, lllinois

74199
Quan Nichols Co.
Chicago, lllinois

74217
Radio Switch Corp.
Marlboro, New Jersey

74278

Signalite Div.

Genersal Instrument Corp.
Neptune, New Jersey

74306
Piezo Crysta! Co.
Carlisie, Pennsylvania

74542
Hoyt Elect instr. Works
Penacook, New Hampshire

4970
Johnson E.F., Co.
Waseca, Minnesota

Y5042

TRW Eiectronics Components
IRC Fixed Resisiors
Philadelphia, Pennsylvania

75376
Kurz-Kasch Ing.
Dayton, Ghio

75378
CTS Knights (nc.
Sandwich, lilinois

75382
Kulka Electric Corp.
Mount Vernon, New York

75915
Littlefuse Inc.
Des Plaines, [llinois

76854

Oak Industries inc.
Switch Div

Crystal Lake, Hiinois

77342

AMF Inc.

Potter & Brumfieid Div.
Princeton, Indiana

77638

General instrument Corp,
Rectitier Division
Broocidyn. New York

77869
Rubbercraft Corp. of CA LTD.
Torrance, California

78188

Shakeproof

Div. of lllingis Tool Works inc.
Eigin, lliinois

78277
Sigmsa Instruments, Inc,
South Braintree, Massachusetts

78488
Stackpole Carbon Co.
Saint Marys. Pennsylvania

78553

caton Corp. Engineered
Fastener Div.
Tinnerman Plant
Cieveland, Chio

78136
Waldes Kehinoor Inc.
Long island City, New York

78497
Western Rubber Company
Goshen, indiana

79063
Zigrick Mfg. Corp.
Mt. Kisko, New Yark

80031

Electro-Midiand Corp.

Mepco Div.

A North American Phitlips Co.
Norristown, New Jersey

80145

LFE Corp., Process Control Div,

tormerly AP Instrument Co.
Chesterland, Ohic

80183

Use 56289

Sprague Froducts

North Adams, Massachusetis

80294
Rourns Inc., instrument Div,
Riverside, California

80583
Hammariung Mfg. Co., tnc
Red Bank, New Jersey

B8040
Arnold Stevens, inc.
South Boston. Massachusetts

B1073
Grayhill, Inc.
La Grange. lllinois

B1312

Winchester Electronics

Div. of Litton industries inc.
Gakville, Connecticut

81483
Therm-0-Disc inc.
Manstfield. Ohio

81483
internationat Rectifier Corp.
L.os Angeies, California

81590
Karry Mig. Co.
Seattie, Washington

81741
Chicago Lock Co.
Chicago, lllingis

82305
Patmer Electronics Corp.
South Gate, Calitornia

82389
Switchcraft Inc.
Crnicago, l#inois

82415

North American Phillips
Controls Corp.
Frederick, Marytand

B2872
Roanwell Corp.
New York, New York

B2877
Rotron Inc.
Woodstiock, New Yark

828792
iTT Royal Etectric Div,
Pawtucket, Rhode isliand

83003
varo Inc.
Garland, Texas

83058

The Carr Co., United Can Div.

of TRW
Cambridge. Massachusetts

83298

Bendix Corp.

Eiectric Power Div,
£atontown, New Jersey

83330
Herman H. Smith. Inc.
Broaklyn, New York

83478

Rubbercraft Corp.

of America, Inc.

West Haven, Connecticut

83594

Burroughs Corp.

Eiectronic Componenis Div.
Plainfield, New Jersey

83740

Union Carbide Gorp.

Battery Products Div.

tormerty Consumer Products Div,
New York, New York

84171
Arco Electronics
Great Neck, New York

84411

TRW Electronic Lomponents
TRW Capaciiors

Ogallata, Nebraska

B4613
Fuse indicater Corp.
Rockvilie, Maryland

B4BA2

Essex Internationat inc.
Industrial Wire Div.
Peabody, Massachusetis

86577

Precision Metal Froducts
of Malden Inc.

Stoneham, Massachusetts

86684

Radio Corp. of America
Electronic Components Div,
iHarrison, New Jersey

86928
Seastrom Mig. Co., inc.
Glendale, California

87034

Hiuminated Products Inc.
Subsidiary of Qak industries Inc.
Anahiem, California

88219

Goutd inc.
Industrial Div.
Trenton, New Jersey

88245

Litton Sysiems ing.
Useco Div,

Van Nuys, California

88419

Corneil-Dubilier Efectronic Div,
Federa! Pacific Co.
Fuquay-Varian, North Carolina

88486
Plastic Wire & Cable
Jewitt City, Connecticut

88690
Replaced by 04217

BI536
John Fluke Mfg. Co., inc.
Seattie, Washington

89730
G.E. Co., Newark Lamp Works
Newark, New Jersey
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Federal Supply Codes for Manufacturers {cont)

90201

Malory Capacitor Co.

Div. of P.R. Maliory Co., Inc.
Indignapolis, Indiana

0211

Use 56365
Square D Co.
Chicage, Illinois

80215
Best Stamp & Mfg. Co.
Kansas City, Missouri

90303

Maliory Battery Co.
Div. of Maliory Co,, inc.
Tarrytown, New York

91094

Essex international Inc.
Suglex/IWP Div.
Newmarket, New Hampshire

91283
Johensan Mig. Co.
Boonton, New Jersey

91407
Replaced by 58474

91502
Associated Machine
Santa Ciara, California

91506
Augat Inc.
Aftleboro, Massachusetts

91637
Dale Electronics inc.
Columbus, Nebraska

81662
Elco Corp.
Willow Grove, Pennsyivania

91737

Lise 71468

Gremar Mig. Co., Inc.
ITT Cannon/Gremar
Santa Ana, California

91802
ingustrial Devices, inc.
Edgewater. New Jersey

91833
Keystane Electronics Corp.
New York, New York

91838
King's Electronics Co., Inc.
Tuckahoe, New York

915829

Honeywell inc.
Micro Switch Div.
Freeport, lllinais

91934

Mitier Etectric Co ., InG,
Div. of Aunet
Woaonsocket, Rhode Island

52194
Aipha Wire Corp.
Elizabeth, New Jersey

93332
Sylvania Electric Products

Sermiconductor Products Div.

Woburn, Massachusetts

94145
Repiaced by 49956

94154

Lise 94988

Wagner Electric Corp.
Tung-So! Div.
Newark, New Jersey

94222

Southeo Inc. formerly
South Chester Corp.
Lester, Pennsylvania

85146

Alco Electronic Products Inc.

Lawrence, Massachusetts

85263
leecraft Mig. Co.
Long Istand City, New York

95264
Replaced by 98278

85275
Vitremon Inc.
Bridgeport, Conneclicut

95303

RCA Corp.
Receiving Tube Div,
Cincinnati, Ohio

95348
Gordo’'s Corp.
Bioomftieid, New Jersey

95354
Methode Mfg: Corp.
Roliing Meadows, liinois

85712

Bendix Corp.

Electrical Components Div.
Microwave Devices Plant
Franklin, Indiana

35687
Weckesser Co. Inc,
Chicago, lllincis

95733
San Fernandoe Electric Mfg. Co.
San Fernando, California

846853
Guiton incusiries ing.
Measurement and Conirols Div.

tormerly Rustrak Instruments Co,

Manchester, New Hampshire

96881
Thomson ingustries, Inc.
Manhasset, New York

Q7540

Master Mobile Mounts, Div, of
Whitehall Etectronics Corp,
Ft. Meyers, Florida

87913

Industriat Electronic
Hardware Corp.
New York, New York

87945
Penwait Corp.

58 White industrial Products Div,

Piscataway, New Jersey

97968
Replaced by 11358

88004
Replaced by 49856

88159
Rubber-Teck, Inc.
Gardena, Calitornia

98278

Malco A Microdet Co., inc.
Connector & Cable Div.
Pasadena, Caltfornia

98281
Sealectro Corp.
Mamaroneck, New York

98388

Rovyal Industries
Products Div.

Sarn Diego, California

98743
Replaced by 12748

984625
Repiaced by 14433

98120
Plastic Capacitors, Inc.
Chicago, lilinois

99217

Bell Industries Elect,

Comp. Div.

formerly Scuthern Elect. Div.
Burbank, California

99392
STM
Gakland, California

98515

ITT Jennings Monrovia Plant

Div. of ITT Jennings formerly
Marshail Industries Capacitor Div.
Monrovia, California

99779

Use 28587

Bunker-Ramo Corp.
Barnes Div,

Landsdowne, Pennsylvania

99800

American Precision Industries Inc.
Delevan Division

East Awrora, New York

994842

Centrelab Semiconductor
Centreiab Electronics Div. of
Globe-Unicn Inc.

El Morte, Catifornia

Toyo Electrgnics
{R-Ohm Gorp)
frvine, California

National Sonnector
Minneapotis, Minnesola
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Korea, Republic of ©
Myoung Cerporation
Rm #1501, Sinsong Bidg

26.4 Yeouido-Dorg, Young Deung Po-ku

Seoul 150, Korea
Tet (2} 784-8942, TLX: K24283

Kuwalt

Al Bahar Internationa! Group
P.O. Box 26672 Safat
Kuwait, Arabian Guli

Tel: 848601, B47508; TLX: (359) 44822

Lebianon and Jordan e
Mabek (Electronics Division)
£.0. Box 13-5657

Beiryt, Lebanon

Tel: 812523, TLX: (823} 22889

Mailaysia @

Mecomb Mataysia SND BRD

Lot 20, Jalan 225

P.0. Box 24

Petaling Jaya, Maiaysia

Tel: {3) 743422, TUX: {784) MA3T764

Maita

fabian Enterprises

20, Msida Road

Gzira, Malta

Yol 513283/40216, TLX: {838) 1837

Mexico »

industrial, S.A. (Mexel)

Diagonal No. 27

Entre Calle de Fugenia Y Ave
Colonia del Valle

G.P. 03100, Mexico

Tel: (5) 660-4323, T1X (383) 1771038

Morocco m

Oussama S.A.

Angle Baulevard Emile Zoka et
Rue Hethe!

P.0. Box 2007 Casa

Casablanca

Morocco

Tel: 24-13-38, TLX(: 22730 M

Nepal »

Associated Enierprises
GPO Box 790, Pyaphai Tole
Kathmandu, Nepal

Tal 13868

Nethediands u

Fiuke (Holland} BV,

P.O. Box 2269

5600 CG findhoven

Netherlands

Tetl {40} 458045, TLX: (B44) 51846

Fiuke (Nederland) BY.
Gasthuisring 14

PO Box 115

5000 AC Tilburg

The Netherlands

Tel {13) 352455, TLX: (844) 52683

New Zealand »

Northrop Instruments & Systems, Lid.
information Technology Group

458 Khyber Pass Aoad

Private Bag, Newmarket

Auckiant 1, New Zeatand

Tetl: {8} 501-801; TLX: (781) 23570

Northrop Instruments & Systemns Lid.
Information Technology Group

First Floor, Northrop Bidg.

1B9-191 Willis Street

P.O. Box 2406

Wellington, New Zealand

Tel: (4) BE6-658, TLX: {791) 3380

Northrop instruments & Systems Lid.
information Technology Group

110 Mandeville Street

£.0. Box 8388

Christchurch, New Zealand

Tet {3) 488-874, TLX: (791) 4801

Norway m

Morgenstierne & Co A/S
Konghellegate 3

0. Box 6688, Aodeiokka

Osio 5, Norway

Teh {2) 356110, TLX (B56) 71718

Omana

OHI Telesommunications
P.C. Box 889

Muscat

Sultanate of Oman

Tet: BOILOHE, TLX: {326} 5052

Pakistan e

International Operations (PAK), Lid.
585 Muhammadi House

L. Chundrigar Road

P.O. Box 5323, arachi, Pakistan
Tel: (21} 221127, TLX: {952) 24494

Pory »

Imporiaciones y Representaciones
Electronicas S.A.

Avda. Frankiin D. Roosevelt 125

Lima 1, Pery

Tel: (14} 28-8650, TLX: (354) 25663

Phifippines, Republic of ¢

Spark Aadio & Electronics, inc.

452 Shaw Boulevard

Mandaluyeng, Metro Manila

Repubiic of Philippines

Tek (2) 176192, TLX: {722 or 732) 279031

Poland m

Amtast Associates Ltd.

Giarence House, 31 Clarence St
Staines, Middiesex TW18 45Y
England

Tel: {784) 62555, TLX: (B51) 928855

Portugal m

Decada Espectral

Equipamentos de Electronica

Av. Bombeiros Voluntasios

Lote 102B, Miratiores/Alges

1495 Lisbon, Portuga!

Tel (1) 2103420, TLX: (B32) 15515

Romania

Amtest Associates Lid.

Clarence House, 31 Clarence St
Staines, Middiesex TW18 48Y
England

Tei: (784} 63555, TLX: {851) 828855

Saudi Arabia

Electronic Equipment Marketing Co.
P.C. Box 375C

Riyadh, Saugi Arabia

Tel: {1} 477-1650, TLA: 201126

Singapore, Repubiic of #

Rank &'Connor's (PTE} Lid,
O'Gonnor House

98 Pasir Panjang Read
Singapore 8511

Republic of Singapore

Tel: 4737944, TLX: (788} RS21023

South Africa

Fluke S.A. {Pty) Ltd.

Wynbetg Park

777 Andries Street

Wynberg, South Africa

Tek £11) 786-3170, TLX {960) 424328

Spain =

ESSA

Equipes y Sistemas S.A.

G/ Apoionio Moraies, 13-B

Magrid 16, Spain

Tel: {1) 458.0150, TLX: (B31) 42856

Sri Lanka &

Computerfink Data Systems, Ltd.
294 Union Place

Colombe 2, 81 Lanka

Tel: (1} 28641/2, TLX: (954) 21321

Sweden s

Teteinstrument AS
Maltesholmsvagen 138

PO, Box 4490

162 04 Vaitingby 4

Sweden

Tei: (8) 3B0370, TLX: (B54) 15770

Switzerland k

Trace Eiectronic AG
Jenatschstrasse 1

8002 Zurich

Switzerland

Tek (13 201-0711, TLX: (845) B15578

Syria m

Mabek (Electronics Division)
PO, Box 4238

Camascus, Syria

Taiwan

Schenidt Etectronics Corp.

5th Fi, Gathay Min Sheng
Commercial Buiiding,

344 Min Sheny East Road

Taipel 104, Taiwan RO.C.

Tel: (2) 561-3468, TLX: (785) 11111

Thalland »

Measuretronix Lid,

2102/63 Ramkamhaeng Rd.
Bangkok 10240

Thaitand

Teb {2) 3Y8-2516, TLX: (788) 82796

Tunisia x

Saiep SARL

6, Rue ge Sparte

Tunis - 1003 RP

Tunisia

Tel: {1} 248093, TLX: (834} 13030
Turkey &

Erkman Elektrordk Aletier
Ticaret Anonim Sirketi
Necatibey Cad 82/3

Karakoy, Istanbif, Turkey

Tel {11} 4415481, TLX: (821) 24395

United Arab Emiraios w
Al-Sanani Cen, Frad. Est,
P.C. Box 7187
Abu-Dhabi, UAE.

‘Tel: (2) 821370 or 821371
TLX: {858} 23966

Hatris Al-Afag, Lid.

.0, Box 545

Sharjah, LAE.

Tel: (6) 359120, TLX: (956) 68540

Uruguay ¢

Coasin Uruguaya S.A.

Libertag 262¢

Casilia de Correo 1400
Montevideo, Uruguay

Tel {2) 785015, TLX: (388) UY23010

USSR

Amtest Associates Lid.

Clarence House, 3% Clarence St
Staines, Middiesex Tw18 48Y
England

Tel: (784) 63555, TLX {851) 928855

Venezuela ¢

Coasin C.A,

Calle 5 Con Calie 4, Egif Edinurbi
Apartade de Correos NR-70.136
Los Ruices

Caracas 1073-A, Venezuela

Tel: (2) 238-0967, TLX: (395) 21027

Yugosiavia w

Amiest Associates Lid.

Clarence House. 31, Clarence 5t
Staines, Middlesex TW18 48Y
England

Tel (784} 63555, TLX: {B51) 828855

» Supplied and Supporied by «
Fluke (Holland) BV.

P.O. Box 2269

5600 CG Endhoven
Netherlands

Yet ((40) 45805, TLX: 51846
FAX: 31-40-457515

¢ Suppled and Supporied by —
Fluke Internationat Corporalion
P.C. Box 9030

Evereft, WA 98206 US.A

Tel: (206) 356-5500

TLX: 185103 FLUKE UT

FAX: 205-356-5116

The following countries are
represented by.

Fluke (Holand) 8V,

P.0. Box 2268

5600 CG Eindhoven
Netherlands

Tel: {040} 45805, TiX: 51846
FAX: 31-40-457515

Abuy Dhabi Mauritania
Afghanistan Menorea
Albania Mongolia
Algeria Niger
Angola Nigeria
Benin Qatar
Bornhoim Rodhos
Botswana Russia

Chad Sardinia
Corsice Saudia Arabia
{zechosiavekie  Scotland
Dubai Senegal
Ethiopia Sierrs Leone
Guines Somalia
ihiza Togo
fceland Upper Volta
¥aq Waies
Kuwait Watn Sahara
tiberia Yemen
Libya Zaire
{.uxembourg Zambiz
Maderia Zimbabwe
Mallorca

FLUKE




TECHNICAL SERVICE CENTERS

U.S.A.

CA, Burbank
John Fluke Mfg. Co., inc.
{2713} B49-7181

CA, Sania Clara
John Fiuke Mig. Co., inc.
{408) 727-0513

CO, Denver
John Fluke Mig. Co., Inc.
{303) 695-1000

FL, Orando
John Fluke Mig. Co., Inc.
{305} B96-4881

iL, Palatine
John Fluke Mig, Co., inc.
(312} 398-5300
312} 3%2-8510

MB, Rockville
John Fiuke Mig. Ceo., inc.
{301) 770-1576

N, Paramus
John Fluke Mig. Co,, Inc.
{201} 262-9550 '

TX, Dallas
John Fluke Mfg, Co., Ine.
(214} 864-0317

WA, Everett
John Fluke Mig. Co,, inc.
(206) 356-5560

Other Countries

Argentina, Buenos Aires
Coasin S.A.
Tel: 552-5248
TLX: (390} 22284

Australia, Brishane
Eimeasco Instruments Pty. Lid.
Tel 365-8688
TLX: (790} AASADE2

Australia, Concord
Eimeasco instruments Pty Lig.
Tel: 736-2868
TLX: {790) AAZS887

Australia, Ringwood
Elmeasco Instruments Ply, Lid.
Tel: B79-2322
TLX: {790} AA3B206

Austriz, Vienna
Walter Rekirsch
Etektronische Gerate GmbH & Co.
Tel 235555
TiX {847} 134759

Belgium, Brussels
Fluke {Beigium) SA/NA
Tet: 2164090
TLX: {848} 26312

Brazi, Sac Paulo
Hi-Tek Efetronica Lida,
Tel 421-5477
TLX: (13971 1135530

{anada, Bumaby, BC
Alian Crawtord Associates Ltd.
Tel (604) 294-1326
TLX: 0454247

Canada, Caigary, AB
Allan Crawiord Associates Lid.
Tel: (403) 291-3417
TLX 03821186

Canada, Mississauga, ON
Alian Crawford Associates Lid.
Tel {416) B90-2010
TLX 0696 1235

Canada, St. Laurent, PQ
Alian Crawlord Associates Lid.
Tel: {514} 731-8564
TLX 05824944

Chile, Santlage
Intronica Chile Ltda.
Tel: 44340
TLX: (332} 240301

China, Peopies Republic of
instrimpex - Fluke Service Center
Tet: 65-7281

Colombia, Bogota
Sisternas E instrumerdacion, Lida.
Tel: 232-4532
TLX: (396) 45787

Denmark, Ballerup
Tage Olson A/S
Tel 658111
TEX: (855) 35283

Ecuader, Quito
Proteco Coasin Cia., Lida,
Tel: 526759
TLX: (383) 2865

Egypt and Sudan
Eiectronic Engineering Liaison Office
Tel: 895705
TIX: 927y 22782

England, Wattord, Heris
Fluke {Great Brifain) LTD
Tel: 40511
TLX: {B57) 834583

Fintand
Instrumentarium Elektronikka
Tel: 358-0-52B1
TEX: (857} 124426

France
M.8. Electronique S.A.
Tetl: 8568131
TLX: (842) 695414

Greece, Athens
Heitenic Scientific Representations
Tel 7211140
FLX: {863} 219330

Hong Kong, Wanchai
Schinidt & Co (HK) Lad.
Tel: 8330-222
TLX: (780} 74766

India, Bangalore
Hinditron Services Pt Lid.
Tel: 33139
TLX: (953} 845741

india, Bombay
Hinditron Services Pvi L.
Tet 8121316
TLX: (953} 112326

Endia, New Delhi
Hinditron Services Pvi. Lid.
Tel: 640380
TLX {953) 316458

Indonesia, Jakarta Pusat
P.T. Dwi Tunggal Jaya Sakti
Tel: 584685
TLX: {798) 47308

Israel, Ramat Hasharon
R.D.T. Electronics Engineering tid.
Tel: 483211
TLX: (922} 32143

italy, Milan
Sistre! S.p.A.
Tel £181893
TLX: (843} 334643

Japan, Tokyo
John Fiuke Mig. Co., Inc.
Japan Branch
Tel: 434-0181
TLX {787) 242-4331

Korea, Republic of
Electro-Science Korea Co.
Tel: TB4-9942
TLX: MYOUNG K24283

Malaysia, Petaling Jaya
Mecomb Malaysia SDN S8HD
Tel 743422
TLX: (784) MA37764

Mexico
incustrial, 5.A. (Mexel}
Diagonai No. 27
Entre Caite de Eugenia ¥ Ave.
Colonia del Vaite
C.P. 03120, Mexico
Tel: 660-4323
TLX {383) 1771038

Netherlands, Tliburg
Fluke {Nederland) B.V.
Tel: 352455
TLX: (844 52683

New Zeaiand, Auckland
Mcl.ean information Technotogy, Ltd.
Tel 501-801, 501-219
FLX: (791) 21570

Norway, Oslo
Morgenstierne & Co. A/S
Tel 356110
TLX: (858) 71719

Pakistan, Karachi
International Operations (PAK), Lig,
Tel: 221127, 239062
TLX: (952) 24494

Pere, Lima
importaciones Y Representaciones
Electronicas S.A.
Yel: 288650
TLX: (394) 25663

Philippines, Repubiic of
Spark Radioc & Etectronics Corp.
Tel: 775192
TLX {722 27901

Portugal, Lisbon
Decada Espectral Equipamentos
de Electronica, Lda
Tel: 2103420
TLEX: {B32) 15515

Republic of Singapore, Singapore
Rank O'Connor's (PTE] Limiteg
Tel 4737544

TLX: {786) RS21023

Aepublic of South Africa
Fluke S.A (Pty) Ltd.
Tet 786-3170
TLX: (960) 424328

Spain, Madrid
Eguipos y Sisternas S.A.
Tel; 458-0150
TLX: {831} 42856

Sweden, Vallingby
Teleinstrument AB
Tel: 3BG370
TLX: (854) 15770

Switzeriand, Zurich
Traco Electronic AG
Tek 2010711
TLX: {845) B16570

Faiwan, Taipel
Schmidt Electronics Corp.
Tel: 5013468
TLX: (785) 11111

Thailand, Bangkok
Measuretronix Lid.
Tel: 378-2516
TLX: {788) 82796

Turkey, istanbul
Erkman Elekironik Aletler
Tel: 4415461
TLX: (821) 24399

truguay, Montevidea
Coasin Uruguaya SA
Tek 788015
TLX: {388) UYZ23010

Venezueta, Caracas
Coasin CA.
Tel: 238-0867
TLX: {395) 21027

West Germany, lsmaning/Munich
Fluke {Deutschiand} GmbH
Tel 98050
TLX: (841) 0522472

FLUKE

®

John Fluke Mfg. Co., Inc., P.O. Box C8080, Everett, WA 98206
Fluke {Holland) B.V,, P.O. Box 2268, 5600 CG, Eindhoven, The Netherlands. Phone (040) 458045, TLX 51846

Litho in US.A. 11/85



e ..

b

U.S. SALES AREAS for all Fluke products

AL, Huntsville
John Fluke Mig. Co., inc.
4920 Corporate Drive
Suite J

Huntsvilie, AL 35805-6202

{205) 830-9671

AZ, Tempe
John Fiuke Mfg. Co., inc.
2211 S. 48th Street
Suite B
Tempe, AZ 85282
(602) 436-8314

CA. Burbank
John Fiuke Mfg. Co., Inc.
2020 N. Lincoin Street
Burbank, CA 91504
{213) 849-7181

irvine

PO. Box 19676

irvine, CA 92713-9676
16968 Von Karman
Suite 100

irvine, CA 82714

(714) 863-9031

San Diego

John Fiuke Mfg. Co,, Inc.
4540 Kearny Vifla Road
Suite 115

San Diego, CA 52123
{619) 262-7656

Santa Clara

John Fiuke Mfg. Co., inc.
2300 Walsh Ave, Bidg. K
Santa Clara, CA 85051
(408) 727-0513

CO, Denver
John Fluke Mig. Co., Inc.
14180 E. Evans Ave.
Aurora, CO 80014
(303) 695-1000

CT, Hartlord
John Fluke Mfg. Co., Inc.
Gien Lochen East

41-C New London Turnpike

Giastonbury, CT 06033
(203) 659-3541

FL, Clearwater
{813} 799-0087

Orlando

John Fluke Mig. Co_lnc,
B840 N. Fern Creek Ave.
Oriando, FL 32803
{305) 896-4881

Tampa
{813} 251-9211

GA, Atianta

John Fluke Mig. Ca., inc.

2800 Deik Read
Suite 150

Marietta, GA 30067
{404) 953-4747

iL, Chicago

John Fluke Mig. Co., inc.

1150 W. Euclid Avenue
Palatine, It 80067
{312} 398-0850

312} 392-9510

IN, indianapolis

John Fluke Mig. Go., inc.

8777 Purdue Read
Suite 101

Indianapclis, IN 46268
{317) 875.7870

MA, Billerica

John Fluke Mig, Co., inc.

300 Middlesex Turnpike
Building 8

Biflerica, #MA 01821
{617) 663-2400

MD, Baltimore
{301} 792-7060

Rockville

John Fluke Mig. Co., inc.

5640 Fishers Lane
Rockville, MD 20852
{301) 77041570

M, Detroit

John Fluke Mig. Co., inc.

33031 Schoolcraft
Livonia, MI 48150
(313) 522-0140

MK, Sloomington
John Fiuke Mfg. Co., inc.
1801 E. 79th St, Suite 9
Bipomington, MN 55420
{612) B54-5526

MO, St Louis
John Fluke Mig. Co, Inc.
2029 Woodland Parkway
Suite 105
St Louis, MO 63146
(314) 993-3805

NC, Greensboro
John Fluke Mfg. Co., Inc.
1310 Beaman Place
Greensboro, NC 27408
{919) 2731918

NJ, Paramus
Jnhn Fluke Mfg. Co., inc.
P.O. Box 93C
Paramus, NJ 07653-0030
Woest 75 Century Road
Paramus, NJ 07652
(201} 262-9550

NY, Rochester
John Fluke Mig. Co., Inc.
4515 Culver Road
Rochester, NY 14622
(716) 323-1400

OH, Cleveland
John Fluke Mfg. Co., Inc.
7830 Freeway Circle

Middleburg Heights, OH 44130

(216) 2344540

Columbus
(614) 88S-5715

Dayton

John Fluke Mig, Co., Inc.
4756 Fishburg Rd.
Dayton, OH 45424

(513) 233-2238

PA, Maivern
Johin Fluke Mig. Co., Inc.
200 Lindenwood Drive
Malvern, PA 19355
{215).647-9550

TX, Dallas
John Fluke Mfg. Co., inc.
1801 Royal Lane
Suite 307
Dalias, TX 75229
{214) 869-0311

San Antonio

John Fiuke Mig. Co., inc.
10417 Gulfdaie

San Antonio, TX 78216
{512) 340-1011

WA, Seattie
John Fluke Mig. Co., Inc.
5020 148th Ave. NE.
Suite 110
Redmond, WA 98052
{20€) 881-6966

Service Center Areas

CA, Burbank (213) 849-7181
CA, Santa Clara (408} 727-0513
€0, Denver (303) 695-1000

FL, Oriando {305) 896-4881

IL, Chicago {312) 392-9510
MA, Billerica {617) 663-2400
MD, Rockville {301} 7761570
NJ, Paramus (201) 262-9550
TX, Dallas {214) B69-0311

WA, Everetl (208) 356-5560

S

For more information on Fluke products or Sales Offices you may dial (800) 426-0361 toll-free in most of the U.5.A.
From Alaska, Hawaii, or Washington phone (206) 356-5400. From Canada and other countries phone (206) 356-5500.

FLLJ KE John Fluke Mfg. Co., Inc,, P.O. Box C9090, Everett, WA 98206
Fluke (Holland) B.V, P.O. Box 2269, 5600 CG, Eindhoven, The Netherlands. Phone (040) 458045, TLX 51846
€ {ithoin U.S.A. 11/85




INTERNATIONAL SALES OFFICES

Argentina »

Coasin SA

Virrey de! Pino 4671 DEP E-1
1430 CAP FED

Suenos Aires, Argentina

Tel: {1} 552-5248, TLX: {390) 22284

Australia

Elmeasco Instruments Pty, Lid.

P.O. Box 30

Concord, N.SW. 2137

Ausstralia

Tel (2} 736-2888, TLX: (790) AAZ5B87

Eimeasco instruments Pty, 1id.

P Box 623

12 Marogndah Highway

Ringwood, Victoria 3134

Australia

Tel {3} 879-8322, TLX: (780) AA3B206

Eimeasco instruments Py, Lid,
Prolessional Suites Bidg.

G.P.0. Box 2360

Brisbane 4001, Austraiia

Tel: (7} 369-8688, TLX: {790) AA44062

Eimeasco Instruments Ply, Litd.
G.P.0O. Box 1240
Adelaide, South Austratia 50071
Tel: (8} 2711839

Eimeasco Instruments Ply, Ltd.
£0. Box 95

Gosnells, West Australia 6110
Australia

Tel {8) 398-3362

Austria o

Waiter Rekirsch Elektronische
Gerate GmbH & Co.

Vertrieb KG

Obachgasse 28

1220 Vienna, Austria

Tel (222} 235555, TLX: (847) 134759

Bahrain

Basma

P.C. Box 5701

Manama. Bahrain

Tel: 251-364; TLX: (955) 9003

Bangladesh &

Mothertand Corporation
24 Hatkhola Road, Tikatuii
Dacea-3, Bangladesh
Tel: 257248 or 255776
TLX: (950} 642022

Beigium w

Fluke (Beigium) S.A./N.V.

6 Rue de Geneve

1140 Brussels

Beigium

Tel: (2) 2164080, TLX: (846} 26312

Bolivia ®

Coasin Bolivia SRL

Casilia 7285

La Paz Bolivia

Tet (2} 40982, TIX: {336) 62586

Brazli o

Hi-Tek Eletronica Lida.

Al Amazonas 422,

Alphavitie, Barueri,

CEP 06400, Sac Paulo, Brazil

Tel {11) 421-5477, TLX. (391} 01135588

Brunei &

Rank {rConnors Berhad
No 8BikD

Sutrl Shophouse Complex
Mile 1 Jalan Tutong
Bandar Seri Begawan
Negara Brunei Darussatam
Tel: {2} 23109 or 23557
TLX: {799} 2265 RANKOC

Canada ¢

Allan Crawlord Assoc., Lid.

5835 Coopers Avenue

Mississauga, Ontario

14Z 1¥2 Canade

Tel: (416} 890-2010, TLX: 0696 1235

Allan Grawlord Assoc., Lid.
7018 Cote de Liesse

S1. Laurent, Quebec

H4T 1E7 Canaca

Tel 1514} 731-8564

TLX: 95824944

Alian Crawford Assoc., Lid.

2625 Queensview Drive

Ottawa, Ontario

2B 8K2 Canada

Tek (§13) 566-9300, TLX: 0533600

Adan Crawford Assoc., Lid.

Suite No. 108

4180 Lougheed Hwy.

Burnaby, British Colizmbia

V5C 6AT Canada

Tel (604) 294-1326, TLX: 0454247

Allan Crawlord Assoc., Lid.

1935 30th Avenue, N.E.

Calgary, Alberta

T2E 6256 Canada

Tel: (403) 230-3341, TLX: (03821186

Aflan Crawlford Assoc., Lid.
800 Windmill Roag

Suite 205

Dartmouth, N.5.

B38 1L1 Canada

Tel: {502} 463-8640

Chile »

intronica Chile, Lida.

Manuet Montt 024-01. D

Casiila 16228

Santiago 9, Chile

Tek {2) 44940, TLX: {332} 240301

China, Peoples Republic of @
Fluke international Corp.

7.0, Box C9090 M/ S 206A
Everett, WA 88206 U.S.A

Tei: (206) 356-5511

TLX: 185103 FLUKE UT

Coiombia »

Sisternas E instrumentacion, Ltda.
Carrera 13, No. 37-43, Of. 401

Ap. hereo 29583

Bogota DE, Colombia

Tel 232-4532. TLX (396) 45787

Cyprus w

Chyis Radiovision, Lid.

P.Q. Box 1989

Nicosia, Cyprus

el (21} 66121, TLX: (826) 2395

Cyprus, Narthern

Ucok Buroteknik

2C & 20 Mufty Ziyai Street
L.etkosa, Northern Cyprus
Mersin 10, Turkey

Tel: (741) 357-20-71777
TLX: (B21) 57267

Czechoslovakia &

Amtest Associates Lid

Clarence House

31 Clarence Street

Staines, Middiesex TW16 45Y
England

Tek (784) 63555, TLX: (B51) 928855

Denmark w

Tage Olsen A/S

Balletup Byvej 222

2750 Bailerup

Denmark .
Tel: {2) 658111, TLX {B55) 35293

Ecuador ®
Broteco Coasin Gia., Liga
P.O. Box 228-A
&ve. 12 de Octubre 2285
y Orettana
Cuito, Ecuador
Tel: (2) 529684, TLX: {383} 2865

Proteco Coasin Cia, Lida.
£.0.Box 89733
Ave. Principal No. 204

y Catie Segunda
Urbanizacion Mirafiores
Guayaguil, Ecuador
Tet {4) 387319

Egypt and Sudan »

Elecironic Engineering Liaison Office
P.0. Box 2881 Horreye

Hellopotis, Caire

Egypt

Tei: {2) 695705, TLX: (927) 22782

England #

Fluke GB, Ltd.

Colonial Way

Watlord, Herts,

WD2 47 England

Tel {923) 40511, TLX: (851} 934583
Fiji »

Awa Fijf

47 Forster Road

Waiu Bay

Suva, Fifi

Teb 312079, TLX: {792} FJ2347

Finland =

Instrementarium Elektroniiki oy
P.O. Box 64

{2631 Espoo 863

Finland

Tel (D) 5281, TLX: {857) 124426

France

1B, Electronique SA.

806, Rue Fourney

P.O. Box 31

78530 BUC, France

Tel: (3} 956-8131, TLX: {842} £95414

German Democratic Republic n
Amtest Assosiates Ltd.

Clarence House, 31 Clarence St
Staines, Middlesex TW18 45Y
United Kingdom

Tel: (784} 63555, TLX: (851} 328855

Germany, West »

Fluke (Deutschiand) Gmbh
Oskar-Messter-Strasse 18

8045 Ismaning/Munich

West Germany

Tel: (B9) 96050, TLX: (841) 0522472
Hapitax: 49-85-9805166

Fluke (Deutschiand) GmbH
Viertriebsburo - Dussetdor!

Meineckesirasse 53, D-4000 Dusseldor-30

West Germany

Tel: (241} 450631, TLX: {841} 17-2114233

Fluke (Deutschiand) Gmbk
Vertriebsburo - Hamburg

Hebichthorst 42

D-200C Hamburg 61

West Germany

Tel: (40) 5519031, TLX: {841) 02174556

Greece n

Heflenic Scientific Representations Lid.

11, Vrassida Streat
Athens 612, Greece
Tek (1) 711140, TLX: (863} 219330

Hong Kong ¢

Schmigt & Co (H.K3, Lid

18th Floor, Great Eagle Centre
23 Harbour Road

Wanchai, Hong Kong

Tel: {5) 8330-222

TLX: (780} 74766 or {780} 76762

Hungary &

Amtest Associates Lid

Clarence House, 31 Clarence St.
Staines, Midatesex TW18 45Y
United Kingdom

Tel (784) 63555, TLX {851} 9288565

india ®

Hinditron Services Pvt., Ltd.
69/A.L. Jagmohandas Marg
Bombay 400 006, India

Teb: (22} 8121316, 8125344, TLX (953} 112326

Hinditron Services Pvi., Lid.

8th Main Road

33/44A Raj Mahal Vilas Extension
Bangalcre 560 980, india

Tel: (910) 33139, 367289, TLX: (953} 845741

Hinditron Services Pyl Lid.
5th Floor, "Castle House”
5/1A, Hungerford St.
Calcutta 700 017, India

Tet 33-434628, TLXC 21-4153

Hinditron Services Pvt Lid.

204-5-6 Hemiunt Tower

98 Nehru Place

New Dethi, 110019, india

Tet {510} 640380, TLX: (953) 3161458

Hirditron Services Pvi. Ltd.

1-1-58/1 to 1-1-58/11

Saroiini Devi Road

Secunderabad 500 003, Incia

Tet (842) B21117, TLX: (953} 1556973

donesia &

P.T. Dwi Tunggal Jays Sakti

P.O. Box 4435

Wisma Harapan Bldg, 14th

J. Jend. Sudirman Kav. 34
Jakarta Pusat, indonesia

Tel: (21) 584685, TLX: (796) 47308

treland w

Euro Instruments & Electronics Lid.
Euro House

Swords Soad, Santry

Dublin 8, {refand

Tel (1) 425666, TLX: {851) 31821

Israet =

R.O.Y. Electronics Engineering Lid,
P.C. Box 43137

Tel Aviv 61430

Israel

Tel: (33 483211, TLX: (622) 32143

Haly m

Sistrel S.p.A.

Vig Pelizza da Volpedo 58

20092 Cinisello Balsamo

Milan, haty

Tel: (2) 6181893, TLX: (843) 334643

Sistrel SpA.

Via Giuseppe Armellini No. 39
00143 Rome, liaky

Tel: {6 591-5551, TLX: (843) 680356

Sistrel S.p.A.

Via Cinta

Parco §. Paoio 35
80126 Napies, Haly
Tel: {81) 7678700

Japan ¢

John Fiuke Mig. Go,, inc.

Japan Branch

Sumitome Higashi Shinbashi Bidg.
1+1-11 Hamamatsucho

Minato-ku, Tokyo 105, Japan

el {3) 434.0181, TLX: (781) 2424331
FAX B1-3-434-0170

Joha Fiuke Mig. Co, inc.
Japan Branch
Katsushige Buiiding
2-45 Kohraibashi
Higashi-ku, Osaka 541
Japan

Tek {6) 229-08T

FLUKE

John Fiuke Mfg. Co., Inc. / PO Box C98080 / Everett, WA 98206 / (206) 356 5400

Litho in US.A. 11/85
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INTRODUCTION

This appendix contains information necessary to back-
date the manual to conform with earlier pcb configura-
tions. To identify the configuration of the peb’s used in
your instrument, refer to the revision letter (marked in
ink}) on the component side of each pcb assembly. Table
7A-1 defines the assembly revision levels documented in
this manual,

NEWER INSTRUMENTS

As changes and improvements are made to the instru-
ment, they are identified by incrementing the revision
letter marked on the affected pcb assembly. These

Py

Appendix TA

Manual Change Information

changes are documented on a supplemental change/
errata sheet which, when applicable, is inserted at the
front of the manual.

OLDER INSTRUMENTS
To backdate this manual to conform with earlier assem-
bly revision levels, perform the changes indicated in

Table 7A-1.

CHANGES

There are no backdating changes at this printing. All pcb
assemblies are documented at their original revision
level.

TA-1
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Table 7A-1. Manual Status and Backdating Information

Ref

* To adapt manual to earlier rev configurations perform changes

Fluke | | - . ; .
o ?{Dn Assembly part | in desending order {by no.), ending with change under desired rev letter
No. Name No., [—falslclofelrlain]olx]m]n]r
Al Main PCB Assy 471840 ¢le (eje e (e |e|®]X
A2 Front Panel PCB Assy 471516 | e |eje[e|e|ajo e 2 0] e|X
A3 Timebase PCB Assy 406918 o | &1 X
A3 Timebase PCB Assy 538660 X
010 Battery Option 475962  eie | 8ia in (8| X
-111 1 PPM TCXO Option X
131 Low Power Oven Time Base 516112] e | X
Option
132 Sup. Low Power Oven Tim.e 516096 e | X
Base Option
-351 Resofution Multiptier Option (481747 X
-521% Digital interface Option 487454 | e el e | @ | X
* X = The PCB revision levels documented in this manual,
® = These revision letters were never used in the instrument.
—= No revision letter on the PCB.
TA-2 11/80
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FIGURE

g8-1.
8-2.
8-3.
8-4,
&-5.
8-6.
8-7.
8-8.

Section 8

Schematic Diagrams

TABLE OF CONTENTS

TITLE PAGE
Interconnect DIAZram .. ..ottt ettt e 8-3
Al Main PCB Assembly ... ... ittt ey 84
A3 Time Base PCB Assembly ... oot 8-9
A2 Front Panel PCB Assembly . .. ..ot i 8-1¢
Batiery PCB Assembly Option =010 . ... oo 8-12
Resolution Multipler PCB Assembly Option=351....... ...t g-14
Digital Interface PCB Assembly Option-521 ........ ... .covein 8-16
Interface PCB Assembly Option -522.......... e 8-18
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MNEMONICS

a, b,ed e fg
ADRVAL

AECL

ATTL

ATN

B1, B2, B4, B8
B1D1, B2D1, B3D1, BAD1
B1D2, 8202, B3DZ, B4D2
BE

BECL

BST

BUSEN

BUSY, BY

CHA

CHB

CHK

D1,D2,D3, D4
§7701 through DT 08
DAC

JAV

DATVAL

pp

DP1, DP2, DP3, DP4
DETOUT

DET REF

D81 through DS8
=(s]]

RNG1, RNG2
S1 through 59
sC

SRQ
ST,START
TALK
TALKEN

UX

7 segment 1.ED display information,

Address Valid. Printer interface signat.
Channel A Emitter-Coupled Logic.

Channel A Transistor-Transistor Logic.
Attention, IEEE Bus management line.
Binary coded decimal measurement bits from multiplexer to Digital interface.
Binary coded decimal bits for digit 1.

Binary coded decimal bits for digit 2.
Channel B Enable.

Channgl B Emitter-Coupled Logic.

BURST mode selected.

Bus Enable.

Busy signal from Control Logic when measurement cycle is in progress.
Channel A mode selected.

Channel B mode seiected.

Self-check mode seiected,

Binary coded decimal measurement bits.
IEEE data lines.

Data Accepted.

Data Valid. |[EEE handshake tine.

Data Valid. Printer Interface signal.

Decimal Point.

Decimal point display position.

Detector Out from hybrid.

Detector Reference from hybrid.

Digit Strobe 1 through Digit Strobe 8.

End or identify. |EEE Bus management line.
Frequency Multiplier. Channel A conditioned input signal multiplied by 1000,
Main Gate FF Q output.

Gate indication to front panel LED display.
Single or Continuous measurement selection.
Interface Clear. IEEE Bus management line.
IEEE Interface Listen status.

Measurement Update.

Resoiution Multiplier mode selected.
Non-Resolution Multiplier mode selected.
Not Data Accepted.

Not Ready For Data

Reset from Control Logic. Resets latches and accumulators.
Reset from Control Logic. Resets Channel B Squelch Latch.
Remaote Enable.

Front panel Reset.

Channet A Fregquency Multiplier Reset.
Ready For Data.

Resolution Range lines.

Digit Strobe 1 through Digit Strobe 9.

Single or Continuous measurement selection.
Service Reguest.

Remote Reset.

{EEE Interface Talk status.

IEEE {nterface Talk Enable.

Display Annunciator.

——~ A




CHANGE/ERRATA INFORMATION

ISS0E NO: 1 7/83

This change/errata contains information necessary to ensure the
acecuracy of the following manual. Enter the caorrections in the
manual if either one of the following conditions exist:

1. The revision letter stamped on the indicated PCB i3 equal
to or higher than that given with each change.

2. No revision letter is indicated at the beginning of the
change/errata.

MANUAL
Title: 72204
Print Date: Auguat 1980

Rev. and Date: 2-11/80

C/E PAGE EFFECTIVITY
Page No. Print Date

1 T/83
2 7/83



ERRATA #1

On page 5-4, Table 5=-1:

Change both the MFG SPLY CODE and the MFG PART NO. OR TYPE,
FROM: 12040 [LM317T

T0: 895361343723

ERRATA #2

On page 4-7, following paragraph 4-31, steps 2,3,4 and 6:
Change the settings for the attenuator as follows:

Step 2 -~ FROM: 25 dB T0: 35 dB
Step 3 - FROM: 31 d8 TO: 41 dB
Step 4 -~ FROM: 32 dB TO: 42 dB
Step 6 - FROM: 22 dB TO: 32 dB

On page 4-12, following paragraph 4-43, steps 3,4 and 5:
Make the following changes:

Step 3 - FBOM: 29 dB T0O: 39 4B

Step 4 « CHANGE: Then adjust the trimpot ...
T0: Then adjust the R51 trimpot ...

Step 5 ~ FROM: 31 dB TO: 41 dB
FROM: 29 dB TO: 39 dB
FROM: 31 4B T0: 41 dB

CHANGE 21 - 13966
Rev.~=J, A1 Main PCB Assembly (72204=-4001T)

On page 5-8, Table 5-2:
CHANGE: C30{CAP, MICA, 5000 PF +/=-5%, 500V 118106572136 |DM15502~d |1
TO: C30{CAP, MYLAR, 0.0068 UF +/-10%, 50V{342881/80031|75F1R54682}1

0n page 8-8, Figure 8-2, change the value of C30:
FROM: .005
T0: .0068

CHANGE #2 - 15058
Rev,~M, A1 Main PCB Assembly (72204A~-4001T)

On page 8«7, Figure 8-2, change the schematic as shown in Figure 1.

14 0

531

FPigure 1.

7/83 1
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CHANGE #3 -~ 15471
Rev.~J, Final Assembly (72204-5001)

On page 5=3, Table 5-1:
CHANGE: H6|SCREW, PHP, 4-40 X 1/21152132173734]190261}4
TO: B6 | SCREW, PHP, 440 X 5/8)145813}73734119027 4

CHABGE #4 - 15907
Rev.-G, Battery Optionm «010 Assembly (72204-4010T)

On page 010-8, Table 070-3:
CHANGE: U1{IC, LINEAR OP AMP

CHANGE #5 - 16952
Rev.~J, Final Assembly (72204-5001)

On page 5-~3, Table 5-1%:
CHANGE: U8}IC, BCL, QUAD, 2~INPOT NOR, 16-~PIN DIP
1380881]04713}MC10102P]}
1
i

I0: U8|]IC QUAD, 2-INPUT NOR|[680819[04713|{MC10102P

7/83 2

1
1

f414284 12040 {LM1458N
I0: U1}{IC, OP-AMP, DUAL COMPENSATED]Y73777189536 473777

[1
f1

4
3
i
i

111
111

72204
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