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Sectlon 1—-CMC250 Service

GENERAL INFORMATION

INTRODUCTION

The TEKTRONIX CMC250 1.3 Gz Frequency Counter is
a multifunction counter that measures the frequency of
sine, square, and triangle waves from 5 Hz to 1.3 GHz.
The count is shown on an gight-digit display with auto-
matic decimal point placement a@nd an LED indicator
showing the display measurement unit (MHz, kHz, us).

The counter has two input channels: Channel 2 is a
special 50 Q terminated input for use in high-frequency
systems, and Channel 1 is a standard 1 MQ input for
frequency measurements up to 100 MHz. A Check mode
is provided so that the user can make a quick check of
instrument operation, and Period and Totalize modes
can be used with Channel 1 input signals.

Additional features of the CMC250 include selectable
GATE times (resolution) for both channels, a selectable
X10 attenuator for 3 V to 42 V input signals, and a selec-
table low-pass filter for signals below 100 kHz. The
counter has front-panel OVERRANGE and GATE
(measurement in progress) LED indicators.

The CMC250 comes with a locking, multiposition
canying handleftitt stand that can be folded under the
frequency counter to allow stacking with other instru-
ments of the same series. Standard accessories
provided with the CMC250 include a power cord and an
opetator's manual. For part numbers and further infor-
mation about standard and optional accessories; refer
to Replaceable Parts (section 8) in this mapual. For
additional Information, contact your Tekironix Sales
Office.or distributor and the Tektronix products catalog.

SPECIFICATION

General characteristics are givenin Table 1-1. The elec-
trical characteristics given in Table 1-2 are valid when
the instrument has been adjusted at an ambient tem-
perature between 18°C and 28°C (64 °F and 82°F), has
had a warmup period of at least one hour, and is
operating at an ambient temperature between 0°C and
40°C, with 75% maximum relative humidity.
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General Information-+=CMC250 Service

Table 1-2
Electrical Characteristics

Characteristics

Performance Requirements

Line Voltage Range

90 to 110, 108 to 132, 198 to 242, and 216 to 250 Vac at 50-60 Hz.

Power Consumption

15 VA, 12 W maximum.

FREQUENCY

Frequency Range

WVHOVIA DILYWIHOS

Channel 1 5 Hz to 100 MHz sine wave. :
Channel 2 80 MHz to 1.3 GHz sine wave.
Accuracy Time base accuracy +1 count.
Resolution (selectable)
Channel 1
kHz Mode 0.1 Hz to 100 Hz.
MHz Mode 1 Hz to 1000 Hz.
Channel 2 10 Hz to 10 kHz.
PERIOD
Range 0.4 usto0.2s.
Frequency Range 5 Hz to 2.5 MHz sine wave.
Accuracy +1 count £ time base error =+ trigger error.2

Resolution (selectable)

100 ps to 100 ns.

TOTALIZE

Range

0 to 99,999,999 counts plus overrange.

Repetition Rate

5 Hz to 10 MHz sine wave.

CHANNEL 1 INPUT

Bandwidth 5 Hz to 100 MHz, AC coupled.
Maximum Input Voltage A 42V peak.
Sensitivity (minimum input voitage)
5 Hz to 30 MHz 20 mvVims.
¢ 30 MHz to 100 MHz 50 mVims.

CHANNEL 2 INPUT

Bandwidth

80 MHz to 1.3 GHz, AC coupled.

Maximum Input Voltage A 1 Vrms.
Sensitivity (minimum input voltage)
80 MHz to 600 MHz 10 mvrms.
600 MHz to 900 MHz 25 mVrms.
900 MHz 10 1.3 GHz 50 mvirms.

2 Trigger error is typically % 0.3 of reading divided by the number of cycles averaged, for input signals greater than 100 mv
with S/N ratio better than 40 dB.

1-3
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Section 3—CMC250 Service

THEORY OF OPERATION

INTRODUCTION

This section contains a description of the CMC250
1.3 GHz Frequency Counter circultry. General operation
of the instrument is described in the Block Diagram
Description. Each functional.circuit is described in more

detall In the Detailed Circuit Deserigtion.

The schematic diagram and the Main circuit board
illustration are located in the Diagrams section of this
manual. To understand the circuit descriptions in this
section, refer to both the Block Diggram, Figure 3-1 In
this section, and to the schematic diagram.

DIGITAL LOGIC CONVENTIONS

Functions and operation of digital iogic circuits are rep-

resented by logic symbology and terminology. Most .

logic functions are describved using the positive-logic
convention. Positive logic fs-a system of notation where-
by the more positive of two levels is the TRUE (or 1) state;

the more negative level is theé FALSE (or 0) state. In this

manual, the TRUE state is referred o ag high, and the
FALSE state as low. The voltages that constitute a high or
a low state vary between specific devices. For device
characteristics, refer to the manufacturer's data book.

BLOCK DIAGRAM DESCRIPTION

Signal input to Channel 1 is through the CHANNEL 1
INPUT eonnector on the front panel. Channel 1 Is for fre-
quencies betow 100 MHz and has a signal-conditioning
feature. The attenuator switch 86 selacts either full volt-
age when INPUT VOLTAGE is set to LO, or passes the
signal through a 10X attenuator when INPUT VOLTAGE is
set to Hi.

Signal input to Charitiel 2 is through the CHANNEL 2
INPUT connector on the front pans!l. Channel 2 is for
frequencies from 80 MHz to 1.3 GHz, and the Channel 2
Input circuit includes a divide-by-256 feature.

The main counter, integrated circuit U16, performs all
frequency, period, and totalization functions and drives
the displays. Four control inputs on U16 determine
operating mode, resolution, time base frequency, and
decimal point placement. Selected time-multiplexed

digit strobes are fed back to these control inputs via the
front panel switches. The control inputs set operating
conditions according to which strobes are applied.

The time base is a 10 MHz oscillator for Channel 1
measurements and a 3.90625 MHz oscillator for Chan-
nel 2 measurements.

The power supply provides regulated dc voltages. The
powsr supply circuit can be set with the LINE VOLTAGE
SELECT switches as needed to accommodate various
line voltages.

DETAILED CIRCUIT DESCRIPTION

Channel 1 Input Cireuit

Signals with frequencies below 100 MHz are connected
to the Channel 1 Input Cireuit via the CHANNEL 1 INRUT
connector on the front panel. The Input signal Is capaci-
tively coupled via C1 to the divider of R2 and R3. When
the INPUT VOLYAGE switch SB is set to 50mV-5V(LO),
the full voltage across this divider goes to the Input
Buffer; when 88 is set to 3V-42V(H1), the signal is con-
nected through an Atteriuator circuit before gaing to the
Input Buffer.

ATTENUATOR. Voltage divider R2 and R3. attenuates
Channel 1 input signals by a factor of 10 when the INPUT
VOLTAGE switch S6 is setto HI.

INPUT BUFFER. Either the entire signal (S6 set to LO) or
the attenuated signal (S6 set to HI) Is applied to the Input
Buffer. The Input Buffer isolates the signal being tested
from the circuitry inthe frequency counter. This voltage is
level-clamped to a maximum of 0.6 volts by transistors
Q1 and Q2 and then applied to the high-impedance
buffer stage. This consists of FET Q3 which provides
good sensitivity over the Channel 1 frequency range and
Q4 which serves as a cument source for successive
stages.

LOW PASS FILTER. The Low Pass Filter removes the
high-frequency components (noise) from a signal, so
that lower frequencies can be accurately counted. When
the LOW PASS FILTER switch S7 is ON, D1 and D2 are
biased on, providing an.ac path to ground through D1,
and the filter action of RS and C9 is enabled. When the
switch is OFF, D1 and ‘D2 are off, isolating C9 from
ground and disabling the filter action.

TS AITCINT 1 "¥NT 8
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Figure 3-1. Block Diagram.
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AMPLIFIER/SCHMITT TRIGGER. This circuit amplifies
and shapes the Channel 1 signals into square waves
suitable for use in the digital circuits in the CMC250. It
consists of three-stage ECL amplifier IC1, transistors Q5
and Q6 (used as ECL-to-TTL level shifters), and
associated components. The waveform obtained
across R25 is a 0 to 2.8 volt square wave with polarity
opposite that of the Channel 1 input signal.

Channel 2 Input Circuit

The Channel 2 Input circuit consists of integrated circuit
IC4, diodes D8 and D9, and associated components.
Channel 2 input signals are divided by 256 before going
to transistors Q7 and Q8 (used as ECL-to-TTL level
shifters). The Q7 output goes to the next stage, Channel
1/Channel 2 Select.

Channel 1 kHz/MHz Select

The Channel 1 TTL-level output is applied to the Channel
1 kHz/MHz Select circuit, consisting of U13, U19, U1,
U4, and associated components. U13B input pins 4 and
5 go low whenever U4B pins 4 and 5 are low; so that
whenever the kHz mode is selected, the kHz signal is
gated through to U13D. At all other times, the MHz
(divided by 10) signal from U14 is gated through U13C.
U13C pin 9 goes high when U2 pin 2 is high.

Divide-by-Ten. The Channel 1 output of U13 pin 3 goes
to U14 and U13 pin 12. U14 is a decade ripple counter
which functions as a divide-by-ten. Voltage levels on
U13 pins 4-13 and U19 pins 2 and 19 select either the
decade-divided signal from U14 pin 2 or the undivided
signal from U13 pin 3. This selection is governed by two
lines: one from U4B pin 6, which is high only during
Frequency MHz mode; and one from U2 pin 2, which
goes high whenever Frequency MHz mode is selected.
The Frequency kHz or MHz selection output (from U19
pin 18) is governed by two lines: one from U1D pin 11,
which is low in all modes except TOTALIze, and one from
U2 pin 4, which goes high whenever Channel 2 mode is
selected.

Channel 1/Channel 2 Select

The combined action of U13, U18, and U1, which is con-
trolled by the front-panel FUNCtion switches, provides
U16 with an input signal within its frequency limits. in Fre-
quency MHz mode, the Channel 1 signal is divided by
ten in U14 and applied. In Frequency Channel 2 mode,
the signal from the Channel 2 input is divided by 256 in
IC4 and applied. In Frequency kHz, PERIOD, and
TOTALize modes, the Channel 1 signal is applied withno
frequency division.

Channel 1 Signal Gating (TOTALize mode)

In TOTALize mode, inputs to U19 on pins § and 6 control
the output on pin 18. U1D pin 11 is connected to U19
pin 5; U2 pin 10 is high in TOTALize mode and is con-
nected to U19 pin 6. The undivided signal from U13 pin 3
is gated additionally by the signals at U1D pins 12 and
13. U1D pin 12 is controlled by HOLD switch S2 via flip-
flop U1A and U1B. U1D pin 13 is connected via R105 to
the rear panel TOTALize START/STOP INPUT. The
undivided signal from U13 pin 3 can thus be gated
manually by 82 or electronically by a signal applied to
the rear-panel INPUT. When no signal is connected to
the TOTALize START/STOP INPUT, the input jack is
pulled high by R103.

Function/Range Control Logic

U3C and U3D provide contact switch debounce for the
FUNCtion switch S3. Their output clocks U2, a decade
counter that selects the operating FUNCtion.

U3A and U3B debounce GATE switch S4. The output
triggers U6, a decade counter that selects the operating
time base (GATE time).

Counter Circuit (U16)

IC U16 is the main counter for the instrument. It performs
all frequency, period, and totalize functions and drives
the displays. U16 requires an input signal of CMOS
digital logic levels, a time base, and connections for
feedback of display digit strobes.

3-3
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Time Base

The Channel 1 and Channel 2 time base signals are
provided by two separate crystal oscillators. The 10 MHz
crystal oscillator for Channel 1 (Y2) is connected to the
oscillator input of U16 pin 35 from U17A, which buffers
the crystal oscillator output to a level suitable for driving
U16. The 3.90625 MHz crystal oscillator for Channel 2
(Y1) is connected to the EXT OSC IN input (pin 33) of
U16. The 3.90625 MHz crystal oscillator is required to
offset the effect of prescaling the input (by 256) in the
Channel 2 input circuit.

HOLD Switch

The HOLD switch S2 is connected to U16 and U1 pins
11-13 and U19 pins & and 6, via U1 pins 1-6. U1A and
U1B provide switch debounce and act as a flip-flop to
lock the output of U1B high or low.

LED Indicators

The MHz indicator D24 is connected to the output of U4

pin 6. This output goes high when Frequency MHz or
Channel 2 is selected.

Theory of Operation —CMC250 Service

The kHz/us indicator D25 is connected via U4 pin 3tothe
Frequency kHz, PERIOD, and CHECK selected. The in-
dicator lights when any of these modes are selected.

The GATE (count) indicator D26 is connected via U7F to
U16 pin 3. This pin goes low whenever a measurement is
in progress. The kHz, MHz, CH 2, PERIOD, TOTAL, and
CHECK indicators LED1-LED6 are connected via U5,
which buffers the output of U2. The GATE (time base)
indicators are driven by U7, which is connected to the
sequential outputs of U6.

Power Supply

The transformer Is a universal type whose primary
windings may be selected for various line voltages by
the rear panel LINE VOLTAGE SELECT switches, S8 and
89.

The output of the secondary side is rectified by D110,
D111, D113, and D114 and filtered by C120 and C124.

Regulators Q9 and Q10 provide regulated + 5 volts for
the instrument.
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shooting aid.

frequency counter.

INTRODUCTION

This procedure checks many of the electrical character-
istics listed in Table 1-2 in Section 1 of this manual. If the
instrument fails to meet the requirements given in this
performance check, the adjustment procedure in
Section 5 should be done. This performance check may
also be used as an acceptance test or as a trouble-

You do not have to remove the instrument case to do this
procedure. All checks can be made using the controls
and connectors accessible from the outside of the

To ensure instrument accuracy, check its performance
after every 2000 hours of operation, or once each year if

Section 4— CMC250 Service

PERFORMANCE CHECK PROCEDURE

used infrequently. If these checks indicate a need for

readjustment or repair, refer the instrument to a qualified

service person.

TEST EQUIPMENT NEEDED

The test equipment listed in Table 4-1 is a complete list

of the equipment needed for this performance check and
the adjustment procedure in Section 5. All test equip-
ment is assumed to be operating within tolerance.

Detailed operating instructions for test equipment are
not given in this procedure. If operating information is

tion manual.

Table 4-1
Test Equipment Required

needed, refer to the appropriate test equipment instruc-

Item

Minimum Specification

Purpose

YR EEEY

Oscilloscope

Bandwidth: DC to 20 MHz. (Suitable equipment:

TEKTRONIX 2225 50 MHz Oscilloscope or
TEKTRONIX 2205 20 MHz Oscilloscope.)

Frequency and sensitivity checks
and trigger level adjustment.

Function Generator

Range: 10 Hz to 2 MHz. (Suitable equipment:
TEKTRONIX CFG250 2 MHZ Function
Generator.)

Frequency check and trigger level
adjustment.

Leveled Signal Generator

Range: 50 kHz to 100 MHz. (Suitable equip-
ment: TEKTRONIX SG 503 Signal Generator.)

Frequency and sensitivity checks
and frigger level adjustment.

Frequency Standard

i ‘ ; 'v, .

Accuracy: At least 5 parts in 10 million
(0.5 ppm).

Time base accuracy check and
time base adjustment.

Alignment Tool

Length: 1-in shaft. Bit size: 3/32 in. (Suitable
equipment: Tektronix Part Number
003-0675-00.)

Trigger level adjustment.

Coaxial Cable

50 Q, BNC. (Suitable equipment: Tektronix Part
Number 012-0057-01.)

Frequency and sensitivity checks
and trigger level adjustment.

10X Attenuator

50 O, BNC. (Suitable equipment: Tektronix Part
Number 011-0059-02.)

Frequency check.

nz\_;nn_.n_n-n-lhlm
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PREPARATION

Ensure that all power switches are off.

Ensure that all test equipment and the CMC250 are
suitably adapted to the line voltage to be applied.

Connect the equipment under test and the test
equipment to a suitable line voltage source. Turn all
equipment on and allow at least one hour for the
equipment to warm up and stabilize.

Setthe CMC250 controls as follows during warm-up
time:

INPUT VOLTAGE 50mV-5V(LOW)
(button out)
LOW PASS FILTER OFF (button out)
PROCEDURES

Check GATE (resolution) settings and display
using CHECK mode

NOTE

No test equipment is required for this general
check of instrument operation. In CHECK mode
the input circuit is connected internally to the
time base oscillator.

a. Set CMC250 FUNC switch to CHECK and set
GATE switch to 0.0275/0.01s.

b. CHECK that display reads 10000.0 +1 (9999.9
to 10000.1) kHz and the GATE indicator light is
flashing on and off.

¢. Press HOLD (button in) and check that the GATE
indicator light remains off. Press HOLD againto
release (button out) and check that the GATE
indicator resumes flashing.

d. Hold the RESET button in and CHECK that the
display reads .0 and the GATE indicator light is
off. Release the RESET button and CHECK that

the display reads 10000.0 and GATE indicator
resumes flashing.

e. Set GATE switch to 0.27s/0.1s.

1. CHECK that the display reads 10000.00 =1
(9999.99 to 10000.01) kHz and the GATE
indicator is flashing on and off; flashing should

At this slower GATE setting, you will notice a
delay after you select the 27s/10s GATE setling
and before the digplay changes.

Check Channel 1 Frequency Range and
Sensitivity

a.

now be slower than it was at the previous GAI
setting.

Set the GATE switch to 2.7s/1.0s.

CHECK that the display reads 10000.000 =
(9999.998 to 10000.001) kHz and the GATE indi
cator is flashing on and off; flashing shouid noy
be slower than it was at the previous GATE
setting.

Set the GATE switch to 27s/10s.

CHECK that the display reads 0000.0000 £1
(999.9999 to 0000.0001) kHz and the OVER
RANGE indicator is lit (0000.0000 or 0000.0001):
CHECK that the GATE indicator is flashing on
and off; flashing should now be slower than
was at the previous GATE setting. '

Set the CMC250 FUNC switch 1o Kriz/1OMHz
and the GATE switch to 2.7s/1.0s, |

Set the function generator to 1 kHz.

Connect a coaxiai cable from the function &
generator output through a 10X attenuator and
a50 0 temmination to the input of the
oscilloscope.

Adjust the function generator output amplitude
for 150 mV p-p sine wave.

Remove the: connection from the oscilloscope
and connect it to the CMC250 CHANNEL 1
INPUT connector.

By - B

Reduce the frequency from the function gener-
ator to 10 Hz.

CHECK that the CMC250 triggers on 10 Hz. |
Set the CMC250 FUNC switch to MHz/100MHz.
Remove the coaxial cable from the functiongen-

erator and connect the signal generator to the
oscilioscope. Set the signal generator to
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a.

50 kHz. Set the signal generator for 150 mV p-p
output. Disconnect the oscilloscope and con-
nect the generator to the CMC250 CHANNEL 1
INPUT connector.

Set the signal generator to 100 MHz.

CHECK that the CMC250 will trigger on 150 mV
p-p at 100 MHz.

Set the signal generator to 1 MHz.

Press in the LOW PASS FILTER button on the
CMC250.

CHECK that the CMC250 does not trigger.

Set the LOW PASS FILTER button to OFF (button
out) and set the INPUT VOLTAGE buiton to
3V-42V(H!) (button in).

Remove the connection from the CMC250 and
connect it to the os€illoscope. Remove the 10X
attenuator and the 50 Q termination.

Adjust the signal generator output amplitude for
8.4V p-p.

Remove the connection from the oscilloscope
and connect it to the CMC250 CHANNEL 1
INPUT connector.

CHECK that the CMC250 triggers on 1 MHz.

Disconnect the test equipment.

3. Check Channel 2 Sensitivity

Set the CMC250 FUNC switch to CH 2 and set
the GATE switch to 2.7s/1.0s.

Performance Check Procedure—CMC250 Service

b. Connect a coaxial cable from the signal gener-
ator output through a 10X attenuator and a 50 Q
termination to the input of the oscilloscope.

c. Set the signal generator to 50 kHz and 150 mV
p-p output. Disconnect the oscilloscope and
connect the generator to the CMC250 CHAN-
NEL 2 INPUT.

d. Set the signal generator to 100 MHz.

e. CHECK that the CMC250 will trigger on 150 mV
p-p at 100 MHz.

f. Disconnect the test equipment.
Check CH 1 and CH 2 Time Base Accuracy

a. Connect a 10 MHz signal from the frequency
standard to the CMC250 CHANNEL 1 INPUT
connector. Set input voltage to 150 mV.

b. Set CMC250 FUNC switch to kHz/10MHz and
the GATE switch to 27s/10s.

c. CHECK that CMC250 display reads 10000.000
kHz =2 (9999.998 to 10000.002 kHz).

d. Disconnect the standard signal from the CHAN-
NEL 1 INPUT connector.

e. Connect a 100 MHz standard signal to the
CHANNEL 2 INPUT connector.

f. SetCMC250 FUNC switchto CH 2 and the GATE
switch to 27s/10s.

g. CHECK that CMC250 display reads 100.00000
MHz =2 (99.99998 to 100.00002).

h. Disconnect the test equipment.

13ANIGVD | "Oid

WVHOVIA DILVINIHOS

g
>
2
0
m
3
n
0
g
b
3
0
2




AT

B

Section 5—-CMC250 Service

ADJUSTMENT PROCEDURE

INTRODUCTION

There are four callbration adjustments—the Channel 1
Sensitivity adjustment, the Channel 1 Totalize Sensitivity
adjustment, and the two Time Base adjustments. To
ensure instrument accuracy, the Channel 1 Sensitivity
and the Channel 1 Totalize Sensitivity adjustments
should be done every 2000 hours of operation or at least
once each year if used infrequently. Do not attemptto do
the Time Base adjustments unless you have a standard
frequency source with a known accuracy of at [east five
parts in ten million (0.5 ppm).

PREPARATION FOR ADJUSTMENT

Make the adjustments in this procedure at an ambient
temperature of +21°C to +25°C (+70°F to +77°F)
and a relative humidity of 75% or less.

It is necessary to remove the fop of the instrument cabi-
net to access the component side of the Main circuit
board. Disconnsct the power cord fromthe CMC250 and
follow the cabinet removal instructions in the Mainte-
nance sectlon of this manual.

Test equipment needed for these adjustments Is
described in Table 4-1 at the beginning of the
Performance Check Procedure. Refer to the appropriate
test equipment instruction manuals for test equipment
operating information.

Connect the test equipment and the CMC250 to a
suitable ac-power source and allow a 30-minute
warmup period before making the Channel 1 Sensitivity
adjustment.

PROCEDURES
1. Adjust Channel 1 Sensitivity (R10)
a. Set the CMC250 front-panel pushbutions as

follows;

FUNC MHz/100MHz

GATE 2.75/1.0s

INPUT VOLTAGE 50mV-5V(LO)
(button out)

LOW PASS FILTER OFF (button out)

b. Connecta50-0 terminated BNC cable from the
signal generator to the vertical input of the
oscilloscope.

Set the oscilloscope to 10 mV per division.

Set the signal generator to 50 kHz, 56 mV peak-
to-peak output (5.6 divisions at -10 mV per
division).

Disconnect the cable from the oscilloscope and
connect it to the CMC250 CHANNEL 1 INPUT
connector.

Set the signal generator to 30 MHz and check
the CMC250 display for the correct reading. If
reading is correct, go 1o step h.

ADJUST —Variable resistor R10 on the Main
circuit board until the CMC250 readout agrees
with the signal generator output reading. Tum
R10 to the right until the frequency counter
begins to misread the signal; then tum R10 to
the left until the counter begins to misread.
Center R10 adjustment between the two points
where the incorrect readouts begin (the mid-
point of the input signal).

Disconnect the cable from the CMC250 and
connect it to the vettical input of the
oscilloscope.

Set the oscilloscope to 50 mV per division.

Set the signal generator to 50 kHz, 140 mV
peak-to—peak output (2.8 divisions at 50 mV per
division).

Disconnect the cable from the oscilloscope and
connect it to the CMC250 CHANNEL 1 INPUT
connector.

Setthe signal generator to 99.5 MHz + 0.5 MHz,
and check the CMC250 display for a comrect
reading.

. ADJUST—R10 until the CMC250 readout

agrees with the signal generator oulputreading.
Turn R10 to the right until the frequency counter
begins to misread the signal; then tum R10 fo
the left until the counter begins to misread.
Center the R10 adjustment between the two
points where the incomect readouts begin (the
midpoint of the input signal).

Disconnect the test equipment.
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R

2. Adjust Channel 1 Totalize Sensitivity (R118) NOTE
The CMC250 has an accuracy of ten parts per
a. Set the CMC250 front-panel pushbuttons as million (10 ppm). This means an error of ten
o follows: cycles when reading a 1 MHz (seven digit)
= signal. Most signal sources are not Stable
8', FUNC TOTAL enough nor accurate enough for this error to be
§ INPUT VOLTAGE 50mV-5V(LO) meaningful.
4
\E‘ . a. Replace the top cover on the disassemblec
\ b. ConnectaTTL-level 50 kHz signal source tothe instrument. Ensure that the CMC250 INPU
, CMC250 rear-panel TOTALIZE INPUT START/ VOLTAGE is set to LO (button out) and the LO‘
| SUSIECL el PASS FILTER is OFF (button out). |
¢. Connect a 60 Hz, 50 mV mms signal to the b. Tum the.CMC250 POWER ON and allow o
CMC250 CHANNEL 1 INPUT connector. Note hour for it to warm up. ‘

that the display reading increments.

d. CHECK-the display stops incrementing when Frequency kHz mode and 1.0 s GATE time.
the signal is removed from the CHANNEL 1
INPUT connector. If the display continues to d. ADJUST—C113untilthe CMC250 display reads
increment when the CHANNEL 1 signal source 10000.000 +2 (9999.998 to 10000.002). Adjust
is disconnected, adjust R118 as described in C113 through the CH 1 OSCillator ADJUSTment
step e. hole in the rear panel, using a non-metallic

alignment tool.
e. ADJUST—R118 counterclockwise until the dis-

play reading stops incrementing. NOTE
!
signal even greater accuracy, set the GATE switch

10s and ADJUST C113 until the (/0250 display

|

" | f. Disconnect the TOTALIZE INPUT START/STOP fyouwishio ol v Channs] 1 time base for
| |

[

|

reads 0000.0000 with the OVERRANGE indi-
g. Connect a 10 MHz 50 mV ms signal to the cator /it (9999.9898 tfo 0000.0002 plus
CHANNEL 1 INPUT connector. OVERRANGE).
h. Press and release the RESET button to start the e. Disconnect the standard - signal from the
TOTALIze count. After 10 seconds, the OVER- CHANNEL ¥ INPUT connector. -'
\ ! RANGE LED will be illuminated. 1
1 f. Connect a 100 MHz standard signal to the|
. CHECK—that the OVERRANGE LED remains lit S LN
} when the HOLD button is pressed. If it does not, mode and 2.7 s GATE time.

‘ repeat Totalize Sensitivity adjustment. g. ADJUST—C108 through the CH 2 OSCillator}

ADJUSTment hole in the rear panal until the dis- ”‘

i J. Disconnect test equipment. play reads 100.0000 =2 (99.9998 o 100.0002).
3. Adjust Time Bases (Trimmers C108 and C113) NOTE
NOTE ¥f you wish to adjust the Channel 2 time base for
even greater accuracy, set the GATE switch to
_ 27s and adjfust C108 until the CMC250 display
Do not attempt to adjust the Time Base unless ‘ Sap o - ,
you have a standard frequency source having a reacs 700.00000 (89,9988 to 100.00002).

known accuracy of at least five parts in ten
million (0.5 ppm). h. Disconnect the test equipment.
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MAINTENANCE

This section of the manual contains information on static-sensitive components, preventive maintenance, trouble-
shooting, and corrective maintenance.

STATIC-SENSITIVE COMPONENTS

The following precautions apply when performing any
maintenance involving internal access to the instrument.

Static discharge can damage any semi-
conductor component in this instrument.

This instrument contains electrical components that are
susceptible to damage from static discharge. Table 6-1
lists the relative sugceptibility of various classes of semi-
conductors. Static voltages of 1 kVto 30 kV are common
in unprotected environments.

When performing malrtenance, observe the following
precautions to avold component darhage:

1.
2.

Minimize handling of static—sensitive components.

Transport and store static-sensitive components or
assemblies in their original containers or on a metal
rail, Label any package that containg static-
sensitive camponents or assemblies.

Discharge the static voltage from your body by
wearing a grounded antistatic wrist strap while han-
dling these components. Servicing static-sensitive
components or assemblies should be performed
only at a static-free work station by qualified service
personnel.

Keep anything capagble of generating or holding a
static charge off g work station surface.

Keep the component leads shorted togeiher when-
ever possible.

Pick up components by their bodies, never by their
leads.

Do not slide the components over any surface.

8. Avoid handiing components in areas that have a
floor or work-surface covering capable of gener-

ating a static charge.

9. Use a soldering iron that is connected to earth

ground.

10. Use only approved antistatic,
desoldering tools for component removal.

Table 6-1
Relatlve Susceptibility to
Static-Discharge Damage

Relative
Susceptibility

Semiconductor Classes Levels?
MOS or CMOS microcircuits or
discretes, or linear microcircuits
with MOS inputs (Most Sensi-
tive) 1
ECL 2
Schottky signal diodes 3
Schottky TTL 4
High~frequency bipolar
transistors 5
JFET 6
Linear microcircuits 7
Low-power Schottky TTL 8
TTL (Least Sensitive) 9

. Voltage equivalent for levels (voltage discharged from a
100-pF capacitor through resistance of 100 )):

1 = 100to 500V 6 = 600 to 800 V

2 = 200 to 500 V 7= 400 to 1000 V (est)
3 =250V 8 = 900

4 =500V 9=1 OOV

5 = 400 to 600 V

vacuum-type
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When a defective component is located, either replace
the assembly containing the defective part or replace the
component by using the appropriate replacement pro-
cedure given in Corrective Maintenance. Replacement
assemblies are avallable through Tektronix and are
shown in an exploded-view drawing in Replaceable
Parts (section 8) and are described in the parts list inthat

section.

Before using any test equipment to make
measurements on static-sensitive, current-
sensitive, or voltage-sensitive components or
assemblies, ensure that any voltage or current
supplied by the test equipment does not exceed
the limits of the component to be tested.

1. Check Control Settings

Incorrect control settings can give a false indication of
instrument malfunction. If there is any question aboutthe
correct function or operation of any control, refer to the
CMC250 Operators Manual.

2. Check Assoclated Equipment

Before proceeding, ensure that any equipment used with
the CMC250 is operating correctly. Verify that input sig-
nals are properly connected and that the interconnecting
cables are not defective. Check that the ac-power-
source voltage to all equipment is correct.

3. \isual Check

WARNING

To avoid electrical shock, disconnect the instru-
ment from the ac power source before
inspecting the internal circuitry.

Look for broken connections or wires, damaged
components, semiconductors not firmly mounted,
damaged circuit boards, or other clues to the cause of a
malfunction.

4. Check Instrument Performance and Adjustment

Check the performance of either those circuits where you
suspect trouble or the entire instrument. An apparent
trouble may be the result of misadjustment. The

Maintenance —CMC250 Service

Performance Check is in Section 4 of this manual, and
the Adjustment Procedure in Section 5.

5. Isolate Trouble to a Circuit

To isolate problems, use any symptoms noticed when
checking the instrument’s operation to help localize the
trouble to a particular circuit. The CMC250 Trouble-
shooting Tips, following this procedure, may help in
locating a problem.

6. Check Individual Components

To avoid electrical shock, always disconnect
the instrument from the ac power source before
removing or replacing components.

The following procedures describe methods of checking
individual components. Two-lead components that are
soldered in place are most accurately checked by first
disconnecting one end from the circuit board. This iso-
lates the measurement from the effects of the sur-
rounding circuitry. See Figure 8-1 for component value
identification and Figure 9-2 for semiconductor lead

configurations.

When checking semiconductors, observe the
static-sensitivity precautions given at the
beginning of this section.

TRANSISTORS. A good check of a transistor is actual
performance under operating conditions. A transistor
can most effectively be checked by substituting a
known-good component. However, be sure that circuit
conditions are not such that a replacement transistor will
also be damaged. !f substitute transistors are not avail-
able, use a dynamic-type transistor checker for testing.
Static-type transistor checks are not recommended,
since they do not check operation under simulated oper-
ating conditions.

When troubleshooting transistors inthe circuit with a volt-
meter, measure both the emitter-to-base and emitter-
to-collector voltages to find out if they are consistent
with normal circuit voltages. Voltages across atransistor
may vary with the type of device and its circuit function.
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Some of these voltages are predictable. The emitter-to-
base voltage for a conducting silicon transistor will nor-
mally range from 0.6 V to 0.8 V. The emitter-to-collector
voltage for a saturated transistor is about 0.2 V. Because
these values are small, the best way to check them is by
connecting a sensitive voltmeter across the junction
rather than comparing two voltages taken with respectto
ground. If the former method is used, both leads of the
volimeter must be isolated from ground.

if voltage values measured are less than those just
given, either the device is shorted or no current is flowing
in the external circuit. If values exceed the emitter-to-
base values given, either the junction is reverse biased
or the device is defective. Vollages exceeding those
given for typical emitter—to-collector vaiues could indi-
cate either a nonsaturated device operating normally or
a defective (open-circuited) transistor. If the device is
conducting, voltage will be developed across the resis-
tors in series with it; if open, no voltage will be developed
across theresistors unless current is being suppliedby a

parallel path.

When checking emitter-to-base junctions, do
not use an ohmmeter range that has a high
internal current. High current may damage the
transistor. Reverse biasing the emiiter-to-base
Jjunction with a high current may degrade the
current-transfer ratio (Beta) of the transistor.

A transisior emitier-to-base junction also can be
checked for an open or shorted condition by measuring
the resistance between terminals with an chmmeter set
to a range having a low internal source current, such as
the R X 1 kQ range. The junction resistance should be
very high in one direction and much lower when the
meter leads are reversed.

When troubleshooting a fleld-effect transistor (FET), the
voltage across its elements can be checked in the same
manner as previously described for other transistors.
However, remember that in the normal depletion mode of
operation, the g@ate-to-source junction is reverse
biased; in the enhanced mode, the junction is forward
biased.

INTEGRATED CIRCUITS. An integrated circuit (IC) can
be checked with & voltmeter, test oscilloscope, or by
direct substitution. A good understanding of circuit oper-
ation is essential when troubleshooting a circuit having
IC components. Use care when checking voltages and

waveforms around the IC so that adjacent leads are not
shoried together. An IC test clip provides a convenient
means of clipping a test probe'to an IC. '

When checking a diode, do not use an ohm-
meter scale that has a high internal current.
High current may damage a diode. Checks on
diodes can be performed in much the same
manner as those on transistor emitter-to-base
functions.

DIODES. A diode can be checked for either an open ora
shorted condition by measuring the resistance between
terminals with an ohmmeter set to a range having a low
internal source current, such as the R X 1 k( range. The
diode resistance should be very high in one direction
and much lower when the meter leads are reversed.

Silicon diodes should have 0.6 V to 0.8 V across their
junctions when conducting; Schottky diodes about 0.2V
to 0.4 V. Higher readings indicate that they are either
reverse biased or defective, depending on polarity.

RESISTORS. Check resistors with an ohmmeter. Refer
to the Replaceable Electrical Parts list for the tolerances
of resistors used in this instrument. A resistor nomally
does not require replacement unless its measured value
varies widely from its specified value and tolerance.

INDUCTORS. Check for open inductors by checking
continuity with an ohmmeter. Shorted or partially shorted
inductors can usually be found by checking the
waveform response when high-frequency signals are
passed through the circuit.

CAPACITORS. A leaky or shorted capacitor can be
detected by checking resistance with an ohmmeter set
to one of the highest ranges. Do not exceed the voltage
rating of the capacitor. The resistance reading should be
high after the capacitor is charged io the output voltage
of the ohmmeter. An open capaciior can be dstected
with a capacitance meter or by checking whether the
capacitor passes ac signals.

7. Repair and Adjust the Circuit

if any defective parts are located, follow the replacement
procedures given under Corrective Malntenance in this
section. After any electrical component has been
replaced, the performance of that circuit and any other
closely related circuit should be checked. Since the
power supplies affect all circuits, performance of the
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