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Section 1 - CMCPSO Sewice 
. . 

GENERAL INFORMATION 

meTEKTRONU CMCm 1 $ QWf F t r e m  C o W I s  
a multifunction counter that2 r%vmwreo the frequency d 
sine, square, and Mangle wmm k m  5 Hz to 1.3 GHZ 
me corn is shown on an si.i-&gpt dispby wltf? auto- 

@inti4 an LED indicatm 

tnstnmmt cpmmn:  
can be mad wDth f24amI 

Additional features d 

(msur- in pm@ess] LEQ Weatm. 
, .. 

me C M m  canes with e Wing, n'rultlposition 
cmytrtg MndWtitt stand that can be folded under the 
fr- m e r  to a o w  tsttwfm lwWl other h$tru- 
mwm of the came swim. 8amiarci wcessorles 
pMded with the CNIC2!30 k h & ~  a power cord and an 
tqmfaWs m a d .  For part ~ l u m m  and 'RuZher Infor- 
mation &out stsndard and o p t i d  aw~orlmi M r  
to R ~ W e a b l e  Parts (section 8) in this mmml. For 
&dfHmal irtfmt1m, cantad your TektpanFst. W e s  
0ffim.or EUsfrihAm and the TWonlx pmiuets c8Wog. 
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General lnformatloa~CMC250 Service 

Table 1-2 
Eiectrlcal Characteristics 

Characteristics I Performance Requirements 

ne Voltage Range 1 90 to 110,108 to 132,198 to 242, and 21 6 to 250 Vac at 50-60 Hz. Lil - - 
I 

Power Consum~tion 1 15 VA, 12 w maximum. 
I 

FREQUENCY 

Frequency Range 

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 1 0.4 ps to 0.2 s. 

~requency~ange 5 Hz to 2.5 MHz sine wave. 

Accuracy & 1 count + time base error + trigger err0r.a 

Resolution (selectable) 100 ps to 100 ns. 

TOTALIZE 

Range I 0 to 99,999,999 counts plus overrange. 

Repetition Rate 1 5 Hz to 10 MHz sine wave. 

CHANNEL 1 INPUT 

Bandwidth 15 Hz to 100 MHz, AC coupled. 

Maximum lnput Voltage I 42 Peak- 
Sensitivity (minimum input voltage) 1 

5 Hz to 30 MHz 20 mvrms. 

r 30 MHz to 100 MHz 50 mVrms. 

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 to 1.3 GHz 50 mVrms. 

Trigger error is typically f 0.3 of reading divided by the number of cycles averaged, for input signals greater than 100 mV 
with SIN ratio better than 40 dB. 





Section 3.- CMC250 Service 

THEORY OF OPERATION 

This section contains a description of the CMC250 
1.3 GHz Frequency Counter circuitry. General operation 
of the instrument is described in the Black Diagram 
Description. Each functional,,circult is described in more 
detail in the Detailed Circuit on. 

The schematic diagram afid the Main circuit board 
illustration are located in t!W ~ i g ~ s  section of this 
manual. To understa 
sectidn, refer to both 
this section, and to the schemsvtlc &%ram. 

DIGITAL LOGIC C ~ N V O N S  

Functions and operatian of dm bgfc circuits are rep 
resented by logic qmbw @@l tmnlnology. Must ; 
logic runctions me p o s ~ ~ o ~ ~ c  
convention. Po crf notation where- 
bythe more positive of twg lwls &dmTY1UE (or 1) state; 
the more negative level I state. In thts 
manual, the TRUE state Igh, and the 
FALSE Mate as low. The voM@@ W S t  eonstTtut8 a high or 
a low state vary between speclflc devices. For device 
cfiaracterlstia, refer to the muS-wys data book. 

BLOCK DIAGRAM DESCRIPTKIN 

Signal input to Cheu7nsl 1 is through the CHANNEL 1 
INPUT wrmector on the front panel. Channel 1 is for fre- 
qmm3es below 100 MHz and has a s4gn~l-conditioning 
feature. The elttenuator wltcfi Sf$ gaslect$ either full volt- 
age when INPUT VDUABE is set to LO, or passes the 
signal through a 1 OX atttmuatwwtwn INPUTVOLTAGE is 
set to Hi. 

Slgnaj input to CharWeel 2 is through the CHANNEL 2 
INPUT connector on front panel. 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, perlod, and totalization functions and drive8 
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 
rne%wremnts and a 3.90625 MHz oscillator for Chan- 
nel 2 mmwrements. 

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

DETAILED ClRCUlT DESCRIPTION 

Channel 1 Input Cirsuh 

Slgnala waRh t3wq~mmies b l o w  106 MHz are connected 
to the Ch-11 Input Circuit vla the CHANNEL 1 NPUT 
cormector on front panel. The lnput signal Is capacl- 
tiwly aoupkivd via Cl to the divider of R2 and FB. When 
the INPUT VOLTAGE Wrch SB is set to !UnV-W(LO), 
the full voltage a ~ t m  tailis dMder goes to th$ Inpu! 
Buffer; when St? is set ts, 1V-42V(Hl), the shgrd i s  cak 
n a f  through an Attenuator circuit before g.aIng to the 
Input ~I.@BY. 

ATTENUATOR. Voltage Wider R2 arid R3 attenuates 
Channel 1 Input signals by a factor of 10 when the INPUT 
VOLTAGIE switch S8 is set to HI. 

INPUT BUFFER. Eitherthe 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 
m m  the circuitry inftle frequency counter. This voltage is 
level-clmped'to a maximum of 0.6 volts by transistors 
Q1 &mi Qa and then applSed to the high-impedance 
buffer stage. This consists af FET Q3 whlch provides 
gsod smsitiivityover the Channel 1 frequency range and 
Q4 which s v e s  as a w e n t  s o m  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 
t h e m  PASS FILTER switch 57 is ON, D l  and D2 are 
biased on, providing an ac path to ground thrbugh Dl, 
and the filter action of R9 and C9 is enabled. When the 
switch is OFF, D l  and I32 are off, isolating C9 from 
ground and disabling the filter actlon. 
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Theory of Operatlon - CMC250 Service 

AMPLlFlER/SCHMlTTTRIGGER. 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 ampllller IC1, transistors Q5 
and Q6 (used as ECL-to-TTL level shiners), 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 lnput circuit consists of integrated clrcuit 
IC4, diodes D8 and D9, and associated components. 
Channel 2 input slgnals 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 
1lChannel2 Select. 

Channel 1 kHz/MHz Select 

The Channel 1 TTL-level output Is applied to the Channel 
1 kHz/MHz Select circuit, comisting 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-tm. Voltage levels on 
U13 pins 4-1 3 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 autput (from U19 
pin 18) is governed by two lines: one from U1 D pin 1 1, 
which is low in all modes except TOTALize, and one from 
U2 pin 4, which goes high whenever Channel 2 mode is 
selected. 

Channel llChannel2 Select 

The combined action of U13, U19, and Ul, which is con- 
trolled by the front-panel FUNCtion switches, provides 
U16 with an input signal wlthin 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 with no 
frequency division. 

Channel 1 Signal Gating (TOTALize mode) 

In TOTAUze mode, inputs to U19 on pins 5 and 6 control 
the olutput on pin 18. U1 D pin 1 1 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 U1 D pins 12 and 
13. U1 D pin 12 is controlled by HOLD switch S2viaflip- 
flop U1 A and U1 B. U l  D pin 13 is connected via RlO5 to 
the rear panel TOTALize STARTISTOP INPUT. The 
undivided signal from U13 pin 3 can thus be gated 
manually by S2 or electronically by a signal applied to 
the rear-panel INPUT. When no signal is connected to 
the TOTALize STARTISTOP INPUT, the input jack is 
pulled high by R103. 

FunctioniRange 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. 
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Theory of Operation - CMC250 Service 

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 UCT 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. 

The kHz/p indicator D25 is connectedvia U4 pin 3 tothe 
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. 

HOLD Switch Power Supply 

The HOLD switch S2 is conmcted to U16 and U1 pins 
11-13 and Ul9 pins 5 and 6, via U1 pins 1-6. U1A and The transformer is a universal type whose primary 
U1B provide switch debaunw and act as a flip-flop to windings may be selected for various line voltages by 
lock the output of U1 B high or low. the rear panel LINE VOLTAGE SELECT switches, S8 and 

S9. 

LED Indicators 
The output of the secondary side is rectified by D l  10, 

The MHz indkator D24 is connected to the output of U4 D l  1 1, D l  13, and D l  14 and filtered by C120 and C124. 
pin 6. This output goes high when Frequency MHz or Regulators Q9 and Q10 provide regulated +5 volts for 
Channel 2 is selected. the instrument. 



Section 4 - CMC250 Service 

PERFORMANCE CHECK PROCEDURE 

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- 
shooting aid. 

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 
frequency counter. 

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

used infrequently. If these checks indicate a need for 
readjustment or repair, refer the instrument to a qualified 
sewice 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 
needed, refer to the appropriate test equipment instruc- 
tion manual. 



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. 

Set the CMC250 controls as follows during warm-up 
time: 

INPUT VOLTAGE 5OmV-SV(L0W) 
(button out) 

LOW PASS FILTER OFF (button out) 

PROCEDURES 

Check GATE (resolution) settings and display 
uslng CHECK mode 

NOTE 

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

a. Bet CMC250 FUNC switch to CHECK and set 
GATE switch to 0.027s10.01 s. 

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

c. P m  HOLD (button in) and check that the GATE 
indicator limt remains off. Press HOLD again to 
release (butten out) and check that the GATE 
indicator resumes Washing. 

d. Hold the RESET button in and CHECK that the 
display reads .O and the GATE indicator light is 
off. Release the RESET button and CHECK that 
the display reads 1 W . 0  and GATE indicator 
resumes flashing. 

e. Set GATE switch to 0.27s/O.l s. 

f. CHECK that the display reads 10000.00 1 
(9999.99 to 1MKK).O1) kHz and the GATE 
indimtor is flashing on and off; flashing should 

now be slower thw it was at the previous 
setting. 

g. Set the GATE switch to 2.7~11.0s. 

h. CHECK that the display reads 10000.000 
(9999.999 to 10008.001) kHz and the GATE 
cator is flashing on and off; flashing shoul 
be slower man it was at the previous 
setting. 

i. Set the GATE switch to 27s/tQs. 

j. CHECK that the display rmds 0000.0000 
(999.9999 to 0000.0001) kHz and the 
RANGE indicator ie lit (000O.a)00 or0000. 
CHECK that the GATE indicator is flash 
and off; flashing should now be slower th 
was at the previous GATE sefflng. 

gEaTE 

At this slower GATE @ttlngJ yoo wiN mtice a 
delay after you mImt ttw 27s/10s WTE setting 
and before the &#play changes. 

2. Check Channel 1 Frequency Range and 
Sensltlvlty 

a. Set the CMC250 FUNC switch to kHzllO 
and the GATE swm b 2.W1 .a. 

b. Set fwrctlm generator to 1 kHz. 

c. Connect a coaxial cable fim the funct 
generator output thraugh a 10X attwuator 
a 50 0 termination to the hput of 
oscilloscope. 

d. Adjua the funetlon generator output arnplito 
for 150 mV p-p sine wave. 

e. Remove t b  connection from the oscil 
and c d  it to the CMC250 CHA 
INPUT connector. 

f. R e d m  the frequency from the function g 
ator to 10 H z  

g. CHECK that the CMCZ50 triggers on 1Q Hz. 

h. Set the CMC250 FUNC switch to MHz/l 

I. Rmove the coaxial cable fram the fundan 
erator and corm& tilt3 slgr?al generatw k, 
~f.Il'05cope. Set the signal geMerator 



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. 

j. Set the signal generator to 100 MHz. 

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

.. Set the signal generator to 1 MHz. 

m. Press in the LOW PASS FILTER button on the 
CMC250. 

n. CHECK that the CMC250 does not trigger. 

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

p. Remove the connection from the CMC250 and 
connect it to the os6~lloscope. Remove the 1 OX 
attenuator and the 50 0 termination. 

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

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

s. CHECK that the CMC250 triggers on 1 MHz. 

t. Disconnect the test equipment. 

3. Check Channel 2 Sensitivity 

a. Set the CMC250 FUNC switch to CH 2 and set 
the GATE switch to 2.7~11.0s. 

Performance Check Procedure -CMC250 Service 

b. Connect a coaxial cable from the signal gener- 
ator output through a 1 OX attenuator and a 50 a 
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. 

4. 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 1 50 mV. 

b. Set CMC250 FUNC switch to kHz/lOMHz and 
the GATE switch to 27s/lOs. 

c. CHECK that CMC250 display reads 10000.W 
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 the 
CHANNEL 2 INPUT connector. 

f. Set CMC250 FUNC switch to CH 2 andthe GATE 
switch to 27~110s. 

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

h. Disconnect the test equipment. 



Section 5 - CMC250 Service 

ADJUSTMENT PROCEDURE 

INTRODUCTION c. Set the oscilloscope to 10 mv per division. 

There are four callbratlon adjustments-the Channel 1 d. Set the signal generator to 50 kHz, 56 mV peak- 
Sensitivity adjustment, the Channel 1 Totalize Sensitivity to-peak output (5.6 divisions at .I0 mV per 
adjustment, and the two Time Base adjustments. To division). 
ensure Instrument accuracy, the Channel 1 Sensitivity 
and the Channel 1 Totalize Sensitivity adjustments e. Disconnect the cable from the oscilloscope and 
should be done every 2000 hours of operation or at least connect it to the CMC250 CHANNEL 1 INPUT 
once each year if used infrequently. Do not attempt to do connector. 
the Time Base adjustments unless you have a standard 
frequency source with a known accuracy of at least five f. Set the signal generator to 30 MHz and check 

parts in ten milllon (0.5 ppm). the CMC250 display for the correct reading. If 
reading is correct, go to step h. 

PREPARATION FOR ADJUSTMENT g. ADJUST-Variable resistor R10 on the Main 

Make the adjustments in this procedure at an ambient circuit board until the CMC250 readout agrees 

temperature of +2I0C to +2SQC (+70°F to +n°F) with the signal generator output reading. Turn 

and a relative humidity of 75% or less. R10 to the right until the frequency counter 
begins to misread the signal; then turn R10 to 

It is necessary to r e m m  the top of the instrument cabi- the left until the counter begins to misread. 
net to access the component side of the Main circuit Center R10 adjustment between the two points 

board. Disconnect the power cord from the CMC250 and where the incorrect readouts begin (the mid- 
follow the cabinet removal hstructions in the Mainte- point of the input signal). 
nance setlon of this rmual. 

h. Disconnect the cable from the CMC250 and 
Test equipment needed far these adJustrnents is connect it to the vertical input of the 
described in Table 4-1 at the beginning of the oscilloscope. 
Perfmarice (=heck Procedure. Refer to the appropriate 
test equipment b s W i o n  manuals for test equipment i. Set the oscilloscope to 50 mV per division. 

operating information. 
j. Set the signal generator to 50 kHz, 140 mV 

ComW the test equipment and the CMC250 to a peak-to-peak output (2.8 divisions at 50 mV per 

suitable ac-power source and allow a 30-minute division). 

warmup period b s f m  making the Channel 1 Sensitivity k. Disconnect the cable from the oscilloscope and 
connect it to the CMC250 CHANNEL 1 INPUT 
connector. 

PROCEDURES 
I. Set the signal generator to 99.5 MHz + 0.5 MHz, 

1. Adjust Channel 1 Sensitivity (R10) and check the CMC250 display for a correct 
a. Set the CMC250 front-panel pushbuttons as reading. 

follows: 
m. ADJUST-R10 until the CMC250 readout 

FUNC MHz11 OOMHz agrees with the signal generator output reading. 
GATE 2.7911 .Os Turn R10 to the right until the frequency counter 
INPUT VOLTAGE 50mV-5V(LO) begins to misread the signal; then turn R10 to 

(button out) the left until the counter begins to misread. 
LOW PASS FILTER OFF (button out) Center the R10 adjustment between the two 

points where the incorrect readouts begin (the 
b. Connect a 5 0 4  terminated BNC cable from the midpoint of the input signal). 

signal generator to the vertical input of the 
oscilloscope. n. Disconnect the test equipment. 

5- 1 



Adjustment Procedure - CMC25O Service 

2. Adjust Channel 1 Totalize SensitlvRy (R118) 

a. Set the CMC250 front-panel pushbuttons as 
follows: 

FUNC TOTAL 
INPUT VOLTAGE 50mV-5V(LO) 

b. Connect am-level 50 kHz signal source to the 
CMC250 rear-panel TOTALIZE INPUT START1 
STOP connector. 

c. Connect a 60 Hz, 50 mV rms signal to the 
CMC250 CHANNEL 1 INPUT connector. Note 
that the display reading increments. 

d. CHECK-the display stops incrementing when 
the signal is removed from the CHANNEL 1 
INPUT connector. If the display continues to 
increment when the CHANNEL 1 signal source 
is disconnected, adjust R118 as described in 
step e. 

e. ADJUST-R118 counterclockwise until the dis- 
play reading stops incrementing. 

f. Disconnect the TOTALIZE INPUT STARTISTOP 
signal. 

g. Connect a 10 MHz 50 mV rrns signal to the 
CHANNEL 1 INPUT connector. 

h. Press and release the RESET button to start the 
TOTALlze count. After 10 seconds, the OVER- 
RANBE LED will be Illuminated. 

i. CHECK-that the OVERRANGE LED remains lit 
whw the HOLD button is pressed. If it does not, 
repeat Totalize Sensitivity adjustment. 

j. Disconnect test equipment. 

3. Adjust Time Baser (Trimmers C108 and C113) 

NOTE 

Do not attempt to adNst the Time Base unless 
you b e  a standard frequency source having a 
known accuracy of at least five parts in ten 
miilion (0.5 ppm). 

NOTE 

The CMC250 has an accuracy of ten parts per 
million (10 ppm). This means an error of ten 
cycles when reading a I MHz (seven digit) 
signal. Most signal sources are not stable 
enough nor accurate enough for this error to be 
meaningful. 

a. Replace the top cover on the disasseml 
instrument. Ensure that the CMC250 IN 
VOLTAGE is set to LO (button out) and the L 
PASS FILTER is OFF (button out). 

b. Turn the CMC250 POWER ON and allow 
hour for it to warm up. 

c. Apply a 10 MHz + 1 Hz standard signal tc 
CMC250 CHANNEL 1 INPUT connector. SE 
Frequency kHz mode and 1.0 s GATE time 

d. ADJUST-C113 until the CMC250 display re 
10009.000 + 2 (9999.998 to 10000.002). A€ 
C113 through the CH 1 Oscillator ADJUSTr 
hole in the rear panel, using a non-met 
alignment tool. 

~ m d 7 ~ m e b a s e f w  

t3pcm display mGAEswFtCh 

cator Ilt to mm plus 
OVERRANGE). 

e. Disco- ttw st from 
CHANMX I INPUT 

f. Canned a 100 M H z  stmdard dgnal to 
CHANNEL 2 INPUT m a o r .  Select C 
mode and 2.7 s GAT€ time. 

g. ADJUST-CIO8 through CH 2 OSCil 
ADJUSTmenf hole h ths, r m  panel lglfil the 
play reads 100.Q000 k 2 (99.86#&10 100.0( 

NOTE 

lf you wish to adjust the Chmnd 2 time base for 
even grm?ef i%xuraq$ $$t &e WE sw&h tc 
27s and Wust CloS W I  CIWC250 dispia~ 
reads 100.oaEoo &a la.-). 

h. Disconnect the test equipment. 



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 petforming any 
maintenance involving internal access to the instrument. 

ScaHc d~sciwrge can damage any seml- 
candmtor camponent in &is instrmc~lt. 

This instnrmenZ oontslins electrid mponents Wit  are 
susceptible to darnage fKKn static diacQarge. Table 6-1 
lists the rei@Rre btliiof-s dasses o f m k  
conductors. ~atEcvoltages of 1 kW fo 30 'W are common 
in onpaotwted envir-s. 

when pe?mmPw m a m a = ,  rnIW .the follwing 
p-lom to @wold dmage: 

1. Minimize handling of stat 

2. Trampart and atwe static-wnsltive co-8 or 
assernbliss in their origbal containers or on a metal 
rail. Label any package ttmt contains static- 
semm8 components or assemblies. 

4. Keep anflng ~ ~ l e  of p a t i n g  or holding a 
WC charge off W W  surface. 

5. Keep the c-n& leads fhtted togeltw when- 
ever pssble. 

7. Do'hot slide the txmpmma cam my $Warn. 

8. Avoid handling 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, vacuum-type 
desoldering tools for component removal. 

Table 6-1 
Relatlve Susceptlblllty to 

Statlc-Discharge Damage 

Relatlve 
Susceptibility 

Semiconductor Classes Levelsa 

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 I 7 

Low-power Schottky TTL 8 

TTL (Least Sensitive) 9 

a Voltage equivalent for levels (voltage discharged from a 
100-pF capacitor through resistance of 100 42): 





Maintenance - CMCPSO Service 

When a defective ~omponmt Is located. either replace 
the assembly containhq the defective part Qr rwlacethe 
component by using the appropriate replacement pro- 
cedure given in Corrective Maintenance. Replacement 
assemblies are available through Tektronix and are 
shown in an exploded-view drawlng in Replaceable 
Parts (section 8) and em described in the parts list in that 
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 about the 
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. Wsual Check 

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 eitherthose circuits where you 
suspect trouble or the entire instrument. An apparent 
trouble may be the result of misadjustrnent. The 

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 CMC2F Trouble- 
shooting Tips, following this procedure, may help in 
locating a problem. 

6. Check Individual Components 

I WARNING ) 

To avoid electrical shock, always disconnect 
the instrument from the acpower 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 9-1 for component value 
identification and Figure 9-2 for semiconductor lead 
configurations. 

When checking semiconductors, observe the 
static-sensitiviiy 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 transistorwill 
also be damaged. If 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 troubleshootingtransistors in the circuit with avolt- 
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. 



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 0.2V. 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 respect to 
ground. If the former method is used, both leads of the 
voltmeter must be isolated from ground. 

If voltage values measured are less than those just 
given, eitherthe 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. Voltages exceeding those 
given for typical emitter-to-collector values 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, novoltagewill be developed 
across the resistorsunless current Is being supplied by a 
parallel path. 

When chwMng emmr-to-base junctions, do 
not us@ an ohmmeter range that has a high 
in&rna/ current. Hjgh current may damqe the 
transistor, Reverse biasing the emitter-to-base 
junction with a high cwrent may degrade the 
cutrent-transfer ratio @eta) of the trans is to^: 

A t F a f i s i e  mtMer-to-bae junction also can be 
checked for an open ar shorted condition by measuring 
the resistance between terminals with an ohmmeter set 
to a range having a low internal some current, such as 
the R X 1 k n  range. The junctibn resistance should be 
very high En one direction and much lower when the 
met& leads am reversed. 

When tfWe6hmting a field-effect transistor (FET), the 
voltage amss  Its elements can be checked in the same 
manner as previously described for other transistors. 
H o w w q  rememberthat in the normal depletion mode of 
operation, the gate-to-source jundion Is reverse 
biased; in the enhanced mode, the junction is forward 
biased. 

INTEGRATED CIRCUITS. An integrated circuit (IC) can 
be checked with a voltmeter, tea ogcilloscope, or by 
dimd substitution. A good understanding of cir- oper- 
atbn is essential when t ~ o u b k h t l n g  a circuit having 
IC componsnts. Uw care when checking voltages and 

waveforms around the IC so that adjacent leads are 
shorted together. An IC test clip provides a conveni 
means of clipplng a test probe to an IC. 

When checking a diode, do not use an ohm- 
meter scale that has a hlgh 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 
junctions. 

DIODES. A diode can be checked for either an open or a 
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 kQ 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 conducthg; Sch~ttky diodes about 0.2 V 
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 normally 
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 to the output voltage 
of the ohmmeter. An open capacitor can be detected 
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, followthe replacement 
procedures given under Corrective Maintenance in this 
section. After any electrical component has been 
replaced, the performance of that circuit anU any other 
closely related circult should be checked. Since the 
power supplies affect all circuits, performance of the 
























































