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GENERAL INFORMATION

This subcourse consists of one or more lessons and an examination.  Each of the lessons is divided into two parts; the text and the lesson exercises.  A heading at the beginning of each lesson gives the title, the hours of credit, and the objectives of the lesson.  The final examination consists of questions covering the entire subcourse.

If a change sheet is included, be sure to post the changes before starting the subcourse.

THE TEXT

All the text material required for this subcourse is provided in the packet.  The text is the information you must study.  Read this very carefully.  You may keep the text.

THE LESSON EXERCISES

Following the text of each lesson are the lesson exercises.  After you have studied the text of each lesson, answer the lesson exercises.  After you have answered all the questions, go back to the text and check your answers.  Remember your answers should be based on what is in the text and not on your own experience or opinions.  If there is a conflict, use the text in answering the question.

When you are satisfied with your answers, check them against the approved solution in back of this text.  Re-study those areas where you have given an incorrect answer by checking the reference given after each answer.

Passing score for this subcourse is 70%.
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INTRODUCTION

You, as a calibration specialist, face one of the most demanding, yet rewarding, careers to be offered by the military.  Electronics technology, already a vast field, is expanding by leaps and bounds.  Test equipment which is considered state-of-the-art today is doomed to early obsolescence due to extremely rapid technological discoveries and advances.  The only way for you to maintain your proficiency and effectiveness is by continually staying abreast of these technological developments.

While the Model 5245L electronic counter is a very versatile and precise instrument, it does not provide the increased accuracy demanded for some of the sophisticated systems in the Army's current inventory.  This counter is being phased out through attrition and is replaced by the Model 5345A frequency time measurement system.  The Model 5345A is equipped with a plug-in adapter which permits its use with 5245L plug-ins, providing less uncertainty and greater accuracy.

The assumption has been made that you possess at least a basic familiarity with counter theory.  With that in mind, the first lesson is intended only to refresh your memory rather than to be an authoritative, all inclusive text.  The overall objective of this subcourse is to introduce you to the unique aspects of operation and maintenance peculiarities of the Model 5345A.  The extent to which this purpose is achieved rests entirely with you.

This subcourse is organized as follows:

Lesson 1 Electronic Counter Fundamentals


Lesson 2 Model 5345A Operation


Lesson 3 Model 5345A Theory of Operation


Lesson 4 Model 5257A Transfer Oscillator


Lesson 5 Model 5261A Video Amplifier

Lesson 6 System Applications

LESSON 1.  ELECTRONIC COUNTER FUNDAMENTALS

ACCP Subcourse MM0462
Model 5345A Frequency Time


Measurement System

LESSON OBJECTIVE
Given supportive text and diagrams;


1.  Explain the purpose of electronic counters.


2.  Explain the difference between period and frequency measurement.


3.  Explain the purpose of each major circuit comprising a counter.


4.  Explain the different types of measurements made with a counter.


5.  Correctly answer all exercise questions.

CREDIT HOURS
Two

TEXT

While the oscilloscope is a very widely used instrument for observation of waveforms, its use as a device for measurement of frequency has the inherent limitation of approximately (3% accuracy.  On the other hand, a typical frequency counter exhibits accuracies on the order of .001 parts per million (PPM).

Electronic counters are considered to be the most accurate, convenient, and flexible of all the available instruments for making frequency and time interval measurements.  They cover a wide variety of features allowing measurement of frequencies from dc to 40 GHz and time intervals from 10 nanoseconds to more than 100 days.

An electronic counter is used for the comparison of an unknown frequency or time interval with a known frequency or known time interval.  The counter's logic is designed to present this information in an easy to read numerical display.  The accuracy of the measurement depends, to a great extent, on the stability of the known frequency.  This known frequency is obtained from the internal oscillator of the counter, often a quartz crystal.
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1.
ELECTRONIC COUNTER CIRCUITS

The principle of operation for most electronic frequency counters is relatively simple when viewed in block form.  Figure 1 is a block diagram depicting the major circuits which comprise a basic frequency counter.  These are the Input circuit, Gate, Oscillator or Time Base, Multiplier and Divider circuits, and the Decimal Counting Units (DCUs).
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Figure 1.  Electronic counter block diagram.


a.
Input Circuit.  The signal input section accepts the input pulses of the frequency to be measured and modifies them so that they are a waveform suitable for driving the decimal counting units.  The circuitry includes a front panel located sensitivity adjust, an attenuator, an amplifier and a Schmitt Trigger.  The sensitivity (level) control varies the amplitude of the input signal, thereby controlling the gain of the amplifier and providing a stable count.  The attenuator reduces the level of spurious noise in the input to prevent its amplification which could result in counting error.  The Schmitt Trigger shapes the amplified input waveform into a series of rectangular pulses, maintaining the frequency of the input.


b.
Gate Circuit.  The gating section serves two functions.  One of these is to establish the duration of the counting interval to gate the input signal through to the decimal counting section.  The other function
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is to drive the reset circuits, thereby causing the counters to initiate a new cycle of operation each time the gate is opened.  The gate usually consists of a bistable multivibrator which is triggered by start and stop pulses.  The start pulse opens the gate for a precise period of time determined by the time base.  The pulses which are passed by the gate during count time are counted, stored, and displayed by the DCUs.  These pulses, or events are displayed as a number representing the total number of events which occurred during the time the gate was open.  Upon completion of the display time, a reset pulse is generated which automatically resets all DCUs to zero for the next measurement cycle.


c.
Oscillator Circuit.  For an accurate count, the duration of the gate must be extremely accurate.  To provide an accurate time circuit to control the gate time, a crystal-controlled oscillator is used to develop a basic frequency.  The basic frequency (time base) is multiplied and divided within the counter.  To maintain the accuracy required for frequency and period measurements, the frequency of the oscillator must be kept as stable as possible.  By keeping the temperature of the frequency determining device constant, external temperature variations will not cause the frequency of the oscillator to change.  This is accomplished by placing the quartz crystal, which controls the frequency of the oscillator, in a temperature-controlled "oven." 


d.
Frequency Multipliers and Dividers.  As previously stated, the frequency of the oscillator is set by selection of a precisely ground quartz crystal.  In order to vary the time base frequency, the basic oscillator frequency is converted by a series of 10:1 decade dividers and frequency multipliers.  To allow the display circuits to present the higher frequencies, the basic oscillator frequency is sometimes multiplied, and the period of time the gate is open is reduced by factors of ten.  Thus, the number of events actually counted is reduced along with the required number of display units.

While a frequency multiplier allows the higher frequencies to be displayed, it does not allow for the display of the lower frequencies.  In order to obtain a usable display of the lower frequencies, the basic oscillator frequency is divided within the frequency counter.  The dividers provide a simple method of obtaining longer gate times.  By adding more dividers, gate times as long as ten seconds can be obtained.  To make use of the multiplier and divider signals from the oscillator in the frequency counter, a switching circuit is incorporated.  The switching circuit allows the operator to select the gate times and control the position of the decimal point.

2.
ELECTRONIC COUNTER APPLICATIONS


a.
Frequency Measurement.  In the frequency function, the three major circuits used are the time base (known frequency), gate and DCUs
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(decimal counting units).  See figure 2.  The time base frequency controls the amount of time that the gate will remain open.  The gate, when it is open, will allow events to pass from the input to the DCUs.  The DCUs will count the events and display them as a digital readout.
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Figure 2.  Frequency measurement.

For example, in a frequency measurement with an external input signal of 20 kHz, and a time base setting of 1 second, the gate will open and allow the events to be passed to the DCUs for 1 second.  The DCUs will count and display 20,000 events ( 1 count.  For high frequencies, this method is very accurate.  However, if the gate was open for 1 second, allowing a 1 Hz external signal to pass to the DCUs, then the DCUs would display a reading of one, with a possible error of ( 1 count.  The reason for an error of ( 1 count is that it is possible for the gate to open and close at the same time the pulses are to be counted, or the decay time of the gate closing may be too long (see figure 3).

With this accuracy the counter may read 0 Hz (100 percent possible error), 1 Hz or 2 Hz.  Therefore, frequency measurement is not a very accurate means of measuring events of a low frequency signal.


b.
Period Measurement.  Period measurement is more accurate than frequency measurement for frequencies below 1 kHz due to the ( count error.  In period measurement, the counter counts the number of precise time base events, with an accuracy of ( 1 microsecond, which occurs during one cycle of the input frequency (see figure 4).
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Figure 3.  Causes of error.
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Figure 4.  Period measurement.

As you can see, the blocks used for the period and frequency measurements are the same major blocks.  The only difference is which of the two input signals is controlling the opening and closing of the gate.

In a period measurement, the time base must be variable in order to increase the accuracy of the reading.  Here is an example of what would happen if the time base was not variable.  If a 1 Hz external signal is used to open the gate and a 1 Hz time-base pulse is passed to the DCUs, the count would be 1 event ( 1 count.  Again, it may be 2 Hz, 1 Hz, or 0 Hz on the display.  However, if the time base was variable so that pulses of different duration might be selected when the gate is open, then pulses with shorter time duration can be selected.  This way, more events would be passed to the DCUs to be counted, resulting in a larger count and improving the accuracy.
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For example, using an external frequency of 1 Hz to open the gate and selecting a time base of 10-6 to be passed to the DCUs, would result in a count of 1,000,000 ( 1 count.  The accuracy of the reading is now increased to 0.0001 percent.  Compared to the frequency measurement of a 1 Hz signal with a possible 100 percent error, this is a great improvement.  The period and frequency measurements are the two most widely used functions of an electronic counter.


c.
Totalizing.  An electronic counter can be operated in the totalizing mode, illustrated in figure 5, with the main gate flip-flop controlled by the start-stop switch.  With the switch at START, the gate is opened and the DCUs will totalize the input pulses until the main gate is closed by changing the switch to STOP.  The display on the counter will then show the pulses received during the interval between manual START and STOP.
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Figure 5.  Totalize measurement.


d.
Ratio Measurement.  The ratio of two frequencies is arrived at by using the lower frequency signal for gate control and by having the higher frequency signal counted as shown in figure 6.  By using the proper transducers, ratio measurements may be applied to any phenomena, providing the phenomena can be represented by sine waves or pulses.  Measurements that can be performed using the ratio method are clutch slippage, gear ratios and frequency divider (or multiplier) operations.


e.
Time Interval Measurement.  Time interval measurements are similar to period measurements; the only exception is that the trigger points on the single waveform or waveforms are adjustable.  Figure 7
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Figure 6.  Ratio measurement.

illustrates that separate signals may be used as the start and stop signals, and when the COM-SEP switch is placed in the COM position, measurements may be made from one point on a waveform to another point on the same waveform.  Triggering polarity, slope, and amplitude are selected for each channel separately.  The time interval is displayed in microseconds, milliseconds, or seconds.


f.
Multiple-Period Averaging.  The effects of the previously mentioned ( 1 count ambiguity and the trigger error can each be reduced in decade steps by using multiple period averaging (figure 8).  In many high frequency counters, the function selector is ganged to the decade divider assemblies so that the input signal can be scaled in decade steps by factors up to 100,000 to reduce trigger error.  The ( 1 count error is also reduced by a factor of 10 for each decade of scaling selected for the input signal.


g.
High Frequency Measuring Methods.  Precise high frequency measurements are possible because of several innovations in quartz oscillator crystal design.  These innovations have resulted in superior electronic counter time bases.  Ambient temperature affects the frequency by less than ( 2 parts in 1010 per degree C throughout the range from -20 to +50 degrees C.  The accuracy of the counter is limited by the time base oscillator stability because this oscillator circuit furnishes the definitive time information for a measurement.  The time base must be 
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Figure 7.  Time interval measurement.

calibrated periodically, since the drift rate will cause a cumulative deviation in frequency which can result in a measurement error.  The accuracy of precision quartz oscillators is usually expressed as long term stability and short term stability.  Long term stability refers to slow changes in average frequency with time due to secular changes in the resonator or other elements of the oscillator.  Short term stability refers to changes in average frequency over a time sufficiently short so that the change in frequency due to long term effect is negligible.  Four methods have been developed which extend the digital frequency measuring
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Figure 8.  Multiple-period averaging.

capability of electronic counters.  These methods are the Prescaling Method, the Heterodyne Method, the Transfer Oscillator Method, and the Automatic Method.


(1)
Prescaling Method.  Figure 9 illustrates the prescaling method.  The input signal is amplified and scaled by a decade in order to divide the input frequency by a factor of 10.  The input to the counter from the prescaler will now be within the direct measuring range of the counter.  For example, if the prescaler is used in conjunction with a 10 MHz electronic counter, then the direct measuring range of the counter would be extended to 100 MHz.
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Figure 9.  Prescaling method.
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(2)
Heterodyne Method.  The heterodyne method, illustrated in figure 10, is based on mixing known reference frequencies until the difference frequency is within the direct measuring range of the electronic counter.  A harmonic generator produces all the harmonics of 10 MHz.  A harmonic selector cavity is manually tuned until the selected harmonic, mixed with the input, produces a difference frequency that is fed through an amplifier.  The output of the amplifier is applied to the counter.  A level meter indicates when the harmonic selector has reached the proper reference frequency.  To find the frequency being measured, the reference frequencies are added to the electronic counter display.  This addition usually involves nothing more than placing one or two digits before the counter reading.
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Figure 10.  Heterodyne method.


(3)
Transfer Oscillator Method.  A method that provides an extremely wide measuring range with counter accuracy is illustrated in figure 11.  A transfer oscillator is used with a 50 MHz electronic counter.  The transfer oscillator method compares harmonics of a fundamental frequency with an unknown high frequency.  When you are performing a measurement the fundamental frequency is adjusted to the point where one of its harmonics has the same frequency as the input signal.  This is accomplished by beating harmonics against the input 
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signal in a mixer and varying the fundamental frequency until the difference frequency is zero.  The results can be observed on a built-in oscilloscope.  The counter is able to read out the unknown frequency, when the fundamental frequency is multiplied by the harmonic number, by use of the front panel harmonic preset switches.  The proper harmonic number will automatically expand the counting period of the counter.  This expansion results in a direct presentation of the input frequency in the readout of the counter.  The transfer oscillator includes a phase lock that is designed to synchronize itself with the input signal.  Any tendency in frequency change in either the input signal or the transfer oscillator can be compensated.  This compensation is accomplished by changing the transfer oscillator frequency in order to maintain a precise 1 MHz beat frequency with the input signal.
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Figure 11.  Transfer oscillator method.
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(4)
Automatic Method.  The automatic method, illustrated in figure 12, makes it possible to obtain instantaneous direct readings of unknown microwave inputs.  An unknown signal (F) is fed into a harmonic mixer.  A swept oscillator frequency (f) is applied to a mixer and harmonics are generated and mixed with the input signal.  A 1 MHz signal from the counter time base is used as a phase detector and locking frequency for the output signal of the mixer.  This circuitry will phase lock the proper harmonic (N) of the swept oscillator (f) with the input signal (F) at a precise 1 MHz offset.

The input signal (F) is also applied to a second mixer which has the same swept oscillator signal (f) but with the addition of a 1 kHz signal from the counter.  When the phase detector locks the swept oscillator, the signal in this second mixer will be N (f + 1 kHz) which is mixed with the input frequency (F).  When the offset is exactly 1 MHz, then F = fN ( 1 MHz.  The output of the second mixer is 1 MHz plus N kHz.  The 1 MHz signal from the counter is mixed with the output of the second mixer and the resultant signal is N kHz.  The mixed signal (N kHz) is then applied to a digital N computer circuit along with the 1 kHz signal from the counter.  This circuit then divides the N kHz by 1 kHz and the result is N pulses.  The N pulses are gated in conjunction with the counter time base signal.  This gating extends the time base to N times the time base switch position.  This extension multiplies f x N ( 1 MHz so the counter can read out the unknown input frequency directly with the 1 MHz offset.

As you can see, the electronic frequency counter is an extremely versatile instrument and can be a valuable tool for you to use in your day to day calibration tasks.  In order for you to maximize use of electronic counters, obviously you must first fully understand the multiplicity of applications for which they were designed.

A basic counter consists of an input circuit for signal amplification and shaping, a gate circuit which passes a selected portion of the input signal and drives the reset circuits, an oscillator which establishes the counting interval, and the frequency multipliers and dividers which allow the gate time to vary.

An electronic counter may be used for frequency, period, totalizing, ratio, time interval, and multiple-period averaging measurements.  High frequency measurements are accomplished by the prescaling, heterodyne, transfer oscillator, and automatic methods.  Of these, the transfer oscillator method is probably the most commonly employed.
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Figure 12.  Automatic method.
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ACCP SUBCOURSE NUMBER MM0462

MODEL 5345A FREQUENCY TIME MEASUREMENT SYSTEM

EXERCISES FOR LESSON 1

1.
An electronic counter input circuit serves to

a.
establish the duration of the counting interval.

b.
amplify and shape the signal to be counted.

c.
establish an accurate time base.

d.
divide the input signal frequency.

2.
Which consideration has the greatest effect on measurement accuracy?

a.
Stability of the DCUs

b.
Proper amplification of the input

c.
Setting of the level control

d.
Stability of the internal oscillator

3.
The function of the gating circuit is to

a.
drive the reset circuits.

b.
establish the counting interval.

c.
shape the input into pulses.

d.
both b and c.

4.
An accurate timing circuit is provided by

a.
a precise gate circuit.

b.
a crystal controlled oscillator.

c.
an accurate frequency multiplier.

d.
the input circuit.

5.
To display the higher frequencies, the frequency of the

a.
basic oscillator is multiplied.

b.
input is multiplied.

c.
basic oscillator is divided.

d.
input is divided.

6.
To display the lower frequencies, the frequency of the

a.
basic oscillator is multiplied.

b.
input is multiplied.

c.
basic oscillator is divided.

d.
input is divided.
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7.
What controls the gate time in the frequency function?

a.
External gating signal

b.
Input signal

c.
Schmitt trigger

d.
Frequency of the basic oscillator

8.
What controls the gate time in the period function?

a.
Internal frequency

b.
Input signal

c.
Frequency of the basic oscillator

d.
Time base switch

9.
Which type measurement is most accurate for low frequency signals?

a.
Frequency

b.
Period

c.
Ratio

d.
Time Interval

10.
Which type measurement requires that the gate be manually opened and closed?

a.
Totalizing

b.
Ratio

c.
Time Interval

d.
Multiple-Period Averaging

11.
Select the correct statement concerning ratio measurements.

a.
The time base controls the gate

b.
The lower frequency signal is counted

c.
The higher frequency signal controls the gate

d.
The lower frequency signal controls the gate

12.
In which type measurement are separate input signals used as the gate start and stop signals?

a.
Totalizing

b.
Ratio

c.
Time Interval

d.
Multiple-Period Averaging
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13.
Which is not a precise method for measurement of high frequencies?

a.
Multiple-Period Averaging

b.
Prescaling

c.
Heterodyne

d.
Transfer Oscillator

14.
In which type measurement is a level meter used to differentiate between harmonics and the reference frequency?

a.
Prescaling

b.
Heterodyne

c.
Transfer Oscillator

d.
Automatic

15.
In which type measurement is the fundamental frequency adjusted to the point where one of its harmonics has the same frequency as the input signal?

a.
Prescaling

b.
Heterodyne

c.
Transfer Oscillator

d.
Automatic
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LESSON 2.  MODEL 5345A OPERATION

ACCP Subcourse MM0462
Model 5345A Frequency Time Measurement System

LESSON OBJECTIVE
Given supportive text and diagrams;


1.  Explain/demonstrate operation of the 5345A.


2.  Explain each of the operating modes.


3.  Explain operating considera-tions.


4.  Correctly answer all exercise questions.

CREDIT HOURS
Two

TEXT

1.
DESCRIPTION


a.
General.  The Model 5345A Electronic Counter (figure 1) is a reciprocal counter capable of direct measurements from dc to 500 MHz.  High speed digital logic circuits are incorporated to give a true direct counting and totalizing capability.  Frequency coverage can be extended to 18 GHz with the use of the 10590A plug-in adapter and the Model 5257A Transfer Oscillator.  On the other end of the spectrum, the direct coupled amplifiers allow frequencies as low as 50 uHz to be displayed full scale.

The instrument measures frequency, period, period average, single-shot time interval, time interval average, and ratio.  It also provides a totalize function, whereby two signals can be simultaneously totalized with the displayed result being the sum of difference in the total number of counts.

Both frequency and period are measured by measuring the total elapsed time for an integral number of cycles of the input waveform.  This results in a direct readout of frequencies between 50 uHz - 500 MHz, and period readouts from 2 nsec to 20,000 seconds.
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Figure 1.  Model 5345A electronic counter.

Two identical input channels are provided with switch selectable input impedances of 1 megohm shunted by less than 30 pF and 50 ohms nominal.  The sensitivity varies from 20 mV rms for X1 attenuation to 200 mV rms for X10 attenuation settings.


b.
Front and Rear Panel Controls, Connectors and Indicators.  Tables 1 and 2 explain the purpose of each of the controls, connectors and indicators associated with the Model 5345A.  Carefully study both tables prior to proceeding to ensure your understanding.


c.
Display.  The counter uses a 12 digit display:  11 digits of data and 1 digit for the minus sign.  Unlike most counters, the number of digits displayed in a measurement is not a function of the input frequency and is not related to the FUNCTION switch.  The number of digits is constant for each setting of the GATE TIME switch.


(1)
Display Position.  When the DISPLAY POSITION switch is set to AUTO, the counter automatically positions the display's least significant digit in the right-most column.  Rotating the switch to each of its counterclockwise positions (blue dots) shifts the decimal point, hence the display, one place to the left.  Once the switch is placed to any position other than AUTO, the annunciator (k, M, n, etc.) stays fixed, regardless of changing input frequency.  The annunciator remains fixed until the RESET button is pushed or the FUNCTION switch setting is changed.


(2)
Asterisk.  The asterisk lamp will light under any of four conditions: overflow, underflow, factitious zeros, or insufficient oven 
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Table 1.  Front panel controls and connectors.

[image: image15.png]POWER switch (1) . In STANDBY position, supplies power to oscillator and oven
(Option 001) to maintain a constant temperature for the crystal. In ON position,
supplies normal operating power to remainder of instrument.

FUNCTION selector () . Selects mode of operation.
a. PLUG-IN — Enables plug-in to make measurement.
b. FREQ A — Sets counter to measure frequency applied to CHANNEL A jack.

c. PERIOD A — Sets counter to measure period or period average of signal
applied to CHANNEL A jack.

d. TIME INT. A to B — Sets counter to measure single time interval or time interval
average. Channel A starts measurement and Channel B stops measurement.

e. RATIO B/A — Sets counter to measure the ratio of Channel B frequency to
Channel A frequency.

f. START, STOP — Used for totalize mode to manually open and close counter’s
main gate and to turn scaled output on and off (SAMPLE RATE in HOLD).

RESET button3) . Resets display and internal count to zero and arms counter for new
measurement. Generates lamp test.

GATE TIME switch (). Selects total amount of time that the gate is open. MIN
position opens main gate for one event or 50 ns, whichever is greater.

DISPLAY POSITION switch &) (blue knob). In AUTO, counter displays least-
significant digit in right-most column. Annunciators change with input frequency.
Any other position manually fixes decimal point and annunciators.
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Table 1.  Front panel controls and connectors (cont.).
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SAMPLE RATE control 5 . Varies time between measurements from <.1 sec to >5 sec.
HOLD position holds display indefinitely.

SLOPE switch > . . Permits triggering on positive or negative slope of input signal.

LEVEL control i 7 . Used in conjunction with ATTEN switch to stlect voltage at
which triggering occurs. With X1 attenuator setting, level is variable t1.3 V; on
X10, 13V.

Input Impedance Switch 3) - . Selects input impedance of 50Q or 1 MQ shunted by
less than 30 pF.

ATTEN switch ® 5, . Selects attenuation for input signal. Used in conjunction
with LEVEL control to set trigger point. Input level is not affected in X1 position. Signal
amplitude is reduced by factor of 10 in X10 position.

Coupling switch (' ® . Selects direct or capacitor coupling for input signal.

{12)

Input Amplifier Control switch {2} .

a. CHECK — Checks that counter is functioning properly by connecting internal
100 MHz test signal to Channels A and B.

b. COM A — Operationally connects A and B channeis in parallel. Used for single
source time interval measurements. Channel B jack is not active. Channel A
and B Input Impedance switches must be set to same position.

¢. SEP — Allows independent operation of Channel A and B.

Input jacks 3 ‘B . Inputs for Channel A and Channel! B. Each input can accept
signals from 50 uHz to 500 MHz.




temperature.  Overflow occurs when the placement of the DISPLAY POSITION switch has positioned the display's most significant digit(s) so far to the left that it is out of the viewable range.  Underflow occurs when the placement of the DISPLAY POSITION switch has positioned the display's least-significant digit(s) so far to the right that it is out of viewable range.  The operating temperature of the oscillator oven must remain constant for the crystal to perform properly.  Should the oven temperature drop below its normal operating range, the asterisk light will come on as an indication of this condition.

Factitious zeros occur when the settings of the GATE TIME switch and DISPLAY POSITION switch have been combined to give fewer significant digits then the DISPLAY POSITION demanded.  In this combination the display attempts to blank one or more of the significant digits located to left of decimal point.  Instead of blanking the digit, the display substitutes an artificial and meaningless zero to keep that portion of the display filled.
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Table 2.  Rear panel controls and connectors.

[image: image17.png]et

ACCUM MODE START/STOP switch @ Used when totalizing two input signals. In A-B
position, Channel B counts are subtracted from Channel A counts. in A+B position, the counts of
each channel are added for the total displayed count.

CHAN A SCALER OUTPUT jack @ With the FUNCTION switch set to START and the
SAMPLE RATE control in HOLD, jack provides scaled output of Channel A input frequency or
internal 100 MHz check signal.

CHAN A TRIG LEVEL jack @ . QOutput level corresponds to trigger point of Channel A. LEVEL
control varies output $1.3 Vdc.

CHAN B TRIG LEVEL jack @ Output level corresponds to trigger point of Channel B. LEVEL
control varies output 1.3 Vdc.

EXT FREQ STD INPUT jack@ Allows internal time base to phase lock to external frequency
standard. Possible input frequencies =

10 MHz _
any Integer from 1 %0 10 _ 10 MHz, 5 MHz, 2.5 MHz, 2 MHz, 1 MHz, etc.

FREQ STD OUTFUT jack @ . Provides 10 MHz internal standard signal for external use. Ampli-
tude is 1 Vrms into 506

GATE OUTPUT jack @ . Provides output pulses of counter’s event gate.

GATE CONTROL INPUT jack @.’ Allows counter’'s main-gate/arm circuits to be controlled
from external source. Works with Gate Control switch.
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Table 2.  Rear panel controls and connectors (cont.).

[image: image18.png]10.

Gate Control switch (3).
INTERNAL — Allows normal operation of counter.

EXT ARM — Allows counter to be armed from external source. SAMPLE RATE control
must be set to HOLD. Counter will make only one measurement for each arm pulse.
Measurement begins with first Channel A pulse after arm pulse.

c. EXT GATE — Allows total control of gating circuits Used in frequency
average and in pulse selection for time interval-and time interval average.

FREQUENCY STANDARD INT-EXT switch (). Allows an external frequency standard con-
nected to @ EXT FREQ STD INPUT to be used in the counter for the time base. In the INT
position, the EXT FREQ STD INPUT connector is not connected through to circuits in the

counter.




(3) Arm Light.  An illuminated ARM light indicates that Channel A is not triggering.  The condition of this indicator should be observed when adjusting the front panel controls for a first time measurement.  Insufficient amplitude of the input controls or improper setting of the input controls (LEVEL, ATTEN, etc.) are common causes for the failure of the GATE light to turn on.

(4) Gate Light.  Once Channel A triggers, the ARM light turns off and the GATE light turns on.  The GATE indicator lights during the time the counter's event gate is open.  For short-duration gate times, the GATE light circuits include a 40 ms one-shot multivibrator to allow a visible flash of the light.  The SAMPLE RATE control sets the time between flashes (or measurement cycles).

(5) Lamp Test.  To ensure that all segments of the display are capable of lighting, the counter provides a lamp test.  The correct display should appear like the representation shown in figure 2.
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Figure 2.  Lamp test.

Lamp test occurs under several conditions:

24


(a)
When the RESET button is pushed.


(b)
When the POWER switch is placed to ON, lamp test will light for about 2 seconds.


(c)
When switching between detent positions of the GATE TIME switch, FUNCTION switch, or DISPLAY POSITION switch.


(d)
When the counter is attempting to phase lock the internal oscillator to an external standard.


(e)
When the counter has gone into excessive gate time.

2.
OPERATION


a.
Input Triggering.  The input circuits provide triggering over a range of -1.3 V to + 1.3V.  The point at which triggering occurs is adjustable with the front panel LEVEL control.  Each input channel has a small amount of hysteresis (about 10 mV).  If the SLOPE switch is set to "+", the trigger pulse occurs at the top of the hysteresis window.  If the SLOPE switch is set to "-", the pulse occurs on the bottom line of the window.  In other words, the signal must pass through the entire hysteresis window before a trigger pulse is generated (see figure 3).  The LEVEL control must be placed to allow at least a 1 ns pulse width for the Schmitt Trigger.


b.
Excessive Gate Time.  In every measurement involving a gate time, the counter depends on the input signal to terminate the measurement.  The measurement concludes one clock pulse after the next input pulse following the end of the gate time, not with the gate time itself.  If the period of the input signal is much longer than the gate time or if the signal is interrupted sometime during the gate time, the excessive gate time circuits prevent the counter from waiting indefinitely for the terminating pulse.  The counter will wait for about 3.5 times the selected gate time before resetting.  At the end of the excessive gate time, the display will flash instantaneously to lamp test before displaying all zeros.


c.
Measurement Technique.  The counter uses a period average technique to make measurements.  The counts (or pulses) that are generated from the input and time base signals are collected in separate scalers (dividers) during the measurement time.  The counter compares these pulses arithmetically and displays the result on the front panel.


d.
Operating Modes.  The following paragraphs describe the operating modes for frequency, period, time interval, ratio, and totalize measurements.
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Figure 3.  Internal triggering.


(1)
Frequency Mode.  Channel A accepts input frequencies from 50 uHz to 500 MHz providing direct readout.  These frequencies are counted directly with no prescaling techniques applied.  Extended frequency capability is available with the use of plug-ins.  The measurement time is the selected gate time plus the time until the next trigger pulse occurs.  For example, if the selected gate time is 1 ms, the event gate will close on the next trigger pulse after 1 ms has elapsed.  If the input frequency were 20 kHz (.05 ms period), the measurement time would be 1 ms + .05 ms = 1.05 ms.  The difference encountered does not affect the accuracy of the measurement.


(2)
Period Modes.  Two modes of period measurements are provided: single period and period average.  These modes are described in the following paragraphs.


(a)
Single Period.  Single period measurements are made with the GATE TIME switch set to MIN.  In this position, the gate time is one period or 50 ns, whichever is greater.  Therefore, the input frequency range for a single period measurement is 50 uHz to 20 MHz.
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Frequencies greater then 20 MHz may be applied, but they will be averaged during a 50 ns gate time.


(b)
Period Average.  When the GATE TIME switch is set to any other position then MIN, the counter averages multiple periods.  Averaging increases the accuracy and resolution of the measurement.  Input frequencies are in the 50 uHz to 500 MHz range.  The actual gate time is determined in the same manner as that described for Frequency Mode.


(3)
Time Interval Modes.  The counter measures time intervals from Channel A to Channel B; that is, Channel A starts the measurement and Channel B stops the measurement.  Time between points on a single waveform can be measured by connecting the input signal to Channel A jack and placing the Input Amplifier Control switch to COM A.  Under these conditions, the slope and level controls of Channel A and Channel B allow variable triggering on either the + or - slope.  With the Input Amplifier control switch set to SEP, measurements can be made between points on separate waveforms.


(a)
Single Time Intervals.  Single time intervals down to 10 ns are measured with the GATE TIME switch set to MIN.  The gate time is one time interval for repetition rates of less than 20 MHz.  Thus, if two or more time intervals occur within 50 ns, they will be averaged.


(b)
Time Interval Average.  The counter averages multiple time intervals when the GATE TIME switch is set to any position other than MIN.  The maximum repetition rate is 50 MHz (10 ns time interval plus 10 ns deadtime = 20 ns period or 50 MHz).  To average, the time interval must be less than the selected gate time.


(4)
Ratio Measurements.  The ratio between two frequencies can be determined by connecting one signal to Channel A and the other to Channel B.  If the higher frequency is connected to Channel B, the ratio will be greater than one.  For instance, a 100 MHz signal connected to Channel B and a 50 MHz signal connected to Channel A will result in a ratio of 2.  The answer for a ratio measurement is a unitless figure.


(5)
Totalize Mode.  The START and STOP positions on the FUNCTION switch allow manual opening and closing of the counter's main gate.  The Input Amplifier Control switch must be placed in SEP.  When the switch is in the START position, the counter totalizes the number of times the input signal passes through the-Channel A trigger point.  The GATE TIME switch does not affect the displayed result in any way.


(a)
Both Channels Totalized.  When the Input Amplifier Control switch is set to SEP, Channel A and Channel B signals can be totalized simultaneously.  The displayed result is a function of the 
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ACCUM MODE START/STOP switch, located on the rear panel.  The two signals are added (A+B) or subtracted (A-B), depending on the switch position.  When the Input Amplifier Control switch is set to CHECK, the counter always selects (A+B).

A minus sign on the display indicates that during a subtraction (A-B) the B events have outnumbered the A events.  With the switch in A-B, the instrument functions like an up-down or reversible counter.  That is, the counter will count down from a previously given positive number.  As an example of this, assume that the A frequency is greater than the B frequency and the switch is in A-B.  The display accumulates positive numbers at a rate equal to the difference between the two input frequencies.  If the frequency of B now becomes greater than A, the displayed count will decrease towards zero, again, at a rate equal to the difference between the two frequencies.  Once the declining number passes through zero, the minus sign lights and the display continues to accumulate.


(b)
Scaled Output.  With the FUNCTION switch set to START and SAMPLE RATE to HOLD, the counter scales (divides) the Channel A input frequency by powers of 10.  This scaled signal is available on the rear panel CHAD A SCALER OUTPUT jack.  Although the display is not functioning, the counter is accumulating.  The GATE TIME switch controls the division factor, as shown in table 3.

Table 3.  Scaler output for channel A.
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The capabilities of the Model 5345A have been discussed in this lesson only to the extent of their pertinence to your daily use requirements.  It would be to your distinct advantage at this point to operate the counter, if there is one available, using this lesson material as a guide.  When you feel that you fully understand the function of each of the controls, indicators and connectors, you may take
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the lesson exercise.  If you miss any of the questions, re-study the portion(s) of the lesson to which the question(s) pertained before proceeding to lesson 3.
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ACCP SUBCOURSE NUMBER MM0462

MODEL 5345A FREQUENCY TIME MEASUREMENT SYSTEM

EXERCISES FOR LESSON 2

1.
Without the use of plug-ins, the Model 5345A is capable of direct measurements to

a.
50 MHz.

b.
500 MHz.

c.
4 GHz.

d.
18 GHz.

2.
Which function permits a display representing the sum of difference in the total number of counts?

a.
Period Average

b.
Time Interval

c.
Ratio

d.
Totalize

3.
What range of periods may be measured with the Model 5345A?

a.
2 ns - 20 s

b.
2 ns - 2000 s

c.
2 ns - 20,000 s

d.
2 us - 2000 s

4.
What is the minimum voltage which will cause the counter to trigger when X10 attenuation is selected?

a.
20 mV rms

b.
20 mV peak-to-peak

c.
200 mV rms

d.
200 mV peak-to-peak

For questions 5 through 7, match the function to the correct control.

5.
Varies time between measurements.

a.
Level

b.
Sample Rate

c.
Function

d.
Gate Time
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6.
Determines the amount of time that events are sampled.

a.
Level

b.
Sample Rate

c.
Function

d.
Gate Time

7.
Selects voltage at which triggering occurs.

a.
Level

b.
Sample Rate

c.
Function

d.
Gate Time

8.
Select the correct statement.

a.
The number of digits displayed changes for each setting of the Gate Time switch.

b.
When the Display Position switch is rotated clockwise, the decimal point shifts to the right.

c.
The annunciator changes with frequency when the Display Position switch is in any position other than Auto.

d.
Underflow occurs when the most significant digit is too far to the left.

9.
An illuminated ARM light indicates that

a.
Channel A is ready for triggering.

b.
Channel B is ready for triggering.

c.
Channel A is not triggering.

d.
Channel B is not triggering.

10.
For which of the following conditions will lamp test not occur?

a.
When the Power switch is placed to standby

b.
When the Reset button is pushed

c.
When switching between detent positions of the Gate Time, Function, and Display Position switches

d.
When the counter has gone into excessive gate time

11.
What is the measurement time when a frequency of 1 MHz is being measured?

a.
1 us

b.
1 ms

c.
1.01 ms

d.
1.001 ms
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12.
Single period measurements may be made of frequencies to

a.
20 MHz.

b.
50 MHz.

c.
200 MHz.

d.
500 MHz.

13.
In what position must the Input Amplifier control switch be placed to measure time interval between points on two separate waveforms?

a.
Check

b.
Com A

c.
Sep

d.
Standby

14.
A ratio measurement of a 40 MHz signal connected to Channel B and a 10 MHz signal connected to Channel A should result in a display of

a.
.25

b.
.5

c.
2

d.
4

15.
An averaged time interval must be
the selected gate time.

a.
greater than

b.
the same as

c.
less than

d.
none of the above
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LESSON 3.  MODEL 5345A THEORY OF OPERATION

ACCP Subcourse MM0462
Model 5345A Frequency Time Measurement System

LESSON OBJECTIVE
Given supportive text and diagrams:


1.  Explain the purpose of each major counter circuit.


2.  Trace signal flow for each measurement function.


3.  Perform theoretical trouble-shooting to circuit level.

CREDIT HOURS
Three

TEXT

Your duties as a calibration specialist will probably dictate that you troubleshoot and repair an electronic counter.  Most counters have related theories of operation, and although the adage that "if you know one you know them all" is not entirely true, your knowledge of the circuitry of the Model 5345A will undoubtedly be an advantage in repair tasks.  The majority of the Model 5345A circuitry is comprised of common logic elements: AND gates, D-Type flip-flops, JKs, etc.  Examining signal processing within the chips is more pertinent to an engineer than to a calibration specialist.  You need to understand signal flow and logic states within the counter, and this lesson is devoted to that end.

1.
LOGIC ELEMENTS.

Two states exist in the binary system, 1 and 0.  HIGH (H) and LOW (L) are used to represent the levels of 1 and 0.  HIGH always represents the more positive level, whether it be positive or negative logic, Figure 1 shows four pairs of logic symbols that have the same truth tables and can be used interchangeably.  The same function is performed by what appears to be two different logic symbols.

Figure 1A illustrates the OR functions and, as shown by the truth table, a HIGH output can be obtained from any combination of input logic levels.  The only condition which will not yield a HIGH output is when both the A and B inputs are LOW.  The AND function is shown in figure 1B.  A HIGH state at the Z output will only be present when both the A and B 
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inputs are HIGH.  Negative NAND and NOR logic is illustrated in figure 1C.  In this case a HIGH can only be present at the 2 terminal when both A and B are LOW.  The exact opposite of this is shown in figure 1D where a LOW state can only be produced at the Z output when both A and B are HIGH.  These are called Positive Logic NAND and NOR.

[image: image22.png]



Figure 1.  Logic comparison diagram.

Three types of logic are used in the Model 5345A; Transistor-Transistor Logic (TTL), Emitter-Coupled Logic (ECL), and Emitter-Emitter-Coupled Logic (EECL).  The voltage associated with the High and Low states is different for each of these as shown in table 1.  It is very important to keep this in mind when troubleshooting as a High logic state in one circuit could easily be mistaken for a Low in another and vice-versa.

Table 1.  Logic levels.
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Figure 2.  Model 5345A block diagram.
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Figure 2.  Model 5345A block diagram.
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Figure 2.  Model 5345A block diagram.
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2.
THEORY OF OPERATION.

This portion of the lesson is devoted to examination of each of the major circuits comprising the Model 5345A counter.  Signal processing for each of the various functions is explained in the paragraphs describing Main Gate operation.  Throughout the circuit descriptions, refer to the block diagram of figure 2 as well as each of the individual figures as they appear in the text.


a.
Input Assembly.  The counter has two input channels (A and B), each having a frequency range of dc to 500 MHz.  Figure 3 is a simplified representation of Channel A input circuitry.  AC coupling is accomplished by switching a capacitor in series with the input signal.  When DC coupling is selected, the capacitor is shorted out.  With the Input Amplifier Control set to CHECK, a 100 MHz test signal is connected into the circuit.  When in COM A, channels A and B are connected in parallel.  When in SEP, the input signal is connect directly to the attenuator.  When 50 ohm input impedance is selected, a selected value of resistance (49.9 ohms) parallels the input attenuators.  The attenuator switch passes the signal directly in X1 or when in X10 attenuates the signal by 10 through a divider network.

[image: image27.png]



Figure 3.  Simplified input circuit.

The signal is then routed to the first amplification stage through one of two paths, depending on the frequency.  Frequencies below 10 MHz, including do, pass through the FET impedance converter (source follower).  Higher frequencies are bypassed around the FET through C9.  The amplifier U2 has differential inputs and outputs and has a gain (single-ended) of about 3.  One input accepts the signal and the other accepts the dc level
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(( 1.3 V) from the LEVEL pot via U4.  The bias adjust sets the amplifier biasing voltage to a nominal -70 mV.  The counter may trigger on either slope of the input signal.  The SLOPE switch determines this by controlling the output polarities of U2.  When the switch is placed to +, the outputs of U2 will be 180 degrees out of phase with their respective inputs.  The opposite is true when the switch is placed to -.

The Input Trigger assembly provides additional amplification of the input signals before they are sent to counting circuits.  The amplifier has a gain of about 3.5 and contains a Schmitt Trigger, which shapes the lower frequencies into fast rise time square waves.  The trigger output is a negative pulse about -0.6 V in amplitude.

U4 is a buffer amplifier which accepts dc levels from the front panel LEVEL control or the rear panel level inputs.  An offset control at the input to U4 corrects for offset voltages in U2 when the SLOPE switch position is changed.  The output of U4 also connects to the U2 current source and turns off the amplifier when the signal level exceeds + 3.5 Vdc.


b.
Main Gate.  The Main Gate assembly, shown in block format in figure 4, contains three primary blocks: Input Selector, Main Gate, and Scaler.  All input signals and reference signals (time base) are presented to the Input Selector circuits which select only those signals needed to complete a given measurement.  The Main Gate circuitry determines the precise moment these signals are passed to the scalers and, in addition, sets the timing requirements for a time interval measurement.  The scalers count the input pulses of both the input signal (events) and reference signal (time) and, at the end of the gate time, outputs the stored data.  A fourth block, Turn Off Control at the lower left of figure 4, controls the existence of the 500 MHz internal time base signal, as well as the Channel A and Channel B signals.

When the Frequency function is selected on the front panel, the input Channel A signal is routed through the Channel A Multiplexer (U14).  U11 passes the signal to the Event Gate Flip-Flop (U5) and to the Signal Gate (U10).  At the same time, the Channel C Multiplexer (U13) passes the 500 MHz clock signal (time base) to the clock input of the Time Gate Flip-Flop (U7).  With both signals present on their respective flip-flops, a set of conditions must be considered.  Both gate flip-flops have been set by the Gate reset signal.  Both U5 and U7 have High outputs which prevent the Event binary (U4) and the time Binary (U2) from toggling.  The T.I. & EVT Enable Line is LOW and allows U10 to pass the input signal to the disabled U4.

At this time, the Gate Arm Line, from Gate Control to U5, goes High permitting the next input pulse to toggle U5.  This causes U4 to be enabled and allows the next input pulse to pass through U4 to the Event
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Scaler.  It also enables U7 which allows the next 500 MHz clock pulse to toggle U7 and in turn enable U2.  This allows the clock signal to enter the Time Scaler.  The event and time pulses are each divided by 10 before being passed to the scaler circuits.

In the Totalize mode, the counter will totalize Channel A pulses for as long as the function switch remains in the Start position.  In this position the Channel C Multiplexer (U13) is disabled from passing the 500 MHz clock signal.  U12B is, as a result, enabled to pass the Channel B signal (totalize can be A+B or A-B).  The Channel B signal passes through U13 to the Time Gate Flip-Flop, while the Channel A signal follows the same path that it would in a frequency measurement.  The measurement ends when the function switch is placed to Stop.  This causes the Gate Reset line to High and set the Event Gate and Time Gate Flip-Flops.

The Ratio mode uses the same signal paths as the Totalize mode.  That is, Channel A signal is sent to the Event Scaler and Channel B signal is sent to the Time Scaler.  Unlike Totalize, the Ratio measurement cycle is based on a selected gate time; therefore, it is dependent on Gate Arm.  Since the Channel B signal is a direct replacement of the 500 MHz clock, the lower the frequency of Channel B, the longer the measurement time.

In the Time Interval Mode, the Time Scaler will count 500 MHz clock pulses only during the time between a Channel A pulse and a Channel B pulse.  The two input channels regulate the switching of the clock signal by controlling the Event Gate Flip-Flop and Time Gate Flip Flop.

The Signal Gate is disabled, thereby enabling the Event Binary to respond only to the output of U5.  A Channel A pulse enables U11 and U2 passes 500 MHz clock pulses to the Time Scaler.  The output of U5 changes the output state of U6A and allows U11B to pass the next incoming Channel B pulse.  The Channel B pulse enables U5 to clock the input of U4 to register that one time interval has occurred.  The next 500 MHz clock pulse disables U2 from registering any more clock pulses.


c.
Scalers.  Figure 5 is a block diagram of the Scalers (dividers) which are each divide-by-ten stages.  When the Main Gate opens, the Event Scaler begins accumulating event counts (Channel A pulses), and the Time Scaler begins accumulating time counts (internal 500 MHz pulses).  Before the decades can output their data, the accumulation of counts must end with the conclusion of the gate time.  A method for determining the end of the gate time is therefore needed.

The front-panel Gate Time switch sends the Data Selector a different 4-line code for each of its switch positions.  The code is passed through a switch to the 4-16 Line Decoder, where it is decoded to a 16 line code.  This code addresses one of the Time Scaler decades to output its data.  The Time Scaler assumulates 500 MHz clock pulses until a "5" appears on the output of the addressed decade: Any division of 500 MHz by a power 
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Figure 4.  Main gate block diagram.
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of 10 is also a division of 1 second by the same power.  Therefore, when a "5" first appears on the output of the addressed decade, the elapsed time (gate time) is the selected multiple of 1 second.  For example, if 5 x 108 counts accumulate in 1 second (500 MHz), 1 ms will accumulate 5 x 105 counts.  Once a 5 is detected, the main gate closes on the next Channel A input pulse.

Each decade of the time and events scalers now contains one digit of information, which can be sent to the processor as a 4-line code.  This is done by sequentially addressing each decade to output its stored data.  The address codes are supplied by the Denominator Register Counter (DRC) which will be discussed later in this lesson.


d.
Gate Control.  Refer to the block diagram of figure 2 throughout the following explanation.  The Gate Control circuits control the various methods of arming the counter.  Each of these methods must set the Arm Flip-Flop, which remains set throughout the measurement phase.  The Resolution Flip-Flop detects a 5 code from the Time Scaler switch, resets the Arm Flip-Flop and signals the end of the measurement.  The front-panel reset pushbutton resets the scalers, decades and gates after the end of the processor cycle.

The processing cycle begins when the measurement cycle is complete and the main gate closes.  During a Totalize measurement, the process cycle is not controlled by the main gate.  There is no gate time in an accumulating count and, therefore, no reason to sample a 5 code.  The scalers must be periodically scanned, however, to update the display.  This is done by automatically fixing the sample rate at 80 ms when the Function switch is set to Start and using this signal to control the process cycle.


e.
Arithmetic Processor.  The data from the time and events scalers are strobed into the Arithmetic Processor circuits, where the data is manipulated in such a manner as to double the time data.  The Adder/Subtractor circuits perform this operation by adding the time data to itself.  This, in effect, produces a 1 GHz time base frequency.  This results in keeping the measurement in terms of events/nanosecond.

Once this is accomplished, the Denominator Registor Counter (DRC) strobes events data into the Denominator Register (DR).  The events data is now located in the DR and the doubled time data is located in the Numerator Register (NR).  This sequence of events occurs in every frequency, period or time interval measurement.
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The arithmetic process consists of dividing the contents of the DR into the contents of the NR    .  For mainframe measurements involving a gate time, the process is always a division.  The contents of the registers, therefore, may have to be exchanged, depending on the type of 
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Figure 5.  Scaler block diagram.
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measurement being made.  For example, in a period measurement, the division needs to be            ; therefore, no exchange is events needed, since time data is in NR and events data is in DR.  In a frequency measurement, however, the division needs to be                 ; therefore, the registers must exchange their data to perform the correct division.

Shifting data from one register to another involves "reading" the data out of each register, storing it in a latch, and then "writing" the data back into the other register.  Once both groups of data are positioned in their correct register, the Adder/Subtracter Register accomplishes the division by performing a series of successive subtractions.  Each time this register completes a successful subtraction, it increments the Quotient Multiplier Counter (QMC).  Once this counter determines the total number of successful subtractions in a particular digit, it transfers that data into the Quotient Register (QR) and continues the subtraction process for the next significant digit.  After all subtractions are complete, the QR shifts the data into the Denominator Register, where it can be distributed to the display.

The Quotient Multiplier Storage (MS) circuit is used to determine the unit multiplier (K, M, n, etc.) of the result.  The digit Storage (DS) defines the number of significant digits to be computed.  The Digit Counter (DC) is compared with DS.  When DS = DC, the division routine is complete.  The Decimal Point Locator for the Result (DPLR) is a counter that keeps track of the decimal point location in the result.  The Decimal Point Locator for K (DPLK) is also a counter and is used to keep track of decimal point information from the plug-in.


f.
State Control.  To this point, the counter has been described in terms of signal or data flow.  To control the intricacies of the data flow, a hierarchy of commands and controls are needed.  Depending on the operating model being used, the counter uses a particular program which outputs the commands to the various assemblies in the counter.  All possible program steps are contained in the ROMs (Read Only Memories) located on the lower left of the block diagram.  The flow within the program is determined by generating a series of commands and then altering the program flow based on the results.

The ROMs output two sets of program codes; one set when the MSB (Most Significant Bit) address line is High and the other set when MSB is Low.  The first set is chosen by address codes, which selects one out of 128 possible ROM address locations.  The second set of program codes is chosen from a second set of ROM address locations.  Each address location contains a specific program code.
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The first set of program codes is stored in the Word Doubler Storage circuits until the second set is received.  The two sets are then fed to the Combinational Logic circuitry where the program codes combine to produce about 50 command lines.  Some of these command lines come directly from the ROMs.  As previously mentioned, the command lines control various assemblies to perform particular functions.  The results of the function are carried on lines called qualifier lines.  The combinational logic circuits generate the qualifier signals that are sent to the Qualifier Select Logic.  The Qualifier Select Logic examines only one qualifier line.  The line it examines is determined by the 6-line output of Word Doubler Storage.

The Word Doubler Storage circuits provide 6 address lines from the previously addressed program codes.  These six lines contain a two-digit octal code, which performs two functions: (1) it provides the two most significant digits of a 3-digit code, which will be used to address the ROMs to the next address in the program, and (2) it selects the specific qualifier line that the Qualifier Select Logic will output on the LSB (Least Significant Bit) line.  The LSB line is the third digit in the 3-digit ROM address code.  Therefore, even though there is a definite arrangement of address codes in a particular program, the program flow can be modified by the state of the LSB line, which is the result of the last set of commands.


g.
Oscillator Circuits.  The internal time base for the counter is supplied by a self contained 10 MHz, oven-controlled crystal oscillator (figure 6).  A thermistor is used as the temperature sensing element to maintain the crystal's ambient temperature at a constant value.  The unit incorporates an AGCC circuit in the oscillator output to maintain the amplitude of the output and; thereby, indirectly control the frequency.  A screwdriver adjustment is provided for this purpose.

Referring back to the block diagram, the 10 MHz signal feeds through a pulse shaper and buffer to J2 on the rear panel (10 MHz Out), and to the plug-in circuits.  It also feeds into a times 50 multiplier circuit (X2, X5, X5).  The result is a 500 MHz signal that is used as the counter's time base.  Depending on the state of a status line, the 500 MHz clock may be jittered to provide true time interval averaging.  A portion of the signal is tapped off through a buffer after the first X5 stage.  This 100 MHz signal is fed to the Channel A & B Multiplexers to be used for self-check.  An external oscillator signal may be applied to J1, EXT FREQ STD INPUT.  This signal is sent through a circuit that phase locks the internal oscillator to the external standard.


h.
Display Assemblies.  The display assemblies (lower right of block diagram and figure 7) combine the circuits necessary to display all measurement data, minus sign and annunciators.  The digits are made up of eleven seven-segment LEDs which are driven by the collector voltages of 
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Figure 6.  Oven-controlled crystal oscillator.

Digit Driver Transistors Q10-Q20.  The minus sign is driven by Q9.  The annunciators are fixed symbols which are backlighted by incandescent lamps.  Cathode driver transistors Q1-Q8 are used to enable the segments for the decimals, minus sign and decimal points.

The result of a measurement is displayed by using a strobing technique.  That is, only one digit of the displayed number is on at any one time.  One digit is displayed and then removed; then the next digit is displayed and removed.  This process is continued until all digits have been shown.  The strobing process occurs at a faster rate then the eye can detect, so the display appears continuously lit.  The 4 line to 7 Segment Decoder, U6, controls the digit (numeric character) to be displayed, while the BCD-to-12 Line Decoder (U1) controls the placement of the digit in the display.

The BCD data lines carry the digit information from the Adder/Subtracter to the character generator (U6).  The BCD lines are decoded by U6 into segment lines for the LEDs.  Each segment line enables an individual segment of the LED display.  Each of these segment lines are connected to the same segment in each digit.  The turn-on of these 
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digits must also be controlled.  The same codes from the Adder/Subtractor that address U6 are also sent to U1.  They are then decoded to turn on each digit, in sequence, from LSB to MSB.

The Display Shutoff, Brightness and Blanking Control (U7) is used to remove cathode voltages from the LEDs, thereby eliminating the display.  The Annunicators are driven and controlled by the Extender Logic and the BCD to Decimal Decoder circuits.


i.
Power Supply Circuits.  The Model 5345A power supplies are short circuit proof and will automatically shut down if operated at too high a temperature.  A sophisticated ground system requires that each supply line be measured to its own return line, e.g., +5V and +5V RET (return).  Figure 8 is a schematic of the instrument's input power transformer (T1) wired for 120V operation.  Four secondary windings provide rms outputs of 22.3V, 17.0V, 36.0V and 21.9V.  A shield line connects the primary to the center taps of three of the windings, and to the thermal cutouts in the regulator assemblies.


(1)
Switching Regulator.  Figure 9 is a simplified representation of the switching Regulator which provides +5V Display, +5V, and -5.2V for distribution throughout the instrument.


(a)
+5V Display Supply.  Rectifier diodes CR1 and CR2 receive 17V rms from the secondary of T1.  The resultant 8 Vdc is filtered and switched through Q2 before being applied to the input of linear regulator U3.  U3 regulates the output voltage at +5V and provides fold back current protection.


(b)
Thermal and Electronic Shutdown.  when the power switch is set to Standby or when the ambient temperature exceeds 90(C, a thermal cutout causes Q2 in the electronic switch to cease conduction, thereby disabling the +5V Display supply.  Likewise, Q1 in the electronic shutdown control starts to conduct, which turns off the +5V and -5.2V supplies.  The unregulated +8V supply is not affected.


(c)
+5V and -5.2V Regulated Supplies.  Both supplies receive power from the 22.3 rms secondary of T1.  Both supplies are full wave rectified by CR5 into +14 and -14 Vdc.  U1 and U2 are connected as switching type voltage regulators to maintain the two supplies at their rated values.  Q9 and Q10 supply output current boost.  Should the output voltage become excessive due to a failure in the supply, the crowbars (CR14-19) prevent damage by shorting the output lines to common.


(2)
Linear Regulator.  Figure 10 is a simplified schematic of the Linear Regulator circuits which provide regulated +12V, +15V, +20V, +11V, -15V, and unregulated +22V for distribution throughout the instrument.  Power supply protection is provided by the Thermal and 
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Figure 7.  Display circuit.
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Figure 8.  Power transformer.

Electronic Shutdown circuitry which is identical to that described for the Switching Regulator.


(a)
+12V Oscillator supply.  The 12V, 22V, and 11V supplies receive power from the 36V rms secondary of R1.  CR2 rectifies the ac into +22V and -22V.  The +22V output is unregulated while U2, U1 and U4 regulate the +12V, +11V, +15V and -15V supplies.


(b)
+20V Supply.  Diode assembly CR1 rectifies the 21.9V rms voltage from T1 secondary into +20V.  U5 regulates the output while CR10 clamps the common terminal to the output in the event of a short to common.

To summarize, the Model 5345A is composed of an Input Assembly which contains two identical circuits for Channels A and B.  There the signal to be measured is both attenuated and amplified before being applied to the Schmitt Triggers for pulse conversion.  The Main Gate contains the Input Selector, Main Gate, Scalers and Turn Off Control.  These select the proper signals for a particular measurement, control the gating of the input signal and clock signal, and divide the time and event signals by a factor of 10.
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Figure 9. Switching regulator (simplified).
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Figure 10.  Linear regulator (simplified).
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The Scalers further divide the time and event pulses for application to the Arithmetic Processor where the counting process occurs prior to display time.  The Gate Control circuits control the various methods of arming the counter.  The State Control circuits determine the particular program which outputs instructions to the various assemblies in the counter.  The counter's time base (500 MHz) is supplied by a precise 10 MHz oven-controlled crystal oscillator.

You are now ready for the lesson exercise.  After you have completed the exercise, compare your answers to those in the Approved Solutions at the back of this subcourse.  If you choose the incorrect response for any of the questions, re-study the portion of the lesson to which you are referred and make certain you fully understand the material before proceeding to Lesson 4.
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ACCP SUBCOURSE NUMBER MM0462

MODEL 5345A FREQUENCY TIME MEASUREMENT SYSTEM

EXERCISES FOR LESSON 3

1.
In figure 1B, if a logic state of "1" is present at the Z terminal, what must be the states at the A and B terminals?

a.
A High, B Low

b.
A Low, B High

c.
A High, B High

d.
A Low, B Low

2.
In positive Logic NAND, a 1 will be present at the output when

a.
A is Low, B is Low.

b.
A is Low, B is High.

c.
A is High, B is Low.

d.
Any of the above states exist.

3.
Which type logic is not to be found in the circuitry of the Model 5345A?

a.
RTL

b.
TTL

c.
ECL

d.
EECL

4.
When examining the logic states in an ECL circuit, what approximate voltage level represents a High state?

a.
0V

b.
-0.6V

c.
-0.8V

d.
-1.5

5.
If frequencies below 10 MHz are properly displayed by the counter but higher frequencies are not, what circuit or component in the input circuitry is probably defective?

a.
Impedance Converter Q1

b.
C9

c.
U2

D.
U4
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6.
To what nominal voltage should the U2 Bias Adjust in the Input circuit be set?

a.
+70 mV

b.
-70 mV

c.
+1.3V

a.
-1.3V

7.
What waveshape should be present at the output of the Schmitt Trigger when a measurement is being made?

a.
Trapezoidal wave

b.
Positive going square waves

c.
Negative going square waves

d.
Depends on the applied signal

8.
The output of U4 in the Input circuit will cause U2 to turn off when the signal level exceeds

a.
1.5 Vdc.

b.
2.5 Vdc.

c.
3.0 Vdc.

d.
3.5 Vdc.

9.
When the function switch is placed to _________, the Gate Reset line goes High to set the Event Gate and Time Gate F-F.

a.
START

b.
STOP

c.
FREQ A

d.
PERIOD A

10.
For which mode does the Time Scaler count clock pulses only during the time between a Channel A and a Channel B pulse?

a.
Frequency

b.
Ratio

c.
Time Interval

d.
Totalize

11.
In the Ratio mode, the frequency of which signal determines the measurement time?

a.
Channel A

b.
Channel B

c.
Time Base

d.
None of the above
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12.
Which circuit controls the existence of the time base, Channel A and Channel B signals?

a.
Input Selector

b.
Main Gate

c.
Scalers

d.
Turn-Off Control

13.
If 5,000,000 counts accumulate in the time scalers in one second, how many counts will accumulate in 1 ms?

a.
50

b.
500

c.
5,000

d.
50,000

14.
Each digit of information from the time and events scalers is sent to the processor as a

a.
4 line code.

b.
16 line code.

c.
bit of information.

d.
binary address.

15.
What circuit signals the end of each measurement?

a.
Sample Rate One-Shot

b.
Resolution F-F

c.
Arm F-F

d.
Reset Logic

16.
The process cycle is not controlled by the Main Gate during what type measurement?

a.
Totalize

b.
Time Interval

c.
Ratio

d.
Period

17.
The Adder/Subtracter circuits develop a _________ time base to keep the measurement in terms of events/nanosecond.

a.
250 MHz

b.
500 MHz

c.
1 GHz

d.
slower
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18.
Select the incorrect statement concerning the Arithmetic Processor.

a.
For a period measurement, time data is divided by events data.

b.
Time data is in the Numerator Register.

c.
For a frequency measurement, the registers do not need to exchange their data.

d.
The Adder/Subtracter Register accomplishes division by performing a series of subtractions.

19.
What is the frequency of the test signal used to perform Self Check?

a.
10 MHz

b.
100 MHz

c.
500 MHz

d.
1 GHz

20.
Which supply voltage is not developed by the Linear Regulator?

a.
+12V

b.
+11V

c.
+20V

d.
+5V
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LESSON 4.  MODEL 5257A TRANSFER OSCILLATOR

ACCP Subcourse MM0462
Model 5345A Frequency Time Measurement System

LESSON OBJECTIVE
Given supportive text and diagrams:


1.  Explain/demonstrate operation of the 5257A.


2.  Explain purpose of each front panel control/connector/indicator.


3.  Calculate "N" factor.


4.  Trace signal flow.


5.  Explain circuit operation.


6.  Correctly answer all exercise questions.

CREDIT HOURS
Three

TEXT

1.
DESCRIPTION


a.
General.  The Model 5257A Transfer Oscillator plug-in (figure 1) extends to 18 GHz the frequency measuring capability of the Model 5345A Electronic Counter.  It features simple one-dial tuning, direct readout of input frequency, and a front panel meter for zero beat detection.  Both CW and pulsed RF signals can be quickly and easily measured with this unit.  For CW signals, an automatic phase control (APC) circuit securely locks the internal variable frequency oscillator (VFO) to the input frequency which aids tuning and allows measurement of noisy, frequency modulated, and rapidly drifting signals.  A lock detector for CW signals causes the counter to display all zeros until the oscillator is properly tuned to phase lock.  The Model 5257A has a frequency range from 50 MHz to 18 GHz and has the advantage of measuring a specific frequency while rejecting sidebands and spurious signals.
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Figure 1.  Model 5257A transfer oscillator.

The input sensitivity of the plug-in is 100 mV rms (-7 dBm) for input frequencies of 50 MHz to 15 GHz and 140 mV rms (-4 dBm) for input frequencies of 15 to 18 GHz.  A nominal input impedance of 50 ohms is featured for all measurements.  The meter indicates loop phase error under locked conditions for the PC mode and functions as a zero beat indicator for the Pulsed RF mode.  The Pulsed RF Out BNC connector provides a 0.5 volt peak-to-peak signal for an external oscilloscope.

The instrument uses a wideband sampler to compare the input signal waveform with the internal VFO.  This eliminates the need for a harmonic generator following the VFO and requires far less power than other methods.  In operation, the VFO is tuned to a subharmonic of the input signal to produce a do voltage at the sampler output when the input and internal waveforms are coincident each time the sampling gate opens.  The automatic phase control circuit operates from this dc voltage.  The circuitry has a wide capture range and it is only necessary to tune through the proper frequency and the VFO will "lock in."  Therefore, tuning is rapid and uncritical.  If the lock is lost due to an intermittent signal, the Model 5257A will automatically relock when the signal again appears.

As previously mentioned, the Pulsed RF Out jack on the front panel, connected to the sampler output circuitry, permits use of the Model 5257A for down conversion to extend the range of low frequency instruments such as oscilloscopes, FM discriminators, etc.  Also, an oscilloscope can be
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connected to this jack for very precise observation of zero beat when measuring pulsed RF signals.

Thumbwheel switches automatically perform harmonic computation for the counter by extending the counter's gate time by the factor N.  In this way, the counter's readout is the actual input frequency.  N can be determined exactly, and verified, by simple procedures to be described later in this lesson.


b.
Installation.  In order for the transfer oscillator to be used with the Model 5345A counter, it is necessary to first install a Model 10590A plug-in adapter (figure 2) in the counter's plug-in receptacle.  The plug-in adapter converts the counter's power supplies for use with the 5257A and numerous other plug-ins of the same instrument family.  Additionally, two channels of amplification and signal conditioning are provided.  Frequency type plug-ins use one of these channels while time interval plug-ins use both: one as a start channel and the other as a stop channel.  The transfer oscillator plug-in supplies a gate extension or N Factor which is used by the 5345A to correctly process the measurement.  The 10590A processes the N Factor and provides compatibility between the plug-in and the 5345A.  To install these units in the counter, turn the adapter retaining latch fully counter-clockwise.  Then push the unit firmly into the compartment until the front panel of the plug-in is flush with the front panel of the adapter and counter.  Then turn the retaining latch clockwise until it is tight.
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Figure 2.  Model 10590A plug-in adapter.
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c.
Controls and Connectors.  Throughout the following front panel description, refer back to figure 1 as becomes necessary.


(1)
Input Connector.  Signal input impedance is 50 ohms nominal for connection to an unknown frequency source.  The connector is a precision "N" type female connector.


(2)
Frequency MHz Control.  This dial reads the VFO frequency.  For convenience however, the counter readout provides the sampling frequency measurement used for calculations.  The dial reading is not to be used for calculations.  Concentric knobs on this dial provide coarse and fine tuning.


(3)
Meter.  In the Pulsed RF mode, the meter reads the relative amplitude of the difference frequency (beat) between the VFO harmonic and the input signal.  At nine-tenths of full scale a red division line marks the optimum level at zero beat for Model 5257A frequency measurements.  In the APC Mode, the meter monitors phase error of the phase-lock loop.  Zero phase error deflection is nominally at mid-scale.  When out of phase lock, in the APC Node, the meter reads the nominal mid-scale deflection.  In phase lock the meter reads above, below, or at the zero phase error deflection depending upon phase error.


(4)
Mode.  This red knob, concentric with the Range selector knob, selects Pulsed RF and APC Modes.


(5)
Thumbwheel Switches.  The thumbwheels are set to harmonic numbers N of the sampling frequency.  They actuate switches which preset a counter decade assembly in the Model 5257A to extend the counter gate in increments of units, tens and hundreds.  At a setting of 001 the counter reads the sampling frequency (N = 1).


(6)
Level Adj.  This control adjusts amplifier gain to compensate for wide variations in input signal levels and the wide frequency range of the instrument.  Initially, the Level Adj is turned fully counterclockwise and, after tuning to zero beat, it is turned clockwise until the meter reads at the red division line.


(7)
Range.  Range is selected with the black knob which is concentric with the Mode switch knob.  It includes four ranges: .05 - .2 GHz, .2 - 1 GHz, 1 - 4 GHz, and 4 - 18 GHz.  This switch compensates the phase lock loop for the wide frequency range of the instrument.  It also selects a gate time extension factor for the counter: the scale is 1N in the .05 to .2 GHz range and 4N in the higher ranges.


(8)
Pulsed RF Out.  This BNC connector goes to the sampler output circuitry.  It may be used for applications other than frequency measurement such as down conversion to extend the frequency range of low 
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frequency instruments.  An oscilloscope may be connected for viewing the sampler output waveform during zero beat tuning in the Pulsed RF mode.

2.
OPERATION


a.
General.  When the Model 5345A Function switch is positioned at PLUG IN, the counter's accessory connector plug is activated and the counter receives its input signal from the Transfer Oscillator.  Also the counter's gate time control is taken over by the Model 5257A, but the setting of the counter's Time Base determines frequency resolution.  A Time Base of 1 ms provides ( 1 kHz resolution, the ( 1 count of the last digit in the display.  This time base is generally suitable for the whole frequency range from .05 to 18 GHz.  In the microwave range where this degree of resolution is not required, a 0.1 ms time base will shorten counting time and give a ( 10 kHz resolution.  Likewise, on lower frequencies the time base can be lengthened for the maximum resolution the counter readout allows.


b.
Input Voltages.  The maximum input voltage must not be exceeded to prevent diode damage in the sampler.  Peak voltage is the critical quantity rather than average or rms values.  Know the signal voltage before applying it to the input jack.  Use attenuators as a precautionary measure where the input voltage is questionable.  Extra care should be taken with pulsed signals since short voltage spikes can be just as damaging as steady state values.  The maximum permissible input voltage is 2 volts peak-to-peak (+10 dBm) for a CW carrier.

A minimum input amplitude is specified to assure proper instrument operation, even though it may respond to lower amplitudes.  These sensitivity levels were stated in para 1a.


c.
Calculation of N.  For frequency ranges above .2 GHz, if the input signal frequency is known to within the sampling frequency (from 66.7 to 133.3 MHz), the harmonic number N can be found directly.  In this case, estimated input frequency (fx) is divided by sampling frequency (fs) as read on the counter with the thumbwheels set at 001.  The answer is N: fx/fs = N, where fs equals VFO frequency (fv).

In the .05 to .2 GHz range, fs is fv prescaled by four.  The counter reads fs, not fv.  Therefore, for direct calculation of N, the estimated input signal frequency should be known to within the sampling frequency (from 16.3 to 33.3 MHz).  Hence the procedure is the same as described in the preceding paragraph.  The counter reading (fs) is divided into the estimated input frequency and the answer is N: fx/fs = N, where fs equals fv divided by 4.

The frequency measurement procedure using direct calculation of N is as follows: set the thumbwheels at 001.  Tune Frequency MHz for an indication of zero beat or phase lock, observing Level Adj and Mode

63

switch positions.  Read sampling frequency on the counter.  Divide the sampling frequency into the estimated frequency to obtain N.  Turn thumbwheels to the value determined for N.  Read the actual input frequency on the counter's display.

When the input frequency is known to be outside the limits for direct calculation of N, a different procedure is followed.  The thumbwheels are set to 001, Frequency MHz is tuned to zero beat or phase lock while observing Level Adj and Mode switch positions.  The counter readout is recorded as f1.  Frequency MHz is returned to an adjacent zero beat or phase lock and the counter readout is recorded as f2.  The first frequency f1 divided by the difference in the frequencies yields harmonic number N of the second frequency f2.

EXAMPLE 1.
Assume unknown fx is approximately 11.9 GHz; Time Base = 1 ms.


a.
Where f2 is lower than f1:

fx = (N - 1) f1 and fx = Nf2,

N = f1/(f1 - f2).

f1 = 119532.  kHz (read on counter) tuning lower in frequency gives

f2 = 118349.  kHz (read on counter)

f1 - f2 = 1183.  kHz

N = 119.5/1.183 = 101, set thumbwheels to 101,

fx = 101 x 118.349 = 11953261.  kHz (read on counter).


b.
Where f2 is higher than f1:

fx = (N + 1) f1 and fx = Nf2,

N = f1/(f2 - f1).

f1 = 119532.  kHz (read on counter) tuning higher in frequency gives

f2 = 120740.  kHz (read on counter)

f2 - f1 = 1208.  kHz

N = 119.5/1.208 = 99, set thumbwheels to 99, fx = 120.740 x 99 = 11953261.  kHz (read on counter).
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EXAMPLE 2.
Assume unknown fx is approximately 1.1 GHz; Time Base = 1 ms.


a.
Where f2 is lower than f1:

f1 = 110000 kHz (read on counter) tuning lower in frequency gives

f2 = 100000 kHz (read on counter)

f1 - f2 = 10000 kHz

N = 110/10 = 11.  Set thumbwheels to 11;

fx = 11 x 100000 = 1100000 kHz.


b.
Where f2 is higher than f1:

f1 = 1100000 kHz (read on counter) tuning higher in frequency gives

f2 = 122000 kHz (read on counter)

f1 - f2 = 12000 kHz

N = 110/12 = 9

fx = 122000 x 9 = 1100000 kHz.


d.
Verification of Harmonic Number N.  The transfer oscillator method of measuring frequencies higher than the counter's capability requires that harmonic number N be known exactly.  Since there are many harmonics to choose from, a foolproof method of verifying the selected harmonic number is necessary.  In use, N is either increased or decreased by 1 on the thumbwheel switches and the internal VF0 is returned for zero beat or phase lock at an adjacent harmonic to match the change on the switches.  Thus, the measured frequency displayed is the same in both cases if the choice was correct.

3.
CIRCUIT DESCRIPTION

This portion of the lesson is devoted to a circuit description of the Model 5257A and is presented in two parts; the first is a block explanation accompanied with a block diagram, and the second is a more in depth circuit analysis.  Throughout the remainder of the lesson, refer to the block diagram as well as the figures depicting the individual circuits.


a.
Block Diagram Description.  There are ten functional sections to the Model 5257A.  These are shown connected as a system in the functional block diagram of figure 3.  The frequency to be measured is applied to
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wideband sampler A3.  The sampler is switched by pulse generator A2 at a rate determined by the internal VFO, A7A3.  The sampler output represents phase difference between the sampler switching time and the input frequency.  If the internal VFO harmonic is phase locked to the input frequency, the sampler output will be a dc voltage proportional to phase error.

There are many harmonics of frequencies tunable within the internal VFO range that will zero beat or phase lock with an input signal.  In operation, the internal VFO can be tuned to any one of these.  The sampler output is amplified in the variable gain and dc amplifiers of A4.  The gain is set by front panel LEVEL ADJ control.  The output of A4 goes to A5 and A6 assemblies.  A5 dc amplifier provides the sampler output waveform at front panel jack J2.  A5 peak holding circuit develops a dc voltage proportional to the amplitude of the beat signal from the sampler with pulsed RF input signals.  This level is amplified and applied to meter M1 when operating in PULSED RF MODE.  In the APC mode the meter is switched directly to A4 dc amplifier for reading the phase error of the phase-lock loop.

The variable-gain amplifier in A4 includes a reference voltage to establish 0 phase error in the phase-lock error voltage loop.  In the APC mode, a 1 kHz oscillator is turned on and its signal is injected into the phase-lock loop at the reference mode.  The 1 kHz signal appears at the output of sampler A3 and is taken from this point by a 1 kHz filter, located in A4, for amplification and level detection in assembly A6.  If phase-lock has not occurred, this signal is below the required detection level and the signal to the counter is inhibited by the inhibit amplifier in A8.  Therefore, the counter readout is all zeros.  When phase-lock is achieved, the 1 kHz signal is above the required level, and the inhibit to the counter is removed for a frequency readout.  In the PULSED RF mode the inhibit amplifier is biased to continually pass the counter input signal.

The feedback loop output of the variable gain amplifier goes through a range compensation circuit in A6, which connects to VFO linearizer A7A1.  Range compensation is varied in steps with the range switch for optimum phase-locking from 0.05 to 18 GHz.  The linearizer compensates for the non-linear VFO gain characteristics over the tuning range.  In the PULSED RF mode, the feedback loop is disabled in the linearizer.  Linearizer output is a dc voltage applied to VF0 control A7A2.  Voltage controlled capacitors in VFO control A7A2 hold the VFO frequency in phase lock when in the APC mode.  Thus, the APC loop is completed.

VFO A7A3 is tunable between 66.7 to 133.3 MHz and its output goes to two buffers.  The first buffer provides input to pulse driver A1 when the Model 5257A is switched to the frequency ranges above 200 MHz.  The second buffer provides VFO input to a divide-by-four prescaler A8.
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Output C of the prescaler goes to pulse driver A1 when the Model 5257A is switched to the 50 to 200 MHz range.  This gives a tunable sampling rate from 16.7 to 33.3 MHz.  The other prescaler output, if passed by the inhibit amplifier, goes to the counter input gate on line A for frequency counting on all ranges.  Thus on the lowest range, counter prescale is N and on the three highest ranges the counter prescale is 4N.

The thumbwheel switches, A8 preset decades, and A9 gate-time extender control the counter's start-stop and are separate from the transfer oscillator portion.  The thumbwheels are set to the transfer oscillator (VFO) harmonic number N which zero beats with the input signal being measured.  The thumbwheels activate switches which set the conditions of the three binary decades of A8 in units, tens, and hundreds.  The decades start counting at start and provide a coincidence gating pulse to the gate time extender when the count period is completed for stop.  In this way, gate time extender A9 controls the counter's start-stop time so the readout is the actual measured frequency.  Range switch S1 turns off divide-by-four in A9 for the 50 to 200 MHz range and turns it on in the other ranges to give a correct count when A8 prescaler is switched.  Therefore, when the thumbwheels are set at 001 the counter will display the sampling frequency to pulse driver A1 in all ranges.
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Figure 3.  Model 5257A block diagram.
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b.
Circuit Analysis.


(1)
Pulse Driver.  The VFO buffer output is applied to the input switching network (figure 4) consisting of CR1, CR2, and CR3.  When the range switch is in the three highest ranges for frequencies from 200 MHz to 18 GHz, the VFO signal is switched directly to the driver amplifier.  When the range switch is set to 50 to 200 MHz, the prescaled VFO signal is switched to the driver amplifier and the VFO signal is shorted to ground.  Transistors Q1-Q6 form the driver amplifier which outputs steep sloped square waves for driving the stripline pulse generator.


(2)
Pulse Generator.  CR1 in a stripline assembly is driven by the pulse amplifier through C1.  CR1 is a step recovery diode which conducts for only a few nanoseconds after the driving signal reverse biases the diode junction and then turns off sharply.  This characteristic generates the pulses for sampler drive.
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Figure 4.  Simplified pulse driver and pulse generator circuits.


(3)
Sampler.  The sampler (figure 5) is designed for harmonic mixing of very high frequencies.  The input signal to the transfer oscillator goes through a 6 dB pad.  The pulses from the sampler (harmonics of VFO) turn on CR1; C1 charges to some fraction of the input, depending on the phase relation of the input to the sampling pulse.  CR2 switches out of phase with CR1 and charges in the opposite direction.  Between pulses, when the sampler is off, C1 and C2 hold the charges of the inputs.  Phase detection results when the two charges (outputs) are combined at the input to the automatic phase control assembly.  A shorted stub is used at the input from the pulse generator to provide a proper impedance match and eliminate standing waves.
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Figure 5.  Sampler assembly.


(4)
Automatic Phase Control (APC) No. 1.  At the gate of Q2A (figure 6) is the algebraic sum of the voltages on C1 and C2 of the sampler.  Q2A is a source follower that provides minimum loading due to the extremely high impedance of the FET.  Q3 provides an in-phase signal to Q2A's drain to effectively reduce drain to gate capacitance.  Q2B provides a dc reference voltage to the base of QS5.  When in the APC mode, a 1 kHz signal from the collector of Q4 is also sent to the gate of Q2B.  The sampler signal from the source of Q2A is amplified by Q7, and the do and 1 kHz reference signal are amplified by Q5.  Q6A and Q6B are current sources for Q5 and Q7.  The front panel Level Adj varies the emitter resistance of Q5 and Q7.  When the resistance of R1 decreases the gain increases and vice-versa.  Q8 and Q9 form a balanced dc amplifier.  The output of Q8 goes to the front panel output jack and will be the amplitude of the zero beat.  The output of Q11A goes to the front panel meter mode switch.  The output of Q9 is the error voltage if in APC mode or the beat amplitude if in pulsed RF.  This output goes to the APC control No. 2 and to the peak holding circuit for PRF.  Q12 and associated circuits detect the kHz reference signal.  This output goes td another peak holding circuit which holds the peak amplitude of the 1 kHz signal to drive the inhibit amplifier.

69

[image: image40.png]——_,—————————— - T T ———
ogﬁv GAN AMPLIFIER —— ~—————0C AMPLFHER ————————,

i

LEVEL
Ay
L
3000

b ——

REFERENCE

TO MODE
SwTChH

SIGHAL
UTRUT

FLIER
ouTPUT

TO WODE
SWITCH




Figure 6.  Automatic phase control no. 1.


(5)
Regulator and Pulsed RF Output.  The power supplies necessary to operate the transfer oscillator are obtained from the counter through the plug-in adapter.  The regulator assembly in the Model 5257A (figure 7) provides regulated outputs of +13V and -10V.
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Figure 7.  Simplified regulator circuit.

Transistor Q10 (figure 8) amplifies the reference signal from the emitter of Q8 in APC No. 1 and provides the pulsed RF output to the front panel of the transfer oscillator.  The connection in a Common Collector configuration results in a high input impedance and provides good signal isolation.


(6)
Peak Holding and DC Amplifier.  The peak holding circuit (figure 9) detects the peak-to-peak signal from the base of Q11B on APC No. 1 and passes it to the front panel meter.  The APC signal is amplified by Q1 and Q2 and ac coupled by C1 to the base of Q3A.  Q3A and Q3B are connected as a differential amplifier.  The signal on the collector of Q3A is coupled to the base of Q7 which drives emitter follower Q6.  The output of Q6 charges C2 and, because of the long time constant of C2 and R9, C2 holds the level of the pulses.  Q4 and Q5 form a Darlington amplifier and provide a high input impedance to minimize any loading effect on C2.  The resultant dc level on the bases of Q3B and Q8A is the voltage charged on C2 plus the junction voltage drops of Q4 and Q5.  Since Q3A and Q3B are emitter coupled, this dc voltage is compared with the input on the base of Q3A.  This difference drives Q7 and the process continues until the loop has stabilized at peak voltage.

The voltage on the base of Q8A receives amplification by Q8B.  Q8A conducts heavily with no input while Q8B is virtually held off; no current flows through R15 and the meter does not deflect.  With a negative going input signal, however, Q8A starts turning off and emitter 
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voltage starts going negative.  This turns on Q8B, allows current to flow through R15, and the meter deflects.
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Figure 8.  Pulsed RF output.
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Figure 9.  Peak holding and dc amplifier.
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(7)
Automatic Phase Control No. 2.  Referring back to the block diagram, the signal output from the variable gain amplifier of APC No. 1 is routed to the range compensation circuit of APC No. 2.  Also, the signal from the 1 kHz filter is fed to the amplifier and level detector.  Figure 10 is a simplified representation of the two circuits comprising APC No. 2.  The major purpose of this circuit is to detect the 1 kHz signal in the APC loop and to change the gain of the APC loop to compensate for oscillator nonlinearity in the different ranges.

The filtered 1 kHz from the sampler is amplified by Q2 and Q3 and sent to a peak holding circuit which works just like the one discussed in para 6.  The peak detected signal is then sent to a level detector made up of Q10 and Q11.  When the output of Q11 is -15V (Q11 off), the signal from the prescaler (block diagram) is sent to the counter.  This condition is desirable when phase locked in the APC mode or when in the Pulsed RF mode.  When Q11 is on, its collector goes to -7V and the prescaler disabled.

The range compensation circuit consists of Q1 and four similar configurations, one for each available range.  When range .05 to .2 is selected, -10V back biases CR1 and forward biases CR2.  Q4 and C5 become the collector load for Q1 and the signal is fed to the VFO linearizer.  The gain is changed for each of the different ranges.
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Figure 10.  Automatic phase control no. 2.
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(8)
Variable Frequency Oscillator.  Figure 11 is a schematic of the VFO circuitry.  This circuit provides dial linearity, VFO control, and contains the oscillator itself.

To maintain dial linearity over the entire range of the oscillator, a string of resistors in the VFO linearizer (R8-R17) are added in line as the dial setting is changed.  Q1 and Q3 are a balanced pair with the base of Q3 at ground and the base of 01 containing the APC control voltage.  Q2A and 02B are current sources for Q1 and Q3.  When in the pulsed Rf mode, -15V is applied to R7 which turns off the control circuit.  Q4 is connected as an emitter follower to provide isolation.

The VFO control assembly contains two voltage controlled varactor diodes (CR1 and CR2) which shunt the VFO tuning capacitor to ground through C1.  The diodes are reverse biased such that an increase in bias decreases capacitance and vice versa.  Network CR3, R4 and C2 sets the limits of swing on the VFO and provides an improved sinusoidal waveshape at the VFO input.

At the input to the VFO, Q1 and Q2 form a modified Colpitts oscillator with a tank consisting of L1 and C2, and feedback capacitors C4 and C5.  Q3 is a buffer to reduce the effect of load variations upon the oscillator.  Buffer amplifiers Q4-Q6 and Q5-Q7 are identical.  These are feedback type circuits to drive the 50 ohm output line through transformers T1 and T2.


(9)
Prescaler and Inhibit.  The VFO output is fed to a differential amplifier comprised by Q1 and Q2 (figure 12).  This amplified 67-133 MHz signal is then directed to a Schmitt Trigger which sharpens the waveform for the divide-by-two ICs U2 and U3.  The output of U3 is 1/4 the input frequency.  Q4 and Q7 amplify the divided frequency before it is directed to the pulse driver.

The inhibit input from the level detector is applied to Q8.  In the Pulsed RF mode, Q8 is cut off, there is no inhibit signal, and the prescaler output is applied to the counter.  In the APC mode, the inhibit signal is present; Q8 is turned on, and the output signal at Q7 is shorted to ground.  When phase lock occurs in the APC mode, the inhibit signal again goes low, Q8 is turned off and the prescaler output signal is applied to the counter.


(10)
Gate Time Extender.  The purpose of the Gate Time Extender (figure 13) is to send selected period pulses to the preset decade and generate start and stop pulses to the plug-in adapter to determine the N count.  The plug-in function switch on the front panel turns on Q1, its collector rises to -15V supplying collector voltage to Q9 and Q10.  The signal on the base of Q6 is low when the counter is counting and high when displaying.  This signal is inverted by Q6.  When displaying, the 
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Figure 11.  Variable frequency oscillator.
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Figure 12.  Prescaler and inhibit.

low on the collector of Q6 sets IC1 and IC4 which prevents the counters from counting.

Pin 1 of IC3A is high as the input of the holdoff line goes low (counting).  The output from Q6 (inverted) is high, releasing the set of IC1 and IC4.  On the next period input to Q4, the plug-in adapter will not clock IC1, but will enable IC3A to change states.  The output of IC3A (pin 6) goes low and Q9 generates a start pulse.  The counters start counting.  The output of IC4 (pin 12) will generate a pulse to the preset decades for every 4 period input signals when the counts into the preset decade corresponding to the thumbwheel settings have been met.  A coincidence pulse is generated putting a high at IC2D (pin 8) turning on Q10 which sends a stop pulse to cause the N counters to stop counting.

PNP transistor Q8 is driven at its base with a negative spike from the counter.  The base voltage is unclamped from the +4 volt supply by CR3 and gives an output pulse.  The output pulse goes to the thumbwheel switches to reset the preset decade assembly at the end of sampling time.


(11)
N Switch and Preset Decade.  Three sets of decade (divide by ten) dividers are contained in this assembly; one for each of the thumbwheels, units, tens and hundreds.  Figure 14 shows one of the dividers and its interconnection to the thumbwheel switch.  This decade divider is an arrangement of four binary IC flip-flops which give an output pulse for every ten input pulses.  The divider is preset by the thumbwheel switches to give a coincident output when it reaches a selected number.
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Figure 13.  Gate time extender.
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The logic states of the divider flip-flops are sensed by the diode in the Q or Q output lines of the binaries.  When all the diodes reach the same potential, or "coincidence" state of the preset divider, the information is passed along to the gate time extender as a positive pulse.
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Figure 14.  N switch and preset divider.

This completes the lesson on the Model 5257A Transfer Oscillator.  You now should be prepared to take the lesson exercise.  Be certain to review any portion or portions of the lesson material which you don't understand before proceeding.
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ACCP SUBCOURSE NUMBER MM0462

MODEL 5345A FREQUENCY TIME MEASUREMENT SYSTEM

EXERCISES FOR LESSON 4

1.
The Model 5257A Transfer Oscillator is capable of measuring frequencies up to

a.
500 MHz.

b.
1.8 GHz.

c.
5.0 GHz.

d.
18 GHz.

2.
What is the input sensitivity of the Model 5257A for an input signal of 450 MHz?

a.
-4 dBm

b.
100 mV rms

c.
-6 dBm

d.
140 mV rms

3.
Which is not a function of the Model 10590A Plug-In Adapter?

a.
Gate Extension

b.
Signal Conditioning

c.
Power Supply Conversion

d.
N Factor Processing

4.
The Model 5257A Frequency MHz dial indicates the

a.
input frequency.

b.
input harmonic.

c.
VFO frequency.

d.
beat frequency.

5.
When phase lock occurs in the APC mode, what does the meter indicate?

a.
Above zero phase error

b.
Below zero phase error

c.
At zero phase error

d.
Deflection depends upon phase error
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6.
What is the gate time extension factor when the Range GHz dial is set to .05 - .2?

a.
1N

b.
2N

c.
3N

d.
4N

7.
What resolution is provided when making a microwave measurement with the Model 5257A and the counter time base set to 0.1 ms?

a.
( 100 Hz

b.
( 1 kHz

c.
( 10 kHz

d.
( 100 kHz

8.
What is the maximum level of input voltage which may be safely applied to the Model 5257A?

a.
1 V rms

b.
1 V p-p

c.
2 V rms

d.
2 V p-p

9.
When performing a frequency measurement with the Model 5257A, the counter indication is 20 MHz and the estimated input frequency is 140 MHz.  What is the calculated N factor?

a.
001

b.
007

c.
010

d.
070

10.
If the value determined for N in question 9 is set on the thumbwheel switch, what should the counter indicate?

a.
The VFO frequency

b.
The sampling frequency

c.
The actual input frequency

d.
the estimated input frequency

11.
Which circuit determines the rate at which the Sampler is switched?

a.
VFO

b.
Prescaler

c.
Pulse Driver

d.
Pulse Generator
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12.
If the internal VFO harmonic is phase locked to the input frequency, the sampler output will be a dc voltage proportional to

a.
the difference frequency.

b.
the VFO harmonic.

c.
the beat signal.

d.
phase error.

13.
What type waveform is present at the output of the pulse driver?

a.
Sine wave

b.
Sawtooth

c.
Square wave

d.
Pulsed signal

14.
What results when the resistance of the Level Adj (R1 in APC No.1) is decreased?

a.
Gain decreases

b.
Gain increases

c.
Q7 saturates

d.
Q5 turns off

15.
In what type configuration are Q4 and Q5 (in the Peak Holding circuit) connected?

a.
Differential Amplifier

b.
Darlington Amplifier

c.
Eccles-Jordan Amplifier

d.
Push-Pull Amplifier

16.
What condition in the dc amplifier (figure 9) will cause the meter to deflect?

a.
Q8B conducting

b.
Q8A conducting

c.
Positive going signal on base of Q8A

d.
Q8A emitter positive

17.
What is the purpose of R8-R17 in the VFO Linearizer (figure 11)?

a.
Maintain dial linearity

b.
Vary Q2A and Q2B gain

c.
Voltage divider

d.
All of the above
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18.
What is the purpose of Q3 in the VFO (figure 11)?

a.
Amplifies oscillator output

b.
Varies Q1 and Q2 gain

c.
Varies oscillator load

d.
Reduces effect of load variations

19.
What will be the frequency of the input to the Pulse Driver from the Prescaler with the VFO tuned to 120 MHz?

a.
15 Mhz

b.
30 MHz

c.
60 MHz

d.
120 MHz

20.
What condition is present in the Gate Time Extender (figure 13) when the counter is displaying?

a.
Q6 base low

b.
Q6 collector high

c.
IC3B pin 6 low

d.
IC1 set
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LESSON 5.  MODEL 5261A VIDEO AMPLIFIER

ACCP Subcourse MM0462
Model 5345A Frequency Time Measurement System.

LESSON OBJECTIVE
Given supportive text and diagrams:


1.  Explain/demonstrate operation of the Model 5261A.


2.  Explain purpose of each front panel control/connector/indicator.


3.  Trace signal flow.


4.  Explain circuit operation.


5.  Correctly answer all exercise questions.

CREDIT HOURS
Two

TEXT

1.
DESCRIPTION.


a.
General.  The Model 5261A Video Amplifier, shown in figure 1, is a plug-in unit which increases the sensitivity of the Model 5345A Electronic Counter.  It provides for measurement of signals as low as 1 millivolt rms over the frequency range of 10 Hz to 50 MHz.  The input impedance is 1 megohm shunted by 15 picofarad and may be increased to 10 megohms through the use of a 10:1 divider probe.  An output signal is available from the front panel for monitoring the Video Amplifier output or for activating external instruments.  This signal is identical in frequency and amplitude to the amplified signal supplied to the counter input circuit.  The maximum input which can be safely applied to the instrument is 5 volts rms.  If you are in doubt as to the level of a signal to be measured, use an attenuator as a safety precaution.  The Model 5261A retains the accuracy of the counter in which it is installed.
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Figure 1.  Model 5261A video amplifier.


b.
Installation.  As was the case with the Model 5257A Transfer Oscillator discussed in lesson 4, a Model 10590A Plug-in adapter is required when the Video Amplifier is to be used with the Model 5345A.  First, de-energize the counter and install the plug-in adapter.  Slide the Model 5261A into the compartment; make certain the plug-in is properly aligned and tighten the locking screws.


c.
Controls, Connectors and Indicators.  Figure 2 indicates the functions of the connectors, meter and sensitivity control on the Model 5261A front panel.


(1)
Input.  This is a BNC connector for application of signals from 1-100 mV rms between 10 Hz and 50 MHz.


(2)
Sensitivity.  This control is calibrated in millivolts and determines the sensitivity of the Video Amplifier.  It is adjusted to keep the signal output to the counter within acceptable limits as indicated on the Output Level meter.
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(3)
Output Level Meter.  This meter monitors the level of the Video Amplifier output to the counter.  When the meter indicates in the green portion of the scale, the output to the counter is satisfactory.


(4)
Output.  This BNC connector, when terminated in 50 ohms, provides a signal identical in frequency and amplitude to the Video Amplifier output to the counter.
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Figure 2.  Controls, connectors and indicators.

2.
OPERATION.


a.
General.  The Video Amplifier plug-in unit is ac coupled but does not change any functions of the counter in which it is installed.  Using the plug-in; period, multi-period, frequency, totalizing and ratio measurements can be performed with input signals as low as 1 millivolt.


b.
Operation with Pulse Input Signals.  The Video Amplifier is designed to amplify sinusoidal input signals.  However, pulse input signals can be amplified if the output signal is monitored to ensure a satisfactory output to the counter.  Monitor the signal at the Output connector with an oscilloscope and set the Sensitivity control for a level which results in satisfactory counter operation (stable display).  Because the Output Level meter is an average responding device, it will read low with a pulse input signal.  Do not use the meter as an output level indicator when amplifying pulses.
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c.
Input Impedance.  As illustrated in figure 3, the Video Amplifier input impedance decreases at higher frequencies (above 1 kHz).  This decrease is due to the capacitive loading effect of the amplifier input.  Thus when a signal source of fixed impedance is connected to the input, a meter at the signal source will not indicate the correct input level.  To avoid this error, monitor the input level with an RF Voltmeter to ensure a satisfactory input level.

[image: image51.png]IMPEDANCE MAGNITUDE |2

10 CPS

tooces

INC

INPUT FREQUENCY

10XC

100KC

IMC 10MC 100MC

0S281-A-S




Figure 3.  Input impedance vs. input frequency.

3.
CIRCUIT DESCRIPTION.

The Model 5261A is composed of four functional circuits; a preamplifier, attenuator, video amplifier and output amplifier.  These circuits combine to amplify ac signals as small as 1 millivolt and provide a usable output level to the counter input circuit.  All dc voltages to operate the Model 5261A are obtained from the counter via the plug-in adapter.


a.
Preamplifier.  The preamplifier circuit (figure 4) consists of a nuvistor cathode follower (Q1) driving an emitter follower (Q2) to provide a high impedance input and a low impedance output.  Diodes CR1 and CR2 limit input signal peaks to prevent damage to Q1.  Resistor R4 limits Q1 gate current during overload.  Capacitors C2, C3, C4 and C5 filter power supply voltages.


b.
Attenuator.  The resistive attenuator (figure 5) reduces the input signal and establishes the overall gain of the video amplifier.  The amount of attenuation inserted is controlled by the Sensitivity switch.  RC networks C2/R10 and C1/R9 are selected to improve frequency response.
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Figure 4.  Preamplifier.
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Figure 5.  Attenuator.
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c.
Video Amplifier.  The video amplifier circuit (figure 6) consists of two amplifiers with three transistors each and feedback and drift compensation for gain stability.  Feedback is provided by the RC combination of R5, C4, R13, C11 and transistors Q3 and Q6.  Drift compensation is also accomplished with the addition of Q3 and Q6.  Positive feedback to amplifier no. 2 from the output amplifier increases amplifier no. 2 gain at higher frequencies.

The addition of Q3 and Q6 in the feedback loops of the two amplifiers provides three functions: 1) act as negative feedback amplifiers to reduce the gain which reduces any drift caused by temperature changes; 2) maintain the amplifier gain at low frequencies; and 3) filter ripple on the -14 volt line in conjunction with C6 and C13.
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Figure 6.  Video amplifier.


d.
Output Amplifier.  The output amplifier (figure 7) consists of the output amplifier circuit and the meter circuit.  Emitter follower Q4 provides the amplified input signal to the counter via the rear panel of the Model 5261A.  This same signal is supplied to the Output 50 ohm jack for monitoring with an oscilloscope or application to other equipment.
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Positive feedback from the emitter of Q4 to amplifier no. 2 in the video amplifier increases video amplifier gain at higher frequencies.  Capacitors C9 and C10 are connected in parallel to improve the overall frequency response.

The signal at Q4 emitter is rectified by CR2 and CR3 and filtered by C12.  This resultant dc is supplied to Output Level meter M1.  Capacitors C11 and C13 are connected in parallel to improve the frequency response of the meter circuit.  Meter Cal potentiometer R13 provides an adjustment for calibrating the meter.  Minus 15 volts is supplied to the meter circuit and establishes a bias on diodes CR2 and CR3.  This prevents the meter indicating for very small output signals and permits a meter indication in the green scale for an output signal greater than 100 millivolts.  Diode CR4 acts to protect the meter during input signals greater than 100 millivolts.  The CR4 anode is clamped at about -1.5 volts, which corresponds to approximately full scale.  When the rectified signal output exceeds this value, CR4 conducts and protects the meter.
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Figure 7.  Output amplifier.
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This concludes the lesson for the Model 5261A Video Amplifier.  The plug-in is used to increase the sensitivity of the counter, providing measurement of signals as small as 1 millivolt.  It is capable of amplifying both sinusoidal as well as pulsed signals.  Four functional circuits comprise the plug-in; a preamplifier, attenuator, video amplifier and output amplifier.

You should now be prepared to complete the lesson exercise.  If you miss any of the questions or do not fully understand, re-study the portion of the lesson about which you are in doubt before going on to the next lesson.
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ACCP SUBCOURSE NUMBER MM0462

MODEL 5345A FREQUENCY TIME MEASUREMENT SYSTEM

EXERCISES FOR LESSON 5

1.
The Model 5261A allows for measurement of frequencies with amplitudes as low as

a.
1 mV.

b.
10 mV.

c.
100 mV.

d.
1 V.

2.
What range of frequencies may be amplified by the Model 5261A?

a.
10 Hz to 5 MHz

b.
10 Hz to 50 MHz

c.
50 Hz to 10 MHz

d.
50 Hz to 100 MHz

3.
What is meant when the Output Level meter indicates in the green portion of the scale?

a.
Output to the counter is satisfactory

b.
Output to the counter is excessive

c.
Sensitivity is not properly adjusted

d.
None of the above

4.
Which measurement(s) can be made with the Model 5261A?

a.
Period

b.
Frequency

c.
Ratio

d.
All of the above

5.
Select the incorrect statement(s).

a.
The Output Level meter is average responding

b.
The Output Level meter will read high with a pulse input signal

c.
Do not use the Output Level meter indication when measuring pulsed signals

d.
All are incorrect
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6.
What is the approximate input impedance of the video amplifier to a 1 MHz signal?

a.
1 kilohm

b.
10 kilohms

c.
100 kilohms

d.
1 megohm

7.
What four functional circuits comprise the Model 5261A?

a.
Preamplifier, video amplifier, output amplifier, meter circuit

b.
Preamplifier, attenuator, video amplifier, meter circuit

c.
Attenuator, video amplifier, output amplifier, power supplies

d.
Preamplifier, attenuator, video amplifier, output amplifier

8.
What function(s) do Q1 and Q2 in the preamplifier provide?

a.
High input impedance

b.
Low output impedance

c.
Amplification

d.
All of the above

9.
What is the purpose of CR1 and CR2 in the preamplifier?

a.
Half wave rectifier

b.
Pulse shaper

c.
Peak limiting

d.
All of the above

10.
What circuit establishes the overall gain of the Model 5261A?

a.
Preamplifier

b.
Attenuator

c.
Video Amplifier

d.
Output Amplifier

11.
Positive feedback from the output amplifier to the base of Q4 in the video amplifier

a.
decreases gain at higher frequencies.

b.
increases gain at lower frequencies.

c.
increases gain at higher frequencies.

d.
decreases gain at lower frequencies.
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12.
Which is not a function of Q3 and Q6 in the video amplifier?

a.
Positive feedback amplification

b.
Drift compensation

c.
Gain stabilization at low frequencies

d.
Power supply filtering

13.
What is the purpose of CR2, CR3, and C12 in the meter circuit?

a.
Set Q4 emitter bias

b.
Prevent excessive meter current

c.
Clamp meter circuit voltage

d.
Rectify meter voltage

14.
Diode CR4 in the meter circuit is biased to conduct if the input signal exceeds

a.
-1.5 volts.

b.
15 millivolts.

c.
100 millivolts.

d.
150 millivolts.

15.
If the output level meter will not indicate, which is the more probable cause? (figure 7)

a.
R11 increased in value

b.
R11 decreased in value

c.
R12 increased in value

d.
C12 open
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LESSON 6.  SYSTEM APPLICATIONS

ACCP Subcourse MM0462
Model 5345A Frequency Time Measurement System

LESSON OBJECTIVE
Given supportive text and diagrams:


1.  Explain correct sequence of steps in performing each measurement application described in the lesson.


2.  Correctly answer all exercise questions.

CREDIT HOURS
One

TEXT

This final lesson of the subcourse explains the procedures required to perform a variety of measurements with the 5345A system.  These include: frequency, period, ratio, one and two source time interval and totalize measurements with the Model 5345A; CW and FM measurement with the Model 5257A; and frequency measurement with the Model 5261A.

The lesson is written in a format conducive to self study, however it would benefit you to actually perform the procedures, if the equipment is available and your supervisor grants his permission.
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Figure 1.  Frequency measurement.

96

[image: image57.png]Bop

ol

A

10.
11

R

PN

3

Set POWER switch (D to ON position.

Set FUNCTION switch D to PERIOD A.

Set DISPLAY POSITION switch ® to AUTO.

Set GATE TIME switch (i) to give required integration time or desired resolution.
Set CHANNEL A Input Impedance switch (3) to desired position.

Set CHANNEL A ATTEN switch ® to match input signal’s amplitude.

Set CHANNEL A LEVEL control (3) to start measurement at desired voltage level.
Use PRESET for sine waves.

Set CHANNEL A Coupling switch ® to AC or DC.

Set Input Amplifier Control switch @ to SEP.

Connect input signal to CHANNEL A input jack ®

Adjust SAMPLE RATE control (8) for a convenient interval between measurements.




Figure 2.  Period measurement.
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Figure 3.  Ratio measurement.
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Figure 4.  One source time interval measurement.

99

MM0462

[image: image60.png]10.

11.

12.

13.

14.

Connect input signal to CHANNEL A jack ®

Set CHANNEL A SLOPE switch () to + for triggering on positive slope or - for
triggering on negative slope.

Set CHANNEL A LEVEL control (®) to start measurement at desired voltage level.
Use CHAN A TRIG LEVEL output jack on rear panel to display starting point on an
oscilloscope (if needed).

Set CHANNEL B SLOPE switch (@ to + for triggering on positive slope or - for trig-
gering on negative slope.

Set CHANNEL B LEVEL centrol ) to stop measurement at desired voltage level.
Use CHAN B TRIG LEVEL output jack on rear panel to display stopping point on an
oscilloscope (if needed).

Adjust SAMPLE RATE control & for convenient measurement interval.

CHAN A OR B TRIG LEVEL

5345A COUNTER

m CHANNEL A
JACK

SIGNAL SOURCE
OUTPUT

10:1 PROBE

]




Figure 4.  One source time interval measurement (continued).

100

[image: image61.png]1.

2.

&

bl

-,

o

Set POWER switch () to ON position.

Set FUNCTION switch (&) to TIME INT A to B.
Set DISPLAY POSITION switch (3 to AUTO.

Set GATE TIME switch (3 to MIN for single time interval or for desired resolution in
time interval average.

Set CHANNEL A Input Impedance switch 3) and CHANNEL B Input Impedance
switch (@) to match impedance of respective signal source.

Set CHANNEL A ATTEN switch @ and CHANNEL B ATTEN switch (& to match
amplitude of respective input signal.

Set CHANNEL A Coupling switch () and CHANNEL B Coupling switch (& to
AC or DC, as required by the respective input signal.

Set Input Amplifier Control switch @ to SEP.

Conneg) start signal to CHANNEL A jack (3 and stop signal to CHANNEL B
jack '

Set CHANNEL A SLOPE switch (D to + for triggering on positive slope or to - for
triggering on negative slope.

Continued on next page




Figure 5.  Two source time interval measurement.
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Figure 5.  Two source time interval measurement (continued).
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Figure 6.  Totalize measurement.
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Figure 7.  CW and FM measurement.
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Figure 8.  Frequency measurement with model 5261A.

You have now completed lesson 6, the final lesson in this subcourse, and should now be prepared to take the lesson exercise.  Following successful completion of the exercise, it is recommended that you review the entire subcourse prior to taking the end of course examination.
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ACCP SUBCOURSE NUMBER MM0462

MODEL 5345A FREQUENCY TIME MEASUREMENT SYSTEM

EXERCISES FOR LESSON 6

1.
In what position should the Input Amplifier Control switch be for a frequency measurement with the Model 5345A?

a.
CHECK

b.
COM A

c.
SEP

d.
FREQ

2.
In what position must the level control be when making a period measurement with the Model 5345A?

a.
PRESET

b.
Full CCV

c.
Mid Range

d.
Full CW

3.
When making a ratio measurement with the Model 5345A, the Channel A and B Level controls should be set to PRESET for triggering at

a.
0 volts.

b.
1 volt.

c.
2 volts.

d.
3 or more volts.

4.
Choose the correct statement concerning a one source time interval measurement.

a.
The function switch must be set to START.

b.
The Channel A and B input impedance switches must be set to the same position

c.
The input amplifier control switch is set to SEP

d.
All statements are correct

5.
When making a one source time interval measurement, the CHAN B TRIG LEVEL output jack should be used to display the

a.
time interval.

b.
waveform aberrations.

c.
starting point.

d.
stopping point.
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6.
Choose the correct statement concerning a two source time interval measurement.

a.
The function switch must be set to TIME INT A to B

b.
The display position switch should be set to AUTO

c.
The input amplifier control switch is set to SEP

d.
All statements are correct

7.
When making a two source time interval measurement, what points on the waveforms are compared with the channel A slope set to + and the channel B slope set to -?

a.
The rising portion of channel A signal and the rising portion of channel B signal

b.
The rising portion of channel A signal and the falling portion of channel B signal

c.
The falling portion of channel A signal and the rising portion of channel B signal

d.
The falling portion of channel A signal and the falling portion of channel B signal 

8.
Choose the correct statement concerning a totalize measurement with the Model 5345A.

a.
The input amplifier control switch is set to CHECK

b.
The ACCUM MODE START/STOP switch is set to A+B to totalize the difference

c.
The function switch is initially set to STOP

d.
The sample rate control is set to HOLD

9.
When setting up for a CW or FM measurement with the Model 5257A, the Level control is turned clockwise until the meter indicates

a.
in the green portion of the scale.

b.
midscale.

c.
full scale.

d.
90% full scale.

10.
What should the Model 5261A sensitivity switch be set to when initiating any measurement?

a.
MIN

b.
1

c.
10

d.
100
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ACCP SUBCOURSE NUMBER MM0462

MODEL 5345A FREQUENCY TIME MEASUREMENT SYSTEM

APPROVED SOLUTION

LESSON 1
Electronic Counter Fundamentals

1.
B para 1a
9.
B para 2b

2.
D introduction
10.
A para 2c

3.
D para 1b
11.
D para 2d

4.
B para 1c
12.
C para 2e

5.
A para 1d
13.
A para 2g

6.
C para 1d
14.
B para 2g

7.
D para 2a
15.
C para 2g

8.
B para 2b

LESSON 2
Model 5345A Operation

1.
B para 1a
9.
C para 1c

2.
D para 1a
10.
A para 1b

3.
C para 1a
11.
D para 2d

4.
C para 1a
12.
A para 2d

5.
B para 1b
13.
B para 2d

6.
D para 1b
14.
D para 2d

7.
A para 1b
15.
C para 2d

8.
B para 1c

LESSON 3
Model 5345A Theory of Operation

1.
C para 1
11.
B para 2b

2.
D para 1
12.
D para 2b

3.
A para 1
13.
C para 2c

4.
C table 1
14.
A para 2c

5.
B para 2a
15.
B para 2d

6.
B para 2a
16.
A para 2d

7.
C para 2a
17.
C para 2e

8.
D para 2a
18.
C para 2e

9.
B para 2b
19.
B para 2g

10.
C para 2b
20.
D para 2i
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LESSON 4
Model 5257A Transfer Oscillator

1.
D para 1a
11.
A para 3a

2.
B para 1a
12.
D para 3a

3.
A para 1b
13.
C para 3b(1)
4.
C para 1c(2)
14.
B para 3b(4)
5.
D para 1c(3)
15.
B para 3b(6)
6.
A para 1c(7)
16.
A para 3b

7.
C para 2a
17.
A para 3b

8.
D para 2b
18.
D para 3b

9.
B para 2c
19.
B para 3b

10.
C para 2c
20.
D para 3b

LESSON 5
Model 5261A Video Amplifier

1.
A para 1a
9.
C para 3a

2.
B para 1a
10.
B para 3b

3.
A para 1c
11.
C para 3c

4.
D para 2a
12.
A para 3c

5.
B para 2b
13.
D para 3d

6.
B para 2c
14.
C para 3d

7.
D para 3
15.
A para 3d

8.
D para 3a

LESSON 6
System Applications

1.
C fig 1
6.
D fig 5

2.
A fig 2
7.
B fig 5

3.
A fig 3
8.
C fig 6

4.
B fig 4
9.
D fig 7

5.
D fig 4
10.
D fig 8
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