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INSTRUCTION MANUAL
FOR
TYPES DRC-309B AND DRO-333A

FREQUENCY COUNTERS

INTRODUCTION

Except for prescaler Al the DRO-309B is identical
to the DRO-309A, and the DRO-333A is identical to
the DRO-333. Materials in sections I through VI of
this manual relating to the original prescaler as-
sembly have been updated in section VIIwith circuit
descriptions, maintenance information, parts lists,

and schematic diagrams related to the new prescaler
assembly:

(A1) Type 791505-2 1200 MHz Prescaler Assembly
(A1A1) Part 18125-2 1200 MHz Prescaler
(A1A1) Part 170056-1 Prescaler Board

WATKINS—JOHNSON COMPANY
700 Quince Orchard Road
Gaithersburg, Maryland 20878

TCC 8/79
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Figure 2-1, DRO-309A Series Frequency Counter,
Functional Block Diagram
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SECTION VI
SUPPLEMENT FOR
TYPES DRO-309B AND DRO-333A
FREQUENCY COUNTERS

NOTE

Installations selecting Frequency Counter
range with the front panel RANGE MHz
switch instead of automatically through
interconnecting cabling should be aware
that frequencies outside those associated
with the RANGE MHz switch can be pro-
cessed by the Counter. Therefore, if a tuner
or receiver is selected that does not match
the Counter RANGE MHz setting, false indi-
cations will be displayed because of an
improper i-f offset.
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7.1 ELECTRICAL CHARACTERISTICS, = The DRO-309B and the DRO-333A Fre-
quency Counters utilize a Type 791505-2 Prescaler Assembly at the Al position. This
assembly contains a Type 18125-2 circuit board having reference designation A1Al,
Functional and detailed circuit descriptions, performance tests, parts lists, and sche-
matic diagrams are included with this supplement.

7.2 PRESCALER FUNCTIONAL DESCRIPTION, - Refer to figure 7-1 for a func-
tional block diagram of the prescaler.
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Figure 7-1, Prescaler Functional Diagram

Input signals inthe range of 0.1 to 1200 MHz enter the prescaler at inputs J1, J2,
and J3. As used in these two counters, the uhf signals into J1 will be in the range of
about 295 MHz to 1060 MHz; input frequencies to J2 will be in the range of 20 MHz
to 321.4 MHz for direct input J3 the range will be 0.1 to 50 MHz.

Input frequencies in the uhf range appear at the prescaler output divided-by-16
for an approximate output range of 18 MHz to 66 MHz; for the vhf input frequencies a
divide~by-8 function establishes an approximate output range of 25 MHz to 40 MHz.
The direct range routes through a buffer diréctly to the output of the assembly.

For the uhf mode, utilizing divide-by-16, relay K1 rests in its normally closed
position routing signals from J1 to rf amplifiers Q1 and Q2. These amplifiers clip the

7-2
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signals and provide sufficient rise-time to toggle divider A1, an emitter coupled logic
(ECL)device., The Q output of Al toggles the clock=2 input of divide-by-2 circuit U2,
The @ output of U2 toggles divide-by-2 circuit U3 for an overall divide-by-16 ratio for
ubf input signals. This divide-by-16 signal from U3 routes through switch Q3 to the
prescaler assembly output at J4. Also present at this output is a reduced level divide-
by-8 signal from the Q output of U2, in effect the second harmonic of the divide~by-16
signal. Square wave signals are inherently richin oddorder harmonics, so the presence
of the low level divide=by-8 output from U2 represents one harmonic among many
others.

A ground applied to vhf select input P1D activates relay Kl and turns switch Q3
off. With this condition, vhf signals from J2 proceed down the divide chain as with the
conditions described for the uhf input. With switch Q3 turned off, however, only the
divide- by-8 signal appears at assembly output J4.

Activating the 0.1 to 50 MHz input at J3, through application of a ground to P1B,
activates buffer amplifier Q4 and turns the divider chain off. Signals from J3 pass
through the buffer directly to output J4. The turn off shown applied to the clock-1
input of divider U2 prevents any vhf or uhf signal from passing, thus ensuring that
only the direct signal will appear at J4.

7.3 PRESCALER DETAILED CIRCUIT DESCRIPTION, - Refer to figure 7-2 for
the location of components diagram, to figure 7-3 for the prescaler schematic diagram,
and to figure 7-5 for the Frequency Counters main chassis schematic diagram.

The prescaler divides an LO frequency appearing at inputs J1 and J2 by eight
or sixteen. A signal to direct input J3 couples through buffer amplifier Q4 directly to
the prescaler output without being divided. Transistors Q1 and Q2 amplify and clip
the vhf and uhf signals to provide sufficient rise time for toggling divide-by-4 inte-
grated circuit Al. This circuit, in turn, toggles divide-by-2 stage U2 thus providing
an output that is one-eighth the input-signal frequency to the prescaler.

The Q output of U2 toggles divide-by-2 circuit U3 to make available an overall
output that is one-sixteenth of the prescaler input frequency. Switch Q3 determines
whether the divide-by-16 output from U3 will appear at the prescaler output. When vhf
select input P1-D is an open circuit, switch Q3 provides a current path for the open-
emitter Q output of U3. This causes the divide-by-16 signal from U3 to appear at the
output along with the divide-by-8 signal from the Q output of U2. The divide-by-8
signal appears at a reduced level because the open-emitter Q output of U2 must draw
current through R20 and R34, a high impedance source. When the vhfselectinputto
P1-D is grounded, only the divide-by-8 signal from U2 appears at the output of the
prescaler,

Grounding the 0.1-50 MHz input at P1-B pulls R26 to ground. This lowers the
base voltage of Q4 to 2.5 V dc thereby reducing conduction which causes the collector
voltage to switch from 3.2 V dc to 3.7 V dc. If the ground is removed, R25 pulls the
base of Q4 to the supply voltage thus placing the transistor in saturation. This in-

7-3
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creases current through collector resistor R22, switching the collector voltage to
3.7 Vdec. The collector of Q4 toggles the clock-1 input of U2,

The clock-1 and clock-2 inputs of U2 are configured as an OR gate, Thus if
either clock input is switched high, the gate output is held high, and the remaining
clock input has no effect. With the clock-1 input switched to a high state, the device is
effectively out of the circuit. k

Resistors R3 and R8 provide Q1 and Q3 with input loads and stabilize their base
bias voltages. Capacitor C3 couples the signal developed across load resistor R4 to
the input of Q2, and C10 couples the signal developed across load resistor R13 to the
clock input of divide-by-4 prescaler A .

7.3.1 PRESCALERS, - Integrated Circuit Al zonsists of two D flip-flops which divide-
by-4 its input frequency. Capacitor C13 holds a bias-voltage source in the package
at rf ground. Resistors R14 and R15 provide loads for the open-emitter Q and 6 out-
puts of the prescaler (pins 2 and 3).

Capacitor C26 couples the Q output of Al to the clock-2 input of prescaler U2,
Circuit U2 (a master-slave ECL flip-flop) divides-by-2 the frequency at its input giving
a frequency on its Q and Q outputs that is one eighth the frequency on the prescaler
assembly input. Since U2 is an ECL circuit operating from a +5 V power supply,
its clock input signal must be level shifted so that it swings around +3.5 V dc. Divider
R32-R33 provides this level shift. Resistors R19 and R31 step-down the signal
voltage at the Q output of U2 (pin 2) and provide a current path for its open-emitter
output, Coupling capacitors C22 and C25 connect the divide-by-8 output signal from
the Q output to output connector J4.

The Q outputof U2 drives the clock input of divide-by-2 circuit U3, a masterslave
ECL flip~-flop identical to U2, Circuit U3 supplies a signal at its Q output that is one
sixteenth the ﬁ'equency of the signal at the prescaler assembly input. Divider R21
and R35 step-down the output of U3, and coupling capacitors C23 and C25 connect it to
output connector: J4. Resistor R18 provides a current path for the open-emitter Q
output of U3,

7.3.2 CONTROL CIRCUITS. - Transistors Q3 and Q4, and their associated control
inputs establish a divide-by-8 or -16 ratio, or route a signal from direct input J3
to prescaler output J4. Leaving vhf select input P1-D open allows Q3 to conduct (R34
limits the forward bias on the base of Q3). Transistor Q3 pulls R21 to ground when
conducting so that R21 and R35 provide a current path for the open emitter Q output of
U3. This allows the divide-by-16 output of U3 to appear at output connector J4 through
C23 and C25. Also present will be the divide-by-8 signal from the Q output of U2 be-
cause resistors R20 and R34 maintain an alternate current path for the open emitter
in place of the more direct path through vhf select input P1~D. The divide-by-8 signal
represents the second harmonic of the divide-by-16 signal and causes no problem since
square waves are inherently rich in harmoniecs.
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Grounding the vhf select input biases Q3 off, removing the open-emitter current
path from the Q output of U3 so that only the divide-by-8 output of U2 appears at out-
put J4. Diode CR1 protects Q1 from voltages accidentally applied to the vhf select in-
put, and C20 maintains R19 at rf ground.

Grounding the Select 0.1-50 MHz control input causes transistor Q4 to conduct
less, allowingthe clock-1input of U2 (pin 7) to bebiased near 3.7 V (C1 keeps the clock
input at rf ground). This puts a logic high on the clock. The clock-1 and clock-2
inputs operate as an OR function, thus the clock-2 input is effectively inactivated.
This shuts off U2, keeping a divide-chain signal from appearing at output J4. If a
signal appears at direct input J3 under these conditions, Q4 acts as an emitter follower
amplifier, and the output signal developed across emitter resistor R24 goes to output
J4 via coupling capacitor C25,

Leaving the Select 0.1-50 MHz input open allows transistor Q4 to saturate so that
the clockinputof U2 goes to 3 V. This puts a logic 0 on the clock input at pin 7 (since
U2 is an ECL circuit operating from a +5 V supply) allowing the other clock input to
toggle the Q and @ outputs so that a divide output appears at J4.

7.4 PRESCALER MAINTENANCE. - The sensitivity and overload test procedure
given in paragraph 4.4.3 also applies to the new prescaler assembly. However,
other information is no longer valid. Troubleshooting aids given in paragraph 4.5
must be interpreted with the new prescaler in mind. Table 4-4 no longer applies for
signal injection voltages at the prescaler, table 4-5a provides typical transistor element
voltages for the original prescaler, and figure 4-5 shows several waveforms related
to the divide circuits of the original prescaler. The entire Prescaler alignment pro-
cedure given in paragraph 4,6.5 should be disregarded. The new prescaler does not
require alignment,

7.5 PARTS LISTS AND SCHEMATIC DIAGRAMS., - The following parts lists and
schematic diagrams supplement the related information given in sections V and VI of
this manual.
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Figure 7-2 bis: 1200 MHz Prescaler (Early Version)
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Figure 7-2 ter: 1200 MHz Prescaler (Late Version)
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Figures 7-3 bis: 1200 MHz Prescaler Details (Early Version)
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Figures 7-3 ter: 1200 MHz Prescaler Details (Late Version)
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Figures 7-3 ter: 1200 MHz Prescaler Detail (Late VVersion)
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