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Project 140

1GHz FREQUENCY

METER -

TIMER

Pt.1 Circuit Details

Lab-quality instrument offers superb performance and features at low cost.

OF THE VARIOUS QUANTITIES
encountered in electronics (such as
charge, voltage, current, frequency),
perhaps the easiest to measure accur-
ately is frequency. Various types of
frequency-measuring equipment exist,
ranging up from the simple absorption
wavemeter (every ham should have one)
to sophisticated multi-counter instru-
ments which use microprocessors to cal-
culate the measured frequency.

The earliest really accurate instru-
ments were of the heterodyne type
(such as the BC221), in which finely
calibrated oscillator was tuned to zero-
beat with the incoming signal. Many of
these devices are still in use. In the late
fifties and early sixties came the first
‘digital’ counters appeared, based on
Dekatron tubes, which are cunning de-
cade counter and display valves.

Integrated circuits and LED have now
made possible compact, portable count-
ers that can be held in the palm of the
hand, and these can easily be built by
the hobbyist. What we haven’t seen how-
ever, is a design for use at UHF, where
CB and mobile radio, are appearing,
or which offered versatile measurement
of time or period.

With these thoughts in mind, we set
out to do a design study, and came up
with a lab-quality instrument which
should be very reasonably priced. The
design is based mainly on TTL with
some CMOS and ECL. We rejected LS|
MOS and CMOS devices for various
reasons. Although this increases board
size and power consumption, the gain
in simplicity of layout and trouble-
shooting, as well as leading zero sup-
pression, is well worth-while.

SPECIFICATIONS ETI — 140

Modes of operation Frequency, period and time
Range
Frequency 10Hz — 50MHz
High frequency 50MHz — 1GHz *
Period 0.1us — 10 sec.
Time 1us — 100 sec.
Resolution
Frequency THz
High frequency 10Hz
Period 0.1us
Time Tus
Display 8 digit LED, leading edge blanking
Sensitivity
Normal input 20mV
High frequency input 20mV
Time inputs 0V to +3V level shift
Input impedance
Normal input 1Meg // 15pF
High frequency input ~75 ohms
Time input >10k
Maximum input voltages
Normal input 70V ac,¥ 100V dc
High frequency input 200mV ac,+ 50V dc
Timing inputs F100V de
Crystal frequency
nominal 4000kHz
actual 3999.995kHz
Stability and accuracy
Frequency Depends on crystal used and initial

adjustment. Ovey used keeps temp-
erature within 2 C.
Period and time approx —0.000125%

* The upper limit of the prescaler has not been checked due to the lack
of a signal source but both the preamplifier (OM335) and the divider
ICs are specified up to 1GHz.
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Design Feature

When considering thisinstrumentinitially
we looked at ways to reduce both cost
and component count of the unit. Our
initial design of the counter section used
TTL for the first two stages and CMOS
for the rest. It then called for four 8 bit
shift registers to take the information
from the counters, latch it, and provide
the multiplexing for the display.
Multiplexing reduces the power

consumption of the displays for the same |

light output and the total network would
have saved 10-11 packages. However
the PCB layout beat us unless a plated
through board is used which would have
cancelled any cost saving. The increased
difficulty of fault-finding, even with
fewer components, also weighed against
this approach.

The counter in the LSD position has
to operate at over 50 MHz. The only
way to obtain this performance was to
make our own divide by 10 using
74S74 dual D type flip flops as the
741590 is only specified to 32 MHz
(although one sample we had worked
at 60 MHz) and the 74S90 is no faster.

The network of 74S74'§ should
give 60-70 MHz minimum clock rate.

Preamplifiers which can work from
almost dc to 50 + MHz involving a
Schmitt triggeralwaysprove troublesome
and this one was no exception. We
originally dc coupled it throughout
using matched FETs and a differential
pair to give the correct level for the
9585 IC. This proved to have too much
gain to be stable and the design shown
here was the final result. Originally we
used three diodes to limit the output
voltage to +2v in the ECL-TTL translator
but replacing it with a resistor-diode not
only made it cheaper but increased the
frequency response by 50%andimproved
stability.

Operation
The frequency and period modes are
commonly known and do not require
much explanation. The only extra
control provided over the normal sen-
sitivity control, is the dc shift. When
measuring the frequency or period of
a pulse waveform where the pulse is
narrow in relation to the repetation
rate, triggering problems can arise. This
is due to noise pulses being counted
as the average voltage is almost zero.
However by using the dc shift the sig-
nal can be lifted above (or below) zero
and the problem eliminated. For max:
imum sensitivity on normal ac signals
the dc shift must be adjusted back to
zero.

With the time mode intervals from
1 us to 100 sec can be measured using

pulses or level changes, into the respect-
ive sockets. A voltage change from OV to
3V (or +3V to 0V) is all that is necessary
although up to ¥ 100V can be used.
For accurate timing the pulse should
have a rise time of less than 1 us. For
measuring single pulses, both inputs
can be paralleled and starting and
finishing on opposite edges. If it is a
repetitive pulse chain the unit will time
the first pulse after the release of the
reset button.

Calibration and Testing

To calibrate the unit a known frequency
is needed so that CV| can be adjusted to
give the correct reading. Alternatively a
radio receiver can be used tuned to the
PMG 12 MHz time transmission, VNG,
and the 4 MHz crystal beat against it
(take a wire from pin 11 of IC30, wrap
it around the radio aerial and adjust for
zero beat. This sets the crystal to exactly
4 MHz. However this is not the exact
frequency needed (life wasn’t meant...).
Now feed the 4 MHz into the input and
record the result. It should be about
3,999,995 Hz which is about 0.000125%
low. Now measure the frequency of
another crystal (or extremely stable)
oscillator, record the reading and then
adjust CV| to give a reading 0.000125%
higher (or whatever error your unit
requires). As this low reading is due to
the time required for the strobe-reset
pulses it is independent of the crystal
frequency and adjusting CVI will not
affect the reading when the counter is
used to measure its own internal
frequency.

Adjustment of the crystal trimmer
should not be done until it is warm
(allow 10 minutes) and the oven should
be fixed into the chassis to prevent
movement of the leads which can affect
the frequency slightly. If CVI does not
have enough range the parallel capacitor
should be varied.

The period mode should be checked
for operation. With the time mode the
display can be reset by the push button
and timing can be started by shorting
out the start socket and stopped with
the stop socket. Starting and stopping
can also be performed by switching the
polarity switches from negative to posit-
ive edge triggering. It should not be
possible to restart the counter before
the display has been reset.

R82 R84 R86 RE87
220R 3k3 47R 47R

-0 0V
Fig. 1. The circuit diagram of the oven circuit
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The following pins are not shown on the To +5V ToOV .
circuit diagrams but are connected as  |C20 | 3,16 8
shown below. Pins in the third * column  |c21 | 3,16 8
are used as interconnections or are IC21 | 3,16 8
unused inputs terminated to some |C22 | 3,16 8
output, 1C23 | 3,16 8
To +5V To OV * IC24 | 3,16 8
IC1 4,10,14 7 IC25 | 3,16 5,8
IC2 |4,10,14 7 1C26 | 14 7 8,9
IC3 5 46,7,10 | 13 IC27 | 5 236,7,10
IC4 5 4,6,7,10 | 13 1C28 | 14 7
IC6 |5 46,710 | 13 1IC29 | 14 7
IC6 |5 46,7,10 | 13 IC30 | 14 7
IC7 5 46,710 | 13 IC31|246,7,10 | 11
IC8B |5 46,7,10 | 13 IC32 | 16 1,789,156
IC9 |5 46,710 | 13 IC33 | 16 1,8,9 1,23
IC10 | 5 12 IC34 | 14 7
IC11 | 5 12 IC35 | 16 1,789
IC12 | 6 12 IC36 | 14 7
IC13 | 5 12 IC37 | 23,11,16 | 8
IC14 | 5 12 IC38 | 14 7 1,256
Fig. 2. Waveform diagrams showing the IC15 | 5 12 IC39 | 14 7
relationships of the strobe-reset pulses. They IC16 | & 12 1C40 | 5.14 6,7,8
e g i s s L IC17 | 5 12 IC41 | 14 7
e output o , pin
The “strobe’ pulse, i.e. the collector of Q2 IC18 | 3,5,16 8 1C42 2356
The input to 1C37/2, pin 10 IC19 | 3,16 8
The reset pulse on pin 6§ of IC37/2
The vertical scale is 2 V/division while the
horizontal is 200 ns /division. It can be seen
that between the strobe pulse and the reset
pulse there is a delay of about 50 ns.
] 1C4g jour -O +5V
7805
e J,t o r‘_‘]_gi_“ =|L§g': +g§3 FOR PREAMP
) g o e
D12 (1357_;.“. coMm C38‘J
g 104
. c2s -[ T
—— 220
(73— D13
s i IN] 1CA6 |our O +5V
240V/75v« 15v et —1 78 3
ilgdad [ ELld] dadalolols %sss %gz’
ACTIVE O—0 2500, ] 2500, 33 C30 ‘ 7 ‘ ? 3 A
e o, = 5] TR T T
NEUTRAL O IR 1 *oc29
E\ %cfég,'l' 100 __Jeow ou'Tsau
EARTN Bt s o 314 —0 -5V
D17
Fig. 3. The circuit diagram of the power supply 2
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1GHz FREQUENCY IMETER — TIMER

The circuit is complex but can be sparated
into sections to make the explanation
clearer:

A. Input preamplifier.

B. Prescaler.

C. Counter section.

D. Time base.

E. Frequency-period control logic.

F. Time measurement control logic.

G. Power supply.

Preamp

Transistors Q6, Q7 and Q8 form the high
to low impedance unity gain buffer
required to allow the one megohm input
impedance. Diodes D5 and D6 prevent
excessive input voltages damaging the unit.

Amplification is provided by I1C42
which is an ECL triple differential line
amplifier. Each stage has a gain of about
seven giving a total voltage gain in 1C42/1
and 1C42/2 of around 50. The inputs of
IC42/1 are biased to the internal reference
voltage (pin 11) by R91 and R92 with the
input signal being ac coupled via C10,11.
The voltage on pin 16 can be dc shifted to
allow better triggering on pulse type inputs.

The third section of IC42 is used as a
Schmitt trigger to ensure that the output
is square and jitter free. As the outputs of
ECL move only from about +3.3 V to
+4 V (on a +5V supply), a translater is
needed to drive the TTL logic which
follows.

Transistors Q10 and QI12 are both
constant current sources with Q12
providing about 18 mA (0.6 V across
33 ohms). As the base of Q10 can be
either of two levels (3.3 V or 4 V) it
supplies either 33 mA (1.1 V across
33 ohms) or 9 mA (0.3 V across 33 ohms).
As the two current sources are in series the
differential current must go somewhere if
they are to remain constant current
supplies! With 33 mA from QI0, the
difference (15mA) flows through R103
and D9 to give about +2 V on the output.
When the current drops to 9 mA the
clamp diodes in the 74510 which follows
the preamp clip the voltage at about
-0.7 V. If these limits were not used the

HOW IT WORKS — ETI 140

the two inputs Q9 and QI3 are used to
disable one of the inputs. With both
transistors off the prescaler output is
disabled (it needs a pulldown resistor),
leaving the normal input active. If the
transistors are on the prescaler is oper-
ational but the dc shift on pin 16 of 1C42
forces the output (pin 7) high, effectively
disabling the input.

Counter Section

The counter section consists of eight
decade counters, latches, decoders and the
LED displays. Due to the symmetry of the
network the centre four stages aren't shown
on the circuit diagram.

Seven of the counter stages are the
familiar 7490/7475/7447 combination
(except that they are the LS versions) but
the decade counter of the LSD (least
significant digit), which has to work at
over 50 MHz is made out of four D type
flip-flops using a NOR gate to get the
divide by ten function. Both the D type
flip-flops and the NOR gate have to be ‘S’
series TTL to give 50 MHz + operation
(our prototype went over 100 MHz!).

All the counters can be reset by a ‘1’
on the reset line and counting is advanced
on the positive transition of the count
input. With the latches, if the strobe line is
high (‘1’), whatever data is presented to it
by the counter will be transferred to the
decoders. When the strobe line goes to a
‘0" the data present at that time will be
stored and displayed with the information
from the counters no longer affecting the
display.

Due to the interconnection between
the decoder IC’s the leading zeros will be
blanked, leaving only the right hand digit
on with no input signal. To reduce the
load on the 5V regulator the displays are
supplied from the unregulated supply.

Timebase

The timebase is a 4 MHz crystal with
1C30/1 and IC31/2 providing the necessary
amplifier to make an oscillator. The
frequency is adjustable by CVI1. For
critical applications an oven can be used,

stop dividing (this is used in the time
mode). This 1 MHz output is then divided
to 10 kHz by IC32 (dual decade counter)
and then to 100 Hz or 62.5 Hz by IC33.
This IC is a dual divide by 16 counter with
the AND gate 1C34/1 resetting the first half
(IC33/1) upon reaching decimal 10 and
1C34/2 and 1C34/3 resetting the second
half to zero at ten if the control input to
pin 13 of IC34 is high. If it is low the reset
pulse is disabled and the counter will
divide by its normal 16. This change in
division ratio is necessary as the prescaler
divides by 16 and not 10. A final diviSion
by 100 is done by IC37 to give the final
timebase periodsof 1 sand 1.6 s.

Frequency-Period control logic.

In the frequency mode the output of the
preamp is coupled to the count input of
the display section via IC28/1 and IC28/3.
These need to be 74510 (not LS) to handle
the frequencies involved. The 1 sec (or
1.6 sec) time base is coupled to the
monostable IC37/1 via IC36/1 and IC36/3
and is therefore triggered every one second
generating a pulse 800ns wide. Thisisused
for the strobe pulse (open and close the
latches every one second). Thisoutput also
disables counting during this period to
eliminate any error due to the latch closing
while a pulse is still rippling through the
decade counters.

The output of this mono has to be
buffered by Q2 as the input of the latches
is equal to 32 LS TTL loads (about 15mA).
This transistor causes a propagation delay
of 100 ns on the leading edge and 50 ns on
the trailing edge. After a delay at about
80 ns (which is to compensate for the 50 ns
propagation delay of Q2) the second
monostable IC37/2 is triggered giving a
250 ns wide pulse. This is the reset pulse.
The process of frequency measurement is
therefore to reset the counters, clock the
counters at the input frequency, after 1 sec
open and close the latches which displays
the number reached by the counters, then
immediately reset the counters and start
the process all over again.

In the period mode the 1 MHz output

totally wrong result. Because of this we use
the RS slip flop IC38 which is set by the
strobe pulse, stopping any further pulses,
and reset by the ‘C’ output of IC35/2. This
IC (IC35/2) is reset by the strobe pulse
and the ‘C' output does not occur for
400 ms giving a maximum reading rate of
2.5 per second. The reset pulse is not in-
volved in this process and occurs every
10 clock pulses of the input.

Time Measurement

Separate inputs are used for time
measurement with both start and stop
inputs available. These inputs are buffered
by IC39 with both true and complementary
outputs available.

Timing is done by coupling the IMHz
output to the count input (via 1C28/2,
IC28/3 as per period mode), holding the
latches open so the counter information is
always displayed and controlling the divide
by 4 (IC31) to stop and start the counting.

This control is performed by the D type
flip flops 1C40/1 and IC40/2, after being
gated by IC41/3 and IC41/4. If the Q
output of IC40/1 is a ‘1’ and the Q output
of IC40/2 is a ‘1°, IC31 will be enabled.
When the reset button is pressed 1C40/1 is
set toa ‘0’ on Q, and IC40/2 toa ‘1’ on Q,
disabling IC31. This also puts a high on the
‘A’ input of the reset monostable 1C37/2.
When the button is released this causes a
reset pulse to occur resettihg the counters
(and display) to zero.

The D input of IC40/1 is normally
connected to a ‘1" and this is clocked into
the Q output on the positive transition of
the input to pin 3. When this occurs count-
ing will start. This also puts a ‘1’ on the
D input of IC40/2 and if a positive trans-
ition occurs on pin 11 (clock) the Q will
go to a ‘1’ and the Q to ‘0’, which will
stop the counting. Triggering the stop
input before the start will have no effect
as the D input is a ‘0’ and once toggled no
further action will occur until reset by the
pushbutton. Either positive or negative
edge triggering can be selected allowing
the width of a pulse to be measured by
feeding it to both inputs and selecting the
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transistors would saturate, reducing the
response to a few MHz.

Prescaler
For frequencies above 50 MHz, a prescaler
is used with an amplifier IC43 providing
about 26 dB gain to frequencies up to
about 1 GHz and IC44 and IC45 each
dividing the signal by four to give a total
division by 16. To compensate for this
odd division the timebase is changed from
1 sec to 1.6 sec when the prescaler is used.
As these dividers are ECL (what else
at 1GHz!) a similar translater is used
(Q11). To prevent interference between

and this is controlled by Q3 and Q4. These
transistors compare the voltages on their
bases and control the drive to Q3, which,
along with R86 and R87, is mounted on
the crystal body to act as a heater. Also on
the crystal body is the thermistor TH1
which provides the necessary feedback to
Q3 to stabilize the temperature at about
70°C. The crystal is mounted in a poly-
styrene box to provide the thermal
insulation required.

The output of the oscillator is buffered
by IC30/3 before being divided by four by
the JK flip flop IC31. If the JK inputs of
IC31/1 are taken low the flip flop will

from IC31 is gated into the count input via
1C28/2 and IC28/3. The output of the
preamp, after being divided by ten in IC27
then controls the strobe-reset monostables
via IC36/2 and 1C36/3. The result is that
we count the number of one us pulses in
the time taken for 10 cycles of the input
frequency. This gives the period of one
cycle to 0.1 us accuracy. Problems with
flickering occur when updating a display
more often than about 1/5 sec, especially
7 segment displays, as the eye cannot follow
the change. This can be shown that if the
display is alternating between 100 and 99
the result could appear as 188 which is a

appropriate edge.

Power Supply

Four voltages are required for the unit: +5
volt for most of the logic, +8 volts
unregulated for the displays (to save power
disapation in the 5 volt regulator) +18 volts
for the prescaler and -5 volt for the
preamplifier. A separate +5 volt regulator
is used for the preamplifier and prescaler
to prevent any feed back via transients in
the OV line.

The regulators are standard 3 terminal
regulators with the #8 volt supply
simply fullwave rectified. The +26V for
the 18V regulator is voltage tripled.

> 45V
RV2
1k
n89 i
2208 O Vrat R102
c20 RO3 < A4 33R
10p a8 i 47
— ;
e Q6 e 510 v Q10 on
NORMAL RTA gy 15 1 u~~_s
neor - 0—] A4 tb N
™ A icaz/1 1C42/2
16 13
2
RV
U5 Aos oo g < s
< oy R96 RO7 zzoa§
Vrat 220R 2208
c14
TlOOn
A4
a7 Tk Q12
b c
L o
D7 +
cl.c12
R90 > R104
47R 08 Tn‘ 3R
: -5V
5V
/115
10k
PRESCALER
1 0eS caa s ——O SELECTION
HIGH 200 o 1.no / L A\ INPUT
FREQUENCY O—]
INPUT
R106 R110
100R | ‘caq o 100R S R113 R116
1n0 150R W3
6 110,
013
R107 < R100 7 /111 b
150R 150R 150R
oV Fig. 4. The circuit diagram of the preamplifier
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Fig. 5. The circuit diagram of the control logic
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Fig. 6. The circuit diagram of the display logic

+8V +8V
]
LSD
DISPLAY 1 DISPLAY 2
DL707
a bcde f g a c

DISPLAY 3 - DISPLAY 6

L)
470R

|

DL707
d e | g

!
i

8V +8v
[
MSD
DISPLAY 7 DISPLAY 8
DL707 DL707
& blcid e a b c d e |

%

W2 10 915 M 1WAZ 110 8 15 W W12 10 9 15 W W92 11 10 9 15 14
TAA? T 847 S T4C8A7 4 740547
7 1 711 2 6 71 28 71 2 8
STROBE P % 15 10 9 16 15 10 . 9 16 15 0 9 1% 15 10
ineuT - © i 110 ? i1 T Ic16 r—‘ c17
741575 741575 IC12= IC15 741575 74LS75
p—— 1 13 —13 7 2 13 2
L 21 8 8 1 l 12 1 21 9 81
lﬁ EJ 5 o 74059 - " 741890 —1t 741890
3 2 3 2 3
COMNT o— M hcurt " hasra . A l e 23 Jeef 1=}
7 Ti
4
A |czsu‘
2) e
1C26/2
@ 12
74502 n
1C26/3
Nt ol
74502
Time sec. m sec. 1 sec. PERIOD
it o O O rreq. () TIME < ) -
START | — = RESET
50-1000 MHz 0-50 MHz Q O T
-
Frequency ——M Hz k Hz Hz
Hi. Freg. M Hz k Hz —Hz x 10— i —0 ©
FREQUENCY METER - TIMER i TTE. Suh Lo R R T 0 0 fowms

Fig. 7. The front panel artwork. Full size 320mm x 556mm




Project 140

1GHz FREQUENCY
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Pt.2 Construction

Lab-quality instrument offers superb performance and features at |low cost.

LAST MONTH we described the circuit
details of our new UHF frequency
counter, We now finalise the article with
the constructional side of the project.

Construction
For a project of this complexity it is
almost essential that a PC board be used.
This is especially so in the preamplifier
section where high frequencies are
involved.

The fact that the components are
used as links between the tracks on the
two sides of the board prevents the use
of sockets. Assemble the PC board with
the aid of the overlay taking care to
orientate the ICs correctly as the mark
is sometimes difficult to pick out. As
the component leads are used as feed
throughs it is not practical to build and
test the unit in sections. Ensure that a//
pads on the top side of the board are
soldered. Soldering the top surface is
easiest if the tip of the iron is filed to a

ELECTRONICS TODAY INTERNATIONAL — APRIL 1978

small square point with a shovel shape
which will contact both the track and
the PC pin. The use of a small gauge
solder (0.9 mm) is recommended.

The display board is held in place
with links of tinned copper wire (about
0.5 mm dia). This is most easily done
by initially placing the display board
horizontally on the main board and
inserting loops of wire through the holes
provided (see photo). When all the links
are in place the board can be twisted
into a vertical position and by pulling
on the ends of the links the display
board can be pulled down flush with the
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main board. It can now be soldered
into place. Two additional resistors are
needed per digit; the photo shows their
position. The potentiometers are
mounted on a small bracket (see Fig.20)
before being soldered onto the main
board.

The prescaler, if used, is also
mounted in a similar way except that
due to the small number of connections
the links should be passed through the
holes in the prescaler, bent flush with
both sides and then mated with the
main board. Solder the pads on the
underside of the main board only at this
stage. On the prescaler board there is a
tin plate shield which should be soldered
into position with a fillet of solder.
Don’t solder the top edge yet as capacitor
C15 can only be fitted after the unit is
in the chassis. Also note that the capaci-
tors C43 and C44 are mounted on
the rear of the PCB as shown in Fig. 156
along with R116.

The crystal is fitted into a polystyrene
box (about 50 x 40 x 25 mm) with
transistor Q5, R86, 87 and TH1 being
glued onto the crystal body to act as a
heater and sensor,

Before mounting the unit into the
chassis assemble all the front panel
components, also glueing the polarised
plastic into position. Note that there is
an earth lug under the prescaler input
socket and the nut for the socket should
be in the position shown in Fig. 8 as the
board fits between the nut and the earth
lug which is bent back along the surface
of the board.

The unit should now be temporarily
mounted into the chassis to locate the
prescaler board in its correct position
between the nut on the input socket
and the earth lug. Fix it in this position
by running a small fillet of solder
between the two boards. When the unit
is removed run the fillet of solder the
full length (where there is copper!!) on

both sides of the prescaler board.

Assemble the unit finally and wire it
up as shown in the wiring diagram. The
transformer can be mounted and wired
along with the 5V regulator. Insulation
washersshould be used with thisregulator
even though the case is at earth potential
to prevent any problem of having two
earth points (the other is the lug under
the prescaler input socket).

Errata

On the power supply circuit diagram
last month the transformer was specified
as 240V/15V+15V. It should have been
240V/9V+9V. Also the diodes D16 and
D17 have been shown in reverse polarity.
The regulator I1C47 should have been
marked as a 7905 not 7915.

On the control logic circuit diagram
the diode D17 should have been D18,

The resistor R117 was omitted from
the preamplifier circuit diagram and is
connected between pin 6 of 1C44 and
0V. This is to reduce the sensitivity at
high frequency and improve stability.

The position of the two additional resistors required per

display is shown in this photograph.

-

The prescaler board showing the shield used,

78

The method of mounting the components on the crystal.

ELECTRONICS TODAY INTERNATIONAL — APRIL 1978



|0 1
PB1 - sw2 3 e |
N/O u
B BFe B @[
N/c swa ’?o
sw3 V 45V
) S % SW5
< J 9
B FCO = o
sSW1
TO INPUT TO INPUT
OF PREAMP OF PRESCALER
\ TO PRIMARY
OF TRANSFORMER
EARTH
240V ‘
INPUT
Fig. 8. Rear view of the front panel wiring.
ICs used in the prescaler. SAB1048 mV(p-p)
Most of the ICs used in this project are This is a high frequéncy 4/1 divider 500
standard TTL or CMOS and only the (prescaler) and is designed to operate
prescaler ICs are unusual. For this from a sinewave (50 MHz min) or square
reason details of these ICs are given wave (dc). The output is ECL 0 200} N
below. compatable. The internal circuit - block & \ "";\-~
oM335 diagram is given below. The differential 2 \q,.
This is a high frequency linear amplifier inputs are internally biased and should g a1 s
designed for instruments or TV amp- be ac coupled. If only one input is used - E
lifier. the other should be ac grounded. g %
Gain 27dB typ. Freq. range (sine wave) 50—1000MHz N
Freq. resp. ¥ 1dB  20—1000MHz Sensitivity see graph
Input impedance  75ohm Power requirement 5.2V @ 53mA 20
Output impedance 750hm $OSS° 000 . 200 800 1000 MHz
Power Supply ~ 8-28V dc @ 35mA PR NCY
Fig. 12. Sensitivity of the SAB1048
with a sinewave input.
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Fig. 9. Internal circuit diagram of the OM335. o ov
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Fig. 10. Pin connections of the OM335. Fig. 11. Block diagram of the SAB1048.
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Fig. 17. The chassis of the frequency counter.
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HOLES FOR SELF TAPPERS.
POSITION TO MATCH COVER
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NOTES

G 7 HOLES 9.6 mm

® sHoLEs 6a mm
@ 10HOLES & mm
O 4HOLES3ISmm

MATERIAL: 1 mm PLATED STEEL
ALL DIMENSIONS ARE IN MILLIMETERS



’0 15— 125~= 140-= 160 ~= 180 —=f 200+ 2125« 225+ 265-- 275~ 300 320 =
|

| | ! = f ‘ B
J N 3 | | | | .o~ NOTES.

‘1 by G : é G @ Q O é ﬁ;‘_{ Osumess.emm
s s IO @ @ : G B! s S ® swoLES 6.4 mm

-3

~30

@ O — 4t MATERIAL: 1 mm ALUM. SATIN ANODISED
ALL DIMENSIONS ARE IN MILLIMETERS

Fig. 18. The dimensions of the front panel.

320 INSIDE — -

ik55lNSIDE~—-l I»-,,f —

861 MHdV — TVYNOILVYNHILNI AVAOL SOINOHLO3T3

167

2
(=}
=
m
173

A
O 2 HOLES 10mm

O 1HOLE3Smm

MATERIAL: Tmm ALUM. OR STEEL

NOTES:
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ALL DIMENSIONS ARE IN MILLIMETERS 5

Fig. 20. The potentiometer mounting bracket.

SECTION AA

Fig. 19. The cover for the frequency counter.
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1GHz FREQUENCY IMETER — TIMER

PARTS LIST — ETI 140
Rasistors all %W, 5% unless R109...... 150R C34-C37 . . . . 33n disc ceramic 1C48c e 7818 (500mA version)

stated R1105, 2% < 100R C38.......10u35V electro * 1CA9 " nians 7805 (500mA version)
R1-R56. . ... 470R BI85 N e 150R (0 ¢ PSR S S 10u 10V tantalum
R67-R60. . . .3k3 RIN25: oo 100R CAO: o e 2 334 10V tantalum Qi G E oo 2R8NS
2 o B At oA 33k AR IS G2 o 150R CAVAZN v s 33n disc ceramic 05' """ BD139
R6263. ... . 3k3 RAIE oo e 4k7 C4344..... 1n0 disc ceramic QB G 2N5485
RO%. 0. e e 470R R115...... 10k * all electrolytic capacitors should be Q7 " PN3643, 2N3643
REB68L. <.« 3k3 BI116:. . oo 3k3 the single ended types. Qs ... PN3545' 2N3645
RO7Z:. oo 15k R117...... 4k7 : S gt i S '

& s Variable Capacitors OB o ereive Bite PN3643, 2N3643
RE8....... 330R Rotantiomsters i Q10,11 PN3645, 2N3645
R69,70. . . . . 10k RV1 ...... 1M log PR16PC (Plessey) CVL....... 2—10p trimmer a12sa. " PN3643. 2N3643
Bt ase) o vt 3k3 BV 2! et 1klin ” Semiconductors R '
R72-R74 .10k Thermistor ICV: 2G5 ain's 74574 D3-D9 anaine 1N914
8755 oa o o 470R TH1 Philips 2322 640 90004 IC3-IC9. . .. . 741890 IO et BAWG2
R76% carevarave TOCAE I N i~ Cpaeas P IC10-IC17 . . . 74LS75 D12 135 s s a 1N4004
BT vl 33k Capacitors IC18-1C25 . . . 74L847 D14,15. ... . 1N5404
R7g ....... 10k Chp oriltera ot 22p NPO ceramic 1G280: o o 74502 D16-D18. . . . 1N4004
R79% G ox 5n 33k 07 F R S i) A 10n polyester [C27 = s 741890 %
R8O. . ... .. 470R R 100 * IC28 . . . ... 74510 Displays 18 . . DL707
REYES 9. . 2k2 (o] XJ T A 100p ceramic 1C29,30 . 74LS00 Miscellaneous
T o s e 220R D 1n0 polyester [ (o ) ¢ S 74LS73 PC board. . . . ETI 140A
BB a8 9, ] 1k €6CY. ... .« 100p ceramic 1C32 ..o n oiers 4518 (CMOS) PC board. . . . ETI| 140D
RBASE™ ... o 3k3 CI0 N 220u 16V electro * JC33 o ortee 4520 (CMOS) PC board . ETI 140P
R8687. . ... 47R %W (e § O e 100n disc ceramic G348 ...« 5 4081 (CMOS) Crystal . . ... 4MHz, 30pF, 70°c
RBE N n ™ CI1213 < 5 oia 33u 10V tantalum IC36 ... v 4518 (CMOS) SWI aeie/ee 7201 toggle switch
RBB. ..o o6 o 220R C18. vsa v 100n disc ceramic YCIB /ea oo o 4011 (CMOS) SW23 . .0 7101 toggle switch
B0, e srarers 47R (o) § RIS 1 T 220p silver mica W37 v e 7415123 SWA, . cererere 7211 toggle switch
R91-R95 R C167 v ore s 1n0 disc ceramic IC3B .icvu e 4001 (CMOS) SWB.%. cieenste 7201 toggle switch
R96-R101 .220R C1819... .~ 100n 100V disc IC38 ... s 4011 (CMOS) PBY . s 8168 push button
RI1025 2% % 33R C205% v 10p 100V ceramic 1IC40 s 4013 (CMOS) Transformer . . 240V —-9V+9V@1A
K103 o 100R C2Yic st o= 220u 35V electro* 1G4 ~ o s 4011 (CMOS) PL18/20VA
R104...5 .. % 33R C22-C24 . .. .2500u 16V electro * 1ICA2 Sisve o 9582 (ECL) Metalwork to suit
R105,106 . . . 100R (ov ) FRIA NS 220u 35V electro * IC43 o5% o6 OM335 4 B&C sockets
RIO7: 00 1580R ; C2877 sios o 10u 16V tantalum 1C44.45 . . . .SAB1048P,SAB1034P 3 core flex and plug
RIOB e o 100R Cl s ite 10u 35V electro * IC46 .. ... 7805 (TO3 package) cable clamp

C28-C33 ... .33u 10V tantalum IcC47 ... ... 7905 (500mA version) Piece of polarised plastic
R105 7
c,a L - = 'w" =' ~{CTE}—InPUT
+
% e e} o
1 14 - 7 2
R106 — caa
R107 R108-C = casq be)

DIS 8

4 : 4 114 1 : !
PIST DIs . :

Fig. 13. Component overlay of the display board.
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Fig. 14. Component overlay of the prescaler.

R117

Fig. 15. View showing the position of C43, 44
and R116 on the rear of the prescaler board.
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Fig. 16. The main component overlay. For the connection ot wires
marked A — U see Fig. 8. Wire B goes to the decimal point on DIS 5
(Pin 6) while wire C goes to the decimal point of DIS 1 (Pin 6).
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