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DESCRIPTION

The FCO 1120 is a small and light frequency counter that can measure the
frequency of 10 Hz to 1 GHz and period of 1 nsec to 0.1 sec.

The FCO 1120 can measure even a low frequency in a short time with high
resolution because it measures the time required for one or more cycles of
an input signal and ohtains the frequency through reciprocal calculation on
it by use of a built-in microprocessor.

Values are displayed in exponential notation (8-digit mantissa and one-digit
exponent with sign), and green LEDs, easy on the eye, are used.

A high frequency fuse is used for the high frequency input terminal to
protect the instrument from overvoltage, and the VSYR characteristic is
considered in the design. The FCO 1120 has a 100 kHz low pass filter and a
high accuracy crystal oscillator that enable the measurement of low frequen-
¢y at high precision and a microprocessor that simplifies the logic circuit.

. The self-check function turns on all the LEDs at the time of power input to

find errors.
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2. SPECIFICATIONS

2.1 Frequency Measurement

ey,

@

M®

w

®

+ Time Base generator accuracy & - *
) (Gate time) » (Heasured frequency)

Range

INPUT A: 10 Hz to 100 MHz
INPUT B: 80 MHz to 1 GHz

Gate time

Approx. 100 ms to 10 s (continuously variable)

For the input signal of 100 Hz or lower frequency, the gate time must be
ten times as long as the input signal period.

Yumber of displayed digits (mantissa)

¢ digits: Cate time = Less than 0,1 s approx.
7 digits: Gate time = Less than 1 s approx.
8§ digits: Gate time = More than 1 s approx.

The gate time for the input signal of- 100 Hz or lower frequency must be
ten tines as long as its period, and the number of displayed digits is
deternined by the gate time as dbove.

Unit of measurement (exponent)

0: Oth power of 10 (Hz)

3. 3rd power of 10 (kHz)
§: 6th power of 10 (MHz)
9: 0th power of 10 (GHz)

Accuracy

Trigger error

1 count
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2.2 Period Measurement

(1) Range

INPUT A: 10 ns to 0.1 s
{NPUT B: 1 ns to 12.5 ns

(2) Gate time

Same as ltem (2), Section 2.1.

(3) Number of displayved digits (mantissa)

Same as Item (3), Section 2.1.

(4) Unit of measurement (exponent)

0: 0th power of 10 (s)
-3: -3rd power of 10 (ms)
-§: -6th power of 10 (us)
-9: -9th pover of 10 (ns)

(5) Accuracy

) (Trigger error) « (Measured period)
+ Time Base generator accuracy * - +1 count
Gate time

9.3 Input Characteristics

(1) Sensitivity

INPUT A: 20 mV rms (10 Hz to 100 MHz), ATTx1
' 0.4 V rms (10 Hz to 100 NHz), ATTx20

[NPUT B: 10 aV rms C 80 MHz to 600 NHz)
25 n¥ rms (600 MHz to 900 MHz)
50 oV rms (900 MHz to 1 GHz)

(2) Inmpedance

INPUT A: 1 MR +10%, 30 pF or less (parallel)
(vhen filter is off)

LPUT B: Approx. 50 @ (Between 80 Hiiz and 1 Giz)

—3—
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100 kHz filter
Approx. 100 kliz (-3 dB) For INPUT A only

Input protection fuse (for INPUT B only)

Blows out by 9 V rms for approx. 10 s.

Coupling method
AC coupling (both INPUT A and INPUT B)

Maximum allowable input voltage

LIPUT A: 200 7 (DC +peak), DC to 100 KHz
5V ras, 100 kHz to 100 MHz

INPUT B: 3 V rms

Time Base Generator
Frequency 10 NHz

Frequency stability

Aging rate : £5x1077/month
Temperature : *3x107°(0°C to 40°C)

General Specifications

Display

Exponential notation
(Mantissa = & digits max., Sign of exponent = 1 digit,
Exponent = 1 digit)

Green 7-segment LED
(GATE, FREQUENCY (Hz), PERIOD (sec))

Check function

o Self-check and LED check at the time of power input
o Count operation check by check button

—4—
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Reset function

o Resets display when the RESET button is pressed,

Operating temperature/humidity range

0°C to 40°C, 90% or less

Insulation resistance

Between power source and case, 500 Y DC, 30 MR or more

¥ithstand voltage

Between power source and case, 1500 V AC, 1 min

(Evaluation current = 5 mA)

Power requirements

AC 50/60 Hz, approx. 14 VA

Selectable between 90-125 V and 194-250 V

Dimensions and weight

204C1) x 80CH) x 270(D) mm, approx. 2 kg

pax. 234(Y) x 115CH) x 285(D) mm

Accessories

High frequency fuse (99-09-9811)

Power supply fuse (0.3 A)
Power supply fuse (0.5 4)

B¥-1 cable (BNC connector - Alligator c¢lip)

Operation manual
Power cable
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3.

3.1

3.2

PREPARATION FOR USE
Unpacking and Inspection

Before the instrument is shipped from the factory, it goes through a com-
plete mechanical and electrical test to assure correct operation.

On receiving the instrument, inspect it for any damages that may have been
caused during shipment. If the instrument is damaged, notify the sales
office.

Line voltage

The FCO 1120 operates by the commercial power source of 50/60 Hz single
‘phase, and the line voltage may be within one of the following ranges:

(A 90-126 ¥
(B) 194-250 V

Check the line voltage to be used and set the relevant switch properly.
% Use a screwdriver for setting the switeh.

% Replace fuse if it does not match the line voltage. The fuse is sealed
in a glass tube. The rating of the fuse is shown on the rear panel of
the instrument.

k A power supply cable of 125-volt AC is attached to the standard model
of the FCO 1120. TReplace the cable with the proper one when using the
instrument in the above voltage range (B).

% The metal terminal found on the rear panel of the instrument is a ground
terninal. It is recommended to ground the instrument by this terminal
correctly before inserting the power plug into outlet.
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3.3 Environment

3.4

Do not install the instrument near a heat source or in a place subject to
direct sunlight. Note that extraordinary environments (i.e. gas, dust,
vibration, chemicals, etc.) will extremely shorten the life of the instru-
ment.

High Frequency Fuse Replacement Method
INPUT B is a BNC conmnector having a built-in high frequency fuse. Before
using the iastrument, check if the fuse has not blown out. ¥hen checking
or replacing the fuse, handle the connector as follows:
(1) Fuse:
Sealed in glass tube. 4.6¢ x 8L
(2) Turn the BNC terminal fixing ring counterclockvise and loosen it.
(3) Pull out the BNC terminal by the ring.
(4) Check if the high frequency fuse, found at the tip of the terminal
has not blown out. If it has belown out, replace it with a new high
frequency fuse supplied with the instrument.

% The fuse can be pulled out easily by hand. After pulling it out,
insert the new one into the fuse connector.

(5) After checking or replacing the fuse, insert the terminal into the
holder in the cabinet matching the slit of the holder with the stopper

of the terminal

(6) Turn the terminal fixing ring clockwise and fasten it.



3.5

3.6

3.7

INPUT A Impedance

Since the input circuit of INPUT A is a parallel circuit with the resist-
ance of | MQ +10% and capacitance of approximately 30 pF, INPUT A will have
quite low impedance at high [requency. I an accessory cable is used, the
inpedance will be further lowered by the capacitance of the cable.

Signal Ground and Case Ground

INPUT A and INPUT B cannot be used at the same time. Especially when their
electric potentials are different, it is dangerous to use them simultane-
ously.

Since the metallic parts (signal grounds) around these two terminals are
connected to the case, excessive current may flow if different electric
potentials are connected to INPUT A and INPUT B at the same time. If it is
done, not only the instrument may be damaged out also the measured item may

be burned.

The signal ground and case ground are connected to one another.

Maximum Allowable Input Voltage

INPUT A: 200 V (DC +peak), DC to 100 kHz
5 Yrms , 100 kHz to 100 MHz

INPUT B: 3 Vrms
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4, OQPERATION METHOD

4.1 TFront Panel Features

® POYER
Power syitch. Y¥hen this switch is pressed and locked, power is supplied
and all the LEDs of ® and @ are turned on in the order of 0, L, 2,
9 including three most significant decimal points (LED test).

@ RESET
Reset switch. Press this switch, and the values displaved in ® and ®

are reset as follows: |
. [

EXPONENT

._l

If no signals are input to ® or @ after the reset, zeros remain dis-
played as above, but when a signal is input, counting will be resumed
immediately.

Since this switch is also used for the system reset of the-instrument,
it initializes the states of all the internal circuits.

@ CHECK
Use this switch for verifying count opreation. If the count operation

is executed correctly, ® and ® indicate 10 MHz as follows:
fhen @ is set to FREQ:

1 [ —
PLb. o (L0MHz)
¥hen @ is set to PERIOD
I R
foo oL - 5 (100nsec)

(The information is displayed in the above format vhen ® is set to MIN.)
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@ PERIOD/FREQ
Use this switch for selecting the measurement of period or frequency.
To measure a period, set this switch to the position of PERIOD; the
LED of @ PERIOD (sec) is turned on. To measure a frequency, set this
switch to the position of FREQ; the LED of @ FREQUENCY (Hz) is turned
on. This switch is effective for the signals on both IKPUT A ® and
INPUT B @.

® GATE TIME
This knob determines the gate time. Turn it clockvise, and the gate
time will increase. The gate time can be continuvously varied from,
approximately, 100 ms to 10 s. The number of digits displaved in @
changes with the gate time automatically. The relationship between the
gate time and number of digits is as follows:

Gate time Kumber of digits
Approx. 0.1 s or less| . 6
Approx. 1 s or less 7
Approx. 1 s or more ) 8

% The gate time for the input signal of 100 Hz or lower [requency must
be 10 times as long as its period, and the number of displaved digits
is determined by the gate time as above.
fsig < 100 Hz

1

Gate ti g ——— x1{
ate Lie = Teig (i) -

- 10~
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IKPUT B

BNC comnector with built-in high frequency fuse. Use this terminal when
the signal frequency to be measured is within the range from 80 MHz to

{ GHz. The characteristic impedance is 50 @ (nominal), and the maximum
allowable input voltage is 3 V rms. Do not use INPUT B concurrently
with INPUT A @. The metallic part around INPUT B is connected to the
case.

See Section 3.4 for the method of replacing high frequency fuse.

FILTER

When this switch is turned on, a low pass filter is inserted, Since the
frequencies above 100 kHz are attenuated, trigger errors at low frequen-
cies are reduced to enable measurement at high precision. This switch
is effective only for the signals on IHPUT A @.

ATT

Choose x1 or x20 according to the signal level at INPUT A @.

The input sensitivity for 10 Hz to 100 MHz is 20 mV rms at xI and 0.4V
rms at x20.

INPUT A

Use this terminal vhen the signal frequency to be measured is within the
range [rom 10 Hz to 100 MHz. The input impedance is 1 MQ =10%, 30 pF
approximately. The maxinum allowable input voltage is 200 V (DC +peak)
for DC to 100 kHz and 5 V rms for 100 kKz to 100 MHz.

This terminal must not be used comcurrently with INPUT B ®.

PERIOD (sec)
Indicates the operation mode to measure period. The unit of measurement
is second (sec).

FREQUENCY (Hz) .
Indicates the operation mode to measure [requency. The unit of measure-

nent is hertz (Hz).
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LED to display exponent of count value expressed in power of 10.
The display mode is as follows:

Frequency Period

0 Hz 0. sec
3 kliz -3 msec
6 lHz -6 usec
) Gliz -9 nsec

LED to display up to 8-digit mantissa of count value. The number of
displayed digits is determined by GATE TINE ®.

GATE
Goes on when the gate is open. ¥hen this lamp is off, the count opera-

tion is not performed.

Fote: 5 seconds is required at least until next power on, if power switch

@ will be turned off.
Whthin 5 seconds, if power switch will be turned on, sell test proce-
dure (4.1, @) can not operate. This is normal operation.

A capacitor coupling method is adopted as the input coupling method
for this instrument. Therefore, asynchronous waves and the pulse
yaves whose duty ratio is greater than approximately 5 to 1 may not
pe measured correctly. Most of these waves, however, can be measured
correctly if the input signal level is Jowered.

_12_
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4.2 Rear Panel Features

® AC poWer input module. Comnmect this module to the AC power source using
the power cable supplied with the instrument.

@® Line voltage switch. Before manipulating this switch, be sure to pull
out the power plug from the outlet.
For 90-125 V, select A and use a fuse of 0.5 A.
For 194-250 V, select B and use a fuse of 0.3 A,

® FUSE
Fuse in AC line. The fuse rating must conform to the line voliage as
above.
The fuse size is: 6.4¢ x 30 mm

® Ground terninal for case. Ground the case by this terminal to prevent

noise and keep safety. The signal ground of the instrument is also
- connected to the case.

—-13-
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4.3 Preparation for Measurement and Operation Check
(1) Turn on the POYER switch of @ to supply power.

(2) The FCO 1120 starts self-check operation and turns on all the LEDs of
® and ® in the order of 1, 2, 3, ..... 9 including three most signif-
icant decimal points. After turning on the LEDs once, the FCO 1120
perforns other self-check operation and initialization.

The LED of @ or @ is turned on according to the mode selected by ®.

(3) Then, the LED of GATE ® goes on and off, and the measurement is
started.

(4) Press the CHECK button @ to verify the count operation. The count
operation is executed correctly if 10 MHz or 100 ns is displaved as
explained in Item @, Section 4.1.

% Measuremeat can be started by the above procedure, but it is recommended

to alloy the warm-up time ol 30 or more minutes to assure accuracy of
the measurement.
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4.1 Heasurement by INPUT A (10 Hz to 100 MHz)

W

&)

€))

<)

select FREQ (for frequency measurement) or PERIOD (for period measur-
enent) by switch @.
% The LED of @ goes on for FREQ, and that of @ goes on for PERIOD.

Connect the signal to be measured to INPUT A ®.

Adjust ATT for stable counting.

% 1f the input signal level is 0.4 V rms or lover, select x1;
otherwise, select x20. The counter operates correctly within the
following ranges of input levels:

x1 : 20 mV rms to 1 V rms
x90: 0.4 Vrms to 5 V rms

% If the input signal frequency is 100 kHz or lower and the signal
level is low, turn on switch @. Then, the low frequency can be
measured within being much affected by noise.

% The maximum allowable input voltages are as follows:

200 ¥ (DC +peak) for DC to 100 kiz
5V rms for 100 kHz to 100 MHz

% If a counting error occurs because the input signal wave is asymmet-
ric, set ATT to x20. Particularly for the TTL signal, ATT must be
set to x20. .

Turn the GATE TINE knob ® from MIN to MAX direction and set a desired
resolution. The GATE LED ® blinks according to this setting. See
Iten ®, Section 4.1 for details.
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4.5 Masurement by INPUT B (80 KlHz to I GHz)
(1) Same as ltem (1), Section 4.4.
(2) Comnmect the signal to be measured to 1NPUT B ®.
% INPUT B is a BNC comnector with a built-in high frequency fuse.
See Iten ®, Section 4.1 for details.

% The maximun allowable input voltage for INPUT B is 3 V rms.

(3) Same as Item (4), Section 4.4.

— 16—
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5. OPERATION PRINCIPLE

5.1 Block Diagram

INPUT A

10 Hz'
- 100MHz

|CHECK}

INPUT B

80 MHz
- 1 GHz

lRESET}

:D________

AC 50/60 Hz
90-125 V
194-250 Vv

X1 . -
ATT AGC Fre Time Base
%20 . quency
100 ! ampli- ™ devider Generator
FILTER KEz fier 1/10 10 MHz
INPUT 4, FRaSE
10 MHz
switch
32-bit
counter
NpasE
F
Prescaler INPUT A/B 516 32-bit
1/256 switch counter
Ns1g
[
Level
detector
GATE
TIME
Y
uCPU
| 'PREQ/PERIOD } ROM
+5V -5V
1 t Display
Power
supply
circuit
—-17-
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5.2 Operation Principle

The input signal and time base signal are counted by different counters,
the ratio of the imput signal to the time base signal is calculated by
nicroprocessor, and the {requency of the input signal is obtained.

This can be expressed by the following equation:

FBASE Fsic
Nease  lsic

where
Fpase = Time base generator frequency
Fsie = Input signal frequency
Nsase = Time base signal count

Nsia Input signal count

The above equation can be transformed as follows:

Nsic
Fsig = —— + FBASE
NBASE

Thus, frequency of the input signal ‘can be obtained.

In the similar way, period of the input signal can be obtained by the
following equation:

NBASE 1
Tsig = — +« —/—
Ksic FBASE
The FCO 1120 can measure frequency and period at high precision because it
uses a crystal oscillator of high stability for Fpase and 32-bit counters

for obtaining Nsase and Nsia,

Also, the instrument uses a microprocessor for controlling the exponential
display of count vales and LED test.

P 18_
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6. CALIBRATION

6.1 How to Remove Case

Unfasten screws at the four corners of the rear pamel; then, the plastic
rear panel comes off and the top and bottom covers of the instrument can be
removed.

6.2 Calibration Method

(1) Set the instrument in the frequency measurement mode according to the
instruction in Section 4.4,

(2) Turn the GATE TIME dial ® clockvise up to the maximum.

(3) Comnmect the signal output from a standard frequency oscillator to INPUT
A @).
% The standard frequency oscillator must have the accuracy of 1x10°®
or higher at 10 MHz.

(4) Turn the 10 MHz AD) trimmer of the built-in time base generator till

the instrument diaplays 10.000000E6 plus/minus 1 count.
(% The character “E” is not displayed.)

L) 10HHz ADJ

1) FREQ/PER10D [ é%
Power
2) GATE TIME E: : transformer
INPUT B
3) INPUT AT

10 x 10° (1 £1 x 107°) Hz

% Before removing the case for the purpose of calibration, allow a warm-up
time of { hour or longer.

% Temperature compensation is not considered for the time base generator of
the instrument. Since the temperature drift indicated by the specifica-
tions may occur, the instrument should be calibrated in the room tempera-
ture of 23°C #3°C.
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