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Safety Summary
No. FSDOO

To ensure thorough understanding of all functions and to ensure efficient use of this instrument, please read the 
manual carefully before using. Note that Advantest bears absolutely no responsibility for the result of operations 
causcd due to incorrect or inappropriate use of this instrument.

I f  the equipment is used in a manner not specified by Advantest. the protection provided by the equipment may 
be impaired.

• Warning Labels

Warning labels are applied to Advantest products in locations where specific dangers exist. Pay 
careful attention to these labels during handling. Do not remove or tear these labels. I f  you have 
any questions regarding warning labels, please ask your nearest Advantest dealer. Our address 
and phone number are listed at the end of this manual.

Symbols of those w arning labels are shown below together with their meaning.

DANGER: Indicates an imminently hazardous situation which will result in death or serious 
personal injury.

WARNING: Indicates a potentially hazardous situation which w ill result in death or serious 
personal injury.

CAUTION: Indicates a potentially hazardous situation which will result in personal injury or 
a damage to property including the product.

• Basic Precautions

Please observe the following precautions to prevent fire. bum. electric shock, and personal inju
ry.

• Use a power cable rated for the voltage in question. Be sure however to use a power cable 
conforming to safety standards of your nation w hen using a product overseas.

• When inserting the plug into die electrical outlet, first turn the power switch OFF and then 
insert the plug as far as it w ill go.

• When removing the plug from the electrical outlet, first turn the power switch OFF and then 
pull it out by gripping the plug. Do not pull on the power cable itself. Make sure your hands 
are dry at this time.

• Before turning on the power, be sure to check that the supply voltage matches the voltage 
requirements of the instrument.

• Be sure to plug the power cable into an electrical outlet which has a safety ground terminal. 
Grounding will be defeated if  you use an extension cord which does not include a safety 
ground terminal.

• Be sure to use fuses rated for the voltage in question.

• Do not use this instrument with the case open.
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Safety Summary

• Do not place objects on top o f this product. Also, do not place flower pots or other containers 
containing liquid such as chemicals near this product.

• When the product has ventilation outlets, do not stick or drop metal or easily flammable ob
jects into the ventilation outlets.

• When using the product on a cart, fix  it with belts to avoid its drop.

• When connecting the product to peripheral equipment, turn the power off.

Symbols indicating items requiring caution which are used in this manual are shown below to
gether with their meaning.

DANGER: indicates an item where there is a danger o f serious personal injury (death or seri-

WARNING: Indicates an item relating to personal safety or health.

CAUTION: Indicates an item relating to possible damage to the product or instrument or relat-

Caution Symbols Used W ithin th is  Manual

ous injury).

ing to a restriction on operation.

• Safety Marks on the Product

The following safety marks can be found on Advantest products.

ATTENTION - Refer to manual.

Protective ground (earth) terminal.

: DANGER - High voltage.

CAUTION - Risk of electric shock.
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Safety Summary

Precautions when D isposing of th is  Instrument

When disposing o f harmful substances, be sure dispose of them properly with abiding by the 
state-provided law.

Harmful substances: (1) PCB (polycarbon biphenyl)
(2) Mercury
(3) Ni-Cd (nickel cadmium)
(4) Other

Items possessing cyan, organic phosphorous and hexadic chromium 
and items which may leak cadmium or arsenic (excluding lead in sol 
der).

Example: fluorescent tubes, batteries
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Environmental Conditions
This instrument should be only be used in an urea which satisfies the following conditions:

• An area free from corrosive gas

• An area away from direct sunlight

• A dust-free area

• An area free from vibrations

Direct surli ' 'hf

Dust /

Vibration

Figure-1 Environmental Conditions

Instrument Placement

Front Keep at least 10 centimeters o f space 
between the rear panel and any other 
surface

Figure-2 Instrument Placement

This instrument can be used safely under the following conditions:

• Altitude o f up to 2000 m 

Installation Categories 11 

Pollution Degree 2
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No. ECA01

There are six power cable options (refer to following table).

Order power cable options by Model number.

Table of Power Cable Options

Plug configuration Standards Rating, color 
and length

Model number 
(Option number)

US: Japan

Law on Electrical Appliances

125 V at 7 A 
Black 
2 m (6 ft)

Straight: AO 1402 

Angled: A01412

UL: United States of America 

CSA: Canada

125 Vat 7 A 
Black 
2 m (6 ft)

Straight: AO 1403
(Option 95) 

Angled: A01413

CEE: Europe
DEMKO: Denmark
NEMKO: Norway
VDE: Germany
KEMA: The Netherlands
CEBEC: Belgium
OVE: Austria
FIMKO: Finland
SEMKO: Sweden

250 V at 6 A 
Gray 
2 m (6 ft)

Straight: AO 1404
(Option 96) 

Angled: A01414

SEV: Switzerland 250 V at 6 A 
Gray 
2 m (6 ft)

Straight: A01405
(Option 97) 

Angled: A01415

SAA: Australia, New Zealand 250 V at 6 A 
Gray 
2 m (6 ft)

Straight: AO 1406
(Option 98) 

Angled: ---------

BS: United Kingdom 250 V at 6 A 
Black 
2 m (6 ft)

Straight: A01407
(Option 99) 

Angled: A01417
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SECTION 1
GENERAL INFORMATION

1-1. General
The TR5821/5822/5823/5823H are compact, inexpensive universal counters 
with the capabilities comparable to medium-scale counters. These are the 
It became possible to process data with a self-diagnostic function and 
various operations (by using TR1644). Since GPIB, BCD (TTL) 
output, and analog output (D/A converter) are available, these 
equipments can support various system.
TR5821 is a universal counter that can measure frequencies of up to 
120 MHz, and can display results in arbitrary form with TR1644 
(an extra-cost option).
The TR5822 has the same functions as the TR5821 plus a built-in GPIB 
interface, and the functions of the TR5823 include an ultrahigh-frequency 
measurement (1.3 GHz) and a burst signal measurement in addition to the 
functions of the TR5821.
The TR5823H is provided with the high-stability oscillator (aging rate: 
5 x l 0 “8/day) as a standard feature plus the capabilities of the TR5823.

* The TR5823 described in this manual also includes the functions of the 
TR5823H.
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1-2. C aution

1. With POWER ON, self-check is automatically initiated; any failure will pro
duce an error message “E01, E07, E10” for about 2s. When POWER is ON 
after RESET ON, check of panel switches is performed (See instruction 
manual 3-3-3 for details).

2. When a panel switch is pressed, function is selected and the instrument is in 
the standby state; when released, operation is strarted in the TOT. mode, 
totalize operation continues but display is held while the ON/OFF switch is 
being pressed (GATE lamp on); when released (GATE lamp off), totalized 
result is displayed.

3. Though selectable by function selector switch, 4 ^ position on 
T R 5821/5822 is not used. Move to any other position.

4. In case of frequency measurements (FREQ.B/TR5821, TR5822, 
TR5823, TR5823H), when the rapid switching of input frequency 
happen, the tim ing of switched frequency may cause, the 
measurement time to get longer.

5. Damage input levels are shown as follow.

[Vrms]
500-

INPUT A, INPUT B ATTX10.X1 00

MAXIMUM 
AVAILABLE 
NPUT VOLTAGE

50V rms
TR5823 INPUT C

TR5821/5822/5823 5V rms

10 100 1k 10k 100k 1 M 10M100M1G 
INPUT FREQUENCY [Hz]
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SECTION 2
SPECIFICATIONS

2-1. Electrical Performance

Frequency measurement (FREQ. A)
Range : 10 Hz to 120 MHz 
Gate time : 10 ms, 0.1 s, 1 s, or 10 s 
Unit display : Hz, kHz, or MHz 
Accuracy : ± 1 count ± time base accuracy

Frequency measurement (FREQ. B)
Range : 1 mHz to 50 MHz
Gate time : 10 ms (9 ms to 0.1 s), or 1 period time of input frequency 

below 10 Hz. Five display digits.
0.1 s (90 ms to 1 s), or 1 period time of input frequency 

below 1 Hz. Six display digits.
1 s (0.9 s to 10 s), or 1 period time of input frequency below 

0.1 Hz. Seven display digits.
10 s (9 s to 100 s), or 1 period time of input frequency below 

10 mHz. Eight display digits.
Unit display : mHz, Hz, kHz, or MHz
Accuracy : ± (Trigger error/10m) ± 1 count ± time"base accuracy 

Where 10m is the number of periods. See 5-3-2. 
N ote:W hen the rapid  sw itch in g  o f in p u t frequency  

happen, the tim in g  of sw itched frequency m ay  
cause, the m easurem ent tim e to get longer.

Frequency measurement (FREQ. C) (TR5823)
Range : 100 MHz to 1300 MHz (1/20 prescaled)
Gate time : 20 ms, 0.2 s, 2 s, or 20 s 
Unit display : Hz, kHz, MHz, or GHz 
Accuracy : ± 1 count ± time base accuracy

Period measurement (PERIOD B)
Measurement range: 20 ns to 999.99999s (including when averaged)
Multiplier ( 10n) : 10°, 1 0 \  102 , or 103
Time unit :1 0 0  ns
Unit display :  ns, / j s ,  ms, or s
Accuracy : ± (Trigger error/10n) ± 1 count ± time base accuracy
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Time interval measurement (T.l. A - +  B)
Range : 200 ns to 999.99999 s 
Multiplier (10n) : 10°, 101, 102 , or 103 
Time unit : 100 ns 
Unit display : ns, ijs, ms, or s
Accuracy : ± (Trigger errorly j\ 0n) ± 1 count ± time base accuracy 
Dead time : 50 ns

Frequency ratio measurement (RATIO A/B)
Range : DC to 50 MHz 
Multiplier (10n) : 10°, 1 0 \  102,or 103 
Unit display : m, k, or M
Accuracy : ± (Input B trigger error/10n) ± 1 count ± Input A accuracy 

Totalize (TOT. A)
Range : DC to 50 MHz, 0 to 99999999

Input Specifications

INPUT A/B
Input sensitivity

Sensitivity switching 
Input voltage range 
Damaging input level

Input coupling mode 
Input impedance 
Pulse resolution 
Trigger level

Trigger slope 
Common/Separate

Masking

Noise rejection

: 25 mVrms, DC to 100 MHz
55 mVrms, 100 MHz to 120 MHz 

: x l , xlO, and xlOO 
: 25 mVrms to 500 mVrms (at x l)
: DC to 100 kHz: 100 Vrms (x l) , 150 Vrms (xlO or 

xl GO)
100 kHz to 120 MHz: 5 Vrms (x l), 50 Vrms (xlO or 
xlOO)

: DC or AC coupled, or AUTO (AC coupled)
: Approx. 1 M£2//30 pF, COM. A approx. 500 k£2 
: 10 ns
: Approximately —1 V to +1 V continuously variable. 

In the AUTO mode, the trigger level is automatically 
set to the half-amplitude of the peak value of the 
signal to be measured.

: +/— switchable
: COM. handles inputs A and B as common input.

SEP. handles inputs A and B separately.
: Approx. 0.1 ms to 0.1 s. The masking time can be 

monitored at CHECK mode.
: 100 kHz low-pass filter
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INPUT C (TR5823 o n ly )
Input sensitivity 
Sensitivity switching 
Input voltage range 
Damaging input level 
Input coupling mode 
Input impedance 
Burst mode

Noise rejection

20 mVrms, 100 MHz to 1300 MHz 
xl and xlO
20 mVrms to 500 mVrms (at x l)
5 Vrms (with protection fuse)
AC coupled 
50 a
BURST switch operation enables burst signal mea
surement.
Automatically suppressed by ANS (Automatic Noise 
Suppressor) (ON-OFF switching)

Time Base
Internal reference frequency : 10 MHz 
Frequency stability : Aging rate: ±5 x 10~7/month

Temperature stability: ±5 x 10‘6(0°C to ±40°C)
Line voltage: ±2.5 x 10“7(100 V ± 10%)

Internal reference output: Frequency: 10 MHz
Output voltage: 1 Vp.p to 2 Vp.p 
Output impedance: approx. 500 £2 

External reference input: Frequency: 10 MHz
Input voltage: 1 Vp.p to 10 Vp.p 
Input impedance: approx. 500 t l

2-2. General Specifications

Display : 8 decimal digits
Green, 7-segment LED, display storage method 

Sample rate : 50 ms or hold
Self-check : Counting operation check by internal reference signals 
Operating environment : Temperature: 0°C to +40°C 

Relative humidity: 85% or less 
: —20°C to +70°C
90 - 1 1 0  V, 108 - 1 3 2  V, 198 -  242 V, 216 -  250 V
50 Hz to 400 Hz,
40 VA or le ss  (TR5821/22/23)
(W)240 x (H)88 x (D)280 mm approx.
3.5 kg or less (TR5821)
4 kg or less (TR5822/5823)

Storage temperature 
Power requirements

Power consumption
Dimensions
Mass
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GPIB data output & remote control
Standard : IEEE STD. 488—1978
Interface functions : Source and acceptor handshake 

Talker/listener 
Service request 
Device clear 

Code used : ASCII code
Remote-programmable functions : Function

Gate time/Multiplier 
Hold

BCD data outpui
Data : Digit parallel
Output digits: Mantissa 7 digits, exponent 1 digit
Output level : TTL, positive logic

D/A converter (requires TR1644)
Output voltage : 0.999 V full-scale
Conversion digits : Any 3 consecutive'digits 
Output terminal : Binding post 
Output impedance : Approx. 1 kH 
DA output is not done a t the function  o f TOT.

High-stability reference oscillator
Stability : Aging rate: 5 x 1 O'8/day

Temperature characteristics: ±1 x 10'7, 0°C to +40° C 
The internal reference output and external reference input specitications 
are the same as the standard time base.

2-3. Options

TR1644 Calculation Unit
Math mode : ± (addition, subtraction), x (multiplication), -r (division), 

DAC (D/A converter mode), comparison, delta, Max., Min., 
%, scaling, arithmetic operation between set values by using 
= key (±, x, -r)

Digit : Setting: Mantissa 8 digits, exponent 1 digit
Display: 8 digits
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Option combinations

Only one kind of interface can be attached to all products except for TR5821. 
(O ptions to be in sta lled  in  ADVANTEST side)

Name of 
type Product code Built-in interface

TR5822
5822-GP
5822-BCD
5822-DA

Equipped with GPIB
Equipped with BCD output
Equipped with D/A converter (TR1644 must be
prepared separately)

TR5823

5823
5823-GP
5823-BCD
5823-DA

Equipped with GPIB
Equipped with BCD output
Equipped with D/A converter (TR1644 must be
prepared separately)

TR5823H

5823H
5823H-GP
5823H-BCD
5823H-DA

Equipped with GPIB
Equipped with BCD output
Equipped with D/A converter (TR1644 must be
prepared separately)

2-4. Accessories Supplied

(1) Power cable *1 .....................................  I
(2) Input cable (A 0 1 0 3 6 -1 5 0 0 )......................................................................................... I
(3) Input cable (MI-03) ....................................................................................  I
(4) Slow-blow fuse (T0.4A) (AC100/120 Vac)*2................................................ 2
(5) High-frequency fuse (TR5823/5823H only)..........................................  2
(6) Instruction Manual ......................................................................................  I
(7) Carrying Case (TR16202) (To be purchased separately).......................  I

*1: ADVANTEST provides the power cables for each country.
*2: T0.2A for 220,240 V ac
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SECTION 3
OPERATIONS

3-1. Preparation and Cautions Before Use

3-1-1. Inspection

After receiving this unit, check it for any damages that may have occurred 
during transit, especially for damage of panel switches and terminals. Should 
any damage be found or if the unit does not operate as specified, contact 
your nearest ADVANTEST representative.

3-1-2. Storage
For long-term storage, place the unit in a vinyl cover or cardboard box and 
store it at low-humidity out o f direct sunlight.

3-1-3. Transportation

To transport this unit, use the original packing. If the packing has been 
discarded, pack it as follows:
(1) Wrap the unit in a vinyl.
(2) Place the unit in a cardboard box having walls at least 5 mm thick. Place 

packing of 40 mm or thicker under, all around, and over the unit.
(3) After covering the unit with packing, fit the accessories in the box and 

place packing over them. Close the cardboard box, then secure the box 
with packing tape.

3-1-4. General Cautions Before Use

(1) Power supply
The power voltage has been set at factory; it is indicated above the 
power cable on the rear panel. Use a power supply of 100 V ac±10%, 
or 120/220 V ac ±10%, 240 V ac +4%, —10% at a frequency of 
50 Hz to 400 Hz. Check that the POWER switch is set to STBY before 
connecting the power cable to the power source.

(2) Power cable
The power cable has a 3-prong plug; the round prong in the center is for 
ground. When connecting the plug to the power receptacle via an adap
ter, connect the wire leading out of the adapter to ground.
(See Figure 3-1.)

3-1



Adapter

Fig. 3-1 Power cable plug and adapter



A fuse is installed into the outlet on the rear panel. The check 
or replacement of the fuse should be done as follows. (Applicable 
fuses are shown in Table 3-1.)
To change an AC line voltage, pull the voltage selector out with 
a pair of long-nose pliers and so on, and then set the AC line 
voltage. You can see the selected AC line voltage on the face of 
the voltage selector.

R e p la c e m e n t of a  fu se

CD Take a fuse out of the 
outlet on the rear panel.

Pull out with a flatblade 
screwdriver and so on.

Check or replace a fuse 
and then put it back into 
the outlet.

y  Applicable fuse

T a b le 3 - 1  Setting  for AC line vo ltage

AC line voltage Display of set voltages Applicable fuse
100V 1 100 1 TO. 4A/250V120V 1 120 1
220 V |220 | T0.2A/250V240V 1 240 |



(4) Operating environment
Use this unit in a location free from dust, direct sunlight, and corrosive 
gases. The environmental conditions for use are a temperature of 0°C 
to +40°C and a relative humidity of 85% or lower.

(5) Shock
This unit has a crystal oscillator; so do not subject it to strong mechani
cal shock.

(6) STBY
When the power cable plug is connected to a power receptacle, the 
reference oscillation circuit starts operation and the unit enters the 
standby state; measurement is enabled immediately after the unit is 
POWERed ON. Since the reference oscillator is not temperature com
pensated, the frequency fluctuates as shown in Figure 6-2 after POWER 
ON, even if the unit has been set to STBY with the power cable plug 
connected, to a power receptacle.

(7) Selection of time base signal
Either the external or internal time base signal can be used by operating 
the INT. STD OUT./EXT. STD IN. switch on the rear panel. INT. STD 
OUT. selects the internal time base signal and outputs it. EXT. STD IN. 
allows input of an external time base signal (1 Vp.p to 10Vp.p, 500£2, 
10 MHz).
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3-2. Description of Panels

3-2-1. TR5821/5822 Panels ( To see Figure 3-2.)
(T) Power

The mainframe is not powered when the POWER switch is set to STBY, 
but the reference oscillator is activated in this state if the power cable 
plug is connected to a power receptacle. The mainframe is powered 
when the POWER switch is set to jl ON.

©  FUNCTION
Every time (5) is pressed, the lamp indication changes CHECK -> FREQ. 
-* PERIOD -*■ T.l. -*■ RATIO cyclically, and the function indicated 
by the lighted lamp is selected; (o] key operation shifts the lamp indica
tion in the opposite direction. When TOT is selected, the gate opens/ 
closes each time (g) is pressed. For other functions, the @  switch 
operates as a RESET switch. (See (̂ T) for RESET.)

(3) GATE
Monitor lamp for counting operation. The lamp is on during counting 
(measurement).
When counting operation is done at high speed, the MONITOR 
lamp lights at short time intervals and seems to disappear.

©  OVER

This lamp goes on when the measurement result exceeds the counting 
capacity.

©  Numerical display section

Green, 7-segment LED display of 8 digits.

(§) Unit display section

Displays the unit of the measurement result.
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7 Inm[9883869]

Fig. 3-2 Panel descrip tion
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(7 ) MASK
The signal to be measured is masked by pressing 1 to light the lamp 
within the switch. Set the masking time with control d ). (FREQ. A can
not be masked.)

®  MASK TIME
A control for setting the masking time.

@  SLOPE
Trigger point slope selector switch. + sets the trigger point at the positive 
slope and — sets it at the negative slope.

@  LEVEL
A control for triggering the signal to be measured at the proper level. 
The trigger voltage can be adjusted within a range of about —1 V to 
+1 V.

(H) SENS.
Selects the input sensitivity.

@  FILTER
When the switch is set ON, the 100kHz (approx.) low-pass filter is 
activated on both A and B channels.

(13) LEVEL 
See @ .

@  AC-AUTO-DC
Input coupling selector switch. AC and AUTO cut out the DC compo
nent and routes the AC component into the input circuit. AUTO auto
matically sets the trigger voltage to the 50% level of the voltage to be 
measured. DC routes both AC and DC components into the input 
circuit.

(0) INPUT B
Channel B input connector.

@  SEP./COM. A
SEP. is used for two separate inputs A and B, whereas with COM. A the 
signal to be measured on channel A is common to both channels.

(g ) SLOPE

©  SENS.
See (H).



@  INPUT A
Channel A input connector.

AC-AUTO-DC
See

@  GATE TIME/MULTIPLIER
For setting the gate time (CHECK, FREQ. A, FREQ. B) or average mea
surement time multiplier (PERIOD, T.I., RATIO). Each time (E>) is 
pressed, the lamp indication shifts 10 ms/10° -* 0.1 s /101 -> 1 s /102 -* 
10 s /103 -*■ 10 m s/10° -> . . .  cyclically, and the gate time or the multi- 
plier is set to the value indicated by the lighted lamp. When [ w  ] is 
pressed (the lamp within the switch goes on), counting is made once, 
then stops. Each time RESET is pressed in the hold state, a counting 
is made, then stops. When [~lq ] is pressed again, the lamp within the 
switch goes off and the hold function is deactivated. RESET initializes 
the operation of this unit (without changing the functions).

@  RMT
The lamp goes on when this unit is in the remote state. In this case, no 
operation is made when a panel switch is pressed. (For GPIB remote 
control)

@  AC 100 V
Indicates the available voltage. Use 100/120/220 V ac at ±10%, 
or 240 V a c +4%,-10%.

@  T0.4A
Indicates the rating of the fuse in use. Use a 0.4 A slow-blow fuse for 
100/120 V ac;use a 0.2A slow-blow fuse for 220/240 V ac.

©  STD ADJ.
Trimmer for adjusting the internal reference oscillator.

@  INT. STD OUT./EXT. STD IN.
Internal reference oscillator and external reference signal selector switch. 
INT. STD OUT. selects the internal reference oscillator and outputs the 
frequency value at © .  When EXT. STD IN. is selected, the external 
reference signal fed to ©  operates this unit.

©  Reference signal I/O connector. See © .

©  GPIB connector
GPIB connector is used to connect this unit to the GPIB interface for 
externally controlling function, gate time/multiplier, hold of this unit.
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0  POWER
The mainframe is not powered when the POWER switch is set to 
JL STBY, but the reference oscillator is activated in this state if the 

power cable plug is connected to a power receptacle. The mainframe is 
powered when the POWER switch is set to ON.

@  FUNCTION
Each time (o) is pressed, the lamp indication changes CHECK -* FREQ. 
-* PERIOD T.l. -»• RATIO . . .  cyclically, and the function indicated 
by the lighted lamp is selected; 0  key operation shifts the lamp indica
tion in the opposite direction. When TOT. is selected, the gate opens/ 
closes each time ®  is pressed. For other functions, the ( g  switch 
serves as a RESET switch. (See 0  for RESET.)

0  GATE
Monitor lamp for counting operation. The GATE lamp is on during 
counting (measurement).

0  OVER
This lamp goes on when the measurement result exceeds the counting 
capacity.

0  Number display section
Green, 7-segment LED display of 8 digits.

0  Unit display section
Displays the unit of the measurement result.

0  MASK
The signal to be measured is masked by pressing [^T| to light the 
lamp within the switch. Set the masking time with the control 0  
(FREQ. A and FREQ. C cannot be masked.)

0  MASK TIME
A control for setting the masking time.

©  LEVEL
A control for triggering the signal to be measured at the proper level. 
The trigger voltage can be adjusted within a range of about —IV to +1V.

@  SLOPE
Trigger point slope selector switch. + sets the trigger point at the positive 
slope and -  sets it at the negative slpe.

(fl) SENS.
Selects the input sensitivity.

3-2-2. TR5823 Panels (To see Figure 3-3.)
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©  ANS/FILTER
When this switch is set to ON, the 100 kHz (approx) low-pass filter is 
activated on both A and B channels, and ANS of channel C is set to ON.

(JJ) LEVEL 
S e e ®

@  SLOPE
See © .

©  AC-AUTO-DC
Input coupling selector switch. AC and AUTO cut out the DC compo
nent and routes the AC component into the input circuit. AUTO auto
matically sets the trigger voltage to the 50% level of the voltage to be 
measured. DC routes both AC and DC components into the input cir
cuit.

@  SENS.
Selects the input sensitivity.

(n) INPUT B
Channel B input connector.

@  SEP./COM. A
SEP. is used for two separate inputs A and B, whereas with COM. A 
the signal to be measured on channel A is common to both channels.

©  INPUT A
Channel A input connector.

@  AC-AUTO-DC
See © .

@  GATE TIME/MULTIPLIER
Same as @  in 3-2-1 “TR5821/22 Panels.” For FREQ. C, the gate time 
becomes twice as long.

@  INPUT C
^Channel C input connector.

@  SENS.
See © .

@  BURST
When ( ^ ]  is pressed, the lamp within the switch goes on and burst 
signal measurement is enabled. The measurement starting point can be 
changed by using the MASK switch.

@  RMT
Same as @  in 3-2-1 “TR5821/5822 Panels.”

@  to ©
Same as @  to @  in 3-2-1 “TR5821/5822 Panels.”
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3-3. Basic Operating Procedure

This section explains how to use each function of the TR5820 series. Check 
the model name before operation. For convenience, the TR5823 is used in 
illustrations.

3-3-1. Self-diagnostics Function (CHECK)

(g)(2) ® ©

----------------------------------Fig. 3-4 Self-check routine--------------------------------

Check 3-1-4. “General Cautions Before Use” before powering the unit.
(7 ) POWER ON starts the self-diagnostics function which checks the micro

processor, two LSIs, and existence of the reference signals. When no 
error is found, all segments and indicator lamps (except the GATE lamp 
and decimal point) go on (about 2 seconds) for checking. Then, this 
unit is initialized to:

FUNCTION................CHECK
GATE T IM E ............. 10 ms
Other functions . . . .OFF

(2 ) 10.000 MHz is displayed and the GATE lamp blinks.
(3 )  Display readout changes as below with each press of GATE TIME (o)

10.000 MHz 
© 0 .1 s  10.0000 MHz 
©  Is 10.00000 MHz
(o ) l0 s  10.000000 MHz 

Press (o) again to set GATE TIME to 10 ms.
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(4 )  Press [°««] to light the lamp within the switch. Turn the MASK TIME 
control to see that the display changes approximately 100 /is to 100 ms. 
Press [T«« 1 to deactivate the masking function.

(3 ) Press 1 to light the lamp within the switch;the GATE lamp goes off.
(6 ) Press RESET; the GATE lamp blinks once.

(7 )  Press 1 to release the hold; the GATE lamp starts blinking again.

3-3-2. Error Messages
An error message is displayed when an error is found during self-diagnostics 
and when an arithmetic operation or data setting error is found. A self
diagnostics error message is displayed for about 2 seconds, and the operation 
shifts to CHECK (some errors may cause it inoperative). When an arithmetic 
operation or data setting error message is displayed, the operation stops. 
Table 3-1 lists the error messages; the cause of each message may be found 
in any other place than those listed below.

Table 3-2 Error m essage types and error locations

Error message Error location
c  o  IL. « Microprocessor (ROM, RAM)

£ 01 Crystal oscillator or External reference signal is not provided 
with the selector switch being setto EXT.STD.IN.

C  / n '  u Panel switch
r D • 
c  <_ * No EXP at DAC
r -  n  n  C L_ A • exists at DAC
»- n  z>C I---f Display upper limit exceeded
r -  n i i  

” Display lower limit exceeded (See Note (9) on page 7-6.)
i -  n  c  
c  <____ i Measurement value or data is zero

Note on "E07" display: Disconnecting and reconnecting action of the power plug in 
less than 1-second interval with POWER switch ON may cause display of E07. This is 
not a functional error; it is displayed because the crystal oscillator takes time before it 
starts to oscillate.



When the POWER switch is set to ON while the RESET key is pressed, the 
following is displayed and the operation enters the panel switch check mode:

3-3-3. Panel Switch Check

t ’ t V  t V
a b c d e

When each key is pressed, the number that corresponds to the key is dis
played at the location indicated by a to e. If no number is displayed or a 
number that does not correspond to the key is displayed with press of a key, 
the cause is assumed to be a defective switch.

TR1644 keys
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3-3-4. Frequency Measurement

(1) FREQ. A (10 Hz to 120 MHz) (TR582175822/5823)

----------------------Fig. 3-5 Frequency measurement (FREQ.A) —

(T) POWER ON and check for CHECK operation.
©  Set FUNCTION to FREQ. A
(3) Connect the signal to be measured to INPUT A.
@  Set the SEP./COM. A switch to SEP.
(5) Set each switch according to the signal to be measured.
(6) Select a GATE TIME according to the required precision.

(2) FREQ. B (1 mHz to 50 MHz) (TR5821/5822/5823)
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(T) POWER ON and check for CHECK operation.
©  Set FUNCTION to FREQ. B.
(3) Connect the signal to be measured to INPUT B.
(?) Set the SEP./COM. A switch to SEP.
(5) Set each switch according to the signal to be measured.
(6) Select a GATE TIME according to the required precision.

(T) POWER ON and check for CHECK operation.
(2) Set FUNCTION to FREQ. C.
(3) Connect the signal to be measured to INPUT C.
(4 ) Set the input sensitivity according to the signal to be measured.
(5) Select a GATE TIME according to the required precision. GATE TIME 

for FREQ. C will be 20 ms, 0.2 s, 2 s, 20 s, respectively.
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(4) Burst measurement (FREQ. C) (TR5823)

----------------------------------- Fig. 3-8 Burst measurement-----------------------------

(T) POWER ON and check for CHECK operation.
©  Set FUNCTION to FREQ. C.
©  Connect the signal to be measured to INPUT C.
©  Set the input sensitivity according to the signal to be measured.
©  Check that the display fluctuates, then press the BURST switch.
©  Select a GATE TIME according to the required precision. The burst 

width must be longer than the GATE TIME.
©  Pressing the MASK switch enables delay start. Delay time can be set 

by MASK TIME control ®  to initiate a belated measurement.

3-17



3-3-5. Period Measurement (PERIOD B)

(7) POWER ON and check for CHECK operation.
@  Set FUNCTION to PERIOD B.
(3) Connect the signal to be measured to INPUT B.
(4) Set the SEP./COM. A switch to SEP.
(?) Set each switch according to the signal to be measured.
(6) Select a MULTIPLIER according to the required precision.

3-3-6. Time Interval Measurement (T.l. A B)
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(2) Set FUNCTION to T.l. A B.
(3) For single-signal measurement, set the SEP./COM. A switch to COM. A 

with the signal of interest connected to INPUT A.
(4) When two signals are to be measured, connect the start signal (the signal 

generated first) to INPUT A and the stop signal (the signal generated 
later) to INPUT B, then set the SEP./COM. A switch to SEP.

(5) Set the SLOPE switch according to the start and stop points on the 
slope.

(6) Set each switch to suit the signal to be measured.
(7) Select a MULTIPLIER according to the required precision.

3-3-7. Frequency Ratio Measurement (RATIO A/B)

(T) POWER ON and check for CHECK operation.

---------------------------- Fig. 3-11 Frequency ratio measurement-------------------

(7) POWER ON and check the CHECK operation.
(2) Set FUNCTION to RATIO A/B.
(3) Set the SEP./COM. A switch to SEP., then connect the signals to be 

measured to INPUT A and INPUT B.
(4) Set each switch according to the signals to be measured.
(5) Select a MULTIPLIER according to the required precision.
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3-3-8. Totalize (TOT. A)

(T) POWER ON and check for CHECK operation.
Q) Set FUNCTION to TOT. A.
(3) Set the SEP./COM. A switch to SEP., with the signal of intereset con

nected to INPUT A.
(4) Set each switch according to the signal to be measured.
(5) Press the ©  switch and release it, then the GATE lamp in the display 

section goes on and counting starts.
(6) Press the ®  switch again, then the counting stops, the GATE 

lam p goes out, and the final counted va lu e is  d isplayed.
(7) When the HOLD lamp is not on ( .^ 1  ), the previous totalized value 

is reset; when the HOLD lamp is on ( L, ; ), the previous totalized 
value is added to the current totalization. If the counting result exceeds 
the display capacity (8 digits), the OVER lamp in the display section 
goes on.
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A masking circuit triggered by the signal to be measured inhibits the signal 
to be measured, thus ignoring the signal of interest for the period of masking 
time after being triggered by the signal.

3-3-9. Masking

Consider measuring Tx of the signal shown below. When MASK is OFF, 
Tx' is measured. Setting the masking time to Tm will enable the measure
ment of Tx.

---  Tx
Tx'

Tm

Masking can be utilized in the FREQ. B, PERIOD B, T.l. A ->B, RATIO 
A/B, and TOT. A functions.
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INPUT C connector of the TR5823 is fuse protected. Use the following 
procedure to replace the fuse.

(1) Fuse rating

3-3-10. High-freqency Fuse Replacement

Part No. Rating Manufacturer
251.125 Axial lead 1 /8A 

Subminiature picofuse
Littelfuse, Inc.

TR5823
(3) How to cut off the fuse

Cut off

4 mm 4 mm

Use sharp pliers to cut the fuse. A 
tweezers, exerting a stress on the fuse.

(4) Replacement procedures
(7) Remove the connector barrel by turning the outer ring counterclock- 
^  wise.

Remove the blown fuse.
Insert the fuse (which is cut out as described above) into the small 
hole in the center of the connector barrel. (Insertion is made 
easier by rotating the fuse or the connector.)
Guide the slit on the BNC barrel to the stopper on the TR5823 con
nector body and insert the fuse into the central hole in the connec
tor.
Gently turn the outer ring clockwise.
Tighten the ring. Care should be taken not to overtighten.

©

©

©
©

3 -2 2



SECTION 4 
GPIB INTERFACE

4-1. Introduction

Among the TR5820 series, GPIB interface is standard on the TR5822 and 
optional on the TR5823, enabling them to connect to a GPIB, IEEE Standard 
488-1978. This section describes the GPIB specifications and functions. 
(GPIB: General Purpose Interface Bus)

4-2. General Outline of the GPIB
The GPIB is an interface system for simple cable (bus line) connections 
between measuring equipment and controller or peripheral devices.
The GPIB is much easier to use than conventional interface systems and 
includes a greater expansion capacity. And since it is compatible electrically, 
mechanically and functionally with other manufacturers’ equipment, it is 
possible to construct a wide range of systems from relatively simple systems 
up to high-performance automatic measuring systems by using a single bus 
cable.
In GPIB systems, the “address” of individual component devices connected 
to the bus line should be first set. Each of these devices may have one or 
more of the controller, talker or listener roles. During system operation, only 
one “talker” can transmit data via the bus line, while several “listeners” can 
receive that data. The controller designates the “talker” and “listener” 
addresses and transfers data from the “talker” to the “listener”, or the con
troller itself (“talker”) may set measuring conditions for the “listener”.
Eight bit-parallel byte-serial data lines are used for data transfer between 
different devices, bidirectional transmission being possible in asynchronous 
mode. Furthermore, in asynchronous systems, it is also possible to connect 
high-speed and low-speed devices together in any configuration.
The data (messages) transferred between devices includes measurement data, 
measuring conditions (program) and various different commands. ASCII 
code is employed.
In addition to the 8 data bus lines mentioned above, the GPIB also includes 
3 handshake lines for control of asynchronous data transfer between devices, 
and 5 control lines for management of the data flow on the bus.
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• The following signals are used on the handshake line.
DAV (Data Valid)..................... Signal indicating validity and availability

of data.
NRFD (Not Ready For Data) . Indicates that the device is not ready

to receive data.
NDAC (Not Data Accepted) . . Indicates that data is not accepted.

• And the following signals are used on the control line.
ATN (Attension)........................Signal used to specify whether the data

line signal is an address or command, or 
some other data.

IFC (Interface Clear)................ Signal for clearing the interface.
EOI (End or Id en tify )............. Signal used upon completion of data

transfer.
SRQ (Service Request)............. Signal used in making a request for con

troller service from any device.
REN (Remote Enable)............. Signal used in remote control of devices

with remote control capacity.

Fig. 4-1 GPIB outline
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4-3-1. GPIB Specifications

Standard : IEEE Standard 488-1978
Codes used : ASCII
Logic level : Logic 0: High, +2.4 V or higher

Logic 1: Low, +0.4 V or lower 
Signal line terminal : The 16 bus lines are terminated as shown below.

4-3. Specifications

Fig. 4-2 Signal line termination

: Open collector type 
Low output voltage : +0.4 V or lower, 48 mA 
High output voltage : +2.4 V or higher, —5.2 mA 

: Low state : +0.6 V or lower
High state : +2.0 V or higher

Bus cable length : The total bus cable length must be (the number of 
devices connected to the bus) x 2 m or less, not ex
ceeding 20 m.

Address specifications: Any of 31 talk/listen addresses can be set by operat
ing the address selector switch on the rear panel. 
TALK ONLY mode can also be specified.

Connector : 24-pin GPIB connector
57LE -  20240 -  77COD3591 
(manufactured by D.D.K.)

Driver

Receiver
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24-pin GPIB connector

Signal name Pm No

GND LOGIC 24

GND. (ATN) 23

GND (SRQ) 22

GND (IF C ) 21

GND (NDAC) 20

GND (NRFD) 19

GND (DAV) 18

REN 17

DIO 8 16

DIO 7 1 5

DIO 6 14

DIO 5 13

Pm No. Signal name
12 SHIELD

11 ATN

10 SRQ

9 I FC
8 NDAC

7 NRFD
6 DAV

5 EOI

4 DIO 4

3 DIO 3

2 DIO 2

1 DIO 1

Fig. 4-3 GPIB connector pin assignment

4-3-2. Interface Functions

Table 4-1 Interface functions

Code Function
SH1 Source handshake
AH1 Acceptor handshake
T5 Basic talker, Serial poll. Talk only mode. Unaddressed to talk if addressed to listen
L4 Basic listener. Unaddressed to listen if addressed to talk

SR1 Service request
RL1 Remote function
PPO No parallel poll function
DC1 Device clear (SDC and DCL commands can be used.)
DT1 Device trigger (GET command can be used.)
CO No controller function
E1 Open collector driver
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4-4. Data Formats
4-4-1. Talker Format (Data Output Format)

(1) Header

Q ©
j *—  —  Overflow 

-------- Unit

0  : Overflow
i— i : No overflow.
F : Indicates that unit of output data is Hz.

This is output when the measurement function is any of the 
following:

CHECK 
FREQ. A 
FREQ. B 
FREQ. C

S : Indicates that the unit of output data is s.
This is output when the measurement function is either PERIOD 
B or TIME INTERVAL.

_1 i : Indicates that the output data has no unit.
This is output when the measurement function is either RATIO 
or TOTALIZE.

(2) Data sign
“ i_(space): for +
“ -  ” : for -
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(3) Data
Data (8 digits) + decimal point (1 digit)
The decimal point is fixed to the second position from the leftmost.

(4) Exponential sign and data
E + 15
5

• E + 00
5

E -  12

(5) Data delimiters
®  : CR, LF, EOI 
0  : LF
(c) : EOI (synchronous with the last data)
Three types of delimiters (a to c) can be selected by programs.

* When HEADER of the address switch on the rear panel is set to OFF, 
two space codes are output in the header position.
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4-4-2. Listener Format (Remote Code)

(1) Function setting code

Code Function
F 0 CHECK
F 1 FREQ. A
F 2 FREQ. B
F 3<*> FREQ. C
F 4 PERIOD
F 5 TIME INTERVAL
F 6 RATIO
F 7 TOTALIZE (OFF)
F 8 TOTALIZE (ON)

* F3, though settable, will not activate the operation in the TR5822, 
which is not provided with the FREQ. C.

(2) Gate time (multiplier) setting codes

Code Gate time (multiplier)
G 0 10ms (X 1)
G 1 100ms (X 10)
G 2 1 s (X 100)
G 3 10s (X 1000)

(3) Delimiter setting codes (Output delimiters)

Code Delimiter
DL 0 CR/LF. EOI
DL 1 LF
DL 2 EOI
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(4) SRQ setting codes

Code Function
S 0 
S 1

Outputs SRQ.
Does not output SRQ.

(5) HOLD setting codes

Code Function
S2 HOLD released
S3 HOLD

(6) Other codes

Code Function
E
C

Trigger (same as GET) 
Clear (same as DCL, SDC)

GET (Group Execute Trigger)...........Measurement start
SDC (Selected Device Clear) ...........Initialization of equipment
DCL (Device Clear)

(7) Code recognition
Invalid characters in remote codes are ignored.
Examples:
o F9 — 9 is ignored and the next data is read (F is valid)

F90 — Recognized as FO. 
o G510 — Recognized as G1.

With input of 5, G5 is not valid; 5 is ignored and the next 1 is read. 
Since G1 is valid, G1 is set as the remote code, 

o FG32 — Recognized as G3.
FA32 -  Recognized as F3.
If a valid letter (F) is followed by another valid letter (G) before the 
formation of the valid code (F3), the last entered letter (G) is made 
effective and the previous one (F) is ignored.
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The following initial settings are made at POWER ON of this unit or when 
universal command DCL, address specification command SDC, or program 
code C is received from the controller:

Function : CHECK 
Gate time : 10 ms 
Delimiter : CR, LF, EOI 
Service request : S1 (not to output SRQ)
HOLD : S2 (not to hold)

44-3. Initial Values

4-4-4. Input Delimiter

Input delimiter is LF or EOI. When a controller that outputs CR or EOI is 
used, add P at the end of the program code.
Example: F1G 1S3EP

44-5. Service Request

Service request is made when the data is output on completion of measure
ment.
Status byte:

When a service request is issued, this unit sends the status byte shown 
below to the controller in response to the serial polling from the con
troller.

(MSB) D8 D7 D6 D5 D4 D3 D2 D1

0 1 0 0 0 0 0 1

o D1 = 1: 
Measurement com
pletion bit

Note: In the S1 mode (SRQ 
OFF), D7 of this unit is 
not set to 1.
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4-5. GPIB Operating Procedures

4-5-1. Connection to Component Devices

Since a GPIB system includes a number of component devices, pay special 
attention to the following points during preparation of the overall system.

(1) Before connecting up the component devices (as described in the respec
tive instruction manuals for the TR5820 Series, controller and peripheral 
devices), first check the preparation status (readiness) and operation of 
each device.

(2) The connecting cable for the measuring equipment and the bus calbe for 
controller connections should be no longer than necessary. The length 
of the bus cable in particular must not exceed the prescribed length. 
The total bus cable length is (number of devices connected to the bus) 
x 2 m max., and not in excess of 20 m. The following standard bus 
cables are available from ADVANTEST.

Table 4-2 Standard bus cables (To be purchased separately)

Length Stock No.
0.5 m 408JE-1P5
1 m 408JE-101
2 m 408JE-102
4 m 408JE-104

(3) When using bus cable connections, do not use 3 or more connectors in 
combination. Also check that the connector securing screws are properly 
tightened.
Bus cable connectors are “piggyback” types with both plug and socket 
sides, thereby enabling connectors to be stacked.

(4) Do not switch on the power for each of the component devices until 
power requirements, grounding condition and, if necessary, the setting 
conditions have been properly checked.
The power for all devices connected to the bus must be switched ON. 
If the power for even a single device is left off, the entire system may 
fail to properly operate.

(5) Be sure to disconnect power from the instrument when connecting or 
removing the bus cable.
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(1) When the counter is set to Remote, the RMT lamp to the left of the 
front panel readout goes on.

(2) While the RMT lamp is on, the following switches are disabled:
FUNCTION selector switch 
GATE TIME selector switch 
RESET switch 
HOLD switch 
MASK switch 
BURST switch
All switches on the TR1644 Calculation Unit (accessory)

* The sliding switches and controls at the input section remain valid in 
the Remote State.

(3) The Remote settings (such as function) are retained when the state of 
the counter is changed from Remote to Local by the controller unless 
the POWER switch of the counter is set to OFF. When the counter is 
returned to the Remote state after altering the state to Local and chang
ing the settings by operating the panel switches, the previous Remote 
settings are retained. (It appears that the settings such as function are 
also changed by simply changing the state from Local to Remote.) 
(See the positions indicated by the arrows in Figure 4-4.)

4-5-2. Panel Description
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(7) ADDRESS switch
DIP switch for setting the counter bus address (talker or listener address). 
Bits 1 to 5 set the counter address code. If bit 6 is set to ADDRESS
ABLE, the counter can be addressed by the controller, while if set to 
TALK ONLY, the counter will act as a “talker” irrespective of the 
ADDRESS 1 to 5 settings. If bit 7 is set to “ 1”, the header is trans
mitted during data transmission, but if set to “0”, the header section 
becomes a space code.

(2) GPIB connector
The 24-pin connector for bus cable connections. Since this is a “piggy
back” type connector, standard bus cables can be used joined to each 
other. However, not more than 3 connectors should be stacked toge
ther in this fashion.

4-5-3. Address Setting
The universal counter talk address and listen address within the GPIB system 
are set by the rear panel ADDRESS switch.
This switch is a 7-bit (7-position) DIP switch where any of 31 different 
addresses may be set by bits 1 to 5 (positions 1 to 5).
The 00100 setting shown in Fig. 4-5, for example, corresponds to decimal 
“4 ”. When expressed in ASCII code, this example corresponds to “D” for 
talker, and “$” for listener (see Table 4-3).
When bit 6 is set to ADDRESSABLE, the counter will respond only when 
the address designated by the controller matches the address set by the 
counter (ADDRESS 1 to 5). When set to TALK ONLY, the counter becomes 
a talker irrespective of the address set by ADDRESS.
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When bit 7 is set to “1”, the 2-character header is transmitted during the 
data transmission. When set to “0” , however, the 2 characters become space 
codes.

Table 4-3 Address code table

ASCII code character ADDR ESS switches Decimal codeLISTEN TALK A5 A4 A3 A2 A1
SP @ 0 0 0 0 0 00| A 0 0 0 0 11 01
" B 0 0 0 1 0 02
# C 0 0 0 1 1 03
$ D 0 0 1 0 0 04
% E 0 0 1 0 1 05
& F 0 0 1 1 0 06' G 0 0 1 1 1 07
( H 0 1 0 0 0 08
) I 0 1 0 0 1 09* J 0 1 0 1 0 10
+ K 0 1 0 1 1 11
. L 0 1 1 0 0 12
- M 0 1 1 0 1 130 N 0 1 1 1 0 14
/ 0 0 1 1 1 1 15
0 P 1 0 0 0 0 16
1 Q 1 0 0 0 1 17
2 R 1 0 0 1 0 18
3 S 1 0 0 1 1 19
4 T 1 0 1 0 0 20
5 U 1 0 1 0 1 21
6 V 1 0 1 1 0 22
7 w 1 0 1 1 1 23
8 X 1 1 0 0 0 24
9 Y 1 1 0 0 1 25

2 1 1 0 1 0 26
; I 1 1 0 1 1 27
< \ 1 1 1 0 0 28
= I 1 1 1 0 1 29
> ~ 1 1 1 1 0 30
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(1 )  T o  use  t h e  c o u n te r  in  o n ly  m o d e ,  t h e  re a r  p a n e l  A D D R E S S  s w itc h  m u s t  
b e  s e t  t o  t h e  T A L K  O N L Y  p o s i t io n ,  a n d  th e  a d d re s s  m o d e  o f  th e  o th e r  
d ev ic e s  c o n n e c te d  to  th e  b u s  lin e  s h o u ld  a lso  b e  se t  t o  o n ly  m o d e .  N o te ,  
h o w e v e r ,  t h a t  d u r in g  o n ly  m o d e  th e  c o n tr o l le r  s h o u ld  n o t  b e  u s e d . I f  
th e  c o n t r o l le r  is o p e r a te d  d u r in g  o n ly  m o d e ,  th e  c o n t r o l le r  c o m m a n d  
w ill b e  d is r e g a rd e d ,  a n d  th e  c o u n te r  m a y  fa il  t o  o p e r a te  p r o p e r ly .

(2 )  P o w e r  fa ilu re  d u r in g  o p e r a t i o n
I f  th e r e  is a p o w e r  fa ilu re  ( in c lu d in g  m o m e n ta r y  p o w e r  fa i lu r e s )  d u r in g  
o p e r a t io n  o f  th e  G P IB  s y s te m  ( in c lu d in g  th e  u n iv e rsa l  c o u n te r ) ,  n o rm a l 
o p e r a t io n  c a n n o t  b e  g u a ra n te e d  a f te r  th e  p o w e r  is r e s to r e d .  N o rm a lly ,  
th e  c o m p le te  s y s te m  is in i t ia l iz e d  a g a in . P o w e r  fa ilu re  p ro c e s s in g  fo r  
th e  o th e r  d ev ic e s  in c lu d e d  in  th e  s y s te m  m u s t  a lso  b e  c o n s id e re d .

(3 )  C o n tr o l le r  i n t e r r u p t  d u r in g  d a ta  t r a n s f e r  b e tw e e n  d ev ic es
In  th e  G P IB  s y s te m , d a ta  t r a n s f e r  b e tw e e n  d ev ic e s  a p a r t  f ro m  th e  c o n 
t r o l le r  is a lso  p o s s ib le .  I f  a n  in te r r u p t  is g e n e ra te d  in  o r d e r  t o  a d d  a n o 
th e r  l is te n e r  o r  to  s w itc h  th e  c o n t r o l le r  t o  se ria l p o ll in g  m o d e  d u r in g  
d a ta  t r a n s f e r  (h a n d s h a k e  o p e r a t i o n )  b e tw e e n  d e v ic e s , th e  d a ta  t r a n s f e r  
is s u s p e n d e d ,  a n d  p r io r i ty  g iven  to  th e  c o n t r o l le r  i n te r r u p t  o p e r a t io n .  
U p o n  c o m p le t io n  o f  th e  i n te r r u p t  p ro c e s s ,  th e  p re v io u s  d a t a  t r a n s f e r  
o p e r a t i o n  is r e s u m e d .
U s u a lly ,  th e  s y s te m  is t o  b e  p ro g ra m m e d  so  t h a t  th e  c o n t r o l le r  w i l l  

re c o g n iz e  th e  d a ta  t r a n s f e r  s t a t e .

4-5-4. General Precautions during Operation
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4 -6 . P ro g ra m m in g  N o te s
4 -6 -1 . S im p lif ie d  O p e r a t io n a l  F lo w  C h a r t  (D a ta  S e n d in g )
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4 -6 -2 . S e riv c e  R e q u e s t  O p e r a t io n
T h e  fo llo w in g  o p e r a t i o n  is  m a d e  w h e n  a se rv ice  is r e q u e s te d  o n  c o m p le t in g  
th e  m e a s u re m e n t  c y c le .  K e e p  th is  in  m in d  a t  p ro g ra m  p r e p a r a t io n .

(1 )  W ith  s e ria l p o ll in g

Addressed to  ta lk

Data is updated 
if  measurement 
cycle is com 
pleted during 
th is period.

SRQ is set to  Data does no t 
ON, and data ex is t; operation 
is updated. waits fo r the 

next data.
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(2) When serial polling is not used

Addressed to  ta lk
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4 -6 -3 . D a ta  S e n d in g  T im in g
(1 )  W h en  m e a s u re m e n t  is s t a r te d  b y  p ro g ra m

( 2 )  W h en  m e a s u re m e n t  is s t a r te d  m a n u a l ly  o r  b y  f re e - ru n
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4 -6 -4 . P ro g ra m m in g  E x a m p le s
P ro g ra m  e x a m p le s  o f  th e  s a m e  o p e r a t io n  u s in g  t w o  d i f f e r e n t  c o n tr o l le r s  are 
s h o w n  h e r e .  S in ce  th e s e  p r o g r a m s  c o v e r  a ll m e a s u re m e n t  f u n c t io n  o p e r a 
t io n s ,  th e y  c a n  b e  u s e d  as t e s t  p r o g r a m s .

(1 )  A f t e r  s p e c i f y i n g  t h e  IN P U T  A ,  g a t e  t i m e s  o f  l e s s  t h a n  0 .1  s ,  a n d  
a  h o l d i n g  s t a t e ,  m e a s u r e m e n t  d a t a  i s  c a p t u r e d  w i t h  a  t r i g g e r .

(D E x a m p l e  f o r  P C 9 8 0 1  s e r i e s  ( u s i n g  N 8 8 B A S I C  f o r  M S - D O S )

•  P r o g r a m

1000 •
1010 ISET IFC
1020 ISET REN
1030 CNT=8
1040 PRINT @CNT;"C"
1050 PRINT @CNT:"FI, Gl, S3’
1060 PRINT @CNT:"E"
1070 INPUT @CNT:A$
1080 PRINT AS
1090 GOTO 1060
1100 END
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• Explanation

1 0 1 0 C l e a r s  t h e  s e t t i n g  o f  a n  i n t e r f a c e .
1 0 2 0 S e t s  R e m o t e  E n a b l e .
1 0 3 0 A s s i g n  t h e  a d d r e s s  o f  t h i s  e q u i p m e n t  t o  a  v a r i a b l e .
1 0 4 0 C l e a r s  t h e  s e t t i n g  o f  t h i s  e q u i p m e n t .
1 0 5 0 S p e c i f i e s  t h e  IN P U T  A ,  g a t e  t i m e s  o f  l e s s  t h a n  0 .1  s ,

a n d  a  h o l d i n g  s t a t e  i n  t h i s  e q u i p m e n t .
1 0 6 0 T r i g g e r s  m e a s u r e m e n t  ( A  c o m m a n d  o f  s t a r t i n g

m e a s u r e m e n t )
1 0 7 0 R e a d s  m e a s u r e m e n t  d a t a .
1 0 8 0 D i s p l a y s  t h e  m e a s u r e m e n t  d a t a  o n  C R T .
1 0 9 0 G o e s  b a c k  t o  a  l i n e  1 0 6 0 .
1 1 0 0 C o m p l e t e s  t h e  p r o g r a m .

•  D a t a

F 1.2345000E + 06 
F 1. 2345000E + 06 
F 1. 2345000E 4- 06 
F 1.2345000E + 06

4-20



(2> E x a m p l e  f o r  H P - 2 0 0  s e r i e s

•  P r o g r a m

1000 I
1010 Cnt=708
1020 CLEAR Cnt
1030 OUTPUT Cnt;"F1,Gl,S3'
1040 TRIGGER Cnt
1050 ENTER Cnt;AS
1060 PRINT AS
1070 GOTO 1040
1080 END

•  E x p l a n a t i o n

1 0 1 0 A s s i g n  t h e  a d d r e s s  o f  t h i s  e q u i p m e n t  t o  a  v a r i a b l e .
1 0 2 0 C l e a r s  t h e  s e t t i n g  o f  t h i s  e q u i p m e n t .
1 0 3 0 S p e c i f i e s  t h e  IN P U T  A ,  g a t e  t i m e s  o f  l e s s  t h a n  0 .1  s ,

a n d  a  h o l d i n g  s t a t e  i n  t h i s  e q u i p m e n t .
1 0 4 0 T r i g g e r s  m e a s u r e m e n t  (A  c o m m a n d  o f  s t a r t i n g

m e a s u r e m e n t )
1 0 5 0 R e a d s  m e a s u r e m e n t  d a t a .
1 0 6 0 D i s p l a y s  t h e  m e a s u r e m e n t  d a t a  o n  C R T .
1 0 7 0 G o e s  b a c k  t o  a  l i n e  1 0 4 0
1 0 8 0 C o m p l e t e s  t h e  p r o g r a m .

•  D a t a

F 1. 2345000E + 06 
F 1. 2345000E + 06 
F 1.2345000E + 06 
F 1. 2345000E -r- 06
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(2 )  T h e  c o n t r o l l e r  t r i g g e r s  m e a s u r e m e n t  u n d e r  a  S Q  m o d e  a s  n e e d s  
c o m e  u p .  T h e  c o n t r o l l e r  c a n  e x e c u t e  o t h e r  p r o g r a m s  u n t i l  t h e  
m e a s u r e m e n t  e n d s .  A f t e r  f i n i s h i n g  t h e  m e a s u r e m e n t ,  t h e  
c o n t r o l l e r  a c c e p t s  a  s e r v i c e  r e q u e s t  f r o m  t h e  e q u i p m e n t ,  r e a d  
d a t a ,  a n d  t h e n  g o  b a c k  t h e  p r e v i o u s  e x e c u t i o n  a g a i n .
T h i s  e x a m p l e  a s s u m e s  t h a t  o n l y  a n  e q u i p m e n t  s e n d s  a  s e r v i c e  
r e q u e s t .

CD E x a m p l e  f o r  P C 9 8 0 1  s e r i e s
( u s i n g  N 8 8 B A S I C  t h a t  i s  n o t  f o r  M S - D O S )

•  P r o g r a m
(1/2)

1000
1010 DFF SEG=&H60
1020 AX=PEEK(4H9F3)
1030 AM AND &HBF
1040 POKE &H9F3, A%
1050 ISET IFC
1060 ISET REN
1070 CMD DEL IM=0
1080 CNT=8
1090 ON SRQ G0SUB *SRQR0UTINE
1100 PRINT eCNT;"C"
1110 PRINT @CNT;’F1, G2, SO'
1120
1130 ' ********** MAIN ROUTINE **********
1140 SRQ ON
1150 FOR 1 = 1 TO 1000 : NEXT I
1160 PRINT 8CNT:'E"
1170 FLAG=0
1180 IF FLAG=1 THEN 1160
1190 GOTO 1180
1200 END
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( 2 / 2 )

1210 •
1220 ' * * * * * * * * * *  s r q  ROUTINE **********
1230 ♦SRQROUTINE
1240 POLL 8, S
1250 IF S<>65 THEN 1300
1260 INPUT iCNT:AS
1270 PRINT ’STATUS="+STRS(S)
1280 PRINT "FREQ='+ASr* Hz"
1290 FLAG=1
1300 SRQ ON
1310 RETURN

•  E x p l a n a t i o n
(1/2)

1 0 1 0 C l e a r s  S R Q  o f  G P - I B  f o r  P C 9 8 0 1 .
s N o t e  : I n  N 8 8 B A S I C  f o r  M S - D O S ,  s p e c i f y  " 1 0 1 0  :

1 0 4 0 D E F  S E G  =  S E G P T R ( 7 ) .
1 0 5 0 C l e a r s  t h e  s e t t i n g  o f  a n  i n t e r f a c e .
1 0 6 0 S e t s  R e m o t e  E n a b l e .
1 0 7 0 S e t s  a  d e l i m i t e r  t o  C R  +  L F .
1 0 8 0 A s s i g n  t h e  a d d r e s s  o f  t h i s  e q u i p m e n t  t o  a  v a r i a b l e .
1 0 9 0 S p e c i f y  t h e  f i r s t  a d d r e s s  f o r  t h e  S R Q  r o u t i n e .
1 1 0 0 S p e c i f i e s  t h e  IN P U T  A ,  g a t e  t i m e s  o f  l e s s  t h a n  0 .1  s ,

a n d  a  h o l d i n g  s t a t e  i n  t h i s  e q u i p m e n t .
1 1 4 0 P e r m i s s i o n  t o  r e c e i v e  S R Q .
1 1 5 0 S p e c i f i e s  a  w a i t  t i m e .
1 1 6 0 T r i g g e r s  m e a s u r e m e n t  (A  c o m m a n d  o f  s t a r t i n g

m e a s u r e m e n t )
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( 2 / 2 )

1 1 7 0 C l e a r s  a  f l a g  t o  t e r m i n a t e  a n  i n t e r r u p t - s e r v i c e
r o u t i n e .

1 1 8 0 A  l o o p  t o  s e r v i c e  a n  i n t e r r u p t  a n d  t o  w a i t  f o r  a n
S i n t e r r u p t .

1 1 9 0
1 2 0 0 C o m p l e t e s  t h e  p r o g r a m .
1 2 4 0 S e r i a l  p o l e
1 2 5 0 G o e s  t o  a  l i n e  1 3 0 0  i f  a n  s e r v i c e  r e q u e s t  t o  o u t p u t

d a t a  i s  n o t  s e n t .
1 2 6 0 R e a d  m e a s u r e m e n t  d a t a
1 2 7 0 D i s p l a y s  a  s t a t u s  b y t e  o n  C R T .
1 2 8 0 D i s p l a y s  t h e  m e a s u r e m e n t  d a t a  o n  C R T .
1 2 9 0 S e t s  a  f l a g  t o  t e r m i n a t e  a n  i n t e r r u p t - s e r v i c e

r o u t i n e .
1 3 0 0 P e r m i s s i o n  t o  r e c e i v e  S R Q .
1 3 1 0 G o e s  b a c k  t o  t h e  m a i n  r o u t i n e .

•  D a t a

STATUS= 65
FREQ=1. 2345000 + 06Hz
STATUS= 65
FREQ=1. 2345000 + 06Hz
STATUS* 65
FREQ=1. 2345000 + 06Hz
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SECTION 5
PRINCIPLES OF OPERATIONS

5 -1 . I n t r o d u c t i o n
T h is  c o u n te r  c o n s is ts  o f  a c e n tr a l  m ic ro p ro c e s s o r ,  tw o  L S I s ,a  d isp la y  I C ,a n d  
an  in p u t  c i r c u i t .  T h e  c e n t r a l  m ic ro p ro c e s s o r  c o n tr o l s  t h e  tw o  L S Is fo r  m e a s 
u r e m e n t ,  p ro c e s se s  th e  o b ta in e d  d a ta ,  a n d  ro u te s  th e  p ro c e s s e d  d a ta  t o  th e  
d isp la y  IC  o r  t h e  e x te r n a l  in te r f a c e  c i r c u i t .  I t  a lso  c o n tr o l s  th e  p a n e l  s w itc h e s  
a n d  c h a n g e s  t h e  m e a s u re m e n t  f u n c t io n  a c c o rd in g  t o  th e  in fo rm a t io n  f r o m  th e  
p a n e l .  T h u s ,  th e  i n s t r u m e n t  is o p e r a te d  c o m p le te ly  u n d e r  c o n tr o l  o f  th e  
m ic ro p ro c e s s o r .  T h is  c o u n te r  a lso  h a s  a s e lf -d ia g n o s t ic s  f u n c t io n  b y  m e a n s  o f  
th e  m ic ro p ro c e s s o r  i ts e lf .  F ig u re  5-1 sh o w s  th e  b lo c k  d ia g ra m .

5 -2 . O p e r a t io n  o f  E a c h  B lo c k
5 -2 -1 . I n p u t  C i rc u it
T h e  i n p u t  c i rc u it  sh a p e s  a n y  s ig n a l  t o  b e  m e a s u re d  i n to  a w a v e fo rm  so  th e  
s u b s e q u e n t  lo g ic  c i rc u its  c a n  o p e ra te  c o r r e c t ly .  A C -A U T O -D C , S E N S ., 
F IL T E R , L E V E L , S E P ./C O M . A , S L O P E  a re  p r o v id e d  fo r  th is  p u rp o s e .

(1 )  A C -A U T O -D C
W h e n  th e  w a v e fo rm  a t  p o in t  A  in  F ig u re  5-1 is a s  sh o w n  b e lo w , th e  w a v e 
f o rm  is s h a p e d  a s  o n  th e  r ig h t  s id e  o f  th e  f ig u re  a c c o rd in g  to  A C -A U T O - 
D C  s e le c t io n .  A C  re je c ts  t h e  D C  c o m p o n e n ts ,  A U T O  s u p p re s s e s  th e  D C  
c o m p o n e n t  a n d  a u to m a t i c a l ly  s e ts  t h e  tr ig g e r  p o in t  a t  th e  50%  level o f  
t h e  a m p l i tu d e ,  a n d  D C  s e n d s  th e  i n p u t  w a v e fo rm  a s  i t  is to  th e  S c h m it t  
t r ig g e r  c i r c u it .

Point A

' J U L .
AC P oin t B n

A U TO OV 7  v T
DC — -----

Trigger p o in t is 
set m anually.

0V

0V T V T

Trigger p o in t is 
set au tom a tica lly .

AC
A U TO

DC

f U L
o v s/t

Trigger p o in t is 
set m anually
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Fig. 5-1 
TR

582175822/5823 
block 

diagram

Lr>IN>

AC/AUTO/DC SENS. xl. xlO. LEVEL xlOO FILTER
Amp and Schmitt trigger

SLOPE
J * - D -

AC/AUTO/OC SENS. xl. xlO. LEVEL xlOOfilter
Amp and Schmitt trigger

A.

. u r c

Highspeedlogic

Data mem Data memory driver ory driver

HDt-

W 1

c
n

-

LSI80-GC LSI80SS Micro

--

processor

n

INT OUT (O) EXT, INI

f r

Interface



(2) S E N S .
A t te n u a to r  fo r  a d ju s t in g  t h e  a m p l i tu d e  o f  th e  w a v e fo rm  t o  b e  s e n t  to  
th e  S c h m it t  t r ig g e r  c i rc u it  b e tw e e n  th e  s e n s i t iv i ty  v o lta g e  a n d  th e  m a x i 
m u m  in p u t  v o lta g e .

W aveform  at p o in t A

SENS.

x 1

V b

V a

OV
SENS.

x 1 0

W aveform at p o in t B

V B

V a

OV-

_ n _____W h
ov

V b /1 0

Va/10

SENS.

x100 OV
V a /1 00

I f  a p p r o p r ia te  S E N S , is n o t  s e le c te d ,  c o u n t in g  m a y  fa il  o r  th e  tr ig g e r  
p o in t  m a y  d e v ia te  w h e n  th e  i n p u t  e x c e e d s  th e  m a x im u m  in p u t  v o lta g e . 
T h e  a t t e n u a t o r  is a lso  e f fe c t iv e  fo r  n o is e  re je c t io n .  ( F re q u e n c y  m e a s u re 
m e n t  F R E Q . A , C )

Inpu t

Shaped o u tp u t
SENS, x 1 SENS. x 1 0
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(3) F IL T E R
G e n e ra l ly ,  a lo w -p a ss  f i l te r  is  u s e d  fo r  c o u n te r  i n p u t .  T h e  c u t o f f  f r e 
q u e n c y  is a b o u t  1 0 0  k H z  fo r  th e  T R 5 8 2 1 / 2 2 / 2 3 .  T R 5 8 2 3  IN P U T  C 
h a s  th e  A N S  (A u to m a t ic  N o ise  S u p p re s s o r )  c a p a b i l i ty ,  a n d  a f i l te r  is 
c h a n g e d  in  c o m p lia n c e  w i th  th e  s ig n a l t o  b e  m e a s u re d .

Prescaler

In p u t

Shaped o u tp u t j n
A N S /F IIT E R  O FF A N S /F I LTER  ON

( 4 )  L E V E L
T h e  tr ig g e r  leve l c h a n g e s  w i th in  a ra n g e  o f  a b o u t  +1 V  to  —1 V , t h a t  is, 
th e  tr ig g e r  p o in t  c a n  b e  se t in  th e  i n p u t  v o lta g e  ra n g e  o f  +1 V  t o  - 1  V . 
F o r  S E N S . x lO  a n d  x lO O , t h e  i n p u t  v o lta g e  ra n g e  a p p e a r s  t o  v a ry  b e 
tw e e n  + 1 0  to  —1 0  V  a n d  + 1 0 0  to  —1 0 0  V  re s p e c tiv e ly .

L E V E L

(5) S E P ./C O M . A
T h e  c o u n te r  h a s  a n  i n p u t  c o n n e c to r  c o r r e s p o n d in g  to  e a c h  in p u t  c h a n n e l .  
In  m e a s u r in g  th e  t im e  in te rv a l  o f  a s in g le  s ig n a l, th e  sa m e  sig n a l is in p u t  
to  b o th  i n p u t  c o n n e c to r s .  I f  S E P ./C O M . A  is  s e t  t o  C O M . A , th e  sig n a l 
a t  IN P U T  A  c o n n e c to r  is s u p p l ie d  t o  c h a n n e ls  A  a n d  B ; in  C O M . A , h o w -
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e v e r ,  th e  i n p u t  im p e d a n c e  w ill b e  a b o u t  5 0 0  k f i  a n d  th e  s h u n t  c a p a c i
ta n c e  a b o u t  6 0  p F .  T h e  T R 5 8 2 1 / 5 8 2 2 /5 8 2 3  h av e  tw o  f r e q u e n c y  m o d e s , 
F R E Q . A  a n d  F R E Q . B. F R E Q  A  g ives h ig h e r  p r e c is io n  fo r  f r e q u e n c ie s  
a b o v e  1 M H z , a n d  F R E Q . B gives h ig h e r  p r e c is io n  fo r  f r e q u e n c ie s  b e lo w  
1 M H z. H ig h -p re c is io n  m e a s u re m e n t  o v e r  a w id e  ra n g e  o f  f r e q u e n c ie s  
is e n a b le d  b y  s w i tc h in g  b e tw e e n  F R E Q . A  a n d  F R E Q . B a t s e t t in g  
C O M . A .

IN P U T A

© -------------

1̂ -

------------------- Channel A

SEP. being set

4  '
IN P U T B 

© -------------
n -------------------  Channel B

A s sh o w n  a b o v e ,  th is  s w i tc h in g  is m a d e  im m e d ia te ly  a f te r  th e  in p u t  
c o n n e c to r ;  t h e r e f o r e ,  A C -A U T O -D C , S E N S ., S L O P E , a n d  L E V E L  
s e tt in g s  c a n  b e  m a d e  in d e p e n d e n t ly  f o r  e a c h  c h a n n e l .

( 6 )  S L O P E
T h is  is n o t  u s e d  so  m u c h  b y  f u n c t io n s  o th e r  t h a n  t im e  in te rv a l  m e a s u re 
m e n t ;  h o w e v e r ,  i t  is e f fe c t iv e  w h e n  th e  j i t t e r  v a rie s  w i th  th e  s lo p e . F o r  
e x a m p le ,  th e  p e r io d  m e a s u r e m e n t  is a c tu a l ly  th e  t im e  in te rv a l  m e a s u re 
m e n t  b e tw e e n  th e  s lo p e s  o f  t h e  s a m e  p o la r i ty ,  a n d  i f  j i t t e r  e x is ts ,  th e  
m e a s u re m e n t  v a lu e  is  a lso  u n s ta b le .
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A s sh o w n  in  th e  p r e c e d in g  f ig u re , s ta b le  m e s a u re m e n t  c a n  b e  o b ta in e d  b y  
s e le c t in g  e i th e r  -  o r  +  s lo p e .

T h e  s ta r t  a n d  s to p  tr ig g e rs  c a n  b e  d e te r m in e d  a s  s h o w n  a b o v e  a c c o rd in g  
to  th e  tr ig g e r  leve l. T h e  t im e  b e tw e e n  th e  s to p  t r ig g e r  a n d  s t a r t  tr ig g e r  
( t d ; d e a d  t im e  =  5 0  n s )  m u s t  b e  m a in ta in e d .

5 -2 -2 . L S I8 0 -G C /S S
T h e  b a s ic  s e c t io n  o f  t h e  c o u n te r  in c o r p o r a te s  th e s e  tw o  L S Is. T h e  L SIs are  
c o n tr o l le d  b y  th e  m ic ro p ro c e s s o r  via th e  d a ta  b u s .  L S I8 0 -G C  is an  L S -T T L  
L S I h a v in g  a n  in te g r a t io n  sc a le  o f  5 0 0  g a te s .  I ts  to g g le  f r e q u e n c y  is 6 0  M H z 
o r  h ig h e r ;  th e  f r e q u e n c y  o f  1 2 0  M H z c a n  b e  re a l iz e d  b y  e x te r n a l ly  c o n n e c t in g  
a 1 /2  s c a le r .  L S I8 0 -S S , c o n n e c te d  to  L S I8 0 -G C , is a C M O S  L S I h av in g  an  
in te g r a t io n  sc a le  o f  2 ,0 0 0  g a te s  a n d  to g g le  f r e q u e n c y  o f  1 2  M H z o r  h ig h e r .

LSI80-GC

Channel A  

Channel B

Reference
signal

t r
% ■

Gate
con tro l
c irc u it

LSI80-SS

1 + 8 d ig its  scaler

1 0-d ig it register

1 + 8 d ig its  d iv ide r

X/

Start
Stop

Carry

Data busFig. 5-2 LSI80-GC and LSI80-SS-
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5 -3 . M e a s u re m e n t  A c c u ra c y
5 -3 -1 . F r e q u e n c y  M e a s u re m e n t  ( F R E Q . A , C )
T h e  m e a s u re m e n t  m e th o d  e m p lo y e d  h e re  c o u n ts  t h e  n u m b e r  o f  r e p e t i t io n s  
o f  th e  sig n a l to  b e  m e a s u re d  p e r  u n i t  t im e  a n d  d isp la y s  it  as  th e  f r e q u e n c y  
( c /s  = H z ). A s a c o n s e q u e n c e ,  t h e  q u a n t iz a t i o n  e r r o r  o f  ±1 c o u n t  as sh o w n  
b e lo w  o c c u rs  in  t h e  le a s t  s ig n if ic a n t  d ig it.

Signal to  be measured 

Measurement gate A  

Measurement gate B 

C ounting by gate A  

C ounting by gate B

T h is  is e x p re s s e d  a s  fo llo w s :

f  * T  =  ± L S D  o f  t h e  d is p la y  
I X ^ 1 G

w h e re :  f x  = M e a su re d  f r e q u e n c y  (H z )
T g  =  G a te  t im e  (s )

T h e  a c c u ra c ie s  fo r  d i f f e r e n t  f r e q u e n c ie s  a n d  g a te  t im e s  a re  sh o w n  b e lo w . 
F R E Q . C  u ses  a d iv id e - b y - tw e n ty  p r e s c a le r ;  th e  a c c u ra c y  is r e d u c e d  b y  1 
d ig it  f o r  th e  sa m e  g a te  t im e .

I I ....... I I I I I I I I I
ft ta -L
il- TB --L
1 1 1 1 I I ......... II
1 1 1 1 1  1 1 1  11 111

Ta -TB

- 14 counts 

-1 3  counts
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T h e  re c ip ro c a l  s c h e m e , w h ic h  c a lc u la te s  t h e  in v e rse  o f  th e  p e r io d  m e a s u re 
m e n t  r e s u l t ,  is v e ry  e c o n o m ic a l  a n d  q u ic k  in  r e s p o n s e  fo r  m e a s u r in g  lo w  
f r e q u e n c ie s  w i th  h ig h  p re c is io n .  In  th is  c o u n t e r ,  th e  m ic ro p ro c e s s o r ,  o p e r a t 
in g  as a c o n t r o l le r ,  p e r fo rm s  in v e rse  c a lc u la t io n  a n d  d is p la y s  th e  f r e q u e n c y .  
T h e  d is a d v a n ta g e  o f  th e  r e c ip ro c a l  t a k in g  c o u n te r s  is t h a t  n o is e  a d d e d  to  th e  
sig n a l d i r e c t ly  a f f e c ts  th e  a c c u ra c y  o f  th e  m e a s u re d  s ig n a l. A ssu m e  s u p e r im 
p o s e d  n o is e  as i l lu s t r a te d  b e lo w , a n d  th e  e r r o r  (c a l le d  th e  tr ig g e r  e r r o r )  is 
a s  fo llo w s :

rp . _  A P  _  E n  ^  
T rig g e r e r r o r  ~  " y  "  ........................................................  ^

w h e re :  E n  =  N o ise  v o lta g e
E s = V o lta g e  o f  th e  s ig n a l o f  in te r e s t

5-3-2. Frequency Measurement (FREQ. B)

T h e  lo w e r  th e  E n /E s  r a t i o ,  t h e  g r e a te r  t h e  a c c u ra c y .  T h e  c o u n te r  n a tu r a l ly  
c o n ta in s  in te r n a l  n o is e  w h ic h  m u s t  a lso  b e  c o n s id e r e d  in  d e te r m in in g  a c c u ra 
c y . T h e  in te r n a l  n o is e  in  th is  c o u n te r  is 1 0 0  / iV rm s  o r  le ss . T h e r e f o r e ,  i f  th e  
s ig n a l to  b e  m e a s u re d  d o e s  n o t  h a v e  a n y  n o is e  a n d  th e  i n p u t  v o lta g e  is 10 0  
m V rm s ,

T . l O O x l O " 6 ^  4 /57\

Tngger error - TTTooTTF5" - 3-2 * >0 .....................  ©

T o  o b ta in  g r e a te r  a c c u ra c y ,  a n  a v e rag e  m e a s u re m e n t  is n e e d e d .  T h e  tr ig g e r  
e r r o r  is  a v e ra g e d  b y  e x p a n d in g  P  in  t h e  a b o v e  f ig u re  b y  1 0 n p e r io d s :

T rig g e r e r r o r  = x j g - .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ®

T h e  c o u n te r  p e r fo rm s  th is  a u t o m a t i c a l ly ; t h e r e f o r e ,  t h e  h ig h e r  th e  f r e q u e n c y ,  
th e  g r e a te r  th e  m e a s u re m e n t  a c c u ra c y .  T h e  re la t io n s h ip  b e tw e e n  th e  f r e q u e n 
c y ,  m e a s u re m e n t  t im e  a n d  th e  n u m b e r  o f  p e r io d s  is s h o w n  o n  th e  n e x t  p a g e .
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■Oo OO

a>
a
o 101
n
b
3 102
Z

1 0 3

104

10s

106

107

10®

1 o 9

- - h - M
L — j- -h -4

L . .

-------------  10ms-----0.1s
-------------1s
-------------10s

- ) — |----------------------------

L.4 4 - 4

L 4 - h -

L - + ■ 4 - 4

L - h - 4 -

l - 4 ™
•-------- (Hz)

0.1 1 10 100 1K 10K 10OK 1M 10M 10OM
Frequency

Fig . 5 -3  N u m b e r  o f  p e r io d s  w ith  t im e  & f r e q u e n c y -------

T h e  n u m b e r  o f  d is p la y  d ig its  is five  fo r  10  m s ,  s ix  fo r  0 .1  s , seven  fo r  1 s, 
a n d  e ig h t  f o r  10  s.

5 -3 -3 . P e r io d  M e a s u re m e n t  ( P E R IO D  B)
T h is  is b a s ic a l ly  th e  sam e  as th e  f r e q u e n c y  m e a s u re m e n t  (F R E Q . B ). (S ee
5 -3 -2 .)

5 -3 -4 . T im e  I n te rv a l  M e a s u re m e n t  ( T . l .  A  -*■ B)
T h is  is b a s ic a l ly  th e  sa m e  a s  th e  f r e q u e n c y  m e a s u re m e n t  (F R E Q . B ) a n d  
p e r io d  m e a s u re m e n t  (P E R IO D  B ). T h e  m e a s u re m e n t  t im e  is d e p e n d e n t  
o n  th e  sig n a l to  b e  m e a s u re d  a n d  n o is e  r id in g  a lo n g  w i th  i t  c a u se s  tr ig g e r  
e r r o r ,  w h ic h  is c a lc u la te d  b y  e q u a t io n  ( l )  in  5 -3 -2 . E q u a t io n  (T) a p p lie s  to  
a s in e  w a v e ;  f o r  a p u ls e ,  h o w e v e r ,  t h e  t r ig g e r  e r ro r  e x p re s s e d  w i th  th e  s lew  
ra te  ( S R )  w o u ld  a f f o r d  a b e t t e r  u n d e r s ta n d in g :

1 .4  x  \ / ( c o u n t e r  in te r n a l  n o is e ) 2 + (N o ise  o n  i n p u t ) 2 
T rig g e r e r r o r  = -- - - - - - - - - - - - - - - - - - - - - - - - - - - - ^ --------------------------------- (S rm s )
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T h e  re la t io n s h ip  b e tw e e n  S R , a m p l i tu d e ,  a n d  f r e q u e n c y  o f  a s in e  w ave  is 
s h o w n  b e lo w .

2 rrf

1 10 100 1 K 10K 1 00K  1 M 10M 100M  

—  Fig . 5 -4  S lew  r a te  vs a m p l i tu d e  & f r e q u e n c y  —

(v/s)

(Hz)

-10n periods-

Signal to  be measured J W V W W V  !__ i !
_ n _________,______ [

Averaged period measurement

T im e interval averaging h ------------------- 10 t im e s -----------------

Signal to  be measured _ r u i _ r u _ r u T i a

Single-tim e-in terva l measurement _ n __________ ._____________

Averaged measurement — I ^^ J---------^ — n------1 I—I U I— I I—
- - - - - - - - - - - - - - - - - - - - - - - F ig . 5 -5  P e r io d / t im e  in te rv a l a v e ra g in g -----------------
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In  p e r io d  m e a s u r e m e n t ,  t h e  t r ig g e r  e r r o r  is r e d u c e d  to  l / 1 0 n fo r  av e ra g in g  
n u m b e r  1 0 n . In  t im e  i n t e r va l m e a s u r e m e n t ,  o n  th e  o th e r  h a n d ,  th e  tr ig g e r  
e r r o r  is r e d u c e d  t o  o n ly  l / \ / T 0 "  fo r  a v e ra g in g  n u m b e r  1 0 n . T h is  is b e c a u s e  
th e  a v e ra g in g  t e c h n iq u e  d i f f e r s  f r o m  t h a t  f o r  t h e  p e r io d  m e a s u re m e n t  as 
s h o w n ;  t h a t  is, c o u n t in g  is  p e r f o r m e d  c o n t in u o u s ly  f ro m  m e a s u re m e n t  
s t a r t  t o  e n d  in  p e r io d  m e a s u r e m e n t  w h e re a s ,  in  t im e  in te rv a l  m e a s u re m e n t ,  
c o u n t in g  is i n t e r m i t t e n t  a s  s h o w n  in  th e  f ig u re  o n  th e  p r e c e d in g  p ag e  a n d  
a ±1 c o u n t  e r r o r  o c c u rs  a t  e a c h  c o u n t in g .  T h e r e f o r e ,  i f  th e  s ign a l t o  b e  m e a 
s u re d  is v e ry  s t a b le ,  th e  a c c u ra c y  is  n o t  im p ro v e d  b y  av e rag in g .
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SECTION 6
CALIBRATION

6 -1 . I n t r o d u c t i o n
In  e le c t ro n ic  c o u n te r s ,  th e  m o s t  im p o r t a n t  f a c to r  a f fe c t in g  m e a s u re m e n t  
a c c u ra c y  is  th e  f r e q u e n c y  a c c u ra c y  o f  t h e  c r y s ta l  o s c i l la to r  t h a t  g e n e ra te s  th e  
in te r n a l  t im e  b a s e . T h e  f r e q u e n c y  a c c u ra c y  m u s t  b e  c o n s ta n t ,  o r ,  i f  th e r e  is a 
s lig h t  v a r ia t io n ,  i t  m u s t  b e  n e g lig ib le .  T o  m a in ta in  th e  m e a s u re m e n t  a c c u ra c y  
o f  an  e le c t ro n ic  c o u n te r ,  p e r io d ic a l ly  c a l ib ra te  th e  c o u n te r  t o  th e  f r e q u e n c y  
s ta n d a rd  a n d  c a re  s h o u ld  b e  g iv en  to  th e  o p e r a t in g  e n v ir o n m e n t .

6 -2 . E q u ip m e n t  R e q u ir e d  f o r  C a l ib r a t io n

E quipm ent S pecifica tions Recommended
model

Signal generator
Frequency: 10 ~  1500 M Hz 
O u tp u t vo ltage: 1 m V rm s to  1 V rm s

Pulse generator
Pulse w id th :  1 ms o r less 
O u tp u t: 100 m V p-p  to  5 V p-p 
P e riod : 10 ms o r more

D ig ita l vo ltm eter R eso lu tion : 1 m V  o r more R6341A/B

Frequency standard S ta b ility : 5 x 10'® or more TR 3110

Oscilloscope V oltage: 10 m V /d iv . to  10 V /d iv . 
Sweep ra te: 0.1 s /d iv. to  1 ns/d iv.

N O T E : T R 5 8 2 1 / 2 2 / 2 3 / 2 3 H  s h o u ld  b e  w a rm e d  u p  fo r  th e  sp e c if ie d  t im e  
b e f o r e  o p e ra t in g .

T R 5 8 2 1 / 2 2 / 2 3 :  1 5 -2 5  m in u te s  a f te r  p o w e r  o n  
T R 5 8 2 3 H : 2 4  h o u r s  a f t e r  p o w e r  o n
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6 -3 . C a l ib r a t io n  f o r  E a c h  S e c tio n
6 -3 -1 . S e n s i t iv i ty
( 1 )  IN P U T  A

( I )  S e tt in g
A C -A U T O -D C A U T O
S L O P E +
S E N S . X 1
S E P /C O M S E P
F I L T E R O F F
G A T E  T IM E 10 m s

(2 )  T e r m in a te  IN P U T  A  w i th  5 0 1 2 ,  a p p ly  sine  w a v e s  o f  10  M H z , 25  
m V rm s  f r o m  th e  s ig n a l g e n e r a to r ,  a n d  s e t  F U N C T IO N  to  F R E Q . A .

( 3 )  A d ju s t  R 7 3  o n  th e  m o t h e r  b o a r d  so t h a t  a d u ty  f a c to r  o f  th e  w a v e 
fo rm s  a t  T P  10 is 1 :1  o n  th e  o s c i l lo s c o p e .

( 2 )  IN P U T  B 
( f )  S e tt in g

A C -A U T O -D C A U T O
S L O P E +
S E N S . X 1
S E P /C O M S E P
F I L T E R O F F
G A T E  T IM E 10 m s

( 2 )  T e r m in a te  IN P U T  B w i th  5 0 1 2 ,  a p p ly  sine  w av e s  o f  5 0  M H z , 2 0  
m V rm s , a n d  se t F U N C T IO N  to  F R E Q .B .

( 3 )  A d ju s t  R 7 8  o n  th e  m o th e r  b o a r d  so  t h a t  th e  w a v e fo rm s  a t T P  11 
a s su m e  a d u ty  f a c to r  o f  1 :1  o n  th e  o s c i l lo s c o p e .

6 -3 -2 . T r ig g e r  L ev e l
( 7 )  S e tt in g

A C -A U T O -D C D C
S L O P E +
S E N S . X 1
S E P /C O M C O M
F I L T E R O F F
G A T E  T IM E 10 m s

( 2 )  A p p ly  1 0  M H z , 2 5  m V rm s  sig n a l w i th  th e  lo w - f r e q u e n c y  s ig n a l g e n e ra to r  
to  IN P U T  A  t e r m in a te d  w i th  5 0  12.

©  S e t  F U N C T IO N  to  F R E Q . A , se t  th e  L E V E L  c o n t r o l  ( R 5 4 )  o f  IN P U T  A  
in  th e  c e n te r  p o s i t io n ,  a n d  r o ta te  R 8 0  o n  th e  m o th e r  b o a r d  u n t i l  c o u n t  
is  o b ta in e d .

©  S e t  F U N C T IO N  to  F R E Q . B , se t  th e  L E V E L  c o n t r o l  ( R 5 4 )  o f  IN P U T  A  
in  th e  c e n te r  p o s i t io n ,  a n d  t u r n  R 7 9  o n  th e  m o th e r  b o a rd  u n t i l  c o u n t  
is o b ta in e d .
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(T ) S e tt in g
G A T E  T IM E  : 1 0  m s  
F U N C T IO N  : F R E Q . C 
S E N S . : X 1
A N S  : O F F

( 2 )  A p p ly  th e  s ig n a l o f  6 0 0  M H z , 15 m V rm s , th r o u g h  th e  s ig n a l g e n e ra to r  
t o  IN P U T  C.

( 3 )  A d ju s t  R 3 0  o n  th e  IN P U T  C b o a r d  u n t i l  th e  v o lta g e  a t  p in  7  o f  IC 4  
ch a n g e s  f r o m  h ig h  t o  lo w  v ie w in g  th e  o s c i l lo s c o p e .

6 -3 -4 . A N S  
(T ) S e tt in g

G A T E  T IM E  : 1 0  m s  
F U N C T IO N  : F R E Q .C  
S E N S . : X 1
A N S  : O N

( 2 )  A p p ly  th e  s ig n a l o f  1 3 0 0  M H z , 17 m V rm s  t o  IN P U T  C w i th  th e  s ig n a l 
g e n e ra to r .

( 3 )  R o ta t e  R 2 7  o n  th e  IN P U T  C b o a r d  u n t i l  c o u n t  is o b ta in e d .

6 -3 -5 . T im e  B ase

( I )  S e tt in g

6-3-3. Squelch (TR5823 only)

F U N C T IO N F R E Q . A
G A T E  T IM E 1 s
A C -A U T O -D C A U T O
S L O P E +
S E N S . X 1
S E P /C O M S E P
F I L T E R O F F

Fig. 6-1 Calibration using frequency standard
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( 2 )  A d ju s t  S T D  A D J . o n  th e  re a r  p a n e l  so  th e  r e a d o u t  o f  1 0 .0 0 0 0 0 0  M H z is 
o b ta in e d  w h e n  th e  f r e q u e n c y  s ta n d a r d  o u tp u t  s ig n a l is 1 0  M H z.
T h e  a c c u ra c y  o f  th is  c a l ib r a t io n  is o n  th e  o r d e r  o f  1 x  1 0 - 7 . W hen  
G A T E  T IM E  is se t t o  10  S , a  c a l ib r a t io n  a c c u ra c y  is ra is e d  to  th e  o r d e r  o f  
1 x  1 0 -8

6 -3 -6 . A u to m a t ic  T rig g e r
( T )  S e tt in g

A C -A U T O -D C : A U T O
S L O P E : +
S E N S . : X 1
S E P /C O M : C O M
F I L T E R : O F F

( 2 )  A p p ly  th e  s ign a l w i th  th e  p u ls e  g e n e ra to r  o f  p u lse  w id th  o f  1 pis, d u ty  
f a c to r  o f  1 /1 0 ,  a n d  a m p l i tu d e  o f  + 2 0 0  m V p -p  to  IN P U T  A  t e r m in a te d  
w i th  5 0  12.

( 3)  S e t  F U N C T IO N  to  F R E Q  A , c o n n e c t  th e  d ig i ta l  v o l tm e te r  to  p in  2  o f  
J 2 2  o n  th e  d u m m y  b o a r d ,  a n d  r o ta te  R 7 2  to  a d ju s t  th e  v o lta g e  to  10 0  
m V . (S ee  F ig u re  6 -2 .)

(4)  S e t  F U N C T IO N  to  F R E Q . B , c o n n e c t  th e  d ig i ta l  v o l tm e te r  to  p in  3 o f  
J 2 2  o n  th e  d u m m y  b o a r d ,  a n d  r o ta te  R 7 7  to  a d ju s t  th e  v o lta g e  to  10 0  
m V . (S e e  F ig u re  6 -2 .)

Trigger Point
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64. I n f lu e n c e  o f  T e m p e r a tu r e  a n d  L in e  V o l ta g e  V a r ia t io n  o n  S ta b i l i ty
S in ce  th e  re fe r e n c e  o s c i l la to r  u s e d  in  th is  c o u n te r  is  n o t  t e m p e r a tu r e  c o m p e n 
s a te d ,  th e  te m p e r a tu r e  rise  c a u s e d  b y  P O W E R  O N  a n d  in te rn a l  t e m p e r a tu r e  
ch a n g e  b y  p o w e r  f l u c tu a t io n  a f f e c t  t h e  s t a b i l i ty  o f  th e  re fe re n c e  o s c i l la to r .  
F ig u re  6 -2  sh o w s  th e  s t a n d a rd  v a lu e s  o f  w a rm -u p  t im e  a n d  p o w e r  f lu c tu a t io n  
o f  th is  u n i t .
T h e  w a rm -u p  t im e  re q u i r e d  ( t h e  t im e  t o  re a c h  a f r e q u e n c y  d e v ia t io n  o f  ±5 
x 1 0 '7 )  is  2 5  m in u te s  fo r  th e  T R 5 8 2 1 ,  a n d  15  m in u te s  f o r  th e  T R 5 8 2 2 /5 8 2 3 .

x1 O'7

Tim e

Fig. 6-3 Stability of reference oscillator
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SECTION 7
CALCULATION UNIT TR1644 (ACCESSORY)

7 -1 . N a m e  a n d  F u n c t io n  o f  K e y b o a r d

@ @  ©
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  F ig . 7-1 P a n e l d e s c r ip t io n  - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

(T )  N u m e r ic  k e y s  : K e y s  fo r  s e t t in g  n u m e r ic  v a lu e s .
( 2 )  F u n c t io n  k e y s  : P ress  th e s e  k e y s  a s  in  th e  o r d e r  o f  th e  c a lc u la t io n

e x p re s s io n .  T h e  re s u l t  is  d is p la y e d  b y  p re ss in g
I E X E  [( a r i th m e t i c  o p e r a t io n  o n  m e a s u re m e n t  v a lu e )

or HE].
( 3)  F u n c t io n  m o n i to r  : D isp la y s  th e  f u n c t io n  b e in g  e x e c u te d .
( 4 )  F u n c t io n  c a n c e l la t io n  k e y  : C a n c e ls  th e  c a lc u la t io n .
( 5 )  S h if t  m o n i to r  : M o n i to r s  th e  s h if t  k e y  o p e r a t io n .
( 6 )  S F T  (S H IF T )  k e y  : E n a b le s  f u n c t io n s  o f  la b e l in g  (s e p ia  c o lo re d  a r e a )

a b o v e  th e  f u n c t io n  k e y s .
( 7 )  E X E  (E X E C U T E ) k e y  : E x e c u te s  c a lc u la t io n  w i th  th e  m e a s u re m e n t

v a lu e .
( 8 )  R D  (R E A D ) k e y  : R e a d s  o u t  th e  d a ta  a lre a d y  lo a d e d  ( c o n te n t s  o f

re g is te rs  H  a n d  L ).
( 9 )  E X P  (E X P O N E N T ) k e y  : S e ts  th e  e x p o n e n t .
(£q ) C (C L E A R )  k e y  : C le a rs  th e  r e a d o u t .
( 0 )  = k e y  : D isp lay s  th e  r e s u l t  o f  m a n u a l  c a lc u la t io n .
@  . k e y  : P la c e s  a d e c im a l  p o in t .
(O ) + / — k e y  : E x c h a n g e s  + a n d  — w i th  e a c h  p re ss  o f  th e  k e y .
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7-2. Calculation Unit Installation

B o t to m  v iew

0  P u ll  o u t  t h e  c e n te r  h o o k  o f  th e  m e ta l  p la te .
@  F i t  th e  h o o k  o f  th e  m e ta l  p la te  i n to  t h e  s q u a r e  c a v ity  a t  th e  

b o t t o m  o f  th e  c o u n te r  a n d  th e  m a le  c o n n e c to r  t o  th e  fe m a le  
c o n n e c to r ,  th e n  p re s s  d o w n  fo r  s e c u re  m o u n t in g .



7-3



0  l~ p,!_ is d is p la y e d  w h e n  a c a lc u la t io n  u n i t  k e y  is p re s s e d  d u r in g  m e a s 
u r e m e n t .  D isp la y  o f  l~ R  }_ i n d ic a te s  t h a t  t h e  c a lc u la t io n  u n i t  k e y s  a re  
r e a d y  f o r  o p e r a t io n .

(2 )  M a n u a l c a lc u la t io n  e x e c u t io n
1. 1 2 .3  X 1 0 3 -  2 3  X 1 0 2 = 1 0 .0  X 1 0 3

1 2 .3  lE X P  1 3 1 + i r + 7 - 1  2 3  lE X P l 2  I = 1 1 0 .0 0 0 0 0 0 k
2 . 1 2 X 6  = 7 2

12  □ □  6  [ Z ]  7 2 .0 0 0 0 0 0
3. 15  -r 0 .3  =  5 0

7-3. Operation Examples

15  I 4- ! 0 .3  I = 1 5 0 .0 0 0 0 0 0
4 . 1 3 .5 6  t  1 2  1 3 .5 6  □ □  12  [ZD 1 .1 3 0 0 0 0 0

1 3 .5 6  -r 3 3 4 .5 2 0 0 0 0 0
(3 ) C a lc u la t io n  w i th  m e a s u re m e n t  v a lu e  (P ro v id e d  F U N C T IO N  is C H E C K , 

G A T E  T IM E  1 0  m s .)
1 + 1 A d d i t io n  o f  m e a s u re m e n t  v a lu e  ( f o r  s u b t r a c t io n ,  a d d  a n e g a tiv e

v a lu e ) .  [ + / - ]  1 -23  1 E X P l 6  1 + 11 E X E  1 8 .7 7 0 M
X 1 M u l tip l ic a t io n  o f  m e a s u re m e n t  v a lu e  b y  a c o n s t a n t

6 0  [ V ]  [E X E ] 6 0 0 .0 0 M
-r I D iv is io n  o f  a c o n s t a n t  b y  m e a s u re m e n t  v a lu e

1 I +  llE X E l 1 0 0 .0 0  n
|D A C l R e s o lu t io n  f ix in g  a n d  o f f s e t  (D /A  c o n v e r s io n  m o d e )

- 5 0 0  lE X P l^ fD A C l IE X E  1 5 0 0 .
1---------- E xponentia l d ig it o f  LSD

[COM] C o m p a r is o n  w i th  se t v a lu e s
11 E X P l 6  C O M  C 9 E X P  6  C O M  E X E  X X X J o  X X X

Stored in register H H-»-L S tored in register L (In)
H i, I n ,  o r  L o  is d is p la y e d  a c c o rd in g ly  w h e n  th e  c o n te n ts  o f  
r e g is te rs  H  a n d  L  a re  c h a n g e d  a r o u n d  1 0  x  1 0 6 .

H i H  ^  x  R e la t io n s h ip  b e tw e e n  th e  se t
In  H  >  x  ^  L  v a lu e s  d is p la y e d  a n d  th e  m ea - 
L o  L  >  x  s u r e m e n t  v a lu e
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1 A  1 D isp la y  o f  [n e w  m e a s u re m e n t  d a ta  — o ld  m e a s u re m e n t  d a ta ]
1 + 1 fS F T l lE X E l 10 .0 0 0 M

[m a x ] M e a s u re m e n t  o f  m a x im u m  v a lu e

M IN  M e a s u re m e n t  o f  m in im u m  v a lu e

Stored in  register H Stored in register L

[O F F  I D e fe a t  o f  fu n c t io n a l  c a lc u la t io n

I
0.00
I

0.00
4-

0.00

IS F T l  lE X E l 1 0 .0 0 0 M

1 +  l lS F T l l E X E l  1 0 .0 0 0 M
M e a s u re m e n t  o f  %  d e v ia t io n  ( f ro m  9  M H z)
9  [E X P l 6  [P A C l 1SFTI lEX El 1 1 .11

S C L  I C o m p o u n d  c a lc u la t io n  ( x  ±  L ) /H  (s c a lin g )
10  IC O M lf c l  1+ 7^1  9 .5  [E X P | 6  |C O M ||S F T l  [EXEj 5 0 .0 0  k

7 4 .  N o te s  o n  U se
( 1 )  Be su re  t o  s e t  a n u m e r ic a l  v a lu e  b e f o r e  e x e c u t in g  a n o th e r  c a lc u la t io n  

a f t e r  e x e c u t in g  A , M A X , o r  M IN . In  fa ilu re  o f  n u m e r ic a l  s e t t in g ,  t u r n  o f f  
th e  p o w e r  a n d  o n  a g a in .

( 2 )  T h e  s e t t in g  ra n g e  is ± 9 9 9 9 .9 9 9 9 E  ± 9
( 3 )  F o r  jC O M l a n d  [ S C L l, re g is te rs  H  a n d  L  a re  s e le c te d  b y  p re ss in g  th e  [ C ]  

k e y .  F o r  o th e r  f u n c t io n s ,  r e g is te r  H  a lo n e  is d is p la y e d .
( 4 )  T h e  se t d a ta ,  in  8 d ig its  f o r  m a n t is s a  a n d  1 d ig it  fo r  e x p o n e n t ,  is d is 

p la y e d  in  th e  fo llo w in g  f o r m a t :

Displayed d ig its

E a c h  t im e  th e  [R D [ k e y  is p r e s s e d ,  t h e  n u m e r ic  d is p la y  p a r t  m o v e s  1 d ig it 
t o  th e  r ig h t  u n t i l  th e  fo l lo w in g  d is p la y  is o b ta in e d :

— 1 P U C  i i Zi
uI I
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(5 )  T h e  re s u l t  d is p la y  d if f e r s  f r o m  th e  d is p la y  o f  t h e  se t  d a ta  e x p la in e d  in
( 4 ) .  T h e  n u m e r ic  p a r t  is a m a x im u m  8 d ig i ts ,  o r  7  d ig its  w h e n  a m in u s  
s ig n  is d is p la y e d .  T h e  d e c im a l p o in t  is p la c e d  s o m e w h e re  in  th e  th re e  
s ig n if ic a n t  d ig its  a n d  th e  s u ita b le  u n i t  is s e le c te d  f r o m  a m o n g  G . M , k , 
m , ix, n  a n d  p ,  ( e q u iv a le n t  t o  th e  o r d e r  o f  1 0 9 , 1 0 6 , 1 0 3 , 1 0 ‘3 , 1 0 '6 , 
1 0 -9 , 1 0 '12) .

F o r  e x a m p le ,  1 2 3 4 5 6 .7 8  is d is p la y e d  as

i D  D  U  C ,C ~i O  tr i i— _ » , » _ «  >—< i i—i K

- / P ~l U C £ ", ,
l  __i •  i __I  /__« i  K

( 6 ) F o r  th e  |S F T | in v o lv e d  f u n c t io n ,  b e  s u re  t o  p re s s  th e  [S F TI k e y  e a c h  t im e  
n u m e r ic a l  v a lu e  is se t  a n d  fu n c t io n  k e y  is p re s s e d  s in c e  th e  s h if t  c a p a b i l i 
t y  is a b o r t e d  (L E D  la m p  g o es  o f f )  b y  p re s s in g  a f u n c t io n  k e y .

( 7 )  T h e  c a lc u la t io n  c a p a b i l i ty  is in v a lid  w h e n  th e  c o u n te r  is s e t  t o  C H E C K
( “««! , o r  T O T .

( 8 )  W h en  th e  O V E R  la m p  g o es  o n ,  th e  re s u l t  is in v a l id .  S e t  G A T E  T IM E / 
M U L T IP L IE R  so  th e  O V E R  la m p  d o e s  n o t  g o  o n .

( 9 )  W h en  th e  (x  ± L )  re s u l ts  in  0  in  th e  ( S C L  1 ( c o m p o u n d  c a lc u la t io n )  
c a p a b i l i ty ,  t h e  c o u n te r  c o m e s  to  a h a l t  d is p la y in g  E  2 4 .  F o r  th e  c o n t i 
n u o u s  m e a s u re m e n t  o f  s u c h  f a c to r s  as a d e v ia t io n  ( in d ic a te d  in  p p m ) ,  
t h e r e f o r e ,  s e le c t  th e  v a lu e  o f  L  so  t h a t  x  ± L  ^  0  o r  s e t  u p  th e  G A T E  
T IM E /M U L T IP L IE R  to  o b ta in  sm a lle r  d ig its  o f  m e a s u re m e n t  d a ta  
( x )  th a n  th e  s e t  v a lu e  (L ) .
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SECTION 8
OPTIONS

8 -1 . B C D  O u t p u t
(1 )  P e r fo rm a n c e  

D a ta  c a p a c i ty  
D a ta  o u tp u t  
U n i t  o u tp u t  
O u tp u t  lev e l ( T T L )

O u tp u t  c o n n e c to r
( 2 )  O u tp u t  s ig n a l ta b le

M a n tis sa  7  d ig i ts ,  e x p o n e n t  1 d ig i t ,  u n i t  
8 - 4 - 2 - 1  
8 - 4 - 2 - 1
L o w  le v e l:  0  V  t o  + 0 .4  V  
H ig h  le v e l:  + 2 .4  V  to  + 5 .2 5  V  
A m p h e n o l  5 7 4 0 5 0 0  o r  e q u iv a le n t

1 G N D  (0 V) 26 2°

2 2° 27 2 1
> X 1 0 4

3 2 '
’ E xponent

28 2 2

4 2 2 29 2 3

5 2 3 30 2°

6 2° 31 2 ‘
■ X 1 0 5

7 2 ‘ Sign fo r 32 2 2

8 22 exponen t pa rt 33 2 3

9 2 3 34 2°

10 2° 35 2 '
- X 1 0 6

11 2 1
► X 10°

36 22

12 2 2 37 2 3

13 2 3 38 2° 1
F unction

14 2° 39 2 ‘
15 2 1

► X 1 0 '
40 2°

16 2 2 41 2*
U n it

17 23 42 2 2

18 2° 43 2 3

19 2 1
■ X 1 0 2

44 2° I

20 2 2 45 2* Decimal p o in t

21 2 3 46 2 2

22 2° 47 P rin t com m and signal

23 2 1
, X 1 0 3

48 P rin t end signal

24 22 49 NC

25 2 3 50 G ND (0 V)
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(3) Data output codes

O u tp u t Character
Code

8 4 2 1

0 0 0 0 0

1 0 0 0 1

2 0 0 1 0

3 0 0 1 1

Data 4 0 1 0 0

/M antissa \ 5 0 1 0 1
and 6 0 1 1 0

\e x p o n e n t / 7 0 1 1 1

8 1 0 0 0

9 1 0 0 1

Space 1 1 1 1

- 1 0 1 0

Decimal 103 1 0 1

p o in t 104 (LO W ER) 1 1 1 0

F unction
* (O verflow ) 

Space

0

1

1

1

Hz 1 1 1 0

s 1 0 1 1

U n it
Space

rpm  (exponentia l position  at 10 1 in case o f s)

1

1

1

0

1

0

1

0

* (exponentia l pos ition  at 10 ' in the absence 
o f u n it) 1 1 0 0
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(4) Print format
1 2 3 4 5 6 7 -

^-O verflow

--------------------------- / '------

T

'—Mantissa data

-U n it (H z or s) 

E xponent part

T h e  m a n t i s s a  d a t a  c o n s i s t s  o f  t h e  u p p e r  s e v e n  d i g i t s  o f  t h e  d i s p l a y  
a n d  i t s  d e c i m a l  p o i n t  l o c a t e s  o n  t h e  r i g h t  s i d e  o f  i t s  u p p e r  f o u r  
d i g i t s .  ( B y  i n t e r c h a n g i n g  a  m i n i  j u m p e r  a t  t h e  L O W E R  c h a r a c t e r  
o n  t h e  B C D  O U T P U T  b o a r d  [ B L B - 0 2 0 9 5 9 ] ,  r e f e r r i n g  t o  t h e  
f o l l o w i n g  f i g u r e ,  t h e  m a n t i s s a  d a t a  c a n  b e  s w i t c h e d  t o  t h e  l o w e r  
s e v e n  d i g i t s  o f  t h e  d i s p l a y .  I n  t h i s  c a s e ,  i t s  d e c i m a l  p o i n t  s h i f t s  t o  
t h e  r i g h t  s i d e  o f  i t s  u p p e r  t h r e e  d i g i t s . )
O n ly  o n e  d ig it  p o s i t io n  is p ro v id e d  fo r  th e  e x p o n e n t  p a r t .  I f  th e  e x p o 
n e n t  p a r t  c o n s is ts  o f  tw o  d ig its ,  a n  a s te r is k  is p r in te d  a t  th e  u n i t  p o s i 
t i o n ;  w h e n  th e  u n i t  is s, rp m  is p r in te d .

M o v e  t h e  m i n i  j u m p e r  t o  a  p a i r  o f  t h e  p i n  1 a n d  2  o f  J 3 .

1 2  3 4 . 5 6  7  -  2  * /
__ Irt/liV 1 A ̂  (

absence o f  u n it
, /when in  the .
Indicates x 10 (  . f  t )

N o te :  F o r  F R E Q . B , t h e  d a ta  is a lw a y s  p r in te d  in  se v en  d ig its  re g a rd le ss  o f  
th e  n u m b e r  o f  d ig its  in  t h e  r e a d o u t .

( 5 )  P r in t  c o m m a n d  s ig n a l ( T T L  le v e l)

j—  Inva lid data

Data O ld data ' » New data

P rin t com m and signal

20 ms (approx) r—- 400  ms (approx)
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(6) Print end signal (TTL level)

(7 )  ICOM l m o d e  (w i th  t h e  T R 1 6 4 4 )
O u tp u t s  a n  e le c t r ic  s ig n a l (d ig it  o f  1 0 6 ) fo r  G O /N O -G O  d e c is io n  to  
a c t iv a te  th e  a u d ib le  t o n e ,  w i th o u t  u s in g  th e  d is p la y  o f  th is  u n i t .  T h e  
e le c t r ic  s ig n a l ( c o d e )  t h a t  c o r r e s p o n d s  t o  e a c h  d is p la y  in  th e  jC O M | 
m o d e  is sh o w n  b e lo w .

uIt 0 0 0 1
1 _ » 1 1 0 0 1 0
>u o 0 1 0  0

23 22 21 2°
D ig it o f 10 6
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(1 )  P e fo rm a n c e
O u tp u t  v o lta g e  : 0 .9 9 9  V  fu ll-sca le
N u m b e r  o f  d ig i ts  c o n v e r te d  : 3 d ig its
C o n v e rs io n  a c c u ra c y  : ± 0 .2 %  o f  fu ll-sca le  ( a t  2 3 ° G ± 5 ° C )

( t e m p e r a t u r e  c o e f f ic ie n t  1 5 0  p p m /° C )
O u tp u t  im p e d a n c e  : 1 k f t  
C o n v e rs io n  s p e e d  : 1 m s  o r  less 
O u tp u t  fo rm a t  : B in d in g  p o s t

(2 )  O p e r a t io n  m e th o d
F o llo w in g  e x p la n a t io n  is g iv en  in  C H E C K  m o d e  w i th  a g a te  t im e  o f  10 
m s.
D /A  c o n v e rs io n  o f  th e  3 le a s t  s ig n if ic a n t  d ig its  o f  C H E C K  d isp la y  1 0 .0 0 0  
M H z ca n  b e  p e r f o r m e d  w ith  th e  c o n v e r s io n  r e s o lu t io n  o f  1 k H z  (=  1 0 3 ) 
b y  s e t t in g  th e  e x p o n e n t  p a r t  t o  3 .

0  [E X P l 3 |D A C | [E X E l
O  ,------- 1 kHz

D isp lay  t H  O  O  O
v u u u  /  u  U  u  U

8-2. D/A CONVERTER (with TR1644)

These 3 digits are D/A converted. 
T o  a d d  an  o f f s e t  ( f o r  e x a m p le ,  5 0 0 )  to  th is ,

5 0 0  |E X P l 3 [D A C l [EXE]

D isp lay  I }~1 CT }~I_I L_J I_I I I— I — I U  U

These 3 digits are D/A converted.

T h e  g e n e ra l  f o rm a t  o f  th e  a b o v e  is,
O ff s e t  1 E X P  1 L S D  o f  th e  3 d ig its  t o  b e  c o n v e r te d  |D A C l jE X E  1

8 digits 1 digit

N o te s :  0  D o n o t  in c lu d e  a d e c im a l  p o in t  in  th e  o f f s e t  s e c t io n .
(2 ) S p e c ify  th e  L S D  p o s i t io n  w i th  [E X P l.
I f  n o te s  0 a n d  (2 )a re  n o t  o b s e rv e d ,  an  e r r o r  m essag e  E  21 o r  2 2  
w ill o c c u r .

8-5



8-3. High-stability Reference Oscillator (TR5823 only)

(1 )  P e r fo rm a n c e
I n te r n a l  t im e  b a se  : 10  M H z 
A g in g  ra te  : 5 x  10 ‘8 /d a y
T e m p e ra tu r e  s t a b i l i ty  : 1 x 1 0 '7 , 0 ° C  to  + 4 0 ° C  
In te rn a l  r e fe r e n c e  o u tp u t  : F r e q u e n c y :  1 0  M H z

O u tp u t  v o lta g e :  1 V p -p to  2  V p .p  
O u tp u t  im p e d a n c e :  5 0 0  12 ( a p p r o x )  

E x te r n a l  re fe r e n c e  i n p u t  : F r e q u e n c y :  10 M H z
I n p u t  v o lta g e :  1 V p -p to  10 V p .p 
I n p u t  im p e d a n c e :  5 0 0  12 ( a p p r o x )

T h e  h ig h - s ta b i l i ty  re fe re n c e  o s c i l la to r  is s t a n d a r d  o n  th e  T R 5 8 2 3 H .
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APPENDIX A
TABLE OF SIGNALS

Signal Meaning E xp lana tion

ANS A u to m a tic  Noise 
Suppressor

Rejects superimposed harm on ic noise

A T T a ttenua to r A ttenua tes the  incom ing signal am plitude  by a fa c to r o f 
10 o r 100

C LK clock C lock to  co n tro l LSI80-SS (connected to  N X )

CLS closure Com m and signal to  close the  gate

C N T coun t C oun ting  signal fro m  IN P U T C board to  m o the r board

DB data bus 4 -b it data bus

D IV d iv ide r

DRST d iv ide r reset

ERST externa l reset Reset fo r  the peripheral c ircu its  o f LSI

E V L envelope Envelope signal fo r  in p u t C burst

EX I externa l inpu t Data in p u t to  extend the d ig its  fo r  LSI

EXG externa l gate High-speed gate signal fo r  LSI

F L T f ilte r Low-pass f i l te r  to  re ject noise on low -frequency 
measu rem ent

H V high voltage H igh-voltage signal fo r  T R 5 820

IN A In p u t A

INB In p u t B

IN D ind ica to r B lin ks  to  ind ica te  the  triggered state

INH in h ib it Panel sw itch opera tion  inh ib ited  (remote)

LC R Y log carry C arry signal to  co n tro l loga rithm ic  signal

LOG loga rithm ic  signal 10n period signal (to  generate gate tim e)

MKSP mask stop Ind icates te rm in a tio n  o f masking

M K T masking tim e Mask tim e  signal (by charging C-R)

M KST mask start Ind icates start o f masking

NX 2 n o f STD C lock to  co n tro l LSI80-SS

OFW ove rflow C o n d itio n  in excess o f the display capacity

REF reference DC voltage as a standard fo r  incom ing signal

R E FA reference A DC voltage as a standard fo r  IN P U T A

REFB reference B DC voltage as a standard fo r  IN P U T B

REM rem ote R em ote ly  con tro lle d  state via G P IB-com patib le 
exte rna l c o n tro lle r

R T L re tu rn  line Signal connected to  panel sw itch

SCA scaler

SCL scan line Panel sw itch read signal
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Signal Meaning E xp lana tion

SEL select Selection o f data on the data bus: address (low ) or 
data (high)

SLPA slope A Triggers on the  leading and tra ilin g  edges in the in p u t A 
measurement

SLPB slope B Triggers on the  leading and tra ilin g  edges in the In p u t B 
measurement

SRST scaler reset Reset signal o u tp u t te rm ina l fo r  scaler

STA start

STP stop

STD standard

STR strobe S trobe signal fo r data bus

STRB strobe S trobe signal fo r display data

X T L crysta l In te rna l tim e  base fo r  LSI connected to  coil
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APPENDIX B GLOSSARY

A c q u is i t io n  T im e
A c q u is i t io n  t im e  m e a n s  th e  t im e  f ro m  c o u n te r  r e s e t t in g  to  th e  s t a r t  o f  
c o u n te r  o p e r a t io n .  T h e  a c q u is i t io n  t im e  o f  o r d in a ry  c o u n te r s  is v ir tu a lly  
z e r o ,  w h e re a s  m ic ro w a v e -b a n d  c o u n te r s  r e q u ire  a c e r ta in  a c q u is i t io n  t im e .  
F o r  th e  T R 5 2 0 0  se rie s  c o u n te r s  o f  A D V A N T E S T , th e  a c q u is i t io n  t im e  re fe r s  
to  th e  t im e  r e q u i re d  u n t i l  t h e  i n te r n a l  o s c i l l a to r  is p h a se  lo c k e d  to  th e  in p u t  
s ig n a l.

A L C  ( A u to m a tic  L evel C o n tr o l)
A  fu n c t io n  to  d e te c t  a n d  c o r r e c t  th e  D C  f lu c tu a t io n  in  th e  c i rc u it  c a u se d  b y  
t e m p e r a tu r e  d r i f t  f ro m  th e  i n p u t  te r m in a l  t o  th e  o u tp u t  o f  th e  w id e -b a n d  
a m p lif ie r .

A N S  ( A u to m a tic  N o ise  S u p p re s s o r )
A D V A N T E S T ’s p a t e n te d  t e c h n iq u e .
A  c i r c u i t  t h a t  a u to m a t ic a l ly  s u p p re s s e s  th e  n o is e  r id in g  o n  th e  s ig n a l t o  b e  
m e a s u re d .

A u to m a t ic  F i lte r
C u to f f  f r e q u e n c y  is a u to m a t ic a l ly  s e le c te d  a c c o rd in g  t o  th e  in c o m in g  f r e 
q u e n c y  to  e l im in a te  r a n d o m  n o is e  o r  n o is e  a d d e d  o n  th e  in p u t  s ig n a l, th e r e b y  
p re v e n tin g  e r ro r s  a s s o c ia te d  w i th  n o is e .  A u to m a t ic  f i l te r  m a k e s  u p  fo r  th e  
d is a d v a n ta g e s  t h a t  th e  A N S  c a p a b i l i ty  c o n t r ib u te s  l i t t le  to  th e  su p p re s s io n  o f  
r a n d o m  n o is e ,  im p u lse  n o is e  o r  n o is e  la rg e r  t h a n  th e  s ig n a l o f  in te r e s t  w h ile  
i t  se rv e s  w ell fo r  s u p p re s s io n  o f  t h e  s u p e r im p o s e d  n o is e .

A u to m a t ic  T rig g er S e tt in g
T rig g e r leve l s e t t in g  is q u i t e  d i f f ic u l t  a n d  b o th e r s o m e  w h e n  th e  s ig n a l t o  b e  
m e a s u re d  is sm a ll . T h is  s e t t in g  o p e r a t i o n  is s im p lif ie d  b y  th e  a u to m a t ic  
tr ig g e r  s e t t in g .  T rig g e r lev e l is a u to m a t ic a l ly  s e t  a t  th e  50 %  lev e l b e tw e e n  
th e  m a x im u m  a n d  m in im u m  p e a k s  o f  t h e  i n p u t  s ig n a l. T h is  c a p a b i l i ty  
f a c i l i ta te s  th e  tr ig g e r  level s e t t in g  o n  th e  p u ls e d  s ig n a l w i th  th e  o f f s e t  v o lta g e  
o r  o f  d i f f e r e n t  d u ty  c y c le s ,  a n d  m in im iz e s  fa lse  c o u n t in g .
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Averaging
T w o  c i rc u it  m e th o d s  a re  u s u a l ly  u s e d  fo r  a v e ra g in g  in  e le c t ro n ic  c o u n te r s .  
O n e  is u s e d  in  th e  t im e  in te rv a l  m e a s u re m e n t  t o  c o u n t  e a c h  t im e  in te rv a l  
w i th  th e  c o u n t in g  c i r c u i t  a n d  a c c u m m u la te .  L e t N  b e  th e  n u m b e r  o f  m e a 
s u re m e n ts ,  a n d  ±1 c o u n t / \ / N  is p a r t  o f  m e a s u re m e n t  p r e c is io n .  T h e  o th e r  
m e th o d  is th e  o n e  u s e d  in  p e r io d  m e a s u re m e n t  t o  fo rm  a g a te  w i th  th e  
p e r io d  s ig n a l t o  b e  m e a s u re d  to  m e a s u re  th e  g a te  t im e  w ith  th e  in te r n a l  
t im e  b a s e . O n e  f a c to r  o f  m e a s u re m e n t  p r e c is io n  is ±1 c o u n t /N .  B o th  a v e ra g 
in g  m e th o d s  a re  u s e d  to  e n h a n c e  m e a s u re m e n t  p r e c is io n  o f  e le c t r o n ic  c o u n 
t e r s ;  h o w e v e r ,  th e  i n h e r e n t  e r r o r  f a c to r s  in s id e  th e  i n s t r u m e n t  (p ro p a g a t io n  
d e la y  t im e  d i f f e r e n c e ,  S c h m it t  t r ig g e r  c i r c u i t  h y s te re s is  b a n d )  c a n n o t  b e  
im p ro v e d .  T h e r e f o r e ,  th e  u p p e r  l im it  o f  th e  n u m b e r  o f  e f fe c tiv e  m e a s u re 
m e n ts  a c c ru e s . In  u s in g  th e  a v e ra g in g  f u n c t io n ,  th e  ±1 c o u n t  e r r o r  m u s t  b e  
g u a ra n te e d  to  o c c u r  a t r a n d o m . A  c o u n te r  u s u a lly  s e n d s  t h e  s ig n a l t o  b e  
m e a s u re d  to  th e  c o u n te r  g a te  c i r c u i t  c o m p le te ly  a s y n c h ro n o u s  w i th  th e  
in te r n a l  t im e  b ase  a n d  th e  e r r o r  c a n  b e  re g a rd e d  t o  o c c u r  a t  r a n d o m .

B a n d w id th
F o r  e le c t r o n ic  c o u n te r s ,  n o is e  is a  c a u se  o f  c o u n t in g  e r r o r s  a n d  m u s t  b e  c o n 
s id e re d  in  r e la t io n  t o  s e n s i t iv i ty .
T h e  b a n d w id th  s w i tc h  is u s e d  t o  re m o v e  th e  h ig h - f r e q u e n c y  c o m p o n e n t  
(see  f ig u re  b e lo w )  w i th  a lo w -p a ss  f i l te r  o f  1 0  M H z , 5 M H z , e t c .  T h is  f u n c 
t io n  is u s e fu l  in  m e a s u re m e n t  o f  o s c i l la t io n  a n d  m u l t ip l ie d  w av e s  in  a m u l t i 
p l ie r  c i r c u it .

C O M -S E P  S w itc h
A  s w itc h  to  b e  s e le c te d  to  s u it  t h e  s ig n a l t o  b e  m e a s u re d  in  t im e  in te rv a l  
m e a s u re m e n t .  W h e n  th is  s w itc h  is s e t  t o  C O M ., th e  s t a r t  a n d  s to p  s ig n a ls  
a re  in te rn a l ly  c o n n e c te d  e n a b l in g  a t im e  in te rv a l  m e a s u re m e n t  o n  a s ing le  
s ig n a l. S E P . s w i tc h  s e p a r a te s  t h e  s t a r t  a n d  s to p  s ig n a ls ,  r e q u i r in g  th e  tw o  
s ig n a ls , o f  s t a r t  a n d  s to p ,  t o  b e  m e a s u re d .  (C O M : C o m m o n ;  S E P : S e p a ra te )
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T h e  le a s t  s ig n if ic a n t  d ig it  o n  t h e  r e a d o u t .  C o u n t in g  r e s o lu t io n  d if f e r s  w ith  
g a te  t im e .  A t a g a te  t im e  o f  1 s e c o n d ,  t h e  r e s o lu t io n  is 1 H z w ith  a  ty p ic a l  
c o u n te r .

D ire c t  C o u n tin g
T h e  d i re c t  c o u n t in g  is  th e  m o s t  f u n d a m e n ta l  m e th o d  t o  m e a s u re  th e  f r e q u e n 
c y .  (S e e  th e  f ig u re  b e lo w .)  T h is  s c h e m e  is w id e ly  u s e d  f ro m  th e  a u d io  f r e 
q u e n c y  b a n d  to  th e  U H F  b a n d .  In  t h e  d i r e c t  c o u n t in g  m e th o d ,  th e  u p p e r  
l im i t  o f  f r e q u e n c y  m e a s u re m e n t  is  d e te r m in e d  b y  th e  g a te  t im e  a n d  th e  
f r e q u e n c y  r e s o lu t io n .  E n h a n c e m e n t  o f  t h e  p e r fo rm a n c e  o f  th e  s e m ic o n d u c 
to r  d ev ic e s  a n d  a d v a n c e d  c i r c u i t  b o a rd  t e c h n o lo g y  h av e  re a liz e d  a c o u n te r  o f
1 G H z  u t i l iz in g  th e  d i r e c t  c o u n t in g  te c h n iq u e s .

Counting Resolution

E x p a n d in g  R e c ip ro c a l  M e th o d
T h e  m e th o d  u s e d  b y  e le c t r o n ic  c o u n te r s  t o  m e a s u re  a  p e r io d ,  e x e c u te  in v e rse  
c a lc u la t io n  (1 /p e r io d ) ,  a n d  d is p la y  th e  f r e q u e n c y  is c a lle d  th e  re c ip ro c a l  
m e th o d .
T h e  m a in  f e a tu re  o f  th is  m e th o d  is t h a t ,  in  p e r io d  m e a s u re m e n t ,  i t  e n a b le s  
f r e q u e n c y  m e a s u re m e n t  o f  h ig h - r e s o lu t io n  a n d  h ig h -p re c is io n  u p  to  th e  o r d e r  
o f  th e  in te rn a l  t im e  b a s e . F o r  e x a m p le ,  le t  th e  t im e  b a se  b e  10 0  x 1 0 ‘9 s ,  th e n
7 -d ig it  d isp la y  is a lw a y s  p o s s ib le  w h e n  a f r e q u e n c y  ( 1 0  M H z o r  le ss ) is m e a 
s u re d  a t  a g a te  t im e  o f  1 s e c o n d .  T o  o b ta in  a 1 0 -d ig it d isp la y  a t a g a te  t im e  o f
1 s e c o n d  w i th  th is  m e t h o d ,  th e  i n te r n a l  t im e  b a se  m u s t  b e  1 0 0  x 1 0 ’12s 
(e q u iv a le n t  t o  10  G H z ) . T o  re a liz e  a 1 0  G H z  t im e  b a s e ,  th e  t im e  e x p a n d e r  
m e th o d  is u s e d  to g e th e r  w i th  t h e  re c ip ro c a l  m e th o d ,  t h u s  e n a b l in g  a  h ig h - 
r e s o lu t io n  h ig h -p re c is io n  f r e q u e n c y  m e a s u re m e n t .  T h is  m e th o d  is c a l le d  th e  
e x p a n d in g  re c ip ro c a l  m e t h o d .  (*  S ee  T im e  E x p a n d e r  M e th o d .)

G a te  T im e
T h e  t im e  d u r in g  w h ic h  a c o u n te r  m e a s u re s  t h e  i n p u t  s ig n a l. D u r in g  th is  t im e ,  
th e  G A T E  la m p  u s u a l ly  g o e s  o n  t o  n o t i f y  th e  u se r  t h a t  th e  i n p u t  s ig n a l is  
b e in g  m e a s u re d .

Gate
Measurement in p u t o- 

T im e base o-
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T h e re  a re  tw o  i n p u t  c o u p l in g  m e th o d s :  t h e  A C  c o u p l in g  t h a t  c u ts  o u t  th e  
D C  i n p u t  s ig n a l a n d  passe s  th e  A C  c o m p o n e n t  a lo n e ,  a n d  th e  D C  c o u p l in g  
to  m e a s u re  lo w  f r e q u e n c ie s .

M ask in g
W ith  a m a s k in g  f u n c t io n ,  re g a rd le ss  o f  th e  m a g n i tu d e  o f  n o is e ,  d e s ire d  sig n a l 
a lo n e  is m a d e  av a ila b le  b y  in h ib i t in g  fo r  a r e q u i r e d  p e r io d  o f  t im e  th e  w a v e 
sh a p e d  o u t p u t .  B y  a d ju s t in g  th e  m a s k in g  t im e ,  th is  f u n c t io n  m a k e s  p o ss ib le  
t h e  m e a s u re m e n ts  o f  th e  s ig n a l in  n o is e  in c lu d in g  a c h a t t e r in g  n o is e  o r  th e  
m o d u la te d  w ave  s ig n a l.

O ven  L am p
A  la m p  th a t  in d ic a te s  a c t iv a t io n  o f  th e  c ry s ta l-o v e n  h e a te r  a n d  th e  in te rn a l  
re fe r e n c e  c i rc u it  w h e n  th e  c o u n te r  is c o n n e c te d  t o  t h e  A C  p o w e r  so u rc e  
re g a rd le ss  o f  t h e  P O W E R  s w i tc h  o p e r a t i o n .

P re sc a le r
T h e  p re s c a le r  d iv id e s  th e  i n p u t  f r e q u e n c ie s  b y  a f a c to r  o f  n  w i th  a d iv id e r  
fo r  c o u n t in g .  (S ee  th e  f ig u re  b e lo w .)  In  th is  c a s e , t h e  c o u n t in g  re s u l t  is 
1 /n  o f  th e  a c tu a l  f r e q u e n c y ;  t h e r e f o r e ,  th e  t im e  b a se  is m u l t ip l ie d  b y  n  to  
d isp la y  th e  f r e q u e n c y  m e a s u re m e n t .  T h is  r e q u ire s  a g a te  t im e  e q u a l  t o  n  
t im e s  t h a t  r e q u i r e d  fo r  th e  d i r e c t  c o u n t in g  m e t h o d ;  w i th  th e  sa m e  g a te  t im e ,  
t h e  r e s o lu t io n  is 1 /n .  In  th e  p r e s c a le r ,  th e  u p p e r  l im it  o f  th e  m e a s u re d  f r e 
q u e n c y  is d e te r m in e d  b y  th e  f r e q u e n c y  r e s o lu t io n  o f  t h e  d iv id e r .  T h e  g a te  
is o p e r a te d  b y  th e  1 /n  f r e q u e n c y ,  e n a b l in g  m e a s u re m e n t  o f  h ig h e r  f r e q u e n c ie s  
t h a n  b y  th e  d i re c t  c o u n t in g  m e t h o d .  A t p r e s e n t ,  a 1 .5  G H z  p re s c a lin g  c o u n 
t e r  is a v a ila b le .

Input Coupling

D iv ider Gate

S a m p le  R a te
A  fu n c t io n  to  c o n t in u o u s ly  v a ry  th e  d is p la y  t im e  o f  th e  m e a s u re m e n t  re s u l t .  
As a m a t te r  o f  f a c t ,  th e  g a te  t im e  is d e te r m in e d  b y  th e  r e s o lu t io n  o f  th e  
c o u n te r .  T h e  d isp la y  t im e  c a n  b e  c h a n g e d  b y  v a ry in g  th e  t im e  f ro m  th e  e n d
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o f  a m e a s u re m e n t  t o  th e  s t a r t  o f  th e  n e x t  m e a s u re m e n t  b y  u s in g  th e  sa m p le  
ra te  f u n c t io n .  T h u s ,  th e  d a ta  d is p la y  t im e  c a n  b e  a l te r e d  b y  v a ry in g  th e  
s a m p le  r a te .

rate

Data d isp lay tim e  = Gate tim e  + Sample rate tim e  

T im e  B ase , I n te r n a l /E x te r n a l
F r e q u e n c y  c o u n te r s  a re  u s e d  fo r  m e a s u r in g  t im e  o r  c o u n t in g  th e  n u m b e r  o f  
p u lse s  d u r in g  a c e r ta in  p e r io d  o f  t im e .  T o  o b ta in  a n  a c c u ra te  m e a s u re m e n t  
r e s u l t ,  a t im e  b a se  g e n e ra to r  is n e e d e d  t o  g e n e ra te  an  a c c u ra te  t im e .  M o st 
c o u n te r s  i n c o r p o r a te  a c ry s ta l  o s c i l la to r  a s  t h e  i n te r n a l  t im e  b ase  g e n e ra to r .  
T h e  a c c u ra c y  o f  th is  g e n e ra to r  d e te r m in e s  th e  a c c u ra c y  o f  th e  f r e q u e n c y  
c o u n te r .
I f  a g e n e ra to r  w i th  g r e a te r  a c c u ra c y  th a n  th e  b u il t- in  g e n e ra to r  is e x te r n a l ly  
a v a ila b le ,  g r e a te r  m e a s u r e m e n t  a c c u ra c y  o f  t h e  c o u n te r  is o b ta in e d  b y  re p la c 
ing  th e  i n te r n a l  g e n e ra to r  w i th  t h e  o u tp u t  o f  t h e  e x te r n a l  g e n e ra to r .  T h e  
o u tp u t  o f  th is  e x t e r n a l  g e n e r a to r  is  c a lle d  t h e  e x te r n a l  t im e  b a s e .

T im e  E x p a n d e r  M e th o d
T h e  ±  c o u n t  e r r o r  c a u se d  b y  th e  re la t io n s h ip  b e tw e e n  th e  e le c t ro n ic  c o u n te r  
in te rn a l  t im e  b a se  ( f o r  e x a m p le ,  1 0  M H z ) a n d  th e  t im e  in te rv a l  to  b e  m e a s u r 
e d  o r  1 -cy c le  t im e  is u s e d  as a s ig n if ic a n t  t im e  v a lu e . L e t  th e  d if f e re n c e  t im e  
o c c u r r in g  a t  th e  le a d in g  e d g e  o f  th e  t im e  t o  b e  m e a s u re d  b e  A T j a n d  th e  
d if f e re n c e  t im e  o c c u r r in g  a t  th e  t r a i l in g  e d g e  b e  A T 2 , th e n  th e  t im e  to  b e  
m e a s u re d  T x = N - T 0 ±  A T t — A T 2 (w h e re  T 0 = in te rn a l  t im e  b a s e , N  = 
p o s itiv e  in te g e r ) .  A T X — A T 2 c a n  b e  re a d  a t  a b e t t e r  p r e c is io n  b y  a f a c to r  o f  
1 0 0  o r  1 ,0 0 0  b y  c o n v e r t in g  th e  d i f f e r e n c e  t im e s  t o  a n a lo g  v o lta g e s  b y  a h ig h 
sp e e d  t im e -v o lta g e  c o n v e r te r ,  t h e n  A /C  c o n v e r te d  w i th  a h ig h  sp e e d  a n d  
h ig h  p re c is io n .  A ss u m in g  t h e  t im e  b ase  t o  b e  1 0 0  x  10*9 s , T x is e q u a l  to  
r e s o lu t io n  1 x  1 0 '9 s o r  1 0 0  x  1 0 ‘12s. T h is  m e th o d  o f  e x p a n d in g  th e  d i f 
fe re n c e  t im e  is  th e  t im e  e x p a n d e r  m e th o d .

T im e  In te rv a l  A v e ra g e , P e r io d  A v e rag e
C o u n te r s  c a n  m e a s u re  p e r io d  a n d  t im e  in te rv a l .  W ith  a  sing le  m e a s u re m e n t ,  
th e  d is p la y  is u n s ta b le  a n d  d i f f ic u l t  t o  r e a d  o r  th e  m e a s u re m e n t  v a lu e  is n o t

Gate tim e

Data d isplay 
tim e

A—7



re lia b le  i f  th e  i n p u t  s ig n a l is in te r f e r e d  w i th  n o is e  o r  u n s ta b le .  T o  so lv e  th is  
p r o b le m , c o u n te r s  h a v e  a f e a tu re  t o  a v e rag e  1 0  o r  1 0 0  m e a s u re m e n t  v a lu e s  t o  
r e d u c e  th e  in f lu e n c e  o f  n o is e  a n d  in p u t  v a r ia t io n .  T h is  f u n c t io n  is  c a lle d  
th e  t im e  in te rv a l  av e rag e  a n d  p e r io d  a v e rag e  t o  d is t in g u is h  f r o m  a s ing le  
m e a s u re m e n t .  T im e  re q u i r e d  fo r  av e rag e  m e a s u re m e n t  is  as m a n y  t im e s  
lo n g e r  a s  th e  n u m b e r  o f  a v e rag es  t a k e n .

T ra h e t  M e th o d
A D V A N T E S T ’s p a t e n te d  t e c h n iq u e  (U S  P A T . N o . 3 9 3 2 8 1 4 ) .
T h is  m e th o d  uses a Y IG  tu n in g  o s c i l la to r  w i th  e x c e l le n t  l in e a r i ty ,  ta k in g  
a d v a n ta g e  o f  th e  t r a n s f e r  o s c i l la to r  a n d  th e  h e te r o d y n e  c o n v e rs io n  t e c h n i 
q u e s .

T rig g e r L evel
W h en  a  s ign a l is i n p u t  t o  a f r e q u e n c y  c o u n t e r ,  t h e  i n p u t  s ig n a l m u s t  c ro ss  a 
c e r ta in  le v e l (a ls o  c a lle d  th e  t h r e s h o ld  v a lu e )  fo r  th e  c o u n te r  t o  se n se  i t  as  a 
s ign a l a n d  m e a s u re  i t .  T h is  lev e l is  c a l le d  th e  tr ig g e r  lev e l. T h e  lev e l c a n  
u s u a l ly  b e  v a r ie d  w i th  a p o t e n t i o m e t e r ,  e t c .

T rig g e r M o n i to r  O u tp u t
A  s ig n a l o u tp u t  f r o m  th e  t r ig g e r  m o n i to r  c i r c u it  a s  a n  a u x il ia ry  m e a n s  w h e n  
a c o u n te r  is  m e a s u r in g  t im e  in te rv a l .  A n  o s c i lo s c o p e  ( w i th  Z -a x is  m o d u la t io n  
t e r m in a l )  sh o w s  in te n s i ty  m o d u la t i o n  o n  th e  w a v e fo rm  fo r  e a c h  g a te  t im e .  
T h e  m e a s u re d  p o r t io n  o n  th e  t r a c e  is in te n s i f ie d  a s  s h o w n  b e lo w .

Gate tim e

T rig g e r S lo p e
F o r  a f r e q u e n c y  c o u n te r  t o  se n se  an  i n p u t  s ig n a l, th e  i n p u t  s ig n a l s h o u ld  
m e e t  th e  tw o  re q u i r e m e n ts .  O n e  is t h a t  t h e  s ig n a l m u s t  c ro ss  t h e  tr ig g e r  
lev e l, a n d  t h e  o t h e r  is t h a t  t h e  s lo p e  o f  th e  i n p u t  s ig n a l m u s t  m a tc h  th e  p re s e t  
t r ig g e r  s lo p e .  W ith  t h e  tr ig g e r  s lo p e  se t  t o  p lu s  (+ ) ,  t h e  c o u n te r  se n se s  th e  
i n p u t  s ig n a l w h e n  th e  i n p u t  s ig n a l c ro sse s  th e  tr ig g e r  lev e l f r o m  m in u s  ( - )  
t o  p lu s  (+ ) .
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D im e n s io n s  o f  c h a ss is  (2)



For installation with the TR1644

D im e n sio n s  o f  p a n e l (T)

F o r  in s ta l la t io n  w i th o u t  th e  T R 1 6 4 4

Unit: mm

Name Stock No. A B C D

Panel mount set

( ©  + ©  + © )
A 02006 / / /

Rackmounting panel 
(EIA specifications)

A 02407

A 02408 
(with the TR1644)

89 132 458 482

Rackmounting panel 
(JIS specifications)

A 02208

A02209 
(with the TR1644)

100 149 456 480
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