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Preface

Introduction
Your Timer/Counter/Analyzer is designed to

bring you a new dimension to bench-top and

system counting. It offers significantly in-

creased performance compared to traditional

Timer/Counters. The CNT-80 offers the fol-

lowing advantages:

– 10 digits of frequency resolution per sec-

ond and 250 ps resolution, as a result of

high-resolution interpolating reciprocal

counting

– A 2.7 GHz input frequency option

In addition to the above the CNT-81 offers the

following advantages:

– 11 digits of frequency resolution per sec-

ond and 50 ps time resolution

– Integrated high performance GPIB inter-

face using SCPI commands

– Timestamping; the counter records exactly

when a measurement is made

– A high measurement rate of up to 8500

readings/s to internal memory

– A version, CNT-81R, with built-in Rubid-

ium timebase (“atomic clock”)

New powerful and versatile
functions

A unique performance feature in your new in-

strument is the complete arming possibilities,

which allow you to characterize virtually any

type of complex signal concerning frequency

and time.

For instance, you can insert a delay between

the external arming condition and the actual

arming of the counter. You can set this delay

to a preset time or a number of trigger events,

whereby you can for example measure the

width of pulse No. 17 after the arming pulse.

Read more about Arming in Chapter 5, “Mea-

surement Control”.

The counter has a multitude of measuring

functions such as phase, duty factor,

rise/fall-time, peak voltage, and six totalizing

modes. The six totalizing modes include si-

multaneous up/down count (TOT A-B) and

the ability to totalize during a preset time after

a manual start. The counter can perform all

measuring functions except rise/fall time on

both main inputs (A & B), and all functions

except phase, rise/fall time and peak voltage

on input E (arming input).
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By using the built-in mathematics and statis-

tics functions, the instrument can process the

measurement results on your benchtop, with-

out the need for a controller. Math functions

include inversion, 1
X
, and frequency difference

measurements (XN-XN-1). Statistics functions

include Max, Min, Mean and Standard Devia-

tion on sample sizes up to 65535.

No mistakes

You will soon find that your new instrument is

a delight to operate. One example is the

backlit LCD that shows you measurement re-

sults, setting status, and operator messages.

The AUTO function triggers automatically on

any input wave form. A bus-learn mode sim-

plifies GPIB programming. With bus-learn

mode, manual counter settings can be trans-

ferred to the controller for later reprogram-

ming. There is no need to learn code and syn-

tax for each individual counter setting if you

are an occasional bus user.

The ultra-stable CNT-81R:
Timer/Counter/Analyzer +
Frequency Reference

The CNT-81R is an extremely stable version

of the CNT-81. It contains an atomic reso-

nance-controlled timebase (Rubidium) that

gives a new meaning to 10-12 digit measure-

ments. To distribute the stable 10 MHz refer-

ence to other instruments, the CNT-81R has

six amplified reference outputs (5 x 10 MHz

and 1 x 5 MHz), compared to one 10 MHz

output in the standard version.

The warm-up time is only 10 minutes to get as

close as 4*10
–10

from the final timebase fre-

quency. This makes it unnecessary to keep the

timebase switched on during transport.

Design Innovations

State of the art technology
gives durable use

These counters are designed for quality and

durability. The design is highly integrated.

The digital counting circuitry consists of just

two custom-developed VLSI-ASICs and a

16-bit microcontroller. The high integration

and low component count reduces power con-

sumption and results in an MTBF of 30,000

hours. Modern surface-mount technology en-

sures high production quality. A rugged me-

chanical construction, including a metal cabi-

net that withstands mechanical shocks and

protects against EMI, is also a valuable fea-

ture.

High resolution

The use of reciprocal inter-

polating counting in this

new counter results in excel-

lent relative resolution: 10

digits in one second for all frequencies.

The measurement is synchronized with the in-

put cycles instead of the timebase. Simulta-

neously with the normal “digital” counting,

the counter makes analog measurements of

the time between the start/stop trigger events

and the next following clock pulse. This is

done in two identical circuits by charging an

integrating capacitor with a constant current,

starting at the trigger event. Charging is

stopped at the leading edge of the first follow-

ing clock pulse. The stored charge in the inte-

grating capacitor represents the time differ-

ence between the start trigger event and the

leading edge of the first following clock pulse.

When the “digital” part of the measurement is

ready, the stored charges in both capacitors are
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measured. The capacitors are discharged with

a constant current, which is only 1/400th of

the charging current, which means that the

discharge time will be 400 times the charging

time. This 400-fold stretched time is digitally

measured by the counter itself, with adequate

resolution.

The counter’s microcomputer calculates the

result after completing all measurements, i.e.,

the digital time measurement and the two in-

terpolation measurements.

The result is that the basic “digital resolution”

of � 1 clock pulse (100 ns for the CNT-80 and

10 ns for the CNT-81) is reduced to 250 ps

and 50 ps resp.

Since the measurement is synchronized with

the input signal, the resolution for frequency

measurements is very high and independent of

frequency.

The counters have 10 display digits to ensure

that the display does not restrict the resolution

display. They also have an overflow function

that lets you see digit 11 and 12.
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New fast SCPI Bus
These counters are not only extremely power-

ful and versatile bench-top instruments, they

also feature extraordinary IEEE-488 bus prop-

erties.

To ensure compatibility now and in the future,

they incorporate the latest IEEE-488.2 bus

standard and the internationally standardized

SCPI Command Set (Standard Commands for

Programmable Instruments).

The bus transfer rate of the CNT-80 is up to

125 triggered measurements/s over the

IEEE-488 bus, and 2,000 measurements per

second to internal memory. The CNT-81 is

even faster with a bus transfer rate of up to

250 triggered measurements/s over the

IEEE-488 bus, and 8,000 measurements per

second to internal memory.

This very high measurement rate makes new

measurements possible. For example, you can

perform jitter analysis on several thousands of

pulse width measurements and capture them

in a second.

Together with the IEEE-488 interfaces you get

an extensive programming manual that helps

you understand SCPI and counter program-

ming.

An analog recorder output is incorporated into

the IEEE-488 interface. This output provides

an analog signal proportional to the value of

any three consecutive display digits. The out-

put can be used for recordings of measure-

ments on a strip-chart recorder or as a feed-

back signal to an analog control system.

The counter is easy to use in IEEE-488 bus

environments. A built-in bus-learn mode en-

ables you to make all counter settings manu-

ally and transfer them to the controller. The

response can later be used to reprogram the

counter to the same settings. This eliminates

the need for the occasional user to learn all in-

dividual programming codes.

Complete (manually set) counter settings can

also be stored in 19 internal memory locations

and can easily be recalled on a later occasion.

Another user-friendly feature is

macro-programming. You can define your

own mnemonics and define group settings for

complex measurements, then reduce them to

one macro command.
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Safety Instructions

Introduction
Read this page carefully before you install and

use the instrument.

This instrument has been designed and tested

according to safety Class 1 requirements of

EN61010-1 (1993) CAT II and

CAN/CSA-C22.2 number 1010.1-92, and has

been supplied in a safe condition. The user of

this instrument must have the required knowl-

edge of it. This knowledge can be gained by

thoroughly studying this manual.

This instrument is designed to be used by

trained personnel only. Removing the cover

for repair, maintenance, and adjustment of the

instrument must be done by qualified person-

nel who are aware of the hazards involved.

Safety precautions
To ensure the correct and safe operation of

this instrument, it is essential that you follow

generally accepted safety procedures in addi-

tion to the safety precautions specified in this

manual.

Caution and warning
statements

CAUTION: Shows where incorrect

procedures can cause damage to,

or destruction of equipment or

other property.
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WARNING: Shows a potential dan-

ger that requires correct

procedures or practices to prevent

personal injury.

Symbols

Shows where the protective ground

terminal is connected inside the in-

strument. Never remove or loosen

this screw.

Indicates that the operator should

consult the manual.

One such symbol is printed on the

instrument, below the A input. It points out

that the damage level for the input voltage de-

creases from 350Vp to 12Vrms when you

switch the input impedance from 1 M� to

50 �.

If in doubt about safety

Whenever you suspect that it is unsafe to use

the instrument, you must make it inoperative

by doing the following:

– Disconnecting the line cord

– Clearly marking the instrument to prevent

its further operation

– Informing your local Pendulum Service

Center.

For example, the instrument is likely to be un-

safe if it is visibly damaged.

Disposal of hazardous
materials

WARNING: Disposal of lithium bat-

teries requires special attention.

Do not expose the batteries to

heat or put them under extensive

pressure. These measures may

cause the batteries to explode.

The counter uses a lithium battery (See Figure

1-2) to power a backup RAM. Return used

batteries to the vendor for recycling.
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Unpacking

Unpacking
instructions
Check that the shipment is complete and that

no damage has occurred during transportation.

If the contents are incomplete or damaged, file

a claim with the carrier immediately. Also no-

tify your local Pendulum sales or service

office in case repair or replacement may be re-

quired.

Check list

The shipment should contain the following:

– The Timer/Counter/Analyzer

– Line cord

– This Operators Manual

– Programming Manual

– Options you ordered should already be in-

stalled, except the rack mount kit. See

“Identification” below.

– N-to-BNC Adapter, if you ordered the HF

input option

– Certificate of Calibration

Identification

Options installed inside the cover are identi-

fied on the rear panel according to the list be-

low. The rack mount kit, if ordered, must be

assembled using the instructions on page 1-11.

Option 10: 2.7 GHz input for CNT-80

Option 20: 2.7 GHz input for CNT-81(R)

Option 30: OCXO timebase 1x10
-8

/month

Option 40: OCXO timebase 3x10
-9

/month
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Installation

Supply voltage

Setting

The Timer/Counter/Analyzer may be con-

nected to any AC supply with a voltage rating

of 90 to 265 Vrms, 45 to 440 Hz. The counter

automatically adjusts itself to the input line

voltage.

Fuse

A 1.6A/250V slow-blow fuse is placed inside

the counter. This fuse rating is used for the full

voltage range.

CAUTION: If this fuse is blown, it is

likely that the power supply is

badly damaged. do not replace the

fuse. Send the counter to the local

Pendulum Service Center.

Grounding

Grounding faults in the line volt-

age supply will make any instru-

ment connected to it dangerous.

Before connecting any unit to the

power line, you must make sure that the pro-

tective ground functions correctly. Only then

can a unit be connected to the power line and

only by using a three-wire line cord. No other

method of grounding is permitted. Extension

cords must always have a protective ground

conductor.

WARNING: If a unit is moved from a

cold to a warm environment, con-

densation may cause a shock

hazard. Ensure, therefore, that the

grounding requirements are

strictly met.

WARNING: Never interrupt the

grounding cord. Any interruption

of the protective ground connec-

tion inside or outside the

instrument or disconnection of the

protective ground terminal is likely

to make the instrument danger-

ous.
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Orientation and
cooling
The counter can be operated in any position

desired. Make sure that the air flow through

the ventilation slots are not obstructed.

Leave 5 centimeters (2 inches) of space

around the CNT-80.

The CNT-81/CNT-81R has a fan, so the space

can be reduced to 1 centimeter (1
2

inch).

CAUTION: Never cover the ventila-

tion slots at the right or left side. If

the slots are covered, the counter

will overheat.

The CNT-81/81R fan control

The microcontroller uses the fan to adjust the

temperature inside the counter so that it is as

close as possible to the temperature when the

last calibration was done. This regulation

starts 45 minutes after power-on.
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Fold-down Support
For bench-top use, a fold-down support is

available for use underneath the counter. This

support can also be used as a handle to carry

the instrument.

Rack mount (accessory)

If you have ordered a handle kit or a rack

mount kit for your counter, it has to be assem-

bled after delivery of the counter.

� Rack mount adapter

The rack mount kit, Option 22, consists of

the following:

2 brackets, (short, left; long, right)

4 screws, M5 x 8

4 screws, M6 x 8
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comfortable benchtop

use.

Figure 1-6 Use the support to carry

the counter.
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Figure 1-7 Dimensions for

rackmounting hardware.

Figure 1-8 Fitting the rackmount

brackets on the counter.



To assemble the rack mount kit, do the follow-

ing:

WARNING: Do not perform any inter-

nal service or adjustment of this

instrument unless you are

qualified to do so.

WARNING: When you remove the

cover you will expose live parts

and accessible terminals which

can cause death.

WARNING: Although the power

switch is in the off position, line

voltage is present on the printed

circuit board. Use extreme cau-

tion.

WARNING: Capacitors inside the in-

strument can hold their charge

even if the instrument has been

separated from all voltage

sources.

– Make sure the power cord is disconnected

from the counter.

– Turn the counter upside down.

– Loosen the two screws (A) at the bottom

and the two screws (B) in the rear feet.

– Grip the front panel and gently push at the

rear.

– Pull the counter out of the cover.

– Remove the four feet from the cover.

– Use a screwdriver as shown in the illus-

tration or a pair of pliers to remove the

springs holding each foot, then push out

the feet.

– Remove the two plastic labels that cover

the screw holes on the right and left side

of the front panel.

– Push the counter back in the cover.

– Turn it upside down.

– Install the two screws (A) at the bottom.

– Install the two rear feet with the screws

(B) to the rear panel.

– Fasten the brackets at the left and right

side with the screws included.

– Fasten the front panel and mounting plate.

Reversing the rack mount kit

The counter may also be mounted to the right

in the rack. To do so, first remove the plate on

the long bracket and fasten it on the short one,

then perform the preceding steps.

The long bracket has an opening so that cables

for Input A, B, and C can be connected inside

the rack.

Preparation for Use

1-12 Installation

Figure 1-9 Removing feet from the

cover.

�

�

�

Figure 1-10 Remove the screws

and push out the

counter from the
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Basic Controls

Using the controls

2-2 Basic Controls

LOCAL / PRESET

If in Local mode: Presets the instrument

to default settings, see page 2-13.

If in Remote mode: the counter

switches to local operation.

EXT REF

Switches between the ex-

ternal and the internal

Time Base reference.

SWAP

AUTO
TRIGGER LEVEL

FILTER

STANDBY

LOCAL
PRESET

ON

EXT
REF

INPUT A

AC / DC

A COM AB
INPUT B

CHECK

START/STOP1X / 10X
TOTALIZE

ON/ 1M50

1X / 10X

/ / 50 / 1M

AC / DC

HOLD OFF

SET A SET B DELAY

CNT-81R TIMER/COUNTER ANALYZER & RUBIDIUM FREQUEN

SET

UNLOCK

UNLOCK

REF.

ADJ.

STANDBY / ON

Press ON and the

counter turns on

and returns to the

settings it had

when turned off.

To select default

settings, press

PRESET.

STANDBY LED

CNT-80/CNT-81: Lights when

the counter is OFF, but

power is available to an oven

oscillator

CNT-81R: This LED (UN-

LOCK/STANDBY) also indi-

cates when the rubidium os-

cillator is unlocked during

the warming up phase (4-6

min. after switched ON).

Once the LED switches off,

the CNT-81R can be used.

CHECK

Connects the internal

timebase reference to

the counter logic to

allow test of all mea-

suring functions, ex-

cept VMAX/MIN.

(The reference fre-

quency is 10 MHz for

the CNT-80 and

100 MHz for the

CNT-81).
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Basic Controls 2-3

MENU

If you press

MENU the

display shows

all selectable

functions and

the current

selection

blinks.

FUNCTION

Selects measuring function from the list of functions under the

numeric field in the display.

AUX MENU

Gives you access to

additional functions,

See chapter 7.

SAVE / CLEAR

Press SAVE and then a

number between 0 and

19 to store a front panel

configuration.

The MEMORY indicator

is only on as long as no

changes from the saved

setting have been made.

CLEAR deletes errone-

ous keyboard entries.

RECALL / EE

Press RECALL

and a number to

recall a stored

front panel config-

uration.

Also used to enter

an exponent (EE).

SELECT / SET

Steps up/down numerical

values and scrolls through

selections. Confirm by

pressing ENTER.

KEYBOARD

Use DATA ENTRY keys to key in nu-

merical values. SELECT/SET can

also be used to increase/decrease a

value for some functions.

ENTER

Confirms a

selection.

TRIGTRIG

A DC - 300MHz B

SINGLE

GATE

MENU

FUNCTION

RESTART

HOLD

MEASUREMENT CONTROL

SAVE RECALL

PROCESS DATA ENTRY

FF

MAX
12Vrms
350Vp . 1M

. 50

M=

L=

CLEAR

0 +/-

ENTEREE

K= 1

4

7

2

5

3

6 Xo

8 9 XMEAS TIME

MENU
AUX

SELECT

STAT

MATHSTART ARM

STOP ARM

UENCY STANDARD

C 0.1 - 2.7 GHz

50

Max 5 Vrms

n-1



Input Controls

Using the controls

2-4 Input Controls

COM A

interconnects

input A and B

internally.

COM A uses

Input A con-

nector and set-

tings.

FILTER

Switches on

or off the

100kHz

LP-filter

IMPEDANCE

Sets the input imped-

ance 50 � or 1 M�

SLOPE

Positive or negative

trigger slope

X1 / X10

Attenuation 1X

or 10X

COUPLING

Select AC or DC

coupling.

TRIGGER LEVEL

Read or set the trigger levels,

Each level is variable between

–5.1 and + 5.1 V. (–51 and

+51 V if attenuator is set to

10X.)

AUTO selects 50 % of VPP as

trigger level for both A and B in-

puts.(10 % and 90 % for

Rise/Fall A.).

SWAP A�B

When ON, input A and B

are swapped after the input

controls. Input A becomes

Input B and vice versa.

(Does not work for

Rise/Fall A).

SWAP

AUTO
TRIGGER LEVEL

FILTER

STANDBY

LOCAL
PRESET

ON

EXT
REF

INPUT A

AC / DC

A COM AB
INPUT B

CHECK

START/STOP1X / 10X
TOTALIZE

ON/ 1M50

1X / 10X

/ / 50 / 1M

AC / DC

HOLD OFF

SET A SET B DELAY

CNT-81R TIMER/COUNTER ANALYZER & RUBIDIUM FREQUEN

SET

UNLOCK

UNLOCK

REF.

ADJ.
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Input Controls 2-5

TRIG LED’S

Blinking = Correct triggering, ON = Signal above trigger level, OFF = Signal below

trigger level. Indicates triggering also while you set the trigger level using the SE-

LECT/SET.

INPUT CONNECTORS

A and B inputs: standard BNC

connectors. Input C: (Option)

N-type connector.

TRIGTRIG

A DC - 300MHz B

SINGLE

GATE

MENU

FUNCTION

RESTART

HOLD

MEASUREMENT CONTROL

SAVE RECALL

PROCESS DATA ENTRY

OFF

MAX
12Vrms
350Vp . 1M

. 50

M=

L=

CLEAR

0 +/-

ENTEREE

K= 1

4

7

2

5

3

6 Xo

8 9 XMEAS TIME

MENU
AUX

SELECT

STAT

MATHSTART ARM

STOP ARM

UENCY STANDARD

C 0.1 - 2.7 GHz

50

Max 5 Vrms

n-1



Measurement
Control Keys

Using the controls

2-6 Measurement Control Keys

TOTALIZE START/STOP

Used to open/ close the gate in

TOT A-B MAN. Reset value with RE-

START.

HOLD OFF

ON: Switches Hold Off on or off

SET: Read or set Hold Off time. The time is

variable between 200ns and 1.67s for the

CNT-80 and 50 ns to 1.34 s for the CNT-81.

SWAP

AUTO
TRIGGER LEVEL

FILTER

STANDBY

LOCAL
PRESET

ON

EXT
REF

INPUT A

AC / DC

A COM AB
INPUT B

CHECK

START/STOP1X / 10X
TOTALIZE

ON/ 1M50

1X / 10X

/ / 50 / 1M

AC / DC

HOLD OFF

SET A SET B DELAY

CNT-81R TIMER/COUNTER ANALYZER & RUBIDIUM FREQUEN

SET

UNLOCK

UNLOCK

REF.

ADJ.
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Measurement Control Keys 2-7

RESTART

Interrupts the

measurement,

clears the dis-

play and starts a

new measure-

ment.

MEASUREMENT TIME

Sets measurement time be-

tween 800ns and 400s.

(80 ns and 400s on the

CNT-81)

If single is selected the set

measurement time becomes

the Display Time (pause be-

tween measurements).

SINGLE

When on, the result from each measurement

is displayed. When off, the counter averages

all data captured during the set measurement

time.

ARM

Activates external arming.

Push START or STOP. Select

Off, Pos, or Neg with the SE-

LECT/SET key. End with ENTER.

Arming delay and channel can be

set via AUX MENU.

GATE LED

On when a measure-

ment proceeds. A

Gate signal is also

available on the ‘Gate

Open’ output on the

rear panel.

DISPLAY HOLD

Freezes the display until you initiate a new

measurement by pressing RESTART or by

changing any setting.

TRIGTRIG

A DC - 300MHz B

SINGLE

GATE

MENU

FUNCTION

RESTART

HOLD

MEASUREMENT CONTROL

SAVE RECALL

PROCESS DATA ENTRY

OFF

MAX
12Vrms
350Vp . 1M

. 50

M=

L=

CLEAR

0 +/-

ENTEREE

K= 1

4

7

2

5

3

6 Xo

8 9 XMEAS TIME

MENU
AUX

SELECT

STAT

MATHSTART ARM

STOP ARM

UENCY STANDARD

C 0.1 - 2.7 GHz

50

Max 5 Vrms

n-1
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Using the controls

2-8 Processing

MATHEMATICS

Press MATH and use SELECT/SET key to

choose (K*X+L)/M or (K/X+L)/M.

K, L, and M keys set the constants.

X0

Captures the most recently displayed

measurement result and uses it as a

constant in mathematics. Press K=, L=,

or M= then press X0. Press ENTER to

store the displayed value as a con-

stant.

Xn-1

Uses the previous (old)

measurement result in

mathematics. Press K=,

L=, or M= then Xn–1 and

confirm by pressing

ENTER. Xn–1 is continu-

ously updated to the mea-

surement result prior to the

current result.

STATISTICS

Press STAT and use SELECT/SET key

to choose Max, Min, Mean, or Standard

Deviation. The number of samples are

100 but can be altered via AUX MENU.

(To capture data quickly the measure-

ment time should be short.)

TRIGTRIG

A DC - 300MHz B

SINGLE

GATE

MENU

FUNCTION

RESTART

HOLD

MEASUREMENT CONTROL

SAVE RECALL

PROCESS DATA ENTRY

OFF

MAX
12Vrms
350Vp . 1M

. 50

M=

L=

CLEAR

0 +/-

ENTEREE

K= 1

4

7

2

5

3

6 Xo

8 9 XMEAS TIME

MENU
AUX

SELECT

STAT

MATHSTART ARM

STOP ARM

QUENCY STANDARD

C 0.1 - 2.7 GHz

50

Max 5 Vrms

n-1
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Display 2-9

NUMERICAL PRESENTATION

A 10-digit display used to show mea-

suring results and other values. The

display always shows basic units

(Hertz, seconds or Volts) plus an expo-

nent when necessary.

ENTER

Blinks when the instrument wants you

to confirm a selection by pressing

ENTER.

Steady ON if you can also confirm by

pressing the SET key once more

MEASURING FUNCTIONS

The current measuring function is

shown on the display.

If MENU is pressed, all possible selec-

tions are shown on the display and cur-

rent setting is blinking.

Also watch the A�B segment. If on,

the inputs are swapped, for instance

Ratio A/B is really Ratio B/A.

INPUT SETTINGS

Input settings are shown on the display directly

above the key used for each setting. Only the ac-

tive settings for the inputs in use are shown.

INPUT IMPEDANCE

Always shown for both

inputs, to avoid imped-

ance mismatch of con-

nected cables and to

avoid accidental switch-

ing to 50 � when a high

amplitude (above

12 VRMS) signal is con-

nected.

Exponent Unit In-

dicator

Mantissa



Using the controls

2-10 Display

ARMING

Indicates that the

Arming function is

in use and also

shows the selec-

tion of positive or

negative slope for

arming start/stop.

BURST

This segment is on when

the instrument is set up

for a frequency burst

measurement (via AUX

MENU).

AUXILIARY

ON when the changes

made in the AUX

MENU result in a set-

ting that cannot be ac-

curately shown on the

display.

Make it a rule to fre-

quently look at this indi-

cator!

SRQ

This segment is on

when the instrument

has sent a Service Re-

quest via GPIB but the

controller has not

fetched the message.

REMOTE

This segment is

on when the in-

strument is con-

trolled from

GPIB. Press LO-

CAL to interrupt

bus control.

STATISTICS

These segments show current set-

ting for statistics.

MATHEMATICS

These segments show

current setting for math-

ematics.
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Rear Panel 2-11

OUT

OFF
ON

TRIG
LEVEL

OUT
BABA

PROBE
COMP VIEW

GND

M ade in Sw eden

G D E

168 4 2 1

H

RL1, DC1, DT1, E2
SH1, AH1, T5, L4, SR1,
IEEE 488/IEC 625 INTERFACE

ADDRESS

90V-265V

1.6AT
PRIMARY FUSE INSIDE

ANALOG OUT

EXT ARMREF IN10MHz OUTGATE OPEN

OPTION 10
OPTION 30
OPTION 40
OPTION __

INCLUDED OPTIONS

OPTION __
OPTION __
OPTION __
OPTION __

!

!

! ! !
LR 39484

CNT-80

External

Reference

input

Analog

output

GPIB address

switch
External Arming input

(or extra measuring input E)

Analog

output

External Arming input

(or extra measuring input E)

INPUT

BGND ABA

PROBE
COMP VIEW

LEVEL
TRIG

OPENOUT
ANALOG GATE

INPUT
A B

INPUT

INSIDE

RL1, DC1, DT1, E2
SH1, AH1, T6, L4, SR1,

IEEE 488/IEC 625 INTERFACE

IN
REFERENCE

ARM
EXT

90V-265V

C

PRIMARY FUSE 1.6AT

LR 39484

OPTION 20

OPTION 30

OPTION 40

OPTION __

OPTIONS

RUBIDIUM ATOMIC REFERENCE CLOCK OUTPUTS/10MHz 0.6Vrms IN 50

F

I J

H

K

E

L

D

M

G

N

5MHz

OPTION __

CNT-81/ CNT-81R

Extra Reference outputs (CNT-81R only)

Five10 MHz outputs and one 5 MHz output

External

Reference

input



Trig Level Outputs

These connectors at the rear panel output DC

levels which represent the set trigger level.

You can connect this signal to one channel of

your oscilloscope and connect the measuring

signal to the other channel. Now you can see

where the counter triggers on the oscilloscope

screen.

The CNT-80 outputs a voltage that is 1/10 of

the trigger level. The output range is

–0.51 to +0.51 V in 2 mV steps and it is not

affected by the attenuators.

The CNT-81 outputs Trigger level/attenuator

setting. The output range is –5.1 to +5.1 V in

1.25 mV.

Probe Comp View

If you want to use oscilloscope probes for

time measurements you must calibrate the

step response of the probes. Select a probe

with a compensating range of at least 30pF.

– Set your timer/counter in default setting

by pressing the PRESET key.

– Select non AUTO, x1.

– Connect a 2 kHz square wave with 4 VPP

amplitude to Input A via the probe you

want to adjust.

– Connect the Probe Comp View output at

the rear of the timer/counter to an oscillo-

scope. Use a probe that is correctly ad-

justed to the oscilloscope you use.

– Adjust the probe connected to input A un-

til the edge of the pulse is as sharp as pos-

sible.

If you have a CNT-81, you can use TimeView

for probe compensation. See the TimeView

chapter of this manual.

Using the controls

2-12 Rear Panel
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Fig 2-1 Adjusting the step response

of a probe to fit the

timer/counter.

TRIGTRIG

SWAP

AUTO
TRIGGER LEVEL

FILTER

STANDBY

LOCAL
PRESET

ON

EXT
REF

INPUT A

AC / DC

A COM AB
INPUT B

CHECK

START/STOP1X / 10X
TOTALIZE

ON
A DC - 300MHz B

SINGLE

GATE

MENU

FUNCTION

RESTART

HOLD

MEASUREMENT CONTROL

SAVE RECALL

PROCESS DATA ENTRY

/ 1M50

1X / 10X

/ / 50 / 1M

AC / DC

HOLD OFF

MAX
12Vrms
350Vp . 1M

. 50

SET A SET B DELAY M=

L=

CLEAR

0 +/-

ENTEREE

K= 1

4

7

2

5

3

6 Xo

8 9 XMEAS TIME

MENU
AUX

SELECT

STAT

MATHSTART ARM

STOP ARM

CNT-81R TIMER/COUNTER ANALYZER & RUBIDIUM FREQUENCY STANDARD

C 0.1 - 2.7 GHz

50

Max 5 Vrms

SET

n-1

UNLOCK

UNLOCK

REF.

ADJ.



Default Settings (after PRESET)

CNT-80

The counter presets immediately when you

press PRESET.

CNT-81

The counter presets immediately when you

press PRESET.

The settings used before preset are stored in

memory 0, so press RECALL, then 0 and

ENTER to recall the previous setting.

Using the controls

Default Settings (after PRESET) 2-13

PARAMETER VALUE/

SETTING

Input A:

Trigger level AUTO

Impedance 1 M�

Manual Trigger level

(Controlled by AUTO-trig)

0V

Manual Attenuator

(Controlled by AUTO-trig)

1X

Coupling AC

Trigger slope Pos

Filter OFF

Input B:

Trigger level AUTO

Impedance 1 M�

Manual Trigger level

(Controlled by AUTO-trig)

0V

Manual Attenuator

(Controlled by AUTO-trig)

1X

Coupling DC

Trigger slope Pos

Common OFF

PARAMETER VALUE/

SETTING

Arming:

Start OFF

Stop OFF

Delay Start, Time,

OFF

Channel Ext Arm

Input E

Statistics:

Statistics OFF

Mathematics OFF

Sample size in Statistics 100

Sample size in Time In-

terval Average

100

Mathematical constants:

K= and M= 1

L= 0

Miscellaneous:

Function FREQ A

Time out 100 ms, OFF

Measurement time 0.2 s
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2-14 Default Settings (after PRESET)

PARAMETER VALUE/

SETTING

Check OFF

Single cycle OFF

Analog output control OFF

Hold Off Time, OFF

Memory Protection

(Memory 10 to19)

OFF

Auxiliary functions All switched

OFF

Blank LSD OFF



Chapter 3

Input Signal

Conditioning



Input Amplifier
Input amplifiers are used to adapt measuring

signals to the measuring logic of the

timer/counter. These amplifiers have many

controls and it is essential to understand how

these controls work together and how they af-

fect the signal.

The block diagram below shows the order in

which the different controls are connected.

This is not a complete technical diagram. It is

only intended to help understanding the con-

trols.

Input Signal Conditioning

3-2 Input Amplifier

Figure 3-2 Block diagram of the signal conditioning.

SWAP

AUTO
TRIGGER LEVEL

FILTER
INPUT A

AC / DC

A COM AB
INPUT B

C

ST1X / 10X
T

/ 1M50

1X / 10X

/ / 50 / 1M

AC / DCSET A SET B

Figure 3-1 These keys control the input amplifiers.



Trigger Level

AUTO Turn on AUTO, and the

counter automatically mea-

sures the peak-to-peak lev-

els of the input signal and

sets the trigger level to 50%

of that value. When the in-

strument is in AUTO mode,

it also selects attenuation

automatically.

If the Rise&Fall time function is selected,

AUTO sets the trigger levels to 10% and 90%

of the amplitude. The 10% level can be read

by pressing SET A and the 90% level by

pressing SET B.

� Speed

The Auto-function measures amplitude and

calculates trigger level rapidly, but if you aim

at higher measurement speed, use the Auto

Low function in the Auxiliary Menu.

To set the lowest frequency Auto Low uses

for calculation in the CNT-81 (for the CNT-80

see page 7-11):

– Press AUX MENU.

– Select Auto Lo confirm with ENTER.

– Use SELECT/SET or use the keypad to

set the low frequency limit that should be

used during the trigger level calculation,

(default 100 Hz).

– Confirm with ENTER.

High speed voltage (CNT-80) or a high

low-frequency limit in Auto Low (CNT-81)

detects the level faster. Fixed trigger levels

also increase speed, See also “Converting

AUTO to Fixed” below.

� Fixed levels

SET A

SET B

Press SET A or SET B

keys to read the current

trigger level and to set fixed

trigger levels. Values can

either be entered via the

keyboard or stepped up or

down with the SE-

LECT/SET key.

Press ENTER to confirm your selection.

When a fixed trigger level is set, AUTO is

turned off for that input.

Input Signal Conditioning

Input Amplifier 3-3

AUTO
TRIGGER LEVEL

SET A SET B

TRIGTRIG

SWAP

AUTO
TRIGGER LEVEL

FILTER

STANDBY

LOCAL
PRESET

ON

EXT
REF

INPUT A

AC / DC

A COM AB
INPUT B

CHECK

START/STOP1X / 10X
TOTALIZE

ON
A DC - 300MHz B

SINGLE

GATE

MENU

FUNCTION

RESTART

HOLD

MEASUREMENT CONTROL

SAVE RECALL

PROCESS DATA ENTRY

/ 1M50

1X / 10X

/ / 50 / 1M

AC / DC

HOLD OFF

MAX
12Vrms
350Vp . 1M

. 50

SET A SET B DELAY M=

L=

CLEAR

0 +/-

ENTEREE

K= 1

4

7

2

5

3

6 Xo

8 9 XMEAS TIME

MENU
AUX

SELECT

STAT

MATHSTART ARM

STOP ARM

CNT-81R TIMER/COUNTER ANALYZER & RUBIDIUM FREQUENCY STANDARD

C 0.1 - 2.7 GHz

50

Max 5 Vrms

SET

n-1

UNLOCK

UNLOCK

REF.

ADJ.

Typical time to determine trigger levels

M
e
a
s
u

ri
n

g

fu
n

c
ti

o
n

100 Hz freq.

limit (normal)

10 kHz freq.

limit

CNT-80 CNT-81 CNT-80 CNT-81

Freq A 50 ms 85 ms 25 ms 15 ms

Time

A-B

80 ms 170 ms 40 ms 30 ms

Table 3-1 Time to determine trigger lev-

els



Ranges for trigger level A and B:

� Auto once

Converting “Auto” to “Fixed”

The trigger levels used by the auto trigger can

be frozen and turned into fixed trigger-levels.

When AUTO is on and you press SET A or

SET B, you will see the trigger-level selected

by the instrument. If you want to enter this

value as fixed trigger-level, just press

ENTER. The instrument now returns to mea-

suring but with the trigger level programmed

as fixed. Repeat the above for the other input

if you want fixed trigger level there too.

NOTE: By following this procedure you can

use auto trigger on one input and fixed

trigger levels on the other. The fixed

level can be adjusted by pressing the

appropriate SET key once again and

entering a new value. The AUTO an-

nunciator on the display is on as long

as one of the currently used channels

is in auto mode.

To check which inputs have autotrigger when

the AUTO annunciator is on:

– Press AUX MENU.

– Select AU. COdES.

– Check the last digit (called .T) in the code

according to the following table:

� Sensitivity

The sensitivity of the counter is normally

fixed at 20 mVp-p. For one-channel measure-

ments, you can vary the width of the hyster-

esis band between 30 mVp-p (60mV for the

CNT-80) and 10 Vp-p.

Press AUX MENU.

Select Var. HYSt. A with the SE-

LECT/SET key.

Press ENTER.

Turn on variable hysteresis by selecting ON

with the SELECT/SET key, confirm with

ENTER.

When you turn on Variable Hysteresis A,

AUTO is switched on. Here AUTO sets the

upper level of the hysteresis band to 75% and

the lower level to 25%, The upper level can be

read and set with SET A and the lower level

with SET B.

�
Variable hysteresis A has an up-
per frequency limit of 120 MHz
and is restricted to FREQ A for
the CNT-80, while it can be used
in all one-channel measurements
on input A with the CNT-81.

� Trigger indicators

One indicator for each of input A and B shows

the status:

Input Signal Conditioning

3-4 Input Amplifier

Att. Trigger

Level Range

Minimum step

CNT-80 CNT-81

X1 –5.1to +5.1 V 20 mV 1.25mV

X10 –51 to +51 V 200 mV 12.5mV

Table 3-2 Ranges for trigger level A

and B

.T Auto trig A Auto trig B

.0 off off

.1 off on

.2 on off

.3 on on

Table 3-3 Trigger settings



Blinking The signal crosses the hys-

teresis band and the input is

triggering correctly.

On The signal is above the trig-

ger level.

Off The signal is below the trig-

ger level.

�
The trigger indicators operate
while you set the trigger level via
the SELECT/SET key. This way
you can see when the input trig-
gers correctly even though you
cannot see the measuring results
on the display.

Filter

� Analog Low-pass Filter

Input A

If you cannot obtain a stable reading, the sig-

nal-to-noise ratio is too poor (assumably

poorer than –6 to –10 dB), and you should use

a filter.

FILTER The counter has an analog

LP filter with cutoff fre-

quency of approximately

100 kHz, and a signal rejec-

tion of 40 dB at 1 MHz.

Accurate frequency measurements of noisy

LF signals (up to 200 kHz) can be made,

when the noise components have significantly

higher frequencies than the fundamental sig-

nal.

� Digital Low-pass Filter

Input A and B

With trigger Hold Off, it is possible to insert a

dead time in the input trigger circuit. This

means that the input of the counter ignores all

hysteresis band crossings by the input signal

during a preset time.

When you set the Hold Off time to approx.

75% of the cycle time of the signal, (errone-

ous) triggering is inhibited around the point

where the input signal returns through the hys-

teresis band. When the signal reaches the trig-

ger point of the next cycle, the set Hold Off

time has elapsed and one (correct) new trig-

gering occurs.

To use the Hold Off feature effectively you

must have a rough idea of the frequency to be

measured; otherwise, setting the Hold Off

time is not easy.

A Hold Off time that is too long may give a

perfectly stable reading, but have a frequency

that is too low. In such a case, triggering oc-

curs only on every 2nd, 3rd or 4th cycle. A

Hold Off time that is too short � 1
2

cycle time

also leads to a stable reading. Here one noise

pulse is counted for each half-cycle.

Use an oscilloscope for verification if you are

in doubt about which frequency you measure

on.

Input Signal Conditioning
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Figure 3-3 Characteristics of LP filter.



Impedance

50�/1M� The input impedance can

be set to 1M� or 50�.

CAUTION: Switching the impedance

to 50� when the input voltage is

above 12VRMS may cause perma-

nent damage to the input amplifier.

Slope

One press on the SLOPE

key changes trigger slope

from positive to negative or

from negative to positive.

Check the annunciator on

the display directly above

the key to see the selected

slope. Trigger slope is es-

sential for time measure-

ments, and totally unimpor-

tant for frequency measure-

ments.

Attenuation

1X/10X One press on the 1X/10X

key changes attenuation

from 1X to 10X or from 10X

to 1X. Check the annuncia-

tor on the display directly

above the key to see se-

lected attenuation.

Use the attenuator to attenuate excessive sig-

nals.

DC / AC Coupling

AC/DC One press on the AC/DC

key changes attenuation

from AC to DC or from DC

to AC.

Check the annunciator on the display directly

above the key to see selected coupling.

Use the AC coupling feature to eliminate un-

wanted DC signal components. Always use

AC coupling when the AC signal is superim-

posed on a DC voltage, which is greater than

can be offset with the counter’s trigger level

setting. However, we recommend AC cou-

pling in many other measurements anyway.

When you measure symmetrical signals, such

as sine and square waves or triangles, AC cou-

pling filters out all DC components. This

means that a 0 V trigger level is always cen-

tered around the middle of the signal where

triggering is most stable.

Signals with changing duty factor or with a

very low duty factor do require DC coupling.

Figure 3-6 shows how pulses can be missed,

while Figure 3-7 shows that triggering does
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Figure 3-5 AC coupling a symmetri-

cal signal
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Figure 3-4 Digital LP filter using

Hold Off operates in the

measuring logic, not in

the input amplifier.



not occur at all because the signal amplitude

and hysteresis band are not centered.

How to Reduce or
Ignore Noise and
Interference
Sensitive counter input circuits are of course

also sensitive to noise. By matching the signal

amplitude to the counter’s input sensitivity,

you reduce the risk for erroneous counts from

noise and interference. These could otherwise

ruin a measurement.
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Figure 3-8 Narrow hysteresis gives

erroneous triggering on

noisy signals.

Figure 3-9 Wide trigger hysteresis

gives correct triggering.

Figure 3-7 AC coupling a signal with

low duty factor.

Figure 3-6 Missing trigger events due

to AC coupling.



To ensure reliable measuring results, the coun-

ter has the following functions to reduce or

eliminate the effect of noise:

– 10X input attenuator

– Continuously variable trigger level

– Continuously variable hysteresis for some

functions

– Analog low-pass noise suppression filter

– Digital low-pass filter, (frequency trigger

Hold Off)

To make reliable measurements possible on

very noisy signals, you may use several of the

above features simultaneously.

Optimizing the input amplitude and the trigger

level, using the attenuator and the trigger con-

trol, is independent of input frequency and

useful over the entire frequency range. LP fil-

ters function selectively over a limited fre-

quency range.

Trigger Hysteresis

The signal needs to cross the 20 mV input

hysteresis band before triggering occurs. This

hysteresis prevents the input from

self-oscillating and reduces its sensitivity to

noise. Other names for trigger hysteresis are

“trigger sensitivity” or “noise immunity”,

which explain the various characteristics of

the hysteresis.

Figure 3-8 and Figure 3-10 show how spuri-

ous signals can cause the input signal to cross

the trigger or hysteresis window more than

once per input cycle and cause erroneous

counts.

Figure 3-11 shows that less noise still affects

the trigger point by advancing or delaying it,

but it does not cause erroneous counts. This

trigger uncertainty is of particular importance

when measuring low frequency signals, since

the signal slew rate (in V/s) is low for LF sig-

nals. To reduce the trigger uncertainty, it is de-

sirable to cross the hysteresis band as fast as

possible.

Input Signal Conditioning
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Figure 3-11 Trigger Uncertainty due

to Noise.

Figure 3-10 Erroneous counts

when noise passes hysteresis window

Figure 3-12 Low amplitude delays

the Trigger Point



Figure 3-12 shows that a high amplitude sig-

nal passes the hysteresis faster than a low am-

plitude signal. For low frequency measure-

ments where the trigger uncertainty is of im-

portance, do not attenuate the signal too much,

and set the sensitivity of the counter high.

In practice however, trigger errors caused by

erroneous counts (Figures 3-8 and 3-10 ) are

much more important and require just the op-

posite measures to be taken.

To avoid erroneous counting caused by spuri-

ous signals, you need to avoid excessive input

signal amplitudes. This is particularly valid

when measuring on high impedance circuitry

and when using the 1M� input impedance.

Under these conditions, the cables easily pick

up noise.

External attenuation and the internal 10X at-

tenuator reduces the signal amplitude, includ-

ing the noise, while the internal sensitivity

control in the counter reduces the counter’s

sensitivity, including sensitivity to noise. Re-

duce excessive signals with the 10X attenu-

ator or with external coaxial attenuators. If the

signal has a poor signal-to-noise ratio (less

than 20dB), you may have to use the Variable

Hysteresis A.

How to use Trigger Level
Setting

For most frequency measurements, the best

triggering is obtained by positioning the trig-

ger level at mid amplitude.

When measuring LF sine wave signals with

little noise, you may want to measure with a

high sensitivity (narrow hysteresis band) to re-

duce the trigger uncertainty. Triggering at or

close to the middle of the signal leads to the

smallest trigger (timing) error since the signal

slope is steepest at the sine wave center, see

Figure 3-13.

When you have to avoid erroneous counts due

to noisy signals, see Figure 3-11, expanding

the hysteresis window gives the best result

when you center the window around the mid-

dle of the input signal. The input signal excur-

sions beyond the hysteresis band should be

equally large.

� AUTO Trigger

For frequency measurements, the Auto Trig-

ger function automates the trigger level setting

to 50 % of the peak to peak amplitude. It does

this with a successive approximation method,

by which the signal’s MIN. and MAX. levels

are identified, i.e., the levels where triggering

just stops. After this MIN./MAX. probing, the

counter sets the trigger level to the average

value of these two extremes.

Before each frequency measurement the coun-

ter repeats this signal probing to identify new

MIN/MAX values. A prerequisite to enable

AUTO triggering is therefore that the input

signal is repetitive, i.e., �100 Hz. Another

condition is that the signal amplitude does not

change significantly after the measurement

has started.
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Figure 3-13 Timing error due to slew

rate.



NOTE: AUTO trigger limits the maximum

measuring rate when an automatic

test system makes many measure-

ments per second. Here you can in-

crease the measuring rate by switch-

ing off this probing if the signal ampli-

tude is constant:

One single command and the AUTO

trigger function determines the trigger

level once and enters it as a fixed trig-

ger level.

� Harmonic Distortion

As rule of thumb, stable readings are free

from noise or interference.

However, stable readings are not necessary

correct; harmonic distortion can cause errone-

ous yet stable readings.

Sine wave signals with much harmonic distor-

tion, Figure 3-15, can be measured correctly

by shifting the trigger level to a suitable level

or by using the continuously variable sensitiv-

ity setting (Figure 3-14) that is accessible via

the Aux Menu. You can also use trigger Hold

Off.

Input Signal Conditioning
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Figure 3-14 Variable sensitivity

Figure 3-15 Harmonic distortion.



Chapter 4

Measuring Functions



Introduction to this
Chapter
This chapter describes the different measuring

functions of the counter. The functions have

been grouped as follows:

Frequency measurements

– Frequency.

– Period.

– Ratio.

– Burst frequency and PRF.

– FM.

– AM.

Time measurements

– Time interval.

– Pulse width.

– Duty factor.

– Rise/Fall-time.

Totalize measurements

– Totalize A minus B Manual.

– Totalize A minus B during a preset time.

– Totalize A started/stopped by B.

– Totalize A gated by B, single.

– Totalize A gated by B accumulated during

a preset time.

Phase

Voltage

– VMAX, VMIN.

– VPP.

– Gated voltage measurements.

Selecting Function

FUNCTION Press one end of the

FUNCTION key. This

scrolls the function cursor

on the display. Release the

key when the desired func-

tion is highlighted.

MENU Press MENU and all

choices on the display will

show. The selected function

blinks.

AUX MENU Press AUX MENU to get a

menu with more selections.
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Frequency Measurements

FREQ A
The CNT-80 measures frequency between

0 Hz and 225 MHz on the A input while the

CNT-81 measures between 0 Hz and

300 MHz.

Frequencies above 100 Hz are best measured

using the AUTO triggering and the default

measurement time of 200 ms. When preset,

the counter always starts up with Frequency A

selected and AUTO on, ready to measure.

� Summary of Settings for Good

Frequency Measurements:

– AC-coupling.

– Variable hysteresis.

FREQ C
With an optional prescaler both counters can

measure up to 2.7 GHz on the optional

C-input. This input is fully automatic and no

settings are available.
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PER A
From a measuring point of view, the period

function is identical to the frequency function.

This is because the period of a cyclic signal

has the reciprocal value of the frequency

( 1
f
).

In practice there are two minor differences.

1. Where the counter calculates

FREQUENCY as:

f
number of cycles

actual gate time
�

it calculates PERIOD as:

p
actual gate time

number of cycles
�

2. In the PERIOD mode, the counter uses

no prescaler, resulting in a 160 MHz

maximum frequency.

All other functions and features as described

earlier under “Frequency” apply to Period

measurements.

RATIO A/B
To find the ratio between two input frequen-

cies, the counter counts the cycles on two

channels simultaneously and divides the result

on the primary channel by the result on the

secondary channel.

Ratio can be measured between inputs A and

B or between inputs C and B.

�
Note that the resolution calcula-
tions are very different as com-
pared to frequency measure-
ments.

BURST
A burst signal as in Figure 4-2 has a carrier

wave (CW) frequency and a modulation fre-

quency, also called the pulse repetition fre-

quency (PRF), that switches the CW signal on

and off.

The counter can measure burst signals with or

without external arming signals. To measure

with external arming signals, See Chapter 5

“Measurement Control” about arming and

arming delay.

When measuring bursts on the A-input, the

maximum burst frequency is 160 MHz, and

the minimum number of cycles in a burst is

three.

� Triggering

Bursts with a PRF above 50 Hz can be mea-

sured with auto triggering on.

The out-of-sync error described under heading

“Possible errors” on page 4-5 may occur more

frequently when using autotrigger.

When PRF is below 50 Hz and when the gap

between the bursts is very small, use manual

triggering.

Try using auto once to make the counter set

fixed trigger levels; it will work in most cases.
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Burst Frequency with Auto
Sync.

You can measure the frequency on input A

and B to 160 MHz and on input C with lim-

ited specifications to 2.7 GHz with the inter-

nally synchronized BURST function as fol-

lows:

– Select a measurement time that is shorter

than the burst duration minus two burst

cycles or pulses, (the minimum value to be

subtracted is always 15�s).

– Press AUX MENU, select BUrst, and

press ENTER.

– Select channel A, B, C or E as measure-

ment input, and press ENTER.

– Press HOLD OFF SET and enter a sync

delay longer than the burst duration and

shorter than the burst repetition period.

See Figure 4-5.

– Press ENTER to measure.

� Selecting Measurement Time

The measurement time must fit inside the

burst. Should the measurement also include a

part of the burst gap, no matter how small, the

measurement is ruined. Choosing a measure-

ment time that is too short is better since it

only reduces the resolution. Making burst fre-

quency measurements on short bursts means

using short measurement times, giving a

poorer resolution than normally achieved with

the counter.

� How Does the Sync Delay

Work?

The sync delay works as an internal start arm-

ing delay: it prevents the start of a new mea-

surement until the set sync delay has expired.

See Figure 4-3.

After the set measurement time has started,

the counter synchronizes the start of the mea-

surement with the second trigger event in the

burst. This means that the measurement does

not start erroneously during the Burst Off du-

ration or inside the burst.

� Possible Errors

Before the measurement has been synchro-

nized with the burst signal, the first measure-

ment(s) could start accidentally during the

presence of a burst. If this would happen and

if the remaining burst duration is shorter than

the set measurement time, the readout of the

first measurement will be wrong. However,

after this first measurement, a properly set

start-arming sync delay time will synchronize

the next measurements.

In manually operated applications, this is not a

problem. In automated test systems where the

result of a single measurement sample must be

reliable, at least two measurements must be

made, the first to synchronize the measure-

ment and the second from which the measure-

ment result can be read out.
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of the carrier wave signal
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Autosync on Slow-Starting
Burst, (the CNT-81 only)

Bursts may start a bit slowly especially RF

bursts. The result when measuring the burst

frequency will then be erroneous unless the

first few pulses are excluded from the mea-

surement.

� Preparations

– Turn off the AUTO function.

– Set the triggering so that the counter trig-

gers correctly.

� Turning on Burst

Measurements

– Press AUX MENU.

– Select bUrSt.

– Press ENTER.

– Select A, B, C or E and press ENTER.

– Press HOLD OFF SET and enter a sync

delay longer than the burst duration and

shorter than the burst repetition period.

See Figure 4-5.

– Press ENTER to measure.

– Press MEAS TIME and select the shortest

time.

– Increase the measurement time until you

get the number of digits you want. Take

care not to increase it so much that the

counter counts incorrectly.

– Now the counter measures the burst fre-

quency on the burst, starting with the first

pulse.

So far this description is the same as for ear-

lier firmware releases.

� Turning on Arming Delay

– Press START ARM.

– Select POS and press ENTER.

– Select CHAN E and press ENTER.

– Select dELAY ti. if you want a time

delay or dELAY Cnt. if you want an

event delay, and press ENTER.

– Enter an ARM START delay that equals

the part of the burst that you want to mask

and press ENTER.

Now the counter measures on the remaining

part of the burst.

�
As long as BURST is ON, the
arming delay is triggered by the
burst itself, not by the arming sig-
nal on input E.

� Turning Off

Don’t forget to turn off arming start when you

turn off BURST in the AUX MENU or

change function. Otherwize, the counter will

not measure unless there is an arming signal

on the E input.

Burst PRF

The burst repetition frequency can be mea-

sured by using the Hold Off:

Measuring Functions

4-6 BURST

Figure 4-4 Three time values must

be set to measure the

correct part of a burst



– Press TIME and enter a measurement time

that gives you the resolution you want.

– Turn off SINGLE.

– Press HOLD OFF ON.

– Press HOLD OFF SET and enter a sync

delay longer than the burst duration and

shorter than the burst repetition period.

See Figure 4-5.

– Press ENTER to measure.

� How does PRF work?

The PRF is the number of bursts per second.

This means that the counter must count one

pulse in each burst.

When the PRF function is on and the counter

is triggered, all further input triggering is

blocked until the PRF sync delay has expired.

When correctly set, the PRF delay should ex-

pire in the gap between the bursts, making the

counter ready to measure again when the next

burst arrives.

The selected measurement time is not used for

synchronization. It only decides how many

bursts the counter should use in its averaging,

i.e., the resolution.
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Figure 4-5 Set the sync delay so that

it expires in the gap be-
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Repetiotion Frequency.



Frequency
Modulated Signals
A frequency modulated signal is a carrier

wave signal (CW frequency= f0) that changes

in frequency to values higher and lower than

the frequency f0. It is the modulation signal

that changes the frequency of the carrier

wave.

The counter can measure:

f0 Carrier frequency.

fmax Maximum frequency.

fmin Minimum frequency.

�fmax Modulation swing = fmax – f0.

Carrier Wave Frequency f0

To determine the carrier wave frequency, mea-

sure fmean which is a close approximation of

f0.

Select the measurement time so that the coun-

ter measures an integral number of modulation

periods. This way the positive modulations

compensate negative modulations.

Example: If the modulation frequency is

50 Hz, the measurement time 200ms will

make the counter measure 10 complete modu-

lation cycles.

If the modulation is non-continuous, like a

voice signal, its is not possible to compensate

positive modulations with negative modula-

tions. Here, part of a modulation swing may

remain uncompensated for, and lead to a mea-

suring result that is too high or too low.

In the worst case, exactly half a modulation

cycle would be uncompensated for, giving a

maximum uncertainty of:

f f
f

t f
mean

max

measuring ulation

0 � � �
	 	

�

mod 


For very accurate measurements of the carrier

wave frequency f0, measure on the

unmodulated signal if it is accessible.

� Modulation Frequencies

above 1 kHz

– Turn off SINGLE.

– Set a long measurement time that is an

even multiple of the modulation frequency.

You will obtain a good approximation when

you select a long measurement time, for in-

stance 10 s, and when the modulation fre-

quency is high, above 1000 Hz.

� Low Modulation Frequencies

Press STAT and select MEAN. Make a large

number of measurements and let the counter

calculate the mean value of the results.
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You will usually get good results with 0.1 s

measurement time per sample and more than

30 samples (n � 30). You can try out the opti-

mal combination of sample size and measure-

ment time for specific cases. It depends on the

actual f0 and �fmax.

Here the sampling frequency of the measure-

ment (1/measurement time) is asynchronous

with the modulation frequency. This leads to

individual measurement results which are ran-

domly higher and lower than f0. The statisti-

cally averaged value of the frequency fmean

approaches f0 when the number of averaged

samples is sufficiently large.

When the counter measures instantaneous fre-

quency values (when you select a very short

measurement time), the RMS measurement

uncertainty of the measured value of f0 is:

f f
n

fmean0

1

2
� � � 	 � max

where n is the number of averaged samples of

f.

fmax

– Press STAT and select MAX.

– Press TIME and select a short measure-

ment time.

– Set number of samples for statistics to

1000 or more.

fmin

– Press STAT and select MIN.

– Press TIME and select a short measure-

ment time.

– Set number of samples for statistics to

1000 or more.

�fmax

If you use the STATistics function, as de-

scribed above, and the MATHematics function

simultaneously, the counter can display �fmax

immediately.

The MATH function (K*X+L)/M, can sub-

tract the value of f0 from the value of fmax,

which leads to:

� f f fmax max� � 0.

Enter the constants: K=1, L=f0 and M=1.

Errors in fmax, fmin, and
�fmax

A measurement time corresponding to 1
10

cy-

cle, or 36� of the modulation signal, leads to

an error of approx 1.5%.

Select the measurement time:

t
f

measure

modulation



	

1

10

To be confident that the captured maximal fre-

quency really is fmax, you must select a suffi-

ciently large number of samples, for instance

n � 1000.
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AM Signals
The counter can usually measure both the car-

rier wave frequency and modulation fre-

quency of AM signals. These measurements

are much like the burst measurements de-

scribed in this manual.

Carrier Wave Frequency

The carrier wave (CW) is only continuously

present in a narrow band in the middle of the

signal. If the sensitivity is too low, cycles will

be lost, and the measurement ruined.

To measure the CW frequency:

– Select a measurement time that gives you

the resolution you want.

– Turn off AUTO.

– Select AC.

– Select 1X to get a narrow hysteresis band.

– Press SET A to select 0V trigger level.

– If the counter triggers on noise, widen the

hysteresis band with the ‘variable hyster-

esis’ function in the AUX MENU and

measure.

Modulating Frequency

The easiest way to measure the modulating

frequency is after demodulation. If no suitable

demodulator is available, use the Hold Off

function to measure the modulation frequency

in the same way as when measuring Burst

PRF.

– Press MEASUREMENT TIME and enter

a measurement time that gives you the res-

olution you want.

– Turn off SINGLE.

– Press HOLD OFF ON.

– Press HOLD OFF SET and enter a sync

delay of approximately 75% of the modu-

lating period. See Figure 4-5.

– Press ENTER to confirm.

– Turn off AUTO.

Press SET A and enter a trigger level that

makes the counter trigger according to Figure

4-9A or use AUX MENU to set a hysteresis

band that makes the counter trigger according

to Figure 4-9B.
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Figure 4-9 Effects of different sensi-

tivity when measuring the

CW Frequency of an AM

signal.
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Figure 4-9 Measuring the modulating

frequency.



Theory of
Measurement

Reciprocal Counting

Simple frequency counters count the number

of input cycles during a preset gate time, for

instance one second. This leads to a � 1 input

cycle count error that, at least for

low-frequency measurements, is a major con-

tribution to uncertainty.

However, these counters use a high resolution,

input signal synchronized, reciprocal counting

technique. With this technique they count an

exact number of integral input cycles, thereby

omitting the � 1 input cycle error.

After the start of the set measurement time,

the counter synchronizes the beginning of the

actual gate time with the first trigger event (t1)

of the input signal it measures on.

In the same way, the counter synchronizes the

stop of the actual gate time with the input sig-

nal, after the set measurement time has

elapsed. The multi-register counting technique

allows you to simultaneously measure the ac-

tual gate time (tg) and the number of cycles

(n) that occurred during this gate time.

Thereafter, it calculates the frequency accord-

ing to Mr. Hertz’s definition:

f
n

tg

�

The CNT-80 measures the gate time, tg, with a

resolution of 250 ps, and the CNT-81 with

50 ps, independent of the measured frequency.

Consequently the use of prescalers does not

influence the quantization error. Therefore, the

relative quantization error is: 250 ps/tg for the

CNT-80 and 50 ps/tg for the CNT-81.

For a 1-second measurement time, this value

is:

250

1
250 10 2 5 1012 10ps

s
� 	 � 	� �. (CNT-80)

and

50

1
50 10 5 1012 11ps

s
� 	 � 	� � (CNT-81)

Except for very low frequencies, tg and the set

measurement time are nearly identical.

Sample-Hold

If the input signal disappears during the mea-

surement, the counter will behave like a volt-

meter with a sample-hold feature and show

the result from the previous measurement.

Timeout

Mainly for GPIB use, you can manually select

a fixed timeout in the AUX MENU. The range

of the fixed timeout is 100 ms (64 ms for the

CNT-81) to 25.5s, and the default setting is

OFF.

Select a time that is longer than the cycle time

of the lowest frequency you are going to mea-

sure; multiply the time by the prescaling fac-
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tor of the input channel and enter that time as

timeout.

When no triggering has occurred during the

timeout, the counter will show NO SIGNAL.

Measuring Speed - CNT-81

The set measurement time determines the

measuring speed. For continuous signals,

Speed
tg

�
�

1

0 2.

when AUTO is on and can be increased to:

Speed
tg

�
�

1

0 001.

with AUTO turned off, or via GPIB:

Speed
tg

�
�

1

0 00012.

� Frequency Average and Single

Cycle Measurements

To reduce the actual gate time or measuring

aperture, the counters have very short mea-

surement times and a measurement time

called SINGLE. The latter means that the

counter measures during only one cycle of the

input signal. In applications where the counter

uses an input channel with a prescaler, the

SINGLE measurement will last as many cy-

cles as the division factor. If you want to mea-

sure with a very short aperture, use an input

having a low division factor.

� Prescaling May Influence

Measurement Time

Prescalers do influence the actual gate time to

some extent. For example this may be a prob-

lem when measuring the carrier wave fre-

quency in a short burst signal.

Figure 4-11 shows the effect of the

2.7 GHz prescaler. For 16 input cycles, the

prescaler gives one (shaped) output cycle.

When the counter uses a prescaler, it counts

the number of prescaled output cycles, here

f/16. The display shows the correct input fre-

quency since the microcomputer compensates

for the effect of the division factor d as fol-

lows:

f
n d

tg

�
	

Prescalers do not reduce resolution in recipro-

cal counters. The relative quantization error is

still:
250 ps

tg

.

The prescaling factors are as follows:

Prescaling

factor

Function CNT-80 CNT-81

BURST A

(160 MHz)

1 1

FREQ A

(225/300 MHz)

2 4

FREQ A, negative

slope (160 MHz)

1 1

FREQ B (160 MHz) 1 1

FREQ C (2.7 GHz) 16 32

All other functions

(160 MHz)

1 1

Note that a “SINGLE” cycle measurement in

FREQ A measures two input cycles in the

CNT-80 and four cycles in the CNT-81. You
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can however force FREQ A SINGLE to mea-

sure on one input cycle by selecting negative

trigger slope.

� LF Signals

Signals below 50 Hz must be measured with

manual triggering. When measuring pulses

with a low repetition rate, for example, when

you measure a 0.1 Hz pulse with a

non-prescaled function like PERIOD, the

measurement will require at least the duration

of one cycle, that is 10 seconds, and at worst

nearly 20 seconds. The worst case is when a

trigger event took place just before the begin-

ning of a measurement time (Figure 4-12).

Measuring the frequency of the same signal

will take twice as long, since frequency mea-

surements prescale the signal by two.

Even if you have chosen a short measurement

time, this measurement will require between

20 and 40 seconds.

� HF Signals

As mentioned before, a prescaler in the

C-input divides the input frequency before it

is counted by the normal digital counting

logic. The division factor is called prescaler

factor and has a value of 16. That means that

an input C frequency of, e.g., 1.024 GHz is

transformed to 64 MHz.

Prescalers are designed for optimum perfor-

mance when measuring stable continuous RF.

Prescalers are not stable and would

self-oscillate when there is no input signal

present. To prevent a prescaler from oscillat-

ing, a “go-detector” is incorporated. The

go-detector continuously measures the level of

the input signal and simply blocks the

prescaler output when no signal, or a signal

that is too weak, is present.

Despite the counter’s ability to measure dur-

ing very short measurement times, the pres-

ence of a burst signal to be measured should

be as follows:

Min burst presc factor inp cycle time. ( . ) * ( . )�
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Time Measurements

Introduction
The base for all time interval measurements is

to measure the time between a start and a stop

condition. In addition to the basic Time A to

B, the counters also offer Pulse Width and

Rise/Fall-time measurements.

Triggering

The set trigger level and trigger slope define

the start and stop triggering.

If AUTO is on, the counter sets the trigger

level to 50% of the signal amplitude, which is

ideal for most time measurements.

� Summary of Settings for Good

Time Measurements:

– High signal level.

– Steep signal edges.

– AUTO ONCE, that is freezing the levels

determined by AUTO, is normally the best

choice when making time measurements.

– DC-coupling.

– 1X Attenuation.

TIME A-B
Measures the time between a start condition

on the A-input, and a stop condition on the

B-input.

Press SWAP if the start condition is on the

B-input, and a stop condition on the A-input.
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Figure 4-14 Time is measured be-

tween the trigger point and the reset

point. Accurate measurements are

possible only if the hysteresis band is

narrow and centered around 50% of

the amplitude.



When the same (common) signal source sup-

plies both start and stop trigger events, con-

nect the signal to input A. Then make an inter-

nal interconnection of the input signal to both

channels by pressing the COM A key.

P WIDTH A
The counter measures the pulse width on input

A.

Press SWAP to measure the pulse with on in-

put B.

– gives positive pulse width.

– gives negative pulse width.

The selected trigger slope is the start trigger

slope. The counter automatically selects an in-

verse polarity as stop slope.

RISE/FALL A
The counter measures the time from when the

signal passes 10% of its amplitude to when it

passes 90% of its amplitude.

Rise and fall time can only be measured on in-

put A. The counter automatically selects

COM A and disables all B-input controls ex-

cept SET B.

– gives rise-time.

– gives fall-time.

– SET A sets the low level (10%).

– SET B sets the high level (90%).

– AUTO sets the trigger levels to 10% and

90% of the signal level.

By convention, rise/fall-time measurements

are made with the trigger levels set to 10%

(start) and 90% (stop) of the maximum pulse

amplitude, see Figure 4-15. For ECL circuits,

these levels are 20% (start) and 80% (stop), so

for ECL, you must set manual trigger levels.

DUTY F A
Duty factor (or duty cycle) is the ratio be-

tween pulse width and period time. The coun-

ter determines this ratio by first making a

pulse width measurement, then a period mea-

surement, and calculating the duty factor as:

Duty factor
Pulse width

Period
�

�
This takes 2x the set measure-
ment time.

– gives positive duty factor.

– gives negative duty factor.
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Measurement
Errors

Hysteresis

The trigger hysteresis, among other things,

causes measuring errors, see Figure 4-16. Ac-

tual triggering does not occur when the input

signal crosses the trigger level at 50 percent of

the amplitude, but when the input signal has

crossed the entire hysteresis band.

The hysteresis band is about 20 mV with at-

tenuation 1X, and 200 mV with attenuation

1X.

To keep this hysteresis trigger error low, the

ATTenuator setting should be 1X when possi-

ble. Use the 10X ATT position only when in-

put signals have excessively large amplitudes

or you need to set trigger levels higher than

5.1 V.

Overdrive and Pulse
Rounding

Additional timing errors may be caused by

triggering with insufficient overdrive, see Fig-

ure 4-17. When triggering occurs too close to

the maximum voltage of a pulse, two phenom-

ena may influence your measurement uncer-

tainty: overdrive and rounding.

Overdrive: When the input signal crosses

the hysteresis band with only a mar-

ginal overdrive, triggering may take

some 100 ps longer than usual. The

specified worst case 500 ps (1 ns in

the CNT-80) systematic trigger error

includes this error, but you can avoid it

by having adequate overdrive.

Rounding: Very fast pulses may suffer

from pulse rounding, overshoot, or

other aberrations. Pulse rounding can

cause significant trigger errors, partic-

ularly when measuring on fast cir-

cuitry.

Auto Trigger

Auto Trigger is a great help especially when

you measure on unknown signals. However,

overshoot and ringing may cause AUTO to

choose slightly wrong MIN and MAX signal

levels. This does not affect measurements like

frequency, but rise-time measurements may be

affected.

Therefore, when working with known signals

such as logic circuitry, set the trigger levels

manually.

Always use manual trigger levels if the signal

repetition rate drops below 100 Hz in the

CNT-80, or below the lower frequency limit

(the Auto Lo setting in the AUX MENU,
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see page 7-11) in the CNT-81. The range in

this case is 1 Hz to 50 kHz, and the preset

value is 100 Hz.
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Totalize

Totalize General
Totalize functions add up the number of trig-

ger events on the counter inputs.

The AUX MENU provides additional totalize

functions, such as totalize via input E and

totalize measurements during a preset gate

time.

TOT A–B MAN
This mode enables you to totalize (count) the

number of trigger events on channel A. Start

and stop of the totalizing is manually con-

trolled.

If a second signal is simultaneously connected

to input B, this mode totalizes the number of

trigger events on A minus the number of trig-

ger events on B.

�
When you only want totalization
on A, disconnect lead on input B,
to avoid miscounting from the
subtracting B input (if you don’t
disable B via the AUX menu as
described on the next page).

FUNCTION Select TOT A MAN by

pressing the FUNCTION

key.

TOT

ST/STOP

Start and stop the

totalization manually by

pressing the TOT ST/STOP

key.

Repetitive start/stops cause

the counter to accumulate

the number of events.

HOLD Press HOLD to get an in-

termediate result without

stopping the totalizing.

MEAS

RESTART

Press the RESTART key

when you want to reset the

total sum to zero.

�
Manual trigger level settings
must (normally) be used (un-
less>50 Hz pulse repetition rate).

� Applications

The TOT A–B MAN makes it possible, for in-

stance, to make differential flow measure-

ments in control systems. Example: the num-

ber of cars in a parking lot equals the number

Measuring Functions
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of cars passing the entrance (A) gate, minus

the ones passing the exit (B) gate.

� Range

Counts to 2 109* events at rates to 160 MHz.

TOT A MAN
Via the AUX MENU code entry (Code 8.11),

it is also possible to select TOT A MAN, with

input B disconnected. This optional mode also

connects the A counting register in series with

the B counting register to extend the counting

capability to 1 1017* events.

To select Totalize A man with extended range,

proceed as follows:

– Press the FUNCTION key to set the coun-

ter to the TOT A-B MAN mode.

– Press AUX MENU.

– Press the SELECT up or down key, until

the display reads AU. CODES.

– Press ENTER.

– The F.PS* code displayed is now 8.12.

– Enter the value 8.11.

– Press ENTER.

* Function, Primary, and Secondary codes.

TOT A–B During a

Preset Time

The counter counts trigger events on A minus

trigger events on B during a preset gate time.

Then it shows the result and starts a new mea-

surement.

The gate time is selected with the TIME key,

up to 400s. This function cannot use the short-

est measurement times. If you set a short time,

the CNT-80 will use 50�s gate time and the

CNT-81 will use 20�s.

This measurement resembles frequency mea-

surement, which also totalizes input trigger

events during a set measurement time. Unlike

frequency measurements, the number of

counted trigger events is not divided by the

measurement time, but is immediately dis-

played.

If you need to control the start of this timed

totalized measurement, press HOLD and then

RESTART to initiate each new measurement.

To select timed totalize A-B, proceed as fol-

lows:

– Press the FUNCTION key until TOT A-B

MAN is displayed.

– Press AUX MENU.

– Press the SELECT up or down key until

the display reads AU. CODES.

– Press ENTER.

– The F.PS code displayed is now 8.12

where the channel selection defined PS.

– Enter the value 21.12.

– Press ENTER.

– Press TIME.

– Enter desired preset time.

– Press ENTER.

– For single measurements, select HOLD

and press RESTART when you want to

initiate a new measurement.

�
The ‘Totalize A–B during a preset
time’ function derives the mea-
surement start information, which
causes the gate to open and the
measurement timer to start, only
from the primary measuring
channel. This means that you
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cannot count exclusively on the
subtracting channel. If you need
to count on channel B only, you
must make B the primary chan-
nel by using the SWAP A-B key
or by specifying the AUX CODE
21.22 or 21.21.

TOT A Start/Stop by
B
Here the counter counts the number of pulses

on the A-input. The totalizing is started by a

pulse on B and stopped by the next pulse on

B. After that the set measurement time has

elapsed a new measurement is started, unless

HOLD is on.

TOT A Gated by B
The counter counts pulses on the A-input for

as long as the signal on the B-input is high.

The total is reset and unless HOLD is on, a

new measurement is started when the set mea-

surement time has elapsed.

TOT A Gated by B
Accumulated
During a Preset
Time
This function is the same as TOT A gated by

B, except that the total is not reset between

each gate pulse.

The time over which the counter accumulates

single measurements can be set with the TIME

key. This function cannot use the shortest

measurement times. If you set a short time the

CNT-80 will use 50�s gate time and the

CNT-81 will use 20�s.

To select Totalize A gated by B accumulated,

proceed as follows:

– Set the counter to the TOT A gated by B,

with the FUNCTION key.

– Press AUX MENU.

– Press the SELECT up or down key, until

the display reads AU. COdES.

– Press ENTER.

– The F.PS code displayed is now 10.12.

– Enter the value 20.12.

– Press ENTER.

– Press TIME.

– Enter desired time over which single mea-

surements should be accumulated.

– For single measurements, press HOLD

and press RESTART when you want to

initiate a new measurement.
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Phase

What is Phase?
Phase is the time difference between two sig-

nals of the same frequency, expressed as an

angle.

The counter measures phase delay as two con-

secutive measurements. First a period mea-

surement and immediately after that a time in-

terval measurement. The period measurement

is always made at the stop channel (B for

Phase A-B and A for phase B-A). The phase

delay is then mathematically calculated as:

360� 	 �( )Time Interval A B

Period B

or in other words:

Phase A B time delay FREQ B� � �	 	360

Resolution
The frequency range for phase is 0 to

160 MHz and the result is always displayed

with two decimals (resolution is always

0.01�).

Use SINGLE when measuring phase on sig-

nals <10 MHz, since averaging does not in-

crease the number of digits. Use SINGLE, and

you will avoid the problem with averaging

signals with phase close to zero.

�
For the CNT-81: you can cali-
brate the input amplifier hyster-
esis to minimize trigger errors in
phase measurements. See Pre-
ventive Maintenance chapter,
page 10-3.
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Possible Errors
Phase can be measured on input signal fre-

quencies up to 160 MHz. However at these

very high frequencies, the phase resolution

and range is reduced. The resolution for a sin-

gle shot phase measurement is:

50 360ps FREQ	 	� (CNT-81)

250 360ps FREQ	 	� (CNT-80)

For averaged measurements, the resolution is:
50

360
N

ps FREQ	 	�

(limit at 1 360ps FREQ	 	� )

250
360

N
ps FREQ	 	�

(limit at 100 360ps FREQ	 	� )

Since the phase delay is a time interval mea-

surement, with a maximum attainable resolu-

tion of 1 ps, the resolution at 160 MHz is:

( ) .1 360 160 0 06ps MHz	 	 �� �

At 500 kHz, for example, the phase resolution

in the CNT-81 using SINGLE measurements

is:

( ) .50 360 500 0 01ps MHz	 	 �� �

�
Always turn on SINGLE when
measuring phase below 100 kHz.
The counter always presents the
phase angle with 2 decimals re-
gardless of measurement time,
so there is no need for long mea-
surement times. Use the statisti-
cal function “MEAN” instead if
you need more digits.

The LSD of the display is fixed at 0.01�,
which means that the display itself limits the

resolution for frequencies below 100 kHz and

shows too much information at frequencies

above 100 kHz. Phase measurements are often

made at lower frequencies, and systematic er-

ror normally contributes more than random er-

rors. For the sake of simple and unambiguous

readout, we chose to display a fixed format of

0.01�.

� Measuring Phase Close to 0�

Phase measurements from A-B can be made

from 0� and upwards, whereas Phase B-A

measurements range from slightly above 0�.
This difference is caused by a built-in delay

line of approximately 3 ns; see Figure 4-21.

Using average can cause problems if the result

is close to zero. Even a single result that is be-

low zero will ruin the averaged result.
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This delay line assures correct measurements

when start and stop occur simultaneously at

the BNC-inputs, that is 0� phase delay. The

counter mathematically compensates for this

delay before it displays the result, so the delay

does not influence the accuracy of the mea-

surement; however, it influences the measure-

ment range.

As a consequence, the maximum measurable

phase delay is not exactly 360�, but slightly

below 360�. The reason, once again, is the

3 ns delay, which would treat, for instance, a

359.9� phase as –0.1�, when measuring at

high frequencies. Since the delay is fixed and

the input signal period depends on the input

signal frequency, the phase range is frequency

dependent. See the following table.

Range: 0� to 360�� (1 - (3 ns �

FREQ))

160 MHz 0� to 180�

100 MHz 0� to 250�

10 MHz 0� to 350�

1 MHz 0° to 359�

100 kHz –180� to 359.9�

10 kHz*
)

and below –180� to

359.99�

Table 4-1 The relationship between

phase range and input fre-

quency

* Any theoretical range improvement below

10 kHz is “drowned” in the fixed 0.01� dis-

play resolution.

The A and B input can be swapped to also

measure Phase B-A. This phase range is also

frequency dependent, for example:

Range B-A: (3ns 	 360� 	 FREQ) to 360�

� Some examples:

At 160 MHz, the B-A range is 180� to 360�, at

1 MHz the B-A range is 1� to 360� and below

10 kHz, the B-A range is 0.01� to 360�.

In normal phase measurements using lower

frequencies (below 10 kHz), there are in prac-

tice no range restrictions, and both Phase A-B

and Phase B-A cover

–180� to 360�. But for very high frequencies,

you must take care to select the proper func-

tion. For instance at 160 MHz, the ranges are

not even overlapping; Phase A-B covers

–180� to 180�, whereas Phase B-A covers

180� to 360�.
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and the phase is close

to zero, �t can jitter be-

tween 0 and the time for

one period. Averaging

such results will give er-

roneous results.
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proves phase.



Inaccuracies

The inaccuracy of Phase A-B measurements

depends on several external parameters:

– Input signal frequency

– Peak amplitude and slew rate for input sig-

nals A and B

– Measurement time

– Input signal S/N-ratio

Some internal parameters are also important:

– Internal time delay between channel A and

B signal paths

– Variations in the hysteresis window be-

tween channel A and B

Let us look deeper into the restrictions and

possibilities of using phase measurements.

Inaccuracy: The measurement errors are of

two kinds:

– Random errors

– Systematic errors

The random errors consist of resolution

(quantization) and noise trigger error. These

can be significantly reduced by averaging

over a long measurement time. In practice,

these random inaccuracies do not set the limit

if the measurement time is long enough.

Systematic errors consist of “inter-channel de-

lay difference” and “trigger level timing” er-

rors. Systematic errors are constant for a given

set of input signals, and in general, you can

compensate for them in the controller

(GPIB-systems) or via MATH (manual opera-

tion).

� Random Errors

The Phase quantization error algorithm is:

50 360ps FREQ

N

	 	 �

“N” is the number of samples in averaged

measurements. For LF-signals up to 12 kHz,

N FREQ meas time� 	 ( . ). For high fre-

quency signals, N s meas time� 	�2000 1 ( . ).

For instance a 1 MHz input signal and an

8.3 ms measurement time, “N” is 100; thus,

the quantization error is:

(
( )

.
50 1 10 360

100
0 002

6ps 	 	 	 �
� �

And for the same 1 MHz input signal in a sin-

gle-shot measurement, “N” is 1; thus, the

quantization error is:

( )
.

50 1 10 360

1
0 02

6ps 	 	 	 �
� �

The Trigger noise error consists of start and

stop trigger errors that should be added. Each

error, for sine shaped input signals, is:

360

2

�

	 	N ratioS
N




Let’s use an example of a noisy signal that has

a S/N-ratio of 40 dB. This corresponds to an

amplitude ratio of 100 times (and power ratio

of 10000 times). Using the values from the

above example, a

1-MHz signal and either an 8.3 ms measure-

ment time or a single shot measurement:

360

100 2 100
0 06

�

	 	
� �



.

(averaged over 8.3 ms)

360

1 2 100
0 6

�

	 	
� �



. (single shot)
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The sum of random errors should not be added

linearly, but in an “RMS-way”, because of

their random nature. Let’s do so for our exam-

ples above.

Random error =

quant err start trg err stop trg err. . . . . .2 2 2� �

0 002 0 06 0 06 0 082 2 2. . . .� � � � (averaged

over 8.3 ms)

0 02 0 6 0 6 0 82 2 2. . . .� � � � (single-shot)

The conclusion is that the quantization error

and trigger noise error can be reduced by av-

eraging over many periods. Compared with

the LSD displayed, 0.01�, these errors can be

ignored. That is, the random error can usually

be reduced to 0.01� for low and medium-high

frequencies, with a sufficiently long measure-

ment time.

What about random errors caused by internal

amplifier noise? Internal noise contribution is

normally negligible. The phase error caused

by noise on the signal, whether internal or ex-

ternal, is:

360

2

�

	 	
 S
N ratio N

For an input signal of 100 mVrms and the typ-

ical internal noise figure of 100 �V rms gives

us a S/N-ratio of a minimum of 60 dB (1000

times). This gives us a worst case error of

0.06� for single shot measurements. By mea-

suring over 30 cycles, the error decreases to

0.01�. Increasing the input signal to 0.6V

gives the same result.

� Systematic Errors in Phase

Measurements

Systematic errors consist of 3 elements:

– Inter-channel propagation delay difference.

– Trigger level timing error, due to trigger

level uncertainty.

– Trigger level timing error, due to hyster-

esis, (CNT-80 only).

The third error element is negligible in the

CNT-81, due to hysteresis compensation.

The “inter-channel propagation delay differ-

ence” is typically 300 ps at identical trigger

conditions in both input channels. Therefore,

the corresponding Phase difference is:

<0.3 ns 	360�	 FREQ

See the following table.

160 MHz 17�

100 MHz 11�

10 MHz 1.1�

1 MHz 0.11�

100 kHz 0.011�

10 kHz and below
1

0.001�

Table 4-2 Phase difference caused

by inter-channel propaga-

tion delay difference
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The “trigger level timing error” is depending

on two factors:

– The actual trigger point is not exactly

zero, due to hysteresis. The trigger point

could differ between channels A and B.

– The two signals have different slew rates

at the zero-crossing.

Every counter has an input hysteresis. This is

necessary to prevent noise to cause erroneous

input triggering. The width of the hysteresis

band determines the maximum sensitivity of

the counter. It is approximately 30 mV. This

means that when you set a trigger level of 0

Volt, the actual trigger point would normally

be +15 mV and the recovery point

–15 mV.

This is also the case in the CNT-80. The dif-

ference in trigger points between channels is

�2.5 mV typically, that is actual triggering is

expected to take place typically between 12.5

mV and 17.5 mV.

Tigger level timing error in the CNT-81

This counter has a hysteresis compensation

built-in, meaning that the microcomputer can

offset the trigger level so that actual triggering

(after offset) equals the set trigger level (be-

fore offset). This general hysteresis compensa-

tion is active in phase as well as in time inter-

val and rise/fall time measurements. There is a

certain residual uncertainty of a few mV and

there is a certain temperature drift of the trig-

ger point. For Phase measurements there ex-

ists a special phase calibration routine, that is

invoked via AUX MENU and automatically

performed. This was described earlier on page

. The nominal trigger point immediately after

calibration is 0V with an uncertainty of � 2.5

mV. Since the trigger point will have a tem-

perature drift, it is advised to calibrate phase

directly before the measurement. The uncer-

tainty over the full temperature range is �4

mV.

A sine wave expressed as

V t V ftP( ) sin ( )� 	 2
 , has a slew rate
�

�

V

t
of

V fP 	 2
 close to the zero-crosssing. That

gives us the systematic time error when cross-

ing 2.5 mV, instead of crossing 0 mV.

2 5

2

.

( )
( )

mV

V FREQ
s

P 	 	


And the corresponding phase error in degrees

is:

( . )

( )

2 5 360

2

mV FREQ

V FREQP

	 � 	

	 	


which can be reduced to:

015.
( )

V

VP

�

This error can occur on both inputs, so the

worst case systematic error is thus:

015 015.

( )

.

( )
( )

V A V BP P

� �

Vpeak

(A)

Vpeak

(B)

Worst case

systematic error

150 mV 150 mV 1�+1�=2�

1.5 V 150 mV 0.1�+1�=1.1�

1.5 V 1.5 V 0.1�+0.1�=0.2�

Table 4-3 Systematic trigger level

timing error (examples) in

the CNT-81.

Tigger Level Timing Error in the

CNT-80

The systematic error has a third component,

due to uncompensated hysteresis, i.e., trigger-

ing on nominal 15 mV instead of 0 mV. This

is an important error source when the input
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signals have different slew rates, and thus

cross the hysteresis band with different speed.

Even with equal zero-level crossing, a signal

with less slew rate reaches 15 mV in a longer

time than a high slew rate signal.

A sine wave expressed as

V t V ftp( ) sin( )� 	 2
 , has a slew rate
�

�

V

t
of

V fp 	 2
 close to the zero-crosssing. That

gives us an additional systematic time error

when crossing 15 mV, instead of crossing 0

mV.

15

2

15

2

mV

V A FREQ

mV

V FREQ
s

p p( ( ) ) ( ( ) )
( )

	 	
�

	 	
 
B

And the corresponding phase error in degrees

is:

( )

( ( ))

( )

( ( ))

15 360

2

15 360

2

mV

V A

mV

V Bp p

	

	
�

	

	

� �


 


which can be reduced to:

0 9 0 9.

( )

.

( )
( )

V A V Bp p

� �

With identical A and B input signals, the error

is 0.000�

Just as in the CNT-81, there is an uncertainty

in the actual trigger level of �2.5 mV. This

part of the systematic trigger level timing er-

ror is significant when the input signals are

equal.

This systematic error is also dependent on the

input signal amplitude:

( . )

( ( ))

( . )

( ( ))

2 5 360

2

2 5 360

2

mV

V B

mV

V Ap p

	

	
�

	

	

� �


 


which can be reduced to:

015 015.

( )

.

( )
( )

V B V Ap p

� �

The total error in is:

(
.

( )

.

( )
) (

.

( )

.

( )
)( )

0 9 0 9 015 015

V A V B V B V Ap p p p

� � � �

Vpeak

(A)

Vpeak

(B)

Worst case

systematic error

150 mV 150 mV (6°–6°)+1°+1°=2°

1.5 V 150 mV (6°–0.6°)

+0.1°+1°=6.5°

1.5 V 1.5 V (0.6°–0.6°)

+0.1°+0.1°=0.2°

Table 4-4 Systematic trigger level

timing error (examples) in

the CNT-80.

� Method for Compensation:

Systematic errors can be largely compensated

for by connecting the same signal, that is later

to be measured, to both counter inputs A and

B via a power splitter and read out the Phase.

The result should be zero, but shows instead

the systematic error

1. Systematic Time Delay Error:

Connect the signals to be measured to both

counter inputs A and B via a power-splitter.

Set both inputs to AC coupling, 50 � termina-

tion, positive slope, and 0.00 V trigger level.

Select the measuring function “Phase A-B”,

select 1s measurement time, and read the dis-

play. Use this difference from 0° to correct fu-

ture phase readings.
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2a. Systematic Trigger Level Timing

Error in the CNT-80:

Before (or after) the actual phase measure-

ment, measure Vmax (A) and Vmax (B). Use

these voltage values to compensate the phase

readout according to the following formula:

correction
V A V B

� � �
0 9 0 9.

( )

.

( )max max

2b. Systematic Trigger Level Timing

Error in the CNT-81:

To minimize the errors in phase and other

measurements where it is essetial to trigger

exactly, the hysteresis compensation of the in-

put amplifier should be calibrated. Read about

how to do this in the preventive maintenance

chapter on page 10-3.

3. Residual Systematic Error:

By mathematically (on the bench or in the

controller) applying both corrections above,

the systematic error will be reduced, but not

fully eliminated. The residual time delay error

will be negligible, but the trigger level error

will remain to a certain extent because the ac-

tual trigger point (approx. +15 mV) can differ

between input channels A and B, although

they are designed to be identical.
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Voltage

VMAX VMIN

The counter can measure the input voltage

levels VMAX and VMIN on DC-input volt-

ages and on repetitive signals between 1 Hz

and 100 MHz, (100 Hz to 100 MHz in the

CNT-80). The voltage capacity is –50 to

+50 V in two automatically selected ranges. A

high speed voltage mode can be selected via

the AUX MENU. This mode measures volt-

age twice as fast but it reduces the frequency

range to between 10 kHz and 120 MHz.

For LF-signals the measurement has “voltme-

ter performance” (that is an accuracy of about

1% of the reading). Voltage measurements can

be made up to 100 MHz.

VPP

The display shows VMIN and VMAX side by

side. If you want VPP instead, you (or the

timer/counter) must calculate VPP as the dif-

ference between VMIN and VMAX.

HINT: If you have a voltage max/min read-

ing on the display and you want it as

VPP, press MATH and press SE-

LECT/SET until math is ON and

(K*X+L)/M is selected; confirm by

pressing ENTER. If the constants K, L,

and M are set to their default values 1,

0, and 1, the display will show VPP.

Note also that the function display now

has changed from VOLT A MAX/MIN

to just VOLT A.

VPP is available as a separate function, but it

can only be reached from the GPIB-interface.
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Figure 4-23 The voltage is deter-

mined by making a se-

ries of trigger level set-

tings and sensing when

the counter triggers.



Vrms

When the shape (sine, pulse) of the input sig-

nal is known, half the crest factor can be set as

the constant K in the mathematical function.

The display will then show the actual Vrms

value of the input signal.

EXAMPLE: A sine wave has a crest factor

of 0.707 ( )
2

2
. Press K= and enter

0.354 via the DATA ENTRY keys.

Confirm by pressing ENTER. Check

that the L and M constants are set to

their default settings 0 and 1. Press

MATH and SELECT/SET until math is

ON and (K*X+L)/M is selected; con-

firm by pressing ENTER. If the input is

AC coupled and VOLT A selected, the

display will now show the rms value of

any sine wave input.

If the sine wave is superimposed on a DC

voltage, the rms value is found as:

0.354 ´ VPP + VDC. If VDC is not known it can

be found as:

V
V V

DC
MAX MIN�

�

2

To display the rms value of a sine wave super-

imposed on a DC voltage, follow the example

above, but set L= to the DC voltage.

Gated Voltage
The voltage measurement functions (VMAX,

VMIN, VPP and trigger levels) are measured

by detecting the peak values. The time when

the voltage should be measured can be quali-

fied by means of a signal on the E or B input

(only the E-input in CNT-81). The measure-

ment is enabled as long as this signal is high

(when positive polarity is selected). This can

be used to “remove” parts of the signal, for

example overshoots or undershoots on pulses.

Gated voltage is selected in the AUX

MENU(code 3004.X). Select input B

(CNT-81) or input E (CNT-80 or CNT-81) and

polarity with the ARM STOP key. ARM

STOP cannot be used with gated voltage.

Calibration

To minimize the errors in voltage measure-

ments, the hysteresis compensation of the

CNT-81 input amplifier should be calibrated.

Read about how to do this in the preventive

maintenance chapter on page 10-2.
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shoots on the signal are not

measured when Gated Volt-

age is selected.
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About This Chapter
This chapter explains how you can control the

start and stop of measurements and what you

can obtain by doing that. The chapter starts by

explaining the keys and the functions behind

them, then gives some theory, and ends with

actual measurement examples.

Measurement Time

TIME The measurement time is

preset to 200 ms. This gives

10 digits on the display, and

4 to 5 measurements each

second.

Increasing the measurement time gives more

digits, but fewer measurements per second.

To change the measurement time:

– Press the TIME key.

– Increase/decrease the value by pressing the

SET � / � key.

– (On the CNT-81 you can also use

the FUNCTION key).

– Confirm your selection by pressing ENTER

or by pressing the TIME key again.

The measurement time changes in 1/2/5 steps

in its continuous range and in discrete steps

for the fastest range.

Range for the CNT-80: 800 ns to 400 s.

The range is divided into a continuous

section between 50 �s and 400 s and

a discrete section with the following

steps: 800 ns, 1.6 �s, 3.2 �s, 6.4 �s,

and 12.8 �s. Preset measurement

time is 200 ms.

Range for the CNT-81: 80 ns to 400 s. The

range is divided into a continuous

section between 20 �s and 400 s and

a discrete section with the following

steps: 80 ns, 160 ns, 320 ns, 640 ns

and 1.28 �s. Preset measurement

time is 200 ms.

�
If you select SINGLE, the mea-
surement time becomes the Dis-
play Time (time between mea-
surements).

�
To quickly select the lowest
measurement time, Press TIME,
then 0 and ENTER. The counter
will show and
suggest its minimum time. Press
ENTER to accept.

� Fine-Tuning the Measurement

Time

For times in the continuous range, you can

set your own measurement time as follows:

– Press TIME.

– Enter the new measurement time via the

keyboard. Then press ENTER to confirm

the selection. (On the CNT-81 you can

also press the TIME key again.)
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Gate Indicator

The GATE LED is on when the counter is

busy counting input cycles.

SINGLE

SINGLE When SINGLE is on, the

counter shows the results

from a single measure-

ment cycle.

When SINGLE is off (default setting), the

counter makes an average measurement over

the set measurement time.

Use SINGLE when you want to measure sin-

gle-shot phenomena or when you just want

fast results without the need for many digits.

The number of input periods in a SINGLE

measurement depends on the prescaler factor

of the input and which function is selected as

follows:

Frequency A measurements: The result is

the average of two consecutive peri-

ods.

Duty factor Phase measurements: The

counter does a composite measure-

ment (one period and one pulse

width).

Totalize A measurements:This is always a

single measurement.

Frequency B, Period A, Pulse Width A Ra-

tio, A/B measurements: The result is

from one period.

Frequency C measurements: The

HF-input prescaling factor sets the

number of periods used to 16.

SINGLE is not relevant for Vmax, Vmin.

Display Hold

HOLD Pressing HOLD completes

current measurement and

freezes the result on the dis-

play.

RESTART RESTART initiates a new

measurement.

Arming

Arming gives you the opportunity to start and

stop a measurement when an external qualifier

event occurs.

Start and stop of the arming function can inde-

pendently be set to positive slope, negative

slope, or it can be turned off.

Input E on the rear panel is the normal arming

input, but also input B can be used.

Arming is somewhat complicated, so use the

examples later in this chapter to see what you

can obtain by using it. There is normally no

need to use arming other than with complex

signals (noncontinuous wave).
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Start Arming

START ARM Start arming acts like an

EXT TRIGGER on an oscil-

loscope. It allows the start of

the actual measurement to

be synchronized to an exter-

nal trigger event.

In a complex signal, you may want to select a

certain part to perform measurements on. For

this purpose, there is an arming delay function,

which delays the actual start of measurement

with respect to the arming pulse, similar to a

“delayed timebase” in an oscilloscope. You can

choose to delay start arming by a preset time,

or by a preset number of events.

� Activate Start Arming as

Follows:

– Press START ARM;

– Select OFF POS or NEG and press

ENTER.

� Switch on delay

– Press AUX MENU; select Ar. STArt

with the SELECT key, and press ENTER.

– Select Chan. E or Chan. b with the

SELECT keys and press ENTER.

– Select delay OFF, delay Cnt or

delay ti. with the SELECT keys and

press ENTER.

– If you enabled delay, enter the delay time

or event counts using the DATA ENTRY

keys, and press ENTER.

Start arming can be used for all functions ex-

cept BURST, PRF and VOLT. If you use start

arming to arm an average measurement, it

only controls the start of the first sample.

Stop Arming

STOP ARM Stop arming prevents the

stop of a measurement un-

til the counter detects a

level shift on the E input.

Combining Start and Stop

Arming results in an “exter-

nal gate” function which

determines the duration of

the measurement.

� Activate Stop Arming as

Follows:

– Press STOP ARM;

– Select OFF POS or NEG and press EN-

TER.

� Switch on Delay

– Press AUX MENU, select Ar. STop

with the SELECT key, and press

ENTER.

– Select Chan. E or Chan. b with the

SELECT keys, and press ENTER.

– Select delay OFF, delay Cnt or

delay ti. with the SELECT keys,

and press ENTER.

– If you enabled delay, enter the delay time

or count using the DATA ENTRY keys.

End by pressing ENTER.

Stop arming can be used for: FREQUENCY,

PERIOD, RATIO, and TOTALIZE.
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Digit Blanking

AUX

MENU

Blanking switches off un-

necessary digits on the dis-

play.

Hz
Five digits are blanked

in this example.

– Press AUX MENU.

– Select blan. dIGIt with SELECT

and confirm by pressing ENTER.

– Enter the number of digits you want

blanked and confirm by pressing ENTER.

To turn off blanking, enter 0 as No. of

blanked digits.

� Two Methods to Reduce the

Number of Digits

Reading a 10-digit display when you don’t

need more than five or six digits takes more

time than necessary.

Reducing the measurement time gives fewer

digits on the display. However, it also means

that each result is shown for a shorter time,

with more display updates per second. If the

display is to be easy to read, it should not be

updated more than a few times per second as

with the default measurement time, which

gives four to five display updates each second.

Digit blanking on the other hand, decreases the

number of digits on the display without in-

creasing the display update frequency. It makes

it possible to switch off any number of digits

between zero and ten. This means that the

number of digits displayed is zero to ten less

than as calculated by the counter’s truncation

algorithm.

More Digits

These counters can accurately measure up to

12 digits, even though the display cannot show

more than 10 digits simultaneously.

In the CNT-81 about 1s measurement time

gives a resolution of 11 digits and about 10s

gives 12 digits.

The CNT-80 needs about 2s for 11 digits, and

20s for 12 digits.

Showing 12 digits is not meaningful unless

you have an external reference frequency with

an accuracy that justifies a readout of more

than 10 digits.

� Offset the Display with MATH

To display additional least-significant digits at

the cost of most-significant digits, you must

offset the display value. For instance when a

measured frequency reads:

9.998123456
6
Hz

It is possible to subtract 9.99E
+6

via the MATH

function. After subtraction, the displayed value

is: 8.12345678
3
Hz

If you must display both the two

most-significant and the two least-significant

digits, you just switch the MATH function off

for displaying the MSD’s and on for the

LSD’s.

Measurement Control

Digit Blanking 5-5

TRIGTRIG

SWAP

AUTO
TRIGGER LEVEL

FILTER

STANDBY

LOCAL
PRESET

ON

EXT
REF

INPUT A

AC / DC

A COM AB
INPUT B

CHECK

START/STOP1X / 10X
TOTALIZE

ON
A DC - 300MHz B

SINGLE

GATE

MENU

FUNCTION

RESTART

HOLD

MEASUREMENT CONTROL

SAVE RECALL

PROCESS DATA ENTRY

/ 1M50

1X / 10X

/ / 50 / 1M

AC / DC

HOLD OFF

MAX
12Vrms
350Vp . 1M

. 50

SET A SET B DELAY M=

L=

CLEAR

0 +/-

ENTEREE

K= 1

4

7

2

5

3

6 Xo

8 9 XMEAS TIME

MENU
AUX

SELECT

STAT

MATHSTART ARM

STOP ARM

CNT-81R TIMER/COUNTER ANALYZER & RUBIDIUM FREQUENCY STANDARD

C 0.1 - 2.7 GHz

50

Max 5 Vrms

SET

n-1

UNLOCK

UNLOCK

REF.

ADJ.

S

M

MENU
AUX



Controlling Measurement

Timing

The Measurement
Process

Basic Free-running Measurements

Since these counters use the reciprocal count-

ing technique, they always synchronize the

start and stop of the actual measuring period to

the input signal trigger events. A new measure-

ment automatically starts when the previous

measurement is finished (unless HOLD is on).

This is ideal for continuous wave signals.

The start of a measurement takes place when

the following conditions have been met (in or-

der):

– The counter has fully processed the previ-

ous measurement.

– If the counter makes SINGLE measure-

ments, the display time (=set measurement

time) must have expired.

– All preparations for a new measurement

are made.

– The input signal triggers the counter’s mea-

suring input.

The measurement ends when the input signal

meets the stop trigger conditions. That hap-

pens directly after one of the following

events:

– The set measurement time has expired (in

frequency measurements, for example).

– In SINGLE, the measurement stops im-

mediately when the input signal fulfils the

stop trigger conditions (which is normally

when it passes the trigger window the

second time).

Measurement Time and
Rates

The set measuring time decides the length of

a measurement in all average types of mea-

surements. In a single-shot type of measure-

ment, however, the measurement time acts as

a “display time” setting. For example, if a

measurement time of 500 ms is set in a single

period measurement, and the period is

100 ns, the measurement will take 100 ns,

then the display will show the result for

500 ms before the next measurement can

start.

Measurement Control
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This is important to know when you want to

make fast measurements, for example, when

using statistics or want fast measurements on

the GPIB bus.

�
To get a high measuring speed,
it is not enough to set the coun-
ter for single-cycle measure-
ments. You should also set the
measurement time to the mini-
mum value.

The so-called “dead time”, that is the time

between the stop of one measurement and the

start of the next one, can be well below 1 ms

in free-running mode if you do the following:

– Do not use AUTO.

– Do not use MATH.

– Switch off the display via GPIB.

Additional controls over start and stop

of measurements

Free-running measurements may be easy to

understand, but measurements can get more

complex.

Besides input signal triggering, the start of a

measurement is further controlled by the fol-

lowing elements:

– Manual RESTART, if Display Hold is se-

lected.

– GPIB triggering (<GET> or *TRG), if

bus triggering is selected.

– External arming signal, if Start Arming is

selected.

– Expired start arming delay, if Arming De-

lay is selected.

In addition to expired measurement time and

stop signal triggering, the stop of measure-

ment is further controlled by:

– External arming signal triggering, if Stop

Arming is selected.

GPIB triggering is described in the Pro-

gramming manual.

Resolution as Function of
Measurement Time

The quantization error and the number of digits

on the display mainly define the resolution of

the counter, that is the least-significant digit

displayed.

As explained on page 4-11 under Reciprocal

Counting, the calculated frequency f is:

f
n

tg

�

while the relative rms quantization error = �

250ps/tg in the CNT-80 and � 50 ps/tg in the

CNT-81.

The counter truncates irrelevant digits so that

the rms quantization resolution cannot change

the LSD (least-significant digit) more than � 5

units. This occurs when the displayed value is

99999999, and the quantization error is worst

case. The best case is when the displayed value

is 10000000. Then the quantization resolution

corresponds to � 0.5 LSD units.

�
� 1 unit in 99999999 (=1E8)
means 10 times more relative
resolution than � 1 unit in
10000000 (=1E7), despite the
same number of digits.

A gradual increase of the measurement time re-

duces the instability in the LSD caused by the

quantization uncertainty. At a specific mea-

surement time setting, the counter is justified

to display one more digit. That one additional

digit suddenly gives ten times more display

resolution, but not a ten times less quantization

uncertainty. Consequently, a measurement time

that gives just one more display digit shows

more visual uncertainty in the last digit.

Measurement Control

The Measurement Process 5-7



For a stable LSD readout, the maximum mea-

surement time selected should be one that still

gives the required number of digits. Such opti-

mization of the measurement time enables the

total resolution to be equal to the quantization

resolution. This is shown in as a function of

the selected measurement time.

Now let’s look deeper into the concept of

arming.
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Figure 5-1 Resolution as a function of measurement time for a 10 MHz fre-

quency measurement. Note that the same measurement time gives

one more digit if the most significant digit is 1, than if it is 9.
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Figure 5-2 Resolution as a function of measurement time for frequency measure-

ments.



What is Arming?

Arming is a pretrigger condition (“qualifier”)

that must be fulfilled before the counter al-

lows a measurement to start. The pretrigger

condition can be compared to using a gun.

When you use a gun, you must first arm the

gun before you can pull the trigger.

Arming can also be used to qualify the stop

of a measurement. This is called “stop arm-

ing” as opposed to the more commons”tart

arming.”

When you use arming, you disable the nor-

mal free-run mode, i.e. individual measure-

ments must be preceded by a valid start arm-

ing signal transition.

If you use start arming and stop arming to-

gether you get an externally controlled mea-

surement time, a so-called “External Gate”.

� Manual Arming

The counters have a manual start arming

function called DISPLAY HOLD. Here you

manually arm the start of each individual

measurement by pressing the RESTART

key.

Use this manual arming mode to measure sin-

gle-shot phenomena, which are either trig-

gered manually or occur at long intervals.

Another reason for using this manual arming

could simply be to allow sufficient time to

write down individual results.

� When Do I Use Start Arming?

Start arming is useful for measurements of

frequency in signals, such as the following:

– Single-shot events or non-cyclic signals.

– Pulse signals where pulse width or pulse

positions can vary.

– Burst signals.

– Signals with frequency variations versus

time (“profiling”).

– A selected part of a complex waveform sig-

nal.

Signal sources that generate complex wave

forms like pulsed RF, pulse bursts, TV line sig-

nals, or sweep signals, usually also produce a

sync signal that coincides with the start of a

sweep, length of an RF burst, or the start of a

TV line. These sync signals can be used to arm

the counter. See Figure 5-3.

� When Do I Use Stop Arming?

You normally use stop arming together with

start arming. That means that the external

gating signal controls both the start and the

stop of the measurement. Such a gating signal

can be used to force the counter to measure the

frequency of a pulsed RF signal. Here the posi-

tion of the external gate must be inside a burst.

See Figure 5-4.
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In time interval measurements, you can use the

stop arming signal as a sort of “external trigger

Hold Off signal.” Here you block stop trigger-

ing during the external period. See Figure 5-5.

� The Arming Input

– Input E is the default arming input. This

input is suitable for arming (sync) signals

that have TTL levels. The trigger level is

fixed at 1.4V and cannot be changed. The

trigger slope can be set to positive or nega-

tive.

– Input B can be used as arming input for all

single channel measurements and dual

channel measurements where the arming

signal is one of the measuring signals.

This input is more suitable if your arming

signal does not have TTL levels. All

B-input controls such as AC/DC, trigger

level, 50� etc. can be used to condition

the arming signal.

Using the measurement signal as

arming signal

If arming is to be based on the signal to be

measured, use input B as arming input. You

can connect the signal directly to input B or

route the signal to input B also, using

COM A.

When performing time or frequency mea-

surements in complex signals having a

unique trigger point, input B arming and

COM A can be used to make the measuring

signal itself “auto-arm” the counter, e.g., to

measure the frequency of an input signal,

when it has reached a specified voltage limit

(= set trigger level), see Figure 5-5.
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� When Do I Use Arming With

Delay?

You can delay the start (or stop) arming point

with respect to the arming signal. Use this

function when the external arming signal

does not coincide with the part of the signal

that you are interested in.

The range for time delay is 200 ns to

1.67 seconds with a setting resolution of

100 ns.

� Getting The Whole Picture

The flowchart in Figure 5-6 illustrates how

arming a trigger hold off enables precise con-

trol of the start and stop of the actual mea-

surement when you operate the counter from

the front panel. If you use the counter via the

GPIB, read more about bus arming and trig-

gering under the heading “How to use the

trigger system” in the Programming Manual.
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Figure 5-6 Measurement control flow diagram.



Arming Setup Time
The arming logic needs a setup time of

about 5 nanoseconds before the counter is re-

ally armed; see Figure 5-7.

When arming delay is selected, the setup time

is different; see Figure 5-8. It illustrates the

effect of the 100-ns delay resolution.

Figure 5-8 shows that a start trigger signal

may be detected although it appears 60 nano-

seconds before the programmed time delay

has expired. The start trigger signal must

come 40 nanoseconds after the programmed

time delay has expired to guarantee correct

start of the measurement.

Setup times for event count delays are shown

in the following figures:
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Arming Examples

Introduction to
Arming Examples
The following arming examples are available:

#1 Measuring the first pulse in a burst

#2 Measuring the second pulse in a burst

#3 Measuring the third pulse in a burst

#4 Measuring the time between pulse #1

and #4 in a burst

#5 Measuring frequencies in two-tone bursts

#6 Measure the frequency in a short

RF-burst

#7 Profiling

Exmples 1 to 4 measure the pulse width of a

selected positive pulse in a burst. You can,

however, also measure the period, rise time, or

duty factor by changing FUNCTION, and

you can measure on a negative pulse by

changing trigger slope.

Seeing is believing

It always feels safer if you see which pulse

you are measuring. The gate monitor output

can be connected to an oscilloscope together

with the burst and the sync pulse. When the

counter triggers correctly you will see a faint

flicker at the measured pulse. A suitable mea-

surement setup is shown on the next page.

The gate monitor signal is not continuously

repetitive since it follows the action inside

the counter; this is why it flickers on the

screen, but don’t worry, the position of the

gate pulse is what is interesting, not its inten-

sity.
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#1 Measuring the
First Burst Pulse
In the first example we will measure the width

of pulse #1 in a repetitive pulse burst. In this

example, a synchronization signal (SYNC)

with TTL levels is also available. See Figure

5-12.

Our task is to synchronize the start of the mea-

surement (start trigger) to the leading edge of

the first pulse. Depending on the signal timing,

this can be easy, difficult, or very difficult.

� A. Auto Synchronization Without

Arming

If we are lucky, we can manage without using

the arming function at all. Often, the counter

can automatically synchronize the measure-

ment start to the triggering of the first pulse.

The conditions for success are that the pulse

burst does not repeat itself more than 50 to 150

times per second. The duration of a pulse burst

(between first and last pulse) must be substan-

tially less than the distance to the next burst.

Do the following steps to perform auto syn-

chronization without arming:

– Connect the burst signal to input A.

– Adjust the manual sensitivity and trigger

level until the burst signal triggers the

counter correctly.

– Use the FUNCTION key to select Pulse

Width.

– Select SINGLE measuring mode.

– Press MEAS TIME and set a measure-

ment time according to the following text.

The measurement time setting can be used

for synchronization purposes. The preset

measurement time does not influence the ac-

tual measurement time in single interval mea-

surements, but it will influence the time be-

tween measurements. If you select a mea-

surement time that almost equals the duration

of a burst, the auto-synchronization will

work.

If the repetition rate is too high, synchroniza-

tion will not be guaranteed, but there is a high

probability that auto-synchronization will

work anyway. However, occasional errone-

ous values will be displayed. To achieve

guaranteed synchronization, use the Start

Arming function.
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� B. Synchronization Using Start

Arming

The SYNC signal can be directly used to arm

the measurement. This requires that the lead-

ing edge of the SYNC signal occurs more

than 5 nanoseconds before the leading edge

of the first pulse in the burst. See Figure 5-14.

Do the following steps to perform synchroni-

zation using start arming:

– Connect SYNC to input E.

– Connect the burst signal to input A.

– Set a trigger level that makes the burst

signal trigger the counter correctly.

– Press ARM START, select

Ar. STA POS, and press ENTER.

– Use FUNCTION to select P Width A.

– Press TIME and set a short measurement

time.

– Select SINGLE and measure.

If there is no (or too little) time difference be-

tween the arming signal and the first pulse in

the pulse burst, arming must be combined

with a delay. See example c.

� C. Synchronization Using Start

Arming With Time Delay

If the pulse bursts have a stable repetition fre-

quency, you synchronize the measurement

using Start Arming with Time Delay. Here you

use the SYNC pulse belonging to a preceding

burst to synchronize the start of measurement.

Set the time delay to a time longer than the du-

ration of a pulse burst and shorter than the rep-

etition time of the pulse bursts. See Figure

5-15.

Do the following steps to start signal synchro-

nization using start arming with time delay:

– Connect SYNC to input E.

– Connect the burst signal to input A.

– Set a trigger level that makes the burst sig-

nal trigger the counter correctly.

– Press ARM START, select

Ar. STA POS, and press ENTER.

– Press AUX MENU, select Ar. StArt,

press ENTER.

– Select Chan E press ENTER.

– Select delay ti. and press ENTER.

– Enter a suitable delay, and confirm by

pressing ENTER.

– Use FUNCTION to select P Width A.

– Press TIME, and set a short measurement

time.

– Select SINGLE, and measure.
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#2 Measuring the
Second Burst Pulse
The next task is to measure the width of the

second pulse in the pulse train from example 1.

How can we now synchronize the measure-

ment start to the start of the second pulse? In

this case auto-synchronization, without the use

of the arming function, cannot work.

Auto-synchronization can be used only to syn-

chronize on the first trigger event in a burst.

Depending on the SYNC signal’s position rela-

tive to the burst, and the duration of the SYNC

signal, the measurement can be performed with

or without using arming delay.

If the trailing edge of the SYNC signal occurs

after the leading edge of the first pulse but be-

fore the second pulse in the pulse burst, then

normal start arming without delay can be used.

In this case:

– Connect SYNC to input E.

– Connect the burst signal to input A.

– Select triggering on positive slope on input

A.

– Adjust the trigger level with SET A until

the burst signal triggers the counter cor-

rectly.

– Press ARM START, select

AR. STA Neg, and press ENTER.

– Use FUNCTION to select P Width A.

– Use TIME to set a short measurement time.

– Select SINGLE and measure.

This example is shown in the following figure.

If the SYNC-pulse timing is not so suitable as

in the above measurement example, then

arming must be used combined with a time

delay; see the following figure. The set delay

time must be set to expire in the gap between

pulse #1 and #2.

– Connect SYNC to input E.

– Connect the burst signal to input A.

– Select triggering on positive slope on in-

put A.

– Adjust the trigger level with SET A until

the burst signal triggers the counter cor-

rectly.

– Press ARM START, select

AR. STA POS, and press ENTER.

– Press AUX MENU, select Ar. StArt,

Press ENTER.

– Select Chan E press ENTER.

– Select delay ti. and press ENTER.

– Enter a suitable delay via keyboard, con-

firm by pressing ENTER.

– Use FUNCTION to select P Width A.

– Use TIME to set a short measurement

time.

– Select SINGLE and measure.
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�
ARM START delayed by events
cannot be used here since the
minimum delay is 2 events. See
also example #3 on the next
page.
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#3 Measuring the
Third Burst Pulse
The task now is to measure the width of the

third pulse in the pulse train from example 1.

How can we now synchronize the measure-

ment start to the start of the third pulse? Not

surprisingly, auto-synchronization, without the

use of the arming function, cannot work in this

case either.

A delayed arming, with a time delay that ex-

pires somewhere between the second and the

third pulse, will work. This measurement is al-

most identical to the previous one, where we

delayed the arming until the second pulse ar-

rived. For the sake of completeness, this exam-

ple is shown below.

An alternative is to specify the delay as a num-

ber of input B trigger events instead. Hence,

the measuring input signal itself determines the

delay, and not the internal timer circuit. The

minimum number of trigger events that can be

set as a delay is 2. The maximum is 2
24

-1. This

means that the width of pulse number 2 cannot

be measured using this delay method, since

there must first appear at least two trigger

events (i.e., pulses) until the counter is armed;

however, this method is a convenient way of

measuring the width of pulse number 3, 4, 5,

etc.

This event count delay is useful when the

pulse positions can vary. Independent of

when pulse #3 occurs, it can be identified and

its width can be measured.

– Connect the burst signal to input A.

– Select triggering on positive slope on in-

put A.

– Press COM A to also feed the signal to

the B-channel.

– Adjust the trigger level with SET A and

SET B until the burst signal triggers the

counter correctly.

– Press ARM START, select

Ar. STA POS, and press ENTER.

– Press AUX MENU, select Ar. StArt,

press ENTER.

– Select Chan E press ENTER.

– Select delay Cnt. and press ENTER.

– Enter the value 2 via keyboard, confirm

by pressing ENTER.

– Use FUNCTION to select P Width A.

– Use TIME to set a short measurement

time.

– Select SINGLE and measure.
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#4 Measuring the
time between burst
pulse #1 and #4
In the previous examples, the synchronization

task has been to identify the start of a mea-

surement and to perform a single-shot time

interval measurement. Now, we will compli-

cate the picture even more. In our next exam-

ple we will not only arm the start, but also the

stop of a measurement. We will measure the

time between the first and the fourth pulse in

the pulse burst. We still have the SYNC sig-

nal available, see Figure 5-18.

The measurement function is not pulse width,

but time interval between positive slopes on

channels A and B. The desired start and stop

trigger points are marked in the preceding il-

lustration. Our task is now to arm both the

start and the stop of this measurement. The

start arming is already described in example

#1, i.e., synchronize measurement start to the

leading edge of the first pulse. The challenge

is to synchronize the stop of the measure-

ment, i.e., to arm the stop. If we do nothing,

the time interval measured will be the time

between the first and the second pulse. We

must thus delay the stop. This can be done in

different ways.

A. Using Trigger Hold Off to
Delay the Stop a Certain Time

Trigger Hold Off is used to inhibit stop trigger-

ing during a preset time. The Hold Off period

starts synchronously with the start trigger

event. The Hold Off time should be set to ex-

pire somewhere between pulse number 3 and

4. See Figure 5-23.

– Connect SYNC to input E.

– Connect the burst signal to input A.

– Press COM A to also feed the signal to the

B-channel.

– Use FUNCTION key to select

TIME A-B.

– Press SINGLE to switch off averaging.

– Set a short measurement time.

– Set input A trigger level and positive slope.

– Set input B trigger level and positive slope.

– Press Hold Off ON to activate Hold Off.

– Press the HOLD OFF SET key and enter a

suitable delay via the DATA ENTRY keys,

confirm by pressing ENTER.

– Set start arming conditions according to ex-

ample #1 (if needed).

– Measure.
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B. Using Trigger Hold Off to
Delay the Stop by Three Trigger
Events

Alternatively, the Hold Off delay can be ex-

pressed as a number of trigger events on input

B instead of a preset time. In this case the de-

lay should be three stop trigger events. Since

the measuring input signal is already connected

to input B (through COM via A), this method

is practicable if no arming start delay is

needed.

Remember: You cannot combine time delayed

arming with event count delayed Hold Off.

– Connect SYNC to input E.

– Connect the burst signal to input A.

– Press COM A to feed the signal also to the

B-channel.

– Press FUNCTION to select

Time Interval A-B.

– Press SINGLE to switch off averaging.

– Set a short measurement time.

– Set input A trigger level and positive slope.

– Set input B trigger level and positive slope.

CNT-80

There is no special menu where you can set

Hold Off delay by events, so you have to use

the Stop Arming menu.

– Press AUX MENU, select

Ar. Stop and press ENTER.

– Use SELECT/SET to select

Chan. E and press ENTER.

– Use SELECT/SET to select

delay Cnt and press ENTER.

– Enter 2 (or more) events, and press

ENTER to exit AUX MENU. (The digit

here is not used in this measurement but

if you enter 1, the delay by counted

events will be switched off).

– Switch on Hold Off and press the Hold

Off SET key.

– Enter the digit 3 via the keyboard.

– Set start arming conditions according to

example 1 (if needed).

– Measure.

CNT-81

– Switch on Hold Off and press the Hold

Off SET key.

– Select H.OFF Cnt and press ENTER.

– Enter the digit 3 via the keyboard.

– Set start arming conditions according to

example 1 (if needed).

– Measure.

C. Using Stop Arming (i.e.,
External Hold Off) to Delay the
Stop

So far in our examples, the sync signal has

been used exclusively as a start arming sig-

nal; i.e., we have been concerned only about

the leading edge of the sync signal, and not

its duration. However, the sync signal can
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also be used as an External Trigger Hold Off

when you select stop arming on the trailing

edge of the sync signal. If the duration of the

sync pulses can be externally varied, we can

select a duration that expires in the gap be-

tween pulse numbers 3 and 4.

Then proceed as follows:

– Connect SYNC to input E.

– Connect the burst signal to input A.

– Press COM A to also feed the signal to

the B-channel.

– Use FUNCTION to select TIME A-B.

– Select SINGLE.

– Set a short measurement time.

– Set input A trigger level and positive

slope.

– Set input B trigger level and positive

slope.

– Press ARM STOP, select

Ar.STo Neg, and press ENTER.

– Set start arming conditions according to

example 1 (if needed).

– Measure.
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#5 Measuring
Frequencies in
Two-Tone Bursts
Sonar bursts can consist of two different fre-

quencies with different durations. See Figure

5-26.

Measuring the frequency of the first part is

normally no problem.

Because of the reciprocal measurement, the

counter automatically synchronizes the mea-

surement with the start of the burst.

For fool-proof synchronization, start arming

can be used, as in Figure 5-27. The measure-

ment time should, of course, be short enough.

To measure the frequency of the second half

requires the use of arming delay. The delay

time should be set to a value slightly longer

than the duration of the first tone in the

two-tone burst. See Figure 5-28.

�
Note that arming delay can be
used without any external sync.
Just use the measured signal it-
self as arming signal on input B
(select COM VIA A), and set the
delay as usual in the AUX
MENU.

Measurement Control

5-24 #5 Measuring Frequencies in Two-Tone Bursts

< � � 0 � � � � � � � �
� � " � � +

� � � � � " � � � � 0 �

1 � � � 0 � � � " � � � � �

Figure 5-27 Autosync or external

arming makes it possible to measure the
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< � � 0 � � � � � � � �
� � " � � +

� � � � � " � � � � 0 �

1 � � � 0 � � � " � � � � �

� � � � � " � 5 � + � $

Figure 5-28 Add a delay to the Ex-

ternal arming, and the second tone can
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#6 Measure the
Frequency in a
Short RF-Burst
To measure the frequency of RF-bursts

shorter than 2ms on the C-input, you must

have an external sync-signal.

The 2.7 GHz C-input prescaler self-oscillates

in the gap between two bursts (when no sig-

nal is present). A go-detector normally blocks

this self-oscillation, but this go-detector also

stops short bursts from reaching the counter

circuits.

The go-detector is automatically disabled as

soon as start arming has been activated.

� Avoid Disturbance From Self-

Oscillations

It takes some time for the prescaler to stop

self-oscillating and start to sync on the input

signal. To avoid measuring on the

self-oscillation, delay the start of the measure-

ment by pressing AUX MENU and setting

Arm Start Channel C delay to:

(� 	 	2 prescaling factor period )

Example:

For instance, when measuring 1 GHz burst fre-

quencies using input C, the delay time should

be� 	 	 � �2 16 1 32ns ns. Thus, the mini-

mum delay of 200 ns is OK.

Measurement Control

#6 Measure the Frequency in a Short RF-Burst 5-25

� � � �

� � � 
 � � � � � � �

� � � � � � 	 � � 	 

� � 
 � �

Figure 5-22 Go-detector in the

prescalers.

' $ � 3

F 0 � � 0 �
- � � � � �

< � � 0 �
� � � �

< � � 0 � � -
)

� � + - � � � � 3 � � -
)

Figure 5-23 The prescaler

self-oscillates between

the external sync.

pulses. N=the prescaling

factor.



#7 Profiling
Profiling means measuring frequency versus

time. Examples are measuring warm-up drift in

signal sources over hours, measuring the lin-

earity of a frequency sweep during seconds,

VCO switching characteristics during millisec-

onds, or the frequency changes inside a “chirp

radar” pulse during microseconds. These coun-

ters can handle many profiling measurement

situations with some limitations. Profiling can

theoretically be done manually, i.e., by reading

individual measurement results and plotting in

a graph. However, to avoid getting bored long

before reaching your 800th or so measurement

result, you must use some computing power

and a GPIB interface. In profiling applications,

the counter acts as a fast, high resolution sam-

pling front end, storing results in its internal

memory. These results are later transferred to

the controller for analysis and graphical pre-

sentation. The TimeView software package

greatly simplifies profiling.

You must distinguish between two different

types of measurements called free-running and

repetitive sampling.

� Free-Running Measurements

Free-running measurements are performed

over a longer period, e.g., to measure the sta-

bility over 24 hours of oscillators, to measure

initial drift of a generator during a 30-minute

warm-up time, or to measure short-term stabil-

ity during 1 or 10s. In these cases, measure-

ments are performed at intervals from 140 �s

(CNT-81) or 500 �s (CNT-80) and upwards. In

other words, the maximum sampling rate is

7 kHz or 2 kHz resp. There are several differ-

ent ways of performing the measurements at

regular intervals.

Single-cycle measurements using

measurement time setting for “pac-

ing”

When single measurements are set on the

counter, the measurement time acts as a

“measurement hold time”. By setting the

measurement time to 10s for example, sin-

gle-cycle measurements are automatically

made at 10s intervals.

Using a controller as “pacer”

With fairly large intervals such as seconds

between individual samples, the timer in the

controller can be used for pacing the individ-

ual measurements.

Using external arming signals

External arming signals can also be used for

“pacing.” For example with an arming signal

consisting of 10 Hz pulses, individual mea-

surements are armed at 100 ms intervals.

Letting the counter run free

When the counter is free-running, the shortest

delay between measurements is approxi-

mately 140 �s (CNT-81) or 500 �s (CNT-80)

plus set measurement time. For example,

when a measurement time of 2 ms is set in

the CNT-80, the time between each sample is

approximately 2.5 ms. You have to perform

some special actions over the GPIB in search

of that high speed, for instance blanking the

display. This is described in the Programming

Manual.
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� Repetitive Sampling Profiling

The measurement setup just described will

not work when the profiling demands less

than 140 �s intervals between samples.

How to do a VCO step response pro-

filing with 100 samples during a time

of 10 ms, i.e., 100 �s between sam-

ples.

This measurement scenario requires a repeti-

tive input step signal, and you have to repeat

your measurement 100 times, taking one

sample per switch period. And every new

sample should be delayed 100 �s with respect

to the previous one.

This is easiest controlled by a controller, al-

though it is possible but tedious to manually

set and perform all 100 measurements.

The following are required to setup a mea-

surement:

– A repetitive input signal (e.g., frequency

output of VCO).

– An external SYNC signal (e.g., step volt-

age input to VCO).

– Use of arming delayed by a preset time

(e.g., 100, 200, 300 �s).

See Figures 5-24and 5-25.

When all 100 measurements have been made,

the results can be used to plot frequency ver-

sus time. Note that the absolute accuracy of

the time scale is dependent on the input sig-

nal itself. Although the measurements are

armed at 100 �s � 100 ns intervals, the actual

start of measurement is always synchronized

to the first input signal trigger event after

arming.

TimeView will do this measurement quick

and easy, see Chapter 8.
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filing of a VCO.

Figure 5-25 Results from a transient

profiling measurement.
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Chapter 6

Process



Introduction
Three different ways to process a measuring

result are available: Averaging, Mathematics

and Statistics. They can be used separately or

all together.

Averaging

SINGLE If SINGLE is turned off, the

counter makes a multiple

period average. That

means that it averages all

data captured during the

set measuring time and dis-

plays the result.

Sample Size for Average

Average in time interval measurements can be

determined by sample size or measuring time.

Average time interval is used in Time-,

Rise/Fall-, Phase, Duty factor, and Pulse

Width measurements.

Normally, the measuring time determines the

number of samples averaged (N):

N = Repetition rate (Hz) � Measuring time

(f � 12 kHz, CNT-81)

(f � 2 kHz, CNT-80)

or

N = 12000 � Measuring time (CNT-81)

N = 2000 � Measuring time (CNT-80)

Sample size N can also be set directly via the

AUX menu.

If the Sample Size is set to 1000, the result is

averaged from 1000 consecutive measure-

ments. Preset value is 100.

Press AUX MENU and press SELECT until

the display shows: TI.AVG.COUNT .

Press ENTER to enter the sub-menu. You can

now turn on or off sample size for time inter-

val. Use the SELECT/SET-key to toggle be-

tween ON/OFF, and confirm your selection by

pressing ENTER.

If ON is selected, you will be asked for a

value of the sample size. Enter a value via the

keyboard. The Sample Size can be a value

within the range 0 to 65535. Confirm your se-

lection by pressing ENTER and the

timer/counter exits Auxiliary menu and con-

tinues to measure.

If OFF is selected, the timer/counter exits

Auxiliary Menu and returns to measuring

mode.
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Mathematics

MATH The counter can use two

mathematical expressions

to process the measure-

ment result: (K*X+L)/M or

((K/X)+L)/M.

K, L and M are user selectable constants, and

X is the measurement result. To select a math-

ematical expression, press the MATH key. Use

the SELECT/SET key to step up/down until

the display shows the expression you want to

use, and confirm by pressing ENTER.

K=

L=

M=

K, L, and M are constants

used for Mathematical pro-

cessing.

To enter a constant:

– Press the key for the constant you want to

change(K, L or M).

– Enter the value on the keyboard.

– Press +/– if you want a negative constant.

– Confirm by pressing ENTER.

The constants are stored until you reset them,

or enter another constant. After a PRESET the

constants are K=1, L=0, M=1.

Xn-1

Xo

These functions can be

used as the constants K, L

and M within a mathemati-

cal formula. Both Xn-1 and

X0 can be used in the same

formula.

Xn-1

Xn-1 refers to the measuring result from the

previous measurement. It is updated every

measuring cycle.

– Press K=.

The display shows the old value of K.

– Press Xn-1.

The display now shows n–1. (n–1 is

shown instead of a value since Xn-1 is

continuously changing.)

– Press +/– if you want to subtract Xn-1

from the measurement result.

– Confirm by pressing ENTER.

– Set constants L and M to the desired val-

ues, and select a MATH function.

When the measurement starts, the results will

be calculated as usual. The K constant will be

set to the previous measuring result before a

new measurement starts.

�
The first measurement after turn-
ing on this function is not reliable,
since Xn–1 may not hold the ex-
pected value. The value of Xn–1
is the measuring result BEFORE
the mathematical conversion.
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X0

X0 means the measuring result currently dis-

played. Use HOLD to capture the desired

measuring result.

– Setup the measurement you want to make.

– Press HOLD.

– Press RESTART to obtain the value you

want to use as a constant. The result is

frozen after one measurement due to

HOLD.

– Press K=

The display shows the old value of K.

– Press X0.

The display shows the measurement result

that will be used as a mathematical con-

stant.

– Press +/– if you want to subtract X0 from

the measurement result.

– Confirm by pressing ENTER.

The instrument will now store and use the

measurement result that was displayed after

you pressed the HOLD key.

– Set constants L and M to desired values

and select a MATH function.

– Switch off HOLD.

When the measurement starts, the results will

be calculated as usual.

Statistics

Statistics may be applied to all measuring

functions, with the exception of Manual

Totalize and AC/DC Voltage. Statistics may

also be applied to the result from Mathemat-

ics.

The available statistics functions are as fol-

lows:

X MAX: Displays the maximum value

within a sampled population of xi-val-

ues

X MIN: Displays the minimum value within

a sampled population of xi-values

MEAN: Displays arithmetic mean value

(x) of a sampled population of xi-val-

ues and is calculated as:

x
n

Xi

i

n

�
�

�1

1

ST DEV: Displays standard deviation (sx)

of a sampled population of xi-values

and is calculated as:

� �s
n

x
n

xi i�
�

�
�

�
�

�

�
�� �1

1

12
2

Where:

xi = the result of an individual measurement.
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Summation is for i = 1 to n.

n = the number of measured xi-values (up to

65 535)

this expression is equivalent to the more

common:

� �
s

x x

n

i

�
�

�

�
2

1

� To set statistics

– Press the STAT-key.

– Press SELECT/SET and select X MAX,

X MIN, MEAN, or ST DEV.

– Press ENTER.

� To set n in the CNT-81

– Press STAT. Current value is displayed.

– Use any numeric key to change value of n.

– Press ENTER.

� To set n in the CNT-80

– Press AUX MENU.

– Press SELECT/SET and select STAT.

– Press ENTER.

– Input sample size n via the keyboard.

– Press ENTER.

� To view X MAX, X MIN, MEAN,

and STD DEV

It is possible to stop the measurements and to

view X MAX, X MIN, MEAN, and ST DEV

from one data capture.

CNT-80

– Press HOLD.

– Press STAT.

– Press SELECT/SET to select statistical

function.

– Press ENTER to view the result.

If no statistics data has been captured, the dis-

play reads “no data”. Press RESTART to cap-

ture new data.

CNT-81

– Press HOLD.

– Press STAT.

– Press SELECT/SET to view the other

Statistical function.

If no statistics data has been captured, the dis-

play reads `Stat XXX’ where XXX is the sam-

ple size. Press RESTART to capture new

data.

Measuring Speed

When using statistics, you must take care that

the measurements do not take too long time to

perform. Statistics based on 1000 samples

does not give a measurement result until all

1000 measurements have been made. That can

take quite some time if the setting of the coun-

ter is not optimal.

– Do not use AUTO trigger. It is convenient

to use but it takes a fraction of a second

each time the timer/counter determines

new trigger levels, and 1000 or 10000

times a fraction of a second is a long time.

– Do not use a longer measuring time than

necessary for the required resolution.

– Remember, if you use SINGLE, that the

counter uses the set measuring time as idle

time between samples. A short measuring

time means a quick statistical result.

– Remember that a frequency measurement

normally uses the 225 MHz / prescaled by

two mode. If the frequency of your signal

is less than 160 MHz, you can almost dou-

ble the sampling rate by measuring on the

B input (for instance by still using the A

input, but with SWAP and COM A on).
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Determining Long or Short
Time Instability

When making statistical measurements, you

must select measuring time in accordance

with what you want to obtain:

Jitter or very short time (cycle to cycle) varia-

tions require that the samples are taken as Sin-

gle measurements. This means that time inter-

val averaging is not used.

If average is used (SINGLE turned off) the

samples used for the statistical calculations are

already averaged. This can be a great advan-

tage when you measure medium or long time

instabilities. Here averaging works as a

smoothing function eliminating the effect of

jitter.

The above signal contains a slower variation

as well as jitter. When measuring jitter you

must use a limited number of samples so that

the slow variation does not become notice-

able. Single measurements should he made

with the shortest possible measuring time

(800 ns),

To measure the slower variation you calculate

Max, Min or Mean on a long series of aver-

aged samples. Here averaging eliminates the

jitter in each sample and the long measuring

time and large number of samples means that

the measurement can record very slow varia-

tions. The maximum measuring time for each

sample is 400 s and the maximum number of

samples is 65535, which in effect means that

the measurement can span up to 26.214*10
6

s

or about 300 days.

Statistics and Mathematics

The counter allows you to perform mathemat-

ical operations on the measured value before it

is presented to the display or to the bus. Two

equations are available:

( )K X L

M

� �
and

( )
K

X
L

M

�

(default K = M = 1 and L = 0)

Any systematic measuring uncertainty can be

measured for a particular measuring setup,

and the needed correction constants can be en-

tered into these equations. Statistics will then

be applied on the corrected measured value.
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Confidence Limits

For example, the standard deviation can be

used to calculate the confidence limits of a

measurement.

Confidence limits = � ksx

Where:

k = 1 for a confidence level of 68.3%

(1� - limits)

k = 2 for a confidence level of 95.5%

(2� - limits)

k = 3 for a confidence level of 99.7%

(3� - limits)

� Example

A measurement of a time interval of 100 �s is

used to illustrate how the confidence limits are

calculated from the measurement result.

Use the statistics to determine the mean value

and standard deviation of the time interval.

Take sufficient samples to get a stable reading.

Assume further that the start and stop trigger

transitions are fast and do not contribute to the

measurement uncertainties. The counter dis-

plays:

MEAN value = 100.020 �s and a STD DEV =

50 ns then the 95.5% confidence limits = �2sx

= �100 ns.

Jitter Measurements

Statistics provides an easy method of deter-

mining the short term timing instability, (jit-

ter) of pulse parameters. The jitter is usually

specified with its rms value, which is equal to

the standard deviation based on single mea-

surements. The counter can then directly mea-

sure and display the rms jitter if:

MEAS TIME is set to SINGLE or N = 1

Otherwise, the standard deviation of mean

values may be measured. The rms value is a

good measure to quantify the jitter, but it

gives no information about the distribution of

the measurement values. To improve a design,

it might be necessary to analyze the distribu-

tion. Such measurements as well as others can

be performed by data capture with a controller

and the TimeView Frequency and Time Ana-

lyzing Software Package that comes as stan-

dard with the CNT-81.

Process
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About this chapter
This chapter describes less commonly used

functions that are “hidden” in the auxiliary

menu.

Auxiliary Menu

Introduction

All measuring logic and input settings are

computer controlled. The ability to select,

combine, and add new functions is limited

only by the number of controls on the front

panel.

To keep the normal operation of the counter as

simple as possible, the use of dual or triple

function keys has been avoided. For the same

reason the number of keys has been restricted;

however, the counters contain many “hidden”

features. The AUX MENU key gives you ac-

cess to all the extras that are not generally

found in a traditional counter.

If you frequently need to use some AUX

MENU functions, we recommend that you

save your favorite complete front panel setup

in one of the 19 memory locations for easy re-

call later.

You can use such preprogrammed settings as

default settings for your particular applica-

tions, from which you can manually modify

the various individual control settings.

When you select something in the AUX

MENU that cannot otherwise be indicated, an

AUX annunciator on the display is switched

on.

�
The AUX annunciator shows only
that a change has been made in
the AUX MENU. The unique set-
tings that have been made are
not shown on the display.

Auxiliary Functions
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VARIABLE HYSTERESIS

ON/OFF

BURST SYNC.

ON/OFF

GPIB-ADDRESS

(Set)/Read

AUXILARY CODES

Set/Read

MEMORY PROTECT

ON/OFF

SET AVERAGE SAMPLE SIZE

2 to 65535

ANALOG OUTPUT

ON/OFF+Scale

TIME OUT

OFF/100ms-25.5s

PROGRAM VERSION

Counter/GPIB

STATISTICS

SAMPLE SIZE, 1 to

65535

TEST

Select self test

BLANK DIGITS

0 to 9 digits

ARMING

STOP

ARMING

START

SELECT

CHANNEL E/B

ARMING DELAY

Time 200ms to 1.67s

Events 1 to 1.67E6

SELECT

CHANNEL E/B

ARMING DELAY

Time 200ms to 1.67s

Events 1 to 1.67E6

AUTO LO.

(Only PM 6681)

CAL.HYST

(Only PM 6681)

Figure 7-1 You will enter the AUX MENU at the same selection as you used the

previous time.

(Only CNT-81)

(Only CNT-81)



Plain English AUX MENU
Commands

AUX

MENU

SELECT

SET

ENTER

Press AUX MENU key for a

list of functions. Use the

SELECT key to scroll

through the list. Press

ENTER to select the func-

tion or take you to a

submenu with more selec-

tions.

The texts on the display are

messages in abbreviated

English. Here is a list of all

display messages with ex-

planations.

addr

Address: GPIB Address Read/Set

AnAloG Out

Analog output ON/OFF and scaling factor

Ar. StArt

Arming Start

Ar. StOp

Arming Stop

aU. CODES

Auxiliary code function

AUTO lo.

Auto low sets the lower frequency limit for

autotrigger and voltage measurements (only

CNT-81).

blan. digit

Blank digits (switch off) up to nine digits

bUrst

Burst Frequency

bUs 1.23

Bus 1.23 Identity of the GPIB firmware

CAL. HYST

Cal. Hyst Used for calibrating the hysteresis

of the input amplifiers in the CNT-81. Read

about how to use this command in the preven-

tive maintenance chapter on page 10-3.

Chan. E

Chan. E Channel (Input) selection for arming

(Channel E)

DELAY Cnt

Delay Count Delay arming by event counting

DELAY ti.

Delay Time Delay arming by time

Err. protec

Error Protect You tried to save a front panel

setting while the memory was protected

Instr. 1.23

Instrument 1.23 Identity of the Instrument

firmware

NEG

Negative

Off

Off

On

On

pOs

Positive

Prog. Idn.

Program Identity

Prot.

Protect Memory Protect Menu

Stat.

Statistics Sets the sample size for statistics

Auxiliary Functions
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TEST

Test Enter the test submenu

TEST ALL

Test all All tests in sequence

TEST ASIC

Test ASIC (Application Specific Integrated

Circuit) Test of measurement logic

TEST DISP

Test Display Display test

TEST rA.

Test RAM Internal RAM test

TEST rO.

Test ROM Internal ROM test

ti.AVG.count

Time Average Count Selects a specific num-

ber of events for averaging, instead of a the

No. of events during the set measuring time.

Ti. Out

TimeOut Timeout menu

trig SLOPE

Trigger slope

VAR. HYST. A

Variable Hysteresis A To select variable hys-

teresis for the A-input, (to measure on noisy

signals)

� Variable Hysteresis A

Variable hysteresis means that the sensitivity

of the A input can be set. This function uses

the trigger level A setting as the upper level of

the hysteresis band, and the trigger level B

setting as the lower level. On the CNT-80 this

function can only be used for Frequency A.

On the CNT-81 it can be used on all single

channel measurements on channel A.

– Press AUX MENU, then press SE-

LECT/SET until the display shows VAR.

HYST. A

– Select On and the counter will

select variable hysteresis on input A, acti-

vate COM A, and turn on AC and AUTO

(which sets the trigger level on A to 75%

and on B to 25% of Vpp).

You can manually switch off auto triggering

and set manual trigger levels after selecting

Variable Hysteresis mode.

SET A sets the upper limit of the hysteresis

band, and SET B sets the lower limit.

– Selecting another FUNCTION will switch

off Variable Hysteresis A.

Burst Frequency

Burst Frequency turns the burst frequency

function on or off and selects measuring input.

Read the explanation of this function in Chap-

ter 6 “Measuring Functions”.

BURST is shown to the left of AUTO on the

display. The AUX annunciator will not turn

on when burst is selected.

– Press FUNCTION to turn off burst.

Address, GPIB

On the CNT-80 the address set on the rear

panel switches is shown. You can only read

the set address via the AUX MENU.

On the CNT-81 you

can also change the ad-

dress here. The new

address is stored in

nonvolatile memory

and remains until

changed again via this menu or via a bus com-

mand.

�
The last set address is the valid
address whether it is set via the
aux menu or the GPIB com-
mand.
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The counter also shows the address used dur-

ing the power-up test.

Protect Memory

Protects memory 10-19 from accidental over-

write, just like the write-protect tab on a dis-

kette.

– Enter the AUX MENU and select PrOT.

– Press ENTER and the display will show

OFF or On.

– To change status, press SELECT until

wanted status is displayed. Confirm your

selection by pressing ENTER, and the in-

strument exits AUX MENU and returns to

measuring.

If you attempt to save a front panel setting in

these memories when protected, the display

will show Err. Protec.

Time Interval average
Sample Size

Here you select if averaging in Time Interval

measurements is determined by sample size or

measuring time. Average time interval is used

in Time-, Rise/Fall-, Phase, Duty factor, and

Pulse Width measurements. Use SINGLE-key

to disable averaging.

– Press AUX MENU, then SELECT/SET

until the display shows

TI.AVG.COUnt.

– Press ENTER to enter the sub-menu.

– Use the SELECT/SET-key to select ON,

and confirm by pressing ENTER.

– Enter the value via the keyboard. The

range is 1 to 65535. Preset value is 100.

– Confirm your selection by pressing

ENTER.

Example: If the Sample Size is set to 100,

the result is averaged from 100 con-

secutive measurements. After the 100

measurements, the counter shows the

result for the set measuring time, then

a new measurement block is started.

See also; “Average” in Chapter 6.

Timeout

Timeout is a programmable stop for a mea-

surement in progress. The timeout starts when

the counter starts a measurement, and it inter-

rupts the measurement if a result is not ready

within the timeout period.

– Press AUX MENU, then SELECT/SET

until the display shows Ti.OUT.

– Press ENTER to enter the sub-menu.

– Use the SELECT/SET-key to select On,

and confirm by pressing ENTER.

– Enter the sample size via the keyboard.

The range is 100ms to 25.5s. Preset value

is 100ms.

– Confirm your selection by pressing

ENTER.

�
The timeout is mainly used for
GPIB applications.

Program Identity

Shows the firmware version of the instrument

and the GPIB interface.

– Press AUX MENU, then SELECT/SET

until the display shows ProG. Idn..

– Press ENTER to see the instrument firm-

ware version: Instr. 1.02.

– Press ENTER again to see the GPIB firm-

ware version: bUs. 1.11.

– Press ENTER to return to measuring.
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Statistics Sample Size

Here you can set the number of samples for

use with a statistical process.

This is the only way to change sample size in

the CNT-80. In the CNT-81 sample size is

changed in the normal STAT menu, but it can

also be changed in the AUX menu — STAT

for compatibility reasons.

– Press AUX MENU, then SELECT/SET

until the display shows STAt.

– Press ENTER to enter the sub-menu.

– Enter the sample size via the keyboard.

The range is 1 to 65535. Preset value is

100.

– Confirm your selection by pressing

ENTER.

To turn on statistics, you must also select sta-

tistical function with the STAT-key.

See also Chapter 6, “Processing”.

Test

In the Test menu, you can choose to run tests

used in the power-up test one at a time:

– Press AUX MENU, then SELECT/SET

until the display shows TEST.

– Press ENTER to enter the test menu.

– Press SELECT/SET to select one of the

following tests:

– TEST ALL (the four tests below in se-

quence).

– TEST DISP (Display Test).

– TEST ASIC (Measuring Logic).

– TEST rA (RAM).

– TEST ro (ROM).

If any fault is detected, an error message will

appear on the display and the program halts.

Possible error messages are as follows:

– Internal ROM test failed.

– Internal RAM test failed. The hex-address

where an error is detected is shown.

– Test of measuring logic failed.

If an error message is displayed, press any key

to make the instrument continue even though

an error was detected. Contact your local Ser-

vice Center for repair.

�
The display test turns on all seg-
ments of the display for a visual
inspection. No failure is reported.

On the CNT-80 the display is
switched off after a second.
On the CNT-81 press ENTER to
end the test.

Blank Digits

Blanks out unstable digits on the display.

– Press AUX MENU, then SELECT/SET

until the display shows BLAn. DIGIT.

– Press ENTER and use the keyboard to en-

ter the number of digits you want to blank

out. Blanked digits are numbered from

LSD to MSD, right to left.

Arming Start

Selects if the counter start arming should be

delayed by time or by event counting and sets

the delay.

� CNT-81

– Press START ARM.

– Select arming slope Ar. StA POS or

Ar. StA NEG with the SELECT/SET

key.

– Select Chan. E or Chan. b as arming

input.
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– Press ENTER and the display will show

DELAY OFF.

– Press SELECT/SET to select DELAY

Ti for time delay, or Cnt for delay by

events, and press ENTER.

– Enter the delay you want from the arrival

of the arm start signal to the actual start of

a measurement.

– Press ENTER to exit the menu.

� CNT-80

– Press AUX MENU and select

Ar.STArT, .

– Press ENTER.

– Select CHAn. E or CHAn B as arming

input.

– Press ENTER and the display will show

DELAY OFF.

– Press SELECT/SET to select DELAY

Ti for time delay, or Cnt for delay by

events, and press ENTER.

– Enter the delay you want from the arrival

of the arm start signal to the actual start of

a measurement.

– Press ENTER to exit the menu.

To use the selected start arming delay, you

must turn on start arming:

– Press the ARM START key on the front

panel.

– Select arming slope POS or NEG with the

SELECT/SET key.

– Press ENTER to exit the menu.

Arming Stop

Selects if the counter stop arming should be

delayed by time or by event counting and sets

the delay.

� CNT-81

– Press STOP ARM.

– Select arming slope Ar. StO POS or

Ar. Sto NEG with the SELECT/SET

key.

– Select Chan. E or Chan. b as arm-

ing input.

– Press ENTER and the display will show

DELAY OFF.

– Press SELECT/SET to select DELAY

Ti for time delay, or Cnt for delay by

events, and press ENTER.

– Enter the delay you want from the arrival

of the arm stop signal, to the actual stop of

a measurement.

– Press ENTER to exit the menu.

� CNT-80

– Press AUX MENU and select Ar.STop,

– Press ENTER.

– Select CHAn. E or CHAn B as arming

input.

– Press ENTER and the display will show

DELAY OFF.

– Press SELECT/SET to select DELAY

Ti for time delay, or Cnt for delay by

events, and press ENTER.

– Enter the delay you want from the arrival

of the arm stop signal, to the actual stop of

a measurement.

– Press ENTER to exit the menu.

To use the selected stop arming delay, you

must switch on stop arming:

– Press the STOP ARM key on the front

panel.

– Select arming slope POS or NEG with the

SELECT/SET key.

– Press ENTER to exit the menu.
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Analog Output

The analog output is turned off as a default.

Press AUX MENU, then SELECT/SET until

the display shows AnalOG OUt.

– Press ENTER to enter the sub-menu.

– Use the SELECT/SET-key to select On,

and confirm by pressing ENTER.

– Enter the scaling factor via the keyboard.

Preset value is 1.

– Confirm your selection by pressing

ENTER.

� Scaling factor

The scaling factor has two functions:

– Its exponent selects which digits to output

on the analog output

– Its value sets what reading should repre-

sent full scale

As default, the scaling factor is 1 (1E0). This

means that the full scale value is 0.999, and

the analog output converts the fraction (digits

to the right of the decimal point) to a voltage.

The scaling factor should be:

Scaling factor
full scale value

�
1

where full scale value is the value for which

you want the analog output to output its maxi-

mum voltage (5 V).

Example:

– We want to follow the 0 to 1 kHz- varia-

tion that is 0.000 kHz �0V output and

0.999 kHz � 5V output.

– Take a measurement result, for instance:

12.34567890 E+6 Hz

– Represent this result without exponent:

12345678.90 Hz

– To get the “kHz-value”, multiply this

value with the scaling factor, for instance

0.001.

12345.67890

– Take the fractional part of the result:

.67890

– This is the value that will determine the

output voltage, .00 will give 0 V and .99

will give 5 V. This means that “our” read-

ing will give .67890*5=3.3945 V.

This is ouput as 3.38 V due to the 0.02 V

resolution of the analog output.

� Resolution

The analog output range is 0 to 5 V in 250

steps, so one step is 0.02 V. If the scaling fac-

tor is 1, one such step is taken each time the

display changes with X.004, and if the scaling

factor is 4, one step is taken each time the

display changes with X.001.

The X in the above paragraph can be any digit

and does not influence the output voltage. If
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0 5V

5V range

.67890 on the display
gives 3.38V with
scaling factor 1

ANALOG OUT

connector

Analog Out = ON, set scaling factor and exponent

scaling factor 1

scaling factor 4

Scaling factor selects
full scale value

Scaling exponent moves
insertion point

Figure 7-2 The analog output

function.



the display changes from 0.996 to 1.000, the

voltage drops from 4.98 V to 0V. If the display

value increases further, the output voltage

starts to increase again; see Figure 7-4.

AUTO LOW

�
ONLY CNT-81

Here you can set the minimum frequency for

which you want AUTO trigger and Volt

max/min measurements to work. A high fre-

quency limit means that AUTO determines

trigger levels faster and that Volt max/min

displycan follow quick variations.

– Press AUX MENU, then SELECT/SET

until the display shows AUTO lo..

– Press ENTER to enter the sub-menu.

– Enter the lowest frequency you want for

AUTO and Volt via the keyboard. The

range is 1Hz to 50 kHz. Preset value is

100 Hz.

– Confirm your selection by pressing

ENTER.

� Example

An example of use is if you have an LF AC

voltage, witha repetition rate of less than 1Hz

for which you want to get the absolute maxi-

mum or minimum Vpp by using statistics. A

slow voltage function would average the sig-

nal and get a too low Vpp while a high fre-

quency limit (much higher than the actual fre-

quency) would asynchrounously sample the

signal and give the absolute max/min peaks.

Note that when statistics is off, the display

will show garbage.
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Auxiliary Codes

Code setting

By pressing ENTER when the display shows

AU. CODES, you get the current setting of

the counter expressed as an 8- digit code. This

auxiliary code is divided into the following

sections, separated by points and space:

When you enter a code, you must enter it in

groups F.PS or 3ZZZ . The decimal-point in

F.PS and the leading 3 in the 3ZZZ to tell the

counter which group you are editing.

F is the measuring function, represented by a

number from 1 to 21; leading zeros will be

truncated. All functions are shown in the table

on the next page.

PS shows what input is used as the Primary

and Secondary measuring channel. P and S

are separate numbers between 1 and 7, repre-

senting channels as described in the following

table.

Channel P/S Note

A 1 A Input used

B 2 B Input used

C 3 Optional Prescaler

E 4 Arming Input (at rear)

A

N

5 Frequency A divided

by N.

N=2 for the CNT-80

N=4 for the CNT-81

Reference 6 Internal or External

Ref. oscillator

Hysteresis 7 Variable Hysteresis

mode

Table 7-1 Channels

Chapter 7, “Measuring Functions” further de-

scribes the
A

N
, Reference, and Variable Hys-

teresis.

Auxiliary Functions

Auxiliary Menu 7-11

$ % & " � ' ( ( ( % �

! � � " " � � � ' � � � � � "
1 � � � 0 � � � " � 
 � � � � � � � � �
' � 3 � � % � � $ � � 6 � � � � +

 � � � � � $ � � 6 � � � � +
1 � � � 0 � � � " � / 0 � 3 � � � �

Figure 7-5 The counter setting ex-

pressed as an 8-digit

code.



Function Channel

F

Primary

P

Secondary

S

Select

from:

Fre-

quency

1 Freq Not used 1 to 7

Period 2 Per Not used 1 to 7

Ratio

(P/S)

3 Nume-

rator

Denomi-

nator

1 to 5

Pulse

Width,

Pos

4 Gate Not used 1, 2, 4

Pulse

Width,

Neg

5 Gate Not used 1, 2, 4

Time In-

terval

6 Start Stop 1, 2, 4

Phase 7 Refe-

rence

Signal

Delayed

Signal

1, 2

Totalize

Manual

*)

8 Total Subtractor 1, 2, 4

Totalize

Start/

Stop

9 Total Start/Stop 1, 2, 4

Totalize

Gated

10 Total Gate 1, 2, 4

Duty

Factor

11 Duty

Factor

Not used 1, 2, 4

Negative

Duty

Factor

12 Duty

Factor

Not used 1, 2, 4

Function Channel

F

Primary

P

Secondary

S

Select

from:

Rise

Time

13 Start/

Stop

Not used 1

Fall

Time

14 Start/

Stop

Not used 1

Voltage 15 Max/Min Not used 1,2

Burst

Fre-

quency

16 Freq Not used 1 to 7

Pulse

Repeti-

tion Fre-

quency

17 PRF Not used 1 to 7

Volt 18 Max Not used 1, 2

Volt 19 Min Not used 1, 2

Totalize

Gated

Accumu-

lated

20 Total Gate 1, 2, 4

Totalize

Timed *)

21 Total See Note 1, 2, 4

Table 7-2 Measuring Functions.

*) Set S to the same as P if you want the

registers to be connected in series

(long register).

Example: 8.11 means Long Register

TOT A Manual. (Described on page

4-19).

Totalize Gated Accumulated (F=20)

always uses long register.
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3ZZZ is a measuring parameter for different

settings that are turned on or off. This parame-

ter is the sum of a 9-bit register added to 3000.

S
e
tt

in
g

D
e
c
im

a
l
V

a
lu

e

P
u

rp
o

s
e

Clear 0 Default

Interpolator

auto-

calibration Off

1 No auto-calibration of

interpolators between

measurements. Gives a

short-term guaranteed

resolution of
250ps

N
,

not limited to 100 ps in

the CNT-80. Long-term

drift gives now poorer

systematic error.

Interpolators

switched off

2 Interpolating technique

is not used. Only of in-

terest for IEEE-bus

use.

Gated volt-

age mode

4 Set enable on external

control, input B or E.

When external control

is active, the voltage

measurement is en-

abled. Can define a

time window to (dis-

able) measure Volt, for

instance during pulse

overshoot. Stop arming

cannot be used in

Gated volt mode.

S
e
tt

in
g

D
e
c
im

a
l
V

a
lu

e

P
u

rp
o

s
e

High-speed

voltage mode

8 Fast signal detection to

speed up voltage mea-

surements in the

CNT-80. Intended for

signals of higher fre-

quency than 10 kHz or

DC level.

Count mode

for average

mea-

surements

16 In time interval modes

(not single), measure-

ments are averaged,

during a preset number

of intervals instead of

during the preset mea-

suring time. This func-

tion is normally con-

trolled by

TI.AVG.COUNT.

Slope on

E-channel

32 Negative trigger slope

when input E is used

as a measuring chan-

nel.

Not used 64

Analog Out

On

128 Turns on Analog Out,

at the cost of IEEE-bus

speed, which functions

simultaneously. This

function is normally

controlled by ANALOG

OUT.

Event

Counting

mode

256 Arming delay or Hold

Off delay by trigger

events counted, instead

of set delay time.

Table 7-3 Measuring Parameters

(3ZZZ)
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.T is a number between 0 and 3 that describes

AUTO triggering mode for channels A and B.

Here you can see if auto-trigger is turned on

for only one of the A or B inputs ( Split-Auto

). You can only read the trigger conditions, not

set them.

.T Auto trig A Auto trig B

.0 off off

.1 off on

.2 on off

.3 on on

Table 7-4 Trigger Settings

� Examples

Determining an AUX CODE

You want to perform a Time Interval measure-

ment from channel A to E, in `average by

count’ mode with the default sample size of

100 measurements, and without interpolator

calibration after each measurement.

Start by selecting Function, Primary and sec-

ondary channel. Look at Tables 7-1 and 7-2 to

find the following information:

Time Interval 6

Input A 1

Input E 4

Put the values together as parameters for

F.PS:

6.14

Now switch off auto calibration, set average to

count mode, and switch on the Analog Out on.

Refer to Table 7-3 to get the following infor-

mation:

Interpolator auto-calibration

off
1

Count mode for average

measurements
16

= 17

Offset + 3000

3ZZZ = 3017

Add the values from the settings and you get

the sum 17. Then add 3000, which is an offset

to the memory location, and you get following

parameter for 3zzz:

3017

To Interpret an AUX CODE

You read a parameter on the display and want

to interpret it. We will use the following as an

example:

2.11 3011.0

2.11 is the F.PS, the first digit(s), in front of

the first point, are the measuring function and

2 means Period measurement. The digits after

the point are measuring channels and 11

means input A, only the first 1 is of impor-

tance here since Period is a single channel

measurement.

3011. is the 3ZZZ, which is a sum that you

must split in the following way:
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3011

Subtract the offset – 3000

Result 11

Subtract the highest pos-

sible number from table

7-3 ( 8=High Speed volt-

age mode)

– 8

Result 3

Subtract the highest pos-

sible number from table

7-3 (2=Interpolators

switched off)

– 2

Result 1

Subtract the highest pos-

sible number from table

7-3 (1=Interpolator

auto-calibration switched

off)

– 1

Result 0

The digit after the point in 3011.0 indicates

trigger mode according to Table 7-4, and zero

means that triggering is set manually on both

A and B channels.
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Chapter 8

TimeView for

CNT-81



Introduction

TimeView turns the CNT-81/CNT-81R into a

powerful tool for time and frequency analysis.

Applications

The major applications for TimeView are as

follows:

– Analysis of frequencies that should be

stable

– Analysis of frequencies that are modu-

lated

– Analysis of frequency transitions/sweeps

Features

Features of TimeView include:

– Fast, simple acquisition of results

– Automatic display of results in graphic

format

– Cursor measurements; plus histograms

and FFT for analysis

– Easy generation of reports via graphics

hard copy using HP LaserJet or IBM

ProPrinter

– Storage of acquired data and measure-

ment setups

The TimeView
documentation

The documentation for TimeView is inte-

grated into this Operators Manual.

In addition to the actual program, the

TimeView diskette contains a help file, exam-

ple files and a README.TXT file with the

latest information about the program.

TimeView for
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Installation

Software
Installation
You may run TimeView either directly from

the TimeView disk or install it on your hard

disk and run it from there.

Make a Backup Copy

Before running TimeView for the first time,

make a backup copy of your TimeView dis-

kette and store the original in a safe place.

Installation On Your Hard
Disk

� Using the Install Program

Insert the TimeView disk in your disk drive

and type

A:�
INSTALL�
from the command prompt. Follow the in-

structions on the screen. (Substitute appropri-

ate drive letter for A.)

� Starting TimeView From the

Hard Disk

Type

CD \TimeView�
TVCNT-81�
from the hard disk command prompt.

Starting TimeView From the
Floppy Disk

No installation is necessary to run the pro-

gram; the only thing to remember is that the

disk must not be write protected.

Insert the TimeView disk in your disk drive

and type

A:�
TimeView�
from the command prompt and TimeView will

run. (Substitute appropriate drive letter for

A.).

Manual Installation

Make a directory on your hard disk called, for

instance, C:\TimeView\CNT-81. Copy the

program and example files to this directory.

Type

C:�
CD\�

TimeView for

CNT-81
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MD TimeView�
CD TimeView�
MD CNT-81�

– at the command prompt.

– Insert the disk in the disk drive.

– Type

COPY A:*.*

C:\TimeView\CNT-81�

at the command prompt, and TimeView

will be installed.

TimeView.CFG where it stores information

about which interface card you use and the de-

fault parameters you have chosen. It stores

this file in the directory from where you start

TimeView. You can force this file to a specific

directory to avoid several configuration files

on your hard disk.

– Use your favorite Text Editor to open the

AUTOEXEC.BAT file.

– SET TimeView_81=path

where path is the path to the directory

where you want to store the .CFG file,

e.g., C:\TimeView\CNT-81

– Save AUTOEXEC.BAT as an ASCII file.

– Copy TimeView.HLP and TimeView.SET

to this directory

– Restart your computer and start TimeView.

Startup Options

TimeView automatically detects if it is con-

nected to an EGA or VGA screen. Startup op-

tion /EGA forces TimeView to run in the

350-line EGA mode.

You may load files when starting TimeView

by appending the file names to the start com-

mand, separated by space.

Temporary Files

TimeView sometimes needs to create tempo-

rary files. One such case is when you go to

DOS from the File menu.

These files are named TV_SWP*. where * is a

number between 1 and 99. These files are cre-

ated in the TMP directory specified by the

SET TMP=path command.

If no TMP directory exists, TimeView uses the

directory selected by the SET

TimeView_81=path command.

If none of these directories exists, TimeView

stores its temporary files in the current direc-

tory.

Should you exit TimeView incorrectly, for in-

stance by pressing Alt+Ctrl+Del, temporary

files will remain on your disk. When the num-

ber of files reaches 99, TimeView will stop

swapping to disk, and will not work properly.

So, make it a rule to once in a while search

your disk for TV_SWP*. files and delete

them.

TimeView for
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Hardware
Installation
To be able to capture data you must have a

GPIB interface card in your PC and an

IEEE488 cable to connect the counter to the

PC. To install the interface in your PC, follow

the instructions accompanying your Philips,

National, or Capital equipment (CEC) inter-

face card.

TimeView Messages After
Installing an Interface Board

� Can’t find National/Philips

interface card

The software driver GPIB.COM must be in

your CONFIG.SYS file; otherwise, TimeView

will not find the card. If it still cannot find the

board, there might be an interrupt conflict.

This board normally uses interrupt IRQ 7. The

owner of this interrupt is normally the printer

port LPT1. Since LPT1 owns IRQ 7 but does-

n’t use it, the GPIB interface can take it over.

However, if another hardware has already

taken over IRQ 7 from the printer port, you

must use another interrupt. How to change in-

terrupt is described in the installation manual

of the board but also in the program IBCONF

that accompanies some later versions of the

interface. Run this program and you will get a

graphic presentation of how to move jumpers

and set DIP-switches.

NOTE! Both a jumper and some switches

must be set to change the interrupt.

Insert the board and try again.

� Can’t find Capital Equipment

GPIB firmware. Is there a card

installed? Y/N

If you have installed a CEC interface and get

this message, the CEC ROM has probably

been masked by other software. This can hap-

pen on 386 PC’s using DOS 5.0 or a memory

manager to load programs in “High” memory,

between 640k and 1024k. TimeView can cope

with this conflict if you just tell TimeView

that a CEC card is installed and what IO ad-

dress to use:

– Answer YES to the question “Is there a

card installed? Y/N”.

– Answer with the IO port address when you

get the “Enter CEC card IO address

(HEX): 2b8” prompt. The address 2b8 is

the default IO address used by CEC. If

this address does not work, check the

switch settings on your card and enter the

correct address.

CAUTION: When you press Enter in this

pop-up window, TimeView writes to

that address and to whatever hard-

ware is using that address. An incor-

rect address may cause trouble, so

don’t just guess the address if you

know it has been changed from the

default value.

Since other programs, like Basic, use the

ROM program on the CEC board and must

access the CEC board address range, we rec-

ommend a proper installation of the board:

The CEC board normally occupies the address

range cc00-cdff. The PC must not have any

other hardware using these addresses. If it has,

remap the CEC board or the other hardware to

address ranges that don’t overlap.

Another problem may be that you run an Ex-

panded Memory manager that uses all “free”

memory addresses to increase the RAM mem-
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ory available. Examples of such software are

EMM386 from DOS 5 and Windows,

386MAX and QEMM. Here you must inform

these programs that the CEC board exists and

what addresses it occupies. The way to do this

is described in the manuals for the programs.

As an example we show the EMM386 as it is

common for all users running DOS 5 or Win-

dows.

If EMM386 is installed on your PC, you will

find a line like the one below in your

CONFIG.SYS file.

DEVICE=
C:\DOS\EMM386.EXE m9 RAM

Add the following to that line:

x=cc00-cdff

If you have selected another address range for

your CEC board, you should use that range

here too.

Restart your PC and start TimeView again.

� Can’t find counter, power on

and try again?

Check if the counter is on and connected to

the interface card, if it is you may have the

same problem as described in the two preced-

ing error messages.

Configuring
TimeView

The Config Menu

Here you can select GPIB interface, interface

time-out, printer destination, printer type,

printing of setting data on graphs, and screen

type.

� Interface

The interface can be selected to either NA-

TIONAL/PHILIPS, CEC, or NONE. If you

select National/Philips or CEC, TimeView

searches for an interface and then for the

timer/counter. When TimeView finds it, the

selections made in the Settings menu are per-

formed. Select NONE if you don’t have an in-

terface or a counter. You can then use

TimeView for working with saved files.

� Time-out

Set GPIB controller time-out to: 1s, 10s, OFF

If the counter does not respond over the GPIB

bus within the set time-out, the GPIB interface

will be reset to prevent a “hang-up”. Time-out

will occur, for example, when the input signal

to the counter is missing or occurs too late. It

is recommended to ALWAYS set a time-out.

OFF should only be set when the measuring

TimeView for
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time or the input signal period is longer than

10 s.

� Reinitialize the GPIB

Reinitializing the GPIB makes TimeView set

up the GPIB interface and the counter accord-

ing to the selections made in the Settings

menu. This is useful if you want to use the

timer/counter manually and afterwards restore

it to the settings TimeView expects the coun-

ter to have.

� Printer

The printer destination can be set to LPT1,

LPT2, or LPT3, and the printer type can be an

IBM Proprinter or HP Laserjet. If you have

another printer, select HP LaserJet for all laser

printers and IBM Proprinter for all dot matrix

printers. As a rule, most laser printers have an

HP LaserJet emulation mode, and most dot

matrix printers have an IBM ProPrinter emu-

lation mode.

If you switch on “print setting data” in the

configuration menu, TimeView prints the

time, date, and settings on the graph hard cop-

ies.

� Startup

Here you select whether TimeView should

continue with the settings you had the last

time you used it or return to default settings

every time you turn it on.

� Screen

Select COLOR if you have a color monitor

and MONO if you have a monochrome moni-

tor or prefer a monochrome picture on your

color monitor.The User Interface

Software
installation
(Windows NT)
This part describes the installation of

TimeView for Windows NT users. Installation

instructions for DOS (incl. DOS-windows in

Windows 3.X and Windows 95) are found on

pages 8-3 to 8-7.

Make a backup copy

Before installing TimeView, make a backup

copy of your TimeView diskette and store the

original in a safe place.

Installation by
INSTALL-program

Insert the Timeview disk in your disk drive

and type

A:�

INSTALL�

from the command prompt or start A:\IN-

STALL.BAT from the File Manager (Explorer).

Follow the instructions on the screen.

� TIMEVIEW.CFG

TimeView creates a configuration file called

TIMEVIEW.CFG which contains information

about the interface card and the default param-

eters you have chosen. This file is normally

stored in the current directory when you start

TimeView.

Via the environmental variable

TIMEVIEW_81, Windows NT can locate this

file to a specific directory. The

TIMEVIEW.HLP file must also be in this di-

rectory for the help function to work. This envi-

ronmental variable must be manually set in

Windows NT. See below.
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Manual installation

� Copy program files and

example files archive

Make a directory called e.g. C:\TIMEVIEW

on your hard disk. Copy the program and ex-

ample files to this directory.

– Open a DOS-window and at the command

prompt, type:

C:�

MD C:\TIMEVIEW�

MD C:\TIMEVIEW\CNT-81�

CD C:\TIMEVIEW\CNT-81�

– Insert the installation disk in the disk

drive.

– Type

COPY A:*.*
C:\TIMEVIEW\CNT-81�

� Expand example files

The example files are compressed into a

self-extracting archive and need to be ex-

panded before use.

– Type

C:\TIMEVIEW\CNT-81\81_EX.EXE�

to expand the example files. When the ex-

pansion is ready you may delete the

81_EX.EXE file to save disk space.

� Set the environmental variable

TIMEVIEW

You need to define the directory where

TimeView stores its configuration file

(TIMEVIEW.CFG) respectively help file

(TIMEVIEW.HLP). In Windows NT, this is

done via setting the environmental variable

TIMEVIEW, in the SYSTEM folder in the

CONTROL PANEL.

– Double click the CONTROL PANEL icon

followed by the SYSTEM icon

– Select USER DEFINED ENVIRONMEN-

TAL VARIABLES and add the following

line:

SET TIMEVIEW_81=path

where path is the path to the directory where

you want to store the TIMEVIEW.CFG file,

e.g., C:\TIMEVIEW\CNT-81

GPIB-card installation in
a PC running Windows NT

To be able to capture data you must install a

GPIB interface card in your PC, and connect it

to the CNT-81 via an IEEE-488 cable. In a

Windows NT environment, only GPIB-cards

from National Instruments that explicitly are

designed for Windows NT can be used. Exam-

ples are AT-GPIB/TNT and PCI-GPIB.

To install the interface in your PC, follow the

instructions accompanying your National In-

struments GPIB interface card.

� Special considerations for

Windows NT users

In addition to the GPIB-card installation pro-

cedures, provided by National Instruments,

you must take further steps to enable the

TimeView program (a DOS software) to run.

You must load the special GPIB-device driver

GPIB-NT.COM instead of the GPIB.COM
which is normally used with DOS. The Na-

tional Instruments’ GPIB-card installation

program for Windows NT, copies the

GPIB-NT.COM file to a new subdirectory

called DOSWIN16.

� Make GPIB-NT.COM available

for TimeView

To enable TimeView to use GPIB-NT.COM,

you must modify your CONFIG.NT file to
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load GPIB-NT.COM, whenever TimeView

runs. The CONFIG.NT is located in the

SYSTEM32 subdirectory to your Windows

NT directory, e.g.

C:\WINDOWS\SYSTEM32.

� Modify CONFIG.NT

To enable Windows NT to load

GPIB-NT.COM, start your text editor, open

CONFIG.NT and add the following line to

your CONFIG.NT file:

DE-
VICE=path\DOSWIN16\GPIB-NT.COM

where path is the directory where the GPIB

software is installed by the National Instru-

ments’ installation program. The default in-

stallation directory is C:\GPIB-NT.

Different ways of starting
TimeView

After installation, TimeView is started from

the File Manager (Explorer) or run from the

command prompt,

You can also load and start TimeView, like

other programs, from a folder on the Windows

desktop, e.g. by creating a

TIMEVIEW.PIF-file (consult the Windows

NT documentation on how to create

PIF-files). In the installation diskette, a Win-

dows icon file (TIMEVIEW.ICO) is included.

� Starting TimeView from a folder

Point on the TimeView icon with the mouse

pointer and double-click.

Starting TimeView from the command

prompt

Type

CD \TIMEVIEW\CNT-81¿

TIMEVIEW�

The TimeView
Screen
The TimeView screen contains the following

elements.

– The Menu Bar lists the names of available

pull-down menus.

– When you select an item from the menu

bar it displays a Pull-down Menu with a

list of commands that you can choose

from.

– Pop-Up Windows appear when TimeView

needs additional information on a com-

mand you have selected from the

pull-down menus.

– The Title Bar shows the analysis method

used, the measuring function used, and the

type of data capture.

Example:

FFT FREQUENCY A Free Run

– The Graph Area shows the captured data

or the analysis result and the cursors.

– The Cursor Data Area shows the X and Y

position of each measurement cursor and

the difference between them (�x and �y).

TimeView for
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How to use the Elements of
the TimeView Screen

� Menu Bar

Press ALT key to activate the menu bar. In the

menu bar, you can select menus either by

moving the cursor to the menu you want and

pressing ENTER (or the down arrow key), or

by typing the underlined letter. In the

pull-down menus you select functions, i.e., us-

ing the up/down arrow keys to move the black

field, to the command you want and pressing

ENTER, or by typing the underlined letter.

Gray text shows that the field is inactive and

can’t be selected; for instance, you cannot

print a hard copy if no graph is on the screen.

An arrow to the right of a field means that it

has a sub-menu. The sub-menu can be entered

as above or by pressing the right arrow. Fields

that end with “...” have pop-up windows. You

exit a menu level bypressing the ESC key.

Leave the menu bar by pressing the ALT key

or the ESC key.

� Pop-up Windows

To select commands, use either the up and

down arrow keys, Tab� and Tab �, or type

the underlined letter. Fields in the pop-up win-

dows ending in “...” have sub-menus, while

fields ending in “:” are input fields.

To change numerical input fields, use the dig-

its (0 to 9), decimal point (.), + and – or type
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maximum or min for upper or lower parame-

ter limit. A or AUTO sets auto (or default )

value.

Change the exponent by entering E and the

value of the exponent. You may also enter a

value into a numerical field as a time in ps, ns,

us, or ms. Typing the first letter is enough.

Use the left and right arrow keys to change

fields containing strings, e.g., Single in the

Setting menu. These fields end with two ar-

row symbols (��). Fields without trailing

dots or colons execute a function. For exam-

ple, Measurement readout in the Setting menu

makes the counter measure continuously, dis-

playing the result on the screen.

� Graph Cursors

If you press left or right arrow keys when in

the graph window, two cursors appear.

TimeView shows the coordinates of the

cursors and the difference between them be-

low the graph. In the distribution histogram,

�y is the number of samples between the

cursors. Use the right and left arrow keys to

move the left (red) cursor. The cursor moves

in bigger steps when you hold down CTRL.

HOME moves the cursor to the beginning and

END to the end of the graph. If you want to

move the right cursor, press the SHIFT key or

turn on scroll lock. When you press Ctrl-Z,

TimeView zooms in the graph and creates a

new graph of the data between the cursors.

Ctrl-O zooms out to the original graph.

The cursor movements are summarized in the

table below:

Scroll lock has the same effect as holding

down the shift key.

Menu Tree

This is a quick reference command summary.

File
Default settings
Save

Setting
Free-running measure-
ment
Repetitive sampling data
Waveform data

Retrieve
Setting
Free-running measure-
ment
Repetitive sampling data
Waveform data

About TimeView
DOS shell
Exit

Setting
Counter setting
Default Counter setting

Capture
Free-running measurement
Repetitive sampling data
Waveform data

Analyze
Statistics
Fast-Fourier transform
Smoothing

View
Captured data
Analyzed data

Statistics
Fast-Fourier transform
Smoothing

Graph info
Zoom in
Zoom out
Scale

Print
Hard copy

Config
Config

Help
Help
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Moves red cursor to the right

Moves red cursor to the left

Moves green cursor to the right

Moves green cursor to the left

Moves red cursor to the right in big steps

Moves red cursor to the left in big steps

Moves green cursor to the right in big

steps

Moves green cursor to the left in big steps

Moves red cursor to the left edge of the

screen

Moves green cursor to the left edge of the

screen

Moves red cursor to the right edge of the

screen

Moves green cursor to the right edge of the

screen



View

Captured Data

Select View Captured data when you want to

return to the F vs. t diagram after analyzing

data.

Use CTRL-A to view the graph of the active

captured data (the last captured or retrieved

data).

Analyzed Data

Selects whether TimeView should display Sta-

tistics (distribution histogram), Fast-Fourier

transform or Smoothing data.

If you initiate a new data capture while

TimeView shows analyzed data, it will make

the same analysis on the new data and directly

display the analysis result.

Use CTRL-D to view the Distribution histo-

gram,

CTRL-F to view the FFT graph and

CTRL-T to view the smoothed graph.

Graph Info

Here you can see the file name of a graph and

the counter settings used when a graph was

created.

� Comment Your Graphs

You can also enter and edit your own com-

ments in the graph info menu. The comments

can be up to 59 characters and will be printed

when you print the graph. The comment will

also be displayed together with other graph

info each time a file is retrieved.

Zoom In

Zooms in on the graph, drawing a new graph

of the data between the cursors. If you zoom

in on a graph with auto scaling off, TimeView

only zooms along the X-axis.

Use CTRL-Z to zoom in.

Zoom Out

Redraws the original graph.

Use CTRL-O to zoom out.

Scale

� Graph Scale

TimeView has one set of scales for each pre-

sentation mode. Use the Graph scale to select

what graph you want to set scales for: Choices

are Free Run, Repetitive sampling, Statistics,

FFT or Smoothing.

� Auto Scale

If Auto Scale is on, TimeView uses the maxi-

mum and minimum values in the data as max-

imum and minimum coordinates for the graph.

Autoscale can be switched on/off separately

for the X and Y axis.

TimeView for

CNT-81

Installation, View 8-13



If auto scaling is off, you can enter your own

coordinates. Use this, for example, when com-

paring two graphs. Or when you want to have

the same Y-scale when viewing all data or

zoomed-in data between the cursors.

� Accumulate Graph

This selection controls when the graph should

be erased from the screen.

– OFF means that the screen is cleared be-

tween each capture.

– DOUBLE means that two graphs are

shown together. The old graph is blue and

the new graph is yellow.

– MULTIPLE means that the screen will not

be erased at all. All old graphs are blue

and in the background.

The blue graphs exist only on the screen and

on printouts made when they are on screen.

When you save the measurement results, only

the current yellow graph will be saved.

Double

The purpose of the DOUBLE function is to be

able to compare new measurements with ref-

erence measurements made earlier. You can

use the previous measurement or recall the

graph from a reference measurement made

earlier and stored on disk.

The two graphs can be shifted in respect to

each other by using the + and – keys. Pressing

Shift while shifting the graphs will increase

the speed.

Page Up and Page Down swap the foreground

and background graph.

Arrow Up and Arrow Down move the cursors

between the graphs so that you can measure

on both graphs.

DOUBLE cannot be used on analyzed data.

Multiple

Each new graph is put on top of the old

graphs. This is useful if you are looking for

some irregularity that occurs once in a while.

With just one graph, the irregularity could be

impossible to see, but with many graphs on

top of each other it is easy to see.

�
If Scale is set to AUTO, the scale
of the graph is taken from the
first measurement and is not
changed even if the measure-
ment value requires a different
scale. To set a new scale, press
a key to interrupt the measure-
ment, then restart the measuring
and answer NO on the `Accumu-
late new measurement data to
graph on screen? Y/N’ question.
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Figure 8-1 Double gives one graph

on top of the previous

graph.



� Draw Style

Here you can select if the measuring results

should be presented as dots, dots with inter-

connecting lines or just as lines.

Dots is the “correct” way to present this kind

of sampled data since TimeView does not

know anything about what happens in be-

tween measurements. However, it is easier to

see in what order the samples are taken if you

can follow a connecting line.
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Figure 8-2 Here you can see Mul-

tiple graphs on top of

each other.



Help

Help

Pressing F1 gives context-sensitive help on

the topic you have currently selected. Se-

lecting Help from the Help pull-down menu

will give the following list of all short-cut

keys.
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CNT-81

8-16 Installation, Help



Summary of
Shortcut Keys
Press F1 for Help

Press F2 to enter the Counter Setting menu

Press F3 to Capture Free-running mea-

surement

Press Ctrl+ F3 for continuous Free-running

measurements

Press Shift + F3 to enter the Capture

Free-running measurement menu

Press F4 to Capture Repetitive sampling

data

Press Ctrl + F4 for continuous repetitive

sampling measurements

Press Shift + F4 to enter the Capture Repet-

itive sampling data menu

Press F5 to Capture Waveform data

Press Ctrl + F5 for continuous capture

waveform capture

Press Shift + F5 to enter the Capture Wave-

form menu

Press F6 to make a Histogram and Statis-

tics of the Measurement data

Press Shift + F6 to enter the Histogram and

Statistics menu

Press F7 to make an FFT of the Measure-

ment data

Press Shift + F7 to enter the FFT menu

Press F8 to Smooth the Measurement data

Press Shift + F8 to enter the Smoothing

menu

Press F9 to print the current graph

Press Ctrl + A to View Active Captured data

Press Ctrl + D to View Distribution (Statis-

tics)

Press Ctrl + F to View FFT

Press Ctrl + G keys for Graph info

Press Ctrl + L keys for Scale menu

Press Ctrl + O keys to Zoom Out

Press Ctrl + T to View Smoothing

Press Ctrl + Z keys to Zoom in

Press # key to view sample number instead

of measurement results on the X-axis
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Capturing Data

Preparing a
Measurement
To be able to capture data correctly, it is es-

sential that you program the counter as accu-

rately as possible to perform the capture. All

programming is done via the TimeView Set-

ting Menu in an easy interactive manner. This

manual briefly describes the different settings,

but you must use the Operators Manual to

gain knowledge about how to set up the coun-

ter correctly for all different measuring func-

tions.

Setting up the
Timer/Counter

Counter Setting Menu

Use this menu to set up

the timer/counter for the

measurement.

� Measurement readout

This is an on-line display of measured value.

Check here that the reading is relevant before

performing actual data capture.

� Measuring Function

Select which measuring function the counter

should perform, and on which channels.

– All front panel accessible functions except

Manual Totalizing and Volt maximum/min

measurements can be selected.

– “Totalized Timed” is used to totalize

events up to the maximum measuring time

(400 s).

Measuring Time

TimeView for
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F2 opens the

setting menu.



Select the counter’s measuring time to get the

optimum balance between resolution and

speed.

The default measuring time is 100 �s. In fre-

quency measurements, this gives 8 digits of

resolution for each measurement result in the

graph. Decreasing the measuring time will de-

crease resolution.

Measuring speed

The measuring speed (free-running) can be

calculated as approximately:

1

120�s measuringtime�

�
Try using a short measuring time,
in the range 80 ns to 100 �s. A
short measuring time enables
TimeView to follow fast variations
in the signal. The need for high
resolution decreases when you
can view the measurement re-
sults in a graph, and the smooth-
ing function averages the results
to further increase the total reso-
lution. Measuring times less than
5 �s will not increase the mea-
suring speed of TimeView.

When analyzing the data, you can

easily smooth a signal with too

many samples, but you can never

add samples that were never

taken!

Finding Modulations

To find a modulation frequency, the minimum

number of samples must be two per modula-

tion cycle. A correct measurement time (when

the deviation can be measured within 2 %)

can be calculated from the formula:

13 10
1

10

9	 	 � �
	

� F

F
Meas Time

F

o

d mod

.

Example: Fo = 200 MHz ; Fd = 100 kHz ;

Fmod = 100 Hz

26 1� � �s Meas Time ms.

This will be read as: Meas. Time must be

greater than 26 �s and lower than 1 ms (have

a value between 26 �s and 1ms).

� Single

Switches on and off averaging.

When SINGLE is ON, the measuring time is

used as “Time between measurements”. Then

measurement speed is approximately
1

signal cycle time measuring time�

�
Single means measuring one in-
put cycle, with the following ex-
ceptions: In Frequency A mea-
surements, SINGLE means four
input signal cycles. In FREQ C
measurements, SINGLE means
16 cycles.

– Select “SINGLE OFF” (default) to per-

form average measurements over the set
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When using a too short Measure-

ment Time (1�s in this graph), the

modulations (50 & 100Hz) almost

disappear in the noise (light gray

FFT). At 1ms however, they are

clearly visible. (Dark gray FFT).

1�s Measure-

ment Time

1ms Measure-

ment Time



measuring time, e.g., Frequency A and

Time Interval A–B measurements.

– Select “SINGLE ON” to perform sin-

gle-cycle measurements, e.g., single-shot

Time Interval A-B.

– Always set “SINGLE ON” for jitter mea-

surements.

� Input A...

Here you select, for instance, input A imped-

ance, coupling, trigger level, and slope.

Signal readout

Choose “Signal Readout” to see the most im-

portant pulse signal parameters on input A:

– Period.

– Pulse width.

– Volt maximum and minimum.

This information makes it easier to do the fol-

lowing:

– Set correct measuring time.

– Set correct trigger levels. Note that

Vmaximum/Vmin readout may be false if

the pulse period is >10 ms.

– Verify input impedance. A voltage indica-

tion that is too high may indicate over-

shoot due to impedance mismatch. If this

is the case, select 50 � input impedance.

A voltage indication that is too low indi-

cates that the counter’s input is loading the

signal source too much. If this is the case,

select 1M� input.

Trigger level:

Enter AUTO (or simply type A) or the numer-

ical value. Millivolts are entered as E-3 or by

appending m to the value.

AUTO does not slow down the measurement

speed since it makes a single auto trigger level

calculation before the data is captured.

Slope:

Toggle between positive or negative trigger

slope.
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Figure 8-3 If you select signal readout in the input A or B menus, TimeView

measures the period, pulse width, and maximum and minimum volt-

age and shows them all on the screen. This is useful for selecting

measuring time, trigger level, and sampling interval, for example.



Impedance:

Toggle between 1 M� or 50� input imped-

ance.

Coupling:

Toggle between AC or DC coupling.

Attenuation:

Toggle between no attenuation (1X) and ten

times attenuation (10X). A “10X”-setting in-

creases trigger level range from �5V to �50V.

This selection has no effect on the counter if

the AUTO trigger level is set.

Filter:

Switches on and off the 100 kHz low-pass fil-

ter. Turn the filter ON only when you need to

reduce the influence of noise on the signal.Al-

ways turn the filter OFF when you are mea-

suring rise time or phase.

� Input B...

This menu has the same choices as Input A,

except that there is no filter on the B input.

Common via A:

Feed input A signal to input B also. Use this

function instead of external

T-piece-connection in time measurements be-

tween different points within one signal. Also

use COMMON via A when the measurement

signal itself shall be used as an arming signal,

then measurements are performed on input A

and arming on input B.

When COMMON via A is on, the counter ig-

nores the following input B settings and uses

the settings for input A instead:

– Coupling.

– Attenuation.

(Impedance B is not used for the measurement

but is still used as termination for any signal

connected to input B)

� External Arming...

Use external arming to synchronize the mea-

surement start with an external event.

You can delay the measurement start by a pre-

set delay time or by a preset number of events
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Figure 8-4 In the External Arming Setup window you can activate external arm-

ing and set the arming parameters. Use arming when you need to

synchronize the measurement with an external trigger event.



after an external synchronization event occurs.

The actual ARMING function behavior will

depend on the data capture mode:

– In Free-run Single Block data capture,

arming will arm the whole block of mea-

surements.

– In Free-run Multiple Block data capture

arming will arm each individual block of

data.

– In Repetitive Sampling data capture, all

arming settings are controlled from the

“Capture repetitive Sampling data” menu.

– Used as external trigger in Waveform cap-

ture.

External arming:

Choose between:

– No arming (OFF).

– Arming signal on rear arming input E.

– Arming on front input B.

Input B is the recommended arming input.

The measurement signal itself can be used as

the input B arming signal by selecting COM-

MON VIA A in the INPUT B SETTING

menu.

Use input E only in measurements that need

input B as measuring input, i.e. TIME A-B,

PHASE A-B, RATIO A/B, RATIO B/C, TOT

A GATED BY B and TOT A START/STOP

BY B.

Arming slope:

Toggle between positive and negative arming

slope.

Arming delay mode:

Specify a delay between the external arming

signal trigger event and the actual counter

arming.

Choose between:

– No delay (OFF).

– Arming delayed by a specified time

(TIME).
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Figure 8-5 In the Hold Off Setup window you can turn the hold off function on or

off and select hold off by time or by event counts. You can also set

the hold off time and number of events to count. Use hold off to

eliminate the influence of contact bounces, ringing, and HF-noise.



– Arming delayed by a specified number of

trigger events on input B (EVENT

COUNT B).

Time:

The TIME delay between external arming

event on the selected input (B or E) and the

actual arming of the counter can be set be-

tween 200ns and 1.6s in 100ns steps.

Event count:

The EVENT COUNT B delay can be set as an

integer number between 2 and 16777215. The

negative slopes on input B are always

counted. If input E is selected as external arm-

ing input, the arming signal on input E enables

the event counting on input B. Events are

never counted on input E!

Using EVENT COUNT B delay, arming can

be set up to measure e.g., the width of then:th

pulse in a pulse train, by setting Counts = n-1.

� Hold Off

Use Hold Off in TIME measurements to elim-

inate effects of signal distortion caused by

such things as contact bounces.

Hold Off in FREQ A measurements can be

used as low-pass filter (Set Hold Off time to
0 75.

LF frequency
)

Hold Off duration can be defined as a time de-

lay or an event count delay.

Hold Off mode:

Choose between:

– No Hold Off (OFF).

– Hold Off delay by a specified time

(TIME).

– Hold Off delay by a specified number of

negative slope trigger events on input B

(EVENT COUNT B).
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Figure 8-6 In the Statistics Setup window you turn the internal statistics function

in the timer/counter on and off and set the sample size. Use this

function for example to make average measurements over long peri-

ods. Or use maximum or min to let TimeView show and analyze the

drift of the RMS-jitter. TimeView can also calculate the mean of the

Maximum values to increase resolution.



Time:

TIME delay for Hold Off can be set between

50ns and 1.34s in 10ns steps.

Event count:

EVENT COUNT B delay can be set as an in-

teger number between 2 and 16 777 215. Trig-

ger events are always counted on input B.

� Statistics...

Here the counter delivers preprocessed statis-

tical values (mean, min/maximum, or standard

deviation), instead of individual measurement

results, as input data to TimeView.

Free-run Multi-block mode has to be used

when capturing and each arming event will

trigger one block of the size “Sample size”.

Note that Statistical post-processing of

TimeView data is made in the ANA-

LYZE-STATISTICS menu.

Statistics mode:

Choose the type of measurement data that

TimeView shall capture between:

– Individual measurements (OFF).

– Mean value of a cluster of counter mea-

surements (MEAN).

– Standard deviation in a cluster of counter

measurements (STD.DEV).

– Maximum Value in a cluster of counter

measurements (MAXIMUM).

– Minimum Value in a cluster of counter

measurements (MINIMUM).

Sample size:

Here you set the sample size for the cluster of

measurements when any statistics function in

the counter is set. Range 1 to 65 535.

Miscellaneous

Here you toggle between INTERNAL/EX-

TERNAL timebase reference and set the Min-

imum frequency for auto trigger, and voltage

max/min measurements.

Default Counter Setting

Returns the counter to the TimeView default

settings:

– Function: FREQUENCY measurements on

input A.

– Measuring time: 1 �s.

– Input impedance: 1 M�.

– Input coupling: AC.

– Trigger level: AUTO (works for signals

>100Hz).

– Trigger slope: Positive.

– 100 kHz filter on input A: OFF.

– Hold-Off, Arming, Statistics: OFF.

– Reference oscillator: Internal

– Minimum frequency: 100Hz
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Capture

Free-Running Measurement

Measures the variations of the measured pa-

rameter in real time.

� Single Block

If you select SINGLE BLOCK in the “Cap-

ture free-running measurement” menu, the

timer/counter makes one block of measure-

ments containing the number of measurements

you specify as “Number of samples”. If arm-

ing is on, it arms the complete measurement

block. The counter free-runs within the block

with the measuring speed set by measuring

time. Use single block for measurements such

as jitter.

� Multiple Block

If you select MULTIPLE BLOCK, the counter

makes several measurement blocks. The block

separation can be set by the BLOCK DELAY

TIME and by events on the external arming

input.

The number of samples made by the counter

is the number of blocks multiplied by the

block size. If you change the number of

blocks or the block size, TimeView calculates

the number of samples and shows the total on

the display. When statistics capture is selected

(in the setting menu), one statistics measure-

ment per block is made, i.e., the block size is

not used.

Using Block Delay Time

The measurement blocks are separated by the

time you enter as Block Delay time.

Use multiple block mode together with block

delay time to measure long term variations,

e.g., warm-up, or frequency drift over 48

hours.

The block delay time range is 0 (as fast as

possible) and 100 ms to 3600 s.

If you enter a block delay time, TimeView

draws the graph sample by sample instead of

waiting until all samples are taken.

If the block delay is

1s or more,

TimeView will ask

you if you want to

save the samples on

disk. By saving to

disk you can avoid

that a long measure-

ment is destroyed by

for instance power

failure.
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F3 starts a free-running measurement with

the current settings.

ESC. stops the measurement .

Shift + F3 opens the Capture

Free-running menu.

Ctrl+F3 starts continuous free-running

measurements with the current settings.



Arming

When arming is on, TimeView triggers the

measurement when the block delay time has

expired, then the arming conditions must be

fulfilled before a measurement block will

start. Each measurement block will be armed

separately. Setting the block size to 1 will re-

sult in each measurement being armed.

Use Multiple block with arming to study sev-

eral frequency shifts in one measurement se-

quence. (One frequency shift per arming con-

dition).

� High Speed/Low Resolution

Use High speed/Low resolution to measure on

every period of the input signal. Frequency,

Period, Positive and Negative PulseWidth and

Time Interval are the allowed measuring func-

tions.

Measuring speed: Frequency and Period up to

40 000 measurements/second.

Positive, Negative Pulse Width or Time Inter-

vaL up to 20 000 measurements/second.

The C-channel can not be used. External arm-

ing, Hold off, Statistics and Multiple block is

not possible.

� Measuring Speed

Maximum data sampling rate is as follows:

– 8500/s for Frequency, Period, Ratio,

Totalize.

– 6000/s for Time Interval, Pulse Width,

Rise Time.

– 500/s for Phase or Duty Factor.

Maximum number of samples for maximum

capture speed:

– 6143 for Frequency, Period, Ratio,

Totalize, Phase, Duty Factor.

– 4466 for Time Interval, Pulse Width, Rise

Time
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Measurement blocks



� Calculation of the Time Scale

TimeView places the samples on the time axis

in the graph according to the time stamping

information it gets from the counter. This

gives very good time scale accuracy, even on

non-continuous signals.

Repetitive Sampling Data

If you select Repetitive sampling data in the

capture menu, TimeView Measures the varia-

tions of the measured parameter through re-

peated measurements. TimeView delays the

start of each measurement relative to a syn-

chronization signal. The delay is incremented

between each measurement. This data capture

mode requires a repetitive signal with periodic

variations and a synchronization signal.

The sync signal can either be an external sig-

nal fed to the arming input or a unique trigger

point in the measurement signal itself.

As an example use this function to capture the

frequency response of a fast VCO.

� Increment Setup

is the size of the increment. The minimum

time step is 100 nanoseconds, that is maxi-

mum virtual data sampling rate is 10,000,000

samples/s. Start time and stop time set the

lower and upper limits of the sampling.

� Time Scale Accuracy In

Repetitive Sampling

The start time entered in the “DELAY TIME

INCREMENT SETUP” window is used as

start time in the graph. The first sample is

placed here. The subsequent samples are

placed at even distances where the distance is

equal to the time step. The graph ends at the

delay where the last sample is enabled.

Provided that the measurement starts directly

after the arming delay, the time scale is very

accurate (inaccuracy <�100ns). Since this

capture mode is intended for high-frequency

modulated events, this gives a very accurate

timebase in any normal application.
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F4 starts repetitive sampling with the cur-

rent settings.

Ctrl + F4 starts continuous repetitive sam-

pling with the current settings.

ESC stops the measurement.

Shift + F4 opens the Capture Repetitive

sampling menu.



Characterizing bursts

If the start time plus one time step does not re-

sult in a measurement start delay that is longer

than the time between the sync signal and the

trigger point of the first pulse in theburst, the

counter measures the first pulse of the burst

several times, see Figure 8-7.

Time jitter

If there is a time jitter in the delay from the

arming signal to the measurement signal, this

will be seen as a jitter along the y-axis.

Waveform Data

If you select Waveform data from the capture

menu TimeView acts like a normal oscillo-

scope and presents an amplitude/time diagram

of the signal. Only repetitive signals can be

captured.

TimeView steps the trigger level and checks

when the signal triggers on each trigger level

step. The time at which the signal triggers on

the different trigger levels are recorded and

then sorted and displayed. Positive transitions

are shown as / , and negative transitions as \.

This mode can be used between 10 Hz and

50 MHz.
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Delay2
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Delay3

Figure 8-7 TimeView delays the start of each measurement relative to an arming

signal. The delay is incremented between each measurement.



Sweep Setup

Start time selects when to start measuring, 0

means directly after the signal passes the set

trigger level.

Stop time is set to AUTO by default. Then the

sampling will stop after two cycles of the in-

put signal. If you select stop time yourself,

you can see more or fewer cycles.

Time resolution selects the time step between

samples. This can be used to limit the number

of samples on noisy signals.

Volt resolution selects the step size for the

trigger level steps. If this parameter is too

small, the number of samples on a noisy sig-

nal can be very high, causing a too long cap-

ture time. AUTO gives approximately 50 ver-

tical points.

External Trigger. If you turn on external arm-

ing in the Configuration Menu, it is used as an

external trigger. Only the channel selection in

the external arming setup is used.
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Figure 8-8 The first pulse can be measured several times if time-step is too

small.



Analyzing Data

Statistics

Shows a distribution histogram of the mea-

surement data. TimeView shows Maximum,

minimum, mean, standard deviation and Root

Allan variance of the data in the histogram.

– The Mean value, adds more resolution

digits

– The Standard Deviation, gives a direct

RMS-jitter read-out, including both jitter

and drift

– The Maximum and Minimum values give

extreme values in sample

– The Root Allan Variance presents a mea-

sure of short term jitter without influence

of drift

Data Range

TimeView can calculate statistics either on all

measurement data or only on the data between

the cursors.

To analyze distribution in cyclical events,

such as FM-modulated signals, position graph

cursors to cover an integer number of modula-

tion cycles and set “Data between cursors” in

this menu.

To analyze distribution in signals with random

deviations, set “All data” in this menu.

Number of Bins

“Number of bins” sets how many equally

sized bins the samples should be divided into.

Default is 55 bins.

To analyze a part of the histogram, to rule out

extreme values for example, or to study a

sub-cluster in the total data sample, first posi-

tion the cursors around the bins to be ana-

lyzed, then select “ZOOM IN” (Ctrl +Z).

Now TimeView recalculates the statistical pa-
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F6 starts statistical calculations with the

current settings.

Shift + F6 opens the Statistics menu.



rameters based on the samples in the selected

bins.

Bin size

Sometimes you may want a bin to cover a

specific range. Then you can calculate the bin

Size, as:
X X

Numberof bins

Max Min�

Now use Scaling in the View menu and enter

X-Maximum and X-min as manual scale end-

points.

Bin Unit

Choose between display of the number of

measurement samples per bin (SAM-

PLES/BIN) or the relative percentage of the

number of values per bin (PERCENT/BIN).

Scale

If you select “Scale Accumulate Graph: Mul-

tiple” in the View pull-down menu, statistics

will be performed on the total amount of data

captured in multiple measurements.

If you zoom in an accumulated histogram, the

statistical parameters will not be recalculated

to reflect the selected bins. This is because

only the number of samples / bin are kept in

memory, not all measuring results from all ac-

cumulated measurements.
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Dashed lines indicate the standard deviation

All statistical pa-

rameters shown

at once. Press

Tab or Shift+Tab

to move this box

if it covers vital

parts of your his-

togram

Number of samples the sta-

tistics is based on
Line indicating

mean value



Fast Fourier
Transform

Calculates the FFT (Fast Fourier Transform)

of the measurement data and displays it in a

graph. TimeView can calculate either on all

measurement data, or only on the data be-

tween the cursors. A Fast Fourier Transform

(FFT) function is used to detect modulation,

whether intentional or unwanted. FFT analysis

gives an indication of both the modulation fre-

quency and the corresponding deviation of the

carrier frequency.

Cursors

You can perform FFT on all data or on data

between cursors. In modulation analysis on

FM signals, always position the graph cursors

to cover an integer number of modulation cy-
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Y-axis shows fre-

quency deviation
Carrier frequency on 0 Hz Modulating frequency

component

Number of data points in the graph (50% of FFT size)

Deviation caused by modulation

X-axis shows modu-

lation frequency

F7 starts FFT calculation with the current

settings.

ESC stops the FFT calculations.

Shift + F7 opens the FFT menu.



cles, and select DATA BETWEEN CURSORS

in this menu.

FFT Size

AUTO FFT size makes TimeView select the

closest power of two FFT size above the sam-

ple size, or, if the sample size is a power of

two, it sets the FFT size to the sample size.

� Selecting FFT Size Manually

An FFT can be made only on data that contain

a number of samples that are equal to a power

of two (2, 4, 256, 512, and so on). The

TimeView solution to this problem is to map

the captured data onto a power of two equidis-

tant point scale, using linear interpolation.

This means that if you set the FFT size manu-

ally, you should set it greater than or equal to

the number of captured samples. An even

better solution is to select the captured number

of samples as a power of two, otherwise the

calculation may lead to aliasing (see below).

Aliasing

TimeView does not use any anti-aliasing filter,

this means that frequencies above the sam-

pling frequency divided by two will be aliased

into the FFT diagram. To minimize the effect

of aliasing, you should use the longest mea-

suring time possible that allows you to see the

modulation frequencies that you are interested

in. The averaging obtained by using a longer

measuring time will act as a low-pass filter. To

check which frequency components are cor-
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Figure 8-9 FFT of the voltage in the above graph gives this voltage versus

frequency graph.

DC-component 3V 0Hz

AC-component 1V 50Hz



rect and which arealiased, change the sam-

pling interval a little (the measuring time for

“free-running” measurements). The frequen-

cies of the aliased components will then

change while the correct components will re-

tain their frequencies.

Fast Fourier Transform (FFT)
Basics

TimeView calculates FFT in a similar way to

FFT analyzers or DSO’s. However, TimeView

gives a transformation of sampled frequency

or time data instead of sampled voltage data.

The FFT transforms sample data over time to

its constant component value and to the vari-

ous sinusoidal components, of which the mea-

sured parameter is composed. In other words:

FFT transforms sample data to its DC value

and to the AC sinusoidal variations superim-

posed on it.

All these signal components are shown in an

X-Y graph. See 8-10 and 8-11. The Y-value

represents the amplitude of each component;

X represents the frequency of the signal com-

ponent.

FFT of Voltage/time gives an X-Y graph with

bars for the DC voltage and for each sinusoi-

dal AC element. Y represents the amplitude

and X represents the frequency.

FFT of Frequency/time gives an X-Y graph

with bars for the constant frequency compo-

nent (carrier frequency), and for each fre-

quency variation (AC element). The Y-value

represents the measured frequency variation

and X represents the frequency of the fre-

quency variations.

� Remember:

– The constant component value of a fre-

quency is called carrier wave or CW.

– A systematic frequency variation of a fre-

quency is called modulation.

– The magnitude of this frequency variation

is called frequency deviation.

– The frequency of the frequency variation

is called modulation frequency.

TimeView for
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FFT of Frequency/time shows thus

an X-Y graph with bars for the car-

rier wave frequency (no variation;

X = 0 Hz) and for the modulation

frequencies.

If a pure sine wave modulates the signal (no

frequency noise), only one additional point

will be present, like in Figure 8-10 . If the

modulation signal has also higher harmonics,

more points will be present.

Since phase noise and residual FM are always

present to some extent, a certain minimum

level of random interferences is also always

present in the FFT graph.

The visibility of weak modulations depends

on the scale sensitivity of the FFT software

package.

As in most FFT analyzers, TimeView also fea-

tures a logarithmic scale. This enables simul-

taneous view of very small modulations and

the carrier wave frequency.

� Accuracy

The accuracy of the FFT graph in TimeView

depends mainly on the following three factors.

– sample density per modulation cycle

– sample density over time

– measuring time for each sample

TimeView for
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Figure 8-10 FFT of frequency gives a Deviation frequency versus Modulation

frequency graph.

Carrier wave, 10MHz

Modulation 50 Hz Frequency deviation 1MHz



Sample density

In the Frequency versus time graph , we see

the frequency varying between a maximum

and a minimum value.

The transformation data can never be more ac-

curate than the raw frequency versus time data

from which it was obtained. To identify accu-

rately the Y- and X-values of the min/maxi-

mum deviation points, depends on how close

samples were taken at the actual min/maxi-

mum deviation points.

After transformation, the accuracy of the

Y-scale (frequency deviation) and the X-scale

(modulation frequency) depends on how many

samples were taken per modulation cycle.

If the sampling covers more than one modula-

tion cycle, the FFT transformation must be

done over an integer number of modulation

cycles.

In TimeView, this can be done through trans-

formation of data between cursors. The sec-

ond cursors must be positioned at the same

place of the modulation as the first cursor.

� Sample Frequency

Free-Running Mode

In the (real-time) free-running mode, the num-

ber of samples taken per second defines the

sample density over time. This sample density

over time defines how fast a frequency varia-

tion can be and still be shown. Generally the

sample frequency must be more than twice the

modulation frequency, but that should be ob-

served.

In the best case, the counter can take 8500

samples/s. Therefore, in free-running mode,

TimeView’s FFT mode can reveal modula-

tions only below 4.25 kHz.

Repetitive Sampling

In the repetitive sampling mode, the arming

delay steps define the sample density over

time. The counter’s + TimeView’s minimum

increment is 100 ns, which equals 10 M sam-

ples/s. You must therefore use repetitive sam-

pling mode to analyze high modulation fre-

quencies.

Y-Scale Accuracy

The Y-scale shows the maximum deviation

frequency that occurs.

To obtain the extreme frequency values during

modulation, the selected measuring time must

be sufficiently short. A measuring time that is

too long causes the frequency to be averaged

during a part of the modulation cycle. (See

“FM measurements” in the

MeasuringFunctions Chapter of this manual).

If the measuring time is longer than the modu-

lation frequency, the modulation will not show

at all in the FFT.

For reliable FFT Y-scale readings, the measur-

ing time should be:

1

10	 Modulation Frequency

Longer measuring times still allow you to de-

tect modulations but give a too low deviation

value on the FFT screen. A longer measuring

time lowers the displayed deviation.

To measure the modulation with an accuracy

of 2 %, the measuring time must be :

13 10
1

10

9	 	 � �
	

� F

F
Meas Time

F

o

d mod

.

Example: Fo = 200 MHz ; Fd = 100 kHz ;

Fmod = 100 Hz

26 1� � �s Meas Time ms. , i.e., the

measuring time must have a value be-

tween 26 ms and 1ms.
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Smoothing

Calculates the moving average over the num-

ber of samples selected by number of average.

You can smooth the entire range or just the

data between the cursors. Use Smoothing to

average out noise and jitter in the original

measurement and to reveal underlying trends

in the graphic presentation of measurement

versus time.

The original data is not overwritten, so it is

“safe” to perform smoothing.

Number of Average

Enter the number of samples per average here.

Use as few samples per average as possible to

remove the noise. Taking too many samples

per average will also remove relevant signal

information.
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Figure 8-11 Smoothing data makes it easier to see trends.

Title bar shows that the graph is smoothed

Unsmoothed data

Smoothed data

Number of samples

X-axis shows time

F8 starts smoothing calculations with the

current settings.

ESC stops smoothing calculations.

Shift + F8 opens the smoothing menu.



Saving and Printing

File

Default settings

Sets all TimeView settings to Default. The set-

tings in the Config menu are not affected.

Save / Retrieve

Saves and retrieves measurement data and set-

tings.

The files have the following extensions:

– .SSD Free-running measurement

– .RSD Repetitive sampling data

– .WAD Waveform data

– .SET Setting files

In addition to the measurement data, the files

also contain the date, time, and counter set-

tings for the measurement.

Settings include all counter settings and the

parameters in the capture and analyze menus.

The settings also include the graph scale coor-

dinates for all the graphs.

TimeView can remember the setting it had

when turned off. You can select to start with

the previous settings in the Config menu.

These previous settings are stored in the file

TIMEVIEW.SET.

�
You may load a file when starting
TimeView by appending the file
name to the start command.

Example: TimeView WARMUP.SSD

The TimeView File Format

� Setting files

The set files are ASCII text files. By reading a

SET file in a text editor you can see which

version of the TimeView SET-file format this

is.

Example:

# Pendulum, TimeView V2.0X

1.000000e-004, 0, 0, 1, 0

AUTO, 0, 0, 0, 0, 0

AUTO, 0, 0, 0, 0, 0

.........

� Data Files

TimeView stores data on the disk as an ASCII

text file. The file begins with the counter set-

tings used followed by two columns of digits

separated by a space character. The data files

can easily be imported into spreadsheet pro-
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grams such as Lotus 123 and Excel, if you

want to analyze the data further.

� Extracting Setting Information

From a “.SSD” or “.RSD” File

You can use the counter settings stored in a

“.SSD” or “.RSD” file to repeat a measure-

ment for which you don’t have a “.SET” file:

– Select Retrieve Set-

tings from the File

menu.

– Move to the directory

where you have the

“.SSD” or “.RSD” file,

and enter *.SSD or

*.RSD at the end of

the command line.

Now the available files

are listed on the screen

and you can select the

one you want.

�
Only counter
settings can be retrieved this
way; the TimeView settings must
be entered manually.

TimeView for
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Setting data

Your own com-

ments on the mea-

surement

Graph

Pendulum, TimeView V2.0x



About TimeView

Shows information about TimeView and the

connected counter. If you need support on

TimeView, always indicate the version num-

bers and dates shown in this window.

Go to DOS

Go to DOS without exiting TimeView. Use

this function if, for instance, you want to de-

lete or copy files without losing your data in

TimeView. Type EXIT at the command

prompt when you want to return to TimeView.

Exit

Exit from the TimeView program. Remember

to store your data before selecting exit.

Print

� Hard copy

Here you can print the graph on the screen.

The printer settings selected in the Config

menu will be used.

Use F9 to print the current graph.
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Example

# Pendulum, TimeView V2.0X
# FREQUENCY A
# Tue Sep 07 11:45:09 1993
# Measuring time: 100.00 us Single: OFF
# Input A: AUTO, 1 M�, AC, X1, POS Filter: OFF

# Input B: AUTO, 1 M�, AC, X1, POS Common: OFF

# Ext. arm: OFF Ref.osc: INTERNAL
# Hold off: OFF Statistics: OFF#
0.000000000000e+000 5.484171719018e+007
5.667968653142e-004 5.484129087351e+007
1.133593730628e-003 5.484179657156e+007
1.700390595943e-003 5.484152302190e+007

2.267187461257e-003 5.484181512344e+007
2.833984326571e-003 5.484156087879e+007
3.400781191885e-003 5.484142987951e+007
3.967578057200e-003 5.484165215593e+007

X-axis values Y-axis values

Setting infor-

mation

Block separator (new line)

in multiple block measure-

ment
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General
Information

WARNING: Before turning on the in-

strument, ensure that it has been

installed in accordance with the

Installation Instructions outlined in

Chapter 1 of the Operators Man-

ual.

This performance procedure is intended to:

– Check the instrument’s specification.

– Be used for incoming inspection to deter-

mine the acceptability of newly purchased

instruments and recently recalibrated in-

struments.

– Check the necessity of recalibration after

the specified recalibration intervals.

NOTE: The procedure does not check ev-

ery facet of the instrument’s calibra-

tion; rather, it is concerned primarily

with those parts of the instrument

which are essential for determining the

function of the instrument.

It is not necessary to remove the cover of the

instrument to perform this procedure.

Performance Check

9-2 General Information

Type of Equipment Required Specifications Suggested Type

LF Synthesizer Square; Sine up to

2 MHz

Digital Multimeter up to 300 VAC & VDC

Power Splitter 50 � 6 dB BNC

T-piece BNC

Termination 50 � feedthrough BNC

Low pass filter 50 kHz (for 1 M�)

Reference oscillator 10MHz 1*10
–8

for std.

timebase oscillator

CNT-80/CNT-81/CNT-85

w. opt. 30

10MHz 1*10
–9

for opt. 30

& opt. 40

CNT-85R; CNT-81R

HF signal generator 3 GHz

Pulse Generator 125 MHz

Oscilloscope with probes 350 MHz

Power Supply min 40 VDC

BNC-cables 5 to 7 pcs

Table 9-1 Recommended test equipment

Test Equipment



Preparations

Power up your instruments at

least 30 minutes before check-

ing to let them reach normal

operating temperature. Failure

to do so may result in certain

test steps not meeting equipment specifica-

tions.

Power-On Test

At power-on the timer/counter performs an

automatic test of the following:

– Microprocessor

– RAM

– ROM

– Measuring circuits

It also displays the GPIB address.

If any test fails, an error message is shown.

Internal Self-Tests

The built-in test programs from the power-on

test can also be activated from the front panel

as follows:

– Enter the Auxiliary Menu by pressing

AUX MENU.

– Select the test submenu by pressing SE-

LECT up or down.

– Enter the test menu by pressing the

ENTER key.

Selections for internal self-tests are:

1 TEST RO (ROM)

2 TEST RA (RAM)

3 TEST ASIC (Measuring Logic)

Performance Check
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Figure 9-1 Text on the display

Front Panel Controls



4 TEST DISP (Display Test)

5 TEST ALL (Test 1 to 4 in sequence)

– Use SELECT/SET to select TEST ALL,

then press ENTER.

– If any fault is detected, an error message

appears on the display and the program

halts.

– If no faults are detected, the program re-

turns to measuring mode.

Keyboard Test

This test verifies that the timer/counter re-

sponds when you press any key. To check the

function behind the keys, see the tests further

on in this chapter.

Press the keys as described in the first column

and look on the display for the text, as de-

scribed in the second column. Some keys

change more text on the display than de-

scribed here. The display text mentioned here

is the text mostly associated with the selected

key.

NOTE: For the instrument to respond cor-

rectly, this test must be carried out in

sequence and you must start with the

PRESET setting.

Performance Check

9-4 Front Panel Controls

Key(s) Display

CNT-80

Display

CNT-81

Pass Note

STAND-BY Display Off Display Off Red LED On

ON 0 ---------- Backlight On

PRESET PrESET

0

PrESET

----------

Default setting

EXT REF EXT REF EXT REF

Input A

FILTER FILTER FILTER

50�/1M� 50� 50�

AC/DC DC DC

AUTO 1X 1X

1X/10X 10X 10X

SET A 1 . 73 1.73 V Enter 1.73 V Enter

ENTER 0 ----------

SWAP A � B A
�

� B A
�

� B
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Key(s) Display

CNT-80

Display

CNT-81

Pass Note

Input B

50�/1M� 50� 50�

SET B 0.98 +/- -0.98V Enter -0.98V Enter

ENTER 0 ----------

AC/DC AC AC

1X/10X 10X 10X

COM A COM A COM A

HOLD OFF ON HOLD OFF HOLD OFF

HOLD OFF SET 10
-6

H.OFF ti.

PRESET x 2 PrESEt

0

PrESEt

----------

Other

TIME 200
-3

S 200
-3

S

SELECT� 500
-3

S 500
-3

S

ENTER 0 ----------

HOLD DISPL HOLD DISPL HOLD

HOLD

SINGLE SINGLE SINGLE

FUNCTION VOLT A MAX/MIN VOLT A MAX/MIN

FUNCTION RISE/FALL A RISE/FALL A

FUNCTION VOLT A MAX/MIN VOLT A MAX/MIN

FUNCTION FREQ A FREQ A

AUX MENU Last menu used Addr.

RESTART 0 ----------

START ARM OFF Ar. StA OFF

RESTART 0 ----------

STOP ARM OFF Ar. StO OFF

RESTART 0 ----------

PRESET PrESEt

0

PrESEt

----------

CHECK 10.00000000
6
* 100.0000000

6
* Counting

�

�

�

�
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Key(s) Display

CNT-80

Display

CNT-81

Pass Note

MATH

SELECT�

ENTER

OFF

ON

10.00000000
6

Arith OFF

Arith ON

100.0000000
6

K=

2
1.0

2

1.0

2

ENTER 20.00000000
6
* 200.0000000

6
* Counting

L=

Xn-1

ENTER

0.0

n-1

30.00000000
6
*

0.0

n-1

300.0000000
6
*

Counting

L= n-1 n-1

0 ENTER 20.00000000
6
* 200.0000000

6
* Counting

L= Xo ENTER 40.00000000
6
* 400.0000000

6
* Counting

L= 20.00000000
6
* 200.0000000

6
*

4 EE 7 ENTER 60.00000000
6
* 240.0000000

6
* Counting

M= . 5 0.5 0.5

ENTER 120.0000000
6
* 480.0000000

6
* Counting

STAT OFF StAt OFF

ENTER 120.0000000
6
* 480.0000000

6
* Counting

FUNCTION

(6 times)

TOT A-B MAN TOT A-B MAN

TOT St/St Gate LED lit Gate LED lit

MENU Displays all avail-

able functions,

processes and in-

put controls. Se-

lected items are

blinking.

MENU is not

disabled by

setting DE-

FAULT, press

MENU again.

PRESET PrESEt

0

PrESEt

----------

Default

Table 9-2 Keyboard test

* The LSD digit may vary

�



Sensitivity and Frequency Range

– Press the PRESET key to set the

timer/counter in the default setting.

– Select 50 � input impedance and Non

AUTO, (X1).

– Connect a signal from a HF generator to a

BNC power splitter.

– Connect the power splitter to your counter

and an oscilloscope.

– Set input impedance to 50 � on the oscil-

loscope.

– Adjust the amplitude according to the fol-

lowing table. Read the level on the oscillo-

scope. The timer/counter should display

the correct frequency.

– Connect the signal to input B.

– Select 50 � input impedance and SWAP

A � B on the counter.

– Repeat the above measurements for input

B.

Check VOLT MAX/MIN

� CNT-81

– Set your timer/counter in default setting

by pressing PRESET.

– Select DC coupling, 1 M� input imped-

ance and VOLT A MAX/MIN, but do not

connect any input signal.

– The counter should now indicate:

VMAX = 0 � 0.004 V and

VMIN = 0 � 0.004 V.

– Connect a 4.00 VDC level to channel A,

using an external low pass filter on the in-

put.

Performance Check
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Frequency Level Pass

CNT-80 CNT-81 mVRMS dBm Input A Input B

1 MHz 1 MHz 20 –21

50 MHz 50 MHz 20 –21

100 MHz 100 MHz 20 –21

200 MHz 200 MHz 30 –17 Channel B

100 MHz225 MHz 40 –15

250 MHz 40 –15

300 MHz 60 –11

Table 9-3 Sensitivity for inputs A & B at various frequencies

Short Form Specification Test



– The readings should be:

VMAX = 4.00 � 0.044 V and

VMIN = 4.00 � 0.044 V.

– Change the DC level to 40 V.

– The counter should indicate:

VMAX = 40.0 V � 0.84 V and

VMIN = 40.0 V � 0.84 V.

– Repeat the measurement with inverted po-

larity.

– Press MATH and select (K*X+L)/M to

change to Vpp measurements.

– Press ENTER.

– Connect a sinusoidal signal to channel A

with an amplitude 4.00 VPP and a fre-

quency of 100 kHz.

– The indication should be 4.00 � 0.244 V.

– Change the amplitude to 18 VPP.

– The display should read 18.0 � 1.84 V.

– Select SWAP A � B, and connect the sig-

nal to channel B. Repeat the measure-

ments for B as described above.

� CNT-80

– Set your timer/counter in default setting

by pressing PRESET.

– Select DC coupling, 1 M� input imped-

ance and VOLT A MAX/MIN, but do not

connect any input signal.

– The counter should now indicate:

VMAX = 0 � 0.03 V and

VMIN = 0 � 0.03 V.

– Connect a 4.00 VDC level to channel A,

using an external low pass filter on the in-

put.

– The readings should be:

VMAX = 4.00 � 0.07 V and

VMIN = 4.00 � 0.07 V.

– Change the DC level to 40 V.

– The counter should indicate:

VMAX = 40.0 � 1.1V and

VMIN = 40.0 � 1.1V.

– Repeat the measurement with inverted po-

larity.

– Press MATH and select (K*X+L)/M to

change to Vpp measurements.

– Press ENTER.

– Connect a sinusoidal signal to channel A

with an amplitude of 4.00V(pp and a fre-

quency of 100kHz).

– The indication should be 4.00 � 0.27 V.

– Change the amplitude to 18 VPP.

– The display should read 18.0 � 2.1 V.

– Select SWAP A � B, and connect the sig-

nal to channel B. Repeat the measure-

ments for B as described above.
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Trigger Indicators and Controls

NOTE: This test must be performed in the

sequence given.

– Press the PRESET key to set the Timer/

Counter in the default setting.

– Select Non AUTO, X1 attenuation, and

1 M� input impedance for channel A.

– Connect the following signal to channel A:

Sine, 10 kHz, 0.9 VPP, and + 0.50 VDC.

– Verify that the three modes for the trigger

indicator are working properly by chang-

ing the trigger level:

– Press the SET A key and enter 1 via the

keyboard, then verify by pressing

ENTER. Check the trigger indicator ac-

cording to Table 9-4.

– Press the SET A key and enter –1 via

the keyboard, then verify by pressing

ENTER. Check the trigger indicator ac-

cording to Table 9-4.

– Press the SET A key and enter 0 via the

keyboard, then verify by pressing

ENTER. Check the trigger indicator ac-

cording to Table 9-4.

– Connect the signal to channel B.

– Select SWAP A � B, and AC coupling on

channel B, and repeat the exercise for

channel B.

Performance Check

Short Form Specification Test 9-9

Manually set

trigger level

Trigger indicator

CNT-80

Pass

Input A Input B

+1 V off

-1 V on

0.0 V blinking

Manually set

trigger level

Trigger indicator

CNT-81

Pass

Input A Input B

+1 V steady

-1 V steady

0.0 V blinking

Table 9-4 Trigger indicator check CNT-80 (above) and CNT-81 (below)



Trigger Level Check

– Deselect SWAP A � B, connect the gen-

erator to channel A and check the trigger

settings and indicators according to Table

9-5.

– Select SWAP A � B

– Connect the signal to channel B.

– Select AC coupling on channel B, and re-

peat the previous settings for channel B.

– Connect the signal to channel A.

– Only the trigger indicator for channel A

should be blinking.

– Press COM A.

– Both indicators should be blinking.

– Connect the signal to channel B.

– No trigger indicator should be blinking.

Performance Check
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Trigger setting Trigger indicator Pass

Input A Input B

SET A = 0 V blinking

DC Coupling steady

SET A = 0.7 V blinking

50 � Impedance steady

SET A = 0.2 V blinking

AC Coupling &

1 M� Impedance blinking

X10 Attenuation steady

SET A = 0.0 V blinking

X1 Attenuation blinking

Table 9-5 Trigger level check

Oscillator Frequency readout Suitable reference Pass

Standard 10.00000000 MHz � 150 Hz Option 30

Option 30 10.00000000 MHz � 1 Hz CNT-81R/CNT-85R

Option 40 10.00000000 MHz � 0.25 Hz CNT-81R/CNT-85R

Rubidium

(CNT-81R)
10.00000000 MHz � 0.01 Hz Cesium

Table 9-6 Acceptance test for oscillators



Reference Oscillators

X-tal oscillators are affected by a number of

external conditions like ambient temperature

and supply voltage but also by ageing. There-

fore it is hard to give limits for the allowed

frequency deviation. The user himself must

decide the limits depending on his application,

and recalibrate the oscillator accordingly. See

Chapter 10, Preventive Maintenance.

To check the accuracy of the oscillator you

must have a calibrated reference signal that is

at least five times as stable as the oscillator

that you are testing, see the following table. If

you use a non 10 MHz reference, you can use

the mathematics in the timer/counter to multi-

ply the reading.

– Set the counter to default settings by

pressing PRESET.

– Connect the reference to input A

– Check the readout against the accuracy re-

quirements of your application.

� Acceptance Test

As an acceptance test, see Table 9-6, gives a

worst case figure after 30 minutes warm up

time. All deviations that can occur in a year

are added together.

Resolution Test

– Connect a pulse generator to a power

splitter.

– Connect one side of the power splitter to

the A input of the counter via a coaxial ca-

ble.

– Connect the other side of the power split-

ter to the B input of the counter.

Settings for the pulse generator:

– Amplitude = 1 VPP, (high level +1V and

low level 0V)

– Period approx. 1 �s

– Duration = approx 50 ns

– Rise time 2 ns

Settings for the timer/counter, after PRESET:

– Function = Time A-B

– Single

– Press STAT key under PROCESS

– Press SELECT key until display shows

‘ST DEV’.

– Meas Time = 50 �s

– A and B inputs:

– 50 � input impedance

– Non Auto

– Trigger level = 0.5V

– DC coupling

The result should be (std dev) < 0.25
–9

s for

the CNT-80, and < 0.05
–9

s for the CNT-81.

Performance Check
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10 MHz OUT

– Connect an oscilloscope to the 10 MHz

output on the rear of the counter. Use co-

axial cable and 50 � termination.

– The output voltage is sinusoidal and

should be above 500 mV rms

(1.4 V p-p).

– CNT-81R

Test all reference outputs, 5 x 10 MHz

+ 1 x 5 MHz

GATE OPEN Output

– Set your timer/counter to Default Settings

by pressing PRESET.

– Select CHECK, AUTO OFF, and Meas

Time = 5 ms.

– Connect the oscilloscope to the Gate Open

output via a coaxial cable. Set the oscillo-

scope to 1 ms/division.

– The Gate Monitor output should be a pulse

similar to Figure 9-2.

Performance Check
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Figure 9-2 Signal on gate open

output

1 Mohm: High level >2.8

Low level < 0.4

50 ohm: High level >1.4

Low level < 0.4

Time: 1ms/div.
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REFERENCE IN

� CNT-81

– Set the counter to Default Settings by

pressing PRESET.

– Connect EXT REF out from another coun-

ter to input A.

– Connect a 10 MHz, 200 mV rms,

(0.57 V p-p) signal to EXT REF IN at the

rear, terminated with 50 �.

– Select Ext Ref.

– The display should show 10 MHz.

– Change the reference frequency to 5, 2,

and 1 MHz respectivly.

– The display should still show 10 MHz.

� CNT-80

– Set the counter to Default Settings by

pressing PRESET.

– Connect EXT REF out from another coun-

ter to input A.

– Connect a 10 MHz, 200 mV rms,

(0.57 V p-p) signal to EXT REF IN at the

rear, terminated with 50 �.

– Select Ext Ref.

– The display should show 10 MHz.

EXT ARM Input

– Select AUTO OFF.

– Settings for pulse generator: single shot

pulse, amplitude TTL = 0 - 2 VPP, and du-

ration = 10 ns.

– Connect a pulse generator to Ext Arm in-

put.

– Press START ARM key.

– Press SELECT key until display shows

‘POS’, confirm with ENTER key three

times.

– The counter does not measure.

– Apply one single pulse to Ext Arm input.

– The counter measures once and shows

10 MHz on the display.

Performance Check
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TRIG LEVEL A&B Outputs

– Press the PRESET key, to set the

timer/counter to Default Settings.

– Connect a voltmeter to TRIG LEVEL

A(B) OUT at the rear.

– Set the Trigger Level (SET A/B) on the

front to the following values, and verify

the voltmeter’s readout:

Probe Comp View

– Press the PRESET key to set the

timer/counter to Default Settings.

– Select TIME A-B, AUTO OFF, X1 attenu-

ation and DC coupling for both channels.

– Set the LF synthesizer to 2 kHz square

wave and 8 VPP amplitude.

– Connect synthesizer to Input A via a

BNC-cable.

– Use an oscilloscope to check the signal at

Probe Comp View, at the rear. The square

wave will have the same step response and

4 VPP amplitude.

– Select X10 attenuation.

– Check that the square wave is 2 kHz and

0.4 VPP.

– Repeat this test for channel B.

Performance Check
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SET A(B) Readout Pass

CNT-80 CNT-81 Input A Input B

+5.00 V +0.5 � 0.043 V +5 � 0.28 V

-5.00 V -0.5 � 0.043 V -5 � 0.28 V

0.00 V 0.0 � ����� V 0 � ����� V

Table 9-7 Trigger level outputs check
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Preparation for Check of Measuring Function:

– Connect a 10 MHz sine wave signal with

2.0 VPP amplitude.

– Press the PRESET key, to set the

timer/counter to Default Setting.

Select the following settings for the

timer/counter:

– 50 � impedance for A and B

– AUTO OFF

– COM A

– Check that the timer/counter performs the

correct measurement, by displaying the re-

sult as shown under the “Display” column

in Table 9-8.

Performance Check
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Selected Function Action Display Pass

FREQ A 10 MHz 2)

FREQ C ---------- 3))

PER A 100
-9

s 2)

RATIO A/B 1.0000000

Select NEG SLOPE B 1.0000000

RATIO C/B 0.0000000 3)

PWIDTH A 50.000
-9

s 1)

TIME A-B 50.000
-9

s 1)

PHASE A-B 180 or -180 1)

TOT A-B MAN 0

Deselect COM A 0

TOT ST/STOP counting

TOT ST/STOP stop counting

Select COM A 0

TOT A B 1

TOT A B 1

Select POS SLOPE B 0

DUTY F A 0.500000 1)

Select AUTO 0.500000 1)

RISE/FALL A 30.000
-9

s 2)

VOLT MAX/MIN 1.000 -1.000 V 2)

Table 9-8 Measuring functions check

1) Value depends on the symmetry of the signal.

2) Exact value depends on input signal.

3) If option 10/20 is installed.

Measuring Functions



Press PRESET on the timer/counter.

Select the following settings for the

timer/counter:

– 50 � impedance for A and B.

– DC coupling for A and B.

– AUTO OFF, X1 attenuation for A and B.

– Trigger level = 0.5 V.

– Set the Hold off time to 10
-6

s, (default in

the CNT-80).

Select the following settings for the pulse gen-

erator:

– Period = 100 �s.

– Duration 10 ns.

– Double pulse.

– Delay = 1 �s.

– Amplitude = 1.0 VPP, (high level +1V and

low level 0V).

– Rise time 2 ns.

– Connect the Pulse generator Pulse Out to

Input A and check the following results:

– Freq A measuring without Hold Off =

20 kHz.

– Freq A measuring with Hold Off =

10 kHz.

Connect the signal to Input B, press the

SWAP A � B key, and repeat the test for In-

put B.

Input C Check

To verify the specification of input C in the in-

strument, perform the measurements below.

Connect the output of the signal generator to

the HF input of the counter.

– Connect the 10 MHz REFERENCE OUT

of the generator to the REFERENCE IN at

the rear panel of the counter.

– Press PRESET on the timer/counter.

– Select FREQ C.

– Select EXT REF.

– Generate a sine wave in accordance with

the tables.

Verify that the counter is counting correctly.

(The last digit will be unstable)

Performance Check
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Check of HOLD OFF Function

Options
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Frequency Amplitude Pass

MHz mVRMS dBm

100-300 20 -21

300-2500 10 -27

2500-2700 20 -21

Table 9-9 RF input sensitivity

Figure 9-4 RF input test setup
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Calibration
To maintain the performance of the

timer/counter, we recommend that you cali-

brate the timebase of your instrument every

year, or more often if you require greater

timebase accuracy. Calibration should be per-

formed with traceable references and instru-

ments at a certified calibration laboratory.

Contact your local service center for calibra-

tion.

To know the present status of your instrument,

test your counter from time to time. The test

can be made according to the information in

Chapter 9, “Performance Check.”

Oscillators

The frequency of the reference crystal oscilla-

tor is the main parameter that influences accu-

racy of a counter. External conditions, such as

ambient temperature and supply voltage, in-

fluence the frequency, but aging is also a fac-

tor. When adjusting, you compensate the ref-

erence crystal oscillator only for deviation in

frequency due to aging.

� Some important points:

The high-stability oscillators, option 30 and

40, have been built into an oven to keep the

oscillator temperature as stable as possible.

Continuous operation is also important for op-

timum stability. Option 40, for example, has

an aging/24h that is 3x10
-10

when operating

continuously. After a power interruption, the

oscillator drift is higher and the specification

Preventive Maintenance
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Model CNT-80/

CNT-81

CNT-80/

CNT-81

CNT-80/

CNT-81

CNT-81R

Option Standard Option 30 Option 40

Timebase type UCXO OCXO OCXO Rubidium

Total uncertainty, for operating tem-

perature 0°C to 50°C, @ 2� (95 %) confi-

dence interval:

-1 month after calibration

-3 months after calibration

-1 year after calibration

-2 years after calibration

<1.2 x 10
-5

<1.2 x 10
-5

<1.2 x 10
-5

<1.5 x 10
-5

<3 x 10
-8

<4 x 10
-8

<1 x 10
-7

<2 x 10
-7

<8 x 10
-9

<1.2 x 10
-8

<2.5 x 10
-8

<5 x 10
-8

<4 x 10
-10

<4 x 10
-10

1)<4 x 10
-10

1)<6 x 10
-10

Typical total uncertainty, for operat-

ing temperature 20°C to 26°C, @ 2� (95

%) confidence interval:

-1 month after calibration

-3 months after calibration

-1 year after calibration

-2 years after calibration

<4 x 10
-6

<4 x 10
-6

<7 x 10
-6

<1.2 x 10
-5

<3 x 10
-8

<4 x 10
-8

<1 x 10
-7

<2 x 10
-7

<7 x 10
-9

<1.2 x 10
-8

<2.5 x 10
-8

<5 x 10
-8

<1 x 10
-10

<2 x 10
-10

1)<2.5x10
-10

1)<5 x 10
-10

1) After first year of operation. For first year add 3x10
-10

to table value



of 3x10
-10

per 24h is reached t only after 48h

of continuous operation.

– The frequency uncertainty for standard os-

cillators is mainly dependent on the ambi-

ent temperature. Variations in ambient

temperature between 0 and 50 �C may

cause a frequency change of up to 100 Hz,

whereas the aging per month is only 5 Hz.

When operating, there is always a temper-

ature increase inside the counter that will

influence the oscillator.

How often should you calibrate?

In the table on the preceding page you can see

the uncertainty of your time base oscillator for

various MTBRC (Mean Time Between

Recalibration) intervals.

Compare the requirements of your application

with the values in the table, and select the

proper MTBRC accordingly.

Please note that the frequency uncertainty

when operating in a temperature controlled

environment is different from field use. See

the two sections in the table.

�
When adjusted, keep in mind
that the reference crystal oscilla-
tor will be compensated only for
frequency deviation caused by
aging.

Input amplifiers

This calibration adjustment sets the hysteresis

compensation of the input amplifiers. It mini-

mizes the errors in voltage, phase and other

measurements where it is essential to trigger

exactly at the right point of the signal.

�
Since the calibration compen-
sates for the temperature drift of
the input amplifiers, it should be

made at the test setup ambient
temperature.

– Disconnect any signals from inputs A and

B.

– Press AUX MENU

– Select CAL. HYSt with the SE-

LECT/SET key.

– Confirm your selection by pressing

ENTER.

– If error code 1191 is shown on the display,

the calibration constants are out of range

and you must do the calibration over

again. This normally only occurs if you

have forgotten to remove the signal leads,

or at temperatures outside normal operat-

ing range.

When the input calibration procedure can be

done without error codes, the calibration is

correct.

If you cannot calibrate your instrument with-

out error codes, hardware calibration is neces-

sary. Contact your local Pendulum service

center.

Other Maintenance

Fan Replacement

The CNT-81 is equipped with a fan, and if it is

operating in a 24h/day system, you need to re-

place the fan every second year to maintain

high reliability. For part-time applications and

low ambient temperatures, an extended ser-

vice interval is acceptable.

Preventive Maintenance
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Backup Battery Replacement

The counter has a lithium battery to power the

memory that stores the setting data when the

power is switched off. The lithium battery has

an estimated lifetime of five to ten years.

We recommend you to replace the battery ev-

ery five years to avoid loss of data in opera-

tion.

When the battery is empty, the counter will

lose all settings and any data in memory. This

is no big problem for the CNT-80, but the

CNT-81 will also lose its interpolator calibra-

tion data, indicated by the display message

CAL LOSt at power-up.

Contact your local Pendulum service center to

replace the battery or recalibrate the

interpolators.

Preventive Maintenance
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CNT-80 Specifications CNT-81

11-2 Measuring Functions

Introduction

– This chapter differs from the other chapters in this manual. The left column contains the

CNT-80 spec., while the right column contains the CNT-81 spec. Look at the page header to

see which column to read.

– Only values with tolerances or limits are guaranteed data. Values without tolerances are in-

formative data, without guarantee.

– Refer to page 11-14 for uncertainty information.

– Inputs A and B can be swapped internally in all modes except Rise and Fall Time.

CNT-80

Measuring
Functions

Frequency A, B, C

Range:

Input A: 0.01 Hz (10
–10

Hz in SINGLE) to

225 MHz

Input B: 0.01 Hz (10
–10

Hz in SINGLE) to

100 MHz

Input C: 100 MHz to 2.7 GHz (option 10)

Resolution: 10 digits in 1s measuring

time

CNT-81

Measuring
Functions

Frequency A, B, C

Range:

Input A: 0.11 Hz (10
–10

Hz in SINGLE) to

300 MHz

Input B: 0.03 Hz (10
–10

Hz in SINGLE) to

100 MHz

Input C: 100 MHz to 2.7 GHz (option 20)

Resolution: 11 digits in 1s measuring

time
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Frequency Burst A, B

Frequency and PRF of burst signals can

be measured without external control sig-

nal.

Range:

Input A: Up to 160 MHz

Input B: Up to 100 MHz

PRF Range:

Input A: Up to 100 kHz

Burst Duration:

Input A: 1 �s to 1 s, min. 3 cycles in burst

Resolution: 10 digits in 1s measuring

time

Period A

Range: 6 ns to 100s (10
10

s in SINGLE)

Resolution: 10 digits in 1s measuring

time

Ratio A/B, C/B

Range: 10
–9

to 10
15

Frequency Range:

Input A,B: 10
–10

Hz to 160 MHz

Input C: 100 MHz to 2.7 GHz (option 10)

Frequency Burst A, B, C

Frequency and PRF of burst signals can

be measured without external control sig-

nal and with selectable start delay.

Range:

Input A: Up to 300 MHz

Input B: Up to 100 MHz

Input C: Up to 2.7 GHz (option 20)

PRF Range:

Input A: Up to 100 kHz

Input C: Up to 300 Hz

Burst Duration:

Input A: 1 �s to 1 s, min. 3 cycles in burst

Input C: 50 �s to 1 s, min. 129 cycles in

burst

Resolution: 11 digits in 1s measuring

time

Start Delay Range:

200 ns to 1s, 100 ns resolution

Period A

Range: 3.3 ns to 9s (10
10

s in SINGLE)

Resolution: 11 digits in 1s measuring

time

Ratio A/B, C/B

Range: 10
–9

to 10
15

Frequency Range:

Input A, B: 10
–10

Hz to 160 MHz

Input C: 100 MHz to 2.7 GHz (option 20)
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Time Interval A to B

Range: 0 ns to 10
10

s, Typical: –2 ns to

10
10

s (B to A, 3 ns to 10
10

s)

Frequency Range: Up to 160 MHz

Resolution:

Single Shot: 250 ps

Pulse Width A

Range: 3 ns to 10
10

s

Frequency Range: Up to 160 MHz

Rise and Fall Time A

Range: 3 ns to 10
10

s

Frequency Range: Up to 160 MHz

Input Amplitude: >500 mVp-p

Phase A Relative B

Range: –180� to 360�

Resolution: 0.01�

Frequency Range: 0.03 Hz to160 MHz

Voltage Range: >100 mV rms

Duty Factor A, B

Range: 0.000001 to 1.000000

Frequency Range A: 0.01 Hz to 160

MHz

Frequency Range B: 0.01 Hz to 100

MHz

Time Interval A to B

Range: 0 ns to 10
10

s

(B to A: 5 ns to 10
10

s)

Frequency Range: Up to 160 MHz

Resolution:

Single Shot: 50 ps (1 ps average)

Pulse Width A

Range: 3 ns to 10
10

s

Frequency Range: Up to 160 MHz

Rise and Fall Time A

Range: 3 ns to 10
10

s

Frequency Range: Up to 160 MHz

Input Amplitude: >250 mVp-p

Phase A Relative B

Range: –180� to +360�

Resolution: 0.01�

Frequency Range: 0.03 Hz to 160 MHz

Voltage Range: Full signal range

Duty Factor A

Range: 0.000001 to 1.000000

Frequency Range A: 0.11 Hz to

160 MHz

Frequency Range B: 0.03 Hz to 100

MHz
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Totalize A, B

Range: 0 to 10
17

0 to 10
10

in A - B modes

Frequency Range: 0 to 160 MHz

A Gated by B:

Event counting on Input A during the

presence of a pulse on Input B. Single or

cumulative event counting during set

measuring time.

A Start/Stop by B:

Event counting on Input A between two

consecutive pulses on Input B

Manual A–B:

Input A minus Input B event counting

with manual start and stop

Manual/Timed A–B:

Input A minus Input B event counting

with manual start. Stop after set measur-

ing time. Time counted from first trigger

event on A.

AC/DC Voltage A, B

DC Range: –50V to +50V

Sinewave Range: 100 mV p-p to

100V p-p

Frequency Range: DC, 100 Hz to

100 MHz

Mode: V max, V min, V p-p

Gated Volt:

External masking of unwanted signal

components such as overshoot

Totalize A, B

Range: 0 to 10
17

0 to 10
10

in A - B modes

Frequency Range: 0 to 160 MHz

A Gated by B:

Event counting on Input A during the

presence of a pulse on Input B. Single or

cumulative event counting during set

measuring time.

A Start/Stop by B:

Event counting on Input A between two

consecutive pulses on Input B.

Manual A–B:

Input A minus Input B event counting

with manual start and stop

Manual/Timed A–B:

Input A minus Input B event counting

with manual start. Stop after set measur-

ing time. Time counted from first trigger

event on A.

AC/DC Voltage A, B

DC Range: –50V to +50V

Sinewave Range: 100 mV p-p to

100V p-p

Frequency Range: DC, 1 Hz (default

100 Hz) to 100 MHz

Mode: V max, V min, V p-p

Gated Volt:

External masking of unwanted signal

components such as overshoot
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Input
Specifications

Input A and Input B

Frequency Range:

DC- Coupled: DC to 225 MHz

AC- Coupled: 10 Hz to 225 MHz

Coupling: AC or DC

Rise Time: Approx. 1.5 ns

Impedance: 1 M�//30 pF or 50� (VSWR


2:1)

Trigger Slope: Positive or negative

Channel Inputs A and B: Separate,

common via A or swapped

Max. Channel Timing Difference:

1 ns

Sensitivity: 20 mV rms, < 100 MHz

30 mV rms, 100 MHz to 200 MHz

40 mV rms, > 200 MHz

Pulse Width: >5 ns at 60 mV p-p,

>3 ns at 90 mV p-p

Attenuation: 1X or 10X

Hysteresis Window (1X): 30 mV p-p

Variable Hysteresis (Frequency A

(1X)): 60 mV p-p to 10 V p-p up to 120

MHz

Dynamic Range (1X): 60 mV p-p to

10 V p-p within � 5 V window

Trigger Level: Read-Out on display

Input
Specifications

Input A and Input B

Frequency Range:

DC-Coupled: DC to 300 MHz

AC-Coupled: 10 Hz to 300 MHz

Coupling: AC or DC

Rise Time: Approx. 1 ns

Impedance: 1 M�//15 pF or 50� (VSWR

£2:1)

Trigger Slope: Positive or negative

Channel Inputs A and B: Separate,

common via A or swapped

Max. Channel Timing Difference: 500

ps

Sensitivity: 20 mV rms, <100 MHz

30 mV rms, 100 MHz to 200 MHz

40 mV rms, 200 MHz to 250 MHz

60 mV rms, >250 MHz

Pulse Width: >5 ns at 60 mV p-p,

>3 ns at 90 mV p-p

Attenuation: 1X or 10X

Hysteresis Window (1X): 20 mV p-p

Variable Hysteresis (all one channel

Input A measurements (1X)):30 mV p-p

to 10V p-p up to 120 MHz

Dynamic Range (1X): 60 mV p-p to

10 V p-p within � 5 V window

Trigger Level: Read-Out on display
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Range (1X): –5.1V to +5.1V

Range (10X): -51V to+51V

Resolution (1X): 20 mV

Uncertainty (1X) Separate Inputs: �
(20 mV +1% of trigger level setting)

Uncertainty (1X) Common Input:

� (20 mV +3% of trigger level setting)

�
Multiply all values by 10 when
using 10X attenuator setting.

AUTO Trigger Level:

Trigger level is automatically set to 50%

point of input signal (10% and 90% for

Rise/Fall Time, 75% and 25% for vari-

able hysteresis A)

Amplitude: >150 mV p-p

Minimum Frequency: Default 100 Hz,

selectable between 100 Hz or 10 kHz to

minimize dead time between measure-

ments

Analog Low Pass Filter A:

100 kHz fixed, >40 dB attenuation at

1 MHz

Digital Low pass Filter A and B: 1 Hz

to 5 MHz using trigger Hold Off

Trigger Indicator: Tri-state LED indicator

Maximum Voltage Without Damage:

1 M�: 350 V (DC+AC pk) at DC to

440 Hz,

falling to 12 V rms (1X) and 120 V rms

(10X) at 1 MHz

50�: 12 V rms

Input C

See Option 10

Range (1X): –5V to +5V

Range (10X): -50V to+50V

Resolution (1X): 1.25 mV

Uncertainty (1X) Separate Inputs:

� (4 mV +1% of trigger level setting)

Uncertainty (1X) Common Input:

� (6 mV +1% of trigger level setting)

�
Multiply all values by 10 when
using 10X attenuator setting.

AUTO Trigger Level:

Trigger level is automatically set to 50%

point of input signal (10% and 90% for

Rise/Fall Time, 75% and 25% for vari-

able hysteresis A)

Amplitude: >60 mV p-p

Minimum Frequency: Default 100 Hz,

selectable between 1 Hz to 50 kHz to mini-

mize dead time between measurements

Analog Low Pass Filter A:

100 kHz fixed. >40 dB attenuation at

1 MHz

Digital Low Pass Filter A and B: 1 Hz

to 10 MHz using trigger Hold Off

Trigger Indicator: Tri-state LED indicator

Maximum Voltage Without Damage:

1 M�: 350V (DC + AC pk) at DC to

440 Hz,

falling to 12V rms (1X) and 120V rms

(10X) at 1 MHz

50�: 12V rms

Input C

See Option 20
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External Reference Input

The use of external reference is indi-

cated on the display

Frequency: 10 MHz

Voltage Range: 500 mV rms to 10 V rms

Impedance: >1 k� for signals <1V rms,

500� for signals >1V rms (AC coupled)

Arming Input

Most measuring functions can also be

performed via Input E

Frequency Range: DC to 50 MHz

Pulse Width: >10 ns

Slew Rate: >2 V/�s

Trigger Level: TTL level, 1.4 V nominal

Trigger Slope: Positive or negative

Damage Level: 25V peak

Impedance: 2 k� (DC coupled)

External Reference Input

The use of external reference is indi-

cated on the display

Frequency: 1 MHz, 2 MHz, 5 MHz or

10 MHz

Voltage Range: 200 mV rms to 10V rms

Impedance: >1 k� for signals <1V rms,

500� for signals >1V rms (AC coupled)

Arming Input

Most measuring functions can also be

performed via Input E

Frequency Range: DC to 100 MHz

Pulse Width: >5 ns

Slew Rate: >2 V/�s

Trigger Level: TTL level, 1.4V nominal

Trigger Slope: Positive or negative

Damage Level: 25V peak

Impedance: 2 k� (DC coupled)
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Output
Specifications

Reference Output

Frequency:

10 MHz sinewave

Output Level: > 0.5 V rms into 50� load

Coupling: AC

Gate Open Output

Output Level:

Gate Closed: <0.4V

Gate Open: >1.4V into 50� load

Internal delay: 20 ns

Trigger Level Outputs

Buffered outputs for input A and B trigger

levels

Output Level: Trigger Level

Attenuator Setting10	

Uncertainty: � (3 mV + 8% of output

level)

Output Impedance: 3 k�

Probe Compensation
Outputs

Buffered outputs for input A and B sig-

nals. To be used for adjustment of

probes to best pulse response for the

combination of probe and counter input.

Output
Specifications

Reference Output(s)

Frequency:

CNT-81: 1 x 10 MHz sinewave

CNT-81R: 6 x 10 MHz, 1 x 5 MHz

sinewave

Output Level: >0.5V rms into 50� load

Coupling: AC

Gate Open Output

Output Level:

Gate Closed: <0.4V

Gate Open: >1.4V into 50� load

Internal delay: 20 ns

Trigger Level Outputs

Buffered outputs for input A and B trigger

levels

Output Level: Trigger Level

Attenuator Setting

Uncertainty: �(30 mV + 5% of output

level)

Output Impedance: 100�

Probe Compensation
Outputs

Buffered outputs for input A and B sig-

nals. To be used for adjustment of

probes to best pulse response for the

combination of probe and counter input.
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11-10 Auxiliary Functions

Output Level: Input level

Attenuator setting

Test Signal: 2 kHz to 3 kHz square wave

Output Impedance: 1.5 k�

Analog Output:

Voltage Range:

0 to 4.98V in 20 mV steps, proportional

to any consecutive 3-digits selected from

the display.

Output level uncertainty:

�(10 mV + 1% of output level)

Output Impedance: 200�

Auxiliary Functions

Trigger Hold Off

After start of measurement, Trigger Hold

Off disables stop triggering during a pre-

set time or a preset number of trigger

events on input B in Time Interval,

Rise/Fall Time and Pulse Width measur-

ing functions.

Trigger Hold Off functions as a 1 Hz to

5 MHz digital low pass filter in Fre-

quency, Period. It filters the A signal in

Ratio A/B and Phase A -B.

Time Delay Range: 200 ns to 1.6s,

100 ns resolution

Event Delay Range B: 2 to 2
24

–1, nega-

tive slope (max. 20 MHz)

Output Level: 05. 	
Input amplitude

Attenuator setting

Test Signal: 2 kHz to 3 kHz square wave

Output Impedance: 500�

Analog Output:

Voltage Range:

0 to 4.98V in 20 mV steps, proportional

to any consecutive 3-digits selected from

the display.

Output level uncertainty:

�(10 mV + 1% of output level)

Output Impedance: 200�

Auxiliary Functions

Trigger Hold Off

After start of measurement, Trigger Hold

Off disables stop triggering during a pre-

set time or a preset number of trigger

events on input B in Time Interval,

Rise/Fall Time and Pulse Width measur-

ing functions.

Trigger Hold Off functions as a 1 Hz to

10 MHz digital low pass filter in Fre-

quency, Period. It filters the A signal in

Ratio A/B and Phase A -B.

Time Delay Range:60 ns to 1.34s, 10 ns

resolution

Event Delay Range B: 2 to 2
24

–1, nega-

tive slope (max. 100 MHz)
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External Arming

Arming is used to inhibit start- and/or

stop triggering with the aid of an external

signal. Stop arming is not applicable to

the time average functions (Time,

Rise/Fall, Pulse Width), Phase and Duty

Factor.

For time average functions the start arm-

ing is applied only to the first measure-

ment in the average sequence. The arm-

ing function is not applicable to the Fre-

quency Burst and Volt functions.

Arming Delay:

Arming can be delayed with respect to

the external arming trigger event until ei-

ther of the following occurs:

– Preset arming time has elapsed.

– Preset number of trigger events on B

have occurred.

Time Delay Range B and E:

200 ns to 1.6s, 100 ns resolution

Event Delay Range B:

2 to 2
24

–1, negative slope (up to 20 MHz)

Statistics

Statistics may be applied to all measur-

ing functions, with the exception of Man-

ual Totalize. Volt A max/min is converted

to Volt A p-p before statistics is applied.

Statistics may also be applied on the re-

sult from Mathematics.

If result is frozen with HOLD, all statisti-

cal parameters for the samples can be

recalled.

Max and Min:

Displays maximum and minimum values

of selected sample size.

External Arming

Arming is used to inhibit start- and/or

stop triggering with the aid of an external

signal. Stop arming is not applicable to

the time average functions (Time,

Rise/Fall, Pulse Width), Phase and Duty

Factor.

For time average functions the start arm-

ing is applied only to the first measure-

ment in the average sequence. The arm-

ing function is not applicable to the Fre-

quency Burst and Volt functions.

Arming Delay:

Arming can be delayed with respect to

the external arming trigger event until ei-

ther of the following occurs:

– Preset arming time has elapsed.

– Preset number of trigger events on B

have occurred.

Time Delay Range B and E:

200 ns to 1.6s, 100 ns resolution

Event Delay Range B:

2 to 2
24

–1, negative slope (up to 20 MHz)

Statistics

Statistics may be applied to all measur-

ing functions, with the exception of Man-

ual Totalize. Volt A max/min is converted

to Volt A p-p before statistics is applied.

Statistics may also be applied on the re-

sult from Mathematics.

If result is frozen with HOLD, all statisti-

cal parameters for the samples can be

recalled.

Max and Min:

Displays maximum and minimum values

of selected sample size.
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Mean and Std Dev.:

Displays calculated arithmetic mean and

standard deviation of selected sample

size.

Sample Size: 1 to 65535 samples.

Mathematics

Mathematics may be applied to all Mea-

suring Functions. Volt A max/min is

converted to Volt A p-p measuring func-

tion before mathematics is applied.

Functions:

(K*X+L)/M or (K/X+L)/M, where X is cur-

rent reading and K, L, and M are

selectable constants

K, L, M Constants:

Set via keyboard, as frozen reference

value from display (X0) or as value from

preceding measurement (Xn–1).

Other Functions

Measuring-Time:

Single cycle, 800 ns, 1.6, 3.2, 6.4,

12.8 �s, and 50 �s to 20s (or to 400s

for some functions). The effective mea-

suring time can be extended through

multiple average measurements, using

the Statistics function. The short mea-

suring times 0.8 to 12.8 �s are only ap-

plicable to frequency and period mea-

surements.

Hold:

Freezes measuring result until a new

measurement is initiated via Restart.

Check:

Applies 10-MHz Timebase Frequency to

the measuring logic.

Mean and Std Dev.:

Displays calculated arithmetic mean and

standard deviation of selected sample

size.

Sample Size: 1 to 2 * 10
9

samples.

Mathematics

Mathematics may be applied to all Mea-

suring Functions. Volt A max/min is con-

verted to Volt A p-p measuring function

before mathematics is applied.

Functions:

(K*X+L)/M or (K/X+L)/M, where X is cur-

rent reading and K, L and M are

selectable constants

K, L, M Constants:

Set via keyboard, as frozen reference

value from display (X0) or as value from

preceding measurement (Xn–1).

Other Functions

Measuring Time:

Single cycle, 80, 160, 320, 640,

1280 ns, and 20 �s to 20s (or to 400s

for some functions). The effective mea-

suring time can be extended through

multiple average measurements, using

the Statistics function. The short mea-

suring times 80 to 1280 ns are only ap-

plicable to frequency and period mea-

surements.

Hold:

Freezes measuring result, until a new

measurement is initiated via Restart.

Check:

Applies 100-MHz Timebase Frequency

to the measuring logic.
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Settings:

20 complete instrument settings can be

saved and recalled from internal

non-volatile memory. 10 memory posi-

tions can be user protected.

Auxiliary Menu: Gives access to addi-

tional functions.

Display:

10-digits LCD with high-luminance

backlight. 2 more digits made visible via

the use of mathematics. Insignificant dig-

its can be blanked

Settings:

20 complete instrument settings can be

saved and recalled from internal

non-volatile memory. 10 memory posi-

tions can be user protected.

Auxiliary Menu: Gives access to addi-

tional functions.

Display:

10-digits LCD with high-luminance

backlight. 2 more digits made visible via

the use of mathematics. Insignificant dig-

its can be blanked
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11-14 Measurement Uncertainties

Measurement
Uncertainties

Time Interval, Pulse Width
and Rise and Fall Time

Total Uncertainty:

Total Random Uncertainty rms:

(250ps Start Trigger Error StopTrigger Error

N

) ( ) ( )
2 2 2
� �

(or minimum 100 ps)

Total Systematic Uncertainty:

�Trigger Level Timing Error

� 1 ns Systematic Error

� 	Time Base Error Time Interval or

Pulse Width or Rise and Fall Time

LSD Displayed:

500 ps

N

Frequency and Period

Total Uncertainty:

Total Random Uncertainty rms:

( ) ( )250 22 2ps StartTriggerError

MeasuringTime

� 	
	

	 Frequency or Period

Total Systematic Uncertainty:

� 	 �

�

Time Base Error Frequency or Period

ps MeasuringT250 / ime

Measurement
Uncertainties

Time Interval, Pulse Width
and Rise and Fall Time

Total Uncertainty:

Total Random Uncertainty rms:

(QE)
2 2 2
� �( ) ( )Start Trigger Error Stop Trigger Error

N

(or minimum 1 ps)

Total Systematic Uncertainty:

�Trigger Level Timing Error

� 500 ps Systematic Error

� 	Time Base Error Time Interval or

Pulse Width or Rise and Fall Time

LSD Displayed:

50 ps

N

Frequency and Period

Total Uncertainty:

Total Random Uncertainty rms:

( ) * ( )QE Start TriggerError

MeasuringTime

2 22�
	

	 Frequency or Period

Total Systematic Uncertainty:

� 	 �

�

Time Base Error Frequency or Period

QE MeasuringTime/
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LSD Displayed:

500 ps Frequency or Period

Measuring Time

	

Ratio f1 / f2

Total Uncertainty:

Total Random Uncertainty rms

( ) ( . )Prescaler Factor f Start Trig Error of f

f M

2
2

1 2

2

2

� 	 	

	 easuring Time

LSD Displayed:

PrescalerFactor

f Measuring Time2 	

Phase

Total Uncertainty:

Total Random Uncertainty rms:

( ) ( . ) ( . )250
2 2 2

ps Start Trig Error Stop Trig Error

N

� �
	

	 	 �Frequency 360

( )or minimum ps Frequency100 360	 	 �

Total Systematic Uncertainty: For

sinewave signals >100 mV rms, and with

trigger levels 0 V (V pk in volt):

� 	 �0 3.
Attenuator setting

V pk of A

Attenuator setting

V pk of B

�

�
��

�

�
��

�

� 	 �0 9.
Attenuator setting

V pk of A

Attenuator setting

V pk of B

�

�
��

�

�
��

�

� 	 	 �1 360ns Systematic Error Frequency

LSD Displayed: 001. �

LSD Displayed:

50 ps Frequency or Period

Measuring Time

	

Ratio f1 / f2

Total Uncertainty:

Total Random Uncertainty rms

( ) ( . )Prescaler Factor f Start Trig Error of f

f M

2
2

1 2

2

2

� 	 	

	 easuring Time

LSD Displayed:

PrescalerFactor

f Measuring Time2 	

Phase

Total Uncertainty:

Total Random Uncertainty rms:

( ) ( . ) ( . )QE Start Trig Error Stop Trig Error

N

2 2 2
� �

	

	 	 �Frequency 360

( * * )or minimum ps Frequency1 360�

Total Systematic Uncertainty: For

sinewave signals with trigger levels 0V (V

pk in volt):

� 	 �0 2.
Attenuator setting

V pk of A

Attenuator setting

V pk of B

�

�
��

�

�
��

�

� 	 	 �500 360ps Systematic Error Frequency

LSD Displayed: 001. �

QE = Quantization error, see page 11-17
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Duty Factor

Total Uncertainty:

Total Random Uncertainty rms:

( ) ( . ) ( . )250
2 2 2

ps Start Trig Error Stop Trig Error

N

� �
	

	 Frequency

(or minimum ps Frequency100 	 )

Total Systematic Uncertainty:

� (Trigger Level Timing Error

� 	1 ns Systematic Error Frequency)

LSD Displayed: 1 * 10
-6

Voltage

Uncertainty for DC:

5.1V Range(1X): � (1% of reading +

30 mV)

51V Range (10X): � (2% of reading +

300 mV)

Uncertainty for > 10 ns Pulses

(per level):

5.1V Range(1X): � (1% of reading + 5%

of V p-p + 30 mV)

51V Range(10X): � (2% of reading + 5%

of V p-p + 300 mV)

Uncertainty for sinewave (V p-p):

5.1V range: <50 MHz: � (6% of V p-p +

30 mV)

>50 MHz: �(25% of V p-p + 30mV)

51V range: <50 MHz: � (10% of V p-p +

300mV)

Duty Factor

Total Uncertainty:

Total Random Uncertainty rms:

( ) ( . ) ( . )QE Start Trig Error Stop Trig Error

N

2 2 2
� �

	

	 Frequency

(or minimum ps Frequency1 	 )

Total Systematic Uncertainty:

� (Trigger Level Timing Error

� 	500 ps Systematic Error Frequency)

LSD Displayed: 1 * 10
-6

Voltage

Uncertainty for DC:

5V Range(1X): � (1% of reading + 4 mV)

50V Range (10X): � (2% of reading +

40 mV)

Uncertainty for > 10 ns Pulses

(per level):

5V Range(1X): � (1% of reading + 5% of

V p-p + 4 mV)

50V Range(10X): � (2% of reading + 5%

of V p-p + 40 mV)

Uncertainty for sinewave (V p-p):

5V range: <30 MHz � (6% of V p-p

+4 mV

>30 MHz � (25% of V p-p +4 mV)

50V range: <30 MHz � (10% of V p-p

+40mV)

QE = Quantization error, see page 11-17
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Definitions of
Random
Uncertainty Terms
Random uncertainty is due to quantization er-

rors, internal and external noise. The random

uncertainty can be reduced to <1*10
–10

or

<100 ps as residual time uncertainty, by in-

creasing the measuring time.

N (Number of samples):

Frequency <2 kHz: Measuring Time *

Freq/2.

Frequency >2 kHz: Measuring Time *

1 000

Prescaler Factor:

Input A, B: 1

Input C: 16

Trigger Error

Trigger error is an input signal depend-

ent random uncertainty caused by exter-

nal and/or internal noise, thereby result-

ing in too early or too late start- and

stop-triggering. Start/Stop trigger errors:

( ) ( )

( )

Vnoise input Vnoise signal

Signal slew rate V
s

� � �2 2

at trigger point
rms

Definitions of
Random
Uncertainty Terms
Random uncertainty is due to quantization er-

rors, internal and external noise. The random

uncertainty can be reduced to <2.5*10
–12

or

<1 ps as residual time uncertainty, by increas-

ing the measuring time.

QE (Quantization Errors):

10�C to 40�C: 50 ps rms

0�C to 10�C, 40�C to 50�C: 75 ps rms

N (Number of samples):

Frequency <12 kHz: Meas. Time *

Freq/2.

Frequency >12 kHz: Measuring Time *

6 000

Prescaler Factor:

Input A, B: 1

Input C: 32

Trigger Error

Trigger error is an input signal depend-

ent random uncertainty caused by exter-

nal and/or internal noise, thereby result-

ing in too early or too late start- and

stop-triggering. Start/Stop trigger errors:

( ) ( )

( )

Vnoise input Vnoise signal

Signal slew rate V
s

� � �2 2

at trigger point
rms
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11-18 Definitions of Systematic Uncertainty Terms

Vnoise-input: 200 �V rms typical

Vnoise-signal:The rms noise of the input

signal over a 225 MHz bandwidth.

Definitions of
Systematic
Uncertainty Terms
Systematic uncertainties can be mea-

sured and compensated for by inserting

external delays or using internal math

functions to provide nulling.

Trigger Level Timing Error

This timing error is due to trigger level

setting error, input amplifier hysteresis

and input signal slew rate, and causes

start- and stop- trigger level timing error.

Time Interval, Pulse Width, Rise and

Fall Time, Duty Factor (1X):

�
�20 1mV of set trigger level V

Slewrate at start triV
s

% ( )

( ) gger point

�
�20 1mV of set trigger level V

Slew rate at stop trigV
s

% ( )

( ) ger point

�

�

�

15

15

mV

Slewrate at start trigger point

mV

Slewrate

V
s

( )

( )V
s

at stop trigger point

�

�

�
�
�
�

�

�

�
�
�
�

Vnoise-input: 100 �V rms typical

Vnoise-signal:The rms noise of the input

signal over a 300 MHz bandwidth.

Definitions of
Systematic
Uncertainty Terms
Systematic uncertainties can be mea-

sured and compensated for by inserting

external delays or using internal math

functions to provide nulling.

Trigger Level Timing Error

This timing error is due to trigger level

setting error, input amplifier hysteresis

and input signal slew rate, and causes

start- and stop- trigger level timing error.

Time Interval, Rise and Fall Time (1X):

�
�4 1mV of set trigger level V

Slewrate at start trigV
s

% ( )

( ) ger point

�
�4 1mV of set trigger level V

Slew rate at stop triggV
s

% ( )

( ) er point

Pulse Width, Duty Factor (1X):

�
�4 1mV of set trigger level V

Slewrate at start trigV
s

% ( )

( ) ger point

�
�4 1mV of set trigger level V

Slew rate at stop triggV
s

% ( )

( ) er point

�

�

�

10

10

mV

Slewrate at start trigger point

mV

Slewrate

V
s

( )

( )V
s

at stop trigger point

�

�

�
�
�
�

�

�

�
�
�
�
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1 ns Systematic Error:

The 1 ns Systematic Error is due to

inter-channel asymmetry and varies with

the selection of measuring mode and in-

put trigger settings. Typical error is

<500 ps, (identical input signal, trigger

level and slope in Time Interval A to B).

Timebase Error:

See Timebase specifications on page

10-3 for frequency deviation due to aging

and temperature dependency. Error due

to line voltage fluctuation is negligible.

Multiply the relative time base errors

( )
�f

f
by the measurement result to yield

the absolute error for that measurement.

LSD Displayed
Unit value of Least-Significant Digit

(LSD) displayed. After calculation, the

LSD values are rounded to the nearest

decade before display (for example

�0.5 Hz will be 1 Hz and < 0.5 Hz will be

0.1 Hz). Measuring times >1s can give

significance in >10 digits.

The 11th and 12th digits can be dis-

played by subtracting the two most sig-

nificant digits using mathematics.

Up to 12 digits mantissa is available over

the GPIB interface. LSD blanking is

available to reduce displayed resolution.

500 ps Systematic Error:

The 500 ps Systematic Error is due to

inter-channel asymmetry and varies withr

the selection of measuring mode and in-

put trigger settings. Typical error is

<300 ps, (identical input signal, trigger

level and slope in Time Interval A to B).

Timebase Error:

See Timebase specifications on page

10-3 for frequency deviation due to aging

and temperature dependency. Error due

to line voltage fluctuation is negligible.

Multiply the relative time base errors

( )
�f

f
by the measurement result to yield

the absolute error for that measurement.

LSD Displayed
Unit value of Least-Significant Digit

(LSD) displayed. After calculation, the in-

dicated LSD values are rounded to the

nearest decade before display (for exam-

ple �0.5 Hz will be 1 Hz and <0.5 Hz will

be 0.1 Hz). Measuring times >0.1s can

give significance in >10 digits.

The 11th and 12th digits can be dis-

played by subtracting the two most sig-

nificant digits using mathematics.

Up to 12 digits mantissa is available over

the GPIB interface. LSD blanking is

available to reduce displayed resolution.
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General
Specifications

Environmental Data

MIL-T-28000E for Type III, Class 3, Style

D.

Temperature:

Operating: 0�C to +55�C

Storage: –40�C to +70�C

Humidity: 95% RH, 0�C to 30�C

Altitude:

Operating: Up to 4600m (15 000 ft)

Non-operating: Up to 12 000m (40 000 ft)

Vibration: 3G at 55 Hz per MIL-T-28800D

Shock: Half-sine 40G per MIL-T-28800D.

Bench handling. Shipping container.

Reliability: MTBF 30 000 h (calculated)

Safety: EN 61010, CAN/CSA-C22.2 No.

1010.1-92

EMC: EN 55011 Group 1 Class B, EN

50082-1, FCC Part 15J Class A

General
Specifications

Environmental Data

MIL-T-28000E for Type III, Class 3, Style

D.

Temperature:

Operating: +5�C to +45�C
Fan is standard

Storage: –40�C to +70�C

Humidity:0 95% RH, 0�C to 30�C

Altitude:

Operating: Up to 4600m (15 000 ft)

Non-operating: Up to 12 000m (40 000 ft)

Vibration: 3G at 55 Hz per MIL-T-28800D

Shock: Half-sine 40G per MIL-T-28800D.

Bench handling. Shipping container.

Reliability: MTBF 30 000 h (calculated)

Safety: EN 61010, CAN/CSA-C22.2 No.

1010.1-92

EMC: EN 55011 Group 1 Class B, EN

50082-1, FCC Part 15J Class A



11-21 General Specifications

CNT-80 Specifications CNT-81

Power Requirements

90 V rms to 265 V rms, 45 to 440 Hz,

30W

Dimensions and Weight

Width: 315 mm (12.4 in),

Height: 86 mm (3.4 in),

Depth: 395 mm (15.6 in)

Weight: Net 4 kg (8.5 lb),

Shipping 7 kg (15 lb).

Power Requirements

CNT-81: 90V rms to 265V rms, 45 Hz to

440 Hz, <35W

CNT-81R: 90V rms to 265V rms, 45 Hz to

440 Hz,

<100 W during warm-up (5 min)

<47 W during normal operation

Dimensions and Weight

Width: 315 mm (12.4 in),

Height: 86 mm (3.4 in),

Depth: 395 mm (15.6 in)

Weight CNT-81: Net 4 kg (8.5 lb),

Shipping 7 kg (15 lb)

Weight CNT-81R: Net 4.8 kg (10.5 lb),

Shipping 7.8 kg (16.8 lb)
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11-22 GPIB Interface

GPIB Interface
Programmable Functions: All front

panel accessible functions including AUX

MENU

Compatibility: IEEE 488.2-1987,

SCPI 1991.0

Interface Functions: SH1, AH1, T6, L4,

SR1, RL1, DC1, DT1, E2

Measurement Rate*):

Measure/Store Internally: Up to 2k read-

ings/s (250 ps resolution)

Internal Memory Size: Up to 2600 read-

ings

Trigger/Measure/Transfer: Up to 125

readings/s

Program /Measure/Transfer: Up to 30

readings/s

Data Output Format: ASCII, IEEE dou-

ble precision floating point

Timeout: 100 ms to 25.5s in 100 ms

steps, or off
*)

Depending on measurement function and

internal data format.

GPIB Interface
Programmable Functions: All front

panel accessible functions including AUX

MENU

Compatibility: IEEE 488.2-1987,

SCPI 1991.0

Interface Functions: SH1, AH1, T6, L4,

SR1, RL1, DC1, DT1, E2

Time Stamping: 125 ns resolution

Measurement Rate*):

Measure/Store Internally: Up to 8k read-

ings/s (50 ps resolution)

Up to 20k readings/s (80 ns resolution)

Continuous Single-Period: Up to 40k

readings/s (200 ns resolution)

Internal Memory Size: Up to 6100 read-

ings

Trigger/Measure/Transfer: Up to 250

readings/s

Program /Measure/Transfer: Up to 125

readings/s

Data Output Format: ASCII, IEEE dou-

ble precision floating point

Timeout: 64 ms to 400s in 64 ms

steps, or off
*)

Depending on measurement function and internal

data format.
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TimeView
TimeView is a software package that

performs time & frequency analysis on

an IBM PC/AT or compatible with

VGA/EGA monitor.

Data Capture Modes and

Measurement Rate*

Free-Running Measurement:

8k readings/s

Repetitive Sampling: Up to 10 MSa/s

Back-to-Back Period:

Up to 40k readings/s

Waveform Capture:

Yes (vertical sampling)

Instrument Control: All front panel func-

tions and some AUX MENU functions

Data Analysis Features

– Measurement data vs time

– FFT Graph

– Root Allan Variance

– Smoothing function

– Zoom function

– Cursor measurements

– Distribution Histogram

– Setup and Measurement Data

– Archive and Printing

*Depending on measurement function

and internal data format



CNT-80 Specifications CNT-81

11-24 RF Input Options

RF Input Options

(Option 10)

Frequency Range: 100 MHz to 2.7 GHz

Prescaler Factor: 16

Operating Input Voltage Range:

100 to 300 MHz 20 mV rms to 12 V rms

0.3 to 2.5 GHz: 10 mV rms to 12 V rms

2.5 to 2.7 GHz 20 mV rms to 12 V rms

Impedance: 50 � nominal

VSWR: < 2.5:1

Max Voltage Without Damage:

12 V rms during max 60 s,

pin-diode protected

Connector: Type N Female

RF Input Options

(Option 20)

Frequency Range: 100 MHz to 2.7 GHz

Prescaler Factor: 32

Operating Input Voltage Range:

100 to 300 MHz 20 mV rms to 12 V rms

0.3 to 2.5 GHz: 10 mV rms to 12 V rms

2.5 to 2.7 GHz 20 mV rms to 12 V rms

Impedance: 50 � nominal

VSWR: < 2.5:1

Max Voltage Without Damage:

12 V rms during max 60 s,

pin-diode protected

Connector: Type N Female
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Timebase Options

Product family CNT-80/CNT-81/CNT-81R

Model CNT-80/

CNT-81

CNT-80/

CNT-81

CNT-80/

CNT-81

CNT-81R

Option Standard Option 30 Option 40

Timebase type UCXO OCXO OCXO Rubidium

Uncertainty due to:

-Calibration adjustment tolerance @

+23°C � 3°C <1 x 10
-6

<2 x 10
-8

<5 x 10
-9

<5 x 10
-11

-Aging

per 24 h

per month

per year

N.a.

<5 x 10
-7

<5 x 10
-6

1)
<5 x 10

-10

<1 x 10
-8

<7.5 x 10
-8

4)
<1 x 10

-10

<3 x 10
-9

<2 x 10
-8

not specified
2)

<5 x 10
-11

3)
<2 x 10

-10

-Temperature variation:

0°C - 50°C

20°C - 26°C (typ. values)

<1 x 10
-5

<3 x 10
-6

<5 x 10
-9

<6 x 10
-10

<2.5 x 10
-9

<4 x 10
-10

<3 x 10
-10

<2 x 10
-11

-Power voltage variation: �10% <1 x 10
-8

<5 x 10
-10

<5 x 10
-10

<1 x 10
-11

Short term stability:

(Root Allan Variance)

Typical values  = 1 s

 = 10 s not specified

5 x 10
-12

5 x 10
-12

5 x 10
-12

5 x 10
-12

5 x 10
-11

1.5 x 10
-11

Power-on stability:

-Deviation versus final value after 24 h on

time, after a warm-up time of:

not specified

30 min

<1 x 10
-8

10 min

<5 x 10
-9

10 min

<4 x 10
-10

10 min

Time to lock @ 25°C (CNT-81R only) n.a. n.a. n.a. approx. 5 min

Total uncertainty, for operating tem-

perature 0°C to 50°C, @ 2� (95 %) confi-

dence interval:

-1 year after calibration

-2 years after calibration

<1.2 x 10
-5

<1.5 x 10
-5

<1 x 10
-7

<2 x 10
-7

<2.5 x 10
-8

<5 x 10
-8

3)

<4 x 10
-10

<6 x 10
-10

Typical total uncertainty, for oper-

ating temperature 20°C to 26°C, @ 2�

(95 %) confidence interval:

-1 year after calibration

-2 years after calibration

<7 x 10
-6

<1.2 x 10
-5

<1 x 10
-7

<2 x 10
-7

<2.5 x 10
-8

<5 x 10
-8

3)

<2.5 x 10
-10

<5 x 10
-10
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Explanations

(See specifications overleaf)

1) after 48 hours of continuous operation

2) after 1 month of continuous operation

3) after 1
st

year, aging during 1
st

year:

<5 x 10
-10

4) after 14 days of continuous operation

UCXO: Un-Compensated X-tal Oscillator

OCXO: Oven Controlled X-tal Oscillator

Calibration adjustment tolerance

The maximal tolerated deviation from

the true 10 MHz frequency after cali-

bration. When the reference fre-

quency does not exceed the toler-

ance limits at the moment of calibra-

tion, an adjustment is not needed.
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Ordering
Information

Basic Model

CNT-80 Basic 250 ps / 225 MHz

Timer/Counter incl. Standard Timebase,

5*10
-7

/month, GPIB interface

RF Input Options *)

Option 10

2.7 GHz Input C, for CNT-80

Timebase Options *)

Option 30 Ovenized Timebase, 1x10
-8

/month

Option 40 Ovenized Timebase, 3x10
-9

/month

Optional accessories

Option 22 Rack-Mount Kit

Option 27 Carrying Case

*) These options are factory installed and must

be ordered together with the CNT-80. They

cannot be customer retrofitted.

Manuals

4031 600 80001

User’s Handbook CNT-80/CNT-81/CNT-81R

Operation and Performance

4031 600 80201

User’s Handbook CNT-80/CNT-81/CNT-85

Programming

Ordering
Information

Basic Models

CNT-81: Basic 50 ps / 300 MHz Timer/Coun-

ter/Analyzer incl. Standard Timebase

5*10–7/month, frequency multiplier for several ex-

ternal reference frequencies (1, 2, 5 or

10 MHz), GPIB interface and Time&Frequency

analysis software (TimeView)

CNT-81R:

CNT-81 + Rubidium Atomic Ref-erence,

5x10
-11

/month

RF Input Options *)

Option 20

2.7 GHz Input C, for CNT-81/CNT-81R

Timebase Options *)

Option 30 Ovenized Timebase, 1x10
-8

/month

Option 40 Ovenized Timebase, 3x10
-9

/month

Optional accessories

Option 22 Rack-Mount Kit

Option 27 Carrying Case

*) These options are factory installed and must

be ordered together with the CNT-81/CNT-81R.

They cannot be customer retrofitted.

Manuals

4031 600 80001

User’s Handbook CNT-80/CNT-81/CNT-81R

Operation and Performance

4031 600 80201

User’s Handbook CNT-80/CNT-81/CNT-85

Programming
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Appendix 1, Error
Messages
If the counter detects an internal error or an

invalid setting, it shows an error message on

the display. This appendix lists all possible er-

ror messages.

If a GPIB is installed in the counter, GPIB er-

ror messages can be displayed in addition to

the messages shown below. When a GPIB er-

ror is placed in the GPIB error queue, the dis-

play shows an error code number which is ex-

plained in Chapter 7 of the Programming

Manual. This error message is removed the

next time the counter uses the display for a

message or a measuring result.

Messages due to False
Settings:

Err. Att10

Attenuator should be in 10X position: The

trigger level input range is limited between

–5.1 and +5.1V if attenuator is in 1X position.

This means that with the attenuator set to 1X,

entering 10V will give Error Att 10.

Err. Chan

Channel: An illegal channel entry for the

measurement function in Auxiliary Codes

Menu

Err. FAIL

Failure: The internal instrument setting is

not valid.

Err. no SAV

No Save: An attempt to recall a memory

that has never been saved

Err. OFLO

Overflow: A math operation in the counter

caused an overflow error.

Err. PrESC

Prescaler: An attempt to use the prescaler

functions without a prescaler.

Err. raNge

Range: An attempt to enter a value above

the maximum or below the minimum limit

was made.

Err. UFLO

Underflow: A math operation in the counter

caused an underflow error.

nO bUS

No Bus: No GPIB interface is installed. Dis-

played if the GPIB board has been removed

from the CNT-80.

nO dATA

No data: An attempt to read statistics data is

made before data is captured.

nO Presc

No Prescaler: No Prescaler is installed.

no SIgnal

No signal: Displayed when measurement is

interrupted by a timeout. Disable Timeout (in

Auxiliary Menu) or set a longer time.

Err. Prot

Protected: An attempt to make a save in a

protected memory position.

OFLO

Overflow: The measurement has been aban-

doned due to an overflow condition.

Messages due to Severe
Errors:

Err. ASIC

ASIC: Displayed when a Measuring Logic

Circuits failure has been detected.
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Error RAM XXXXh: Displayed in case of

a RAM test failure. XXXXh is the hexadeci-

mal address where failure is detected first.

Err. rO

ROM: Displayed in case of a ROM test

failure.

Err. UPrOC

Microprocessor: Displayed when an error

is detected in the microprocessor’s internal

RAM, timers, or I/O port.

ZCAL. LOSTZ

Calibration data lost: Press any key to get

default calibration constants. No bus com-

mand can be used to bypass this message, you

must use the front panel.

Probable cause for this message is that the in-

ternal backup battery is discharged. Contact

your local Service Center for recalibration.

� Power on self test error

numbers in the CNT-81/

CNT-81R

Contact Service Center for repair.

Processor ram error 100

Processor timer error 200

Prom checksum error 300

Display driver error 40x

Ram error 60x

Asic error 7xx

Asic measurement failed to stop 700

Asic holdoff meas: word2>0 701

Asic holdoff meas: word1 bad 702

Asic meas failed to stop (min t) 703

Asic x and y chains not same 704

Asic ipol not ready after init 710

Asic ipol not fin (single per) 711

Asic ipol not fin (min meas t) 712

Asic ipol value out of bounds 713

Asic 502 register did not clear 720

Asic 502 start w/o trig 721

Asic 502 bad holdoff meas 722

Asic 504 register did not clear 740

Asic 504 bad measurement count 741
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A
About TimeView . . . . . . . . . . . . . . . 8-38
AC/DC coupling. . . . . . . . . . . . . . . . . 3-6
Accuracy of the FFT . . . . . . . . . . . . 8-34
Activate the menu bar . . . . . . . . . . . . 8-9
Address

Reading the GPIBAddress. . . . . . 7-5
Adjustments

timebase . . . . . . . . . . . . . . . . . . 10-2
Air flow . . . . . . . . . . . . . . . . . . . . . . 1-11
Aliasing . . . . . . . . . . . . . . . . . . . . . . 8-31
AM modulated signals . . . . . . . . . . . 4-10
Analog output . . . . . . . . . . . . . . . . 11-20

switching on via aux-code . . . . . 7-14
using . . . . . . . . . . . . . . . . . . . . . . 7-9

Aperture
SEE Measuring time

Applications. . . . . . . . . . . . . . . . . . . . 8-2
Arming. . . . . . . . . . . . . . . . . . . 8-19,8-24

delay . . . . . . . . . . . . . . . . . . . 5-4,7-8
description . . . . . . . . . . . . . . . . . . 5-9
examples. . . . . . . . . . . . . 5-14 - 5-28
indication . . . . . . . . . . . . . . . . . . 2-10
Input (E). . . . . . . . . . . . . . . . . . . . 2-5
manually . . . . . . . . . . . . . . . . . . . 5-9
setup time . . . . . . . . . . . . . . . . . 5-13
specification. . . . . . . . . . . . . . . . 11-9
start . . . . . . . . . . . . . . . . . . . . . . . 7-8
stop . . . . . . . . . . . . . . . . . . . . . . . 7-8
sync. delay. . . . . . . . . . . . . . . . . 5-11

Arming delay mode . . . . . . . . . . . . . 8-20
Arming input . . . . . . . . . . . . . . . . . . 8-20
Arming slope . . . . . . . . . . . . . . . . . . 8-20
Attenuation . . . . . . . . . . . . . . . . 2-4,8-18
Attenuator

used to reduce noise . . . . . . . . . . 3-9
Auto. . . . . . . . . . . . . . . . . . . . . . 8-9,8-18

timeout. . . . . . . . . . . . . . . . . . . . 4-11
Auto Low . . . . . . . . . . . . . . . . . . . . . . 3-3
Auto once . . . . . . . . . . . . . . . . . . . . . 3-4
Auto Scale. . . . . . . . . . . . . . . . . . . . 8-12
Auto trigger . . . . . . . . . . . . . 3-9,4-16,6-5

Converting Auto levels to Manual 3-4
High-speed voltage mode . . . . . 7-14
how to use . . . . . . . . . . . . . . . . . . 3-9
on only one input . . . . . . . . . . . . 7-15
time to determine levels. . . . . . . . 3-3

Auto-calibration . . . . . . . . . . . . . . . . 7-14
Aux

annunciator . . . . . . . . . . . . . . . . . 7-2
codes. . . . . . . . . . . . . . . . . . . . . 7-12
indication . . . . . . . . . . . . . . . . . . 2-10
menu description. . . . . . . . 7-2 - 7-16
Sample size for statistics . . . . . . . 6-5

Average. . . . . . . . . . . . . . . . . . . . . . . 6-2
mode . . . . . . . . . . . . . . . . . . . . . 7-14

Averaging . . . . . . . . . . . . . 4-12,6-2,8-17

B
Backup copy . . . . . . . . . . . . . . . . . . . 8-3
Battery

replacement of backup . . . . . . . . . 10-4
safety when handling . . . . . . . . . . . 1-7

Bin size . . . . . . . . . . . . . . . . . . . . . . 8-29
Bin unit . . . . . . . . . . . . . . . . . . . . . . 8-29
Bins . . . . . . . . . . . . . . . . . . . . . . . . . 8-28
Blank digits . . . . . . . . . . . . . . . . . 5-5,7-7
Block Delay Time . . . . . . . . . . . . . . 8-23
Burst

Frequency (CW). . . . . . . . . . . . 4-5,7-5
indication . . . . . . . . . . . . . . . . . . . 2-10
PRF . . . . . . . . . . . . . . . . . . . . . . . . 4-7

Bursts . . . . . . . . . . . . . . . . . . . . . . . 8-26

Index

A - B II



C
Calibration. . . . . . . . . . . . . . . 10-2 - 10-3

intervals . . . . . . . . . . . . . . . . . . . . 10-2
Capture . . . . . . . . . . . . . . . . . 8-23 - 8-27
Capture Free-running measurement 8-15
Capture Free-running menu . . 8-15,8-23
Capture Repetitive sampling data . . 8-15
Capture Repetitive sampling data menu

8-15
Capture Repetitive sampling menu 8-25
Carrier frequency. . . . . . . . . . . . . . . 8-30
Carrier wave frequency AM. . . . . . . 4-10
Carrier wave frequency FM. . . . . . . . 4-8
Caution statements . . . . . . . . . . . . . . 1-7
CEC interface . . . . . . . . . . . . . . . . . . 8-5
Change the exponent . . . . . . . . . . . . 8-9
Channel

SEE Input
Channel B measurements. . . . . . . . 8-16
Common via A. . . . . . . . . . . . . . . . . 8-19
Confidence Limits . . . . . . . . . . . . . . . 6-7
CONFIG.SYS . . . . . . . . . . . . . . . . . . 8-5
Configuration file . . . . . . . . . . . . . . . . 8-4
Configuring TimeView. . . . . . . . 8-6 - 8-7
Constants . . . . . . . . . . . . . . . . . . . . . 6-3
Cooling . . . . . . . . . . . . . . . . . . . . . . 1-11
Count error, +-1 cycle . . . . . . . . . . . 4-11
Counter Setting menu . . . . . . 8-15 - 8-16
Counting

reciprocal . . . . . . . . . . . . . . . . . . . 4-11
Coupling . . . . . . . . . . . . . . . . . . . . . 8-18
Crystal oscillators

calibration . . . . . . . . . . . . . . . . . . . 10-2
Cursor data area. . . . . . . . . . . . 8-8 - 8-9
Cursor movements . . . . . . . . . 8-9 - 8-10
Cursors . . . . . . . . . . . . . . . . . . . . . . 8-31
CW

AM . . . . . . . . . . . . . . . . . . . . . . . . 4-10
burst . . . . . . . . . . . . . . . . . . . . . . . . 7-5

D
DATA ENTRY keys . . . . . . . . . . . . . . 2-3
Data files . . . . . . . . . . . . . . . . . . . . . 8-37
Data range . . . . . . . . . . . . . . . . . . . 8-28
DC coupling. . . . . . . . . . . . . . . . . . . . 3-6
Default counter setting . . . . . . . . . . 8-22

Delay
arming sync. . . . . . . . . . . . . . . . . . 5-11

Delayed timebase . . . . . . . . . . . . . . . 5-4
Detecting modulation. . . . . . . . . . . . 8-30
Digit blanking . . . . . . . . . . 5-5 - 5-12,7-7
Digital Low-pass Filter . . . . . . . . . . . . 3-6
Dimensions . . . . . . . . . . . . . . . . . . 11-19
Display

hold key . . . . . . . . . . . . . . . . . . . . . 2-7
offset with MATH . . . . . . . . . . . . . . 5-5

Display hold. . . . . . . . . . . . . . . . . 5-3,5-9
Display time. . . . . . . . . . . . . . . . . 5-2,5-6
Distortion . . . . . . . . . . . . . . . . . . . . . 3-10
Distribution histogram . . . . . . . . . . . 8-28
Documentation . . . . . . . . . . . . . . . . . 8-2
DOS 5 . . . . . . . . . . . . . . . . . . . . . . . . 8-6
DOS Shell . . . . . . . . . . . . . . . . . . . . 8-39
Dot matrix printers. . . . . . . . . . . . . . . 8-7
Drift . . . . . . . . . . . . . . . . . . . . . . 6-6,8-28

SEE ALSO Long time instability
Drift measurements . . . . . . . . . . . . . 5-26
Duty cycle

SEE Duty factor
Duty Factor

uncertainty . . . . . . . . . . . . . . . . . 11-14

E
Earthing

SEE Grounding
EMM386 . . . . . . . . . . . . . . . . . . . . . . 8-6
End of a measurement . . . . . . . . . . . 5-6
END-key . . . . . . . . . . . . . . . . . . . . . . 8-9
Erroneous counts . . . . . . . . . . . . . . . 3-9
Error

Messages . . . . . . . . . . . . . . . . . . . 12-2
Error ASIC. . . . . . . . . . . . . . . . . . . . 12-2
Error Failure . . . . . . . . . . . . . . . . . . 12-2
Error NO TRIG . . . . . . . . . . . . . . . . 4-12
Error Prescaler . . . . . . . . . . . . . . . . 12-2
Error Protect . . . . . . . . . . . . . . . . . . 12-2
Error RAM XXXXh. . . . . . . . . . . . . . 12-3
Error Range. . . . . . . . . . . . . . . . . . . 12-2
Error ROM. . . . . . . . . . . . . . . . . . . . 12-3
Event count . . . . . . . . . . . . . . . . . . . 8-20
Event counting mode. . . . . . . . . . . . 7-14
Examples

arming . . . . . . . . . . . . . . . . 5-14 - 5-28
Exit . . . . . . . . . . . . . . . . . . . . . . . . . 8-39
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Expanded Memory manager . . . . . . . 8-6
Exponent

indication . . . . . . . . . . . . . . . . . . . . 2-9
setting. . . . . . . . . . . . . . . . . . . . . . . 2-3

EXT ARM
SEE External Arming

Ext Ref
key . . . . . . . . . . . . . . . . . . . . . . . . . 2-4

External arming . . . . . . . . . . . . . . . . 8-19
Input test. . . . . . . . . . . . . . . . . . . . 9-13

External gate . . . . . . . . . . . . . . . . . . . 5-9
External Reference

Checking . . . . . . . . . . . . . . . . . . . 9-13

F
F1 . . . . . . . . . . . . . . . . . . . . . . . . . . 8-14
Fall-time

uncertainty . . . . . . . . . . . . . . . . . 11-12
Fan

replacement . . . . . . . . . . . . . . . . . 10-4
Fast Fourier transform . . . . . 8-30 - 8-35
Fast variations in the signal. . . . . . . 8-17
Features . . . . . . . . . . . . . . . . . . . . . . 8-2
FFT . . . . . . . . . . . . . . . . . . . . . . . . . 8-15
FFT menu . . . . . . . . . . . . . . . . . . . . 8-15
FFT menu.. . . . . . . . . . . . . . . . . . . . 8-30
FFT size . . . . . . . . . . . . . . . . . . . . . 8-31
Fields containing strings . . . . . . . . . . 8-9
File format . . . . . . . . . . . . . . . . . . . . 8-37
Filter . . . . . . . . . . . . . . . . . . . . . . . . 8-18

analog. . . . . . . . . . . . . . . . . . . . . . . 3-5
digital . . . . . . . . . . . . . . . . . . . . . . . 3-5

Filter on/off . . . . . . . . . . . . . . . . . . . . 2-4
Finding Modulations . . . . . . . . . . . . 8-17
Firmware release

SEE Program version
Fixed

timeout . . . . . . . . . . . . . . . . . . . . . 4-11
Fixed triggerlevels . . . . . . . . . . . . . . . 3-4
FM signals. . . . . . . . . . . . . . . . . . . . . 4-8
FM-modulated signals . . . . . . . . . . . 8-28
Fold-down Support . . . . . . . . . . . . . 1-12
Formula . . . . . . . . . . . . . . . . . . . . . 11-10
Free-running . . . . . . . . . . . . . . . . . . 8-34

measurements . . . . . . . . . . . . 5-6,5-26
Free-running measurement. . . . . . . 8-23
Freeze display. . . . . . . . . . . . . . . . . . 2-7
Freezing the display

SEE Display hold
Frequency. . . . . . . . . . . . . . . . 4-3 - 4-13

burst . . . . . . . . . . . . . . . . . . . . . . . . 7-5
Range test . . . . . . . . . . . . . . . . . . . 9-7
ratio . . . . . . . . . . . . . . . . . . . . . . . . 4-4
uncertainty . . . . . . . . . . . . . . . . . 11-12

Frequency deviation . . . . . . . . . . . . 8-30
Frequency Range . . . . . . . . . . . . . . 11-5
Frequency versus time

SEE Profiling
Function . . . . . . . . . . . . . . . . . . . . . . 2-3

period . . . . . . . . . . . . . . . . . . . . . . . 4-4
ratio . . . . . . . . . . . . . . . . . . . . . . . . 4-4
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Service



Sales and Service office

For additional product information, customer support and service, please con-
tact Pendulum Instruments AB at the following address:

Pendulum Instruments AB

Box 20020

SE-161 02 Bromma

Sweden

Visiting address:

Karlsbodavägen 39, Bromma

Delivery address:

Adolfsbergsvägen 2, SE-168 66 Bromma

Phone: +46 (0)8 5985 1000

Fax: +46 (0)8 5985 1040

Email: info@pendulum.se

Internet: www.pendulum.se

II



III

GUARANTEE STATEMENT

This guarantee is in addition to all rights which the buyer may have against his supplier under the

sales agreement between the buyer and the supplier and according to local legislation.

Pendulum Instruments AB guarantees this product to be free from defects in material and work-

manship under normal use and service for a period of eighteen (18) months from the date of ship-

ment. This guarantee does not cover possible required re-calibration actions and/or standard

maintenance actions. This guarantee extends only to the original end purchaser and does not ap-

ply to fuses, batteries, power adapters, or to any product or part thereof that has been misused, al-

tered, or has been subjected to abnormal conditions of operation and handling. Pendulum Instru-

ments’ obligation under this guarantee is limited to repair or replace a product that is returned to

the factory within the guarantee period, provided that Pendulum Instruments determines that the

product is defective and that the failure has not been caused by misuse, alteration or abnormal

operation. If a failure occurs, send the product, transportation prepaid, to

Pendulum Instruments AB

Adolfsbergsvägen 2

SE-168 66 Bromma

Sweden

with a description of the malfunction. At Pendulum Instruments’ option, repairs will be made or

the product replaced. Pendulum Instruments shall return the repaired or replaced product to the

Buyer, transportation prepaid. However, the Buyer shall pay all shipping charges, duties and

taxes for products returned to Pendulum Instruments from another country. Pendulum Instru-

ments assumes no risk for damage in transit.

Disclaimer

The foregoing guarantee is exclusive and is in lieu of all other guarantees, expressed or implied,

including but not limited to any implied guarantee of merchantability, fitness, or adequacy for

any particular purpose or use. We shall not be liable for any direct, indirect, special, incidental,

or consequential damages, whether based on contract, tort, or otherwise.
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