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VIII

GENERAL INFORMATION

About this Manual

This man ual con tains di rec tions for use that ap ply to the Timer/Coun ter/An a lyz ers CNT-90 and
CNT-91 as well as the Fre quency Cal i bra tor/An a lyzer CNT-91R and the Mi cro wave Coun -
ter/An a lyzer CNT-90XL.

In or der to sim plify the ref er ences, these instruments are fur ther re ferred to through out this man -
ual as the '9X', when ever the in for ma tion ap plies to all types. Dif fer ences are clearly marked.

Ex am ples:

• CNT-90/91 means CNT-90 and CNT-91

• CNT-91(R) means CNT-91 and CNT-91R

Chap ter 8, Spec i fi ca tions is di vided into three sep a rate sec tions to in crease leg i bil ity. Much of
the con tents is com mon, so re dun dant data is the price in this case.

Warranty

The War ranty State ment is part of the folder Im por tant In for ma tion that is in cluded with the
ship ment.

Declaration of Conformity

The com plete text with for mal state ments con cern ing prod uct iden ti fi ca tion, man u fac turer and
stan dards used for type test ing is avail able on re quest.
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Preface

Introduction
Con grat u la tions on your choice of in stru ment.
It will serve you well and stay ahead of most
com pe ti tion for many years to come.

Your instrument is de signed to bring you a
new di men sion to bench-top and sys tem
count ing. It gives sig nif i cantly in creased per -
for mance com pared to tra di tional
Timer/Coun ters. The '9X' of fers the fol low ing
ad van tages:

– 12 dig its of fre quency res o lu tion per sec -
ond and 100 ps res o lu tion, as a re sult of
high-res o lu tion in ter po lat ing re cip ro cal
count ing.

– Op tional oven-con trolled timebase os cil la -
tors, ex cept the CNT-91R, which has a
fixed ul tra-sta ble ru bid ium oscillator.

– CNT-90, CNT-91(R):
A va ri ety of RF prescaler op tions with up -
per fre quency lim its rang ing from 3 GHz
to 20 GHz.

– CNT-90XL:
A num ber of mi cro wave in puts with up per 
fre quency lim its rang ing from 27 GHz to
60 GHz.

– CNT-90(XL):
Op tional built-in Li-Ion bat tery sup ply re -

al izes in stant high-prescision mea sure -
ments in the field and true UPS op er a tion.

– In te grated high per for mance GPIB in ter -
face us ing SCPI com mands.

– A fast USB in ter face that re places the tra -
di tional but slower RS-232 se rial in ter face.

– Timestamping; the coun ter re cords the rel -
a tive po si tion in time of mea sure ments
with high res o lu tion and ac cu racy.

– A high mea sure ment rate of up to
250 k readings/s to in ter nal mem ory.

Powerful and Versatile
Functions

A unique per for mance fea ture in your new in -
stru ment is the com pre hen sive arm ing pos si -
bil i ties, which al low you to char ac ter ize vir tu -
ally any type of com plex sig nal con cern ing
fre quency and time. 

For in stance, you can in sert a de lay be tween
the ex ter nal arm ing con di tion and the ac tual
arm ing of the coun ter. Read more about Arm -
ing in Chap ter 5, “Mea sure ment Con trol”.

In ad di tion to the tra di tional mea sure ment
func tions of a timer/coun ter, these in stru ments 
have a mul ti tude of other func tions such as
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phase, duty fac tor, rise/fall-time and peak
volt age. The coun ter can per form all
measurement func tions on both main in puts
(A & B). Most mea sure ment func tions can be
armed, ei ther via one of the main in puts or via 
a sep a rate arm ing chan nel (E).

By us ing the built-in math e mat ics and sta tis -
tics func tions, the in stru ment can pro cess the
mea sure ment re sults on your bench top, with -
out the need for a con trol ler. Math func tions
in clude in ver sion, scal ing and off set. Sta tis tics 
func tions in clude Max, Min and Mean as well
as Stan dard and Allan De vi a tion on sam ple
sizes up to 2*109.

No Mistakes

You will soon find that your in stru ment is
more or less self-ex plan a tory with an in tu itive
user in ter face. A menu tree with few lev els
makes the timer/coun ter easy to operate. The
large backlit graphic LCD is the cen ter of in -
for ma tion and can show you sev eral sig nal pa -
ram e ters at the same time as well as set ting
sta tus and op er a tor mes sages.

Sta tis tics based on mea sure ment sam ples can
eas ily be pre sented as his to grams or trend
plots in ad di tion to stan dard nu mer i cal mea -
sure ment results like max, min, mean and
stan dard deviation.

The AUTO func tion trig gers au to mat i cally on
any in put wave form. A bus-learn mode sim -
pli fies GPIB pro gram ming. With bus-learn
mode, man ual coun ter set tings can be trans -
ferred to the con trol ler for later re pro gram -
ming. There is no need to learn code and syn -
tax for each in di vid ual coun ter set ting if you
are an oc ca sional bus user.

Design Innovations

State of the Art Technology
Gives Durable Use

These coun ters are de signed for qual ity and
du ra bil ity. The de sign is highly in te grated.
The dig i tal count ing cir cuitry con sists of just
one cus tom-de vel oped FPGA and a 32-bit
microcontroller. The high in te gra tion and low
com po nent count re duces power con sump tion
and re sults in an MTBF of 30,000 hours.
Mod ern sur face-mount tech nol ogy en sures
high pro duc tion qual ity. A rug ged me chan i cal
con struc tion, in clud ing a metal cab i net that
with stands me chan i cal shocks and pro tects
against EMI, is also a valu able fea ture.

High Resolution

The use of re cip ro cal in ter po lat ing count ing
in this new coun ter re sults in ex cel lent rel a tive 
res o lu tion: 12 dig its/s for all fre quen cies.

The mea sure ment is syn chro nized with the in -
put cy cles in stead of the timebase. Si mul ta -
neously with the nor mal “dig i tal” count ing,
the coun ter makes an a log mea sure ments of
the time be tween the start/stop trig ger events
and the next fol low ing clock pulse. This is
done in four iden ti cal cir cuits by charg ing an
in te grat ing ca pac i tor with a con stant cur rent,
start ing at the trig ger event. Charg ing is
stopped at the lead ing edge of the first fol low -
ing clock pulse. The stored charge in the in te -
grat ing ca pac i tor rep re sents the time dif fer -
ence be tween the start trig ger event and the
lead ing edge of the first fol low ing clock pulse. 
A sim i lar charge in te gra tion is made for the
stop trig ger event.

When the “dig i tal” part of the mea sure ment is
ready, the stored charges in the ca pac i tors are
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mea sured by means of An a log/Dig i tal
Converters.

The coun ter’s mi croprocessor cal cu lates the
re sult af ter com plet ing all mea sure ments, i.e.
the dig i tal time mea sure ment and the an a log
in ter po la tion mea sure ments.

The re sult is that the ba sic “dig i tal res o lu tion”

of ± 1 clock pulse (10 ns) is re duced to
100 ps for the CNT-90 and 50 ps for the
CNT-91(R).

Since the mea sure ment is syn chro nized with
the in put sig nal, the res o lu tion for fre quency
mea sure ments is very high and in de pend ent of 
fre quency.

The coun ters have 14 dis play dig its to en sure
that the dis play it self does not re strict the res -
o lu tion.

Remote Control
This in stru ment is pro gram ma ble via two in -
ter faces, GPIB and USB.

The GPIB in ter face of fers full gen eral func -
tion al ity and compliance with the lat est stan -
dards in use, the IEEE 488.2 1987 for HW and 
the SCPI 1999 for SW.

In ad di tion to this 'na tive' mode of op er a tion
there is also a sec ond mode that em u lates the
Agilent 53131/132 com mand set for easy ex -
change of in stru ments in op er a tional ATE
systems.

The USB in ter face is mainly in tended for the
lab en vi ron ment in con junc tion with the op -
tional TimeView™ anal y sis soft ware. The
com mu ni ca tion pro to col is a pro pri etary ver -
sion of SCPI.

Fast GPIB Bus

These coun ters are not only ex tremely pow er -
ful and ver sa tile bench-top in stru ments, they
also fea ture ex traor di nary bus prop er ties.

The bus trans fer rate is up to 2000 trig gered
mea sure ments/s. Ar ray mea sure ments to the
in ter nal mem ory can reach 250 k mea sure -
ments/s.

This very high mea sure ment rate makes new
mea sure ments pos si ble. For ex am ple, you can
per form jit ter anal y sis on sev eral tens of thou -
sands of pulse width mea sure ments and cap -
ture them in a sec ond. 

An ex ten sive Pro gram mer's Hand book helps
you un der stand SCPI and coun ter pro gram -
ming.

The coun ter is easy to use in GPIB en vi ron -
ments. A built-in bus-learn mode en ables you
to make all coun ter set tings man u ally and
trans fer them to the con trol ler. The re sponse
can later be used to re pro gram the coun ter to
the same set tings. This elim i nates the need for 
the oc ca sional user to learn all in di vid ual pro -
gram ming codes.

Com plete (man u ally set) coun ter set tings can
also be stored in 20 in ter nal mem ory lo ca tions 
and can eas ily be re called on a later oc ca sion.
Ten of them can be user pro tected.
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Safety

Introduction
Even though we know that you are ea ger to
get go ing, we urge you to take a few min utes
to read through this part of the in tro duc tory
chap ter care fully be fore plug ging the line con -
nec tor into the wall out let.

This in stru ment has been de signed and tested
for Mea sure ment Cat e gory I, Pollution Degree 
2, in ac cor dance with EN/IEC 61010-1:2001
and CAN/CSA-C22.2 No. 61010-1-04 (in -
clud ing ap proval). It has been sup plied in a
safe con di tion.

Study this man ual thor oughly to ac quire ad e -
quate knowl edge of the in stru ment, es pe cially
the sec tion on Safety Pre cau tions here af ter
and the sec tion on In stal la tion on page 1-7.

Safety Precautions
All equip ment that can be con nected to line
power is a po ten tial dan ger to life. Handling
re stric tions im posed on such equip ment
should be observed.

To en sure the cor rect and safe op er a tion of the 
in stru ment, it is es sen tial that you fol low gen -
er ally ac cepted safety pro ce dures in ad di tion
to the safety pre cau tions spec i fied in this man -
ual.

The in stru ment is de signed to be used by
trained per son nel only. Re mov ing the cover
for re pair, main te nance, and ad just ment of the
in stru ment must be done by qual i fied per son -
nel who are aware of the haz ards in volved.

The war ranty com mit ments are ren dered
void if un au tho rized ac cess to the in te rior
of the in stru ment has taken place dur ing
the given war ranty pe riod.
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Caution and Warning
Statements

CAU TION: Shows where in cor rect
pro ce dures can cause dam age to,
or de struc tion of equip ment or
other prop erty.

WARN ING: Shows a po ten tial dan ger
that re quires cor rect pro ce dures or
prac tices to pre vent per sonal in -
jury.

Symbols

Shows where the pro tec tive ground
ter mi nal is con nected in side the in stru ment.
Never re move or loosen this screw.

This sym bol is used for iden ti fy ing the 
func tional ground of an I/O sig nal. It is al ways 
con nected to the in stru ment chas sis.

 In di cates that the op er a tor should
con sult the man ual.

One such sym bol is printed on the in stru ment,
be low the A and B in puts. It points out that the 
dam age level for the in put volt age de creases
from 350 Vp to 12Vrms when you switch the

in put im ped ance from 1 MW to 50 W.

If in Doubt about Safety

When ever you sus pect that it is un safe to use
the in stru ment, you must make it in op er a tive
by do ing the fol low ing:

– Dis con nect the line cord

– Clearly mark the in stru ment to pre vent its
fur ther op er a tion

– In form your Pen du lum rep re sen ta tive.

For ex am ple, the in stru ment is likely to be un -
safe if it is vis i bly dam aged.

Dis posal of Haz ard ous
Ma te ri als

n CNT-90 & CNT-90XL only

If your in stru ment was or dered with a built-in
bat tery sup ply (Op tion 23/90), it con tains 12
Li-Ion cells ar ranged as a fixed bat tery pack
with in ter nal pro tec tion cir cuitry.

Even though this type of cell does not cause
en vi ron men tal dam age in the same way as
NiCd, for in stance, you should dis pose of a
worn-out bat tery pack at an au tho rized re cy -
cling sta tion or re turn it to Pen du lum.

Note: In di vid ual cells can not be re placed.
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Unpacking

Check that the ship ment is com plete and that
no dam age has oc curred dur ing trans por ta tion. 
If the con tents are in com plete or dam aged, file 
a claim with the car rier im me di ately. Also no -
tify your lo cal Pen du lum sales or ser vice or ga -
ni za tion in case re pair or re place ment may be
re quired.

Check List
The ship ment should con tain the fol low ing:

– Coun ter/Timer/An a lyzer CNT-90/91 or
Fre quency Cal i bra tor/An a lyzer CNT-91R
or Mi cro wave Coun ter/An a lyzer
CNT-90XL

– Line cord

– N-to-BNC Adapter (only CNT-90/91(R)
with prescaler op tions hav ing a type N
con nec tor)

– Printed ver sion of the Get ting Started
Man ual

– Bro chure with Im por tant In for ma tion

– Cer tif i cate of Cal i bra tion

– Op tions you or dered should be in stalled.
See Iden ti fi ca tion be low.

– CD in clud ing the fol low ing doc u men ta tion 
in PDF:

• Get ting Started Manual

• User's Man ual

• Programmer's Handbook

Identification
The type plate on the rear panel shows type
num ber and se rial num ber. See il lus tra tion on
page 2-5. In stalled op tions are listed un der the 
menu User Op tions - About, where you can
also find in for ma tion on firm ware ver sion and 
cal i bra tion date. See page 2-14.

Installation

Supply Voltage

n Setting

The Coun ter may be con nected to any AC
sup ply with a volt age rat ing of 90 to 265
Vrms, 45 to 440 Hz. The coun ter au to mat i -
cally ad justs it self to the in put line volt age.
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n Fuse

The sec ond ary sup ply volt ages are elec tron i -
cally pro tected against over load or short cir -
cuit. The pri mary line volt age side is pro tected 
by a fuse lo cated on the power sup ply unit.
The fuse rat ing cov ers the full volt age range.
Con se quently there is no need for the user to
re place the fuse un der any op er at ing con di -
tions, nor is it ac ces si ble from the out side.

CAU TION: If this fuse is blown, it is
likely that the power sup ply is
badly dam aged. Do not re place the
fuse. Send the coun ter to the lo cal
Ser vice Cen ter.

Re mov ing the cover for re pair, main te nance
and ad just ment must be done by qual i fied and
trained per son nel only, who are fully aware of
the haz ards in volved.

The war ranty com mit ments are ren dered
void if un au tho rized ac cess to the in te rior
of the in stru ment has taken place dur ing
the given war ranty pe riod.

Bat tery Sup ply

n CNT-90 & CNT-90XL only

It is pos si ble to run the coun ter from an op -
tional bat tery sup ply, Op tion 23/90.

You must charge the bat tery be fore use or
stor age. The coun ter charges the bat tery au to -
mat i cally when con nected to line power or an
ex ter nal DC source, whether the in stru ment is
in standby or turned on. See the spec i fi ca tions
for charg ing time in dif fer ent modes of op er a -
tion.

Grounding

Ground ing faults in the line volt age sup ply
will make any in stru ment con nected to it dan -
ger ous. Be fore con nect ing any unit to the
power line, you must make sure that the pro -
tec tive ground func tions cor rectly. Only then
can a unit be con nected to the power line and
only by us ing a three-wire line cord. No other
method of ground ing is per mit ted. Ex ten sion
cords must al ways have a pro tec tive ground
con duc tor.

CAU TION: If a unit is moved from a
cold to a warm en vi ron ment, con -
den sa tion may cause a shock
haz ard. En sure, there fore, that the
ground ing re quire ments are strictly 
met.

WARN ING: Never in ter rupt the
ground ing cord. Any in ter rup tion of 
the pro tec tive ground con nec tion
in side or out side the in stru ment or
dis con nec tion of the pro tec tive
ground ter mi nal is likely to make
the in stru ment dan ger ous.

Orientation and Cooling

The coun ter can be op er ated in any po si tion
de sired. Make sure that the air flow through
the ven ti la tion slots at the top, and side pan els
is not ob structed. Leave 5 cen ti me ters (2
inches) of space around the coun ter.

Fold-Down Support

For bench-top use, a fold-down sup port is
avail able for use un der neath the coun ter. This
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sup port can also be used as a han dle to carry
the in stru ment.

Rackmount Adapter

If you have or dered a 19-inch rack-mount kit
for your in stru ment, it has to be as sem bled af -
ter de liv ery of the in stru ment. The rackmount
kit con sists of the fol low ing:

– 2 brack ets, (short, left; long, right)

– 4 screws, M5 x 8

– 4 screws, M6 x 8

WARN ING: Do not per form any in ter -
nal ser vice or ad just ment of this
in stru ment un less you are qual i fied 
to do so.

Be fore you re move the cover, dis -
con nect mains cord and wait for
one min ute.

Ca pac i tors in side the in stru ment
can hold their charge even if the in -
stru ment has been sep a rated from
all volt age sources.

n Assembling the Rackmount Kit

– Make sure the power cord is dis con nected
from the in stru ment.

– Turn the in stru ment up side down.
See Fig. 1-4.

– Undo the two screws (A) and re move
them from the cover.

– Re move the rear feet by undoing the two
screws (B).

– Re move the four dec o ra tive plugs (C) that
cover the screw holes on the right and left
side of the front panel.

– Grip the front panel and gently push at the 
rear.

– Pull the in stru ment out of the cover.
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Fig. 1-2 Fit ting the rack mount brack ets
on the coun ter.

Fig. 1-3 Di men sions for rackmounting
hard ware.

Fig. 1-4 Re move the screws and push the 
coun ter out of the cover.

Fig. 1-5 Fold-down sup port for com fort -
able bench-top use.



– Re move the four feet from the cover.

Use a screw driver as shown in the fol low ing
il lus tra tion or a pair of pli ers to re move the
springs hold ing each foot, then push out the
feet.

– Push the in stru ment back into the cover.
See Fig. 1-4.

– Mount the two rear feet with the screws
(B) to the rear panel.

– Put the two screws (A) back.

– Fas ten the brack ets at the left and right
side with the screws in cluded as il lus trated 
in Fig. 1-3.

– Fas ten the in stru ment in the rack via
screws in the four rack-mount ing holes

The long bracket has an open ing so that ca bles 
for In put A, B, and C can be routed in side the
rack.

n Reversing the Rackmount Kit

The in stru ment may also be mounted to the
right in the rack. To do so, swap the po si tion
of the two brack ets.
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Using the Controls

2-2 Basic Controls

TRIGGATETRIG

pendulumTIMER / COUNTER / ANALYZE R 100ps / 300MHzCNT-90

INPUT INPUT INPUT A SETTINGSETTINGSETTINGS MATH / LIM USER OPUSER OPUSER OPT HOLD / RUHOLD / RUN RESTARTINPUT INPUT INPUT B

A 300 MHz B

MAX
12Vrms   50
30Vrms   1M

!

C

MAX +30dBm
50

0.2  8GHz

!

IN PUT A

Opens the menu from
which you can ad just all
set tings for In put A like
Cou pling, Im ped ance
and At ten u a tion.

IN PUT B

Opens the menu from
which you can ad just all
set tings for In put B like
Cou pling, Im ped ance
and At ten u a tion.

SETTINGS

Se lect mea sure ment pa -
ram e ters such as mea -
sure ment time, num ber
of mea sure ments, and
so on.

STANDBY LED

The LED lights up when the 
coun ter is in STANDBY
mode, in di cat ing that power 
is still ap plied to an in ter nal
op tional OCXO, if one has
been in stalled, or to the
rubidium os cil la tor in the
CNT-91R.

STANDBY/ON

Tog gling sec ond ary
power switch.
Press ing this but ton 
in standby mode
turns the coun ter
ON and re stores the 
set tings as they
were at
power-down.

MATH/LIMIT
Menu for se lecting
one of a set of for -
mu las for mod i fy ing 
the mea sure ment
re sult. Three con -
stants can be en -
tered from the
keyboard.

Nu mer i cal lim its
can also be en -
tered for sta tus re -
port ing and re cord -
ing.

USER OPT.

Con trols the fol low -
ing items:

1. Set tings mem ory
2. Cal i bra tion
3. In ter face
4. Self-test
5. Blank dig its
6. About

Basic Controls
A more elab o rate de scrip tion of the front and
rear pan els including the user in ter face with
its menu sys tem fol lows af ter this in tro duc tory 

sur vey, the pur pose of which is to make you
fa mil iar with the lay out of the in stru ment. See
also the ap pen dix.
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TRIGGATETRIG

pendulumTIMER / COUNTER / ANALYZE R 100ps / 300MHzCNT-90

INPUT INPUT INPUT A SETTINGSETTINGSETTINGS MATH / LIM USER OPUSER OPUSER OPT HOLD / RUHOLD / RUN RESTARTINPUT INPUT INPUT B

A 300 MHz B

MAX
12Vrms   50
30Vrms   1M

!

C

MAX +30dBm
50

0.2  8GHz

!

HOLD/RUN

Tog gles be tween 
HOLD (one-shot) 
mode and RUN
(con tin u ous)
mode. Freezes
the re sult af ter
com ple tion of a
mea sure ment if
HOLD is active.

RESTART

 Ini ti ates one
new mea sure -
ment if HOLD is
ac tive.

EXIT/OK
Con firms menu
se lec tions and
moves up one
level in the menu 
tree.

CANCEL

Moves up one
menu level with -
out con firm ing
se lec tions made.

Ex its RE MOTE
mode if not
 LO CAL
LOCKOUT.

ENTER

Con firms menu
se lec tions with -
out leav ing the
menu level.

STAT/PLOT

En ters one of
three sta tis tics
pre sen ta tion
modes.
Switching be -
tween the modes 
is done by
toggling the key.

VALUE

En ters the nor -
mal nu mer i cal
pre sen ta tion
mode with one
main pa ram e ter
and a num ber of
aux il iary pa ram e -
ters.

MEAS FUNC
Menu tree for
se lect ing mea -
sure ment func -
tion.

You can use the
seven softkeys
be low the dis -
play for con fir -
ma tion.

AUTO SET
Ad justs in put
trig ger volt ages
au to mat i cally to
the optimum lev -
els for the cho -
sen mea sure -
ment func tion.

Dou ble-click for
de fault set tings.

CUR SOR
CONTROL

The cur sor
position, marked
by text in ver sion
on the display,
can be moved in
four di rec tions.
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TRIGGATETRIG

pendulumTIMER / COUNTER / ANALYZE R 100ps / 300MHzCNT-90

INPUT INPUT INPUT A SETTINGSETTINGSETTINGS MATH / LIM USER OPUSER OPUSER OPT HOLD / RUHOLD / RUN RESTARTINPUT INPUT INPUT B

A 300 MHz B

MAX
12Vrms   50
30Vrms   1M

!

C

MAX +30dBm
50

0.2  8GHz

!

GRAPHIC DIS PLAY

320 x 97 pix els LCD with backlight for show -
ing mea sure ment re sults in nu mer i cal as well
as graph i cal for mat. The dis play is also the
cen ter of the dy namic user in ter face, com pris -
ing menu trees, in di ca tors and in for ma tion
boxes.

SOFTKEYS

The func tion of these seven keys is menu de -
pend ent. Ac tual func tion is in dicated on the
LCD.
De press ing a softkey is of ten a faster al ter na -
tive to mov ing the cur sor to the de sired po si -
tion and then press ing OK.

MAIN IN PUTS

The two iden ti cal DC
cou pled chan nels A & 
B are used for all
types of mea sure -
ments, either one at a 
time or both to gether.

RF/MICROWAVE 
IN PUT

CNT-90/91(R):
A num ber of op -

tional RF
prescalers are

avail able.

CNT-90XL:
One of a num ber of 
mi cro wave con vert -

ers is mounted.

Conn. type dep. on 
fre quency spec.

TRIGGER IN -
DI CA TORS

Blink ing LED in -
di cates cor rect
trig ger ing.

GATE IN DI -
CA TOR

A pend ing mea -
sure ment
causes the
LED to light up.

NU MERIC IN PUT KEYS
Some times you may want to en ter nu meric val ues like the
con stants and lim its asked for when you are utilizing the
post pro cess ing fea tures in MATH/LIMIT mode. These
twelve keys are to be used for this pur pose.

Secondary Controls

Connectors & Indicators
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!!!

191125

!

PULSE OUT
TTL-LEVELS IN 50W

+

GPIB Con nec tor
Ad dress set via User Op -
tions Menu.

Ex ter nal Ref er ence
In put

Can be automatically se -
lected if a sig nal is pres -
ent and ap proved as
timebase source, see
Chapter 9.

Ext. DC Con nec tor
Part of Op tion 23/90
for CNT-90(XL).
Range: 12-18 V
Note the po lar ity.

USB Con nec tor
Uni ver sal Se rial Bus
(USB) for data com mu -
ni ca tion with PC.

Ex ter nal Arm ing In put
See page 5-7.

Ref er ence Out put
10 MHz de rived from the 
in ter nal or, if pres ent, the 
ex ter nal ref er ence.

Line Power In let
AC 90-265 VRMS,
45-440 Hz, no range
switch ing needed.

Fan
A temp. sen sor con trols the
speed of the fan. Nor mal
bench-top use means low
speed, whereas rack-mount -
ing and/or op tions may re sult 

in higher speed.

Op tional Main In put Con nec tors
(not with Op tion 23/90)

The front panel in puts can be moved to
the rear panel by means of an op tional
ca ble kit. Note that the in put ca pac i tance 
will be higher.

Pro tec tive Ground
Terminal

This is where the pro -
tec tive ground wire is
con nected in side the in -
stru ment. Never tam per
with this screw!

Type Plate
In di cates in stru ment 
type and se rial
num ber.

Pulse Out put
[CNT-91(R) only]
User de fin able to
serve as out put for
built-in pulse gen er -
a tor, gate in di ca tor
or alarm.
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Power

The ON/OFF key is a tog gling sec ond ary
power switch. Part of the in stru ment is al ways 
ON as long as power is applied, and this
standby con di tion is in di cated by a red LED
above the key. This in di ca tor is con se quently
not lit while the in stru ment is in op er a tion.

n CNT-91R only

While the ru bid ium os cil la tor is warm ing up,
an open pad lock sym bol la beled RB is flash -
ing at the top right cor ner of the dis play, in di -
cat ing that the con trol loop is not locked. Nor -
mal time to lock is about 5 min. Do not start
mea sur ing un til the un lock sym bol dis ap pears.

New Mes sage Box

In for ma tion ex change be tween the ru bid ium
os cil la tor and the CPU takes place over a se -
rial bus. Any mal func tion in the UART-con -
trolled com mu ni ca tion link will be re ported in 
a pop-up mes sage box on the dis play.

n CNT-90(XL) w. Op tion 23/90

The User In ter face Screens have two in di ca -
tors near the up per right cor ner of the dis play.
One is a power sup ply sta tus in di ca tor and the
other is a bat tery charg ing level in di ca tor.

The sta tus in di ca tor shows:

• a fixed bat tery sym bol when the in ter nal
bat tery is the ac tive power source

• a charg ing bat tery sym bol when the in -
ter nal bat tery is be ing charged

• a power plug sym bol when the mains is
the ac tive power source

• a power plug sym bol on top of a bat tery
sym bol when the in stru ment has been
pre pared for UPS op er a tion and charg -
ing is not go ing on

The charg ing level in di ca tor shows:

• the rel a tive charg ing level in percent

Select Function

This hard key is marked MEAS FUNC.
When you de press it, one of the menus be low
will open.

The cur rent se lec tion is in di cated by text in -
ver sion that is also in di cat ing the cur sor po si -
tion. Se lect the mea sure ment func tion you
want by de press ing the cor re spond ing softkey
right be low the dis play.

Al ter na tively you can move the cur sor to the

wanted po si tion with the RIGHT/LEFT ar row 

keys. Con firm by press ing ENTER.

A new menu will ap pear where the con tents
de pend on the func tion. If you for in stance

Using the Controls
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Fig. 2-1 CNT-90: Se lect mea sure ment
func tion.

Fig. 2-2 CNT-90XL: Se lect mea sure ment
func tion.

Fig. 2-3 CNT-91(R): Se lect mea sure ment
func tion.



have se lected Fre quency, you can then se lect
be tween Fre quency, Fre quency Ra tio and
Fre quency Burst. Fi nally you have to de cide
which in put chan nel(s) to use.

Autoset/Preset

By de press ing this key once af ter se lect ing the 
wanted mea sure ment func tion and in put chan -
nel, you will most prob a bly get a mea sure -

ment re sult. The AUTOSET sys tem en sures
that the trig ger lev els are set op ti mally for
each com bi na tion of mea sure ment func tion
and in put sig nal am pli tude, pro vided rel a -
tively nor mal sig nal wave forms are ap plied. If 

Manual Trig ger has been se lected be fore

press ing the AUTOSET key, the sys tem will
make the nec es sary ad just ments once

(Auto Once) and then re turn to its in ac tive
con di tion.

AUTOSET per forms the fol low ing func tions:

• Set au to matic trig ger lev els

• Switch attenuators to 1x

• Turn on the dis play

• Set Auto Trig Low Freq to

« 100 Hz, if fin ³100 Hz, or to

« fin, if 10<fin<100 Hz, or to

« 10 Hz, if fin £10 Hz

A higher value means faster set tling time.

By de press ing this key twice within two sec -

onds, you will en ter the Pre set mode, and a
more ex ten sive au to matic set ting will take
place. In ad di tion to the func tions above, the
fol low ing func tions will be per formed:

• Set Meas Time to 200 ms

• Switch off Hold-Off

• Set HOLD/RUN to RUN

• Switch off MATH/LIM

• Switch off An a log and Dig i tal Fil ters

• Set Timebase Ref to Auto

• Switch off Arming

n Default Settings

An even more com pre hen sive pre set func tion
can be per formed by re call ing the fac tory de -
fault set tings. See page 2-15.

Move Cursor

There are four ar row keys for mov ing the cur -
sor, nor mally marked by text in ver sion,
around the menu trees in two di men sions.

Display Contrast

When no cur sor is vis i ble (no ac tive menu se -

lected), the UP/DOWN ar rows are used for
ad just ing the LCD dis play con trast ratio.

Enter

The key marked EN TER en ables you to con -
firm a choice with out leav ing your menu po si -
tion.

Save & Exit

This hard key is marked EXIT/OK. You will
con firm your se lec tion by de press ing it, and at 
the same time you will leave the current menu 
level for the next higher level.

Don't Save & Exit

This hard key is marked CAN CEL. By de -
press ing it you will en ter the pre ced ing menu
level with out con firm ing any se lec tions made
at the cur rent level.

If the in stru ment is in RE MOTE mode, this

key is used for re turn ing to LO CAL mode,

un less LO CAL LOCK OUT has been pro -
grammed.
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Presentation Modes

n VALUE

Value mode gives sin gle line nu mer i cal pre -
sen ta tion of in di vid ual re sults, where the main 
pa ram e ter is dis played in large char ac ters with 
full res o lu tion to gether with a num ber of aux -
il iary pa ram e ters in small char ac ters with lim -
ited res o lu tion.

If Limit Be hav ior is set to Alarm and Limit
Mode is set to Range you can vi su al ize the de -
vi a tion of your mea sure ments in re la tion to
the set lim its. The nu mer i cal read out is now
com bined with a tra di tional an a log
pointer-type in stru ment, where the cur rent
value is rep re sented by a "smiley". The lim its
are pre sented as nu mer i cal val ues be low the
main pa ram e ter, and their po si tions are
marked with ver ti cal bars la belled LL (lower
limit) and UL (up per limit) on the autoscaled
graph.

If one of the lim its has been ex ceeded, the
limit in di ca tor at the top of the dis play will be
flash ing. In case the cur rent mea sure ment is
out of the vis i ble graph area, it is in di cated by
means of a left or a right ar rowhead.

n STAT/PLOT

If you want to treat a num ber of mea sure -
ments with sta tis ti cal meth ods, this is the key
to op er ate. There are three dis play modes
avail able by tog gling the key:

• Nu mer i cal

• His to gram

• Trend Plot

Nu mer i cal

In this mode the sta tis ti cal in for ma tion is dis -
played as nu mer i cal data con tain ing the fol -
low ing el e ments:

• Mean: mean value

• Max: max i mum value

• Min: min i mum value

• P-P: peak-to-peak de vi a tion

• Adev: Allan de vi a tion

• Std: Stan dard de vi a tion

His to gram

The bins in the his to gram are al ways
autoscaled based on the mea sured data. Lim -
its, if en abled, and cen ter of graph are shown
as ver ti cal dot ted lines. Data out side the lim its 
are not used for autoscaling but are re placed

Using the Controls
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Fig. 2-6 Sta tis tics pre sented nu mer i cally.

Fig. 2-7 Sta tis tics pre sented as a his to -
gram.

Fig. 2-5 Lim its pre sen ta tion.

Fig. 2-4 Main and aux. pa ram e ters.



by an ar row in di cat ing the di rec tion where
non-dis played val ues have been re corded.

Trend Plot

This mode is used for ob serv ing pe ri odic fluc -
tu a tions or pos si ble trends. Each plot ter mi -

nates (if HOLD is ac ti vated) or re starts (if

RUN is ac ti vated) af ter the set num ber of
sam ples. The trend plot is al ways autoscaled
based on the mea sured data, start ing with 0 at
re start. Lim its are shown as hor i zon tal lines if
en abled.

n Remote

When the in stru ment is con trolled from the
GPIB bus or the USB bus, the op er at ing mode 

changes to Re mote, in di cated by the la bel

REM on the dis play. All front panel keys ex -

cept CAN CEL are then dis abled. See also
page 2-7 for more in for ma tion on this key.

Entering Numeric Values

Some times you may want to en ter con stants
and lim its in a value in put menu, for in stance
one of those that you can reach when you

press the MATH/LIMIT key.

You may also want to se lect a value that is not 
in the list of fixed val ues avail able by press ing 

the UP/DOWN ar row keys. One ex am ple is

Meas Time un der SET TINGS.

A sim i lar sit u a tion arises when the de sired
value is too far away to reach con ve niently by 
in cre ment ing or dec re ment ing the orig i nal

value with the UP/DOWN ar row keys. One

ex am ple is the Trig Lvl set ting as part of the

IN PUT A (B) set tings.

When ever it is pos si ble to en ter nu meric val -
ues, the keys marked with 0-9; . (dec i mal

point) and ± (stands for Change Sign) take on
their al ter na tive nu meric mean ing.

It is of ten con ve nient to en ter val ues us ing the
sci en tific for mat. For that pur pose, the

rightmost softkey is marked EE (stands for
En ter Ex po nent), mak ing it easy to switch be -
tween the man tissa and the ex po nent.

Press EXIT/OK to store the new value or

CAN CEL to keep the old one.

Hard Menu Keys

These keys are mainly used for open ing fixed
menus from which fur ther se lec tions can be
made by means of the softkeys or the cur -
sor/se lect keys.

n Input A (B)

By de press ing this key, the bot tom part of the
dis play will show the set tings for In put A (B).

The ac tive set tings are in bold char ac ters and
can be changed by de press ing the cor re spond -
ing softkey be low the dis play. You can also
move the cur sor, in di cated by text in ver sion,

to the de sired po si tion with the RIGHT/LEFT
ar row keys and then change the ac tive set ting

with the ENTER key.

The se lec tions that can be made us ing this
menu are:
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Fig. 2-9 In put set tings menu.

Fig. 2-8 Run ning trend plot.



• Trig ger Slope: pos i tive or neg a tive, in di -
cated by cor re spond ing sym bols

• Cou pling: AC or DC

• Im ped ance: 50 W or 1 MW

• At ten u a tion: 1x or 10x

• Trig ger:1 Man ual or Auto

• Trig ger Level:2 nu mer i cal in put via front
panel key board. If Auto Trig ger is ac tive, 
you can change the de fault trig ger level
man u ally as a per cent age of the
amplitude.

• Fil ter:3 On or Off

Notes: 1 Always Auto when mea sur ing 
risetime or falltime

2 The absolute level can either be 
adjusted using the up/down
arrow keys or by pressing
ENTER to reach the numerical
input menu.

3 Pressing the corresponding
softkey or ENTER opens the
Filter Settings menu. See Fig.
2-10. You can select a fixed
100 kHz analog filter or an
adjustable digital filter. The
equivalent cutoff frequency is
set via the value input menu
that opens if you select Digital
LP Frequency from the menu.

n Input B

The set tings un der In put B are equal to those
un der In put A.

n Settings

This key ac cesses a host of menus that af fect
the mea sure ment. The fig ure above is valid af -

ter chang ing the de fault mea sur ing time to

10 ms.

Meas Time

This value in put menu is active if you se lect a
fre quency func tion. Lon ger mea sur ing time
means fewer mea sure ments per sec ond and
gives higher res o lu tion.

Burst

This set tings menu is ac tive if the se lected
mea sure ment func tion is BURST – a spe cial
case of FRE QUENCY – and fa cil i tates mea -
sure ments on pulse-mod u lated sig nals. Both
the car rier fre quency and the mod u lat ing fre -
quency – the pulse rep e ti tion fre quency (PRF) 
– can be mea sured, of ten with out the sup port
of an ex ter nal arm ing sig nal.

Using the Controls
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Fig. 2-13 En ter ing burst pa ram e ters.

Fig. 2-12 Submenu for en ter ing mea sur -
ing time.

Fig. 2-11 The main set tings menu.

Fig. 2-10 Se lect ing an a log or dig i tal fil ter.



Arm

Arm ing is the gen eral term used for the means 
to con trol the ac tual start/stop of a mea sure -
ment. The nor mal free-run ning mode is in hib -
ited and trig ger ing takes place when cer tain
pretrigger con di tions are ful filled.

The sig nal or sig nals used for ini ti at ing the
arm ing can be ap plied to three chan nels (A, B, 
E), and the start chan nel can be dif fer ent from
the stop chan nel. All con di tions can be set via
this menu.

NOTE: Stop De lay can only be used for re al iz -
ing the func tion Timed Totalize in the
CNT-91(R).

Trig ger Hold-Off

A value in put menu is opened where you can
set the de lay dur ing which the stop trig ger
con di tions are ig nored af ter the mea sure ment

start. A typ i cal use is to clean up sig nals gen -
er ated by bounc ing re lay con tacts.

Sta tis tics

In this menu you can do the fol low ing:

• Set the num ber of sam ples used for cal -
cu la tion of var i ous sta tis ti cal mea sures.

• Set the num ber of bins in the his to gram
view.

• Pac ing
The de lay be tween mea sure ments,
called pac ing, can be set to ON or OFF,
and the time can be set within the range 

2 ms – 500 s.

Timebase Ref er ence

Here you can de cide if the coun ter is to use an 

In ter nal or an Ex ter nal timebase. A third al -

ter na tive is Auto. Then the ex ter nal timebase
will be se lected if a valid sig nal is pres ent at
the ref er ence in put. The EXT REF in di ca tor at
the up per right cor ner of the dis play shows
that the in stru ment is us ing an ex ter nal
timebase ref er ence.
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Fig. 2-18 Se lect ing timebase ref er ence
source.

Fig. 2-17 En ter ing sta tis tics pa ram e ters.

Fig. 2-16 The trig ger hold-off submenu.

Fig. 2-15 CNT-91(R): Set ting arm ing con -
di tions.

Fig. 2-14 CNT-90 & CNT-90XL: Set ting
arm ing con di tions.



Mis cel la neous

The op tions in this menu are:

• Smart Measure with submenus:

« Smart Time In ter val (valid only if the
se lected mea sure ment func tion is
Time In ter val)
The coun ter de cides by means of
timestamping which mea sure ment
chan nel pre cedes the other.

« Smart Fre quency (valid only if the
se lected mea sure ment func tion is
Fre quency or Pe riod Av er age)
By means of con tin u ous
timestamping and re gres sion anal y -
sis, the res o lu tion is in creased for
mea sur ing times be tween 0.2 s and
100 s.

• In put C Ac qui si tion (CNT-90XL only)
Auto means that the whole spec i fied fre -
quency range is scanned for valid in put
sig nals.

Man ual means that a nar row band
around the man u ally en tered cen ter fre -
quency is mon i tored for valid in put sig -
nals. This mode is com pul sory when
mea sur ing burst sig nals but is also rec -
om mended for FM sig nals, when the ap -
prox i mate fre quency is known. An
ad di tional fea ture is that the mea sure -
ment re sults are pre sented much faster, 
as the ac qui si tion pro cess is skipped.

NOTE: Sig nal fre quen cies out side the man ual
cap ture range may cause er ro ne ous
re sults. In or der to draw the op er a tor’s
at ten tion to this even tu al ity, the sign
“M.ACQ” is vis i ble in the up per right
cor ner of the dis play.

• Auto Trig Low Freq
In a value in put menu you can set the
lower fre quency limit for au to matic trig -
ger ing and volt age mea sure ments
within the range 1 Hz – 100 kHz. A
higher limit means faster set tling time
and consequently faster mea sure ments.

• Time out
From this submenu you can ac ti vate/de -
ac ti vate the time out func tion and set the 
max i mum time the in stru ment will wait
for a pend ing mea sure ment to fin ish be -
fore out put ting a zero re sult. The range
is 10 ms to 1000 s.

• Interpolatator Cal i bra tion
By switch ing off the interpolator cal i bra -
tion, you can in crease the mea sure ment 
speed at the ex pense of ac cu racy.

• TIE (CNT-91 only)
From a submenu you can ei ther let the
coun ter choose the ref er ence fre quency 
au to mat i cally (Auto) or en ter it man u ally.
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Fig. 2-22 CNT-90XL: The ‘In put C Ac qui -
si tion’ submenu.

Fig. 2-20 CNT-90XL: The ‘Misc’ submenu.

Fig. 2-21 CNT-91(R): The ‘Misc’ submenu.

Fig. 2-19 CNT-90: The 'Misc' submenu.



n Math/Limit

You en ter a menu where you can choose be -
tween in put ting data for the Math e mat ics or
the Lim its post pro cess ing unit.

The Math branch is used for mod i fy ing the
mea sure ment re sult math e mat i cally be fore
pre sen ta tion on the dis play. Thus you can
make the coun ter show di rectly what you
want with out te dious re cal cu la tions, e.g. rev o -
lu tions/min in stead of Hz.

The Lim its branch is used for set ting nu mer i -
cal lim its and se lect ing the way the in stru ment 
will re port the mea sure ment re sults in re la tion
to them.

Let us ex plore the Math submenu by press ing 
the cor re spond ing softkey be low the dis play.

The dis play tells you that the Math func tion is 

not ac tive, so press the Math Off key once to
open the for mula se lec tion menu.

Se lect one of the five dif fer ent for mu las,
where K, L and M are con stants that the user
can set to any value. X stands for the cur rent
non-mod i fied mea sure ment re sult.

Each of the softkeys be low the con stant la bels 
opens a value in put menu like the one be low.

Use the nu meric in put keys to en ter the man -
tissa and the ex po nent, and use the EE key to
tog gle be tween the in put fields. The key
marked X0 is used for en ter ing the dis play
read ing as the value of the con stant.

The Limit submenu is treated in a sim i lar
way, and its fea tures are ex plored be gin ning
on page 6-6.
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Fig. 2-27 En ter ing nu meric val ues for
con stants.

Fig. 2-26 Se lect ing for mula con stants.

Fig. 2-25 Se lect ing 'Math' for mula for
post pro cess ing.

Fig. 2-24 The 'Math' submenu.

Fig. 2-23 Se lect ing 'Math' or 'Lim its' pa -
ram e ters.



n User Options

From this menu you can reach a num ber of
submenus that do not di rectly af fect the mea -
sure ment.

You can choose be tween a num ber of modes
by press ing the corresponding softkey.

Save/Re call Menu

Twenty com plete front panel set ups can be
stored in non-vol a tile mem ory. Ac cess to the
first ten mem ory po si tions is pro hib ited when
Setup Pro tect is ON. Switch ing OFF Setup
Pro tect re leases all ten mem ory po si tions si -
mul ta neously.

The dif fer ent set ups can be in di vid u ally la -
beled to make it eas ier for the op er a tor to re -
mem ber the ap pli ca tion.

The fol low ing can be done:

• Save cur rent setup

Browse through the avail able mem ory

po si tions by us ing the RIGHT/LEFT
ar row keys. For faster brows ing, press

the key Next to skip to the next mem ory 
bank. Press the softkey be low the num -
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Fig. 2-33 Se lect ing mem ory po si tion for
sav ing a mea sure ment setup.

Fig. 2-32 The mem ory man age ment
menu af ter press ing Setup.

Fig 2-30 CNT-91(R): The User Op tions
menu.

Fig. 2-28 CNT-90: The User Op tions
menu.

Fig. 2-29 CNT-90XL & CNT-90 with 
Op tion 23/90: The User Op tions 
menu.

Fig. 2-31 The menu appearance af ter
press ing Save/Recall.



ber (1-20) where you want to save the
set ting.

• Re call setup

Se lect the mem ory po si tion from which
you want to re trieve the con tents in the
same way as un der Save cur rent setup
above. You can also choose De fault to
re store the pre pro grammed fac tory set -
tings. See the ta ble on page 2-18 for a
com plete list of these set tings.

• Mod ify la bels
Se lect a mem ory po si tion to which you
want to as sign a la bel. See the de scrip -
tions un der Save/Re call setup above.
Now you can en ter al pha nu meric char -
ac ters from the front panel. See the fig -
ure be low.
The seven softkeys be low the dis play
are used for en ter ing let ters and dig its in 
the same way as you write SMS mes -
sages on a cell phone.

• Setup pro tec tion
Tog gle the softkey to switch be tween

the ON/OFF modes. When ON is ac -
tive, the mem ory po si tions 1-10 are all
pro tected against ac ci den tal over writ ing.

Dataset Menu

This fea ture is avail able in sta tis tics mode

only, and if HOLD has been pressed prior to

ini ti at ing a mea sure ment with RE START. Up
to 8 dif fer ent datasets can be saved in FLASH
mem ory, each con tain ing up to 32000 sam -
ples. If the pend ing mea sure ment has more
than 32000 sam ples, only the last 32000 will
be saved. A de fault la bel will be as signed to
the dataset. It can be changed in a sim i lar way 
as the setup la bels. See Mod ify la bels above.

• Save
Se lect a mem ory po si tion, ac cept or

change the name, and press OK.

• Re call
Se lect a mem ory po si tion and press

OK.

• To tal Re set
The safety screen be low will ap pear.

Press ing OK will re store all fac tory set -
tings and erase all user in for ma tion.

Cal i brate Menu

This menu en try is ac ces si ble only for cal i bra -
tion pur poses and is pass word-pro tected.
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Fig. 2-35 En ter ing al pha nu meric char ac -
ters.

Fig. 2-34 Se lect ing mem ory po si tion for
re call ing a mea sure ment setup.

Fig. 2-36 The mem ory man age ment
menu af ter press ing Dataset.

Fig. 2-37 The To tal Re set safety screen.



In ter face Menu

Bus Type

Se lect the ac tive bus in ter face. The al ter na -
tives are GPIB and USB. If you se lect GPIB,
you are also sup posed to se lect the GPIB
Mode and the GPIB Ad dress. See the next
two para graphs.

GPIB Mode

There are two com mand sys tems to choose
from.

• Na tive
The SCPI com mand set used in this mode
fully ex ploits all the fea tures of this in stru -
ment se ries.

• Com pat i ble
The SCPI com mand set used in this mode
is adapted to be com pat i ble with Agilent
53131/132/181.

GPIB Ad dress

Value in put menu for set ting the GPIB ad -
dress.

Test

A gen eral self-test is al ways per formed ev ery
time you power-up the in stru ment, but you
can or der a spe cific test from this menu at
any time.

Press Test Mode to open the menu with avail -
able choices.

Se lect one of them and press Start Test to run 
it.

Dig its Blank

Jit tery mea sure ment re sults can be made eas ier 
for an op er a tor to read by mask ing one or more 
of the LSDs on the dis play.

Place the cur sor at the submenu Dig its Blank
and in cre ment/dec re ment the num ber by means 

of the UP/DOWN ar row keys, or press the soft 
key be neath the submenu and en ter the de sired
num ber be tween 0 and 13 from the key board.
The blanked dig its will be rep re sented by
dashes on the dis play. The de fault value for the 
num ber of blanked dig its is 0.

Misc (CNT-90XL & CNT-90 with Op -
tion 23/90)

The CNT-90XL with out Op tion 23/90 has a
sin gle submenu called Units. By press ing this
softkey you get to the submenu Power. Press
Power and then se lect dBm or W as the unit of
mea sure ment, when ei ther of the func tions
Fre quency C or Power C is se lected from the

MEAS FUNC menu.

The CNT-90 with Op tion 23/90 has a sin gle
submenu called Use Bat tery in Standby. By
tog gling  this softkey you can de cide if the in -
ter nal OCXO will re main pow ered or not when 
you turn off the in stru ment in bat tery op er a tion 
mode.

The CNT-90XL with Op tion 23/90 has a com -
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Fig. 2-40 Se lect ing a spe cific test.

Fig. 2-39 Self-test menu.

Fig. 2-38 Se lect ing ac tive bus in ter face.



bi na tion of the two submenus men tioned
above. See the fig ure be low.

Out put [CNT-91(R) only]

The rear panel pulse out put can be used for
three dif fer ent pur poses:

• pulse gen er a tor

• gate in di ca tor

• alarm

Press the softkey Out put to open the submenu
be low.

Off is the de fault mode and in hib its all ac tiv ity 
on the out put con nec tor.

The pulse gen er a tor pa ram e ters Pe riod and
Width can be en tered by first press ing the cor re -
spond ing softkeys, then set ting the nu mer i cal
val ues as usual. By plac ing the cur sor over the
pa ram e ter, you can also set  the val ues di rectly in 

1-2-5 steps with the UP/DOWN ar row keys.

Press Out put Mode to en ter the mode se lec tion 
menu be low:

• Gate Open in di cates to ex ter nal equip -
ment when a mea sure ment is in prog ress.

• Pulse Gen er a tor ac ti vates a con tin u ous
pulse train hav ing the pa ram e ters en -
tered in the pre vi ous menu.

• Alarm can be set to be ac tive low or ac -
tive high. The MATH/LIM menu is used

for set ting up the be hav ior and the nu -
mer i cal lim its that trig ger the alarm.

 The am pli tude is fixed at TTL lev els into

50 W ir re spec tive of the out put mode.

About

Here you can find in for ma tion on:

• model

• se rial num ber

• in stru ment firm ware ver sion

• timebase op tion & cal i bra tion date

« The CNT-91R re ports “Ru bid ium” in
this field.

•  RF in put op tion

« The CNT-90XL re ports the up per
fre quency limit.

n Hold/Run

This key serves the pur pose of man ual arm -
ing. A pend ing mea sure ment will be fin ished
and the re sult will re main on the dis play un til
a new mea sure ment is trig gered by press ing

the RE START key.

n Restart

Of ten this key is op er ated in con junc tion with

the HOLD/RUN key (see above), but it can
also be used in free-run ning mode, es pe cially
when long mea sur ing times are be ing used,
e.g. to ini ti ate a new mea sure ment af ter a

change in the in put sig nal. RE START will
not af fect any front panel set tings.
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Fig 2-43 Mode se lec tion menu.

Fig. 2-42 Se lect ing out put mode and
pulse pa ram e ters.

Fig. 2-41 The ‘Misc’ submenu for
CNT-90XL with bat tery op tion.



PA RAM E TER VALUE/SET TING

In put A & B

Trig ger Level AUTO

Trig ger Slope POS

Impedance 1 MW

Attenuator 1x

Cou pling AC

Filter OFF

Arm ing

Start OFF

Start Slope POS

Start Arm Delay 0

Stop OFF

Stop Slope POS

Hold-Off

Hold-Off State OFF

Hold-Off Time 200 ms

Time-Out

Time-Out State OFF

Time-Out Time 100 ms

Sta tis tics

Statistics OFF

No. of Samples 100

No. of Bins 20

Pac ing State OFF

PA RAM E TER VALUE/SET TING

Pac ing Time 20 ms

Math e mat ics

Mathematics OFF

Math Constants K=1, L=0, M=1

Lim its

Limit State OFF

Limit Mode RANGE

Lower Limit 0

Up per Limit 0

Burst

Sync Delay 400 ms

Start Delay 0

Meas. Time 200 ms

Freq. Limit 400 MHz

Mis cel la neous

Function FREQ A

Smart Frequency AUTO

Smart Time In ter val OFF

Meas. Time 200 ms

Auto Trig Low Freq 100 Hz

Timebase Reference AUTO

Blank Digits 0

Using the Controls
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Default Settings
See page 2-15 to see how the fol low ing pre pro -
grammed set tings are re called by a few key -
strokes.
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Input Amplifier
The input am pli fi ers are used for adapt ing the
widely varying sig nals in the am bi ent world to 
the mea sur ing logic of the timer/coun ter.

These am pli fi ers have many con trols, and it is
es sen tial to un der stand how these con trols
work to gether and af fect the sig nal. 

The block di a gram be low shows the or der in
which the dif fer ent con trols are con nected. It
is not a com plete tech ni cal di a gram but in -
tended to help un der stand ing the con trols.

The menus from which you can ad just the set -
tings for the two main mea sure ment chan nels

are reached by press ing IN PUT A re spec -

tively IN PUT B. See Fig ure 3-2. The ac tive
choices are shown in boldface on the bot tom
line.

Impedance

The in put im ped ance can be set to 1 MW or

50 W by tog gling the cor re spond ing softkey.

CAU TION: Switch ing the im ped ance

to 50 W when the in put volt age is
above 12 VRMS may cause per ma -
nent dam age to the in put cir cuitry.

Attenuation

The in put sig nal's amplitude can be at ten u ated 
by 1 or 10 by tog gling the softkey marked

1x/10x.

Use at ten u a tion when ever the in put sig nal ex -
ceeds the dy namic in put volt age range ±5 V or 
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A

B

Fig. 3-1 Block di a gram of the sig nal con di tion ing.

Fig. 3-2 In put set tings menu.



else when at ten u a tion can re duce the in flu ence 
of noise and in ter fer ence. See the sec tion deal -
ing with these mat ters at the end of this chap -
ter.

Coupling

Switch be tween AC cou pling and DC cou -

pling by tog gling the softkey AC/DC.

Use the AC cou pling fea ture to elim i nate un -
wanted DC sig nal com po nents. Al ways use
AC cou pling when the AC sig nal is su per im -
posed on a DC volt age that is higher than the
trig ger level set ting range. How ever, we rec -
om mend AC cou pling in many other mea sure -
ment sit u a tions as well.

When you mea sure sym met ri cal sig nals, such
as sine and square/triangle waves, AC cou -
pling fil ters out all DC com po nents. This
means that a 0 V trig ger level is al ways cen -
tered around the mid dle of the sig nal where
trig ger ing is most sta ble.

Sig nals with chang ing duty cy cle or with a
very low or high duty cy cle do re quire DC
cou pling. Fig. 3-4shows how pulses can be

missed, while Fig. 3-5shows that trig ger ing
does not oc cur at all be cause the sig nal am pli -
tude and the hys ter esis band are not cen tered.

NOTE: For ex pla na tion of the hys ter esis band,
see page 4-3.

Filter

If you can not ob tain a sta ble read ing, the sig -
nal-to-noise ra tio (of ten des ig nated S/N or
SNR) might be too low, prob a bly less than 6
to 10 dB. Then you should use a fil ter. Cer tain 
con di tions call for spe cial so lu tions like
highpass, bandpass or notch fil ters, but usu -
ally the un wanted noise sig nals have higher
fre quency than the sig nal you are in ter ested
in. In that case you can uti lize the built-in
lowpass fil ters. There are both an a log and dig -
i tal fil ters, and they can also work to gether.

n Analog Lowpass Filter

The coun ter has an a log LP fil ters of RC type,
one in each of the chan nels A and B, with a
cut off fre quency of ap prox i mately 100 kHz,
and a sig nal re jec tion of 20 dB at 1 MHz.

Ac cu rate fre quency mea sure ments of noisy
LF sig nals (up to 200 kHz) can be made when 
the noise com po nents have sig nif i cantly
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0V

5V

DC Coupling

AC Coupling

Fig. 3-3 AC cou pling a sym met ri cal sig -
nal.

Fig. 3-4 Miss ing trig ger events due to AC
cou pling of sig nal with vary ing
duty cycle.

Fig. 3-5 No trig gering due to AC cou pling
of sig nal with low duty cycle.

Fig. 3-6 The menu choices af ter se lect ing 
FIL TER.



higher fre quen cies than the fun da men tal sig -
nal.

n Digital Lowpass Filter

The dig i tal LP fil ter uti lizes the Hold-Off
func tion de scribed be low.

With trig ger Hold-Off it is pos si ble to in sert a
deadtime in the in put trig ger cir cuit. This
means that the in put of the coun ter ig nores all
hys ter esis band cross ings by the in put sig nal
dur ing a pre set time af ter the first trig ger
event.

When you set the Hold-Off time to approx.
75% of the cy cle time of the sig nal, er ro ne ous
trig ger ing is in hib ited around the point where
the in put sig nal re turns through the hys ter esis
band. When the sig nal reaches the trig ger
point of the next cy cle, the set Hold-Off time
has elapsed and a new and cor rect trig ger will
be ini ti ated.

In stead of let ting you calculate a suit able
Hold-Off time, the coun ter will do the job for
you by con vert ing the fil ter cut off frequency
you en ter via the value in put menu be low to
an equiv a lent Hold-Off time.

You should be aware of a few lim i ta tions to be 
able to use the dig i tal fil ter fea ture ef fec tively
and unambiguously. First you must have a
rough idea of the fre quency to be mea sured. A 
cut off frequency that is too low might give a
per fectly sta ble read ing that is too low. In such 
a case, trig ger ing oc curs only on ev ery 2nd,
3rd or 4th cy cle. A cut off frequency that is too 

high (>2 times the in put fre quency) also leads
to a sta ble read ing. Here one noise pulse is
counted for each half-cy cle.

Use an os cil lo scope for ver i fi ca tion if you are
in doubt about the fre quency and wave form of 
your in put sig nal..

The cut off fre quency set ting range is very
wide: 1 Hz - 50 MHz

Man/Auto

Tog gle be tween man ual and au to matic trig ger -

ing with this softkey. When Auto is ac tive the 
coun ter au to mat i cally mea sures the
peak-to-peak lev els of the in put sig nal and
sets the trig ger level to 50% of that value. The 
at ten u a tion is also set au to mat i cally.

At rise/fall time mea sure ments the trig ger lev -
els are au to mat i cally set to 10% and 90% of
the peak val ues.

When Manual is ac tive the trig ger level is set

in the value in put menu des ig nated Trig. See
be low. The cur rent value can be read on the
dis play be fore en ter ing the menu.
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Fig. 3-7 Value in put menu for set ting the
cut off fre quency of the dig i tal fil -
ter.

Hold-off time

Correct
measurement

Fig. 3-8 Dig i tal LP fil ter op er ates in the
mea sur ing logic, not in the in put
am pli fier.



n Speed

The Auto-func tion mea sures am pli tude and
cal cu lates trig ger level rap idly, but if you aim
at higher mea sure ment speed with out hav ing
to sac ri fice the ben e fits of au to matic trig ger -

ing, then use the Auto Trig Low Freq func -
tion to set the lower fre quency limit for volt -
age mea sure ment.

If you know that the sig nal you are in ter ested
in al ways has a fre quency higher than a cer -
tain value flow , then you can en ter this value
from a value in put menu. The range for flow is
1 Hz to 100 kHz, and the de fault value is
100 Hz. The higher value, the faster mea sure -
ment speed due to more rapid trig ger level
volt age detection.

Even faster mea sure ment speed can be
reached by set ting the trig ger lev els man u ally.

See Trig be low.

Fol low the in struc tions here to change the
low-fre quency limit:

– Press SET TINGS ® Misc ®

Auto Trig Low Freq.

– Use the UP/DOWN ar row keys or the nu -
meric in put keys to change the low fre -
quency limit to be used dur ing the trig ger
level cal cu la tion, (de fault 100 Hz).

– Con firm your choice and leave the SET -

TINGS menu by press ing EXIT/OK three
times.

Trig

Value in put menu for en ter ing the trig ger level 
man u ally.

Use the UP/DOWN ar row keys or the nu -
meric in put keys to set the trig ger level.

A blink ing un der score in di cates the cur sor po -
si tion where the next digit will ap pear. The

LEFT ar row key is used for cor rec tion, i.e.

de let ing the po si tion pre ced ing the cur rent
cur sor po si tion.

NOTE: It is prob a bly eas ier to make small ad -
just ments around a fixed value by us -
ing the ar row keys for incrementation
or decrementation. Keep the keys de -
pressed for faster re sponse

NOTE: Switch ing over from AUTO to MAN Trig -
ger Level is au to matic if you en ter a
trig ger level man u ally.

n Auto Once

Con vert ing “Auto” to “Fixed”

The trig ger lev els used by the auto trig ger can
be frozen and turned into fixed trig ger lev els

sim ply by tog gling the MAN/AUTO key. The
cur rent cal cu lated trig ger level that is vis i ble

on the dis play un der Trig will be the new
fixed man ual level. Sub se quent mea sure ments 
will be con sid er ably faster since the sig nal
lev els are no lon ger mon i tored by the in stru -
ment. You should not use this method if the
sig nal lev els are unstable.

NOTE: You can use auto trig ger on one in put
and fixed trig ger lev els on the other. 
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Fig. 3-9 Value in put menu for set ting the
trig ger level.



How to Reduce or
Ignore Noise and
Interference
Sen si tive coun ter in put cir cuits are of course
also sen si tive to noise. By match ing the sig nal 
am pli tude to the coun ter’s in put sen si tiv ity,
you re duce the risk of er ro ne ous counts from
noise and in ter fer ence. These could oth er wise
ruin a mea sure ment.

To en sure re li able mea sur ing re sults, the coun -
ter has the fol low ing func tions to re duce or
elim i nate the ef fect of noise:

– 10x in put attenuator

– Con tin u ously vari able trig ger level

– Con tin u ously vari able hys ter esis for some
func tions

– An a log low-pass noise sup pres sion fil ter

– Dig i tal low-pass fil ter (Trig ger Hold-Off)

To make re li able mea sure ments pos si ble on
very noisy sig nals, you may use sev eral of the
above fea tures si mul ta neously.

Op ti miz ing the in put am pli tude and the trig ger 
level, us ing the attenuator and the trig ger con -
trol, is in de pend ent of in put fre quency and
use ful over the en tire fre quency range. LP fil -
ters, on the other hand, func tion se lec tively
over a lim ited fre quency range.

Trigger Hysteresis

The sig nal needs to cross the 20 mV in put
hys ter esis band be fore trig ger ing oc curs. This
hys ter esis pre vents the in put from self-os cil -
lat ing and re duces its sen si tiv ity to noise.
Other names for trig ger hys ter esis are “trig ger
sen si tiv ity” and “noise im mu nity”. They ex -
plain the var i ous char ac ter is tics of the hys ter -
esis.

Fig. 3-10 and Fig. 3-12 show how spu ri ous
sig nals can cause the in put sig nal to cross the
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Fig. 3-10 Nar row hys ter esis gives er ro ne -
ous trig ger ing on noisy sig nals.

Fig. 3-11 Wide trig ger hys ter esis gives
cor rect trig ger ing.

Fig. 3-12 Er ro ne ous counts when noise
passes hys ter esis win dow.
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trig ger or hys ter esis win dow more than once
per in put cy cle and give er ro ne ous counts.

Fig. 3-13 shows that less noise still af fects the
trig ger point by ad vanc ing or de lay ing it, but
it does not cause er ro ne ous counts. This trig -
ger un cer tainty is of par tic u lar im por tance
when mea sur ing low fre quency sig nals, since
the sig nal slew rate (in V/s) is low for LF sig -
nals. To re duce the trig ger un cer tainty, it is de -
sir able to cross the hys ter esis band as fast as
pos si ble.

Fig. 3-14 shows that a high am pli tude sig nal
passes the hys ter esis faster than a low am pli -
tude sig nal. For low fre quency mea sure ments
where the trig ger un cer tainty is of im por tance, 
do not at ten u ate the sig nal too much, and set
the sen si tiv ity of the coun ter high.

In prac tice how ever, trig ger er rors caused by
er ro ne ous counts (Fig. 3-10 and Fig. 3-12) are
much more im por tant and re quire just the op -
po site mea sures to be taken.

To avoid er ro ne ous count ing caused by spu ri -
ous sig nals, you need to avoid ex ces sive in put
sig nal am pli tudes. This is par tic u larly valid
when mea sur ing on high im ped ance cir cuitry

and when us ing 1MW in put im ped ance. Un der 
these con di tions, the ca bles eas ily pick up
noise.

Ex ter nal at ten u a tion and the in ter nal 10x
attenuator re duce the sig nal am pli tude, in clud -
ing the noise, while the in ter nal sen si tiv ity
con trol in the coun ter re duces the coun ter’s
sen si tiv ity, in clud ing sen si tiv ity to noise. Re -
duce ex ces sive sig nal amplitudes with the 10x 
attenuator, or with an ex ter nal co ax ial
attenuator, or a 10:1 probe.

How to use Trigger Level
Setting

For most fre quency mea sure ments, the
optimal trig ger ing is ob tained by po si tion ing
the mean trig ger level at mid am pli tude, us ing
ei ther a nar row or a wide hys ter esis band, de -
pend ing on the sig nal char ac ter is tics.

When mea sur ing LF sine wave sig nals with
lit tle noise, you may want to mea sure with a
high sen si tiv ity (nar row hys ter esis band) to re -
duce the trig ger un cer tainty. Trig ger ing at or
close to the mid dle of the sig nal leads to the
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Fig. 3-14 Low am pli tude de lays the trig -
ger point

Fig. 3-15 Tim ing er ror due to slew rate.

Fig. 3-13 Trig ger uncertainty due to noise.
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small est trig ger (tim ing) er ror since the sig nal
slope is steep est at the sine wave cen ter, see
Fig. 3-15.

When you have to avoid er ro ne ous counts due 
to noisy sig nals, see Fig. 3-12, ex pand ing the
hys ter esis win dow gives the best re sult if you
still cen ter the win dow around the mid dle of
the in put sig nal. The in put sig nal ex cur sions
be yond the hys ter esis band should be equally
large.

n Auto Trigger

For nor mal fre quency mea sure ments, i.e.
with out arm ing, the Auto Trig ger func tion
changes to Auto (Wide) Hys ter esis, thus wid -
en ing the hys ter esis win dow to lie be tween
70 % and. 30 % of the peak-to-peak am pli -
tude. This is done with a suc ces sive ap prox i -
ma tion method, by which the sig nal’s MIN.
and MAX. lev els are iden ti fied, i.e., the lev els
where trig ger ing just stops. Af ter this
MIN./MAX. prob ing, the coun ter sets the trig -
ger lev els to the cal cu lated val ues. The de fault 
rel a tive trig ger lev els are in di cated by 70 %
on In put A and 30 % on In put B. These val ues 
can be man u ally ad justed be tween 50 % and
100 % on In put A and be tween 0 % and 50 %
on In put B. The sig nal, how ever, is only ap -
plied to one chan nel.

Be fore each fre quency mea sure ment the coun -
ter re peats this sig nal prob ing to iden tify new
MIN/MAX val ues. A pre req ui site to en able
AUTO trig ger ing is there fore that the in put

sig nal is re pet i tive, i.e., ³100 Hz (de fault).
An other con di tion is that the sig nal am pli tude
does not change sig nif i cantly af ter the mea -
sure ment has started.

NOTE: AUTO trig ger lim its the max i mum mea -
sur ing rate when an au to matic test sys -
tem makes many mea sure ments per
sec ond. Here you can in crease the
mea sur ing rate by switch ing off this
prob ing if the sig nal am pli tude is con -

stant. One sin gle com mand and the
AUTO trig ger func tion de ter mines the
trig ger level once and en ters it as a
fixed trig ger level.

n Manual Trigger

Switch ing to Man Trig also means Nar row
Hys ter esis at the last Auto Level. Press ing

AUTOSET once starts a sin gle au to matic
trig ger level cal cu la tion (Auto Once). This cal -
cu lated value, 50 % of the peak-to-peak am -
pli tude, will be the new fixed trig ger level,
from which you can make man ual ad just ments 
if need be.

n Harmonic Distortion

As rule of thumb, sta ble read ings are free
from noise or in ter fer ence. 

How ever, sta ble read ings are not nec es sar ily
cor rect; har monic dis tor tion can cause er ro ne -
ous yet sta ble read ings.

Sine wave sig nals with much har monic dis tor -
tion, see Fig. 3-17, can be mea sured cor rectly
by shift ing the trig ger point to a suit able level
or by us ing con tin u ously vari able sen si tiv ity,
see Fig. 3-16. You can also use Trig ger
Hold-Off, in case the mea sure ment re sult is
not in line with your ex pec ta tions.

Input Signal Conditioning

3-8 How to Reduce or Ignore Noise and Interference

GOOD BAD

Fig. 3-16 Vari able sen si tiv ity.

Fig. 3-17 Har monic dis tor tion.
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Chap ter 4

Measuring Functions



Introduction to This Chapter

This chap ter de scribes the dif fer ent mea sur ing 
func tions of the coun ter. They have been
grouped as fol lows:

Fre quency mea sure ments

– Fre quency

– Pe riod

– Ra tio

– Burst fre quency and PRF.

– FM

– AM

Time mea sure ments

– Time in ter val.

– Pulse width.

– Duty fac tor.

– Rise/Fall time.

Phase measurements

Volt age measurements

– VMAX, VMIN.

– VPP.

Selecting Function
See also the front panel lay out on page 2-3 to
find the keys men tioned in this sec tion to -
gether with short descriptions.

Press MEAS FUNC to open the main menu
for se lect ing mea sur ing func tion. The two ba -
sic meth ods to se lect a spe cific func tion and
its sub se quent pa ram e ters are de scribed on
page 2-6.

Measuring Functions

4-2 Selecting Function

TRIGGATETRIG

pendulumTIMER / COUNTER / ANALYZE R 100ps / 300MHzCNT-90

INPUT INPUT INPUT A SETTINGSETTINGSETTINGS MATH / LIM USER OPUSER OPUSER OPT HOLD / RUHOLD / RUN RESTARTINPUT INPUT INPUT B

A 300 MHz B

MAX
12Vrms   50
30Vrms   1M

!

C

MAX +30dBm
50

0.2  8GHz

!

TRIGGATETRIG

pendulumTIMER / COUNTER / ANALYZE R 100ps / 300MHzCNT-90

INPUT INPUT INPUT A SETTINGSETTINGSETTINGS MATH / LIM USER OPUSER OPUSER OPT HOLD / RUHOLD / RUN RESTARTINPUT INPUT INPUT B

A 300 MHz B

MAX
12Vrms   50
30Vrms   1M

!

C

MAX +30dBm
50

0.2  8GHz

!



Frequency Measurements

FREQ A, B
The coun ter mea sures fre quency be tween
0 Hz and 400 MHz on In put A and In put B.

Fre quen cies above 100 Hz are best mea sured
us ing the De fault Setup. See page 2-15. Then

Freq A will be se lected au to mat i cally. Other

im por tant au to matic set tings are AC Cou -

pling, Auto Trig and Meas Time 200 ms.
See be low for an explanation. You are now
ready to start us ing the most com mon func tion 
with a fair chance to get a re sult with out fur -
ther ad just ments.

n Summary of Settings for Good
Frequency Measurements

– AC Coupling, be cause pos si ble DC off set
is nor mally un de sir able.

– Auto Trig means Auto Hysteresis in this
case, (com pa ra ble to AGC) be cause su per -
im posed noise ex ceed ing the nor mal nar -
row hys ter esis win dow will be sup pressed.

– Meas Time 200 ms to get a rea son able
trade off be tween mea sure ment speed and
res o lu tion.

Some of the set tings made above by re call ing
the De fault Setup can also be made by ac ti vat -

ing the AUTOSET key. Press ing it once
means:

– Auto Trig. Note that this set ting will be
made once only if Man Trig has been se -
lected ear lier.

Press ing AUTOSET twice within two sec -
onds also adds the fol low ing set ting:

– Meas Time 200 ms.

FREQ C

CNT-90/91(R)

With an op tional prescaler the coun ter can
mea sure up to 3, 8, 15 or 20 GHz on In put C.

FREQ A, B 4-3

Measuring Functions

Fig. 4-1 Fre quency is mea sured as the 
in verse of the time be tween
one trig ger point and the next; 

f
t

=
1
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These RF in puts are fully au to matic and no
setup is required.

CNT-90XL

The four ver sions cover the fre quency ranges
27, 40, 46 and 60 GHz by means of an au to -
matic down-con ver sion tech nique de scribed
on page 4-13. Faster (man ual) ac qui si tion is
an alternative if the mea sured fre quency is
fairly known. Then its nom i nal value can be
en tered via the key board as a fixed start ing
point for the ac qui si tion pro cess.

An ad di tional fea ture is the pos si bil ity to mea -
sure sig nal power with high res o lu tion.

RATIO A/B, B/A,
C/A, C/B
To find the ra tio be tween two in put fre quen -
cies, the coun ter counts the cy cles on two
chan nels si mul ta neously and di vides the re sult 
on the pri mary chan nel by the re sult on the
sec ond ary chan nel.

Ra tio can be mea sured be tween In put A and
In put B, where ei ther channnel can be the pri -
mary or the sec ond ary chan nel. Ra tio can also 
be mea sured be tween In put C and In put A or
be tween In put C and In put B. Here In put C is
the pri mary chan nel.

+
Note that the res o lu tion cal cu la -
tions are very dif fer ent as com -
pared to fre quency mea sure -
ments. See page 8-41 for details.

BURST A, B, C
A burst sig nal as in Fig. 4-4 has a car rier wave 
(CW) fre quency and a mod u la tion fre quency,
also called the pulse rep e ti tion fre quency
(PRF), that switches the CW sig nal on and off.

Both the CW fre quency, the PRF, and the
num ber of cy cles in a burst are mea sured
with out ex ter nal arm ing sig nals and with or
with out selectable start arm ing de lay. See
Chap ter 5 “Mea sure ment Con trol” for a fun -
da men tal dis cus sion of arm ing and arm ing de -
lay.

The gen eral fre quency lim i ta tions for the re -
spec tive mea sur ing chan nel also ap ply to burst 
mea sure ments. The min i mum num ber of cy -
cles in a burst on In put A or In put B is 3 be -
low 160 MHz and 6 be tween 160 MHz and
400 MHz. Burst mea sure ments on In put C in -
volve prescaling, so the min i mum num ber of
cy cles will be 3 x prescaling fac tor. The
3 GHz op tion, for ex am ple, has a prescaling
fac tor of 16 and re quires at least 48 cy cles in
each burst.

The min i mum burst du ra tion is 40 ns be low
and 80 ns above 160 MHz.

Triggering

Bursts with a PRF above 50 Hz can be mea -
sured with auto trig ger ing on.

The out-of-sync er ror de scribed un der head ing 
“Pos si ble er rors” on page 4-6 may oc cur more 
fre quently when us ing Auto Trig ger.

When PRF is be low 50 Hz and when the gap
be tween the bursts is very small, use man ual
trig ger ing.

Al ways try us ing AUTOSET first. Then the
Auto Trig ger and the Auto Sync func tions in
com bi na tion will give satisfactory re sults

Measuring Functions

4-4 RATIO A/B, B/A, C/A, C/B



with out fur ther tweak ing in most cases. Some -

times switch ing from AUTO to MANual trig -

ger ing in the IN PUT A/B menus is enough to
get sta ble read ings. The con tin u ally cal cu lated 
trig ger lev els will then be fixed.

In put C has al ways au to matic trig ger ing and

AUTOSET only af fects the burst syn chro ni -
za tion.

Burst Measurements using
Manual Presetting

You can mea sure the fre quency on Input A
and In put B to 400 MHz and on Input C with
lim ited spec i fi ca tions to the up per fre quency
limit of the prescaler with the in ter nally syn -
chro nized BURST func tion as fol lows:

– Se lect Freq Burst un der the Freq menu

– Se lect A, B, or C as mea sure ment in put.

– Press SET TINGS and Burst. Select a

Meas Time that is shorter than the burst
du ra tion mi nus two CW cy cles.

If you do not know the ap prox i mate burst pa -
ram e ters of your sig nal, al ways start with a
short mea sure ment time and in crease it grad u -
ally un til the read out gets un sta ble.

– Press Sync De lay and en ter a value lon -
ger than the burst du ra tion and shorter
than the in verse of the PRF. See Fig. 4-2.

– Press Start De lay and en ter a value lon -
ger than the tran sient part of the burst
pulse.

– Se lect Fre quency Limit (160/400 MHz)
if In put A or In put B is to be used. Use

the low limit if pos si ble to min i mize the
num ber of cy cles nec es sary to make a
mea sure ment.

– Press EXIT/OK to mea sure.

All rel e vant burst pa ram e ters can be read on
the display si mul ta neously.

n Selecting Measurement Time

The measurement time must be shorter than
the du ra tion of the burst. If the mea sure ment
con tin ues dur ing part of the burst gap, no mat -
ter how small a pe riod of time, then the mea -
sure ment is ru ined. Choos ing a mea sure ment
time that is too short is better since it only re -
duces the res o lu tion. Mak ing burst fre quency
mea sure ments on short bursts means us ing
short mea sure ment times, giv ing a poorer res -
o lu tion than nor mally achieved with the coun -
ter.

BURST A, B, C   4-5

Measuring Functions

Fig. 4-2 Set the sync de lay so that it ex -
pires in the gap be tween the
bursts.

Fig. 4-3 Three time values must be set to 
mea sure the cor rect part of a
burst

Fig. 4-4 Burst sig nal.
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n How Does the Sync Delay
Work?

The sync de lay works as an in ter nal start arm -
ing de lay: it pre vents the start of a new mea -
sure ment un til the set sync de lay has ex pired.
See Fig. 4-5.

Af ter the set mea sure ment time has started,
the coun ter syn chro nizes the start of the mea -
sure ment with the sec ond trig ger event in the
burst. This means that the mea sure ment does
not start er ro ne ously dur ing the Burst Off du -
ra tion or in side the burst.

n Possible Errors

Be fore the mea sure ment has been syn chro -
nized with the burst sig nal, the first mea sure -
ment(s) could start ac ci den tally dur ing the
pres ence of a burst. If this would hap pen and
if the re main ing burst du ra tion is shorter than
the set mea sure ment time, the read out of the
first mea sure ment will be wrong. How ever,
af ter this first mea sure ment, a prop erly set
start-arm ing sync de lay time will syn chro nize
the next mea sure ments. 

In man u ally op er ated ap pli ca tions, this is not a 
prob lem. In au to mated test sys tems where the
re sult of a sin gle mea sure ment sam ple must be 
re li able, at least two mea sure ments must be
made, the first to syn chro nize the mea sure -

ment and the sec ond from which the mea sure -
ment re sult can be read out.

Frequency
Modulated Signals
A fre quency mod u lated sig nal is a car rier
wave sig nal (CW fre quency = f0) that changes 
in fre quency to val ues higher and lower than
the fre quency f0. It is the mod u la tion sig nal
that changes the fre quency of the car rier
wave.

The coun ter can mea sure:

f0 = Car rier fre quency.

fmax = Max i mum fre quency.

fmin = Min i mum fre quency.

Df = Fre quency swing = fmax – f0.

Carrier Wave Frequency f0

To de ter mine the car rier wave fre quency, mea -
sure fmean which is a close ap prox i ma tion of
f0.

Press STAT/PLOT to get an over view of all
the sta tis ti cal pa ram e ters.

Se lect the mea sure ment time so that the coun -
ter mea sures an in te gral num ber of mod u la tion 
pe ri ods. This way the pos i tive fre quency de vi -
a tions will com pen sate the neg a tive de vi a tions 
dur ing the mea sure ment.

Ex am ple: If the mod u la tion fre quency is
50 Hz, the mea sure ment time 200 ms will
make the coun ter mea sure 10 com plete mod u -
la tion cy cles.

Measuring Functions

4-6 Frequency Modulated Signals

Fig. 4-5 Mea suring the fre quency of the
car rier wave sig nal in a burst.
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If the mod u la tion is non-con tin u ous, like a
voice sig nal, it is not pos si ble to fully com -
pen sate pos i tive de vi a tions with neg a tive
deviations. Here, part of a mod u la tion swing
may re main un com pen sated for, and lead to a
mea sur ing re sult that is too high or too low.

In the worst case, ex actly half a mod u la tion
cy cle would be un com pen sated for, giv ing a
max i mum un cer tainty of:

f f
f

t f
mean

max

measuring ulation

0 - = ±
´ ´

D

mod p

For very ac cu rate mea sure ments of the car rier
wave fre quency f0, mea sure on the
unmodulated sig nal if it is ac ces si ble.

n Modulation Frequencies
above 1 kHz

– Turn off SIN GLE.

– Set a long mea sure ment time that is an
even mul ti ple of the in verse of the mod u -
la tion fre quency.

You will ob tain a good ap prox i ma tion when
you se lect a long mea sure ment time, for in -
stance 10 s, and when the mod u la tion fre -
quency is high, above 1000 Hz.

n Low Modulation Frequencies

Press SET TINGS ® STAT and make the No. 

of sam ples pa ram e ter as large as pos si ble
con sid er ing the max i mum al lowed mea sure -

ment time. Press STAT/PLOT and let the
coun ter cal cu late the mean value of the sam -
ples.

You will usu ally get good re sults with 0.1 s
mea sure ment time per sam ple and more than

30 sam ples (n ³ 30). You can try out the op ti -
mal com bi na tion of sam ple size and mea sure -
ment time for spe cific cases. It de pends on the 

ac tual f0 and Dfmax.

Here the sam pling fre quency of the mea sure -
ment (1/mea sure ment time) is asyn chron ous
with the mod u la tion fre quency. This leads to
in di vid ual mea sure ment re sults which are ran -
domly higher and lower than f0. The sta tis ti -
cally av er aged value of the fre quency fmean

ap proaches f0 when the num ber of av er aged
sam ples is suf fi ciently large.

When the coun ter mea sures in stan ta neous fre -
quency val ues (when you se lect a very short
mea sure ment time), the RMS mea sure ment
un cer tainty of the mea sured value of f0 is:

f f
n

fmean0

1

2
- = ± ´ D max

where n is the num ber of av er aged sam ples of
f.

fmax 

– Press SET TINGS ® STAT and set No.of 

sam ples to 1000 or more.

– Press Meas Time and se lect a low value.

– Press STAT/PLOT and watch fmax.

Frequency Modulated Signals 4-7
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Fig. 4-6 Fre quency mod u la tion
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fmin 

– Press SET TINGS ® STAT and set No.of 

sam ples to 1000 or more.

– Press Meas Time and se lect a low value.

– Press STAT/PLOT and watch fmin.

Dfp-p

– Press SET TINGS ® STAT and set No.of 

sam ples to 1000 or more.

– Press Meas Time and se lect a low value.

Press STAT/PLOT and watch Dfp-p.

D Df f f fp p- = - = ´max min 2 .

Errors in fmax, fmin, and Dfp-p

A mea sure ment time cor re spond ing to 1
10cy -

cle, or 36° of the mod u la tion sig nal, leads to
an er ror of approx 1.5%. 

Se lect the mea sure ment time: 

t
f

measure

modulation

£
´

1

10

To be con fi dent that the cap tured max i mal fre -
quency re ally is fmax, you must se lect a suf fi -
ciently large num ber of sam ples, for in stance

n ³ 1000.

AM Signals
The coun ter can usu ally mea sure both the car -
rier wave fre quency and mod u la tion fre -
quency of AM sig nals. These mea sure ments
are much like the burst mea sure ments de -
scribed ear lier in this man ual.

Carrier Wave Frequency

The car rier wave (CW) is only con tin u ously
pres ent in a nar row am pli tude band in the
mid dle of the sig nal if the mod u la tion depth is 
high. If the sen si tiv ity of the coun ter is too
low, cy cles will be lost, and the mea sure ment
ru ined.

To mea sure the CW fre quency:

– En ter the IN PUT A menu.

– Se lect a mea sure ment time that gives you
the res o lu tion you want.

– Turn on Manual trigger.

– Press Trig level and en ter 0 V trig ger
level (press the nu meric key 0 and

EXIT/OK).

– Se lect AC coupling.

– Se lect 1x at ten u a tion to get a nar row hys -
ter esis band.

Measuring Functions

4-8 AM Signals

Fig. 4-7 Er ror when de ter min ing fmax

Fig. 4-8 Ef fects of dif fer ent sen si tiv ity
when mea sur ing the CW Fre -
quency of an AM sig nal.
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– If the coun ter trig gers on noise, widen the
hys ter esis band with the ‘vari able hys ter -
esis’ func tion, i.e. en ter a trig ger level
>0 V but <VP-Pmin. See Fig. 4-8.

Modulating Frequency

The eas i est way to mea sure the mod u lat ing
fre quency is af ter de mod u la tion, for in stance
by means of a so-called RF-de tec tor probe
(also known as a de mod u lator probe, e.g.
Pomona type 5815) used with AC-cou pling of 
the in put chan nel. If no suit able de mod u lator

is avail able, use the Freq Burst func tion to
mea sure the mod u la tion fre quency in the same 
way as when mea sur ing Burst PRF.

– Press MEAS FUNC and se lect

Freq Burst A.

– Press SET TINGS ® Burst ® Meas

Time and en ter a mea sure ment time that
is ap prox i mately 25 % of the mod u lat ing
period.

– Press Sync De lay and en ter a value that
is ap prox i mately 75 % of the mod u lat ing
pe riod. See Fig. 4-2.

– Press IN PUT A and turn on Manual trig -
ger.

– Press Trig and en ter a trig ger level that
makes the coun ter trig ger ac cord ing to
Fig. 4-9.

Even though the main fre quency read ing may
now be un sta ble, the PRF value on the dis play 
will rep re sent the mod u lat ing fre quency.

AM Signals   4-9
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Fig. 4-9 Mea suring the mod u lat ing fre -
quency.
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Theory of
Measurement

Reciprocal Counting

Sim ple fre quency coun ters count the num ber
of in put cy cles dur ing a pre set gate time, for

in stance one sec ond. This leads to a ± 1 in put
cy cle count er ror that, at least for low-fre -
quency mea sure ments, is a ma jor con tri bu tion
to un cer tainty.

How ever, the coun ters de scribed here use a
high-res o lu tion, re cip ro cal count ing tech -
nique, syn chro niz ing the measurement start
with the in put signal. In this way an ex act
num ber of in te gral in put cy cles will be

counted, thereby omit ting the ± 1 in put cy cle
er ror.

Af ter the start of the set mea sure ment time,
the coun ter syn chro nizes the be gin ning of the
ac tual gate time with the first trig ger event (t1) 
of the in put sig nal. See also Fig. 4-10.

In the same way, the coun ter syn chro nizes the
stop of the ac tual gate time with the in put sig -
nal, af ter the set mea sure ment time has
elapsed. The multi-reg is ter count ing tech nique 
al lows you to si mul ta neously mea sure the ac -

tual gate time (tg) and the num ber of cy cles
(n) that oc curred dur ing this gate time.

There af ter, the coun ter cal cu lates the fre -
quency ac cord ing to Mr. Hertz’s def i ni tion:

f
n

tg

=

The '9X' mea sures the gate time, tg, with a
res o lu tion of 100 ps, in de pend ent of the mea -
sured fre quency. Con se quently the use of
prescalers does not in flu ence the quantization
er ror. There fore, the rel a tive quantization er ror 
is: 100 ps/tg.

For a 1-sec ond mea sure ment time, this value
is:

100

1
100 10 1 1012 10ps

s
= ´ = ´- -

Ex cept for very low fre quen cies, tg and the set 
mea sure ment time are nearly iden ti cal.

Sample-Hold

If the in put sig nal dis ap pears dur ing the mea -
sure ment, the coun ter will be have like a volt -
me ter with a sam ple-and-hold fea ture and will 
freeze the re sult of the pre vi ous mea sure ment.

Time-Out

Mainly for GPIB use, you can man u ally se lect 
a fixed time-out in the menu reached by press -

ing SET TINGS ® Misc ® Time out. The
range of the fixed time-out is 10 ms to 1000 s,

and the de fault set ting is Off.

Se lect a time that is lon ger than the cy cle time 
of the low est fre quency you are go ing to mea -
sure; mul ti ply the time by the prescaling fac -
tor of the in put chan nel and en ter that time as
time-out. 

Measuring Functions

4-10 Theory of Measurement

Fig. 4-10 Syn chro ni za tion of a mea sure -
ment.
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When no trig ger ing has oc curred dur ing the
time-out, the coun ter will show NO SIG NAL.

Measuring Speed

The set mea sure ment time de ter mines the
mea sur ing speed for those func tions that uti -

lize av er ag ing – Frequency and Pe riod

Avg. For con tin u ous sig nals,

Speed
tg

»
+

1

0 2.
 read ings/s

when Auto trig ger is on and can be in creased
to:

Speed
tg

»
+

1

0 001.
 read ings/s

when Manual trig ger is on, or via GPIB:

Speed
tg

»
+

1

0 00012.
 read ings/s

n Average and Single Cycle
Measurements

To re duce the ac tual gate time or mea sur ing
ap er ture, the coun ters have very short mea -

sure ment times and a mode called Sin gle for
pe riod mea sure ments. The lat ter means that
the coun ter mea sures dur ing only one cy cle of
the in put sig nal. In ap pli ca tions where the
coun ter uses an in put chan nel with a prescaler, 

the Sin gle mea sure ment will last as many cy -
cles as the di vi sion fac tor. If you want to mea -
sure with a very short ap er ture, use an in put
with a low di vi sion fac tor.

Av er ag ing is the nor mal mode for fre quency
and pe riod mea sure ments when you want to
reach max i mum res o lu tion. There is al ways a
trade off be tween time and pre ci sion, how ever, 
so de cide how many dig its you need and use
as short a mea sure ment time as pos si ble to ar -
rive at your ob jec tive.

n CNT-90/91(R): Prescaling May
Influence Measurement Time

Prescalers do af fect the min i mum mea sure -
ment time, in as much as short bursts have to
con tain a min i mum num ber of car rier wave
pe ri ods. This num ber de pends on the
prescaling fac tor.

Fig. 4-11 shows the ef fect of the 3 GHz
prescaler. For 16 in put cy cles, the prescaler
gives one square wave out put cy cle. When the 
coun ter uses a prescaler, it counts the num ber
of prescaled out put cy cles, here f/16. The dis -
play shows the cor rect in put fre quency since
the mi cro com puter com pen sates for the ef fect
of the di vi sion fac tor d as fol lows:

f
n d

tg

=
´
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Fig. 4-11 Di vide-by-16 Prescaler.

Function Prescaling
Factor

FREQ A/B (400 MHz) 2

BURST A/B (<160 MHz) 1

BURST A/B (>160 MHz 2

PE RIOD A/B AVG (400 MHz) 2

PE RIOD A/B SGL (400 MHz) 1

FREQ C (3 GHz) 16

FREQ C (8 GHz) 256

FREQ C (15 & 20 GHz) 128

All other func tions 1

Table 4-1 Prescaling fac tors.
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Prescalers do not re duce res o lu tion in re cip ro -
cal coun ters. The rel a tive quantization er ror is

still: 
100 ps

tg

See Table 4-1 to find the prescaling fac tors
used in dif fer ent operating modes.

n LF Signals

Sig nals be low 100 Hz should be mea sured
with man ual trig ger ing, un less the de fault set -
ting (100 Hz) is changed. See page 2-12. The
low limit can be set to 1 Hz, but the mea sure -
ment pro cess will be slowed down con sid er -
ably if auto trig ger ing is used in con junc tion
with very low fre quen cies.

When mea sur ing pulses with a low rep e ti tion
rate, for ex am ple a 0.1 Hz pulse with a
non-prescaled func tion like PE RIOD SGL, the 
mea sure ment will re quire at least the du ra tion
of one cy cle, that is 10 sec onds, and at worst
nearly 20 sec onds. The worst case is when a
trig ger event took place just be fore the be gin -
ning of a mea sure ment time (Fig. 4-13). Mea -
sur ing the fre quency of the same sig nal will
take twice as long, since this function in volves 
prescaling by a fac tor two.

Even if you have cho sen a short mea sure ment
time, this mea sure ment will re quire be tween
20 and 40 sec onds (for this ex am ple).

n CNT-90/91(R): RF Signals

As men tioned be fore, a prescaler in the C-in -
put di vides the in put fre quency be fore it is
counted by the nor mal dig i tal count ing logic.
The di vi sion fac tor is called prescaler fac tor
and can have dif fer ent val ues de pend ing on
the prescaler type. The 3 GHz prescaler is de -
signed for a prescaling fac tor of 16. This
means that an in put C fre quency of, e.g.,
1.024 GHz is trans formed to 64 MHz.

Prescalers are de signed for op ti mum per for -
mance when mea sur ing sta ble con tin u ous RF.
Most prescalers are in her ently un sta ble and
would self-os cil late with out an in put sig nal.
To pre vent a prescaler from os cil lat ing, a
“go-de tec tor” is in cor po rated. See Fig. 4-12. 

The go-de tec tor con tin u ously mea sures the
level of the in put sig nal and sim ply blocks the
prescaler out put when no sig nal, or a sig nal
that is too weak, is pres ent.

The pres ence of a burst sig nal to be mea sured
makes cer tain de mands upon the sig nal it self.
Re gard less of the ba sic coun ter’s abil ity to
mea sure dur ing very short mea sure ment
times, the burst du ra tion must meet the fol -
low ing minimum con di tions:

Burst presc factor inp cycle timemin ( . ) ( . )> ´ ´3
or at least 80 ns

Nor mally the real min i mum limit is set by
other fac tors, like the speed of the GO-de tec -
tor. This speed de pends on the spe cific in put
op tion used.

Measuring Functions
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Fig. 4-12 Go-detector in the prescaler.

Fig. 4-13 Mea sure ment Time.
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n CNT-90XL: Mi cro wave
Conversion

Mea sur ing fre quen cies up to 20 GHz is pos si -
ble with the top-per for mance prescaler op tion
14B. The gen eral prin ci ples of prescalers are
de scribed in the pre ced ing paragraph.

The dif fer ent ver sions of the CNT-90XL are
in tended for ap pli ca tions with up per fre -
quency lim its be tween 27 GHz and 60 GHz.

Here an other tech nique is uti lized,
downconversion by means of mix ing the un -
known sig nal with known LO fre quen cies un -
til there is a sig nal pres ent within the passband 
of the IF am pli fier, in this case 10 - 200 MHz.

A sim pli fied block di a gram can be seen in
Fig. 4-14.

The ba sic LO fre quency range is 430 - 550 
MHz and is di vided into a num ber of dis -
crete fre quen cies fetched from a look-up
ta ble. The LO out put is fed to a comb gen -
er a tor that cre ates a har monic spec trum
cov er ing the whole spec i fied mi cro wave
range.

The au to matic pro cess of cal cu lat ing the
in put frequncy con sists of the fol low ing
steps:

– Preacquisition
The pur pose of this pro cess is to find
out if there is a mea sur able sig nal pres -
ent at the in put, and if so, fix the LO
fre quency that gives rise to an IF sig -
nal above a cer tain thresh old level.
This is done by se quen tially step ping the
LO from the highest value in the look-up
ta ble to the low est value and ap ply ing the
re sult ing comb gen er a tor spec trum to the
mixer. The pro cess is stopped when the
sig nal de tec tor out puts a sta tus sig nal to
the pro ces sor.

– Ac qui si tion
We don’t know yet which har monic gen er -
ates the IF sig nal. First we mea sure the IF
with the coun ter. Then we de crease the LO 
fre quency by 1 MHz and mea sure the IF
once more. If, for in stance, the dif fer ence
be tween the two val ues is 5 MHz, then we 
know that the fifth har monic is the or i gin.
By ex am in ing the sign of the dif fer ence,
we can de cide if the orig i nal IF should be
added to or sub tracted from the cal cu lated
har monic in or der to ar rive at the fi nal
value.

– Fi nal RF cal cu la tion
Now we know the LO fre quency, the mul -
ti pli ca tion fac tor ‘n’ and the sign. What re -
mains to be done is to count the IF dur ing
a mea sure ment time cor re spond ing to the

de sired res o lu tion, and then the re sult is
used for cal cu lat ing the fi nal value to be
pre sented on the dis play as: 
f n f IFx LO= ´ ±

There are a num ber of con di tions that can
com pli cate the ac qui si tion pro cess. All of
them are han dled by mea sures taken by the in -
stru ment firmware. Two ex am ples:
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Fig. 4-14 Mi cro wave ac qui si tion in the
CNT-90XL.



– One of the step frequencies pro duces an IF 
but not its shifted value. Ac tion: go to the
next ta ble value.

– Fre quency mod u la tion causes an un sta ble
‘n’ value calculation. Ac tion: in crease the
mea sur ing time.

Power mea sure ment

An other fea ture in this in stru ment is the abil -
ity to mea sure power with high res o lu tion and
mod er ate ac cu racy over the en tire fre quency
range, achieved by stor ing in di vid ual fre -
quency de pend ent power cor rec tion fac tors in
a mem ory lo cated in side the con ver sion unit.
This mem ory is also used for stor ing other in -
for ma tion about the con verter like iden ti fi ca -
tion data.

PERIOD

Single A, B & Avg. A, B, C

From a mea sur ing point of view, the pe riod
func tion is iden ti cal to the fre quency func tion. 
This is be cause the pe riod of a cy clic sig nal
has the re cip ro cal value of the fre quency ( 1

f).

In prac tice there are two mi nor dif fer ences.

1. The coun ter cal cu lates FRE QUENCY
(al ways AVG) as:

f
number of cycles

actual gate time
=  

while it cal cu lates PE RIOD AVG as:

p
actual gate time

number of cycles
=

2. In the PE RIOD SIN GLE mode, the coun -
ter uses no prescaler.

All other func tions and fea tures as de scribed
ear lier un der “Fre quency” ap ply to Pe riod
mea sure ments as well.

Sin gle A, B Back-to-Back

n CNT-91(R) only

This func tion ben e fits from the ba sic
time-stamp ing calculation method uti lized by
this se ries of coun ters to ob tain con sec u tive
mea sure ment re sults with out dead time.

Ev ery pos i tive or neg a tive zero cross ing (de -
pend ing on the se lected slope) up to the max i -
mum fre quency (125 kHz with interpolator

cal i bra tion ON or 250 kHz with interpolator

cal i bra tion OFF) is time-stamped. For ev ery
new time stamp the pre vi ous value is sub -
tracted from the cur rent value and dis played.

In VAL UES mode the dis play is up dated ev -
ery new pe riod if the pe riod time ex ceeds
200 ms. For shorter times ev ery sec ond, third
etc.re sult is dis played due to the lim ited up -
dat ing rate.

In STA TIS TICS mode the graphs and sta tis ti -
cal data con tain all pe ri ods up to the max i -
mum in put fre quency (see above). For higher
fre quen cies the av er age pe riod time dur ing the 
4 or 8 µs ob ser va tion time is dis played. So, for 
higher fre quen cies the ac tual func tion is rather 
Pe riod Av er age Back-to-Back.

The main pur pose of this func tion is to make
con tin u ous mea sure ments of rel a tively long
pe riod times with out los ing sin gle pe ri ods due 
to re sult pro cess ing. A typ i cal ex am ple is the
1-pps timebase out put from GPS re ceiv ers.

Measuring Functions
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Fre quency A, B
Back-to-Back

n CNT-91(R) only

This is the in verse func tion of Pe riod

Back-to-Back. In STA TIS TICS mode mea -
sure ment time is used for pac ing the time
stamps. The pac ing pa ram e ter is not used in
this case.

Thus a se ries of con sec u tive fre quency av er -
age mea sure ments with out dead time can be
made in or der to ful fil the re quire ments for
cor rect cal cu la tion of Allan vari ance or de vi a -
tion. These statististical mea sures are, for in -
stance, widely used by os cil la tor man u fac tur -
ers to de scribe short-term sta bil ity.

PERIOD 4-15
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Time Measurements

Introduction
Mea sur ing the time be tween a start and a stop
con di tion on two sep a rate chan nels is the ba sis 
for all time in ter val mea sure ments. In ad di tion 

to the fun da men tal func tion Time In ter val A

to B, the coun ters also of fer other chan nel
com bi na tions and de rived func tions like

Pulse Width and Rise/Fall Time.

Triggering

The set trig ger level and trig ger slope de fine
the start and stop trig ger ing.

If Auto is on, the coun ter sets the trig ger level 
to 50% of the sig nal am pli tude, which is ideal
for most time mea sure ments.

n Summary of Conditions for
Reliable Time Measurements:

– Auto Once, that is freez ing the lev els de -

ter mined by Auto Trig, is nor mally the
best choice when mak ing time mea sure -

ments. Choose Man Trig and press

AUTOSET once.

– DC cou pling.

– 1x At ten u a tion. Se lected au to mat i cally if

AUTOSET was used be fore to set the
trig ger lev els.

– High sig nal level.

– Steep sig nal edges.

Even though the in put am pli fi ers have high
sen si tiv ity, the hys ter esis band has a fi nite
value that would in tro duce a small tim ing er -
ror for sig nals with dif fer ent rise and fall
times, for in stance asym met ri cal pulse sig nals
like the one in Fig. 4-15. This tim ing er ror is
taken care of by us ing hys ter esis com pen sa -

Measuring Functions
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Fig. 4-15 Time is mea sured be -
tween the trig ger point and the re set
point. Ac cu rate mea sure ments are
pos si ble only if the hys ter esis band is
nar row.
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tion that vir tu ally moves the trig ger points by
half the hys ter esis band.

Time Interval
All time in ter val func tions can be found un der 

the func tion menu Time.

The tog gling SLOPE keys (marked with a
pos i tive  or neg a tive  edge sym bol) un -

der the menus IN PUT A/B de cide which edge 
of the sig nal will start resp. stop the mea sure -
ment.

Time Interval A to B

The coun ter measures the time be tween a start 
con di tion on in put A and a stop con di tion on
in put B. 

Time Interval B to A

The coun ter measures the time be tween a start 
con di tion on in put B and a stop con di tion on
in put A.

Time Interval A to A, B to B

When the same (com mon) sig nal source sup -
plies both start and stop trig ger events, con -
nect the sig nal to ei ther in put A or in put B.

These func tions can be used for mea sur ing
rise and fall times be tween ar bi trary trig ger
lev els.

CNT-91(R): Time
In ter val Er ror (TIE)
This func tion can be found un der the func tion

menu Time and is only ap pli ca ble to clock
sig nals, not data signals.

TIE mea sure ment uses con tin u ous
time-stamp ing to ob serve slow phase shifts
(wan der) in nom i nally sta ble sig nals dur ing
ex tended pe ri ods of time. Monitoring dis trib -
uted PLL clocks in syn chro nous data trans -
mis sion sys tems is a typ i cal ap pli ca tion.

The fre quency of the sig nal to be checked can

be ei ther man u ally or au to mat i cally set. Auto
de tects the fre quency from the first two sam -
ples. The value is rounded to four dig its, e.g.
2.048 MHz and is out put on the bus when a
query is sent. It is also dis played as an aux il -

iary pa ram e ter in VALUE mode.

TIE is mea sured as the time in ter val be tween
the in put sig nal and the in ter nal or ex ter nal
timebase clock. These sig nals are not
phase-locked, so irrespective of the real time
in ter val value at the start of a mea sure ment,
the re sult at t = 0 is math e mat i cally nulled.

Thus the graphic rep re sen ta tion in STA TIS -

TICS mode starts at the or i gin of coordinates.

Rise/Fall Time A/B
These func tions can be found un der the func -

tion menu Time.

Rise and fall time can be mea sured on both in -
put A and in put B.

By con ven tion, rise/fall time mea sure ments
are made with the trig ger lev els set to 10 %

Time Interval 4-17
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(start) and 90 % (stop) of the max i mum pulse
am pli tude, see Fig ure 4-16.

The coun ter mea sures the time from when the
sig nal passes 10 % of its am pli tude to when it
passes 90 % of its am pli tude. The trig ger lev -
els are cal cu lated and set au to mat i cally. 

Auxiliary pa ram e ters shown si mul ta neously
are Slew Rate (V/s), Vmax and Vmin

For ECL cir cuits, the ref er ence lev els are
20 % (start) and 80 % (stop). In this case you
can use ei ther of two meth ods:

1.  Se lect the gen eral Time In ter val func tion de -
scribed above and set the trig ger lev els man -
u ally af ter cal cu lat ing them from the ab so -
lute peak val ues. Then you can ben e fit from
the aux il iary pa ram e ters Vmax and Vmin. For
mea sure ments made on in put A, use the fol -
low ing set tings:

     Rise Time:
Trig Level A = Vmin +0.2(Vmax - Vmin)
Trig Level B = Vmin +0.8(Vmax - Vmin)

     Fall Time:
Trig Level A = Vmin +0.8(Vmax - Vmin)
Trig Level B = Vmin +0.2(Vmax - Vmin)

2. Se lect one of the ded i cated Rise/Fall Time
func tions, and ex ploit the pos si bil ity to man -
u ally ad just the rel a tive trig ger lev els (in %)
when Auto Trig ger is ac tive. Both in put
chan nel menus are used for en ter ing the lev -
els, but only one chan nel is the ac tive sig nal
in put.

See the para graph on Auto Trig ger (page 4-20) 
to find out how over shoot or ring ing may af -
fect your mea sure ment.

Pulse Width A/B
The func tion menu des ig na tion is Pulse. Ei -
ther in put A or in put B can be used for mea -
sur ing, and both pos i tive and neg a tive pulse
width can be selected.

– Pos i tive pulse width means the time be -
tween a ris ing edge and the next fall ing
edge.

– Neg a tive pulse width means the time be -
tween a fall ing edge and the next ris ing
edge.

The se lected trig ger slope is the start trig ger
slope. The coun ter au to mat i cally se lects the
in verse po lar ity as stop slope.

Duty Factor A/B
The func tion menu des ig na tion is Pulse. Ei -
ther in put A or in put B can be used for mea -
sur ing, and both pos i tive and neg a tive duty
fac tor can be se lected. See the pre ced ing para -
graph for a def i ni tion of pos i tive and neg a tive
in this con text.

Duty fac tor (or duty cy cle) is the ra tio be -
tween pulse width and pe riod time. The coun -
ter de ter mines this ra tio by first mak ing a
pulse width mea sure ment, then a pe riod mea -
sure ment, and calculates the duty fac tor as:

Duty factor
Pulse width

Period
=

Measuring Functions

4-18 Pulse Width A/B

Fig. 4-16 Trig ger lev els for rise/fall mea -
sure ments.
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+
The to tal mea sure ment time will
be dou bled com pared to a sin gle
mea sure ment, be cause "Duty"
re quires 2 mea sure ment steps.

Measurement
Errors

Hysteresis

The trig ger hys ter esis, among other things,
causes mea sur ing er rors, see Fig ure 4-18. Ac -
tual trig ger ing does not oc cur when the in put
sig nal crosses the trig ger level at 50 per cent of 
the am pli tude, but when the in put sig nal has
crossed the en tire hys ter esis band.

The hys ter esis band is about 20 mV with at -

ten u a tion 1x, and 200 mV with at ten u a tion

10x.

To keep this hys ter esis trig ger er ror low, the

attenuator set ting should be 1x when pos si ble. 

Use the 10x  po si tion only when in put sig nals
have ex ces sively large am pli tudes, or when
you need to set trig ger lev els higher than 5 V.

Overdrive and Pulse
Rounding

Ad di tional tim ing er rors may be caused by
trig ger ing with in suf fi cient over drive, see Fig -
ure 4-17. When trig ger ing oc curs too close to
the max i mum volt age of a pulse, two phe nom -
ena may in flu ence your mea sure ment un cer -
tainty: over drive and round ing.

Over drive:  When the in put sig nal crosses 
the hys ter esis band with only a mar -
ginal over drive, trig ger ing may take
some 100 ps lon ger than usual. The
spec i fied worst case 500 ps sys tem -
atic trig ger er ror in cludes this er ror, but 
you can avoid it by hav ing ad e quate
over drive.

Rounding:  Very fast pulses may suf fer
from pulse round ing, over shoot, or
other ab er ra tions. Pulse round ing can
cause sig nif i cant trig ger er rors, par tic -
u larly when mea sur ing on fast cir -
cuitry.

Measurement Errors 4-19
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Fig. 4-17 In suf fi cient over drive causes
Trig ger Er ror.

Fig. 4-18 Trig ger hysteresis
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Auto Trigger

Auto Trig ger is a great help es pe cially when
you mea sure on un known sig nals. How ever,

over shoot and ring ing may cause Auto to
choose slightly wrong MIN and MAX sig nal
lev els. This does not af fect mea sure ments like
fre quency, but tran si tion time mea sure ments
may be af fected.

There fore, when work ing with known sig nals
such as logic cir cuitry, set the trig ger lev els
man u ally.

Al ways use man ual trig ger lev els if the sig nal
rep e ti tion rate drops be low 100 Hz (de fault),
or be low the low fre quency limit set by en ter -
ing a value be tween 1 Hz and 50 kHz in the

menu Auto Trig Low Freq. You can reach it 

by press ing SET TINGS ® Misc.

Measuring Functions
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Phase

What is Phase?
Phase is the time dif fer ence be tween two sig -
nals of the same fre quency, ex pressed as an
an gle.

The tra di tional method to mea sure phase de -
lay with a timer/coun ter is a two-step process
con sist ing of two con sec u tive mea sure ments,
first a pe riod mea sure ment and im me di ately
af ter that a time in ter val mea sure ment. The
phase de lay is then math e mat i cally cal cu lated
as:

360° ´ -( )Time Interval A B

Period

or in other words:

Phase A B Time Delay FREQ- = °´ ´360

A some what more elab o rate method is used in 
these coun ters. It al lows the nec es sary mea -
sure ments to be per formed in one pass by us -
ing time-stamp ing. Two con sec u tive
time-stamps from trig ger events on chan nel A
and two cor re spond ing time-stamps from

chan nel B are enough to cal cu late the re sult,
in clud ing sign.

Resolution

The fre quency range for phase is up to
160 MHz and the res o lu tion depends on the
fre quency. For fre quen cies be low 100 kHz the 
res o lu tion is 0.001° and for fre quen cies above
10 MHz it is 1°. It can be fur ther im proved by
av er ag ing through the built-in sta tis tics func -
tions.

Possible Errors
Phase can be mea sured on in put sig nal fre -
quen cies up to 160 MHz. How ever, at these
very high fre quen cies the phase res o lu tion is
re duced to:

100 360ps FREQ´ ´o

What is Phase? 4-21
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Fig. 4-19 Phase de lay.

Fig. 4-20 Tra di tional phase def i ni tion.
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Inaccuracies

The in ac cu racy of Phase A-B mea sure ments
de pends on sev eral ex ter nal pa ram e ters:

– In put sig nal fre quency

– Peak am pli tude and slew rate for in put sig -
nals A and B

– In put sig nal S/N-ra tio

Some in ter nal pa ram e ters are also im por tant:

– In ter nal time de lay be tween chan nel A and 
B sig nal paths

– Vari a tions in the hys ter esis win dow be -
tween chan nel A and B

Let us look deeper into the re stric tions and
pos si bil i ties of us ing phase mea sure ments.

In ac cu racy: The mea sure ment er rors are of
two kinds:

– Ran dom er rors

– Sys tem atic er rors

The ran dom er rors con sist of res o lu tion
(quantization) and noise trig ger er ror.

Sys tem atic er rors con sist of “inter-chan nel de -
lay dif fer ence” and “trig ger level tim ing” er -
rors. Sys tem atic er rors are con stant for a given 
set of in put sig nals, and in gen eral, you can
com pen sate for them in the con trol ler

(GPIB-sys tems) or lo cally via the MATH/LIM
menu (man ual op er a tion) af ter mak ing cal i -
bra tion mea sure ments. See Meth ods of Com -
pen sa tion on page 4-24.

n Random Errors

The phase quantization er ror al go rithm is:

100 360ps FREQ´ ´ °

For ex am ple, the quantization er ror for a
1 MHz in put sig nal is thus:

100 1 10 360 0 046ps ´ ´ ´ °» °.

The trig ger noise er ror con sists of start and
stop trig ger er rors that should be added. For
si nu soi dal in put sig nals each er ror is:

360

2

°

´p S
N ratio

Let’s use the ex am ple above and add some
noise so that the S/N ra tio will be 40 dB. This
cor re sponds to an am pli tude ra tio of 100 times 
(and power ra tio of 10000 times). Then the
trig ger noise will con trib ute to the ran dom er -
ror with:

360

2 100
0 6

°

´
» °

p
.

The sum of ran dom er rors should not be added 
lin early, but in an “RMS way”, be cause of
their ran dom na ture. Let’s do so for our ex am -
ples above.

Ran dom er ror = 

quant err start trg err stop trg err. . . . . .2 2 2+ +

The to tal ran dom er rors are thus:

0 04 0 6 0 6 0 852 2 2. . . .+ + » ° (sin gle-shot)

What about ran dom er rors caused by in ter nal
am pli fier noise? In ter nal noise con tri bu tion is
nor mally neg li gi ble. The phase er ror caused
by noise on the sig nal, whether in ter nal or ex -
ter nal, is:

360

2

°

´p S
N ratio

For an in put sig nal of 250 mVrms and the typ i -

cal in ter nal noise fig ure of 250 mVrms gives us 
a S/N-ra tio of a min i mum of 60 dB (1000
times). This gives us a worst case er ror of
0.06°. In creas ing the in put sig nal to 1.5 Vrms

de creases the er ror to 0.01°.

An other way to de crease ran dom er rors is to
use the sta tis tics fea tures of the in stru ment and 
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cal cu late the mean value from a num ber of
sam ples.

n Systematic Errors in Phase
Measurements

Sys tem atic er rors con sist of 3 el e ments:

– Inter-chan nel prop a ga tion de lay dif fer ence.

– Trig ger level tim ing er rors (start and stop), 
due to trig ger level un cer tainty.

The inter-chan nel prop a ga tion de lay dif fer -
ence is typ i cally 500 ps at iden ti cal trig ger
con di tions in both in put chan nels. There fore,
the cor re spond ing Phase dif fer ence is:

<0.5 ns ´360°´ FREQ 

See the fol low ing ta ble.

Trig ger level tim ing er ror

The “trig ger level tim ing er ror” is de pend ing 
on two fac tors:

– The ac tual trig ger point is not ex actly
zero, due to trig ger level DAC un cer -
tainty and com para tor off set error.

– The two sig nals have dif fer ent slew rates
at the zero-cross ing.

Ev ery coun ter has in put hys ter esis. This is
nec es sary to pre vent noise to cause er ro ne -
ous in put trig ger ing. The width of the hys ter -
esis band de ter mines the max i mum sen si tiv -
ity of the coun ter. It is ap prox i mately 30 mV, 
so when you set a trig ger level of 0 V, the ac -
tual trig ger point would nor mally be +15 mV
and the re cov ery point –15 mV. This kind of
tim ing er ror is cancelled out by us ing hys ter -
esis com pen sa tion.

Hys ter esis com pen sa tion means that the mi -
cro com puter can off set the trig ger level so that 
ac tual trig ger ing (af ter off set) equals the set
trig ger level (be fore off set). This gen eral hys -
ter esis com pen sa tion is ac tive in phase as well 
as in time in ter val and rise/fall time mea sure -

ments. There is a cer tain re sid ual un cer tainty
of a few mV and there is also a cer tain tem -
per a ture drift of the trig ger point.

The nom i nal trig ger point is 0 V with an un -

cer tainty of ± 10 mV.

A sine wave ex pressed as 

V t V ftP( ) sin ( )= ´ 2p , has a slew rate 
D

D

V

t
of 

V fP ´ 2p close to the zero-crosssing. That gives 
us the sys tem atic time er ror when cross ing
10 mV, in stead of cross ing 0 mV.

10

2

mV

V FREQ
s

P( )
( )

´ ´p

And the cor re spond ing phase er ror in de grees
is:

10 360

2

mV FREQ

V FREQP

´ ° ´

´ ´p

which can be re duced to: 
0 6.

( )
VP

°

This er ror can oc cur on both in puts, so the
worst case sys tem atic er ror is thus:

0 6 0 6.

( )

.

( )
( )

V A V BP P

+ °
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160 MHz 28.8°

100 MHz 18.0°

10 MHz 1.8°

1 MHz 0.18°

100 kHz 0.018°

10 kHz and be low 0.002°

Table 4-2 Phase dif fer ence caused by
inter-chan nel prop a ga tion de lay 
dif fer ence



n

Methods of Compensation

The cal cu la tions above show the typ i cal un -
cer tain ties in the con stit u ents that make up the 
to tal sys tem atic er ror. For a given set of in put
sig nals you can com pen sate for this er ror
more or less com pletely by mak ing cal i bra tion 
mea sure ments. De pend ing on the ac cept able
re sid ual er ror, you can use one of the meth ods
de scribed below. The first one is very sim ple
but does not take the inter-chan nel prop a ga -
tion de lay dif fer ence into account. The sec ond 
one in cludes all sys tem atic er rors, if it is car -
ried out me tic u lously, but it is of ten not prac ti -
ca ble.

Com mon set tings for the two in puts are:

Slope:
Cou pling:
Im ped ance:

Trig ger:
Trig ger Level:
Fil ter:

Pos or Neg
AC

1 MW or 50 W de pend ing
on source and fre quency
Man
0 V
Off

Method 1:

Con nect the test sig nals to In put A and In put

B. Se lect the func tion Phase A rel A to find

the ini tial er ror. Use the MATH/LIM menu to

en ter this value as the con stant L in the for -

mula K*X+L by press ing X0 and change sign. 

Now the cur rent mea sure ment re sult (X0)
will be sub tracted from the fu ture phase

mea sure ments made by se lect ing Phase A

rel B. A con sid er able part of the sys tem atic
phase er rors will thus be cancelled out. Note
that this cal i bra tion has to be re peated if the
fre quency or the am pli tude changes.

Method 2:

Con nect one of the sig nals to be mea sured to 

both In put A and In put B via a 50 W power
split ter or a BNC T-piece, de pend ing on the
source im ped ance. Make sure the ca ble
lengths be tween power split ter / T-piece and
in stru ment in puts are equal. Se lect the func -

tion Phase A rel B and read the re sult. En ter
this value as a cor rec tion fac tor in the same
way as de scribed above for Method 1.

In or der to min i mize the er rors you should
also main tain the sig nal am pli tudes at the in -
puts, so that the de vi a tion be tween cal i bra tion
and mea sure ment is kept as small as pos si ble.

The same restrictions as for Method 1 re gard -
ing fre quency and am pli tude ap ply to this
method, i.e. you should recalibrate when ever
one of these sig nal pa ram e ters changes.

Re sid ual Sys tem atic Er ror: 

By math e mat i cally (on the bench or in the
con trol ler) ap ply ing cor rec tions ac cord ing to
one of the meth ods men tioned above, the sys -
tem atic er ror will be re duced, but not fully
elim i nated. The re sid ual time de lay er ror will
most prob a bly be neg li gi ble, but a trig ger
level er ror will al ways re main to a cer tain ex -
tent, es pe cially if the tem per a ture con di tions
are not con stant.
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Vpeak
(A)

Vpeak
(B)

Worst case
systematic error

150 mV 150 mV 4°+ 4° = 8°

1.5 V 150 mV 0.4°+ 4° = 4.4°

1.5 V 1.5 V 0.4°+ 0.4°= 0.8°

Table 4-3 Sys tem atic trig ger level tim ing
er ror (ex am ples).



Totalize [CNT-91(R) only]

Totalize in General
The Totalize func tions add up the num ber of
trig ger events on the two coun ter in puts A and 
B. Sev eral com bi na tions of them are the o ret i -
cally pos si ble. Five have been re al ized and

made avail able by en ter ing the Totalize
menu.

In ad di tion to con trol ling the gate man ually by 

tog gling HOLD/RUN you can also open and
close the gate by us ing the arm ing fa cil i ties

un der SET TINGS. The dif fer ent func tions are 
de scribed be low.

The dis play is up dated con tin u ally while the
gate is open. Events are ac cu mu lated dur ing

con sec u tive open pe ri ods un til RE START is
pressed.

+
The man ual Totalize func tions
can not be used in con junc tion
with the Statistics func tions and
pa ram e ters like block and pac -
ing. Nor does Auto Trig ger work
the nor mal way. An Auto Once is
per formed instead  be fore the
start of a mea sure ment in or der
to cal cu late suit able trig ger lev els 
once.

TOT A MAN
This mode en ables you to totalize (count) the
num ber of trig ger events on Chan nel A. Aux -

il iary cal cu lated pa ram e ters are A-B and A/B.
Start/Stop is man u ally con trolled by tog gling

the key HOLD/RUN, and the count ing reg is -

ters are re set by press ing RE START.

TOT B MAN
This mode en ables you to totalize (count) the
num ber of trig ger events on Chan nel B. Aux -

il iary cal cu lated pa ram e ters are A-B and A/B.
Start/Stop is man u ally con trolled by tog gling

the key HOLD/RUN, and the count ing reg is -

ters are re set by press ing RE START.

TOT A+B MAN
This mode en ables you to cal cu late the sum of 
trig ger events on Chan nel A and Chan nel B.

Aux il iary pa ram e ters are A and B. Start/Stop
is man u ally con trolled by tog gling the key
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HOLD/RUN, and the count ing reg is ters are

re set by press ing RE START.

TOT A–B MAN
This mode en ables you to cal cu late the dif fer -
ence be tween trig ger events on Chan nel A and 

Chan nel B. Aux il iary pa ram e ters are A and B. 
Start/Stop is man u ally con trolled by tog gling

the key HOLD/RUN, and the count ing reg is -

ters are re set by press ing RE START.

Ap pli ca tions

The TOT A–B MAN makes it pos si ble, for
in stance, to make dif fer en tial flow mea sure -
ments in con trol sys tems.

Ex am ple: the num ber of cars in a park ing lot
equals the num ber of cars pass ing the en trance 
(A) gate, mi nus the ones pass ing the exit (B)
gate.

TOT A/B MAN
This mode en ables you to calculate the ra tio
of trig ger events on Chan nel A and Chan nel

B. Aux il iary pa ram e ters are A and B. 
Start/Stop is man u ally con trolled by tog gling

the key HOLD/RUN, and the count ing reg is -

ters are re set by press ing RE START.

Totalize & Arming
By us ing Arm ing to gether with Totalize you 
can open and close the gate with an ex ter nal

sig nal ap plied to one of the chan nels A, B or

E. In this way you can re al ize a host of func -

tions like TOT A START/STOP by B, TOT

A-B Gated by E and TOT B Timed by A,
sim ply by se lect ing chan nel, slope and de lay
time for Start/Stop.

Un like the man ual Totalize func tions, the
armed vari ants re sem ble the other mea sure -
ment func tions in as much as they al low block
and pac ing con trol. Con se quently all the Sta -
tis tics func tions are avail able. A new re sult is
dis played af ter each stop con di tion.

Ex am ples

The com pre hen sive Arm ing fea tures can be

found un der SET TINGS ® Arm.

In or der te set up the Totalize func tions
above, do the fol low ing:

n TOT A START/STOP by B

– Se lect Totalize from the MEAS FUNC

menu and then A.

– Con nect the sig nal to be mea sured to
Input A.

– Set the trig ger level for In put A man u ally
to a suit able value.

– Con nect the con trol sig nal to Input B.

– Set the trig ger level for In put B man u ally
to a suit able value.

– Go to the Arm ing menu (SET TINGS ®

Arm) and set the seven pa ram e ters:

– Arm on Sam ple/Block
De cide if each event or each block of
events (STA TIS TICS mode) should be
armed.

– Start Chan nel
Se lect B.

– Start Slope
Se lect POS (marked by a ris ing edge
symbol). 
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– Start De lay
De cide if you need to in sert a de lay
(10 ns - 2 s) be tween the con trol sig nal
and the ac tual open ing of the gate.

– Stop De lay
De cide if you need to in sert a de lay
(10 ns - 2 s) dur ing which the gate will
not re spond to the con trol sig nal on the
Stop Chan nel. The main ap pli ca tion is
to pre vent re lay con tact bounces from
clos ing the gate pre ma turely.

– Stop Chan nel
Se lect B.

– Stop Slope
Se lect POS (marked by a ris ing edge
symbol).

n TOT A-B Gated by E

– Se lect Totalize from the MEAS FUNC

menu and then A-B.

– Con nect the sig nals to be mea sured to In -
puts A and B.

– Set the trig ger lev els for In puts A and B
man u ally to suit able val ues.

– Con nect the con trol sig nal (TTL lev els) to
In put E.

– Go to the Arm ing menu (SET TINGS ®

Arm) and set the seven pa ram e ters:

– Arm on Sam ple/Block
De cide if each event or each block of
events (STA TIS TICS mode) should be
armed.

– Start Chan nel

Se lect E.

– Start Slope
Se lect POS (marked by a ris ing edge
sym bol). 

– Start De lay
De cide if you need to in sert a de lay

(10 ns - 2 s) be tween the con trol sig nal
and the ac tual open ing of the gate.

– Stop De lay
De cide if you need to in sert a de lay
(10 ns - 2 s) dur ing which the gate will
not re spond to the con trol sig nal on the
Stop Chan nel. The main ap pli ca tion is
to pre vent re lay con tact bounces from
clos ing the gate pre ma turely.

– Stop Chan nel

Se lect E.

– Stop Slope
Se lect NEG (marked by a fall ing edge
sym bol).

n TOT B Timed by A

– Se lect Totalize from the MEAS FUNC

menu and then B.

– Con nect the sig nal to be mea sured to In -
put B.

– Set the trig ger level for In put B man u ally
to a suit able value.

– Con nect the con trol sig nal to In put A.

– Set the trig ger level for In put A man u ally
to a suit able value.

– Go to the Arm ing menu (SET TINGS ®

Arm) and set the six pa ram e ters:

– Arm on Sam ple/Block
De cide if each event or each block of
events (STA TIS TICS mode) should be
armed.

– Start Chan nel

Se lect A.

– Start Slope
Se lect POS (marked by a ris ing edge
sym bol).

– Start De lay
De cide if you need to in sert a de lay
(10 ns - 2 s) be tween the con trol sig nal
and the ac tual open ing of the gate.
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– Stop De lay
Set the mea sure ment time be tween
10 ns and 2 s.

– Stop Chan nel

Se lect Time.

With this func tion you can syn chro nize the
start of an ac cu rate gate time to an ex ter nal
event.
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Voltage

VMAX, VMIN, VPP
Press MEAS FUNC ® Volt. The coun ter can
mea sure the in put volt age lev els VMAX , VMIN

and VPP on DC-in put volt ages and on re pet i -
tive sig nals be tween 1 Hz and 400 MHz.

The de fault low fre quency limit is 20 Hz but

can be changed via the SET TINGS ®

Miscellaneous menu be tween 1 Hz and 50
kHz. A higher low-fre quency limit means
faster mea sure ments.

The volt age ca pac ity is –50 V to +50 V in two 
au to mat i cally se lected ranges.

For LF sig nals the mea sure ment has “volt me -
ter per for mance”, i.e. an ac cu racy of about
1 % of the read ing.

You can se lect any one of the pa ram e ters to be 
the main pa ram e ter that is dis played in large
dig its and with full res o lu tion, while the others 
are dis played si mul ta neously at the bot tom of
the dis play in smaller characters.
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Fig. 4-21 The volt age is de ter mined by
mak ing a se ries of trig ger level
set tings and sens ing when the
coun ter trig gers.
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VRMS
When the wave form (e.g. si nu soi dal, tri an gu -
lar, square) of the in put sig nal is known, its
crest fac tor, de fined as the quotient(QCF) of
the peak (Vp) and RMS (Vrms) val ues, can be
used to set the con stant K in the math e mat i cal
func tion K*X+L. The dis play will then show
the ac tual Vrms value of the in put sig nal, as -
sum ing that Vpp is the main pa ram e ter.

V
Q

Vrms

CF

pp=
1

2

EX AM PLE: A sine wave has a crest fac tor of

1.414 ( 2), so the con stant in the for -

mula above will be 0.354.

Press MATH/LIM and af ter that

Math®Math(Off)®K*X+L Press K=

and en ter 0.354 via the NU MERIC
EN TRY keys. Check that the L con -
stant is set to its de fault set ting 0. Con -
firm your choices with the softkeys be -
low the dis play. If the in put is AC cou -

pled and Vpp se lected, the dis play will
now show the RMS value of any sine
wave in put.

If the sine wave is su per im posed on a DC
volt age, 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 dis play the rms value of a sine wave su per -
im posed on a DC volt age, fol low the ex am ple
above, but set L = VDC.
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Chap ter 5

Measurement Control



About This Chapter
This chap ter ex plains how you can con trol the 
start and stop of mea sure ments and what you
can ob tain by do ing so. The chap ter starts by
ex plain ing the keys and the func tions be hind
them, then gives some the ory, and ends with
ac tual mea sure ment ex am ples.

Measurement Time

This pa ram e ter is only ap pli ca ble to the func -

tions Fre quency and Pe riod Av er age. In -
creas ing the mea sure ment time gives more
dig its, i.e. higher res o lu tion, but fewer mea -
sure ments per sec ond. The de fault value is

200 ms but can be changed via SET TINGS ®

Meas Time be tween 20 ns and 1000 s.

The de fault value gives 11 dig its on the dis -
play and 4 to 5 mea sure ments each sec ond.
Vary ing the mea sure ment time is a hard ware-
based av er ag ing method in con trast to the
soft ware-based mean value func tion that can

be found in the STAT/PLOT menu.

The mea sure ment time changes in 1/2/5 steps
if you use the ar row keys for step ping. By us -
ing the nu meric en try keys you can set any
value within the spec i fied range with a res o lu -
tion of 20 ns.

+
To quickly se lect the low est mea -
sure ment time, en ter 0. The
coun ter will se lect 20 ns au to -
mat i cally.

Gate Indicator

The GATE LED is on when the coun ter is
busy count ing in put cy cles.

Single Measurements

SIN GLE is im plic itly the nor mal mea sure -
ment mode, which means that the coun ter

shows the re sults from a sin gle in put cy cle.

The ex cep tions are Fre quency and Pe riod

Av er age.

Sin gle or Av er age is not rel e vant for Vmax,
Vmin or Vpp mea sure ments.

Hold/Run & Restart

Press ing HOLD com pletes the cur rent mea -
sure ment and freezes the re sult on the dis play.

Press ing RE START ini ti ates a new mea sure -
ment.

If you are per form ing a sta tis tics mea sure ment 
and press HOLD, the pend ing sam ple will be
fin ished. Then the mea sure ment will stop, and 
you can, for in stance, watch the graphic rep re -
sen ta tion of the sam ples taken so far.

Press ing RE START starts a new mea sure ment 
from sam ple 1, and the mea sure ment will stop 
when the pre set num ber of sam ples has been
taken.

Arming

Arm ing gives you the op por tu nity to start and
stop a mea sure ment when an ex ter nal qual i fier 
event oc curs. 

Start and stop of the arm ing func tion can in de -
pend ently be set to pos i tive slope, neg a tive
slope, or it can be turned off. A de lay be tween 
10 ns and 2 s can be ap plied to the start arm -
ing chan nel to fa cil i tate cer tain mea sure ments. 
The res o lu tion is 10 ns.

In put E on the rear panel is the nor mal arm ing 
in put, but also in put A and in put B can be
used. The fre quency range for in put E is
80 MHz, whereas it is 160 MHz for the other
in puts.

All the ver sa tile arm ing func tions can be

reached un der SET TINGS ® Arm.

Measurement Control
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Arm ing is some what com pli cated yet gives
the flex i bil ity to per form a mea sure ment on a
spe cific por tion of a com plex sig nal, like a
fre quency mea sure ment on the colorburst con -
tained in a com pos ite video sig nal.

Other ex am ples of arm ing can be found later
in this chap ter, start ing on page 5-9.

Start Arming

Start arm ing acts like an ExternalTrigger on
an os cil lo scope. It al lows the start of the ac -
tual mea sure ment to be syn chro nized to an ex -
ter nal trig ger event.

In a com plex sig nal, you may want to se lect a
cer tain part to per form mea sure ments on. For
this pur pose, there is an arm ing de lay func -
tion, which de lays the ac tual start of mea sure -
ment with re spect to the arm ing pulse, sim i lar
to a “de layed timebase” in an os cil lo scope.

You can choose to de lay start arm ing by a pre -
set time.

Start arm ing can be used for all func tions ex -

cept Fre quency Burst, Ra tio and Volt. If
you use start arm ing to arm an av er age mea -
sure ment, it only con trols the start of the first
sam ple.

Stop Arming

Stop arm ing pre vents the stop of a mea sure -
ment un til the coun ter de tects a level shift on
the arm ing in put. Com bin ing Start and Stop
Arm ing re sults in an “ex ter nal gate” func tion
which de ter mines the du ra tion of the mea sure -
ment.

Stop arm ing can be used for all func tions ex -

cept Fre quency Burst, Ra tio, Volt and

Rise/Fall Time.

Stop De lay can only be used for re al iz ing the
func tion Timed Totalize in the CNT-91(R).
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Controlling Measurement
Timing

The Measurement
Process
Ba sic Free-run ning Mea sure ments

Since these coun ters use the re cip ro cal count -
ing tech nique, they al ways syn chro nize the
start and stop of the ac tual mea sur ing pe riod
to the in put sig nal trig ger events. A new mea -
sure ment au to mat i cally starts when the pre vi -

ous mea sure ment is fin ished (un less HOLD is
on). This is ideal for con tin u ous wave sig nals.

The start of a mea sure ment takes place when
the fol low ing con di tions have been met (in or -
der):

– The coun ter has fully pro cessed the pre vi -
ous mea sure ment.

– All prep a ra tions for a new mea sure ment
are made.

– The in put sig nal trig gers the coun ter’s
mea sur ing in put.

The mea sure ment ends when the in put sig nal
meets the stop trig ger con di tions. That hap -
pens di rectly af ter the fol low ing events:

– The set mea sure ment time has ex pired (ap -

plies to Fre quency and Pe riod Av er -

age mea sure ments only).

– The in put sig nal ful fils the stop trig ger
con di tions, nor mally when it passes the
trig ger win dow the sec ond time.

Resolution as Function of
Measurement Time

The quantization er ror and the num ber of dig -
its on the dis play mainly de fine the res o lu tion
of the coun ter, that is the least-sig nif i cant digit 
dis played.

As ex plained on page 4-10 un der Re cip ro cal
Count ing, the cal cu lated fre quency f is:

f
n

tg

=

while the rel a tive rms quantization er ror

Eq = ±100ps/tg.

The coun ter trun cates ir rel e vant dig its so that
the rms quantization res o lu tion can not change
the LSD (least-sig nif i cant digit) more than

± 5 units. This oc curs when the dis played
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value is 99999999, and the quantization er ror
is worst case. The best case is when the dis -
played value is 10000000. Then the

quantization res o lu tion cor re sponds to ± 0.5
LSD units.

+
± 1 unit in 99999999 (=1E8)
means 10 times more rel a tive
res o lu tion than ± 1 unit in
10000000 (=1E7), de spite the
same num ber of dig its.

A grad ual in crease of the mea sure ment time
re duces the in sta bil ity in the LSD caused by
the quantization un cer tainty. At a spe cific
mea sure ment time set ting, the coun ter is jus ti -
fied to dis play one more digit. That one ad di -
tional digit sud denly gives ten times more dis -
play res o lu tion, but not a ten times less
quantization un cer tainty. Con se quently, a
mea sure ment time that gives just one more
dis play digit shows more vi sual un cer tainty in
the last digit.

For a sta ble LSD read out, the max i mum mea -
sure ment time se lected should be one that still 
gives the re quired num ber of dig its. Such op ti -
mi za tion of the mea sure ment time en ables the
to tal res o lu tion to be equal to the quantization
res o lu tion.

Measurement Time and
Rates

The set measurement time de cides the length
of a mea sure ment if Fre quency or Pe riod
Average is se lected.

This is im por tant to know when you want to
make fast mea sure ments, for ex am ple when
you are us ing the sta tis tics fea tures, or when
you are col lect ing data over the GPIB bus.

The so-called “dead time”, that is the time be -
tween the stop of one mea sure ment and the
start of the next one in the course of a block

mea sure ment, can be be low 2 ms.

A block is a col lec tion of con sec u tive mea -
sure ments, the re sults of which are stored in
lo cal mem ory for sta tis tics or plot ting pur -

poses (STAT/PLOT menu) or for later trans -
fer to a con trol ler over one of the data com -
mu ni ca tion links (GPIB, USB or
ETHERNET).

Ad di tional con trols over start and stop
of mea sure ments

Free-run ning mea sure ments may be easy to
un der stand, but mea sure ments can get more
com plex.

Be sides in put sig nal trig ger ing, the start of a
mea sure ment is fur ther con trolled by the fol -
low ing el e ments:

– Man ual RE START, if HOLD is se lected.

– GPIB trig ger ing (<GET> or *TRG), if bus 
trig ger ing is se lected.

– Ex ter nal arm ing sig nal, if Start Arm ing
is se lected.

– Ex pired start arm ing de lay, if Arm ing

De lay is se lected.

In ad di tion to ex pired mea sure ment time and
stop sig nal trig ger ing, the stop of mea sure -
ment is fur ther con trolled by:

– Ex ter nal arm ing sig nal trig ger ing, if Stop

Arm ing is se lected.

GPIB trig ger ing is de scribed in the Pro gram -
mer's Handbook.

Now let’s look deeper into the con cept of
arm ing.

What is Arming?

Arm ing is a pretrigger con di tion (“qual i fier”)
that must be ful filled be fore the coun ter al -
lows a mea sure ment to start.

Arm ing can also be used to qual ify the stop of 
a mea sure ment. This is called “stop arm ing”
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as op posed to the more com mon “start arm -
ing”.

When you use arm ing, you dis able the nor mal 
free-run mode, i.e. in di vid ual mea sure ments
must be pre ceded by a valid start arm ing sig -
nal tran si tion.

If you use start arm ing and stop arm ing to -
gether you get an ex ter nally con trolled mea -
sure ment time, a so-called “Ex ter nal Gate”.

n Manual Arming

The coun ters have a man ual start arm ing func -

tion called HOLD. Here you man u ally arm
the start of each in di vid ual mea sure ment by

press ing the RE START key.

Use this man ual arm ing mode to mea sure sin -
gle-shot phe nom ena, which are ei ther trig -
gered man u ally or oc cur at long in ter vals. An -
other rea son for us ing this man ual arm ing
could sim ply be to al low suf fi cient time to
write down in di vid ual re sults.

n When Do I Use Start Arming?

Start arm ing is use ful for mea sure ments of fre -
quency in sig nals, such as the fol low ing:

– Sin gle-shot events or non-cy clic sig nals.

– Pulse sig nals where pulse width or pulse
po si tions can vary.

– Sig nals with fre quency vari a tions ver sus
time (“pro fil ing”).

– A se lected part of a com plex wave form
sig nal.

Sig nal sources that gen er ate com plex wave
forms like pulsed RF, pulse bursts, TV line
sig nals, or sweep sig nals, usu ally also pro duce 
a sync sig nal that co in cides with the start of a
sweep, length of an RF burst, or the start of a
TV line. These sync sig nals can be used to
arm the coun ter. See Fig. 5-1.

n When Do I Use Stop Arming?

You nor mally use stop arm ing to gether with
start arm ing. That means that the ex ter nal
gating sig nal con trols both the start and the
stop of the mea sure ment. Such a gating sig nal
can be used to force the coun ter to mea sure
the fre quency of a pulsed RF sig nal. Here the
po si tion of the ex ter nal gate must be in side a
burst. See Fig. 5-2.

Note that burst mea sure ments with ac cess to
an ex ter nal sync sig nal are per formed in the

nor mal Fre quency mode, whereas burst
mea sure ments with out an ex ter nal sync sig nal

are per formed in the self-syn chro niz ing Fre -

quency Burst mode.

In time in ter val mea sure ments, you can use
the stop arm ing sig nal as a sort of “ex ter nal
trig ger Hold Off sig nal.” Here you block stop
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Fig. 5-2 Start and stop arm ing to gether is
used for burst sig nal gating.

Sync

Pulse
Signal

Fig. 5-1 A syn chro ni za tion sig nal starts
the mea sure ment when start
arm ing is used.

Embedded EPS
There is embedded EPS on this page.
Adobe Acrobat does not support the display of this type of object but it will print intact to a PostScript device.



trig ger ing dur ing the ex ter nal pe riod. See Fig.
5-3.

n The Arming Input

– In put E is the nor mal arm ing in put. It is
suit able for arm ing (sync) sig nals that
have TTL lev els. The trig ger level is fixed 
at 1.4V and can not be changed. The trig -
ger slope can be set to pos i tive or neg a -
tive. The Input E con nec tor can be found
on the rear panel of the in stru ment.

– In put A or In put B can also be used as
arm ing in put for all sin gle chan nel mea -
sure ments and dual chan nel mea sure ments
where the arm ing sig nal is one of the mea -
sur ing sig nals. This in put is more suit able
if your arm ing sig nal does not have TTL
lev els. All in put con trols such as AC/DC,

Trig ger Level, 50 W / 1 MW etc. can be
used to con di tion the arm ing sig nal.

Us ing the measuring sig nal as arm ing
sig nal

When per form ing time or fre quency mea sure -
ments on com plex sig nals hav ing a unique
trig ger point, in put B arm ing can be used to
make the mea sur ing sig nal it self “auto-arm”
the coun ter, e.g. to mea sure the fre quency of a 
sig nal af ter it has reached a spec i fied volt age
limit (= set trig ger level), see Fig. 5-4.

– Con nect the sig nal to in put A.

– Press IN PUT A and ad just the set tings to
suit the in ter est ing part of the sig nal.

– Press IN PUT B and ad just the set tings so
that the unique trig ger point can be de -

tected. Nor mally DC cou pling and

Manual trig ger level should be pre ferred.

– Ac ti vate start arm ing with or with out de -

lay on in put B via the SET TINGS menu.

The sig nal on in put A will be in ter nally con -
nected to in put B, so no ex ter nal sig nal tap is
nec es sary.

n When Do I Use Arming With
Delay?

You can de lay the start arm ing point with re -
spect to the arm ing sig nal. Use this func tion
when the ex ter nal arm ing sig nal does not co -
in cide with the part of the sig nal that you are
in ter ested in.

The time de lay range is 20 ns to 2 s with a set -
ting res o lu tion of 10 ns.

n Getting The Whole Picture

The flowchart in Fig. 5-5 il lus trates how arm -
ing a trig ger hold off en ables pre cise con trol
of the start and stop of the ac tual mea sure ment 
when you op er ate the coun ter from the front
panel. If you con trol the coun ter via the GPIB
or USB, read more about bus arm ing and trig -
ger ing un der the head ing “How to use the trig -
ger sys tem” in the Pro gram mer's Handbook.
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Fig. 5-4 Auto-arming us ing the trig ger
level on B as qual i fier.

Fig. 5-3 Using arm ing as an ex ter nal Hold 
Off.
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Arming Setup Time
The arm ing logic needs a setup time of
about 5 nano sec onds be fore the coun ter is
re ally armed; see Fig. 5-6.

When arm ing de lay is se lected, the setup time
is dif fer ent; see Fig. 5-7. It il lus trates the ef -
fect of the 100 ns de lay res o lu tion.

Fig. 5-7 shows that a start trig ger sig nal may
be de tected al though it ap pears 60 nano sec -
onds be fore the pro grammed time de lay has
ex pired. The start trig ger sig nal must come 40
nano sec onds af ter the pro grammed time de lay 
has ex pired to guar an tee cor rect start of the
mea sure ment.

Arming Examples

Introduction to Arming
Examples

The fol low ing arm ing ex am ples are avail able:

#1 Mea sur ing the first pulse in a burst

#2 Mea sur ing the sec ond pulse in a burst

#3 Mea sur ing the time be tween pulse #1
and #4 in a burst

#4 Pro fil ing

Examples 1 and 2 mea sure the pulse width of
a se lected pos i tive pulse in a burst. You can,
how ever, also mea sure the pe riod, rise time, or 
duty fac tor by chang ing FUNC TION, and you 
can mea sure on a neg a tive pulse by chang ing
trig ger slope.

If you do not know the ba sic pa ram e ters of the 
sig nal to be mea sured, we rec om mend to use
an os cil lo scope for mon i tor ing. Then you can
es ti mate roughly how to set trig ger slope,
arm ing slope and arm ing de lay.

#1 Measuring the First Burst
Pulse

In the first ex am ple we will mea sure the width 
of pulse #1 in a re pet i tive pulse burst. In this
ex am ple, a syn chro ni za tion sig nal (SYNC)
with TTL lev els is also avail able. See Fig. 5-8. 
How ever, the quick and sim ple method de -
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Fig. 5-6 Time from ac tive ex ter nal con trol
edge un til mea sure ment is
armed: 

Fig. 5-7 Time from ex pired time de lay un -
til mea sure ment is armed: . –60
to +40 ns.

Fig. 5-8 Syn chro nizing the mea sure ment
so that the pulse width of the first 
pulse is mea sured.
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scribed first does not em ploy arm ing at all but
rather draws on the fact that a coun ter of this
type tends to self-syn chro nize its in ter nal pro -
cesses to the in put sig nal.

Our task is to syn chro nize the start of the mea -
sure ment (start trig ger) to the lead ing edge of
the first pulse. De pend ing on the sig nal tim -
ing, this can be easy, dif fi cult, or very dif fi -
cult.

n A. Auto Synchronization Without
Arming

If we are lucky, we can man age with out us ing
the arm ing func tion at all. Of ten, the coun ter
can au to mat i cally syn chro nize the mea sure -
ment start to the trig ger ing of the first pulse.
The con di tions for suc cess are that the PRF is
not too high, pref er a bly be low 50 Hz and cer -
tainly not above 150 Hz. The du ra tion of a
pulse burst (be tween first and last pulse)
should be sub stan tially less than the dis tance
to the next burst, and the num ber of pulses in
the burst should be more than 100 to avoid oc -
ca sional mis counts.

Do the fol low ing steps to per form auto syn -
chro ni za tion with out arm ing:

– Con nect the burst sig nal to in put A.

– Ad just the man ual sen si tiv ity and trig ger
level un til the burst sig nal trig gers the
coun ter cor rectly.

– Use the MEAS/FUNC key to se lect

Pulse Width A.

– Use Pac ing Time to se lect a value that
ap proaches the time be tween the bursts.

Ab so lute synchronization will not be guar an -
teed in this way, but there is a high prob a bil ity 
that auto-syn chro ni za tion will work any way.
How ever, oc ca sional er ro ne ous val ues will be
dis played. To achieve guar an teed syn chro ni -

za tion, use the Start Arm ing func tion.

n B. Synchronization Using Start
Arming

The SYNC sig nal can be di rectly used to arm
the mea sure ment. This re quires that the lead -
ing edge of the SYNC sig nal oc curs more than 
5 nano sec onds be fore the lead ing edge of the
first pulse in the burst. See Fig. 5-9.

Do the fol low ing steps to per form syn chro ni -
za tion us ing start arm ing:

– Con nect SYNC to in put E.

– Con nect the burst sig nal to in put A.

– Ad just the trig ger level to match the burst
sig nal un der study.

– Press SET TINGS ® Arm

– Se lect Start Arm De lay = 0 and Start

Chan E.

– Use MEAS/FUNC to se lect

Pulse Width A.

If there is no (or too lit tle) time dif fer ence be -
tween the arm ing sig nal and the first pulse in
the pulse burst, arm ing must be com bined
with a de lay. See ex am ple C.

n C. Synchronization Using Start
Arming With Time Delay

If the pulse bursts have a sta ble rep e ti tion fre -
quency, you syn chro nize the mea sure ment us -
ing Start Arm ing with Time De lay. Here you
use the SYNC pulse be long ing to a pre ced ing
burst to syn chro nize the start of mea sure ment. 
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Fig. 5-9 Syn chro ni za tion us ing start arm -
ing.
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Set the time de lay to a time lon ger than the
du ra tion of a pulse burst and shorter than the
rep e ti tion time of the pulse bursts.
See Fig. 5-10.

Use the same test setup as in the pre ced ing ex -

am ple but en ter a suit able Start Arm Delay.

#2 Measuring the Second
Burst Pulse

The next task is to mea sure the width of the
sec ond pulse in the pulse train from ex am ple
1. How can we now syn chro nize the mea sure -
ment start to the start of the sec ond pulse? In
this case auto-syn chro ni za tion, with out the
use of the arm ing func tion, can not work.
Auto-syn chro ni za tion can be used only to syn -
chro nize on the first trig ger event in a burst.

De pend ing on the SYNC sig nal’s po si tion rel -
a tive to the burst, and the du ra tion of the
SYNC sig nal, the mea sure ment can be per -
formed with or with out us ing arm ing de lay.

If the trail ing edge of the SYNC sig nal oc curs
af ter the lead ing edge of the first pulse but be -
fore the sec ond pulse in the pulse burst, then
nor mal start arm ing with out de lay can be
used. Se lect trig ger ing on pos i tive slope on in -
put A and neg a tive slope on in put E. The
slope for the ac tive arm ing chan nel is set in

the SET TINGS ® Arm ®Start Slope
menu.This ex am ple is shown in the fol low ing
fig ure:

If the SYNC-pulse tim ing is not so suit able as
in the above mea sure ment ex am ple, then arm -

ing must be used com bined with a time de lay;
see the fol low ing fig ure:

Use the same test setup as in the pre ced ing ex -

am ple but en ter a suit able Start Arm De lay.

The set de lay time must be set to ex pire in the
gap be tween pulse #1 and #2.
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Fig. 5-10 Syn chro ni za tion us ing start
arm ing with time de lay.

Fig. 5-11 If the trail ing edge of the sync
sig nal ap pears be fore the sec -
ond pulse, use arm ing with out
de lay.

Fig. 5-12 Use arm ing with de lay if the
trail ing edge of the sync sig nal
ap pears too late to be use ful.
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#3 Measuring the Time
Between Burst Pulse #1 and
#4

In the pre vi ous ex am ples, the syn chro ni za tion
task has been to iden tify the start of a mea -
sure ment and to per form a sin gle-shot time in -
ter val mea sure ment. Now, we will com pli cate
the pic ture even more. In our next ex am ple we 
will not only arm the start, but also the stop of 
a mea sure ment. We will mea sure the time be -
tween the first and the fourth pulse in the
pulse burst. We still have the SYNC sig nal
avail able, see Fig. 5-13.

The mea sure ment func tion is not Pulse Width

A but Time In ter val A to A where the set -
tings for in put B are used for con trol ling the
stop conditions. The de sired start and stop
trig ger points are marked in the pre ced ing il -
lus tra tion. Our task is now to arm both the
start and the stop of this mea sure ment. The
start arm ing is al ready de scribed in ex am ple
#1, i.e., syn chro nize mea sure ment start to the
lead ing edge of the first pulse. The chal lenge
is to syn chro nize the stop of the mea sure ment, 
i.e., to arm the stop. If we do noth ing, the time 
in ter val mea sured will be the time be tween the 
first and the sec ond pulse. We must thus de lay 
the stop. This can be done in dif fer ent ways.

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

Trig ger Hold Off is used to in hibit stop trig -
ger ing dur ing a pre set time. The Hold Off pe -

riod starts syn chro nously with the start trig ger
event. The Hold Off time should be set to ex -
pire some where be tween pulse num ber 3 and
4, see Fig. 5-14.

Use the same test setup as in the pre ced ing
ex am ples. Then pro ceed as fol lows:

– Use the MEAS/FUNC key to se lect 

Time In ter val A to A.

– Press IN PUT B and choose pos i tive slope
and a suit able trig ger level.

– Press SET TINGS ®Trig ger Hold Off

(On) and en ter a suit able Hold Off time.

– Make sure the start arm ing con di tions
from ex am ple #1 are main tained, i.e. no
arm ing delay.

– Mea sure.

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

So far in our ex am ples, the sync sig nal has
been used ex clu sively as a start arm ing sig nal; 
i.e., we have been con cerned only about the
lead ing edge of the sync sig nal, and not its du -
ra tion. How ever, the sync sig nal can also be
used as an Ex ter nal Trig ger Hold Off when
you se lect stop arm ing on the trail ing edge of
the sync sig nal. If the du ra tion of the sync
pulses can be ex ter nally var ied, we can se lect
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Fig. 5-13 Mea suring a time in ter val in side 
a burst.

Fig. 5-14 If Hold Off ex pires be tween
pulses three and four, the cor -
rect time in ter val is mea sured.
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a du ra tion that ex pires in the gap be tween
pulse #3 and #4.

Use the same test setup as in the pre ced ing ex -
am ple. Then pro ceed as fol lows:

– Press SET TINGS ® Arm and se lect

Stop Chan E and neg a tive Stop Slope.

– Mea sure.

#4 Profiling

Pro fil ing means mea sur ing fre quency ver sus
time. Ex am ples are mea sur ing warm-up drift
in sig nal sources over hours, mea sur ing the
lin ear ity of a fre quency sweep dur ing sec onds, 
VCO switch ing char ac ter is tics dur ing mil li -
sec onds, or the fre quency changes in side a
“chirp ra dar” pulse dur ing mi cro sec onds.
These coun ters can han dle many pro fil ing
mea sure ment sit u a tions with some lim i ta tions. 
Pro fil ing can the o ret i cally be done man u ally,
i.e., by read ing in di vid ual mea sure ment re -
sults and plot ting in a graph. How ever, to
avoid get ting bored long be fore reach ing your
800th or so mea sure ment re sult, you must use
some com put ing power and a bus in ter face. In 
pro fil ing ap pli ca tions, the coun ter acts as a
fast, high-res o lu tion sam pling front end, stor -
ing re sults in its in ter nal mem ory. These re -
sults are later trans ferred to the con trol ler for
anal y sis and graph i cal pre sen ta tion. The
TimeView™ soft ware pack age greatly sim pli -
fies pro fil ing.

You must dis tin guish be tween two dif fer ent
types of mea sure ments called free-run ning
and re pet i tive sam pling.

n Free-Running Measurements

Free-run ning mea sure ments are per formed
over a lon ger pe riod, e.g., to mea sure the sta -
bil ity over 24 hours of os cil la tors, to mea sure
ini tial drift of a gen er a tor dur ing a 30-min ute
warm-up time, or to mea sure short-term sta -
bil ity dur ing 1 or 10s. In these cases, mea sure -
ments are per formed at user-se lected in ter vals

in the range 2 ms to 1000 s. There are sev eral
dif fer ent ways of per form ing the mea sure -
ments at reg u lar in ter vals.

Mea sure ments us ing the statistics
fea tures for set ting the “pac ing time”

By set ting the pac ing time to 10 s for ex am -
ple, mea sure ments are au to mat i cally made at
10 s in ter vals un til the set num ber of sam ples
has been taken. The range is 2 - 2*109. Use

HOLD/RUN and RE START if you want to
stop af ter one full cy cle. You can watch the
trend or spread on the graphic dis play while
the mea sure ment is pro ceed ing.

Us ing a con trol ler as a “pacer”

As an al ter na tive, the timer in the con trol ler
can be used for pac ing the in di vid ual mea sure -
ments. This al lows for syn chro ni za tion with
ex ter nal events, for in stance a change of DUT
when check ing a se ries of com po nents.

Us ing ex ter nal arm ing sig nals

Ex ter nal arm ing sig nals can also be used for
“pac ing.” For ex am ple with an arm ing sig nal
con sist ing of 10 Hz pulses, in di vid ual mea -
sure ments are armed at 100 ms in ter vals.

Let ting the coun ter run free

When the coun ter is free-run ning, the short est
de lay be tween mea sure ments is ap prox i mately 

4 ms (in ter nal cal i bra tion OFF) or 8 ms (in ter -

Arming Examples 5-13

Measurement Control

Fig. 5-15 Using both start and stop arm -
ing to se lect the part of the
burst that is of in ter est.
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nal cal i bra tion ON) plus set mea sure ment
time. For ex am ple, with a mea sure ment time
of 0.1 ms, the time be tween each sam ple is ap -

prox i mately 104-108 ms.

n Repetitive Sampling Profiling

The mea sure ment setup just de scribed will not 
work when the pro fil ing de mands less than

4 ms in ter vals be tween sam ples. 

How to do a VCO step re sponse pro fil -
ing with 100 sam ples dur ing a time of
10 ms.

This mea sure ment sce nario re quires a re pet i -
tive in put step sig nal, and you have to re peat
your mea sure ment 100 times, tak ing one new
sam ple per cy cle. And ev ery new sam ple

should be de layed 100 ms with re spect to the
pre vi ous one.

The eas i est way to do this is by means of a
con trol ler, e.g. a PC, al though it is pos si ble
but te dious to man u ally set and per form all
100 mea sure ments.

The fol low ing are re quired to setup a mea -
sure ment:

– A re pet i tive in put sig nal (e.g., fre quency
out put of VCO).

– An ex ter nal SYNC sig nal (e.g., step volt -
age in put to VCO).

– Use of arm ing de layed by a pre set time

(e.g., 100, 200, 300 ms).

See Fig. 5-16 and Fig. 5-17.

When all 100 mea sure ments have been made,
the re sults can be used to plot fre quency ver -
sus time. Note that the ab so lute ac cu racy of
the time scale is de pend ent on the in put sig nal
it self. Al though the mea sure ments are armed

at 100 ms ± 100 ns in ter vals, the ac tual start
of mea sure ment is al ways syn chro nized to the
first in put sig nal trig ger event af ter arm ing.

The TimeView™ soft ware pack age will do
this mea sure ment quickly and easily.

Measurement Control

5-14 Arming Examples

Input E, Ext Arm

Input A

Voltage step
generator VCO

Fig. 5-16 Setup for tran sient pro fil ing of a
VCO.

Fig. 5-17 Re sults from a tran sient pro fil ing 
mea sure ment.
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Introduction
Three dif fer ent ways to pro cess a mea sur ing
re sult are avail able: Av er ag ing, Math e mat ics
and Sta tis tics. They can be used sep a rately or
all to gether.

In ad di tion to post pro cess ing you can also
mon i tor the mea sure ment re sults in real time
by set ting limits and de cid ing how to re act
when they are crossed.

Averaging

Hard ware av er ag ing by means of count ing
clock pulses dur ing sev eral full in put sig nal
cy cles is only used for the mea sure ment func -

tions Fre quency and Pe riod Av er age. The 
pa ram e ter to be set by the op er a tor in this case 

is Meas Time un der SET TINGS, and the
range is 20 ns to 1000 s. Lon ger mea sur ing
times mean higher res o lu tion.

The other func tions em ploy sin gle cy cle mea -
sur ing, and the method to get av er age re sults
is to uti lize the sta tis tics fea tures de scribed
later.

Mathematics
The coun ter can use five math e mat i cal ex pres -
sions to pro cess the mea sure ment re sult be fore 
it is dis played:

1. K*X+L

2. K/X+L

3. (K*X+L)/M

4. (K/X+L)/M

5. X/M-1

Press MATH/LIM ® Math to en ter the first
math e mat ics submenu. See page 2-13 how to

en ter the con stants K, L and M and how to se -
lect the for mula that best suits your need.

The de fault val ues of K, L and M are cho sen
so that the mea sure ment re sult is not af fected

di rectly af ter ac ti vat ing Math. Re call ing the
de fault set ting will re store these val ues as
well.

Example:

If you want to ob serve the de vi a tion from a
cer tain ini tial fre quency in stead of the ab so -
lute fre quency itself, you can do like this:

– Re call the de fault set tings by press ing

USER OPT ® Save/Re call ® Re call

Setup ® De fault.

– Con nect the sig nal to be mea sured to in put 
A.

– Press AUTO SET to let the coun ter find
the op ti mum trig ger con di tions on its own.

– Press MATH/LIM ® Math ® L

– If the cur rent dis play value is suit able for

your pur pose, then press X0. It will then
be trans ferred to the con stant L. You can

re peat press ing X0 un til you are sat is fied.
The con stant will be up dated with the lat -
est mea sure ment re sult.

– In stead of us ing X0 you can en ter any nu -
mer i cal value from the front panel. Let's
as sume that 10 MHz is your ref er ence fre -
quency. The man tissa is marked by text in -

ver sion for im me di ate ed it ing. Press 1 ® 0

® ± ® EE ® 6.

– Con firm by press ing EXIT/OK. Now the
con stant L is up dated and dis played as

-10E6.

– Press Math and choose the ex pres sion

K*X+L by press ing the softkey be low it.

– Now the dis play will show the de vi a tion
from the value you have just en tered.
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By chang ing the con stant K you can scale the
re sult in stead.

Use the ex pres sion X/M-1 if you want the re -
sult to be dis played as a rel a tive de vi a tion.

Statistics
Sta tis tics can be ap plied to all mea sur ing func -
tions and can also be ap plied to the re sult from 

Math e mat ics.

The avail able sta tis tics func tions are as fol -
lows:

X MAX: Dis plays the max i mum value
within a sam pled pop u la tion of N
xi-val ues.

X MIN: Dis plays the min i mum value within 
a sam pled pop u la tion of N xi-val ues.

X P-P: Dis plays the peak-to-peak de vi a tion
within a sam pled pop u la tion of N
xi-val ues.

MEAN: Dis plays the arith me tic mean
value (x) of a sam pled pop u la tion of N
xi-val ues and is cal cu lated as:

x
N

x i

i

N

=
=

å
1

1

ST DEV: Dis plays the standard deviation
(s) of a sam pled pop u la tion of N xi-val -
ues and is cal cu lated as:

s

x x

N

i

i

N

=

-

-
=
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1

1

It is de fined as the square root of the
variance.

A DEV: Dis plays the Allan de vi a tion (s) of a
sam pled pop u la tion of N xi-val ues and
is cal cu lated as: 
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+

=
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1

2 1

It is de fined as the square root of the
Allan vari ance.

The num ber N in the ex pres sions above can
as sume any value be tween 2 and 2*109.

Allan Deviation vs. Standard
Deviation

The Allan De vi a tion is a sta tis tic used for
char ac ter iz ing short-term insta bil ity (e.g.
caused by jit ter and flut ter) by means of sam -
ples (mea sure ments) taken at short in ter vals.
The fun da men tal idea is to elim i nate the in flu -
ence of long-term drift due to ag ing, tem per a -
ture or wan der. This is done by mak ing con -
sec u tive com par i sons of ad ja cent sam ples.

The Stan dard De vi a tion, which is prob a bly a
more fa mil iar sta tis tic, con sid ers the ef fects of 
all types of de vi a tion, as all sam ples in the
population are com pared with the to tal mean
value.

As you can see, both the Allan De vi a tion and
the Stan dard De vi a tion are ex pressed in the
same units as the main pa ram e ter, e.g. Hz or s.

Selecting Sampling
Parameters

– Press SET TINGS ® Stat..

– Press No. of samples and en ter a new
value by means of the nu mer i cal keys or

the UP/DOWN ar row keys, if you want to 
change the de fault value of 100.

– Pro ceed in the same way for No. of bins, 
if you want to pres ent the mea sure ment re -
sults graph i cally in a his to gram.

+
Note that the six sta tis tic
measures are cal cu lated and dis -
played si mul ta neously only in the 
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non-graphic pre sen ta tion mode
un der STAT/PLOT.

Use the same key for tog gling
be tween the three modes Nu -
mer i cal - His to gram - Trend.

– Press Pac ing time and en ter a new value 
if you want to change the de fault value

20 ms. The range is 2 ms - 500 s. The pac -
ing pa ram e ter sets the sam pling in ter val.

– Ac ti vate the set pac ing time by press ing

Pac ing Off. The sta tus is changed to

Pac ing On. Sta tus Pac ing Off means that 
the set num ber of sam ples will be taken
with min i mum delay.

– Press HOLD/RUN to stop the mea sur ing
pro cess.

– Press RE START to ini ti ate one data cap -
ture

– Tog gle STAT/PLOT to view the mea sure -
ment re sult as it is dis played in the dif fer -
ent pre sen ta tion modes.

+
Note that you can watch the in -
ter me di ate re sults up date the
dis play con tin u ally un til the com -
plete data cap ture is ready.

This is par tic u larly valu able if the
col lec tion of data is lengthy.

Measuring Speed

When us ing sta tis tics, you must take care that
the mea sure ments do not take too long time to 
per form. Sta tis tics based on 1000 sam ples
does not give a com plete mea sure ment re sult
un til all 1000 mea sure ments have been made,
al though it is true that in ter me di ate re sults are
dis played in the course of the data capture.
Thus it can take quite some time if the set ting
of the coun ter is not op ti mal.

Here are a few tips to speed up the pro cess:

– Do not use AUTO trig ger. It is con ve nient, 
but it takes a frac tion of a sec ond each
time the timer/coun ter de ter mines new
trig ger lev els, and 1000 or 10000 times a
frac tion of a sec ond is a long time.

– Do not use a lon ger mea sur ing time than
nec es sary for the re quired res o lu tion.

– Re mem ber to use a short pac ing time, if
your ap pli ca tion does not re quire data col -
lec tion over a long pe riod of time.

Determining Long or Short
Time Instability

When mak ing sta tis ti cal mea sure ments, you
must se lect mea sur ing time in ac cor dance
with what you want to ob tain:
Jit ter or very short time (cy cle to cy cle) vari a -
tions re quire that the sam ples be taken as Sin -
gle mea sure ments.

If av er age is used (Freq or Pe riod Av er age
only), the sam ples used for the sta tis ti cal cal -
cu la tions are al ready av er aged, un less the set
mea sur ing time is less than the pe riod time of
the in put sig nal (up to 160 MHz). Above this
fre quency prescaling by two is in tro duced
any how, and as a con se quence a cer tain
amount of av er ag ing. This can be a great ad -
van tage when you mea sure me dium or long
time in sta bil i ties. Here av er ag ing works as a
smooth ing func tion, elim i nat ing the ef fect of
jit ter.
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Fig. 6-1 Jit ter and drift.
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The sig nal in Fig. 6-1 con tains a slower vari a -
tion as well as jit ter. When mea sur ing jit ter
you should use a lim ited num ber of sam ples,
so that the slow vari a tion does not be come no -
tice able or al ter na tively use the ded i cated sta -
tis tic mea sure for this kind of mea sure ment,
the Allan deviation.

To mea sure the slower vari a tion you cal cu late
Max, Min or Mean on a long se ries of av er -
aged sam ples. Here av er ag ing elim i nates the
jit ter in each sam ple and the long mea sur ing
time and large num ber of sam ples means that
the mea sure ment can re cord very slow vari a -
tions. The max i mum pac ing time is 500 s, the
max i mum mea sur ing time for each sam ple is
1000 s, and the max i mum num ber of sam ples
is 2*109, which in ef fect means that a sin gle
data cap ture could the o ret i cally span up to
3*1012 s, or more than 95000 years.

Statistics and Mathematics 

The coun ter al lows you to per form math e mat -
i cal op er a tions on the mea sured value be fore it 
is pre sented to the dis play or to the bus. See
Page 6-2to get an over view of the four avail -
able equa tions.

Any sys tem atic measurement un cer tainty can
be mea sured for a par tic u lar mea sure ment
setup, and the needed cor rec tion con stants can 
be en tered into these equa tions. Sta tis tics will
then be ap plied to the cor rected mea sured
value.

Confidence Limits

The stan dard de vi a tion can be used to cal cu -
late the con fi dence lim its of a mea sure ment.

Con fi dence lim its = ± ksx

Where:
sx = stan dard de vi a tion
k = 1 for a con fi dence level of 68.3%

(1s - lim its)
k = 2 for a con fi dence level of 95.5%

(2s - lim its)
k = 3 for a con fi dence level of 99.7%

(3s - lim its)

n Example

A mea sure ment of a time in ter val of 100 ms is
used to il lus trate how the con fi dence lim its are 
cal cu lated from the mea sure ment re sult.

Use the sta tis tics to de ter mine the mean value
and stan dard de vi a tion of the time in ter val.
Take suf fi cient sam ples to get a sta ble read ing. 
As sume fur ther that the start and stop trig ger
tran si tions are fast and do not con trib ute to the 
mea sure ment un cer tain ties. The coun ter dis -
plays:

MEAN value = 100.020 ms and a STD DEV = 
50 ns, then the 95.5% con fi dence lim its =
±2sx = ±2 * 50 ns = ±100 ns.

The 3s - limit will then be ±3 * 50 ns =
±150 ns

Jitter Measurements

Sta tis tics pro vides an easy method of de ter -
min ing the short term tim ing in sta bil ity, (jit -
ter) of pulse pa ram e ters. The jit ter is usu ally
spec i fied with its rms value, which is equal to
the stan dard de vi a tion based on sin gle mea -
sure ments. The coun ter can then di rectly mea -
sure and dis play the rms jit ter.

Oth er wise, the stan dard de vi a tion of mean
val ues can be mea sured. The rms value is a
good mea sure to quan tify the jit ter, but it
gives no in for ma tion about the dis tri bu tion of
the mea sure ment val ues.

To im prove a de sign, it might be nec es sary to
an a lyze the dis tri bu tion. Such mea sure ments
as well as trend anal y sis can be per formed by
means of the built in graphic ca pa bil ity - tog -
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gle the STAT/PLOT key to see the two
graphic pre sen ta tion modes.

Even higher ver sa til ity can be ex ploited with a 
con trol ler and the optional TimeView™ Fre -
quency and Time An a lyz ing Soft ware Pack -
age.

Limits
The Lim its Mode makes the coun ter an ef fi -
cient alarm con di tion mon i tor with high flex i -
bil ity as to the re port pos si bil i ties.

Press MATH/LIM ® Lim its to en ter the first
Lim its Menu. See be low.

You can set two lev els by en ter ing the
submenus named Lower Limit resp. Up per
Limit. Any nu mer i cal value can be en tered us -
ing sci en tific no ta tion. The ac tive keys are the 
dig its 0-9, the dec i mal point, the change sign
(±) and the softkey des ig nated EE for tog gling 
be tween the man tissa and the ex po nent.

Ty pos are erased by press ing the left ar row

key. Con firm by press ing EN TER.

Limit Behavior

Press Limit Be hav ior to set how the coun ter
will re act on limit cross ings. The fol low ing
choices ex ist:

• Off
No ac tion taken. LIM in di ca tor is OFF.

In all other be hav ior modes, the LIM in -

di ca tor is ON and non-flash ing, un less

the lim its set in the Limit Mode menu
have been crossed.

• Cap ture
The mea sure ments are com pared with

the lim its set un der Lower Limit and

Up per Limit, and the LIM sym bol will
be flash ing when the ac tive

Limit Mode has set the LIM flag.

Only sam ples meet ing the test cri te rion
will be part of the pop u la tion in sta tis tics
presentations.

• Alarm
The mea sure ments are com pared with

the lim its set un der Lower Limit and

Up per Limit, and the LIM sym bol will
be flash ing when the ac tive

Limit Mode has set the LIM flag.

All sam ples, i.e. also those out side the
lim its, will be part of the pop u la tion in
sta tis tics pre sen ta tions.

• Alarm_stop
The mea sure ments are com pared with

the lim its set un der Lower Limit and

Up per Limit, and the LIM sym bol will
be flash ing when the ac tive

Limit Mode has set the LIM flag.

The mea sure ment pro cess will stop,
and the value that caused the limit de -
tec tor to trig ger can be read on the dis -
play.

Only sam ples taken be fore the alarm
con di tion will be part of the pop u la tion in 
sta tis tics presentations.

The alarm con di tions can also be de tected via
the SRQ func tion on the GPIB. See the Pro -
gram mer's Handbook.
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Limit Mode

The Limit Mode of fers three choices:

• Above
Re sults above the set lower limit will

pass. A flash ing LIM sym bol on the dis -
play re ports that the mea sure ment re -
sult has been be low the lower limit at
least once since the mea sure ment

started. Use RESTART to re set the

LIM sym bol to its non-flash ing state.

• Be low
Re sults be low the set up per limit will

pass. A flash ing LIM sym bol on the dis -
play re ports that the mea sure ment re -
sult has been above the up per limit at
least once since the mea sure ment

started. Use RESTART to re set the

LIM sym bol to its non-flash ing state.

• Range
Re sults in side the set lim its will pass. A

flash ing LIM sym bol on the dis play re -
ports that the mea sure ment re sult has
been be low the lower limit or above the
up per limit at least once since the mea -

sure ment started. Use RESTART to

re set the LIM sym bol to its non-flash ing 
state.

If Range is se lected and the pre sen ta tion

mode is VAL UES, a one-di men sional graphic
rep re sen ta tion of the cur rent mea sure ment
value in re la tion to the lim its can be seen at
the same time as the nu mer i cal value.

The up per limit (UL) and the lower limit (LL)
are ver ti cal bars be low the main nu mer i cal
dis play, and their nu mer i cal val ues are dis -
played in small dig its ad ja cent to the bars. See 
Fig. 6-3.

This type of graphic re sem bles a clas sic an a -
log pointer in stru ment, where the pointer is a
"happy smiley" as long as it is po si tioned
inside the lim its and a "sad smiley" when it
gets out side the lim its but is still within the
dis play area. Val ues that fall out side the dis -

play area are rep re sented by a "<" at the left

edge or a ">" at the right edge.

The lo ca tion of the bars is fixed, so the "in -
side" range takes up the mid third of the dis -
play area. This means that the res o lu tion and
the scale length are set by the lim its that have
been en tered by the operator.

Limits and
Graphics
Lim its can also be ap plied to the two-di men -
sional graphics, the trend plot and the his to -
gram. By in tro duc ing lim its you can in hibit
the auto-scal ing and in di rectly set the scale
length and the res o lu tion.

Limits and Graphics 6-7
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General
Information
WARN ING: Be fore turn ing on the in -

stru ment, en sure that it has been
in stalled in ac cor dance with the In -
stal la tion In struc tions out lined in
Chap ter 1 of the User's Man ual.

This per for mance pro ce dure is in tended for:

– checking the in stru ment’s spec i fi ca tion.

– in com ing in spec tion to de ter mine the ac -
cept abil ity of newly pur chased in stru ments 
and re cently recalibrated in stru ments.

– checking the ne ces sity of recalibration af -
ter the spec i fied recalibration in ter vals.

NOTE: The pro ce dure does not check ev ery
facet of the in stru ment’s cal i bra tion;
rather, it is con cerned pri mar ily with
those parts of the in stru ment which are
es sen tial for de ter min ing the func tion of 
the in stru ment.

It is not nec es sary to re move the in stru ment
cover to per form this pro ce dure.

Preparations
Power up your in stru ment at
least 30 min utes be fore check -
ing to let it reach nor mal op er -
at ing tem per a ture. Fail ure to
do so may re sult in cer tain test

steps not meet ing equip ment spec i fi ca tions.

Performance Check
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Test Equipment

Type of Equipment Required Specifications

Ref er ence Oscillator
10 MHz, 1*10–8 (e.g. 6688) for cal i brat ing the stan dard oscillator

10 MHz, 1*10–9 (e.g. 6689) for cal i brat ing Opt 30/90 & Opt 40/90

Volt age Calibrator
DC -50 V to +50 V (e.g. 5500) for cal i brat ing the built-in voltage ref -
er ence, alternatively cor re spond ing DC power sup ply + DVM with
un cer tainty <0.1 %

LF Synthesizer Square/ Sine up to 10 MHz, 10 VRMS

Pulse Generator 2 ns rise time, 5 V peak, >10 MHz, con tin u ous & one-shot trigger

Os cil lo scope 350 MHz, <3% volt age uncertainty

RF Signal Generator 0.1 to 3, 8, 20, 27, 40, 46, 60 GHz dep. on RF input, 10 MHz ext.ref.

Power Splitter 50 W 6 dB BNC

T-piece BNC

Ter mi na tion 50 W feedthrough BNC

Low-pass Filter 50 kHz (for 1 MW)

BNC Cables 5 to 7 pcs of suit able lengths

Table 7-1 Rec om mended equip ment for cal i bra tion and per for mance check.



Front Panel
Controls

Internal Self-Tests

The test pro grams form ing the self-diagnosis
can be ac ti vated from the front panel as fol -
lows:

– Press USER OPT

– Press Test.

– Press Test Mode.

– Se lect one of the six tests avail able by
press ing the softkey be low the la bel with
the name of the test func tion. Five of the
tests (RAM, ROM, Logic, Dis play, and In -
ter face) are in di vid ual. They are briefly

de scribed be low. The sixth, named All,
per forms all five in di vid ual tests in se -
quence.

• All - all tests per formed in se quence

• RAM - test of RAM mem ory

• ROM - test of ROM mem ory

• Logic - test of coun ter ASIC and other
logic cir cuits.

• Dis play - test of graphic dis play
mod ule

• In ter face - test of GPIB and USB

– Press Start Test.

– If a fault is de tected, an er ror mes sage ap -
pears on the dis play and the pro gram halts. 
Note any er ror mes sages.

– If no faults are de tected, the in stru ment re -
turns to the nor mal measurement mode.

Keyboard Test

This test ver i fies that the timer/coun ter re -
sponds when you press any key. It is not a
func tional test. Such tests are per formed later
in this chap ter. The im por tant thing here is

that some thing changes on the dis play when
you press a key. Con se quently you can press
the keys in al most any or der with out pay ing
at ten tion to the ex act response, but for those
who want to be more sys tem atic there is a ta -
ble over leaf, where all keys are ex er cised at
least once.

Press the keys as de scribed in the first col umn
and look at the dis play for the text in the sec -
ond col umn. Some keys change more text on
the dis play than de scribed here. The dis play
text men tioned here is the one mostly as so ci -
ated with the se lected key. 

NOTE: For the in stru ment to re spond cor rectly,
this test must be car ried out in se -
quence, and you must start with the
DE FAULT set ting. See page 2-15. No
sig nals should be ap plied to the in put
connectors

Front Panel Controls 7-3
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7-4 Front Panel Controls

Key(s) Dis play Notes P/F

STANDBY Off Red standby LED On (Key com mon to ON)

ON Backlight On Red standby LED Off (Key com mon to
STANDBY)

IN PUT A In put A: Menu for set ting Slope, Cou pling, Im ped ance
etc.

Man

Trig Trig: xy mV Menu for en ter ing nu meric val ues in V or mV

0.123V Trig: 0.123 V

t (5 times) Trig: _ V

4.567 Trig: 4.567 V

t (5 times) Trig: _ V

8.9 Trig: 8.9 V

± Trig: -8.9 V

mV Trig: -8.9 mV

V Trig: -8.9 V

AUTOSET Menu dis ap pears

IN PUT B In put B: Menu for set ting Slope, Cou pling, Im ped ance
etc.

SETTINGS Set tings: Menu for set ting Meas Time, Hold-Off, Ref.
Source etc.

EN TER Meas Time: 200 ms

p Meas Time: 500 ms

q Meas Time: 200 ms

EXIT/OK Set tings: Menu for set ting Meas Time, Hold-Off, Ref.
Source etc.

EXIT/OK Menu dis ap pears

MATH/LIM Math/Limit: Menu for se lect ing post-pro cess ing for mula and
alarm limit

USER OPT User op tions: Menu for Cal i bra tion, Mem ory Management, In -
ter face etc.

CANCEL Menu dis ap pears

HOLD/RUN Hold At upper right corner

HOLD/RUN Hold dis ap pears

MEAS FUNC Mea sure func tion: Menu for se lect ing mea sure ment function



Short Form
Specification Test

Sensitivity and Frequency
Range

– Re call the DE FAULT set tings.

– Press IN PUT A.

– Se lect 50 W in put im ped ance, 1x at ten u a -

tion, MANual trig ger and Trigger level

0 V.

– Con nect a sig nal from a HF gen er a tor to a
BNC power split ter.

– Con nect the power split ter to In put A of
your coun ter and an os cil lo scope.

– Set the in put im ped ance to 50 W on the
os cil lo scope.

– Ad just the am pli tude ac cord ing to the fol -
low ing ta ble. Read the level on the os cil lo -
scope. The timer/coun ter should dis play
the cor rect fre quency.

– Con nect the sig nal to Input B.

– Press IN PUT B.

– Se lect 50 W in put im ped ance, 1x at ten u a -

tion, MANual trig ger and Trigger level

0 V.

– Press MEAS FUNC ® Freq ® Freq A

®B

– Re peat the mea sure ments above for
Input B.

Short Form Specification Test 7-5
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Key(s) Dis play Notes P/F

u Period Cur sor po si tion marked by text inversion

EN TER Single A

EXIT/OK Menu dis ap pears Pe riod Sin gle A: at up per left corner

STAT/PLOT Pe riod Single A
MEAN:

Aux pa ram e ters: Max, Min, P-P, Adev, Std

VALUE Stat parameters dis -
ap pear

Table 7-2 Key board test

Frequency
(MHz)

Level Pass

mVrms dBm Input A Input B

10 15 –23

50 15 –23

100 15 –23

200 15 –23

300 25 –19

Table 7-3 Sen si tiv ity for in puts A & B at var i ous fre quen cies



Voltage

– Re call the DE FAULT set tings.

– Press MEAS FUNC ® Volt ® Vpp ® A

– Press IN PUT A and se lect DC cou pling.
Do not ap ply an in put sig nal to In put A
yet.

– Press EXIT/OK.

– The dis play should now in di cate
(dis re gard the main pa ram e ter VPP):
VMIN = 0 ± 0.015 V and
VMAX = 0 ± 0.015 V

– Ad just the cur rent limit for the volt age
source to <200 mA.

– Con nect +2.500 VDC to Chan nel A, us ing
the ex ter nal low-pass fil ter on the in put.

– The dis play should now in di cate:
VMIN = 2.500 ± 0.040 V and
VMAX = 2.500 ± 0.040 V

– Re peat the mea sure ment with in verted po -
lar ity.

– Press IN PUT A and se lect 10x.

– Press EXIT/OK.

CAU TION: Be fore the next step, make 
sure the in put im ped ance is still

1 MW. Ap ply ing more than 12 V
with out proper cur rent lim it ing may 
cause ex ten sive dam age to the
main PCB, if the im ped ance is set

to 50 W.

– Change the DC level to +50.00 V.

– The dis play should now in di cate:
VMIN = 50.00 ± 0.65 V and
VMAX = 50.00 ± 0.65 V

– Re peat the mea sure ment with in verted po -
lar ity.

– Dis con nect the DC volt age from Chan -
nel A.

– Re move the ex ter nal low-pass fil ter.

– Press IN PUT A and se lect 1x.

– Press EXIT/OK.

– Con nect a si nu soi dal sig nal to In put A
with an am pli tude of 4.000 Vpp and a fre -
quency of 100 kHz.

– The dis play should now in di cate:
4.000 ± 0.150 VPP.

– Press IN PUT A and se lect 10x.

– Press EXIT/OK.

– Change the am pli tude to 18.00 VPP.

– The dis play should now in di cate:
18.00 ± 0.84 VPP.

– Dis con nect the sig nal from Chan nel A.

– Press MEAS FUNC ® Volt ® Vpp ®B

– Press IN PUT B and se lect DC cou pling.
Do not ap ply an in put sig nal to In put B
yet.

– Press EXIT/OK.

– The dis play should now in di cate
(dis re gard the main pa ram e ter VPP):
VMIN = 0 ± 0.015 V and
VMAX = 0 ± 0.015 V

– Pro ceed by re peat ing the mea sure ments
for In put B as de scribed above for In -
put A.

Performance Check
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Trigger Indicators vs. Trigger Levels

NOTE: This test must be per formed in the se -
quence given.

– Re call the DE FAULT set tings.

– Press IN PUT A and se lect MANual trig ger 

level and 50 W in put im ped ance.

– Con nect the LF syn the sizer to In put A.

Use the fol low ing set tings (into 50 W): 
Sine, 10 kHz, 0.9 Vpp, and +0.50 V DC
off set.

– Ver ify that the three modes for the trig ger
in di ca tor are work ing prop erly by chang -
ing the trig ger level:

– Press the Trig key and en ter 1 V via the 
key board, then ver ify by press ing

EXIT/OK. Check the trig ger in di ca tor
ac cord ing to Table 7-4.

– Press the Trig key and en ter –1 V via

the key board by press ing the ± key, then 

ver ify by press ing EXIT/OK. Check the
trig ger in di ca tor ac cord ing to Table 7-4.

– Press the Trig key and en ter 0 via the
key board, then ver ify by press ing

EXIT/OK. Check the trig ger in di ca tor
ac cord ing to Table 7-4.

– Apply the sig nal to In put B in stead.

– Press MEAS FUNC ® Freq ® Freq A

® B

– Press IN PUT B and se lect MANual trig ger 

level and 50 W in put im ped ance.

– Re peat the trig ger level set tings above to
ver ify the three trig ger in di ca tor modes for 
In put B.

Short Form Specification Test 7-7
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Settings Vmax Vmin Pass/Fail

Input A Input B

IN PUT A, DC, 50 W +950 mV +50 mV

AC +450 mV -450 mV

10X +0.45 V -0.45 V

1 MW > +0.45 V < -0.45 V

Table 7-5 In put controls check.

Trigger Level
(manually set)

Trigger Indicator Pass

Input A Input B

+1 V off

-1 V on

0.0 V blink ing

Table 7-4 Trig ger in di ca tor check.



Input Controls

– Re call the DE FAULT set tings.

– Con nect the LF syn the sizer to In put A.
Use the same set tings as in the pre vi ous
test.

– Press IN PUT A and se lect DC and 50 W.

– Press EXIT/OK.

– Check the first Vmax and Vmin volt age lev -
els on the display ac cord ing to Table 7-5.

– Per form the rest of the set tings in se -
quence, and read the cor re spond ing Vmax

and Vmin val ues. Re mem ber that these val -
ues are ap prox i mate and serve only as in -
di ca tors of state changes.

– Con nect the gen er a tor to In put B.

– Press MEAS FUNC ® Freq ® Freq(A)

® B.

– Press IN PUT B and se lect DC and 50 W.

– Press EXIT/OK.

– Per form the set tings and check the Vmax
and Vmin val ues for In put B ac cord ing to
Table 7-5.

Reference Oscillators (not
CNT-91R)

X-tal os cil la tors are af fected by a num ber of
ex ter nal con di tions like am bi ent tem per a ture
and sup ply volt age. Ag ing is also an im por tant 
factor. There fore it is hard to give lim its for
the al lowed fre quency de vi a tion. The user
him self must de cide the lim its de pend ing on

his ap pli ca tion, and recalibrate the os cil la tor
ac cord ingly.

To check the ac cu racy of the os cil la tor you
must have a cal i brated ref er ence sig nal that is
at least five times more sta ble than the os cil la -
tor that you are test ing. See Table 7-6 and the
list of test equip ment on page 7-2. If you use a 
non-10 MHz ref er ence, you can use the math -
e mat ics in the timer/coun ter to mul ti ply the
read ing.

– Re call the DE FAULT set tings.

– Con nect the ref er ence to in put A

– Check the read out against the ac cu racy re -
quire ments of your ap pli ca tion.

n Acceptance Test

Table 7-6 can serve as an ac cep tance test and
gives a worst case fig ure af ter 30 min utes
warm-up time. All de vi a tions that can oc cur in 
a year are added to gether.

Rubidium Oscillator
(CNT-91R)

n Acceptance Test

– Re call the DE FAULT set tings.

– Con nect the ref er ence to In put A

– Check the read out against the ac cu racy re -
quire ments of your ap pli ca tion.

To fully test the ac cu racy of the CNT-91R, an
ex tremely high sta bil ity ref er ence sig nal is
needed. Ex am ples of such ref er ences are Ce -

Performance Check

7-8 Short Form Specification Test

Oscillator Frequency Readout Suitable Reference P/F

Stan dard (UCXO) 10.00000000 MHz ± 150 Hz 6688

Op tion 30/90 (OCXO) 10.00000000 MHz ± 1 Hz 6689

Op tion 40/90 (OCXO) 10.00000000 MHz ± 0.25 Hz 6689

Table 7-6 Ac cep tance test for os cil la tors.



sium Atomic ref er ences, or trans mit ted sig nals 
from a na tion ally or in ter na tion ally trace able
source, e.g. GPS-con trolled ref er ence os cil la -
tors. See the ta ble be low.

Rec om mended Test Equip ment

Type Sta bil ity Model

10 MHz
ultrastable 
ref er ence

£ 1x10
-10 Pen du lum GPS-89 or 

Fluke 910R or Pen -
du lum GPS-12Rwith
sat el lite con tact dur -
ing the last 72 hours.

Test pro ce dure

– Con nect the coun ter to line power.

– Check that the UN LOCK in di ca tor turns
on, and then turns off again within 6 min -
utes af ter con nect ing line power.

– Con nect the 10 MHz ref er ence sig nal to
in put A of the coun ter.

– Se lect func tion FREQ A.

– Se lect Meas Time 2 s.

– Check that the dis played fre quency is
10.00000000 MHz ±0.1 Hz less than ten

min utes af ter con nec tion to line power.

Resolution Test

– Con nect the pulse gen er a tor to a power
split ter.

– Con nect one side of the power split ter to
Input A on the coun ter us ing a co ax ial ca -
ble.

– Con nect the other side of the power split -
ter to In put B on the coun ter.

Set tings for the pulse gen er a tor:

– Am pli tude = 2 VPP, (high level +2 V and
low level 0 V)

– Pe riod = approx. 1 ms

– Du ra tion = approx. 50 ns

– Rise time = 2 ns

Re store the timer/coun ter's de fault set tings
and make the fol low ing changes:

– Press MEAS FUNC ®Time

– Press EXIT/OK.

– Press STAT/PLOT key to the right of the
dis play.

– Set tings for IN PUT A and IN PUT B:

– DC cou pling

– 50 W in put im ped ance

– MANual trig ger level

– Trig level = 0.5 V

– Press EXIT/OK twice.

The stan dard de vi a tion (Std) should be
<100 ps.

Rear
Inputs/Outputs

10 MHz OUT

– Con nect an os cil lo scope to the 10 MHz
out put on the rear of the coun ter. Use a

co ax ial ca ble and 50 W ter mi na tion.

– The out put volt age should be si nu soi dal
and above 1 VRMS (2.8 Vp-p).

EXT REF FREQ INPUT

– Re call the DE FAULT set tings.

– Con nect a sta ble 10 MHz sig nal (e.g REF
OUT from an other coun ter) to in put A.

– Con nect a 10 MHz, 100 mVRMS,
(0.28 VP-P) sig nal from the LF syn the sizer 
to EXT REF IN.

Rear Inputs/Outputs 7-9
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– Se lect Ext Ref. by key ing in the fol low ing 
se quence:

SET TINGS ® Timebase Ref ® Ext

– Press EXIT/OK.

– Change the ex ter nal ref er ence fre quency to 
5 and 1 MHz.

– The count ing should con tinue, and the dis -
play should still show 10 MHz.

EXT ARM INPUT

– Pro ceed from the test above.

– Se lect IN PUT A ® MANual trig ger.

– Press EXIT/OK.

– Con nect the pulse gen er a tor to Ext Arm
In put.

– Set tings for the pulse gen er a tor:
sin gle shot pulse, man ual trig ger,
am pli tude TTL = 0 - 2 VPP, and
du ra tion = 10 ns.

– Ac ti vate start arm ing by key ing in the fol -
low ing se quence:

SET TINGS ® Arm ® Start Chan(OFF)

® E

– Press EXIT/OK twice.

– The coun ter does not mea sure.

– Ap ply one sin gle pulse to Ext Arm In put.

– The coun ter mea sures once and shows
10 MHz on the dis play.

Measuring
Functions
– Con nect a 10 MHz sine wave sig nal with

approx. 1 VRMS am pli tude into 50 W via a 
power split ter to In put A and In put B, e.g.
from 10 MHz Out on the rear panel. Use
equal ca ble lengths from the power split ter 
to the in puts.

– Re call the DE FAULT set tings.

Se lect the fol low ing set tings for the

timer/coun ter via IN PUT A and IN PUT B:

– 50 W im ped ance for A and B.

– MANual trig ger.

– POS slope.

– Check that the timer/coun ter per forms the
cor rect mea sure ment by dis play ing the re -
sult as shown un der the “Dis play” col umn
in Table 7-7.

– Se lect func tion via MEAS FUNC.

Check of HOLD
OFF Function
– Re call the DE FAULT set tings.

– Se lect Pe riod Sin gle A.

Se lect the fol low ing com mon timer/coun ter
set tings for both In put A and In put B via the

hard menu keys IN PUT A and IN PUT B:

– 50 W im ped ance.

– DC cou pling.

– MANual trig ger, x1 at ten u a tion.

– Press SET TINGS and ac ti vate Hold Off.

Se lect Hold Off On and set the Trig ger

Performance Check
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Hold Off time to the min i mum value
20 ns.

– Con nect the rear panel out put marked
10 MHz OUT to In put A.

– In crease the Trig ger Hold Off time in

steps by means of the UP cur sor key and
note the re sults:

– If Trigger Hold Off  time <100 ns the
re sult is about 100 ns, i.e. the same
value as with out Hold Off.

Check of HOLD OFF Function 7-11

Performance Check

Selected Function Action Display P/F

FREQ A 10 MHz 2)

FREQ B 10 MHz 2)

FREQ C CNT-90: 500 MHz, -15 dBm
CNT-90XL: 5 GHz, -15 dBm

500 MHz 3)

5 GHz

FREQ RATIO A/B 1 2)

FREQ RATIO C/B 50 2)  3) 

PER SINGLE A 100 ns 2)

PER SINGLE B 100 ns 2)

PER AVERAGE A 100 ns 2)

PER AVERAGE B 100 ns 2)

TIME INT A to B POS SLOPE A, NEG SLOPE B 50 ns 1)

NEG SLOPE A, POS SLOPE B 50 ns 1)

PULSE POS A 50 ns 1)

PULSE NEG A 50 ns 1)

RISE TIME A 30 ns 2)

FALL TIME A 30 ns 2)

PHASE A rel B POS SLOPE A, NEG SLOPE B 180° or -180° 1)

PHASE B rel A 180° or -180° 1)

PHASE A rel A POS SLOPE A, POS SLOPE B 0° or 360°

DUTY POS A 0.5 1)

DUTY NEG A 0.5 1)

VOLT MAX A +0.75 V 2)

VOLT MIN A -0.75 V 2)

Table 7-7 Mea suring func tions check
1) Value de pends on the sym me try of the sig nal.
2) Ex act value de pends on in put sig nal.
3) If an RF op tion is in stalled.



– If Trigger Hold Off  time >100 ns the
re sult is about 100 ns + Trig Hold Off
time.

– Con nect the sig nal to In put B, se lect

Period Single B and re peat the tests
above.

RF Inputs

Checking Input C

To ver ify the spec i fi ca tion of the dif fer ent RF
prescaler op tions (CNT-90), or the mi cro wave
con verter in the CNT-90XL, use the fol low ing 
ba sic test setup:

– Con nect the out put of a sig nal gen er a tor
cov er ing the spec i fied fre quency range to
the RF in put of the coun ter.

CAU TION: Three sim i lar but
incompatible co ax ial con nec tor
stan dards are used in the
CNT-90XL, de pend ing on the fre -
quency range. Do not mix them up, 
as abuse might dam age the con -
nec tors and cause un ex pected
re sults. See the spec i fi ca tions in
Chap ter 8.

– Con nect the 10 MHz REF OUT from the
gen er a tor to the EXT REF IN on the rear
panel of the coun ter.

– Choose Meas Ref from the SET TINGS

menu and se lect Ex ter nal.

– Choose Freq C from the MEAS FUNC
menu.

– Gen er ate a sine wave in ac cor dance with
the ta bles.

– Ver ify that the coun ter is count ing cor -
rectly. (The last digit will be un sta ble)

Performance Check

7-12 RF Inputs

Frequency Amplitude P/F

MHz mVRMS dBm

100-300 20 -21

300-2500 10 -27

2500-2700 20 -21

2700-3000 40 -15

Table 7-8 RF in put sen si tiv ity,
CNT-90, 3 GHz Op tion.

Frequency Amplitude P/F

MHz mVRMS dBm

300-500 20 -21

500-3000 10 -27

3000-4500 20 -21

4500-6000 40 -15

6000-8000 80 -9

Table 7-9 RF in put sen si tiv ity,
CNT-90, 8 GHz Op tion.

Fre quency Am pli tude P/F

GHz mVRMS dBm

0.2 - 0.5 20 -21

0.5 - 15 10 -27

Table 7-10 RF in put sen si tiv ity,
CNT-90, 15 GHz Op tion.

Fre quency Am pli tude P/F

GHz mVRMS dBm

0.2 - 0.5 20 -21

0.5 - 18 10 -27

18 - 20 20 -21

Table 7-11 RF in put sen si tiv ity,
CNT-90, 20 GHz Op tion.



Power Mea sure ment
(CNT-90XL only)

Ap ply sig nals ac cord ing to Ta ble 7-13 from a
well-cal i brated sig nal gen er a tor to In put C,
and read the power level. It is dis played as an
aux il iary pa ram e ter be low the main fre quency 
pa ram e ter. Check the re sults against the tol er -
ance lev els.

NOTE: The in di cated tol er ances are only
typ i cal.

Use short, high-qual ity co ax ial ca bles to avoid 
sig nal loss.

Bat tery Sup ply

Option 23/90 for CNT-90 &
CNT-90XL only

– Power up the in stru ment with the power
cord disconnected.

– The power sup ply sta tus in di ca tor next to
the left of the charg ing level in di ca tor in
the up per right cor ner of the dis play shall
now show a bat tery sym bol. It indicates
that the in ter nal bat tery is the ac tive power 
source.

– Press USER OPT ® Misc, and se lect

Use Bat tery in Standby Yes to make
sure the in stru ment will con tinue to op er -
ate in case line power fails.

– If the charg ing level is above 60 %, let the 
in stru ment be running un til the level goes
be low 60 %.

– Con nect the power cord to the mains.

– The sta tus in di ca tor shall now change to a
charg ing bat tery sym bol.

– Let the bat tery charge for at least 8.5 h in
nor mal op er a tional mode.

– When the spec i fied charg ing time has
elapsed, the level in di ca tor shall show a
value close to 100 %.

– Dis con nect the power cord and wait 10 s,
then re con nect the power cord.

– The sta tus in di ca tor shall now show a
power plug sym bol on top of the bat tery
sym bol. This means that the power line
takes pri or ity but will be re placed by the
bat tery if the mains volt age drops out.

Note: Charg ing will not be re sumed un til the
level goes be low about 70 % in or der
to cy cle the bat tery more ef fi ciently.

Bat tery Sup ply   7-13
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Fre quency Am pli tude P/F

GHz mVRMS dBm

0.3 - 18 5 -33

18 - 20 8 -29

20 - 27 10 -27

27 - 40 1 16 -23

40 - 46 2 32 -17

46 - 60 3 40 -15

Notes:

1 not CNT-90XL-27G
2 not CNT-90XL-27G | 40G
3 not CNT-90XL-27G | 40G | 46G

Ta ble 7-12 RF in put sen si tiv ity,
CNT-90XL.

Fre q.
(GHz)

Power (dBm) P/F

Appl. Displ. Tol.

27 -20 -20 ±1

40 -15 -15 ±2

46 -10 -10 ±2

60 -5 -5 ±3

Ta ble 7-13 Power mea sure ment,
CNT-90XL.



– Re call the de fault set tings by press ing

USER OPT ® Save/Re call ® Re call

Setup ® De fault.

– Con nect 10 MHz OUT on the rear panel

to In put A, and se lect Freq A.

– Check that the in stru ment is work ing and
shows a value close to 10 MHz.

– Dis con nect the power cord, and check that 
the in stru ment goes on work ing.

Note: The power plug sym bol dis ap pears, leav -
ing the bat tery sym bol alone.

– Check that the in stru ment op er ates >4.5 h
with out con nec tion to the mains.

– Power down the in stru ment by press ing
the green power switch key.

– Check that the red standby LED lights up.

– Power up the in stru ment again, and check
that it pow ers down au to mat i cally when
the bat tery is al most empty.

– Con nect the power cord, and power up the 
in stru ment.

– Check that the standby LED goes out.

– Check that the sta tus indicator shows a
charg ing bat tery sym bol.

– Let the bat tery charge to its full ca pac ity.

– Power down, wait 10s, and power up

– Press USER OPT ® Misc, and se lect

Use Bat tery in Standby No to make
sure the in stru ment will not con tinue to
op er ate in case line power fails.

Note: The bat tery sym bol dis ap pears, leav ing
the power plug sym bol alone.

– Dis con nect the power cord, and check that 
the in stru ment stops work ing. The standby 
LED shall not light up.

Performance Check
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Introduction
Only val ues with tol er ances or lim its are guar -
an teed data. Val ues with out tol er ances are in -
for ma tive data, with out guar an tee.

Measurement
Functions
Re fer to page 8-41 for un cer tainty in for ma -
tion.

In puts A and B can be swapped in all modes
ex cept Rise Time and Fall Time.

Dis play: All mea sure ments are dis played with 
a large main pa ram e ter value and smaller aux -
il iary pa ram e ter val ues (with less res o lu tion).
Some mea sure ments are only avail able as aux -
il iary pa ram e ters.

Frequency A, B, C

n Range:

In put A: 0.002 Hz - 400 MHz

In put B: 0.002 Hz - 400 MHz

In put C: 100 MHz - 3 GHz (Opt. 10)
300 MHz - 8 GHz (Opt. 13)
200 MHz - 15 GHz (Opt. 14)
200 MHz - 20 GHz (Opt. 14B)

Res o lu tion: 12 dig its/s

n Display:

Main Pa ram e ter:
Aux. Pa ram e ter (A, B):

Fre quency
Vmax, Vmin, Vp-p

Frequency Burst A, B, C

Fre quency and PRF of re pet i tive burst sig nals
can be mea sured with out ex ter nal con trol sig -
nal and with selectable start arm ing de lay.

Func tions: Fre quency in burst (Hz)
PRF (Hz)
Num ber of cy cles in burst

Range A, B, C: See Fre quency A, B, C

Min. Burst
Duration: 40 ns (80 ns > 160 MHz)

Min. No. of Pulses 
in Burst (Inp A, B):

(Inp C):
3 (6 above 160 MHz)
3 x prescaler factor

PRF Range
(see also
Inp C spec): 0.5 Hz - 1 MHz

Start Delay
Range: 10 ns - 2 s, resolution

10 ns 

n Display:

Main Parameter:
Aux. Parameters:

Fre quency in burst
PRF & num ber of cy cles
in burst (Ch A or Ch B
only)

Period A, B, C Average

n Range:

Input A, B:
In put C (3 GHz):
           (8 GHz):
           (15 GHz):
           (20 GHz):
Res o lu tion:

2.5 ns - 500 s
330 ps - 10 ns
125 ps - 3.3 ns
72 ps - 5 ns
50 ps - 5 ns
12 dig its/s

n Display:

Main Pa ram e ter:
Aux. Pa ram e ter (A, B):

Pe riod
Vmax, Vmin, Vp-p

CNT-90:  Introduction   8-3 
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Period A, B Single

Range A, B: 3.3 ns - 1000 s

Res o lu tion: 100 ps

n Display:

Main Parameter:
Aux. Parameters:

Pe riod
Vmax, Vmin, Vp-p

Ratio A/B, B/A, C/A, C/B

Range: 10
-9

 to 10
11

 (one-pass
measurem., val ues < 1
with re duced res o lu tion)

Freq Range A,B:
Freq Range C:

100 Hz to 400 MHz
Full in put C range

n Display:

Main Parameter:
Aux. Parameters:

Ra tio
Freq 1, Freq 2

Time Interval A to B, B to A,
A to A, B to B

Range (normal
cal cu la tion):
Range (smart
cal cu la tion):

0 ns to +10
6
 s

-10
6
 to +10

6
 s

Res o lu tion
Sin gle Shot: 100 ps

In put Frequency: Up to 160 MHz

Min. Pulse Width: 1.6 ns

Smart Calculation: Smart Time Int. w. 4 time 
stamps (2 con sec u tive
Trig A plus 2 con sec u tive 
Trig B) to de ter mine sign
(A be fore B or A af ter B)

n Display:

Main Parameter:
Aux. Parameters:

Time in ter val
None

Pulse Width A, B

Range: 2.5 ns - 10
6
 s

In put Frequency: Up to 200 MHz

Modes: Pos. pulse width or
neg. pulse width

n Display:

Main Parameter:
Aux. Parameters:

Pulse width
Vmax, Vmin, Vp-p

Rise and Fall Time A, B

Range: 1.5 ns - 1000 s

In put Fre quency: Up to 160 MHz (square
wave)

Trig ger Lev els: De fault 10% and 90%
Man u ally adjustable

Min. Pulse Width: 1.6 ns

Modes:
Min. Amplitude

Rise or fall time
100 mVp-p

n Display:

Main Parameter:
Aux. Parameters:

Rise or fall time
Slew rate, Vmax, Vmin

Specifications
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Phase A Rel. B, B Rel. A

Range: -180° to +360°

Res o lu tion: 0.001° to 10 kHz
0.01° to 1 MHz
0.1° to 10 MHz
1° >10 MHz
Res o lu tion can be im -
proved by av er ag ing
(Sta tis tics)

In put Frequency: Up to 160 MHz

Min. Pulse Width: 1.6 ns

n Display:

Main Parameter:
Aux. Parameters:

Phase
Freq (prim. chan nel),
VA/VB (in dB)

Duty Factor A, B

Range: 0.000001 to 0.999999

In put Frequency: 0.1 Hz - 200 MHz

Min. Pulse Width: 2.5 ns

Modes: Pos. or neg. duty fac tor

n Display:

Main Parameter:
Aux. Parameters:

Duty fac tor
Pe riod, pulse width

Vmax, Vmin, Vp-p A, B

Al ter na tive data within pa ren the ses re fer to in -
put attenuator set ting x10.

Range: -5 V to +5 V
(-50 V to +50 V)

In put Fre quency: DC, 1Hz - 300 MHz,
100 Hz - 300 MHz de fault
(higher LF limit means
higher meas. speed)

Mode: Vmax, Vmin, Vp-p*

Res o lu tion: 3 (30) mV

Ac cu racy (typ.)*:
  DC
  1 Hz - 1 kHz
  1 kHz - 20 MHz
  20 - 100 MHz
  100 - 300 MHz

1% ± 15 (150) mV
1% ± 15 (150) mV
3% ± 15 (150) mV
10% ± 15 (150) mV
30% ± 15 (150) mV

* Vp-p is cal cu lated as Vmax - Vmin, which
means that the max i mum ab so lute er ror will
be ±30 (300) mV.

n Display:

Main Parameter:
Aux Parameters:

Vmax or Vmin or Vp-p

Vmin, Vp-p or
Vmax, Vp-p or
Vmin, Vmax

CNT-90:  Measurement Functions   8-5 
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Timestamping A, B, C

This func tion is only ac ces si ble via GPIB or
USB.

No ab so lute time ex ists, timestamp val ues can
only be used for rel a tive time mea sure ments.

Timestamps are taken of two con sec u tive pos -
i tive edges and two con sec u tive neg a tive
edges (pos, neg, pos, neg or neg, pos, neg,
pos) and the num ber of pos i tive edges is
counted.

Max. Fre quency:
Min. Pulse Width:
Timestamp Res o -
lu tion:
Max. Fre quency to 
catch each edge:

160 MHz
2.5 ns

70 ps rms

250 kHz

Auto Set / Manual Set

All mea sur ing func tions can be auto-set us ing
best set tings for the in di vid ual func tions. This
means e.g. an auto hys ter esis of 40 % of Vp-p

in fre quency mea sure ments, an auto trig ger at
50 % of Vp-p with min i mum hys ter esis incl.
hys ter esis com pen sa tion in time mea sure -
ments, an auto find of burst length and auto
sync for fre quency burst mea sure ments, etc.

Input and Output
Specifications

Inputs A and B

Al ter na tive data within pa ren the ses re fer to in -
put attenuator set ting x10.

Fre quency Range
 DC-cou pled:
 AC-cou pled:

DC - 400 MHz
10 Hz - 400 MHz

Cou pling: AC or DC

Rise Time: Approx. 700 ps

Im ped ance: 1 MW / 25 pF or 50 W
(VSWR < 2)

Trig ger Slope: Pos i tive or neg a tive

Chan nels: Sep a rate A & B

Max. Channel
Timing Difference: 500 ps

Hys ter esis
Window: Approx. 30 (300) mVp-p

Re sid ual Hys ter -
esis af ter Com -
pen sa tion: 5 (50) mV (DC - 10 kHz)

Sen si tiv ity
 DC - 200 MHz:
 200 - 300 MHz:
 300 - 400 MHz:
 Auto Trig:

15 mVrms

25 mVrms

35 mVrms

35 mVrms

At ten u a tion: x1, x10

Dy namic Range
(x1): 30 mVp-p to 10 Vp-p

within ±5 V win dow

Specifications
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Trig ger Level
 Res o lu tion:
 Un cer tainty:
 
Auto:

Read-out on dis play
3 (30) mV
±15 (150) mV ± 1% of
trigger level
Au to mat i cally set to 50 or 
70% of in put sig nal (10%
and 90% for rise/fall
time).
Rel a tive level (in %) man -
u ally ad just able when
nec es sary.

Auto Hysteresis
 Time Meas. :
 
 Freq. Meas. &
 Per. Avg.:

 Freq. Range:

Min i mum hys ter esis win -
dow (+com pen sa tion)

70 % and 30 % of in put
sig nal. Min i mum hys ter -
esis win dow if arm ing on
A or B is ac ti vated.
>1 Hz (de fault 100 Hz)

An a log Noise
Reduction Filter: Nom. 100 kHz, RC type

Dig i tal LP Filter: 1 Hz - 50 MHz us ing trig -
ger hold-off

Trig ger Indicators: LED

Max. Voltage w/o
Damage

 1 MW: 350 V (DC+ ACpk) @ DC 
to 440 Hz, fall ing to
12 VRMS (x1) and 120
VRMS (x10) @ 1 MHz

 50 W: 12 VRMS

Input C (Option 10)

Freq. Range: 100 MHz - 3.0 GHz

Prescaler Fac tor: 16

Op er at ing Input
Voltage Range
 100 - 300 MHz:
 0.3 - 2.5 GHz:
 2.5 - 2.7 GHz:
 2.7 - 3.0 GHz

20 mVrms -12 Vrms

10 mVrms -12 Vrms

20 mVrms -12 Vrms

40 mVrms -12 Vrms

Am pli tude
Modulation
 DC - 0.1 MHz
 Mod u la tion
 Fre quency:
 0.1 - 6 MHz
 Mod u la tion
 Fre quency:

Up to 94% depth

Up to 85% depth
Min. sig nal must ex ceed
min. oper. in put volt age

Im ped ance: 50 W nom. AC-cou pled
VSWR < 2.5:1

Max. Voltage w/o
Damage: 12 Vrms, PIN di ode prot.

Con nec tor: Type N fe male

Input C (Option 13)

Freq. Range: 300 MHz - 8 GHz

Prescaler Fac tor: 256

Op er at ing in put
volt age range:
0.3 - 0.5 GHz
0.5 - 3.0 GHz
3.0 - 4.5 GHz
4.5 - 6.0 GHz
6.0 - 8.0 GHz

20 mVrms - 7 Vrms

10 mVrms - 7 Vrms

20 mVrms - 7 Vrms

40 mVrms - 7 Vrms

80 mVrms - 7 Vrms

Am pli tude
Modulation
 DC-0.1 MHz
 Mod u la tion
 Fre quency:
 0.1-6 MHz
 Mod u la tion
 Fre quency:

Up to 94% depth

Up to 85% depth
Min. sig nal must ex ceed
min. oper. in put volt age

Im ped ance: 50 W nom. AC-cou pled
VSWR < 2.5:1

Max. Voltage w/o
Damage: 7 Vrms, PIN di ode

protected

Con nec tor: Type N fe male

CNT-90:  Input and Output Specifications   8-7 

Specifications



Input C (Options 14 & 14B)

Freq. Range: 250 MHz - 15 GHz (14)
250 MHz - 20 GHz (14B)

Prescaler Fac tor: 128

Op er at ing in put
volt age range:
0.25 - 0.5 GHz
0.5 - 15 GHz
14 - 18 GHz
18 - 20 GHz

-21 to +27 dBm
-27 to +27 dBm
-27 to +27 dBm (14B)
-21 to +27 dBm (14B)

AM tol er ance: Up to 90% depth

Burst
 Min i mum
 Burst Length:
 Min i mum In ter val
 Be tween Bursts:

Pe riod x 257

10 µs

Im ped ance: 50 W nom. AC-cou pled
VSWR < 2:1

Max. Voltage w/o
Damage: +27 dBm, PIN di ode prot.

Con nec tor: Type N fe male

Rear Panel Inputs & Outputs

Ref. In put: 1, 5 or 10 MHz;
0.1 - 5 Vrms sinewave;

im ped ance >1 kW

Ref. Out put: 1x10 MHz, >1 Vrms into

50 W load

Arm ing In put (E):
 Freq. Range:
 Trig ger Level:
 Trig ger Slope:

Arm ing of all meas. func.
DC - 80 MHz
TTL, 1.4 V nom.
Pos i tive or neg a tive

Meas. In puts:
 Im ped ance:

A, B, C (op tion)

1 MW//50 pF or 50 W

(VSWR £ 2:1)

Con nec tors: BNC (SMA for In put C)

Auxiliary Functions

Trigger Hold-Off

Time Delay
Range: 20 ns - 2 s, 10 ns resol.

External Start/Stop Arming

Modes: Start arm ing, stop arm ing,
start and stop arm ing

In put Chan nels: A, B, E (EXT ARM)

Max. Rep. Rate
for Arming Signal
 Chan nel A, B:
 Chan nel E:

160 MHz
80 MHz

Start Time Delay
Range: 10 ns - 2 s, 10 ns resol.

NOTE: Stop arm ing has no de lay set ting.

Statistics

Func tions: Max i mum, min i mum,

mean, Dmax-min, stan dard 
de vi a tion, Allan de vi a tion

Dis play:

 Graphic:

Nu meric or nu meric +
graphic
His to gram & trend plot,
auto scaled

Sam ple Size: 2 to 2 x 10
9

Max. Sam ple
Rate: 250 kSa/s mea sured,

2 kSa/s cal cu lated,
de pend ing on meas. func -
tion and graphics

Specifications
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Limit Qualifier: Off
Cap ture & store val ues
above limit 2
Cap ture & store val ues
be low limit 1
Cap ture & store val ues in -
side lim its 1 and 2
Cap ture & store val ues
out side lim its 1 and 2

Meas. Pac ing
 Time Range:
 Equidistancy:

2 ms - 500 s

±(2 ms + 0.1% of pac ing
time)

Mathematics

Func tions: K*X+L, K/X+L, (K*X+L)/M,  
(K/X+L)/M and X/M-1
X is cur rent read ing. K, L
and M are con stants, set
via key board or as frozen
ref er ence value (X0).

Other Functions

Mea sur ing Time: 20 ns - 1000 s for Pe riod
AVG, Fre quency and
PRF, 20 ns - 2 s for Freq. 
in Burst; Sin gle cy cle for
other meas. func tions.
Times >2 s are soft ware
con trolled w. re duced res -
o lu tion and ac cu racy.

Timebase
Reference: In ter nal, ex ter nal or au to -

matic

Dis play Hold:

Digit Blank ing:

Freezes meas. re sult un til 
a new mea sure ment is ini -
ti ated via Re start.
Re moves (blanks) 1 to 13 
dig its from the cal cu lated
re sult be fore dis play ing it.

Limit Alarm:

 Limit Values:

 Set tings:

 On Alarm:
 Dis play:
 Nu meric:

 Graphic:

Annunciator on display
and/or SRQ via GPIB
Lower limit (limit 1)
Up per limit (limit 2)
Off
Alarm if value > limit 2
Alarm if value < limit 1
Alarm if
limit 1 < value < limit 2
Alarm if value > limit 2 or
value < limit 1
Stop or Con tinue
Nu meric + graphic
Cur rent mea sure ment
value + an nun ci a tor for
limit alarm
Hor i zon tal line w. up -
per/lower limit mark ers +
cur rent value marker

Stored Instrument 
Setups: 20 com plete set ups can

be saved and re called
from in ter nal non-vol a tile
mem ory; 10 can be user
pro tected

Display

Type & Use:

Res o lu tion:
Tech nol ogy:

Graphics screen for menu 
con trol, nu mer i cal read out 
(14 dig its) and sta tus info
320 x 97 pix els
Mono chrome LCD with
white LED backlight

GPIB Interface

Pro gram ma ble
Func tions: All front panel ac ces si ble

func tions

Com pat i bil ity: IEEE 488.2-1987,
SCPI 1999

Modes: Na tive mode
Agilent com pat i ble mode
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 Agilent
 Com pat i bil ity: HP 53131/132/181 com -

mands are em u lated.
Code and re sponse for -
mat is com pat i ble. No tim -
ing com pat i bil ity. No res o -
lu tion com pat i bil ity

In ter face Func -
tions: SH1, AH1, T6, L4, SR1,

RL1, DC1, DT1, E2

Max. Meas. Rate
 Via GPIB:
 
 To Internal
 Mem ory:

2000 read ings/s (block)
350 readings/s (in di vid ual)

250 k read ings/s

In ter nal Memory
Size: Up to 750 k read ings

Data Output: ASCII, IEEE dou ble pre ci -
sion float ing point

USB Interface

Ver sion: 2.0, 12 Mb/s

Pro to col: USBTMC-USB488

TimeView™

This soft ware pack age is in tended for ad -
vanced Mod u la tion Domain anal y sis and runs
on any 32-bit Win dows® sys tem.

n Data Capture Modes &
Measurement Rate

Ef fec tive rate de pends on mea sure ment func -
tion and in ter nal data for mat.

Free-run ning
Measurement: 250 k read ings/s

Re pet i tive
Sampling: Up to 100 Msa/s equiv.

sam ple rate (10 ns be -
tween sam ples)

Con tin u ous
Single Period: Yes, from LF to 250 kHz

rep e ti tion rate

Wave form
Capture: Yes

Data Analysis
Features: Mea sure ment data vs

time
Cur sor mea sure ments
Dis tri bu tion his to gram
FFT graph w. Ham ming,
Hanning and other rel e -
vant fil ters
Smooth ing
Zoom
Setup, mea sure ment data 
ar chive and print ing
Zero dead time ADEV and 

MADEV vs. t

Battery Unit

Option 23/90

Bat tery Type:
Ext. DC In put:
Con nec tor:

Li-Ion, 22.2 V, 90 Wh
12 to 18 V, max 6 A
XLR male, 3-pin

Oper. & Charg.
Temp. Range:
Stor age:

  0 to +40 °C
-20 to +60 °C (1 month)
-20 to +45 °C (3 months)
-20 to +20 °C (1 year)

Op er at ing Time
(@ +25 °C): ON: >4.5 h

Stby: >24 h

Charg ing:

Charg ing Time
(@ +25 °C):

Au to matic, when ext. AC
or DC is con nected

<8.5 h

Sta tus In di ca tor: On-screen w. low bat tery
warning

Weight: 1.2 kg

Specifications
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Measurement
Uncertainties

Random Uncertainties (1s)

n Quantization Error (Eq)

Eq = 100 ps rms

n Start/Stop Trigger Error (Ess)

E E E sSS noise jitter= +2 2 ( )

Enoise

Vnoise input Vnoise signal

inp sign slew ra
=

- + -
2 2

. . te V
s at trig point

s
( ) .

( )

E Single Period Jitter rms sjitter = ( ) ( )

Vnoise-in put: 500 mVrms in ter nal noise

(200 mVrms typ i cal)

Vnoise-signal: The rms noise of the
applied sig nal

Systematic Uncertainties

n Trigger Level Timing Error (Etl)

Time In ter val, Rise/Fall Time, Pulse Width, 
Duty Fac tor, Phase (attenuator set ting x1)

E TLU Hysttl Sx Sy= + * * +[ ] [( ) ( ) ]1
2

2 1 2 1 2  [s]

where:
 Sx = Slew rate at start trig ger point (V/s)
 Sy = Slew rate at stop trig ger point (V/s)
 TLU = Trig ger level un cer tainty (V)
 Hyst = Hys ter esis win dow (V)

Hyst = 30 mV ± 1% of trig lvl (DC to 1 kHz)
for Pulse Width & Duty Fac tor.
Hyst = 6 mV  ± 1 % of trig lvl (DC to1 kHz)
for other mea sure ment func tions.

n Timebase Error (TBE)

TBE is the rel a tive er ror of the timebase os cil -
la tor (dimensionless) and de pends on the ac -
tual os cil la tor used. See Timebase Op tions on
page 8-15.

To tal Un cer tainty (2s)

The gen eral for mula for all mea sure ment
func tions is:

U rand uncert syst uncerttot = * +2 2 2( . .) ( . .)

Time Interval, Pulse Width,
Rise/Fall Time

n Random Uncertainty (rms)

U rnd Eq StartTrig Error StopTrig Error= + +
2 2 2

( . ) ( . )

[s]

n Systematic Uncertainty

U E ps TBE TIMEsyst tl= * + + *1
3

2 2 2500[ ( ) ( ) ]

where:
Etl = trig ger level tim ing er ror
500 ps = maximum chan nel dif fer ence
TBE = timebase er ror
TIME = mea sure ment result

Frequency & Period

n Random Uncertainty (rms)

For mea sur ing times <200 ms and if Smart
Freq = AUTO or OFF:

U rnd

Eq Start Trigger Error

Measuring Time
=

+
´

2
2

2
* ( )

´ Measurement Result [Hz or s]
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For mea sur ing times >=200 ms and if Smart
Freq = AUTO or ON:

U rnd

Eq Start Trigger Error

Measuring Time N
=

+

*
´

2 5
2

2
2

. * ( )

´ Measurement Result [Hz or s]

N = 800 /Mea sur ing Time, how ever,

6 £ N £ 1000 and
N < (Freq/2) * Mea sur ing Time - 2

n Systematic Uncertainty

U TBE MR ps MT MRsyst = * * + *1
3

2 2200{[ ] [( / ) ] }

[Hz or s]

where:
MR = Meas. Re sult (Freq or Per)
MT = Meas. Time

Frequency Ratio f1/f2

n Typical Random Uncertainty
(rms)

NOTE. Fre quency Ra tio is an aux il iary mea -
sure ment func tion, in tended to give an in di ca -
tion, with no guar an teed spec i fi ca tion.

U presc fact f E E Ernd q SS f SS f= ´ ´ ´ + +2 1
2 2 2

1 2( . . ) ( ) ( )

[dimensionless, e.g. ppm]

Prescaling Factor Input

2 A & B

16 C (3 GHz)

256 C (8 GHz)

128 C (15 & 20 GHz)

Phase

n Typical Random Uncertainty
(rms)

NOTE. Phase is an aux il iary mea sure ment
func tion, in tended to give an in di ca tion, with
no guar an teed spec i fi ca tion. 

U rnd Eq Strt Trg Err Stop Trg Err

Freq

= + + ´

´ ´ °

2 2 2

360

( ) ( )

. [ ]

n Systematic Uncertainty

U E ps Freqsyst tl= * + ´ ´ °1
3

2 2500 360[ ( ) ] [ ]

Duty Factor

n Random Uncertainty (rms)

U Freqrnd Eq Strt Trg Err Stop Trg Err= + + ´2 2 2( ) ( ) .

or min i mum: 1 ppm

n Systematic Uncertainty

U E ps Freqsyst tl= * + ´1
3

2 2200[ ( ) ]

[dimensionless, e.g. ppm]

Calibration

Mode: Closed case, menu-con -
trolled.

Cal i bra tion Input: A

Pass word
Protection: ON or OFF

In put Fre quen -
cies used for TB
Cal i bra tion: 1.0, 1.544, 2.048, 5.0 or

10.0 MHz

Specifications
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Definition of Terms

Cal i bra tion Ad -
just ment Tol er -
ance: The max i mum tol er ated

de vi a tion from the true
10 MHz fre quency af ter
cal i bra tion. If the timebase 
fre quency does not ex -
ceed the tol er ance lim its
at the mo ment of cal i bra -
tion, an ad just ment is not
nec es sary.

To tal Uncertainty: The to tal pos si ble de vi a -
tion from the true 10 MHz
fre quency un der in flu ence 
of fre quency drift due to
ag ing and am bi ent tem -
per a ture vari a tions ver sus 
the ref er ence tem per a -
ture. The op er at ing tem -
per a ture range and the
cal i bra tion in ter val are
part of this spec i fi ca tion.

See also timebase spec i fi ca tions on page 8-15.

General
Specifications

Environmental Data

Class: MIL-PRF-28800F, Class 3

Operat. Temp:
Stor age Temp:
Hu mid ity:

Max. Al ti tude:
Vi bra tion:

Shock:

Tran sit Drop
Test:

0 °C to +50 °C
-40 °C to +71 °C
5-95 % @ 10-30 °C
5-75 % @ 30-40 °C
5-45 % @ 40-50 °C
4600 m
Ran dom and si nu soi dal per 
MIL-PRF-28800F, Class 3
Half-sine 30G per
MIL-PRF-28800F; bench
han dling

Trans port box tested ac -
cord ing to UN-D 1400 drop
test pro gram 1.
Heavy-duty trans port case
and soft car ry ing case
tested ac cord ing to
MIL-PRF-28800F.

Re li abil ity:
Safety:

MTBF 30000 h, cal cu lated
De signed and tested for
Mea sure ment Cat e gory I,
Pol lu tion De gree 2, in ac -
cor dance with
EN/IEC 61010-1:2001 and
CAN/CSA-C22.2 No.
61010-1-04 (incl. ap proval)

EMC: EN 61326 (1997)
A1 (1998), in creased test
lev els per EN 50082-2,
Group 1, Class B, CE

Power Requirements

Line Volt age:
Power
Con sump tion:

90-265 VRMS, 45-440 Hz

 <40 W
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Dimensions & Weight

Width:
Height:
Depth:
Weight:

½ x 19" (210 mm)
2E (90 mm)
395 mm
Net 2.7 kg (5.8 lb)
Ship ping 3.5 kg (7.5 lb)

Ordering
Information
Ba sic Mod el

   CNT-90: 400 MHz, 100 ps
Timer/Coun ter in clud ing
stan dard timebase and
GPIB in ter face

In cluded with In -
stru ment: 18 months prod uct war -

ranty, line cord, bro chure
with im por tant in for ma tion; 
'get ting started' man ual,
user's man ual, and pro -
gram mer's hand book on
CD; Cer tif i cate of Cal i bra -
tion.

RF Input Op tions

   Op tion 10:
   Op tion 13:
   Op tion 14:
   Op tion 14B:

3.0 GHz In put C
8 GHz In put C
15 GHz In put C
20 GHz In put C

Timebase Op -
tions

   Op tion 19/90:
   Op tion 30/90:
   Op tion 40/90:

Medium sta bil ity OCXO
Very high sta bil ity OCXO
Ultrahigh sta bil ity OCXO

Op tional
Ac ces so ries
   Op tion 11/90:
   Op tion 22/90:
   Op tion 23/90:
   Op tion 27:
   Op tion 27H:
   
   Op tion 29/90:
   
   
   Op tion 90/01:
   
   Op tion 90/06:
   
   Op tion 90/00:
   
   
   Op tion 95/03:
   Op tion 95/05:

Rear panel in puts
Rackmount kit
Bat tery sup ply unit
Car ry ing case
Heavy-duty hard trans port 
case
TimeView for CNT-90,
mod u la tion do main anal y -
sis SW
Cal. cer tif i cate w. pro to col;
stan dard os cil la tor
Cal. cer tif i cate w. pro to col;
oven os cil la tor
Cal. cer tif i cate w. pro to col;
Hold-over fre quency ag -
ing/week
3 years ex tended war ranty
5 years ex tended war ranty

Printed Man u als:

CNT-90 &
CNT-91(R) &
CNT-90XL Get ting Started Man ual

CNT-90 &
CNT-91(R) &
CNT-90XL User's Man ual

CNT-90 &
CNT-91(R) &
CNT-90XL Pro gram mer's Hand book

Specifications
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Prod uct Family ‘9X’

Op tion Stan dard Op tion 19/90 Op tion 30/90 Op tion 40/90

Timebase Type UCXO OCXO OCXO OCXO

Un cer tainty due to:
-Cal i bra tion  ad just ment tol er ance

@ +23 °C ± 3 °C <1x10
-6

<5x10
-8

<1x10
-8

<3x10
-9

-Aging

per 24 h

per month

per year

1)
     

<5x10
-7

<5x10
-6

2)
<5x10

-9

<6x10
-8

<2x10
-7

2)
<5x10

-10

<1x10
-8

<5x10
-8

2)
<3x10

-10

<3x10
-9

<1.5x10
-8

-Tem per a ture vari a tion:

0 °C - 50 °C

20 °C - 26 °C (typ. val ues)

<1x10
-5

<3x10
-6

<5x10
-8

<2x10
-8

<5x10
-9

<1x10
-9

<2.5x10
-9

<4x10
-10

-Power volt age vari a tion: ±10% <1x10
-8

<5x10
-9

<5x10
-10

<5x10
-10

Short term sta bil ity:
(Root Allan Vari ance)

t = 1 s

Typ i cal val ues t = 10 s

not spec i fied <1x10
-10

<1x10
-10

1x10
-11

1x10
-11

5x10
-12

5x10
-12

Power-on sta bil ity:
-De vi a tion ver sus fi nal value af ter 24 h 

on time, af ter a warm-up time of:

1)
     

30 min
<1x10

-7

30 min
<1x10

-8

10 min
<5x10

-9

10 min

To tal un cer tainty, for op er at ing

tem per a ture 0°C to 50 °C,

@ 2s (95 %) con fi dence in ter val:

-1 year af ter cal i bra tion

-2 years af ter cal i bra tion

<1.2x10
-5

<1.5x10
-5

2.4x10
-7

4.6x10
-7

<6x10
-8

<1.2x10
-7

<1.8x10
-8

<3.6x10
-8

Typ i cal to tal un cer tainty, for op -

er at ing tem per a ture 20°C to 26 °C,
@ 2s (95 %) con fi dence in ter val:

-1 year af ter cal i bra tion

-2 years af ter cal i bra tion

<7x10
-6

<1.2x10
-5

<2.4x10
-7

<4.6x10
-7

<6x10
-8

<1.2x10
-7

<1.7x10
-8

<3.5x10
-8

Timebase Options

Explanations
1) Neg li gi ble in com par i son with the de vi a tion caused by 1 °C tem per a ture change.

2) Af ter 1 month of con tin u ous op er a tion.

NOTE: Elec tri cal ad just ment by means of tun ing volt age from DAC; no po ten ti om e ter trim ming.
Se rial in ter face to all op tional os cil la tors for closed-case cal i bra tion and sta tus re port ing.

UCXO: Un com pen sated Crys tal Os cil la tor
OCXO: Oven Con trolled Crys tal Os cil la tor
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Introduction
Only val ues with tol er ances or lim its are guar -
an teed data. Val ues with out tol er ances are in -
for ma tive data, with out guar an tee.

Measurement
Functions
Re fer to page 8-25 for un cer tainty in for ma -
tion.

In puts A and B can be swapped in all modes
ex cept Rise Time and Fall Time.

Dis play: All mea sure ments are dis played with 
a large main pa ram e ter value and smaller aux -
il iary pa ram e ter val ues (with less res o lu tion).
Some mea sure ments are only avail able as aux -
il iary pa ram e ters.

Frequency A, B, C

n Range:

In put A: 0.002 Hz - 400 MHz

In put B: 0.002 Hz - 400 MHz

In put C:

  Ac qui si tion
  Time:

0.3 - 27 GHz (CNT-90XL-27G)
0.3 - 40 GHz (CNT-90XL-40G)
0.3 - 46 GHz (CNT-90XL-46G)
0.3 - 60 GHz (CNT-90XL-60G)

25 ms in Auto (typ.)

Res o lu tion: 12 dig its/s

n Display:

In puts A & B
  Main Pa ram e ter:
  Aux. Pa ram e ters:

Fre quency
Vmax, Vmin, Vp-p

In put C
  Main Pa ram e ter:
  Aux. Pa ram e ter:

Fre quency
Power in dBm

Frequency Burst A, B

Fre quency and PRF of re pet i tive burst sig nals
can be mea sured with out ex ter nal con trol sig -
nal and with selectable start arm ing de lay.

Func tions: Fre quency in burst (Hz)
PRF (Hz)
Num ber of cy cles in burst

Range A, B: See Fre quency A, B

Min. Burst
Duration: 40 ns (80 ns > 160 MHz)

Min. No. of Pulses 
in Burst: 3 (6 above 160 MHz)

PRF Range: 0.5 Hz - 1 MHz

Start Delay
Range: 10 ns - 2 s, resolution

10 ns 

n Display:

Main Parameter:
Aux. Parameters:

Fre quency in burst
PRF & num ber of cy cles
in burst (Ch A or Ch B
only)
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Period A, B, C Average

n Range:

In put A, B:
In put C (27 GHz):
           (40 GHz):
           (46 GHz):
           (60 GHz):
  Ac qui si tion:

  Ac qui si tion Time:
Res o lu tion:

3.3 ns - 500 s
37 ps - 3.3 ns
25 ps - 3.3 ns
22 ps - 3.3 ns
17 ps - 3.3 ns
Auto or Man ual
(within ±40 MHz)
25 ms in Auto (typ.)
12 dig its/s

n Display:

In put A, B
  Main Pa ram e ter:
  Aux. Pa ram e ters:

Pe riod
Vmax, Vmin, Vp-p

In put C
  Main Pa ram e ter:
  Aux. Pa ram e ter:

Period
Power in dBm

Period A, B Single

Range A, B: 3.3 ns - 1000 s

Res o lu tion: 100 ps

n Display:

Main Parameter:
Aux. Parameters:

Pe riod
Vmax, Vmin, Vp-p

Ratio A/B, B/A, C/A, C/B

Range: 10
-9

 to 10
11

 (one-pass
measurem., val ues < 1
with re duced res o lu tion)

Freq Range A,B:
Freq Range C:

100 Hz to 400 MHz
Full in put C range

n Display:

Main Parameter:
Aux. Parameters:

Ra tio
Freq 1, Freq 2

Time Interval A to B, B to A,
A to A, B to B

Range (normal
cal cu la tion):
Range (smart
cal cu la tion):

0 ns to +10
6
 s

-10
6
 to +10

6
 s

Res o lu tion
Sin gle Shot: 100 ps

In put Frequency: Up to 160 MHz

Min. Pulse Width: 1.6 ns

Smart Calculation: Smart Time Int. w. 4 time 
stamps (2 con sec u tive
Trig A plus 2 con sec u tive 
Trig B) to de ter mine sign
(A be fore B or A af ter B)

n Display:

Main Parameter:
Aux. Parameters:

Time in ter val
None

Pulse Width A, B

Range: 2.5 ns - 10
6
 s

In put Frequency: Up to 200 MHz

Modes: Pos. pulse width or
neg. pulse width

n Display:

Main Parameter:
Aux. Parameters:

Pulse width
Vmax, Vmin, Vp-p

Rise and Fall Time A, B

Range: 1.5 ns - 1000 s

Specifications
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In put Fre quency: Up to 160 MHz (square
wave)

Trig ger Lev els: De fault 10% and 90%
Man u ally adjustable

Min. Pulse Width: 1.6 ns

Modes:
Min. Amplitude

Rise or fall time
100 mVp-p

n Display:

Main Parameter:
Aux. Parameters:

Rise or fall time
Slew rate, Vmax, Vmin

Phase A Rel. B, B Rel. A

Range: -180° to +360°

Res o lu tion: 0.001° to 10 kHz
0.01° to 1 MHz
0.1° to 10 MHz
1° >10 MHz
Res o lu tion can be im -
proved by av er ag ing
(Sta tis tics)

In put Frequency: Up to 160 MHz

Min. Pulse Width: 1.6 ns

n Display:

Main Parameter:
Aux. Parameters:

Phase
Freq (prim. chan nel),
VA/VB (in dB)

Duty Factor A, B

Range: 0.000001 to 0.999999

In put Frequency: 0.1 Hz - 200 MHz

Min. Pulse Width: 2.5 ns

Modes: Pos. or neg. duty fac tor

n Display:

Main Parameter:
Aux. Parameters:

Duty fac tor
Pe riod, pulse width

Vmax, Vmin, Vp-p A, B

Al ter na tive data within pa ren the ses re fer to in -
put attenuator set ting x10.

Range: -5 V to +5 V
(-50 V to +50 V)

In put Fre quency: DC, 1Hz - 300 MHz,
100 Hz - 300 MHz de fault
(higher LF limit means
higher meas. speed)

Mode: Vmax, Vmin, Vp-p*

Res o lu tion: 3 (30) mV

Ac cu racy (typ.)*:
  DC
  1 Hz - 1 kHz
  1 kHz - 20 MHz
  20 - 100 MHz
  100 - 300 MHz

1% ± 15 (150) mV
1% ± 15 (150) mV
3% ± 15 (150) mV
10% ± 15 (150) mV
30% ± 15 (150) mV

* Vp-p is cal cu lated as Vmax - Vmin, which
means that the max i mum ab so lute er ror will
be ±30 (300) mV.

n Display:

Main Parameter:
Aux Parameters:

Vmax or Vmin or Vp-p

Vmin, Vp-p or
Vmax, Vp-p or
Vmin, Vmax

Power C

Range:
  Power:
  Fre quency:

Res o lu tion:

-35 to +10 dBm
0.3 to 27, 40, 46
or 60 GHz dep. on model
0.01 dBm @100 ms
mea sur ing time
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Ac cu racy:

Ac qui si tion:

  Ac qui si tion Time:
Aux. Pa ram e ter:

±1 dBm typ. to 27 GHz
±2 dBm typ. to 40 GHz
±3 dBm typ. to 60 GHz
Auto or Man ual
(within ±40 MHz)
20 to 30 ms in Auto (typ.)
Fre quency C

Timestamping A, B

This func tion is only ac ces si ble via GPIB or
USB.

No ab so lute time ex ists, timestamp val ues can
only be used for rel a tive time mea sure ments.

Timestamps are taken of two con sec u tive pos -
i tive edges and two con sec u tive neg a tive
edges (pos, neg, pos, neg or neg, pos, neg,
pos) and the num ber of pos i tive edges is
counted.

Max. Fre quency:
Min. Pulse Width:
Timestamp Res o -
lu tion:
Max. Fre quency to 
catch each edge:

160 MHz
2.5 ns

70 ps rms

250 kHz

Auto Set / Manual Set

All mea sur ing func tions can be auto-set us ing
best set tings for the in di vid ual func tions. This
means e.g. an auto hys ter esis of 40 % of Vp-p

in fre quency mea sure ments, an auto trig ger at
50 % of Vp-p with min i mum hys ter esis incl.
hys ter esis com pen sa tion in time mea sure -
ments, an auto find of burst length and auto
sync for fre quency burst mea sure ments, etc.

Input and Output
Specifications

Inputs A and B

Al ter na tive data within pa ren the ses re fer to in -
put attenuator set ting x10.

Fre quency Range
 DC-cou pled:
 AC-cou pled:

DC - 400 MHz
10 Hz - 400 MHz

Cou pling: AC or DC

Rise Time: Approx. 700 ps

Im ped ance: 1 MW / 25 pF or 50 W
(VSWR < 2)

Trig ger Slope: Pos i tive or neg a tive

Chan nels: Sep a rate A & B

Max. Channel
Timing Difference: 500 ps

Hys ter esis
Window: Approx. 30 (300) mVp-p

Re sid ual Hys ter -
esis af ter Com -
pen sa tion: 5 (50) mV (DC - 10 kHz)

Sen si tiv ity
 DC - 200 MHz:
 200 - 300 MHz:
 300 - 400 MHz:
 Auto Trig:

15 mVrms

25 mVrms

35 mVrms

35 mVrms

At ten u a tion: x1, x10

Dy namic Range
(x1): 30 mVp-p to 10 Vp-p

within ±5 V win dow

Specifications
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Trig ger Level
 Res o lu tion:
 Un cer tainty:
 
Auto:

Read-out on dis play
3 (30) mV
±15 (150) mV ± 1% of
trigger level
Au to mat i cally set to 50 or 
70% of in put sig nal (10%
and 90% for rise/fall
time).
Rel a tive level (in %) man -
u ally ad just able when
nec es sary.

Auto Hysteresis
 Time Meas. :
 
 Freq. Meas. &
 Per. Avg.:

 Freq. Range:

Min i mum hys ter esis win -
dow (+com pen sa tion)

70 % and 30 % of in put
sig nal. Min i mum hys ter -
esis win dow if arm ing on
A or B is ac ti vated.
>1 Hz (de fault 100 Hz)

An a log Noise
Reduction Filter: Nom. 100 kHz, RC type

Dig i tal LP Filter: 1 Hz - 50 MHz us ing trig -
ger hold-off

Trig ger Indicators: LED

Max. Voltage w/o
Damage

 1 MW: 350 V (DC+ ACpk) @ DC 
to 440 Hz, fall ing to
12 VRMS (x1) and 120
VRMS (x10) @ 1 MHz

 50 W: 12 VRMS

Input C

Freq. Range: 0.3 - 27 GHz (-27G)
0.3 - 40 GHz (-40G)
0.3 - 46 GHz (-46G)
0.3 - 60 GHz (-60G)

Op er at ing In put
Power Range
 0.3 - 18 GHz:
 18 - 20 GHz:
 20 - 27 GHz:
 27 - 40

1
 GHz

 40 - 46
2
 GHz

 46 - 60
3
 GHz

-33 to +13 dBm
-29 to +13 dBm
-27 to +13 dBm
-23 to +13 dBm
-17 to +13 dBm
-15 to +10 dBm

AM Tol er ance:

FM Tol er ance
  Man:

  Auto:

Any mod u la tion in dex as
long as the minimum sig -
nal amplitude ex ceeds
the sen si tiv ity limit.

50 MHzpp @ f>3.5 GHz

30 MHzpp @ f£3.5 GHz
20 MHzpp for mod u la tion
 fre quency >0.1 MHz

Im ped ance:
VSWR:

50 W nom. AC-cou pled
<2.0:1@0.3-27 GHz (typ.)
<2.5:1@27-46 GHz (typ.)
<3.0:1@46-60 GHz (typ.)

Max. Power w/o
Dam age:

O-load in di ca tor:

+27 dBm (not -60G)
+25 dBm (-60G)
ON @ Pin > +10dBm

Con nec tors
4
: SMA (-27G)

2.92 mm (-40G & -46G)
1.85 mm (-60G)

Notes: 1 not CNT-90XL-27G

2 not CNT-90XL-«27|40»G

3 not CNT-90XL-«27|40|46»G

4 all field replaceable fe male
  ‘sparkplugs’

Rear Panel Inputs & Outputs

Ref. In put: 1, 5 or 10 MHz;
0.1 - 5 Vrms sinewave;

im ped ance >1 kW

Ref. Out put: 1x10 MHz, >1 Vrms into

50 W load
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Arm ing In put (E):
 Freq. Range:
 Trig ger Level:
 Trig ger Slope:

Arm ing of all meas. func.
DC - 80 MHz
TTL, 1.4 V nom.
Pos i tive or neg a tive

Auxiliary Functions

Trigger Hold-Off

Time Delay
Range: 20 ns - 2 s, 10 ns resol.

External Start/Stop Arming

Modes: Start arm ing, stop arm ing,
start and stop arm ing

In put Chan nels: A, B, E (EXT ARM)

Max. Rep. Rate
for Arming Signal
 Chan nel A, B:
 Chan nel E:

160 MHz
80 MHz

Start Time Delay
Range: 10 ns - 2 s, 10 ns resol.

NOTE: Stop arm ing has no de lay set ting.

Statistics

Func tions: Max i mum, min i mum,

mean, Dmax-min, stan dard 
de vi a tion, Allan de vi a tion

Dis play:

 Graphic:

Nu meric or nu meric +
graphic
His to gram & trend plot,
auto scaled

Sam ple Size: 2 to 2 x 10
9

Max. Sam ple
Rate: 250 kSa/s mea sured,

2 kSa/s cal cu lated,
de pend ing on meas. func -
tion and graphics

Specifications
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Limit Qualifier: Off
Cap ture & store val ues
above limit 2
Cap ture & store val ues
be low limit 1
Cap ture & store val ues in -
side lim its 1 and 2
Cap ture & store val ues
out side lim its 1 and 2

Meas. Pac ing
 Time Range:
 Equidistancy:

2 ms - 500 s

±(2 ms + 0.1% of pac ing
time)

Mathematics

Func tions: K*X+L, K/X+L, (K*X+L)/M, 
(K/X+L)/M and X/M-1
X is cur rent read ing. K, L
and M are con stants, set
via key board or as frozen
ref er ence value (X0).

Other Functions

Mea sur ing Time: 20 ns - 1000 s for Pe riod
AVG, Fre quency and
PRF, 20 ns - 2 s for Freq. 
in Burst; Sin gle cy cle for
other meas. func tions.
Times >2 s are soft ware
con trolled w. re duced res -
o lu tion and ac cu racy.

Timebase
Reference: In ter nal, ex ter nal or au to -

matic

Dis play Hold:

Digit Blank ing:

Freezes meas. re sult un til 
a new mea sure ment is ini -
ti ated via Re start.
Re moves (blanks) 1 to 13 
dig its from the cal cu lated
re sult be fore dis play ing it.

Limit Alarm:

 Limit Values:

 Set tings:

 On Alarm:
 Dis play:
 Nu meric:

 Graphic:

Annunciator on display
and/or SRQ via GPIB
Lower limit (limit 1)
Up per limit (limit 2)
Off
Alarm if value > limit 2
Alarm if value < limit 1
Alarm if
limit 1 < value < limit 2
Alarm if value > limit 2 or
value < limit 1
Stop or Con tinue
Nu meric + graphic
Cur rent mea sure ment
value + an nun ci a tor for
limit alarm
Hor i zon tal line w. up -
per/lower limit mark ers +
cur rent value marker

Stored Instrument 
Setups: 20 com plete set ups can

be saved and re called
from in ter nal non-vol a tile
mem ory; 10 can be user
pro tected

Display

Type & Use:

Res o lu tion:
Tech nol ogy:

Graphics screen for menu 
con trol, nu mer i cal read out 
(14 dig its) and sta tus info
320 x 97 pix els
Mono chrome LCD with
white LED backlight

GPIB Interface

Pro gram ma ble
Func tions: All front panel ac ces si ble

func tions

Com pat i bil ity: IEEE 488.2-1987,
SCPI 1999

Modes: Na tive mode
Agilent com pat i ble mode
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 Agilent
 Com pat i bil ity: HP 53131/132/181 com -

mands are em u lated.
Code and re sponse for -
mat is com pat i ble. No tim -
ing com pat i bil ity. No res o -
lu tion com pat i bil ity

In ter face Func -
tions: SH1, AH1, T6, L4, SR1,

RL1, DC1, DT1, E2

Max. Meas. Rate
 Via GPIB:
 
 To Internal
 Mem ory:

2000 read ings/s (block)
350 readings/s (in di vid ual)

250 k read ings/s

In ter nal Memory
Size: Up to 750 k read ings

Data Output: ASCII, IEEE dou ble pre ci -
sion float ing point

USB Interface

Ver sion: 2.0, 12 Mb/s

Pro to col: USBTMC-USB488

TimeView™

This soft ware pack age is in tended for ad -
vanced Mod u la tion Do main anal y sis and runs
on any 32-bit Win dows® sys tem.

n Data Capture Modes &
Measurement Rate

Ef fec tive rate de pends on mea sure ment func -
tion and in ter nal data for mat.

Free-run ning
Measurement: 250 k read ings/s

Re pet i tive
Sampling: Up to 100 Msa/s equiv.

sam ple rate (10 ns be -
tween sam ples)

Con tin u ous
Single Period: Yes, from LF to 250 kHz

rep e ti tion rate

Wave form
Capture: Yes

Data Analysis
Features: Mea sure ment data vs

time
Cur sor mea sure ments
Dis tri bu tion his to gram
FFT graph w. Ham ming,
Hanning and other rel e -
vant fil ters
Smooth ing
Zoom
Setup, mea sure ment data 
ar chive and print ing
Zero dead time ADEV and 

MADEV vs. t

Battery Unit

Option 23/90

Bat tery Type:
Ext. DC In put:
Con nec tor:

Li-Ion, 22.2 V, 90 Wh
12 to 18 V, max 6 A
XLR male, 3-pin

Oper. & Charg.
Temp. Range:
Stor age:

  0 to +40 °C
-20 to +60 °C (1 month)
-20 to +45 °C (3 months)
-20 to +20 °C (1 year)

Op er at ing Time
(@ +25 °C): ON: >4.5 h

Stby: >24 h

Charg ing:

Charg ing Time
(@ +25 °C):

Au to matic, when ext. AC
or DC is con nected

<8.5 h

Sta tus In di ca tor: On-screen w. low bat tery
warning

Weight: 1.2 kg

Specifications
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Measurement
Uncertainties

Random Uncertainties (1s)

n Quantization Error (Eq)

Eq = 100 ps rms

n Start/Stop Trigger Error (Ess)

E E E sSS noise jitter= +2 2 ( )

Enoise

Vnoise input Vnoise signal

inp sign slew ra
=

- + -
2 2

. . te V
s at trig point

s
( ) .

( )

E Single Period Jitter rms sjitter = ( ) ( )

Vnoise-in put: 500 mVrms in ter nal noise

(200 mVrms typ i cal)

Vnoise-signal: The rms noise of the
applied sig nal

Systematic Uncertainties

n Trigger Level Timing Error (Etl)

Time In ter val, Rise/Fall Time, Pulse Width, 
Duty Fac tor, Phase (attenuator set ting x1)

E TLU Hysttl Sx Sy= + * * +[ ] [( ) ( ) ]1
2

2 1 2 1 2  [s]

where:
 Sx = Slew rate at start trig ger point (V/s)
 Sy = Slew rate at stop trig ger point (V/s)
 TLU = Trig ger level un cer tainty (V)
 Hyst = Hys ter esis win dow (V)

Hyst = 30 mV ± 1% of trig lvl (DC to 1 kHz)
for Pulse Width & Duty Fac tor.
Hyst = 6 mV  ± 1 % of trig lvl (DC to1 kHz)
for other mea sure ment func tions.

n Timebase Error (TBE)

TBE is the rel a tive er ror of the timebase os cil -
la tor (dimensionless) and de pends on the ac -
tual os cil la tor used. See Timebase Op tions on
page 8-30.

To tal Un cer tainty (2s)

The gen eral for mula for all mea sure ment
func tions is:

U rand uncert syst uncerttot = * +2 2 2( . .) ( . .)

Time Interval, Pulse Width,
Rise/Fall Time

n Random Uncertainty (rms)

U rnd Eq StartTrig Error StopTrig Error= + +
2 2 2

( . ) ( . )

[s]

n Systematic Uncertainty

U E ps TBE TIMEsyst tl= * + + *1
3

2 2 2500[ ( ) ( ) ]

where:
Etl = trig ger level tim ing er ror
500 ps = max i mum chan nel dif fer ence
TBE = timebase er ror
TIME = mea sure ment re sult

Frequency & Period A, B

n Random Uncertainty (rms)

For mea sur ing times <200 ms and if Smart
Freq = AUTO or OFF:

U rnd

Eq Start Trigger Error

Measuring Time
=

+
´

2
2

2
* ( )

´ Measurement Result [Hz or s]
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For mea sur ing times >=200 ms and if Smart
Freq = AUTO or ON:

U rnd

Eq Start Trigger Error

Measuring Time N
=

+

*
´

2 5
2

2
2

. * ( )

´ Measurement Result [Hz or s]

N = 800 /Mea sur ing Time, how ever,

6 £ N £ 1000 and
N < (Freq/2) * Mea sur ing Time - 2

n Systematic Uncertainty

U TBE MR ps MT MRsyst = * * + *1
3

2 2200{[ ] [( / ) ] }

[Hz or s]

where:
MR = Meas. Re sult (Freq or Per)
MT = Meas. Time

Fre quency & Pe riod C

n Random Uncertainty (rms)

U
MT

F ps

MT
rnd =

æ

è
ç

ö

ø
÷ +

*æ

è
ç

ö

ø
÷

0 01 50
2 2

.

where:
F =  Meas. Re sult ex pressed as fre quency
rounded up to the near est whole GHz.

Ex am ple: 14.2... GHz should be in serted as
15*109

n Systematic Uncertainty

( )U TBE F
MT

syst = * +
æ

è
ç

ö

ø
÷

1

3

1

3

0 022
2

.

F is cal cu lated as un der Ran dom Un cer tainty
above.

Frequency Ratio fA/fB or fB/fA

n Typical Random Uncertainty
(rms)

NOTE: Fre quency Ra tio is an aux il iary mea -
sure ment func tion, in tended to give an in di ca -
tion, with no guar an teed spec i fi ca tion.

U presc fact f E E Ernd q SS f SS f= ´ ´ ´ + +2 1
2 2 2

1 2( . . ) ( ) ( )

[dimensionless, e.g. ppm]
f1 is the higher of the two fre quen cies.

Prescaling Factor Input

2 A & B

Frequency Ratio fC/fA or fC/fB

NOTE: See pre ced ing note.

n Typ i cal Ran dom Uncertainty
(rms)

U
f

f ps f E Ernd
A B

C A B q trg= + * + +
,

,. ( ) ( )
2

0 01 25 22 2 2 2 2

where:
Etrg = Trig ger Er ror

Phase

n Typical Random Uncertainty
(rms)

NOTE. Phase is an aux il iary mea sure ment
func tion, in tended to give an in di ca tion, with
no guar an teed spec i fi ca tion. 

U rnd Eq Strt Trg Err Stop Trg Err

Freq

= + + ´

´ ´ °

2 2 2

360

( ) ( )

. [ ]

n Systematic Uncertainty

U E ps Freqsyst tl= * + ´ ´ °1
3

2 2500 360[ ( ) ] [ ]
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Duty Factor

n Random Uncertainty (rms)

U Freqrnd Eq Strt Trg Err Stop Trg Err= + + ´2 2 2( ) ( ) .

or min i mum: 1 ppm

n Systematic Uncertainty

U E ps Freqsyst tl= * + ´1
3

2 2200[ ( ) ]

[dimensionless, e.g. ppm]

Calibration

Mode: Closed case, menu-con -
trolled.

Cal i bra tion Input: A

Pass word
Protection: ON or OFF

In put Fre quen -
cies used for TB
Cal i bra tion: 1.0, 1.544, 2.048, 5.0 or

10.0 MHz

Definition of Terms

Cal i bra tion Ad -
just ment Tol er -
ance: The max i mum tol er ated

de vi a tion from the true
10 MHz fre quency af ter
cal i bra tion. If the timebase 
fre quency does not ex -
ceed the tol er ance lim its
at the mo ment of cal i bra -
tion, an ad just ment is not
nec es sary.

To tal Uncertainty: The to tal pos si ble de vi a -
tion from the true 10 MHz
fre quency un der in flu ence 
of fre quency drift due to
ag ing and am bi ent tem -
per a ture vari a tions ver sus 
the ref er ence tem per a -
ture. The op er at ing tem -
per a ture range and the
cal i bra tion in ter val are
part of this spec i fi ca tion.

See also timebase spec i fi ca tions on page 8-30.
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General
Specifications

Environmental Data

Class: MIL-PRF-28800F, Class 3

Operat. Temp:
Stor age Temp:
Hu mid ity:

Max. Al ti tude:
Vi bra tion:

Shock:

Tran sit Drop
Test:

0 °C to +50 °C
-40 °C to +71 °C
5-95 % @ 10-30 °C
5-75 % @ 30-40 °C
5-45 % @ 40-50 °C
4600 m
Ran dom and si nu soi dal per 
MIL-PRF-28800F, Class 3
Half-sine 30G per
MIL-PRF-28800F; bench
han dling

Trans port box tested ac -
cord ing to UN-D 1400 drop
test pro gram 1.
Heavy-duty trans port case
and soft car ry ing case
tested ac cord ing to
MIL-PRF-28800F.

Re li abil ity:
Safety:

MTBF 30000 h, cal cu lated
De signed and tested for
Mea sure ment Cat e gory I,
Pol lu tion De gree 2, in ac -
cor dance with
EN/IEC 61010-1:2001 and
CAN/CSA-C22.2 No.
61010-1-04 (incl. ap proval)

EMC: EN 61326 (1997)
A1 (1998), in creased test
lev els per EN 50082-2,
Group 1, Class B, CE

Power Requirements

Line Volt age:
Power
Con sump tion:

90-265 VRMS, 45-440 Hz

 <40 W

Dimensions & Weight

Width:
Height:
Depth:
Weight:

½ x 19" (210 mm)
2E (90 mm)
395 mm
Net 2.7 kg (5.8 lb)
Ship ping appr.
3.5 kg (7.5 lb)

Ordering
Information
Ba sic Mod els

CNT-90XL-27G|
|40G|46G|60G: 400 MHz, 100 ps

Timer/Coun ter in clud ing
stan dard timebase and
GPIB in ter face

In cluded with In -
stru ment: 18 months prod uct war -

ranty, line cord, bro chure 
with im por tant in for ma -
tion; 'get ting started'
man ual, user's man ual,
and pro gram mer's hand -
book on CD; Cer tif i cate
of Cal i bra tion.

RF Input Variants

   -27G:
   -40G:
   -46G:
   -60G:

27 GHz In put C
40 GHz In put C
46 GHz In put C
60 GHz In put C

Timebase Op tions

   Op tion 19/90:
   Op tion 30/90:
   Op tion 40/90:

Medium sta bil ity OCXO
Very high sta bil ity OCXO
Ultrahigh sta bil ity OCXO

Specifications
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Op tional
Ac ces so ries
   Op tion 22/90:
   Op tion 23/90:
   Op tion 27:
   Op tion 27H:
   
   Op tion 29/90:
   
   
   Op tion 90/01:
   
   Op tion 90/06:
   
   Op tion 90/00:
   
   
   Op tion 95/03:
   
   Op tion 95/05:

Rackmount kit
Bat tery sup ply unit
Car ry ing case
Heavy-duty hard trans -
port case
TimeView mod u la tion do -
main anal y sis SW for
CNT-90XL
Cal. cer tif i cate w. pro to -
col; stan dard os cil la tor
Cal. cer tif i cate w. pro to -
col; oven os cil la tor
Cal. cer tif i cate w. pro to -
col; hold-over fre quency
ag ing/week
3 years ex tended war -
ranty
5 years ex tended war -
ranty

Printed Man u als:

CNT-90 &
CNT-91(R) &
CNT-90XL Get ting Started Man ual

CNT-90 &
CNT-91(R) &
CNT-90XL User's Man ual

CNT-90 &
CNT-91(R) &
CNT-90XL Pro gram mer's Hand book
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Specifications
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Timebase Options

Explanations
1) Stan dard timebase os cil la tor in the CNT-90XL.

2) Af ter 1 month of con tin u ous op er a tion.

NOTE: Elec tri cal ad just ment by means of tun ing volt age from DAC; no po ten ti om e ter trim ming.
Se rial in ter face to all op tional os cil la tors for closed-case cal i bra tion and sta tus re port ing.

OCXO: Oven Con trolled Crys tal Os cil la tor

Prod uct Family

Op tion
1)

Op tion 19/90 Op tion 30/90 Op tion 40/90

Timebase Type OCXO OCXO OCXO

Un cer tainty due to:
-Cal i bra tion  ad just ment tol er ance

@ +23 °C ± 3 °C <5x10
-8

<1x10
-8

<3x10
-9

-Aging

per 24 h

per month

per year

2)
<5x10

-9

<6x10
-8

<2x10
-7

2)
<5x10

-10

<1x10
-8

<5x10
-8

2)
<3x10

-10

<3x10
-9

<1.5x10
-8

-Tem per a ture vari a tion:

0 °C - 50 °C

20 °C - 26 °C (typ. val ues)

<5x10
-8

<2x10
-8

<5x10
-9

<1x10
-9

<2.5x10
-9

<4x10
-10

-Power volt age vari a tion: ±10% <5x10
-9

<5x10
-10

<5x10
-10

Short term sta bil ity:
(Root Allan Vari ance)

t = 1 s

Typ i cal val ues t = 10 s

<1x10
-10

<1x10
-10

1x10
-11

1x10
-11

5x10
-12

5x10
-12

Power-on sta bil ity:
-De vi a tion ver sus fi nal value af ter 24 h 

on time, af ter a warm-up time of:

<1x10
-7

30 min
<1x10

-8

10 min
<5x10

-9

10 min

To tal un cer tainty, for op er at ing

tem per a ture 0°C to 50 °C,

@ 2s (95 %) con fi dence in ter val:

-1 year af ter cal i bra tion

-2 years af ter cal i bra tion

2.4x10
-7

4.6x10
-7

<6x10
-8

<1.2x10
-7

<1.8x10
-8

<3.6x10
-8

Typ i cal to tal un cer tainty, for op -

er at ing tem per a ture 20°C to 26 °C,
@ 2s (95 %) con fi dence in ter val:

-1 year af ter cal i bra tion

-2 years af ter cal i bra tion

<2.4x10
-7

<4.6x10
-7

<6x10
-8

<1.2x10
-7

<1.7x10
-8

<3.5x10
-8
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Introduction
Only val ues with tol er ances or lim its are guar -
an teed data. Val ues with out tol er ances are in -
for ma tive data, with out guar an tee.

Measurement
Functions
Re fer to page 8-11 for un cer tainty in for ma -
tion.

In puts A and B can be swapped in all modes
ex cept Rise Time and Fall Time.

Dis play: All mea sure ments are dis played with 
a large main pa ram e ter value and smaller aux -
il iary pa ram e ter val ues (with less res o lu tion).
Some mea sure ments are only avail able as aux -
il iary pa ram e ters.

Frequency A, B, C

n Range:

In put A: 0.001 Hz - 400 MHz

In put B: 0.001 Hz - 400 MHz

In put C: 100 MHz - 3 GHz (Opt. 10)
300 MHz - 8 GHz (Opt. 13)
200 MHz - 15 GHz (Opt. 14)
200 MHz - 20 GHz (Opt. 14B)

Res o lu tion: 12 dig its/s (smart fre quency)
11 dig its/s (nor mal and
 back-back)

n Display:

Main Pa ram e ter:
Aux. Pa ram e ter (A, B):

Fre quency
Vmax, Vmin, Vp-p

Frequency Burst A, B, C

Fre quency and PRF of re pet i tive burst sig nals
can be mea sured with out ex ter nal con trol sig -
nal and with selectable start arm ing de lay.

Func tions: Fre quency in burst (Hz)
PRF (Hz)
Num ber of cy cles in burst

Range A, B, C: See Fre quency A, B, C

Min. Burst
Duration: 40 ns (80 ns > 160 MHz)

Min. No. of Pulses 
in Burst (Inp A, B):

(Inp C):
3 (6 above 160 MHz)
3 x prescaler factor

PRF Range
(see also
Inp C spec): 0.5 Hz - 1 MHz

Start Delay
Range: 10 ns - 2 s, resolution

10 ns 

n Display:

Main Parameter:
Aux. Parameters:

Fre quency in burst
PRF & num ber of cy cles
in burst (Ch A or Ch B
only)

Period A, B, C Average

n Range:

Input A, B:
In put C (3 GHz):
           (8 GHz):
           (15 GHz):
           (20 GHz):
Res o lu tion:

3.3 ns - 500 s
330 ps - 10 ns
125 ps - 3.3 ns
72 ps - 5 ns
50 ps - 5 ns
12 dig its/s

n Display:

Main Pa ram e ter:
Aux. Pa ram e ter (A, B):

Pe riod
Vmax, Vmin, Vp-p

Specifications
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Period A, B Single

Range A, B: 3.3 ns - 1000 s

Res o lu tion: 50 ps rms typical

n Display:

Main Parameter:
Aux. Parameters:

Pe riod
Vmax, Vmin, Vp-p

Period A, B Back-to-Back

Range A, B: 4 ns - 500 s

Res o lu tion: 50 ps rms typical

n Dis play:

Main Parameter:
Aux. Parameters:

Pe riod
Vmax, Vmin, Vp-p

Ratio A/B, B/A, C/A, C/B

Range: 10
-9

 to 10
11

 (one-pass
measurem., val ues < 1
with re duced res o lu tion)

Freq Range A,B:
Freq Range C:

100 Hz to 400 MHz
Full in put C range

n Display:

Main Parameter:
Aux. Parameters:

Ra tio
Freq 1, Freq 2

Time Interval A to B, B to A,
A to A, B to B

Range (normal
cal cu la tion):
Range (smart
cal cu la tion):

0 ns to +10
6
 s

-10
6
 to +10

6
 s

Res o lu tion
Sin gle Shot: 50 ps rms typical

In put Frequency: Up to 160 MHz

Min. Pulse Width: 1.6 ns

Smart Calculation: Smart Time Int. w. 4 time 
stamps (2 con sec u tive
Trig A plus 2 con sec u tive 
Trig B) to de ter mine sign
(A be fore B or A af ter B)

n Display:

Main Parameter:
Aux. Parameters:

Time in ter val
None

Pulse Width A, B

Range: 2.5 ns - 10
6
 s

In put Frequency: Up to 200 MHz

Modes: Pos. pulse width or
neg. pulse width

n Display:

Main Parameter:
Aux. Parameters:

Pulse width
Vmax, Vmin, Vp-p

Rise and Fall Time A, B

Range: 1.5 ns - 1000 s

In put Fre quency: Up to 160 MHz (square
wave)

Trig ger Lev els: De fault 10% and 90%
Man u ally adjustable

Min. Pulse Width: 1.6 ns

Modes:
Min. Amplitude

Rise or fall time
100 mVp-p

n Display:

Main Parameter:
Aux. Parameters:

Rise or fall time
Slew rate, Vmax, Vmin
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Time In ter val Er ror (TIE) A, B
Nor mal ized Pe riod Back-to-Back mea sure -
ments, cal cu lated as:

TIE k k T TREF i

i

k

( ) = ´ -
=

å
1

Ti = in di vid ual pe riod back-to-back and TREF

= ref er ence pe riod value.

Range: ±1x10
7
 s

Res o lu tion: 50 ps rms typ i cal

Freq. Range: 1 Hz to 250 MHz

Sig nal Type: Clock only

Mode:
   Auto Mode:

Auto or man ual freq. set.
Measures freq. of the first
two sam ples, rounded to 4 
dig its.

n Dis play:

Main pa ram e ter: TIE value

Aux. pa ram e ter: Clock sig nal frequency

Phase A Rel. B, B Rel. A

Range: -180° to +360°

Res o lu tion: 0.001° to 10 kHz
0.01° to 1 MHz
0.1° to 10 MHz
1° >10 MHz
Res o lu tion can be im -
proved by av er ag ing
(Sta tis tics)

In put Frequency: Up to 160 MHz

Min. Pulse Width: 1.6 ns

Smart Cal cu la tion: One-pass meas. of  time
in ter val + sin gle pe riod
be tween two con tin u ous
sig nals with fre quency f1
& f2, where f1/f2=N or !/N. 
N is an in te ger. The
meas. is made with 4
time stamps, 2 con sec u -
tive trig. A + two con sec -
u tive trig. B to de ter mine
sign of phase.

n Display:

Main Parameter:
Aux. Parameters:

Phase
Freq (prim. chan nel),
VA/VB (in dB), based on
peak-to-peak meas.

Duty Factor A, B

Range: 0.000001 to 0.999999

In put Frequency: 0.1 Hz - 200 MHz

Min. Pulse Width: 2.5 ns

Smart Cal cu la tion: One-pass meas. of pulse
width + sin gle pe riod,
made with 3 time stamps, 
2 con sec u tive pos trig A
+ 1 neg trig A.

Modes: Pos. or neg. duty fac tor

n Display:

Main Parameter:
Aux. Parameters:

Duty fac tor
Pe riod, pulse width

Vmax, Vmin, Vp-p A, B

Al ter na tive data within pa ren the ses re fer to in -
put attenuator set ting x10.

Range: -5 V to +5 V
(-50 V to +50 V)

Specifications
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In put Fre quency: DC, 1Hz - 300 MHz,
100 Hz - 300 MHz de fault
(higher LF limit means
higher meas. speed)

Mode: Vmax, Vmin, Vp-p*

Res o lu tion: 1 (10) mV

*Ac cu racy (typ.):
  DC
  1 Hz - 1 kHz
  1 kHz - 20 MHz
  20 - 100 MHz
  100 - 300 MHz

1% ± 15 (150) mV
1% ± 15 (150) mV
3% ± 15 (150) mV
10% ± 15 (150) mV
30% ± 15 (150) mV

* Vp-p is cal cu lated as Vmax - Vmin, which
means that the max i mum ab so lute er ror will
be ±30 (300) mV.

n Display:

Main Parameter:
Aux Parameters:

Vmax or Vmin or Vp-p

Vmin, Vp-p or
Vmax, Vp-p or
Vmin, Vmax

Totalize A, B, A+B, A-B, A/B

Inp. Freq. A, B: 0 - 160 MHz

Inp. Freq. E (arm): 0 - 80 MHz

Range A, B: 0 to 2
32

-1 (>4.2*10
9
)

*Main Pa ram e ters: A, B

*Calc. Pa ram e ters: A+B, A-B, A/B

Modes: Man ual, Gated,
 Start/Stop or Timed

* If A or B is the main pa ram e ter, A-B and
A/B will be dis played as aux. pa ram e ters.

If one of the cal cu lated pa ram e ters is the main
pa ram e ter, A and B will be dis played as aux.
pa ram e ters.

NOTE: MAN UAL con trolled by front panel push 
but ton HOLD/RUN. Sta tis tics and pac -
ing in hib ited.

GATED, START/STOP and TIMED
con trolled by set ting arm ing con di tions
on the free in put channels. Sta tis tics
and pac ing al lowed.

Timestamping A, B

This func tion is only ac ces si ble via GPIB or
USB.

No ab so lute time ex ists; timestamp val ues can
only be used for rel a tive time mea sure ments.

Timestamps are taken of two con sec u tive pos -
i tive edges and two con sec u tive neg a tive
edges (pos, neg, pos, neg or neg, pos, neg,
pos) and the num ber of pos i tive edges is
counted.

Max. Fre quency:
Min. Pulse Width:
Timestamp Res o -
lu tion:
Max. Fre quency to 
catch each edge:

160 MHz
2.5 ns

50 ps rms

250 kHz

Auto Set / Manual Set

All mea sur ing func tions can be auto-set us ing
best set tings for the in di vid ual func tions. This
means e.g. an auto hys ter esis of 33 % of Vp-p

in fre quency mea sure ments, an auto trig ger at
50 % of Vp-p with min i mum hys ter esis incl.
hys ter esis com pen sa tion in time mea sure -
ments, an auto find of burst length and auto
sync for fre quency burst mea sure ments, etc.
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Input and Output
Specifications

Inputs A and B

Al ter na tive data within pa ren the ses re fer to in -
put attenuator set ting x10.

Fre quency Range
 DC-cou pled:
 AC-cou pled:

DC - 400 MHz
10 Hz - 400 MHz

Cou pling: AC or DC

Rise Time: Approx. 700 ps

Im ped ance: 1 MW / 25 pF or 50 W

(VSWR £2:1)

Trig ger Slope: Pos i tive or neg a tive

Chan nels: Sep a rate A & B

Max. Channel
Timing Difference: 500 ps

Hys ter esis
Window: Approx. 30 (300) mVp-p

Re sid ual Hys ter -
esis af ter Com -
pen sa tion: 5 (50) mV (DC - 10 kHz)

Sen si tiv ity
 DC - 200 MHz:
 200 - 300 MHz:
 300 - 400 MHz:
 Auto Trig:

15 mVrms

25 mVrms

35 mVrms

35 mVrms

At ten u a tion: x1, x10

Dy namic Range
(x1): 30 mVp-p to 10 Vp-p

within ±5 V win dow

Trig ger Level
 Res o lu tion:
 Un cer tainty:
 
Auto:

Read-out on dis play
1 (10) mV
±15 (150) mV ± 1% of
trigger level
Au to mat i cally set to 50 or 
70% of in put sig nal (10%
and 90% for rise/fall
time).
Rel a tive level (in %) man -
u ally ad just able when
nec es sary.

Auto Hysteresis
 Time Meas. :
 
 Freq. Meas. &
 Per. Avg.:

 Freq. Range:

Min i mum hys ter esis win -
dow (+com pen sa tion)

70 % and 30 % of in put
sig nal. Min i mum hys ter -
esis win dow if arm ing on
A or B is ac ti vated.
>1 Hz (de fault 100 Hz)

An a log Noise
Reduction Filter: Nom. 100 kHz, RC type

Dig i tal LP Filter: 1 Hz - 50 MHz us ing trig -
ger hold-off

Trig ger Indicators: LED

Max. Voltage w/o
Damage

 1 MW: 350 V (DC+ ACpk) @ DC 
to 440 Hz, fall ing to
12 VRMS (x1) and 120
VRMS (x10) @ 1 MHz

 50 W: 12 VRMS

Con nec tor: BNC

Input C (Option 10)

Freq. Range: 100 MHz - 3.0 GHz

Prescaler Fac tor: 16

Op er at ing Input
Voltage Range
 100 - 300 MHz:
 0.3 - 2.5 GHz:
 2.5 - 2.7 GHz:
 2.7 - 3.0 GHz

20 mVrms -12 Vrms

10 mVrms -12 Vrms

20 mVrms -12 Vrms

40 mVrms -12 Vrms
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Am pli tude
Modulation
 DC - 0.1 MHz
 Mod u la tion
 Fre quency:
 0.1 - 6 MHz
 Mod u la tion
 Fre quency:

Up to 94% depth

Up to 85% depth
Min. sig nal must ex ceed
min. oper. in put volt age

Im ped ance: 50 W nom. AC-cou pled
VSWR <2.5:1

Max. Voltage w/o
Damage: 12 Vrms, PIN di ode prot.

Con nec tor: Type N fe male

Input C (Option 13)

Freq. Range: 300 MHz - 8 GHz

Prescaler Fac tor: 256

Op er at ing in put
volt age range:
0.3 - 0.5 GHz
0.5 - 3.0 GHz
3.0 - 4.5 GHz
4.5 - 6.0 GHz
6.0 - 8.0 GHz

20 mVrms - 7 Vrms

10 mVrms - 7 Vrms

20 mVrms - 7 Vrms

40 mVrms - 7 Vrms

80 mVrms - 7 Vrms

Am pli tude
Modulation
 DC-0.1 MHz
 Mod u la tion
 Fre quency:
 0.1-6 MHz
 Mod u la tion
 Fre quency:

Up to 94% depth

Up to 85% depth
Min. sig nal must ex ceed
min. oper. in put volt age

Im ped ance: 50 W nom. AC-cou pled
VSWR < 2.5:1

Max. Voltage w/o
Damage: 7 Vrms, PIN di ode

protected

Con nec tor: Type N fe male

Input C (Options 14 & 14B)

Freq. Range: 250 MHz - 15 GHz (14)
250 MHz - 20 GHz (14B)

Prescaler Fac tor: 128

Op er at ing in put
volt age range:
0.25 - 0.5 GHz
0.5 - 15 GHz
14 - 18 GHz
18 - 20 GHz

-21 to +27 dBm
-27 to +27 dBm
-27 to +27 dBm (14B)
-21 to +27 dBm (14B)

AM tol er ance: Up to 90% depth

Burst
 Min i mum
 Burst Length:
 Min i mum In ter val
 Be tween Bursts:

Pe riod x 257

10 µs

Im ped ance: 50 W nom. AC-cou pled
VSWR < 2:1

Max. Voltage w/o
Damage: +27 dBm, PIN di ode prot.

Con nec tor: Type N fe male

Rear Panel Inputs & Outputs

Ref. In put:: 1, 5 or 10 MHz;
0.1 - 5 Vrms sinewave;

im ped ance >1 kW

Ref. Out put: 1x10 MHz, >1 Vrms into

50 W load

Arm ing In put (E):
 Freq. Range:
 Trig ger Level:
 Trig ger Slope:

Arm ing of all meas. func.
DC - 80 MHz
TTL, 1.4 V nom.
Pos i tive or neg a tive

Meas. In puts:
 Im ped ance:

A, B, C (op tion)

1 MW//50 pF or 50 W

(VSWR £ 2:1)
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Pulse Out put
 Mode:

 Pe riod:
 Pulse Width:
 Out put Level:

Pulse Out, Gate Open,
Alarm Out
20 ns - 2 s in 10 ns incr.
10 ns - 2 s in 10 ns incr.

TTL lev els in 50 W, 2 ns
rise time

Con nec tors: BNC (SMA for In put C)

Auxiliary Functions

Trigger Hold-Off

Time Delay
Range: 20 ns - 2 s, 10 ns resol.

External Start/Stop Arming

Modes: Start arm ing, stop arm ing,
start and stop arm ing

In put Chan nels: A, B, E (EXT ARM)

Max. Rep. Rate
for Arming Signal
 Chan nel A, B:
 Chan nel E:

160 MHz
80 MHz

Start Time De lay
 Range:
Stop Time De lay* 

 Range:

10 ns - 2 s, 10 ns resol.

20 ns - 2 s, 10 ns resol.

* Stop Time De lay can only be used in
con junc tion with the
non-man ual Totalize Func tions.

Statistics

Func tions: Max i mum, min i mum,

mean, Dmax-min, stan dard 
de vi a tion, Allan de vi a tion

Dis play:

 Graphic:

Nu meric or nu meric +
graphic
His to gram & trend plot,
auto scaled

Sam ple Size: 2 to 2*10
9

Max. Sam ple
Rate: 250 kSa/s mea sured,

2 kSa/s cal cu lated,
de pend ing on meas. func -
tion and graphics
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Limit Qualifier: Off
Cap ture & store val ues
above limit 2
Cap ture & store val ues
be low limit 1
Cap ture & store val ues in -
side lim its 1 and 2
Cap ture & store val ues
out side lim its 1 and 2

Meas. Pac ing
 Time Range:
 Equidistancy:

2 ms - 500 s

±(2 ms + 0.1% of pac ing
time)

Mathematics

Func tions: K*X+L, K/X+L, (K*X+L)/M,  
(K/X+L)/M and X/M-1
X is cur rent read ing. K, L
and M are con stants, set
via key board or as frozen
ref er ence value (X0).

Other Functions

Mea sur ing Time: 20 ns - 1000 s for Smart
Pe riod AVG & Smart Fre -
quency; 20 ns - 2 s for
PRF, Freq. in Burst, nor -
mal Pe riod AVG & nor mal 
Frequency; 4 ns - 500 s
for Freq. back-to-back;
Sin gle cy cle for other
meas. func tions.
Times >2 s are soft ware
con trolled w. re duced res -
o lu tion and ac cu racy.

Timebase
Reference: In ter nal, ex ter nal or au to -

matic

Dis play Hold:

Digit Blank ing:

Freezes meas. re sult un til 
a new mea sure ment is ini -
ti ated via Re start.
Re moves (blanks) 1 to 13 
dig its from the cal cu lated
re sult be fore dis play ing it.

Limit Alarm:

 Limit Values:

 Set tings:

 On Alarm:
 Dis play:
 Nu meric:

 Graphic:

Annunciator on display
and/or SRQ via GPIB
Lower limit (limit 1)
Up per limit (limit 2)
Off
Alarm if value > limit 2
Alarm if value < limit 1
Alarm if
limit 1 < value < limit 2
Alarm if value > limit 2 or
value < limit 1
Stop or Con tinue
Nu meric + graphic
Cur rent mea sure ment
value + an nun ci a tor for
limit alarm
Hor i zon tal line w. up -
per/lower limit mark ers +
cur rent value marker

Stored Instrument 
Setups: 20 com plete set ups can

be saved and re called
from in ter nal non-vol a tile
mem ory; 10 can be user
pro tected.

Stored Datasets: In sta tis tics mode w.
HOLD ac ti vated, 8
datasets w. max. 32000
sam ples can be saved
and re called from in ter nal
non-vol a tile mem ory.

Display

Type & Use:

Res o lu tion:
Tech nol ogy:

Graphics screen for menu 
con trol, nu mer i cal read out 
(14 dig its) and sta tus info
320 x 97 pix els
Mono chrome LCD with
white LED backlight

GPIB Interface

Pro gram ma ble
Func tions: All front panel ac ces si ble

func tions
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Com pat i bil ity: IEEE 488.2-1987,
SCPI 1999

Modes: Na tive mode
Agilent com pat i ble mode

 Agilent
 Com pat i bil ity: HP 53131/132/181 com -

mands are em u lated.
Code and re sponse for -
mat is com pat i ble. No tim -
ing com pat i bil ity. No res o -
lu tion com pat i bil ity.

In ter face Func -
tions: SH1, AH1, T6, L4, SR1,

RL1, DC1, DT1, E2

Max. Meas. Rate
 Via GPIB:
 
 
To Internal
 Mem ory:

13.9 k read ings/s (block)
650 readings/s (in di vid ual)
4 k read ings/s (talk only)

250 k read ings/s, 100 k
read ings/s w. calibr. on

In ter nal Memory
Size: >3.9 M read ings w. calibr. 

off

Data Output: ASCII, IEEE dou ble pre ci -
sion float ing point

USB Interface

Ver sion: 2.0 Full Speed, 12 Mb/s

Pro to col: USBTMC-USB488

TimeView™

This soft ware pack age is in tended for ad -
vanced Mod u la tion Do main anal y sis and runs
on any 32-bit Win dows® sys tem.

n Data Capture Modes &
Measurement Rate

Ef fec tive rate de pends on mea sure ment func -
tion and in ter nal data for mat.

Free-run ning
Measurement: 250 k read ings/s

Re pet i tive
Sampling: Up to 100 Msa/s equiv.

sam ple rate (10 ns be -
tween sam ples)

Con tin u ous
Single Period: Yes, from LF to 250 kHz

rep e ti tion rate

Wave form
Capture: Yes

Data Analysis
Fea tures: Mea sure ment data vs

 time
Cur sor mea sure ments
Dis tri bu tion his to gram
FFT graph w. Ham ming,
Hanning and other rel e -
vant fil ters
Smooth ing
Zoom
Setup, mea sure ment data 
ar chive and print ing
Zero dead time ADEV and 

MADEV vs. t
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Measurement
Uncertainties

Random Uncertainties (1s)

n Quantization Error (Eq)

Eq = 65 ps rms
(<50 ps rms typ i cal)

n Start/Stop Trigger Error (Ess)

E E E sSS noise jitter= +2 2 ( )

Enoise

Vnoise input Vnoise signal

inp sign slew ra
=

- + -
2 2

. . te V
s at trig point

s
( ) .

( )

E Single Period Jitter rms sjitter = ( ) ( )

Vnoise-in put: 500 mVrms in ter nal noise

(<200 mVrms typ i cal)

Vnoise-signal: The rms noise of the
applied sig nal

Systematic Uncertainties

n Trigger Level Timing Error (Etl)

Time In ter val, Rise/Fall Time, Pulse Width, 
Duty Fac tor, Phase (attenuator set ting x1)

E TLU Hysttl Sx Sy= + * * +[ ] [( ) ( ) ]1
2

2 1 2 1 2  [s]

where:
 Sx = Slew rate at start trig ger point (V/s)
 Sy = Slew rate at stop trig ger point (V/s)
 TLU = Trig ger level un cer tainty (V)
 Hyst = Hys ter esis win dow (V)

Hyst = 30 mV ± 1% of trig lvl (DC to 1 kHz)
for Pulse Width & Duty Fac tor.

Hyst = 6 mV  ± 1 % of trig lvl (DC to1 kHz)
for other mea sure ment func tions.

Ex am ple for phase with sinewave sig nals and
0 V trig ger lev els (attenuator set ting x1):

Etl = [0.001/Vpk(A) + 0.001/Vpk(B)]°, where

Vpk(A) = Inp A peak volt age in V, and
Vpk(B) = Inp B peak volt age in V.

n Timebase Error (TBE)

TBE is the rel a tive er ror of the timebase os cil -
la tor (dimensionless) and de pends on the ac -
tual os cil la tor used. See Timebase Op tions on
page 8-46.

To tal Un cer tainty (2s)

The gen eral for mula for all mea sure ment
func tions is:

U rand uncert syst uncerttot = * +2 2 2( . .) ( . .)

Time Interval, Pulse Width,
Rise/Fall Time

n Random Uncertainty (rms)

U rnd Eq StartTrig Error StopTrig Error= + +
2 2 2

( . ) ( . )

[s]

n Systematic Uncertainty

U E ps TBE TIMEsyst tl= * + + *1
3

2 2 2500[ ( ) ( ) ]

where:
Etl = trig ger level tim ing er ror
500 ps = max i mum chan nel dif fer ence
TBE = timebase er ror
TIME = mea sure ment re sult
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Frequency & Period

n Random Uncertainty (rms)

Smart Mode

For mea sur ing times <200 ms and if Smart
Freq = AUTO or OFF:

U rnd

Eq Start Trigger Error

Measuring Time
=

+
´

2
2

2
* ( )

´ Measurement Result [Hz or s]

For mea sur ing times >=200 ms and if Smart
Freq = AUTO or ON:

U rnd

Eq Start Trigger Error

Measuring Time N
=

+

*
´

2 5
2

2
2

. * ( )

´ Measurement Result [Hz or s]

N = 800 /Mea sur ing Time, how ever,

6 £ N £ 1000 and
N < (Freq/2) * Mea sur ing Time - 2 &
N < Mea sur ing Time / 8 µs

Nor mal Mode

U rnd

Eq Start Trigger Error

Measuring Time
=

+
´

2
2

2
* ( )

´ Measurement Result [Hz or s]

n Systematic Uncertainty

Both Modes

U TBE MR ps MT MRsyst = * * + *1
3

2 2200{[ ] [( / ) ] }

[Hz or s]

where:
MR = Meas. Re sult (Freq or Per)
MT = Meas. Time

Frequency Ratio f1/f2

n Typical Random Uncertainty
(rms)

NOTE. Fre quency Ra tio is an aux il iary mea -
sure ment func tion, in tended to give an in di ca -
tion, with no guar an teed spec i fi ca tion.

U presc fact f E E Ernd q SS f SS f= ´ ´ ´ + +2 1
2 2 2

1 2( . . ) ( ) ( )

[dimensionless, e.g. ppm]

Prescaling Factor Input

2 A & B

16 C (3 GHz)

256 C (8 GHz)

128 C (15 & 20 GHz)

n Typ i cal Sys tem atic Un cer tainty
(rms)

U TBE Tsyst f= ´ 1, where T is

Phase

n Typical Random Uncertainty
(rms)

NOTE. Phase is an aux il iary mea sure ment
func tion, in tended to give an in di ca tion, with
no guar an teed spec i fi ca tion. 

U rnd Eq Strt Trg Err Stop Trg Err

Freq

= + + ´

´ ´ °

2 2 2

360

( ) ( )

. [ ]

n Systematic Uncertainty

U E ps Freqsyst tl= * + ´ ´ °1
3

2 2500 360[ ( ) ] [ ]
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Duty Factor

n Random Uncertainty (rms)

U Freqrnd Eq Strt Trg Err Stop Trg Err= + + ´2 2 2( ) ( ) .

or min i mum: 1 ppm

n Systematic Uncertainty

U E ps Freqsyst tl= * + ´1
3

2 2200[ ( ) ]

[dimensionless, e.g. ppm]

Calibration

Mode: Closed case, menu-con -
trolled.

Cal i bra tion Input: A

Pass word
Protection: ON or OFF

In put Fre quen -
cies used for TB
Cal i bra tion: 1.0, 1.544, 2.048, 5.0 or

10.0 MHz

Definition of Terms

Cal i bra tion Ad -
just ment Tol er -
ance: The max i mum tol er ated

de vi a tion from the true
10 MHz fre quency af ter
cal i bra tion. If the timebase 
fre quency does not ex -
ceed the tol er ance lim its
at the mo ment of cal i bra -
tion, an ad just ment is not
nec es sary.

To tal Uncertainty: The to tal pos si ble de vi a -
tion from the true 10 MHz
fre quency un der in flu ence 
of fre quency drift due to
ag ing and am bi ent tem -
per a ture vari a tions ver sus 
the ref er ence tem per a -
ture. The op er at ing tem -
per a ture range and the
cal i bra tion in ter val are
part of this spec i fi ca tion.

See also timebase spec i fi ca tions on page 8-46.

General
Specifications

Environmental Data

Class: MIL-PRF-28800F, Class 3

Operat. Temp:
Stor age Temp:

Hu mid ity:

Max. Al ti tude:
Vi bra tion:

Shock:

Tran sit Drop
Test:

0 °C to +50 (+45)* °C
-40 °C to +71 °C, non-con -
dens ing, @ <12000 m
5-95 % @ 10-30 °C
5-75 % @ 30-40 °C
5-45 % @ 40-50 (45)* °C
4600 m
Ran dom and si nu soi dal per 
MIL-PRF-28800F, Class 3
Half-sine 30G per
MIL-PRF-28800F; bench
han dling

Trans port box tested ac -
cord ing to UN-D 1400 drop
test pro gram 1.
Heavy-duty trans port case
and soft car ry ing case
tested ac cord ing to
MIL-PRF-28800F.

*CNT-91R only
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Re li abil ity:
Safety:

MTBF 30000 h, cal cu lated
De signed and tested for
Mea sure ment Cat e gory I,
Pol lu tion De gree 2, in ac -
cor dance with
EN/IEC 61010-1:2001 and
CAN/CSA-C22.2 No.
61010-1-04 (incl. ap proval)

EMC: EN 61326 (1997)
A1 (1998), in creased test
lev els per EN 50082-2,
Group 1, Class B, CE

Power Requirements

Line Volt age:
Power Con sump -
tion
   CNT-91:
   CNT-91R:

90-265 VRMS, 45-440 Hz

<40 W
<60 W

Dimensions & Weight

Width:
Height:
Depth:
Weight:
   CNT-91:
   CNT-91R:

½ x 19" (210 mm)
2E (90 mm)
395 mm

Net 2.7 kg (5.8 lb)
Ship ping 3.5 kg (7.5 lb)

Ordering
Information
Ba sic Mod els

   CNT-91:

   CNT-91R:

400 MHz, 50 ps
Timer/Coun ter in clud ing
stan dard timebase and
GPIB in ter face

400 MHz, 50 ps
Timer/Coun ter in clud ing
rubidium timebase and
GPIB in ter face

In cluded with In -
stru ment: 18 months prod uct war -

ranty, line cord, bro chure
with im por tant in for ma tion; 
'get ting started' man ual,
user's man ual, and pro -
gram mer's hand book on
CD; Cer tif i cate of Cal i bra -
tion.

RF Input Op tions

   Op tion 10:
   Op tion 13:
   Op tion 14:
   Op tion 14B:

3.0 GHz In put C
8 GHz In put C
15 GHz In put C
20 GHz In put C

Timebase Op -
tions
   (not CNT-91R)

   Op tion 19/90:
   Op tion 30/90:
   Op tion 40/90:

Me dium sta bil ity OCXO
Very high sta bil ity OCXO
Ultrahigh sta bil ity OCXO

Op tional
Accessories

Specifications
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   Op tion 11/90:
   Op tion 22/90:
   Op tion 27:
   Op tion 27H:
   
   Op tion 29/90:
   
   
   Op tion 90/01:
   
   Op tion 90/06:
   
   Op tion 90/00:
   
   
   Op tion 95/03:
   Op tion 95/05:

Rear panel in puts
Rackmount kit
Car ry ing case
Heavy-duty hard trans port 
case
TimeView for CNT-90/91,
mod u la tion do main anal y -
sis SW
Cal. cer tif i cate w. pro to col;
stan dard os cil la tor
Cal. cer tif i cate w. pro to col;
oven os cil la tor
Cal. cer tif i cate w. pro to col;
Hold-over fre quency ag -
ing/week
3 years ex tended war ranty
5 years ex tended war ranty

Printed Man u als:

CNT-90 &
CNT-91(R) &
CNT-90XL Get ting Started Man ual

CNT-90 &
CNT-91(R) &
CNT-90XL User's Man ual

CNT-90 &
CNT-91(R) &
CNT-90XL Pro gram mer's Hand book

SW Driver on
Re quest: LabView
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Prod uct Family ‘9X’

Op tion Stan dard Op tion 19/90 Op tion 30/90 Op tion 40/90

Timebase Type UCXO OCXO OCXO OCXO

Un cer tainty due to:
-Cal i bra tion  ad just ment tol er ance

@ +23 °C ± 3 °C <1x10
-6

<5x10
-8

<1x10
-8

<3x10
-9

-Aging

per 24 h

per month

per year

1)
     

<5x10
-7

<5x10
-6

2)
<5x10

-9

<6x10
-8

<2x10
-7

2)
<5x10

-10

<1x10
-8

<5x10
-8

2)
<3x10

-10

<3x10
-9

<1.5x10
-8

-Tem per a ture vari a tion:

0 °C - 50 °C

20 °C - 26 °C (typ. val ues)

<1x10
-5

<3x10
-6

<5x10
-8

<2x10
-8

<5x10
-9

<1x10
-9

<2.5x10
-9

<4x10
-10

-Power volt age vari a tion: ±10% <1x10
-8

<5x10
-9

<5x10
-10

<5x10
-10

Short term sta bil ity:
(Root Allan Vari ance)

t = 1 s

Typ i cal val ues t = 10 s

not spec i fied <1x10
-10

<1x10
-10

1x10
-11

1x10
-11

5x10
-12

5x10
-12

Power-on sta bil ity:
-De vi a tion ver sus fi nal value af ter 24 h 

on time, af ter a warm-up time of:

1)
     

30 min
<1x10

-7

30 min
<1x10

-8

10 min
<5x10

-9

10 min

To tal un cer tainty, for op er at ing

tem per a ture 0°C to 50 °C,

@ 2s (95 %) con fi dence in ter val:

-1 year af ter cal i bra tion

-2 years af ter cal i bra tion

<1.2x10
-5

<1.5x10
-5

2.4x10
-7

4.6x10
-7

<6x10
-8

<1.2x10
-7

<1.8x10
-8

<3.6x10
-8

Typ i cal to tal un cer tainty, for op -

er at ing tem per a ture 20°C to 26 °C,
@ 2s (95 %) con fi dence in ter val:

-1 year af ter cal i bra tion

-2 years af ter cal i bra tion

<7x10
-6

<1.2x10
-5

<2.4x10
-7

<4.6x10
-7

<6x10
-8

<1.2x10
-7

<1.7x10
-8

<3.5x10
-8

Timebase Options CNT-91

Explanations
1) Neg li gi ble in com par i son with the de vi a tion caused by 1 °C tem per a ture change.

2) Af ter 1 month of con tin u ous op er a tion.

NOTE: Elec tri cal ad just ment by means of tun ing volt age from DAC; no po ten ti om e ter trim ming.
Se rial in ter face to all op tional os cil la tors for closed-case cal i bra tion and sta tus re port ing.

UCXO: Un com pen sated Crys tal Os cil la tor
OCXO: Oven Con trolled Crys tal Os cil la tor



Timebase
Spec i fi ca tions
CNT-91R

Prod uct Fam ily ‘9X’

Timebase Type Rubidium

Un cer tainty due to:
-Cal i bra tion  ad just ment tol er ance

@ +23 °C ± 3 °C <6x10
-12

-Ag ing:

per 24 h

per month

per year

n.a.      
1)

<5x10
-11

2)
<2x10

-10

-Tem per a ture vari a tion:

0 °C - 45 °C

20 °C - 26 °C (typ. val ues)

<1x10
-10

<1.2x10
-11

-Power volt age vari a tion: ±10% <1x10
-11

Short term sta bil ity:
(Root Allan Vari ance)

t = 1 s

Typ i cal val ues      t = 10 s

<1x10
-11

<3x10
-12

Power-on sta bil ity:
-De vi a tion ver sus fi nal value af ter

24 h on time, af ter a warm-up time

of 12 min: <5x10
-10

Time to lock @25 °C appr. 5 min

To tal un cer tainty, for op er at -

ing tem per a ture 0°C to 45 °C,

@ 2s (95 %) con fi dence in ter val:

-1 year af ter cal i bra tion

-2 years af ter cal i bra tion

<3x10
-10

3)
<5x10

-10

Typ i cal to tal un cer tainty, for

op er at ing tem per a ture 20°C to

26 °C, @ 2s (95 %) con fi dence

in ter val:

-1 year af ter cal i bra tion

-2 years af ter cal i bra tion

<2.5x10
-10

3)
<5x10

-10

Explanations
1) Af ter 3 months of con tin u ous op er a tion.

2) Af ter 1st year, ag ing dur ing 1st year:
< 5 x 10-10; long-term < 2 x 10-9 / 10 years.

3) Af ter 1 year of op er a tion. Un cer tainty
< 6 x 10-10 the first year of op er a tion.

Cal i bra tion Ad just ment Tol er ance is the max i -
mum tol er ated de vi a tion from the true
10 MHz fre quency af ter a cal i bra tion. When
the ref er ence fre quency does not ex ceed the
tol er ance lim its at the mo ment of cal i bra tion,

an ad just ment is not needed.

NOTE: Elec tri cal ad just ment by means of tun -
ing volt age from DAC; no po ten ti om e ter trim -
ming.
Se rial in ter face for closed-case cal i bra tion and 
sta tus re port ing.
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In dex

!
±1 cy cle count er ror . . . . . . . . . . . . . . . 4-9

A
AC/DC coup ling . . . . . . . . . . . . . . . . . 3-3

Al lan de via ti on . . . . . . . . . . . . . . . . . . 6-3

AM mo du la ted sig nals . . . . . . . . . . . . . 4-8

Aper tu re

See Mea su ring time

Ar ming

des crip ti on. . . . . . . . . . . . . . . . . . . 5-5

ex am ples. . . . . . . . . . . . . . . . . . . . 5-9

ma nu al ly . . . . . . . . . . . . . . . . . . . . 5-6

stop de lay. . . . . . . . . . . . . . . 2-11, 5-3

sync. de lay . . . . . . . . . . . . . . . . . . 5-7

At ten ua tor

used to re du ce noi se. . . . . . . . . . . 3-7

Auto once . . . . . . . . . . . . . . . . . . . . . . 3-5

Auto Trig Low Freq . . . . . . . . . . . . . . 2-12

Auto trig ger . . . . . . . . . . . . . 3-8, 4-19, 6-4

how to use. . . . . . . . . . . . . . . . . . . 3-8

Aver aging. . . . . . . . . . . . . . . . . . 4-10, 6-2

B
Bat te ry Supp ly

che cking . . . . . . . . . . . . . . . . . . . 7-13

Burst

Fre quen cy (CW) . . . . . . . . . . . . . . 4-5

C
Car rier wave fre quen cy AM . . . . . . . . . 4-8

Car rier wave fre quen cy FM . . . . . . . . . 4-6

Chan nel

See In put

Con fi den ce li mits . . . . . . . . . . . . . . . . 6-5

Count er ror, ±1 cy cle . . . . . . . . . . . . . . 4-9

Coun ting

re ci pro cal . . . . . . . . . . . . . . . . . . . 4-9

CW

AM . . . . . . . . . . . . . . . . . . . . . . . . 4-8

D
DC coup ling . . . . . . . . . . . . . . . . . . . . 3-3

De lay

ar ming sync. . . . . . . . . . . . . . . . . . 5-7

De lay ed ti me ba se . . . . . . . . . . . . . . . . 5-3

Di gits Blank. . . . . . . . . . . . . . . . . . . . 2-16

Dis play con trast

ad ju sting . . . . . . . . . . . . . . . . . . . . 2-7

Dis tor ti on . . . . . . . . . . . . . . . . . . . . . . 3-8

In dex

! - D  2



Drift. . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4

See Also Long time ins ta bi li ty

Drift mea su re ments. . . . . . . . . . . . . . 5-13

Duty cy cle

See Duty fac tor

E
End of a mea su re ment . . . . . . . . . . . . 5-4

Er ro ne ous counts . . . . . . . . . . . . . . . . 3-7

Er ror NO TRIG . . . . . . . . . . . . . . . . . 4-10

Ex am ples

ar ming. . . . . . . . . . . . . . . . . . . . . . 5-9

Ext. Arm In put

Che cking . . . . . . . . . . . . . . . . . . . 7-10

Ex ter nal gate . . . . . . . . . . . . . . . . . . . 5-6

F
Fil ter

ana log . . . . . . . . . . . . . . . . . . . . . . 3-3

Fi xed trig ger le vels . . . . . . . . . . . . . . . 3-5

FM sig nals . . . . . . . . . . . . . . . . . . . . . 4-6

Free-run ning

mea su re ments . . . . . . . . . . . 5-4, 5-13

Free zing the dis play

See hold/run

Fre quen cy. . . . . . . . . . . . . . . . . . . . . . 4-3

back-to-back . . . . . . . . . . . . . . . . 4-14

burst . . . . . . . . . . . . . . . . . . . . . . . 4-4

mo du la ted sig nals . . . . . . . . . . . . . 4-6

ran ge test . . . . . . . . . . . . . . . . . . . 7-5

ra tio. . . . . . . . . . . . . . . . . . . . . . . . 4-4

Fre quen cy ver sus time

See Pro fi ling

Functi on

pe ri od . . . . . . . . . . . . . . . . . . . . . 4-13

ra tio. . . . . . . . . . . . . . . . . . . . . . . . 4-4

G
Gate

in di ca tor . . . . . . . . . . . . . . . . . . . . 5-2

H
Har mo nic dis tor ti on. . . . . . . . . . . . . . . 3-8

Hold . . . . . . . . . . . . . . . . . . . . . . . . . . 5-6

Hold-Off

che cking . . . . . . . . . . . . . . . . . . . 7-10

used as fil ter . . . . . . . . . . . . . . . . . 3-4

Hys te re sis . . . . . . . . . . . . . . . . . 3-6, 4-18

I
In put C

che cking . . . . . . . . . . . . . . . . . . . 7-12

In put C Ac qui si ti on . . . . . . . . . . . . . . 2-12

Ins ta bi li ty. . . . . . . . . . . . . . . . . . . . . . . 6-4

In ter nal re fer en ce out put

che cking . . . . . . . . . . . . . . . . . . . . 7-9

In ter po la ta tor Ca li brat ion. . . . . . . . . . 2-12

J
Jit ter . . . . . . . . . . . . . . . . . . . . . . . . . . 6-4

L
LCD con trast

ad ju sting . . . . . . . . . . . . . . . . . . . . 2-7

Li mits . . . . . . . . . . . . . . . . . . . . . . . . . 6-6

LO CAL LO CKOUT mode . . . . . . . . . . 2-7

LO CAL mode . . . . . . . . . . . . . . . . . . . 2-7

Long time ins ta bi li ty . . . . . . . . . . . . . . . 6-4

Low-pass fil ter

di gi tal . . . . . . . . . . . . . . . . . . . . . . 3-4

M
Ma nu al

ar ming. . . . . . . . . . . . . . . . . . . . . . 5-6

In dex
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Ma the ma tics

and Sta tis tics to get her . . . . . . . . . . 6-5

cons tants. . . . . . . . . . . . . . . . . . . . 6-2

ex am ple . . . . . . . . . . . . . . . . . . . . 6-2

functi on . . . . . . . . . . . . . . . . . . . . . 6-2

Mean . . . . . . . . . . . . . . . . . . . . . . . . . 6-3

Mea su re ment

end . . . . . . . . . . . . . . . . . . . . . . . . 5-4

free-run ning. . . . . . . . . . . . . . . . . 5-13

rate . . . . . . . . . . . . . . . . . . . . . . . . 5-5

start. . . . . . . . . . . . . . . . . . . . . . . . 5-4

ti ming . . . . . . . . . . . . . . . . . . . . . . 5-4

Mea su re ment Er rors . . . . . . . . . . . . . 4-18

Mea su re ment rate. . . . . . . . . . . . . . . . 6-4

Mea su re ment time

set ting . . . . . . . . . . . . . . . . . . . . . . 5-2

Mea su ring speed . . . . . . . . . . . . 4-10, 6-4

Mea su ring time . . . . . . . . . . . . . . . . . . 5-5

in flu en ce  by pres ca ling . . . . . . . . 4-11

Misc . . . . . . . . . . . . . . . . . . . . . . . . . 2-16

Mo du la ting fre quen cy AM . . . . . . . . . . 4-9

Mo ni to ring. . . . . . . . . . . . . . . . . . . . . . 6-2

N
No trig

dis play mes sa ge . . . . . . . . . . . . . 4-10

Noi se . . . . . . . . . . . . . . . . . . . . . . . . . 3-6

O
Out put. . . . . . . . . . . . . . . . . . . . . . . . 2-17

Over dri ve . . . . . . . . . . . . . . . . . . . . . 4-18

P
Pe ri od . . . . . . . . . . . . . . . . . . . . . . . . 4-13

sing le & aver age . . . . . . . . . . . . . 4-13

sing le back-to-back . . . . . . . . . . . 4-14

Pha se . . . . . . . . . . . . . . . . . . . . . . . . 4-20

inac cu ra cies . . . . . . . . . . . . . . . . 4-21

Po wer Mea su re ment

CNT-90XL . . . . . . . . . . . . . . . . . . 7-13

Pres ca ling

ef fect of . . . . . . . . . . . . . . . . . . . . 4-11

Pro ces sing a mea su ring re sult. . . . . . . 6-2

Pro fi ling . . . . . . . . . . . . . . . . . . . 5-9, 5-13

tran sient . . . . . . . . . . . . . . . . . . . 5-14

VCO step re spon se. . . . . . . . . . . 5-14

Pul se pe ri od . . . . . . . . . . . . . . . . . . . 4-13

Pul se roun ding . . . . . . . . . . . . . . . . . 4-18

Pul se Width

des crip ti on. . . . . . . . . . . . . . . . . . 4-17

R
Rate of mea su re ment . . . . . . . . . . . . . 5-5

Ra tio

functi on . . . . . . . . . . . . . . . . . . . . . 4-4

Re ci pro cal coun ting . . . . . . . . . . . . . . 4-9
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Chap ter 10

Service



Sales and Service Office
For ad di tional prod uct in for ma tion, cus tomer sup port and ser vice, please con tact

Spectracom at the fol low ing ad dresses:

2

Spectracom
Orolia Global Services AB

Box 20020
SE-161 02 Bromma
Swe den

Of fice Address:

Karlsbodavägen 39
Bromma - Stock holm
Swe den

Shipping Address:

Karlsbodavägen 39
SE-168 67 Bromma
Swe den

Phone: +46 (0)8 5985 1000
Fax: +46 (0)8 5985 1040

E-mail:
service@pendulum.se

Internet:
www.spectracomcorp.com

Spectracom Corporation

5811 Ra cine Street
Oak land, CA 94609
USA

Office Address:

As above

Shipping Address:

As above

Phone: +1 510 428 9488
Fax: +1 510 428 9469

E-mail:
techsupport@spectracomcorp.com

Internet:
www.spectracomcorp.com

mailto:service@pendulum.se
http://www.spectracomcorp.com
mailto:techsupport@spectracomcorp.com
http://www.spectracomcorp.com
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New Look
A new front panel de sign will be in tro duced
grad u ally start ing with the model CNT-91R. It 
will eventually be ap plied to all mod els in the
‘9X’ se ries of coun ters.

The fun da men tal lay out is un changed, so the
in struc tions given in the main man ual are still
valid. The new look can be seen be low.

11-2 New Look

The CNT-91R front panel.
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