ou're lookdng for o used cs-

cllcscope of a harm fair and

wondar i that 5150 gem k
ity a3 good o the person at fe
iobie scrys I i, The troce lights up ond
e sabar ossunes you it & Slke new”
What vou peed [s somafhing that wil
callcrad yoiu e oo o quick chieck of am-
pilude OCCUMOCY. Sweep OCCUracy,
o panchwidih, The Fost Pulsar Scope
Calicrator described hers is a smal,
portoble, bottery-powared scope
callorator that meets those naads
parfacty ard costs lass fhon ane bad
deal,

Testing a scope. Amplitude
occurccy and collbrafion are
mmmmmm
signal of
hﬂtﬂl.ln-::h.d'qmmmmurr
sophisticoted as o batlery. Just apply
ther signal fo the scope and count the
nurnber of dhvisions. i you have o way
o generche one, O squarswove s

mone usehul os vou get a direct
indication of peak-to-peak ampli-
fude that aliows festing of AC-cou-
pled circults

Tirne: for sweep) occurocy kb eosly
fested by ueing a signol derfved from
acryatal cscillodon which wil geee Bat-
ter than 0.1% resolution and typicaly
closer to 0.01%. depending on fhe
crysiol,

The most difficult paraomaier to
measune I8 baonchwidth. i you hod a
varichie-frequency ganandtor with o
callbrated oulpiut, you could mecsuns
bandwidth by sweeping the input fra-
guancy until you reached fha - 3-d8
paint. Unforburalaly. those instrurmants
are rat wary portabie, Howewer, than
B an edsar vy 10 debammir Band-
width fhal s Closa ancugh ior most
purposes: apply o fast rise fime pulse
o the cscliascops and obsene fhe
riga fire of the disployed woveform.

T e vy’ TRl wtres, e 50y Tt O
sCops uncher fest hos the response
curee of Fig. 1-a, Figure 1-b s o simple
resistor-copacior crcult that models
that response curve.

¥V, b o fost puse, V_, con be
found withe

Vi = Vit = &-4%)

whewe @ Is the expanentil funchion, 7
& the resistance in ohms, C b the co-
paciance in fords, and t s the time
in saconds after the pulse is appied.
Thiot output lociks like e curve shown

BUILD THE

FAST
PULSER

SCOPE

CALIBRATO

Pssi! Wanna buy a used
oscilloscope? Checking
out that bargin before you
buy is now a snap with
this handy, portable
device.

STEVEN D. SWIFT

IniFig. 2. Figuwes 1-0 and 2wara oolcu-
Iated using wolues of B and C o simu-
late an oscllicscope with o =3-dB
rodlioff ot 400 MHz.

Fizga tima s the fime for o signal o
g from $0% of s final valus to 20% of
its final voluwe, Those polnts are io-
baled m 10% and 90% In Fig. 2, wifhy
fha final volue of ¥V, nomalized to
L,

‘Wea need to find the nse fime, so by
using:

01 = [1—arho=5)
and 0.9 = [1—ate0=c)
wi sohe for ty, and i, using

ty = 01054 RC
and t,, = 2.303 RC

Wﬂmlmh#ﬂrhm

L= logrtyy = 2198 BC

Since tha — 3-di bandwidth (BW) of o
sirmphe R circult i gheen by

BW = [ 2rRC)
of RC = ZnBW

With & = 31414, we substihule info the
forruia for 1,

f, = O3SEW

or BW = 0,351,

That formula can oo ba wbed 1o
approimate othar circuits with a
smiooth mollcff that are moes than just
e simpla RC hypa, as long o thay do
riot suffer from axcass Deaking. which
causes fnging, Figuns 3 i plol of the
borewidih versus rise fime using fihal
farmmia,

I Tl rised firreln OF thed Db |5 rerl Bost
compansd 1o e e time of the of-
dllcscopa baing heshed, 1ha sCopael
e fse e oon be colculahed b

tiscope) =/ TAobsared) — 1 (use]?

For bandwidihs up to 250 MHL o
pulse with a rise fime f, of < &40
plooseconds (044 nanceeconds) will
couss leds than a 10% emor in the
scopel bandwidth prediction. Figure
4 shows observed rise fimes on thea
scopes disploy versus aciudl isa imes
of the scopa's circuitry as o funciion of
frha oufput risa time of fe cpplhd
pulse.

Thosa mkumu'ldfﬁmaim-
ply to osciBoscopes with wall-ba-
hoved resporses as in Fig. 1-a. Poorly
cesgned, misadjusted, of dalectve
cdcillascapas will howd cwarshodt,

B moy SUCIDST 9681 G000
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Flg. 1. The response curve aof a rypical escilloscope (o) and o simple B-C cireuil? thar

simulares thar responge (hL

7

1] 5 1w

15 m =

TIME -MANCSECONDE

Fig. 2. The owiput of the B-C circatt when a fusr pulse is apodied wo iis fapar, Like
oscilforcoper, a lower bandwidth will imke longer for the ourpar fo regch J0%.

ringirg, or undarshood. If overshoot o
ringing s presant and Is, for exomple,
greater fhan 15% of the final value,
The appanent Boncwidsh will e inoor-
rect, Thot s penanally o sign of o paa-
ked response and indicates an
oscilioscope that may have some
problems or be ursultable for precl-
slon work.

Circuit design. With fhaf bock-
ground Informmafion, we can now de-
sign a clrcult that will glve us the
comect sgnal fo measure the ampl-
fude, frequency; and bandwidth of an
caciboscope. Wa abko want a unit that

Is smiall, boftery-powessed, and porto-
bda,
Since fhe bandwidith spacificotion

is going fo be the most chalengirg,
lafs shart fhare. \Wa neaed o geanerate
o fost pulse. In the past, the fostest
chnices avaikciSle weee tunnal dicdes.
Tektronk af oree fime made many dif-
Tesresry) funra-ciode pulsan, bt those
diodes ane almost impossible fo find,
Fortunatal: the nead for high-speed
digital cireuliry has forced semicon-
ducior manufoctunars 1o genarabe
special fost-logic tamilies, One of
those is Mofarala's ECLips [Emittes
Coupled Logic in pioosconds). The
denices spacified havwe O Mo
autput rse fime of 350 ps (035 ma):
more thon adequate for our pur-
poses. We'll choose one of fhose de-
wicas for the fost part of the circult.
A crystal-osclliator circult ensures
frequsncy acounacy, while the amgpli-
tude Is sat by choosing averslon of the




<

device for the fost part of the cireult
wheose output level ore bofh fempes-
ature and power-supply siabia, The
fincl cevarall Bock diagram s shown In
Fig. 5

A FAHCA060 HOCMOS cacilatoridi-
vidai integrated clroult [IC1] wos
chosen for ganarating the master
clock bacowse It Includes the oa-
cillator circuitry and dhiders neces-
sy for @ precision crystal-corfrolied
clock with a minimum of external
companents, Choosng that part lefs
s use an inexpanshe 4-MHz crystal
rather than a larger and more cosfy
low-freguaincy crysial,

The diide-by-14 output of IC1, at
2560 kHr. i opplied to a Motorolo
MC100EL32 aivide-by-2 ECLips fip-
flop (IC2), through kevel-shift ond de-
coupling components CF, C15, and
Ré. Resistor 3 sets the input Imped-
ancs seen by IC2 and divides the om-
plitude of IC13 outpll down fo the
ECLips input leveds, The MC100EL3Z
hexs tronstion fimes of both oulpuls
ipecified of less fhan 350 ps (0.35 ns)
ol ot
put linjeds, The divide-by-2 aclion of
the device provides 125 kHr of ap-

prosdrnctiesy B00-my p-p o the ampi-
ude adustmeant circult ond ouhput
e,

Trez output of K22 is ferminohed with
loods congisting of resistor pais RURE.
ored R2ATS. The values shown provide
on equivalent lcad waltage of about
— 2volts and a lood impedance of 50
ohms. The outpld of IC2 s AC-coupled
by capociion C12, C13, C14, and C14
o an odjustable T-affenuatar nal-

fhia fast rise fime edges (C12 and C13)

. ¥

! I

= N

| N

E E E1m ﬁ' G000 BOO0 10000
FESETRE-PICCSECONDS
Fig. 3. The bandwidth of an oscilloscope can be found by ohserving how guickiy the

responds fo @ fest-rising input pacdie. The guicker o scope responds fo an

inpur, the greater itn bandwid,
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Fig. 4. A pulse with its own rise time will introduce addirional error when mearuring a
seope's bandwidrh, Keeping the pulse's rise fime az short as possitde will reduce swch

errors o an acceprable level.
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whila prevanting droop ot the 125-kH:
base frequency (Cid and CH)

Tre cutput T-attenuatar alkows G-
justment of open-circuit wollage el
0] and output Impedanca [R11).
Leveds of &00-m p-p open creuihsd
ord 300-mi p-p into 50 ohms wese
chosan to comespond 1o & divisions
on an cscilloscope with G high-im:-
pedance input set to 100-mi-prer-di-
vislon, or S0-mv-par-division it the
scope’s input impedance is 50 ohms,
That cutput is applied 1o o moke BNC
connaciorn, which allows direct con-
nection o thi cecillosoope under tast

Fig. 3. Hiere's the biock diagrom of the Scope Calibror: A cryict-comrollad

withowut using cobles or odopiers. The
parasitic iInductonce of the output
stoge i kept small by the use of sur-
foce-mounted componants, Even
with fhat precoution, fhe cutput Sloge

the rse fima & apprcl-
mataly 500 ps (0.5 ra). That rise time i
adequate for testing oscilascopes o
250 MHz with less than 10% afrar with-
out using the cormection formula o
Fig. 4.

& switching powar supply 1C3 and
its ossociated components) was
chosen to generate fthe required
pawer for th circult, The — 5V supply

oseillaror coupled with ECLips-based techrology make for an accurafe, relizhle

arsign,

Fig. &, The compleie schemaiic for the
fevmperature or supply wnliage.

Scope Calibrator is shawn here. A Motorola
MCIO0ELT2D divide-by-2 ECLips fip-flop produces a signal unaffected by changes in

e P,
L

raaced 1o supply power fo 121 ond
IC2 is generated by IC3, o
MAKTTTESA switching regulator,
Lsing two AA alkaline cells will supply
Pl fof almoat 4 hours of confinu-
ous opsaration, and keep the projact
compoct, Warlous fypes ond sipes of
battenes were tested with e power
suppky and it was found that 2 A4 al-
kaling cels provide excellent perfor-
e withowut being wery epershe,

Construction details. To maintain
the high-speed parformoancs of He
instrument, the circull boord used
conslste mostly of o solid coppmed
ground plane, with st enough area
cleared away for the components,
Crther fhion o fes pods and hobas, e
whioka sokdar side of th Cincut Boand
is also a grourd plone, Pecse note
that ¥ wou plan fo make your own
boords from the arfwork, the mini-
i Bace wich wsed 5 B mils (0.2
mim] which may couse etching diffi-
culties, Note also that five bock skde

The parts plocement diogram for
e prcjech 5 shomam 0 Flg. 7. SINcs wiis
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7. Uise this paris placement when bailding the Scope Calibwmior Swfimce-muoun

fechmalogy helns beer paresitic inducfonce oo minimo, af well as malunain a sl
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Heve's the fon! pantlery for the commpoden
dalle o the Seope Callbratar priined
IrCinl Bresiral . £f o derciale 1o efoh vk

i Beursd, rake care thal e marrme
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Fig. &, Here we're fesiing the aavep
speed ard amgrliviede of an eeeillorcope
Youw showsld comer 8 divistons when the
D AT &0T 0 |I-|J '\.'-;.l'.'l'l_l k]

b 1 AiMNCHFE ——— = |

Meve's the Ji uf e L T T II'.,||'| '\..'.g.'-;
I" e Illr'Ir\..l.'luI CIFCIEr Ilh'!{nl.lll L R g
e Tl |'|II|']I1|| & ot barl sicles i e
board o each sther is imparaar for

PP OpERETanR

Fig. ¥. Here we' e dedliag the rise nime
of an pscilloscope. Measure the nme it
fakex four the signal fo ride from (4 0

WIE . phen s Mhe chard dm Fig
rhe soope’s Bandwidik

i ae ffod

wanlt @ simaall sized Felrumest and Hhe
Circuil hos wary high soeed signols
thicat resguire RF-clesign techniques,
yurface-maount companents wee
choaen for the project. Tha small parts
pliow for optimized circult specifico-
tions while reducing performmance-
gegrading parastic signals. They alo
pliowed the complete project (less
the batterles) o be enclossd ina 1.8-
by 3-inch metal cose.

Unforiunctek:, mose smoll compo-
nerits moks the osembly of the praj-
gct rother dificutt. ¥ vou hove nevear
hiznicled SMT devices, you mighd want
to heok pock af “Suroos Mount Tech-
nology” In the Novembar, 1987 issue
of Rodio-Elecironies, or A Hobbyists
Guide fo Surfoce-Mount Techmology”
m the January 1995 issue of Popular
Ebectronlcs and first try some of the
simpla projects thana, An ossamblad
ang lested Calioratcs is also ovailoble
frcarn e SourcE given in the Parts Lis

The Scope Colibrator only needs
calibealion far omglibede, Tha Bass
acouresy of B cryshal and 1he rise
tirreer cane Timecd By the desion used and
e nod be colibeahed, The edsics!
and mest acouahe way 1o caliorote
thie unit is 10 use o widaband [0
kHE) AL rmns woiirmeder WilR |ust the
volmeter koo, odjust 10 1o o eod-
Irvg ot 300-rry per. [the rrns valuee of an
AC -coupled square wave 5 equal io
one-half it peok-to-peak volue). Mow
apply the squanewave cutput 1o e
voltmetar through a S50-ohm
feedthrough ferminotion. Adjust B
for 150-m\ M5 Thot sets the output
impadorce equal to wour load, sothe
oocuracy of vouwr 50-ohm lood deter-
minas the acouwacy of vour Fost Pulser
calbrodor

Do mof use test leads or cobles os
tha signal will be degroded by over-
shiagt and rnging, Use a direct con-
rclion ko e meder such as o BNC to
banana-plug adaplear. The os-
sermbbed and fasted urid is calibrated
WSing a 1-MHz bangwidth s mabar
andd g = 1% Sl-abm lood

Applications. The Scops Calibeator

is eay fo Uk, Smply swich it on and
cannect the BNG output o the input
channel of an oscillioscope undes fest
it the scope has a high input imped-
ance [1 megohm s fypical). st fhe
varfical scale on the scops o 100-
miidivision. i the scope hos a 50

IContinued on page 79
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FAST PULSER
[Continued tram page 45)

ohm input Impedanca, of if you hawe
apphed e signal thraugh a S0-ohm
teadifhrough termination, $ef tha
scopa ho BO-mividivision, You sholdd
sE O divishons of ompifud o5 Shawn
inFig. 8 [Fig. & and 7 o soope pholos
from @ 500 MHz Tektonb 7904 o5
cllcacope with a 7419 vertical amgll-
fier]. Using only the ol parts of the
warvelomn, ignore any leading or fall-
ing edge aberrations when maasur-
ing amplifude.

To test swaep ooouracy, set the horl-
zonital sweep speed of the scope o1
padhivislon. vou shoulkd see 8 divisions
as shown in the photo of Fg. 8. The
pest possible ocowocy is obtained by
ceantenng the signal on the screen
and magsuning fiom e canbar peind
of e woneatorm,

To meaqsure e opprosdmate Dong-
width, et the pween speed to the fost-
eat rote and adjust the igoerning so
the completa rsing edge of the
wirvelorm is visible os shown in Fig. 2.1
that Is not possible, i s Bely that the
scope under test does not hove o ver-
Hical-amplifier delay line, which
sheuld be considansd o sesious dafi-
chancy ignore e amplitude of any
firgirg of crershood, and meosun
the riga tirmd By mofing thie Birme 1o go
Traarm 10% 1o 0% of B wansdorm am-
plifuade. Some scopes howe that pre-
calibeched on fhe jcrean using either
5 oor 6 divisions far 1000, I your scope
s 0 & clivision Scale for 1005, just use
the varable varical scaling com:-
maanly avaliable o odust the wave-
form to 5 divislons, Ctherwise, just
measure from 0.4 divisions 1o 5.4 did-
sions. That ghees the rse fimea of the
scope and the pulser combined. If the
chsaned rise ime s smal [=1.5 ns],
than usa Fg. 4 or the formula fo cor-
ract far achual riss fime (Wwse o nomina
0.5 ns for the pulse output risa tima)
Remembar that the bongwidih is
ferurd frarm:

BW = 0.350,

Tri Bkl ringing oo cnvdrshoo! should
b biizs Thicam apprcsd oty 15% of i
signals final value. Ringing beyond
et value might indicate problerns
with the weriicol amplifier such o g
pecked resporse, mscolbration, o

| foulty componats, ]
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