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connects a nnel an el ectrical nod evi ce under teés
(DUT). Furtpefetesprnghyhfeherstigupredces ﬁoﬁﬁéﬁﬂr@anUfa¢ﬁ§F#Bﬁent t hat

col l ects daége&aé,sumﬁeaueatwayala&técE1v30debmee§eééncgaputer , A
ester oenchally PRal BLES.YeiscULng LesL, oo, sREGOLATE: o Lyprcal oo
per f ollih vaprodact, thpeebyi nhsimiechngstket thageapthae thster, applying a
oot e oohUOBbebRe BRUREC L0 L TRRSUELIRRD o ekl ldpgl o
Semiconductor devices that process both analog and
digital signals must be tested with testers that are
capable of producing and receiving both analog and
20 digital signals. Such devices are commonly called mixed-
signal devices, and the testers that test these devices
are known as mixed-signal testers.
A tester generally includes computerized control
circuitry (test computer), data acquisition circuitry
25 (capture instruments), driver/receiver channels
(channels), and tester pins. Each tester pin connects a
channel to an electrical node of a device under test
{DUT). Further, each channel is coupled to a capture
instrument that collects data for subsequent analysis by
30 the test computer.
A tester generally operates by executing test
programs. A typical test program includes numercus test
functions that direct the tester to perform various
operations such as setting-up the tester, applying a test
35 signal to a node of the DUT, measuring an output signal
at another node of the DUT, moving data from the local



menory of the capture instrument to the main nenory of t he test
conputer, analyzing the data, conparing anal ysis results to speC|f|ed
limts, and organi zing the analysis results for subsequent printout or
di spl ay. WB9825153 F|I G 1A shows a bl ock diagram of pri or BET/08P 322408
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conput er REMPTH &5 SHReGAPTYTE tlf‘?gﬁx?‘/‘g‘ﬁﬂ§ Lo thReMaLB MEPEEYaREi nto mai n
menory 13&hef tteatt compmitesr, anal¥@2ngsiche §¢saenbbm§ai4ﬂg &ﬁaly51s Duri ng

execution S 0 t nd entrol signals
to dri verlr%ecel vett% tsg%fc(]%l%@ 1&%@? %‘& %& a’nlz g%lgﬁ cg %gre

i nst r umenesulgs £ra, SUbSGQ?@nta@@lnzzuthp@uéhspéav conputer |nterface 106.
In a 5 typicaizgodg %e%e%aw%c Ehegtant bel p$ aagah?tdinm&a 15

driver/receiver. channel to receive an out u % produced by DUT
132 t hr ou§H st &estisy 11?@ afd t&&fkd epgdneer éEPéGﬁ dvgAavetersapt ure

i nst runentekib proigign iore cbr@uter wbhe eeathieh abgnahﬁ&t Bﬁ@nt yBkaal Iy

di rect cap; # %I |nstrunen% 116.to filter E? 2 %g E naI u5|ng anti -
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necessary) using a-to-d convert € res |ng digital
data in | d0& %f%roi@lgnals to drdveriseseiyert Abanselspr ogr am may
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used to Produced by DUT 132 through tester pin 124, and send the

output signal to capture instrument 116 using line 150.

The control signals then typically direct capture

instrument 116 to filtexr the output signal using anti-

20 aliasing filter 155, and sample the output signal using
sample-and-hold 138. The control signals might also
direct capture instrument 116 to convert the sampled data
to digital form (if necessary) using a-to-d converter
140, and store the resulting digital data in local memory

25  142.

Additionally, the test program may direct test
computer 102 to move the digital data from local memoxry
142 to main memory 136 so that processor 134 can analyze
the data using digital signal processing (DSP)

30 technigues. Accordingly, test computer interface 106
receives the digital data from local memory 142 through
internal bus 148, and presents the digital data to main
memory 136 using internal bus 146.

Although mixed-signal tester 100 may be used to

35 analyze data derived from an output signal generated by

DUT 132, we have recognized that the signal processing



35 analyze data derived froman output signal generated by DUT 132, we
have recogni zed that the signal processing
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15 uniquely represented by a group of samples taken every
1/2B seconds. For this reason, the output signal
produced by DUT 132 is first presented to anti-aliasing
filter 155 in capture instrument 116. Anti-aliasing
filter 155 is a low-pass filter stage designed to

20 eliminate any signal components occurring at frequencies
greater than B Hz. However, anti-aliasing filter 155 can
also be a source of signal amplitude error. In
particular, anti-aliasing filters are often
insufficiently flat in the passband.

25 Finally, in order to obtain a group of samples taken
every 1/2B seconds, sample-and-hold 138 samples the
output signal using a sampling rate that is greater than
or equal to 2B Hz. Sample-and-hold 138 then presents the
sampled data to a-to-d converter 140. However, both

30 sample-and-hold 138 and a-to-d converter 140 can also be
sources of signal amplitude error.

FIG. 1B shows calibration circuit 156, described in
U.S. Patent Application Serial No. 08/347,633, filed
December 1, 1994, assigned to the same assignee as the

35 present invention, the disclosure of which is expressly

incorporated herein by reference. Calibration circuit



sanpl ed data to a-to-d converter 140. However, both 30 sanpl e-and-hol d 13§
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15 a series of fixed reference standards.

Switch 160 is then actuated to connect terminal 158
to cal ref 164, which is an internal reference standard.
Cal ref 164 also includes a series of fixed reference
standards. Once again, the tester performs calibration

20 measurements, and then compares them with the
measurements made using the external reference standard.
The difference between the calibration measurements made
using the external and internal reference standards is
proportional to the error introduced in the signal path.

25 The test engineer then programs the tester to correct the
error.

Although calibration circuit 156 may be used to
correct signal amplitude error contributed by circuit
elements in a signal path of a tester, we have recognized

30 that the correction technique used by calibration circuit
156 also yields testers that may not have the desired
performance. For example, correcting the error
introduced in a signal path by adjusting each measurement
by a predetermined amount substantially increases test

35 time. Further, the calculated difference between



using the external and internal reference standards is proportional to
the error introduced in the signal path. 25 The test engi neer then prograns
the teste rect the error. Al t hough cal i bPEhsBd I CUI
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known st andard.
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SUMMARY OF THE INVENTION

Wwith the foregoing background in mind, it is an
object of the invention to provide a tester that can
automatically correct signal amplitude erroxr introduced
in ite channel and data acquisition circuitry.

Another object of the invention is to provide a
tester that can auvtomatically correct signal amplitude
error across any frequency spectrum.

Still another object of the invention is to provide
a tester that has an adijustable, highly accurate, and
repeatable internal calibration source.

The foregoing and other objects are achieved in a
tester having an internal calibration source switchably
connected to a plurality of channels, and a digital
correction circuit switchably connected between a
prlurality of capture instruments and a test computer.

in one embodiment, each channel has an input
connected to a means for selecting between an output of
the internal calibration source and a tester pin. Also,
each capture instrument has an output connected to a
means for selecting between an input to a test computer
and an input to the digital correction circuit.

According to one feature, the internal calibration
source includes a high frequency, high precision current
switch.

According to another feature, the digital correction
circuit includes a finite impulse response (FIR) filter.
According to still another feature, the digital

correction circuit includes an FIR filter coupled in
series with an infinite impulse response (IIR) filter.

In another embodiment, the tester calibrates the
internal calibration source by measuring the amplitude of
a first signal having both a predetermined amplitude and
a predetermined freguency. The tester then measures the
amplitude of a second signal produced by the internal
calibration source and having the same frequency as the



SUMMARY OF THE | NVENTI ON Wth the foregoing background in mnd, it
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t he sane f ropldtofeagesiponse of its channel and data acquisition
circuitry by applying a stored bias input level,
corresponding to both a stored amplitude and frequency,
20 to the internal calibration socurce, and measuring the
amplitude of a signal produced by the internal
calibration source. The steps of applying the stored
bias input level, and measuring the amplitude of the
signal produced by the internal calibration source, are
25 repeated for additiocnal stored frequencies. Further,
this embodiment is optionally repeated for additional
stored amplitudes. Finally, the tester calculates the
frequency response of the data acquisition channel using
the amplitude measurements of the signal produced by the
30 internal calibration source, thereby determining the
signal amplitude error contributed by its channel and
data acquisition circuitry.
In yet another embodiment, the tester corrects the
signal amplitude error contributed by its channel and
35 data acquisition circuitry by filtering a measured
signal. The frequency response of the filter in the



- 6- first signal. Next, the tester repetitively adjusts a

bi as input of the internal calibration source and repetitively neasures
the anplitude of the second signal until the anplitude of the second
signal equabszsikee 5 anplitude of the first signal. The tecstass7nhes stores

the |l evel of the hias ing and the val ues of both the pr edet er m ned
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i nput |ev corresponding to both a stored anplitude and frequency, 20
to the |n?@§nQF apaiPBrati on source, and neasuring the anpl i tude of a

si gnal produced by the internal calibration source. The steps of

appl ying the stored bi as input |level, and neasuring the anplitude of

t he signal produced by the internal calibration source, are 25 repeated
for additional stored frequencies. Further, this enbodinent is
optionally repeated for additional stored anplitudes. Finally, the
tester cal cul ates the frequency response of the data acquisition
channel using t he anplitude nmeasurenents of the signal produced by the
30 internal calibration source, thereby determning the si gna

anplitude error contributed by its channel and data acqui sition
circuitry.



In yet another embodinent, the tester corrects the si gnal anplitude
error contributed by its channel and 35 data acquisition circuitry by

filtering a neasured signal. The frequency response of t he f||t in
t he WO 98/25153 -7- pr ef FTEES%EREY | ment

I's such that when the'@Rfﬁ%qdﬁ%CRIP%&B Igg EﬁEtBﬁAﬁEﬁ@§3| and dat a

acquisition circuitry, e rall gquency response of the channel
circuitry, tﬂhedanuea&qgnsw%lbnbéubeg¢¢¥yun £oRA RV 1%28£9%5e0¢Qt in 5

the passbagd. ¢pe follovcﬁh%y'm&k‘étaéﬁagbéécéés@ﬂb@%@r&?&es will becone

apparent froma consi dera he, ensui ng description and draw ngs.
accompanying draw1ngs in which

5 PIG. 1A is a block diagram of a prior art mixed-
signal tester that is capable of analyzing data
derived from a signal produced by a DUT,

FIG. 1B is a block diagram of a prior art
calibration circuit that corrects signal

10 amplitude error introduced by the channel and
data acquisition circuitry of a mixed-signal .
tester,

FIG. 2A is a block diagram of a mixed-signal tester
configured according to the present invention,

15 FIG. 2B is a detailed block diagram of the internal
calibration source shown in FIG. 2A,

FIG. 3 is a flowchart depicting the calibration of
the internal calibration source according to
the present invention,

20 FIG. 4 is a flowchart depicting the measurement of
the amplitude response of the channel and data
acquisition circuitry according to the present
invention, and

FIG. 5 is a flowchart depicting the correction of

25 the channel and data acquisition circuitry
according to the present invention.



- 8- BRI EF DESCRI PTI ON OF THE DRAW NGS The,

invention will be better understood by reference to the follow ng nore
detail ed description and acconpanyi ng drawi ngs in which 5 FIG 1A
is a bl ockyglgggsam of a prior art m xed- si gnadTrussehe4ost hat

I s capabl e of anal yzi ng data
DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 2A shows an embodiment of a mixed-signal tester
that is capable of analyzing data derived from ocutput
signals produced by an electronic circuit. A test

5 engineer typically develops test programs for tester 200
on work station 202, and loads the test programs into
main memory 256 of test computer 204 using system bus
264. The test engineer also typically enters commands
for tester 200 at work station 202. For example, the

10 test engineer may enter commands to specify certain
operating parameters, and to start a test sequence. AU
the end of the test sequence, tester 200 sends test
results to work station 202 using system bus 264 for
subsequent printout or display.

15 A device under test generally includes more than
fifty, and likely more than one hundred pins. For this
reason, tester 200 generally includes more than one
hundred tester pins. In particular, tester pins 228,
230, 232, and 234 are each connected to different pins

20 {not shown) on DUT 252. Further, switches 236, 238, 240,
and 242 can be actuated to connect channels 212, 214,
216, and 218 to tester pins 228, 230, 232, and 234.

In a typical test sequence, a channel applies a test
signal to a pin (not shown) of DUT 252 through a testex

25 pin, and another channel detects an output signal at
another pin (not shown) of DUT 252 through another tester
pin. The test program generally specifies the
characteristics of both the test signals applied to DUT
252, and the output signals tester 200 expects to receive

30 from DUT 252.

Internal bus 276 connects contxol interface 206 to
channels 212, 214, 216, and 218, and capture instruments
220, 222, 224, and 226. Control interface 206 typically
buffers control signals passing between test computer

35 204, and both the driver/receiver channels and the
capture instruments. Further, internal bus 268 connects

- 10 -



derived froma signal produced by a DUT, FIG 1B is a block

di agram of a prior art calibration circuit that corrects
signal 10 anplitude error introduced by the channel and
data acoUPIPRPHR circuitry of a ni xed-si gnal PCTUSYTE2408
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configure resen I nven
det ai | ed isitesiead é@}%%?ﬁ 0353 h?en¢ M 86 naind control interfateb2@6ion source

SPOWH i N tRelde éﬁhputer 204 éﬂﬂﬁs3bé§h:ifé§¥ﬁﬁﬁiﬁgdﬁﬂacébﬂ9r$fe cal i bration
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25 capture e stragneit a2kl due apreguasi then £orcamtuyconing
accordi nqdfy. ! Neer 68eMho1 &V ELL ONcomputer 204 may program channel

-9 212 to receive an output signal from DUT 252 through
10 tester pin 228, and present the samples to capture
instrument 220 using line 282. Also, test computer 204
may program capture instrument 220 to filter the output
signal using anti-aliasing filter 287, and sample the
filtered ocutput signal using sample-and-hold 258. Also,
15 test computer 204 may program capture instrument 220 to
convert the samples from analog to digital form (if
necessary) using a-to-d converter 260, and store the data
samples in local memory 262.
Further, switches 244, 246, 248, and 250 can be
20 actuated to connect capture instruments 220, 222, 224,
and 226 directly to test computer 204. In particular,
switch 244 can be actuated to connect data bus 270 to
data bus 278 so that data samples can be moved from local
memory 262 to main memory 256 for subsequent analysis by
25 processor 254.

It is known that the channel and data acquisition
circuitry of a tester can contribute to signal amplitude
erxror in signals received from a device under test.
Specifically, both the attenuation stages {(not shown) and

30 the amplification stages {nct shown) commonly found in
channel circuitry can introduce error into signals
received from a device under test.

Also, capture instruments commenly include both
anti-aliasing filters (e.g., anti-aliasing filter 287)

35 and sample-and-hoid devices (e.g., sample-and-hold 258},
which prepare analog signals for conversion to digital

- 11 -



DESCRI PTI ON OF THE PREFERRED ENMBODI MENT FIG 2A shows an .
enbodi nent of a m xed-signal tester that is capable of analyzing data
derived from out put signals produced by an electronic circuit. Atest 5
engi neer WO Pp823E3y devel ops test prograns for tester 200 PCT/USYTARABOK

station 202, and_| oads the test_, r%%rarps into main menory 256 of test
conput er §8Emusiﬁ§W§%9ﬁﬂﬁaﬁﬁi Eileer, stoges: @gd sagPdesard-deld pical ly
enters cogeRides carf dhthesiee 20Qcat IWHK sSlalkilen réde2ived feeampl e, the 10

test engi neer. ma ter. conmands .to _specify certain per ating

par anet er tivgiﬁ& %&%%ﬁi%%e%ﬁ?%ﬁ?ﬁn@é’ .to),&ém;:\z’iiéegﬁd%@f'ig% Fest
sequence, tbest eon@d tsen e al soe suirits ifom stighiadn zusi ng
Syst erg bus 264 p[0k avan 3R RO 19l SR s Phar ¢ A device

under test generally includes nore”than ] y nore than one
hundred pBA¥esFer tEfiter the a®pdddtn &6t meapudey sibpalncl udes nore than

one hHﬁﬁ&%@uﬁ%ﬁ%&&cﬁiﬁ%tﬂd&d@ﬁ@iﬂﬂﬂba%zsH%%EQeriE§SZ%%annel 230, 232,
and 234 are each connegted .,to different pins 20 (ndot shown) on DUT 252.

Further, &Rf: SESUISIE IO/ GLrCUItRNy st EheryLoXEeGH &dh& o connect

channel s R22su2kd signaldl@mpdridudts er@draest ghiR RSFvad8age3Q.s 232, and 234.
t.est

In a.typical sequence, .a channel .applies a test . signal to a pin
(not qugomﬁ)ea&flzﬁgT “%%fulg 58§h 955 é’?t éfll%‘f%’n&in,ca;ﬁﬁrgﬁ&%ﬁ%&?&ﬁ'nel “det ect's
an out put 280gnandadigitadndtiidepi2®8(.not shown) of DUT 252 through anot her
tester pin S QR a |1 i.fies .
characteristicgm%?gfégh%?ﬁéegésF%gﬁﬂﬁ%?§é§p%%%@€%f%'D%QQ%Ch Eéf,lghd t he
out put siQﬁ&ﬂ@tﬁékﬁékC?@@e§%p§@ﬁ§“@8 Pddeitye iBGerngm patikzation

I nternal BUGreéb 20QNNeak:S +HRNPrRlf critedr AR AMNL0 integhannel s 212, 214,

2io, 00 240 ot caplte Ot o 20 e BT g 2z Coni o
conput er 8®i2a%,. adsbnitaicl tHendlisvdnotestiovwe) chanbel spaidecheo capture
inStrunen&ﬁtegﬂ%ﬁh%%ii&ﬁ%%&%% g@ﬁ}c%GQI%OQ%%%%ﬁly by the test

engineer, thereby causing internal calibration source 210

to produce a calibration signal having a particular

20 amplitude and frequency. In the preferred embodiment,
the control signals are applied to internal calibration
source 210 automatically through the test program. The
calibration signal can then be made to pass directly to
channel 212 through switch 236.

25 Further, switch 244 is actuated to connect capture
instrument 220 to either test computer 204 or digital
filter 208. In the preferred embodiment, digital filter
208 is a finite impulse response (FIR) filter having 32
taps, and 12-bit resolution. A digital filter having the

30 reguired performance is the PDSP16256/A, manufactured by
Plessey.

Digital filter 208 also preferably has a real-time
throughput of 12.5 MHz. This is because data buses 266,
270, 272, and 278 also have a throughput of 12.5 MHz in

35 the preferred embodiment. A benefit of the present

invention is that the processing of sampled data by

- 12 -



- 10 - test conputer 204 to control interface 206. Using

I nternal buses 268 and 276, and control interface 206, test conputer
204 send rogramm ng and contr ol signals to the_channel s and the
capture ?vré% nts. 5 I'n particular, test conputer PE@QJS?E%?AQ nd
commands g3gikBIOYdN ceenbin@l dafl ¥dace W@ Reiirehainal; 212 and

capture instrunment 22 to,g%g ram.them for an upcom ng test. _For

exanpl e, tBSTSESHHG &e2b4 3%&%“-&&%& the dats fFqmed@GAt an out put

signal froenbdy 2%2 thr cagh izﬁntoel?t erssgiggza&il&, YRGB IR, e 3o ;:Im%gﬂrpl es to
capture ,__J Ay I.ng .l 1n - 0, test canputer may
program céﬁ?’&?%&ioggt%%‘néégx%% %’&gﬁaﬁt Si“ﬁlﬁ&“ai &}’tror w"%’% usi ng

anti - @i adhnegekislingr t287 timed reauilred te perfint er édstut pReegiigral usi ng
sanpl e- a“%%%ﬂgg%%me“'t%oa ol ‘i%”%é.%; rigm%% tPESY gzlrggsﬁae%tsu.;gr m (i f

i NSt rument convert the sanple analog'to
necessar y FiuSER§ra o 8¢hdGvee ther resmiradd thronghphve datte of Idadples in

| ocal " menpmy,263gital £i1teURIOBEHIghY fb%hﬁixgg.%en%‘é@é#%g ghd 250 can be

20 actuated.tqQ connect, .capture_instruments 220, 222, . , and 226
directly PHifdsEassmpdtd SR, n Which Corgists mudfiipdie FAR can be
actuat®ed falecemsechbugdled hus p27@Iitlel. data bus 278 so that data sanples
can be noved from.l ocal nor 62 t.0 in ry. 256 for .subsequent
anal ysi s by 25&%rsdtczegsggro Effg%resy the FHETR, Wm FHEc¥hnel and
dat a acquisiterovining dihec aimpdy tafden ressoaisec af ddust chiaminelt @rsd gnal
anplitudegary LR iR 13nIRaLS1RGE Vadd | a dev u test.
Specificalﬁy? boﬁ%lfﬁelattenqaﬁﬁo%%gtaces? %gtcghg&h%sa% %%0 t he

anpl i fi caFEeFEesyeITCFobYs Rdwsl ooy ingund siey of filter

15 coefficients for digital filter 208, and then loading the

filter coefficients into the local memory (not shown) of
digital filter 208. Switch 244 is then actuated to
connect digital filter 208 to capture instrument 220,
thereby allowing digital filter 208 to present corrected

20 data samples to main memory 256 for subsequent processing
by processor 254.

Turning now to FIG. 2B, the structure of internal
calibration source 210 is shown in greater detail. A
high precision current switch, including a balanced

25 differential transistor pair comprised of transistors
2034 and 2036, and a current source, including precision
op amp 2012 and transistor 2022, are known to persons
skilled in the art. Control signal BIAS INPUT, which is
applied to the current switch either manually by the test

30 engineer or preferably automatically through the test
program, determines the amplitude of the signal produced
by internal calibration socurce 210 on line 274. In the
preferred embodiment, internal calibration source 210 can
be adjusted to produce signals that span the full input

35 voltage range of the channel and data acquisition
circuitry of testexr 200.
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channel circuitry can introduce error into signals received froma

devi ce under test. Al so, capture instruments commonly include both
anti-aliasing filters (e.g., anti-aliasing filter 287) 35 and

sanpl e- angvdnodsghisievi ces (e.g., sanpl e-and-hold 258), WRirDsyIepar e
anal og signals for conversion to digital form However, both

filter stages aRursaepledififensngial cdegkeeCPrba@liht 2R UCRL FFHT. i nto

signal s reﬁﬁh&ﬁdaEféO@léo appde¥ECeoUBHES chiP8bnt P& beh . e frh&r d cOnverters
(e.g., a- to-d rter 260) can al so con% bute to signal error. 5

An advantaﬁérﬁthﬁé ntePhvERPLBRET sOF nBFSF erably oFREu9h t ester the
ability tOpﬂagxamecbharsﬂgn&é ermiagptheufeeguencyi of rogeiceiynal o a si gnal

by its chappel ui siti cir |tr en correct the
neasurég sggﬁgﬁrénﬁlgg ggkgr?gg %sgg vgﬁ Sgrgg %%Q %&lzeﬁ ?%rough t he
use of i nt érpahepalyi l@rfatiaﬁﬁes@nteel clogks, CARACER i aadl AL t@HK-208s

During a t¥8bﬁa'th%.,%' 'tﬂ%atf'rgauéﬁgyeBﬁethév‘%i&fiag?’éﬂ)&uced tuated to

connect channel to internal Calibration source 21 In the
preferred éﬁﬁ@épﬁémcalulmréﬁhan $9uEsEi BLAt fo@ ther Ereguency af Hikm

preci si on gH Q,'lh clo&‘k" t(ﬁbt %B{«Jh@l a?bgméatsﬁéntgémgh@wd%‘l@@wgw edbt 0
e tes engi neer er eby

|nter53; cal i %tlon so 2%
causi i nEBrASEY Fﬁﬁa 58?5 l910 Y1t l?okﬁ?%HuE%aE 4R R ati on si gnal
havi ng a paeﬂa&db&sh&@ aaplbbudeedndofaeqmdncymeaﬂlm@e of ef esu bk,

enbodi nent 0 S I d e l'i bration
source 210w§&F§n§?ﬁc§| ?%rogg%ﬁ s?ﬂgéésruﬁae£#% éIEQt%gllbratlon

si gnal cansug@nlb@m@ésmgpdégrdexémpﬂge t fast fehwunherl trarsfermugh switch
236. 25  op phutheniySWsich 244 |s actuated to connect capture

instrunent 220 to_eithér test co er 204 or digital filter 208. In
the pricferred efbbERREAL, °§|QPF§F |Fg;1bratggg PouECe Al e FFpul se

response (BeRBlichtield an Fae.ngB32is that it produces a calibration

signal that does not drift over time and temperature.
This means that the calibration signal has good
repeatability. Although components in the channel and

20 data acquisition circulitry may drift over time and
temperature, tester 200 can use the known calibration
signal generated by internal calibration source 210 to
measure the signal amplitude error automatically, and
then correct the signal amplitude error by adjusting

25 digital filter 208. The signal amplitude error is
preferably measured and corrected just before a test, and
then at regular intervals.

another benefit is that the test engineer can adjust

internal calibration source 210 so that it produces a

30 signal equal to a level generated by an external
calibration source. The external calibration source is
preferably traceable to a known standard. As a result,
it is not necessary to connect the external calibration
source to the tester each time the test engineer wishes

35 to measure the signal amplitude error introduced by the
channel and data acqguisition circuitry. Instead, the
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taps, and 12-bit resolution. A digital filter having the 30 required
performance is the PDSP16256/ A, manufact ured by Pl essey.

Digital filter 208 al so preferably has a real -tine t hroughput of 12.5
MHz. Thiwoisgnédgsause data buses 266, 270, 272, and 2pgmalssmiyeye a

throughput Qf¢ E%ﬁid@é%'dhﬁyiaﬂﬂﬂ%é% &l %%aggPQQEgﬁﬁEéo§ Fgﬂgg't of the

pr esent | nvent lon Is that he pr.ocessi ng
12 - 210 using d}ileale#‘%%f@rl ﬁé%&ﬁ%@éluﬁowrﬁﬁouﬂn@uséﬁanvsél |y

i ncreasi ng rideardd N ipdateEbd Gomve Che dat pektemn 8aBkequentMOry 262 to
mai n menory. 25 result, the resent I nvention can correct signal
anpl i tude WE&W@UH %erﬁcre eD T e required to performa test.
Keepi ng teﬂam’lgtan ree I dp s rﬁqxuquxev:anyigl spognbadnambpdd tudet ers. In

order to eir{)e T Lélrdsc.}ugiw%tlcﬁﬂta‘il % é&agstgxef;y@ztgdi gital

filter 208 m ght errent e ank, which
consi sts Mgasynsany? mmdg [usdng (@&Jﬁmmﬁlpﬁﬁénbéﬁtlon standaTdster 200

measur es tike il BMiHd gﬂ%s@'r{torln%nt;\,on det,esnAkngekhe anplitude
response of its cha nel acqui sifiogn circuitr and t hen

corrects ﬁ?@me %?‘ifjlurs& aci?é’ﬁl:'-a?ifﬁéuﬁegeéyof filter 15
coef f1@i erime‘mraldl@mdrafuﬂdmrsozﬁ&e and .t has aoadisagtt hehe filter

coefficie e r t o ital filter 208.
Swi t ch 24?&8%%”1@21“3&2%?&.\{9%%% co(rel’nec 1%% tlgfl ’F‘FF‘F%?‘*@S@‘ZFO 8apture
i nst rumenno2d@nger ndeassEPrval | owi ng di git al f| lter 208 to present
corrected 20 datp &?ér@xeéfé&é@'eﬁﬁ&%{eﬁt%@hte%e%b%ﬁaHﬁ@érprOCeSS' ng

by processor, 254. Turni % now to FI G e structure of
i nt er nal calibrates internal calibration source 210 in accordance

15 with the procedure shown in FIG. 3. First, tester 200 is
initialized in block 300. In a typical initialization
sequence, the test engineer selects the front-end
circuitry to be used, the gain range, both the data
sample size and the sampling rate, and the input

20 termination. The test engineer typically selects either
a differential (AC or DC) or a single-ended front end.
Further, the gain range typically spans from 8 millivolts
to 2 volts, the sampling rate is typically within the
range of 620 kHz to 100 MHz, and the input termination is

25 typically either 50 % to ground or 10 k% to ground on
each input. The test engineer also determines the
characteristics of anti-aliasing filter 287 and a-to-d
converter 260 in block 300.

It is important to note that the initializing in

30 Dblock 300 might change the input impedance of the channel
and data acquisition circuitry, thereby introducing
signal amplitude error in both the calibration signals
produced by internal calibration source 210 and the
signals generated by DUT 252. For this reason, the test

35 engineer should calibrate internal calibration source 210
whenever tester 200 is initialized with a different set-
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calibration source 210 is shown in greater detail. A hi gh precision
current switch, including a balanced 25 differential transistor pair .
conprised of transistors 2034 and 2036, and a current source, including

preci si anp 2012 and transistor 2022, are known t [ SONsS
skllledqgoggﬁﬂggrt Control signal BIAS INPUT, which is c%w%%a@?@ﬁ to the

current swipt ctordiittheratiiemual 1Tn tb}lﬂmmayesmeaﬁeenglonemmr aphefesreabl y
aut omat i Calydey Hl@rﬁé‘g}h TRl &% measugregkgﬁ'ﬁ:macgﬁEgr nes the anplitude of the

si gnal produced internal calibration source 210 on line 274. In the
preferred enbod%’hﬁ#toxi %@ ndihec 96 snodnessusedegts bash a be adj usted

to produceasiignalts dhhdirpamdyheaiwd andpul c32i¥ekidss Lapdetalet he channel

and data ac UISItI uitry. of tester
AN, 0%82 RS Al catgBraldoh o B2 S a T8, des deRETELY and CAL LK.,
whi ch ar e sallsctashlticedd @intfh:amutheemangwi bch séighhar frequéhl’c&étsl y by the

test engi e Qad¥, LQu ~RLAgr, c r rmne the
frequencyr%%'f%“:Q:e S|gn§*ﬂp§%§b%§§rgﬁbr§ﬁ ?%% f%gh Bp& ?hg éﬁg Pred
enbodi nentthe gelected eqldiaptdbndiampdisudeavadbecks @AneeaKlyand CAL CLK-

is SUGA crhal e iR UQ@QXa%% &aagélg@ahhereﬂaﬁﬁglb& d datterna
calib§@t|on sog?%g 210 .,and .t he re%uenc sanp I ng clock (not
app

shown IO iE I NoPE 258ten 2QQtlsfy an MN relationship. It
i s known that %esdt,athe teekakehgiskiep cantbaltsed tatayakd " snearing” of

results, .o73900.61 ?IE%%r%%C 1% ﬁgeglggﬁa 3 ;gﬁ%g ggK %PEFFT

si gnal proceéssing exanple, r tr
anal ysi s) CL¥5 are Chmsﬁ@néplﬁhéﬁ internall calibration source 210, as

depi cted bRoBLEes2B éf@nﬁﬁahabﬁngrQd¥933u3n89lEﬁéetignequal to the

15 calibration frequency value selected in block 302.
Further, signal BIAS INPUT is chosen so that the signal
generated by internal calibration source 210 has a
nominal amplitude. Later in the internal calibration
source calibration procedure, signal BIAS INPUT will be

20 adjusted until the amplitude of the signal produced by
internal calibration source 210 equals the calibration
amplitude value selected in block 302.

The test engineer also initializes an external

calibration source in block 306. The external
25 calibration source is adjusted so that it produces a
signal having both the frequency and amplitude wvalues
selected in block 302. Tc ensure the most accurate
calibration of internal calibration source 210, the
external calibration source preferably produces signal
30 levels that are traceable to a known standard.

The test engineer then connects the external
calibration source to a tester pin of tester 200 in block
308. This step includes actuating a switch, such as
switch 236, 238, 240 or 242, to connect the tester pin to

35 a channel, such as channel 212, 214, 216, or 218.
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signal that does not drift over tine and tenperature. Thi s neans t hat
the calibration signal has good repeatability. Although conponents in
the chapnel and 20 data acquisition circuitry may drift_over tine and

t enper at&&2tHst er 200 can use the known calibration FPCEU§HA*Hener at ed
by internal cah} [ S e ; e gl I ktude
error autonati%%f?é% ggg EHéﬁtﬂéégg%gfegpep eagﬁgﬁgF 8§p?ﬂ?uagg§%?or by
adjustirmP%Eﬁu@ﬁgigﬁltFPIFﬁFeQBB} cxhabspgaan spprreude biesk p30.

pr ef er ablyheeasasediagdo€OtheCkegnkhiShrbaliees Byt 8k, eRBdrnal then at
regul ar fit,is that the iest,englneer can

intfrvals. Ano&hgr bgm; !

adj ust  C2HIREFhAPRCEPREFSt FBRLUBEFCE12E67 489t Rt 2PELpROUBELRYa 30 signa
equal 5t o 2ilewel 282nesatpliiby by eatplrabknd-hotdl R2bBat tonvasuiag. The

ext er nal | b ' u ‘| referably .tr blLe_t kno
standard.fgé%aéﬁégggtﬁg éggfkgﬁsfﬁgﬁ %&bg§§8¥§ F§5§§ﬁ535t8Fﬁe QQEanaI

cal i brat idfgitalssignalt prenessépgeprfedahat sampihe byspreagsaeer wishes 35
to measurgs g he signgbagfpbit aﬂﬁ%ﬁgg% Lg&sﬁgueﬁéhbxhghe channel and

data acqui sition C|rCU|tr¥. [ nstead, f
- 14 - correspondipg: seh§rheer fEgAVERFYbVALES npERNERSRAFEBESL on source
210 uwsi ngidk heaexteemnakycabsbiat bosckognge, and then use i nt er nal

calibration soyrce 2%0 to_perform subse %ent l.gnal .anplitude error
roasur ament's. Ak ReRtSobdaPEhLOLT BRE0EdeERha pal 8RR RLAGRER LT 1 ude
error in isveadjestedntbupgedduakcal aignglatpushgestdetoed fregaencenents
made us! Al eEaaL 681LBELKORISERNSR6S B CORhEASLestE Present

co
i nvention gives t . ' neer tﬁe abiFPW?bFS’agﬁust a
produced measurepnihleafigratli 6 béarcke3200. tepasen 2BQunighthe

15 obtain an amplitude value that is different from the
selected amplitude value. This is because the channel
and data acquisition circuitry could introduce signal
amplitude error. Nevertheless, the purpose of the
procedure for calibrating internal calibration source 210

20 is to make internal calibration source 210 look like the
external calibration source. Even though the amplitude
measured by tester 200 might be slightly different from
the selected amplitude, the test engineer can
subsequently use the measured amplitude to make internal

25 calibration scurce 210 produce the same amplitude level
as the external calibration source.

In block 314, tester 200 connects internal
calibration source 210 to the same channel that was
connected to the external calibration source in block

30 308. This step includes actuating a switch, such as
switch 236, 238, 240 or 242, to connect the channel to
internal calibration source 210.

Tester 200 then measures the amplitude of the signal
produced by intermal calibration source 210 in block 316.

35 The measurement occurring in block 316 includes the same
steps as the measurement that took place in block 310.
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cal cul ation of adjustnents to calibration nmeasurenents is no | onger

necessary. In the preferred enbodi nent, the test engineer
calibrates internal calibration source 210 in accordance 15 wth the
procedur V@RA¥SIn FIG 3. Fi rst tester 200 is i ni tiRETS9®23488 bl ock

300. In a typic I nitial ence t he test. engineer, selects
the front- e%gl Hou YEY Ire(?:ﬂ tlrfil ﬁé“ﬁ}gé:dl 3 a’r‘i’gilofgglﬁr}“tqiéiocﬁﬁ a

sanpl e si zaoar.ncécmﬂ Sqoep lampg. irtatds nmux’mi m@plhldzﬂ: 336y, mutedri on. The test
engi neer t i 'o\ﬁ %ﬁ' R %18 téé‘i{]ses t-_trﬁee‘{;leoc%feﬁﬂté Yo %%égﬁ 7 Spansaf fom 8

si ngl e-ende ront aln range t
mllivoltsblock (3127 \ﬁéﬂ $heph dagihdia &g 8li& t)Ipn édquk Wihin the

range of 620dkdn a0 AR RPUo BIHAALR ds 2By LYpi cal |y

ei ther 50 [err] to round or err] to ground each 1nput. The
test engi n&&C rsh"rgi?é’s‘ ﬁ‘ﬂ? 1tu‘3cﬁ'rara§ctr&¢é’tzi%% of Théht i - al i asi ng

fil te[ 2537?@@@11?-1&@;] d.tn tb#wmw?ra lernéeamd edalxrfgﬁﬁr?d)&n block 3t1‘ﬁ L:.sr S o
i nportan 0O NO a I NIt all.zl N m C nge e
i nput | nped&REE TS (HFidh %b qﬁ%%ﬁ%’ r"g?fr al t her eby

i ntroduci ng:allbmtgmi s:rq:dqa tﬁi@ aquls rtﬂmtélgrhael Gaiplhiratdeon si gnal s

by O%U?%Sé%fl—oor I S y(r:??seg; t%hﬁoga%eng}ﬁestedrqﬁchoul glr cal I%}%eger ated

| nt er nal céili‘i%‘r'fath%’rﬁlso@rlwgﬂ{}th bajfieidiee caramsnorging sdldated i zed with

a differenEﬁ%ﬂﬁenCV value and the measured amplitude, Bre then up
configuration.” In this Wa¥ﬂ t est er 200 wi Il achi eve t he highest |evel
of nmeasur eREMTSSe dit Fapn memory 2 qr?-‘blk&é%gksé’? the test engineer selects
both a Blocks 304, 306, 308, 310, 312, 314, 316, 317, 318,

15 and 320 are generally repeated for other selected
calibration freguency values. Decision block 322 causes
the procedure to loop back to block 304. In the
preferred embodiment, at least fifty frequency values are
selected for each amplitude value, and corresponding BIAS

20 INPUT values are determined for each frequency/amplitude
pair. Tester 200 subseguently uses the freguency values,
along with measured amplitude values, to determine the
amplitude response of the channel and data acguisition
circuitry.

25 Internal calibration source 210 is typically
calibrated using the method shown in FIG. 3 on the
factory floor before tester 200 is sent to the field.
Further, the amount of time typically required to
calibrate internal calibration source 210 using this

30 method is ninety minutes.

Tester 200 preferably determines the amplitude
response of the channel and data acquisition circuitry in
accordance with the procedure shown in FIG. 4. First,
tester 200 connects internal calibration scurce 210 to a

35 channel, in particular channel 212, 214, 216, or 218
(FIG. 2a), in block 400. This step includes actuating a

- 18 -



calibration frequency value and a calibration anplitude 5 value. The

calibration frequency value is generally selected to be within the
range of signal frequenci es that tester 200 expects ta res§e' Vﬁ from
DUT 252. WR BF>is3 the selected calibration anplitude valF&d’y 7’6’@ Rrall y

wi thin theyinpal, Wldaoss rapgepi2idie Limnnelo ange daia 10, asguisition

circuitry of tester_ 200. Next, the test engjneer initializes

i nternal = the SR EsD FREMTe W05 P L K RHUPT 2 16} Ofh F QUEER+2 AR d

CLK- are chosermpesrd:ha@00 rniresmalprhlddratd torsd BIES 2hipur 1ovetyces a
guency

signal having a freguen that Js. e to the 15 _calibration fr

val ue sel &% c?%%ozbcﬂtfﬁc%f Sele%%?#e"ﬁq‘ﬁ%lvas}% | NPUT FE % Rdsen so
that the siggnidratiomemnxtedy imtiEiowt 4R | brEtioncaosese 210 has a

nom nal a ' :de{’l- tar .| ' [ ' . ce calibration
procedurefimsdle.}gna Béla?SLﬁ'jrlil%fr?mj?iﬁg ;%0 %ﬁ%ﬁ;ﬁft? I;%gi;% | itude of

t he si gnalRafigHucel apLlitugat 1T AR At OR e uEc #s the

cal i brati Qtanda@pldd udshy aldieimed At BG4 N bt OEko3Mource 210 wd8e test

engi neer also initializes an external cal i brél%&on source, i n_bl ock 306.
The ext er fAiT5 CEARTRRT GESHATE i dHURRF LI I AP ptBKiEEs a
si gnatohaw ng both the frequency and anplitude val ues sel ected in bl ock

ot o 210, 1 ndiet "X U0 epeprdn AU B Pardd 8 VB8 oduces i gnal
30 |evel sigratl amducaddt elnteemahoel Sheaftdeenl. source 210 The test _
of 't oot er TOT Moo A EEAAne s g A g Pl AL T eh, Such
as swiamgh idggie 298 biogk A0dpre tthe e t2$ hehe esteps prsedoins a
channgk, Hith asishamEel R bPddk RS, oFhllfeasured amplitude
- 16 value, along with the corresponding selected frequency
value, are then stored in main memory 256 in block 406.
Blocks 402, 404, and 406 are generally repeated for
other stored BIAS INPUT values and corresponding selected
20 frequency values. Decision block 408 causes the
procedure to loop back to block 402. At least fifty BIAS
INPUT value/fregquency value pairs are preferably used,
and corresponding amplitudes are measured and stored for
each pair.
25 Tester 200 then determines the amplitude response of
the channel and data acguisition circuitry in block 410.
Tester 200 typically uses processor 254 to calculate the
amplitude gain at each selected frequency. The amplitude
gain is determined using both the amplitude stored in
30 block 320 and the amplitude stored in block 406. Tester
200 subsequently uses the amplitude response to correct
the amplitude error introduced by the channel and data
acquisition circuitry.
The amplitude response of the channel and data
35 acquisition circuitry is typically determined using the
method shown in FIG. 4 each time tester 200 is

- 19 -



Tester 200 then measures the anplitude of the signal produced by the
external calibration source in block 310. The neasuring of the signal
produced by the external calibration source includes filtering by

anti-al igodagsiss filter 287, sanpling by sanpl e-and- hol c3h&972m08/ert i ng
fromanalog to digital form by a-to-d converter 260, and digi tal signal
processi ng-roft vkt bzedmpl ey dyngW creissir conf izawatiies, n@&!sijrté@na@m i tude,

al ong W'”kéc_f{fviar 160EFeSPONdI g SBhEt € 4 rﬁ%gerwpw\e%,m & rdlfikdagn stored
10 in rral n fr\fl_6256 i.n bl oc abov t he

mant i onéd
ext er nal W%o‘eﬁ%&mpﬁ?ﬁ%‘dﬁm%% o Pristicg ?Eﬂsgm% 08V ng
sel ect ed fsmqau:mw seCm&m anplitude values in block 306. However, when

tester, 200 n bl.oc ter 200 t 15

obt ai n an anpl |‘1Fnjde v 5%9%% ?Sé ané‘?%tm k‘?efs]tiﬁ]i:% Coxs Ctrcyt e arrpl i tude
val ue. Thlasnpblmmwhe—r@mmed by arhe ddtemnredq@nsi tdatml circuitry could
i ntroduce %o‘?%jﬁ on 8P &L HdE, (g\%y Eldd el 855 i of the

pr ocedur e rati [}g |nterna at1 on source %10 20 is to nmake

i nternal cHIH ot oRIGou? ce QH’OStFoofkeﬂﬂ'@é 4HE calcudat@snal s@X i9dr ati on
source. Eveim ¢ &ougbe t hitc et s t fiste dxgﬁ@lawmzbmdaes_txﬁmm mioght be

slightly differ nt from the selected a est _engi neer can
subse hent ly usetthd FRAE e G P e ‘{% Jﬂ”@ﬁﬁ" 5“’?% & ibration
sour ce 21Cyanstifcenddcoy aael gl t tidtee+ Evedriant agsttem ea)xteer nal calibration

our oo 210 TS MSEHCR | SEMLaA) SN W Werada ol

e sane C connec € éxternal
cal i brati dfhaburre tredsbeknad byoBineghishist eplnvastiveds W ng a

swi tch, S%aélso bé%rké%@é@mr@é@ 240 UnAfttel b QARRCL the channel to

|nternal cali bration source 210. Tester 200 _then measures the
anpl i tade Qﬁq‘t‘q‘r‘él@%a?lrc‘“‘iﬁ}éo%%e%e%’iﬁ’f M taricalilyr ddndesur ce 210 in

bl ock 316.s&5cidhe EBasHieiRdteDEset IliNgedn thinecki mBdrilamt] wiegdrze same
steps as the {Basur en Qéttﬂ%a]trfggtpéya&e |n bl ock 310.
It is also known that one way to recover a signal
after it has been transformed and distorted by either a

20 linear time-invariant system or a linear shift-invariant
system is by “inverse filtering” the distorted signal.
This means that a filter must be designed so that the
overall impulse response of the f£ilter and the
transforming circuitry in cascade is a unit sample.

25 Accordingly, the filter coefficients are calculated in
block 500 such that the overall response of the
channel/data acquisition circuitry and digital filter 208
in cascade is a unit sample.

As mentioned above, digital filter 208 is preferably

30 an FIR filter having 32 taps and 12-bit resolution.

Also, the filter coefficients might be calculated using
the well known Parks-McClellan/Remez exchange algorithm.
The amount of time typically required to calculate a set
of 32 filter coefficients using this algorithm is 10 to
35 20 msecs. Block 500 is optionally repeated for each

- 20 -



- 17 - However, if the anplitude neasured in bl ock 316
does not equal the anplitude neasured in block 310, then deci si on
bl ock 318 causes the procedure to loop first to bl ock 317 and then back
to bl ockWOIB25(5 bl ock 317, 5 signal BIAS INPUT is adj ust®eR/Pe78240er

h | I de,
moasur | ng SR IOHE FES BT 196 ST D 1A oo FB Bk TSROk 2eP5E 8B at ed unt i

t he si gnalinaiid.t dde produced by | nt er naI calibration source 210 equals
the signal anpl £ Raduced. erngl | rce. The
Bl AS | NPUT r%ﬁe%%eethi Wi th bot §?£§t3rr%g°3n%tﬁlgar 2o Bl

frequency SP4 de dren HE dred a?-rﬁﬂail{ FROXAT éﬂtoﬁeﬁhown)sl@(ir ed in main

nermrys25@:d 10684 1320 208 in bldAWE2 3041306138+ S HE 312314, 316,

317, 318, 1 nd, 320 are ner al r for other selected
calibrati &?qfr%cﬁféﬁtrf %se Fﬁéﬁ %?%%@%%’f’? L &556¥P  the procedure
to | oop bmdﬁﬁafgxtn‘amlorm4mﬂghﬁ e calquleftesd eshdeslitediedein, tie | east fifty

frequency %Birﬁ%(q‘}a; el ect ftor a %Ch ! 'otfu%?)e\ﬁ‘ll%q en%s can

corr espon va Ues ‘are "det &7m ned
f requencyﬂ:m*rﬁultq]de' 10&61@3 rintPe stigi 200 fSulibsaq 388t Mhens éhe Is@th-rgquency

val ueg cox?éa té’h rgiﬂse# T]arg:dd téllggl | ues, to determ ne the
channe

anpl i tude response o t he ata acqui sition circuitry. 25

I nternal cali bi¥&%ton &dHidape sat t%ﬁplféd{tla}' coefficigndised susi ng t he
met hod shawaddn Rlirfto 3Hiqidaie ﬁlltéxaqw Vi aeickbsfoar.e IAE%TeQ:r o400 is sent

to the field. F h th { tl |1 [ dt
cgl i b(raat Ie%ﬂt%aﬁ"%ﬁ%%ﬁ oﬁ%%&a@f@ aﬁﬁydfl :’;@ UI (r)g i soni nety
mnutes. filter 20Beswe2B0 yireefteimeblwhette toe s@tnes ﬂae:aarspknglwie is
respopge Qi NG &Nae I SR A Hd 1R LYY &P2 moved to

main memory 256. A new set of filter coefficients is

also generally lcaded into digital filter 208 when the
set-up configuration of tester 200 changes. The amount
of time required to move 32 filter coefficients £rom the

20 local memory to digital filter 208 typically does not-
exceed 3 usecs.

It is known that after n filter coefficients are
loaded intc an FIR filter, » data samples must pass
through the filter in order to prepare the filter for

25 subsequent filtering. This operation is commonly known
as “priming” the FIR filter pipeline. Accordingly,
digital filter 208 is primed to received data samples in
block 506. In the preferred embodiment, the priming
operation consists of moving 32 data samples through

30 digital filter 208 at a rate of 12.5 MHz. The amount of
time required to prime digital filter 208 typically does
not exceed 3 usecs.

Next, the data samples are filtered in block 508,
thereby correcting the signal amplitude error introduced

35 into the data samples by the channel and data acquisition
circuitry. This step includes actuating a switch, such
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accordance wth the procedure showmn in FIG 4. First, tester 200

connects internal calibration source 210 to a 35 channel, in particular
channel 212, 214, 216, or 218 (FIG 2A), in block 400. This step

i ncl udes agjygdiigs a - 18petrusyirz4cs
switch, such as swtch 236, 238, 240, or 242, to couple the specified

channel to i|iaseswakchabidh;y aRioén EéarcerZZEO to connedestloe dﬁmtmh@n

applies a storggrERAﬁtlygUgﬁgggcal E°§6§SR&&93398§ fﬁﬁ@dkhe

frequency valt nt érna £ oh° Sour ce 402. This
causes |nDErﬁatedaﬂaﬁﬁaﬁamﬁlgéuﬁ@etﬁag @@mﬁﬂ%ﬁﬁm%p%.5|gnal havi ng
an anpl i tude that a%lﬁguagsaelse&neﬂ@ LHBEEARES:, nuidAh\gard, as long as
i nt er nal callbratlon source 210 was fir al i br at acco d|n to the
procedur & shdwherpatiige gpbodiments or VRE&%“‘P%%%%*&% e

anpl i tude of ekBfipie, $kgWak pho@tiCed byGLHEBrﬂBﬁtC£mtéwmdlon source 210 in
bl ock 404. Onc

bl oGk 404" ar BALHELBhERSoPRE oL PADeCaBRASFR I8 & ot trBeR SRt and bl ock
31?. tTgefneaauredtasththdewhichvahuéudasoagbmlamce&edtfieee@bhdlng
selected fre

g%%ﬂ%éi é:ozoﬁﬁllgoﬁnﬁan dEgggeﬁEoé&gréQ ”%&vé‘@@?rytggié in block

406. are general | repeat e or ot her
stored BIGAS LNP@¢m¢aKaé90anéSc@ﬁr@éﬁoﬁﬁlhélgéF§@Fb6n20 P¥ eq@ARYCval ues.

Deci si on b'OGhté9§aqa@a§§bkaelon seueeedgﬁs b&n! 8980 bBskihe1 bhesked02. At
| east fifty BIA UT val ue/freq uenc valueﬁggérs arf greferably used,

and correspoﬁﬁlW@déﬁﬁﬂpﬁuéésagﬁglhﬁéséﬁgl aRBfef PeFLllatay kOpair. 25
Tester 200 tpesddelctni BBSollbecatphilludereesposset odny frédeentmnnel and

data vaUiSi%E%g1C|%p%b%E Jedbkggé &gh Internal calibration
15 source 210 may alternatively be implemented using either
a noise diode or a comb generator.

Also, it was described that during the calibration
of internal calibration source 210, a BIAS INPUT level,
along with both a corresponding selected frequency value

.20 and a measured amplitude of internal calibration source
210, are stored in main memory 256. However, this
implementation is also an illustration. Alternatively,
the difference between a measured amplitude of an
external calibration source and the measured amplitude of

25 internal calibration source 210 might be calculated and
stored.

Also, it was described that digital filter 208 is an
FIR filter. However, this is also merely an
illustration. For example; digital filter 208 can alsc

30 be implemented using an infinite impulse response (IIR)
filter. Further, a digital filter comprised of an FIR
stage coupled to an IIR stage might be more appropriate
for certain applications.

Also, it was described that at least fifty frequency

35 +walues are used to determine the amplitude response of

the channel and data acgquisition circuiltry across a
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Tester 200 typically uses processor 254 to cal cul ate the anplitude gain
at each selected frequency. The anplitude gain is determ ned using both

Zgg anpl i %{Sg&lgzg%ed in 30 block 320 and the anplitude stﬂ;égﬁzggp%%bé)ck

Test 00 subsequently uses the anplitude respo I ect

the anplitudeiebh@y iR Hedditrthainfledtd dala is nRGULSIE ON
circuitry. | The ‘ampl it.ude response of the channel and data 35

acqui si ti onlditREtratts t Ppilddifiereidt smhREd AfsitFGRITECY PoFBtRodedhown i n
FIG 4 eachbki fleriesi®rodilate for certain applications to achieve 19 -

initialized th a new set-up.configuration, and then at regul ar

i nterval s. tf'ﬁn %Entac&urtaitr% ttef a%‘@'trse'qui red to determ ne the

anpl i tude respon®d.oadllyowiitg velsi Slesettided thats Higittplsdddnes. 268 is I n

the preferr OCH. 20 r | . li:t.ude error

i ntroduced g’;ﬂl‘ ?ﬁg ?ﬁgﬁ% %ltaa‘r‘ai’gtng;t:ia Q;?%%égg% ?‘l% !%gr? éiers?gﬁttﬁt?yﬁ'n accor dance
with the prBowewex, thighdWiplienepmtatimn Hig fglsa wr@ly2@@ cal cul ates a set

of filtesiceebliGint s dhy o @iiialy fiid tfe 208 A PlREK 208, 10 _ It
is known that continuqus-tine signgls that are transtforned by a |inear
time-invari SAFLER: dhissE havinghdiffer s hare teSintigs Fhad screte-tine
signal sip vyibkagsandd RRSIAREARLAraiRay. shift-invariant signals . can
al so becone distgrted.. The channel and data 1 cqui,si.tian ci.rcuitry of
Cester 200 typi caRSy SERAa e Lavelicon shelnlsh B8 gt oty B
time-invari ahe sydirdns and seopdd mdarchshidfdpdandet icArtinsy st ens. It
is also known that one way to recover a signal after it has been
transforned and distorted by either a 20 linear time-invariant systemor a

i near shift-invari ant
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systemis by "inverse filtering” the distorted signal. UIuﬂmalgHM§‘uhat
a filter nust be designed so t n& Re -7 HA%V@@ It i mpul . e e

filter and the transform ng Ci r%ﬁr&téqﬁ cascpde is a unit sanple. 25
Accor di ngwp 9sRbs3filter coeffif —af-8—6A ed in POITE8K/I2B88 such
that the overall .response of the, channel /data acquisition circuitry and
digital filter @t is i‘ﬁ?&%%gd“egis a unit sanple. As nentioned

abgve, di giJI.aIAxf idtert 28 ¢ cipreafier a&ﬁsﬁ.é}@ f@n cﬁ&ﬂdrﬁﬂﬁg havetigeB82at aps
and 12-hit reso 1.0 t ' r coeffjicien m .
AH, upged’ S, 1F Sl i8fodnly S LtEims

cal cul ated using he we NowWN change
al gorithm Fheohmmakitwfof ichanypls sdeniakiyicenhectedltal ate a set

of 32 filter cogfddcdantss Uslaw éé&ﬁﬁaﬂwm&&éﬂrwﬁéﬁ%& fBECS.
Bl ock 580 S optz;lounal ly repeated for eac

- 20 - oot 53 (Rfe SRRt and s eRPRRT Ve %Rt hod depi ct ed
in FIG g4. acquiliec sl ofrdiidef copifivivdts eohead admst i tudbock

500 is then stored in a |local nenory (not shown)_ of digital filter 208
Tnbl ook 502° MFHTH SRS t9aet 9l SEons] Bdafted BY (e Rebittng fo
di fferefit set-upmnder cmdt guratpmissingd ght be cal cul ated and stored in the
| ocal nory. As a regsu ficl C be quickly
Ioadednlgnto di gi tal ff#t é?e%%éﬁﬁlﬁ%uéﬁ- u%%@'%%]bln g%fr ation of tester
200 chadfiges. — referengxisignaistseccmbly donnertedetdidtats is

| oaded;ignto di gidilnddl | eheQ8Ldrh bl 0fk 60 fefend@d Signals fbdigs

coeffi gizent sis L;fg/pl cal Ia/e | oaded intg digita

ed to termine a first amplitude response of one

13 of the plurality of channels and the respective
14 data acguisition circuitry in cascade; and
i5 (b) means for correcting the signal amplitude
16 error, having a second amplitude response and being
17 switchably connected in series with the respective
18 data acqguisition circuitry, wherein the second
19 amplitude response is adjustable, and wherein the
20 one of the plurality of channels, the respective
21 data acquisition circuitry, and the means for
22 correcting contribute no signal amplitude error to
23 the at least one signal produced by the device under
24 test.

i 2. The electronic circuit tester as recited in claim 1,

2 further comprising

3 {c) means for determining an amplitude response

4 of the channels and data acquisition circuitry,

5 connected to each channel, the respective data

6 acquisition circuitry, and the means for correcting

7 the signal amplitude error.

1 3. The electronic circuit tester as recited in claim 1,
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filter 208 between the tine £ gﬁgset gf dat.a: sanpl e}s‘"lu“mllmgmmub and

the tinme when the data sanpl el ®& mm_f 9 ain menoryL256. new set

of flltq{leggfg&s%ments S Hh Hed into %ﬁb@ﬂmﬁ Iter 208

when t he up confi gur atfEFo Tester 200 changes. anount of
time yequired to mmx%arﬁ‘ laﬁeerplmetﬂ:utgi Y SdfePBldE Limnd OERhaPENOrY t?

di gi tal f||ter 208 Rﬁhlca .does not exceed 3 [err]secs.
i s kmown t hat % 59 G¢hReSHSFtive | RPN eS an FIR
filtet, n datan@hnples nmust pass through the filter in order to prepare

the filter for g?@ u [ Th| e atlon I s conmonly known
3 %é qgl%% (ﬁes dé %W%lta

as "primng" the FI pip ccor filter 208
is prémed to mwaﬂammmresmeranngmmem then dimenupe®f erred

enbodj ment, t he PEIPNG coui QREMAL 10 qﬁ?sts of nmoving 32 data sanpl es
t hrough 30 dlgﬁtg é]té?IZOB at a rate 12.5 MHz. The anpunt of

time required to prine digital filter 208 typically does not exceed 3

[ﬁrrlﬁeca The electhidtic tdllecdﬁttia ﬁ@@ﬁ%@rﬁélﬂéﬁrﬁddd%mopf 5?ﬁ dat
t hereby correcting the signa i tude err r oduc into the data
sanpl®s by the chaﬁ#ﬁ Qﬁfﬁﬁ* ﬁQﬂ? & &k thSRSHRLe st ep

incluﬂes actua&gm;kipﬂndudad:hyﬂthe device under test at a .- 21 -
as switch 244 C he capture i nstrunment to
dlgltal fl|teP%§§%tVWHC hen pre eé%s%ﬁh corrected data sanples to
test conputer 204. Havi ng descri bed one enbodi nent, nunerous 5

al t erpat isv e 7@ Qi IR 1 cw&rdﬁte s B0 BedBds i FW1ain £XaMPl e, it
was shomm in FIG 2B that internal
wherein each respective frequency of the

3 plurality of reference signals and the sampling
4 frequency satisfy a predetermined M/N relationship.

i 6. The electronic circuit tester as recited in claim 1,

wherein the means for correcting the signal

w N

amplitude error comprises a digital filter.

7. The electronic circuit tester as recited in claim 6,
wherein each channel, the data acquisition
circuitry, and the digital filter in cascade is

characterized by an impulse response, the impulse

Ul i W N

response being a unit sample.

8. The electronic circuit tester as recited in claim 2,
wherein the means for correcting the signal
amplitude error comprises a digital filter, and
wherein the means for determining an amplitude
response comprises a test computer having at least

Gy U B W

one processor and a nenory.

9. The electronic circuit tester as recited in claim 8,
further comprising
a first high speed data bus connected between
the data acquisition circuitry and the digital

Ul & W N

filter, and
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i ch (el udes & bai anced di prorenrratereeest o (IBMEHIEALS - cr

source. However, this 10 i njil EMSAHEETAHAS BERErlel y dn 1| istt at’i od.  For
exanpl e, wosshsiser nal cal i brdti on BEGKAEER10 cgh al so be pophssmuesd by
nmodi fyi ng an absol ute | evel rence oscirrator to produce an absol ute
| evel $eference at anysdamgudriggh speed tddta éowpe:@irx&ﬁeedtekiabéweeh | nt er nal
calibration 15 t nted using either

a noi SZ di ode otr}%t%cggb%lgnfeif%t% e eée\gﬁ%o t%\j\!?gs descri bed t hat

duri ng the calibration of internal calibration source 210, a BI AS | NPUT

level 3 108l o Widehidi @ SP¥EP UG- & gt %U%Iiaxmvel ue 20 and
a neas red anpl i t ude of |nternal caliQration source are stored in

mai n nenory 256. HowlRRein ke firghRigh seasd date §Iu§o éﬁel | lustration.

Al ternatively, dlglﬂéﬂe ﬁmfﬁ‘eer erael ieenicandrid sy e@e@mpﬂatadbu@f an

ext er nal callbratlo sur e e of 25 i nt er nal

cali br%t i on sodice é“rﬁ a%!g“ c;%ec%ﬁleaft c{ﬁ{f% orr@& Al so,

it was describedthat dlgltal filter 208 is an FIRflIter However,

this i¢ akso Ve A idil s tsnat ory ter 208
S0 'f&feélﬁ on1c AR UL o n@i@ﬁl’r’m A resp%’nseLFF

can also 30 be i enented using an I n |n|te I mpu | R)
filter? Furtheﬁa¥%hﬁ%ﬁ%Qﬂ ﬁqqqqﬁemxﬁﬁﬁléﬂﬁﬁnﬁt%%y meRsuringt age coupl ed to

an | IRystage Misalynds mIRART G ildeyice ;Lﬁ{de(i:ertte%ﬂ.n appl eations.
so, jt was described that .at .l east fi requenc val ues are used to
deternfne the éfﬁﬁ T A% e st he de "%’ d‘ﬁ’%‘?ﬁ e&ﬁdlﬁata acqui sition

circui$ry acrosuractioning properly, comprising: - 22 -
& (a) a plurality of test pins;
7 (b) a plurality of channels switchably
8 connected to the test pins, for driving selected
S test pins, and for receiving the signals appearing
10 on other selected test pins;
11 (c) respective data acquisition circuitry
12 serially connected with the plurality of channels,
13 for sampling the signals to produce data samples,
14 for converting the data samples from analog to
15 digital form, and for storing the data samples;
16 {d) a test computer connected to esach channel
17 and the respective data acquisition circuitry, for
18 controlling the plurality of channels and the
19 respective data acguisition circuitry, and for
20 analyzing the data samples; and
21 {e) an internal calibration source switchably
22 connected to each channel, for producing a
23 calibration signal, wherein the calibration signal
24 is used to determine a signal amplitude error
25 contributed by the plurality of channels and the
26 respective data acquisition circuitry.
1 12. The electronic circuit tester as recited in claim 11,
2 further comprising
3 a digital filter comnnected to the test computer
4 and switchably connected in series with the
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sel ected frequency spectrun1 mever this is nerely an Il lustration.

cer ai ﬁri%d g%’fén?tlriﬁﬁ.e ﬁﬂﬂﬂﬁ”ﬁﬂ&lliac%rg?éet St E%;'@; o

5
Finally, Yescri bed that dlgltal fi'ltér 208 is f%%r

having 82 taps aﬂgéﬁéh$&¢erdé%&l&déﬁhs;tloﬂ*ﬁﬁﬁﬁﬁmtﬂ '5¥dﬂﬂm enentation is
al so nerely an Il lustration. On skill in thega% rgg’de3|gn a

digital®fiiter HEEFFPUHIT SUHET é?ﬁt&lssal"f Ys the desired

per f or mance. computé}mﬁaﬁcxubséqutdﬂnaﬁumyyn§hould be I|n1ted only by
the spirit and scope of the appended cl ai ns.

1  13. The electronic circult tester as recited in claim 11,

2 further comprising

3 a first high speed data bus switchably

4 connected to the respective data acguisition

5 circuitry, and connected to the digital filter, and
6 a second high speed data bus connected between
7 the digital filter and the test computer.

1 14. The electronic circuit tester as recited in claim 13,
2 wherein the first high speed data bus, the

3 digital filter, and the second high speed data bus

4 each have the same real-time throughput rate.

1 15. A method of calibrating an electronic circuit tester,
2 the electronic circuit tester including a plurality
3 of channels and data acguisition circuitry connected
4 to the channels, for correcting a signal amplitude

5 error contributed by the channels and the data

6 acguisition circuitry to at least one signal

7 produced by a device under test, comprising the

8 steps of:

S (a) calibrating an internal calibration source;
10 {b} receiving at least one calibrated signal

11 from the internal calibratiocn source;

12 {c) calculating an amplitude response of the

13 channels and data acquisition circuitry using the at
14 least one calibrated signal received in step (b);

15 and

16 {(d) correcting the signal amplitude error using
17 the amplitude response calculated in step (c).

1 16. The method as recited in claim 15,
wherein the calibrating in step (a) comprises
3 the steps of
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;:Ietzgr;n ni ng whet her a deV| ce lmuﬁ !ﬂ l’i&glfrcw Lreste (Izgol2 u];lg'[I oni ng

properly, that includes at |edst ‘onk charfnel* (212, 214, 216, 218) 3

swi t chabive sgasasBed to at | east one tester pin (228, 230, PEIASITBAYE at

| east one 4 data acquisition circuit (220, 222, 224, 226)

coupl &d to the at | &akt smkecehbhan mmplitude va ané att dsesdonput er
(204) 5 charactéhé zededendptvdNge t ester further includes: 6

an i nternal callbra% f spur ce, r&ﬁZlﬁ% constructed _agnd arranged to 7
produfe a calibrati 5%k %‘%h st e i N4 e FRF 1FG EARR BAYES 0 a
refergnce 8 until it psighatepraoviidedt: byigndlefrerdnee chieandandagannect abl e

to thg at |eas a switch
(236, 2238, 240&‘%4%&%%%’%%3"?“? hseelbea?teodaclqnuﬂs%etp o PES A 11
and h&ving fi rsemamal seephicydsivalums:;, a first position receiving the
refeggnce 12 3) PN d,;2 esggégr}% PQSitsh QGel o he
calibration signal; (a } 1 1:§§¥1qﬁ%§ g%tg%g%%h|5|tlon
circéitt is arrémgbl %% PR e £ fseeand fignajly having the with the switch
in the first paspliesdanshrusenmntyalae middt e %\ye&;g@ntc Y LR8 uko
second position, the first vaIuF gﬁd t he second val u eing indicative of a
test&r 16 selected in step (g a filter, coupled to
t he data acquisitiofat) reentecnthd avhe GexaghtisdlIMeadls k@ tion source
estagllsl shed |nt5e§pgﬂggnéf the tester error, arranged to produce au out put
Si gna

{a5) measuring the amplitude of the second

17 signal;
i8 (a6) storing the amplitude measured in step
19 (a5) ; '
20 (a7) connecting the internal calibration source
21 to the channel;
22 (a8) measuring the amplitude of the first
23 signal;
24 (2a9) adjusting the amplitude of the first
25 signal if it is not equal to the amplitude stored in
26 step (ab);
27 (210) repeating steps (a8) and (a%) until the
28 amplitude of the first signal equals the amplitude
29 stored in step (abd);
30 (all) storing an adjustment setting for
31 producing the amplitude measured in step (a8); and
32 (al2) repeating steps (a2) through (all) for
33 each remaining frequency value.
1 17. The method as recited in claim 16,
2 wherein the selecting in claim (al) comprises
3 selecting an amplitude value that is within the
4 input voltage range of the channels and data
5 acquisition circuitry.

1 18. The method as recited in claim 17,
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19 conpensated for t 2. The electronic
circuit tester of claimi1l, V\/ner !ﬁ I cal | bration source (210) 2
i s adjustable, and the tester rcr o) j ust the i nt er nal

cal i br at i %9 %¥23t¥e 3 to substantially equali ze GHUFL722408, ) e

and thg second valu 19g¥ JSing
pr eci s?on of the re]geréePn%lﬁ Q\[Srgandsar]tcai‘ﬁ"e(g %elrf n%leaflrﬁl(alaz ra :%.;(T)n 5
sourced3 1  3.comprisettIVRTEENT Al tleast eqn%ffltﬁ%%q:f oralyieai m 2,

wherei g the intg{fali£akidial i@e Zrange of sigriUr 6 dueiyidss constracted
and arranged to é)duc sub ta J | ntlcal 3 val ues of the
calibration si g}ﬂ%? ‘b"e%‘g ‘%% Cd%é'l % i%R/*%nd changes in 4
tenperature, thereby obvi atl ng the need for frequent calibration of the
tester 5 u3| ref ce. st-andar

24 13. The bl‘%de e ec??%éﬁe%] %Ill’%‘gl tlgss’t er of claim1 or claim 2,
wherei & the filter nsh@mnrgmrm #xrernal calibratidn tsguxge dmged to
conpengate for éée][siﬁa@é&qfé OViBkowhn rﬂ@?dé)fd at | east one 3

anplitude and at [east one frequency- 5. An electronic circuit tester
(200) for determ ning whether a device under test (252) 2 S

functi oni g praperdachédads irediees sl dpash one channel (212, 214, 216,
218) 3 switchaply coulgl ed to at Ieast opag?t r_)’[)i n (228, 230,

232, 234), at |east WHerein the measuring in {FSR ¢ He (220, 222,
224, 226) couplmshdwribe at éwt(m&)& @éralmrmdmg&lse fllterlrﬁjlctﬁea a t est
corrput r (204), characte tester f .1 Nngl S:

an intérnal calsl’ltﬁ%?fon cJ;g{‘()‘%:rﬁcfsg’ ng&%aé c%lbna(sijr’r ucted a r %]?c'r}éengse da%'

produck a cal i bfzetm onslemato simimlufprmeqijemxsye%ﬁ@wrm mmﬂama) a
referegce 8 data Saméiggalarmogyégggnpyn@ dES Brence glpndard connectabl e

to the at | east one te
7 processing on the data samples.

1 21. The method as recited in claim 16,

2 wherein at least f£ifty frequency values are

3 selected in step {al).

1 22. The method as recited in claim 15,

2 wherein the receiving in step (b) comprises the
3 steps of

4 (bl) connecting the internal calibration source
5 to a channel; and

6 (b2) applying a stored adjustment setting to

7 the internal calibration source to produce a signal
8 having a predetermined amplitude value and a

] predetermined frequency value.

1 23. The method as recited in claim 22,

2 wherein the calculating in step (c) comprises

3 the steps of

4 {cl) measuring the amplitude of the signal

5 produced in step (b2);

6 {(c2) storing the amplitude measured in step

7 {cl); and
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9 pin; 10 a switch (236, 238, 240, 242)

coupled to the data acquisitioﬂl ' | and having first and
second positions, a first posi mmmﬂ"ﬁ‘"{mhe PEferences s
si gnal angpss/saeond position reteiving thescali bration si gealyss122408

wherein the data acquisition circuit is arranged to neasure a first val ue

14 8 wi t h tle3)swidcstatiing Rt dns sib2dasi tdion ard al aXcofmk val ue with
the subtch in LoekSonal predercRRl MINIdLy W4 St val ue and the

second val ue being indicative of a tester 1 error; and 17
wherein the internal calibration source (210) is adjustable, and the 18
conput gr i3 armangestiod ad wsdcitdee? 1iH lkdhka @8, brati on source to
substagtially 19 . ual ize t.he f.irst valﬁgyand t he. second val ue,
the tebter thereby CPFFGE} MHR WESUTIng 1in SteD 56k o FWPTHEET ef er ence
standaBd to thelientsrepd ofalfiifrtaniiony sthe celgnall, sduplAngettive of
calibrgating an gl rond | LG ter 0 | ect ' Lrcuit 2

t est ergi ncl udi n?%%%ar?r%ﬁé%gié Zéﬁe,s %%%%Soriv%a?hoggglé&%fﬂ)%#t 0 a
tester53 orm pifh NerES S0 tRIFoREAH dath HammkeF na@nEal i brati on
sourceg(210), HAMAing digital ﬁ?&&ls'ﬁf&féﬁfr@'én (2D .a=dd, 224, 226)
coupled to the channel, and a test conputer (204) coupled to
the dafa acqui SAPSircuit, characterized in that the 6 ‘met hod
i ncludes: 7 (A) the data acquisition circuit neasuring a

referegce a%ai%eg:hod as recifUWes! %eilé%g he tester pin to produce a

first heasurenent; . he ‘data acquisition circuit
measur2ng a cal i br atvherssingrsdienend@rdlt edicid , and (c2} dgge tirpéaited nal

calibration so :
I brati S %ﬁ 40 1@6@@%&?%%@?61 {dg%gtelquenc values.

25 ng a tester error in
response to at | east one of the first and 12 second

measur @nerntes; ¥ method as recited in claim 23,

2 further comprising the step of repeating steps
{(b2), {cl), (c2), and {c3) for each input voltage
range of the channels and data acguisition

U o W

circuitry.

27. The method as recited in claim 15,

wherein the correcting in step (d) comprises
the steps of

(dl) calculating at least one set of digital
filter coefficients;

{(d2) storing the set of digital filter
coefficients calculated in step (dl);

(d3) loading the set of digital filter
coefficients into a digital filter; and

O 0~ oy b o W

1

o

(d4) filtering a group of data samples.

28. The method as recited in claim 27,
wherein the calculating in step (dl) comprises
calculating a set of digital filter coefficients so
that the impulse response of a channel, the data
acquisition circuitry, and the digital filter in

N U S W N

cascade is the unit sample.

30 This Sheet Has Been Replaced

A




13 (D) adju jlter to conpensate for the tester
error, wherein the 14 Juli@"ﬂib”l pl ed to an out put of the data
acquisition circuit. S |m6further risin

(B rreasur‘ivﬁg’&asﬁést Si gnal “at the tester p| n with the dat aP P3N 3

CII’CUIt f||t rlrﬁgzt.;te out put of the data

g &I‘E ethod as_recitda iy

acqui si ) on ir clitt "o genérare a medsur ement conpensated for
the tester error. 1 wh@reine tinst Kbgidfalelfdilnes ors B fuleited nimgpels¢ B)
further conpri seg-adichsld 79 1tche .2 internal calibration circuit

and repeatedly neasuring the calibration signal to 3

substantially equalize the first neasurenent and the second neasurenent. 1
9I A netthod3of ¢akl gfe&hio@a%nr@c&@é’d)fﬂrﬁ gqja{jieuizts teﬁter (200)2 tge 216
electronjc circuit t est i,ncl.udin acan 14, 21
218) swi4 chably coupl &BSEEIR £5& %Ula%mg l% ) thep ' 534

and an internal eakprisesoraliowlaifidl@) st deft &Ater Coefflm§l tion

I
glo;rrc)ﬂlt ter4( (2384) th%gﬁlzééc%]o%?%’ﬁ&%t@éae%c%s |0§}'tee| f)énéaj‘g]uflcauﬁet@%"ﬁar a§ F )zed in

that the 6 met hod i ncludes: 7 (A) the data
acquisition circuit neasuring a reference standard 8 connect abl e
to the tester pin to produce a first neasurenent; 9 (B)

the data acquisition circuit neasuring a calibration signal generated 10

by the internal calibration source to produce a second neasurenent; 11

(© adjusting the internal calibration circuit and repeating step (B) to 12
substantially equalize the first measurenment and the second neasurenent;

and 13 (D) derermining a tester error in response to at
| east one of the first and 14 second neasurenents. 15 16
10. The nmethod of claim9, further conprising adjusting a filter to
conpensate 17 for the tester error, wherein the filter is
coupled to an output of the data 18 acquisition circuit.
26
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