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Conventional TDR techniques generally involve determining a transmission
line length, and predicting the signal delay caused by the line. The length is often
calculated by driving a pulse down the open-ended line, detecting the reflection, and
measwring the relative timings between the two events. A more thorough explanation
25  of the conventional technique is found in U.S. Patent No. 5,321,632, to Otsuji.
Vernier linearity calibration refers to characterizing the actual edge timings of
a timing vernier in response to predefined delay settings. Conventionally, this was
done one channel at a time using a large control matrix of relays, ECL gates, etc., and
centrally controlled by mainframe-resident hardware. During the characterizing
30  process, data results for each channel were fed back to the hardware one-by-one.
While such a technique works well for its intended applications, the dramatic rise in
device pin counts (and tester channel bounts) renders such a sequential methodology
undesirable in terms of calibration process time and reliability.




What is needed and heretofore unavailable is a timng rreasure‘ggnt %nit and
met hod for carrying out timng neasurements qui ckly and accurhfel{.
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reflected edgeS. "R ColPar At S HRYLELVRHCE Aredl higidesudtsumessysdont a
speci f i edmpésra¢ntatipn in a semiconductor tester pin electronics channel for detecting actual

timing data relating to test waveforms having a period T generated by a seraiconductor

) 25  tester. The real-time results processor includes input circuitry having a clock nput for
receiving a stream of data values sampled from the test waveforms at the beat period.
The processor also includes a data filter coupled to the input circuitry and having logic
responsive to preprogrammed criteria to extract data indicative of a timing event. A
counter operative to count the data values and generate a count representative of the

30 timing of the exiracted timing event data with respect to a predetermined reference

count. Storage circuitry stores the count.

In yet another form, the invention comprises a method of determining the
length of a transmission line. The method includes the steps of first driving a periodic
waveform of a predetermined magnitude along the transmission line at a

35 - predetermined period (T) to generate a periodic sequence of incidence edges and




detect the incidence edges- The waveformis strobed, or sanpled, at a
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A dr 'ME’ 3 is a block diagram schematic of the real-time results processor
hardware associated with the timing measurement unit of Figure 1;
FIGs. 4 and 6 are graphical illustrations showing the operation of the timing
) B measurement unit hardware during TDR data collection;
FIGs. 5A and 5B are further graphical illustrations showing the data collection
and processing operations of the real-time results processor for TDR applications; and
FIG. 7 is a graphical illustration showing the operation of the timing
measurement unit hardware during vernier linearization data collection.
30
DETAILED DESCRIPTION OF THE INVENTION
Referring now to Figure 1, automatic test equipment 20 according to one form
of the present mvention includes a plurality of semiconductor tester channels CH1,
CH2 and CHN, for interfacing a tester computer workstation (not shown) to a
35  plurality of device-under-test (DUT) pins (not shown). Each tester channel includes



circuit 30 and conparator circuit 32 within each channel apply signals to
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picosecond, resulting in the beat clock "walking" through the waveform over a
' ) 25  succession of cycles in picosecond increments.
For TDR applications, the TMU hardware further includes a first selector 44

that passes either the beat clock signal or a normal strobe signal to the strobe input 31
of the 'comparator 32. A second selector 45 passes the sampled TDR data to the "D"
input of an ouiput flip-flop 46 also clocked by the beat clock 42.

30 For timing vernier linearization data collection, a vernier selector 47 1s
employed to pass a vernier signal to the clock input of a first measurement flip-flop
48. A fixed rising edge reference is fed to the SET input of the flip-flop such that a
pulse is created at the output. The pulse is clocked through a second flip-flop 49 for
added timing stability, and in linearization mode, passed through to the output flip-

35 flop 46.




ti'me results processor 50 especially suited for calibration-type data
processing. Generally, the real-tinme results processor incl %%gs I_nput
circuitry 52 that feeds a data filter 64, a counter circuit 0 Cn @064
plurality of registers 78. The input circuitry 5 includes an input register
53 cl ocked by the beat signal clock 42. The output fromthe register is
fed along a data path through a first multiplexer 56 to a deci mator stage
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) 25  storage registers take the form of a limited depth count stack that maintains a running
sum location SUM, and respective minimum and maximum value locations MIN and
MAX.

In operation, the timing measurement unit 40 for each channel may be used, in
one application, to carry out a time-domain-reflectometry (TDR) measurement to
30  determine the length of the channel transmisston line with very high accuracy.

Generally, as illustrated in Figure 1 for channel 1 CHN1, the measurement technique
involves driving an incident edge from the output of the driver 30 directly to the
comparator 32 along a first switching path 90. The edge also propagates from the
driver output along the transmission line 34. The open-ended line causes the incident

35 edge to reflect and propagate as a reflected edge along a third path 94 to one of the




known in the art, the beneficial way that the timng neasurenent unit of
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) 25  the counter rolling over at the same point on each waveform cycle. Consequently, the
" difference in count values between A and B indicates the propagation time attributable
to the transmission line length. With this information, the tester can calibrate the
delay due to transmission line distance out during actual device testing.
During operation, edge detection of the respective incident and reflected edges
30  is accomplished by the operation of the real-time resuits processor 50. Generally, as
shown in Figures SA and 5B, the processor acquires sampled data from the TDR'ed
waveform at, for example only, one-picosecond increments to allow a real-time
statistical analysis of where the edge lies. Due to metastability, or jitter, involved
with, for example the set-up time of the comparator 32, the data acquisition process
35  provides a highly accurate way of determining the edge. The user defines criteria that



(fromthe | picosecond increment data stream. The criteria is used by the
controller 72 to nonitor the ALU 68 and accunul ator output 70. This is
done generally by |ooking at the data streamthrough the FIFI 6 :[re
respective "windows." Wth a FIFO 5 eight |ocations deep, an inc Q %Q| ng
wi ndow of eight |locations is available for nonitoring (shown in Fig. 5B).
Once the criteria is satisfied, the edge may be considered "detected."”
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over a 33cHiaRdbydendifl 8t AFhtient WavkRria@isial dge), allowing the waveform
to reflect from the open end of the transmission line, and letting the reflection settle
out to around ten round trips. Then, send out a falling edge, and let the edge reflect.
Again allowing-the edge reflection time to settle out. If a TDR with the falling edge
) 25  wont be carried out, the settling time for the incident edge may be redpced to a single
round trip.
For automatic test equipment that employs a thousand channels or more, the
TDR method described above allows for real-time processing of timing measurement
data for multiple channels in parallel. This greatly reduces the data acquisition time,
30  and correspondingly reducing the process time to carry out timing calibrations.
Referring now to Figure 7, the timing measurement unit 40 is also useful for
acquiring timing linearity measurements with high accuracy. Generally, the method
involves capturing edge data from a plurality of timing vemier steps, and determining
the relative times between each step in an effort to characterize the vernier over a

35  range of delay values.



More specifically, and with reference to Figure 2, data acquisition for the
timng vernier linearization nethod is carried out by selecting a vernier
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falling edge are output to the second 5 flip-flop 49, then passed through
the second selector 45 responsive to a linearization node signal. The
pul se is fed through the output flip-flop 46 and on to the input «circuitry
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) 25  testoperations.




lo circuitry (30, 32) for neasuring the relative timngs of said sanpled
data, the timng neasurenent unit including a real-tinme results processor
(50), the real-time results processor including input ci rcqlgh@1 ff@)
having a clock input (42) adapted for receiving a beat clock Q/ 044 d
beat period T +/- At for receiving a streamof data 15 sanpled from said
test waveforns at said beat period; a data filter (64) coupled to said
input circuitry and including logic (66, 68, 70, 72) responsive to

pr epr ogr aWrATdR IIAIMEDdSext ract data indicative of a timng event; a
counter (80) having an input coupled to said beat clock and 20 operative to
count said data values and generate a count representative of the timng of
sai d extractedlti ni Agtosasittest aquipmerti(20)doptesting aseaippnsyeior Asyitk daiflef er ence
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rence d reflected
15  sampled from said test waveforms at said beat period;

a data filter (64) coupled to said input circuitry and including
logic (66, 68, 70, 72) responsive to preprogrammed criteria to extract data indicative

of a timing event;
a counter (80) having an input coupled to said beat clock and
20  operative to count said data values and generate a count representative of the timing of
said extracted timing event data with respect to a predetermined reference count, the
counter including a rollover input set to roll said counter over at a rate where said beat
) clock period T +/- At and said waveform period T coincide; and
memory (78) for storing said count,
25 said plurality of channels cooperating to produce substantially real-

time timing measurement data in parallel.

2. A method of determining the length of a transmission line, said method

characterized by the steps of: |
driving a periodic waveform of a predetermined magnitude along said

transmission line at a predetermined period (T) to generate a periodic sequence of

5 incidence edges and reflected edges;



detection point; and evaluating the relative counts between said incidence
edge detection 20 point and said reflected edge detection point to
determne the length of said transmssion line. 5 3. A nethod ac ding to
claim 2 wherein said detecting steps each include the stép 3 Bel pﬁﬁ%essing
a data stream of |ogical data val ues generated by said conparator strobe
period; establishing a statistical criteria for said data stream
representing where said incidence/reflected edge lies; and identifying

sai d edge when saj dsegiigagamparaiorgistacion daesheld of apecibed lsvelde drteet to cl ai m 3
wher ei n Sgﬁ@uﬁﬁg Fgg step includes the step of f||ter|ng said | ogica

data val ues. 5. hod according to cla wherein said evaluating step
i ncl udes the step o tW@W%fW&@Fﬁbe%ﬂoé(ﬂlﬂréﬂt%B}d8¥0b§é’ﬁt’1€‘#tes to
identify givwhave a co m@e@qgﬁﬁeomb@@péﬁo@nd said refl ected edge

det ection point Fﬁﬂ Aut omati c test,.e fnent i s disclosed for
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A L b N T e e Y g
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timng circuitry f : sanpl i ng
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detection point; and

evaluating the relative counts between said incidence edge detection
20 point and said reflected edge detection point to determine the length of said
transmission line.

3. A method according to claim 2 wherein said detecting steps each
include the steps of:
processing a data stream of logical data values generated by said
comparator strobe period;
5 , establishing a statistical criteria for said data stream representing where
said incidence/reflected edge lies; and

identifying said edge when said criteria is satisfied.

4, A method according to claim 3 wherein said processing step includes
the step of filtering said logical data values.

5. A method according to claim 3 wherein said evaluating step includes

the step of real-time averaging of a plurality of searches to identify said incidence
edge detection point and said reflected edge detection point.
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