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1. Introduction

The propagation delay times in the high-speed IC
gates, triggers, registers, counters etc. shares of a
nanosecond [1] and their measurement is the difficult
technical task. For these purposes testers with sampling
converters of the signal time scale are frequently used.

During the digital IC (especially, registers, counters
etc.) manufacturing the check and certification of tens of
propagation delay times between several tens inputs and

outputs can be required. Usual sampling head have from
two to four inputs and are supplied with special high-
frequency multiplexer, which consist of many high-
frequency coaxial cables segments and high frequency,
tunable with a wave resistance of a cable, reed-relays or
mercury relays. By the means of a relay commutation of IC
outputs and of a sampling converter inputs is provided.
The high frequency channel multiplexer application results
in the significant reflections, distortion and, as
consequence, in deterioration of accuracy of measurement.
The electromagnetic relays considerably reduce
productivity measurement because of small speed of
switching. The measuring systems of this kind are
complex, expensive and bulky devices.

2. Subjects and Structure

We construct new propagation delay time tester for
high-speed digital IC (Fig. 1). In the given tester the multi-
channel sampling head [2] and drivers of the test pulses are
applied. The given approach has allowed excluding high
frequency multiplexer from the established and to exclude
occurrence of significant reflections, distortions of the
signals. The work of the tester consists in the following.
The output pulses with the given frequency f; of quartz
generator KG1 starts multi-channel generator of test pulses
TPG. The number of outputs of the generator corresponds
to a maximum number of tested inputs of an IC under
testing. It is possible to establish a sequence of test pulses
with duration ¢ and durations of a front’s #; or voltage
levels of signal no U° or signal yes U' on each output TPG
changing a code of the microprocessor puP. Outputs TPG
are connected to inputs contactor of IC under testing and
multi-channel sampling head MSH (inputs group «). For
measurement of number i- parameter on corresponding
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outputs TPG the program of measurement from pP
establishes voltages U°, U' or sequences of test pulses. All
information outputs IC under testing (outputs of a
contactor) are connected to group b of inputs MSH. Thus,
the number of inputs MSH should make to the greatest
number of information inputs and outputs in series IC for
which will be measured propagation delay times.

The new multi-channel sampling head MSH (Fig.2)
work in a peak detecting mode with the small level of
internal noise [3 — 5] and are the most suitable devices for
propagation delay time tester with the multiplexer on an
input. This sample head have a big transmission factor, and
the measurement signal comes to capacity Cl in the
transformed time scale. Therefore it is possible to include
the low frequency multiplexer DA2 between C1 and
capacity discharge resistance RS5.
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Fig.1. The block diagram of a multi-channel tester of
propagation delay times. KG 1, KG 2 - quartz generators, AFT -
the block of automatic frequency trim, TPG - the multi-channel
generator of test pulses, GSP - the generator of sampling pulses,
MSH the multi-channel sampling head, ALC1, ALC2 — level
setting circuits, Counter — time interval counter, puP -
microprocessor

The channel number » transforms the time scale,
when the n input of a multiplexer DA2 is on (when
resistance between this input and output of DA2 is small).
For the other channels, working in the ideal peak-detecting
mode, the resistances of the closed inputs of the
multiplexer are very large. The voltage on capacities C1 is
also large enough and the energy of sample impulses is not
employed. The analysis has shown that in such converter
simultaneous only two time scale transformation channels
and the compensating mixer working simultaneously.



Other channels remain in the mode of ideal peak detecting.
Therefore, irrespective to a number of entry channels the
generator of sampling pulses practically is loaded only
with three working channels. Experimentally was
established, that at connection to MSH 20 input channels
yet it is not possible to measure reduction of amplitude
sampling pulses. Therefore, the number of input channels
of a sampling head may be much large.

Short sampling pulses on MSH act from the generator
of sampling pulses GSP. Frequency f; of sampling pulses
is determined by frequency of signal KG2. Thus
transformation ratio of time scale is

N

h-1°

where f, f - frequencies of the quartz generators KG 1
(TPG), KG 2 (GSP) signals.
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Fig.2. Multi-channel sampling converter with the multiplexer on

an input

The code from pP establishes multiplexes DA2 in
blocs I and II of a head (Fig.2) so, that on output there
were two signals at the transformed time scale required for
measurement of a propagation delay time.

Output signals transfer in two circuits of adjusting of
levels ALC 1, ALC 2 [3] and Counter. In ALC 1, ALC 2

levels of signal no (U, Su,) and signal yes (U, (lm,) of output

signals MSH are determined and adjustment voltage move
on MSH. These voltages it is adjusted MSH so that the
level of output signals of equal 0.5 amplitudes would be
equal to a zero. In the counter measurement of a time
interval begins, when the level of signal ¢ exceeds a zero
and comes to an end when the level signal d is exceeded
with a zero. For reduction of influence of random errors,
measurement of delay time repeats 100 times. The
measured result is remembered in memory pP, transmitted
in PC, compared to the set norms of measurement. When
the parameter does not correspond to the set norms
measurement stops, P gives out the information about not
to validity IC. When the parameter corresponds to the set
norms, pP generates a code of measurement of the
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following parameter. After measurement of all required
delay times, puP gives out the information on validity IC.

Usually, at design of the tester it is not possible to
receive identical delay between different inputs/outputs of
IC and inputs of a sampling head. Digital correction of the
systematic errors arising because of possible various delays
of signals in measuring chain of a tester is stipulated.

Replacement of the contactor head, that
simultaneously changes the program of measurement,
allows passing easily from measurement of one type IC to
another. Replacement of the measuring block allows
passing from measurement gate IC to measurement IC of
triggers, registers, etc., or IC others series.

The tester can be used for measurement of other
dynamic parameters of IC. For this purpose only it is
necessary to change circuits of adjusting of levels ALC 1,
ALC 2 and to write the new program of measurement.

3. Results

Three types of testers for measurement ECL IC series
1590 (10H) have been constructed: for gates, for gates and
decoders, and also for triggers, registers and counters. It
has been constructed on two — three prototypes of each
type of testers. Researches developed special contactor
heads for IC under testing have shown good results.
Maximal differences of researched signals delays in the
heads did not exceed 0.5 ns. It is necessary to note, that the
given differences of delays of signals during adjustment of
a tester are measured, remembered in digital memory and
at measurements of times of a propagation delay are
automatically subtracted from the received results.
Distortion of the researched signals caused by reflections
and distortions in a line of transmission, past developed
contactor heads to establish it was not possible.

The main sources of errors of propagation delay times
measurement are:

1. An error of setting and instability of a coefficient of
transformation of a time scale;

2. Final time of increase of a transient response of
converters;

3. An error of setting of levels of test signals;

4. Drift of an output voltage of converters;

5. Reflections and disturbances generated
measuring circuit;

6. Internal noise of sampling head;

7. Mistakes of the digital block.

Let's consider influence of these errors.

1. In circuits of sampling converters with two quartz
generators, error of setting of a transformation coefficient
and its instability depends on stability of quartz generators
signals frequencies and, especially, from stability of a
difference of these frequencies. The error of measurement
of delay times

in a

Sty = (—K r/9) )
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where &f], Jfima — reduced instability and a reduced
inaccuracy of frequency setting in quartz generator KG1,
Ky - coefficient of influence.



In the tester quartz generators the use of the circuit of
automatic frequency trim allows reducing this making
error up to £0.1%.

2. For high-speed digital IC it is possible to accept,
that front of a signal is linear, and character of change of
the transitive characteristic — exponent. Dependence of an
error of measurement of a delay time on final time of
increase of the transitive characteristic, at duration of a test
pulse front of 2 ns, durations of front of output pulses IC of
0.5 and 0.7 ns shown on figs. 3. It is obvious; that the error
arises only in cases when duration of fronts of both signals
it is various. The error of measurement of time of delay
duration of 1 ns and duration of front of the transitive
characteristic 0.2 ns, will make +2 %. It is necessary to
note, that this error regular and can be excluded from result
of measurement.
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Fig. 3. Dependence of an error of measurement of a propagation
delay time on time of increase of the transitive characteristic,
when duration of fronts of the test pulse 2 ns

4. The error of measurement because of an inaccuracy
of setting of levels of researched signals and drift of an
output signal of a converter in the tester will depend on
accuracy of operation and adjusting of circuit ALC. As
shows the analysis, the error because of this component
will not exceed 0.2%.

5. As it was marked above, application of a multi-
channel converter has allowed to reduce measuring paths
eliminate special high-frequency multiplexer, with coaxial
cables segments and high frequency, tunable with a wave
resistance of a cable, reed-relays or mercury relays and to
eliminate components of errors because of reflection and
interference in a signal path.

6. Used in a tester multi-channel sampling head have a
level of internal noise 60...100 uV [4], therefore errors of
measurement caused by internal noise will be small and
they can be not taken into account.

7. Errors of a digital part usually a make 0.5 unit of
the smallest bit and at it’s correct designing usually does
not bring appreciable errors of measurement.

Three types of testers for measurement of gate and
triggers, registers, counters propagation delay times of IC
series 1590 (10H) are constructed and researched. In
testers frequency of test pulses 10 MHz, a range of
measured propagation delay times are from 0.5 ns up to 50
ns is established. Experimental researches and pre-
production operation of testers have shown good results.
Accuracy of measurement of the calibrated segments of
coaxial cables with delays times from 0.56 ns up to 18.3 ns
did not exceed £3%, a differences between the results of
models does not exceed 3%. Work with testers has shown,
that they have good reliability of measurements, and good
accuracy and stability of results. On fig. 4 — 5 results of
measurement of short-term and long-term stability of
measurement results are shown. Apparently, the random
error does not exceed £2%. Time of measurement of one
parameter makes 50 ms, without consideration IC
installation time. Time of measurement of one IC, at
measurement from 4 up to 32 parameters, makes from 0.2
ms up to 1.5 ms and can be in case of need reduced in 10
times.

Two types of pre-production models of testers have
passed metrological certification and were used for
reception control IC of a series 1590 before the end of their
manufacture in firm "Venta". From figs. 4 it is visible, that
the testers warm time does not exceed 3 — 5 min. From
figs. 5 it is visible, that the automatic fine tunings of
difference frequencies of quartz generators and levels of
output signals of the sampling converter applied in testers
have allowed receiving good long-term stability of
measurement results.
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Fig. 4. Short-term stability of measurement of propagation
delay times
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Fig.5. Long-time stability of measurement of propagation delay times
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PaccmarpuBaeTcsi HOBBIN TecTep AJsi U3MEPCHHUsI BPEMEH 3aJIepKKU pacrpocTpaHeHust ObicTponeicTByromux nudposeix VC c
NIPUMEHEHHEM MHOTOKAaHAJIBHOTO CTPOOOCKOMUYECKOro IpeodpaszoBaressi. MHOrOKaHAJIbHBIN CTPOOOCKONMYECKUI peodpa3oBaTels —
JIOBOJILHO MPOCTOE YCTPOHCTBO C MalbiM ypPOBHEM BHYTPEHHHX LIyMOB ObUI pa3paboTaH Ha OCHOBE CTPOOOCKOIHYECKOro
npeoOpa3oBarens padOTAIOIIEro B PEeXMME HMHKOBOIO JETEKTUPOBAHUs C JBYMsI KBapLEBbIMU TIeHeparopamu. Paspaboranbl u
HCCIIeIOBaHbl JBE MOJEIM TecTepa. B TecTepax ycTaHOBIIEHa 4acTOTa MOBTOPEHHUS] TeCTUMIyNbcoB paBHas 10 MI'h, m3mepsiemsie
BpeMeHa 3azaepxkek pacrpocrpanenus 0,5 — 50 ne. Bpems namepenus oguoit IC cocrasisier 0,2 — 1,5 ¢ ¥ 3aBHCHUT OT KOJIMYECTBA
HM3MEpSeMBIX MapaMeTPOB, U MOXET OBbITh yMeHblIeHO 10 10 pa3. DKCnepuMeHTaIbHbIe UCCIIEIOBAHKS TECTEPOB MOKA3ald XOpOIIUe
TOYHOCTHBIE XapAaKTEPUCTUKH M KPATKOBPEMEHHYIO M JOJIFOBPEMEHHYIO CTaOMJIBHOCTb Pe3yJibTaToB H3MepeHus. IlorpemHocts
U3MEPEHUs] BPEMEH 3aJIep’KKU paclpocTpaHeHHs He mpesblaeT = 5 %. Bpems usMepenus ogHoro mapamerpa coctasisgeT 50 mc, He
yuutbiBas BpemeHu ycranoBku UC. M. 5, 6u6:n.5 (Ha aHrmiickoM si3bike; pedpepaTbl Ha JUTOBCKOM, aHIJIMIICKOM U PYCCKOM $3.).
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