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Introduction

The ability of high-speed communication ICs to
operate at max defined speed (more than several gigabits
NRZ) is often characterizes by Rise/Fall time parameter
(pulse edge speed). This parameter values stated at
specification have to be proved and guaranteed by
production test. However, direct rise/fall time
measurement is usually enough complicated, time and cost
spending. This can show stopper at achieving the smallest
cost which is absolutely critical both for components and
whole devices such as USB 3.0, or others.

The relevant IC-test deliverers mainly utilize the most
popular “Catalyst GIGADIG”-instrument for RF-test at
high volume and low cost production. It’s not enough
convenient for time-domain measurements at more than
several gigabits, but able to ensure the productive
frequency-domain test up to 6GHz of sine signal [1].

The objective of this work is the investigation and
bringing of the prompt result on ability of non-direct
frequency-domain test to provide the sorting of
communication ICs in terms of operation at max speed,
such as 10Gbps. It’s intended to help customer at
achieving the low cost and required accuracy at high
volume production test.

Essentials of the method

Periodic waveforms such as the sine curve of
alternating current can be represented as a Fourier series.
A Fourier series is an infinite sum of sine and cosine terms,
which are themselves periodic, and therefore useful in
representing a periodic function. Other periodic functions
include sawtooth waves, square waves, and rectified half-
waves. Given a function f(x) of period 27, a Fourier series
for that function is of the form [2]:

f(x) :%a0 +8, coSX +a, cos2X + 8, Cos3X +... M
+b, sinx+b, sin2X+b, sin3x +...

where the Fourier coefficients a, and b, are given by the
following equations
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Consider the square wave (see Fig.1), This appears to
be a difficult case - the rather angular square wave does not
look as if it will be readily expanded in terms of sine and
cosine functions.
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Fig 1. Square wave harmonics

The coefficients in the expansion can be determined
from the formulae given previous, just draw cos(x) to see
that its integral from 0— = is zero, so a, = 0 (for all n).

For the b coefficients we have,
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having determined all of the coefficients we can write the
series for f(x) as [2]:
j G

The sum continues to an infinite number of terms.
From formulae 7, we can see that square signal is
determined by odd harmonics’.

In the following we are going to consider only 3"
harmonic behavior

sin(3x) sin(5x)
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Test setup

The key device is spectrum analyzer which displays a
power spectrum over a given frequency range, changing
the display as the properties of the signal change (Fig. 2).
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Fig. 2. Test set up block schematic

There is a trade-off between how quickly the display
can be updated and the frequency resolution, which is for
example relevant for distinguishing frequency components
that are close together. With a digital spectrum analyzer,
the frequency resolution is Av = 1 / T, the inverse of the
time T over which the waveform is measured and Fourier
transformed. With an analog spectrum analyzer, it is
dependent on the bandwidth setting of the bandpass filter.
However, an analog spectrum analyzer will not produce
meaningful results if the filter bandwidth (in Hz) is smaller
than the square root of the sweep speed (in Hz/s), which
means that an analog spectrum analyzer can never beat a
digital one in terms of frequency resolution for a given
acquisition time. Choosing a wider bandpass filter will
improve the signal-to-noise ratio at the expense of a
decreased frequency resolution.

The spectrum analyzer does not need to be specified at
very wide frequency range. If there is IC with speed of
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10Gbit/s, used for communications, the spectrum analyzer
enough to measure to 6 GHz to fulfill all time-domain
measurements. So the test equipment can be used more
cheaply.

Test results.

The correlation between time-domain parameter
values (Rise/Fall time) and frequency- domain test results
(3™ harmonic data) was used as criteria of frequency-
domain method availability.
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Fig. 3. Measurements with different PCBoards made. PCBoard
trace length respectively: a:0 mm, b:52 mm, ¢:102mm, d:152mm,
e:202mm
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Fig. 4. 3-rd Harmonic vs Rise time over the fj;=1...6GHz. Test
provided on four samples having the different Rise
time@11.3Gpbs

At the beginning five PCBoards with different signal
trace lengths (a: 0 mm, b:52 mm, c:102mm, d:152mm,
e:202mm) [3] were prepared and tested on both Rise/Fall
time at 10Gbps and 3™ harmonic at 4 GHz input sinewave.
Test results shown at Fig. 3 demonstrate the clear
correlation between Rise/Fall time and 3™ harmonic
distortion.

Whereat the four communication IC-samples with
different Rise/ Fall time in the range 19...50ps at 11.3Gbps
were prepared. Frequency-domain measurements were
provided over the different frequency range 1...6GHz. The
good correlation between Rise/Fall time and 3™ harmonic
distortion was provided in this case too (see Fig. 4).
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The production test and sorting of high speed communication ICs up to 10 Gb/s, is currently complicated technical task for
manufacturer. The relevant IC-test deliverers often utilize the “Catalyst GIGADIG”-instrument for RF-test at high volume and low cost
production. However, it’s not applicable for Rise/Fall time measurements at more than several gigabits per second, but able to ensure the
productive frequency-domain test up to 6GHz of sine signal. The objective of this work is the investigation and bringing of the prompt
solution on ability of non-direct frequency-domain test instead of direct Rise/Fall time measurement for sorting of communication ICs in
terms of operation at max speed, such as 8-10Gbps. The intention is to help IC-manufacturers at achieving the low cost and required
quality at high volume production test. Ill. 4, bibl. 3 (in English; abstracts in English, Russian and Lithuanian).

A. Ayaac, P. Bagokauc, B. [danrsanac, A. KuceneB, M. XycuyraunoB, W. Ma3zypkeBuu. MHoroodemaommuii MeToa
BBICOKOCKOPOCTHOro TecTupoBaHuss MC B MaccoBOM NpPOM3BOJACTBE, OCHOBAHHBINi Ha H3MepeHUH 3-eii rapMoHuku //
DJIeKTPOHHUKA U djlekTpoTexHuka. — Kaynac: Texnosnorus, 2009. — Ne 6(94). — C. 106-108.

[IpousBoAcTBEHHbIE W3MEpPEHHs W pa30pakoBKa BBICOKOCKOPOCTHHIX (BILIOTH A0 10I'6G/C) WHTErpampHBIX MHKPOCXEM IS
TENEKOMMYHUKAIIH SBISIETCS CETOAHS CIOXKHON TeXHWYIECKOH 3amadeil M mponsBogutels. CTpeMsich CHU3HUTH LIEHY IPH MacCOBOM
HPOU3BOJCTBE, KOMIIAHUH YacTO HCIONBL3YIOT obopynoBanue “Catalyst GIGADIG” npu onenke paboThl MUKPOCXEM Ha MaKCHMAaJIbHOMH
CKOpocTH. DTO 00OpyJOBaHME HE OOECHEeYMBAECT KAauCCTBEHHOTO WM3MEPEHUs JUINTENFHOCTH (POHTA HMITYJIECHOTO CHTHANA IPU
CKOpOCTH Tmepefayn JaHHbix Omm3kod Kk 8-10 I'6/c, omHako MOXeT 0OeCleYnTh YACTOTHBIC HW3MEpPEHHs BIUIOTH 10 6111
CHHYCOWJIAJILHOTO CHrHaya. llenbio 5Toit paboThl sBISETCS WCCIENOBaHHE M HaXOXKICHHE OBICTPOrO pPEIICHHS, OCHOBAaHHOTO Ha
YJaCTOTHBIX H3MEPEHHAX B3aMEH HM3MEPEHHUsl AIUTEIBHOCTH ()POHTA MMITYyJIBCHOTO CHIHANa A8 OLEHKH pabOThl MHTETPAbHBIX
MHKPOCXEM Ha MaKCHMAJIbHOM CKOPOCTH, Takoi kak K 8-10 I'6/c. Oxumaercst, 4T0 3TO MOMOXKET MPOU3BOJUTEIISIM YMEHBUIUTD LIEHY U
00ecTeYnTh Ka4eCTBO Pa30paKkOBKH HHTETPATBHBIX MHKPOCXEM IPH MaccOBOM Mpou3BoiacTBe. Wit. 6, 6ubi. 11 (Ha aHTIHHACKOM SI3BIKE;
pedepatsl Ha aHTIIUHACKOM, PYCCKOM H JIUTOBCKOM $3.).

A. Aulas, R. Vadoklis, V. Dangelas, A. Kiseliov, M. Chusnutdinov, I. Mazurkevi¢. Treciosios harmonikos matavimo metodo
taikymas greitaveikéms integrinéms schemoms testuoti // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2009. — Nr.
6(94). — P. 106-108.

Greitaeigiy (apie 10Gb/s) telekomunikaciniy integriniy schemy testavimas ir atrinkimas gamybos procese Siandien yra sudétinga
techniné uzduotis gamintojui. Siekdamos kiek galima atpiginti masing gamyba pasaulio kompanijos daznai naudoja “Catalyst
GIGADIG” jranga integriniy schemy veikimui, esant maksimaliam greiciui, jvertinti. Sia iranga negalima kokybiskai iSmatuoti impulso
fronto trukmés, kai duomeny perdavimo greitis didesnis kaip keletas gigabity per sekundg, taciau galima atlikti iki 6 GHz sinusinio
signalo daznio matavimus. Sio darbo tikslas — atlikti tyrimus ir rasti greita sprendima, pagrista daznio matavimais, kurie pakeisty
impulsinio signalo fronto ilgio matavimus siekiant nustatyti, kaip veikia integrinés schemos esant maksimaliam greiciui, pavyzdziui, 8—
10Gb/s. Tai gali padéti integriniy schemy gamintojams sumazinti kaing ir pagerinti integriniy schemy atrinkimo kokybe¢ masingje
gamyboje. I1. 4, bibl. 3 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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