A New Built-In Self-Test Approach for Digital-to-Analog and
Analog-to-Digital Converters

Karim ARABI, Bozena KAMINSKA and Janusz RZESZUT

Department of Electrical and Computer engineering, Ecole Polytechnique de Montréal
P.O.Box 6079, Station Centre-Ville, Montréal, Québec, Canada H3C 3A7.

Abstract use a reference D/A convertdrat normally has 3 to 4
This paper proposes a test approach and circuitry more bits of resolution, as presented in previoasks

suitable for built-in self-test (BIST) of digital-to-analog [2],[4].
(D/A) and analog-to-digital (A/D) converters. Offset,
gain, linearity and differential linearity errors are tested A. BIST Architecture for D/A Converter Testing
without using test equipment. The proposed BIST Fig. 1 illustrates theproposed approach for testing
structure decreases the test cost and test time. The BIS3ome static characteristics of a D/A converter in order to
circuitry has been designed to D/A and A/D converters verify its functionality. When the Test inpbecomes
using CMOS 1.2 um technology. By only a minor active, the control logic (CL) begins the tgsbcedure
modification the test structur@ould beable to localize  anddirects the operation of the counter, D/A converter,
the fail situation. The small value of area overhead analog switchesind analognultiplexer (AMUX), and
(AOH), the simplicity and efficiency of the proposed BIST observes the output of the comparator.

architecture seem to be promising for manufacturing. This BIST structure tests Y differential linearity,
& j-, at all 2 input codes, Ggg and linearity g, at 7
Introduction critical values. They are measured as follows:
Effective methods fotesting the digital circuitry are  Vosg= Vo(00...0) - GND 1)
known, but testing the analog circuitry is still a problem. Grse= Vo(11...1) + 1 LSB - e (2)
A great deal ofeffort hasbeen devoted teesting pure  &i-1 = Voli) - V(i-1) - 1 LSB (3)
analog circuits [3],[5]. Approaches for designing testable & = V(i) - (b2 +b,22 + .+ 2 N)xV o e (4)

analog and mixed circuits have also been reported [6],[8]where i = (gb,bs...Iy)

but up to nowthere is no general arefficient solution. The measured parameters are alternateiypared
The mostfrequently encounterefarts of mixed digital |\ i values 1/2LSB and -1/2LSB (or maximum

and analogcircuits are digital-to-analog (D/A) and  ,qcentable tolerance margin) to verify whether ortiey
analog-to-digital (A/D) converters, which bridge the gap 5o smaller than the maximum allowance error voltage.
betweendigital and analogystems. Many articles have

been published abouthe design, specification and g Autozeroing Technique
applications of D/A converters. Unfortunately, little has .During autozerocycle (AZC), AZ is active and

been written abput testi_ng co.nversion productst![@]t AMUX selects GND. Thus, operational amplifiefOA)
need expensive mixed-signal ~test  equipment. s connected in the unityain configurationand the input
Appropriate BIST methodsolve these problembecause et isavailable at the output. CapacitogCstores the

test equipment is not needed. . offset acrossts terminals. After applying theffset-
The goal of this work is to propose an optimized BIST 5 qa|ation algorithm, G, is placed in series with 34

approach to automatically test the linearity and 4 yhe noninverting input of the OA to cancel the existing

differential linearity errorsoffset voltage (sg and  ftset voltage. The idea obffset-cancellation offers the

gain error (Gsg of D/A converters. Then, thesame  qihility of automaticallynulling the offset voltage
BIST approach is mapped to A/D converter testing. without using external pins.

A BIST Scheme for D/A Converters C. Test procedure

The area overhegdOH) is one ofthe most essential When the Test inputecomesactive, the control logic
problem of the analo@®IST approaches. In order to performs a selfesting toverify the functionality of the

reduce theAOH, the proposed BIST structurdoes not test circuitry. Then, itbegins the D/A converter testing.
’ The test algorithm consists of the following phases:
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Fig. 1. The architecture of the fast BIST approach for D/A converter testing.

Self-testing:

At the firstself-test cyclethe S1,S/Hand AZ signals
are active and Busy isinactive, thus G, is charged to
Veer At the secondself-test cycle,Busy remains

verified by CL, therefore Mgg is compared withtYs
LSB. The DLE testing procedure takeslbck cycles for
each input code, therefore the total DLE testing time is:

T, =5x2Njf (5)

inactive, AMUX selects SHC and S1 becomes active, thus bLE

Cp is charged ideally to 1 LSBThen,AMUX selects %2

LSB, the S3 and SBecomealternately active resulting in
the comparisorbetweenthe G voltageand +% LSB.

The output of the OA iserified bythe CL and must be 1
and Oconsequently. Ithis way, the functionality of the
test structure, except fothe counteand digital
multiplexer (DMUX), is verified. The counteand the

where f is the clock frequency of the test circuitry.

Linearity error (LE), €;, testing:

Counter=g,b,b;00...0), AZC is performednd then
AMUX selects 6,271 +b,272 +b,273)xV e and Slbecomes
active. Therefore, Cis charged te;. At the last two
cycles,the gj is compared witht%2 LSB. Inthis phase,

CL could be tested by a scan-based BIST technique. Thde deviation of the outpuioltage ofthe D/A converter

self-test phase takes 4 clock cycles.

Voggtesting:

Counter=0, the autozemycle is performed. At the
second cycle, AMUX selects GN&hd Slbecomes active
therefore capacitor Cis charged to the Ysg (AZ=0).
At the lasttwo cycles of g testing, AMUX selects %2
LSB and S3 and SBecome active consequentgsulting
the Vygeto be compared with’z LSB. In bothcycles,
the Vg, is verified by CL. This phase takes dlock
cycles.

Differential linearity error (DLE), &; _,, testing

During DLE testing thefollowing operations are
performed: V4 is held in the G,, by activating S/H
signal (Bt cycle). The AZC is executea@nd thecounter
is incremented @d cycle). Then, AMUX selects the
output of SHCand Silbecomes active (g cycle).
Therefore, the capacitoryCs charged to the;j ;. At
last two cycles, AMUX selects %2 LS&81d S3 and S2
become active consequently. Both cyclesthe \p, is

from the idealvalues corresponding tthe threemost
significant bits is tested. The LE testing phase takes 4
clock cycles, therefore complete t&sting takes 28lock
cycles.

G testing

Counter=(11...1), AZC is accomplishasd (i) is
held in G, by activating S/Hsignal. ThenBusy signal
becomesnactive, AMUX selects SHCand Slbecomes
active. Thus, g is charged to the G Finally, G-ggis
compared with+%2 LSB atthe lastwo cycles. (g
testing phase takes 4 clock cycles.

As explainedabove, after each phase of test, the
measured parameters are alternately compared with +%
LSB and -¥4.SB bymeans of the OA that has 5B at
its noninverting input and theCvoltage orthe inverse
of Cp voltage at itgnverting input. The output of the
OA represents the result of testd isevaluated by the
CL. This structurexercisesall 2N codesmeasuring and
evaluating \hbsg Grsp & j-;, andgj (for the last three
significant bits) in total time:



Trora = (40+5x2N)/f (6) Fig. 3 shows a BIST architecture fahe successive
approximation A/D converter. In the conversimode,

the AMUX selectsAnalog input (10)and Bu andther

control signals are setto 0. Therefore, the test circuitry is

disabled and D/A converts the input anal@ifage. This

approach has the following advantages:

where f is limited by theeombined settling time of the
D/A converterand theOA. We can assuntaat thetotal
test time is approximately equal tg T.

A BIST Approach for A/D Converters
1) Its AOH is verysmall, becausghe BIST architecture

A/D converters can beclassified under three utilizes the comparatomnd thecounter that are
categories: 1) The A/D converters using D/A converters, already available in the A/D converter. TA®H is
2) The integrating types A/D convertezsid 3) Theflash related to analog switches, voltage refereraes a
AID converters. _ o portion of control logicthat occupy a vensmall chip
The firstcategory is often preferred tge majority of area. Therefore, the requir@iST circuitry for A/D
the additional circuitry are digitehnd therefore easily converter is much smallethan that for DJ/A
implemented in CMOS technology. This kind of converter. In general, théOH related to this
converter includes thesuccessive approximation-type technique amounts legsan 5% of thetotal active
converterand thetaircase-type converter whigmploy chip area.
a D/A converter, a counteand acomparator in & 2y Dpirect functional testing an A/D converter is a time-
fe_edback loopvith control logic. E|g. _Zshowsthe block consuming process, becaubke inputvoltage must be
diagrams of a successive approximation A/D converters. slowly varied to find the transitiorvoltages. The
Each digital outputode corresponds to a continuous known methods to speed upe process offinding
range of analog inpuvalues. Hencethe functional transition voltages, such as a computer-controlled
testing of A/D converters is more compléixan D/A D/A converter or a servo loop to automatically adjust
convertersand theelated BIST architecture results in a
higherAOH. In this section, we propose a technique for Rst —
testing of A/D converters based time BIST technique N+2 bit ring counter
developed for D/A converter testing in previous sections. Voot

The mainidea is to reconfigurate the A/D converter
architecture in the teshodeand then tdest itsinternal
D/A converter. In thisway, the functionality of the
internal blocks ofthe A/D converter is verifiedhecause TS’H N-bit D/A

converter

N-bit output registen

all of them contribute in the D/A converter testing.
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Fig. 2. Successive approximation D/A converter. Fig. 3. The BIST architecture for successive
approximation A/D converter.



the input voltage,are not appropriafer BIST manufacturing. Thé&OH related to theéBIST structures
approach. The same test procedure is performed fobased orthe average area of medium to high-resolution
both D/A and A/D testing. Therefore, the D/A and D/A converters {][7], amounts to lesshan 10% of the
A/D test time by théBIST presented ithis paper are  total active chiparea and iwill be still smaller for A/D
similar. converters.

3) The possibility of testingthe internaD/A is
advantageous, becaugbe precision of the A/D Conclusion
converter depends directly on the precision of its D/A

converter. If the D/A convertéhat isused in an A/D A practical BIST approach fahe functional testing

converter is nonlinear, the step size wiiiviate from of D/A convertershasbeen presenteaind evaluated. An

the ideal 1 LSB step size [4]. extension to A/D converter testing by applying the same
4) The proposed BIST structure igry easy taealize, BIST structure is also proposedlhe BIST performs a

because it doesot need the additionaigh quality self-test to verifyits functionalityand therbegins D/A

blocks. Furthermore, idoesnot usethe externatest converter testing. Thproposed BIST structure reduces
equipment during test phase. the test timeand thetest cost. The obtainedAOH is

small andreasonable for mixed-circuit testing. Also, the
As a result, this methodeducesthe manufacturing  proposed architecture is relatively simple. These results
cost. The same approach can be applied toakst/D  showthat theproposed BIST design is applicable to the
converters employing D/A converter. pass/fail testing of D/AAndA/D convertersandseems to
The integratingypesandflash A/D converters can be  he promising for manufacturingwith a minormodifica-
tested by the reported approaches [2],[5][7]. tion, the test structurevould be able to tesall D/A
Unfortunately, these techniques are not suitédnleBIST converters on the Ch|p that uge same referenw]tage
approach for A/D converter. and have the same resolution. tould be also

The flash A/D converter can lbested using a simple jnteresting to explore theestability of our approach to
BIST approach. It comprises a voltage references bloc, &ther mixed-circuit structures.

large number of comparatorand a digitadecoding

network. Hence, a BIST circuitry may be incorporated References
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