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On-Chip Ramp Generators for Mixed-Signal
BIST and ADC Self-Test

Benoit Provost, Student Member, IEEE,and Edgar Sánchez-Sinencio, Fellow, IEEE

Abstract—A practical approach to generate on-chip precise
and slow analog ramps, intended for time-domain analog testing,
monotonicity and histogram-based tests of ADCs is proposed.
The technique uses an analog discrete-time adaptive scheme to
calibrate the ramp generator. The lowest slope is 0.4 V/ms. Three
implementations are presented for different levels of accuracy
and complexity. Measurement results show excellent accuracy
and programmability, up to only 0.6% of slope error and max-
imum integral nonlinearity error of 175 V. Experimental and
theoretical results are in good agreement.

Index Terms—ADC self-test, built-in self-test (BIST), linearity,
ramp generation, time-domain test.

I. INTRODUCTION

BUILT-IN self-test (BIST) and design for testability (DFT)
of analog circuits are important and necessary to produce

highly reliable mixed-signal systems [1]. Due to the constant
increase of analog circuit density, the nature of analog faults, and
the embedding of analog functions within large digital systems,
the detection and isolation of faults in these circuits is becoming
more difficult.

Many research groups have suggested techniques to make
on-chip frequency-domain testing of mixed-signal circuits
and on-chip testing of analog–digital converters (ADCs).
The goal of these techniques is to overcome the complexity
of integrating a traditional ac characterization approach [2].
Well-defined techniques for reducing the size of the test set
while maintaining high fault coverage have been reported [3],
[4]. Some ac BIST techniques inject optimized digital inputs
to a linear device under test (DUT) and extract a dc signature
[5], [6]. These approaches are simple, but their precision
is limited. On the other hand, Toner and Roberts [7] have
proposed several methods to make frequency-domain tests
on sigma–delta converters by generating precise on-chip sine
waves and analyzing the results with an on-chip digital signal
processor (DSP), but the area overhead is large. Several tech-
niques have been published to generate on-chip linear ramps
and perform ADC BIST [8]–[11], but the results either depend
largely on the accuracy of the additional components in the test
circuitry, or have not been proven experimentally. In [12], the
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Fig. 1. Conceptual system for time-domain testing.

authors present a self-calibration scheme for linear ramps, but
the linearity is not high enough for linearity test of ADCs. A
technique very similar to ours is presented in [13], following a
previous publication from our group [14]. However, the former
does not provide measurement results.

An on-chip ramp generator (OCRG) is desirable to perform
monotonicity and histogram tests of ADCs. A novel application
of the OCRG is proposed in [15], which allows the ac test of a
linear circuit in time-domain using the ramp generator.

In this paper, we propose a unified approach at designing
OCRGs using a discrete-time (DT) adaptive approach.
Section II describes the adaptive scheme used in all the imple-
mentations. Section III gives the details of two low-complexity
implementations. Section IV describes the third OCRG version.
Section V presents the measurement results and Section VI
gives the conclusions.

II. A DAPTIVE SCHEME FORON-CHIP RAMP GENERATION

A. Application of the OCRG to Time-Domain and ADC BIST

Fig. 1 illustrates a conceptual system where an OCRG can be
used to perform time-domain ac BIST [15]. The goal is to ex-
tract several rise or fall time delay values from the DUT. A first
step signal is sent to the DUT and the sampler is used to gen-
erate the target thresholds (for example, 10% and 90%) from
the steady-state value of the DUT. When a second step is sent
to the DUT and the response crosses the threshold, the timer
is started or stopped, depending on the test (rise or fall delays)
being performed. An analog timer is used instead of a digital
timer because the latter would require the clock frequency to be
too high for the same order of accuracy. For example, if the DUT
has a rise time of 10s (for a second-order low-pass filter with
a cutoff frequency of approximately 52 kHz) and an accuracy of
1% is needed, the clock frequency would need to be 10 MHz.
If the whole system operates in the range of 52 kHz, the need
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Fig. 2. Basic principle of the ramp generation used in the analog timer.

for a 10-MHz clock only to test the system would not be an ac-
ceptable solution. The analog timer is, in fact, a ramp generator
for which the start and stop times are controlled by the delay to
be measured. Once the ramp is stopped, the final analog value
( ) is directly proportional to the delay to be measured.
Therefore, an accurate OCRG is desirable. In the case where the
DUT can be approximated by a first- or second-order system,
simple relations between time-domain and frequency-domain
can be used by an external computer or tester to compute the fre-
quency-domain characteristics ( ) [16] and/or diag-
nose a fault. Further arbitrary rise and fall delay tests can also
be performed that do not necessarily have a frequency-domain
relation. These test results can be used as signature of the DUT,
be compared to a predefined signature of a fault-free circuit, and
a go/no-go signal can be generated. The measurements can also
be sent to an external diagnosis system.

In the case of ADC testing, the practical implementation of
the monotonicity test [17] is usually complicated by the pres-
ence of digital noise on the ADC output codes. However, simple
digital signal processing can be used to reduce the effect of that
noise and extract the monotonicity behavior of the ADC. If a
very linear ramp is available on chip, linearity measurements
based on histogram testing can be computed on chip with digital
circuitry. Simple self-testing mechanisms to trace a calibration
failure can be added to the technique to ensure that the OCRG
is functioning properly before using it.

B. Inaccuracies in the Basic Ramp Generator

The principle of the basic ramp generator is to charge a ca-
pacitor with a constant current source. In the circuit of Fig. 2,

and is directly pro-
portional to the pulsewidth of the step signal. In the case of
time-domain testing as shown in Fig. 1, would be the
delay under test. To achieve the required performance (small
slope and linear ramp in the case of ADC testing, and precisely
known slope in the case of time-domain testing), we need a cur-
rent source with a near-infinite output impedance that sources
a very small current and a very large capacitor. Both have to be
precise and constant. For most ADC tests, we have

, where is the ramping time and represents
the longest portion of the ADC test. is the number of hits
per code used for the histogram,is the number of bits of the
ADC, and is the ADC sampling period. If we want to use
an on-chip ramping capacitor in the range of 10 pF, the design

(a)

(b)

Fig. 3. Block diagram of the adaptive approach. (a) Conceptual block diagram.
(b) Details of a typical LMS block.

of the extremely small current source required to test a typical
ADC becomes a challenge. Moreover, the process variation af-
fecting the absolute value of the current source and on-chip ca-
pacitor ( 20%) would result in significant slope errors.

C. Adaptive Scheme

The proposed solution is an adaptive scheme [14]. The advan-
tage of this approach is that a precise and process-independent
current reference is not needed since the adaptive scheme will
generate the proper value automatically to satisfy the least mean
square (LMS) condition [18]. Fig. 3(a) shows the general block
diagram of the adaptive scheme.

The discrete adaptive calibration procedure is based on two
reference values: theclocksignal and a reference voltage used as
a target. The calibration procedure consists of letting the output
ramp during a constant delay (which, in this case, is de-
rived from the clock, and is not the delay under test) then com-
paring with the target dc level ( ). The LMS block
uses this information to vary the control voltage of the
current source. This process of ramping and adjusting the con-
trol voltage is repeated until becomes exactly the same
as . Once the calibration is completed, we can use the
slave ramp generator to measure delays in the DUT. In the case
of ADC testing, we can discard the slave ramp generator and
use as the Ramp output. Referring to a typical LMS block
[Fig. 3(b)], our input signal is and the output is .
Mult is the ramp generator. As will be seen, Multis not nec-
essary in our case.

Fig. 4 illustrates the basic current source used in the first im-
plementation. Modifications will be made to this current source
in the following implementations, but its characteristics, as far
as the adaptive scheme is concerned, remain the same.is
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Fig. 4. Schematic of the basic current source of first analog ramp generator.

the current driver, – form a cascode current mirror and
is the charging capacitor. is used for stopping the cur-

rent source whenstepis at logic 1. is used to reset .
If the output impedance of the current source is neglected,
is approximately given by

(1)

where and is the current from the cur-
rent source. From control-system theory, the power of the error
signal is , which means that if

, the error power is minimized ( ). This error is the
result of the capacitor imprecision as well as the current impre-
cision. The latter includes process variations affecting and

. Therefore, the technique compensates for these process vari-
ations. The steepest descent algorithm is used to ensure that the
system minimizes the error.

(2)

where the usual constanthas been replaced by the variable
so that no confusion is made with the electron mobility. The
system has only one weight, represented by . It can be
shown that by writing the right part of (2) as

and assuming (in Fig. 4) is
always in saturation, we obtain

(3)

where is the control voltage at time . Equation (3) de-
scribes the functionality needed for the LMS block in Fig. 3(a).
Since the implementation of an exponential function is complex,
it was decided to simplify this task by implementing a first-order
Taylor approximation of (3)

(4)

where . The gain of the
integrator will define the speed and stability of the system. We
can also see that the gain should be affected by the initial value
of the integrator. This effect will not be implemented in our case

Fig. 5. Block diagram of the first OCRG implementation.

since the gain will be set by a constant. It can be shown that the
same approximation is valid if operates in weak inversion.

D. Error Sources and Performance Criteria

There are a number of error sources that can affect the
performance of the circuit both at system and implementation
levels. The closed-loop system will compensate for the inac-
curacy of on-chip capacitor and current source. The linearity
of the ramp depends on the output impedance of the current
source and the intrinsic capacitor linearity. In the case of
ADC testing, the chosen process should offer capacitors with
linearity higher than the ADC under test. In a typical process
such as the AMI 0.5 m from MOSIS, linearity of 15–16 bits
can be obtained for on-chip poly–poly capacitors [19]. Offsets
also affect the precision and stability of the generated ramp.
An offset at the input of the LMS block (on the subtractor) will
cause a slope error. Any other constant offset in the adaptive
loop (gain stages, current source) will be compensated by the
adaptive scheme. Offsets caused by charge injection on the
basic ramp generator (Fig. 4) will cause start and stop errors on
the ramp. Considering the time period range of interest (1s
for time-domain testing, 1 ms for ADC BIST), clock jitter is
negligible. The matching between the master and slave ramp
generators [see Fig. 3(a)] is also a source of error. Careful layout
techniques (especially for the matching of the current sources
and the capacitors) can reduce the slope mismatch below 0.5%,
which is acceptable for our application. Performance criteria
also include stability, calibration time, and programmability of
the slope.

We have identified four application categories, each of which
necessitates different performance levels from the ramp gener-
ator (see Table I). The implementations presented in Sections III
and IV can be used to fulfill any requirement in Table I at min-
imal area and complexity costs.

III. L OW-COMPLEXITY OCRG IMPLEMENTATIONS

A. First Implementation: Continuous-Time Integrator

The first OCRG implementation is shown in Fig. 5. An opera-
tional transconductance amplifier-capacitor (OTA-C) integrator
according to (4) now replaces the LMS block. allows for
a DT integration to be realized (the error must be integrated
only once the ramp has finished) and ensures that does
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TABLE I
IMPORTANCE OFPERFORMANCECRITERIA FOR DIFFERENTAPPLICATIONS

Fig. 6. Detailed schematic of the OTA.

not discharge through the output impedance of OTA1 while the
timers are ramping. Because is not a continuous function,
we have to use a DT implementation of the adaptive scheme

(5)

where defines the delay during which the integration of the
error is performed by the OTA-C (controlled by ). Switches

and limit the leakage of into the resistor and
in Fig. 4. The gain must be set so that the feedback gain is low
enough to guarantee stability. The delaymust be set in such a
way that the rise or fall on from one time step to the other
are converging. In order to guarantee convergence, each OTA
is made of a differential input stage with long channel length
pMOS drivers to ensure low (0.7 A/V) and a cascode cur-
rent-mirror output stage to ensure high output impedance (see
Fig. 6). was set to 1 s.

B. Second Implementation: Error-Cancellation LMS
Integrator

When the calibration delay becomes large (for mono-
tonicity or histogram tests of ADCs) and the ramping capacitor
is on chip, the control voltage has to be very precise. The second
implementation of the LMS integrator (Fig. 7) uses an error-can-
cellation approach with two single-ended integrators to reduce
the effect of charge injection. Also, the basic ramp generator

Fig. 7. Second implementation of the LMS integrator.

(Fig. 4) was modified by removing and placing it as a switch
between the drain of and . This allows the elimination
of the resistor in Fig. 4 and the switchesand in Fig. 5. The
OTAs are identical to the one used in the first OCRG version.
The charging capacitor is 14.9 pF. Leakage current in the
switches [20] causes the stored voltage on the capacitor to de-
crease as

(6)

where is the capacitor voltage, is the initial ca-
pacitor voltage, is the leakage current of the switch, and

is the capacitor used to store the control voltage of the adap-
tive loop. The leakage current of a wide (20/0.6) transistor in
the AMI 0.5- m technology is less than 2.5 pA/m, which is
a very conservative value for our small switches. The use of
transmission gates and the fact that some capacitors are con-
nected to two switches (Fig. 7) raises the leakage current to 10
pA/ m. Using a 15-pF capacitor and a 1-ms delay results in a
maximum voltage drop of 0.67 mV. This has virtually no ef-
fect on the output current charging the ramping capacitor, and
is smaller than the clock feedthrough and charge injection error
sources.

The second OCRG implementation shows significant
improvement on the precision of long ramps with on-chip
capacitors. Fig. 8 shows a simulation of the calibration process
for a ramp ranging from 0 to 2 V within 1 ms. Fig. 9 shows a
more detailed view (zoom) of the ramp once calibrated, along
with the integral nonlinearity (INL) of the ramp.



PROVOST AND SÁNCHEZ-SINENCIO: ON-CHIP RAMP GENERATORS FOR MIXED-SIGNAL BIST AND ADC SELF-TEST 267

Fig. 8. Simulation of the calibration process. Upper trace shows the ramp being calibrated. Lower trace shows the control voltage.

Fig. 9. Detailed view of a calibrated ramp and INL. Upper trace shows the calibrated ramp. Lower trace shows the ramp INL.

IV. THIRD IMPLEMENTATION: SC FULLY

DIFFERENTIAL LMS INTEGRATOR

The purpose of the third version of the OCRG was to as-
semble a BIST scheme for pipeline ADCs. The design con-
straints were to improve the linearity and stability of the ramp
at the cost of a slightly more complex circuitry, as well as to
convert it to a fully differential topology. In the case of an ADC
histogram test, the maximum INL of the input ramp should be

, where is the full-scale range
of the ADC under test, is the number of bits of the ADC, and

is the number of desired hits per code. The linearity pro-
vided by the previous implementations is insufficient for typical
ADC histogram tests.

A. Improvement of Ramp Stability

In order to perform ADC histogram testing, a very stable low-
current source with high power-supply rejection ratio (PSRR) is
needed. We decided to use the self-biased Widlar current source
[21] shown in Fig. 10. , operating in triode region, is added
to control the current. Also, by using additional design variables
(such as the relative sizes of and , as well as the sizes
of and ), the of the current source can be lowered,
which reduces the OCRG loop gain and, thus, decreases the sen-
sitivity to noise and leakage on the charging capacitor. By using
the change of variable , we have
and (7), shown at the bottom of the next page, whereand are
the current mirror ratios – and – , respectively. When
( ) becomes large, the whole equation becomes a con-
stant. Fig. 11 shows a plot of this function for typical component
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Fig. 10. Self-biased Widlar current source.

values. Proving that this current source can be used in an adap-
tive scheme such as Fig. 3(a) involves solving (2) and (7), which
is quite complex. Instead, we will take advantage of the fact that
with the proper choice of components, the shape (curvature) of
the relation described by (7) becomes fairly linear in the range
of interest. In that case, we have , where

incorporates the effect of the choice of components. It is now
easy to show that the control voltage is given, according to the
LMS algorithm, by the same equation as (4). Moreover, it has
been found from behavioral and transistor-level simulations that
the adaptive scheme gives very good results in the case where
the versus relation of the current source is not linear.

B. Improvement on Ramp Linearity

In the simplified ramp generator Fig. 12(a)], repre-
sents the real capacitor voltage, including the effect of the output
impedance of the current source. An output-dependent offset
current will flow through and add to the nominal current
causing nonlinearity on the output ramp. The capacitor is reset
to on (which corresponds to in the following
analysis). Fig. 12(b) shows the Thevenin equivalent, which sim-
plifies the analysis. It can be shown that the maximum error in
the ramp is given by

(8)

where

(9)

Fig. 11. Typical output current from the self-biased Widlar current source in
function ofV .

is the final voltage of the ideal ramp (with ) and
. If we want to test a 12-b ADC with

V and make a 16 hits per code histogram, (8) predicts that we
need an output impedance of about 300 G. Note that this is
dc output impedance. Still, this is a very large value and it is
unlikely that we can achieve such a high value in a low-voltage
process. The present current source (Fig. 10) has a dc output
impedance of 19 G, based on simulation results.

A reduction on the effect of can be achieved by keeping
the capacitor node constant, which is done by using an opera-
tional amplifier (opamp) in feedback of the charging capacitor
as shown in Fig. 13. It can be shown that for an opamp gain of

, the maximum error is now given by

(10)

(11)

The linearity improvement is in the order of. The slope of
the curve is given by the derivative of with respect to
time and is

(12)

(7)
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(a) (b)

Fig. 12. Simplified circuit of the ramp generator with current source output impedance. (a) Original circuit. (b) Thevenin equivalent to simplify the calculations.

Fig. 13. New circuit to decrease the effect ofR .

When becomes large, the slope becomes (using L’Hopital’s
rule)

(13)

which is a constant for a given current. This proves that the
slope is constant at all times and, thus, that the curve is linear.
Also, when becomes large, the end point of the curve becomes
independent of . We can set and and find the required
nominal value for in Fig. 13

(14)

A systematic methodology can now be used to define the
value of needed for a particular application where a ramp is
needed to go from to in a delay of , with a max-
imum .

1) Start with a small value of . For example, .
2) Choose a design value for such that its associated

offset current will never get higher than the total
needed. We already know that we need

, therefore,
. This will set a design constraint

on the current source.
3) Find the nominal value of needed with (14).
4) Find the resulting with (10).

means that is too low. In that case, increaseand repeat
the procedure from step 3.

The simulation result from a transistor-level implementation
of the current source with the feedback opamp is shown in
Fig. 14. The INL error is now only 27 V. This precision
is sufficient to test the 12-b ADC with a 2-V input range and
16 HPC described earlier.

C. Implementation of the Third Version

All the internal signals of the third version, except for the con-
trol signal, are fully differential in order to reduce the effect of
offsets and the noise in the system and because the ADC under
test has a differential input. We now have one target voltage for
each ramp. The input range of the ADC is from 0.75 to 1.25 V
and the power supply is 1.8 V (see Fig. 15).

The fully differential opamp is a two-stage topology with a
telescopic cascode input stage (see Fig. 16). It was decided not
to put the cascode on the output stage so that the output swing
would be large enough. Since the ramping phase is long, the
opamp contains a continuous-time common-mode feedback cir-
cuit in addition to the reset of its input nodes to at every
clock cycle. The common-mode feedback circuit is a simple dif-
ferential pair with diode-connected loads. The dc gain of the
opamp is 104 dB and the gain bandwidth is 46 MHz. The phase
margin is 75. The linear-gain output swing is 0.55–1.5 V. The
input and feedback capacitors of the LMS integrator are 0.5 and
4 pF, respectively (gain of 1/8). The differential-to-single-ended
block is used to convert the differential output of the LMS in-
tegrator to the single-ended input of the current source in the
ramp generator. The topology is a simple differential stage with
diode-connected active loads and a gain around unity.

The clocking necessary for this system is made of three
nonoverlapping phases. The first phase is the ramping
phase and lasts for 1.024 ms. The two other phases,and
(integration and reset phases, respectively), last for 1s each.
In addition to these basic phases, we also need their inverse
and their delayed version for bottom-plate sampling. The clock
generator is a three-flip-flop state machine and a counter to
create the 1.024-ms delay on.

V. MEASUREMENTRESULTS

All three versions of the OCRG implementations have been
fabricated and tested. The first implementation was fabricated
on an ORBIT 2- m process from MOSIS (see Fig. 17). The
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Fig. 14. Transistor-level simulation of the OCRG with opamp in feedback. Upper trace shows the ramp INL. Lower trace shows the calibrated ramp.

Fig. 15. Detailed view of the third version of the adaptive OCRG.

Fig. 16. Detailed schematic of the opamp.
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Fig. 17. Microphotograph of the first implementation of the OCRG.

Fig. 18. Chip test results from the first OCRG implementation. Upper trace
shows the ramp being calibrated. Lower trace shows the control voltage.

Fig. 19. Chip microphotograph of the second version of the OCRG.

chip contains two master/slave pairs (different implementations
of the timer), a finite-state machine (FSM) to generate the clocks
and a slave to be controlled externally for test purposes. The
entire circuit measures 3.2 mmand a single master/slave pair
with FSM measures 1 mm. The measurement results are shown
in Fig. 18. This version was designed for an operation frequency

Fig. 20. Calibration process for the second version of the OCRG. The
calibration process requires approximately nine iterations.

Fig. 21. Chip microphotograph of the third version of the adaptive OCRG.

Fig. 22. Calibration process for the third version of the OCRG.

of 10 kHz. Extra capacitance was added externally to the
ramping and LMS capacitors. We can see that the output ramp
(OUT) gets precisely calibrated to the target final value. This
shows the validity of the adaptive scheme. The measured
transconductance of the OTA is 0.7A/V, and the error on the
final value of the ramp is 20 mV, which translates into a slope
error of 0.6%.

The second version of the OCRG has been fabricated on an
AMI 0.5- m process from MOSIS (see Fig. 19). Post-layout
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Fig. 23. Measurement interface for the third version of the OCRG.

TABLE II
PERFORMANCERESULTS, APPLICABILITY, AND COMPARISON

*Not mentioned in the paper; assumed 12 bits accuracy.

**Not mentioned in the paper; assumed 8 bits ADC. Linearity results are based on a�0.5 LSB INL limit.

simulations show that the errors on the starting and final
voltages are 14 mV, which translates in an average slope error
of 1.5%. The post-layout simulations show a ramp INL of

570 V (11 b) and a slope distortion of 0.2%. We can see
in Fig. 20 that the ramp calibrates itself within nine iterations.
After analysis of the measurements, the ramp INL was found to
be approximately 1 mV (10 b), which translates into a slope
distortion of approximately 0.4%.

The third version of the OCRG was fabricated on a 0.18-m
process from Texas Instruments Inc. (see Fig. 21). Dimensions
are 0.6 0.3 mm . In measurements, the ramp goes from 0.7
to 1.3 V within 1.024 ms with a start and stop error of 12 mV.
The average slope error is 0.6%. The calibration process is
shown in Fig. 22. The INL of the ramp was measured with a
test setup using a PXI6071E multifunction data acquisition card

from National Instruments. A LabView program was written to
perform several tasks such as curve fitting to extract the INL
shape from the noise generated by the digital signals. It also
computes the best-fit straight line from the acquired ramp in
order to calculate the INL (see Fig. 23). The measured average
ramp INL is 175 V (11 b), with a maximum of 190 V
and a minimum of 150 V. The ramp slope can be adjusted by
varying the global clock frequency. The lowest slope attainable
was 0.4 V/ms, and the highest was 2 V/ms. A lower slope
results in unstable ramps and a higher slope results in excessive
errors on the start and stop values. The start and stop targets
are also widely adjustable. The maximum differential slope
amplitude is 1.6 V (limited by the linear output range of the
opamps). Larger amplitudes are possible, but the INL becomes
excessive. Amplitudes as small as 0.2 were measured with
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good linearity. Smaller amplitude would result in unstability.
The typical number of iterations required for calibration is 12.

VI. CONCLUSION

This paper presented three versions of on-chip adaptive ramp
generator designs to be used in time-domain BIST for analog
circuits and ADC testing. The adaptive approach allows the gen-
eration of very long on-chip ramps without the need for manual
fine tuning and makes the system process independent. The
technique needs only the system clock and a reliable reference
voltage, which, in the case of time-domain testing, can be almost
any voltage reference already present in the system. Table II pro-
vides the applicability of each implementation in consideration
of its performance and complexity. It also compares the obtained
performance with other published implementations. Many per-
formance results were unavailable since the performance met-
rics for on-chip ramp generation are application dependent and
not well established. It is clear that we can trade complexity
with performance, depending on the application we are consid-
ering. The third version of the OCRG is currently being used in
a pipeline ADC BIST technique.

ACKNOWLEDGMENT

The authors would like to thank A. Rueda, J. L. Huertas Díaz,
and the rest of the members of the Institute of Microelectronics,
Seville, Spain, for their comments and suggestions.

REFERENCES

[1] G. W. Roberts, “Metrics, techniques and new developments in mixed-
signal testing,” presented at the Int. Test Conf., Atlantic City, NJ, Sept.
1999.

[2] J. A. Mielke, “Frequency-domain testing of ADCs,”IEEE Des. Test
Comput., vol. 13, pp. 64–69, Spring 1996.

[3] M. Soma, H. Sam, Z. Jinyan, K. Seongwon, and G. Devarayanadurg,
“Hierarchical ATPG for analog circuits and systems,”IEEE Des. Test
Comput., vol. 18, no. 1, pp. 72–81, Jan./Feb. 2001.

[4] C.-Y. Chao, H.-J. Lin, and L. Milor, “Optimal testing of VLSI analog
circuits,” IEEE Trans. Computer-Aided Design, vol. 16, pp. 58–76, Jan.
1997.

[5] F. Corsi, M. Chiarantoni, R. Lorusso, and C. Marzocca, “A fault signa-
ture approach to analog devices testing,” inProc. 3rd Eur. Test Conf.,
Apr. 1993, pp. 116–121.

[6] P. N. Variyam and A. Chatterjee, “Test generation for comprehensive
testing of linear analog circuits using transcient response sampling,” in
Proc. Int. Conf. Computer Aided Design, Nov. 1997, pp. 382–385.

[7] M. F. Toner and G. W. Roberts, “A BIST technique for a frequency re-
sponse and intermodulation distortion test of a sigma–delta ADC,” in
Proc. 12th IEEE VLSI Test Symp., Apr. 1994, pp. 60–65.

[8] J. L. Huang, C. K. Ong, and K. T. Cheng, “A BIST scheme for on-chip
ADC and DAC testing,” inProc. DATE 2000, Paris, France, Mar. 2000,
pp. 216–220.

[9] Y. C. Wen and K. J. Lee, “An on-chip ADC test structure,” inProc.
DATE 2000, Paris, France, Mar. 2000, pp. 221–225.

[10] K. Arabi and B. Kaminska, “Efficient and accurate testing of analog-to-
digital converters using oscillation-test method,” inProc. Eur. Design
and Test Conf. (ED&TC), Paris, France, Mar. 1997, pp. 348–352.

[11] E. J. Peralias, A. Rueda, and J. L. Huertas, “Structural testing of
pipelined analog to digital converters,” inProc. IEEE Int. Symp.
Circuits and Systems, vol. 1, May 2001, pp. 436–439.

[12] C. Jansson, K. Chen, and C. Svensson, “Linear, polynomial and expo-
nential ramp generators with automatic slope adjustment,”IEEE Trans.
Circuits Syst. I, vol. 41, pp. 181–185, Feb. 1994.

[13] S. Bernard, F. Azais, Y. Bertrand, and M. Renovell, “Efficient on-chip
generator for linear histogram BIST of ADCs,” inProc. 7th IEEE Int.
Mixed-Signal Testing Workshop, June 2001, pp. 89–96.

[14] B. Provost and E. Sánchez-Sinencio, “Auto-calibrating analog timer for
on-chip testing,” inProc. Int. Test Conf., Atlantic City, NJ, Sept. 1999,
pp. 541–548.

[15] B. Provost, A. M. Brosa, and E. Sánchez-Sinencio, “A unified approach
for a time-domain built-in self-test technique and fault detection,” in
Proc. 8th Great Lakes Symp. VLSI, Feb. 1998, pp. 230–236.

[16] R. C. Dorf and R. H. Bishop,Modern Control Systems. Reading, MA:
Addison Wesley, 1995, ch. 5, pp. 216–259.

[17] M. R. DeWitt, G. F. Gross, and R. Ramachandran, “Built-in self-test for
analog to digital converters,” U.S. Patent 5 132 685, July 21, 1992.

[18] P. S. R. Diniz,Adaptive Filtering, Algorithms and Practical Implemen-
tation. Norwell, MA: Kluwer, 1997.

[19] R. K. Hester, K.-S. Tan, M. DeWit, J. W. Fattaruso, S. Kiriaki, and J. R.
Hellums, “Fully differential ADC with rail-to-rail common-mode range
and nonlinear capacitor compensation,”IEEE J. Solid-State Circuits,
vol. 25, pp. 173–183, Feb. 1990.

[20] D. Wouter, J. Groeneveld, H. J. Schouwenaars, H. A. H. Termeer, and
C. A. A. Bastiaansen, “A self-calibration technique for monolithic high-
resolution D/A converters,”IEEE J. Solid-State Circuits, vol. 24, pp.
1517–1522, Dec. 1989.

[21] A. B. Grebene,Bipolar and MOS Analog Integrated Circuit De-
sign. New York: Wiley, 1984, ch. 4, pp. 169–213.

Benoit Provost (S’02) was born in Montréal, QC,
Canada, in 1970. He received the B.S. and M.S.
degrees in electrical engineering from the École
Polytechnique de Montréal in 1993 and 1995,
respectively, and the Ph.D. degree in electrical
engineering from Texas A&M University, College
Station, in 2002. His Master’s thesis focused on the
design of an implantable bladder volume monitor
to correct urinary dysfunctions and his Ph.D.
dissertation focused on analog and mixed-signal
built-in self-test and pipeline ADC self-calibration.

In 1997 and 2000, he was with Texas Instruments Incorporated, Dallas, TX,
working on ADC self-test and self-calibration. He joined Intel Corporation,
Hillsboro, OR, in 2002, where he concentrates on high-speed design-for-testa-
bility techniques.

Edgar Sánchez-Sinencio (S’72–M’74–SM’83–
F’92) was born in Mexico City, Mexico. He received
the degree in communications and electronic
engineering (Professional degree) from the National
Polytechnic Institute of Mexico, Mexico City, in
1966, the M.S.E.E. degree from Stanford University,
Stanford, CA, in 1970, and the Ph.D. degree from
the University of Illinois at Champaign-Urbana in
1973.

He held an industrial Post-Doctoral position with
the Central Research Laboratories, Nippon Electric

Company, Ltd., Kawasaki, Japan, in 1974. From 1976 to 1983, he was the Head
of the Department of Electronics at the Instituto Nacional de Astrofísica, Op-
tica y Electrónica (INAOE), Puebla, Mexico. He was a Visiting Professor in
the Department of Electrical Engineering, Texas A&M University, College Sta-
tion, during the academic years of 1979–1980 and 1983–1984. He is currently
the TI J. Kilby Chair Professor and Director of the Analog and Mixed-Signal
Center at Texas A&M University. He was the General Chairman of the 1983
26th Midwest Symposium on Circuits and Systems. He is a coauthor ofSwitched
Capacitor Circuits(New York: Van Nostrand-Reinhold, 1984) and coeditor of
Low Voltage/Low-Power Integrated Circuits and Systems(Piscataway, NJ: IEEE
Press, 1999). His current interests are in the area of RF-communication circuits
and analog and mixed-mode circuit design.

Dr. Sánchez-Sinencio was an Associate Editor for IEEE TRANSACTIONS ON

CIRCUITS AND SYSTEMS (1985–1987) and an Associate Editor for the IEEE
TRANSACTIONS ONNEURAL NETWORKS. He is the former Editor-in-Chief of
the IEEE TRANSACTIONS ONCIRCUITS AND SYSTEMS II. He is a former Pres-
ident of the IEEE Circuits and Systems Technical Committee on Neural Sys-
tems and Applications and IEEE Circuits and Systems Technical Committee
on Analog Signal Processing. In November 1995, he was awarded an Honoris
Causa Doctorate by the National Institute for Astrophysics, Optics and Elec-
tronics, Mexico, the first honorary degree awarded for Microelectronic Circuit
Design contributions. He received the 1995 Guillemin–Cauer for his work on
Cellular Networks. He was also the corecipient of the 1997 Darlington Award
for his work on high-frequency filters. He received the IEEE Circuits and Sys-
tems Society Golden Jubilee Medal in 1999. He is a former IEEE Circuits and
Systems Vice President–Publications. He is currently the IEEE Circuits and Sys-
tems Society Representative to the Solid-State Circuits Society (2000–2002)
and a member of the IEEE Solid-State Circuits Award Committee.

View publication stats

https://www.researchgate.net/publication/2982168

	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


