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Abstract—This paper proposes a new analog-to-digital converter
(ADC) built-in self-test (BIST) scheme based on code-width and
sample-difference testing that does not require a slope-calibrated
ramp signal. The proposed BIST scheme can be implemented by a
simple digital circuit whose gate count is only approximately 550.
The proposed BIST scheme is verified by simulation with 138 test
circuits of 6-b pipeline ADC with arbitrary faults. Simulation re-
sults show that it effectively detects not only the catastrophic faults
but also some parametric faults. The simulated fault coverage is
approximately 99%.

Index Terms—Analog-to-digital converter (ADC), built-in self-
test (BIST), code width.

I. INTRODUCTION

THE test cost of an integrated circuit often overwhelms the
design and the fabrication cost due to the complexity of the

implemented system [1], [2]. Various mixed-signal BIST tech-
niques have been introduced to test an analog block embedded
in a complex system [3], [4].

The ADC is one of the most frequently used mixed-signal
blocks in a system. Several ADC testing schemes were reported
in [5]–[9] which can be categorized into the dynamic testing
and the static testing. The dynamic testing measures the spectral
response of ADC with single tone or multitone sinusoidal input
signal to obtain signal-to-noise ratio (SNR), spurious-free dy-
namic range (SFDR), signal-to-noise and distortion (SINAD),
and intermodulation distortion (IMD). This technique requires
fast Fourier transformation whose overhead is unacceptably
large for built-in self-test (BIST) [10]. The static testing such
as histogram, integral nonlinearlity (INL), and differential
nonlinearlity (DNL) testing measures the difference between
the ADC output and the ideal output. The histogram-based
technique is one of the most widely used testing methods with
relatively low hardware complexity [11], [12]. However, its
overhead is still the primary concern. INL and DNL testing
require a slope-calibrated ramp signal generator [13] that
requires complex circuits.

This paper proposes a new BIST scheme based on code-width
testing that does not require a slope-calibrated ramp signal gen-
erator. Section II describes the proposed ADC BIST scheme.
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Fig. 1. Definition of ADC faults and errors.

Section III presents the BIST implementation and Section IV
shows the simulation results. Section V provides the conclusion.

II. ADC BIST SCHEME

Various types of static ADC errors and faults are defined
in Fig. 1. The missing code fault is defined when the differ-
ence of the current ADC output and the previous output

exceeds 1 LSB when the slope of the ramp input is suf-
ficiently low. The monotonocity fault is defined when the ADC
output decreases though the test input signal is monotonically
increasing. The INL error is defined by the difference between
the ADC output and the ideal expected output .
The code width is defined by the width of the analog input
that corresponds to 1-LSB digital output. Then the DNL error is
defined by the difference between the measured code width and
the ideal code width .

The proposed BIST scheme is based on code-width measure-
ment as defined in Fig. 2. As the analog test ramp signal, the

–bit ADC under test samples the input signal times until
the ramp signal reaches maximum input . Here, the ramp
signal generator should have sufficiently low slope and higher
resolution than the ADC but not necessarily be slope-calibrated.
Therefore, is unknown. The ADC’s code width for a specific
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Fig. 2. Definition of code width.

code is measured by counting the number of samples between
the ADC output code transition.

The maximum and minimum measured code width can be
expressed as follows:

(1)

where and is the maximum absolute code width de-
viation from the ideal one. If is known, then the ADC is
categorized as a faulty circuit with DNL error when the devia-
tion exceeds certain boundaries as follows:

(2)

where is a constant that represents the fault decision boundary.
is chosen for most of the applications and the is

often referred to as 1 LSB. Since the proposed BIST scheme
does not know , it checks the code width fault that is de-
fined as follows:

(3)

The equation (3) can be manipulated as follows:

(4)

Assuming that , then (4) can be sim-
plified as

(5)

Therefore, the code width test based on (3) corresponds to DNL
testing with the decision boundary of 2/3 LSB DNL error.

Since the INL error is caused by the accumulated code width
deviation, the INL error at the th code can be defined by
accumulation of up to the th transition. Then
the ADC is considered as a faulty circuit when the magnitude
of maximum INL error exceeds certain boundary (typically,

) as follows:

INL error

(6)

(b)

Fig. 3. Example of INL error measurement with a 6-b ADC. (a) ADC transfer
curve. (b) INL error obtained from the cumulative code width deviation.

As the is unknown, the average code width is used
instead. If the ADC passes the code width test, then the value of

is sufficiently close to the value of . Fig. 3 shows
the INL error that is obtained from the cumulative code width
deviation from as an example.

III. BIST IMPLEMENTATION

The proposed BIST circuit is depicted in Fig. 4. The ramp
signal generator, the register, and the counters are reset at the
beginning of the test. The register holds the ADC output for one
sample period. Then the subtractor calculates the difference be-
tween the current ADC output and the previous output that is
stored in the register. ORing of all bits in the subtractor output de-
tects the transition of the ADC output. If the subtractor output is
negative, then this represents that the monotonocity fault occurs.

If the subtractor output is larger than 1, then this means that
the code transition is larger than 1 LSB and it corresponds to
missing code fault. The ORing of all bits except for the LSB in
the subtractor output detects the missing code fault.

The code width counter counts the number of clocks until
the transition occurs. If a transition is detected, then the content
of the counter represents the code width for the specific code.
Once the code width is checked, then the counter is reset for the
next code width measurement. The hold min and hold max block
detect the minimum and the maximum code width, respectively.
Then the difference between twice the minimum code width and
the maximum code width is calculated. If the subtractor output is
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Fig. 4. Conceptual block diagram of the proposed BIST error detector.

TABLE I
FAULT DEFINITIONS AND THEIR DETECTION METHODS

negative, then it means that which corresponds
to the code width fault defined in (3). Multiplication by 2 is
implemented by simple interconnection mapping that connects

of the to of the subtractor input and assigns
of the subtractor to be zero. This is equivalent to the shift-left
operation to multiply by 2 in binary code.

The offset cancelled comparator generates an end-of-test
(EOT) signal when the input ramp signal reaches . The
test length counter counts the number of clocks until the EOT
during the code width testing phase that is explained above.
If the ADC has passed the code width testing, then the test
length counter has a total summation of code width. Division
of this test length by (where is the resolution of ADC)
provides the average code width . This division is realized
by getting rid of the lower bits of the test length counter.
Once the EOT is generated, then the BIST starts the second
phase of testing for the INL testing.

The ramp signal generator, the register, and the code width
counter are reset. The code width of the ADC is measured in
the same way as the code width testing. Then the difference
between the measured code width and is accumulated.
If the difference between the magnitude of these accumulated
code width deviations and is negative, then it means

Fig. 5. Simulated fault coverage for 138 test ADCs with arbitrary faults.

that the INL error exceeds 1/2 LSB. Table I summarizes the
fault definitions and their detection methods.
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Fig. 6. Example of a faulty circuit that is not detected by the proposed BIST.

Fig. 7. Rate of the fault-detected normal ADC with process variation.

IV. SIMULATION RESULT

The proposed BIST circuit is verified by simulations with 138
test circuits of a 6-b pipeline ADC with arbitrary faults such as
open or short or some parametric variation. The error detector
is designed with HDL and synthesized with a standard cell. The
total gate count is about 550 (270 for the INL testing and 280
for others).

Fig. 5 shows the summary of the simulation results. All faulty
test circuits except one test circuit are detected by the proposed
BIST circuit, yielding fault coverage of 99%. The test circuit
whose fault is not detected by the proposed BIST performs nor-
mally for the ramp signal testing. The fault is located at the
tail current source in an operational transconductance amplifier
(OTA), as shown in Fig. 6. If the resolution or sampling rate of
the ADC is high, then this fault can be detected by the proposed
BIST because this fault may cause the performance degradation
that exceeds the decision boundary. In practice, the fault cov-
erage may be lower than this simulation result because the test
circuits do not cover all possible cases.

Monte Carlo analysis has been performed as well to esti-
mate the effect of the process variation. The simulations are per-
formed with different variances of transistor gate length and ca-
pacitor mismatch. Fig. 7 shows that increased variance results
in an increased number of faulty circuits.

V. CONCLUSION

This paper proposed a new ADC BIST scheme based on code
width testing without a slope-calibrated ramp signal. The pro-
posed BIST can be implemented with a small overhead of 550
gate count, excluding the ramp signal generator and the com-
parator. Though the required gate count is linearly dependent on
the ADC resolution, an optimized design may result in a much
smaller gate count than 550. The simulated fault coverage was
99% with 138 test circuits.

The simulation results show that the proposed ADC BIST
scheme can detect most catastrophic faults and some parametric
faults as well. Due to noise or any uncertainty in a real circuit,
the test should be performed several times, and the BIST con-
troller will finally decide that the ADC is faulty when the fault
detection is repeated.
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