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Analog-to-digital and digital-to-analog
converters (ADC and DAC) are the largest
volume mixed-signal circuits and are widely
used in signal processing circuits and
systems. However, design and testing of
ADC and DAC are facing great challenges
as the performance requirement continues
growing and the device size keeps shrinking.

The goal of this project is to propose an



integrated self-test and self-calibration
technique for ADC and DAC.

For circuit designers, the inevitable
process variations and decreasing supply
voltage levels complicate the design process.
To avoid performance degradation caused
by process variations, many circuit design,
layout, and calibration techniques have been
developed. However, the shrinking device
feature sizes and decreasing supply voltage
levels both pose serious challenge. From the
manufacturing test point of view, testing
high-resolution, high-speed converters is a
challenging task and may become the
bottleneck of the whole IC manufacturing
process if not well taken care of. First,
accurate (and thus expensive) test equipment
is required to generate the high quality test
stimuli or to digitize the output response.
Secondly, the signal transmission quality
between the device under test (DUT) and the
test equipment suffers environmental noise
and bandwidth limitation.

In this three-year project, we intend to
develop integrated self-test-and-calibration
techniques intended to reduce the
manufacturing test cost and design efforts
associated with ADC and DAC. In the first
year, we will develop dynamic and static
self-test techniques for ADC and DAC. At
the same time, test-based self-calibration
techniques, i.e., self-calibration techniques
that utilize the self-test results, will be
investigated. In the second year, the self-test
techniques will be verified through IC
implementation. Also, the self-calibration

circuitry will be integrated with the self-test

circuitry. In the third year, we will verify the
self-test-and-calibration technique through
IC fabrication, and also apply our technique
to the ADC/DAC design subproject.

Keywords Analog-to-digital converter,
digital-to-analog converter, built-in self-test,

built-in self-calibration
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accErr = 0:
fori=4to7
direct I to channel 1:
direct IF | - - - I¥ to channel 2;
direct all the other current sources to the dummy channel:
/I fix accumulated error
if accErr >0
add accErr to channel 1 using IS - - - IS
else if accErr <0
add accErr to channel 2 using I S I8
end
// error measurement using binary search
ek =0;
forj=3to0
ifv™ >0t
add 27 to channel 2 by relocating 15 - - IS
f{‘ = E{‘ + 27
else ‘ .
add 27 to channel 1 by relocating 1§ - - - Ié‘:
E;’“ = E{“ — 27
end
end
ek =eF —1;
accErr = accErr + €=
end

B+t L-DACHyBRA2 A

B T 4 AR 0 AT L — 18 14-bit 89
DAC % 1| & 473088 (K ¥ H-DAC A 6-bit >
M L-DAC#C-DAC%8-bit) » B £ AL-DAC
89 R R A2 5 o C-DACH) B3R 42 5~ 1 2 48
Fl e BB ERESHOESF > BHA
%3t E & Bsub-DACI A8 T -

reset L-MEM, C-MEM. and H-MEM:
// Generate L-MEM contents
fori=0to 15
forj=3to0
if i[j] == 0 // i[j] is the jth bit of 7 in binary format
sign =-1;
else
sign = 1;
end
L-MEM[i] = L-MEM[i] + sign - €f  :
end
end
// Generate H-MEM contents
for i =0 to 63
forj=0to 63
ifj<=i
H-MEM[i] = H-MEM[{] + /",
else
H-MEM][i] = H-MEM[/] - €.
end
end
end
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resolution 14-bat
full scale current 20 mA
maximum output swing 2V (differential)
supply voltage 33V
active area 2mmx 2 mm
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