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Abstract

This project is to design and realize
analog front-end integrated circuits for
high-speed optical fiber communication
systems. In addition to having more than 10

Gb/s data transmission rate, the front-end, with
sufficient dynamic range, will convert the
received optical signals into multi-bit digital
data, so that digital signal processing
techniques can be used to improve
transmission efficiency. The specifications
for the circuits are at least 6-GHz signal
bandwidth, at least 4-bit resolution, and at least
10-GSamples/s  effective sampling rate.

Circuits under studied include transimpedance
amplifiers, programmable-gain  amplifiers,
sample-and-hold  circuits, analog-to-digital
converters, and clock generators. All circuits
will be realized using advanced fabrication
technologies, e.g., 0.18 um CMOS. Since the
parallel architecture will be applied in the
sample-and-hold and analog-to-digital
functions, the required calibration techniques
will also be developed to correct errors such as
gain mismatches, offset mismatch, and
sampling phase mismatch. In addition,
silicon-on-package (SoP) technology will be
used for packaging the fabricated chip, so as to
facilitate high-frequency characterization.

Key Words: Mixed-Signal Integrated
Circuits, Analog Front-End Circuits, Optical
Fiber Transmission, CMOS.
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A. Time-Interleaved ADC
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Fig. 1: Time-interleaved ADC.

The time-interleaved configuration shown
in Fig. 1 has been studied for very high-speed
analog-to-digital converters (ADCs). The
entire A/D system consists of M identical N-bit
sub-ADCs, ADC; --- ADCy. Each sub-ADC,
including a sample-and-hold amplifier (SHA)
and a quantizer (QTZ), is driven by an f; clock



with different phase. The M clock phases,
d1 -+ dwm, are equally spaced and constitute an
entire clock period.  The entire system
achieves an equivalent f, = f_xM sampling

rate and N-bit resolution. For this project, we
wantN >6 f, >1GHzandM >10, to yield a

6-bit 10-GSamples/s ADC system.

Although the parallel architecture shown
in Fig. 1 can achieve very high sampling rate,
mismatches among the sub-ADCs introduce
additional errors in normal A/D conversion.
These mismatches, including sampling phase
mismatch, gain mismatch, and offset mismatch,
must be removed or calibrated in order to attain
high resolution.

B. Background Calibration for Flash ADC
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Fig. 2: Flash A/D architecture.

In this project, the sub-ADC employs the
flash A/D architecture shown in Fig. 2. The
N-bit ADC uses 2“-1 comparators to
simultaneously compare input, V;, with 2"-1
references, Vgj, where j=1,2, ---, 2N-1. The
overall digital output D, is obtained by
encoding the binary output from the
comparators. The flash architecture has the
highest A/D conversion speed at a given N for
a given technology.

For high-speed CMOS flash ADCs, it is
the random input-referred offset voltages of the
comparators that determine the ADC's linearity.
The offset of a comparator with symmetric
circuit configuration is caused by device's
mismatches. Devices with larger size have
better matching properties but also result in
circuits of less power efficiency. Due to this
design consideration for matching, there exists
a fundamental trade-off among the speed,
power, and accuracy of a CMOS flash ADC
[1].

To overcome this speed-power-accuracy

limitation, we have developed a new
background calibration technique that can
automatically trim the comparator’s input
offset voltage according to the statistical
characteristic of input signals [2].
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Fig. 3: A comparator with random choppers.

The proposed calibration scheme is based
on the random chopping comparator shown in
Fig. 3. This chopping comparator can replace
the j-th comparator shown in Fig. 2. The
comparator compares input, Vi, with a
reference voltage, Vgrj, and then generates a
corresponding binary output, D [k]<{1,0} .
The internal comparator has an input offset
voltage of Vps. The two choppers, CHP1 and
CHP2, are controlled by a binary-valued
random sequence, q[k] e{+1,-1}. The CHP1

is an analog chopper, which passes the inputs
unchanged when g =+1 and interchanges the

inputs wheng=-1. In CMOS technologies,

CHP1 can be realized using 4 analog switches.
The CHP2 is a digital chopper, which inverts
its input wheng=-1. Also shown in Fig. 3

is the probability density function (PDF) of
V. -V One can detect the polarity of Vos

i R,j"
from the polarity of Py, and then trim the Vos
accordingly. It is necessary for the

Fig. 4 shows the block diagram of the
proposed background-calibrated comparator
(BCC), which is composed of a random
chopping comparator and a calibration
processor (CP). The entire CP is realized in
the digital domain. The CHP2 chopper in Fig.



3 becomes an XNOR gate with corresponding
random sequence q'[k]{1,0}. The ACC1

accumulator records the difference between the
number of D/k]=1 occurrences for

glk]=+1and q[k]=-1$. Thus, its output,

R[K] is proportional to the probability Py, of Fig.

3. The bilateral peak detector (BPD)
monitors the value of R[k] and generates a

corresponding triple-valued output,
S[k]e{+1,-1,0} . The BPD has two
thresholds, +Nc and -Nc.  WhenR[k] > +N_,

S[k]=+1. When R[k]<-N., S[k]=-1.
Otherwise, S[k]=0. In addition, the ACC1
accumulator is reset to zero whenever
S[k]=+lorS[k]=-1. The S[K] sequence is
integrated by the ACC2 accumulator. Its
output, T[K], controls the comparator's input
offset voltage, which can be expressed as:
Vs [k] =V [0]+ AV x T[], where Vos[0] is
the initial offset and AV is the offset
guantization step of the comparator.
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Fig. 4. A background-calibrated comparator (BCC).

There are two design parameters in this
calibration scheme, i.e., AV and Nc, both of
which affect the converging speed as well as
the variation of offset. Large AV and small
Nc result in fast converging speed but large
fluctuation in Vos. On the other hand, small
AV and large Nc results in small Vs
fluctuation but also slow converging speed.
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