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Abstract—In this paper, an 11.3 Gbps CMOS SONET compliant
transceiver designed to work in both RZ and NRZ data formats
is presented. Using a configurable high-speed transmit path uti-
lizing an AND gate and a duty cycle adjustment circuit, the trans-
mitter can switch output format between RZ and NRZ. The TX
driver exhibits 17 ps rise/fall times, 0.25 ps��� RJ, and 2 ps��
DJ. In RZ mode, TX output duty cycle can be adjusted within
40–60% range. To improve input sensitivity in both RZ and NRZ
reception, the receiver incorporates a limiting amplifier with a dis-
tributed threshold adjustment circuit. It achieves 5 mVpp-diff RX
input sensitivity with 0.54 UI high-frequency jitter tolerance. An
adaptation scheme based on nested linear search is implemented to
control the distributed threshold adjustment circuit. While demon-
strating the integration of RZ/NRZ functionality into a single-chip
solution using 65 nm CMOS technology, the transceiver core occu-
pies 1.36 mm� and consumes 214 mW.

Index Terms—CMOS integrated circuits, duty cycle adjustment,
NRZ to RZ conversion, optical communication, return-to-zero
(RZ), SONET OC-192, threshold adjustment.

I. INTRODUCTION

A MONG the various data formats utilized in optical net-
works to optimize data transmission in the presence of

noise and dispersion, two main formats are widely deployed:
nonreturn-to-zero (NRZ) and return-to-zero (RZ). The NRZ
data format is the most common binary-level signaling scheme.
As depicted in Fig. 1, the RZ data format sends a full-rate
clock during bit “1” and stays low during bit “0”. During bit
“1”, the transmitted up pulse width is a half-bit period (T/2);
i.e., 44.25 ps for 11.3 Gbps, where the bit period T is equal to
88.5 ps.

There have been many studies comparing RZ and NRZ data
formats [1]–[5] with various fiber links and system components.
Two major factors that affect performance can be summarized
as: 1) pulse widening, and 2) amplitude degradation. Pulse
widening is due to fiber dispersion that causes optical pulses to
spread out, similar to inter-symbol interference (ISI) (Fig. 2(a)).
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Fig. 1. NRZ and RZ data patterns and eye diagrams.

RZ performs better than NRZ against fiber dispersion, as trans-
mitting narrower RZ pulses compensates for the pulse widening
effect, and received RZ data after the fiber link exhibits more
horizontal eye opening, thus providing longer reach. On the
other hand, RZ performs worse than NRZ with regard to am-
plitude degradation due to bandwidth-limiting sections of the
system, such as electrical components, because narrower RZ
pulses experience more attenuation (Fig. 2(b)). This lowers
optical signal-to-noise ratio, and can make the optical noise the
dominant factor. Thus, the format preference depends on dis-
persion, attenuation, and noise levels of the system, including
all optical and electrical components. It is highly desirable to
have the flexibility to choose between RZ and NRZ formats
using the same transceiver for different fiber links. However,
the RZ transmitter requires twice the bandwidth compared to
NRZ, due to narrower data pulses and sharper rise/fall times.
Furthermore, the ability to adjust the duty cycle, the ratio of
pulse width over bit period, is also required to enhance per-
formance. Higher duty cycle RZ pulses experience more pulse
spreading, which may give rise to bit errors (Fig. 3). Lower duty
cycle RZ pulses combat pulse widening better, but they suffer
with smaller amplitudes. Therefore, for noise-limited links,
higher duty cycles are preferred, while lower duty cycles are
favored for dispersion limited links. The duty cycle adjustment
range of 40% to 60% can be considered as the useful range
for the majority of applications around the 10 Gbps rate [6].
Moreover, due to severe amplitude attenuation and vertical eye
asymmetry with optical noise, the RZ receiver requires better
input sensitivity with vertical threshold adjustment. Although
there are many reported NRZ CMOS transceivers [7]–[15], the
above-mentioned implementation challenges have prevented
the use of low-cost CMOS technology in multigigahertz RZ
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Fig. 2. Performance affecting factors in fiber links: (a) pulse widening; (b) am-
plitude degradation.

Fig. 3. Effect of duty cycle adjustment in RZ pulses.

transceivers. Until now, semiconductor RZ solutions were lim-
ited to two-chip designs: an NRZ transmitter, followed by an
NRZ-to-RZ converter fabricated in non-CMOS processes [16],
[17]. This paper discusses the design and measured results of
the first single-chip, multi-GHz dual-mode transceiver capable
of operating in both RZ and NRZ formats in standard 65 nm
CMOS technology. The paper focuses primarily on the circuit
and techniques that enable dual-format operation between RZ
and NRZ.

This paper is organized as follows. Section II presents the
architectural overview of the transceiver. Section III discusses
the design of the transmitter, particularly the configurable high-
speed transmit TX path. Within the configurable high-speed TX
path, we explain the implementation details of the circuits that
enable NRZ-to-RZ conversion and the high-speed AND gate
with dummy load and duty cycle adjustment (DCA). Section IV
describes the design of the receiver, specifically the limiting
amplifier with distributed threshold adjustment circuit and the
adaptive threshold adjustment algorithm. Section V presents the
measurements and performance summary. Section VI provides
a comparison of these results with prior work. Section VII states
our conclusion.

II. ARCHITECTURAL OVERVIEW

The transmitter is a 16:1 serializer [7] (Fig. 4). A 16:1 binary
MUX takes the 16-bit-wide, low-speed (706.25 Mbps) data,
and outputs high-speed (11.3 Gbps) NRZ bit-stream data into
the configurable high-speed TX path. Depending on the de-
sired mode of operation, the high-speed TX path either con-
verts the data format from NRZ to RZ or keeps the NRZ data
format. Then, this output is driven off-chip with the data driver.
The high-speed TX path incorporates not only a data driver,
but also a full-rate (11.3 GHz) clock driver. An on-chip TX

Fig. 4. Transceiver architecture.

Fig. 5. Simplified TX PLL block diagram.

PLL generates the clocks used in the 16:1 binary MUX and
the high-speed TX path. TX PLL is a clock multiplier unit with
feedback ratio of 16 or 64 (Fig. 5). It employs standard PFD, in-
tegrator based charge-pump, on-chip second order loop filter,
and LC based VCO. Charge pump, loop filter, and VCO are
fully differential circuits to prevent any supply noise coupling.
TX PLL bandwidth can be changed through adjustable charge
pump current as well as loop filter resistance. Using SONET
quality ps REFCK at 706.25 MHz with
feedback ratio of 16, TX PLL BW is set around 4 MHz for
optimal jitter generation. Optimal jitter BW relies on low-pass
transfer of REFCK jitter and high-pass transfer of VCO jitter.
TX PLL jitter peaking does not exceed 0.5 dB. In 16:1 binary
MUX, CML circuits are employed at 5 Gbps and above for
speed and noise immunity. At lower speed sections, CMOS cir-
cuits are used for power saving.

The receiver is a 1:16 deserializer [8]. Serial high-speed
(11.3 Gbps) data enters into a limiting amplifier embedded
with a distributed threshold adjustment circuit. Threshold
adjustment improves input sensitivity in the presence of optical
noise. The limiting amplifier output is fed into a clock and data
recovery (CDR) circuit. The CDR recovers and retimes the
data, and passes it into a 1:16 binary DEMUX. CDR utilizes a
linear phase detector and integrator based charge pump (Fig. 6).
Both linear phase detector and charge pump are fully differ-
ential circuits for better noise immunity. As phase difference
in CDR loop diminishes, linear phase detector provides finer
adjustments. This finer granularity phase adjustment in linear
phase detector results in not only better jitter generation for
CDR recovered clock, but also well controlled CDR bandwidth
with no jitter peaking. In addition to phase acquisition loop, an
auxiliary frequency acquisition loop is embedded into CDR in
order to pull the VCO frequency within 100 ppm of incoming
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Fig. 6. Simplified CDR PLL block diagram.

data rate right before phase acquisition starts. Otherwise, phase
acquisition will not succeed due to limited frequency pull-in ca-
pability of linear phase detector. A counter based lock detection
circuit monitors frequency locking within 100 ppm accuracy.
The DEMUX outputs 16-bit-wide, low-speed (706.25 Mbps)
data. The DEMUX output is used in an adaptation circuit to
control the threshold adjustment.

The unique feature of the transceiver architecture is the flex-
ibility to transmit and receive in either NRZ or RZ format. This
is enabled by the configurable high-speed TX path and by using
a distributed threshold adjustment circuit in the receiver.

III. TRANSMITTER

A. Configurable High-Speed Transmit Path

Format conversion in the TX path is enabled via an AND
gate (Fig. 7). RZ output is created by gating the full-rate clock
with the NRZ input using an AND gate. At the AND inputs,
the timing between full-rate clock and NRZ input is critical for
jitter performance. In NRZ mode, the same AND gate is used as
a buffer to pass NRZ data. Modes of operation of TX path are
explained in the following.

NRZ Mode: The AND gate is configured as a buffer by
pulling its clock input to a logical high (Fig. 8(a)). NRZ data is
passed into a retimer followed by another flip-flop to generate
main-tap and post-tap signals, respectively. Then, main-tap
and post-tap signals are sent into pre-driver buffers, and are
combined at the driver to realize the traditional 2-tap TX
de-emphasis function depicted in (1):

(1)

In SONET applications, TX is located next to laser driver be-
fore the data stream crosses from electrical to optical domain.
This customer specific transition region consists of a short board

Fig. 7. Basic concept of TX format conversion.

trace ( 1 inch) in addition to package routing ( 1 mm). How-
ever, it is highly desirable to achieve very low jitter TX eye di-
agram. Thus, TX de-emphasis serves to compensate for the ISI
associated with this interface. We implemented TX de-emphasis
range of 0–6 dB with 0.35 dB step size. More-
over, a full-rate clock output , aligned with NRZ output
data , is provided to resample the NRZ data required in
some laser driver applications. The positive edge of is
aligned with the midpoint of horizontal eye opening. The
phase interpolator (PI) is inserted in the clock path to adjust the
timing between and , and to compensate for board
mismatches.

RZ Mode: The AND gate is used for NRZ-to-RZ conversion
by passing a full-rate clock when data is high (Fig. 8(b)). In this
mode, the PI is utilized to adjust the clock and data timing at
the input of the AND gate. At the output of the PI, the clock is
fed into a duty cycle adjustment (DCA) circuit, succeeded by
an AND gate. Using a dual-purpose PI provides flexibility to
adjust the critical clock and data timings for both RZ and NRZ
operations. In RZ mode, an unused post-tap section and the pre-
driver buffers and clock driver for the output are shut off
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Fig. 8. a. Configurable high-speed TX path in NRZ mode with illustrations of:
TSCK alignment of TSD of driver output, and its adjustment via PI. b. Config-
urable high-speed TX path in RZ mode with illustration of critical clock and
data timing at the input of AND gate.

to save power. Configurable high-speed TX path utilizes shunt-
peaked CML structures are used. This provides sharper rise/fall
times as well as tighter control on clock and data alignments
across process, voltage, and temperature variations. The resistor
loads of CML circuits are calibrated to reduce process variation.
By comparing an on-chip resistor with an external 1% precision
resistor, the load resistance variation is reduced by more than
75% [18].

B. AND Gate With Dummy Load

The AND gate is a shunt-peaked CML structure (Fig. 9),
and its operation directly impacts the output jitter performance.
There is an inherent asymmetry in topology in terms of op-
erating points of clock input transistors M1 and M2. In order
to minimize this asymmetry in the AND gate, a couple of de-
sign techniques are used. Additional transistors M3 and M4
are added to balance the differential load on the high-speed
outputs and to match the drain-to-source voltages

of M1 and M2. Furthermore, a dummy load (DL) struc-
ture (Fig. 10) is employed to reduce the pattern-dependent jitter
caused by coupling asymmetrically onto the dif-
ferential clock. As seen in Fig. 9, without the DL, the data in-
puts couple to , whereas does not experience any

Fig. 9. CML-based AND gate with illustration of asymmetric data coupling
onto CK2P which results data-pattern-dependent jitter.

coupling, since the M3 and M4 inputs are static. This asym-
metry gives rise to pattern-dependent timing variation through
the AND gate in RZ mode. This is similar to the delay change for
differential CK2P/N through the AND gate as well as the pre-
ceding stage. To minimize this effect, the DL is added to intro-
duce the same data coupling onto . The DL has the clock
polarity reversed so that coupling to
becomes common-mode, and not significant enough to affect
the timing through the AND gate. The DL is an eight times
scaled-down version of the actual AND gate, thus having a small
area and power overhead. With DL, the data-pattern-dependent
jitter is reduced from 0.5 ps to below 0.1 ps levels.

C. Duty Cycle Adjustment

The duty cycle adjustment circuit (DCA) is a single-pole
high-pass filter implemented using series capacitors with sep-
arate DC biasing on the and sides, followed by a CML
buffer (Fig. 11(a)). In RZ mode, the DCA adjusts the data pulse
width from 40 to 60% by changing the duty cycle of
at the input of the AND gate (Fig. 11(b)). The DC bias points

and to the AC-coupled inputs are adjusted via
a resistor ladder. These different common-mode levels of
and nodes change the up pulse width of the differential
clock . Through the DCA and the AND
gate, this translates into duty cycle adjustment for RZ data. A
single resistor ladder is used to avoid any mismatch between
resistor branches (Fig. 12). When the duty cycle is set to 50%,
the same common mode voltage is applied to both and

. The resistor ladder is switched differentially with a
unit-sized resistor to have equally spaced steps with no sign
dependence. The use of the AC coupling allows for a greater
duty cycle adjustment range without affecting the PI in terms
of drive strength and output common-mode level. Without AC
coupling, the PI would have to accommodate larger output
common-mode variations at . This decreases the

on the PI differential pair transistors, causing severe
amplitude, rise/fall time, and overall clock quality degradation
for large duty cycle adjustments. On the other hand, the AC
coupling decreases the overall amplitude applied to the DCA
buffer through the capacitive divider. However, the DCA is
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Fig. 10. Modified AND gate with dummy load.

Fig. 11. Duty cycle adjustment circuit: (a) simplified schematic; (b) illustration
of duty cycle adjustment mechanism.

Fig. 12. Simplified schematic of resistor ladder used to set � and �
in DCA circuit.

able to compensate for any amplitude degradation through the
full duty cycle range.

In NRZ mode, the DCA is disabled by turning off the tail tran-
sistor M5 (Fig. 13). is pulled up to , and
is pulled down towards via switches. The connec-
tion of the inductor is cut to prevent current flow from to

Fig. 13. DCA circuit followed by AND gate with illustration of disable mech-
anism.

through the inductor and resistor loads. Current flow on the
order of a few milliamps remains from to , however,
due to switches that are used to set and . Series
PMOS switches between the DCA and the AND gate could be
used to disconnect the differential load branches to save power,
but this approach results in TX output performance degradation.
After the DCA output is pulled to a logic high level, the AND
gate is configured as a CML buffer to pass through NRZ data.
The bias voltage on the gates of cascode transistors M3 and M4
are also pulled to , which significantly reduces
coupling on to the DCA output through of M1 and M2,
and prevents periodic jitter on NRZ data.

D. Phase Interpolator

The PI allows the adjustment of CK1P/N timing for a range of
10 ps with a 1.25 ps step size. A delay line consisting of cas-

caded CML buffers generates different phases of the clock. Each
CML buffer uses calibrated resistor loads to reduce the delay
variation. The interpolation stage is a shunt-peaked CML struc-
ture, which amplifies the output signal into the DCA (Fig. 14).
In RZ mode, PI can be used to adjust the critical clock/data
timing at the input of AND gate. The overall range of 20 ps of PI
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Fig. 14. Simplified schematic of phase interpolator.

adjustment represents the variation of clock/data timing across
PVT and mismatches with some added margin. The required
range also depends on rise/fall times of data input of AND gate.
The data input should be settled before clock starts to toggle.
Since we utilized sharp rise/fall times due to shunt-peaking and
resistor calibration, we did not need to employ any dynamic
timing adjustment at the input of AND gate. PI resolution of
1.25 ps step size is due to TSCK-TSD timing adjustment to elim-
inate board mismatches.

E. TX Driver

The output of the AND gate feeds into the shunt-peaked
CML-based TX driver through cascaded CML buffers (Fig. 15).
Since RZ data has a nonzero DC level, it creates different output
DC common-mode voltages at the and sides of the TX
driver. This causes differences in amplitudes, rise/fall times,
and return loss at the and sides. This is corrected by
sourcing 25% extra current into the side and adding a
matched capacitive load to the side. A small trickle current

is put through the device connected to the side to match
the parasitic capacitance at the driver output. These current
sources can be turned off via M3 and M4, which saves power
but results in a slight degradation in return loss and output eye
opening.

IV. RECEIVER

A. Limiting Amplifier

In SONET networks, a large gain is required to improve the
input sensitivity in a noise-limited system. To achieve superior
input sensitivity, the RX limiting amplifier consists of a linear
peaking equalizer followed by seven cascaded gain stages, with
overall gain above 60 dB (Fig. 16). The peaking equalizer uti-
lizes a capacitor and resistor source degeneration embedded into
a CML stage to yield a programmable peaking response of 0

Fig. 15. TX output driver with DC balancing mechanism.

Fig. 16. RX limiting amplifier with distributed threshold adjustment.

to 6 dB boost at peak frequency of 7 GHz with approximately
0.75 dB step size. With 6 dB peaking at 7 GHz, it provides
3.5 dB boost at nyquist frequency of 5.65 GHz. Each gain stage
consists of a differential, shunt-peaked CML buffer with cali-
brated load resistors. Inductive peaking extends the bandwidth
of each individual stage, yielding an overall bandwidth in ex-
cess of 6 GHz. Biasing for gain stages is derived from a PTAT
voltage source referenced to a calibrated resistor. This helps to
reduce gain variation against temperature. A high gain band-
width product enables the realization of receiver input sensi-
tivity better than 5 mV .
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Fig. 17. Basic concept—threshold adjustment in the presence of optical noise.

B. Distributed Threshold Adjustment

In fiber links, optical noise is signal-dependent, and bit “1”
typically has more noise (Fig. 17). Due to asymmetry in the op-
tical noise profile, best sampling point may not be at the mid-
point of vertical eye opening. Thus, BER can be optimized by
shifting the slicer threshold after the limiting amplifier. Alter-
natively, threshold adjustment (TA) is used to adjust the zero-
crossing point of incoming data through the limiting amplifier.
Through the fiber link, the optical-to-electrical conversion, and
the limiting amplifier, RZ pulses experience pulse widening and
resemble NRZ pulses. The same CDR is used in both RZ and
NRZ reception to recover the data timing. However, since RZ
pulses are attenuated more severely, they exhibit smaller ver-
tical eye opening. Thus, TA when receiving RZ data is critical
to improving receiver performance.

In our approach, TA stages are inserted at various points of the
limiting amplifier (Fig. 16). Distributing TA stages across the
limiting amplifier lessens the impact on BW and transistor head-
room for the gain stages that drive the TA stages. Each TA stage
consists of a bank of differential pairs in parallel (Fig. 18). It is
fully symmetric with respect to P and N sides of the output, and
controlled digitally via and switches, where
to enable adjustment. By altering the current flowing through
the P and N sides of the corresponding gain stage output, dif-
ferent values of threshold adjustment can be realized. However,
the total current sourced from the TA stage into the output of
gain stage is kept constant so that the operation of the gain stage
is not affected by changing its output common-mode voltage.
Inserting these TA stages at different points of the limiting am-
plifier chain provides coarse and fine step sizes with respect to
the limiting amplifier input. Three TA stages are connected at
the input of the limiting amplifier, and at the outputs of the 3rd
and 5th gain stages, and these provide input-referred step sizes
of 20 mV, 1 mV, and 0.2 mV, respectively. To reduce the step
size variation across PVT, TA stages are biased using a bandgap
voltage source referenced to a calibrated resistor that mimics the
resistor loads of gain stages.

A configurable DC offset correction loop reduces any mis-
match-related offsets in the limiting amplifier, and can be con-
nected to the output of either the second or fourth gain stage
in the limiting amplifier. For example, if it is connected to the
second gain stage, the second and third TA stages can be op-
erated while the DC offset correction loop is still correcting the

Fig. 18. Simplified schematic of threshold adjustment stage.

Fig. 19. BER versus TA settings with each TA has different step size.

offsets in the preceding gain stages. Since mismatch-related off-
sets are dominated by the first few gain stages, the impact of
not correcting for the offsets in subsequent stages is negligible.
This DC offset loop is disabled when the first TA stage is active
to avoid creating a conflict with the threshold adjustment. For
the required RX input sensitivity (5 mVpp-diff), the analog DC
offset correction is still desirable since any digital DC offset cor-
rection using existing TA stages suffers from coarse step size.
Moreover, any digital DC offset correction would create glitches
through limiting amplifier since offset correction should work
continuously to track changing offset due to voltage and tem-
perature variations.

C. Adaptive Threshold Adjustment Algorithm

An on-chip adaptive TA algorithm utilizes low-speed demux
outputs, and uses the criteria of received number of 1 s should be
closest to received number of 0 s at the optimal setting, assuming
DC-balanced incoming data. Each TA stage has different input-
referred step sizes, but the adjustments are monotonic in nature
(Fig. 19). This prevents any local minima, and converges to a
global optimal point that correlates well with minimum BER.
The simplified algorithm can be described as follows.

1) Start with 2nd TA, and linear search for closest code to
satisfy the criteria. Once reached the closest code, check
whether 2nd TA has overflow or underflow.

2) If 2nd TA has not overflow or underflow, continue with 3rd
TA, and linear search for the criteria, and finish the search
at the closest code.
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Fig. 20. TX output eye diagrams at 11.3 Gbps. (a) NRZ output without de-emphasis; (b) RZ output with 50% duty cycle; (c) RZ output with 40% DC; (d) RZ
output with 60% DC.

Fig. 21. Measured duty cycle adjustment rate at 11.3 Gbps.

3) If 2nd TA has overflow or underflow, adjust 1st TA ac-
cordingly (increment if overflow, decrement if underflow).
Then go back to step 1.

V. MEASUREMENTS

In NRZ mode (Fig. 20(a)) and RZ mode with 50% duty cycle
(Fig. 20(b)), measured TX eye diagrams exhibit amplitude of
more than 1 Vppd with 20–80% rise/fall times better than 17 ps.
Output random jitter was 250 from 50 KHz to 80 MHz
bandwidth, and ISI was less than 2 ps using a PRBS-31 pat-
tern. With a 40% duty cycle RZ output, we observed total jitter
of 3.6 ps with amplitude of 1.08 (Fig. 20(c)). At 60%
duty cycle RZ output, total output jitter was 4.4 ps , with am-
plitude of 1.14 (Fig. 20(d)). DCA did not have any impact
on RZ output in terms of jitter and amplitude. Moreover, we
achieved a 37–63% duty cycle adjustment range (Fig. 21).

Fig. 22. Measured TSCK-TSD output timing at 11.3 Gbps.

In NRZ mode, TSCK-TSD output timing was measured at 44
ps between the TSD data transition to the positive edge of the
TSCK clock at 11.3 Gbps (Fig. 22). Using PI adjustment, we
could change TSCK-TSD output timing within a 10 ps range.

Measured TX PLL and CDR jitter transfer functions are de-
picted in Fig. 23. Since we did not have an RZ optical setup, we
utilized a single-pole, low-pass filter with 3 dB corner frequency
of 6.5 GHz to emulate the fiber link in the electrical domain.
Passing 11.3 Gbps PRBS-31 RZ/NRZ electrical data through
the low-pass filter, and sending into RX, we measured RX jitter
tolerance. We achieved high-frequency ( 10 MHz) jitter toler-
ance of 0.33 for RZ mode, and 0.54 for NRZ mode
(Fig. 24). These results are well-above the SONET OC-192 re-
quirement of 0.15 . Since this test merely exercises the RX
slicer sensitivity, it is expected that narrower RZ pulses with
higher amplitude degradation results in lower jitter tolerance in
RZ mode.

We used an NRZ optical setup with 25 km of single-mode
fiber, with an option to add optical noise. For a given OSNR
level in the presence of optical noise, Fig. 25 depicts BER versus
input-referred TA. Starting with disabled TA (when input re-
ferred mV), the on-chip algorithm finds the optimal



KOCAMAN et al.: 11.3 Gbps CMOS SONET COMPLIANT TRANSCEIVER FOR BOTH RZ AND NRZ APPLICATIONS 3097

Fig. 23. Measured jitter transfer functions at 11.3 Gbps.

Fig. 24. Jitter tolerance measurements for NRZ/RZ modes in electrical domain
at 11.3 Gbps.

Fig. 25. Measured BER versus threshold adjustment.

point of operation that minimizes BER. Compared to TA dis-
abled, the BER can be reduced by 100 fold via utilizing TA.

The performance summary is depicted in Table I. Fabricated
in a standard 65 nm CMOS process, TX core area is

mm , while RX core occupies mm (Fig. 26).
Since our transceiver is integrated with a low-speed LVDS trans-
ceiver, the die area is pad-limited. Due to the pad-limited die
area, we used the excess area as a separation between TX and

TABLE I
PERFORMANCE SUMMARY

Fig. 26. Transceiver die photo.

RX. This helps to achieve better isolation, improved input sen-
sitivity. The transceiver operates at 1.0 V supply. RX consumes
99 mW including limiting amplifier, distributed TA, CDR with
VCO, and 1:16 Demux. TX consumes 115 mW including PLL,
16:1 MUX, and driver. Power consumptions in RZ and NRZ
modes are equal. TSCK driver and its pre-drivers are turned off
in RZ mode, and optional in NRZ mode so that their power con-
sumption is excluded.

VI. COMPARISON

This work increased the integration level by adding RZ func-
tionality into an NRZ transceiver. Thus, it can be compared to an
existing two-chip solution, an NRZ transceiver followed by an
NRZ-to-RZ converter. Incorporating power consumption, input
sensitivity, receiver jitter tolerance, and transmitter jitter gener-
ation as comparison factors, we constructed a comparison chart
(Table II) from reported 10 Gbps SONET CMOS transceivers
[7]–[14], and picked the ones [13]–[15] with leading perfor-
mance results. We also added existing NRZ-to-RZ converters
[16], [17] published. Our design reduced the power consump-
tion to 214 mW, which is more than a 75% improvement over
the existing RZ solution [15], [16]. We improved the input sen-
sitivity down to 5 mVppd, and enhanced jitter tolerance at high
frequency up to 0.54 . Our TX RJ of 0.25 ps is within
the vicinity of reported state-of-the-art performance.

VII. CONCLUSION

Next-generation mainstream optical transceivers will possess
more flexibility with multirate and multiformat operation modes.
As of today, 10 Gbps (OC-192) and its vicinity can be considered
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TABLE II
COMPARISON CHART

the mainstream section of the fiber communications, providing
high-volume, low-cost solutions to the industry. In this work, we
demonstrated a multirate, multiformat architecture by means of
a configurable high-speed TX path and an adaptive distributed
threshold adjustment circuit for the receiver. To the best of
our knowledge, we extended the integration bar, improved
the performance with substantial margins, and reported the
first RZ CMOS transceiver—and the first transceiver—that
can operate in both RZ and NRZ modes.
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