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Abstract— This paper presents compact single-ended wireline
transceivers with software-generated receiver front-ends. The
developed software framework significantly shortens the physical
design time of 1/N-rate wireline receiver front-ends. The physical
layouts of various receiver front-ends were software-generated
in four different CMOS technology nodes (28 nm, 40 nm,
65 nm, and 90 nm) with four different front-end architectures
targeting various data rates. In the post-layout simulation, the
receiver front-ends generated within a second by the software
achieved nearly the same performances as the manually-designed
receiver front-ends that require more than about 30 hours of
design time. For demonstration, we generated 8 Gb/s full-rate,
10 Gb/s half-rate, 12 Gb/s, and 20 Gb/s quarter-rate receiver
front-ends, and fabricated them with a manually-designed feed-
forward equalization transmitter in 28 nm CMOS process. The
transceivers were measured with the data rate up to 20 Gb/s
while consuming 1.39 pJ/b at the channel loss of −9.2 dB. The
transceiver with software-generated receiver achieved the highest
data rate per area as well as the smallest area among the relevant
prior arts while reducing the physical design time of the receiver
front-end by more than 140,000 times.

Index Terms— Wireline communications, short-reach links,
single-ended signaling, layout design automation, analog layout
generator, receiver front-end generator.
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I. INTRODUCTION

WITH the advancement of multi-chip module (MCM)
and system-in-package (SiP) technologies, single-

ended short-reach parallel links are becoming increasingly
important for high-performance computing systems. As high-
performance MCM-based processors incorporate numerous
wireline transceivers to support ever-increasing chip-to-chip
communication bandwidth with limited area and power
budget, each transceiver design must be as compact and
energy-efficient as possible.

High-bandwidth chip-to-chip communication is a typical
example where careful optimization from circuit level to
system level, including fine-tuning MOSFET sizes and archi-
tecture choices such as time-interleaving order, is particularly
important. However, with the limited development time bud-
get, optimizing the short-reach transceiver design for the
target application can be very challenging due to the extended
physical design time required for high-speed building blocks.
Moreover, frequent design modification and technology migra-
tion make this issue more serious.

Over the past few decades, researchers have been continu-
ously investigating automatic layout generation to reduce the
physical design time of analog circuits [1], [2], [3], [4], [5], [6],
[7], [8]. However, despite the efforts of many researchers, ana-
log layout generation tools have not yet been widely adopted in
the semiconductor industry. To establish layout automation in
the semiconductor industry, it is important to demonstrate the
practical applicability of layout automation. Although many
studies [1], [2], [3], [4], [5], [6], [7], [8] have developed
frameworks and methodologies for layout automation, there
are not many research results that focus on demonstrating
the usefulness of the layout automation technique by showing
practical examples. Especially, there are only a few research
reports that deal with high-speed wireline transceiver, where
layout quality significantly affects the overall performance of
the implemented circuits. Prior arts [6], [7], [8] focused on the
development of the layout generation framework and method-
ologies. They implemented the high-speed circuits such as a
DAC-based PAM-4 transmitter, a 1:16 data de-serializer, and
a transceiver front-end using their frameworks, respectively.
However, the layout generator developed in [6], [7], and [8] did
neither aim for single-end short-reach links nor demonstrated
their performances through chip fabrication and measurement.
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High-speed serial data transmitters or a receiver have been
developed using the layout generation techniques and val-
idated with silicon in [9], [10], and [11]. Choi et al. [9]
used the Berkeley Analog Generator (BAG) [8] to fabricate
the 200 Gb/s PAM-4 transmitter with 5-tap FFE in 28 nm
CMOS process. Various building blocks for the ultra-high-
speed transmitter were software-generated in [9], achieving
a data rate of 200 Gb/s, the highest among the transmit-
ters designed with the analog layout generators to date.
Han et al. [10] developed the software for the layout gen-
eration of the 4-tap FFE SST transmitter. Seven different
4-tap FFE SST transmitters in three different technology nodes
(40 nm, 65 nm, and 90 nm CMOS) were software-generated
in [10], achieving a data rate of 36 Gb/s with the post-
layout simulation. E. Chang et al. [11] demonstrated the
analog layout generation of the wireline receiver front-end.
To compensate for the 15-dB channel loss, various high-speed
equalizer building blocks such as continuous-time linear equal-
izer (CTLE), 1-tap feed-forward equalizer (FFE), and 4-tap
decision feedback equalizer (DFE) were implemented in [11]
using the BAG at the receiver side. While the prior arts
[9], [10], [11] achieved reasonable area and energy efficiency
considering significantly improved design time with software
layout generation, manual designs [12], [13], [14], [15], [16],
[17] still outperform in terms of area and energy efficiency
as they are optimized for short-reach links with optimized
architecture parameters such as interleaving order.

In this work, we developed a layout generator special-
ized for high-speed short-reach links, demonstrating that the
cost-efficient receiver front-ends suitable for short-reach links
can be generated very quickly and reliably. To implement a
compact and energy-efficient receiver front-end, it is important
to properly choose the time-interleaving order as well as the
device sizes for the target speed. To achieve this, we devel-
oped generator that allows to change the time-interleaving
order of the generated receiver front-end. The developed
1/N-rate receiver front-end generator with flexible choices of
N reduced the design time of high-speed short-reach links for
optimization of MOSFET sizing and architectural parameters
by automatically generating the netlists and layouts of the
circuits. From input design parameters, the appropriately sized
receiver front-ends in various time-interleaved architectures
could be automatically generated in multiple technology nodes
in a second.

For demonstration, four different receiver front-ends tar-
geting the data rates ranging from 8 Gb/s to 20 Gb/s
were generated, fabricated in 28 nm CMOS process, and
tested with a bit error rate tester (BERT) equipment or a
manually-designed FFE transmitter. In the experiment, the
fastest receiver front-end among the prototype chips achieved
a data rate of 20 Gb/s and energy efficiency of 0.18 pJ/b,
while occupying the smallest area compared to the relevant
prior arts [11], [13], [14], [15], [16], [17]. In addition, we also
demonstrated reliability and fast generation time of the pro-
posed generator through various analyses.

The rest of this paper is organized as follows. To help
the readers better understand the analog layout generator,

Fig. 1. An example hierarchical generation of a flip-flop layout.

Section II briefly explains how our software automates the
design process. Section III describes the 1/N-rate receiver
front-end generator developed using our software and dis-
cusses the performances of the various receiver front-ends
generated in multiple processes with post-layout simulation
results. The measurement results and comparison with the
relevant prior arts are shown in Section IV. Finally, Section V
provides the conclusion of this paper.

II. LAYOUT GENERATION

Our software was developed based on the layout generation
framework [10] that hierarchically describes and generates
layout elements. The layout of the top-level cell is generated
by hierarchically importing, placing, and routing the sub-cell
layouts multiple times. The sub-cell layouts are generated by
the sub-cells’ layout generators that comply with the design
rules provided by the semiconductor foundry. Therefore, the
designers can import the sub-cell generators into the soft-
ware library without considering the complex design rules
within the sub-cells. A hierarchical generation of a flip-flop
is shown in Fig. 1 as an example. The flip-flop is generated
by repeatedly utilizing the generators of its sub-cells. First,
the transmission gate and the inverter can be generated by
placing the lowest-level basic layouts generated from the
standard generators (e.g. transistors) and routing between
them. A higher-level cell, a latch, can also be generated by
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Fig. 2. Layout generation flow of the proposed software.

importing the generated sub-cell layouts (transmission gates
and inverters) and performing the placement and routing
for these sub-cells. In the same way, the top-level cell,
a flip-flop, is generated by utilizing the generated sub-cell
layouts of latches. With this hierarchical layout generation
approach, the designer just needs to generate the sub-cell
layouts and proceed with placement and routing. Therefore,
hierarchical layout generation allows the designers to effi-
ciently generate various layout instances using the sub-cell
generators.

The proposed layout generator deterministically generates
layouts with pre-planned optimal placement and routing strate-
gies by experienced generator developers with expertise in
high-speed circuit layouts. The performance of high-speed
circuits is greatly influenced by the quality of their layout
design. Therefore, to generate the physical design of receiver
front-ends with optimal post-layout performance, the gener-
ator was developed to perform the following placement and
routing strategies: 1) The placement of insensitive devices is
parameterized using the minimum spacing rule to minimize
the area. 2) We surround the sensitive amplifiers with guard
rings to reduce the interference from other signals. 3) We
placed the layout instances as close as possible to each other to
minimize the impacts of parasitics, minimizing the wirelength
of critical path such as the output of the sense amplifier
and the high-speed clock. 4) We route the data and clock
paths as symmetrically as possible to minimize the timing
skew in the critical paths. 5) The power and ground rings
are formed around the receiver front-end using the thicker
metal to reduce the impedance and voltage drop in the power
network. If the area of the receiver front-ends becomes larger

due to the increase in time-interleaving order, vertical and
horizontal power straps are generated to evenly distribute
power to the circuits inside. 6) The critical input path of the
receiver front-end, which is connected to the chip pad, has a
mesh structure to minimize the impedance of the path. The
layouts of the receiver front-ends using this placement and
routing approach cannot be visually distinguished from the
manually designed layouts, and their performances are also
comparable. In addition, since the layout instances of the
receiver front-ends are deterministically parameterized with
the pre-planned placement and routing strategies, all receiver
front-end layouts can be generated with a runtime of less than
a second.

Fig. 2 illustrates the overall layout generation procedure of
our software. Firstly, the layout generator receives mandatory
and optional inputs from the designer. The mandatory inputs
are the essential design parameters, including the technology
node, MOSFETs’ gate width and length, the number of gate
fingers, etc. Optional inputs include the cell height, the number
of vias, the guard ring width, etc., and are determined by the
pre-defined default values if the user does not specify these
values. After receiving the inputs, the layout generator loads
the process design rules and layer information corresponding
to the selected technology node. Then, the basic layouts at
the lowest hierarchical level are generated based on the inputs
that the designer specified. The simple building blocks such as
an inverter can be generated by placing and routing the basic
layouts. For larger circuits such as a receiver front-end, the
layout generator properly repeats the placement and routing for
the lower-level building blocks. At the same time, the netlist of
the receiver front-end is generated to prepare the layout versus
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schematic (LVS) verification. After the top-cell layout instance
is generated, the layout generator can automatically proceed
to design rule and LVS verification using the commercial
tool. The layout generator parses the output log and informs
the user of any errors in the generated layouts. If no error
occurs, the layout generation procedure is over. If errors exist,
the user needs to revert to the first step and modify the
input parameters, or debug the generator code to resolve the
error. However, in most cases, the proposed layout generator
produces the layouts without design rule violation and LVS
violation. To support this claim, we verified the reliability
of the generator, which will be discussed in more detail
in Section III.

The automatic layout generator can drastically save time
spent iterating on schematic and layout designs for design opti-
mization. This design iteration for parameter tuning and layout
modification is particularly very time-consuming in single-
ended short-reach link applications because such applications
usually require tight optimization to meet very high target
levels of power and area efficiencies. Therefore, the automatic
layout generation greatly reduces the design time.

In addition, the automatic layout generator is also beneficial
when designing high-speed analog circuits since any users
can easily create high-quality layouts with the aid of tools.
For high-speed analog circuits, even for the circuits with the
same design parameters, the performance of the fabricated
chips (or post-layout performance) may differ significantly
depending on the quality of the layouts. Because the level of
expertise of the layout engineers greatly affect the layout qual-
ity, such layout-dependent performance variation necessitates
experienced and skilled layout professionals for high-speed
wireline transceiver design, increasing the development cost
especially in advanced process nodes. On the other hand,
the layout generator allows anyone to generate high-quality
layouts for high-speed wireline transceivers using the tool,
provided that the layout generator is developed in high quality.
Therefore, using the layout generator can significantly reduce
the manpower cost of high-speed wireline transceiver design.

It is necessary to address potential issues that may arise
due to differences in device structures and design rules among
various technology nodes when utilizing the layout generator
to port designs to different technologies. In advanced tech-
nologies, each technology node has different device structures,
layer organizations, and design rules, and even within one
process, different design rules may be required depending on
the layout patterns. These differences become more diverse as
the technology gets scaled down such as FinFET. Therefore,
being aware of these issues, the layout generator must be
developed to operate flexibly, adapting to the situation as
necessary. Our generator dynamically performs the layout
instance generation, placement, and routing based on the
situation, resolving the mentioned issues. In our software,
when generating the devices, the software uses a single main
code and technology-specific codes. The main code gener-
ates the common structures and layers that can be shared
across different technology nodes. The technology-specific
code refines the device layouts by slightly modifying or adding
the structures or layers to address the special requirements

Fig. 3. A schematic diagram of a compact single-ended receiver front-end
and the user inputs of its generator.

of each technology node [6]. When updating the generator
for migration to a new process, the main code is reused
and only the technology-specific code is updated. Moreover,
to address the layout scenarios arising from different design
rules across the various technology nodes, the generator
dynamically applies the appropriate design rules based on the
given situation instead of using fixed design rules, performing
placement and routing as well as the layout instance/pattern
generation. This layout generation approach ensures that the
generator can adapt flexibly to new layout scenarios with
only minor code modifications when porting to a different
technology node.

III. 1/N-RATE RECEIVER FRONT-ENDS GENERATOR

We developed the 1/N-rate receiver front-ends generator
which helps the designer easily customize not only the device
sizes but also the order of the time-interleaved architecture.
Fig. 3 shows the schematic diagram of a receiver front-end
generated by the developed software. The receiver front-end
consists of only essential circuits without linear or nonlinear
equalizers for area and power efficiency. The 1/N-rate receiver
front-end is composed of the N-way time-interleaved strong-
arm sense amplifiers, the symmetric set-reset latches, the local
clock buffers, and the digitally configurable resistor bank for
termination, where N is the input parameter between 1 and 16
that determines the time-interleaved architecture. For the
input N, the receiver front-end can be flexibly generated in
1/N-rate (N-way time-interleaved) architecture. The resistor
bank consists of M digitally configurable resistor units, where
the input parameter M is the product of resistor unit counts
per row (Row) and per column (Col) so that the array of the
resistor unit layouts can be placed in a rectangular shape:
M = Row × Col. The sizes of the individual transistors
and resistor elements are also parameterized as inputs to the
software. Therefore, by using the appropriate input parameters,
the designer can easily customize not only the device sizes but
also time-interleaved architecture for the target data rate, the
supply voltage, and the technology node in order to maximize
the area and power efficiency.
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1/N-rate flexibility of the receiver front-end is one of
the major features of this work. To implement this feature,
we developed the software considering the following points.
The placement of the resistor unit arrays was adjusted by the
resistor unit count parameters (Row and Col) considering the
area efficiencies and the aspect ratio. The critical paths were
carefully generated with a higher priority than other signal
paths to prevent performance degradation due to timing skew
and parasitics across various receiver front-end architectures.
Especially in receiver front-ends with high time-interleaving
orders, the input path of the receiver front-end was generated
with a mesh structure to minimize the timing skew. The path
connected to the termination was also generated using a mesh
structure, which not only reduces parasitics caused by the long
wirelength and ensures accurate impedance matching, but also
guarantees the same common-mode voltage across all sense
amplifiers regardless of their location. The mesh configuration
of these critical paths is adjusted to fit the changing aspect ratio
of the receiver front-ends due to the time-interleaving orders,
rather than being fixed. After the generation of the critical
signal paths, the power network is formed. The performance
of a sensitive sense amplifier that needs to detect a voltage
difference of several millivolts can be affected by supply noise.
Therefore, as the area of the receiver front-end layout increases
due to the rise in time-interleaving order, the power network
must be carefully generated to ensure uniform power delivery
to each circuit. To reduce the supply noise fluctuations across
the receiver front-end, the software was developed to generate
power straps both vertically and horizontally at intervals of
about 20 µm based on post-layout simulation, taking into
account the time-interleaving order and the aspect ratio of the
receiver front-end.

To verify the flexible receiver front-end generator, layouts
of various different receiver front-ends were generated by the
developed software and verified. Firstly, to test the reliability
of the generator, 1,000 pairs of netlists and layout instances
of receiver front-ends were generated using random input
parameters in each of 28 nm, 40 nm, 65 nm, and 90 nm
CMOS technology nodes. All generated 4,000 netlists and
layout instances successfully passed the DRC and the LVS
verification. Secondly, layouts of various different receiver
front-ends (RX1-RX7) in four architectures (full-rate, half-
rate, quarter-rate, and octa-rate) were generated using four
different technology nodes (28 nm, 40 nm, 65 nm, and 90 nm
CMOS) aiming for various target speeds (4 Gb/s, 8 Gb/s,
10 Gb/s, 12 Gb/s, 20 Gb/s, and 32 Gb/s) (Fig. 4). Sizing
parameters and time-interleaved architectures were appropri-
ately determined based on simulation. The RX6 and the RX7
differ in device sizes because their target speeds (12 Gb/s
and 20 Gb/s, respectively) are different. Also, it is noticeable
that the placement of the resistor unit arrays was adjusted
by the resistor unit count parameters (Row and Col) consid-
ering the area efficiencies and the aspect ratios.

The generated layouts of receiver front-ends achieved
the performance similar to manually-designed ones in post-
layout simulation. Table I summarizes the target specifi-
cations, architectures, and post-layout simulation results of
the generated and manually-designed receiver front-ends.

Fig. 4. Layouts of receivers with software-generated front-ends.

TABLE I
POST-LAYOUT SIMULATION RESULTS OF SOFTWARE-GENERATED

AND MANUALLY-DESIGNED RECEIVER FRONT-ENDS

For performance comparison between software-generated and
manually-designed receiver front-end, the RX8 and the RX9
were manually designed for the same design targets and
parameters of RX6 and RX7, respectively. It is noteworthy
that the performances of the generated RX6 and RX7 are
very similar to those of the manually-designed RX8 and
RX9, respectively. In addition, the octa-rate receiver front-end
generated in 0.697 seconds using the 40 nm CMOS process
achieved a maximum data rate of 32 Gb/s while occupying
small area of 1,040 µm2 (18.4 µm × 56.5 µm) and dissipating
154 fJ/b in post-layout simulation.

The generator greatly reduced the physical design times
of the receiver front-ends from about 30-50 hours to less
than 1 second at the cost of a one-time coding of 44.3 hours to
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Fig. 5. Breakdowns of (a) the manual physical design times and (b) the
generator coding time.

describe the receiver front-end. Table I and Fig. 5 summarizes
the physical design times by the human designers and the gen-
erator as well as the coding time of the generator. Regardless
of technology node and architecture, the proposed software
generated layouts of various receiver front-ends within an
instant, while human designers had to spend tens of hours for
drawing each layout. The generator coding time is 52% longer
and 9% shorter than the manual layout design times of RX8
and RX9, respectively. Writing the source codes to describe the
receiver front-end took 44.3 hours while the manual layout of a
quarter-rate 12 Gb/s receiver front-end (RX8) took 29.1 hours;
coding of the generator took 52% more time (15.2 hours) than
the manual layout of the RX8 because the RX8 is a relatively
simple for layout drawing. On the other hand, coding of the
generator required 9% less time (4.5 hours) than the manual
layout of the quarter-rate 20 Gb/s receiver front-end (RX9)
because the RX9 requires more careful physical design due to
the higher target data rate. Once the architecture is properly
described, the software can generate the layout of the receiver
front-end within a second. In the two examples, the generator
reduces the layout development time by about 140k – 240k
times at the cost of a one-time overhead about between −9%

Fig. 6. Chip micrographs of the fabricated receivers designed with the
developed layout generator, together with the manually-designed transmitter.

Fig. 7. The overall transceiver architecture.

and 52% of the manual layout design time. Although there
are not many samples of development times, it is noticeable
that the one-time overhead for coding is comparable to the
manual layout design times of the similar circuits, and the
time reduction in layout design by the software is drastic.
This result demonstrates the usefulness of the generator for
design iteration, modification, and porting to different tech-
nology nodes. With the developed software, multiple physical
designs of receiver front-ends with various sizes can be swiftly
generated for different technology nodes, targeting various
speed requirements.

In order to migrate to a new technology node, the designer
must spend additional time on the following two tasks: 1) the
configurations for the new technology node must be provided
to the framework, and 2) the technology-specific code of the
layout generator must be updated for the new technology
node. If framework has not been configured for the new
technology node, then the user must specify the configuration
for the newly added technology node once. This process can
be time-consuming if the configuration for the new technology
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Fig. 8. The measurement setup to test (a) the 8 Gb/s full-rate and 10 Gb/s
half-rate receivers and (b) the transceivers with the 12 Gb/s and 20 Gb/s
quarter-rate receivers.

Fig. 9. The measured in-situ eye diagrams.

node differs significantly from the existing one. After one-time
configuration, the framework is ready for design migration to
the new technology node. If this configuration is previously

TABLE II
POWER CONSUMPTION AND AREA OF TRANSMITTER AND RECEIVERS

done, then this process is not necessary. For every layout
generator, the user must update the technology-specific code
for the new technology in order to migrate to the new tech-
nology node. The technology-specific code is written to meet
special requirements for a specific technology node. Because
the technology-specific code is much shorter than the main
code, updating the technology-specific code will not take a lot
of time.

IV. MEASUREMENT RESULTS

Four different receiver front-ends (8 Gb/s full-rate RX4,
10 Gb/s half-rate RX5, 12 Gb/s quarter-rate RX6, and 20 Gb/s
quarter-rate RX7) were generated by the developed tool,
then fabricated with a manually-designed FFE transmitter in
28 nm CMOS process (Fig. 6). The overall architecture of
the transceiver including the test-support blocks is depicted
in Fig. 7. The manually-designed single-ended inverter-based
FFE transmitter with relaxed impedance matching [12] was
utilized for good area and power efficiency of the transceiver.
Various test-support blocks such as pseudo-random binary
sequence (PRBS) pattern generators, PRBS checkers, and bit
error rate counter circuits were included in the fabricated chips
for in-situ eye measurement. The in-phase and quadrature
clock generator (I/Q generator) [18] provides the I/Q clocks for
the quarter-rate transceivers. The duty-cycle error and the skew
error of the I/Q clocks were compensated by the duty-cycle
correctors (DCC) and the quadrature error correctors (QEC),
respectively. The refined quadrature clock by the DCC and
QEC is conveyed to the receiver front-end and test-support
blocks through clock distribution buffers composed of CMOS
inverter stages. To reduce not only hardware cost and power
consumption but also jitter accumulation, the number of stages
in the clock buffer has been minimized, taking into account
the fan-out factor.

The generated full-rate receiver RX4 and the half-rate
receiver RX5 were tested with −3 dB and −4.2 dB channel
losses (a 10 mm PCB trace, SMA connectors, and a one meter
SMA cable), respectively, using a BERT equipment (Agilent
N4903A) without the transmitter, as shown in Fig. 8(a).
As shown in Fig. 9(a) and (b), the RX4 and the RX5 achieved
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TABLE III
PERFORMANCE SUMMARY AND COMPARISON

the in-situ eye heights (widths) of the 260 mV (0.76 UI) and
270 mV (0.7 UI) at the data rate of 8 Gb/s and 10 Gb/s,
respectively, without any equalization such as FFE, CTLE,
or DFE. The RX4 and the RX5 used 1.1 V supply voltage
and consumed only 76 fJ/b and 101 fJ/b, respectively.

The transceivers with the quarter-rate receivers RX6 and
RX7 were tested by communicating through two PCB traces
connected by three SMA connectors (Fig. 8(b)). The overall
channel length is 58 mm including the two PCB traces and the
three SMA connectors. The transceivers with the RX6 and the
RX7 communicated over the same channel at the data rates
of 12 Gb/s and 20 Gb/s and have losses of −6 dB and −9.2 dB,
respectively (Fig. 8(b)). With the aforementioned conditions,
the transceivers with the RX6 and the RX7 achieved the
eye heights (widths) of 160 mV (0.42 UI) and 84 mV
(0.28 UI) and consumed 1.21 pJ/b and 1.39 pJ/b, respectively
(Fig. 9(c) and (d)).

These results demonstrate that the receiver front-ends gen-
erated within a second by the developed software reliably
recovered the data at various target data rates. The proposed
receivers are fully software-generated specifically targeting
short-reach links for the first time, and the generated 20 Gb/s
receiver demonstrated the highest data rate among the pub-
lished software-generated receivers to the best of authors’
knowledge.

Table II provides the detailed breakdown of both the power
consumption and the area for the transmitter and the receivers.

Over 85% of the total power of the transceiver was consumed
in the transmitter. However, the transmitter design was not
our main contribution. Our main focus is on demonstrating
that reliable and very fast generation of the compact and
energy-efficient receiver front-ends targeting various data rates
is possible by carefully developed generator code and by selec-
tively changing time-interleaving order. Given that short-reach
links have less channel distortion, employing the simpler and
lower power-consuming equalizer such as a CTLE in the
receiver may be a preferable choice rather than using the FFE
in the transmitter in order to achieve better energy efficiency
in short-reach links [19].

Table III summarizes the performances of the proposed
transceivers and compares them with the prior arts [11], [13],
[14], [15], [16], [17]. Among the prior arts in Table III,
[11] is the only prior art that reports the software-generated
receiver although its application is long-reach links, unlike
the short-reach link in this work. The proposed receiver
in this work occupied significantly less area (0.0054x) and
achieved better energy efficiency (0.71x) at a faster data rate
(1.33x) as compared to the receiver reported in [11], being
that the short-reach target does not require power-hungry and
area-occupying equalizers such as FFE, CTLE, and DFE.
Even compared with manually designed prior arts [13], [14],
[15], [16], [17] for short-reach links, the transceivers with
the software-generated receivers achieved smaller area at the
competitive data rate with decent energy efficiency, while
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reducing the development time using the proposed receiver
front-end layout generator. The transceiver with the proposed
software-generated receiver achieved the highest data rate
per area as well as the smallest area among the receivers
reported in the relevant prior arts [11], [13], [14], [15], [16],
[17]. Although the area is not clearly reported in [16], the
conclusion could be drawn from a rough estimate based on
figures due to the large area difference.

V. CONCLUSION

Single-ended transceivers with software-generated receiver
front-ends are introduced for high-speed short-reach links for
the first time. The software allows designers to customize the
device sizes as well as the time-interleaved architecture in
multiple technology nodes, significantly reducing the develop-
ment time spent to optimize the receiver front-end. Even with
the great layout time reduction by about up to 240k times,
the software-generated receiver front-end achieved nearly the
same performance as the manually-designed ones in the post-
layout simulation. To verify the software, various receiver
front-ends with different transistor sizes and time-interleaved
architectures aiming for different target speeds were generated
and fabricated in 28 nm CMOS technology with the manually-
designed inverter-based FFE transmitter. The measurement
results showed that all generated receivers reliably recov-
ered the data delivered from the BERT equipment or the
manually-designed transmitter at the target data rates ranging
from 8 Gb/s to 20 Gb/s with decent energy efficiencies. The
proposed transceiver achieved the highest data rate per area as
well as the smallest area compared to prior manually-designed
transceivers for short-reach links. The proposed solution could
be particularly beneficial when designing transceivers with
multiple design iterations and modifications, and when porting
the design into different process technology nodes.
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