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Design of high speed LVDS transceiver ICs
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Abstract: The design of low-power LVDS (low voltage differential signaling) transceiver ICs is presented. The LVDS
transmitter integrates a common-mode feedback control on chip, while a specially designed pre-charge circuit is pro-
posed to improve the speed of the circuit, making the highest data rate up to 622 Mb/s. For the LVDS receiver design,
the performance degradation issues are solved when handling the large input common mode voltages of the conven-
tional LVDS receivers. In addition, the LVDS receiver also supports the failsafe function. The transceiver chips were
verified with the CSMC 0.5-um CMOS process. The measured results showed that, for the LVDS transmitter with the
pre-charge technique proposed, the maximum data rate is higher than 622 Mb/s. The power consumption is 6 mA with
a 5-V power supply. The LVDS receiver can work properly with a larger input common mode voltage (0.1-2.4 V) but
a differential input voltage as low as 100 mV. The power consumption is only 1.2 mA with a 5-V supply at the highest
data rate of 400 Mb/s. The chip set meets the TIA/EIA-644-A standards and shows its potential prospects in LVDS

transmission systems.
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1. Introduction

With the increasing demand for the transmission capabil-
ity of information, people pay more attention to the data rates
of the transmission. The data rates of more than Gbit/s can
be achieved in-chip, but the data rates among chips or among
chips to PCBs are still the bottleneck. The LVDS (low-voltage
differential signaling) interface technique can be a good solu-
tion to this problem.

An LVDS interface can provide a milli-watt-per-gigabit so-
lution for today’s and the future’s high-bandwidth data transfer
applications!!). It has the following significant advantages:

(1) Differential transmission: LVDS use differential signals
to transmit information. The benefits of it are the improvement
of the noise margin and the strong anti-interference ability. Due
to the increased signal noise suppression, the signal swing may
be reduced to a few hundred mV.

(2) Low-swing: A smaller signal swing needs a shorter
edge time, so it can achieve a faster data transfer rate and the
noise and EMI are also reduced. The TIA/EIA standards rec-
ommended a maximum data rate of 655 Mb/s (based on a group
of assumptions), and 1.923 Gb/s theoretical rate in channels
without distortion!?].

(3) Low-power and highly integration: An LVDS-interface
drives the load by a constant current source which is limited
to about 3.5 mA. Compared to an ECL, a CML, and another
several competitive technology commonly used in high-speed
signal transmission, the power consumption of an LVDS unit is
much smaller while providing a high data rate. This improved
the density of the IC and the performance of the PCBI3.

In addition, it also has many other advantages, such as low-

voltage power supply compatibility and reliable signal trans-
mission characteristics.
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The application of an LVDS device is becoming increas-
ingly widespread in high-speed systems, backplane systems,
cable interconnection systems, transmitters, receivers, paral-
lel/series converters, and so on. Interface chip suppliers are pro-
moting LVDS as the next generation of basic building blocks to
support the mobile phone base stations, central office switching
equipment, as well as the interconnection between web hosting
and computer or workstations. In recent years, the design of
high speed LVDS has become the hot point of much research.
The development of the process technology makes the higher
data rate possible. In Ref. [4], it asserts the max 800 Mb/s for
transmitter with the standard 0.5 um CMOS process. The de-
sign with 0.35 um CMOS gives above 1 Gbps data ratel5: 6.
It could reach up to 2.5 Gb/s for transmitter and 1.3 Gb/s for
receiver with 0.25 wm CMOS process respectivelyl”]. Accord-
ing to Ref. [8], the data rate of the transmitter can be up to 5
Gb/s with a 0.18 um CMOS process. In 2008, a 10 Gb/s LVDS
driver was reported with a GeSi BICMOS process and it is the
highest data rate ever received by farl®l.

In this paper, we presented LVDS transceiver ICs realized
in a standard 0.5-um CMOS process. With a novel pre-charge
technique, the transmitter can work up to 622 Mb/s with a cur-
rent of only 6 mA from a 5-V power supply. For the LVDS
receiver also with a 5-V power supply, it can work up to the
highest bit rate of 400 Mb/s with only 1.2 mA. It works prop-
erly with an input common mode voltage of 0.1-2.4 V and a
differential input signal as low as 100 mV.

2. Circuit design

Figure 1 shows a typical LVDS transmission system. The
transmitter outputs a high-speed switching current and the re-
ceiver has a high DC input impedance. The majority of the
transmitter output current flows through the 100-2 load resis-
tor and generates a voltage of about 350 mV in the receiver
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Fig. 1. Typical LVDS transmission system.
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Fig. 2. Transmitter circuit with common-mode feedback.
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input, which represents effective or “0” logic state with
the switching of driving output current direction.

2.1. LVDS transmitter

A typical LVDS transmitter behaves as a current source
with a switched polarity, as shown in Fig. 2. It uses four MOS
switches (M1-M4) in a bridge configuration!®. If M1 and M3
are on and M2 and M4 are off, the tail current flows into the
load resistor and creates a voltage difference IssRy. On the
contrary, if M1 and M3 are off and M2 and M4 are on, the
polarity of the voltage is reversed as —Iss Ry .

As shown in Fig. 2, R, R,, the operation amplifier A, and
MOSFET ML consists of a negative common-mode feedback
loop. The same-sized high-resistance voltage-divider resistors
R; and R, drive out the common-mode output voltage Vip,
which compares with the reference voltage Vs of 1.25 V pro-
vided by the in-chip voltage reference source. It forces Vi, &
1.25 VoL,

There exist parasitic capacitances at the output points A and
B (it consists of the parasitic capacitances of the switch transis-
tors, the ESD, the PAD, and the PCB line, and so on). The par-
asitic capacitances limit the operation speed of the transmitter
seriously. Especially in the point to multi-point applications, it
will be worse because of the higher capacitive load.

The operation speed of the transmitter is limited by the
fixed tail current Isg. Thus, the pre-charge technique as shown
in Fig. 3 is proposed. A combination of switched current source
and a pre-charge capacitor, C, is introduced into the conven-
tional bridged-switch topology. Since it provides the charge
current at the rise and fall edge, the edge time can be greatly
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Fig. 3. Pre-charge circuit.
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Fig. 4. Generation of control signals.
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reduced at the price of a little increased current.

As shown in Fig. 3, a switched current source is introduced
parallel with the tail current which is controlled by the signal
nD. When nD is high or low, the switched current source would
be on or off. The generation of control signal nD is shown in
Fig. 4. It shows that nD is triggered for a very short period at
the rise and fall edge. The charge current is increased up to
Iss + I, instantly at the current switching and it speeds up the
charge and discharge time.

A large current with a short period will induce an overshoot
and distortion at the edge. In addition, it also needs a larger
size for the current source. Thus, the current can not be set too
large. A pre-charge capacitor C, is introduced into the circuit
at the same time, as shown in Fig. 5. For the convenience of
the analysis, the parasitic capacitance C; and Cs is assumed to
be equivalent to Cp in Fig. 5. When M1 and M3 are on and M2
and M4 are off, C;, is pre-charged parallel with Cy and creates
a voltage swing of Iss Ry . When DY turns off and D™ turns on,
as shown in Fig. 5(b), the polarity of C,, is different with Cp
and the charge from Cp will be neutralized with that of C, in-
stantly. According to the charge conservation law, Vi will be
changed to VgL = g}f jrgt Ry Iss rapidly. For example, in case
C, = 9Cy, VgL would be changed from Iss Ry, to —0.8/ss Ry
instantly. In addition, C;, is a energy storage element, so it does
not consume additional current. The additional voltage differ-
ence can be easily compensated by the tail current source. Thus,
the edge time of the circuit will be greatly reduced.
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Fig. 5. Working principle of pre-charge capacitance. (a) M1 and M3
are on and M2 and M4 are off. (b) Moment of M1 and M3 turn on and
M2 and M4 turn off.
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Fig. 6. Conventional LVDS receiver.
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2.2. LVDS receiver

A conventional LVDS receiver is shown in Fig. 6. The
LVDS transmission standard requires that the input common
mode voltage should meet 0.1 V < V< 2.4 V. But when the
input common mode voltage is close to 0.1 V, M1 and M2 will
enter the linear region and can not drive the following stage
properly.

The improved LVDS receiver is shown in Fig. 7. It consists
of an input folded cascode amplifier, a hysteresis comparator, a
bias block, an output stage with logical control, and a fail-safe
protection circuit.

The folded cascode amplifier is shown in Fig. 8. The
common-mode voltage varies slightly with the input voltage
range from 0.1 to 2.4 V. The amplifier provides a proper band-
width, gain and DC operation point which makes following
comparator work in a saturation region by choosing proper
sizes of Rd and M1-M6.

The second stage is a typical hysteresis comparator, as
shown in Fig. 9. It provides a 70-mV hysteresis to improve the
anti-noise performance.

The logic control circuit shown in Fig. 10 provides a tri-
state function. When EN is high, the output level will depend

Fail-safe circuit

Folded ‘ .
cascode Hysteresis Logic control
plifier comparator circuit
— L]
! ' * ouT
IN2 | - M

Bias

Fig. 7. Improved LVDS receiver’s structure.
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Fig. 8. Folded cascode input stage.
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Fig. 9. Hysteresis comparator.

on the input; when EN is low, the output is in a high impedance
state. Thus, users can select a proper output signal according to
their own need under the bus multiplexed situation.

The fail-safe block shown in Fig. 11 provides the protec-
tion function when the input signal is abnormal. It guarantees
the output is high when the input is open, floating, or short,
which restrains the common mode and differential mode noise
better!']. More importantly, this structure does not affect the
signal duty cycle and not generate more jitter.
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Fig. 12. Layout of the LVDS transceiver.

3. Measurement results

The LVDS transceiver ICs were fabricated with the
CSMC’s 0.5-um CMOS process. The chip layout is shown in
Fig. 12. The area of the transmitter and receiver are 470 x 350
um? and 450 x 300 um?, respectively.

In the measurements of the transmitter, the load resistor of
the transmitter is 100 2 and both of the two output load ca-
pacitors are 8.5 pF. The power supply voltage is 5 V. Figures
13 and 14 are the output eye-diagrams with 155-Mb/s and 622-
Mb/s TTL input signal, respectively. The waveforms from top
to bottom are the positive output voltage, the negative output
voltage, and differential output voltage, respectively. From the
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Fig. 13. Eye-diagram at 155 Mb/s for transmitter.
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Fig. 14. Eye-diagram at 622 Mb/s for transmitter.
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Fig. 15. Eye-diagram at 155 Mb/s for receiver.

figures it can be seen that good eye diagrams are obtained. The
reflections in some eye-diagrams were caused by the oscillo-
scope’s input impendence, because in the measurements 1-M€2
input impedance is used and it does not match with the 50-2
transmission line.

Figures 15 and 16 are the receiver’s output eyed diagrams
at 155 Mb/s and 450 Mb/s, respectively. The waveforms from
top to bottom are the positive input signal, the negative input
signal, and the output signal. The eye-diagram opening is also
good.

We investigate the jitter performance. The jitter is re-
lated with the intrinsic noise of the device and the bandwidth.
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Fig. 16. Eye-diagram at 400 Mb/s for receiver.

Table 1. Performance summary of LVDS transmitter.

Parameter Value
Supply voltage 5V
Work speed (Cioag = 8.5 pF) 622 Mb/s
Differential output voltage 360 mV
Power 29 mW
Propagation delay 1.1 ns
Skew 47 ps
Rise time (20%—-80%) 0.45 ns
Fall time (20%—80%) 0.46 ns

Table 2. Performance summary of LVDS receiver.

Parameter Value
Supply voltage 5V
Work speed (Ciag = 8.5 pF) 400 Mb/s
Differential output voltage 90 mV
Power 6 mW
Propagation delay 1.4 ns
Skew 40 ps
Rise time (20%—-80%) 0.52 ns
Fall time (20%—-80%) 0.45 ns

From the output eye-diagram of the LVDS transmitter and re-
ceiver, we can see that it represents good jitter performance
at 155 Mbp/s. When the frequency increases, the jitter perfor-
mance has some degradation. Even so, they represent good eye
opening.

Tables 1 and 2 give the performance summary for the

LVDS transmitter and receiver, respectively. They meet the
standard of TIA/EIA-644-A.

4. Conclusions

A high speed LVDS transmitter and receiver were designed
and implemented with a CSMC 0.5-um mixed-signal CMOS
process. The measurement results showed that the transmitter
can work well up to 622 Mb/s with the improved pre-charge
technique. The receiver chip can work up to 400 Mb/s with a
wide input common-mode voltage range. With a 5-V supply
voltage, the LVDS transmitter and receiver consume a current
of 6 mA and 1.2 mA, respectively. The realized chips can meet
the standard of TIA/EIA-644-A and show good prospects for
LVDS transmission systems.
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