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A Reduced-Swing Voltage-Mode Driver
for Low-Power Multi-Gb/s Transmitters

Heesoo Song, Suhwan Kim, and Deog-Kyoon Jeong

Abstract—At a lower supply voltage, voltage-mode
drivers draw less current than current-mode drivers.
In this paper, we newly propose a voltage-mode
driver with an additional current path that reduces
the output voltage swing without the need for compli-
cated additional circuitry, compared to conventional
voltage-mode drivers. The prototype driver is fabric-
cated in a 0.13-pm CMOS technology and used to
transmit data streams at the rate of 2.5 Gb/s. De-
emphasis is also implemented for the compensation of
channel attenuation. With a 1.2-V supply, it dissipates
8.0 mA for a 400-mV output voltage swing.

Index Terms—High-speed interface, low power,
voltage-mode driver, output driver

I. INTRODUCTION

As scaling of the CMOS process progresses, systems
continue to process more data. Now the bottleneck is no
longer the data-processing capability of chips but the
bandwidth of inter-chip communication. This has moti-
vated a lot of researches on high-speed interface circuits
[1,2]. Currently, many high-speed interface specifications
such as XAUIL SATA and PCI-Express have emerged to
address the increasing bandwidth of inter-chip communi-
cations.

One of the blocks that consumes the most of power in
high-speed interface circuits is the driver, which sends
data streams through a low impedance channel. Reducing
the power consumption of drivers therefore offers a very
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significant benefit to low-power systems. Although the
supply voltages of digital circuits continue to decrease
for reducing the power consumption, widely employed
current-mode drivers do not draw less current at a lower
supply voltage [3,4]. Voltage-mode drivers do consume
less current at a lower supply voltage in contrast to
current-mode drivers. However they have the difficulty
that they requires an additional low-voltage supply for
reducing the output voltage swing, since the output
voltage swing is constrained by the supply voltage [5-8].

In this paper, we describe a simple but efficient
technique to design a voltage-mode driver, which reduces
the output voltage swing so that the total drawn current

is cut down.

I1. PREVIOUS DRIVER DESIGN
1. Current-Mode Drivers
Fig. 1 shows the current-mode driver which is usually
preferred in transmitters for multi-Gb/s wire-line com-

munication because of the simple design and high-speed
capability [3,4]. In a high-speed transceiver, terminations
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Fig. 1. Current-mode driver with ac-coupling.
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at both the source, or transmitter, and the load, or
receiver, are requisite to eliminate the reflections which
originate from impedance mismatches. This double
termination causes the current-mode driver to consume a
remarkably high current, since the resistance seen by the
driver’s output is decreased to half of the load resistor
thanks to the resistor at the output node for source
termination. Moreover, reduction of the supply voltage
does not cut the drawn current at the condition of the
same output voltage swing since the drawn current deter-
mines the output voltage swing.

When ac-coupling is employed, the design constraints
become harsher. The minimum voltage of the driver
output is decreased to Vpp-1.5*IpryRpq whereas it is
Vpp-1.0%IpryREq without employing ac-coupling, where
R means an equivalent resistance of parallel connected
R; and R. The consequently decreased overdrive vol-
tages of transistors for the input pair and the current
source demand that the transistors be wider for the
capability of driving the same current.

2. Voltage-Mode Drivers

Fig. 2 shows the architectures of the previously
published low-swing voltage-mode drivers. They con-
sume less current and introduce ac-coupling without
modifying the design, compared to current-mode drivers.
In Fig. 2 (a), two NMOS transistors act as push and pull
resistor [5,6]. NMOS transistors of the driver are
operated as resistors since the gate voltage of a driver’s
NMOS transistor is much higher than the supply voltage
of the driver in that configuration. These voltage-mode
drivers require an additional external low-voltage supply
to attain a low-swing output voltage since the output
voltage swing is determined to half of the supply voltage,
as we will explain in more detail. An external voltage
source can be substituted for an on-chip regulator, as
shown in Fig. 2 (b) [7]. The output voltage swing then
can be controllable by changing the regulated supply
voltage and the output resistance of the driver is adjusted
to 50 Q by another feedback loop with a replica driver,
which is not shown in the figure. However, it has a
drawback that it requires a regulator, which is a com-
plicated analog circuit and demands a consequent large
capacitor at the regulated supply for ac ground.

Employing only termination on the receiver side, in

which the source impedance is made much larger than
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Fig. 2. Previous voltage-mode drivers. (a) voltage-mode driver
with a low-voltage supply. (b) voltage-mode driver with a
regulator. (c) voltage-mode driver with only receiver-side
termination.

the channel impedance, is itself sufficient to cut the
drawn current, as shown in Fig. 2 (¢) [8]. However, the
resultant impedance mismatch between the source and
the channel makes it unsuitable for multi-Gb/s commu-

nication applications.

II1. PROPOSED REDUCED-SWING VOLTAGE-
MODE DRIVER

1. Reducing The Output Voltage Swing

Fig. 3 shows the configuration of the reduced-swing
voltage-mode driver, which incorporates a supplementary
resistor Ry to make an additional current path [9]. The
following relation between R, and Ry should be met to
terminate the source correctly:

R,IR,=Z,, (1)
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Fig. 3. Reduced-swing voltage-mode driver.

where R, is the output resistance of the inverter, as the
on-resistances of PMOS and NMOS of the inverter are
assumed to be same. In this configuration, a part of the
driver’s drawn current flows through the additional path
of Rg resulting in the decreased voltage at the load. If the
less output voltage swing is demanded, Rp is made
decreased and R, increased to hold the equation above,
The total increased resistance between supply and
ground leads to less drawn current with the reduced
output voltage swing.

Assuming that the source and load resistances are
matched to the channel impedance, the output voltage
swing can be calculated as the followings:

Vssae =Vours =Vour-

v o 2R U2R AR, R,
PR V2R, 2R, +R, P R, +2R,/I2R, +R, )
Ry IR,

=Vop

X

R,+R, /IR,

where Vpp is the supply voltage and Ry is the,
typically 50 €, load resistance.

The current drawn by the driver can be also calculated
as followings:

VDD

7 e L
2R, +2R,//2R, . (3)

DRIVER =

In the case of the conventional voltage-mode drivers,
there is no additional current path and Ry can be
regarded as infinite. Therefore, the output voltage of the
driver can be expressed as follows:

R, 1

Ve =Vpp ¥——==V,
SWING DD
4 R,+R, 2 D

(conventional voltage-mode driver). 4)

Since all driver current flows through the load resistor,
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Fig. 4. Current consumption curves for the various drivers.

the output voltage swing becomes half of the supply
voltage. The relation between the drawn current, the
supply voltage and the output voltage swing is

— Von = Voo - Vswme
o S S p R 2000 10002

(conventional voltage-mode driver). (5)

Fig. 4 compares the current consumptions of the
current-mode driver and various voltage-mode drivers.
The curves represent the currents drawn by the drivers
themselves and exclude the supplementary current from
auxiliary circuitry such as a pre-driver and a regulator.
The current consumption of the current-mode driver is
Vswing/Requiv regardless of the supply voltage, where
Rpqurv is 25 Q in the double-terminated configuration.
The current consumed by the veltage-mode driver with a
regulator 1S Vswing/100 €, which is a quarter of that
required by the current-mode driver, and its supply
voltage is regulated to attain the desired voltage-swing.
This involves a complicated analog circuit and a large
area of capacitor.

In the case of the proposed driver, the current con-
sumption is calculated with two supply voltages of 1.8 V
and 1.2 V since the supply voltage has the relation with
the current consumption; voltage-mode drivers draw less
current at a lower supply voltage. For the 400-mV output
voltage swing, which is the typical value for many multi-
Gb/s transmitters, our driver has a lower design overhead
than the voltage-mode driver with a regulator at the cost
of slightly higher drawn current. However it is possible
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that the voltage-mode driver with a regulator consumes
more current than the proposed driver due to current
drawn by a regulator.

2. Implementation of the Proposed Driver

Fig. 5 shows how we implemented our new voltage-
mode driver with inverters and resistors. The on-
resistance of inverters is typically made to be much
smaller than the resistance of resistors since it is changed
according to process, voltage and temperature variation.
The driver uses a PMOS transistor as a pull-up resistor
since all circuit in the driver block operates with a shared
supply, unlike previous voltage-mode drivers which
require an additional low-voltage supply.

De-emphasis to compensate the inter-symbol-interference
due to the narrow bandwidth of the channel is imple-
mented with an auxiliary driver, which have the weak
strength and input signals of negative polarity and one-
clock latency compared to a main driver [6]. When the
input data has a transition, all the PMOS transistor or
NMOS transistor is turned on and the driver operates as
explained before. When the input data has no transition,
there exists a resistor ladder from the supply to the
ground and it makes an equivalent supply voltage to
have a lower voltage than the original value. The output
voltage reduces in consequence. It is noteworthy that this
spilt driver does not change the output resistance.

De-emphasis can alternatively be implemented by
changing the resistance of R, and Ry simultaneously.
However the exact matching of the resistors and the
precise timing of input signals make the design too
intricate to be attractive.
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Fig. 5. Implementation of the proposed driver.

TV. EXPERIMENTAL RESULTS

An experimental 2-channel serial link is fabricated in
a 0.13-ym CMOS technology and packaged in a 176-pin
thin quad-flat-package (TQFP). Fig. 6 shows the micro-
photograph of the fabricated chip. The proposed voltage-mode
driver is used in the transmitter and occupies 8560 um>,

R4 and Ry are determined to be 75 Q and 150 €,
respectively, for the 400-mV output voltage swing. Ry is
composed of a 65-Q non-salicided poly-resistor and the
10-Q output resistance of the inverter. To achieve 33%
de-emphasis, the driver for resistance Ry is divided into
six parts; the five small drivers are operated as a main
driver and the sixth driver is operated as an auxiliary
driver. With a 1.2-V supply and those resistances, the
proposed driver has the 400 mV and 266 mV output
voltage swing for emphasis and de-emphasis, respectively,
and draw 5.33 mA and 6.80 mA for each case. The
current consumed by pre-drivers and dynamic charging
current make the measured dissipated current be 8.0 mA.

Fig. 7 shows the transmission of a waveform consisting

Fig. 7. Measured eye diagram of th
driver at 2.5 Gb/s.
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of a 2'°-1 pseudorandom binary sequence (PRBS) at the
rate of 2.5 Gb/s. The eye opening is slightly degraded
owing to the jitter of the transmitter PLL.

V. CONCLUSIONS

We have briefly described a low-power technique for
a voltage-mode driver. Inserting an additional current
path in the source-side leads to reduce the output voltage
swing and the current consumption. This simple technique
requires neither another low-voltage supply nor a
complicated regulator. Experimental results show that
the proposed driver can be successfully operated at 2.5-
Gb/s data communication systems. We expect that it will
find applications in the content of multi-Gb/s communi-
cation specifications such as XAUI, SATA and PCI-
Express.
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