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A 3.6-Gb/s 340-mW 16 : 1 Pipe-Lined Multiplexer
using 0.18�m SOI-CMOS Technology

Toru Nakura, Member, IEEE, Kimio Ueda, Kazuo Kubo, Yoshio Matsuda, Koichiro Mashiko, Member, IEEE,
and Tsutomu Yoshihara

Abstract—This paper describes a 16 : 1 multiplexer using
0.18 m SOI-CMOS technology. To realize ultra-high-speed
operations, the multiplexer adapts a pipeline structure and a
phase shift technique together with a selector architecture. This
architecture takes advantage of the small junction capacitances
of the SOI-CMOS devices. The multiplexer achieves 3.6 Gb/s at a
supply voltage of 2.0 V, while dissipating only 30 mW at the core
circuit and 340 mW for the whole chip which includes the I/O
buffers.

Index Terms—Multiplexer (MUX), PECL, phase shift, pipeline,
selector, SOI.

I. INTRODUCTION

T HE FINER pitch LSI technologies make it possible to
create system LSI’s which integrate high-density logics

with various functions such as analog circuits and memories on
a chip. The system LSI’s offer not only efficient data processing
but also high-speed and low-power operations, because they
can reduce the parasitic elements which exist between the chips
in previous systems consisting of separate chips. The system
LSI’s would especially be suited for future telecommunication
systems where large-scale data processing, analog signal
processing and ultra-high-speed data transmission are required.

Multiplexers (MUX) are the key components in
ultra-high-speed telecommunication systems such as syn-
chronous optical network (SONET). Conventionally, only
GaAs or bipolar devices have been used in this field because
of their high-speed characteristics. However, GaAs devices
are difficult to integrate with high-density logics. Although
BiCMOS technology makes integration of high-density logics
with other functions possible, it is difficult to optimize both
bipolar transistors and CMOS transistors for high-speed,
low-voltage/power operations. Therefore, CMOS technology is
a well-qualified technology for ultra-high-speed MUX’s to be
used in future telecommunication systems.

As the CMOS technology has progressed into deep-sub-
micron regions, CMOS devices have the ability to realize
gigahertz operation chips [1], [2], especially for 2.488 Gb/s
of OC-48 (STM-16) telecommunication systems. This paper
describes a 16 : 1 MUX operating at 3.6 Gb/s, developed by
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Fig. 1. The 4 : 1 selector circuit.

using our 0.18 m SOI-CMOS technology [3]. The focus of
this paper is a MUX architecture to realize ultra-high-speed
operations. In Section II, circuit design considerations are
presented in detail. Section III describes the measurement
results of the MUX. Section IV concludes this paper.

II. CIRCUIT DESIGN

A. The 16 : 1 MUX Architecture

The speed and the power advantages of SOI-CMOS devices
are much larger than bulk devices when the load capacitances
of circuits are the source–drain capacitances [4]. The reason
behind this is that SOI structure dramatically reduces the
source–drain capacitance of transistors due to the buried oxide
isolation. According to our parameter extraction, the drain–sub-
strate junction capacitance () of SOI is 0.08 fF/ m , which
is about 1/10 of bulk of 0.8 fF/ m . Therefore, selector
type MUX architectures are especially suitable for SOI-CMOS
devices, because the main loads of the selector circuits are the
source–drain capacitances of the pass transistors.

Fig. 1 shows the 4 : 1 selector circuit that we used in our 16 : 1
MUX. A SPICE simulation indicated that the SOI-CMOS se-
lector circuit, which has 1/10 of the junction capacitance, oper-
ates 49% faster than the bulk selector circuit.

Fig. 2 shows the conventional 4 : 1 selector type architecture,
and Fig. 3 shows the configurations of the 1/4 divider and the
timing generator circuits. In the 1/4 divider, the outputs to the
timing generator have a delay of from CLK through the
two D-FF’s. The outputs S1–S4 are additionally delayed by
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Fig. 2. Block diagram of conventional 4 : 1 selector architecture.

through the timing generator, where and are the delays
of the D-FF and the NOR gate, respectively. Then S1–S4 select
the data at the 4 : 1 selector circuit and the selected signal SOUT
is latched by CLK. Hence, the delay, from the clock input to the
4 : 1 selector output, should be within the one clock cycle. This
delay limits the maximum operating frequency of the conven-
tional MUX to

(1)

where is the delay of the 4 : 1 selector and is the setup
time of the D-FF.

In our proposed configuration, shown in Fig. 4, the D-FF’s are
inserted, between the 1/4 divider and the timing generator, and
between the timing generator and the 4 : 1 selector, to construct
the pipeline structure to shorten the critical path in the MUX
compared to the conventional configuration. The path delay of
the 1/4 divider stage, the timing generator stage and the 4 : 1
selector stage are “ ,” “ ,”
and “ ,” respectively. In our design,

ps, ps, ps, ps, and
ps, where is the delay of the D-FF before the

NOR gate having heavy load, and is the delay of other
D-FF’s having small load capacitances. Thus the critical path
in our MUX is the timing generator stage, where the maximum
operating frequency is boosted up from Gb/s in (1)
to

(2)

This is 4.3 Gb/s in our design.
Fig. 5 shows the D-FF used in our MUX. The D-FF uses

the dual-rail configuration consisting of pass transistors with
reduced transistor count to take advantage of the SOI’s small
junction capacitances [5].

In addition to the pipeline structure, the phase shift technique
is also employed to our MUX. Fig. 6(a) shows the conventional
timing chart without the phase shift technique. All the parallel
input data, D1–D4, are latched at the falling edge of the di-
vided clock CLK/4. D1”–D4” are input to the selector circuit
at the same timing. The select signals, S1–S4, converts from the
parallel input data, D1”–D4”, to the serial output data SOUT

Fig. 3. Configurations of divider and timing generator circuits.

Fig. 4. Block diagram of proposed 4 : 1 selector architecture.

at the selector circuit. However, when using this method, the
timing margin between the input data and the select signal de-
creases by the transient point of the input data as shown in
Fig. 6(a). To avoid this situation, several ideas have been pro-
posed to shift the phase of the input data, for example, by using
additional half latches [6], or by using additional D-FF’s with a
delayed trigger clock [7]. In our MUX, the phase shift is ac-
complished only by exchanging CLK/4 and CLKB/4 for the
upper two D-FF’s latching D1 and D2. This means D1 and D2
are latched at the rising edge of the divided clock to shift their
phase by the half-period of the divided clock CLK/4, as shown
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Fig. 5. Circuit configuration of D-FF.

(a)

(b)

Fig. 6. Timing charts of (a) conventional and (b) phase shifted circuits.

in Fig. 6(b). This method does not need any additional circuits
compared to earlier ideas.

By employing these architectures in two stages, a 16 : 1 MUX
is realized as shown in Fig. 7. Since the low-speed MUX’s op-
erate at a quarter of the speed of the high-speed MUX, the low-
speed MUX’s have two different points from the high-speed
MUX. The first difference is that the D-FF’s before the timing
generator were removed to reduce the power dissipation. The
second difference is that all the external input data are latched
in the D-FF’s by the same timing in order to increase the phase

Fig. 7. Block diagram of two step 4 : 1 selector architecture.

Fig. 8. Input and output buffer configurations for PECL interface.

margin between the external input data and CLK/16. This wider
phase margin is one of the important specifications of MUX
chips for practical use.

B. I/O Buffer Design

High-speed signals require pseudo ECL (PECL) I/O buffers
matching 50 transmission lines. The PECL level for a supply
voltage of 2.0 V are V and V.

Fig. 8 shows the circuit configurations of the input and
the output buffers. The input buffer consists of two stages
of an NMOS current mirror circuit in order to amplify the
PECL small signal to full swing signal for the internal circuit.
The output buffer consists of just inverter gates but satisfies
the PECL level, because V by NMOS pull-down
transistor, and is decided by the ratio of the PMOS
on-resistance and the 50 termination resistance. When the
PMOS on-resistance is adjusted to 40, the output is 1.1 V.
The termination resistors are implemented on the chip at
the high-speed input buffer (clock input) to satisfy the low
reflection of the signals. At the 16 low-speed input buffers
(data input), the termination resistors are attached outside the
chip to prevent thermal problems with the chip. The high-speed
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Fig. 9. Chip micrograph of 16 : 1 MUX (1.75 mm� 1.75 mm).

input buffer uses differential signals, while the low-speed input
buffers are single-ended with an external reference voltage

.

III. M EASUREMENTRESULTS

A. Process Technology

The MUX was designed and fabricated using our 0.18m
SOI-CMOS technology. The transistors operate in the partially
depleted (PD) mode with the floating-body condition. A shallow
trench isolation (STI) technology isolates the adjacent transis-
tors. The thicknesses of the SOI layer and the buried oxide
are 100 and 400 nm, respectively. A chip micrograph of the
MUX is shown in Fig. 9. The MUX contains about 1500 tran-
sistors integrated on a chip size of 1.75 mm1.75 mm. The
high-speed circuits were gathered and placed near the bonding
pads to shorten the high-speed signal wires. Several large capac-
itors ( 100 pF) were inserted between and GND lines in
order to suppress the switching noise, especially near the output
buffers. The transistor characteristics are listed in Table I.

B. MUX Characteristics

Measurements were performed at on-wafer conditions using
an RF-coaxial probing card connected to 50transmission
lines. The 16 : 1 MUX operated up to 3.6 Gb/s consuming
only 30 mW at the core circuit, and 340 mW including the
I/O buffers, under a 2.0 V supply voltage in the room temper-
ature. Fig. 10 shows the 3.6 Gb/s operating waveforms of the
multiplexed output data and the corresponding clock input. All
the inputs were fixed to “1” or “0.” The data output repeated
“1 011 101 010 110 010” during this input set.

The simulated maximum operation frequency of the core cir-
cuit is 4.3 Gb/s, as mentioned before. The discrepancy between

TABLE I
TRANSISTORCHARACTERISTICS

Fig. 10. Operating waveforms of multiplexed output data and corresponding
clock input at 3.6 Gb/s, 2 V supply voltage.

Fig. 11. Supply voltage dependence of maximum operating frequency and
corresponding power dissipation.

the simulation and the measurement can be explained by the I/O
buffer capability. As can be seen in Fig. 10, the output buffer is
not optimized enough to fully exploit the performance of the
core circuit.
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Fig. 12. Operating frequency dependence of power dissipation atV dd =

2.0 V.

Fig. 13. Output eye pattern and corresponding clock output at 2.488 Gb/s,
1.8 V power supply, in the plastic QFP.

Fig. 11 shows the supply voltage dependence of the max-
imum operating frequency and the corresponding power dis-
sipation. Note that the power consumed by the 50termina-
tion resistors in the input buffer (CLK, CLKB input) is not in-
cluded, but the termination resistors in the oscilloscope (DOUT,
CLK/16, and CLK outputs) are included. Under a 2.0 V supply
voltage, 3.6 Gb/s operation was achieved, and the corresponding
power dissipation was 30 mW for the core circuit and 340 mW
for the whole chip including the I/O buffers. Even in a low
supply voltage of 1.0 V, the MUX operated up to 1.2 Gb/s, while
dissipating only 2.2 mW without the I/O buffers.

Fig. 12 shows the operating frequency dependence of the
power dissipation. The power dissipation slopes in the core and
the whole circuits were 8.4 mW per Gb/s and 50 mW per Gb/s,
respectively.

Fig. 13 shows the output eye pattern and corresponding clock
output at the 2.488 Gb/s operation under 1.8 V, 10% drop
condition, in the room temperature. The eye pattern was derived
with the chip assembled in a 64-pin plastic quad flat package
(QFP) condition. Both and from 10 to 90% were about
100 ps. The eye diagram indicates the applicability of this chip
for high-speed (OC-48, STM-16) communication systems.

C. Floating-Body Effect of SOI Transistors

We have to consider the delay time instabilities when using
floating-body SOI-CMOS transistors. The delay time of cir-
cuits decreases as the operating frequency lowers because of the
lower body-potential of the transistors at lower frequencies [8],
[9]. During the operation of the MUX, the incoming data signals
have various frequency ingredients due to their various data pat-
terns, although the frequencies of the clock signals are constant.
Therefore, the delay times of the data signal paths would change
due to the floating-body effects, which would cause bit errors.
However, our MUX operate synchronously with the clock sig-
nals and the data are latched at D-FF’s. Also, when the data has
continuous “H” and continuous “L” patterns, the timing margin
between the data and the clock signal increases at D-FF’s due
to the lower frequency ingredients of the data. Thus, the delay
time instability due to the floating-body configuration is not the
problem in our MUX.

To confirm this, we actually measured the bit-error rate
(BER) of the MUX using PRBS data, which includes
1–23 continuous L or H pattern. This means that the incoming
signal has a rate of data change 23 times smaller compared with
the condition of the noncontinuous alternate L and H pattern.
The BER was less than at the supply voltage of 1.6–2
V at 2.488 Gb/s operating frequency, assembled in the plastic
package condition in the room temperature.

IV. CONCLUSIONS

A high-speed and low-power 16 : 1 MUX fabricated by our
0.18 m SOI-CMOS technology has been demonstrated. To
take advantage of the small junction capacitances of SOI-CMOS
transistors, two-step 4 : 1 selector architecture was adopted. In
addition, a multiple pipeline structure and a phase shift tech-
nique were also employed to realize high-speed operations. The
MUX achieved 3.6 Gb/s operation consuming only 340 and
30 mW, with and without the I/O buffers, respectively. This re-
sult indicates that SOI-CMOS devices can replace GaAs and
bipolar devices under 2.488 Gb/s of OC-48 (STM-16) stan-
dard and will integrate various functions on a chip for future
ultra-high-speed telecommunication systems.
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