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Abstract

This paper describes a 16:1 multiplexer (MUX) us-
ing a 0.18um partially-depleted SOI-CMOS technology.
Owing to a selector type architecture with a pipeline
structure as well as -small junction capacitances of SOI-
CMOS devices, the MUX achieves 3.6Gbps operation dis-
sipating 340mW at a power supply of 2.0V.

Introduction

High-speed multiplexers (MUX) are the key compo-
nents of optical communication systems, such as Syn-
chronous Optical Network (SONET). Although GaAs
or Bipolar devices have been the major players in this
field, as CMOS technology advances into deep-submicron
region, CMOS devices become promising candidates for
giga-hertz operation ICs [1][2]. This enables the inte-
gration of giga-hertz operation ICs with other large-scale
CMOS logic ICs on a chip, and would satisfy the strong
request for low-power dissipation in communication sys-
tems.

This paper describes the architecture of a 16:1 MUX
using our 0.18um SOI-CMOS technology. The MUX
achieves 3.6Gbps operation with 340mW at 2.0V by
adopting a selector type architecture with a pipeline struc-
ture. This is the fastest CMOS based MUX that has ever
been reported.

Circuit Design

A. 16:1 MUX Architecture for SOI

The speed and the power advantages of SOI-CMOS
devices are much larger than bulk devices when the load
capacitances of the circuits are source/drain capacitances
[3], because the SOI structure dramatically reduces the
capacitances. 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 when
the SOI-CMOS transistor is assumed to have 1/10 of the
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junction capacitance of the bulk-CMOS transistor, the
SOI-CMOS selector circuit operates 49% faster than the

bulk one.
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Fig. 1. 4:1 selector circuit.
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Fig. 2. Block diagram of conventional 4:1 selector
architecture.

Fig. 2 shows the conventional 4:1 selector type archi-
tecture, and Fig. 3 shows the configurations of the 1/4
divider and the timing generator circuits. In the 1/4 di-
vider, the divided clock CLK/4,CLK B/4 and the out-
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puts to the timing generator have a delay of 2Ty from
CLK through the two D-FFs. The outputs S1 to S4
are additionally delayed by Ty, through the timing gen-
erator, where Tgsr and Ty are the delays of the D-FF
and the NOR gate, respectively. Then S1 to 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 op-
erating frequency of the conventional MUX to

fmaz'l S 1/(2Tdff + Tnor + Tsel + Tsetup) (1)

where T is the delay of the 4:1 selector and Tsetup is the
setup time of the D-FF.
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Fig. 3. Configurations of divider and timing generator
circuits.

In our proposed configuration, shown in Fig. 4, the
D-FFs are inserted between: (1) the 1/4 divider and the
timing generator, and (2) the timing generator and the
4:1 selector. This pipeline structure shortens the critical
path in the MUX compared to the conventional configura-
tion. The critical path in our MUX design is the timing
generator between the D-FFs. Hence, the maximum op-
erating frequency is boosted to

.fmaz'2 S 1/(Tdff + Tnor + Tsetup) (2)

In addition to the pipeline structure, the phase of D1”
and D2" is shifted to increase the phase margin between
the input D1” and the select signal S1 in the selector
circuit. Several ideas have been proposed to shift the
phase, for example, by using additional half latches [4],
or by using additional D-FFs with a delayed trigger clock
[5]. In our MUX, the phase is shifted only by exchang-
ing the CLK /4 and CLK B/4 for the upper two D-FFs
latching D1, D2. Therefore, this method doesn’t need
any additional circuits. Fig. 5 shows the timing chart of
this MUX.
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Fig. 4. Block diagram of proposed 4:1 selector architecture.
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Fig. 5. Timing charts of (a) conventional and (b) proposed
circuits.

By employing these architectures in two stages, a 16:1
MUX was realized as shown in Fig. 6. The low-speed
MUXs (left side of Fig. 6) synchronize to C'LK /4, while
the high-speed MUX (right side of Fig. 6) synchronize to
CLK. Since the low-speed MUXs operate at a quarter
of the speed of the high-speed MUX, the low-speed MUXs
have two different points from the high-speed MUX. The
first difference is that the D-FFs before the timing gener-
ator were removed to reduce the power dissipation. The
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second difference is that all the 16 external input data are
latched in the D-FFs by the same timing in order to in-
crease the phase 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.
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Fig. 6. Block diagram of two step 4:1 selector architecture.

B. I/0 Circuits

Ultra high-speed signals require Pseudo ECL (PECL)
I/0 buffers matching 502 transmission lines. The PECL
level for a supply voltage of 2.0V are Vpr < 0.3V and
Vor > 1.1V. '

Fig. 7 shows the circuit configurations of the input
and the output buffers. The input buffer consists of
two stages of NMOS current mirror circuits. The out-
put buffer is just an inverter gate but satisfies the PECL
level, because Vo, = 0V and Vo is decided by the ratio
of the PMOS on-resistance and the 50§ termination re-
sistance. When the PMOS on-resistance is adjusted to
40Q, the output is 1.1V. The termination resistors are
on the chip in the high-speed input buffer (clock input)
to satisfy the low reflection of the signals. In the 16 low-
speed input buffers (data input), the termination resistors
are attached outside the chip to prevent thermal prob-
lems with the chip. The high-speed input buffer needs
differential signals, while the low-speed input buffers are
single-ended with an external reference voltage Vgp.

Measurement Results

The MUX was designed and fabricated using our
0.18um SOI-CMOS technology. The transistors operate
in the partially depleted (PD) mode, and are isolated us-
ing shallow trench isolation (STI) technology. The thick-
nesses of the SOI layer and the buried oxide are 100nm
and 400nm, respectively.

A chip micrograph is shown in Fig. 8. The MUX con-
tains about 1500 transistors integrated on a chip size of
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Fig. 7. Input and output buffer configurations for PECL
interface.

1.75mm x 1.75mm. The high-speed circuits were gath-
ered and placed near the PADs to shorten the connecting
wires. Several large capacitors (>100pF) were inserted
between Vdd and GND lines in order to suppress the
switching noise, especially near the output buffers.

Fig. 8. Chip micrograph of 16:1 MUX (1.75mmx1.75mm).

Measurements were performed on wafer conditions us-
ing an RF-coaxial probing card connected to 50§ trans-
mission lines. The 16:1 MUX operated up to 3.6Gbps
consuming only 30mW without the I/O buffers and
340mW including the I/O buffers, at a 2.0V supply volt-
age. Fig. 9 shows the 3.6Gbps operating waveforms of
the multiplexed output data and the corresponding clock.
All the inputs were fixed to “1” or “0”. The data output
repeated “1011101010110010” during this input set.

Fig. 10 shows the supply voltage dependence of
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the maximum operating frequency and the correspond-
ing power dissipation. Note that the power consumed
by the 50§ termination resistors in the input buffer
(CLK,CLK B input) is not included, but the termination
resistors in the oscilloscope (DOUT,CLK /16 and CLK
outputs) are included. Even in a low supply voltage of
1.0V, the MUX operated up to 1.2Gbps, while dissipating
only 2.2mW without the I/O buffers.

Fig. 11 shows the operating frequency dependence of
the power dissipation. The power dissipation slopes in
the core and the whole circuits are 8.4mW/Gbps and
50mW /Gbps, respectively.
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Fig. 9. Output waveforms of multiplexed output data and
corresponding clock.
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Fig. 10. Supply voltage dependence of maximum operating
frequency and corresponding power dissipation.
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Fig. 11. Operation frequency dependence of power
dissipation at Vdd = 2.0V.

Conclusions

A high-speed and low-power 16:1 MUX has been
demonstrated. To take advantage of our 0.18ym SOI-
CMOS technology, two step 4:1 selector architecture and
multiple pipeline architecture were adopted. The MUX
achieved only 8.4mW/Gbps and 50mW /Gbps power dis-
sipation without and with the I/O buffers. Furthermore,
3.6Gbps operation at a 2.0V supply voltage was achieved.

These results indicate the possibility of the integration
of ultra-high speed circuits and large logic blocks on an
SOI chip.
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