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20 Gbit/s 1 :2 demultiplexer of low-power using 0. 18 wn CMOS
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Abstract: A 1 : 2 demultiplexer (DEMUX) that is fabricated using 0. 18 um CMOS ( complementary metal-
oxide-semiconductor transistor) technology is presented. The DEMUX consists of a master-slave-slave, master-

slave D flip-flops and output buffers. The D flip-flop employs a dynamic-loading structure and common-gate

topology with single clock phase for the bias transistors. The dynamic-loading structure can make the circuit

work faster because it decreases the charge/discharge time of the output node, and it consumes lower power

because its working current is in a switch mode. In addition, the positive feedback loop, which is made up of a

cross-coupled transistor pair in the latch, speeds up the circuit. Measurement results at 20 Gbit/s 2* — 1 pseudo
random bit sequence (PRBS) via on-wafer testing show that the 1 : 2 DEMUX can operate well. The power

dissipation is 108 mW with the area of 475 pm x 578 um.
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Due to the demand for the realization of an optical
communication growth, larger transmission capacity is
required. The demultiplexer (DEMUX) is one of the
key circuits used in constructing communication sys-
tems and plays an important role in converting a high-
speed data stream into several low-speed parallel data
ones. DEMUXs operating at speeds higher than 10
Gbit/s have been realized with GaAs HBTs, SiGe bi-
polar transistors, and BiCMOS'"™'. The power con-
sumption of these ICs, however, is relatively large.
CMOS technology has the advantages of low power
and low cost. So it is gradually used in the high speed
IC designs with its steady improvement. Although the
fr of the 0. 18 pm CMOS is 49 GHz, there have been
few papers on 20 Gbit/s class DEMUX circuits using
0. 18 pm CMOS technology. This paper illustrates the
detailed realization of a 20 Gbit/s 1 : 2 low-power DE-
MUX with TSMC 0. 18 pm CMOS technology, in
which a latch structure with single clock phase and dy-
namic-loading'" are adopted. Compared with the tradi-
tional SCFL"' (source coupled FET logic) structure, its
speed is faster and the power consumption is lower.

1 Structure of DEMUX

Fig. 1 shows the block diagram of the 1 :2 DE-
MUX. It consists of a DEMUX core and two 10 Gbit/s
output buffers. In this architecture, the input signal,
which consists of a high-speed 20 Gbit/s data D and a
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10 GHz clock, goes through the DEMUX, and in the
output we get two 10 Gbit/s data ¢,, g,. Then ¢,, g, are
amplified by two outbuffers separately. The DEMUX
core consists of a master-slave-slave (MSS) and mas-
ter-slave (MS) D flip-flops as shown in Fig. 2. It cap-
tures the lead bit on the positive-edge of the clock and
the following bit on the negative-edge. Therefore, the
clock frequency is half of the input data rate, which de-
grades the design difficulty.
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Fig.1 Block diagram of 1 :2 DEMUX
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Fig.2 Block diagram of the DEMUX

Both the MSS and MS D flip-flops are composed
of latches, so the circuit topology of the latch is very
important to the whole circuit. It affects not only the
circuit speed but also the power dissipation.

2 Latch Design Analysis

Both SCFL and dynamic-loading structures can be
used to implement latch design. Analysis for them is
presented in the following.
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2.1 SCFL

SCFL structure is shown in Fig. 3. The latch struc-
ture consists of a pair of loads (R,-R,), a sampling
pair (MN,-MN,), a latching pair (MN;-MN,) and two
nMOS switches (MN,;-MN; ), which are controlled to
turn on or off by CLK and CLK, signals. When CLK =
H, MN; is on while MN; is off and MN,-MN, is used
to sense the input in the sampling mode. When CLK =
L, MN, is on while MN; is off and the cross-coupled
pair MN,-MN, is configured as a positive feedback to
latch the output in the latching mode.
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Fig.3 Schematic of SCFL structure

The difficulty of the latch design is to choose the
loads. We know that the charge/discharge time of the
output node is in proportion to the total capacitor C
and resistor R of the output.

On the one hand, it needs a small R to reduce the
time, which makes for high speed; on the other hand, it
needs a large R to attain a big output voltage swing
Vom- As V. = RI, the larger the R is, the smaller the
circuit current is assuming the same V_, So a large R
also leads to a low power consumption. But SCFL
structure cannot meet the requirement due to its con-
stant load.

2.2 Dynamic-loading

Fig. 4 shows the schematic of a dynamic-loading
latch. It consists of a pair of pMOS(MP,-MP,), a sam-
pling pair(MN,-MN,), a latching pair(MN,-MN,) and
a clock switch (MN;). The structure of SCFL and dy-
namic-loading correspond, so their functions are the
same. The places where the second structure differs
from the first are MP,-MP,, which is used as dynamic
load, and MN;, which is controlled by one single clock
signal.

The resistance of MP,-MP, is varied dynamically
by clock signals. When CLK =L, the pMOS transistors
work in the linear region and the turn-on resistances
are very small, so a small RC time constant is
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Fig.4 Schematic of dynamic-loading structure

achieved, which accelerates the sampling speed. Such a
small RC time enables the nMOS MN,-MN, pair to
sense the input data and charge up the output node at a
maximum speed. When CLK =H, the pMOS transistors
are turned off, which leads to a large RC time con-
stant. The nMOS pair MN,-MN, hold the output state.
In this mode, the current of the latch approximates ze-
ro. As a result, the power consumption is greatly re-
duced compared to that of the SCFL, in which the
working current is always being.

Unlike the SCFL design shown in Fig. 3 where
MN,-MN; is controlled by two complementary clock
signals, NM; in Fig. 4 only requires one single clock
signal. In order to operate at high speed, a common-
gate configuration is used for the clock transistor
(MN;) rather than the common-source configuration.
By using the common-gate configuration, the dc
biasing of the input clocks can be optimized simultane-
ously for both the pMOS loadings and the nMOS.

The analysis of SCFL and dynamic-loading struc-
ture indicates that the maximum operation frequency of
the former cannot be reached as fast as the latter due to
its constant load. Besides, dynamic-loading structure
consumes nearly half of the power of the SCFL, since
its working current is provided in a switch mode. That
is why the dynamic-loading is adopted in this DEMUX
design.

3 Measurement Results

A micrograph of the DEMUX chip is shown in
Fig.5 and its area is 475 pm x578 pm. The measure-
ment of the chip was performed on-wafer using high-
speed microwave probes of Cascade Microtech Inc.
The supply voltage was 1.8 V. The input clock was
10 GHz, and the input pattern was a 20 Gbit/s 2% -1
pseudo random bit sequence (PRBS). The output eye
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diagrams are presented in Fig. 6.

Fig.5 Chip micrograph of the EDMUX
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Fig.6 Output eye diagrams. (a) 20 Gbit/s input; (b) 24
Gbit/s input

3

Fig. 7 shows the measured input and output
waveforms of the 1 : 2 DEMUX when the input pat-
tern is 0000 1111 1111 0000 1111 0000 0011 1111.
The total power dissipation is 108 mW. The measured
eye opening performed well with more than 300 mV
on the external 50 () load. During the measurement,
the function of the 1 :2 DEMUX was verified. It can
work well under the input data of 20 Gbit/s and even
work at up to 24 Gbit/s.
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Fig.7 Measured waveforms of the DEMUX

Tab. 1 shows measured performance of the pro-
posed DEMUX together with that of reported DE-
MUX designs. The ratio of the speed (v) of DEMUX
to f; in the table is used to weigh the difficulty of the
design, and our work is the most difficult among
these, which proves that the dynamic-loading structure
is relatively superior to others in increasing operating
speed. Furthermore, the power consumption of this
chip is only 15% of Ref. [6] with the same 20 Gbit/s
data rate.

Tab.1 Comparison of published DEMUX with the proposed DEMUX

Feature size f+/GHz  Speed v/(Gbit-s~!) v/fr Structure Power/mW
Ref. [5] 0. 18 pm CMOS 49 10 0. 20 SCFL 240(1:4)
Ref. [6] 0.2 pm PHEMT 60 to 63 20 0.32 t0 0.33 SCFL 720
Ref. [7] 0. 13 pm InP HEMT 220 50 0.23 SCFL 490(1:4)
This paper 0. 18 pm CMOS 49 20 0.41 Dynamic-loading 108
4 Conclusion
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