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10 Gbit/s 0. 25 pm CMOS 1 :4 demultiplexer
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Abstract: A 10 Gbit/s (STM-64, OC-192) 1 :4 demultiplexer (DEMUX) with 4-phase clock was achieved in
TSMC’s standard 0. 25 pwm complementary metal-oxide-semiconductor (CMOS) technique. All of the circuits

are in source coupled FET logic (SCFL) to achieve as high as possible speed and suppress common mode

distortions. This DEMUX is featured by constant-delay buffers to generate a 4-phase clock and adjust skews of
the four channel outputs. The fabricated DEMUX operates error free at 10 Gbit/s by 2*' — 1 pseudorandom bit

sequences (PRBS) via on-wafer testing. The measured root mean square (rms) jitter, rising and failing edge of

the eye-diagram are 11, 123 and 137 ps, respectively. The chip size is 0.9 mm x 1.2 mm and the power

dissipation is 550 mW with a 3.3 V supply.
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DEMUX is one of the key components in a high
speed data transmission system. It normally lies at the
end of an optical receiver and has the function of re-
covering the original low speed parallel bit streams
from a high speed serial input. Until now, most multi-
plexers (MUX) and DEMUXSs operating at bit rates of
more than 10 Gbit/s have been generally fabricated in
GaAs HEMTs'", SiGe BiCMOS'', InP HEMTs'* and
InP HBTs'"'. But they all have the same drawback of
high power dissipation with a higher power supply.
Recent achievements in CMOS have verified that it is
practicable to design ICs for data transmission systems
with economical cost, high yield and high integration.
But at bit rates of more than 10 Gbit/s, most of them
are fabricated using more advanced technologies with
smaller feature sizes such as 0.18 um'’ and 0. 12
um'®

In this paper, a 10 Gbit/s (STM-64, OC-192) 4-
phase clock 1 :4 DEMUX achieved in TSMC’s stand-
ard 0. 25 pm CMOS is described. It features constant-
delay buffers which generate 4-phase clocks and ad-
just skews of the four outputs. Compared with the
same bit-rate conventional tree-type DEMUX, it re-
duces the number of latches and lowers the power dis-
sipation. The fabricated four phase clock 1:4 DE-
MUX operates error free at 10 Gbit/s by 2*' — 1 pseu-
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dorandom bit sequences ( PRBS) via on-wafer tes-
ting. The chip size is only 0.9 mm x 1. 2 mm and the
power dissipation is 550 mW with a 3. 3 V power sup-

ply.
1 Conventional Tree-Type 1 :4 DEMUX

As shown in Fig. 1, the conventional tree-type
1 :4 DEMUX consists of two stages. The first 1 : 2
stage divides the serial input bit stream into two paral-
lel output bit streams by a half rate clock signal. One
stream contains the odd numbered data bits, and the
other, the even ones. The 1 : 2 stage consists of one
rising clock edge triggered master-slave D-type flip-
flop (MSDFF) and one falling clock edge triggered
master-slave-slave D-type flip-flop ( MSSDFF). The
MSSDFF has one more latch than the MSDFF, in the
interest of synchronization. Both of these output
streams are used as input signals for the next stage
2 :4 DEMUX, which convert these into four parallel
ones. In this structure, a toggle flip-flop (TFF) 1:2
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Fig.1 Conventional tree-type 1 : 4 DEMUX
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frequency divider is required to get the quarter-rate
clock needed by the second-level 1 : 2 stages. There-
fore, a conventional tree-type 1 :4 DEMUX has in to-
tal 17 latches, five in the first 1 : 2 stage operating at
fast rate, 10 in the second-level 1 : 2 stages operating
at slower rate and two acting as a high speed TFF 1 : 2
frequency divider.

2 Four-Phase Clock 1 :4 DEMUX

As shown in Fig. 2, this DEMUX features con-
stant-delay buffers which generate a 4-phase clock and
adjust skews of the four outputs. Unlike the tree-type
DEMUX, it has just one stage and directly divides the
4f (bit/s) serial input bit stream into 4f (bit/s) paral-
lel output bit streams by the 4-phase clock. Because
the first high speed stage, which consumes much more
power, is eliminated, this DEMUX achieves power
saving substantially. When designing a higher speed
DEMUX in this structure, we can substitute the con-
stant-delay buffers with passive transmission lines
(TL) to save more power and get more precise delay.
Furthermore, this DEMUX just has 8-latch which is
much less than that of the 1 : 4 tree-type DEMUX.
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Fig.2 Four phase clock 1 :4 DEMUX

In Fig. 3, the schematic diagram of the used latch
with typical source coupled FET logic ( SCFL) is
shown. It samples the input data during the high level
of the clock and holds the sampled data during the
low level of the clock. Because all of the latches are
controlled by the quarter-rate 4-phase clock and work
at a lower speed, it is necessary to precisely sample
and hold the full-speed input data. Two methods are
applied in this latch to enhance its performance: (1) To
keep the size ratio of the sampling pair (NM3, NM4)
and the hold pair (NM5, NM6) 1 : 1 to enhance the
hold ability; @) To modify the load to be a symmetric
one which consists of an NMOS and a PMOS active
load. In this way, a higher gain is achieved for the
high resistance of the active loads which will reduce

the setup and hold time and accelerate the whole cir-
cuit. Furthermore, the symmetric load will be benefi-
cial by easing the layout to get a better noise perform-
ance.
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Fig.3 Circuit diagram of latch

Fig. 4 shows the schematic of a constant-delay
buffer. Two stages of this buffer will achieve a 7( =
100 ps) delay, which means a 90° phase shift for the
2.5 GHz clock. In addition, the clock signal is differ-
ential, so clocks with phases of 0°,90°, 180° and 270°
are obtained. Because the NRZ outputs of MS-DFFs
trigged by the 4-phase clock have a 7 delay each, 37,
27 and 7 delays are added after the MSDFFs trigged
by 0°,90° and 180° clocks to synchronize the output
signals. Fig. 5 shows their time chart clearly. All of
the above work is established on the assumption that
the buffers function with precise constant-delay. In or-
der to remove the difference between simulation and
actual result, we adjust the delay by changing bias tail
current I according to the following equation'”':
o Vo Co (1)

Ig

where [is the tail current, C; is the total intrinsic and

T

parasitic capacitance and Vy is the power supply. And
by symmetrical layout, the discrepancy in the signal in
different channels is reduced to minimum.
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Fig.4 Constant-delay buffer
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Fig.5 Time chart of the 1 : 4 DEMUX

3 Fabrication and Measurement

This circuit is achieved in TSMC’s standard 0. 25
pm single-poly 5-metal (SM1P) CMOS process. The
cutoff frequency f; of this process is 18. 6 GHz. The
microphotograph of the fabricated chip is shown in
Fig. 6. The chip size is 0. 9 mm x 1. 2 mm. Its element
number is 324. The input data and clock are AC-cou-
pled and terminated with 50 () on-chip resistors. The
output buffers are designed to drive 50 () external
loads. An on-chip output termination resistor of 100 ()
is provided to reduce the output return loss compared
to the open drain configuration.
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Fig.6 Microphotograph of the chip

The performance of the fabricated DEMUX was
measured on-wafer on a Caccade Microtech’s probe
station. The test set-up is shown in Fig. 7. The 4f
(Gbit/s) 2*' — 1 PRBS input data and the f ( GHz)
clock were generated by an Advantest D3186 Pattern
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Fig.7 Block diagram of the test set-up

Generator and the outputs were measured by a wide-
bandwidth oscilloscope, Agilent DCA 86100A. The
error free operating range of this chip was tested from
9 Gbit/s to 11 Gbit/s and the amplitudes of the input
data and clock were 500 mV. Fig. 8 (a) shows the
measured eye-diagram of one single-ended output
with a 10 Gbit/s 2*' —1 PRBS input data and a 2.5
GHz sinusoidal clock signal. The measured root mean
square (rms) jitter, rising and failing edge of the eye-
diagram are 11, 123 and 137 ps, respectively. Figs. 8
(b) and (c) show the measured eye-diagram at 11
Gbit/s and 9 Gbit/s 2*' —1 PRBS input data. Accord-
ing to four parallel eye - diagrams in Fig. 8 (d), their

300|,—~w I S N B S

Output/mV

Output/mV

Output/mV

500
250 f:
> o T
2
—-250 s = : =
— 500 b I R S T e G
-800 -400 0 400 800
Time/s
(d)

Fig.8 Measured eye-diagrams. (a) 10 Gbit/s; (b) 11 Gbit/
s;(c) 9 Gbit/s PRBS input; (d) All four output signals at 10
Gbit/s PRBS input
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skew is less than 40 ps and it confirms that the time
adjusting method adopted in this chip is practicable.
Because of the limitation of the equipment, the phase
margin was not accurately measured, but it is surely
larger than 180° by cursory estimation. The typical
DC power consumption of this chip is about 550 mW
with a single 3. 3 V supply. Moreover, this chip could
work properly under supply voltages from 3.1 to
3.5V.

4 Conclusion

This work demonstrates that the standard 0. 25
pm CMOS technology is practical for ultra-high speed
ICs operating at 10 Gbit/s and above. The method
used to get 4-phase clocks and adjust the output skews
is practical. Furthermore, this DEMUX can be widely
applied in the STM-64 or OC-192 optical receiver.
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