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12Gb/ s 0 239 m CMOS Low Power 1 4 Demultiplexer ~
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Abstract : A low power 12Gb/ s Sngle-stage 1 4 demultiplexer (DEMU X) appliedin SONET OG 192 is realized in
TSMC' s mix-signal 0. 2% m CMOS. All of the circuits are in source coupled FET logic (SCFL) to achieve as high a
speed as poss ble and suppress common mode distortions. This DEMU X isfeatured for achieving single stage demul-
tiplexing by usng a quarter-rate 1Q clock. This method not only reduces the components of the DEMUX but also
lowers its power dissipation. The fabricated DEMU X operates error free at 12Gb/ s by 2% - 1 pseudorandom bit se-
quences in on-wafer testing. The chip szeis0. 9mm x 0. 9mm and the power disspationisonly 210mW with a single

2 5V supply.
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1 Introduction

To meet the rapidly growing demand for ad-
vantagesin the information infrastructure,China’ s
domestic 2 5Gb/s SDH backbone transmisson
network must be expanded. A time-divison demul-
tiplexer (DEMUX) is a key component in high
speed data transmisson. It normally lies at the end
of an opticfiber receiver ,which recovers the origi-
nal low speed parallel bit streams from a high
speed serial input. Until now ,most DEM U Xs oper-
ating at more than 10Gb/ s have generally been fab-
ricated in GaAs HEMT!Y | 9 Ge BiCMOS? | InP
HEMT® Jand InP HBT" . But they all have the
same drawback of high power dissipation with high
power supply. Recent achievements in CMOS®
have demonstrated that the desgn of data trans
misson systems at economical cost ,high yield ,and
high integration is practicable. At a bit rate of more
than 10Gb/ s, most of the ones having a smaller
feature sze of 0. 1§ m™® or 0. 11 m'® were fabri-
cated with more advanced technology ,and those a
chieved in 0. 23 m CMOS™*® consumedfairly high
power.

In this paper ,a low-power 12Gbh/s1 4 DE
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MUX with 1Q clock in TSMC mix-sgnal 0. 2% m
CMOS is described. This architecture employs a
quarter-rate 1Q clock generated by an 1Q frequency
divider ,which reduces the number of circuit ele-
ments and lowers the power disspation compared
with a conventional treetype DEMUX with the
same bit-rate. The fabricated 1 4 DEMUX func
tions error free at 12Gb/ s with 2** - 1 pseudoran-
dom bit sequences (PRBS) inonwafer testing. The
chip sze, including the bonding pads, is only
0. 9mm x 0. 9mm ,and its power disspation isonly
210mW with a sngle 2 5V power supply.

2 Block diagram and timing

The block diagram of the on stage 1 4 DE
MUX is shown in Fig. 1. This architecture allows
for the demultiplexing of one serial data stream in
one stage into four parallel data streams. The DE
MUX consstsof a2 1 IQ static frequency divi-
der ,two master-dave D-type flip-flops (MSDFF) ,
two master-dave-master D-typeflip-flops (M SMD-
FF) ,two extralatches used for aligning ,and sever-
al buffers. As showninthetimechartin Fig.2 ,the
two MSDFFs capture the lead bit on the postive
edge of the 1/ 2 1Q clock ,respectively ,and the two
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MSMDFFs capture the lead bit on the negative
edge of the 1/ 2 1Q clock respectively. Thus the in-
put data is taken into four different data streams
every four bits and aligned with the postive-edge
of the 1/2 1Q clock. In the interest of synchroniza
tion, two extra latches are applied after the
MSMDFF and MSDFF are aligned with the 1/2 |
clock to align their outputs with the postive-edge
of the 1/ 2 Q clock. Compared to the traditional tree
topology™ ,the onestage 1 4 DEMUX has the
following advantages: (1) Fewer components and
smple structure; (2) Low power disspation.
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Fg.1 Block diagram of the one-stage DEMU X
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Fg.2 Time chart of the one stage DEMU X

The number of latchesin this topology is just
14 ,including the two latches used in the 1 2 IQ
static frequency divider , while a traditional tree
type DEMU X usually has 17 latches.Buffersin the
middle of the tree type used to adjust the time con-
dition are also eliminated because they are no lon-
ger neededin this structure. Asthefirst high speed
stage in the tree type which consumes much more

power is eliminated, this DEMUX saves power
substantially.

3 Circuit design

Circuit desgn becomes very challenging when
the operation speed of the designed circuit is conr
parable with the fr of the trangstors. In this case,
a suitable circuit desgn is indispensable. The cir-
cuits presented in this paper are exclusvely de
signed in source coupled FET logic (SCFL) ,which
isimportant in ultra high-speed circuit design for
lowering the voltage swing and reducing the com-
mon mode distortions. The design of this circuit
has been optimized by an ADS2003A smulator.
Snce the CMOS technique has larger variation
than the GaAs technique,the function of this cir-
cuit is ensured by post smulations with all tech-
ni que process corners.

3.1 Latch circuit

In Fig.3,the schematic of the latch used with
atypical 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.By
setting the voltage level properly ,sourcefollowers,
commonly applied in GaAs and InP SCFL circuits
for level shifting,can be omitted. This method not
only improves the speed of the latch but also en-
hances the symmetry of the schematic topology and
the layout. At the speed of 10Gb/ s,it is very diffi-
cult to precisely sample and hold theinput data. To
enhance the performance ,all of the data path tran-
sstors (NM1 NM4) arethe same size and are 4/ 5
of clock trandgstors (NM5 and NM®6). The lower
width of the data path devices reduces the parasitic
capacitance. The increased gate width of the clock
trand stors accelerates the dew rate of the tail cur-
rent when theinput clock sgnal switches. Poly-sli-
con resstors are used as low capacitor loadsinstead
of pMOS transstorsto guarantee high speed oper-
ation at alow power supply. The tail current of the
latchis set to 1. OmA.

3.2 1Qfrequency divider

Figure 4 shows the schematic of the 1 2 stat-
ic frequency divider used in the 1 4 DEMUX. It
cons stsof two latches with negative feedback. It is
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Fg.3 Schematic of the latch

very important to maintain an accurate 90° phase
off set of the output 1Q clock to reduce the skew of
the four channel outputs. Source followers are add-
ed directly ater its outputs to reduce its load and
enhance its drive ability. The topology and layout
of the frequency divider can be fully balanced so
that a source follower is not needed. To minimize
the phase mismatch of the output ,the symmetrical
layout of the differential clock pathsiscarefully re-
spected to suppress the common mode noise and
stabilize the high frequency ground. Minimum in-
terconnections are preferred, particularly in the
feedback lines. All differential sgnals are placed
symmetrically to avoid differences in trandt time.
Due to the limitation of chip area,only one pair of
itsoutputsis connected to padsfor testing.
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Fg.4 <Schematic of thel 2 1Q static divider
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3.3 Output drive circuit

Figure 5 shows the schematic of the output
drive circuit , which is desgned to provide enough
voltage swing on external 52 loads. In each stage,
the tail current istwo times larger than that of the
previous stage including the source followers. The
first stage of the differential amplifier offers a high

voltage swing of 1 2V. This high swing voltage
drives the second stage into a limiting state. An on-
chip output termination resistor of 10 is provid-
ed to reduce the reflection from the chip.

Fig.5 Schematic of the output drive circuit

4 Fabrication and measurement

This circuit is realized in TSMC' s standard
0 2% m snglepoly 5metal (5M1P) CMOS tech-
nology of TSMC via the multi-project wafer service
(MPW) of our institute. The cutoff frequency fr of
this processis 18 6 GHz. A micro-photo of the fab-
ricated chip is shown in Fig. 6. The chip dze is
0. 9mm x 0. 9mm and is determined by the bonding
pads. The input data and clock are A C-coupled and
terminated with 502 onrchip resstors. The output
buffers are desgned to drive 52 externa loads. An
on-chip output termination red stor of 100 is provided
to reduce the output return loss compared to the open
drain configuration.

Fg.6 Micro-photo of the DEMUX

The performance of the fabricated DEMU X
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was measured onwaer with a Caccade
Microtech’ s probe station. The error free operating
range of thischip wastested from DC up to 12 Gb/
s and the amplitudes of input data and clock sgnal
were 500mVy, . Figure 7 shows the measured eye
diagram of one sngle-ended output with a 10Gb/ s
2 - 1 PRBS input data and a 5GHz snusoidal
clock sgnal. The measured rms jitter and risng
and falling edges of the eye-diagram are 2 3,
144. 4 .and 137. 8ps respectively. Fgure 8 shows the
measured eye-diagram with a 12G/ s 2* - 1 PRBSin-
put data and a 6 GHz snusoidal dock sgnal. According
to 4 pardld eye-diagramsin Fg. 9,thdar skew is less
than 20ps(5 %) and it confirms that the time adjusting
method adopted in this chip is practicable. Hgure 10
shows the output , divided by-two ,with the maximum
input clock at 7GHz. The typical power consumption of
this chip is 210mW with a sngle 2 5V supply. Moreo-
ver ,this chip could work properly under a supply from
2 1to 3 0V. Thefeaturesof thisDEMU X and the one
in Ref.[8] are summarized in Table 1.
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Fig.7 Eyedagramsof the DEMUX at 10Gb/ sinput

Fg.8 Eyedagramsat 12Gb/ sinput

Fg.9 All of the outputsof the DEMUX at 10Q sinput

Fig. 10 Measured output of divider at 7GHz input

Tablel Summary of thisDEMUX

This work Ref. [8]
Technology 0. 2% m CMOS 0. 29 m CMOS
ft =18 6GHz ft =18 6GHz
Chip sze 0.9mm x 0.9mm 1.0mmx1.0mm
Maxi mum speed 12Gb/ s 10&0/ s
Supply voltage 2.5V 3.3V
Power dissipation 210mw 693mwW
Jitter (rms) 2.3ps N/ A
Rise time 144.4ps (10 % 90 %) N/ A
Fall time 137.8ps (10% 90 %) N/ A

5 Conclusion

A 12Gbh/sonestagel 4DEMUXin0Q 29 m
CMOS has been designed, fabricated and meas
ured. By using a quarter-rate 1Q clock ,the topology
is smplified and its power disspation is reduced.
The DEMUX works from DC up to 12Gb/ s with
only 210mW power disspation. This DEMU X can
be applied in the STM-64 or SONET OC-192 opti-
cal receiver.
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