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20Gb/s1 2 Demultiplexer in 0 181 m CMOS’
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Abdract: A 1 2 demultiplexer is desgned and realized in standard 0. 181 m CMOS technology. A novel high-speed
and low-voltage latch is used to realize the core circuit cell. Compared to the traditional source-coupled FET logic

structure latch ,its power supply voltage is lower and the speed isfaster. In addition ,the negative feedback is used in

the buffer circuit to widen its bandwidth. Measurement results show that the chip can work at the data rate of 20 Gh/

s. The supply voltage is 1. 8V and the current ,including the buffer circuit ,is 72mA.
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1 Introduction

G ga bit-per-second optical-fiber-link systems
have become more important because of the in-
creasng demand for high-speed communications.
The demultiplexer (DEMUX) is a key component
of the system. The integrated circuit (IC) must
handle high-frequency sgnals whose frequency
bands are at least half of the data rate. Fast switc
hing speed is therefore necessary.

Usually ,a DEMUX with an operating speed
greater than 10Gb/s is realized in GaAs MES
FETs,GaAs HBTs,S hipolar transistors,S Ge hi-
polar transistors,or § BiCMOS" * . The power
consumption of these ICs, however ,is relatively
large because their supply voltageis high and their
penetration current is large.

CMOS technologies have the advantages of
low power consumption and low cost. Traditional-
ly ,it has rarely been used in such high-speed sys
tems because the transistor’ s operation speed is
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too low. However ,usng a modern deep submicron
CMOS technology ,the switching speed of CMOS
trans stor is high enough to realize ultra-high speed
DEMUX. A low-power 0. 18 m CMOS realization
of 10Gb/ s MUX/DEMU X has already been repor-
ted” . It consumed only 102mW from a 2V power
supply ,which is at least 75 % less than that of the
desgns usng GaAs MESFET, InP-base HBT ,or
9 Ge technology. However ,the design can only re-
alize the MUX/DEMUX at 10Gb/ s. In this paper ,
we presented a CMOS20Gh/s1 2 DEMUX based
on a novel high-speed and low-voltage latch and
implemented usng the standard 0. 18 m CMOS
process. The proposed DEMUX operates with a
1 8V power supply.

2 Circuit design

The whole circuit employs the input buffer,
output buffer ,and 1 2 DEMUX cell as shown in
Fig. 1. In this architecture ,the input data and clock
signal are first amplified through each input buff-
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er ,and then they enter the DEMU X cell. Each out-
put data of the DEMUX cell is also amplified
through an output buffer. In order to reject the
common mode noise and interferences ,all input and
output signals are in differential mode.
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10GHz E 10Gb/s
CLK D OUT1

Fig.1 Circuit diagram of the DEMUX

Figure 2 shows the architecture diagram of the
1 2 DEMUX cell. It conssts of a master-dave
master flip-flop to capture the lead bit on the pos-
tive-edge of the clock and a master-dave flip-flop
to capture the second hit usng the negative-edge of
the clock. The advantages of this architecture are
asfollows:

(1) The output sSgnals are synchronous with
each other ,not needing an additional flip-flop;

(2) The clock frequency is half of the input
data rate ,which degrades the design difficulty.
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Fig.2 Block diagramof 1 2 DEMUX

Figure 3 shows the 1 2 DEMUX’ s timing
chart. To obtain the maximum timing margin ,the
sgnals should be aligned at the center of the data
pulse. This can be realized by delaying the clock
signal to the proper position according to the data
sgnal.

The circuit topology of the latch is very im-
portant to the whole circuit. It affects not only the
circuit speed but also the power disspation. In this
paper ,a novel low-voltage and high-speed latch is
usedin the DEMUX cell as shown in Fig. 4. This

latch ,cons sting of a differential pair and a regener-
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Fig.3 1 2DEMUX timing chart

ative pair ,achieves high speed in CMOS technolo-
gies. It resultsfrom the traditional MCML latch'®®
by moving the trand stors which are controlled by
the clock sgnals to the top. In the traditional
latch ,the trand stor working as the current source
is stacked under the sourcecoupled pair tran-
sstors. To ensure the trans stor operating correct-
ly ,the supply voltage must be high enough for the
three-level trandstor structure. So,to realize low-
voltage latch, seriesgate should be avoided,as in
topology based on triple-tail cells in Fig. 4. The
pair M1,M2 and M3, M4 readlize two differential
stages that are alternatively activated by turning
off M5 and M6 ,regpectively. When sgnal CK is
high, trangstor M6 deactivates differential pair
M3 ,M4 ,hence the output is equal to theinput (i.
e.the latch is transparent) . When the sgnal CK is
low (i.e.signal / CKis high) ,transstor M5 deacti-
vates the differential pair M1,M2 ,and the output
voltageis set by cross-coupled transistors M3 ,M4 ,
that hold the previous result (i.e.latch isin the
hold mode) . In order to increase the circuit speed,
the source follower isomitted compared to the tra
ditional structure. This may result in the latch to
degrade the ability of driving load. Thus,the out-
put buffer should be designed carefully.
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FHg.4 Low voltage latch

As we know ,the charge/ discharge time of the
output node is decided by the following formula:
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where Cis the total capacitor of the output node,
Vais the amplitude of output signal ,and Ic is the
charge/ discharge current. To increase the speed of
the latch ,C and Va should be decreased ,whereas I.
should be increased. However ,Va. can not be too
small and I. can not be too large ,because extra cur-
rent leads to power consumption increment ,and e
nough voltage swing is necessary to drive the load.
S there is a tradeoff among the W/ L of tran-
sdstors M1 M4 the tail current , and the load re-
gstors Ri, Re. In order to operate effectively ,the
size of clock pair (M5,M6) should be much larger
than that of the sample and hold pair (M1 M4).

Both data and clock inputs and outputs are
terminated by on chip poly-silicon resstors. These
resstors supply a 5K impedance match to avoid
reflection. The input buffer has been designed to
amplify the input sgnal to the needed amplitude.
The output parallel data must be buffered in order
to drive the external 502 load. As we have men-
tioned ,a latch without a source follower can not
drive a heavy load. So the buffer should be de-
signed in multiple stages and the differential pair
transstors sze of thefirst stage should be small.
In the following stages,the differential pair tran-
sstors ratio of W/ L could be increased step by
step. In this design ,the three stage differential am-
plifier structure has been introduced. Due to the
large capacitance of the pads,the output sgnals be-
come worse. In order to achieve a better eye diar
gram ,the negative feedback is used by connecting a
pair of resstors between the input terminals and
the output terminalsin the last stage amplifier.

3 Layout and fabrication

The DEMUX circuit was desgned usng one
poly sx-metal standard 0. 18/ m CMOS technology
and fabricated by Taiwan Semiconductor Manufac-
turing Co. ,L TD. Figure 5 shows the micrograph of
the chip. The chip area including bonding pads is

Imm x 0. 9mm. In fact ,only 4 % of the total chip
area in the middle region is used for the active
part.

Fig.5 Chip micrographof thel 2 DEMUX

Because the circuit operates up to 20Gb/ s,the
layout should be carefully desgned. In thiscircuit ,
the following methods are used to enhance the per-
formance. As the circuit is differential ,a symmetri-
cal layout of the differential sgnal pathisdiligently
respected to suppress the common mode noise and
stabilize the high frequency ground. Minimum in-
terconnections are preferred for the sgnal lines es
pecially during the key nodes,such as the drain of
the differential pair transistors. In order to filter
the noise of the power supply ,the parasitic capaci-
tance between supply and ground should be as
large as possble. This can be realized by enlarging
the overlap area of supply plane and ground plane
during layout.

4 Measurement results

The performance of the fabricated DEMUX
was evaluated via an on wafer test employing a
Cascade Microtech probe station ,an ADVENTEST
D3186 Pulse Pattern Generator ,an Agilent 81250
Parallel BER Tester ,an ADV EN TEST R6142 Pro-
grammable DC Voltage/ Current Cenerator ,a Ro-
hde & Schwarz SM P04 Sgnal Generator (10M Hz

40GHz) and an Agilent 86100A Infinium DCA
wide-bandwidth oscilloscope. The measurement di-
agram is shown in Fig. 6 ,in which both the D3186
and the 81250 are referred to the clock generated
by the SM P04 ,then the D3186 can provide the dif-
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ferential clock signal and the 81250 can provide the
differential data sgnal.
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Fg.6 Measurement diagram

Under the 1L 8V DC supply voltage ,a current
of 72mA was measured from the whole circuit. The
20Gb/ s differential input data pseudorandom bit
sequences (PRBS of 2 - 1) were obtained from
the 81250. The 10GHz input clock signal s provided
by the D3186 were al 0 differential . The output da-
ta of the DEMUX was analyzed by the Agilent
86100A oscilloscope. In order to realize the AC
coupled connection ,several Bias Ts were used. Fig-
ure 7 shows the measured eye diagram of the DE
MU X output signal at the data rate of 10Ghb/ s. The
measured eye opening is more than 100mV on the
external 502 load. The double tracesin the eye are
due to the limited bandwidth of the output buffer.
Snce the rate of the output data signal from 81250
can not be adjusted continuoudy ,this measurement
scheme ,with these instruments,cannot test the cir-
cuit workingin limited conditions. That is,thisDE
MU X circuit may operate at a data rate more than
20Gb/ s.

Fig.7 Output eye diagram at 20Gb/ s input

In fact ,we can estimate the maximum opera
tion speed of thiscircuit by the following method.
Figure 8 shows the output eye diagram of thisDE
MU X working at 10Gb/ s input. According to this
figure ,the risetime andfall timefrom 10 % to 90 %
of the peak-to-peak voltage are 72 and 75ps respec-

tively. Thus the total time of rise and fall timeis
T = (t+%)/08=(72+75/08
= 183 75(p9)

Fig.8 Output eye diagram at 10Gb/ sinput

In the limited condition,this time equals to
2bit period ,hence the maximum output data rateis
Rrax = 2/ Te = 2/183 75
= 0.01088(Th/s) = 10 88(Gh/ 9
From this,the maximum input data rate of the
1 2DEMUXis 2Rma ,that is21 76 Gb/ s.

5 Conclusion

A 1 2 demultiplexer has been designed and
fabricated usng the TSMC standard 0 18I m
CMOS technology. Under a 1 8V supply ,thisDE
MUX can work at the data rate of 20Gb/s. The
whole circuit consumes a power disspation of
129mW and has an active sze of 24% m x 15Q m.
These results show that a novel latch can be used
in ultra high-speed circuit by usng a deep submic
ron CMOS process.
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