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Abstract - High-speed and low-power operation of a 1:4 
demulliplexer IC with a multi-phase clock (MPC) architecture 

is reported. The architecture features four parallel latch lines 
and a toggle flip-flop (TFF) that generates a four-phase clock. 
The IC, which was fabricated using InP HEMTs, exhibited SO- 
GbiUs error-free operation with a power consumption of 1.42 
W. Compared to B conventional tree-type InP HEMT 1:4 
demultiplexer IC, the IC with the MPC architecture operates 
at the same operating speed with only one-quarter the power 
consumption. 

1. INTRODUcrION 

In order to meet the demand for larger transmission ca- 
pacity, optical communication systems based on 40.Gbitis 
electrical-time-division multiplexing (ETDM) are being de- 
veloped. In the systems, 4:l multiplexer (MUX) IC and I:4 
demultiplexer (DMUX) IC, which can link a serial 40-Gbit/ 
s signal to four parallel lo-Gbit’s ones directly, are key com- 
ponents. Several 4: I MUX/l:4 DMUX IC chipsets for the 
40.Gbit/s systems have been reported with SiGe HBTs [l- 
31, InP HBTs [4-61, and InP HEMTs [7,8], and all of them 
are configured with a tree-type circuit architecture that uses 
a series of 2:l MUXs or 1:2 DMUXs. Although the tree- 
type architecture can be implemented with an ordinaly dif- 
ferential clock, it requires a lot of circuit elements. 

As for the 4: 1 MUX, to reduce the number of circuit ele- 
ments, we have proposed new circuit architecture called the 
multi-phase clock (UPC) architecture [9]. The 4:l MUX 
with the MPC architecture comprises a toggle flip-flop (TFF) 
that generates a four-phase clock and a 4: I series-gated se- 
lector. We fabricated a 4: 1 MUX IC with the MPC architec- 
ture by using InF’ HEMTs and confirmed its SO-Gbit/s error- 
free operation with 1.71-W power consumption [9]. The 
power consumption was less than l/3 that of a conventional 
tree-type InP HEMT 4: 1 MUX IC [8] and was achieved witi- 
out any reduction of operating speed. 

In this paper, a I :4 DMUX IC with the MPC architecture 
is described. The 1:4 DMUX with the MPC architecture 
consists of four parallel latch lines and the TFF generating 

four-phase clock. The IC was fabricated with InP HEMTs 
and confirmed to operate at up to 50 Gbitis with 1.42-W 
power consumption. While the operating speed of up to 50 
Gbit/s is the same as that of a conventional tree-type InP 
HEMT 1:4 DMUX IC [8], the power consumption of I .42 
W is one-quarter that of the tree-type IC. 

Figure 1 shows the circuit block diagram of the I :4 DMUX 
1C with the MPC architecture. The IC includes a TFF that 
generates a four-phase clock, four parallel latch lines that 
demultiplex a 4f-(bit/s) input to four parallel f-(bit/s) out- 

270~ L=Lakh 
Figure I. Circuit block diagram of the I :4 demultiplexer IC with 
the multi-phase clock (MPC) architecture. 
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puts and deskew the outputs, and buffer amps that distribute 
or output signals. For a comparison, a block diagram of the 
I:4 DMUX with the conventional tree-type architecture is 
shown in Fig. 2. The numbers ofcircuit elements, including 
buffer amps, are 20 and 25 for the MPC and the tree-type, 
respectively. Here, the circuit elements that the MPC elimi- 
nates are the ones that handle Zf-(bit/s) data and 2f-(Hz) 
clock, which consume more power than those handling f- 
(bit/s) data or f-(Hz) clock in order to guarantee Zf-(bit/s) or 
Zf-(Hz) high-speed operations. Therefore, a larger reduction 
of power consumption is expected with the MPC. 

Figure 3 shows a circuit diagram of the latch circuit used 
in the MPC. It is configured with conventional source- 
coupled FET logic (SCFL) circuitry. The latch holds and 
outputs the input data taken in at the rising edge of the clock 
during the high-level of the clock, while it transmits and 
outputs the input data during the low-level. The TFF in the 
MPC is a master-slave type configured with two latches, 
and it is identical to that in the 4:l MUX with the MPC [9]. 
In the master-slave type TFF, the output of the master part 
precedes that of the slave part by 90”. In addition, the out- 
puts of the TFF are differential, so that the four-phase clock 
of 0”, 90”, ISO”, and 270” is output. Buffer amps are also 
configured with the SCFL circuitry. 

Figure 4 shows the timing chart of the I:4 DMUX with 
the MPC architecture. Each of the first latches in the latch 
lines (L,,, L,,, L,,, and L,,) is driven by one of the four- 
phase clocks; that is, L,,, L,,, L,,, and L,, are driven by the 
O”, go”, ISO”, and 270” clock, respectively. Each latch line 
thus takes in a different data stream every 4 bits. For ex- 
ample, the latch line for the QO output takes in the data stream 
OA, OB... The second latches in the latch lines are driven 
by the complementary clocks for the tirst latches. As a re- 
sult, f-(bit/s) NRZ data are outputs in the second latches. 
Although the I:4 demultiplexing itself is executed only by 
the first and second latches, there still remains an output 
phase difference between latch lines as shown in Fig. 4 (La2 
OUT, L,, OUT, L,, OUT, and 43). To deskew and align the 
output phases with the 270” clock, the third or the fourth 
latches driven by the 270” or 90” clock are added in the latch 
lines for the QO, Q: i and 42 output. Consequently, four par- 
allel f-(bit/s) streams aligned with the 270” clock are ob- 
tained. 

III. FABRICATION 

The DMUX IC with the MPC architecture was fabricated 
on a 3.inch wafer using 0.1.ym InP HEMTs [Ill. The 
tramconductance (gJ and current cutoff frequency ($) are 
1.16 S/mm and 172 GHz, respectively. The threshold volt- 
age (V,) is -490 mV with a standard deviation of 20 mV. 

Figure 3. Circuit diagram of the latch circuit. 
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Figure 4. Timing chart of thel:4 demultiplexer IC with the MPC 
architecture. 

Chip Size: 

2.5 mmx 2.0 mm 

Figure 5. Chip photograph of the I:4 demultiplexer IC with the 
MPC architecture. 

Figure 5 shows a chip photograph of the fabricated 1:4 
demultiplexer IC. The size is 2.5 mm x 2.0 mm. The number 
of elements is 769, which is almost half that of the tree- 
typel:4 demultiplexer IC with InP HEMTs (1351) [8]. All- 
inputs are single-ended and terminated with 50-R resistors. 
Clock input is AC-coupled, covering above 2 GHz, and data 
inputs are DC-coupled. Output signals are obtained from 
differential buffer amps; however, complementary output 
ports are terminated with on-chip 50-n resistors due to the 

1182 



” -. “_ 

f 

1091 
mVpp 

Figure 6. 50.Gblt/s operatlng waveforms for the I:4 demultiplexer IC with the MPC architecture. 
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Figure 7. Operating bit-rate dependence of the phase margin of 
I :4 demultiplexer KS. 

Solid: The MPC architecture. 
Dotted: Conventional tree-type architecture. 

restriction on the sire of the chip. 

The fabricated IC with the MPC was measured on-wafer. 
4f-(bit/s) PRBS data and a 2f-(Hz) clock were input. The 4f- 
(bit/s) data were generated by the combination of the 4.chan- 
“cl PPG, a 4:2 MUX, and an InP KEMT 2: I MUX. The 2f- 
(Hz) clock was fed from a synthesizer that output a sinusoi- 
dal wave. The operating bit-rate range that could be tested 
was from 0.4 to 50 Gbitis, which was limited by the operat- 
ing range of the PPG. The amplitudes of the input data and 

Itwut Sensitivitv 

n Tree 
(On-wafer) 

(Package) 

((-$jis 1 77mV / 162mV 1 

235 mV 316 mV 

Table 1. Input sensitivity of the 1:4 demultiplexer ICs at 43 and 
50 Gbit’s. 

clock were I Vpp, unless otherwise indicated. 
Figure 6 shows the 50-Gbit/s operating waveforms of the 

IC. The IC operated error-free for 23’-1 PRBS, where error- 
free means that all four parallel outputs are error-fieee simul- 
taneously and the quarter-PRBS-phase shift between adja- 
cent channels is maintained. The phase margin for the error- 
free operation was 234” (I3 ps). The skew of the four paral- 
lel outputs at the IC output was below 210 ps,which con- 
firms that the output deskew function of the IC operates well. 
The power consumption was 1.42 W at a supply voltage of - 
3.3 V, which is one-quarter that of the conventional tree- 
type InP HEMT 1:4 DMUX IC [8]. This drastic reduction is 
due to the MPC architecture itself and the reduction of sup- 
ply voltage from -4.5 V to -3.3 V. Furthermore, the error- 
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Figure 8. Power consumption and operating bit-rate of reported 
40-Gbitis-class I :4 demultiplexer 10. 

free operation was confirmed at the supply voltage from - 
3.0 V to -3.8 V. In this supply voltage range, the power con- 
sumption varied 6om 1.11 W (-3.0 V) to 1.86 W (-3.8 v). 

The IC was also tested at a wide range of operating bit- 
rates. Figure 7 shows the operating bit-rate dependence of 
the phase margin for the MPC. For comparison, the depen- 
dence for the tree-type IC [8] is also plotted. From 4 to 50 
Gbit/s, a phase margin of more than 180” was confirmed for 
both architectures. In spite of its lower power consumption, 
the MPC does not sacrifice the phase margin, even in high- 
speed operation. 

We also measured the input sensitivity of the IC. Table 1 
shows the input sensitivity of the MPC at 43 and 50 Gbit/s. 
Also here, the sensitivity of the tree-type InI’ HEMT 1:4 
DMUX IC [S] is shown. The degradation of the input sensi- 
tivity due to packaging for the tree-type IC has to be taken 
into consideration; nonetheless, the input sensitivity of the 
MPC seems to be comparable or superior to that of the tree- 
type. This implies that the buffer amp for the input data in 
the MPC well amplifies and distributes the data to four par- 
allel latch lines. 

Figure 8 summarizes the power consumption and the op- 
erating bit-rate among reported 1:4 DMUX ICs for40-Gbirl 
s applications, including this work. All of the reported InP 
HEMT ICs achieve > 50-Gbit/s operation and have led in 
the operating speed. On the other hand, the InP HEMT ICs 
consume more power than ICs based on SiGe HBTs or InP 
HElTs. However, this work demonstrates that the power con- 
sumption of InP HEMT ICs can be reduced to a level as low 
as or lower than that of SiGe HBTs and InP HBTs without 
sacrificing operating speed. 

V. Conclusion 

An InF’ HEMT I:4 DMUX IC with an MPC architecture 
has been described. It features four parallel latch lines and a 
TFF that generates four-phase clock. The fabricated IC op- 
erated error free for 2”-1 PRBS from 4 to 50 Gbit/s with a 
phase margin of > 180”. The power consumption was 1.42 
W at a supply voltage of -3.3 V. Compared with the conven- 
tional tree-type InP HEMT I :4 DMUX IC, the MPC IC op- 
erates with one-quarter the power consumption while main- 
mining the operating speed and the phase margin. 
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