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12.5 Gbps 1:16 DEMUX IC with high speed synchronizing circuits�

Zhou Lei(周磊)1; 2, Wu Danyu(吴旦昱)1; 2, Chen Jianwu(陈建武)1; 2,
Jin Zhi(金智)1; 2; �, and Liu Xinyu(刘新宇)1; 2

1Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China
2Key Laboratory of Microelectronics Devices & Integrated Technology, Institute of Microelectronics,
Chinese Academy of Sciences, Beijing 100029, China

Abstract: A 12.5 Gbps 1:16 demultiplexer (DEMUX) integrated circuit is presented for multi-channel high-speed
data transmission. A novel high-speed synchronizing technique is proposed and integrated in this DEMUX chip.
Compared with conventional synchronizing techniques, the proposed method largely simplifies the system config-
uration. The experimental result demonstrates that the proposed circuit is effective in two-channel synchronization
under a clock frequency of 12.5 GHz. The circuit is realized using 1 �m GaAs heterojunction bipolar transistor
technology with die area of 2.3 � 2.3 mm2.
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1. Introduction

Optical communication systems place stringent require-
ments on building blocks such as multiplexers (MUX) and de-
multiplexers (DEMUX). In particular, at the receiving points,
a high speed and high order (1:2N / DEMUX is a strong re-
quirement. A number of DEMUX integrated circuits have
been reported using GaAs/InP HBTsŒ1�5�, SiGe HBTsŒ6� and
CMOSŒ7; 8� operating at a data rate larger than 10Gbps. In order
to further improve the data rate of the communication system,
a multi-channel transmission is introduced. The synchronizing
circuit is used to align the clock signal between independent
channels. This becomes essential when it comes to the appli-
cation of multi-channel transmission.

Synchronization for high speed circuits operating at sev-
eral GHz is a challenging task. Several synchronizing tech-
nologies have been proposed previously. One known technique
employs a synchronous pulse as a reset signal as Figure 1(a)
shows. Each channel is synchronized with the rising or falling
edge of the reset pulse. However, this reset method requires ex-
tra pulse generation circuits. Besides, propagation-delay varia-
tion of the reset pulse needs to be small, which limits the rout-
ing rule. To overcome this limitation, we propose an improved
method for multi-channel synchronization. A block diagram
of the proposed synchronizing technique is shown in Fig. 1(b).
The proposed method uses adjacent channel to provide syn-
chronizing signals which largely simplifies the system config-
uration. Details of this synchronizing circuit will be illustrated
in this paper.

In this paper, we present a 12.5 Gbps 1:16 DEMUX with
high-speed synchronizing circuits. The circuit was fabricated
using 1 �m GaAs HBTs. The circuit architecture and design
considerations are presented in this paper. The experimental
results demonstrate that the synchronizing circuit is capable of
working under 12.5 GHz input clock frequency.

2. Circuit description

2.1. Circuit architecture

A detailed block diagram of the proposed DEMUX cir-
cuit is illustrated in Fig. 2. The chip consists of several build-
ing blocks such as the DEMUX core, synchronizing circuits
and decision circuit. Input data are first sampled and recovered
from the decision circuits. Then the DEMUX core converts the
high-speed data stream (12.5 Gbps) into 16 parallel low-speed
data streams (781.25 Mbps). The LVDS output buffer is inte-
grated to provide a suitable interface with the digital process
devices.

A wideband input buffer is also integrated. This is used
to isolate the input signal from the decision circuit and reduce
kickback noise. A Cherry–Hooper type amplifier with emit-
ter follower feedbackŒ9� is employed to expand the input band-
width. A 3-dB bandwidth of 16.7GHz is achieved from simula-
tion. It also enhances the sensitivity of the decision circuit. The
measured input sensitivity of this DEMUX chip is 35.6 mVpp.

The DEMUX core is made up of four stages of DEMUX
(1:2) cells in a tree-type architecture. Each DEMUX cell con-
sists of five latches as Figure 3 shows. In these circuits, both
rising and falling edges of the clock signal are utilized as sam-
ple signals which relax the requirement on switching speed of
each latch unit. In order to optimize power consumption and
speed, two types of latches are employed: the emitter-coupled-
logic (ECL) and the current-mode-logic (CML). The ECL latch
uses an emitter follower to isolate the load resistor from the
parasitic capacitance at the output point, which helps to oper-
ate at higher speed. The CML latch is comparatively slower
and more power efficient. In this design, the first two stages,
where data rates are 12.5 Gbps and 6.25 Gbps, adapt ECL type
latches. CML latches are used in the next two stages to reduce
power consumption.
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Fig. 1. System diagrams of synchronizing technologies. (a) Conventional method. (b) The proposed method.

Fig. 2. Block diagram of the DEMUX circuit.

A frequency divider chain is applied to generate a serial
of clock signals for the DEMUX core. The lowest frequency is
sent to the output port and utilized as the synchronizing signal.
If the lowest frequency is synchronized, the higher frequencies
will be phase aligned as well.

2.2. Synchronizing circuits

The synchronizing circuit is inserted between the input

clock buffer and the frequency divider chain. Figure 4 is a sim-
plified diagram of the synchronizing circuits. The output clock
signal of channel N C1 (ClkN C1/ is fed back and compared
with the clock signal from the adjacent channel (ClkN / in a
phase detector (PD). A control voltage (Vctrl) is generated by
the PD and then controls the input clock through an AND gate.
When a phase difference exists between ClkN C1 and ClkN ,
a pulse is generated by the PD, which in turn blocks the in-
put clock signal. The subsequent DEMUX circuits wait until
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Fig. 3. DEMUX (1:2) cell.

Fig. 4. Simplified diagram of the synchronizing circuits.

the synchronizing state is achieved. It takes several clock cy-
cles for channel N C1 to synchronize with channel N . In the
worst case, when ClkN C1 is late for one input clock cycle at
the initial point, it will take 32 cycles to reach the synchroniz-
ing state, as Figure 5 shows. In practice, when more than two
channels exist, a master channel should be chosen first, to pro-
vide a reference signal; and then each slave channel is synchro-
nized with the master channel one by one. Compared with the
conventional synchronizing technique, the proposed method is
more suitable for high-speed operation. Because only the ad-
jacent channel is used to provide the synchronizing signal, the
propagation-delay variation can be small, which largely relaxes
the routing rules.

In order to handle a high-speed input clock signal, the
PD needs to be designed carefully. First, the input bandwidth
should be large to ensure that the relative phase of the input
signals is detected. When the input data rate is 12.5 Gbps, the
minimum time difference (Td) of the input signals is 80 ps. The
rise time (RT) is set to be less than 50% of Td in this design, to
avoid misjudgments of the PD. According to the relationship
between bandwidth and rise timeŒ10�:

BW D 0:35=RT: (1)

Fig. 5. Timing diagram of the proposed synchronizing circuits.

Fig. 6. Micrograph of the DEMUX chip.

In this design, the required bandwidth is calculated to be
8.75 GHz.

Second, the control voltage (Vctrl) should be aligned well
with the input clock. Any misalignment may result in glitches
of Vctrl which lead to error actions on the clock signal. In this
paper, the PD is implemented in the form of an XOR gate fol-
lowed by an ECL D-flip-flop (DFF). The DFF aligns Vctrl with
the rising edges of the input clock. A wideband input buffer
is also included in this PD. All the transistors of differential
pairs are biased at peak ft to fulfill the requirement on opera-
tion speed.

3. Circuit implement and measurements

A 1 �mGaAs HBT process with ft of 60 GHz was used in
the fabrication of this IC. A micrograph of the circuit is shown
in Fig. 6. The complete IC has a complexity of 1100 HBTs. The
total die area is 2.3 � 2.3 mm2.

Figure 7 illustrates diagram of the test system. In order to
verify the performance of the synchronization circuit, two in-
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Table 1. Performance comparison of compound semiconductor DEMUX ICs.
Parameter This work Ref. [2] Ref. [3] Ref. [4] Ref. [11]
Technology GaAs HBT 1 �m GaAs HBT InP HBT 1.2 �m InP HBT 1 �m InP HBT 0.7 �m
Cutoff frequency, ft (GHz) 60 60 123 150 350
Function 1:16 1:4 1:16 1:4 1:2
Operation data rate (Gbps) 12.5 30 11 43.2 112
Input sensitivity (mVpp/ 35.6 200 50 27 250
Supply voltage (V) �5:2 & C 3.3 N/A �2:6 C3:3V �4:4

Power (W) 3.1/ 2.7 1 3.3.2/ 2.2.2/

(1) The power consumption include synchronizing circuits.
(2) The power consumption include CDR circuits.

Fig. 7. Block diagram of the test system.

Fig. 8. Output clock and data signal at 12.5 GHz input clock and
6.640625 GHz input data.

dividual DEMUX ICs are included on the test board. The first
chip is set as a master chip which provides a reference clock
for the second chip. The input clock signal is generated by a
microwave source and fed into each chip through a power di-
vider. A LeCroy 7710 and a Lecroy Wave Master 816Zi-A os-
cilloscope are used to observe the output waveform.

In order to validate the logic function of the DEMUX cir-
cuit, the frequency of input data and clock signal are set as fol-
lows:

Fdata D .1=2 C 1=32/Fclk: (2)

When the above relationship is met, the sampled data
change from 0 to 1 (or 1 to 0) every 16 input clock cycles.
After the 1:16 DEMUX circuit, each of the output data exhibit
a 0101 behavior. For a 12.5 GHz input clock, a 6.640625 GHz
sinusoidal signal is chosen as input data. Figure 8 shows the
output clock and three of the output data signals, which vali-
dates the DEMUX function at 12.5 GHz clock frequency. The
clock and data signal are aligned in a double-data-rate (DDR)
way.

A comparison of output clock signals before and after syn-
chronizing is illustrated in Fig. 9. The signals are measured sin-

Fig. 9. Comparison of output clock signals at 12.5 GHz input clock.
(a) Before synchronization. (b) After synchronization.

gle ended. The measurement is carried out at 12.5 GHz input
clock frequency. The experimental result confirms that the syn-
chronizing circuit succeeds in two-chip synchronization.

Table 1 gives a comparison between this work and previ-
ously published DEMUX ICs fabricated by compound semi-
conductor devices. The proposed DEMUX chip has achieved
a balanced performance between data rate, input sensitivity and
power consumption.

4. Conclusion

A 12.5 Gbps 1:16 DEMUX integrated circuit is presented
using the 1�mGaAs HBT process. An improved synchroniza-
tion technique is proposed and integrated in the DEMUX cir-
cuits. The proposed technique uses the adjacent channel to pro-
vide synchronizing signals which largely simplifies the system
configuration. The experimental result shows that this tech-
nique is effective in two-chip synchronization at 12.5 GHz
clock frequency.
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