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Abstract - A new mixed-mode binary phase shift keying 
(BPSK) demodulator is demonstrated using a half-rate 
bang-bang phase detector commonly used in clock and 
data recovery (CDR) applications. A proto-type chip is 
realized that can demodulate up to 622Mb/s data at 
1.4GHz carrier frequency 

Keywords: BPSK, tracking, Costas-loop, half-rate bang-
bang PD 

1 Introduction 
  There are several types of BPSK demodulators. In 
the analog approach, the carrier signal can be recovered 
by using a phase-locked loop (PLL) after the received 
signal is squared [1]. With this scheme, the phase error 
between the received signal and the recovered carrier 
signal remains. Costas-loop [2] is another classical analog 
approach, but it needs analog design costs for filter design 
and device matching. In the digital approach, several 
different architectures are possible depending on ADC 
configuration, but the maximum data rate is limited by the 
speed of ADC. Digital interpolation schemes [3], which 
are the most popular digital approach, need GSamples/s 
ADC to oversample hundreds of Mb/s data, and its 
realization with CMOS is difficult.  

 In this paper, we report a new mixed-mode BPSK 
demodulator with a 1.4GHz carrier frequency that can be 
used for above-mentioned applications. Our demodulator 
is based on CMOS so that one-chip solution including all 
the digital functions is possible. 

2 Mixed-mode approach 
 Then the phase detecting characteristics of  Costas-
loop can be represented as shown in Fig. 1(a). Because 
BPSK signal changes its phase by 180˚ , this curve has 
two lock points separated by 180 ˚ . Similar PD 
characteristics can be realized with a half-rate bang-bang 
PD, commonly used for CDR applications, as shown in 
Fig. 1(b).  

 After synchronization, edges of the sampling clock 
are aligned to centers of input signal as shown in Fig. 2. 
In the figure, arrows indicate sampling points of PD. 
Black arrows are rising edges and white arrows are falling 

edges of the sampling clock. Then the bang-bang PD 
produces output sequence which consists of 10 and 01. 
BPSK demodulation is done by making decision for high 
when the sequence is 10, and low when the sequence is 01. 
This can be easily realized by inverting samples at falling 
edges of the sampling clock, so that the 10 sequence 
becomes 11, and the 01 sequence 00. This BPSK 
demodulation scheme can use any type of CDR 
architectures using a half-rate PD.  

 The proposed scheme is mixed-mode demodulator 
since it uses digital phase detector and analog phase 
controller. In this scheme, phase synchronizing and 
symbol detection can be achieved with only 1-bit 
samplers.  

 
Figure 1. Phase detection characteristic of costas-loop & 

half-rate bang-bang PD 

 

Figure 2. Proposed demodulation scheme 



 

Figure 3. Block diagram of the proto-type chip 

Parameter Value 

Process 
Maximum data rate 
Carrier frequency 
Demodulator core area 
Supply Voltage 
Power Consumption 

TSMC 0.18 ㎛ 
622 Mb/s 
1.4GHz  
210 × 150 ㎛ 2 
1.8V 
288mW(including I/O & PLL) 

Table 1. Performance of fabricated chip 

It means that BPSK signal can be demodulated without 
ADC. It is easy to extend the proposed scheme to 
demodulations of higher order PSKs so that they also can 
be demodulated without ADC. The proposed scheme can 
also achieve higher data rate because the operating speed 
of a 1-bit sampler is much faster than ADCs. 

3 Implementation 
 The proto-type chip was designed using the phase 
control algorithm given in [4]. The phase controller has 
6bit phase resolution in this design. The control block was 
implemented by using auto placement and routing with 
standard CMOS logic cells. Because of low-speed of 
CMOS logic cells, the clock speed of controller was 
pulled down to the quarter of the carrier frequency. 

 The proto-type chip has two analog phase 
interpolators using the same 6-bit resolution phase 
controller and different phases from PLL as shown in Fig. 
3, because the half-rate bang-bang PD needs multi-phase 
clocks [5]. 

4 Measurement 
 The proto-type chip was fabricated using TSMC 
0.18 ㎛  CMOS technology. Table 1 shows the 
performance of the fabricated chip. The maximum error-
free data rate achieved in the back-to-back link was 
622Mb/s, which is about half of carrier frequency 
(1.4GHz). Fig. 4 shows 622Mb/s input data (upper) and 
demodulated data (lower). 

 

Figure 4. Demodulation for 622Mb/s data 

5 Conclusion 
 We demonstrated a new mixed-mode demodulating 
scheme which can handle a very high data rate compared 
with the carrier frequency. The demodulator was realized 
with 0.18 ㎛  CMOS technology. Experimental results 
show that the proposed scheme can be used for the 
demodulation of BPSK signals up to 622Mb/s, about half 
of the carrier frequency.  
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