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Abstract 
The increasing trends in SoCs and SiPs technologies demand integration of large numbers of buses 
and metal tracks for interconnections. On-Chip SerDes Transceiver is a promising solution which 
can reduce the number of interconnects and offers remarkable benefits in context with power 
consumption, area congestion and crosstalk. This paper reports a design of a new Serializer and 
Deserializer architecture for basic functional operations of serialization and deserialization used 
in On-Chip SerDes Transceiver. This architecture employs a design technique which samples input 
on both edges of clock. The main advantage of this technique which is input is sampled with lower 
clock (half the original rate) and is distributed for the same functional throughput, which results 
in power savings in the clock distribution network. This proposed Serializer and Deserializer ar-
chitecture is designed using UMC 180 nm CMOS technology and simulation is done using Cadence 
Spectre simulator with a supply voltage of 1.8 V. The present design is compared with the earlier 
published similar works and improvements are obtained in terms of power consumption and area 
as shown in Tables 1-3 respectively. This design also helps the designer for solving crosstalk issues. 
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1. Introduction 
System on Chip (SoC) and System in Package (SiP) technologies provide a path for continued improvement in 
performance, power, cost and size at the system level without relying upon conventional CMOS scaling alone. 
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These advances allow the number of integrated modules to grow much more rapidly on a single chip [1] or in a 
single package. These technologies will require a large number of parallel wiring nets and buses for intercon-
nections as well as data communication between these modules. However, in advance technologies, intercon-
nects are not scaling with the same rate as devices. Hence, using parallel metal tracks and buses seems com-
pletely inefficient in terms of power, area and crosstalk issues. A promising solution is replacing parallel bus 
with serial link using a SerDes transceiver [2]-[4]. Serial link based designs have been used for decades in 
Off-Chip Communications because it offers many advantages over traditional parallel implementations includ-
ing fewer pins, reduced space requirements, reduced complexity, lower power consumption, smaller connectors, 
lower electromagnetic interference, and better noise immunity [5] [6]. If the number of channels is reduced 
where the same channel area is maintained, the significant savings in power dissipation can be achieved. Since 
the serial link occupies less space due to decreased number of pins, the saved area can be used to isolate the link 
better from its surrounding components and to integrate more modules [7]. A similar problem exists for On-Chip 
communication in these new technologies mainly because of power and area overheads. 

A number of recent publications have already proposed inspiring solutions for reliable low power on-chip 
SerDes link with a new self timed signaling technique along differential transmission line or using resistive ter-
minated single ended transmission line [8] [9]. The design presents a variation tolerant driving technique for all 
digital self timed three levels signaling whereas design uses two level Manchester encoding using resistive ter-
mination and power efficient circuitry. Serializer and Deserializer form the basic functional blocks used in 
On-Chip SerDes Transceiver by all the aforesaid publications [10] [11]. Figure 1 shows the block diagram for 
SerDes Transceiver presented for On-Chip Networking. The publications have used a double edge triggered flip 
flop (DETFF) based 8-bit Serializer. Also, a simple shift register based 8-bit Deserializer is used for deserializa-
tion [7]-[10]. 

This paper reports following new contributions for On-Chip SerDes Transceivers as compared to earlier pub-
lished work: 
• An improved double edge triggered flip flop (DETFF) based 8-bit Serializer with substantial reduction in 

power consumption and area requirement. 
• A new Deserializer with same functional throughput but with higher power savings in the clock distribution 

network along with lower power consumption. 

2. Proposed System Architecture 
2.1. Design of Serializer 
The design of a proposed Serializer is presented in Figure 2 and its block diagram representation is given in 
Figure 3. Also, Figure 4 depicts block of the Serializer [8]. This work has used double edge triggered flip flop 
(DETFF) as presented in Figure 5. Each DETFF is composed of two types of flip flops: first is a positive edge 
triggered flip flop and second is a negative edge triggered flip flop. These flip flops are implemented using clock 
overlap insensitive clocked CMOS (C2MOS) registers [12]. The combination of these flip flops allows DETFF 
to sample the input serial data on both clock edges without using additional latch and 2:1 MUX. 

Earlier reported work [8] has a Serializer, in Figure 4, where each DETFF uses four blocks: two positive edge 
triggered flip flops (FF), a negative latch (L) and a 2:1 MUX (M). This means, in the proposed design, authors 
have reduced the number of blocks. This leads to a substantial reduction in two important parameters namely 
power consumption and area requirements and a clear comparison is presented in Section 3.1. 

Also, in Figure 4, Serializer [8] produces the output serial data sequence in the order D1, D3, D2, D4, D5, D7, 
D6, D8, D1, D3, ··· This may trouble the designer while interpreting the output serialized data. The proposed 
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Figure 1. Block diagram for SerDes transceiver [8]. 
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Figure 2. Design of a proposed Serializer. 
 
Serializer design has reordered the parallel data inputs such that the serialized data sequence at the output of Se-
rializer will be obtained as D1, D2, D3, D4, D5, D6, D7, D8, D1, D2... This input reordering is clearly reported 
in proposed design shown in Figure 3. 

2.2. Design of Deserializer 
A proposed Deserializer is presented in Figure 6 with its block diagram representation in Figure 7 and the ear-
lier reported simple shift register Deserializer [8] is shown in Figure 8. In this Deserializer, two types of flip 
flops (FF) are used: a positive edge triggered flip flop and a negative edge triggered flip flop, as presented in 
Figure 9(a) and Figure 9(b) respectively. These flip flops are implemented using clock overlap insensitive clocked 
CMOS (C2MOS) registers [12]. The proposed Deserializer is designed such that it samples input on both edges 
of clock i.e. positive as well as negative edge. The advantage of this technique of input sampling is that a lower 
clock—half the original rate—is distributed for the same functional throughput, resulting in power savings in the 
clock distribution network as well as lower power consumption as compared to Deserializer in [8]. A clear 
comparison in power consumption is presented in Section 3.2. 

3. Simulation Results and Discussions 
The proposed Serializer and Deserializer architecture are designed using a UMC 180 nm CMOS technology and 
simulation is done using Cadence Spectre simulator with a supply voltage of 1.8 V. 
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Figure 3. Block diagram of proposed Serializer. 
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Figure 4. Earlier published Serializer. 



N. Jaiswal, R. Gamad 
 

 
85 

 
Figure 5. Design of a proposed double edge triggered flip flop (DETFF). 

3.1. Simulation Results for Serializer 
The design serializes 8-bit parallel data at 156.25 MHz into a 1.25 Gbps serial data stream with clocks of fre-
quencies 625 MHz, 312.5 MHz and 156.25 MHz. The simulated result for the signals of the proposed Serializer 
is presented in Figure 10. Here, parallel data input is “1, 1, 0, 1, 0, 1, 1, 0” and used voltages for each individual 
parallel data input is as follows: D1 = 1.8 V, D2 = 1.8 V, D3 = 0 V, D4 = 1.8 V, D5 = 0 V, D6 = 1.8 V, D7 = 1.8 
V, D8 = 0 V. 

From an area perspective, the resources that are used in proposed design is considerably less as mentioned 
clearly in Figure 3 and Figure 4. In Figure 3, the combination of a positive edge triggered flip flop and a nega-
tive edge triggered flip flop allows DETFF to sample the input serial data on both clock edges and obtained 
same functionality as [8]. Hence, authors have removed the latches and 2:1 MUX’s as compared to the earlier 
published work by [8] as given in Table 1 and Figure 11. 

From power aspect, the elimination of latch and 2:1 MUX leads to a substantial reduction in power as re-
ported by the simulation results obtained for some random parallel data input combinations in Table 2 and  
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Figure 6. Design of a proposed Deserializer. 
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Figure 7. Block diagram of proposed Deserializer. 
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Figure 8. Earlier reported simple shift register based Deserializer [8]. 
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(a) 

 
(b) 

Figure 9. (a) Design of a proposed positive edge triggered flip flop (PETFF); (b) Design of a proposed negative edge trig-
gered flip flop (NETFF). 
 
Figure 12. For an appropriate power consumption comparison, both designs (this work and [8]) are simulated 
under identical conditions. Both designs serialize 8-bit parallel data at 156.25 MHz into a 1.25 Gbps serial data 
stream with clocks of frequencies 625 MHz, 312.5 MHz and 156.25 MHz. 

3.2. Simulation Results for Deserializer 
The design deserializes 1.25 Gbps serial data stream to 8-bit parallel data at 156.25 MHz with clock frequency 
625 MHz. The simulated result for the signals of the proposed Deserializer for serial data stream “11010110” is 
presented in Figure 13. 
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Figure 10. Simulation result of the proposed Serializer for parallel data input “1, 1, 0, 1, 0, 1, 1, 0”. 
 
Table 1. Serializer: Area requirement comparison between earlier work and this work. 

Total number of 
Area requirement 

References [8]-[11] This work 

Positive edge triggered flip flops 14 7 

Negative edge triggered flip flops - 7 

Negative latches 7 - 

2:1 MUX’s 7 - 

Components 28 14 

Remark More area is required. Less area is required. 
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Figure 11. Serializer: Area requirement comparison between earlier work and this work. 
 
Table 2. Serializer: Estimated power consumption comparison between earlier work and this work. 

Parallel data input bits 
D1 D2 D3 D4 D5 D6 D7 D8 

Power consumption 

References [8]-[11] This work 

0 0 0 0 0 0 0 0 9.800 mW 2.642 mW 

0 1 0 1 0 1 0 1 9.001 mW 2.296 mW 

1 1 0 1 0 1 1 0 8.800 mW 3.019 mW 

1 0 1 0 1 0 1 0 9.001 mW 2.515 mW 

1 1 1 1 1 1 1 1 8.203 mW 2.190 mW 

Remark More power Less power 
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Figure 12. Serializer: Estimated power consumption comparison between earlier work and this work. 
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Although from an area perspective, the resources used in proposed design is almost same as in earlier reported 
works as shown in Figure 7 and Figure 8. However, a considerable power savings is obtained as reported in 
Table 3. For an appropriate power consumption comparison, both designs (this work and [8]) are simulated un-
der identical conditions. Both the designs deserializes 1.25 Gbps serial data stream to 8-bit parallel data at 
156.25 MHz with clocks of frequency 625 MHz. 
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Figure 13. Simulation result of the proposed Deserializer for serial data input “11010110”. 
 
Table 3. Deserializer: Estimated power consumption comparison between earlier work and this work. 

Serial data stream serial din 
Power consumption 

Reference [8] This work 

0 0 0 0 0 0 0 0 3.480 mW 3.367 mW 

0 1 0 1 0 1 0 1 4.078 mW 3.703 mW 

1 1 0 1 0 1 1 0 4.078 mW 3.640 mW 

1 0 1 0 1 0 1 0 4.078 mW 3.554 mW 

1 1 1 1 1 1 1 1 3.020 mW 3.343 mW 

Remark More power Less power 
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Figure 14. Deserializer: Estimated power consumption comparison between earlier work and this work. 

 
From Figure 14, it is observed that power consumption of proposed Deserializer design given in Figure 6 is 

better than Deserializer [8]. 

4. Conclusion 
In this paper, an improved architecture for Serializer and Deserializer is proposed which forms the basic func-
tional blocks for On-Chip SerDes transceiver and is proved to consume lower power as compared to similar 
works done in this particular domain. The proposed Serializer has employed a technique to minimize resources 
used and hence makes this design area effective as compared to other works. The Serializer also allows ease in 
decoding serial data obtained after serialization by proper input reordering. A similar improvement is also ob-
tained in the proposed Deserializer as compared to the earlier reported work. This work will be beneficial for the 
young researchers and designers. Finally, authors have concluded the work and the improvements in the results 
are observed as reported in this paper. 
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