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ABSTRACT 
The GasP family of asynchronous circuits has been sought for its potential advantages of ultra-high performance and low power 

especially in the processor and the network on chip (NoC) domains. However, the use of these circuits is currently limited to 

custom design where extensive SPICE simulations are required to verify timing correctness and performance. In order to 

incorporate these circuits in the standard ASIC designs, it is essential to establish a more efficient CAD flow.A fully automated 

characterization flow for developing timing libraries of single track circuit. This thesis extends that flow to the GasP family of 

circuits and addresses the issue. 
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INTRODUCTION 
 

During the last decade, there has been a revival in research on asynchronous technology. Along with the 
continued CMOS technology scaling, VLSI systems become more and more complex. The physical design 
issues, such as global clock tree synthesis and top-level timing optimization, become serious problems. Even if 
technology scaling offers more integration possibilities, modularity and scalability are difficult to be realized at 
the physical level. Asynchronous design is considered as a promising solution for dealing with these issues that 
relate to the global clock, because it uses local handshake instead of externally supplied global clock was per the 
work [1-2]. 

The increasing power consumption and growing complexity of synchronous designs has led to a great deal 
of interest in asynchronous circuits. The presence of a single global clock in the synchronous designs has 
resulted into problems like clock tree synthesis, gated clocking design, hold time fixing, and clock skew 
management. As a result of this, Globally Asynchronous and Locally Synchronous (GALS) systems are gaining 
prominence. 

The GALS systems have shown several advantages including low power in the design of networks on chip 
(NoCs). 

ARM and Sun Microsystems have already been exploring the designs of highly efficient processors using 
asynchronous templates. ARM worked with Handshake Solutions for the development of ARM996HS which is 
industry’s first clock less processor was per the work [2-5]. The ARM996HS is targeted towards low power 
applications in the biomedical and the automotive fields. ovalidating the timing performance of these non-
standard circuits using static timing analysis. We first discuss some of the relative timing constraints that were 
identified to ensure the desired working of the GasP control circuits.Then we discuss the characterization flow 
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used for developing timing libraries for these circuits. Thereafter, we discuss how a static timing analysis tool, 
Synopsys PrimeTime, was used to verify these relative timing constraints as well as perform setup and hold 
checks on a substantial industry design. We conclude this thesis by identifying the worst cases of operation for 
the relative timing constraints which can be used for post analysis debugging. 
 
Proposed System: 

The increasing power consumption and growing complexity of synchronous designs has led to a great deal 
of interest in asynchronous circuits. The presence of a single global clock in the synchronous designs has 
resulted into problems like clock tree synthesis, gated clocking design, hold time fixing, and clock skew 
management. As a result of this, globally asynchronous and locally synchronous (GALS) systems are gaining 
prominence. The GALS systems have shown several advantages including low power in the design of networks 
on chip (NoCs). 

ARM and Sun Microsystems have already been exploring the designs of highly efficient processors using 
asynchronous templates. ARM worked with Handshake Solutions for the development of ARM996HS which is 
industry’s first clockless processor as done in the work [6]. The ARM996HS is targeted towards low power 
applications in the biomedical and the automotive fields. The VLSI Research team of Sun Microsystems is 
working on designing high performance processors using the GasP family of circuits was per the work [7]. This 
chapter provides a background on Sun’s work and introduces the terminology used. 

 
A. Gasp Family Of Circuits: 

The 6-4 GasP family evolved from an earlier circuit family called asynchronous symmetric pulse protocol 
(asP*) which was designed by Charles E. Molnar. In the work Rylyakov and Nowick, (2010) Molnar articulated 
the basic control requirement for asynchronous pipelines where each stage fired to advance the data through the 
data latches. The last three letters in the name GasP acknowledge its GasP* ancestry. The ‘6-4’ term represents 
the six logic gates in the forward direction between each stage and its successor, gates A B C D E F shown in 
Figure 1, and the four logic gates in the reverse direction, gates A B C X in Figure 3.1.2. 

A linear pipeline of GasP control circuits can be viewed as a cascade as shown in Figure 2 where the 
predecessor signal (PRED) of a stage is connected to the successor signal (SUCC) of the previous stage. 
Similarly the SUCC of a stage is connected to the PRED of the next stage [8-10]. Two stages are connected 
through the single tra ck wire called the state-wire which is used for handshaking b etween stages. 

 

 
Fig. 3.1 Structure of GasP arch itecture 

 
B. Feet Architecture: 

In a generic processor that operates on the notion of a common clock signal, the clock speed has to be slow 
enough to accommodate each computation. As a r esult, there exists a “worst path” that limits the clock 
frequency even though other parts of the chip might be able to complete their operation in much less time. In 
contrast, each part of an asynchronous system takes as much or as little time as it needs. Coordinating the 
asynchronous actions, however, also takes time and chip area [11-14]. If the efforts required for local 
coordination are small, an asynchronous system may, on average, be faster than a clocked system. Another 
advantage of asynchrony is the negligible power consumption in the idle parts of the chip as an asynchronous 
chip by default is in power down mode in Figure 3.2. 
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Fig. 3.2: Split pin architec ture 
 

C. Timing Constraints For Gasp: 
In order to ensure the timing corre ctness of the GasP circuits a set of timing constraints need to be met. 

These constraints can be classified into two partss. First, there are a set of internal timing constraints for the 
GasP control cells where a particular signal is required to arrive before another signal [15]. These constraints 
depend on the relative ordering of signals and hence are termed as Rela tive Timing (RT) constraints on control 
logic. Second, the latches in the data-path which are clocked by th e GasP control circuits need to meet the setup 
and hold constraints. 

 
D. Relative Timi Ng (Rt) Constraints On Control Logic: 

The GasP family of circuits depends on the relative timing of logic gates to avoid drive conflict at the state-
wire. Careful choice of the transist or sizes in GasP circuits enables the two participants to operate quickly while 
avoiding conflict. The transistors in the 6-4 GasP circuits are chosen to be strong enough so that each logic gate 
has approximately the same delay. This is possible because all but two of the logic gates drive fixed loads in 
Figure 3.3. The NOR gate, called A in Figure 1, drives o nly its own output capacitance, the capacitance of the 
relatively short wire to the inverter called B, and the input capacitance of inverter B. Likewise, B drives only its 
own output capacitance, a short wire, and inverter C. In addition to driv ing both the inverter D and the NMOS 
transistor X and the wires to them, inverter C must drive the rather large load pr esented by the long control wire 
to the many latches that will capture the data. 

 
E. Relative Timi Ng (Rt) Constraints On The Data-Path: 

The GasP control circuits are used to clock the data-path consisting of latches. It is thereby essential for the 
data to meet setup and hold checks at every latch. An example for these checks is illustrated in Figure 3.4. 

 
Fig. 3.4: Setup and hold checks 

 
It is important to r collect that the FIRE signal of the current stage (F2) goes hi gh six gate delays after the 

FIRE signal of the previous stage (F1) had gone high. This is illustrated in Figure 9, which assumes a 10 gate 
delay cycle time, a forward latency(FL) o f 6 gate delays and a backward latency(BL) of 4 gate delay s. In order 
to meet the setup requirement, the data values coming from the F1-enabled latches should reach the F2-e nabled 
latches before the start of the five gate-delay transparen cy window for F2. This means the transition time from 
the data inputs of the F1-enabled latches to the data inputs of the F2-enabled latches can be a maximum of six 
gate delays. 

 
F. Measuring Arc Delays: 

The industry standard for performing the worst case analysis to encounter on-c hip variation is to 
implement multiple timing libraries [15-20]. The general paradigm of having fast and slow timing libraries 
allows a tool like Prime Time to choose minimum and maximum delays for different timing paths. Recollect 
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that all the RT constraints are of the form where one timing path A has to be shorter than the other timing path 
B. In order to speed up the process of making the timing libraries, we chose to be less conservative by taking 
only the simultaneous switching effects of the NOR gate into account. Another more conservative approach of 
making the timing libraries would be to consider fast and slow circuit corners for each gate in the design. 

These two timing libraries were generated by using different initial conditions while measuring the various 
timing arcs. These conditions are articulated as follows: 

 
1. PRED+ to FIRE+  
a. Fast .lib: SUCC pin of the DUT is held at 0 with no initial conditions on the other pins.  
b. Slow .lib: SUCC pin of the DUT changes from 1 to 0 at the same time as the inverted PRED signal. 

This can be done by putting an inverter on the SUCC pin which is of the same strength as the inverter F shown 
in Figure 1.  

2. FIRE+ to SUCC+  
a. Fast .lib: SUCC pin is set to 0 by using .ic command in spice.  
b. Slow .lib: Same as above.  
3. FIRE+ to PRED-  
a. Fast .lib: PRED pin is set to 1 by using .ic command in spice.  
b. Slow .lib: Same as above.  
4. PRED- to FIRE-  
a. Fast .lib: SUCC pin of the DUT changes from 0 to 1 at the same time as the inverted PRED signal. 

This can be done by putting an inverter on the SUCC pin which is of the same strength as the inverter F.  
b. Slow .lib: SUCC pin of the DUT is held at 0 with no initial conditions on the other pins.  
5. SUCC+ to FIRE-  
a. Fast .lib: The inverted PRED signal of the DUT changes from 0 to 1 at the same time as the SUCC 

pin changes from 0 to 1. This can be done by putting an inverter.  
6. SUCC- to FIRE+  
a. Fast .lib: PRED pin of the DUT is held at 1 with no initial conditions on the other pins.  
b. Slow .lib: The inverted PRED of the DUT changes from 1 to 0 at the same time as the SUCC pin 

changes from 1 to 0. This can be done by putting an inverter on the SUCC pin which is of the same strength as 
the inverter.  

 
G. Design Flow: 

The flow used by Electric is shown in Figure 3.5, where it uses the layout and a constraint file as inputs for 
generating the final liberty file. Electric automatically generates the required Spice net lists and their stimuli by 
using the information provided in the constraint file. These files are then fed to Hspice for simulation and 
performing the necessary measurements. The data output from Hspice which is in the .mt# file format is used by 
Electric to generate the liberty file.  

 
H.Challenges In Interpreting Asynchronous Netlists: 

In the single track protocol, a single state-wire is driven by the two communicating modules that are 
connected to it. As a result of this the PRED and SUCC pins act as both input as well as output pins and hence 
are termed as bi-directional pins. When these pins are instantiated in a Verilog netlist that is fed to PrimeTime, 
each pin is broken by PrimeTime as a pin having one input port and one output port. We believe that it is a 
characteristic feature of PrimeTime to break the timing paths at every input port. This was inferred from 
observing that when a netlist having bi-directional pins was given to PrimeTime, it generated empty timing 
graphs. As the timing paths are broken at bi-directional pins, the timing information is lost. In order to overcome 
this problem pertaining to the bi-directional pins, we propose a split pin architecture shown in Figure 3. 6. 

 
Fig. 3.6: Bi-directional pin problem 

 
The split pin architecture requires inherent changes to be made to the Verilog netlist as well as the timing 

libraries. In the Verilog netlist, all the bidirectional pins need to be split into different input and output pins. As 
shown in Figure 16, PRED is split into PRED_IN and PRED_OUT and SUCC is split into SUCC_IN and 
SUCC_OUT. The PRED_IN pin of a GasP stage is connected to the SUCC_OUT pin of the previous stage and 
the SUCC_IN pin of a GasP stage is connected to the PRED_OUT pin of the next stage as shown in Figure 17. 
Similar changes are required to be made to the timing libraries where timing information pertaining to the 
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PRED and SUCC pins is distributed among these separate input and output pins. As a consequence of splitting 
the pins, the measured short circuit constraints would be less conservative. However, this effect can be 
compensated by taking the effect. 

 
RESULTS AND DISCUSSIONS 

 
In this section it shows the simulation analysis of the Gas Pipeline structure which is used to solve the 

critical path. In the simulation phase the parameters such as the area, delay and the time required to solve the 
complicated paths that are designed in the asynchronous architectures. The simulation analysis also shows the 
transient analysis of the designed GasP architecture. 

 
Simulation Results: 

The following simulation profiles show the design of GasP for multiple circuits such as the multiplier and 
serial adder circuits. 

 
A. Asynchronous Design Of 2 X 2 Multiplier: 

The Fig 3.7and 3.8 shows the simulation result of the 2 x 2 multiplier. In this the transient analysis of the 
design are fetched out. The circuit is designed with the help of the CMOS logic circuits. The clock that drives 
the Domino based design will rise in the glitch effect. Clock gating technique is employed in this design; this 
will greatly help in reducing the unwanted triggering in asynchronous circuits such as Flip Flops, Shift Registers 
etc. 

 
 
Fig. 3.7: Schematic design for 2x2 multiplier 
 

 
 

Fig. 3.8: Simulation result for 2x2 multiplier 
 
B. Asynchronous Design Of 4 X 4 Multiplier: 

The Figure 3.9shows the simulati on result of the 4 x 4 multiplier. The design was incremented in order to 
check the timing performance of the increased area and hardware overhead. 

 



292  Dinesh Babu K and Dr. S. Dharmalingam., 2016/ Advances in Natural and Applied Sciences. 10(14) Special 2016, Pages:  

           287-294 

 

 
 

Fig. 3.9: Simulation result for 4x4 multiplier 
 

C. Asynchronous Design Of Half Adder Circuit: 
The Figure 3.10 and 3.11 shows the simulation of half adder circuit the reason for choosing the circuit is, 

because this type of circuit are the basic building block of the digital design. The adder circuits that are designed 
in this work are consisting of dynamic powered CMOS logic circuits that are individually clocked. These make 
us the design to overcome the glitching effect that may occur in any other CMOS. 

 

 

 
Fig. 3.10: Schematic desig n for half adder circuit 
Fig 3.11: Sim ulation results for half adder circuits 

 
D. Asynchronous Design Of Full Adder Circuit: 

The simulation result shows the design of the full adder circuit which is designed with the help of the GasP 
approach. The result shows that the time that is required to analyze the critical path is lesser in Figure 3.12. 

 



293  Dinesh Babu K and Dr. S. Dharmalingam., 2016/ Advances in Natural and Applied Sciences. 10(14) Special 2016, Pages:  

           287-294 

 

 
 
Fig. 3.12: Simulati on results for full adder 

 
E. Power Analys Is Of The Design: 

Figure 3.13 shows the power analysis of the GasP architecture and it shows that the power that are required 
to perform the operation is very low and t his can be easily overcome the dynamic power leakage effect since 
this parameter is quite high in Domino Logic based design. So this design ensures the path of low power design. 

 

 
 
Fig. 3.13: Power Analysis of the design 

 
Discussions: 

From above all the results it is seen that the time that are required to go through the critical path is lesser. 
The area requirement of the GasP design is lesser than the domino based design. Since the domino l ogic are 
said to be higher in emitting leakage current this can be controlled in the GasP, thus the design requires only low 
amount of power for performing the operation. 

 
III. Conclusion and future work a. Conculsion: 

A timing verification flow for single track asynchronous circuits is a pre-requisite for incorporating these 
circuits in standard ASIC designs. An efficient timing analysis flow can then be used to enable synthesis, timing 
driven place and route and also ECO flo ws of substantially larger designs. This thesis presents the issues and 
solutions encountered in establishing such a verification flow for a single track circuit family like GasP. First, 
we identified the timing constraints which are necessary to be satisfied to ensure correct operation of the GasP 
co ntrol cells and the associated data-path logic. Second, we characterized the timing information pertaining to 
the GasP control cells in the industry standard Liberty format. Third, we used a static timing analysis tool, 
Synopsys Prime Time, to verify the identified timing constraints. Finally, we identified the worst cases of 
operation which can be used to simulate the timing violations. 

 
B. Future Work: 

The work presented in this thesis is promising as it enables ASIC designers to use the GasP control cells in 
the standard ASIC flow. The developed flow is a pre-cursor for timing sign-off of Sun’s FLEET architect ure 
which uses the GasP control cells for local handshaking. The availability of GasP timing libraries has also made 
it possible to perform back annotated Verilog simulations which consume substantially less time for larger 
designs as compared to Spice simulations. Another extension to thiis flow is to enable timing driven place and 
route using com mercial CAD tools like Cadence Encounter. The liberty cha racterization flow can also be 
enhanced to take power consum ption into account and thereby enable power analysis. Such a liberty file an 
then be used for power driven place and route which is gaining importance with the reducing technologies. 

As a part of future work, we believe that the flow presented in this thesis can be easily extended to other 
asynchronous circuit families like USC’s Static Single Track Full Buffer (SSTFB) and Intel’s Asynchronous 
Bus Connector (ABC). Both these circuit families have different relative timing constraints that guide their 
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operation and identifying them would be the only change required to the current flow. The current flow can thus 
be made generic by establishing connection with a tool like ANALYZE that automatically generates the relative 
timing constraints for a given circuit template. 
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