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Design of Completion Detectorsin
Asynchronous Communication System
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Abstract. In digital design, there are two types of design,
synchronous design and asynchronous design. In synchronous
design, global clock is one of the main system that consume a lot
of power. The power in synchronous design is consumed by clock
even if there is no data processing take place. The asynchronous
design that depends on data is clockless and as far as the power is
concerned, asynchronous design does not consume much power
compared with synchronous design and this really make
asynchronus design the preffered choice for low power
consumption. Besides having low power consumption, there are
many advantages of aynchronous design compared with
synchronous design. This paper proposed new dual rail
completion detector (CD), 3-6 CD, 2-7 CD and 1-4 CD for on-chip
communication that are used widely in an asynchronous
communication system. The design of CD is based on the principle
of sum adder. The circuit is designed by using Altera Quartus 11
CAD tools, synthesis and implementation process is executed to
check the syntax error of the design. The design proved to be
successful by using asynchronous on-chip communication in the
simulation.
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. INTRODUCTION

In digita design, there are two types of design,
synchronous design and asynchronous design. In synchronous
design, global clock isone of the main system that consume a
lot of power and therefore need to be removed for better
power efficiency [1] [2] [3]. The power in synchronous design
is consumed by clock even if there is no data processing take
place. The asynchronous design that depends on data is
clockless and as far as the power is concerned, asynchronous
design does not consume much power compared with
synchronous design and thisreally make asynchronous design
the preferred choice for low power consumption. Besides
having low power consumption, there are many advantages of
asynchronous design compared with synchronous design. [4],
[5].

(i Absence of clock skew as the arrival time of the clock
signal is depended on the data.
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(ii) Better than worst case performance because for
asynchronous design, the average case performance is the
most likely case due to the data-dependent data flow and
functional unit that exhibit data-dependent delay.

(iii) Automatic adaption to physical properties since in
asynchronousdesign, it isdepended on the dataas a clock, the
above factors are automatically adjusted and hence the
designer need not to worry the functionality of the circuit even
under the worst case scenario.

(iv) Reduced electromagnetic interference as the activities
of the circuit is very much independent from one to another.
Despite al the advantages of asynchronous design over
synchro-nous design, some of the disadvantages include

(v) Deadlock which is common situation in asynchronous
design that the system faces dueto theincorrect circuit design,
token mismatch and also by arbitration.

(vi) The arrival of the data is detected by a completion
detection (CD). Since the asynchronous design is data
dependent and detected by CD, the design of CD is atrivia
task and in some cases, it isacomplex task.

One of the components in the above system is particularly
important to substitute the clock system is the completion
detector (CD). The dua rail CD isthe simplest circuit which
is basically an XOR gate to detect 1-bit of dual rail code.
However, for other codes such as 3-6 code and 2-7 code, the
CD circuits are quite complex. The design of CD to detect the
arrival of datais an important and non-trivial problem [6, 7].
Other than dua rail CD, author in [8] proposed a method
caled as Delay-Insensitive Minterm Synthesis (DIMYS) to
tackle the problem. By using this method, for m to n code, the
code is broken into smaller codes and concatenated. Part of
the codeis divided into control group and body of the code.

1. METHODOLOGY

The purpose of the communication system is converting
singlerail to dual rail and back to singlerail data as shown by
Figure 1. Dua rail encoding is necessary for long on-chip
interconnect since it is delay insensitive which refers to the
data is transmitted correctly regardless of the delay in the
interconnecting wires. It uses two wires to represent 1 bit of
information. The intermediate code in the communication is
3-6 code. Even though the dua rail encoding is suitable for
long on-chip interconnect communication, it suffers the
lowest capacity (bits/wire) compared with other code. Hence,
thismakesit more costly. Table 1 compares some of the codes
with information regarding the number of wires, transitions,
capacities and the complexities.
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From Table 1, it is obvious that the 3-6 code has the highest
capacity compared with other codes. Besides, the 3-6 code
has double wire capacity compared with dual rail. The same
goes with the number of transitions. The numbers of
trangitions are related to the dynamic power dissipated by
circuit.

,,,,,,,,,,,,,,,,,,,,,,

Compared with 3-6 codes, the numbers of transitions for dual
rail is twice and 2-7 code has the lowest numbers of
transitions. However, the disadvantage of 3-6 code is the
complexity. The complexity refers to the number of standard
gates and C-elements (C) to build completion detector (CD).
Obvioudly, the CD for 3-6 code requires the most number of
gates and C-elements.

Din | ! Dout
D Single Rail to ——| Dual Railto = 3-6 Code to P Dual Rail to
MODULE 1 a4 Dual Rail < 3 36Code |gq Dual Rail |4 : Single Rail |4 MODULE 2
Ackout ! Ackin

Figure 1. Asynchronous on-chip communication

Table 1: Code comparison in terms of wires, transition and capacity [9]

Codes Wires Transitions (Data + Ack) Capacities (bit/wire) Complexities
Dual rail 12 4x4=16 4/12=0.3 4+3C
1-4 10 4x2=8 4/10=0.4 6+1C
2-7 8 6x1=6 4/8=0.5 6+3C
3-6 7 8x1=8 4/7=0.6 10+3C

Due to the number of wires, numbers of transitions and the
capacities, it is desirable to convert dua rail encoding to 3-6
codes for long on-chip communication as discussed above.

YI)O——— P1
Y2Oor——— P2

o P3

Figure 2(a) and (b) show the dual rail to 3-6 converter and 3-6
to dual rail converter respectively
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Figure2

(@) : Dual rail to 3-6 converter

The conversion of the dua rail to 3-6 code back to dual rail
code is shown by Figure 3 with the description in Table 2.
Each of the pipelines is enabled from subsequent pipeline
stage. The enable signal is obtained from the completion
detector (CD) of the subsequent pipeline stage before it is
inverted into second port of C-element of the previous
pipeline.  The on-chip communication consists of three
pipelines.

The first register pipeline buffers the input of dual rail data
and the CD detects the presence of dual rail data at the output
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(b) : 3-6to dual rail converter

of thefirst pipelines. This provides acknowledge signal to the
preceding pipeline. The second pipeline outputs the 3-6 code
from dual rail to 3-6 converter and the CD detects the
presence of 3-6 acknowledge signal. The acknowledge signal
is used to enable and disable the first pipeline. The third
pipeline outputs the dual rail data from 3-6 to dua rail
converter and allowing the acknowledge signal from CD that
detects the presence of dua rail
data
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The CD signa is used to enable and disable the second event of SEU hit to one of latch in the pipeline is discussed
pipeline. It isdesired to build the latch from pipeline by using  below
EDCD [10] latch and the effect of using EDCD latch in the

o ACK2 | 3.6 ——
CIE\) ACK3 | DR
! | N | le)
ST 0E mel omme s Smer | secwen| o Came | EL
§' §e2—>f ERRORPL1 ‘I, 3-6 Code > ERRORPL2 Dual Rail > ERRORPL3 Eé %
Pipeline1 D'R Pipeline2 Pipeline3
ACK1|_CD
Figure 3: Dual rail to 3-6 and back to dual rail conversion
Table 2: Interface of dual rail to 3-6 and back to dual rail conversion

Name Direction Description

ACKLT/ACK2/ACK3 I Acknowledge signal for the input data

Datg[7:0] I Input of dual rail data

el/e2 I Input of injected error

OUTCL/OUTC2/0UTC3 (0] Output of C-element for Pipeline

OUTPLL/OUTPL2/OUTPL3 (0] Output of the Pipeline

ERRORPL 1/JERRORPL 2/ERRORPL 3 0] Error detection for Pipeline

A[7:0]/B[7:0] I Input of adder

3-6CD (0] 3-6 code compl etion detector

DR CD (0] Dual rail code completion detector

EN I Enable port for pipeline

Table 3 provides the 3-6 code and the corresponding dual rail  Table 3: 3-6 code and the corresponding dual rail code
code. It consists of 16 symbols according to the equation

Encoding capacity =6!/[(6-3)!*3!] 3-6 code Dua Rail Code
Theproposed 3-6 CD isshown by Figure 4. The proposed CD 111000 10101010
is based on the number of ‘1’ bit presence in the code. The 101100 01101010
codes are arranged systematically according to the control 110100 10011010
group and body. For example, the 3-6 codeisbrokeninto 2-4 011100 01011010
code and dual rail code. Similarly, for 2-7 code, it is broken to 101010 10100110
1-3 code and 1-4 code. The half adder is proposed to be used 001110 01100110
in designing CD. The code is divided into three of two-bit. 110010 10010110
The XOR gate detects ‘01” or “10” bits. The AND gate detects 010110 01010110
‘11> bit. Suppose the 3-6 code is represented by 110001 10101001
XEXAX3X2X1X0, with X5 is the most significant bit (MSB) 101001 01101001
and X0 is the least significant bit (LSB). From Table 3, it is 010101 10011001
observed that the code can be broken into three parts as shown 001101 01011001
by Table 4. 100011 10100101
001011 01100101
010011 10010101
000111 01010101
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Figure4: Proposed 3-6 code detector

Table 4: Component of 3-6 Code
XX, XX, XX
00 00 00
01 01 01
10 10 10
11 11 Not present

For XgX, and X3X, the XOR and AND gates are used to
detect ‘01/10” and “11” bits respectively. For X;Xq bit ‘11 is
not present and therefore only X OR gate is necessary to detect
‘01/10° bit. There are five probabilities that 3-6 code are
detected and is shown by Table 5. For the case (a), one
three-input AND gate is needed to receive inputs from three
two-input XOR gate. For case (b), (c), (d) and (e) four
two-input of

inO;jD1

in1

in2 E.l ) >—CD
|n3§ﬁD

in4

in5 +C
in6

Figure 5: Proposed 2-7 code detector

AND gates are needed. In order to ensure delay insensitive
(DI) design, the AND gates are replaced with C-elements.
Thefull valid set of code is obtained by ORing the product of
code. Figure 5 and Figure 6 show the proposed 2-7 CD and
2-4 CD derived with similar method as before

Figure 6: Proposed 1-4 code detector

Table 5: Probabilities of 3-6 Code
A Xy A&y A1 Xq
@) 01 01 01
10 10 10
(b) 11 01 00
11 10 00
(©) 11 00 01
11 00 10
(d) 00 11 01
00 11 10
G 01 11 00
10 11 00

1. RESULT AND DISCUSSION

The system was designed by using Altera Quartus || CAD
tools in which the and implementation process is executed to
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check the syntax error of the design.
When the design is successful, the simulation process will
take place.
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The waveform simulation is shown by Figure 7. Error is
injected to Pipelinel. The four-bit dua rail input starts as
‘A9’ (10101001) and alternate with spacer. At time T1, no
error isinjected and the dual rail CD detects the presence of
the first valid symbol. An acknowledge signal (ACK1) is sent
to the preceding pipeline. The symbol is converted to 3-6
code by converter and a symbol ‘31’ appears at pipeline2. The
3-6 code is detected by CD and send an acknowledge signal
(ACK2) to Pipelinel causing Pipelinel to reset.

A valid 3-6 code is converted to dua rail symbol and a
symbol “A9” appears at the output of pipeline3. A valid dual
rail symbol is detected at the output of pipeline3 and send an
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acknowledge signal (ACK3) causing Pipeline? to reset. At
time T2, an error isinjected at the Pipelinel and causing the
MSB of data to change from 1-0. A new symbol appears at
Pipelinel as “29” (0010 1001) instead of “A9” (1010 1001).
Thisdatais not recognized by CD asavalid data and causing
no acknowledge signal (ACK1) is sent as shown by (a). The
corrupted signal propagates to the 3-6 converter and invalid
signal “39” (0101 1001) appears at the output of Pipeline2.
No acknowledge signal (ACK2) issent by 3-6 CD. The signal
propagates to Pipeline3 and a corrupted symbol “29” (0010
1001) appears at the output of Pipeline3 as shown by (b) with
no acknowledge signal (ACK3) issent asfor the previous case

1 @ -T2 T3
ACK1 L
ACK2 J Il //ﬂ/ m v | I
1 L
ACK3
36CD | [ \ﬂ l ) | |-
DRCD L
DATA i ] b i1] b ] i i1 I ] b ] 4
(b)
OUTPL1 —m )k X ] )}k yi) )j:( ] );( ] )k 1
OUTPL2 x o ] o X i i/ i \j i X o ] b4
OUTPL3 _m Wl A3 VK 0 ) AN I il 6 3 P

Figure7: Waveform simulation for fault free condition and error injection on dual rail latch that does not have error

correction capability

The error detection and correction for dual rail (EDCD) [10]
latches are used to demonstrate functionality of the latchesin
the event of SEU hit on the pipeline causing the data to be
corrupted. The waveform simulation is shown by Figure 8.
The four-bit dual rail input starts as ‘A9’ (10101001) and
alternate with spacer as in the previous case. At time T1, no
error isinjected and the dual rail CD detects the presence of
the first valid symbol. An acknowledge signal (ACK1) is sent
to the preceding pipeline. Error signal at Pipelinel
(ERRORPL1) is ‘0’ indicates no error is detected at Pipelinel.
The symbol is converted to 3-6 code by converter and a
symbol ‘31’ (0011 0001) appears at pipeline2. Error signal at
Pipeline2 (ERRORPL2) is ‘0’ indicates no error is detected at
Pipeline2. The 3-6 code is detected by CD and send an
acknowledge signal (ACK2) to Pipelinel causing Pipelinel to
reset. A valid 3-6 code is converted to dua rail symbol and a
symbol “A9” (1010 1001) appear at the output of Pipeline3.
Error signal at Pipeline3 (ERRORPL3) is ‘0’ indicates no
error is detected at Pipeline3.

A valid dual rail symbol is detected at the output of Pipeline3
and send an acknowledge (ACK3) signal causing Pipeline2 to
reset. At time T2, an error isinjected (a) at the Pipelinel and
causing the second MSB of datato change from 0-1.

A new symbol appears at output of C-element (OUTC1) as
“E9” (1110 1001) instead of “A9” (1010 1001) (e). This is an
example of 1-1 error. At this instance, error signal at
Pipelinel is produced (ERRORPL1) to indicate that error is
detected on Pipelinel (c).
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As a result of error is detected, the MUX is activated to
replace the corrupted values with the true value. The true
value of “A9” (1010 1001) appears at OUTPL1 (g). With the
correction mechanism in place, the dual rail CD is able to
detect the presence of valid dual rail and acknowledge signal
(ACKZ1) is sent to the preceding pipeline. The corrected dual
rail values are converted to 3-6 code and a symbol of “31”
(0011 0001) appears the output of pipeline2 (g).

The 3-6 CD recognize it as a valid data and sent an
acknowledge signal (ACK?2) to Pipelinel and causing it to
reset. No error signa is produced (ERRORPL?2) at Pipeline2
to indicate that no error is detected on Pipeline2. The datais
converted back to dual rail and a symbol of “A9” (1010 1001)
appears at the output of Pipeline3 (g). Similarly no error is
produced (ERRORPL3) at Pipeline3 to indicate that no error
is detected on Pipeline3.At time T3 an error isinjected (b) at
the Pipelinel and causing the MSB of data to change from
1-0. A new symbol appears at output of C-element (OUTC1)
as “29” (0010 1001) instead of “A9” (1010 1001) (f). This is
an example of 0-0 error. At this instance, error signa at
pipelinel is produced (ERRORPL1) to indicate that error is
detected on Pipelinel (d). Asaresult of error is detected, the
MUX isactivated to replace the corrupted values with the true
value. The data proceed to converters, and Pipeline2 and
Ppipeline3 with the same protocols as described above (h).
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Figure 8: Waveform simulation for fault free condition and error injection on EDCD latch

CONCLUSION

This paper has presented the design of completion detector
which is one of the most important component in the
asynchronous communication system. For this purpose,
Altera Quartus |1 software is used to obtain the waveform of
the simulation. The design is based on the number of ‘1’ s
presence in the design. We obtained the output of on-chip
communication by using EDCD latch which has been proven
to counter SEU error. This paper proposed new dua rail
completion detector (CD), 3-6 CD, 2-7 CD and 1-4 CD for
on-chip communication that are used widely in an
asynchronous communication system
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