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SYNTESIS AND ANALYSIS OF SELF-TIMED FUNCTIONALLY COMPLETE
TOLERANT ELEMENT

The paper proposes a complete self-timed functional tolerance element - ST FCT. It’s described results of the
functional simulation, verification of semi-modular, as well as an example of the synthesis of self-timed circuits
in CAD MultiSim and comparison of performance at different supply voltages. Application of the proposed ele-
ment allows the synthesis of self-timed circuits in a redundant fault-tolerant basis preserving functional com-
pleteness in terms of failures, enables the automatic synthesis of custom self-timed combinational circuits,
which could remain operational state at reduced voltage.
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Introduction

Modern digital electronics faced again with the
problem of reduce energy consumption when saving
performance. It is impossible indefinitely increase the
battery capacity for high-power processors, such as
smart phones. One solution is to implement self-timed
approach that can significantly reduce the energy con-
sumption with a similar, and sometimes, with better
performance.

Created by Handshake Solutions self-timed core
when saving performance provides 3 times less energy.
Company Achronix also developed a self-timed FPGA-
chip, clocked at up to 1.5 GHz and superior in perform-
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ance of existing FPGA from Altera and Xilinix [1]. The
developed technique self-timed pipelined scheme [2],
due to its redundancy, is not suitable for creating arbi-
trary combination schemes. Basis of self-timed circuits
in need of development, and there is no method of
automated synthesis of self-timed circuits.

In this study will be presented with a new basic
item self-timed circuits - strictly self-timed functional
complete tolerance element.

1. Synthesis of functional circuit

Let us divide a self-timed functionally complete
tolerant element to the functional blocks (fig. 1, table 1):
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Fig. 1. Functional scheme of the ST FCT element
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Table 1
Truth table of ST FCT element
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1. Main channel — consist from FCT-element,

provides the function f =x;X; vX3Xy4 .

2. Additional channel — consist from FCT2-
element, f =x;X, v X3X4 .

3. Indicator: captures the state NULL output.

4. Input indicator: captures NULL state at the in-
put.

5. C-elements, they combine outputs of indicators
to form a common signal.

6. Spacer block: sets element in state NULL.

2. Synthesis of schematic electrical diagram

The first block is shown on fig. 2, the main data
path, a FCT-element

f=xXXy VX3Xy .

It is implemented with 8 CMOS transistors, four of
each type. 1,2,3,4 - inputs of element, 5 - Power Bus,
6 — zero bus, 7 - output [3].

The second block is shown on fig. 3, the additional
data channel, inverse FCT element

f=xX, VX3Xy4 .

As well as the D01 sold eight CMOS transistors,
four of each type. 1,2,3,4 - inputs, 5 - Power Bus, 6 -
bus zero, 7 - exit. Here, the first line of transistors per-
forms the conjunction of inputs, the second line —
2NOR-gate.

The third block is shown on fig. 4, the indicator
combines output nodes D01, D02. The block imple-

ments the function I=f; Af,, and based on four

CMOS transistors, two of each type. 1.2 - inputs of the
element, 3 - Power Bus, 4,5 - bus zero, 6 - output.
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Fig. 2. Circuit diagram ofFCT-element
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Fig. 4. Circuit diagram of indicator 2NAND
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The fourth block is shown on fig. 5, indication unit
of input variable, contains four 2NOR elements. Block
specifies the end of NULL phase for each variable sepa-
rately I, =x,vx,,4 I=1 - NULL phase I=0-
working phase.

1 - Bus zero. 5.9 - Power Bus.

2.6 - inputs, 14 output of the third element.

3.4 - input, 12 output of the first element.

7.11 - input, 13 output of the second element.

8.10 - inputs, 15 output of the fourth element.
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Fig. 5. Circuit diagram of indication unit
of input variable

The fifth block, two G-flip-flops also called
Mullers C-gate. Hysteresis triggers with two entrances

and four. 1, 2 - inputs, 3 - output, 4-bus power supply,
5 - bus zero for the first. 1,2,3,4 — Inputs, 5 —bus power
supply, 6 — bus zero, 7-output for second. The first ele-
ment is formed a 12 CMOS transistors. The second
element consist 24 CMOS transistors. The outputs of
D04 are connected to the inputs of the D0OS. Outputs of
D05 and D03 are connected to D06. The output of D06
is an indicator end of the transition process for the ele-
ment (table 2, fig. 6, 7).

Table 2
Truth table of G-flip-flop
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Fig. 6. Circuit diagram of G-flip-flop
with two entrances
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Fig. 7. Circuit diagram of G-flip-flop with four entrances
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The fifth block, the block spacer consists of eight After verification semi-modularity we can analyze
elements 2AND CMOS logic. The first input of each  the functional parameters. Functional properties will be
element is connected to a variable or inverse variable. analyzed in NI MultiSim. Transistors selected for imple-
The second input is connected to the signal request, or, mentation: P-channel enhancement mode vertical D-

for a self-timed mode, to output D0S. MOS transistor 0.25A, 60V, 7.5 W, N - Channel Mode
increase vertical DMOS FET 0.2A, 60V, 5 ohms. Self-
3. Analysis of the ST FCT element timed circuits have two delays: delay of getting DATA

and delay of getting NULL. The sum of these delays

Initially analyzed semi-modular property, it uses  gives us a complex delay circuit. It should be noted that

the subsystem Tranal, CAD Forcage. For the analysis of  the self-timed circuits has not the highest possible speed,

the scheme it must be represented as a model of Muller.  in addition to the delay switching transistors it has delay

For the initial state in the Muller model is chosen state  of indicator unit. First, get a delay in normal conditions,
NULL [4] (fig. 8). with a supply voltage of 5V (fig. 9).
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CIRCUIT Name: G:\FORCAGE\SSFPT1.CIR
NliThe number of the analyzed STATES: 794 LAYERS:
Analysis TIME:
The Circuit PﬂRﬂLLELISM Degree: 5
The Circuit is SEMIMODULAR
The Circuit PARAMETERS:
In the OPERATIONAL CYCLE: STATES - 542 hngRS -
1 _

LAYER LENGTH in the cycle: MIN

Fig. 8. Analysis of semi-modular
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Fig. 9. Timing diagram element at a supply voltage of 5V

Then, test the functionality of the circuit when the Timing diagrams are obtained with an oscillo-
voltage drops. If the voltage drops below 2.6 V transis-  scope. Upper pulse - output f2 (inverted channel), lower
tors stop switch. The lower voltage threshold is set at  pulse - signal indicator. In self-timed mode, period of
3B, which is 40% lower (fig. 10). indicator is equal a delay of circuit. According to the
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scope for this type of transistor, the time delay was 350
ns for 5V and 1.639 us at 3V. Thus, when supply volt-

age is reduced 40% the delay will be increased 4.7
times.

Ocunanorpag-X5C1

LN (1]

(i (add)(Bia](aB) [ac)(0 Jiecd

Bpema KaHan_A Kanan_B
g Gl 2,605 us 2,985 ¥ 3.000 ¥
C:) 4244us  -575.863m¥  3.000V
T2T1 1.639us -3.561V 211,285 LV
BrewHsA
PazsepTka Kaxan A Kanan B CHHXpOHMZaLMA
lWkana 1us/Div Wkana 3 V/Div Wkana 5 V/Div Zanyex (@[] ELEJ BHeL
zafepwra X 0 meweHwe Y -2 eweHwe Y 1 ¥poBeHs 07 v

@ [ac)lo)@al-] © ™ [oan]Hopn](Aero] (Her].

Fig. 10. Timing diagram element at a supply voltage of 3V

Now compare the complexity of ST XOR circuits
realize by princip of conveyor scheme and our block.
Calculation of complexity ST FCT-element:

e The main channel (FPT-element) - 8 CMOS
transistors

e Additional channel (FPT2 element) - 8 CMOS
transistors

e The output indicator (2NAND, with subsequent
inversion) - 6 CMOS transistors

e The input indicator (4 items 2NOR) - 4 * 4 =
16 CMOS transistors

e Block spacer (8 items 2I) - 8 * 2 =16 CMOS
transistors

e 2 trigger hysteresis - 12 + 24 = 36 CMOS tran-
sistors

The total complexity of the scheme

22 +16 +16 +36 = 90 transistors.

Quite a lot, but the element contains all the neces-
sary components to build self-timed circuits.

Consider the implementation of combinational
functions FPT element on the princip of conveyor
scheme, all units will also be built in CMOS transistors:

e Main Channel - 8 transistors

e Additional channel - 8 transistors

e Indicator - 2 transistors

e Register at the entrance - 8 G-Trigger, 8 * 12 =
96 transistors

e Register at the output - 2 G-flip-flops, 2 * 12 =
24 transistors

The final complexity of the scheme — 18+ 96+24 =
138 transistors. Conveyor schemes are not designed for
a realization of combinational functions, as well as re-
quire a good knowledge of the engineer in the field of
self-timed circuits.

The use of the SS FPT element as a basis, allows
us to build combinational circuits using standard meth-
ods with only two differences:

1. Inverse variables must be connected;

2. Necessary to ensure the transmission of control
signals.

The rest of the process of creating schemes will

not be anything different.

Conclusion

Thus, it is proposed a basis to create self-timed
circuits, which provide lower power consumption and
better performance. This basis can win in difficulty of
implementation, and also simplifies the process of de-
sign self-timed circuits, allowing to it automate. In the
future we plan to adapt the algorithm of synthesis in
FCT-basis for self-timed circuits. To ensure the best
performance self-timed circuits, necessary to reduce the
redundancy entered by unit of indicating and spacer.
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PeuenseHnT: a-p TexH. HayK, mpod. kad. KOMIBIOTEPHBIX cucTeM U cereii B.B. Ckisap, HarmoHamsHbIH a3pokocMu-
yeckuil ynusepcuter uM. H.E. XKykosckoro «XAWN», XappkoB, YkpauHa.

CHUHTE3 I AHAJII3 CYBOPO CAMOCIHXPOHHOI'O
OYHKIIOHAJIBHO-ITOBHOI'O TOJIEPAHTHOT O EJIEMEHTY

A.M. Kamencokux, I.C. Ilonypoecvkuii, C.@. Twopin

VY cTarTi NpONOHYETHCS CAMOCIHXPOHHUHN (DYHKIIIOHABHO-TTOBHUH TodepaHTHUH enemeHT — CC OIIT. Onu-
caHO Horo (yHKIiOHaJbHE MOJEITIOBAHHS, MEpEeBipKa MOIYMOAYJSAPHOCTI 1 MOPIBHSHHSA NMPOAYKTUBHOCTI NPHU
PI3HUX Hampyrax >KUBJICHHS, a TAKOXX HaBEIEHO INMPHKIIAJ CHHTe3y caMociHXpoHHOi cxemu B CAIIP MultiSim.
3acrocyBaHHs 3allPOIOHOBAHOI'O €IEMEHTa J03BOJISIE CHHTE3yBaTH CAMOCIHXPOHHI BiJIMOBOCTIHKI CXeMHU B Hal-
MipHOMY 0a3uci, sikuii 30epirae QyHKIIOHAILHY IIOBHOTY B YMOBaX BiJMOB, 3a0€31€Uy€E MOXKIIUBICTh aBTOMATHY-
HOT'O CHHTE3y HECTaHIapTHUX KOMOIHAIIHHUX CAMOCIHXPOHHUX CXeM, IO 30epiraioTh Mnpane3 aTHIiCTh P 3HU-
JKEHIW Harpy3i )KUBJICHHSL.

Karo4oBi ciioBa: caMOCIHXpOHHI CXEMH, 3HIKEHA HANpyra >KUBJICHHS, ()YHKIi OHAIbHO-TIOBHHUH TOJIEPaHTHHI
enement, CAIIP, HanmiBMOYIISIPHICTB.

CUHTE3 U AHAJIN3 CTPOI'O CAMOCHHXPOHHOI'O
OYHKIINOHAJIBHO-ITOJIHOI'O TOJIEPAHTHOT' O 2JIEMEHTA

A.H. Kamenckux, H.C. Ilonypoeckuii, C.d. Tropun

B crarbe npemaraercs caMOCHHXPOHHBIH (hYHKIIMOHAIBHO-TIONHBIA TosepaHTHBIH d5emeHT — CC OIIT. Onu-
CaHo ero (QyHKIMOHAIFHOE MOJIEIMPOBAaHHE, TPOBOMUTCS MPOBEPKA MOJTYMOAYJISIPHOCTH M CPaBHEHHs OBICTPOJIEH-
CTBUSI IIPU Pa3iIMYHBIX HANpPSDKEHHUSIX NMUTaHMA, a TaK XKe MPUBENEH NpUMEp CHHTE3a CAMOCHHXPOHHON CXEMBI B
CAIIP MultiSim. IIpuMeHeHre NpeaIoKeHHOTO0 3JEeMEHTa MO3BOJSIET CHHTE3UPOBATh CAMOCHHXPOHHBIE OTKa30-
YCTOHYMBBIE CXEMBI B U30BITOYHOM 0a3uce, COXpaHsIoleM (yHKIIMOHAIBHYIO IOJHOTY B YCIIOBHSIX OTKa30B, o0ec-
MeYMBAaeT BO3MOXKHOCTh aBTOMATHYECKOI'O CHHTE3a HECTaHIAPTHBIX KOMOHMHAIIMOHHBIX CaMOCHUHXPOHHBIX CXEM,
COXPaHSIOMUX PadOTOCIIOCOOHOCTh MPH TTOHWYKEHHOM HATPSDKEHUH TUTAHUSL.

KaroueBbie ciioBa: cCaMOCHHXPOHHBIE CXEMBI, TOHIKEHHOE HAINpsHKEHUE NMUTAHUS, (YHKINOHAIBHO-TTOIHBIH
TonepaHTHbIH 31eMeHT, CAIIP, monymMoxynspHOCTb.
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