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THE ANALYSIS OF REDUNDANT TRANSISTOR NETWORKS
WITH DUPLICATION OF POWER SUPPLY IN TERMS OF RELIABILITY

Different designs with reservation of power supply are analyzed in this article. The developers of high reliable
computing systems often use n-of-m reservation technique to provide fault-tolerance in a digital circuit. It is
need three channels and special gate — voter (major) to traditional two-of-three reservation in most simple
design. Tolerance to failures in power supply, gates and wires can be provided using of this technique at the
same time triplication of voter should be used to provide tolerance to failures in voter. The authors proposed
using of reservation at transistor-level in combination with n-of-m reservation because it provides more
opportunities in optimization. At first, authors researched using of redundant gates in fault-tolerant computing
systems, then reservation at transistor-level of pull-up and pull-down networks. In this paper, influence of
power supply on a circuit reliability is analyzed and technique of reservation at transistor-level is improved.
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Introduction

The development of high reliable computing
systems is one of the most practical-oriented field of
computing science. It includes such fields as synthesis
of high reliable computing systems, analysis of high
reliable computing systems etc. In critical systems, high
reliability is reached using fault-tolerant (FT) structures
[1]. In contrast to just high reliable systems, fault-
tolerant systems designed to ignore failures of its
blocks. Therefore, it does not need time to
reconfiguration and can provide functionality without
stops [2]. Fault-tolerance often is provided as n-of-m
reservation (using of n-channels and special gate — voter
or major-gate) [3]. Previously Authors showed that
reservation of transistors (using redundant gates) better
in terms of reliability than n-of-m reservation of units or
gates [4-6]. For example, the redundant gates can be
demanded in radiation-tolerant digital devices for
aerospace or other critical fields [7-9]. One of the
previous purposes was to develop the solutions for
power supply reservation in redundant gates. The set of
solutions for reservation of power supply is proposed
and analyzed in this paper.

1. Reservation at CMOS transistor-level

Principles of reservation at CMOS transistor-level
will be described on the example of the gate that have
logic function (1) [10]:

P(NA,NB,NC) = NB-NCv NA - (NC v NB), (1)

This function provides tolerance to faults. The

reliability probability of this gate can be calculated (2)
using exponential model of time before failure
distribution:
PO _ e—10~7vt’ )
where A — failure rate;
t—time

To improve reliability by means of providing fault-
tolerance relative to failures of transistors the
reservation at transistor-level was proposed.

In this case, reservation is carried out as using of
functionally complete tolerant (FCT) functions (3) at
transistor-level, fig. 1 [11]:
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Fig. 1. Redundant major-gate schematic diagram
at transistor-level using FCT-function (3)
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Redundant major-gate (MG) have four time more
transistors 4*10=4, speed parameter - the path from
supply to output increases two time but it is normal for
fault-tolerant circuits and also keeps within restriction
on noise stability [12].

The logic function of redundant transistor network
(RTD) will be saved in case of fault:

fifi\/fi'lzfi’ 4)
fifi\/fi'ozfi’ (5)
ff, v f-fi=1f,i=1.3. (6)

The reliability probability of redundant major-gate
(P(t)am) will be equal to (7). Failure rate of transistors is
equal to A=107 in all calculations:

PO =[e™* +4-e7 (10 ()

At the same time, FCT-functions can be applied
not only to single transistors but also for a pull-up and a
pull-down transistor network. In this case, many faults
in one network is allowed.

Reliability probability of this redundant major-gate
P(t)ame is equal to (8):

POy =[e 72 +4- M (1M (®)

Let us compare all reliability probabilities (2), (7),
(8) with reliability probabilities of fault-tolerant circuits
designed with use of triplication (9) and triplication with
reservation of major-gate (10) to analyze it, fig.2:

Py = (3- 20Nt 5 3Oty (10t (g

P33 — (3 . 6_2‘( 10)-A-t 2. e_3.(10),)vt ) y

(10)

X (320Nt 5 310Nty

It can be seen that triplication P;(3*10+10=40
transistors) worse than circuit without redundancy P,
(10 transistors). The P;; better than initial circuit but
have  maxmimum  complexity  3*10+3*10=60
transistors. The best reliability probability have Pgy,
(10*4=40 transistors). The Pg,, and P;; are
approximately equal in time interval [0,4000] but
become worse than initial circuit in time interval
[5000,8000], fig. 3.

Redundancy at transistor-leve Pgy,(t) shows best
reliability. It happens because redundancy is used at the
lowest level of each single transistor. In fact it is a
lowest level of circuit design. Thus, as a hypothesis, the
further increasing of reliability can be achieved only by
using of new technologies for transistors. The price of

reliability is performance, energy consumption and
complexity. In [6] authors showed that transistor-level
reservation better than triplication from the point of
view of energy-consumption in spite of the fact that it
use more transistors in certain cases.
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Fig.2.The reliability probability comparison of MG
designed in different FT techniques
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Fig.3.The reliability probability comparison of MG
designed in different FT techniques

2. Reservation at CMOS transistor-level
with power supply duplication

Power supply can be reserved in n-of-m fault-
tolerant structures as each channel can have its own
source. Let us improve proposed technique of fault-
tolerant designing by adding possibilities of power
supply reservation.

Use of FCT-functions is replacement of a single
transistor by RTD. Each RTD have two inputs, it are
sources of CMOS transistors, and one output, it is
connected drains of CMOS transistors. Therefore, we
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can use redundant source of CMOS transistor to connect
redundant power supply, fig. 4.
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Fig. 4. Redundant MG schematic diagram
at transistor-level using FCT-function (3)
with duplication of power supply

This improvement allows providing tolerance to
failures in one power supply source. It does proposed
technique of fault-tolerant designing be equal to two-of-
three redundancy. Complexity of power supply will be
set to 100 A. Thus, reliability probability taking into
account reliability of power supply can be calculated as
(11), (12), (13) and (14):

PO =[e7 !+ e (1= x

K (1-(1=¢"100M1y2)

(11)

K (1-(1— 12002y

(12)

Py = (3. 2(110Mt oy BAIOMRL) A(1OVRL (13

P33 =(3- 6_2‘(1 10)-A-t 2. e_3.(1 10),)M) y

(14)

X (32102t o (3(110KAL

To analyze received reliability probability the
functions graphs should be presented, fig.5.

Correct operation cannot be guaranteed if failures
in transistors and power supply occurs in one time.
Thus, reduced redundant networks can be used to
provide tolerance to failures of power supply without
tolerance to failures of transistors. The complexity of
such solution is equal to 150% of initial circuit
complexity.

It use two pull-up networks and one pull-down
network because GND power supplies can be joint. The
correct work of this circuit was proved by simulation in
CAD NI MultiSim. This reservation will be better if
reliability of a power supply much worse in comparison
with reliability of logic circuit, fig. 6.
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Fig. 5. The reliability probability comparison of MG
designed in different FT techniques taking
into account reliability of power supply
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Fig. 6. The reliability probability comparison of MG
designed in different FT techniques taking
into account reliability of power supply

Duplication (15) of power supply not much worse
than reservation at transistor-level:

eI (1 (1= 10002

(15)

It happens because complexity of power supply
much more complexity of circuit. Let us reduce
complexity of power supply from 100 A to 10 A and see
how it will influence on reliability, fig. 7.
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Fig.7.The reliability probability comparison of MG
designed in different FT techniques taking
into account reliability of power supply

We can see that reservation at transistor-level still
much better than all other solutions. Circuit with power
source duplication better in terms of reliability than two-
of-three redundant circuit. Thus, in certain cases
reliability can be increased using only 50% increase
complexity. Let us see, is it possible to provide
tolerance to failures in power supply at the same time
with tolerance to failures in transistors?

Circuit can be protected from multiple stuck-at
faults with help of redundancy at transistor-level using
FCT-functions. In one case, it will be FCT-functions for
more variables but in another, it can be simple
duplication of transistor networks. It demands 800%
redundancy but it can be reduced using only one pull-
down network. In this case, the reliability probability
will become equal to (16), (17):

) (11— 100M [0t g (Bt (g htySi2y

(16)

)(1-(1— g1 20 [ 20ht g (IS At ([ Shtyp2y

(17)

Let see how it influence on reliability probability
of circuit. In figure 8, reliability probability of power
supply is equal to 10 A.

Conclusions

The designers of critical systems in which
reliability has to be guaranteed without using time to
repair (reconfiguration) can use only passively fault-
tolerant designing techniques. Nowadays, n-of-m
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reservation is most popular solution for such systems
but development of digital technologies allows using
new techniques. One of them it is use of redundant gates
with redundancy at transistor-level. Previously we
showed that use of redundant gates better than the deep
two-of-three reservation in reliability, complexity and in
certain cases performance but without taking into
account reliability of power supply. Advantages and
prospects of using redundant gates are shown in this
paper. Summing up results, we can say that reservation
at transistor-level it is a best alternative to traditional n-
of-m reservation in the view of fault-tolerant designing.

The development of digital technologies gives
interesting  opportunities; such  parameters  as
performance, energy-consumption, and reliability

become priority at the same time complexity stops being
such significant [13, 14]. Therefore, in future designers
of high-reliable computing systems will be able to use
gates that are more redundant. For example, fault-
tolerant structure with nine transistors.
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Fig.8.The reliability probability comparison of MG
designed in different FT techniques taking
into account reliability of power supply
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AHAJIN3 HAJIEXKHOCTH U3BBITOYHBIX TPAH3UCTOPHBIX CETEM
C IYBJIMPOBAHUEM NCTOYHUKA IIUTAHUSA

A. H. Kamenckux, C. ®@. Tropun

B crarthe aHATH3UPYIOTCS PAa3IUYHBIE MPOEKTH OTKA30YCTOMYMBLIX MPOEKTOB ¢ PE3EPBUPOBAHUEM HCTOYHUKA
nuTaHus. Pa3paboTYMKKM BBICOKOHAAESKHBIX BBIYMCIMTEIBHBIX CHCTEM YAaCTO HCIMOIB3YIOT MAasKOPUTaApHOE
pe3epBUpOBaHKE I OOECIIEUEHHsT OTKa30yCTOMYMBOCTH B HU(PPOBHIX cxemax. OHO TpeOyeT TpW KaHaua H
Ma)KOPUTAPHBIN 3JIEMEHT B KJIACCHYECKOM TPEXKaHAILHOM PE3EPBUPOBAHMHU, KOTOPOE 0OECIIEUNBACT YCTOUUUBOCTD
K OTKa3aM B HCTOYHMKE IIMTAHUA, JIOTMYECKHUX DJIEMEHTAaX CXeMbl M coeduHeHusax. OIHaKo, HEOOXOIUMO
PE3epPBUPOBATH MAKOPUTAPHBIE SIIEMEHTHI, YTOOBI 00ECIIEUNTH MTOIHYIO OTKa30yCTONYHUBOCTD. ABTOPHI IPEIAraloT
HCIIOJIb30BAHKUE PE3CPBUPOBAHMS Ha TPAH3UCTOPHOM YPOBHE B KOMOWHAIIMHM C Ma)KOPUTAPHBIM PE3CPBUPOBAHKEM,
YTO IO3BOJSIET JIydllle ONTHMH3MPOBATh IOJIy4aeMble CXEMBl. B Hauaie, OBbLIO HCCIEIOBAHO NPUMEHEHHE
9JIEMEHTOB C HM30BITOYHBIM 0A3MCOM B BBICOKOHAIEKHBIX BBIYUCIMTEILHBIX CHCTEMAaX, 3aT€M Pe3epPBHPOBAHHE
TPaH3UCTOPHBIX ceTel. B 3To# cTaThu McCenyeTcs BIMAHIE HCTOYHNKA ITMTAHUS HA HAJEKHOCTh BBIYUCIUTEIbHON
CHCTEMBI U CITOCOOBI pE3EPBUPOBAHMS UCTOYHHKA IIUTAHUS B H30BITOUHBIX TPAH3UCTOPHBIX CTPYKTYpax.

KawueBble cj0Ba: HaISKHOCTh, OTKAa30yCTOMYMBOCTb, PE3EPBUPOBAHME HA TPAH3UCTOPHOM YPOBHE,
HUCTOYHHUK IIUTAHUS, TPOUPOBAHUE, MAaXKOPUTAPHOE PE3EPBHPOBAHME, JIOTHYECKHE DIIEMEHTHI C H30OBITOUHBIM
GasucoMm.

AHAJII3 HAJIIHHOCTI HAJUIMIIIKOBUX TPAH3UCTOPHUX MEPEXK
3 AYBJIIOBAHHSAM J/KEPEJIA )KUBJIEHHSA

A. M. Kamencokux, C. @. Tiopin

VY craTTi aHaJi3yrOThCS Pi3HI NMPOEKTH BiJIMOBOCTIHKHMX TPOEKTIB 3 pPE3CpBYBAHHSAM JDKEpENa KHUBJICHHS.
Po3poOHNKY BUCOKOHAMIHHUX OOYHCITIOBAIFHUX CHCTEM YacTO BUKOPHUCTOBYIOTh Ma)KOPHTapHE Pe3epBYBaHHS IS
3a0e3MeueHHs] BiIMOBOCTIMKOCTI B HU(pOBUX cxeMax. BoHO morpebye Tpu KaHaj W 1 Ma)KOPUTApHHUH €JIEMEHT B
KJIACHYHOMY TPHOXKAaHAJILHOMY pe3epBYBaHHs, sike 3a0e3ledye CTIHKICTh OO BIIMOB B JDKEpesi >KUBJICHHS,
JIOTIYHUX eJIEMEHTax cxeMH 1 3'eqHanHHsX. OnHak, HEOOXiTHO pE3epBYBATH MAa)KOPHTapHI EJIEMEHTH, 00
3a0e3Me4nTH MOBHY BiIMOBOCTIHKICTh. ABTOPHU MPOIOHYIOTH BUKOPHCTOBYBATH PE3EPBYBAaHHS HA TPAaH3UCTOPHOMY
piBHI B KOMOIHAIl 3 Ma)KOPUTAPHUM pE3epPBYBAHHSM, IO JIO3BOJISIE Kpallle ONTHMI3yBaTH OJiepKyBaHi cxemMu. Ha
MoYaTKy, OyJIO JOCITIIXKEHO 3aCTOCYBaHHS CIEMEHTIB 3 HaJAMIpHUM 0a3uCOM B BHCOKOHAIHHUX OOYHCIIOBAIBHUX
cHCTeMax, MOTIM pe3epBYBaHHS TPAH3UCTOPHUX Mepex. Y Ll CTaTTi JOCTIDKYETHCS BIUIMB JPKEpelia )KUBJICHHS Ha
HaJiHHICTh OOYMCIIOBAJIBHOI CHCTEMH 1 CHOCOOM pE3epBYBaHHS JDKEpeda JKHBICHHS B HAJUIMIIKOBHX
TPaH3UCTOPHUX CTPYKTYpax.

Karwu4oBi ciioBa: HaniiiHiCTh, BIIMOBOCTIHKICTb, pe3epBYBaHHS Ha TpPaH3UCTOPHOMY pIiBHi, JPKEpENo
JKMBJICHHSI, TPOIOBAHHSI, Ma)KOPUTAPHE Pe3epBYBAHHS, JIOTIYHI €IEMEHTH 3 HaIMipHUM 0a3HCcOM.
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