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The F-PTM method of Reliability Estimation for Flip-Flops
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Abstract: The traditional method based on probabilistic transfer matrices (PTM) enables accurate evaluation of relia-
bility for moderately large combinational circuits,but it can only be applied to combinational circuits. Flip-flop is an impor-
tant component of sequential circuits, and its reliability estimation is essential for reliability analysis of sequential circuits.
Therefore,a general computational framework for reliability estimation of flip-flops based on PTM (F-PTM) and a decision
theorem of circuit’ s PTM are proposed. Firstly, a logical function of the flip-flop circuit is expressed;and then its PTM is
calculated by deduction employing the proposed decision theorem ;finally,the circuit’ s reliability is estimated by probability
distribution of its inputs. Compared with the traditional PTM method, the F-PTM method can calculate PTMs for both com-
binational circuits and flip-flop circuits. Experimental results of the classical flip-flop circuits and 74X series circuits show
that the F-PTM method is efficient and feasible. The comparison of our method with multiple-pass method and Monte Carlo

simulation also demonstrate that the reliability results estimated by the F-PTM method is more accurate.
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FEAR R-S P AF A% 1 7T 5 B R . R = I (Vi *
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K, ENJ-K il A, AT il e X0 K fih B g
TAHCL12;; DA R-S HARTT B &%, IR T R-S fih %
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RS 6 Fi i R A5 S IR TT R 2B B p 5 AT
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4.1 KIWHIESH

2 AT A 0 e i ] S R DA S 8 K dl ,
KA F B ) 8 2 i kAT, T
S AR [ 6 R T =M ik A A L s AT
BEIS, ATEE B ARG T DL

R2 PUFHEMMELRTREEITEIBEE

Aj 4E BE AR
L p=1le-6 p=le-5 p=le-4 p=1le-3 p=le-2 WKEL
D BifE 0. 9999985 0. 9999850 0. 9998500 0. 9985010 0. 9851000 1
YUY D il % 48 0. 9999970 0. 9999700 0. 9997000 0. 9970045 0. 9704460 1
FEM D fil k4R 0.9999970 0.9999700 0.9997001 0. 9970065 0. 9706440 1
74AHCT74 0. 9999970 0. 9999700 0. 9997000 0.9970045 0. 9704460 1
Vs JK fil % % 0. 6626467 0. 6249708 0. 6247001 0. 6220110 0. 5960788 53538
F M K filh & g8 0.7998491 0. 6255904 0. 6247001 0.6220110 0.5960788 1119
74HC112 0. 6626467 0.6249708 0. 6247001 0.6220110 0.5960788 53538
FEA RS BiAfERE 0. 9999900 0. 9999000 0. 9990024 0. 9902287 0. 9176052 135
IESHTE RS fil % 2% 0. 9999900 0. 9999000 0. 9990024 0. 9902287 0.9176052 135
F M RS fil k2% 0. 9980031 0. 9937066 0. 9803069 0.9396744 0.8251981 1119
7418279 0. 9999972 0.9999717 0.9997168 0.9971751 0.9724864 55

F2 FEL % 1) 3 M S 36 Kl T R DD BT AR i D
fioh 2 ] S JRE v T U] R B )5 O PSR L MR LI D
flah S g (¥ AT FE BEAH ], 32 N D T4AHCT4 y P AH
P S7 A TEIHT D fih R LR J-K b g 1 T i JRE A
%, Ui B H e 1 5 AR PR 538, IE Y J-KC fih A 4% A
TAHCL12 fynl g AR [A], R o 74HCT12 2 35 fiph 2 W

J-K fih %4 s OR-S W78 F0 R-S figh 5t 0 W] 58 BE &S it
7418279 & Hi PUASAHEL I ST, R-S HiAF Al i, AT
Q S5 MHEA R-S SR T BiLA- 4% T ) Q 1 Q A My il
Ui, PR T 7418279 HUIEAS R-S S AR TBIAT #e riL 3 14 W] 5
JEw. 25 B, D fih A R TS FE DT R AL T R-S fih &
AN J-K fol 2 2.
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070 12: MP J7 i 5280455 50 Monte Carlo /5 LA SER 25 SR
065 I AT T HH. SR ] Monte Carlo J5 kit RS HL IR
0'600 2().00 4060 60I00 SOIOO 10000 E‘Jﬁz"(ﬁy‘j 50000 /I\’%JEH F-PTM ﬁ{f*ﬂ MP ﬁff‘iggﬁﬁ‘f
BRKH A B REIA AL SEAL S 4 ZAREUE (e =61
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*3 ARAEEEGEAENIEERIER
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YF-PT™M Ymp YF-PT™ Ymp
D Bifies 0.0003 0.00037 0. 02999 0.03749 3. 15669 3.9329
TEHH D fil ko5 0.00015 0.00037 0.01497 0.03747 1.59879 3.90899
T D fih ko 0. 00008 0.00019 0.00973 0.02099 0.99746 2.12939
74AHC74 0.00015 0.00038 0.01498 0.03748 1.62642 3.93725
TEBHT JK fh % o5 0.00028 0.00028 0.02745 0.02817 2.61033 2.91229
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7418279 0.00017 0. 00029 0.01648 0.02898 1.73484 3.00802
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FMD il k4% 10.0050.058 103.684 [2.4812.544 5.426
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74HC112 0.336 0.089 129.847 |2.4882.564 5.428
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7418279 0.008 0.159 190.048 |2.4842.574 5.469
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