ECE 510 Lecture 3
Functions

Reliability Functions, T&T 2.1-6,9
Distributions, T&T 3.1-4, 4.1-4,5.1-3



Reliability Functions
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Reliability Functions
Functions of time . H(t)= _[t h(t') dt’
— CDF(x) > F(t) 1
Survival function S(t) = 1-F(t)

PDF(x) = f(t)
; (t): fraction of ORIGINAL population that fails in dt
dt
_dF(t) _ ds(t) 0

dt dt

Hazard function h(t)
h(t): fraction of CURRENT population that fails in dt
dt
_f(t) ds(t) 1 dIns()

os(t)  dtos(t) ot

Cum hazard function
H(t)= [ h(t)dt

S(t)=exp[- H(t)]
F(0)=1-expl- H ) :
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Exercise 3.1a

e Calculate H(t), S(t), and F(t) for the given human mortality data, and plot
h(t), S(t), and F(t). The data is given as h(t) for each age, that is, the
probability of a living person dying at the given age. Use a sum to
approximate the integral for H(t).
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Exercise 3.1a Solution, Part 1

I OFFSET » (0 % & f| =sum(cse:clo)
4| A B C 0 E E
1 Exercise 3 — Hazard Function for Hu "
2 Calculate H. 5. and F. {For H. use a sum to approxj H (t) :I h(t) dt
3 0
IMartality . . . S(t) = exp[— H (t)]
rate Cumulatiy Cumulative ative
(hazard haza fail F(t):]_—e)(p[— H (t)]
4 function)  func funtﬁ'ﬂn/_-
5 Age hit Hit) S(t) Fit)
B 1 0.00706] 000706 09929649 00070341
7 2| 0.00053] 000759 09924387 00075613
G 3| 0.00036] 000795 09920815 00079185
g 4 000027 000822 09918137 00081863
10 6l 0.000221256:C10) 1 09915955 0.0034045
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Human Mortality Graphs
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Reliability Indicators

t, MTTF

 Mean time to failure (MTTF)
0 N o0
MTTF = [t f(t)dt:iZtN = [ s(t)dt
0 N =1 0

* Median time to failure (t.,) is the solution of

S(t;,)=0.5

— Time at which half of the initial population fails
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Exercise 3.1b

* Find the mean and median times to failure for the human mortality data
set from the last exercise

14 Jan 2013 ECE 510 S.C.Johnson, C.G.Shirley



Exercise 3.1b Solution

Human Mortality S(t) and F(t) Functions

0.8
0.8
a.7
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0.4
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0.2
0.1

—

—Fit]

Cumulatives or F function

40 60 1040
Ape (years)

MTTF=76.4 t.,~80

 Sum S(t) to get MTTF
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« DPM = Defects Per Million

14 Jan 2013
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Reliability Measures: DPM

* Metric designed for low fail rates

Typical target

/ at end of life

Typical target

/ at t=0

Typical range for
semiconductor
reliability
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Reliability Measures: FIT

FIT = Failures In Time
FIT is a fail rate, fails per billion device hours
— FIT = DPM per 1,000 hours

DPM is a fail total, fails per million total devices
— DPM = FIT * hours / 1,000

200 FIT for 1,000 hours = 200 DPM
200 FIT for 10,000 hours = 2,000 DPM

200

FIT

time
(hours)

0 1,000 10,000
1 year
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Reliability Indicators: AFR

* AFR, Average Fail Rate

AFR(LL)— A9t ) HE) ns)-ns(,)

tz _tl tz _tl tz _tl

— If tin hours, units are fail fraction per hour
— Multiply by 10° for units of FIT
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Exercise 3.1c

Plot the hazard function in FIT

2. Find the AFR (in FIT) for:
— The 10-year range from ages 6 to 15
— The 10-year range from ages 71 to 80
— The 10-year range from ages 91 to 100
— The entire 100-year range from ages 1 to 100
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Exercise 3.1c Solution

Mortality rate (FIT)

130

Human Mortality Rate (in FIT)
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Age Range |AFR (FIT) |

G-15 22
71-30 4311
91-100 24 116
1-100 4. 270
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The Bathtub Curve

ol &
=1 B
nd
8
=
Ko Constant
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Tte--ol=zIl External
— » Use Time
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<1lyear

e|nfant Mortality (IM) from latent reliability defects
e\Wearout from reliability mechs like oxide wearout

e Constant from external effects like radiation

eMany versions of this graph —it is a very important concept
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The End
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