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IEC TR 62380 FIT Rate Analysis for Integrated Circuit

General formula for IEC TR 62380 IC failure rate can be modeled as sum of
the die related failure rate and the package related failure rate where

* Die related failure rate formula includes terms for IC type and IC
technology, transistor count, thermal mission profile, junction
temperature, operating and non-operating lifetime.

° Package related failure rate formula includes terms for
mechanical stress due to thermal expansions, thermal cycles, thermal
mission profile, package type and package materials.

o EOS failure rate formula includes terms for external interface and
electrical environment.
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Figure 1: TR 62380 Integrated Circuit Failure Rate Model Equation
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NECESSARY INFORMATION:

(tae)i  : average outside ambient temperature surrounding the equipment, during the i phase of the mission profile.

(ts)i  : average ambient temperature of the printed circuit board (PCB) near the components, where the temperature gradient is cancelled.
Ay : per transistor base failure rate of the integrated circuit family. See Table 16.

Aa : failure rate related to the technology mastering of the integrated circuit. See Table 16.

N . number of transistors of the integrated circuit.

a

: [(vear of manufacturing) — 1998].

(ﬂ', )‘. : i" temperature factor related to the i junction temperature of the integrated circuit mission profile.

7] : i working time ratio of the integrated circuit for the i junction temperature of the mission profile.
Y
) : total working time ratio of the integrated circuit. With: 7,, = Z T;
i=1
T * time ratio for the integrated circuit being in storage (or dormant). With 7, + 7, =1
T

i : influence factor related to the thermal expansion coefficients difference, between the mounting substrate and the

package material.
(z,)

w it i influence factor related to the annual cycles number of thermal variations seen by the package, with the amplitude AT;
thermal amplitude variation of the mission profile,

: base failure rate of the integrated circuit package. See Table 17a and 17b

: influence factor related to the use of the integrated circuit (interface or not).

Apos : failure rate related to the electrical overstress in the considered application..

Figure 2: TR 62380 Interated Circuit Failure Rate Model Terms
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Scaling IEC TR 62380 Die Fit for different mission profiles

Technology & Transistor information Temperatures, durations , Ton and Toff Delta Tja unchanged for mission profile
unchanged for different mission profile change for different mission profiles. Temperature factor pie_t unchanged for mission profile

For mission profile 1:
Lambda die 1 = Tech info x mission profile 1

(ﬁf ); XTj
_ " For mission profile 2:
{’:"1 x N x (3_0'3 xa An }x i=l Lambda die 2 = Tech info x mission profile 2

Ton T Coff

Tech info is independent of the mission profile
~ ' : If you know Lambda die 1 for mission profile 1

die

The Lambda die 2 can be solved by substitution

Lambda die 2 = Lambda die 1 * mission profile 2
mission profile 1
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Scaling IEC TR 62380 Die Fit for different mission profiles

Example: Lambda die fit of 3.5 FIT for Motor Control profile

to be scaled to Passenger Compartment profile

Assume a HV BICMOS technology A=4640 and Delta Tj of 15 deg C

Technological structure

Temperature factor 7T,

MOS
BiCMOS (low voltage)

[ l
A ———
| 328 27341,

e
A=3480 ; (Ea=0.3 eV)

Bipolar
BiCMOS (high voltage)

: 1 | ‘
328 27344, )

& !
A=4640 ; (Ea=0.4 eV)

Mission profile Temp. 1 Temp. 2 Temp. 3 Ratios
phases on/off
Application types ((tac)r |7, ta)2 |7, (tacds [z Ton  |Topr
"C c "C
Motor control 32 0.02 |60 0.01 |85 0.02 |0.05 |0.94
0 5 3 8 2
Passenger 27 0.00 |30 0.04 |85 0.00 |0.05 |0.94
compartment 6 6 6 8 2

Motor Control

Tj1l = 32C +15C =47C
Tj2 = 60C +15C =75C
Tj3 = 85C +15C =100C

Delta Tj = Power * ThetaJa = 90mW * 171 C/W = 15deg C

pie_t1= e~ 4640 (1/328 — 1/(273+ 47))) = 0.702
pie_t 2= e’ 4640 (1/328 — 1/(273+ 75))) = 2.254
pie_t3= e"( 4640 (1/328 — 1/(273+ 100))) = 5.510

\

See datasheet

3.5 die FIT = (tech info) * ((0.02*0.702 + 0.015 * 2.254 + 0.023 * 5.510) / (0.94 + 0.058) ) ; 3.5 die FIT = (tech info) * 0.1746

Passenger Compartment
Tj1 = 27C + 15C =42C
Tj2 = 30C + 15C = 45C
Tj3 = 85C + 15C =100C

pie_t1= e’ 4640 (1/328 — 1/(273+ 42))) = 0.5577
pie_t 2= e”( 4640 (1/328 — 1/(273+ 45))) = 0.6409
pie_t 3= e’ 4640 (1/328 — 1/(273+ 100))) = 5.510

See FIT rate report assumptions

Pass Comp die FIT = (tech info) * ( (0.006*0.5577 + 0.046 * 0.6409 + 0.006 * 5.510) / (0.94 + 0.058) ) ; Pass Comp die FIT = (tech info) * 0.0659

Pass Comp die FIT = 3.5FIT *(0.0659 /0.1746);

Passenger Compartment profile die FIT = 1.4 FIT
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Scaling IEC TR 62380 Package Fit for different mission profiles

The thermal expansion factor pie_alpha and
the package factor fail rate lambda 3
unchanged for different mission profile

Temp Cycle Factors Delta Tja unchanged for mission profile
change for different mission profiles.

For mission profile 1:
Lambda package 1 = Package info x mission profile 1

42.75x107 X Ty X (;r”]j. X(AT- ]0‘68 X As For mission profile 2:
Lambda package 2 = Package info x mission profile 2

Apackage _ Package info is independent of the mission profile
If you know Lambda 1 and mission profile 1

The Lambda 2 can be solved by substitution

Lambda 2 = Lambda 1 * mission profile 2
mission profile 1
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Scaling IEC TR 62380 Package Fit for different mission profiles

Example: Lambda package fit of 1.9 FIT for Motor Control profile
to be scaled to Passenger Compartment profile

Assume world wide climate t ae and day/night delta_t. Assume Delta Tj of 15 deg C

Mathematical expression n; < 8760 (J‘I ) = p076 Mission profile| 2 night starts 4 day light Non used
of the Cveles/vear KAd phases starts vehicle
. - 87 Yy _ 0.60 _
Influence factor (JT” ){. '?f 8 ‘60 (fr” )[- =1.7xn;"" A pplication types|; AT, o AT- - ATa
Cvcles/vear 1 1 2z P 3 3
n; : Annual number of cycles with the amplitude AT, byclest FCioycle Lycles/ FCieycle Lycles Creycle
For an on/off phase

AT: = T‘ + {lm.' ];

AT; year lyear hyear
- E.{m: }:

Motor control  |670 | a1 ,ge | 1340 | a1 45 |30 10
3 3

For a permanent working AT, =average per cycle of the (t..)
phase, storage or dormant \-‘alrialimn. dumring the i phase of the Passenger 670 ATj 4ag 1340 | a1 +20 30 10
mission profile. compartment 3 3
Motor Control Delta Tj = Power * ThetaJa = 90mW * 171 C/W = 15deg C
dT1l = 15C/3 +55C =60C pie_nl= 670"0.76 = 140.5
dT2 = 15C /3+45C =50C pie_n2= 134070.76 = 238.0 / \
dT3 = 10C pie_n3= 30"0.76 = 13.3

See FIT rate report assumptions See datasheet

1.9 package FIT = (Package info) * ( (60"0.68 * 140.5) + (50"0.68 * 238.0) + (1070.68 * 13.3) ); 1.9 package FIT = (Package info) * 5741.6

Passenger Compartment

dT1l = 15C/3 + 30C =35C pie_nl= 670"0.76 = 140.5
dT2 = 15C /3+20C =25C pie_n2= 134070.76 = 238.0
dT3 = 10C pie_n3= 30"0.76 = 13.3

Pass Comp package FIT = (package info) * ((35"0.68 * 140.5) + (3570.68 * 238.0) + (10"0.68 * 13.3) ); Pass Comp package FIT = (Package info) * 3764.5

Pass Comp package FIT = 1.9 FIT *(3764.5/5741.6); Passenger Compartment profile package FIT = 1.3 FIT
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IMPORTANT NOTICE FOR TI SAFETY DOCUMENTATION

Texas Instruments Incorporated ("TI") safety documentation is solely intended to assist designers (“Designers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Designer understands and agrees that Designer remains
responsible for using its independent analysis, evaluation and judgment in designing Designer’s systems and products.

THIS INFORMATION IS PROVIDED “AS IS.” Tl parts are specifically designed and manufactured to be used within the electrical, thermal,
mechanical and other parameters set forth in TI's product data sheets. Quality and reliability data, including safety-related information, provided
by TI, including MTBF and fit rate data, is intended to facilitate an estimate of the part’s performance to spec, based solely on historical
observations of the part. It should not be read as indicating that any performance levels reflected in such data can be met if the part is operated
outside appropriate conditions or outside the conditions described. Also, the accuracy of any projection is subject to many factors outside Tl's
control or knowledge; so users should carefully assess predictive value in light of additional factors as appropriate. This information could change
without notice. TI's datasheet is the definitive document. TI makes no warranties and assumes no liability for applications assistance or customer
product design. Customers are solely responsible to conduct sufficient engineering and additional qualification testing to determine whether a
candidate device is suitable for use in their applications. Use of Tl products outside limits stated in TI’s published datasheet is entirely at the
customer’s risk, and will void the warranty if such misuse causes the part not to work.

THIS INFORMATION RELATING TO QUALITY AND RELIABILITY IS PROVIDED “AS IS.” It could change without notice. Customers are solely

responsible to conduct sufficient engineering and additional qualification testing to determine whether a device is suitable for use in their
applications. Using Tl products outside limits stated in TI's datasheet may void TI's warranty. See TI's Terms of Sale at www.ti.com.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015-2017, Texas Instruments Incorporated
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