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What Motivated Us to

PEMs being used for Avionic
applications

« Automotive grade parts are getting
« Commercial parts are being used

In some cases; Industrial grade
qualification

- Very little usage of Class |
- Some usage of EP (Enh

No one comprehensi
A/T or Space appli




PEMSs Flow for t

Objective is to come up

Comparison of known Industry PEMs flow and
Major Subcontractors, OEM, OCM practices

Major
Contractors

EEE-INST-

002

SR <

-

<
Class N
MIL-PRF-

Major Mfrs

Common
PEM Flow

PEM-INST-
001
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ted
Dele ~ ade for Space

NN

Focus ON %‘y@
o A.

Parts

Classification

QML meeting PEMs
Space req’t.

Use As Is

Part/Device
Characterization

I. Construction Analysis
2. Device Evaluation
3. Radiation hardness

Qualification/L
AT Flow
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Applicable only for current or active products

Parts
Classificati Product

Section 4
Device Classification Classification
determination

QML or Vendor
COTS Hi-Rel 1/

F

Device

Characterization Ll

Commit to
Screening & Lot
Acceptance

Pass? L

Do not use

Figure 1 - Device classification determination
/- QML Class N is non-space, Wwaw:dnrimm dmwfng}, EPfenhamedpmducﬂ



Document

Part/Device Characterizati

I. Construction Analysis
2. Device Evaluation
3. Radiation Hardness

e

Section 5 Device

Characterization

5.3 Construction Analysis
.4 Device Evaluation

|

\

1} Construction Analysis

2) Device Evaluation

3) Radiation Hardness

)

Refer to CA Flow
Diagram Figure 3

:

|

Package related

Lead related

Molding compound
refated

Total lonizing Dose [TID]
High Dose Rate [HDR]
Low Dose Rate [LDR]

per MIL-STD-853 TM 1015

and ASTM F1882

Die related

Electrical performance

Single Event Effects
per JESDST
per ASTM F1192
[if applicable]

4

Proton Induced SEE
[if required]
per JESD234

per MIL-STD-883 TM 1017

Analysis
per MIL.HDBEK514




Table 1 - Manufacturer information

Enhanced from PEM-INST-001

= Category Information/Question

1 Part number

2 Function

3 General Information | Date code

4 Package type

5 Manufacturer

6 Device datasheet

7 Die process technology

8 Die revision or identification

9 Die layout or geometric configuration

10 Wafer lot information and fabrication location

11 ESD sensitivity level per Human body model (HBM) and Charged
device model (CDM).

12 Moisture sensitivity level

13 Part Date of last die revision

14 Date of introduction to the market

15 Product storing policy (years to keep in stock)

16 Packing parts for shipment, moisture control

17 Type of molding compound and characteristics (glass transition
temperature, CTE, flame retardant)

18 Manufacturer Vendor facility (location)

19 Point of contact for quality assurance

20 Quality certification of the vendor (ISO 9000 or equivalent)

21 Mask revision control

22 Application support

23 Part traceability

24 Availability of Statistical Process Control (SPC) data

25 What kind of 100% outgoing inspection and screening is used?

26 Availability of test flowchart

27 Process Availability of reliability and quality assurance data

28 Average outgoing quality (AOQ) 1/

29 Major process capability indexes for the part (Cpk) 2/

30 Acceptable proportion of failures at high temperature measurements

Radiation hardness of the process or of similar parts
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Part/Device Characterizati

I. Construction Analy
2. Device Evaluation
3. Radiation Hardness

h

Section 5 Device

Characterization

5.3 Construction Analysis
.4 Device Evaluation

\

') Device Evaluation

3) Radiation Hardness

Refer to CA Flow
Diagram Figure 3

:

|

Package related

Lead related

Molding compound
refated

Total lonizing Dose [TID]
High Dose Rate [HDR]
Low Dose Rate [LDR]

per MIL-STD-853 TM 1015
and ASTM F1882

Die related

Electrical performance

Single Event Effects
per JESDST
per ASTM F1192
[if applicable]

Proton Induced SEE
[if required]
per JESD234

per MIL-STD-883 TM 1017

Analysis
per MIL.HDBEK514

4




Sample information

v

External visual
Radiography
Acoustic Microscopy
(5 samples minimum)

Not in PEM-INST-001

h 4

A

3 samples minimum

2

Terminal finish
Composition_
v (3 samples min)

2 samples minimum

Package cross section 'lr
| Decapsulation I

v

Internal visual
inspection

v

SEM examination
(die metallization)

-

Material Analysis
a) Die metallization composition
(topside & backside)
b) Wire bond material & method
c) Die attach material & method
d) Plastic encapsulant material &
composition

T .
Device CA Report and
Recommendation

Figure 3 - Typical construction analysis test flow for PEMs
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Part/Device
Characterization

|. Construction Analysis

2. Device Evaluatio
‘.?:. Radiation Hardnes

Section 5 Device
Characterization
5.3 Construction Analysis
.4 Device Evaluation

b

1} Consftruction Analysis

¥

Refer to CA Flow
Diagram Figure 3

2) Device Evahaﬁm/) Radiation Hardness
| i

e v
Package related Total lonizing Dose [TID]
High Dose Rate [HDR]
Low Dose Rate [LDR]
Lead related per MIL-STD-883 TM 1015
and ASTM F1592
Molding compound
related Single Event Effeciz
per JESDST
2 per ASTM F1192
Die related [if applicable]
Elecfrical performance Proton Induced SEE

[if required]

per MIL-5TD-883 TM 1017

Analysis
per MIL-HDBK-814
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Part/Device
Characterization

|. Construction Analysis

2. Device Evaluation
3. Radiation Hardness

Section 5 Device
Characterization
5.3 Construction Analysis
5.4 Device Evaluation

5.5 Radiation Hardness

nt se

£42 Recommended Evaluations

Significantly Enhanced Info than PEM-INST-001

In some cases, to address special quality or reliability concemns, an extended set of examinations to characterize desig
and materials used in PEMs may be required. The list of mara-::tenmcs in Table 3 below gives an example of data that cai

be required.

Table 3 - Recommended evaluations or 1esis

1. Package-related

Fhysical dimensions, weight.

2. Terminal-related characterization

Solderability

Terminal finishing materials {addressing fin whiskers
prablems)

Mechanical integrity of leads

3. Maolding compound-refated characterization

Outgassing

Mechanical characteristics {glass transition temperature
[Ta], coefficient of thermal expansion [CTE])

Chemical characteristics (impurities [P, CL Br, Na])

a-particle emission

Types of flame retardant

Meisture characteristics (moisture diffusion and
hygroscapic expansion coefficients); verify maisture
sensitivity level (MSL) classification

4_Die-related characterization (materials and
design)

Passivation

Interiayer dilectric system

IMetallization system such as thickness, compasition, EM
rules, Antenna rules

5. Elecirical performance characterization

Electrical at ambient, minimum, maximum temperature
ranges (datashest and the application specification range
limits) to establish margins for utilization in Waorst Case
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Part/Device ot ; Not in PEM-INST-001
Characterization
|. Construction Analysis l v v
2. Device Evaluation 1} Construction Analysis 2) Device Evaluation 3) Radiation Hardness
3. Radiation Hardne
k v ,
i i Refer to CA Flow
SeCtlon 5 _Deche Diagram Figure 3 Package related T}ﬁ?ﬁh'ﬂ‘gﬂgf;g"n?]
Characterlzat!on | pe— e i
5.3 Construction Analysis il it
H 1 Moldi d
5.4 Device Evaluation _ ot el Single Event Effects
5.5 Radiation Hardness ) b |
Die related "E[; ciiicable] >
Electrical perfformance Proton Induced SEE ‘\m
per £SR3 <
Displacement Damage Dose B
S ooy >
per MIL-STD-883 TM 1017 >
Analysis g
per MIL-HDBK-814 N
i % ] 5%

C
F
A\ A
W« \a

Device Characterization e
Report and >
Recommendation /;.:
?
=
Figure 2 - Typical device characterization flow for PEMs c .
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6. REQUIREMENTS FOR SCREENING

o ’ a. Screening is applied to all flight paris in each lot by testing and inspecting every sample, and proactively affects reliability
Section 6 Req ts for of the lot. Typically, the date code defines a lot and if additional information is available then that should be used for lot
differentiation (e.g., wafer lot identification, part lot number). If there is no date code available the user has to contact
Screening the OEMfmanufacturer to identify the lot.
. . y b. Refer to Table 4 for screening requirements of PEMs. A typical test flow for screening of PEMs is shown in Figure 4.
Section 7 Burn-in req’ts. Soning Roquiemonts

Section 7 Burn-in req’ts. In
accordance with JEP163 as
“applicable ‘

External Visual and
Serialization

[ radooony |
.
| Acoustic Microscopy ‘
]
Temperature Cycling
v
| Initial Electrical Test l

!

v .

Post Static Electrical ’
Test ‘ Radiography l
| Dhynamic Burn-in ] Acoustic Microscopy ‘
Final Electrical Test ] External Examination,

Packing, Shipping




SAE INTERNATIOMAL ASE294 ™ /1 Page 15 of 22

6. REQUIREMENTS FOR SCREENING
a. Scresening is applied to all flight parts in each lot by testing and inspecting every sample, and proactively affects reliability

of the lot. Typically, the date code defines a ot and If additional information is available then that should be used for lot
differentiation (e.g., wafer lot identification, part lot number). If there is no date code available the user has to contact

the OEM/manufacturer to identify the lot.
b. Refer to Table 4 for screening requirements of PEMs. A typical test flow for screening of PEMs is shown in Figure 4

Screening Requirements

Extermal Visual and
Senalization

v
Radiography
+

Acoustic Microscopy'
Temperature Cycling

+

Initial Electrical Test

-

Static Burn-in

Post Static Electrical .
Test Radiography

+

.

Chynmamic Burm-in

Acousiic Microscopy

.

.

Final Electrical Test

Drecision

J

External Examination,
FPacking, Shipping

-

Screening Report

Recommendation

)

Figure 4 - Typical screening rest ffow for PEMs
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Qualification/
LOT ACCEPTANCE TESTING
Flow
q g External Visual
Section 8 Requirements for Lot inspeciion
Radiation testng (32 samples)
i !
Acceptance Testing Seess
Moisture Soak
SMT Devices Reflow
Simulation
or
Through-hole devices
Resistance to
soldering temperature
¥
C-5AM
(All parts)
L 2
Electrical test at three
[ Subgroup 1 Optional: | SO
| sﬂmﬂc samples | bl
| seeflofTabled |
"""""""""" ' Subgroup 2
'- -------------------------- Sub n?
]
v I Subgroup 1 !
Temperature Cycles Temperature Cycles
(16 parts) (Al parts) Life test HAST
(16 parts) {16 parts)
: ' ] !
Elem;mmmme Electrical test at three 5 Iww:;m SRR
¢ ":’m’ (a T“” {4l parts) (All paris)
CS5AM examination CSAM examinat | l
(Al parts) {All parts) Falure Analysis |
I
| Failure Analysis | Failure Analysis
1
H | Qualificaion/QC| Repart

and Recommendation

Figure 5 - Typical lot acceptance testing flow for PEMs
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LOT ACCEPTANCE TESTING  Gample size is different
then PEM-INST-001

External WVisual

mspection

Radiation tesing {32 samples)
Sees 5.5 “

= itioni

Moisture Soak
SMT Devices Reflow
Simulation
or
Through-hole devices
Resistance to
soldering temperature

C-5AM
(Al parts )
L 2
Electrical test at thres
!  Subgroup 1 Optional: |
| Separate T/C samples | tiooad epsbinl
A see B of Table & H
................... . Subgroup 2
T o e o o o Subgroup?
1
‘;' Jv Subgroup 1 X
Temperature Cycies Temperature Cycies :
(1E parts) (&l parts) Life test HAST
{16 parts) {16 parts)
H * i !
Blectrical test at three Electrical test at three Electrical test at three Elecirical test at three
; y temperatures temperatures
A p:lrts} LAan :‘m} (&1l parts) (AN parts)
CS5AM examination CSaM examination I h 4
(Al parts) (Al parts) Eailure Analysis |
v v
Failure Analysis ] I Failure Analysis |
i =
H Qualification/QC| Report

and Recommendation

Figure 5 - Typical lot acceprance resong flow for PEMs
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SCREENING REQUIREMENTS

External Visual and Burn-In Conditions B

Seﬁa'fé““" Different Than S_l_aSh“I
Radiography 2\ |

Acoustic Microscopy

Temperature Cycling

Initial Electrical Test
High Temperature
Reverse Bias Burn-in
Post HTRB Electrical .
Test Radiography
‘ A 4
Power Burn-In Acoustic Microscopy
A 4 l
Final Electrical Test External Examination,

Packing, Shipping

1 &

Screening Report
and
Recommendation

~

Project Yes
Decision J

Figure 4 - Typical screening test flow for PEDS




Table 6 - Burn-in and electrical measurement requirements for transistors 1/, 2/, 3/

Required Burn-in

Delta
Transistor Types HTRB (Condition A) Power (Condition B) Parameters Electrical Measurements
Bipolar Transistors 80% rated Vcgo Specify Veg or Vce to meet | Alego or Alceo Ics, lceo, IcBo, leeO, V(BR)CEO,
(Switching, Low High 125 °C<Ta<150 °C max Pr Ahee V(er)cBo, V(BRIEBO, V(BRICES,
Power, Dual, General Ta=25°C VcesaT), VBe(saT), hrg; ton, toff, ts,
Purpose) te, hte, Cobo, Cibo
Bipolar Transistors 80% rated Vcso Specify Vcs to meet max Pr Alceo Iceo, Vir)ceO, ViBRICBO, V(BRIEBO
(RF, High-Frequency) | 125 °c<Tx<150 °C Ta=25°C Ahre Veesar), hre
Gre, NF, hte, n, Cobo
Junction Field Effect 80% rated Ves 80% rated Vas Alpss or Aless | Vbs(on), Ves(orF), ViBRress, less,
(JFET) Vos =0 Specify Vos to meet max Pr Ayss Ioss, Ciss, Crss, Yfs, Yos
125 °C<Ta<150 °C Ta=25°C
MOSFET 80% rated Vos 80% of rated Vas Alpss or Aless | Verjpss, Vas(Th), Vosion), Vsp,
Ves=0V Vos =0V AVas(iH) Fds(on),
Ta=125°C Ta=125°C Args (on) ton, toff, tr, C1
Darlington 80% rated Vcso Specify Vcs or Vce to meet Ahre Vce(saT), Veesat), Vegrh),
125 °C<Ta<150 °C max Pr Alce Verjceo, Iceo, IeBo, IcE
Ta=25°C hee, ton, toff, Cobo
Optocoupler IF=0 |F = rated max Ahre Vce(saT), V(ericeo, VF
80% Rated Veeo Specify Vce to meet max P Alc(orr) lciorr), lciony, IR,
Ta=125°C Ta=25°C Alcon) hre, tr, tf, Cobo




6. Life Testing
Subgroup 1

T High :r'é%peratur'e

Operational Life Testing
(HTOL), 125 °C or maximum
operating temperature 5/

[MIL-STD-750, Methods as listed

For Diode and Bipolar Transistor —
TM1027 Steady State Life test for

1000 hours minimum at maximum
junction temperature

In addition for Power devices:

Power MOSFET - TM1042 Cond B
- Steady State Gate Stress 48 hours

Power MOSFET - TM1042 Cond A
Steady State Revere Bias, 240 hours

Power MOSFET or Power IGBT
Intermittent Operational Life (IOL)
TM1042 Cond D

or

TM1037 for case mount style (e.g.,
stud, flange, and disc) devices.

IOL Number of cycles:

From TA= 25 °C, Parts powered to
insure ATJ 2 100 °C (not to exceed
absolute maximum ratings) = 15000
cycles

Electrical measurement (per
device specification)
Read and Record

Measure at 25 °C, minimum and
maximum rated temperatures

16(0)




