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GOAL:

Courtesy NASA/JPL-Caltech

• High-level overview of Mil, ESA, COTS & Auto Grade

• Key component specification are discussed 
relative to their intent & purpose

• Summary of significant differences between components by 
the different grades of specs

• Component technology, ranges and failure modes discussed

• Alternates grades are shown when possible



CAPACITOR CATEGORIES PER 
MIL-HDBK-198B

MIL-PRF-32535

(New Addition)

1.2 Purpose of handbook. 

a. To provide the equipment designer with a selection of std 

capacitors for use in most DoD applications. 



• Most common capacitors used on PCBs
MLCCs + Tantalums

• Ceramics - general purpose to HF decoupling

• Tantalum high efficiency bulk capacitors

• Major trends impacting  & expanding both 
technologies  

Why concentrate on Ceramic &  
Tantalum Capacitors?



HF
&

Bulk Capacitors

Capacitors :
Federal Stock Class 5910



Bulk Capacitors                HF Capacitors 

Example of Bulk & HF Capacitors :
Power Distribution to FPGA



Bulk Capacitors                HF Capacitors 

Example of Bulk & HF Capacitors :
Power Distribution to FPGA



Example - Power Quality world:
Bulk & HF Capacitors electrical response combine 

to create a broadband power plan impedance 
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Example - Power Quality world:
Bulk & HF Capacitors electrical response combine 

to create a broadband power plan impedance 



MLCC & Tantalum Capacitor stability vs:
Applied voltage 

Temperature 





IMPORTANT FLIGHT GRADE MLCC TRENDS: BME

Reduced Weight

Reduced Size

Expanded Values

Reduced Inductance

WHY BME?



Excerpt from:

Section A NASA 311-INST-001



Guidance From NASA

311-INST-001



Excerpt from:

Section A NASA 311-INST-001

Capacitors included



Excerpt from:

Section A NASA 311-INST-001

Capacitor Screening 
Requirements
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Capacitor Screening 
Requirements
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Capacitor Screening 
Requirements



Excerpt from:

Section A NASA 311-INST-001

Capacitor Screening 
Requirements



Excerpt from:

Section A NASA 311-INST-001

Ceramic Qualification Table 
Requirements



Excerpt from:

Section A NASA 311-INST-001

Ceramic Qualification Table 
Requirements



Excerpt from:

Section A NASA 311-INST-001

Ceramic Qualification Table 
Requirements - NOTES



MLCC Capacitors:
MIL-PRF-123 
MIL-PRF-55681
MIL-PRF-32535



Parameter MIL-PRF-123 MIL-PRF-55681 MIL-PRF-32535

Case Size Range 0201,0402,0603,0805,1206,1210,
1812,2220; 0306,0508 in qualification

Value Range 1pf to 22uf 

Voltage Range 10v to 200v

Material & Design

Material Systems PME only PME only PME or BME

Design Modifications >/= 0.8 Mil dielectric thickness No requirement No requirement  

Termination options Ag/Ni/Au; Pd/Ag; BME barrier with Sn/Pb finish No 100% Sn See table next slide

Testing & Inspection

DPA Sample per Mil-PRF-123 table Not Required Sample per EIA 469 + additional spec 
requirements

Non Destructive Test Yes – 100% Not Required Yes- 100% CSAM x 2 Pre / Post term

Group A Thermal Shock 20 cycles per Mil-PRF-123 None 20 Cycles per Mil STD 202

Voltage Conditioning

168 hours min., 264 hours max; PDA <0.1% or 1 
Part in the last 24 hours

100 hours T Level 168 hr - 264 hr max; PDA <0.2% 
or 1 Part in last 48 hours ; M 100 hrs

2% or 3% Overall PDA Depending on case size 8% overall  PDA T 5% , M 8% PDA

Hot IR (125c) 100% inspection Sample 100% Inspection

Visual Inspection 100% inspection Sample 100% Inspection

85c/85% RH Group B every lot  Low Voltage Required every 6 months Every Lot  Sample test Rated Voltage

Group B Thermal Shock 100 Temp. Cycles Each lot None T level 100 cycles , M 5 cycles

Group B life 1000 hours each lot Required every 6 months 1000hrs each lot 





Capacitor: MIL-PRF-32535



MIL-PRF-32535
Capacitor, Chip, Fixed, Ceramic Dielectric (Temperature Stable and General Purpose),
Extended Range, High Reliability and Standard Reliability, General Specification for

Specification Intent – To give designers a larger capacitance value product 
than those listed in MIL-PRF-123 and MIL-PRF-55681

Component Technology – MLCC Base Metal Electrode or Precious Metal Electrode

Component Range – 0201 to 2220, 1pf -18uf, 4v to 200v

Recent/Future Activity – Low inductance decoupling capacitor slash sheets – see next page

Special Features or concerns relative to other parts -
M level (standard reliability) and T level (high reliability)
T level capacitors are intended for space, missile, and other high reliability applications

A list of alternate parts – NOTE NOT EQUIVALENT PARTS
AEC Q200 MLCC
NASA
ESCC



MIL-PRF-32535

Institution Spec. name Specification Details 

NASA S-311-P-838 Space-Level BME X7R MLCC

ESA / ESCC* ESCC QPL 3009/04 0402 to 2220 SMT MLCC

Automotive Electronics Council AEC Q200 Auto Grade MLCCs

Description Commercial Auto ESCC - Space 

Material No restrictions, Frequent changes Change Notice requires PCN No change allowed:

requalification / Re-audit 

Chip Dimensions

No restrictions

Minimum thickness constraint Minimum  Thickness: 

No change allowed – requalification 

Design No restrictions, frequent changes Major change requires PCN No change allowed: 

requalification / Re-audit 

Margins >= 75um >= 100um >=170um 

Cover Layers >= 75um >= 100um >=112um 

Dielectric Thickness No restrictions, frequent changes Major change  requires PCN No change allowed: requalification 

A list of alternate parts – NOTE NOT EQUIVALENT PARTS



Alternate part comparison – NOTE NOT EQUIVALENT PARTS



Alternate part comparison – NOTE NOT EQUIVALENT PARTS



Alternate part comparison – NOTE NOT EQUIVALENT PARTS



Parameter Automotive BME Space BME Specification System

Pre-Inspection none 100% visual sort; 100% CSAM Mil

Electrical Test 100% C/DF+ 100% Volt/IR 100% C/DF+ 100% Volt/IR

Q.A. Life (1.5 to 2x rated voltage) + 
THB sample

Life (2x rated voltage) + THB sample

Visual Sort 100% 2 - 4 side 100% 6 sided

Q.C. Sample Test – Completed - ship Sample Test 

Inspection 100% CSAM NASA/MIL

Burn In 100% @2x Rated Voltage             
100% hot IR @125c, 
100% Cap/DF + 100% V/IR

ESA/NASA/MIL

NASA/MIL

Visual Sort 100% 6 sided

QC Sample tests – parameter

QA Group A/B - LVT NASA/MIL

Data Pack + C of C Every lot

Alternate part comparison – NOTE NOT EQUIVALENT PARTS



MIL-PRF-32535

0508   32535/10

Cap nf Voltage Dielectric

1-100 50 X7R

150 -220 16 X7R

470 -1000 10 X7R

0306   32535/9

Cap nf Voltage Dielectric

1 - 68 25 X7R

100 16 X7R

Recent/Future Activity:

Low inductance decoupling capacitor slash 

sheets qualification activity.

MIL-PRF-32535/9  
Reverse geometry 0306 package

MIL–PRF-32535/10 
Reverse geometry 0508 package

Specification Intent

To offer designers a low inductance, 
high reliability MLCC.

Component Range & Special Features Or 
Concerns Relative To Other Parts



Capacitor: MIL-PRF-55365



MIL-PRF-55365
CAPACITOR, FIXED, ELECTROLYTIC (TANTALUM), CHIP, ESTABLISHED RELIABILITY, NONESTABLISHED RELIABILITY, AND 
HIGH RELIABILITY, GENERAL SPECIFICATION FOR 

Specification Intent – To give designers bulk capacitance of non-ER, ER and high reliability tantalum dielectric capacitors, 
for use in thick & thin film hybrids or SMT applications of filter, bypass, coupling …..  

Component Technology – Tantalum SMT – lead frame and non lead frame  

Component Range – CWR06, 09, 11, 15, 16, 19, 29

Recent/Future Activity – Addition of Tantalum Polymer Capacitors

Special Features or concerns relative to other parts -
Weibull and Exponential Failure rate grading 
Optional Surge tests at various temperatures before or after reliability grading

A list of alternate parts – NOTE NOT EQUIVALENT PARTS
AEC Q200 Tantalum
COTS
ESCC Generic Specification 3012 –
CAPACITORS, LEADLESS SURFACE MOUNTED, TANTALUM, SOLID ELECTROLYTE, ENCLOSED ANODE CONNECTION



High Level Commercial / Auto/ Military Grade Material & Design Comparison



High Level TESTING Comparison COTS- Plus to std Mil & Mil T Level 





IMPORTANT Tantalum Polymer Ongoing Work: 
Potential exists for a 55365 ‘LIKE’ TaPoly MIL-PRF

Why Tantalum and 
Polymer?

Reduced ESR  | Increased Current  | Lowered Inductance |  125v ratings (GaN)

Lowest ESR 
Available 

Large Case 
Sizes (mΩ)

DC Leakage 
Catalog

DC Leakage 
Performance

MnO2

Tantalum
65 – 500 0.01 CV 0.0025 CV

Multi-anode 
Tantalum

18 – 100 0.01 CV 0.0025 CV

Polymer 5 - 250 0.1 – 0.05 CV 0.05 CV



IMPORTANT Tantalum Polymer Ongoing Work: 
Potential exists for a 55365 ‘LIKE’ TaPoly MIL-PRF

Why Tantalum Polymer? Efficient electrical performance with manageable and predictable risks 



gr

• Low ESR and Surge Robust.

• AEC-Q200 Mechanical Design.

• 500h 85oC / 85%RH / Ur Capability.

• Individual Lot Reliability Assessment.

IN PROGRESS – MIL TaPoly Capacitor Option

Technology Comparison

MnO2 Tantalum:
- No known wear out mechanism.
- Provides infinite parametric lifetime.

Polymer Tantalum:

- Parametric change in Capacitance & ESR over time at high 
temperatures & voltages from cathode material oxidation.

- Parametric Lifetime can be calculated for a given application and 
accommodated for in initial design. 

J-Lead 
EIA Standard  
Molded SMD



gr

Hermetic and Non Hermetic case TaPoly Capacitors 

TaPoly Capacitor Emerging Flight Approvals

Technology Comparison

MnO2 Tantalum:

- No known wear out mechanism
- Provides infinite parametric lifetime

Hermetic SMD Polymer Tantalum example:

- Hermetic design eliminates oxidation effects to cathode and results 
in no parametric degradation over time.

Hermetic package – ceramic can
ESA approved 

Molded plastic case
ESA approved 



Stacked MLCC Capacitor: MIL-PRF-49470



MIL-PRF-49470
CAPACITOR, FIXED, CERAMIC DIELECTRIC, SWITCH MODE POWER SUPPLY (GENERAL PURPOSE AND TEMPERATURE 
STABLE), STANDARD RELIABILITY AND HIGH RELIABILITY, GENERAL SPECIFICATION FOR

Specification Intent – To give designers a larger capacitance value in high voltages with LOW ESR.

Component Technology – MLCC Precious Metal Electrode stacked vertically in lead frame. The SMPS capacitors are
designed for high current, high-power and high-temperature applications. These capacitors have very low ESR
(Equivalent Series Resistance) and ESL (Equivalent Series Inductance). MIL-PRF-49470 SMPS Series capacitors are 
primarily used in input/output filters of high-power and high-voltage power supplies as well as in bus filters and 
DC snubbers for high power inverters and other high-current applications.

Component Range – 56nf to 270 uf, 50v to 500v, 

Special Features or concerns relative to other parts -
B level (standard reliability) 
T level (high reliability)

A list of alternate parts – NOTE NOT EQUIVALENT PARTS
AEC Q200 Stacked MLCC (limited)
DSCC Drawings
COTS



Resistors



RESISTOR CATEGORIES PER 
MIL-HDBK-199DB

1.2 Purpose of handbook. 

a. To provide the equipment designer with a selection of std 

resistors for use in most DoD applications. 



RESISTOR TUTORIAL 
MIL HANDBOOK -199C

Federal Stock Class 5905 



RESISTOR TUTORIAL 
MIL HANDBOOK -199C

Federal Stock Class 5905 

Semi Precision 

Wirewound Non-Wirewound 

MIL-PRF-19                MIL-PRF-94 (comp.)
MIL-PRF-22                MIL-PRF-23286 (film)

General Purpose 

Adjustable Trimmer 

Wirewound Non-Wirewound 

MIL-PRF-27208                     MIL-PRF-22097                
MIL-PRF-39015                     MIL-PRF-39036

Wirewound Non-Wirewound 

MIL-PRF-12934                     MIL-PRF-39023                

Wirewound 

MIL-PRF-39002

Resistors variable 

Precision 



RESISTOR TUTORIAL 
MIL HANDBOOK -199C

Federal Stock Class 5905 

MIL-PRF-23648

Thermal 

MIL-PRF-83530    

Resistors Special 

Varistor 



MIL PRF 55342
RESISTOR, CHIP, FIXED, FILM, NONESTABLISHED 

RELIABILITY, ESTABLISHED RELIABILITY, SPACE LEVEL, 
GENERAL SPECIFICATION FOR

Excerpt: NASA Parts selector list Resistors

https://nepp.nasa.gov/npsl/Resistors/Res_type.htm

https://nepp.nasa.gov/npsl/Resistors/Res_type.htm


MIL-PRF-55342
RESISTORS, CHIP, FIXED, FILM, NONESTABLISHED RELIABILITY, ESTABLISHED RELIABILITY, 
SPACE LEVEL, GENERAL SPECIFICATION FOR

Specification Intent – To give designers a highly stable resistor with a wide range of resistances
and Failure rates from 1% to 0.001% per 1000 hours 

Component Technology – Thin film technology 

Component Range – 0402 to 2512, 1ohm to 22 Megohm, 15v to 200v

Special Features or concerns relative to other parts -

A list of alternate parts – NOTE NOT EQUIVALENT PARTS
AEC Q200 
SCD
Medical Grade Devices



Guidance From NASA

311-INST-001



Excerpt from:

Section L NASA 311-INST-001

Resistors included



Excerpt from:

Section L NASA 311-INST-001

Resistor
Screening Requirements



Excerpt from:

Section l NASA 311-INST-001

Resistor 
Screening Requirements



Excerpt from:

Section L NASA 311-INST-001

Resistor Qualification Table 
Requirements



Excerpt from:

Section L NASA 311-INST-001

Resistor Qualification Table 
Requirements



Excerpt from:

Section L NASA 311-INST-001

Resistor Qualification Table 
Requirements



Excerpt from:

Section L NASA 311-INST-001

Resistor Qualification Table 
Requirements



Excerpt from:

Section L NASA 311-INST-001

Resistor Qualification Table 
Requirements



Excerpt from:

Section L NASA 311-INST-001

Resistor Qualification Table 
Requirements



Films Surface Mount 



 Thick Film

Specially built surface mount film resistor that carries high power for the part size. For thick film resistors, the 
ruthenium oxide "film" is applied using traditional screen-printing technology. 

 Thin Film

A type of surface mount film resistor with a relatively thin resistive element, measured in millionths of an inch. Thin 
film resistors are made by sputtering (also known as vacuum deposition) a resistive material, such as Nichrome or 
Tantalum Nitride, onto the surface of the resistor. 

 Metal Film or Foil

A type of cylindrical resistors made by depositing a resistive element made of a thin conducting film of a metal or 
metal alloy, such as Nichrome, onto a cylindrical ceramic or glass core. The resistance is controlled by cutting a helical 
groove through the conducting film.

Bulk Metal Foil 

A type of resistor made from photo fabricating a homogeneous metal in a specific pattern onto a ceramic substrate. 
The unique combination of materials and construction results in a product with unmatched performance 
characteristics and high reliability.

 Carbon Film 

A general class description for resistors made by depositing a carbon film on the surface of a center core insulator.

FIXED RESISTOR TECHNOLOGIES



WIREWOUND RESISTORS

A type of resistor made from winding a metal wire, such as Nichrome, on an insulating form, such as a ceramic, 
plastic, or fiberglass core. 

POWER METAL STRIP® RESISTORS

A type of resistor constructed using a solid metal alloy, such as Nichrome or Manganese-Copper, as the resistive 
element, which is then welded to copper terminals.  Used in current sense and shunt applications.  

COMPOSITION RESISTORS

 Carbon Composition

A general class description for resistors consisting of a carbon mixture resistive core and a molded outer 
insulating core.

 Ceramic Composition (Cermet)

A type of resistors that consists of a clay, alumina, and carbon mixture that has been blended and pressurized 
into a resistive core and then covered with a molded outer insulating core. 

FIXED RESISTOR TECHNOLOGIES



Slide from:
CMSE 2019
Vishay – Bryan Yarborough
Resistor Overview – Technologies, Materials, Construction



Slide from:
CMSE 2019
Vishay – Bryan Yarborough
Resistor Overview – Technologies, Materials, Construction



SURFACE MOUNT RESISTORS

Technology by Resistor value & performance

THICK FILM THIN FILM WIREWOUND

POWER METAL 

STRIP

BULK 

METAL FOIL

Typical

Tolerance
1% to 5% 0.10% 1% 1% 0.05%

Typical T.C.
100ppm/C to 

200ppm/C
25ppm/C 20ppm/C 75ppm/C 15ppm/C

Strengths
_ General Purpose

_ Wide Resistance

   Range

_ High Frequency

_ Instrumentation

_ Stability

_ High Frequency

_ Power Ratings

_ Harsh

   Environment

_ Current Sensing

_ Ultra  Low 

   Values

_ Precision, 

   Current Sensing

_ Precision Voltage 

   Division

.01 to 150kResistance .1 to 50 Gig 10 to 1 Meg .001 to 1.1 to 100k

Slide from:
Leon Hamiter CMSE 



68

• FILM (Surface Mount / Leaded)

• THICK FILM (Chip Resistors / Chip Arrays / Networks)

• THIN FILM  (Chip Resistors / Chip Arrays)

• METAL FILM  (Leaded / MELF *)

• METAL OXIDE (Leaded thru hole)

• CARBON FILM (Leaded thru hole)

• WIREWOUND  (Surface Mount / Leaded)

• BULK METAL FOIL (Surface Mount / Leaded)

• POWER METAL STRIP® (Surface Mount)

• COMPOSITION (Leaded)

• CARBON COMPOSITION

• CERAMIC COMPOSITION

FIXED RESISTOR TECHNOLOGIES

* MELF = metal electrode leadless face attachmentSlide from:
Leon Hamiter CMSE 



FILM THROUGH-HOLE

Slide from:
Leon Hamiter CMSE 



FILM THROUGH-HOLE

Slide from:
Leon Hamiter CMSE 



WIREWOUND / METAL ELEMENT LEADED

Slide from:
Leon Hamiter CMSE 



NETWORKS

Slide from:
Leon Hamiter CMSE 



Metal Element Through – Hole   

Slide from:
Leon Hamiter CMSE 



Wire-wound / Metal Element Leaded 

Slide from:
Leon Hamiter CMSE 



Wire-wound Chassis Mount 

Slide from:
Leon Hamiter CMSE 



Common causes of failure by Resistor type 

Thick film resistor failures mostly occur due to external factors. The most common failure causes are:

- Mechanical stress.

- Environmental – metal migration.

- Thermal issues.

- Constant overload and Power Surge.

- ESD, typically causes latent failures after overstress

Composition resistor normally fails open when overheated or over stressed due to shock or vibration. 
Excessive humidity may cause an increase in resistance beyond the tolerance limit.

Bulk metal foil resistor has excellent precision and stability properties of all resistor types. The foil is made 
of an alloy of usually Nichrome with additives, mounted on a ceramic carrier with high heat conductivity.

• The few failure causes have been related to termination attachments, laser trimming and metal migration.

• This resistor has the greatest thermal stability and long term reliability of most.   



Resistors

• Military Qualified (QPL) – products that are built to military test and performance specifications and to establish reliability ratings.

• DLA listed – specifications for commercial products that prescribes testing, packaging, and other requirements for military products. No 

Established Reliability as in QPL products.

• Space: ESA (European Space Agency) & EEE-INST002 (NASA) – similar to Military Qualified products such as M55342 T-level reliability 

though they are not directly interchangeable.

• AEC Q200 (Automotive Electronics Council) – a defined set of tests that assess the robustness, reliability, and suitability of resistors for 

automotive applications; http://www.aecouncil.com/

• Source Controlled Drawing (Medical, Military, Aerospace)– customer specified test conditions and criteria that uses a catalog product to up-

screen based on a specified set of tests that benchmarks the performance and provides a measure of established reliability.

• UL Recognized resistors are typically not UL Recognized because are used in circuits to perform protective features, but are not the safety 

critical feature. The exception is fusible resistors.

• CECC (European Committee for Electro technical Standardization) - developed to harmonize system for electronic components of assessed 

quality to facilitate international trade by harmonizing specifications and quality assessment procedures for electronic components.



Inductors 



INDUCTOR CATEGORIES 
MIL-HDBK-454B 
GUIDELINE 14 

Federal Stock Class 5950 Inductors



MIL-HDBK-454B 
GUIDELINE 14 
TRANSFORMERS, INDUCTORS, AND COILS 

Specification Intent – This guideline establishes criteria for the selection and application 
of transformers, inductors, and coils. 

Applicable documents -The documents listed below (on the following page) are not necessarily all of the documents 
referenced herein, but are those needed to understand the information provided by this handbook. 

MIL-PRF-27                MIL-PRF-15305                 MIL-PRF-21038
MIL-PRF-39010         MIL-PRF-83446                 MIL-T-55631 
MIL-T-83721 MIL-STD-981 



Excerpt: NASA Parts selector list Inductors
https://nepp.nasa.gov/npsl/Coils/coil_type.htm

https://nepp.nasa.gov/npsl/Coils/coil_type.htm


Guidance From NASA

311-INST-001
Section J

Magnetics



Excerpt from:

Section J NASA 311-INST-001

Magnetics 



Excerpt from:

Section J NASA 311-INST-001

Magnetics 



Excerpt from:

Section J NASA 311-INST-001

Magnetic 
Screening Requirements



Excerpt from:

Section J NASA 311-INST-001

Magnetic 
Screening Requirements



Excerpt from:

Section J NASA 311-INST-001

Magnetic 
Screening Requirements



Excerpt from:

Section J NASA 311-INST-001

Magnetic 
Qualification  Requirements



Excerpt from:

Section J NASA 311-INST-001

Magnetic 
Qualification  Requirements



Excerpt from:

Section J NASA 311-INST-001

Magnetic 
Qualification  Requirements



Excerpt from:

Section J NASA 311-INST-001

Magnetic 
Qualification  Requirements



Excerpt from:

Section J NASA 311-INST-001

Magnetic 
Qualification  Requirements



Excerpt from:

Section J NASA 311-INST-001

Magnetic 
Qualification  Requirements



Filters MIL-PRF-28861



FILTERS CATEGORIES 
NO MIL-HDBK

Federal Stock Class 5915 Filters



MIL PRF 28861
Filters and Capacitors, Radio Frequency / 

Electromagnetic Interference Suppression, GENERAL 
SPECIFICATION FOR

Excerpt: NASA Parts selector list Filters
https://nepp.nasa.gov/npsl/Filters/filter_type1.htm

https://nepp.nasa.gov/npsl/Filters/filter_type1.htm


Guidance From NASA

311-INST-001
Section F

Filters



Excerpt from:

Section F NASA 311-INST-001

Filters



Excerpt from:

Screening Requirements
Section F NASA 311-INST-001

Filters 



Excerpt from:

Qualification  
Requirements

Section F NASA 311-INST-001

Filters 



MIL-PRF-28861
FILTERS AND CAPACITORS, RADIO FREQUENCY/ELECTROMAGNETIC INTERFERENCE
SUPPRESSION, GENERAL SPECIFICATION FOR

Specification Intent – To give designers options for EMI filtering on bulk head 
entry pins of electronic systems and sub systems  

Component Technology – Discoidal capacitor and inductor elements sealed in a hermetic walled end
Package, bolt in or solder in

Component Range – L, C, T, pi configuration, 50v to 400v, 10 pf to 1.2uf  

Special Features or concerns relative to other parts -
Bolt in, Solder in configuration

A list of alternate parts – NOTE NOT EQUIVALENT PARTS
SMT EMI Filters AEC Q200 qualified – NOT bolt in/press fit or solder in
Tubular FeedThrus = NOT auto grade
COTS



Commercial product vs. MIL-PRF-28861



Bolt in / Solder in Filter Use and Failure characteristics

Break in hermitic seal due to installation torque, cross thread, wrong thread, excessive heat, tooling



Summary:

Courtesy NASA/JPL-Caltech

• High-level overview of Mil, ESA, COTS & Auto Grade

• Key component specification are discussed 
relative to their intent & purpose

• Summary of significant differences between components by 
the different grades of specs

• Component technology, ranges and failure modes discussed

• Alternates grades are shown when possible


