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1 INTRODUCTION
This Pictorial Reference provides examples of acceptance/rejection criteria for the visual inspection of Hybrid microcircuits and Multi Chip Modules (MCMs) based generally on MIL-STD-883 “Test Methods and Procedures for Microelectronic Devices” Test Method 2017 “Internal Visual (Hybrid)”, also known as “Pre Cap Visual”.  The detailed visual inspection criteria are contained in Section 7 of this document and are intended for inspection of Class K or Space Qualified Hybrids. 

The visual inspection requirements in Section 7 of this document do not take precedence over contractual requirements specified in TM 2017.  Instead, it’s intended to serve as guidance for inspectors required to perform “Pre Cap” inspection with easy to read inspection criteria and clear color photos of defects often seen during the inspection process. 
This document also serves as a useful reference for inspectors, quality engineers, designers and program managers and others responsible for the building Hybrids and MCMs for use in Space Exploration. 
2 HYBRID MICROELCTRONICS TERMINOLOGY

2.1 Hybrids
The Hybrid microelectronics industry has its’ roots in the US Military’s need to develop advanced electronic systems to counter the Soviet threat 40 years ago.  As such there are certain terms and acronyms that have evolved over the years as this specialized form of microelectronics has evolved.  This section provides a brief overview of the terminology used in Hybrid Microelectronics. Section 11 of this document provides references and additional sources of information. 
Hybrid:  In Fig. 1 shown below is a picture of a typical Hybrid microelectronic device. It’s a collection of active microcircuits and passive components (i.e. resistors, capacitors and inductors) assembled on to an insulating ceramic substrate with printed or deposited metal conductive traces. Components are attached with epoxy and/or solder and interconnected with small wires.  The ceramic substrate is glued into the metal can and a lid is welded on top. The term “Hybrid” comes from the fact the device borrows from two distinct technologies and integrates diverse components into a single package that serves a specific electronic function that wouldn’t have been possible otherwise. Although the materials and processes are similar, every Hybrid is unique.  There is no one size fits all. These are generally low volume, complex devices that pose special challenges for those who design and build them.



[image: image1]
 


   FIGURE 1:   JPL STEREO Hybrid Microelectronic Device  
Multichip Module (MCM) is a Hybrid microcircuit that contains two or more microcircuits, each having greater than 100,000 junctions. MCMs (Fig. 2) are similar in many respects to Hybrids and reflect the industry’s drive towards building increased electrical functionality into the package. 
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FIGURE 2: Multi Chip Module in a Ceramic Ball Grid Array package (Ref 1)
2.2 Hybrid Components
Microcircuit is a small active circuit having a high equivalent circuit element density. Each microcircuit may contain a million or more P-N junctions on a single chip (e.g. Intel Pentium Processors see Fig 3). Microcircuits are also known as Integrated Circuits or ICs aka. “chips”. Thin film planar technology is used to pattern the circuit features onto the silicon semiconductor material.
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FIGURE 3: A single IC “Chip” mounted inside a package (Ref 2) 
MMIC (Monolithic Microwave Integrated Circuit Fig 4) is another type of chip that’s used in high frequency applications.  In this case a compound semiconductor material GaAs (gallium arsenide) is used as the base material and often contains delicate airbridged structures as shown in Fig 5. 
[image: image109.emf] 
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FIGURE 4: GaAs MMIC Power Amp (Ref 3)
         FIGURE 5: MMIC with airbridge (1,341 X)
Passive Components:  Discrete resistors, capacitors and inductors are assembled along side the active components inside the Hybrid.  Below (Fig. 6, 7, 8) are photos of each
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FIGURE 6: Thin film chips in a waffle pack
    FIGURE 7: Wire wrapped Inductor
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FIGURE 8:
End terminated MLC (multi layered ceramic) Capacitors
Substrates:  Most hermetically sealed hybrids contain ceramic substrates.  The most common substrate is Alumina (aluminum oxide Al2O3). Aluminum oxide is white in color, brittle by nature and serves as the insulating substrate for both thick and thin film processes. Other substrate materials such as aluminum nitride (AlN) and Berrilia (BeO) are used in high power applications where thermal heat dissipation is important.   
Thick Film:  Thick film circuits are made by printing resistor, conductive and insulating layers sequentially onto the ceramic. Each layer has a separate print, dry and fire cycle. In a LTCC (Low temperature Co Fired) process the ceramic is co fired in one step. Thick film conductors are typically made of gold and appear to have a rough texture as viewed under the microscope.

Thin Film:  Thin film circuits are deposited onto the ceramic substrates using planar thin film techniques such as vacuum deposition, sputtering, photolithography, etching and plating. Under a microscope the metal traces appear smooth and have clearly defined edges. 

Packages: The primary purpose of the package is to protect the sensitive electronics from the environment. It keeps out moisture, dirt, dust and other harmful gases and chemicals. The electrical leads into and out of the package are insulated, usually with a glass bead, and the package itself provides the mechanical support and thermal path for the circuit.  Metal, ceramic and custom packages are very common.
Kovartm:  A trademark name for an Fe-Ni-Co alloy that has very desirable properties for hybrid microelectronics.  It’s easy to mechanically punch, drill and plate packages made from Kovar. The alloy also has sufficient resistance to allow brazing with a resistance seam sealer, and forty years ago the industry developed a method of wetting a glass bead to the feedthrough of the package, thus producing an insulated hermetic seal. Kovar is an alloy with a coefficient of thermal expansion similar to that of hard (borosilicate) glass that insulates the lead from the package sidewall. This makes it especially suitable for uses which require a matched-expansion seal between metal and glass parts.  Hermetic Kovar packages are used extensively in Hybrid Circuits. 
Ceramic:  Ceramic packages are often made using a Low Temperature Co Fired Ceramic (LTCC) or HTCC (High Temp Co Fired Ceramic) processes where cavities are easily formed by punching and layering of the green tape and then cofired in a single step.  Metal kovar ring frames for sealing or heat spreaders are integrated into the process to form a composite hermetic package.   
T.O Cans:  Transistor Outline cans are an industry standard nickel alloy package with leads that protrude from the bottom of the package base. The package outline configurations are defined by JEDEC (Joint Electron Device Engineering Council).  Fig. 9 below shows a thick film power hybrid device in a T.O. 8 Style Package.
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      FIGURE 9:  Hybrid in a TO-8 Package

Custom Hybrid Packaging:  There are many different types of custom hybrid packaging available on the market today.  Many of these packages integrate the substrate as part of the final package.  Where high thermal heat dissipation is required alloys of copper tungsten or copper molybdenum often form the base. 

Component Attachment: IC and passive components inside the Hybrid are attached to the substrate with solder and/or epoxy.  Clean, low outgassing epoxies in film and paste form are preferred to higher temp solder processes requiring flux.  When needed eutectic, no flux solder processes are used for thermal dissipation. 
Epoxy attach:  Both conductive and non-conductive cross linked thermoset epoxies are very common inside a hybrid package.  Conductive epoxy is typically silver filled while non conductive epoxy is usually loaded with white aluminum oxide powder. A typical cure step is 1 hour at 150 C in a forced air vented oven. 
Solder:  Silicon chips for many years were exclusively attached to substrates using the AuSi (MP 363 C) eutectic solder. The temperature was locally elevated above 363 C under a nitrogen cover gas and mechanical scrubbing helped to break up any oxide formation, no flux required.  Other common eutectic solder alloys include AuSn (MP 280 C) and AuGe (MP 356 C).  
Wirebonding:  The tiny electrical pathways onto the IC chips are connected to the outside world via wirebonds. Gold and aluminum wire on the order of 1 mil in diameter are bonded to the pads and then connected to the substrate and package pins.  Gold ribbon and larger diameter aluminum wire is also used depending on the design.
A word about length:  The term mil and micron are commonly used. Both refer to a unit of length. 



A mil is one thousandth of an inch.



1 mil = 0.001 inch = 25.4 microns



A micron (µm) is one millionth of a meter.

1 micron (1 µm) = 1/1,000,000 meter = 10,000 Å = 0.04 mils

Below is a chart listing typical dimensions of components found within a Hybrid circuit:

Minimum dist from top of package to pin

40 mils


Thickness of a ceramic substrate


25 mils


Width of a Thick Film Conductor


10 mils



Gold Wire diameter


 

1 mil




Thickness of to Au Plating 



50 microinches

Transistor gate length on IC


.22 microns      

3 TYPES OF HYBRIDS
There are many different types of Hybrid circuits packaged in a variety of configurations.  Some are unique one of a kind circuits designed for a particular system; others are more generic and are used in multiple systems. This section lists some of the generic Hybrid assemblies along with pictures to help orient the reader. 

Amplifiers 


Current sense amplifiers


Differential amplifiers


Operational amplifiers


Variable gain amps


Broadband video amplifiers

Comparators 

Voltage Regulators
Voltage Controlled Oscillators

Power Hybrids


MOSFET Drivers


Switching Controllers 


Linear Regulators


Motor Controllers
Solid-State Power Controllers (SSPCs) 

Remote Power Controllers (RPCs) 
Analog-to-digital converters (ADCs)  

Digital-to-analog converters (DACs)
Telemetry Signal Hybrids

High Capacity Space memory Modules
High frequency Signal Hybrids

Converters

Mixers
RF/MMIC Hybrid Modules

Optoelectronic Hybrid Devices
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        FIGURE 10: Prototype CCD/CMOS Hybrid 
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           FIGURE 11: DC to DC Converter
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      FIGURE 12: JPL RF Hybrid
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      FIGURE 13: JPL RF Hybrid
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        FIGURE 14: JPL RF Hybrid




[image: image15.jpg]VYN3I19 ¥ZEQ0

L5

il b i B s

3

s Rl s er st il VS N









        FIGURE 15: JPL RF Hybrid
4 MATERIAL PROPERTIES
Advances in material science continue to provide the Hybrid designer with an increasing number of design choices ranging from multi layer laminate substrate to nano-particle filled epoxies for near hermetic applications.  Below is a baseline listing of commonly used materials in Hybrid designs.  It’s not a comprehensive list but covers most of what is typical. 
4.1 Packages

Many Hybrid metal can style packages are made from Kovartm (approx. 46% Fe/29% Ni/17% Co) and typically plated with nickel and gold per Mil-PRF-38534, Par. E.4.2.7.3. The required plating thickness is 50 microinches minimum of gold over 50 to 350 microinches of nickel underplate. Package leads are inserted into the package sidewalls or out the bottom and isolated using a borosilicate glass in a compression or CTE matched type of seal. Pins are typically made from Au plated kovar or copper alloy. The package lid is typically etched from a flat sheet of kovar and plated as well. 


ASTM F-15 Alloy Kovartm



Plating Specs: 



Nickel per MIL-C-26074E (AMS 2424B)



Gold: MIL-G-45204 type III grade A (replaced by ASTM B 488-01)



Electrolytic nickel plate per QQ-N-290

4.2 Ceramics
Listed below are three common types of ceramic materials that form the base upon which the conductive traces are then applied via thick or thin film processes. Once metal and resistor patterns are formed on the ceramic they are then generally referred to as the “substrate”:

Alumina Al2O3:  A ceramic with a 4% glassy phase for thick film and highly polished 99.9% aluminum oxide for thin film applications.  
Beryllia BeO:  Beryllium oxide is a white crystalline oxide like alumina, but beryllia dust is hazardous so cutting and grinding operations must be carefully controlled.  Any hybrid containing BeO must be so marked.
Aluminum Nitride AlN:  Is used in power applications because it has higher thermal conductivity, but requires special inks and nitrogen fired furnaces for firing the thick film resistors.
4.3 Ceramic Patterning Processes

Thick Film Inks: Thick film inks are thixotropic, defined as a material which undergoes a reduction in viscosity when shaken, stirred or otherwise mechanically disturbed and which readily recovers the original condition on standing. This important material property is what makes thick film printing useful in Hybrid manufacturing. 
Conductive Inks: Are generally made with a noble metal, such as gold mixed with glass frit, metal oxides dispersed in an organic vehicle/solvent. Some amount of Pd or Pt may be added when soldering is a requirement. Other common conductors include Ag, AgPd, and Cu.
Resistor Inks: A mixture of conductive particles, glass and an organic binder/vehicle. The conductive phase is either a metal, conductive oxide (RuO2), or a Ru containing crystal (pyrochlore or perovskite).

Dielectric or Insulating Inks: Made with glass, a crystalline ceramic and a vehicle. 
Thin Film conductors:  Usually gold which is sputtered or vapor deposited on top of a seed layer such as titanium tungsten (TiW)
Thin Film resistors:

Tantalum Nitride (TaN):  A very common thin film resistor material used in 
tight tolerance precision chip resistors

Nichrome (NiCr): A nickel chrome alloy that’s also used as a thin film 
resistor.  Unpassivated NiCr resistors are very susceptible to moisture/corrosion.  

4.4 Microcircuits

Silicon (Si): Most integrated microcircuits are fabricated from crystalline silicon wafers. Silicon is widely used in semiconductors because it remains a semiconductor at high temperatures and because its native oxide (SiO2) is easily grown in a furnace and forms a better semiconductor/dielectric interface than any other material combination. The conductive traces on the IC are typically made from Aluminum (Al) doped with 1% silicon. 
Gallium Arsenide (GaAs): High frequency MMICs are made using gallium arsenide (III-V compound) semiconductor material and normally have gold metal conductive traces.
4.5 Heat Spreaders

Heat spreaders are used in a variety of Hybrid applications to help cool the ICs and distribute heat in the package.  In some cases the heat sink is a small tab or substrate other times it’s integrated into the package base.  

Molybdenum (Mo): A transition metal that is easy to machine and plate, aka 
“moly tabs”

Copper Tungsten (CuW):  Typical alloy composition is 10% tungsten and 90% Cu.  Adding tungsten lowers the CTE.

Aluminum Silicon Carbide (AlSiC):  This is a composite material whereby SiC 
particles are dispersed into an aluminum metal matrix.  The CTE and thermal properties can be tailored based on the percentage loading of SiC particles.
In any Hybrid design careful attention must be paid to the materials to prevent stress cracking caused by thermal stresses or mismatched materials.  Illustrated below are the important material properties of thermal conductivity and coefficient of thermal expansion or CTE… The table helps to explain why it's very common to mount silicon chips onto ceramic substrates and secure them in a Kovar metal can.  It also explains why one wouldn’t take a large power semiconductor and mount it directly to a copper heat spreader, the chip would likely crack due to the 3 to 1 mismatch in CTE.  CTE and TCE are interchangeable terms.

Units:

Thermal Conductivity involves heat flow per unit area (W/m2), length or 



thickness (m) and temperature difference (K). The units shown in the 



table below are Watts/Meter-Celsius 




TCE:  Most solids typically expand in response to heating and contract on 



cooling; this response to temperature change is expressed as its 




coefficient of thermal expansion. The table below is a linear thermal 



expansion number that relates the fractional change in length (parts per 



million) per degree Kelvin.

(NOTE: This can also be in Celsius as the changes in temperature are a 1:1 ratio)
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4.6 Solders
There are many different types of solders used in Hybrid manufacturing.  Low melting point eutectic solders are preferred and caution must be exercised if a flux is required. Ionic contamination from flux residue can cause reliability concerns.   


Eutectic is defined as the lowest Melting Point alloy composition in a binary phase diagram. The table below lists some common eutectic solders, their MPs and 
typical applications.  
	Solder Alloy
	MP(C)
	Application or Use

	AuSn (80/20)
	280 C
	MMIC die attach, lid seal, RF connector brazing

	AuSi
	363 C
	Au backed silicon IC die attach

	AuGe (88/12)
	356 C
	Package Brazing operations

	SnPb
	183 C
	Solder attach of hybrid leads to PWB, sub attach, component attach

	SN96
	221 C
	High temp solder

	
       SAC
	217 C
	Sn-Ag-Cu alloy replacement  …No lead solder

	    Pb60/In40
	195-225 C
	Not a eutectic solder, melts over a range of temperatures used in photonic packaging


4.7 Epoxy 
Early in the development of Hybrid technology polymeric materials of any kind, including epoxies, were not allowed because of high ionic content and severe out gassing problems. Material formulations have improved significantly over the years and today most devices are attached using conductive and non-conductive epoxy in film and paste form. Most epoxies are crossed linked thermoset epoxies, which require a high temperature cure step above the materials’ glass transition temperature.
Glass Transition temperature Tg is a material property of polymers and it represents the temperature at which the cured material will noticeably soften up. Each epoxy formulation has its own characteristic Tg temp.  It’s the temperature at which the epoxy becomes rubbery.  It’s an important not just for epoxies, but any polymer used in the Hybrid. Tg's of materials run from about 115oC (for FR-4) to about 250oC (for high end polyimide materials) with an almost unbroken continuum in between based on various classes of resins, cross-linking agents and blending ratios.     

Listed below are four different commercially available epoxies used in Hybrids 
and some important material properties.  


EPOXY


Filler

Form

Cure Schedule
Tg



Ablebond 84-1LMI

Ag

paste

½ hr at 150C

117 C


Epotek H65-175MP

Al2O3

paste

1 hr at 180 C

>100 C

Ablefilm ECF564A

flexible
film

2 hr at 125 C

55 C

Ablefilm 5020

non cond.
film

2 hr at 125 C 

Particle Getters are tacky silicone based materials that are applied to the underside of the Hybrid lid to catch and trap loose particles and prevent a possible short circuit.  Caution should be exercised when mixing the getter material to avoid 
silicone vapors from contaminating bond surfaces.
Hydrogen Getters are also placed on the underside of the Hybrid lid to trap and tie up hydrogen molecules. Degradation caused by hydrogen in hermetically sealed packages containing gallium-arsenide (GaAs) discrete FETs with Pd or Pt as gate metals (e.g.  GaAs MESFETs and PHEMTs) is a well known phenomenon: the noble metal of the gate turns the molecular H2 into atomic H2 that can diffuse inside the semiconductor material and cause a reduction in current and gain of the device.
Hydrogen getters can be in the form a thin sputtered metal film or a polymeric material. In the case of metal films a special zirconium alloy is used and requires a subsequent high temp heat activation step.  Polymer films with palladium oxide PdO dispersed in a silicone matrix is another method that is used to trap and tie up the hydrogen.  The hydrogen gas evolves from the base kovar material or from the nickel and gold platings on the package, a direct result of the plating operation. Other components within the hermetic cavity can be a source of hydrogen, especially, RF damping materials (e.g. echosorb) that contain iron fillings.  The hydrogen can also diffuse into the package from the outside ambient.   
Gold Wire (ASTM F 72) is drawn to diameters below 1 mil and is made from very pure gold.  Only a few PPM of additional elements such as Be are added to the melt. Pull strength and wire elongation are important material properties for the wire. An ultimate tensile strength of 12 grams and elongation 2-4% is typical for a 1 mil Au wire.  Typical gold wire sizes range from .7 to 3 mils in diameter and are available in ½ inch and two inch spools.
Aluminum Wire (ASTM F 487) is too soft to draw into fine wire so 1% silicon is added for strength. As with gold wire the strength and elongation are important material 
properties to specify and track.  Typical aluminum wire sizes range from 1 to 25 mils in diameter and are available in ½ inch spools for fine wire applications and large reels for automatic heavy gage wire bonders. 

5 Assembly Processes and Manufacturing Flows
Shown in the Fig. 16 below is a generic Hybrid assembly process flow with the conventional required visual inspection points.  Ideally high magnification die inspect is performed at incoming and Pre Cap is focused on handling damage that occurred 
during the assembly process.  Section 7 of this document focuses on the Pre Cap Inspection criteria.  This section provides a brief review of the other manufacturing process flows and testing required before and after pre Cap Visual inspection.
[image: image112.wmf] 




FIGURE 16:  Generic Hybrid Manufacturing Flow with Inspection Points

5.1 Thick Film Process 
Thick film printing is a process whereby material (also know as ink) is forced through openings in a mesh screen and transferred onto the ceramic substrate.  These thixotropic inks thin out due to the force applied from the squeegee pressure and form relatively narrow lines (minimum 3 mil lines and spacing). This wet printed material on the substrate   is then dried and fired in a ceramic lined belt furnace at high temperatures.  There are many variables that affect the quality of the final printed film.  Adhesion, line definition and surface roughness are all important in the final substrate.  
Thick Film Process Flow
Process flow (see Fig 17 below): 




[image: image16]

FIGURE 17:  Thick Film Process Flow

Process parameters


Printing

Screen selection (Mesh count, wire diameter)






Snap Off distance





Screen emulsion thickness


Dry
 

Typical 125 C for 10-15 minutes


Fire


Ramp rate, Belt speed





Furnace atmosphere





Time at temp (typ. is 850 C for 10 minutes)


Substrate Qualification Requirements (Element Evaluation)


Electrical testing 



100% at room temp


Visual Inspection



100% per TM 2032



Film Thickness and/or Resistivity

Sample basis


Film Adhesion



aka Tape Test


Solderability




if required



Temperature coefficient of



resistance (TCR): 



method 304 of MIL-STD-202.



Wirebond Evaluation


TM 2011



Die Shear Testing



TM 2019

Reference:
Mil Per 38534 ref Appendix C   Table C-V for specific details
5.2 LTCC (Low Temperature Co Fired Ceramic)
LTCC is similar to conventional thick film as described above from a printing perspective, however in LTCC the layers that make up the substrate are co-fired in one step as opposed to a sequential print-dry-fire process.  The firing temp is the same 850 C peak minimum for 10 minutes.  Printing is done on green tape (green meaning not yet fired, the tape is actually blue in color). The printed layers are collated and solvents in the taped burned out, and then fired in one step.  LTCC offers a lot of electrical performance advantages over conventional thick film, especially at high frequencies and can be fabricated in a variety of shapes and sizes.  LTCC is not without problems including stress cracking of via holes cause by tape shrinkage, wirebonding issues due to increased glass content in the conductive trace.  Fig 18 below illustrates the LTCC process flow. 



[image: image17]


FIGURE 18:  LTCC Process Flow
Process parameters


Printing


Similar to thick film but printing is done on a porous flexible 





green tape



Collate, Punch, via fill, print and dry intermediate layers 


Laminate


Burnout under high pressure


Fire



Similar to conventional thick film 850C peak firing Temp





HTCC peak temp is 1600 C


Substrate Qualification Requirements (Element Evaluation)
When used as a substrate, same as above. When used as an integral substrate/package, as is often the case, then additional testing is required to qualify it as a package.  


Reference:
Mil Per 38534 ref Appendix C   Table C-VII for specific details

5.3 HTCC (High Temperature Co Fired Ceramic)

High temperature cofired ceramic package (HTCC) is similar to LTCC in many ways except for the conductors used and ultimate firing temperature, which is about twice as high.  HTCC is a multilayered, sealed and highly reliable package created using layers of ceramic tape with thicknesses ranging from 5 to 25 millimeters, which are laminated together. The cofired ceramic packages’ tape layers, consisting of 92 percent aluminum oxide ceramic, tungsten and molymanganese, have metallized circuit patterns. Conductive vias pierce the tape layers, forming electrical interconnects between circuits. The ceramic packages’ tape layers are laminated under pressure and the ceramic and metallization are co-sintered at 1600 degrees Celsius, creating a monolithic structure with a three dimensional wiring system.
5.4 Thin Film Process

Unlike thick film, thin film is a clean room, capitol intensive batch process. In what’s termed a subtractive process thin metal layers are evaporated or sputtered onto the polished ceramic and then electroplated to a desired thickness.  Material is then subtracted or etched back using photolithography and chemical etching processes.  The process is capable of very fine lines and spaces and, as expected the metal thickness is thinner than in a thick film process.  A typical thin film thickness after plating is two hundred and fifty microinches or about 6.3 microns.  A fired thick film trace is typically three or four times as thick. A thin film trace appears smoother under the microscope and is prone to lifting and peeling, especially if the substrate wasn’t cleaned properly to begin with. Thin layers of resistive materials such as Tantalum Nitride (TaN) or nickel chrome (NiCr) are often integrated into the process. Refer to Fig 19 for the thin film process flow. 

Process parameters

Clean



Sputter etch with argon


Deposit Resistor

10-200 Ω/sq. TaN


Barrier Metal


300-500 Angstroms TiW






2,000-5,000 Angstroms Ni


Electro plate gold

50 microinches minimum per Mil spec



 


Electroplating

Plating bath concentration






Agitation 






Bath temp


Substrate Qualification Requirements (Element Evaluation)


Same as thick film (see above)
THIN FILM PROCESS FLOW
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FIGURE 19:  Subtractive Thin Film Process Flow
(Note:  In the above flow TaN is often used in lieu of NiCr and the film is sputtered vs. vacuum deposited)
5.5 Epoxy Component Attach
A wide variety of epoxies are used to attach substrates and components inside the hermetic package.  Hand dispensing the epoxy using a syringe and needle is the most common method of application.   The process is easily automated.  Screen printing the epoxy is possible provided the substrate is flat.  The wet epoxy hardens in a cure oven where the thermoset epoxy resins are cross linked forming strong molecular bonds.  Sufficient time at temp is required during the cure cycle to assure the physical properties of the material as shown on the spec sheet and to avoid outgassing problem later on.  Using too much or too little epoxy can be a problem.  Too much epoxy or epoxy in the wrong spot can cause shorts.  If too little epoxy is used then adhesion may be an issue, especially for the larger components.  Another major industry issue is epoxy resin bleed.  Due to material or process variations epoxy resins can wick out onto a bonding pad and interfere with wirebonding.  A typical epoxy flow is shown in Fig 20.
EPOXY FLOW
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FIGURE 20:  Epoxy Attach Process Flow
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Qualification and in Process Checks

Epoxies and any other polymeric materials used inside a Hybrid device must meet the rigorous requirements of TM 5011 “Evaluation and Acceptance Procedures for Polymeric Adhesives”.  The test method includes material tests required by both the material supplier and the user. It’s intended to assure clean, low outgassing, consistent material from lot to lot.  Many epoxy suppliers have “5011 compliant” epoxies available off the shelf (Ref. 38534, Par. C 3.10).
Die shear (Mil-STD-883 TM 2019 Ref 38534 Para. C.3.7.5.3.3) and stud pull testing is used to evaluate the strength of the cured epoxy. Die shear testing per determines the strength of the die/component interface to the substrate or header mount.  A minimum shear force is required based on the area of the die or mounted component. The diagram below (Fig 20) illustrates this simple test.  In stud pull testing a contact tool is glued to the top of the die or substrate and pulled in a vertical direction (Ref TM 2027).
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FIGURE 20:   Die Shear test Set up

5.6 Solder Component Attach

Most high powered components are attached to the substrate with the use solder. Components are mounted directly to head spreaders such as CuW, Cu/Mo/Cu and other materials with high thermal conductivity designed to quickly spread the heat from the active IC into the substrate. Eutectic solders and fluxless soldering processes are favored. Flux contains organic acids and even small amounts of ionic contamination left behind can create reliability problems. Listed below are three common solder attach processes.
1. 
Semi automatic scrub processes:  In this method the die is placed on the substrate or header and the temperature is raised above the eutectic MP and a collet grabs the top of the die and a small vibrational scrub is used to break up the oxides that may form at the interface of the die to substrate.  An inert cover gas is also applied to further help with oxidation.
2.
Belt furnace reflow: Solder performs are sandwiched between the part and substrate and a small weight or clip is placed on top.  The parts then traverses down a belt furnace, often times in a reducing atmosphere to melt the solder and form the joint.

3.
Vacuum Solder Process:  In this operation vacuum, pressure and an inert 
cover gas are used to solder. It’s a fluxless process and in addition to precise control of the temperature and atmosphere the devices can be accurately positioned with graphite tooling. 

Solder Process Parameters
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Qualification and Process Checks (Ref 38534 Para.  C.5.12)
In addition to the shear testing describe above most soldered components are subjected to X-rays to identify voids that may exist underneath the die and are not visible to the naked eye.  Voids at the interface between the die and substrate create hot spots on the die surface and high localized stress concentrations that lead to early failures in the field.  Radiographic inspection per TM 2012 is used to look for voids in die attach and also to detect loose metallic particles inside the Hybrid. The minimum X-ray requirement states no void is permitted to traverse the width or length of the chip and be greater than 10% of the designated contact area.  Industry accepted minimum voids criteria is nothing greater than 20% of the contact area cumulative.  Below is an example of a poorly attached silicon chip, which later failed in a fielded military system as shown in photo on the right (FIG 21 and 22).  By closely examining the photo one can clearly see the 
void that extended out to the edge of the die in the lower left hand corner of the X-ray. 
The photo on the right shows the cracked silicon IC that resulted from the stress build up due to the void. Ultrasonic imaging techniques that rely on sound waves pasting through the interface are also used to detect for voids and delaminations.
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FIGURE 21: X-Ray showing corner void

FIGURE 22: System Field Failure…Silicon 









   IC chip fracture
5.7 Wirebond Processes

Ninety percent of all interconnects between the microcircuit and substrate or package leads are made using a wirebonder (Fig 23).  Gold ball bonding, also know as thermosonic bonding is a mainstream process and used extensively in Hybrid microcircuits. Heat, pressure and ultrasonic energy are used to deform and weld a small diameter gold wire into the pad on the IC and connect it to the outside world.  Gold is a noble metal and doesn’t oxidize or corrode, thus is the wire of choice for most high reliability applications.  Wedge bonding, which accommodates both gold and aluminum wire is similar to ball bonding, but instead of melting the end of the wire to form a ball the wire is torn and a small wedge is placed on the pad. Gold ribbon can be wedged bonded and is used extensively in high frequency RF MMIC modules.  For high current/high power applications (e.g. SSPAs) heavy gage aluminum wire 3 mils and larger is the wire of choice.  In this process the wire is actually cut at second bond.  
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FIGURE 23: Gold Ball Bonding 



FIGURE 24: K&S Ball Bonder
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FIGURE 25:  Head movement during gold ball bonding sequence
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FIGURE 26:  Gold Ball Bonds (Ref 4)

Figure 26 above shows the natural loop shape form by a gold ball bonder.  The ball is placed on the pad of the IC and the stitch is placed on the substrate or lead frame. Fig 27 and 28 below show a high powered SEM (Scanning Electron Microscope) photo of a nicely made ball and stitch. 
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FIGURE 27: SEM Photo Ball

FIGURE 28:  Stitch or Tail bond

Wirebond Process Parameters

As is shown in the Fishbone chart below (Fig 30) there are many variables in the wirebond process. The machine settings of power, time and force are important along with stage temperature for gold wire.  But there are many other aspects of bonding that are critical including wire and tool selection, proper stage height and fixtures, cleanliness of the bonding surface etc.

[image: image28]

FIGURE: 30   Wirebond Cause and Effect Diagram
Below is a photo of an aluminum wedge bond (Fig 31).   It has a characteristic tail at first bond and looks noticeable different from a ball bond.  Second bond looks similar and wedge bonds typically have lower loop heights than gold ball bonds. A gold ribbon bond is shown in photo on the right is also made using a wedge bonded. 
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FIGURE 31: Aluminum Wedge Bond


 FIGURE 32: Gold ribbon bond

Wirebond Qualification and Process Checks (Mil-PRF-38534 Para. C.4.2.6.1 and C.5.4)    
5.8 Testing of Wirebonds


Destruct and Non-destruct pull testing along with ball shear testing is the primary way to test the integrity of the bonded wires.  Wirebond machine/operator evaluation is a mandatory in process control check required twice daily or when an operator is changed, or when a new spool of wire is put on the machine. Fifteen wires are bonded to a representative number of parts and pulled to failure using a small hook that is placed below the wire loop and pulled upwards.  The amount of force required to break the wire is recorded. Ten grams is a typical pull test value for a one mil gold wirebond.  The minimum spec values and details of the pull test are contained in TM 2011. (an alternate ASTM test method is available ASTM F-459 84). Two important variables in the pull test are hook placement and loop height as shown in Fig 33.  The pull hook should always be placed in the middle of the wire loop so the force is evenly distributed in each span.  It’s also important to note that larger loops tend to pull at higher values.   
Non Destruct pull testing is a 100% screen test for Class K Hybrids. Non destruct pull testing is similar to destruct pull test, but the wire is pulled to a preset value and the test is stopped (typical pre set value is 2.4 grams).   This relatively low stress level does not damage the wire and hence the term non-destruct.  Non-destruct pull test is described in TM 2023 (alternate method ASTM standard F-458-84).  
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FIGURE 33: Wire Pull Test Configuration

Besides recording the force level at failure it’s also required to observe and record the wire pull test failure mode.  These are typically categorized per the diagram below (Fig 34) and are often shown in a Pareto chart 
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FIGURE 34:  Typical Wirebond Failure Modes

Ball shear testing per ASTM 1269-89 is an important industry test to determine the interfacial adhesive strength of the gold ball to the pad; however it’s never been a mil spec requirement.
5.9 Hermetic Package Sealing

Hermetic package seals are formed by joining ceramics, metals and glasses to form an air tight seal.  In the process dry inert gases such as nitrogen are sealed into the package and moisture is prevented from entering the device cavity.  Moisture inside the device cavity can degrade the reliability of a device and is a major reliability concern. A critical step prior to seal is to bake out any moisture or volatile species escaping the epoxy.  Open hybrids are typically baked out at 150 C for 24 hours under vacuum to remove moisture. It’s important not to exceed the cure temperature of the epoxy during the bake out cycle.  Seam sealing, laser welding and solder seal are three major processes for creating the hermetic seal. Seam sealing and laser welding are 
discussed below.
Seam Sealing (aka brazing) is a process whereby the metal platings on the lid are melted and a hermetic joint is formed.  The sealing is done in a chamber that 
usually contains 100% nitrogen or a nitrogen/helium mix and is dried out to a very low (below 5000 PPM) moisture level.  In a seam sealing process rollers contact the lid  (Fig 35) surface and a current is passed through the lid to package interface where the high resistance creates heat and locally reflows the plating materials (usually gold or nickel).  The packages and lids are often made from Kovar, but other materials can be used provided the resistance is high enough to generate sufficient heat to melt the platings.
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FIGURE 35 Hermetic seam sealer set up showing electrodes contacting led of package 

(Ref 5)
Laser Welding is another hermetic seal process that is commonly used in the RF and Microwave industries.  In this process a high powered 400 Watt Nd:YAG Laser impinges on the top cover and simultaneously melts the lid and package, which results  in a  true weld.  The laser is fixed and a CNC machine moves the part along the seal boundary.  The package is usually made from an aluminum 6061 alloy and the lid from Al 4047.  Laser welds are generally stronger than seam sealed lids. Below is a photo of a laser weld setup.
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FIGURE 36 Laser sealing equipment  (Ref 6)
      FIGURE 37 Laser weld as viewed from the top

Seal Qualification and Process Checks (Ref 38534 TABLE C-XD  Group D)

Seal testing per TM 1014 is a 100% screen test requirement for every Hybrid.  TM 1014 verifies the seal integrity, and if sealed in a dry atmosphere could then pass the corresponding TM 1018 Internal Water Vapor Content or RGA (Residual Gas Analysis).  TM 1018 limits the internal moisture content to 5,000 PPM. The rationale 
being that at 5,000 PPM the water vapor dew point is below the freezing mark, and therefore any moisture that would condense out inside the package would be in the form of ice crystals and not be available for corrosion processes.  A part that passes TM 1018 in theory provides a high confidence that the devices would work as expected for the entire mission life. The purpose of TM 1014 is to verify a hermetic seal and prevent moisture from entering the package.

TM 1014 (Seal) describes numerous methods to check for package leaks. The most widely used technique is fine leak testing using a helium tracer gas followed by a gross leak or “bubble test”. In fine leak testing helium, the tracer gas, is forced into the package during what is known as the “bomb cycle” or a known quantity of helium is sealed into the cavity. The part is then placed into a chamber where all the air is evacuated and the escaping helium gas is measured using a quadrapole mass spectrometer tuned to the helium peak. The rate of helium escaping the part can then be measured and compared to a standard. This measured leak rate correlates to an air equivalent leak rate and TM 1014 lists the  spec limits for various package volumes.  For the bubble test an inert fluid is forced into the package and the part is then placed in a fish tank filled with a flourinert with a slightly higher BP.  If there is a gross leak in the package it will bubble at the spot of the leak. 
(NOTE: For more information go to www.tjgreenllc.com and download “Practical Guide to TM 1014”) 


Process Parameters:


Seam Welding

Roller Speed, Force…Current supplied to electrodes


Laser Welding

Laser spot size and pulse width…Laser power 


5.10 Hybrid Screen Testing (Mil-PRF-38534 Table C-IX)
Section C-5 of Mil-38534 specifies the screen test requirements that each and every Hybrid must see before shipping to the customer.  The purpose of device screen testing is to detect assembly defects and/or material problems.  These tests methods  and the specified test conditions are different than qualification tests.  Qualification tests are generally more severe, in some cases destructive, and are required for new deigns or when significant changes are made to the baseline listing of materials and processes.  
	Screen Test
	Mil-STD-883 Test Method

	
	

	Preseal burn-in 
	1030 

	Nondestructive bond pull 
	2023 

	Internal visual 
	2017 

	Temperature cycling 
	1010 

	Mechanical shock or constant acceleration 
	2002 

2001 

	PIND 
	2020 

	Pre-burn-in Electrical 
	In accordance with applicable device specification 

	Burn-in 
	1015 

	Final electrical test 
	In accordance with applicable device specification 

	Seal (fine and gross) 
	1014 

	Radiographic 
	2012 

	External visual 
	2009 


Below is a brief description of other common Mil-Std-83 tests methods.
Pre Seal Burn In (TM 1030)

The purpose of Pre Seal burn-in is to weed out marginal devices and stabilize monolithic ICs or resistor networks prior to the sealing of packages.

Temperature Cycling (TM 1010)

The test is designed to determine if the part can withstand the extreme temperatures and the mechanical stresses that result from hot to cold transfer. As a screen test Condition C is typical (-65 to 150 C) with ten cycles minimum and a 10 min dwell at each temp extreme.  The failure criteria includes visual defects (e.g. cracks), leak test results and/or electrical failures.

Mechanical Shock (TM 2002)
A test designed to determine the effect of a severe mechanical shock on the operating characteristics of the device. Shock pulses of 500 to 30,000 g level (peak) with a duration between .12 and 1 ms are used, 1500 Gs for .5 ms is typical.  Constant acceleration or centrifuge testing is often used in lieu of this test.


Constant Acceleration (TM 2001)
This test is also known as centrifuge testing.  The test is run using equipment originally designed for medical applications to separate plasma from blood. Parts are mounted with the substrate perpendicular to the spin axis. A stress level (g force) is generated normal to the plane of the substrate and changes as a function of the distance from the center axis and rotational speed. It’s a test designed to precipitate mechanical flaws or components that weren’t properly attached to the substrate.  Stiffener plates are often added to prevent package bowing, especially on large style Kovar cans that are prone to “oil canning” or in the instance where the stress cracks the ceramic substrate.  This test is used for screen or qualification depending on stress level applied.  Typical: 3,000 Gs for screening and 5,000 Gs for process and package qualification.

PIND testing (TM 2020) 
PIND (Particle Impact Noise Detection) is a non-destructive means of detecting for loose particles inside a hermetic package cavity. Historically, this test has produced many false readings due to fixturing or difficulty in getting a repeatable baseline. A vibration shaker apparatus is set up and imparts a 20 g peak at 40 to 250 Hz. (condition A).  A repeated series of shocks is imparted to the device and the sensor listens for any loose particles inside the cavity. 

Burn In (TM 1015) 

Purpose is to screen or eliminate marginal devices that would otherwise result in “infant mortality” or early lifetime failure under use conditions. A table in the TM illustrates equivalent time and temperature combinations, for a class K hybrid 320 hours at 125 C is typical. Use caution not to exceed 175 C junction temp for Class K. Device test sockets and end point electrical test measurements are carefully defined in the applicable test spec.
6 PRE CAP VISUAL INSPECTION CRITERIA 
6.1 General Requirements
This section details the inspection criteria for Pre Cap or Pre-Seal visual inspection.  This is a critical step and the last chance to observe the device prior to lid seal.  Any problems found after seal require costly delid and re-screening processes.  Foreign material, also know as FOD, is the predominant defect or anomaly found during Pre Cap inspection. The inspector must also take a close look for handling damage such as; chip outs, scratches, damage to the lid seal surface, deformed wires and process defects related to die attach, wirebond etc. In addition to searching  for visual defects the inspector must carefully note any drawing non conformances, review material traceability paperwork and rework limitations and provisions.
6.2 Housekeeping
Special ESD/Cleanroom smocks, hair nets, booties and finger cots or gloves are required in the cleanroom. A special gowning are is designated and usually has an airlock or airwash at the entrance way.  A tacky mat is placed at the entrance and the entire room is kept under positive pressure to minimize dust particles.  Personnel entering the clean room are expected to abide by specified clean room protocols (e.g. do not bring lead pencils and cardboard packaging material into the Lab)
6.3 Environmental
A class 100 cleanroom environment is required for visual 
inspection and a class 1000 must be maintained between inspection and seal.  Class 100 cleanroom (0.5 microns  or greater) particles/cubic foot controlled environment (Class 5 of ISO 14644-1). During the time interval between internal visual inspection and preparation for sealing, devices shall be stored in a 1000 (0.5 microns or greater) particles/cubic foot controlled environment (Class 6 of ISO 14644-1). Devices shall be in covered containers when transferred from one controlled environment to another.  Typically,  this is accomplished by covering the devices or turning upside down on a plate.  All other assembly operations are done in a Class 10,000 clean room (Fig 38).  Operations shall be conducted in an ESD controlled environment per D-1348, JPL 
Standard for Electrostatic Discharge Control.  Inspectors must wear gloves or ESD 
finger cots and exercise caution when handling the device so as not to cause damage to pins or wire bonds. 
Relative humidity shall be less than 65 percent; generally kept between 30-70 RH. 
Temperature is set at 70F +/- 10 F.
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FIGURE 38: Typical 10K Clean Room space as viewed from outside corridor
6.4 Pre Cap Magnification Requirements
The recommended magnification is 10-60X with sufficient lightning and contrast to observe potential defects inside the hybrid package.  Ensure adequate working distance under the microscope lens to maneuver and turn the part easily (Fig 39).
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FIGURE 39: Inspector performing Pre Cap Visual Inspection

6.5 Inspection Sequence
There is no required sequence when conducting a pre cap visual inspection. The order in which criteria are presented in this section is not a required order of examination. However, where obscuring mounting techniques (e.g., flip chip) are employed, the inspection criteria contained herein that cannot be performed after mounting shall be conducted prior to mounting the element or substrate.
6.6 Documentation and Packaging
Prior to inspecting the Hybrid the inspector must check the manufacturing traveler to verify that all paperwork is complete and accurate.  There is in general a lot of paperwork that follows each Hybrid or Hybrid lot intended for use in Space.  Besides component and material traceability the traveler lists all the manufacturing steps the part has seen including any rework. “Not to exceed” rework limitations must be verified against contract requirements. Most importantly the inspector must verify that the Hybrid configuration matches the drawing exactly.  This is the last opportunity to view the Hybrid prior to lid seal.
6.7 ESD Safeguards and Controls
The inspector must follow ESD handling procedures per JPL doc D-1348 and verify compliance with JPL ESD packaging guidelines per JPL doc D-8208.
7 Foreign Material Identification and Control

Foreign material (FM) is defined as anything foreign to the package (e.g. chemical stains, flakes of skin or loose threads) or material that has been displaced in the production flow (e.g. loose wires, solder balls, chips from the silicon die etc).  It’s critical to identify and eliminate any loose particles found in the package. Many companies use Foreign Object Debris (FOD) as the identifier for FM. The following should be kept in mind when viewing and inspecting for FM: 



Is the particulate or FOD in an active area? 



Is the particulate or FOD attached? 


Is there a potential for the particle to break loose?



Is the particulate conductive or non-conductive?



What is the minimum distance between two exposed non common metal runs? 


How does this distance compare to the relative size of the particle?



Is there a potential for shorting now or in the future?


Answers to the questions above are not easy. One test to determine if a particle is attached is a 20 PSIG nitrogen blow off.  However, electrostatic charges known as Vander Walls forces cause small particles to cling to the surface and therefore do not  easily  “blow off”. Some components are more sensitive than others, for example; airbridged RF/MMIC devices and MEMS are extremely susceptible to particles.  Conductive foreign material is defined in TM 2017 as any substance that appears opaque under those conditions of lighting and magnification used in routine visual inspection.  In practice this may or may not be true. If unsure assume worst case and treat the particulate as if it were conductive. 
 It’s not always clear to the inspector where the “active areas” are located.  If 
unsure ask for clarification. Any chemical staining or discoloration should be taken 
seriously and may require additional laboratory analysis by the contractor.  
The manufacturer must have in place a program to document foreign material, determine the source and eliminate it from the process. The manufacturer shall perform an audit on a weekly basis for the presence of foreign material on the die surface, or within the package. This audit may be satisfied during routine internal visual inspection. If the presence of any type of foreign material/contamination is discovered, the manufacturer shall perform the necessary analysis on a sample of suspect devices to determine the nature of the foreign material. The manufacturer shall then document the results of his investigation and corrective actions to eliminate the foreign material and shall make this information available to the Government QAR, the acquiring activity, or the qualifying activity, as required. Corrective action responses shall be obtained within a maximum of ten (10) working days of discovery. The intent of this procedure is to require investigation and resolution of foreign material/contamination problems which do not have effective screening or detection methodology, but that could cause degradation and eventual failure of the device function. Repetitive findings without obvious improvements require escalation to Director of Manufacturing and Director of Quality Assurance, or their equivalents, to continue processing.
Below are photos representative of FM identified during Pre Cap inspection:
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FIGURE 40:  REJECT: Loose conductive particle bridging two non common metal runs
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FIGURE 41: REJECT: Loose conductive particle shorting an airbridge
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FIGURE 42:  REJECT: Human Contamination also known as “Spittle”  bridging unpassivated aluminum metal bond pads
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FIGURE 43: REJECT: Human Contamination
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FIGURE 44: REJECT:  Finger oil contamination
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FIGURE 45: ACCEPT:  Attached FM in a “non active” area of the die
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FIGURE 46: REJECT: Buried particle or defect in active area as evidenced color fringing
8 IC Die Defects
Metal runs on ICs and substrates are designed to carry current to and from the active points in the circuit and throughout the module.  Metal conductor traces generally have a margin of safety designed in to prevent localized high current densities that result from a reduced cross sectional area. These localized hot spots may burn open the circuit path in field applications.  As a result there is a visual inspection requirement detailed below that that allows for some voiding and scratches/opens in the conductor traces provided the damage does not exceed more than 25% of the conductor width.  Sometimes a scratch will cause two metal runs to touch each other and cause a short.  If the spacing between two metal runs is reduced by more than 50% this also would then be considered a reject condition.  The photos below illustrate these concerns.
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FIGURE 47: REJECT: Void exceeds 25% of line width
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FIGURE 48: REJECT:  Typical damage caused by tweezers hitting topside of the IC
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FIGURE 49: REJECT:  Scratch causes reduced spacing between two metal runs
8.1 IC Cracks and Chipouts
Most IC chips are cut from the wafer using a wafer sawing process.  If not done properly this sawing process will produce chip outs and cracks into the IC or substrate. Some chipping and cracking is allowed.  IC chips or substrates that show evidence of chips or cracks that may propagate during subsequent environmental stresses or field use are rejects.  As a general rule any crack pointing towards the active region or any chipout into the active region is a definite reject. Below are some examples:
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FIGURE 50:  IC crack and chipout criteria
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FIGURE 51:  REJECT: Crack inside scribe line and pointing to active area
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FIGURE 52:  REJECT: Chipout into an active area
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FIGURE 53:  REJECT: Crack in IC under gold bond pad
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FIGURE 54: Substrate REJECT: Crack in ceramic substrate

8.2 Laser Trim Resistor Networks

Thick and thin film resistor networks as described in section 6 are very common in Hybrid circuits.  The resistor patterns are cut with a laser to intentionally reduce the designed width and hence increase the resistance to a very precise and preprogrammed value. Trimming away too much (i.e. more than 50% of the line width) or trimming into the end termination is a potential reliability risk and hence a reject.  Other concerns relate to the laser trimming process and cleanliness of the “kerf”.  Per 
the mil specs no “detritus” is allowed in the kerf.   Resistor material left in the cut will heat up locally and possibly burn open in the field, thus changing the resistor value 
abruptly. 





[image: image51]
FIGURE 55:  REJECT Bridging material in trim Kerf ( Note: Kerf is the area cut by the laser trim process.  It must be clean and free of bridging material to function properly in the system).
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FIGURE 56:  REJECT: More than 50% trim cut 
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FIGURE 57:  REJECT: Trim into the end cap 
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FIGURE 58: REJECT:  Resistor width reduced more than 50%
8.3 Element Attach

Most active and passive components are attached to the substrate with epoxy.  The epoxy may be conductive (e.g. silver filled) or non conductive depending on the design. It’s important to have enough epoxy on each component to keep attached in during its lifetime, but too much epoxy can also be cause for reject.  This is especially true for conductive epoxy that may short out a nearby trace.  Eutectic solders may also be used to attach component, especially high powered devices where voiding under the chip is a major concern. 

8.4 Epoxy attach

Below is the requirement for the minimum amount of epoxy that is observed as a fillet surrounding the attached component.   Observing epoxy flow on two full opposite sides of the device indicates there is probably sufficient attach media under the device.
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FIGURE 59:  Epoxy Fillet Criteria 
An epoxy fillet must be visible around at least 50% of the die perimeter or as a minimum a complete fillet along two opposite sides of the die.
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     FIGURE 60:  Perfect 100% epoxy fillet coverage

[image: image117.emf]Material  Thermal   Conductivity  TCE   X 10E - 06/K     Alumina  21 - 35  6.3   AlN  110 - 170  2.65   AlSiC  150 - 190  6.5   BeO  150 - 250  5.4   Silicon  75  5.0   Copper  398  16.6   Kovar  18  5.8      






FIGURE 61:  REJECT: Insufficient epoxy
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FIGURE 62:  Good epoxy coverage
For multilayered chip capacitors and other end terminated elements there must be at least 75% epoxy fillet coverage on each end as shown above.  If non-conductive staking epoxy is applied to the body of the capacitor than the 50% perimeter coverage discussed above applies.  
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FIGURE 63: MLC Capacitor with non-conductive staking epoxy applied to body 
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FIGURE 64:  REJECT: Conductive Epoxy shorts
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FIGURE 65:  REJECT:  Conductive epoxy within 1 mil of topside metal on a plate capacitor
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FIGURE 66: REJECT:  Conductive epoxy has wicked under the capacitor and caused a short.  This type of defect is not easily seen when viewed from above looking straight down, so it’s 
important to rotate the Hybrid and look at a 45 degree angle.
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FIGURE 67: REJECT: Crack in epoxy larger than 5 mils. This photo shows a true crack in the conductive epoxy, surface fissures or pullback at the edges of the adhesive are not considered cracks.
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    FIGURE 68:REJECT:  Component more than 50% off pad

8.5 Solder Attach
In the case of solder attach there is no fillet or attach media that climbs up the side of the device.  The eutectic material wets and flows out along the perimeter of the device. It alloys into the substrate and does not climb up the side wall.  However, from a visual inspection standpoint the same 50% perimeter rule as described above applies.  This visible wetting along with X-ray and or ultrasonic imaging is evidence the component is sufficiently attached to the substrate.  
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FIGURE 69: Topside view of solder eutectic flow out along edge of chip. 
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FIGURE 70: X-ray voids underneath a silicon chip with vias. Device was attached using Au-Si eutectic
Minimum acceptable voiding criteria as seen by X-ray is described in TM 2012, which states that any void which traverses the length or width of the die and is greater than 10% of the designated contact area is a reject, or total voiding greater than 50% of the intended contact area. The above photo does not have a single void traversing the entire width of the die, but may be close to the 50% of total area void criteria.  

Another method of evaluating die attach is by ultrasonic inspection. The voiding criteria for ultrasonic testing is described in TM 2030 and differs slightly from the X-ray die attach criteria. 





[image: image65]

FIGURE 71:  Excellent die attach underneath a power transistor   
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FIGURE 72: X-rays can also be used to detect broken wires or loose particles inside the package
9 Wirebonds

In forming a wirebond interconnect the wire is deformed using pressure and vibrational or ultrasonic energy supplied by the bonder.  A properly formed wirebond will show some evidence of “squash” at the bond.  Too much or too little “squash” is cause for rejection.  An overderformed bond is prone to heel cracks, which are hard to spot.  A bond imprint  that shows no squash my lift off the pad.  Both extremes should be avoided and the following criteria are focused on this idea.  Other areas for inspection focus on the placement of the bond relative to the pad, excessive tails, loops, wires 
touching wires etc.
9.1 Gold Ball Bonding 

In gold thermo compression ball bonding the first bond is always the ball.  In a nicely made ball bond the ball squash is typically 2 to 3 times the wire diameter.  It’s difficult to see the squash looking directly down through the lens of the microscope from the top because the ball is out of focus.  But by slowing changing the focus one can follow the wire into the top of the ball and observe the amount of squash, or by turning and viewing the squash from the side. Below are three different views of typical ball bonds.
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FIGURE 73: SEM image view showing ball deformation relative to the wire diameter. The wire is typically squashed 2-3X the wire diameter
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FIGURE 74: REJECT:  Ball squash on bond in photo on far right is undersized.  Mil spec criteria states that any ball squash that is less than 2 times the wire diameter is a reject.  Sometimes a small ball is the result of a short tail created at the previous stitch. 
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FIGURE 75: Side view of ball bond. It’s important to be able to rotate the device under the microscope to view any odd looking balls. In this case the inside diameter of the bonding capillary was oversized causing inconsistent ball formation





[image: image70]
FIGURE 76: REJECT: Excessive ball squash due to excessive power.  This often is seen when surface contamination is present.  When bonds don’t stick the operator’s first instinct is to increase power. 




 
[image: image71]  
FIGURE 77:REJECT: Bond is more than 25% off pad. In addition the wire exit point from the ball is outside of the bond pad perimeter, which is a little hard to see because in this photo the top of the ball is out of focus. Additionally,  the ball is shorting to the adjacent trace. So, for three different reasons this bond is a reject with no chance of rework of the wires. 
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FIGURE 78:  REJECT:  The middle bond in the above photo is a reject because the  wire exit is not within the ball perimeter. When this bond was made the capillary slammed into the bond pad as the free air ball was not seated properly at the tip of the capillary.  A golf club bond is a common wirebond process anomaly, but not all “golf clubs” are rejects.
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FIGURE 79: REJECT: The above is known as a “ball short”. The ball on the lower pad is potentially shorted to the metal trace that connects to the opposite pad. Even if this device has a protective passivation this is a reject.  One needs to see a clear line of separation between the bond and any non common metallization run.  
The second bond in a ball bond process is the stitch or crescent bond.  The bond is formed as the capillary cuts or smears off at second bond.  Like first bond there are limits on how much deformation can occur, but it’s often very difficult to observe where the wirebond ends and the substrate metallization begins, especially a gold wire on a gold pad.   
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FIGURE 80: Nicely made stitch bonds are shown above, below is the Min/max criteria
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FIGURE 81:  Mil Spec Stitch Bond Squash Criteria
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FIGURE 82: REJECT: Examples of skewed and skidded bonds
Compound bonds, sometimes referred to as security bonds are used by many hybrid companies to secure the stitch at second bond.  It’s a reinforcement at second bond, but in order to be effective the ball has to be placed squarely on the stitch.
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FIGURE 83:  Security Bonds, Balls placed over stitch

The above is a photo (Fig 83) is a security bond with the ball placed squarely on the stitch. In this situation the added ball may reinforce the stitch bond, provided contamination is not a concern.





[image: image78]
FIGURE 84: REJECT:  Ball misses the stitch and covers the tool mark instead which does not reinforce the bond, and give the user a false sense of security.

A compound bond is a bond placed on top of other bond and only monometallic bonding is acceptable.  In addition, the second bond has to be 75% centered over the 
initial bond.  Only one rebond attempt is permitted.
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FIGURE 85: REJECT:  More than 25% off the original bond foot
9.2 
Wedge Bonds
Both gold and aluminum wire are used in the wedge bond process.  The observed bond foot is the reverse image of the bond tool used in making the bond.  Hence, not all wedge bonds look alike. It’s easy to spot first bond because it generally has a noticeable tail, and there is a limit to how long this tail can be.  The inspector must look at the amount of wire squash and must pay special attention to heel cracks.
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FIGURE 86: SEM image of an aluminum wedge bond (1st Bond) placed on bond pad.  Notice the lip surrounding the bond pad of IC, this is where the glassivation of the IC ends and the exposed metal on the bond pad begins.  If bonds do not land on the designated pad they will crack the protective glass layer designed to protect the IC.
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FIGURE 87: Wedge Bond Squash Criteria
The diagram above illustrates the squash out of a wedge bond. The W dimension shown above is in reference to how much deformation occurs relative to the wire diameter. The squash criteria differs slightly for thermo compression bonds vs.  thermosonic bonds. Only gold wire is thermo compression bonded and requires simply heat and pressure to form the bond.   Thermosonic bonding adds ultrasonic or vibrational energy during the bond sequence. 
 

Thermosonic bond:

Bond squash 1 to 3X wire diameter


Thermocompression:
Bond squash 1.2 to 3X wire diameter
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FIGURE 88: Nicely made aluminum ultrasonic wedge with about a 1.5 X squash factor.
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FIGURE 89:  Tails on Wedge Bonds, middle bond is marginal
Tails on wedge bonds cannot exceed 2X the wire diameter.  The bonds above would pass the criteria, although the bond in the middle is close to the 2X limit.  The intent of the reject criteria is to limit excessive tail formation, because the tails could potentially break off and cause a short inside the Hybrid.
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FIGURE 90:  REJECT: Heel cracks on a 1 mil diameter gold wedge bond
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FIGURE 91:  REJECT:  Wire break at heel displaced from original bond placement. In this photo it’s clear but, often times the wire break is not obvious.  One must be very careful when inspecting wedge bonds, in some cases the wedge bond is broken but doesn’t move causing an intermittent electrical problem. 
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FIGURE 92: REJECT: Over deformed wedge bonds that are prone to heel cracks, wire lifts and possibly fractured the IC.
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FIGURE 93: REJECT: Wire breaks at second bond. Possible causes include contamination of the bond surface, insufficient wirebond parameters (i.e. too low on power, time or force) or this may have been a case of over boning that resulted in a heel break and subsequent wire lift. 
9.3 Ribbon Bonds
Ribbon bonds are similar to wedge bonds, but with a different tool designed to accommodate the ribbon Au ribbon (typical 3 mil in width by .5 mil thick).  In this case the squash out criteria doesn’t apply as with round wire. However, it is important to check the tool mark is seen completely across the ribbon and a close check for potential heel cracks.
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FIGURE 94: Ribbon made with a cross groove tool. Full tool mark seen across the width of the ribbon. 
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FIGURE 95: REJECT:  Bond impression less than 100% the width of the ribbon
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FIGURE 96: REJECT:  Tear in heel of ribbon bond, could potentially crack in field use.
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FIGURE 97:  Ribbon Bond Looping configuration

Every wire or ribbon as shown above needs some loop for stress relief. (Ref 7).  This is important because the wire or ribbon normally connects materials that have different coefficients of thermal expansion, which could lead to opens in field use.

9.4 Heavy Aluminum Wire
Heavy aluminum wire is used in hybrids to interconnect power semiconductors. The wire bond process uses a different V-groove style bonding tool and the wire is cut at second bond as opposed to tearing the wire.  It’s a little more difficult to tell which is first and second bond.  Visual inspection criteria for this type of bonding is not specifically addressed in the mil specs. Fig 97 illustrates the perfect bond. Heel cracks and excessive wire deformation are rejects. 
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 FIGURE 97:     The perfect heavy wire aluminum bond (Ref 8)
The above illustrates features of a nicely made aluminum heavy wire wedge bond.
    




[image: image91]

       
FIGURE 98: Photo shown above is a nicely made heavy wire aluminum wedge wirebond
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FIGURE 99: REJECT:  Over deformed heavy gauge aluminum wire “Dog Ears”
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FIGURE 100:  SEM image of a heel crack in an aluminum wedge bond

Heel cracks are usually present when the wire is over deformed as in photo above. Heel cracks present a serious reliability problem.  
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FIGURE 101: REJECT:  Wire short a clear line of separation is needed between two non-common wires
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FIGURE 102: REJECT: Wirebonds on top of epoxy die attach material present a reliability issue and are not permitted per the mil specs.
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FIGURE 103:  Epoxy resin Bleed

The above photo clearly shows resin bleed weeping out from an epoxy fillet.  It’s a common problem with many hybrid manufacturers.  Resin bleed by itself is not an issue, but if the resin wicks out onto a trace intended for wirebonding purposes then the bonded wire will not stick or may not be reliable in the field application.  Per the mil spec bonded wires cannot be within 5 mils of this type of epoxy resins as shown above.
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FIGURE 104: REJECT: Multiple bond attempts as evidenced above was the result of trying to bond to a contaminated pad. In this case the contamination was silicone vapors that settled onto the bond pad after cure in a confined epoxy cure oven. 
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FIGURE 105: REJECT: Blisters in package housing

The photo above shows plating blisters that appeared after a bake out sequence to eliminate hydrogen trapped in the plating layers.  The blisters were the result of poor cleaning in between the plating steps.  These blisters and underlying contamination interfered with die and wirebonding and would have been a problem at seal if not detected sooner.  Inspectors must pay special attention to any evidence of plating problems that could lead to process problems or reliability issues that may jeopardize the space exploration mission.   
9.5 Flip Chip Defects
A Flip Chip attach process is a method whereby conductive spheres are attached to the IC bond pads and the chip is flipped over and soldered to the board as opposed to conventional die attach and wirebond. It’s primarily intended to shrink the electronic footprint on a circuit board. This process is described in a more detail in section 10 of this document. Below is a summary of the conventional reject criteria. 
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FIGURE 106: Flip Chip reject Criteria
The above diagram illustrates defects with flip chip die, prior to bonding.  Once bonded to the board the underside is no longer visible. (Ref TM 2010-23). In addition to the defects shown above here is a list of other potential defects 

Flip Chip Solder Bumped Die Defects:



Missing solder balls


Solder balls 20% smaller or larger than nominal design size



Solder balls bridging or misaligned 
Any attached or embedded foreign material bridging balls, or redistribution metallization

Misaligned solder ball which exposes the UBM (under bump metallurgy) on the contact via
Voids in the redistribution metallization greater than 50% of the design width



Any bridging of the redistribution metallization


Any residual unetched UBM bridging balls or redistribution metallization

Mechanical damage to the ball that reduces the original height or diameter more than 20%



Any lifting or peeling of the dielectric layer
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FIGURE 107: Crack and ball to pad interface on flip chip device
After flip chip placement and solder reflow and prior to underfill one can inspect for cracks in the solder ball.  These are generally more likely to occur at the corners where the stress concentration is greater. A crack may be observed between the solder 
ball and die surface or between the solder bump and substrate.
10 INSPECTION CHECKLIST

Pre Cap Visual Inspection (Component Attach) 

(Reference MIL-STD-883 TM 2017.8)

Reasons to Reject:

_____
The die or substrate appears unattached 



(e.g. 50% or more is unattached)

_____
Insufficient conductive attach media on end terminated elements

_____
Flaking of the attachment material

_____
Balling of solder or die attach material that does not exhibit a fillet 

_____
Conductive attach material that comes to close (e.g. less than .001”) to any functional metallization or element which is not electrically common

_____
Big cracks in the surface of the attachment media 

(e.g. greater than .005” in length or 10% of the bond line)
Note: Irregularities such as fissures or pullback at the edges of the adhesive are not considered cracks

_____
Adhesive strings that appear as though they may break off 

(e.g. if the diameter of the string at the point of attachment is less than 50 % of the length of the string)

_____
Cold solder joints (e.g. poor solder wetting, dull grainy appearance)

_____
Adhesive that covers the active area of any unpassivated chip resistors

_____
Non conformance to the engineering drawing. 

11 INSPECTION CHECKLIST
 
Pre Cap Visual Inspection (Wire Bonds)

(Reference MIL-STD-883 TM 2017.8  and TM 2010.11)

Reasons to Reject:
_____
A wirebond footprint that extends beyond the intended bond pad area

(e.g. if more than 25% of the bond foot is off the pad on the die).

_____
Bonds on the package post or substrate not completely within the bonding site.

_____
Wires that cross over other wires except by design 

(2Xs wire diameter minimum clearance is typical).

_____
Bonds that appear to be on top of each other, except for compound or safety bonds. (e.g. .001”or less separation).

_____
Bonds that are too close to each other 

(need a visible line of separation in between).

_____
Wire bond tails that touch non-common, unglassivated active metallization.

_____
Bonds on element attach media. 

_____
Bonds on contaminated areas within the package.

_____
Bonds on foreign material.

_____
Evidence of lifted or peeling bonds.

_____
Intermetallic formation extending completely around the metallic interface of any bond between dissimilar metals (i.e. purple plague)
_____
Tearing at the junction of the wirebond.

_____
Evidence of nicks, cuts, crimps, scoring or sharp bends in the wire or ribbon.

_____
Significant neckdown in the bonding wire

(e.g. if the wire diameter/width is reduced by more than 25 %). 

_____
Any lead making a straight line run from bond to bond that has no arc (except by design).

_____
Bonds too close to polymeric adhesive or contaminated area



(e.g. within .005”).

_____
Excessive loop height such that the wire would contact the lid when attached or may sag over and short something out.  Wires longer than 100 mils are a problem
_____
Bonds at the point metallization exits the bond pad that does not exhibit a line of undisturbed metal between the periphery of the bond and the metallization stripe. 

_____
Excessive ball bond deformation 

(e.g. ball diameter  greater than 5Xs  wire diameter) 

_____
Insufficient ball bond deformation 

(e.g. ball diameter less than 2Xs  wire diameter )

_____
Ball bonds where the wire exit is not completely within the periphery of the ball. 

_____
A crescent bond on the IC  wire bond pad 

_____
Excessive bond deformation on the wedge bond footprint.

(e.g. Greater than 3Xs the wire diameter )    

_____
Insufficient bond deformation on the wedge bond footprint.



(e.g.  Less than 1.2Xs the bond width or .5Xs  the wire diameter in length)

_____
No evidence of wedge tool impression. 

_____
Wedge tool mark does not cover the entire width of the wire.

_____
Excessive wire bond tails on the wedge bond. 



(e.g. tail lengths greater than 2Xs wire diameter)

_____
One bond that secures two wires

_____
More than one bond on top of the original bond.

_____
Misaligned compound bond. 



(e.g. the second bond is less than 75 %  on top of the original bond)

_____
Compound bonds made with dissimilar metals.
12 INSPECTION CHECKLIST

Pre Cap Visual (Ribbon Bonds)


(Reference MIL-STD-883 TM 2017.8)

Reasons to Reject:
_____
Bonds that do not show a complete bond/weld impression across the width of the ribbon.

_____
Any tears or cracks in the ribbon at the junction between the ribbon loop and bond/weld.


_____
Effective bonding area is significantly reduced 



(e.g. less than 50% of original design).

_____
Bond tails that bridge adjacent metallization.

_____
Bond tails longer than one ribbon width.

_____
Excessive tails on the ribbon bond 



(e.g. tails longer than 0.010 “).

13 Rework and Repair Provisions and Limits


Source requirement: MIL-PRF-38534F Appendix E (E.3.2)

13.1 General Requirements
Ensure temperature excursions during rework and repair do not exceed the baseline manufacturing process. 

Rework time and temp limits are specified.

Touch-up of package sealing surface plating on delidded packages is not permitted.

The minimum distance between the glass to metal seals and the package sealing surface will be at least .040 inch (1.02 mm) after final seal to prevent damage to seals by welding adjacent to them. (Applies to seam welding only.)

Devices that are reworked or repaired prior to sealed burn-in shall be (re)screened as follows: 

If no active elements or wirebonds affecting them have been replaced, full (re)screening shall apply with the following allowances: 

a.
Only the replacement wires need be nondestructively pull tested. 
b.
Pre-seal burn-in need not be repeated. 
c.
Post-seal burn-in may be reduced to 240 hours at 125 °C, or at the time temperature equivalent, provided total pre-seal burn-in on active devices is 320 hours or at the time temperature equivalent. 

If active elements or wirebonds affecting them have been replaced, full (re) screening shall apply with the following allowances: 

a.
Only the replacement wires need be nondestructively pull tested. 

b.
Pre-seal burn-in need not be repeated. 

c.
Total burn-in (pre-seal plus post-seal) shall be 320 hours at 125 °C, or at the time temperature equivalent. 

Devices that are reworked or repaired after sealed burn-in. 

If no active elements or wirebonds affecting them have been replaced, full (re) screening shall apply with the following allowances: 

a.
Only the replacement wires need be nondestructively pull tested. 

b.
Pre-seal burn-in need not be repeated.

c.
Sealed burn-in may be reduced to 240 hours at 125 °C, or at the time temperature equivalent if burn-in was previously performed. 

If active elements or wirebonds affecting them have been replaced, full (re) screening shall apply as follows: 

a.
Only the replacement wires need be nondestructively pull tested. 
b.
Pre-seal burn-in need not be repeated. 

c.
Burn-in (pre-seal plus post-seal) shall be 320 hours at 125 °C, or at the time temperature equivalent. 

When flux is required for rework or repair, the specific flux and detailed procedures for its use and subsequent special cleaning operations will be documented. 

Rework of a wafer is not allowed. Additional etch to correct a nonconformance to a specification limit, photoresist strip and recoat, or processing to continue or finish incomplete processing, is not considered rework. Deposition of oxidation, glassivation, or any interconnect layers (e.g., polysilicon, aluminum, etc.) is not  allowed.

13.2 Element Wire Rebonding

Wire rebonding of elements other than substrates, thick film elements, capacitors, and package posts will be permitted with the following limitations:

Wire/ribbon  bonding will not be used to repair a scratched, voided, or discontinuous paths or conductor patterns on an element.  All rebonds will be placed on at least 50 percent undisturbed metal (excluding probe marks that do not expose underlying oxide). No more than one rebond attempt at any design bond location will be permitted. No rebonds will touch an area of exposed oxide caused by lifted or blistered metal. Bond-offs required to clear the bonder after an unsuccessful bond attempt need not be visible, will not be cause for reject and will note counted as a rebond, but must meet all the requirements for excessive bond tails.

The total number of rebond attempts (exclusive of element replacement or tuning wire replacement) will be limited to a maximum of 10 percent of the total number of bonds in the device. The 10 percent limit on rebond attempts may be rounded to the nearest whole number to the 10 percent value.

13.3 Substrate, thick film elements, capacitors, and package post wire


rebonding or repair

Wire rebonding on substrates and package posts will be permitted with the following limitations:

Scratched, open, or discontinuous substrate metallization paths or conductor pattern on a substrate, not caused by poor adhesion, may be repaired by bridging with or by addition of bonded conductors having current carrying capacity at least 3.5 times the maximum calculated operating load current for the conductor or 3.5 times the current capacity of the wire bond connection terminating on the damaged conductor path. The quantity of repairs will be limited to one for each one-half square inch or fraction thereof of substrate area. This repair is not applicable to thick film elements, capacitors, or package posts.

No rebonds will be made over intended bonding areas in which the top layer metallization has lifted, peeled, or has been damaged such that underlying metallization or substrate is exposed at the immediate bond site.

13.4 Compound bonding
Compound bonding is permitted only as follows: 

When required for design, rework, or repair, gold compound bonds will be limited to one bond over the original bond, wire, or ribbon. 

Only monometallic compound bonds of the same size wire or ribbon are permitted (i.e., the original bond wire and that used for compound bonding shall be the same material). 

For rework or repair, the maximum number of compound bonds will not exceed 10 percent of the total number of wires and a  corrective action system shall be utilized in order to reduce the number of compound bonds. 

For rework or repair, all compound bonds will be 100 percent nondestructive pull tested in accordance with method 2023 of MIL-STD-883. 

A compound bond will not be used to connect two wires.
All compound bonds will meet the visual criteria in method 2017 of MIL-STD-883.
13.5 Element Replacement

Replacement elements will not be bonded onto the chip element they are to replace.

Any element may be replaced two times at a given location on any device. 

Any element attached with polymer to metal other than substrate metallization (e.g., pedestals, ribs, carriers, etc.) may be replaced four times at a given location.  Any metallic attached element may be replaced one time at a given location.

Any metallic attached element onto a plated tab where the tab is attached to a substrate with a higher temperature metallic attach process may be replaced two times.

Substrates may be removed, replaced, or put into a new package one time. This restriction does not apply to substrates attached into a package using mechanical fasteners.

13.6 Seal rework

The use of polymers to effect, improve, or repair any package seal will

not be permitted.

13.7 Lid seal rework

It is permissible to perform seal rework without delidding on devices that fail fine leak testing one time, provided a tracer gas is included during the original sealing operation and under all of the following conditions:

Fine leak testing, without pressurization (bomb), must be performed immediately after sealing prior to any other test.

Devices are stored in a nitrogen environment for a maximum of four hours between initial seal and reseal without replacing the cover.

Devices are submitted to a predetermined vacuum bake prior to reseal.

Solder sealed packages may not be reworked in accordance with this procedure.

13.8 Other seal rework

It is permissible to rework other seals (e.g., feedthroughs, connectors, seal plugs, windows, etc.) at metal-to-metal interfaces on unlidded devices.

13.9 Delidding of devices
Solder sealed devices (Class K) may not be delidded-relidded.  Class K devices are limited to a maximum of 2 delid-relid cycles.
14 INDUSTRY LESSONS LEARNED

There have been many mistakes made and problems overcome during the past forty years of Hybrid circuit technology development. History often repeats itself.  As experienced Hybrid engineers and designers leave the workforce the probability of reliving old problems increases. However, is this age of instant information just a quick check of the literature will often provide enough information to keep from making the same mistake over and over.  

Below is a short synopsis on industry wide lessons learned.  A computer search on anyone of these topics will produce plenty of technical papers and references to relevant information. This list is by no means all inclusive.  Each day the industry continues to grow and adapt new materials and processes to meet the increased demands of our Space customers, but so too is the challenge to maintain quality at all levels of production.  

14.1 Plating Issues

Industry Problem:  Packages, pins, lids, end terminations on passive components, substrates and other components in many cases require a top layer of gold plating. There have been many quality and reliability problems directly related to poorly deposited electroplated metal films.  Part of the problem stems from the fact that there are very few good electroplating suppliers available in the industry and environmental concerns and high start up costs have hampered new suppliers from entering the business. Electroplating for microelectronics is a specialized field.  Even small amounts of unwanted elements such as iron, phosphorous or sulpher on a PPM basis can be catastrophic for wirebonding, lid seal and die attach.  Electroplating is a complicated process and at each step along the way the surface must be cleaned and properly treated.  Contaminated platings and/or porous films have been the cause of many Hybrid failures and a persistent quality problems.  What makes matters worse is the problems are not easily seen with a naked eye and often times require expensive analytical tests and a trained eye to determine the root cause. 

Lesson Learned:  Make sure the proper quality controls and process checks are in place and properly enforced for any plating operation.  Relying on the plating specification and the supplier promise is not enough. Verify at incoming that the plated components will be reliable when used in the actual production flow.   
14.2 Incoming Inspection/Receiving
Industry Problem:  There have been many instances in the past whereby defects that should have been identified at incoming inspection were not found until after wirebond or at Pre Cap Visual inspection. Unfortunately, defects found at Pre Cap are costly to fix and rework inside a Hybrid is risky. Often times there is collateral damage. Pre Cap visual is the wrong time to do high magnification die inspect, seldom is there enough room inside the Hybrid to do the inspection.  For example, GaAs MMIC chips contain very small hard to see air bridge structures that are easily damaged.  Magnifications of 500X are sometimes necessary to verify the quality of the device.  Poor packaging of semiconductor dice is another persistent issue.  Devices that are a-skew in the waffle pack or the sil-gel tack material is to hard to remove the die are commonplace. Insufficient or missing ESD packaging materials is problematic area. 
Lesson Learned: Inspect, identify and remove defective product as early as possible in the production flow. Immediately communicate with the supplier any quality issues or concerns that are found at incoming and deal with the problems at that time.  It’s always easier to find and eliminate problems early in the production flow.  Learn how the devices will be packaged ahead of time.   

14.3 Hydrogen Poisoning

Industry Problem:  A number of years ago there were some major satellite programs that experienced on orbit failures and performance issues due to GaAs MMIC amplifiers that stopped working or had insufficient gain.  The problem was termed  “hydrogen poisoning”.  It resulted from a build up of hydrogen gas inside the hermetic package which reacted with oxides in the sensitive gate regions of the MMIC device and caused the performance drop off.  It was a painful industry wide problem.
Lesson Learned:  Hydrogen issues must be addressed early in the design cycle. Mitigation strategies include hardening of the device to the effects of H2 poisoning and high temp bake out cycles to eliminate hydrogen trapped in the metal platings and base kovar  packaging material. In addition, hydrogen getters placed on the inside of the lid can be employed to trap and chemically tie up any H2.   

14.4 Cracked Glass Seals
Industry Problem:  Mil 883 Test Method 2009 contains visual inspection criteria that relates to cracks in glass to metal feedthroughs on hermetic packages.  This inspection criteria has been a major source of controversy for many years.  It’s controversial for two reasons; the cracks are difficult to see and change appearance depending on the lighting condition and the inspection criteria itself  is very confusing. Secondly, there is no relationship between hermeticity and cracking in the glass surrounding the metal feedthorugh.  Over the years a lot of good product has been scrapped and many manhours wasted on this issue. 

Lesson Learned:  Carefully review ahead of time the glass bead crack inspection criteria contained in TM 2009 and determine it’s applicability for the particular package design in question.  Anticipate and modify the steps in the production flow that cause cracked glass beads. 
14.5 Purple Plague


Industry Problem: No discussion about wirebonding is complete without mention of “purple plague”.  Twenty years ago this was a major industry problem and still has the potential to be one given the proper process conditions.  One of the intermetallic compounds in the Au-Al phase diagram that forms at the interface of a gold ball and aluminum pad on the IC is AuAl2, it looks purple in appearance.  The formation of this compound increases the electrical resistance of the joint and the associated Kirkendal voids tend to embrittle and weaken the bond.  There have been at least thirty technical papers written on this subject and there is no one simple explanation, except that time at temperature accelerates the formation of the intermetallic.  Lower wirebond temperature, cleaner processes and better IC metallizations have minimized the problem in recent years.  But anytime Au and Al come in contact the potential is there for a problem.
Lessons Learned:  Monometallic wirebonds are preferred in high rel applications. Any wirebond process that uses gold wire to an aluminum pad or vice versa holds the potential for the formation of harmful intermetallic compounds that may degrade the reliability of the joint.  One test to detect purple plague is to bond pull after bake for1 hr at 300 C.  A significant drop off in pull strength indicates a problem. Operators and inspector should be trained to look for any unusual formations or growth in or around the bond.   

14.6 Moisture in Microelectronics
Industry Problem:  In general, microcircuits are sensitive to moisture.  Moisture droplets that condense onto the surface of an IC can cause corrosion, degrade the electrical signal and cause havoc inside an optoelectronic package.  TM 1018 limits moisture to no more than 5000 PPM and this is the reason parts must be hermetically sealed.  However, moisture can still diffuse into the package, moisture may evolve from the organic materials inside the package or be sealed into the package from within the seal chamber itself.   

Lessons Learned:  Understand the moisture sensitivity of the device types in question, customer expectations and end use environment.  Pay special attention to bake out schedules and seal processes.  Understand the pitfalls and limitation of TM 1014 (Seal) and how it relates to the 5000 PPM moisture spec limit as per TM 1018 (Internal Water Vapor).  Be proactive, qualification failures due to excessive internal moisture have major program cost and schedule implications.
14.7 Foreign Material Contamination 
Industry Problem:  Foreign material and contamination inside the Hybrid package has been a major industry wide yield and reliability problem.  Contamination from epoxy cure ovens, silicone vapors, epoxy resin bleed, flux residue, wet chemical cleaning process that leave a residue are just a few of the many problems that come to mind.   Die attach, wirebond and package seal all require clean bonding surfaces in order to reliably make a joint.  The problem is many times the bonds are made in conditions that are less than ideal and these marginal bonds fail sooner than expected at the system level.  Loose particles have been the cause of several component failures on orbit. Human contamination (aka “Spittle”) in the past has been identified as a root cause failure of an IC chip that was responsible in an aborted Space shuttle launch. 
Lesson Learned:  Cleanliness is job ONE in a Hybrid assembly process. Use finger cots, wear a facemask, place spittle guards on all microscopes and do whatever else is practical to prevent human contamination.  Every visual specification has a requirement to identify, track and eliminate FOD. Due diligence is required to create and maintain a clean process in order to optimize bonding processes and minimize field failures.  Particle getters, PIND test and other techniques have proven effective in minimizing and eliminating the potential dangers of loose particles inside the housing.  
14.8 Indium Alloy Corrosion 

Industry Problem:  Indium and Indium/lead alloys are easily corroded by halides in the presence of moisture. Indium oxide reacts with chlorine to form indium chloride, which then reacts with carbon dioxide to form indium carbonate and in the presence of water forms indium hydroxide. 
Lesson Learned:  If indium alloys are going to be used in Hybrid devices they must be hermetically sealed, moisture free for the entire lifetime to prevent corrosion. Even trace amounts of ionic contamination (e.g. human contamination) in the presence of moisture can cause a problem.  If used at the board level a conformal coat is absolutely required. 
15 PROCESS TROUBLE SHOOTING GUIDE
Assembly of complex chip and wire Hybrid modules is not for the faint of heart. It can be a difficult and trying experience that requires a lot of patience and highly refined deductive reasoning skills to overcome problems on the manufacturing floor.  This section is an attempt to break down some common problems encountered in die bond, wirebond and package seal with suggestions on possible cause and corrective actions.   

	Assembly

Process
	Failure Mode / Symptoms
	Possible Causes
	Corrective Actions

	EPOXY DIE ATTACH
	Component breaks loose during centrifuge and or low die shear values 
	Insufficient epoxy
	Add more

	
	
	Contamination on substrate
	Plasma clean substrate

	
	
	Insufficient Cure cycle
	Verify oven temp with calibrated thermocouple

	
	
	Component defective
	Verify component quality , replace as needed

	
	Epoxy on die surface
	Contaminated collet, wrong dispenser settings
	Clean or replace die collet, adjust epoxy dispenser

	
	Uneven Fillet
	Dispense pattern misplaced and/or component placement off
	Verify component placement relative to epoxy dispense/volume

	EPOXY SUB ATTACH
	Substrate cracks after centrifuge
	Package flexed during constant acceleration 
	Add stiffener plates to prevent package from flexing

	SOLDER ATTACH
	Die Cracks after placement
	Wrong size die collet
	Check specs and replace with new collet

	
	
	Incorrect time at temp
	Verify eutectic alloy MP and stage temp 

	
	
	Die contact surface not level
	Check and level bond stage to die collet

	
	
	Too much pressure
	Modify scrub parameters

	
	
	
	

	Assembly

Process
	Failure Mode / Symptoms
	Possible Causes
	Corrective Actions

	
	Voids in Attach media
	Contamination and/or bad platings
	Plasma clean and verify plating thickness, make up and content

	
	Solder
	Excess solder or too much scrub
	Check perform size and thickness should be about 80% of die area.

	
	Die Cracks after Temp Cycle
	Voids in die attach media
	Increase scrub parameters and/or time at temp
Check for oxide formation

	WIREBOND
	Bond “No sticks”
	Incorrect machine settings
	Increase power, time or force

	
	
	Surface contamination
	Plasma clean

	
	
	Poor metallization
	Replace substrate or device

	
	Bond sticks but pad lifts
	Incorrect machine settings
	Decrease power, time and force

	
	
	Poor metallization
	Replace substrate or device

	
	Bond Pad Craters
	Incorrect machine settings
	Decrease power, time and force

	
	
	Poor metallization
	Replace substrate or device

	
	Heel Breaks
	Incorrect machine settings
	Decrease power, time and force

	
	
	Incorrect bond tool
	Check tool specs and replace as needed

	
	Excess tail at second bond
	Wire has gone soft
	Check elongation spec/shelf life

	
	
	Clamps slipping
	Adjust wire clamp

	
	
	Wire clamps broke
	Replace/repair

	
	Wire breaks before second bond
	Soft wire
	Check elongation spec/shelf life

	
	
	Tool contamination
	Clean or replace bond tool

	
	
	Clamp problem
	Adjust as needed
Repair/replace

	
	Bond cracks passivation on device
	Incorrect machine settings
	Decrease power, time and force

	
	
	Wrong sized tool
	Review and replace

	Assembly

Process
	Failure Mode / Symptoms
	Possible Causes
	Corrective Actions

	
	
	Wire too big for pad 
	Change to smaller wire size

	
	
	
	

	SEAM SEAL
	Leak test Failure
	Improper machine settings
	Check power, pressure and roller speed to assure a good melt

	
	
	Poor design
	Check drawing and package/lid dimensions to allow seam sealing

	
	Metal blow out
	Nick, burr or contamination on lid seal surface
	Be burr and clean package seal surface area

	
	
	
	


16 ADVANCED PACKAGING TECHNOLOGIES

Ceramic based chip and wire hermetically sealed hybrids have been the primary technology for packaging of advanced Space qualified microelectronics for more than four decades. Developments in the area of Flip Chip, Wafer Level Packaging (WLP), 3D packaging and stacked memories along with technology advances focused on embedding both active and passive components into the substrate now present the Hybrid designer with an array of technical choices for packaging of the next generation Space microelectronics.
Below is a brief description of these advanced packaging technologies that in the years to come will no doubt find there way into Space systems.  In some cases the technologies described below have already been incorporated into high rel electronics and are now successfully operating in deep Space. 
16.1 Flip Chip


Flip chip is an IC chip interconnect process whereby solder bumps are formed on the contact pads of the chip surface and the IC is then flipped over and attached directly to the substrate. Defects from the Flip Chip process were discussed earlier in this document.  The primary advantage to flip chip is size reduction.  Flip chip takes up much less room that a packaged part and has less  a footprint than a similar sized chip with wirebonds (see diagram below). Besides size reduction flip chip offers potential electrical performance advantages due to shorter interconnect length and low inductance pathways vs. wirebonds. Flip chip is a relatively low cost high volume commercial process.
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FIGURE 108:  Size reduction enabled by Flip Chip technology
Flip chip technology is not new.  IBM introduced flip chip interconnection C4 Process (Controlled Collapse Chip Contact) in the early sixties for there mainframe computers, and has continued to use flip chip ever since. Delco Electronics developed flip chip for automotive applications in the seventies. Most electronic watches, cell phones, camcorders, PDAs, pagers, and high speed microprocessors are assembled with flip chip. Flip chip components are predominantly semiconductor devices with solder bumps on the wirebond pads; however, components such as passive filters, detector arrays, RF MMICs and MEMSs devices are also used in flip chip form.  

There is a lot of potential for the use of flip chips in Aerospace applications and no doubt this technology has already found its way into Space systems.  However, from a reliability perspective what works well for consumer applications may not be practical for low volume, high rel Aerospace. One concern, from an inspection standpoint is the inability to see the bumps once the part is assembled. X-ray and ultrasonic images are extensively used to evaluate the quality of flip chip devices. The reliability of the solder ball attach to the chip and the interface between the solder bump and substrate are major concerns.  Stresses build up due to the CTE mismatch and are magnified with larger sized chips and mismatched chip to substrate material selections.
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FIGURE 109: Reflowed solder bumps on electroless nickel-gold UBM (Ref 9)
The solder bump flip chip process may be considered as four sequential steps: preparing the wafer for solder bumping, forming or placing the solder bumps, attaching the bumped die to the board, substrate, or carrier, and completing the assembly with an adhesive underfill, as needed depending on die size and CTE concerns.  UBM (under bump metallization) is an important aspect of the process and each wafer fab has proprietary metallurgy to prepare the wafer to accept the solder bump.  Other methods of creating the bump on the chip include screen printing solder, plating processes, solder jetting and gold stud bumping, which is a modification to conventional ball bonding. Each method has its’ advantages and disadvantages.   
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FIGURE 110: Generic Flip Chip Process Flow
16.2 Wafer Level Packaging (WLP)

Wafer-Level Packaging (WLP) refers to the technology of packaging an integrated circuit at wafer level, instead of the traditional process of assembling and packaging each individual IC chip after wafer dicing.  WLP holds promise for higher performance and significant size reduction as all the interconnects and packaging are integrated into the “front end” of the wafer fabrication  process. Significant system cost savings result from the fact that burn in and test are also done at the system level. 

The advantages offered by wafer-level packaging include:  

· space savings from attainment of the smallest package possible for a device, i.e., a true chip-size package; 

· lowest cost per I/O since the traditional package assembly processes that are independent of wafer fab have been replaced by wafer-level interconnection processes; 
· lowest cost of electrical testing since this is done more efficiently at wafer level;
· lowest cost of burn-in since this is done more efficiently at wafer level; 
· enhancement of device performance because of its minimum-length interconnections;
· elimination of the need for underfilling of solder joints with organic materials; and 
· easier inventory management since fab, assembly, test, and burn-in can essentially be housed under one production floor.

Current WLP technologies can be broadly classified into three major categories:
Redistribution WLP, the most widely-used WLP technology, extends the conventional wafer fab process with an additional step that deposits a multi-layer thin-film metal rerouting and interconnection system to each device on the wafer. This is achieved using the same standard photolithography and thin film deposition techniques employed in the device fabrication itself. This additional level of interconnection redistributes the peripheral bonding pads of each chip to an area array of underbump metal (UBM) pads that are evenly deployed over the chip's surface.  The solder balls or bumps used in connecting the device to the application circuit board are subsequently placed over these UBM pads. Aside from providing the WLP's means of external connection, this redistribution technique also improves chip reliability by allowing the use of larger and more robust balls for interconnection and better thermal management of the device's I/O system.




[image: image103.png]





FIGURE 111: Photos of two wafer-level packaged devices from (Ref 10)
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FIGURE 111: Cross-section diagram of generic WLP construction.
Encapsulated WLP technologies:   In this process the chip is sealed in between two glass plates.  The peripheral contact pads on the die are extended into the dicing lines.  The face of the wafer is then glued to a glass plate and the backside of wafer is thinned and also sealed in glass.  Conventional UBM deposition, patterning and bump formation are then used to finish the package.  The wafer is deiced after burn in and test. 
Flex Tape WLP Technologies:  Flex tape WLP uses more conventional flexible tape and wirebonding technologies to end up with a bumped WLP. A redistribution pattern is formed on the copper-polyimide flex tape, the patterned tape is then attached to the wafer with an adhesive. Wirebonds connect the IC pad to the flex tape and a liquid encapsulant is dispensed to protect the wirebonds. 
There are many ways to form wafer level packages and currently a large amount of R&D dollars are devoted to WLP processes. WLP is expected my many to be the dominant packaging technology in the years to come.  

16.3 3D Packaging Technology
3D integration is a fast-growing field that encompasses many different types of processes. Stacking IC chips inside a package is yet another way to reduce the size and weight of the system and increase electrical performance.  There are many ways to stack the chips.  In the picture below IC chips are bonded one on top of another and stacked vertically. Each chip is then interconnected with wirebonds. Three dimensional packaging is emerging as the solution for microelectronics development toward system on chip (SOC) and system in package (SIP). Historically, this packaging approach has been successfully used to package DRAMS, SRAMS and other memory chips.  
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FIGURE 112: Wirebonded multiple stacked Die (Ref 11)
IBM has developed a breakthrough chip-stacking technology in a manufacturing environment that paves the way for three-dimensional chips that will extend Moore's Law beyond its expected limits. The technology - called "through-silicon vias" (TSV)- allows different chip components to be packaged much closer together for faster, smaller, and lower-power systems. 3D flip chip structures with through silicon vias (TSVs) have very good potential for the implementation of 3D packaging. The ever-expanding consumer electronics market is a particularly strong driver of packaging innovations such as 3D ICs. Today wire bonding is limited in density and performances so 3D stacking with micro-vias (or TSV, “through-Si vias”) seems to be unavoidable in the future for miniaturization first and increased performances after.
Future 3D Packaging Technologies:
· TSVs (Through Silicon Vias) — electrically isolated interconnections through the silicon, which requires laser or deep reactive ion etching (DRIE) to create through vias.
· Filling the TSVs with different materials (copper, tungsten, polySi, conductive polymers)
· Thin wafer handling, usually below 50 microns.
· Alignment and bonding of wafer-to-wafer or chip-to-wafer or chip-to-chip.
· Bonding technologies by silicon fusion, polymer bonding, direct copper-to-copper, copper-tin eutectic bonding

16.4 Embedded Passive and Active Technology 
"Passives" usually refer to resistors, capacitors and inductors; but can also include thermistors, varistors, transformers, temperature sensors, and almost any non-switching analog device. The concept of "integrated", "integral", "embedded", "arrayed", or “networked” passives involves manufacturing them as a group in or on a common substrate instead of in their own individual packages. The importance of embedding passive components is to drive down the size, weight and cost of the final system configuration.  Some systems contain thousands of individual discrete surface mount components.  This technology is expected to explode as the infrastructure develops and the cost to embed passive components becomes competitive with a discrete solution. 
Below is a picture of passive components integrated into a LTCC substrate.  
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FIGURE 113:  LTCC with embedded passive devices (Ref 12) 
The drive for passive integration began almost a decade ago, in 1996, when research showed that resistors, capacitors, inductors and diodes could be fabricated into a single integrated passive device (IPD) by using thin-film technology. During the past nine years, this research has grown into a massive body of work, and has now begun to become a mainstream technology for fabrication of commercial devices for portable electronics.

Embedded active circuit technology is very much lagging the embedded passive technology.  There are various methods of connecting the die and components to circuit traces within a substrate.  One of the more commonly used approaches is the General Electric (GE) High Density Interconnect (HDI) high performance MCM technology invented at the GE Corporate Research and Development Center in Schenectady, NY.   It places bare chips into cavities on a base substrate,   then builds up a multilayer interconnect over the top of the chips and the substrate using polyimide films, laser via formation and laser photopatterning of the interconnect metallization. It produces a planar assembly with the chips recessed below the interconnection structure.  Similar work has been published by the Frauenhofer Institute in Berlin where bare dice are directly embedded into substrate openings (cavities) and the interconnection and wiring system is created using thin film technology on the planar chip/substrate surface. 
16.5 Electronic Packaging Roadmaps 

Every two years, the National Electronics Manufacturing Initiative (NEMI) maps the future manufacturing needs of the global electronics industry. The purpose is to identify the key technology and infrastructure developments required to assure leadership of the supply chain over the next decade.
http://www.inemi.org/cms/
The International Technology Roadmap provides vision and direction for product development, process development and services required to satisfy the current and future needs of companies who are building electronic equipment for global customer requirements. The Roadmap presents findings and recommendations based on OEM vision and needs assessment and an updated cost model that considers circuit density (for board fabrication) and assembly complexity (for assembly manufacture).
http://www.ipc.org
17 ADDITIONAL INFORMATION SOURCES
International Microelectronics and Packaging Society (IMAPS). 

www.imaps.org 

This Society was formally known as ISHM (International Society of Hybrid Manufacturers) and is a great source of information on Hybrids and associated technologies.  The website includes a searchable database of suppliers of Hybrid technologies. 

Defense Supply Center Columbus (DSCC)

www.dscc.dla/mil
The Defense Supply Center located in Columbus OH is a Government organization responsible for the Military Specifications governing Hybrid and Multi Chip Modules.  DSCC was formally known as Defense Electronics Supply Center or DESC.

Georgia Tech Microsystems Packaging Research Center

www.prc.gatech.edu/
Georgia Tech University has a large program focused on research in microelectronics packaging.

Electronics Industry Association/Joint Electron engineering Council (JEDEC)

www.JEDEC.org/
JEDEC is an Industry Standards focused on microelectronics.

For Hybrid Training Contact Thomas J Green (CP #610-730-3224)
www.tjgreenllc.com 
17.1 Useful Textbooks
Sergent, Jerry E. & Charles A Harper. Hybrid Microelectronics Handbook, Second Edition.  McGraw-Hill, Inc. New York 1995. 

Garrou, Philip E. & Iwonona Turlik.  Multichip Module Technology Handbook.  McGraw-Hill, Inc. New York 1998.

Harman, George.  Wire Bonding in Microelectronics, Second Edition: Materials, Processes, Reliability, and Yield. McGraw-Hill, Inc. New York 1997. 

Licari, James & Swanson, Dale. Adhesive Technology for Electronic Applications: Materials, Processes, Reliability. William Andrews Publishing Inc. Norwich NY 2005

Greenhouse, Hal. Hermeticity of Electronic Pacjages. William Andrews Publishing Inc. Norwich NY 2000

18 APPLICABLE MILITARY GOVERNING DOCUMENTS

The section describes the applicable military governing documents for the design, manufacture and qualification of Space compliant Hybrids. Listed below are the latest dates and revision levels as of the date of this draft, however the user must check and work to the latest release and/or as required by contract.  Every year or so changes are made based on industry inputs to the Defense Supply Center located in Columbus OH.  The EIA/JEDEC (Electronic Industry Association/ Joint Electronic Device Engineering Council) meets regularly three times a year to review and amend the Hybrid documents and associated Test Methods in MIL-STD-883. JC-13.5 is the subcommittee for hybrids. A ballot system is in place to vote for and approve changes. Final recommendations from the JEDEC organization are then submitted to DSCC/VQH for review and acceptance.  DSCC disseminates any changes to the military user communities for final approval and incorporation into the spec. 

18.1 MIL-PRF-38534, Rev F (12 April 2006)


General Specification for Hybrid Microcircuits

This document is a “performance specification” and establishes the general verification requirements for the manufacture of Hybrids, MCMs and RF MMIC Modules. The document addresses many other areas besides visual inspection requirements. For instance; design requirements, screen testing, qualification requirements and testing, record keeping, self audits etc.  There are five quality assurance levels provided for in this specification.  The two of primary concern are:


Class K
for Space applications (highest quality level)


Class H
the standard military quality level 

The major difference between the two quality levels is defined by the screening and qualification requirements. The visual inspection requirements and Test Methods referenced in this document are also separated along the lines of Class K vs. Class H. Class K visual inspection requirements are slightly more restrictive as compared to Class H.

Class K devices shall be capable of meeting the Class K tests and inspections of Appendices C and E in Mil-PRF-38534.  This shall include the incoming inspection flow, the in-process inspection flow, the screening flow, and the Conformance Inspection and Periodic Inspection flow. These devices shall be specified over the temperature range of 
-55oC to +125oC or as specified in the device acquisition document. Manufacturers of these devices shall be fully certified and qualified in accordance Mil-PRF-38534. Verification of these Performance Requirements shall be performed as described in paragraph 4. 
The table below summarizes the applicable Class K requirements.



Specification Requirement



Mil-PRF-38534











(ref. paragraph)


Certification and QML Listing



4.5.2.1



Element Evaluation





C.3   p 36




In Process Control





C.4   p 47



Device Screening





C.5   p 50



QCI Quality Conformance Inspection


C.6   p 55



Qualification






C.7   p 64

The Defense Logistics Agency DSCC-VQ located in Columbus Ohio is the government group responsible for maintaining and updating Mil-PRF-38534.  As part of that process there is a system to qualify Hybrid manufacturing company and place them on a QML list.  The following link contains a listing of fully qualified suppliers of Class K and Class H Hybrids Hybrid QML Company Listing.
18.2 MIL-STD-883, Rev G (12 Feb 2006)


Test Methods and Procedures for Microelectronic Devices

This military standard is a collection of Test Methods commonly used for microelectronic devices.  These TMs (Test Methods) are specified and called out at various points within the MIL-PRF-38534 document, including the visual specs as described below.  In addition, these TMs reference other TMs within MIL-STD-883 and 
to other outside documents (namely MIL-STD-750), which is very similar to Mil-STD-
883.

18.3 TM 2017.8


Internal Visual (Hybrid) (June 2004)

TM 2017 also known as “Pre Cap”, defines the general inspection requirements for Pre Seal Visual Inspection (ref Section 8 of this doc).  It contains references to other Test Methods (TM 2010, 2032) that are typically done as part of element evaluation at incoming inspection.  The  main focus is on defects that result from assembly process (i.e. die attach and wirebond) along with handling damage and foreign material identification and control.

18.4 TM 2010.11


Internal Visual (Monolithic) (June 2004)

18.5 TM 2032.2


Visual Inspection of Passive Elements (June 2004)

18.6 TM 2009.9


External Visual Inspection (August 1994)

19 Applicable JPL Documents:


JPL D-8208, JPL Spacecraft Design and Fabrication Requirements

JPL D-1348,  JPL Standard for Electrostatic Discharge Control

JPL QAP 141.11, Instructions for Use of the Assembly and Inspection Data Sheets 

JPL QAP 44.10, Receiving Inspection & Identification of Flight Bulk Materials

JPL Requirement, Institutional Parts Program (D-20384)
JPL QAP 61.12, Packing and Unpacking ESD Sensitive Hardware

JPL 35514 (FP 513414)  Assembly and Wiring of Electronic
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MIL-STD-883 TM 2017 Internal Visual (Hybrid)

Workmanship Standards for Hybrids, Microcircuits and RF/MMIC Modules 2002 Edition, National Training Center for Microelectroncis
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