Ciprc

IPC-7092

Design and Assembly
Process Implementation
for Embedded Components

Developed by the Embeddad  evices Process Implementation
Subcommittee (D-55; of \he Embedded Components Committee
(D-50) of IPC

Users of this publication are encouraged to participate in the
development of future revisions.

Contact:

IPC

3000 Lakeside Drive, Suite 309S
Bannockburn, lllinois
60015-1249

Tel 847 615.7100

Fax 847 615.7105


https://www.stdhive.com/standards/ipc-70922015-pdf/

February 2015 IPC-7092
Table of Contents
T SCOPE ...t 3.1.28 Printed Circuit ........ccocevevierieniieienieeieenieeeeenes 6
1.1 PUIPOSE oo 3.1.29 Printed Circuit Board ........cccccoceeveniiiencniencnn, 6
1.2 INEENE eeiiieiieee e 3.1.30 Production Board .........cccccceeeviiiiiiieeiieeiee e, 6
2  APPLICABLE DOCUMENTS 3.1.31 Production Panel (PP) ........ccccooviiiiiiiiieiieee, 6
21 IPC 3.1.32 Production Printed Board (PPB) ...........c......... ... [
29 Joint Industry Standards .........ooooerrooocerreoee 3.1.33 Stacked Via/MICroVvia ......ccccoceeveeviersieencens e A
23 ASME 3.1.34 Temperature Delta (AT)* ....cccoceveniervcnenecs .6
24 GEIA 3.1.35 Temperature Coefficient of Capaditanc=* ........... 6
25 JEDEC 3.1.36 Temperature Coefficient of Resictanc>* .............. 6
26 IEC 3.1.37 Thermal Expansion Mismatch ... eeererieniennens 6
27 ISO/IEC 3.1.38 Thermal ReSiStance .........cc..ivvveveeeieeciienieeenneenne 6
32 Technology OVErview ......ccccccoceeveervernieeneenanenn 6
3 GENERAL DESCRIPTION ........cccoooiiiiiieeieeeene 3.2.1 Passive (Resistors. Cape itors,
3.1 Terms and Definitions ..........cccccceeeveeeverecieenneennen. INAUCtOrs, €1C.0 vivii it et 8
3.1.1  Active DEVICE .oooviveviiiiiiiieeeeeeeeee e 322  Active (Traas’stois; Memory,
3.1.2  Active THMMING ..oovevinieeieiieeeieieieeeieieeeie e SEMICONAUTLONS | €C.) ovvvviiiisiriiissiiisiiisinae 9
3.1.3  Capacitance® .........cccccooeevivieeeeeeeereeeeeeree e 3.3 Embcdded (Piaced) Technology ............c...c..... 10
3.1.4  Coefficient of Thermal Expansion ...................... 3.3.1  Pasii o Resistors, Capacitors,
315 Devi Inductors, €tC.) ovvviveeciieeiieee e 10
1. BVICE cuvirieeeicteee ettt ettt ettt ettt
. 3.2 zave (Transistors, Memory,
3.1.6  Discrete Component™ ..........ccocceeveevvercieeneeninennne SEMICONAUCLOTS, €1C.) vvvvrrrorreeosoeeseeeooeseeeeosesooe, 10
3.1.7  Embedded Active Component (Device) ............. 3.4 Material Requirements .............ccccoeveveveveennenns 11
3.1.8  Embedded COMPONENL wcovvvvvvvvvvvvvievviiviviiiiniiniinnnns 54.1  Mounting Materials .........cccceviroeeneiienenieieneae 11
3.9 Embedded Component (Placed) .......cccocvevvveee. \ 3.4.2 Component Formation Materials ............c.......... 12
3.1.10 Embedded Component (Formed) ..................... 3.4.3  Attachment Materials .........ccocoovveveveeureeerreennes 12
3.1.11  Embedded Component Base-Core (ECESY .. 3.4.4 Encapsulation Materials ..........cccocervieverienennnnne. 12
3.1.12 ?E“é‘;fic)lid Component Board Assembl, 3.5 COSE ANALYSIS wrovvveeeeeeeeeeeeeeeeeeeeeeneesssssssssresses 12
......................... “ 350 Fabrication and Manufacturing
3.1.13 ?Enélifg;ifd Component Printea Toa-d COoSt MOAEliNgG .....oooveveeeeeeeeeeeeeeeeeeee e 13
R F* ........................ 352 Life Cycle Costs Impacted by Embedded
3.1.14 Embedded Component, 3ubscaie™ ....vvvvvvvvvevecee COMPONENLS ..o 14
3.1.15 Embedded Substrats T2stio@® ..oooiieiiiiiiiiieniene 3.6 Product Safety Design Considerations ... 15
3.1.16 Embedded PasSiVE e 37 Case Study and Decision Maklng .................... 15
3.1.17 Embedded Paisive Coviponent (Device) ............ 3.7.1  General Case StUdy ........ccccccoerrrrererrrerrrrrereenans 16
3.1.18 Embedadad _ubstrate Board* .........cccoocviviinnenns 3.7.2  Scenarios for Embedded Components ............. 16
3.1.19 Face Dowiw Bonding® ........ccccccevievincnncncnnennne
3.1.20 Face Up Bonding™ .......ccccoceiviinieniiiniiiiceeen 4 COMPONENT CONSIDERATIONS ........ccooverie 16
. . 4.1 General Requirements ..........ccoceeveeneenveenieenn 16
3.121 Tntegreted Passive Component ...........ccevveenennne
) : 4.1.1 Part Robustness Evaluations ..........ccccccvvveeeeen... 16
3.1.22 Mounting Base™ .......cccoceveniiieniiiinieeneeee )
2122 Multilayer Printed Board (nonpreferred term, 4.1.2  Test Method Correlation ...........cocceeereecuenennnene 17
“multilayer printed circuit board”)* ................. 4.1.3  Determining Values That Can Be Placed ......... 17
3.1.24 Passive Array (Embedded)* .........occoovcvrvveveven. 4.2 Component Preparation .........c.ccocceeceveerienieenene 17
3.1.25 Passive Component (Element) .........c.cccecevevevnenes 4.2.1 Passive Component ISSUES ........coeceerrvreeruereeennnns 17
3.1.26 Passive Network (Embedded)* ...........cccceuveunennen. 4.2.2  Semiconductor Die ISSuUes ........ccccceveerierenennnens 17
3.1.27 Printed Board (PB) ......cooovviiiiiiiiiiiiieiieeeees 4.2.3  Surface Redistribution .............ccccoeevvvveeveeeennen.. 17



https://www.stdhive.com/standards/ipc-70922015-pdf/

IPC-7092

February 2015

4.3 Post Process Validations .........cccccccceceenereenenee. 18
4.4 Known Good Die (KGD) .....ccceeevvveviieeeieeennee. 18
5 MATERIALS ...t 19
5.1 Organic ReSiNS ......cceecvevieieniiiiniiiencnieienee 19
5.1.1  Multilayer PCB Stack-Up Design ..................... 20
5.1.2  Selecting Relative Dielectric Constant ............. 20
5.2 Nonorganic Products ..........ccceceveriencneenennen. 20
53 Conductor Characteristics (Copper

FOl/FIilm) .ooeiiiiiieieeeee e 20
5.4 Component Forming Material ............cccceeeenne. 21
5.4.1 Embedded Passive Component

Selection Criteria ........coceeceveeveenereenenieeniennens 21
5.4.2 Formed ReSiStOrs .......ccocoverereenienieieneeienenn 21
5.4.3  Thick Film Resistor Cost and Performance ..... 22
5.4.4  Sheet Film Type Resistor Elements .................. 28
5.4.5 Embedded Capacitors ........c.ccooevereevvenieeeennennes 31
5.4.6  Formed INducCtors .........cccceeveerieevieeneenienieennnenn 34
5.4.7 Formed Active COmponents ..........ccceeeveerueennenn 37
5.5 Adhesives (Conductive/Nonconductive) ........... 37
5.5.1 Polymer Adhesives ......c.cccoccervemreenieriieeneennnenn 38
5.5.2  Dry-Film Adhesives .......cc.cccrverenienicneniencne. 38
5.6 Solder and Other Attachment Materials ........... 38
5.7 Plating Material Properties (Characteristics,

Application For Attachment) .............c..cccccoee. 39
5.7.1 Electrode Finish Compatibility .........cccccecueneen. 39
6 EMBEDDED COMPONENT PROCESS

CHARACTERISTICS ........cccooiiiiiiieneneneneeene, 39

6.1 Forming Passive Components ..............occeeeto. 39
6.1.1 Tolerance Capability Evaluations ...........c...... 2)
6.2 Forming Active Components .............c... oo 40
6.3 Placing Passive Components ...t 40
6.3.1  Shape Configuration ............s.cvoee teeeiennne 40
6.3.2  Electrode Metallization ... .....oc..ccceevereeeenncne 41
6.3.3  Shape and Configuratio. Cor jiderations for

Embedding .......ccoocevvieniiis et 41
6.3.4  Electrode SusceniblitV ......ccccoevvevvrvineniniennenn 41
6.3.5 Component Ercroachment ........cccoeeeieeiieienne. 41
6.4 Placing A'tive COMPONENLS ....ocveeveervvenveenenns 41
6.4.1  Attcchinent Techniques ..oo.oooeeeeeenieienceeeneee 42
6.4.2 F o-Ciin Af achment ........cccoceeevieiienceciennenne. 42
6.4.3 © Tola-10-Gold Interface (GGI) ....ccoveveevieecnninnns 42
6.4.4 " Face-Up Microvia Interface ........c.ccccevceeveennne. 42
€ 7.5 | Protective Die Methods ........cccccoevieieniniinnnne. 43
6.5 Consideration for Combining Processes ........... 43
6.5.1 Mixed Component TypPes .......ccccccecerververenennen 44
6.5.2 Placement and Forming Combinations ............. 44

7

7.1
7.2
7.2.1
7.2.2

7.2.3
7.2.4
7.2.5
7.2.6
7.2.7
7.2.8
7.3

7.3.1
7.3.2
7.3.3
7.4

7.5

7.5.1
7.5.2
7.5.3
7.6

1.7

7.8

7.8.1
7.82
7.8.3
7.8.4
7.8.5
7.8.6

8

8.1
8.1.1
8.1.2
8.1.3
8.1.4
8.2
8.2.1
8.2.2
8.2.3
8.2.4
8.2.5
8.3
8.3.1

MOUNTING BASE OR BOARD STACKUP

CONSIDERATIONS .......ccoooiiiiiiniineniencceeeeeeiee 44
Mounting Base .......ccccoceevevieiiniininiiicnciee 44
Surface Finish for Placed Components ............. 44
Electroless Nickel/Immersion Gold (ENIG) ..... 44
Electroless Nickel/Electroless Palladium/
Immersion Gold (ENEPIG) ......c..ccccoevvvieieennnn. 45
Organic Solderability Preservative (OSP) ........ 45
Electrolytic Nickel/Electrolytic Gold ................ 45
Direct Immersion Gold (DIG) .........ccveeeunenennne 45
Immersion SilVer ......c.ccccoceviviienenienneni e 45
Immersion Tin .......cccooecininiiniiiine s 45
COPPLT ettt e 45
Capacitor Component Formatior Procres ......... 45
Planar Capacitance .........c...cueeeeveeneitiveeneenieennne 45
Plane Layer Separation .o ... c.ccoccevevrveneneennene 46
Discrete Formed Capacicor Ele nent ................. 46
Component Attackmen: PLOCeSsS ..occevvvereernennne 46
Dielectric Encap.ulat on ........ccoceveveicncnnennen. 47
Reinforced Prepreg .......ccocevevieiiniiicncnnenne 48
Unreinford @ mesin ..oooevveiciciiieiiiiciceeee 49
Resi»-Coited Copper (RCC) ..ooveiiviiiiiiiieene 50
Via Hole Preparation and Interconnectivity ..... 50
Acditional Layers and Hole Preparation .......... 51
“mbedded Structure Descriptions ..................... 55
Embedded Structure Type A ......ccooceevieinieneennns 56
Embedded Structure Type B .....ccccooevieninienene 60
Embedded Structure Type C ......cccccceveinienens 63
Embedded Structure Type D .....ccoocveviviniennnnns 67
Embedded Structure Type E ......ccccooeviininenene 71
Processes Parameters for Structure Type F1,
Embedded Core Technology ........ccccecevereenne 74

DESIGN METHODOLOGY ......c.ccccccevirininrenienennee 77
Total Circuit Consideration ..........c.cceeccveevennene 77
Internal Component Mounting .........cc.cccceeeenene 80
External Component Mounting ...........c.cccce..... 80
Circuit Interfaces ........cccoeviiiiiiiniinininennnn. 81
Internal Discrete Heat Sink .........ccoccooeiinnennen. 81
Layout Strate@y ......c.cceceeeveviecienieveeneerenennenne 81
Product Functional Description ...........c.ceeeueunee 82
Engineering ACtions .........ccccecceveereneeneeneneennens 83
Design Density Analysis ........ccccceevereiieneenieennne 86
Candidate for Embedding .......c..cccccocevvvenennencne 86
Circuitry to be Embedded .........ccccocevveveiinnene 89
PCB Layer Construction and Geometries ......... 91
Using Radius Bends and Blind/Buried Vias ..... 91

vi


https://www.stdhive.com/standards/ipc-70922015-pdf/

February 2015

IPC-7092

8.4

8.4.1
8.4.2
8.4.3
8.4.4
8.4.5
8.5

8.5.1
8.5.2
8.5.3
8.5.4
8.5.5
8.6

8.6.1
8.6.2
8.6.3
8.6.4
8.6.5
8.6.6
8.7

8.7.1
8.7.2
8.7.3
8.7.4

9

9.1
9.1.1
9.1.2

9.1.3
9.14
9.2
9.2.1
9.2.2
9.3
9.3.1
9.32
9.3.3
9.4
1.4
9...2
2.4.3
10

10.1
10.2

Component Attachment .............ccccoceeiiiiienns 92
Solder Attachment ............cccccoceeviniiiicninciennenne 92
Conductive Polymers ........cccccoevvvevvienieenieeneennne. 93
Liquid and Paste Adhesives .........ccccocvveruennenee 94
Dry Film Adhesives .......cccccevievieniieinieenienieene 94
Attachment Material Comparisons .................... 94
Embedded Component Product Panelization .... 95
Specifying Copper Foil Material ....................... 97
Determining Copper Foil Requirements ........... 97
Establishing Power and Ground Layers ........... 98
Segmented Power Plane Criteria .............c......... 98
Thermal Management ..........ccccceeveeeeevvenernennenne 99
Routing Strategy .......cccceevevevevieneeceneecreeeenene 99
Via Size and Lands .......ccccoceeeineivincincnennenn. 99
Mounting Lands .....c.ccccecvverenenenennninenenenn 99
Target Lands .....ccccevveevieenieniiiieicceeeen 100
Test POINES ..c..ooveieieiiiiiiiiicicciccece 101
Select Process Conditions .........c.cccceveeeenene 101
Establish Fab and Assembly Checks .............. 102
Documentation ........ccccecevevevienienienieiininenneeee 102
Documentation Package ............cccccceeieiinnne. 102
Bill of Material (BOM) .......cccovvvvvveieeeirieenen, 106
Software Tools for Data Transfer .................... 106
General Rules ..o 107
TESTING AND VERIFICATION .........cccccecvvinne. 108
Electrical Testing .......cccceeveeeveenienveernecnieene. 208
CONUNUILY wovveeerieieeieeeieeieeee e = W 108
Functional Testing (Composite or Indiv du-y
COMPONCNL) .o et e 109
Isolation Test .....cccceevverveenei i e 109
Insulation Resistance ....... ...l 109
Process Qualification .............cccoeeiieeienennnn.. 110
Stress Testing Ove VIEV .ooceevvieviienienieeieeee. 110
Implementation of Stendards ........ccccceeeeenene 111
Test COUPUAS ottt 111
Process Vorification Coupon ........ceceeeeevenene. 111
Proc 1ct Verification Coupons ...........ccceecveeneeee. 111
Adaiional Testing .....ccceveeveeneeienenienenienen. 112
Repair or Modification ........cocceeeeevveeeneneennene 112
Passive Family ........ccoccovviiniiiiniinieniiiieniee 112
Active Family .....ccccoooeeiiiiniiiiiiee 112
Panel Repair and Modification ..........ccceeueenne 112
POST ASSEMBLY CHARACTERISTICS ........... 113
Reliability Considerations ........c..cecceccveevevennene 113
Design for Reliability .......c.cccoocevieviiieniennennns 114

10.3  End-Use Relationship ......c.cccccevevienenienienncnne. 115
10.4  Lead-Free Materials, Pure Tin Finishes
and Reliability .......cccoooeiiiniiiiniiieiecee 115
10.5  Validation, Qualification and Accelerated
Aging Tests for Reliability .........cccccceevenenne 115
10.6  Defect and Failure Analysis ......cccccoevrveeneene 117
10.7  Failure After Assembly .......cccccocevierenienenenne. 118
11 SUPPLIER SELECTIONS .........ccccoiiiiieieeen. 1Y
11.1  PCQR? Test Patterns ..........cocoeeeeeveeeeeeeeeeens . 140
APPENDIX A Embedded Component Fstory ...... 120
APPENDIX B Embedded Component 1.st
COUPONS ......oocvveieeces e e 124
Figur s
Figure 3-1 Embedded Ci mporic 1t Substrate
Hierarchy « ....ccc s e 3
Figure 3-2  Emhenuc? Picuuct Manufacturing
SEUUNCE | it 5
Figure 3-3  =mbedded Passive Selection Process
vith Cost as @ Driver ........cccoeciiiiiicnccieeee, 7
Figure 7=« Cerpentine Resistor Element ............ccccooee 8
Figure © 5 In-laminate Dielectric Capacitor Elements ....... 9
Figire &-6  Inductor Detailed Copper Pattern ..................... 9
Ficure 3-7  Embedded Discrete Passive Device
Attached to Inner Layer Surface of the
PCB (see also Figure 6-7) .......ccccovvvvenciennnne 10
Figure 3-8 = Embedded Process Die into Component
Package Interposer ..........cccccociiiiiiiiiiiiies 10
Figure 3-9  Multilayer Ceramic Substrate for Packaging
a Single Semiconductor Element ................... 11
Figure 3-10 Organic Based Multilayer (3-8-3)
Circuit Structure ........cccovieiiiiiee e 12
Figure 3-11  Comparing Cost Models for Embedding
Passive Components ........cccccvevrceeeeenieneennns 14
Figure 4-1 Redistribution of Wire-Bond Sites to a
Uniform Array Contact Pattern ....................... 17
Figure 5-1 Carbon Thick Film Resistor Example ............. 22
Figure 5-2  Cross Section of an Embedded “Formed”
Resistor Element ... 22
Figure 5-3  The Geometry of a Printed TF Resistor
Element ... 23
Figure 5-4  Linearity of 100 Ohm Polymer Resistor ......... 23
Figure 5-5  Primary Features of the PTF Resistor ........... 24
Figure 5-6  Increased Value Adjustment ............ccccoeveenns 24
Figure 5-7  Land Pattern Geometry Compensation
for PTF Printing .....ccooooviiiiiiiieeeeeen 24
Figure 5-8  Serpentine Configured Resistor Element ....... 25
Figure 5-9 10K Ohm Serpentine Resistor Footprint
250 ohm per square @ 0.5 mm [0.020 in]
SPACING et 25
Figure 5-10  Print and Oven Curing Sequence .................. 26

vii


https://www.stdhive.com/standards/ipc-70922015-pdf/

IPC-7092

February 2015

Figure 5-11
Figure 5-12

Figure 5-13

Figure 5-14
Figure 5-15

Figure 5-16

Figure 5-17
Figure 5-18
Figure 5-19
Figure 5-20
Figure 5-21
Figure 5-22
Figure 5-23
Figure 5-24

Figure 5-25
Figure 5-26
Figure 5-27
Figure 5-28

Figure 5-29

Figure 5-30

Figure 6-1
Figure 6-2
Figure 6-3
Figure 6-4
Figure 6-5

Figure 6-6
Figure 6-7

Figure 6-8
Figure 6-9
Figure 7-1

Figure 7-2
Figur~ 7-5
Fgu>7r 4
iigure 7-5

Figure 7-6

Laser Trim Examples ......cccccooovevviiieiniieeene 26
Traditional ECPB Lamination Process

SEQUENCE ..ot 27
Reverse ECPB Lamination Process

SEQUENCE ..o 27
Thin-Film Resistor Forming Process .............. 28

Series Coupled Resistor Configuration
with a Uniform Cu and R Element Width ....... 29

Maximize Isolation of Resistor Element
to Minimize Physical Stress Damage

Potential During Drill Operations .................... 29
Resistor Length Defined .........cccoocevveiiineenns 30
Resistor Width Defined .........cccccevieiiieiinnenns 30
Resistor in Ground Plane Example ................ 31
Planar Capacitor Example .........cccccceevenieniens 31
Power and Ground Plane Interface ................ 32
Divided Planar Capacitor .........ccccccveeeicveeeennne 33
Formed Discrete Capacitor Element .............. 33
Printed Capacitor Element with Printed

Ag Electrode ......cccoevviiiiiiiiiiee 34
Etched Copper Spiral Inductor Pattern .......... 35

Spiral Inductor Planning Guide

Spiral Inductor Shape Variations

Software Tools Can Improve Inductor
Design ... 36

Die attachment fluids like silver epoxy

can be deposited by either standard needle
dispensing or by jetting, depending on the
apPliCatioN .....oceeeeiee e 37

Comparing Attachment Methods for
“Placed” Embedded Passive Devices ............ 3¢

Printed “Active” Components on Dielectric .... 0

Miniature Resistor Outline Dimensions .... ... 40
Ceramic Based Resistor Element ................. +1
Semiconductor Die Element .............o........... 41

Common Termination Variatior.s 1 v

Face-Up Semiconductor Inter ace ................ 42
Gold-to-Gold Interface (G ") for

Embedded Semiconcuc.>r Miosunting ............. 42
Face-up Mounted Sei vico'ductor with

Solid Copper Plated Mic.avia Interface .......... 43
Formed: Spii | Inacstor Pattern ......coooeeeeeeee 44
Formed Diccrete Capacitor .......cocceeveveneenienne 44
Patte n Printed Discrete Capacitor

Einment Process FIOW ........cccceviiiiiiiiiiiicnns 46
L mbedc 2d Component Printed

Boe.rd Assembly; 2-6-2 Construction .............. 48
Microvia Terminated Passive Component ...... 51
Placed Passive Component with

Microvia Termination Directly to

Components Cu Plated Terminals .................. 51
Formed Resistor and Capacitors in the
Embedded Component Base-Core ................ 51
Examples of Mounting Base Construction

for an Embedded Component Base-Core ...... 52

Figure 7-7

Figure 7-8

Figure 7-9

Figure 7-10
Figure 7-11

Figure 7-12
Figure 7-13
Figure 7-14

Figure 7-15

Figure 7-16
Figure 7-17

Figure 7-18
Figure 7-19

Figure 7-20
Figure » 21

Figure 7-22
Figure 7-23

Figure 7-24
Figure 7-25

Figure 7-26
Figure 7-27

Figure 7-28
Figure 7-29

Figure 7-30

Figure 7-31

Figure 7-32

Printed Board Fabrication and
Assembly Terminology — Design to
Finished Product ..........cccceeeiiiiiiiiieeee, 53

Design Layout Steps Prior to Embedded
Component Board Assembly Density

Feasibility .......cccoooiiiiiiii 54
A1 Base-Core Example With Placed

Passive Components on One Side ................ 57
A1 Process FIOW ......cccoevuiiiiiiiiiiiiiieee e, 57
A2 Base-Core Example with Placed

Active Components on One Side ................... 5¢
A2 Process FIOW ......ccoceoviiiiiiiiiiccieiec ol

A3 Base-Core Example With Placec
Passive And Active Components on

ONE SIAE .evvveeiiieeeee e e 59
A3 Process FIOW ......ccccoeeiis e s 59
B1 Base-Core Example With Ple.~ed

Passive Components on 3oth Sides .............. 60
B1 Process FIOW ........iii e 60

B2 Base-Core E::-amp. > witk Placed Active
Components =2 Bch Sides

B2 Process “IoW. ......ccccceeiiiiiiiiiiieeeeee

B2 Bae-Core =xample with Placed
Pac-iv 2 and Active Components on
Poth C'eS i 62

R3 Focess FIOW ....oooooeiiiiiiiiieee, 62

C1 Base-Core Example with Formed
Passive Components in the Mounting
Base and Placed Passive Components
on One Side ...........

C1 Process flow

C2 Base-Core Example with Formed
Passive Components in the Mounting
Base and Placed Active Components
0N ONE SIdE ..veiiiieeieeie e 65

C2 Process FIOW ......ccccouvviiiiieieieeeeciiieeeee, 65

C3 Base-Core Example with Formed
Passive Components in the Mounting
Base and Placed Passive and Active
Components on One Side ........ccccoecieiiiennenne 66

C3 Process FIOW ........coooveeeieiiieeiciiieecccieeeea 66

D1 Base-Core Example with Formed

Passive Components in the Mounting

Base and Placed Passive Components

on Both Sides ... 68

D1 Process FIOW ......ooovviviiiiiiiiiiiiiieieeeee e, 68

D2 Base-Core Example with Formed
Passive Components in the Mounting
Base and Placed Active Components

on Both Sides ......cooii 69
D2 Process Flow — Placed Active
Components on Both Sides .........ccccoveenenne 69

D3 Base-Core Example with Formed
Passive Components in the Mounting
Base and Placed Passive and Active
Components on Both Sides .........ccccceevveenn. 70

D3 Process FIOW ......cccccvveieeeeeiiiiiciiiieeeeeee, 70

viii


https://www.stdhive.com/standards/ipc-70922015-pdf/

February 2015 IPC-7092
Figure 7-33 E1 Mounting base example with formed Figure 8-15 Solder Paste for Precision Dispensing ........... 92
passive components inside the mounting Fi » Drv-Film Die Attach Material Applied
base plus additional layering added to one iqure 8-16 S;ymicI:g;dL:ce:tor \7\fafer alerial Applied on 94
or both sides to complete the Embedded T T T o
Component Printed Board ............coccoovveunenn.. 71 Figure 8-17 Thermoplastic Bonding Window ..................... 96
Figure 7-34 E1 Process FIOW ......ccccoeevevecuecuereereereeeenennn. 71 Figure 8-18 glx Urlwit.PaneI'EC!;AB V;’]ith .CI?aRranqe for
Figure 7-35 E2 Mounting base example with formed ) ngu atllon Using Mechanical Routing .......... %
passive components inside the mounting Figure 8-19  Comparing Segmented Power Plane
base turning the product into a base-core TOPOIOGIES ....oveericiieicc e 98
reacéy fgrdcgrgpgnent moungng tg Xomplebtle Figure 8-20 Comparing PCB Via Variations .................... e
t .72
E 736 ;r; Pm © eFI omponent Board Assembly 75 Figure 8-21 Comparing Blind Via Fill Variations .... )0
igure 7- rocess FIOW ......ccccooiiiiiiiniiiieieeeee Figure 822 Wire-bond Termination for Face-up
Figure 7-37  E3 Mounting base example with formed Embedded Active Die Element & ewvvvvevieni 101
passive components inside the mounting ) . . ) .
base plus additional layering added to one Figure 8-23 gompaErln% %3”?%.\/?;'6[“0”:'“ LI 101
or both sides to complete the Embedded own Embedded Die ASSeMQQY -Rgge+eweee-r
Component Printed Board ready for Figure 8-24  Flying Probe Test Sys’am™. ...... 101
component mounting to complete an Fi 895 C ing Hard C tCEl :
Embedded Component Board Assembly ... 73 0 102
Figure 7-38 E3 Process FIOW ..o, 73 Figure 8-26  Standard Documentation Hierarchy
Figure 7-39 Embedded Core Process Overview ............... 74 Sectional Deccriptiv. » and Data Flow ......... 103
Figure 7-40 Core with Placed Active Component Figure 8-27 Documentc‘ion | ackege Grade
and Two Buildup Layers Forming an Reauirci ante e 104
R & Figure 8-28 Bill ot . 1ate ial Activity Requirement ............. 107
Figure 7-41  F1, S_'P Examplg with Facedown Placed Figure 9-1 nterconnection Opens and Shorts Test ....... 108
Passive and Active Components on ) ] _
Cu Foil Base and Accommodation for Figure 9-2  sasc Core Testing of Passive
Mounting Components on Outer Surface ...... 75 Components .......coccceiiiiiiiiin 109
Figure 7-42 F1 System-in-Package Process Flow ............ 76 Sigu.2 9-2.7 Device Embedded Substrate .. 109
Figure 7-43 F2, SiB Example with Embedded Figeore 1i-1  Sample Test Patterns .......ccceveeeveeevieeineene 119
Facedown Placed Passive and Multiple Figure B-1  SIPOS_EBO10T oo 124
Active Components on Cu Foil Base ............. 76 % Bo T B_ Dotail 10
Figure B- t talils e
Figure 7-44 F2 System-in-Board Process Flow ................ 76 'g es oar.d etars °
Figure 7-45 Variation F1, SiP with Embedded Figure B-3  Three Point Bend Test .......ccccoocveviveiiiennenne 126
PrOCESSOL woveeeeeeeeeeeeeeeeeeeeeee e, ) Figure B-4  SPIOS_EBOB0T ....ccccveeviieeiee e 127
Figure 8-1 Electronic Component Symbols anc Figure B-5  Test Boards .......ccccoceeieeiiiieiiesee e 128
Associated Reference Designallign Ngg¥---- 77 Figure B-6  Testing of the SPIOS_EB0301 Coupon ....... 129
Figure 8-2  Embedded Component Selectin .................. 78
Figure 8-3 Four Layer PCB Artwork ...... ., W 79 Tables
Figure 8-4  Cavity in Dielectric Forgligngy Profile Table 3-1  Passive Component Selection Criteria ............... 8
(0] ] oTe] a =101 < TN 80 ) o ]
Figure 8-5  Face-up, In-Ca»i.; Die Attach for Microvia Table 3-2  Common Thick and Thin-Film Ceramic
B Ted oo (oo =Y 9
Interface ......0 ol e 81 o
Figure 8-6  Wireless and Por.2ble Market Drivers ........... 83 Table 3-3  Factors that. Impact the Decision Process
for Embedding Components ..........cccceevveneeens 13
) R o . .
Figure 8-7 Funct-nal Jlock Diagram Example ............... 84 Table 3-4  Case Study Examples
Figure 8-8  Parw Lis. Example Showing Four . . P
ASSEMsly VARGHONS —.oovvvvooeoooooooo 86 Table 4-1  Bare Die Quality Classification ......................... 18
. - . Table 5-1  Glass Reinforced Laminate Thickness and
Figurs 8-2 -xample of a Standard Plug in Module i
coard Usable Area ........ccccceeiiieiiieiiieceiees 87 Tolerances (Data source: IPC-4101) ...
Figure.8-10° Ciscrete Chip Component Sizes Table 5-2  Standard Copper Foil Thickness ........cc.ccce.....
Compared to Attachment Techniques ............ 87 Table 5-3  Formed Resistor Material Variations ................. 22
riaure 8-11  Examples of Various Stackup Layer Table 5-4  Resistance Summary .......cccccceveveviiesiiesceeene 28
CONSIIUGHONS ovrvvvrsvvvesvveesves e 88 Table 5-5  Electrical Properties ...........cccccooiiiiiiiicnn, 28
Figure 8-12 ixampLel of Small Form Factor Final Table 7-1  Compatible Finishes for Attaching Bottom
SSEMDIY .ot Termination Components to an Embedded
Figure 8-13 Basic Four-Layer Circuit Structure Component Substrate (ECS) .......ccceveerveniennne. 45
Figure 8-14 Ground Conductors Shielding for Table 7-2  Assembly Process Temperature Exposure
Sensitive CirCuits .......ccceviviiiiiiiieieeiee e 90 LEVEIS oot 47

ix


https://www.stdhive.com/standards/ipc-70922015-pdf/

IPC-7092

February 2015

Table 7-3

Table 7-4

Table 7-5

Table 7-6

Table 7-7

Table 8-1
Table 8-2

Table 8-3

Table 8-4

Table 8-5

Table 8-6
Table 8-7

Table 8-8
Table 8-9

Table 8-10

Table 8-11

Table 9-1
Table 9-2
Table 9-3

Table 10-1

Table 10-2

FR-4 Material Properties to Meet Assembly

EXPOSUIES .....ooiiiiiiiiiiiii i 47
Examples of Non-FR-4 Material Properties

to Meet Assembly Exposure ............ccccceeeeeeene 49
Requirement Identification for Resin-Coated
[©70] o] o 1Y 50
Embedded Component Base-Core

[D=T Yo7 o] (o] oI NSRRI 56
F1 and F2 Embedded Component Base-

Core DesCrptions ........ccceeveeiieeiiinienreeeeeeene 74
General Rules for Decision Making .................. 83

Embedded Design Outsourcing Model
TYPES oo 84

Prepreg Material Style and Thickness Guide
(Dimensions are shown in 1/1000 inches) ....... 89

Key Design Measures for Suppressing
EMI/RFI (Data source: Nexlogic

TechnOlOgies) ..c.eccveiiiiiiiieeieeee e 91
Solder Alloy Composition Selection .................. 93
Comparing Attachment Material Attributes ....... 93

Comparing Adhesive Material Attributes
Data source: Al Technology ......ccccevcvvveeiinenenn.

Copper Weight and Thickness
External Layer Current Carrying Capacity

[ =] o S 97
Internal Layer Current Carrying Capacity

Rating .ooooeeiii e 98
File Segmentation and Functional

Requirements ..., 106
Product Categories ........ccccccvvvirveireeineneennns 110
Process Qualification Recommendation .......... 111

Embedded Base-Core Repair and
Modification Recommendations ...................... TG

Accelerated Testing for End Use
Environments ..o 176

Temperature Cycling Requirements,

Mandated and Preferred Test

Parameters within Mandated

Conditions ......cccuvviiiiiieee Dt e e, 117



https://www.stdhive.com/standards/ipc-70922015-pdf/

February 2015 IPC-7092

Design and Assembly Process
Implementation for Embedded Components

1 SCOPE

This document describes the design and assembly challenges for implementing passive and active components, in either
formed or placed methodology, into a printed board. The completed structure including internal electronic componen’s i<
ready for surface mount and/or through-hole component attachment. The multilayered structure becomes a complete prc -
uct ready for further processing in an assembly process and can be made from organic, inorganic (ceramic) or buth (vpes
of material.

1.1 Purpose The target audiences for this document are managers, design and process engineers, anc. tec.nicians who

-

develop electronic assemblies that include an embedded component printed board as a part of the proluct. The purpose is
to provide useful and practical information to those who are involved in the decision making of eiher 1ormed or placed,
passive or active components and to help establish inspection techniques, testing processes, and' reliabuity validations.

1.2 Intent This document, although not a complete recipe, identifies many of the charactec. stics \hat influence the success-
ful implementation of a robust embedded component process. In many applications, >e variation between forming and
placing methods and materials are reviewed with the intent to highlight significa. ¢ dific vences that relate to the decision as
to when, why, or how to establish the quality and reliability of the final product. The ‘»f<rmation also establishes the robust-
ness that the embedded portion of the product can survive the continue! pi1ocessing in order to complete an Embedded
Component Printed Board Assembly.

An additional challenge in implementing the processes, along with all “he varieties of electronic components, internal and
external, is the need to meet the legislative directives that declai.. cei*ain materials as hazardous to the environment. The
requirements to eliminate these materials from electronic asse-ivlies have caused component manufacturers to rethink the
materials used for encapsulation, the plating finishes on the cupcaents and the metal alloys used in the assembly attach-
ment process.

2 APPLICABLE DOCUMENTS

2.1 IPC?

IPC-J-STD-001 Requirements for Solderc¢ 1 E:=ctrical and Electronic Assemblies

IPC-T-50 Terms and Definitions forI-terccanecting and Packaging Electronic Circuits

IPC-D-279 Design Guidelines for ki'inole Surface Mount Technology Printed Board Assemblies
IPC-D-356 Bare Substrate Ele. trical Test Data Format

IPC-TM-650 Test Methods M »nual

IPC-QL-653 Certiti ation, of Facilities that Inspect/Test Printed Boards, Components and Materials
IPC-SM-784 . Guide.ines for Chip-on-Board Technology Implementation

IPC-S. *-7o. . juidelines for Accelerated Reliability Testing of Surface Mount Attachments
IPC-2216 Destgn Guide for Embedded Passive Device Printed Boards

©C-2381 Generic Requirements for Printed Board Assembly Products Manufacturing Description Data and Transfer
Mcihodology

IPC-4101 Specification for Base Materials for Rigid and Multilayer Printed Boards

IPC-4562 Metal Foil for Printed Wiring Applications

1. www.ipc.org
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