@ IPC-CM-770E

ASSOCIATION CONNECTING
/—ELECTRONICS INDUSTRIES ®

Guidelines for Printed
Board Component
Mounting

Developed by the Component Mounting Guidelines Task Group (5-21a)
of the Assembly & Joining Processes Committee (5-20) of IPC

Supersedes: Users of this publication are encouraged to participate in the
IPC-CM-770 - September 1968 development of future revisions.

IPC-CM-770A - March 1976

IPC-CM-770B - October 1980 Contact:

IPC-CM-770C - March 1987

IPC-CM-770D - January 1996 IPC

2215 Sanders Road
Northbrook, lllinois
60062-6135

Tel 847 509.9700
Fax 847 509.9798



January 2004

IPC-CM-770E

Table of Contents

1 SCOPE oottt e e e e e e e e e e e e e e e e e 1 3.4.3 SIOTAQE ooeeieieiiiiiiiiiiiiiti e 22
1.1 PUIPOSE ..ottt 13.5 Material Movement Systems ............ccccvvvveeennn. 23
1.2 Classification of Board Types and 3.5. 1 TranSPOIEIS ...coeiiiiiiiiiiiiiiiiee e 23
ASSEMDIIES ..oviiiiiiiiiii 13529 Racks and Carfiers ..o 23
1.2.1  Performance ClasSes .......cccccouvvuiviiiiiieeeeeeiiiiiee 1
1.2.2  Producibility Levels ............cccccooiviiiiiiiiis 1 4 COMPONENT GUIDELINES_ e 23
1.2.3  ProducCt TYPES ..eceiiiiiiiieeiiiiiieeiiiieee e siiee e 24'1 Comlponent Characterization and Classes ........ 23
1.24  Printed Circuit Board Assembly Types ............ 5 41.1 AX|a.-Leaded Components ......ccccceeeeeerniniinnnnn, 23
1.3 Order of Precedence ..........cccccvvveveeeeeeeeieiciinin, 34'1'2 Ra@al—Leaded COMPONENLS ..o 23
1.4 Presentation ..........ccceeeiiiiieiiiiiee 34'1'3 Chip ComPonents """"""""""""""""""""""" 23
15 Terms and Definitions ........ccccovvveviiiiiiiiieniien, 414 Sma-ll Outlllne COMPONENts (SOS) wvvvvrroovvvveres 26
4.1.5 Multiple-Ribbon-Lead Components ................. 26
2 APPLICABLE DOCUMENTS ...ooooviiiiiiiiiiinn, 8 416 Chip Carriers ... 26
2.1 P C e 9417 Unpackaged Semiconductors .................o........ 26
2.2 Joint Industry Standards ..........cccccoeviiiiiiinnennnn. 10 4.1.8 Tape Automated Bonding (TAB) .....cocoveveun.n. 26
2.3 Electronic Industries Association ..................... 10 41,9  Area Array COMPONENLS ........ccovviveeveeeereenans 26
2.4 EOS/ESD Association Documents .................. 10 4.1.10 CONNECLOIS .o 26
25 JEDEC .o 104,111 SOCKELS .ovovvererieceeieeieiseieie e 26
3 GENERAL GUIDELINES ...cvveeeiveeeeeeeeeneeeeseeeeee 10 4.1.12 Electromechanical and Interconnect
31 Desian Oofi d Considerati 10 COMPONENTS ittt 26
. esign ions and Considerations ................. ) )
gn p o 4.2 Component Packaging/Delivery Systems ........ 27
3.1.1 Leadless Component Terminations .................. 11 43 Lead/Termination Finishes 27
3.1.2 Leaded Component Terminations ..................... .
; 5 PACKAGING AND INTERCONNECTING
3.1.3  SPACING .evvvviiiiiieeeee it 11 (PRINTED BOARD) STRUCTURES +roooovoooooooooo. 27
3. 14 Part TYPE et 11 51 Printed Board Characterization and Classes ... 27
3.2 Assembly CONSIAErations ..........cc.ooooovvvveeneennns 12 5.1.1 Rigid Laminate Boards ............ccocceriiiinniennnnnn. 27
3.2.1 Component Preparation ... 12512  Flexible Laminate BOArds ........coccovvvervveorneee. 27
3.2.2 Lead Formlng ................................................... 12 5.1.3 Metal-Core Boards .......oovemmse 28
3-2-3 Component P|aCement ...................................... 13 52 Supportlng_Plane Prlnted Board Structures _____ 28
3.24 MiXed Assemblies ............................................ 13 521 Printed Board Bonded to Support P|ane
3.25  COMPONENt SECUNNG ...vvoveveeeeeeeeeeeeeeeeeeeeeeenn 15 (Metal or Nonmetal) ..., 28
3.3 MAterialS ..ocovoieiiiiiieie s 16 5.2.2 '\ﬁeqTeSmially-P;cicessed Structures with 29
3.3 1 SOIUEI oo 16 ?ta qu?” ane o
5.2.3 Discrete-Wire Structures with Metal
3.3.2 FIUX e 16 Support PlaNe oo 29
3.3.3  Cleaning Agent ........ccccceeviiiieeiiiiiiee e 17524  Flexible Printed Board with Metal
3.3.4  ANESIVE ..o 17 SUPPOIt Plane ..., 30
3.3.5  COMPONENES ...ovoviviriniiiieieieieieieieee e 1753 Constraining Core Printed Board Structures ... 30
3.3.6  Printed BOArAS .......cccccoovevrirerirerieieieeissieininnn, 175.3.1  Porcelainized-Metal (Metal Core) Structures .. 30
3.3.7 Board & Lead FiniSheS .......cccocovviurirririininnnsn. 18 5.3.2 Plfi”t(?d Iﬁoard with Constraining (Not
338 SOIAEIADIY ..o 18 Electrically Functioning) COre ........cc..uewovee 31
339 Coali 18 5.3.3  Printed Boards with Electrically-Functional
3. (0T 111 oo [ SR PURRTSRPR CONSHAINING COFES vvvvvoooveeeeeeoeoeeeeeeoeoeeeeeereeeen 31
3.4 Handling and Storage .........cccccevveeeeeeveiecinnnn, 19534 Printed Board with Constraining Core ........... 31
341 EOS/ESD ..ccviiiiiiiiiie e 1954 Other Mounting Structure Materials and
3.4.2  Moisture Sensitivity .......cccovvieeeiiiiiiieeiiiiieeens 22 Considerations .......cccceevvviiiieiiiiieee e 31




IPC-CM-770E

January 2004

5.4.1  Heat SINKS ..oooiiiiiiiieiiiiee e 317.5.1  Solder Pastes and Adhesives ...........cccccevvnnnen. 44
5.4.2  SPACEIS ..ooiiiiiiiiiiiiiii e 337.5.2 Solder Performs ........cccociiiiiiiiieiiiiiieeeeee 44
5.4.3 Component-Lead Spreaders ........cccccevvvveernnnn 338 INTERCONNECT TECHNOLOGY oo a4
54.4  Thermally Conductive INSUIALOTS ..........covvveerens 34 8.1 Component SPaCiNg .......ccovvevvviirerreeeeee e s 44
6  ASSEMBLY DESIGN CYCLE ..ccvvviiiieieeeeeeiiiiiee 34 8.1.1 Component Considerations ............cccccoeveernnnn. 44
6.1 Types of Assembly Operations .........cccccceeeenee 34 8.1.2 Wave Solder Component Orientation .............. 44
6.1.1 Inline Machines .........ccccvvvieveeeeeiiiiiiiieeee e, 34 8.1.3 Component Placement ...........cccccvvvveiieeeeeeiinnnns 44
6.1.2  Sequential Machines .........ccccoooviiiiiiiiiiineeaninnnns 348.1.4  Grid-Based Component Positioning ................ 45
6.1.3 Mass Placement Machines ...........ccccccevviieneenns 348.2 Single and Double-Sided Board Assembly ..... 45
6.2 Soldering Operations ......cccccceeeveviieieeeeeeeeeeeeee, 348.3 Component Standoff Height for Cleaning ....... 45
6.2.1  Manual Soldering Tools and Processes ........... 3484 Fiducial Marks ... 46
6.2.2 Automated Soldering Processes ........ccccccvveenn.. 358.4.1  Global Fiducials ..........cccovvviiiiieeeie i, 46
6.3 Assembly Sequence ..o, 378.4.2  Local FiduCialS .......ccccccviiiiiiiiiiiiiiiieeii 46
6.3.1  Inspect Before Assembly ..........cccocieiiiiieininnn. 378.4.3 Size and Shape of Fiducial ..........cccccccceeiiinnis a7
6.3.2  Substrate Preparation ...........cccccoeecvvriiiiieeennninnns 37.5 (©10] a0 [F o3 10 ] ¢ TN a7
6.3.3 Component Preparation (Tinning/Solder 8.5.1 Conductor Width and Spacing ..........cccccceeeeeenn. a7
DIPPING) ovvvevieniiii 3786  Via GUIAEIINES ..vvooooooeeeeeeeeeeeeeeeeeeece e 47
6.34  Assembly Process SEQUENCE ... 38.6.1  Drilled Via HOIES w........oovrrvvveeeeseeseeeeeeeeee 47
6.4 Mass Attachment Properties ..........ccccccevviiveeeenne 37862 Vias and Land Pattern Separation ................. 48
6.4.1  Machine Soldering Processes ..................... 373.6.3  Vias Under COMPONENtS ..oovvviieiiiiiiieeeeeee 48
6.5 Environment (Nitrogen) .......cccccceeeeeeniiniiinnen. 39 g7 Standard Fabrication Allowances ..................... 48
6.5.1 Controlled Atmosphere Soldering ................... 39 8.7.1  Manufacturing Characteristics ................o........ 48
7 PLACEMENT GUIDELINES ..coiiiiieeeeeeeeeeeseeean 39 8.7.2  Conductor Width and Spacing Tolerances ....... 49
7.1 Placement Technology .............cccccocveeeuevenene. 398.7.3  Conductive Pattern Feature Location
7.1.1  Placement .....cooveeviiiiiiiiee e 39 Toleranc_e T 49
7.1.2  Process ldentification ............cccccceiiieiiiiiiiinnne. 39 8.8 Board Size and Panelization ... 49
7 DESIGN CRECKS oo a1 8.8.1 Panel Format s 49
721 Design Checks for All Assembly Types ....... 42 8.8.2  Panel Construction ..........cccceeeeieeeniiiiiiiiiiieeeenn. 50
7.2.2  Design Checks for Surface Mounted 9 COMPONENT CHARACTERISTICS
ASSEMDIIES ....cvevveeieceeeeeee e 42 THROUGH-HOLE ...ooiiiis 52
7.2.3  Design Checks for Mixed Technology 9.1 Axial-Leaded Discrete Components ................ 52
Assemblies Involving Auto-Placement 9.1.1  Packaging Axial Leaded Discrete
and AUto-INSertion ... 43 COMPONENT ..o 52
7.3 Specification and Procurement of 9.2 Radial-Leaded Discrete Components ............... 53
Components ........ccccceevneinnns R 43 9.2.1  Part Type DESCHPUON oo 53
7.3.1 Product Processes and Applications ................ 43 9.2.2 Packaging Radial Leaded Discrete
7.3.2  Component Package Style ... 43 COMPONENTS ..o 53
7.3.3 Component Transit Packaging ..........ccccccvveernnn. 43 9.3 Multiple-Radial-Lead Components .................. 54
7.3.4  Date of Manufacture and Solderable 9.3.1 Transistor Outline (TO) Cans ..............cccceo..... 54
Coatmg Tf_uckness ............................................ 43 9.32 Multiple-Lead Variable ReSiStors .............. 54
4 Specification and Procurement of 9.4 Inline Packages ........ccccvveeeiiiiiieiiiiiiee e 54
Printed Boards ........cccccoeeeiiiiiiiiiiiiieee e 43
7.4.1  Specifying Printed BOards .............oo.coorvveorrvvenn. 43 941  Dual-Inline Packages ..., 54
7.42  Notifying Assemblers and Their Suppliers ...... 43 9.4.2 Single-Inline Packages .......ccccccccoviiiiiiiiiennannn. 54
7.4.3  Suitability for High Assembly Yield ............... 43 9.5 Ribbon-Lead Components ...........ccccccvvvivneenennn. 55
75 Specifications and Procurement of Process 9.5.1  FIatpack .....ccooviiiiiiiiiiiiieee e 55
MaterialS .....ccvevviiiiiiiie e 44 9.6 Pin Grid Array COmponents ........ccccccveevivnnenn. 56




January 2004 IPC-CM-770E
9.7 Through-Hole Mount Connectors .................... 57 11.3.2 Radial Leaded Discrete Components ............... 75
9.8 Through-Hole Sockets ..........cccccveeiiiiiiecininn. 58 11.3.3 Multiple Radial Lead Component .................... 76
10 MOUNTING STRUCTURE REQUIREMENTS 11.3.4 Hermetically-Sealed Components .................... 77
THROUGH-HOLE .....ooviiiiiiiiiiiiiiice e 59 11.3.5 Rectangular-Bodied Components ..................... 77
10.1 Printed Board Characterization and Types ...... 5911.3.6 Metal Power Packages .........ccccccovivveeenniinncennns 77
10.1.1 Lead/Hole Ratio ......cccoovcvvviiiiiieeee e, 5911.4 Mixed Technology .......cccccvvveeeeeeieiiiiiiieieeeeenn, 77
10.1.2 Unsupported HOIES .......cccccoeviiiiiiiiiiiiiiieeeiis 5911.4.1 Axial Leaded Discrete Components ................ 77
10.1.3  Supported HOIES ........occuviiiiiiiiiiiiiiiieeiieeees 5911.4.2 Radial Leaded Discrete Components ............... 77
10.1.4 Axial and Radial Lead Component 11.4.3 Inline Leaded Components .........ccccccvveeeeeriinnns 77
MOUNEING eeiiiiiiiiee e 59 11.4.4 Pin Grid Array COMPONENIS ..vooveerverereeeeennn. 77
10.15 L'\gggi%gtz?géal Lead Component g 115 Manual TEChNIGUES wooooocrovesovsocscn 78
10.1.6 Dual-Inline Package (DIP) Land Patterns ....... 60 1151 Axial an_d Radial D|scre_te (Fomponents """"" 8
10.1.7 Land Patterns for Ribbon Lead Component .. 60 11.5.2 Dual.-lnllne P.ackage Grlppmg ToolS ..ccvvveeee. 78
e D .
10.1.9 Land Pattems for Through Hole Mount 11.5.4 Inline Leaded Components .............................. 78
CONNECLOTS ooveviiaesceeeseeesese e 6111.6  Automated TECANIQUES ..., 78
10.1.10 Land Patterns for Through Hole Mounted 11.6.1 Axial Leaded Discrete Components ................ 78
SOCKELS et 6111.6.2 Radial Leaded Discrete Components ............... 79
11 ASSEMBLY SEQUENCE THROUGH-HOLE ... 61 11.6.3 Multiple Radial Lead Components .................. 79
11.1  PrOCESS SEPS .ooveieieieieeeeeeeeeeeeereeeeeeeeesenen s p11.6.4 Inline Leaded COMPONENIS .......cc.coovvvvvinniennns 80
11.1.1  SEQUENCE oo 612 COMPONENT CHARACTERISTICS
11.1.2  Attachment ISSUES .......ccocvvviriieiiiieiiee e 61 SURFACE MOUNT oo 80
11.1.3 Assembly Process Methods ...........ccoovvrrveennn. 6112.1 Characterization and Classes .........cccccocveveennnne. 80
11.1.4 Lead Termination after Assembly .................... 63 12.1.1 Part Type Descriptions ..o 80
11.1.5 Preformed Leads ..........cccocovvuevevreereeceiereeeenne. 6412.2  COMPONENt PrOCUrEMENt .......oovvviininieie 84
11.1.6  COMPONENt REENtION ....vvvoeveereeeeeeeeeeeee. 6512.2.1 Packaging ... 84
11.1.7  Lead CULING «.vovveveeeeeeeeeeeeeeeeeeeeeeee e 6612:2.2 Delivery SyStem ... 86
11.1.8 Axial Leaded COMPONENt ...vvoovverevereeeeerrene. 67 12.3 Handling and Storage .........cccccevviieeeeiiiiineeens 86
11.1.9 Radial Leaded Discrete Component ............... 6712.3.1 ESD Protection ............cccccocoviniiiniinn, 86
11.1.10 Mechanical SECURNG «.....vvverveeereeereeeseeresre. 6912.3.2 MOISIUIe ......cocooiiiiiiii, 86
11111 INN€ LEAAS ..ovvvveeeeeeeeeeeeee oo 69124 ChIP RESISIONS w.oovoeo e 87
11.1.12 Pin Grid Array COMPONENtS ........vvveeeveee. 79 12.4.1 Basic CONSrUCON ..., 87
11.1.13 Through Hole Mounted Connector ................ 72 12.4.2 Termination Materials ..........cccceeeeiieeeen, 87
112 Component PlaCEMENt «..........ovvveeoorreeeereereeee. 7912.4.3 Marking ... 87
11.2.1 Straight Through Leads .........ccoovvveoovveerosrreenn. 72 12,5  Chip Capacitors ......ccccoviciviiieeieeeee e 87
11.2.2 ClNChEd LEAS ..ooceveroeerrrererecrrriresenerene 73 12:5.1 BASIC CONSUUCHON vvvvsvvesvrssvvssvvnsvnses 87
11.2.3 Lead SPaCING ....cceeiiiiiieeiiiiiieeiiiiiee e 7312:5.2 Termination Materials ........cooooovuvvmmmensisssnsisinn 88
11.2.4 COMPONENt BOGY w..ooooveeeeeeeeeeeeereeeeeeeseeeeenons 73 12.5.3 MarKing ....oeeeeeiieeeeiiiiiiiiiiieee e ereee e 88
11.2.5 Hardware Clearance ... 73 12.6  INAUCIOIS ..ooiiiiiiiiiiiiieee e 88
11.2.6 Radial Leaded Discrete Components .............. 74 12.6.1 BasiC CONSLIUCLION ......eevviiieeeiiiiiiiiiiieiieeee e 88
11.2.7 Plastic Power Transistors ... 74 12.6.2 Termination Materials ... 88
11.2.8 Electrical Insulators and Thermal 12.6.3 MarKing .....eeeeeiiiieaiiiiiiiiiiiiee e 89
(0] a0 [U o3 1o ] ¢TSS 7512.7  Tantalum Capacitors .........ccccecvveveeeeeniiiinnieenen. 89
11.3  Vertical MouNting ......cccvvvviieiieeeiiiiieieeeeeeee 75 12.7.1 BasiC CONSIIUCLION ......ueviieiieeeiiiiiiiiiiiieeeeeee e 89
11.3.1 Axial Leaded Discrete Components ................ 75 12.7.2 Termination Materials .........ccocceviiiiiiiiiiiinnenns 89




IPC-CM-770E

January 2004

12.7.3  MarKing ...ooeeeeeeeeiiiiiiiiiiieieeee e 9012.19.1 Premolded Plastic Chip Carriers ..................... 93
12.8 Metal Electrode Face (MELF) Components ... 90 12.19.2 Post-Molded Plastic Chip Carriers .................. 93
12.8.1 Basic CONSLIUCION ......ccovivieieiiiiiiiee e 9012.19.3 MArKIiNG ..ecoeiiiiiiieiiiiiiee e 93
12.8.2 Termination Materials ...........ccccouvieviiiieeinniiiinnns 90 12.20  LCC ittt 94
12.8.3 Marking .....oooeiiiiiiiiiiiiie e 9012.20.1 BasiC CONSIIUCHION .......vvveeeiiiiiieeiiiieee e 94
12.9 SOT 23 e 9012.20.2 Termination Materials .........ccccccevviviieeiiiieneennne. 94
12.9.1 BasiC CONSLIUCHION .....eevvieeeriiiiiiiiiiiieeee e e 9012.20.3 MaArKiNg ....cceeiieeiiiiiiiiiiiiieeee e 94
12.9.2 Termination Materials ...........cccccvvivevieeeeeiniiiinns 90 13 MOUNTING STRUCTURE GUIDELINES
12.9.3 Marking ...eeeeeeiiiiiiieiieee e 90 SURFACE MOUNT .oivviiieeeisiiciiiirnee e e e e e e 94
12,20 SOT 89 oot 9013.1 Printed Board Characterization and Types ...... 94
12.10.1 Basic CONSIIUCLION ....cocvvveeeiiiiiiee it 9013.2 Organic Rigid, Organic Flex and Rigid-Flex .. 94
12.10.2 Termination Materials ..........ccccceevviiiiiiiiiinneens 9113.3 Land Patterns .......c.cccceeeiiiiieeeiiiiiee e 94
12.10.3 MaArking .coooooceiiieieeeee e 9113.4 Tolerance ANalysis .......cccceveeeeiieeniiiiiiiiiieeeeee, 95
12,11 SOD 123 .. 9113.4.1 Land pattern Configurations for Small
12.11.1 Basic CONSLIUCHON ......c.ccvevevveerereeeeeeieneans 91 Outling PACKaGES .........covvvvviiiiiniii, 95
12.11.2 Termination Materials ............c.cccocvevevevevevreennnnn. 911342 Land patterns for DIPs and SIPS ............c...... 97
12.12.3 MATKING .ooooiiiiiieiiiiiiee e 9113-4.3 Chip Carrier Land Patlerns ... 97
1212 SOT 143 oo 911344  Land Patterns for Surface Mount

) . CONNECIOIS ..covtiieie e 97
12.12.1 BaS|c- Co-nstructlor? ............................................ 9113.4.5 Land Patterns for Surface Mount Sockets ... 97
12.12.2 Term_lnatlon Materials ......cccoceevviiiieeiiiiee e, 91 13.5 Alternative Printed Board Structures. ... 97
12.12.3 MaArking .coooooiiiiiieeiee e 91 1351 Supporting-Plane Printed Board ................ 97
12.13 SOT 223 .......... s 9113.5.2 High-Density Printed Board Technology ....... 98
12.13.1 Basic CONSIrUCLON .......ovvvvveririiiiiiiiriiiniins 91 .

o ) 13.6 Surface Preparation ..........cccccccvvvvevniiiiiinieinnnn, 98
TRl — e o
13.7 Gold on Printed Board Surface Mount

12.14  TO 252/TO 268 ...ocvveiiiiiisiiieiss o1 LaNdS ..vvveeeeiiiiiee e 98
12.14.1 Basic Construction .............ccocevveiiiiiiiiiiiianns 911371 Gold Thickness ... 98
12.14.2 Termination Materials .............cccooevvriininiinnns 91138  Printed Board Condition ... 98
12.14.3 Marking .....ccoovviiiiiiiiieeieeee e 91
1215  SOIC oot 9114 SURFACE MOU,NT """"""""""""""""""""""""" %8
12.15.1 Basic CONSIrUCON .......c.ccvevveiieiiieieceeie e, 9214'1 ASSEMDlY HIBTAICAY ovrsvssvvsvvs v 98
1215.2 Termination Materials ... 9 14.1.1  SEQUENCE ..cooiiiiiiiiiiiiiiieeeeeeeeeeeee e 98
12.15.3 Pin NUMDBENNG ..cvoeovviieieeccieceeeeee e 92 14.1.2 Atachment Issu.es CrTmmmmmmmmmmm 98
1216 SOP wooovooeoeeeeeeeeoeeeeeeeeee e eeeeeeeeeee e gpt41:3  LeadiLand Configuration after Assembly ...... 105
12.16.1 Basic Construction .................___ 9214.1.4 Pllacement ........................................................ 105
12.16.2 Termination Materials ..........ccccccevvevvveeeiiirieeeennns 92 14.1.5  Mixed Techno!ogy """"""""""""""""""""""" 105
12.16.3 MAIKING oo gp 142 Manual TEChNIGUES ..vvoovvss v 106
T R Ao I gpt 421 Manual ASSembly .............. s 106
12.17.1 Basic CONSIIUCON ......cccccvevveiieirieiesieeie e, 9214'3 Automated Assembly TEChNiqUes ................ 106
12.17.2 Termination Materials .............. . 9 14.3.1  PlaCemeNt .....ccoeiiiiiiiiiiiiieieeee e 107
12178 MEIKING oo gp 1432 Automated Assembly of Surface Mount
12.18 PLCC (SQUAIE) ..evvrrreerieeeeesiiiiiiiereereeeesessesenenens 92 1433 Automated Assembly of Surface Mount
12.18.1 Premolded Plastic Chip Carriers .........c.ccceee..u. 93 SOCKELS e 108
12.18.2 Post-Molded Plastic Chip Carriers .................. 93 15 COMPONENT CHARACTERISTICS
12.18.3 MArKiNG ...eeeeeeeieaiiiiiiiiieiieeee e 93 HIGH PIN COUNT AREA ARRAY ..oiiviiiiiiiienns 108
12.19 PLCC (Rectangular) .......cccccooveeeeiiiiineieniiinnen 93 15.1  Component Definition ..........cccccoeeiiiiiiiennnn 108

vi



January 2004

IPC-CM-770E

15.1.1 BOdY SiZE ..ccoooiiiiiieeeee e 10818.2.3 Nonmelting BUMPS .....ccccvvvveveeeeeeiiiiiiiieeeeee 115
15.1.2 Ball Size Relationships ........c.ccccciniiiiiennnnnn. 108 18.2.4 Polymeric/Conductive Adhesive Bumps ........ 115
15.1.3  Coplanarity ......ccccceeviieieeiiiiiieeeee e 10818.3 Component Design for Circuit Boards .......... 117
15.2 Component Packaging Style 18.3.1 Design Considerations (repeated
Considerations ......ccccccceveviciiiiiiiiee e 109 INfOrmMation) ......cccccveeeiiiiiie e 117
15.2.1 Plastic Ball Grid Arrays (PBGA) ......cccccee.... 109 18.3.2 Chip Size Standardization ............cccccceeeeennnne 117
15.2.2 Ceramic Ball Grid Arrays (CBGA) ............... 110 18.3.3 Bump Site Standards .........ccccvieiiiiiiiiiiiiien. 118
15.2.3 Ceramic Column Grid Arrays (CCGA) ......... 111 18.3.4 Peripheral Lead Standards .........cccccceveeeeeninnns 118
15.2.4 Tape Ball Grid Arrays (TBGA) ....ccccceeeeninnns 111 18.3.5 Package Size Standards ..........cccccceeeiiiiiiiiinnn. 118
15.3 BGA CONNECIOIS ....ovvviiiiiieeeiiiiiiiiiieieeee e 11218.3.6  1/0O Capability .........cccceerriieiieiiiiiieeiiiieee e 118
15.3.1 Assembly Considerations for BGA 18.3.7 Alpha Particle Emissions (Soft Errors) ......... 118
(7o) o] T=Tox (o £ 1121538 substrate Structure Standard Grid
15.3.2 Material Considerations for BGA EVOIULION ..eviiiiiiiiii e 119
CONNECIOIS .ot 1121839 FOOLPHINE DESIGN vvvvveeeve e, 120
15.4  Components Package Drawings ..................... 11218 3.10 Design Guide Checklist .........coovvorvvrrerrrerrenn. 120
155 Component ProCUTEMENt ..............coovvenrnennne. 11218.3.11 Die DeSign SAMNKS ...ovvervveeveeeereesreesereeseons 121
15.5.1 Shipping Media ESD ........ccccoevvvvieiiiiiieeeee, 112 18312 1/O Drivers on the PEriPhery ..o, 121
15.5.2 Delivery SysStem .......cccooiiiiiiiiiiiiieeeeeeeiiie 11219313 Isolating Sensitive 1/0S ......o..oovveeerveererereennn. 122
15.6 Handling and Storage ..........cccocevveeiiiiieeeennnnn, 112183 14 Printed Board Land Pattern Design ....ovvven... 122
15.6.1 ESD Protection .......cccccoeeevieeiiiiiiieesiiiieeeeaeenn 11218 3 15 High Frequency Performance ................ 122
15.6.2 MOISIUIE ...coooiiiiiiiiieee 11218316 Thermal DESIGN ovveeveeeeeeeeeeeee e, 123
16 MOUNTING STRUCTURE REQUIREMENTS 18.4 Handling, Shipping and Storage .................... 124
HIGH PIN COUNT AREA ARRAY ...oooovivencennnne 113 1841 Handling SyStems ........cccccceviiiieieniiiiiee i, 124
16.1 Iﬁtr::rl(r:?)%tﬁggﬁlgnS?rEccj;tSrlggs(le;Srinte d Boards) .. 113 18.4.2 Storage Atmf)sphere ........................................ 125
16.2 Standardization ..........cccoeeeeeiiieiie e 11318'4'3 ESD Protectlo.n """"""" Cmm T 125
16.3 Ball PItCh ..o 113 18.4.4 Types of Carrier Packaging for Shipping ...... 125
16.4  Future Ball Conditions ........ccccceeevevvveeeeienenne. 113 18.4.5 Storage' System ang Length of Storage ....... 125
165 Land ApprOXIMation ... 113 18.5 Mechanical Pro.pertlés ..... s 125
16.6 Physical Conditions ..........ccccevveevveeceeceeenennn, 114 18.5.1 Interconn_eTCt Joint Dimensions T 126
18.5.2 Solderability of Bumps Not Wetting
17  ASSEMBLY HIERARCHY HIGH PIN COUNT or Partial Wetting to Substrate is a
AREA ARRAY ..ottt ettt 114 Reliability Concern .........ccccceevvviveeeeiiieeeee, 126
17.1  ProCess StEPS ..eeviiiieiiiieiieeieie e 11418.6  Electrical ISSUES .........cccooiiiiiiiiiiiii, 126
17.1.1 SEQUENCE .eevvereieeiiieeieesieeenieeniee e aeeesseesnneaeas 11418.6.1 Wafer Test/Sorting Inked Die ............cccce..ee. 127
17.2  Process Step ANalysis ........ccccocevvveeeivveeieeennnnn. 11418.6.2 Room Temperature Testing of Wafer
17.3  AHachment ISSUES ..........oo...oovvvverrrreeerrrrernnne. 114 \;idngtslz?sg Waferso"er Temperat“re _______________ 17
174 REflOW .oovviiiiiii e 115 18.7  MATKING .ovvveoooooeeoeoeoeoeeeeeeoeeoeeeeeeeeeeeee 127
175  Preclad ....cocoooiiiiiiiii 115 188 Physical CONGIIONS w.vvvvvroooeooeeoeoo 127
18 COMPONENT CHARACTERISTICS FLIP 18.8.1 Workmanship .......cccccceeiiiiieiiiiiee e 127
CHIP DIRECT CHIP ATTACH ..o 115
181 Types of Flip Chip JOINS . 115 19 MOUNTING STRUCTURE GUIDELINES
18.1.1 Solder BUMPS ..ooooiiiiiiiiiiiiiiieieeeeeeiieeeeeee 115 to General Guidelines Section)  ........ccoccceveeee 127
18.1.2 Nonsolder Type BUmMpS ......cccoovvvveiiniiiieeennn, 115 20 ASSEMBLY HIERARCHY FLIP CHIP
18.2 Characterization and Classes of Flip DIRECT CHIP ATTACH ..vvviiiiieeeeei e 127
CRIP JOINES ..o 115 20.1  ProCess StePS ....eeeeiriieeeiiiiiiiiiiiieeeee e e 127
18.2.1 Meltable Solder JOINtS .........ccccvviieeeiiieenniinns 115 552 Manual Techniques for Semiautomated
18.2.2 Partially Meltable BUmps .........ccococeeeviiiineeenne 115 Pick and Place .......ccccooveiiiiiiiiiiiiicciiieee 127




IPC-CM-770E January 2004
20.2.1 DEXIEILY vvvviiiieieeeeii i 12823.2.1 Magnification Aids for Examining Printed
20.3  Automated TEChNIQUES .....vveveereeeeeereeereeenees 128 Board Assemblies ........ccccccviiiiiiiiiiien 135
20.3.1 Types of EQUIPMENt ......cocooveviveeeeeeiiireneenn 12823.3  Process Control .......ccceevvuveeiieeeiiee e 135
20.3.2  PIECISION ..eeiiiiiiiiiiiiiiit et 12823.3.1 Corrective Action Limits ........cccceevvveriveennnen. 135
20.4  Single Point Attachment ..........cccccceeeiiiieeeeee, 128 23.3.2 Process Control DetailS ............cccovvveevreeneennen. 135
20.5  Mass Attachment Properties ........................... 12823.3.3 Defect ReUCHON .........oeoveveereeeeeeeereeeenen 136
20.5.1 Convection Oven Solder Reflow ................. 128 23.3.4 Variance REUCHON ........vvveevveereeeeeeeeereerre. 136
20.5.2 Vapor Phase Solder Reflow .........cccccvvveennnn. 12823.4 Process Verification INSPECtion .................. 136
20.53 Infrz_jlred Soldfar REMOW v 128 23.4.1 WOrkmanship .....cccccceeviieiiiieeciie e 136
20.5.4 Profile AnalysiS ......cccccoiiiiiiiiiiii 128 2342 General MOGIfication/REpair ... 136
20.5.5 Nitrogen Reflow Atmosphere ..........cccccoeeneee. 128
23.4.3 Destructive TeStiNG ......cccocveevveeeiieeciiee e, 136
21 CLEANING oo 128 23.4.4 Mild Burn-In (24 hr per assembly) ............. 136
21.1  General Considerations ...........cocceevviiieeennnnnn 128
21.1.2 Selection of Cleaning Materials ..................... 129 24 PERFORMANCE/RELIABILITY
) EVALUATIONS oo 136
21.1.3 Frequency of Cleaning .........cccccvveeeeeeeenninnnns 129 241 Relationships to Test and Quality
21.1.4 Ultrasonic AGItation ..o 129 ASSUTANCE ....cuvieveeeeeieieeeeeeeeeeeee e 136
21.2  Cleanliness ASSESSMENt ........cccccovvviiviiiieeeennn. 129
21.2.1 Flux RESIAUES .....ovvviiiieeeeeiiiiiiiiiiieeeee e e 129 25 REPAIRIREWORK oo 137
21.2.2 Visual INSpPection ........cccccceeviieiiiieeeeeeeeeeeeee 129 251 Reuse Of COMPONENIS ..cco.occoovvvmmmnussssssssssns 137
21.2.3 Solvent Extract Conductivity Measurement .. 129 25.2  Heat Sinking Effects ......c..cccooveevveeeciececiiee, 137
21.3  Post-Soldering Cleaning ...........ccococoevevevnnn.. 129 253 Dependence on Printed Board Material
TYPE 138
22 ELECTRICAL TEST CONSIDERATIONS .......... 130 25.4 Dependence on Copper Land and
22.1  Five Types of Testing ........cccevvveevcireicieennn, 130 Conductor Layout ...........ccoccceeiiiiiiiienieen, 138
22.1.1 Bare-Board Test ........cccccvvvvviviieveiiiiieiiies 130 25.5  Selection of Suitable Rework Equipment ...... 138
22.1.2 Assembled Board TesSt .......ccocvveviiviiieiiinenen. 130 25.6 Dependence on Assembly Structure and
22.2  NOGAI ACCESS ..oevoveveeveereeieeieeeeeeeeseeees e 130 Soldering ProcesSes ..., 138
22.2.1 Test Philosophy ..o, 131 55 COATING AND ENCAPSULATION oo 138
22.2.2 Test Strategy for Bare Boards ...................... 13126.1  Conformal Coating ...............ccoorvvvverrrrrrre. 138
22.3  Full Nodal Access for Assembled Board ...... 131 26,11 APPICAtION w.roooeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 138
22.3.1 In-circuit Test Accommodation ...............c...... 131 26.1.2 Performance Guidelines ... 139
22.4  Limited Nodal ACCESS .......coeiurviiiieiieeaiiiiiiis 132 26.1.3 Rework of Conformal Coating ................ 139
22.5 No Nodal ACCESS ....cccouvvriiiiieeeeeiieiiiiieeeee e 132 . )
) 26.1.4 Conformal Coating Inspection ...........c.......... 139
22.0 - Clam-Shell FIXIUres IMPact ...........cooooo.oe. 132 26.2  ENcapsulation .............cccccoeereeeennenenenennann, 139
22.7  Printed Board Test Characteristics ................. 132
2271 Test Land PAttern SPacing ... 132 26.2.1 Application ........cccccooveeiiiiieieeeee e 139
22.7.2 Test Land Size and Shape ..........ccccceeeeeeeeeenn. 13226'2'2 Performance GUIdENINES ......ccoovvvieennnrsisseninnn 139
22.7.3 Design for Test Parameters .............ccc.cocooe.... 132 26-2.3 Rework of Encapsulant Material ................... 140
22.7.4 In-Circuit TESt ..cooviiiiiiiiiiieieee e 133 27 DOCUMENTATION oo 140
22.7.5 Functional Test ........ccccceviiiiiiiiiiiiinieceee, 134 271 Drawing REQUIFEMENLS ....veevereveeeeeerrrreeeen, 140
22.7.6 Test Probes and Probe Lands .........cc......cocouee 134272 Electronic Data Transfer .........cccooovmmrveveeee. 140
23 QUALITY ASSURANCE ......cocciiiiiiiiiiie 134  27.3  Specifications .........ccccocevereierieieieseeea 140
23.1 Relationship to Test/Inspection ...................... 134 274 Printed Board Assembly Documentation
23.1.1 Visual INSPECHON .......ccevrrrrreeeeeieeseeennans 134 Process FIOW ..o, 140
23.2  Standard Magnification ...........cccccceiiiiineennnn 135 27.5  Documentation for SMT .......cccccevvvviverierneenn. 141

viii



January 2004

IPC-CM-770E

Figure 1-1
Figure 1-2
Figure 1-3
Figure 3-1

Figure 3-2

Figure 3-3
Figure 3-4
Figure 3-5
Figure 3-6
Figure 3-7
Figure 3-8

Figure 3-9
Figure 3-10
Figure 4-1
Figure 4-2
Figure 5-1

Figure 5-2

Figure 5-3

Figure 5-4

Figure 5-5

Figure 5-6

Figure 5-7

Figure 5-8

Figure 5-9
Figure 5-10
Figure 5-11
Figure 5-12
Figure 7-1

Figure 7-2

Figure 7-3

Figures
Type 1 Printed Board Assembly .................... 3
Type 2 Printed Board Assemblies .................. 4
Clinched Wire Through Connection ............... 6

Staggered Hole Pattern Mounting
“MO” Flatpack Outline Drawing (Only

Inches Shown) ..o, 12
Component Modifications for Surface

Mounting Applications ..........ccccccovveviiinenne 13
Modifying DIP for Surface Mounting ............ 13
Placement Machine Considerations ............ 13

Mixed Assemblies ..........cccceeeeene
Clip-Mounted Component
Strap Securing ...cccceevevveeeriiieenenns

Frequently Encountered EOS/ESD

Warning Labels .......cccoooveiiiiiiiiiieeen 20
Series Connected Wrist Strap ........ccoecveeenne 22
Parallel Connected Wrist Strap .................... 22
Through-the-Board Component Types ........ 24

Some Surface Mount Component Types ..... 25

Printed Board Bonded to Supporting
Plane .....occoviiiie e 29

Sequentially Processed Structure with
Supporting Plane .......ccccccoovviiiiiieeieeee 30

Discrete-Wire Structure with Low-
Expansion Metal Support Plane .................. 30

Flexible Printed Board with Metal Support
Plane ... 31

Printed Board with Supporting Plane (Not
Electrically-Functional Constraining Core) ... 32

Multilayer Printed Board Structure with
Copper-Clad Invar Power and Ground
Planes (Electrically-Functional Constraining

(7] (=1 USSP 32
Balanced Structure with Constraining Core

not at Neutral AXIS ........cccovvviieiiiiinieeneeee 32
Balanced Structure with Constraining Core

on Neutral Axis not at Neutral AXxis .............. 32
Common Component Heat Sinks ................ 33
Typical SPACErS .......ccccovciiiiiiiiiiiiee e 33
Can Mounting Spreader ........cccccccvveeviieeeanne 33
Thermally Conductive Insulator ................... 34

Single-Sided Surface Mount Assembly,

Reflow Only (See Table 6-1 SURFACE
MOUNT SINGLE-SIDED A REFLOW

ONLY) oottt 40

Single-Sided Surface Mount Assembly,
Immersion Only (See Table 6-1 SURFACE
MOUNT SINGLE-SIDED B IMMERSION

Mixed Technology Assembly, Double-Sided,
Reflow Only (See Table 6-1 SURFACE
MOUNT DOUBLE-SIDED REFLOW

Figure 7-4

Figure 7-5
Figure 7-6

Figure 7-7
Figure 7-8
Figure 8-1

Figure 8-2
Figure 8-3
Figure 8-4
Figure 8-5
Figure 8-6
Figure 8-7
Figure 8-8
Figure 8-9
Figure 8-10
Figure 8-11
Figure 8-12
Figure 8-13

Figure 8-14

Figure 9-1
Figure 9-2
Figure 9-3

Figure 9-4
Figure 9-5
Figure 9-6
Figure 9-7
Figure 9-8
Figure 9-9
Figure 9-10
Figure 9-11
Figure 9-12

Figure 9-13
Figure 9-14

Figure 9-15
Figure 9-16
Figure 9-17
Figure 10-1
Figure 10-2

Figure 10-3
Figure 10-4

Mixed Technology Assembly, Double-Sided:
Reflow and Immersion (See Table 6-1
THROUGH HOLE AND SURFACE MOUNT

MIX REFLOW AND IMMERSION) ............... 40
Mixed Technology Assembly, Double-Sided
Reflow and Manual .........c.ccooceiiiiiieniiennn, 41
Mixed Technology Assembly, Double-Sided,
IMmmersion ONlY .....ccccceevviieeeeiiee e 41
Panel Assembly Tooling Holes ..................... 41
Panel Assembly Tooling Holes ..................... 42
Component Orientation for Wave-Solder
ApPlICatioNS .....ooooviiieeeie e 45
Alignment of Similar Components ............... 45
Panel/Global Fiducials ............ccoccviiiiiniennn. 46
Local and Global Fiducials ...........c.ccccocvennee. 46
Fiducial Locations on a Printed Board ......... 46
Fiducial Clearance Requirements ................ 47
Surface Mounting Geometries ...........cccceo..u. 47
Land Pattern-to-Via Relationship ................. 48
Examples of Via Positioning Concepts ........ 49
Conductor Description .........ccccoceveeeeiiineeanns 50
Routed SIOtS .....cooveiiiiiii e 51
Typical Copper Glass Laminate Panel ........ 51
Conductor Clearance for V-Groove

SCOMNG weeeieeiee e e 52
Breakaway (Routed Pattern) with Routed

SIOLS o 52
Axial-Leaded Component ............ccceeeeennnnnn. 53
Taped Axial-Leaded Components ................ 53
Polarized Axial Lead Component (Typical
Polarity Markings) .......ccccoeeeeeviiieeeiiieee e 53
Rectangular Radial Lead Capacitors ........... 53
Disc Radial Lead Capacitors ..........ccccccoouee. 54
Cast Radial Lead Capacitor ..............ccceeeennes 54
Radial-Leaded TO-3 Transistor Can ............ 54
Multiple-Lead Variable Resistor

16-Lead Dip ..cccoovveiiiiiiiiie
Single Inline Packages Component ............. 55
Flatpack Outline Drawing .........ccccceevvvveerneen. 56
Typical Ribbon Leaded Discrete Device
Outline Drawing (Flat Leads) ............ccceeeennns 56
Pin Grid Array ....oooccvveeeieee e 57
1/0 Density Versus Lead Count (All
Dimensions in INChes) ........cccocvveiviieeeiinnn, 57
Connector with Press Fit Contacts .............. 57
Surface Mount Clip Carrier Socket .............. 58
Section Through Socket Solder Contact ..... 58
Typical TO-100 Can Layout .........cccceevvuvneenn. 59
Typical Mounting Pattern for 10-Lead

Cans with Clinched Leads ...........c.ccccoeiiine 60
A Typical Dual-Inline Layout ...........cccocuvee. 60

Staggered Hole Pattern Mounting
(Flatpack Outline Drawing) .........ccccocuverinienee 60




IPC-CM-770E January 2004
Figure 11-1 Component Mounting Sequence Figure 11-43  Transistor Mounting (with Spacer) ............... 77
Figure 11-2 Thermal Shunt Figure 11-44  Metal Power-Package Transistor Mounted
Figure 11-3 Termination EXamples .........ccccceeveviveeiiinenenn. on Resilient Sandoffs ... 7
Figure 11-4 Clinched Lead o 65 Figure 11-45 Dual-Inline Package Gripping Tools ............. 78
Figure 11-5 Clinch Patterns ........ccccccevieniieiiiiiiecieee 66 Figure 11-46  Transistor Assembly TOOIS ............ccccoccoovee 79
Figure 11-6 Offset Clinched Lead ... 66 Figure 11-47  Taping Specifications (only inches shown) .. 79
Figure 11-7 Semiclinched Lead oo 66 Figure 11-48  DIP ClearanCes ........ccccocvveeriieieiniiineeeniinens 80
Figure 11-8 Bend CONfIGUrAtIoN ...........ovvvveeeerreeeeeee. 67 Figure 11-49  DIP Layout in Rows and Columns ............... 80
Figure 11-9 Lead Diameter Versus Bend Radius. .......... 68 Figure 11-50 DIP Slide Magazines .........c.cccccvevcieriicniniens 80
Figure 11-10  Stress Relief Examples Figure 12-1 50-mil Center JEDEC Packages .................. 81
Figure 11-11  Simple-Offset Preformed Lead .................... 68 Figure 12-2 EZiLngeZSCOmmontOOOSO|nchCenter ...... 82
Figure 11-12  Dimple Preformed Leads ... 68 Figure 12-3 Criteria for Lead Attachment to Leadless
Figure 11-13  Compound Preformed Leads ...........c.ccocuee.e 69 Type A to Make a Leaded Type B .............. 82
Figure 11-14  Combination Preformed Leads ................... 69 Figure 12-4 Double Row Plastic Chip Carrier ................. 83
Figure 11-15  Stress Relief Leads ............ccccceveiiiiiiinnns 69 Figure 12-5  Common Configurations of Rectangular
Figure 11-16  TO Can Lead FOrMING .......cccocevvvveeeereennn. 69 RESISIOrS ..o 84
Figure 11-17  Dimple Preformed Leads ...........cccococveruen... 69 Figure 12-6  Typical Rectangular Chip Capacitors ........... 84
Figure 11-18  Typical Mounting Pattern for 12-Lead Figure 12-7 Cylindrical/Rectangular Terminations ........... 85
Cans with Clinched Leads Mounting ........... 70 Figure 12-8 A Chip INUCLOT .....ecurereioiinircneereeenenan. 85
Figure 11-19 Mechanically Secured Transistor ................. Figure 12-9 Typical Surface Mount INQUCLOT ........vvv...... 85
Figure 11-20  Single-Inline COMPONENt ..........ccoooovvssssssne Figure 12-10  Surface Mount Cermet Trimmer .................. 85
Figure 11-21  Lead Configuration (After Assembly) ... Figure 12-11  SO-16 Package Drawings Typical
Figure 11-22  Resilient Spacer to Heat Sink Frame .......... DIMeNnSIoN .......ccocovviiiiiiiic 86
Figure 11-23  Staggered Hole Pattern Mounting Figure 12-12  Typical SOT Packages (Refer to JEDEC
(Flatpack Outline Drawing) .........cccccoccevienns 71 Publication 95 for dimension data.) ............. 87
Figure 11-24  Through-Hole Mounting (Flatpack Outline Figure 12-13  Basic Chip Resistor Construction ................ 88
Drawing) ..eeeeeveeeeeeoiiieeeeiieeeesiiie e sieee e 71 Figure 12-14 Chip Capacitor Construction
Figure 11-25 Through-Hole Board Mounting with . .
Unclinched Leads ..o 72 Figure 12-15  Inductor Construction ....................
Figure 11-26  Through-Hole Mounting with Clinched Figure 12-16  Tantalum Capacitor Construction ................. 89
Leads and Circumscribing Land .................. 72 Figure 12-17a Metal Electrode Face Component ............... 90
Figure 11-27  Through-Hole Mounting with Offset Land .... 72 Figure 12-17b Break-Away Diagram of MELF
Figure 11-28  Components Mounted Over Conductors ..... 73 Components Construction Figure ................ 90
Figure 11-29  Uncoated Board Clearance .......................... 73 Figure 12-18  SOT 23 Construction
Figure 11-30  Component Alignment ............cccocvevveeveriennnn. 74 Figure 12-19  SOT 89 Construction
Figure 11-31  Component Alignment ........ccccccvveriiiieeesnnnnnn. Figure 12-20  SOD 123 Construction
Figure 11-32  Component Misalignment Figure 12-21  SOT 143 Construction
Figure 11-33  Component Misalignment Clearance ........... Figure 12-22  SOT 223 Construction
Figure 11-34  Horizontal Mounting of Radial Leaded Figure 12-23  TO 252 CONSIIUCLON ......cccceevvvveieiiiieciein 92
) CorT1ponent """" S 5 Figure 12-24  SOIC ConStruction ............ccceevveeeeeiveeeeecnnnnnn. 92
Figure 11-35 (H:gg]zsgrzilnyxﬁﬁtﬂga?fsﬁ{:f |aILeaded ......... 75 Figure 12-25  SOPIC Construction ..........cccceveeeeeiveeeeecnnnnn. 92
Figure 11-36  Horizontal TO Mounting .........cccceveeveeiienienne 75 Figure 12-26  PLCC (SQUAIE) ...ooooooiivrssssvsnssssvvees 93
Figure 11-37  Vertical Mounted Axial Lead Components ... 75 Figure 12-27  PLCC (Rectangular) Construction ............... 93
Figure 11-38  Vertical Mounted Radial-Lead Figure 13-1  Chip Component and Lands ............cc.cc...... 94
COMPONENES .oeviieeeiiiee e 76 Figure 13-2 Chip Component and Lands .............ccee.... 97
Figure 11-39  Vertical Mounted Components Coating Figure 13-3 Example of 68 I/O Land Pattern on
MENISCUS ..ttt 76 Printed Board Structure ..........cccccocceeneeene 97
Figure 11-40  Radial Components Mounting Figure 14-1 NO Bridging ......cccooeevviiiiiiieiiieiice 99
(Unsupported HOIES) .........ooooovvvvrrrrrrrsnss 6 Figure 14-2 Lead Forming for Surface Mounting ............ 99
Figure 11-41  Straight-Through Lead, Unclinched Can ... 76 Figure 14-3 Criteria for Lead Attachment to Leadless
Figure 11-42  Offset Lead Can Mounting ..........cccoceeeveeuenne 76 Type A (Leaded Type B) ....cccceecvvviivriiinenns 100

X



January 2004

IPC-CM-770E

Figure 14-4

Figure 14-5
Figure 14-6
Figure 14-7
Figure 14-8
Figure 14-9

Figure 14-10
Figure 14-11
Figure 14-12
Figure 14-13
Figure 14-14
Figure 14-15
Figure 14-16
Figure 14-17
Figure 15-1

Figure 15-2

Figure 15-3

Figure 15-4

Figure 15-5
Figure 18-1
Figure 18-2
Figure 18-3
Figure 18-4
Figure 18-5
Figure 18-6
Figure 18-7
Figure 18-8

Figure 18-9

Figure 18-10
Figure 18-11
Figure 18-12
Figure 18-13

Figure 18-14
Figure 18-15
Figure 18-16
Figure 18-17

Figure 18-18

Figure 18-19
Figure 18-20
Figure 18-21

SO-16 Package Drawings Typical

DIMENSION ...coocviiiiiiiiii e 101
Typical SOT Packages .......ccccceeviiveeeinnnnnn. 101
Modifying DIP for Surface Mounting .......... 101
Gull-Wing Lead for SIP-Type Component . 102
Surface Mount CONNECtor ............ccccccveeen. 102
D-Subminiature Surface Mount

CONNECEON ...t 102
Surface Mount Receptacle .........cccccooevveenn. 102

Box-Contact Surface Mount Connector ..... 103

Leadless Grid Array Socket ...........cccceeene. 103
Surface Mount Chip Carrier Socket ........... 103
High Speed Circuit Socket .........ccccevveennee 104
Screw Down COVEr .....occeeviiiiiiiiiiiiieeeeeeene 104
Pressure Mounted Socket ..........cccooceeiieen. 104
Preferred Mounting Orientations ................ 107
Cross-Section of a Plastic Ball Grid

Array (PBGA) Package ..........ccccevvieennnen. 110
Cross-Section of a Ceramic Ball Grid

Array (CBGA) Package ........ccccovvevvennnnnn. 111
Cross-Section of a Ceramic Column

Grid Array (CCGA) Package .........ccccceeueee. 111

Cross-Section of a Tape Ball Grid
Array (TBGA) Package .........cccocvveeviineennnns

BGA CONNECLON .....covviiiiiiiiiiieeee e
Typical Meltable Solder Bump

Partially Meltable Solder Bump
Nonmeltable Bump .......cccccccovvveenne
Isotropic Adhesive Bump
Flip Chip Connection ..........cccccvveiiiiieennnns

Mechanical and Electrical Connections ..... 117
Joined Chip with Chip Underfill .................. 117
Interconnect Density (Peripheral Vs.

P (=T W AN Y -\ ) SRR 118
Alpha Particle Emission Track and

E/H Pairs ....ccoooeiiiiiiiciieceec e 119
Distortion of Depletion by Alpha Particles .. 119
Standard Grid Structure ..........ccccocveevvieenn. 120
Bump Footprint Planning ........cccccevcvveennns 120
Alignment to Visual/Sensitive Chip

SHUCIUIES ..oviiiiiiiiiece e 121
Design Shrink Footprint ..........ccccevviiveennns 121
Signal and Power Distribution Position ...... 122
Nested /0O FOOtprints .........cccccvevivieiciiennnene 122
Printed Board Flip Chip or Grid Array

Land Patterns .......ccccccceeviiieeiiiieeeiniieees 122

MSMT Land Drawing and Dimensions
Patterns ...

Thermal/Electrical Analogy
Bump Interconnect Equivalent Model ........ 124

Thermal Paste Example ...........ccccocceeeieene 124

Figure 18-22

Figure 18-23
Figure 18-24

Figure 18-25

Figure 22-1
Figure 22-2

Figure 22-3

Figure 23-1
Figure 27-1

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

Table 5-1a
Table 5-1b
Table 5-1c
Table 5-1d
Table 6-1

Table 8-1
Table 8-2
Table 11-1
Table 12-1

Table 12-2
Table 13-1

Table 13-2

Table 13-3
Table 13-4
Table 13-5

Table 13-6

Table 13-7
Table 13-8
Table 13-9

Table 13-10
Table 13-11

Appropriate Thermal Model for Thermal

Paste ..o 125

Chip Underfill Example ........c.ccccoviiiiiennn. 125

Approximate Thermal Model for

Chip Underfill ... 125

Recommended DCA Grid Pitch (250 pum

Grid, 150 pum BUMPS) vvvveeiiieeeiiieee e 126

Test Via Grid Concepts .......ccccevvvevvererennnne 131

General Relationship Between Test

Contact Size and Test Probe Misses ......... 133

Test Probe Feature Distance from

COMPONENT ..o

Destructive Testing Coupons

Documentation Set Flow Characteristics ... 141

Tables

Interconnection Acronyms and Definitions ........ 5
Typical Static Charge Sources ...........ccccceeennee 20
Typical Static Voltage Generation .................... 20
Maximum Allowable Resistance and

Discharge Times for Static Safe Operations ... 21
Packaging and Interconnecting Structure

COMPATISON ..vvveeeiiieeeciiie e e e 28
Packaging and Interconnecting Structure
[@70]10] o F= 14 <o o KSR 28
Packaging and Interconnecting Structure
[©70]19] o F= 1o o KSR 29
Packaging and Interconnecting Structure
COMPATISON .vviieiiiiee et 29
Through Hole and Surface Mount Assembly
Process Flow Comparison ...........cccoceeevvereninen. 38
Typical Conductor Width Tolerances ............... 50

Recommended Feature Location Accuracy ..... 50
Lead Clinch Length .........cccccoiiiiiiiiiiiiiin, 66

JEDEC Ceramic Sizes
and Fine Pitch Terminal Count

General Application Considerations ................. 88
Tolerance Analysis

Elements for Chip Devices ..........ccccoeviirnnnnn. 95
Flat Ribbon L and Gull-wing

Leads (Greater than 0.625 mm Pitch) ............. 95
Round or Flattened (Coined) Leads ................ 96
J-LeadS ...eiiiiiiiiie e 96
Rectangular or Square-End Components
(Ceramic Capacitors and ResIistors) ................ 96
Rectangular or Square-

End Components (Tantalum Capacitors) ......... 96
Cylindrical End Cap Terminations .................... 96
Bottom Only Terminations ..........cccccecvveeeivnnnn. 96

Leadless Chip Carrier With Castellated
Terminations

BULt JOINES .o
Inward Flat Ribbon L and Gull-Wing Leads .... 96




IPC-CM-770E January 2004

Table 13-12 Flat Lug Leads ........ccccceviiviieeiiiiieeeiiiiieeeiieeeens
Table 16-1 Ball Diameter Sizes ..

Table 16-2  Future Ball Size Diameters ..........ccccceveerneene 113
Table 16-3 Land Size Approximation .............cccceceeeiienne 113
Table 16-4  Future Land Size Approximations .................. 114
Table 18-1 Alpha Particle Emissions

of Semiconductor Materials ...........ccccccevennee. 119
Table 18-2 Design Rules for Substrates for Chip Scale

Technology ....ceeveveiiieeecie e 119
Table 18-3 Typical Thermal Resistance for Variable

Bump Options (Triple Layer Chip) ................ 124
Table 18-5 C4 Bump Diameter

and Minimum Pitch Options ..........cccccocceeeenes 126
Table 23-1 Inspection Magnification .........ccccccoeccvveninnnnn. 135
Table 26-1 Coating Thickness .......cccccccevviiiveiiiieeeiiieen, 139

Xii



January 2004 IPC-CM-770E

Guidelines for Printed Board Component Mounting

1 SCOPE Class 2 — Dedicated Service Electronic Products

This document provides information for preparation of Includes communications equipment, sophisticated busi-
components for assembly to printed boards, contains aness machines, and instruments where high performance
review of some pertinent design criteria, impacts and and extended life is required and for which uninterrupted

issues, techniques of general interest for assembly (bothservice is desired but not critical. Certain cosmetic imper-

manual and machines) and discusses considerations of, anfections are allowed.

impacts upon, subsequent soldering, cleaning, and coating ) )

processes. The information herein consists of compiled /@SS 3 — High Performance Electronic Products

data representing commercial and industrial applications. Includes the equipment and products where continued per-
formance or performance-on-demand is critical, such as in

This section discusses general recommended assemblyife support items or flight control systems. Equipment

guidelines. Later sections discuss information concerning downtime cannot be tolerated and must function when

specific packaging types. required. Assemblies in this class are suitable for applica-
tions where high levels of assurance are required, service is

Sections 2 th.rolugh 5 prOV'F‘e guidelines for the specific essential, or the end-use environment may be uncommonly
component within each sectional document. The parts are, o,

described in detail and each section outlines specifics

affecting the part class. The descriptions and classifications1.2.2 Producibility Levels |IPC standards usually provide
provided are those generally used in the industry with ref- three design complexity levels of features, tolerances, mea-
erence to military and commercial applications. surements, assembly, testing of completion or verification

h id q lution i Kag dof the manufacturing process that reflect progressive
Due to the rapid progress and evolution in packaging an increases in sophistication of tooling, materials or process-

assembly technglogy today, this document may not cover ing and, therefore, progressive increases in fabrication cost.
all currently available components or assembly technlques-l-hese levels are:

such as lead free.
 Level A — General Design Complexity - Preferred

1.1 Purpose The purpose of this document is to illustrate * L€Vel B — Moderate Design Complexity - Standard
and guide the user seeking answers to questions related to Level C — High Design Complexity - Reduced
accepted, effective methods of mounting components to Producibility

printed wiring boards. The producibility levels are not to be interpreted as a

design requirement, but a method of communicating the
1.2 Classification of Board Types and Assemblies degree of difficulty of a feature between design and
fabrication/assembly facilities. The use of one level for a
specific feature does not mean that other features must be
QHf the same level. Selection should always be based on the
minimum need, while recognizing that the precision, per-

1.2.1 Performance Classes Three general end-product
classes have been established to reflect progressiv
increases in sophistication, functional performance require- ) ) !
ments and testing/inspection frequency. It should be recog-formance, conductive pattern density, assembly and testing
nized that there could be an overlap of equipment betweenf€duirements determine the design producibility level. The
classes. These performance classes are the same for botRumbers listed within the numerous tables are to be used as
bare boards and assemblies. The printed board user has th& 9uide in determining what the level of producibility is for
responsibility to determine the class to which his product Ny feature. The specific requirement for any feature that

belongs. The contract shall specify the performance classMust be controlled on the end item should be specified on

required and indicate any exceptions to specific parametershe master drawing of the printed board or the printed

where appropriate. board assembly drawing.

_ These levels for assemblies are:
Class 1 — General Electronic Products

e Level A — Through-hole component mounting only.
Includes consumer products, some computers and com-

puter peripherals suitable for applications where cosmetic * Level B — Surface mounted components only.
imperfections are not important and the major requirement « Level C — Simplistic through-hole and surface mounting
is the function of the completed electronic assembly. intermixed assembly.






