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Performance  Speci fi cation  far  Rig id  

lVIu l t i l ayer  Prin ted  Boards  

1 .0 Scope  

1 .1  Scope.  Th is  speci fi cation  covers qual i fi cation  and  per-

formance of  rig id  mu l ti layer prin ted  boards  wi th  plated-

through  holes.  C i rcu i try  may be bare  copper,  metal l i c over-

plated  or  coated,  un fused,  fused,  leveled  etc.  

1 .2 Pu rpose.  The  purpose  of th is  speci fi cation  is to provide  

classes of requ i rements  for performance/acceptance  of  mu l -

ti layer prin ted  boards  for i ndustry and  government use,  (ex-

clud ing  mu l ti layer flexible  and  rig id-flex products) .  

1 .3  C lass i f i cati ons.  Th is  speci fi cation  recognizes that the  

mu l ti layer prin ted  boards  wi l l  be subject  to classi fi cations  by 

intended  end  i tem  use.  Towards th is  end,  th ree  general  

classes have been  establ i shed  to  reflect progressive  in-

creases in soph istication ,  functional  performance  requ ire-

ments  and  testing  i nspection  frequency.  I t shou ld  also  be 

recogn ized  that  there  may be  an overlap of equ ipmen t  be-

tween  classes.  The  user has the  responsibi l i ty  to determ ine  

the class,  in to  wh ich  th is  product  belongs.  The three classes  

are defined  below:  

Class  I-Consumer Products 

I ncludes  TV sets,  toys,  en tertainment  e lectron ics  and  non-

cri tical  consumer or i ndustrial  control  devices.  Boards in  th is  

class are su i table  for appl ications  where cosmetic  imperfec-

tions are not of importance  and  the  major requ i rement is  

function  of  the  completed  ci rcu i t.  

Class 2-Generallndustry 

I ncludes computers,  commun ication  equ ipment,  soph isti -

cated  business  mach ines,  i nstruments  and  certain  non-

cri tical  m i l i tary appl ications.  Boards  in th i s  class  are su i table  

for h igh  performance  commercial  and  industrial  products  in  

which  extended  l i fe  is  requ i red  bu t  for wh ich  un in terrupted  

service  is not cri tical .  Certain  cosmetic  imperfections  are al-

lowed.  

Class 3-High Reliability 

I ncludes those  equ ipments  where  continued  performance  is 

cri tical ,  equ ipmen t  downtime  cannot  be tolerated  or  the  

equ ipment  is a l i fe  support  i tem.  Boards  of  th is  class  are 

su i table  for appl i cations  where h i gh  levels  of  assurance  are 

required  and  un in terrupted  service  is essential .  

Requ i rements  in  th is  speci fi cation  have been  separated  so 

that the performance  of  the  mu l ti layer prin ted  board  products  

may be tested  to anyone  of  the  three  classes.  The  use of  one 

class for a speci f i c  attribu te  does  not  mean  that al l  other 

attributes  must meet that  same class.  Selection  shou ld  be 

based  on m i n imum  need,  however,  cross-over between  

classes requ i res  complete  defi n i t i on  of  test requ i rements  in  

the  procurement  document.  

Note: Unless  otherwise  speci fied ,  m i l i tary e lectron ic  equ ip-

ment  shal l  be Class 3.  Prin ted  boards  fu rn i shed  under th is  

speci fi cation  for m i l i tary usage  shal l  be  fabricated  by a sup-

pl ier who  has  been  certi fied  by i nspection  in  accordance  wi th  

paragraph  4.4  and  4.5.  

1 .4 D imensi ons  and  To lerances.  Al l  d imensions  and  toler-

ances  speci fied  herein  are  appl i cable  on ly  to the  end  prod-

uct.  D imensions  are expressed  in  m i l l imeters.  I nches,  shown  

in  brackets  [ ],  are not  d i rect  conversions  in order to provide 

usable  numbers.  Users  are cau tioned  to employ a s ing le  

system and  not i n term ix  metric  and  i nch-based  equ ivalents.  

Reference  i n formation  is shown  in  parentheses  (  ).  

2.0  Appl i cable  Documen ts  

The fol lowing  documents  o f  the  i ssue  in effect  on  the  date  of  

i ssuance  of  th is  speci fi cation ,  form  a part  o f  th is  speci fi cation  

to  the  extent speci fied  herein .  Subsequen t  i ssues  of or  

amendments  to these  documen ts  shal l  become  part  o f  th i s  

speci fi cation  un less  otherwise  stated.  

2.1  I PC'  

IPC-T -50  Terms and  Defin i t i ons  

IPC-L-1 08  Speci fi cation  for Th in  Laminates,  Metal  Clad,  Pri -

mari l y  for H igh -Temperature  Mu l ti layer Prin ted  

Boards.  

IPC-L-1 09  Speci fi cation  for G lass  Cloth ,  Resin  Preimpre-

gnated  (B Stage)  for H igh  Temperature  Mu l ti l ayer 

Prin ted  Boards.  

IPC-L-1 1 2 Standard  for Foi l  Clad ,  Polymeric,  Composi te  

Laminate  

IPC-L-1 1 5 Speci fi cation  for Th in  Laminates  for Extended  

H igh  Temperature  Mu l ti l ayer Prin ted  Board  (Poly-

im ide)  

I PC-L-1 25  Speci f i cati on  for  P last i c  Sheet,  Lam inated ,  

Metal -Clad  for H igh  Frequency I n terconnections  

(Microwave)  Prin ted  Boards  

IPC-L-1 30  Speci fi cation  for Th in  Laminates,  Metal  C lad  Pri -

mari l y  for General -Purpose  Mu l ti l ayer Prin ted  

Boards.  

IPC-CF-1 50  Copper Foi l  for Prin ted  Wi ri ng  Appl i cations  

IPC-FC-233  Speci fi cation  for Flexible  Adhesive  Bond i ng  

Fi lms  

IPC-D-300  Printed  Wi ri ng  Board  D imensions  and  Toler-

ances.  

1 .  Insti tute for Interconnecting  and Packaging  Electronic Circui ts,  7380 N.  
Lincoln  Avenue,  Lincolnwood,  l I inois 60646.  
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IPC-D-325 End Product Documentation  for Printed Boards 

IPC-A-600 Acceptabi l i ty for Printed Wiring  Boards.  

IPC-TM-650 Test Method Manual 2 

2.1 .1  Microsectioning  

2.3.1 5 Puri ty Copper Foil  

2.3.38 Inspection  Test for Organic Contaminants on 

Printed Wiring  Boards and Assembly Surfaces 

2.3.39 Identi fication  of Residual  Organic Non-Ionic 

Contaminant(s)  on Printed Wiring  Board and 

Assembly Surfaces 

2.4.1  Adhesion,  Plating  

2.4.21  Terminal  Pul l  Strength,  Rig id  Printed Wiring  

2.4.22 Bow and Twist,  Rigid  Printed Wiring  Materials 

2.4.36 Rework Simulation  

2.5.7 Dielectric Withstand Voltage,  Printed Wiring  Ma-

terial  

2.5.1 6 Shorts,  Internal  Mul ti layer Printed Wiring  

2.6.3  Moisture  and  I nsu lation  Resistance,  Rig id,  

Rigid-Flex and Flex Printed Wiring  Boards 

2.6.4 Outgassing,  Multi layer Printed Wiring  

2.6.6 Temperature Cycl ing,  Printed Wiring  Boards 

2.6.7 Thermal  Shock and Continuity,  Flexible Printed 

Wiring  

IPC-S-804 Solderabi l i ty Test Methods for Printed Boards 

IPC-SF-81 8 General  Requirements for Electronic Soldering  

Fluxes 

IPC-CC-830 Qual i fication  and Performance of Electrical  In-

sulating  Compounds for Printed Board Assem-

blies 

IPC-SM-840 Qual i fication  and Performance of Permanent 

Polymer Coating  (Soldermask)  for Printed 

Boards 

IPC-D-949 Design Standard for Rigid Mul ti layer Printed 

Boards 

IPC-1 00043-3 Master Drawing:  IPC Multi layer Qual i fication  

Specimen 

2. 2  Mi l i tary3  

MIL-STD-202 Test Methods for Electronic and Electrical  

Component Parts 

M I L-T-1 0727  Tin  Plating ,  E lectrodeposi ted  or Hot Oi l  

Dipped,  for Ferrous and Nonferrous Metals 

MIL-P-1 3949 General  Speci fication  for Plastic Sheet,  Lami-

nated Metal  Clad (for Printed Wiring)  

MIL-C-1 4550 Copper Plating  (Electrodeposited)  

MIL-G-45204 Gold  Plating,  Electrodeposited  

MIL-I -45208 Inspection  System Requirements 

MIL-P-551 1 0 Printed Wiring  Boards,  General  Specification  

for 

MIL-P-81 728 Plating,  Tin-Lead (Electrodeposited)  

2 . 3  FederaP 

OQ-N-290 Nickel  Plating  

2 

NOVEMBER 1 986 

00-S-571  Solder,  Lead Alloy,  Tin  Lead & Tin  Alloy,  Flux 

Cored Ribbon and Wire,  and Solid  Form 

3.0 Requ i rements  

3.1  General .  Multi layer printed boards furnished under this 

specification  shall  meet or exceed all  the requirements of the 

specific class of th is specification  for which  the order was 

made.  Design  features and coupon configuration  shal l  be per 

IPC-D-949.  Boards which must meet other special  require-

ments beyond those specified  in Section  3 wil l  be as speci-

fied by the procurement document.  

Boards furnished  under th is specification  shal l  be as speci-

fied by the master drawing.  They shall  be fabricated from 

panels that include sufficient coupons (plus spares)  to faci l i -

tate the testing  requirement of the class to which  the boards 

were produced.  Test coupons used to veri fy registration  and 

plating  integri ty shall  be arranged so that they are within  6-1 3 

mm [0.25-0.50 inch)  of the production  board.  Board appor-

tionment to panels shall  be such that coupons and location  is 

representative of the board panel  processing  and that the 

location  integri ty of the coupons to board images shal l  be 

verified.  Unless otherwise specified,  the test coupons shal l  

be identified  by lot and/or by board serial  number when the 

boards are serial ized and shall  be packaged with  the appro-

priate board(s).  

Boards furniShed under th is specification  shall  be processed 

in such a manner as to be uniform in qual i ty and be free from 

defects in excess of those allowed in th is specification.  

3.1 .1  Master Drawing.  The master drawing  shal l  be pre-

pared in accordance with  IPC-D-325 and shal l  establ ish  the 

size and shape of the multi layer board,  the size and location  

of all  holes therein,  and the shape or arrangement of both  

conductive and nonconductive patterns or elements.  Any 

and all  pattern  features not control led  by the hole sizes and 

locations shal l  be dimensioned ei ther speci fical ly or by notes.  

I f  this specification  is referenced on the master drawing,  any 

permanent exceptions or deviations required shal l  be docu-

mented thereon.  

3.1 .2 Producti on  Master.  The printed board manufacturer 

or user,  if the user provides the master,  shal l  be responsible 

for the accu racy of the production  master.  Verification  of com-

patibi l i ty with  the master drawing  and patterns and the spe-

cific manufacturing  faci l i ties and processes used are the re-

sponsibi l i ty of the manufacturer.  

2.  For convenience.  aI l IPC·TM-650  Test Methods referenced herein  are re-

printed  at the end  of this standard.  
3.  To obtain  documents.  write Naval  Publ ications & Forms Center.  5801  Tabor 
Road.  Phi ladelphia,  PA 1 91 20.  
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The manufacturer shal l  insure that the end product board  

meets the requirements of th is speci fication.  When  speci fied  

on  the procurement document or master drawing,  the posi -

tion  of the appropriate test patterns on the production  master 

shal l  not be changed.  

3.2  Terms and  Defi n i t i ons  Terms and defin i tions shal l  be in  

accordance with  IPC-T-50 and as defined  below.  Terms wi th  

an asterisk ( . )  are d i rect excerpts from IPC-T-50,  and  are  

repeated here for convenience.  

3.2.1  Mu l t i l ayer  Pri n ted  Boards.  *  The general  term  for 

completely processed  printed  ci rcu i t  or printed wiring  config -

urations consisting  of al ternate layers of conductive  patterns  

and insu lating  materials  bonded together,  with  conductive  

patterns in  more than  two layers and with  the conductive  

patterns interconnected  as required.  The term includes  both  

flexible  and rig id  mul ti layer boards.  

3 . 2 . 2  Qual i f i cat i on  Testing .  Testing performed to demon-

strate the vendor's  abi l i ty to meet all  of the requ irements  o f  

the speci fication  invoked by the user.  

3 . 2 . 3  Qual i ty  Con formance  I nspecti on .  I nspection  and  

tests intended  to demonstrate that the product being  manu-

factured  meets or exceeds the requ irements of  the perform-

ance document invoked.  

3 . 2 . 4  Producti on  Board .  Any printed  board manufactured  

in  accordance wi th  master drawings,  appl icable speci fi ca-

tions and procurement requirements.  

*3 . 2 . 5  Test Coupon .  A portion  of the  qual i ty conformance  

test ci rcu i try used for a speci fic acceptance test or g roup  of  

related tests.  

3 . 3  Con fl i ct.  In the event of  confl ict,  the fol lowing  order of  

precedence shal l  apply:  

1 .  Purchase Order and/or Contract 

2.  Master Drawing  (See 3.1 .1 ) 

3.  This Speci fication  

4.  Appl icable Documents (See 2.0)  

3 . 4  Vendor Qual i f i cat i on  and  Performance.  When  re-

qu ired,  vendors of printed  boards to th is  speci fication  shal l  be 

qual i fied  per paragraph  4.4 and as speci fied  by the user,  for 

the class of  product represented  by the qual i fication  sample.  

Qual i fication  to a class of th is  speci fication  is considered  

evidence of qual i fication  to any lower class(es),  i .e. ,  qual i fi ca-

tion  to Class 3 is extended  to cover Class 1  and Class  2.  

Qual i fication  to MIL-P-551 1 0 type 3 may be used as evidence  

of qual i fication  to th is speci fication  for all  classes.  Qual i fica-

tion  with  one material  to a speci fic class does not qual i fy  the 

board  manufacturer for other materials,  except that  those  

materials as indicated  in MIL-P-1 3949 may be g rouped  as 

follOWS: GF qual i fication  can cover types GE,  GB,  and  GH;  

GR can cover GP;  GY can cover GT and GX; GX can  cover 

GT;  but GI  covers only that material .  

IPC-ML-950C 

The mul ti layer printed  boards fu rn ished  under th is  speci fica-

tion  shal l  as a m in imum  meet the requ i rements  of paragraph  

4.5 and the master drawing.  

3 . 5  Material s .  All  materials  used  in  construction  of the 

printed boards shal l  comply with  appl icable  speci fications 

and the master drawing.  The user has the  responsibi l i ty to 

speci fy on the master drawing  materials  capable  of meeting  

the  requ irements of  th is  speci fication  and  end  i tem  use.  

When  pOSSible,  material  cal l -out i n formation  shal l  be re-

viewed with  the vendor so as to obtain  concurrence  that the 

part wi l l  meet the requ irements  of  th is  speci fication  and  i f  

necessary,  to update the  master drawing  according ly.  

I f no  materials  are speci fied,  then  the vendor has the respon-

sibi l i ty to meet the requ i rements  of  th is  speci fication .  Agree-

ment or approval  by the user of vendor selected  materials  

shal l  not be construed  as a guarantee of  acceptance of the 

fin ished  end i tem.  

3.5.1  R ig i d  Metal  C lad  Lam inates.  Rig id  reinforced  metal  

clad  laminates shal l  be in  accordance  wi th  Table 1  or  as 

speci fied  on the master drawing.  The type and  copper th ick-

ness shal l  be as speci fied  on  the master drawing.  For Class 3,  

the  m in imum  base material  th ickness  shal l  be 0.05 mm 

[0.002 inch)  per core th ickness  plus  su ffi cient  pre-preg  and  or 

adhesive to provide for a m in imum  d ielectric  layer th ickness  

of  0.09 mm [0.0035 inch)  separation  between  consecutive  

conductive  layers to meet the necessary d ielectric  th ickness  

requirements.  

Table 1 .  Rig id  Metal  Clad Laminates 

Material Specification 

Laminate as applicable MIL-P-1 3949 
- - - - - - - - - - - . .  - - - . .  -

High temperature laminate IPC-L-1 08 
IPC-L-1 1 5 

.  . .  .  - _ .  . .  _-- -- - - - - - - . - - . - - -

Composite material IPC-L-1 1 2 _._._. _ . .  - - - - - - - -
High frequency IPC-L-1 25 

3 . 5. 2  Pre impregnated  Bond ing  Material  (Prepreg ) .  Pre-

impregnated  bonding  material  (B-Stage)  shal l  be speci fied  

on the master drawing  and shal l  be in  accordance wi th  MIL-

P-1 3949 and  IPC-L-1 09.  Prepreg  shal l  be selected  to  be 

compatible  with  the rig id  metal  clad  laminates.  

3 . 5 . 3  Bond i ng  Material .  The material  used  to adhere exter-

nal  heat sinks or sti ffeners  to the prin ted  board  shal l  be  in  

accordance with  Table 2.  

Table 2.  Bond ing  Materials  

Material SpeCification 

MIL-P-1 3949 
. .  - - - - - - - - - - . _.  

High temperature prepreg IPC-L-1 09 
-_.  " - - - - -- - - - - - - - .  - - .  - - -

Flexible adhesive bonding film IPC-FC-233 
- - - - - - - - - - - - - - - - - - - - -

Other As Specified 

3  
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3. 5.4  Copper Foi l .  Copper foil  shal l  be in accordance with  

IPC-CF-1 50.  Th ickness and type of treatment shal l  be speci-

fied on the master drawing.  

3 . 5. 5  Metal l i c  P l ati ngs  and  Coati ngs.  The ci rcui t fin ish  

shal l  be one or a combination  of the fol lowing  plating  materi-

als as speci fied  on  the  master drawing.  Th ickness of 

platings/coatings shal l  be in accordance with  3.1 0.2.1 .  

3.5.5. 1  E lectro less  Deposi t i on .  Electroless copper deposi-

tion  shal l  be of sufficient qual i ty for subsequent electrodepo-

sit ion  processes.  

3 . 5 . 5. 2  Copper.  All  electrodeposited  copper plating  shall  be 

in accordance with  MIL-C-1 4550 or as specified  on the mas-

ter drawing.  For Class 3,  when tested as specified  in IPC-TM-

650-2.3.1 5 the puri ty of deposi ted  copper shall  be no less 

than 99.5%.  

3 . 5. 5. 3  Tin -Lead.  Tin-lead plating  shal l  be in accordance 

with  MIL-P-81 728 and shal l  be 50% to 70% tin,  wi th  the bal-

ance being  lead.  Th ickness of tin-lead  plating  shal l  be as 

speci fied  in paragraph  3.1 0.2.1  and shal l  be appl icable prior 

to fusing.  Fusing  is required  for Class 3 board.  Fusing  shal l  

be speci fied  on the master drawing  as required for other 

classes.  

3 . 5 . 5. 4  N ickel .  Low stress nickel  plating  shal l  be in accord-

ance with  00-N -290.  Class and type shal l  be as specified  on 

the master drawing.  

3 . 5 . 5. 5  GOld.  Gold  plating  shal l  be in accordance with  MIL-

G-45204.  Class and  type shal l  be as speci fied  on the master 

drawing.  For Class 3 boards,  gold  plating  shal l  be Type II,  

class 1 .  

3 . 5 . 5 . 6  Ti n .  Tin  plating  shal l  be in accordance with  MIL-T-

1 0727 Type I  (electrodeposi ted)  or Type II  (hot dipped).  

3 . 5 . 5 . 7  Solder  Coati ng .  Solder used to apply a solder coat-

ing  shal l  be appl ied  by hand  or machine and shal l  conform to 

Type Sn60,  Sn62,  or Sn63 of 00-S-571 .  Use of solder com-

pOSitions other than  those speci fied  above shal l  be specified  

on the master drawing.  

3 . 5 . 5 . 8  Other  Fin i shes.  Under certain  conditions,  other 

deposi tions may be used  provided they are speci fied  on the 

master drawing.  

3 . 5 . 6  Protect i ve  Coati ngs  

3.5.6. 1  Po l ymer  Coati ng  (So l der  Mask) .  When permanent 

solder mask coating  is speci fied  on the master drawing,  i t 

shal l  be a polymer coating  conforming  to IPC-SM-840.  The 

speci fic class of solder mask per IPC-SM-840 shal l  match  or 

exceed  the class requirement of the product on which the 

solder mask is appl ied.  

4 
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3 . 5. 6. 2  E l ectri cal  I n su lati ng  Compound .  When electrical  

insu lating  compound  (conformal  coating)  is speci fied  on the 

master drawing ,  i t shal l  conform to the requirements of IPC-

CC-830.  The  speci fic class of  conformal  coating  per IPC-CC-

830 shal l  match  the class requirement of the product on 

which  the conformal  coating  is appl ied.  

3 . 5 . 7  Fus i ng  Flu ids  & Fluxes.  Fusing  flu ids and fluxes 

used in solder appl ication  shall  be in accordance with  IPC-

SF-81 8 and meet the requirements of paragraph 3.5.  

3 . 5. 8  Marki ng  I nks.  Marking  inks used shall  be permanent,  

non-nutrient and nonconductive polymer inks,  shall  meet the 

requirements of paragraph 3.5 and be specified  on the mas-

ter drawing.  Marking  inks may be appl ied  to a board or to a 

label  appl ied  to the board.  The label  should  be a polyimide 

fi lm with  acryl ic pressure sensitive and must withstand 

fluxes,  clean ing ,  solvents,  soldering  and coatings encoun-

tered in later manufacturing  processes.  

3.6  Desi gn .  The design  and construction  shall  be in accord-

ance with  the  master drawing,  and the rig id-flex design  speci-

fication  IPC-D-949.  Dimensions and tolerances used on mul-

ti layer printed  boards shall  be in accordance with  IPC-D-300 

except as otherwise specified.  

3.6.1  Locati ng  Holes.  Tooling holes within  the board pe-

riphery may be added by the manufacturer when permitted  

by the user.  Such  holes (usual ly used to control  d imensional  

movement)  shal l  be considered  as cutouts and subject to the 

same spacing  requirements as specified  on the master draw-

ing.  

3 . 7  Visual  Requ i rements.  Class 1  boards when examined 

in accordance with  4.6.1  shall  be of uni form qual i ty and any 

defects shal l  not impact form,  fi t or function.  

Class 2 and  3 boards when examined  in accordance with  

4.6.1  shal l  conform  to the fol lowing  paragraphs.  

3.7.1  Edges.  Burrs,  n icks,  or haloing  along  the edges of the 

board shal l  be acceptable provided the penetration  does not 

reduce the edge spacing  specified  on the master drawing  by 

more than 50%.  I f  no requirement is specified  on the master 

drawing,  the  penetration  shall  not exceed 2.5 mm [0.1 00 

inch).  

3.7.2 Lam inate.  Surface and subsurface imperfections are 

not desi rable  but are permitted provided they meet the re-

qu irements speci fied  in Table 3.  

3.7.3 P lated-Through  Hole  Voids.  Boards shall  have no 

voids in excess  of that al lowed by Table 4.  There shal l  be no 

ci rcumferential  voids.  For Class 2,  the maximum size of any 

void shal l  not  exceed  5% of the hole length  in any di rection,  

or 1 0% of the  surface area of the barrel.  

3.7.4 Marki ng .  Unless otherwise specified,  each individual  

board,  each  qual i fication  board,  each set of qual i ty conform-

ance test ci rcu i t  strips (as opposed to each individual  cou-

pon),  shal l  be marked in accordance with  the master draw-
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Class 1  

Defects that do not impact form,  fit or func-
tion can be al lowed.  

Must meet drawing  for al l  attributes.  (Spe-
ci fic notes or references to requirements 
shown in Class 2 or 3 may be used. )  

IPC-ML-950C 

Table 3.  Lam inate  Visual  Requ i rements  

Uniform qual i ty Un i form  qual i ty 
- - - - - - - -

Defects only as al lowed by speci fication.  Defects  only as al lowed by speci fication.  

Must meet drawing  for all  attributes.  
- - - - - - - - - - - - - - - -

Edges may al low burrs,  n icks,  and haloing  
provided the penetration  does not reduce the 
edge spacing  more than  50 percent of the 
edge spacing  speci fied  or shown on  the mas·  
ter drawing.  I f  not speci fied  it shal l  not ex-
ceed 2.5 mm [0.1 00 inch] .  
- - - - - - - - - - - - - - - - -

Measl ing  and  crazing  acceptabi l i ty l im i ts  
shal l  be per IPC-A-600.  
- - - - - - - - - - - - - -

Foreign  inclusions shal l  be al lowed when  
they are clear or translucent,  or: are located 
at least 0.25 mm [0.01 0 inch]  from the near-
est conductor;  i f located between conductors 
and there is more than 50 percent of the 
space remaining;  the longest d imension  is 
no greater than  0.8 mm [0.032 inch]  in non-
ci rcu i try areas;  and there are no more than  

f- two  per b0i 'lrd.  

Surface imperfections  (such  as haloing ,  
scratches,  pi ts,  dents,  etc. )  shal l  be accept-
able providing  the imperfection  meet the fol-
lowing:  
a.  The laminate fiber may be cut,  d isturbed,  

or exposed  i f it meets b.  and d.  below and 
does not exceed 0.5 mm [0.002 inch]  in 
depth.  

b.  The imperfection  does not bridge be-
tween conductors.  

c.  Weave texture is not a defect and may 
bridge conductors.  

d.  The d ielectric spacing  between the imper-
fection  and  a conductor is not reduced be-
low the speci fied  min imums.  

Laminate surface microvoids shal l  be al-
lowed i f thei r longest d imension  does not ex-
ceed 0.8  mm  [0.032 inch],  they do not bridge 
conductors,  they do not occur more than  1 0 
per 645 sq.  mm  [1  sq.  inch],  their total  area 
does not exceed  5% of  each side of the 
board  and the  fin ished printed  wiring  board  
is conformal ly coated  or solder masked over 
the microvoids.  

Subsu rface  imperfecti ons  ( l am inates) .  
When examined  in accordance with  4.6.1 ,  
subsurface imperfections (such as haloing,  
etc.)  shal l  be  acceptable providing  the imper-
fections meet the fol lowing:  
a.  Imperfection  is nonconductive.  
b.  Does not bridge more than 25% of the 

d istance between  conductors or plated-
through  holes and no more than  1  % of  the 
board  area on each  side shal l  be affected.  

c.  At least the  speci fied  min imum spacing  
from the nearest conductor.  

d.  Does not propagate as a result of testing  
(such  as bond strength,  rework simula-
tion,  thermal  stress,  or  thermal  shock).  

- - - - - - - -

Subsurface spots shal l  be permitted  when 
they are clear or translucent;  known to be 
weave texture other than  delamination,  dis-
banding,  or measl ing;  isolated  whi te spots 
which  are at least 0.25 mm [0.01 0 inch]  from 
the nearest conductor;  white spots which  do 
not propagate as a result of  any soldering  
operation;  (gelation  particles are acceptable 
regard less  o f  location) ;  i solated  opaque 
spots which  are at least 0.25 mm [0.01 0 inch]  
from the nearest conductor.  

drawi ': l2  <'l!1  _ 

Edges may al low burrs,  n icks,  and  haloing  
provided the penetration  does not reduce the 
edge spacing  more than  50 percent of the 
edge spacing  speci fied  or shown on the mas-
ter drawing.  I f not speci fied  it shal l  not ex-

ceed rrlm [0.1 00 inch]._ _ _ _ __ _ 

Measl ing  and crazing  acceptabi l i ty l imi ts 
shal l  be per IPC-A-600.  
- - - - - - - -
Foreign  inclusions shal l  be al lowed when  
they are clear or translucent,  or: are located  
at least 0.25 mm [0.01 0 inch]  from the near-
est conductor;  i f located between  conductors 
and there is more than  50 percent of the 
space remaining;  the  longest d imension  is 
no greater than  0.8 mm [0.032 inch]  in  non-
ci rcu i try areas;  and there are no more than  

per CJ!.  the 

Surface  imperfecti ons  (such  as haloing ,  
scratches,  pits,  dents,  etc. )  shal l  be accept-
able providing  the imperfection  meet the fol-
lowing:  
a.  The laminate fiber shal l  not be cut,  d is-

turbed,  or exposed.  
b.  The imperfection  does not bridge  be-

tween  conductors.  
c.  Weave texture is not a defect and  may 

bridge conductors.  
d.  The d ielectric spacing  between  the imper-

fection  and a conductor is not reduced be-
low the speci fied  min imums.  

Laminate surface microvoids shall  be al-
lowed i f thei r longest d imension  does not ex-
ceed 0.8  mm [0.032 inch] ,  they do not bridge 
conductors,  they do not occur more than  1 0 
per 645 sq.  mm [1  sq.  inch] ,  thei r total  area 
does not exceed  1  % of  each  side of  the  
board  and the fin ished  printed  wiring  board  
is conformal ly coated  or solder masked over 
the microvoids.  

-

Subsu rface  imperfecti ons  ( l am inates) .  
When  examined  in accordance wi th  4.6.1 ,  
subsurface imperfections  (such as haloing,  
etc. )  shal l  be acceptable  providing  the imper-
fections meet the fol lowing:  
a.  Imperfection  is  nonconductive.  
b.  Does not bridge more than 25% of the  

d istance between  conductors or plated-
through  holes and no more than 1  % of the  
board  area on  each  side shal l  be affected.  

c.  At least the  speci fied  min imum  spacing  
from the nearest conductor.  

d.  Does not propagate as a result of  testing  
(such  as bond  strength,  rework simula-

stress:  or _ 

Subsurface spots shal l  be permi tted  when  
they are clear or translucent;  known to be 
weave texture other than  delamination,  dis-
bonding ,  or  measl ing;  isolated  white spots 
wh ich  are at least 0.25  mm [0.01 0 inch]  from  
the nearest conductor;  white spots which  do  
not propagate as a result of any soldering  
operation;  (gelation  particles are acceptable  
regard less  o f  location) ;  i solated  opaque  
spots which  are at least 0.25 mm [0.01 0 inch]  
from the nearest conductor.  
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ing,  wi th  the  date  and  manufactu rer's  code.  The  marking  

shal l  be  produced  by the  same process  as used  in producing  

the  conducti ve  pattern,  or by use  of a non-conductive  perma-

nent fung istatic  i nk or  pain t  (see paragraph  3.5.8) ,  or by elec-

tri cal  penci l  marking  on  a metal l ic area provided  for marking  

purposes.  Conductive  marking  shal l  not reduce the spacing  

requ i rements.  Al l  markings  shal l  be  compatible  wi th  materi -

als  and  parts  l eg ible  for al l  tests,  and  in  no  case effect  board  

performance.  

Table 4.  Plating  Voids-Visual  Examination  

Class 1  Class 2 Class 3 

Maintain electrical  Three voids al ·  None 
function lowed per hole in 

no more than 5% of 
the total number of 
holes 

3 .7. 5  Solderabi l i ty.  After cond i ti on ing  in  accordance  with  

4.6.1 .1 ,  the  su rface  shal l  exh ibi t  proper wetting ,  and  shal l  

meet  the  requ i rements  of  Table 5.  There  shal l  be no  separa-

tion  or  o ther forms of  degradation  of  the  conducti ve  pattern.  

Hole  solderabi l i ty  shal l  exh ibi t  proper wetting  o f  the  wal l  o f  

the  plated-through  hole  and  associated  land.  

3 .7 . 6  Workmansh ip.  Prin ted  boards  shal l  be  processed  in  

such  a manner as to  be un i form  in  qual i ty  and  show no  evi-

dence  of  d i rt ,  foreign  matter,  oi l ,  fi ngerprin ts,  flux residue,  

NOVEMBER 1 986 

extraneous  copper,  and other contaminants  that  effect  l i fe  or 

serviceabi l i ty.  Prin ted  boards shal l  be free of  defects  in  ex-

cess of those  al lowed  in th is  speci fication .  There  shal l  be no 

evidence of  any l i ft i ng  or separating  of  platings  from  the  sur-

face of  the  conducti ve  pattern ,  or of  the conductor from the  

base laminate  in  excess  of that al lowed.  There  shal l  be no 

sl ivers of solder or plating  on  the surface  of the  prin ted  board.  

3 . 8  D imensi onal  Requ i remen ts.  Fin ished  prin ted  boards  

shal l  be examined  in accordance  wi th  paragraph  4.6.2  and 

shal l  meet the  d imensional  requ i rements  speci fied  on the  

master drawing  and  shal l  conform  to the  fol lowing  para-

graphs.  

3.8.1  Ho le  Pattern  Accuracy.  The accuracy of  the  hole  pat-

tern  on the  prin ted  board  shal l  be as speci fied  on  the  master 

drawing.  

Figure 1 .  Breakout of 90°  and 20% conductor width 
reduction.  

Table 5.  Solder Coverage By Class 

6 

Class 1  Class 2 Class 3 

Surface 

(Visual) 

Any lack of solder 
shal l  not  affect  
form fit or function.  

Characteristic 

Plated-through holes 

Unsupported holes 

Hole Surface Hole Surface Hole 

(Microsection) (Visual) (Microsection) (Visual) (Microsection) 

Al l  ho l es  show 80% Al l  holes  show 95% Al l  ho les  show 
evi dence  of  evidence  of  evi dence  of  
wettinQ. wettina.  wettina.  

Table 6.  Min imum  External  Annu lar Rings 

Class 1  

Breakout of hole from land is al-
lowed provided form, fit or func-
tion are not affected.  

Class 2 

90° breakout of hole from land is 
allowed provided the land con-
ductor junction is not reduced 
more than 20% of the minimum 
conductor width specified on the 
engineering drawing (see Figure 
1 )  or the production master nom-
inal.  The conductor junction  
should never be less than 0.05 
mm [0.002 in.).  

No breakout at conductor junc- No breakout allowed.  
tion.  

Class 3 

Unless otherwise specified on 
the master drawing,  the mini-
mum annular ring shall  not be 
less than 0.05 mm [0.002 in.) ex-
cept at the conductor which shall 
not be less than 0.1 3 mm [0.005 
in.).  

The minimum external annular 
ring may have 20% reduction of 
the minimum annular ring in iso-
lated areas due to defects such 
as pits,  dents,  nicks,  pinholes or 
splay in the annular ring of iso-

is acceptable.  __ _ 

Unless otherwise specified on 
the master drawing,  the mini-
mum annular ring shall  not be 
less than 0.38 mm [0.01 5 in.).  

The minimum external annular 
ring may have a 20% reduction 
of the minimum annular ring in 
isolated areas due to defects 
such as pits,  dents,  nicks,  pin-
holes or splay in the annular ring 
of isolated areas is acceptable.  
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3.8.2  Front  to  Back Reg istration .  When evaluated in ac-

cordance with  4.6.2.1 ,  registration  must not al low violation  of 

annular ring  requirements as defined  in 3.8.3,  nor the toler-

ance relationship of the edge card contacts,  as speci fied  on 

the master drawing.  

3.8.2.1  I n ternal  Layer to  Layer Reg istration  (Nondestruc-

tive) .  Special  registration  test coupons may be designed  into 

the board or panel  in accordance with  IPC-D-949,  or they 

may be added to the panel  by the vendor to enhance testabi l-

ity.  To be usable for acceptance purposes,  special  registra-

tion  coupons must relate the actual  grid  location  of each  

ci rcu i t layer to all  other layers and to the hole pattern  accu-

racy attained (see paragraph 3.8.1 )  in each printed  board.  

When examined in accordance with  paragraph 4.6.2.2,  inter-

nal  layer registration  shal l  meet the requirements of Tables 

1 8,  1 9 and 20.  

3 .8. 2. 2  I n ternal  Layer to  Layer Reg istration  (Destruc-

tive) .  When no special  registration  coupons are incorpo-

rated,  internal  layer to layer registration  shall  be examined  

during  construction  integri ty examinations (see paragraph  

3.1 0).  

3 . 8.3  Annu lar  Ring  (External ) .  When examined in accord-

ance with  paragraph  4.6.2.3,  the minimum external  annu lar 

ring  shall  meet the requirements of Table 6.  

3.8.3.1  So l der  Mask on  Land.  Solder mask misregistration  

is permitted,  however,  it shal l  leave a minimum solderable 

annular ring  for a supported hole of 0.1 3 mm [0.005 inch]  for 

at least 360 0 for Class 3,  and 270 0 for Class 1  and  2.  For an 

unsupported hole the minimum solderable annular ring  shal l  

be 0.25 mm [0.01 0 inch]  for at least 360 0 for Class 3,  and  

270 0 for Class 1  and 2.  

3 . 8. 4  Conductor  Wid th .  Min imum al lowable end product 

conductor width  shal l  be as defined on the master drawing.  

Reductions in conductor width  or th ickness shal l  be in ac-

cordance with  the requirements of Table 7,  or as speci fied  on 

the master drawing.  

IPC-ML-950C 

3. 8. 5  Conductor  Spacing .  Unless otherwise speci fied  on 

the master drawing  the minimum spacing  between conduc-

tors,  or conductors to lands shal l  not be less than  0.1 3 mm  

[0.005 inch];  for internal  conductors 0.1 0 mm [0.004 inch] .  

Min imum spacing  between conductor and the edge of board 

shal l  be specified  on the master drawing  and be in accord-

ance with  IPC-D·949.  Random extraneous copper spurs are 

al lowed provided they do not reduce conductor spacing  more 

than  speci fied  in Table 8.  

3.8.S Bow and  Twist.  When  examined in accordance with  

paragraph 4.6.2.4 the entire portion  of the specimen  or pro-

duction  board  shall  meet the requirements of Table 9,  or as 

speci fied  on the master drawing.  For automated assembly 

and surface mounting  operations,  more stringent require-

ments may be necessary.  

Table 9.  Bow and Twist Maximums 

Class 1  Class 2 Class 3 

2% 1 .S% 1 . 0%  

3.8.S.1  Edge  Board  Con tact  Bow (Rig i d  Secti on  On ly) .  

When printed edge board contacts are speci fied  on the  

printed boards,  the maximum al lowable bow in the connector 

area shal l  meet the requirements of Table 1 0 when  evaluated 

in accordance with  paragraph  4.6.2.4.  For automated  assem-

bly and surface mounting  operations,  more stringent require-

ments may be necessary.  

Table 1 0.  Board  Contact Bow Maximums 

Class 1  Class 2 Class 3 

2% 1 .S%  1%  

3.8. 7  Edge Board  Contact-Juncti on  o f  Gold  Plate  to  

Solder  Fin i sh  or  Solder  Mask.  Exposed copper/plating  

overlap between the solder fin ish  and gold  plate or solder 

mask and gold plating  shall  meet the requirements of Table 

1 1 .  Where exposed copper/plating  is al lowed,  d iscoloration  in 

the "Permissible  Zone"  is permitted.  

Table 1 1 .  Gap Al lowed Between Gold Plating  and Solder or  
Solder Mask 

Class 1  Class 2 Class 3 

+0.020  +O.OOS + 0.000  to -O.OOS 
+ (O.SO) +(0.1 3)  + (0.00)  to  -(0.1 3)  

Note: Posi tive values  ind icate  maximum  exposed  copper/plati ng  gap permi tted.  Negati ve  

values i nd icale  m in imum  overlap of  the  gold  by the so lder mask or l ack of exposed  copperl  

plating .  

Table 7.  Al lowed Conductor Width  Reductions 

Class 1  Class 2 Class 3 

Local  reductions may be al lowed based upon Any combination  of  edge roughness,  nicks,  pin·  Any combination  of edge roughness,  n icks,  pin-
agreement between user and vendor.  holes and scratches exposing  base material  shall  holes and scratches exposing  base material  shal l  

not reduce the conductor width  by more than  30% not reduce the conductor width  by more than  20% 
of the value speci fied  on the master drawing.  There of the value specified  on the master drawing.  There 
shal l  be no occurrence greater than  25 mm [1  inch].  shal l  be no occurrence greater than  1 3 mm [0.5 

inch].  

Table 8.  Conductor Spacing  Reduction  

Class 1  Class 2 Class 3 

A 30% reduction  in min imum conductor spacing  is A 30% reduction  in m in imum conductor spacing  is Spacing  d imensions no less than  80% of  the nomi-
allowable in isolated areas due to conductor mate- al lowable in isolated  areas due to conductor mate- nal  spacing  shown on the master drawing  shall  ap-
rial  edge roughness,  copper spikes,  etc.  rial  edge roughness,  copper spikes,  etc.  ply between:  (a)  any two conductors,  (b) a conduc-

tor and  any metal l ic i tem including  electrical ly 
conductive designations,  (c) a conductor or metal-
l ic i tem and  the edge of  a hole,  and  (d) a conductor 
and the edge of  the part.  

7 

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                

                                                                                                                                                                                                                                                                                                                                

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

Full document details: IPC ML-950C-1986 scan

http://www.avadocuments.com/doc/ipc-ml-950c-1986-scan
http://www.avadocuments.com/doc/ipc-ml-950c-1986-scan


IPC-ML-950C 

3.B.B Other  D imensi onal  Requ i remen ts.  Other dimen-

sional  requ irements  are evaluated  du ring  construction  integ-

rity evaluations  performed  in  paragraph  3.1 0.  These include:  

Plating  and  coating  th ickness  . . . . . . . . . . . . .  3.1 0.2.1  

I n ternal  conductor th i ckness  . . . . . . . . . . . . . .  3.1 0.2.2 

Conductor edge  ou tgrowth  . . . . . . . . . . . . . . .  3.1 0.2.3 

Conductor undercu t.  . . . . . . . . . . . . . . . . . . . .  3.1 0.2.4 

Internal  layer reg istration  . . . . . . . . . . . . . . . . .  3.1 0.2.5 

M in imum  in ternal  annu lar ring  . .  ,  . . . . . . . . .  3.1 0.2.6 

M in imum  internal  lateral  spacing  . . . . . . . . . .  3.1 0.2.7 

M in imum  d ielectric  spacing  . . . . . . . . . . . . . . .  3.1 0.2.8 

Solder mask th ickness  . . . . . . . . . . . . . . . . . .  3.1 0.2.9 

3 . 9  Physi cal  Requ i remen ts.  Mu l ti layer printed  boards  shal l  

meet  the  physical  requ i rements  speci fied  in  the  fol lowing  

paragraphs.  

3.9.1  P lat i ng  Adhesion .  When  tested  in  accordance with  

paragraph  4.6.3.1  there shal l  be no evidence of  any portion  of 

the protective  plating  or  the conductor pattern  foi l  being  re-

moved,  as shown  by particles  of  the plating  or  pattern  foi l  

adhering  to the  tape.  I f overhang ing  metal  breaks off (sl ivers)  

and  adheres to the  tape,  i t is evidence  of overhang,  or sl ivers,  

bu t  not o f  plating  adhesion  fai lure.  

3 . 9 . 2  So lder  Mask Cu re  and  Adhesion .  When  evaluated  in 

accordance  wi th  4.6.3.2,  the  cured  solder mask coating  shal l  

not exh ibi t  tackiness,  bl i stering  or  delamination .  The maxi-

mum  percentage  of  cured  solder mask l i fting  from the sur-

face  of the  base  material  or  conductors  of  the printed  board  

shal l  be in  accordance  wi th  Table 1 2.  

3.1 0 Constructi on  I n teg ri ty.  Mu l ti layer printed  boards shal l  

meet construction  i n tegri ty requ irements  speci fied  in the fol  

NOVEMBER 1 986 

Table 1 2.  Solder Mask Adhesion  

Material 

Gold or Nickel 

plati'"!£1  __ _ 
Reflowed tin-lead 

Base laminate 

Maximum Percentage of Lifting 
._--- - - - - , - - - - - -

Class 1  Class 2 Class 3 

10 5  0 
- -

25  10 5  

25  

50 

1 0 

10 

50  

5 

10 

10 

o 

lowing  paragraphs.  Construction  in tegri ty shal l  be evaluated  

through  m icrosection ing  techn iques on a standard  test spec-

imen  in accordance  wi th  paragraph  4.6.4.  Specimens shal l  

be i nspected  in  accordance with  4.6.4.1 .  Dimensional  re-

qu i rements  on l y  possible  through  the use in  m icrosection ing  

techn iques  (see paragraph  3.8.8)  are also defined  in  th is  

section.  

3.1  0.1  P lated -Through  Hole  I n teg ri ty  Pri or  to  Stress.  

When  evaluated  in  m icrosection  in  accordance with  para-

graph  4.6.4,  f i n ished  printed  boards,  supporting  coupons,  

and  qual i fi cation  test specimens shal l  meet the requ i rements  

of paragraphs  3.1 0.1 .1  through  3. 1 0.1 .4.  

3 . 1 0. 1 . 1  P lat i ng  I n teg ri ty  (as produced) .  Plating  i n tegri ty 

shal l  meet the  requ i rements  detai led  in  Table 1 3.  In addi tion,  

there  shal l  be  no  plating  cracks or in terplane separation.  

3 . 1 0 . 1 . 2  Lam inate  I n teg ri ty.  Laminate in tegri ty requ ire-

ments  for the  as produced  plated-through  hole shal l  be in  

accordance wi th  Table  1 4.  In addi tion,  there shal l  be no  de-

lamination  or  voids in  excess of 0.75 mm [0.003 inch]  for 

Class 3 products.  Laminate  voids or  delamination  al lowed  on 

Class 1  and  2 products  shal l  be as agreed  to  between  user 

and  vendor.  

Table  1 3.  Plating  Through  Hole  I n tegri ty  Pri or  to  Stress  

Property Class 1  Class 2 Class 3 

Plating voids Maintain electrical function. Not to exist on both sides of hole None allowed.' 
in same plane.  Not to extend full  

-
length of hole.  

- f- - - -
Plating folds/inclusions Must be enclosed and accumu- Must be enclosed and accumu- Must be enclosed and accumu-

lated thickness meets minimum lated thickness meets minimum lated thickness meets minimum 
thickness.  thickness.  thickness.  

- - - -
Burrs and nodules Allowed if part lead can be in- Allowed if minimum hole diam- Allowed i f  minimum hole diam-

serted.  eter met.  eter met.  
-

Glass fiber protrusion Allowed if part lead can be in- Allowed if minimum hole diam- Allowed if minimum hole diam-
serted.  eter met.  eter met.  

r----
Wicking 0. 1 25  mm (0.005  in.)  and main- 0.1 0 mm (0.004 in.)  maximum. 0.08  mm (0.003  in.)  maximum. 

tain electrical function.  
- - - - - - - - - -1 - - - - - - - - - - r- - - - - -

Nail-heading As long as does not affect form, 1'12 x internal conductor thick- 1'12 x internal conductor thick-
fit or function. ness.  ness.  

1. I f any are found.  1 00% of lot shal l  be visual ly Inspected  per 3 .7.3 .  

Table  1 4.  Laminate I n tegri ty  

Property Class 1  Class 2 Class 3 

Resin recession As agreed upon between manu- As agreed upon between manu- 40%  of the hole wall prior to ther-
facturer and user.  facturer and user.  mal testing -not evaluated after 

thermal testing.  
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3.1 0.1 .3 E tchback or  Smear Removal .  When speci fied  on 

the master drawing,  printed boards shall  be etched back for 

the lateral  removal  of resin  and/or g lass fibers from the inter-

nal  holes prior to plating.  The etch back shall  be between 

0.005 mm [0.0002 inch]  to 0.08 mm [0.003 inch]  with  a prefer-

red depth  of 0.01  mm [0.0005 inch].  Wicking  may extend  an 

additional  0.08 mm [0.003 inch]  provided it has no detrimen-

tal  effect on the function  of the printed board.  Shadowing  is 

permitted on one side of each land.  When no etch  back is 

specified on the drawing  and the board  fabricator elects to 

use etchback,  the vendor shall  veri fy with  the user,  that etch-

back can be accompl ished  without degrading  end i tem use.  

Smear removal  shal l  not etch back greater than 0.03  mm 

[0.001  inch].  

3.1 0.1 .4 Negative  Etchback.  Negative etch back is not de-

sirable,  however i f present shall  not exceed the l imi tations 

detai led in Table 1 5.  

Table 1 5.  Negative Etchback 

Class 1  Class 2 Class 3 

0. 08  mm  0. 04  mm  Al lowed  up  to  0.01 3 

[0 .003  in. )  max  [0.001 5 in. )  max  mm  [0.0005 i nch )  

provided  etchback 

is not  speci fi ed  on  

the  master  d raw-

ing.  

3.1 0.1 .5 Li fted  Lands  (pri or  to  stress  testi ng ) .  There shal l  

be no l i fted  lands in the "as  received"  microsection  speci-

men.  "As received"  meaning  after fusing,  but prior to thermal  

stress testing  or rework simulation.  (See paragraph  3.1 1 .)  

3.1 0.2 Add i t i onal  D imensional  Evaluations.  When evalu-

ated in microsection  in accordance with  paragraph 4.6.4 and 

inspected  in accordance with  4.6.4.1 ,  fin ished  prin ted  

boards,  supporting  coupons and qual i fication  test speci-

mens shall  meet the additional  d imensional  requirements 

detai led in the fol lowing  paragraphs.  

3.1 0.2.1  P lat i ng /Coati ng  Th i ckness.  Plating/coating  th ick-

nesses,  when evaluated in accordance with  4.6.4.2 or sui t-

able electronic measuring  equipment,  shal l  meet the require-

ment of Table 1 6 or as specified  on the master drawing.  

Tin-lead plating  th ickness measurements shall  be made 

prior to fusing.  After tin-lead plating  is fused,  no measure-

ment of plating  th ickness is required,  but solderabi l i ty testing  

in accordance with  IPC-S-804 and visual  inspection  of cop-

per coverage shal l  be performed.  Tin-lead coverage does not 

apply to vertical  conductor edges.  Nodules or rough plating  

shall  not reduce the hole diameter below its minimum l imi ts  

as defined  on the master drawing.  Solder coating  shal l  meet 

solderabi l i ty requirements.  

3.1 0.2.2 M in imum  I nner  Layer Conductor  Th i ckness.  The 

minimum inner layer conductor th ickness after processing  

shall  be in accordance with  Table 1 7.  

IPC-ML-950C 

-

Table 1 6.  Min imum Surface"  
Plating/Coating  Thickness Requirements 

Plating Class 1  Class 2 Class 3 

Gold 0.00075 mm 0.00075 mm 0.001 2 mm 

[0.00003]  [0.00003]  [0.00005]  
- -

Nickel  0.0025 mm 0.005 mm 0.005 mm 

[0.0001 ]  [0.0002]  [0.0002]  

Copper'  0.01 2 mm 0.025 mm 0.025 mm  

[0.0005]  [0.001 0]  [0.001 0]  

Tin  0.00075 mm 0.001 2 mm 0.0025 mm 

[0.00003]  [0.00005]  [0.0001 ]  

Tin-Lead 0.0025 mm 0.005 mm 0.0075 mm 

[0.0001 ]  [0.0002]  [0.0003]  

Sol dert  Coverage 0.005 mm 0.0075 mm  

[0.0002]  [0.0003]  

Plallng thickness applies to surface and I n  the hole for copper.  
tMeasured at the crest.  

Table 1 7.  M in imum Inner Layer Conductor Th ickness 
After Processing  

Copper 

Thickiness Class 1  Class 2 Class 3 

0.5 oz.  cu.  0.01 2 mm 0.01 2 mm - ,  
[0.0005]  [0.0005]  

I - . -

1 .0 oz.  cu.  0.025 mm 0.025 mm 0.025 mm 
[0.001 0]  [0.001 0]  [0.001 0]  

2.0 oz.  cu.  0.058 mm 0.058 mm 0.058 mm 
[0.0023]  [0.0023]  [0.0023]  

. .  
1 .  0.5 oz.  copper IS not allowed on Class 3 boards unless It IS over plated to 
0. 025  mm [0.001 0)  final thickness.  

3.1 0.2.3  Conductor  Edge  Ou tg rowth .  There shal l  be no  

outgrowth  on the conductor edges plated with  tin-lead,  and  

fused or solder coated.  The maximum permissib[e outgrowth  

on conductors plated with  other than  the above metal  shal l  be 

0.025 mm [0.001  inch] .  (See Figure 2.)  

3. 1 0.2.4 Undercu tt i ng .  Undercutting  at each  edge of  the  

conductor shal l  not exceed 1  times the total  th ickness for 

Class 2 and 3 and l1f2 times the total  th ickness for Class 1  of  

the copper foil  and plated  copper or 1 0% of the conductor 

width,  whichever is smaller,  as shown in Figure 2.  Forfine  l i ne  

ci rcu i try a percentage of undercut shal l  be agreed upon  be-

tween suppl ier and user.  

3. 1 0.2.5 Layer to  Layer Reg i strati on  (destructi ve) .  Micro-

section  of plated-through  holes shal l  be used to determine 

layer to layer reg istration  i f nondestructive methods were not 

used.  Registration  shal l  meet the requirements of Tables 1 8,  

1 9 and 20 and Figure 4 when examined  in accordance wi th  

the requirements of paragraph  4.6.4.3.  Class 1  shal l  meet 

form,  fi t and function.  

3. 1 0.2.6 Annu lar  Ri ng  ( I n ternal ) .  The min imum annu lar 

ring  for functional  internal  lands shal l  be in accordance wi th  

Table 1 8 and Figure 3.  

3. 1 0.2.7 Thermal  Plane.  The min imum lateral  spacing  be-

tween adjacent conductive surfaces,  non  functional  lands 

and/or plated-through  holes,  and the thermal  plane,  shal l  be  

the minimum specified  in Table 1 9.  
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UNUERCUT 

rr r-r-rr-rTTTT' 
PLATED  COPPER 

««««(  
COPPEI'!  FOIL 

UUDERCl lTTIHG  MEASUREMENT 

Figure 2.  Undercut and outgrowth.  

Measurement 
of internal  
annu lar ring  

Measurement 
of external  
annular ring  

OUTGROWTH 

OVERHANG 

OUTGROWTH  - - f4- - -

OVERHANG  
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/ · -PLA I l l iG  
/ 

777P 1-
PLATED COPPER 

LAMINATE 

ETCHED 
THICKI IESS 

1  
/PLATING  

PLA TED COPPER 

LAMINATE 

ETCHED 
THICKNESS 

_l 

l JNSlJPPORl  ED OVERHANG MEASUflEMEN  r 

IPC·I·OOOOO 

II  n 
I  I  

I  I  

IPC·I-OOOOO 

Figure 3 .  Layer to layer registration and annular ring measurement.  

Table 1 8.  M i n imum  Annu lar  Ring  I n ternal  Table 1 9.  M i n imum  Lateral  Spacing  to  Thermal  Planes  

Class 1  Class 2 Class 3 Class 1  Class 2 Class 3 
Breakou t  al l owed  Hole  to  pad  tan- 0.05 mm 0.05 mm 0 . 08mm  0.1  mm 
per Figure 5.  gency [0.002 in.)  [0.002 in.)  [0.003 in.)  [0.0035 in. )  
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Table 20.  Dielectric Spacing  

Property Class 1  

Dielectric separation  (min imum 0.05 mm [0.002 in. ]  
rig id  area)  

3.1 0.2.8 D ie l ectri c  Spacing .  The m in imum  d ielectric  spac-

ing  shal l  be as detai led  on the master drawing  or Table 20.  

3. 1 0.2.9  So lder  Mask Th i ckness.  Solder mask th ickness  

shal l  be in accordance with  the master drawing.  See IPC-SM-

840.  

3.1 1  P lated -Through  Ho les  After  Stress.  Supporti ng  cou-

pons of fin ished  printed boards and qual i fication  test speci-

mens shal l  be stressed  in accordance with  4.6.5 and  meet 

the requirements of the fol lowing  paragraphs.  

3.1 1 .1  Thermal  Stress  Float) .  Prior to thermal  

stress testing,  specimens require (see 

paragraph  4.6.5.1 ) .  Specimens shal l  be thermal  stressed  in 

accordance with  paragraph  4.6.5.1 .  Fol lowing  stress,  speci-

mens shal l  be microsectioned  in  accordance wi th  4.6.4,  in-

spected in accordance with  4.6.4.1  and  shal l  meet the  re-

qu i rements of Table 21  and Figure 4.  

Laminate voids greater than  0.08 mm [0.003 inch]  ou tside  the 

thermal  zone A (see Figure 4) shal l  be cause for rejection  for 

Class 2 and Class 3.  

3.1 1 .2 Rework S imu lati on .  Printed boards or test coupons  

shal l  be stressed  in accordance with  paragraph  4.6.5.2.  Fol-

C'ZOnilA9 
Thermal  zone 

Notes:  

Laminate 
--to! ovaluatlon 

I  area 

B"I 
r-
I  

Class 2 Class 3 

0.076 mm [0.003 in. ]  0.09 mm [0.0035 in. ]  

lowing  stress,  specimens shal l  be  m icrosectioned  in  accord-

ance with  4.6.4,  inspected  in accordance with  4.6.4.1  and  

shal l  meet the  requ irements  of Table 21 ,  Figure 4 and  3.1 1 .3.  

3.1 1 .3 Li fted  Lands  (After  Stress  Testing ) .  When  prin ted  

board  test specimens (which  have been  subjected  to thermal  

stress or rework simu lation  are evaluated  in  accordance wi th  

paragraph  4.6.4 and  4.6.4.1 ,  the  maximum  al lowance of l i fted  

lands from the  base material  to the  outer lower edge  o f  the  

land  shal l  be 0.08 mm [0.003  inch]  on  both  sides of the  hole.  

There shal l  be a m in imum  of 50% of the land  bonded  on  each  

side of the hole (see Figure 6).  I ncrease in  board  th ickness  

may affect land  l i fting .  

3.1 2 E l ectri cal  Requ i remen ts.  Printed  boards shal l  meet 

the electrical  requ irements speci fied  in the fol lowing  para-

graphs when  tested in accordance  wi th  the  test methods  

defined  in  paragraph  4.6.6.  

3.1 2.1  D ie l ectri c  Wi thstand  Vol tage.  When  printed  boards 

are evaluated  in  accordance wi th  paragraph  4.6.6.1  they 

shal l  meet the  requ i rements  of  Table 22,  wi thout flashover,  

sparkover or breakdown  between  conductor to conductor or 

conductor to lands.  

Laminato 

---I  ovaluation  r-I  area Laminate voids 

I  f'ZO'iiiiJLl I  (see 3) 

Void at 
boundary 

l ine  
(seo Note 2)  

y; l I o . - " ,  

-tl-- 0.003 in.  max - I  
(see Note 1 ) 

Foi l  and plating  
evaluation  area 

, "Zone  A"J  

Thermal  zone 

0.003 in.  max 
(see Noto 1 ) 

1 .  The thermal  zona extends 0.003 in.  beyond tl>e ends of aach land 

2.  Laminate voids >0.003 in.  in length  which  oxtend in to  the Zonn B evaluation areo are rejectable.  

3.  Laminate defacts In the Zone A aleas are not evaluated on specimens which  have been exposed to  thormal  SIrfISS  or  reworl(  simulation  

IPC·I·OOOOO 

Figure 4.  Typical microsectioll evaluation specimen (three plated-through holes).  

1 1  
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IPC-ML-950C 

Table 21 .  P lati ng  Through  Hole  I n teg ri ty  After  Stress  

Property 

I nterplane separation  (separa·  
tion  between  internal  lands and  

Inner foi l  cracks'  

External  foi l  cracks'  

Barrel  cracks'  

Hole wall  pu l laway 

Li fted  lands after thermal  stress 
or rework simulation  .  

. . .  - - - - - -_. _- - - _. - - - - - -

Plating  voids 

Class 1  

Al lowed on  only one side of hole 
wall  at each  land  location.  

Al lowed  on  only one side of  hole 
provi ded  i t does  not  extend  
through  foi l  th ickness.  
- -_.  --- - - - - - - - -

Al lowed provided  i t  does not ex·  
tend  through  plat i ng - "A"  and 
"B"  cracks al lowed.  

Al lowed  provided  it does not ex·  

Acceptable  provi ded  d imen-
sional  and  plating  requirements 
are met.  No interplane separa-
tions al lowed.  -_._.-
As agreed  to by user and vendor.  

Maintain  electrical  function.  No 
ci rcumferential  boards.  

Class 2 

None al lowed.  

Al lowed on  on ly one  side of  hole 
provi ded  i t  does  not  extend  
through  land  th ickness.  
.  . .  - ---- _. .  - - - -

Allowed provided  i t does  not ex·  
tend through  plat i ng - "A"  and 
"B"  cracks al lowed.  

Al lowed provided  i t does not ex·  

tend 

Acceptable  provi ded  d imen ·  
sional  and  plating  requirements 
are met.  No in terplane separa·  
tions al lowed.  
- -- - - -- - - - -

0.12 mm [0.005  in. )  

None al lowed.  I f  any  are found,  
lot must be 1 00%  i nspected  per 
3.7.3 .  

1. Copper Crack Defin i tion:  see Figure 5 , , "  "  

"P;' crack = A crack in the external  foil.  
"8"  crack = A crack that does not completely break plating  (min imum plating  remains).  
"C"  crack = A crack in the internal  foil .  
"0"  crack = A corner crack-complete  break in  foil  and  plating.  

"E"  crack = A barrel  crack in plating  only.  
"F"  crack = A corner crack in the plating  only.  

NOVEMBER 1 986 

Class 3 

None al lowed.  

None al lowed.  

"A"  cracks al lowed only.  

None al lowed.  

Acceptable  provi ded  d imen -
sional  and plating  requirements 
are met.  No in lerplane separa·  
tions al lowed.  

0.08  mm [0.003  in. )  

None al lowed.  I f any are found,  
lot must be 1 00% inspected  per 
3.7.3  

"B" CRACKS 
CRACK DOES NOT 

COMPl..£TB..  Y BREAK PLATING 
('001 - PLATING MK REMAtU 

CRACK I I I  NTERNAL FOL 

"Q-CRACKS 
.COMPlETE FRACTURE 

Figure 5.  Crack definition.  

1 2 

-e- CRACKS 
BARREL CRACK 
IN PI.A TlNG ON!.  Y 

CORNER CRACK 
I I I  PLATING ONLY 

IPC·I-OOOOO 
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NOVEMBER 1 986 

50%  
minimum 
bond 

Figure 6. Lifted land.  

IPC I  00000  

Table 22.  Dielectric Wi thstanding  Test Voltages 

Class 1  Class 2 Class 3 

Voltage No 500 Vdc 1 000 Vdc 
requirement 

-

Time - 30 sec 30 sec 

3.1 2.2 C i rcu i try  

3. 1 2.2. 1  Ci rcu i try  Con ti nu i ty  (Qual i f i cati on ) .  When  

printed boards are tested in accordance with  paragraph  

4.6.6.2  there shal l  be no open ci rcu i ts  whose resistance ex-

ceeds 0.5 ohms.  

3. 1 2.2.2  C i rcu i t  Con ti nu i ty  (Product i on ) .  When  prin ted  

boards are tested in accordance with  paragraph  4.6.6.3  there  

shal l  be no open  ci rcu i ts  whose resistance exceeds 5 ohms.  

3. 1 2.2.3  C i rcu i t  Shorts .  When  printed  boards are tested  in  

accordance with  paragraph  4.6.6.4 the resistance between  

mutual ly i solated  conductors shal l  be g reater than:  for class 

1 , 2  megohms;  for class 2,  1 5 megohms,  and for class 3,  1 00 

megohms.  

3. 1 2.3  C i rcu i t/P lated-Through  Shorts  to  Metal  Substrate .  

When  printed  boards with  metal  core substrates or test speci -

mens are tested  in  accordance wi th  paragraph  4.6.6.5,  the 

board  shal l  be capable  of wi thstanding  500 vol ts  (DC)  be-

tween  ci rcu i try/plated-through  holes and  the metal  core  sub-

strates.  There shal l  be no flashover or d ielectric breakdown.  

3. 1 2.4 I nsu lati on  Resistance.  When  printed  boards or 

specimens are tested in  accordance with  paragraph  4.6.6.6,  

the  insulation  resistance shal l  be no less than  that shown  in 

Table 23.  

Table 23.  I nsu lation  Resistance 

Class 1  Class 2 Class 3 

As received.  Maintain  500  megohms 500 megohms 
electrical  
function.  
- -

After exposure Maintain  1 00 megohms 500 megohms 

to moisture.  electrical  
function.  

IPC-ML-950C 

3.1 2.4.1  Add i t i onal  I n su lat i on  Resi stance  Requ i remen ts.  

Addi tional  insu lation  resistance requ irements  are detai led  af-

ter envi ronmental  exposure to moisture (see paragraph  

3.1 3.1 ).  

3.1 3 Envi ronmental .  Boards shal l  meet the envi ronmental  

requ irements speci fied  in  the  fol lowing  paragraphs when  

tested in accordance wi th  the test methods  speci fied  in  para-

graph  4.6.7.  

3.1 3.1  Mo i stu re.  When  test coupons are stressed  and  eval-

uated  in  accordance wi th  paragraph  4.6.7.1  the  specimen  

shal l  not exh ibi t  bl istering ,  measl ing  or delamination  in ex-

cess of that shown in  Table 3; or bow in  excess of  that al lowed  

in 3.8.6.  

When  tested for insu lation  resistance in accordance wi th  

4.6.7.1 ,  the coupon  shal l  meet the m in imum  requ i rements  

shown in Table 23 (at 500 volts DC).  

When  printed  boards incorporate a coated  metal  core sub-

strate,  the insu lation  material  used for hole fi l l  d ielectric shal l  

provide an insu lation  resistance between  the  thermal  plane  

(metal  core substrate)  and  insu lated  plated-through  holes  

greater than  1 00 megohms.  

3. 1 3.2 Ou tgassing .  When  speci fied,  the  printed  board  shal l  

be free of materials,  such  as trapped plating  solu tions and  

uncured  adhesive layers known  to cause contamination .  

When  tested in accordance with  4.6.7.2,  the degree of out-

gassing  shal l  not result in  a weight loss of more than  0.1  %.  

3. 1 3.3  Thermal  Shock.  When  requ ired,  specimens shal l  be 

thermal  shock tested in  accordance with  4.6.7.3 using  lami-

nate operation  as speci fied  in  IPC-D-949.  The specimen  shal l  

meet the ci rcu i try requ irements  of 3.1 2.2.2.  In addi tion,  for 

Class 3,  a resistance measurement shal l  be made at the h igh  

temperature of the fi rst and  1 00th cycle.  A change  of  1 0% or 

more shal l  be considered  a reject.  

3. 1 3.4 Clean l i ness.  When  tested in accordance with  4.6.7.4 

and 4.6.7.5 and evaluated  in  accordance wi th  3.1 3.4.1  and  

3.1 3.4.2.  Printed  boards shal l  be wi th in  the al lowable  l im i ts  of  

ion ic and  other contaminants.  When  a printed  board  requ ires 

a permanent solder mask coating ,  the uncoated  boards shal l  

be with in  the al lowable l im i ts  of i on ic and other contaminants  

prior to the appl ication  of  solder mask coating.  

3.1 3.4.1  I on i c  ( res i st i vi ty  of  so l ven t  extract) .  When  non-

coated  printed  boards are tested in  accordance wi th  4.6.7.4 

the resistivi ty shal l  be not less than  2x1 0 6 ohm-cm.  Equ ivalent 

test methods may be used in  l ieu  of the method  speci fied  in 

4.6.7.4,  however,  i t shal l  be determined  that the al ternate 

method  is demonstrated  to have equal  or better sensi tivi ty 

and employ solvents wi th  the abi l i ty to d issolve flux residue or 

other contaminants  as does the  alcohol-water solution  speci -

fied in  4.6.7.4.  

1 3 
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