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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MECHANICAL STANDARDIZATION OF SEMICONDUCTOR DEVICES -

Part 6-18: General rules for the preparation of outline drawings of surface

mounted semiconductor device packages —
Design guide for ball grid array (BGA)

FOREWORD

1) [The International Electrotechnical Commission (IEC) is a worldwide organization for standardization compriging
pll national electrotechnical committees (IEC National Committees). The objéctN of to pronote
nternational co-operation on all questions concerning standardization in the eleg{pi i To
this end and in addition to other activities, IEC publishes International Stan@ards,\Tech ns,
Technical Reports, Publicly Available Specifications (PAS) and Guid \ 3 as ‘JEC
Publication(s)”). Their preparation is entrusted to technical committees; i i{te€ interegted
n the subject dealt with may participate in this preparatory work. g on-
governmental organizations liaising with the IEC also participate in thi bely
with the International Organization for Standardization (ISO) in accorda by
pgreement between the two organizations.

2) [The formal decisions or agreements of IEC on technical matté ional
consensus of opinion on the relevant subjects since eac all
nterested IEC National Committees.

3) [IEC Publications have the form of recompiendations ipnal
Committees in that sense. While all reasonable [EC
Publications is accurate, IEC cannot be held re any
Imisinterpretation by any end user.

4) |In order to promote international uniformit sittees undertake to apply IEC Publications
transparently to the maximup \al” and regional publications. Any divergence
between any IEC Publicatiog regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking\procedure to |d|ca e its~apgroval and cannot be rendered responsible for jany
equipment declared to i i ublication.

6) [All users should estiedition of this publication

7) No liability shall atta mployees, servants or agents including individual experts and
Imembers of its techrisal commi & National Committees for any personal injury, property damagg or
pbther damage of{an 8 S whether direct or indirect, or for costs (including legal fees) jpnd
expenses arising “out ‘of icatior; use of, or reliance upon, this IEC Publication or any other |EC
Publications

8) JAttentiopi s ive references cited in this publication. Use of the referenced publicationp is
ndispghsable R

9) [Attention wQ “tO\ thexpossibility that some of the elements of this IEC Publication may be the subjeqgt of
patent rights “¥&C"shal\not be held responsible for identifying any or all such patent rights.

A PAS is\a technicéal specification not fulfilling the requirements for a standard but made

availabte to the public.

|E C-PAS—601t91+=6=t6—was—submitted—by—the—dEtTFA(JapanmrEtectronics—and—tnfornmation

Technology Industries Association) and has been processed by IEC subcommittee 47D:
Mechanical standardization for semiconductor devices, of IEC technical committee 47:
Semiconductor devices.

The text of this PAS is based on This PAS was approved for
the following documents publication by the P-members of the
committee concerned as indicated in
the following document:

Draft PAS Report on voting
47D/677/NP 47D/701/RVN
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Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of three years starting from the
publication date. The validity may be extended for a single three-year period, following which
it shall be revised to become another type of normative document or shall be withdrawn.

@%
S
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MECHANICAL STANDARDIZATION OF SEMICONDUCTOR DEVICES -

Part 6-18: General rules for the preparation of outline drawings of surface
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3.2

mounted semiconductor device packages —
Design guide for ball grid array (BGA)
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| grid array
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pld
P-

BJA whese substrate is made of organic printed wiring board

3.

GA

s PAS provides common outline drawings and dimensions for all type
composed materials of ball grid array (hereinafter called BGA), whosent
imetre or larger and whose package body outline is square.

Normative references

following referenced documents are indispensable f6
dated references, only the edition cited applies. Fo
he referenced document (including any amendme

Terms and definitions

the purpose of this docu

-profile packag
Ieaft three rows ap
intgrsections

structires and
pitch is one

of this document.
the latest edition

ent, the Ilox@er definitions apply.

gtal balls located on one surface in a matrix of at
erminals may be missing from some row-column

[E BGA sta ” in this standard to be aligned with IEC 60191-6-2, 60191-6-4, and 60191-
Only IEC 6191 4 efers BGA as /Bottom Grid Array”, and it is not common language in the industry and no
br stangaro

stic ball grickarray

tape ball grid array
T-BGA
BGA whose substrate is made of polyimide tape

3.4
ceramic ball grid array
C-BGA
BGA whose substrate is made of ceramic circuit board

3.5
P-BGA (flip chip interconnection)

BGA whose substrate is made of organic printed wiring board and is connected to the die by
the bumps on the die
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Recommended BGA variations
BGA variations that shall be considered to be the first choice for production

Package variations other than recommended BGA variations are not recommended to prevent

the endless proliferation of the BGA variations.

4 Terminal position numbering

W left
cofner position, terminal rows are lettered from bottom to top starting with A, then B, C,,(3-AA,
AB| etc., while terminal columns are numbered from left to right starti ith 1. Ferminal
posgitions are designated by a row-column grid system and show Iphanumeric
ideintification, e.g., A1, B1, or AC34. The letters I, O, Q, S, X and Z sedfor namjing
thg terminal rows.

5 | Nominal package dimension

A nominal package dimension is defined as “the packa yth (D)”, which is
exxressed to the tenth place, in millimetres.

W
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6 Symbols and drawings

6.1 BGA outline
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Figure 1 — Cavity down type
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Figure 2 — Cavity up type
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NOTE 1 Datum [S|is defined as the seating plane on which a package free stands by contact of the balls.
NOTE 2 The distance between the centerlines of any two adjacent rows or columns of balls.

NOTE 3 The hatched zone indicates the index-marking area where whole index mark will be contained.

NOTE 4 The profile tolerance that controls of package size and orientation is applied to all four sides of the

package outline.

NOTE 5 The tolerance of position that controls the relationship of the balls applies to all balls.

NOTE 6 The terminal diameter “b” is the maximum diameter of individual balls as measured in the plane parallel

to tireseatimgptame:

NOTE 7 It shows the lid made of mold compound, glob top resin, metal cap, ceramics, etc-
or doncave in shape.

NOTE 8 The primary stand-off height is defined by the height from seating plane to

NOTE 9 The secondary stand-off height is defined by the height from the seating plan
surface on the cavity-down configuration.

NOTE 10 and are the dimensions that define the positions of ba

NOJTE 11 Datum @ and B| are defined by the most outer balls whig

may be flatj.con

vex

est

Remarks: An array pattern of permissible termin isti X jricluding true positfon

tol¢rance is shown in Figure 3.
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|
Ab?’max b 3 max =

]

O
@)

OO0

bmax + x

Figure 3 — Pattern of terminal position areas
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7 Dimensions

7.1 Group 1

Table 1 — Group 1: Dimensions appropriate to mounting and interchangeability

Specification Recommended
Term Symbol
mm value
Nominal ExD (1) A nominal package dimension is defined as “the package | Refer to Tables 5
) P~ E1 2N =a Y 1 (I bick At o + o +ho b 40
pagkege witth~(Ectength(By—which-is-expressed-to-the-tenth through—6
dinension place, in millimetres.

(2) Variations on nominal package dimensions are:
7,0x7,0 25,0%25,0
8,0x8,0 27,0x27,0
9,0x9,0 29,0%29,0

10,0x10,0 31,0%x31,0
11,0x11,0
12,0x12,0
13,0x13,0
14,0x14,0

5,0x55,0

57,5x57,5
60,0%60,0
Pagkage length Refer to Tables|5
25.0 through 10

27,0
9,0 29,0
QX 10,0 31,0
11,0 33,0
12,0 35,0
13,0 37,5
14,0 40,0
15.0 42.5
16,0 45,0
17,0 47,5
18,0 50,0
19,0 52,5
20,0 55,0
21,0 57,5

23,0 60,0
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Table 1 (continued)

height

|§| A1 min A1 nom A1 max
1,27 0,5 0,6 0,7
1,00 0,4 0,5 0,6

Term Symbol Specification Recommended
mm value
Package width (1) Package width Refer to Tablex 5
through 10
7,0 25,0
8,0 27,0
9,0 29,0
100 310
11,0 33,0
12,0 35,0
13,0 37,5
14,0 40,0
15,0 42,5
16,0 45,0
17,0 47,5 >
18,0
19,0
20,0
210 57,5
23,0 60,0
Prpfile tolerance v . ~<0,2 -
of|package body
Profile tolerance ihcludes body-edge burr
Off-centre w \( D, \\/ -
tolerance
N
> \},27 0.30
AN N 1,00 0,30
Prpfile height A \) .
A max
1,20
1,70
6,00
"A” includes heat slug thickness, package warpage
and tilt errors.
“A” does not include the height of external heat
sink or chip capacitors.
Primary stand-off Ay -
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Table 1 (continued)

Term Symbol Spec:l;atlon Reco‘:r;rlm:lznded
Secondary A4 A4 min = 0,25 j
stand-off
height
Terminal grid kel 127 i
pitch

1,00

Tdqrminal b D
di /—\

hmeter
|§| bmin bnom bmz/* Q

1,27 0,60 0,75 0,
1,00 0,50 0,60 (O

Trpe position X \\ -
tolerance

N
N
o) N
~
Vg
Zf\\
€%

Cog-planarity y -

A
/\(\ )

V.27 0,20

DN s

Pqrallelism y y1 = 0,35 -
tolerance of
the top surface <\

Cgntre \§L WMD is an odd number, =0. -

tefminal(
pdsition X\/ When Mp is an even number, = @/2
lepgth

Cgntre When Mg is an odd number, [Sg| = 0. -
tefminal(s)

pgsition in When Mg is even number, =e] /2

wifdth

Tgrminal Terminal balls will be placed on the matrix determined by -
matrix Terminal pitch f, Matrix size Mp and Mg, and centre ball

position and . Any terminal balls may be omitted from
the terminal matrix.

Number of n Refer to Table 3 Refer to Tables 5
terminals through 10
Maximum Mp

matrix size in

length

Maximum Mg

matrix size in
width
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7.2 Group 2
Table 2 — Group 2: Dimensions appropriate to mounting and gauging
Term Symbol Spec:i:r:]ation Reco‘r;r;:r:lznded
Overhang Zb Zo ={[D]-(Mp-1) x [e]} / 2 -
dimension in
length
Overhang Ze Ze ={[E]-(Me-1) x[g]}/ 2 -
dimension in
wifith
Table 3 — Combinations of @, |E|, @, Mp, Mg, a
o ZANTECR
Elﬂand E Mb max Mb max-1 Mb m \ D maw-1
ME max N max ME max-1 N max MEQ m M max-1 Nmax
7,0 5 25 4 16 6 36\ 5 25
8,0 6 36 5 25 (| (7 u_ 6 36
9,0 6 36 5 28 \ V" /89X 64 7 49
10,0 7 49 6 36 o] Le\U[ 81 8 64
11,0 8 64 7 49 10 100 9 81
12,0 9 81 8 1T &4 11 121 10 100
13,0 10 100 9 [ | —~us1 g2 144 11 121
14,0 10 10N | o \| \.«& 13 169 12 144
15,0 11 12 (10 10 W\ 14 196 13 169
16,0 12 14a | T 121 ) 15 225 14 196
17,0 13 [ 1 12 144 16 256 15 225
18,0 18 2169 12 144 17 289 16 256
19,0 14 N EN 169 18 324 17 289
20,0 15 A\ 225 RN 196 19 361 18 324
21,0 16\ 256\ | \_15/ 225 20 400 19 361
230 | "1e \ |\ 32¢ 17 289 22 484 21 441
25,0 NEERY 18 324 24 576 23 529
27,0 N 21N\ 4a 20 400 26 676 25 625
29,0 220\ N4pd 21 441 28 784 27 729
31,0 184 576 23 529 30 900 29 841
33,0 25 625 24 576 32 1024 31 961
35,0 27 729 26 676 34 1156 33 1084
375 29 841 28 784 37 1369 36 1294
40.0 31 961 30 900 39 1521 38 144
42,5 33 1089 32 1024 42 1764 41 1681
45,0 35 1225 34 1156 44 1936 43 1849
47,5 37 1369 36 1296 47 2209 46 2116
50,0 39 1521 38 1444 49 2401 48 2304
52,5 41 1681 40 1600 52 2704 51 2601
55,0 43 1849 42 1764 54 2916 53 2809
57,5 45 2025 44 1936 57 3249 56 3136
60,0 47 2209 46 2116 59 3481 58 3364
NOTE “nmax” indicates the maximum number of terminals that can be accommodated in a package bottom. The

actual number of the terminals may be less than nnax by de-populating terminals from the full matrix.



https://iecnorm.com/api/?name=f329a96a09669a1b833676de986ac776

NO

- 14 - PAS 60191-6-18 © IEC:2008(E)
OO0O000O0000 0000 00000
OO00000000O o000 O0O000O
000000000 0000 00000
OO0O0000O000O 0000 00000
O00000000 0000 000000000
OO00OO00000O0 OO0000O000 O0O000000O0
OO00OO000000 OO0000O000 OO0O00000O00
OO0O000000OO0 OO00000000 O00000000
O00000000 OO00000000 O00000000
Full grid 4 rows in perimeter 5 rows in

matrix perimeter matrix
O0O0O000 OO00000O0
000000 OO000000
000000 O0000000O0
OO00000000 OO00000000
OO00000000 OO00000000
OO00000000 OO00000000
OO00000000 OO00000000
OO0O0000O000 OOOOOOOOQ
OO0O0000000O OO0000000O0

6 rows in perimeter

matrix

'E — Index marking is in the bottom left co

ulations
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8 Recommended BGA variations

Table 4 P-BGA (Cavity up) 1,27mm pitch

Dlandf | ™ e Nperimetor matrix | | centramatrix | terminale
27 20 1,27 4 0 256
27 20 1,27 4 4 272
27 20 1,27 5 0 300
27 20 1,27 5 4 316
27 20 1,27 6 0 336
27 20 1,27 6 4 ( 352
31 23 1,27 4 0o < 504
31 23 1,27 4 £\ Na20
31 23 1,27 5 /\9\\ \ 308"
31 23 1,27 5 NER NN
31 23 1,27 6 NN 408
31 23 1,27 6 SN 433
35 26 1,27 4 [ M ) 352
35 26 1,27 s LN Ne 388
35 26 1,27 / &N ¢ KO 420
35 26 1,27 5 \ N / 6 456
35 26 1,27 S 6 0 480
35 26 1,27 . (e 6 516
40 30 A& /| \ \Q\ \ 0 576
40 30 N7 s Y 8 640
40 30 NN T 0 644
40 /50N, 1,27 D 8 708
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Table 5 - P-BGA (Cavity up) 1,0 mm pitch

Number of rows in Number of rows in Number of
@ and E M € perimeter matrix centre matrix terminals

13 12 1,00 Full Full 144
14 13 1,00 Full Full 169
15 14 1,00 Full Full 196
16 15 1,00 Full Full 225
17 16 1,00 Full Full 256
18 17 1,00 Full Full 289
19 18 7,00 Full Full 324
20 19 1,00 Full Full 361
21 20 1,00 4 0 /[ 256
21 20 1,00 4 6 A 292
21 20 1,00 Full Ful AN 200N
23 22 1,00 4 <\ 288
23 22 1,00 4 6\ \ 320
23 22 1,00 5 NN 330
23 22 1,00 5 NN 376
23 22 1,00 6 N A 384
23 22 1,00 6 \ 420
23 22 1,00 Ful /AN ol D 484
27 26 1,00 4 ~\ S/ A4 0 352
27 26 1,00 4,0 \ M B 388
27 26 1,00 < & ( ) 420
27 26 1,00 5 /6 456
27 26 1,00 — 6 0 480
27 26 1,00 [ —e6 6 516
27 26 1,0Q NERNGIS Full 676
31 30 400\ [ NP 0 416
31 30 1, N NN 4 ) 6 452
31 30 N,0Q \ =~ 0 500
31 30N\ 1,00 N 5 6 536
31 S0 2 [< 1,008 6 0 576
31 307 /N M0Q N\ /) 6 6 612
31 30"\ N0O N Full Full 900
35 33\ \.rho / 4 0 464
35 3 N0 4 9 545
35 33N\ 1,000 5 0 560
35/ 3n{ )] 100 5 9 641
35 NXEN 1,00 6 0 648
35 33 1,00 6 9 729
35 33 1,00 7 0 728
35 33 1,00 7 9 809
35 33 1,00 Full Full 1089
375 36 1,00 4 0 512
375 36 80 % 19 642
37,5 36 1,00 5 0 620
37,5 36 1,00 5 10 720
37,5 36 1,00 6 0 812
37,5 36 1,00 6 10 912
37,5 36 1,00 7 0 896
37,5 36 1,00 7 10 996
37,5 36 1,00 Full Full 1296
40 38 1,00 6 0 768
40 38 1,00 6 10 868
40 38 1,00 7 0 868
40 38 1,00 7 10 968
40 38 1,00 Full Full 1444
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Table 6 — P-BGA (Cavity down) 1,27 mm pitch

Number of rows in Number of
@ and |E| M e - . .
perimeter matrix terminals
27 20 1,27 4 256
31 23 1,27 4 304
35 26 1,27 4 352
35 26 1,27 5 420
40 30 1,27 4 416
40 30 1,27 5 500
40 30 1,27 6 516
42,5 32 1,27 5 (540
N
45 34 1,27 4 /\<
45 34 1,27 5 \ 580
45 34 1,27 6 \ }7\2
45 34 1,27 7 \156 /

Table 7 - T-BGA 1,2@\\

D 5

|§| and |E| M e /(N;Siibe;t%/ roatsi)l(}\> "tl::n?sglzf
27 20 ?\27 K ™~ )\/ 256
31 23 1.2 4 304
35 26 1(27 —~ \ 352
35 26 1,\&7 \ 4 420
35 26\ ( 1\2q > \\/ 6 480
40 [5&\ ) (\27\ \J 5 500
40 lao N\ \1\ N 6 576
40 > ﬁ 7 644

<\x ble 8 - T-BGA 1,0 mm pitch

IEl and Iﬂx h\ e Num.ber of rows in Numt.)er of

N perimeter matrix terminals
E\ \\25 > 1,0 4 336
31 N \29 1,0 4 400
31 \/29 1,0 5 480
31 29 1,0 6 552
35 33 1,0 4 464
35 33 T,0 5 560
35 33 1,0 6 648
40 38 1,0 5 660
40 38 1,0 6 768
40 38 1,0 7 868
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