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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SURFACE MOUNTING TECHNOLOGY -

Part 3-1: Standard method for the specification of components for
through hole reflow (THR) soldering — Guidelines for through hole

____diameter design with solder paste surface printing method
FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp

-operation on all questions concerning standardization in the electrical and electronic fields. To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re|
blicly Available Specifications (PAS) and Guides (hereafter referred to as “lEC Publication(s)”).
eparation is entrusted to technical committees; any IEC National Committee interfested in the subject dea
by participate in this preparatory work. International, governmental and non-governmental organizations li
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizati
andardization (ISO) in accordance with conditions determined by agreement between the two organizati

e formal decisions or agreements of IEC on technical matters expresSysas nearly as possible, an interng
nsensus of opinion on the relevant subjects since each technical\committee has representation frd
erested IEC National Committees.

C Publications have the form of recommendations for interndtional use and are accepted by IEC N3
mmittees in that sense. While all reasonable efforts are-made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible{for the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in theirhational and regional publications. Any divergence be
y IEC Publication and the corresponding national*or regional publication shall be clearly indicated in the

C itself does not provide any attestation of~conformity. Independent certification bodies provide conf
sessment services and, in some areas,\actess to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification bodies.

users should ensure that they have the latest edition of this publication.

rising

national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
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embers of its technical comnittees and IEC National Committees for any personal injury, property dam
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
penses arising out of_the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicati
Hispensable for the correct application of this publication.

tention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of |
hts. IEC_shall not be held responsible for identifying any or all such patent rights.

TR-61760-3-1 has been prepared by IEC technical committee 91: Electronics asse

nology. It is a Technical Report.

liability shall attach to IEC orits directors, employees, servants or agents including individual experg and

ge or
) and
r IEC
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atent
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The text of this Technical Report is based on the following documents:

Draft Report on voting

91/1734/DTR 91/1773/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 61760 series, published under the general title Surface mounting
technology, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,
e Wwithdrawn,

—

bplaced by a revised edition, or

e gmended.

IMHORTANT - The "colour inside" logo on the cover page of this document indicates thpat it
corntains colours which are considered to be useful for the correct understanding of its
corjtents. Users should therefore print this document using a.colour printer.
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SURFACE MOUNTING TECHNOLOGY -
Part 3-1: Standard method for the specification of components for

through hole reflow (THR) soldering — Guidelines for through hole
diameter design with solder paste surface printing method

1 anpn

This|Part of IEC 61760 supplements IEC 61760-3 to describe examples of solder paste’supply
metHods, the relationship between the terminal position tolerance and the through hole diameter,
and provides guidelines for the design of printed circuit boards with solder paste-surface pripting
method, including specific examples.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their coptent
consttitutes requirements of this document. For dated references,-only the edition cited apglies.
For |[undated references, the latest edition of the referenCed document (including|any
amephdments) applies.

IEC p1760-3:2021, Surface mounting technology )~ Part 3: Standard method for| the
spedification of components for through-hole reflow. (THR) soldering

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 61760-3 and the
folloying apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following
addresses:

EC Electropedia: available at http://www.electropedia.org/

. 50 Online browsing platform: available at https://www.iso.org/obp

3.1
stenil aperture

stengil opening

operjing-area for solder paste printing in the stencil

4 Solder paste application methods

4.1 General

The amount of solder paste required for through-hole reflow soldering is much greater than for
surface mount. In the industry marketplace, various methods to supply the solder paste are
utilised. All these methods have specific advantages and disadvantages and are depending
upon the board lay-out, the solder material to be used, the trough-hole components to be
inserted. Other points to be considered are production efficiency, cost and quality requirements.
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The most common method used is printing solder paste into plated through-holes and over the
pad surface during normal surface mount paste printing (solder paste surface printing method,
see 4.3). The size of the aperture in the solder paste stencil may be adjusted to allow paste to
fill the hole, cover the pad or extend over the surface of the solder mask to obtain the solder
volume required.

Another method is the solder paste surface printing method (through hole vacant method),
see 4.3.

Refer to Figure 1 to Figure 4 for comparison of both methods.

In this document, the features (advantage and disadvantage) of the solder paste-sufface
printjng reflow technology are introduced from the following two perspectives:

(@)

older paste printing stencil aperture design guidelines (see Clause 5);

¢ Influence of position tolerance between component terminals and through-Holes on thrpugh

hole diameter and stencil aperture design guidelines (see Clause 6).

IEQ

Through hole filled method Solder paste surface printing method

key

1 top side (assembly side)
2 solder paste

3 Land

4 circuit board

5 through*hole

6 bottom side

~

solder paste thickness

H solder paste protrusion height

Figure 1 — Solder paste application method
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Reflow oven side view

Figure 3 — Solder paste fallen in&s\@e the reflow oven (through hole filled method

IEC IEC IEC

a) After print b) After reflow (top side) c) After reflow (bottom side)

Figure 4 — Solder paste state of solder paste surface printing method

4.2 Through hole filled method
4.2.1 Overview

As the name indicates, the through hole filled method is a method of filling the through hole
with the required amount of solder paste using a printing method or a dispenser.
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4.2.2 Advantages

The advantage of this method is that it is applicable in cases where the solder paste surface
printing method does not provide enough space for solder printing, such as when the distance
between adjacent through holes or between through holes and adjacent component electrodes
is close.

4.2.3 Disadvantages

A disadvantage of this method is that the solder paste can drop down during the surface
mounting process. The reason for this is that the solder paste filled in the through hole is pushed

dowq by thetermimatwhemthe component termimats are mserted——————————————————— ]

In aqdition, the amount of filled solder paste varies depending on various printingcecendit|ons,
such| as printing speed, printing pressure and squeegee angle, and it is difficult to.check.

4.3 | Solder paste surface printing method
4.3.1 Overview

The polder paste surface printing method is a method of filling a thtough hole by melting s¢plder
of which the solder paste printed in vicinity of the through hole-onthe circuit board by reflow
heat|ng and then spread wetting it to the through hole sides ahd-component terminals.

This|method has been popularized recently as a means,of‘reducing of dropping solder paste,
which is a disadvantage of the hole-filling method. However, since the through hole is not filled
with [solder paste, it is necessary to ensure that the volume (actually, about twice the volume to
include flux, etc.) of the solder paste as a surface printing area in the vicinity of the compdnent
arrapgement. Another disadvantage is that if the\distance from the through-hole is increasg¢d to
seculre the printing area, it is difficult for the printed solder paste to move into the throughlhole
during the melting phase.

4.3.2 Advantages

The [amount of solder paste required can be adjusted by designing the stencil opening Jarea
(see|Figure 4).

The Fisk of solder paste 'dripping into the reflow oven during the soldering process is redliced
(see|Figure 3).

Sincge the amountof solder paste depends on the stencil aperture, the amount of solder gaste
can be easily-adjusted and stabilized.

4.3.3 Disadvantages

Adequate printing area of Sofder paste on components mounting surface 5 requited (see
Figure 4).

It can be difficult to secure the amount of solder paste supply (see Figure 4).

The solder paste does not move to the through holes when the solder paste is melted if the
supply position of solder paste is separated from the through holes by more than a certain
distance.
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5 Solder paste printing stencil aperture design guidelines

5.1 General

The required solder amount for a component terminal is the sum of the clearance volume in
between through hole and the component terminal, and the solder fillet volume on the
component terminal of top and bottom side (see Figure 5).

11— |

4 IEC
key
1 component body
2 circuit board
3 solder fillet
4 component terminal
5 terminal solder wetting length

Figure 5 — Conceptual view of solder wetting of
component terminals after reflow soldering

During reflow process, The printed.solder paste will shrink to almost a half of the printed voliime.
See JAnnex B, Formula (B.1)

5.2 | Amount of solder paste
5.2.1 Needed amount of solder paste

The [solder paste-surface printing method assumes stencil printing, and the stencil apefture
geometry is determined from the amount of solder to be supplied as described in 5.1.

The principle, how to calculate the amount of solder paste to be supplied is shown in Formulla (1).
See i i i inal.

A=(B-C)xx

(1)
where

A is the amount of solder paste to be supplied (mm3);

B is the solder volume after reflow sum of to fill the through hole and required top and bottom
side solder fillet volume (mm?3);

C is the volume of the component terminal in a through hole (mm3);
x is the volume coefficient of solder paste after melting: see Annex B;
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5.2.2

Printing volume of solder paste

The printing volume of solder paste is the product of printed area and the printed thickness.

Please note that the printed solder paste thickness can vary from the stencil thickness
depending on printing conditions. In addition, the actual amount of solder paste can be higher
than the calculated value due to the solder paste entering the through hole during stencil
printing. Thus, it is recommended to check the actual soldering result and adjust the stencil

apert

ure if necessary.

In the following, two types of solder paste printing are described, single area printing

(see

Figure 6) and slit printing (see Figure 7).

Besifles these two methods, other pattern design and printing process approaches are use

optimization of the soldering process, which are not described in this document

Sing

e area printing can have the same disadvantages of the through holé-filled method

Tablg 1). As a result, slit area printing type is utilised.

For single area printing, the minimum volume of the printing soldef. paste is obtained by
Formula (2). The solder volume entering the hole during printing is not considered in this for

whet
E s
F
t

q
4

q

E=Fxt

e

the amount of printing solder paste (mm3);
the printing area (mm?2);

stencil thickness (mm).

d for

(see

the
mula.

(2)
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2
- Y
T S8
1‘_1____:.-._3 A
dq
E
IEC
Key
1 solder paste
2 circuit board
3 component terminal
d, through hole diameter
d, component terminal diameter
T circuit board thickness

Figure 6 — Single area printing

For glit printing, the . @amount of the printing solder paste is obtained by the Formula (3).

E=(F-G)xt 3)

whelle

E is the amount of printing solder paste (mm3);
F is the printing area (mm?2);

G is the slit area (mm?2);

t is stencil thickness (mm).
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Key

QU w N

5.2.3

The
to bg

IEC

solder paste
circuit board
component terminal

through hole diameter
component terminal diameter

circuit board thickness

slit width

Figure 7 — Slit printing

Designing.amount of printing solder paste

pmount of\printing solder paste (E) becomes equal to the required amount of solder gaste
supplied/(4).

nfldence of terminal position tolerance on through hole diameter and stelncil

aperture design guidelines

6.1

The
term

Terminal position tolerance

terminal position tolerance is the allowable displacement of the centre of the component
inal from the design centre position.

According to |IEC 61760-3:2021, 4.6.5.2 the position tolerance of each pin tip should be
specified to a value between 0,2 mm and 0,4 mm in diameter.
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6.2 Relationship between terminal position tolerance and through hole diameter

6.2.1 General

For the same terminal shape and dimension, a larger terminal position tolerance will require, a
larger hole diameter and a larger area of the printed solder paste. The smaller the terminal

position tolerance gets, the smaller printing area can be designed. If enough space is avail

able

in the vicinity of the THR components, the degree of freedom to select the position tolerance

increases. For higher pin count or narrower pitch applications, normally tighter pos
tolerances, e.g. 0,3 mm or 0,2 mm, are applied.

ition

gition
ship

betwleen the terminal position tolerance and the through hoIe dlameter is shown for.@\terminal

diameter of 1,0 mm.

6.2.2 Terminal position tolerance of 0,40 mm
Example 1 is as follows:

— through hole diameter: 1,40 mm;

— términal diameter: 1,0 mm,;

— position tolerance: 0,40 mm;

— design gap on each side: 0,20 mm.

If the actual displacement of the terminal is up to thexmaximum terminal position toleran
0,20[{mm, the clearance between the terminal and.the*finished hole wall becomes 0,00 mm

ce of
(see

Figufe 8). Considering the insertion variation of.the mounting machine, an enlargement of the

throygh hole diameter will become necessary:

Dimensions in millin

IEC

Key
circuit board through hole diameter
B terminal position (centre of position tolerance)

terminal position (maximum displacement to terminal position tolerance)

Figure 8 — Terminal position tolerance 0,40 mm,
through hole diameter 1,40 mm (one side clearance 0,20 mm)

etres
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6.2.3 Terminal position tolerance of 0,30 mm
Example 2 is as follows:

— through hole diameter: 1,40 mm;

— terminal diameter: 1,0 mm;

— position tolerance: 0,30 mm;

— design gap on each side: 0,20 mm.
A minimum clearance of 0,05 mm between the terminal and the finished hole wall can be
aChi -‘v“ re—ac “‘; “““ v 1€ ‘“‘;‘-i O ““2“-“ ‘“‘; \ition
tolerance of 0,15 mm (see Figure 9).

Dimensions in millinpetres

A
A

A
Y

IEC

Key
circuit board through hole diameter
B terminal position (centre-of\position tolerance)

terminal position (maximum displacement to terminal position tolerance)

Figure 9 — Terminal position tolerance 0,30 mm,
through hole diameter 1,40 mm (one side clearance 0,20 mm)

6.2.4 Terminal position tolerance of 0,20 mm

Exammple’ 3 is as follows:

— through hole diameter: 1,30 mm;

— terminal diameter: 1,0 mm;

— position tolerance: 0,20 mm;

— design gap on each side: 0,15 mm.

In the case of a terminal position tolerance of 0,20 mm, the trough hole diameter can be reduced
to 1,30 mm.

A minimum clearance of 0,05 mm between the terminal and the finished hole wall can be
achieved, even if the actual displacement of the terminal is up to the maximum terminal position
tolerance of 0,10 mm (see Figure 10).
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022

Dimensions in millimetres

key

6.3
6.3.1

The |minimum through hole diameter of a circuit board, to insert a THR componern
determined by considering the diameter of component terminals, the terminal position tolers
and the position accuracy of th€ pick-and-place machine.

Accqrding to IEC 61760+3:2021, 4.6.5.2, a minimum clearance between terminal and fini

IEC

circuit board through hole diameter
terminal position (centre of position tolerance)

terminal position (maximum displacement to terminal position tolerance)

Figure 10 — Terminal position tolerance 0,20 mm,
through hole diameter 1,30 mm (one side clearance 0,15 mm)

Circuit board though hole diameterdesign guidelines for THR components

Circuit board though hole diameter design

shed

hole|size of 0,2 mm (030 mm on one side) is required for the diagonal line or diameter of the

term

0,3 mm (0,15 mm _on one side) can be set, when the mounting accuracy of the mou
equipment is taken into consideration.

nal (see Figure #1). A minimum clearance between terminal and finished hole siz

e of
nting
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Dimensions in millimetres

IEC IEC

c) Rectangulapterminal

Key
component terminal
B land
d, through hole diameter
d, component terminal diameter
/ component terminakdiagonal line dimension

Figure 11 — Circuit board through hole diameter
and component terminal diameter/diagonal line dimension

6.3.2 Relationship through hole diameter and solder paste supply

As the through hole diameter increases, the amount of solder paste to be supplied increases
(i.e., the printing area of solder paste increases), and the restriction on the arrangement of
components in the vicinity of the THR component becomes more sever. There is a limitation on
the travel distance to the land during solder paste melting. Therefore, it is necessary to consider
the aperture geometry of the stencil and the through hole diameter of the circuit board.

Comparison of the amount of solder paste required by through hole diameter are shown in
Figure 12 through Figure 14. These comparisons are made under following conditions:

— Component terminal dimensions, 0,5 mm diameter, 0,5 mm square, or 0,5 mm % 0,25 mm,;
— Circuit board thickness, 1,6 mm;

— Stencil thickness, 0,12 mm;

— Stencil aperture gap, 0,5 mm.
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NOTE Diagonal line dimensions are 0,7 mm for 0,5 mm square terminal and 0,56 mm for 0,5 mm x 0,25 mm
rectangular terminal.

In the case of round terminal with 0,5 mm diameter, the through hole diameter design values
are considering only the positional tolerances of 0,2 mm, 0,3 mm and 0,4 mm, i.e., when the
through hole diameter is enlarged from 0,8 mm to 0,9 mm and 1,0 mm. When the terminal
position tolerance is 0,3 mm and 0,4 mm, the printed area of the solder paste would need to be
about 1,39 and about 1,84 times, respectively, compare to the terminal position tolerance of
0,2 mm (see Figure 12).

Dimensions in millimetres

w

N\

AN

\§

i

Hatched areas represent solder paste printed argas.

Parameters Terminal position tolerance
0,2 0,3 0,4
d, 0,8 0,9 1,0
LxWw 2,8x2,8 3,3x3,3 3,8 x 3,8
Solder paste printing area ratio 1,00 1,39 1,84

Figure 12 — Through hole diameter and solder paste
supply amount (printing area) for round terminal

In the case.of square terminal with 0,5 mm x 0,5 mm, the through hole design diameter values
are ¢onsjidering only the positional tolerances of 0,2 mm, 0,3 mm and 0,4 mm, i.e., when the
through,hole diameter is enlarged from 1,0 mm to 1,1 mm and 1,2 mm. When the terminal
posifiontolerance is 0,3 mm and 0.4 mm, the printed area of the solder paste would need {o be
about 1,30 and about 1,63 times, respectively, compare to the terminal position tolerance of
0,2 mm (see Figure 13).
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Dimensions in millimetres
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Hatched areas represent solder.paste printed areas.
Parameters Terminal position tolerance

0,2 0,3 0,4

d, 1,0 1,1 1,2

LxW 3,6 x 3,6 41 %41 4,6 x 4,6
Solder paste printing area ratio 1,00 1,30 1,63
Figure 13 — Through hole diameter and solder paste
supply amount (printing-area) for square terminal

In th

valugs are considering only the positional tolerances of 0,2 mm, 0,3 mm and 0,4 mm, i.e.,

case of rectangular terminal with 0525 mm x 0,5 mm, the through hole design diameter

when

the through hole diameter is enlarged from 1,0 mm to 1,1 mm and 1,2 mm. When the terminal

posifion tolerance is 0,3 mm and 0,4 mm, the printed area of the solder paste would need
abodt 1,21 and about 1,50 times, respectively, compare to the terminal position toleran

0,2 mm (see Figure 14).
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Dimensions in millimetres
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Hatched areas represent solderpaste printed areas.
Parameters Terminal position tolerance
0,2 0,3 0,4
d, 1,0 (4 1,2
LxWw 4,0 x 4,0 44 x 4.4 4,9 x49
Solder paste printing area ratio 1,00 1,21 1,50

Figure 14 — Through hole diameter and solder paste
supply amount (printing@rea) for rectangular terminal
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Annex A
(informative)

Calculation method for solder fillet volume of the round terminal

The schematic cross-sectional diagram of the solder joint region is shown in Figure A.1.

IEC

Key

1 component terminal

2 solder fillet (top side)

3 land (top side)

4 circuit board

5 land (bottom side)

6 solder fillet (bottom side)

d, circuit board land diameter (top side)
d, component terminal diameter

dg circuit board land diameter\(bottom side)
t circuit board land thickness

hy solder fillet height\(top side)

hy solder fillet.height (bottom side)

NOTH The shape of the meniscus in this figure is idealized/simplified to enable a simple calculation.

Figure A.1 — Solder joint region cross section

Assuming the solder fillet shape with component terminal can be approximated by the following
circular truncated cone (see Figure A.2):

— the base is the same round as the land diameter;

— the top is the same round as the component diameter;

— the height is same as solder fillet height.
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Figure A.2 — Solder fillet approximated by a truncated cone

14 :lﬁhlsz +dd +d 2)

Thus
usin

3

V,= %nhj(d; +d,d, +d,”)

e
s the circular truncated cone volume, top side (mm?3);

s the circular truncated cone volume, bottom side (mm3);
circuit board land diameter, top side (mm);

component terminal diameter (mm);

circuit board land diameter, bottom side (mm);

solder fillet height, top side (mm);

solder fillet height, bottom side (mm).

volume of the solder fillet can be calculated by subtracting the volume of the above cir
ated cone by the volume of the inside component terminal.

d, Y
V3:V1_7z.7 h1

d, Y
V4:V2_7Z'7 h2

, the-votume of the solder fillets both top side (74) and bottom side (¥,) can be obtg
) Formula (A.1) and Formula (A.2) respectively.

cular

ined

1 2 2
V3=Enh,](d1 +dydy - 2d5° (A1)
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