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INTRODUCTION

The Pin in Paste method, also called through-hole
reflow technology, has become increasingly impor-
tant during the past few years. Reaching a higher
degree of automation with existing manufacturing
equipment is one primary advantage. Further advan-
tages are as follows:

e Elimination of the soldering by hand or wave
methods

* Reduction in manufacturing floor space

e Reduction in manufacturing equipment -
consequently in investment cost

» Compatible with the existing processes

» Use of no-clean soldering process possible

* Higher reliability at PC board level due to fewer
soldering processes

* Lower heating stress at the component level
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Picture 1 - Process Flow

TecHNOLOGY

The current production process of electronic boards
consists of two main steps component placement
and soldering. During Step 1, the PC board will be
populated with surface mount components (SM) and
soldered by reflow. During Step 2, through-hole com-
ponents (TH) are mounted and soldered by hand or
wave. To eliminate Step 2, all TH components would
have to be switched to equivalent SM parts. The
problem occurs that some equivalent SM parts are
simply not available on the market or due to electrical
and mechanical limitations, a solution is not possible.

w4 Littelfuse

Through Hole Reflow Technology provides a method
to switch TH components to the SM process without
losing the advantage that TH components offer. Ad-
ditionally, extensive changes at the board and pro-
cess levels may not be necessary. If 0EM's and con-
tract manufacturers would like to consider Through
Hole Reflow Technology, they must consider that the
specification of the SM assembly process has to be
compatible with the specifications of the TH compo-
nents. The main requirement of the TH components
is to withstand the direct exposure to high tempera-
tures during reflow soldering. Additional require-
ments to be considered is component handling by
automatic pick & place equipment and modification
of the solder paste printing process. With the cor-
rect modifications of the assembly process, the
manufacturer can ensure the quality and long term
reliability of the solder joint.

Littelfuse has conducted trial tests in cooperation
with an independent laboratory to determine the
optimal assembly parameters and to gain experi-
ence with this technology. The results show that
Littelfuse’s products TR5® 382 SM and Clips for 5 x
20mm fuses are suitable and appropriate to be
processed using Through Hole Reflow Technology.

Picture 2 - Sample Board
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ReauiREMENTS ON THE COMPONENT

Temperature

During wave soldering, the heat attacks the TH
component via direct conduction through the wire
leads. With reflow soldering, the entire component
(casing + terminals) must withstand temperatures
up to 260°C over several seconds. The Littelfuse
products TR5® 382 SM and Clips for 5 x 20mm fuses
meet the requirements using solder with or without
lead content.
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SusminiaTure Fuses

Specifications
Packaging
500 Blister Tage (20800 pen}
Materials
BasaCap:  Brewn Thamoglasoe
Pebyamide PA BS, UL 34 V0
Reund Pins:  Copgar. 5n plated
Operating Temparature
0 +88 °C (consider da-rating)

Standard

No. 382 SM / TR5® IEC 60127-3/IV, 250 V, T

lead free
Planar Surface ‘
b Approvals
e

Time-Currant Characteristic
Stand uﬁ4 clilus Ascognized
- METI-T-Mark

Time Lag T}
485 "C/21 days
METLPSE VIEC $0088-1,:2-1,-2-2.-2-781
[ Stock Conditions
+10°C 10 +80 °C
relative bumidity < 75 % yearly average,
withaut Sew, um i for 30 days-95 %
Vibration Resistance
4 eyclas at 15 min. sach (EN BO0GE-6)
10 - 80 Hi 91075 sm amphtude
B0 - 2000 Hr w1 10 g accelaration
Lead Pull Strangth

Climatic Catagory
40T

Features

Soldarability
20°C, <35 (Reflow)
350", £ 3 5 Soldering Iron)
Soldering Heat Resistance
260 °C, 90 » (EC 60063-2-200

Marking

260°C, 10 sec.
(IEC 60068-2-20)

Pin Length: 1.4mm (- 0.1mm

Picture 3 - Datasheet Extract - Solderability TR5" 382 SM

Stand-0ff Housing

The construction of the component’s housing
should allow a visual inspection of the solder joint.
Additionally, a stand-off pad underneath the
component’s body is very important to ensure that
there is no contact with the solder paste during
reflow. The planar surface on top of the component
makes it easy for vacuum pick up in the center with
pick & place equipment.
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Planar Surface

Stand Off

Picture 4 - TR5" Housing

Packaging

The components are available in standard packag-
ing for use in pick & place equipment. TR5® 382 SM
fuses are delivered on tape with a width of 16mm.
Due to the special structure of the tape, the leads
are always positioned in the same direction to fa-
cilitate the mounting process. This makes the han-
dling easier and saves assembly time.
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Picture 5 - Tape & Reel Drawing TR5"SM
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DesiGN REQUIRMEMENTS

Hole Diameter

Trials and tests with the sample board have shown a
hole diameter of 0,9 —1,1 mm is an optimum value
for TR5® 382 SM fuses where the pin diameter is
0,6mm. The hole diameter is measured at the end of
the PC board manufacturing process including the
plating. If the PCB hole diameter is too small, it is
very difficult to fill the hole properly with paste dur-
ing solder paste printing. Low solder volume can
cause a low quality solder connection. On the other
hand, an oversized hole requires too much solder.
In this case, multiple printing steps may be required
to properly fill oversized holes.

Picture 6 - Sample board with different hole diameters
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Lead Length

The required lead length of the component is depen-
dant on the thickness of the PC board.

Of particular importance is whether the leads can jut
out through the hole on the bottom of the PC board
or not. If not, only one solder fillet is on the top side
and did not affect the components on the bottom
side. Very long leads can push out too much paste
and thus during reflow soldering, the solder cannot
flow back to the solder joint. Please note that if the
lead length is longer than the board thickness, the
lead length protruding from the bottom of the board
should not exceed 1,5mm. The thickness of our
sample board is 1,55mm, whereby the component
lead lengthis 1,4 mm.

Picture 7 - Drawing Lead Length

Process REQUIRMENTS

Solder Volume

Sometimes overprinting and printing on the board's
solder mask is necessary to reach the required
solder paste volume. Due to this fact, the solder
paste should be compatible with the solder mask
material used on the board. The ideal combination
leaves no excess solder residue behind during
reflow. All solder should flow back to the solder joint.
Our recommendation is to test the compatibility
between solder paste and solder mask material
before implementing Through-Hole Reflow
Technology.
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Picture 8 - Paste Print with Overprinting

The solder paste volume is calculated as follows.

Solder paste contains about 50% of metal material.
The other partis additional material which oozes out
during the reflow process. Therefore the required
paste volume is double that of the calculated total
volume.

_9%
paste total

The total volume of the paste required is calculated
by the hole volume (V, ) minus the lead volume
(V.. ) In case the lead does not jut out of the hole
on the bottom of the board, the fillet has to be added
once. Otherwise, the fillet needs to be added twice.

V

total —

V. -V, +(2*V

lead fillet)

V v

hole — Viead Vhole s Hole Volume minus Lead Volume)

hole rest —

vV +(2*V

total — " hole rest fiIIet)
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Hole Volume Calculation

vV =m/4* (D

hole rest

2D

hole lead

2) %

Vv =0,35mm2*h

hole rest

with
D,,, = hole diameter =0,9mm
D,..,=lead diameter=0,6mm
h = board thickness (mm)

Fillet Volume Calculation

V. =0,215*r2*2p(0,2234 *r + a)

fillet

with a=Ileadradius =0,3mm

r = solder pad radius minus lead radius =
solder pad radius minus 0,3mm

Total required paste volume with one fillet:

V. =2%(0,35mm?*h +0,215*r2* 21t (0,2234 * r + a))

paste

Total required paste volume with two fillets:

V_ =2%(0,35mm?*h +2%0,215* r2* 21 (0,2234 * r + a))

paste

S
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Picture 9 - Solder Volume
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Solder Paste Printing

In order to dispense the solder paste on the board,
different methods are possible. Some companies
use solder paste dispensers where the paste is
pressed through special nozzles. Printing using a
stencil is the most common method. The thickness of
the stencil is dependent on the lowest pitch compo-
nent on the board - in a range of 75um — 300um.
With a variation of the aperture size, the required
paste volume can be properly controlled. Aperture
size in ratio with diffent hole sizes is shown in Table
1. These values are made by actual trials. In general,
the aperture size must cover the hole and solder
pad.

Printing

Best results are obtained when printing twice onto a
board without separating the PCB and stencil.
During the second printing step no additional paste
is applied onto the surface mount pads, but paste
will flow deeper into the through-hole drillings. An-
other method involves printing the paste twice, but
using a second seperate stencil. During the first
step, the paste for TH components is forced into the
hole. Then, with the second stencil in place, addi-
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tional paste will be added to the hole as well as to
the TH solder pads and SM parts. Two stencils and
printers are required for this method. A further
solution is to use a stepped stencil. The paste for SM
components will be printed first. During the second
printing step, paste is applied into the hole using a
second stencil with etched recesses on the bottom
side. The etched recesses are needed to prevent the
first print from bluring.

Paste

It is not easy to offer a recommendation with regard
to the solder paste as there are so many different
types on the market. The following requirements are
basic characteristics. High viscosity is required dur-
ing time of application. If the paste dries too fast after
printing, it is possible that the lead will press too
much paste through the hole. With a low viscosity,
the paste is unstable and may not properly cover the
hole. The paste must be applied with the correct
viscosity and robustness for the solder process to be
successful.

PCE Stencil Drilling Hale . =tencil =tencil
. . Componernt . Size Aperture Aperture
Thicknes= Thickness [Diameter) )
[circlel (rectangular]
[mm] [mim] Type [mim] circle wiclth (17 weichih (20 [rmrm] | = we (mm
155 015 TRSE 352 09 0& 167 085
155 015 TRSE 352 1 0& 239 1,51
155 015 TRSE 352 I 1.1 0& 2493 1,99
155 015 Cligr 1.3 1.2 045 272 1,60
155 015 Clips 1.4 1.2 o4s 3,06 218
155 015 Clips 15 1.2 o4s .94 2 EE
155 015 Clips 16 1.2 o4s 447 310
155 015 Clips 1.7 12 n4s 4 .98 351

Table 1 - Hole Size Ratio Stencil Aperture

n
WICKMANN @

our continuing strategy to deliver unparalleled circuit protection solutions,

technical expertise and application leadership, we proudly introduce the

WICKMANN Group and its products to the Littelfuse portfolio.

wwwiittelfuse.com



Quality

The pilot test batches have been inspected visually
accordingto IPC610B class B.

The tests are based on the acceptance criteria for
electrical components for soldering joints of
through-hole components. Non-visible areas were
checked by means of polished cross-cut images.
The following criteria served as a basis:

e aminimum of 75% solder coverage on bhoth
sides of the wire leads

* less than 30% air cavities

* 100% wetting at the surface of the drilling hole
and on the component lead

The soldering results showed no deviations from the
IPC Standard. The results showed a good solder
connection without an increase of cavitation shrink
holes.

Wi Littelfuse

Project: Pin in Paste wic 'MANN-WerkE
Clip

Drilling Hole 1.4mm

Pin 1

ZAVT Lippstadt

14.12.2001

Picture 4

Zoom factor 50x
SR

Picture 10 - Polished cross-cut image - Clip

Project: WICKMANN-Werke
TR5¢ .
Drilling hole 1.1mm
Pin 1

ZAVT Lippstadt
14.12.2001
Picture 10
Zoom factor 50x

— 500 ¢m

Picture 11 - Polished cross-cut image - TR5"

our continuing strategy to deliver unparalleled circuit protection solutions,

n
WICKMANN @ technical expertise and application leadership, we proudly introduce the

wwwiittelfuse.com

WICKMANN Group and its products to the Littelfuse portfolio.



WA Littelfuse

CLEARANCES AND CREEPAGE
DISTANCES FOR TR5® PIN-IN-PASTE

Fuses for primary protection has to fulfil The minimum creepage distances are defined in
requirements regarding clearances and creepage Table 1. For common applications for 250 V with
distances. pollution degree 2, PCB material group 2 (CTI 400 to

IEC 60065 defines the requirements for audio, video  600) the minimum distances are:
and similar electronic equipment.

Table 8 of IEC 60065 defines the minimum Basic or
clearances for insulation in circuits conductively Supplementary insulation: 1.8 mm
connected to the mains. For r.m.s. voltages up to 300 Reinforced insulation: 3.6 mm

V and d.c. voltage up to 420 V the distances are:
TR5® Pin In Paste:

Basic or
Supplementary insulation: 2.0 mm The recommended PCB layout for TR5® PIP is
Reinforced insulation: 4.0 mm shown in picture 12.

If the manufacturing is subjected to a quality control The Clearances and creepage distances for an
program (an example for such a program is given in  application with TR5® PIP meets 3.6 mm under the

annex L of IEC 60065) the distances are: above shown conditions.
Basic or

Supplementary insulation: 1.5 mm

Reinforced insulation: 3.0 mm

51 mm

Picture 12 - Recommended Pad-Layout
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