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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization,compr
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat
p-operation on all questions concerning standardization in the electrical and electronic fields. To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Req
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC‘Publication(s)”).
reparation is entrusted to technical committees; any IEC National Committee interested_in the subject dealt
ay participate in this preparatory work. International, governmental and non-goverpmental organizations lia|
ith the IEC also participate in this preparation. IEC collaborates closely with thénternational Organizatio
tandardization (ISO) in accordance with conditions determined by agreement’between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as hearly as possible, an internat
bonsensus of opinion on the relevant subjects since each technical, dommittee has representation fro
terested IEC National Committees.

FC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made\to ensure that the technical content of
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for
isinterpretation by any end user.

order to promote international uniformity, IEC Natignal' Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their natienal and regional publications. Any divergence bet
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |

FC itself does not provide any attestation of eonformity. Independent certification bodies provide confo
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification bodies.

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

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experts
embers of its technical committees-and IEC National Committees for any personal injury, property dama
ther damage of any nature _whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to theNormative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

ttention is drawn.tothe possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shalknot be held responsible for identifying any or all such patent rights.

TR 60068-3-12 has been prepared by IEC technical committee 91: Electronics asser
nolegy- It is a Technical Report.
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This

nira edition cancels and replaces the secona edition puplished In ZUT4. This ed

constitutes a technical revision.

tion

This edition includes the following significant technical changes with respect to the previous
edition:

a)

Extended purpose

Guidance is added on how to create a reflow profile considering the tolerances resulting
from the accuracy of the measuring equipment, preparation method and specifications of
the component manufacturers (components, PCB, solder paste, etc.).
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Distinction from existing standards

The envelope profile given in this document does not represent a temperature-time profile
for the qualification of materials but defines the reflow process limits for the soldering of
electronic assemblies.

The schematic temperature-time-limit curves of the envelope profile are derived from
generally valid findings (literature data). Additionally, tolerance considerations are given for
all envelope points of the envelope profile.

c)

d)
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In contrast to IEC TR 60068-3-12:2014, the creation of the envelope profile is not primarily
linked to a concrete example.

EC TR 60068-3-12:2014.
Synergies with existing standards

|imit values and tolerances from standards and guidelines for the qualification of mate
bre included in this document and are listed as examples in the references.

text of this Technical Report is based on the following documents:
Draft Report on voting
91/1776/DTR 91/1804/RYDIR

information on the voting for its approval can be found in the report on voting indicate
pbove table.

language used for the development of this,Technical Report is English.

document was drafted in accordancecwith ISO/IEC Directives, Part 2, and develope
prdance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement, avail
ww.iec.ch/members_experts/refde¢s. The main document types developed by IEC
cribed in greater detail at www.iec.ch/standardsdev/publications.

t of all parts in the IEC 60068 series, published under the general title Environmental tes
be found on the IEC website.

committee has decided that the contents of this document will remain unchanged until
ility date indicated on the IEC website under "http://webstore.iec.ch" in the data relate
specific document. At this date, the document will be

econfirmed,

vithdrawn,

eplaced by a revised edition, or

mmmmrmmwmmmw it i i ra
ead-free reflow soldering process using SnAgCu solder paste that is taken from

fials

d in

d in
hble
are

ting,

the
d to

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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The enormous variety of materials and components processed in SMT requires to consider their
thermal properties, especially in reflow soldering.

Since the second edition essentially limited its focus to lead-free soldering, there is a need to
extend the contents in order to cover state of the art reflow soldering processes in general.

Reflow soldering is a joining process using an additional metal (solder) with a liquidus

tem

(seg ISO 857-2:2005).

Ref
con

of law pressure (vacuum).

The
join
prin

In a

the
etc.

components and circuit boards to solder heat, as well as the specifications of the solder p

and

timg curve for a specific product (see DVS 2613).

Thig document is intended for engineers (e.g. development, manufacturing technology,
preparation) and operators (production)(responsible for the creation and release

tem

Thig document initially was prepared by the German DKE GUK 682.2 "Thermal joi
technology in electronics”.

erature of 450 °C or less, in which solder paste or preforms are reflowed

Hensation (vapour phase), radiation (e.g. infrared) or contact heat as well as ‘'with the

goal of a qualified reflow soldering process is to create high qualityCand reliable so
s at product level. It is important to avoid soldering defects and damage to components
ted circuit board.

[ddition to the requirements for the formation of reliable salder joints, the specification
connection partners and the production requirements (t€mperatures, final layers, all
, an adequate process control is an important facter.” Primarily the resistance of

or flux, need to be considered. The sum of these physical limits is a theoretical temperat

berature-time (7-t) profiles for reflow soldering in surface mount technology.

ow soldering can be carried out with the technical processes of convection (air or pitrogen),

help
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and

s of
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ENVIRONMENTAL TESTING -

Part 3-12: Supporting documentation and guidance —

Method to evaluate a possible lead-free solder reflow temperature profile

1

Thig part of IEC 60068, which is a Technical Report, describes the creation of temperature-

Scope

ime

profiles (in specific envelope profiles) for reflow soldering of electronic assemblies, considering

tole
spe

The
qua
Qusg

hea
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The

3

No t

ISO
add

4

4.1

Acc
dets

rances resulting from the accuracy of the measuring equipment, preparation-method
cifications of the manufacturers of components, circuit boards, solder paste, letc’).

envelope profile given in this document does not represent a temperature-time profilg
ification but defines the reflow process window for the soldering of. glectronic assemb

, or in IEC 60749-20, IEC 61760-4 and IPC/JEDEC J-STD-020E for moisture sensit
sification of components.

Normative references

re are no normative references in this document.

Terms and definitions
erms and definitions are listed in this\document.

and IEC maintain terminologjcal’ databases for use in standardization at the folloy
resses:

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

SO Online browsing.platform: available at http://www.iso.org/obp
Determination)of an envelope reflow profile

Temperature-time-envelope curve

brding~to IEC 61191-1:2018, 8.2.2, manufacturers of electronic assemblies neeg

rmine the parameters of a soldering process as follows:

and

for
ies.

lification profiles can be found, for example, in IEC 60068-2-58 forresistance to soldering

vity

ving

to

"The process shall include, as a minimum, a reproducible time/temperature envel
including the drying/degassing operation (when required), preheating operation (w
required), solder reflow operation, and a cooling operation."

ope
hen

The necessary envelope points for the creation of a temperature-time-envelope curve result
from the respective minima and maxima of the data for the solder heat resistance of the
components and PCBs, their minimum solderability temperatures, as well as from the
specifications of the solder paste and/or flux. The cycle time (time per electronic assembly) and
the process time (7 to T3 end) influence each other.

The

temperature-time curve is described by the units in Table 1.
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Table 1 — Temperature-time curve — Units

Physical quantity Symbol Units Remark
Temperature T °CorK AT, Temperature differences in kelvin (K)
1K=1°C
0°C=273,15K
Time t s or min
Gradient G K/s AT/IAt

4.2 | Diagram of a theoretical envelope reflow profile

Figure 1 shows the maximum (upper line in red) and minimum (bottom line in green)theore
temperature-time curves for a reflow soldering process with all envelope points defining th
twolcurves. The reflow soldering profile measured in each case is expected to be'tocated w

the poundaries of the envelope profile, as shown in Figure 1.

Temperature

I5

- Hmax

«\1y time to peak

tp process time————»

Time

NOTE /The’calculation of gradients is described in 5.3.

ical
ese
thin

IEC

Figure 1 — Schematic envelope reflow profile

4.3 Key parameters of the envelope reflow profile

Table 1 describes the main requirements for setting the envelope points for defining the upper
and lower limits of an envelope reflow profile.

The envelope points take into account material-specific data, in particular the resistance to
soldering heat, as well as findings for the reliable formation of the solder joints (alloy properties,
microstructure formation, etc.). Therefore, there are, for example, temperature-time curves
which are measured on the components (soldering heat resistance) and temperature-time
curves which are measured on or in the solder joint (soldering). In addition, the manufacturing
expectations regarding the cycle time of the individual product need to be taken into account.
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The "Tolerance" column in Table 2 needs to be completed by the manufacturer of the electronic
assemblies. The measurement errors are treated as "inset" limits, which means that the
estimated measurement error (e.g. 5 K for the temperature measurement chain) is subtracted
from the upper limit values, and added to the lower limit values. This is to ensure that the limit
values cannot be exceeded.

In the "Comment" column in Table 2, corresponding notes are given for each parameter.

Table 2 — Envelope points of a reflow temperature-time-profile

Enwmpewﬂ—mm—'—?ypwm—kml Commemnt
T, temperature (y-axis)
Ty Start T, > room Reference temperature to determinethe
temperature temperature reflow profile.
Typical: 50 °C Temperature is significantly above room
temperature — consider-the-production negds.
Temperature at whieh(the recording begins.
T, Lower +5 K Consider solderpaste recommendations and
preheating needs of PCBsAssembly.
t t
emperature IEC 6176042020, 6.2.2
IPC/JEDEC J-STD-020E: T . (s = soak)
T, Upper -5 K Consider solder paste recommendations @nd
preheating needs of PCB-Assembly.
temperature
IEC 61760-1:2020, 6.2.2
IPC/JEDEC J-STD-020E: T, (s = soak
Ty Liquidus Note the difference between solidus and
temperature liquidus temperature. The solder alloy is
completely fluid (liquidus temperature).
Consider solder paste recommendations.
IEC 61760-1:2020, 6.2.2
IPC/JEDEC J-STD-020E): T, (T = liquidys
temperature
Tombx Maximum peak | Zp'is below the The maximum peak temperature is eitherthe
temperature classification maximum allowed temperature at the
temperature T, (i.e. termination (e.g. dissolution of metallizatipn)
th Id c or the maximum temperature measured op
t e max.t so ;mnfg the package top side (e.g. moisture/reflow
emperature 1, o sensitivity of non-hermetic components).
the component)
IEC 61760-1:2020, 6.2.2: T,
Tomax = Tc — 5K
IEC 60068-2-58:2015, 7.6.4.4: T,
IPC/JEDEC J-STD-020E: T,
Consider: T, = T — 5K,
T.: classification temperature
IPC TM 650 2.6.27A
T .. Minimum peak T,+15K The minimum peak temperature is normally
pmin 3 . .
temperature the temperature at the termination of the
component (solder joint). Reaching the
minimum peak temperature enables the
solderability.
IEC 60068-2-58:2015, 6.6.5
IPC-7093, IPC-7095,
IPC/JEDEC J-STD-020E
Tomin = (T3 + 15 K)
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Envelope point Explanation Typical value Tolerance Comment

End
temperature

Reference temperature to determine the end
of the reflow profile.

Temperature is significantly below the solidus
temperature. Consider the production needs.

Temperature at which the calculation ends.

t, time (x-axis)

Himin :\/Iin. preheating Minimum time between 7, and T,
ime
Consider that ¢, is part of the time to peak.
Consider solder paste and component
recommendations.
IEC 61760-1:2020, 6.2.2
Y4ma Max. preheating Maximum time between 7, and 7
time
Consider that ¢, is part of the time to peal.
Consider solder paste.and component
recommendations.
IEC 61760-1:2020,6.2.2
ty Process time
from T, to T,
(end of peak)
tami Min. time above | Typical: 230 s Time ‘above T,
liquidus
temperature Consider the solder alloy recommendatiofs.
t,in IEC 61760-1 and IEC 60068-2-58
t, in IPC/JEDEC J-STD-020E
Additional reference: DVS 2613
t3ma Mag. time above | Typical: < 90 s Time above T,
liquidus
temperature Consider the component recommendation|.

Additional reference: DVS 2613

Time to peak

Process time
from Ty to Tp

Time between T, and Tp

Consider the solder paste recommendatig
and component specification.

t, in IEC 61760-1 and IEC 60068-2-58

=]

Time_oh peak

Corresponding to
the component
specification (7)

Consider the component specification.

The heat resistance of components limits |z .

IPC/JEDEC J-STD-020E, Time (tp)* withir

5 K of the specified classification
temperature (7;)

13 T EC 6 1+780-tamdtEC60068-2-58

G, gradient AT/At

Ramp rate

See the instructions of the component and
material suppliers.

G, Max. heating -0,5 K/s |Consider the solder paste and component
gradient to T, recommendation
preheating IEC 61760-1:2020, 6.2.2

G, Max. heating -0,5 K/s |Consider the component recommendation

gradient from T,
to T,

IEC 61760-1:2020, 6.2.2,
IPC/JEDEC J-STD-020E
Max ramp-up rate (3 K/s)
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Envelope point Explanation Typical value Tolerance Comment

G, Max. cooling +0,5 K/s | The cooling gradient is negative therefore the
gradient from T, tolerance is positive.
to 7y Consider the component recommendation.

IEC 61760-1:2020, 6.2.2,
IPC/JEDEC J-STD-020E
Max. ramp-down rate (-6 K/s)

G, Max. cooling +1 K/s The cooling gradient is negative therefore the
gradient from 7, tolerance is positive.
to T Consider the component recommendation for

cooling. The cooling gradient below liquidus
temperature is not separately specified in
IPC/JEDEC J-STD-020E and

IEC 60068-2-58.

5 |Temperature profile measurements

5.1 Determining the measurement locations

The| temperature-time profile is measured product-specific on” a real assembly (electrpnic
asseémbly).

Figure 2 shows a schematic view of important measuremént locations.

The|following items are essential for the determination of the measurement locations.

— Position of the large and small thermal mass:

NOTE Here not only components are in focus, hut'also the areas on the test board with the largest and smallest
hermal demands.

— Materials or components with critical solder heat resistance (e.g. electrolytic capacitors,
bptical components, sensors).

— The PCB material.

— Distinction between the-solder joint and the position at the top of the package, which
pssentially describes thé“solder heat resistance.

— ['hermocouples can:be required on both sides of the measurement assembly, especially if
he reflow soldering machine is equipped with top and bottom side heating.

— By means of\the atmospheric temperature, information about the thermal interagdtion
between the'measuring assembly and the reflow soldering machine can be colledted.
However, it is not absolutely necessary for product profiling.

— Measuring points are limited to an essential number.

— The“available channels of the data logger need to be considered.

When contacting the thermocouples, the added thermal mass at the measurement location
is minimized. This is especially important when testing small components.

Generally, the temperature drops near the transport chains, especially when measuring close
to the CBS (centre board support).

PCB areas without components show the highest temperatures. This also applies for
measurements on the package top side of the highest components.

To determine the position of the large and small thermal masses on the test board, a thermal
imaging camera can be helpful. For this purpose, the test board is warmed up to a uniform
temperature, e.g. 150 °C, by a heat chamber, and then the cooling behaviour of the board is
observed. A large thermal mass will cool down more slowly than a small thermal mass.
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TPmin (sensitive) TPmin (small mass) TPmax (big mass) TPmax (PCB)
T Pmax (sensitive) l *r— T, Atmosphere
Thermal sensitive Small thermal mass Big thermal mass Tpmin (big mass)

component can be a location on PCB __ can be a location on PCB £c
Key
Tomid (sensitive) temperature on solder joint on sensitive component
Toma (sensitive) temperature on the package top side
Tomid (small mass) temperature on solder joint on smallest thermal mass
Tomid (big mass) temperature on solder joint on biggest thermal mass
Tpmak (big mass) temperature on the package top side
Tpmak (PCB) maximum temperature on PCB surface
Tptm sphere temperature approximately 6 mm above PCB surface

Figure 2 — Recommended temperature measurément locations on a test board
5.2 Selection and attachment of thermocouples
5.2 Types of thermocouples
For|reflow measurement applications Ni€rNi K-type thermocouples are typically used, with a
limifing error of 1,5 K (see IEC 60584-12013, Table 12).
The|use of sheath thermocouples can be a reasonable alternative to non-mantled types, which
visibly consist of only one wiréyand are therefore much easier to apply (Figure 3). Since|the
conponents and their solder joints are becoming smaller and smaller, the thinnest possible wire
diameters are preferred ‘(e.g. sheath thermocouples @0,25 mm), which also have shqrter
response times. The temperature resistance of the insulation material and connector matérial
(oftén recognizable-by’ the colour or colour coding), which needs to withstand multiple reflow
pasges in the saoldering system, is also important, as well as sufficient strain relief. A dlear
labglling of the.measurement location and of the thermocouple connector is of advantage.

IEC

SOURCE: Trainalytics GmbH, Lippstadt 2019. Reproduced with permission.

Figure 3 — X-ray of a sheath thermocouple
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It is important that the size of the thermocouple (wire diameter, etc.) corresponds to the
measurement location and that the thermocouple itself does not significantly distort the thermal
mass at the measurement location (Figure 4).

5.2.2 Preparation of thermocouples

Prior to installation, the thermocouples need to be checked thoroughly to avoid damage during
installation. For more information, see IPC-7801, Section 7.

It is important that the two exposed thermocouple wires do not touch each other up to the point

of ¢

nnnaction Owald) Twictina of tha tharmacounla wirae waould chift tha maoaciiramant oo
Sazay) HOR-W-B+E)— WS HR-G- o+ et eHRocoUpr8— W8S Wo tha—SHHttHe-HheaSsSHemehRt1o6

and

SOU

5.2.

Both, DVS 2613, 3.3 Preparation_and IPC-7801, 7.5 contain valuable information on fixing

ther
with

When using adhesives tfor thermocouple attachment, the thermal energy will most likely

con
con
0,4

falsify the measurement results (Figure 4).

0‘ V-
N
’
&Q
IEC IEC
a) Good example b) Rejectable because of twisted wires

RCE: ERSA GmbH, Wertheim 2019. Reproduced with permission.

Figure 4 — Example of a) acceptable and b) unacceptable attachment of the
thermocouples

3 Attachment of thermocouples

mocouples on the measuring assembly. Table 3 summarizes the main preparation meth
their advantages and disadvantages.

Hucted at least partially through the adhesive. The adhesive needs to be therefore thern

W/mK is stated.by the IPC-CA-82.

tion

the
ods

be
ally

Huctive itself so as not to falsify the measurement result, IPC-7530A. A minimum valug of
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Table 3 — Thermocouple attachment methods

Preparation method

Advantages

Disadvantages

Polyimide tape
UL

Fast preparation

Multiple use of the thermocouples
possible

Weak fixing, thermocouple usually
holds only one reflow pass

Big measurement errors to be
expected

IEC

Fast preparation

High adhesive force, therefore,
several reflow passes possible

Multiple use of the thermocouples
possible

Good measurement results to be
expected

Expensive

The thefmal mass is additionally
incredsed (especially for small
cormponents)

Thgrmal conductive paste

Good measurement results to be
expected

Preparation requires practice and
skill, thermocouples require
additional fixing (e.g. wire)

Paste not always available, and
expensive

SMPD adhesive

Good measurement results to be
expected

SMD adhesives mostly available

High adhesive strength, therefore
several reflow passes possible

Multiple use of the thermocouples
hardly possible

Too much adhesive falsifies the
measuring results

Preparation requires practice and
skill

IEC

Soldering with high-temperature
solder

Good measurement results to be
expected

Mechanically stable, therefore
several reflow passes possible

Multiple use of the thermocouples
hardly possible

Preparation requires practice and
skill

High-temperature solder is not
always available, and solderable
surfaces are also required, which
is hardly possible with
thermocouples.

[SOURCE: Rehm, Thermal Systems GmbH, Blaubeuren 2019. Reproduced with permission.]
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15—

Figure 5 shows good and bad examples of how to fix thermocouples to the board with SMD

adhesive and polyimide tape.

(r

Measuyring Tip.

Good example
Because:

1) Thermocouple is in contact with measurement
location

2) Thermocouple is at 90° to component axis on
measurement location

3) acceptable amount of adhesive

Thermocouple

IEC

1EC

Bad example
Because:
1) Excesive SMD adhesive

2) Thermocoupléris attached in the axial component
lead) directionvon measurement location

(or

Bad example
Because:

1) Thermocouple is not in contact with measuremen
location.

2) Thermocouple is attached in the axial component
lead) direction on measurement point.

3) Twisted wires, see Figure 4.

4) Polyimide tape does not fit properly: too much sp
between the tape, thermocouple and PCB.

(or

pce

SOURCE: Rehm, Thermal Systems GmbH, Blaubeuren 2019. Reproduced with permission.

Figure 5 — Examples of good and bad thermocouple attachment

To fix thermocouples to LEDs demands special care. LED manufacturers provide important
information on this in their LED specifications and accompanying documents. An example is

shown in Figure 6.
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" TCens point

IEC

o
e
SOURCE: OSRAM, Measuring of the Temperature Profile during the Reflow Solder P@s, Application Note, 4013.

Reproduced with permission.

Figure 6 — Thermocouples (TC) fixed t&)’aﬁt ED

5.2.4 Influence of attachment method and operator o\n&easurement results

Figure 7 shows the results of field measurements ofgsame test board prepared by diffefent

pergons with the respective methods. Q

250 7] 250
4 L 9
g 245 $ £ 245
g o
2 240 2 240
: 3
g 235 £ 235
& h

230 230

Thermocouple attachment Thermocouple attachment
N Alu-tape B K -tépe B SMD glue . B Alu-tape ™ Kapton-tape ®SMD glue IEC

al measureme@»@tion on the package top side b) solder joint of an electrolytic capacitor

Shown are $e®§alues and standard deviations.

Samples prepared by more than 100 persons.

SOUREEZY Rehm, Thermal Systems GmbH, Blaubeuren 2019. Reproduced with permission.

Figure 7 — Results of the same test board prepared by different methods
5.3 Temperature gradient
5.3.1 Gradient calculation

The principle of gradient calculation is shown in Figure 8.
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IEC IEC

The gradient G is the slope AT/At of the line through | The gradient changes with the change of the time intefval
points (¢4, 7) and (t,, T,) At.

NOTE The time,interval Ar can usually be set in |the
software of the datarloggers used.

SOURCE: OSRAM, Measuring of the Temperature Profile during,the Reflow Solder Process, Application Note, 4013.
Reproduced with permission.

Figure 8 — Gradient calculation

Figure 9 shows an example of how the calculated gradient of a cooling curve changes when the
timg interval A¢ is changed from 5 s.t0,10 s or 20 s. The maximum gradient of this curve is
calqulated for the point (339 s, 150 *€) and an interval length of 5 s. The calculations with| the
londer interval lengths result in flatter gradients of 5,7 K/s and 4,1 K/s.
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260
= ,
250 - - Gradient
s‘—-__ -~ calculated over Ar=5s
240 ‘~s\ G=72K/s
230 S~ _
\\ Gradient
220 SO <~ calculatedover Ar=10s
210 N G=5,7KI/s
§~~
200 Seao
- -
190 ™
\
180 N
170 N
\
160 Max. gradient 5\
150 of the cooling curve at (339 s, 150 °C) \\
140 G=72Kls N -
N 4
130 x5
120 =5
O n
110 D) S~ao
100 Gradient ‘-.‘
calculated over Ar=20's )
90 G=41K/s N
80 (
200 295 300 305 310 315 320 325 330 3357 340 345 350 355 |360
Time (s) Ec
Figure 9 — Example of a gradient calculation on a temperature-time curve
7] Sampling rate
tronic data loggers offer the possibility to set the sampling rate (measuring clock, measufring
uency, sampling interval) and\‘the interval length. Changing these settings |has
sequences for the calculationigfithe gradient, as already shown in Figure 9.

By means of a correlation analysis it could be proven that an interval length Az of 10 s is best
bble. 5 s is the lower reasonable limit. For an interval length of 5 s, a sampling rate of 0,1 s
st suitable. For anlinterval length of 10 s, an increase of the sampling rate from 0,1 |s to
5 is not critical. A'sampling rate greater than 0,2 s is not advisable.
clusion: Intérval length 10 s, sampling rate 0,1 s had best results.

conclusion is based on the following assumptions.
[here is a proper fixing of the thermocouples. Otherwise, the measurement results would

e ClosSe 10 an "alr measurement .

rrelevant in gradient determination and are not included here.

There are no random measuring errors at the measuring device (data logger).

remain unconsidered.

5.4

Analysis, comparison and overlay of different reflow profiles and best practice

Systematic measurement errors, which are always present with thermocouples, are

Fluctuations of the reflow soldering system and/or heat transfer within the measuring interval

The following examples demonstrate best practice when different reflow profiles need to be
analysed.
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If the starting point for all profiles is at a fixed point like the reflow oven entry, it is hard to
compare the main profile features (see Figure 10).

260 fET
2404.240.0 °C

220 220,0 °C
2004:200.0 °C

=]
o o

>

TN
o O o o o p
il FOPIr TRy rtehrs

Temperature (°C)
]
o

60,00 90,00 120,00 150,00 180,00 210,00 240,00 270,00 300,00 330,00 360,00 390,00 420,00 450,000 480,00 510,0

Time (s) IEC

Figure 10 — Overlay of different reflow profiles (origin at:oven entry)

When evaluating temperature-time profiles of several measurement location points of an

elegtronic assembly, it is helpful for comparison to align these profiles according to their
maxXimum temperature.

The|different profile curves need to be shifted on the tinie axis to create an overlay in the geak
temperature zones as shown in Figure 11.

N
0.

I N N
O O O O OO O O O O o o o o

T L e T NIFE 7 : =

240,0 °C i #

2200°C i ‘ % A N
: ‘ . 7 R

2000 °C

N
N

11700°c

[N o AN N
N

Temperature (°C)

N

60,00 90,00 120,00 150,00 180,00 210,00 240,00 270,00 300,00 330,00 360,00 390,00 420,00 450,00 480,00 510,00

Time (s) IEC

Figure 11 — Overlay of different reflow profiles (overlap at start of peak zone)

In this case it can be confirmed whether all temperature-time curves of the respective
measurement locations are located within the defined envelope profile.

5.5 Measuring equipment

Requirements for thermocouples, data logger and accessories are described in IPC-7801.

6 Tolerance analysis of the measurement chain

The selected thermocouples create a continuous measurement chain with the data logger. A
calibrated data logger is a pre-requisite. The requirements for the data logger are described in

IPC-7801, Section 6, which requires an accuracy of the measuring equipment after calibration
of £2 K.
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Measurement chain - overall
Reflow . L .
equipment

Measurement board——  Thermocouple —— Data recording unit —» PC software

IEC
Figure 12 — Measurement chain

The entire measurement chain shown in Figure 12 is influenced by the following factors:

— the control behaviour of the reflow soldering system, which is a process fluctuation and
Fannol be influenced by the user. Strictly speaking, it is not part of the characterizalioh of
he measurement chain; however, it does result in fluctuations in heat transfer;

— the measuring system, which consists of the prepared test board, the | attaghed
hermocouples, and the connected data logger;

— the transfer of the data to a final PC software.

The|respective tolerances are explained in Table 4.

Table 4 — Tolerances of the temperature measurement chain

Lipk of the measuring Measurement differences Remark, source
chain in kelvin (K)
Best case Usual

Reflow equipment

Control behaviour +0,5 K 1 K Field“experience

in IPC-7801, 10.4, +2 K is required after calibratig

=]

Homogeneous heat +1,5K 2,5 K Field experience and user specifications

transfer
Mostly influenced by the so-called cross profile

(measured over the transport width of the reflow
soldering machine)

Test board

Attachment of the +2,0 K +5,0 K Field experience
thefmocouple on the

mehsuring assembly Fixing of the thermocouple with SMD adhesive or

aluminium tape

Thermocouple 10,5 K +1,5 K IEC 60584-1:2013, Table 12, specifications and
tolerances.

Datja recording unit +0,5 K 10,5 K General information of the manufacturers

PC|software Here, particular attention is paid to the radio
transmission of the measuring data to complete data
transfer.

Under best conditions (proper preparation of the test board, good — if possible calibrated —
technique, reflow soldering equipment, data logger, etc.), the total tolerance of the temperature
measurement chain (mean square deviation) is:

Best case *2,6 K
Usual +5,9 K

However, the fundamental requirement of IEC 61191-1:2018, 8.2.1 b) can be met:

"... maintain the soldering temperatures for the range of component thermal masses and
solder joint sizes to within £5 °C of their selected temperature profile, throughout the span
of the required continuous soldering production run;".

The process capability is determined under consideration of the required tolerance span.
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NOTE The algorithms and requirements necessary for the calculation of process capability are described in
IPC-7801, 9.1 "Cpk — Process Capability Index and Cp — Capability Performance”.

7

7.1

Optimizing a temperature profile

General procedure

This Clause 7 describes by means of an example how to determine optimal reflow soldering
machine parameters to meet the objectives of a temperature-time envelope profile for an
electronic assembly.

1)
2)

3)

4)

5)

6)

If si

7.2

Figy

Select a suitable test board and describe it as accurately as possible with regard-tc
hssembly and material properties. Production targets consider, for example, cycle_tim€

Determine the temperature-time-envelope profile. A detailed knowledge of the solder
esistance of the assembled components is necessary; see Clause 4).

Define measurement locations on the test board: soldering point of the smallest and lar
hermal masses, on the package top side and, if necessary, further méasuring points
op and bottom side of the assembly, etc. For the determination of thexsmallest and lar
hermal masses, the use of a thermal imaging camera of the measuring assembly car
nelpful. A thermocouple can be used to measure the atmespheric temperature
Clause 5).

Select the reflow soldering system and describe it: number.and dimensions of heating
cooling zones, top and bottom heating, etc.

f possible, perform a simulation of the temperature-time behaviour of the measu
bssembly under the conditions of the selected reflow soldering machine to calculate
heoretically optimal reflow soldering machine parameters (settings) (knowledge of the

ransfer coefficient is needed for the simulation).

Perform real measurement with the test _board in the selected reflow soldering syst
Based on an established temperatureprofile, it is of advantage (according to gen
bxperience) to change only one factorin‘the following order during each further optimiza
un:

h) transport speed;
D) zone temperatures;

C) convection rate.

mulation results are‘available, verify them using the measurement results.

Description.of a typical test board and the used reflow oven

re 13 shows the design of a test board used in the following example.

its
neat
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jest
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see
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ring
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heat

eral
tion
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- FR4

— One layer

— 206 mm and 290 mm
— Thickness 1,6 mm

— 35 um Cu with iNiAu

Active perts / L

A ept  muRata

EPCOS

th. NXxe $ SCHWEIZER Components:
e i — Passive down to 03015

- SITIdTIt COMPOTEeTts,
— Diverse connectors (1/

- Power componen@
- like ERU25
— Finishes: mo Sn

Solder paste: S (QUSOS

— LEDs from Dragon to 0402,

SOU

by r

requiired to determine the optimum reflow sold

Des

7.3
As

6’
RCE: Rehm, Thermal Systems GmbH, Blaubeuren 2019. Reproduced with’&r;ission.

Figure 13 — Description of a test board (eI@omc assembly)

Thig test board is used primarily to demonstrate the ran%% components that can be procegsed
cially their considerable differencgs in
thermal masses, provides a particularly good & for an example to demonstrate the sieps

eflow soldering. The wide range of components&

system parameters.

icription of the used reflow soldering m@me

Bystem type: Convection rerov&@olderlng system
Heated length: 3 000 mm

Preheating: 5 zones o \(') mm each (top and bottom)
Peak: 2 zon@ 350 mm each (top and bottom)
Cooling zones: 3 zenes of 350 mm each (top)

Schematic @Iope reflow profile for the example board

Hescribed i1 2), the creation of an envelope profile is based on the knowledge of

the

properties materials and components used. Table 5 summarizes all envelope points |and

limifs of t velope profile of the selected sample assembly.

&
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Table 5 — Envelope points at the envelope reflow profile for the test board

Enve.lope Explanation Target Source
point
T, Reference _temperature to determine the 50 °C
reflow profile
Gradient 1 :
; ; ; Requirement IC components
Max. heating gradient to 7,, preheatin
G, 99 2P g 3.0Kis (acc. data sheet)
T, Min. preheating temperature 150 °C Recommendation solder paste
imbx Max. preheating time 240 s Recommendation solder paste
4 min Min. preheating time 120 s Recommendation soldefr paste
T, Max. preheating temperature 210 °C Recommendation solder pastq
Grddient 2 .
; ; Requirement [C components
Max. heating gradient from 7, to 7, (peak
G, g9 2 p (peak) 3.0K/s (acc. data_$heet)
. Requirement IC components
t
5 Time on peak 10s (acddata sheet)
Tokin Min. peak temperature 230 °C Experience value (solder joint|
Data sheet critical component
Toplax Max. peak temperature 255 °C measured on the package top
side
Grddient G ;
3 . . < Requirement IC components
G, Max. cooling gradient 6,0 K/s (acc. data sheet)
I3 min Min. time above liquidus 20s Experience value (solder joint
Requirement IC components
I3mbx Max. time above liquidus 90 s (acc. data sheet) and
recommendation solder paste
T, Liquidus temperature 217 °C Alloy (solder paste SAC)
. Requirement IC components
t
4 Time to peak <300s (acc. data sheet)
Figyre 14 shows the graphical visualization of the envelope profile limits defined in Table §.
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ed line indicates the upper line of the envelope profile.

preen line indicates the bottom line of the envelope profile.

F  The temperature-time curves of the measuring locations are usually not symmetrical with respect t
num temperature 7.

Figure 14 — Envelope reflow profile for the test board

Preparation of test board

be able to provide evidence of theyactual temperature-time reflow curves achie
suring points for attaching thermocouples need to be defined on a suitable measu
bmbly (see 5.1). To determine the l@cations of the smallest and the largest thermal mas

bIpful to use a thermal imaging.eamera.

re 15 shows the thermal jmages of the examined test board. The transformer ERU25,
ss of 31 g, was localized as the location of the largest thermal mass and the placen
of the 0201, 01005 and 03015 sized components as the location of the smallest thel
S.

a)

the

ed,
ring
ses
d, it

with
hent
mal

IEC IEC [/

Initially blackened testboard b) After 30 s cooling c) After 300 s cooling

Figure 15 — Thermal images of the test board after cooling down from 150 °C

EC

With these results and the information on the soldering heat resistance of the components (in
each case from the corresponding data sheets), it was possible to determine the measurement

loca

tions on the sample assembly contained in Table 6.
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Table 6 — Measurement locations on the sample assembly

No. Measurement location
1 Automotive connector (large) pin top
2 Automotive connectors (large) package
3 Automotive connector (large) pin bottom
4 Shielding solder joint
5 Shielding top side

Atmosphere

ERU25 soldered joint

ERU25 top side

Q0

0201-chip solder joint

Forsimplification, only the ERU25 solder joint (largest thermal mass) and-0201-chip solder |
(smpllest thermal mass) are discussed in the following. The temperature-time curves of all o
solder joints are naturally in between. Furthermore, the temperature-time curves for,
example, measuring points on the package top side and their possible violations of the enve

profi

7.5

The|temperature-time-profile setting preferably startswith a simulation (model calculation).
can|save valuable working time and less experienced employees can be supported in optimi
reflow soldering programs. Simulation programsvare offered by equipment manufacturers

well

Input parameters into the simulation are the geometrical and thermal parameters of the re
soldering system (dimensions of the> heating zones, heat transfer coefficients, etc.
description of the assembly as exact-as possible (especially the thermal mass and/or thickr

of th

pasie. The simulation model usés these data to calculate the necessary setting values for
zong temperatures and the transport speed of the reflow soldering machine in order to optin
the |temperature-time curve of the assembly. The transport speed can be set as a {

para
The

temperatures and times with respect to their compatibility with the given temperature-
envelope.

Ultimately,. the simulation is based on estimates of the thermal mass of the assen
conponents and the heat transfer in the heating and cooling zones but provides instantane

resu
tem

le are not explained in detail.

Possibility of temperature profiling optimization ‘with simulation tools

as manufacturers of measuring equipment<and service providers.

e components as well as their solder heat resistance) and the requirements of the so

oint
ther

for
ope

lhis
ring
as

flow
, a
ess
Ider
the
nize
tart

meter, based on the desired throughput of the boards (reciprocal value of the cycle time).

simulation calculation checks the temperature gradients and the maximum and minin

Its’ from changes in the settings. Due to the estimated values, a measurement of

hum
ime

nbly
ous
the

erature curves at the exposed positions (largest and smallest thermal masses), as we

| as

a thermocouple in the atmosphere (see Figure 2) is additionally necessary to verify the
simulation and the actual zone temperatures. If necessary, the estimated input values such as
the thermal masses and the heat transfer coefficients can then be adapted to the measurement.
The simulation then provides without waiting time the effect of changes in the zone settings

(sett

ings of the reflow soldering machine) or the transport speed.

NOTE A simulation for reflow profile optimization with the help of numerical, analytical and empirical models always
generates a prognosis, which reflects the actual temperature-time curves only with an approximation (uncertainty).

Howe

ver, the number of iteration steps in the reflow profile generation can be reduced.

The test board shown on Figure 13 was described as follows for the simulation variant used

here

(Figure 16).
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ue

Density: circuit board material
Assembly ID PCB 1,6 BT 7 mm density from 1 600 kg/m? to
2 400 kg/m3
g |
density “ 2000 kg/m3 Heat capacity: circuit board materi
heat capacity 1000/ Jikg K heat capacity from 800 J/kg K to
circuit board thickness 1,6 mm 1200 J/kg K
component thickness 3 10, mm o )
component area fraction E 25 % Circuit board thickness
Component thickness: height of
components, to use as a mean val
melting point of the solder alloy ™ 217 °C or a maximum. Typical steps are
1 mm, 2 mm, 5 mm. Entering 0
means calculation without
m components.
Component area fraction: area
= fraction covered with components,
Optional values for verification use as a mean value or-maximum.
Typical values are 101%,25 %, 40
lepgth of the circuit board 100 mm Entering 0 means galeculation with
w|(dth of the circuit board 160 mm components.
= L “ Length and width? Circuit board
weight of the circuit board i 51,200 g dimensions
weight of the assembly 131,200 g Calculatéd ffom the input paramet
N are mass of circuit board and mas
"thermal mass B" 1600,0 J/m2 K theassembly, thermal mass of the]
“"thermal mass C" S 4100,0 J/m2 K circuit board (B) and of the
components (C)
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In addition, the reflow soldering equipment needs.to be described geometrically and therm

(wit

orc

here gives a range of heat transfer coefficients and suggests typical values, depending on
madhine configuration. The value of (45 W/m2 K used here reflects both-sided heating in

Figure 16 — Geometric and thermal description of the test board

an be measured by means of commercially available measuring boards. The program U

ally

n regard to its heat transfer coefficients) ascphecisely as possible (see Figure 17). The heat
tranisfer coefficients can be obtained from the>manufacturer of the reflow soldering equipn

nent
sed
the
the

heating zones and one-sided cooling'in the cooling zones.
. Cy
Reflgw oven convection'§=2&cool
numper of process zones o 1 -
over| length Y 5050 mm
Nt
\‘

zong 0 1 2 3 4 5 6 7 8 9 10 "

heat

zong length in mm @' Y 775 350 350 350 350 350 350 350 350 350 350 775

O he zone 2zone 2zone 2zone zone zone Zohe zZohe 2zone zone zone zone zone zZohe Zzol

transfer coeffici

=

20 45 45 45 45 45 45 45 35 35 35 20

Figure 17 — Geometric and thermal description of the reflow soldering equipment
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The envelope points of the desired envelope reflow profile, which are given for this example in

Tab

le 5, are also included in the simulation.

After entering the reflow soldering equipment settings for the zone temperatures and the
transport speed, the simulation calculates the predicted reflow profile shown in Figure 18 for:

— the bare board, corresponds to the smallest thermal mass (0201 chip)
on the example board = upper line of the blue band;

— the assembled test board (Figure 13), corresponds to the largest thermal mass (ERU25)
on the test board = bottom line of the blue band;

— atypical solder joint profile on the test board, indicated by the black line;

— the liquidus temperature of the SAC solder, indicated in green;
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— the envelope curve, indicated by the red and dark green dashed lines.

— -
— Upper and lower envelope
5-) “ e s
g 300 Test board profile band
© s Liquidus
3 e=mmms Typical solder joint profile
£ 250 yp joint p
i)
200
150 Q"
100 . (1/
NV
, -
50 \
o , N N I O ) I W A ] S B
0 60 120 180 240 300 360 420 480 540 600 660 720 780
Time| (s)
%.Zone 2zone zone zone 2zone zone zonﬁvné Zone zZone 2zone zone zone zone zong
0 1 2 3 4 5 6, 8 9 0 1
Temperature in °C Y 825 145 175 205 210 245 265\ 255 116 52 34 25
Conyeyor speed Y 530 mm/min low oven convection 5-2 and cool
Roofn temperature a 20 °C &Assembly ID PCB1,6BT7 mm

7.6 | Iteration steps for finding reflow equipment setup

Figure 18 — Predicted reflow profile with help of simulation (blue band)

IEC

If rgsults from a simulation are\available, they can significantly shorten the iteration steps in
manual reflow profile optimization. This means that the predicted reflow soldering equipment
can|be used directly during-the first measurement. The first measurement after a simulatidn is

gengrally called confirmation run.

If ng simulation datajare available, it is recommended to limit the iteration steps to the change
of the transportsspéeed at first and to adjust the temperatures of the heating and cooling zdnes

according to.émpirical values.

For|the selected test board, the following three iteration steps are discussed.

NOTE 1 The colour display of the measurement results in Table 8, Table 10 and Table 12 has the following meaning:

e green — there is no violation of the envelope profile;

e red - there is a violation of the envelope profile.

NOTE 2 The measurement results of all runs including the envelope profile are shown in Figure 19 for the 0201-

chip solder joint and in Figure 20 for the ERU25 solder joint:

e red - at least one temperature-time curve violates the limits of the envelope;

e green — all temperature-time curves are within the limits of the envelope profile.

NOTE 3 Information on the limits of the envelope curve is given in Table 5.

1) Step 1: All settings of the reflow soldering machine were adjusted according to experience

(see Table 7).


https://iecnorm.com/api/?name=ec283dd693da0d50fadaed871c9499e9

- 28—

Table 7 — Settings according to experience

IEC TR 60068-3-12:2022 © IEC 2022

Zone V1 V2 V3 V4 V5 P1 P2 K1 K2 K3
Tyoper (°C) 145 160 175 190 205 235 340 97 35 26
Tiower (°C) 145 160 175 190 205 235 340 0 36 0

Transport speed | 950 mm/min
Table 8 — Measurement results for the settings from Table 7
Component type Temperature, T, Time above liquidus, 7, Gradient, G,) ,
°C s Kls
0201-chip solder joint 257 34 33
ERU25 solder joint 205 0 2,2

and thus the heat input.
2)

Table 9 — Settings for second run

he results show that the solder joint of the 31 g ERU25 transformer cannot be soldgred
vith these reflow soldering system parameters. The results fram.the first run indicate
oo little heat was introduced into the assembly and therefore the'ERU25 solder joint did
each the minimum soldering temperature required. For thisyreason, the next step waps to
educe the transport speed to increase the residence timesof the assembly in the furrjace

that
not

Btep 2: Settings of the reflow soldering machine fof the second run (see Table 9). THese
settings are taken from the simulation describedyin/7.5.

NOTE 4 The results from the first run provide a goed basis for the optimization of the simulation model
e.g. adjustment of the heat transfer coefficients).

Zone V1 V2 V3 v4 V5 P1 P2 K1 K2 K3
Typper (°C) 145 175 205 210 245 275 275 97 35 26
Tiower (°C) 145 175 205 210 245 275 275 0 0

Transport speed | 530 mm/min
Table’10 — Measurement results for the settings from Table 9
Componentitype Temperature, T, Time above liquidus, 7, Gradient, G, ,
°C s Kis
0201<chip solder joint 260 124 2,7
ERU25 solder joint 238 84 1,6

The results of the second step show that especially for the 0201-chip soldering point there
is a clear violation of time above liquidus #5. In contrast, the soldering parameters for the

ERU25 are already in the optimal range (see Figure 19 and Figure 20). As can be seen from
the visualization of the measurement results in Figure 18, the time above liquidus at the
0201-chip solder joint is exceeded because the liquidus temperature of the solder is already
reached in preheating zone 5. At the same time, the temperature of the 0201-chip solder
joint at the end of preheating zone 5 is at the upper limit of the envelope profile. For this
reason, the temperature in zone 5 is reduced by 35 °C.

3) Step 3: Adaptation of the heating zone temperatures (see Table 11).
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