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Guidelines for Pb-Free Soldering of Fairchild Components
Based on JEDEC® J-STD 20D / IEC EN 61760-1:2006

Introduction

The basic concepts behind the Pb-free SMT reflow process
are the same as the old industry standard Sn63Pb37 solder
used for decades in the electronics industry. The proper
characterization of the equipment, with consideration given
to the board component loading, as well as the selection of
the appropriate materials and printing process, result in a
reliable, high-yield, low-rework assembly run. Similarly,
proper characterization of the Pb-free wave-solder process
results in consistent wetting of the terminals and through-
holes with no damage to surface mounted components on
the same board. This application note presents Fairchild’s
recommendation for a starting point for SMT and wave
solder profiles; however, it is critical to recognize that a
soldering profile that works for one board and material set
likely differs from other production runs if the material or
board design is different.

Solder Profile Basics

The placement of the thermocouples is critical for an
accurate solder profile. Industry experts, such as Jabil
Circuitl, recommend a review of the leaded components on
the board to establish the hot spots, such as the package
body, and cold spots, such as the terminal (where it sits on
the land pattern). For array packages, such as WLCSP and
BGA, it is a little more challenging, but very important;
especially with large array packages. The top of the body is
selected and, for the terminals, the recommendation is to
drill a hole in the middle of the center ball and one of the
perimeter balls to insert the thermocouples. Generally,
selection of the largest components is desired for the
thermocouples as they are slowest to reflow due to their
thermal mass. The smallest packages and edges of the
printed circuit board (PCB) should also be considered, as
these heat quickly and could be overstressed if exposed to
extended heating. Fairchild strongly suggests that customers
review recommendations in JEDEC® JEP140 for
thermocouple use.

Package Peak Temperature

JEDEC® J-STD 020D recommends that the target peak
package temperature for Moisture Sensitivity Level (MSL)
assessment be selected based on package volume and
thickness. J-STD 020D is “...not meant to specify board
assembly profiles;” however, to prevent component
damage, actual SMT profiles should not exceed the
parameters J-STD 020D Table 5-2, reproduced below:

Table 1. J-STD 020D Table 5-2
Thickness Volume (mm3)
(mm) <350 350-2000 >2000
<1.6 260c 260c 260c
1625 260c 250c 245¢
>2.5 245c¢ 245¢c 245¢
Note:

1. All Fairchild packages are rated for Pb-free solder using
JEDEC® J-STD 020D MSL classification specification
solder profile and are backward compatible with
conventional Sn63Pb37 solder. Packages receiving an
MSL rating greater than one may need to be baked
before assembly, depending on storage conditions (see
product packaging for recommendations / requirements).

The Reflow Process®

Refer to Figure 1 for an illustration of a typical Pb-free
Surface Mount (SMT) reflow profile.

In the reflow process, each of the process zones is critical
for good performance.

The preheat zone’s purpose is t0 evaporate any solvents in
the solder paste or in the construction of the board. A ramp
rate of three degrees centigrade per second (3°C/s) is the
maximum recommendation to avoid splattering, bridging of
solder fillets, slump, or solder-ball creation. Careful control
of the ramp rate also helps avoid thermal shock stress of the
components and the PCB.
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In the soak zone, flux components are activated and the
reduction of oxides on both terminals and board pads
begins. The soak is important where there is a wide mix of
component sizes (and mass) as they are all brought up in
temperature in preparation for soldering.

The third process area is the reflow zone, in which the
solder spheres in the solder begin to melt together, forming
the solid mass needed to provide the strength in the bond
between the component and the board.

APPLICATION NOTE

The final step is the cool-down ramp rate. At this point, the
board and components are brought back to room
temperature at a controlled rate so no solder intermetallics
that can weaken the bond form. The cool-down ramp rate
affects the grain structure in the solder joint, which affects
board-level reliability; in particular, drop test performance,
where finer structure results in better results. Faster cool-
down ramp rates result in finer grain structures.
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Pb-free Surface Mount (SMT) Reflow Process

© 2013 Fairchild Semiconductor Corporation
Rev. 1.0.0 + 10/8/13

www.fairchildsemi.com



AN-5241

Solder Reflow Profile Examples

Examples of Pb-free solder reflow profiles for various Fairchild Semiconductor SMT packages, showing that there is no
single universal solder profile that can be used for all packages and boards.
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2. The time above 217°C is 63-66 seconds, depending on which thermocouple is viewed.

[Bénsial| Description | Optimzation|

Fairchild-Derived Reflow Profile for WLCSP Using SAC305 Solder Paste

APPLICATION NOTE

Soask Time 190-210C

Reflow Time j217C

Figure
Note:

Front 1.7 32% 300 -33% 456 -45% 234.2 58
H Middie 17 40% 355 21% 465.5 .459%, 237.0 -30
¥ Rear 17 40% 350 -22% 47.0 -43% 236.3 37

Delta 0.04 557 1.38 277 -

<« | »
0 0 0 0 0
Ori T 55 143 83.0 1170 165.0 2120 2580
Orlginal Bottom . 86.0 1220 165.0 2120 2550

Predicted Top 24% 128 911 1250 174.2 2168 2608

Predicted Bottom = % 84.1 1300 174.2 216.8 260.8 i
Top and Bottom are the same

3. Fairchild-Derived Profile for 8x8 Multi-DAP QFN (MLP) Using SAC305 Solder Paste

3. The time above 217°C for this much-larger package is only 45-47 seconds. The difference is the PCB has a low density
array of this package type, so thermal load is lower than the example in Figure 2 above.
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APPLICATION NOTE
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Fairchild-Derived Profile for .35 mm Pitch UDQFN Using SAC305 Solder Paste

4. The tiny UDQFN was assembled on a high-density board that featured a mix of packages and included a large number of
0603- and 0204-sized passive components as well as a 144ld TQFP package. The reflow time is around 60-70 seconds.

General | Description | Optimization |
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Figure 5.
Note:

Fairchild-Derived Profile for 6x6 Multi-DAP QFN (MLP) Using SAC 305 Solder Paste.

5. The difference in this profile compared to the one for the 8 x 8 version of the same package technology in Figure 3.
The reflow time in Figure 5 is 53-59 seconds compared to 45-47 seconds for the bigger package in Figure 3.
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Solder Profile for Pb-Free Dual-Wave Soldering Process

To achieve good results with lead-free wave solder process,

the condition of the solder must be considered, with analysis 260 )‘ HOSMA;
recommended every 5000 boards. The process should be 250 ‘n'
carefully optimized as lead-free solders are slower to wet 230 /

compared to traditional SnPb solder. Contact time, conveyor

speed, and width are critical parameters for lead-free. 200

For ramp temperatures, the delta should be no more than 200C/S MAX 5C/S MAX COOL DOWN
200°C/s with preheat heating rate of between 1 and 4°C/s, HEAT RAMP
with 2°C/s typical. The target of the final preheat stage 150

should be to bring the board to within 125°C of the
soldering temperature. The maximum time across both
waves should be limited to 10 seconds. The cool-down ramp
should be 5°C/s maximum. 260°C is the maximum 100
temperature and should not be exceeded.
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Figure 6. Lead-Free Dual-Wave Process
(refer to EN 61760-1:2006)
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DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS
HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS
PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY
FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems 2. Acritical component is any component of a life support
which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be reasonably
(b) support or sustain life, or (c) whose failure to perform expected to cause the failure of the life support device or
when properly used in accordance with instructions for use system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to
result in significant injury to the user.

© 2013 Fairchild Semiconductor Corporation www.fairchildsemi.com
Rev. 1.0.0 + 10/8/13 5



