Selective Soldering -How it has
evolved to become an Integral
Method in Today’s Manufacturing
Processes
by Patrick McWiggin, Technical Director at SolderStar

:PUJL YLN\SH[PVUZ ^LYL IV\NO[ PU MYVT [OL ,\YVWLHU <UPVU»Z
Waste Electrical and Electronic Equipment (WEEE) and the
9LZ[YPJ[PVU VM /HaHYKV\Z :\IZ[HUJLZ 96/: [V LUMVYJL SLHK
MYLL ZVSKLYPUN [OL \ZL VM ZLSLJ[P]L ZVSKLYPUN [LJOUPX\LZ OH]L
increased greatly.

Selective soldering is the method of
soldering selectively through-hole (TH)
JVTWVULU[Z VU H TP_LK [LJOUVSVN`
assembly, which would otherwise need to
be hand soldered, or passed over a wave
soldering machine following the soldering
VM[OL:4;LSLTLU[Z^P[OPUHYLÅV^V]LU
It is commonly used where a number of
conventional technology components
or connectors need to be added to high
X\HSP[` TLKPJHS H\[VTV[P]L VY HLYVZWHJL
SMT assemblies. To combat the potential
damage to the surrounding parts on the
7*) [OL YLX\PYLTLU[ MVY [OL ZLSLJ[P]LS`
ZVSKLYLK YLNPVU ULLKZ [V IL L_HJ[" [OPZ
resulted in the need for process control
technologies to be developed which would
ensure the procedure was carried out within
HKLÄULKWYVK\J[PVUZWLJPÄJH[PVU
;/ JVTWVULU[Z HWWLHY PU THU` JVTWSL_
TP_LK [LJOUVSVN` 7*) HZZLTISPLZ HUK
several methods of selective soldering are
available that address the necessity for site
ZWLJPÄJ ;/ ZVSKLYPUN PUJS\KPUN [VVSLK KPW
soldering systems and programmable miniwave machines.

Figure 1. Mini-Wave Front & Back
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The use of selective soldering for leadMYLL ;/ ZVSKLYPUN HWWSPJH[PVUZ YLX\PYPUN
higher process temperatures has many
advantages over other methods like
conventional wave soldering due to the
potential of increased reliability. Because
JVTWVULU[ZHYLL_WVZLK[VSV^LY[OLYTHS
contact during the process it eliminates the
potential internal thermal damage.
:VTL TP_LK[LJOUVSVN` HZZLTISPLZ
soldered with standard wave solder
LX\PWTLU[ ^V\SK ULLK [V \ZL J\Z[VT
designed carriers and masking. However
THU` HZZLTISPLZ MVY L_HTWSL Z[HJRLK
and double-sided SMT assemblies, and
L]LU ZVTL ;/ KL]PJLZ HYL [VV JVTWSL_
to be processed this way. The carriers
YLX\PYLKHYLHSZVX\P[LJVTWSL_[VWYVK\JL
and may render this approach prohibitively
L_WLUZP]L
If a board assembly cannot run through the
wave soldering process, there is an option
to hand solder, but this process can be
inaccurate and cause failure which would
YLX\PYLYL^VYR0[PZHSZVWYVOPIP[LKPUOPNO
reliability applications commonly found in
the automotive and military production. To
reduce this inaccuracy, specially designed
selective soldering systems have been
developed.
With the need for selective soldering
increasing, SolderStar has developed
H KLKPJH[LK YHUNL VM WYVJLZZ WYVÄSPUN
products for the selective processes.
These specialised instruments have been
developed, in conjunction with a leading
global military and aerospace company, to
provide a standalone and comprehensive
ZL[\WHUK]LYPÄJH[PVU[VVSMVY[OLPYJOVZLU
selective soldering process.
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This military company was already using
[OL L_PZ[PUN :VSKLYZ[HY >H]L:O\[[SL
PRO system for process control on their
conventional wave soldering processes.
The measurement of wave contact time,
immersion depth, wave parallelism and
[LTWLYH[\YL WYVÄSL HYL HSS YLX\PYLK [V ZL[
up the wave solder machine correctly and
these measurements could be captured in
one single pass with the WaveShuttle PRO.
Manufactured from 10mm anti-static
JVTWVZP[LHUKÄ[[LK^P[OK\YHISL[P[HUP\T
side rails, the system was designed to
work with daily production testing. The
TLHZ\YLTLU[ Ä_[\YL HSZV PUJVYWVYH[LZ
titanium contact sensors on the underside
which captures wave parameter data as it
moves through the solder wave, including
a true measurement of wave height.
Additionally the system measures preheat
WYVÄSLZHUKZVSKLYWV[[LTWLYH[\YLZ
All key process parameters are captured
with a single run through the machine. Data
is then downloaded via USB or wireless
interface for analysis on the engineer’s
JVTW\[LY (SS WHYHTL[LYZ JHU IL X\PJRS`
HUHS`ZLK I` \ZPUN [OL \UPX\L :VSKLYZ[HY
Process Checker function showing the
good/bad limits to allow periodic process
]LYPÄJH[PVU [V IL WLYMVYTLK ^P[OV\[ [OL
need for specialist knowledge.

Figure 2. Mini-Wave Software Screen

By capturing data on the temperature
WYVÄSL HZ ^LSS HZ ZVSKLY ^H]L PU[LYHJ[PVU
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parameters in the same pass, it provides
medium and large electronics’ manufacturers
with set up capabilities as well as full, costLќLJ[P]L :7* VM [OLPY ^H]L ZVSKLYPUN
process.

Solderstar Smartlink system, it included a
KLKPJH[LK TLHZ\YLTLU[ Ä_[\YLWHSSL[ ;OPZ
included three arrays of solder contact
sensors, including;
-

X Speed Sensors – which measure
HUK]LYPM`[OLZWLLKVM[OL?H_PZVM[OL
machine

-

Y Speed Sensor – which measure and
]LYPM` [OL ZWLLK VM [OL @ H_PZ VM [OL
machine

-

Height Array – Contact sensors that are
ZL[ H[ OLPNO[ PUJYLTLU[Z VM TT [V
TT[VHSSV^[OLOLPNO[VM[OLZVSKLY
ºI\IISL»[VIL]LYPÄLK

Advantages of the WaveShuttle Pro include:
•

•

It allows for comprehensive parameters
measurement with a single pass through
a machine
It is a reliable way to solder in volume

 ;OL [P[HUP\T JVU[HJ[ ZLUZVYZ VќLY [OL
highest measurement accuracy on wave
height, main and chip wave parameters
•

Pre-heat and solder pot temperature
measurement sensors are included to
ensure accuracy

 ;OL TT Ä_[\YL WYV]PKLZ H YVI\Z[
platform for daily production testing
•

It can be adapted with made-tomeasure widths and sensor positions
H]HPSHISLMVYÄ_LK^PK[OWYVK\J[PVUSPULZ
or special applications

In addition to these innovations, a preheat temperature sensor and a solder
temperature probe was added to verify all
key parameters in a single pass.
The SolderStar WaveShuttle Selective is
now the tool of choice for setup and daily
testing of mini-wave selective machines.
>OH[ THKL [OL :VSKLY:[HY ZVS\[PVU \UPX\L
^HZ[OLZWLJPHSS`JVUÄN\YLKHYYH`VM[P[HUP\T

Other common problems reported by
manufacturers was crystallisation occurring
PU [OL ZLSLJ[P]L Å\_LY UVaaSL YLZ\S[PUN PU
[OL TPZÅ\_PUN VM JVTWVULU[Z JH\ZPUN
problems with poor wetting or leaving unHJ[P]H[LK Å\_ VU HYLHZ VM [OL HZZLTIS` ;V
combat this problem SolderStar developed
Å\_ TLHZ\YLTLU[ ZLUZVYZ ^OPJO JHU IL
optionally installed to the measurement
Ä_[\YL ;OPZ HSSV^Z MVY Å\_ WYLZLUJL HUK
position to be obtained as part of the daily
tests.
(SS WHYHTL[LYZ JHU IL X\PJRS` HUHS`ZLK
^P[O[OLNVVKHUKIHKSPTP[ZKLÄULKLHZPS`
[V HSSV^ WLYPVKPJ WYVJLZZ ]LYPÄJH[PVU [V IL
performed without the need for specialist
knowledge.
:`Z[LTILULÄ[ZVM[OPZWYVJLZZPUJS\KL!


=LYPÄJH[PVU?@ZWLLKHUKWVZP[PVUPUN

•

Measurement of nozzle solder height

•

All titanium wave contact measurement



(Å\_TLHZ\YLTLU[VW[PVU

•

Pre-heat and solder
measurement sensors

•

Custom widths and sensor positions are
H]HPSHISLMVYÄ_LK^PK[OWYVK\J[PVUSPULZ
or special applications

temperature

The other main method seen in selective
soldering is the multi-wave selective/dip
ZVSKLYPUN THJOPUL ^OPJO [YHKLZ ÅL_PIPSP[`
for increased throughput. With this style of
machine custom wave tooling is produced
[V L_WVZL [OL TVS[LU ZVSKLY ZLSLJ[P]LS` [V
[OL HYLH YLX\PYLK PU H ZPUNSL KPW (UHS`ZPZ
of the performance of this process needed
H KPќLYLU[ HWWYVHJO HZ P[ ^HZ MV\UK [OH[
engineers needed the ability to produce their
V^UHUHS`ZPZZLUZVYJVUÄN\YH[PVU[VTH[JO
the tooling design.

Figure 3. Mini-Wave Test Report

The new system for selective soldering
was designed to analyse, improve and gain
control of the mini-wave selective soldering
WYVJLZZ X\PJRS`  HU PTWVY[HU[ YLX\PYLTLU[
put forward by the military systems
THU\MHJ[\YLY;OLÄ_[\YL^HZ\UPX\LK\L[V
it incorporating two measurement systems
ensuring that the most comprehensive
and repeatable measurement results were
obtained.
(UL^Ä_[\YL^HZKLZPNULK^OPJOL_[LUKLK
[OL \ZL VM [OLPY L_PZ[PUN :VSKLY:[HY
datalogger’s and could be used on the
selective soldering machines. Using the

wave contact sensors arranged on the
\UKLYZPKL VM [OPZ TLHZ\YLTLU[ Ä_[\YL [V
HSSV^ X\PJR HUK JVTWYLOLUZP]L ]LYPÄJH[PVU
of the machine functionality.
Nozzle strikes on clinched components of the
PCB due to PCB warp or general tolerances
can result in the positioning mechanism of
the machine becoming misaligned. X and
Y positioning mechanism and speed on
[OL >H]L:O\[[SL :LSLJ[P]L HYL ]LYPÄLK I`
sweeping the selective soldering nozzles
IL[^LLU WYLKLÄULK KH[\TZ ( YHUNL VM
stepped contact sensors are employed to
allow nozzle wave height measurements
[V IL THKL HUK WLYPVKPJHSS` ]LYPÄLK

Figure 4. Multi-Wave Pro

SolderStar’s
Multi-Wave
PRO
was
developed and comprises compact and
ÅL_PISLPUZ[Y\TLU[KLZPNU[VHSSV^KLKPJH[LK
[LZ[ Ä_[\YLZ [V IL WYVK\JLK X\PJRS` HUK
JVZ[ LќLJ[P]LS` MVY T\S[P^H]L ZVSKLYPUN
THJOPULZ 4LHZ\YLTLU[ ZLUZVYZ HYL Ä[[LK
[V H J\Z[VTLY»Z ZWLJPÄJ SVJH[PVU ^OPJO
corresponds to the soldering areas within the
T\S[P^H]LZVSKLYWV[[VVSPUN[OPZ[LJOUPX\L
WYV]PKLZ JVU[HJ[ [PTL HUK KPќLYLUJL KH[H
X\PJRS` HSSV^PUN LUNPULLYZ [V PKLU[PM` HU`
problem areas within the tool design. Any
Continued...

feature continued...
KPќLYLUJLZ PU UVaaSL [V 7*) JVU[HJ[ JHU
be easily measured providing a powerful
platform for process capability analysis,
improvement and on-going testing.

production, either due to PCB warpage
or incorrect machine setting, the X/Y
mechanism can be thrown out of alignment
HUKZVSKLYPUN^PSSILVќWVZP[PVU

Features of this system include:

SolderStar’s X/Y speed measurement
method is performed by programming the
machine to sweep from sensor X1 to sensor
?HUKHTLHZ\YLTLU[VM[OL[PTLP[[HRLZ
for this process is calculated to verify the
speed. The sensors are just 1mm and can
be aligned accurately on a CNC machine
Ä_[\YLHSSV^PUNMVYHSPNUTLU[PZZ\LZ[VIL
detected.



-SL_PISL KLZPNU HSSV^PUN TLHZ\YLTLU[
systems to be installed to multiple
Ä_[\YLZ

•

Solder Nozzle / PCB Contact Time

•

Solder Nozzle Wave Height / Immersion
Depth



;PTLVMÄYZ[JVU[HJ[KLS[H



7YLOLH[WYVÄSLYZ

•

Solder pot temperature

•

Heating rates

High-speed measurements
required to yield accurate
results
The X/Y speeds in selective soldering
THJOPULZ JHU IL MHZ[ ^OPJO YLX\PYLZ H
X\PJRYLZWVUKPUNTLHZ\YLTLU[Z`Z[LT[V
provide accurate and repeatable results.

Figure 5. Multi-Wave Software Screen

The contact sensor system used with
SolderStar’s development scans every 10
milliseconds and measures digitally to give
L_[YLTLS`HJJ\YH[LYLZ\S[Z
The innovative contact measurement
Z`Z[LTYLSPLZVUHº.YV\UK»JVU[HJ[[VIL
made to the machine, to detect any contact
with a solder wave and it was found that
on some mini wave machines the ground
was not easily achievable. To combat this a
NYV\UKWPU^HZWYVK\JLKHUKWSHJLKUL_[
to each measurement sensor so repeatable
and accurate measurement was always
attained.
;OPZ TLHZ\YLTLU[ HUK ]LYPÄJH[PVU PZ
paramount in the soldering process. To
produce electronic assemblies without
H RUV^U [OLYTHS WYVÄSL PZ KL[YPTLU[HS
HZ `V\ ºJHUUV[ THUHNL ^OH[ `V\ KV UV[
measure’. There can be changes in preheat
performance, settings can be accidently
edited, or nozzle build up can occur.
Also, if the nozzle strikes the PCB during
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Having developed and evolved the selective
soldering process with this groundbreaking technology, SolderStar trialled the
new system with a customer, who reported
all pre-heat and nozzle measurements to
be accurate. It was also noted that the
wave height measurement was accurate to
0.1mm. But the one area of the machine
[OH[^HZUV[[LZ[LK^HZ[OLÅ\_PUNZ[HNL
;OPZ PZ UV[VYPV\ZS` KPѝJ\S[ [V HUHS`ZL
electronically.

(M[LY ZP_ TVU[OZ VM PU[LUZP]L KL]LSVWTLU[
HUK [YPHSZ K\L [V [OL THU` [`WLZ VM Å\_
^OPJO HSS WLYMVYT KPќLYLU[S` :VSKLY:[HY
MV\UKH^H`[VWYL]LU[[OPZWYVISLT;OLÄUHS
solution was a new sensor, manufactured
from high temperature thermoplastics,
with an embedded stainless steel surface
resistance sensors. It was developed as a
JVUÄN\YHISL TLHZ\YLTLU[ Z`Z[LT ^OPJO
OHZ[OLVW[PVU[VIL[YHPULKVUKPќLYLU[Å\_
JVTWVZP[PVUZ^OPJOJHUKL[LJ[Å\_ZWV[Z
VM TT \W^HYKZ H YLHS IYLHR[OYV\NO PU
the selective soldering process.

Selective Soldering – is it the
best method?
Selective soldering utilises many of the
JVUJLW[ZVMV[OLYTL[OVKZI\[P[ILULÄ[Z
from its ability to localise soldering and
Å\_PUN ^P[O TPUPTHS WYLOLH[PUN YLX\PYLK
THRPUN P[ HU PUUV]H[P]L HUK \UPX\L
[LJOUPX\L

Fluxing-the difficulty with
Selective Soldering Process
-S\_ MHJPSP[H[LZ [OL ZVSKLYPUN WYVJLZZ HUK
has the primary purpose to clean the
components that are to be soldered. To
obtain a successful solder any impurity
PUJS\KPUN KPY[ V_PKH[PVU VY VPS T\Z[ IL
removed.
-S\_ JHU IL YLTV]LK [OYV\NO TLJOHUPJHS
or chemical cleaning, but the increased
[LTWLYH[\YLZ YLX\PYLK [V TLS[ [OL ZVSKLY
JHU THRL [OL HZZLTIS` YLV_PKPaL ;OPZ
can be accelerated as the soldering
temperatures increase and can prevent
successful soldering.
On a conventional wave solder machine,
[OL LU[PYL HZZLTIS` NLULYHSS` PZ Å\_LK
preheated and passed over the solder
bath. With selective soldering, only the area
[VILZVSKLYLKI`[OLUVaaSLPZÅ\_LK^P[O
dropjet technology to spray small amounts
VMÅ\_VU[V[OL7*)
As the assembly only comes into contact
with the solder nozzle in those places, any
Å\_KLWVZP[LKLSZL^OLYL^PSSUV[ILI\YULK
Vќ HUK HYL SLM[ VU [OL HZZLTIS` ^OPJO PZ
not desirable and can cause failures.
;OL THPU WYVISLTZ YLWVY[LK PU Å\_PUN
within the selective process is the X/Y
WVZP[PVUPUN VM [OL Å\_LY VY JY`Z[HSSPZH[PVU
I\PSK \W PU [OL UVaaSL YLZ\S[PUN PU Å\_
being deposited in the wrong areas. This
WYVISLT PZ [^VMVSK" PUZ\ѝJPLU[ Å\_PUN VM
necessary components resulting in poor
soldering, and additionally the potential of
\UHJ[P]H[LK Å\_ ZLLWPUN \UKLY ZLUZP[P]L
LSLJ[YVUPJZWYVK\JPUNPUÄLSKMHPS\YLZ
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Figure 6. Selective Soldering

The use of selective soldering for lead-free
TH and PCB soldering applications includes
many advantages over traditional methods
like wave soldering, as the thermal shock to
sensitive assemblies is potentially reduced.
0[PZHÅL_PISLHUKHKHW[HISLWYVJLZZ^OPJO
can be applied to a range of soldering
tasks and, with companies like SolderStar
developing tools to help setup and further
THPU[HPU [OL WYVJLZZ [V YLHJO ZWLJPÄJ
YLX\PYLTLU[Z P[ PZ ZLLU HZ [OL HUZ^LY [V
THU` ZVSKLYPUN KPѝJ\S[PLZ ^OPJO HYL ZLLU
TVYL[OHUL]LYK\L[V[OLJVTWSL_KLZPNUZ
being manufactured today.
It is now used in the mainstream to give
accurate and dependable results in the
soldering process and is also used widely
PUJYP[PJHSHZZLTISPLZ[OH[YLX\PYLWYLJPZPVU
It is for this reason that development in this
process is ongoing and continues to evolve
into a soldering method that is favoured by
many.
www.solderstar.eu/
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