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“Pulse Heated Reflow Soldering is a process where two pre-fluxed, solder coated parts are heated 
to a temperature sufficient to cause the solder to melt and flow, and then cooled under pressure, 
to form a permanent electro-mechanical bond between the parts and solder.”

Fundamentals of Pulse 
Heated Reflow Soldering

Goal: Heat the solder to 400 C above melting point temperature for 2-3 seconds to achieve proper 
wetting and flow.

ReFlow Head

equipment
THeRmode PoweR SuPPly 

(ConTRol uniT)

Tooling

A thermode is used to apply heat and pressure over 
a specific time/temperature profile. Temperature 
feedback is provided by a thermocouple:

http://www.amadaweldtech.com
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Time & TemPeRaTuRe PRoFile:

Thermode Heating

Thermocouple provides 
temperature feedback to 
Power Supply

Power Supply delivers AC 
current to Thermode

Heat is generated due to 
electrical resistance of 
Thermode

Heating Rates
Coarse Heating Rate adjustment 
changes transformer taps:

Fine Heating Rate adjustment changes 
maximum % Current:
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Pid Tuning
PID Tuning can be used to optimize the 
rise time and stability of the output:

Pid Table

Note:  Using PID setting “99” will emulate Uniflow 2 and 3’s default PID settings
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Pid Tuning
Typical PID and Coarse Heat Settings

Thermode Type Heat Rate Setting Pid

Peg Tip Very slow 155, 243

Big blade > 1" Medium 175

Small blade < 1" Very slow 200, 268, 185

Big TD > 1" Fast 105

MID TD Fast 155

Small TD < 0.5" Medium 185

materials: Solders and Fluxes
abouT SoldeR
•	Solders	are	alloys: chemical mixture of two or more metals 

•	Alloy	type	and	characteristics	are	determined	by	the	proportions	(%	by	weight)	of	their	
constituent metals

•	Common	“lead	free”	alloys	used	in	electronics	manufacturing:

	 –	tin-silver-copper:	SAC305:	Sn96.5Ag3Cu0.5	(Melting	Point	2180	C)

	 –	tin-silver	Sn96Ag4	(Melting	Point	2210	C)

	 –	tin-copper-nickel	Sn100C	(Melting	Point	2270	C)

•	Leaded	solder	(rarely	used	today):

	 –	tin-lead:	Sn63Pb37	(Melting	Point	1830	C)

SeleCTing SoldeR alloyS
•	Alloys	are	selected	for	specific	properties	depending	on	the	electronics	assembly

•	Melting	point

•	Mechanical	stress	characteristics	

•	Wettability

•	Presence	of	Lead

PHySiCal FoRmS oF SoldeR

Rosin Core Wire Solder in various sizes  
and flux types

Pre-Forms are manufactured to specific 
volumes and geometries of solder

Solder Paste spherical metal particles 
suspended in flux
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SoldeR and PHaSe diagRamS 
•	Each	alloy	has	unique	physical	characteristics	during	heating	and	cooling

•	The	phase	diagram	illustrates	the	“state”	of	the	alloy	over	a	range	of	temperatures

euTeCTiC SoldeRS 
•	Eutectic	solders

 – Transitions from solid to liquid at a fixed temperature

	 –	Lower	melting	point	than	parent	metals

	 		 •	Example:	Sn96Ag4	(Melting	Point	2210	C)

    wMelting Point of Tin: 2320 C

    wMelting Point of Silver: 9620 C

•	Eutectic	solder	increases	process	predictability

 – Melting point of the solder 

	 –	Flow	(wetting)	action	behavior	

Flux
•	Flux	is	a	chemical	agent	used	for	improving	the	wetting	action	of	solder	

 – Removes and prevents oxide formation during soldering 

	 –	Lowers	the	surface tension of solder

 – Catalyst (not	part	of	final	metal	composition

Solid 

1830 

100 % Pb 100% Sn 
00 

Solid 

Plastic Liquid 

2000 
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Flux aCTivaTion 
•	Flux	for	electronics	applications	

 – must be heated to remove oxides

 – relatively “inert” at room temperatures

•	Flux	”activation” or “working” temperature 

 – optimum range of temperatures where it chemically reacts with oxidized metal surfaces    

eleCTRoniCS FluxeS
•	No	Clean

	 –	Least	active	type	of	flux

 – Reflow process must occur within 5 minutes of application

	 –	Low	solids	content	leaves	little	residue

	 –	No	cleaning	required	or	possible

•	Rosin		Mildly	Activated			(RMA)	

 – Promotes good wetting on oxidized surfaces

	 –	Requires	saponifier	(chemical)	and	hot	water	to	clean

•	Rosin	Activated	(RA)

 – Very active flux

	 –	Requires	saponifier	(chemical)	and	hot	water	to	clean

•	Water	Soluble

 – Most active type of flux

 – Residue is corrosive and conductive         

	 –	Requires	cleaning	equipment	and	hot	water	treatment

SoldeRS and weTTing
•	When	solder	melts	it	tends	to	flow	over	and	towards	heated	surfaces		

 – This action is called wetting

•	Flow	or	wetting	occurs	more	readily	over	oxide-free	surfaces	or	“clean”

Solder
Heat 
Source

Solder	flow	direction	(toward	heat)



7/19

weTTing angle
•	To	establish	a	reliable	solder	joint	the	solder	joint	or	wetting angle can be measured

•	The	wetting	angle	should	be	75º	maximum

Insufficient flux action 
or insufficient heating

Heavy oxidation,  
poor flux action,  
or poor heating

PooR weTTing angleS

Maximum Wetting 
Angle: 75º 
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maTeRialS:  
Flex CiRCuiTS and PCb’S

Flex CiRCuiTS
•	Most	common	type	is	polyimide	(also	known	under	the	trade	name	of	Kapton)

•	Two	layers	of	polyimide	encapsulate	the	copper	traces	(normally	0.5–3.0	oz)

•	Copper	is	Rolled	Annealed	or	Electro-Deposited	(most	cost	effective	and	widely	used)

•	Thickness	of	copper	traces	ranges	from	0.0007–0.0042	inches	(18-107	microns)

•	Operating	temperatures	ranging	from	130–200°C	(can	withstand	soldering	temperatures	up	to	
300°C	for	a	short	time)

•	Thickness	of	the	polyimide	ranges	from	0.001–0.0047	inches	(25-120	microns)

Type advantages disadvantages

Exposed	Lead Lower	thermode	 
temperatures.

Flux contamination on thermode. 
Leads	can	be	damaged	or	bent	
when handled.

Single Sided Easy	to	handle.	Minimal	flux	
contamination on thermode.

Higher thermode temperatures 
due to thermal barrier.

Open	Windowed Lower	thermode	 
temperatures.

Flux contamination on thermode. 
Part alignment is critical.

Flex Trace

PCB

Flex
Extra width on PCB track provides
space for the solder to flow and 
eases registration

Flex Trace

PCB

Flex
Extra width on PCB track provides
space for the solder to flow and 
eases registration

Flex Trace

PCB

Flex
Extra width on PCB track provides
space for the solder to flow and 
eases registration

Exposed Lead Single Sided Open Windowed
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Single Sided Flex CiRCuiTS

Maximum	polyimide	thickness	(top	
layer)	.002	inches	(50	microns)

Loss	(thermal	barrier)	of	60–80°C	
per 25 microns thickness

Minimum	pitch	.020	inches	(500	
microns)	to	avoid	short	circuits

Minimum pad length of .080 inches 
(2	mm)	to	allow	fillets	to	form

PCb deSign
•	Most	PCB	materials	such	as	FR2	and	FR4	are	very	resilient	to	the	local	application	of	heat	

during reflow process

•	Width	of	the	PCB	trace	should	be	50%	of	the	pitch	to	avoid	short	circuits

•	Make	PCB	traces	wider	than	flex	traces	to	allow	solder	to	flow	and	fillets	to	form

•	Tooling	holes	in	PCB	and	Flex	allow	easy	alignment	of	traces

•	Provide	room	for	thermode	to	overhang	both	ends	of	pad	area	by	a	minimum	of	0.040"	(1	mm)

•	The	opposite	side	of	the	PCB,	directly	under	the	reflow	area	should	be	free	of	components	as	
they can interfere with the support tooling

.080” min. 
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•	For	multi-layer	boards,	restrict	the	traces	under	the	bonding	area	to	the	smallest	width	(signal)	
traces	and	spread	equally	under	the	pads	on	the	PCB.		Any	shielding	on	the	PCB	should	have	
an	equal	effect	along	the	joint	area.

PCb deSign
•	Differences	in	heat	sinking	from	pad	to	pad	can	cause	uneven	heating:

Large	landmass,	increased	trace	
width and plated through-holes draw 
heat from the joint area and cause 
uneven heat distribution.

Alternate design for thermal dams

Design Problems

Equally	sized	and	spaced	small	traces	act	as	a	
thermal	dams	and	ensure	equal	heating	across	joint	
area. Recommended minimum spacing of 0.080" 
with no heat sinks around pads.

“A” above shows flex circuit attachment

Flex To PCb examPle

Design Solutions

 
A C 

 
 

    

B F (0.080” min.) 

E D  
A C 

 
 

    

B F (0.080” min.) 

E D 
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THeRmodeS:
deSign and mainTenanCe

baSiC HeaT TRanSFeR PRinCiPle
Source heat generation must be greater than the thermal load heat absorption

THeRmode TyPeS

Inadequate- Heat source with  
limited surface area 

Peg Tip

Fold Up

Required- Heat source with adequate  
surface area for heat transfer to load

Blade

17TD 3D 69T 3D

HEAT 

THERMAL LOAD 
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THeRmoCouPle baSiCS 
A	thermocouple	consists	of	two	dissimilar	alloys	joined	together	at	one	end	(TC	Junction)	and	open	
at	the	other.	A	voltage	potential	(V)	exists	at	the	open	end.	The	voltage	level	is	a	function	of	the	
temperature	(T)	at	the	closed	end.	As	the	temperature	rises,	the	voltage	level	increases.

THeRmode deSign 
•	Thermode	face	must	be	properly	sized	for	application:

•	Thermode	should	overhang	both	ends	of	pad	area	by	0.040"	(1	mm)

•	Thickness	of	thermode	should	be	less	than	pad	length	to	allow	fillets	to	form

•	Thermode	face	must	be	large	enough	to	provide	adequate	heat	transfer

THeRmoCouPle TyPeS 
Type e: Chromel-Constantan 

(Purple	Connector)
Type J: Iron-Constantan  

(Black	Connector)
Type K: Chromel-Alumel 

(Yellow	Connector)

Temp (T) 

TC Junction 

Voltage (V) 

 

Thermode -
exposed flex

 
Thermode -
single sided flex

 Thermode - 
windowed flex 

 

 
 

PCB Pad Width

PCB

Thermode Width

Flex

Flex Pad Width

Thermode

Flex Pad

PCB Pad

THeRmode mainTenanCe 
•	Periodically	remove	baked	on	flux	and	polyimide	material	from	thermode	heating	surface	using	

Isopropyl Alcohol or Acetone

•	Thermode	face	may	be	resurfaced	with	600	grit	silicon	carbide	paper	at	low	force	on	flat	
surface

•	Thermode	face	can	be	resurfaced	using	grinding	wheel	as	long	as	sufficient	material	is	present

•	Improper	thermode	cleaning/resurfacing	can	result	in	damaged	thermocouples	and	non-flat	
thermode faces

•	Use	interlayer	to	reduce	or	eliminate	contamination	of	the	thermode

•	Automatic	Kapton	feeder	can	automatically	advance	between	bonds

Kapton 
Interlayer 
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THeRmal load 
Thermal	Barriers	and	Heat	Sinks	both	contribute	to	Thermal	Load

ReFlow SoldeRing PRoCeSS 
•	Heat	is	produced	by	passing	electrical current through a resistive heating element 

(thermode)

•	Heat	is	conducted	from	the	thermode	to	the	part	with	the	application	of	force

• Flux is used to remove and prevent oxide formation 

•	The solder	should	reach	a	temperature	of	40°	C	above	it’s	melting	point	for	2-3	seconds	to	
achieve proper wetting and flow

PRoCeSS: SeT-uP and ConTRol

Force 
Current Flow 

Pre-tinned 
Flex traces 

Flux 

Solder coated 
PCB pads 

Kapton is thermal
barrier (60-80° C
per 25 microns)

Heat 

Heat 
Sinks 
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PRoCeSS vaRiableS 
•	Temperature

•	Time

•	Force

•	Contact

•	Alignment

•	Materials

•	Heat	Sinks

TemPeRaTuRe and Time 
•	The	Thermal Profile optimizes the time & temperature relationship to create a reliable bond

 - Flux activation-	flux	requires	heat	and	time	to	remove	oxides	

 - Solder wetting- the solder must melt after flux activation to properly wet

 - Cooling- the solder must cool after sufficient flow to avoid cold solder joints 

q idle:

 Used to keep the thermode temperature above room temperature between bonding cycles to 
increase production rate.

q baSe:

 Used to bring each part up to a consistent temperature in cases where environmental factors 
affect bonding consistency.

	 	 Note:	BASE	temperature	must	be	set	to	a	level	below	the	flux	activation	temperature

q RiSe 1:

	 Ensures	smooth	transition	between	BASE	and	PREHEAT	with	no	overshoot.

q PReHeaT:

 It takes approximately two seconds to heat a modern designed thermode of up to 2” in length 
to soldering temperature.

	 PREHEAT	is	best	used	where	there	are	excessive	heat	sinks	affecting	the	thermode	or	
where the application has delicate substrates, like ceramic that need to be heated in a more 
controlled fashion to avoid cracking.

	 During	PREHEAT,	the	flux	activates	and	starts	to	promote	wetting	by	removal	of	the	oxide	
layer.
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q RiSe 2:

	 Ensures	smooth	transition	between	PREHEAT	and	REFLOW	with	no	overshoot.

q ReFlow:

 Time and temperature should be programmed so that the solder reaches a temperature of 
40°	C	above	it’s	melting	point	for	2-3	seconds.

	 Although	SAC305	solder	will	reflow	at	218°	C,	the	REFLOW	temperature	must	be	set	higher	
due to the thermal transfer losses.

	 A	typical	single	sided	flex	will	require	between	350	-	400°	C	due	to	the	thermal	losses	in	the	
Kapton	material	and	heat	sinks	below.

 It is preferred to use the minimum time and temperature to achieve the desired joint, so as to 
minimize the parts exposure to heat and chance of damage.

q Cool 1:

	 If	a	POSTHEAT	PULSE	is	not	being	used,	COOL	1	is	the	temperature	at	which	the	control	unit	
will actuate a pneumatic head to the up position.

 This temperature is set to just below the solder solidification temperature. As soon as the 
solder becomes solid the process is ended and a joint is formed.

 The cooling process can be shortened by the use of forced air cooling. The control unit can be 
programmed to turn on a valve that controls the flow of air at the end of the reflow period to 
cool the joint and thermode rapidly.

 The actual temperature in the solder is typically lower than the measured thermode 
temperature,	so	the	COOL	1	temperature	can	be	set	to	180º	C	in	most	cases	without	the	
chance of encountering a dry joint.

q PoSTHeaT PulSe:

	 A	POSTHEAT	PULSE	is	typically	only	used	for	Heat	Staking	applications	(not	reflow	soldering).

	 The	POSTHEAT	PULSE	extends	the	time	at	force	beyond	COOL	1	and	heats	the	thermode	up	to	
a temperature sufficient to prohibit the thermode sticking to the heat staked parts. The Head 
Up Delay is used to set the time at which the control unit will actuate a pneumatic head to the 
up position.

q Cool 2:

	 If	a	POSTHEAT	PULSE	is	programmed,	COOL	2	is	the	temperature	at	which	the	control	unit	will	
consider the cycle complete.
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FoRCe 
•	Adequate	force	must	be	applied	to	ensure	proper	heat	transfer.

•	Typical	minimum	pressure	is	12	kg/cm2	(170	lbs/in2)	across	thermode	face.

•	Measure	force	using	mechanical	or	electronic	force	gauge

ConTaCT
•	Adjust	thermode	to	be	co-planar	with	all	contacts	to	be	heated

•	Uneven	contact	will	cause	uneven	heat	transfer	resulting	in	cold	solder	joints

•	Adequate	support	under	reflow	area	is	required

•	Test	for	co-planarity	with	Pressure	Sensitive	Paper	or	Burn	Test

ConTaCT
•	Misalignment	of	Flex	to	PCB	can	cause	short	circuits

•	Misalignment	of	Thermode	can	cause	uneven	heating	and	inconsistent	results

•	Proper	part	and	tooling	design	is	critical	to	success

Force 

Thermode not
co-planar with parts 

Non-contact 
area 

Provide Support 

Misaligned Thermode  

Misaligned Flex 
Traces 
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maTeRialS 
•	Part	Design,	Material	Control,	and	Materials	Handling	are	critical:

 P Flex Circuit

  P PCB

  P Flux

  P Solder

maTeRialS 
Recommended	Volume	for	Silk-screening	0.127	mm	(.005	inches)	Thick	Solder	Paste:

SoldeR dePoSiTion meTHodS:

Primary operation Secondary operation notes

Silkscreen Solder Paste Reflow	Oven Can result in excess solder if volume 
is not controlled

Hot Dipping Hot	Air	Leveling Air knife must be very clean

Electro-plating May	be	required	to	increase	
solder volume

Most accurate, but minimum  solder 
volume, expensive

Apply Solder Paste None Many particles will not melt, this 
method is not advised

Wave	Solder Hand Touch-up
(If	Required)

Variations in solder volume can be 
present

1)

2)

3)

4)

Stenciled Paste - prior
to reflow (IR) process

Screen mask option -
40% pad coverage

 Screen mask option -
40% pad coverage

Solder after reflow (IR) -
prior to thermode
solderingPCB

PCB



18/19

HeaT SinKS 
P Avoid creating heat sinks

	 •	 Aluminum,	brass,	or	copper	fixtures	conduct	heat	away	from	the	thermode

	 •	 Tool	Steel	is	typically	used	for	fixtures

	 •	 Phenolic	can	be	used,	but	will	wear	quickly

	 •	 Insert	Peek	material	in	tooling	under	reflow	area

	 •	 Follow	rules	for	Flex	and	PCB	design

	 •	 Measure	temperature	of	thermode	face	using	Ultra-Flat	Thermocouple

PRoCeSS moniToRing 
q auxiliary Thermocouple:

 The auxiliary thermocouple can be used to monitor the temperature of the thermode during 
the reflow process to ensure that heat transfer occurred:

Peek Insert 

Tool Steel 

Auxiliary Thermocouple 

Main Thermocouple 
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inSPeCTion 
•	Pressure	is	maintained	as	the	joint	is	cooled.		Therefore	there	is	little	chance	of	a	dry	joint	

occurring.

•	The	imprint	of	the	thermode	should	be	seen	on	the	solder	joint	and	be	even	in	width	and	
length.  There should be visual evidence that reflow has occurred and when the parts are 
peeled apart the resulting joint will have a granular appearance over the soldered area.

•	There	should	be	no	evidence	of	burning	or	delamination	of	the	pads	to	board	or	flex.

•	Where	a	single	sided	flex	is	used,	there	maybe	marking	or	discoloration	on	the	top	of	the	
polyimide but no burning or separation should be seen.

•	Any	flux	residues	can	be	cleaned	after	the	reflow	process.

•	No	clean,	low	residue	fluxes	do	not	require	post	cleaning.

PRoCeSS moniToRing 
q envelope and numeric limits:

	 Limits	can	be	programmed	on	the	control	unit	to	verify	the	consistency		of	the	process:

http://www.amadaweldtech.com



