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Re�ow Soldering of Surfa
e Mount Ele
troni
 Components in a LaboratoryChristopher J. Eri
kson, Dallin S. DurfeeDepartment of Physi
s and AstronomyBrigham Young University, Provo, UT 84602∗We present a basi
 tutorial for implementing surfa
e mount te
hnology in lab-built s
ienti�
instruments. We dis
uss the advantages and disadvantages of using surfa
e mount 
hips. Wealso des
ribe methods for the development and prototyping of surfa
e mount 
ir
uitry in home-built ele
troni
s. The method of soldering surfa
e mount 
omponents in a 
ommon toaster ovenis des
ribed. We provide advi
e from our own experien
e in developing this te
hnology, and arguethat surfa
e mount te
hnology is often preferable to using leaded 
omponents when building large
ir
uits, and is essential if the desired 
omponent 
hara
teristi
s are only available in surfa
e mountpa
kages.I. INTRODUCTIONThanks to the 
onsumer markets of devi
es su
h as
ellular phones, GPS re
eivers, and hand-held PDAs, in-tegrated 
hip makers have developed many high-speed,high-bandwidth, low-noise, and low-power 
onsumption
hips to fuel new te
hnology. The 
hara
teristi
s of someof these 
hips make them ideal for use in sensitive s
ien-ti�
 instruments. While s
ienti�
 laboratories stand tobene�t from the 
apabilities of the new te
hnology, manyof these 
hips are only available in surfa
e mount pa
k-ages designed for use in an automated assembly pro
ess.In
luding surfa
e mount 
omponents in 
ir
uits ap-pears troublesome be
ause the standard laboratorymethod of soldering ele
troni
 
omponents by hand ismessy and extremely time 
onsuming for surfa
e mount
hips on a printed 
ir
uit board (PCB). Surfa
e mountparts tend to be small with 
losely spa
ed pins, and some
omponents have pin pads in the 
enter of the 
hip thatare 
ompletely ina

essible with a soldering iron. Fur-thermore, these 
hips must be soldered dire
tly to theboard without the use of so
kets, whi
h in
reases the riskof damage. This also in
reases the time, e�ort, and frus-tration that go into debugging a prototype where partsmay need to be removed or 
hanged out several times.Pur
hasing industry standard equipment to perform thesoldering is expensive. Table top wave-�ow soldering sta-tions start at a few thousands of dollars and are designedfor mass produ
tion [1℄, an unne
essary 
apability formost laboratories.We set out to �nd an easy and inexpensive way to im-plement surfa
e mount te
hnology in our designs. Whatwe found was that lab-built ele
troni
 devi
es based onsurfa
e mount 
hips are not only possible, but in many
ases preferable. Obviously, surfa
e mount ele
troni
sare ne
essary when required parts are only available insurfa
e mount pa
kaging. However, a surfa
e mountpa
kage's low pro�le and short leads help redu
e para-siti
s, su
h as stray indu
tan
e and 
apa
itan
e, as well
∗Ele
troni
 address: eri
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as 
oupling to ambient noise. Surfa
e mount boardsare also preferable to through-hole designs when mak-ing more than one 
opy of a 
ir
uit with many 
ompo-nents. We present useful te
hniques for prototyping anddebugging surfa
e mount ele
troni
s, and two inexpen-sive methods for re�ow soldering surfa
e mount 
ompo-nents on a PCB, one of whi
h is already in use amongsome ele
troni
s hobbyists [2℄.II. ADVANTAGES AND DISADVANTAGESThere are several barriers to over
ome when imple-menting surfa
e mount 
hips into laboratory 
ir
uits,the most imposing of whi
h is prototyping. Generally,ele
troni
s are developed on a breadboard where passive
omponents and integrated 
ir
uits (ICs) 
an be easilyinter
hanged without the use of a soldering iron. Thismakes it easy to optimize and �nalize the design for theele
troni
 
ir
uit before building a more permanent ver-sion on a 
opper-
lad board. In 
ontrast, surfa
e mount
hips do not slip in and out of so
kets and ea
h version ofthe 
ir
uit must be soldered to a 
ustom PCB. Addition-ally, surfa
e mount pads are prone to separating from thePCB when 
hips are repeatedly soldered to and removedfrom them.Surfa
e mount parts are typi
ally mu
h smaller thanleaded 
omponents, making them harder to handle andmaking it more di�
ult to read part numbers and 
odes.In parti
ular, surfa
e mount 
apa
itors do not have val-ues printed on them and many of them are similar in ap-pearan
e. For these reasons, if a spe
i�
 surfa
e mount
omponent is not required and the 
ir
uit 
ontains only afew 
omponents, a surfa
e mount design is not desirable.Conversely, using surfa
e mount 
hips 
an be mu
hmore e�
ient when assembling larger 
ir
uits. Many
hips 
an be pla
ed on the board and then soldered all atone time, as opposed to soldering ea
h individual 
om-ponent one at a time. Their smaller size allows for more
ompa
t 
ir
uitry and a more e�
ient use of spa
e. Also,unlike through-hole 
omponents, every 
hip in a surfa
emount 
ir
uit only 
onta
ts one side of the PCB. Thisnot only makes it easier to remove a 
hip, but allows a
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2
hip to be removed without removing the PCB from itshousing (see se
tion V).In short, a 
ir
uit design with few 
omponents or thatis a one time build probably gains little from implement-ing a surfa
e mount design unless a ne
essary 
hip is onlyavailable in a surfa
e mount pa
kage. However, 
ir
uitswith many 
omponents, and espe
ially standard designsfor 
ommonly used 
ir
uits, are perfe
t 
andidates foremploying surfa
e mount te
hnology.III. CIRCUIT DESIGN AND LAYOUTThere are several methods that we use to streamlinethe design pro
ess, whi
h we dis
uss below. We also dis-
uss 
ir
uit design and layout te
hniques that have sim-pli�ed the debugging and optimization pro
esses.A. SPICE ModelingBe
ause it takes signi�
ant time and 
ost to manu-fa
ture a PCB, we re
ommend 
hara
terizing the 
ir
uitwith a SPICE model �rst. SPICE is a standard numeri
almodeler for 
ir
uits and several versions are available forfree from 
hip manufa
turers. These typi
ally 
ome withextensive libraries of the 
hips made by that 
ompany, aswell as the ability to load SPICE models for 
hips fromother makers. SPICE modeling 
an be useful for qui
kly
he
king di�erent 
ombinations of 
hips and other 
om-ponents to optimize the 
ir
uit. Also, when debugging a
ir
uit, SPICE 
an be used to model the e�e
t of probeson the 
ir
uit's performan
e.B. Prototyping with Leaded ComponentsIf through-hole 
omponents are available, the design
an still be prototyped on a springboard using leaded
omponents. Prototyping in this way allows for qui
kadjustment of the physi
al 
ir
uit design before manu-fa
turing a PCB. However, this method may not workwell for highly spe
ialized or high-speed ele
troni
s wherepath lengths and feedba
k loops are 
riti
al.We have also taken the time to design our own 
op-per 
lad prototyping board with a se
tion on it for sur-fa
e mount 
omponents with various pin 
on�gurations(shown in �gure 1). With these boards we 
an take ad-vantage of so
kets and leaded passive 
omponents to pro-totype the majority of the 
ir
uit while still using keysurfa
e mount 
hips.C. ExpressPCBSeveral resour
es exist for the design of the 
ir-
uit, its PCB layout, and its produ
tion. ExpressPCB

FIG. 1: Layout of one side of our prototyping board thatallows for surfa
e mount 
omponents to be integrated intothe prototyping pro
ess. The surfa
e mount se
tion of theboard is outlined by the gray box.
(http://expressp
b.
om) o�ers two free CAD pro-grams to aid in board design and produ
tion. The�rst, ExpressSCH, is a program for drawing the 
ir
uits
hemati
s that also 
he
ks for in
onsisten
ies su
h asbroken wires. This program 
omes with a library of 
om-mon ele
troni
 
omponents and allows for the 
reation ofnew 
omponents.The s
hemati
 �le 
an then be linked to a se
ond pro-gram for design of the PCB layout, ExpressPCB, tohelp ensure the physi
al 
ir
uit is wired 
orre
tly. Ex-pressPCB 
omes with a library of pad layouts for vari-ous standard pa
kages as well as spe
i�
 
hips a

ompa-nied by their Digikey part number. It also allows forthe 
reation of new 
omponents. The program o�erssu
h features as highlighting pins that should be 
on-ne
ted together and providing warnings for missing 
om-ponents. It will also print the board in its a
tual di-mensions. Unfortunately, the program does not outputan industry standard Gerber �le so boards 
an only beordered through ExpressPCB.

http://expresspcb.com


3D. Common Part Sizes That We UseMany surfa
e mount 
omponents 
ome in a varietypa
kages. For op-amps and other a
tive 
omponents,small outline integrated 
ir
uit (SOIC) pa
kages with 8or 14 pins and 0.05 in
h pin spa
ing (pit
h) are 
ommonand are easier to deal with than pa
kages with smallerpit
h. For passive 
omponents we found 1206 and 0805
hip sizes were 
ommon and not too small to handle. Wehave reserved 0805 
hip sizes for pre
ision 
omponentsand 1206 sizes for standard 
omponents in our lab toavoid 
onfusion when stu�ng boards.E. Spa
ing between 
omponentsWhile surfa
e mount 
omponents are small and 
an bepa
ked tightly together, it is good pra
ti
e to leave a gen-erous amount of spa
e between the pads when designing aboard. This prevents 
onfusion as to whi
h two pads de-�ne a passive 
omponent when stu�ng the board, and italso makes it easier to 
orre
t errors that o

ur during thesoldering pro
ess (see se
tion IVA). Care should also betaken to allow adequate room around through-hole 
om-ponents, whi
h 
an overshadow or 
over surfa
e mountparts on a poorly designed board, making it harder toa

ess them if needed.F. Physi
al Design of the PCBA well thought-out PCB design 
an simplify the de-bugging pro
ess. When designing a PCB it is generallyre
ommended that tra
es run the width of the board onone side, and the length of the board on the other. Thishelps to keep the design simple and avoids the need toweave tra
es around ea
h other with vias.Pla
e a myriad of ground vias on the board, and espe-
ially around sensitive 
omponents. This will introdu
emany small, 
losely-pla
ed ground loops, whi
h negatelarge ground loops and minimize indu
tan
e between the
omponents and ground. Also, 
learing ground planesfrom under fast 
hips and around tra
es 
arrying sen-sitive signals will redu
e problems 
reated by stray 
a-pa
itan
e. Che
king over the board to eliminate islands(areas of metal that are not 
onne
ted to either groundor a tra
e) is also a good idea.There are also a few things that 
an be done when de-signing the PCB to make it easier to stu�. It helps to layout the 
ir
uit in an intuitive manner so that di�erent ar-eas of the board are easily re
ognizable by fun
tion. Also,we label all 
omponents with either their part number ortheir value (for passive 
hips), and we make short notesor legends on a blank area of the board to aid in assem-bling the 
ir
uit. This 
an be done with a silk s
reeningpro
ess, whi
h adds extra 
ost to the produ
tion, or bysimply writing su
h information into the 
opper ground

FIG. 2: The gray box en
loses a prototyping grid that wasadded to a temperature 
ontroller 
ir
uit. This area 
an beused for debugging and/or adding 
omponents to the boardin
luding an SOIC 
hip. Power for this area 
an be a

essedfrom the vias in the upper right 
orner of the �gure, whi
hprovide ±5 and ±12 volts.plane. Also, as with standard 
ir
uit design, a
tive 
om-ponents should all be pla
ed so that pin 1 is in the sameorientation for every IC. Pla
e as many surfa
e mount
omponents on the same side of the board as possible.Only one side of the board 
an be soldered at on
e andany 
omponents on the opposite side will have to be sol-dered by hand.Finally, we re
ommend in
luding a small prototypingarea on the PCB where ground, power, and extra pinpads 
an support additional 
omponents that might beneeded after the initial implementation. An example ofone is shown in �gure 2.IV. BUILDING THE CIRCUITA. Layout of Surfa
e Mount ComponentsWhen building surfa
e mount 
ir
uitry, all of the 
hipson one side of the PCB 
an be set in pla
e at the sametime with solder paste before being pla
ed in an oven to
omplete the soldering pro
ess. Solder paste is a semi-solid mixture 
omposed mainly of solder parti
les and�ux. It is solid enough to hold its form, but soft enoughto hold 
hips in pla
e when they are pressed into it ona PCB. We found it easiest to use a 20 gauge tip on asyringe to apply the paste to individual pads. A 
ompo-nent 
an then be 
arefully pla
ed on the board using apair of tweezers.Taking 
are when pla
ing 
omponents on the board 
an



4redu
e errors when the solder is melted. The majority ofsu
h problems are the result of either too mu
h solderpaste or an uneven amount of solder paste being pla
edon the di�erent pins of a 
omponent. Too mu
h solderpaste will form solder bridges to adja
ent pads or theground plane during the 
ooking pro
ess. Pla
ing moresolder one side of the 
hip than the other 
an 
ause 
hipsto rotate, slide, or tombstone (lift one side of the 
hip o�of the board).For 
omponents with a pit
h less than .05 in
h, it maybe easiest to pla
e a bead of solder a
ross all the pins.This will result in solder bridges, but solder bridges 
anbe 
orre
ted after the 
ooking pro
ess (see se
tion V).Typi
ally, it takes less than an hour to stu� a PCB 
on-taining on the order of a 100 surfa
e mount 
omponentson
e a person has a little pra
ti
e.B. Through-Hole and Additional Surfa
e MountComponentsSome 
ir
uits will 
ontain through-hole 
omponentsand may even have surfa
e mount 
hips pla
ed on bothsides of the board. We layout the side of the board withthe most surfa
e mount 
omponents on it �rst and sol-der those pie
es in the toaster oven. Afterward, we willadd through-hole 
omponents and the remaining surfa
emount parts by hand.C. Re�ow SolderingWe experimented with two methods of melting the sol-der paste: using a 
ommon toaster oven, and using a hotplate and heat gun. We perform all of our surfa
e mountsoldering using the toaster oven method, but also tookdata with the hot plate method for 
omparison.1. Soldering in a Toaster OvenAs far as we are aware, the idea of using a 
ommontoaster oven for surfa
e mount soldering was �rst putforth in a newsletter of the Seattle Roboti
s So
iety [2℄.The group insisted that this method is only made possi-ble by the use of an expensive, water-soluble solder pastefrom Kester that requires refrigeration and has a shortshelf-life. We found that while the water-soluble pastedid work, its storage and shelf life were in
onvenientand its �ux left a slightly sti
ky residue on the PCB. Insear
hing for an alternative, we found that ChipQuik's63/37 w/�ux solder paste worked just as well. TheChipQuik paste features a "no-
lean" �ux that leavesno residue on the board. Additionally, it is 
heap andrequires no refrigeration. While the o�
ial shelf-life ofthe paste is 6 months without refrigeration, we were ableto use an unrefrigerated syringe of the paste over a yearafter its original use without any problems.
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FIG. 3: Five thermo
ouples measured the temperature a
rossa blank PCB while it was run through the soldering pro
essusing two di�erent methods. The solid lines represent themaximum and minimum of the �ve temperature points ob-served on the board while the setpoint was 
hanged in timedsteps: 250 ◦F (121 ◦C) for 4 minutes, 375 ◦F (191 ◦C) for 2minutes, and 450 ◦F (232 ◦C) for 30+ se
onds to melt andbead the solder. The dotted lines represent the maximum andminimum pro�les observed while heating the board with theoven temperature set to 450 ◦F (232 ◦C) from the start.A

ording to [2℄, after pla
ing a prepared board inthe 
old oven, the oven's temperature needs to be in-
reased dis
retely in 
arefully timed intervals. This isdone to allow the oven to 
ome to equilibrium and, pre-sumably, to prevent overshoot at ea
h step. We inves-tigated whether this was ne
essary or whether settingthe oven to the maximum temperature setpoint from thestart would work just as well.The temperature a
ross a blank, previously unusedPCB was measured by strapping �ve K-type thermo
ou-ples a
ross it. The thermo
ouples were 
onne
ted to anAgilent 34970A Data Aquisition Swit
h Unit, whi
h 
ol-le
ted the data during the pro
ess. We then heated theboard using an Oster model 6232-015 1500 Watt toasteroven.The maximum and minimum temperature data from�ve points a
ross the PCB during two trials is shown in�gure 3. Even though the temperature was 
hanged insteps at the intervals given in [2℄ for one data set, thereis no eviden
e of it in the �gure, indi
ating that the tem-perature setpoint is 
hanged before the oven approa
hesequilibrium at any step. No gradual steps are needed in
ooking the board, all that is required is to get the solderto its melting point, after whi
h the board 
an be 
ooled.The entire 
ooking pro
ess takes about 6 1

2
minutes perboard with our oven.The most temperature sensitive 
hip we use is anAD5541 16-bit digital to analog 
onverter. Its maximumlead temperature of 215 ◦C for 60 se
onds [3℄ seems tobe ex
eeded by the 246 ◦C oven temperature seen when



5we took the data shown in �gure 3 with no 
hips on thePCB. However, we have used the toaster oven to su

ess-fully 
reate the low-noise, high-modulation bandwidth
urrent drivers des
ribed in [4℄, as well as low-noise,high-bandwidth PID lo
k-
ir
uits, high-speed homodynephotodete
tors, and mi
ropro
essor 
ontrol units. Wehave repeated this pro
ess multiple times and have neverdamaged a sensitive integrated 
hip through the pro
ess.Given that no 
hips have been damaged, we 
an infer thatlead and 
hip temperatures are kept below their maxi-mum limit. This may be due to the thermal mass of the
hips and the evaporation of the liquid 
omponents ofthe solder paste.When soldering a PCB with this method it is impor-tant to make sure that the ra
k inside the oven is level.This prevents gravity from moving any of the 
hips o� oftheir pads on
e the solder melts. The PCB with its 
om-ponents and solder paste is pla
ed in the oven at roomtemperature and the oven is turned on and set to 450 ◦F(232 ◦C). During the pro
ess of 
ooking the board, thesolder paste �attens out as the oven begins to heat. Nearthe 5 1

2
minute mark for our oven, solder will begin tomelt, bead around individual pins, and be
ome shiny.On
e solder has beaded on all the pins, the oven 
an beturned o� and the door opened. While [2℄ advises tap-ping the board immediately after 
ooking, we found thatbumping, tipping, or jarring the board and oven imme-diately after the 
ooking pro
ess 
an 
ause 
hips to slide,rotate, and solder to adja
ent pads, tra
es, or groundplanes. Allowing a few se
onds before a
tually movingthe board will allow the solder to 
ool enough so that
hips do not reposition themselves.2. Soldering with a Hot Plate and Heat GunWe tested a se
ond method of doing surfa
e mount sol-dering in the lab by bringing the PCB up to a uniformtemperature and then lo
ally heating the PCB to meltthe solder paste. A 
ommer
ial system for this approa
his available and in
ludes a heated board ra
k and a hotair pen
il for melting the solder at individual pins [5℄. Wetested to see if this method 
ould be su

essfully imple-mented using a heat gun and hot plate already availablein our lab. First, we prepared the PCB as des
ribed forthe toaster oven and then heated it to ∼150 ◦C on a hotplate. This is just below the 183 ◦C melting point of thesolder. By then passing a standard heat gun a
ross theboard the solder was brought to its melting point.We took data using a blank PCB with �ve thermo
ou-ples as in the oven trials. Figure 4 shows data taken bymelting solder paste with a heat gun after the board hadbeen brought to ∼150 ◦C with a hot plate. The solidtra
e shows lo
al temperature spikes that o

ur whilemelting solder to a blank area on the board, while thedotted tra
e shows the temperature spike from a
tuallysoldering an 8 pin SOIC pa
kage with this method.We found that when using non-spe
ialized equipment
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FIG. 4: After the PCB is brought to a 150 ◦C, solder ismelted by a heat gun to both the grounding plane and a tra
ewith and without 
omponents present. The solid line showstemperatures spikes that o

ur from melting solder to a blankarea of the board, while the dotted line shows the temperaturespike due to soldering an 8 pin SOIC op-amp. Although thetemperature spike for soldering the 
hip is short and lo
al,the board and 
hip rea
h temperatures potentially dangerousto the 
hip.this method is time 
onsuming and potentially dangerousto 
hips. The pro
ess of getting the hot plate to the righttemperature with its 
rude dial took about 20 minutes,while a
tually soldering a single 
hip took 10 to 20 se
-onds. Overall, it would take the better part of an hour tosolder one board. Also, the broad nozzle of the heat gunprevented a

urate targeting of 
hip leads, whi
h led tooverheating of the entire 
hip. We have never used thismethod for a
tually building surfa
e mount 
ir
uitry.V. MOVING OR REPLACING COMPONENTSWhen the board has 
ooled, solder bridges, loose pins,tombstones, and mispla
ed pie
es 
an be 
he
ked for.The use of a magnifying glass and a bright light are in-valuable here. Usually, errors su
h as a solder bridges 
anbe 
orre
ted by simply tou
hing a soldering iron to thespot and dragging the solder onto the tra
es. However,some errors require removing solder from the board or re-setting a 
hip. Also, some 
hips may need to be 
hangedout if damaged through a design error or by later abusein the 
ir
uit's life. Components with only two leads,su
h as 
apa
itors and resistors, are often easily removedby gently tugging on them with a pair of �ne tweezerswhile heating �rst one end, then the other with a solder-ing iron. Additional solder 
an be added to one of theleads to in
rease its heat 
apa
ity so that it stays moltenlonger.Removing 
omponents with more than two pins 
anbe done through one of two methods. The �rst method



6is des
ribed in [6℄. A braided 
opper desoldering wireor a desoldering pump is used to remove ex
ess solder,as is 
ommonly done on 
ir
uit boards of all designs.Then, a thin strand of enameled or ni
hrome wire 
an bethreaded around the pins. Gently tugging on the wirewhile heating a pin will 
ause the pin to 
ome o� of itspad. This method is time 
onsuming and 
an easily resultin a damaged pad or pin.A better way to desolder 
hips is to use ChipQuik Re-moval Alloy [5℄. This is an easy and 
lean way to removemost surfa
e mount 
hips. The alloy mixes with the sol-der and 
reates a low melting point eute
ti
 that will stayliquid for some time after having been heated by a sol-dering iron. By applying a small amount of the removalalloy to all the pins of a 
omponent, the 
omponent 
ansimply be lifted o� of the board. The alloy 
an then beremoved from the board with a desoldering pump or wirebraid. Care should be taken when using the desolderingpump sin
e its spring a
tion 
ombined with heat from theiron 
an easily lift or rip pads and tra
es o� of a PCB.Neither of these methods works well for 
hips with padson the under side of the 
hip. If possible, we re
ommendavoiding su
h surfa
e mount pa
kages for this reason.VI. CONCLUSIONUsing a toaster oven to solder surfa
e mount PCB ele
-troni
s is fast and safe. We have produ
ed dozens of 
ir-


uits with this method and it has 
onsistently produ
edbeautiful 
ir
uits with no 
old solder joints and no dead
hips.We have found that implementing surfa
e mount te
h-nology in lab-built devi
es is not only viable, but oftenpreferable. Prototyping for these types of 
ir
uits 
antake longer than for through-hole 
ir
uits. However, on
ean ele
troni
 devi
e is developed, the time and 
ost re-quired for assembling and building a surfa
e mount baseddevi
e are lower.Surfa
e mount te
hnology opens up a whole new worldof ele
troni
 solutions for s
ienti�
 instruments. Usingthis te
hnology in the laboratory to update existing ele
-troni
 devi
es and develop new ones 
an allow for betterpro
ess 
ontrol, more pre
ise measurement, higher speed,and lower noise in experiments.We would like to a
knowledge the assistan
e of BrianNeyenhuis, Greg Doermann, and Ryan Dalrymple. Thiswork was funded in part by the National Institute forStandards and Te
hnology and the Air For
e Resear
hLaboratory.[1℄ URL http://www.mann
orp.
om.[2℄ K. Maxon, En
oder: The Newsletter ofthe Seattle Roboti
s So
iety 6 (2000), URLhttp://www.seattleroboti
s.org/en
oder/200006/oven_art.htm.[3℄ AD5541 Analog Devi
es Datasheet (1999).[4℄ C. J. Eri
kson, M. V. Zjill, G. Doermann, and D. S. Dur- fee, Rev. S
i. Inst. 79, 1 (2008).[5℄ URL http://www.
hipquik.
om.[6℄ L. Enriquez, VK3EM (2000), URLhttp://www.geo
ities.
om/vk3em/smtguide/websmt.html.
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