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Final Assembly 

Component Insertion 

Aftl·r component-mounting holes have been drilled or punched. 
and the legend and solder mask ha"e been applied to the hart> hoard. 
t lw 1wxt step is compom•nl in~l·rtion Either manual or automated in­
sertion tt>ch n1ques may be employ.-d. depending on the production 
rate and the nature of the c1rc:u1t to b.- assembled l\l mual mNhods 
require less in the way of hardware. hut au iomatt>d .;ssemhly offers 
t ht> ad\'an ta~l·s of spl•t>d and consistency 

ftfanual Insertion 

One of tlw hasll' toob needed for manu.tl insert ion is tht> med1[ln· 
ical lead forme1, which bends component leads to match board mount­
ing-hole dimensions Lead trimmers ,ll l' neCl•s:-ary acces,;ories as well, 
but beyond this nol much mon• 111 lht> way of hardwan• is nPt>dt>d. The 
mo:-t important ,.l,,nwnl of a manual in,-.,rt ion oper.ttion i,- t ht• human 
bernis who does tlw work In setting up an as,;embly slat1011, till' major 
C'uncl•rn Js tu make things as simple ,ts puss1bll' lor thl• workl'r. 

Ld us say that SO compo1wnts an• to lw inserted in (l board of 
mndt·><t siZP. Our prohlPm is to IPad1 snmenrw. who ma.1 not know a 
capacitor from a lire lwdrnnt, ho" lo plact• 50 pla;;t 1c "hauits w11h 
win•s sticking out in ju,-,t till' right plact>s nn tht> printed-c1rcu1t board 

Th(• first thin~ to dub makP a d1ng1am showing e,1ch component 
in its propPr pl.KP on tlw ho.ird Assign J nurnbl'r lo l'r,ch co111ponent, 
and place that sallll' numbl'r on till' parb bin or tray whl•rt• the com­
pmwnt Js slorl'd Not only do numbers a,-.,-.i,.,t 111 component idPntilic:a· 
lion. tlwy also hPlp to c>liminate missed co111po11l'nl;;, ,111ce the work 
Jlows III an orderly progrl•:ss1un from component ;: I to ;: 50. 

So far, so good. Now a ll thP worker has to do i,; liillow the dia­
isrnm and put the compo11ents wlwn• t lwy hPlong. Unfortunately, 
work is not gumg to progress ver.,· quick ly lwrausf' Pv,•ry timP hP in­
snts II componPnl, thP worker will haH• to nefl'r lo lht> chm·t. Even-
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tually, he will become proficient because he will have memorized the 
chart. but this may require considerable time. 

The key to efficient component insertion is repetition. When 
component # 15 is inserted, it should be inserted into a number of 
boards in succession. After that, the worker can progress to compo­
nent # 16 and insert that into the same set of boards. In effect, the 
worker is not stuffing just one board al a time, but a whole set of 
them. He may refer to the chart when inserting a given component 
into the first board, but thereafter it is simple repetition. Consequent­
ly, the work flows without undue hesitation. 

To facilitate the whole procedure, a turntable apparatus is com­
monly employed. Around the table's perimeter, the board:, to be 
stuffed are mount~d at regular intervals. The worker, seated before 
this turntable, simply spins it to gain acce;,;s to al I of the boards. Parts 
bins should be mounted within easy reach of the worker and restocked 
with components as needed. 

When components are inserted, their leads will have to be bent 
to the proper dimensions by use of a manual lead former. To speed 
things up, however. component leads m:1y he preformed by another 
worker using a hydraulic press especially designed for this purpo»e. 
Once all of the boards on the turntable have been stuffed, ench onP 
is !lipped over so that protruding leads can be clinched. 

Inspection al this point involves pickmg one board at random 
and ascertaining that each component occupie:-- its rightful place' The 
intent here is to spot any consistent mistnkes madP durim; insertion. 
Since such mistakes would repeat from board to board, only one PC'B 
need be checked. Further inspection is not warranted until the bonrds 
have been soldered 

A manual ::1ssemhly program of thP LypP just discu,;sed is capable 
of yielding between 200 and 600 axial-lead-component 111:sertions pl•r 
hour. If a hi~her rate of production is needed. more assPmbly workers 
are addPd When bu,-int>ss is booming, and demand outstnps produc­
tion, 11utom11tPd assPmbly Lechni4ues should bt> considered. 

Automated Insertion 
Machme:s for automated component insertion come in ,1 wide vn­

riety of sty le,-;. The ,-;im ple:sl of these do nothing more than jam 11 com­
ponent straight down, leads first. It i:s up to the operator to se!' chat 
a prnpl'rly oriented circuit boarc:1 is waiting whPn thP component 
comes down :\tore soph1st1cated machmes rely on ;, pantograph ,,r 
computer to control component phlcement and insertion 

The relative ease or difficult~· of automatic in,crt1on depends to 
a large extent on the nature of the componPnts to he inst rl1·d. Fq.;,irL• 
~• I shows lhn'L' eircu1t boards, each beanng senc>n components. Bo,1nl 
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Fig. 9-2. Components tdped for automd11C m~e, 110n 

,\ is tlw ,•;1si.-st lo stuff. board B 1s a lilt II' morp of ,1 chnl lengt', while 
hoard C' could be .1 real lrnublenwker 

Circ·uil hoard A 1s s1mplt' llt'caust• it conla111s axial-lead rnmpo-
1wnts. al I onf'nt p<f in t lw sanw cl I r<'ct ion Furthermore. a II component 
l,•;ad spans <thl' d1stnnn•s from hoh• to holl'l ar(• 1dPntical 

Tlw 1·ompo1wnts on hoard H Iii• along two orthogonal nxes. This 
m<'ans , in most casl''· that ,1fh•r all the i:>as(-\\est comporwnts hav!' 
bf'Pn in;;prll'd , the board will havl' lo be remowd from the inst>rtion 
machme, rot:ited !)I) . and repbcPd to :ill ow insert ion of the north­
south compom•nls. i':ott' also that thP componPnls on board B h:ive a 
\'1lrifty nl IPacl spans. This wall rPquirP Pit hPr a sophisticated, adjust-
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Fig. 9-3. Computer-controlled automatic ,nsert,on machine /Courtesy Com­
putcrvos,on Corp Bedford Mass.) 
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able insertion head or :;everal insertion machines with fixL·d heads 
one for each lead span 

Circu it board(' inlroducPs n third axis of rnmponent orit>nlalion 
Most machines n1n accommodate two orthogonal axes without much 
trouble, but lo insert components on a third axis will re4u1re manual 
a,sislance in most instances. Board C' a lso contains components other 
than the ,ample axial-lt>ad types present on boards A and Fl Thi> 8-lt>nd 
spider-can IC and the large oblong component at the bottom of the 
hoard cannot bP in,;erted by a nwchanism de,-igni>d for axial-lead com­
ponents. 

This brings us to the question of just what can be inserted auto­
matitall_v Axial-lt>ad c-omponent,; obviously must b<· ins,•rtablt'. ,inc,· 
they have heen discussed for several paragraphs now. F1gurP (! -~ 

shows the ,;land.trd taping method used to feed axial-lead component~ 
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to the automatic insertion head. Here components of several different 
kinds ha,·e been sequenced in a predetermined order by a machine de­
sigm•d for this purpo~e Automatic insertion of taped axial-lead de­
vice>s i!> i llustrate>d in Fig. 9-3. note> the I urge reel of taped components 
sitting above the machine. As each component is intiened. it:,- leads are 
cut and clinched by a mechani::,m beneath the board. 

lnse>rtion ht>ads for axial-lt>ad device>s vary lf1 their ::,oph1stica­
t1on The simplest head mserts components on a fixed span or center 
distance: in other words. the dis'tance from mounting hole to mount­
ing hole must bt• constant. Such a head is useful to dbpense compo-
1wnt,; of onP particular typt>, or lo ins4'rl component,- of different kinds 
which happen to have the same lead span Th 1, will not be just a hap­
py comcidence: m order to use a simple, fixed-center-distance head for 
axial-lead component insertion. the designer must plan on fixed spans 
for all components from tht,> oubel. .\lachine>s c,rn bt,> adjusted t1, a par­
ticular span. but this span cannot be changed during the course of Ill· 

sert1on. 
\lost practical designs will re4u1 re mon• than just one (pad span. 

In that case, several insertton machine:,;, 1',Kh adjusted to a differt'nl 
lead span, could be used lo stuff tht,> board Each machine ,,ould Ubert 
only that portion of the total component count which it,- head could 
accommodate. 

Some insPrtion ht,>ad,; c,lll 111,;erl component" on two d1f11:rent 
C'Pnter di,;tancps Appropriately enou,:h. these are kno" n a,; dual-<:Pn• 
ter-<l1stunn, 1 l)CD1 ht,ads. En,n morl' sophisticated in,;f:'rtion head, can 
be foun<l on com1-m!Pr-controllc·d 111,;('rt1on E:'l!Utpnwnt. Kno" n a, van­
ublt·-centt•r-<li~lance (\'( 'DI !wads. tlws..- can bt• programnwd 111 0.001-
in tnnt-nu•nts lo ms, rt a wtdP range of ax1al-ll'ad n,m pt1nents. \\'ith 
hoth l)('I) and \'('I) lwnds. the n•nt1·1 distance can be ch,rngt•d durinia: 
the cour,e of mad1int· operation 

In ,1dd11wn to .tXLtl•lc-.id dt>v1n-s_ th., la1111!1ar dual 111 lin,• intl'­
~1"1!1•d cirnut l'an h,· 111s,·rtl'd hy m,1v111w~ t·spc•ciall_1 dl'signed lor this 
purpost· lnstt•.id of lll·tn_g L.ipPd, l>IP, ,11,· disp,·n,.,d from magannt•s. 
ln,l'rlton hPads ,·;m acl'olll1110datt· dual-in li1w 1lt>\"KP, with as manv as 
HI pms 1F1g. H 41 Nott' how clw in,Prtwn lwa<l grips th,· intP.:r;ted 
, 1rcu1t along its ~,d,•s. Ohnously ampl,• spal'l' must hp allowp<l on t·i­
tlwr s1,h• ol liw I( ' so .is 11111 lo ohscru:1 tlw insPrtion head',- Jaws. 

T1:1nsistors can b,· in,-,·rt,·d 1111•1llwr of two ways ~'ir,;t , the\ rnav 
hi' 1ns<'rlt>d radially bv a mPchanism that ~rasps ttw trans1sto;'s ca;, 
,nd push,•s 11 ll0n<b-t11.s1 ,nto thl' board Or. tlw tran,-,i,-,tor's le.ids can 
h ... sprl'a<l apart ,t11d l:,p,·d 111 ,1 nrnnner sumlar to th,1i used for axial 
lead co111poi1t•nl,; In Plltwr ens<\ a spc•cial msertion head must lw em• 
ployed 

Soc keh ,md jumpPr wires Ulll bv automal1cally inserted, too, pro­
vldt>d •h, ri,:ht 111'lch111E ts 11o,.xl In fa,t. with a littll• ingl'nuity, almost 
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Fig. 9-4. Automat,c 01P-1nsert1on head. (Courtesy Computerv1s1oc Corp., 
Seaford, Mass ) 
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anything can be accommodated by standard or modified automatic 
Pquipnwnt HowP\'Pr. sizP ,ind weight limitations may pro,·e insur­
mountable in the case or certain components for instance, trans· 
for mers. Whate,·er the machine,, cannot 111sert can a lways be rn:,talled 
by hand afwr the, bulk of thl' work has bpc,n done automaucally 

As nott>d HI tht> outst>l, mar hint's for ,wlomal ic compo1wnt insPr· 
tion come in a wide ,·anety of styles. The :;1mplest machines require 
that the operator position a board beneath the insertion head and ini­
tiatl· thl' insertion cycle .. \lachmes of this :,ort tncorpurate fixed-c·en­
tn-cli,-tam:P ht>;1cl,-; and are usPd to i nserl cornporwnls of'Just one krncl 

:\fore ,-.oph1st1cHted mach ine, operate under the guidance of ,1 
pantograph as~embly. Reliability. nexibil1tv. and moderate cost m 1ke 
t Jw,;p machinP>- l'X tn•mPly popular Pantoc:raph opc·ral ion • nt 11 Is 
gu1d1ng a sty lus on•r lhP su 11';1cp of ,1 dnllPd 1lum111urn t.-,,,µl,1t,· 
Wht•n lht• stylus clrops 11110 a part i<.ular l•ole of the lt•mpl Ile. the op-
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erutor prl'ssc•,; a button and initiates the insertion cycle Taking its cue 
from the pantograph stylus, the machine inserts a component into the 
location on the printed circuit that corrc:;ponds to the position of the 
,-tylus on the template Machines of this sort are most economical to 
use if components have been laid out in accordance with a standard 
Cartesian grid. Production rates with semiautomatic equipment can 
be as high as 2,000 component msertions per hour, which 1s 5 tu 10 
times faster than manual insertion. 

Computer-rontrolled machines, like the one illus,trated in fig. 9-
3, are the elite class of the automatic-insertion equipment hierarch~·­
Since VCD heads enable equipment of this sort to acrept a wide va-
1·iety of component sizes and lead .c:pans. one computer-controlled 
insertion m,KhinP may replace and outperform se,eral less sophbti­
cated pieces of equipment. Rotary work tables. which are available as 
options on some of these machines, enable a board to be rotated m m­
creml'nts of 90 . Thi~ allows the insertion of axial-lead componc,nt::, 
uriented along either the X or Y ax1:; without manual a,,-i,tance The 
fastest computer-contro11ed marhines can insert approximately 10.000 
axial-lead components per hour. and dual-head designs double that 
figure Programming i,- simple and fast. so design changes an• ea,-.y to 
make Furthermore, if a CAD .'CAJ\'I system "as ust-d lo dP~ign thP 
princed circuit being manufactun•d. :;y,:,tem software may be able to 
gPnerale the necPssary insertion-control tapt>s automatically. 

Soldering 

Solder provides l ht> np,·pss,n ·_y llWL·hanical and elt-ctrical bonci be­
tween component and PCB. -Joints arl' forml'd by hPating \ht> ,-older. 
thP component lead , and the p1·inlPd conductor abon• tht• soldl•r's 
nwltint: p,,inl Upon cooling, soldPr forms a metallic bond between 1he 
l'Ompon.-nt lead and th.- foil Sol<ler ml'lal ust•d in l'IPclronit·s i,- an al­
]o~· of t111 and li>.id havini.: a cnmposit10n dost' t,, th:it or tlw eutectic 
rat ,o G:! 1wrccnt t 1n , :l'i pt•rct•nt kad 

Tlw dislrn!-\uishing charnclt·ristic ol soldt·r having the eutl'Clic 
(·om position is lh,1t melting is \H•ll ckli1wd Tlw rhange from solid to 
liquid 1or vie(• versa 1 l:,kt•s plan· abruptly at orw tl'll\[)t'ralurt>, 361 F; 
llwn• is no sc•misolirl or pasty stute lwlwt·t•n liqu1rl anrl solid . Thi,- 1s 
a rl(•sirnhlc• propt>rtv in c•ll'ctronic ns,-emhl~- lwcau:-,t• 1t n•sult,; in 
,-;\ro11g, stn•ss•frt'<' .101nls ThNl'forP, tlw allovs ust•d ,n soldl-'ring wj]I 

ha,t• thP <'Utt·ctic compo.,it,on or :,;0111l'lhing close to it 11.e . , 60/ 40 ). 

Flux Characteristics 

Solrl(•ring rnn be done on a varwty of scales. ,\t thc· bottom of the 
laddt•r 1s the convc•nt,onal soldering iron \\ hich s!'rves primarily for 
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repair work or for the soldering of sensitive components. Production­
line soldering is normally done by dipping or wave lechniques. both 
of which will be discussed later. At the moment. our chief concern is 
with that important preliminary to soldering: flux application. 

The purposef- of fluxing are myriad: Adsorbed gases and metallic 
oxides on the ~urfaces to be soldered react with the flux. which lifls 
these contaminants away from the surface. At the same time. the 
blanket of Jlux smothers the hot metal surfaces to be joined. thus cut­
ting off oxygen which might reoxidize the surfaces. In addition, the 
flux helps promote wetting of the metallic surfaces by lowering the 
soldPr's surface tension. The idea I flux would al;;o be completely un­
reactive and nonconductive after soldering. 

Fluxes used in electronic work may belong to one of two general 
categories: the rosin-based fluxes or the water-soluble organic-acid 
fluxes. The former are for all intents and purposes inert after solder­
ing. However, because there exists the possibility of metallic corrosion 
and degradation of the laminate's insulation resistance, especially un­
der environmental extremes, these fl uxi;>s ar<-' customarily removed 
after soldering. The second class. water-~oluble fluxes. is much more 
reaclivf', and f7ux residues must be removed immediately after solder­
ing. 

The rosin upon which the firnt dm,ii of !luxes iti ba;;ed occurs as 
a natural product of the pine tree. Alternatively, ,-,ynthelic rosin, 
known as resin, may be employed as a substitute. Natural ro~in is a 
diverse mixture of chemical compounds, and of these the most signifi­
cant for soldering purposes are ihf' organic acids-for example. pi­
meric and abictic. By itself. rosin is a weak flux ,;u1table for soldering 
only lhe cleanest of surfaces. So. to the rosin base manuforturt>r,- add 
various activators. which boost the reactivity of the f7ux. The typi<:al 
activator is a thermally unslahlf' sail which breah do"n at soldering 
ti>mppralures to yield hydrochloric acid. 

Rosin fluxes are available in three different grad<-'~- ThP R-type 
fluxes are essentially rosin dissokcd in an appropriate vehicle. which 
makes the flux fluid and easy· lo ,ipply Since no activators are pres­
ent. thP mi>lals rn be joined must be extremelv clean. Consequently. 
type R fluxes see comparatively little use in thP rruPI world of the as­
sl•mbly line 

Tht> mildly activated ro,sin fluxes •I} pe R.'.\lAI consist of rosin. ve­
hicl<>. ,rnd aclivaton, such as amine hydrochloridL·, Since these flu--:e, 
arc more reartive than the R types. they mak<-' solrlPring t•a,-ier Th(• 
residut•s of RMA flux are nt>arly inert becau,-e of the low ,1ctivalor 
conrentrmion If an electronic ,i:-~Pmbly can be »oldered "·ith H\L\ 
tlux, :,o much th .. bdtcr. However. a large proportion of produc\1011 
fin<· work rt·4uires ,i mon· potent llux. 
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Type RA activated rosin flux is the strongest of the three grades. 
since it has the highest concentration of activator,-,. This makes solder• 
ing ~imple with ~urfaCL'li of average contamrnation. However, since the 
residues of type RA rosin flux are more apt to cause eventual prob­
lems. care must be taken to remove them compil•tely. RA fluxecS find 
exlt-n:,;i\'(• application in PCB assembly. 

Thl' wall'r-soluble or!-("amc-acid fluxes are much more corrosive 
than any of the rosin-b,-1sed fluxes. Typical constituents of n water• 
soluble flux are organic acids 1glutamic. ~team:, phthalic, etc). com­
pounds with active halogen groups !aniline hydrochloride. hydn,zine 
hydrochloride. etc.I, and a vehicle such as glycol or certain other or· 
ganic solvent,- Water ma,\· be present a~ well , but it ,-,hould be noted 
that water 1s never tht' chief ,-olvent, since it rPsults in a flux that 
spatter,- excessiwly during soldering When water--oluble flux 1s used 
with ~older-plated boards, it b adnsable to choose a flux with a min­
imal halide content to limit the formation of lead chloridl· on the con• 
dudors. Residues from these fluxes should he removed from the hoard 
immediate!:,· after soldering'. failure to do ;.o in\'ltes corrosion and the 
formation of insoluble salts. Whereas the actl\·ators in an R'.\1,\ or RA 
ro~in-type flux arL• til'd up in an im•rt rL•sidue atll'r ,oldPring. those in 
a wall•r-soluble flux rl'main rl'lati\'ely unh,ndPred and r.-:wt1,·e 

Flux Application 
Liquid flux c,tn hl: applied by n v,1nl"ty of nwans For low-,·olume 

soldenng appltcat10ns, 111 which boards are dipped m,1nualh· mto a ~ol• 
der pot brushing or dipping may b!' '<Uitable mean, tor applyin~ llux 
Ohviou,-Jy, the,-.- lPchmqtws nre fairl:, prnnit1n·, and they w1ll not 
adapt well to automatL•<l. ht!!h spel'd soldPnng. 

For ~uch purpo,..es, loam llux1ng ;rno \\,l\'l' tlux111g .ire the prima­
rv ml'thods ol application The central compon(•nt of any foam fluxer 
ha porous stonP, which is ,:;ttbtnl.'rged ma res.•rn,ir of flux Air undL·r 
moderate pressure ts foret·d through thP stone into the t1ux, wht>re it 
cn·ates a foam with lirw bubble,., This foam rN's within a tube or 
chimni y nnd evpntunll) on•rl1ow, from the ch1nint•y·s open top. 
Hoards an• skimnwd o\'cr th,· top of the ch1mn,y lo p1tk up a layer 
ol flux th ,t n,w·rs :111 .in·as lob, si1lden,d. 

Tlw .iltPrnattH' apphca110n 111t thod, wan• tluxim:. relies on ,1 

standmg wan• of llux to cnM the circuit board\ underside Inside the 
11,ixer u pump-and-nozzle nss ... mbl_v cn•at,•s a l11wnr standing wave 
widPr lh,111 1hr hoard to ht• llux<'d Th<' circuit board 1, skimmed ,1long 
so that it,-, bottom ju,-,t gra:✓.l'" lhP rrPst of the wave and therebv ac-
quires tht dt•sired ~11,1! of llu, • 

In nn a11l01rat1c solden11~ machine. lluxmi-: is cu;;tomarilv fol­
lowed hy pn•h,•ot111g '!'Ji,, purp~, ... here is to raisp the temperat~re >'O 
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that the Oux become,-. reactive enough to clean the metal ;;urfaces. 
While the soldering process itself will heat the Oux, preheating min­
imi1es the time tre board must linger in the solder. ConsequenUy. sol­
dering can procef'd nt a faster rate in c;onveyori7!•d sold~rinl{ systems. 
When soldering 1s done by manual dipprng. preheaters are not re­
quired. The preheat temperature is usually 190' to 201)' F for rosin­
bose fluxes, which ml'lt in thl' vicinity of 160' F 

A further henefil of preheating is that it drives off the Oux ,e­
hicle and any other moisture trapped within the board,; hole,. . With­
out preheating. thesP liquids would nipidly vaporizP during ,;oldering 
to cau:.e spattering and blowholing tthe blasting away of a certain por­
tion of the solder at a joint). Blowholes may also be the result of or­
ganic materials o,·cluded within thP plated deposit ot a through-hole. 
Preheating \,;]I not cun• this nuisanc;e, mstead. n,gul,11 carbon treat 
mcnts to purge the plating baths of organics are recommended 

Soldering Equipment 
For mod(:'st production ratPs, manual soldering v,ith a dip pot 

will probably handle the workload Thi,,- dip pot is noth n!.( mor(• than 
:rn npPn , h<>at1•cl rPSPr\'oir for ;;oldPr AftPr fluxing th<' hoard i, 
clamped by tongs and dipped c,irefull~· into the ,oldPr C,rntion is ,,d­
\'i,-pd 1.-,t the :-oldl'r o,·erDow onto the topside of the board .-\1terward 



 

132 Des1!!n111,; and Cr.ealin{f Printed Circuit.~ 

the board is :;lowly ,rnd evenly withdr,nrn from the pot and set aside 
lo cool 

More subs1,-111tial workloads wmerally util ize wave-soldering 
techniques. In principle. wave soldering is vpry much like wave flux­
ing. stnce both cmplo) a standing wave of fluid a" a means of appli­
cution FigurP 9-5 il luslralt'l-- lhe essent ials of modern wave-soldering 
procedure: the wave itself 1s shown here in cross-~ect ion 

The necessary standing wave of molten solder is created by 
means of a pump. which forces solder through a nozzle with a relative­
ly narrow linPar orificP. The wave created as the solder exits the noz­
zle c;in be as high as 0.75 in and as wide as 2-l in in curr(:'nt machine, 

As Fig. 9-5 shows, t he board is dragged by a conveyor so that the 
cre"t of the wave makes contact with the board',; underside. As the 
board moHis through the wave, solder wets the pads and rises in lhP 
through-holes b_v capi llary action At the point where the board .-xit:-­
the wove, a solder web is formed. If this web is too large. it may ~t•p­
arate and leave unwanted solder on the board. 

The solder web may be minimized in several ways. lndining th.­
conveyor sl ightly Pnlists thP assistance of gravity to pull the web back 
111to the wave. Inclines from 4 to 9 are used 111 practice, and they 
are quite effective. Another stratagt•m employs nil lo lower the ~ol­
der's surface tension which, in turn. rPduces the size of thl' web pulh·d 
from thl' wa\'l• by the mo,ing bonrd It also m1n1m1ze!> thl! Ll'ndPncy 
for icidPs of solder to form on thl• joints Oil may be miwd with solder 
in the pump or injected into lht> \\U\'e, In either case, tine!~ di, ided 
droplets of oil bPcome dispersed in the solder. therl'by diminishing the 
soldt•r·s su rfacp tension 

Sold.-ring with oil hus oth,·r bPneficial ~ide effecb as well For 
one thinJ!, the blankl't of oil that co\'ers the surfact• of th .. solder ltmtt" 
the acn•ss of ;1lmospheric oxygen lo lhL• solrll'r As n result. the forma­
l ir,n of dross-nn undesirahlt• ,urlac .. residue of lead and tin oxide><, 
,1mong other thmgs is curtailPd Sinre soldt•r Joints on thp hoard abo 
an· prokcled bv a lhtn ftlm of oil, the~ rt•main bright and shin~· duP 
lo lhP 1nh1hition of nxidatiun Sine,• 011 rpduces the tendt•ncy for icicle 
lormnl 1011. con,·eyor sp,•eds ma_\ be incn•a,L•<l, rt•sull 111g m an atten• 
dant inu-c•ase 1n producti,·ity. 

Oil is not \\ it houl its disadvantaises. howe,er Tht> obvious onl· 1s 

thot the oil must l'Vt•ntuall,I' h,• c-Jpa1wd from thP surface of the print Pd 
ct rcuit ,\nolhc·r i,. l h,1l oil must ht• changPd on a reg1.1lar basis to pre­
vr•nt cnrhonizat ion and contamin,Hwn of th,• soldc,>r Some oil:; :.irP 
worsl' than olht•r,-; in this n•spPct For wan•-soldc>ring purposes. min­
eral uil:,, and waxPs ~ive the hest p.-rlc,rmance, 

I fl an .-llort to c1 rcumvPnl the need for ml. ~omf:' equ1pm,•nl man­
uf ilctu rt•r~ t•mploy a supported, 111clinP<l wove which, bec,,use of the 
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Fig. H . M,nipak bench- type wave-solderng system (Courtesy Etcctrovert 
Inc , Elmsford. NY) 
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fluid dynamics involved. has a min imal tendency for webbing and ici­
cling. The key to oil-free soldering lies in careful tailoring of the 
wave's shape and velocity distribution. Both the bench-st} k· wave-sol­
d(•ring machinP in Fig. 9-6 and the floor-standing model in Fig 9-7 
employ specially contoured wa\'es of the type just d1scu;;sed. Except 
for the wave-generation mechanism, oi l-free systems are structurally 
similar to the machines that use oil Note the inclined conveyor, 
which is dearly evidPnt in Fig-. 9-7 

In the final analysis, whether a system solders with oi l or with­
out makes little difference. Both systems are caµahll' of producing 
i.:ood rC'sults whC'n the machines are properly maintained. 

Solder 1l1asks 
As circuit dimensions become smaller and smalll'r, it becomes in­

cn•a"'111gly mon• difficult to avoid thl' problem of ,older bnd1a,>"ing be­
l Wl'l'n cnnrlut"tor,; of ,1 printl'rl circuit. If a :-et of closely ,paced, 
par-allel conductors goe,; through the "a"e Lil ,,uch" '"'Y th.tt the· <:on· 
ductors all run paralll'l to the wavcfro, t. bridgini:: i;; almost cntdm to 
uccur, regardl~•ss of tht> typt> of solrlt>rinia; •~·~tl'm used Soldl'l" maskme; 
can bp of h<•1wfit lwre. sine(' thP ma~k ,hield~ all :ire.", I th,· circuit, 
u11dL·rsidl' l'XCl'pt for thl· pads Const•qu,•ntl.\, ,,.Ji.kr Ill n•r lou,·h•·~ 
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Fig 9-7. Ultrapai,., floor mounted wa"·e•soldr-rir19 system (Ccur:es1- Eittnrc. 
v<>rt Inc, E1ms1o•d, NY) 

mo~t of lht> c:onduclors, and l lw inc1denc .. of bridi::111i.: i,, rt•<luced ac• 
cord1ngl_v 

AnNher bent-lit of soldt"r ma,king i;; rt-<lurp<l sol<lPr con;;ump­
Lion, an obnou,- t•,011om11: :idvanli\gt• .-\l till' same time•, lt•;,.s cuµpt•r 
huilds up in the ,oldu· pot bt·cau;,.t•of rl'du,t>d c,,ntad bt>l\\t>t•n ,·undU(:­
tor;. ,md solder Sine" t'oppPr cunt't'nt ml ions :ihon:> n ~!\ pl'rcent de­
;:rade ~older•Joint strP11gth. mrnnt:iining a IO\, coppt>r conce>ntr;1t1on 111 
tlw soldt•r put 1s a matll'r of p1·actical irnportanct•. 

WhPn soldPr masks of lht• pt>rm:rnPnt type are emplo~ed. tht•y 
ma.,· be left on the hoard's surface after ,-uldennc; to protPct the pnnl• 
t>d w1r111g Solder masks of tht' ll'mporary I) pi> 111,iy also be applied­
for inst,.nrP. lo shil'l<l gold-plati>d rnntacl fini.:ers I rom -;older. •Gold de­
µos1ts d1ssoh-t• completely in ;..oldt•r aftt•r lt•ss than lwo sl'nmds of im· 
11wrs1011.1 Once soldt>ring is complt>tt'. the ten1porar~ mask j,. simply 
pl'eled away 

Clean-Up 

Flux rt's1dut'~ n·maining on lhP ho,trcl will have to be remo,·ed 
quantitat1wly. and thi;; can l,.p a t·hallPngP. l'haptPr 10 <'xplores this 
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problem in detail; suffice it to say here that the rosin fluxes may be 
removed by either organic solvents or water-based alkaline cleaners. 
The water-soluble organic-acid fluxes require an alkaline cleaner or, 
optionally, neutralization in ammonia water. 

Board Testing 

Automatic testing done on the soldered and cleaned circuit board 
may be of either the in-circuit or the functional type. In-circuit testing 
checks individual components on the PCB to see that they have been 
properly inserted and that they work as intended. Functional testing 
is much broader in scope: It checks to sec whether the board as a 
whole performs to specification. If a fault is detected, in-circuit testing 
may then be needed to locate the cause of the malfunction. Conse­
quently, some manufacturers of automatic test equipment offer ma­
chines capable of performing both in-circuit and functional analy~es. 

The most notable feature of in-circuit automatic test equipment 
IATEl is the bed-of-nails fixture, a grid of spring-loaded contact pins. 
During testing. the circuit board is regi;;tered in place on the bed-of. 
nails and held down by a pneumatic ram or vacuum plate. Each pin 
of the test fixture establishes contact with at most one node of the 
board under test. A minicomputer, which can either drive or sense 
each node through appropriate int<>rface circuitry. performs the tests 
and interprets the results. Programming by the user define:; the te~t 
sequence and parameters The test will attempt to ,·erify the correct 
placement. orientation. and operation of each clement on the circuit 
board. 

Fixtures for functional testing consist of edgeboard connectors. 
JC-probe clips. or some combination of these devices . The purpo,,e here 
is lo tap the input and output lines of the board under lest and to ex­
ercise them via a minicomputer. The user programs the system to per­
form rC'lcvant tests and interpret their re:;ults. In es,ence, aulom,1tic 
te~l equipnwnt of this type operates by comparison, and signals from 
the printed circuit are ChPcked ala(ainst known-i!Ood and known-bad 
signals stored in memory. 

For low production volumes and relati"ely unsophisticated cir­
cuit boards. con\'entional manual tP~i nwthods may be :;ati,;factory. 
llere, greater reliance is placed on a human inspector, who performs 
the test and interprets its results . With the proliferation of low-cost 
microcomputers. howe,·l'r, en•n the smallt•st of cumpanie~ can aflord 
to incorporate> some degree of automation in their testing proisram, 

Conformal Coating 

The purpose of a conformal coatini.: 1s to C0\'e1 a pnnted-c1rcu1l 
assl'mbl_v and protect it from pnvirnnnwnt.il h.11.;H"ds such ns mo isl un•, 
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dirt, and chemicals. Of these, moisture protPCtion is probably of the 
greatest general significance. Ideally, a conformal coating covers not 
onlv the circuit board but the components mounted on it as well. Since 
con.formal l'Oatings are rarely thicker than 0.005 in., they cannot bl' 
expected to provide the same protection against physical abuse afford• 
ed by encapsulation On the other hand, components on the circuit 
board remain accessible for adjustment or repair-something not pos­
sible after a board has b<:>en encap;;ulated 

Conformal coatings may be applied by a variety of methods in­
cluding vacuum deposition, dipping, or spraying. The first of these 
techniques is used with coatings deposited from the vapor phase. Dip­
ping and spraying are employed with liquid conformal coatings, which 
require time to cure into hard, protective films. For printed-circuit ap­
plications, the most important coatings are epoxy, parylene. acrylic, 
polyurethane. and silicone. Of the five, only parylenP is applied by 
vacuum deposition; the rest are dipped or sprayed. 

Parylene films are true conformal coatings, ,:;ince vacuum depo­
sition enables uniform coverage of even the most intricate surfaces 
Smee the coatings obtained can be as thin as 250 angstrom,, they are 
well suited for high-dPnsity printed and hybrid circuits Parylene is 
available in three grades: C, N. and D C 1s the general-purpo:;e par­
ylene coating: :-J is used where veQ low dissipation factors are re­
quired, and parylene D is optimized for hig-h temperatures. Common 
solwnts a;; wp]I a~ most acids and bases have little effect on parylene. 

Acrylic conformal coatmgs offer the advantage::, of long potlife 
and ease of application When repair work is needed. acry lie confor­
mal coatings are easil) removed from the board with methylene chlo­
ride or som"' n,(at<:>d t·hlorin,Hed hydrocarbon This is a mixed 
ble:;sing. since it means (hat an acrylic-coated board ,,. hkel) to lo;;"' 
1b protective coating to chlorinated or_l(anic ;;olwnts a;;""'" as otht>rs. 
In mo,-( applications, howt·vt•r, this will ha,·e little practical ::,ignifi• 
<:,rnce Curing is by solvent PVa[lOrrt(ion at either room or e)(>vatt'd 
temperature. 

Eµoxy coatings are available a,, LW<H:omponent ,.y,tem,. "1th a 
limitPd potlifo lwc:;iuse of polyrrn:rization. Conformal coatinf.(>< of the 
epoxy type pos><('s,:; excellent resistance to chPmic:als. humidity. and 
rm·chanical abrasion Curin!( occurs in IPss than three hours at elevat• 
"'d lPm()E'raturP, or in about one wt:ek at room temperature. Because 
rhe epoxy resin 1s so imµer\'ious, n cannot be themicall.1- ::;tripped for 
n •pair work. Instead, it must be burned away with a solderinl{ mm 

J>olyurethan<• ro,1tmg>< are avmlable as either sinl{le- or two-com­
ponent syslt>rns The ,single-com ponPnt typ"'" eure in about one week 
at room ll-mperature, while tw<>-component polyurethane,; require 
s<•vpral hour;, at elevated temperature Sini.de-component types are 
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easier to work with and feature a longer ;>0tlife, which results in Jess 
waste. Like the epoxies. polyurethane resins offer excellent resistance 
to chemicals and humidity. When circuits must be repaired, polyure­
thane conformal coatings may be stripped chemically or burned away 
with a soldering iron. 

Silicone resins see their greatest application as conformal coat­
ings for circuits subjected to high temperatures. These coatings pro­
vide excellent resistance to humidity and chemicals even at tempera­
tures as high as 200• C. Removal of a silicone coaling for repair work 
is difficult, however, and requires that the film be cut away. 

Since one of the purposes of a conformal coating is to protect the 
board and components from harmful chemicals, it makes no sense at 
all to apply the coating to a board that has not been thoroughly 
cleaned. In fact, putting a coatinl{ over a contaminated board can do 
more harm than good in some instances. Generally, all traces of flux 
and ionic contaminants will have to be removed, as will oils, finger­
prints. and whatever else manages to gel smeared on a board during 
assembly. This is the topic of the next chapter. 




