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1s mvenmoan"eqa'tes to TEC assembly of
electrical components to circuit boards and
more particularly to the assembly of miniature
semiconductor networks to an essentially flat
printed circuit board.

A jig for holding a plurality of electrical
componenis having leads for connection to a
circuit board includes, in accordance with
the invention, a grid having a plurality of
openings therein distributed in a regular pat-
tern. The jig includes a plurality of inserts
which can be fitted within selected encs of
the openings, each of the inserts having a nest
for receiving an individual one of the network
components. The assembled grid containing
the inserts provides apertures through which
a lead conmecting tool, for example a welder,
can be inserted. The jig includes means for
securing the grid, with inserts having com-
ponents therein, 1o a circuit board so that
the components can be connected to the cir-
cuit board in any of a large number of con-
figurations which lie on a patiern determined
by the grid.

The invention also provides apparatus for
conmecting electrical compenents to a circuit
board comprising a jig as described above.
The apparatus also includes automatic lead
connecting means which includes a lead con-
necting tool adapted to fit within any of
the apertures provided by the grid and inserts
for connecting a component lead to a con-
ductor on the circuit board. The apparatus

[Price 4s. 6d.]
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Ifohgzcludes means operabl
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St fo b

attaching electrical component terminals to
circuit boards, comprising providing a grid
having an array of openings for receiving
removable bridge portions formed as mests
extending across the openings, locating bridge
portions in certain of the openings, electrical
components being located in the nests with
their terminals extending oppositely from the
bridge portions, whereby the terminals of the
clectrical components are exposed in the open-
ing on opposite sides of the respective bridge
portions and near one side of the grid, apply-
ing a circuit board on the said one side of
the grid to place its circuits adjacent the
terminals, holding the circuit beard so applied
to form am assembly of the board, the grid
and the bridge portions, turning over the
assembly, whereby the terminals are exposed
on opposite sides of the bridge portions in
the openings of the grid, moving the assembly
under a lead connecting tool means to engage
the latter sequentially with the terminals to
join them with conductors on the board, and
removing the board and connected compon-
ents from the bridge portions and grid.

In the accompanying drawings, in which
several of wvarious possible embodiments of
the inventionr are illustrated,

Figure 1 is a perspective view broadly
illustrating an automatic lead welder, no de-
tails being shown;

Figure 2 is a perspective view of a jig for
holding a plurality of miniature semiconduc-
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shown in Figure 11. Munted adjacent lead l|imting sense. 25 screw
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position network

Correspondmg reference characters indicate
corresponding ‘parts throughout the several
views of the drawings.

Referring now to the drawings, there is
shown in Figure 2 a fig 11 for clamping
miniature semiconductor networks in a pre-
selected array against a printed circuit board.
The jig includes an array of openings through
which welding electrodes may be inserted for
welding the network terminals to conductors
on the printed circuit board. As a preliminary
matter and before describing the jig in detail,
it may be noted that the lead interconnection
isadvantageously accomplished with a welder
of the type illustrated gemerally in Figure 1.
The welder 13 shown in Figure 1 includes
electrode heads 15 and 17 which are mounted
so as to permit vertical movememt only. A
welder construction which is particularly use-
ful for welding tthe leads of miniature semi-
conductor network is illustrated in the speci-
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is in the process of insertion in the insert
33, and the latter is in position for insertion
in the grid 21. The component or net-
work 41, which may for example be
an integrated solid-state circuit, is made
up of an elongate rectangular body 43 and
is provided with a plurality of usually flat
leads or terminals 45 extending transversely
from the body 43. Each bridge member 37
includes an clongate tab part 47 which pro-
jects beyond the front surface of the grid 21
when the inmsert is positioned in an opening
31 therein, as may be seen best in Figures 3
and 4. As explained in greater detail herein-
after, this projecting tab part 47 facilitates
the locating of cach insert and the network
held therein during welding operations.
Typically it is desired to locate integrated
circuits at scattered positions on a printed
circuit board. By providing grid 21 with a
large number of openings 31 in relation teo
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i ncl udes at each end projecting lugs 107 which spanning the rim and an
aperture through fit snugly within correspondi ng recesses 109
whi ch a | ead connecting tool can—eoperate———————A—the—gr+d—301++or
retaining the insert within being disposed on each side of the bridge

60 the grid. The front of bridge nmenber 105 nenber. I ncl udes a
nest 111 for receiving a sem - 4. Ajig as clained in claim 1, wherein
125 conductor network 41 with its laterally pro- a circuit board

when secur‘ed to the grid is 1,141,075 jecti ng | eads 45. On tHe back of the
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I | ne \% ‘h, ek n n t,’%gjé ﬁg’c% ;ggj"‘% }fﬁlﬁwgﬁ' d nests, each
“‘thr gkt Ion O 1chdiD4S0kre @b T 6 mhesab inserts

i ncI umtwgk nleqmslt ﬁ@r’oe Ptmlded which con-  trodes 50 reaching ribmught ﬂue sridedpel- n% appar at us

o Tt REpRd g el st el s

ening 103 passes

e ‘n -ty by

¢

prope tolﬁésxre@-rka é) f QK | Ni o see Figod t ?]TCJh

u nder ot the completcd circuit bodrH eWularhp griat
383 21 P%’ethms?!% 533 éff mmgnwemd uﬂﬁe
LR ng AR
bl Yy ¥eh, pu;&mlamrc@i QlEt tANkbhyo
p h ot O@dpedrbd mcr.acmeiedt 39,17 sthn emFxg&E)

w8 Lnark’ff At

0
%ﬂ all  wel di ng
PbR-19 is moved to the If Eextwe ﬂSts needed

&ra ‘tEbmabl ﬁlomthb eldealﬁsarfoﬂerta‘wdll ght
Py SITtE g,

?ﬁ.‘]‘i“c@’ ?Ejg?ﬁland a

e appar at us

welding eads 1
gives an lmdlcammp Fhdl

5

t?;%;; F" th ‘ds o tc{“@i ?JGCF S opthin@Cts| ahgmixmﬂenmnthd’l weldmg | i ght
cw rb By \M;u ofr{g ks hgfs o the sqyugee de proslardmshofcel | 117,

|'i ght mfezﬁ&mA p€inted circuit board 5p),omeln§ st
sour cen m@omstc rdesfrlbemned @ydupth!e 510

conf| BB TS Y ﬁ;m i
POREEY be] §1 Niich 110 1
V\hen e rtemﬂh lads Y. EBEMGbLY, Sregistra-

conne een s ‘Iafl tCOl}dSCT ead ta
OP%aE‘ Wgw ot i %ff%é et o

S1 gha 1'10\‘V1§ G f3€ Ghto the grid 21 in conl
In t hmuqmﬂmnera\mh oriated ms:umlbbaad n&

activ é‘la?? ﬁh Hﬁﬁ &
15 o0 S e B R

posi t Qrbcpfcﬁhp@tléd t8Qhe position
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the leads 45 to the conductors 53 on the
underlying circuit board 51.
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members in turn slide on ways 67 which

extend in a lateral direction perpendicular to

the length of ways 61, ic., in the X direc-

tion. The carriages 65 are driven along the

P& functi on-

t he operator's

wel di ng
so as to be
95

13 broadly shown in Figure 1 are illustrated WAys 67 by a lead screw 69 which is powered 100
in greater dctail in Figure 8 in relation to a 0y 2 gear motor 71. The cnergization of
rctwork which is held for welding by grid the gear motors which drive the traversing
21 and an insert 33. Each head 15 and 17 lead screws 63 and 69 is effected by control
40 includes a pair of clongated laterally spaced Circultry described hereinafter.
clectredcs 50 which are positioned for the As it is desirable to position the table 19 105
welding of network lcads 45 to conductors at various positions which are separated by
53 on opposite sides of the bridging mem- integral multiples of the network lead spacing,
ber 37. In each pair, one elcctrode is groundzd e.g., 50 mils, a method of precisely fixing
45 and the other is connected to a suitable pulse posiiions at these spacings is provided. For
power source (not shown) through a power this purpose cach lead screw 63 and 69 is 110
lead 52. In operation, a pulse of welding provided with a detent-and-switch device 73
current passes from onc clectrode 50 to the and 75, respectively. The detent device 75 is
other clecirode through parallel conduciive constituted by a disc 77 carried by lead screw
50 paths formed by the lead 45 and the con- 69 and having a series of notches 79 cut
ductor 53 being welded together, This weld-  into the periphery thereof. A spring-loaded 115
ing method is commonly known in the art roller 81 is urged against the periphery of
as a * parallel-gap ” wclding method. disc 77 and thus, as it drops into cach notch
As explained in greater detail hereinafter, 79, it tends to hold the lead screw 69 in
55 the table 19 which is incorporated into welder the corresponding discrete position. As roller
13 is operated so that the various openings 81 drops into each motch 79 it actuates a 120
31 in the grid 21 are successively scanned switch DSX which is interconnected with the
under the vertically movable welding heads control circuitry as described hereinafter. The
15 and 17. When an opening 31 containing detenr device 73 similarly opcrates a switch
60 an insert 33 arrives under the welding heads, DSY in response to movement in the trans-
the projecting tab part 47 of the bridge verse direction. ‘Assuming that the pitch of 125

member 37 engages a trip lever 55 of a sens-
ing switch SS1 located between the welding
heads 15 and 17. Actuation of switch SS1
65 initiates dropping down of the heads 15 and

the lead screws 63 and 69 is such that a single
turn will traverse the table 250 mils, five
notches 79 are provided in disc 77 so that
movement from each notch to the next repre-



jig with network conponents and a circuit
t hen used

initiat

to

bpard for

wel di ng thereby. This signal
i nt erconnecti on when the first board

—  {s-finished.

As various changes could be nade in the

i's

The positioning of the

table 19 wth the above apparatus and net hods w t hout de- 20

preci sion necessary to bring the electrodes 50 parting fromthe invention,
it is intended that 85 i nto exact engagenment with a desired pair
of all matter €ontained in the above desdrlﬂmﬂion I"eads* 45 rray

al ternativel y De acconplished by _or_shown in the acconpanyi ng dr aw ng

shal | | rfgpmme)\ﬁmfrﬁef %&P'ﬁl%ﬁq@etﬁépnggg&ﬁ PR b ﬁew%ytcgéflgg

as | I lustrative an Tﬂolt)glé Biagtam of Figure 10 LSRN dTR lﬁ:ﬁlﬁﬁldgs mfdﬁ ﬁ a the X-

adj acent | ead |i rhd kdnffolS @fpfatus which p@BucesS e eWwxi® Inon coordol ¥kEch iaads athe thei~s~

a spring P e et A of tavel of %e?‘s A R S AL
a Wi

CLAIM IS the table 19 over atform (gl r1 e X direc- w}zél&&n a%nﬂgl%gaghl: %KB%QJ?ed

therein at proper gog an sen&d]b!y mbt QlrirdAG| TSN hd Pl cUx[tt% YA Vn he@d-:ﬁ&s motor control XA

intervals is pul | ad+$XDmnd eehe 8’7d1ret:tﬁm0hyghma dnr bat;labe oanpidachit s nagual epgtrol

| eads for connel® isg heS LS:Yl a“d : ??I%L Rl?y mf;%‘ﬂ‘?gelﬂ‘gl L&)

to a circuit boardy, Mfﬁiﬁ %’fbgfgg dfi‘é’\{% é ?{Kf "ofh & Zi ATk 4

menber 65. A Si M -direqiBn &Y IAdfor @r&eautdagsmtz & etlorfiling t WelBif € ei-aﬂons not pro-

| ar positi oni ng s;ﬂs&)émxd D3t b@lgmm tive S0 @meduceq grapguetl by apeetvodiy ng agropding t@khet y

of inserts for 159mignals at each PTedEfF‘B‘gPé‘H ROl RIS BBty 5 I n this, case
. . ; ) operation © elder is _as, folJows,

fitting within sel eﬁi gfﬂo qge@z%e@fpretvﬂ?sly, il Qns@ﬂe'}f being as:umed that eﬁﬁﬁblb hRGKEE ially

correspondi ng to saraCB®L gi@b d Signal WhSevecacdndi 18 eliel ugpaCli

ghethddg carnBredt thé @lat-
recei v- support ed qpmmgrrentgmgmwr% t(ﬁbrmhfcwdlgl fonmd 20

g@ dﬁee rn iFigrey i salthabthe of

the conponents,® g "o ot Boonr din e PR rhind
means for securi ngmtflt}étﬁ 44

. 5@1"1:! Spenings  table is ihitidR 1 Qerseb]% HRAES o kthe
spaci ngs equal tds biogght ha)vahgxgnen

ﬁlmemls ctehersem il aenﬁimgr otk SSmarcdmacileGO
uni t of spacing, erfmi{?y’@d "ﬂle%‘i gectl q’s Wg °n'
provi di ng_ aper 11T 68 i moor contuol & étﬂiy 5%%4 Ree I‘E" LD gt i

through which a | egd r¢antegirmagnted taByo limit  as indicathd BVthel Gerdat G BSE‘
time a lead 45 is oélrcs'LS-b@l |%é§’c—é’d tfr gietenmningn el@t isnidenl ea@g«t elonmehchfa@alW

; ; t l‘&%ﬁ found as
40 tioned dir { l the ](s*e% sw tc% @2 @ﬁgne%t rﬁiﬁ?d bp@% ggzzgr m tab 35
_corrponent S can b€ Axwdd 'ﬁgr ertures is in alignsient wat h j&‘ kﬂ
in the for connechd atldihg cleduddesj snduirdm bhoadednti I‘Bexaiﬂy sik@h SS1 has been aétitdted, dhe

phot ogr aphi cal | y mWé@aP@él tq gesemingyhe $PPIAg Signs
which lie dsﬂ1gﬂxge Ym switch Sgéa from the ch pu ont switlh | stops

rom th -axis detent sth

the ta

pattern determ necrciﬂ{e ber 3aiid seﬂ:&lv@iy energized by the spaé Qﬁc a tv&li Nigblds \4§ and
provision for precinsElayis mot@. coftrol | X4y Genroll Bnmedle mnldcl antml WC inti@esed mycle of

45 locating the i®gei latigl & ligdy | opera ekl
Ly ‘i‘&ﬁ%%@zrma 385 1 l?f?;&ﬁ“?g% tb%rd 105

g eX-guy metgycomolwm
100

i ncludes a bri dge SV el @ﬁ}éﬁaégﬁpﬁbﬁé

the limits of trawelI mleglt
menber providi ng tde; rempect seﬂsﬁxgnﬁ\&Eh &St whHichO the weld cycle colmfterFCTRY @ IK2ax@n

13.
also a grid 101 i¢g
di sposed on oppp,s

50

55

60

65

In this enbodem@mes

lantagning gefF{dl

%@ﬁfmgf%ﬁ”% T

Hich determines the exact positions corrc—
sponding to the network leads during the
operation of sensing switch SS1. The X-
axis motor control also receives information
from thc Y-axis motor control YA upon
closure of the limit switch LS—Y2 which
signals the end of a welding cycle when the
complete traverse in the Y direction has been
completed.

Each cycle of operation of welder 13 is
initiated by a welder controller WC and each
such cycle of operation in turn trips a weld
cycle counter CTR. The welder control re-
ceives information from the sensing switch
‘§S1 which determines when an insert is posi-
tioned below the weld heads; from the X-
axis detent switch DSX which determines the
exaot position of each network lead within
the period during which the sensing switch
SS1 is in operation; and from the weld
cycle counter CTR which determines when a

vipoteypenfirgh gXA aespaqsrso:@fimg of the

th orks
:%laé a%leﬁli;xglda %ﬁ%ﬁ ﬁéﬂ g:;ded
the table will contact the lnmt switch LS—X2.
Operation of the switch LS—X2 will cause
the X-axis motor control to reverse the rota-
tion of motor 71 and return the table 19
upwardly as seen in Figure 10 until switch
LS—X1 is contacted. The Y-axis motor con-
trol will then cause the motor 64 to move
table 19 again to the left until the next row

- of grid openings is in line with the welder

clectrodes as determined by the sensing switch
852 and the detent switch DSY. The appa-
ratus will then search this new row of open-
ings for inserts and will weld the networks
held therein.

The apparatus will in this manner search
the various grid rows until table 19 has moved
completely to the left and contacts lmit
switch LS—Y2 which, through the controls
YA and XA, will stop both of the motors
64 and 71, thereby _terminating the welding
operations. Thus it can be seen that
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the bracket corresponding to bracket 85 is
supported on the carriage of which 61 and
65 are parts. By providing punched informa-
tion on the tapes at spacings equal to the
unit of spacing employed between the leads
45, the phortocell tape readers will thereby
prov1de signals each time a lead 45 is posi-
tioned directly beneath the welding electrodes
50. iAs is apparent to those skilled in the
art, a photographically prepared tape may
also be used.

Another alternative provision for precisely
locating the individual metwork leads 45 is
incorporated into the embodiment illustrated
in Figures 12 and 13. In this embodiment
also a grid 101 is employed which has open-
ing 103 therein distributed in a regular pat-
tern for receiving component-holding inserts
the jig also including a backing plate and
clip as in the construction of Figure 2. The
inserts are constituted by bridge members 105
which span the openings without any circum-
ferential rim such as was used in the pre-
vious embodiment. Each bridge member 105
includes at each end projecting Iugs 107 which
fit snugly within corresponding recesses 109
in the grid 101 for retaining the insert within
the grid. The front of bridge member 105
includes a nest 111 for receiving a semi-
conductor network 41 with its laterally pro-
jecting leads 45. On the back of the bridge
member 105, in line with each of the npet-
work leads 45, is an aligning tab or tooth
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fitting wn:hm selected ones of the said open-
ings, each insert including a nest for receiv-
ing an dindividual ome of the components,
and means for securing the grid with inserts
having components therein to a circuit board,
the assembled and inserts prov iding apertures
through which a lead commecting tool may
be inserted for connecting leads to the circuit
board, whereby components can be assembled
for connection to the circuit board in any
of a large variety of configurations which lie
on_a pattern determined by the said grid.

2. A jig as claimed in claim 1, wherein
each of the said inserts includes a bridge
member providing the respective nest and
spanning the respective opening, a pair of
the said apertures being dxspand on opposite
sides of the bridge member so that leads of
the component rccexved by that nest project
res;m:twely into the said apertures.

3. A jig as claimed in claim 1, wherein
each of the said inserts includes a rim which
fits closely around the periphery of the re-
spective opening in the grid and a bridge
member providing the respective nest and
spanning the rim, and an aperture through
which a lead connecting tool can operate
being disposed on each side of the bridge
member.

4. A jig as claimed in claim 1, wherein
a circuit board when secured to the grid is
on the side thereof from which the com-
ponents are inserted into the said nests, each
of the said inserts including means for in-
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5. Ajig as clainmed in claim4, wherein wherein the | ead screw has detent
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Another alternative provision for precisely 2. A jig as claimed in claim 1, wherein

43 locating the individual metwork leads 45 is ecach of the said inserts includes a bridge
incorporated into the embodiment illustrated member providing the respective nest and 110

in Figures 12 and 13. In this embodiment spanning the respective opening, a pair of

also a grid 101 is employed which has open- the said apertures being disposed on opposite

ing 103 therein distributed in a regular pat- sides of the bridge member so that leads of

50 tern for receiving component-holding inserts the component received by that nest project
the jig also including a backing plate and respectively into the said apertures. 113

o clip as in the construction of Figure 2. The 3. A jig as claimed in claim 1, wherein

inserts are constituted by bridge members 105 each of the said inserts includes a rim which

which span the openings without any circum- fits closely around the periphery of the re-
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z vious embodiment. Each bridge member 105 member providing the respective nest and 120

includes at each end projecting lugs 107 which  spanning the rim, and an aperture through

fit snugly within corresponding recesses 109 which a lead conpecting tool can operatc

in the grid 101 for retaining the insert within being disposed on each side of the bridge
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conductor network 41 with its laterally pro- a circuit board when secured to the grid is
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member 105, in line with each of the net- ponents arc inserted into the said nests, each

65 work leads 45, is an aligning tab or tooth of the said inserts including means for in-
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i ng portion at the connecting tool for initiat- circuit board so applied to
forman assenbly I ng operation of the tool. of the
board, the grid and the bridge porti-ons, 10. Apparatus as cl ai ned
inclaim 8, turning over the assenbly, whereby the ter- 105 wherein
the | ead connecting neans 'includes a mnals are exposed on opposite sides
of the 45 wel der. bri dge portions
in the openlggs of the grid, i Qﬁgaratus as clainmed in claim 10
novi ng t he senbly under a .lead conne vt wherein the Vel der
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Figs. 9—11 of the accompanying drawings.
20. The method of attaching electrical com-
ponent terminals to circuit boards, compris-

n&ﬁ)ﬁg a:tiﬁ:e C?S

lead to a conductor on the circuit board, ing providing a grid having an array of open- 90
means operable to scan the grid to bring the ings for receiving removable bridge portions
30 connecting tool into registration with each of formed as nests extending across the open- -
the grid openings in sequence, and means ings, locating bridge portions in certain of the
Tesponsive to the presence of an insert within  openings, electrical components being located
a grid opening to initiate operation of the in the mests with their terminals extending 95
connectmg tool to connect a component held oppositely from the bridge portions, whereby .
35 in that insert to the circuit board. the terminals of the electrical components are
9. Apparatus as claimed in claim 8, wherein exposed in the openings on opposite sides of
each of the inserts includes a portion pro- the respective bridge portions and near one
jecting beyond the grid and wherein the lead side of the grid, applying a circuit board on 100
comnecting means includes detecting means the said one side of the grid to place its
40 operablc to sense the presence of the project~ circuits adjacent the terminals, holding the
ing portion at the connecting tool for initiat- circuit board so applied to form an assembly
ing operation of the tool. of the board, the grid and the bridge portions,
10. Apparatus as claimed in claim 8, turning over the assembly, whereby the ter- 105
wherein the lead connecting means includes @ minals are exposed on opposite sides of the
45  welder. bridge portions in the openings of the grid,
11. Apparatus as claimed in claim 10, moving the assembly under a lead connecting
wherein the welder includes electrodes for tool means to engage the latter sequentially
parallel-gap welding a component lead to 2 with the terminals to join them with the 110
conductor on a circuit board. conductors on the board, and removing the
50 12. Apparatus as claimed in claim 8, board and connected components from the
wherein the lead connecting means mcludes bridge portions and gnid.
means for making a predetermined series of 21. A method according to claim 20, sub-
lead connmections at spaced positions within stantially as described herein with reference 115

55

each opening within which an insert is
detected.

13. Apparatus as claimed in claim 8,
including a table for supporting the jig, the
table being traversable in at least two trans-
verse directions and means operable to move

to the accompanying drawings.
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