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[57] ABSTRACT 

An automatic machine for ball bonding a lead wire to 
an expanded contact of a semiconductor device and 
stitch bonding the wire to a lead of the semiconductor 
package is described. The machine automactically 
aligns an X-Y table in predetermined relationship to 
the semiconductor device by means of an electroopti 
cal system. A bonding needle mounted on the table is 
then moved in a predetermined manner to press the 
bailed end of the wire against the expanded contact. 
Wire is then positively payed out as the bonding nee 
dle is moved to the lead where a stitch bond is .per 
formed. After the stitch bond, the needle is raised to 
pull out a length of wire, then the wire is clamped to 
break the wire near the stitch bond. The length of the 
wire protruding from the needle is then passed 
through a ?ame to form a new ball preparatory to a 
new cycle. The wire is payed out to the bonding nee 
dle from a spool supported by an air bearing. After the 
ball is formed, reverse torque is applied to the spool to 
pull the ball up against the end of the bonding needle. 
After the ball bond, forward torque is applied to pay 
out the wire, and the wire is positively fed through the 
needle by an air stream. After the stitch bond is com 
pleted and the ball reformed by the ?ame, reverse 
torque, is again applied to the spool to draw the ball up 
against the end of the needle preparatory to the next 
bonding cycle. 

13 Claims, 22 Drawing Figures 
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AUTOMATIC SEMICONDUCTOR BONDING 
MACHINE 

This Application is a division of Application Ser. No. 
837,485, ?led June 30,, 1969 now US. Pat. No. 
3,641,660. 
This invention relates generally to method and appa 

ratus for manufacturing semiconductor devices, and 
more particularly, relates to a bonding method adapted 
for automation and fully automatic apparatus for carry 
ing out the method. 

In the typical process for manufacturing a semicon 
ductor device, such as a transistor, a large number of 
devices are formed on a semiconductor slice nominally 
about two inches in diameter. Expanded metal contacts 
are then vapor deposited on the top surface of the indi 
vidual semiconductor devices before the slice is divided 
into discrete semiconductor chips which may be on the 
order of 0.020 inch square. The substrate typically 
forms the collector, a ?rst diffused region forms the 
base, and a second diffused region forms the emitter, 
with separate expanded metal contacts for the base and 
for the collector regions. 
The semiconductor chip is then alloyed to a metal 

surface of a header, which forms a collector lead of suf 
?cient size to be soldered or otherwise connected into 
an electronic system. The base and emitter expanded 
contacts are then typically electrically connected to 
isolated leads of the header by extremely small gold 
wires approximately 0.001 inch in diameter. The ma 
chine used for this purpose is commonly referred to as 
a ball bonder. The‘ typical ball bonder utilizes a hypod 
ermic-sized tubular needle to press a ball formed on the 
end of the wire against the respective expanded con 
tact. The contact, wire and bonding needle are heated 
to a bonding temperature of about 320°C. so that the 
pressure of the needle produces a bond. The needle is 
manipulated with the aid of a microscope and micro 
manipulator. The wire passes upwardly through the 
needle and between a pair of resilient pressure pads to 
a supply spool. The pressure pads tend to tension the 
wire as it is pulled. After the ball is bonded to the ex 
panded contact, the needle is raised which pulls the 
wire from the needle. The needle is then moved over 
and down until the edge of the lead is pressed against 
and bonded to the lead. This is called the stitch bond. 
As the needle is again raised, the wire is pulled from the 
needle by the stitch bond. The exposed length of wire 
is then severed by a ?ame, which simultaneously forms 
a new ball on the end of the wire. The length of wire 
left between the stitch bond and the point severed by 
the flame is referred to as the “pigtail”, which is subse 
quently removed by another worker using a pair of 
tweezers. The new ball is then pulled against the end of 
the needle by the drag of the pressure pads as the nee 
dle is lowered preparatory to making the next ball 
bond. 
There are a number of typical failure modes in a 

manual bonding system of the type described. If the 
bonding needle is misaligned at the time the ball is 
bonded to the expanded contact, either a short circuit 
or an open circuit can occur. After an attempted ball 
bond, the bond may fail as the needle is raised because 
the expanded metal contact separates from the semi 
conductor chip, because the ball separates from the ex 
panded contact, or because the wire separates at the 
neck formed between the ball and the wire. These fail 
ures are enhanced by the fact that the manner in which 

5 

IO 

15 

25 

35 

40 

45 

50 

2 
the needle is raised is under the control of the operator 
and may not be smooth and at the proper speed. Any 
jerky movement will tend to accentuate failure. If the 
wire separates from the ball at any time, tensioning 
pads will pull the wire from the needle and disrupt the 
bonding operation until the wire can be reset and 
threaded through the needle and a ball reformed. 
Threading the very ?ne wire is a tedious and time con 
suming operation. Such a failure in a high speed auto 
matic system is much more serious. 
The present invention is concerned with a completely 

automatic system for ball bonding a gold wire to an ex 
panded contact of a semiconductor device, or other 
surface, then stitch bonding the wire to a second sur 
face. The system includes an electro-optic means for 
precisely positioning the needle at a predetermined po 
sition relative to the semiconductor device, then a 
means for moving the bonding needle precisely in a 
predetermined manner to make the bonds. This sub 
stantially eliminates faulty bonds due to misalignment. 
The needle is moved in a manner to minimize wire 
breakage. The system eliminates the necessity to manu 
ally pull pigtails. The system has a sequence of opera 
tion which insures continuous operation even in the 
event of bond failure or wire separation during a cycle. 
The bonding machine of the present invention is capa 
ble of making a complete cycle in approximately one 
second. 
The novel features believed characteristic of this in 

vention are set forth in the appended claims. The in 
vention itself, however, as well as other objects and ad 
vantages thereof, may best be understood by reference 
to the following detailed description of illustrative em 
bodiments, when read in conjunction with the accom 
panying drawings, wherein: 
FIG. 1 is a plan view of a typical work piece for the 

method and apparatus of the present invention; 
FIGS.2a-2d are simpli?ed side elevational ‘views of 

the work piece of FIG. 1 which illustrate the method of 
the present invention; 
FIG. 3 is a side elevational view, partially broken 

away, of a bonding machine in accordance with the 
present invention; 
FIG. 4 is a front elevational view, partially broken 

away, of the bonding machine of FIG. 3; 
FIG. 5 is a sectional view taken substantially on lines 

5-5 of FIGS; 
FIG. 6 is an enlarged side view of a portion of FIG. 

3, including a portion of the structure broken away in 
FIG. 3; 
FIG. 7 is a top view of that portion of the apparatus 

. shown in FIG. 6; 
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FIG. 8 is a sectional’ view taken substantially on lines 
7a-7a of FIG. 7; 
FIG. 9 is a front view of the apparatus shown in FIGS. 

6 and 7; 
FIG. 10 is a side view, partially in section, of the 

bonding head of the apparatus of FIG. 3; 
FIG. 11 is a top view of the bonding head of FIG. 10; 
FIG. 12 is a front view of the bonding head of FIGS. 

10 and 11; 
FIG. 13 is a schematic circuit diagram of the control 

system for operating the bonding machine; 
FIG. 14 is a schematic circuit diagram of a portion of 

the circuit shown in FIG. 13; 
FIG. 14a is a ruth table for the counter of the circuit 

of FIG. 14; 
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FIG. 15 is a schematic circuit diagram of a portion of 
the circuit illustrated in FIG. 13; 
FIG. 16 is a schematic drawing of he control disk il 

lustrated in FIG. 15; 
FIG. 17 is a schematic circuit diagram of another part 

of the circuit of FIG. 13; and 
FIG. 18 is a timing diagram which illustrates the op 

eration of the bonding machine of FIG. 3. 

BONDING METHOD 

Referring now to FIG. 1, a transistor header 10 in 
cludes a transistor chip 12 which is alloyed to a ?at 
tened head on a metal pin or lead 14. The lead 14 to 
gether with similar leads l6 and 18 are held in a glass 
header 20. Lead wires 24a and 24b extend from the ex 
panded base and emitter contacts to the leads 16 and 
18, respectively. The transistor 12 is typically gold and 
are 0.00l inch in diameter. The present invention is 
concerned with a method and apparatus for bonding 
the lead wires 24a and 24b between the respective ex 
panded contacts on the transistor 12 and the leads l6 
and 18. It is to be understood, however, that the 
method and apparatus of the present invention can be 
used to bond wires to any surfaces of any semiconduc 
tor device. 
FIGS. 2a-2d illustrate the method of the present in 

vention for bonding the lead wire 24a to the transistor 
12 and lead 18. The semiconductor chip 12 is ?rst posi 
tioned at a work station, then the bonding mechanism 
centered on a predetermined axis 26 of the chip by an 
electrooptical servo system hereafter described. The 
bonding needle 28 is positioned well out of the ?eld of 
view of the optical device during positioning of the 
bonding mechanism, the position being illustrated by 
dotted outline 28a. The wire 24 extends through the 
hypodermic needle to a supply spool (not illustrated in 
FIGS. 20-211). The wire 24 is maintained under tension 
by reverse torque on the spool, and ball 25 formed by 
passing the wire through a flame prevents the wire from 
being withdrawn from the needle. 
After positioning of the electro-optical system rela 

tive to the chip, the needle 28 is moved to a predeter 
mined position with respect to the axis 26. The prede 
termined position is selected to align the needle over 
the appropriate expanded contact of the transistor 12 
and the needle is then lowered to press the ball 25 
against the expanded contact as shown in solid outline 
in FIG. 2a. Both the ball 25 and the expanded contacts 
are heated to bondingtemperature so that the pressure 
of the needle 28 on the ball 25 bonds the wire 24 to the 
expanded contact. 
The needle 28 is then raised and translated so that 

the point is moved along dotted path 32 (FIG. 2b) and 
lowered at a second predetermined position relative to 
the axis 26 selected so as to press the edge of the wire 
24 against the upper surface of the lead 18. The troque 
on the supply spool is reversed as the needle is moved 
along path 32, and the wire is positively payed out 
through the needle 28 by means of a jet of air to elimi 
nate tension on the wire and bond, and thus permit the 
needle to be moved at a high rate of speed without 
breaking the bond or the wire. The pressure of the nee 
dle on the lead 18 forms a stitch bond 33. 
Next, the needle 28 is raised to pay out a length of the 

wire 240 as shown in FIG. 2c, then the wire 24 is 
clamped relative to the needle 28. As the needle 28 
continues to rise, the wire is broken at the point where 
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4 
weakened by the stitch bond 33. The needle 28 then 
proceeds along path 34 so that the length of wire 24c 
passes through a ?ame 36 which forms a new ball 27 
as illustrated in FIG. 2d. After passing the ?ame 36, the 
wire is unclamped so that the reverse torque on the 
wire spool the ball 27 up against the tip of the needle 
28, and the needle proceeds on to the initial position 
represented at 280 in FIG. 2a. 
There are important advantages to the method just 

described and illustrated in FIGS. 2a-2d. As a result of 
reversing the torque on the spool supplying the wire 
and the positive pay out of the wire from the needle by 
an air jet, the tension on the bond between the wire and 
the expanded contact of the transistor device 12 is ma 
terially reduced or eliminated. This reduces the likeli 
hood of failure either because of the expanded contact 
separating from the chip, the ball separting from the ex 
panded contact, or the wire separating from the ball. 
Even more importantly, in the event of such a failure, 
the wire 24 is not pulled out of the needle 28 by reverse 
torque on the spool as has heretofore been the case in 
connection with manual bonding machines. Instead, 
the positive feeding of the wire 24 insures that a length 
of wire is protruding from the end of the needle so that 
a stitch bond can be made whether or not a ball bond 

is achieved. The forward torque on the spool is main 
tained until such time as the wire is clamped in the step 
of FIG. 2c so that a premature failure of the wire 24 
after the stitch bond or a failure to accomplish a stitch 
bond will not result in the wire being withdrawn from 
the needle. Once the wire is clamped, the clamp is 
maintained until the wire is passed through the ?ame 
36 and a new ball 27 will be formed preparatory to the 
next cycle. If a successful ball bond or stitch bond has 
not been effected, the ?ame 36 will eliminate the ex 
cess wire and thus, even though there is a failure to 
make either a ball bond or a stitch bond, the bonder is 
conditioned to continue the next cycle. The bonding 
cycle can be completed in approximately one second, 
thus making some sixty bonds per minute a reality. The 
importance of maintaining operability of the bonder 
even though a bond step should fail is readily evident, 
since the loss of the wire 24 from the needle would re 
quire that the bonder be shut down until the wire could 
be rethreaded and a new ball formed. Such a period 
would result in a substantial loss of production. 

Mechanical Apparatus 

The bonding apparatus in accordance with this in 
vention for carrying out the method illustrated in FIGS. 
2a-2d is shown in FIGS. 3-18, and is indicated gener 
ally by the reference numeral 50. The bonding appara 
tus 50 is comprised generally of a U-frame support 52 
which can best be seen in FIGS. 3 and 4. A ?rst table 
member, indicated generally by the reference numeral 
54 in FIG. 3, is mounted on low friction crossed-roller 
slides 56 and 58 for movement in what is hereafter 
termed the “X” coordinate direction. The ?rst table 
member is driven in the X coordinate direction by 
means of a ball screw (not illustrated) which in turn is 
driven by an “X" stepping motor 60. Motor 60 is 
mounted on the frame 52. A second table member 62 
is mounted on member 54 by low friction crossed-roller 
slides 64 and 66 (see FIG. 4) for movement relative to 
the ?rst table member in what will hereafter be referred 
to as the “Y” coordinate direction. The secondtable 
member 62 is driven by a second ball screw (not illus 
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trated), which in turn is driven by a second stepping 
motor 68 mounted on the ?rst table member 54. Limit 
switches 71 and 73 (illustrated only in FIG. 13) are 
mounted in the housing 70, and limit switches 75 and 
77 (see FIG. 13) are mounted in housing 72 and are en 
gaged by cams (not illustrated) mounted on the respec 
tive ball screw shafts to limit movement of the ?rst 
table member 54 in the “X” direction along the slides 
56 and 58 and movement of the second table member 
62 in the “Y” direction along the slides 64 and 66 in 
a manner which will hereafter be described. Thus, the 
second table member can be moved to any X, Y coor 
dinate position relative to support 52, and thus consti 
tutes what is commonly referred to as an X-Y table. 
An electro-optical pattern recognition system 74, 

which is of the type described in copending US. appli 
cation entitled “Alignment System,” Ser. No. 564,917, 
?led on July 12, 1966, and assigned to the assignee of 
the present invention, is mounted on the X-Y table 
member 62 by a cantilevered arm 76. The operation of 
such an electro-optical system is fully described in the 
referenced application. In general, the system 74 com 
pares the pattern within the optical ?eld of view, i.e., 
the semiconductor chip 12, with an identical reference 
pattern and produces a positive or negative X error sig 
nal and a positive or negative Y error signal which indi 
cates the direction the eye must be moved along the X 
and Y axes to align the reference pattern with the 
scanned pattern. 
The X and Y error signals are used to control opera 

tion of the X and Y stepping motors 60 and 68 and thus 
automatically align the electro-optical eye 74 along the 
predetermined optical axis 26 (see FIG. 2a) of the 
semiconductor chip 12 mounted on the header 10 (see 
FIG. 3) by the circuitry illustrated in FIG. 13 which is 
hereafter described in detail. The header 10 is sup 
ported by a chuck 40 carried on an indexing chain 
which positions the header generally at the work sta 
tion so that the semiconductor device will be posi 
tioned within the ?eld of view of the optical aligning 
system. 
The X-Y table member 62 also supports a bonding 

mechanism indicated generally by the reference nu 
meral 80, which will now be described. A platform 82 
is slidably mounted on the base plate 84 of the X-Y 
table member 62 by crossed roller slides 86 and 88 (see 
FIG. 3) for movement in what is hereafter termed the 
“H” direction. The platform 82 is driven in the H direc 
tion by an “H” stepping motor 92 which is mounted on 
a depending leg 94 of the table 62 and which drives a 
shaft 98. The shaft 98 is joumaled in the legs 100 and 
102 of the table 62. A double acting disk-shaped cam 
96 is mounted on shaft 98 and engages cam followers 
104 and 106 which are mounted‘ on the plate 82 by 
brackets 108 and 110. Cam 96 is sometimes hereafter 
referred to as the “H” cam. 
A vertical plate 112 is slidably mounted on the up 

right leg 114 of an L-shaped member 116 by vertically 
disposed crossed roller slides 118 and 120, as can best 
be seen in FIG. 5. The vertical plate 112 is raised and 
lowered by a stepping motor 122 which drives a shaft 
126 which carries a cam 124, which is sometimes here 
after referred to as the “V” cam. A cam follower 128 
rides on the periphery of the cam,124 and is journaled 
on the end of an am 130. The arm 130 is pivotally con 
nected to the vertical plate 112 by a pin 132. The 
height of the cam follower 128 relative to the plate 112 
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6 
may be adjusted by screw 134 which is threaded 
through the downwardly extending extension 136 of 
the arm 130 against the edge of the plate 1 12. This per 
mits vertical adjustment of the needle 28 over the 
chuck 40. 
A disk 138 (see also FIGS. 15 and 16) is mounted on 

the cam 124 by a tubular member 140. The edge of the 
disk 138 passes through a photoelectric sensing assem 
bly 416 (see also FIG. 13). Apertures at selected points 
around the periphery are photoelectrically sensed to 
indicate the position of the “V” cam 124 and these sig 
nals used to control the “V” cam stepping motor 122. 
A similar disk and photoelectric sensing mechanism is 
provided to sense the position of the “H” cam 96 and 
to control the “H” cam stepping motor 92, but has 
been omitted from the apparatus drawings for simplic 
ity, and is shown only in FIG. 13 at 457. 
The bonding needle 28 is mounted on the end of an 

arm 142 which in turn is pivotally connected to a yoke 
144 ?xed to the lower end of the vertical plate 112 by 
pivot pin 146. The downward limit of travel of the arm 
142, and thus of the bonding needle 28, is limited by an 
adjustable screw 148 on the horizontal leg of an L 
shaped bracket 150 which is ?xed to the yoke 144. A 
solenoid 152 is also mounted on the L-shaped bracket 
150 .and when energized holds the arm 142 down 
against the stop 148. 
As previously mentioned, the X-Y table member 62 

is automatically aligned with an optical axis on the tran 
sistor device 12 by the electro-optic eye 74 and servo 
system including X and Y motors 60 and 68 which is 
hereafter described. Also, the slide 1 12 from which the 
bonder mechanism 80 depends constitutes, together 
with platform 82, an H-V table which effects transla 
tion of the needle 28 through the various positions de 
picted in FIGS. 2a-2d. The positions of the “H-V” 
table relative to the “X-Y” table and hence the position 
on the transistor at which the bonding needle 28 is ?rst 
lowered onto the semiconductor chip 12 .(to make the 
ball bond) relative to the optical axis is set in the X and 
Y coordinate directions by micrometers 154 and 156, 
respectively, which can best be seen in FIG. 5. 
The housing of the micrometer 154 is connected to 

a bracket 158 which is mounted on the horizontal plate 
82. The rod 160 of the micrometer is connected to a 
key 164 which slides in a dove-tailed keyway in hori 
zontal plate 82 (see FIG. 3). The plate 162 is held in 
the selected position by I bolts 166 which. extend 
through elongated openings in the plate 162 and are 
threaded into the plate 82. Thus, by loosening screws 

- 166 and adjusting the micrometer 154, the position of 
the cam followers 104 and 106 relative to the plate 82 
can be adjusted, and thus the “X” coordinate position 
of the bonding needle 28 predetermined for any posi 
tion of the “H” cam 96. 

Similarly, the housing of micrometer 156 is mounted 
by bracket 168 on plate 82, and the rod 170 is con 
nected to bracket 172 on the horizontal leg of the L 
shaped member 1 16. A dove-tailed key 174 is mounted 
on the bottom of the L-shaped bracket 116 and rides 
in a keyway 176 in the plate 82. After adjustment in the 
“Y” direction, the bracket 116 can be secured in place 
by screws 178 which pass through elongated openings 
in the L-shaped bracket 116 and are threaded into the 
horizontal plate 82. 
A wire supply indicated generally by the reference 

mumeral 180 is mounted on the L-shaped bracket 116 
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for movement with the platform 82 and is shown in the 
detailed drawings of FIGS. 6, 7, and 8. The mechanism 
180 includes a replaceable wire spool 182 which is 
mounted on a carrier spool 184. The carrier spool 184 
is journaled on a tubular shaft 186 and is held in place 
by the annular shoulder of a threaded cap 188. Air 
under pressure is supplied to the interior passageway 
190 of the shaft by means of a ?uid passageway 192 
formed in the arm 194 which supports the shaft 186. 
The arm 194 is mounted on the L-shaped bracket 116 
so as to move with the bonding head assembly. Air is 
supplied to the passageway 192 by a ?exible hose 196 
and coupling 198. As can best be seen in FIG. 8, a plu 
rality of ori?ces 200 extend from the interior passage 
way 190 of the shaft 186 to the annular space between 
the shaft 186 and the spool 184. A sufficient volume of 
air is pumped through the ori?ces 200 so that the spool 
184 is continuously supported only by a layer of air, 
thus providing an extremely low-friction bearing. Addi 
tionally, it will be noted that the ori?ces 200 are offset 
slightly from the radial position so that the air circu 
lates around the circumference of the annulus between 
the shaft 186 and spool 184, thus imparting a reverse 
torque to the spoool 184 which normally tends to wind 
the wire back up onto the spool. A nozzle 202 periodi 
cally receives air under pressure from a ?exible hose 
204 and directs a jet of air onto a surface 184a of the 
spool 184. This jet of air is of suf?cient magnitude to 
overcome the reverse torque produced by the air 
through ori?ces 200, and produces a net forward 
torque on the spool 184 tending to positively feed wire 
from the spool. Air to nozzle 202 for reversing the 
spool 184 is controlled by a solenoid operated valve 
(not illustrated). 

In normal operation, the wire supply spool 184 ro 
tates at a relatively slow rate. If, however, the wire 
should break for any reason, the air through the jets 
200 will soon cause the spool 184 to rotate at a high 
rate in the reverse direction. Alternate dark and light 
segments 205 and 206 on the rim of the spool 184 per 
mit this catastrophic failure to be sensed so that opera 
tion will be terminated. Separate fiber optical bundles 
208 and 210 are combined and directed toward the 
portion of the rim having the light and dark areas 205 
and 206. Light is directed through the bundle 208 onto 
the rim and the re?ected light returned through bundle 
210 to a photodetector. The frequency of pulsations 
and the intensity of the light re?ected from the light 
and dark segments is then electronically detected and 
a wire failure signal produced when the frequency ex 
ceeds a predetermined value. The wire is fed from the 
spool 182 down to the bonding needle 28 by means of 
the wire feed assembly shown in detail in FIGS. 9, 10 
and 11. 
The wire feed assembly includes a means for posi 

tively forcing the wire through the bonding needle 28 
by air pressure, which is indicated generally by the ref 
erence numeral 220, and clamp means for gripping the 
wire, indicated generally by the reference numeral 222. 
The clamp means is comprised of a ?xed jaw 224 and 
a movable jaw 226. The ?xed jaw 224 is ?xed to a 
bracket 228 by a screw 230. The bracket 228 is in turn 
connected to the arm 142 by the screw 232. The mov 
able jaw 226 is mounted on the end of a rod 234 which 
is reciprocated by a solenoid 236. The rod 234 passes 
through a bushing 238 disposed within a sleeve 240. 
The sleeve 240 is held in a bore in the arm 142 by a set 
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screw 242. A compression spring 244 is disposed be 
tween the end of the sleeve 240 and a keeper 246 and 
biases the jaw 226 open whenever the solenoid 236 is 
not energized. 
The positive wire feeding means 220 is also sup 

ported by the bracket 228 an is comprised of an inner 
tubular member 250 which passes through an aperture 
in the bracket 228 and is threaded into an outer tubular 
member 252. The member 250 has a small diameter 
tube 250a which extends only partially through a tube 
252a extending downwardly from the outer tubular 
member. Air under pressure is introduced to the cavity 
254, and thus to the annulus between the tubes 250a 
and 252a, through a ?tting 255. The source of air is 
controlled by a solenoid operated valve (not shown). 
The needle 28 is mounted on an electrical heating as 

sembly 256 which in turn is suspended from the tubular 
support 258 which passes through the bracket 228 and 
is connected to the cap 260 on the sleeve 240. 
A ?ame assembly for forming a new ball on the end 

of the wire after each stitch bond is indicated generally 
by the reference numeral 261 in FIG. 5. This assembly 
includes an arm 262 which contains the necessary 
plumbing to provide combustible gases to a nozzle 264. 
The arm 262 is supported by the X-Y table member 62 
and moves with the table member. The nozzle 264 is 
pivoted between the operative position shown in solid 
outline, and an inoperative position shown in dotted 
outline 264a by means of a solenoid 464 shown only in 
FIG. 13. When in the inoperative position 264a, the 
nozzle directs the gases onto an electric igniter 266 
which is continuously energized during operation. The 
nozzle 264 is moved from the inoperative position 264a 
to the operative position 264 when the solenoid is ener 
gized. The position of the igniter 266 is also illustrated 
in FIGS. 4 and 11. 

Electrical System 

The apparatus heretofore described is operated auto 
matically by the circuitry illustrated in the schematic 
block diagram of FIG. 13. A ?rst clock 300 produces 
pulses at the rate of 4,000 per second. One output goes 
to a divide-by-two counter 302 and the other to a di 
vide-by-ten counter 322. The output from divide-by 
two counter 302 goes to a master counter 304. The 
master counter is inoperative until set in operation by 
a reset pulse on input 305, then proceeds from a count 
of one to a count of two thousand. The outputs from 
the master counter 304 are fed in parallel to count de 
coders 306-318 which produce logic outputs as is here 
after described in connection with FIG. 18. 
The logic outputs from decoders 306-308 are used to 

operate the positioning servo system for the X-Y table 
62. The pulses from the divide-by-two counter 302 are 
gated out through gate 320 when the Servo Enable de 
coder 306 produces a logic output. When the Low 
Speed decoder 307 produces a logic output, gate 320 
is disabled and pulses from a divide-by-ten counter 322 
are gated out from gate 324. The outputs from gates 
320 and 324 are applied to X and Y servo ampli?ers 
326 and 328. 
As described in the above-referenced copending ap 

plication, the scanning eye 74 produces an X axis error 
signal on channel 330 which is applied to the X servo 
ampli?er, and a Y error signal on channel 332 which 
is applied to the Y servo ampli?er 328. 
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The servo ampli?er 326 produces a logic signal on 
channel 334 indicating the direction in which the X 
motor must rotate in order to align the reference image 
in the scanning eye 74, and thus the X-Y table 62 on 
which it is ?xed, with the semiconductor device 12. 
This logic signal is routed through the normally closed 
contacts of limit switches 71 and 73 and through one 
pole of a double-pole, three-position manual jog switch 
336a to the X motor drive circuit 338. 
When a logic “1” level appears on output channel 

334, the X motor 60 drives teh X-Y table toward limit 
switch 71 so that upon reaching the limit switch, the 
logic input to circuit 338 is reversed to a logic “0”. The 
logic “0” level at the input of X motor driver 338 then 
starts the table in the reverse direction towards limit 
switch 73. If the X-Y table engages limit switch 73, the 
logic signal is changed to a logic “ 1 ” level, again revers 
ing the direction of the X drive motor 60. The pulses 
from either gates 320 or 324 are conditioned by the X 
servo ampli?er 326 and output on channel 340 and 
through the other pole 336b to the X motor driver cir 
cuit 338. 
The driver circuit 338 is illustrated in FIG. 14 and is 

essentially a four step reversible counter comprised of 
J and K ?ip-?ops FFl and FF2 having logic outputs Tl, 
C,, T2, and C2. The logic input for determining the di 
rection in which the X motor is driven is applied to 
input 344. The stepping pulses are applied to input 346. 
NAND gates 348-356 perform the necessary logic to 
cause ?ip-?ops FFl and FF2 to complement in a se 
quence as successive pulses applied at input 346 to 
cause the outputs to assume the logic states indicated 
in the truth table of FIG. 14a. When the input 344 is at 
a logic “ l ”, the counter steps in the forward direction, 
and when the input 344 is ‘at a logic “0”, the counter 
steps in the reverse direction. The true output Tl drives 
transistor 358 which in turn switches transistors 359 
and 360 to either connect output 362 to the positive 
voltage supply or to ground, thus in essence inverting 
the logic signal. Similarly, output C1 controls transistor 
364 which in turn switches transistors 365 and 366 to 
either connect output 368 to the positive voltage sup 
ply or to ground. Logic output Tz controls transistor 
370, which in turn switches transistors 371 and 372 to 
control current to output 374. Logic output C2 controls 
transistor 376 which in turn switches transistors 377 
and 378 to control current to output 380. Line 382 is 
a common return from the motor 60. The outputs 362, 
368, 374 and 380 are connected through the resistors 
shown in 'FIG. 13 to drive the X motor 60, the common 
return 382 being shown in the center. As the four out 
puts 362, 368, 374 and 380 are stepped as described, 
the motor rotates a predetermined amount. 
The X-Y table 62 can be manually actuated to move 

in either the positive or negative direction along the X 
axis by throwing the switch 336 to either the upper or 
lower contact, respectively. When the switch is thrown 
upwardly, pole 336a is connected to the positive volt 
age indicating a logic “ l ” level, causing the counter of 
the motor driver circuit to step in the forward direction 
each time that a low speed pulse from the divide-by-ten 
counter 322 is applied to input 346 through the lower 
‘pole 336b. Similarly, when the switch 336 is thrown 
into the downward position, logic input 344 is‘ con 
nected to ground, which is a logic “0”, and the X motor 
driver complements in the reverse direction as the 
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10 
pulses from the divide-by-ten counter 322 are still input 
through the lower pole 336b. 
The Y stepping motor 68 is operated the same as the 

X stepping motor 60 by the servo amplifier 328, revers 
ing limit switches 75 and 77, three-position, double 
pole switch 384, and a Y motor driver 386, all of which 
are identical to the corresponding components de 
scribed in connection with the X stepping motor. 
The V cam stepping motor 122 and H cam stepping 

motor 92 are driven by circuits 388 and 390 which are 
identical to the driver circuit 338 illustrated in FIG. 14. 
The driver circuits 388 and 390 are controlled by cir 
cuits 392 and 394, respectively, which are illustrated in 
FIG. 17 and which now will be described. 
Pulses to the motor control 392 are derived from a 

second clock 396 which is operated at 2.4 KHz and a 
divide-by-?ve counter 398 (see FIG. 13). These pulses 
are received on line 400 (see FIG. 17) and these are ap 
plied to inputs of a pair of NAND gates 402 and 404. 
The outputs of gates 402 and 404 are “OR” wired to 
a common output 452. The logic signal on output 406 
from V Cam Enable I decoder 315 is applied to an 
input of gate 408. The output of gate 408 is connected 
to inputs of gates 402 and 410. The other input to gate 
410 is connected through a resistor 412 to a positive 
voltage supply, and to output line 414 of the V cam po 
sition sensor 416, which is shown in detail in FIG. 15 
and will-presently be described. 
The logic signal on output 418 from V Cam Enable 

II decoder 316 is applied to an input of gate 420. The 
output of gate 420 is connected to inputs of gates 404 
and 422. The other input of gate 422 is connected to 
output 424 from the V cam position sensor 416, and by 
resistor 426 to the positive voltage supply. 
The V Cam Position Sensor 416 includes a light 

source 430, the photodisk 138 and ?rst and second 
photodiodes 436 and 438. Light from the source 430 
passes through apertures 432 disposed at selected cir 
cumferential positions on the same radius from the cen 
ter of disk 138 as shown in FIG. 16 onto photodiode 
436. Light from source 430 passes through a single ap 
erture 434 disposed on a different radius to illuminate 
the second photodiode 438 and is designated as the 
starting point of a cycle. An aperture 432 is also pro 
vided at the starting point so that the “V” cam motor 
can be manually cycled by the enable pulse from a sin 
gle one-shot circuit. 
Photodiode 436 forms a voltage divider with resistor 

440 which controls the base of the transistor 422 which 
is connected as an emitter-follower stage to output 414. 
A resistor 444 limits current through the transistor 422. 
Similarly, photodiode 438 forms a voltage divider with 
resistor 446 and controls the base of the transistor 448 
which is connected in emitter-follower to provide the 
output 424. Resistor 450 limits current through transis 
tor 448. 
Whenever the photodiode 436 is illuminated by light 

passing through one of the apertures 432, the output 
414 approaches ground potential, which is a logic “0" 

_ level. Whenever the photodiode 436 is not illuminated, 

65 

however, the base of transistor 422 and hence the out 
put 414 becomes sufficiently positive to represent a 
logic “1” level. The diode 438 operates in the same 
manner to produce a logic “0” level on output 424 
when the diode is illuminated by light passing through 
aperture 434, and a logic “I” level when the photodi 
ode is dark. 
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Button 454 provides a means for manually actuating 
the “V” cam motor. When button 454 is closed, one 
shot circuit 455 produces an enable pulse on line 406 
of the same character as the pulse from V Cam Enable 
I decoder 315, and the pulse produces the same results 
which will now be described. 
Clock pulses are always present on clock input line 

400. When photodisk 138 is positioned so that light il 
luminates the ?rst photodiode 436, line 414 is a logic 
“0” and the output from gate 410 is therefore a logic 
“ l ”. Enable I line 406 is nonnally at a logic “ l " so that 

both inputs to gate 408 are a logic “ l ”, and the output 
is a logic “0”, thus disabling gate 402 by holding its out 
put at a logic “1” level. This results in a steady state 
logic “I” at the output 452, so that no pulses are ap 
plied to the pulse input of the V cam motor driver cir 
cuit 392, which input would correspond to input 346 in 
FIG. 14. When V Cam Enable I decoder 315 detects 
the appropriate count on the master counter 304, line 
406 momentarily goes to a logic “0” level, thus produc 
ing a logic “ l ” level at the output of gate 408 which en 
ables gate 402. Then as the clock pulse line 400 swings 
from logic “0” to logic “1”, output 452 swings from 
logic “I” to logic “0”. This causes the driver circuit 
388 to step the V cam motor and move the V cam until 
the photodisk 138 blocks light to photodiode 436. This 
causes output 414 to go to a logic “1 ” level, which cou 
pled with the logic “1 ” fed back from the output of gate 
408 causes the output of gate 410 to go to a logic “0” 
level, which latches the output of gate 408 at a logic 
“1” level. As a result, the V cam motor continues to 
step even after the Enable 1 pulse line 406 returns to a 
logic “ l ” level, until such time as the photodiode 436 
is illuminated through the next aperture 432. The line 
414 again goes to a logic “0” level, output of gate 410 
goes to a logic “I”, and output of gate 408 goes to a 
logic “0" to hold the output of gate 402 at a steady 
state logic “ l ” level. 

Gates 404, 420 and 422 function in combination with 
photodiode 438 in the same manner in response to a 
pulse from V Cam Enable II decoder 316. The purpose 
of the dual apertures 432 and 434 is to insure that the 
V cam always returns to the reference position de?ned 
by aperture 434 perparatory to the start of a cycle. If 
only a single set of apertures 432 were employed and 
the motor should continue to run past one of the aper 
tures 432 for any reason, the V cam would be out of 
step for all succeeding cycles until manually reset. 
However, by producing the enable 11 pulse to move the 
photodisk 138 from its position at the last aperture 432 
in the cycle, the V cam motor will continue to operate 
until stopped by registry of the aperture 434 between 
the light source 420 and photodiode 438. 
The H cam motor 92 is driven by the same circuit 

components as the V cam motor 122, except that the 
stepping pulses are derived from the clock 396 by a di 
vide-by-four counter 456. The H cam position sensor 
457 is identical to the V cam position sensor 416 and 
the one-shot circuit 458 is identical to the one-shot cir 
cuit 455. 
Air through the jet 202 to produce forward torque on 

the wire spool is controlled by a solenoid 460 which is 
energized by the Wire Spool Forward decoder 309. Air 
to the cavity 254 of the wire feed mechanism is con 
trolled by solenoid 462 which is energized by the Wire 
Feed decoder 310. The wire clamp solenoid 236 is en 
ergized by an output from the Wire Clamp decoder 
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312. The ?ame nozzle 264 is moved from the inactive 
position to the active position by solenoid 464, which 
is energized by the Flame Active decoder 313. The 
hold down solenoid 152 is energized by the Hold Down 
decoder 314. Provision is made to manually selectively 
energize each of the ?ve solenoids as represented by 
push buttons 466-470 and the bnak of diodes 472. The 
diodes 474 connected in parallel with the various sole 
noids protect the circuit from inductive pulses. 

Operation of Apparatus 

In order to set the bonding machine 10 up for opera 
tion, a reference image corresponding to the image of 
the semiconductor chip 12 is inserted in the photoelec 
tric scanning mechanism 74. The X and Y coordinate 
positions of the expanded contact where the ball bond 
is to be made relative to the optical axis of the image 
is then set by adjusting micrometers 154 and 156. The 
wire 24 from the spool 182 is then threaded through 
the clamp 222, tube 250a and the needle 28 and a ball 
formed. The apparatus may be manually operated for 
this and other purposes by manual switches 466-470, 
and the switches 454 of the V cam position sensor cir 
cuit 416 and H cam position sensing circuit 457. In ad 
dition, the X-Y table 62 can be manually “jogged” in 
either direction on either axis by switches 336 and 384. 
The automatic sequence of operation can best be un 

derstood by referring to FIG. 18. As the chuck 40 
moves the device 10 into position, a reset pulse is me 
chanically generated on line 305 to reset the master 
counter 304 which immediately begins to count. The 
Servo Enable decoder 306 produces a logic signal on 
the count of 002 which gates pulses from the divide-by 
two counter 302 to the X and Y servo ampli?ers 326 
and 328. The X and Y stepping motors 60 and 68 are 
then driven in a direction to align the reference pattern 
in the scanning eye 74 with the semiconductor chip 12 
as a result of the X and Y error signals fed back on lines 
330 and 332. The indexing cycle is completed on the 
count of 025 at which time the Eye Zoom decoder 308 
produces a logic signal which causes the scanning eye 
74 to effect an optical zoom in on the chip 12. On the 
count of 125, the Low Speed decoder 307 disables gate 
320 and enables gate 324 so that the low speed pulses 
from the divide-by-ten counter 322 are applied to the 
X and Y servo ampli?ers 326 and 328. The logic signal 
for both the Servo Enable decoder 306 and the Low 
Speed decoder 307 terminate on the count of 225. The 
eye zoom logic signal terminates on the count of 250. 
During the alignment by the X and Y stepping motors 

60 and 68, the needle is positioned out of the optical 
?eld of view represented by the dashed lines 480 as 
best seen in FIG. 12, and as represented at 28a in FIG. 
2a. Before the termination of the period during which 
the eye is zoomed in on the chip, the hold down sole 
noid 152 is energized at the count of 195 to stabilize 
the pivoted arm 142. The H Cam Enable 1 decoder 317 
produces a pulse at the count of 206 to commence 
moving the needle 28 horizontally to the ball bond po 
sition. The enable pulse lasts for only a sufficient period 
of time for the aperture in the photodisk of the position 
sensor 457 to move so that the photodiode is no longer 
illuminated. The H cam motor continues to rotate until 
another aperture is aligned with the photodiode to pro 
duce a pulse to the H cam motor control 394 to termi 
nate operation of the motor. This occurs approximately 
at the count of 365 and the bonding needle is then posi 










