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A hybrid Semiconductor device comprises four identical 
Semiconductor diode chips each having top and bottom 
Surfaces. Each chip is mounted on a respective mounting pad 
all of which lie in a common plane and, for ease of assembly, 
the four chips are mounted in identical top to bottom 
orientation, e.g., bottom Surface down and electrically con 
nected to the mounting pads. In one embodiment, the 
mounting pads for the chips and terminals for the device are 
integral with leads of a single (“component') lead frame and 
various electrical connectors for the chips comprise bonding 
wires or Stamped metal jumperS added to the workpiece after 
the chips are mounted on the lead frame. The metal jumpers 
can be provided on a separate "jumper' lead frame used in 
cooperation with the component lead frame, or the jumpers 
can comprise portions of leads of the Single component lead 
frame. Printed circuit boards embodiments are also dis 
closed. 
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HYBRD S.C. DEVICES AND METHOD OF 
MANUFACTURE THEREOF 

BACKGROUND OF THE INVENTION 

0001. This invention relates to hybrid semiconductor 
devices, and particularly to the automatic fabrication of 
Semiconductor devices containing multiple, interconnected 
Semiconductor chips. 
0002 While not limited thereto, the invention has par 
ticular utility in the fabrication of two phase (full wave) 
bridge rectifiers including four interconnected Semiconduc 
tor rectifier chipS and four terminals for connecting the 
bridge rectifiers into an electrical circuit. Such bridge rec 
tifiers are used in large quantities, and highly automated 
processes have been developed for their manufacture. 
0003. In one process, for example, described in U.S. Pat. 
No. 5,484,097 to W. Heuvel, the subject matter of which is 
incorporated herein by reference, two Semiconductor chips 
are mounted on two Spaced apart Support plates of each of 
two lead frames, and the two lead frames are disposed one 
on top of the other to provide two, two-chip Stacks of chips. 
In one Stack, the chips are Stacked anode to anode, and in the 
other Stack the chips are Stacked cathode to cathode. The two 
lead frames, along with a third lead frame overlying the chip 
Stacks, provide the necessary interconnections among the 
four chips as well as the device four terminals. The proceSS 
described results in a Single bridge rectifier. In practice, a 
plurality of devices, one each at a plurality of Spaced apart 
device sites on the three-lead frame workpiece, are simul 
taneously (batch) fabricated. 
0004. The process is quite satisfactory except that a 
relatively large number (three) of Separate lead frames are 
used; careful parts registrations are required and, in the 
process of mounting the individual chips on their respective 
Support plates, one pair of chips for each bridge rectifier 
must be inverted with respect to the other pair thereof. All 
the chips are identical and, typically, are simultaneously 
identically fabricated as part of a single Semiconductor 
wafer. In a final chip processing Step, the wafer is diced into 
individual chips which, while completely Separated, remain 
in a planar array of chips lightly adhered to, for example, a 
sheet of plastic. During mounting of the chips on the lead 
frames, two chips for each bridge rectifier are lifted from the 
array of chips and are directly transferred to and placed on 
a respective Support plates of each lead frames. The other 
two chips for each bridge rectifier, however, must be 
removed from the array of chipS and Somehow turned upside 
down prior to their transfer to and placement on the other 
two lead frame Support plates. 
0005 While many, and generally satisfactory techniques 
exist for the automatic inversion of Semiconductor chips, the 
very fact that an extra process is required for one pair of 
chips not required for the other inevitably means that there 
is Some loSS of efficiency and Some loSS of product owing to 
parts breakage. The present invention eliminates the need for 
inverting one pair of chips relative to the other and, indeed, 
eliminates the practice of forming pairs of lead Stacks. Also, 
preferably, only one chip mounting Substrate is used. 

SUMMARY OF THE INVENTION 

0006 Four identical semiconductor chips, each having a 
top and bottom Surface are respectively mounted, bottom 
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Surface down, on four spaced apart mounting pads included 
on Support plates. Two of the mounting pads are part of a 
common first Support plate, hence the bottom Surfaces of the 
two chips mounted on the first plate are electrically inter 
connected. The other two mounting pads are included on 
respective Second Support plates Separate from one another 
and Separate from the first Support plate. In a preferred 
embodiment, all the mounting pads are located in one plane, 
and So are all the chips. The Second Support plates are larger 
than the mounting pads included thereon and each Support 
plate exposes a bonding Surface which is electrically con 
nected to the bottom surface of the chip mounted on the 
bonding pad thereof. A respective first electrical intercon 
nector is provided between each bonding Surface of each 
Second Support plate and a top Surface of a respective chip 
mounted on the first Support plate. Thus, the bottom Surfaces 
of the two chips mounted on the two Second Support plates 
are connected to respective top Surfaces of the two chips 
mounted on the first Support plate. A Second electrical 
interconnector is provided between the top Surfaces of the 
two chips mounted on the respective Second Support plates. 
The four chips are thus properly interconnected together in 
a bridge rectifier configuration. Four terminals of the device 
include a first terminal connected to the first Support plate, 
Second and third terminals connected to respective Second 
Support plates, and a fourth terminal connected to a top 
Surface of one of the chips mounted on one of the Second 
Support plates. 

0007 According to a first aspect of the invention, the 
three Support plates, including one “first Support plate and 
two “Second Support plates, comprise three conductive 
areas on a Surface of a printed circuit board including three 
printed conductive paths, Serving as device terminals, 
extending into contact with respective Support plates. A 
fourth printed conductive path, Serving as a device fourth 
terminal, extends adjacent to one of the Second Support 
plates where an electrical interconnector electrically con 
nects the fourth terminal to the top Surface of the chip 
mounted on the one Support plate. Using known printed 
circuit board technology, the various electrical interconnec 
tors needed to provide the bridge rectifier configuration can 
comprise known wire bonds added during device fabrication 
or buried, pre-formed conductors of multi-layered printed 
circuit boards. Alternatively, the electrical interconnectors 
can comprise Stamped metal "jumpers' developed in con 
nection with a Second aspect of the invention. 

0008 According to such second aspect of the invention, 
the three Support plates, including the four mounting pads 
disposed thereon, are disposed along the lengths of three 
leads which, along with a fourth lead extending towards one 
of the mounting pads, are all integral portions of a Single 
lead frame. After bonding of the four chips to respective 
mounting pads and providing necessary electrical intercon 
nections to form a bridge rectifier, the four chips and 
portions of the lengths of the four leads are encapsulated in 
a housing. Portions of the leads extending from the housing 
are severed from each other and from the lead frame to 
provide externally extending terminals for the rectifier. The 
electrical interconnections are formed by known wire bonds 
or, preferably, by pre-formed metal jumpers themselves 
provided as parts of a lead frame. 
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DESCRIPTION OF THE DRAWING 

0009. The drawings are schematic and not necessarily to 
Scale. 

0.010 FIG. 1 is a schematic circuit diagram of a known 
bridge rectifier device; 

0.011 FIG. 2 is a side elevational view of a known 
Semiconductor diode chip Soldered between a pair of termi 
nals, one of the terminals including a dependent dimple, 
0012 FIG. 3 is a perspective view of a portion of a 
printed circuit board showing, in accordance with one 
embodiment of the invention, four Semiconductor chips 
interconnected by means of wire bonds in accordance with 
the circuit diagram shown in FIG. 1; 
0013 FIG. 4 is a plan view of the portion shown in FIG. 
3 with a housing encapsulating the device components with 
the exception of outwardly extending device terminals, 

0014 FIG. 5 is a view similar to FIG.3 but showing, in 
exploded relationship with the printed board workpiece, 
Stamped metal "jumper' electrical interconnectors, 

0015 FIGS. 6 and 7 are side elevational views of two of 
the jumpers shown in FIG. 5 but shown bonded to the 
printed board workpiece; 

0016 FIG. 8 is a perspective view of a portion of a lead 
frame showing, in accordance with a Second embodiment of 
the invention, four chips interconnected by means of metal 
jumpers shown in exploded relationship with the workpiece; 

0017 FIG. 9 is a plan view of a portion of a lead frame 
Workpiece including multiple groups of leads Such as the 
single group shown in FIG. 8; 

0018 FIG. 10 is a view similar to FIG. 9 showing a 
housing encapsulating components of a single bridge recti 
fier at one Site on the lead frame workpiece; and 

0019 FIGS. 11 and 12 are plan views showing one 
Workpiece component Site using jumperS integral with the 
Workpiece lead frame. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

0020 FIG. 1 is a schematic circuit diagram of a known 
bridge rectifier device 8 comprising four identical Semicon 
ductor diode chips 10, 12, 14 and 16. The two chips 10 and 
12 are connected cathode to cathode, the two chips 14 and 
16 are connected anode to anode, and each interconnection 
between each pair of chips comprises a respective circuit 
node A, B, C, and D. In use of the device, as indicated in 
FIG. 1, a load L (e.g., a resistor) is connected between the 
device nodes C and D and an a.c. power Supply is connected 
between the nodes A and B. Operation of the device results 
in current flowing through the load L always in the same 
direction regardless of the instantaneous polarity of the a.c. 
voltage applied between the nodes A and B. (The circuit 
arrangement shown in FIG. 1 herein is well known. While 
the subject matter of U.S. Pat. No. 5,484,097 is herein 
incorporated by reference, it is noted that the circuit con 
figuration shown in FIG. 1 of the patent is incorrect; the 
correct configuration being indicated in FIG. 2 of the patent. 
FIG. 2 of the patent correctly shows, consistently with other 
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disclosures of the patent, one pair of chips Stacked cathode 
to cathode and the other pair of chips Stacked anode to 
anode.) 
0021 Typically, the four semiconductor diode chips used 
in the bridge rectifier 8 are as identical to one another as is 
practical with Standard manufacturing processes and, in one 
typical known device, each chip, e.g., the chip 12 shown in 
FIG. 1, is as shown in FIG. 2. The chip contains a p-n 
junction 20 lying in a plane extending entirely acroSS the 
chip and interSecting the chip Side Surface 22. Metal elec 
trodes 24 and 26 are provided at opposite Surfaces of the 
chip, and a layer 28 of passivating material, typically glass, 
covers an upper portion of the chip side Surface 22 (and the 
p-n junction side intercept) and extends onto the chip 
“upper surface 30 in the form of an annular ring. FIG. 2 
also shows terminals 34 and 36 connected to the two chip 
electrodes 24 and 26, respectively. The terminals comprise 
leads from lead frames (not shown) similar to the lead 
frames in the aforecited patent and, typically, the leads are 
Soldered to the chip electrodes. 
0022. In FIG. 2, the upper surface portion of the chip 12 
is of P type conductivity, hence the electrode 24 is the anode 
of the diode chip 12 and the electrode 26 is the diode 
cathode. The chip 12 is shown mounted “cathode side 
down.” 

0023 The passivating layer 28 does not extend onto the 
chip bottom electrode 26 which is thus fully exposed at the 
bottom of the chip. Accordingly, the bottom terminal 36 can 
have a continuous flat Surface 38. At the chip upper Surface 
30, however, it is essential that the upper terminal 34 not 
contact the passivating layer 28 where it overlies the chip 
upper surface 30. To ensure this, the upper terminal 34 is 
provided with a dependent circular dimple 40 of sufficiently 
Small diameter to extend inwardly of the central opening of 
the passivating layer Surface annulus for contacting the 
metal electrode 24 without contacting the passivating layer 
28. 

0024. The use of the dimpled terminal 34 presents two 
problems. One is the expense of providing the dimple in an 
otherwise flat terminal. The other problem is that of properly 
centering the dimple 40 within the annular layer 28 and 
maintaining the position of the dimple from the time of 
initial assembly of the terminal 34 on the chip to the time the 
terminal is rigidly soldered to the electrode 24. As described 
hereinafter, a feature of the present invention is the use of an 
improved and more reliable means for attaching the chip 
upper terminal. 
0025 A further problem of the prior art assembly process 
shown in the aforecited U.S. patent is, as previously men 
tioned, the need for inverting two of the chips relative to the 
other two chips in each bridge rectifier device. (Another 
problem is the need for Stacking one chip on another to form 
the two-chip stacks.) In one known process, chips are batch 
inverted by means of a vibrating bowl which uniquely 
orients the chips based upon a top to bottom asymmetry of 
the chips. While the chip shown in FIG. 2 is asymmetrical 
with respect to the presence of the passivating layer 28 only 
on the chip top surface 30, it is found that more consistent 
orientation results are obtained if a mass of Solder is added 
only to the top metal electrode, thus further increasing the 
top to bottom asymmetry. The Step of adding the extra mass 
of Solder adds cost to the proceSS and well as adding 
complexity and attendant inevitable loSS of product. 
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0026 (For completeness of description, it is noted that 
one practice is to add Solid copper balls within the Solder 
mass which retain their shape during the Soldering process. 
The Solid copper balls provide a minimum Solder joint 
thickness which is greater than the thickness (height) of the 
passivating layer ring 28. The thick Solder joint provides a 
Stand-off of the upper terminal relative to the ring 28, hence 
a dimple in the terminal is not required). 
0027. In accordance with the present invention, no inver 
Sion of Some chips relative to other chips is done, hence 
there is no need for the extra upper mass of Solder. Also, the 
chips are not Stacked one on top of the other, thus simpli 
fying the chip placement process during manufacture. 
0028. One embodiment of the invention is now 
described. FIG. 3 shows a known type of printed circuit 
board 50 comprising, for example, a “board” or substrate of 
insulating material, e.g., of an epoxy resin or a beryllia 
ceramic, and preferably of relatively high thermal conduc 
tivity. Disposed on a surface 52 of the Substrate 50 is a layer 
of metal (typically copper) patterned into a number of 
Spaced apart conductive areas, referred to herein as Support 
plates, and interconnecting conductive paths. One Support 
plate 54 comprises two circular areas, referred to as mount 
ing pads 56 and 58, electrically connected together by a 
printed path 60. (To conserve Space, Square areas can be 
used with Square chips. Circular areas, however, require leSS 
precision in the placement of the chips on the mounting 
pads.) Two other Support plates 62 and 64 are also present 
on the Substrate Surface 52, the plates each comprising a 
generally circular mounting pad 66 and 68, respectively, and 
each plate including a respective mounting pad extension 
70. 

0029. Four identical semiconductor chips 10, 12, 14 and 
16, such as the chip 12 shown in FIG.2, are fixedly mounted 
on the respective mounting pads 56, 58, 66 and 68 in 
identical top to bottom orientation, i.e., with the chip "bot 
tom” (cathode) electrode 26 (FIG. 2) facing towards and 
being Secured to the mounting pads. The mounting and 
bonding of Semiconductor chips on mounting pads on 
printed circuit boards is known. Typically, as mentioned, the 
chips are Soldered in place. Other known chip adhering 
means can be used. 

0030 Conductive paths 72, 74 and 76 are extensions of, 
and extend away from, respective Support plates 54, 62, and 
64. As shortly to be described, these conductive paths serve 
as three of the terminals of the bridge rectifier device. A 
device fourth terminal comprises a printed circuit path 78 
terminating close to but not connected to the Support plate 
62. Rather, the end 80 of the path 78 is connected, e.g., by 
a wire 82, to the top surface 38 of the chip 14 mounted on 
the support plate 62. The bonding of fine wires for electri 
cally interconnecting conductive Surfaces is well known in 
the Semiconductor art. 

0.031) A wire bond 84 is also used for electrically con 
necting together the top surfaces 38 of the chips 14 and 16 
mounted on the Support plates 62 and 64, respectively, and 
wire bonds 86 and 88 are used for electrically interconnect 
ing the two mounting pad extensions 70 of the two Support 
plates 62 and 64 to the top surfaces of respective chips 10 
and 12 mounted on the Support plate 54. 
0.032 Assuming that all four chips 10, 12, 14 and 16 are 
mounted cathode electrode down, it is readily Seen that the 
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four chips shown in FIG. 3 correspond to the four chips in 
the circuit diagram shown in FIG.1. Thus, the two chips 10 
and 12 in both figures are connected cathode to cathode (via 
the common support plate 54) while the two chips 14 and 16 
are connected anode to anode (via the wire bond 84). Also, 
the anode of chip 10 is connected to the cathode of chip 14, 
and the anode of chip 12 is connected to the cathode of chip 
16. The conductive path 72 (FIG. 3) connected to the 
cathodes of chips 10 and 12 corresponds to node C in FIG. 
1. The conductive path 78 connected to the anodes of chips 
14 and 16 in FIG. 3 (via the bonding wires 82 and 84) 
corresponds to the node D in FIG. 1. The conductive path 
74 connected to the cathode of the chip 14 and to the anode 
of the chip 10 (via the bonding wire 86) in FIG. 3 corre 
sponds to the node A in FIG.1. Lastly, the path 76 in FIG. 
3 connected to the cathode of chip 16 and to the anode of 
chip 12 corresponds to the node B in FIG. 1. (In the circuit 
shown in FIG. 1, the terminal C is always positive relative 
to the terminal D for any polarity of the applied voltage. If 
the four chips are all mounted anode Side down, the terminal 
C is always negative relative to the terminal D.) 
0033) Although FIG.3 shows elements of but one bridge 
rectifier device assembled on a Surface of a printed circuit 
board, in a preferred use of the invention, the pattern of 
conductive areas (and bonding wires) shown in FIG. 3 is 
identically repeated, in Spaced apart relationship, over the 
Surface of a printed circuit board. Each pattern, or device 
“cell”, comprises the three support plates 54, 62 and 64 
centrally mounted within the cell with the four conductive 
lines 72, 74, 76 and 78 extending to and terminating at edges 
(generally indicated by broken lines 90) of the cell. 
0034) Four chips, as shown in FIG. 3, are mounted and 
electrically interconnected within each cell and, for fabri 
cating individual bridge rectifier devices, the central por 
tions of each cell, including the four chips and interconnect 
ing wire bonds, are plastic encapsulated, using known 
plastic molding techniques, for providing housings for each 
device. Each device (FIG. 4) thus comprises a portion of the 
Starting printed circuit board enclosed within a plastic hous 
ing 92 enclosing four interconnected chips with four con 
ductive terminal paths extending outwardly from the hous 
ing along the Surface of the Substrate. Finally, the circuit 
board is diced along the edge lines 90 for Separating the 
individual bridge rectifier devices. 
0035. As previously described, two problems in the pro 
ceSS disclosed in the aforecited patent are the needs for 
inverting one pair of chips relative to a Second pair of chips 
and for forming two-chip chip Stacks. In the process illus 
trated in FIG. 3, however, all four chips are placed in 
identical top to bottom orientation and laterally spaced apart, 
hence the noted two prior art problems are avoided. 
0036). In the embodiment shown in FIG. 3, wire bonds of 
known type are used. An advantage of Such wire bonds is 
that extremely fine wires can be precisely bonded onto quite 
Small bonding areas. Thus, in the Situation illustrated in 
FIG. 2 where the upper electrode 24 is surrounded by an 
annular layer 28 of passivating material, wire bond connec 
tions can be consistently made to the metal electrode 24 with 
little risk of the bonding wire contacting the passivating 
layer 28. 
0037 Shortcomings of wire bonds, however, are that they 
are relatively expensive (in terms of materials, equipment 
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and processing time) and, depending on the fineness of the 
wires, are typically used in relatively low power devices. 
0.038. In another embodiment of the invention illustrated 
in FIG. 5, the identical printed wiring board 50 is used, but 
the wire bonds are replaced with rigid and pre-formed 
“jumpers.”FIG. 5, as well as FIGS. 6 and 7, show two types 
of jumpers (“single” and “double”); both of which are of 
metal and are preferably made by known metal Stamping 
and forming processes. Most conveniently, the jumperS are 
batch formed as parts of a separate lead frame for convenient 
Storage and use. 
0039. A first jumper 184 (FIG. 6), of the “double” type, 
is roughly of W-shape with three dependent legs 184a, 184b 
and 184c, with the middle leg 184b and one end leg 184c 
being of the same length and Smaller than the other end leg 
184a. All three legs terminate in respective bonding pads 
184d and 184e (at the ends of the end legs 184a and 184c) 
and 184f (at the end of the middle leg 184b). In FIG. 5, the 
jumper 184, when in contacting relation with the printed 
circuit board workpiece, replaces the wire bond 84 in FIG. 
3 and functions to interconnect (in a first “jump”) the anodes 
of the two chips 14 and 16 as well as to connect (in a second 
“jump”) the anode of the chip 14 to the conductive path 78. 
While not illustrated herein, known automatic “pick-and 
place' transfer mechanisms (equivalent to robot arms and 
hands) can be used for grasping a pre-oriented jumper 184 
from a storage tray (or from a lead frame of jumpers and 
breaking the jumper free from delicate links holding the 
jumper on the lead frame) and transferring and depositing 
the jumper precisely in place on the Workpiece. AS SO 
deposited, the legs 184b and 184c of the jumper are centered 
within the passivating layer rings 28 of the respective chips 
14 and 16 with the respective jumper bonding pads 184f and 
184e resting on the chip upper metal electrodes 24, and the 
jumper bonding pad 184d resting on the end 80 of the 
conductive path 78. 
0040. The jumper 184 is preferably soldered to the two 
chip electrodes 24 and to the conductive path 78 and, to this 
end, a Small dot of Solder paste is placed on the metal 
electrodes and path prior to placement of the jumper. Alter 
natively, the Solder paste is replaced with a dot of electrically 
conductive adhesive which Serves the Securing function. 
0041) A “single” type jumper is also shown in FIGS. 5 
and 7. Two such jumpers 186 and 188 are used for con 
necting the mounting pad extensions 70 of the two Support 
plates 62 and 64 to the anode electrodes 24 of the two chips 
10 and 12, respectively. Similarly as with the two legs 184a 
and 184b of the double jumper 184, the two legs of the 
jumpers 186 and 188 terminate in respective pairs of mount 
ing pads (186d and 186f, and 188d and 188f) to be solder 
bonded respectively to a conductive area 70 (an exposed 
mounting pad extension) on a Surface of the printed wiring 
board 50 and an anode electrode 24 on a respective chip 10 
and 12. The two single jumpers 186 and 188 can be 
picked-up, transferred, deposited and tacked in place iden 
tically as the double jumper 184. 
0.042 AS indicated, pre-formed metal jumpers provide 
certain advantages over wire bonds. The jumpers, of metal 
Strips, generally have higher power handling capacity and 
can be generally leSS expensive to use than wire bonds, 
particularly if assembled in batch assembly processes. 
0043. The jumpers are also preferable to the previously 
described (FIG. 2) terminals 34 which include dimples 40 
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for extending centrally of the passivating layer ring 28 and 
into contact with the metal electrode 24. Providing the 
dimples is relatively expensive and, worse, the lengths of the 
dimples made in typical, e.g., punching, dimpling proce 
dures, are relatively small. Thus, even when the dimples 40 
are properly centered within the passivating material rings 
28, owing to the relatively short heights of the dimples, the 
gap between an under Surface 34a of the dimpled terminal 
lead 34 and the passivating ring 28 is So Small as to be 
bridgeable by Solder flowing up the dimple and spreading 
along the under surface 34a of the terminal lead 34. 
0044. Such solder bridging problem is easily avoided 
using the various jumpers 184, 186 and 188 simply by 
making the legs of the various jumperS Sufficiently long Such 
that the leg interconnecting portions of the jumpers (e.g., 
FIG. 6, the portion 184g of the jumper 184) are spaced well 
above the passivating rings 28. Providing pre-formed metal 
jumpers with long legs is considerably easier than providing 
correspondingly long dimples using known dimple forming 
proceSSeS. 

0045 Although not illustrated herein, “laminate” types of 
printed wiring boards are known using “buried” conductive 
layerS for providing electrical interconnections and termi 
nals for various components mounted on the printed wiring 
boards. The present invention can be implemented using 
Such laminate types of printed wiring boards in which case 
the buried interconnections can be used in place of the 
various wire bonds shown in FIG.3 and the jumpers shown 
in FIG. 5. 

0046) Another (and the presently preferred) embodiment 
of the invention is illustrated in FIGS. 8 and 9 which show 
a single lead frame 200 somewhat similar to any one of the 
three lead frames used in the batch manufacturing process 
disclosed in the aforecited Pat. No. 5,484,097. As noted in 
the patent, lead frames are known in the Semiconductor 
industry and, while taking many forms, generally comprise 
a flat sheet of metal Stamped (or etched) into a filigree of 
interconnected leads. In the embodiment shown in FIGS. 8 
and 9 herein, the single lead frame 200 comprises an 
elongated metal sheet defined by a pair of elongated parallel 
rails 204 having openings 206 therethrough by means of 
which the lead frame can be precisely positioned and 
advanced. Extending between the side rails 204 are cross 
bars 208 from which various cantilevered leads extend. FIG. 
8 shows a group of cantilevered leads used for fabricating a 
single rectifier. As indicated in FIG. 9, the group of leads 
shown in FIG. 8 is but one of numerous, identical lead 
groups provided on the lead frame 200. In one embodiment 
of the present invention, the lead group shown in FIG. 8 is 
repeated in an array of eight rows and eighteen columns for 
a total of one hundred and forty-four rectifiers to be batch 
fabricated on each lead frame. In general, but with the 
exceptions herein noted (principally, the use of but one lead 
frame and four spaced apart and identically oriented chips), 
the processes and apparatus disclosed in Pat. No. 5,484,097 
can be used in the use of the present invention. 

0047. The lead frame arrangement shown in FIGS. 8 and 
9 corresponds almost exactly to the pattern of conductive 
areas shown in FIGS. 3 and 5 as well as using the identical 
jumpers shown in FIG. 5. Because of this, reference num 
bers used in FIGS. 3 and 5 identifying elements similar to 
but not identical to those in FIGS. 8 and 9 are repeated in 
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FIGS. 8 and 9 but followed by the letter “a”. Thus, while 
FIG. 5 shows four conductive paths 72, 74, 76 and 78 
serving as terminals for the completed rectifiers, FIGS. 8 
and 9 show four cantilevered leads 72a, 74a, 76a and 78a 
likewise Serving as terminals in the completed rectifiers. In 
FIG. 5, all the conductive areas are disposed on the surface 
of a rigid substrate 50. In FIGS. 8 and 9, the various 
cantilevered leads 72a, 74a, 76a, and 78a are part of a 
Self-Supporting lead frame (e.g., of 10 mill thick copper 
measuring 8 by 14 inches) and are Secured to later-to-be 
discarded portions of the lead frame. 
0.048 AS previously noted, the various cantilevered leads 
extend (FIG. 9) from cross bars 208 extending between 
parallel side rails 204 of the lead frame. Each pair of leads 
(e.g., leads 72a-78a and 74a–76a) extending from one cross 
bar 208 is interconnected by a further continuous bar 208a 
Serving (during device encapsulation, as hereinafter 
described) as a dam bar. The two dam bars 208a are also 
useful as providing greater mechanical Strength to the lead 
frame. 

0049 AS in the FIG. 5 arrangement, the cantilevered lead 
72a (FIG. 8) is integral with a “support plate'54a connect 
ing together two enlarged mounting pads 56a and 58a. In the 
herein illustrated embodiments, the identical Semiconductor 
chips used in the FIG. 5 arrangement are used in the FIGS. 
8 and 9 arrangement, and the descriptions of the various 
mounting pads, the chips mounted thereon, and the jumpers 
used to electrically interconnect the rectifier components 
provided for FIG. 5 apply substantially identically to the 
FIGS. 8 and 9 embodiments. 

0050 Certain manufacturing differences are present 
owing to the nature of the two workpieces, but Such differ 
ences, and appropriate manufacturing procedures are known 
to workers in the relevant manufacturing arts. During chip 
mounting, for example, the rigid substrate 50 in the FIG. 5 
arrangement provides mechanical Support. With the FIGS. 8 
and 9 arrangement, the lead frame is disposed within an 
appropriate fixture providing both precise orientation and 
positioning of the lead frame and mechanical Support for all 
the lead frame parts against which chip (and jumper) mount 
ing preSSures are to be applied. 

0051 FIG. 8 shows the various jumpers 184, 186 and 
188 in exploded relation to the components contacted by the 
jumpers. When all the parts are in assembled together 
relationship with the jumperS Soldered in place, each work 
piece group of components appears. Somewhat as shown in 
FIG. 3 (with jumper interconnectors rather than the wire 
bonds shown). 
0.052 While the various jumpers shown in FIG.8 (and 5) 
are the preferred interconnectors, the jumperS can be 
replaced with wire bonds such as shown in FIG. 3. 

0053) Then, and as described in the aforecited U.S. 
patent, each group of components (e.g., the 144 groups on 
the illustrative lead frame workpiece) is encapsulated within 
(FIG. 10) a molded plastic housing while the component 
groups are still affixed to the lead frame. In FIG. 9, a dashed 
line box H is used to show which portion of each group of 
components on the lead frame is encapsulated (Such com 
ponents, within each group, including the four chipS and 
three jumpers shown in FIG. 8 or, if used, wire bonds such 
as shown in FIG.3). Comparing FIG. 10 with FIGS. 8 and 
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9 it is seen that only parallel portions of the four leads 72a, 
74a, 76a and 78a extend from the housing 92a with the dam 
bars 208a being disposed outside of an immediately adjacent 
to the housing exterior Surface. 
0054 The use of dam bars for plastic encapsulating 
various components mounted on lead frames is known; the 
function of the dam bars being to limit escape of plastic 
molding material injected, under pressure, from a cavity in 
which are disposed the components to be encapsulated. The 
lead portions not to be encapsulated extend through open 
ings through the walls of the cavity defining mold and, as 
known, the dam bars 208a limit escape of the molding 
material through the cavity wall openings for preventing 
Spread of the escaping material onto the outwardly extend 
ing rectifier terminals. 
0055. After encapsulation, each device is separated from 
the lead frame by cutting through the lead frame along the 
dotted lines 210 shown in FIG. 10. 

0056. As previously noted, the lead frame group of 
components shown in FIG. 8 is essentially a Self-Supporting 
version of the conductive areas Supported on the insulating 
board of the printed circuit board 50 shown in FIGS. 3 and 
5. It is noted, however, that to persons of skill in the relevant 
arts, printed circuit board technology is quite Separate and 
distinct from lead wire technology. The description of the 
similarity between the embodiments shown in FIGS. 3 and 
5 and in FIG. 8 is part of the inventive disclosure herein and, 
indeed, the embodiments shown in FIGS. 3 and 5 arose as 
a “generalization” of the prior developments of the lead 
frame embodiments. 

0057. As earlier described, the various jumpers used for 
interconnecting purposes (e.g., the jumpers 184 and 186 
shown in FIGS. 6 and 7) are typically individual, separate 
parts added to the workpiece after the chips are Soldered in 
place. The jumpers, for example, can be disposed in trays for 
being automatically picked up by robot type arms for being 
mounted in place. 
0058 For greater efficiency, it is also possible to provide 
the jumperS as part of a lead frame for use in conjunction 
with, for example, the lead frame 200 shown in FIG. 9. In 
one arrangement, for example, after all the chips have been 
soldered in place on the lead frame 200 shown in FIG. 9, a 
Separate "jumper lead frame (not illustrated) including a 
plurality of jumper Sites corresponding to the device Sites on 
the workpiece is disposed over the lead frame 200. Each 
jumper Site includes three preferably cantilevered leads 
extending from a common portion of the jumper lead frame 
with each lead being shaped as a respective jumper 184, 186 
and 188 shown in FIG. 8. With the jumper lead frame so 
disposed for aligning the various jumpers at each jumper site 
with corresponding components to be interconnected at each 
device site on the lead frame 200, a top jig with downwardly 
dependent fingers is disposed overlying the jumper lead 
frame for pressing the bonding pads of the respective 
jumpers against corresponding component bonding Sur 
faces. After heating, for Solder bonding (or ultrasonic weld 
ing, or the like) the jumpers to the components, the jumper 
lead frame is cut or broken away from the rigidly Secured 
jumperS for leaving Separate interconnecting jumpers in 
place on the workpiece. 
0059. In still another embodiment, shown in FIGS. 11 
and 12, all the needed jumpers are included at each device 
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site as extra cantilevered “jumper' leads 184a, 186a, and 
188a all initially lying in the plane of a lead frame 200a 
formed by typical Stamping or etching processes, or the like. 
0060. Then, after all the chips have been mounted in 
place on the respective bonding pads 56a, 58a, 62a, and 64a, 
the extra jumper leads 184a, 186a, and 188a are folded over 
as shown in FIG. 12 for providing interconnections among 
the device components. (While added shaping of the extra 
jumper leads 184a, 186a, and 188a is necessary for provid 
ing “dimple-like' dependent bonding pads, Such as shown at 
184f and 184e in FIG. 6, for proper contacting with the 
upper Surfaces (FIG. 2) of the chips, such shaping is not 
necessary if, for example, the chips are mounted anode side 
down.) After folding and bonding the jumper leads 184a, 
186a, and 188a in place, completion of the devices can be 
as previously described. 

What is claimed is: 
1. A method of fabricating a Semiconductor device com 

prising four Substantially identical Semiconductor diode 
chips, each of Said chips having top and bottom Surfaces, the 
method comprising the steps of a) mounting said four chips, 
bottom Surfaces down, in electrical contact with respective 
chip mounting pads, a first and a Second of Said pads being 
integrally connected to one another for electrically intercon 
necting the bottom Surfaces of a first and a Second chip 
mounted respectively on Said first and Second pads, b) 
electrically interconnecting the top Surface of a third chip 
mounted on a third pad to the top Surface of a fourth chip 
mounted on a fourth pad, c) electrically interconnecting said 
third and fourth pads to the top Surfaces of Said first and 
Second chips, respectively, d) electrically connecting a first 
device terminal to Said first and Second interconnected pads, 
e) electrically interconnecting Second and third device ter 
minals to said third and fourth pads, respectively, and f) 
electrically interconnecting a fourth device terminal to one 
of the electrically interconnected top Surfaces of Said third 
and fourth chips. 

2. A method according to claim 1 including the Step of, 
prior to Said mounting Step, disposing all of Said mounting 
pads in coplanar relationship. 

3. A method according to claim 1 including the Steps of 
providing Said integrally connected first and Second pads, 
Said third and fourth pads, Said first, Second and third 
terminals, and a portion of Said fourth terminal as conductive 
areas on a Surface of a printed circuit board. 

4. A method according to claim 3 wherein Said first, 
Second and third terminal conductive areas are integrally 
connected to Said integrally connected first and Second pads, 
and to Said third and fourth pads, respectively. 

5. A method according to claim 4 wherein Said electrical 
interconnections other than Said integral connections are 
provided by wire bonding. 

6. A method according to claim 4 wherein Said electrical 
interconnections other than Said integral connections are 
provided by disposing pre-shaped metal jumpers in bridg 
ing, bonded relationships with the Surfaces being electrically 
interconnected. 

7. A method according to claim 1 including the Steps of 
providing Said integrally connected first and Second pads, 
Said third and fourth pads, Said first, Second and third 
terminals, and a portion of Said fourth terminal as integral 
portions of cantilevered leads forming one of a plurality of 
identical groups of leads on a Single lead frame. 
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8. A method according to claim 7 wherein said first, 
Second and third terminals are portions of respective first, 
Second and third leads including Said integrally connected 
first and Second pads and Said third and fourth pads, respec 
tively. 

9. A method according to claim 8 wherein said electrical 
interconnections other than Said integral connections are 
provided by wire bonding. 

10. A method according to claim 8 wherein said electrical 
interconnections other than Said integral connections are 
provided by disposing pre-shaped metal jumpers in bridg 
ing, bonded relationships with the Surfaces being electrically 
interconnected. 

11. A method according to claim 8 wherein the electrically 
interconnecting steps b), c) and f) are performed by bending 
respective cantilevered leads lying in a plane defined by Said 
lead frame out of Said plane and into bridging, bonded 
relationship with the Surfaces being electrically intercon 
nected. 

12. A hybrid Semiconductor device comprising four Sub 
Stantially identical Semiconductor diode chips each having a 
top and bottom Surface, the bottom Surface of each of Said 
chips being mounted on a respective electrically conductive 
mounting pad, a first and a Second of Said pads being 
integrally connected to one another for electrically connect 
ing together the bottom Surfaces of a first and a Second chip 
mounted respectively on Said first and Second pads, a first 
connector extending between and electrically connecting 
together the top Surfaces of a third and a fourth chip mounted 
respectively on a third and a fourth mounting pad, Second 
and third connectors extending between and electrically 
connecting together the top Surfaces of Said first and Second 
chips with Said third and fourth mounting pads, respectively, 
a first device terminal electrically connected to Said first and 
Second integrally connected pads, Second and third device 
terminals electrically connected to Said third and fourth 
pads, respectively, and a fourth device terminal electrically 
connected to the electrically connected top Surfaces of Said 
third and fourth chips. 

13. A device according to claim 12 wherein all of said 
mounting pads are coplanar. 

14. A device according to claim 13 wherein all of said 
mounting pads comprise conductive areas on a Surface of a 
printed circuit board. 

15. A device according to claim 14 wherein Said first, 
Second and third terminals and a portion of Said fourth 
terminal comprise conductive paths on Said circuit board. 

16. A device according to claim 15 wherein Said first, 
Second and third conductive path terminals are integrally 
respectively connected to one of Said first and Second 
integrally connected mounting pads and to Said third and 
fourth mounting pads. 

17. A device according to claim 16 wherein said fourth 
conductive path terminal extends adjacent to, but spaced 
from, one of Said third and fourth mounting pads, and 
including a rigid, pre-shaped connector extending between 
Said fourth terminal and the top Surface of the chip on Said 
one of Said third and fourth mounting pads. 

18. A workpiece for the batch manufacture of semicon 
ductor devices, the workpiece comprising a lead frame 
including a plurality of identical device Sites at which 
Separate and identical devices are fabricated, each Said 
device comprising four Substantially identical Semiconduc 
tor diode chips each having a top and bottom Surface, the 
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bottom Surface of each of Said chips being mounted on a 
respective electrically conductive mounting pad, a first and 
a Second of Said pads being integrally connected to one 
another for electrically connecting together the bottom Sur 
faces of a first and a Second chip mounted respectively on 
Said first and Second pads, a first connector extending 
between and electrically connecting together the top Sur 
faces of a third and a fourth chip mounted respectively on a 
third and a fourth mounting pad, Second and third connectors 
extending between and electrically connecting together the 
top Surfaces of Said first and Second chips with Said third and 
fourth mounting pads, respectively, a first device terminal 
electrically connected to Said first and Second integrally 
connected pads, Second and third device terminals electri 
cally connected to Said third and fourth pads, respectively, 
and a fourth device terminal electrically connected by a 
fourth connector to the electrically connected top Surfaces of 
Said third and fourth chips, Said integrally connected first 
and Second pads, Said third and fourth pads, Said first, Second 
and third terminals, and a portion of Said fourth terminal 
comprising various portions of cantilevered leads at each 
Said Site joined to a common portion of Said lead frame 
interconnecting all of Said Sites. 
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19. A workpiece according to claim 18 wherein Said first, 
Second and third terminals are portions of respective first, 
Second and third leads including Said integrally connected 
first and Second pads and Said third and fourth pads, respec 
tively. 

20. A workpiece according to claim 19 wherein Said lead 
frame lies in a first plane and Said connectors comprise 
discrete, shaped metal jumperS disposed above Said first 
plane and including dependent legs bonded to respective 
Surfaces to be electrically interconnected. 

21. A workpiece according to claim 19 wherein Said lead 
frame lies in a first plane, and Said connectors comprise 
respective cantilevered leads each having a first portion 
lying in Said first plane and connecting Said lead to Said lead 
frame common portion and having a Second portion dis 
posed above Said first plane and being in bridging, bonded 
relationship with respective Surfaces being electrically inter 
connected. 


