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ARRAY-PROCESSED STACKED 
SEMICONDUCTOR PACKAGES 

FIELD OF THE INVENTION 

[0001] The present invention is related in general to the 
?eld of semiconductor devices and processes, and more 
speci?cally to array-processed stacked semiconductor pack 
ages creating 3-dimensionally interconnected chips. 

DESCRIPTION OF THE RELATED ART 

[0002] The long-term trend in semiconductor technology 
to double the functional complexity of its products every 18 
months (Moore’s “laW”) has several implicit consequences. 
First, the higher product complexity should largely be 
achieved by shrinking the feature siZes of the chip compo 
nents While holding the package dimensions constant; pref 
erably, even the packages should shrink. Second, the 
increased functional complexity should be paralleled by an 
equivalent increase in reliability of the product. Third, the 
cost per functional unit should drop With each generation of 
complexity so that the cost of the product With its doubled 
functionality Would increase only slightly. 
[0003] As for the challenges in semiconductor packaging, 
the major trends are efforts to shrink the outline of a discrete 
package so that the package consumes less area and less 
height When it is mounted onto the circuit board, and to 
reach these goals With minimum cost (both material and 
manufacturing cost). Recently, another requirement Was 
added to this list, namely the need to design packages so that 
stacking of chips and/or packages becomes an option to 
increase functional density and reduce device thickness. 
Furthermore, it is expected that a successful strategy for 
stacking chips and packages Would shorten the time-to 
market of innovative products, Which utiliZe available chips 
of various capabilities (such as processors and memory 
chips) and Would not have to Wait for a redesign of chips. 
[0004] Recent applications especially for hand-held Wire 
less equipments, combined With ambitious requirements for 
data volume and high processing speed, place neW, stringent 
constraints on the siZe and volume of semiconductor com 
ponents used for these applications. Consequently, the mar 
ket place is reneWing a push to shrink discrete semiconduc 
tor devices both in tWo and in three dimensions, and this 
miniaturization effort includes packaging strategies for 
semiconductor devices as Well as electronic systems. 

SUMMARY OF THE INVENTION 

[0005] Applicants recogniZe the need for a fresh concept 
of achieving a coherent, loW-cost method of assembling 
high lead count, yet loW contour devices. The concept 
includes substrates and packaging methods for stacking 
devices and package-on-package options as Well as assem 
bly options for ?ip-chip and Wire bond interconnections. The 
device can be the base for a vertically integrated semicon 
ductor system, Which may include integrated circuit chips of 
functional diversity and passive components. The resulting 
system should have excellent electrical performance, espe 
cially speed, and high product reliability. Further, it Will be 
a technical advantage that the fabrication method of the 
system is ?exible enough to be applied for different semi 
conductor product families and a Wide spectrum of design 
and process variations. 
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[0006] One embodiment of the invention is a semiconduc 
tor system of arrays of packaged devices. Each array 
includes a sheet-like substrate made of insulating material 
integral With conductive horiZontal lines and vertical vias, 
and terminals on the surfaces. Semiconductor components, 
Which may include more than one active or passive chip, are 
attached to the substrate; the electrical connections may 
include ?ip-chip, Wire bond, or combination techniques. 
Encapsulation compound, Which adheres to the substrate, 
embeds the connected components. Metal posts traverse the 
encapsulation compound vertically, connecting the substrate 
vias With pads on the encapsulation surface. The pads are 
covered With solder bodies used to connect to the next-level 
device array so that a 3-dimensional system of packaged 
devices is formed. 

[0007] In another embodiment of the invention, the system 
includes a distribution of the encapsulation compound so 
that the compound thickness over the components is about 
equal to the substrate thickness. A balanced distribution of 
insulators is thus created, Which and thus an overall system 
With a high degree of robustness against thermomechanical 
stress and distortion. 

[0008] Another embodiment of the invention is a method 
for fabricating a semiconductor system, in Which arrays of 
semiconductor packages are processed and then stacked to 
produce a 3-dimensional system of packaged components. 
The system can be saWed into individual stacks of packaged 
devices. The method starts With a substrate such as a 

laminate tape With metal traces patterned on the top layer. A 
chip is attached to the top layer; the attachment may be 
performed by ?ip-chip technique, or by Wire bonded tech 
nique. In the ?ip-chip version, metal posts are built up on 
suitable pads on the top substrate layer; the posts need to be 
high enough to alloW connection to the next package layer 
to be stacked. In the Wire bond version, Wire loops are 
created on the top chip layer in addition to metal posts; these 
loops need to be high enough to alloW connection to the next 
package layer to be stacked. The Wire bond option alloWs 
direct chip connect to the upper stacked package. 
[0009] The assembly is then overmolded so that the mold 
compound reaches about the same thickness as the height of 
the posts and Wire bonds and loops. The posts and bond 
Wires are exposed using a post mold etch (Wet or dry) or a 
polishing procedure. For the exposed Wire bond version, s 
landing pad is deposited on the exposed Wire to enable the 
package interconnect; the pad can also be used for routing. 
The molding step can be performed so that a balanced 
distribution of compound is achieved. The balanced stack 
option yields a mechanically resilient solution for the pack 
age stacks. 

[0010] The array is bonded to the next array using solder 
attachment on the metalliZation (alternatively, thermo-com 
pression bonding may be used). The re?oW of multiple 
stacked packages occurs at one time for the Whole array. To 
enhance the strength of the package, the substrate (laminate 
tape) can be glued or bonded to a mold cap; a mask 
protecting the posts/bondWires Would be required for this 
step. BetWeen tWo package levels, a single ground plane can 
be shared. 

[0011] The technical advances represented by certain 
embodiments of the invention Will become apparent from 
the folloWing description of the preferred embodiments of 
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the invention, When considered in conjunction With the 
accompanying drawings and the novel features set forth in 
the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs a schematic cross section of a portion 
of an array including a semiconductor component ?ip 
assembled on a substrate and embedded in encapsulation 
compound, Which is traversed by metal posts. 
[0013] FIG. 2 depicts the schematic array portion of FIG. 
1 for the case of equal thicknesses of the substrate and the 
encapsulation compound on top of the component. 
[0014] FIG. 3 shoWs a schematic top vieW of the array 
portion of FIG. 1 along the cut line A-A. 
[0015] FIG. 4 shoWs a schematic top vieW of the array 
portion of FIG. 1 along the cut line B-B. 
[0016] FIG. 5 is a schematic cross section of a stacked 
system of arrays including units assembled in the manner as 
illustrated in FIG. 1. 
[0017] FIG. 6 is a schematic top vieW of the system shoWn 
in FIG. 5. 
[0018] FIG. 7 shoWs a schematic cross section of a portion 
of an array including a semiconductor component attached 
to a substrate, Wire bonded for electrical connection, and 
embedded in encapsulation compound, Which is traversed 
by metal posts. 
[0019] FIG. 8 shoWs a schematic top vieW of the array 
portion of FIG. 7 along the cut line A-A. 
[0020] FIG. 9 shoWs a schematic top vieW of the array 
portion of FIG. 7 along the cut line B-B. 
[0021] FIG. 10 is a schematic cross section of a stacked 
system of arrays including units assembled in the manner as 
illustrated in FIG. 7. 
[0022] FIG. 11 illustrates a schematic cross section of a 
stacked system of arrays including units With semiconductor 
components of different siZes or thicknesses. 
[0023] FIG. 12 depicts a schematic cross section of a 
balanced stacked system of arrays. 
[0024] FIG. 13 shoWs a schematic cross section of a 
stacked system of arrays, Which share an electrical ground 
plane. 
[0025] FIG. 14 illustrates a schematic cross section of a 
stacked system of arrays, Wherein the arrays include semi 
conductor components of different siZes or thicknesses and 
of different assembly techniques. 
[0026] FIG. 15 shoWs a schematic cross section of a 
portion of an array including a stack of tWo semiconductor 
components; the ?rst component is ?ip-assembled on a 
substrate and the second component is Wire bonded to the 
substrate; the stack is embedded in encapsulation com 
pound, Which is traversed by metal posts. 
[0027] FIG. 16 shoWs a schematic top vieW of the array 
portion of FIG. 15 along the cut line A-A. 
[0028] FIG. 17 shoWs a schematic top vieW of the array 
portion of FIG. 15 along the cut line B-B. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0029] FIG. 1 illustrates a portion, generally designated 
100, of an array shoWn more fully in FIG. 5. Actually it is, 
in FIG. 5, the ?rst array of several arrays, Which together 
form a semiconductor system. The ?rst array consists of one 
or more assembly sites as depicted in FIG. 1; in FIG. 5, each 
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array includes four assembly sites; arrays With considerably 
higher number of assembly sites can be manufactured. In 
addition, the sites may be arranged in x-direction as Well as 
in y-direction; the number of sites may be different in x- and 
y-direction. 
[0030] The assembly site depicted in FIG. 1 shoWs a 
substrate 101, Which has a ?rst surface 101a and a second 
surface 10119. The substrate is preferably made of a sheet 
like insulating material such as polyimide- and/or epoxy 
based compounds and has a thickness 1010 in the range from 
about 10 to 1000 um. BetWeen surfaces 101a and 10119 are 
layers 102 of conductive horizontal lines (preferably cop 
per), and extending from surfaces 10111 to surface 101!) is a 
netWork of conductive vertical vias 103 (preferably copper). 
[0031] Substrate 101 has on the ?rst surface 101a tWo sets 
of terminals. The terminals 104 of the ?rst set are attachment 
sites and have a metallurgical surface composition suitable 
for metallic connection such as solder bumps or gold studs. 
A preferred surface composition is a layer of nickel With a 
top layer of palladium or gold. Substrate 101 further has a 
second set of terminals 105 on the ?rst surface 101a, and a 
third set of terminals 106 on the second surface 1011). 
Preferred metal for terminals 105 and 106 is copper; termi 
nals 106 are suitable for attachment of solder bodies. 

[0032] In FIG. 1, a semiconductor component 110 With 
I/ O ports 111 is ?ip-attached to the substrate attachment sites 
(?rst set terminals 104) by means of connector bodies 112, 
preferably metal studs such as gold of copper bumps. 
Component 110 may be a discrete component, an integrated 
circuit chip, or it may include a passive component such as 
capacitor, an inductor, or a resistor. The thickness 11011 of 
the component may vary from 10 to 400 um; thicker or 
thinner components can be assembled. 
[0033] It should be stressed that in an array, the type of 
chips, the siZe of the chips, and the thickness of the chips 
may vary from assembly site to assembly site; consequently, 
one assembly site may have an integrated circuit, the adja 
cent site a passive component, the next site a silicon con 
trolled recti?er, etc. 
[0034] Component 110 is attached onto substrate 101 by 
the ?ip-chip technique, active face doWn. FIG. 1 also shoWs 
an example of an electrical connection 113 from the com 
ponent 110 to substrate terminals 105 on ?rst surface 101a. 

[0035] On at least portions of the second set terminals 105 
on the ?rst substrate surface 10111 are metal posts 130, 
preferably made of copper or a copper alloy. The location of 
the posts matches at least portions of the third set terminals 
106 on the second substrate surface 10119. Posts 130 are 
preferably about vertical to the ?rst substrate surface 101a 
and have a height 130a taller than the component thickness 
110a. The posts serve the vertical electrical connectivity and 
have, therefore, a diameter su?iciently Wide to keep losses 
from inductive and capacitive resistance minimal. The posts 
rest on terminals 105; on the top end, the posts are capped 
by pads 131. 
[0036] In FIG. 1, encapsulation compound 120 adheres to 
?rst substrate surface 101a and embeds the connected com 
ponent 110. The thickness 121 of the compound is prefer 
ably at least equal to, but more preferably greater than the 
sum of the thicknesses of component, connectors, and 
terminals; thickness 121 is about equal to post height 130a. 
Preferably, the encapsulation material 120 is an epoxy-based 
molding compound, Which is processed by the transfer 
molding technique. 
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[0037] The most preferable structure has an encapsulation 
compound thickness 122 on top of the component 110 about 
equal to the thickness 2010 of substrate 201. FIG. 2 illus 
trates an embodiment With this “balanced distribution” of 
polymers (encapsulation compound and insulating sub 
strate). Experience has shoWn that a balanced distribution of 
polymers embedding a semiconductor component contrib 
utes to equalize compressive stress on the component and to 
yield a mechanically resilient array structure. 
[0038] Referring noW to FIG. 1, attached to pads 131 are 
re?oW metal bodies 140, preferably made of tin or a tin 
alloy. These re?oW bodies 140 have a ?rst re?oW tempera 
ture and interconnect the ?rst array With other arrays. After 
the assembly of all arrays into the semiconductor system, 
re?oW bodies 150 may be attached to terminals 106 on the 
second substrate surface 10119. The re?oW temperature of 
bodies 150 is loWer than the re?oW temperature of bodies 
140. 
[0039] A cross section along cut line A-A in FIG. 1 Will 
provide a top vieW as illustrated in FIG. 3. The roWs of pads 
131 are shoWn in x- and y-direction. A cross section along 
cut line B-B in FIG. 1 Will provide a bottom vieW as 
illustrated in FIG. 4. The roWs of posts 130 are shoWn in x 
and y-direction. In addition, the tWo-dimensional array of 
metal studs 112 on I/O ports 111 are indicated as round 
entities. 
[0040] The ?rst array of the embodiment under discussion 
is composed of units as described in FIG. 1. A complete 
array composed of 4 such units is illustrated in FIG. 5 in a 
simpli?ed manner; the array is designated 501. The array has 
the same type component ?ip-assembled in each of the four 
units. In other embodiments, components for different siZes, 
thicknesses, and device types may be assembled as an array 
(an embodiment using different assembly technique is 
shoWn in FIG. 11). 
[0041] A second array 502 of packaged devices is struc 
tured analogous to array 501, based on units assembled as 
shoWn in FIG. 1. The array has a sheet-like substrate 511 
With a third surface 511a and a fourth surface 511b, and 
terminals on the both surfaces. The terminals 512 on the 
fourth surface match the pads 131 (covered With re?oW 
metal) of the ?rst array 501. 
[0042] The second array 502 is aligned and connected 
With the ?rst array 501 at the matching terminals 512 and 
131 to form a 3-dimensional system of packaged devices. 
[0043] A third array to an nth array of packaged devices 
has a structure analogous to the structure of array 502 and 
501. In FIG. 5, these arrays are designated 503, 504, 505, 
and 506. These arrays have re?oW metal of the same re?oW 
temperature on all pads. After alignment, the re?oW metals 
of all arrays are thus connected in one process step (see 
beloW). The result is a 3-dimensional system of packaged 
devices. In the side vieW of FIG. 5, 4 devices in the 
x-direction and 6 devices in the y-direction are shoWn. 
Taking a top vieW of the pads 531 on the metal posts of top 
array 506 delivers FIG. 6. In the top vieW of FIG. 6, 4 
devices in the x-direction and 4 devices in the Z-direction are 
shoWn. Combining the vieWs of FIG. 5 and FIG. 6 indicates 
that the complete 3-dimensional system includes 4><6><4I96 
packaged devices. 
[0044] In the embodiment of FIGS. 5 and 6, the devices 
have identical components; as stated earlier, other embodi 
ments have components of different types, siZes, and thick 
nesses; see also FIG. 11. 
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[0045] The system of FIGS. 5 and 6 may be singulated 
into vertical stacks of devices. Preferably using a saW, a cut 
along line 540 singulates a stack 541 including l><6><4:24 
packaged devices. A cut along line 550 singulates another 
stack of l><6><4:24 packaged devices. The remaining stack 
561 includes 2><6><4I48 packaged devices. 

[0046] Another embodiment of the invention is depicted in 
FIGS. 7 to 14. FIG. 7 illustrates a portion, generally desig 
nated 700, of a ?rst array shoWn more fully in FIG. 10. 
Actually it is, in FIG. 10, the ?rst array of several arrays, 
Which together form a semiconductor system. The ?rst array 
consists of one or more assembly sites as depicted in FIG. 
7; in FIG. 10, each array includes four assembly sites; arrays 
With considerably higher number of assembly sites can be 
manufactured. In addition, the sites may be arranged in 
x-direction as Well as in y-direction; the number of sites may 
be different in x- and y-direction. 

[0047] The assembly site depicted in FIG. 7 shoWs a 
substrate 701, Which has a ?rst surface 701a and a second 
surface 70119. The substrate is preferably made of a sheet 
like insulating material such as polyimide- and/or epoxy 
based compounds and has a thickness 7010 in the range from 
about 10 to 1000 um. BetWeen surfaces 701a and 70119 are 
layers 702 of conductive horizontal lines (preferably cop 
per), and extending from surfaces 70111 to surface 701!) is a 
netWork of conductive vertical vias 703 (preferably copper). 
[0048] Substrate 701 may have an array of assembly sites; 
one of these sites is illustrated in FIG. 7. Substrate 701 has 
on the ?rst surface 70111 a chip attachment location 704 and 
tWo sets of terminals. The terminals 705 of the ?rst set are 
in proximity of component 710, preferably made of copper 
and have a metallurgical surface composition suitable for 
Wire bonding (for example gold surface layer). Substrate 701 
further has a second set of terminals 706 on the ?rst surface 
701a, preferably made of copper and With a metallurgical 
surface composition for metal post deposition (preferably 
copper). 
[0049] A third, a fourth, and a ?fth set of terminals are on 
the second surface 7011). Preferred metal for these terminals 
is copper; they are suitable for attachment of solder bodies. 
The location of the third set terminals 707 match the metal 
posts 730; the location of the fourth set terminals 708 match 
the contact pads 732 on the Wire span tops; and the location 
of the ?fth set terminals 709 match the contact pads 733 on 
the Wire loop tops. 
[0050] In FIG. 7, a semiconductor component 710 has an 
active surface 71011, a passive surface 710b, and a thickness 
7100. Component 710 is attached With its passive surface 
710!) onto substrate attachment location 704. On the active 
surface 71011, the component has a ?rst set of I/O ports 711, 
Which serve as bond pads for the Wire spans, and a second 
set of I/O ports 712, Which serve as bond pads for the Wire 
loops. Component 710 may be a discrete component, an 
integrated circuit chip, or it may include a passive compo 
nent such as capacitor, an inductor, or a resistor. The 
thickness 7100 of the component may vary from 10 to 400 
um; thicker or thinner components can be assembled. 

[0051] FIG. 7 shoWs tWo modes of electrical connection 
for component 710. Bond Wire spans 713 connect the ?rst 
set ports 711 With the respective ?rst set terminals 705. The 
Wire spans reach a certain height over the active component 
surface. Bond Wire loops 714 are on each second set port 
712. The tops of all loops 714 are in the same plane as the 
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tops of the Wire spans 713; the loops 714 reach the same 
height over the active component surface as the Wire spans 
713. 

[0052] On at least portions of the second set terminals 706 
on the ?rst substrate surface 70111 are metal posts 730, 
preferably made of copper or a copper alloy. The location of 
the posts matches the third set terminals 707 on the second 
substrate surface 70119. Posts 730 are preferably about 
vertical to the ?rst substrate surface 701a and have a height 
730a taller than the sum of the component thickness 7100 
and the Wire loop height. The posts serve the vertical 
electrical connectivity and have, therefore, a diameter suf 
?ciently Wide to keep losses from inductive and capacitive 
resistance minimal. The posts rest on terminals 706; on the 
top end, the posts are capped by pads 731. These pads match 
the locations of the third set terminals 707 on the second 
substrate surface 701b. 

[0053] In addition, the tops of the Wire spans and the Wire 
loops have contact pads. In FIG. 7, pads 732, contacting the 
Wire span tops, match the locations of the fourth set termi 
nals 708; pads 733, in contact With the Wire loop tops, match 
the ?fth set terminals 709. 

[0054] In FIG. 7, encapsulation compound 720 adheres to 
?rst substrate surface 701a and embeds the connected com 
ponent 710. The thickness 721 of the compound is about 
equal to post height 730a. Preferably, the encapsulation 
material 720 is an epoxy-based molding compound, Which 
is processed by the transfer molding technique. 
[0055] The most preferable structure has an encapsulation 
compound thickness 722 on top of the active surface 71011 
of component 710 about equal to the thickness 7010 of 
substrate 701. Experience has shoWn that a “balanced dis 
tribution” of polymers (encapsulation compound and insu 
lating substrate) embedding a semiconductor component 
contributes to equaliZe compressive stress on the component 
and to yield a mechanically resilient array structure. 

[0056] Attached to pads 731 are re?oW metal bodies 740, 
preferably made of tin or a tin alloy. These re?oW bodies 740 
have a ?st re?oW temperature and interconnect the ?rst array 
With other arrays. After the assembly of all arrays into the 
semiconductor system, re?oW bodies 750 may be attached to 
terminals 707, 708, and 709 on the second substrate surface 
70119. The re?oW temperature of bodies 750 is loWer than the 
re?oW temperature of bodies 740. 

[0057] A cross section along cut line A-A in FIG. 7 
provides a top vieW as illustrated in FIG. 8. The roWs of 
posts 730 are shoWn in x- and y-direction. A cross section 
along cut line B-B in FIG. 7 provides a bottom vieW as 
illustrated in FIG. 9. The roWs of ?rst set terminals 705 and 
second set terminals 706 are shoWn in x- and y-direction. 

[0058] The ?rst array of the embodiment under discussion 
is composed of units as described in FIG. 7. A complete 
array composed of 4 such units is illustrated in FIG. 10 in a 
simpli?ed manner; the array is designated 1001. The array 
has the same type component Wire-assembled in each of the 
four units. In other embodiments, components for different 
siZes, thicknesses, and device types may be assembled as an 
array (an embodiment is shoWn in FIG. 11). 
[0059] A second array 1002 of packaged devices is struc 
tured analogous to array 1001, based on units assembled as 
shoWn in FIG. 7. Array 1002 has a sheet-like substrate 1011 
With a third surface 1011a and a fourth surface 1011b, and 
terminals on the both surfaces. The terminals 1012 on the 
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fourth surface match the pads 731, 732, and 733 (covered 
With re?oW metal, see FIG. 7) of the ?rst array 1001. 
[0060] The second array 1002 is aligned and connected 
With the ?rst array 1001 at the matching terminals 1012 and 
731, 732, and 733 to form a 3-dimensional system of 
packaged devices. 
[0061] A third array to an nth array of packaged devices 
has a structure analogous to the structure of array 1002 and 
1001. In FIG. 10, these arrays are designated 1003, 1004, 
1005, 1006, and 1007. These arrays have re?oW metal of the 
same re?oW temperature on all pads. After alignment, the 
re?oW metals of all arrays are thus connected in one process 
step (see beloW). The result is a 3-dimensional system of 
packaged devices. In the side vieW of FIG. 10, 4 devices in 
the x-direction and 7 devices in the y-direction are shoWn. 
[0062] In the embodiment of FIG. 10, the devices have 
identical components; as stated earlier, other embodiments 
have components of different types, siZes, and thicknesses. 
An example of these embodiments is illustrated in FIG. 11. 
Arrays 1101, 1102, 1104, 1105, and 1106 include compo 
nents 1110 of equal siZe and thickness, assembled by bond 
Wires; the device type may be different, hoWever. Arrays 
1103 and 1107 include components 1110, 1111, 1112 of 
different siZe and thickness, assembled by Wire bonds. 
[0063] The systems of FIGS. 10 and 11 may be singulated 
into vertical stacks of devices. Preferably using a saW, a cut 
along line 1040 in FIG. 10 and line 1140 in FIG. 11 
singulates a stack of packaged devices. In FIG. 10, the stack 
is designated 1041; it includes l><7><l:7 packaged devices 
under the assumption that there is only 1 device in the 
Z-direction. In FIG. 11, the stack is designated 1141; it 
includes l><7>< l :7 packaged devices under the assuming that 
there is only one device in the Z-direction. The remaining 
stacks in FIG. 10 and FIG. 11 include 3><7><1I2l packaged 
devices each. 
[0064] The schematic and simpli?ed FIG. 12 illustrates 
another embodiment of array-processed stacked semicon 
ductor packages, Which emphasiZes the balancing of the 
stack for a mechanically resilient stack-up solution. In 
subassembly 1201, three arrays of packaged devices are 
assembled as a system using the method described in FIG. 
10. Similarly, in subassembly 1202, three arrays of packaged 
of packaged devices are assembled as a system using the 
process described in FIG. 10. Then, subassembly 1202 is 
?ipped relative to subassembly 1201 and soldered onto 
subassembly 1201, using the matching re?oW bodies 1210. 
As pointed out above, the re?oW temperature of bodies 1210 
is loWer than the re?oW temperature of the re?oW bodies 
used earlier in the assembly of the subassemblies; see 
description for FIG. 10. A cut along line 1220 singulates 
stack 1230. This stack exhibits carefully balanced mechani 
cal characteristics for resiliency and stress robustness. 
[0065] FIG. 13 depicts an embodiment, in Which a single 
ground plane 1301 is shared by tWo or more array-as 
sembled packages in a stack. As an example, after singulat 
ing the stack 1310 from the assembled arrays along cut-line 
1320, the ground plane portion 1301a serves the seven 
packaged devices of stack 1310. 
[0066] FIG. 14 illustrates another embodiment, generally 
designated 1400, of the invention. In this example, the arrays 
1401, 1402, 1403, and 1404 (containing four units each) 
have been processed by Wire bonding as described in FIG. 
7, and array 1405 has been processed by ?ip-chip technique 
as described in FIG. 1. Each array includes a sheet-like 
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substrate (1411, 1412, etc.); the components may include 
one or more active or passive chips, or chips of different 
siZes. Encapsulation compound (1412, 1422, etc.), Which 
adheres to the substrate, embeds the connected components. 
Metal posts (1431, 1432, etc.) traverse the encapsulation 
compound vertically. By means of the matching contact 
pads, all ?ve arrays have been stacked by re?oW assembly 
as a 3-dimensional system. Cutting along line 1440, a stack 
1450 may be singulated. This stack includes a system of 
devices using mixed assembly technologies, Wire bonding 
and ?ip-chip assembly, and also mixed component siZes. 
[0067] Another embodiment of the invention involving 
mixed assembly technologies is depicted in FIGS. 15 to 17. 
This embodiment concerns a stack of tWo or more chips, 
Which are assembled by ?ip-chip as Well as Wire bonding 
techniques. FIG. 15 illustrates a portion, generally desig 
nated 1500, of an array. The assembly site depicted in FIG. 
15 shoWs a substrate 1501, Which has a ?rst surface 1501a 
and a second surface 1501b. The substrate is preferably 
made of a sheet-like insulating material such as polyimide 
and/ or epoxy-based compounds and has a thickness 15010 in 
the range from about 10 to 1000 um. BetWeen surfaces 
1501a and 1501b are layers 1502 of conductive horizontal 
lines (preferably copper), and extending from surfaces 
1501a to surface 1501b is a netWork of conductive vertical 
vias 1503 (preferably copper). 
[0068] Substrate 1501 may have an array of assembly 
sites; one of these sites is illustrated in FIG. 15. Substrate 
1501 has on the ?rst surface 1501a three set of terminals. 
The terminals 1504 of the ?rst set are component attachment 
sites, preferably copper, and have a metallurgical surface 
composition suitable for metallic connection such as solder 
bumps or gold studs (preferably nickel With a top layer of 
palladium or gold). Terminals 1505 of the second set are in 
proximity of component 1510, preferably made of copper 
and have a metallurgical surface composition suitable for 
Wire bonding (for example gold surface layer). Substrate 
1501 further has a third set of terminals 1506 on the ?rst 
surface 1501a, preferably made of copper and With a met 
allurgical surface composition for metal post deposition 
(preferably copper). 
[0069] A fourth, a ?fth, and a sixth set of terminals are on 
the second surface 1501b. Preferred metal for these termi 
nals is copper; they are suitable for attachment of solder 
bodies. The location of the fourth set terminals 1507 match 
the metal posts 1530; the location of the ?fth set terminals 
1508 match the contact pads 1532 on the Wire span tops; and 
the location of the sixth set terminals 1509 match the contact 
pads 1533 on the Wire loop tops. 
[0070] In FIG. 15, a ?rst semiconductor component 1510 
has an active surface with I/O ports 1511, a passive surface, 
and a thickness 1510c. Component 1510 is ?ip-attached 
With its active surface onto the substrate attachment sites 
(?rst set terminals 1504) by means of connector bodies 
1512, preferably metal studs such as gold or copper bumps. 
Component 1510 may be a discrete component, an inte 
grated circuit chip, or a passive component. Thickness 
1510c may vary from 10 to 400 um; thicker or thinner 
components can be assembled. 

[0071] A second semiconductor component 1560 has an 
active surface 1560a With a ?rst and second set of I/O ports, 
a passive surface 1560b, and a thickness 15600. The ?rst set 
ofI/O ports 1561 serves as bond pads for the Wire spans, and 
the second set of I/O ports 1562 serves as bond pads for the 
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Wire loops. Component 1560 may be a discrete component, 
an integrated circuit chip, or it may be a passive component. 
The thickness 15600 of the component may vary from 10 to 
400 um; thicker or thinner components can be assembled. 

[0072] The passive surface 1560b of the second compo 
nent 1560 is adhesively attached to the passive surface of the 
?rst component 1510. 
[0073] FIG. 15 shoWs tWo modes of electrical connection 
for the components. Component 1510 is ?ip-attached and 
component 1560 is connected by Wire bonds. Bond Wire 
spans 1563 connect the ?rst set ports 1561 With the respec 
tive ?rst set terminals 1605. The Wire spans reach a certain 
height over the active component surface. Bond Wire loops 
1564 are on each second set port 1562. The tops of all loops 
1564 are in the same plane as the tops of the Wire spans 
1563; the loops 714 reach the same height over the active 
component surface as the Wire spans 1563. 

[0074] On at least portions of the third set terminals 1506 
on the ?rst substrate surface 1501a are metal posts 1530, 
preferably made of copper or a copper alloy. The location of 
the posts matches the fourth set terminals 1507 on the 
second substrate surface 1501b. Posts 1530 are preferably 
about vertical to the ?rst substrate surface 1501a and have 
a height 1530a taller than the sum of the component thick 
nesses 1510c and 15600, and the Wire loop height. The posts 
serve the vertical electrical connectivity and have, therefore, 
a diameter suf?ciently Wide to keep losses from inductive 
and capacitive resistance minimal. The posts rest on termi 
nals 1506; on the top end, the posts are capped by pads 1531. 
These pads match the locations of the fourth set terminals 
1507 on the second substrate surface 1501b. 

[0075] In addition, the tops of the Wire spans and the Wire 
loops have contact pads. In FIG. 15, pads 1532, contacting 
the Wire span tops, match the locations of the ?fth set 
terminals 1508; pads 1533, in contact With the Wire loop 
tops, match the sixth set terminals 1509. 

[0076] In FIG. 15, encapsulation compound 1520 adheres 
to ?rst substrate surface 1501a and embeds the connected 
components 1510 and 1560. The thickness 1521 of the 
compound is about equal to post height 1530a. Preferably, 
the encapsulation material 1520 is an epoxy-based molding 
compound, Which is processed by the transfer molding 
technique. The most preferable structure has an encapsula 
tion compound thickness 1522 on top of the active surface 
1560a of component 1560 about equal to the thickness 
15010 of substrate 1501. 

[0077] Attached to pads 1531 are re?oW metal bodies 
1540, preferably made of tin or a tin alloy. These re?oW 
bodies 1540 have a ?st re?oW temperature and interconnect 
a ?rst array With other arrays. After the assembly of all 
arrays into the semiconductor system, re?oW bodies 1550 
may be attached to terminals 1507, 1508, and 1509 on the 
second substrate surface 1501b. The re?oW temperature of 
bodies 1550 is loWer than the re?oW temperature of bodies 
1540. 

[0078] A cross section along cut line A-A in FIG. 15 
provides a top vieW as illustrated in FIG. 16. The roWs of 
posts 1530 are shoWn in x- and y-direction. A cross section 
along cut line B-B in FIG. 15 provides a bottom vieW as 
illustrated in FIG. 17. The roWs of posts 1530 are shoWn in 
x- and y-direction. In addition, the tWo-dimensional array of 
metal studs 1512 on I/O ports 1511 are indicated as round 
entities. 
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[0079] Another embodiment of the invention is a method 
for fabricating a semiconductor system as illustrated in 
FIGS. 5 and 6. The method includes the steps for fabricating 
a ?rst array of packaged devices exempli?ed in FIGS. 1 and 
2, Which includes the steps of: 
[0080] providing a sheet-like substrate With a ?rst and a 
second surface and a thickness, the substrate made of 
insulating material integral With conductive horiZontal lines 
betWeen the surfaces and conductive vertical vias extending 
from the ?rst to the second surface; 
[0081] forming an array of assembly sites on the ?rst 
surface, each site including a ?rst and a second set of 
terminals on the ?rst surface, and a third set of terminals on 
the second surface; 
[0082] providing semiconductor components With a thick 
ness and I/O ports; 
[0083] ?ip-attaching a component to each assembly site 
using metal studs for interconnecting the component ports to 
the ?rst set terminals; 
[0084] forming metal posts at least on portions of the 
second set terminals, the posts being about vertical to the 
?rst surface and having a height taller than the component 
thickness, the post locations matching at least portions of the 
terminals on the second surface; 
[0085] embedding the connected components in encapsu 
lation compound adhering to the ?rst substrate surface, the 
compound With a thickness at least equal to the post height; 
[0086] exposing the top surface of the posts; 
[0087] depositing pads on each exposed post surface; and 
[0088] depositing re?oW metal of a certain re?oW tem 
perature on the pads. 
[0089] The method then continues by fabricating a second 
array of packaged devices using the same steps as fabricat 
ing the ?rst array. The substrate of the second array has a 
third and a fourth surface; the terminals on the fourth surface 
match the re?oW metal-covered pads of the ?rst array; and 
the re?oW metal has the same re?oW temperature as for the 
?rst array. 
[0090] In the next step, a semiconductor system is 
assembled by aligning and contacting the terminals on the 
fourth surface of the second array With the re?oW metal 
covered pads of the ?rst array; and then applying thermal 
energy to re?oW the re?oW metals of both arrays to bond and 
electrically connect the ?rst and the second array. 
[0091] In an optional process step, the assembled arrays 
can be saWed vertically to singulate individual stacks of 
packaged devices. 
[0092] Another embodiment of the invention is a method 
for fabricating a semiconductor system as illustrated in 
FIGS. 10 to 14. The method includes the steps for fabricat 
ing a ?rst array of packaged devices exempli?ed in FIG. 7, 
Which includes the steps of: 
[0093] providing a sheet-like substrate With a ?rst and a 
second surface and a thickness, the substrate made of 
insulating material integral With conductive horiZontal lines 
betWeen the surfaces and conductive vertical vias extending 
from the ?rst to the second surface; 
[0094] forming an array of assembly sites, each site 
including a component attach location, a ?rst and a second 
set of terminals on the ?rst surface, and a third, a fourth, and 
a ?fth set of terminals on the second surface; 
[0095] providing semiconductor components With a thick 
ness, an active surface With a ?rst and a second set of I/O 
ports, and a passive surface; 
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[0096] attaching the passive surface of a component to 
each substrate attachment location; 
[0097] forming spans of bond Wire to electrically connect 
the ?rst set ports to the ?rst set terminals, the top of all spans 
in a plane; 
[0098] forming loops of bond Wire on the second set ports, 
the top of all loops in the same plane as the span tops; 
[0099] forming metal posts on the second set terminals to 
match the locations of the third set terminals, the posts being 
about vertical to the ?rst surface and having a height to reach 
the plane of the Wire span tops and Wire loop tops; 
[0100] embedding the connected components in encapsu 
lation compound adhering to the ?rst substrate surface, the 
compound With a thickness at least equal to the post height; 
[0101] exposing the top surface of the posts, the Wire 
loops, and the Wire spans; 
[0102] depositing a pad on the surface of each exposed top 
of posts, Wire spans, and Wire loops, the pads on the Wire 
span tops matching the locations of the fourth set terminals, 
the pads on the Wire loop tops matching the locations of the 
?fth set terminals; and 
[0103] depositing re?oW metal of a certain re?oW tem 
perature on the pads. 
[0104] The method then continues by fabricating a second 
array of packaged devices using the same steps as fabricat 
ing the ?rst array. The substrate of the second array has a 
third and a fourth surface; the terminals on the fourth surface 
match the re?oW-metal covered pads of the ?rst array; and 
the re?oW metal has the same re?oW temperature as in the 
?rst array. 
[0105] In the next step, a semiconductor system is 
assembled by aligning and contacting the terminals on the 
fourth surface of the second array With the re?oW metal 
covered pads of the ?rst array; and then applying thermal 
energy to re?oW the re?oW metals of both arrays to bond and 
electrically connect the ?rst and the second array. 
[0106] In an optional process step, the assembled arrays 
can be saWed vertically to singulate individual stacks of 
packaged devices. 
[0107] Another embodiment of the invention is a method 
for fabricating a semiconductor system, Which includes the 
steps for fabricating a ?rst array of packaged devices exem 
pli?ed in FIG. 15: 
[0108] providing a sheet-like substrate With a ?rst and a 
second surface and a thickness, the substrate made of 
insulating material integral With conductive horiZontal lines 
betWeen the surfaces and conductive vertical vias extending 
from the ?rst to the second surface; 
[0109] forming an array of assembly sites, each site 
including a ?rst, a second, and a third set of terminals on the 
?rst surface, and a fourth, a ?fth, and a sixth set of terminals 
on the second surface; 
[0110] providing ?rst semiconductor components With a 
?rst thickness, an active surface with I/O ports, and a passive 
surface; 
[0111] ?ip-attaching a ?rst component to each assembly 
site using metal studs for interconnecting the ports to the ?rst 
set terminals; 
[0112] providing second semiconductor components With 
a second thickness, an active surface With a ?rst and a 
second set of I/O ports, and a passive surface; 
[0113] attaching the passive surface of a second compo 
nent to the passive surface of each ?rst component; 












