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(57) ABSTRACT 

A stacked die package is formed by stiffening a ?exible 
substrate, arranging a chip rnounting pattern on one side of 
the substrate, and mounting chips according to the arranged 
pattern. A solder ball array on the opposite side of the 

(21) Appl. No.: 09/734,073 substrate is routed to the chips, and the ?exible substrate and 
stiffener are folded to align the chips in the stacked die 

(22) Filed: Dec. 11, 2000 package. The stiffener is removed by a single saW cut. 
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STACKED DIE PACKAGE 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to implant 
able medical devices (IMDs) incorporating stacked die 
packages. Speci?cally, the invention pertains to stacked die 
con?gurations adapted for use in IMDs. 

BACKGROUND OF THE INVENTION 

[0002] As implantable medical devices become smaller 
and smaller, and as more and more components are added to 
such devices, the real estate available for components is 
shrinking. Components too are shrinking in siZe, but the 
need for improving the use of available volume and space 
continues. 

[0003] In implantable medical devices, the footprints of 
dice and stacked dice packages typically exceed the bottom 
die siZe. For example, When Wire bonding is used to elec 
trically connect a die to rigid or ?exible interposers, the 
package siZe is much larger than the bottom die siZe, and is 
therefore very siZe inef?cient. 

[0004] One stacked die package in the industry uses a 
structure having a number of chips glued to one side of a 
substrate, and a connection array also laid out on the same 
side of the substrate. The chips are stacked by repeated 
hand-folding and adhering. This structure requires that per 
forations be placed along bend lines of the substrate to alloW 
bending along precisely the correct lines. Further, each 
individual stacked package is cut individually once the 
substrate is folded. 

SUMMARY OF THE INVENTION 

[0005] In one embodiment, a method for making a stacked 
die package includes mounting at least tWo chips on a ?rst 
side of a ?exible substrate, forming solder balls on a second 
side of the substrate, and interconnecting the chips and the 
solder balls through the substrate. Once the chips are inter 
connected With the solder balls, the chips are stacked, and 
the stacked device is surface mounted. 

[0006] In another embodiment, a method for forming a 
stacked die package includes stiffening a ?exible substrate 
With a stiffener frame, forming an array of mounting ele 
ments on a ?rst side of the ?exible substrate, positioning the 
substrate mounting elements doWn on a re?oW boat or 
foundation, and mounting and re?oWing a number of chips 
on a second side of the ?exible substrate in a predetermined 
pattern. Once the chips are mounted, they are stacked, and 
the substrate stiffener is removed. 

[0007] In yet another embodiment, a stacked die array 
includes a stacked array of chips adhered together on a 
?exible substrate folded to accommodate mounting, a sur 
face mount element on a side of the substrate opposite the 
chips, and through-substrate routing electrically connecting 
the chips and the surface mount element. 

[0008] In still another embodiment, an IMD includes a 
device body and a stacked chip array mounted by conven 
tional surface mount techniques to a printed circuit board. 

[0009] Other embodiments are described and claimed as 
described hereinbeloW. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a ?oW chart diagram of one embodiment 
of a method for making a stacked die package; 

[0011] FIG. 1A is a ?oW chart diagram of one embodi 
ment of a method for stacking chips; 

[0012] FIG. 2 is a ?oW chart diagram of another embodi 
ment of a method for forming a stacked die package; 

[0013] FIG. 2A is a ?oW chart diagram of another 
embodiment of a method for stacking chips; 

[0014] FIG. 3 is a top vieW of a stiffened substrate 
according to one embodiment of the present invention; 

[0015] FIGS. 4A, 4B, 4C, 4D, 4E, and 4F are elevation 
vieWs of a stacked die package in manufacture; 

[0016] FIG. 5 is a vieW of a stacked die package according 
to one embodiment of the present invention; and 

[0017] FIG. 6 is a vieW of an implantable medical device 
according to one embodiment if the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0018] In the folloWing detailed description of the embodi 
ments, reference is made to the accompanying draWings 
Which form a part hereof, and in Which is shoWn by Way of 
illustration speci?c embodiments in Which the invention 
may be practiced. It is to be understood that other embodi 
ments may be utiliZed and structural or logical changes may 
be made Without departing from the scope of the present 
invention. 

[0019] FIG. 1 is a ?oW chart shoWing method 100 for 
making a stacked die package according to one embodiment 
of the present invention. Method 100 comprises using a 
?exible substrate as a mounting location for at least tWo 
chips in a predetermined pattern. In block 102, the at least 
tWo chips are mounted on a ?rst side of the ?exible substrate. 
Solder balls in a predetermined solder ball array patterns are 
formed on the other side of the ?exible substrate in block 
104. It should be noted that the mounting of the chips and 
the solder balls is reversible, With solder ball array being 
mounted before the chips Without departing from the scope 
of the invention. The mounted chips and the solder ball array 
are interconnected through the substrate in block 106, and 
the chips are stacked in a predetermined pattern in block 
108. Once the chips are stacked, the stacked die package is 
surface mounted in block 110. 

[0020] In one embodiment, the ?exible substrate is stiff 
ened With a stiffener in block 101. When the substrate is 
stiffened, the method becomes more reproducible due to the 
added rigidity and ability to Work on the product. In one 
embodiment, the substrate is stiffened With a printed Wiring 
board (PWB) stiffener. Other stiffeners include by Way of 
example only and not by Way of limitation, metal, screens, 
and the like. One requisite for a stiffener is that it be 
amenable to bending When the chips mounted to the sub 
strate are to be stacked. 

[0021] To mount chips as in block 102, in one embodiment 
the substrate and any attached stiffener are inverted after 
applying the solder ball array. Once inverted, the substrate is 
placed on a re?oW boat, and chips are mounted according to 
a predetermined pattern on the substrate and re?oWed. In 
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one embodiment, the predetermined pattern is laid out on the 
substrate in a sub panel format Which has been determined 
for folding patterns. The layout of sub panel patterns for 
ef?cient folding to stack chips is knoWn to those of skill in 
the ?eld, and Will not be described further herein. Provided 
that the sub panel layout is sufficient for folding and stacking 
the chips, the layout is consistent With the embodiments of 
the present invention. 

[0022] The stiffener alloWs the substrate to be maintained 
in a rigid form Without the need for a specialiZed frame to 
hold the substrate during process ?oW. Since the stiffener is 
connected to the substrate, the stiffener is present Wherever 
the substrate is, thus providing rigidity Without sacri?cing 
portability during process ?oW. 

[0023] In one embodiment, once the chips have been 
stacked by folding and adhering and curing, and before 
mounting the stacked die package, the stiffener is removed 
in block 109. In one embodiment, the stiffener is saW cut 
aWay, separating the stiffener and the stacked die package, 
leaving a stacked die package ready for surface mounting. 
The arrangement and layout of the substrate and the stiffener 
alloW the stiffener to be fully cut aWay in a single saW cut, 
leaving multiple stacked die packages ready for mounting. 
The sub panel layout alloWs such a single saW cut to be 
feasible. In optional process ?oW, the chips are under?lled. 

[0024] Stacking the chips in accordance With method 150 
shoWn in FIG. 1A comprises applying an adhesive to the top 
of selected chips in block 152, and folding the substrate and 
any attached stiffener in a predetermined fold pattern to align 
the chips to be stacked top to top With one chip inverted and 
the other non-inverted in block 154. Once the chips are 
stacked, the adhesive is cured in block 156. 

[0025] In another embodiment, method 200 for forming a 
stacked die package is shoWn in FIG. 2. Method 200 
comprises stiffening a ?exible substrate in block 202, laying 
out a sub panel pattern for chip placement on a ?rst side of 
the substrate in block 204, forming an array of solder balls 
on the other side of the substrate in block 206, positioning 
the substrate solder ball array side doWn on a re?oW boat in 
block 208, and mounting chips according to the laid out 
pattern in block 210. Once the chips have been mounted, the 
substrate is folded to stack the chips in a predetermined 
pattern in block 212. This process, shoWn in greater detail in 
FIG. 2A, involves applying an adhesive to at least a portion 
of the chips in block 212A, folding the substrate along a 
predetermined fold line or set of fold lines in block 212B, 
abutting chips top to top in block 212C, and curing the 
adhesive in block 212D. Once the chips are stacked, the 
stiffener is removed in block 214. 

[0026] An embodiment 300 of a stiffened substrate is 
shoWn in FIG. 3. Stiffened substrate 300 comprises a 
?exible substrate 302 Which has been mounted or otherWise 
attached to a stiffener or stiffening frame 304. On substrate 
302, a sub panel layout 306 is arranged on the substrate 302 
in such a pattern as to alloW folding of the substrate 302 and 
stiffener 304 to align chips 308 mounted to the substrate 302. 
In one embodiment, the substrate includes open areas 310 
arranged to facilitate folding of the substrate 302 and 
stiffener 304. 

[0027] While a stiffener such as stiffener 304 is described 
herein, other means or components for maintaining rigidity 
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and Workability of the substrate are contemplated, and are 
Within the scope of the invention. For example, in one 
embodiment, a spacer is used instead of the stiffener. 

[0028] Once the substrate 302 is stiffened With stiffener 
304, it undergoes in one embodiment the processes 
described above. These processes are shoWn in greater detail 
on FIGS. 4A, 4B, 4C, 4D, 4E, and 4F. FIG. 4A shoWs a 
substrate 302 stiffened by a stiffener 304. An array 402 of 
solder balls is formed on side 404 of the substrate in a pattern 
that has been determined to be acceptable for the stacking 
operation. 

[0029] In FIG. 4B, the substrate/stiffener is placed on a 
re?oW boat 408 inverted, so that the solder ball arrays rest 
in openings 409 of re?oW boat 408. Re?oW boat holding 
elements 407 secure the stiffener 304 and therefore the 
substrate 302 to the re?oW boat 408 to alloW further process 
?oW. The inverted placement of the substrate 302 and 
stiffener 304 exposes opposite side 406 of the substrate 302 
for further processing. 

[0030] In FIG. 4C, chips 410 are mounted and re?oWed 
onto side 406 of substrate 302 according to a predetermined 
pattern as described above. The chips 410 and the solder ball 
array 402 are electrically interconnected through the sub 
strate 302. 

[0031] In FIG. 4D, adhesive 412 is placed on the tops 411 
of selected chips 410 in preparation for adhering chips 
together in a stacking operation. 

[0032] In FIG. 4E, the stiffener end sections 413 are 
removed from the re?oW boat/foundation securing elements 
407 and the substrate 302 and stiffener 304 are folded along 
predetermined fold lines such as folds 416 and 418 to align 
chips such as chips 410a and 410b top 411a to top 411b. 
Adhesive 412 secures the chips together. Once the substrate 
302 and stiffener 304 are folded to align or abut chips such 
as chips 410, the assembly is clamped With clamp 414, and 
the adhesive is cured. Other chips 410 are also aligned top 
to top With each other in the same or additional folding 
operations. 

[0033] In FIG. 4F, once the adhesive 412 is fully cured, 
and the chips 410 are secured together in top to top stacked 
fashion, the assembly 300 is removed from the re?oW boat 
and placed into a saW ?xture 416. AWafer saW 418 is used 
to singulate the assembly 300 into individual piece parts 422 
using saW blades 420. In one embodiment, the Wafer saW 
418 is a dual blade saW. The arrangement of chips such as 
chips 410 on the substrate such as substrate 302 is such in 
one embodiment that the Wafer saW 418 cuts all the indi 
vidual piece parts 422 into singular parts With one saW cut. 
When the Wafer saW 418 cuts the assembly 300, the stiffener 
304 is fully removed from the substrate 302, leaving only a 
stacked die package 422. The individual stacked die pack 
ages 422 are then ready for mounting by conventional 
surface mount technology. 

[0034] FIG. 5 shoWs a stacked die package 500 compris 
ing a stacked array of chips 502 mounted on a side 504 of 
a ?exible substrate 506 folded to accommodate mounting 
With surface mount elements 508 on a side 510 of the 
substrate opposite the chips. The chips 502 are adhered 
together by an adhesive layer 512. Through-substrate rout 
ing (not shoWn) electrically connects the chips and the 
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surface mount elements 506. In one embodiment, the surface 
mount elements 508 are solder balls of a solder ball array. 

[0035] In one embodiment, the ?exible substrate 506 has 
formed therein a sub panel layout for the layout of chips 
such as chips 502 so that folding of the substrate 506 aligns 
or abuts the chips 502 top to top. Multiple individual designs 
are laid out on the substrate 506 in one embodiment. The 
substrate folds along predetermined patterns to align the 
chips together as desired. 

[0036] In another embodiment shoWn in FIG. 6, an 
implantable medical device 600 comprises a body 602 
housing medical device components including by Way of 
example only and not by Way of limitation substrates, 
batteries, shielding, antenna and telemetry devices and com 
ponents, control circuitry, high poWer circuits, integrated 
circuits, and the like. Integrated circuits include stacked die 
packages such as stacked die package 500. In one embodi 
ment, the stacked die package such as a stacked die package 
500 is mounted to the substrate of the implantable medical 
device by conventional surface mount techniques. 

[0037] Recently, high voltage ?ip chip designs have been 
implemented in implantable medical devices. Such a high 
voltage ?ip chip design is not described herein, but the 
methods and devices of the present invention are also 
amenable and applicable to use in high voltage ?ip chip 
stacked die packages. 

[0038] In another embodiment, the substrates of the 
present invention are laid out in a format Wherein the 
components to be stacked are not the same siZe. With proper 
arrangement and chip layout, chips or components of dif 
ferent siZes are stacked in the same manner as that described 
above. 

[0039] Most electronic devices can afford the extra vol 
ume of previous larger footprint designs. HoWever, 
decreased volume and space are a market driver for implant 
able medical devices, speci?cally, and other medical 
devices. Stacking dice signi?cantly reduces the area 
required on hybrid modules and therefore decreases the 
necessary volume of the module. The stacked die packages 
of the present invention embodiments have smaller foot 
prints, but typically have increased vertical height over 
traditional packages due to the stacking of chips. The 
increase in vertical height due to the use of stacked die 
packages is not a critically limiting factor due to the use of 
other high pro?le components in such devices. 

[0040] It is to be understood that the above description is 
intended to be illustrative, and not restrictive. Many other 
embodiments Will be apparent to those of skill in the art 
upon reading and understanding the above description. The 
scope of the invention should, therefore, be determined With 
reference to the appended claims, along With the full scope 
of equivalents to Which such claims are entitled. 

What is claimed is: 
1. A method for making a stacked die package, compris 

ing: 

mounting at least tWo chips on a ?rst side of a ?exible 

substrate; 

forming solder balls on a second side of the substrate; 
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interconnecting the chips and the solder balls through the 
substrate; 

stacking the chips to form the stacked die package; and 

surface mounting the stacked die package. 
2. The method of claim 1, Wherein the chips are surface 

mounted. 
3. The method of claim 1, Wherein the chips are ?ip chips. 
4. The method of claim 1, Wherein the substrate includes 

a sub panel format With multiple images of individual 
designs. 

5. The method of claim 1, Wherein the ?exible substrate 
is stiffened by a printed Wiring board. 

6. The method of claim 5, and further comprising: 

stiffening the substrate With a stiffener; and 

cutting the stiffener aWay after folding the substrate to 
stack the chips. 

7. The method of claim 6, Wherein cutting is performed 
With a single saW cut. 

8. The method of claim 1, Wherein stacking the chips 
comprises: 

folding the substrate to abut chips together top to top; and 

adhering abutting chips to one another. 
9. The method of claim 1, and further comprising: 

under?lling the ?ip chips after mounting and re?oWing. 
10. The method of claim 1, Wherein mounting comprises: 

placing the substrate on a re?oW boat; 

laying out chips in a predetermined pattern; and 

re?oWing the chips to the substrate. 
11. A method for forming a stacked die package, com 

prising: 
stiffening a ?exible substrate With a stiffener frame; 

forming an array of mounting elements on a ?rst side of 
the ?exible substrate; 

positioning the substrate mounting elements doWn on a 
re?oW boat; 

mounting and re?oWing a plurality of chips on a second 
side of the ?exible substrate in a predetermined pattern; 

stacking the chips; and 

removing the substrate stiffener. 
12. The method of claim 11, Wherein removing the 

stiffener comprises: saWing the stiffener aWay. 
13. The method of claim 12, Wherein saWing is accom 

plished With a single saW cut. 
14. The method of claim 11, Wherein stacking the chips 

comprises: 

folding the substrate and stiffener in a predetermined 
pattern; 

aligning chips to be stacked; and 

adhering the stacked chips together. 
15. The method of claim 14, Wherein adhering comprises: 

applying an adhesive to the chips; and 

folding the substrate to stack the chips. 
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16. The method of claim 11, and further comprising: 

under?lling the chips. 
17. The method of claim 11, Wherein the stiffener is a 

printed Wiring board frame disposed around a perimeter of 
the substrate. 

18. The method of claim 11, Wherein the stiffener is a 
spacer. 

19. The method of claim 11, Wherein the stiffener is a 
metal frame. 

20. A method of forming a stacked die package, compris 
ing: 

stiffening a substrate With a stiffener; 

forming solder balls on a back side of a substrate; 

placing the substrate on a re?oW boat With the back side 
facing doWn; 

mounting at least tWo chips in a predetermined pattern on 
a front side of the substrate; 

dispensing adhesive on a portion of the chips; 

removing a portion of the stiffener; 

folding the substrate and remaining stiffener to align the 
remaining portion of the chips With the portion of the 
chips having adhesive; and 

curing the adhesive. 
21. The method of claim 20, and further comprising: 

removing the remaining portion of the stiffener after 
curing. 

22. The method of claim 21, Wherein removing the 
remaining portion of stiffener is accomplished With a single 
saW cut. 

23. A method of making a stacked die package, compris 
ing: 

designing a substrate in sub panel format for folding to 
abut mounted chips top to top; 

stiffening the substrate With a printed Wiring board stiff 
ener; 
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forming an array of solder balls on a side of the substrate; 

mounting a plurality of chips on another side of the 
substrate in the sub panel arrangement; 

folding the substrate to abut the mounted chips; and 

removing the stiffener after adhering the chips top to top. 
24. A stacked die array, comprising: 

a stacked array of chips adhered together on a ?exible 
substrate folded to accommodate mounting; 

a surface mount element on a side of the substrate 
opposite the chips; and a 

through-substrate routing for electrically connecting the 
chips and the surface mount element. 

25. The stacked die of claim 24, Wherein the ?exible 
substrate is a sub panel format With multiple images of 
individual designs. 

26. The stacked die of claim 24, Wherein the surface 
mount element is a solder ball array. 

28. An implantable medical device, comprising: 

a device body; 

a stacked chip array comprising: 

a stacked array of chips adhered together on a ?exible 
substrate folded to accommodate mounting; 

a surface mount element on a side of the substrate 

opposite the chips; and 

a through-substrate routing for electrically connecting 
the chips and the surface mount element. 

29. The implantable medical device of claim 28, Wherein 
the stacked chip array is mounted by conventional surface 
mount technology to a circuit board. 

30. The implantable medical device of claim 28, Wherein 
the surface mount element is an array of solder balls. 


