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(57) ABSTRACT 

A method of manufacturing a semiconductor device, com 
prising preparing a semiconductor device Wafer Which is 
formed With an LSI; Working the semiconductor device 
Wafer from the back surface thereof, thereby to diminish the 
thickness of the semiconductor device Wafer to at most 200 
[um]; forming penetrant apertures in the resulting semicon 
ductor device Wafer; forming Wiring plugs (23 in FIG. 7) in 
the respective penetrant apertures; dicing the semiconductor 
device Wafer, thereby to be divided into semiconductor chips 
(7) each of Which includes the Wiring plugs (23); and 
mounting at least tWo of the semiconductor chips (7) over a 
printed-Wiring circuit board (25) through bumps (10) con 
nected With the Wiring plugs (23). Thus, the ultrathin stacked 
multilevel mounting of semiconductor device components 
can be realized at a high reliability and With a high func 
tionality. 
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THINNED, STACKABLE SEMICONDUCTOR 
DEVICE HAVING LOW PROFILE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device and a manufacturing method therefor Which are 
applied to the fabrication of electronic equipment. More 
particularly, it relates to a semiconductor device Wafer for 
incarnating the ultrathin and light construction of electronic 
equipment, as Well as a semiconductor device having a 
structure in Which such Wafers are mounted in three dimen 
sions (namely, in multilevel fashion), and a method of 
manufacturing the semiconductor device Wafer as Well as 
the semiconductor device. 

[0003] 2. Description of the Related Art 

[0004] In order to promote reduction in the siZe of elec 
tronic equipment still further, it becomes an important point 
hoW the mounting density of semiconductor device compo 
nents is heightened. Regarding also semiconductor ICs 
(integrated circuits), high-density mounting techniques, 
such as ?ip-chip mounting, in Which an LSI (large-scale 
integrated circuit) chip is directly mounted on a printed 
Wiring circuit board alternatively to conventional package 
mounting, have been vigorously developed in the business 
World. 

[0005] One of connecting methods based on a ?ip chip is 
a method Wherein solder ball bumps are formed and 
mounted on the Al (aluminum) electrode pads of a semi 
conductor IC. A method of forming the solder ball bumps on 
the predetermined electrodes, employs electroplating. This 
method has the problem of being basically difficult to form 
the solder ball bumps of uniform heights Within an IC chip 
because the thickness of a solder ?lm to be formed is 
affected by slight dispersions in the surface state and electric 
resistance of a subbing material layer. 

[0006] Dispersion in the heights of such solder ball bumps 
can be suppressed by a pattern forming method Which 
employs the formation of the solder ?lm by vacuum evapo 
ration and the lift-off of a photoresist ?lm. An eXample of a 
process for forming the solder ball bumps in accordance 
With this method, is illustrated in FIGS. 1A-1E of the 
accompanying draWings. 
[0007] FIGS. 1A-1E are sectional vieWs shoWing a 
method of forming solder ball bumps on Al electrode pads. 

[0008] First, as shoWn in FIG. 1A, a ?lm of Al—Cu 
(copper) alloy or the like is deposited on a semiconductor 
substrate 1 of silicon or the like by sputtering, and it is 
etched, Whereby each Al electrode pad 2 is formed on the 
semiconductor substrate 1. Subsequently, the Whole surface 
of the semiconductor substrate 1 including the Al electrode 
pads 2 is covered With a surface protective ?lm 3 Which is 
made of silicon nitride, polyimide or the like, Whereupon the 
surface protective ?lm 3 is formed by etching With each 
opening 3a Which overlies the electrode pad 2. Subse 
quently, each BLM (Ball Limiting Metal) ?lm 4 is formed 
in the opening 3a and on the surface protective ?lm 3 by 
sputtering. Thus, each joint portion of a ?ip-chip IC is 
formed. Incidentally, the BLM ?lm 4 is a multilayer metal 
?lm Which is made of at least tWo of Cr (chromium), Cu, Au 
(gold), etc. 
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[0009] Thereafter, as shoWn in FIG. 1B, 21 resist pattern 6 
Which has each opening 5 overlying the BLM ?lm 4 is 
provided on the surface protective ?lm 3. Subsequently, as 
shoWn in FIG. 1C, an evaporated solder ?lm 13 is formed 
on the Whole surface of the resulting structure including the 
interior of each opening 5 . 

[0010] Thereafter, as shoWn in Fig. 1D, the unnecessary 
part of the evaporated solder ?lm 13 is removed together 
With the resist pattern 6 by lifting off this resist pattern 6, 
Whereby the desired pattern of the evaporated solder ?lm is 
formed on the BLM ?lms 4. Subsequently, as shoWn in FIG. 
1E, the solder of the evaporated solder ?lm is molten by a 
heat treatment, Whereby each refractory solder ball bump 14 
is ?nally formed on the corresponding BLM ?lm 4. 

[0011] The device chip formed With the bumps by employ 
ing the process proposed by the inventors as explained 
above is mounted on a printed-Wiring circuit board by 
?ip-chip mounting. Then, a mother board can be made 
smaller than in case of mounting a conventional device 
packaged With a molding resin. Therefore, the inventors 
have contributed to the incarnation of the smaller and lighter 
constructions of various electronic equipment. 

[0012] Nevertheless, the mounting space of a semicon 
ductor device should be reduced to the utmost for each of 
portable electronic equipment including an IC card, a por 
table telephone, a PDA (Personal Digital Assistant), etc. 
Accordingly, it is earnestly desired to establish a stacked (or 
multilayer) three-dimensional (or multilevel) high-density 
mounting technique Which can make the semiconductor 
device still thinner in the height direction thereof, in addition 
to tWo-dimensional (or a real) space saving Which has 
heretofore been mainly aimed at. 

SUMMARY OF THE INVENTION 

[0013] The present invention has been made in consider 
ation of the circumstances as stated above, and has for its 
object to provide a semiconductor device and a manufac 
turing method therefor according to Which the stacked 
ultrathin three-dimensional (or multilevel) mounting of 
semiconductor device components can be realiZed at a high 
reliability and With a high functionality. 

[0014] In order to accomplish the object, a method of 
manufacturing a semiconductor device according to the ?rst 
aspect of performance of the present invention is character 
iZed by comprising the step of preparinq a semiconductor 
device Wafer Which is formed With an LSI; the step of 
Working the semiconductor device Wafer from a back sur 
face thereof, thereby to diminish a thickness of said semi 
conductor device Wafer to at most 200 the step of 
forming a penetrant hole in the resulting semiconductor 
device Wafer; and the step of forming a Wiring plug in the 
penetrant hole. 

[0015] A semiconductor device according to the second 
aspect of performance of the present invention is character 
iZed by comprising a semiconductor device Wafer Which is 
formed With an LSI in its front surface, and Which has been 
Worked from its back surface, thereby to diminish its thick 
ness to at most 200 a penetrant hole Which is formed 
in the semiconductor device Wafer; and a Wiring plug Which 
is formed in the penetrant hole. 

[0016] A method of manufacturing a semiconductor 
device according to the third aspect of performance of the 
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present invention is characterized by comprising the step of 
preparing a semiconductor device Wafer Which is formed 
With an LSI, and an electrode pad lying at a peripheral edge 
of the LSI; the step of Working the semiconductor device 
Wafer from a back surface thereof, thereby to diminish a 
thickness of said semiconductor device Wafer to at most 200 
[um]; the step of coating both a front surface and the back 
surface of the resulting semiconductor device Wafer With an 
insulating material; the step of forming a hole Which pen 
etrates through coatings of the insulating material, the elec 
trode pad and said semiconductor device Wafer, by laser 
processing; and the step of forming a Wiring plug for joining 
the front and back surfaces of said semiconductor device 
Wafer, in the hole. Besides, as a Working method in the case 
of Working the semiconductor device Wafer from the back 
surface, any can be employed as long as it is a Working 
method adapted to thin the Wafer. It is favorable, hoWever, 
to employ grinding, chemical mechanical polishing, or etch 
ing by Way of eXample. 

[0017] With the method of manufacturing a semiconduc 
tor device in the third aspect, each of the surfaces of the 
Wafer before the laser processing is coated With the insulat 
ing material in advance, Whereby at the step of forming the 
microscopic penetrant hole in the thin Wafer by the laser 
processing, the tapering angle of the penetrant hole can be 
restrained from Widening at that opening end of the surface 
to-be-processed Which a laser beam enters. As a result, the 
penetrant hole having a more perpendicular (or less taper 
ing) sectional shape can be stably formed, and the penetrant 
hole joining the front surface and back surface of the Wafer 
can be formed at a high precision. It is accordingly possible 
to form the Wiring plug for directly stacking and mounting 
the semiconductor device. It is therefore possible to mount 
semiconductor device components by thin high-density 
mounting Which serves to incarnate the ultra-small and 
ultrathin implementation of an electronic equipment. 

[0018] The method of manufacturing a semiconductor 
device in the third aspect of performance should preferably 
further comprise after said step of forming said hole, the step 
of coating both the surfaces of the resulting semiconductor 
device Wafer With an insulating material again, thereby to ?ll 
up said hole With the insulating material, and then forming 
a penetrant aperture having a diameter smaller than that of 
said hole, in said insulating material contained in said hole. 

[0019] With the preceding method of manufacturing a 
semiconductor device, after the formation of the hole Which 
penetrates through the semiconductor device Wafer, both the 
Wafer surfaces are coated With the insulating material again, 
thereby to ?ll up the hole With the insulating material, so that 
the penetrant aperture being smaller in diameter than the 
hole can be subsequently formed in the insulating material 
contained in the hole. Thus, the insulating material can be 
left on the inside Wall of the hole so as to have a uniform 
thickness. Incidentally, after both the Wafer surfaces have 
been coated With the insulating material again, the thickness 
of the insulating material on each of both the Wafer surfaces 
is adjusted by polishing or the like as may be needed, 
Whereby the Work of the penetrant aperture at a higher 
precision can be stably carried out. 

[0020] In addition, the reasons Why the insulating material 
is left on the inside Wall of the hole at the uniform thickness 
are to reliably insulate the Wiring plug and the semiconduc 
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tor device Wafer, When the Wiring plug Which joins the front 
surface and back surface of the semiconductor device Wafer 
is formed at the later step, and to reliably prevent electric 
current from leaking from the Wiring plugs for connecting 
stacked semiconductor device chips, When the device chips 
have been stacked and mounted later. 

[0021] A method of manufacturing a semiconductor 
device according to the fourth aspect of performance of the 
present invention is characteriZed by comprising the step of 
preparing a semiconductor device Wafer Which is formed 
With an LSI, and an electrode pad lying at a peripheral edge 
of the LSI; the step of Working the semiconductor device 
Wafer from a back surface thereof, thereby to diminish a 
thickness of said semiconductor device Wafer to at most 200 
[um]; the step of coating both a front surface and the back 
surface of the resulting semiconductor device Wafer With an 
insulating material; the step of forming a hole Which pen 
etrates through coatings of the insulating material, the elec 
trode pad and said semiconductor device Wafer; the step of 
coating both the surfaces of the resulting semiconductor 
device Wafer With an insulating material again, thereby to ?ll 
up said hole With the insulating material; the step of forming 
a penetrant aperture having a diameter smaller than that of 
said hole, in said insulating material contained in said hole, 
and simultaneously leaving said insulating material on an 
inWall of said hole; the step of forming Wiring layers Which 
join the interior of said penetrant aperture and the front and 
back surfaces of said semiconductor device Wafer; and the 
step of patterning the Wiring layers, thereby to form a Wiring 
plug Which includes respective electrode pads on said front 
and back surfaces of said semiconductor device Wafer, and 
Which joins said front and back surfaces of said semicon 
ductor device Wafer. 

[0022] In the method of manufacturing a semiconductor 
device in the fourth aspect of performance, the Wiring plug 
should preferably be formed by subjecting the semiconduc 
tor device Wafer to electroless plating and electroplating in 
succession. 

[0023] With the preceding method of manufacturing a 
semiconductor device, the thinned semiconductor device 
Wafer is ?rst subjected to the electroless plating, thereby to 
form thin seed layers of metal (for eXample, Cu) on the 
Wafer surfaces including the inWall of the penetrant aperture. 
Thereafter, the resulting semiconductor device Wafer is 
subjected to the electroplating by employing the seed layers 
as electrodes, Whereby the metal Wiring layers are formed on 
the Whole Wafer surfaces While ?lling up the penetrant 
aperture. Besides, resist patterns are respectively formed on 
the metal Wiring layers by lithography, and both the Wafer 
surfaces are subjected to etching With an etchant, Whereby 
the Wiring plug Which joins both the surfaces of the semi 
conductor device Wafer is formed, and the electrode pads for 
stacked (or multilayer) mounting are formed at both the ends 
of the Wiring plug. 

[0024] In the method of manufacturing a semiconductor 
device according to the third or fourth aspect of performance 
of the present invention, the insulating materials should 
preferably be made of a lique?ed resin or an organic resist 
material. Favorable as the lique?ed resin is an epoXy type 
resin, a silicone type resin, a phenol type resin, or the like. 

[0025] A method of manufacturing a semiconductor 
device according to the ?fth aspect of performance of the 
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present invention is characterized by comprising the step of 
preparing a semiconductor device Wafer Which is formed 
With an LSI; the step of Working the semiconductor device 
Wafer from a back surface thereof, thereby to diminish a 
thickness of said semiconductor device Wafer to at most 200 
[um]; the step of forming penetrant apertures in the resulting 
semiconductor device Wafer; the step of forming Wiring 
plugs in the respective penetrant apertures; the step of dicing 
said semiconductor device Wafer, thereby to be divided into 
semiconductor chips each of Which includes the Wiring 
plugs; and the step of stacking and mounting at least tWo of 
the semiconductor chips over a printed-Wiring circuit board 
through connection means connected With said Wiring plugs. 

[0026] With the method of manufacturing a semiconduc 
tor device in the ?fth aspect of performance, the thinned 
semiconductor device Wafer is split into the semiconductor 
chips, and at least tWo of the semiconductor chips can be 
stacked and mounted over the printed-Wiring circuit board. 
Here, it is possible in principle to stack and mount any 
number of semiconductor chips in multistage fashion. More 
over, since the chips have been subjected to the thinning 
Work beforehand, the mounting height of the semiconductor 
device can be suppressed loW even When the chips are 
stacked in the multistage fashion. It is accordingly possible 
to provide a semiconductor device module having a high 
functionality. 
[0027] In the method of manufacturing a semiconductor 
device in the ?fth aspect of performance, the connection 
means should preferably be at least one of a solder ball 
bump, a Wire bump, an anisotropic conductive ?lm and a 
conductive paste. 

[0028] A semiconductor device according to the siXth 
aspect of performance of the present invention is character 
iZed by comprising a printed-Wiring circuit board Which is 
furnished With lands on its front surface; and a plurality of 
semiconductor chips each of Which has a thickness of at 
most 200 [um], and Which are stacked and mounted over the 
printed-Wiring circuit board through connection means; each 
of the semiconductor chips including penetrant apertures 
Which penetrate through said each semiconductor chip, and 
Wiring plugs Which are respectively formed in the penetrant 
apertures; the lands and the Wiring plugs being electrically 
connected by the connection means, respectively. 

[0029] By the Way, the present invention is very effective 
for manufacturing a future semiconductor device of Which a 
high functionality, a high reliability, a small siZe and a light 
Weight are required. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIGS. 1A-1E are sectional vieWs shoWing a 
method of forming solder ball bumps on Al electrode pads; 

[0031] FIG. 2 is a perspective vieW schematically shoW 
ing a back grinder Which is employed for the thinning 
grinding Work of the back surface of a silicon Wafer in a 
method of manufacturing a semiconductor device according 
to the ?rst or second embodiment of the present invention; 

[0032] FIGS. 3A and 3B illustrate the situations of the 
grinding Work of the back surface of the Wafer by the back 
grinder shoWn in FIG. 2, Wherein FIG. 3A is a sectional 
vieW shoWing the state in Which a protective tape is stuck on 
the front surface of the Wafer before being Worked by the 
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back grinder, While FIG. 3B is a sectional vieW shoWing the 
state in Which the ?aWs of the back surface of the Wafer have 
been removed by the grinding With the back grinder; 

[0033] FIG. 4 is a sectional vieW schematically shoWing 
a chemical mechanical polisher Which is employed for the 
?nishing Work of the ground and thinned Wafer in the 
method of manufacturing the semiconductor device accord 
ing to the ?rst embodiment of the present invention; 

[0034] FIGS. 5A thru 5D are sectional vieWs shoWing the 
processing steps of forming penetrant VIA Wiring lines in 
the polished and thinned semiconductor device chip in the 
method of manufacturing the semiconductor device accord 
ing to the ?rst or second embodiment of the present inven 
tion; 
[0035] FIGS. 6E thru 6G illustrate the processing steps of 
forming the penetrant VIA Wiring lines in the polished and 
thinned semiconductor device chip in the method of manu 
facturing the semiconductor device according to the ?rst or 
second embodiment of the present invention, and they are 
sectional vieWs shoWing the steps subsequent to the step 
shoWn in FIG. 5D; 

[0036] FIG. 7 illustrates the semiconductor device accord 
ing to the ?rst embodiment of the present invention, and it 
is a sectional vieW shoWing a state Where the thinned 
semiconductor device chips are mounted on a mother board 
by stacked three-dimensional (or multilevel) mounting; 

[0037] FIG. 8 illustrates the semiconductor device accord 
ing to the second embodiment of the present invention, and 
it is a sectional vieW shoWing a state Where thinned semi 
conductor device chips are mounted on a mother board by 
stacked three-dimensional mounting; and 

[0038] FIG. 9 is a perspective sectional vieW schemati 
cally shoWing a spin etching apparatus Which is employed 
for the ?nishing Work of a ground and thinned Wafer in the 
method of manufacturing the semiconductor device accord 
ing to the second embodiment of the present invention. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

[0039] NoW, the embodiments of the present invention 
Will be described With reference to the draWings. 

[0040] FIG. 2-FIG. 7 are vieWs shoWing a method of 
manufacturing a semiconductor device according to the ?rst 
embodiment of the present invention. 

[0041] The ?rst embodiment is such that the present 
invention is applied to a process for mounting semiconduc 
tor device components. Concretely, it is an eXample in Which 
the back surface of each silicon Wafer is subjected to a 
thinning Work by the use of grinding and chemical mechani 
cal polishing, metal VIAWiring lines penetrating through the 
silicon Wafer are thereafter laid for electrode pads arranged 
at the peripheral edge of an LSI, a plurality of thin semi 
conductor chips are joined to each other or one another by 
employing solder balls as joint means, and the joined thin 
semiconductor chips are mounted on a mother board by 
stacked (or multilayer) three-dimensional (or multilevel) 
mounting. 

[0042] As shoWn in FIG. 2, ?rst of all, a silicon device 
Wafer 22 in Which an LSI has been made up beforehand is 
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prepared, and a surface protective tape 15 is stuck onto that 
surface (front surface) of the Wafer 22 over Which the LSI 
has been made up. Thereafter, the Wafer 22 is set on the 
surface table 32 of a grinder 31. On this occasion, the Wafer 
22 is so set that the surface protective tape 15 comes into 
touch With the surface table 32. Besides, the back surface of 
the silicon Wafer 22 at this time (before a back-grinding 
Work) lies in a state Where a large number of ?aWs 16 are 
involved as shoWn in FIG. 3A. The ?aWs 16 of the back 
surface are inevitably formed for the reason that the Wafer 
undergoes nurnerous processes at its preprocessing stages 
for making up the LSI. 

[0043] Subsequently, While the Wafer 22 is being rotated, 
the back surface thereof is subjected to the back-grinding 
Work under conditions stated beloW, by a grinding Wheel 18 
kept rotating. Thus, as shoWn in FIG. 3B, the Wafer 22 is 
ground and thinned doWn to a thickness of 110 [urn], and the 
back surface ?aWs 16 thereof are removed by the grinding. 

[0044] Feed speed of Grinding Wheel: 150 [urn/rnin] 

[0045] Rotational frequency of Grinding Wheel: 2500 
[r.p.rn. ] 

[0046] Thickness of Ground Wafer: 110 (Thick 
ness diminished by Grinding: About 510 

[0047] Thereafter, as shoWn in FIG. 4, the Wafer 22 
subjected to the thinning Work is set on the Wafer carrier 21 
of a chemical mechanical polisher 34. On this occasion, the 
Wafer 22 is so set that the surface protective tape 15 comes 
into touch With the Wafer carrier 21. 

[0048] Subsequently, While the Wafer 22 is being rotated, 
the back surface thereof is polished as a ?nishing treatment 
under conditions stated beloW, by a surface table 35 kept 
rotating. On this occasion, a polishing cloth 20 is stuck on 
the surface table 35, a polishing solvent or slurry 19 is 
discharged onto the polishing cloth 20, and a pressure is 
eXerted on the Wafer 22 toWard the surface table 35. Thus, 
darnages having been formed aneW on the back surface of 
the Wafer 22 due to the grinding are removed, and the 
mechanical strength of the Wafer 22 polished and thinned 
doWn to a thickness of 100 can be enhanced. 

[0049] Rotational frequency of Wafer: 80 [r. p. [0050] Rotational frequency of Surface table: 80 [r. p. 

[0051] Polishing pressure: 400 [gr./crn2] 

[0052] Rocking speed: 2 [rnrn/sec] 

[0053] Supply rate of Slurry: 40 [ml/min] 

[0054] Thickness diminished by Polishing: 10 

[0055] Thereafter, as shoWn in FIG. 5A, the surface 
protective tape 15 is stripped from the silicon device Wafer 
22 having ended the thinning Work. The Wafer 22 at this time 
lies in a state Where it has been formed With the LSI and has 
been polished and thinned. Next, the manufacturing method 
advances to a process for forming penetrant VIAWiring lines 
as illustrated in FIGS. 5A-5D and FIGS. 6E-6G. In these 
?gures, hoWever, the LSI made up in a silicon substrate 1 is 
omitted from illustration, and only the device Wafer (to be 
divided into chips) being one unit and Al electrode pads 2 
arranged at the peripheral edge of the Wafer (each chip) are 
depicted. Incidentally, these ?gures are sectional vieWs in 
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Which the process for forming the penetrant VIAWiring lines 
in the polished and thinned semiconductor device Wafer 
(chips) is schematically shoWn in the sequence of the steps 
thereof. 

[0056] Subsequently, as shoWn in FIG. 5B, 21 lique?ed 
resin of epoXy type 8 is applied onto each of the surfaces of 
the silicon substrate 1 to a thickness of about 20 [urn], and 
it is thermally cured. Thus, the Wafer falls into a state Where 
the Whole surfaces thereof are coated With the epoXy type 
resin 8, Which is cured. 

[0057] Thereafter, as shoWn in FIG. 5C, each of VIA holes 
(penetrant holes) 8a being about 90 in diameter, Which 
penetrates through the coatings of the epoXy type resin 8, the 
corresponding Al electrode pad 2 and the thinned silicon 
substrate 1, is formed by laser processing With airn taken at 
the center of the Al electrode pad 2 arranged at the peripheral 
edge of the Wafer (chips). A laser processing apparatus (not 
shoWn) Which includes a UV-YAG (ultraviolet-yttriurn alu 
minum garnet) laser subjected to harrnonic modulation is 
used on this occasion. The Wavelength of the UV-YAG laser 
is 0.355 It is desirable to employ, for example, a laser 
drill systern “Model 5100” (trademark of Engraving System 
Integrators, Inc.) as the UV-YAG laser processing apparatus. 

[0058] The reason Why each of the surfaces of the silicon 
substrate 1 is previously coated With the lique?ed resin 8 
before the laser processing, is to restrain the tapering angle 
of a hole from Widening due to the inclination of a laser 
beam (relative to a perpendicular line to the surface to-be 
processed) arising at that opening end of the surface Which 
the laser beam enters, Whereby the VIA hole 8a having a 
more perpendicular (or less tapering) sectional shape is 
formed at a high precision. 

[0059] Subsequently, as shoWn in FIG. 5D, 21 lique?ed 
resin of epoXy type 28 is applied onto each of the surfaces 
of the silicon substrate 1 again so as to be thicker than 20 
[urn], and it is thermally cured, Whereby the VIA holes 8a 
are ?lled up With the resin 28. That is, the Wafer falls into a 
state Where the penetrant holes 8a are packed With the resin 
28. 

[0060] Thereafter, the resulting silicon substrate 1 is set 
on, for example, the chemical mechanical polisher 34 shoWn 
in FIG. 4. Besides, as shoWn in FIG. 6E, the epoXy type 
resin 28 on each of the surfaces of the silicon substrate 1 is 
partially polished aWay so as to be thinned and ?attened. On 
this occasion, the epoXy type resins 8 and 28 having a total 
thickness of about 40 are left on each of the surfaces 
of the silicon substrate 1. 

[0061] Subsequently, as shoWn in FIG. 6F, each of holes 
is provided by laser processing which employs the UV-YAG 
laser processing apparatus stated before and in Which the 
diameter of the laser beam is reduced, With airn taken at the 
center of the VIA hole 8a in Which the epoXy type resin 28 
is buried. Thus, each of VIA holes 28a, Which has a diameter 
of about 50 and Which penetrates through the epoXy 
type resin 28 contained in the corresponding VIA hole 8a, is 
formed, While at the same time, an insulating layer, Which 
has a thickness of about 20 and Which is made of the 
epoXy type resin 28, is uniformly formed on the inWall of the 
VIA hole 8a. 

[0062] Thereafter, the Wafer is subjected to electroless 
plating With a metal, for example, Cu so as to form seed 
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layers on its surfaces, and the resulting Wafer is subjected to 
electroplating With the metal Cu by employing the seed 
layers as electrodes. Thus, Cu plugs are respectively formed 
in the penetrant VIA holes 28a. On this occasion, the Cu 
plugs can be respectively packed in the corresponding 
penetrant VIA holes 28a Without developing voids, by 
optimiZing the coating quantity and polishing quantity of the 
epoXy type resin 28 and the beam diameter in the laser 
processing beforehand. 

[0063] Lastly, masks are formed on both the surfaces of 
the Wafer by lithography, and the Wafer surfaces are sub 
jected to etching. Then, as shoWn in FIG. 6G, VIA metal 
plugs 23 penetrating through the semiconductor device are 
formed in the VIA holes 28a, and electrode pads for eXternal 
connections are formed at both the ends of each of the VIA 
metal plugs 23. 

[0064] The thinned device Wafer Which has been formed 
With the penetrant VIA Wiring plugs 23 in the above Way, is 
divided into the individual chips by dicing, Whereby the 
thinned semiconductor device chips 7 (four layers as one 
unit by Way of example) for the stacked three-dimensional 
mounting are completed as seen from FIG. 7. 

[0065] Thereafter, as shoWn in FIG. 7, solder ball bumps 
10, for eXample, are formed as connection means on the 
electrode pads of the metal Wiring plugs 23. Besides, a 
printed-Wiring circuit board (mother board) 25 having Cu 
lands 11 is prepared, the semiconductor device chips 7 are 
registered over the mother board 25, and the chip 7 of the 
?rst layer is mounted on the mother board 25. Thus, the 
solder ball bumps 10 of the ?rst-layer chip 7 are electrically 
connected to the respectively corresponding Cu lands 11 of 
the mother board 25. 

[0066] Subsequently, the semiconductor device chip 7 of 
the second layer is mounted on the ?rst-layer chip 7, the 
semiconductor device chip 7 of the third layer is mounted on 
the second-layer chip 7, and the semiconductor device chip 
7 of the fourth layer is mounted on the third-layer chip 7. 
Thus, the metal Wiring plugs 23 of the ?rst-layer chip 7 thru 
the fourth-layer chip 7 are electrically connected to each 
other or one another by the electrode pads and the solder ball 
bumps 10. In this Way, the semiconductor device of very loW 
mounting height is mounted on the mother board 25 by the 
stacked three-dimensional mounting. 

[0067] According to the ?rst embodiment, it is permitted 
to realiZe the stacked ultrathin three-dimensional mounting 
of semiconductor device components at a high reliability 
and With a high functionality, and this can contribute to 
further reducing the siZe (or area), lightening the Weight and 
diminishing the thickness of that product of an electronic 
equipment Which includes the device components. 

[0068] Besides, in this embodiment, the circumventive 
length of Wiring betWeen the device chips can be eXtraor 
dinarily shortened as compared With that of Wiring in the 
case of a conventional ?at packaging circuit board, a mul 
tilayer mounting circuit board of Wire connections, or the 
like. More speci?cally, in this embodiment, the mounting is 
possible Without leading an Au Wire piece about from the 
electrode pad of an LSI or Without interposing the lead frame 
of a package, and hence, the inter-chip Wiring length over 
the circuit board in the case Where the device chips have 
been mounted on the circuit board can be sharply dimin 
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ished. Therefore, this embodiment consists in the mounting 
technique Which enables high-speed signal processing With 
a signal delay suppressed oWing to the loWered inductance 
of each Wiring portion, Which is greatly effective to be 
applied to high-speed and high-frequency devices in the 
future, and Which can manufacture semiconductor device 
components of high functionality. Accordingly, regarding 
also those ?nal products of electronic equipment Which are 
assembled by adopting devices based on the ?rst embodi 
ment, this embodiment can greatly contribute to further 
reducing the siZes (or areas), lightening the Weights and 
diminishing the thicknesses of portable electronic equip 
ment Which include an IC card, a portable telephone, a PDA, 
a notebook type personal computer, etc. 

[0069] FIG. 2, FIGS. 3A and 3B, FIGS. 5A thru 5D, 
FIGS. 6E thru 6G, FIG. 8, and FIG. 9 are vieWs shoWing 
a method of manufacturing a semiconductor device accord 
ing to the second embodiment of the present invention. 
Incidentally, those parts of the manufacturing process in the 
second embodiment Which are the same as in the ?rst 
embodiment shall be omitted from description. 

[0070] LikeWise to the ?rst embodiment, the second 
embodiment is such that the present invention is applied to 
a process for mounting semiconductor device components. 
Concretely, it is an eXample in Which, after the back surface 
of a silicon Wafer has been subjected to a thinning Work by 
grinding and spin etching, metal VIA Wiring lines penetrat 
ing through the silicon Wafer are formed in electrode pads 
arranged at the peripheral edge of an LSI, a plurality of 
thinned semiconductor chips are joined to each other or one 
another by employing ACFs (anisotropic conductive ?lms) 
as joint means, and the resulting thinned semiconductor 
chips are mounted on a mother board by stacked (or mul 
tilayer) three-dimensional (or multilevel) mounting. 
[0071] As shoWn in FIG. 2, While a Wafer 22 is being 
rotated, the back surface thereof is subjected to a grinding 
Work under conditions stated beloW, by a grinding Wheel 18 
kept rotating. Thus, as shoWn in FIG. 3B, the Wafer 22 is 
ground and thinned doWn to a thickness of 150 [um], and the 
back surface ?aWs 16 thereof are removed by the grinding. 

[0072] Feed speed of Grinding Wheel: 150 [um/min] 

[0073] Rotational frequency of Grinding Wheel: 2500 
[r. p. 

[0074] Thickness of Ground Wafer: 150 (Thick 
ness diminished by Grinding: About 475 

[0075] Thereafter, the Wafer 22 subjected to the thinning 
Work is set on a Wafer chuck 41 located Within the process 
chamber 40 of a spin etching apparatus shoWn in FIG. 9. 
While the Wafer 22 is being rotated, the back surface of the 
Wafer 22 is supplied With, for eXample, a miXed solution 
(etchant) 24 consisting of hydro?uoric acid and nitric acid, 
and it is etched under conditions stated beloW, thereby to 
perform the ?nishing treatment of the back surface of the 
Wafer 22. Thus, damages having been formed on the back 
surface of the Wafer 22 due to the grinding are removed, and 
the mechanical strength of the Wafer 22 etched and thinned 
doWn to a thickness of 100 can be enhanced. 

[0076] Rotational frequency of Wafer: 2000 [r. p. 

[0077] Composition of Etchant: HF/HNO3/H20=1/ 
1/8 
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[0078] Supply rate of Etchant: 40 [l./min] 
[0079] Thickness of Wafer diminished by Etching: 50 

ILHIII] 
[0080] Subsequently, processing steps shoWn in FIGS. 
5A-5D and FIGS. 6E-6G are carried out in the same Way as 
in the ?rst embodiment, thereby to fabricate a thinned device 
Wafer for the stacked three-dimensional mounting as has 
penetrant VIA Wiring plugs 23. Thereafter, Au Wire bumps 
12 (in FIG. 8), for example, are formed as connection means 
on the electrode pads of the metal Wiring plugs 23. 

[0081] The thinned device Wafer Which has been formed 
With the penetrant VIA Wiring plugs 23 in the above Way, is 
divided into individual chips by dicing, Whereby the thinned 
semiconductor device chips 7 (four layers) for the stacked 
three-dimensional mounting as shoWn in FIG. 8 are com 
pleted. 
[0082] Thereafter, as shoWn in FIG. 8, a printed-Wiring 
circuit board (mother board) 25 having Cu lands 11 is 
prepared, and the semiconductor device chips 7 are regis 
tered over the mother board 25. Subsequently, the chip 7 of 
the ?rst layer is mounted on the mother board 25. By Way 
of example, ACFs (anisotropic conductive ?lms) 9 are 
employed as the joint means betWeen the Au Wire bumps 12 
of the chips 7 and also betWeen the bumps 12 of the 
?rst-layer chip 7 and the Cu lands 11 of the mother board 25 
on this occasion. First, the respective bumps 12 of the 
?rst-layer chip 7 are electrically connected With the corre 
sponding Cu lands 11 of the mother board 25 by the ACF 9. 

[0083] Thereafter, the chip 7 of the second layer is 
mounted on the ?rst-layer chip 7 through the ACF 9, the chip 
7 of the third layer is mounted on the second-layer chip 7 
through the ACF 9, and the chip 7 of the fourth layer is 
mounted on the third-layer chip 7 through the ACF 9. Thus, 
the metal Wiring plugs 23 of the ?rst-layer chip 7 thru the 
fourth-layer chip 7 are electrically connected to each other 
or one another by the Au Wire bumps 12 and the ACFs 9. In 
this Way, the semiconductor device of very loW mounting 
height is mounted on the mother board 25 by the stacked 
three-dimensional mounting. 

[0084] The second embodiment can also attain the same 
effects as those of the ?rst embodiment. 

[0085] Incidentally, the present invention is not restricted 
to the foregoing embodiments, but it can be performed in 
various modi?cations. By Way of example, the structure and 
constituent materials of a semiconductor device, a process 
ing apparatus, processing conditions, etc. can be properly 
chosen Within a scope not departing from the purport of the 
present invention. 

[0086] Besides, in the ?rst embodiment, both the surfaces 
of the silicon substrate 1 are coated With the epoxy type 
lique?ed resins 8, 28, but they can be coated With an organic 
resist material or the like. 

[0087] In addition, the ?rst and second embodiments have 
been described premising that the manufacturing steps till 
the formation of the penetrant VIA metal Wiring lines are all 
carried out in the Wafer state, but the Wafer can be diced into 
the chips at any intermediate manufacturing step beforehand 
as may be needed. 

[0088] Further, in the second embodiment, the Wet etching 
With the etchant (mixed solution) has been exempli?ed as 
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the etching for the ?nishing treatment of the thinned Wafer, 
but dry etching With a halogen type gas can be performed by 
employing a plasma etching apparatus. 

[0089] As described above, according to the present 
invention, a semiconductor device Wafer is Worked from its 
back surface, thereby to diminish the thickness of the 
semiconductor device Wafer doWn to at most 200 [um], 
penetrant apertures are formed in the thinned semiconductor 
device Wafer, and Wiring plugs are formed in the penetrant 
apertures. It is accordingly possible to provide a semicon 
ductor device and a manufacturing method therefor Which 
can incarnate the ultrathin stacked (or multilayer) three 
dimensional (or multilevel) mounting of semiconductor 
device components at a high reliability and With a high 
functionality. 

What is claimed is: 
1. A method of manufacturing a semiconductor device, 

comprising: 
the step of preparing a semiconductor device Wafer Which 

is formed With an LSI; 

the step of Working the semiconductor device Wafer from 
a back surface thereof, thereby to diminish a thickness 
of said semiconductor device Wafer to at most 200 

the step of forming a penetrant hole in the resulting 
semiconductor device Wafer; and 

the step of forming a Wiring plug in the penetrant hole. 
2. A semiconductor device comprising: 

a semiconductor device Wafer Which is formed With an 
LSI in its front surface, and Which has been Worked 
from its back surface, thereby to diminish its thickness 
to at most 200 

a penetrant hole Which is formed in the semiconductor 
device Wafer; and 

a Wiring plug Which is formed in the penetrant hole. 
3. A method of manufacturing a semiconductor device, 

comprising: 
the step of preparing a semiconductor device Wafer Which 

is formed With an LSI, and an electrode pad lying at a 
peripheral edge of the LSI; 

the step of Working the semiconductor device Wafer from 
a back surface thereof, thereby to diminish a thickness 
of said semiconductor device Wafer to at most 200 

the step of coating both a front surface and the back 
surface of the resulting semiconductor device Wafer 
With an insulating material; 

the step of forming a hole Which penetrates through 
coatings of the insulating material, the electrode pad 
and said semiconductor device Wafer; and 

the step of forming a Wiring plug for joining the front and 
back surfaces of said semiconductor device Wafer, in 
the hole. 

4. A method of manufacturing a semiconductor device as 
de?ned in claim 3, further comprising after said step of 
forming said hole, the step of coating both the surfaces of the 
resulting semiconductor device Wafer With an insulating 
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material again, thereby to ?ll up said hole With the insulating 
material, and then forming a penetrant aperture having a 
diameter smaller than that of said hole, in said insulating 
material contained in said hole. 

5. A method of manufacturing a semiconductor device, 
comprising: 

the step of preparing a semiconductor device Wafer Which 
is formed With an LSI, and an electrode pad lying at a 
peripheral edge of the LS1; 

the step of Working the semiconductor device Wafer from 
a back surface thereof, thereby to diminish a thickness 
of said semiconductor device Wafer to at most 200 

Bum]; 
the step of coating both a front surface and the back 

surface of the resulting semiconductor device Wafer 
With an insulating material; 

the step of forming a hole Which penetrates through 
coatings of the insulating material, the electrode pad 
and said semiconductor device Wafer; 

the step of coating both the surfaces of the resulting 
semiconductor device Wafer With an insulating material 
again, thereby to ?ll up said hole With the insulating 
material; 

the step of forming a penetrant aperture having a diameter 
smaller than that of said hole, in said insulating material 
contained in said hole, and simultaneously leaving said 
insulating material on an inWall of said hole; 

the step of forming Wiring layers Which join the interior 
of said penetrant aperture and the front and back 
surfaces of said semiconductor device Wafer; and 

the step of patterning the Wiring layers, thereby to form a 
Wiring plug Which includes respective electrode pads 
on said front and back surfaces of said semiconductor 
device Wafer, and Which joins said front and back 
surfaces of said semiconductor device Wafer. 

6. A method of manufacturing a semiconductor device as 
de?ned in claim 5, Wherein said Wiring plug is formed by 
subjecting said semiconductor device Wafer to electroless 
plating and electroplating in succession. 

7. A method of manufacturing a semiconductor device as 
de?ned in either of claims 3 and 5, Wherein the insulating 
materials are made of a member selected from the group 
consisting of a lique?ed resin and an organic resist material. 

8. A method of manufacturing a semiconductor device, 
comprising: 
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the step of preparing a semiconductor device Wafer Which 
is formed With an LSI; 

the step of Working the semiconductor device Wafer from 
a back surface thereof, thereby to diminish a thickness 
of said semiconductor device Wafer to at most 200 

the step of forming penetrant apertures in the resulting 
semiconductor device Wafer; 

the step of forming Wiring plugs in the respective pen 
etrant apertures; 

the step of dicing said semiconductor device Wafer, 
thereby to be divided into semiconductor chips each of 
Which includes the Wiring plugs; and 

the step of stacking and mounting at least tWo of the 
semiconductor chips over a printed-Wiring circuit 
board through connection means connected With said 
Wiring plugs. 

9. A method of manufacturing a semiconductor device as 
de?ned in any of claims 1, 3, 5 and 8, Wherein a Working 
method in the case of Working said semiconductor device 
Wafer from said back surface is one selected from the group 
consisting of grinding, chemical mechanical polishing and 
etching. 

10. Amethod of manufacturing a semiconductor device as 
de?ned in claim 8, Wherein the connection means includes 
at least one member selected from the group consisting of a 
solder ball bump, a Wire bump, an anisotropic conductive 
?lm and a conductive paste. 

11. A semiconductor device comprising: 

a printed-Wiring circuit board Which is furnished With 
lands on its front surface; and 

a plurality of semiconductor chips each of Which has a 
thickness of at most 200 Lum], and Which are stacked 
and mounted over the printed-Wiring circuit board 
through connection means; 

each of the semiconductor chips including penetrant aper 
tures Which penetrate through said each semiconductor 
chip, and Wiring plugs Which are respectively formed in 
the penetrant apertures; 

the lands and the Wiring plugs being electrically con 
nected by the connection means, respectively. 


