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MINIATURIZED SPRING CONTACT 

FIELD OF THE INVENTION 

[0001] The present invention relates to miniaturized spring 
contacts manufactured using micro-electronic-mechanical 
systems (MEMS) fabrication techniques, and particularly to 
miniaturized spring contacts in application of bonding and 
testing of semiconductor integrated circuitry (IC) devices. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor devices, such as integrated circuitry 
(IC), are massively manufactured by fabricating hundreds or 
even thousands of identical circuitry on a single semiconduc 
tor Wafer, and hundreds or thousands of such Wafers daily 
using photolithography in combination With various other 
material additive and removal processes. After being fabri 
cated, these semiconductor devices are subsequently electri 
cally connected to external electrical testers through electri 
cal contact devices, such as probe cards, so that they can be 
tested. 
[0003] An electrical contact device, such as probe card, is 
an integral part of connecting device to connect IC devices on 
semiconductor Wafer to external electrical components, such 
as a tester etc. One key component of the electrical contact 
device is the mechanical and electrical contact structure 
Which makes the physical and electrical contact to the IC 
device on the semiconductor Wafer. There are several stan 
dard contacts for the probe cards, including the epoxy ring 
contact, the blade contact, and the micro-spring contact. The 
epoxy ring contact and the blade contact are traditional con 
tacting technologies, and the micro-spring contact is an 
emerging neW technology Which makes ?ne mechanical and 
electrical contacts using micro-electrical-mechanical-sys 
tems (MEMS) fabrication techniques, Which are Well knoWn 
by those skilled in the art. While probe cards made from these 
standard contact technologies have adequately Worked in the 
past, the trend in semiconductor IC testing is to use smaller 
and smaller electrical contacts to accommodate the greater 
number of circuitry on the semiconductor substrates. This 
poses dif?culties for traditional epoxy ring contact and blade 
contact technologies, and also poses desires for improvement 
and neW designs of the micro-spring contact technology. 
[0004] An example type of ?ne pitch micro-spring contact 
is described in US. Pat. No. 5,613,861 to Smith et al. entitled 
“Photo lithographically Patterned Spring Contact”, Which 
discloses a spring contact formed of a thin stressed metal 
stripe Which is in part ?xed to a substrate and electrically 
connected to a contact pad on the substrate. The free portion 
of the metal stripe not ?xed to the substrate bends up and aWay 
from the substrate due to the intrinsic stress gradient inside 
the thin metal stripe. When the testing pad on a device is 
brought into pressing contact With the free portion of the 
metal stripe, the free portion deforms and provides compliant 
contact With the testing pad. The contact pad on the substrate 
is electrically connected to the testing pad on the device via 
the spring contact. A typical embodiment of the stress metal 
spring contact is schematically shoWn in FIG. 1a. The spring 
contact comprises an anchor portion 101 associated With an 
electrical contact or terminal 102 attached to a substrate or 

electrical component 103, and a free portion 104 With a spring 
tip 105. Another similar example is described in US. Pat. No. 
7,126,220 to Lahiri et al. entitled “Miniaturized Contact 
Spring”, Which also uses the stressed metal to form the core 
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part of the spring contact, and discloses a method of increas 
ing the yield strength and fatigue strength of miniaturized 
spring contacts by electroplating the spring contacts With 
high elastic modulus metal materials. Both disclosures are 
herein incorporated as references. This type of spring con 
tacts may be used for ?ne pitch probe card applications. 
HoWever, this type of spring contacts intrinsically suffers 
from some process de?ciencies. First, the core part of this 
type of spring contacts is composited of a plurality of differ 
ently stressed ?lms to have a stress gradient in the z-direction, 
yet to have overall neutral stress in plane. This brings the 
concern of stress control. Second, the released springs, prior 
to the electroplating, are fragile and easy to fracture during 
the folloWing process. Third, the large tension force applied 
on the spring contacts during testing creates large stress on the 
spring bases anchored on the substrate, therefore causes ten 
dency of de laminations and other failures, and raises con 
cerns of reliability. 
[0005] Another example type of ?ne pitch spring contacts 
by lithographical and MEMS fabrication techniques is US. 
Pat. No. 6,268,015 to G. Mathieu et al., US. Pat. No. 6,184, 
053 to B. Eldridge et al., and other patents issued to the same 
group, Which discloses a method to form cantilever type 
discrete spring contacts by selectively removing and adding 
desired building blocks to form spring contacts. The spring 
contacts are fabricated individually or in a group and subse 
quently mounted on a functional substrate, such as semicon 
ductor testing devices. FIG. 1b is a schematic cross-sectional 
vieW of such a cantilever type spring contact. The spring 
contact comprises of a tip 201 Which is attached to a free 
standing element 202 Which at one end is attached to a post 
203, Which is attached to an electrical contacting terminal 
204, Which is positioned on a functional substrate 205. Upon 
testing of an external device, the tip 201 is pressed on the 
testing pad on the external device, therefore the free standing 
portion 202 compliantly deforms. This invention avoids the 
use of highly stressed ?lms. The problem of this type of spring 
contacts is that the spring contacts are too long. Shorter and 
smaller spring contacts are desirable for testing of neW gen 
erations of IC devices. This type of spring contacts also raises 
concern of mechanical failure as the building blocks are only 
adhered together through adhesion. 
[0006] In above tWo types of spring contacts, a spring con 
tact has a tip at the end of the free standing portion, and an 
anchoring portion on the substrate at the other end of the 
spring contact. During operation of testing, the tip is pressed, 
and the spring is elastically deformed. The anchoring portion 
experiences high stress, therefore raises concern of the adhe 
sion reliability of the anchoring portion. At semiconductor IC 
testing, a miniaturized spring contact, in its lifetime, is sub 
jected to a large number, for example one million times, of 
contacting operations Which subject the spring contact to 
various levels of stresses. A spring contact is required to 
Withstand such stresses Without failure. 

[0007] Therefore, What is desired is a mechanism for maxi 
mizing spring contact reliability, especially the adhesion to 
the substrate, and maximizing the yield strength and fatigue 
strength of the miniaturized spring contact Within the minia 
turization requirement. 
[0008] What is further desired is a method of easy manu 
facturing of such high performance array of spring contacts, 
Without sacri?cing any of the desired features. 
[0009] The invention herein comprises several means to 
circumvent the problems associated With the above tWo types 
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of spring contacts and provides solutions that alloW easy 
manufacturing of spring contact arrays suitable for meeting 
the stringent requirements of Wafer level IC testing. For 
example, it teaches a symmetric design of a spring contact 
With tWo anchoring portions to improve reliability perfor 
mance; it also teaches a method of forming the spring contact 
using a continuo us, zero-stress core member through the 
entire spring contact; besides these, the invention enables 
easy manufacturing of integrated ?ne pitch spring contact 
arrays, alloWs fabrication of spring contact arrays With 
extremely uniform spring height and other desired properties, 
as Well as durability. 

BRIEF SUMMARY OF THE INVENTION 

[0010] In general, it is the object of the present invention to 
provide a miniaturized spring contact and an array of such 
miniaturized spring contacts that employ great compliance, 
great spring integrity, good electrical conductivity, ?ne 
dimensions, easy fabrication, and great reliability. 
[0011] A further object of the invention is to provide a 
method of bonding a device through an array of the miniatur 
ized spring contacts to an external semiconductor device. 
[0012] A further object of the invention is to provide a 
probe card that uses an array of the miniaturized spring con 
tacts. 

[0013] In accordance With the above objects, the invention 
provides structural designs of such miniaturized spring con 
tact and a Wafer scale process of making an array of such 
miniaturized spring contacts; and the invention also provides 
embodiments of using such array of miniaturized spring con 
tacts in the device bonding application and in probe card 
Wafer testing application. 
[0014] In an example embodiment, a substrate consists of 
tWo bonded silicon Wafers: a prime silicon Wafer A, and 
another prime silicon Wafer B Which has an embedded plu 
rality of through Wafer electrical connections, and a buried 
SiO2 layer in the bonding interface betWeen Wafer A and 
Wafer B. A masking dielectric layer, such as Si3Ni4 layer, is 
coated on the top of the silicon Wafer A and patterned there 
after. A timed Si etch is then conducted, to etch a layer of the 
top Si aWay; then another layer of the masking dielectric layer 
is coated, and then patterned, and then another Si etch is 
conducted and reaches the embedded SiO2, Which acts as a Si 
etch stop layer. After that, the masking dielectric layer is 
removed, and another masking layer, such as photoresist, is 
coated and patterned thereafter, and an etch is conducted to 
the embedded SiO2 layer, to open the embedded plurality of 
through Wafer electrical connections. After that, a stack of 
metal layers is coated, and patterned to form the routing metal 
traces. The routing metal traces connect the through Wafer 
electrical connections With the later formed spring contact 
structures. After the routing metal traces are formed, a dielec 
tric layer, such as SiO2 or polyimide, is coated, and then 
patterned to form VIAs, and then another stack of metal 
layers, called spring metal, is coated andpatterned to form the 
desired spring structures (un-released). After that, the desired 
spring structures are released by dissolving the entire leftover 
Si material of the WaferA. At this moment, an array of spring 
structures is formed. After that, a plurality of metal layers is 
plated, either by electroplating or electroless plating. The 
plated metal layers are aimed to enhance the mechanical 
strength as Well as the electrical conductivity of the spring 
structures. After plating, a spring structure, together With the 
other formed features, becomes a spring contact. 
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[0015] In above embodiment of the present invention, the 
aspect of the routing metal layer alloWs the ?exibility of have 
large number of ?ne spring contacts in a small area by routing 
the electrical connection of the spring contacts to a much 
larger area to connect to the available through substrate elec 
trical connections. 

[0016] In a deviation of above embodiment of the present 
invention, prior to releasing the spring structures, a ?rst plu 
rality of metal layers may be plated by electroplating or 
electroless plating, then the spring structures are released by 
dissolving the entire leftover Si material of the WaferA, and a 
second plurality of metal layers is then plated, either by 
electroplating or electroless plating. The plating of the ?rst 
plurality of metal layers increases the mechanical strength of 
the spring structures so that they Withstand the releasing 
process. 

[0017] In another embodiment of the present invention, a 
particular application of the spring contacts of the present 
invention in device bonding is disclosed. A functional sub 
strate, for example a semiconductor device, having a plurality 
of the spring contacts is permanently bonded With another 
active semiconductor device, With the spring contacts con 
nected With the electrical terminal pads on the active semi 
conductor device. The spring contacts provide compliance to 
the bonded assembly. 
[0018] In another embodiment of the present invention, a 
particular application of a probe card using the spring con 
tacts is disclosed. The probe card includes a plurality of spring 
contacts of the present invention. The spring contacts of the 
probe card may be temporarily electrically connected to at 
least one testing pad of the external electrical device Which is 
coupled to circuitry thereof The spring contacts may also 
contact all of the testing pads of the external electrical device 
to test all of the circuitry of the external electrical device at 
substantially the same time, thus eliminating the need to test 
the circuitry in sections. 
[0019] The present invention, in a number of embodiments, 
provides spring contacts, methods of manufacturing the 
spring contacts, and methods of utilizing the spring contacts 
in various applications. The spring contacts of the present 
invention may be used as electrical contacts in probe cards, 
and many other applications that require a ?ne array of com 
pliant electrical and mechanical contacts. These features, 
advantages, and alternative aspects of the present invention 
Will be apparent to those skilled in the art from a consideration 
of the folloWing detailed description in combination With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1a is a schematic diagram illustrating a typical 
stress metal ?lm type spring contact according to the prior art; 
[0021] FIG. 1b is a schematic diagram illustrating a typical 
cantilever type spring contact according to the prior art; 
[0022] FIG. 2A illustrates an isometric vieW of a spring 
contact; 
[0023] 
contact; 
[0024] FIG. 2C illustrates an embodiment of a spring con 
tact With a symmetric design; 

[0025] FIGS. 3A-3K illustrate a method of making an 
exemplary spring contact array according to the present 
invention; 

FIG. 2B illustrates a cross-sectional vieW of a spring 
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[0026] FIG. 4 schematically illustrate a device assembly 
utilizing the spring contacts of the present invention to bond 
With another electrical device; 
[0027] FIG. 5 illustrates a probe card utilizing an array of 
the spring contacts of the present invention to test a semicon 
ductor Wafer. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] The folloWing detailed description is directed to 
certain speci?c embodiments of the invention. In the descrip 
tion, reference is made to the draWings Wherein like parts may 
be assigned With like numerals throughout. Also, for ease of 
description, the dimensions of the parts are not to the scale. 
Because of this, important dimensions are given in values 
throughout the Whole description of the embodiments. 
[0029] The present invention provides a spring contact that 
possesses pre-determined mechanical strength and electric 
conductivity. Normally, at non-operational state, a spring 
contact is at un-stressed condition and no deformation is 
created; in the situation that the spring contact is pressed 
against the testing pad of a semiconductor device on a semi 
conductor Wafer, the spring contact elastically deforms, and 
this deformation provides certain required force to make a 
good mechanical contact to the testing pad. Once a stable 
mechanical and electrical contact to the testing pad is made, 
the testing signal from the tester can be delivered, through the 
spring contact, to the testing pad therefore to the semiconduc 
tor device. 
[0030] In one embodiment, for example, a spring contact 
has a tip Which has a head pointing to the up-right direction 
and tWo feet each connected to a horizontal beam at one end, 
and each of the tWo horizontal beams is connected at its other 
end to a tilted beam at its upper end, and each of the tWo tilted 
beams is connected at its loW end to a trace Which adheres to 
a substrate. All these building blocks possess a continuous 
core metal through the entire spring contact and a continuous 
coated envelope metal at the outer. The core metal is made 
from one stack of deposited ?lms and the outer-metal is made 
from another stack of electroplated or electroless-plated 
metal layers. This design With continuous core and continu 
ous outer alloWs good mechanical integrity of the spring 
contact. 

[0031] In another embodiment, a probe card apparatus 
comprises of an array of spring contacts. This probe card, 
upon being pressed against an integrated circuitry semicon 
ductor Wafer, can make mechanical and electrical contacts 
betWeen every spring contact and a corresponding testing pad 
of the semiconductor Wafer. As thousands of such spring 
contacts can be made on one probe card, therefore it is pos 
sible to ful?ll Wafer scale testing at one touchdoWn. 
[0032] An exemplary embodiment of the spring contact is 
shoWn in FIG. 2A and FIG. 2B. FIG. 2A is an isometric vieW 
of a spring contact, and FIG. 2B is a cross-sectional vieW of a 
spring contact. In FIG. 2A, the top portion 2 of the spring 
contact is the tip of the spring. The tip points up vertically, and 
splits at the loW end. Each of the split is connected to one end 
of a horizontal beam 3. Each of the horizontal beams 3 is 
connected at its other end to a tilted beam 4 at its upper end, 
and each of the tWo tilted beams 4 is connected at its loWer end 
to a trace 5 Which adheres to a substrate 10. 

[0033] Substrate 10 may be of silicon, ceramic or other 
substrate material, With embedded through substrate electri 
cal connects, Which are not shoWn here in FIG. 2A. The 
through substrate electrical connect is to make an electrical 
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connection from the backside to the spring contact at the front 
side. Tip 2 is the contacting point of the spring contact. It 
contacts the testing pad on a semiconductor Wafer to be 
tested. Beams 3, 4, and trace 5 all have one or more layers of 
metal to provide electrical conductivity; beams 3, 4 also have 
good elastic properties, so that upon being pressed at tip 2, 
beams 3, 4 can elastically deform and provide the desired 
spring force. For easy description, beloW tWo concepts are 
used: spring and spring contact. A spring contact means the 
structure comprising the building blocks of tip 2, beams 3, 
beams 4, and traces 5; a spring means the suspended structure 
comprising the building blocks of tip 2, beams 3 and beams 4 
only. 
[0034] FIG. 2B is a cross-sectional vieW of the spring con 
tact. With this vieW, the layered structure of the spring contact 
is partially revealed. Inside the material that forms the spring 
contact, there is a core part 11, Which is a plurality of metal or 
metal alloy layers, such as one or more of Ti, Mo, MoCr, W, 
Ni, Au, etc. This core part 11 is called spring metal, and it is 
presented continuously through the entire spring contact. At 
the portions Where the spring contact attaches to the substrate, 
the core part 11 is adhered to a dielectric layer 16 Which 
adheres to another dielectric layer 17 Which then adheres to 
the substrate 10. The outer part 12 of the spring may be one or 
more of envelope layers, Which is plated on through electro 
plating or electroless plating; it may be one or more of the Au, 
Ni, or Ni alloy, Rh, Pd or Pd alloy etc. Its purpose is to 
enhance the mechanical strength as Well as the electrical 
conductivity of the spring contact. Inside substrate 10 there is 
a through-substrate electrical conductive plug 14 Which elec 
trically connects the spring contact at the front surface of 
substrate 10 to the contact pad 13 at the backside of substrate 
10. There is a routing metal layer 15 at the front side to help 
connect the through- sub strate electrical conductive plug 14 to 
the core member 11 of the spring contact. 

[0035] In the above embodiment, there are 3 VIAs to make 
the connection from pad 13 at the backside of substrate 10 to 
the spring contact at the front side. The ?rst is VIA 14, Which 
connects pad 13 at the backside to the front side of substrate 
10; the second is VIA 17a, Which connects VIA 14 to the 
routing metal 15; the third is VIA 16a, Which connects the 
routing metal 15 to the spring metal 11. 
[0036] In above embodiment shoWn in FIG. 2A, the tWo 
beams 3 at each side of tip 2 may have different length, With 
one being the T times of the other. T may be any number 
betWeen 0 and 1. While T is 0, one beam 3 disappears and the 
tip sits at the side; While T is 1, the tWo beams 3 are of the same 
length and tip 2 sits in the center of the spring. FIG. 2C shoWs 
another embodiment, Where the tWo beams 3 are of the same 
length, and the spring contact has a symmetric design of its 
free standing portions. 
[0037] In the embodiment shoWn in FIG. 2A, tip 2 is not in 
the center of the spring. While the spring contact is pressed 
against a testing pad of another semiconductor Wafer, the 
force applied on the tip 2 forces the spring to deform non 
symmetrically. The tip Would displace along the vertical 
direction (z direction) as Well as along the horizontal direc 
tion (x-y direction). The combination of the vertical and hori 
zontal displacements Would emulate a scrubbing action simi 
lar to those happening in the spring contacts disclosed in the 
previous discussed prior arts. 
[0038] In the embodiment shoWn in FIG. 2C, tip 2 is in the 
center of the spring, and the spring is symmetric. While the 
spring is pressed at tip 2, the spring moves along vertical 
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direction only. No transversal displacement happens. This is 
in favor of making a static contact, for example in the case that 
the testing pads, Which the spring contacts make contact to, 
are of solder pads. 
[0039] FIG. 3A through 3K (collectively referred as FIG. 3 
hereafter) schematically illustrate an embodiment of a 
method for fabricating an array of such spring contacts using 
conventional semiconductor and MEMS manufacturing tech 
niques such as ?lm deposition, lithography, etching etc. This 
process is collectively named as process 300. For simplicity, 
in FIG. 3 only one representative spring contact is draWn 
While actually an array of such spring contacts maybe formed 
simultaneously. 
[0040] The process 300 starts With FIG. 3A, Where tWo 
silicon Wafers are bonded together With a layer of SiO2 in the 
bonding interface. The top silicon Wafer 20 may be of a prime 
intrinsic silicon Wafer, or other type of prime silicon Wafer, 
such as (110), (100) oriented Wafer, Which is to facilitate 
silicon anisotropic etch. Its thickness is in a range from 100 
pm to 500 um, preferably 250 pm. The bottom silicon Wafer 
10 may be of a highly doped silicon Wafer, Which is for the 
purpose to build through Wafer electrical connect. The thick 
ness of Wafer 10 is in a range from 100 um to 1000 um, 
preferably 500 um. 
[0041] The process 300 continues at FIG. 3B, Where a 
plurality of through Wafer electrical connect are made at the 
bottom silicon Wafer 10. This can be done by standard silicon 
ICP etch to produce a plurality of circular trenches, each 
leaving a cylindrical silicon rod at the center. This etch stops 
at the SiO2 at the bonding interface. After the etch, a thermal 
oxidation process is performed to form a SiO2 layer on the 
Wall of the trenches, then polysilicon is deposited and ther 
mally oxidized to ?ll the trenches With SiO2. After the 
trenches are ?lled, a CMP may be conducted to planariZe the 
surface. This technique of making trenches then re-?lled With 
SiO2 is Well understood by those skilled in the art, and as it is 
not the focus of the current invention, no further detailed 
description of fabrication is provided here. Therefore, only 
the outcome result is illustrated Which is a plurality of through 
Wafer electrical connects 14. After that, a metal layer is depos 
ited and then patterned to form a plurality of contacting pads 
13 at the bottom surface. For routing purpose, contacting pad 
13 may or may not be directly under the through Wafer con 
nect 14. 

[0042] After the plurality of through silicon Wafer electrical 
connects are made, the process 300 continues to FIG. 3C. A 
layer of SiO2 or Si3N4 or metal is deposited on top of the top 
silicon Wafer, and is patterned by photolithography into a 
plurality of a desired pattern 31. Pattern 31 de?nes the siZe of 
the tip of the spring contact. After pattern 31 is formed, a 
timed Si etch is performed, to etch a top layer of the Silicon 
off. This leaves the substrate 20 to be its neW shape 20a. The 
Si etch can be done by dry etch, or a silicon anisotropic Wet 
etch. With dry etch, the slope angle can be Well controlled to 
the desired, yet With Si anisotropic Wet etch, the angle is 
determined by the silicon etching characteristic. The depth of 
this etch can be 10 pm to 100 um, preferably around 50 pm. 
The Width of the tip at the top Would be betWeen 5 [rm-100 
um, preferably 30 pm. After the etch the masking material 
SiO2, Si3N4, or metal is removed by a Wet etch. 
[0043] After the masking SiO2, Si3N4 or metal layer is 
removed in FIG. 3C, the process 300 continues to FIG. 3D. 
Another masking layer of Si3N4 or metal is deposited on the 
top silicon Wafer, and is then patterned to form the mask 22. 
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After that, a Silicon anisotropic Wet etch is performed to etch 
the silicon aWay all the Way doWn to the SiO2 layer 17 at the 
bonding interface. This forms the characteristic sloped angle 
as shoWn in FIG. 3D and leaves the substrate 20 into its neW 
shape 20b. 
[0044] The process 300 continues to FIG. 3E. After the 
silicon anisotropic Wet etch, the masking layer Si3N4 or metal 
is removed by a Wet etch. This exposes the surface of the 
substrate Which noW comprises a plurality of structures 20b 
sitting on top of the silicon Wafer 10. The structure 20b has a 
desired contour shape on Which later forms the spring of the 
present invention. 
[0045] The process 300 continues to FIG. 3F. After the 
masking Si3N4 or metal layer is removed, a photolithography 
process is performed and then a SiO2 etch is conducted to 
open SiO2 layer 17 and form a plurality of VIAs 17a. Each 
VIA reveals a through-Wafer electrical connect 14. 
[0046] The process 300 continues to FIG. 3G. After the 
plurality of VIAs 17a is made, a stack of metal layers, Which 
later forms a plurality of routing metal traces 15, is coated on 
top of the substrate, Which noW has the desired plurality of 
structures left Whose contour shape later forming the springs 
and also has the through-Wafer electrical connects 14 
revealed. This stack of metal layers may be of Ti, Cr, Mo, 
MoCr, Au etc. Its purpose is to route the through Wafer elec 
trical connects 14 to desired areas Where the spring contacts 
may be formed. This metal stack is called routing metal 
thereafter. The routing metal is patterned into a plurality of 
routing metal traces 15 by photolithography and etch. 
[0047] The process 300 continues to FIG. 3H. After the 
routing metal traces 15 are formed, another SiO2 layer 16 is 
deposited, and then is patterned into desired structure by 
photolithography and etch, and also forms a plurality of VIA 
16a, Which reveals the routing metal at desired locations, 
Where later the spring metal may make connections to the 
routing metal traces 15. 
[0048] The process 300 continues to FIG. 31. A stack of 
metal layers, Which Will be used to form the core member of 
the spring contact, is deposited on top of the substrate, noW 
having the desired structure 20b and VIA 16a formed. This 
stack of metal layers is called spring metal. The spring metal 
layers may be of Ti, Cr, Mo, Mo alloy, Au etc. An example 
embodiment Would be Ti as an adhesion layer, Mo or Mo 
alloy as the core layer and Au layer on top to facilitate the 
folloWing plating process. The deposition may be carried out 
by physical vapor deposition (PVD), chemical vapor deposi 
tion (CVD), atomic layer deposition (ALD) or electron-beam 
evaporation, etc. The stress of the spring metal, especially the 
stress of the core layer, should be controlled to be close to 
Zero. After the spring metal is formed, it is then patterned into 
a plurality of spring metal stripes 11 by photolithography and 
etch. Each spring metal stripe 11 is connected at the end to a 
VIA 16a formed on the dielectric layer 16, Which is formed at 
step FIG. 3H. 
[0049] The process 300 continues to FIG. 3]. After the 
spring metal is patterned to form the plurality of spring metal 
stripes 11, a silicon etch is performed to remove the plurality 
of structures 20b. This leads to the spring metal stripes 11 
being partially suspended, With the tWo ends of each metal 
stripe adhered to the bottom silicon substrate. After this, the 
plurality of spring metal stripes forms a plurality of released 
springs. 
[0050] The process 300 continues to FIG. 3K. After the 
plurality of springs is released, the springs are still very fragile 
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and have very small spring constant. In order to make them 
strong, a stack of metal layers 12 is coated onto the entire 
springs and also the traces on the substrate by electroplating 
or electroless plating. The coated metal layers typically have 
high young’s module, resulting in relatively stiff springs. The 
material can be one or more from the group of Ni, Co, Au or 
their alloy, and Pt, Pd, Rh. The coating of the metal layers 
enhances the mechanical strength as Well the electrical con 
ductivity of the springs. After this step, a plurality of spring 
contacts 99 is formed. 

[0051] The example process 300 may be deviated after 
process step illustrated in FIG. 31 is completed, Where the 
spring metal is patterned into a plurality of spring metal 
stripes 11.After the spring metal stripes 11 are formed, a ?rst 
plating is conducted With a stack of metal layers being plated 
onto the spring metal stripes 11 by electroplating or electro 
less plating. This ?rst plated metal stack may be one or more 
layers of Au, Au alloy, Ni, Ni alloy etc. After this ?rst plating, 
the process continues to process step illustrated in FIG. 3] and 
FIG. 3K for silicon dissolving and then a second plating by 
electroplating or electroless plating of the desired metals, 
Which is one or more from the group of Ni, Co, Au or their 
alloy, and Pt, Pd, Rh. The purpose of the ?rst plating is to 
enhance the mechanical strength of the spring metal stripes so 
that the spring metal stripes can Withstand the subsequent 
releasing process. 
[0052] It should be noticed that, in above example preferred 
process 300 and its deviation process of forming a plurality of 
spring contacts, the tip position of each spring contact is 
purposely set to be off-centered. This is to facilitate the in 
plane scribing fact While the compliant spring contact is 
pressed against a testing pad on a semiconductor Wafer. The 
in-plane scribing can help the tip to break the oxide barrier 
layer on the testing pad so that good electrical contact can be 
formed betWeen the spring contact and the testing pad. It is 
understood that in some other embodiments, the tip may be 
placed in the center of the spring therefore the free-standing 
portion of the spring contact is symmetric. It is also under 
stood that various omissions, substitutions and changes to the 
diagraph process illustrated above may be made by those 
skilled in the art Without departing from the spirit of the 
invention. 
[0053] It should also be noticed that, in above example 
preferred process 300 and its deviation process of forming 
spring contacts, the details of speci?c ?lm deposition, pho 
tolithography, etching, and plating are not discussed. It is 
assumed that these details are Well understood by those 
skilled in the art. 

[0054] Referring to FIG. 4, in one particular application, 
device 30011 has a substrate 10 Which maybe of a semicon 
ductor material With embedded electrical through Wafer con 
nects, and an array of the spring contacts 99 fabricated on 
substrate 10. Device 301a comprises a substrate 30 and an 
array of testing pads 31 on the substrate 30. Substrate 30 may 
be a semiconductor Wafer With built-in high level devices, or 
may be a carrier substrate, such as a PCB, Which may have 
electrical connections to other high level devices. In FIG. 4, 
device 30011 is permanently connected With device 30111 
through the spring contacts 99 and the testing pads 31. This 
alloWs the electrical communication betWeen device 300a 
and device 30111. The array of terminal pads 31, being formed 
from a solder Wettable material or having a solder Wettable 
metallization layer, may be used to provide permanent elec 
trical connections With the high-level built-in devices in sub 
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strate 30. The spring contacts 99 may be connected to testing 
pads 31 by stenciling or screening bricks of solder material on 
the terminal pads 31 and heating the assembly of substrate 10 
and substrate 30 With the tWo components ?xed in place at a 
temperature su?icient to cause the bricks of solder to re?oW, 
as is commonly knoWn in the art. If substrate 10 or 30 expands 
or contracts at different rates due to thermal stresses and 
different CTEs, spring contacts 99 may compliantly de?ect to 
accommodate the mismatch. This ability to accommodate 
thermal stresses helps prevent fracturing of the spring con 
tacts 99, their respective solder joints to terminal pads 31, or 
both. 
[0055] FIG. 5 shoWs another use of the spring contacts of 
the present invention in probe cards application. A probe card, 
having an array of the spring contacts, may be used to make 
temporary electrical connection betWeen the tester and the 
device to be tested. Testing of semiconductor devices using 
probe cards is common in the semiconductor industry, Where 
the probe cards are used to test semiconductor dice While the 
dice are still part of a Wafer. FIG. 5 shoWs an exemplary 
embodiment Where the probe card 3 00b has an array of spring 
contacts 99a to 9911 used in place of the standard probe 
needles. The probe card 3001) operates identically to a stan 
dard probe cardused in the semiconductor industry except for 
having spring contacts 99a to 9911 in accordance With the 
present invention. The probe card 3001) is aligned With the 
semiconductor device 3011) (e.g., a silicon Wafer or semicon 
ductor die having integrated circuitry thereon)such that the 
spring contacts 99a to 9911 compliantly contact the corre 
sponding bond pads 31a to 3111 on the semiconductor device 
3011). The semiconductor device 3011) is then tested or com 
municated With a testing device electrically connected to the 
probe card 3001). The substrate 10 of the probe card 3001) is 
preferably formed from silicon containing circuitry thereon 
to distribute test signals to and from each semiconductor 
device 3011) to be tested. By forming the substrate 10 from 
silicon, the CTE difference betWeen the probe card 3001) and 
the semiconductor device 3011) (typically made from a silicon 
Wafer) to be tested is minimized. Furthermore, Wafer probe 
testing and burn-in testing of the semiconductor device 3011) 
may occur over a Wide temperature range between 1250 C. to 
—55° C.; thus, minimizing the CTE difference betWeen the 
probe card 3001) and the semiconductor device 3011) is par 
ticularly important on Wafer-level testing due to the large 
dimensions of the Wafer. The probe card 3001) may also be 
fabricated having enough spring contacts 99a to 9911 to con 
tact all of the testing pads of a particular semiconductor Wafer 
3011) being tested. The testing signals may be distributed 
either all at once or sequentially to the device 3011) through 
the spring contacts 99 on the probe card 3001). This eliminates 
having to test a semiconductor Wafer in sections due to not 
having enough electrical contacts, thus, improving process 
throughput. 
[0056] While the above detailed descriptions have shoWn 
novel features of the invention in various embodiments, it is 
understood that various omissions, substitutions, and changes 
may be made to the forms and details of the illustrated devices 
or processes by those skilled in the art Without departing from 
the spirit of the invention. Many variations in light of the 
described embodiments herein Will be appreciated by those 
skilled in the art. 

1. A method for manufacturing a plurality of miniaturized 
spring contacts on a substrate, said spring contacts each com 
prising an electrically conducting core member being stress 
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free and continuously presented through each entire spring 
contact, and a coating layer enveloped on all exposed surface 
of said core member, said core member having a tip portion 
pointing up vertically at the farthest distance aWay from the 
substrate, said tip portion split into tWo ?rst tilted portions, 
said ?rst tilted portions each extended to a horizontal portion, 
said horizontal portion each extended to a second tilted por 
tion, said second tilted portion each further extended to a 
horizontal trace, said horizontal trace each being anchored on 
the said substrate, and one said horizontal trace being con 
nected to a through substrate electrical connect, the method 
comprising the steps of: 

bonding a ?rst prime silicon Wafer With a second highly 
doped prime silicon Wafer With a bonding SiO2 layer in 
the bonding interface; and 

forming a plurality of through Wafer electrical connects on 
said second highly doped silicon Wafer; and 

forming a plurality of spring contour shapes using a variety 
of techniques, said spring contour shapes each having a 
outstanding portion at top, a plateau next to each side of 
said outstanding portion, a slope next to each said pla 
teau, and a base next to each said slope, the top of said 
bases is said bonding SiO2 layer; and 

forming a plurality of ?rst openings on said bonding SiO2 
layer to reveal said through Wafer electrical connects; 
and 

forming a plurality of routing metal traces to connect to 
said through Wafer electrical connects through said ?rst 
openings; and 

forming an insulating layer and a plurality of second open 
ings in said insulating layer to reveal said routing metal 
traces; and 

forming a plurality of spring metal stripes over said plural 
ity of spring contour shapes, said spring metal stripes 
each becoming said core member of one said spring 
contact; and 

releasing said plurality of the spring metal stripes by dis 
solving the underlying leftover material of said ?rst 
prime silicon Wafer; and 
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electroplating or electroless plating of said plurality of the 
spring metal stripes With one or more layers to envelope 
all exposed surface of said plurality of the spring metal 
stripes. 

2. The method of claim 1, Wherein the height of said spring 
contacts is in the range of 50 pm to 500 um, and the Width in 
the range of 20 um to 300 pm. 

3. The method of claim 1, Wherein said tWo horizontal 
portions are of the same length. 

4. The method of claim 1, of Wherein said tWo horizontal 
portions, one is longer than the other. 

5. The method of claim 1, Wherein said second highly 
doped silicon Wafer is of N+ type. 

6. The method of claim 1, Wherein said spring metal stripes 
are of zero intrinsic stress. 

7. The method of claim 1, Wherein said variety of tech 
niques includes silicon anisotropic etch and silicon plasma 
assisted dry etch. 

8. The method of claim 1, Wherein said at least one trace 
metal layer is selected from Cr, Ti, Mo, Mo alloy, W. 

9. The method of claim 1, Wherein said insulating layer is 
selected from Si3N4, polyimide. 

10. The method of claim 1, Wherein said spring contacts are 
connected to the backside of the said substrate through said 
second openings, said routing metal traces, said ?rst openings 
and said through Wafer electrical connects. 

11. The method of claim 1, Wherein said spring metal 
stripes comprise of an adhesion metal layer at bottom, inner 
metal layer and top metal layer. 

12. (canceled) 
13. (canceled) 
14. (canceled) 
15. The method of claim 1, Wherein said one or more layers 

electroplated or electroless plated further comprise an inner 
?lm layer and one or more outer layers, Wherein a material 
used for said inner layer has a higher elastic modulus than that 
of said outer layers. 

16. The method of claim 1, Wherein said one or more layers 
electroplated or electroless plated is selected from the group 
of Co, Ni, Au or their alloy, Pt, Pd, Rh. 

* * * * * 


