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(57) ABSTRACT 

Multilayer test probe structures are electrochemically fabri 
cated via depositions of one or more materials in a plurality of 
overlaying and adhered layers. In some embodiments each 
probe structure may include a plurality of contact arms or 
contact tips that are used for contacting a speci?c pad or 
plurality of pads Wherein the arms and/or tips are con?gured 
in such aWay so as to provide a scrubbing motion (eg a 
motion perpendicular to a primary relative movement motion 
between a probe carrier and the IC) as the probe element or 
array is made to contact an IC, or the like, and particularly 
When the motion between the probe or probes and the IC 
occurs primarily in a direction that is perpendicular to a plane 
of a surface of the IC. In some embodiments arrays of mul 
tiple probes are provided and even formed in desired relative 
position simultaneously. 
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ELECTROCHEMICALLY FABRICATED 
MICROPROBES 

RELATED APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/244,817 (Microfabrica Docket No. 
P-US097-B-MF), ?led Oct. 6, 2005, Which in turn is a con 
tinuation of US. patent application Ser. No. 10/772,943 
(Docket No. P-US097-A-MF), ?led Feb. 4, 2004 Which in 
turn claims bene?t of US. Provisional Patent Application 
Nos.: 60/445,186 (Docket No. P-US048-A-MG); 60/506,015 
(Docket No. P-US048-B-MG); 60/533,933 (Docket No. 
P-US048-C-MF), and 60/536,865 (Docket No. P-US048-D 
MF) ?led on Feb. 4, 2003; Sep. 24, 2003; Dec. 31, 2003, and 
J an. 15, 2004 respectively. All of these applications, including 
any appendices attached thereto are incorporated herein by 
reference as if set forth in full herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to micro 
probes and electrochemical fabrication processes (eg 
EFAB® fabrication processes) for making them and more 
particularly to microprobe designs. 

BACKGROUND OF THE INVENTION 

[0003] A technique for forming three-dimensional struc 
tures (e.g. parts, components, devices, and the like) from a 
plurality of adhered layers Was invented by Adam L. Cohen 
and is knoWn as Electrochemical Fabrication. It is being 
commercially pursued by Microfabrica® Inc. (formerly 
MEMGen Corporation) of Van Nuys, Calif. under the name 
EFAB®. This technique Was described inU.S. Pat. No. 6,027, 
630, issued on Feb. 22, 2000. This electrochemical deposition 
technique alloWs the selective deposition of a material using 
a unique masking technique that involves the use of a mask 
that includes patterned conformable material on a support 
structure that is independent of the substrate onto Which plat 
ing Will occur. When desiring to perform an electrodeposition 
using the mask, the conformable portion of the mask is 
brought into contact With a substrate While in the presence of 
a plating solution such that the contact of the conformable 
portion of the mask to the substrate inhibits deposition at 
selected locations. For convenience, these masks might be 
generically called conformable contact masks; the masking 
technique may be generically called a conformable contact 
mask plating process. More speci?cally, in the terminology of 
Microfabrica® Inc. (formerly MEMGen Corporation) of Van 
Nuys, Calif. such masks have come to be knoWn as INSTANT 
MASKSTM and the process knoWn as INSTANT MASK 
INGTM or INSTANT MASKTM plating. Selective depositions 
using conformable contact mask plating may be used to form 
single layers of material or may be used to form multi-layer 
structures. The teachings of the ’ 630 patent are hereby incor 
porated herein by reference as if set forth in full herein. Since 
the ?ling of the patent application that led to the above noted 
patent, various papers about conformable contact mask plat 
ing (i.e. INSTANT MASKING) and electrochemical fabrica 
tion have been published: 
[0004] (1) A. Cohen, G. Zhang, F. Tseng, F. Mansfeld, U. 
Frodis and P. Will, “EFAB: Batch production of functional, 
fully-dense metal parts With micro-scale features”, Proc. 9th 
Solid Freeforrn Fabrication, The University of Texas at Aus 
tin, p 161, August 1998. 
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[0005] (2) A. Cohen, G. Zhang, F. Tseng, F. Mansfeld, U. 
Frodis and P. Will, “EFAB: Rapid, LoW-Cost Desktop Micro 
machining of High Aspect Ratio True 3-D MEMS”, Proc. 
12th IEEE Micro Electro Mechanical Systems Workshop, 
IEEE, p 244, January 1999. 
[0006] (3) A. Cohen, “3-D Micromachining by Electro 
chemical Fabrication”, Micromachine Devices, March 1999. 
[0007] (4) G. Zhang, A. Cohen, U. Frodis, F. Tseng, F. 
Mansfeld, and P. Will, “EFAB: Rapid Desktop Manufactur 
ing of True 3-D Microstructures”, Proc. 2nd International 
Conference on Integrated MicroNanotechnology for Space 
Applications, The Aerospace Co., April 1999. 
[0008] (5) F. Tseng, U. Frodis, G. Zhang, A. Cohen, F. 
Mansfeld, and P. Will, “EFAB: High Aspect Ratio, Arbitrary 
3-D Metal Microstructures using a LoW-Cost Automated 
Batch Process”, 3rd International Workshop on High Aspect 
Ratio MicroStructure Technology (HARMST ’99), June 
1999. 

[0009] (6) A. Cohen, U. Frodis, F. Tseng, G. Zhang, F. 
Mansfeld, and P. Will, “EFAB: LoW-Cost, Automated Elec 
trochemical Batch Fabrication of Arbitrary 3-D Microstruc 
tures”, Micromachining and Microfabrication Process Tech 
nology, SPIE 1999 Symposium on Micromachining and 
Microfabrication, September 1999. 
[0010] (7) F. Tseng, G. Zhang, U. Frodis, A. Cohen, F. 
Mansfeld, and P. Will, “EFAB: High Aspect Ratio, Arbitrary 
3-D Metal Microstructures using a LoW-Cost Automated 
Batch Process”, MEMS Symposium, ASME 1999 Intema 
tional Mechanical Engineering Congress and Exposition, 
November, 1999. 
[0011] (8) A. Cohen, “Electrochemical Fabrication 
(EFABTM)”, Chapter 19 of The MEMS Handbook, edited by 
Mohamed Gad-EI-Hak, CRC Press, 2002. 
[0012] (9) MicrofabricationiRapid Prototyping’s Killer 
Application”, pages 1-5 of the Rapid Prototyping Report, 
CAD/CAM Publishing, Inc., June 1999. 
[0013] The disclosures of these nine publications are 
hereby incorporated herein by reference as if set forth in full 
herein. 

[0014] The electrochemical deposition process may be car 
ried out in a number of different Ways as set forth in the above 
patent and publications. In one form, this process involves the 
execution of three separate operations during the formation of 
each layer of the structure that is to be formed: 

[0015] 1. Selectively depositing at least one material by 
electrodeposition upon one or more desired regions of a sub 
strate. 

[0016] 2. Then, blanket depositing at least one additional 
material by electrodeposition so that the additional deposit 
covers both the regions that Were previously selectively 
deposited onto, and the regions of the substrate that did not 
receive any previously applied selective depositions. 
[0017] 3. Finally, planariZing the materials deposited dur 
ing the ?rst and second operations to produce a smoothed 
surface of a ?rst layer of desired thickness having at least one 
region containing the at least one material and at least one 
region containing at least the one additional material. 
[0018] After formation of the ?rst layer, one or more addi 
tional layers may be formed adjacent to the immediately 
preceding layer and adhered to the smoothed surface of that 
preceding layer. These additional layers are formed by repeat 
ing the ?rst through third operations one or more times 
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wherein the formation of each subsequent layer treats the 
previously formed layers and the initial substrate as a neW and 
thickening substrate. 
[0019] Once the formation of all layers has been completed, 
at least a portion of at least one of the materials deposited is 
generally removed by an etching process to expose or release 
the three-dimensional structure that Was intended to be 
formed. 
[0020] The preferred method of performing the selective 
electrodeposition involved in the ?rst operation is by con 
formable contact mask plating. In this type of plating, one or 
more conformable contact (CC) masks are ?rst formed. The 
CC masks include a support structure onto Which a patterned 
conformable dielectric material is adhered or formed. The 
conformable material for each mask is shaped in accordance 
With a particular cross-section of material to be plated. At 
least one CC mask is needed for each unique cross-sectional 
pattern that is to be plated. 
[0021] The support for a CC mask is typically a plate-like 
structure formed of a metal that is to be selectively electro 
plated and from Which material to be plated Will be dissolved. 
In this typical approach, the support Will act as an anode in an 
electroplating process. In an alternative approach, the support 
may instead be a porous or otherWise perforated material 
through Which deposition material Will pass during an elec 
troplating operation on its Way from a distal anode to a depo 
sition surface. In either approach, it is possible for CC masks 
to share a common support, i.e. the patterns of conformable 
dielectric material for plating multiple layers of material may 
be located in different areas of a single support structure. 
When a single support structure contains multiple plating 
patterns, the entire structure is referred to as the CC mask 
While the individual plating masks may be referred to as 
“submasks”. In the present application such a distinction Will 
be made only When relevant to a speci?c point being made. 
[0022] In preparation for performing the selective deposi 
tion of the ?rst operation, the conformable portion of the CC 
mask is placed in registration With and pressed against a 
selected portion of the substrate (or onto a previously formed 
layer or onto a previously deposited portion of a layer) on 
Which deposition is to occur. The pressing together of the CC 
mask and substrate occur in such a Way that all openings, in 
the conformable portions of the CC mask contain plating 
solution. The conformable material of the CC mask that con 
tacts the substrate acts as a barrier to electrodeposition While 
the openings in the CC mask that are ?lled With electroplating 
solution act as pathWays for transferring material from an 
anode (eg the CC mask support) to the non-contacted por 
tions of the substrate (Which act as a cathode during the 
plating operation) When an appropriate potential and/or cur 
rent are supplied. 

[0023] An example of a CC mask and CC mask plating are 
shoWn in FIGS. 1A-1C. FIG. 1A shoWs a side vieW ofa CC 
mask 8 consisting of a conformable or deformable (e.g. elas 
tomeric) insulator 1 0 patterned on an anode 12. The anode has 
tWo functions. FIG. 1A also depicts a substrate 6 separated 
from mask 8. One is as a supporting material for the patterned 
insulator 10 to maintain its integrity and alignment since the 
pattern may be topologically complex (e.g., involving iso 
lated “islands” of insulator material). The other function is as 
an anode for the electroplating operation. CC mask plating 
selectively deposits material 22 onto a substrate 6 by simply 
pressing the insulator against the substrate then electrodepos 
iting material through apertures 26a and 26b in the insulator 
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as shoWn in FIG. 1B. After deposition, the CC mask is sepa 
rated, preferably non-destructively, from the substrate 6 as 
shoWn in FIG. 1C. The CC mask plating process is distinct 
from a “through-mask” plating process in that in a through 
mask plating process the separation of the masking material 
from the substrate Would occur destructively. As With 
through-mask plating, CC mask plating deposits material 
selectively and simultaneously over the entire layer. The 
plated region may consist of one or more isolated plating 
regions Where these isolated plating regions may belong to a 
single structure that is being formed or may belong to mul 
tiple structures that are being formed simultaneously. In CC 
mask plating as individual masks are not intentionally 
destroyed in the removal process, they may be usable in 
multiple plating operations. 
[0024] Another example of a CC mask and CC mask plat 
ing is shoWn in FIGS. 1D-1F. FIG. 1D shoWs an anode 12' 
separated from a mask 8' that includes a patterned conform 
able material 10' and a support structure 20. FIG. 1D also 
depicts substrate 6 separated from the mask 8'. FIG. 1E illus 
trates the mask 8' being brought into contact With the sub 
strate 6. FIG. 1F illustrates the deposit 22' that results from 
conducting a current from the anode 12' to the substrate 6. 
FIG. 1G illustrates the deposit 22' on substrate 6 after sepa 
ration from mask 8'. In this example, an appropriate electro 
lyte is located betWeen the substrate 6 and the anode 12' and 
a current of ions coming from one or both of the solution and 
the anode are conducted through the opening in the mask to 
the substrate Where material is deposited. This type of mask 
may be referred to as an anodeless INSTANT MASKTM 
(AIM) or as an anodeless conformable contact (ACC) mask. 

[0025] Unlike through-mask plating, CC mask plating 
alloWs CC masks to be formed completely separate from the 
fabrication of the substrate on Which plating is to occur (e.g. 
separate from a three-dimensional (3D) structure that is being 
formed). CC masks may be formed in a variety of Ways, for 
example, a photolithographic process may be used. All masks 
can be generated simultaneously, prior to structure fabrica 
tion rather than during it. This separation makes possible a 
simple, loW-cost, automated, self-contained, and internally 
clean “desktop factory” that can be installed almost anyWhere 
to fabricate 3D structures, leaving any required clean room 
processes, such as photolithography to be performed by ser 
vice bureaus or the like. 

[0026] An example of the electrochemical fabrication pro 
cess discussed above is illustrated in FIGS. 2A-2F. These 
?gures shoW that the process involves deposition of a ?rst 
material 2 Which is a sacri?cial material and a second material 
4 Which is a structural material. The CC mask 8, in this 
example, includes a patterned conformable material (eg an 
elastomeric dielectric material) 10 and a support 12 Which is 
made from deposition material 2. The conformal portion of 
the CC mask is pressed against substrate 6 With a plating 
solution 14 located Within the openings 16 in the conformable 
material 10.An electric current, from poWer supply 18, is then 
passed through the plating solution 14 via (a) support 12 
Which doubles as an anode and (b) substrate 6 Which doubles 
as a cathode. FIG. 2A, illustrates that the passing of current 
causes material 2 Within the plating solution and material 2 
from the anode 12 to be selectively transferred to and plated 
on the cathode 6. After electroplating the ?rst deposition 
material 2 onto the substrate 6 using CC mask 8, the CC mask 
8 is removed as shoWn in FIG. 2B. FIG. 2C depicts the second 
deposition material 4 as having been blanket-deposited (i.e. 
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non-selectively deposited) over the previously deposited ?rst 
deposition material 2 as Well as over the other portions of the 
substrate 6. The blanket deposition occurs by electroplating 
from an anode (not shoWn), composed of the second material, 
through an appropriate plating solution (not shoWn), and to 
the cathode/ substrate 6. The entire tWo-material layer is then 
planariZed to achieve precise thickness and ?atness as shoWn 
in FIG. 2D. After repetition of this process for all layers, the 
multi-layer structure 20 formed of the second material 4 (i.e. 
structural material) is embedded in ?rst material 2 (i.e. sac 
ri?cial material) as shoWn in FIG. 2E. The embedded struc 
ture is etched to yield the desired device, i.e. structure 20, as 
shoWn in FIG. 2F. 
[0027] Various components of an exemplary manual elec 
trochemical fabrication system 32 are shoWn in FIGS. 3A-3C. 
The system 32 consists of several subsystems 34, 36, 38, and 
40. The substrate holding subsystem 34 is depicted in the 
upper portions of each of FIGS. 3A-3C and includes several 
components: (1) a carrier 48, (2) a metal substrate 6 onto 
Which the layers are deposited, and (3) a linear slide 42 
capable of moving the substrate 6 up and doWn relative to the 
carrier 48 in response to drive force from actuator 44. Sub 
system 34 also includes an indicator 46 for measuring differ 
ences in vertical position of the substrate Which may be used 
in setting or determining layer thicknesses and/ or deposition 
thicknesses. The subsystem 34 further includes feet 68 for 
carrier 48 Which can be precisely mounted on subsystem 36. 
[0028] The CC mask subsystem 36 shoWn in the loWer 
portion of FIG. 3A includes several components: (1) a CC 
mask 8 that is actually made up of a number of CC masks (i.e. 
submasks) that share a common support/ anode 12, (2) preci 
sion X-stage 54, (3) precision Y-stage 56, (4) frame 72 on 
Which the feet 68 of subsystem 34 can mount, and (5) a tank 
58 for containing the electrolyte 16. Subsystems 34 and 36 
also include appropriate electrical connections (not shoWn) 
for connecting to an appropriate poWer source for driving the 
CC masking process. 
[0029] The blanket deposition subsystem 38 is shoWn in the 
loWer portion of FIG. 3B and includes several components: 
(1) an anode 62, (2) an electrolyte tank 64 for holding plating 
solution 66, and (3) frame 74 on Which the feet 68 of sub 
system 34 may sit. Subsystem 38 also includes appropriate 
electrical connections (not shoWn) for connecting the anode 
to an appropriate poWer supply for driving the blanket depo 
sition process. 
[0030] The planariZation subsystem 40 is shoWn in the 
loWer portion of FIG. 3C and includes a lapping plate 52 and 
associated motion and control systems (not shoWn) for pla 
nariZing the depositions. 
[0031] Another method for forming microstructures from 
electroplated metals (i.e. using electrochemical fabrication 
techniques) is taught in Us. Pat. No. 5,190,637 to Henry 
Guckel, entitled “Formation of Microstructures by Multiple 
Level Deep X-ray Lithography With Sacri?cial Metal layers”. 
This patent teaches the formation of metal structure utiliZing 
mask exposures. A ?rst layer of a primary metal is electro 
plated onto an exposed plating base to ?ll a void in a photo 
resist, the photoresist is then removed and a secondary metal 
is electroplated over the ?rst layer and over the plating base. 
The exposed surface of the secondary metal is then machined 
doWn to a height Which exposes the ?rst metal to produce a 
?at uniform surface extending across the both the primary and 
secondary metals. Formation of a second layer may then 
begin by applying a photoresist layer over the ?rst layer and 
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then repeating the process used to produce the ?rst layer. The 
process is then repeated until the entire structure is formed 
and the secondary metal is removed by etching. The photo 
resist is forrned over the plating base or previous layer by 
casting and the voids in the photoresist are formed by expo 
sure of the photoresist through a patterned mask via X-rays or 
UV radiation. 
[0032] Electrochemical Fabrication provides the ability to 
form prototypes and commercial quantities of miniature 
objects, parts, structures, devices, and the like at reasonable 
costs and in reasonable times. In fact, Electrochemical Fab 
rication is an enabler for the formation of many structures that 
Were hitherto impossible to produce. Electrochemical Fabri 
cation opens the spectrum for neW designs and products in 
many industrial ?elds. Even though Electrochemical Fabri 
cation offers this neW capability and it is understood that 
Electrochemical Fabrication techniques can be combined 
With designs and structures knoWn Within various ?elds to 
produce neW structures, certain uses for Electrochemical Fab 
rication provide designs, structures, capabilities and/or fea 
tures not knoWn or obvious in vieW of the state of the art. 

[0033] A need exists in various ?elds for miniature devices 
having improved characteristics, reduced fabrication times, 
reduced fabrication costs, simpli?ed fabrication processes, 
and/or more independence betWeen geometric con?guration 
and the selected fabrication process. A need also exists in the 
?eld of miniature (i.e. mesoscale and microscale) device fab 
rication for improved fabrication methods and apparatus. 

SUMMARY OF THE INVENTION 

[0034] Objects and advantages of various aspects of the 
invention Will be apparent to those of skill in the art upon 
revieW of the teachings herein. The various aspects of the 
invention, set forth explicitly herein or otherWise ascertained 
from the teachings herein, may address one or more of the 
above objects alone or in combination, or alternatively may 
address some other object of the invention ascertained from 
the teachings herein. It is not necessarily intended that all 
objects be addressed by any single aspect of the invention 
even though that may be the case With regard to some aspects. 

[0035] In a ?rst aspect of the invention, a probe device for 
testing integrated circuits, including: a bridging element; a 
plurality of contact arms, each having a ?rst end and a second 
end, Where the second end of each connects to the bridging 
element and the ?rst end of each is con?gured to contact a pad 
of an integrated circuit and Wherein the arms are con?gured to 
scrub the surface of the pad as contact betWeen the probe and 
the pad is made. 
[0036] In a second aspect of the invention, a probe device 
for testing integrated circuits, including: a bridging element; 
a plurality of contact arms, each having a ?rst end and a 
second end, Where the second end of each connects to the 
bridging element and the ?rst end of each is con?gured to 
contact a pad of an integrated circuit and Wherein at least one 
of the arms or the bridging element is con?gured to provide 
compliance betWeen the probe and the pad as contact is made. 
[0037] In a third aspect of the invention, a probe device for 
testing integrated circuits, including: a compliant structure; a 
bridging element adhered to a compliant structure; a plurality 
of contact arms, each having a ?rst end and a second end, 
Where the second end of each connects to the bridging ele 
ment and the ?rst end of each is con?gured to contact a pad of 
an integrated circuit and Wherein at least one of the arms or the 














