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(57) ABSTRACT 

Integrated circuits are provided Which permit backside prob 
ing While being operated. Conductive trenches are fabricated 
into the surface of semiconductor chip at preselected loca 
tions. Access to speci?c electrically connected nodes of the 
integrated circuit can be effected through the conductive 
trenches by backside thinning and milling of the semicon 
ductor chip folloWed by e-beam probe or mechanical probe 
usage. 
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SEMICONDUCTOR DEVICES HAVING BACKSIDE 
PROBING CAPABILITY 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates to integrated circuit 
devices having improved backside probing capability. More 
particularly, the present invention relates to the use of deep 
trenches Which have been critically fabricated With respect 
to degree of depth and location to facilitate characterization, 
diagnostic testing, and potential defect detection during 
development, manufacture, and usage. The conductive por 
tions of the trenches can be accessed by conventional 
electrical probing rnethods after the backside of the semi 
conductor chip has been subjected to standard polishing 
techniques, folloWed by rnilling With focused ion beam, 
laser-assisted etch techniques, or chemical etching. 

[0003] 2. Background Art 

[0004] In the manufacture of semiconductor devices, the 
ability to obtain Waveforrn measurements from internal 
nodes has been found to be critical to carryout failure 
analysis and characteriZation. Often active surfaces of the 
semiconductor devices are obscured by I/O (input/output) 
circuits, interconnect Wiring, packaging, or limitations of the 
probing apparatus. 

[0005] During the integrated circuit development phase, 
early engineering hardWare is often characteriZed by sub 
jecting the device to various test conditions such as speed, 
temperature, etc. Measuring and diagnosing the perfor 
rnance of these devices is done by acquiring Waveforrns 
from key circuit nodes Within the device such as clock lines, 
enable signals, address buses, and data buses. If the early 
engineering hardWare does not perform adequately, or is 
non-functional, it is critical to be able to trace back signals 
to the source of the problem. Aconvenient mode of detecting 
such failure source is by Waveforrn analysis. The ability to 
diagnose problems by Waveforrn analysis is also necessary 
during manufacture and throughout the life of the product so 
that corrective action can be taken. 

[0006] Those skilled in the art knoW that Waveforrns can 
be acquired from internal circuit nodes by direct-contact 
rnechanical probing or electron-bearn probing. Additional 
techniques such as laser-induced light also have been 
reported. In order to prepare a device for diagnosis, it is 
necessary to establish electrical contact With a tester and one 
or more of the numerous Input/Output (I/O) circuits in the 
device. In some instances, these I/O circuits are placed in the 
periphery of the device, or located in a manner to provide 
some degree of access to the device’s active surface by some 
form of mechanical or electron beam probe during opera 
tion. HoWever, as a result increasing circuit cornplexity, a 
trend toWard higher density packaging, or the density of the 
I/O circuits and related probes needed to activate the device, 
irnprovrnents in semiconductor device structures to provide 
enhanced means for mechanical or electron beam probe are 
needed. 

[0007] To facilitate electrical access to the I/O of the IC, 
additional circuits and pads are frequently positioned adja 
cent to, or on the upper-rnost level of the IC die. Quite 
frequently, such IC dies With I/ O circuit elements situated on 
the top surface have the disadvantage of obstructing internal 
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circuitry. Additionally, packaging rnethods, often referred to 
as a “?ip-chip”, “C4”, or direct chip attach (DCA), can be 
attached upside-doWn, or ?ipped onto a package substrate, 
or directly onto a circuit board, ?exible cable, or other 
assembly into Which the IC is interconnected. As a result, the 
internal circuit nodes of the IC are buried and inaccessible 
for characteriZing electrical circuit perforrnance, perforrning 
diagnostic testing, or performing failure analysis While the 
IC is operating normally and in a fully functioning state. 

[0008] A procedure for monitoring the fabrication of a 
semiconductor device using an electrical characteristic such 
as resistance is shoWn by Rostoker, US. Pat. No. 5,321,304. 
A serniconductor Wafer is provided having vias through the 
Wafer, and a contact structure at the top to provide a 
conductive path through the Wafer. An insulating layer 
overlies the contact structure to signal the endpoint of 
chern-rnech polishing. Lu et al, US. Pat. No. 4,688,063, 
incorporated herein by reference, shoWs the feasibility of 
introducing a storage capacitor in a semiconductor device in 
the form of a trench capacitor Which is used as part of a 
Dynamic Random Access Memory (DRAM) cell. The 
trench capacitors are positioned from the surface of semi 
conductor device to a heavily doped region Within the cell. 
A DRAM cell is shoWn Which uses a ?eld effect transistor 
(PET) and a trench capacitor which forms a Well in the 
semiconductor substrate. An electrode disposed in the trench 
capacitor is directly connected to the source drain of the 
access transistor. 

[0009] While exterior conductive contact structures con 
nected to vias extending through a semiconductor Wafer 
have been used to facilitate the polishing of such Wafer, or 
trench capacitors have been disposed in a semiconductor 
substrate as part of a DRAM cell, nothing is shoWn by the 
art to satisfy the need for enhanced characteriZation, diag 
nosis, or failure analysis capability in semiconductor devices 
through mechanical or electron beam probe techniques, 
particularly from the backside of the die. 

SUMMARY OF THE INVENTION 

[0010] It is an aspect of the present invention therefore to 
provide a system for obtaining access to internal circuit 
nodes of fully processed and packaged integrated circuits 
(IC’s) for the purpose of making electrical measurements to 
facilitate electrical characteriZation, diagnostic testing, and 
failure analysis. 

[0011] It is another aspect of the present invention to 
provide test points Which can be incorporated into the design 
of an IC Without adversly affecting the operation of the 
device. 

[0012] It is a further aspect of the present invention to 
provide internal IC test points Which can be readily accessed 
for electrical characteriZation, diagnostic testing, and failure 
analysis. 
[0013] It is an additional aspect of the present invention to 
provide a method for accessing internal test points through 
the back or reverse-side of an IC in a non-invasive rnanner. 

[0014] Accordingly, the present invention is directed to 
the use of trenches in a semiconductor device Which have 
been fabricated in preselected locations. The trenches are 
?lled With a conductive material and are electrically con 
nected to particular circuit nodes of the semiconductor 
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device to provide readily accessible test points Which are 
also suitable for backside electrical probing. Unlike a trench 
capacitor normally used as a memory cell in a semiconduc 
tor device, trenches used in the integrated circuit devices of 
the present invention are insulated on the sideWall to the 
extent that their performance as capacitors is substantially 
precluded. 
[0015] There is provided by the present invention, an 
integrated circuit comprising a plurality of interconnected 
circuits, each having a plurality of internal circuit nodes, and 
at least one circuit node accessing means including an 
insulated electrical conductor extending from a surface of 
the integrated circuit to a point substantially beloW the 
surface and positioned to facilitate non-invasive electrical 
probing of at least one preselected circuit node via the 
backside of the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Other features and advantages of the invention Will 
become apparent from the folloWing description When taken 
in conjunction With the accompanying draWings in Which: 

[0017] FIG. 1 is a plan vieW of a preferred embodiment of 
the present invention shoWing the placement of buried test 
points in a typical IC layout; 

[0018] FIG. 2 is a cross-sectional vieW of a preferred 
embodiment of the invention shoWing the buried test points 
and their connection to overlying circuit elements; 

[0019] FIG. 3 is a cross-sectional vieW of a preferred 
embodiment of the invention shoWing hoW the buried test 
points may be accessed from the back-side of the IC. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] FIG. 1, more particularly shoWs a top vieW portion 
of a typical IC layout. For example, gate elements shoWn at 
3 are over source/drain areas shoWn at 1 and 2, and inter 
connected With a ?rst level of Wiring at 4 and a second level 
of Wiring 5. Additional levels of Wiring (not shoWn) are 
common and included as needed. Inter-level contacts or vias 
at 6 provide vertical connections betWeen the various ele 
ments. 

[0021] There is further shoWn in FIG. 1, the location of a 
particular test point at 7, consisting of a conductive material 
at 8, and an insulating layer at 9. Overall, this IC layout can 
be placed on a semiconductor substrate such as silicon 
having a thickness of several hundred microns. 

[0022] With reference to FIG. 2, three test points, more 
speci?cally illustrated by 7, are shoWn. The test points are 
?lled trenches that extend into substrate 10. They are com 
posed of a conductive inner material shoWn by 8 and an 
insulating outer layer shoWn by 9. The conductive inner 
material 8 is electrically connected to the circuit elements of 
interest, such as Wiring levels 4 or 5. The insulating outer 
layer 9 neutraliZes any test points, for example, 7. Insulating 
outer layer 9 also minimiZes the capacitance betWeen the 
various circuit elements, 1, 2, 3, 4, and 5, and substrate 10. 

[0023] Test points shoWn in FIG. 2, are constructed using 
technology Well knoWn in the semiconductor ?eld. In the 
manufacture of deep trenches for isolation, or as storage 
capacitors for dynamic random access memory (DRAM) 
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cells, deep trenches can be formed in a silicon substrate 
using reactive ion etch (RIE). An oxide layer can then be 
groWn on the sideWalls of the trench to form an insulating 
layer. The resulting cavity is then ?lled With an appropriate 
material, for example, polycrystalline silicon Which is highly 
doped With phosphorous to prevent depletion effects outside 
the trench depending on Whether it is to be used for isolation, 
or as a storage capacitor. In instances Where the trench is 
used as a storage capacitor for making DRAM’s, as 
described for example in US. Pat. No. 4,688,063 to Lu et al, 
it is usually necessary to increase its density, While mini 
miZing its surface area. In addition to the surface area of the 
trench, other factors for in?uencing its capacitance are the 
dielectric constant and thickness of the insulating material 9. 
Values of 40 to 100 femtofarads of capacitance are typical, 
With cell areas of 20 to 40 square microns, and insulator 
thicknesses of about 15 nanometers, using silicon-dioxide, 
silicon-nitride, or combinations thereof. Trenches of 3 to 10 
microns deep are also typical. 

[0024] While capacitance values in the afordescribed 
femtofarad range Will have no detrimental effects on the 
logic signals found on most IC devices, in particular situa 
tions, such as operating at higher frequencies, it may be 
desirable to modify the ?lled trenches. In such instances, 
capacitance can be minimiZed by using a thicker insulating 
layer. This can be accomplished by groWing a thicker layer 
during the oxidation step of the trench process. The use of 
a thicker insulating layer is also desirable to counteract the 
increased capacitance that may arise from the use of a larger 
or deeper trench. Thicknesses on the order of 150 to 250 
nanometers or more Would be appropriate, depending on the 
corresponding surface area. Trench depths of 8-12 microme 
ters are suf?cient in order to ensure that that the test points 
extend signi?cantly beloW any active circuit areas and are 
more accessible. 

[0025] AtWo step process can be used to gain access to the 
test points Without disturbing the operation of the IC. The 
?rst step is thinning the entire semiconductor substrate and 
the second is drilling, milling, or etching holes to speci?c 
test points or groups of test points. Referring to FIG. 3, a 
cross-section of a circuit and associated test points are 
shoWn. The original back surface of a semiconductor sub 
strate 10 has been thinned several hundred microns by 
mechanical, chemical, or chemical-mechanical polishing 
techniques to surface 11. This enables the use of focused ion 
beam (FIB), laser-assisted micro-machining, or chemical 
etching to form a hole 12 from the polished back surface of 
the IC die to the tip of the desired test point or group of test 
points. The desired test point or group of test points is 
located using re?ected infrared microscopy from the back 
surface of the IC die alone or in combination With CAD 
navigation softWare and a motoriZed stage to precisely 
position the desired test point in the focused ion beam (FIB) 
or laser-assisted micro-machining tool. A small portion of 
the insulating material at 9 is also removed thereby exposing 
the conductive ?ll material at 8 to be probed at 13 using 
either in contact-mode With a conductive tip, or in non 
contact mode With an electron -beam. 

[0026] Probing techniques are often not feasible While the 
IC is in operation, since the internal IC circuit nodes may be 
obscured by the input/output (I/O) interconnect structures, 
packaging material, or probe apparatus used to interface 
With the IC. HoWever, in vieW of the advantages provided by 
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the present invention, once the desired test point, or group of 
test points is exposed, it may be accessed to carry out various 
procedures With electron-beam or mechanical probing, such 
as electrical characteriZation, diagnostic testing, and failure 
analysis. 
What is claimed is: 

1. An integrated circuit comprising: a plurality of inter 
connected circuits, each having a plurality of internal circuit 
nodes, and at least one circuit node accessing means includ 
ing an insulated electrical conductor extending from a 
surface of the integrated circuit to a point substantially 
beloW the surface and positioned to facilitate non-invasive 
electrical probing of at least one preselected circuit node via 
the backside of the circuit. 

2. An integrated circuit in accordance With claim 1, Where 
the circuit node accessing means is in the form of a trench 
having insulated side Walls and a conductive interior. 

3. An integrated circuit in accordance With claim 2, Where 
the insulated side Walls of the trench comprise silicon 
dioxide and are suf?ciently thick to minimize its capaci 
tance. 

4. An integrated circuit in accordance With claim 2, Where 
the conductive interior of the trench comprises polycrystal 
line silicon doped With phosphorous. 

5. A method of introducing backside probing means in an 
integrated circuit having a plurality of circuits to facilitate 
failure analysis of such integrated circuit While it is in the 
active or inactive state, Which method comprises, patterning 
the trenches in a predetermined manner in the integrated 
circuit surface to alloW electrical connection betWeen 
selected node points of the integrated circuit, Where the 
trenches are formed beloW the integrated circuit surface to a 
depth suf?cient to permit ready access by non-invasive 
electrical probing from the backside of such surface after 
using at least one standard overall substrate thinning tech 
nique, folloWed by at least one test point, cite speci?c 
accessing technique, Where the trenches are formed by: 
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(1) etching the in the aforesaid predetermined pattern, 

(2) forming an insulating layer on the sideWalls of the 
resulting trenches to a thickness suf?cient to minimiZe 
its capacitance, and 

(3) ?lling the trenches With a conductive material. 
6. An integrated circuit made in accordance With claim 5, 

Where the backside of the surface has been thinned suf? 
ciently to permit the use of a focused ion beam, laser 
assisted etch, or chemical etching, to permit the probing of 
at least one preselected circuit node. 

7. An integrated circuit made in accordance With the 
method of claim 5, Where the backside of the integrated 
circuit surface can be accessed by e-beam or mechanical 
probing after backside probe points have been exposed by 
partially polishing the back surface of the integrated circuit 
folloWed by the use of focused ion beam, lased-assisted etch, 
or chemical etching to expose the probe points. 

8. A method in accordance With claim 5, Where the 
insulating layer on the sideWalls of the resulting trenches 
comprises silicon-dioxide, silicon-nitride, or a mixture 
thereof. 

9. A method in accordance With claim 5, Where the 
conductive material used to ?ll the trenches comprises 
polycrystalline silicon doped With phosphorous. 

10. An integrated circuit comprising a silicon substrate 
comprising a plurality of interconnected semiconductor 
devices, each forming a plurality of circuits, each having a 
plurality of internal circuit nodes, and at least one circuit 
node accessing means comprising a silicon dioxide insulated 
trench and a doped polycrystalline silicon interior extending 
from the substrate surface of the integrated circuit to a point 
substantially beloW the surface of the substrate and posi 
tioned to facilitate non-invasive electrical probing of at least 
one preselected circuit node via the backside of the sub 
strate. 


