
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0033017 A1 

Wang et al. 

US 20010033017A1 

(43) Pub. Date: Oct. 25, 2001 

(54) 

(75) 

(73) 

(21) 

(22) 

(63) 

26 

28 

30 

CHIP PACKAGE AND METHOD OF 
MAKING AND TESTING THE SAME 

Inventors: Peter Wang, Basking Ridge, NJ (US); 
Yu-Wen Huang, Su-Lin City (TW) 

Correspondence Address: 
Martin B. Pavane, Esq. 
Cohen, Pontani, Lieberman & Pavane 
Suite 1210 
551 Fifth Avenue 
New York, NY 10176 (US) 

Assignee: ANG Technologies Inc. 

Appl. No.: 09/766,081 

Filed: Jan. 19, 2001 

Related U.S. Application Data 

Non-provisional of provisional application No. 
60/177,129, filed on Jan. 20, 2000. 

Publication Classification 

(51) Int. Cl." ........................... H01L 23/48; H01L 23/52 
(52) U.S. Cl. ......................... 257/698; 257/778; 257/684; 

257/737 

(57) ABSTRACT 

A flip-chip IC package configured for ease of testing com 
prises a Substrate and a plurality of Stiffener walls, each 
stiffener wall carrying an IC, wherein the stiffener walls and 
ICs are fixed to the substrate with electrical continuity being 
established between the Substrate and the stiffener walls and 
ICs through conductive bumps (Solder bumps or conductive 
epoxy bumps). The substrate and the stiffener walls include 
test points on their Surfaces, and also include printed elec 
trical circuitry connecting the test points and the conductive 
bumps. Some of the printed electrical circuitry is arranged to 
establish paths between test points which facilitate testing of 
conductivity through the conductive bumps, and which 
facilitate functional testing of the ICS. 
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CHIP PACKAGE AND METHOD OF MAKING AND 
TESTING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention pertains to flip-chips, and 
particularly to a package for flip-chipS and a method of 
making and testing the Same. 
0003 2. Description of the Related Art 
0004. In recent years, new technologies which can pro 
vide high-density connections to and between integrated 
circuits within electronic equipment have emerged. These 
technologies include the assembling of multichip modules 
which may contain Several unpackaged integrated circuit 
(IC) chips mounted on a single Substrate. 
0005 Various techniques for assembling unpackaged IC 
chips in a multichip module are available. These modules 
may be assembled by, for example, using either wire bonded 
connections, tape-automatic-bonded (TAB) connections, or 
Solder flip-chip bonding, depending on the desired number 
and spacing of Signal input-output (I/O) connections on both 
the chip and the Substrate as well as permissible cost. 
0006. In a comparison of these three techniques, wire 
bonding is the most common chip-bonding technique. This 
technique has traditionally provided the maximum number 
of chip connections with the lowest cost per connection. A 
disadvantage of wire bonding is that inductance present in 
the wires used in connecting the chip to the Substrate 
degrades the electrical performance of the circuitry in the 
multichip module. Also, Since the I/O connections are 
perimeter connections on the chip and Since the wires 
connect to the Substrate on an area not occupied by the chips, 
wire bonding requires more area on the Substrate than that 
required in flip-chip bonding. Finally, wire bonding requires 
each connection between the chip and the Substrate to be 
made one at a time and, therefore, is time consuming and 
therefore expensive to assemble. 
0007 TAB bonding permits higher density I/O connec 
tions over wire bonding. This technique, however, is more 
expensive than wire bonding. This is, in part, because TAB 
bonding requires Special tooling for each different chip 
design. Also like wire bonding, TAB bonding Similarly 
requires I/O perimeter connections and therefore more area 
on a Substrate than flip-chip bonding. There is also undesir 
able parasitic inductance which imposes a penalty on elec 
trical performance of the IC chip circuitry connected using 
this bonding technique. 
0008 Flip-chip bonding of a multichip module is 
achieved by providing an IC chip with either perimeter or 
area array Solder-wettable metal pads which comprise the 
Signal (I/O) terminals on the chip, and a matching footprint 
of solder-wettable pads on the Substrate. Before assembly 
onto the Substrate, either the chip, the Substrate, or both 
typically undergo a processing Step wherein a Solid Solder 
bump is deposited at each Signal (I/O) terminal on an IC chip 
or on both an IC chip and a substrate. The chip is then turned 
upside down, or flipped, is and placed in an aligned manner 
on top of a Substrate Such that the Solder bumps align with 
the wettable metal pads, or Such that a pair of Solder bumps 
on the chip and the Substrate align with each other. All 
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connections are then made Simultaneously by heating the 
solder bumps to a reflow temperature at which the solder 
flows and an electrically conductive joint between the con 
tact pads on both the Substrate and the IC chip is formed. 
Such a process is described by R. R. Tummala and E. J. 
Rymaszewski in Microelectronics Packaging Handbook, 
New York: Van Nostrand Reinhold, 1989, pp. 366-391. 
0009 Thus flip-chip bonding of IC chips used in multi 
chip modules provides the advantage of requiring leSS area 
on a Substrate and thereby facilitates high-density intercon 
nections of the chips comprising the module. Since the 
interconnections are short, well controlled electrical char 
acteristics are provided. High-speed signals are thus propa 
gated in and through the module with minimum delay and 
distortion. Also Since flip-chip bonding is a batch process, all 
interconnections are made quickly and Simultaneously 
through a Solder reflow Step. 
0010. It is usually necessary to test IC units after manu 
facture; however, the high density of IC mounting enabled 
by flip-chip technology compounds the complexity of test 
ing. There is a need to provide a simplified means for testing 
IC units fabricated by flip-chip methods, particularly for 
ensuring that the Solder reflow has occurred uniformly over 
an entire unit. 

SUMMARY OF THE INVENTION 

0011. The present invention provides a substrate and a 
plurality of Stiffener walls, each Stiffener wall carrying an IC, 
wherein the stiffener walls and ICs are fixed to the Substrate 
with electrical continuity being established between the 
substrate and the stiffener walls and ICs through conductive 
bumps (Solder bumps or conductive epoxy bumps). The 
substrate and the stiffener walls include test points on their 
Surfaces, and also include printed wiring connecting at least 
the test points and the conductive bumps. Some of the 
printed wiring is arranged to establish paths between test 
points. Some of the paths between test points pass through 
portions of ICs. The test paths facilitate testing of conduc 
tivity through the conductive bumps, and functional testing 
of the ICS. 

0012. Thus, the invention provides simple and inexpen 
Sive means of testing dense and complex IC packages, 
including verification that the Solder reflow proceSS has been 
effected uniformly throughout the entire package. 
0013. Other objects and features of the present invention 
will become apparent from the following detailed descrip 
tion considered in conjunction with the accompanying draw 
ings. It is to be understood, however, that the drawings are 
designed Solely for purposes of illustration and not as a 
definition of the limits of the invention, for which reference 
should be made to the appended claims. It should be further 
understood that the drawings are not necessarily drawn to 
Scale and that, unless otherwise indicated, they are merely 
intended to conceptually illustrate the Structures and proce 
dures described herein. 

BRIEF DESCRIPTION OF DRAWINGS 

0014. In the drawings, wherein like reference characters 
denote similar elements throughout the Several views: 
0015 FIG. 1 illustrates an assembly of chip packages of 
the present invention; 
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0016 FIG. 2 is a sectional view of one of the chip 
packages of FIG. 1 along line 2-2, and 
0017 FIG. 3 is a schematic sectional view along the full 
length of a Strip produced according to the present invention 
and showing a test path. 

DESCRIPTION OF THE PRESENTLY 
PREFERRED EMBODIMENTS 

0018 FIGS. 1 and 2 illustrate an assembly 10 of two or 
more chip packages 12 constructed in accordance with an 
embodiment of the present invention. FIG. 2 is a sectional 
View of the chip package 12 along the line 2-2. Each chip 
package 12 includes a chip 14 (e.g., a flip-chip) mounted 
(preferably, Solder-bumped) on a Substrate 16, and a stiffener 
wall 18 disposed along and Spaced from each lateral Side of 
the chip 14, and Surrounding the chip 14 Such that a top 
opening 20 is formed above the chip 14. A heat-conductive 
plate 22, disposed above the chip 14, covers the top opening 
20 formed by the stiffener wall 18. Heat-conductive plate 22 
is secured in place preferably by adhesive 52, which is 
preferably also heat-conductive. An underfill material 44 
may be provided in the chamber defined by the stiffener wall 
18 and the heat conductive plate 22. Electrical test points 48 
for conducting tests (e.g., continuity and/or performance) on 
the assembly 10 and/or each chip package 12 are provided 
on the Substrate 16 and on the stiffener wall 18. 

0.019 Preferably, the Substrate 16 is shaped as a strip and 
the chips 14 are arranged in a line along a top Surface of the 
strip. Alternatively, the substrate 16 may have an array of 
chip packages 12 arranged in a plurality of rows and 
columns. The Substrate strip 16 may be formed as a multi 
layer Structure comprising one or more dielectric layers 
formed of, for example, BT (produced by Mitsubishi), FR4, 
or ceramic. A conductive wiring pattern may be disposed 
between adjacent layers of the Substrate Strip if it is multi 
layered. Alternatively, a conductive wiring pattern or electric 
circuitry may be placed on an outer Surface of the Substrate 
16. In that case, the circuitry pattern is preferably coated 
with an electrically insulating Substance. 

0020 Similar to the Substrate strip 16, the stiffener wall 
18 may also be constructed as a multilayer structure. Wiring 
patterns formed in the stiffener wall 18 are electrically 
connected to the circuit patterns on the chip 14 through 
conductive lines 24, and to those wiring patterns formed in 
or on the substrate 16. In a particularly preferred embodi 
ment, the substrate strip 16 and the stiffener wall 18 are 
formed using the methods described in U.S. Pat. No. 6,026, 
564, which is incorporated herein by reference. 
0021. After testing of the assembly (discussed below) is 
complete, the chip packages may be separated from each 
other by cutting the Substrate Strip between chip packages 
12, such as along line A-A as shown in FIG. 1. 
0022. In FIG. 2, the substrate 16 has three layers: a top 
layer 26, an intermediate layer 28, and a bottom layer 30. 
This number of layerS is an example of a design expedient. 
Other numbers of layers could be used. Wiring patterns (e.g., 
Signal planes) may be formed on layers 26, 30 and connected 
to each other through conductive via 32. Solder bumps (or 
contacts) 34 (or conductive epoxy) may be formed on the 
bottom layer 30 for connecting with another substrate or 
board. The stiffener wall 18 also has three layers: a top layer 
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36, an intermediate layer 38, and a bottom layer 40. Like the 
Substrate 16, wiring patterns or electric circuitry may be 
formed on layers 36, 40 of the stiffener wall 18 and con 
nected through conductive via 32". The stiffener wall 18 may 
be connected to the wiring patterns of the substrate 16 
through, for example, Solder bumps (or contacts) 42 or 
conductive epoxy. Conductive lines 24 are also formed on 
the Substrate 16 for connecting wiring patterns of the Stiff 
ener wall 18 and those of the chip 14 in the chamber defined 
by the stiffener wall 18 and the heat conductive plate 22. 
Preferably, an underfill material 44 is applied to encapsulate 
the solder bumps 42 which connect the stiffener wall 18 to 
the Substrate, and solder bumps 46 connect the chip 14 to the 
substrate 16. A thermal conductive compound 50 may also 
be applied between the heat conductive plate 22 and the chip 
14 So as to enhance heat removal from the chip 14. 
0023 FIG. 3 is a schematic sectional view taken along 
the length of a substrate strip 16, with a plurality of chip 
packages 12 thereon. The first and last chip packages on the 
Strip are shown explicitly; intermediate ones are Suggested 
by dotted lines. As previously noted, substrate 16 and 
stiffener walls 18 each consist of three layers on which 
printed wiring may be placed. The printed wiring layers 
within Substrate 16 may have interconnections as needed 
through vias 32, and those within stiffener walls 18 through 
vias 32 (as shown in FIG. 2). Through such printed wiring 
and vias there is formed an electrical path 60 from a test 
point 48 at one end of Substrate strip 16, through solder 
bump connections and through both sides of each Stiffener 
wall 18, to a test point 48 at the other end of Substrate strip 
16. 

0024. After fabrication of substrate strip 16, a continuity 
check is performed on the full length of electrical path 60. 
If the continuity check is Successful, then all of the chip 
packages 12 and their connections are Satisfactory. If the 
continuity check fails, then the Solder reflow Step was not 
uniformly effective along the full length of substrate strip 16. 
Although a failure of the continuity check indicates that at 
least one of the chip packages 12 is probably not functional, 
many of the chip packages 12 may be functional. The ones 
likely to be functional may be identified by performing 
continuity checks along Selected portions of electrical path 
60, portions being readily Selectable according to choices of 
which of test points 48 to use in continuity testing. 
0025) Electrical paths other than the electrical path 60 
may be designed into Substrate Strip 16 for performing other 
or more Sophisticated tests than the continuity test facilitated 
by electrical path 60. For example, a path may be provided 
from a particular test point 48 to an input point on a chip 14, 
and from an associated output point on that chip 14 to 
another test point 48. A predetermined test Signal may then 
be injected at the first test point 48, and an according 
response Signal verified at the Second test point 48. Absence 
of the according response Signal indicates failure of the chip 
14 or associated connections. 

0026. When the status of each chip package 12 has been 
determined, the chip packages are separated by cutting on 
line A-A as shown in FIG. 1. Defective or questionable chip 
packages 12 are then discarded. 
0027 Thus, while there have been shown and described 
and pointed out fundamental novel features of the invention 
as applied to a preferred embodiment thereof, it will be 
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understood that various omissions and Substitutions and 
changes in the form and details of the devices illustrated, and 
in their operation, may be made by those skilled in the art 
without departing from the spirit of the invention. For 
example, it is expressly intended that all combinations of 
those elements and/or method steps which perform Substan 
tially the same function in Substantially the same way to 
achieve the Same results are within the Scope of the inven 
tion. Moreover, it should be recognized that Structures 
and/or elements and/or method steps shown and/or 
described in connection with any disclosed form or embodi 
ment of the invention may be incorporated in any other 
disclosed or described or Suggested form or embodiment as 
a general matter of design choice. It is the intention, there 
fore, to be limited only as indicated by the scope of the 
claims appended hereto. 
What is claimed is: 

1. An integrated-circuit (IC) package for mounting an IC 
therein, comprising: 

a platelike dielectric Substrate having two outer Surfaces 
and having a first electrical circuitry, the first electrical 
circuitry having portions electrically continuous with 
test points on an outer Surface of the Substrate and with 
conductive contacts on an outer Surface of the Sub 
Strate, 

a plurality of platelike dielectric members each for mount 
ing therein an IC having electrical contacts on a Sur 
face, each member having two outer Surfaces and 
having a Second electrical circuitry disposed on at least 
one outer Surface, the Second electrical circuitry having 
portions electrically continuous with test points on a 
first outer Surface of the member and with conductive 
contacts on a Second outer Surface of the member, the 
members being fixed to the Substrate So that conductive 
contacts on the members are electrically continuous 
with conductive contacts on the Substrate in a prede 
termined arrangement, 

the conductive contacts being positioned to be connect 
able to the electrical contacts of the IC upon mounting 
of the IC in the dielectric member. 

2. The IC package of claim 1, wherein portions of the first 
electric circuitry and portions of the Second electric circuitry 
are arranged So that after the members are fixed to the 
Substrate a predetermined electrical path exists from a test 
point on the Substrate through the first electrical circuitry 
and each Second electrical circuitry to another test point on 
the Substrate. 

3. The IC package of claim 2, wherein; when an IC is 
mounted in the platelike dielectric member, each conductive 
contact is electrically continuous with a point within the IC, 

the conductive contacts on each mounted IC become 
electrically continuous with conductive contacts on the 
Substrate in a predetermined arrangement; and 

portions of the first electrical circuitry and portions of the 
Second electrical circuitry are arranged So that after the 
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conductive contacts on each mounted IC become elec 
trically continuous with conductive contacts on the 
Substrate, at least one predetermined electrical path 
exists from a first test point through a portion of an IC 
to a Second test point, 

whereby application of a predetermined electrical Signal 
to the first test point produces a determinate electrical 
response at the Second test point when the mounted IC 
is functional and the conductive contacts have become 
continuous, and whereby deviation from Said determi 
nate response is indicative of defects in the IC package. 

4. The IC package of claim 1, wherein the conductive 
contacts comprise conductive epoxy. 

5. The IC package of claim 1, wherein the conductive 
contacts are Solder bumps. 

6. The IC package of claim 5, wherein the platelike 
members are fixed to the substrate by at least a solder reflow 
proceSS. 

7. An integrated-circuit (IC) package configured for ease 
of testing, comprising: 

a Substrate including one or more test points and conduc 
tive contacts on an outer Surface of Said Substrate and 
a first electrical circuitry, the first electrical circuitry 
being electrically continuous with the test points and 
the conductive contacts, 

a dielectric member disposed on Said Substrate and con 
figured for housing an IC, Said dielectric member 
including a Second electrical circuitry, the Second elec 
trical circuitry being electrically continuous with the 
first electrical circuitry of Said Substrate through the 
conductive contacts of Said Substrate and Said dielectric 
member So that upon connecting an IC to the Substrate, 
the one or more test points of Said Substrate are in 
electrical communication with the IC housed by said 
dielectric member. 

8. An integrated-circuit (IC) package configured for ease 
of testing, comprising: 

a Substrate including conductive contacts on an outer 
Surface of Said Substrate and a first electrical circuitry, 
the first electrical circuitry being electrically continu 
ous with the conductive contacts, 

a dielectric member disposed on Said Substrate and con 
figured for housing an IC, Said dielectric member 
including one or more test points and a Second electri 
cal circuitry, the Second electrical circuitry being elec 
trically continuous with the first electrical circuitry of 
Said Substrate through the conductive contacts of Said 
Substrate and Said dielectric member So that upon 
connecting an IC to the Substrate, the one or more test 
points of Said dielectric member are in electrical com 
munication with the IC housed by said dielectric mem 
ber. 


