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(57) ABSTRACT 

A multichip semiconductor package provides redundancy 
mapping from one semiconductor chip to another. The 
semiconductor device can be salvaged, Where normally it 
normally Would be considered scrap. This is particularly 
important Where multiple semiconductor chips are physi 
cally connected as a common unit. One multichip integrated 
circuit package has semiconductor chips integrally formed 
on a unitary substrate, and each semiconductor chip includes 
redundant circuitry adapted to selectively replace primary 
circuitry. Electrical interconnects couple the redundant cir 
cuitry from a one semiconductor chip to a second semicon 
ductor chip. 
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REDUNDANCY MAPPING IN A MULTICHIP 
SEMICONDUCTOR PACKAGE 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates generally to multi 
chip semiconductor packages and in particular the present 
invention relates to redundancy mapping in multichip semi 
conductor packages. 

BACKGROUND OF THE INVENTION 

[0002] As the number of electronic elements contained on 
semiconductor integrated circuits continues to increase, the 
problems of reducing and eliminating defects in the ele 
ments becomes more difficult. To achieve higher population 
capacities, circuit designs strive to reduce the siZe of the 
individual elements to maximize available die real estate. 
The reduced siZe, hoWever, makes these elements increas 
ingly susceptible to defects caused by material impurities 
during fabrication. These defects can be identi?ed upon 
completion of the integrated circuit fabrication by testing 
procedures, either at the semiconductor chip level or after 
complete packaging. Scrapping or discarding defective cir 
cuits is economically undesirable, particularly if only a 
small number of elements are actually defective. 

[0003] Relying on Zero defects in the fabrication of inte 
grated circuits is an unrealistic option, hoWever. To reduce 
the amount of semiconductor scrap, therefore, redundant 
elements are provided on the circuit. If a primary element is 
determined to be defective, a redundant element can be 
substituted for the defective element. Substantial reductions 
in scrap can be achieved by using redundant elements. 

[0004] One Way to reduce semiconductor scrap is to 
provide redundant elements on the integrated circuits. If a 
primary element is defective a redundant element can be 
substituted for that defective element. One eXample of an 
integrated circuit device Which uses redundant elements is 
electronic memory. Typical memory circuits comprise mil 
lions of equivalent memory cells arranged in addressable 
roWs and columns. By providing redundant elements, defec 
tive memory cells or columns can be replaced. Because the 
individual primary memory cells of a memory are separately 
addressable, replacing a defective cell typically comprises 
opening fuse-type circuits to ‘program’ a redundant cell to 
respond to the address of the defective primary cell. This 
process is very effective for permanently replacing defective 
primary memory cells. For eXample, FIG. 1 illustrates a 
typical memory circuit Where primary memory columns 
(PRIME0 to PRIMEi) are selectively connected to data com 
munication lines (DATAO and DATAi). When a primary 
column is addressed via external address lines, the appro 
priate select signal (SELO to SELi) is activated. If a primary 
column is determined to be defective, its select signal is 
forced to a permanent inactive state, and a compare circuit 
is programmed to activate an appropriate redundant select 
signal (RSELO to RSELi). This programming is typically 
performed using fusible circuits. When an address of the 
defective column is provided on the address lines, the 
compare circuit responds by activating the redundant select 
signal to couple the redundant column to the appropriate 
data communication line. 

[0005] Because the individual primary elements of a 
memory are separately addressable, replacing a defective 
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element typically comprises selecting a bank of sWitch 
circuits, each sWitch circuit typically being an antifuse or a 
fuse such that the bank is knoWn as an antifuse bank or a fuse 
bank, respectively, to ‘program’ a redundant element to 
respond to the address of the defective element, and then 
enabling the redundant element by programming an enable 
antifuse. This process is very effective for permanently 
replacing defective primary elements. Aproblem can occur, 
hoWever, When an integrated circuit is fabricated With more 
defects than available redundant circuits. As such, the circuit 
Will become scrap. 

[0006] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci? 
cation, there is a need in the art for a semiconductor device 
Which can be repaired to correct defects Which out number 
available redundant circuitry on the same semiconductor 
die. 

SUMMARY OF THE INVENTION 

[0007] The above mentioned problems With semiconduc 
tor devices and other problems are addressed by the present 
invention and Will be understood by reading and studying 
the folloWing speci?cation. A multichip integrated circuit 
package is described Which provides internal redundancy 
betWeen chips. 

[0008] In particular, the present invention describes a 
multichip integrated circuit package is described Which 
comprises a plurality of semiconductor chips integrally 
formed on a unitary substrate. Each of the plurality of 
semiconductor chips comprises redundant circuitry adapted 
to selectively replace primary circuitry. A plurality of elec 
trical interconnects are provided to couple the redundant 
circuitry from a ?rst one of the plurality of semiconductor 
chips to a second one of the plurality of semiconductor 
chips. 
[0009] In another embodiment, a multichip integrated 
circuit package comprises a plurality of integrated circuit 
memory chips integrally formed on a unitary substrate. Each 
of the plurality of integrated circuit memory chips comprises 
an array of primary memory cells and redundant memory 
cells. Aplurality of electrical interconnects couple the redun 
dant memory cells from a ?rst one of the integrated circuit 
memory chips to a second one of the integrated circuit 
memory chips. Control circuitry is provided to select the 
redundant circuitry from the ?rst one of the plurality of 
integrated circuit memory chips. 

[0010] A method of making a multichip integrated circuit 
package is described. The method comprises integrally 
forming a plurality of isolated integrated circuit chips on a 
unitary substrate, and electrically connecting the plurality of 
isolated integrated circuit chips using interconnects to 
couple redundant circuitry from a ?rst one of the plurality of 
integrated circuit chips to a second one of the plurality of 
integrated circuit chips. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a block diagram of a portion of a prior art 
memory device; 

[0012] FIG. 2 is a block diagram of a DRAM memory 
device of the present invention; 
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[0013] FIG. 3 is a block diagram of a static random access 
memory (SRAM); 

[0014] FIG. 4 is a top vieW of a multichip package taken 
beneath a top layer of encapsulating material; 

[0015] FIG. 5 is a cross section vieW of the multichip 
package of FIG. 4; 

[0016] FIG. 6 is a top vieW of a multichip package having 
conductive leads extending beyond encapsulating material; 

[0017] FIG. 7 is a top vieW of a multichip package having 
conductive leads sheared ?ush With encapsulating material; 

[0018] FIG. 8 is a top perspective vieW of a multichip 
package With a cut-aWay vieW through encapsulating mate 
rial; and 

[0019] FIG. 9 is a block diagram of a multichip package 
using redundancy re-mapping betWeen multiple chips. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] In the folloWing detailed description of the inven 
tion, reference is made to the accompanying draWings Which 
form a part hereof, and in Which is shoWn, by Way of 
illustration, speci?c embodiments in Which the invention 
may be practiced. In the draWings, like numerals describe 
substantially similar components throughout the several 
vieWs. These embodiments are described in sufficient detail 
to enable those skilled in the art to practice the invention. 
Other embodiments may be utiliZed and structural, logical, 
and electrical changes may be made Without departing from 
the scope of the present invention. The terms Wafer and 
substrate used in the folloWing description include any 
structure having an exposed surface With Which to form the 
integrated circuit (IC) structure of the invention. The term 
substrate is understood to include semiconductor Wafers. 
The term substrate is also used to refer to semiconductor 
structures during processing, and may include other layers 
that have been fabricated thereupon. Both Wafer and sub 
strate include doped and undoped semiconductors, epitaxial 
semiconductor layers supported by a base semiconductor or 
insulator, as Well as other semiconductor structures Well 
knoWn to one skilled in the art. The term conductor is 
understood to include semiconductors, and the term insula 
tor is de?ned to include any material that is less electrically 
conductive than the materials referred to as conductors. The 
folloWing detailed description is, therefore, not to be taken 
in a limiting sense, and the scope of the present invention is 
de?ned only by the appended claims, along With the full 
scope of equivalents to Which such claims are entitled. 

[0021] The present invention relates to a multichip semi 
conductor package having a plurality of semiconductor 
chips fabricated as a singular coextensive substrate Which 
utiliZes a novel redundancy scheme. The semiconductor 
chips can be integrated memory circuits. 

[0022] In the most general sense, a memory circuit com 
prises memory cells Which store data. Depending upon the 
type of memory, this data can be read, or read and Written. 
That is, some memories are read-only While others alloW 
data to be read, manipulated, and re-Written. Because many 
types of dynamic memories store data as a charge on a 
capacitor, sense ampli?ers are implemented to detect small 
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charges and amplify the charge for further processing. Static 
memories utiliZe sense ampli?er circuits to detect data 
stored in memory cells. 

Dynamic Random Access Memories 

[0023] A DRAM 100 is described in reference to FIG. 2 
as having a memory array 102 and associated circuitry for 
reading from and Writing to the memory array. The memory 
array is arranged in an x-y grid, or roWs and columns of 
memory cells. The DRAM array can be accessed by a 
microprocessor 104, memory controller, a chip set, or other 
external system through input/output connections including 
address lines A0-Ax. RoW decoder 106 decodes a roW 
address from an address signal provided on A0-Ax, and 
addresses the corresponding roW of the DRAM array. Like 
Wise, column decoder 108 decodes a column address from 
an address signal provided on A0-Ax, and addresses the 
corresponding column of the DRAM array. Data stored in 
the DRAM array can be transferred to outputs DQ1-DQx 
through the data output buffer 110. LikeWise, data input 
buffer 112 is used to receive data from DQ1-DQx and 
transfer the data to the DRAM array. Sense ampli?er cir 
cuitry 114 is provided to sense and amplify data stored on 
the individual memory cells of the DRAM array. Control 
circuitry 116 is provided to monitor the memory circuit 
inputs and control reading and Writing operations. 

[0024] The input and output connections of the DRAM 
100 used to communicate With the microprocessor 104 are 
described as folloWs. Output enable (OE*) enables the 
output buffer 110 of the DRAM. Write enable is used 
to select either a read or Write operation When accessing the 
DRAM. RoW address strobe (RAS*) input is used to clock 
in the eleven roW address bits. Column address strobe 
(CAS*) input is used to clock in the ten column address bits. 
Address input lines A0-Ax are used to identify a roW and 
column address. DRAM data input/output lines DQ1-DQx 
provide data input and output for the DRAM. An optional 
clock signal can be provided by the microprocessor as 
described beloW for operating the memory circuit in a 
synchronous mode. 

[0025] It Will be understood that the above description of 
a DRAM is intended to provide a general understanding of 
the memory and is not a complete description of all the 
elements and features of a DRAM. Further, the present 
invention is equally applicable to any siZe and type of 
memory circuit and is not intended to be limited to the 
DRAM described above. 

Static Random Access Memories 

[0026] Static random access memories (SRAM) are simi 
lar to the above described DRAMs. Data is stored in 
memory cells Which are selectively accessed through exter 
nally provided addresses. The typical static memory cell is 
a latch circuit Which is more complicated than the typical 
dynamic memory cell, thereby reducing the available 
memory density of SRAMs. SRAMs, hoWever, can be 
operated at faster data rates and are ideal for applications 
such as cache memories. 

[0027] Referring to FIG. 3, a block diagram of the a 
typical SRAM 230 is described. The SRAM includes a 
memory array 232 of static memory cells. Address decode 
circuitry 234 is provided to decode an address provided on 
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the address inputs and access the memory array. Control 
circuitry 236 controls the read and Write operations per 
formed by the memory in response to external control 
inputs. Data read from the memory array is sensed and 
ampli?ed by sense ampli?er circuit 238 and output on data 
communication lines (DQ) via output buffer 240. Data 
provided on the DQ lines is Written to the memory array 
through input buffer/driver circuit 242. 

[0028] Memory array 232 is arranged in roWs and columns 
of memory cells. The columns are de?ned by a pair of bit 
lines Which communicate data stored in the memory cells to 
the sense ampli?er circuits. The bit lines are complements of 
each other such that in an active state one bit line Will be at 
a loW signal level and the other bit line Will be at a high 
signal level. 

Multichip Packaging 

[0029] With references to FIGS. 4 and 5, a multichip 
semiconductor package, depicted generally as package 20, 
has a plurality of semiconductor chips 22 each arranged in 
electrical isolation, one from another, adjacently along a 
terminal boundary 24 thereof as a singular coextensive 
substrate 26. Chips 22 are integrally formed on substrate 26 
Which may be a semiconductor material such as gallium 
arsenide, silicon, or can be silicon on sapphire, silicon on 
insulator. Substrate 26, preferably a monocrystalline silicon 
Wafer, has the individual semiconductor chips 22 fabricated 
thereon by conventional techniques currently employed in 
the manufacture of single-chip packages. Instead of dividing 
individual chips 22 into discreet single-chip packages by a 
singulation process performed upon the Wafer, the individual 
chips, though electrically isolated, form another device. The 
device is electrically connected and encapsulated into a 
singular multichip package 20 as described hereinafter. 

[0030] Attached to semiconductor chip 22, preferably by 
lamination techniques using a lead-over-chip (LOC) adhe 
sive 27, a lead locking tape 29, and a Wire bonding segment 
31, is a lead frame 28 to Which electrodes 30 are electrically 
contacted. Lead frame 28 is provided, one per package 20, 
to yield electrical continuity betWeen electrodes 30 and the 
devices of semiconductor chip 22 by Way of a singular 
conductive lead 32, one per each electrode 30. Electrode 30 
is connected to conductive lead 32 at a selected position 
along a length thereof. It should be appreciated that each 
selected position of connection betWeen each electrode 30 
and each respective conductive lead 32 yields an arrange 
ment of electrodes 30 about package 20, knoWn commonly 
as a package footprint. The package footprint has a corre 
sponding footprint on a PWB (not shoWn), for example, that 
alloWs for completion of an electrical circuit betWeen the 
internal devices of package 20 and the circuit fabricated on 
the PWB When the tWo footprints are electrically connected. 
Since each electrode 30 is not directly connected to semi 
conductor chip 22 by Way of bond pads or Wiring traces, as 
are conventional BGA’s, ?ip-chips, and chip-scale pack 
ages, the package footprint can remain consistent in siZe and 
shape despite continual siZe reductions in individual semi 
conductor chips. This is possible because the length of 
conductive lead 32 acts as an electrical bus from the internal 
devices in semiconductor chips 22 to the position or elec 
trode 30. As semiconductor chip 22 is reduced in siZe, the 
dimensions of conductive lead 32 are adjusted and electrical 
continuity remains bussed out to electrode 30. Typically, as 
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in FIGS. 6 and 7, conductive leads 32 are plated at an 
electrode bond area 58 With a thin layer of metal to improve 
the strength and conductivity betWeen electrode 30 and 
conductive lead 32. Since electrodes 30 can be solder balls, 
the metal composition thereof is preferably gold, palladium/ 
nickel, or tin. 

[0031] The package footprint has roWs 35 of electrodes 30 
disposed across semiconductor chips 22 in tWo substantially 
parallel lines 34, 36 With each individual electrode 30 being 
contacted, one per each conductive lead 32, along an 
extended portion 38 of the substantially rectangular conduc 
tive lead. The extended portion is present on conductive lead 
32 because the Width of the remainder of conductive lead 32, 
While a cost effective use of materials, is too thin to fully 
accommodate electrode 30. It should be appreciated that 
electrode 30 only exceeds the Width of conductive leads 32 
to the extent necessary to prevent mechanical bonding 
failures, such as solder joint failures. 

[0032] Since conductive leads 32 are preferably arranged 
in sets of pairs 40, 42 across semiconductor chips 22. Each 
pair set 40, 42 is arranged in relatively close proximity. Each 
extended portion 38 of conductive lead 32 in the same or 
juxtaposed to pair set 40, 42. In this manner, multiple 
electrodes 30 are available for close proximity positioning 
While, simultaneously, avoiding electrical shorts in and 
amongst pair sets 40, 42 Which Would otherWise occur With 
electrodes of the siZe and shape depicted if electrodes 30 
Were all placed side-by-side in a linear fashion. It should be 
appreciated that changes in the siZe and shape of electrode 
30 are contemplated that Would yield other distinct package 
footprints Without altering the fabrication or effectiveness of 
singular coextensive substrate 26 having a plurality of 
semiconductor chips 22 integrally formed thereon. For 
example, it is contemplated that the portion of electrode 30 
contacting conductive lead 32, thereby making extended 
portions 38 super?uous. It is also contemplated that 
extended portions 38 could be alternated at opposite ends of 
their respective pair sets 40, 42 or arranged in other Ways 
that maintain a cost effective conductive lead 32 While 
preventing electrical shorts. 

[0033] The plurality of semiconductor chips 22 are elec 
trically bonded together, along a periphery 43 and a central 
portion 44 of package 20, by Way of bond pads 45 and bond 
Wires 46 to form, for example, a larger package circuit, or as 
in a preferred embodiment, to expand the overall memory of 
semiconductor chip 22 through Which electrical connections 
can be made betWeen the active devices in chip 22 and 
external circuits. Bond Wires 46 are preferably connected 
along a terminal end 48 of conductive leads 32 at a Wire 
bond area 56, as depicted in FIG. 3 and 4. Typically, 
conductive leads 32 are plated at Wire bond area 56 With a 
thin layer of metal suitable for Wire bonding, such as gold, 
silver or palladium/nickel to improve the strength and con 
ductivity of the bond betWeen conductive leads 32 and bond 
Wires to: 

[0034] Package 20 is encapsulated in a compound 50 
Which has openings 52 formed therein that partially expose 
conductive leads 32 at the selected connection positions, 
Which is preferably electrode bond area 58. Openings 52 are 
siZed and shaped according to the selected siZe and shape of 
electrodes 30 and are adjustable to correspond With changes 
in the selected siZe and shape. Compound 50, often a 
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molding compound, is generally an electrically insulating 
formulation used to distribute poWer, dissipate heat and 
protect the active devices therein from thermo-mechanical 
stresses and pollutants found in the operating environment. 
Compound 50 can be a thermosetting epoxy resin, but may 
also be silicon, phenolic, or polyeurethane. The composition 
of compound 50 is generally derived from a balance of 
numerous engineering factors including the cost of manu 
facturing, production volume, expected use environment, 
expected use market and other related considerations. It is 
also contemplated that compound 50 may be polyimide 
compound useful as an alpha barrier. 

[0035] In the embodiment depicted in FIG. 5, conductive 
leads 32 have been fully encapsulated Within compound 50. 
There are other useful embodiments for conductive leads 32. 
For example, in FIG. 6, conductive leads 32 are extended 
out from compound 50 to facilitate chip testing and also to 
enable package 20 to be easily maneuvered during the 
manufacturing process. It is also contemplated that conduc 
tive leads 32 could remain attached to semiconductor chips 
22 Without any of, or as a compliment to, electrodes 30 so 
that a signal could be taken directly therefrom as package 20 
is used in either a surface mount, or through-hole capacity. 
In FIG. 7, conductive leads 32 have been sheared ?ush With 
compound 50 after either testing or manufacturing in order 
to create a thicker and stronger terminal portion of package 
20, or to remove any potential mechanical interferences 
from conductive leads 32. 

[0036] With reference to FIG. 8, package 20 has eight 
semiconductor chips 22 adjacently arranged in electrical 
isolation, in the manner previously described, With conduc 
tive leads 32 again disposed in pairs 40, 42 across substrate 
26. Instead of the semiconductor chips 22 being intercon 
nected by discretely Wiring conductive leads 32 thereof, 
conductive leads 32 in this embodiment are bussed common 
to eliminate high Wiring density Within package 20 and to 
provide for redundant back-up in the event a semiconductor 
chip 22 has a bad, or deteriorated, signal line. The common 
bussing also alloWs for common addresses (A0, A1 . . .An), 
common data out (DO), common data queries (DQ) or 
voltage steady state (Vss) electrodes, for example, to be 
fabricated together electrically, thereby eliminating elec 
trode repetition and reducing material costs. Although some 
signal lines are independent and cannot, for various reasons, 
be bussed common, such as individual chip enables (CE) 
and roW address strobes (RAS), those signal lines can be 
grouped together into common areas for ef?caciously facili 
tating interconnection With an external circuit, such as a 
PWB. For example, a plurality of Wiring banks 54 are 
con?gured about the periphery of package 20 along three 
sides and about the interior of package 20 in roWs 35 having 
tWo substantially parallel lines 34, 36 of electrodes 30. It 
should be understood that Wiring banks 54 could all be 
grouped together, but to do so Would be at the expense of 
increasing Wiring densities and creating manufacturing dif 
?culties such as having inadequate Wiring angles for attach 
ing bond pads 4 to conductive leads 32. Alternatives exist 
that Will effectively accommodate the grouping of Wiring 
banks 54 about package 20 that provide ease of electrical 
connection With other external circuits and are Within the 
spirit of the present invention. 

[0037] In response to industry demands for thin packages, 
this embodiment depicts compound 50 as being disposed 
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upon top side 60 of substrate 26 While bottom side 62 
remains uncovered. It is possible, hoWever, that at least a 
partial encapsulation of compound 50 is applied about 
substrate 26 to prevent undesirable conditions, such as 
electrical shorting. 

[0038] Although the arrangement of the discrete electri 
cally isolated semiconductor chips 22 has heretofore been 
described as either being tWo or eight in number and 
fabricated in adjacent arrangement With one another Within 
substantially rectangular packages, one skilled in the art 
should appreciate that still other embodiments exist that are 
Within the express teachings of the present invention. For 
example, it is contemplated that semiconductor chips 22 
range in preferred quantities from 2 to 8 but may also be as 
large as 64 or more. The arrangement of semiconductor 
chips 22 may also be fabricated into various other patterns 
so long as chips 22 remain as discrete, electrically isolated 
units integrally formed on singular coextensive substrate 26. 

[0039] The steps of fabrication of multichip package 20 
include a singular substrate 26 being fabricated With a 
plurality of electrically isolate samiconductor chips 22 
thereon. Instead of a singulation process of saWing the 
individual chips into discrete single-chips for packaging, 
chips 22 are kept as integrally form electrically isolated 
elements that are there after electrically connected together. 
Next, bond pads 45 are provided to connect to the active 
devices (not shoWn) by exposing bond pads 45 through 
apertures in an insulating or passivation layer Which forms 
the upper surface of chip 22. 

[0040] Conductive leads 32, Which form the inner portion 
of the singular lead frame 28, are then positioned over chips 
22 and extended in length to an area near bond pads 45 for 
Wire bonding connections thereto. Conductive leads 32 are 
usually prefabricated With a plating of a thin layer of suitable 
metal at Wire bond area 56 but We can also be plated after 
encapsulation. In sequence, conductive leads 32 are con 
nected to an upper surface of chips 22 With LOC adhesive 
27. For a detailed description thereof, refer to US. Pat. No. 
5,286,679, issued to FarnsWorth et al., Which is incorporated 
herein by reference. 

[0041] Once connected, package 20 is at least partially 
encapsulated With compound 50 and openings 52 are formed 
therein to at least partially expose conductive leads 32 Where 
exposure preferably is at electrode bond area 58. Also, 
conductive leads 32 are usually prefabricated With a plating 
of a thin layer of suitable metal at electrode bond area 38. 
After encapsulation, any remaining resin residue that is 
present on the Wire or electrode bond area 56, 58 is removed 
by electrolytic or mechanical de?ash processes knoWn in the 
art. 

[0042] Electrodes 30, preferably solder balls, are bonded 
to electrode bond areas 58 through openings 52 in com 
pound 50. The solder balls may be attached, as is knoWn in 
the art, by coating the solder balls or bond areas 58 With ?ux, 
placing the solder balls on electrode bond area 58 through 
openings 52 With conventional pick and place or shaker/ 
hopper equipment, and re?oWing the balls in place using an 
infrared or hot air re?oW process. The excess ?ux is then 
removed With an appropriate cleaning agent. In this manner, 
the solder balls are electrically and mechanically connected 
to conductive leads 32 to form electrodes 30 external to 
compound 50. Other processes may also be used to form 
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electrodes 30. For example, electrodes 30 may be “plated 
up” using conventional plating techniques rather than using 
the solder ball techniques as described above. The com 
pleted multichip semiconductor package 20 can then be 
assembled to a printed circuit board or the like using 
conventional surface mount or through hole processes and 
equipment. 

Redundancy Mapping 

[0043] As stated above, memory devices are typically 
fabricated With redundant elements. These elements can be 
individual memory cells, a roW or column of cells, or an 
addressable block of cells. The redundant memory elements 
are used to replace defective memory elements. Address 
signals are typically re-routed, or mapped, from the defec 
tive memory element to the redundant memory element 
using fuse-type circuits. It Will be appreciated by those 
skilled in the art that the ability to repair an integrated 
circuit, such as a memory device, is limited by the number 
of redundant elements provided on the integrated circuit. 
This limitation creates a problem When multiple integrated 
circuit chips are packaged in a common device, as described 
above. 

[0044] The present invention provides for redundant ele 
ments from one of the semiconductor chips to be used by 
another of the semiconductor chips, as illustrated generally 
in FIG. 9. The package 302 includes multiple chips 3008320 
formed on a unitary substrate 302. The tWo, or more, 
semiconductor chips are electrically connected such that an 
address of a memory element on chip 300 is re-routed to a 
memory element on chip 320 using electrical interconnects 
324. This is accomplished through the use of knoWn inter 
connect technology (lead frame, Wire bonding etc.) to cross 
streets 326 betWeen the chips in combination With fuse-type 
circuits (fuses, anti-fuses, non-volatile latches or memory) 
operating as a control circuit redundancy. For eXample, the 
redundant circuitry from 320 can be coupled to chip 300 
using Wire bonds and anti-fuse circuitry. Lead frames can be 
used to couple the multiple chip redundant circuits. In 
another embodiment, the integrated circuits are memory 
devices and can be soft coupled using available communi 
cation or control signal lines. This embodiment, reduces or 
eliminates the need for eXtra electrical interconnects 
betWeen the multiple chips. 

[0045] The present invention alloWs a semiconductor chip 
Which contains more defective elements than redundant 
elements to be salvaged. For eXample, a memory chip With 
nine defective elements, but only eight redundant elements, 
can use one redundant element from another semiconductor 
memory chip provided in the same multichip 302 package. 

CONCLUSION 

[0046] A multichip semiconductor package has been 
described Which provides redundancy mapping from one 
semiconductor chip to another. This alloWs for a semicon 
ductor device to be salvaged, Where normally it normally 
Would be considered scrap. This is particularly important 
Where multiple semiconductor chips are physically con 
nected as a common unit. 

[0047] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those 
of ordinary skill in the art that any arrangement Which is 
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calculated to achieve the same purpose may be substituted 
for the speci?c embodiment shoWn. This application is 
intended to cover any adaptations or variations of the present 
invention. Therefore, it is manifestly intended that this 
invention be limited only by the claims and the equivalents 
thereof. 

What is claimed is: 
1. A multichip integrated circuit package comprising: 

a plurality of semiconductor chips integrally formed on a 
unitary substrate, each of the plurality of semiconduc 
tor chips comprises redundant circuitry adapted to 
selectively replace primary circuitry; and 

a plurality of electrical interconnects coupled to the 
plurality of semiconductor chips to couple the redun 
dant circuitry from a ?rst one of the plurality of 
semiconductor chips to a second one of the plurality of 
semiconductor chips. 

2. The multichip integrated circuit package of claim 1 
further comprising control circuitry to select the redundant 
circuitry from the ?rst one of the plurality of semiconductor 
chips. 

3. The multichip integrated circuit package of claim 2 
Wherein the control circuitry comprises programmable fuse 
circuitry. 

4. The multichip integrated circuit package of claim 2 
Wherein the control circuitry comprises programmable anti 
fuse circuitry. 

5. The multichip integrated circuit package of claim 1 
Wherein the plurality of electrical interconnects are fabri 
cated as a lead frame. 

6. The multichip integrated circuit package of claim 1 
Wherein the plurality of electrical interconnects are fabri 
cated as Wires. 

7. The multichip integrated circuit package of claim 1 
Wherein the plurality of semiconductor chips are memory 
devices. 

8. The multichip integrated circuit package of claim 1 
Wherein the second one of the plurality of semiconductor 
chips has X redundant circuits and Y defective primary 
circuits, Where Y is greater than X. 

9. A multichip integrated circuit package comprising: 

a plurality of integrated circuit memory chips integrally 
formed on a unitary substrate, each of the plurality of 
integrated circuit memory chips comprises an array of 
primary memory cells, and redundant memory cells; 

a plurality of electrical interconnects coupled to the 
plurality of integrated circuit memory chips to couple 
the redundant memory cells from a ?rst one of the 
integrated circuit memory chips to a second one of the 
integrated circuit memory chips; and 

control circuitry to select the redundant circuitry from the 
?rst one of the plurality of integrated circuit memory 
chips. 

10. The multichip integrated circuit package of claim 10 
Wherein the control circuitry is provided in at least one of the 
plurality of integrated circuit memory chips. 

11. The multichip integrated circuit package of claim 10 
Wherein the control circuitry is adapted to select the redun 
dant circuitry in response to an address signal of a primary 
memory cell. 
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12. The multichip integrated circuit package of claim 10 
Wherein the array of primary memory cells is arranged in a 
plurality of roWs and columns, and redundant memory cells 
are provided as a roW of redundant memory cells adapted to 
replace a roW of primary memory cells. 

13. A multichip integrated circuit package comprising: 

a plurality of semiconductor chips integrally formed on a 
unitary substrate, each of the plurality of semiconduc 
tor chips comprises redundant circuitry adapted to 
selectively replace primary circuitry; and 

means for coupling the redundant circuitry from a ?rst 
one of the plurality of semiconductor chips to a second 
one of the plurality of semiconductor chips. 

14. The multichip integrated circuit package of claim 13 
Wherein the means comprises a plurality of electrical inter 
connects. 

15. The multichip integrated circuit package of claim 13 
Wherein the means comprises control circuitry to select the 
redundant circuitry from the ?rst one of the plurality of 
semiconductor chips. 

Mar. 7, 2002 

16. A method of making a multichip integrated circuit 
package, the method comprising: 

integrally forming a plurality of isolated integrated circuit 
chips on a unitary substrate; and 

electrically connecting the plurality of isolated integrated 
circuit chips using interconnects to couple redundant 
circuitry from a ?rst one of the plurality of integrated 
circuit chips to a second one of the plurality of inte 
grated circuit chips. 

17. The method of claim 16 Wherein the second one of the 
plurality of integrated circuit chips has X redundant circuits 
and Y defective primary circuits, Where Y is greater than X. 

18. The method of claim 16 Wherein the interconnects 
comprise a lead frame. 

19. The method of claim 16 further comprising program 
ing control circuitry to select the redundant circuitry from 
the ?rst one of the plurality of integrated circuit chips. 


