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(57) ABSTRACT 

A Semiconductor memory chip has fuses and a redundancy 
memory cell which can replace a normal memory cell that 
is found defective by cutting off the fuses. If the normal 
memory cell is defective, the fuses are cut off thereby to 
connect the redundancy memory cell instead of the normal 
memory cell which is defective. The entire surface of the 
Semiconductor memory chip is coated with a resist layer. 
The coated the resist layer is exposed at regions of the fuses 
to an energy beam, and then developed form a resist pattern. 
The Semiconductor memory chip is etched at the regions 
using the resist pattern as a mask for thereby cutting off the 
fuses. The fuses may be spaced at intervals of 2 um or 
Smaller, and can be cut off without causing damage to a layer 
beneath the fuses. 
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REDUNDANCY MEMORY CIRCUIT 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a method of repair 
ing a Semiconductor memory by disconnecting a defective 
memory cell and connecting instead a redundancy memory 
cell in the Semiconductor memory chip. The present inven 
tion is also concerned with an electron-beam memory repair 
apparatus and a redundancy memory circuit to which the 
method of repairing a Semiconductor memory is applicable. 
0003 2. Description of the Prior Art 
0004 FIG. 1 of the accompanying drawings shows a 
Semiconductor memory in a Semiconductor memory chip on 
a Semiconductor wafer, which includes a redundancy 
memory circuit comprising a redundancy cell. The Semicon 
ductor memory also includes normal memory cells 100 
having 512 normal data lines with addresses 0-511, for 
example, and an address decoder101 comprising logic gates 
101 a having respective output lines that are connected 
respectively to the 512 normal data lines through fuses 104a. 
Output addresses are selected by address lines A, A, A, 
A, . . . . The address line Ao represents an inversion of the 
address line A. 
0005 The redundancy memory circuit includes a decoder 
103 whose output is connected to a redundancy memory cell 
102 through a redundancy data line. The address lines Ao, 
Ao, A, A, . . . are connected through respective fuses 104b 
to the inputs of the decoder 103. The redundancy memory 
circuit, which is made up of the redundancy memory cell 
102, the redundancy data line, the decoder 103, and the fuses 
104b, is normally in a disabled state. When an enable signal 
is applied, the disabled State of the redundancy memory 
circuit is canceled, and the output thereof is made effective. 
0006 The redundancy data line of the redundancy 
memory cell 102 in the redundancy memory circuit corre 
sponds to the normal data lines of the normal memory cells 
100. If the normal memory cell connected to the normal data 
line connected to the uppermost logic gate 101a, for 
example, is defective, then the fuse 104a connected to the 
output of the logic gate 101a is cut off, and fuses 104b 
connected to the input of the decoder 103 are cut off to use 
the redundancy data line connected to the redundancy 
memory cell 102 instead of the normal data line connected 
to the defective memory cell. In this manner, the normal data 
line connected to the defective memory cell is rendered 
ineffective, and the disabled State of the redundancy memory 
circuit is canceled by an enable Signal, making effective the 
output of the redundancy memory cell 102 which is con 
nected to the redundancy data line. 
0007. The fuses 104a, 104b are generally cut off by a 
laser-beam fuse cutting process. The principles of the laser 
beam fuse cutting process will be described below with 
reference to FIGS. 2(a) through 20d) of the accompanying 
drawings. 

0008 As shown in FIGS. 2(a) through 20d), a semicon 
ductor memory fuse region comprises an Si Substrate 200, an 
insulating film 201 of SiO disposed on the Si Substrate 200, 
a fuse layer 202 disposed on the insulating film 201 as an 
interconnection layer of aluminum, polysilicon, or the like, 
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and an insulating film 204 of SiO disposed on the fuse layer. 
When a laser pulse shown in upper areas of FIGS. 2(a) 
through 20d) is applied to the Semiconductor memory fuse 
region, the energy of the applied laser pulse is absorbed by 
the fuse layer 202, whose temperature increases, as shown in 
FIG. 2(a). When the temperature of the fuse layer 202 rises, 
the energy absorption rate of the fuse layer 202 increases, 
resulting in an intensive pressure buildup in the fuse layer 
202. The intensive pressure buildup in the fuse layer 202 
causes the upper insulating film 201 of SiO2 to explode, 
allowing the fuse layer 202 to be vaporized, as shown in 
FIG. 2(b). When any remaining fuse layer is vaporized by 
the energy of a final portion of the laser pulse, the laser pulse 
reaches the lower insulating film of SiO (see FIG. 2(c)), 
which is slightly vaporized (see FIG. 2(d)). The fuse is cut 
off in the manner described above. 

0009. The laser-beam fuse cutting process is usually 
carried out by a mechanism which positions a laser beam 
quickly and highly accurately to a given fuse position in a 
Semiconductor memory chip and applies the laser beam to 
cut off the fuse in the fuse position. The mechanism cuts off 
the fuse based on repairable wafer chip information and 
defective data line address information which have been 
obtained from a preliminary test conducted prior to the 
repairing process. 
0010 Recent highly integrated semiconductor memory 
chips are reduced in size by positioning fuses according to 
design rules which are employed So as to minimize the area 
which is occupied in the memory chip area by the fuses. 
There are strong demands for lowering the cost of the 
Semiconductor memory chips. However, the conventional 
laser-beam fuse cutting proceSS Suffers the following short 
comings: 

0011 (1) The laser-beam fuse cutting process is 
required to selectively blow off only desired fuses in 
a manner to minimize damage to Surrounding and 
lower Silicon Substrate regions. To meet Such a 
requirement, it is necessary to use a laser beam 
having a wavelength which is equal to or longer than 
the infrared wavelength range. Because of the wave 
length limitation, the laser beam spot diameter can 
not be smaller than about 2.5 lum. 

0012 (2) The positioning error of the mechanism for 
positioning a laser beam quickly and highly accu 
rately to a given fuse position in a Semiconductor 
memory chip is determined by the mechanical accu 
racy of the mechanism, and has a practical limit of 
about 0.3 um. 

0013 In view of the above two drawbacks of the con 
ventional laser-beam fuse cutting process, it has been tech 
nically difficult to reduce the interval between fuses in a 
Semiconductor memory chip to a distance of 2 (m or Smaller. 
Therefore, efforts to minimize the area occupied by fuses in 
Semiconductor memory chips have been Subject to limita 
tions. 

0014. In recent semiconductor memories, fuses are 
formed in the same layer as metal interconnections Such as 
of aluminum or the like for the following reasons: 
0015 Semiconductor memories have a plurality of inter 
connection layers with metal interconnections in the upper 
most layer and polysilicon interconnections in the lower 
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most layer. If the lowermost interconnection layer is used as 
a fuse layer, then it is necessary to etch back insulating and 
interconnection layers above the fuse layer in the vicinity of 
fuse regions. Due to variations in the thicknesses of the 
insulating and interconnection layerS and also variations in 
the etchback process, it has been difficult to leave an 
insulating layer of Stable thickness on the fuse layer in the 
environment of multiple interconnection layers. Conse 
quently, fuses are generally formed in the uppermost layer. 
0016. The metal of the uppermost layer has a very high 
reflectance with respect to an infrared laser beam. Light that 
has entered the uppermost layer is absorbed by the Surface 
thereof owing to the skin effect, and cannot reach a lower 
portion of the uppermost layer. For this reason, the power of 
the laser beam needs to be increased in order to cut off fuses 
in the uppermost layer. With the increased laser beam power, 
the layer underneath the uppermost layer tends to be dam 
aged when fuses are cut off. It has thus been highly difficult 
to cut off minute fuses stably with a laser beam. 

SUMMARY OF THE INVENTION 

0.017. It is therefore an object of the present invention to 
provide a method of repairing a Semiconductor memory by 
cutting off fuses which may be spaced at intervals of 2 um 
or Smaller, without causing damage to a layer underneath the 
fuses. 

0.018. Another object of the present invention is to pro 
vide an electron-beam memory repair apparatus and a redun 
dancy memory circuit to which the above method of repair 
ing a Semiconductor memory is applicable. 
0.019 According to a first aspect of the present invention, 
there is provided a method of repairing a Semiconductor 
memory in a Semiconductor memory chip by cutting off 
interconnections if a normal memory cell is defective, 
thereby to connect a redundancy memory cell in the Semi 
conductor memory chip instead of the normal memory cell 
which is defective, comprising the Steps of coating an entire 
Surface of the Semiconductor memory chip with a resist 
layer, exposing the resist layer at regions of the intercon 
nections to an energy beam, developing the exposed resist 
layer to form a resist pattern, and etching the Semiconductor 
memory chip at the regions using the resist pattern as a mask 
for thereby cutting off the interconnections. 
0020. According to a second aspect of the present inven 
tion, there is provided a method of repairing a Semiconduc 
tor memory in a Semiconductor memory chip by forming an 
interconnection if a normal memory cell is defective, 
thereby to connect a redundancy memory cell in the Semi 
conductor memory chip instead of the normal memory cell 
which is defective, comprising the Steps of coating an entire 
Surface of the Semiconductor memory chip with a resist 
layer, exposing the resist layer at a region where the inter 
connection is to be formed, to an energy beam, developing 
the exposed resist layer to form a resist pattern, etching the 
Semiconductor memory chip at the region using the resist 
pattern as a mask, and depositing a deposition material in the 
region for thereby forming the interconnection. 
0021 According to a third aspect of the present inven 
tion, there is provided a method of repairing a Semiconduc 
tor memory in a Semiconductor memory chip by cutting off 
an interconnection and forming an interconnection if a 
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normal memory cell is defective, thereby to connect a 
redundancy memory cell in the Semiconductor memory chip 
instead of the normal memory cell which is defective, 
comprising the Steps of coating an entire Surface of the 
Semiconductor memory chip with a resist layer, exposing the 
resist layer at a first region of the interconnection to an 
energy beam, developing the exposed resist layer to form a 
first resist pattern, etching the Semiconductor memory chip 
at the first region using the first resist pattern as a mask for 
thereby cutting off the interconnection, eXposing the resist 
layer at a Second region where the interconnection is to be 
formed, to an energy beam, developing the exposed resist 
layer to form a Second resist pattern, etching the Semicon 
ductor memory chip at the Second region using the resist 
pattern as a mask, and depositing a deposition material in the 
Second region for thereby forming the interconnection. 

0022. In each of the above methods, the energy beam 
may comprise an electron beam. 

0023. In the methods according to the second and third 
aspects, the redundancy memory cell may be connected by 
an interconnection branched from a data line connected to 
the normal memory cell, the interconnection having a cut-off 
region, and the Step of exposing the resist layer may com 
prise the Step of exposing resist layer at the cut-off region to 
the energy beam, and the Step of depositing a deposition 
material may comprise the Step of depositing the deposition 
material in the cut-off region for thereby connecting the 
interconnection. 

0024. In the methods according to the second and third 
aspects, the deposition material may comprise polysilicon or 
a metal material. 

0025. According to the present invention, there is also 
provided an electron-beam memory repair apparatus to 
which either one of the above methods is applicable, com 
prising a memory tester for detecting a defective memory 
cell in a Semiconductor memory chip on a Semiconductor 
wafer, a repair image pattern generator connected to the 
memory tester, for generating a repair image pattern based 
on information with respect to the defective memory cell 
detected by the memory tester and information with respect 
to fuses and a redundancy memory cell, a stage for Support 
ing the Semiconductor wafer which has been coated with a 
resist layer on an entire Surface thereof and moving the 
Semiconductor wafer two-dimensionally, an electron-beam 
exposure System for applying an electron beam to the 
Semiconductor wafer Supported on the Stage, and a control 
ler for controlling the Stage and the electron-beam exposure 
System based on the repair image pattern generated by the 
repair image pattern generator thereby to form an exposure 
pattern corresponding to the repair image pattern on the 
resist layer. 

0026. According to the present invention, there is further 
provided a redundancy memory cell to which the method 
according to the Second or third aspect is applicable, com 
prising a redundancy memory cell disposed in a Semicon 
ductor memory chip and connected to an interconnection 
branched from a data line of a normal memory cell, the 
interconnection having a cut-off region. 

0027. In the methods described above, the semiconductor 
memory chip is Selectively etched using the resist pattern as 
a mask to cut off or form an interconnection. Since the 
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redundancy memory cell is connected by cutting off the 
interconnection, it is not necessary to use fuses of a con 
ventional shape Suitable for being cut off by a laser beam. 
Because the interconnection is cut off or formed by etching 
or deposition, Substantially no damage is caused to a layer 
beneath the interconnection layer which is cut off or formed. 
0028. The area occupied by a region (fuse region) where 
the interconnection is cut off or formed is determined by the 
diameter of the energy beam used and the accuracy with 
which the Semiconductor memory chip is positioned with 
respect to the energy beam. For example, if the energy beam 
comprises an electron beam, then the resist layer can be 
exposed at a resolution of Submicrons or Smaller, and a 
positional detection accuracy of 0.05 um or leSS can be 
achieved. Therefore, the area occupied by the region where 
the interconnection is cut off or formed is Smaller than the 
area occupied by a fuse in the conventional process whose 
positional detection accuracy has Suffered the practical limit 
of about 0.3 um. According to the present invention, the 
interval (fuse interval) between regions where the intercon 
nection is cut off or formed can be reduced to 0.2 lim. 
0029. In the redundancy memory circuit according to the 
present invention, the redundancy memory cell replaces the 
normal memory cell by connecting the cut-off region of the 
interconnection. The redundancy memory circuit does not 
need a decoder which has heretofore been required to 
replace the normal memory cell with the redundancy 
memory cell only by cutting off fuses. 
0030. With the methods according to the present inven 
tion, it is possible to cut off a fuse (interconnection) without 
damaging a layer underneath the fuse regardless of the 
material of the fuse (interconnection) to be cut off. 
0.031 Inasmuch as it is not necessary to use fuses of a 
conventional shape Suitable for being cut off by a laser 
beam, and the interval (fuse interval) between fuses can be 
reduced to 0.2 um, the area occupied by fuses (interconnec 
tions) to be cut off is Smaller than the area occupied by fuses 
in the conventional process. 
0.032 The electron-beam memory repair apparatus 
according to the present invention offers the above advan 
tages while carrying out the above methods. 
0033. The redundancy memory circuit according to the 
present invention is relatively simple in Structure and can be 
manufactured inexpensively as it does not need a decoder 
which has heretofore been required to replace the normal 
memory cell with the redundancy memory cell only by 
cutting off fuses. 
0034. The above and other objects, features, and advan 
tages of the present invention will become apparent from the 
following description with references to the accompanying 
drawings which illustrate an example of the present inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.035 FIG. 1 is a circuit diagram, partly in block form, a 
general Semiconductor memory in a Semiconductor memory 
chip on a Semiconductor wafer, which includes a redun 
dancy memory circuit having redundancy memory cells, 
0036 FIGS. 2(a) through 2(d) are cross-sectional views 
illustrative of the principles of a laser-beam fuse cutting 
proceSS, 
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0037 FIGS. 3(a) through 3(d) are cross-sectional views 
illustrative of the principles of an electron-beam fuse cutting 
process in a method of repairing a Semiconductor memory 
according to a first embodiment of the present invention; 
0038 FIG. 4 is a block diagram of an electron-beam 
memory repair apparatus to which the method of repairing 
a Semiconductor memory according to the first embodiment 
is applicable; 

0.039 FIGS. 5(a) through 5(e) are cross-sectional views 
illustrative of the principles of an electron-beam fuse con 
necting proceSS in a method of repairing a Semiconductor 
memory according to a Second embodiment of the present 
invention; and 
0040 FIG. 6 is a block diagram of a redundancy memory 
circuit to which the method of repairing a Semiconductor 
memory according to the Second embodiment is applicable. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0041) 1st Embodiment: 
0.042 FIGS. 3(a) through 3(d) are illustrative of the 
principles of an electron-beam fuse cutting process in a 
method of repairing a Semiconductor memory according to 
a first embodiment of the present invention. 
0043. As shown in FIGS. 3(a) through 3(d), a semicon 
ductor memory fuse region comprises an Si Substrate 1, an 
insulating film 2 of SiO disposed on the Si Substrate 1, a 
fuse layer 3 disposed on the insulating film 2 as an inter 
connection layer of aluminum, polysilicon, or the like, and 
an insulating film 4 of SiO disposed on the fuse layer 3. The 
insulating film 4 of SiO is coated with a resist layer 5 on the 
entire Surface of the Semiconductor memory chip, and then 
a given region of the resist layer 5, which corresponds to the 
fuse region, is exposed to an electron beam or a plurality of 
electron beams (see FIG.3(a)), each having a beam spot of 
a rectangular, circular, or other shape. Then, the resist layer 
5 is developed to remove its region corresponding to the fuse 
region, thereby forming a resist pattern 5" (see FIG. 3(b)). 
Using the resist pattern 5" as a mask, the insulating film 4 is 
etched. Then, using the resist pattern 5" and the etched 
insulating film 4 as a mask, the fuse layer 3 is etched (see 
FIG. 3(c)). Thereafter, the resist pattern 5" is removed (see 
FIG. 3(d)). The insulating film 4 and the fuse layer 3 may 
be etched in Separate StepS by respective different etching 
Systems, or at respective etching rates controlled depending 
on etching times or under varying etching conditions by a 
Single etching System. 
0044) In a method of repairing a semiconductor memory 
according to a first embodiment of the present invention, the 
electron-beam fuse cutting process as shown in FIGS. 3(a) 
through 3(d) is employed to cut off fuses thereby to connect 
a redundancy memory circuit in a Semiconductor memory 
chip. For example, as shown in FIG. 1, if the normal 
memory cell connected to the normal data line connected to 
the uppermost logic gate 101a, for example, is defective, 
then the resist layer 5 is exposed to an electron beam at the 
region of the fuse 104a connected to the output of the logic 
gate 101 and the regions of those fuses 104b connected to 
the inputs of the decoder 103 which are connected to the 
address lines that are not shared by the input lines of the 
uppermost logic gate 101a. The resist layer 5 is then 
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developed to form the resist pattern 5" which has rectangular 
or circular patterns corresponding to the exposed regions. 
Using the resist pattern 5" as a mask, the Semiconductor 
memory chip is etched to cut off those fuses 104a, 104b in 
the exposed regions. The normal data line connected to the 
defective memory cell becomes ineffective, and the output 
of the redundancy memory cell 102 to the redundancy data 
line becomes effective. 

004.5 The electron-beam fuse cutting process shown in 
FIGS. 3(a) through 3(d) can be carried out by a known 
electron-beam exposure system. FIG. 4 shows in block form 
an electron-beam memory repair apparatus to which the 
method of repairing a Semiconductor memory according to 
the first embodiment is applicable. 
0046. As shown in FIG. 4, semiconductor wafers 32 are 
housed in a cassette 28 in an automatic loader 27, and placed 
one by one on a two-dimensionally movable Stage 26 in an 
electron-beam exposure optical System barrel 25 for expo 
sure. The electron-beam optical system barrel 25 is com 
bined with a vacuum System 23 which keeps a predeter 
mined vacuum in the electron-beam optical System barrel 
25. The vacuum system 23, the Stage 26, and the automatic 
loader 27 are controlled by a mechanism controller 22. 
0047 The electron-beam optical system barrel 25 houses 
therein a blanker 41, a shaping deflector 42, an auxiliary 
deflector 43, a focus correcting lens 44, and a main deflector 
45, which are controlled by an analog deflection unit 31 
based on signals from a data controller 30. The electron 
beam optical system barrel 25 also houses therein a reflected 
electron detector 46 and a Z-direction detector 47, which 
apply signals to a Signal processor 29 for detecting a 
positional mark on the Semiconductor wafer 32 placed on 
the Stage 26 in order to position the Semiconductor wafer 32 
for exposure to an electron beam. 
0.048. The stage 26 is combined with a laser-beam dis 
tance measuring unit 24 for detecting a distance by which 
the Semiconductor wafer 32 placed on the Stage 26 is 
two-dimensionally moved. The detected distance of two 
dimensional movement of the semiconductor wafer 32 is 
read into a controller 20, which compares the detected 
distance with the position of a repair image pattern and 
Supplies the result of comparison through the data controller 
30 to the analog deflection unit 31. 
0049. A repair image pattern generator 21 determines 
which defective memory cell is to be rescued by a redun 
dancy memory cell based on information of fuse coordinates 
relative to preliminary data lines (or word lines) and infor 
mation (repair data) of defective memory cells from a 
memory tester 40, and generates a repair image pattern 
representative of a fuse region, i.e., an exposure region, 
where fuses are to be cut off thereby to connect the redun 
dancy memory circuit for the memory cell rescue. The 
memory tester 40 is a known tester used in the wafer 
fabrication process. 
0050 Based on the repair image pattern generated by the 
repair image pattern generator 21, the controller 20 controls 
the mechanism controller 22, the Signal processor 29, and 
the data controller 30. 

0051. In the electron-beam memory repair apparatus 
shown in FIG. 4, the resist layer 5 shown in FIG. 3(a) is 
exposed to an electron beam based on the repair image 
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pattern, forming the resist pattern 5". Based on the resist 
pattern 5", fuses are cut off thereby to connect the redun 
dancy memory circuit. 
0052 The electron-beam memory repair apparatus can 
produce a pattern configuration at a resolution of Submicrons 
or less, and has a positional detection accuracy of 0.05 um 
or less. With the method of repairing a Semiconductor 
memory being carried out by the electron-beam memory 
repair apparatus, it is possible to reduce the intervals 
between fuses in the Semiconductor wafer chip shown in 
FIG. 1 to distances much smaller than 2 tim, for example. 
Therefore, the area occupied in the Semiconductor wafer 
chip by the fuses can be reduced, and the cost of the 
Semiconductor wafer chip can also be reduced. 
0053. In the above embodiment, the redundancy memory 
circuit is connected by cutting off fuses in the Semiconductor 
wafer chip. However, the fuses may be dispensed with, and 
the redundancy memory circuit is connected by cutting off 
interconnections in the Semiconductor wafer chip. 
0054 2nd Embodiment: 
0055. In the first embodiment, fuses are cut off to connect 
the redundancy memory circuit. However, fuses that are cut 
offmay be disposed in a Semiconductor wafer chip, and may 
be connected to connect the redundancy memory circuit. 
0056 FIGS. 5(a) through 5(e) illustrative of the prin 
ciples of an electron-beam fuse connecting process in a 
method of repairing a Semiconductor memory according to 
a second embodiment of the present invention. 
0057. As shown in FIGS. 5(a) through 5(e), a semicon 
ductor memory fuse region comprises an Si Substrate 11, an 
insulating film 12 of SiO, a fuse layer 13 having a cut-off 
region 16 having a predetermined width, and an insulating 
film 14 of SiO. The insulating film 14 of SiO is coated 
with a resist layer 15 on the entire surface of the semicon 
ductor memory chip, and then a given region of the resist 
layer 15, which corresponds to the cut-off region 16, is 
exposed to an electron beam. The electron beam should 
preferably be applied to an area wider than the cut-off region 
16. Then, the resist layer 15 is developed to remove its 
region corresponding to the fuse region, thereby forming a 
resist pattern 15' (see FIG. 5(b)). Using the resist pattern 15' 
as a mask, the insulating film 14 is etched (see FIG. 5(c)). 
At this time, it is preferable to overetch the insulating film 
14 down to the insulating film 12 for reliably making an 
electric connection in the cut-off region 16. Thereafter, the 
resist pattern 15" is removed, and polysilicon or a metal 
material Such as aluminum or the like (which can freely be 
Selected depending on the design) is deposited on the Surface 
formed so far by sputtering or CVD (see FIG. 5(d)). 
Thereafter, the assembly is etched back until the insulating 
layer 14 appears except for the area where the polysilicon or 
the metal material is deposited in the cut-off region 16 (see 
FIG. 5(e)). In the above process, the insulating layer 14' is 
Selectively removed using the resist pattern 15' as a mask, 
and the polysilicon or the metal material Such as aluminum 
or the like is selectively deposited in the area from which the 
insulating layer 14" has been removed. The fuse layer 13 is 
now electrically connected across the cut-off region 16. 
0058 According to the second embodiment, the electron 
beam fuse connecting process described above and the 
electron-beam fuse cutting process according to the first 
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embodiment are combined with each other to connect a 
redundancy memory circuit shown in FIG. 6, for example. 
0059 FIG. 6 shows a semiconductor memory in a semi 
conductor memory chip on a Semiconductor wafer. The 
semiconductor memory includes normal memory cells 100 
and an address decoder 101 comprising logic gates 101a 
having respective output lines that are connected respec 
tively to normal data lines through fuses 104a. The semi 
conductor memory also has a redundancy memory circuit 
which includes a redundancy memory cell 102 having a 
redundancy data line connected through fuses 104a' to 
output lines that are connected to the respective normal data 
lines coupled to the logic gates 101a. The fuses 104a' have 
cut-off regions, respectively, which each have Such a width 
as to allow the resist layer 15 to be deposited on the 
insulating layer 14'. 
0060) If the normal memory cell connected to the normal 
data line connected to the uppermost logic gate 101a, for 
example, is defective, then the resist layer 5 is deposited on 
the Semiconductor memory chip and exposed to an electron 
beam at the region of the fuse 104a connected to the output 
of the uppermost logic gate 101. The resist layer 5 is then 
developed to form the resist pattern 5" which has rectangular 
or circular patterns corresponding to the exposed regions. 
Using the resist pattern 5" as a mask, the Semiconductor 
memory chip is etched to cut off the fuse 104a in the exposed 
region. The normal data line connected to the defective 
memory cell becomes ineffective. Thereafter, the resist 
pattern 5" is removed. The above proceSS is the Same as the 
electron-beam fuse cutting process shown in FIGS. 3(a) 
through 3(d). 
0061 Then, the resist layer 15 is deposited on the semi 
conductor memory chip and exposed to an electron beam at 
the region of the fuse 104a' which is connected to the output 
of the decoder 101 a that is connected to the defective 
memory cell. The resist layer 15 is then developed to form 
the resist pattern 15 which has a rectangular or circular 
pattern corresponding to the exposed region. Using the resist 
pattern 15' as a mask, polysilicon or a metal material Such as 
aluminum or the like is deposited on the Surface formed So 
far by sputtering or CVD, thereby connecting the fuse 104a 
at the exposed region. In this manner, the output of the 
redundancy memory cell 102 to the redundancy data line 
becomes effective. The fuse 104a' may be connected before 
the fuse 104a is cut off. 

0062) The electron-beam memory repair apparatus 
shown in FIG. 4 may be employed in the method of 
repairing a Semiconductor memory according to the Second 
embodiment of the present invention. Specifically, the repair 
image pattern generator 21 generates a repair image pattern 
for cutting off a fuse and a repair image pattern for con 
necting a fuse, and the Step of exposing the resist layer 5 as 
shown in FIG.3(a) and the step of exposing the resist layer 
15 as shown in FIG. 5(a) are carried out based on those 
repair image patterns for thereby forming the resist patterns 
5", 15'. Using the resist patterns 5", 15" as masks, the fuses are 
cut off and connected for thereby connecting the redundancy 
memory circuit. 
0.063. The method of repairing a semiconductor memory 
according to the Second embodiment is applicable to the 
redundancy memory circuit as shown in FIG. 6. Since the 
redundancy memory circuit as shown in FIG. 6 does not 
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need the decoder 103 shown in FIG. 1 for redundancy 
memory circuit Switching, the cost of the Semiconductor 
memory chip may be lower than the cost of the Semicon 
ductor memory chip according to the first embodiment. 
0064. In the second embodiment, the connection of a fuse 
and the cutting-off of a fuse are combined with each other 
for connecting the redundancy memory circuit, the redun 
dancy memory circuit may be connected only by connecting 
a fuse. In Such a modification, however, the Semiconductor 
memory is arranged to make the defective memory cell 
ineffective by connecting the fuse. 
0065. In the second embodiment, the redundancy 
memory circuit is connected by connecting a fuse which has 
been cut off in the Semiconductor memory chip. However, 
interconnections with cut-off regions be used instead of 
fuses with cut-off regions. Moreover, the redundancy data 
line connected to the redundancy memory cell 102 shown in 
FIG. 6 may be dispensed with, and, when a defective 
memory cell is found, a redundancy data line may be 
connected to the redundancy memory cell 102 according to 
the process shown in FIGS. 5(a) through 5(e). 
0066. In each of the first and second embodiments, the 
resist layer is exposed to the electron beam. However, an ion 
beam, a short-wavelength far-ultraViolet laser beam for 
exposure, etc. may be used in the method of repairing a 
Semiconductor memory. 
0067. Devices to which the method of repairing a semi 
conductor memory according to the present invention is 
applicable are not limited to independent Semiconductor 
memory devices as shown. However, the method of repair 
ing a Semiconductor memory according to the present inven 
tion is also applicable to memory devices incorporated in 
logic devices. 
0068 The method of repairing a semiconductor memory 
according to the present invention is also applicable to 
various redundancy circuits other than the redundancy cir 
cuits shown in FIGS. 1 and 6. 

0069. While a preferred embodiment of the present 
invention has been described using Specific terms, Such 
description is for illustrative purposes only, and it is to be 
understood that changes and variations may be made with 
out departing from the Spirit or Scope of the following 
claims. 

What is calimed is: 
1. A method of repairing a Semiconductor memory in a 

Semiconductor memory chip by cutting off interconnections 
if a normal memory cell is defective, thereby to connect a 
redundancy memory cell in the Semiconductor memory chip 
instead of the normal memory cell which is defective, 
comprising the Steps of: 

coating an entire Surface of Said Semiconductor memory 
chip with a resist layer; 

exposing the resist layer at regions of the interconnections 
to an energy beam; 

developing the exposed resist layer to form a resist 
pattern; and 

etching Said Semiconductor memory chip at Said regions 
using Said resist pattern as a mask for thereby cutting 
off the interconnections. 
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2. A method of repairing a Semiconductor memory in a 
Semiconductor memory chip by forming an interconnection 
if a normal memory cell is defective, thereby to connect a 
redundancy memory cell in the Semiconductor memory chip 
instead of the normal memory cell which is defective, 
comprising the Steps of: 

coating an entire Surface of Said Semiconductor memory 
chip with a resist layer; 

exposing the resist layer at a region where the intercon 
nection is to be formed, to an energy beam; 

developing the exposed resist layer to form a resist 
pattern; 

etching Said Semiconductor memory chip at Said region 
using Said resist pattern as a mask, and 

depositing a deposition material in Said region for thereby 
forming the interconnection. 

3. A method of repairing a Semiconductor memory in a 
Semiconductor memory chip by cutting off an interconnec 
tion and forming an interconnection if a normal memory cell 
is defective, thereby to connect a redundancy memory cell 
in the Semiconductor memory chip instead of the normal 
memory cell which is defective, comprising the Steps of 

coating an entire Surface of Said Semiconductor memory 
chip with a resist layer; 

exposing the resist layer at a first region of the intercon 
nection to an energy beam; 

developing the exposed resist layer to form a first resist 
pattern; 

etching Said Semiconductor memory chip at Said first 
region using Said first resist pattern as a mask for 
thereby cutting off the interconnection; 

exposing the resist layer at a Second region where the 
interconnection is to be formed, to an energy beam; 

developing the exposed resist layer to form a Second resist 
pattern; 

etching Said Semiconductor memory chip at Said Second 
region using Said resist pattern as a mask, and 

depositing a deposition material in Said Second region for 
thereby forming the interconnection. 

4. A method according to claim 1, wherein Said energy 
beam comprises an electron beam. 

5. A method according to claim 2, wherein Said energy 
beam comprises an electron beam. 

6. A method according to claim 3, wherein Said energy 
beam comprises an electron beam. 

7. A method according to claim 2, wherein Said redun 
dancy memory cell is connected by an interconnection 
branched from a data line connected to the normal memory 
cell, Said interconnection having a cut-off region, and 
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wherein Said Step of exposing Said resist layer comprises the 
Step of exposing resist layer at Said cut-off region to Said 
energy beam, and Said Step of depositing a deposition 
material comprises the Step of depositing the deposition 
material in Said cut-off region for thereby connecting the 
interconnection. 

8. A method according to claim 3, wherein Said redun 
dancy memory cell is connected by an interconnection 
branched from a data line connected to the normal memory 
cell, Said interconnection having a cut-off region, and 
wherein Said Step of exposing Said resist layer at Said Second 
region comprises the Step of exposing resist layer at Said 
cut-off region to Said energy beam, and Said Step of depos 
iting a deposition material comprises the Step of depositing 
the deposition material in Said cut-off region for thereby 
connecting the interconnection. 

9. A method according to claim 2, wherein Said deposition 
material comprises polysilicon or a metal material. 

10. A method according to claim 3, wherein Said deposi 
tion material comprises polysilicon or a metal material. 

11. An electron-beam memory repair apparatus to which 
a method of repairing a Semiconductor memory according to 
any of claims 1 through 6 is applicable, comprising: 

a memory tester for detecting a defective memory cell in 
a Semiconductor memory chip on a Semiconductor 
wafer; 

a repair image pattern generator connected to Said 
memory tester, for generating a repair image pattern 
based on information with respect to the defective 
memory cell detected by said memory tester and infor 
mation with respect to fuses and a redundancy memory 
cell; 

a stage for Supporting Said Semiconductor wafer which 
has been coated with a resist layer on an entire Surface 
thereof and moving Said Semiconductor wafer two 
dimensionally; 

an electron-beam exposure System for applying an elec 
tron beam to Said Semiconductor wafer Supported on 
Said Stage, and 

a controller for controlling Said Stage and Said electron 
beam exposure System based on the repair image 
pattern generated by Said repair image pattern generator 
thereby to form an exposure pattern corresponding to 
Said repair image pattern on Said resist layer. 

12. A redundancy memory circuit to which a method of 
repairing a Semiconductor memory according to claim 2, 3, 
or 5 is applicable, comprising: 

a redundancy memory cell disposed in a Semiconductor 
memory chip and connected to an interconnection 
branched from a data line of a normal memory cell, Said 
interconnection having a cut-off region. 
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