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A fuse is programmed by being Supplied with a current. The 
(21) Appl. No.: 09/874,208 fuse is connected to a thyristor. A control circuit is connected 

to the gate of the thyristor. The control circuit turns the 
(22) Filed: Jun. 6, 2001 thyristor ON to allow the fuse to be programmed. 
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FUSE PROGRAMMING CIRCUIT FOR 
PROGRAMMING FUSES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from the prior Japanese Patent Applica 
tions No. 2000-173718, filed Jun. 9, 2000; and No. 2001 
140279, filed May 10, 2001, the entire contents of both of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a fuse program 
ming circuit applied to a redundancy circuit for, for example, 
a Semiconductor memory device and adapted to program 
fuses and antifuses to Store defective addresses. 

0003. The semiconductor memory devices have been 
made higher in integration density and larger in capacity size 
and it has, therefore, been difficult to manufacture Semicon 
ductor chips in a defect-free State. For this reason, a redun 
dancy circuit has normally been provided in the Semicon 
ductor chip to remedy defects. The redundancy circuit has a 
plurality of Spare cells, for example, in a word line unit or 
in a bit line unit. In the case where any defective cell is 
present in the portion of the Semiconductor chip, it is Saved 
by replacing the defective cell with a spare cell. It is, 
therefore, possible to improve the yield of Semiconductor 
chips and wafers. 
0004. The redundancy circuit has a fuse for storing any 
defective address. Conventionally, as Such a fuse, use has 
been made of a laser fuse programmed by a laser beam. In 
recent times, there has been a tendency toward using a 
current cut-off type fuse programmed by cutting off its 
current path by being Supplied with a current as well as a 
current short-circuiting type antifuSe programmed by Short 
circuiting its current path by being Supplied with a current. 
In order to program the current cut-off type and current 
Short-circuiting type fuses, it is necessary to flow a relatively 
large current of about 10 mA under a high Voltage of about 
10V. The programming of such a fuse is described, for 
example, J. S. Choi, et al., “Antifuse EPROM Circuit for 
Field Programmable DRAM”, ISSCC Digest of Technical 
Papers, pp. 406-407. 
0005 Further, the redundancy circuit has many fuses. A 
decoder and Switch circuit adapted to be turned ON/OFF in 
accordance with an output signal of the decoder are So used 
as to Select a fuse to be programmed from a plurality of 
fuses. Upon being Supplied with a fuse address Signal, the 
decoder produces an output signal for Selecting one of a 
plurality of fuses in accordance with the fuse address Signal. 
In this case, a corresponding Switch circuit is turned ON, SO 
that a high Voltage/large current is Supplied to a fuse 
connected to the Switch circuit to allow the fuse to be 
programmed. 

0006 Incidentally, a high number of fuses have been used 
due to the tendency towards a higher capacity of the Semi 
conductor memory device and a high number of Switch 
circuits are used to Select Such fuses. 

0007 Further, in the conventional redundancy circuit, the 
Switch circuit is comprised of a MOSFET and bipolar 
transistor. The MOSFET and bipolar transistor are made 
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larger in size So as to control the high Voltage/large current 
involved. In the case where many Switch circuits are con 
figured by the MOSFETs and bipolar transistors, a larger 
Space is required to arrange Such Switch circuits. In the case 
where, in order to prevent an increase in chip area, the 
MOSFET and bipolar transistor in the Switch circuit are 
made Smaller in size than normal, it is difficult to flow a high 
Voltage/large current for programming the fuse. It is, there 
fore, not possible to positively program the fuse involved. 
This causes a fall in yield. 

BRIEF SUMMARY OF THE INVENTION 

0008. It is accordingly the object of the present invention 
to provide a fuse programming circuit which can prevent an 
increase in chip area and positively program fuses. 
0009. The object of the present invention is achieved by 
the following circuit. 
0010 That is, the fuse programming circuit comprises a 
fuse programmed by being Supplied with a current; a thy 
ristor having a current path and gate electrode, one end of the 
current path of the thyristor being connected to the fuse; and 
a control circuit connected to the gate electrode of the 
thyristor, the control circuit being programmed by turning 
the thyristor ON. 
0011. The object of the present invention is achieved by 
the following circuit. 
0012 That is, the fuse programming circuit comprises a 
fuse having first and Second ends and programmed in 
accordance with a current Supplied, the first end being 
connected to a first power Supply; a thyristor having first and 
Second electrodes and gate electrode, the first electrode 
being connected to the Second end of the fuse and the Second 
electrode being connected to a Second power Supply lower 
in potential than the first power Supply; and a control circuit 
having an input terminal Supplied with an input signal and 
an output terminal connected to the gate electrode of the 
thyristor, the control circuit generating a control Signal in 
accordance with the input signal which is Supplied to the 
gate electrode of the thyristor to turn the thyristor ON. 
0013 Further, the object of the invention is achieved by 
the following circuit. 
0014) That is, the fuse programming circuit comprises a 
plurality of fuses having first and Second ends and pro 
grammed in accordance with a current Supplied, the first end 
of the respective fuse being connected to a first power 
Supply, a plurality of thyristors having first and Second 
electrodes and first and Second gate electrodes, the first 
electrode of the respective thyristor being connected to the 
Second end of the corresponding fuse and the Second elec 
trode being connected to a Second power Supply lower in 
potential than the first power Supply; and a control circuit 
having an input terminal Supplied with an input signal and 
a plurality of output terminals connected to the first and 
Second gate electrodes of the respective thyristor, the control 
circuit generating a control Signal for Selecting one of these 
thyristors in accordance with the input Signal. 
0015 The present invention can be applied to a fuse 
whose current path is cut off in accordance with a current 
Supplied or an antifuse whose current path is short-circuited 
in accordance with a current Supplied. 
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0016. According to the present invention, the fuse is 
programmed with the use of a thyristor. This thyristor, 
though being smaller in size than the MOSFET and bipolar 
transistor, can control a high Voltage/large current and, 
therefore, it can prevent the necessity to increase the chip 
area and being able to positively program fuses. 
0017 Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0.018. The accompanying drawings, which are incorpo 
rated in and constitute a part of the Specification, illustrate 
presently preferred embodiments of the invention, and 
together with the general description given above and the 
detailed description of the preferred embodiments given 
below, Serve to explain the principles of the invention. 
0.019 FIG. 1 is a circuit diagram showing a first embodi 
ment of the present invention; 
0020 FIG. 2 is a cross-sectional view showing one 
practical form of a thyristor shown in FIG. 1; 
0021 FIG. 3 is a cross-sectional view showing another 
practical form of a thyristor shown in FIG. 1; 
0022 FIG. 4 is an equivalent circuit diagram showing 
the thyristor shown in FIGS. 2 and 3; 
0023 FIG. 5 is a timing chart showing the operation of 
the circuit shown in FIG. 1; 
0024 
decoder, 

FIG. 6A is a view showing the practical form of a 

0.025 FIG. 6B is a circuit diagram showing one practical 
form of a signal generation circuit shown in FIG. 6A and 
0026 FIGS. 6C and 6D, each, are one form of a tri-state 
buffer shown in FIG. 6A; 
0.027 FIG. 7 is a timing chart showing the operation of 
the tri-state buffer shown in FIG. 6A, 
0028 FIG. 8 is a circuit diagram showing a second 
embodiment of the present invention; 
0029 FIG. 9 is a timing chart showing the operation of 
the embodiment shown in FIG. 8: 
0030 FIG. 10 is a circuit diagram showing a third 
embodiment of the present invention; 
0.031 FIG. 11 is a timing chart showing the operation of 
the embodiment shown in FIG. 10; 
0.032 FIG. 12 is a circuit diagram showing a fourth 
embodiment of the present invention; and 
0.033 FIG. 13 is a timing chart showing the operation of 
the embodiment shown in FIG. 12. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0034. The embodiments of the present invention will be 
described below with reference to the accompanying draw 
ing. 

Dec. 13, 2001 

0035) (First Embodiment) 
0036 FIG. 1 shows a first embodiment of the present 
invention and shows a fuse Selection circuit using thyristors 
as a Switch circuit. For example, a high potential Vp is 
supplied to a first node N1 and current cut-off type fuses F1, 
F2, ..., Fn are connected at their one end to the first node 
N1. These fuses F1, F2 and Fn are formed of, for example, 
polysilicon or metal. Those thyristors SR1, SR2, ... , SRn, 
are connected respectively between their corresponding 
other ends of the fuses F1, F2, ..., Fn and a second node 
N2 to provide the Switch circuit. A potential Vb lower than 
the high potential Vp is supplied to the second node N2. The 
thyristors SR1, SR2, ..., SRn, each, have an anode terminal 
A, cathode terminal C and gate terminals G1, G2. The anode 
terminal A of each of these thyristorS is connected to the 
corresponding other end of the corresponding fuse and the 
cathode terminal C of the respective thyristor is connected to 
the second node N2. 

0037 For example, a fuse address signal FADD is Sup 
plied to the input terminal of a decoder 11. The decoder 11 
generates control signals G11 to G1n, G21 to G2n for 
selecting the thyristors SR1, SR2, . . . , SRn in accordance 
with a fuse address signal FADD. These control signals G11 
to G1n and G21 to G2n are Supplied to the corresponding 
gates G1, G2 of the respective thyristors. Of these thyristors 
SR1, SR2, ..., SRn, one is selected by the control signals 
G11 to G1n and G21 to G2n from the decoder 11 and turned 
ON. 

0038 FIG. 2 shows one practical form of the above 
mentioned thyristor. This thyristor 20 is so formed as to 
have, for example, a twin well Structure. That is, this 
Structure has a p type well 22 and n type well 23 in ap type 
substrate 21. A p" diffusion layer 24 and n diffusion layer 
25 are formed in a surface portion of the p type well 22 and 
a p" diffusion layer 26 and n diffusion layer 27 are formed 
in the surface portion of the n type well 23. The above 
mentioned anode terminal A and gate terminal G1 are 
connected to the p" diffusion layer 26 and n diffusion layer 
27, respectively. And the above-mentioned gate terminal G2 
and cathode terminal C are connected to the p" diffusion 
layer 24 and n diffusion layer 25, respectively. 
0039. As set out above, the thyristor 20 of the twin well 
structure can be formed by an ordinary CMOS process. It is, 
therefore, not necessary to change the manufacturing pro 
ceSS of a Semiconductor memory device. In order to prevent 
any adverse effect, Such as a latch-up, from occurring at an 
area other than the fuse Selection circuit through the injec 
tion of a minority carrier in the p type well 22 into the 
Substrate, it is only necessary to adopt a triple well Structure. 
0040 FIG. 3 shows a practical form of a thyristor of a 
triple well structure. In this thyristor 30, an in type well 32 
is formed in a p type substrate 31 and a p type well 33 is 
formed in the n type well32. A p" diffusion layer 34 and n' 
diffusion layer 35 are formed in a surface portion of the p 
type well 33 and a p" diffusion layer 36 and n diffusion 
layer 37 are formed in the surface portion of then type well 
32. 

0041. The above-mentioned anode terminal A and gate 
terminal G1 are connected to the p" diffusion layer 36 and 
n" diffusion layer 37, respectively, and the above-mentioned 
gate terminal G2 and cathode terminal C are connected to 
the p" diffusion layer 34 and n diffusion layer 35, respec 
tively. 
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0.042 By forming such p type well 33 in the n type well 
32 it is possible to prevent the diffusion of the minority 
carrier of the p type well 33 into the substrate 31 and, thus, 
to prevent the occurrence of latch-up at an area other than 
the fuse Selection circuit. 

0.043 FIG. 4 shows an equivalent circuit of the thyristors 
20 and 30 shown in FIGS. 2 and 3, the same reference 
numerals being employed to designate parts or elements 
corresponding to those shown in FIGS. 1 to 3. The thyristors 
20, 30 provide a positive feedback circuit comprised of a 
pnp transistor 41 and npn transistor 42. The thyristors 20, 30 
are Such that, in an Off State, a resistive value between the 
anode terminal A and the cathode terminal C is very great. 
For this reason, no current flows between the anode terminal 
A and the cathode terminal C. When a charge is injected 
from the gate terminals G1, G2, the thyristor is turned ON, 
thus flowing a current between the anode terminal A and the 
cathode terminal C. 

0044) The operation of the circuit shown in FIG. 1 will 
be explained below with reference to FIG. 5. In the case 
where, for example, the fuse F1 is to be cut off, the decoder 
11 turns the thyristor SR1 ON in accordance with the fuse 
address signal FADD. That is, in this case, the control 
signals G11, G21 are outputted from the decoder 11. The 
control Signal G11 is Set to a potential Vp, for example, at 
an unselected time and to a potential VG1 at a Selected time. 
This potential VG1 is lower by, for example, about 1V than 
the potential Vp So as to allow the minority carrier to be fully 
injected between the base and the emitter of the pnp tran 
sistor. The control signal G21 is set to a potential Vb at an 
unselected time and to a potential VG2 at a Selected time. 
The potential VG2 is higher by, for example, about 1V than 
the potential Vb so as to allow the minority carrier to be fully 
injected between the base and the emitter of the npn tran 
Sistor. 

0045. When the thyristor SR1 is turned ON in accordance 
with the control Signals G11, G21, then a high Voltage/large 
current is supplied to the fuse F1 through the thyristor SR1 
to cut off the fuse F1. When the fuse F1 is cut off, the current 
path of the thyristor SR1 is opened, thus returning the 
thyristor SR1 back to an OFF state automatically. In the case 
where the fuse F2 is programmed, the same operation as that 
of the thyristor SR1 is performed on the thyristor SR2. 

0046. After the above-mentioned thyristor SR1 is turned 
ON, it is not necessary for the decoder 11 to control the 
thyristor SR1. Rather it is preferable that the output end of 
the decoder 11 be put to a high impedance (hi-Z) State So as 
not to allow a DC current to flow between the decoder 11 and 
the thyristor SR1. By doing so, it is possible to supply a full 
current to the thyristor. The hatched areas shown in FIG. 5 
show the periods in which the decoder 11 is put in the high 
impedance State. After this, the control Signals G11 and G21 
are returned back to the potentials Vp and Vb, respectively. 

0047. In order to put the output end of the decoder 11 in 
the high impedance State it is only necessary that a tri-State 
buffer be provided to the output end of the decoder 11. 
0.048 FIG. 6A shows one practical form of the decoder 
11. This decoder 11 has an in number of AND circuits 72 in 
a decode section. Of the fuse address signals FADD, a bit 
Signal and fuse program Signal PRG which Select a corre 
sponding fuse are Supplied to the input terminals of the AND 
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circuits 72. The output terminal of the respective AND 
circuit is connected to the input terminal of a corresponding 
Signal generation circuit 71. The respective Signal genera 
tion circuit 71 generates signals IN1 and IN2 in accordance 
with the output signal of the AND circuit 72. Tri-state 
buffers (TSB) 60, 65 are connected to the output terminals 
of the respective signal generation circuit 71. The tri-State 
buffers 60 output control signals G11 to G1n in accordance 
with signals IN1 and IN2. The tri-state buffers 65 output 
control Signals G21 to G2n in accordance with the Signals 
IN1, IN2 supplied from the signal generation circuit 71. 

0049. The signal generation circuit 71 and tri-state buff 
ers 60, 65 corresponding to the control signals G11, G21 and 
signal generation circuits 71 and tri-state buffers 60, 65 
corresponding to the control Signals G12, G22 to G1n, G2n 
have the same Structure. For this reason, the actual layout of 
the signal generation circuit 71 and tri-state buffers 60, 65 
corresponding to the control signals G11, G21 will be 
explained below. 

0050 FIG. 6B shows one practical form of the signal 
generation circuit 71. In this signal generation circuit 71, a 
decode output signal D0 supplied from the AND circuit 72 
is supplied to the input terminal of an inverter circuit 73. An 
inverter circuit 74 is connected in series with the output of 
the inverter circuit 73. The above-mentioned signal IN1 is 
outputted from the output terminal of the inverter circuit 74. 
Further, the above-mentioned decode output signal D0 is 
supplied to one input terminal of a NAND circuit 75 and to 
an input terminal of a delay circuit 76. This delay circuit 76 
is comprised of, for example, four Series-connected inverter 
circuits and has a delay time t1. The output terminal of the 
delay circuit 76 is connected to the other input terminal of 
the NAND circuit 75. The output terminal of this NAND 
circuit 75 is connected to the input terminal of an inverter 
circuit 77 and the above-mentioned signal IN2 is outputted 
from the output terminal of the inverter circuit 77. 
0051 FIG. 6C shows one practical form of a tri-state 
buffer. A series circuit of a p channel MOS transistor 61 and 
n channel MOS transistor 62 is connected between those 
nodes Supplied with the above-mentioned potential Vp and 
potential VG1. And, the above-mentioned control Signal 
G11 is outputted from a connection node between these 
MOS transistors 61 and 62. A signal IN1 from the signal 
generation circuit 71 is supplied to the gate of the MOS 
transistor 61 and to one input terminal of a NOR circuit 64 
through an inverter circuit 63. A signal IN2 from the signal 
generation circuit 71 is Supplied to the other input terminal 
of the NOR circuit 64. The output terminal of the NOR 
circuit 64 is connected to the gate of the transistor 62. 

0.052 FIG. 6D is one practical form of the above-men 
tioned tri-state buffer 65. In the tri-state buffer 65, a series 
circuit of a p channel MOS transistor 66 and n channel MOS 
transistor 67 is connected between the above-mentioned 
potential VG2 and a node to which a potential Vb is 
Supplied. The above-mentioned control Signal G21 is out 
putted from a connection node between these transistorS 66 
and 67. The signal IN2 from the signal generation circuit 71 
is Supplied through an inverter circuit 68 to one input 
terminal of a NAND circuit 69. A signal IN1 from the signal 
generation circuit 71 is Supplied to the other input terminal 
of the NAND circuit 69. The output terminal of the NAND 
circuit 69 is connected to the gate of the transistor 66. 
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Further, the above-mentioned signal IN1 is supplied through 
an inverter circuit 70 to the gate of the transistor 67. 
0.053 FIG. 7 is a timing chart showing the operations of 
the above-mentioned signal generation circuit 71 and tri 
state buffers 60, 65. At a non-programming time of the fuse, 
a fuse programming Signal PRG is Set to a low level. Thus, 
the output signal of the AND circuit 72 shown in FIG. 6A 
is set to a low level and the output signal IN1, IN2 of the 
Signal generation circuit 71 are set both to low levels. In the 
tri-state buffer 60, therefore, the transistor 61 is turned ON 
and the transistor 62 is turned OFF, so that the control signal 
G11 is set to the potential Vp. In the tri-state buffer 65, the 
transistor 67 is turned ON and the transistor 66 is turned 
OFF, so that the control signal G21 is set to the potential Vb. 
0.054 When, in this state, the fuse program signal PRG is 
Set to a high level and a bit signal corresponding to the fuse 
address signal FADD for selecting a fuse F1 is set to a high 
level, then the decoder output signal D0 of the AND circuit 
72 shown in FIG. 6A is set to a high level. In this state, the 
signal IN1 outputted from the inverter circuit 74 in the signal 
generation circuit 71 is Set to a high level. Then, in the 
tri-state buffer 60, the transistor 61 is turned OFF and the 
transistor 62 is turned ON. Therefore, the output signal G11 
of the tri-state buffer 60 is set to a potential VG1 lower than 
the potential Vp by about 1.V. In the tri-state buffer 65, the 
transistor 67 is turned OFF and transistor 66 is turned ON. 
For this reason, the output signal G21 of the tri-state buffer 
65 is raised to the potential VG2 higher than the potential Vb 
by about 1.V. 
0055) If, after this, a delay time t1 elapses in the delay 
circuit 76 of the signal generation circuit 71, then the level 
of the output signal of the delay circuit 76 becomes high. For 
this reason, the level of the output terminal of the NAND 
circuit 75 becomes low level and the level of the output 
signal of the inverter circuit 77 becomes high. Then, the 
level of the output signal of the NOR circuit 64 in the 
tri-state buffer 60 becomes low and the transistor 62 is 
turned OFF. Thus, the connection node between the transis 
tor 61 and the transistor 62 is put in a high impedance State. 
And, the level of the output signal of the NAND circuit 69 
in the tri-state buffer 65 becomes high in accordance with the 
high level signal IN2. Therefore, the transistor 66 is turned 
OFF and the connection node between the transistors 66 and 
67 is put in a high impedance State. 

0056. In this way, the output end of the decoder 11 
corresponding to the thyristor for which a given fuse has 
been programmed is put in a high impedance State. Thus it 
is possible to prevent current from flowing between the 
thyristor and the decoder 11. 
0057 According to the first embodiment, it is possible to 
program a desired fuse by using the thyristor as a Switch 
circuit. In comparison with the case where, as in the prior art, 
use is made of MOSFETs and bipolar transistors, the thy 
ristor has an advantage in that, with a Small size, it can flow 
a high Voltage/large current through the fuse. 

0.058. In the case where the fuse is programmed with the 
thyristor ON, the output end of the decoder 11 is put in to a 
high impedance State. For this reason, it is possible to 
prevent a DC current flow between the decoder 11 and the 
thyristor, and hence to Supply a full current to the fuse. AS 
a result, it is possible to positively program the fuse. 
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0059 (Second Embodiment) 
0060 FIG. 8 shows a second embodiment of the present 
invention with the Same reference numerals employed to 
designate parts or elements corresponding to those shown in 
FIG. 1 and an explanation made only about those different 
portions. In this Second embodiment, an antifuSe is used as 
a current short-circuiting type fuse. That is, antifuses AF1, 
AF2, ..., AFn, each, are connected between a first node N1 
Supplied with a potential Vp and an anode terminal A of a 
corresponding one of thyristors SR1, SR2, . . . , SRn. The 
antifuses AF1, AF2, ..., AFn, have Substantially the same 
Structure as that of a Storage capacitor, for example, in a 
DRAM and are manufactured by the same process as that of 
the Storage capacitor. The antifuse, being programmed, 
allows a continued flow of current. It is, therefore, necessary, 
unlike the current cut-off type fuse, to make control under 
which the thyristor is turned OFF. For this reason, a buffer 
is needed to draw off a minority carrier and, as this buffer, 
for example, a tri-State buffer is preferable. 
0061 FIG. 9 is a timing chart showing the operation of 
FIG.8. In the case where the fuse AF1 for example is to be 
cut off, a decoder 11 turns the thyristor SR1 ON in accor 
dance with the phase address signal FADD. That is, in this 
case, control Signals G11, G21 are outputted from the 
decoder 11. For example, the control Signal G11 is Set to a 
potential Vp at an unselected time and to a potential VG1 at 
a selected time which is lower than the potential Vp by, for 
example, about 1 V. Further, the control signal G21 is set to 
a potential Vb at an unselected time and to a potential VG2 
at a select time which is higher than the potential Vb by, for 
example, about 1 V. 
0062) When the thyristor SR1 is turned ON in accordance 
with control Signals G11, G21, a high Voltage/large current 
is supplied to the fuse AF1 through the thyristor SR1 and the 
fuse AF1 is programmed. When the fuse AF1 is programmed 
and current path is short-circuited, then a continuous current 
flows through the thyristor SR1. For this reason, the thyristor 
SR1 is rendered OFF by the control signals G11, G21 from 
the decoder 11. That is, with the control signal G11 from the 
decoder 11 represented by the potential Vp and the control 
signal G21 from the decoder 11 represented by the potential 
Vb, a minority carrier of the thyristor SR1 is eliminated from 
the gates G1, G2 and the thyristor SR1 is turned OFF. 
0063. According to the second embodiment of the present 
invention, the same advantage as that of the first embodi 
ment can be obtained with the use of the antifuse. 

0064) (Third Embodiment) 
0065 FIG. 10 shows a third embodiment of the present 
invention with the Same reference numerals employed to 
designate parts or elements corresponding to those shown in 
FIG. 8 and an explanation is only given regarding the 
portions which are different. 
0066. In connection with the second embodiment, the 
case of eliminating the minority carrier of the thyristor from 
the gate so as to turn the thyristor OFF has been explained 
above. In this case, however, in order to draw out the 
minority carrier, a buffer 60 is necessary. Therefore, the size 
of the resultant decoder 11 is increased. In the third embodi 
ment, on the other hand, instead of turning the thyristor OFF 
by the decoder 11, the thyristor is turned OFF with the use 
of a Switch different from the decoder 11. 
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0067. That is, in FIG. 10, a switch SW is connected 
between one end side of antifuses AF1, AF2, ..., AFn, and 
a first node N1 to which a potential Vp is supplied. This 
Switch SW is comprised of, for example, one MOS transistor 
and controlled by a signal SC. This signal SC may be 
generated using, for example, a timer circuit not shown or 
Supplied from an outside of the Semiconductor memory 
device. 

0068 FIG. 11 is a timing chart showing an operation of 
FIG. 10. In FIG. 11, the thyristor is turned ON in the same 
way as in FIG. 9. In this case, the switch SW is turned ON. 
This turns, for example, the thyristor SR1ON and the output 
end of the decoder 11 is put in a high impedance State, So that 
the antifuse AF1 is programmed. After this, the Switch SW 
is turned OFF at a fully programmed timing. 
0069. For this reason, a power supply to the thyristor SR1 
is blocked, thus turning the thyristor SR1 OFF. By providing 
the Switch SW, the decoder 11 need not draw out the 
minority carrier of the thyristor from the gate. 
0070 According to the third embodiment, the switch SW 

is provided between the first power supply node N1 and the 
antifuses AF1, AF2, ..., AFn and, after the AF1, AF2, .. 
... , AFn, have been programmed, turned OFF, so that the 
thyristor is turned OFF. For this reason, the decoder 11 need 
not draw out the minority carrier of the thyristor from the 
gate. Thus, without enlarging the size of the transistors 
(transistors 61, 62 in FIG. 6C) in a tri-state buffer in the 
decoder 11, it is possible to positively turn the thyristor OFF. 
0071. Further it is only necessary to provide one Switch 
SW for a plurality of fuses and it is possible to prevent the 
chip size from being enlarged. 

0072 (Fourth Embodiment) 
0073 FIG. 12 shows a fourth embodiment of the present 
invention with the Same reference numerals employed to 
designate parts or elements corresponding to those in FIG. 
3 and an explanation made about different portions only. 
0074) In the third embodiment, the switch SW has been 
provided between the thyristors and the first power supply 
node N1 supplied with a high potential Vp and the thyristor 
is turned OFF by being disconnected from the first power 
supply node N1. Therefore, a potential on the first node N1 
varies greatly by turning the Switch SW ON or OFF. 
Normally, the high potential Vp for programming the fuses 
is generated by boosting a power Supply Voltage by a pump 
circuit provided in a Semiconductor memory device. Further, 
as a low potential Vb use is often made of a ground potential 
VSS. In order to Stabilize the operation of the pump circuit, 
it is desirable that the high potential Vp be Suppressed from 
being charged or discharged to ensure a stable operation. 

0075). In the fourth embodiment, as shown in FIG. 12, a 
Switch SW is connected between a cathode terminal C side 
of thyristors SR1, SR2, . . . , SRn and a second node N2 
supplied with a low potential Vb. Further, between a first 
node N1 and ground, a capacitor C1 is connected to Stabilize 
a first node N1. 

0.076 FIG. 13 is a timing chart showing the operation of 
a circuit of FIG. 12. In FIG. 13, the thyristor is so turned ON 
as in the case of FIGS. 9 and 11. At this time, the Switch SW 
is turned ON. For this reason, for example, the thyristor SR1 
is turned ON and, when the output end of the decoder 11 is 
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put in a high impedance State, an antifuSe AF1 is pro 
grammed. After this, the Switch SW is turned OFF at a fully 
programmed timing of the antifuSe AF1. For this reason, a 
power supply to the thyristor SR1 is blocked, thus turning 
the thyristor SR1 OFF. At this time, a potential on the 
cathode terminal C of the thyristor SR 1 varies but a potential 
Vp on the first node N1 only slightly varies. 
0077 According to the fourth embodiment, the Switch 
SW is provided between the cathode terminals C of the 
thyristors SR1, SR2, ..., SRn and the second power supply 
node N2 and, after the antifuses AF1, AF2, ..., AFn, are 
programmed, the Switch SW is turned OFF, thus turning the 
thyristor OFF. Therefore, the decoder 11 need not draw out 
a minority carrier of the thyristor from the gate and it is 
possible to positively turn the thyristor OFF without enlarg 
ing the size of the decoder 11. Since it is possible to Suppress 
a potential variation on the first power Supply node, the 
pump circuit operates in a stable fashion. 
0078. Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the Specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the Spirit or Scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 
1. A fuse programming circuit comprising: 
a fuse having first and Second ends and programmed in 

accordance with a current Supplied, the first end being 
connected to a first power Supply; 

a thyristor having first and Second electrodes and a gate 
electrode, the first electrode being connected to the 
Second end of the fuse and the Second electrode being 
connected to a Second power Supply lower in potential 
than the first power Supply; and 

a control circuit having an input terminal Supplied with an 
input signal and an output terminal connected to the 
gate electrode of the thyristor, the control circuit gen 
erating a control Signal in accordance with the input 
Signal which is Supplied to the gate electrode of the 
thyristor to turn the thyristor ON. 

2. A circuit according to claim 1, wherein the fuse is 
comprised of a fuse whose current path is cut off in accor 
dance with a current Supplied. 

3. A circuit according to claim 1, wherein the fuse is 
comprised of an antifuse whose current path is short 
circuited in accordance with a current Supplied. 

4. A circuit according to claim 1, wherein the control 
circuit has said output terminal put in a high impedance State 
after turning the thyristor ON. 

5. A circuit according to claim 4, wherein the control 
circuit includes: 

a decode Section for decoding an address Signal; 
a signal generation circuit having an input terminal con 

nected to the decode Section and first and Second output 
terminals, the Signal generation circuit generating a first 
Signal in accordance with an output Signal of the 
decode Section and a Second Signal delayed behind the 
first Signal by a predetermined time and outputting the 
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first signal from Said first output terminal and the 
Second Signal from Said Second output terminal; and 

a tri-State buffer having a first input terminal connected to 
Said first output terminal of the Signal generation cir 
cuit, a Second input terminal connected to Said Second 
output terminal and a third output terminal connected to 
the gate electrode of the thyristor, the tri-state buffer 
outputting a potential for turning the thyristor ON from 
Said third output terminal in accordance with Said first 
Signal Supplied to Said first input terminal and having 
Said third output terminal put in a high impedance State 
in accordance with Said Second signal Supplied to Said 
Second input terminal. 

6. A circuit according to claim 1, wherein a potential of 
the control Signal outputted from the control circuit is lower 
than a potential of the first power Supply when the fuse is 
programmed. 

7. A circuit according to claim 1, wherein the thyristor 
comprising: 

a Substrate of a first conductivity type, 
a first well area of a Second conductivity type formed in 

the Substrate; 
a Second well area of the first conductivity type formed in 

the Substrate; 
a first gate area of the Second conductivity type formed in 

the first well area; 
an anode area of the first conductivity type formed in the 

first well area; 
a Second gate area of the first conductivity type formed in 

the Second well area; and 
a cathode area of the Second conductivity type formed in 

the Second well area. 
8. A circuit according to claim 1, wherein the thyristor 

comprising: 
a Substrate of a first conductivity type, 
a first well area of a Second conductivity type formed in 

the Substrate; 
a Second well area of the first conductivity type formed in 

the first well area; 
a first gate area of the Second conductivity type formed in 

the first well area; 
an anode area of the first conductivity type formed in the 

first well area; 
a Second gate area of the first conductivity type formed in 

the Second well area; and 
a cathode area of the Second conductivity type formed in 

the Second well area. 
9. A fuse programming circuit comprising: 
a plurality of fuses having first and Second ends and 
programmed in accordance with a current Supplied, the 
first end of each of the fuses being connected to a first 
power Supply; 

a plurality of thyristors having first and Second electrodes 
and first and Second gate electrodes, the first electrode 
of the respective thyristor being connected to the Sec 
ond end of the corresponding fuse and the respective 
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Second electrode being connected to a Second power 
lower in potential than the first power Supply, and 

a control circuit having an input terminal Supplied with an 
input Signal and a plurality of output terminals con 
nected to the first and Second gate electrodes of the 
respective thyristors, the control circuit generating a 
control Signal for Selecting one of the thyristors in 
accordance with the input signal. 

10. A circuit according to claim 9, wherein the fuse is 
comprised of a fuse whose current path is cut off in accor 
dance with a current Supplied. 

11. A circuit according to claim 9, wherein the fuse is 
comprised of an antifuse whose current path is short 
circuited in accordance with a current Supplied. 

12. A circuit according to claim 9, wherein the control 
circuit has its output terminal put in a high impedance State 
after the thyristor is turned ON. 

13. A circuit according to claim 12, wherein the control 
circuit includes: 

a decode Section for decoding an address Signal; 
a signal generation circuit having an input terminal con 

nected to the decode Section and first and Second output 
terminals, the Signal generation circuit generating a first 
Signal in accordance with an output Signal of the 
decode Section and a Second Signal delayed behind the 
first Signal by a predetermined time and outputting the 
first signal from Said first output terminal and the 
Second Signal from Said Second output terminal; and 

a tri-State buffer having a first input terminal connected to 
Said first output terminal of the Signal generation cir 
cuit, a Second input terminal connected to Said Second 
output terminal and a third output terminal connected to 
the gate electrode of the thyristor, the tri-state buffer 
outputting a potential for turning the thyristor ON from 
Said third output terminal in accordance with Said first 
Signal Supplied to Said first input terminal and having 
Said third output terminal put in a high impedance State 
in accordance with Said Second Signal Supplied to Said 
Second input terminal. 

14. A circuit according to claim 9, wherein the input Signal 
is an address Signal and the control circuit is comprised of 
a decoding circuit for decoding the address Signal. 

15. A circuit according to claim 9, wherein the control 
Signals outputted from the control circuit at a time of 
programming the fuses are Such that a first control Signal 
Supplied to the first gate electrode of the thyristor is Set to be 
lower in potential than the first power Supply and that a 
Second control Signal Supplied to the Second gate electrode 
of the thyristoris Set to be higher in potential than the Second 
power Supply. 

16. A circuit according to claim 15, wherein the thyristor 
comprising: 

a Substrate of a first conductivity type, 

a first well area of a Second conductivity type formed in 
the Substrate; 

a Second well area of the first conductivity type formed in 
the Substrate; 

a first gate area of the Second conductivity type formed in 
the first well area; 
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an anode area of the first conductivity type formed in the 
first well area; 

a Second gate area of the first conductivity type formed in 
the Second well area; and 

a cathode area of the Second conductivity type formed in 
the Second well area. 

17. A circuit according to claim 15, wherein the thyristor 
comprising: 

a Substrate of a first conductivity type, 
a first well area of a Second conductivity type formed in 

the Substrate; 
a Second well area of the first conductivity type formed in 

the first well area; 
a first gate area of the Second conductivity type formed in 

the first well area; 
an anode area of the first conductivity type formed in the 

first well area; 
a Second gate area of the first conductivity type formed in 

the Second well area; and 
a cathode area of the Second conductivity type formed in 

the Second well area. 
18. A fuse programming circuit comprising: 
a plurality of antifuses having first and Second ends and 
programmed by Short-circuiting their current paths, the 
first end of the respective antifuse being connected to a 
first power Supply; 

a plurality of thyristors, each, connected to the Second end 
of the corresponding antifuse, the respective thyristor 
Supplying a Voltage to the antifuSe to allow the antifuse 
to be programmed; and 

a decoder for Selecting one of these thyristors in accor 
dance with an address Signal and turning that thyristor 
ON. 

19. A circuit according to claim 18, wherein, after turning 
the thyristor ON, the decoder eliminates a minority carrier 
from the gate of the thyristor to turn the thyristor OFF. 

20. A circuit according to claim 18, further comprising a 
first Switch connected between the first ends of the respec 
tive antifuses and the first power Supply, the first Switch 
being turned ON when the Selected antifuse is programmed 
and turned OFF after the antifuse has been programmed. 

21. A circuit according to claim 18, further comprising a 
Second Switch connected between Second electrodes of the 
respective thyristors and the Second power Supply, the 
second Switch being turned ON when the selected antifuse 
is programmed and turned OFF after the antifuse has been 
programmed. 

22. A circuit according to claim 18, wherein the thyristor 
has first and Second gate electrodes and those control signals 
outputted from the control circuit at a time of programming 
the fuses are Such that a first control Signal Supplied to the 
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first gate electrode of the thyristor is set to be lower in 
potential than the first power Supply and that a Second 
control signal Supplied to the Second gate electrode of the 
thyristor is set to be higher in potential than the Second 
power Supply. 

23. A circuit according to claim 18, wherein the input 
Signal is the address Signal and the control circuit is com 
prised of a decode circuit for decoding the address Signal. 

24. A circuit according to claim 22, wherein the thyristor 
comprising: 

a Substrate of a first conductivity type, 
a first well area of a Second conductivity type formed in 

the Substrate; 
a Second well area of the first conductivity type formed in 

the Substrate; 
a first gate area of the Second conductivity type formed in 

the first well area; 
an anode area of the first conductivity type formed in the 

first well area; 
a Second gate area of the first conductivity type formed in 

the Second well area; and 
a cathode area of the Second conductivity type formed in 

the Second well area. 
25. A circuit according to claim 22, wherein the thyristor 

comprising: 
a Substrate of a first conductivity type, 
a first well area of a Second conductivity type formed in 

the Substrate; 

a Second well area of the first conductivity type formed in 
the first well area; 

a first gate area of the Second conductivity type formed in 
the first well area; 

an anode area of the first conductivity type formed in the 
first well area; 

a Second gate area of the first conductivity type formed in 
the Second well area; and 

a cathode area of the Second conductivity type formed in 
the Second well area. 

26. A phase programming circuit comprising: 
a fuse programmed by being Supplied with a current; 
a thyristor having a current path and gate electrode, one 

end of the current path of the thyristor being connected 
to the fuse; and 

a control circuit connected to the gate electrode of the 
thyristor, the control circuit turning the thyristor ON to 
allow the fuse to be programmed. 


