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(57) ABSTRACT 

Provided is a semiconductor integrated circuit including: an 
anti-fuse element that electrically connects a first node and a 
first power supply terminal when data is written and electri 
cally disconnect the first node and the first power Supply 
terminal when data is not written; a first Switch circuit that is 
connected between the first node and a first data line applied 
with a predetermine first Voltage, and enters an off state from 
an on State according to a first control signal; and a detection 
part that detects write data of the anti-fuse element according 
to whether a voltage of the first node is substantially the same 
as the first Voltage or Substantially the same as a Supply 
voltage of the first power supply terminal when the first 
switch circuit enters the off state. 
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ONE-TIME PROGRAMABLE CELL CIRCUIT, 
SEMCONDUCTOR INTEGRATED CIRCUIT 

INCLUDING THE SAME, AND DATA 
JUDGING METHOD THEREOF 

INCORPORATION BY REFERENCE 

0001. This application is based upon and claims the ben 
efit of priority from Japanese patent application No. 2009 
231535, filed on Oct. 5, 2009, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The present invention relates to an one-time pro 
grammable cell, a semiconductor integrated circuit including 
the same, and data judging method thereof. 
0004 2. Description of Related Art 
0005. An OTP (One-time programmable) cell is widely 
applied as a single memory or a memory array in a semicon 
ductor integrated circuit. For instance, information written in 
the OTP cell array is used as a chip ID, a setting parameter, or 
the like. 

0006. A configuration of an OTP cell is disclosed in Japa 
nese Unexamined Patent Application Publication No. 2008 
204600, as a prior art. FIG. 6 shows the configuration of an 
OTP cell 1 of Japanese Unexamined Patent Application Pub 
lication No. 2008-204600. As shown in FIG. 6, the OTP cell 
1 includes an anti-fuse element ANTFS1, PMOS transistors 
MP1 and MP2, and a detection circuit 10. 
0007. The PMOS transistor MP1 is connected between 
nodes N1 and N3. A reading control signal RD CNTL is 
supplied to a gate of the PMOS transistor MP1. The PMOS 
transistor MP2 is connected between nodes N2 and N3. A 
writing control signal WR CNTL is supplied to a gate of the 
PMOS transistor MP2. The anti-fuse element ANTFS1 is 
connected between the node N3 and a ground terminal GND. 
0008. The detection circuit 10 includes an inverter circuit 
IV11. An input terminal of the inverter circuit IV11 is con 
nected to the node N3. An output voltage VOUT is output 
from an output terminal of the inverter circuit IV11. A power 
supply voltage VDD is supplied to the node N1, and a high 
voltage VPP (VPP>VDD) is supplied to the node N2. 
0009. The OTP cell 1 performs a fuse programming opera 
tion by destroying an insulation film of the anti-fuse element 
ANTFS1. The fuse programming operation of the OTP cell 1 
is briefly explained below. 
0010 First, when data is written into the anti-fuse element 
ANTFS1, the writing control signal WR CNTL is set to a low 
leveland the reading control signal RD CNTL is set to a high 
level. Thus, the PMOS transistor MP2 enters an on state and 
the PMOS transistor MP1 enters an off state. Then, the nodes 
N2 and N3 are connected electrically, and the node N1 and N3 
are electrically disconnected. Therefore, the high voltage 
VPP is applied to both ends of the anti-fuse element ANTFS1. 
0011. The High voltage VPP is a voltage that exceeds a 
breakdown voltage of an oxide film of the anti-fuse element 
ANTFS1. For this reason, the oxide film of the anti-fuse 
element ANTFS1 is destroyed, and the node N3 and the 
ground terminal GND are in a conduction state. When the 
insulation film (oxide film) of the anti-fuse element ANTFS1 
is destroyed and the data writing is carried out, the anti-fuse 
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element ANTFS1 has resistance value in a range of several 
kS2 to hundreds of kS2 depending on the destruction state of 
the insulation film. 
0012 Next, when the data written in the anti-fuse element 
ANTFS1 is read, the writing control signal WR CNTL is set 
to the high level and the reading control signal RD CNTL is 
set to the low level. Thus, the PMOS transistor MP2 enters the 
off state and the PMOS transistor MP1 enters the on state. 
Then, the nodes N2 and N3 are electrically disconnected, and 
the nodes N1 and N3 are connected electrically. Therefore, 
the power supply voltage VDD is applied to both ends of the 
anti-fuse element ANTFS1. As a result, a current flows to the 
ground terminal GND through the node N1, the PMOS tran 
sistor MP1, the node N3, and the anti-fuse element ANTFS1, 
the insulation film of which is destroyed. 
(0013 The inverter circuit IV11 buffers a voltage VN3 of 
the node N3 according to the current that flows through the 
node N1 to the ground terminal, and outputs the Voltage as the 
voltage VOUT. 
0014. Therefore, when the data is not written in the anti 
fuse element ANTFS1, the voltage VN3 of the node N3 
becomes Substantially equal to the power Supply Voltage 
VDD and the output voltage VOUT becomes low level. Con 
trarily, when the data is written in the anti-fuse element 
ANTFS1, the voltage VN3 of the node N3 decreases to the 
ground voltage GND side and the output voltage VOUT 
becomes high level depending on the destruction State of the 
insulation film of the anti-fuse element ANTFS1. 

SUMMARY 

0015. As described above, the fuse programming of the 
OTP cell 1 is carried out by destroying the insulation film of 
the anti-fuse element ANTFS1. The conduction state of the 
anti-fuse element ANTFS1 after writing the data is deter 
mined according to the destruction state of the gate insulation 
film. In other words, the resistance value of the anti-fuse 
element ANTFS1 after writing the data is determined accord 
ing to the destruction state of the gate insulation film. There 
fore, the level of the voltage VN3 of the node N3 is also 
determined according to the destruction state of the gate 
insulation film. 
0016. However, the resistance value of the anti-fuse ele 
ment ANTFS1 after writing the data varies in a range of 
several kS2 to hundreds of kS2 depending on the destruction 
state of the insulation film. Therefore, the voltage VN3 of the 
node N3 detected by the detection circuit 10 also varies 
depending on the variation in the resistance value of the 
anti-fuse element ANTFS1. 
0017. Here, FIG.7 shows a schematic diagram illustrating 
the data reading operation of the anti-fuse element ANTFS1 
in the OTP cell of the prior art. Referring to FIG. 7, a resis 
tance RMP1 on is an on-resistance of the PMOS transistor 
MP1, a resistance RFS1 is a resistance of the insulation film 
of the anti-fuse element ANTFS1, and a capacitor CFS1 is a 
capacitor of the insulation film of the anti-fuse element 
ANTFS1. 
0018. As shown in FIG. 7, when the data reading of the 
anti-fuse element ANTFS1 is carried out, the PMOS transis 
tor MP1 is turned on to apply a DC bias (the power supply 
voltage VDD in FIG. 7). Then, the voltage VN3 of the node 
N3, which is generated by resistance division of the resistance 
RMP1 on and the resistance RFS1, is detected by the detection 
circuit 10. When the DC bias is applied, an impedance of the 
capacitor CFS1 can be considered to be infinite irrespective of 
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the magnitude of a capacitance value. Then, the capacitor 
CFS1 can be disregarded as an open circuit. 
0019 FIG. 8 is a graph showing the voltage VN3 of the 
node N3 in the case where the data is written in the anti-fuse 
element ANTFS1 and where the data is not writtentherein. As 
shown in FIG. 8, when no data is written, the resistance RFS1 
can be several orders of magnitude greater than the resistance 
RMP1on. Thus, the voltage VN3 is substantially equal to the 
power supply voltage VDD. On the other hand, when the data 
is written, the resistance RFS1 has a very small value, for 
instance, a value Substantially equal to the resistance 
RMP1on. However, the resistance value of the resistance 
RFS1 varies in a range of several kS2 to hundreds of kS2 
depending on the destruction state of the insulation film, as 
described above. Consequently, the voltage VN3 detected by 
the detection circuit 10 is influenced by a variation in the 
resistance value of the resistance RFS1, and therefore the 
voltage VN3 is not constant. 
0020. Thus, when the data is written, the voltage VN3 of 
the node N3 detected by the detection circuit 10 is susceptible 
to the variation in the resistance value of the insulation film 
destroyed in the anti-fuse element ANTFS1. Therefore, the 
detection circuit 10 may make a misjudgment, if a threshold 
voltage of the inverter circuit IV11 is not adjusted to an 
appropriate value according to this variation. This result in a 
problem that a correct value of data Such as a chip ID and a 
setting parameter stored in the semiconductor integrated cir 
cuit where a cell array is composed of this OTP cell 1 cannot 
be read. 
0021. A first exemplary aspect of the invention is a semi 
conductor integrated circuit including: an anti-fuse element 
that electrically connects a first node and a first power Supply 
terminal when data is written and electrically disconnects the 
first node and the first power Supply terminal when data is not 
written; a first switch circuit that is connected between the 
first node and a first data line applied with a predetermine first 
Voltage, and enters an off state from an on State according to 
a first control signal; and a detection part that detects write 
data of the anti-fuse element according to whether a Voltage 
of the first node is substantially the same as the first voltage or 
is Substantially the same as a Supply Voltage of the first power 
supply terminal when the first switch circuit enters the off 
State. 

0022. A second exemplary aspect of the invention is an 
one-time programmable cell circuit including: an anti-fuse 
element that electrically connects a first node and a first power 
Supply terminal when data is written and electrically discon 
nects the first node and the first power supply terminal when 
data is not written; a first Switch circuit that is connected 
between the first node and a first data line applied with a 
predetermine first Voltage, and enters an off state from an on 
state according to a first control signal; and a detection part 
that detects write data of the anti-fuse element according to 
whether a voltage of the first node is substantially the same as 
the first Voltage or is Substantially the same as a Supply Volt 
age of the first power supply terminal when the first switch 
circuit enters the off state. 

0023. A third exemplary aspect of the invention is a data 
judging method of a data of a semiconductor integrated cir 
cuit that includes an anti-fuse element that electrically con 
nects a first node and a first power Supply terminal when data 
is written and electrically disconnects the first node and the 
first power Supply terminal when data is not written, the 
method including: Switching a first Switch circuit from an on 
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state to an off state, the first Switch circuit being connected 
between the first node and a first data line applied with a 
predetermine first Voltage; and detecting write data of the 
anti-fuse element according to whether a Voltage of the first 
node is substantially the same as the first Voltage or is Sub 
stantially the same Voltage as a Supply Voltage of the first 
power supply terminal when the first switch circuit the enters 
off state. 
0024. In the semiconductor integrated circuit according to 
the first exemplary aspect of the present invention, the first 
switch circuit that enters the on state allows the voltage of the 
first node to be equal to the first voltage. After the first switch 
circuit enters the off state, the voltage of the first node 
becomes Substantially the same as the first Voltage or Substan 
tially the same as the supplied voltage from the first power 
Supply terminal, depending on the state of data written in the 
anti-fuse element. The writing data of the anti-fuse element 
can be judged, because the detection part detects the Voltage 
of the first node. Therefore, when the writing data of the 
anti-fuse element is detected, the semiconductor integrated 
circuit can judge the data without using the Voltage generated 
by the current flowing to the anti-fuse element. Accordingly, 
the semiconductor integrated circuit is capable of judging the 
data of the anti-fuse element, irrespective of the variation in 
the resistance of the anti-fuse element after writing the data. 
0025. A semiconductor integrated circuit according to an 
exemplary aspect of the present invention, can prevent a mis 
judgment when data of an anti-fuse element is read. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. The above and other exemplary aspects, advantages 
and features will be more apparent from the following 
description of certain exemplary embodiments taken in con 
junction with the accompanying drawings, in which: 
0027 FIG. 1 shows an exemplary configuration of a semi 
conductor integrated circuit in accordance with an exemplary 
embodiment of the present invention; 
0028 FIG.2 shows an exemplary configuration of an OTP 
cell in accordance with the exemplary embodiment of the 
present invention; 
0029 FIG.3 is a timing diagram illustrating a reading data 
operation of the semiconductor integrated circuit in accor 
dance with the exemplary embodiment of the present inven 
tion; 
0030 FIG. 4 is a schematic diagram illustrating a reading 
data operation of an anti-fuse element of an OTP cell in 
accordance with the exemplary embodiment of the present 
invention; 
0031 FIG.5 is a graph illustrating a reading data operation 
of the anti-fuse element of the OTP cell inaccordance with the 
exemplary embodiment of the present invention; 
0032 FIG. 6 shows a configuration of an OTP cell in 
accordance with a prior art; 
0033 FIG. 7 is a schematic diagram illustrating a reading 
data operation of an anti-fuse element of the OTP cell in 
accordance with a prior art; and 
0034 FIG.8 is a graph illustrating a reading data operation 
of the anti-fuse element of the OTP cell in accordance with a 
prior art. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

0035 An exemplary embodiment of the present invention 
will be described in detail below with reference to the accom 
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panying drawings. In the exemplary embodiment, the present 
invention is applied to a semiconductor integrated circuit and 
an OTP cell. FIG. 1 shows a configuration of a semiconductor 
integrated circuit 100 according to this exemplary embodi 
ment. As shown in FIG. 1, the semiconductor integrated cir 
cuit 100 includes a logic and memory part 101 and a fuse part 
102. 
0036. The logic and memory part 101 is composed of logic 
circuits that perform logic operations. Further, the logic and 
memory part 101 includes an internal power supply 103 that 
supplies a voltage VCOR of about 1 to 2 IV as a power supply 
Voltage of the logic circuits. Furthermore, the logic and 
memory part 101 includes a judgment circuit 110 which is 
described later. The logic circuits of the logic and memory 
part 101 are composed of transistors that have a breakdown 
voltage of about the voltage VCOR level. In the following, the 
transistor that has the breakdown voltage of about the voltage 
VCOR level is called “low breakdown voltage transistor. 
0037. The fuse part 102 includes an OTP cell 200. A volt 
age of 6 IV for data writing of the OTP cell 200 is supplied to 
the fuse part 102 from an external terminal of the semicon 
ductor integrated circuit 100. An external power supply 104 is 
connected to the external terminal of the semiconductor inte 
grated circuit 100. The external power supply 104 supplies 
the voltage of 6 IV (a high voltage VPP) for the data writing 
to the anti-fuse element described later. Note that the voltage 
value of "6 IV” is one example. The external power supply 
104 may supply a voltage equal to or higher than VCOR that 
is the power supply Voltage of the logic circuits mentioned 
above. 
0038. In addition, in FIG. 1, only the OTP cell 200 has 
been described for simplification of the drawing. However, 
when the OTP cell in the fuse part 102 of the semiconductor 
integrated circuit 100 is composed of a cell array, two or more 
OTP cells that have a similar configuration of the OTP cell 
200 are assumed to exist. 
0039 FIG.2 shows an exemplary configuration of the fuse 
part 102. The fuse part 102 includes the OTP cell 200. The 
OTP cell 200 includes a switch circuit SW201, a detection 
part DTCT201, and an anti-fuse element ANTFS201. 
0040. The anti-fuse element ANTFS201 is connected 
between a node N201 and a ground terminal GND. The anti 
fuse element ANTFS201 is a fuse that is normally in an 
insulating state. However, the anti-fuse element ANTFS2.01 
is brought into a conduction state by applying a program 
Voltage to destroy an insulation film. For instance, the anti 
fuse element ANTFS201 is achieved by a gate insulation film 
of a MOS transistor. In this case, a gate capacitor of the 
anti-fuse element ANTFS201 usually has a resistance of sev 
eral MS2 or more, thereby keeping an insulating state between 
the gate and a substrate of the MOS transistor. Meanwhile, 
when the program Voltage, for example, the Voltage of 6 IV 
for the data writing as above mentioned, is applied between 
the substrate and the gate of the MOS transistor, the gate 
insulation film is destroyed, and then the gate and the Sub 
strate are short-circuited. However, the anti-fuse element 
ANTFS201 in this case has a resistance value of severalkS2 to 
hundreds ofkS2 depending on the destruction state of the gate 
insulation film between the gate and the substrate. 
0041. In the following, an operation of writing data into 
the anti-fuse element by applying the program Voltage to the 
anti-fuse element destroy the insulation film (oxide film) so as 
to bring the anti-fuse element into the conduction state is 
called an operation of “writing data'. The resistance of the 
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anti-fuse element ANTFS201 after writing data varies in a 
range of several kS2 to hundreds of kS2 depending on the 
destruction state of the insulation film. Moreover, the OTP 
cell 200 in which the data has been written in the anti-fuse 
element ANTFS2O1 is called “O-CELL. The OTP cell 200 in 
which the data has not been written in the data in the anti-fuse 
element ANTFS2.01 is called “1-CELL’. 

0042. The switch circuit SW201 includes a PMOS tran 
sistor MP2.01. The PMOS transistor MP201 is connected 
between a writing data line WBL and the node N201. A gate 
of the PMOS transistor MP201 is connected to a writing 
control signal line WWL. A back gate of the PMOS transistor 
MP201 is connected to a back gate drive signal line CNW. 
The PMOS transistor MP201 has a breakdown voltage rela 
tive to the high voltage VPP (voltage of 6 IV for writing data) 
for writing the data in the anti-fuse element mentioned above. 
As the transistor that has such a breakdown voltage relative to 
the high voltage VPP, there is known a transistor having an 
MOX (multi oxide) structure, for instance. A threshold volt 
age of the PMOS transistor MP201 is set to about the voltage 
VCOR. In the following, the transistor having the breakdown 
voltage relative to the high voltage VPP is called a high 
breakdown Voltage transistor. For convenience of description, 
reference symbols “WBL, “WWL, and “CNW' represent 
line names, respectively, and also representa control signal or 
a driving signal applied to the lines. 
0043. The detection part DTCT201 includes a switch cir 
cuit SW202 and a detection circuit 210. The detection part 
DTCT201 detects a voltage level of the node N201 and out 
puts a detection result to a reading data line RBL. 
0044. The switch circuit SW202 includes an NMOS tran 
sistor MN202. The NMOS transistor MN202 is connected 
between the reading data line RBL and a node N202. A gate 
of the NMOS transistor MN202 is connected to a reading 
control signal line RWL. A threshold voltage of the NMOS 
transistor MN202 is set to about the voltage VCOR. For 
convenience of description, reference symbols “RBL and 
“RWL' represent line names, respectively, and also represent 
a control signal or a driving signal applied to the lines. 
0045. The detection circuit 210 includes an NMOS tran 
sistor MN210. The NMOS transistor MN210 is connected 
between the node N202 and the ground terminal GND. A gate 
of the NMOS transistor MN210 is connected to the node 
N201. The NMOS transistor MN210 is the high breakdown 
Voltage transistor having a breakdown Voltage relative to the 
high voltage VPP for writing the data in the anti-fuse element 
mentioned above. A threshold voltage of the NMOS transis 
tor MN210 is set to about the voltage VCOR. 
0046. The reading data line RBL is connected to the judg 
ment circuit 110. The judgment circuit 110 judges whether 
the data has been written or not in the anti-fuse element 
ANTFS201 according to the voltage level of the reading data 
line RBL. In the following, an operation in which the judg 
ment circuit 110 judges whether the data has been written or 
not and reads the data stored in the anti-fuse element 
ANTFS201 is called an operation of “reading data”. 
0047 Moreover, the judgment circuit 110 includes a pre 
charge circuit 121. The precharge circuit 121 pre-charges the 
reading data line RBL to a predetermine Voltage (for example, 
about VCOR which is equal to the power supply voltage of the 
logic circuits) according to a precharge control signal PBLB. 
The precharge circuit 121 may be arranged outside the judg 
ment circuit 110. Furthermore, the precharge circuit 121 is 
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not necessarily arranged within the logic and memory part 
101, but may be arranged within the fuse part 102. 
0048. The operation of the semiconductor integrated cir 
cuit 100 according to this exemplary embodiment is 
described hereinafter. First, the operation when the data is 
written in the anti-fuse element ANTFS201 is described. 
When the data is written in the anti-fuse element ANTFS201, 
the high voltage VPP for the data writing, for instance, a 
voltage of about 6 IV mentioned above, is applied to the 
writing data line WBL and the back gate drive signal line 
CNW. At the same time, the PMOS transistor MP201 enters 
an on state when the writing control signal line WWL is set to 
a low level (for instance, the ground voltage GND). Then, the 
writing data line WBL and the node N201 are connected 
electrically. Therefore, the high voltage VPP is applied to the 
gate of the anti-fuse element ANTFS201, thereby destroying 
the gate insulation film. As a result, the gate and the Substrate 
are short-circuited. The data is written in the anti-fuse ele 
ment ANTFS201 by the above-mentioned operation, and the 
OTP cell 200 becomes the O-CELL. 

0049. Next, the data reading operation of the anti-fuse 
element ANTFS2.01 is described with reference to FIG. 3. 
First, as shown in FIG. 3, the voltage level of each of the 
writing data line WBL and the back gate drive signal line 
CNW is set to the voltage VCOR of about 1 to 2 IV of the 
power Supply Voltage of the logic circuits when the data is 
read. Moreover, the voltage level of the writing control signal 
WWL of high level is also set to the voltage VCOR. 
0050. At time t1, the writing control signal line WWL is 
lowered to the low level (the ground voltage GND). Thus, the 
PMOS transistor MP201 enters the on state, and the writing 
data line WBL and the node N201 are connected electrically. 
Therefore, the voltage of the node N201 (Hereafter, it is called 
“voltage VCN) rises to the voltage VCOR. 
0051. Next, at time t2, the writing control signal line 
WWL is raised to the high level (the voltage VCOR). There 
fore, the PMOS transistor MP201 enters the off state, and the 
writing data line WBL and the node N201 are electrically 
disconnected. 

0.052 At this time, when the data is not written in the 
anti-fuse element ANTFS201 (1-CELL), the node N201 
enters a high-impedance State and the Voltage VCN is kept at 
the voltage VCOR. Meanwhile, when the data has been writ 
ten in the anti-fuse element ANTFS201 (O-CELL), the gate 
and the substrate of the anti-fuse element ANTFS201 are 
short-circuited. The anti-fuse element ANTFS201 has some 
resistance between the gate and the substrate. Therefore, the 
node N201 and the ground terminal GND are also short 
circuited, with the result that the voltage VCN decreases from 
the voltage VCOR to the ground voltage GND. 
0053. In other word, when the data is not written in the 
anti-fuse element ANTFS201 (1-CELL), the voltage level of 
the node N201 is equal to the voltage VCOR (high level), and 
when the data is written in the anti-fuse element ANTFS201 
(0-CELL), the voltage level of the node N201 is equal the 
ground voltage (low level). The period in which the voltage 
VCN decreases from the voltage VCOR to the ground voltage 
GND depends on a time constant that is determined by a 
parasitic capacitance of the node N201 (including the insula 
tion film capacity of the anti-fuse element ANTFS201) and on 
the resistance of the anti-fuse element ANTFS201. However, 
the Voltage VCOR as a charge Voltage to this parasitic capaci 
tance is a low voltage of about 1 to 2 IV as described later, 
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and the amount of stored charge is Small. Further, the resis 
tance of the anti-fuse element ANTFS201 is very small. 
0054. At time t3, the precharge control signal PBLB 
becomes high level, and the precharge operation in which the 
precharge circuit 121 pre-charges the reading data line RBL 
enters an off State. 
0055. At time tA, the reading control signal line RWL is 
raised to the high level (voltage VCOR). Therefore, the 
NMOS transistor MN202 enters the on state, and the reading 
data line RBL and the node N202 are connected electrically. 
0056. At this time, the NMOS transistor MN210 is in the 
on state when the data is not written in the anti-fuse element 
ANTFS201 (1-CELL), because the voltage VCN of the node 
N201 is kept at the voltage VCOR (high level) as mentioned 
above. Therefore, the node N202 and the ground terminal 
GND are connected electrically, and the reading data line 
RBL and the ground terminal GND are connected electri 
cally. Consequently, the Voltage of the reading data line RBL 
decreases to the ground voltage GND. In other word, the 
reading data line RBL falls to the low level. 
0057 Meanwhile, the NMOS transistor MN210 is in the 
off state when the data has been written in the anti-fuse 
element ANTFS201 (0-CELL), because the voltage VCN of 
the node N201 is equal to the ground voltage GND (low level) 
as mentioned above. Thus, the node N202 and the ground 
terminal GND are electrically disconnected. Therefore, the 
voltage of the reading data line RBL does not decrease but is 
kept at the high level. 
0058. In summary, the NMOS transistor MN210 dynami 
cally detects a difference between the voltage VCN (high 
level) of the node N201 when the data is not written into the 
anti-fuse element ANTFS201 (1-CELL) and the voltage 
GND (low level) of the node N201 when the data has been 
written in the anti-fuse element ANTFS201 (0-CELL). The 
on State and the off State of the NMOS transistor MN210 are 
decided based on the detection result. Then, the voltage of the 
node N202 is output to the reading control signal line RWL 
when the NMOS transistor MN202 is in the on State. 
0059. At timeté after a predetermined period from time t5, 
the judgment circuit 110 judges the voltage level of the read 
ing data line RBL, thereby judging whether the data has been 
written into the anti-fuse element ANTFS201. In summary, 
the judgment circuit 110 can determine that the data has been 
written in the anti-fuse element ANTFS201 when the reading 
data line RBL is at the low level. Meanwhile, the judgment 
circuit 110 can determine that the data has not been written in 
the anti-fuse element ANTFS201 when the reading data line 
RBL is at the high level. 
0060. After that, the reading control signal line RWL is 
lowered to the low level to bring the NMOS transistor MN202 
into the off state. At time t7, the precharge circuit 121 pre 
charges the reading data line RBL according to the precharge 
control signal PBLB. Then, the reading operation ends. 
0061. In the OTP cell 1 of prior art, the voltage level of the 
voltage VN3 of the node N3 is decided depending on the 
destruction state of the gate insulation film of the anti-fuse 
element ANTFS1, because the resistance of the anti-fuse 
element ANTFS1 is decided depending on the destruction 
state of the gate insulation film. However, the resistance of the 
anti-fuse element ANTFS201 after writing the data varies in 
the range of several kS2 to hundreds of kS2 depending on the 
destruction state of the insulation film. 
0062. As described above referring to FIG. 8, when the 
data is not written in the anti-fuse element ANTFS201, the 
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voltage VN3 is substantially equal to the power supply volt 
age VDD because the resistance RFS1 can be several orders 
of magnitude greater than the resistance RMP1on. On the 
other hand, when the data is written in the anti-fuse element 
ANTFS201, the resistance RFS1 has a very small value. 
Then, the resistance RFS1 can be substantially equal to the 
resistance RMP1 on and varies in the range of several kS2 to 
hundreds of kS2 depending on the destruction state of the 
insulation film, as described above. Consequentially, the volt 
age VN3 of the node N3 detected by the detection circuit 10 
is influenced by a variation in the resistance value of the 
resistance RFS1, and thus the voltage VN3 is not constant. 
0063. As just described, the OTP cell of the related art has 
a problem that the voltage VN3 of the node N3 detected by the 
detection circuit 10 when the data is written is susceptible to 
the variation in the resistance of the insulation film destroyed 
in the anti-fuse element ANTFS1. Therefore, the detection 
circuit 10 may make a misjudgment, if a threshold Voltage of 
the inverter circuit IV11 of the detection circuit 10 is not 
adjusted to an appropriate value according to this variation. 
This poses another problem that a correct value of data of 
Such as a chip ID and a setting parameter stored in the semi 
conductor integrated circuit constituting a cell array of the 
OTP cell 1 cannot be read. To deal with such a problem, the 
threshold voltage of the inverter circuit IV 11 must be adjusted 
to a proper value according to this variation, leading to diffi 
culty in designing the detection circuit 10. 
0064. However, in the semiconductor integrated circuit 
100 that has the OTP cell 200 in accordance with this exem 
plary embodiment, the Voltage generated with the current that 
flows to the anti-fuse element ANTFS201 is not used to judge 
whether the data is written in the anti-fuse element 
ANTFS2O1. 

0065 Here, FIG. 4 shows a schematic diagram illustrating 
the data reading operation of the anti-fuse element 
ANTFS2.01 in the OTP cell 200 in accordance with this 
exemplary embodiment. A resistance RFS2.01 shown in FIG. 
4 is a resistance of the insulation film of the anti-fuse element 
ANTFS201. Moreover, a capacitor CFS2.01 is a capacitor of 
the insulation film of the anti-fuse element ANTFS201. 

0066. As shown is FIG.4, in the OTP cell 200 in accor 
dance with this exemplary embodiment, during the reading 
data operation, the capacitor CFS201 of the insulation film of 
the anti-fuse element ANTFS201 is charged up to the applied 
voltage (the power supply voltage VDD in the example of 
FIG. 4) when the switch circuit SW201 is in the on state. 
When the switch circuit SW201 is in the off state, the capaci 
tor CFS201 is discharged through the resistor RFS201 of the 
anti-fuse element ANTFS201. Then, the detection circuit 210 
monitors the discharge Voltage. The length of this discharge 
period depends on a time constant determined by a product of 
value of the resistance RFS2.01 and the capacitor CFS201 of 
the anti-fuse element ANTFS2.01. 
0067 FIG. 5 is a graph showing the voltage VCN of the 
node N201 in the cases where the data is written in the 
anti-fuse element ANTFS201 and where the data is not writ 
ten therein. As shown in FIG. 5, when the data is not written 
in the anti-fuse element ANTFS201, the value of the capacitor 
CFS201 is large and the value of the resistance RFS201 is 
very large because the insulation film is not destroyed. There 
fore, the voltage VCN of the node N201 is kept at about the 
voltage VCOR. On the other hand, when the data is written in 
the anti-fuse element ANTFS201, the insulation film of the 
anti-fuse element ANTFS201 is destroyed, and thus the 
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capacitance value of the capacitor CFS201 and the value of 
the resistance RFS201 are small. Therefore, the time constant 
determined by a product of value of the resistance RFS2.01 
and the capacitor CFS201 is very small. Accordingly, the 
value of the resistance RFS201 varies in the range of several 
kS2 to hundreds of kS2 depending on the destruction state of 
the insulation film, as with the OTP cell 1 of prior art. How 
ever, in this exemplary embodiment, the variation in time 
constant within a certain time period is Small enough to com 
plete the discharge. Then, the detection circuit 210 detects 
whether the voltage VCN of the node N201 is equal to the 
power supply voltage VDD or the ground voltage GND. 
0068. As just described, the OTP cell 200 according to this 
exemplary embodiment is different from the OTP cell 1 of 
prior art in the following respect. In the OTP cell 200, the 
detection result is hardly affected by the variation in the 
resistance of the insulation film of the anti-fuse element 
ANTFS201. Further, in this exemplary embodiment, the volt 
age VCOR of about 1 to 2 IV is used as the power supply 
voltage VDD as mentioned above. Moreover, the capacitor 
CFS201 of the insulation film of the anti-fuse element 
ANTFS201 is very small. Therefore, the discharge speed is 
very fast because the value of charge of the capacitor CFS2.01 
is small. This allows the detection circuit 210 to perform the 
detection operation at high speed. 
0069. As mentioned above, when the data is read, the 
NMOS transistor MN210 that is the detection circuit 210 
detects whether the voltage level of the node N201 is equal to 
the voltage VCOR (high level) or the ground voltage GND 
(low level) in the OTP cell 200. Then, the detection circuit 210 
changes the Voltage level of the reading data line RBL accord 
ing to the detection result. Further, the judgment circuit 110 
judges whether the data is written or not in the anti-fuse 
element ANTFS201 according to the voltage level of the 
reading data line RBL. In other word, in the semiconductor 
integrated circuit 100, whether the OTP cell 200 is the 
0-CELL or the 1-CELL is judged indirectly by using the 
conduction State of the NMOS transistor MN210 of the detec 
tion circuit 210 without using the current that flows to the 
anti-fuse element ANTFS2.01. 

(0070. As just described, in the OTP cell 200 of this exem 
plary embodiment, the detection result of the detection circuit 
210 that dynamically detects the voltage level of the node 
N201 is used, instead of making a direct judgment using the 
voltage generated by the current that flows to the anti-fuse 
element ANTFS201. In other word, the voltage difference 
between the voltage VCOR of the node N201 when the data is 
not written in the anti-fuse element ANTFS201 (1-CELL) 
and the voltage GND of the node N201 when the data is 
written in the anti-fuse element ANTFS201 (0-CELL) is 
dynamically detected by the NMOS transistor MN210. Here, 
in the OTP cell 1, it is necessary to adjust the detection circuit 
10 according to the variation in the resistance after writing the 
data. In other word, the threshold voltage of the inverter 
circuit IV11 needs to be adjusted to an appropriate value 
according to the variation. On the other hand, the OTP cell 
200 does not require adjustment of the detection circuit 210 
according to the resistance value of the anti-fuse element 
ANTFS201 after writing the data. As a result, the problem 
that a misjudgment occurs when the threshold Voltage of the 
inverter circuit IV11 is not adjusted to an appropriate value in 
the OTP cell 1 does not occur in the OTP cell 200 of this 
exemplary embodiment. Therefore, the chip ID, the setting 
parameter, or the like stored in the semiconductor integrated 
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circuit 100 in which a cell array is composed of the OTP cell 
200 can be correctly read without any misjudgment. 
(0071. In the OTP cell 1, the PMOS transistors MP1 and 
MP2 and the inverter circuit IV need to be composed of the 
high breakdown Voltage transistors in consideration of the 
high voltage VPP (for instance, about 6VI) when the data is 
written in the anti-fuse element ANTFS1. Examples of the 
high breakdown Voltage transistor include a transistor having 
a breakdown voltage of 3.3 V and having an MOX (multi 
oxide) structure. Here, the gate oxide film of the transistor 
having the MOX structure is thick, and the size of the tran 
sistoris large. This causes a problem that the circuit size of the 
OTP cell 1 increases because the PMOS transistors MP1 and 
MP2 and the inverter circuit IV11 are composed of high 
breakdown Voltage transistors like the transistor having the 
MOX Structure. 

0072 Moreover, in the OTP cell 1, when the data is read, 
the PMOS transistor MP1 is set to on state to allow, and then 
a current to flow through a current path that is composed of the 
node N1, the PMOS transistor MP1, the node N3, the anti 
fuse element ANTFS1, and the ground terminal GND. How 
ever, when the power supply voltage VDD applied to the node 
N1 is equal to the voltage VCOR of about 1 to 2 IV as 
mentioned above, the PMOS transistor MP1 composed of the 
high breakdown Voltage transistor may allow only a small 
current to flow through the current path mentioned above. 
Therefore, the detection circuit 10 capable of detection with 
extremely high accuracy is required to judge the data reading 
according to this small current value, resulting in an increase 
in the difficulty of the circuit design. 
0073. To deal with such a problem, the power supply volt 
age VDD applied to the node N1 may be set to a high voltage 
like a writing Voltage. However, this causes another problem 
that the power consumption increases when the data is read in 
the OTP cell 1. Furthermore, when the power supply voltage 
VDD applied to the node N1 is set to the high voltage like the 
writing Voltage, the high Voltage is to be applied for each data 
reading. Therefore, the possibility of destroying the insula 
tion film of the anti-fuse element ANTFS1 in which the data 
is not written increases in the 1-CELL. Accordingly, there is 
a problem of shortening the lifetime of the anti-fuse element 
ANTFS1 in which the data is not written in the 1-CELL. 

0074. However, the OTP cell 200 of this exemplary 
embodiment utilizes, as mentioned above, the detection result 
of the detection circuit 210 that dynamically detects the volt 
age level of the node N201, instead of making a direct judg 
ment using the Voltage generated by the current that flows to 
the anti-fuse element ANTFS201. Therefore, the detection 
circuit 210 only has to be able to detect the voltage level of the 
node N201, and there is no problem if the current that flows to 
the anti-fuse element ANTFS201 is small. Thus, the OTP cell 
200 has an advantage that the detection circuit 210 that cor 
responds to the detection circuit 10 of the OTP cell 1 need not 
be designed with extremely high accuracy. 
0075. In addition, there is no problem if the current that 
flows to the anti-fuse element ANTFS201 is small. Therefore, 
there is no need to increase the current that flows to the 
anti-fuse element ANTFS201, if the voltage applied to the 
writing data line WBL when the data is read is set to the high 
voltage VPP mentioned above, for instance. For this reason, 
the voltage applied to the writing data line WBL may be set to 
about the voltage VCOR of about 1 to 2 IV which is used as 
the power Supply Voltage of the logic circuits. Accordingly, 
the amount of current that flows to the current path composed 
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of the writing data line WBL, the PMOS transistor MP201, 
the anti-fuse element ANTFS201, and the ground terminal 
GND is small when the data is read. Consequently, the power 
consumption of the OTP cell 200 can be reduced compared 
with the OTP cell 1. 
0076 Moreover, in this case, the voltage applied to the 
node N201 at the time of data reading is about the voltage 
VCOR at maximum. Accordingly, there is little possibility of 
destroying the insulation film of the anti-fuse element 
ANTFS2.01 in which the data is not written in the 1-CELL. 
This allows to solve the problem of the OTP cell 1 in that the 
lifetime of the anti-fuse element in which the data is not 
written in the 1-CELL is shortened. 
0077. In addition, in the OTP cell 200, only the PMOS 
transistor MP201 and the NMOS transistor MN210 may be 
composed of the high breakdown Voltage transistors, such as 
the transistor having the MOX structure, in consideration of 
the high Voltage when the data is written. Consequently, the 
circuit size of the OTP cell 200 can be reduced compared with 
the OTP cell 1. Note that the Voltage applied to the back gate 
drive signal line CNW is controlled to be equal to the high 
voltage or the voltage VCOR so that the PMOS transistor 
MP201 can be turned on in both cases where the voltage 
applied to the writing data line WBL is equal to the high 
voltage and where the voltage is equal to the voltage VCOR. 
0078. Note that the present invention is not limited to the 
above exemplary embodiments and can be modified in vari 
ous manners without departing from the scope of the present 
invention. For example, although the anti-fuse element is 
composed of the transistor, the anti-fuse element may be 
composed of a capacitor or the like capable of dielectric 
breakdown of an insulation film between electrodes at high 
Voltage. 
0079 Circuits that operate in the same manner as in the 
exemplary embodiments can be obtained also in the follow 
ing case. That is, in the circuits according to the exemplary 
embodiments, all of the NMOS transistors may be replaced 
by PMOS transistors and all of the PMOS transistors may be 
replaced by NMOS transistors. Further, the power supply 
voltage VDD may be replaced by the ground voltage GND 
and the ground voltage GND may be replaced by the power 
supply voltage VDD. Note that the voltage level of each of 
control signal lines and data lines is inverted in this case. 
0080 While the invention has been described in terms of 
several exemplary embodiments, those skilled in the art will 
recognize that the invention can be practiced with various 
modifications within the spirit and scope of the appended 
claims and the invention is not limited to the examples 
described above. 
I0081 Further, the scope of the claims is not limited by the 
exemplary embodiments described above. 
I0082 Furthermore, it is noted that, Applicant's intent is to 
encompass equivalents of all claim elements, even if 
amended later during prosecution. 
What is claimed is: 
1. A semiconductor integrated circuit comprising: 
an anti-fuse element that electrically connects a first node 

and a first power Supply terminal when data is written 
and electrically disconnects the first node and the first 
power Supply terminal when data is not written; 

a first Switch circuit that is connected between the first node 
and a first data line applied with a predetermine first 
Voltage, and enters an off state from an on state accord 
ing to a first control signal; and 
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a detection part that detects write data of the anti-fuse 
element according to whether a Voltage of the first node 
is substantially the same as the first voltage or is Sub 
stantially the same as a Supply Voltage of the first power 
supply terminal when the first switch circuit enters the 
off state. 

2. The semiconductor integrated circuit according to claim 
1, wherein 

the detection part comprises a first transistor, and 
a conduction state of the first transistor is controlled 

according to the Voltage of the first node. 
3. The semiconductor integrated circuit according to claim 

2, wherein 
the detection part further comprises a second Switch cir 

cuit, 
the second Switch circuit is connected between a second 

data line and the first transistor, and enters the on state 
according to a second control signal after the first Switch 
circuit enters the off state, 

the first transistor is connected between the second switch 
circuit and the first power Supply terminal, and 

the write data of the anti-fuse element is judged according 
to a voltage level of the second data line. 

4. The semiconductor integrated circuit according to claim 
3, wherein 

the first Switch circuit comprises a second transistor, 
the second transistor is connected between the first node 

and the first data line, and has a control terminal receiv 
ing the first control signal, 

the second Switch circuit comprises a third transistor, and 
the third transistor is connected between the second data 

line and the first transistor, and has a control terminal 
receiving the third transistor is received to the second 
control signal. 

5. The semiconductor integrated circuit according to claim 
4, wherein 

the first Voltage is Substantially equal to or less thana power 
Supply Voltage of logic circuits included in the semicon 
ductor integrated circuit, and 

the Supply Voltage of the first power Supply terminal is a 
ground Voltage. 

6. The semiconductor integrated circuit according to claim 
5, wherein the first and second transistors have a breakdown 
Voltage characteristic against a write Voltage that is higher 
than the power Supply Voltage of the logic circuits, the write 
Voltage being applied to the anti-fuse element when the data 
is written. 

7. The semiconductor integrated circuit according to claim 
6, wherein the first and second transistors have a multi-oxide 
Structure. 

8. The semiconductor integrated circuit according to claim 
5, wherein 

a Voltage Substantially equal to the first Voltage applied to 
the first data line is applied to a back gate of the second 
transistor when the write data of the anti-fuse element is 
judged, and 

a Voltage Substantially equal to the write Voltage applied to 
the first data line is applied to the backgate of the second 
transistor when the data is written into the anti-fuse 
element. 

9. An one-time programmable cell circuit comprising: 
an anti-fuse element that electrically connects a first node 

and a first power Supply terminal when data is written 
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and electrically disconnects the first node and the first 
power Supply terminal when data is not written; 

a first Switch circuit that is connected between the first node 
and a first data line applied with a predetermine first 
Voltage, and enters an off state from an on state accord 
ing to a first control signal; and 

a detection part that detects write data of the anti-fuse 
element according to whether a Voltage of the first node 
is Substantially the same as the first voltage or is Sub 
stantially the same as a Supply Voltage of the first power 
supply terminal when the first switch circuit enters the 
off state. 

10. The one-time programmable cell circuit according to 
claim 9, wherein 

the detection part comprises a first transistor, and 
a conduction state of the first transistor is controlled 

according to the Voltage of the first node. 
11. The one-time programmable cell circuit according to 

claim 10, wherein 
the detection part further comprises a second Switch cir 

cuit, 
the first transistor is connected between the second switch 

circuit and the first power Supply terminal, and 
the second Switch circuit is connected between a second 

data line and the first transistor, enters the on state 
according to a second control signal after the first Switch 
circuit enters the off state, and outputs a detection result 
according to the conduction state of the first transistor to 
the second data line. 

12. The one-time programmable cell circuit according to 
claim 11, wherein 

the first Switch circuit comprises a second transistor, 
the second transistor is connected between the first node 

and the first data line, and has a control terminal receiv 
ing the first control signal, 

the second Switch circuit comprises a third transistor, and 
the third transistor is connected between the second data 

line and the first transistor, and has a control terminal 
receiving the second control signal. 

13. The one-time programmable cell circuit according to 
claim 12, wherein 

the first Voltage is Substantially equal to or less thana power 
Supply Voltage of logic circuits included in a peripheral 
circuit of the one-time programmable cell circuit, and 

the Supply Voltage of the first power Supply terminal is a 
ground Voltage. 

14. The one-time programmable cell circuit according to 
claim 13, wherein the first and second transistors have a 
breakdown Voltage characteristic against a write Voltage that 
is higher than the power Supply Voltage of the logic circuits, 
the write Voltage being applied to the anti-fuse element when 
the data is written. 

15. The one-time programmable cell circuit according to 
claim 14, wherein the first and second transistors have a 
multi-oxide structure. 

16. The one-time programmable cell circuit according to 
claim 14, wherein 

a Voltage Substantially equal to the first Voltage applied to 
the first data line is applied to a back gate of the second 
transistor when the write data of the anti-fuse element is 
detected, and 
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a Voltage Substantially equal to the write Voltage applied to 
the first data line is applied to the backgate of the second 
transistor when the data is written into the anti-fuse 
element. 

17. A data judging method of a data of a semiconductor 
integrated circuit that comprises an anti-fuse element that 
electrically connects a first node and a first power Supply 
terminal when data is written and electrically disconnects the 
first node and the first power Supply terminal when data is not 
written, the method comprising: 
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Switching a first Switch circuit from an on State to an off 
state, the first switch circuit being connected between 
the first node and a first data line applied with a prede 
termine first voltage; and 

detecting write data of the anti-fuse element according to 
whether a voltage of the first node is substantially the 
same as the first Voltage or is Substantially the same 
Voltage as a Supply Voltage of the first power Supply 
terminal when the first switch circuit the enters off state. 
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