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Description 

 

Title of Invention: ANTI-FUSE MEMORY AND SEMICONDUC TOR 

STORAGE DEVICE 

 

Technical Field 

[0001] The present invention relates to an anti-fus e 

memory and a semiconductor memory device. 

 

Background Art 

[0002] Conventionally, an anti-fuse memory having a  

configuration disclosed in U.S. Patent No. 6,667,90 2 

(Patent document 1) has been known as a one-time 

programmable anti-fuse memory, which allows one-tim e 

programming through breaking an insulating film. 

The anti-fuse memory disclosed in the Patent docume nt 1 

includes a two-transistor configuration, in which a  

switch transistor and a memory capacitor are dispos ed 

adjacent to each other in a well. 

[0003] In a switch transistor including a transisto r 

configuration, a switch gate electrode is disposed on the 

well via a switch gate insulating film.  A word lin e is 

connected to the switch gate electrode.  A bit line  is 

connected to one of diffusion regions disposed on t he 

well.  A memory gate electrode of the memory capaci tor, 

which forms a pair with the switch transistor, is 

disposed on the well via a memory gate insulating f ilm.  
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A programming word line, which is different from th e word 

line connected to the switch gate electrode, is con nected 

to the memory gate electrode. 

[0004] At the time of data programming operation, 

dielectric breakdown of the memory gate insulating film 

of the memory capacitor is caused by a voltage diff erence 

between a breakdown word voltage and a breakdown bi t 

voltage.  The breakdown word voltage is applied fro m the 

programming word line to the memory gate electrode.   The 

breakdown bit voltage is applied to the bit line of  the 

switch transistor.  Due to the dielectric breakdown   of 

the memory gate insulating film, the memory gate 

electrode, which has been insulated from the well, is 

electrically connected the surface of the well, tha t is, 

a region in which a memory channel is to be formed.  

[0005] In a case where the memory gate insulating f ilm 

has been broken at the time of data reading operati on, 

when a voltage is applied to the programming word l ine 

connected to the bit line to be read, the voltage a pplied 

to the programming word line is applied to the othe r 

diffusion region of the switch transistor through t he 

memory channel.  The switch transistor is turned on  by 

the voltage applied from the word line connected to  the 

switch gate electrode and the voltage applied from the 

bit line connected to the diffusion region.  The sw itch 

transistor determines an electrical connection stat e 

between the memory gate electrode of the correspond ing 
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memory capacitor and the memory channel through a c hange 

in the voltage applied to the bit line.  Thus, the switch 

transistor determines whether the data has been 

programmed or not. 

 

Citation List 

Patent Literature 

[0006] Patent Literature 1: U.S. Patent No. 6,667,9 02 

 

Summary of Invention 

Technical Problem 

[0007] The conventional anti-fuse memory having the  

above-described configuration includes the switch 

transistor separately from the memory capacitor.  H ence, 

a switch control circuit, which turns the switch 

transistor on or off, needs to be provided separate ly 

from a control circuit for applying the breakdown w ord 

voltage to the memory capacitor.  Miniaturization b ecomes 

difficult correspondingly.  

[0008] In view of the foregoing, an object of the p resent 

invention is to suggest an anti-fuse memory and a 

semiconductor memory device that allow further 

miniaturization than conventional ones.   

 

Solution to Problem 

[0009] In order to solve above and other problems, an 

anti-fuse memory according to the present invention  
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includes at least one memory capacitor and at least  one 

rectifier element.  The memory capacitor includes a  

memory gate electrode disposed via a memory gate 

insulating film, and a bit line connected to a diff usion 

region disposed in a well.  The rectifier element i s 

disposed between the memory gate electrode and a wo rd 

line.  The rectifier element allows application of 

voltage from the word line to the memory gate elect rode.  

The rectifier element blocking application of volta ge 

from the memory gate electrode to the word line in 

accordance with a voltage value applied to the memo ry 

gate electrode and the word line. 

[0010] A semiconductor memory device according to t he 

present invention includes the anti-fuse memories 

respectively disposed at intersections of the word lines 

and the bit lines.  The anti-fuse memories are thos e 

described above.   

 

Advantageous Effects of Invention 

[0011] According to the present invention, the volt age 

applied to the memory gate electrode of the memory 

capacitor and the voltage applied to the word line allow 

a rectifier element to block the application of vol tage 

from the memory gate electrode to the word line, wi thout 

the use of a conventional control circuit.  Hence, the 

conventional switch transistor that selectively app lies a 

voltage to the memory capacitor and the conventiona l 
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switch control circuit that turns the switch transi stor 

on or off are unnecessary, so that miniaturization is 

achieved correspondingly.  

 

Brief Description of Drawings 

[0012] FIG. 1 is a schematic view showing a circuit  

configuration of a semiconductor memory device incl uding 

an anti-fuse memory according to the present invent ion 

and voltages at respective sites at the time of dat a 

programming operation. 

 FIG. 2 is a schematic view showing a cross section  

of the anti-fuse memory according to the present 

invention. 

 FIG. 3 is a schematic view showing voltages at 

respective sites at the time of data reading operat ion in 

the semiconductor memory device shown in FIG. 1. 

 FIG. 4A is a schematic view showing a cross sectio n 

of an anti-fuse memory according to another embodim ent of 

the anti-fuse memory shown in FIG. 2; FIG. 4B is a 

schematic view showing a cross section of an anti-f use 

memory according to another embodiment. 

 FIG. 5A is a schematic view showing a circuit 

configuration of a semiconductor memory device incl uding 

an anti-fuse memory according to a second embodimen t and 

voltages at respective sites at the time of data 

programming operation. 
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 FIG. 6A is a schematic view showing a cross sectio n 

of an anti-fuse memory including two memory capacit ors; 

FIG. 6B is a schematic view showing a cross section  of 

another embodiment of the anti-fuse memory shown in  FIG. 

6A. 

 FIG. 7 is a schematic view showing a circuit 

configuration of a semiconductor memory device incl uding 

an anti-fuse memory according to a third embodiment  and 

voltages at respective sites at the time of data 

programming operation. 

 FIG. 8 is a schematic view showing a circuit 

configuration of a semiconductor memory device incl uding 

an anti-fuse memory according to a fourth embodimen t and 

voltages at respective sites at the time of data 

programming operation. 

 FIG. 9A is a schematic view showing a circuit 

configuration of an anti-fuse memory according to a nother 

embodiment, the anti-fuse memory including a rectif ier 

element including an N-type MOS transistor; FIG. 9B  is a 

schematic view showing a circuit configuration of a n 

anti-fuse memory according to another embodiment, t he 

anti-fuse memory including a rectifier element incl uding 

a P-type MOS transistor. 

 FIG. 10 is a schematic view showing a circuit 

configuration of an anti-fuse memory in which a plu rality 

of memory capacitors are connected to one rectifier  

element including the N-type MOS transistor. 
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 FIG. 11 is a schematic view showing an anti-fuse 

memory including a memory capacitor including FinFE T. 

 

Description of Embodiments 

[0013] Hereinafter, embodiments of the present inve ntion 

will be described in detail below with reference to  the 

drawings. 

The descriptions will be made in the following orde r. 

(1. First embodiment)  

1-1. Configuration of semiconductor memory device 

according to first embodiment 

1-2. Data programming operation 

1-3. Data reading operation 

1-4. Operations and effects 

1-5. Rectifier element according to another embodim ent 

(2. Second embodiment) 

2-1. Configuration of semiconductor memory device 

according to second embodiment 

2-2. Data programming operation 

2-2-1. Simultaneously programming the same data int o a 

plurality of memory capacitors  

2-2-2. Sequentially programming the same data into a 

plurality of memory capacitors 

2-3. Data reading operation 

2-4. Operations and effects 

2-5. Rectifier element according to another embodim ent 

(3. Third embodiment) 
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3-1. Configuration of semiconductor memory device 

according to third embodiment 

3-2. Data programming operation 

3-3. Operations and effects 

(4. Fourth embodiment) 

4-1. Configuration of semiconductor memory device 

according to fourth embodiment 

4-2. Data programming operation 

4-3. Operations and effects 

(5. Fifth embodiment) 

5-1. Antifuse memory including rectifier element 

including N-type MOS (Metal-Oxide-Semiconductor) 

transistor 

5-2. Data programming operation 

5-3. Operations and effects 

(6. Sixth embodiment) 

6-1. Antifuse memory including rectifier element 

including P-type MOS transistor 

6-2. Operations and effects 

(7. Other embodiments) 

7-1. Antifuse memory including a plurality of memor y 

capacitors and rectifier element including N-type M OS 

transistor 

7-2. Memory capacitor including FinFET (Fin Field E ffect 

Transistor) 

7-3. Others 

[0014](1) First embodiment 
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(1-1) Configuration of semiconductor memory device 

according to first embodiment 

In FIG. 1, a semiconductor memory device 1 

includes a configuration in which anti-fuse memorie s 2a, 

2b, 2c, and 2d are arranged in a matrix of rows and  

columns.  The anti-fuse memories 2a and 2b (2c and 2d), 

which are next to each other in the row direction, share 

a word line WL1 (WL2).  The anti-fuse memories 2a a nd 2c 

(2b and 2d), which are next to each other in the co lumn 

direction, share a bit line BL1 (BL2).  The anti-fu se 

memories 2a, 2b, 2c, and 2d have the same configura tion.  

For example, the anti-fuse memory 2a, which is disp osed 

at the intersection of the first row and the first column, 

includes a rectifier element 3 and a memory capacit or 4.  

The rectifier element 3 includes a semiconductor ju nction 

structure of a PN junction diode.  The memory capac itor 4 

includes a memory gate insulating film 6.  Dielectr ic 

breakdown of the memory gate insulating film 6 is c aused 

by a voltage difference between a memory gate elect rode G 

and the bit line BL1. 

[0015] In this embodiment, the rectifier element 3 has a 

configuration in which a P-type semiconductor regio n and 

an N-type semiconductor region are joined to each o ther.  

The P-type semiconductor region is connected to the  word 

line WL1.  The N-type semiconductor region is conne cted 

to the memory gate electrode G of the memory capaci tor 4. 

Hence, in the anti-fuse memory 2a, a voltage is app lied 
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from the word line WL1 through the rectifier elemen t 3 to 

the memory gate electrode G of the memory capacitor  4, 

while a voltage from the memory gate electrode G to  the 

word line WL1 is a reverse bias in the rectifier el ement 

3.  Thereby, the rectifier element 3 blocks the vol tage 

applied from the memory gate electrode G to the wor d line 

WL.  

[0016] At the time of data programming operation of  the 

anti-fuse memory 2a (2b, 2c, 2d), the voltage appli ed to 

the word line WL1 (WL2) is applied to the memory ga te 

electrode G of the memory capacitor 4 through the 

rectifier element 3.  Thereby a large voltage diffe rence 

occurs between the memory gate electrode G and the bit 

line BL1 (BL2), so that dielectric breakdown of the  

memory gate insulating film 6 of the memory capacit or 4 

occurs.  Thus, data is programmed into the memory 

capacitor 4.  

[0017] Hereinafter, the anti-fuse memories 2a, 2b, 2c, 

and 2d will be described below in detail.  Specific ally, 

two anti-fuse memories 2a and 2b, which are dispose d next 

to each other in the first row in FIG. 1, will be 

described. 

As shown in FIG. 2, in the semiconductor memory dev ice 1, 

a P-type or N-type well S2, which is made from Si, for 

example, is disposed on a semiconductor substrate S 1.  A 

rectifier element formation layer ILb, which is com posed 

of an insulating member, is disposed in the surface  of 
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the well S2.  In the surface of the well S2, the 

rectifier element formation layer ILb and element 

isolation layers ILa and ILc are disposed at 

predetermined intervals such that the rectifier ele ment 

formation layer ILb is disposed between the element  

isolation layers ILa and ILc.  Each of the element 

isolation layers ILa and ILc is made of an insulati ng 

member. 

[0018] In this case, in the semiconductor memory de vice 1, 

two anti-fuse memories 2a and 2b share one rectifie r 

element formation layer ILb.  The memory capacitor 4 of 

the anti-fuse memory 2a is disposed between the rec tifier 

element formation layer ILb and the element isolati on 

layer ILa.  The memory capacitor 4 of the anti-fuse  

memory 2b is disposed between the rectifier element  

formation layer ILb and the element isolation layer  ILc.    

[0019] A diffusion region 5 is disposed in the surf ace of 

the well S2 between the rectifier element formation  layer 

ILb and the element isolation layer ILa such that t he 

diffusion region 5 is adjacent to the element isola tion 

layer ILa.  The memory gate electrode G of the memo ry 

capacitor 4 is disposed via the memory gate insulat ing 

film 6  over the well S2 between the diffusion region 5 

and the rectifier element formation layer ILb.   

[0020] Another diffusion region 5 is disposed in th e 

surface of the well S2 between the rectifier elemen t 

formation layer ILb and the element isolation layer  ILc 
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such that the diffusion region 5 is adjacent to the  

element isolation layer ILc.  The memory gate elect rode G 

of the memory capacitor 4 is disposed via the memor y gate 

insulating film 6 over the well S2 between the diff usion 

region 5 and the rectifier element formation layer ILb. 

[0021] A contact C1 is disposed in a standing manne r on 

each of the diffusion regions 5.  The corresponding  bit 

line BL1 or BL2 is connected to the tip of the cont act C1.  

Hence, a predetermined voltage is applied from the bit 

line BL1 through the contact C1 to the diffusion re gion 5 

of the memory capacitor 4 of the anti-fuse memory 2 a. 

In addition to the above-described configuration, t he 

rectifier element 3 is disposed on the surface of t he 

rectifier element formation layer ILb.  In this 

embodiment, a P-type semiconductor region 8 and N-t ype 

semiconductor regions 7 are disposed on the surface  of 

the rectifier element formation layer ILb such that  the 

P-type semiconductor region 8 is disposed between t he N-

type semiconductor regions 7.  The rectifier elemen t 3 

includes the semiconductor junction structure of a PN-

junction diode composed of the N-type semiconductor  

regions 7 and the P-type semiconductor region 8.   

[0022] In this case, in each of the anti-fuse memor ies 2a 

and 2b, the memory gate electrode G of the memory 

capacitor 4 includes an N-type semiconductor.  An e nd 

portion of the memory gate electrode G is formed 

integrally with an end portion of the N-type 
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semiconductor region 7 of the rectifier element 3 

disposed on the rectifier element formation layer I Lb.  

In the anti-fuse memories 2a and 2b, the N-type 

semiconductor regions 7 and the P-type semiconducto r 

region 8 of the rectifier element 3 and the respect ive 

memory gate electrodes G of the memory capacitors 4  are 

disposed within one wiring layer (within the same l ayer).  

The N-type semiconductor regions 7, the P-type 

semiconductor region 8, the memory gate electrodes G of 

the memory capacitors 4 have the same thickness.  H ence, 

there is no unevenness in joint surfaces among the N-type 

semiconductor regions 7 and the P-type semiconducto r 

region 8 of the rectifier element 3 and the memory gate 

electrodes G of the memory capacitors 4 in the anti -fuse 

memories 2a and 2b.  Thus, the overall thickness is  

reduced.  The N-type semiconductor regions 7 and th e P-

type semiconductor region 8 of the rectifier elemen t 3 

and the memory gate electrodes G of the memory capa citors 

4 of the anti-fuse memories 2a and 2b are formed in  one 

film forming process.  Hence, a production process is 

simplified as compared with that of the case where the N-

type semiconductor regions 7, the P-type semiconduc tor 

region 8, and the memory gate electrodes G of the m emory 

capacitors 4 are formed separately. 

[0023] A contact C2 is disposed in a standing manne r on 

the P-type semiconductor region 8 of the rectifier 

element 3.  The word line WL1, which is disposed ab ove 
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the bit lines BL1 and BL2, is connected through the  

contact C2 to the P-type semiconductor region 8.  F or 

example, in the anti-fuse memory 2a, in a case wher e a 

voltage relatively positive to the memory gate elec trode 

G is applied to the word line WL1, the voltage from  the 

word line WL1 is applied through the contact C2, th e P-

type semiconductor region 8 and the N-type semicond uctor 

regions 7 of the rectifier element 3 to the memory gate 

electrode G of each of the memory capacitors 4.  On  the 

other hand, in the anti-fuse memory 2a, in a case w here a 

voltage relatively positive to the word line WL1 is  

applied to the memory gate electrode G of the memor y 

capacitor 4, the voltage from the memory gate elect rode G 

is a reverse bias in the rectifier element 3.  Henc e, the 

voltage is blocked between the N-type semiconductor  

region 7 and the P-type semiconductor region 8.  Th e 

contacts C1 and C2, the rectifier elements 3, the m emory 

gate electrodes G, the bit lines BL1 and BL2, and t he 

word line WL1 disposed over the well S2 are covered  with 

an interlayer insulating layer 9. 

[0024]  Since the semiconductor memory device 1 hav ing 

the above-described configuration is formed by a ty pical 

semiconductor production process using a film formi ng 

technology such as photolithography technology, oxi dation, 

or CVD (chemical vapor deposition), etching technol ogy, 

or ion implantation technique, the descriptions the reof 

are omitted. 
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[0025] (1-2) Data programming operation 

Hereinafter, data programming operation to program 

data only into the anti-fuse memory 2c, which is lo cated 

at the intersection of the second row and the first  

column, in the above-configured semiconductor memor y 

device 1 will be described.  Here, the anti-fuse me mory 

2c into which the data is to be programmed may be 

referred to as a selected program memory 2W.  Each of the 

anti-fuse memories 2a, 2b, and 2d into which data i s not 

to be programmed may be referred to as nonselected 

program memory 2N.  In this case, in the semiconduc tor 

memory device 1 shown in FIG. 1, a breakdown bit vo ltage 

of 0 V is applied the bit line BL1 (hereinafter may  be 

referred to as selected programming bit line BLa), to 

which the selected program memory 2W is connected.  A 

nonbreakdown bit voltage of 3 V is applied to the b it 

line BL (hereinafter may be referred to as nonselec ted 

programming bit line BLb), to which the nonselected  

program memories 2N (the anti-fuse memories 2b and 2d) 

are connected. 

[0026] In this case, in the semiconductor memory de vice 1, 

a breakdown word voltage of 5 V is applied to the w ord 

line WL2 (hereinafter may be referred to as selecte d 

programming word line Wla), to which the selected p rogram 

memory 2W is connected.  A nonbreakdown word voltag e of 0 

V is applied to the word line WL1 (hereinafter may be 

referred to as nonselected programming word line WL b), to 
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which only the nonselected program memories 2N (the  anti-

fuse memories 2a and 2b) are connected.  In the sel ected 

program memory 2W, the breakdown word voltage of 5 V is 

applied from the selected programming word line WLa  to 

the P-type semiconductor region 8 of the rectifier 

element 3 while the breakdown bit voltage of 0 V is  

applied from the selected programming bit line BLa to the 

diffusion region 5 at an end of the memory capacito r 4.  

[0027] Thereby, in the selected program memory 2W, the 

breakdown word voltage is applied from the rectifie r 

element 3 to the memory gate electrode G of the mem ory 

capacitor 4 while 0 V is applied from the bit line BL1 to 

the diffusion region 5.  Thus, a channel (not shown ) of 

the memory capacitor 4 is turned on and the channel  

potential becomes the same as the potential of the bit 

line BL1.  For example, given that a built-in poten tial 

in the selected program memory 2W is 0.7 V, a poten tial 

difference between the channel and the memory gate 

electrode G is 4.3 V.  Hence the dielectric breakdo wn of 

the memory gate insulating film 6 below the memory gate 

electrode G occurs, and the memory gate electrode G  and 

the diffusion region 5 become conductive state with  a low 

resistance through the channel.  Thus, the selected  

program memory 2W achieves a state in which data ha s been 

programmed. 

[0028] The nonbreakdown bit voltage of 3 V is appli ed 

through the nonselected programming bit line BLb to  the 
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diffusion region 5 disposed at one end of the memor y 

capacitor 4 in the anti-fuse memory 2d, into which data 

is not to be programmed.  The anti-fuse memory 2d i s 

disposed in another column and connected to the sel ected 

programming word line WLa, to which the breakdown w ord 

voltage of 5 V is applied.  Hence, in the memory 

capacitor 4, the voltage difference between the mem ory 

gate electrode G and the diffusion region 5 is as s mall 

as 1.3 V (in consideration of the built-in potentia l 0.7 

V).  Hence, even when the memory gate insulating fi lm 6 

below the memory gate electrode G of the memory cap acitor 

4 in the anti-fuse memory 2d has not been broken do wn, 

the dielectric breakdown of the memory insulating f ilm 6 

of the anti-fuse memory 2d does not occur and the m emory 

gate insulating film 6 remains insulated.  Thus, th e 

anti-fuse memory 2d maintains a state in which no d ata 

has been programmed.   

[0029] In a case where the memory gate insulating f ilm 6 

has not been broken down in the anti-fuse memory 2b , into 

which data is not to be programmed and connected to  the 

nonselected programming bit line BLb to which the 

nonbreakdown bit voltage of 3 V is applied, a 

nonbreakdown word voltage of 0 V is applied from th e 

nonselected programming word line WLb through the 

rectifier element 3 to the memory gate electrode G.   

Hence, in the memory capacitor 4, the voltage diffe rence 

between the memory gate electrode G and the diffusi on 
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region 5, to which the nonselected programming bit line 

BLb is connected, becomes as small as 3V.  

[0030] Thus, even when the memory gate insulating f ilm 6 

below the memory gate electrode G in the memory cap acitor 

4 in the anti-fuse memory 2b has not been broken do wn, 

the memory gate insulating film 6 remains insulated  and a 

state in which no data has been programmed is maint ained.   

[0031] For example, even when the memory gate insul ating 

film 6 of the memory capacitor 4 has been broken do wn in 

the anti-fuse memory 2b, to which the nonbreakdown bit 

voltage of 3 V is applied from the nonselected 

programming bit line BLb, a channel is not formed i n the 

memory capacitor 4, so that the memory capacitor 4 blocks 

the nonbreakdown bit voltage of 3 V because the 

nonbreakdown word voltage of 0 V is applied to the 

nonselected programming word line WLb.  Hence, the 

nonbreakdown bit voltage is not applied through the  

broken-down memory gate insulating film 6 to the me mory 

gate electrode G. 

[0032] However, in a case where the position of the  

dielectric breakdown of the memory gate insulating film 6 

is extremely close to the diffusion region 5 to whi ch the 

nonselected programming bit line BLb, for example, is 

connected, the channel of the memory capacitor 4 ca nnot 

block the potential of the bit line BL2.  In this c ase, 

the nonbreakdown bit voltage of 3 V may be applied to the 

memory gate electrode G. 
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[0033]  In that case, the nonbreakdown bit voltage of 3 V 

applied from the memory gate electrode G to the rec tifier 

element 3 is a reverse bias applied from the N-type  

semiconductor region 7 to the P-type semiconductor region 

8 in the rectifier element 3.  This is because the 

rectifier element 3, which has the semiconductor ju nction 

structure of PN-junction diode including the N-type  

semiconductor regions 7 and the P-type semiconducto r 

region 8, is disposed between the memory gate elect rode G 

of the memory capacitor 4 and the word line WL1 in the 

anti-fuse memory 2b of the present invention.  Henc e, the 

rectifier element 3 reliably blocks the voltage app lied 

from the memory gate electrode G to the word line W L1. 

[0034] Without the blocking function of the rectifi er 

element  3, the nonbreakdown bit voltage of 3 V is 

applied from the bit line BL2 through the anti-fuse  

memory 2b to the word line WL1.  In this case, the 

voltage of 3 V applied through the anti-fuse memory  2b to 

the word line WL1 is applied (transmitted) through the 

word line WL1 to the memory gate electrode G of the  anti-

fuse memory 2a, which shares the word line WL1.  In  a 

case where the memory gate insulating film 6 of the  anti-

fuse memory 2a has been broken down, the bit line B L1 and 

the word line WL1 are short-circuited to each other  to 

achieve the same potential.  As a result, the bit l ine 

BL1 and the bit line BL2 cannot maintain the desira ble 

potentials, and data programming operation into the  anti-
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fuse memory cannot be performed normally. 

[0035]  A voltage difference between the memory gat e 

electrode G and the diffusion region 5 in the memor y 

capacitor 4 is 0 V in the anti-fuse memory 2a, into  which 

data is not to be programmed.  The anti-fuse memory  2a is 

connected to the nonselected programming word line WLb to 

which nonbreakdown word voltage of 0 V is applied a nd the 

nonselected programming bit line BLb to which 

nonbreakdown bit voltage of 0 V is applied.  Even w hen 

the memory gate insulating film 6 has not been brok en 

down, the memory gate insulating film 6 remains ins ulated 

and a state in which no data has been programmed is  

maintained.  Thus, of the anti-fuse memories 2a, 2b, 2c, 

and 2d arranged in the matrix of rows and columns i n the 

semiconductor memory device 1, data is programmed o nly 

into the anti-fuse memory 2c as desired.   

[0036] (1-3) Data reading operation 

As shown in FIG. 3, in which the same reference 

numerals denote the corresponding parts in FIG. 1, an 

example will be described in which data is read fro m the 

anti-fuse memory 2c disposed at the intersection of  the 

second row and the first column in the semiconducto r 

memory device 1.   Here, the memory gate insulating film 

6 of each of the anti-fuse memories 2a, 2b, and 2c has 

been broken down so that data has been programmed i nto 

each of the anti-fuse memories 2a, 2b, and 2c.  The  anti-

fuse memory 2a is disposed at the intersection of t he 
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first row and the first column.  The anti-fuse memo ry 2b 

is disposed at the intersection of the first row an d the 

second column.  The anti-fuse memory 2c is disposed  at 

the intersection of the second row and the first co lumn.  

The memory gate insulating film 6 of the anti-fuse memory 

2d, which is disposed at the intersection of the se cond 

row and the second column, has not been broken down , so 

that data has not been programmed into the anti-fus e 

memory 2d.    

[0037]  Here, the anti-fuse memory 2c, from which d ata is 

to be read, may be referred to as selected read mem ory 2R.  

The anti-fuse memories 2a, 2b, and 2d, from which d ata is 

not to be read, may be referred to as nonselected r ead 

memories 2NR.  In this case, each of the bit line B L1 

(hereinafter may be referred to as selected reading  bit 

line BLc), to which the selected read memory 2R is 

connected, and the bit line BL2 (hereinafter may be  

referred to as the nonselected reading bit line BLd ), to 

which only the nonselected read memories 2NR are 

connected, is initially charged to 1.2V.  At this t ime, 

the selected reading word voltage of 1.2 V is appli ed to 

the word line WL2 (hereinafter may be referred to a s 

selected reading word line WLc), to which the selec ted 

read memory 2R is connected.  The selected reading word 

voltage of 0 V is applied to the word line WL1 

(hereinafter may be referred to as the nonselected 

reading word line WLd), to which only the nonselect ed 
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read memories 2NR (the anti-fuse memories 2a and 2b ) are 

connected.  

[0038] Thereafter, the selected reading bit voltage  of 0 

V is applied to the selected reading bit line BLc. 

Thereby, in the selected read memory 2R, the select ed 

reading word voltage of 1.2 V is applied from the 

selected reading word line WLc to the P-type 

semiconductor region 8 of the rectifier element 3 w hile 

the selected reading bit voltage of 0 V is applied from 

the selected reading bit line BLc to the diffusion region 

5 disposed at an end of the memory capacitor 4. 

[0039] Since the memory gate insulating film 6 of t he 

memory capacitor 4 in the selected read memory 2R h as 

been broken down and data has been programmed into the 

selected read memory 2R, a forward bias voltage is 

applied from the P-type semiconductor region 8 to t he N-

type semiconductor region 7 of the rectifier elemen t 3 

due to the selected reading voltage of 1.2 V applie d to 

the selected reading word line WLc.   Thereby, in the 

selected read memory 2R, the selected reading word 

voltage applied from the selected reading word line  WLc 

is applied from the rectifier element  3 through the 

memory capacitor 4 to the selected reading bit line  BLc.  

[0040] As a result, a voltage which is lowered from  the 

selected reading word voltage of 1.2 V by the value  of 

the built-in potential through the selected read me mory 

2R (the anti-fuse memory 2C) is applied to the sele cted 
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reading bit line BLc.  Thereby, the selected readin g bit 

line BLc is electrically connected through the sele cted 

read memory 2R to the selected reading word line WL c, so 

that the selected reading bit voltage of 0 V is cha nged 

to 0.5 V.  Thus, the voltage is changed. 

[0041] In a case where the memory gate insulating f ilm 6 

of the memory capacitor 4 has not been broken down and 

data has not been programmed into the selected read  

memory 2R, the memory capacitor 4 blocks the electr ical 

connection between the selected reading word line W Lc and 

the selected reading bit line BLc.  Thus, the selec ted 

reading bit voltage of 0 V applied to the selected 

reading bit line BLc is maintained without change. 

[0042] In the semiconductor memory device 1 describ ed 

above, whether data has been programmed into the se lected 

read memory 2R (the anti-fuse memory 2c) is determi ned by 

detecting whether there is a change in the selected  

reading bit voltage applied to the selected reading  bit 

line BLc. 

[0043] In the anti-fuse memory 2a, from which data is not 

to be read and which is connected to the selected r eading 

bit line BLc, the nonselected reading word voltage of 0 V 

is applied to the nonselected reading word line WLd .  

Hence, even when the memory gate insulating film 6 of the 

memory capacitor 4 has been broken down, this does not 

cause a change in the voltage applied to the select ed 

reading bit line BLc. 
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[0044] In a case where the voltage value applied to  the 

selected reading bit line BLc is 0.5 V due to the a nti-

fuse memory 2c, from which data is to be read, and the 

memory gate insulating film 6 of the memory capacit or 4 

of the anti-fuse memory 2a, from which data is not to be 

read and which shares the selected reading bit line  BLc 

with the anti-fuse memory 2c, has been broken, a re verse 

bias is applied to the rectifier element 3 of the a nti-

fuse memory 2a.  Hence, the rectifier element 3 blo cks 

the selected reading bit voltage of 0.5 V, and prev ents 

the voltage from being applied to the nonselected r eading 

word line WLd. 

[0045] The nonselected reading word line WLd, to wh ich 

the nonselected reading word voltage of 0 V is appl ied, 

and the nonselected reading bit line BLd, to which the 

nonselected reading bit voltage of 1.2 V is applied , are 

connected to the anti-fuse memory 2b.  In this case , even 

when the memory gate insulating film 6 of the anti- fuse 

memory 2b has been broken down, the applied voltage  is a 

reverse bias in the rectifier element 3.  Hence, th e 

rectifier element 3 blocks the voltage applied from  the 

nonselected reading word line WLd to the nonselecte d 

reading bit line BLd. 

[0046] The selected reading word line WLc, to which  the 

selected reading word voltage of 1.2 V is applied, and 

the nonselected reading bit line BLd, to which the 

nonselected reading bit voltage of 1.2 V is applied , are 
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connected to the anti-fuse memory 2d.  In this case , even 

when the insulating film 6 of the anti-fuse memory 2d has 

been broken down, the selected reading word voltage  of 

1.2 V does not change and does not affect the readi ng 

operation of the anti-fuse memory 2c because the vo ltage 

values applied to the selected reading word line WL c and 

the nonselected reading bit line BLd are the same.  Thus, 

the data is read only from the desired anti-fuse me mory 

2c among the anti-fuse memories 2a, 2b, 2c, and 2d 

arranged in the matrix of rows and columns in the 

semiconductor memory device 1. 

[0047] (1-4) Operations and Effects 

  For example, the anti-fuse memory 2c includes the  

memory capacitor 4 and the rectifier element 3.  In  the 

memory capacitor 4, the memory gate electrode G is 

disposed over the well S2 via the memory gate insul ating 

film 6, and the bit line BL1 is connected to the 

diffusion region 5 disposed in the surface of the w ell S2.  

The rectifier element 3 is disposed between the mem ory 

gate electrode G and the word line WL2.  The rectif ier 

element 3 allows application of voltage from the wo rd 

line WL2 to the memory gate electrode G.  A voltage  

applied from the memory gate electrode G to the wor d line 

WL2 is a reverse bias in the rectifier element 3.  Hence, 

the rectifier element 3 blocks the voltage applied from 

the memory gate electrode G to the word line WL2. 
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[0048] When data is programmed into the memory capa citor 

4 of the anti-fuse memory 2c, breakdown word voltag e 

applied to the selected programming word line WLa i s 

applied through the rectifier element 3 to the memo ry 

gate electrode G of the memory capacitor 4.  The 

dielectric breakdown of the memory gate insulating film 6 

of the memory capacitor 4 is caused by the voltage 

difference between the memory gate electrode G and the 

selected programming bit line BLa. 

[0049] In the anti-fuse memory 2b under an operatio n not 

to program data, when a high nonbreakdown bit volta ge is 

applied to the bit line BL2 connected to the memory  

capacitor 4, a channel is not formed in the memory 

capacitor 4 even when, for example, the memory gate  

insulating film 6 of the memory capacitor 4 has bee n 

broken down, because the nonbreakdown word voltage of 0 V 

is applied to the nonselected programming word line  WLb.  

Thus, the memory capacitor 4 blocks application of 

voltage from the nonselected programming bit line B Lb to 

the word line WL1. 

[0050] At this time, in the anti-fuse memory 2b of the 

present invention, the rectifier element 3 reliably  

blocks the application of voltage from the memory g ate 

electrode G to the word line WL1 because the nonbre akdown 

bit voltage is a reverse bias in the rectifier elem ent 3, 

even when, for example, the dielectric breakdown of  the 

memory gate insulating film 6 occurred at a positio n 
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extremely close to the diffusion region 5 connected  to 

the nonselected programming bit line BLb, and the c hannel 

of the memory capacitor 4 cannot block the potentia l of 

the nonselected programming bit line BLb, and the 

nonbreakdown bit voltage is applied from the nonsel ected 

programming bit line BLb to the memory gate electro de G 

of the memory capacitor 4. 

[0051] Hence, the anti-fuse memory 2b is provided w ith 

the rectifier element 3, without the use of the 

conventional control circuit.  The rectifier elemen t 3 

includes a semiconductor junction structure in whic h the 

voltage from the memory gate electrode G to the wor d line 

WL1 is applied as a reverse bias in accordance with  the 

voltage value(s) applied to the memory gate electro de G 

and the word line WL1.  The rectifier element 3 blo cks 

application of voltage from the memory gate electro de G 

to the word line WL1.  Therefore the conventional s witch 

transistor that selectively applies a voltage to th e 

memory capacitor and the conventional switch contro l 

circuit to allow the switch transistor to turn on o r off 

are not necessary.  Thus, miniaturization is achiev ed 

correspondingly. 

[0052] As shown in FIG. 2, in the anti-fuse memorie s 2a, 

2b, 2c, and 2d, the P-type semiconductor regions 8 and 

the N-type semiconductor regions 7 of the rectifier  

elements 3 and the memory gate electrodes G of the memory 

capacitors 4 are formed in the same layer.  Hence, the P-
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type semiconductor regions 8 and the N-type semicon ductor 

regions 7 of the rectifier elements 3 are formed by  a 

typical semiconductor production process, in which the 

memory gate electrodes G of the memory capacitors 4  

having a single-layer structure is formed. 

[0053](1-5) Rectifier element according to another 

embodiment 

 The present invention is not limited to this 

embodiment and various modifications are possible w ithin 

the scope of the present invention.  The rectifier 

element 3 including the PN junction diode type 

semiconductor junction structure, in which the P-ty pe 

semiconductor region 8 is joined to the N-type 

semiconductor regions 7, has been described but the  

present invention is not limited to this.  As shown  in 

FIG. 4A (in which the rectifier element formation l ayer 

ILb and the like are omitted), in which the same 

reference numerals denote the corresponding parts i n FIG. 

2, rectifier elements 11a and 11b including a PIN ( P-

intrinsic-N) junction diode type semiconductor junc tion 

structure, in which the intrinsic semiconductor reg ion 14 

is disposed between the P-type semiconductor region  13 

and the N-type semiconductor region 15, may be used .  

[0054] In this case, the rectifier elements 11a and  11b 

are disposed on the rectifier element formation lay er ILb 

(FIG. 2).  The P-type semiconductor region 13, on w hich 

the contact C2 is disposed in a standing manner, is  
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disposed at the center between the intrinsic 

semiconductor regions 14.  In the rectifier element s 11a 

and 11b, the N-type semiconductor regions 15 are jo ined 

to the respective intrinsic semiconductor regions 1 4.  

Thus, semiconductor junction structure including th e PIN 

junction diode is formed. 

[0055] In the rectifier element 11a (11b), an end p ortion 

of the N-type semiconductor region 15 is formed 

integrally with an end portion of the memory gate 

electrode G of the memory capacitor 4 (not shown in  FIG. 

4A) made of an N-type semiconductor.  In this case,  the 

N-type semiconductor regions 15, the intrinsic 

semiconductor regions 14, and the P-type semiconduc tor 

region 13 of the rectifier elements 11a and 11b and  the 

memory gate electrodes G of the memory capacitors 4  are 

disposed in one wiring layer (the same layer) and h ave 

the same thickness.  Hence, the joint surfaces of t he N-

type semiconductor regions 15, the intrinsic 

semiconductor regions 14, and the P-type semiconduc tor 

region 13 of the rectifier elements 11a and 11b and  the 

memory gate electrodes G of the memory capacitors 4  are 

flush with each other, and thus the overall thickne ss is 

reduced. 

[0056] In each anti-fuse memory including the recti fier 

elements 11a and 11b, the voltage applied to the wo rd 

line WL1 is applied through the contact C2, and the  P-

type semiconductor region 13, the intrinsic semicon ductor 
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region 14, and the N-type semiconductor region 15 o f the 

rectifier element 11a or 11b to the memory gate ele ctrode 

G of the corresponding memory capacitor 4, while th e 

voltage from the memory gate electrode G of the mem ory 

capacitor 4 is a reverse bias in the rectifier elem ent 

11a (11b) and blocked between the N-type semiconduc tor 

region 15 and the P-type semiconductor region 13.  Thus, 

the same effects as those described in the above 

embodiment are achieved. 

[0057] FIG. 4B, in which the same reference numeral s 

denote the corresponding parts in FIG. 4A, shows 

rectifier elements 16a and 16b, which include PN ju nction 

diode, according to another embodiment.  In this ca se, 

the rectifier elements 16a and 16b include an insul ating 

region 18.  The insulating region 18 is disposed be low 

the P-type semiconductor region 17, on which the co ntact 

C2 is disposed in a standing manner.  The N-type 

semiconductor region 19 is joined to an end portion  of 

the P-type semiconductor region 17 and an end porti on of 

the insulating region 18.  Thus, the rectifier elem ents 

16a and 16b achieve a semiconductor junction struct ure 

including a PN junction diode, in which the P-type 

semiconductor region 17 is joined to the N-type 

semiconductor regions 19.  

[0058] Similar to the above, the rectifier element 16a 

(16b) has a configuration in which the end portion of the 

N-type semiconductor region 19 is formed integrally  with 
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an end portion of the memory gate electrode G of th e 

memory capacitor, which is made of an N-type 

semiconductor.  In this case, the N-type semiconduc tor 

regions 19 of the rectifier elements 16a and 16b an d the 

memory gate electrodes G of the memory capacitors 4  are 

disposed in one wiring layer (the same layer) and h ave 

the same thickness.  The total thickness of the P-t ype 

semiconductor region 17 and the insulating region 1 8 is 

the same as that of the N-type semiconductor region  19. 

[0059] The joint surfaces of the P-type semiconduct or 

region 17 and the N-type semiconductor regions 19 o f the 

rectifier elements 16a and 16b and the memory gate 

electrodes G of the memory capacitors 4 are flush w ith 

each another.  Also on the bottom of the rectifier 

elements 16a and 16b, the joint surfaces of the 

insulating region 18, the N-type semiconductor regi ons 19, 

and the memory gate electrodes G of the memory capa citors 

4 are flush with each other.  Thus, the overall thi ckness 

is reduced. 

[0060] In each anti-fuse memory including the recti fier 

elements 16a and 16b, a voltage applied to the word  line 

WL1 is applied through the contact C2, the P-type 

semiconductor region 17 and the N-type semiconducto r 

regions 19 of the rectifier elements 16a and 16b to  the 

respective memory gate electrodes G of the memory 

capacitors 4, while the voltage from the memory gat e 

electrode G of the memory capacitor 4 is a reverse bias 
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in the rectifier element 16a (16b) and is blocked b etween 

the N-type semiconductor region 19 and the P-type 

semiconductor region 17.  Thus, the same effects as  those 

described in the above embodiment are achieved. 

[0061] (2) Second Embodiment 

 In FIG. 5, in which the same reference numerals 

denote the corresponding parts in FIG. 1, a referen ce 

numeral 21 denotes a semiconductor memory device 

according to a second embodiment.  In the semicondu ctor 

memory device 21, the anti-fuse memories 22a, 22b, 22c, 

and 22d, in each of which two memory capacitors 24a  and 

24b are connected to one rectifier element 23, are 

arranged in the matrix of rows and columns.  In thi s 

embodiment, the anti-fuse memories 22a, 22b, 22c, a nd 22d 

each including two memory capacitors 24a and 24b ar e 

described, but the present invention is not limited  to 

this embodiment.  Each anti-fuse memory may include  three, 

four, or more memory capacitors. 

[0062] In the semiconductor memory device 21, each of the 

anti-fuse memories 22a, 22b, 22c, and 22d stores da ta of 

one bit.  In each of the anti-fuse memories 22a, 22 b, 22c, 

and 22d, the memory capacitors 24a and 24b store th e same 

data.   

[0063] In this case, in the semiconductor memory de vice 

21, the anti-fuse memories 22a and 22b (22c and 22d ), 

which are adjacent to each other in the row directi on, 

share the word line WL1 (WL2).  The anti-fuse memor ies 
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22a and 22c (22b and 22d), which are adjacent to ea ch 

other in the column direction, share the bit lines BL11 

and BL12 (BL21 and BL22). 

[0064] The anti-fuse memories 22a, 22b, 22c, and 22 d, 

which are arranged in a matrix of rows and columns,  have 

the same configuration.  For example, the anti-fuse  

memory 22a includes a rectifier element 23 and the memory 

capacitors 24a and 24b.  The rectifier element 23 

includes a PN junction diode type semiconductor jun ction 

structure.  The memory capacitors 24a and 24b 

respectively include the memory gate insulating fil ms 6a 

and 6b.  The dielectric breakdown of the memory gat e 

insulating film 6a (6b) is caused by a voltage diff erence 

between the memory gate electrode Ga (Gb) and the w ord 

line WL1.    

[0065] In this embodiment, similar to the above-des cribed 

first embodiment, the rectifier element 23 includes  the 

P-type semiconductor region joined to each of the N -type 

semiconductor regions.  The P-type semiconductor re gion 

is connected to the word line WL1.  The N-type 

semiconductor regions are respectively connected to  the 

memory gate electrodes Ga and Gb of the memory capa citors 

24a and 24b. 

[0066] Thus, in the anti-fuse memory 22a, the same 

voltage is applied to from the word line WL1 throug h the 

rectifier element 23 to the respective memory gate 

electrodes Ga and Gb of the memory capacitors 24a a nd 24b, 
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while the voltage from the memory gate electrodes G a and 

Gb of the memory capacitors 24a and 24b to the word  line 

WL1 is a reverse bias in the rectifier element 23.  Hence 

the rectifier element 23 blocks the application of 

voltage from the memory gate electrodes Ga and Gb t o the 

word line WL1. 

[0067] The voltage applied to the word line WL1 is 

applied through the rectifier element 23 to each of  the 

memory gate electrodes Ga and Gb of the memory capa citors 

24a and 24b of the anti-fuse memory 22a.  This caus es a 

large voltage difference between the memory gate 

electrode Ga (Gb) and the bit line BL11 (BL12), res ulting 

in a breakdown of the memory gate insulating film 6 a (6b) 

of the memory capacitor 24a (24b).  Thus the same d ata is 

programmed into the memory capacitors 24a and 24b. 

[0068] FIG. 6A, in which the same reference numeral s 

denote the corresponding parts in FIG.2, shows a cr oss-

section of the rectifier element 23 only.  In the 

rectifier element 23, a contact C2, which is connec ted to, 

for example, the word line WL1 (FIG. 5), is provide d in a 

standing manner on the P-type semiconductor region 28, 

and the N-type semiconductor region 29 is disposed to 

cover the bottom and both side-end portions of the P-type 

semiconductor region 28.  The memory gate electrode s Ga 

and Gb, which are N-type semiconductors, of the mem ory 

capacitors 24a and 24b are formed integrally with t he 
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respective side-end portions of the N-type semicond uctor 

region 29 of the rectifier element 23. 

[0069] Hence, the rectifier element 23 achieves a P N 

junction diode type semiconductor junction structur e, in 

which the N-type semiconductor region 29 joined to the P-

type semiconductor region 28 is joined to the memor y gate 

electrodes Ga and Gb of the memory capacitors 24a a nd 24b, 

and in which the voltage applied from the memory ga te 

electrode Ga (Gb) of the memory capacitor 24a (24b)  to 

the word line WL1 is a reverse bias in the rectifie r 

element 23.   

[0070] The N-type semiconductor region 29 and the P -type 

semiconductor region 28 of the rectifier element 23  and 

the memory gate electrodes Ga and Gb of the memory 

capacitors 24a and 24b are disposed in one wiring l ayer 

(the same layer).  Each of the memory gate electrod es Ga 

and Gb has the same thickness as the N-type semicon ductor 

region 29 joined together with the P-type semicondu ctor 

region 28.  Hence, the joint surfaces of the N-type  

semiconductor region 29 and the P-type semiconducto r 

region 28 of the rectifier element 23 are flush wit h the 

joint surfaces of the N-type semiconductor region 2 9 and 

the memory gate electrodes Ga and Gb of the memory 

capacitors 24a and 24b.  Thus, the overall thicknes s is 

reduced. 

[0071] In the anti-fuse memory 22a including the 

rectifier element 23, a voltage is applied from the  word 
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line WL1 through the contact C2, the P-type semicon ductor 

region 28 and the N-type semiconductor region 29 of  the 

rectifier element 23 to the respective memory gate 

electrodes Ga and Gb of the memory capacitors 24a a nd 24b, 

while the voltage from the memory gate electrode Ga  (Gb) 

of the memory capacitor 24a (24b) is a reverse bias  in 

the rectifier element 23 and blocked between the N- type 

semiconductor region 29 and the P-type semiconducto r 

region 28.  Thus, the same effect as that described  in 

the above embodiment is achieved. 

[0072] In a conventional anti-fuse memory, dependin g on 

the conditions of the dielectric breakdown, a pheno menon 

(hereinafter may be referred to as insulation failu re) 

may occur after data has been programmed by the 

dielectric breakdown of the program gate insulating  film 

of a memory capacitor, for example.  The insulation  

failure refers to the recovery of a conductive path  which 

has been broken down in the memory gate insulating film 

and the recovery of the high resistance state, whic h 

occur due to temporal changes.  To prevent this, an  error 

correction circuit having a complicated configurati on is 

commonly incorporated in the semiconductor memory d evice.  

When the phenomenon in which the broken-down memory  gate 

insulating film returns to a high resistance state occurs, 

the error correction circuit detects and corrects e rrors 

in data read from the anti-fuse memory, so as to re ad 

correct data from the anti-fuse memory. 
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[0073] However, the conventional semiconductor memo ry 

device including the error correction circuit has a  

complicated configuration due to the error correcti on 

circuit, in which logic circuits are combined to ea ch 

other.  In addition, an error correction process, i n 

which reliability of data read from the anti-fuse m emory 

is determined by logic operations, needs to be exec uted, 

reducing the reading speed correspondingly. 

[0074] In contrast, in order to program data in the  anti-

fuse memory 22a, 22b, 22c, or 22d of the present 

invention, the same data is programmed into the mem ory 

capacitors 24a and 24b by the dielectric breakdown of the 

respective memory gate insulating films 6a and 6b o f the 

memory capacitors 24a and 24b.  Hence, for example,  when 

the memory gate insulating film 6a which has been b roken 

down in the memory capacitor 24a of the anti-fuse m emory 

22a, 22b, 22c, or 22d returned to the high resistan ce 

state due to temporal changes, the correct data is read 

by referring to the data stored in the memory capac itor 

24b, in which the memory gate insulating film 6b ha s been 

broken down. 

[0075] Therefore the anti-fuse memories 22a, 22b, 2 2c, 

and 22d of the present invention do not need the 

conventional error correction circuit, which includ es the 

complicated circuit configuration, and achieves a s imple 

configuration correspondingly.  In order to read da ta 

from the anti-fuse memory 22a, 22b, 22c, or 22d of the 
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present invention, the data in the memory capacitor s 24a 

and 24b are read collectively, and a logical sum of  two 

data is simply obtained.  Thereby whether data has been 

programmed is read correctly.  Complicated logic 

operations performed by the error correction circui t are 

not necessary, so that the circuits are downsized 

correspondingly and the reduction in data reading s peed 

is prevented.  

[0076] (2-2) Data programming operation 

 (2-2-1)Simultaneously programming the same data in to 

a plurality of memory capacitors 

 Hereinafter, a specific example will be described in 

which data is simultaneously programmed only into e ach of 

the memory capacitors 24a and 24b of the anti-fuse memory 

22c disposed at the intersection of the second row and 

the first column in the semiconductor memory device  21.  

In this case, in the semiconductor memory device 21  shown 

in FIG. 5, a breakdown bit voltage of 0 V is applie d to 

the pair of bit lines BL11 and BL12 (hereinafter ma y be 

referred to as the selected programming bit line BL 1a and 

BL2a) connected to the anti-fuse memory 22c into wh ich 

data is to be programmed.  A nonbreakdown bit volta ge of 

3 V is applied to each of the pair of the bit lines  BL21 

and BL22 (hereinafter may be referred to as the 

nonselected programming bit line BL1b, BL2b) connec ted 

only to the anti-fuse memories 22b and 22d, into wh ich 

data is not to be programmed.  
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[0077] At this time, in the semiconductor memory de vice 

21, a breakdown word voltage of 5 V is applied to t he 

word line WL2 (the selected programming word line W La), 

to which the selected program memory 2W (the anti-f use 

memory 22c) is connected.  A nonbreakdown word volt age of 

0 V is applied to the word line WL1 (the nonselecte d 

programming word line WLb), to which only the nonse lected 

program memory 2N (the anti-fuse memories 22a and 2 2b) is 

connected.  Hence, in the selected program memory 2 W, the 

breakdown word voltage of 5 V is applied from the 

selected programming word line WLa to the P-type 

semiconductor region 28 of the rectifier element 23 .  In 

addition, in the selected program memory 2W, the 

breakdown bit voltage of 0 V is applied from the se lected 

programming bit lines BL1a and BL2b to the diffusio n 

regions of the corresponding memory capacitors 24a and 

24b.  

[0078] Thereby, given that the built-in potential i s, for 

example, 0.7 V, and in a case where the breakdown w ord 

voltage is applied from the rectifier element 23 to  each 

of the memory gate electrodes Ga and Gb of the memo ry 

capacitors 24a and 24b in the selected program memo ry 2W 

(the anti-fuse memory 22c), a voltage difference of  4.3 V 

occurs between the memory gate electrode Ga and the  

diffusion region 5 and between the memory gate elec trode 

Gb and the diffusion region 5 due to the breakdown bit 

voltage and the breakdown word voltage.  Hence, in the 
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memory capacitors 24a and 24b in the selected progr am 

memory 2W, the memory gate insulating films 6a and 6b 

below the respective memory gate electrodes Ga and Gb are 

broken down, and the memory gate electrodes Ga and Gb and 

the respective diffusion regions 5 become conductiv e 

state with a low resistance.  Thus, the selected pr ogram 

memory 2W achieves a state in which the same data h as 

been programmed into the memory capacitors 24a and 24b. 

[0079] On the other hand, a nonbreakdown bit voltag e of 3 

V is applied from the nonselected programming bit l ines 

BL1b and BL2b to the corresponding diffusion region s 5 

disposed at the ends of the respective memory capac itors 

24a and 24b in the anti-fuse memory 22d, into which  data 

is not to be programmed and which is connected to t he 

selected programming word line WLa, to which the 

breakdown word voltage of 5 V is applied.  Thereby,  a 

voltage difference between the memory gate electrod e Ga 

(Gb) and the corresponding diffusion region 5 in th e 

memory capacitor 24a (24b) becomes as small as 1.3 V.  

Hence, even when the memory gate insulating films 6 a and 

6b below the memory gate electrodes Ga and Gb in th e 

memory capacitors 24a and 24b in the anti-fuse memo ry 22d 

have not been broken down, the dielectric breakdown  of 

the memory gate insulating films 6a and 6b does not  occur 

and the memory gate insulating films 6a and 6b rema in 

insulated.  Thus, the anti-fuse memory 22d maintain s a 

state in which no data has been programmed.      
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[0080] In the anti-fuse memory 22b, to which data i s not 

to be programmed and which is connected to the 

nonselected programming bit lines BL1b and BL2b to each 

of which the nonbreakdown bit voltage of 3 V is app lied, 

the voltage difference between the memory gate elec trode 

Ga (Gb) and the corresponding diffusion region 5 in  the 

memory capacitor 24a (24b) becomes as small as 3 V.   

Hence, even when the memory gate insulating films 6 a and 

6b below the memory gate electrodes Ga and Gb in th e 

memory capacitors 24a and 24b in the anti-fuse memo ry 22b 

have not been broken down, the dielectric breakdown  of 

the memory gate insulating films 6a and 6b does not  occur 

and remain insulated.  Thus the anti-fuse memory 22 b 

maintains a state in which no data has been program med. 

[0081] For example, even when the memory gate insul ating 

films 6a and 6b of the memory capacitors 24a and 24 b in 

the anti-fuse memory 22b, to which the nonbreakdown  bit 

voltage of 3 V is applied from the nonselected 

programming bit lines BL1b and BL2b, have been brok en 

down, a channel is not formed in the memory capacit or 4 

because the nonbreakdown word voltage of 0 V is app lied 

to the nonselected programming word line WLb.  Henc e the 

memory capacitor 4 blocks the nonbreakdown bit volt age of 

3 V applied from the nonselected programming bit li nes  

BL21b and BL22b, so that the nonbreakdown bit volta ge is 

prevented from being applied to the memory gate 
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electrodes Ga and Gb through the memory gate insula ting 

films 6a and 6b that have been broken down. 

[0082] However, in a case where the positions of th e 

dielectric breakdown of the memory gate insulating films 

6a and 6b are extremely close to the diffusion regi ons 5 

connected to, for example, the bit lines BL21 and B L22, 

respectively, the potentials of the bit lines BL21 and 

BL22 may not be blocked by the channel of the memor y 

capacitor 4.  In this case, the nonbreakdown bit vo ltage 

of 3 V applied to the diffusion regions 5 may be ap plied 

to the memory gate electrodes Ga and Gb. 

[0083] In the anti-fuse memory 22b, the nonbreakdow n bit 

voltage of 3 V applied from each of the memory gate  

electrodes Ga and Gb to the rectifier element 23 is  a 

reverse bias applied from the N-type semiconductor region 

to the P-type semiconductor region in the rectifier  

element 23, because the rectifier element 23, which  

performs rectification (commutation) due to the 

semiconductor junction structure of the N-type 

semiconductor region and the P-type semiconductor r egion, 

is connected to the memory gate electrodes Ga and G b of 

the memory capacitors 24a and 24b.    

[0084] In the anti-fuse memory 22a, into which data  is 

not to be programmed and which is connected to the 

nonselected programming word line WLb, to which the  

nonbreakdown word voltage of 0 V is applied, and th e 

nonselected programming bit lines BL1b and BL2b, to  each 
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of which the nonbreakdown bit voltage of 0 V is app lied, 

a voltage difference between the memory gate electr ode Ga 

and the diffusion region 5 in the memory capacitor 24a is 

0 V, and a voltage difference between the memory ga te 

electrode Gb and the diffusion region 5 in the memo ry 

capacitor 24b is 0 V.  Even when the memory gate 

insulating films 6a and 6b have not been broken dow n, the 

dielectric breakdown of the memory gate insulating films 

6a and 6b do not occur and the memory gate insulati ng 

films 6a and 6b remain insulated.  Hence, the anti- fuse 

memory 22a maintains a state in which no data has b een 

programmed.  Thus, in the semiconductor memory devi ce 21, 

data is programmed only into memory capacitors 24a and 

24b of the desired anti-fuse memory 22c among the a nti-

fuse memories 22a, 22b, 22c, and 22d arranged in th e 

matrix of rows and columns.  

[0085] (2-2-2) Sequentially programming the same da ta 

into a plurality of memory capacitors 

 Next, a data programming operation is specifically  

described, in which the same data is sequentially 

programmed into the memory capacitors 24a and 24b o f, for 

example, the anti-fuse memory 22c disposed at the 

intersection of the second row and the first column  in 

the semiconductor memory device 21 having the above -

described configuration.  In order to program data into, 

for example, the anti-fuse memory 22c disposed at t he 

intersection of the second row and the first column  in 
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the semiconductor memory device 21, data is program med by 

the dielectric breakdown of the memory gate insulat ing 

film 6a of the memory capacitor 24a of the anti-fus e 

memory 22c, and then the data is programmed by the 

dielectric breakdown of the memory gate insulating film 

6b of the memory capacitor 24b of the anti-fuse mem ory 

22c.   

[0086] Descriptions with regard to the nonselected 

program memory 2N (the anti-fuse memories 2a, 2b, a nd 2d) 

are similar to those described in “(2-2-1) Simultan eously 

programming the same data into a plurality of memor y 

capacitors”.  Hereinafter, the anti-fuse memory 22c , in 

which the same data is sequentially programmed into  the 

memory capacitors 24a and 24b, will be described. 

[0087] In this case, first, a breakdown bit voltage  of 0 

V is applied to the selected programming bit line B L1a 

connected to the anti-fuse memory 22c, into which d ata is 

to be programmed, while a nonbreakdown bit voltage of 3 V 

is applied to the selected programming bit lines BL 2a, 

which forms a pair with the selected programming bi t line 

BL1a. 

[0088] At this time, the breakdown word voltage of 5 V is 

applied through the selected programming word line WLa to 

the rectifier element 23 in the anti-fuse memory 22 c, 

into which data is to be programmed.  Hence, a volt age 

difference of 4.3 V occurs between the memory gate 

electrode Ga and the diffusion region 5 of the memo ry 
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capacitor 24a, to which the breakdown bit voltage o f 0 V 

is applied from the selected programming bit line B L1a.  

Thereby dielectric breakdown of the memory gate 

insulating film 6a, which is disposed below the mem ory 

gate electrode Ga, occurs in the memory capacitor 2 4a.   

[0089] At this time, in the anti-fuse memory 22c, i nto 

which data is to be programmed, the nonbreakdown bi t 

voltage of 3 V has been initially applied from the 

selected programming bit line BL2a to the memory 

capacitor 24b.  In the memory capacitor 24b, there is 

only a small voltage difference (1.3 V) between the  

memory gate electrode Gb and the diffusion region 5 .  

Hence, the dielectric breakdown of the memory gate 

insulating film 6b, which is disposed below the mem ory 

gate electrode Gb, does not occur and the memory ga te 

insulating film 6b remains insulated.   

[0090]  As described above, in the anti-fuse memory  22c, 

into which data is to be programmed, the dielectric  

breakdown of the memory gate insulating film 6a, wh ich is 

disposed below the memory gate electrode Ga of the memory 

capacitor 24a, occurs first.  Hence the memory gate  

electrode Ga and the diffusion region 5 become cond uctive 

state with a low resistance.  Thus, anti-fuse memor y 22c 

achieves a state in which data has been programmed only 

into the memory capacitor 24a.     

[0091] Next, in the semiconductor memory device 21,  the 

nonbreakdown bit voltage of 3 V, which is different  from 



- 46 - 

the previously applied voltage, is applied to the 

selected programming bit line BL1a connected to the  anti-

fuse memory 22c, to which data is to be programmed.   A 

breakdown bit voltage of 0 V, which is different fr om the 

previously applied voltage, is applied to the selec ted 

programming bit line BL2a, connected to the anti-fu se 

memory 22c, to which data is to be programmed. 

[0092]  At this time, in a case where the built-in 

potential is, for example, 0.7 V, a breakdown word 

voltage of 5 V is applied to the rectifier element 23 

through the selected programming word line WLa in t he 

anti-fuse memory 22c, to which data is to be progra mmed.  

A voltage difference of 4.3 V occurs between the me mory 

gate electrode Gb and the diffusion region 5 of the  

memory capacitor 24b, to which the breakdown bit vo ltage 

of 0 V is applied from the selected programming bit  line 

BL2a.  Thereby, in the memory capacitor 24b, dielec tric 

breakdown of the memory gate insulating film 6b, wh ich is 

disposed below the memory gate electrode Gb, occurs .      

[0093] Thereby, in the anti-fuse memory 22c, into w hich 

data is to be programmed, data is programmed into t he 

memory capacitor 24a first.  Then, in the memory 

capacitor 24b, the dielectric breakdown of the memo ry 

gate insulating film 6b, which is disposed below th e 

memory gate electrode Gb, occurs.  The memory gate 

electrode Gb and the diffusion region 5 become cond uctive 

state with a low resistance.  Thus, the anti-fuse m emory 
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22c achieves a state in which data has been program med 

only into the memory capacitor 24b. 

[0094] As described above, in order to program data  in 

the anti-fuse memory 22c of the semiconductor memor y 

device 21, the data is programmed into the memory 

capacitor 24a of the anti-fuse memory 22c first, an d then 

the data is programmed into the memory capacitor 24 b of 

the anti-fuse memory 22c. 

[0095] (2-3) Data reading operation 

 Next, an example will be briefly described in whic h 

data is read from the anti-fuse memory 22c, which i s 

disposed at the intersection of the second row and the 

first column in the semiconductor memory device 21.   

Descriptions with regard to data reading operation to 

read data from the anti-fuse memory 22c, which is 

disposed at the intersection of the second row and the 

first column in the semiconductor memory device 21,  are 

similar to the “(1-3) Data reading operation” descr ibed 

above.  Hereinafter, descriptions will be made only  with 

regard to the anti-fuse memory 22c. 

[0096] In this case, the selected reading bit volta ge of 

0 V is applied to each of the bit line BL11 (the se lected 

reading bit line) and the bit line BL12 (the select ed 

reading bit line), which are connected to the anti- fuse 

memory 22c (the selected read memory), from which d ata is 

to be read while selected reading word voltage of 1 .2 V 

is applied to the word line WL2 (the selected readi ng 
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word line) connected to the anti-fuse memory 22c, f rom 

which data is to be read. 

[0097] Thereby, the selected reading word voltage o f 1.2 

V is applied from the word line WL2, which is the 

selected reading word line, to the P-type semicondu ctor 

region of the rectifier element 3 in the anti-fuse memory 

22c, from which data is to be read, while the selec ted 

reading bit voltage of 0 V is applied from the bit line 

BL11 to the diffusion region 5 disposed at the end of the 

memory capacitor 24a.  Similarly, the selected read ing 

bit voltage of 0 V is applied from the bit line BL1 2 to 

the diffusion region 5 disposed at the end of the m emory 

capacitor 24b. 

[0098] For example, in a case where the respective memory 

gate insulating films 6a and 6b of the memory capac itors 

24a and 24b have been broken down and data has been  

programmed into the anti-fuse memory 22c, from whic h data 

is to be read, a forward bias voltage is applied fr om the 

P-type semiconductor region 8 to the N-type semicon ductor 

region 7 of the rectifier element 23 due to the sel ected 

reading word voltage of 1.2 V applied from the word  line 

WL2.  Thereby, the selected reading word voltage is  

applied from the word line WL2 through the rectifie r 

element 23 and the memory capacitor 24a to the bit line 

BL11 and also through the rectifier element 23 and the 

memory capacitor 24b to the bit line BL12. 
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[0099] Consequently,  a voltage which is lowered fr om the 

selected reading word voltage of 1.2 V by the value  of 

the built-in potential through the anti-fuse memory  22c, 

from which data is read, is applied to the bit line  BL11, 

which is one of the selected reading bit lines.  Th ereby 

the selected reading bit voltage of 0 V is changed to 0.5 

V.  Thus, the voltage value is changed. 

[0100] At this time, a voltage which is lowered fro m the 

selected reading word voltage of 1.2 V by the value  of 

the built-in potential through the anti-fuse memory  22c 

is applied to the bit line BL12, which is the other  of 

the selected reading bit lines.  Thereby the select ed 

reading bit voltage of 0 V is changed to 0.5 V.  Th us, 

the voltage value is changed. 

[0101] Thus, in the semiconductor memory device 21,   

whether data has been programmed into the anti-fuse  

memory 22c, from which data is to be read, is deter mined 

by detecting whether there is a change in the selec ted 

reading bit voltage applied to each of the bit line s BL11 

and BL12. 

[0102] In a case where the phenomenon in which the 

broken-down memory gate insulating film 6a of, for 

example, the memory capacitor 24a returns to a high  

resistance state due to temporal changes occurs at the 

time of reading data from the anti-fuse memory 22c,  the 

memory gate insulating film 6a of the memory capaci tor 

24a blocks the voltage applied from the word line W L2 to 
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the bit line BL11, so that the voltage applied to t he bit 

line BL11 remains 0 V. 

[0103] At this time, a possibility that the broken- down 

memory gate insulating film 6b of the memory capaci tor 

24b returns to a high resistance state due to tempo ral 

changes in addition to the memory capacitor 24a is  

extremely low in the anti-fuse memory 22c.  Hence, a 

voltage, which is lowered from the selected reading  word 

voltage of 1.2 V by the value of the built-in poten tial 

at the anti-fuse memory 22c, from which data is rea d, is 

applied to the bit line BL12 connected to the memor y 

capacitor 24b.  Thereby the selected reading bit vo ltage 

of 0 V is changed to 0.5 V.  Thus, the voltage valu e is 

changed. 

[0104]  Thus, it is determined that data has been 

programmed into the anti-fuse memory 22c of the 

semiconductor memory device 21 in a case where ther e is a 

change in the selected reading bit voltage applied to one 

of the bit lines BL11 and BL12, which are connected  to 

the anti-fuse memory 22c, from which data is to be read.    

[0105] As described above, the anti-fuse memory 22c  

according to the present invention is capable of 

correctly reading data programmed into the anti-fus e 

memory 22c, without the use of the conventional err or 

correction circuit having a complicated circuit 

configuration.  The anti-fuse memory 22c according to the 

present invention is capable of correctly reading d ata 
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through determining whether there is a change in th e 

voltage applied to one of the bit lines BL11 and BL 12, 

which are connected to the memory capacitors 24a an d 24b.  

Complicated logic operations performed by the 

conventional error correction circuit are not neces sary.  

Therefore the circuits in the anti-fuse memory 22c are 

downsized and data reading speed is increased.    

[0106] (2-4) Operations and effects 

 The anti-fuse memory 22c includes the memory 

capacitor 24a, the memory capacitor 24b, and the 

rectifier element 23. In the memory capacitor 24a, the 

memory gate electrode Ga is disposed over the well S2 via 

the memory gate insulating film 6a, and the bit lin e BL11 

is connected to one of the diffusion regions 5 disp osed 

in the surface of the well S2.  In the memory capac itor 

24b, the memory gate electrode Gb is disposed over the 

well S2 via the memory gate insulating film 6b, and  the 

bit line BL12 is connected the other of the diffusi on 

regions 5 disposed in the surface of the well S2.  The 

rectifier element 23 is disposed between the word l ine 

WL2 and each of the memory gate electrodes Ga and G b, and 

the rectifier element 23 allows application of volt age 

from the word line WL2 to each of the memory gate 

electrodes Ga and Gb.  A voltage applied from the m emory 

gate electrode Ga (Gb) to the word line WL2 is a re verse 

bias in the rectifier element 23.  Thus, the rectif ier 
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element 23 blocks the voltage applied from the memo ry 

gate electrode Ga (Gb) to the word line WL2. 

[0107] At the time of programming data into the mem ory 

capacitors 24a and 24b of the anti-fuse memory 22c,  the 

breakdown word voltage applied from the selected 

programming word line WLa is applied through the 

rectifier element 23 to the memory gate electrodes Ga and 

Gb of the memory capacitors 24a and 24b. 

[0108] In the anti-fuse memory 22c, the dielectric 

breakdown of the memory gate insulating film 6a of the 

memory capacitor 24a is caused by a voltage differe nce 

between the selected programming bit line BL1a and the 

memory gate electrode Ga of the memory capacitor 24 a.  

Simultaneously with this or with a time lag, the 

dielectric breakdown of the memory gate insulating film 

6b of the memory capacitor 24b is caused by a volta ge 

difference between the selected programming bit lin e BL2a 

and the memory gate electrode Gb of the memory capa citor 

24b. 

[0109] In the anti-fuse memory 22b, into which data  is 

not to be programmed, a high nonbreakdown bit volta ge is 

applied to each of the bit line BL21 connected to t he 

memory capacitor 24a and the bit line BL 22 connect ed to 

the memory capacitor 24b.  Even when the memory gat e 

insulating films 6a and 6b of the memory capacitors  24a 

and 24b have been broken down, a channel is not for med in 

the memory capacitors 24a and 24b because the 
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nonbreakdown word voltage of 0 V is applied to the 

nonselected programming word line WLb.  Hence, the memory 

capacitors 24a and 24b block the application of vol tage 

from the nonselected programming bit lines BL1b and  BL2b 

to the word line WL1. 

[0110] In the anti-fuse memory 22b of the present 

invention, for example, even when the dielectric 

breakdown of the memory gate insulating films 6a an d 6b 

occurred at positions extremely close to the diffus ion 

regions connected to the nonselected programming bi t 

lines BL1b and BL2b, and the channels of the memory  

capacitors 24a and 24b may not block the potentials  of 

the nonselected programming bit lines BL1b and BL2b , and 

the nonbreakdown bit voltage is applied from at lea st one 

of the nonselected programming bit lines BL1b and B L2b to 

the memory gate electrodes Ga and Gb of the memory 

capacitors 24a and 24b, the nonbreakdown bit voltag e is a 

reverse bias in the rectifier element 23.  Thus, th e 

rectifier element 23 reliably blocks the applicatio n of 

voltage from each of the memory gate electrodes Ga and Gb 

to the word line WL1. 

[0111] Similar to the first embodiment, the anti-fu se 

memory 22b is provided with the rectifier element 2 3, 

without the use of the conventional control circuit .  The 

rectifier element 23 includes a semiconductor junct ion 

structure, in which the voltage from the memory gat e 

electrodes Ga and Gb to the word line WL1 is applie d as a 



- 54 - 

reverse bias in accordance with the voltage values 

applied to the memory gate electrodes Ga and Gb and  the 

word line WL1.  The rectifier element 3 reliably bl ocks 

the voltage applied from the memory gate electrodes  Ga 

and Gb to the word line WL1.  Therefore the convent ional 

switch transistor that selectively applies a voltag e to 

each memory capacitor and the conventional switch c ontrol 

circuit that allows the switch transistor to turn o n or 

off are not necessary.  Thus, miniaturization is ac hieved 

correspondingly. 

[0112] In the anti-fuse memory 22c according to the  

second embodiment, the dielectric breakdown of both  

memory gate insulating films 6a and 6b of the memor y 

capacitors 24a and 24b is caused to program data.  Even 

when the insulation failure occurred in the memory gate 

insulating film 6 of the memory capacitor 24a, the same 

data is read from the memory capacitor 24b.  It is 

considered that data has been programmed when data read 

from the memory capacitors 24a and 24b do not match  each 

other. 

[0113] Whether data has been programmed into the an ti-

fuse memory 22c of the present invention is inferre d 

without the use of the conventional error correctio n 

circuit having a complicated circuit configuration.   The 

conventional error correction circuit is not necess ary, 

and the circuit configuration is simplified 

correspondingly.  At the time of reading data from the 
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anti-fuse memory 22c of the present invention, data  is 

read from the memory capacitors 24a and 24b and a l ogical 

sum of two data is simply obtained.  Thereby correc t data 

is read.  Complicated logic operations performed by  the 

error correction circuit are not necessary, so that  the 

circuits are downsized correspondingly and the redu ction 

in data reading speed is prevented.  

[0114] (2-5) Rectifier element according to another  

embodiment 

 The present invention is not limited to this 

embodiment and various modifications are possible w ithin 

the scope of the present invention.  The rectifier 

element 23 including the PN junction diode type 

semiconductor junction structure, in which the P-ty pe 

semiconductor region 28 is joined to the N-type 

semiconductor region 29, has been described but the  

present invention is not limited to this.  A rectif ier 

element including a PIN (P-intrinsic-N) diode type 

semiconductor junction structure, in which the intr insic 

semiconductor region is disposed between the P-type  

semiconductor region and the N-type semiconductor r egion, 

may be used.  

[0115] FIG. 6B, in which the same reference numeral s 

denote the corresponding parts in FIG. 6A, shows a 

rectifier element according to another embodiment.  The 

respective memory gate electrodes Ga and Gb of the memory 

capacitors 24a and 24b, and the N-type semiconducto r 
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region 33 of the rectifier element 30 are disposed below 

the P-type semiconductor region 32, on which the co ntact 

C2 is disposed in a standing manner.  

[0116] In this case, in the rectifier element 30, t he N-

type semiconductor region 33 is disposed on the rec tifier 

element formation layer ILb (FIG. 2).  The memory g ate 

electrodes Ga and Gb of the memory capacitors 24a a nd 24b 

are respectively disposed at the ends of the N-type  

semiconductor region 33.  In the rectifier element 30, 

the thickness of the N-type semiconductor region 33  is 

the same as the thickness of each of the memory gat e 

electrodes Ga and Gb of the memory capacitors 24a a nd 24b.  

The joint surfaces of the N-type semiconductor regi on 33 

and the memory gate electrodes Ga and Gb of the mem ory 

capacitors 24a and 24b are flush with each other, a nd 

thus the overall thickness is reduced. 

[0117] In the anti-fuse memory including the rectif ier 

element 30, for example, the voltage is applied fro m the 

word line WL1 through the contact C2, the P-type 

semiconductor region 32 and the N-type semiconducto r 

region 33 of the rectifier element 30 to the memory  gate 

electrode Ga and Gb of the memory capacitor 24a and  24b.  

On the other hand, the voltage from the memory gate  

electrodes Ga (Gb) of the memory capacitor 24a (24b ) is a 

reverse bias in the rectifier element 30 and blocke d 

between the N-type semiconductor region 33 and the P-type 
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semiconductor region 32.  Thus, the same effects as  those 

described in the above embodiment are achieved. 

[0118](3) Third embodiment 

 (3-1) Configuration of semiconductor memory device  

according to third embodiment 

 The above second embodiment describes the anti-fus e 

memories 22a, 22b, 22c, and 22d, in each of which o ne 

rectifier element 23 includes the memory capacitors  24a 

and 24b.  The present invention is not limited to t his.  

An anti-fuse memory in which rectifier elements are  

provided for the respective memory capacitors 24a a nd 24b 

may be used. 

[0119] FIG. 7, in which the same reference numerals  

denote the corresponding parts in FIG. 5, shows a 

semiconductor memory device 36 including the anti-f use 

memories 37a, 37b, 37c, and 37d according to a thir d 

embodiment.  Here, the anti-fuse memories 37a, 37b,  37c, 

and 37d have the same configuration.  For example, the 

anti-fuse memory 37a, which is disposed at the 

intersection of the first row and the first column,  

includes a first memory 38a1 and a second memory 38 a2.  

Data of one bit is stored by the first memory 38a1 and 

the second memory 38a2. 

[0120] In the anti-fuse memory 37a, the first memor y 38a1 

and the second memory 38a2 have the same configurat ion.  

The first memory 38a1 includes a rectifier element 3a and 

a memory capacitor 4a.  The rectifier element 3a in cludes 
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a PN junction diode type semiconductor junction str ucture 

and performs rectification.  The memory capacitor 4 a 

includes a memory gate insulating film 6a.  Dielect ric 

breakdown of the memory gate insulating film 6a is caused 

by a voltage difference between the word line WL1 a nd the 

bit line BL11.  The second memory 38a2 includes a 

rectifier element 3b and a memory capacitor 4b.  Th e 

rectifier element 3b includes a PN junction diode t ype 

semiconductor junction structure and performs 

rectification.  The memory capacitor 4b includes a memory 

gate insulating film 6b.  Dielectric breakdown of t he 

memory gate insulating film 6b is caused by a volta ge 

difference between the word line WL1 and the bit li ne 

BL12. 

[0121] The rectifier elements 3a and 3b are provide d 

respectively for the first memory 38a1 and the seco nd 

memory 38a2.  Each of the rectifier elements 3a and  3b 

includes a configuration in which the P-type 

semiconductor region is joined to the N-type 

semiconductor region.  The P-type semiconductor reg ion is 

connected to the word line WL1.  The N-type semicon ductor 

regions are respectively connected to the correspon ding 

the memory gate electrodes Ga and Gb of the memory 

capacitors 4a and 4b.  Hence, in the anti-fuse memo ry 37a, 

a voltage is applied from the word line WL1 through  the 

rectifier elements 3a and 3b to the memory gate 

electrodes Ga and Gb.  A voltage applied from the m emory 
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gate electrode Ga (Gb) to the word line WL1 is a re verse 

bias in the rectifier element 3a (3b).  Thus, the 

rectifier elements 3a and 3b block the application of 

voltage from each of the memory gate electrodes Ga and Gb 

to the word line WL1. 

[0122] In the semiconductor memory device 36, in wh ich 

the anti-fuse memories 37a, 37b, 37c, and 37d are 

arranged in a matrix of rows and columns, the anti- fuse 

memories 37a and 37b (37c and 37d) share the word l ine 

WL1 (WL2) while the anti-fuse memories 37a and 37c (37b 

and 37d) arranged in the column direction share the  bit 

line BL11 and BL12 (BL21 and BL22). 

[0123] In this case, the word line WL1 is connected  to 

the rectifier element 3a of the first memory 38a1, the 

rectifier element 3b of the second memory 38a2, the  

rectifier element 3a of the first memory 38b1, and the 

rectifier element 3b of the second memory 38b2.  Th e 

anti-fuse memory 37a includes the first memory 38a1  and 

the second memory 38a2.  The anti-fuse memory 37b i s 

disposed in the same row as the anti-fuse memory 37 a, and 

includes the first memory 38b1 and the second memor y 38b2.  

The word line WL2, which is disposed in another row , is 

connected to the rectifier elements 3a and 3b of th e 

first memories 38c1 and 38d1 and the second memorie s 38c2 

and 38d2 of the anti-fuse memories 37c and 37d arra nged 

next to each other in the row direction. 



- 60 - 

[0124] The bit line BL11 disposed in the first colu mn is 

connected to the memory capacitor 4a of the first m emory 

38a1 of the anti-fuse memory 37a and the memory cap acitor 

4a of the first memory 38c1 of the anti-fuse memory  37c, 

which is disposed in the same column as the anti-fu se 

memory 37a.  The bit line BL12 disposed in the firs t 

column is connected to the memory capacitor 4b of t he 

second memory 38a2 of the anti-fuse memory 37a and the 

memory capacitor 4b of the second memory 38c2 of th e 

anti-fuse memory 37c, which is disposed in the same  

column as the anti-fuse memory 37a.  The bit lines BL21 

and BL22 are disposed in the second column.  The bi t line 

BL21 is connected to the memory capacitors 4a of th e 

first memories 38b1 and 38d1 of the anti-fuse memor ies 

37b and 37d, which are arranged next to each other in the 

column direction.  The bit line BL22 is connected t o the 

memory capacitors 4b of the second memories 38b2 an d 38d2 

of the anti-fuse memories 37b and 37d.      

[0125] (3-2) Data programming operation 

  Data is programmed only into the desired anti-fus e 

memory 37c in the semiconductor memory device 36 

according to the third embodiment by following the above-

described  “(2-2-1) Simultaneously programming the same 

data into a plurality of memory capacitors” and “(2 -2-2) 

Sequentially programming the same data into a plura lity 

of memory capacitors”. 
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[0126] Here, for example, in the anti-fuse memory 2 2c 

according to the above second embodiment as shown i n FIG. 

5, the respective memory gate electrodes Ga and Gb of the 

memory capacitors 24a and 224b are connected to one  

rectifier element 23.  Hence, in a case where the m emory 

gate insulating films 6a and 6b of the memory capac itors 

24a and 24b have been broken down, the memory capac itors 

24a and 24b may be electrically connected.  In this  case, 

in anti-fuse memory 22c according to the second 

embodiment, the bit lines BL11 and BL12 may be 

electrically connected through the memory capacitor s 24a 

and 24b.  In a case where the breakdown bit voltage  of 0 

V is being applied to the bit line BL11, it is diff icult 

to maintain the nonbreakdown bit voltage of 3 V app lied 

to the bit line BL12 in the process described in “( 2-2-2) 

Sequentially programming the same data into a plura lity 

of memory capacitors”. 

[0127] In the anti-fuse memory 37c according to the  third 

embodiment shown in FIG. 7, the rectifier elements 3a and 

3b are provided for the respective memory capacitor s 4a 

and 4b.  The memory capacitors 4a and 4b are electr ically 

insulated from each other.  Hence, the bit lines BL 11 and 

BL 12 are prevented from being electrically connect ed 

through the memory capacitors 4a and 4b even when t he 

memory gate insulating films 6a and 6b of the memor y 

capacitors 4a and 4b have been broken down. 
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[0128] When the process described in “(2-2-2) 

Sequentially programming the same data into a plura lity 

of memory capacitors” is performed in the anti-fuse  

memory 37c, the nonbreakdown bit voltage of 3 V app lied 

to the bit line BL12 is reliably maintained even wh en the 

breakdown bit voltage of 0 V is applied to the bit line 

BL11. 

[0129] Data is read from the desired anti-fuse memo ry 22c 

in the semiconductor memory device according to the  third 

embodiment by following “(2-3) Data reading operati on” 

described above.  Hence, the descriptions are omitt ed. 

[0130](3-3) Operations and effects 

 Similar to the above, in a case where a high 

nonbreakdown bit voltage is applied to each of the bit 

line BL21 connected to the memory capacitor 4a and the 

bit line BL22 connected to the memory capacitor 4b,  and 

the memory gate insulating films 6a and 6b of the m emory 

capacitors 4a and 4b in the anti-fuse memory 37b, t o 

which data is not to be programmed, have been broke n down, 

a channel is not formed in the memory capacitors 4a  and 

4b because the nonbreakdown word voltage of 0 V is 

applied to the nonselected programming word line WL b.  

Hence the memory capacitors 4a and 4b block the 

application of voltage from the nonselected program ming 

bit line BLb to the word line WL1. 

[0131] In the anti-fuse memory 37b of the present 

invention, for example, even when the dielectric 
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breakdown of the memory gate insulating films 6a an d 6b 

occurred at positions extremely close to the diffus ion 

regions connected to the nonselected programming bi t 

lines BL1b and BL2b, and the channel of the memory 

capacitor 4 may not block the potential of the 

nonselected programming bit line BL21b, and the 

nonbreakdown bit voltage is applied from the nonsel ected 

programming bit lines BL1b and BL2b to the respecti ve 

memory gate electrodes Ga and Gb of the memory capa citors 

4a and 4b, the nonbreakdown bit voltage is a revers e bias 

in the rectifier elements 3a and 3b.  Hence, the 

rectifier elements 3a and 3b reliably block the 

application of voltage from the memory gate electro des Ga 

and Gb to the word line WL1. 

[0132] Similar to the first embodiment, the anti-fu se 

memory 37b is provided with the rectifier elements 3a and 

3b, without the use of the conventional control cir cuit.  

The rectifier element 3a (3b) including a semicondu ctor 

junction structure is provided in which the voltage  from 

the memory gate electrode Ga (Gb) to the word line WL1 is 

applied as a reverse bias in accordance with the vo ltage 

values applied to the memory gate electrode Ga (Gb)  and 

the word line WL1.  The rectifier elements 3a (3b) thus 

blocks the application of voltage from the memory g ate 

electrode Ga (Gb) to the word line WL1.  Hence, the  

conventional switch transistor that selectively app lies 

voltages to the respective capacitors and the 
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conventional switch control circuit that allows the  

switch transistor to turn on or off are not necessa ry, so 

that miniaturization is achieved correspondingly. 

[0133] In the anti-fuse memories 37a, 37b, 37c, and  37d 

according to the third embodiment, both of the memo ry 

gate insulating films 6a and 6b of the pair of the memory 

capacitors 4a and 4b are broken down to program dat a.  In 

a case where the insulation failure occurred in the  

memory gate insulating film 6a of the memory capaci tor 4a 

at the time of reading data, the data is identified  

because the data has been programmed into the memor y 

capacitor 4b.  Thus, the same effects as those desc ribed 

in the second embodiment are achieved.       

[0134] In the anti-fuse memories 37a, 37b, 37c, and  37d, 

the respective rectifier elements 3a and 3b are 

separately provided for the memory capacitors 4a an d 4b, 

and the memory capacitors 4a and 4b are electricall y 

insulated from each other.  Hence, the electrical 

connection between the bit lines BL1 and BL2 throug h the 

memory capacitors 4a and 4b is prevented even when the 

memory gate insulating films 6a and 6b of the memor y 

capacitors 4a and 4b are broken down. 

[0135] (4) Fourth embodiment 

 (4-1) Configuration of semiconductor memory device  

according to fourth embodiment 

  In FIG. 8, in which the same reference numerals 

denote the corresponding parts in FIG.5, shows a 
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semiconductor memory device 41 according to a fourt h 

embodiment.  Similar to the semiconductor memory de vice 

21 according to the second embodiment, the semicond uctor 

memory device 41 includes the anti-fuse memories 42 a, 42b, 

42c, and 42d, in each of which the memory capacitor s 44a 

and 44b share one rectifier element 23.  The 

semiconductor memory device 41 is different from th e 

semiconductor memory device 21 of the second embodi ment 

in that in each of the anti-fuse memories 42a, 42b,  42c, 

and 42d of the semiconductor memory device 41, the memory 

capacitors 44a and 44b share one bit line BL1 (BL2) . 

[0136] Hence, the number of the bit lines in the 

semiconductor memory device 41 is reduced, as compa red 

with that in the semiconductor memory device 21 of the 

second embodiment, so that the circuit configuratio n of 

the semiconductor memory device 41 is simplified 

correspondingly.  In the semiconductor memory devic e 41, 

the anti-fuse memories 42a and 42b(42c and 42d), wh ich 

are arranged in the row direction, share the word l ine 

WL1 (WL2), and the anti-fuse memories 42a and 42c ( 42b 

and 42d), which are arranged in the column directio n, 

share the bit line BL1(BL2). 

[0137] The anti-fuse memories 42a, 42b, 42c, and 42 d have 

the same configuration.  For example, the anti-fuse  

memory 42a, which is disposed at the intersection o f the 

first row and the first column, includes the rectif ier 

element 23, the memory capacitor 44a, and the memor y 
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capacitor 44b.  The rectifier element 23 includes a  PN 

junction diode type semiconductor junction structur e and 

performs rectification.  The memory capacitor 44a 

includes the memory gate insulating film 6a.  The 

dielectric breakdown of the memory gate insulating film 

6a is caused by a voltage difference between the wo rd 

line WL1 and the bit line BL1.  The memory capacito r 44b 

includes the memory gate insulating film 6b.  The 

dielectric breakdown of the memory gate insulating film 

6b is caused by a voltage difference between the wo rd 

line WL1 and the bit line BL1.      

[0138] In this embodiment, the rectifier element 23  

includes the P-type semiconductor region and the N- type 

semiconductor region, which are joined to each othe r.  

The P-type semiconductor region is connected to the  word 

line WL1.  The N-type semiconductor region is conne cted 

to the respective memory gate electrodes Ga and Gb of the 

memory capacitors 44a and 44b.  Hence, for example,  in 

the anti-fuse memory 42a, the same voltage is appli ed 

from the word line WL1 through the rectifier elemen t 23 

to the memory gate electrodes Ga and Gb, while the 

voltage from the memory gate electrodes Ga and Gb t o the 

word line WL1 is a reverse bias in the rectifier el ement 

23.  Thus, the rectifier element 23 blocks the volt age 

applied from the memory gate electrodes Ga and Gb t o the 

word line WL1.  
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[0139] In the anti-fuse memory 42a, the diffusion r egion 

at an end of the memory capacitor 44a and the diffu sion 

region at an end of the memory capacitor 44b are 

connected to the same bit line BL1.  Hence, the sam e 

voltage is applied to the memory capacitors 44a and  44b 

from the bit line BL1.  

[0140] In the anti-fuse memory 42a, the voltage app lied 

to the word line WL1 is applied through the rectifi er 

element 23 to the respective memory gate electrodes  Ga 

and Gb of the memory capacitors 44a and 44b.  This causes 

a large voltage difference between the bit line BL1  and 

each of the memory gate electrodes Ga and Gb.  The 

dielectric breakdown of the respective memory gate 

insulating films 6a and 6b of the memory capacitors  44a 

and 44b is caused by the large voltage difference, and 

thus the same data is programmed simultaneously int o the 

memory capacitors 44a and 44b.  

[0141] (4-2) Data programming operation 

  Data may be programmed only into, for example, th e 

anti-fuse memory 42c of the semiconductor memory de vice 

41 of the fourth embodiment by following the above-

described “(2-2-1) Simultaneously programming the s ame 

data into a plurality of memory capacitors”.  As sh own in 

FIG. 8, in a case where data is programmed only int o the 

memory capacitors 44a and 44b of the anti-fuse memo ry 42c 

disposed at the intersection of the second row and the 

first column in the semiconductor memory device 41,  a 
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breakdown bit voltage of 0 V is applied to the bit line 

BL1 (the selected programming bit line BLa) connect ed to 

the anti-fuse memory 42c (the selected program memo ry 2W), 

to which data is to be programmed.  A nonbreakdown bit 

voltage of 3 V is applied to the bit line BL2 (the 

nonselected programming bit line BLb) connected onl y to 

the anti-fuse memories 42b and 42d, to which data i s not 

to be programmed. 

[0142] At this time, in the semiconductor memory de vice 

41a, a breakdown word voltage of 5 V is applied to the 

word line WL2 (the selected programming word line W La) 

connected to the selected program memory 2W.  A 

nonbreakdown word voltage of 0 V is applied to the word 

line WL2 (the nonselected programming word line WLb ) 

connected only to the anti-fuse memories 42a and 42 b 

(nonselected program memory 2N), to which data is n ot to 

be programmed.     

[0143] For example, given that the built-in potenti al is 

0.7 V, and the breakdown word voltage is applied th rough 

the rectifier element 23 to the respective memory g ate 

electrodes Ga and Gb of the memory capacitors 44a a nd 44b 

in the selected program memory 2W.  Due to the brea kdown 

bit voltage and the breakdown word voltage, a volta ge 

difference of 4.3 V occurs between the diffusion re gions, 

to which the selected programming bit line BLa is 

connected, and the respective memory gate electrode s Ga 

and Gb.  Hence, in the selected program memory 2W, the 
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memory gate insulators 6a and 6b below the memory g ate 

electrodes Ga and Gb of the memory capacitors 44a a nd 44b 

break down, respectively.  Thereby the diffusion re gions 

and the respective memory gate electrodes Ga and Gb  

become conductive state, with a low resistance.  Th us, 

the selected program memory 2W achieves a state in which 

the same data has been programmed into the memory 

capacitors 44a and 44b.   

[0144] In the anti-fuse memory 42b, to which the 

nonbreakdown bit voltage of 3 V is applied from the  

nonselected programming bit line BLb, a channel is not 

formed in the memory capacitor 4 and the memory 

capacitors 44a and 44b block the nonbreakdown bit v oltage 

of 3 V applied from the nonselected programming bit  line 

BLb because the nonbreakdown word voltage of 0 V is  

applied to the nonselected programming word line WL b even 

when, for example, the memory gate insulating films  6a 

and 6b of the memory capacitors 44a and 44b have be en 

broken down.  Hence, the nonbreakdown bit voltage i s not 

applied through the memory gate insulating films 6a  and 

6b, which have been broken down, to the memory gate  

electrodes Ga and Gb. 

[0145] However, in a case where the positions of th e 

dielectric breakdown of the memory gate insulating films 

6a and 6b are extremely close to the diffusion regi ons 

connected to, for example, the nonselected programm ing 

bit line BLb, the channels of the memory capacitors  44a 
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and 44b cannot block the potential of the nonselect ed 

programming bit line BLb, so that the nonbreakdown bit 

voltage of 3 V applied to the diffusion regions may  be 

applied to the memory gate electrodes Ga and Gb. 

[0146] In the anti-fuse memory 22b, the rectifier e lement 

23 is disposed between the word line WL1 and the me mory 

gate electrodes Ga and Gb of the memory capacitors 44a 

and 44b.  The rectifier element 23 performs rectifi cation 

through a semiconductor junction structure of the N -type 

semiconductor region and the P-type semiconductor r egion.  

Hence, in a case where the nonbreakdown bit voltage  is 

applied from each of the memory gate electrodes Ga and Gb 

to the rectifier element 23, the nonbreakdown bit v oltage 

is a reverse bias in the rectifier element 23.  Thu s, the 

rectifier element 23 prevents the voltage from bein g 

applied to the word line WL1. 

[0147] The descriptions for the anti-fuse memories 42a, 

42b, and 42d, into which data is not to be programm ed, 

are omitted to avoid the repetition of the above-

described “(2-2-1) Simultaneously programming the s ame 

data into a plurality of memory capacitors”. 

[0148] Data of a desired memory, the anti-fuse memo ry 42c, 

of the semiconductor memory device 41 of the fourth  

embodiment is read by following the above-described  “(2-

3) Data reading operation”, and the descriptions th ereof 

are omitted. 

[0149] (4-3) Operations and Effects 
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  For example, in the anti-fuse memory 42b, to whic h 

data is not to be programmed, even when the dielect ric 

breakdown of the memory gate insulating film 6a (6b ) 

occurred at a position extremely close to the diffu sion 

region connected to, for example, the nonselected 

programming bit line BLb, and the channel of the me mory 

capacitor 44a (44b) may not block the potential of the 

nonselected programming bit line BLb, and the 

nonbreakdown bit voltage is applied from the nonsel ected 

programming bit line BLb to the memory gate electro de Ga 

(Gb) of the memory capacitor 44a (44b), the nonbrea kdown 

bit voltage is a reverse bias in the rectifier elem ent 23.  

Thus, the rectifier element 23 reliably blocks the 

voltage applied from the memory gate electrode Ga ( Gb) to 

the word line WL1. 

[0150] Similar to the first embodiment, the anti-fu se 

memory 42b is provided with the rectifier element 2 3, 

without the use of the conventional control circuit .  The 

rectifier element 23 includes semiconductor junctio n 

structure, in which a voltage from the memory gate 

electrodes Ga and Gb to the word line WL1 is applie d as a 

reverse bias, in accordance with the voltage values  

applied from the memory gate electrodes Ga and Gb a nd the 

word line WL1.  Hence, the rectifier element 23 rel iably 

blocks the voltage applied from the memory gate 

electrodes Ga and Gb to the word line WL1.  The 

conventional switch transistor that selectively app lies a 
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voltage to each memory capacitor and the convention al 

switch control circuit that allows the switch trans istor 

to turn on or off are not necessary.  Thus, 

miniaturization is achieved correspondingly. 

[0151]  In order to program data in the anti-fuse m emory 

42c according to fourth embodiment, the dielectric 

breakdown of both of the memory gate insulating fil ms 6a 

and 6b of the memory capacitors 44a and 44b is caus ed.  

In a case where the insulation failure occurred in,  for 

example, the memory gate insulating film 6a of the memory 

capacitor 4a at the time of reading data, the data is 

identified because the data has been programmed int o the 

memory capacitor 4b.  Thus, the same effects as tho se 

described in the second embodiment are achieved.       

[0152] For example, in the anti-fuse memory 42a, th e 

memory capacitors 44a and 44b share one bit line BL 1.  

Hence the number of bit lines is reduced as compare d with 

the case where the bit lines are provided for the 

respective memory capacitors 44a and 44b.  The circ uit 

configuration is simplified correspondingly. 

[0153] In the fourth embodiment described above, th e 

anti-fuse memory 42a is used, in which one rectifie r 

element 23 is provided for the memory capacitors 44 a and 

44b, and the memory capacitors 44a and 44b share th e bit 

line BL1.  The present invention is not limited to this.  

An anti-fuse memory in which the rectifier element 23 is 

provided for each of the memory capacitors 44a and 44b 
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may be used.  The memory capacitors 44a and 44b may  share 

the bit line BL1. 

[0154] (5) Fifth embodiment 

 (5-1)Antifuse memory including rectifier element 

including N type MOS (Metal-Oxide-Semiconductor) 

transistor 

 In the above-described first to fourth embodiments , 

the rectifier elements 3, 11a, 11b, 16a, 16b, 23, 3 0, 3a, 

and 3b are described each including a diode-type 

semiconductor junction structure, which includes th e P-

type semiconductor region and the N-type semiconduc tor 

region and blocks the voltage, which is a reverse b ias, 

from the memory gate electrode.  The present invent ion is 

not limited to this.  For example, a rectifier elem ent 

may include a MOS transistor type semiconductor jun ction 

structure, which includes a rectifier element gate 

electrode, a drain region, and a source region and blocks 

the voltage, which is a reverse bias, from the memo ry 

gate electrode of the memory capacitor. 

[0155] FIG. 9A shows an anti-fuse memory 45 includi ng a 

rectifier element 46 and a memory capacitor 47.  Th e 

rectifier element 46 includes a semiconductor junct ion 

structure of an N-type MOS transistor.  The memory 

capacitor 47 includes a memory gate insulating film  48.  

The dielectric breakdown of the memory gate insulat ing 

film 48 is caused by a voltage difference between t he 

word line WL and the bit line BL.  In the memory 
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capacitor 47, a bit line BL is connected to the dif fusion 

region at one end, and the rectifier element 46 is 

connected to the memory gate electrode G1.  In the 

rectifier element 46, the rectifier element gate 

electrode G2 and the drain region are connected to the 

word line WL, and the source region is connected to  the 

memory gate electrode G1 of the memory capacitor 47 .  

Hence, the transistor of the rectifier element 46 t urns 

off as long as the OFF voltage is applied from the word 

line WL, and thus the rectifier element 46 blocks t he 

voltage applied from the memory gate electrode G1 t o the 

word line WL.  

[0156] In the anti-fuse memory 45 including the rec tifier 

element 46, which includes the above-described MOS 

transistor structure, the rectifier element gate 

electrode G2 of the rectifier element 46 and the me mory 

gate electrode G1 of the memory capacitor 47 are di sposed 

within one wiring layer (the same layer).  The thic kness 

of the rectifier element gate electrode G2 is the s ame as 

that of the memory gate electrode G1 of the memory 

capacitor 47.  Thereby, the overall thickness of th e 

anti-fuse memory 45 is reduced. 

[0157] (5-2) Data programming operation 

  Similar to the semiconductor memory device 1 show n 

in FIG. 1, in order to program data only into the d esired 

anti-fuse memory 45 among the anti-fuse memories 45  

arranged in a matrix of rows and columns, the break down 
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bit voltage of 0 V is applied to the bit line BL 

connected to the anti-fuse memory 45 to which data is to 

be programmed.  The nonbreakdown bit voltage of 3 V  is 

applied to the bit line BL connected only to the an ti-

fuse memory 45 to which data is not to be programme d.   

[0158] At this time, the breakdown word voltage of 5 V is 

applied to the word line WL connected to the anti-f use 

memory 45 to which data is to be programmed.  The 

nonbreakdown word voltage of 0 V is applied to the word 

line WL connected only to the anti-fuse memory 45 t o 

which data is not to be programmed.  A voltage of 0  V, 

which is the same as the breakdown bit voltage, is 

applied to the well, on which the anti-fuse memory 45 is 

disposed. 

[0159] Hence, for example, in the anti-fuse memory 45 

into which data is to be programmed, the breakdown bit 

voltage of 0 V is applied to the bit line BL, and t he 

breakdown word voltage of 5 V is applied to the wor d line 

WL.  At this time, the breakdown word voltage of 5 V is 

applied from the word line WL to the rectifier elem ent 

gate electrode G2 of the rectifier element 46, so t hat 

the rectifier element 46 is turned on by the voltag e 

difference between the rectifier element gate elect rode 

G2 and the source region.  Thereby a forward bias v oltage 

is applied from the drain region to the source regi on.  

The breakdown word voltage lowered by the value of the 

threshold voltage (Vth) is applied through the drai n 
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region and the source region to the memory gate ele ctrode 

G1 of the memory capacitor 47.  At this time, the m emory 

capacitor 47 is turned on due to the relationship b etween 

the breakdown word voltage applied to the memory ga te 

electrode G1 and the breakdown bit voltage applied to the 

bit line BL.  Thereby a channel is formed, and the 

potential of the bit line BL is applied to the chan nel.  

[0160] Thereby, a voltage difference between the 

breakdown bit voltage and the breakdown word voltag e is 

caused between the memory gate electrode G1 and the  

channel in the memory capacitor 47.  Hence, in the memory 

capacitor 47 of the anti-fuse memory 45 into which data 

is to be programmed, the dielectric breakdown of th e 

memory gate electrode 48, which is disposed below t he 

memory gate electrode G1, occurs.  The memory gate 

electrode G1 and the diffusion region become conduc tive 

state with a low resistance.  Thus, a state in whic h data 

has been programmed into the memory capacitor 47 is  

achieved. 

[0161] In the anti-fuse memory 45 to which data is not to 

be programmed, the nonbreakdown bit voltage of 3 V is 

applied to the bit line BL while the nonbreakdown w ord 

voltage of 0 V is applied to the word line WL.  For  

example, in a case where the memory gate insulating  film 

48 of the memory capacitor 47 has been broken down,  the 

nonbreakdown bit voltage of 3 V applied to the bit line 

BL is applied through the memory gate electrode G1 of the 
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memory capacitor 47 to the source region of the rec tifier 

element 46.  At this time, in the anti-fuse memory 45, 

the nonbreakdown word voltage of 0 V is applied to the 

word line WL.  Hence, 0 V is applied to the rectifi er 

element gate electrode G2 and the drain in the rect ifier 

element 46, and the rectifier element 46 is turned off 

(becomes non-conductive state).  Thereby, even when  the 

nonbreakdown bit voltage of 3 V is applied to the s ource 

of the anti-fuse memory 45, the rectifier element 4 6 

blocks the potential.  Thus, the nonbreakdown bit v oltage 

is prevented from being applied to the word line WL .   

[0162] In the anti-fuse memory 45 to which data is not to 

be programmed and to which the breakdown word volta ge of 

5 V is applied from the word line WL and the nonbre akdown 

bit voltage of 3 V is applied from the bit line BL,  the 

breakdown word voltage which is lowered by the valu e of 

the threshold voltage is applied from the rectifier  

element 46 to the memory gate electrode G1 of the m emory 

capacitor 47.  However, a voltage difference betwee n the 

memory gate electrode G1, and the channel and the 

diffusion region is small.  In a case where the mem ory 

gate insulating film 48 has not been broken down in  the 

memory capacitor 4, the memory gate insulating film  48 

remains insulated.  Thus, a state in which no data has 

been programmed is maintained. 

[0163]  In a semiconductor memory device in which t he 

anti-fuse memories 45 are arranged in the matrix of  rows 
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and columns, data is read from the desired anti-fus e 

memory 45 by following  “(1-3) Data reading operati on” 

described above.  Hence descriptions thereof are om itted. 

[0164] (5-3) Operations and effects 

 Similar to the above, when a high nonbreakdown bit  

voltage is applied to the bit line BL connected to the 

memory capacitor 47 in the anti-fuse memory 45 into  which 

data is not to be programmed, the nonbreakdown bit 

voltage applied from the memory gate electrode G1 o f the 

memory capacitor 47 to the word line WL is blocked by 

turning the channel of the rectifier element 46 off  (non-

conductive state) even in a case where the memory g ate 

insulating film 48 of the memory capacitor 47 has b een 

broken down. 

[0165] Similar to the first embodiment, the anti-fu se 

memory 45 is provided with the rectifier element 46 , 

without the use of the conventional control circuit .  The 

rectifier element 46 includes a transistor structur e in 

which the voltage applied from the memory gate elec trode 

G1 to the word line WL is blocked by an off operati on.  

Therefore the conventional switch transistor that 

selectively applies a voltage to each memory capaci tor 47 

and the conventional switch control circuit that al lows 

the switch transistor to turn on or off are not nec essary.  

Thus, miniaturization is achieved correspondingly. 

[0166] (6) Sixth embodiment 
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 (6-1) Antifuse memory including rectifier element 

including P-type MOS transistor 

 In the above fifth embodiment, the anti-fuse memor y 

45 provided with rectifier element 46 including an N-type 

MOS transistor has been described, but the present 

invention is not limited to this.  As illustrated i n FIG. 

9B, an anti-fuse memory 50 provided with a rectifie r 

element 51 including a P-type MOS transistor may be  used.  

In this case, the anti-fuse memory 50 includes the 

rectifier element 51 and the memory capacitor 47.  The 

rectifier element 51 includes a semiconductor junct ion 

structure of a P-type MOS transistor.  The memory 

capacitor 47 includes the memory gate insulating fi lm 48.  

The dielectric breakdown of the memory gate insulat ing 

film 48 is caused by a voltage difference between t he bit 

line BL and the memory gate electrode G1. 

[0167] In the memory capacitor 47, the bit line BL is 

connected to the diffusion region, and the rectifie r 

element 51 is connected to the memory gate electrod e G1.  

The rectifier element 51 includes a configuration i n 

which the rectifier element gate electrode G2 and t he 

drain region are connected to the memory gate elect rode 

G1 of the memory capacitor 47, and a well is connec ted to 

a well control terminal VNW, and the source region is 

connected to the word line WL.  Hence, the rectifie r 

element 51 remains off unless an ON voltage is appl ied 

from the word line WL, and thus blocks the voltage 
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applied from the memory gate electrode G1 to the wo rd 

line WL. 

[0168] In the anti-fuse memory 50 including the rec tifier 

element 51, which includes the MOS transistor struc ture, 

the rectifier element gate electrode G2 of the rect ifier 

element 51 and the memory gate electrode G1 of the memory 

capacitor 47 are disposed within one wiring layer ( the 

same layer).  The thickness of the rectifier elemen t gate 

electrode G2 is the same as the thickness of the me mory 

gate electrode G1 of the memory capacitor 47.  Henc e, the 

overall thickness of the anti-fuse memory 50 is red uced.  

[0169] At the time of data programming operation in  the 

anti-fuse memory 50, the breakdown word voltage of 5 V is 

applied to the word line WL, and the breakdown bit 

voltage of 0 V is applied to the bit line BL.  A vo ltage 

of 5 V, which is the same as the breakdown word vol tage, 

is applied through the well control terminal NVW to  the 

well on which the rectifier element 51 is disposed.   In a 

case where the potential of the source region of th e 

rectifier element 51 is approximately 0 V, the rect ifier 

element 51 turns on.  In a case where the threshold  

voltage is -0.7 V, the source region is charged to 4.3 V. 

[0170] Hence, in the memory capacitor 47, the break down 

word voltage of 5 V is applied from the rectifier e lement 

51 to the memory gate electrode G1.  Since 0 V is a pplied 

to the bit line, the memory capacitor 47 is turned on.  

The channel potential becomes 0 V.  As a result, a large 
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voltage difference, which is caused by the breakdow n bit 

voltage and the breakdown word voltage, occurs betw een 

the memory gate electrode G1 and each of the channe l and 

the diffusion region in the memory capacitor 47.  T hereby 

dielectric breakdown of the memory gate insulating film 

48, which is disposed below the memory gate electro de G1, 

occurs in the memory capacitor 47 of the anti-fuse memory 

50 to which data is to be programmed.  The memory g ate 

electrode G1 and the diffusion region become conduc tive 

state with a low resistance.  Thus, a state in whic h data 

has been programmed into the memory capacitor 47 is  

achieved. 

[0171] Similar to the “(5-2) Data programming opera tion” 

described above, the nonbreakdown bit voltage of 3 V is 

applied to the bit line BL and the nonbreakdown wor d 

voltage of 0 V is applied to the word line WL in th e 

anti-fuse memory 50 into which data is not to be 

programmed.  For example, in a case where the memor y gate 

insulating film 48 of, for example, the memory capa citor 

47 has been broken down, the nonbreakdown bit volta ge of 

3 V applied to the bit line BL is applied through t he 

memory gate electrode G1 of the memory capacitor 47  to 

the source region of the rectifier element 51.  How ever, 

since the rectifier element 51 has been turned off,  the 

nonbreakdown bit voltage of 3 V applied to the bit line 

is prevented from being applied to the word line WL .  

Thus, the potential of the word line WL does not ch ange. 
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[0172] In the anti-fuse memory 50 into which data i s not 

to be programmed and in which the breakdown word vo ltage 

of 5V is applied to the word line WL and the nonbre akdown 

bit voltage of 3 V is applied to the bit line BL, a  

voltage difference between the memory gate electrod e G1 

and the diffusion region is small in the memory cap acitor 

47.  Hence, in a case where the memory gate insulat ing 

film 48 has not been broken down in the memory capa citor 

47, the dielectric breakdown of the memory gate 

insulating film 48 does not occur and the memory ga te 

insulating film 48 remains insulated.  Thus, the an ti-

fuse memory 50 into which data is not to be program med 

maintains a state in which no data has been program med.   

[0173] In the semiconductor memory device, in which  the 

anti-fuse memories 50 are arranged in a matrix of r ows 

and columns, data of the desired anti-fuse memory 5 0 is 

read by following “(1-3) Data reading operation” 

described above, so that the descriptions thereof a re 

omitted. 

[0174] (6-2) Operations and effects 

 As described above, when a high nonbreakdown bit 

voltage is applied to the bit line BL connected to the 

memory capacitor 47 in the anti-fuse memory 50, int o 

which data is not to be programmed, and in a case w here 

the memory gate insulating film 48 of, for example,  the 

memory capacitor 47 has been broken down, the chann el of 

the rectifier element 51 is turned off (non-conduct ive 
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state).  Thereby the application of the nonbreakdow n bit 

voltage from the memory gate electrode G1 of the me mory 

capacitor 47 to the word line WL is blocked. 

[0175] Similar to the first embodiment, the anti-fu se 

memory 50, into which data is not to be programmed,  

includes the rectifier element 51, and does not use  the 

conventional control circuit.  The rectifier elemen t 51 

includes a transistor structure and blocks the volt age 

applied from the memory gate electrode G1 to the wo rd 

line WL when the rectifier element 51 is turned off  in 

accordance with the voltage values applied to the m emory 

gate electrode G1 and the word line WL.  Hence, a s witch 

transistor that selectively applies a voltage to ea ch 

memory capacitor 47 and a switch control circuit th at 

turns the switch transistor on or off are not neces sary.  

Thus the miniaturization is achieved correspondingl y.   

[0176] (7) Other embodiments 

 (7-1) Antifuse memory including memory capacitors 

and rectifier element including N-type MOS transist or 

 FIG. 10 shows a semiconductor memory device 55, in  

which the anti-fuse memories 56a, 56b, 56c, and 56d  are 

arranged in a matrix of rows and columns.  Here, th e 

anti-fuse memories 56a, 56b, 56c, and 56d have the same 

configuration.  For example, the anti-fuse memory 5 6a 

disposed at the intersection of the first row and t he 

first column has a configuration in which the memor y 

capacitors 47a, 47b, and 47c are connected to the 
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rectifier element 46, which includes an N-type MOS 

transistor.  The semiconductor memory device 55 is 

capable of storing data of one bit in each of the a nti-

fuse memories 56a, 56b, 56c, and 56d.  Each of the anti-

fuse memories 56a, 56b, 56c, and 56d, is capable of  

storing the same data in the memory capacitors 47a,  47b, 

and 47c. 

[0177] In this case, in the semiconductor memory de vice 

55, the anti-fuse memories 56a and 56b (56c and 56d ), 

which are arranged next to each other in the row 

direction share the word line WL1 (WL2), and the an ti-

fuse memories 56a and 56c (56b and 56d), which are 

arranged next to each other in the column direction , 

share the bit lines BL11, BL12, and BL13 (BL21, BL2 2, and 

BL23). 

[0178] In the anti-fuse memory 56a, for example, 

diffusion regions at one ends of the memory capacit ors 

47a, 47b, and 47c include the corresponding bit lin es 

BL11, BL12, and BL13, respectively.  Here, the memo ry 

capacitors 47a, 47b, and 47c have the same configur ation.  

For example, the memory capacitor 47a includes a me mory 

gate insulating film 48.  The dielectric breakdown of the 

memory gate insulting film 48 is caused by the volt age 

difference between the bit line BL11 and the memory  gate 

electrode G1. 

[0179] In this embodiment, the memory capacitors 47 a, 47b, 

and 47c share one rectifier element 46.  Each memor y gate 
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electrode G1 is connected to a source region of the  

rectifier element 46.  In the rectifier element 46,  the 

rectifier element gate electrode G2 and the drain r egion 

are connected to the word line WL.  The rectifier e lement 

46 is turned off in accordance with the voltage val ues 

applied to the memory gate electrode G1 and the wor d line 

WL1.  Thereby the voltage applied from the memory g ate 

electrode G1 of each of the memory capacitors 47a, 47b, 

and 47c to the source region is prevented from bein g 

applied to the word line WL1. 

[0180] In the anti-fuse memories 56a, 56b, 56c, and  56d, 

the same voltage is applied from the word line WL1 (WL2) 

through the rectifier element 46 to the memory gate  

electrode G1 of each of the memory capacitors 47a, 47b, 

and 47c, while the turned-off rectifier element 46 blocks 

the voltage applied from the memory gate electrode G1 of 

each of the memory capacitors 47a, 47b, and 47c to the 

word line WL1 (WL2). 

[0181] FIG. 10 shows voltage values at the respecti ve 

sites in a case where data is simultaneously progra mmed 

only into the memory capacitors 47a, 47b, and 47c o f the 

anti-fuse memory 56c, which is disposed at the 

intersection of the second row and the first column , and 

data is not programmed into the anti-fuse memories 56a, 

56b, and 56d.  In this case, in the semiconductor m emory 

device 55, the breakdown bit voltage of 0 V is appl ied to 

each of the bit lines BL11, BL12, and BL13 (the sel ected 
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programming bit line BL1a, BL2a, and BL3a), which a re 

connected to the anti-fuse memory 56c (the selected  

program memory 2W), into which data is to be progra mmed.  

The nonbreakdown bit voltage of 3 V is applied to e ach of 

the bit lines BL21, BL22, and BL23 (the nonselected  

programming bit lines BL1b, BL2b, and BL3b), which are 

connected only to the anti-fuse memories 56b and 56 d 

(nonselected program memory 2N), into which data is  not 

to be programmed.  

[0182] At this time, in the semiconductor memory de vice 

55, the breakdown word voltage of 5 V is applied to  the 

word line WL2 (the selected programming word line W La) 

connected to the anti-fuse memory 56c, to which dat a is 

to be programmed.  The nonbreakdown word voltage of  0 V 

is applied to the word line WL1 (the nonselected 

programming word line WLb) connected only the anti- fuse 

memory 56a and 56b (the nonselected program memory 2N), 

into which data is not to be programmed.     

[0183] Thereby, in each of the memory capacitors 47 a, 47b, 

and 47c of the anti-fuse memory 56c, into which dat a is 

to be programmed, the breakdown word voltage is app lied 

to from the rectifier element 46 to each of the mem ory 

gate electrodes G1.  A voltage difference, which is  

caused by the breakdown bit voltage and the breakdo wn 

word voltage, occurs between each of the memory gat e 

electrodes G1 and the corresponding diffusion regio n.  

Hence, in each of the memory capacitors 47a, 47b, a nd 47c 
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of the anti-fuse memory 56c, into which data is to be 

programmed, the dielectric breakdown of the memory gate 

insulating film 48 occurs.  Thereby, the memory gat e 

electrode G1 and the diffusion region become conduc tive 

state with a low resistance.  Thus, the same data i s 

programmed into each of the memory capacitors 47a, 47b, 

and 47c. 

[0184] In the anti-fuse memories 56b and 56d, into which 

data is not to be programmed and which are connecte d to 

the bit lines BL21, BL22, and BL23 (the nonselected  

programming bit lines BL1b, BL2b, and BL3b), to whi ch the 

nonbreakdown bit voltage of 3 V is applied, a volta ge 

difference between the diffusion region and the mem ory 

gate electrode G1 is small in each of the memory 

capacitors 47a, 47b, and 47c.  In a case where the memory 

gate insulating film 48 has not been broken down in  each 

of the memory capacitors 47a, 47b, and 47c, the 

dielectric breakdown of the memory gate insulating film 

48 does not occur and the memory gate insulating fi lm 48 

remains insulated.  Thus, each of the anti-fuse mem ories 

56b and 56d maintains a state in which no data has been 

programmed. 

[0185] Even when the memory gate insulating film 48  has 

been broken down in the anti-fuse memory 56b, into which 

data is not to be programmed, the nonbreakdown bit 

voltage is prevented from being applied from the me mory 

gate electrode G1 to the rectifier element 46, by t urning 
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off the rectifier element 46 because the rectifier 

element 46 is disposed between the word line WL1 an d each 

of the memory capacitors 47a, 47b, and 47c. 

[0186] The semiconductor memory device 55 shown in FIG. 

10 is capable of performing data programming operat ion 

similar to “(2-2-2) Sequentially programming the sa me 

data into a plurality of memory capacitors” describ ed 

above.  The same data is programmed in order into e ach of 

the memory capacitors 47a, 47b, and 47c in the 

predetermined anti-fuse memory 56c. 

[0187](7-2) Memory capacitor including FinFET (Fin Field 

Effect Transistor) 

 The first to sixth embodiments described the anti-

fuse memories 2a, 2b, 2c, 2d, 22a, 22b, 22c, 22d, 3 7a, 

37b, 37c, 37d, 42a, 42b, 42c, 42d, 45, 50, 56a, 56b , 56c, 

and 56d including the memory capacitors 4, 4a, 4b, 24a, 

24b, 44a, 44b, 47, 47a, 47b, or 47c each including a 

planar type transistor, in which the diffusion regi on and 

the channel are disposed in one plane.  The present  

invention is not limited to this.  An anti-fuse mem ory 61 

including a memory capacitor 64 including FinFET sh own in 

FIG. 11 may be used.     

[0188] In this case, in the anti-fuse memory 61, th e 

element isolation layer S3 is disposed on the P-typ e or 

N-type well S2.  A diffusion region formation secti on M1 

is disposed in a standing manner on the well S2.  T he 

diffusion region formation section M1 is made of th e well 
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and has a cubic shape.  An end portion of the diffu sion 

region formation section M1 is protruded from the s urface 

of the element isolation layer S3.  In the anti-fus e 

memory 61, a belt-shaped rectifier element formatio n 

section M2 is disposed on the surface of the elemen t 

isolation layer S3 such that the rectifier element 

formation section M2 is orthogonal with the longitu dinal 

direction of the diffusion region formation section  M1.  

A part of the diffusion region formation section M1  

protruded from the surface of the element isolation  layer 

S3 is covered by the rectifier element formation se ction 

M2.   

[0189] A diffusion region 68 of the memory capacito r 64 

is disposed on a region of the diffusion region for mation 

section M1 not covered by the rectifier element for mation 

section M2.  A bit line BL is connected to the diff usion 

region 68.  A memory gate electrode G10 is disposed  on a 

region of the rectifier element formation section M 2 

covering the diffusion region formation section M1.   The 

memory gate insulating film 69 is disposed between the 

memory gate electrode G10. 

[0190] An N-type semiconductor region 67 of the rec tifier 

element 63 is disposed in a part of a region of the  

rectifier element formation section M2 covering the  

diffusion region formation section M1.  The rectifi er 

element 63 has a configuration in which the N-type 

semiconductor region 67 is joined to the memory gat e 
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electrode G10.  A P-type semiconductor region 66 is  

disposed on an end of the rectifier element formati on 

section M2 disposed on the surface of the element 

isolation layer S3 such that the P-type semiconduct or 

region 66 is joined to the N-type semiconductor reg ion 67.  

Thus, the rectifier element 63 including a PN junct ion 

diode is disposed.  The P-type semiconductor region  66 of 

the rectifier element 63 is connected to the word l ine WL. 

[0191] In the anti-fuse memory 61, a voltage is app lied 

from the word line WL through the rectifier element  63 to 

the memory gate electrode G10 of the memory capacit or 64.  

The voltage from the memory gate electrode G10 to t he 

word line WL is a reverse bias in the rectifier ele ment 

63 in accordance with the voltage values applied to  the 

word line WL and the memory gate electrode G10 of t he 

memory capacitor 64.  Thereby, the rectifier elemen t 63 

blocks the application of voltage from the memory g ate 

electrode G10 to the word line WL.  Thus, the anti- fuse 

memory 61 achieves the same effects as those descri bed in 

the above embodiments. 

[0192] (7-3) Others 

 The present invention is not limited to this 

embodiment and various modifications are possible w ithin 

the scope of the present invention.  For example, t he 

anti-fuse memory 2a, 2b, 2c, 2d, 22a, 22b, 22c, 22d , 37a, 

37b, 37c, 37d, 42a, 42b, 42c, 42d, 45, 50, 56a, 56b , 56c, 

or 56d according to the first, second, third, fourt h, 
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fifth, or sixth embodiment described above and the anti-

fuse memory 61 including Fin FET shown in FIG. 11 m ay be 

combined as appropriate.  In other embodiments, the  

rectifier element 46 including the N-type transisto r 

shown in FIG. 9A, the rectifier element 51 includin g the 

P-type transistor shown in FIG. 9B, or the anti-fus e 

memory 61 including Fin FET shown in FIG. 11 may be  

combined with the first, second, third, fourth, fif th, or 

sixth embodiment.  For example, in the anti-fuse me mories 

56a, 56b, 56c, and 56d shown in FIG. 10, the rectif ier 

element 51 including the P-type transistor may be u sed 

instead of the N-type transistor.  A separate recti fier 

element may be disposed for each memory capacitor.  

 

Reference Signs List 

[0193] 

1, 21, 36, 41, 55 semiconductor memory device 

2a, 2b, 2c, 2d, 22a, 22b, 22c, 22d, 37a, 37b, 37c, 37d, 

42a, 42b, 42c, 42d, 45, 50, 56a, 56b, 56c, 56d, 61 anti-

fuse memory  

3, 3a, 3b, 11a, 11b, 16a, 16b, 23, 30, 46, 51, 63 

rectifier element 

4, 4a, 4b, 24a, 24b, 44a, 44b, 47, 47a, 47b, 47c, 6 4 

memory capacitor 

G, Ga, Gb, G1 memory gate electrode 

6, 6a, 6b, 48 memory gate insulating film 

S2 well 
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Claims 

 

1. An anti-fuse memory comprising: 

 at least one memory capacitor including a memory 

gate electrode disposed via a memory gate insulatin g film, 

and a bit line connected to a diffusion region disp osed 

in a well; and 

 at least one rectifier element disposed between th e 

memory gate electrode and a word line, the rectifie r 

element allowing application of a voltage from the word 

line to the memory gate electrode, the rectifier el ement 

blocking application of a voltage from the memory g ate 

electrode to the word line in accordance with a vol tage 

value applied to the memory gate electrode and the word 

line. 

 

2. The anti-fuse memory according to claim 1, where in the 

voltage applied to the word line is applied through  the 

rectifier element to the memory gate electrode, to cause 

breakdown of the memory gate insulating film due to  a 

voltage difference between the memory gate electrod e and 

the bit line, so as to program data into the memory  

capacitor, and     

 the application of the voltage from the memory gat e 

electrode of the memory capacitor to the word line is 

blocked in a case where the memory gate electrode h as a 
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higher voltage than the word line, so as not to pro gram 

data into the memory capacitor. 

  

3. The anti-fuse memory according to claim 1 or 2, 

wherein the rectifier element includes a semiconduc tor 

junction structure of a PN junction diode, in which  a P-

type semiconductor region and an N-type semiconduct or 

region are joined to each other, the P-type semicon ductor 

region being connected to the word line, the N-type  

semiconductor region being connected to the memory gate 

electrode.  

 

4. The anti-fuse memory according to claim 1 or 2, 

wherein the rectifier element includes a semiconduc tor 

junction structure of a PIN (P-Intrinsic-N) junctio n 

diode, in which an intrinsic semiconductor region i s 

disposed between a P-type semiconductor region and an N-

type semiconductor region, the P-type semiconductor  

region being connected to the word line, the N-type  

semiconductor region being connected to the memory gate 

electrode. 

 

5. The anti-fuse memory according to claim 3 or 4, 

wherein the P-type semiconductor region and the N-t ype 

semiconductor region, which are included in the rec tifier 

element, are formed integrally with the memory gate  

electrode. 
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6. The anti-fuse memory according to any one of cla ims 3 

to 5, wherein the P-type semiconductor region and t he N-

type semiconductor region of the rectifier element and 

the memory gate electrode are formed within the sam e 

layer. 

 

7.  The anti-fuse memory according to claim 1 or 2,  

wherein the rectifier element includes an N-type MO S 

(Metal-Oxide-Semiconductor) transistor or a P-type MOS 

transistor, and 

 a source region is connected to the memory gate 

electrode, and 

 a drain region is connected to the word line, and 

 a rectifier element gate electrode is connected to  

one of the word line and the memory gate electrode,  and 

the rectifier element blocks the application of the  

voltage from the memory gate electrode to the word line 

by allowing a channel to be in a non-conductive sta te.  

 

8. The anti-fuse memory according to claim 7, where in the 

rectifier element gate electrode of the rectifier e lement 

and the memory gate electrode are formed within the  same 

layer.   
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9. The anti-fuse memory according to any one of cla ims 1 

to 8, wherein the memory gate electrodes of the mem ory 

capacitors are connected to one of the rectifier el ements. 

 

10. The anti-fuse memory according to claim 9, wher ein 

the bit line is provided separately to each of the memory 

capacitors that share the one of the rectifier elem ents. 

 

11. The anti-fuse memory according to claim 9, wher ein 

the memory capacitors that share the one of the rec tifier 

elements share the bit line. 

 

12. A semiconductor memory device comprising the an ti-

fuse memories according to any one of claims 1 to 1 1, the 

anti-fuse memories being respectively disposed at 

intersections of the word lines and the bit lines.   

 

13. The semiconductor memory device according to cl aim 12, 

wherein the anti-fuse memories include a pair of a first 

anti-fuse memory and a second anti-fuse memory, and   

  data is programmed into the first anti-fuse memor y 

and then the data is programmed into the second ant i-fuse 

memory, so as to program the same data into the fir st 

anti-fuse memory and the second anti-fuse memory.    

 

 

 


