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(57) ABSTRACT 

The present invention provides for the programming of an 
antifuse having a dielectric disposed between a plurality of 
conductive elements with one of the conductive elements 
connected to a capacitor. The antifuse is programmed to an 
“on” state by precharging the capacitor and then applying a 
programming voltage to another one of the conductive 
elements. This results in the breakdown of the interposed 
dielectric to form a conductive link between the conductive 
elements. Immediately, following the formation of a con 
ductive link, the electrical energy stored in the capacitor is 
released through the conductive link across the dielectric. 
Further, the capacitor can be common to a plurality of 
programmable antifuses and the application of the program 
ming voltage serves to select one of the plurality of antifuses 
to be ‘blown’. This arrangement can be realized in a PET 
and the device can be easily integrated in the CMOS process 
commonly used for the manufacture memory arrays and 
logic circuitry. 

“ r0010 CIRCUITRY --—>TO OTHER ANTIFUSES 

360 
320 -1 340 
\FQ/ 

370 

11 
360 f’ 

320 -1 340 



Patent Application Publication Sep. 11, 2003 Sheet 1 0f 2 US 2003/0169095 Al 

O 
16 / 

‘i'mz/‘z 
E3 FIG. 1 

. 

00 o "-o. O 0 O 
o O O O 

o o o. o o\22 
. O O 

o 21%‘ 0 
CI O :. O O O 

I 

- COMMUNICATING TRAPS 

oNON-COMMUNICATING TRAPS 

FIG. 2A 

COMPLETE 
QUASIuBREAK DIELECTRIC 

DOWN BREAK DOWN 

OXIDE 
CURRENT \ I ‘ 

TIME 

FIG. 2B 



Patent Application Publication Sep. 11, 2003 Sheet 2 0f 2 US 2003/0169095 A1 

Vblow 
r ------------ -+ ----------- "-1 

310 r360 \ \\\ {/300 
//////////7 ; 

o a | 

340 320 : 
l 

Jo - >V __Q i i dd 
: :_[\35O 

'\ l 
380 I 

_ _ _ _ “ _ _ _ _ _ _ _ _ _ _ _ _ n _ _ u _ _ _ _ _ ._ _ _I 

FIG. 3 

1‘ LOGIC CIRCUITRY ——>TO OTHER ANTIFUSES 

360 
320 .J 340 11 
\FQ/ 360 f 

370 320 -1 340 
\f@/ 

F‘ 370 
3504i“ 

': 0 I 

A410 
Vdd FIG. 4 



US 2003/0169095 A1 

ELECTRICAL ANTIFUSE WITH EXTERNAL 
CAPACITANCE 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates to the ?eld of semi 
conductors and, more particularly, to programmable antifuse 
elements in semiconductor memory devices. 

[0003] 2. Description of the Related Art 

[0004] Integrated circuits often require selectively pro 
grammable electrical connections betWeen circuit nodes. 
Such connections can be implemented by use of an antifuse 
link Which is programmable to interconnect electrodes. For 
example, antifuses are often used in memory cell arrays such 
as dynamic random access memories in Which failing cell 
addresses are remapped to functional cell addresses by 
selective programming of antifuses. 

[0005] Generally, antifuses are fabricated With conductive 
electrical terminals separated by a dielectric layer. In an 
“off” state, the anti-fuse has a high resistance betWeen its 
terminals. The antifuse can be programmed to an “on” state 
(i.e., a loW resistance) by breaking doWn the interposed 
dielectric to form a conductive link betWeen the antifuse 
terminals as described in US. Pat. No. 5,257,222, entitled 
“Antifuse Programming By Transistor Snap-Back”. 

[0006] Other currently applied antifuse types are struc 
tures based on a conventional MOS transistor. Here the 
MOS transistor is not used in the conventional sense, either 
as an ampli?er or as a sWitching element, but as a con?gu 
ration for realiZing a dielectric layer (‘Gate-oxide’) inter 
posed betWeen the gate, source and drain. Such a transistor 
antifuse is programmed or “bloWn” by applying a suf?cient 
?eld or “bloW” voltage across the gate oXide of the MOS 
transistor. The bloW process results in a damaged dielectric, 
Which reduces the electrical resistance across the dielectric. 
Although this bloW voltage must reach a threshold value for 
any breakage to occur in the dielectric, the ?nal resistance 
resulting from this breakage is loWered if more energy is 
applied to the antifuse dielectric. 

[0007] Evaluation circuits attached to the anti-fuse are 
used to differentiate betWeen the high resistance of the intact 
oXide (ROBE) and the loWered resistance of the damaged oXide 
(Ron). The larger the resistance of a programmed antifuse in 
a memory cell the harder it becomes to determine the status 
of the antifuse (bloWn versus unbloWn). 

[0008] Typical values for ROEE are in the range of 1012 
ohms. The range of ROn largely depends on the parameters 
during the bloW process. High bloW voltage and high bloW 
current generally lead to loWer ROn resistances. HoWever, it 
is desired to minimiZe those tWo parameters in order to 
reduce the siZe of the associated circuits (e.g. bloW voltage 
generator, bloW transistor, Wiring, etc.). In current designs, 
a compromise is made to balance the minimum current 
needed to reliably bloW the antifuse and the area require 
ments of the bloW transistor device to handle that current. 
From that perspective, values of ROn in the range of 105 
ohms to 10 ohms are common. HoWever, With this range of 
Ron, commonly used evaluation circuits are not able to 
accurately distinguish an unbloWn anti-fuse and a bloWn 
anti-fuse exhibiting the relatively high ROn values. Thus, an 
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antifuse may erroneously be detected as un-programmed if 
the bloWn antifuse resistance ROn is suf?ciently large. 

[0009] Thus, there is a need for an improved approach to 
programming an antifuse Which provides a more robust 
electrical connection Which is readily veri?able and distin 
guishable from an un-programmed antifuse. 

SUMMARY OF THE INVENTION 

[0010] The present invention achieves technical advan 
tages as an apparatus, system and method of programming 
an antifuse comprising of a dielectric interposed betWeen 
tWo conductive elements. One of the conductive elements is 
attached to a capacitor that is precharged to a set voltage. 
The antifuse is programmed to an “on” state by breaking 
doWn the interposed dielectric to form a conductive link 
betWeen the antifuse terminals from the application of a 
programming voltage across the conductive elements. 
Responsive to the applied programming voltage, a ?eld 
appears on the dielectric Which leads to formation of con 
ductive links across it. Electrical energy stored in the capaci 
tor, in response to the formation of these conductive links, 
is immediately discharged through the links causing a more 
robust electrical connection betWeen the conductive ele 
ments. A particular antifuse can be selected for program 
ming, Within an array of such devices, by applying the 
programming voltage only to the conductive elements of the 
selected antifuse. Further, the capacitor can be common to a 
plurality of antifuses in Which the capacitor’s stored energy 
is applied to a select one of the plurality of antifuses, 
rendered operable by the application of the programming 
voltage to the conducting elements of the selected antifuse. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] For a more complete understanding of the present 
invention, reference is made to the folloWing detailed 
description taken in conjunction With the accompanying 
draWings Wherein: 

[0012] FIG. 1 illustrates a ?eld effect transistor antifuse 
and electrical connections for applying a programming 
voltage across the oXide dielectric; 

[0013] FIG. 2A illustrates the formation of a ?lament after 
a programming voltage is applied across the dielectric; 

[0014] FIG. 2B shoWs a graph of oXide current versus 
time during the application of a programming voltage; 

[0015] FIG. 3 illustrates a ?eld effect transistor With 
associated circuitry for applying a programming voltage 
across the dielectric in accordance With an eXemplary 
embodiment of the present invention; and 

[0016] FIG. 4 illustrates an arrangement for applying a 
programming voltage across the dielectric of a select one of 
a plurality of ?eld effect transistors in accordance With an 
eXemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] The numerous innovative teachings of the present 
application Will be described With particular reference to the 
presently preferred eXemplary embodiments. HoWever, it 
should be understood that this class of embodiments pro 
vides only a feW eXamples of the many advantageous uses 
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and innovative teachings herein. In general, statements made 
in the speci?cation of the present application do not neces 
sarily delimit any of the various claimed inventions. More 
over, some statements may apply to some inventive features, 
but not to others. 

[0018] Throughout the draWings, it is noted that the same 
reference numerals or letters Will be used to designate like 
or equivalent elements having the same function. A detailed 
description of knoWn functions and constructions unneces 
sarily obscuring the subject matter of the present invention 
have been omitted for clarity. 

[0019] Referring noW to FIG. 1 there is illustrated a 
biasing arrangement for a MOS transistor antifuse 11 in 
accordance With an exemplary embodiment of the present 
invention. In this embodiment, the antifuse is a transistor 
antifuse Where one conductive element is formed by the 
source 14, drain 12 and body 13 Which are electrically 
connected and a second conductive element is formed by the 
gate 16 With the gate oxide forming the interposed dielectric. 
The transistor antifuse 11 is programmed or “bloWn” by 
applying a sufficient ?eld or “bloW” voltage across the gate 
oxide via the body 13 and the gate 16. The bloW process 
results in a damaged gate-oxide or dielectric, Which reduces 
the electrical resistance across the dielectric. The magnitude 
of the voltage needed to program the antifuse depends on 
several factors among Which the thickness of the gate oxide 
should be considered. 

[0020] As the bloW voltage is applied, quasi breakdown 
events are initiated in the gate oxide resulting in the forma 
tion of local charge centers or ‘traps’22 (FIG. 2A). When a 
sufficient number of traps are created they tend to join 
together, due to the applied ?eld as a conductive ?lament 21, 
as exempli?ed in FIG. 2A. This conductive ?lament enables 
current to How thus draWing energy into the system from the 
poWer source. Sometimes this ?lament may disappear due to 
this energy dissipation but only to reappear at a different 
location. After a number of such events, there is a cata 
strophic event (illustrated as a plot diagram in FIG. 2B) that 
causes the formation of a stable ?lament resulting in the ?nal 
loW resistance state. 

[0021] FIG. 2B shoWs the oxide current over a period of 
time With a bloW voltage applied across the gate and the 
body. The several spikes in the current are due to the 
appearance and subsequent disappearance of the ?laments. 
The ?nal large spike indicates the catastrophic event caused 
by the formation of a stable ?lament. After programming 
(bloWn), the resistance betWeen the gate 16 and body 13 is 
reduced from a typical starting resistance of 1012 ohms 
(un-programmed or unbloWn). HoWever, the conductive 
?lament 22 betWeen the antifuse terminals is sometimes 
only marginally conductive, leaving a relatively high resis 
tance, Which is difficult to detect by evaluation circuits. 

[0022] Referring noW to FIG. 3 there is illustrated a ?eld 
effect transistor (FET) antifuse 300 With associated circuitry 
for applying a programming voltage across the dielectric in 
accordance With an exemplary embodiment of the present 
invention. As shoWn, circuitry couples the body 370, drain 
320 and the source 340 to a poWer supply. In addition, a 
capacitor 350 or other similar electric energy storage device 
is included external to the FET antifuse 300 and serially 
coupled to the drain 320, body 370 and the source 340. The 
body 370 of the FET antifuse 300 can be connected to an 
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integrated capacitor made on the same substrate. Further, the 
body 370 is electrically isolated from the substrate or other 
circuitry on the same chip by an isolation layer 380. 

[0023] In this embodiment of the invention, the FET 
antifuse 300 is programmed by the application of a positive 
voltage on the gate 360 so that a ?eld appears across the 
gate-oxide 310. The capacitor 350, Which has been pre 
charged to a set negative voltage, increases the ?eld appear 
ing across the gate-oxide 310 in addition to being a reservoir 
of some energy prior to the bloW operation. When the gate 
voltage is applied, the generation of the ?rst links across the 
gate-oxide 310 provides a path for the immediate discharge, 
of the energy stored in the capacitor 350, across the oxide 
310. This additional energy enables the formation of addi 
tional links and/or increases the diameter of the ?rst links 
that are formed across the oxide 310. The magnitude of the 
additional energy is related to the capacitance and the 
pre-charge voltage as: 

[0024] Where E is the total energy available, C is the 
capacitance and Vdd is the pre-charge voltage. The magni 
tude of the pre-charge voltage used should be such that it 
does not damage the dielectric of an unselected fuse. Fur 
ther, it is constrained by the nature of the isolation layer 380. 
Typical values could range betWeen —1.5V and —2.5V. The 
magnitude of the capacitance achievable depends on the area 
and the type of capacitor used. Typical values ranges 
betWeen 1 nanoFarad and 300 nanoFarads. 

[0025] In addition, the capacitor 350 can be adapted to be 
common to an array of antifuses (further discussed herein) 
thus decreasing the total area occupied by the antifuses. 
Further, the capacitor 350 can be integrated With the FET 
antifuse in a standard CMOS process used for the manufac 
ture of integrated circuits. A suitable Way to integrate a 
capacitor of necessary capacity Within close proximity to the 
antifuse is the by the use of devices such as Metal Insulator 
Metal Capacitors (MIMCAP) or Deep Trench (DT) capaci 
tors. 

[0026] For the programming operation, Vdd is applied to 
capacitor 350 Which precharges it to a predetermined volt 
age level. The maximum desirable value of Vdd is limited by 
the thickness of the gate oxide, as an excessively large 
voltage could damage the gate oxide even prior to program 
ming and by the type of isolation 380 of the transistor. In this 
embodiment, Vdd is in the range of approximately —1.5 to 
—2.5 V and the gate oxide ranges betWeen 20 angstroms to 
35 angstroms. Further, a bias voltage (hereinafter referred to 
as VbloW) is applied to the gate 360 in Which VbloW is 
preferably in the range of 5V to 8V. Although the same ?eld 
in the oxide can be obtained by using the same voltages but 
of the opposite polarity, it is believed that the programming 
is enhanced With this particular choice of the polarity. 

[0027] FolloWing the application of VbloW, the ?rst con 
ductive links are formed in the gate-oxide 310. It is impor 
tant to note that the voltage Vdd in itself, Without VbloW, is 
not high enough to start this process, for in such a case the 
ability to select a speci?c antifuse to be programmed Would 
be lost. The stored energy in the capacitor 350 is instanta 
neously discharged across the damaged gate-oxide 310, 
Which forms additional conductive links and/or causes the 
increase of the diameter of the ?rst formed conductive links. 
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With this programming approach, the resistance of the 
antifuse 300 is lowered to a range of approximately 103 to 
104 ohms While Without the capacitor typical ?nal resis 
tances range from 106 to 108 ohms. The additional conduc 
tive links and/or increased diameter of the ?rst formed 
conductive links also improve the reliability and consistency 
of the bloW operation. 

[0028] Referring noW to FIG. 4 there is illustrated an 
arrangement for applying a programming voltage across the 
dielectric of a select one of a plurality of ?eld effect 
transistor antifuses in accordance With an exemplary 
embodiment of the present invention. The circuitry is 
adapted to couple, in parallel, aplurality of PET antifuses 
With a common capacitor 350. VbloW and Vdd are chosen 
such that only those antifuses to Which VbloW is applied are 
programmed. Vdd is applied to the body 370 of all the 
antifuses and also serves to precharge the capacitor 350. Vdd 
can be applied through a sWitch 410. VbloW can be selec 
tively applied to different ones of the FET gates 360 (e. g. by 
suitable logic circuitry) so that only those antifuses that are 
selected are bloWn. Note that only tWo antifuses are explic 
itly shoWn, hoWever, many other antifuses can be included, 
as indicated in FIG. 4. In the programmed antifuse, con 
ductive ?laments are formed, While in the remaining anti 
fuses they are not, as the ?eld across their gate oxides is 
loWer. 

[0029] The above described capacitor arrangements can 
be easily integrated into the standard process used in the 
manufacture of CMOS memory devices. Generally, such 
memory devices are made of individual memory cells and 
include redundant cells for faulty memory cell replacement. 
A test program can locate faulty memory cells and subse 
quently appropriately coupled antifuses, such as described 
above, are bloWn so that they enable the replacement of the 
faulty cells With the redundant cells. Acollection of antifuses 
can also be used as Programmable Read Only Memory 
elements (PROM) or for customiZable chips (Field Program 
mable Gate Arrays). 

[0030] It should be noted that although the present 
embodiments have been described in terms of programming 
a PET transistor antifuse, the present invention can be 
implemented With other types of antifuses in Which a 
dielectric is interposed betWeen conductive elements. 

[0031] Although a preferred embodiment of the method, 
apparatus, and system of the present invention has been 
illustrated in the accompanied draWings and described in the 
foregoing Detailed Description, it is understood that the 
invention is not limited to the embodiments disclosed, but is 
capable of numerous rearrangements, modi?cations, and 
substitutions Without departing from the spirit of the inven 
tion as set forth and de?ned by the folloWing claims. 

What is claimed is: 
1. A method of programming an antifuse comprising a 

dielectric disposed betWeen conductive elements, said 
method comprising: 

storing electrical energy in a storage device coupled to 
one of said conductive elements; and 

applying a programming voltage to a further one of said 
conductive elements; 
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releasing said stored electrical energy across said dielec 
tric via said one and said further one conductive 
elements responsive to said applied programming volt 
age. 

2. The method of claim 1 further comprising forming a 
conductive ?lament through said dielectric responsive to 
said applied programming voltage. 

3. The method of claim 2, Wherein said releasing step 
further comprises passing a current through one of said 
conductive ?lament and a further conductive ?lament. 

4. The method of claim 1 further comprising reducing a 
resistance betWeen said one and said further one conductive 
elements of said antifuse to a range of approximately 103 to 
104 ohms. 

5. The method of claim 1, Wherein said programming 
voltage is in a range of approximately 5 to 8 volts. 

6. The method of claim 1, Wherein said antifuse is a ?eld 
effect transistor antifuse, said dielectric is gate oxide of said 
?eld effect transistor antifuse, said one conductive element 
is a gate of said ?eld effect transistor antifuse, and said 
further one conductive element is a drain, source and body 
of said ?eld effect transistor antifuse, Wherein said drain, 
source and body are electrically coupled. 

7. The method of claim 6, Wherein said storage device is 
a capacitor precharged to a predetermined voltage by apply 
ing a poWer supply to said body of said ?eld effect transistor. 

8. An apparatus comprising: 

an antifuse having a dielectric disposed betWeen a plu 
rality of conductive elements; 

an input coupled to one of said plurality of conductive 
elements and adapted to permit application of a pro 
gramming voltage; and 

a storage device coupled to a further one of said plurality 
of conductive elements and operable to store electric 
energy, said storage device further operable to release 
said stored electric energy to said antifuse responsive to 
application of said programming voltage. 

9. The apparatus of claim 8, Wherein said storage device 
is a capacitor. 

10. The apparatus of claim 8, Wherein said antifuse is 
responsive to said programming voltage for forming a 
conductive link through said dielectric, and Wherein said 
storage device is operable to pass a current through one of 
said conductive link and a further conductive link. 

11. The apparatus of claim 10, Wherein a resistance 
betWeen said one and said further one conductive elements 
is reduced to a range of approximately 103 to 104 ohms 
responsive to said storage device passing a current through 
one of said conductive link and said further conductive link. 

12. The apparatus of claim 8, Wherein said antifuse is a 
?eld effect transistor, said one conductive element is a gate 
of said ?eld effect transistor, said dielectric is gate oxide of 
said ?eld effect transistor, and said further one conductive 
element is an electrically coupled arrangement of a drain, 
source and body of said ?eld effect transistor. 

13. The apparatus of claim 12 further including at least 
one further ?eld effect transistor antifuse, and Wherein said 
storage device is coupled to a body of each of said ?eld 
effect transistor antifuses and operable to release said stored 
electrical energy to a select one of said ?eld effect transistor 
antifuses. 
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14. The apparatus of claim 13, wherein selection of said 
?eld effect transistor antifuse is operable by application of 
said programming voltage. 

15. A system for use With a plurality of addressable 
memory cells, said system comprising: 

a plurality of programmable antifuses each having a 
dielectric disposed betWeen a plurality of conductive 
elements and operable to provide remapping of a 
memory cell address; 

an input structure coupled to one of said plurality of 
conductive elements for each antifuse and adapted to 
permit a programming of any selected one of said 
programmable antifuses by application of a program 
ming voltage thereto; and 

a storage device coupled to a further one of said plurality 
of conductive elements for each antifuse and operable 
to store electric energy, said storage device further 
operable to release said stored electric energy to a 
selected programmable antifuse responsive to said 
applied programming voltage. 

16. The system of claim 15, Wherein said antifuses are 
responsive to said programming voltage for forming a 
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conductive link through said dielectric, and Wherein said 
storage device is operable to pass a current through one of 
said conductive link and a further conductive link. 

17. The system of claim 15, Wherein a resistance betWeen 
said one and said further one conductive elements is reduced 
to a range of approximately 103 to 104 ohms responsive to 
said storage device passing a current through one of said 
conductive link and said further conductive link. 

18. The system of claim 15 , Wherein said antifuse is a ?eld 
effect transistor, said one conductive element is a gate of said 
?eld effect transistor, said dielectric is gate oXide of said 
?eld effect transistor, and said further one conductive ele 
ment is an electrically coupled arrangement of a drain, 
source and body of said ?eld effect transistor. 

19. The system of claim 18, Wherein said storage device 
is a capacitor precharged to a predetermined voltage by 
applying a poWer supply to said body of said ?eld effect 
transistors. 

20. The system of claim 15, Wherein said programming 
voltage is in a range of approximately 5 to 8 volts. 


