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(57) ABSTRACT 

A method of verifying Whether unprogrammed antifuses are 
leaky in a semiconductor memory. The method involves the 
steps of: connecting the antifuse in series With a node; 
providing current to the node, the current being suf?cient to 
charge the node from a ?rst to a second voltage; detecting 
Whether the voltage at the node charges to the second 
voltage, or remains at the ?rst voltage to indicate that the 
antifuse is leaky; outputting signals indicating the result of 
the detection; and detecting the voltage at the node remains 
at the ?rst voltage indicates that the antifuse is leaky. In 
another embodiment, a method of verifying Whether anti 
fuses have been programmed properly in a semiconductor 
memory. The method includes the steps of: connecting the 
antifuse in series With a node; providing current to the node 
through a parallel combination of a ?rst transistor and a 
second transistor that is suf?cient to charge the node from a 
?rst voltage to a second voltage; and detecting Whether the 
voltage at the node charges to the second voltage or remains 
at the ?rst voltage to indicate that the antifuse is pro 
grammed properly; outputting ?rst and second signals indi 
cating the result of the detection; and detecting the voltage 
at the node remains at the ?rst voltage indicates that the 
antifuse is programmed properly. 
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CIRCUIT FOR PROGRAMMING ANTIFUSE BITS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to inte 
grated circuit memory products, and, more particularly, to 
circuitry for programming antifuse bits in such products. 

[0003] 2. Description of the Prior Art 

[0004] Contemporary memory products, eg DRAMs, 
require a high degree of redundancy in order to improve 
manufacturing yields. Present redundancy techniques in 
such memory products include providing eXtra memory 
array columns and/or eXtra memory array roWs Which can be 
used to replace defective columns and/or roWs. 

[0005] One application in Which antifuses have been used 
is as nonvolatile programmable memory elements to store 
logic states Which Would be used in DRAMs for roW and 
column redundancy implementation. An antifuse is, by 
de?nition, a device Which functions as an open circuit until 
programmed to be a permanent short circuit. Antifuses for 
redundancy implementation are usually constructed in the 
same manner as the memory cell capacitors in the DRAM 
array. 

[0006] In contemporary memory products, banks of anti 
fuse elements are typically provided, and one such bank is 
illustrated in FIG. 1. Each such bank includes a plurality, n, 
of antifuse elements AFO, AF1,. . . AFn, the top plates of 
Which are joined in a common connection to the program 
ming voltage CGND. The bottom plate of each antifuse 
element AFi, is connected to the drain of a protection 
transistor PTi. The source of each protection transistor PTi is 
connected to the drain of selection transistor STi, and the 
sources of the selection transistors STi are joined in a 
common connection to ground. The function of each pro 
tection transistor PTi is to protect the selection transistor 
from breakdoWn betWeen its N + region and gate When the 
high programming voltage is applied to the drain. The gate 
of each selection transistor STi is respectively connected to 
the outputs of NOR gate NGi, the inputs of Which are the 
signal PGM* and the selection signals Ai*. The selection 
signals Ai* are the complements of the signals Ai and may 
correspond to the address of a roW in the memory product 
Which is to be repaired. 

[0007] A particular antifuse element, eg AFi, is selected 
for programming When Ai* and PGM* are both Zero volts. 
In this condition the output of NGi is approximately +5 volts 
Which turns on the selection transistor STi to Which it is 
connected. When this selection occurs, a path eXists betWeen 
the bottom plate of the selected antifuse device and ground. 
Hence, the selected antifuse device AFi sees a large voltage 
CGND, eg 9 to 12 volts, betWeen its top and bottom plates, 
Which is a sufficient voltage to program the antifuse element. 
When tWo or more antifuse elements are to be programmed, 
the same voltage CGND is applied in parallel to the antifuse 
elements to be programmed. 

[0008] Several shortcomings eXist in utiliZing the pro 
gramming technique for antifuse elements such as shoWn in 
FIG. 1. First, programming of the antifuse elements is sloW 
using the technique shoWn in FIG. 1, because each antifuse 
element has to be programmed one at a time. This is due to 
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the fact that each antifuse element needs a minimum amount 
of current and voltage to program correctly. If tWo antifuse 
elements are enabled for programming at the same time, one 
most assuredly Will breakdoWn (i.e., become programmed) 
before the other. The programmed antifuse thus creates a 
path to ground for the current from CGND, Which may 
impact the voltage and current needed for programming of 
the other antifuse element. In other Words, the voltage across 
the sloWer-to-program antifuse element may be reduced to a 
level that no programming of this element is realiZed. 
Additionally, the problem may become acute When one 
attempts to program three or four antifuse elements in such 
a bank at once. Accordingly, the prior art solution to these 
problems Was to program the antifuse elements in a bank one 
at a time, Which results in the speed of redundancy repair of 
a memory product being reduced. 

[0009] Once programming of antifuse elements is com 
pleted, it is important that the user verify that those elements 
Which are to be programmed are in fact programmed. Also, 
it is important that the user verify that antifuse elements 
Which are not to be programmed are functioning properly. In 
the latter regard, unprogrammed antifuse devices may leak 
and appear to be programmed devices. No such veri?cation 
circuitry has heretofore been available. 

SUMMARY OF THE INVENTION 

[0010] In accordance With the present invention, improved 
circuitry is provided for programming antifuse devices. With 
the present invention, the speed of programming antifuse 
elements is enhanced, because all of the antifuse elements in 
a bank may be programmed simultaneously. 

[0011] In one embodiment of the present invention, the 
same programming voltage CGND is still applied in parallel 
across all antifuse elements to be programmed by enabling 
this respective selection transistors. HoWever, in this 
embodiment, a feedback circuit is associated With each 
antifuse element to stop the How of current from CGND 
through the antifuse element once it is programmed. With 
this feedback circuitry, a programmed antifuse element can 
no longer affect the voltage across and current through 
antifuse elements Which are sloWer to program. 

[0012] In another embodiment of the present invention, 
circuitry is provided Which generates a separate program 
ming voltage pulse for each antifuse element in a bank 
Which is selected for programming. In this embodiment, the 
same voltage source is not applied in parallel across all of 
the antifuse elements that are to be programmed, and the 
programming voltage across and current through an antifuse 
element that is to be programmed is unaffected by other 
antifuse elements Which may have programmed more 
quickly. 

[0013] In accordance With the present invention, method 
and apparatus are provided to verify that an antifuse element 
is programmed properly. The method and apparatus also 
verify if a nonprogrammed antifuse element is functioning 
properly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 
[0015] FIG. 1 is a schematic diagram Which illustrates a 
prior art technique for programming antifuse elements. 

In the accompanying draWings: 
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[0016] FIG. 2 is a schematic diagram Which illustrates one 
embodiment of circuitry in accordance With the present 
invention for programming antifuse elements. 

[0017] FIG. 3 is a schematic diagram in block diagram 
form of another embodiment of circuitry in accordance With 
the present invention for programming antifuse elements. 

[0018] FIG. 3A is a schematic diagram in block diagram 
form Which depicts circuitry for decoding inputs to select 
one of the banks of antifuse elements shoWn in FIG. 3. 

[0019] FIG. 4 is a schematic diagram depicting elements 
in a bank of antifuse elements shoWn in FIG. 3. 

[0020] FIG. 5 is a schematic diagram of one embodiment 
of each driver circuit of FIG. 3. 

[0021] FIG. 6 is a schematic diagram of a second embodi 
ment of each driver circuit of FIG. 3. 

[0022] FIG. 7 is a schematic diagram of circuitry that may 
be used to ascertain that antifuse elements are functioning 
properly, once the programming process is completed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0023] It Will be appreciated that the present invention 
may take many forms and embodiments. Some embodi 
ments of the invention are described so as to give an 
understanding of the invention. It is not intended that the 
limited embodiments described herein should affect the 
scope of the present invention. 

[0024] With reference to FIG. 2, an embodiment of the 
present invention is illustrated. In this embodiment the same 
programming voltage CGND is applied in parallel across all 
antifuse elements in a bank Which are to be programmed in 
integrated circuit 200. Each bank of elements contains a 
plurality, n, of antifuse elements, and each of the n antifuse 
elements in each bank has associated With it circuitry as 
illustrated in FIG. 2. 

[0025] In FIG. 2, a protection transistor PTi is provided, 
and the function of this transistor is identical to the function 
of transistor PTi in FIG. 1. Also, in FIG. 2 the gate of the 
selection transistor STi for antifuse element AF i is connected 
to the output of three-input NOR gate 201. One input to 
NOR gate 201 is PGM* Which is the complement of the 
signal PGM, Which is a logic 1, eg +5 volts, When pro 
gramming of antifuse elements is to occur. Another input to 
NOR gate 201 is connected to Ai*, Which is the complement 
of Ai, for i =1, . . . n. The signals Ai, i =1 . . . n, may, for 

eXample, be provided on the address inputs to the memory 
on the falling edge of CAS and additionally may comprise 
the n least signi?cant bits of the address of the roW of the 
memory to be repaired. When any Ai is a logic 1, eg +5 
volts, antifuse element AFi is to be programmed. The third 
input to NOR gate 201 is connected to node TNi. Also 
connected to node TNi is the drain of transistor 202. 

[0026] In operation, each node TNi for i =0, 1 . . . n is 
precharged to Zero volts just prior to the beginning of a 
programming operation When the signal PGMPCHRG 
enables transistor 202 to connect node TNi to ground. When 
programming is to occur, the output of NOR gate 201 
enables selection transistor STi for each antifuse element to 
be programmed. The enablement of transistor STi causes the 
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voltage CGND to appear across antifuse element AR, and 
this voltage is suf?cient to cause programming of antifuse 
element AF i. 

[0027] When programming of antifuse element AFi 
occurs, current ?oWs through antifuse element AR, and 
transistors PTi and STi. The voltage developed across the 
serial combination of transistors PTi and STi from this 
current causes the voltage at node TNi to rise to a positive 
level Which is suf?cient to be detected as a logic 1. This 
positive voltage at node TNi is feedback to the third input of 
NOR gate 201. At this time, the output of NOR gate 201 falls 
Zero volts, Which disables transistor STi, stopping the How 
of current through programmed antifuse element AFi. Thus, 
through the use of the feedback circuit shoWn in FIG. 2, an 
antifuse element AFi stops conducting current once it is 
programmed, and the full programming voltage and current 
are available for other antifuse elements in the bank Which 
are sloWer to program. 

[0028] Referring noW to FIG. 3, a portion of another 
embodiment of the present invention is illustrated. Inte 
grated circuit memory 300 includes a plurality, m, of banks 
of antifuse elements, designated BANKO, BANK1,. . . . 
BANKm in FIG. 3. Each bank contains a plurality, n, of 
antifuse elements. A separate driver circuit DRVRi (i =0 to 
n) is provided to supply separate programming pulses to 
each antifuse elements in each bank, as described in more 
detail beloW. 

[0029] Referring to FIG. 4, the circuit components 
included in each bank of antifuse elements of FIG. 3 is 
shoWn. Each antifuse element AFi in a bank is connected 
through a protection transistor PTi to the drain of a selection 
transistors STi, Where i=0, 1, . . . n. Protection transistor PTi 
in FIG. 4 performs the same function as protection transistor 
PTi in FIGS. 1 and 2. 

[0030] Only one bank of antifuse elements in FIG. 3 is 
selected for programming at any given time. A bank select 
signal BSELj, j =1 . . . m is connected to all of the gates of 
the bank select transistors STi in a given bank as shoWn in 
FIG. 4. The bank select signal BSELj may be generated, for 
eXample, by decoding the most signi?cant bits of the roW 
address to be repaired. These most signi?cant bits are 
available to the memory product on the falling edge of the 
RAS* signal as shoWn in FIG. 3A. The circuitry to make 
this bank selection is decoder 301 as shoWn in FIG. 3A. 

[0031] In accordance With the present invention, each 
driver DRVRi, t =0,. . . n, of FIG. 3 provides a separate 
programming pulse CGNDi to an antifuse element in the 
bank that is selected for programming. Referring to FIG. 5, 
one embodiment of each driver circuit DRVRi for i =0, . . . 
n of FIG. 3 is shoWn. Each such driver circuit comprises 
NAND gate 501, inverters 502-04, capacitor 505, P-channel 
transistors 506 and 507 and N-channel transistors 508 and 
509. As illustrated, one input to NAND gate 501 is con 
nected to the selection signal Ai for the antifuse AFi With 
Which it is associated. If an antifuse element AFi is to be 
programmed, the Ai signal associated With it is a logic 1. As 
noted above, the Ai signals may correspond to n least most 
signi?cant bits of the address of the roW in a memory to be 
repaired. 

[0032] Another input to NAND gate 501 is connected to 
the signal PGM, Which is normally 0 volts and Which is 
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brought to a logic one level, eg +5 volts, When antifuse 
elements are to be programmed. The logical value of the 
signal at the output of inverter 504 is the complement of the 
signal PGM. 

[0033] The circuitry of FIG. 5 operates as folloWs to 
generate a programming pulse CGNDi for each antifuse 
element AFi, i =0, . . . n, to be programmed. When the signal 
PGM is brought to a logic 1 value, eg +5 volts, to begin 
programming of antifuses, the output of inverter 504 is a 
logic 1 based on the logic Zero state of PGM before 
programming began. The output of NAND gate 501 
becomes a logic 0 (i.e., 0 volts) for each AF, Which is to be 
programmed. The output of NAND gate 501 is an input to 
level translator 510, Which includes p-channel transistors 
506 and 507 and N-channel transistors 508 and 509 all 
connected as shoWn. As shoWn in FIG. 5, the programming 
voltage CGND is also an input to level translator 510. 

[0034] The output of NAND gate 501 is a logic Zero When 
programming of its associated antifuse is to occur. At this 
time transistor 509 is disabled and p-channel transistor 506 
is enabled since the voltage on its gate is Zero volts. At this 
time, a high voltage programming signal CGNDi is gener 
ated for each antifuse AFi to be programmed. 

[0035] The duration of each programming signal CGNDi 
is determined by the Width of the logic Zero pulse at the 
output of its associated NAND gate 501, Which in turn is 
determined by the propagation delay of the combination of 
inverters 502-04 and capacitor 505. When the duration of the 
logic Zero pulse at the output of NAND gate 501 is com 
pleted, (i.e., When the output of NAND gate 501 rises from 
a logic 0 to a logic 1), transistor 509 is enabled Which pulls 
each programming pulse CGNDi to Zero volts. At this time, 
p-channel transistor 507 is enabled, and the full program 
ming voltage CGND is applied to the gate of p-channel 
transistor 506, and this programming voltage ensures that 
transistor 506 is disabled at the end of the programming 
pulse CGNDi. 

[0036] If any of the antifuses AFi in the selected bank is 
programmed before the others in the selected bank, the 
programming of that antifuse element cannot adversely 
affect the programming of the other elements. Since the 
programming pulses CGNDi that are provided by drivers 
DRVRi are independent of one another, all antifuse elements 
that are to be programmed Will be provided a sufficient 
voltage to effect programming, even though some of the 
antifuse elements in the selected bank are sloWer to program 
than others. 

[0037] The circuitry of FIG. 5 is acceptable for use in 
programming antifuse elements that require only a fairly 
short duration pulse for programming. As the duration of the 
programming signal CGNDi for programming to occur 
increases, the number of delay elements such as inverters 
502-04 and capacitor 505 also increases. Hence, for those 
antifuse elements requiring a longer duration pulse for 
programming, it has been found that the circuitry of FIG. 6 
is preferable to that shoWn in FIG. 5. 

[0038] Referring to FIG. 6, a preferred embodiment of the 
driver circuits DRVRi of FIG. 3 is shoWn. This embodiment 
comprises transistors 602-604 each of Which is connected as 
a diode, inverters 605-07, capacitor 608, NOR gate 609, 
NOR gates 610 and 611, NAND gate 612 and NOR gate 
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613, all connected as shoWn in FIG. 6. This embodiment 
also includes level translator 620, Which is identical to level 
translator 510 in FIG. 5. Transistors 602-04, inverters 605 
07, capacitor 608 and NOR gate 609 form a sense circuit for 
sensing When an antifuse has been programmed. NOR gates 
610 and 611 are cross-coupled to form a latch having an 
output Q. 
[0039] Prior to beginning an operation to program anti 
fuses, the RESET signal is generated, Which forces the 
output Q of NOR gate 610 to a logic 1. For each antifuse 
element AFi to be programmed, Ai* Will be a logic Zero. 
When programming is to begin, PGM* is a logic Zero, Which 
results in the output of NAND 612 being a logic Zero. 
Transistor 623 is disabled, and p-channel transistor 621 is 
enabled, since the voltage on its gate is Zero volts. A high 
voltage programming signal CGNDi is thus generated. The 
magnitude of CGNDi is about 9 to 12 volts, Which is 
sufficient to effect programming of antifuse AR. 

[0040] Before antifuse AFi is programmed, the voltage 
drop across transistors 602-604 is such that the voltage at the 
output of transistor 604 is slightly higher than the minimum 
voltage that can be recogniZed as a logic 1. For eXample, 
When CGNDi is the high programming voltage, the voltage 
on the output of transistor 604 may be about +3 volts. 

[0041] When the selected antifuse element AFi does pro 
gram, the magnitude of CGNDi drops, Which results in the 
voltage at the output of transistor 604 decreasing to a level 
Which is loWer than the maXimum voltage level that can be 
recogniZed as a logic Zero. The falling edge of the signal 
Which is at the output of transistor 604. is detected by the 
sense circuit comprising inverters 605 - 607, capacitor 608 
and NOR gate 609, With the output of NOR gate 609 pulsing 
to a logic 1 upon detection of that falling edge. This logic 1 
pulse forces the output Q of the latch composed of NOR 
gates 610 and 611 to a logic Zero and the output of NAND 
612 to a logic 1. At this time, transistor 623 is enabled, and 
the programming signal CGNDi is pulled to Zero volts. 
P-channel transistor 624 is thus enabled, and the full pro 
gramming voltage CGND appears on the gate of p-channel 
transistor 621, thereby assuring that p-channel transistor 621 
is disabled once programming of the antifuse AFi has been 
effected. 

[0042] In this embodiment, the programming pulses 
CGNDi that are provided by drivers DRVRi are also inde 
pendent of one another, and all antifuse devices that are to 
be programmed Will be provided a sufficient voltage to effect 
programming, even though some of the antifuse elements in 
the selected bank are sloWer to program than others. 

[0043] The circuitry 725 of FIG. 7 has been used in prior 
memories of Micron. In such memories, the antifuses Would 
be read and constantly compared to the address values 
supplied to the memory. If a match occurred, a match signal 
Was triggered Which caused the real roW or column at that 
address to be replaced With a redundant roW or column. 
HoWever, this operation Was not apparent to the user, so a 
test mode Was designed so that When the memory Was in this 
test mode and a match occurred, a signal Would be triggered 
to activate circuitry attached to the output of the integrated 
circuit memory. The test mode circuitry in the prior memo 
ries Was developed to check if a particular address had 
already been repaired prior to programming an antifuse, and 
Was not developed to ensure that an antifuse Was pro 

grammed correctly. 
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[0044] In accordance With the present invention, veri?ca 
tion circuitry is provided for verifying that: (a) an unpro 
grammed antifuse does not have a resistive short, i.e., is not 
leaky; and (2) a programmed antifuse is programmed prop 
erly. This useful result is realiZed in a preferred embodiment 
combining P-channel transistor 704 With circuitry 725 as 
illustrated in FIG. 7. This veri?cation circuitry is provided 
for and connected to each antifuse AR. 

[0045] With reference still to FIG. 7, the source of tran 
sistor 700, Which is designated 708, is connected to one side 
of antifuse element AFi, as shoWn. The other side of the 
antifuse element AF i is connected to the signal CGND, if the 
programming circuitry of FIG. 2 is used, or to CGNDi, if the 
programming circuitry as illustrated in FIGS. 3-6 is utiliZed 
for programming. During the veri?cation process, the sig 
nals CGND and CGNDi are at Zero volts. 

[0046] During the programming operation, transistor 700 
Was disabled. HoWever, once the programming operation is 
completed transistor 700 is enabled by the signal in 
FUSEISO*. In series With transistor 700 is transistor 701 
Whose gate is driven by the signal DVC2E. The magnitude 
of the signal DVC2E is approximately 1.5 to 2 volts Which 
enables transistor 701 to act as a current limiter. Thus, during 
the veri?cation process, one side of antifuse AF i is connected 
to the node constituting the input to inverter 706. Each 
transistor 700, 701 has a Width/length of 10/2. 

[0047] The veri?cation circuitry of FIGS. 7 also includes 
P-channel transistors 702, 703, 704, and 705, all connected 
as shoWn in FIG. 7. P-Channel transistor 702 is enabled 
during the veri?cation process by the signal FUSERD*. The 
Width/length ratio of transistor 703 is preferably 5/25 and the 
Width/length ratio of transistor 704 is preferably 5/50. 

[0048] In operation, the veri?cation circuitry of FIG. 7 
operates as folloWs to detect an unprogrammed antifuse that 
has a resistive short, i.e., to detect an antifuse Which is leaky. 
In this mode of operation, transistor 704 is enabled into a 
conduction state using the signal B. At this time transistor 
703 is turned off. The voltage on the node Which is the input 
to inverter 706 Will attempt to charge via transistors 704 and 
702. If the unprogrammed antifuse AFi i that is being tested 
is functioning properly, the voltage on the node Which is the 
input to inverter 706 Will charge to V00. The output of 
inverter 706 under this condition is Zero volts, Which turns 
on transistor 705 thereby improving the charge path to the 
input to inverter 706. In this situation, the signal F is a logic 
1, While the signal F* is a logic 0. HoWever, if an unpro 
grammed antifuse element is leaky, it Will have a resistance 
of less than 86 Kohms, and the voltage on the node at the 
input to inverter 706 Will not be charged to +5 volts. This 
results in the signal F being a logic 0, While the signal F* is 
a logic 1. This state of the signals F and F* thus indicates that 
an unprogrammed antifuse is leaky. 

[0049] To verify that a programmed antifuse element is 
correctly programmed, both transistors 703 and 704 are 
enabled by signals A and B to attempt to charge the voltage 
at the input to inverter 706. The charge presented to the input 
to inverter 706 from enabling both transistors 703 and 704 
is greater than the charge at the input to inverter 706 from 
just enabling transistor 704. 

[0050] If the antifuse element AFi is properly pro 
grammed, its resistance Will be less than 27 Kohms, Which 
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is suf?ciently loW to prevent the voltage on the node at the 
input to inverter 706 from being charged to +5 volts. In this 
situation, the signal F is a logic 0, While the signal F* is a 
logic 1. On the other hand, if the antifuse element AFi did not 
program properly, it Will have a resistance greater than 27 
Kohms, and the voltage on the node at the input to inverter 
706 Will charge to a level that is detected as a logic 1. Hence, 
in this situation, the signal F Will be a logic 1 and the signal 
F* Will be a logic 0. This state of the signals F and F* thus 
indicate that an antifuse Which Was to be programmed did 
not program properly. 

What is claimed is: 
1. An integrated circuit memory product comprising: 

at least one bank of antifuse elements in Which the top 
plates of the antifuse elements are joined in a common 
connection to a programming voltage; 

a selection transistor in series With each antifuse element 
in the bank, the enablement of a particular selection 
transistor resulting in a path being provided for the 
programming of the antifuse element associated With 
the enabled selection transistor; and 

a feedback circuit associated With each antifuse element 
in the bank to stop the How of current through its 
associated antifuse element once the antifuse element is 
programmed. 

2. The apparatus of claim 1 further comprising circuitry 
for verifying that antifuse elements have been programmed 
correctly and that unprogrammed antifuse elements are 
functioning properly. 

3. The apparatus of claim 2, Wherein the veri?cation 
circuitry includes: 

circuitry for connecting the antifuse element in series With 
a node; 

circuitry including a transistor that is suf?cient to charge 
the voltage at the node from a ?rst voltage to a second 
voltage; and 

circuitry for detecting Whether (a) the node is charged to 
the second voltage or (b) has remained at the ?rst 
voltage Which indicates that an unprogrammed antifuse 
is leaky. 

4. The apparatus of claim 2, Wherein the veri?cation 
circuitry includes: 

circuitry for connecting the antifuse element in series With 
a node; 

circuitry including a parallel combination of a ?rst tran 
sistor and a second transistor that is sufficient to charge 
the node from a ?rst voltage to a second voltage; and 

circuitry for detecting Whether (a) the node is charged to 
the second voltage or (b) the node remains at the ?rst 
voltage thereby indicating that the antifuse element is 
programmed properly. 

5. An integrated circuit memory product comprising: 

a plurality of banks of antifuse elements, each bank 
including a plurality of antifuse elements; 

circuitry for selecting one of the banks of antifuse ele 
ments for programming; 
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and circuitry for providing a separate programming pulse 
to each of the antifuse elements in the selected bank 
that is to be programmed. 

6. The apparatus of claim 1 further comprising circuitry 
for verifying that antifuse elements have been programmed 
correctly and that unprogrammed antifuse elements are 
functioning properly. 

7. The apparatus of claim 2, Wherein the veri?cation 
circuitry includes: 

circuitry for connecting the antifuse element in series With 
a node; 

circuitry including a transistor that is suf?cient to charge 
the voltage at the node from a ?rst voltage to a second 
voltage; and 

circuitry for detecting Whether (a) the node is charged to 
the second voltage; 

or (b) has remained at the ?rst voltage Which indicates that 
an unprogrammed antifuse is leaky. 

8. The apparatus of claim 2, Wherein the veri?cation 
circuitry includes: 

circuitry for connecting the antifuse element in series With 
a node; 

circuitry including a parallel combination of a ?rst tran 
sistor that is suf?cient to charge the node from a ?rst 
voltage to a second voltage; 
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and circuitry for detecting Whether (a) the node is charged 
to the second voltage or (b) has remained at the ?rst 
voltage thereby indicating that the antifuse element is 
programmed properly. 

9. A method of verifying antifuses in a semiconductor 
memory, comprising: 

connecting the antifuse in series With a node; 

providing current to the node Which is suf?cient to charge 
the node from a ?rst to a second voltage; and 

detecting Whether (a) the node charges to the second 
voltage; or (b) remains at the ?rst voltage thereby 
indicating that the antifuse is leaky. 

10. The method of claim 9, further comprising: 

providing charging current to the node through the par 
allel combination of a ?rst transistor and a second 
transistor, Which current is suf?cient to charge the node 
from a ?rst voltage to a second voltage; and 

detecting Whether the voltage at the node (a) charges to 
the second voltage; or (b) remains at the second voltage 
Which indicates that the antifuse is properly pro 
grammed. 


