
US 2004O10O3O2A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0100302 A1 

Pitts (43) Pub. Date: May 27, 2004 

(54) ADAPTIVE ALGORITHM FOR ELECTRICAL (52) U.S. Cl. ................................................................ 326/41 
FUSE PROGRAMMING 

(76) Inventor: Robert L. Pitts, Dallas, TX (US) (57) ABSTRACT 
Correspondence Address: 
TEXAS INSTRUMENTS INCORPORATED 
PO BOX 655474, M/S 3999 This invention describes a means for preventing eFuses from 
DALLAS, TX 75265 growing back under Successive programming pulses after 

being SucceSSfully fused by an earlier Set of programming 
(21) Appl. No.: 10/301,986 pulses. The Solution is achieved through the use of an 
(22) Filed: Nov. 22, 2002 adaptive programming algorithm for blowing the eFuses. In 

the adaptive algorithm once a high enough resistance on a 
Publication Classification blown eFuse has been attained it will not receive additional 

programming pulses that could cause it to become measur 
(51) Int. Cl." ........................... G06F 7/38; H03K 19/173 ably lower resistance. 

307 TESTER 

READ DESIRED 
PROGRAMMATION DATA 

LOAD DESIRED DATA 

APPLY PROGRAMPULSE 
TO EACH eFUSE IN CHAIN 

READ AND DETERMINE 
RESULT ON eFUSES IN CHAIN 

ALL 
DESIRED CHAIN 

ELEMENTS SUCCESSFULLY 
PROGRAMMED 

? 

301 

302 

303 

304 

REGENERATEDESIRED 
PROGRAMMATION DATA 
TOINCLUDE ONLY eFUSES 

NOTSUCCESSFULLY 
BLOWN 

305 
YES 

PROGRAMMING COMPLETE 308 

  

  

  

  

  

  



Patent Application Publication May 27, 2004 Sheet 1 of 2 US 2004/0100302 A1 

111 

TEST 
INTZ F-F 

-ica y D 
Q O 
PDATA CLR 

w Q 

D 
CDATA -- to La 

PDATAN 

113 

CELDATAN 

PDATA OUT 

116 
CELDATA OUT 

103 

DATA CLOCK 

106 
115 H 

MARGIN eFUSEELEMENT 

ENABLE CLOCK 
VPP 

PROGRAM 

109 

FIG. I. 110 
(PRIOR ART) 

DATA CLOCK DATA CLOCK 
ENABLE CLOCK ENABLE CLOCK 

PDATA IN OUT IN 
CELLDATACELLDATA FUSE CELL FUSE CELL CELLDATA INSE OUT reFUSEC 

eFUSE m 

conce 201 210 
TEST 

200 PROGRAM PROGRAM 
MARGIN MARGIN 

PDATAOUT 

FIG. 2 209 
(PRIOR ART) 

  

  

  

    

  

  

  



Patent Application Publication May 27, 2004 Sheet 2 of 2 US 2004/0100302 A1 

FIG. 3 

READ DESIRED 
PROGRAMMATION DATA 

LOAD DESIRED DATA 

APPLY PROGRAMPULSE 
TO EACH eFUSE IN CHAIN 

READ AND DETERMINE 
RESULT ON eFUSES IN CHAIN 

ALL 
DESIRED CHAIN 

ELEMENTS SUCCESSFULLY 
PROGRAMMED 

p 

301 

302 

303 

304 

REGENERATEDESIRED 
PROGRAMMATION DATA 
TO INCLUDE ONLY eFUSES 

NOT SUCCESSFULLY 
BLOWN 

305 
YES 

PROGRAMMING COMPLETE 308 

    

  

  

  

  

  



US 2004/0100302 A1 

ADAPTIVE ALGORTHM FOR ELECTRICAL 
FUSE PROGRAMMING 

TECHNICAL FIELD OF THE INVENTION 

0001. The technical field of this invention is integrated 
circuit programming by Selective activation of electrical 
fuses. 

BACKGROUND OF THE INVENTION 

0002 Programmable devices have made a great impact 
on integrated circuit devices. The possibility of program 
ming a device to do a specific task efficiently has made 
modest cost special purpose processors a reality. Program 
mable devices are available from a wide variety manufac 
turers having mass production capability for the parent 
device. Programmation most often depends on a reliable 
methodology for customizing a device in a repeatable, 
non-complex manner. Fusing of the connections within the 
programmable logic is the most common process of pro 
grammation. Many fusible interconnect links are con 
Structed of materials. Such as doped polysilicon. 
0003) These electrical fuses (eFuses) in VLSI silicon 
devices have been programmed conventionally by applying 
a large amount of power to the fuse body to melt and 
Separate the fuse body material. This changes the fuse 
resistance from a low pre-blow resistance to a high post 
blow resistance. This result can be Sensed to determine the 
State of the eFuse: unblown or blown. AS proceSS technology 
has progressed to Smaller and Smaller geometry the maxi 
mum operating Voltages have also Scaled downward, mak 
ing it more difficult to get massive power to the eFuses. Also, 
it is always desirable to minimize the amount of current the 
programming operation requires So that metallization power 
buses that deliver the current to the eFuses do not have to be 
large. 

0004 One of the common difficulties encountered in 
programming eFuses in Sub-nanometer technologies for 
example, where there are Significant Voltage limitations, is 
that of providing enough power to reliably blow the fuse in 
a single programming pulse. It has been shown that multiple 
programming pulses may be employed to achieve the 
desired resistance. 

0005) 
0006 The eFuse for a conventional programmable device 
application is normally configured as a linear array or two 
dimensional array containing Sometimes hundreds of eFuses 
and Supporting logic. Several definitions will be helpful in 
clarifying the descriptions of eFuse implementation to fol 
low. 

eFuse Implementation 

0007 1. The “eFuse itself is a circuit element, which has 
a natural un-programmed State, but may be permanently 
programmed to the opposite State. 
0008 2. An eFuse element is comprised of an eFuse 
along with its programming and Sensing circuits. 
0009. 3. An eFuse cell is comprised of an eFuse element 
plus the local logic required to integrate it into an eFuse 
array. 

0.010 4. An eFuse array is a collection of one or more 
eFuse cells connected in Series or arrayS. An eFuse controller 
is comprised of the control logic designed to access the 
eFuse arrayS. 
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0011 5. An un-programmed eFuse is defined as having a 
pre-defined maximum low resistance value. 
0012 6. A programmed eFuse is defined as having a 
pre-defined minimum high resistance value. 
0013 The eFuse array is programmed by loading the 
desired fused State and non-fused State locations into a 
programming database containing a record for the indi 
vidual elements of the entire array. Then programming those 
values into each eFuse Sequentially can commence. 
0014. Because several pulses may be required to success 
fully blow eFuses, a normal approach is to experiment with 
applying the eFuse programming data Set to program the 
desired eFuses in a array multiple times to attempt to 
increase the yield. Due to the physical properties of the fuse 
body four possible results are observed, two desirable and 
two undesirable. 

0.015 Desired Result Possibilities 
0016 1. The eFuse was not desired to be programmed 
and it stayed low resistance after completion of the pro 
gramming process. 

0017 2. The eFuse blew to an acceptable high value of 
resistance after the pulses were applied. 
0018) Undesired Result Possibilities 
0019. 3. The eFuse blew to an acceptably high resistance 
after Some of the pulses, but degraded after the completion 
of all of the pulses, and the resistance had become lower than 
acceptable. 
0020 4. The eFuse never blew to an acceptably high 
resistance, and caused the programming process to incur 
yield loSS. 
0021 Case 3 above represents a most significant problem 
area, which can be mitigated by a special programming 
algorithm, the focus of this invention. Putting a high enough 
electrical field acroSS a blown eFuse can cause it to heat the 
body enough to allow the material to re-melt and grow back 
creating an unacceptably lower resistance. Good eFuses can 
in this manner become bad after Successive programming 
pulses. The focus of this invention is a solution to the 
problem of fuses growing back into an un-fused condition. 
0022 FIG. 1 illustrates the conventional eFuse cell cir 
cuit configuration, which is comprised of an eFuse element 
101 plus the local logic required to integrate it into an eFuse 
array. This logic includes a CData flip-flop 103 that is 
clocked by the Enable Clock 108 and stores cell data in the 
array and a PData flip-flop 102 that is clocked by the Data 
Clock 106 and latches program data being passed into the 
eFuse cell. 

0023. In the program mode, incoming PData In 107 is 
latched into the PData flip-flop 102 and programmed into the 
eFuse element on the occurrence of one or more program 
pulses initiated at Program input 110. PData passes to the 
eFuse cell via path 115. In the program mode also, PData 
Out is passed through multiplexers 104 and 105 and is 
latched into the CData flip-flop 102. VPP 109 is the input for 
the programming power Source. Program data is passed 
serially to the next cell in the array at PData Out line 115. 
0024. In the test mode, the CData flip-flop latches the 
data from the present cell and passes it to Cell Data Out 116. 
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This data from the present cell is passed through multiplexer 
104 and multiplexer 105 as directed by the Test input 111. 

0.025 Initz input 112 acts to initialize all flip-flops in the 
cell array prior to the programming cycle. Margin input 114 
allows adjustment to the reference input for a differential 
amplifier So that the desired high resistance values for a 
program element may be modified. 
0.026 FIG. 2 illustrates a simplified view of a conven 
tional eFuse system having an eFuse controller 200, a 
number of Series-connected eFuse cells represented at the 
input and output ends of the array by 201 and 210 Each cell 
201 and 210 have the local logic of FIG. 1 for integrating 
the cells into an eFuse array. At the last stage of the array 210 
PData Out 208 and CData Out 209 are passed back to the 
controller as required in the program and test modes. 

SUMMARY OF THE INVENTION 

0027. This invention describes a means for preventing the 
opportunity for eFuses to become lower resistance due to 
Successive programming pulses after being Successfully 
blown by an earlier Set of programming pulses. The Solution 
is achieved through the use of an adaptive programming 
algorithm for blowing the eFuses. In the adaptive algorithm 
once a high enough resistance on a blown eFuse has been 
attained it will not receive additional programming pulses 
that could cause it to become lower resistance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. These and other aspects of this invention are illus 
trated in the drawings, in which: 
0029 FIG. 1 illustrates the conventional eFuse cell cir 
cuit configuration, which is comprised of an eFuse element 
plus the local logic required to integrate it into an eFuse 
array (Prior Art); 
0030 FIG. 2 illustrates a simple conventional eFuse 
System having an effuse controller and a number of Series 
connected eFuse cells integrated into an eFuse array (Prior 
Art); and 
0031 FIG. 3 illustrates the flow chart for the adaptive 
algorithm eFuse programming method described in this 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0.032 The solution to preventing eFuses from growing 
back by the time the complete Set of pulses had been applied 
was Solved by developing an adaptive programming algo 
rithm for blowing the eFuses. The adaptive algorithm works 
as illustrated in the flow chart of FIG. 3. Also a description 
of the individual process steps follows with references to 
FIG 3. 

eFuse Array State 

Read Initial 
Values 
Fuse blow 

data (first pass) 

May 27, 2004 

0033) Main Sequence 
0034) 1. Determine the data to be programmed into the 
eFuse array. Read desired programmation data into database. 
301) 
0035 2. Load the array with the desired data 302) and 
apply a program pulse to the appropriate eFuses desired to 
be blown 303) 
0036 3. Read and determine the result on the eFuses, 
which should have been blown 304). 
0037 Adaptive Loop 
0038 4. Perform overall test 305 on array elements and 
proceed to programming complete 308{Yes, results are 
correct or proceed return loop 306{No, results are not 
correct}. 
0039) 5. Regenerate the data 306 to include only eFuses 
which were supposed to be blown, but which did not 
Successfully blow (this is the adaptive part of the routine). 
Successfully blown fuses are assigned a '0' input on the next 
pass, just as the don't-blow cells. 
0040. 6. Reapply the load desired data 302 and apply 
programming pulse 303 Sequence for a prescribed number 
of times until desired array results are attained 
0041. In the adaptive algorithm of FIG. 3, once a high 
enough resistance on a blown eFuse has been attained it will 
not receive another programming pulse, which could cause 
it to degrade from the high resistance State and become a 
measurably lower resistance link. This adaptive algorithm 
has allowed programming yields on eFuse arrays to be 
maximized. 

0042 Table 1 illustrates an example of the adaptive eFuse 
programmation algorithm for a sixteen-element eFuse array. 
Row 1 of the table shows that the initial values for all eFuses 
in the array are in a Virgin State before programming and thus 
are all Zeros. Row 2 (which matches the desired program 
mation in Row 8) shows programmation data desired which 
will be attempted in full on the first pass. A 1 loaded at a 
given position blows that eFuse. Row 3 shows the results 
read after the first pass. Four eFuses of the eFuses targeted 
by a 1 did not blow. Row 4 the programmation data for the 
Second pass, modified to blow only those four eFuses not 
successfully blown on the first pass. Row 5 shows the results 
read after the Second pass. Two eFuses of those targeted by 
a 1 in the second pass did not blow. Row 6 shows the 
programmation data for the third pass, modified to blow only 
those two eFuses not Successfully blown on the Second pass. 
Row 7 shows the results read after the third pass. All eFuses 
of those targeted by a 1 in the original programmation data 
are now blown. Thus the programmation data for each pass 
and the results on the State of the eFuse array after each pass 
is shown in Successive pairs of rows in the table. The desired 
State, Successfully achieved on the third pass, is shown on 
row 8 at the bottom of the table. 

TABLE 1. 

Read Values of Each eFuse in the Array 
Programmation Data 
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TABLE 1-continued 

Read Values of Each eFuse in the Array 
eFuse Array State Programmation Data 

Read eFuse array 0 0 1 0 0 1 0 0 1 1 0 0 
(first pass) 
Fuse blow data O O O 1 O O O 1 O O 1 O 
(second pass) 
Read eFuse array 0 0 1 0 0 1 0 1 1 1 0 0 
(second pass) 
Fuse blow data O O O 1 O O O O O O 1 O 
(third pass) 
Read eFuse array 0 0 1 1 0 1 0 1 1 1 1 0 
(third pass) 
Desired eFuse O O 1 1 0 1 0 1 1 1 1 O 
array state 

0043. The advantages of this solution to the programming 
proceSS may be Summarized as follows. The adaptive pro 
gramming algorithm: 

0044) 1. Is able to achieve the highest programming 
yield (percentage of correctly programmed devices); 

0045 2. May allow the use of lower voltages for 
programming, which reduces reliability concerns in 
the eFuse implementation; 

0046 3. May allow the use of lower currents for 
programming, which reduces the power bus width 
requirements and results in a Silicon area Savings, 
and 

0047. 4. May reduce required test time and thereby 
lowers programming cost. 

0.048 Future applications for the adaptive programming 
algorithm include its use in newer technologies as they are 
introduced. Other possibilities include yield enhancement in 
advent of the introduction of newer eFuse body composi 
tion. The eFuse body is not limited to polysilicon. Program 
mable contacts or metallization methodologies could also be 
used and this algorithm would still be applicable. However, 
efforts to improve eFuse programming yields using new 
composition approaches may have more and more limita 
tions as Voltages continue to decline. The method of this 
invention is also easily extended to programming of anti 
fuses, which are high resistance in the un-programmed State 
and low resistance in the programmed State. 
What is claimed is: 

1. A method of programming electrical fuses comprising 
the Steps of: 

reading the desired data for a array of fuses to be 
programmed from a programmation Source; 

programming the array of fuses by applying a program 
mation pulse to fuses where a corresponding bit of the 
desired data has a first digital State, and applying no 
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1 1 O 

O O O 

1 1 O 

O O O 

1 1 O 

1 1 O 

programmation pulse to fuses where a corresponding 
bit in the desired data has a Second digital State; and 

repeating the Sequence of 
reading the programmation of the fuses, 
programming the array of fuses by applying a program 

mation pulse to fuses where a corresponding bit of 
the desired data has a first digital State and the read 
State of the fuse fails to match the corresponding bit 
of the desired State, applying no programmation 
pulse to fuses where a corresponding bit in the 
desired data has a Second digital State, and applying 
no programmation pulse to fuses where a corre 
sponding bit of the desired data has a first digital 
State and the read State of the fuse fails to match the 
corresponding bit of the desired State, 

until all fuses match the corresponding bit of the desired 
State. 

2. The method of claim 1 wherein: 

all electrical fuses initially have a low resistance and Some 
fuses after programmation have a desired State of a high 
resistance. 

3. The method of claim 1 wherein: 

all electrical fuses initially have a high resistance and 
Some fuses after programmation have a desired State of 
a low resistance. 

4. The method of claim 1 wherein: 

Said Step of programming the array of fuses includes 
arranging input programmation data where data bits 
representing fuses in desired State have a Second digital 
State and data bits representing fuses not in the desired 
State have a first digital State, and applying a program 
ming pulse only to fuses having data of the first digital 
State and no programming pulse to fuses having the 
Second digital State. 

k k k k k 


