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APPARATUS AND METHOD FOR 
CONDITIONING POLYSILICON CIRCUIT 

ELEMENTS 

TECHNICAL FIELD 

The present invention relates generally to techniques for 
altering the resistivity of polysilicon circuit elements, and 
more speci?cally such techniques for conditioning polysili 
con resistors for use in integrated circuitry. 

BACKGROUND OF THE INVENTION 

Electronic circuit elements that are capable of at least 
temporarily changing logic states have heretofore been 
extensively used as memory elements in electronic circuitry. 
For example, such elements having tWo distinct and dis 
cernable logic states may be used to store binary 
information, as is knoWn in the art. 

One example of an electronic circuit element that may be 
used to store binary information is a so-called fusable link, 
or fuse. Fuses are typically formed in integrated circuitry as 
sheets or strips of electrically conductive material having as 
one logic state a conductive path therethrough and as an 
opposite logic state a fused open condition. Several types of 
conductive materials have been used for constructing such 
fuses in the past including, for example, circuit metaliZation, 
polysilicon, and the like, Wherein a collection of such fuses 
are typically used to form one or more arrays or matrices of 

fuses (often referred to as memory blocks) for storing binary 
data. Such memory blocks may be programmed With binary 
data by selectively opening certain ones of the fuses While 
leaving others in their conductive state, as is knoWn in the 
art. 

Fuses of the foregoing type are typically referred to as 
nonvolatile memory elements in that the operational states 
thereof (i.e., either normally conductive or fused open) do 
not change When electrical poWer is removed from the 
memory unit. One popular material for forming such fuses 
is polysilicon. Polysilicon sheets or strips are fabricated in a 
conventional manner to form polysilicon resistors that fuse 
open at reasonably loW current levels, operate reliably over 
Wide temperature ranges, and are electrically, mechanically 
and chemically stable. 

Although polysilicon resistors of the foregoing type have 
been successfully used in many integrated circuit applica 
tions to form memory elements as described, they have 
certain draWbacks associated thereWith. For example, as 
With most integrated circuit resistors, polysilicon resistors 
often exhibit circuit-to-circuit and Wafer-to-Wafer resistance 
variations. Outlier resistors may accordingly require pro 
gramming voltage/current levels that are more or less than 
expected, and programming such resistors may accordingly 
be more difficult to accomplish. As another example, the 
fusing operation may create resistor debris that could even 
tually result in unWanted circuit behavior at any time. As still 
another example, fusable resistors typically require removal 
of the integrated circuit passivation layer in the vicinity of 
the fusing sites. As a result, the underlying circuitry is 
susceptible to chemical or mechanical damage. 
What is therefore needed is a technique for conditioning 

polysilicon resistors for use as fuse elements that avoids at 
least some of the draWbacks of prior art polysilicon fusable 
resistor techniques. Such a technique may be used to con 
dition polysilicon resistors prior to fusing, or alternatively to 
replace the fusing technique With an improved programming 
technique that provides similar functional results While 
avoiding some of the draWbacks associated With the fusing 
process. 
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2 
SUMMARY OF THE INVENTION 

The foregoing shortcomings of the prior art are addressed 
by the present invention. In accordance With one aspect of 
the present invention, a method of electrically conditioning 
a polysilicon circuit element comprises the steps of provid 
ing a polysilicon circuit element, and injecting a ?rst mag 
nitude of current into the polysilicon circuit element, 
Wherein the ?rst magnitude of current causes an irreversible 
change in the resistance of the polysilicon circuit element 
from a ?rst resistance value to a second loWer resistance 
value. 

In accordance With another aspect of the present 
invention, an apparatus for electrically conditioning a poly 
silicon circuit element comprises a polysilicon circuit ele 
ment de?ning a ?rst resistance value, and a current source 
responsive to a ?rst control signal to supply a ?rst magnitude 
of current to the polysilicon circuit element, Wherein the ?rst 
magnitude of current causes an irreversible change in the 
resistance of the polysilicon circuit element from the ?rst 
resistance value to a second loWer resistance value. 

In accordance With a further aspect of the present 
invention, a memory circuit comprises a number of poly 
silicon circuit elements each de?ning a ?rst resistance value, 
a current source producing a ?rst current level, and means 
for coupling the current source to desired ones of the 
polysilicon circuit elements to thereby cause the ?rst current 
level to How therethrough, Wherein the ?rst current level 
causes irreversible changes in resistances of the desired ones 
of the polysilicon circuit elements from the ?rst resistance 
value to a second loWer resistance value, the number of 
polysilicon circuit elements thereby forming a memory 
circuit having a binary code programmed therein. 
One object of the present invention is to provide a 

technique for electrically conditioning polysilicon circuit 
elements. 

Another object of the present invention is to provide for 
such a technique electrically by injecting a constant current 
level into a polysilicon circuit element to thereby cause an 
irreversible change in the resistance thereof from a ?rst 
resistance level to a second reduced resistance level. 

Still another object of the present invention is to form a 
binary memory circuit comprised of a number of polysilicon 
circuit elements Wherein some of the number of such 
elements exhibit the ?rst resistance level and others are 
electrically conditioned to exhibit the second resistance 
level. 

These and other objects of the present invention Will 
become more apparent from the folloWing description of the 
preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will noW be described, by Way of 
example, With reference to the accompanying draWings, in 
Which: 

FIG. 1 is a diagrammatic illustration of one preferred 
embodiment of a circuit for electrically conditioning poly 
silicon circuit elements, in accordance With the present 
invention; 

FIG. 2 is a plot of polysilicon circuit element voltage vs. 
time illustrating the effect thereon of the electrical condi 
tioning technique of the present invention; 

FIG. 3 is a plot of polysilicon circuit element current vs. 
time illustrating the effect thereof of the electrical condi 
tioning technique of the present invention; 

FIG. 4 is a plot of polysilicon circuit element voltage vs. 
time illustrating the effect thereon of subsequent attempts at 
performing the electrical conditioning technique illustrated 
in FIG. 2; 
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FIG. 5 is a plot of polysilicon circuit element current vs. 
time illustrating the effect thereof of subsequent attempts at 
performing the electrical conditioning technique illustrated 
in FIG. 3; 

FIG. 6 is a graph of initial resistance values of a number 
of polysilicon circuit elements illustrating statistical data 
relating to such elements before conditioning thereof in 
accordance With the present invention; 

FIG. 7 is a graph of conditioned resistance values of the 
number of polysilicon circuit elements of FIG. 6 illustrating 
statistical data relating to such elements after conditioning 
thereof in accordance With the present invention; 

FIG. 8 is a plot of a ratio of the resistances of conditioned 
resistors and pre-conditioned resistors illustrating the resis 
tance reducing effect thereon of the polysilicon circuit 
element conditioning technique of the present invention; and 

FIG. 9 is a diagrammatic illustration of one preferred 
embodiment of a polysilicon circuit element conditioning 
circuit, in accordance With the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to FIG. 1, one preferred embodiment of a 
circuit 10 for programming a polysilicon circuit element, in 
accordance With the present invention, is shoWn. Circuit 10 
includes a polysilicon circuit element that is illustrated in 
FIG. 1 as a polysilicon resistor RPOLY, although it is to be 
understood that the polysilicon circuit element of circuit 10 
may alternatively be any knoWn electrical device having a 
sheet or strip of polysilicon forming at least part of the 
device, Wherein such a sheet or strip of polysilicon is 
electrically accessible and may therefore be conditioned in 
accordance With the concepts of the present invention. In 
any case, circuit 10 further includes a sWitchable current 
source IS connected to RPOLY and responsive to a control 
signal “C” to inject therein a current, IS, such that a voltage, 
VR, is developed across RPOLY. Current source I 5 may be a 
steady state current source or may alternatively be a pulsed 
current source capable of producing a desired current value 
for a desired duration, and may be implemented as a 
conventional current source as shoWn or as a voltage source 

having suf?cient current supplying capacity. 
In accordance With the present invention, the circuit 10 of 

FIG. 1 is used to condition polysilicon resistors or other 
electrical components including at least one polysilicon 
resistor forming a part of the component. It has been found 
that polysilicon undergoes an irreversible change of state, 
With an attendant 30—50% decrease in resistance, When the 
steady state current density therethrough exceeds a threshold 
current density of approximately 3><106 A/cm2. Thus, for 
example, if RPOLY is a 1.2 pm Wide polysilicon strip, the 
threshold current density Will be exceeded if the steady state 
value of IS exceeds approximately 10 mA. Exceeding this 
threshold current density results in a breakdown, and local 
iZed melting, of the polysilicon grain boundaries, and causes 
a signi?cant and irreversible change in the polysilicon 
resistance that subsequently remains substantially unaf 
fected by harsh or extreme operating conditions such as 
those encountered in an automotive environment. 

If the current source IS is a pulsed current source, as 
described hereinabove, the current level required for the 
initiation of the change of state is typically greater than that 
required for the steady state case. Referring to FIGS. 2 and 
3, example voltage (VR) and current (IS) plots (vs. time) are 
shoWn illustrating the conditioning process just described to 
thereby irreversibly decrease the resistance value of the 
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4 
polysilicon circuit element RPOLY of FIG. 1. In the illus 
trated example, current source I 5 Was implemented as a 
voltage source con?gured to produce a 25 volt, 3.0 ps 
voltage pulse. The resulting VR voltage Waveform 12 expe 
riences an initial rising edge 14 extending to a peak voltage 
16 that is folloWed by a falling edge 18 to a ?at and relatively 
stable voltage 20 for the duration of the pulse. The I 5 current 
Waveform 22 likeWise rises to a peak current 24, correspond 
ing to the peak voltage 16, and settles thereafter to a 
relatively stable current 26 for the remainder of the pulse. In 
the example shoWn in FIGS. 2 and 3, the resistance of R POLY 
during the rising edge 16 of VR Was measured to be 433 
ohms, and the peak voltage value 16 is approximately 23.6 
volts With a corresponding peak current value 24 of approxi 
mately 41.2 mA. An irreversible change in the resistance 
value of RPOLY occurred just prior to peaks 16 and 24, and 
the resistance of RPOLY during the post-change stable por 
tions 20 and 26 Was measured to be approximately 189 
ohms. 

It has been determined through experimentation that the 
irreversible change in resistance of RPOLY, as just described, 
is generally stable over exposure to temperature extremes. 
For example, a number of resistors RPOLY Were subjected to 
the foregoing programming process and then subject to a 30 
hour bake at 265 degrees C. An average resistance increase 
of only 2% Was observed, With resistance increases ranging 
from 1—8% over the lot. It has also been determined that 
subsequent programming (at the same current level) of the 
resistors has little effect on the ?nal resistance value. For 
example, referring to FIGS. 4 and 5, example voltage (VR) 
and current (I 5) plots (vs. time) are shoWn illustrating a 
second attempt at the conditioning process of RPOLY just 
described. In the illustrated example, current source I 5 Was 
again implemented as a voltage source con?gured to pro 
duce a 25 volt, 3.0 ps voltage pulse. The resulting VR voltage 
Waveform 28 experiences an initial rising edge extending to 
a peak voltage 30 that is folloWed by a falling edge to a ?at 
and relatively stable voltage 32 for the duration of the pulse. 
The I 5 current Waveform 34 likeWise rises to a peak current 
36, corresponding to the peak voltage 30, and settles there 
after to a relatively stable current 38 for the remainder of the 
pulse. In the example shoWn in FIGS. 4 and 5, the peak 
voltage value 30 is approximately 15 volts With a corre 
sponding peak current value 24 of approximately 24 mA. 
The subsequent change in the resistance value of R POLY after 
the second programming process illustrated in FIGS. 4 and 
5 Was negligible. In fact, the ?nal resistance value of RPOLY 
after the ?rst programming process Was observed to change 
very little after 50 additional programming pulses under the 
same programming conditions. 
The foregoing RPOLY programming process Was con 

ducted on a sample of different-valued resistors, Wherein the 
mean initial resistance value of the lot Was approximately 
219 ohms as shoWn in the histogram 40 of FIG. 6. The 
programming pulse Was again implemented With a voltage 
source con?gured to provide a 2.5 gs pulse, Wherein the 
mean ?nal resistance value of the lot Was approximately 161 
ohms. It has been observed that the change in resistance of 
RPOLY decreases as the initial resistance decreases and this 
phenomenon is illustrated in FIG. 8 Which shoWs a ratio, 
designated generally at 44, of ?nal (conditioned) resistance 
values to initial resistance values (RCON/RINTIAL) vs. initial 
resistance values (R INITIAL). Inspection of FIG. 8 reveals that 
the fraction (RCON/RINTIAL) of resistance decreases as the 
initial value (RINTIAL) increases. 
The polysilicon resistor/circuit element conditioning pro 

cess of the present invention is intended for use in at least 
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tWo different applications. Those skilled in the art Will, 
however, recognize other applications, and the present 
invention is intended to encompass such other applications. 
In any case, a ?rst contemplated application includes pro 
viding a number of initial-valued polysilicon resistors and 
programming selected ones of these resistors in the manner 
described hereinabove to provide for an array or matrix of 
memory elements. In one preferred embodiment of this 
application, the initial values of the resistors are identically 
valued, although the present invention contemplates provid 
ing the number of polysilicon resistors With a range of 
values. In any case, the initial values of the polysilicon 
resistors are preferably chosen such that the ?nal values of 
the resistors provide for a discernible difference in the 
current level therethrough as compared With the current 
level through the initial-valued resistors. In this manner, an 
array or matrix of such polysilicon resistors may be pro 
grammed to de?ne a binary code therein. 
A second contemplated application of the polysilicon 

resistor conditioning process of the present invention 
includes electrically conditioning all of a number of poly 
silicon resistors, as described hereinabove, prior to imple 
menting a conventional programming (i.e., fusing) process 
on one or more of the pre-conditioned resistors. Subjecting 
all resistors (fuses) to the electrical conditioning process 
described hereinabove prior to a conventional fusing process 
has a number of advantages associated thereWith. For 
example, the conditioned resistance of a number of initially 
like-valued polysilicon resistors has a tighter resistance 
distribution that the resistance distribution of the initial 
valued resistors. Referring again to FIGS. 6 and 7, the 
standard deviation of the initial resistance sample 40 of FIG. 
6 is 7.555 While the standard deviation of the conditioned 
resistance sample 42 of FIG. 7 is 5.948. The variability in 
resistance values is therefore less for conditioned resistors 
than for initial-valued resistors, and subsequent program 
ming of the resistors (fuses) via conventional techniques 
may accordingly be more easily controlled. As another 
advantage, the conditioned resistors may be programmed via 
conventional fusing techniques With a loWer voltage since 
the resistance values have been reduced by the conditioning 
process. As yet another advantage, the subsequent fusing 
process Will be less chaotic and more uniform since there 
Will be less noise in the voltage and current Waveforms 
during subsequent fusing of conditioned resistors than With 
initial-valued resistors. This noise is caused by random 
contacting With the fused material, and less noise therefore 
results in less possibility of post-fusing reconduction and 
correspondingly higher reliability. As still another example, 
the conditioning of polysilicon resistors as described here 
inabove veri?es the functioning of the circuitry common to 
both the conditioning and fusing operations. 

Referring noW to FIG. 9, one preferred embodiment of a 
polysilicon circuit element conditioning circuit 50, in accor 
dance With the present invention, is shoWn. Circuit 50 
includes a ?rst transistor M1 having a gate adapted to 
receive a READ signal thereat, a drain connected to a ?rst 
end of a resistor R1 and a source connected to ground 
potential. The opposite end of R1 is connected to a drain of 
another transistor M2 having a source connected to a supply 
voltage VDD and a gate connected to the drain and to the 
gates of six additional transistors M3—M8 each having 
sources connected to VDD. The drain of M3 is connected to 
a base of a NPN transistor Q2 and to a collector of another 
NPN transistor Q1. The collector of Q1 de?nes a circuit 
node COMP. The collector of Q2 is connected to VDD and 
the emitter of Q1 is connected to ?rst ends of tWo separate 
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6 
resistors RT and RREF. The opposite end of RREF is con 
nected to ground potential and the opposite end of RT is 
connected to a drain of a transistor M9. The source of M9 is 
connected to ground potential and the gate of M9 de?nes a 
circuit input TST3. 
The base of Q1 is connected to the emitter of Q2 and to 

the bases of ?ve additional NPN transistors Q3—Q7. The 
collectors of Q3—Q7 are connected to corresponding drains 
of transistors M4—M8 and de?ne circuit outputs 
STAT E1—STATE4 and TST2 respectively. The emitters of 
Q3—Q7 are each connected to ?rst ends of polysilicon 
resistors R M1—R M4 and RTST respectively, Wherein the oppo 
site ends of RM1—RM4 and RTST are connected to ground 
potential. 

Circuit 50 includes a number of programmable polysili 
con resistors RM1—RM4 and RTST respectively, and may 
represent at least a portion of a memory circuit. Circuit 50 
could include additional polysilicon resistors and supporting 
circuitry to thereby de?ne a larger array or matrix of 
memory elements. The voltage betWeen STATE1—STATE4 
(and TST2) and ground potential de?ne the binary states of 
the corresponding polysilicon memory elements RM1—RM4 
(and RTST). In one embodiment, for example, the polysilicon 
resistor conditioning of the process may be used to condition 
only desired ones of RM1—RM4 (in a manner to be described 
more fully hereinafter) so that RM1—RM4 may accordingly be 
programmed With a desired binary code. In this 
embodiment, conditioned resistors Will have loWer resis 
tance values, and the values of the corresponding “STATE” 
voltages Will be loWer than the “STATE” voltages of uncon 
ditioned resistors. Initial resistance values of RM1—RM4 are 
therefore chosen such that the “STATE” voltages of the 
conditioned resistors are discernable from the “STATE” 
voltages of the unconditioned resistors. In an alternate 
embodiment, the polysilicon resistor conditioning of the 
process may be used to condition each of RM1—RM4 (in a 
manner to be described more fully hereinafter) so that 
RM1—RM4 may accordingly be selectively programmed With 
a desired binary code via a conventional programming (i.e., 
fusing) technique. In this embodiment, the values of the 
conditioned resistors Will have a tighter distribution, and 
Will therefore have all of the advantages associated With 
pre-conditioned resistor/fuses described hereinabove. 
A programming circuit 52 is also included and may be 

used to condition any one or more of the polysilicon resistors 
RM1— M4 to thereby program a desired binary code therein 
as described hereinabove, or may alternatively be used to 
pre-condition all of the polysilicon resistors RM1— M4 prior 
to a conventional programming (i.e., fusing) process. Circuit 
52 includes a number of transistors M10—M14 each having 
a gate adapted to receive corresponding WRITE1—WRITE4 
and TST1 signals, and each having a source connected to the 
emitters of corresponding transistors Q3—Q7. The drains of 
M10—M14 are connected to one end of a current source IS, 
Wherein I 5 may be con?gured as described hereinabove and 
may include a ?rst input for receiving a programming 
voltage VPROG and a second input for receiving a program 
ming pulse VPULSE. The programming voltage VPROG and 
programming pulse VPULSE may be suitably chosen to 
perform the resistor conditioning process and/or to perform 
a conventional programming (i.e., fusing) process. For 
example, if performing the resistor conditioning process of 
the present invention, VPROG and VPULSE may be suitably 
chosen to selectively condition one or more of the polysili 
con resistors RM1—RM4 via activation of appropriate ones of 
the “WRITE” inputs to transistors M10—M13. Current from 
source IS Will then be directed through corresponding ones 
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of RM1—RM4 to decrease the resistance thereof as previously 
described. The values of VPROG and VPULSE in this case may 
be chosen consistently With the examples given herein 
above. The programmed states of the polysilicon resistors 
R M1— M4 may be measured by activating the “READ” input 
of circuit 50. When the “READ” input is taken to a logic 
high state, current sources M3—M8 are energiZed and the 
voltage drop across RM1—RM4 de?ne the logic states of 
STATE1—STATE4. The logic states of STATE1—STATE4 
may be determined by comparing (With an external 
comparator) the STATE1—STATE4 voltages With the voltage 
at the COMP circuit node, Wherein RREF is preferably 
formed of an un-conditioned polysilicon resistor having a 
value equal to the initial value of any of RM1—RM4. In one 
embodiment, the difference in the voltages of conditioned 
vs. un-conditioned resistors is preferably about 30 mV, 
Which is suf?cient to ensure reliable circuit operation using 
a simple comparator of knoWn construction. 
On the other hand, circuit 52 may be used to pre-condition 

all of the resistors RM —RM4 as just described, and may 
thereafter be used to program RM1—RM4 by selectively 
fusing open desired ones of RM1—RM4. In one embodiment 
Wherein each of the polysilicon resistors RM —RM4 are 
formed of 1.2 pm Wide, 18 pm long, 3500 angstrom thick, 
20 ohm/square sheet resistivity polysilicon, the precondi 
tioning process may be performed With one or more current 
pulses I 5 having a 2.5 ps pulse-Width and a 35 mA constant 
amplitude. As With any polysilicon resistor conditioning 
process carried out in accordance With the present invention, 
the foregoing pulse Width is preferably chosen so that it is 
not so long as to alloW heat to travel to the resistor contacts 
and re-alloy the connector metal, nor so short as to require 
currents having magnitudes close to a fusing current. In the 
foregoing embodiment, the current source Is is con?gured 
for the conventional programming process; i.e., for the 
fusing process, by setting the current magnitude to approXi 
mately 75 mA. The time required to open resistors of the 
type just described, and Which are pre-conditioned accord 
ing to the present invention, is typically less than 1 us. By 
using fuse pulses this short, the fusing process is effectively 
independent of the orientation of RM1—RM4 With respect to 
gravitational effects thereon. The conventionally longer fus 
ing times carry the possibility of alloWing gravity to in?u 
ence the movement of the melted metal. 

While the invention has been illustrated and described in 
detail in the foregoing draWings and description, the same is 
to be considered as illustrative and not restrictive in 
character, it being understood that only the preferred 
embodiments have been shoWn and described and that all 
changes and modi?cations that come Within the spirit of the 
invention are desired to be protected. 
What is claimed is: 
1. A method of electrically conditioning a polysilicon 

circuit element, the method comprising the steps of: 
providing a polysilicon circuit element; and 
injecting a ?rst magnitude of current into said polysilicon 

circuit element, said ?rst magnitude of current causing 
an irreversible change in resistance of said polysilicon 
circuit element from a ?rst resistance value to a second 
loWer resistance value, said ?rst magnitude of current 
corresponding to a steady state current density in said 
polysilicon circuit element of greater than a prede?ned 
current density level. 

2. The method of claim 1, Wherein said prede?ned current 
density level is suf?cient to cause localiZed heating of grain 
boundaries of said polysilicon circuit element to thereby 
irreversibly decrease a grain boundary resistance thereof. 
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3. A method of electrically conditioning a polysilicon 

circuit element, the method comprising the steps of: 
providing a polysilicon circuit element de?ning ?rst and 

second alloyed circuit contacts thereto; and 
injecting a ?rst magnitude of current into said polysilicon 

circuit element for a current pulse duration, said ?rst 
magnitude of current causing an irreversible change in 
resistance of said polysilicon circuit element from a 
?rst resistance value to a second loWer resistance value; 

Wherein said current pulse duration is less than that at 
Which heating of said polysilicon circuit element Would 
result in re-alloying of either of said ?rst and second 
alloyed circuit contacts. 

4. A method of electrically conditioning a polysilicon 
circuit element, the method comprising the steps of: 

providing a polysilicon circuit element; and 
injecting a ?rst magnitude of current into said polysilicon 

circuit element for a current pulse duration, said ?rst 
magnitude of current causing an irreversible change in 
resistance of said polysilicon circuit element from a 
?rst resistance value to a second loWer resistance value; 
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Wherein said current pulse duration is greater than that 
Which Would require said ?rst magnitude of current to 
be near a current level capable of fusing open said 
polysilicon circuit element. 

5. A method of electrically conditioning a polysilicon 
circuit element, the method comprising the steps of: 

25 

providing a polysilicon circuit element; 
injecting a ?rst magnitude of current into said polysilicon 

circuit element, said ?rst magnitude of current causing 
an irreversible change in resistance of said polysilicon 
circuit element from a ?rst resistance value to a second 

35 loWer resistance value; and 
injecting a second magnitude of current into said poly 

silicon circuit element greater than said ?rst magnitude 
of current, said second magnitude of current fusing 
open said polysilicon element. 

6. A method of electrically conditioning a polysilicon 
circuit element, the method comprising the steps of: 
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providing a polysilicon circuit element; 
injecting a ?rst magnitude of current into said polysilicon 

circuit element, said ?rst magnitude of current causing 
an irreversible change in resistance of said polysilicon 
circuit element from a ?rst resistance value to a second 
loWer resistance value; 

repeating the providing step a number of times to thereby 
provide a number of polysilicon circuit elements, said 
number of polysilicon circuit elements each having 
resistance values substantially equal to said ?rst resis 
tance value; and 
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performing the injecting step on certain ones of said 
number of polysilicon circuit elements, said number of 
polysilicon circuit elements thereby de?ning a memory 
circuit having a binary code programmed therein. 

7. Apparatus for electrically conditioning a polysilicon 
circuit element, comprising: 

a polysilicon circuit element de?ning a ?rst resistance 
value; and 
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a current source responsive to a ?rst control signal to 
supply a ?rst magnitude of current to said polysilicon 
circuit element, said ?rst magnitude of current causing 
an irreversible change in resistance of said polysilicon 
circuit element from said ?rst resistance value to a 
second loWer resistance value by causing localiZed 
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heating of grain boundaries of said polysilicon circuit 10. The apparatus of claim 7 further including a number 
element to thereby irreversibly decrease a grain bound_ of said polysilicon circuit elements each de?ning a resis 
ary resistance thereof tance value substantially equal to said ?rst resistance value; 

8_ The apparatus of Claim 7 wherein Said Current Source is and Wherein said current source is responsive to said ?rst 
control signal to supply said ?rst magnitude of current further res onsive to said ?rst control si nal to su 1 said 5 _ _ _ _ _ _ 

p g pp y to certain ones of said number of polysilicon c1rcu1t 
?rst magnitude of current to said polysilicon c1rcu1t element elements, Said number of polysilicon Circuit elements 
for a Current pulse duranf’n- _ _ _ thereby de?ning a memory circuit having a binary code 

9. The apparatus of claim 7 wherein said current source is programmed therein 
responsive to a Second Control Signal to Supply a Second 11. The apparatus of claim 7 Wherein said polysilicon 
magnitude of current to said polysilicon circuit element, said 10 Circuit element is formed of a Sheet of polysilicon 
second magnitude of current fusing open said polysilicon 
circuit element. * * * * * 


