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A programmable memory transistor (PMT) comprising an 
IGFET and a coupling capacitor in a semiconductor sub 
strate. The IGFET comprises source and drain regions, a 
channel therebetWeen, a gate insulator overlying the chan 
nel, and a ?rst ?oating gate over the gate insulator. The 
capacitor comprises a lightly-doped Well of a ?rst conduc 
tivity type, heavily-doped contact and injecting diffusions of 
opposite conductivity types in the lightly-doped Well, a 
control gate insulator overlying a surface region of the 
lightly-doped Well betWeen the contact and injecting diffu 
sions, a second ?oating gate on the control gate insulator, 
and a conductor contacting the lightly-doped Well through 
the contact and injecting diffusions. The ?rst and second 
?oating gates are preferably patterned from a single poly 
silicon layer, such that the second ?oating gate is capaci 
tively coupled to the lightly-doped Well, and the latter 
de?nes a control gate for the ?rst ?oating gate. 
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PROGRAMMABLE MEMORY TRANSISTOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] Not applicable. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] Not applicable. 

BACKGROUND OF THE INVENTION 

[0003] (1) Field of the Invention 

[0004] The present invention generally relates to semicon 
ductor devices. More particularly, this invention relates to a 
programmable memory transistor having a ?oating gate that 
eXhibits improved voltage retention. 

[0005] (2) Description of the Related Art 

[0006] Programmable memory transistors (PMT), includ 
ing electrically programmable read only memory (EPROM) 
and electrically erasable programmable read only memory 
(EEPROM) devices, are a type of insulated gate ?eld effect 
transistor (IGFET) having nonvolatile memory. As used in 
the art, “nonvolatile” refers to the retention of memory 
Without the need of a poWer source, here by trapping a 
charge on a “?oating” gate disposed above the IGFET 
channel region and typically beloW a conventional control 
gate electrode, such that the control and ?oating gates are 
“stacked.” The ?oating gate is described as “?oating” 
because it is electrically insulated from the channel region 
by a gate oxide, typically insulated from the control gate by 
a “tunnel” oXide, and not directly accessed by any electrical 
conductor. PMT’s can be electrically programmed after 
manufacture by placing an electrical charge on the ?oating 
gate by the effects of tunneling or avalanche injection from 
the control gate electrode through the tunnel oXide. Once an 
electrical charge is placed on the ?oating gate, the charge is 
trapped there until it is deliberately removed, such as by 
eXposure to ultraviolet light. The trapped charge on the PMT 
?oating gate raises the threshold voltage of the underlying 
channel region of the IGFET, thus raising the “turn on” 
voltage of the IGFET to a value above the voltage otherWise 
required for the IGFET. Accordingly, the IGFET stays “off” 
even When a normal turn-on voltage is applied to its control 
gate electrode. 

[0007] Stacked control and ?oating gates require tWo 
separate conductor layers, typically polysilicon, resulting in 
a double-polysilicon (“Poly1/Poly2”) device structure. 
PMT’s are typically fabricated in the same semiconductor 

substrate as MOS (metal-oxide-semiconductor) transistors, 
Which are single-polysilicon layer structures and therefore 
require feWer patterning steps than PMT’s. Therefore, 
PMT’s have been proposed that make use of a single 
polysilicon layer, such as that disclosed in US. Pat. No. 
6,324,097. An eXample of another single-polysilicon PMT is 
shoWn in FIG. 1, in Which a PMT 110 is fabricated on a 
semiconductor substrate 112 doped With an N-type impurity. 
A P-Well 114 is formed in a surface region of the substrate 
112, and divided by a ?eld oXide 116 into tWo active regions. 
An NMOS transistor 118 is formed in one of the active 
regions and conventionally includes source and drain 
regions 120 and 122 in the P-Well 114, a channel 124 
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betWeen the source and drain regions 120 and 122, and a 
gate electrode 126 separated from the channel 124 by a gate 
insulator 128 (e.g., silicon dioxide). Source and drain metal 
130 and 132 make ohmic contact With the source and drain 
regions 120 and 122, respectively. The gate electrode 126 of 
the NMOS transistor 118 is a ?oating gate, in that it is not 
directly connected to a gate metal or other conductor. 
Instead, the gate electrode 126 is de?ned by a single 
polysilicon layer that also de?nes a second ?oating gate 146 
of a control gate structure 138 fabricated in the second active 
region of the substrate 112 (on the right-hand side of FIG. 
1). The control gate structure 138 represented in FIG. 1 
includes tWo N+ contact diffusions 142 Within an N-Well 144 
(though a single contact diffusion 142 or more than tWo 
contact diffusions 142 could be present). The N-Well 144 
serves as the control gate of the control gate structure 138, 
effectively replacing the second polysilicon layer of a con 
ventional double-polysilicon PMT. The control gate 
(N-Well) 144 is separated from the second ?oating gate 146 
by a gate oXide 148, creating What is effectively a coupling 
capacitor. A control gate metal 150 contacts the N+ contact 
diffusions 142 to provide ohmic contact With the control gate 
144. 

[0008] When programming the prior art PMT 110, an 
electrical charge is placed on the ?oating gate 126 of the 
NMOS transistor 118 by the effect of tunneling or avalanche 
injection from the channel 124 of the gate electrode 126 
through the gate insulator 128 to the ?oating gate 126. For 
this purpose, a sufficiently high potential must be applied to 
the control gate metal 150 to capacitively induce a charge in 
the ?oating gate 146 as Well as the ?oating gate 126 as a 
result of the gates 126 and 146 being formed of the same 
polysilicon layer. Simultaneously, the drain region 122 is 
biased at a high voltage level While the source region 120 
and substrate 112 are electrically connected to ground, so 
that electrons are ejected from the drain region 122 through 
the gate insulator 128 into the ?oating gate 126. 

[0009] Because of the large interfacial barrier energy 
provided by the gate insulator 128, a charge stored onto the 
?oating gate 126 has a long intrinsic storage time. For 
PMT’s of the type shoWn in FIG. 1, the measured mean 
decay of a stored potential (Vth) may be about 0.2V/ 
decade'hours at 160° C. Assuming an initial programmed 
mean Vth of about 8V, it Would require about 1021 years for 
the PMT to discharge to a Vth of 3V. At the end of ten years, 
the leakage Would have dropped to an average of one 
electron per day. Vth degradation in the PMT 110 is the 
result of and limited by physical processes. The magnitudes 
of the electric ?eld and temperature dictate What conduction 
processes Will be dominant. There are three distinct phases 
of Vth degradation for nominal PMT’s, each associated With 
a different possible physical mechanism of charge distribu 
tion/conduction and each having its oWn empirical “activa 
tion energy.” First there is an initial period of rapid Vth loss, 
Which is believed to be associated With the depolariZation/ 
dielectric absorption behavior observed to a lesser or greater 
degree in all capacitor dielectrics. Second, there is an 
intermediate period of charge loss associated With a high 
(but less than 6Mvolt/cm, Where FoWler-Nordheim tunnel 
ing is dominant) but decaying electric ?eld. It is possible that 
there is movement of trapped electrons during this interme 
diate period, Which has an “activation energy” of about 0.2 
eV. Ultimately, there is a long period of loW ?eld leakage 
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through the gate insulator. The loW ?eld conduction mecha 
nism is generally accepted as being conduction by thermi 
onic emission. 

[0010] When subjected to elevated temperatures, e.g., 
160° C. or more, PMT’s experience a signi?cant initial drop 
in Vth attributed to the ?rst degradation phase noted above. 
Thereafter, Vth stabiliZes, though continuing to drop at a 
much loWer rate attributed to the second and third degrada 
tion phases noted above. This loWer rate is suf?ciently loW 
to permit the reliability of the device to be judged based on 
the initial Vth drop. Accordingly, PMT’s typically undergo 
a data retention bake, or stress test, that involves baking at 
a suf?ciently high temperature to cause the initial drop in 
Vth. APMT is deemed to have passed the stress test if its Vth 
has not dropped beloW a predetermined level at the comple 
tion of the high temperature bake. 

[0011] From the above, it can be appreciated that PMT’s 
capable of exhibiting more stable Vth, corresponding to 
improved reliability and memory retention time, Would be 
desirable. It Would also be desirable to eliminate the require 
ment for a stress test to ascertain reliability of a PMT. 

BRIEF SUMMARY OF THE INVENTION 

[0012] The present invention is directed to a program 
mable memory transistor (PMT) that exhibits signi?cantly 
better performance in terms of charge retention and reliabil 
ity. The PMT of this invention is able to make use of a single 
polysilicon layer, and is capable of memory retention times 
of ?ve orders of magnitude greater than similar single 
polysilicon PMT’s. The PMT also provides improved test 
ability as a result of a greater measurement sensitivity for 
defects. 

[0013] The PMT of this invention generally comprises an 
insulated gate ?eld effect transistor (IGFET) and a capacitor 
structure on a semiconductor substrate. The IGFET com 

prises source and drain regions in a surface of the substrate, 
a channel betWeen the source and drain regions, a gate 
insulator overlying the channel, and a ?rst ?oating gate on 
the gate insulator. The capacitor structure comprises a 
lightly-doped Well of a ?rst conductivity type in the surface 
of the substrate, a heavily-doped ?rst diffusion of the ?rst 
conductivity type in the lightly-doped Well, and a second 
diffusion of a second conductivity type in the lightly-doped 
Well and spaced apart from the ?rst diffusion so as to de?ne 
therebetWeen a surface region of the lightly-doped Well. The 
capacitor structure further comprises a control gate insulator 
that overlies the surface region of the lightly-doped Well, a 
second ?oating gate on the control gate insulator, and a 
conductor in ohmic contact With the lightly-doped Well 
through the ?rst diffusion and in further contact With the 
lightly-doped Well through the second diffusion. The ?rst 
and second ?oating gates are electrically connected, prefer 
ably as a result of being formed of the same polysilicon 
layer, to maintain the ?rst and second ?oating gates at the 
same potential. 

[0014] As a result of the above structure, the second 
?oating gate is capacitively coupled to the lightly-doped 
Well through the control gate insulator so as to de?ne a 
control gate for the ?rst ?oating gate. As such, a suf?cient 
voltage can be applied to the lightly-doped Well to cause 
ejection of electrons from the drain region of the insulated 
gate ?eld effect transistor and trap some of the ejected 
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electrons in the ?rst ?oating gate. According to the inven 
tion, PMT’s fabricated With the oppositely-doped diffusions 
as described above do not experience the initial drop in Vth 
that occurs With conventional single-polysilicon PMT’s 
When exposed to elevated temperatures, e.g., during a data 
retention bake. As such, the PMT of this invention is capable 
of far superior data retention over comparable single-poly 
silicon PMT’s. An additional bene?t of the invention is the 
ability to simplify and/or shorten the aforementioned stress 
test performed on conventional PMT’s to evaluate device 
reliability on the basis of the initial Vth drop. 

[0015] Other objects and advantages of this invention Will 
be better appreciated from the folloWing detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a schematic cross-sectional vieW of a 
programmable memory transistor in accordance With the 
prior art. 

[0017] FIGS. 2 and 3 are schematic cross-sectional and 
plan vieWs, respectively, of a programmable memory tran 
sistor in accordance With the present invention. 

[0018] FIGS. 4 through 9 are graphs comparing the 
voltage retention characteristics of programmable memory 
transistors con?gured in accordance With FIGS. 1 and 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0019] FIGS. 2 and 3 schematically represent a single 
polysilicon PMT 10 capable of exhibiting superior memory 
retention in accordance With the present invention. The PMT 
10 is similar to prior art double-polysilicon (“Poly1/Poly2”) 
PMT’s except that the second polysilicon layer is replaced 
With a lightly-doped Well. The PMT 10 differs from prior art 
single-polysilicon PMT’s (e.g., FIG. 1) by the use of 
diffusions of opposite conductivity type Within a lightly 
doped Well that de?nes the control gate for the PMT, the 
effect of Which is improved memory retention resulting from 
the elimination of the initial Vth drop observed With prior art 
single-polysilicon PMT’s. 

[0020] As seen in FIG. 2, the PMT 10 is fabricated on a 
silicon (preferably monocrystalline) substrate 12 doped With 
an N-type impurity, e.g., phosphorus, arsenic or another 
pentavalent element. A suitable doping level for the sub 
strate 12 is on the order of about 5x1015 cm_2. AP-Well 14 
is formed in a surface region of the substrate 12 by doping 
With 1boron or another trivalent element at a level of about 
5x10 cm2. A ?eld oxide 16 divides the P-Well 14 into tWo 
active regions, one of Which is occupied by an NMOS 
transistor 18, While the other is occupied by a coupling 
capacitor 38. The NMOS transistor 18 is formed to conven 
tionally include source and drain regions 20 and 22 in the 
P-Well 14, a channel 24 betWeen the source and drain 
regions 20 and 22, and a polysilicon ?oating gate electrode 
26 separated from the channel 24 by a gate oxide 28. The 
source and drain regions 20 and 22 are more heavily doped 
than the substrate 12, preferably at a level of about 1><102O 
cm_2. Source and drain metal 30 and 32 make ohmic contact 
With the source and drain regions 20 and 22, respectively. 
Also shoWn in FIG. 2 is a third region 23 heavily doped 
p-type for making ohmic contact With the P-Well 14. 
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[0021] The polysilicon ?oating gate electrode 26 of the 
NMOS transistor 18 is formed by a layer of polysilicon that 
also de?nes a ?oating gate electrode 46 of the coupling 
capacitor 38. The ?oating gate electrode 46 overlies a 
tunneling oxide 48 above a surface region of a lightly-doped 
N-type (NHV) diffusion 44. The NHV diffusion 44 is 
preferably doped at a level of about 2><1017 cm_2. TWo 
diffusions 42 and 43 are shoWn as being formed Within the 
NHV diffusion 44, a ?rst of Which is a contact diffusion 42 
heavily doped n-type, such as on the order of about 1x102° 
cm_2. In contrast, the second diffusion is an injecting dif 
fusion 43 heavily doped p-type, such as on the order of about 
1><102° cm_2. The ?oating gate electrode 46 serves as an 
upper capacitor plate of the coupling capacitor 38. The 
channel betWeen the diffusions 42 and 43 in the NHV 
diffusion 44 serves as the second capacitor plate of the 
coupling capacitor 38 and the control gate for the NMOS 
transistor 18. A control gate metal 50 contacts both the N+ 
contact diffusion 42 and the P+ injecting diffusion 43 
through a dielectric layer 52 overlying the surface of the 
substrate 12. Those skilled in the art Will appreciate that 
conventional MOS processing can be used to form the PMT 
shoWn in FIG. 2, such that speci?c processing steps and 
techniques Will not be discussed here in any detail. 

[0022] According to conventional practice, the N+ contact 
diffusion 42 provides ohmic contact With the NHV diffusion 
44. As a result of its opposite conductivity type, the P+ 
injecting diffusion 43 does not provide ohmic contact With 
the NHV diffusion 44. Instead, and according to the present 
invention, the P+ injecting diffusion 43 provides What is 
termed herein a “stitch” contact, and is believed to source 
holes into a P-type inversion layer at the surface of the NHV 
diffusion 44 When the PMT 10 is being programmed. The 
presence of the P+ injecting diffusion 43 has been demon 
strated to greatly improve the memory retention of the PMT 
10 as compared to a PMT that differs by having a pair of N+ 
contact diffusions (e.g., FIG. 1). In addition to its perfor 
mance advantages, all layers used in the PMT 10 are core 
process layers in NMOS processes, enabling the coupling 
capacitor 38 and the NMOS transistor 18 (as Will as other 
MOS devices) to be fabricated simultaneously in the same 
substrate 12. 

[0023] In an investigation leading to the present invention, 
PMT’s in accordance With FIG. 1 (“control”) and FIG. 2 
Were processed side-by-side on a PMT test array. The PMT’s 
Were fabricated on a monocrystalline silicon substrate With 
a tWelve micrometer-thick N-type epitaxy having an impu 
rity concentration of about 5><1015 cm_2. P-Wells Were 
formed in surface regions of the substrate by doping With 
boron at a level of about 5><l0l° cm'2 to a depth of about 
four micrometers. The source and drain regions of the 
NMOS transistors and the N+ contact diffusions of the 
coupling capacitors Were heavily doped With arsenic to a 
level of about 1x102° cm-2 and a depth of about 0.4 
micrometers, While the P+ injecting diffusions of the PMT’s 
of this invention and the P-Well contact Were heavily doped 
With boron to a level of about 1><102° cm'2 and a depth of 
about 0.4 micrometers. After forming the gate oxide and 
tunneling oxide layers (about 250 Angstroms), the ?oating 
gates Were patterned from a single layer of polysilicon 
deposited by loW pressure chemical vapor deposition 
(LPCVD) to a thickness of about 3500 Angstroms. 
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[0024] All devices Were erased With a deep UV bake and 
then programmed from an initial Vth of about 2V. Program 
ming the PMT’s involved applying drain and gate voltages 
to the NMOS for a feW milliseconds or less. With the source 
region grounded, a positive voltage of less than the NMOS 
breakdoWn voltage (BVdss) Was applied through a current 
limiting resistor to the drain region and a positive voltage on 
the order of about 3 MV/cm applied to the control gate metal 
of each device, With the result that “hot” electrons Were 
ejected from the drain regions and became stored on the 
polysilicon ?oating gates. 
[0025] After programming, the control PMT’s reached a 
Vth of about 7.5V, While the PMT’s processed in accordance 
With this invention reached a higher Vth of about 8.5V. The 
PMT’s Were then subjected to a standard data retention bake 
at temperatures of about 160° C., 180° C. or 235° C. As 
represented by the data plotted in FIGS. 7 through 9, the 
control PMT’S experienced a rapid initial drop in Vth of 
betWeen about 1.5 and 2.0V after the ?rst hour of baking. 
After the initial Vth drop, the control PMT’s stabiliZed and 
Vth began to drop at a much sloWer rate. As evidenced by 
FIGS. 4 through 6, under the same test conditions the 
PMT’s of this invention did not experience an initial drop in 
Vth, but rather Vth decayed at a sloW rate through the entire 
data retention bake in a similar manner exhibited by the 
control PMT’s after their initial drop in Vth. Given that the 
programmed Vth Was initially higher and that the rate of 
decay Was overall sloWer, the PMT’s of this invention 
exhibited superior data retention With respect to the control 
PMT’s. 

[0026] From the results represented in FIGS. 4 through 9, 
it Was concluded that PMT’s con?gured in accordance With 
this invention are capable of memory retention times of 
about ?ve orders of magnitude greater than the control 
PMT’s. An explanation Was not evident as to Why the PMT’s 
of the invention did not experience an initial drop in Vth 
during the data retention bake. HoWever, it is believed that 
the P+ injecting diffusion sourced carriers to the lightly 
doped NHV diffusion to create an inversion in the surface 
region of the NHV diffusion, Which is suspected of resulting 
in a more complete electron injection, i.e., feW (if any) 
electrons trapped inside the gate oxide. The higher Vth of the 
PMT’s processed in accordance With the invention Was 
attributed to the P+ stitch contact alloWing a higher voltage 
on the control gate inversion channel. 

[0027] From the investigation, it Was further concluded 
that the PMT of this invention is characteriZed by improved 
testability as a result of a greater measurement sensitivity for 
defects. More particularly, the initial voltage drop exhibited 
by prior art PMT’s necessitated a prolonged stress test to 
determine at What level their Vth’s Would stabiliZe. By 
eliminating the initial Vth drop, a defective PMT can be 
quickly identi?ed by its displaying any rapid drop in Vth 
after programming. 

[0028] While the invention has been described in terms of 
a preferred embodiment, it is apparent that other forms could 
be adopted by one skilled in the art. For example, doping 
ranges other than those noted could be employed, the NHV 
diffusion 44 need not be in a P-Well 14 but instead could be 
formed in another N-type region or in a P-type substrate, and 
the entire PMT cell could be formed in a P-type substrate. 
Accordingly, the scope of the invention is to be limited only 
by the folloWing claims. 



US 2004/0119113 A1 

1. A programmable memory transistor comprising: 

a semiconductor substrate; 

an insulated gate ?eld effect transistor on the substrate, the 
insulated gate ?eld effect transistor comprising a source 
region in a surface of the substrate, a drain region in the 
surface of the substrate, a channel in the surface of the 
substrate and betWeen the source and drain regions, a 
gate insulator overlying the channel, and a ?rst ?oating 
gate on the gate insulator; 

a capacitor structure on the substrate, the capacitor struc 
ture comprising a lightly-doped Well of a ?rst conduc 
tivity type in the surface of the substrate, a heavily 
doped contact diffusion of the ?rst conductivity type in 
the lightly-doped Well, an injecting diffusion of a 
second conductivity type in the lightly-doped Well and 
spaced apart from the contact diffusion so as to de?ne 
therebetWeen a surface region of the lightly-doped 
Well, a control gate insulator overlying the surface 
region of the lightly-doped Well, a second ?oating gate 
on the control gate insulator, and a conductor in ohmic 
contact With the lightly-doped Well through the contact 
diffusion and in further contact With the lightly-doped 
Well through the injecting diffusion; and 

means for electrically connecting the ?rst and second 
?oating gates to maintain the ?rst and second ?oating 
gates at the same potential; 

Wherein the second ?oating gate is capacitively coupled to 
the lightly-doped Well through the control gate insula 
tor so as to de?ne a control gate for the ?rst ?oating 
gate Whereby a suf?cient voltage can be applied to the 
lightly-doped Well to cause ejection of electrons from 
the source region of the insulated gate ?eld effect 
transistor and trapping some of the ejected electrons in 
the ?rst ?oating gate. 

2. The programmable memory transistor according to 
claim 1, Wherein the ?rst and second ?oating gates are 
electrically connected as a result of being de?ned by a layer 
of conductive material on the substrate. 

4. The programmable memory transistor according to 
claim 1, Wherein the conductive material is polysilicon. 

5. The programmable memory transistor according to 
claim 1, further comprising conductors in ohmic contact 
With the source and drain regions of the insulated gate ?eld 
effect transistor. 

6. The programmable memory transistor according to 
claim 1, Wherein the ?rst conductivity type is n-type and the 
second conductivity type is p-type. 

7. The programmable memory transistor according to 
claim 1, Wherein the insulated gate ?eld effect transistor is 
an NMOS device. 
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8. The programmable memory transistor according to 
claim 1, Wherein the programmable memory transistor com 
prises a single polysilicon layer. 

9. A programmable memory transistor comprising: 

a semiconductor substrate comprising a p-type surface 
region; 

an NMOS transistor in the p-type surface region of the 
substrate, the NMOS transistor comprising an N+ 
source region, an N+ drain region, a channel betWeen 
the N+ source and drain regions, a gate insulator 
overlying the channel, a ?rst polysilicon ?oating gate 
on the gate insulator, a ?rst metal conductor in ohmic 
contact With the N+ source region, and a second metal 
conductor in ohmic contact With the N+ drain region; 

a capacitor structure in the p-type surface region of the 
substrate and separated from the NMOS transistor by a 
?eld oxide, the capacitor structure comprising a lightly 
doped N-Well, an N+ contact diffusion in the lightly 
doped N-Well, a P+ injecting diffusion in the lightly 
doped N-Well and spaced apart from the N+ contact 
diffusion so as to de?ne therebetWeen a surface region 
of the lightly-doped N-Well, a control gate insulator 
overlying the surface region of the lightly-doped 
N-Well, a second polysilicon ?oating gate on the con 
trol gate insulator, and a third metal conductor in ohmic 
contact With the lightly-doped N-Well through the N+ 
contact diffusion and in stitch contact With the lightly 
doped N-Well through the P+ injecting diffusion, a 
single layer of polysilicon de?ning the ?rst and second 
polysilicon ?oating gates such that the ?rst and second 
polysilicon ?oating gates are maintained at the same 
potential; 

Wherein the second polysilicon ?oating gate is capaci 
tively coupled to the lightly-doped N-Well through the 
control gate insulator so as to de?ne a control gate for 
the ?rst polysilicon ?oating gate Whereby a suf?cient 
voltage can be applied to the lightly-doped N-Well to 
cause ejection of electrons from the N+ source region 
of the NMOS transistor and trapping some of the 
ejected electrons in the ?rst polysilicon ?oating gate, 
and Wherein the P+ injecting diffusion is operable to 
source carriers to the lightly-doped N-Well to create an 
inversion in the surface region of the lightly-doped 
N-Well as a result of the P+ injecting diffusion being 
oppositely-doped to the N+ contact diffusion. 

10. The programmable memory transistor according to 
claim 9, Wherein the single layer of polysilicon is the only 
layer of polysilicon in the programmable memory transistor. 

* * * * * 


