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METHODS OF CODE PROGRAMMING A MASK 
ROM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to non-volatile 
memory devices and, more particularly, to methods of code 
programming read-only memory (ROM) semiconductor 
devices. 

[0003] 2. Description of Related Art 

[0004] A non-volatile, semiconductor memory device is 
designed to securely hold data even When poWer is lost or 
removed from the memory device. The read-only memory 
(ROM) is a non-volatile memory device Widely used in 
microprocessor-based digital electronic equipment for stor 
ing predetermined programs. 

[0005] Arrays of memory cells are conventionally dis 
posed in ROM devices for storing data, Wherein each 
memory cell includes a transistor. These transistors, Which 
typically comprise metal-oxide-semiconductor ?eld effect 
transistors (MOSFETs), are disposed at intersecting bit lines 
and Word lines of the memory device. Data bit values or 
codes held by these memory cell transistors are permanently 
stored in the physical or electrical properties of the indi 
vidual memory cells. Generally speaking, a consequence of 
the non-volatile nature of a ROM is that data stored in the 
memory device can only be read. 

[0006] The ?xation of this “read-only” data into the ROM 
is performed during a code programming process at the 
original manufacture or fabrication of the memory device. 
Code programming a ROM typically entails ion implanting 
the read-only data into transistor channel regions of selected 
memory cells of the memory. 

[0007] Since only the channel regions of only selected 
memory-cell transistors are ion implanted, other areas of the 
memory device should be covered and protected during the 
ion-bombardment step. Accordingly, code photomasks have 
been developed in the prior art for permitting the implan 
tation of ions only into selected regions of the semiconduc 
tor. Usage of code photomasks during the code program 
ming process has lead to the characteriZation of these 
memory devices as mask ROMs. 

[0008] Regarding code photomasks, these tools for facili 
tating code programming of the mask ROM operate using 
principles of photolithography. Photolithography is a 
method of transferring a pattern onto a substrate so as to 
create structures doWn to the scale of fractions of a micron. 
A photolithography process can be incorporated, for 
eXample, in the fabrication of many modern devices such as 
MEMS (micro-electro-mechanical systems), optics, and 
semiconductor devices including mask ROMs. 

[0009] A typical optical photolithographic process is 
implemented by depositing onto a substrate such as a 
semiconductor Wafer, by some means (usually a spinner), a 
layer of photosensitive resist Which can be patterned by 
eXposure to ultraviolet (UV) light or another radiation type. 
To undergo exposure, the photoresist covered Wafer is 
placed beneath a photomask designed to prevent the pen 
etration of radiation through certain portions of the photo 
resist. Predetermined areas of the photoresist then undergo a 
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degree of polymeriZation or depolymeriZation, Which can be 
a function of the nature and eXtent of photoresist eXposure 
to the radiation. A chemical bath knoWn as a developer can 
then be used to dissolve parts of the photoresist Which 
remain relatively depolymeriZed after the radiation by plac 
ing the Wafer therein and alloWing the Wafer to be rinsed for 
a designated time period. Having received the pattern from 
the photomask, the layer of photoresist on the Wafer is 
typically referred to as a layer of patterned photoresist. 

[0010] Apatterned photoresist layer can be created either 
on a bare Wafer or on a number of previously generated 
layers of a Wafer, With a limitation that the layer or layers 
should have someWhat planar surfaces to avoid problems 
including depth of focus variances. Common uses for pat 
terned photoresist include selectively doping certain areas of 
a Wafer While preventing other protected areas from being 
implanted, and selectively etching underlying layers on a 
substrate. When used as an implantation barrier, the pat 
terned photoresist can prevent the underlying protected areas 
from receiving dopant, thereby alloWing electrical properties 
of the substrate to differ betWeen sites. When used as an etch 
barrier, the patterned photoresist can be functionally unaf 
fected by the etching process, thereby protecting material 
under the patterned photoresist from being etched. 

[0011] In certain process steps, it may be bene?cial to 
utiliZe tWo consecutively stacked layers of photoresist, With 
each of the tWo photoresist layers having a distinct and 
separate pattern. According to such a construction, certain 
areas of the substrate can be covered by both photoresist 
layers, While other areas are covered only partially by a 
single photoresist layer or not covered at all. When utiliZing 
double photoresist layers, hoWever, a tendency can eXist for 
the ?rst photoresist layer to become softened (depolymer 
iZed) during eXposure of or to the second photoresist layer. 
Other problems that may occur With the ?rst photoresist 
layer include Wrinkling due to an additional bake step in 
connection With processing of the second photoresist layer, 
loss of dimensional integrity, and the dissolving of portions 
of the ?rst layer When the substrate is subjected to a 
developer for the second time. These shortcomings may 
have the undesirable effect of creating a larger process 
WindoW and, consequently, may decrease the resolution of 
the photoresist. 

[0012] As an alternative solution Which may avoid the 
aforementioned dif?culties, prior-art photolithography 
approaches typically utiliZe an oXide layer in combination 
With one or more photoresist layers. For eXample, an oXide 
layer can be positioned beneath a second photoresist layer, 
in place of the ?rst photoresist layer. Implementation of the 
oXide layer can achieve desired etching and implanting goals 
in accordance With circuit fabrication objectives Without 
many of the above-discussed problems. KnoWn shortcom 
ings are presented in connection With fabrication processes 
utiliZing oXide layers instead of the ?rst photoresist patterns, 
as Well. For instance, further processing steps are required to 
pattern the oXide layers, Which steps can lead to increased 
processing times, consumption of additional materials, and 
augmented costs. Undesirable particles can also be intro 
duced during the oXide deposition and during the oXide 
patterning process. Furthermore, implementation of an 
oXide pre-code masking process may induce a critical 
dimension (CD) bias, and may cause etch uniformity related 
issues. Imprecise CD control during formation of a pre-code 
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pattern in an oxide layer can adversely affect the real-code 
implantation process. In the context of mask ROM fabrica 
tion and coding, it is desirable to code program the memory 
devices as quickly and simply as possible, With a minimal 
expenditure of resources and a minimal risk of adverse 
particle introduction and CD bias. 

[0013] A need thus exists in the prior-art for methods of 
manufacturing mask ROMs in Which processing times and 
materials can be attenuated, to thereby reduce costs. A need 
also exists for reliable code programming methods Which 
can decrease the potential for particle contamination during 
the pre-code steps. Furthermore, With device siZes approach 
ing the resolution limit of optical photolithography, Wherein, 
for example, a code implantation area may be 0.15 um2, a 
need continues in the prior-art to exercise precise pre-code 
and real-code CD control to thereby maintain device per 
formance in a cost effective manner. 

SUMMARY OF THE INVENTION 

[0014] The present invention addresses these needs by 
providing, in accordance With one aspect, non-volatile 
memory coding structures and methods for making the same 
Which can be fast, clean, controlled, and simple in construc 
tion. The invention disclosed herein provides a method of 
code programming a mask ROM, Wherein a negative pho 
toresist is placed over Word lines of the ROM and patterned 
to thereby form the ROM pre-code pattern directly in the 
negative photoresist. The negative photoresist is then hard 
ened to enable the forming of a second layer of photoresist 
directly on the negative photoresist, Wherein the second 
layer of photoresist is patterned to comprise ROM real-code 
openings for facilitating a subsequent code-programming 
implantation step. In accordance With another aspect of the 
invention, a positive photoresist is used instead of the 
negative photoresist. 

[0015] To achieve these and other advantages and in 
accordance With a purpose of the invention, as embodied and 
broadly described herein, the invention provides a method of 
code programming a ROM device having implanted bit lines 
disposed beneath and intersecting With Word lines, and 
having a gate oxide layer disposed betWeen the bit lines and 
the Word lines. The method comprises a step of forming a 
?rst photoresist layer, Which can be a negative photoresist, 
over the Word lines and the gate oxide layer. The ?rst 
photoresist layer is patterned to develop pre-code openings 
over all of the memory cells Which may be candidates for 
coding, and then hardened using either a treatment implant 
or a treatment plasma. Subsequently, a second photoresist 
layer is formed over the ?rst photoresist layer and patterned 
to develop real-code openings over memory cells Which are 
to be coded With for example a logic “0” value. Each 
memory cell to be coded is then implanted With particles 
passing through the pre-code and the real code openings and 
into the memory cells. The ?rst photoresist layer can be a 
positive photoresist in other embodiments. 

[0016] According to one aspect of the invention, a method 
of fabricating a semiconductor device structure is provided, 
comprising the steps of depositing an anti-re?ective coating 
(ARC) on a substrate; placing a photoresist layer on the 
ARC, Wherein the ARC is sandWiched betWeen the substrate 
and the photoresist layer, a disposition of the photoresist 
layer over the ARC being such that no patterned layers 
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suf?cient to block a code implant of the semiconductor 
device are present betWeen the photoresist layer and the 
ARC; forming a pattern into the photoresist layer; and 
treating the photoresist layer using at least one of an incident 
beam of implants and a plasma. 

[0017] In one implementation of the present invention, the 
photoresist layer comprises a ?rst photoresist layer, the 
pattern comprises a pre-code pattern, and the substrate 
comprises a polysilicion Word line. The method can further 
comprise the steps of storing the semiconductor device in a 
storage location; retrieving the semiconductor device from 
the storage location; forming a second photoresist layer over 
the ?rst photoresist layer; selectively exposing the second 
photoresist layer to de?ne a real-code pattern therein; and 
implanting particles through openings in the real-code pat 
tern and into the substrate. The treatment implants can 
comprise a 10 Kev to 50 Kev 1E15 to SE15 dose Ar or N2 
implant. The ?rst photoresist layer comprises openings 
corresponding to the pre-code pattern, and the second pho 
toresist layer comprises openings corresponding to the real 
code pattern. The pre-code openings are greater in number 
than the real-code openings; and a plurality of the real-code 
openings are aligned With a corresponding plurality of the 
pre-code openings. The treatment implants pass through the 
aligned real-code openings and into portions of the substrate 
to be code programmed. In accordance With one aspect, the 
semiconductor device comprises a mask ROM and the 
implanting step implants impurities into channels of selected 
memory cell transistors, so that those selected memory cell 
transistors have electrical properties corresponding to a logic 
“0” value. 

[0018] In accordance With another aspect of the invention, 
the step of retrieving the semiconductor device can be 
performed after receipt of a customer order for a purchase of 
the semiconductor device; and the method can further com 
prise a step of removing the ?rst and second layers of 
photoresist using a plasma ashing process such as O2 plasma 
ashing. 

[0019] According to still another aspect of the present 
invention, an intermediate-processing structure of a ROM 
device comprises a semiconductor substrate; a plurality of 
parallel implanted bit lines, the implanted bit lines being 
oriented in a ?rst direction; a gate oxide layer above the 
semiconductor substrate; a plurality of Word lines formed 
above the gate oxide layer, the Word lines being oriented in 
a second direction; and a patterned photoresist layer over the 
Word lines and the gate oxide layer, the patterned photoresist 
layer having ROM pre-code openings positioned betWeen 
adjacent bit lines and further being treated using at least one 
of a treatment implant and a treatment plasma. Adisposition 
of the patterned photoresist layer over the Word lines is such 
that no patterned layers suf?cient to block a code implant of 
the ROM are present betWeen the patterned photoresist layer 
and the Word lines. The patterned photoresist layer can 
comprise a negative photoresist material. In other embodi 
ments, the patterned photoresist layer can comprise a posi 
tive photoresist material. 

[0020] In one aspect of the invention, the patterned pho 
toresist layer can comprise a ?rst photoresist layer; and the 
intermediate-processing structure can further comprise a 
second photoresist layer disposed over the ?rst photoresist 
layer and being patterned to comprise ROM real-code 
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openings therein, and particles implanted into channel 
regions of the semiconductor substrate, Wherein positions of 
the implanted particles correspond to aligned openings 
extending through both the pre-code openings and the 
real-code openings. An ARC can be disposed betWeen the 
?rst photoresist layer and the Word lines; and the particles 
can comprise implants Which have been implanted through 
the real-code openings, through corresponding Word lines 
and into the channel regions of the semiconductor substrate 
betWeen adjacent bit lines. The Word lines can comprise 
polysilicon; the ?rst photoresist layer can be treated With 
treatment implants; the substrate can comprises a semicon 
ductor substrate having a P type background impurity; the 
bit lines can be formed of N type impurity; and the 
implanted ions in the substrate betWeen adjacent bit lines 
can comprise P type impurity. 

[0021] Accordance to another aspect of the present inven 
tion, a semiconductor ROM structure comprises at least one 
Word line; and a photoresist layer disposed over at the least 
one Word line, the photoresist layer comprising a ROM 
pre-code pattern and being treated using at least one of an 
incident beam of implants and a plasma hardener, a dispo 
sition of the photoresist layer over the at least one Word line 
being such that no patterned layers suf?cient to block a code 
implant of the ROM are present betWeen the photoresist 
layer and the at least one Word line. 

[0022] In accordance With yet another aspect of the 
present invention, a semiconductor device structure com 
prises a substrate; an anti-re?ective coating (ARC) disposed 
on the substrate; a ?rst photoresist layer disposed on the 
ARC, the ?rst photoresist layer comprising a ?rst pattern 
having ?rst openings and being treated using at least one of 
an incident beam of implants and a plasma, Wherein the 
ARC is sandWiched betWeen the substrate and the ?rst 
photoresist layer, a disposition of the ?rst photoresist layer 
over the ARC being such that no patterned layers suf?cient 
to block a code implant of the semiconductor device are 
present betWeen the photoresist layer and the ARC; and a 
second photoresist layer disposed on the ?rst photoresist 
layer and comprising a second pattern having second open 
mgs 

[0023] Any feature or combination of features described 
herein are included Within the scope of the present invention 
provided that the features included in any such combination 
are not mutually inconsistent as Will be apparent from the 
context, this speci?cation, and the knoWledge of one of 
ordinary skill in the art. Additional advantages and aspects 
of the present invention are apparent in the folloWing 
detailed description and claims. 

BRIEF DESCTIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a cross-sectional vieW of a multilayer thin 
?lm stack corresponding to a processing methods of the 
prior art; 

[0025] FIG. 2 is a cross-sectional vieW of the prior-art 
con?guration of FIG. 1, in Which an oxide layer has been 
etched; 
[0026] FIG. 3 is the cross-sectional prior-art vieW of FIG. 
2, Wherein a photoresist layer has been removed; 

[0027] FIG. 4 is a cross-sectional vieW of the prior-art 
con?guration of FIG. 3 With the addition of another pho 
toresist layer; 
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[0028] FIG. 5 is a schematic top vieW of a mask ROM 
array shoWing a plurality of orthogonally arranged bit lines 
and Worldliness; 

[0029] FIG. 6 is a partial cross-sectional vieW of a semi 
conductor device, such as a mask ROM, in an intermediate 
processing stage in accordance With the present invention; 

[0030] FIG. 7 is a cross-sectional vieW of the FIG. 6 
con?guration, in Which the photoresist layer has been hard 
ened according to the present invention; 

[0031] FIG. 8 is the cross-sectional vieW of the con?gu 
ration of FIG. 7, With the addition of a second photoresist 
layer according to the present invention; and 

[0032] FIG. 9 is an expanded vieW of a portion of FIG. 8 
in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0033] Reference Will noW be made in detail to the pres 
ently preferred embodiments of the invention, examples of 
Which are illustrated in the accompanying draWings. Wher 
ever possible, the same or similar reference numbers are 
used in the draWings and the description to refer to the same 
or like parts. It should be noted that the draWings are in 
greatly simpli?ed form and are not to precise scale. In 
reference to the disclosure herein, for purposes of conve 
nience and clarity only, directional terms, such as, top, 
bottom, left, right, up, doWn, above, beloW, beneath, rear, 
and front, are used With respect to the accompanying draW 
ings. Such directional terms should not be construed to limit 
the scope of the invention in any manner. 

[0034] Although the disclosure herein refers to certain 
illustrated embodiments, it is to be understood that these 
embodiments are presented by Way of example and not by 
Way of limitation. The intent of the folloWing detailed 
description is to cover all modi?cations, alternatives, and 
equivalents as may fall Within the spirit and scope of the 
invention as de?ned by the appended claims. For example, 
it is understood by a person of ordinary skill in the art that 
the pre-code and real-code patterns formed by the methods 
of the present invention may be formed in NMOS, PMOS, 
CMOS and bipolar devices, to provide effective ion implan 
tation in high density memory cells, such as memory cells 
With critical dimensions that are similar to physical limits of 
optical photolithography processes. 

[0035] It is to be understood and appreciated that the 
process steps and structures described herein do not cover a 
complete process How for the manufacture of memory 
devices. The present invention may be practiced in conjunc 
tion With various integrated circuit fabrication and coding 
techniques that are conventionally used in the art, and only 
so much of the commonly practiced process steps are 
included herein as are necessary to provide an understanding 
of the present invention. 

[0036] Referring more particularly to the draWings, FIGS. 
1-4 elucidate a prior-art photolithography process utiliZing 
an oxide layer in combination With one or more photoresist 
layers. The cross-sectional vieW of FIG. 1 illustrates a 
multilayer thin ?lm stack disposed over a substrate 10 Which 
may comprise for example silicon or polysilicon. The stack 
comprises an anti-re?ective coating in the form of silicon 
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oxide nitride (SiON) 12, Which is disposed beneath a silicon 
dioxide (SiO2) layer 14. A?rst photoresist layer 16 has been 
spun onto the silicon dioxide layer 14 and patterned. FIG. 2 
shoWs the thin ?lm stack after an anisotropic dry etch has 
been performed on the silicon dioxide layer 14. A pattern 
comprising a relatively dense series of openings remains in 
the silicon dioxide layer 14. Removal of the ?rst photoresist 
layer 16 is subsequently accomplished by exposure to a 
developer, after Which only the patterned silicon dioxide 
layer 14 remains on the substrate as illustrated in FIG. 3. 
Turning to FIG. 4, a second photoresist layer 18 is then spun 
onto the patterned silicon dioxide layer 14. This second 
photoresist layer 18 is thereafter patterned using a conven 
tional patterning process, Which process can then be fol 
loWed by the Wafer being implanted by Way of openings 
extending through both the patterned second photoresist 
layer 18 and the patterned silicon dioxide layer 14. 

[0037] NoW, the pattern obtained after patterning the sec 
ond photoresist layer 18 can in some Ways be similar to a 
pattern attainable using a double layer photoresist in accor 
dance With the present invention. HoWever, in the context of, 
for example, code programming a mask ROM, extra steps 
Would be required When using the silicon dioxide layer 14 to 
de?ne a pre-code pattern. Furthermore, such an application 
may not be as economical, contaminant-free or accurate. 

[0038] Double photoresist layers in accordance With the 
present invention have been discovered to be particularly 
applicable in facilitating the fabrication and code program 
ming of non-volatile semiconductor memory devices. A 
number of non-volatile semiconductor memory devices 
require code programming at the time of their manufacture. 
During the code programming of many of these memory 
devices, memory cells in the form of metal-oxide-semicon 
ductor ?eld effect transistors (MOSFETs) are ion implanted, 
Wherein impurities are introduced into the MOSFETs to 
change their electrical characteristics. For instance, in the 
case of a non-volatile memory device in the form of a 
mask-programmable read-only-memory (ROM) device, 
code programming can be accomplished by introducing 
impurities into the channel regions of selected MOSFETS to 
thereby increase their threshold voltages. 

[0039] Turning to FIG. 5, a mask ROM array is shoWn 
disposed on a semiconductor substrate and having a plurality 
of orthogonally arranged bit lines 111 and Word lines 21. The 
bit lines 11 are formed before the Word lines 21 in the 
illustrated embodiment. In this embodiment, the substrate 
can comprises a background impurity type, and the bit lines 
11 can be parallel formed therein by implantation of an 
impurity type opposite the background impurity type. For 
instance, the substrate can have a P-type background impu 
rity type and the bit lines can be formed using N-type 
dopant, such as Arsenic or Phosphorous, ion implantation. 

[0040] After formation of the bit lines 11, a gate oxide 
layer (not shoWn) is preferably formed on the substrate to a 
thickness of about 50 to about 300 Angstroms. The gate 
oxide can be groWn using a thermal oxide process, Which is 
preferentially performed in a chemical vapor deposition 
(CVD) furnace. 

[0041] A conductive layer is then deposited by CVD, 
Wherein the conductive layer has a grain siZe suf?cient to 
exhibit desirable electrical properties. A photoresist is spun 
over the conductive layer and patterned by exposure to 
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ultraviolet (UV) radiation. The pattern projected onto the 
photoresist is that of a plurality of parallel strips. An etch 
process is used to transfer the pattern into the conductive 
layer by etching back exposed portions of the polysilicon. 
The photoresist is subsequently removed to reveal a plurality 
of memory cell Word lines 21, Which are parallel to one 
another and orthogonal to the bit lines 11. These Word lines 
21, Which preferably comprise a conductive material such as 
polysilicon, can be formed using loW pressure chemical 
vapor deposition (LPCVD). As presently embodied, the bit 
lines 11 and the Word lines 21 have Widths of about 0.15 
microns, and the Word lines 11 are spaced apart by about 
0.15 microns. 

[0042] The bit lines 11 and Word lines 21 in combination 
form MOSFET memory cells 15, Which are exemplarily 
indicated by phantom rectangles in the ?gure. More particu 
larly, a MOSFET memory cell 15 is de?ned at each inter 
section of a Word line 21 and tWo bit lines 11. The bit lines 
11 on the sides of each MOSFET memory cell 15 serve as 
source/drain regions, and the part of the Word line 21 
disposed betWeen the source and drain regions serves as the 
gate of the MOSFET memory cell 15. 

[0043] The MOSFET memory cells 15, Which can be 
accessed via the corresponding bit lines 11 and Word lines 21 
to Which they are connected, hold the data (or code) of the 
mask ROM. When a MOSFET memory cell 15 is accessed, 
a voltage applied at its gate by the Word line 21 Will either 
be higher or loWer than a threshold voltage required for the 
gate to facilitate conduction betWeen the source/drain bit 
lines 11. If the applied gate voltage is at or higher than the 
threshold voltage, the MOSFET memory cell 15 is turned on 
permitting a logic “1” value to be read; otherWise the 
MOSFET memory cell 15 is not turned on and a logic “0” 
value is read from the MOSFET memory cell 15. 

[0044] When the channel of a given MOSFET memory 
cell 15 is ion implanted, its voltage threshold can be 
increased so that it Will have a logic “0” value. The channel 
of a given MOSFET memory cell 15 to be implanted is 
located in the substrate under the Word line 21 and betWeen 
the adjacent bit lines 11. As distinguished from ion-im 
planted cells, non-implanted MOSFET memory cells 15 Will 
have a logic “1” value and continue to conduct When 
potentials are applied to their gates via the Word lines 21. 
The mask ROM can thus be programmed using ion implan 
tation to change the logic values of selected MOSFET 
memory cells 15 from logic “1” values to logic “0” values. 

[0045] Properly masking the channel regions of MOSFET 
memory cells 15 Which are not to be implanted is a critical 
step in the code programming process. According to one 
aspect of the present invention, double layers of photoresist 
are used to shield from implanting (i.e., mask) the MOSFET 
memory cells 15 that are to hold a logic “1” value Within the 
mask ROM. Regarding these double photoresist layers, they 
can be employed for photolithographic purposes as either 
positive photoresist, negative photoresist, or combinations 
thereof. Positive photoresist, also knoWn as light-softening 
photoresist, can be depolymeriZed by exposure to radiation 
such as UV light. Therefore, With positive photoresist, areas 
exposed to radiation are dissolved upon placement in a 
developer, While the masked, unexposed areas remain unaf 
fected. On the other hand, negative photoresist, Which is a 
light-hardening photoresist, can be polymeriZed by exposure 
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to radiation, meaning that the exposed areas remain, While 
the covered areas are dissolved. Thus, depending on the type 
of photoresist utilized, the pattern transferred to the photo 
resist on the Wafer is either a positive or a negative image of 
the photomask pattern. 

[0046] In accordance With an aspect of the present inven 
tion, negative photoresist can be used instead of positive 
photoresist in the context of sub-0.25 micron device dimen 
sions. When dual layers of photoresist are constructed at 
these dimensions (e.g., 0.15 micron levels), negative pho 
toresist may better maintain its pro?le through successive 
processing steps. Accordingly, in one embodiment the dual 
layer photoresist can be constructed With the bottom pho 
toresist layer comprising negative photoresist. In another 
preferred embodiment, hoWever, the bottom photoresist 
layer may comprise positive photoresist. 

[0047] Across-sectional vieW of a mask ROM array, taken 
along the line 6-6 of FIG. 5, is provided in FIG. 6 Wherein 
the sectional vieW is provided from the substrate on-up for 
simplicity. In other Words, the sectional vieW of FIG. 6 does 
not shoW the gate oxide layer on the substrate and the 
implanted bit lines Within the substrate. With particular 
reference to FIG. 6, a bottom anti-re?ective coating 
(BARC) 17 is deposited on the Word line 21. The BARC is 
highly absorbing, and preferably absorbs most of the radia 
tion penetrating the photoresist, thereby reducing any re?ec 
tive notching, standing Wave effects and scattering of the 
radiation. In the presently preferred embodiment, the BARC 
comprises BreWer Science, Inc. DVU44 (product name), 
having a thickness from about 550A to about 700A, and 
more preferably having a thickness of about 600A, and in 
other embodiments may comprise materials such as SiON. 
A spinner is next utiliZed to deposit a ?rst photoresist layer 
28, Which in one embodiment is selected from the negative 
photoresist category, over the BARC 17. In another embodi 
ment, the ?rst photoresist layer 28 comprises a positive 
photoresist, comprising, for example, Acetal, annealing and 
hybrid type, SEPR203 (product name) by Ahin-Etsu resist 
company, at a thickness of about 3000Ato about 7000 A. In 
other embodiments, the negative photoresist may comprise 
TDUR-N620 GP (product name) by TOK company. 

[0048] Apre-code pattern is then projected by a stepper or 
mask aligner onto the Wafer, according to the photomask 
used. In accordance With an embodiment Wherein negative 
photoresist is used for small-scale devices, Wherever the ?rst 
photoresist layer 28 is exposed to radiation such as UV light, 
the polymeriZation of the photoresist is enhanced. When 
positive photoresist is used, polymeriZation of the photore 
sist is greater in unexposed areas. A developer is subse 
quently used to dissolve the photoresist of less polymeriZa 
tion Which Was not exposed. The pre-code pattern de?ned by 
the photomask, corresponding to a dense series of exposed 
and unexposed areas, is therefore transferred onto the ?rst 
layer of photoresist 28. As presently embodied, the pre-code 
pattern describes all of the possible MOSFET memory cell 
15 WindoWs Which Will be available for coding in a subse 
quent real-code programming step. 

[0049] FolloWing the pre-code patterning of the ?rst pho 
toresist layer 28, the ?rst photoresist is treated With at least 
one of a treatment implant and a treatment plasma from a 
plasma etcher. As presently preferred, an implanter is used 
to bombard the Wafer With treatment implants, Which com 
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prise dopants such as Ar and N2. In a particular example, the 
?rst photoresist layer 28 can be treated With a 10 Kev to 50 
Kev 1E15 to SE15, and more preferably 1E15 to 3E15, dose 
Ar or N2 implant. By reacting to the dopants, the ?rst 
photoresist layer 28 apparently undergoes a signi?cant 
change to its polymer structure, thereby hardening the ?rst 
photoresist layer 28 and rendering it substantially more 
resilient to and, preferably, nearly impervious to subsequent 
photolithographic processing. Other treatment procedures 
may be used as an alternative to, or in addition to, the Ar/N2 
implantation treatments described herein, so long as the ?rst 
photoresist layer is rendered substantially resilient to and, 
preferably, functionally impervious to subsequent photo 
lithographic processing. Through experimentation, the for 
mation of a diamond structure has been observed on the 
surface of the implanted photoresist using a Raman Spectra 
Analysis. 
[0050] The cross-sectional vieW of FIG. 7 is substantially 
similar to that of FIG. 6, With the difference being that the 
?rst photoresist layer has undergone treatment (e. g., implan 
tation), thereby changing its structural composition and 
forming a hardened ?rst photoresist layer 32. After the 
implantation, the hardened ?rst photoresist layer 32 no 
longer remains as susceptible to exposure by UV radiation, 
does not readily dissolve in solvents, and tends to develop a 
limited resistance to thermal processing. It should be noted 
that the presently preferred implant used to harden the 
photoresist does not materially alter the electrical properties 
of the exposed regions of the Wafer. 

[0051] A second layer of photoresist 31 is thereafter spun 
directly over the hardened ?rst photoresist layer 32. This 
second photoresist layer 31 can be selected from the nega 
tive or positive photoresist categories. In the case of a 
positive photoresist (e.g., SEPR203 by Ahin-Etsu resist 
company), the real-code photomask that must be selected is 
then a positive image of the ?nal desired pattern. After 
selection and application of the realcode photomask the 
second layer of photoresist 31 is then patterned using 
conventional means, and depolymeriZed photoresist is dis 
solved by placement of the Wafer into a chemical bath of 
developer. The hardened ?rst photoresist layer 32, having 
been cured by ion implantation in such a Way to make it 
substantially impervious to solvents and UV radiation, 
retains its structural integrity during development of the 
second photoresist layer 31. FIG. 8 shoWs a cross-sectional 
vieW of the second photoresist layer 31 directly over the 
hardened ?rst photoresist layer 32. In combination With the 
hardened ?rst photoresist layer 32, the second photoresist 
layer 31 determines Which MOSFET memory cells 15 Will 
have a logic “1” value and Which memory cells Will have a 
logic “0” value. In the illustrated embodiment, the channel 
regions of MOSFET memory cells 15 Which are to be 
programmed With a “0” receive an implant, While the 
MOSFET memory cells 15 Which are to be programmed 
With a “1” receive no implant so that their threshold voltages 
remain unchanged. 

[0052] FIG. 9 shoWs an expanded vieW of a portion of 
FIG. 8, in Which there exists a hardened ?rst layer of 
photoresist 32 and a second layer of photoresist 31. The 
hardened ?rst photoresist layer 32 has a pattern, and the 
second photoresist layer 31 has a pattern, the tWo patterns 
being separate and unique from one another. Regions 37 on 
the Wafer may exist Which are covered by only the hardened 
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?st photoresist layer 32 or only the second photoresist layer 
31, While other regions 35 are covered by both the hardened 
?rst photoresist layer 32 and the second photoresist layer 31. 
Further still, the regions 39, Which correspond to both the 
pre-code openings of the ?rst photoresist layer 32 and the 
real-code openings of the second photoresist layer 31, 
remain exposed for future processing. These regions 39 
correspond to and alloW for the implantation of dopants to 
the underlying channel regions of the MOSFET memory 
cells 15 that are to be programmed With a logic “0” value. 

[0053] Areas left exposed by the pre-code and real-code 
photoresist layers 32 and 31, respectively, are thus 
implanted. In the illustrated embodiment Wherein the bit 
lines are N-type regions, a P-type boron ion can be used for 
the code implants. The boron ions are implanted at energies 
sufficient to facilitate penetration thereof through the BARC 
layer 17, the Word line 21 and the gate oxide layer, and into 
the selected channel regions of the substrate. After the Wafer 
has been code implanted, both layers of photoresist can be 
removed. Even though the ?rst photoresist layer possesses a 
neW, more structurally sound, diamond structure, it can still 
be readily removed by conventional O2 ashing. In the 
illustrated embodiment, no additional steps are required to 
remove the tWo photoresist layers than are normally used to 
remove a single layer of resist. 

[0054] A preferred embodiment has been described 
Wherein a ?rst layer of photoresist is patterned over Word 
lines of a non-volatile memory device. The photoresist 
pattern conforms to a pre-code resist pattern for the creation 
of mask-programmable ROMs. The pre-code pattern 
exposes all of the channels of cell regions on the Wafer that 
might be coded (implanted). The Wafer is then implanted 
With N2 at an energy of about 50 Kev and a dose of about 
1eA15 to harden the photoresist. In accordance With one 
aspect of the invention, the Wafer comprising the hardened 
?rst layer of photoresist may then be stored for future 
coding. 

[0055] In accordance With another aspect of the present 
invention, the ?rst layer of photoresist is constructed to have 
a thickness and composition suf?cient to protect underlying 
substrate features (e.g., bit lines and/or adjacent channels), 
Which are not to be implanted, from harmful implantation 
during the subsequent code programming process. For 
example, inadvertent code implantation into a bit line can 
increase the resistance of the bit line due to the opposite 
impurity types. Accordingly, no patterned layers, having 
dimensions suf?cient to block the subsequent code implant 
of the ROM or semiconductor device, need be present 
betWeen the ?rst photoresist layer and the Word line. Simi 
larly, no patterned layers suf?cient to block the subsequent 
code implant of the ROM or semiconductor device need be 
present betWeen the ?rst photoresist layer and the ARC 
layer. 

[0056] Subsequently, the Wafer may be retrieved from 
storage. A second photoresist layer can then be spun on. The 
real-code pattern of the second photoresist layer can be 
determined by a customer’s order, the pattern of the second 
photoresist layer being necessarily different from the ?rst 
layer pattern. Thus, While the ?rst photoresist layer exposes 
all of the areas that are possible to code, the second 
photoresist layer exposes only those layers that are to be 
coded With a value of “0” for the particular device being 
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created. The exposed areas are then implanted, and both 
layers of photoresist are removed by for example ?rst 
performing a dry strip and then a Wet strip. 

[0057] As an alternative embodiment, the ?rst photoresist 
layer may be hardened by undergoing a plasma etch process 
after development, With the end result being a hardened 
photoresist layer that may be similar to that obtained by 
implanting the photoresist. The structural integrity of a 
photoresist hardened by a plasma etch may be substantially 
similar or comparable to the structural integrity of photore 
sist hardened by ion implantation. The steps preceding and 
folloWing the plasma etch hardening process are in substan 
tial correspondence With the steps before and after the ion 
implantation hardening process. 

[0058] In vieW of the foregoing, it Will be understood by 
those skilled in the art that the methods of the present 
invention can facilitate formation and code programming of 
read only memory devices in an integrated circuit. The 
above-described embodiments have been provided by Way 
of example, and the present invention is not limited to these 
examples. Multiple variations and modi?cation to the dis 
closed embodiments Will occur, to the extent not mutually 
exclusive, to those skilled in the art upon consideration of 
the foregoing description. Such variations and modi?ca 
tions, hoWever, fall Well Within the scope of the present 
invention as set forth in the folloWing claims. 

What is claimed is: 
1. A method of code programming a ROM device having 

bit lines oriented in a ?rst direction Within a substrate, a gate 
oxide layer above the substrate, and Word lines formed 
above the gate oxide layer in a second direction, the method 
comprising the folloWing steps: 

forming a ?rst photoresist layer over the Word lines and 
the gate oxide layer; 

selectively exposing the ?rst photoresist layer to develop 
?rst code openings, each ?rst code opening being 
positioned over a Word line and betWeen tWo adjacent 
bit lines intersecting the Word line; 

treating the ?rst photoresist layer using at least one of a 
treatment implant and a treatment plasma; 

forming a second photoresist layer over the ?rst photo 
resist layer; 

selectively exposing the second photoresist layer to 
develop second code openings therein; and 

implanting particles through the second code openings. 
2. The method as set forth in claim 1, Wherein the ?rst 

photoresist layer comprises a negative photoresist material. 
3. The method as set forth in claim 1, Wherein: 

the ?rst code openings are greater in number than the 
second code openings; 

a plurality of the second code openings are aligned With 
a corresponding plurality of the ?rst code openings; and 

the substrate is treated With implanted impurities Which 
pass through the aligned second code openings, 
through corresponding Word lines and into portions of 
the substrate disposed betWeen adjacent bit lines. 
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4. The method as set forth in claim 3, wherein: 

an anti-re?ective coating (ARC) is disposed betWeen the 
?rst photoresist layer and the Word lines; 

the bit lines comprise parallel roWs implanted Within the 
substrate; 

the Word lines comprise parallel, polysilicon lines that are 
orthogonally disposed With respect to the bit lines; and 

the step of treating the ?rst photoresist layer comprises a 
step of hardening the ?rst photoresist layer With a 
treatment implant. 

5. The method as set forth in claim 4, Wherein the ?rst 
photoresist layer comprises a negative photoresist material. 

6. The method as set forth in claim 5, Wherein: 

the treatment implant comprises a 10 Kev to 50 Kev 1E15 
to SE15 dose Ar or N2 implant; 

the method further comprises a step of removing the ?rst 
and second photoresist layers using an O2 plasma 
ashing process; 

the substrate comprises a semiconductor substrate having 
a P type background impurity; 

the bit lines are formed of N type impurity; and 

the implanted impurities in the substrate betWeen adjacent 
bit lines are P type impurity. 

7. The method of claim 1, Wherein the ?rst photoresist 
layer comprises a positive photoresist material. 

8. A method of fabricating a ROM structure having 
intersecting Word lines and bit lines, comprising the folloW 
ing steps: 

forming a photoresist layer over a plurality of the Word 
lines; 

generating openings in the photoresist layer, each opening 
being generated over a Word line and betWeen tWo 
adjacent bit lines Which intersect the Word line, to 
thereby de?ne a ROM ?rst code pattern, a disposition 
of the photoresist layer over the Word lines being such 
that no patterned layers suf?cient to block a code 
implant of the ROM are present betWeen the photore 
sist layer and the Word lines; and 

treating the photoresist layer using at least one of a 
treatment implant bombardment and a treatment 
plasma hardening. 

9. The method as set forth in claim 8, Wherein the 
photoresist layer comprises a negative photoresist material. 

10. The method as set forth in claim 8, Wherein the 
photoresist layer comprises a ?rst photoresist layer, and the 
method further comprises the steps of: 

storing the ROM structure; 

retrieving the ROM structure for additional processing; 

forming a second photoresist layer over the ?rst photo 
resist layer; 

selectively exposing the second photoresist layer to de?ne 
a ROM real-code pattern therein; and 

implanting particles through openings in the real-code 
pattern to thereby code program the ROM structure. 
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11. The method as set forth in claim 10, Wherein the step 
of retrieving the ROM structure is performed after a step of 
receiving a customer order for a ROM. 

12. The method as set forth in claim 10, Wherein: 

the Word lines comprise polysilicon; 

the ?rst photoresist layer comprises a positive photoresist 
material, Which is bombarded With treatment-implants 
in the treating step; and 

the step of retrieving the ROM structure is performed 
after a step of receiving a customer order for a real-code 
ROM. 

13. The method as set forth in claim 10, Wherein: 

the Word lines comprise polysilicon; 

the ?rst photoresist layer comprises a positive photoresist 
material, Which is bombarded With treatment-implants 
in the treating step; 

the step of retrieving the ROM structure is performed 
after a step of receiving a customer order for a real-code 

ROM; 

an ARC is disposed betWeen the ?rst photoresist layer and 
the Word lines; 

the treatment implants comprise a 10 Kev to 50 Kev 1E15 
to SE15 dose Ar or N2 implant; and 

the method further comprises a step of removing the ?rst 
and second layers of photoresist using an O2 plasma 
ashing process. 

14. A method of fabricating a semiconductor device 
structure, comprising the steps of: 

depositing an anti-re?ective coating (ARC) on a substrate; 

placing a photoresist layer on the ARC, Wherein the ARC 
is sandWiched betWeen the substrate and the photoresist 
layer; 

forming a pattern into the photoresist layer, a disposition 
of the photoresist layer over the ARC being such that no 
patterned layers suf?cient to block a code implant of the 
semiconductor device are present betWeen the photo 
resist layer and the ARC; and 

treating the photoresist layer using at least one of an 
incident beam of implants and a plasma. 

15. The method as set forth in claim 14, Wherein the 
photoresist layer comprises a negative photoresist material. 

16. The method as set forth in claim 14, Wherein the 
photoresist layer comprises a ?rst photoresist layer and the 
pattern comprises a ?rst code pattern, and Wherein the 
method further comprises the folloWing steps: 

storing the semiconductor device in a storage location; 

retrieving the semiconductor device from the storage 
location; 

forming a second photoresist layer over the ?rst photo 
resist layer; 

selectively eXposing the second photoresist layer to de?ne 
a second code pattern therein; and 

implanting particles through openings in the second code 
pattern and into the substrate. 
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17. The method as set forth in claim 16, wherein: 

the ?rst photoresist layer is bombarded With treatment 
implants in the treating step; 

the step of retrieving the semiconductor device is per 
formed after a step of receiving a customer order for the 
semiconductor device; and 

the method further comprises a step of removing the ?rst 
and second layers of photoresist using a plasma ashing 
process. 

18. The method as set forth in claim 16, Wherein: 

the substrate comprises polysilicon; 

the ?rst photoresist layer comprises a negative photoresist 
material; 

the step of retrieving the semiconductor device is per 
formed after a step of receiving a customer order for the 
semiconductor device; 

the method further comprises a step of removing the ?rst 
and second layers of photoresist using a plasma ashing 
process; and 

the treatment implants comprise a 10 Kev to 50 Kev 1E15 
to 5E15 dose Ar or N2 implant. 

19. The method as set forth in claim 14, Wherein the ?rst 
photoresist layer comprises a positive photoresist material. 

20. A method of fabricating a semiconductor ROM struc 
ture, comprising: 

forming a Word line on a substrate; 

patterning a ?rst photoresist layer over the Word line, the 
?rst photoresist layer being patterned to have openings 
corresponding to a ROM pre-code pattern,; and 

treating the ?rst photoresist layer using at least one of a 
treatment implant and a treatment plasma; 

forming on the ?rst photoresist layer a second photoresist 
layer, Which comprises openings embodying a ROM 
real-code pattern; and 

implanting particles through the openings to thereby code 
program the ROM structure. 

21. The method as set forth in claim 20, Wherein a 
disposition of the photoresist layer over the Word line is such 
that no patterned layers suf?cient to block a code implant of 
the ROM are present betWeen the ?rst photoresist layer and 
the Word line. 

22. The method as set forth in claim 21, Wherein the Word 
line comprises polysilicon and an ARC is disposed betWeen 
the polysilicon and the ?rst photoresist layer. 

23. The method as set forth in claim 21, Wherein the ?rst 
photoresist layer comprises a negative photoresist. 

24. The method as set forth in claim 21, Wherein the ?rst 
photoresist layer comprises a positive photoresist. 

25. An intermediate-processing structure of a ROM 
device, comprising: 

a semiconductor substrate; 

a plurality of parallel implanted bit lines, the implanted bit 
lines being oriented in a ?rst direction; 

a gate oXide layer above the semiconductor substrate; 
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a plurality of Word lines formed above the gate oXide 
layer, the Word lines being oriented in a second direc 
tion; and 

a patterned photoresist layer over the Word lines and the 
gate oXide layer, a disposition of the patterned photo 
resist layer over the Word lines being such that no 
patterned layers suf?cient to block a code implant of the 
ROM are present betWeen the patterned photoresist 
layer and the Word lines, the patterned photoresist layer 
having ROM pre-code openings positioned betWeen 
adjacent bit lines and further being treated using at least 
one of a treatment implant and a treatment plasma. 

26. The intermediate-processing structure as set forth in 
claim 25, Wherein the patterned photoresist layer comprises 
a negative photoresist material. 

27. The intermediate-processing structure as set forth in 
claim 25, Wherein the patterned photoresist layer comprises 
a ?rst photoresist layer and Wherein the intermediate-pro 
cessing structure further comprises: 

a second photoresist layer disposed over the ?rst photo 
resist layer, the second photoresist layer being pat 
terned to comprise ROM real-code openings therein; 
and 

particles implanted into channel regions of the semicon 
ductor substrate, Wherein positions of the implanted 
particles correspond to aligned openings extending 
through both the pre-code openings and the real-code 
openings. 

28. The intermediate-processing structure as set forth in 
claim 27, Wherein: 

an ARC is disposed betWeen the ?rst photoresist layer and 
the Word lines; 

the pre-code openings are greater in number than the 
real-code openings; and 

the particles comprise ions Which have been implanted 
through corresponding Word lines and into the channel 
regions of the semiconductor substrate betWeen adja 
cent bit lines. 

29. The intermediate-processing structure as set forth in 
claim 28, Wherein: 

the Word lines comprise polysilicon; and 

the ?rst photoresist layer is treated With treatment 
implants. 

30. The intermediate-processing structure as set forth in 
claim 29, Wherein the ?rst photoresist layer comprises a 
negative photoresist material, Which is treated With a 10 Kev 
to 50 Kev 1E15 to 5E15 dose Ar or N2 implant. 

31. The intermediate-processing structure as set forth in 
claim 28, Wherein: 

the Word lines comprise polysilicon; 

the ?rst photoresist layer is treated With treatment 
implants; 

the substrate comprises a semiconductor substrate having 
a P type background impurity; 

the bit lines are formed of N type impurity; and 

the implanted ions in the substrate betWeen adjacent bit 
lines are P type impurity. 
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32. The intermediate-processing structure as set forth in 
claim 25, wherein the patterned photoresist layer comprises 
a positive photoresist material. 

33. A semiconductor ROM structure, comprising: 

at least one Word line; 

a ?rst photoresist layer disposed over at the least one Word 
line, the ?rst photoresist layer comprising a ROM 
pre-code pattern and being treated using at least one of 
an incident beam of implants and a plasma hardener; 

a second photoresist layer disposed over the ?rst photo 
resist layer, the second photoresist layer comprising a 
ROM real-code pattern; and 

particles implanted through the at least one Word line and 
into at least one channel region of a substrate of the 
ROM structure eXposed by the pre-code and real-code 
patterns and located betWeen adjacent bit lines. 

34. The semiconductor ROM structure as set forth in 
claim 33, Wherein the ?rst photoresist layer comprises a 
negative photoresist material and an ARC is disposed 
betWeen the ?rst photoresist layer and the at least one Word 
line. 

35. The semiconductor ROM structure as set forth in 
claim 33, Wherein: 

the at least one Word line comprises polysilicon; and 

the ?rst photoresist layer is treated With a 10 Kev to 50 
Kev 1E15 to SE15 dose Ar or N2 implant. 

36. The semiconductor ROM structure as set forth in 
claim 33, Wherein: 

an ARC is disposed betWeen the ?rst photoresist layer and 
the at least one Word line; and 

a disposition of the ?rst photoresist layer over the at least 
one Word line is such that no patterned layers suf?cient 
to block a code implant of the ROM are present 
betWeen the ?rst photoresist layer and the at least one 
Word line. 

37. The semiconductor ROM structure as set forth in 
claim 36, Wherein the ?rst photoresist layer comprises a 
negative photoresist material. 
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38. The semiconductor ROM structure as set forth in 
claim 33, Wherein the ?rst photoresist layer comprises a 
positive photoresist material. 

39. A semiconductor device structure, comprising: 

a substrate; 

an anti-re?ective coating (ARC) disposed on the sub 
strate; 

a ?rst photoresist layer disposed on the ARC, the ?rst 
photoresist layer comprising a ?rst pattern having ?rst 
openings and being treated using at least one of an 
incident beam of implants and a plasma, Wherein the 
ARC is sandWiched betWeen the substrate and the ?rst 
photoresist layer, a disposition of the ?rst photoresist 
layer over the ARC being such that no patterned layers 
suf?cient to block a code implant of the semiconductor 
device are present betWeen the photoresist layer and the 
ARC; and 

a second photoresist layer disposed on the ?rst photoresist 
layer and comprising a second pattern having second 
openings. 

40. The semiconductor device structure as set forth in 
claim 39, Wherein the ?rst photoresist layer comprises a 
negative photoresist material. 

41. The semiconductor device structure as set forth in 
claim 39, Wherein: 

the ?rst photoresist layer is treated With in incident beam 
of implants; and 

the semiconductor device further comprises particles 
implanted into regions beneath the substrate that are 
aligned With both the ?rst openings and the second 
openings. 

42. The semiconductor device structure as set forth in 
claim 41, Wherein the substrate comprises polysilicon and 
the ?rst photoresist layer is treated With a 10 Kev to 50 Kev 
1E15 to SE15 dose Ar or N2 implant. 

43. The semiconductor ROM structure as set forth in 
claim 39, Wherein the ?rst photoresist layer comprises a 
positive photoresist material. 

* * * * * 


