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(57) ABSTRACT 
A method of forming multi-state mask ROM cells on a 
semiconductor substrate is disclosed. The method comprises 
following steps. Firstly, a pad oxide layer is formed on a 
semiconductor substrate. Then the pad oxide layer is pat 
terned so as to form a plurality of ?rst coding oxide regions. 
Thereafter, another photoresist pattern is formed to de?ne 
buried bit line regions. A plurality of predetermined buried 
bit line regions are de?ned amid the ?rst coding oxide 
regions. Then, a ?rst ion implant by implanting n-type 
impurities into the semiconductor substrate using the pho 
toresist pattern as a mask. After stripping the photoresist 
pattern, a ?rst thermal oxidation is performed to groW oxide 
layer and driving the n-type impurities into the semiconduc 
tor substrate. Three types of oxide layer are formed With 
different thickness. Thereafter, a conductive layer are 
formed and then patterned as Word lines. Subsequently, a 
photoresist pattern is formed to de?ne second coding region. 
The openings of the photoresist pattern located at regions 
having either ?rst coding oxide regions or the thinnest type 
oxide layer thereon. Finally, an ion implant using boron ion 
is performed. Accordingly four states mask ROM is formed. 
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METHOD OF FORMING HIGH DENSITY 
MULTI-STATE MASK ROM CELLS 

FIELD OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device, and more speci?cally, to a single poly-gate high 
density multi-state mask ROM cells. 

BACKGROUND OF THE INVENTION 

[0002] Recently, With the progress of semiconductor IC’s 
design and fabricating technology, the popular electronic 
merchandises, such as portable telecommunications, laptop 
computers, DSC (digital still camera), play-station II, PDA 
(personal digital assistant), MP3 player, all of them are With 
the characteristics of light, thin, short, and small. In such 
devices a very high-density non-volatile mask ROMs are 
demanded. To achieve very high-density mask ROM, a prior 
art is proposed by Bertagnoili et al., in the reference, “B. 
Bertagnoili et al., ‘ROS: An Extremely High Density Mask 
ROM Technology Based On Vertical Transistor Cells’, 
Symp. on VLSI Tech. Dig., p, 58, 1996.” In the reference, 
the cells having a vertical MOS transistor in a trench Which 
alloWs to use the bottom of the trench as additional self 
aligned bit line, and thus to double the bit line density. The 
technology is enabling an approximately tWofold packing 
density compared to conventional planar ROM. 

[0003] HoWever, for double or even multi-fold the storage 
capacities Without increasing chip area, a mask ROM struc 
ture using a novel multi-state (23 kinds of state) concept is 
a trend. For example, if memory cells store only data “0” and 
“1” states, a more great number of mask ROM cell transis 
tors should be demanded to provide storage data as compare 
With that of memory cells Which can store four kinds of 
states, called multiple state mask ROM cells. 

[0004] A conventional multi-value ROM stores With more 
than three states, in the manner that changes the threshold 
voltage of memory cell transistors is given by Sheng et al., 
in US. Pat. No. 5585,297 issued on Dec. 17, 1996. In the 
method, a number of ion implantation stages using boron 
ions are performed incorporating With several mask patterns 
and different dosage level. The high dose boron coding 
implant Will result in a loWer junction breakdoWn perfor 
mance of the coded MOSFET and a very high band-to band 
leakage current betWeen the adjacent cells as is stated in the 
reference “US. Pat. No. 5,683,925, to Irani et al., issued on 
Nov. 4, 1997.” Hence, Irani et al., in their patent proposed 
a method of fabricating the mask ROM to solve above 
issues. In the method, a thick gate oxide layer 18 is thermally 
groWn Within ROM array area 30, even the gate oxide 2 in 
the periphery 32 is thinner, as shoWn in FIG. 1. 

[0005] An alternative method is proposed by TakiZiaWa et 
al., in US. Pat. No. 5,556,800 issued on Sep. 17 (1996).” 
TakiZiaWa et al., In the TakiZiaWa’s patent, the gate insulat 
ing layer’s thickness is varied to change the threshold 
voltage of channel region. The channel region is divided into 
dual parts; one divided part having a different gate oxide 
thickness from the other, and thus a different transitivity for 
ion implant. Namely, the gate electrode has different char 
acteristics of a drain current corresponding to a gate voltage 
(ID-VG) in the channel regions adjacent to each other. 

[0006] Arecent US. Pat. No. 6,133,102 issued on Oct. 17 
2000 issued to Wu disclosed a recipe Which combines the 

Nov. 21, 2002 

concepts of the double the bit line density and multi-state 
storage Way to fabricate double poly-gate high density 
multi-state ?at mask ROM cells on a silicon substrate. 

[0007] An object of the present invention is to propose a 
simpler method than above prior art. In the method, only tWo 
oxide layer groWth stages and tWice ion implant incorpo 
rating With single-poly, and patterning steps are required to 
form such multi-state mask ROM cells. SUMMARY OF 
THE INVENTION 

[0008] An object of the present invention is provided a 
multi-state Mask ROM forming technique. 

[0009] A method of forming multi-state mask ROM cells 
on a semiconductor substrate is disclosed. In the method, 
single polysilicon for Word line and tWo ion-implant steps 
are required. One is for form buried bit lines and the other 
one is for forming coding regions. The ion implants asso 
ciated With coding oxide can build up at least four states 
mask ROM. The method comprises folloWing steps. Firstly, 
a pad oxide layer is formed on a semiconductor substrate. 
Then the pad oxide layer is patterned so as to form a plurality 
of ?rst coding oxide regions. Thereafter, another photoresist 
pattern is formed to de?ne buried bit line regions. Aplurality 
of predetermined buried bit line regions are de?ned amid the 
?rst coding oxide regions. Then, a ?rst ion implant by 
implanting n-type impurities into the semiconductor sub 
strate using the photoresist pattern as a mask. After stripping 
the photoresist pattern, a ?rst thermal oxidation is performed 
to groW oxide layer and driving the n-type impurities into the 
semiconductor substrate. Three types of oxide layer are 
formed With different thickness. Thereafter, a conductive 
layer are formed and then patterned as Word lines. Subse 
quently, a photoresist pattern is formed to de?ne second 
coding region. The openings of the photoresist pattern 
located at regions having either ?rst coding oxide regions or 
the thinnest type oxide layer thereon. Finally, an ion implant 
using boron ion is performed. Accordingly four states mask 
ROM is formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily 
appreciated as the same becomes better understood by 
reference to the folloWing detailed description, When taken 
in conjunction With the accompanying draWings, Wherein: 

[0011] FIG. 1. is a cross-sectional vieW of a mask ROM 
cell array, in accordance With the prior art; 

[0012] FIG. 2. is a cross-sectional vieW of groWing an pad 
oxide layer on a silicon substrate in accordance With the 
present invention. 

[0013] FIG. 3. is a cross-sectional vieW of patterning the 
pad oxide layer to form ?rst coding oxide layer in accor 
dance With the present invention; 

[0014] FIG. 4. is a cross-sectional vieW of forming a 
photoresist pattern to de?ned buried bit line regions and then 
performing ?rst ion implant in accordance With the present 
invention. 

[0015] FIG. 5. is a cross-sectional vieW of performing 
thermal oxidation to groW a oxide layer. 

[0016] FIG. 6. is a cross-sectional vieW of forming ?rst 
conductive layer and then patterned as Word lines in accor 
dance With the present invention. 
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[0017] FIG. 7. is a cross-sectional vieW of forming a 
photoresist pattern to de?ne second coding regions and then 
performing second ion implant in accordance With the 
present invention. 

[0018] FIG. 8. Is a synoptic layout for high-density multi 
state mask ROM device in accordance With the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0019] The detailed processes are best illustrated by ref 
erence to the draWings, and are described as folloWs. 

[0020] Referring to FIG. 2, an pad oxide layer 110 as a 
?rst coding oxide layer is formed by a thermal groWing 
method on a silicon substrate 105. The pad oxide 110 
thickness is betWeen about 20-50 nm. Then as shoWn in 
FIG. 3, a photoresist pattern 120 coated on the pad oxide 
layer 105 through lithographic technique is done to de?ne 
the ?rst coding oxide region 110A. A Wet dipping out 
process using BOE (buffer oxide etching) solution is then 
performed to etch the exposed pad oxide layer 110 aWay. 

[0021] Referring to FIG. 4, after etching, the photoresist 
pattern 120 is optional removed and another photoresist 
pattern 130 overlaid entire areas by a lithographic technique 
to de?ne buried bit lines are folloWed. The photoresist 
pattern 130 contains photoresist sections covered the ?rst 
coding regions 110A and a region amid tWo adjacent ?rst 
coding regions 110A and therefore having tWo openings 140 
in betWeen to de?ne buried bit line regions 140, as is shoWn 
in the FIG. 4. 

[0022] Next, a ?rst ion implant by implanting ?rst con 
ductive impurities through the openings 140 into the semi 
conductor substrate 105 (as indicated by arroW) to form 
doping regions 145 using the photoresist pattern 130 as a 
mask is implemented. In a preferred embodiment, the ?rst 
conductive impurities are n-type conductive ions selected 
from phosphorus or arsenic ions using an energy and doses 
betWeen about 10-120 keV and 5><1014-2><1016/cm2, respec 
tively. After ion implant, the photoresist layer 130 is stripped 
aWay. 

[0023] Thereafter, as shoWn in FIG. 5, a ?rst thermal 
oxidation at a temperature betWeen about 700-1050° C. in 
oxygen ambient is performed to groW a ?rst, a second, and 
a third type of oxide layer 150A, 150B and 150C. The types 
of oxide layer are classi?ed in accordance With their thick 
ness. The ?rst type of oxide layer 150A is groWn at doping 
regions 145 and thus the oxide layer groWn rapidest than any 
other regions, Which are Without conductive impurities. The 
?rst type of oxide layer 150A has a thickness betWeen about 
30-100 nm in thickness. The second type of oxide layer 
150B contains ?rst coding oxide layer and neWly groWn 
oxide layer and the thickness is betWeen about 15-60 nm. 
The third type of oxide layer 150C. formed at remnant 
regions other than ?rst coding regions 110A and doping 
regions 145. It 150C contains neWly groWn oxide layer only 
and thus has the thinnest oxide layer. The thickness of third 
type of oxide layer 150C is betWeen about 3-20 nm. Fur 
thermore, during the ?rst thermal oxidation process, the ?rst 
conductive impurities in the doping regions 145 are driving 
into semiconductor substrate 105 to form buried bit line 
regions 145A. 
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[0024] Please refer to FIG. 6, a ?rst conductive layer 160 
betWeen about 50-500 nm is formed on entire areas by CVD 
method. The material of ?rst conductive layer 160 can be 
selected from in-situ doped polysilicon doping With phos 
phorus or arsenic, refractory metal silicide or refractory 
metal. Subsequently, the ?rst conductive layer 160 is pat 
terned to form Word lines 160 through lithographic and 
etching process. 

[0025] Referring to FIG. 7, a photoresist pattern 170 
coated on entire surface is carried out to de?ne second 
coding regions 180. The openings of photoresist pattern 170 
are at some regions either having a second type of oxide 
layer 150B or a third type of oxide layer 150C thereon. 
Subsequently, a high-energy ion implant through the ?rst 
conductive layer 170 is performed using the photoresist 
pattern as a mask. The step of high-energy ion implant is 
using p-type conductive impurities selected from boron or 
BF2+. The energy and doses are betWeen about 40-300 keV 
and 5><1012-5><1015/cm2, respectively. 
[0026] After ion implant, another thermal anneal is carried 
out to active the ions. Consequently, four kinds of threshold 
voltages are build-up in the different channel regions 
beneath forgoing three types of oxide layer 150A, 150B and 
150C relying on the thickness of oxide layer and Whether the 
regions With or Without p-type conductive impurities. 
Accordingly, four kinds of threshold voltage are shoWn. 
There are Vt0, Vt1, Vt2, and Vt3, respectively, correspond 
ing to third type of oxide layer Without and With coding 
implant and, second type of oxide layer Without and With 
coding implant. Table 1 shoWs several threshold voltages of 
NMOS mask ROMs by simulation according to the coding 
condition. 

TABLE 1 

Coding implant Coding Oxide 
Sample (cm)’2 A Vtn (V) 

A NO NO 0.69 
B 1.00E + 14 NO 2.81 
C 1.00E + 14 300 7.41 
D NO 300 1.84 
E 5.00E + 14 NO 3.95 
F 5.00E + 13 NO 6.16 

[0027] In the table 1 the coding implant is based on 
conditions of BF;, 100 keV through pad oxide 25 nm. For 
example, sample A is Without coding implant and sample B 
is implant by BF2+, 100 keV and at doses of about 1.00E+ 
14/cm2. 
[0028] FIG. 8 shoWs a synoptic layout for high-density 
multi-state mask ROM device in accordance With the 
present invention. Along line A-A‘, four kinds of coding 
conditions are shoWn. There are a ?rst region 180 having a 
?rst coding oxide layer and a second coding implant, a 
second region 190 having a second coding implant, a third 
region 200 having a ?rst coding layer, and a forth region 210 
having a third type of oxide layer 150C thereon only. 

[0029] The bene?ts of this invention are: 

[0030] The high-density multi-state mask ROM cells 
can achieve easily by simpler processes. 

[0031] As is understood by a person skilled in the art, the 
foregoing preferred embodiment of the present invention is 
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an illustration of the present invention rather than limiting 
thereon. It is intended to cover various modi?cations and 
similar arrangements included Within the spirit and scope of 
the appended claims, the scope of Which should be accorded 
the broadest interpretation so as to encompass all such 
modi?cations and similar structure. For example, in the 
FIG. 4, of the preferred embodiment, only one photoresist 
section 130 formed amid tWo adjacent ?rst coding regions 
110A, hoWever, tWo or more photoresist sections 130 
equally spaced in betWeen tWo adjacent ?rst coding regions 
1110A are only one type of slight modi?cations. 

What is claimed is: 
1. A method of forming multi-state mask ROM cells on a 

semiconductor substrate, said method comprising the steps 
of: 

forming a pad oxide layer on said semiconductor sub 
strate; 

patterning said pad oxide layer so as to form a plurality of 
?rst coding regions; 

forming a photoresist pattern on said ?rst coding regions 
and said semiconductor substrate to form a plurality of 
?rst openings; 

performing ?rst ion implant by implanting ?rst conduc 
tive impurities through said ?rst openings into said 
semiconductor substrate so as to form ?rst doping 
regions using said photoresist pattern as a mask; 

stripping said photoresist pattern; 

performing ?rst thermal oxidation so as to form oxide 
layers on said semiconductor substrate and driving said 
?rst conductive impurities into semiconductor substrate 
so as to form buried bit line regions; 

forming a ?rst conductive layer on said oxide layers; 

patterning said ?rst conductive layer to de?ne Word lines; 

forming a photoresist pattern on entire surface, said 
photoresist pattern having second openings as prede 
termined regions so as to de?ne second coding regions; 

performing second ion implant by implanting second 
conductive impurities through said ?rst conductive 
layer in said semiconductor substrate so as to form 
second coding regions using said photoresist pattern as 
a mask. 

2. The method according to claim 1, Wherein said ?rst 
coding regions having a plurality of ?rst openings in 
betWeen. 

3. The method according to claim 1, Wherein said oxide 
layers containing a ?rst type oxide layer, a second type oxide 
layer, and a third type oxide layer, respectively, having 
30-100 nm, 15-60 nm, and 3-20 nm in thickness. 

4. The method according to claim 3, Wherein said ?rst 
type oxide layer formed at ?rst doping regions, said second 
type oxide layer formed at ?rst coding regions, said third 
type oxide layer formed at remnant regions after said ?rst 
thermal oxidation. 

5. The method according to claim 1, Wherein said ?rst ion 
implant is using an energy and doses betWeen about 10-120 
keV and 5x1014-2x1016/cm2, respectively, said ?rst conduc 
tive impurities are selected from the group consisting of 
phosphorus and arsenic and combination thereof. 
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6. The method according to claim 1, Wherein said step of 
said performing ?rst thermal oxidation are carried out at a 
temperature betWeen about 700-1050° C. 

7. The method according to claim 1, Wherein said second 
ion implant is using an energy and doses betWeen about 
40-300 keV and 5x1012-5x1015/cm2, respectively, said sec 
ond conductive impurities are selected from the group 
consisting of boron and B132+ and combination thereof. 

8. The method according to claim 3, Wherein said second 
coding regions comprises a portion of regions having either 
said second type oxide layer or said third type oxide layer 
thereon. 

9. The method according to claim 1, further comprising a 
thermal annealing process so as to active said second 
conductive impurities. 

10. A method of forming multi-state mask ROM cells on 
a semiconductor substrate, said method comprising the steps 
of: 

forming a pad oxide layer on said semiconductor sub 
strate; 

patterning said pad oxide layer so as to form a plurality of 
?rst coding oxide regions spaced from each other; 

forming a photoresist pattern to overlay said ?rst coding 
oxide regions and a plurality of regions amid said ?rst 
coding oxide regions so as to form a plurality of ?rst 
openings; 

performing ?rst ion implant by implanting ?rst conduc 
tive impurities through said ?rst openings into said 
semiconductor substrate so as to form ?rst doping 
regions using said photoresist pattern as a mask; 

stripping said photoresist pattern; 

performing ?rst thermal oxidation so as to groW ?rst, 
second, and third type of oxide layer on said semicon 
ductor substrate and driving said ?rst conductive impu 
rities into said semiconductor substrate, said ?rst type 
of oxide layer being formed at ?rst doping regions, said 
second type of oxide layer being regions With ?rst 
coding oxide layer thereon, said third type of oxide 
layer being remnant regions; 

forming a ?rst conductive layer on said oxide layers; 

patterning said ?rst conductive layer to de?ne Word lines; 

forming a photoresist pattern on entire surface to de?ne 
second coding region, said de?ned second coding 
regions having either said ?rst coding oxide regions or 
said third type oxide layer thereon; and 

performing second ion implant by implanting second 
conductive impurities through said ?rst conductive 
layer into said semiconductor substrate so as to form 
second coding regions using said photoresist pattern as 
a mask. 

11. The method according to claim 10, Wherein said ?rst 
type oxide layer, said second type oxide layer, and said third 
type oxide layer, respectively, having 30-100 nm, 15-60 nm, 
and 3-20 nm in thickness. 

11. The method according to claim 10, Wherein said ?rst 
ion implant is using an energy and doses betWeen about 
10-120 keV and 5x1014-2x1016/cm2, respectively, said ?rst 
conductive impurities are selected from the group consisting 
of phosphorus and arsenic and combination thereof. 
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12. The method according to claim 10, wherein said step 
of said performing ?rst thermal oxidation are carried out at 
a temperature betWeen about 700-1050° C. 

13. The method according to claim 10, Wherein said 
second ion implant is using an energy and doses betWeen 
about 40-300 keV and 5x1012-5x1015/cm2, respectively, 
said second conductive impurities are selected from the 
group consisting of boron and B132+ and combination 
thereof. 
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14. The method according to claim 10, further comprising 
a thermal annealing process so as to active said second 
conductive impurities. 

15. The method according to claim 10, Wherein said steps 
of forming a photoresist pattern to overlay said ?rst coding 
oXide regions containing at least one photoresist section 
equally distributed in betWeen any tWo adjacent ?rst coding 
oXide regions. 


