
US 20040251496A1 

(12) Patent Application Publication (10) Pub. No.: US 2004/0251496 A1 
(19) United States 

Brown et al. (43) Pub. Date: Dec. 16, 2004 

(54) ZERO THRESHOLD VOLTAGE PFET AND Publication Classi?cation 
METHOD OF MAKING SAME 

(51) Int. Cl.7 ................................................... .. H01L 29/76 

(75) Inventors; Je?'rey S_ Brown, Middlesex, VT (Us); (52) US. Cl. ............................................................ .. 257/337 

Chung H. Lam, Williston, VT (US); 
Randy W. Mann, Poughquag, NY (57) ABSTRACT 
(US); J e?'rey H. Oppold, Richmond, AZero threshold voltage (ZVt) pFET (104) and a method of 
VT (US) making the same. The ZVt pFET is made by implanting a 

p-type substrate (112) With a retrograde n-Well (116) so that 
Correspondence Address: a pocket (136) of the p-type substrate material remains 
DOWNS RACHLIN MARTIN PLLC adjacent the surface of the substrate. This is accomplished 
199 MAIN STREET using an n-Well mask (168) having a pocket-masking region 
P () BOX 190 (184) in the aperture (180) corresponding to the ZVt pFET. 
BURLINGTON, VT 05402_0190 (Us) The n-Well may be formed by ?rst creating a ring-shaped 

precursor n-Well (116‘) and then annealing the substrate so as 
(73) Assignee; INTERNATIONAL BUSINESS to cause the regions of the loWer portion (140‘) of the 

MACHINES CORPORATION, precursor n-Well to merge With one another to isolate the 
Armonk, NY (Us) pocket of p-type substrate material. After the n-Well and 

isolated pocket of p-type substrate material have been 
(21) Appl, No; 10/250,190 formed, remaining structures of the ZVt pFET may be 

formed, such as a gate insulator (128), gate (132), source 
(22) Filed: Jun. 11, 2003 (120), and drain (124). 

1 00 

104 108 
132 IR, 160 152 

124 148 156 164 
120 128 164 

l \ I r _I T 

_STI + +4 ‘ I ‘1+ \ 11+ 164/ p-subst. . p_we|1 . 

136 \ 
\ - n-well 144 

116‘ K140 p-substmte 

112 



Patent Application Publication Dec. 16, 2004 Sheet 1 0f 4 US 2004/0251496 A1 

FIGJ 
PRIOR ART 

FIG.2 
PRIOR ART 

56 

Hi i HHH UiH? 
lZ////Z///////////////l kzzézzzazzzzz 444422 (a 



Patent Application Publication Dec. 16, 2004 Sheet 2 0f 4 US 2004/0251496 A1 

100 ' 

K 132 104 108 160 
/~-’ 124 1 152 120128 \F 164 148 _/l 156 164 _\\ / g J/ Gill If / 

+ ' n+ T ~S'I'l ' \ STI ‘ \_I1i__ SH 
164/ p-subst. ' Fwd] \ V 

/?\ \ - n-well 136) L jk 
116 I " L140 p-substrate 1 

112] 
FIG.4 

172 £188“, US$80 r 168 176 
w WW i {'1 & M? 

i’7//l \\ v/y/xk/u \T/////////1/////////// 
1 84 

precursor prccumor ' 
n-well n-wel] _ 

1 1 6 I p-substrate 

112] K140’! 
Has 

K it C 
116 



Patent Application Publication Dec. 16, 2004 Sheet 3 0f 4 US 2004/0251496 A1 

‘ HG.6 

192 

M17204 4 i H Hi4 x L 
F7/////f/K/////////////////I 

, why - ' rp-well \ 

~ n-well - 

- p-substratc L144 

“2f 
FIG}; ' 132 ‘164 i’ '160 

164 156\\|'_L\<L1te ‘64 
\psn ' \wm/ sn- 7 WC“ sn- ‘ 

& n-well } p- \L )k 
p-substrate 144 

nzf 
1516.8’ ' _ 

104 - v 7 I96 

MHHHHH/ 
[ff/l1 1;////////Z///f%//////////////I 

- / Gate 



Patent Application Publication Dec. 16, 2004 Sheet 4 0f 4 US 2004/0251496 A1 

H69 
1 200 

HHiH HHJ/ 
_ a; 148) Z (152 

STI E+ <p_subst> E'+ ~ s'n n-+‘\ ate n+ 1' S'H 
' pwell 

n-well 

“2f 
p-substrate 



US 2004/0251496 A1 

ZERO THRESHOLD VOLTAGE PFET AND 
METHOD OF MAKING SAME 

BACKGROUND OF INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to the ?eld 
of semiconductors. More particularly, the present invention 
is directed to a Zero threshold voltage pFET and a method of 
making the same. 

[0003] 2. Background of the Invention 

[0004] Zero, or loW, threshold voltage (ZVt) devices are 
useful in various types of integrated circuits (ICs). For 
example, ZVt ?eld-effect transistors (FETs) are desirable in 
certain applications because of their high sWitching speed 
and loW saturation voltage. ZVt FETs are useful in analog 
circuits, e.g., ampli?ers and poWer supplies, and in digital 
circuits, e.g., for poWer supply decoupling in logic circuits, 
among other uses. 

[0005] In the manufacture of semiconductor ICs, process 
ing often begins With a p-doped Wafer. Due to this p-doping, 
it is a relatively simple matter to form ZVt nFETs Without 
the need to provide any masks in addition to the masks used 
to form the implanted Wells of standard threshold voltage 
(Std-Vt) FETs. Since there are no additional costs needed for 
additional masks With respect to ZVt nFETs, Zvt nFETs may 
be called “free” devices. HoWever, using conventional pro 
cessing techniques, ZVt pFETs are not free devices, since 
they Would have to be made using an additional counter 
doping mask that Would not be needed to form the n-Well of 
a Std-Vt pFET. This is illustrated in FIGS. 1 and 2. FIG. 1 
illustrates the step of forming a conventional n-Well 20 in a 
p-type substrate 24 using a typical n-Well mask 28. After 
n-Well 20 is formed, a Std-Vt pFET 32 may be made by 
forming shalloW trench isolators (STIs) 36, gate insulator 
40, gate 44, source 48, and drain 52, among other things, 
using conventional techniques. 

[0006] As shoWn in FIG. 2, if a ZVt pFET 56 Were desired 
under conventional thinking, n-Well 20 of FIG. 1 Would 
have to be counterdoped to form a counterdoped region 60 
beneath gate 44‘ that Would become the channel of the ZVt 
PFET. After the counterdoping has been performed, the 
other structures of ZVt pFET 56, e.g., shalloW trench iso 
lators (STIs) 36‘, gate insulator 40‘, gate 44‘, source 48‘, and 
drain 52‘, among other things, may be formed using con 
ventional techniques. This counterdoping of n-Well 20 
requires an additional mask 64 to mask regions of substrate 
24 Where counterdoping is unWanted, e.g., at all regions 
other than the regions of the ZVt pFETs. This additional 
mask 64 and associated Wafer processing adds to the cost of 
an IC. Due to these additional costs, ZVt pFETs are not free 
devices. Since ZVt pFETs are not free devices, IC designers 
generally avoid using them. It Would be bene?cial if there 
Were a method of making ZVt pFETs Without additional 
mask and associated processing costs. 

SUMMARY OF INVENTION 

[0007] An integrated circuit comprising a device that 
includes a substrate made of a material. The substrate 
includes a surface, an implanted Well having a ?rst dopant 
type and a loWer portion distal from the surface. A pocket 
consisting of the material is formed Within the implanted 
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Well betWeen the loWer portion of the implanted Well and the 
surface of the substrate. An insulator is located proximate 
the surface of the substrate above the pocket. An electrode 
is located proximate the insulator and is located substantially 
in registration With the pocket. 

[0008] A method of forming an integrated circuit device 
on a substrate made of a material and having a surface. The 
method comprises the step of providing a mask to the 
substrate that protects a pocket of the adjacent the surface of 
the substrate. An implanted Well is formed so that the 
implanted Well isolates the pocket. An insulator is formed 
proximate the surface of the substrate above the pocket. An 
electrode is formed proximate the insulator above the 
pocket. 

BRIEF DESCRIPTION OF DRAWINGS 

[0009] For the purpose of illustrating the invention, the 
draWings shoW a form of the invention that is presently 
preferred. HoWever, it should be understood that the present 
invention is not limited to the precise arrangements and 
instrumentalities shoWn in the draWings, Wherein: 

[0010] FIG. 1 is a cross-sectional vieW of a prior art 
Std-Vt pFET illustrating the step of forming an n-Well in a 
substrate; 
[0011] FIG. 2 is a cross-sectional vieW of the Std-Vt pFET 
of FIG. 1 illustrating the step of counterdoping the n-Well in 
order to form a prior art loWer-Vt pFET; 

[0012] FIG. 3 is a cross-sectional vieW of an integrated 
circuit that includes a conventional nFET and a ZVt pFET 
of the present invention; 

[0013] FIG. 4 is a cross-sectional vieW of the integrated 
circuit of FIG. 3 during its manufacture, shoWing the 
creation of a precursor n-Well ring in the substrate for the 
ZVt pFET; 

[0014] FIG. 5 is a cross-sectional vieW of the integrated 
circuit of FIG. 3 during its manufacture, shoWing the 
merging of the loWer portion of the precursor n-Well to form 
a pocket of p-substrate material beneath the gate of the ZVt 
pFET; 

[0015] FIG. 6 is a cross-sectional vieW of the integrated 
circuit of FIG. 3 during its manufacture, shoWing the 
formation of a p-Well for the nFET; 

[0016] FIG. 7 is a cross-sectional vieW of the integrated 
circuit of FIG. 3 during its manufacture, shoWing the 
formation of shalloW trench insulators, gate insulators, and 
gates for the ZVt pFET and nFET; 

[0017] FIG. 8 is a cross-sectional vieW of the integrated 
circuit of FIG. 3 during its manufacture, shoWing the 
formation of the source and drain of the ZVt pFET; and 

[0018] FIG. 9 is a cross-sectional vieW of the integrated 
circuit of FIG. 3 during its manufacture, shoWing the 
formation of the source and drain of the nFET. 

DETAILED DESCRIPTION 

[0019] FIG. 3 shoWs in accordance With the present 
invention an integrated circuit (IC), denoted generally by the 
numeral 100. Importantly, IC 100 includes a unique Zero, or 
loW, threshold voltage (ZVt) pFET 104 that, as described 
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below, can be made Without any masks in addition to the 
masks that Would otherwise be used in forming the various 
devices of the IC. As those skilled in the art Will appreciate, 
IC 100 may have any type and number of devices, e.g., 
capacitors, standard threshold voltage (Std-Vt) FETs, and 
ZVt nFETs, among others, appropriate for the application of 
the IC. HoWever, for convenience, only a small portion of IC 
100 is shoWn to illustrate the inventive method of forming 
ZVt pFET 104. Also for convenience, ZVt pFET 104 is 
shoWn proximate a Std-Vt nFET 108 to illustrate the making 
of the ZVt pFET in conjunction With another device. Those 
skilled in the art Will understand that generally only basic 
components of ZVt pFET 104 and Std-Vt nFET 108 are 
shoWn. Components not shoWn, e.g., insulating layers, con 
tacts, and conductors, are Well knoWn in the art and do not 
need to be shoWn for those skilled in the art to understand 
the scope of the present invention. 

[0020] IC 100 generally includes a substrate 112, such as 
a p-doped Wafer or combination of one or more epitaxial 
layers and a Wafer, that provides the basic structure of ZVt 
pFET 104 and Std-Vt nFET 108. ZVt pFET 104 includes an 
n-Well 116, a source 120, a drain 124, a gate insulator 128, 
a gate 132, and a pocket 136 of p-substrate material located 
betWeen the gate and the loWer portion 140 of the n-Well. 
The formation of pocket 136 is an important aspect of the 
present invention, since this may be accomplished Without 
additional masks. Thus, ZVt pFET 104 may be considered 
a “free device,” as described in the background section 
above. Std-Vt nFET 108 may be a conventional nFET that 
includes a p-Well 144, a source 148, a drain 152, a gate 
insulator 156, and a gate 160. STIs 164 may be provided 
around ZVt pFET 100 and Std-Vt nFET 108 as needed to 
isolate the regions of these devices from one another and 
other surrounding devices (not shoWn). STIs 164 may be 
formed using any of the Well-knoWn methods practiced in 
the art. As those skilled in the art Will appreciate, STIs 164 
may be formed before or after Well implanting is performed. 

[0021] FIGS. 4-9 illustrate various steps in the formation 
of IC 100 (FIG. 3) and, particularly, ZVt pFET 104. 
Referring to FIG. 4, an n-Well mask 168 may be used to 
implant substrate 112 With a generally ring-shaped precursor 
n-Well 116‘ in the region 172 of ZVt pFET 104 (FIG. 3). All 
other regions not receiving an n-Well implant, e.g., region 
176 of nFET, are masked by n-Well mask 168. To create 
ring-shaped precursor n-Well 116‘, n-Well mask 168 includes 
a generally ring-shaped aperture 180, the inner periphery of 
Which is de?ned by a “pocket-masking region”184 that 
masks the central portion of ZVt pFET region 172 so as to 
alloW the formation of pocket 136 (FIG. 3) of un-implanted 
substrate material beneath gate 132. After n-Well mask 168 
has been properly registered With respect to substrate 112, 
the substrate is implanted by bombarding it With suitable 
n-type dopant atoms in any manner knoWn in the art. It is not 
necessary to describe implantation techniques in any detail, 
since such techniques are Widely knoWn in the art. 

[0022] Although not shoWn, Wherever Std-Vt pFETs are 
desired, n-Well mask 168 Would include conventional n-Well 
apertures. Generally, an aperture for forming ZVt pFET 104 
is the same as a conventional n-Well aperture, but With 
pocket-masking region 184, for creating pocket 136 (FIG. 
3) during formation of n-Well 140. As Will be readily 
appreciated by those skilled in the art, all that is generally 
required to form n-Well 140 and pocket 136 of ZVt pFET 
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104 is to add a pocket-masking region 184 to a conventional 
n-Well mask for each ZVt pFET desired. Therefore, no 
additional masks are needed to form ZVt pFET 104 relative 
to the number of masks needed to form Sdt-Vt FETs, such 
as nFET 108, and ZVt nFETs. 

[0023] As can be seen in FIG. 4, n-Well 116 (FIG. 3) may 
be formed by implanting precursor ring-shaped n-Well 116‘ 
as a retrograde Well. Precursor n-Well 116‘ generally spreads 
out in cross-section as the dopant concentration increases 
With depth. HoWever, the spreading is typically not so great 
that loWer portion 140‘ of precursor n-Well 116‘ becomes 
continuous underneath pocket-masking region 184 of n-Well 
mask 168. This is most often true When implantation is 
performed normal to the surface of substrate 112. One Way 
to cause regions of loWer portion 140‘ of precursor n-Well 
116‘ to merge With one another to form continuous n-Well 
116 of FIG. 3 is to subject substrate 112 to annealing 
temperatures in a manner knoWn in the art. This annealing 
process causes doping atoms in precursor n-Well 116‘ to 
diffuse laterally, causing regions of loWer portion 140‘ to 
spread and merge With one another to form pocket 136 of 
original substrate material above the bottom of the noW 
continuous n-Well 116. Merged n-Well 116 is shoWn in FIG. 
5. 

[0024] Depending upon the Width W of pocket-masking 
region 184, the depth of n-Well 116, and dopant concentra 
tion in the loWer portion 140 of the n-Well, among other 
variables, skeWed implantation may be used to supplement 
annealing or to eliminate the need to anneal substrate. As is 
readily apparent, implanting dopant atoms at an angle 
skeWed from normal may be used to implant these atoms 
farther underneath pocket-masking region 184 of n-Well 
mask 168 than implantation performed normal to the surface 
of substrate 112 could achieve. If Width W of pocket 
masking region 184 is small enough and the angle of 
implantation is large enough With respect to a normal from 
the surface of substrate 112, implantation may be great 
enough that atoms implanted from one side of the pocket 
masking region may extend into the region doped With 
atoms implanted from the opposite side of the pocket 
masking region, particularly When implantation is per 
formed at multiple angles in opposing directions. These 
skeWed implantations are represented by arroWs 188 in FIG. 
4. It is noted that Width W of pocket-masking region 184 is 
dependent upon a number of variables, such as the Width of 
gate 132 (FIG. 3) and method of implantation, among 
others. While these variables exist, it is Well Within ordinary 
skill in the art to determine suitable values for these vari 
ables Without undue experimentation. Therefore, a detailed 
presentation of interrelation of these variables and an 
exhaustive list of parameters are not required for those 
skilled in the art to practice the full scope of the present 
invention, as de?ned by the appended claims. 

[0025] After merged n-Well 116 has been formed, sub 
strate 112 may be further processed to form the remaining 
structures of ZVt pFET 104 and Std-Vt nFET 108. For 
example, FIG. 6 illustrates the formation of p-Well 144 of 
Std-Vt nFET 108 (FIG. 3) using a p-Well mask 192 to mask 
all regions of substrate 112 Where p-doping is not desired, 
e.g., at region 172 of ZVt pFET 104. Once p-Well mask 192 
has been positioned properly, substrate 112 is implanted With 
suitable p-type dopant atoms in a manner knoWn in the art. 
FIG. 7 illustrates several steps performed subsequent to the 
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formation of p-Well 144. STIs 164 and gate insulators 128, 
156 may be formed, followed by the formation of polysili 
con gates 132, 160 (electrodes). Each of these steps may be 
performed in any manner knoWn in the art. Since the 
techniques used to form these structures are Well-knoWn in 
the art, they need not be described herein. FIGS. 8 and 9 
shoW, respectively, the doping of substrate 112 to form, 
respectively, source 120 and drain 124 of ZVt pFET 104 and 
source 148 and drain 152 of Std-Vt nFET 108 utiliZing a ZVt 
pFET source and drain mask 196 and an Std-Vt nFET source 
and drain mask 200. Sources 120, 148 and drains 124, 152 
may be formed using conventional masking and implanta 
tion techniques. 

[0026] Although the invention has been described With 
respect to forming a ZVt pFET 104 on a p-doped substrate 
112, those skilled in the art Will readily appreciate that a ZVt 
nFET may similarly be formed on a n-doped substrate. In 
addition, those skilled in the art Will understand that IC 
devices other than ZVt FETs, e.g., ZVt capacitors, may be 
made in accordance With the present invention. A ZVt 
capacitor is similar to a ZVt FET but Would have a larger 
“gate” electrode and no source (or drain). 

[0027] While the present invention has been described in 
connection With a preferred embodiment, it Will be under 
stood that it is not so limited. On the contrary, it is intended 
to cover all alternatives, modi?cations, and equivalents as 
may be included Within the spirit and scope of the invention 
as de?ned above and in the claims appended hereto. 

1. An integrated circuit, comprising: 

a) a device that includes: 

i) a substrate made of a material and including: 

A) a surface; 

B) an implanted Well having a ?rst dopant type and 
a loWer portion distal from said surface; and 

C) a pocket, consisting of said material, formed 
Within said implanted Well betWeen said loWer 
portion of said implanted Well and said surface of 
said substrate; 

ii) an insulator proximate said surface of said substrate 
above said pocket; and 

iii) an electrode proximate said insulator and located 
substantially in registration With said pocket. 

2. An integrated circuit according to claim 1, Wherein said 
device is a ?eld effect transistor. 

3. An integrated circuit according to claim 2, Wherein said 
electrode comprises a gate. 

4. An integrated circuit according to claim 1, Wherein said 
substrate is a Wafer. 

5. An integrated circuit according to claim 4, Wherein said 
material is p-doped silicon. 

6. An integrated circuit according to claim 5, Wherein said 
implanted Well is an n-Well. 
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7. An integrated circuit according to claim 1, Wherein said 
implanted Well is a retrograde Well. 

8-20: (Canceled) 
21. An integrated circuit, comprising: 

a) a device that includes: 

i) a substrate having an original dopant level, said 
substrate including: 

A) a surface; 

B) an implanted Well comprising a loWer portion 
distal from said surface; and 

C) a pocket leaving said original dopant level and 
being formed Within said implanted Well betWeen 
said loWer portion of said implanted Well and said 
surface of said substrate; 

ii) an insulator proximate said surface of said substrate 
and located substantially in registration With said 
pocket; and 

iii) an electrode proximate said insulator and located 
substantially in registration With said pocket. 

22. An integrated circuit according to claim 1, Where said 
original dopant level is greater than Zero. 

23. An integrated circuit, comprising: 

a) a device that includes; 

i) a substrate comprising an original material and 
including: 

A) a surface; 

B) an implanted Well having a ?rst dopant type and 
a loWer portion distal from said surface; and 

C) a pocket, consisting essentially of said original 
material, formed Within said implanted Well 
betWeen said loWer portion of said implanted Well 
and said surface of said substrate; 

ii) an insulator proximate said surface of said substrate 
above said pocket; and 

iii) an electrode proximate said insulator and located 
substantially in registration With said pocket. 

24. An integrated circuit according to claim 23, Wherein 
said device is a ?eld effect transistor. 

25. An integrated circuit according to claim 24, Wherein 
said electrode comprises a gate. 

26. An integrated circuit according to claim 23, Wherein 
said substrate is a Wafer. 

27. An integrated circuit according to claim 26, Wherein 
said material is p-doped silicon. 

28. An integrated circuit according to claim 27, Wherein 
said implanted Well is an n-Well. 

29. An integrated circuit according to claim 23, Wherein 
said implanted Well is a retrograde Well. 

* * * * * 


