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(54) Title: LOW NOISE JFET

(57) Abstract: A low noise (1/f) junction field effect transistor (JFET) and method
are disclosed. A buried layer of first conductivity type is formed in a substrate (102).
An epitaxial layer of second conductivity type is formed over the substrate (103). First
well regions of first conductivity type are formed in the epitaxial layer down to the
bottom gate (106); and a second well region of second conductivity type is formed
between the first well regions (108). Isolation regions are formed in the surface of
the epitaxial layer (110). A first Vt region of first conductivity type is formed in the
second well region between first and second isolation regions (112); and a second Vt
region of second conductivity type is formed in the first Vt region (114), the first Vt
region being deeper than the second Vt region. A source region and a drain region of
first conductivity type are formed in the first Vt region ( 118).
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LOW NOISE JFET

The disclosure herein relates generally to semiconductor processing, and more

particularly to fashioning a low noise junction field effect transistor (JFET).

BACKGROUND

It can be appreciated that different electronic devices may have different requirements

depending upon a particular device's application. For example, high performance precision

analog applications may require very low noise, simple yet precise component matching,

high speed and long term matching stability. In addition to demanding low component noise

and precise component matching, precision analog products also require that operations of

critical components be reliable and un-modulated by other undesired sources such as

overlying conducting metal buses. It would, therefore, be desirable to fashion transistors that

operate with low noise, good matching and high disturbance immunity characteristics.

It can also be appreciated that transistors are basic building blocks of semiconductor

circuitry and electronic devices. Accordingly, the type of transistor used depends upon the

applications and the characteristics of the transistor. For example, junction field effect

transistors (JFETs) generally exhibit very low 1/f noise and high input impedance.

Complementary metal oxide semiconductor (CMOS) transistors, on the other hand, operate

with a relatively higher level of noise and have a high impedance or low input current.

Bipolar transistors, in contrast, accommodate good matching and, low noise, but exhibit a

low impedance or a high input current. Given the desire for low noise in high performance

precision analog applications and the propensity for JFET transistors to operate with low

noise, it would thus be desirable to produce a JFET in a cost effective manner that allows the

JFET to operate with even lower noise so that the JFET can be implemented in a high

performance precision analog application.

SUMMARY

Fashioning a low noise (1/f) junction field effect transistor (JFET) is disclosed, where

multiple implants are performed to push a conduction path of the transistor away from the

surface of a layer upon which the transistor is formed. In this manner, current flow in the

conduction path is less likely to be disturbed by defects that may exist at the surface of the

layer, thereby mitigating (l/f) noise.



BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow diagram illustrating an example methodology for forming a low noise

junction field effect transistor (JFET).

FIGS. 2-10 are cross-sectional views of a semiconductor substrate wherein an

example low noise JFET is formed.

FIG. 11 is a top view of a semiconductor substrate wherein an example low noise

JFET is formed, where a cross section taken along lines 10-10 in FIG. 11 may correspond to

the device illustrated in FIG. 10.

FIG. 12 is a top view of a semiconductor substrate wherein an example low noise

JFET is formed, where a cross section taken along lines 13-13 of FIG. 12 may correspond to

the device illustrated in FIG. 13.

FIG. 13 is a cross-sectional view of a semiconductor substrate wherein an example

low noise JFET is formed.

FIG. 14 is a cross-sectional view of a semiconductor substrate wherein an example

low noise JFET is formed.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

An example methodology 100 for forming a low noise (1/f) junction field effect

transistor (JFET) is illustrated in FIG. 1, and FIGS. 2-14 are primarily cross sectional views

of a semiconductor substrate 200 wherein such a method is implemented. While the method

100 is illustrated and described below as a series of acts or events, it will be appreciated that

the illustrated ordering of such acts or events are not to be interpreted in a limiting sense. For

example, some acts may occur in different orders and/or concurrently with other acts or

events apart from those illustrated and/or described herein. In addition, not all illustrated acts

may be required to implement one or more aspects or embodiments of the disclosure herein.

Further, one or more of the acts depicted herein may be carried out in one or more separate

acts and/or phases.

At the outset, a buried layer or a back or bottom gate (BG) region 202 having a first

electrical conductivity type (e.g., n or p type) is formed in the semiconductor substrate 200 at

102 (FIG. X). The BG 202 can be formed, for example, by forming and patterning a first

resist 204 over the substrate 200 and performing a first (selective) implantation 206 of one or

more dopants into the substrate 200. It will be appreciated that substrate as referred to herein



may comprise any type of semiconductor body (e.g., silicon, SiGe, SOI) such as a

semiconductor wafer or one or more die on a wafer, as well as any other type of

semiconductor and/or epitaxial layers formed thereon and/or otherwise associated therewith.

It will also be appreciated that the patterning of the first resist 204 (as with all masking

and/or patterning mentioned herein) can be performed in any suitable manner, such as with

lithographic techniques, for example, where lithography broadly refers to processes for

transferring one or more patterns between various media. In lithography, a light sensitive

resist coating (e.g., 204) is formed over one or more layers to which a pattern is to be

transferred. The resist coating is then patterned by exposing it to one or more types of

radiation or light which (selectively) passes through an intervening lithography mask

containing the pattern. The light causes exposed or unexposed portions of the resist coating

to become more or less soluble, depending on the type of resist used. A developer is then

used to remove the more soluble areas leaving the patterned resist. The patterned resist can

then serve as a mask for the underlying layer or layers which can be selectively treated (e.g.,

doped).

At 104, an epitaxial or EPI layer 208 having a second electrical conductivity type

(e.g., p or n type) is formed (e.g., grown) over the surface of the substrate 200 (FIG. 3). At

106, first well regions 212 having the first electrical conductivity type are (selectively)

formed within the EPI layer 208 down to the BG 202 (FIG. 3). The first well regions 212

may be formed, for example, with a second patterned resist 214 and a second implantation

216. The first well regions 212 are typically formed to have a dopant concentration that is

lower than the dopant concentration of the BG 202.

Second well regions 218 having the second electrical conductivity type are then

(selectively) formed within the EPI layer 208 adjacent to the first well regions 212 at 108

(FIG. 4). The second well regions 218 may be formed, for example, with a third patterned

resist 220 and a third implantation 222. The second well regions 218 are typically formed to

have a dopant concentration that is greater than the dopant concentration of the EPI layer

208.

At 110, isolation regions 226 are formed in the EPI layer 208 to electrically isolate

different active areas from one another (FIG. 5). The isolation regions 226 can comprise

LOCOS (local oxidation of silicon) FOX (field oxide) regions and/or STI (shallow trench



isolation) regions, for example. To implement LOCOS isolation regions, for example, a

hardmask (e.g., of Si N4) (not shown) may be formed over the EPI layer 208 and patterned so

that underlying areas where the isolation regions are to be formed are exposed. Then, one or

more dopants (e.g., Boron) can be implanted into these exposed areas to form channel stops

that mitigate the formation of inversion layers which could create undesirable conductive

channels between adjacent devices. A relatively thick (e.g., around 500 nm) oxide pad (e.g.,

SiO ) is then grown in the exposed areas, where the hardmask inhibits such growth in

locations other than these areas. Due to its thickness, the oxide is formed relatively quickly

by a wet growth process to keep the fabrication process timely. The hardmask is then

removed, leaving the LOCOS or FOX isolation regions 226.

A first threshold voltage (Vt) region 230 having the first electrical conductivity type

is formed in the EPI layer 208 at 112 (FIG. 6). The first Vt region 230 may be formed, for

example, with a fourth patterned resist 232 and a fourth implantation 234. It can be

appreciated that the implanted dopants constituting region 230 are self aligned with the

isolation regions 226. Accordingly, if the resist 232 happens to be pulled back, the first Vt

region 230 will still be positioned as desired because of the self alignment with the isolation

regions 226. The first Vt region 230 is typically formed to have a dopant concentration that

is greater than the dopant concentration of the first well regions 212. In one example, the

first Vt region 230 is formed to a depth of between about 0.5 um and about 1.5 um, for

example.

Also, as will be appreciated, forming the low (1/f) noise transistor as described herein

can be done as part of/concurrently with a CMOS fabrication process, thus allowing the

JFET to be to be produced in a cost effective manner. That is, acts necessary to form the

JFET can be "borrowed" from the CMOS flow. In this manner, the low noise JFET can be

fabricated as part of a CMOS process flow without having to modify the CMOS flow (or

otherwise develop a special flow for the JFET). Accordingly, region 230 is referred to as a

(first) threshold voltage (Vt) region because the (fourth) implantation 234 used to form it

may correspond to a threshold voltage (Vt) implantation that is performed as part of a CMOS

fabrication process.

A second threshold voltage (Vt) region 240 having the second electrical conductivity

type is then formed over the first threshold voltage region 230 at 114 (FIG. 7). The second



Vt region 240 may be formed, for example, with a fifth patterned resist 242 and a fifth

implantation 244. As with region 230, the implanted dopants constituting region 240 are self

aligned with the isolation regions 226, thus being somewhat independent of the patterning of

the fifth resist 242. The second Vt region 240 is typically formed to have a dopant

concentration that is greater than the dopant concentration of the second well regions 218. In

any event, since the second Vt region 240 is formed over/within the first Vt region 230, the

second Vt region 240 has a concentration of second electrical conductivity type (e.g., p or n

type) dopants that is sufficient to overpower/overcome the concentration of first electrical

conductivity type (e.g., n or p type) dopants of the first Vt region 230 in this area of the EPI

layer 208. In one example, the second Vt region 240 is formed to a depth of between about

0.1 um and about 0.3 um, for example.

Similar to region 230, region 240 is referred to as a (second) threshold voltage (Vt)

region because the (fifth) implantation 244 used to form it may also correspond to a threshold

voltage (Vt) implantation that is performed as part of a CMOS fabrication process.

Moreover, since the second Vt region 240 is formed over/within the first Vt region 230, and

more particularly has the same dimensions as the first Vt region 230, the fifth patterned resist

242 used to form the second Vt region 240 may correspond to the fourth patterned resist 232

used to form the first Vt region 230. That is, the fifth patterned resist 242 and the fourth

patterned resist 232 may, in fact, comprise the same resist. It can be appreciated that

utilizing a single patterned resist/mask to form both the first and second Vt regions 230, 240

streamlines the fabrication process, at least, by reducing the number of patterning activities

that have to be performed.

At 116, source and drain regions 250, 252 having the first electrical conductivity type

are formed in a spaced apart manner over/within the first and second Vt regions 230, 240

(FIG. 8). The source and drain regions 250, 252 may be formed, for example, with a sixth

patterned resist 254 and a sixth implantation 256. The source and drain regions 250, 252 are

again self aligned with at least some of the isolation regions 226, thus tolerating some

variation in the patterning of the sixth resist 254. The source and drain regions 250, 252 are

typically formed to have a dopant concentration that is greater than the dopant concentration

of the first well regions 212. In any event, since the source and drain regions 250, 252 are

formed over/within the first and second Vt regions 230, 240, the source and drain regions



250, 252 have a concentration of first electrical conductivity type (e.g., n or p type) dopants

that is sufficient to overpower/overcome the concentration of second electrical conductivity

type (e.g., p or n type) dopants of the second Vt region 240 as well as the concentration of

first electrical conductivity type (e.g., n or p type) dopants of the first Vt region 230 in this

area of the EPI layer 208. In one example, the source and drain regions 250, 252 are formed

to a depth of between about 0.1 um and about 0.35 um, for example. Forming the source and

drain regions to a depth that is greater than the depth of the second Vt region 240 allows the

source and drain regions 250, 252 to electrically couple to the first Vt region 230.

At 118, a source or drain region 260 having the second electrical conductivity type is

formed in a second well region 218 between the first well regions 212 (FIG. 9). The source

or drain region 260 may be formed, for example, with a seventh patterned resist 264 and a

seventh implantation 266. The source or drain region 260 is again self aligned with at least

some of the isolation regions 226, thus tolerating some variation in the patterning of the

seventh resist 264. The source or drain region 260 is typically formed to have a dopant

concentration that is greater than the dopant concentration of the second well region 218. It

will be appreciated that the source or drain region 260 serves as a mechanism for contacting

the second well region 218. In one example, the source or drain region 260 is formed to a

depth of between about 0.1 um and about 0.3 um, for example.

FIG. 10 illustrates the structure of FIG. 9 with the resist 264 removed (e.g., stripped).

FIG. 11 is a top view of a the structure of FIG. 10, where a cross section taken along lines

10-10 in FIG. 11 corresponds to the device illustrated in FIG. 10. Isolation regions 226 are

not depicted in FIG. 11 (or FIG. 12) for simplicity. It can be appreciated that the entire

structure is isolated (e.g., by the buried layer 202 on the bottom and the first well regions 212

on all sides). It can also be appreciated that the first and second Vt regions 230, 240 extend

(into and out of the page in FIG. 10) more than the source and drain regions 250, 252. That

is, the source and drain regions 250, 252 have a length 251 that is less than a length 253 of

the first and second Vt regions 230, 240 so that the source and drain regions 250, 252 do not

overlie all of the first and second Vt regions 230, 240. This allows the second Vt region 240

to electrically couple to the second well region 218.

The ability of the second Vt region 240 to connect to the second well region 218 can

be further appreciated in FIGS. 12 and 13. FIG. 12 generally corresponds to the top view



presented in FIG. 11, but rotated by about ninety degrees. FIG. 13 corresponds to a cross

sectional view of FIG. 12 taken along lines 13-13. It can be seen that since the second Vt

region 240 extends past the drain region 252 (and source region 250) that this second Vt

region 240 which has the second electrical conductivity type can couple to the second well

218 which also has the second electrical conductivity type. It will also be appreciated that

the dopants implanted to form the source or drain region 260 can also be implanted into

regions 280 to facilitate this coupling. More particularly, the mask 264 utilized to form the

source or drain region 260 (FIG. 9) can be patterned so that the dopants implanted by the

seventh implantation 266 are also implanted into regions 280. It will be appreciated that

regions 280 can overlap regions 230 and 240 a little, but should not get too close to the

source or drain regions 250, 252 to mitigate leakage. Establishing the regions 280 also

mitigates current flow near the surface of the EPI layer 208 at the edges of regions 230 and

240, where such surface current flow is undesirable as it may promote 1/f noise.

The methodology then advances to further back end processing at 120 and ends

thereafter. By way of example, one or more conductive and/or dielectric layers can be

formed and/or patterned during back end processing. FIG. 14 depicts the structure of FIG.

10, for example, with a high quality thin (gate) oxide 282 over 230, 240, 250, 252 and 260.

Similarly, a thicker layer of oxide based material 284 is then formed over everything and

conductive contacts 286 are formed therethrough down to 250, 252 and 260.

It will be appreciated that the first and second Vt regions 230, 240 allow current to

conduct between the source and drain regions 250, 252 (which have the first electrical

conductivity type) through the first Vt region 230 (which also has the first electrical

conductivity type). More particularly, since the second Vt region 240 has the second

electrical conductivity type, carriers are significantly less prone to traverse this area, and are

instead much more willing to travel through the first Vt region 230. In this manner, current

flow is effectively pushed down away from the surface of the EPI layer 208. This is

advantageous because defects (e.g., dangling bonds, scratches and/or other irregularities, etc.)

are more likely to occur at the surface of the EPI layer 208 than at other locations, and such

defects can interrupt current flow, thus leading to 1/f noise. As such, forcing the current

down to where defects are less likely to occur effectively mitigates 1/f noise by promoting

more regular, uninterrupted and/or uniform current flow.



As alluded to above, fashioning a JFET as described herein can be readily integrated

into a standard CMOS fabrication process. For example, the first through seventh patterned

resists and corresponding implantations mentioned herein can be borrowed from or

implemented with existing masking and implantation actions that are part of a standard

CMOS fabrication process. For example, the source and drain implantations performed at

256 and 266 may correspond to implantations performed to form source and drain regions in

CMOS transistors. Similarly, regions 230, 240 are referred to as Vt regions herein because

they may be formed when threshold voltage (Vt) implantations are performed in a CMOS

fabrication process. Nevertheless, regions 230, 240 may be formed at any suitable time (e.g.,

with implantations other than threshold voltage implantations). Additionally, the illustrated

ordering of acts or events disclosed herein can be varied. Fashioning a JFET as part of a

standard CMOS fabrication process thus allows the JFET to be produced in a cost effective

manner, which satisfies an ongoing desire in semiconductor fabrication.

Accordingly, in one aspect, the invention provides a method of forming a junction

field effect transistor (JFET) in a semiconductor substrate. A buried layer of first

conductivity type is formed in the substrate. An epitaxial layer of second conductivity type is

formed over the substrate. First well regions of the first conductivity type are formed in the

epitaxial layer down to the bottom gate. A second well region of the second conductivity

type is formed between the first well regions. Isolation regions are formed in the surface of

the epitaxial layer. A first Vt region of the first conductivity type is formed in the second

well region between first and second isolation regions. A second Vt region of the second

conductivity type is formed in the first Vt region, with the first Vt region formed deeper than

the second Vt region. A source region and a drain region of the first electrical conductivity

type are formed in a spaced apart relationship in the first Vt region.

In particular implementations, the source region and drain region may be formed

deeper than the second Vt region. A second source or drain region of the second

conductivity type may be formed in the second well region between a third isolation region

and the first or second isolation regions. The source and drain regions may be formed to a

length that is less than a length of the first and second Vt regions so that the second Vt region

can electrically couple to the second well region. The source and drain regions may be

formed to a length that is less than a length of the first and second Vt regions, so that the



second Vt region can electrically couple to the second well region. The source and drain

regions may be formed to a length that is less than a length of the first and second Vt regions,

so that the second Vt region can electrically couple to the second well region. Dopants may

also be added to facilitate the electrical coupling between the second Vt region and the

second well region when forming the second source or drain region.

In another aspect, a method is provided of forming a junction field effect transistor

(JFET) in a semiconductor substrate by forming a first Vt region having a first electrical

conductivity type between source and drain regions having the first electrical conductivity

type; and forming a second Vt region having a second electrical conductivity type in the first

Vt region; the first Vt region formed deeper than the second Vt region so that current is

forced down to conduct in the first Vt region when conducting between the source and drain

regions. In particular embodiments, the second Vt region may be formed to a depth that is

less than a depth of the source and drain regions. The first Vt region may be formed to a

depth that is greater than a depth of the source and drain regions.

In another aspect of the invention, a junction field effect transistor (JFET) is

provided, including a first Vt region of first conductivity type; a second Vt region of second

conductivity type in the first Vt region; a source region of the first conductivity type in the

first and second Vt regions; and a drain region of the first conductivity type spaced apart

from the source region in the first and second Vt regions. The first Vt region is formed

deeper than the second Vt region so that current is forced down to conduct in the first Vt

region when conducting between the source and drain regions.

In particular embodiments, the JFET source and drain regions may be formed deeper

than the second Vt region. The JFET first and second Vt regions and the source and drain

regions residing within a well region may have the second conductivity type. The JFET well

region may be surrounded on all sides by a second well region having the first conductivity

type and on the bottom by a buried layer having the first conductivity type. The JFET source

and drain regions may have a length that is less than a length of the first and second Vt

regions such that the second Vt region can electrically couple to the well region. The JFET

may have a doping of the second conductivity type that facilitates the electrical coupling

between the second Vt region and the well region. The JFET may have a second source or

drain region of the second conductivity type in the well region. The JFET may have the



second source or drain region separated from the first and second Vt regions and the source

and drain regions by an isolation region. The JFET may have a second source or drain region

having the second conductivity type in the well region. The JFET second source or drain

region may be separated from the first and second Vt regions and the source and drain

regions by an isolation region.

Those skilled in the art to which the invention relates will appreciate that the

described embodiments are merely examples of the many possible implementations within

the scope of the claimed invention.



CLAIMS

What is claimed is:

1. A method of forming a junction field effect transistor (JFET) in a

semiconductor substrate, comprising:

forming a buried layer having a first electrical conductivity type in the

semiconductor substrate;

forming an epitaxial layer having a second electrical conductivity type over

the semiconductor substrate;

forming first well regions having the first electrical conductivity type in the

epitaxial layer down to the bottom gate;

forming a second well region having the second electrical conductivity type

between the first well regions;

forming isolation regions in the surface of the epitaxial layer;

forming a first Vt region having the first electrical conductivity type in the

second well region between first and second isolation regions;

forming a second Vt region having the second electrical conductivity type in

the first Vt region, the first Vt region formed deeper than the second Vt region; and

forming a source region and a drain region having the first electrical

conductivity type in a spaced apart relationship in the first Vt region.

2 . The method of claim 1, characterized by one or more of the following:

a) forming the source region and the drain region deeper than the second Vt

region;

b) forming a second source or drain region having the second electrical

conductivity type in the second well region between a third isolation region and the first or

second isolation regions;

c) forming the source and drain regions to a length that is less than a length of

the first and second Vt regions so that the second Vt region can electrically couple to the

second well region;

d) forming the source and drain regions to a length that is less than a length of

the first and second Vt regions so that the second Vt region can electrically couple to the

second well region;



e) forming the source and drain regions to a length that is less than a length of

the first and second Vt regions so that the second Vt region can electrically couple to the

second well region.

3 . The method of claim 1 or 2, further comprising:

adding dopants to facilitate the electrical coupling between the second Vt

region and the second well region when forming the second source or drain region.

4 . A method of forming a junction field effect transistor (JFET) in a

semiconductor substrate, comprising:

forming a first Vt region having a first electrical conductivity type between

source and drain regions having the first electrical conductivity type; and

forming a second Vt region having a second electrical conductivity type in the

first Vt region; the first Vt region being formed deeper than the second Vt region so that

current is forced down to conduct in the first Vt region when conducting between the source

and drain regions.

5 . The method of claim 4, characterized by one or more of the following:

a) forming the second Vt region to a depth that is less than a depth of the

source and drain regions;

b) forming the first Vt region to a depth that is greater than a depth of the

source and drain regions.

6 . A junction field effect transistor (JFET), comprising:

a first Vt region having a first electrical conductivity type;

a second Vt region having a second electrical conductivity type in the first Vt

region,

a source region having the first electrical conductivity type in the first and

second Vt regions; and

a drain region having the first electrical conductivity type spaced apart from

the source region in the first and second Vt regions;

the first Vt region formed deeper than the second Vt region so that current is

forced down to conduct in the first Vt region when conducting between the source and drain

regions.



7 . The JFET of claim 6, the source and drain regions formed deeper than the

second Vt region.

8. The JFET of claim 7, the first and second Vt regions and the source and drain

regions residing within a well region having the second electrical conductivity type.

9 . The JFET of claim 8, the well region surrounded on all sides by a second well

region having the first electrical conductivity type and on the bottom by a buried layer having

the first electrical conductivity type.

10. The JFET of claim 9, the source and drain regions having a length that is less

than a length of the first and second Vt regions such that the second Vt region can electrically

couple to the well region.

11. The JFET of claim 10, comprising:

a doping of the second electrical conductivity type that facilitates the electrical

coupling between the second Vt region and the well region.

12. The JFET of any of claims 8-11, comprising:

a second source or drain region having the second electrical conductivity type

in the well region.

13. The JFET of claim 12, the second source or drain region separated from the

first and second Vt regions and the source and drain regions by an isolation region.
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