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MOSFET STRUCTURE HAVING REDUCED GATE CAPACITANCE 
AND METHOD OF FORMING SAME 

FIELD OF THE INVENTION 
5 This invention relates to metal-oxide-

10 

semiconductor field effect transistors (MOSFETs) and, in 
particular, to an improved structure of a MOSFET havinq 
reduced qate capacitance and increased switching speed. 

BACKGROUND OF THE INVENTION 
It is qenerally desirable to construct 

electrical circuits capable of hiqh speed operation. In 
an electrical circuit containinq MOSFETs, this requires 
the MOSFETs themselves to have rapid response to input 
siqnals. A siqnificant barrier to achievinq higher 

15 operating speeds of MOSFETs has been overcominq t~e 
parasitic qate capacitance of the MOSFET, where a 
siqnif icant amount of delay is incurred while charqing and 
discharqinq the gate of the MOSFET to a certain voltage in 
order to amplify a signal or to fully switch the MOSFET on 

20 and off. 
Fig. la shows a representative vertical MOSFET 

with the gate-source parasitic capacitance (CGs> and the 
qate-drain parasitic capacitance (CGD) shown. Also shown 
in Fig. la is the drain-source parasitic capacitance 

2s cc08). 

To operate the N channel MOSFET of Fig. la, a 
positive voltaqe v0D is applied to drain terminal 20, 
while a low voltage (e.g., qround) is applied to source 
regions 30 and body regions 34. source regions 30 and 

30 body regions 34, which constitute the emitter and base of 
a parasitic NPN bipolar transistor, are imperfectly 
shorted together by contacts 3 6 to preven_t these regions 
from being forward biased. Conductive ga~e 38 is 
insulated from source regions 30 and body regions 34 by a 
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gate oxide. When a gate-source voltaqe VGS is· applied to 
gate 38 which exceeds the threshold voltage VT of the 
MOSFET, an ohmic channel forms in body regions 34 under 
gate 38 so as to ohmically couple N-type source regions 30 

s to N-type drain 40. Current is then conducted between 
source contacts 36 and drain terminal 20. When the MOSFET 
is in its off state, a depletion region, represented by 
dashed outline 44, is created within drain 40. 

A basic equivalent circuit for the MOSFET of 
10 Fig. la is shown in Fig. lb. As shown in Fig. lb, for the 

gate so to have a voltage VG necessary to fully turn on 
MOSFET 52, both CGS and CGO must be fully charged. 
Capacitance c

05 
will be considered herein to approximate 

zero. Also shown in Fig. lb is input gate current IG and 
15 current IC charging capacitor CGO" Note that source 

region 30,GBody region 34, and drain 40 form a parasitic 
NPN bipolar transistor within the MOSFET, as shown in 
Fiq. lb. 

~ vertical MOSFET, such as shown in Fig. la, is 
20 typically a polysilicon gate device, where the gate 38 is 

used as a diffusion mask to self-align source regions 30 
and body regions 34. 

Fig. 2 illustrates the voltage conditions during 
a dynamic switching operation for a representative MOSFET 

25 showing the effects of the charging of capacitances CGS 
and CGO with a constant current IG applied at t = o. In 
region 1 of the graph of Fig. 2, the.MOSFET is off, with 
VGS below the threshold voltage VT. Input qate current IG 
is shared between CGO and CGS according to their 

30 capacitance ratio. Within region 2, the threshold voltage 
VT is reached and the MOS~ET begins to turn on, lowering 
the drain-to-source voltage v05 • This changing v0s sets 
up a condition where the voltage is changing more rapidly 
across CGO than CGS" Current increases in CGO and 

35 decreases in CGS' thus reducing the rate at which VGS is 
increasing. As VGS ~ecomes larger, the dv/dt of the· 
drain~to-source voltage v0s increases until the current 
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Ic charqinq cGD reaches a magnitude equal to IG, and VGS 
noG~onqer increases. This condition results in the flat 
portion of the VGS curve in region 3 of Fiq. 2. 

ourinq this time, the depletion region under the 
5 gate, generally shown as depletion region 44 in Fig. la, 

decreases since the potential of drain 40 under gate 38 is 
lowered due to this reqion beinq pulled down by the 
increasing ohmic channel between N-type source reqion 30 

and N-type drain 40. ourinq the entire turn-on period of 
10 the MOSFET, capacitance CGD is increasinq due to this 

narrowing of the effe9tive insulation between the plates 
of the equivalent capacitor CGD" As this capacitance 
increases, a decreasing dv/dt of the drain-to-source 
voltaqe v0 s results. This increase in capacitance CGD is 

15 reflected in the curved lower portion of v05 shown in 
Fiq. 2. 

Once capacitance CGD has stabilized, the MOSFET 
is essentially fully on, and CGD does not cause any 
further switching delay. 

20 As seen by the qate charge characteristics of 
Fig. 2, the delay in switching of the MOSFET is 
significantly affected by capacitance CGD' where 
capacitance CGD is more commonly referred to as the 
reverse transfer capacitance (Crss>· Since, as shown in 

25 Fig. 2, capacitance CGD is affected by voltage changes at 
the drain, it becomes understandable how the effective 
total qate capacitance. (Cin> of the MOSFET under dynamic 
conditions is calculated using the following equation: 

30 

For an N 
and for 
value. 
voltage 

35 

(eq. 1) 

where Av = dV0s/dVGS" 
channel MOSFET, dVDS will be a negative value, 

a P channel MOSFET, dVGS will be a negative 
Thus, in either case, (1-Av) is equal to (1 + 
gain). 

It is also to be noted that essentially the same 
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qate charqe characteristics are encountered with the 
discharqinq of the qate, which causes the turn-off speed 
of the MOSFET to be delayed. In linear applications, such 
as radio frequency (RF) power amplification, input 

s capacitance larqely determines the upper frequency limit 
of the MOSFET. 

Typically, the value CGD (1-A,,) is at least 
three times greater than CGS' and thus any reduction of 
capacitance CGD will significantly lower the switching 

10 time of the MOSFET, or significantly raise the usable 
operating frequency. 

Capacitance is calculated using the equation: 

c = AKe0/t, where (eq. 2) 

c is the capacitance; 
15 e0 is the permittivity of empty space (8.85 x 10-2 

coul2/newton2-m2); 
K is the dielectric constant (3.9 for sio2 and 11.7 
for Si); 
A is the plate area; and 

20 t is the dielectric thickness. 
Thus, capacitance may be reduced by decreasing 

the plate area or increasing the dielectric thickness. 
The prior art has attempted to reduce the 

parasitic gate capacitance of a MOSFET by reducing the 
25 area of the gate and/or increasing the effective 

dielectric thickness between the qate and the drain. 
Two types of approaches which have been 

previously·used to reduce cGD are shown in Figs. 3 and 4 
where, in Fig. 3, an increased thickness of dielectric 60 

30 is formed over drain 62 to provide an increased dielectric 
thickness between qate 64 and drain 62. The qate-source 
capacitance CGS is essentially unchanged, since the 
thickness of the dielectric separating gate 64 from source 
region 66 is 3ssentially unchanqed. 

35 Prior art Fig. 4 illustrates an approach where 
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an N channel vertical MOSFET uses two separate gates 70 
and 72 commonly connected to a gate voltage VG. Since the 
effective area of the gate over drain 76 is decreased, the 

CGD is also decreased. 
s One drawback of the MOSFET of prior art Fig. J 

is that_qate 64 may be misaliqned with respect to raised 
dielectric portion 60, causinq part of the device to have 
low qain. In Fiq. 4, a center portion of the qate oxide 
70 over drain 76 must be masked and protected while body 

10 reqions 78 and source regions 74 are formed self-aligned 
with the qate. Also in Fiq. 4, the width of qate 
elements 72 is subject to mask and photoresist variations, 
which cause variations in CGD across a wafer and from lot 
to lot. The critical maskinq steps required to form 

15 raised dielectric portion 60 in Fig. 3 and to perform the 
precise etching of the gate in Fiq. 4 require a relatively 
precise ~lignment of the mask, or relatively precise 
process and mask control, thus inevitably resulting in 
lower yields and variable performance devices. 

20 Another drawback to the MOSFET in Fig. 3 is the 
imperfect short across the emitter-base of the parasitic 
bipolar transistor. Under certain adverse conditions, the 
bipolar transistor may be turned on to the extent of 
causinq secondary breakdown and device failure. 

25 Manufacturers have addressed this problem by: l) reducing 
the depth of the N+ source diffusion to lower beta; 
2) moving the P+ body contact region closer to the channel 
region to reduce resistance between the emitter and base; 
and 3) reducing the lateral dimension of the N+ source 

30 region to lower the resistance between the emitter and 
base. 

What is needed in the art is a MOSFET structure 
having a relatively low CGD and an inoperative parasitic 
bipolar transistor which may be formed with self-aligned 

35 source, body, and body contact regions and which may be 
formed without requiring numerous and difficult process 
steps. 
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SYMMARY OF THE INVENTION 
The above-described disadvantages of the prior 

art MOSFETS have been overcome by the invention described 
herein. In accordance with one embodiment of the 

s invention, a vertical MOSFET is formed having a lower gate 
portion overlying the channel reqiori of the MOSFET and 

. separated from the channel region by a thin gate oxide 
layer. An upper gate portion is formed overlying the 
drain of the MOSFET and separated from the drain by a 

10 relatively thick self-aligned oxide layer. In this 
particular embodiment, since the dielectric thickness 
between the upper gate portion and the drain is relatively 
large, the MOSFET exhibits a lower gate-drain capacitance 
(CGD) value, while the threshold voltage of the MOSFET 

15 remains ~elatively unchanged. The upper gate portion may 
be electrically connected to the lower gate portion or may 
be.electrically isolated from the lower gate portion. If 
the upper gate portion is electrically isolated from the 
lower gat• portion, a separate gate voltage may be 

20 connected to the upper gate portion to allow the upper 
gate portion to either act as a field plate or act to 
au9J11ent the fields generated by the lower gate portion to 
enhance the current handling capabilities of the MOSFET. 
A preferred method of forming the resulting MOSFET having 

25 this lowered CGD allows the source and body regions to be 
precisely aligned with the drain edge of the lower gate 
portion, and allows an ion implant damaged body contact 
region to be formed directly under, and self-aligned to, 
the source region, which ensures the parasitic bipolar 

30 transistor remains inoperative. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. la illustrates a prior art vertical MOSFET. 
Fig. lb is a schematic diagram illustrating an 

equivalent circuit for the MOSFET of Fig. la. 
Fig. 2 is a graph showing representative gate 

charqe characteristics of a MOSFET. 

• 
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Fig. J illustrates a first prior art MOSFET 
having reduced qate-drain capacitance• 

Fig. 4 illustrates a second prior art MOSFET 
havinq reduced qate-drain capacitance. 

5 Fig. 5 illustrates an embodiment of the 
invention wherein a MOSFET for very high frequency (VHF) 
operation is made to have a relatively low CGo· 

Figs. 6-12 illustrate various process steps used 
in one embodiment of a method for forming the VHF MOSFET 

10 of Fig. 5. 

Fiq. 13 illustrates an alternative embodiment of 
a MOSFET capable of ultra hiqh frequency (UHF) operation 
having a low CGD in accordance with the present invention 
where upper and lower gates are formed. 

15 Fiq. 14 illustrates the MOSFET of Fig. 13 with 
an upper gate coupled to source voltage. 

Fig. 15 illustrates an alternative embodiment of 
a MOSFET havinq a low CGD in accordance with the present 
invention where an upper gate is removed. 

20 Fig. 16a illustrates an alternative embodiment 
of a MOSFET capable of UHF to super high frequency (SHF) 
operation having a very low CGD in accordance with the 
present invention where a lower gate and an upper gate 
terminate over a portion of the channel region. 

25 Fig. 16b illustrates with dashed lines the 
improved gate charge characteristics of the MOSFET of 
Fig. l6a. 

Fiqs. 17 and 18 illustrate process steps used to 
form the MOSFET of Fig. 16. 

30 Fig. 19 illustrates an alternative embodiment of 
a MOSFET having a very low cG0 .in accordance with the 
present invention which utilizes an overhanging upper gate 
to eliminate etching of a vertical portion of the gate·. 

Fig. 20 illustrates a process step used to form 
35 the MOSFET of Fig. 19. 

Fig. 21 illustrates an alternative embodiment of 
a MOSFET having a low CGD in accordance with the present 
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invention which utilizes a split upper gate. 
Fig. 22 illustrates an alternative embodiment of 

a MOSFET having a low cGD in accordance with the present 
invention which utilizes separate gates overlyinq an oxide 

5 layer of a single thickness. 
Fig. 23 shows a schematic representation of a 

MOSFET havinq an upper gate and a lower _gate. 
Fig. 24 illustrates an embodiment of a lateral 

. .. }~ 
MOSFET having a low CGD in accordance with the presettt 

10 invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Fig. 5 shows an emb.odiment of the invention 

capable of VHF operation, where conductive gate 80, formed 
of either Al, Al containing Si, or Al containing cu and 

15 Si, or any.other compatible gate material, is formed over 
drain 82 with a first thickness of oxide 86 therebetween. 
In one embodiment, oxide 86 is 10,000 1 thick. Gate so is 
also formed over P body regions 88 with a second 
thickness of oxide 90 therebetween. In one embodiment, 

20 oxide 90 is 900 1 thick. Also shown in Fiq. s is N+ 
source region 92 and P+ body contact region 94, with 
conductive source contact 96 shorting together N+ source 
region 92 and P+ body contact region 94. N+ drain contact 
95 is shown contacting a bottom surface of drain 82. 

25 Since oxide layer 86 is significantly thicker 
than oxide layer 90, the capacitance between gate 80 and 
drain 82 will be relatively low due to this increased 
dielectric thickness, whil~ the capacitance between gate 
80 and source region 92 will not significantly change. 

30 The thickness of gate oxide layer 90 is dictated by design 
considerations to provide a desired threshold voltage VT 
and dielectric brea~down voltage. 

Lateral dimensions of the various above­
described regions for one embodiment of the invention are 

35 shown in Fig. s. 
Thus, in the embodiment of Fig. 5, a gate-to-
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source voltage VGS will cause the field created between 
gate 80 and N+ source reqion 92 and between gate 80 and P­
body reqion 88 to invert the channel region within P- body 
region 88, causing an ohmic channel to be created between 

s N+ source region 92 and N~ drain 82. This inversion of P­
body reqion 88 is primarily due to the field created by 
the portion of qate 80 located above thin oxide layer 90. 

The portion of gate 80 overlying thick oxide layer 86 has 
a reduced effect on the conductance of the MOSFET and 

10 provides shieldinq over drain 82. 

Fiqs. 6-12 illustrate a method to form the 
structure of Fiq. s. 

In Fig. 6, an epitaxial layer 98 of N-type 
conductivity, havinq an impurity concentration of . 

3 . 
15 approximately 3 x lOElS atoms/cm to achieve a breakdown 

voltaqe of between 80 to 100 V is depo.sited on an N+ 
substrate and has formed over it silicon dioxide layer 100 

having a thickness of preferably 10,000 A. 
Oxide layer 100 would be formed to have a 

20 thickness of 7,000 1 for embodiments usinq two metal 
layers (a qate layer and a source layer). This two metal 
layer embodiment is illustrated on the right hand side of 
Fiq. 5. 

Oxide layer 100 may be formed by wet oxidation 
25 at approximately l,ooo•c for 3-5 hours. over oxide layer 

100 is then formed silicon nitride layer 102 by a chemical 
vapor deposition (CVD) process at approximately 790°C to 
achieve a thickness of approximately l,OOO A. 

In Fiq. 7, oxide layer 100 and silicon nitride 
30 layer 102 are etched by usinq a conventional positive 

photoresist, contact maskinq technique and an anisotropic 
etch to expose portion 104 of substrate 98. In a 
preferred embodiment, a Lamm dry etcher is used. The 
exposed portion 104 of substrate 98 is to coincide with 

35 the desired location of the body-source diffusion. 
In Fiq. 8, boron is implanted into substrate 9S 

throuqh exposed portion 104 and diffused to form P body 
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reqion 106. In the preferred embodiment, boron ions are 
implanted at an energy of 70KeV ·with a dosaqe of 
6 x lOE13/cm2• The exposed silicon is then oxidized for 
30 minutes at 900°C in a dry o2 atmosphere to form oxide 

s layer 107 in order to prevent damaqe to the substrate 
during a subsequent diffusinq process conducted in an N2 
atmosphere. The implanted ions are diffused by a ramp up 
and dwell diffusing process, where the temperature of the 
wafer is ramped from 900°C to l,100°C at a rate of 

10 approximately 8°C/minute and held for approximately 2.5 
hours and then ramped down to 900°C for one hour 
(including ramping time) in an N2 atmosphere, to forni P 
body reqion 106 having a depth of approximately two 
microns. The required characteristics of P body reqion 

15 106 will depend on the desired breakdown voltaqe of the 
device and will be readily apparent to one of ordinary 
skill in the art. 

In Fiq. 9, an· additional boron implant is 
conducted to form P+ contact reqion 108 within P body 

20 region 106. In the preferred embodiment, boron ions are 
implanted at an enerqy of approximately lOOKeV with a 
dosaqe of 10El5 to 10El6/cm2 • The implant energy is 
calculated to form P+ reqion 108 at a depth below the 
surface of substrate 98 where it is desired to have P+ 

25 reqion 108 interface with a subsequently formed source 
reqion. Next, the wafer is dipped in a 10:1, H20:HF 
solution for approximately 45 seconds to remove oxide 
layer 107, and arsenic is implanted to form N+ source 
reqion 110 at the surface of substrate 98. In the 

30 preferred embodiment, arsenic ions are implanted at an 
enerqy of approximately 40KeV with a dosaqe of 10E16/cm2 • 

In Fig. 10, silicon dioxide layer 112 is 
deposited at 400°C over the surface of the wafer to a 
thickness of approximately 500 1 to prevent any out-

35 diffusing of arsenic ions forminq source reqion 110. The 
impurities within N+ source region 110 and P+ body contact 
reqion 108 are then driven-in for approximately 30 minutes 
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at approximately i,ooo 0 c so that N+ source region 110 
extends approximately 0.3 microns beneath the surface of 
substrate 98. During this drive-in period, P+ body 
contact region 108 and P body region 106 ·also diffuse. 

5 In Fig. 11, an oxide etchant is used to remove 
oxide layer 112 and a portion of oxide layer 100 so as to 
leave overhanging silicon nitride portion 114. In the 
preferred embodiment to conduct this etching, the wafer is 
immersed.in any oxide etch solution with a known and 

10 controlled etch rate. For example, six parts H2o to one 
part ammonium fluoride may be used at 25°C for a period 
calculated to create the desired overhanging of nitride 
portion 114 relative to P body 106. For the diffusion 
process previously described, a 1.4 micron overhang of 

15 nitride portion 114 is satisfactory. 
In Fig. 12, the wafer is immersed in hot 

phosphoric acid (or an equivalent thereof) at a 
temperature of approximately 160°C for one hour to remove 
silicon nitride portion 114 and the remainder of silicon 

20 nitride layer 102 over oxide layer 100. As a precaution 
against arsenic outgassing, the wafer is gradually ramped 
up to a temperature of 920° in a tube furnace for 
approximately 15 minutes in a dry o2 atmosphere to form a 
thin layer of oxi~e so-100 1 thick. Silicon dioxide 

25 layer 116 is then grown over the surface of the wafer at 
approximately 920°C for approximately 25 minutes in an 
atmosphere of wet o2 to a thickness of 2500-3000 A over N+ 
source region 110. An increased thickness of oxide layer 
116 is inherently.formed over N+ source region 110 •. The 

JO portion of oxide layer 116 over P body region 106, forming 
the gate oxide, will be approximately 900 A at this stage. 

Next, as shown in Fig. 5, a portion of oxide 
layer li6 over source r~gion 110 is etched to expose a 
portion of source region 110. In an alternative 

35 embodiment, an additional etch is conducted to etch source 
region 110 through to expose P+ body contact region 108. 
A conductive metal layer is then formed over the surface 
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of the wafer by the deposition of either Al, Al containing 
Si, Al containing cu and Si, or any dther conventional 
metal layer to a thickness of approximately one micron. 
In the VHF embodiment of the invention, aluminum, copper, 

s and silicon are sputtered over the surface of the wafer. 
A metal layer containing Si is pref erred to minimize 
migration of the metal atoms into the silicon substrate. 
For hiqher frequency embodiments, metal source contact 96 
preferably comprises a WTi barrier layer in contact with 

10 the source region overlaid by approximately 1 micron 
of Au. 

The resultinq metal layer is then masked and 
etched to form source contact 96 and gate ~o as shown in 
Fig. 5. Source contact 96 contacts N+ source region 92 

15 and also contacts P+ contact region 94 through N+ source 
reqion 92, due to source region 92 and P+ contact region 
94 beinq so hiqhly doped as to be in ohmic contact with 
each other. Ohmic 'contact is further enhanced by implant 
damage to the crystalline substrate. 

20 In an alternative embodiment, source reqion 92 
is anisotropically etched completely throuqh in the 
contact area so that source contact 96 directly contacts 
both P+ body contact reqion 94 and N+ source reqion 92. 

Any embodiment herein may be formed with a 
25 tungsten (W) or refractory metal silicide layer deposited 

prior to the formation of source contact 96 to prevent 
migration of atoms and/or to reduce contact resistance. 

In practice, it is desirable to form source 
contact 96 close to the channel region to minimize on-

3 o ·resistance. 
The method described in Figs. 6-12 and Fig. 5 

forms a MOSFET having a low gate-drain capacitance cGD' 
wherein source region 92, body contact region 94, and body 
region 88 are formed self-aligned with the drain edge 

35 portion of gate so. In this method to form a VHF MOSFET, 
there are no critical alignment tolerances, which makes 
this above described process one that will inherently 



W091/11826 PCT/US91/00396 

- 13 -

result in a high yield of MOSFETs on a wafer. 
In the structure of Fig. 5, the portion of gate 

80 formed over thick oxide portion 86 is connected to the 
portion of qate 80 formed over thin oxide portion 90 by.a 

5 vertical gate portion. In an alternative embodiment of 
the MOSFET structure of Fig. 5, the metal layer is formed 
by a method which will intentionally provide poor step 
coverage, such as by an evaporation process, so that the 
vertical portion of gate 80 will be relatively thin 

10 compared to the horizontal portions of gate so. such a 
resulting structure, having relatively thin vertical 
portions of gate 80 is then isotropically etched usinq a 
commercially available wet aluminum etch containing 
phosphoric acid, assuming gate 80 is composed of Al, so as 

15 to isolate the portion of gate 80 formed above thick oxide 
portion 86 from the portion of gate 80 formed above thin 
oxide portion 90. This embodiment is shown in Fig. 13, 
where upper qate 120 and lower qates 124 result. The 
remaining elements in the MOSFET of Fig. 13 are si~ilar to 

20 those in Fiq. 5 and are formed using a process similar to 
that described with respect to Fiq.· s. 

In all the embodiments described herein, for 
higher frequency operation, the source contact is 
preferably an overlay metal (such as shown on the.right 

25 hand side of Fiq. 5). This allows P body region 88 to be 
relatively narrow (-10 microns) for low drain-to-source 
capacitance c05 • The various figures do not incorporate a 
two metal layer for simplicity. 

In the MOSFET structure of Fig. 13, gate voltage 
30 is applied to lower gates 124, while a separ.ate voltage is 

applied to upper gate 120. A positive voltage applied to 
upper gate 120 will make upper gate 120 effective in 
creating additional carriers in the N- drain 82 and 
increasing the current handling capability of the MOSFET. 

35 A negative voltage on upper qate 120 will increase the 
breakdown voltage of the MOSFET. 

In Fiq. 14, a structure identical to Fig. 13 is 
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shown except that upper 9ate 120 is.connected to the 
source voltaqe instead of to an upper gate voltage. Thus, 
in this configuration, upper gate 120 acts as a field 
plate for increasin9 the depletion region in drain 82 when 

5 the MOSFET is in its off state. This serves to enhance 
the breakdown voltage of the MOSFET. 

In an alternative embodiment, shown in Fig. 15, 
upper metal gate 120 of Fig. 13 is removed using a wet 
etch process. As shown in Fig. 15, mask 125, shown in 

10 dashed outline, is first formed to expose a center _portion 
of the gate metal over oxide 86. The wet etch process 
removes the exposed metal and also removes the gate metal 
adjacent the exposed portion. Gate voltage is applied to 
gates 124 to ·invert the channel regions in P body 

15 regions 88. 
In the highest speed embodiment of the 

invention, shown in Fig. 16a, lower gate 140 is formed so 
as to only overlap a portion of the channel region in P 
body region 88, while upper gate 144 overlaps the 

20 remaining portion of the channel region in P body region 
88. This configuration further reduces the CGD of the 
MOSFET, since lower gate 140 is relatively physically 
distant from drain 82. In this configuration, the field 
generated by upper gate 144 in conjunction with the field 

25 created by lower gate 140 is used to invert the channel 
region in P body region 88 to form an ohmic channel 
between N+ source region 92 and N- drain 82. 

The structure of Fig. 16a is formed using a 
method similar to that described with respect to Fig. s, 

30 except that after drive-in of N+ source region 92 and P+ 
contact region 94, the oxide etch, previously discussed 
with respect to Fig. 11, is conducted for less time so as 
to etch away less of oxide layer 100 under silicon nitride 
layer 102. This is shown in Fig. 17. The terminating 

35 portion of oxide layer 100 is located above an exposed 
portion of P body region 88 where it is desired for lower 
9ate 140 and upper gate 144 to interface. Lateral 
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dimensions of one embodiment are shown in Fig. 17. 
In the step illustrated in Fig. 18, silicon 

nitride layer 102 is removed, and oxide layer 116 is 

grown. 
As shown in Fig. 16a, oxide 116 is etched, and 

source region 92 and body contact region 94 are optionally 
etched in order to short these regions together by a metal 
source contact. A metal conductive layer is then 
deposited, preferably by evaporation, so as to provide a 

10 metal layer having poor step coverage. This metal layer 
is then masked_and isotropically etched so as to form 
upper gate 144, lower gate 140, and, optionally, source 
contact 148. source contact 148 may also be formed later 
through an opening in a subsequently deposited oxide layer 

15 and oxide portion 116, resulting in a two layer metal 
embodiment, preferable for high frequency and high density 

devices. 
In the structure of Fig. 16a, CGD has been 

virtually eliminated. Upper gate 144 may be connected to 
20 source region 92 through an alternating current (AC) short 

circuit, and the resulting drain-to-upper gate 

capacitance, which constitutes CGD (or crss> in the prior 
art MOSFETs of Figs. l, 3 and 4, now appears in this 
invent:i:on as a part of c08 • ·The dramatically improved 

25 switching characteristics of the new structure are shown 
by the broken lines in Fig. 16a superimposed on the gate 
charge characteristics graph of Fig •. 2. 

Fig. 19 illustrates another embodiment of the 
invention which is a variation of the structure of Fig. 

30 16a. In Fig. 19, upper gate 144 overhangs oxide portion 
86. This structure has the advantage in that the channel 
region between N+ source 92 and drain 82 is completely 
overlapped by the combination of upper gate 144 and lower 
gate 140 so as· to insure the inversion of the channel 

35 region. Further, the structure may be formed without 
any requirement for an isotropic etch to etch away a 
vertical portion of the metal layer initially connecting 
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upper gate 144 to lower qate 140. 
The method for forming the structure of Fig. 19 

is similar to that for forminq the structure of Fig. 5, 
except, in the process steps illustrated in Figs. 11 and 

5 12 for forming the MOSFET of Fig. 5, nitride layer 102 is 
partially etched to 40-50% of its original thickness. 
This completely removes overhanging nitride portion 114. 
The sidewalls of oxide portion 100, shown in Fig. 20, is 
then re-etched 1,000-2,000 1 to create a new small 

10 overhanging nitride portion ll4A. A metal layer is then 
deposited by, for example, evaporation, and a vertical 
portion is not formed on a sidewall of oxide layer 100. 
The resulting structure is masked and etched to form the 
structure of Fig. 19. 

15 Fig. 21 shows a higher frequency embodiment of 
the invention which is a variation of the MOSFETs having a 
separate upper gate. In Fig._ 21 upper gates 160 and 162 
are showrt:.!separated by a gap. This structure results in a 

·- / 

lower dra~n-to-upper gate capacitance CGD due to less 
20 upper gate area over drain 82. High current capability is 

retained by the field created by upper gates 160 and 162. 
This split upper gate conf iquration may be used in any of 
the above-described embodiments including Fig. 5, whe~e 
gate 80 overlying oxide 86 may be opened up to further 

25 reduce cG0 • 
In the high frequency MOSFET of Fig. 21, source 

contact 96 is preferably comprised of a 2,000 A WTi 
barrier layer under a 9,000 A Au layer in an overlay (two 
layer metal) conf iquration. In an embodiment wherein a 

30 metal source contact is to directly contact both the P+ 
body contact region and the N+ source region, as shown in 
Fig. 19, platinum silicide is preferably used as a conta"ct 
layer under the WTi to improve ohmic contact. 

In one embodiment of the MOSFET of Fig. 21, the 
35 starting material is an N+ (antimony) <1-0-0> silicon 

substrate with an 8 micron epitaxial layer formed therein 
having a resistivity of 1.5 ncm. 
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O~ide layer 86 has a thickness of 7,000 A. Gate 
oxide 90 has a thickness of 800 A. The body openinq mask 
throuqh.which body reqion 88 impurities are implanted is 
8.5 microns wide. The space between gates 124 is 

s approximately 25 microns. The source contact mask opening 
is 2 microns. The gate 124, 160, 162 lenqth is 

approximately 2.5 microns. 
The implant doses are as follows: 
For P body reqion 88: 5 x 10El3/cm2 at 70KeV 

10 using boron ions; 
For P+ body contact reqion 94: l x 10El5/cm2 at 

100 Kev using boron ions; and, 
For source region 92: 1 x 10E16/cm2 at 40KeV 

using arsenic ions. 
15 The channel length is approximately l micron, 

and the channel width is approximately 1100 microns. 
The resulting structure has the following 

electrical properties: 
VTH @ 25µA: 1.0-1.sv 

20 BVDSS @ 250~A: 80V 
qm @ 25mA, VD = lOV: 0.025 mhos 

ROON @ VG = lOV: 32 ohms 
At VG • OV, VD • 28V: 

ciss - 1.25 pf (CGS + CGD) 
25 crss - o.o42s pf (CG0) 

Coss - 0.625 pf (CDS + CGD) 

When overlay metal is used, a Farad~y shield is 
preferably connected to the source contact and placed 
between the gate bonding pad and the drain to prevent pad 

30 capacitance from becoming part _of cG0 • 
In additional embodiments, the upper gate 

described with respect to Figs. 13, 14, 16a, 19, and 21 is 
deposited on the same thickness of oxide as the lower qate 
and separated from the lower gate by a masking and etch 

35 process. A representative embodiment is shown in Fig. 22, 
where gates 152 and 154 are formed over a same thickness 



W091/11826 PCT/US9t/00396 

5 

- 18 -

of oxide 156. :Further,· both gates 152 arid 154 may or may 
not overlie a portion of the channel region. The 
remaining elements in Fig. 22 are identical to those shown 
in Fig. 5. 

Fig. 23 shows a new schematic representation of 
the resulting structures described herein which utilize a 
separate upper gate and lower gate. 

Fig. 24 shows a lateral MOSFET in accordance 
with another embodiment of the invention, where gate 

10 portion 160 is formed over thick oxide 86, and gate 
portion 162 is formed over thin oxide 90. Gate portions 
160 and 162 may be separated as described with respect to 
Fig. 13. The MOSFET of Fig. 24 is formed using steps 
similar to those used to form the vertical MOSFET of 

15 Fig. 5, except, in Fiq. 23, N+ drain contact region 168 is 
formed in a top surface of substrate 82. substrate 82 may 
be of an Nor P type. If substrate 82 is of.a P type, P 
body reqion 88 may be deleted. 

Thus, an improved MOSFET has been described 
20 which exhibits a lower qate-to-drain capacitance CGD' 

wherein source and body regions are precisely aligned with 
respect to a gate without the use of any critical masking 
steps, and wherein a parasitic bipolar transistor has been 
rendered inoperative. While particular embodiments of the 

25 present invention have been shown and described, it will 
be obvious to those skilled in the art that changes and 
modifications may be made without departing from this 
invention in its broader aspects. For example, all 
conductivity types may be made opposite to those 

30 specifically mentioned, and the various dimensions may be 
modified as necessary. 
are to encompass within 
modifications that fall 
of this invention. 

Accord~ngly, the appended claims 
their scope all such changes and 
within the true spirit and scope 
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CLAIMS 

What is claimed is: 
1. · A MOSFET structure comprising: 
a substrate of a first conductivity type having 

s a top surface; 
a drain of said first conductivity type; 
a body reqion of a second conductivity type 

formed in said top surface of said substrate; 
a source region of said first conductivity type 

10 formed in said top surface of said substrate and 
formed within said body region; 

a conductive gate having an upper portion and a 
lower portion, said lower portion being insulated 
from a channel region within said body reqion located 

15 · between said source region and said drain by an 
insulation layer of a first thickness, said upper 
portion being insulated from said drain by an 
insulation layer of a second thickness, wherein said 
second thickness is greater than said first 

20 thickness. 

25 

2. The MOSFET structure of Claim 1 wherein 
said drain includes a drain contact reqion of a first 
conductivity type formed in said top surface of said 
substrate. 

3. The MOSFET structure of Claim 1 wherein 
said drain includes a drain contact portion of said 
substrate formed on a bottom surface of said substrate. 

4. The MOSFET structure of Claim 1 ~herein 
said upper portion and said lower portion of said gate are 

30 connected by a vertical gate portion. 

5. The MOSFET structure of Claim 1 wherein 
said upper portion and said lower portion of said gate ar~ 
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not connected by a vertical qate portion. 11111111111111 11111 1111111 1111 
* C L M S * 

6. The MOSFET structure of Claim 5 wherein 
said lower portion of said qate overlaps ·a first portion 
of said channei reqion and said upper portion of said qate 

5 overlaps a second portion of said channel reqion. 

1. The MOSFET structure of Claim 5 wherein 
said upper portion of said qate overhangs said insulation 
layer of said second thickness. 

8. The MOSFET structure of Claim 1 further 
10 comprisinq a body contact reqion of said second 

conductivity type formed within said body reqion for being 
electrically shorted to said source region. 

9. A MOSFET structure comprising: 
a substrate of a first conductivity type having 

15 a top surface; 
a drain of said first conductivity type; 
a body reqion of a second conductivity type 

formed in said top surface of said substrate; 
a source reqion of said first conductivity type 

20 formed in said top surface of said substrate and 
formed within said body reqion; 

a conductive qate having a first portion 
separated from a second portion, said first portion 
beinq insulated from a channel region within said 

25 body reqion located between said source region and 
said drain by a first insulation layer portion, said 
second portion being insulated from said drain by a 
second insulation layer portion, wherein said first 
and second insulation layer portions have identical 

30 thicknesses. 

10. The MOSFET structure of Claim 9 wherein 
said first portion and said second portion each overlie a 
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* C L M S * portion of said channel region. 

11. The MOSFET structure of Claim 9 wherein 
said drain includes a drain contact region of a first 
conductivity type formed in said top surface of said 

5 substrate. 

10 

12. The MOSFET structure of Claim 9 wherein 
said drain includes a drain contact portion of said 
substrate formed on a bottom surface of said substrate. 

13. A MOSFET structure pair comprising: 
a substrate of a first conductivity type having 

a first surface, a bottom surface of said substrate 
acting as a drain contact region for said MOSFET 
structure; 

a first and second body region of a second 
15 conductivity type formed in said top surface of said 

substrate and separated from one another by a first 
area of said top surface of said substrate; 

first and second source regions of said first 
conductivity type formed in said top surface of said 

20 substrate and within respective ones of said body 
regions; 

a conductive gate having an upper portion and a 
lower portion, said lower portion being insulated 
from a channel region within said first body region 

25 between said first source region and a terminal 
portion of said first area by an insulation layer of 
a first thickness, said second lower portion being 
insulated from a channel region within said second 
body region between said second source region and a 

30 terminal portion of said first area by an insulation 
layer of said first thickness, said upper portion 
being insulated from said first area of said top 
surf ace of said substrate by an insulation layer of a 
second thickness, wherein said second thickness is 
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qreater than said first thickness. 

14. The MOSFET pair structure of Claim 13 
wherein said upper portion and lower portion of said qate 
are connected by vertical qate portions. 

5 15. The MOSFET pair structure of Claim 13 
wherein said upper portion and said lower portion of said 
gate are not connected by vertical qate portions. 

16. The MOSFET pair structure of Claim 15 
-wherein said upper portion of said qate is split into a 

10 first upper portion and a second upper portion, wherein 
neither said first upper portion nor said second upper 
portion overlies ~ central portion of said first area. 

17. A MOSFET structure comprisinq: 
a substrate of a first conductivity type having 

15 a top surface; 

20 

a drain of a second conductivity type formed in 
said top surf ace of said substrate; 

a source reqion of said second conductivity type 
formed in said top surface of said substrate; 

a conductive qate havinq a first portion 
separated from a second portion, said first portion 
beinq insulated from a channel region between said 
source reqion and said drain by a first insulation 
layer portion, said second portion beinq insulated 

25 from said channel region by a second insulation layer 
portion. 

30 

18. The MOSFET structure of Claim 17, wherein 
said first and second insulation layer portions have 
identical thicknesses. 

19. A method of forming a MOSFET structure with 
a source reqion and a body region self-aliqned with a 
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qate, said method comprising the steps of: * c L M S * 

forming a first layer of insulation over a top 
surface of a substrate, said substrate being of a 
first conductivity type ·and acting as a drain; 

5 removing a portion of said insulation layer to 
expose a portion of said top surf ace of said 
substrate; 

introducing impurities of a second conductivity 
type into said exposed portion of said substrate; 

10 introducing impurities of said first 
conductivity type into said exposed portion of said 
substrate; 

diffusing said introduced impurities to form _a 
body region of said second conductivity type and a 

15 source region of said first conductivity type formed 
within said body region; 

removing portions of said insulation layer to 
expose said body region after diffusion of said 
impurities of said second conductivity type; 

20 forming a first insulation layer portion over a 
channel region in said exposed portions of said body 
reqion while forming a second insulation layer 
portion over said drain adjacent to said channel 
region; 

25 depositing a conductive gate layer over said 
first insulation layer portion and said second 
insulation portion. 

20. The method of Claim 19 wherein said second 
insulation layer portion is thicker than said first 

30 insulation layer portion. 

21. The method of Claim 19 wherein said second 
insulation layer portion is of the same thickness as said 
first insulation layer portion. 

22. The method of Claim 19 further comprising 
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the $tep of depositing a layer of silicon nitride over 
said first insulation layer after said step of depositing 
said first insulation layer. 

2·3. The method of Claim 19 further comprising 
s the step of etching vertical portions of said gate layer 

to isolate an upper portion of said gate from a lower 
·portion of said gate. 

24. The method of Claim 23 wherein said lower 
portion and said upper portion of said qate both overlie a 

10 portion of said channel region within said body region. 

25. The method of Claim 24 wherein said upper 
portion of said gate overhangs said second insulation 
layer portion over a portion of said channel region of 
said body reqion. 

15 26. The method of Claim 23 wherein a central 
portion of said upper gate portion of said gate is 
removed. 

\••"''l''\ "" 
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[reanved by the International an:-eau 
on 1 JUly 1991 (01.07.91); 

original claims 1-9,13-15,17-;18 and 24 cancelled: 
claims 10-12, 16 and 19 amend8d and renumbered as 

cl aims 1-3·, 4 and 5; claims 20-23 and 25 renuni:lered 
as claims 6-9 and 10: claim 26 amended and renumbered 

as claim 11; new claims 12-22 added ( 7 pages)] 

What is claimed is: 
1. A MOSFET structure comprising: 

a substrate.of a first conductivity type havinq 
5 a top surface; 

a drain of said first conductivity type being 
more highly doped than said substrate; 

a body region of a second conductivity type 
formed in said top surface of said substrate; 

10 a source region of said first conductivity type 
formed in said top surf ace of said substrate and 
formed within said body region; 

a conductive.gate having a.first portion 
separated from a second portion, said first portion 

15 being insulated from a channel reqion within said 
body region located between said source region and a 
periphery of said body reqion by a first insulation 
layer portion, said second portion being insulated 
from said top surf ace of said substrate by a second 

20 insulation layer portion, wherein said first and 
second insulation layer portions have substantially 
identical thicknesses, 

wherein said first portion and said second 
portion each overlie a portion of said channel region 

25 within said body region. 

30 

2. The MOSFET structure of Claim l wherein said 
drain is formed in said top surface of said substrate. 

3. The MOSFET structure of Claim 1 wherein said 
drain is formed on a bottom surface of said substrate. 

4. A MOSFET pair structure comprising: 
a substrate of a first conductivity type having 

a first surface, a bottom surface of said substrate 
acting as a drain contact region for said MOSFET pair 
structure; 
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a first and second body region of a second 
conductivity type formed in said top surface of said 
substrate and separated from one another by a first 
area of said top surface of said substrate; 

5 first and second source regions of said first 
conductivity type formed in said top surface of said 
substrate and within respective ones of said body 

regions; 
a conductive gate having an upper portion, a 

10 first lower portion, and a second lower portion, said 
first lower portion being insulated from a channel 
region within said first body region between said 
first source region and a periphery of said first 
body region by an insulation layer of a first 

· 15 thickness, said second lower portion being insulated 
from a channel region within said second body region 
between said second source region and a periphery of 
said second body region by an insulation layer of 
said first thickness, said upper portion being 

20 insulated from said first area of said top surface of 
said substrate by an insulation.layer of a second 
thickness, wherein said second thickness is greater 
than said first thickness, 

wherein said upper portion of ·said gate is split 
25 into a first upper portion and a second upper 

portion, wherein neither said first upper portion nor 
said second upper portion overlies a central portion 
of said first area. 

s. A method of forming a MOSFET structure with a 
30 source region and a body region self-aligned with a gate, 

said method comprising the steps of: 

forming a first layer of insulation over a top 
surface of a substrate, said substrate being of a 
first conductivity type and acting as a drain; 
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removing a portion of said insulation layer to 
expose a portion of said top surf ace of said 
substrate; 

introducinq impurities of a second conductivity 
5 type into said exposed portion of said substrate; 

introducing impurities of said first 
conductivity type into said exposed portion of said 
substrate; 

diffusing said introduced· impurities to form a 
10 body region of said second conductivity type and a 

source region of said first conductivity type formed 
within said body region; 

removing portions of said insulation layer to 
expose said body region after diffusion of said 

15 impurities of said second conductivity type; 
forming a first insulation layer portion over a 

channel region in said exposed portions of· said body 
region while forming a ·second insulation layer 
portion over said drain adjacent to said channel 

20 region; 
depositing a conductive gate layer over said 

first insulation layer portion and said second 
insulation portion; and 

etching said conductive gate layer to separate 
25 said qat~ layer into first and second portions, 

wherein said first and second portions each overlie a 
portion of said channel region within said body 
region. 

6. The method of Claim 5 wherein said second 
30 insulation layer portion is thicker than said first 

insulation layer portion. 

7. The method of Claim 5 wherein said second 
insulation layer portion is of the same thickness as said 
first insulaticn layer portion. 
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s. The method Claim s further comprising the step 
of depositing a layer of silicon nitride over said first 
insulation layer after said step of depositing said first 
insulation layer. 

9. The method of Claim 5 wherein the step of 
etching comprises etching vertical portions of said gate 
layer to isolate an upper ~ortion of said gate from a 
lower portion of said qate. 

10. The method of Claim 9 wherein said upper portion 
10 of said gate overhangs said second insulation layer 

portion over a portion os said channel region of said body 
region. 

11. A method of forming a MOSFET structure with a 
source region and a body region self-aligned with a gate, 

15 said method comprising the steps of: 
forming a first layer of insulation over a top 

surface of a substrate, said substrate being of a 
first conductivity type and acting as a drain; 

removing a portion of said insulation layer to 
20 expose a portion of said top surface of said 

substrate; 
introducing imp~rities of a second conductivity 

type into said exposed portion of said substrate; 
introducing impurities of said first 

25 conductivity type into said expos~d portion of said 
substrate; 

diffusing said introduced impurities to form a 
body region of said second conductivity type and a 
source region of said first conductivity type formed 

30 within said body region; 
removing portions of said insulation layer to 

expose said body region after diffusion of said 
impurities of said second conductivity type; 
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forming a first insulation layer portion over a 
channel region in said exposed portions of said body 
region while forming a second insulation layer 
portion over said.drain adjacent to said channel 

5 region; 
depositing a conductive gate layer over said 

first insulation layer portion and said second 
insulation portion, 

wherein a central portion.of said upper gate 
10 portion of said gate is removed. 

12. A MOSFET structure comprising: 
a substrate of a first conductivity type having 

a top surface; 
a drain of said first conductivity type being 

15 more highly doped than said substrate; 
a body region of a second conductivity type 

formed in said top surface of said substrate; 
a source region of said first conductivity type 

formed in said top·surface of said substrate and 
20 formed within said body region; 

a conductive qate having an upper qate portion 
electrically separated from a lower qate portion, 
said lower gate portion overlapping and being 
insulated from a first portion of a channel region 

25 within said body region located between said source 
region and a periphery ·of said body region by an 
insulation layer of a first thickhess, said upper 
gate portion overlapping and being insulated from a 
second portion of said channel region by an 

JO insulation layer of a second thickness, said upper 
gate portion also extending over said top surf ace of 
·said substrate of said first conductivity type, 
wherein said second thickness is greater than said 
first thickness. 
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13. The MOSFET structure of Claim 12 wherein said 
upper gate portion is connected to receive an upper gate 
voltage for inverting said -second portion of said channel 
region, and said lower gate portion is connected to 

5 receive a separate lower gate voltage for inverting said 
first portion of said channel region. 

14. The MOSFET structure of Claim 12 wherein said 
upper gate portion is connected to.said source region 
through an AC short circuit. 

10 15. The MOSFET structure of Claim 12 wherein said 
upp~r gate portion overhangs said insulation layer of said 
second thickness. 

16. A MOSFET structure comprising: 
a substrate of a first conductivity type having 

15 a top surface; 
a drain of said first conductivity type being 

more highly doped than said substrate; 
a body region of a second conductivity type 

formed in said top surface of said substrate; 
20 a body contact region of said second 

conductivity type formed within said body region and 
being more highly doped than said body region; 

a source regiori of said first conductivity type, 
being more heavily doped than said substrate, formed 

25 within said body region so as to completely overlie 
said body contact region; and 

a conductive gate insulated from and formed over 
a channel region within said body region located 
between said source region and a periphery of said 

30 body region •. 

17. The MOSFET structure of Claim 16 further 
comprising a conductive electrode directly contacting said 
source region and not directly contacting said body 
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contact reqion, whereby electrical contact with said body 
contact reqion is made throuqh said source reqion, dopinq 
of said source reqion and said body contact reqion beinq 
of such a level as to cause said source reqion and said 

5 body contact to be essentially in ohmic contact with each 
other. 

18. The MOSFET structure of Claim 16 further 
comprisinq a conductive electrode penetratinq said source 
reqion so as to be in direct contact with source reqion 

10 and said body contact reqion, thereby shortinq said source 
reqion to said body contact reqion. 

19. The MOSFET structure of Claim 16 wherein said 
drain is formed in said top surface of said substrate •. 

20. The MOSFET structure of Claim 16 wherein said 
15 drain is formed on a bottom surface of said substrate. 

21. The MOSFET structure of Claim 4 wherein said 
upper portion is shorted to said first and second lower 
portions. 

22. The MOSFET structure of Claim 4 wherein said 
20 upper portion is not shorted to said first and second 

lower portions. 



W091/11826 

FIG. 1a 
. (PRIOR ART) 

FIG. 1b 
(PRIOR ART) 

IG_. 50 

GATE\/·+ 
VGS 

I 

1/7 
GATE 

VG 

+VDD 
DRAIN 

DRAIN 
~ID 

Cos 

PCl'/US9t/00396 

n+ 

SOURCE 

.... 
z 10 
Q 
(!) 
w 
a: 8 

Vos 
Vos 6 VGs 

FIG. 2 4 

{PRIOR ART) 
2 

0 
.0 5 1015 202530 

t . 
SUBSTITUTE SHEET 



W091/11826 PCT/US91/00396 

217 

p+ p+ 

n-

n+ 
'l///////////////////////////////////////////////////////////./////././////././/.//././/.///.///, 

FIG. 3 
(PRIOR ART) 

p+ 

DRAIN 

SOURCE 

p+ 

n-

n+ 
'l////////////////////////////////////////////////////////////////////////////////////, 

FIG. 4 
(PRIOR ART) DRAIN 

f4-3µ ·I· 19µ-.. • .. l•--aµ---.t•I 
f-.-10µ..f --

N-

N+ 
FIG. 5 95 



W091/11826 PCT/US91/00396 

Si 

FIG. 6 
102 

' ,104· .lili2 

ia 

FIG. 7 
. 102 

' C' 107 .lili2 

p jJJ9_,) S8 

FIG. 8 
102 

110 
108 

1Q.Q. 

N+ p 1Q§ ia 

FIG. 9 
.112 102 

Si02 
110 10.0. . 

p 1Q6 108 ia' 
P+ 

FIG. 10 
SUBSTITUTE SHEET 



•· 
W091/11826 PCT/US91/00396 

4n 
114 114 102 

110 li2Q 

p li22 sa 

FIG. 11 

Si02 

108 

FIG. 12 

N-
N+ 

FIG. 13 95 

VsoURCE 

N-
N+ 

FIG. 14 95 

SUBSTITUTE SHEET 



W091/11826 PCI'/US91/00396 

125 
517 , _____________ i ___ , 

: 1~4 
-, 96 

N-

N+ 

FIG. 15 95 

VsoURCE 
VG-UPPER VG-LOWER 

144 

FIG. 16a 

N-

._ 
z 10 
0 a 
w a: 8 

Vos 
Vos 6 VGs 

FIG. 16b 4 

2 

0 
0 5 10 15 20 25 30 

t 

SUBSTITUTE SHEET 



W09J/11826 

6!7 
10µ , .. 8.5µ 

FIG. 17 
p 

FIG. 18 
P m 

VsoURCE 
VG-UPPER 

FIG. 19 

114a 

N-

N+ 
FIG. 21 

.. , 

94 

94 

95 

10.Q 

.a2 

·114a 

PCf /US91/00396 

102 

144 

102 

SUBSTITUTE SHEET 



W091/11826 

N-

N-

1n 

N+ 

FIG. 22 

GATE 
(UPPER)o----

GATE 
(LOWER)

0 

FIG. 24 

Pcr/US91/00396 

95 

FIG. 23 

168 

SUBSTITUTE SHEET 



REPLACEliic§Blfii.TiTRU~E 
- iption : paged . L .. · to pagaNJ. · 

lai (s) : pag~~ . ./.~. to paged ~J.. .. 
µ--u~ing(s) : paged .. ::::·; to paged •• .;;;. 

ID.bstract : paged · · S.~ to paged · · · · • •• 

·- l -

F:CELD OF THE INVENTION DATE OF RECEIPT .#.J~.'11 .. 
=-

This.\invention relates to metal-oxide-
. '\. . 

semiconductor f1'.eld effect transistors (MOSFETs) and, in 

particular, to an improved structure of _a MOSFET having 

reduced gate capacitance and increased switching speed. 

BACKGROUND OF THE·.J:NVENTION 
' 

It is gen~rally desirable to construct 

electrical circuits capable of high speed operation. In 

an electrical circuit containing MOSFETs, this requires 

the MOSFETs themselves to have rapid response to input 

signals. A significant barrier to achieving higher 

operating speeds of MOSFETs has been overcoming the 

parasitic gate capacitance of the MOSFET, where a 

·significant amount ·of delay is incurred while charging and 

discharging the gate of the MOSFET to a certain voltage in 

order to amplify a signal or to fully switch the MOSFET on 
and off. 

Fig. la shows a representative vertical MOSFET 

with the gate-source parasitic capacitance (CGs> and the 

gate-drain parasitic capacitance (c~0 ) shown. Also shown 

in Fig. la is the drain-source parasitic capacitance 

ccos>· 
To operate the N channel MOSFET of Fig. la, a 

positive voltage v00 is applied to drain terminal 20, 

while a low voltage (e.g., ground) is applied to source 

regions 30 and body regions 34. Sou~~ regions 30 and 

body regions 34, which constitute the emitter and base of 

a parasitic NPN bipolar transistor, are imperfectly 

shorted together by contacts 36 to prevent these regions 
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gate oxide. When a gate-source voltage VGS is applied to 
gate 38 which exceeds the threshold voltage VT of the 
MOSFET, an ohmic channel forms in body regions 34 under 
gate 38 so as to ohmically couple N-type source regions 30 

to N-type drain 40. current is then conducted between 
source contacts 36 and drain terminal 20. When the MOSFET 
is in its off state, a depletion region, represented by 
dashed outline 44, is created within drain 40. 

A basic equivalent circuit for the MOSFET of 
Fig. la is shown in Fig. lb. As shown in Fig. lb, for the 
gate 50 to h~ve a voltage VG.necessary to fully turn on 
MOSFET 52, both CGS and CGD must be fully charged. 
capacitance c

05 
will be considered herein to approximate 

zero. Also shown in Fig. lb is input gate current IG and 
current IC charging capacitor CGD" Note that source 
region Jo,GBody region 34, and drain 40 form a parasitic 
NPN bipolar transistor within the MOSFET, as shown in 
Fig. lb. 

A vertical MOSFET, such as shown in:Fig. la, is 
typically a polysilicon gate device, where the gate 38 is 
used as a diffusion mask to self-align source regions 30 
and body regions 34. 

Fig. 2 illustrates the voltage conditions during 
a dynamic switching operation for a representative MOSFET 
showing the effects of the charging of capacitances CGS 
and CGD with a constant current IG applied at t = o. In 
region 1 of the graph of Fig. 2, the MOSFET is off, with 
VGS below the threshold voltage VT. Input gate current I 

. G 
is shared between CGD and CGS according to their 
capacitance ratio. Within region 2, the threshold voltage 
VT is reached and the MOSFET begins to turn on, lowering 
the drain-to-source voltage v

05 • This changing v
05 

sets 
up a condition where the voltage is changing more rapidly 
across CGD than CGs· Current increases in CGD and 
decreases in CGS' thus reducing the rate at which vGS is 
increasing. As V GS becomes larger, the dv / dt o --~--··:-··· .. '.:·,::;··;~;;;., 

DUDT Ar~M"°RN'1" ,,, .• J./"'i~.i • drain-to-source voltage v
05 

increases until the ~~.i:~_.2.:.:::~· 
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Ic charging CGD reaches a magnitude equal to IG' and VGS 
noG~onger increases. This condition results in the flat 
portion of the VGS curve in region 3 of Fig. 2. 

During this time, the depletion region under the 
gate, generally shown as depletion region 44 in Fig. 1a, 
decreases since the potential of drain 40 under gate 38 is 
lowered due to this region being pulled down by the 

increasing ohmic channel between N-type source region 30 

and N-type drain 40. During the entire turn-on period of 
the MOSFET, capacitance CGD is increasing due to this 
narrowing of the effective insulation between the plates 
of the equivalent capacitor cG0 . As this capacitance 
increases, a decreasing dv/dt of the drain-to-source 
voltage v0 s results. This increase in capacitance CGD is 
reflected in the curved lower portion of v

05 
shown in 

Fig. 2. 

Once capacitance CGD has stabilized, the MOSFET 
is essentially_ fully on, and CGD does not cause any 
further switching delay. 

As seen by the gate charge characteristics of 
Fig. 2, the delay in switching of the MOSFET is 

significantly affected by capacitance cGD' where 
capacitance CGD is more commonly referred to as the 
reverse transfer capacitance (Crss>· Since, as shown in 
Fig. 2, capacitance CGD is affected by voltage changes at 
the drain, it becomes understandable how the effective 
total gate capacitance (Cin) of the MOSFET under dynamic 
conditions is calculated using the following equation: 

(eq. l) 

where Av = dv0s/dVGS" 
channel MOSFET, dv05 will be a negative value, 

a P channel MOSFET, dVGS will be a negative 
Thus, in either case, (1-Av) is equal to (1 + 

For an N 
and for 
value. 
voltage gain). i 

It is also to be noted that essentialµY,;:!_t~t::'j!~~:::.SHF.ETI 

I 
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gate charge characteristics are encountered with the 
discharging of the gate, which causes the. turn-off speed 
of the MOSFET to be delayed. In linear applications, such 
as radio frequency (RF) power amplification, input 
capacitance largely determines the upper frequency limit 
of the MOSFET. 

Typically, the value CGD (1-Av) is at least 
three times greater than CGS' and thus any reduction of 
capacitance CGD will significantly lower the switching 
time of the MOSFET, or significantly raise the usable 
operating frequency. 

Capacitance is calculated using the equation: 

c = AKe0/t, where (eq. 2) 

c is the capacitance; 
e 0 is the permittivity of empty space (8.85 x io-2 

coul2/newton2-m2); 
K is the dielectric constant (3.9 for Si02 and 11.7 
for Si); 
A is the plate area; and 
t is the dielectric thickness. 

Thus, capacitance may be reduced by decreasing 
the plate area or increasing the dielectric thickness. 

The prior art has attempted to reduce the 
parasitic gate capacitance of a MOSFET by reducing the 
area of the gate and/or increasing the effective 
dielectric thickness between the gate and the drain. 

Two types of approaches which have been 
previously used to reduce CGD are shown in Figs. 3 and 4 
where, in Fig. 3, an increased thickness of dielectric .60 
is formed over drain 62 to provide an increased dielectric 
thickness between gate 64 and drain·62. The gate-source 
capacitance CGS is essentially unchanged, since the 
thickness of the dielectric separating gate 64 from source 
region 66 is :assentially unchanged. --·----~~........._.. 

Prior art Fig. 4 illustrates an appro Ri~}l~ETf 
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an N channel vertical MOSFET uses two separate gates 70 
and 72 commonly connected to a gate voltage VG. Si'hce the 
effective area of the gate over drain 76 is decreased, the 

CGD is also decreased. 
One drawback of the MOSFET of prior art Fig. 3 

is that gate 64 may be misaligned with respect to raised 
dielectric portion 60, causing part of the device to have 
low gain. In Fig. 4, a center portion of the gate oxide 
70 over drain 76 must be masked and protected while body 
regions 78 and source regions 74 are formed self-aligned 
with the gate. Also in Fig. 4, the width of gate 
elements 72 is subject to mask and photoresist variations, 
which cause variations in CGD across a wafer and from lot 
to lot. The critical masking steps required to form 
raised dielectric portion 60 in Fig •. 3· and to perform the 
precise etching of the gate in Fig. 4 require a relatively 
precise alignment of the mask, or relatively precise 
process and mask control, thus.inevitably resulting in 
lower yields and variable performance devices.· 

Another drawback to the MOSFET in Fig. 3 is the 
imperfect short across the emitter-base of the parasitic 
bipolar transistor. Under certain adverse conditions, the 
bipolar transistor may be turned on to the extent of 
causing secondary breakdown and device failure. 
Manufacturers have addressed this problem by: 1) reducing· 
the depth of the N+ source diffusion to lower beta; 
2) moving the P+ body contact region closer to the channel 
region to reduce resistance between the emitter and base; 
and 3) reducing the lateral dimension of the N+ source 
region to lower the resistance between the emitter and 
base. 

What is needed in the art is a MOSFET structure 
having a relatively low CGD and an inoperative parasitic 
bipolar transistor which may be formed with self-aligned 
source, body, and body contact regions and which may be 
formed without requiring numerous and difficul ·- proeess--*---·· 

REPLACEMENT SHEET I steps. . ...........--.·-;·_ ........ I 
! 
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SQMMARY OF THE INVENTION 
The above-described disadvantages of the-prior 

art MOSFETS have been overcome by the invention described 
herein. In accordance with one embodiment of the 
invention, a vertical MOSFET is formed having a lower gate 
portion overlying the channel region of the MOSFET and 
separated from the channel region by a thin gate oxide 
layer. An upper qate portion is formed overlying the 
drain of the MOSFET and separated from the drain by a 
relatively thick self-aligned oxide layer. In this 
particular embodiment, since the dielectric thickness 
between the upper gate portion and the drain is relatively 
large, the MOSFET exhibits a lower gate-drain capacitance 
(CGD) value, while the threshold voltage of the MOSFET 
remains relatively unchanged. The upper gate portion may 
be electrically connected to the lower gate portion or may 
be electrically isolated from the lower gate portion. If 
the upper qate portion is electrically isolated from the 
lower gate portion, a separate gate voltage may be 
connected to the upper qate portion to allow the upper 
gate portion to either act as a field plate or act to 
augment the fields generated by the lower qate portion to 
enhance the current handling capabilities of the MOSFET. 
A preferred method of forming the resulting MOSFET having 
this lowered CGD allows the source and body regions to be 
precisely aligned with the drain edge of the lower gate 
portion, and allows an ion implant damaged body contact 
region to be formed directly under, and self-aligned to, 
the source region, which ensures the parasitic bipolar 
transistor remains inoperative. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. la illustrates a prior art vertical MOSFET. 
Fig. lb is a schematic diagram illustrating an 

equivalent circuit for the MOSFET of Fig. la. 
Fig. 2 is a graph showing 

charge characteristics of a MOSFET. 
represent~~·i~e~:~a.~v.-~~-;;·-~;.i 

lklt!:0~'.t~~!~f 1 I 
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Fig. 3 illustrates a first prior art MOSFET 

having reduced gate-drain capacitance. 
Fig. 4 illustrates a second prior art MOSFET 

having reduced gate-drain capacitance. 
Fig. s illustrates an embodiment of the 

invention wherein a MOSFET for very high frequency (VHF) 

operation is made to have a relatively low cG0 • 

Figs. 6-12 illustrate various process steps used 

in one embodiment of a method for forming the VHF MOSFET 

of Fig. 5. 

Fig. 13 illustrates an alternative embodiment of 

a MOSFET capable of ultra high frequency (UHF) operation 

having a low CGO in accordance with the present invention 
where upper and lower gates are formed. 

Fig. 14 illustrates the MOSFET of Fig. 13 with 

an upper gate coupled to source voltage. 
Fig. 15 illustrates an alternative embodiment of 

a MOSFET having a low CGD in accordance with the present 
invention where an upper gate is removed. 

Fig. 16a illustrates an alternative embodiment 

of a MOSFET capable of UHF to super high frequency (SHF) 

operation having a very low CGD in accordance with the 

present invention where a lower gate and an upper gate 

terminate over a portion of the channel region. 

Fig. 16b illustrates with dashed lines the 
improved gate charge characteristics of the MOSFET of 
Fig. 16a. 

Figs. 17 and 18 illustrate process steps used to 

form the MOSFET of Fig. 16. 

Fig. 19 illustrates an alternative embodiment of 

a MOSFET having a very low CGD in accordance with the 

present invention which utilizes an overhanging upper gate 

to eliminate etching of a vertical portion of the gate. 

Fig. 20 illustrates a process step used to form 

the MOSFET of Fig. 19. 
Fig. 21 illustrates an alternative embed' of_, 

a MOSFET having a low CGD in accordance ·with .RHPl..~I SHEET 

EQ71 
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invention which utilizes a split upper gate. 
Fig. 22 illustrates an alternative embodiJnent of 

a MOSFET having a low CGD in accordance with the present 
invention which utilizes separate gates overlying an oxide 
layer of a single thickness. 

Fig. 23 shows a schematic representation of a 
MOSFET having an upper gate and a lower gate. 

Fig. 24 illustrates an embodiment of a lateral 
MOSFET having a low CGD in accordance with the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED EMBOQIMENTS 
Fig. 5 shows an embodiment of the invention 

capable of VHF operation, where conductive gate so, formed 
of either Al, Al containing Si,· or Al containing cu and 

- Si, or any other compatible gate material, is formed over 
drain 82 with a first thickness of oxide 86 therebetween. 
In one embodiment, oxide 86 is 10,000 A thick. Gate 80 is 
also formed over P body regions 88 with a second 
thickness of oxide 90 therebetween. In one embodiment, 
oxide 90 is 900 A thick. Also shown in Fig. 5 is N+ 
source region 92 and P+ body contact region 94, with 
conductive source contact 96 shorting together N+ source 
region 92 and P+ body contact region 94. N+ drain contact 
95 is shown contacting a bottom surface of drain 82. 

Since oxide layer 86 is significantly thicker 
than oxide layer 90, the capacitance between gate 80 and 
drain 82 will be relatively low due to this increased 
dielectric thickness, while the capacitance between gate 
80 and source region 92 will not significantly change. 
The thickness of gate oxide layer 90 is dictated by design 
considerations to provide a desired threshold voltage VT 
and dielectric breakdown voltage. 

Lateral dimensions of the various above­
described regions for one embodiment of the invention are 
shown in Fig. s. 

Thus, in the embodiment of Fig. 5, RiPhA~PJ"fSlIBErl 
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source voltage VGS will cause the field created between 
gate 80 and N+ source region 92 and between gate 80 and P­
body region 88 to invert the channel region within P- body 
region 88, causing an ohmic channel to be· created between 
N+ source region 92 and N~ drain 82. This inversion of P­
body region 88 is primarily due to the field created by 
the portion of gate 80 located above thin oxide layer 90. 
The portion of gate 80 overlying thick oxide layer 86 has 
a reduced effect on the conductance of the MOSFET and 
provides shielding over drain 82. 

Figs. 6-12 illustrate a method to form the 
structure of Fig. 5. 

In Fig. 6, an epitaxial layer 98 of N-type 
conductivity, having an impurity concentration of 
approximately 3 x 10E15 atoms/cm3 to achieve a breakdown 
voltage of between 80 to 100 V is deposited on an N+ 
substrate and has formed over it silicon dioxide layer 100 
having a thickness of preferably 10,000 A. 

Oxide layer 100 would be formed to have a 
thickness of 7,000 A for embodiments using two metal 
layers (a gate layer and a source layer). This two metal 
layer embodiment is illustrated on the right hand side of 
Fig. 5. 

oxide layer 100 may be formed by wet oxidation 
at approximately l,000°C for 3-5 hours. over oxide layer 
100 is then formed silicon nitride layer 102 by a chemical 
vapor deposition (CVD) process at approximately 790°C to 
achieve a thickness of approximately 1,000 A. 

In Fig. 7, oxide layer 100 and silicon nitride 
layer 102 are etched by using a conventional positive 
photoresist, contact masking technique and an anisotropic 
etch to expose portion 104 of substrate 98. In a 
preferred embodiment, a Lamn dry etcher is used. The 
exposed portion 104 of substrate 98 is to coincide with 
the desired location of the body-source diffusion. 

In Fig. 8, boron is implanted into substrate 98 
through exposed portion 104 and diffused to f gp~(§5M~TSHEEf·, 

2 8 FEB 1997 
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region 106. In the preferred embodiment, boron ions are 
implanted at an energy of 70KeV with a dosage of 
6 x 10E13/cm2 • The exposed silicon is then oxidized for 
30 minutes at 900°C in a dry o2 atmosphere to form oxide 
layer 107 in order to prevent damage to the substrate 
during a subsequent diffusing process conducted in an N2 
atmosphere. The implanted ions are diffused by a ramp up 
and dwell diffusing process, where the temperature of the 
wafer is ramped from 900°c·to 1,100°c at a rate of 
approximately S°C/minute and held for approximately 2.5 
hours and then ramped down to 900°C for one hour 
(including ramping time) in an N2 atmosphere, to form P 
body region 106 having a depth of approximately two 
microns. The required characteristics of P body region 
106 will depend on the desired breakdown voltage of the 
device and will be readily apparent to one of ordinary 
skill in the art. 

In Fig. 9, an additional boron implant is 
conducted to form P+ contact region 108 within.P body 
region 106. In the preferred embodiment, boron ions are 
implanted at an energy of approximately lOOKeV with a 
dosage of 10El5 to 10El6/cm2 • The implant energy is 
calculated to form P+ region 108 at a depth below the 
surface of substrate 98 where it is desired to have P+ 
region 108 interface with a subsequently formed source 
region. Next, the wafer is dipped in a 10:1, H20:HF 
solution for approximately 45 seconds to remove oxide 
layer 107, and arsenic is implanted to form N+ source 
region 110 at the surface of substrate 98. In the 
pref erred embodiment, arsenic ions are implanted at an 
energy of approximately 40KeV with a dosage of 10El6/cm2 • 

In Fig. 10, silicon dioxide layer 112 is 
deposited at 400°C over the surface· of the wafer to a 
thickness of approximately.500 A to prevent any out­
diffusing of arsenic ions forming source region 110. The 
impurities within N+ source region 110 and P+ body contact 

region 108 are then driven-in for approximat L~t~SflEET' 

~;199:1 i 
I I 
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at approximately l,000°C so that N+ source region 110 
extends approximately 0.3 microns beneath the surfaca of 
substrate 98. During this drive-in period, P+ body 
contact region 108 and P body region 106 also diffuse. 

In Fig. 11, an oxide etchant is used to remove 
oxide layer 112 and a portion of oxide layer 100 so as to 
leave overhanging silicon nitride portion 114. In the 
preferred embodiment to conduct this etching, the wafer is 
immersed in any oxide etch solu~ion with a known and 
controlled etch rate. For example, six parts H2o to one 
part ammonium fluoride may be used at 25°C for a period 
calculated to create the desired overhanging of nitride 
portion 114 relative to P body 106. For the diffusion 
process previously described, a 1.4 micron overhang of 
nitride portion 114 is satisfactory. 

In Fig. 12, the wafer is immersed in hot 
phosphoric acid (or an equivalent thereof) at a 
temperature of approximately 1~0°C for one hour to remove 
silicon nitride portion 114 and the remainder of silicon 
nitride layer 102 over oxide layer 100. As a precaution 
against arsenic outgassing, the wafer is gradually ramped 
up to a temperature of 920° in a tube furnace for 
approximately 15 minutes in a dry o2 atmosphere to form a 
thin layer of oxide 50-100 A thick. Silicon dioxide 
layer 116 is then grown over the surface of the wafer at 
approximately 920°C for approximately 25 minutes in an 
atmosphere of wet o2 to a thickness of 2500-3000 A over N+ 
source region 110. An increased thickness of oxide layer 
116 is inherently formed over N+ source region 110. The 
portion of oxide layer 116 over P body region 106, forming 
the gate oxide, will be approximately 900 A at this stage. 

Next, as shown in Fig. 5, a portion of oxide 
layer 116 over source region 110.is etched to expose a 
portion of source region 110. In an alternative 
embodiment, an additional etch is conducted to etch source 
region 110 through to expose P+ body contact region 108. 

A conductive metal layer is then farmed over L4.<!£.Mils.\f SHEET 

[.~~:0:--: 
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of the wafer by the deposition of either Al, Al containing 
si, Al containing Cu and Si, or any other conventional 
•etal layer to a thickness of approximately one micron. 
In the VHF embodiment of the invention, aluminum, copper, 
and silicon are sputtered over the surface of the wafer. 
A metal laye~ containing Si is pref erred to minimize 
migration of the metal atoms into the silicon substrate. 
For higher frequency embodiments, metal source contact 96 

preferably comprises a WTi barrier layer in contact with 
the source region overlaid by approximately 1 micron 

of AU. 

The resulting metal layer is then masked and 
etched to form source contact 96 and gate 80 as shown in 
Fig. s. Source contact 96 contacts N+ source region 92 
and also contacts P+ contact region 94 through N+ source 
region 92, due to source region 92 and P+ contact region 
94 being so highly doped as to be in ohmic contact with 
each other. Ohmic contact is further· enhanced by implant 
damage to the crystalline substrate. 

In an alternative embodiment, source region 92 
is anisotropically etched completely through in the 
contact area so that source contact 96 directly contacts 
both P+ body contact region 94 and N+ source region 92. 

Any embodiment herein may be formed with a 
tungsten (W) or refractory metal silicide layer deposited 
prior to the formation of source contact 96 to prevent 
migration of atoms and/or to reduce contact resistance. 

In practice, it is desirable to form source 
contact 96 close to the channel region to minimize on­
resistance. 

The method described in Figs. 6-12 and Fig. s 
forms a MOSFET having a low gate-drain- capacitance cGD' 

wherein source region 92, body contact region 94, and body 
region 88 are formed self-aligned with the drain edge 
portion of gate so. In this method to form a VHF MOSFET, 
there are no critical alignment tolerances, w · -·--
·this above described process one that will in REi.\..A~} S)iEET 
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result in a high yield of MOSFETs on a wafer. 
In the structure of Fig. s, the portion 0£ gate 

80 formed over thick oxide portion 86 is connected to the 
portion of gate 80 formed over thin oxide portion 90 by a 
vertical gate portion. In an alternative embodiment of 
the MOSFET structure of Fig. 5, the metal layer is formed 
by a method which will intentionally provide poor step 
coverage, such as by an evaporation process, so that the 
vertical portion of gate 80 will be relatively thin 
compared to the horizontal portions of gate so. Such a 
resulting structure, having relatively thin vertical 
portions of gate so is then isotropically etched using a 
commercially available wet aluminum etch containing 
phosphoric acid, assuming gate so is composed of Al, so as 
to isolate the portion of gate 80 formed above thick oxide 
portion 86 from the portion of gate 80 formed above thin 
oxide portion 90. This embodiment is shown in Fig. 13, 

.where upper gate 120 and lower gates 124 result. The 
remaining elements in the MOSFET of Fig. 13 are similar to 
those in Fig. 5 and are formed using a process similar to 
that described with respect to Fig. s. 

In all the embodiments described herein, for 
higher frequency operation, the source contact is 
preferably an overlay metal (such as shown on the right 
hand side of Fig. 5). This allows P body region 88 to be 
relatively narrow (-10 microns) for low drain-to-source 
capacitance c05 • The various figures do not incorporate a 
two metal layer for simplicity. 

In the MOSFET structure of Fig. 13, gate voltage 
is applied to lower gates 124, while a separate voltage is 
applied to upper gate 120. A positive voltage applied to 
upper gate 120 will make upper gate 120 effective in 
creating additional carriers in the N- drain 82 and 
increasing the current handling capability of the MOSFET. 
A negative voltage on upper gate 120 will increase the 
breakdown voltage of the MOSFET. 

In Fig. 14, a structure i~entical t RiB!g\.C~NtSHEET 
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shown except that upper'qate 120 is connected to the 
source voltaqe instead of to an upper gate voltage~ Thus, 
in this configuration, upper gate 120 acts as a field 
plate for increasing the depletion regiori· in drain 82 when 
the MOSFET is in its off state. This serves to enhance 
the breakdown voltage of the MOSFET. 

In an alternative embodiment, shown in Fig. 15, 
upper metal qate 120 of Fiq. 13 is removed using a wet 
etch process. As shown in Fig. 15, mask 125, shown in 
dashed outline, is first formed to expose a center portion 
of the gate metal over oxide 86. The wet etch process 
removes the exposed metal and also removes the gate metal 
adjacent the exposed portion. Gate voltage is applied to 
gates 124 to invert the channel regions in P body 
regions 88. 

In the highest speed embodiment of the 
invention, shown in Fig. 16a, lower gate 140 is formed so 
as to only overlap a portion of the channel region in P 
body region 88, while upper gate 144 overlaps ·the 
remaining portion of the channel region in P body region 
88. This configuration further reduces the CGD of the 
MOSFET, since lower gate 140 is relatively physically 
distant from drain 82. In this configuration, the field 
qenerated by upper qate 144 in conjunction with the field 
created by lower gate 140 is used to invert the channel 
region in P body region 88 to form an ohmic channel 
between N+ source region 92 and N- drain 82. 

The structure of Fiq. 16a is formed using a 
method similar to that described with respect to Fig. s, 
except that after drive-in of N+ source region 92 and P+ 
contact region 94, the oxide etch, previously discussed 
with respect to Fig. 11, is conducted for less time so as 
to etch away less of oxide layer 100 under silicon nitride 
layer 102. This is shown in Fig. 17. The terminating 
portion of oxide layer 100 is located above an exposed 
portion of P body region 88 where it is desired for lower 
gate 14 o and upper gate 144 to interface. Late------· · -1 
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dimensions of one embodiment are shown in Fig. 17. 
In the step illustrated in.Fig. 18, silicon 

nitride layer 102 is removed, and oxide layer 116 is 
grown. 

As shown in Fig. 16a, oxide 116 is etched, and 
source region 92 and body contact region 94 are optionally 
etched in order to short these regions together by a metal 
source contact. A metal conductive layer is then 
deposited, preferably by.evaporation, so as to provide a 
metal layer having poor step coverage. This metal layer 
is then masked and isotropically etched so as to form 
upper gate 144, lower gate 140, and, optionally, source 
contact 148. source contact 148 may also be formed later 
through an opening in a subsequently deposited oxide layer 
and oxide portion 116, resu~ting in a two layer metal 
embodiment, preferable for high frequency and high density 
devices. 

In the structure of Fig. 16a, CGD has been 
virtually eliminated. Upper gate 144 may be connected to 
source region 92 through an alternating current (AC) short 
circuit, and the resulting drain-to~upper gate 
capacitance, which constitutes CGD (or crss> in the prior 
art MOSFETs of Figs. 1, 3 and 4, now appears in this 
invention as a part of c05 • The dramatically improved 
switching characteristics of the new structure are shown 
by the broken lines in Fig. 16a superimposed on the gate 
charge characteristics graph of Fig. 2. 

Fig. 19 illustrates another embodiment of the 
invention which is a variation of the structure of Fig. 
16a. In Fig. 19, upper gate 144 overhangs oxide portion 
86. This structure has the advantage in that ~he channel 
region between N+ source 92 and drain 82 is completely 
overlapped by the combination of upper gate 144 and lower 
gate 140 so as to insure the inversion of the channel 
region. Further, the structure may be formed without 

any requirement for an isotropic· etch to etch ~\ 
vertical portion of the metal layer initially ng · 
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upper gate 144 to lower gate 140. 
The method for forming the structure of F~g. 19 

is similar to that for forming the structure of Fig. 5, 
except, in the process steps illustrated in Figs. 11 and 
12 for forming the MOSFET of Fig. 5, nitride layer 102 is 
partially etched to 40-50% of its original thickness. 
This completely removes overhanging nitride portion 114. 
The sidewalls of oxide portion 100, shown in Fig. 20, is 
then re-etched 1,000-2,000 1 to create a new small 
overhanging nitride portion 114A. A metal layer is then 
deposited by, for example, evaporation, and a vertical 
portion is not formed on a sidewall of oxide layer 100. 
The resulting structure is masked and etched to form the 
structure of Fig. 19. 

Fig. 21 shows a higher frequency embodiment of 
the invention which is a variation of the MOSFETs having a 
separate upper gate. In Fig. 21 upper gates 160 and 162 
are shown separated by a gap. This structure results in a 
lower drain-to-upper gate capacitance CGD due to less 
upper gate area over drain 82. High current capability is 
retained by the field created by u~per gates 160 and 162. 
This split upper gate configuration may be used in any of 
the above-described embodiments including Fig. 5, where 
gate 80 overlying oxide 86 may be opened up to further 
reduce CGD" 

In the high frequency MOSFET of Fig. 21, source 
contact 96 is preferably comprised of a 2,000 A WTi 
barrier layer under a 9,000 1 Au layer in an overlay (two 
layer metal) configuration. In an embodiment wherein a 
metal source contact is to directly contact both the P+ 
body contact region and the N+ source region, as shown in 
Fig. 19, platinum silicide is preferably used as a contact 
layer under the WTi to improve ohmic contact. 

In one embodimen~ of the MOSFET of Fig. 21, the 
starting material is an N+ (antimony) <1-0-0> silicon 
substrate with an 8 micron epitaxial layer formed therein 
having a resistivity of 1.5 ncm. REPLACEMENT SHEETI 
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oxide layer S6 has a thickness of 7,000 l. Gate 
oxide 90 has a thickness of SOO l. ·The body opening mask -through which body region SS impurities are implanted is 
S.5 microns wide. The space between gates 124 is 
approximately 25 microns. The source contact mask opening 
is 2 microns. The gate 124, 160, 162 length is 
approximately 2.5 microns. 

The implant doses are as follows: 

For P body region SS: 5 x 10E13/cm2 at 70KeV 
using boron ions; 

For P+ body contact region 94: 1 x 10El5/cm2 at 
100 KeV using boron ions; and, 

For source region 92: 1 x 10E16/cm2 at 40KeV 
using arsenic ions. 

The channel length is approximately 1 micron, 
and the channel width is approximately 1100 microns. 

The resulting structure has the following 
electrical properties: 

VTH @ 25µA: 1.0-1.sv 

BVDSS @ 250µA: SOV 

gm@ 25mA, VD =-lOV: 0.025 mhos 

ROON @ VG = 10V: 32 ohms 
At VG = OV, VD = 28V: 

ciss - 1.25 pf (CGS + CGD) 

crss - o.0425 pf (CGD) 

Coss - 0.625 pf (CDS + CGD) 

When overlay metal is used, a Farad~y shield is 
.preferably connected to the source contact and-placed 
between the gate bonding pad and the drain to prevent pad 
capacitance from becoming part of CGD" 

In additional embodiments, the upper gate 
described with respect to Figs. 13, 14, 16a, 19, and 21 is 
deposited on th~ same thickness of oxide as the lower gate 
and separated from the lower gate by a masking and etch 
process. A representative embodiment is shown in Fig. 22, 

Where qates 152 and 154 are formed over a sa i f 2.9~~~ 
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of oxide 156. Further, both qates 152 arid 154 may or may 
not overlie a portion of the channel reqion. The 
remaining elements in Fig. 22 are identical to those shown 

in Fig. 5. 
Fiq. 23 shows a new schematic representation of 

the resultinq structures described herein which utilize a 
separate upper gate and lower qate. 

Fiq. 24 shows a lateral MOSFET in accordance 
with another embodiment of the invention, where qate 
portion 160 is formed over thick oxide 86, and qate 
portion 162 is formed over thin oxide 90. Gate portions 
160 and 162 may be separated as described with respect to 
Fig. 13. The MOSFET of Fiq. 24 is formed usinq steps 
similar to those used to form the vertical MOSFET of 
Fig. 5, except, in Fig. 23, N+ drain contact region 168 is 
formed in a top surface of substrate 82. Substrate 82 may 
be of an N or P type. If substrate 82 is of a P type, P 
body reqion 88 may be deleted. 

Thus, an improved MOSFET has been described 
which exhibits a lower qate-to-drain capacitance CGD' 
wherein source and body regions are precisely aligned with 
respect to a qate without the use of any critical masking 
steps, and wherein a parasitic bipolar transistor has been 
rendered inoperative. While particular embodiments of the 
present invention have been shown and described, it will 
be obvious to those skilled in the art that changes and 
modifications may be made without departing from this 
invention in its broader aspects. For example, all 
conductivity types may be made opposite to those 
specifically mentioned, 
modified as necessary. 
are to encompass within 
modifications that fall 
of this invention. 

and the various dimensions may be 
Accordinqly, the appended claims 
their scope all such changes and 
within the true spirit and scope 

r-----------·--·· 
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I 

What is claimed is: 
1. A MOSFET structure comprising: 
a substrate of a first conductivity type having 

a top surface; 
a drain of said first conductivity type; 
a body reqion of a second conductivity type 

formed in said top surface of said substrate; 
a source region of said first conductivity type 

formed in said top surf ace of said substrate and 
formed within said body reqion; 

a conductive qate having an upper portion and a 
lower portion, said lower portion being insulated 
from a channel region within said body region located 
between said source region and said drain by an 
insulation layer of a first thickness, said upper 
portion being insulated from said drain by an 
insulation layer of a second thickness, wherein said 
second thickness is qreater than said first 
thickness. 

2. The MOSFET structure of Claim 1 wherein 
said drain includes a drain contact reqion of a first 
conductivity type formed in said top surface of said 
substrate. 

3. The MOSFET structure of Claim 1 wherein 
said drain includes a drain contact portion of said 
substrate formed on a bottom surface of said substrate. 

· 4. The MOSFET structure of Claim 1 wherein 
said upper portion and said lower portion of said gate are 
connected by a vertical gate portion. 

s. The MOSFET structure of Claim 1 wherein 

said upper portion and said lower portion of sa ... ·.~ SHEET 

Th1ifllm1n1i111i11r 1_f ~~1 · 



- 20 -

not connected by a vertical gate por~ion. 

.TH\S SHEET HAS BEEN 
REPLACED 

6. The MOSFET structure of Claim 5 wherein 

said lower portion of said gate overlaps a first portion 

of said channel region and said upper portion of said gate 

overlaps a second portion of said channel region. 

7. The MOSFET structure of Claim 5 wherein 

said upper portion of said gate overhangs said insulation 

layer of said second thickness. 

a. The MOSFET structure of Claim l further 

comprising a body contact region of said second 

conductivity type formed.within said body region for being 

electrically shorted to said source region. 

'\ 

9. A MOSFET structure comprising: 

a substrate of a first conductivity type having 

a top surface; 
a drain of said first conductivity type; 

a body region of a second conductivity type 

formed in said top surface of said substrate; 

a source region of said first conductivity type 

formed in said top surface of said substrate and 

formed within said body region; 
a conductive gate having a first portion 

separated from a second portion, said first portion 

being insulated from a channel region within said 

body region located between said source region and 

said drain by a first insulation layer portion, said 

second portion being insulated from said drain by a 

second insulation layer portion, wherein said first 

and second insulation layer portions have identical 
thicknesses. 

10. The MOSFET structure of Claim 9 

said first portion and said second portion each 
. -.. -~;r,f ~litl1 

.a. . . -c:~:.'..."*'( I 
. I If 11111111111 11111 1111111 1111 
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portion of said channel region. 
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11. The MOSFET structure of Claim 9 wherein 
said drain includes a drain contact region of a first 
conductivity type formed in said top surface of said 
substrate. 

12. The MOSFET structure of Claim 9 wherein 
said drain includes a drain contact portion of said 
substrate formed on a bottom surface of said substrate. 

13. A MOSFET structure pair comprising: 
a substrate of a first conductivity type having 

a first surface, a bottom surface of said substrate 
acting as a drain contact region ·for said MOSFET 
structure; 

a first and second body region of a second 
conductivity type formed in said top surface of said 
substrate and separated from one another. by a first 
area of said top surface of said substrate; 

first and second source regions of said first 
conductivity type formed in said top surface of said 
substrate and within respective ones of said body 
regions; 

a conductive gate having an upper portion and a 
lower portion, said lower portion being insulated 
from a channel region within said first body region 
between said first source region and a terminal 
portion of said first area by an insulation layer of 
a first thickness; said second lower portion being 
insulated from a channel region within said second 
body region between said sec~nd source region and a 
terminal portion of said first area by an insulation 
layer of said first thickness, said upper portion 
being insulated from said first area of said top 
surf ace of said substrate by an insulat~on layer of a 
second thickness, wherein said second thi C ·-,E· ,,~f.~1~ · .~Iri·~;""i"' ---------- ~ i 11 lu. Sn1J,;;! i 

1f 2a~J~ 111111111111111111111111111111 
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greater than said first thickness. 

14. The MOSFET pair structure of Claim 13 
wherein said upper portion and lower portion of said gate 
are connected by vertical gate portions. 

15. The MOSFET pair structure of Claim 13 
wherein said upper portion and said lower portion of said 
gate are not connected by vertical gate portions. 

16. The MOSFET pair structure of Claim 15 
wherein said upper,portion of said gate is split into a 
first upper portio? and a second upper portion, wherein 
neither said first:upper portion nor said second upper 
portion overlies a:central portion of said first area. 

, . .. 
t 

17. A M9SFET structure comprising: 
a substr~te of a first conductivity type having 

a top surfacei 
i 

a drain of a second conductivity type formed in 
said top surf~ce of said substrate; ,. 

a source!reqion of said second conductivity type 
formed in sai~ top surface of said substrate; 

a conductive gate having a first portion 
separated fro~ a second portion, said first portion 
being insulat~d from a channel region between said 
source region 'and said drain by a first insulation 

... 

layer portion,:- said second portion beinq insulated 
from said chatjnel reqion by a second insulation layer 
portion. 

18. The MOSFET structure of Claim 17, wherein 
said first and second insulation layer portions have 
identical thicknesses. 

19. A method of forminq a MOSFET structur~tb----;--::;; 
a source reqion and a body reqion self-aliqned w' la\CE~1ENTS~~1\ 

, 1111mE m1~ 111n 111m 111111 FB 1991 I \ 
* c L"' s * I 
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ga~e, said method comprising the step~ of: 

THIS SHEET HAS BEEN 
REPLAC.ED 

forming a first layer of insulation over a top 
surface of a substrate, said substrate being of a 
first conductivity type and acting as a drain; 

removing a portion of said insulation layer to 
expose a portion of said top surf ace of said 
substrate; 

introducing impurities of a second conductivity 
type into said exposed portion of said substrate; 

introducing impurities of said first 
conductivity type into said exposed portion of said 
substrate; 

diffusing said introduced impurities to form a 
body region of said second conductivity type and a 
source region of said first conductivity type formed 
within said body region; 

removing portions of said insulation layer to 
expose said body region af~er diffusion of said· 
impurities of said second conductivity type; 

forming a first insulation layer portion over a 
channel region in said exposed portions of said body 
region while forming a second insulation layer 
portion over said drain adjacent to said channel 
region; 

depositing a conductive gate layer over said 
first insulation layer portion and said second 
insulation portion. 

20. The method of Claim 19 wherein said second 
insulation layer portion is thicker than said first 
insulation layer portion. 

21. The method of Claim 19 wherein said second 
insulation layer portion is of the same thickness as said 
first insulation layer portion. 

-----u·-~·,,,. .. -.. ~,····-~·. 
--------~~2. The method of Claim 19 further c "'·~A~~T SI~ET. 
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the step of depositing a layer of silicon nitride over 

said first insulation layer after said step of depositing 

said first insulation layer. 

23. The method of Claim 19 further comprising 

the step of etching vertical portions of said gate layer 

to isolate an upper portion of said gate from a lower 

portion of said gate. 

24. The method of Claim 23 wherein said lower 

portion and said upper portion of said gate both overlie a 

portion of said channel region within said body region. 

25. The method of Claim 24 wherein said upper 

portion of said gate overhangs said second insulation 

layer portion over a portion of said channel region of 

said body region. 

26. The method of Claim 23 wherein a central 

portion of said upper gate portion of said gate is 
removed. 

r 
: 

REPLACEMENT SHEET 1 
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AMENDED a.AIMS 

(received DJ the International Bureau 
on 1 July 1991 (Ol.07.91): 

original claims l-9,l3-l5,l7-;18 and 24 cancelled: 
claims 10-12. 16 and 19 amendSd and renumbered as 

claims 1-3, 4 and S: claims 20-23 and 25 renumbered 
as claims 6-9 and 10: claim 26 amended and renumbered 

as claim 11: new claims 12-22 added (7 pages)] 

What is claimed is: 
1. A MOSFET structure comprisinq: 

a substrate of a first conductivity type having 

a top surface; 
a drain of said first conductivity type being 

more hiqhly doped than ~aid substrate; 
a body reqion of a second conductivity type 

formed in said top surface of said substrate; 
a source region of said first conductivity type 

formed in said top surface of said substrate and 
formed within said body reqion; 

a conductive gate having a.first portion 
separated from a second portion, said first portion 

being insulated from a channel region within said 
body region located between said source region and a 
periphery of said body region by a first insulation 
layer portion, said second portion being insulated 
from said top surf ace of said substrate by a second 
insulation layer portion, wherein said first and 
second insulation layer portions have substantially 
identical thicknesses, 

wherein said first portion and said second 
portion each overlie a portion of said channel reqion 
within said body reqion. 

2. The MOSFE'l' structure of Claim 1 wherein said 
drain is formed in said top surface of said substrate. 

3. The MOSFE'l' structure of Claim 1 wherein said 
drain is formed on a bottom surface of said substrate. 

4. A MOSFET pair structure comprising: 
a substrate of a first conductivity type having 

a first surface, a bottom surface of said substrate 
acting as a drain contact reqion for said Mlft~Ef":i~~r3.::wn~~~---·, 
structure; A\,rnv1Ht~T ~l~ET 

I Thiif i11ii1ITIH1f 2 8 FEB 1997 



- 26 -

a first and second body region of a second 
conductivity type formed in said top surface of said 
substrate and separated from one another by a first 
area of said top surface of said substrate; 

first and second source regions of said first 
conductivity type formed in said top surface of said 
substrate and within respective ones of said body 
regions; 

a conductive gate having an upper portion, a 
first lower portion, and a second lower portion, said 
first lower portion being insulated from a channel 
region within said first body region between said 
first source region and a periphery of said first 
body region by an insulation layer of a first 
thickness, said second lower portion being insulated 
from a channel region within said second body region 
between said second source region and a periphery of 
said second body region by an insulation layer of 
said first thickness, said upper portion being 
insulated from said first area of said top surface of 
said substrate by an insulation layer of a second 
thickness, wherein said second thickness is greater 
than said first thickness, 

wherein said upper portion of said gate is split 
into a first upper portion and a second upper 
portion, wherein neither said first upper portion nor 
said second upper portion overlies a cent~al portion 
of said first area. 

5. A method of forming a MOSFET structure with a 
source region and a body region self-aligned with a gate, 
said method comprising the steps of: 

forming a first layer of insulation over a top 
surface of a substrate, said substrate being of a 
first conductivity tyPe and acting as a dr · 

~~~I 
I .__ ________ } 
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removing a~, portion of said insulation layer to 

expose a portion of said top surf ace of said 

substrate; 
introducing impurities of a second conductivity 

type into said exposed portion of said substrate; 

introducing impurities of said first 

conductivity type into said exposed portion of said 
• 

substrate; 
diffusing ~aid introduced impurities to form a 

'· 

body region of •ai~ second conductivity type and a 

source region o~· said first conductivity type formed 

within said body region; 
removing portions of said insulation layer to 

I 

expose said bod~ region after diffusion of said 

impurities of s~id second conductivity type; 
I . 

forming a ~irst insulation layer portion over a 

channel region ~n said exposed p9rtions of said body 

region while fofming a second insulation iayer 

portion over said drain adjacent to said channel 

region; 
depositing, a conductive gate layer over said 

first insulation layer portion and said second 

insulation portion; and 

etching said conductive gate layer to separate 

said gate layer. into first and second portions, 

wherein said first and second portions each overlie a 

portion of said channel region within said body 

region. 

6. The method of Claim 5 wherein said second 

insulation layer portion is thicker than said first 

insulation layer portion. 

7. The method of Claim 5 wherein said second 

insulation layer portion is of the same thickne ...__.......__ 

first insulation layer portion. REPLACEME~ SHEET· 
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s. The method Claim 5 further comprising the step 
of depositing a layer of silicon nitride over said first 
insulation layer after said step of depositing said first 
insulation layer. 

9. The method of Claim 5 wherein the step of 
etching comprises etching vertical portions of said gate 
layer to isolate an upper portion of said gate from a 
lower portion of said gate. 

10. The method of Claim 9 wherein said upper portion 
of said gate overhangs said second insulation layer 
portion over a portion os said channel region of said body 
region. 

11. A method of forming a MOSFET structure with a 
source region and a body region self-aligned with a gate, 
said method comprising the steps of: 

forming a first layer of insulation over a top 
surface of a substrate, said substrate being of a 
first conductivity type and acting as a drain; 

removing a portion of said insulation layer to 
expose a portion of said top surf ace of said 
substrate; 

introducing impurities of a second conductivity 
type into said exposed portion of said substrate; 

introducing impurities of said first 
conductivity type into said exposed portion of said 
substrate; 

.diffusing said introduced impurities to form a 
body region of said second conductivity type and a 
source region of said first conductivity type formed 
within said body region; 

removing portions of said insulation layer to 
expose said body region after diffusion -·-,l~q1~J:i·\i~' ~iiuE·-~r; 

-'- i.d1.\..Dl~U..iJ.'l .l IJ.il.1.1..i !;, 
impurities of said second conductivity t ., 
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forming a first insulation layer portion over a 
channel region in said exposed portions of said ~ody 
region while forming a second insulation layer 
portion over said drain adjacent to said channel 

region; 
depositing a conductive gate layer over said 

first insulation layer portion and said second 
insulation portion, 

wherein a central portion of said upper gate 
portion df said gate is removed. 

12. A MOSFET structure comprising: 
a substrate of a first conductivity type having 

a top surface; 
a drain of said first conductivity type being 

more highly doped than said substrate; 
a body region of a second conductivity type 

formed in said top surface 9f said substrate; 
a source region of said first conductivity type 

formed in said top surface of said substrate and 
formed within said body region; 

a conductive gate ha~ing an upper gate portion 
electrically separated from a lower gate portion, 
said lower gate portion overlapping and being 
insulated from a first portion of a channel region 

within said body region located between said source 
region and a periphery of said body region by an 
insulation layer of a first thickness, said upper 
gate portion overlapping and being insulated from a 
second_ portion of said channel region by an 
insulation layer of a second thickness, said upper 
gate portion also extending over said top surf ace of 
said.substrate of said first conductivity type, 
wherein said second thickness is greater than said 
first thickness. 

REPLACEMENT SHEET· 
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13. The MOSFET structure of Claim 12 wherein said 
upper gate portion is connected to receive an upper g~te 
voltage for inverting said second portion of said channel 
region, and said lower gate portion is connected to 
receive a separate lower gate voltage for inverting said 
first portion of said channel region. 

14. The MOSFET structure of Claim 12 wherein said 
upper gate portion is connected to said source region 

·through an AC short circuit. 

15. The MOSFET structure of Claim 12 wherein said 
upper gate portion overhangs said insulation layer of said 
second thickness. 

16. A MOSFET structure comprising: 
a substrate of a first conductivity type having 

a top surf ace; 
a drain of said first conductivity type being 

more highly doped than said substrate; 
a body region of a second conductivity type 

formed in said top surface of said substrate; 
a body contact region of said second 

conductivity type formed within said body region and 
being more highly doped than said body region; 

a source region of said first conductivity type, 
being more heavily doped than said substrate, formed 
within said body region so as to completely overlie 
said body contact region; and 

a conductive gate insulated from and formed over 
a channel region within said body region located 
between said source region and a periphery of said 
body region. 

17. The MOSFET structure of Claim 16 further 
comprising a conductive electrode directly contae~:riCr:::Jm:::ta:o.---~~ 
source region and not directly contacting said 

2 8 FEB 1997 
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contact region, whereby electrical contact with said body 

contact region is made through said source region, doping 

of said source region and said body contact region being 

of such a level as to cause said source region and said 

body contact to be essentially in ohmic contact with each 

other. 

18. The MOSFET structure of Claim 16 further 

comprising a conductive electrode penetrating said source 

region so as to be in direct contact with source region 

and said body contact region, thereby shorting said source 

region to said.body contact region. 

19. The MOSFET structure of Claim 16 wherein said· 

drain is formed in said top surface of said substrate. 

20. The MOSFET structure of Claim 16 wherein said 

drain is formed on a bottom surface of said substrate. 

21·. The MOSFET structure of Claim 4 wherein said 

upper portion is shorted to said first and second lower 

portions. 

22. The MOSFET structure of Claim 4 wherein said 

upper portion is not shorted to said first and second 

lower portions. 

REPLACEMEN1 SHEET 1 
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MOSFET STRUCTURE HAVING REDUCED GATE CAPACITANCE AND 
METHOD OF FORMING SAME 

ABSTRACT OF THE DISCLOSURE 

In one embodiment, a vertical MOSFET is formed 

having a lower gate portion (124) overlying the 

channel region of the MOSFBT and separated from the 

channel region by a thin gate oxide layer (90). An 

upper gate portion (120) is formed overlying the drain 

of the MOSFET and separated from the drain by a 

relatively thick oxide layer (86). In the particular 

embodiment, since the dielectric thickness between the 

upper gate portion (120) and the drain (82) is 

relatively large, the MOSFET exhibits a lower gate­

drain capacitance (Cau) value, while the threshold 

voltage of the MOSFBT remains releatively unchanged. 

The upper gate portion (120) may be electrically 

connected to the lower gate portion (124) or may be 

electrically isolated from the lower gate portion 

(124). A preferred method of forming the resulting 

MOSFET having this lowered Cau allows the source (92) 

and body regions (88) to ~e precisely aligned with the 

drain edge of the lower ga~e portion (124). 

FIGURE 21 
===== ........ ----:.i~l\I· 
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CLAIMS: 

I. A MOSFET pair structure (figure 21) comprising: 
a substrate (82) of a first conductivity type 

having a first surface, a bottom suface of said substrate acting as a 
drain contact region (95) for sa-id MOSFET pair structure; 

a first and second body region (88) of a second 
conductivity type formed in said top surface of said substrate ~nd 
separated from one another by a first area of said top surface of said 
substrate; 

first and second source regions (92) of said first 
conductivity type formed in said top surface of said substrate and 
within respective ones of said body regions; 

a conductive gate having an upper portion (160, 
162) electrically separated from a first lower portion (124) and a 
~:ec~nd lower portion (124), said first lower portion being insulated 
from a first ch.annel region within said first body region between said 
first source region and a periphery of said first body region by an 
insulation layer (90) of a first thickness, said $~Cond lower portion --· 
being insulated from a second channel region with"ln said second 
body region between said second source region and a periphery of · 
said ·second body region by an insulation layer:· (90) of said first 
thickness, said upper portion being insulated from said first area of 
said top surface of s.aid substrate by an insulation layer (86) of a 
second thickness, wherein said second thickness is gt~ater than said 
first thickness, 

wherein said upper portion of said gate is split 
into a first upper portion (160) and a second upper portion (162), 
wherein neither said first upper portion nor said second upper por:~.ion 
overlies a central portion of said first area. 
2. The MOSFET structure (figure 19) of claim 1 

wherein said first lower portion (140) overlaps a 
first portion of ,said first channel region, and said first upper 
portion (144) overlaps a second portion of said !irst channel region, 
and 

wherein said second lower portion (140) overlaps a 

_J 

:~ .: 
.. ·. 

first portion of said second channel region, and said s=..:e=-::c:.=o.:.:.nd::__::u:!:p.!:pe=..:r:___~--
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portion· (144) overlaps a second portion of sai n. 
3. The MOSFET structure of claim 2 wherein said upper 
portion (144, 160, 162) is connected to receive an upper gate voltage 
(VG-UPPER) for inverting said second portion of said first and second 
channel regions, and said first and second lower portions (124, 140) 
are connected to receive a separate lower gate voltage (VG-LOWER) for 
inverting ~~id first portion of said first and second channel regions. 
4. The MOSFET structure of claim 1 or 2 wherein said 
upper portion (144, 160, 162) is connected to said source region 
through an AC short circuit. 
5. The MOSFET structure of ~laim 1, 2, 3, or 4 wherein 
said upper portion (144) overhangs said insulation layer (100) of said 
second thickness. 
6. A method of forming a MOSFET pair structure (figure 
21) comprising the steps of: 

forming a first and second body region (88) of a 
second conductivity type in a top surface of a substrate (82) of a 
first conductiv·ity type and separating said first and second body 
regions from one another by a first area of said top surface of said 
substrate, a bottQm surface of said substrate act.i_ng as a drain 
contact region (95) for said·. f!10SFET pair structu~e; 

forming first and second source regions (92) of 
said first conductivity type in said top surfface of said substrate and 
within respective ones of said body region~; and 

forming a conductive gate having an upper portion 
(160, 162) electrically separated from a first lower portion (124) and 
a second lower portion (124), 

said first lower portion being insulated from a 
first channel region within said first body region between said first 
source region and a periphery of said first body region by an 
insulation layer (90) of a first thickness, 

said second lower portion being insulated from a 
second channel region within said second body region between sa:td 
second source region and a periphery of said second body region by an 
insulation layer (90) of said first thickness, 

. .; ·. 
: .. ·: . 

said upper portion being insulated from said first 
area of said top surface of said substrate by an insulation layer (86) 
of a second thickness, wherein said second thickness is greater than 

.-~~~~~~~~-
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~aid first thickness, ., .. ,mi •. ··-~-.•. -.-----......1 
wherein said upper portion of said gate is split 

into a first upper portion (160) and a second upper portion (162) such 
that neither said first upper portion nor said second upper portion 
overlies a central portion of said first area. 
7. The method of claim 6 wherein said step of forming 
said conductive gate (figure 19) comprises the steps of: 

forming said conductive gate so that said first 
lower portion (140) overlaps a first portion of said first channel 
region, and said first upper portion (144) overlaps a second portion 
of said second channel region, and 

wherein said second lower portion {140) overlaps a 
first portion of said second channel region, and said second upper 
portion (144) overlaps a second portion of said second channel region. 
8. The method of claim 6 or 7 further comprising the 
steps of: 

connecting said upper portion (144, 160, 162) to 
receive an uppe.r gate voltage (VG-UPPER) for inverting said second 
portion of said first and second channel regions; and 

.·connecting said first and s~cond lower portions 
. . 

(124, 140) to receive a separate lower gate voltage (VG-LOWER) for 
inverting said first porti9n of said channel regions. 
9. The method of claim 6 or ?·further comprising the 
step of connecting said upper portion (144,>160, 162) to said source 
region (92) through an AC short circuit. 
10~ The method of claim 6, 7, 8, or 9 further 
comprising the step of forming said upper portion (144) so as to 
overhang said insulation layer (100) of said second thickness. 
11. The MOSFET structure of claim l; 2, 4, 5, or 6 
wherein said upper portion (144~ 160, 162) is connected to a fixed 
potential. 
12. The method of claim 6, 7, 9, or 10 further 
comprising the step of connecting said upper portion (144, 160, 162) 
to a fixed potential. 

11111111111111 11111 1111111 1111 
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MOSFET STRUCTURE HA YING REDUCED GATE 
CAPACITANCE AND METHOD OF FORMING SAJ.\IE 

Oescripticn 

FIELD OF THE INVENTION 

This invention relates to meraf-oxide-semiccncuc· 
tor field effect transistors (MOSFETs) and, in particular. 
to a!' improved structure ot a MOSFET having reduced 
gate capacitance and increased switching speed. 

BACKGROUND OF THE INVENTION 

It is generally desirable to construct electrical cir­
cuits capable cf high speed operation. In an electrical 
circuit containing MOSFETs, this requires the MOSFETs 
themselves to have rapid response to input signals. A 
significant barrier to achieving higher operating speeds 
of MOSFETs has been overcoming the parasitic· gate 
capacitance of the MOSFET. where a significant amount 
of delay is incurred while charging and discharging the 
gate of the MOSFET to a certain voitage in order to am­
plify a signal or to fully switch the MOSF~ on and off. 

Fig. 1 a shows a representative vertical MOSFET 
with the gate-source parasitic capacitance (CGs) an!=f 
the gate-drain parasitic capacitance (Cao> shown. Also 
shown in Fig. 1 a is· the drain-source parasitic capaci­
tance (Cos). 

To operate the N channel MOSFET or Fig. 1 a, a pos­
itive voltage V00 is applied to drain tenninaf 20, while a 
low voltage (e.g., ground) is applied to source reg~ons 
30 and body regions 34. Source regions 30 and body 
regions 34, which constitute the emitter and base of a 
parasitic NPN bipolar transistor, are imperfectly shorted 
together by contacts 36 to preve~t these regions from 
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being tor.vard biased. Conductive gate 38 i~ insulaced 

from source regions 30 and bcdy regions 34 by a ~ce 

Oxide. When a gale•sourcs VOlfa;ge V GS is ai:!=lieC to 
sate 38 which exceeds the Uireshold voltage Vi of t.'ie 

MOSFET, an chmic channel forms in 9ody regions 34 

under gate 39 so as to chmically c::u!=le N-type source 

regicns 30 to N·type drair. 40. Curra~t is t.'ier: conduc:ee 

l:etween s.:iurca contacts 36 and drain terminaJ ~O. 

When the MOSFET is in its aft state, a depleticn region, 

represanted by dashed cutJine 44, is creatad within 

drain 40. 
A basic equivalen.t circuit fer the MOSFE"i cf Fi;. 

1 a is shown in Fie. 1 b. ~.s shewn in Fie. II:, fer tr.e cate - - -
SO to have a voltage Va necessar1 to fully tum er. MOS· 

FET S2, tech CGs and Cao must be fully charged. Ca-· 

pacitance Cos will be considered herein to approximate 

zero. Also shown in Fig. 1 b is input gate current la and 

current lea0 charging capacitor Cc:c· Note that source 

region 30, bc:dy regic:n 34, and drain 40 form a parasitic 
NFN bipolar transistor within the MOSFET. as shown in 

Fig. ·1 b. 
A vertical MOSFET.· such as shown in Fig. 1 a, is 

typically a polysilicon gate device. where the gate 3S is 

used as a diffusion mask to self-align source regicns 30 

and body regions 34. 

Fig. 2 ilf ustrato!s the voltage conditions dunng a dy­

namic switching operation tor a representatrve MOS· 

FET showing the effects of the charging of c:apac:Jtances 

Cos and Cao with a constant current la applied at t = 0. 
In region 1 ot the graph ot Fig. 2. the MOSFET is ott, 

with V GS below the threshold •1oltage VT. Input gate cur· 
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rent 10 is shared between C00 and Cas according to 
their capacitance ratio. Within region 2. the threshold 
voltage VT is reached and the MOSFET begins to turn 
en, lowering the drain-to-source voltage V05. This 
changing V cs sets up a condition where the voltage is 
changing more ·rapidly across Cao than Cas· Current 
increases in Cao and decreases in C05, thus reducing 
the rate at which Vc::s is increasing. As Vas beccmes 
larger, the dv/dt cf the drain-to-source voltage Vcs in­
creases until the current lcac charging Cao reaches a 
magnitude equal to la, and Vas no longer increases. 
This condition results in the flat portion of the Vas curve 
in region 3 of Fig. 2. 

During this time, the depletion region under the 
gate, generally shown as depletion region 44 in Fig. 1 a, 
decreases since the potential of drain 40 under gate 38 
is lowered due to this ~egicn being pulled down by the 
increasing ohmic channel between N-type ·source re­
gion 30 and N-type drain 40. During the entire tum-on 
period of the MOSFET. capacitance CGo is _increasing 
due to this narrowing of the effective insulation between 
the plates of the equivalent capacitor Cao· As this ca­
pacitance increases, a decreasing dv/dt of the drain-to­
source voltage Vos results. This increase in capacitance 
CGo is reflected in the curved lower portion of Vos 
shown in Fig. 2. 

Once capacitance CGo has stabilized, the MOSFET 
is essentially fully on, and CGo does not cause any fur­
ther switching delay. 

As seen by the gate charge characteristics of Fig. 
2, the delay in switching of the MOSFET is significantly 
affected by capacitance CGo• where capacitance CGo 
is more commonly referred to as the reverse transfer 
capacitance (Crss)· Since, a$ shown in Fig. 2, capaci­
tance CGo is affected by voltage changes at the drain, 
it becomes understandable how the effective total gate 
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capacitance (Cin) of the MOSFET under dynamic ccn· 

diticns~is calculated usir.g the fellowing equation: 

(eq. 1) 

where Av = dV 0s'dV as· 
For an N channel MOSFET. dV 05 will be a negative val-

ue, and for a P channel MOSFET. dV as will be a nega­

tive value. Tnus, in either case, (1 ·Av) is equal to (1 + 
voltage gain). 

It is also to be noted that essentially the same gate 

charge characteristics are encountered with the dis­

charging of the gate, which causes the turn~ff speed of 

the MOSFET to be delayed. In linear applications. such 
. . 

. as radio frequency (RF) power amplification. input ca-

pacitance largely determines the upper frequency limit 

of the MOSFET. 
Typically, t_he value Cao (1 ·Av) is at l~ast three 

times greater than Cas· and thus any reduct~n ~f ca- . 

pacitance Cao will significantly lower the s~itching time 

of the MOSFET. or significantly raise the us2ble ciperat- :· 
ing frequency. . .· · ·· · · · 

Capacitance is calculated using the equation: 

c = AKe0/t. where (eq. 2) 

C is the capacitance: 
e0 is the permittivity of empty space (8.85 x 10-2 

couf2/newton2..m2): ' 

K is the dielectric constant (3. 9 for Si02 and 11. 7 

for Si): 
A is the plate area: and 
t is the dielectric thickness. ------------------···-· . ·-: 
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ihus. capacitance may be reducec by decreasing 
the plate area or incr-:asing the dielectric thickness. 

The prior art has attempted to reduce the parcasitic 
gate ca~acitance or a MOSFET by reducing the area of 
the gate and/or increasing the effective dielectric thick­
ness between the gate anc the drain. 

Two types of approaches whic!i have been previ· 
ously usad to reduce C00 are ·shewn in Fi~s. 3 ar.c 4 

where, in Fig. 3, an increased thickness ct dielectric SO 
is termed ever drain 62 to provide an increased cielectri.c 
thick."'1ess between ;ate 64 and crain 62. rne sate· 
source capac:tanc:e Cas is essantfally unchanged. sir.ca 
the thi~l<..,ess cf the cielectric se~arating gate 64 frcm 
source regicn SS is essantially unchangec. 

Prior art Fig. 4 illustrates an ai:proach where an N 
char.net vertical MOSFET uses two separate gates iO 
and 72 ccmmcnly ~nnected to a gate voltage VG· Since 
the effective area of the ;ate over drain 76 is decrea~ed. 
the Cc::o is also decreased. . 

One drawback of the MOSFET of prior art Fig •. 3 is . · 
that gate 64 may be misaligned with respect to~rais_ed :·· 
dielectric portion eo, causing part_ of the device tO __ haye 
low gain. In Fig. ·4, a center portion of the .gate oxide 70 
over drain 76 must be masked and protected while _body 
regions 7S and source regions 74 are fo~ed self· 
aligned with the gate. Also in Fig. 4, the width of_ gate 
elements 72 is subject to mask and photoresist varia­
~ions, which cause variations in CGo across a wafer and 
from lot to lol The critical masking steps required to form 
raised dielectric portion SO in Fig. 3 and to perform the 
precise etching ot the gate in Fig. 4 require a relatively 
precise alignmen~ of the mask, or relatively precise proc· 
ess and mask control, thus inevitably resulting in lower 
yields a.rid variable performance devices. 

Another drawback to the MOSF.ET in Fig. 3 is the 
imperfect short acn::>ss the emitter-base of the parasitic 
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br~olar transistor. Under certain ac:v~rse conditions. 1he 
b1i:o1ar uan:s1stor may be turned on to the extent ot .:aus· 
1ng secondary t:reakdown ar.c device failure Manuf ac­
turers hav~ accressac this pr.:t::lem by~ 1 ) racucing the 
depth ot the_N ... source diffusion to lc:werbeta; 2) moving 
the F+ bocy cdntact region closer to the char.nel regicn 
to reduce resistance between the emitter and l:ase: and 
:3) reducing the lateral dimensJOn _of the N+ source re­
gicn to lower the resistance between the emitter and 
base . 

. What is neeced in the art is a MOSFET structure 
having a relatively low c00 ar.c an incperative parasitic 
bipolar transistor which may l:e rormec with self-alis;ned 
source, boCy. and t:cdy contact regicns anc which may 
be fcrmec without requirir.; numerous anc cifficult i:roc· 
ess steps. 

US-A-4 455 SSS discloses a vertical MOSFET in­
clucing source and ;ate electrcdes en a major semicon­
cuctor surface, and a drain electrcde en an cpposfng 
semiconductor surface. and a shield electrode is dis-. 
posed in proximity to lhe gate ·electrcde so as to mini-

. mize feedback capacitance between the gate electrode 
and drain region. 

EP-A-0 050 773 discloses a MOSFeT having a 
drain of a first cenductivity type formed in contact with 
a substrate of said first conduc:tfvity type, a P type body 
region formed in a surface region of the substrate and· 
i. source region tomiect i1 the body region such that the 
·peripheral portion of the beefy region forms a channel 
region above which· an Insulated gate electrode Is 
formed. In this prior art MOSFET the input capacitance 
Is reduced in Iha~ ,the gate elec:trcde over the drain area 

. has a larger distance from the surface of the semii:on· 
·ductor body than over the channel area or Is completely 
interrupted at that location. · 

·-~~--.~···-·~·-- .. -· ...... - •• ·····-·~"A•o 
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SUMMARY OF' THE INVENTION 

The above-described disadvantages of the prior art 
MOSFETS havs been overcome ty the invention de­
fined in the attached claims. In accordance with one em­
bodiment of the inventicn. a vertical MOSFET is formec! 
having a lower gate portion overlying the channel region 
of the MOSFET and separated from the channel regicn 
by a thin ;ate cxic!e layer. An upper. gate pcn:icn is 
formed overlying the drain ct the MOSFC:T anc! separat­
ed from the crain by a relatively thick self-aligned oxide 
layer. In this particular embcdiment. since the dielectric 
thickness between the UpJ:er ;ate portion and the drain 
is relatively large, the MOSFcT exhibits a lower gate­
drain capacitar.ce (Cao) value, while the threshold volt­
age of the MOSFET remains relatively unchan;ed. The 
upper gate pcrticn is electrically isolated from the lower 
gate portion. A separate gate vcltage may ce conrtected 
to the upper gate portion to allow the upper ;ate portion 
to either act as a field plate or act ~o augment the fields 
generated by the lower gate portion to enhance the cur­
ren~ handling c~pab~lities of .the MOSFET. A preferred 
method of forming the resulting MOSFET having this 
lowered Cao allows the source and body regions to be 
precisely aligned with the drain edge of the lower gate 
portion, and allows an ion implant damaged body con· 
tact region to be formed directly under, and self-aligned 
to, the source region, which ensures the parasitic bipolar 
transistor remains inoperative. 

'· 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 a illustrates a prior art vertical MOSFET. 
Fig. 1 b is a schematic diagram illustrating an equiv· . 

alent circ~it tor the MOSFET of Fig. 1 a. 
Fig. 2 is a graph showing representative gate 

charge characteristics of a MOSFET. 
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Fig. 3 illustrates a first prior art MOSFET having re­
duced gate-drain capacitance. 

Fig. 4 illustrates a second prior art MOSFET having 

· reduced gate-drain capacitance. 
Fig. 5 illustrat~s an example wherein a MOSFET for 

very high frequency (VHF) operation is made to have a 
relatively low CGo· · · 

Figs. 6-12 illustrate various process steps used for 
forming the VHF MOSFET of Fig. 5. 

Fig: 13 illustrates another examplE! of a MOSFET 
capable of ultra high frequency (UHF) operation having 

a low CGo where upper and tower gates are formed. 

Fig. 14 illustrates the MOSFET of Fig. 13 with an 

upper gate coupled to source voltage. 

Fig. 15 illustrates a MOSFET having a low CGo 

where an upper gate is removed. 
Fig. 1 Sa illustrates a MOSFET capable of UHF to 

·super high frequency (SHF) operation having a very low 

CGo where a ·1ower gate and an upper gate terminate 
over a portion of the channel region. 

Fig. 1 Sb illustrates with dashed lines the improved 

gate charge characteristics of the MOSFET of Fig. 16a. 

Figs. 17 and 18 illustrate process steps .~sed to form 
the MOSFET of Fig. 16. 

Fig. 19 illustrates a'MOSFET having a very low Cc3o 

which utilizes an overhanging upper gate to eliminate 

· etching of a vertical portion of the gate. 

Fig. 20 illustrates a process step used to form the 

MOSFET of Fig. 19. 
Fig. 21 illus~rates an embodiment of a MOSFET 

having a low CGo. in accordance with the present inven- . 

tion which utilizes a split upper gate. 
Fig. 22 illustrates a MOSFET having a low CGo 

which utilizes separate gates overlying an oxide layer of 

a single thickness. 

RBPL~CEi~T _§HEET\ 
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Fig. 23 shows a schematic representation of a 
MOSFET having an upper gate and a lower g.ate. 

Fig. 24 illustrates a lateral MOSFET having a low 

Cao· 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Fig. 5 shows an example of a MOSFET capable of 
VHF operation, where conductive gate SO, formed of ei­
ther Al, Al containing Si, or Al containing Cu and Si, or 
any other compatible gate material. is formed over drain 
62 with a first thickness of oxide SS therebetween. In 
one example, oxide 66 is 1 µm (10,000 A) thick. Gate 
SO is also formed over P bcdy regions ES with a second 
thickness of oxide 90 therebetween. In one embodi­
ment, oxide SO is 90 nm (900 A) thick. Also shown in 
Fig. 5 is N+ source region 92 and P+ body contact region 
94, with conductive source contact 96 shorting together 
N+ source region 92 and P+ body contact region 94. N+ 
drain contact 95 is shown contacting a bottom surface 
of drain 82. . 

Since oxide layer 86 is significantly thicker than ox­
ide layer 90, the capacitance between gate 80 and drain 
92 will be relatively fow due to this increased dielectric 
thickness, while the capacitance between gate 80 and 
source region 92 will not significantly change. The thick­
ness of gate o~ide layer 90 is dictated by design con­
siderations to provide a desired threshold voltage VT 
and dielectric breakdown voltage. 

. Lateral dimensions of the various above-described 
regions for one embodiment are shown in Fig. 5. 

REPLACEMENT SHEET 
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Thus. in the embodiment cf Fig. 5. a gace-tc-source 

volta~e V GS will cause the field created between gate 
EO and N+ source region 52 and between gate 20 and 
p. bcdy region 88 to invert the channel ragicn withi.n P· 
bcdy region ea. causing an chmic char.r:el tc be created 
between N+ source region S2 ar.d N- drain 82. This in­
version cf P- body region SE is primarily due to the field 
created by the pcrticn cf gate ao located abcve thin ox­
ide layer 90. The pcrticn cf gate SO ove·rlying thick oxide 
layer 86 has a r~cucad effect en the ccnductance of the 
MOSFET and provides shielding over crain S2. 

Figs. 6-12·mustrate a methcd to term the structure 
of Fig. 5. 

In Fig. 6, an epitaxial layerSSof N-typeconductivity, 
having an impurity concentration cf approximately 3 x 
10E15 atoms/cm3 to achieve a breakdown voltage of 
between SO to 100 V is deposited en an N+ substrate 
and has formed over it silicon dioxide layer 1 CO having 
a thickness of preferably 1 µm (10,000 A). · 

Oxide layer 100 would be termed to have a thick­
ness cf 700 nm (7,000 A) fer emi:cdiments using two 
metal layers (a gate layer and a source layer). This two 
metal layer embcdiment is illustrated on the right hand 
side of Fig. 5. 

Oxide layer 100 may be formed by wet oxidation at 
approximately 1,000°c for 3-5 hours. Over oxide layer 
100 is then formed silicon nitride layer 102 by a chemical 
vapor deposition (CVO) process at approximately 
790°C to achieve a thickness of approximately 100 nm 
(1.000 A}. 

In Fig. 7. oxide 1ayer 100 and silicon nitride layer 
- . - .. 

102 are etched by using a conventional positive pho-
toresist, contact masking technique and an anisotropic 
etch to expose portion 104 of substrate 98. In a pref erred 
embodiment, a LaJ'l'.1 ™ dry etcher is used. The exposed 
portion 104 of substrate 98 is to coincide with the desired 
location of the body-source diffusion. 

·iiPJA--
2.S~~'(-
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In Fig. 8, boron is implanted into substrate 98 
through exposed porticn t 04 and diffused to form P 
bcc!y regicn 106. In the preferred emt:cdiment. boron 
ions are implanted at an energy ct 70KeV with a dosage 
ot 6 x 1OEt3/cm2. The exposed siliccn is then oxidized 
tor 30 minutes at 900°C in a dry o2 atmcsphere to form 
oxide layer 107 in order to prevent damage to the sub-

strata during a subsequent ditfu-sing precess cancucted 
in an N2 atmosphere. The implantec! icns are ciffused 
by a ramp up anc dwell ditf usir:g precess. where the 
temperature ct the wafer is rampec! t rom 900°C to 
1.100°C at a rate ot approximately 8°C/minute and held 
fer approximately 2.5 hours anc then rami:ec! ccwn tc 
S00°C tor cne hour (including ramping time) in an N2 
atmosphere, to term p t:cey resion 106 having a depth 
cf approximately two mic:"cns. rne requfred cliarac:er­
istics cf F l:cey region 1 ce will depenc en the desired 
breakcown voltage of the cevice and will be readily ap­
parent to cne of ordinary skill in the art. 

In Fig. 9, an additional t:orcn implant is conductec. 
to form P+ contact region 1oe within P cccy regicn 106. 
In the preferred embodiment, boron icns are implanted 
at an energy of approximately 1 OOKaV with a cosage of 
10E1S to 10E16/cm2. Tne implant ener;y is calculated 
to form P+ region 10S at a depth below the surface cf= 
substrate 96 where it is desired to have P+ region 108 
interface with a subsequently formed source region. 
Next. the wafer is dipped in a 10:1, ~O:HF solution for 
approximately 45 seconds to remove oxide layer 107, 
and arsenic is. implanted to form N+ scurce region 11 O 
at the surface ot substrate ·ea. In th.a preferred embodi- · 
ment, ars•nic ions are implanted at an energy of approx- · 
imately 40KeV with a dosage of 1OE1 Sic~. 

In Fig. 10, silicon dioxide layer 112 is deposited at 
4C0°C over the surface of the wafer to a thickness of 
approximately so nm csoo A> to prevent any out-diffus­
ing of arsenic ions forming source region 110. The im­
purities within N+ source region 110 and P+ body con­
tact region 108 are then driven-in for approximately~ 
minutes at approximately 1,ooo•c so that N+ source re­
gion 11 O extends· approxf~tely 0.3 microns beneath 

----~--..... ····--~···~---, 
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the surface ot substrate 99. Ourin; this drive-in 1=eriod. 

P ~ t:ody contact region 109 and P t:ody region 106 also 
diffuse. 

In Fig. 11. an oxide- etchant is usec! to remove ox:ce 

layer 11 2 ar.c a portion of oxide layer 1 CO so as to leave 

cverhan;in; siliccn nitrice pcrticn 114. In the preferred 

embcciment to cor.cuct this etching, the wafer is im­

mersed in any oxice etch scluticn with a ~"1cwn and ccn· 

trolled etch rate. Fer example, six parts H20 to one part 

ammonium fluoride may be used at 25'C fer a pericd 

calculated to create the desired overhanging cf nitride . 

portion t t 4 relative to P body I 06 .. For the diff1.1s1cn proc· 

ess previously descnbed. a t.4 micron overnar.g cf rH· 

trrde portion 114 is satis:actory 
In Fig. t 2. the wafer is immersed in hot phosphoric 

acid (er an equivalent thereof) at a temperature or ap· 

p~oximately 160°C fer cne hour tc remcve siliccn r.icnce 

pcrticn 114 and the remainder cf siliccn nitrice layer i 02 

ever cxice layer 100. As a precauticn a;ainst arsenic 

cutgassing, the water is gradually ramped up to a tem­

perature of S20° in a tube tu mace for approx!mately 15 
minutes in a dry 0 2 atmospl}ere to form a thin layer of 

oxide S-1 O nm (50-100 A) thick. Silicon dioxice layer 116 
is then grown over the surface ~f the wafer at approxi­
mately 920°C for approximately 25 minutes in al"I atmos­
phere of wet ~ to a thickness of 250·30~ nm 
(2500·3000 A} over N+ source region 110. An in~reased 
thickness of oxide layer 11 a is inherently formed over 
N+ source region 110. rne portion of oxide fayer 116 

over P bcdy region 106, forming the gate oxide, will be 
approximately SOO A at this stage. · 

Next. as shown in Fig. 5, a portion of oxide layer 
116 over source region 11 O is etched to expose a portion 
ot source region 11 o. In an altemative embodiment, an 

2SMAY1998 
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additional etch is conducted to etch source region 110 
through to expose P+ body contact region 108. A con­
ductive metal layer is then formed over the surface of 
the wafer by the deposition of either Al, Al containing Si, 
Al containing Cu and Si, or any other conventional metal 
layer to a thickness of approximately one micron. In the 
VHF application, aluminum, copper, and silicon are 
sputtered over the surface of the wafer. A metal layer 
containing Si is preferred to minimize migration of the 
metal atoms into the silicon substrate. For higher f re­
quency applications, metal source contact 96 preferably 
comprises a WTi barrier layer in contact with the source 
region overlaid by approximately 1 micron of-Au. 

The resulting metal layer is then masked and 
etched to form source contact 96 and gate 80 as shown 
in Fig. 5 .. Source contact 96 contacts N+ source region 
92 and also contacts P+ contact region 94 through N+ 
source region 92, due to source region 92 and P+ con­
tact region 94 being so highly doped as to be in ohmic 
contact with each other. Ohmic contact is further en­
hanced by implant damage to the crystalline.substrate. 

In an alternative example, source region 92 is ani­
sotropically etched completely through in the contact ar­
ea so ·that source contact 96 directly contacts both P+ 
body contact region 94'and N+ source region 92. 

Any embodiment herein may be formed with a tung­
sten (W) or refractory metal silicide layer deposited prior 
to the formation of source contact 96 to prevent migra­
tion of atoms and/or to reduce contact resistance. 

In practice, it is desirable to form source contact 96 
close to the channel region to minimize on-resistance. 

The method described in Figs. 6-12 and Fig. 5 forms 
a MOSFET having a low gate-drain capacitance CGo• 
wherein source region 92, body contact region 94, and 
body region 88 are formed self-aligned with the drain 

, ......... .-. .. .. . 
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edge portion of gate 80. In this method to form a VHF 
MOSFET, there are no critical alignment tolerances, 
which makes this above described process one that will 
inherently result in a high yield of MOSFETs on a wafer. 

In the structure of Fig. 5. the portion of gate 80 
formed over thick oxide portion 86 is connected to the 
portion of gate 80 formed over thin oxide portion 90 by 
a vertical gate portion. In a variation of the MOSFET 
structure of Fig. 5, the metal layer is formed by a method 
which will intentionally provide poor step coverage, such 
as by an evaporation process, so that the vertical portion 
of gate 80 will be relatively thin compared to the hori­
zontal portions of gate 80. Such a resulting structure, 
having relatively thin vertical portions of gate 80 is then 
isotropically etched using a commercially available wet 
aluminum etch containing phosphoric acid, assuming 
gate 80 is composed of A 1, so as to isolate the portion 
of gate 80 formed above thick oxide portion 86 from the 
portion of gate 80 formed above thin oxide portion 90. 
This is shown in Fig. 13, where upper gate 120 and lower 
gates 124 result. The remaining elements in the MOS­
FET of Fig. 13 are similar to those in Fig. 5 and are 
formed using a process similar to that described with 
respect to Fig. 5. 1 

In all the examples described herein, for higher fre­
quency operation, the source contact is preferably an 
overlay metal (such as shown .on the right hand side of 
Fig. 5). This allows P body region 88 to be relatively nar­
row (-10 microns) for low drain-to-source capacitance 
C08. The various figures do not incorporate a two metal 
layer for simplicity. 

In the MOSFET structure of Fig. 13, gate voltage is 
applied to lower gates 124, while a separate voltage is 
applied to upper gate 120. A pos.itive voltage applied to 

RI~1~; .L· .1 • . . {~... ~ ~ .r.~ ~jl:~· l 
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upper gate 120 will make upper gate 120 effective in 
creating additional carriers in the N- drain 82 and in­
creasing the current handling capability of the MOSFET. 
A negative voltage on upper gate 1 20 will increase the 
breakdown voltage of the MOSFET. 

In Fig. 14, a structure identical to Fig. 13_ is shown 
except that upper gate 120 is connected to the source 
voltage instead of to an upper gate voltage. Thus, in this 
configuration. upper gate 120 acts as a field plate for 
increasing the depletion region in drain 82 when the 
MOSFET is in its off state. This serves to enhance the 
breakdown voltage of the MOSFET. 

In an alternative, shown in Fig. 15, upper metal gate 
120 of Fig. 13 is removed using a wet etch process. As 
shown in Fig. 15, mask 125, shown in dashed outline, 
is first formed to expose a center portion of the gate met­
al over oxide 86. The wet etch process removes the ex­
posed metal and al~o removes the gate metal adjacent 
the exposed portion. Gate voltage is applied to gates 
124 to invert the channel regions in P body regions 88. 

In the highest speed application, shown in Fig. 1 Sa, 
·lower gate 140 is formed so as to only overlap a portion 
of the channel region in P body region. SS, while upper 
gate 144 overlaps the remaining portion of the channel 
region in p body region ea~ This configuration further 
reduces the C00 of thf!! MOSFET. since lower gate 140 
is relative~y physically distant from drain 82. In this con­
figuration, the field generated by upper gate 144 in con­
junction with the field created b~ lower gate 140 is used 
to invert the channel region in P body region 88 to form 
an ohmic channel between N+ source region 92 and N· 
drain 82. 
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The structure of Fig. 16a is formed using a method 
similar to that described with respect to Fig. 5, except 
that after drive-in of N+ source region 92 and P+ contact 
region 94, the oxide. etch, previously discussed with re­
spect to Fig. 11, is conducted for less time so as to etch 
away less of oxide layer 100 under silicon nitride layer 
102. This is shown in Fig. 17. The terminating portion of 
oxide layer 100 is located above an exposed portion of 
P body region SS where it is desired for lower gate 140 
and upper gate 144 to interface. Lateral dimensions of 
one embodiment are shown)'! Fig. 17. 

In the step illustrated in Fig. 18, silicon nitride layer 
102 is removed, and oxide layer 116 is grown. 

As shown in Fig. 16a, .oxide 116 is etched, and 
source region 92 and body contact region 94 are option­
ally etched in order to she~ these regions together by a 
metal source contact. A metal conductive layer is then 
deposited, preferably by evaporation, so as to provide 
a metal layer having poor step coverage. This metal lay­
er is then masked and isotropically etched so as to form 
upper gate 144, lower gate 140, and, optionally, source 
contact 148. Source contact 148 may also be formed 
later through an opening in a subsequently deposited 
oxide layer and oxide portion 116, resulting in a two layer 
metal embodiment, preferable for high frequency and 
high density devices. 

In the structure of Fig. 16a, CGo has been virtually 
eliminated. Upper g~te 144 may be connected to source 
region 92 through an alternating qurrent (AC) short cir· 
cuit, and the resulting drain-to-upper gate capacitance, 
which constitutes CGo (or Crss) in the prior art MOSFETs 
of Figs. 1, 3 and 4, now appears in this invention as a 
part of Cos· The dramatically improved switching char­
acteristics of the new structure are shown by the broken 
lines in Fig. 16a superimposed on the gate charge char­
acteristics graph of Fig. 2. 

REP'1 ACEMENttf ~·;~ET1 
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Fig. 19 illustrates. an example which is a variation 

of the structure cf Fig. 16a. In Fig. 19. upper gate 144 

overhangs oxide portion 86. This structure has the ad­

vantage in that the channel region between N+ source 

92 and drain 82 is completely overlapped by the combi­

nation of upper gate 144 and lower gate 140 so as to 

insure the inversion of the channel region. Further, the 

structure may be formed without any requirement for an 

isotropic etch to etch a~ay a vertical portion of the metal 

layer initially connecting upper gate 144 to lower gate 

140 .. 
The method for forming the structure of Fig. 19 is 

similar to that for forming the structure of Fig. 5, except, 

in the process steps illustrated in Figs. 11 and 12 for 

forming the MOSFET .of Fig. 5. nitride layer 102 is par­

tially etched to 40-50% of its original thickness. This 

completely removes overhanging nitride portion 114. 

The sidewalls of oxide portion 100, shown in Fig. 20. is 

then re-etched 100-200 nm (1,000-2.000 A) to create a 

new small overhanging nitride portion 114A. A metal lay­

er is then deposited by, for example, evaporation, and 

a vertical portion is not formed on a sidewall- of oxide 

layer 100. The resulting structure is masked and etched 

to form the structure of Fig. 1 9. 
Fig. 21 shows an embodiment of the invention for 

higher frequencies. It is a variation of the MOSFETs hav­

ing a separate upper gate. In Fig. 21 upper gates 160 

and 162 are shown separated by a gap. This structure 

results in a lower drai~-to-upper gate capacitance Cao 

due to less upper gate area over drain 82. High current 

capability is retained by.the field created by upper gates 

160 and 162. This split upper gate configuration may be 

used in any of the above-described embodiments in­

cluding Fig. 5, whe!"e gate 80 overlying oxide 86 may be 

opened up to further reduce CGo· 

REPLACEMENT SHEET. 
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In the high frequency MOSFET of Fig. 21, source · 
contact 96 is preferably comprised of a 200 nm (2,000 
A) WTi barrier layer under a 900 nm (9,000 A} Au layer 
in an overlay {two layer metal) configuration. In an em­
bodiment wherein a metal source contact is to directly 
contact both the P+ body contact region and the N+ 
source region, as shown in Fig. 19, platinum silicide is 
preferably used as a contact layer under the WTi to im­
prove ohmic contact. 

In one embodiment of the MOSFET of Fig .. 21, the 
starting material is an N+ (antimony) <1-0-0> silicon 
substrate with an 8 micron epitaxial layer formed therein 
having a resistivity of 1.S·Qcm. 

Oxide layer 86 has a thickness of 700 nm (7 ,000 A). 
Gate oxide 90 has a thickness of 80 nm (800 A). The 
body opening mask through·which body region 88 im­
purities are implanted is 8.5 microns wide. The space 
between gates 124 is approximately 25 microns. The 
source contact mask opening is 2 microns. The gate 
124, 160, 162 length is approximately 2.5 µm. 

The implant doses are as follows: 

For p body region ae: 5 x 10E1::/cm2 at 70KeV US· 

ing boron icns; 
For F+ body contact region 94: 1 x 10E15/cm2 at 
100 KaV using bcrcn ions: and. 
For source regi9n 92-: 1 x 1OE16/cm2 at 40~e V us­
iC:g arsenic ions. 

The channel length is approximately 1 micron, and 
the channel width is approximately 1100 micrcns. 

The resulting structure has the ·tallowing electrical 
properties: 

VTH C 25µ.A: 1.0-1.SV 
BV css e 2SOµA: eov 
gm e 25mA. V0 = 10V: 0.025 mhos 

AOoN e v fl = 1 ov. :32 ohms 
At Va = ov. Vo= 2SV 
Ciss - 1.25 pt (Cas + C130) 
Crsa - 0.0425 pf _ (Cao) 

Cass - 0.625 pt (Cos ... Cao) 
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~/hen overlay metal is used, a Faraday shield is 

preferably connected to the source contact and placed 

between the gate bonding pad and the drain to prevent 

pad capacitance trcm becoming part of CGo· 

In additional examples. the ui;:r;er gate cescribed 

with respect co Figs. 13. t 4. t Sa. t 9. ar.d 21 is cei:osited 

on the same thickness of oxide as the tcwer gate and 

separate<:! from tlie tower gate by a masking and etch 

precess. A representative example is shown in Fig. 22. 

where gates 152 ar.d 154 are forrnec over a same thick· 

ness cf oxide i .:c. Fur-ther, beth gates 152 and 1 SA. may 

or may not overlie a i:orticn of the channel region. The 

remaining elements in Fig. 22 are identical to these 

shown in Fig. S. 
Fig. 23 shows a new schematic representation cf 

the resulting structures described herein which utilize a 

separate upper gate and tower gate. 
Fig. 24 shows a lateral MOSi=ET. where gate por­

tion 1 ea is formed ever thick oxide S6, and gate pcrticn 

162 is formed ever thin oxide so. Gate pcrticns 1 ea and 
162 may be separated as described with respect to.Fig. 

13. Tne MOSi=ET of Fig. 24 is termed using steps similar 

to those used to form the vertical MOSFET of Fig. s .. 
except, iri Fig. 23, · N+ drain contact region 1 es is formed 

in a top surface of substrate 82. Substrate 52 may be or 
an N or F type. If substrate S2 i~ of a F type. F b~ 
region es may be deleted. 

Thus, an improved MOSFET has been desc.ribed 

which exhibits a lower gate-to-drain capacitance C00, 

wherein source and body regioris are precisely ·aligned 

with respect tq a gate WittJout the use ot any critical 

masking steps, and wherein a parasitic bipolar transistor 

has been rendered inoperative. While particular embcd­

irrients of the present inventicn have been shewn and 

described, it will be obvious to those skilled in the art ., . 

that changes and modifications may be made wit~out 

departing from this invention in its broader aspects. For 

example, aH conductivity types may be made opposite 

to those specifically mentioned, and the various dimen· 

sions may be modified as necessary. 
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Claims 

1. A MOSFET pair structure comprising: 

a substrate (82) cf a first conductivity type hav­
ing a top surface and a bottom suface, the bot­
tom surface of said substrate acting as a drain 
contact region (95) for said MOSFET pair struc­
ture: 
a first and second body region (88).of a second 
conductivity type formed in said top surface of 
said substrate and separated f ram one another 
by a firs·r·area of said top surface of said sub­
strate: 
first and second source regions (92) of said first 
conductivity type formed in said top surface of 
said substrate and within respective ones of 
said body regions; 
a conductive gate having an upper portion (160, 
162) electrically separated from a first lower 
portion (124) and from a second lower portion 
(124), said first lower portion being insulated 
from a first channel region within said first body 
region between said first source region and a 
·periphery of said first body region by an insula­
tion layer (90) of a first thickness, said second 
lower portion being insulated ·1rom a second 
channel region within said second body region 
between said second source regi~ and ape­
riphery of said second body region by an insu­
lation layer (90) of said first thickness, said up­
per portion being insulated from said first area 
of said top surface of said substrate by an in-

------..---;r-i 
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sulation layer (86) of a second thickness, 
wherein said second thickness is greater than 
said first thickness, 
wherein said upper portion of said gate is split 
into a first upper portion (160) and a second up­
per portion ( 162), wherein neither said first up­
per portion nor said second upper portion over­
lies a central portion of said first area. 

2. The MOSFET structure (figure 19) of claim 1 

wherein said first lower portion (140) overlaps 
a first portion of s.aid first channel region, and 
said first upper portion (144) overlaps a second 
portion of said first channel region, and 
wherein said second lower portion (140) over­
laps a first portion of said second channel re-. 
gion, and said second upper portion (144) over­
laps a second portion of said· second chanr:iel 

·region. 

3. The MOSFET structure of claim 2 wherein said up­
per portion (144, 160, 162) is connected to receive 
an upper gate voltage (VG-UPPER) for inverting said 
second portion of said first and second channel re­
gions, and said first and second lower portions ( 124, 
140) are connected to receive a separate lower gate 
voltage (VG-LOWER) for inverting said first portion of 
said first and second channel regi~ns. 

4. The MOSFET structure of claim 1 or 2 wherein said 
upper portion (144, 1 SO, 162) is connected to said 
source region through an AC short circuit. ......... ., ........ _ 

REPLACEiV1ENl SHEE~i-, 
5. The MOSFET structure of claim 1, 2, 3, or 4 wherei 
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said upper porticn (144) overhangs said insulation 

layer (100) of said second thickness. 

6. A method of forming a MOSFET pair structure com­

prising the steps cf: 

forming a first and second body regicn (88) of 
a second conductivity type in a top surface of a 
substrate (82) of a· first conductivity type and 
separating said first and second body regions 
from one another by a first area of said top sur­
face of said substrate, a bottom surface of said 

substrate acting 8:S a drain contact region (95) 
for said MOSFET pair structure; 
forming first and second source regions (92) of 
said first conductivity type in said top surface of 
said substrate and within respective cnes of 

said. body regions; and 
forming a conductive gate having an upper por­
tion (160, 162) electrically separated from a first 
lower portion (124) and from a second lower 
portion (124), 

. said first lower portion being insulated f rem a 

first channel region within said first body region 
between said first source region and a periph­
ery of said first body region by an insulation lay­

er (90) of a first thickness, 
said second lower portion being insulated from 
a second channel region within said second 

body region between said second source re­

gion and a periphery of said second body re­
gion by an insulation layer (90) of said first 

thickness, 

25MAY1998 
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said upper portion being insulated from said 
first area of said top surface of said substrate 
by an insulation layer (86) of a second thick­
ness, wherein said second thickness is greater 
than said first thickness, 
wherein said upper portion of said gate is split 
into a first upper portion (160) and a second up­
per portion (162) such that neither said first up­
per portion nor said second upper portion over­
lies a central portion of said first area. 

7. The method of claim 6 wherein said step of forming 
said conductive gate (figure 19) comprises the 
steps of: 

forming said conductive gate so that said first 
lower portion (140} overlaps a first portion of 
said first channel region, and said first upper 
portion (144) overlaps a second portion of said 
second channel region, and 
wherein said second lower portion (140) over­
laps a first portion of said second channel re­
gion. and said second upper portion ( 144) over­
laps a second portion of said second channel 
region. 

REPLACEt\1ENT SHEET 1 
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8. The method cf claim 6 or 7 further comprising the 
steps of: 

cor:inecting said upper portion (144, 160, 162) 
to receive an upper gate voltage (VG-UPPER) for 
inverting said second portion of said first and 
second channel regions; and 
connecting said first and second lower portions 
( 124. 140) to receive a separate lower gate volt· 
age (V G·Lower1) for inverting said first portion of 
said channel regions. 

9. The method of claim 6 or 7 further comprising the 
step of connecting said upper portion (144, 160, 
162) to said source region (92) through an AC short 
circuit. 

10. The method of claim 6, 7, 8, or 9 further comprising 
the step of forming said upper portion (144) so as 
to overhang said insulation layer (100) of said sec· 
ond thickness. 

11. The MOSFET structure of claim 1, 2, 4, 5, or 6 
wherein said upper portion (144, 160, 162)'is con­
nected to a fixed potential. 

12. The method of claim 6, 7, 9, or 10 further comprising 
the step of connecting said upper portion (144, 160, 
162) to a fixed potential. 

25MAY 1998 
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MOSFET STRUCTURE ELI\ VING REDUCED GATE 
CAPACITANCE AND METHOD OF FORMING SAME 

ABSTRACT 

In one embodiment, a vertical MOSFET is formed having a lower gate portion 

(124) overlying the channel region of the MOSFET and separated from the channel region 

by a thin gate oxide layer(90). An upper gate portion (120) is formed overlying the drain 

of the MOSFET and separated from the drain by .a relatively thick oxide layer (86). In this 

particular embodiment, since the dielectric thickness between the upper gate portion (120) 

and the drain (82) is relatively. large, the MOSFET exhibits a lower gate-drain capacitance 

(Can) value, while the threshold voltage of the MOSFET remains relatively unchanged. The 

upper gate portion (120) may be electrically connected to the lower gate portion (124) or may 

be electrically isolated from the lower gate portion (124). A preferred method of forming 

the resulting MOSFET having this lowered Cao allows the source (92) and body regions (88) 

to be precisely aligned with the drain edge of the lower gate portion(124). 
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