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HIGH DENSITY CMOS CIRCUIT WITH SPLIT GATE OXIDE ~ 

FIELD OF THE INVENTION 

/P0.5.5 loP:1. 

This invention generally relates to electronic semiconductor 
devices. More specifically, the invention relates to CMOS 
transistors with split gate oxide. 

BACKGROUND OF THE INVENTION 

Most of the devices used in today's electronic components are 
based on Complementary Metal Oxide Semiconductor (CMOS). The base 
building block of all digital CMOS circuits combines a PMOS and 
NMOS transistor to form an inverter. The CMOS circuit inverts the 
incoming signal with the complementary action of the NMOS and PMOS 
transistors. One issue with all CMOS circuits is the fact that the 
drive capability of the PMOS is several times lower ·than that of 
the NMOS device of the same geometry. This effect is due to the 
fact that the majority carriers in PMOS devices are holes which 
have lower mobility than electrons. 

The most common solution to the asymmetry in PMOS and NMOS 
drive currents is to design the PMOS devices with wider gates to 
allow more drive current for a given gate voltage. This simple 
solution allows balancing of the NMOS and PMOS characteristics but 
at expense to silicon real esta"te. In typical implementa_tions a 
balanced CMOS arrangement would be a PMOS with a gate width two to 
three times larger than that of the NMOS device, as shown by the 
prior art device in Figure 1. 

The prior art CMOS inverter layout, shown in Figure 1, 
includes source and drain regions 20 and 22 for the PMOS 
transistor, source and drain regions 24 and 26 for the NMOS 
transistor, common gate 28, conductive lines 30, 32, and 34, input 
voltage V 1n, output voltage Vout.• and reference voltages Vhi;h and V1ow· 

The conunon gate 28 of the NMOS and PMOS serves as the .input. The 
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source 24 of the NMOS and the drain 22 of the PMOS are tied 
together by conductive line 30 which serves as the inverter output. 
Finally, conductive line 32 connects the source 20 of the PMOS 
transistor to voltage reference Vhigh' and conductive line 34 
connects the drain 26 of the NMOS transistor to voltage reference 
Viow· In the prior art device of Figure 1, the PMOS width WP is 
approximately 2.5 times the NMOS width Wn. 

SUMMARY OF THE INVENTION 

Generally, and in one form of the invention, a method for 
making a CMOS device includes: ·forming a PMOS region of a first 
conductivity type; forming an NMOS region of a second conductivity 
type adjacent the PMOS region; forming an insulating layer over the 
PMOS region and the NMOS region such that the insulating layer is 
thinner over the PMOS region than over the NMOS region; forming a 
common gate over the insulating layer; forming PMOS source/drain 
regions of the second conductivity type in the PMOS region and 
aligned to the common gate; and forming NMOS source/drain regions 
of the first conductivity type in the NMOS region and aligned to 
the common gate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a plan view of a prior art CMOS device; 
FIG. 2 is a plan view of a preferred embodiment split gate 

oxide CMOS device; 
FIG. 3 is cross-sectional diagram of the device of FIG. 2; 
FIGS. 4 and 5 are cross-sectional views showing the device of 

FIG. 3 at two stages of fabrication; 
FIG. 6 is a cross-sectional diagram of the device of FIG. 2 

showing the source/drain regions of the PMOS device. 

FIG. 7 is a cross-sectional diagram of the device. of FIG. 2 
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showing the source/drain regions of the NMOS device. 

Corresponding numerals and symbols in the different figures 

refer to corresponding parts unless otherwise indicated. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

By using two different gate·oxide (insulator) thi~nesses for 

the PMOS and NMOS transistors, a greatly reduced cell size is 

achieved in CMOS devices. This approach works because the drive 

current of NMOS and PMOS field effect transistors is a function of: 

Where Id is the drive current, w is the gate width, and d is the 

gate ·insulator thickness. As shown by the above equation, the 

drive current increases linearly with increases in gate width and 

decreases in gate thickness. A process which can allow PMOS gate 

oxides to be thinner has a similar effect on increasing drive 

current as a design which increases the PMOS gate width. By 

controlling the gate insulator thickness, an inverter circuit 

layout with identical gate widths for the PMOS and NMOS devices is· 

provided, as shown in Figure 2. 

PMOS having a gate insulator which ,. 

NMOS transistor gate insulator. 

This layout is achieved with a 
is roughly half as thick as the 

Figure 2 is a plan view of a preferred embodiment split gate 

oxide CMOS device. The device of Figure 2 includes source and 
drain regions 40 and 42 for the PMOS transistor, source and drain 

regions 44 and 46 for the NMOS transistor, common gate 48 which 

serves as the PMOS gate and the NMOS gate, conductive lines SO, S2, 
and 54, input voltage Vln• output voltage Vour.• and reference 
voltages Vhivh and V1.,.,,. The conunon gate 48 of the NMOS and PMOS 
serves as the input. The source 44 of the NMOS and the drain 42 of 

the PMOS are tied together by conductive line SO which serves as 
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the inverter output. Conductive line 52 connects the source 40 of 
the PMOS transistor to voltage reference Vhivh' and conductive line 
54 connects the drain 46 of the NMOS transistor to voltage 
reference V10w. In the preferred embodiment of Figure 2, the PMOS 
and NMOS have the same width w. 

Figure 3 is cross-sectional diagram of the device of Figure 2. 
Figure 3 includes conunon gate 48, N type PMOS regioh--6'0, P type 
NMOS region 62, PMOS oxide region 64 (PMOS insulator), NMOS oxide 
region 66 (NMOS insulator), PMOS oxide thickness Op, and NMOS oxide 
thickness ON. In the preferred embodiment, the PMOS oxide 
thickness Op is about half the NMOS oxide thickness o.. Figures 4 
and 5, show the device of Figure 3 at two stages of fabrication. 

One simple way to create the split gate oxide is to implant or 
surface treat the PMOS gate surfaces prior to oxidation with a 
substance such as nitrogen. Nitrogen impedes the growth of o~ides 
by altering the surface reaction rates. A process which introduces 
nitrogen ·at the PMOS gate silicon is therefore the preferred method 
of assuring that the PMOS gate oxides will be thinner than their 
NMOS counter parts for the same oxidation process. B. Doyle et 
al., •simultaneous Growth of Different Thickness Gate oxides in 
Silicon CMOS Processing•, IEEE Elec. Dev. Lett., Vl6. 7, 1995, 
discloses such an impact on gate oxides, and reports that implanted 
nitrogen can suppress growth rates by at least a factor of two. 
The use of nitrogen implantation also avoids the extra process 
steps and negative yield impact of other split gate technologies. 

Referring to Figures 4 and S, a method of forming the 
preferred embodiment of Figure 3 is described in detail. Figure 4 
illustrates the P type PMOS region 60 and the N type NMOS region 
62. The surface is patterned ~nd nitrogen is implanted followed by 

an anneal to form nitrogen implant region 70, shown in Figure 4. 
Next, oxide re~ions 64 and 66 are grown, as shown in Figure 5. 
Then epitaxial layer {conunon gate) 48 is then formed· over oxide 
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regions 64 and 66, as shown in Figure 3. 

The source/drain regions 40, 42, 44, and 46, shown in Figures 

6 and 7, are then formed by methods well known in the art. Figure 

6 is a cross section of· the source/drain regions of the PMOS 

transistor. Figure 6 includes P type PMOS source 40, P type PMOS 

drain 42, N type region 60, PMOS oxide region 64, common gate 48 

(PMOS gate), and PMOS oxide thickness Op. Figure ··7·15 a cross 

section of the source/drain regions of the NMOS transistor. Figure 

7 includes N type NMOS source 44, N type NMOS drain 46, P type 

region 62, NMOS oxide region 66, common gate 48 (NMOS gate)·, and 

NMOS oxide thickness D". 

The preferred embodiment split gate oxide CMOS device provides 

the advantage of reduced chip area for CMOS devices including 

circuits with repetitive cMOS components such as SRAM and DRAM 

devices. 

A preferred embodiment has been described in detail 

hereinabove. It is to be understood that the scope of the 

invention also comprehends embodiments different ·from those 

described, yet within the scope of the claims. 

For example, a process which increases the growth rate of the 

NMOS gate oxide could be used instead of a process which reduces 

the growth rate of the PMOS oxide. Also, combinations of these two 

processes could be used to obtain the optimum oxide growth rates. 

While this invention has been described with reference to an 

illustrative embodiment, this description is not intended to be 

construed in a limiting sense. Various· modifications and 

combinations of the illustrative embodiment, as well as other 

embodiments of the invention, will be apparent to persons skilled 

in the art upon reference to the description. It is therefore 

intended that the appended claims encompass any such modifications 
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or embodiments. 
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WHAT IS CLAIMED IS: 

1. A method for making a CMOS device comprising: 
forming a PMOS region; 
forming an NMOS region; 
treating a surface of the PMOS region with nitrogen; 
forming a first oxide region over the NMOS region; 
forming a second oxide region over the PMGS-r~gion, the 

second oxide region is thinner than the first oxide region; and 
forming an NMOS gate on the first oxide region overlying 

the NMOS region; and 
forming a PMOS gate on the second oxide region overlying 

the NMOS region. 

2. A method for making a CMOS device comprising: 
forming a PMOS region of a first conducti.vity type; 
forming an NMOS region ·of a second conductivity type 

adjacent the PMOS region; 
forming an insulating layer over the PMOS region and the 

NMOS region such that the insulatin-g layer is thinner over the PMOS 
region than over the NM.OS region; 

forming a common gate over the insulating layer; 
forming PMOS source/drain regions of the second 

conductivity type in the PMOS region and aligned to the conunon 
gate; and 

foµning 
conductivity type 
gate. 

NMOS source/drain regions of the first 
in the NMOS region and aligned to the common 

3. The method of claim 2 wherein the insulating layer is 
oxide. 

4. The method of claim 3, before the step of forming the 
insulating layer, further comprising treating a portion of a 
surface of the PMOS region to· slow oxide growth rate in that 
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5. The method of claim 4 wherein the step of treating a 
portion of a surface comprises treating the surface with nitrogen. 

6. The method of claim 4 wherein the thickness of the 
insulating layer over the treated portion is less than two-thirds 
the thickness of the insulating layer over the NMOS ·regibn. 

7. The method of claim 2 further comprising a conductive 
line coupled to the drain of the NMOS and· the source of the PMOS. 

8. The method of claim 4 wherein the step of treating a 
portion of a surface of the PMOS region comprises implanting 
nitrogen into the surface of the PMOS region. 

9. The method of claim 2 wherein the PMOS source/drain 
regions are the same width as the NMOS source/drain regions. 

10. A CMOS device comprising: 
a PMOS region; 
an NMOS region; 
a common gate overlying the NMOS region and the PMOS 

region; 
a first oxide region between the common gate and the NMOS 

region; and, 
a second oxide region between the conunon gate and the 

PMOS region, the second oxide.region is thinner than the first 
oxide region. 
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