
United States Patent [19] 
Armstrong 

[11] a Re. 29,660 
[45] Reissued June 6, 1978 

PROCESS AND PRODUCT FOR MAKING A 
SINGLE SUPPLY N-CHANNEL SILICON 
GATE DEVICE 

William E. Armstrong, Mission 
Viejo, Calif. 

Motorola, Inc, Schaumburg, 111. 

775,004 
Mar. 7, 1977 

[54] 

[75] Inventor: 

[73] 
[21] 
[22] 

Assignee: 
Appl. No.: 

Filed: 

Related US. Patent Documents 

Reissue of: 
[64] Patent No.: 

Issued: 
3,912,545 
Oct. 14, 1975 

Appl. No.: 469,487 
Filed: May 13, 1974 

[51] Int. C1.2 ......................................... .. H01L 21/265 
[52] US. Cl. ..................................... .. 148/ 1.5; 357/23; 

357/42; 357/91 
Field of Search .......................... .. 148/15; 357/91 

References Cited 

U.S. PATENT DOCUMENTS 

8/1969 Delivorias ...................... .l 148/ 1.5 X 
4/ 1972 Robinson et a1. .. ..... .. 148/ 1.5 

2/ 1974 Jlddam . . . . . . . . . . . . . . . . . .. 148/187 

2/1975 Hubar et a1. ................ .. 148/15 
7/1975 MacDOugall et a1. ............. .. 148/15 

OTHER PUBLICATIONS 

Sigmon et al., “MOS Theshold Shifting by Ion-Implan 
tation” Solid State Electronics, 16, (1973), 1217. 

[58] 
[56] 

3,461,361 
3,653,978 
3,789,504 
3,868,274 
3,895,966 

Voltage by Ion-ImpL,” Appl. Phys, Lett. 18, (1971), 
502. 
Palmer et al., “. . . Oxide Thickness on Theshold Volt 
age of B lon Implanted MOSFET,” .l. Electr. Soc., 120, 
(1973), 999. 
Primary Examiner-L. Dewayne Rutledge 
Assistant Examiner-Upendra Roy 
Attorney, Agent, or Firm—Lowell E. Clark 

[51] ABSTRACT 
A process is described wherein an N-channel silicon 
gate device operates from a single voltage supply. This 
process includes an ion implantation step into the gate 
region of both the load and switch devices for adjusting 
upwards the threshold voltage of such N-channel sili 
con gate load and switch devices. This ion implantation 
of the gate region utilizes the dosage and ion implant 
energy as factors in determining the change in the 
threshold voltage. The ion implantation is in a region 
essentially at the surface of the gate region and as such 
appears to be a change in the Qnterm of the device. The 
effect of the ion implantation is to increase upwards the 
threshold voltage of the structure as compared with the 
expected threshold voltage based on the resistivity level 
of the starting material of the wafer. The overall effect 
of this process is to provide an active device having a 
higher output voltage than can be expected from using 
the starting resistivity material. The output voltage is 
approximately 25% greater using this process because 
the body effect turns out to be much lower in the pres 
ent process than in the prior art process. 

MaePherson, M. R., ". . . MOS Transistor Theshold 16 Claims, 8 Drawing Figures 
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PROCESS AND PRODUCT FOR MAKING A 
SINGLE SUPPLY N-CHANNEL SILICON GATE 

DEVICE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

Ion implantation has been used in the manufacture of 
many types of semiconductor devices. For example, ion 
implantation has been used for adjusting the threshold 
of the load device in an MOS inverter circuit. However, 
when such a process step was used the following results 
were obtained which are substantially different from 
the results of the present process. 

In such an environment the adjustment of the load 
devices would cause the load devices to operate in the 
depletion mode. This means that the threshold voltages 
would go below zero in the case of N-channel silicon 
gate devices. In our situation, the devices do not adjust 
to the point where they go depletion but actually the 
threshold voltages are increased so they actually oper 
ate in the opposite manner. Ion implantation has also 
been used to adjust the threshold voltage for P-channel 
devices in order to lower the threshold voltage such 
that the P-channel meta] gate devices would be compat~ 
ible with TZL circuits. This is contrasted with the pres 
ent process which is using the ion implantation to adjust 
upwards the threshold voltage. 
A competing process to the present invention utilizes 

a starting substrate of relatively low resistivity material, 
i.e. the resistivity lying within the range of l to 3 ohms 
centimeter material. However, when using the rela 
tively low resistivity starting material and connecting 
the completed devices to one power supply, the output 
signal available from such a device is in the 2.8 to 3 volt 
range. This is compared to the process wherein the 
starting material is a relatively high resistivity material 
lying within the range of 10-45 ohm centimeter and the 
gate regions of both the switch and the load devices are 
given an ion implant according to the dosage and con 
centrations as set out hereinafter. This device made by 
this process gives a substantially lower body effect re 
sulting in a substantially higher output voltage lying 
within the range of approximately 4 volts when using a 
5 volt power supply. Essentially this is a 25% improve 
ment over the prior art process. 

In review, ion implantation in the prior art has been 
used to lower the threshold voltage on P-channel de 
vices as well as to make the N-channel devices operate 
in a depletion load. Additionally, the prior art process 
using a 5 volt single power supply has resulted in high 
body effects causing adverse condition of the output 
voltage such that the maximum voltage obtainable lies 
within the range of 2.8 to 3 volts. The present process 
has caused the threshold voltage to be adjusted upward 
which is exactly opposite from the prior art thinking 
and hence an unobvious result and has effectively re 
duced the body effect of the structure on which the 
process has been practiced thereby resulting in a higher 
output voltage of about 4 volts using a 5 volt power 
supply. 
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2 
SUMMARY OF THE INVENTION 

The present invention relates to the manufacture of 
N-channel silicon gate devices and, more particularly, 
relates to a process for using ion implantation for raising 
the threshold voltage of such N-channel silicon gate 
devices. 
Another object of the present invention is the use of 

different parameters in the ion implantation process for 
achieving an upward adjustment of the threshold volt 
age of N-channel silicon gate products. 
A further object of the present invention is the use of 

the implant energy parameter and an implant dosage 
parameter of the ion implantation process for adjusting 
upwardly the threshold voltage of N-channel silicon 
gate devices without increasing the body effect of those 
devices. 
A still further object of the present invention is to use 

the thickness of the surface passivation layer for adjust 
ing the dosage and depth of the implanted ions into an 
N-channel silicon gate region for adjusting upwardly 
the threshold voltage of the devices. 
These and other objects of the present invention can 

be more fully understood by reference to the following 
drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a graph showing the results of increasing the 
implant dose on the threshold and body effect. 
FIGS. 2a and 2b illustrate the effect of increasing 

implant energy when the implant dose is held constant 
at 4 X IO'Vcentimeter squared. 
FIG. 3 is a graph showing the effect of oxide thick 

ness variations on the threshold and body effect of im 
planted devices. 
FIG. 4 is a schematic view of an inverter circuit made 

according to the prior art processes. 
FIG. 5 shows an inverter circuit made according to 

the present process. 
FIG. 6 shows an output waveform of the circuit 

shown in FIG. 4. 
FIG. 7 shows an output waveform of the circuit 

shown in FIG. 5. 

BRIEF DESCRIPTION OF THE INVENTION 

The present invention is directed to a process for 
adjusting upwardly the threshold voltage of N-channel 
silicon gate devices. In a typical situation of an inverter 
circuit, both gate regions of the load and switch devices 
are implanted with a selected implant energy and with 
a selected ion dosage. The implanted ions are placed in 
the substrate body at very small distances within the 
body and appear as surface charge (Q5) on the body. 
More speci?cally, the implantation of the ions into the 
substrate body has the effect of changing the Q“ charge 
on the surface of the substrate. 

This process is practiced on a semiconductor sub 
strate having a resistivity lying within the range of 10 to 
45 ohms-cm. This range of resistivity is desirable be 
cause it allows lower body effect and junction capaci 
tance. 
While ion implantation has been used to form resis 

tors in other devices deep within the semiconductor 
body, the implantation as hereinafter more fully de 
scribed is located at the surface of the semiconductor 
body and does not penetrate more than 10,000A into the 
body. This results in an effective change of the Quor the 
surface charge of the semiconductor body and hence 



Re. 29,660 
3 

increases the threshold voltage of the structure. The 
increase of the threshold voltage has the following 
advantages. Dynamic storage is possible and low input 
and output leakages are easier. 
One of the factors to be careful of in the practice of 

the present process is the use of too thick a surface 
passivation layer through which the implantation takes 
place. It has been found that as a general rule that a 
surface oxide thickness of 1000A has been found to give 
best results. Additionally, it is expected that raising the 
temperature of an implanted substrate to a temperature 
causing thermal oxidation of the surface after the im 
plant would adversely affect the threshold voltages 
obtained during the implant at a predetermined implant 
level and at a predetermined dosage. This change oc 
curs because of a depletion of boron from the surface 
into the oxide grown during the oxidation step. Accord 
ingly, such oxidation should be avoided or its effect 
taken into consideration prior to the original implant. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1 there is shown a graph showing 
the change of threshold voltage and body effect ob 
tained from increasing the implant dosage. Very little 
change in body effect is observed because of the shal 
low depth of the implant. As the dose increases, how 
ever, the depletion region moves toward the surface 
and would eventually reach the implanted region. 
When this happens, the effective body effect will start 
at a higher value in a normal substrate body effect and 
decrease until the depletion region extends beyond the 
implanted region. Fortunately, implants in that dose 
range are not useful as they result in undesired threshold 
voltages. 

Referring to FIGS. 2a and 2b there can be seen a 
graph illustrating the effect of increasing the implant 
energy when the dose is held constant at 4 X IOH/centi 
meter square. The increase in threshold is a result of the 
additional charge actually penetrating the silicon diox 
ide at higher energies. At the same time, the increase in 
body effect is due to the combination of shallower de 
pletion regions, because of the increased effective dop 
ing, and a deeper implant penetration. 

Referring to FIG. 3 there can be seen a graph illus 
trating the effect of oxide thickness variations on the 
threshold and body effect of implanting the devices. It 
has been noted that the threshold voltage actually levels 
off and starts to decrease as oxide thickness increases. 
This is due to the fact that the thicker oxide allows 
fewer of the implanted ions from reaching the silicon, 
thus decreasing the threshold. No such effect would 
exist, of course, if the implant peak were not close to the 
silicon/ silicon dioxide interface for nominal oxide thick 
nesses. 

Referring to FIG. 4 there can be seen a typical in 
verter circuit 10 connected according to the prior art 
processes. A first N-channel MOS device 12 has a 
source 14, gate 16 and drain electrode 18. A second 
N-channel MOS device 20 has a source electrode 22, a 
gate electrode 24 and a drain electrode 26. The gate 24 
of the load inverter 20 is connected to a voltage VGG 
lying within the range of 12 to 15 volts. The drain elec 
trode 26 is connected to the V DD voltage of 5 volts. The 
substrate electrodes are shown at 28 for the MOS de 
vice 20 and 30 for the MOS device 12. The substrate 
electrodes are connected together and are connected to 
a - 5 volt power supply represented at 32. The source 
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4 
electrode 14 of the switch device 12 is connected to 
ground 34. The drain electrode 18 of the switching 
MOS device 12 is connected to the source electrode 22 
of the load MOS device 20 and is connected to the 
output terminal at 36. The input signal is available on 
the gate electrode 16 of the switch device 12. 

Referring to FIG. 6 there can be seen an output 
waveform which is typically obtainable which is shown 
in FIG. 4. FIG. 6 shows that the output voltage has a 
maximum swing of 3 volts going to a minimum of 0.5 
volts. The drop of 2 volts between the VOUTand VDDis 
consumed in the threshold voltage VT and the body 
effect AVTH. Accordingly, with a relatively high 
threshold voltage and a high body effect the output 
voltage is reduced to 3 volts. 

Referring to FIG. 5 there can be seen the inverter 
circuit connected according to the present process. The 
same elements will be given the same numerical identi 
?ers as used in FIG. 4. The structure as shown in FIG. 
5 is made with a starting material having a resistivity 
lying within the range of 15 to 20 ohm-cm. A threshold 
voltage of 0.7 i 0.3 is the typical range of threshold 
voltages utilized. The target threshold voltage speci? 
cation is achieved by having an inplant energy of 35 
KEV and an implant dosage of 2 X l0“/centimeter 
squared. Since the ion implantation is essentially at the 
surface of the substrate and lies within the top 10,000A 
of the substrate material there is essentially no change in 
body effect. This can be seen by referring to FIG. 7 
which shows an output voltage of the output waveform 
obtained at the output terminal 36. In this case a 4 volt 
output voltage is typically available and the difference 
between the available V DD and the 4 volt output swing 
is essentially consumed in the threshold voltage. A 
much smaller amount is consumed in the body effect. 

Referring back to FIG. 5, the connection of the new 
single power supply inverter circuit is quite different 
when compared with the inverter circuit shown in FIG. 
4. The source electrode 14 of the ?rst N-channel MOS 
device is connected to ground while the gate electrode 
is connected to the input terminal. The drain electrode 
is connected to the source electrode 22 of the load N 
channel MOS device as well as to the output terminal 
36. The gate electrode 24 of the load device 20 is con 
nected to the drain electrode 26 of the load device ter 
minal and they are both connected to the 5 volt VDD 
power supply. The substrate electrode 26 is connected 
to the substrate electrode 30 and both are connected to 
ground 34. The con?guration shown in FIG. 5 only 
requires a single power supply and that is 5 volts. 
The reason that the new process results in a single 

power supply is because the threshold voltage of the 
gate region is adjusted upwards by a surface ion implan 
tation without effectively changing the body effect of 
the gate regions. The ion implantation is generally kept 
at a surface region no deeper than 10,000A, and the 
implant dosage is kept below 5 X l0“/cm2. 

While the invention has been particularly shown and 
described in reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art 
that changes in form and details may be made therein 
without departing from the spirit and scope of the in 
vention. 
What is claimed is: 
1. A process for [increasing the threshold voltage of 

an] fabricating an inverter including serially connected 
N-channel MOS devices in a semiconductor substrate 
comprising the step of: 
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implanting acceptor ions [of one conductivity type] 
into the channel regions ofboth devices at the surface 
portion of a P-type semiconductor body [having 
source and drain regions of the opposite type con 
ductivity] at an energy level and in an amount 
sufficient to increase the threshold voltage of said 
MOS [device] devices 

2. The process as recited in claim 1 wherein the ac 
ceptor ions are selected from the group of boron and 
gallium. 

3. The process as recited in claim 1 wherein boron is 
used as the acceptor ions. 

4. The process as recited in claim 1 wherein the semi 
conductor body has a resistivity range of about l0 to 45 
ohm centimeter material. 

5. A process for [increasing the threshold voltage of 
a] fabricating an inverter including serially connected 
MOS [device] devices having source and drain regions 
of one conductivity type and a channel position [in] at 
the sur?zce of a semiconductor body comprising the step 
of: 

implanting ions of opposite conductivity type to said 
source and drain regions into the channel surface 
[portion] portions of the semiconductor body at 
an energy level and in an amount sufficient to in 
crease the threshold voltage of said MOS [de 
vice] devices. 

6. The process of claim 5 in which the ion implanta 
tion is carried out within about the upper 10,000A of 
said substrate member. 

7. The process of claim 6 in which said ion implanta 
tion step is made with an implant energy within the 
range of about 10 KEV to 70 KEV. 

8. The process of claim 7 in which said ion implanting 
step is made with an implant dosage lying within the 
range of about 2 X l0ll to about 8 X 10" im 
purities/cmz. 

9. A process for [increasing the threshold voltage of 
an] series connected MOS [device] devices on a semi 
conductor substrate, said devices having source and drain 
regions of one conductivity type and [a] channel 
[portion] portions in a semiconductor body, and having 
only one of said source and drain regions connected di 
rectly to said substrate, which comprises: 

forming a surface passivation layer over said channel 
[portion] portions in a thickness that will allow 
implantation of ions at the surface of said channel 
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6 
[portion] portions in a concentration sufficient to 
increase the threshold voltage of the MOS [de 
vice,] devices; and 

ion implanting ions of opposite conductivity type to 
said source and drain regions through said surface 
passivation layer into the surface portion of said 
channel [portion] portions at an energy level and 
in an amount suf?cient to increase the threshold 
[voltage] voltages of said MOS device. 

10. The process of claim 9 wherein said passivation 
layer is an oxide and has a thickness no greater than 
about l0,000A. 

11. The process of claim 10 wherein the ion implanta 
tion is carried out within about the upper 10,000A of 
said substrate member. 

12. A process for increasing the threshold voltage of 
an N-channel silicon gate device; 

providing a starting substrate member having a resis 
tivity lying within the range of 10 to 45 ohm centi 
meter; 

l'orming a surface passivation layer no greater than 
10.000A thick; and 

implanting boron ions within the upper 10,000A of 
the substrate member. 

13. A process for increasing the threshold voltage of 
an N-channel silicon gate device as recited in claim 12, 
wherein: 

said ion implanting step is made with an implant en 
ergy of 35,000 electron volts. 

14. A process for increasing the threshold voltage of 
an N-channel silicon gate device as recited in claim 12, 
wherein: 

said ion implanting step is made with an implant dos 
age of 2 X IOH/cmZ. 

15. A process for increasing the threshold voltage of 
an N-channel silicon gate device as recited in claim 12, 
wherein: 

said ion implanting step is made with an implant dos 
age lying within the range of2 X l0ll to 8 X 10" 
impurities/cm? 

16. A process for increasing the threshold voltage of 
an N-channel silicon gate device as recited in claim 12, 
wherein: 

said ion implanting step is made with an implant en 
ergy lying within the range of 10 KEV to 70 KEV. 

i i i i t 
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