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(57) ABSTRACT 

This invention belongs to semiconductor device manufactur 
ing field and discloses a method for manufacturing a gate 
control diode semiconductor device. When the gate voltage is 
relatively high, the channel under the gate has an in type and 
the device has a simple gate-control pnjunction structure; by 
way of controlling the effective n-type concentration of the 
ZnO film through back-gate control, inverting the n-type ZnO 
into p-type through the gate and using NiO as a p-type semi 
conductor, an n-p-n-p doping structure is formed. The present 
invention features capacity of manufacturing gate-control 
diode devices able to reduce the chip power consumption 
through the advantages of a high driving current and Small 
Sub-threshold Swing, is especially applicable to the manufac 
turing of reading & Writing devices having flat panel displays 
& phase change memory, and semiconductor devices based 
on flexible substrates. 
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METHOD FOR MANUFACTURING A 
GATE-CONTROL DODE SEMCONDUCTOR 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority to Chinese Patent 
Application No. CN 2012 10001675.9 filed on Jan. 5, 2012, 
the entire content of which is incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

0002 1. Technical Field 
0003. The present invention belongs to the technical field 
of semiconductor device manufacturing, relates to a method 
for manufacturing a semiconductor device, and more espe 
cially, to a method for manufacturing a gate-control diode 
semiconductor device. 
0004 2. Description of Related Art 
0005. The Metal-Oxide -Semiconductor Field Effect 
Transistor (MOSFET) is a kind of field effect transistor 
capable of being widely used in the analog circuits and digital 
circuits, of which the basic structure is as shown in FIG. 1, 
including a silicon Substrate 101, a gate insulation layer 104 
and a gate conductive layer 105 formed on the silicon sub 
strate 101, wherein a drain region 102 and a source region 103 
are arranged on both sides of the gate in the substrate 101. 
When a large enough potential difference is applied between 
the gate and the source of the MOSFET, the electric field will 
form induced charges on the Surface of the silicon Substrate 
under the gate insulation layer, thus a so-called “inversion 
channel’ is formed. The channel polarity is the same as that of 
the drain and source. Assume that the drain and the source are 
of n type, the channel is also of n type. After the formation of 
the channel, the MOSFET can allow the current to pass 
through it. The current values passing through the channel of 
the MOSFET will vary with the voltage values applied on the 
gate due to its control. 
0006 With the continuous development of integrated cir 
cuits, the size of the MOSFET becomes smaller and smaller, 
and the transistor density on unit array becomes higher and 
higher. Today, the technology node of integrated circuit 
devices is about 45 nm and the leakage current between the 
source and the drain of the MOSFET is increasing rapidly 
with the decrease of channel length. Moreover, the minimum 
sub-threshold swing (SS) of the traditional MOSFET is lim 
ited to 60 mV/dec, which restricts the opening and closing 
speed of the transistor. On some chips of high integration 
density, the reduction of the device size means greater SS 
value. However, the high-speed chips require a smaller SS 
value to improve the device frequency as well as reduce the 
chip power consumption. Therefore, when the channellength 
of the device decreases to less than 30 nm, a new-type of 
device shall be used to obtain a smaller leakage current and 
SS Value, thus decreasing the chip power consumption. 

BRIEF SUMMARY OF THE INVENTION 

0007. In view of this, the present invention aims at provid 
ing a method for manufacturing a gate-control diode semi 
conductor device capable of reducing the leakage current and 
the SS value So as to reduce the chip power consumption. 
0008. The semiconductor device provided in the present 
invention adopts the positive feedback automatic gain prin 
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ciple. Namely, when the doping type of a planar semiconduc 
tor device is p-n-p-n, two pairs of interdependent triodes, 
p-n-p and n-p-n, are generated. Usually, both triodes can be 
magnified mutually, which may cause the increase of the 
device current and further cause the breakdown of the device 
in severe cases. To apply this characteristic into thin-film 
semiconductors, a gate-control diode semiconductor memory 
based on the ZnO semiconductor material is provided in the 
present invention. When the gate Voltage is high and the 
channel under the gate has an in type, the device has a simple 
gate-control pnjunction structure. By way of controlling the 
effectiven type concentration of the ZnO film through back 
gate control, inverting the n-type ZnO to p-type through the 
gate and using NiO as a p-type semiconductor, an n-p-n-p 
doping structure is formed. 
0009. A method for manufacturing the gate-control diode 
semiconductor memory device above is provided in the 
present invention, including the following steps: 
00.10 provide a heavily-doped n-type silicon substrate; 
0011 form a first kind of insulation film on the n-type 
silicon Substrate; 
0012 form a ZnO layer on the first kind of insulation film; 
0013 etch the ZnO layer to form an active region; 
0014 form a second kind of insulation film on the ZnO 
dielectric layer; 
0015 etch the second kind of insulation film to form a 
window located at one end of the ZnO active region; 
0016 coat the second kind of insulation film through spin 
coating with a layer of spin-coating dielectric of the first 
doping type which makes contact with the ZnO at the window 
of the second kind of insulation film; 
0017 form a doping region (namely a source region) of the 
first doping type at the window of the second kind of insula 
tion film in the ZnO dielectric layer through the high-tem 
perature diffusion process, wherein the other parts of the ZnO 
are not doped due to the barrier of the second kind of insula 
tion film; 
0018 remove the residual spin-coating dielectric of the 

first doping type; 
0019 define a pattern through photoetching and etch the 
second kind of insulation film to define the position of a drain 
region and a channel region, wherein the drain region is on the 
opposite side to the source region on the ZnO and the channel 
region is between the Source region and the drain region; 
0020 form a third kind of insulation film through deposi 
tion; 
0021 etch out the third kind of insulation film on the 
Source region and the drain region to define the positions of 
the contact holes of the drain and the source: 
0022 form a first kind of conductive film through deposi 
tion and etch the first kind of conductive film to form a drain 
electrode, a gate electrode and a source electrode which are 
independent of one another, wherein the source electrode 
makes contact with the source region on one side of the 
floating gate region through the source contact hole, the drain 
electrode makes contact with the ZnO drain region on the 
other side of the floating gate region through the drain contact 
hole and the gate electrode cover the non-etched third kind of 
insulation film on the channel region. 
0023. Further, the method for manufacturing a gate-con 
trol diode semiconductor device, characterized in that the first 
kind of insulation film is of silicon oxide and with a thickness 
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of 1-500 nm, the second kind of insulation film is of silicon 
oxide and silicon nitride, and the thickness of the ZnO dielec 
tric layer is 1-100 nm. 
0024. Furthermore, the method for manufacturing a gate 
control diode semiconductor device, characterized in that, the 
third kind of insulation film is of SiO2 or high dielectric 
constant materials such as HfC)2, the first kind of conductive 
film is of heavily-doped polycrystalline silicon, copper, tung 
Sten, aluminum, tantalium nitride or tantalum nitride, and the 
first doping type is p-type doping. 
0025. The method for manufacturing a gate-control diode 
semiconductor device provided in the present invention fea 
tures a simple process, low manufacturing cost, and capacity 
of manufacturing gate-control diode devices able to reduce 
the chip power consumption through the advantages of high 
driving current and Small Sub-threshold Swing, and is espe 
cially applicable to the manufacturing of semiconductor 
devices based on flexible substrate and reading & writing 
devices having flat panel display and phase change memory. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0026 FIG. 1 is the sectional view of the traditional MOS 
FET. 
0027 FIGS. 2-8 are the process flow diagrams of an 
embodiment of the method for manufacturing a gate-control 
diode semiconductor device disclosed in the present inven 
tion. 

0028 FIG. 9 is the schematic diagram of the structure of 
an embodiment in cut-off state of the gate-control diode 
device manufactured by using the method provided in the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0029. An exemplary embodiment of the present invention 
is further detailed herein by referring to the drawings. In the 
drawings, the thicknesses of the layers and regions are either 
Zoomed in or out for the convenience of description, so it shall 
not be considered as the true size. Although these drawings 
cannot accurately reflect the true size of the device, they still 
reflect the relative positions among the regions and compo 
sition structures completely, especially the up-down and adja 
cent relations. 
0030 The reference diagrams are the schematic diagrams 
of the idealized embodiments of the present invention, so the 
embodiments shown in the present invention shall not be 
limited to specific shapes in areas shown in the drawings, 
while they shall include the obtained shapes such as the 
deviation caused by manufacturing. For instance, curves 
obtained through etching are often bent or rounded, while in 
the embodiments of the present invention, they are all pre 
sented in rectangles, and what the drawings present is sche 
matic and shall not be considered as the limit to the present 
invention. Meanwhile, the term "substrate' used in the fol 
lowing description can be considered as a semiconductor 
Substrate during manufacturing process, and other film layers 
prepared on it may also be included. 
0031 Firstly, develop a silicon oxide film with a thickness 
of 20 nm on a provided silicon substrate 201 heavily doped 
with n-type impurity ions, then deposit a ZnO film 203 with a 
thickness of 10 nm on the silicon oxide film 202 through 
atomic layer deposition and form a silicon dioxide film 204 on 
the ZnO film 203 through spin coating. 
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0032. After forming a silicon dioxide film 204, deposit a 
layer of photoresist 301 and form a pattern through masking 
film, exposal and development, and etch the silicon dioxide 
film 204 to form a window, as shown in FIG. 2. 
0033 Next, remove the photoresist301 and coat a layer of 
spin-coating dielectric 205 doped of p-type doping type (in 
the embodiment of the present invention, SOD-P507 is used) 
through spin coating, as shown in FIG. 3. Then form a p-type 
doping region 206 in the ZnO film 203 through the diffusion 
process and the construction after removing the spin-coating 
dielectric 205 is as shown in FIG. 4. 
0034. Next, deposit a layer of photoresist 302 and form a 
pattern through masking film, exposal and development, and 
etch the silicon dioxide film 204 to define the positions of the 
drain and the gate, as shown in FIG. 5. 
0035. After removing the photoresist 302, deposit a layer 
of high dielectric constant material 207 such as Hf(), as 
shown in FIG. 6. Next, deposit a layer of photoresist again and 
form a pattern through photoetching and then etch the high 
dielectric constant material 207 to define the positions of the 
drain and the source, as shown in FIG. 7. 
0036 Finally, deposit a metal conductive film such as 
aluminum and then form a drain electrode 208, a gate elec 
trode 209 and a source electrode 210 through photoetching 
and etching, as shown in FIG. 8. 
0037 Since ZnO has the characteristics of n-type semi 
conductors, when the Source and drain are applied with a 
forward bias, the device structure is equivalent to a forward 
biased PN junction structure and the device is conductive if 
the gate is applied with a positive Voltage. If the gate is applied 
with a negative voltage, a p-type region 500 is formed in the 
ZnO dielectric layer 203, as shown in FIG. 9, the device is 
equivalent to a p-n-p-n junction structure and is cut off. 
0038. As described above, without deviating from the 
spirit and scope of the present invention, there may be many 
significantly different embodiments. It shall be understood 
that the present invention is not limited to the specific embodi 
ments described in the Specification except those limited by 
the Claims herein. 
What is claimed is: 
1. A method for manufacturing a gate-control diode semi 

conductor device, characterized in that it includes the follow 
ing steps: 

provide a heavily-doped n-type silicon Substrate; 
form a first kind of insulation film on the n-type silicon 

Substrate; 
form a ZnO layer on the first kind of insulation film; 
etch the ZnO layer to form an active region; 
form a second kind of insulation film on the ZnO dielectric 

layer; 
etch the second kind of insulation film to form a window 

located at one end of the ZnO active region; 
coat the second kind of insulation film through spin coating 

with a layer of spin-coating dielectric of the first doping 
type which makes contact with the ZnO at the window of 
the second kind of insulation film; 

form a doping region (namely a source region) of the first 
doping type at the window of the second kind of insula 
tion film in the ZnO dielectric layer through the high 
temperature diffusion process, wherein the other parts of 
the ZnO are not doped due to the barrier of the second 
kind of insulation film; 

remove the residual spin-coating dielectric of the first dop 
ing type; 
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define a pattern through photoetching and etch the second 
kind of insulation film to define the position of a drain 
region and a channel region, wherein the drain region is 
on the opposite side to the Source region on the ZnO and 
the channel region is between the Source region and the 
drain region; 

form a third kind of insulation film through deposition; 
etch out the third kind of insulation film on the source 

region and the drain region to define the positions of the 
contact holes of the drain and the source: 

form a first kind of conductive film through deposition and 
etch the first kind of conductive film to form a drain 
electrode, a gate electrode and a source electrode which 
are independent of one another, wherein the source elec 
trode makes contact with the source region on one side 
of the floating gate region through the source contact 
hole, the drain electrode makes contact with the ZnO 
drain region on the other side of the floating gate region 
through the drain contact hole and the gate electrode 
cover the non-etched third kind of insulation film on the 
channel region. 
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2. The method for manufacturing a gate-control diode 
semiconductor device according to claim 1, characterized in 
that the first kind of insulation film is of siliconoxide and with 
a thickness of 1-500 nm. 

3. The method for manufacturing a gate-control diode 
semiconductor device according to claim 1, characterized in 
that the second kind of insulation film is of silicon oxide or 
silicon nitride. 

4. The method for manufacturing a gate-control diode 
semiconductor device according to claim 1, characterized in 
that the thickness of the ZnO dielectric layer is 1-100 nm. 

5. The method for manufacturing a gate-control diode 
semiconductor device according to claim 1, characterized in 
that the third kind of insulation film is of SiO2 or high dielet 
ric constant material Hf)2. 

6. The method for manufacturing a gate-control diode 
semiconductor device according to claim 1, characterized in 
that the first kind of conductive film is of heavily-doped 
polycrystalline silicon, copper, tungsten, aluminum, titanium 
nitride or tantalum nitride. 

7. The method for manufacturing a gate-control diode 
semiconductor memory device according to claim 1, charac 
terized in that the first doping type is silicon p-type doping. 
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