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(57) ABSTRACT 

An object of the present invention is to prevent electrical 
characteristics of circuit elements from being adversely 
affected by copper diffusion in a semiconductor device hav 
ing an integrated circuit and an antenna formed over one 
substrate, Which uses copper plating for the antenna. Another 
object is to prevent a defect of a semiconductor device due to 
poor connection between an antenna and an integrated circuit 
in a semiconductor device having the integrated circuit and 
the antenna formed over one substrate. In a semiconductor 
device having an integrated circuit 100 and an antenna 101 
formed over one substrate 102, When a copper plating layer 
108 is used for a conductor of the antenna 101, it is possible 
to decrease an adverse effect on electrical characteristics of 
circuit elements due to copper diffusion because a base layer 
107 of the antenna 101 uses a nitride ?lm of a predetermined 
metal. 

20 Claims, 9 Drawing Sheets 
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SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. application Ser. 
No. 12/830,195, ?led Jul. 2, 2010, noW allowed, Which is a 
continuation of US. application Ser. No. 12/055,918, ?led 
Mar. 26, 2008, now US. Pat. No. 7,750,852, Which claims the 
bene?t of a foreign priority application ?led in Japan as Serial 
No. 2007-105395 on Apr. 13, 2007, all ofWhich are incorpo 
rated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device 

capable of input and output of information by using electro 
magnetic Waves. It is to be noted that the semiconductor 
device in this speci?cation refers to all devices that can func 
tion by utiliZing semiconductor characteristics, and electro 
optic devices, semiconductor circuits, and electrical appli 
ances, Which have this function, are all semiconductor 
devices. 

2. Description of the Related Art 
In recent years, Wireless chips for RFID (radio frequency 

identi?cation system) have been researched and put into prac 
tical use as an information and communication technology 
utiliZing electromagnetic Waves. 
RFID refers to a communication technology over electro 

magnetic Waves betWeen a reader/Writer and a semiconductor 
device capable of Wirelessly transmitting and receiving infor 
mation (also called an RFID tag, an RF tag, an ID tag, an IC 
tag, a Wireless tag, an electronic tag, a Wireless chip, or an ID 
chip), so that data can be stored in or read out from the 
semiconductor device. Such a semiconductor device includes 
an antenna and an integrated circuit having a signal process 
ing circuit provided With a memory circuit and the like. 
A Wireless chip used for RFID obtains an operating poWer 

by electromagnetic induction from electric Waves that are 
received With a reader/Writer, and exchanges data With the 
reader/Writer by utiliZing the electric Waves. A Wireless chip, 
in general, has an antenna Which transmits and receives such 
electric Waves and Which is formed separately from an inte 
grated circuit and connected to the integrated circuit. 

In the case Where an antenna and an integrated circuit are 
thus formed separately from each other and connected to each 
other, the both need to be electrically connected, Which leads 
to loW yield because of technical dif?culty in connection 
betWeen the antenna and a minute terminal of the integrated 
circuit. Moreover, stress applied at a connection point in the 
use of a Wireless chip causes disconnection or poor connec 

tion. In particular, When a Wireless chip is ?exible, it is 
expected that poor connection is more likely to occur. 

In order to solve the aforementioned problem of poor con 
nection betWeen an antenna and an integrated circuit, a Wire 
less chip having an antenna coil formed over the same sub 
strate has been suggested. For example, in a suggested 
Wireless chip having an integrated circuit and an antenna coil 
formed over the same substrate, a conductor of the antenna 
coil is formed by a metal sputtering layer or a metal evapo 
ration layer and by a copper plating layer formed over the 
metal sputtering layer or the metal evaporation layer. The 
metal sputtering layer and the metal evaporation layer include 
one of aluminum, nickel, copper, or chromium, or include an 
alloy of at least tWo of these metals (see Patent Document 1: 
Japanese Published Patent Application No. 2002-324890). 
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2 
Accordingly, the conductor of the antenna coil has a 

stacked-layer structure of the metal sputtering layer or the 
metal evaporation layer, and the copper plating layer having 
loWer electric resistance than the metal sputtering layer or the 
metal evaporation layer. Therefore, the loss of electromag 
netic energy can be reduced as compared With a structure of 
only the metal sputtering layer or the metal evaporation layer, 
and communication distance to a reader/Writer can be 

extended. 
HoWever, the present inventors found that the aforemen 

tioned conventional structure causes copper diffusion such as 

electromigration or stress migration, Which adversely affects 
electrical characteristics of circuit elements in the integrated 
circuit formed over the same substrate as the antenna coil. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to prevent, in a 
semiconductor device having an integrated circuit and an 
antenna formed over the same substrate Which uses copper 

plating for the antenna, electrical characteristics of a circuit 
element from being adversely affected by copper diffusion 
such as electromigration or stress migration. It is another 
object of the present invention to prevent a defect of a semi 
conductor device having an integrated circuit and an antenna 
formed over the same substrate, Which is caused by poor 
connection betWeen the antenna and the integrated circuit. 

In order to achieve the above objects, a semiconductor 
device of the present invention having an antenna and an 
integrated circuit formed over the same substrate uses a 

nitride ?lm of a predetermined metal as a base layer of the 
antenna and also has a copper plating layer formed over the 
base layer. 

In a semiconductor device of the present invention having 
an integrated circuit and an antenna formed over one sub 

strate, Whichuses copper plating for the antenna, a nitride ?lm 
is used as a base layer of the antenna. Therefore, copper 
diffusion to a circuit element by electromigration, stress 
migration, or the like can be prevented and an adverse effect 
on electrical characteristics of the circuit element due to cop 
per diffusion can be decreased. Moreover, the use of nickel 
nitride as metal nitride of the base layer of the antenna can 
improve the adhesion betWeen the copper plating layer and 
the base layer of the antenna and can decrease poor connec 
tion betWeen the antenna and the integrated circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A to 1C shoW a Wireless chip of Embodiment Mode 
1 of the present invention. 
FIGS. 2A to 2D shoW steps of manufacturing a Wireless 

chip of Embodiment Mode 1 of the present invention. 
FIG. 3 is a block diagram of a Wireless chip of Embodiment 

Mode 1 of the present invention. 
FIGS. 4A to 4C shoW a Wireless chip of Embodiment Mode 

2 of the present invention. 
FIGS. 5A to SE shoW a method of manufacturing a Wireless 

chip of Embodiment Mode 3 of the present invention. 
FIGS. 6A to 6E shoW a method of manufacturing a Wireless 

chip of Embodiment Mode 3 of the present invention. 
FIGS. 7A to 7C shoW a method of manufacturing a Wireless 

chip of Embodiment Mode 3 of the present invention. 
FIGS. 8A and 8B shoW a method of manufacturing a Wire 

less chip of Embodiment Mode 3 of the present invention. 
FIGS. 9A to 9H shoW electronic appliances of Embodi 

ment Mode 4 of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

Embodiment modes of the present invention Will hereinaf 
ter be described With reference to the accompanying draW 
ings. However, the present invention is not limited to the 
following description and it is easily understood by those 
skilled in the art that modes and details of the present inven 
tion can be modi?ed in various Ways Without departing from 
the purpose and scope of the present invention. Therefore, the 
present invention should not be interpreted as being limited to 
the folloWing description of embodiment modes. Note that in 
all the draWings for explaining embodiment modes, the same 
portions are denoted by the same reference numerals. 

In this speci?cation, an integrated circuit refers to an elec 
tronic circuit having various functions, Which is manufac 
tured in such a Way that circuit elements such as a transistor, 
a resistor, a capacitor, and a diode are collectively designed 
over one substrate and simultaneously the elements are con 
nected by Wirings. For example, the integrated circuit 
includes a transmission circuit, a reception circuit, a poWer 
supply circuit, a memory circuit, and a logic control circuit in 
order to operate as a Wireless chip. A substrate supporting the 
integrated circuit (IC chip) is not limited to a silicon substrate 
and may be a glass substrate or a ?exible substrate such as a 
polyimide substrate. 

Embodiment Mode 1 

Embodiment Mode 1 of a semiconductor device of the 
present invention Will hereinafter be described With reference 
to draWings. FIGS. 1A to 1C shoW a Wireless chip as an 
example of a semiconductor device of the present invention. 
FIG. 1A is a perspective vieW of the Wireless chip, FIG. 1B is 
a cross sectional vieW thereof along A-A' of FIG. 1A, and 
FIG. 1C is a magni?ed vieW of a left part from a chain line 
B-B' of FIG. 1B. 

In FIG. 1A, an integrated circuit 100 and an antenna 101 
are formed over one substrate 102 and covered by a cover 
member 103. A top surface of the antenna 101 has a rectan 
gular and spiral shape, and the antenna 101 is electrically 
connected to the integrated circuit 100. 

FIG. 1B is a cross sectional vieW along A-A' of FIG. 1A. 
The integrated circuit 100 is formed over the substrate 102 
and the antenna 101 is formed over a third interlayer insulat 
ing ?lm 104 that covers the integrated circuit 100. A protec 
tion ?lm 115 and the cover member 103 are formed over the 
antenna 101. 

Although a JET (thin ?lm transistor) 105 is shoWn as an 
example of a semiconductor element in the integrated circuit 
100, the semiconductor element used in the integrated circuit 
100 is not limited to the TFT. For example, a storage element, 
a diode, a photoelectric conversion element, a resistor, a coil, 
a capacitor, an inductor, or the like is used instead of the TFT. 

FIG. 1C is a magni?ed vieW of a left part from a chain line 
B-B' of FIG. 1B. The antenna 101 includes a loWer Wiring 
106, an antenna base layer 107 formed over the loWer Wiring 
106, and a copper plating layer 108 formed over the antenna 
base layer 107. The antenna base layer 107 is a nitride ?lm of 
an alloy of nickel and any of titanium, tantalum, tungsten, or 
molybdenum. It is to be noted that, in this speci?cation, the 
alloy of nickel and any of titanium, tantalum, tungsten, or 
molybdenum means an alloy of nickel and one of titanium, 
tantalum, tungsten, or molybdenum, or tWo or more of these 
metals. That is to say, the alloy of the aforementioned nitride 
?lm may include, in addition to nickel, one of titanium, tan 
talum, tungsten, or molybdenum, or may alternatively 
include, in addition to nickel, tWo or more of these metals. 
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4 
The loWer Wiring 106 has, for example, a stacked-layer struc 
ture of an Al ?lm 106a and a Ti ?lm 106b, and is electrically 
connected to the integrated circuit 100 through a contact hole 
formed in the third interlayer insulating ?lm 104. As for the 
composition ratio of the antenna base layer 107, When nickel 
is used as a mother alloy, the antenna base layer 107 contains 
0.5 at. % or more of any of titanium, tantalum, tungsten, or 
molybdenum. On the other hand, When any of titanium, tan 
talum, tungsten, or molybdenum is used as a mother alloy, the 
antenna base layer 107 contains 0.5 at. % or more of nickel. 
For example, in the case of using titanium as a mother alloy, 
the composition ratio is as folloWs: 60 at. % of titanium, 20 at. 
% of nickel, and 20 at. % of nitrogen. The mother alloy is 
herein de?ned as folloWs: When an alloy is formed by mixing 
a metal B in a metal A, the metal A corresponds to the mother 
alloy. 
An insulating layer 109 is formed betWeen elements of the 

antenna 101, and the protection ?lm 115 and the cover mem 
ber 103 are formed over the antenna 101 and the insulating 
layer 109. 
The nitride of titanium, tantalum, tungsten, or molybde 

num of the antenna base layer 107 can prevent copper of the 
copper plating layer 108 from diffusing into the insulating 
layer 109. Since nickel nitride of the antenna base layer 107 
has high adhesion to copper, the resulting copper plating can 
be ?xed onto the antenna base layer 107. Such metal nitrides 
have conductivity; therefore, the nitride serves as a precipi 
tation electrode of copper at electrolytic plating. Thus, 
Embodiment Mode 1 Where the antenna base layer 107 is the 
nitride ?lm of the alloy of nickel and any of titanium, tanta 
lum, tungsten, or molybdenum has advantageous effects in 
that the antenna base layer 107 Works as a seed layer at the 
formation of the copper plating layer 108 and also Works as a 
barrier layer for preventing copper diffusion such as elec 
tromigration or stress migration. 

It is preferable to form an inorganic insulating ?lm With a 
high barrier property, such as silicon nitride oxide or silicon 
nitride, betWeen the protection ?lm 115 and the copper plat 
ing layer 108, because copper diffusion from above can also 
be prevented. 

The cover member 103 can be formed of a dielectric mate 
rial such as plastic, an organic resin, paper, ?ber, prepreg, or 
a ceramic sheet, Which is to be attached With an adhesive. 
Although an example is shoWn here in Which the Wireless 
chip has mechanical strength increased by the cover member 
103 being attached With an adhesive, it is not alWays neces 
sary that the cover member 103 of the Wireless chip of the 
present invention be attached With an adhesive. For example, 
instead of attaching the cover member 103 With an adhesive, 
the integrated circuit 100 and the antenna 101 may be covered 
directly With a resin or the like to increase the mechanical 
strength of the Wireless chip. Alternatively, the mechanical 
strength of the Wireless chip may be increased by controlling 
the thickness of the insulating layer 109. 

Next, a method of manufacturing a semiconductor device 
of this embodiment mode Will be explained. FIGS. 2A to 2D 
shoW steps of manufacturing an antenna portion of the Wire 
less chip illustrated in FIG. 1C. 
As shoWn in FIG. 2A, an integrated circuit is formed over 

the substrate 102 made of glass or the like in accordance With 
a general process. Here, the thin ?lm transistor (TFT) 105 is 
shoWn as an example of the integrated circuit. 

First, a base ?lm 110 is formed over the substrate 102, and 
the TFT 105 is formed over the base ?lm 110 in accordance 
With a general process. Then, a ?rst interlayer insulating ?lm 
111 and a second interlayer insulating ?lm 112 are formed in 
order over the TFT 105. Contact holes are next formed by a 
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general method in the ?rst interlayer insulating ?lm 111 and 
the second interlayer insulating ?lm 112 at portions thereof to 
be provided With electrodes, such as a source region and a 
drain region of the TFT 105. Then, an electrode 113 is 
formed. 

The base ?lm 110 is provided in order to prevent alkaline 
earth metal or alkali metal such as Na in the substrate 102 
from diffusing into the semiconductor ?lm, thereby prevent 
ing an adverse effect on characteristics of the semiconductor 
elements such as the TFT. The base ?lm 110 may be either a 
single insulating ?lm or stacked insulating ?lms. For 
example, an insulating ?lm Which can prevent alkali metal 
and alkaline-earth metal from diffusing into the semiconduc 
tor ?lm, such as a silicon oxide ?lm, a silicon nitride ?lm, a 
silicon oxynitride ?lm, or a silicon nitride oxide ?lm is used. 
It is to be noted in this speci?cation that silicon oxynitride 
contains more oxygen than nitrogen, Whereas silicon nitride 
oxide contains more nitrogen than oxygen. 

In this embodiment mode, a 100-nm-thick silicon oxyni 
tride ?lm, a 50-nm-thick silicon nitride oxide ?lm, and a 
100-nm-thick silicon oxynitride ?lm are stacked in order to 
form the base ?lm 110; hoWever, the material, thickness, and 
number of ?lms are not limited to these as is clear from the 
above description. For example, even in the aforementioned 
case of the three-layer structure, the silicon oxynitride ?lm as 
the loWer layer may be replaced by a siloxane-based resin ?lm 
With a thickness of 0.5 to 3 pm Which is formed by a spin 
coating method, a slit coating method, a droplet discharging 
method, a printing method, or the like. The silicon nitride 
oxide ?lm as the middle layer may be replaced by a silicon 
nitride (such as Si3N4) ?lm. The silicon oxynitride ?lm as the 
upper layer may be replaced by a silicon oxide ?lm. The 
thickness of each ?lm is preferably in the range of from 0.05 
to 3 um, and can be freely selected from that range. 

Subsequently, as shoWn in FIG. 2B, the third interlayer 
insulating ?lm 104 is formed over the second interlayer insu 
lating ?lm 112 and the electrode 113. Then, a contact hole is 
formed over the electrode 113. Next, the loWer Wiring 106 
serving as a part of the antenna is formed over the third 
interlayer insulating ?lm 104. Here is shoWn an example of 
the loWer Wiring 106, in Which the Al ?lm 10611 With high 
conductivity and the Ti ?lm 1 06b for preventing generation of 
hillock and void of the Al ?lm 10611 are stacked. The loWer 
Wiring 106 is electrically connected to the electrode 113 
through a contact hole in the third interlayer insulating ?lm 
104. 

Next, as shoWn in FIG. 2C, the insulating layer 109 is 
formed over the third interlayer insulating ?lm 104 and the 
loWer Wiring 106; then, patterning is performed by photoli 
tho graphy to remove a desired portion of the insulating layer 
109 over the loWer Wiring 106, thereby forming an opening so 
as to expose the loWer Wiring 106. Subsequently, the antenna 
base layer 107 is formed by a sputtering method over the 
insulating layer 109 and the exposed part of the loWer Wiring 
106. The antenna base layer 107 is formed by the nitride ?lm 
of the alloy by performing reactive sputtering in a nitrogen 
gas atmosphere With the use of the alloy as a target. The target 
is the alloy of nickel and any of titanium, tantalum, tungsten, 
or molybdenum. Instead of using the alloy, the target may be 
plural kinds of metals that constitute the alloy. For example, 
the target may be a titanium metal plate With plural small 
nickel metal plates embedded therein. At the reactive sputter 
ing, When the amount of nitrogen gas is suf?ciently large, the 
antenna base layer 107 is completely nitrided; on the other 
hand, When the amount thereof is small, the antenna base 
layer 107 is partially nitrided. After forming a photoresist 114 
over the antenna base layer 107, patterning is performed by 
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6 
photolithography so that a part of the photoresist 114 that is 
over the opening and on the periphery of the opening is 
removed. As a result, a part of the antenna base layer 107 that 
is over the opening and on the periphery of the opening over 
the loWer Wiring 106 is exposed. 

Next, as shoWn in FIG. 2D, the copper plating layer 108 is 
formed by an electrolytic plating method over the exposed 
part of the antenna base layer 107 that is over the opening and 
on the periphery of the opening. After removing the remain 
ing photoresist 114, an unnecessary part of the antenna base 
layer 107 other than a part thereof beloW the copper plating 
layer 108 is removed in accordance With a general method. 
Finally, the protection ?lm 115 is formed over the copper 
plating layer 108 and the insulating layer 109, and then the 
cover member 103 is formed over the protection ?lm 115 by 
using an adhesive. 
The ?rst interlayer insulating ?lm 111 can be formed of a 

heat-resistant organic resin such as polyimide, acrylic, or 
polyamide. Instead of the aforementioned organic resins, a 
loW dielectric constant material (loW-k material), a resin 
including a Si4OiSi bond (hereinafter also called a silox 
ane-based resin), or the like can also be used. Siloxane has a 
skeleton structure of a bond of silicon (Si) and oxygen (0). As 
a substituent, an organic group containing at least hydrogen 
(such as an alkyl group or aromatic hydrocarbon) is used. 
Alternatively, a ?uoro group may be used as the substituent. 
Further alternatively, a ?uoro group and an organic group 
containing at least hydrogen may be used as the substituent. 
The ?rst interlayer insulating ?lm 111 can be formed by spin 
coating, dipping, spray coating, a droplet discharging method 
(an ink jetting method, screen printing, offset printing, or the 
like), a doctor knife, a roll coater, a curtain coater, a knife 
coater, or the like, depending on the material thereof. Alter 
natively, the ?rst interlayer insulating ?lm 111 can be formed 
using an inorganic material such as silicon oxide, silicon 
nitride, silicon oxynitride, PSG (phosphosilicate glass), 
PBSG (phosphoborosilicate glass), BPSG (borophosphosili 
cate glass), or an alumina ?lm. Insulating ?lms of these may 
be stacked to form the ?rst interlayer insulating ?lm 111. 
The second interlayer insulating ?lm 112 may be a ?lm 

including carbon such as DLC (diamond-like carbon) or car 
bon nitride (CN), a silicon oxide ?lm, a silicon nitride ?lm, a 
silicon nitride oxide ?lm, or the like formed by a plasma CVD 
method, atmospheric pressure plasma, or the like. Altema 
tively, a photosensitive or nonphotosensitive organic material 
such as polyimide, acrylic, polyamide, resist, or benZocy 
clobutene; a siloxane-based resin; or the like may be used. 

Filler may be mixed into the ?rst interlayer insulating ?lm 
111 or the second interlayer insulating ?lm 112 in order to 
prevent the ?rst interlayer insulating ?lm 111 or the second 
interlayer insulating ?lm 112 from being peeled off or 
cracked due to stress generated by a difference in coef?cient 
of thermal expansion betWeen the ?rst interlayer insulating 
?lm 111 or the second interlayer insulating ?lm 112 and a 
conductive material of a Wiring that is formed later, or the like. 
The third interlayer insulating ?lm 104 can be formed 

using an organic resin ?lm, an inorganic insulating ?lm, or a 
siloxane-based insulating ?lm. The organic resin ?lm may 
include, for example, acrylic, polyimide, polyamide, or the 
like, and the inorganic insulating ?lm may include silicon 
oxide, silicon nitride oxide, or the like. A mask used for 
forming the contact hole can be formed by a droplet discharg 
ing method or a printing method. Moreover, the third inter 
layer insulating ?lm 104 itself can be formed by a droplet 
discharging method or a printing method. 

Although the example is explained in Which the loWer 
Wiring 106 has a stacked-layer structure of the Al ?lm 106a 
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With high conductivity and the Ti ?lm 10619 for preventing 
generation of hillock and void of the Al ?lm 10611, a titanium 
nitride ?lm may be formed below the Al ?lm 10611 to prevent 
Al diffusion. The Al ?lm 10611 is preferably formed to a 
thickness of from 400 to 500 nm by using pure A1 with a purity 
of 99.9% or more. 

The loWer Wiring 106 is not alWays necessary. Even When 
the loWer Wiring 106 is not formed, the antenna 101 includes 
the antenna base layer 107 and the copper plating layer 108 in 
a similar manner to the case Where the loWer Wiring 106 is 
formed. 

The antenna base layer 107 including the alloy of nickel 
and any of titanium, tantalum, tungsten, or molybdenum can 
be formed by performing sputtering only once. Moreover, 
When the unnecessary part of the antenna base layer 107 is 
removed, only one kind of etchant is necessary. This can 
achieve improvement of throughput and cost reduction in 
manufacturing semiconductor devices. 
An organic resin such as polyimide, epoxy, acrylic, or 

polyamide can be used for the insulating layer 109. Instead of 
the aforementioned organic resins, an inorganic resin such as 
a resin including a Si4OiSi bond formed by using a silox 
ane-based material (this resin is hereinafter referred to as a 
siloxane-based resin) as a starting material can be used. The 
siloxane-based resin may include as a substituent at least one 
of ?uorine, an alkyl group, or aromatic hydrocarbon in addi 
tion to hydrogen. 

If a soft magnetic material can be contained, an inorganic 
insulating ?lm such as a ?lm of silicon oxide, silicon nitride 
oxide, silicon nitride, or the like can also be used as the 
insulating layer 109. 

The protection ?lm 115 can be formed by, for example, 
applying on the entire surface an epoxy-based, acrylate 
based, or silicon-based resin Which is soluble in Water or in 
alcohols by a spin coating method or the like. 

Although this embodiment mode shoWs the example of 
fainting the copper plating layer 108 by an electrolytic plating 
method, an electroless plating method may alternatively be 
employed. The top surface of the antenna may have a shape 
other than the rectangular and spiral shape. 

Although the example is described in Which the substrate 
102 is a glass substrate in this example, the substrate 102 may 
be a ?exible substrate such as a plastic substrate. In the case of 
using a ?exible substrate, the antenna and the integrated cir 
cuit are ?rst formed over a substrate made of glass or the like; 
then, the antenna and the integrated circuit are separated and 
attached to the ?exible substrate. 

Next, an example of a circuit con?guration of the Wireless 
chip of this embodiment mode is shoWn. FIG. 3 is a block 
diagram for illustrating circuits of the Wireless chip. 

FIG. 3 shoWs an example of a block diagram of circuit 
arrangement of the Wireless chip of the present invention. In 
FIG. 3, a reader/Writer 401 is a device for Writing and reading 
data in and from a Wireless chip 400 from outside Without 
contact. The Wireless chip 400 includes an antenna portion 
402 for receiving electric Waves; a recti?er circuit 403 for 
rectifying the output of the antenna portion 402; a regulator 
circuit 404 for outputting operating voltage VDD to each 
circuit upon the receipt of the output from the recti?er circuit 
403; a clock generator circuit 405 for generating clock upon 
the receipt of the output from the regulator circuit 404; a 
booster circuit 407 for supplying data-Writing voltage to a 
memory circuit 408 that carries out data Writing or reading, 
upon the receipt of the output from a logic circuit 406; a 
back?oW prevention diode 409 to Which the output of the 
booster circuit 407 is to be inputted; a battery capacitor 410 in 
Which the output of the back?oW prevention diode 409 is to be 
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8 
inputted to accumulate charges; and the logic circuit 406 for 
controlling a circuit such as the memory circuit 408. 

Although not particularly shoWn here, there may addition 
ally be a data modulator/demodulator circuit, a sensor, an 
interface circuit, and the like. With such a structure, the Wire 
less chip 400 can communicate information With the reader/ 
Writer 401 Without contact. 

In the above structure of the Wireless chip, the portion other 
than the antenna portion 402 can be the integrated circuit, and 
the antenna and the integrated circuit can be formed over one 
substrate. 
Although this embodiment mode explains the example of 

the Wireless chip provided With the battery capacitor 410 as a 
Wirelessly chargeable battery (radio frequency battery, or 
noncontact battery by radio frequency), the battery capacitor 
410 is not alWays necessary. When the battery capacitor 410 
is not provided, the back?oW prevention diode 409 is also 
unnecessary. 

Moreover, the capacitor is used as a charging element for 
accumulating charges (also called battery); hoWever, the 
present invention is not limited to this. In this embodiment 
mode, the battery refers to a Wirelessly chargeable battery of 
Which continuous operation time can recover by being 
charged. Further, as the battery; a thin sheet-like battery or a 
roll-like battery With a small diameter is preferably used, 
although the type of battery used may differ depending on the 
intended use. For example, siZe reduction is possible With a 
lithium battery, preferably a lithium polymer battery using gel 
electrolyte, a lithium ion battery, or the like. The battery may 
be any kind of chargeable battery, such as a nickel metal 
hydride battery, a nickel cadmium battery, an organic radical 
battery, a lead-acid battery, an air secondary battery, a nickel 
Zinc battery, a silver-Zinc battery, or a capacitor With high 
capacity. 

Note that as the capacitor With high capacity that can be 
used as a battery of this embodiment mode, it is preferable to 
use a capacitor having electrodes Whose opposed areas are 
large. In particular, it is preferable to use a double-layer 
electrolytic capacitor Which is formed using an electrode 
material having a large speci?c surface area, such as activated 
carbon, fullerene, or a carbon nanotube. A capacitor has a 
simpler structure than a battery, and further, a capacitor can be 
easily formed to be thin and formed by stacking layers. A 
double-layer electrolytic capacitor has a function of storing 
poWer and Will not deteriorate that much even after it is 
charged and discharged a number of times. Further, a double 
layer electrolytic capacitor has an excellent property that it 
can be charged rapidly. 

In the present invention, the antenna is disposed in the 
center of the Wireless chip, Which improves the capability of 
the poWer source produced in the Wireless chip and therefore 
enhances the charging e?iciency. 

In this embodiment mode, the antenna portion, the recti?er 
circuit portion, and the booster circuit used in the Wireless 
chip are also used as the antenna portion, the recti?er circuit 
portion, and the booster circuit portion in the Wirelessly 
chargeable battery; therefore, the reader/Writer 401 can be 
used as a signal generating source for charging the battery 
capacitor 410 at the same time as operating the Wireless chip. 
The Wirelessly chargeable battery shoWn in this embodi 

ment mode can charge an object Without contact, and is very 
easy to be carried. When the battery is provided in the Wire 
less chip, a memory Which needs a poWer source, such as 
SRAM, can be mounted, Which can contribute to sophistica 
tion of the Wireless chip. 

HoWever, the present invention is not limited to this struc 
ture, and a part or all of the antenna portion, the recti?er 
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circuit portion, and the booster circuit may be separated for 
RFID operation and for charge of the Wirelessly chargeable 
battery. For example, When the antenna portion 402 is sepa 
rated for the antenna portion for RFID operation and the 
antenna portion for charge of the Wirelessly chargeable bat 
tery, the frequency of signals used for RFID operation and the 
frequency of signals for charge of the Wirelessly chargeable 
battery can be different from each other. In this case, the 
signals generated from the reader/Writer 401 and the signals 
generated from the signal generating source to the Wirelessly 
chargeable battery are preferably in the frequency range 
Where the both signals do not interfere With each other. 
When the antenna portion, the recti?er circuit portion, and 

the booster circuit are used in common for RFID operation 
and for charge of the Wirelessly chargeable battery, the struc 
ture may be that a sWitching element is disposed betWeen the 
Wirelessly chargeable battery and the booster circuit and the 
booster circuit and the Wirelessly chargeable battery are dis 
connected from each other by turning off the sWitch during 
Writing operation While they are connected to each other by 
turning on the sWitch during the time other than the Writing 
operation. In this case, since the battery is not charged during 
the Writing operation, voltage drop during the Writing opera 
tion can be avoided. The sWitching element can have a knoWn 
structure. 

Embodiment Mode 2 

Another embodiment mode of a Wireless chip as an 
example of a semiconductor device of the present invention 
Will hereinafter be explained With reference to draWings. 
FIGS. 4A to 4C shoW a Wireless chip as an example of a 
semiconductor device of the present invention. FIG. 4A is a 
perspective vieW of the Wireless chip, FIG. 4B is a cross 
sectional vieW along A-A' of FIG. 4A, and FIG. 4C is a 
magni?ed vieW of a left part from a chain line B-B' of FIG. 
4B: 

Since FIGS. 4A and 4B are the same as FIGS. 1A and 1B 
in Embodiment Mode 1, the description is omitted. 

FIG. 4C is the same as FIG. 1C except that the antenna base 
layer 107 of FIG. 1C in Embodiment Mode 1 is replaced by a 
?rst antenna base layer 107a and a second antenna base layer 
1 07b. Therefore, description Will hereinafter be made on only 
the ?rst antenna base layer 107a and the second antenna base 
layer 1071). 

The ?rst antenna base layer 10711 is formed over the loWer 
Wiring 106, and the second antenna base layer 1071) is formed 
over the ?rst antenna base layer 10711. The copper plating 
layer 108 is formed over the second antenna base layer 1071). 

The antenna 101 includes the loWer Wiring 106, the ?rst 
antenna base layer 10711, the second antenna base layer 107b, 
and the copper plating layer 108. 

The ?rst antenna base layer 10711 is a nitride ?lm of any of 
titanium, tantalum, tungsten, or molybdenum, While the sec 
ond antenna base layer 1071) is a nickel nitride ?lm. It is to be 
noted that any of titanium, tantalum, tungsten, or molybde 
num means one of titanium, tantalum, tungsten, or molybde 
num, or means tWo or more of these metals. 

The nitride ?lm of any of titanium, tantalum, tungsten, or 
molybdenum as the ?rst antenna base layer 107a can prevent 
copper of the copper plating layer 108 from diffusing into the 
insulating layer 109. Since the nickel nitride ?lm as the sec 
ond antenna base layer 1071) has high adhesion to copper, the 
resulting copper plating can be ?xed onto the second antenna 
base layer 1071). The nitride ?lms of such metals have con 
ductivity, thereby serving as a precipitation electrode of cop 
per at electrolytic plating. Thus, Embodiment Mode 2 Where 
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the ?rst antenna base layer 10711 is the nitride ?lm of any of 
titanium, tantalum, tungsten, or molybdenum and the second 
antenna base layer 1071) is the nickel nitride ?lm has advan 
tageous effects in that the ?rst antenna base layer 107a Works 
as a barrier layer for preventing copper diffusion such as 
electromigration or stress migration and the second antenna 
base layer 1071) Works as a seed layer at the formation of the 
copper plating layer 108. In this manner, stacking the antenna 
base layers can improve the function of the ?rst antenna base 
layer 10711 as a barrier layer and can stabiliZe the function of 
the second antenna base layer 1071) as a seed layer. 

It is to be noted that the same advantageous effect can be 
obtained even When the second antenna base layer 1071) 
includes a metal selected from aluminum, nickel, copper, or 
chromium, or an alloy of tWo or more selected from these 
metals, and the ?rst antenna base layer 107a includes a nitride 
?lm of an alloy of nickel and any of titanium, tantalum, 
tungsten, or molybdenum. 

Next, a method of manufacturing a Wireless chip of this 
embodiment mode Will be explained. The method of manu 
facturing a Wireless chip of this embodiment mode is the same 
as that of Embodiment Mode 1 except that the step of forming 
the antenna base layer 107 in the method of manufacturing a 
Wireless chip in Embodiment Mode 1 is replaced by the step 
of forming the ?rst antenna base layer 107a and the second 
antenna base layer 1071). 

Therefore, description Will hereinafter be made on only the 
step of forming the ?rst antenna base layer 107a and the 
second antenna base layer 1 07b With reference to FIGS. 2A to 
2D. 

In Embodiment Mode 2, the ?rst antenna base layer 107a 
and the second antenna base layer 1 07b are formed in order by 
a sputtering method over the exposed portion of the loWer 
Wiring 106 and the insulating layer 109, instead of the antenna 
base layer 107 shoWn in the step of manufacturing a Wireless 
chip in FIG. 2C of Embodiment Mode 1. The antenna base 
layer 107a and the antenna base layer 1071) are each formed 
by the nitride ?lm by performing reactive sputtering in a 
nitrogen gas atmosphere. The target is any of titanium, tanta 
lum, tungsten, or molybdenum in the case of the antenna base 
layer 107a, and the target is nickel in the case of the antenna 
base layer 1071). At the reactive sputtering, When the amount 
of nitrogen gas is suf?ciently large, the antenna base layer 
107a and the antenna base layer 1071) are completely nitrided; 
on the other hand, When the amount thereof is small, the 
antenna base layer 107a and the antenna base layer 1071) are 
partially nitrided. The photoresist 114 is formed over the 
antenna base layer 107a and the antenna base layer 107b, and 
a portion of the photoresist 114 including a part thereof that 
covers the exposed part of the loWer Wiring 106 is removed by 
patterning through photolithography. 

Next, the copper plating layer 108 is formed by an electro 
lytic plating method as shoWn in FIG. 2D, and the resist is 
then removed. After that, an unnecessary part of the ?rst 
antenna base layer 107a and the second antenna base layer 
1071) other than a part thereof beloW the copper plating layer 
108 is removed in accordance With a general method. Finally, 
the protection ?lm 115 is formed over the copperplating layer 
108 and the insulating layer 109, and then the cover member 
103 is formed over the protection ?lm 115 by an adhesive. 
The steps other than the above steps are the same as those 

in the method of manufacturing a Wireless chip in Embodi 
ment Mode 1. 

The description of the circuit con?guration of the Wireless 
chip in this embodiment mode is omitted because the con 
?guration is the same as that of Embodiment Mode 1. 
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Embodiment Mode 3 

Next, a method of manufacturing a Wireless chip of another 
embodiment mode of the present invention Will be explained 
in detail. Although this embodiment mode shoWs a TFT as an 
example of a semiconductor element used for an integrated 
circuit of a Wireless chip, a semiconductor element used for 
an integrated circuit is not limited to this, and any kind of 
semiconductor element can be used. 

First, a release layer 501 is formed over a ?rst substrate 50b 
having heat resistance as shoWn in FIG. 5A. The ?rst substrate 
500 may be, for example, a glass substrate such as a barium 
borosilicate glass substrate or an aluminoborosilicate glass 
substrate, a quartz substrate, a ceramic substrate, or the like. 
Moreover, the ?rst substrate 500 may be a semiconductor 
substrate or a metal substrate including a stainless steel sub 
strate. A substrate formed of a synthetic resin having ?exibil 
ity, such as plastic, generally tends to have loWer alloWable 
temperature limit than the above-described substrates; hoW 
ever, the substrate can be used as long as it can Withstand a 

processing temperature in manufacturing steps. 
The release layer 501 can be formed by a sputtering 

method, a reduced-pressure CVD method, a plasma CVD 
method, or the like by using a layer containing silicon such as 
amorphous silicon, polycrystalline silicon, single-crystal sili 
con, or microcrystalline silicon (including semi-amorphous 
silicon) as its main component. In this embodiment mode, the 
release layer 501 is formed of amorphous silicon With a 
thickness of about 50 nm by a reduced-pressure CVD 
method. The material of the release layer 501 is not limited to 
silicon and may be of any kind as long as it can be selectively 
etched aWay. The thickness of the release layer 501 is prefer 
able in the range of from 10 to 100 nm. When semi-amor 
phous silicon is used, the thickness may be in the range of 
from 30 to 50 nm. 

Next, a base ?lm 502 is formed over the release layer 501. 
The base ?lm 502 is provided in order to prevent alkaline 
earth metal or alkali metal such as Na in the ?rst substrate 500 
from diffusing into the semiconductor ?lm, thereby prevent 
ing an adverse effect on characteristics of the semiconductor 
element such as a TFT. The base ?lm 502 also Works to 
protect the semiconductor element during a later step of sepa 
rating the semiconductor elements. The base ?lm 502 may be 
either a single insulating ?lm or stacked insulating ?lms. 
Therefore, an insulating ?lm Which can prevent alkali metal 
and alkaline-earth metal from diffusing into the semiconduc 
tor ?lm, such as a silicon oxide ?lm, a silicon nitride ?lm, or 
a silicon nitride oxide ?lm is used. 

In this embodiment mode, a l00-nm-thick silicon oxyni 
tride ?lm, a 50-nm-thick silicon nitride oxide ?lm, and a 
l00-nm-thick silicon oxynitride ?lm are stacked in order to 
form the base ?lm 502; hoWever, the material, thickness, and 
number of stacked ?lms are not limited to these. For example, 
the silicon oxynitride ?lm as the loWer layer may be replaced 
by a siloxane-based resin ?lm With a thickness of 0.5 to 3 pm 
Which is formed by a spin coating method, a slit coating 
method, a droplet discharging method, a printing method, or 
the like. The silicon nitride oxide ?lm as the middle layer may 
be replaced by a silicon nitride (such as Si3N4) ?lm. The 
silicon oxynitride ?lm as the upper layer may be replaced by 
a silicon oxide ?lm. The thickness of each ?lm is preferably 
in the range of from 0.05 to 3 pm, and can be freely selected 
from that range. 

Alternatively, the base ?lm 502 may be formed by sequen 
tially stacking a silicon oxynitride ?lm or a silicon oxide ?lm, 
a siloxane-based resin ?lm, and a silicon oxide ?lm. 
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12 
Here, the silicon oxide ?lm can be formed by thermal 

CVD, plasma CVD, normal pressure CVD, bias ECRCVD, 
or the like With the use of a mixed gas of SiH4 and 02, a mixed 
gas of TEOS (tetraethoxysilane) and 02, or the like. The 
silicon nitride ?lm can be formed typically by plasma CVD 
With the use of a mixed gas of SiH4 and NH3. The silicon 
oxynitride ?lm and the silicon nitride oxide ?lm can be 
formed typically by plasma CVD With the use of a mixed gas 
of SiH4 and N20. 

Next, a semiconductor ?lm 503 is formed over the base 
?lm 502. It is preferable that the semiconductor ?lm 503 be 
formed Without being exposed to the air after the formation of 
the base ?lm 502. The semiconductor ?lm 503 has a thickness 
of 20 to 200 nm (preferably 40 to 170 nm, more preferably 50 
to 150 nm). The semiconductor ?lm 503 may be formed of an 
amorphous semiconductor, a semi-amorphous semiconduc 
tor, or a polycrystalline semiconductor. Instead of silicon, 
silicon germanium may be used as the semiconductor. In the 
case of using silicon germanium, the concentration of germa 
nium is preferably in the range of from about 0.01 to 4.5 at. %. 
The semiconductor ?lm 503 may be crystallized by a 

knoWn technique. Known crystallization methods include a 
laser crystallization method using laser light and a crystalli 
zation method using a catalytic element. Alternatively, a laser 
crystallization method using laser light and a crystallization 
method using a catalytic element may be used in combina 
tion. When the ?rst substrate 500 is a heat-resistant substrate 
such as a quartz substrate, high-temperature annealing at 
about 9500 C. may be combined With any of a thermal crys 
tallization method using an electrically heated oven, a lamp 
annealing crystallization method using infrared light, or a 
crystallization method using a catalytic element. 

For example, in the case of carrying out laser crystalliza 
tion, the semiconductor ?lm 503 is subjected to thermal 
annealing at 5000 C. for an hour before laser crystallization. 
This thermal annealing can increase the resistance of the 
semiconductor ?lm 503 against laser. Then, a continuous 
Wave solid-state laser is used to irradiate the semiconductor 
?lm 503 With laser light of any of second to fourth harmonic 
Waves of a fundamental Wave; thus, crystals With large grain 
diameter can be obtained. For example, typically, a second 
harmonic (532 nm) or a third harmonic (355 nm) of a 
NdzYVO4 laser (fundamental Wave: 1064 nm) is preferably 
used. Speci?cally, laser light emitted from a continuous Wave 
YVO4 laser is converted into a harmonic Wave through a 
non-linear optical element, and thus laser light With a poWer 
of 10 W is obtained. Then, the laser light is preferably shaped 
into rectangular or elliptical laser light on an irradiated sur 
face through an optical system, and is delivered onto the 
semiconductor ?lm 503. The poWer density of the laser light 
at this time is necessary to range from about 0.01 to 100 
MW/cm2 (preferably 0.1 to 10 MW/cm2). The irradiation is 
then performed by setting the scan speed in the range of from 
about 10 to 2000 cm/sec. 

Alternatively, the laser crystallization may be performed 
by using a pulsed laser With a repetition rate of 10 MHz or 
more, Which is extremely higher than generally used lasers 
having a repetition rate of several tens to several hundreds of 
hertzs. It is said that it takes several tens to several hundreds 
of nanoseconds to completely solidify a semiconductor ?lm 
after the semiconductor ?lm is irradiated With pulsed laser 
light. When the pulsed laser light has the above-described 
repetition rate, the semiconductor ?lm can be irradiated With 
laser light before the semiconductor ?lm melted by previous 
laser light is solidi?ed. Therefore, a solid-liquid interface can 
be continuously moved in the semiconductor ?lm so that 
crystal grains Which have continuously groWn in a scanning 



US 8,384,601 B2 
13 

direction are formed in the semiconductor ?lm. Speci?cally, 
it is possible to form an aggregation of crystal grains each 
having a Width of approximately 10 to 30 pm in the scanning 
direction and a Width of approximately 1 to 5 um in a direction 
perpendicular to the scanning direction. It is also possible to 
form a semiconductor ?lm having almost no crystal grain 
boundaries at least in a channel direction of the TFT by 
forming a crystal grain of a single crystal that is extended long 
along the scanning direction. 

The laser crystallization may be performed by simulta 
neously delivering continuous Wave laser light of a funda 
mental Wave and continuous Wave laser light of a harmonic 
Wave, or simultaneously delivering continuous Wave laser 
light of a fundamental Wave and pulsed laser light of a har 
monic Wave. 

The laser light may be delivered in an inert gas atmosphere 
such as noble gas or nitrogen. This can suppress the roughness 
of a semiconductor surface due to the laser irradiation and 
also suppress variation in threshold voltage caused by varia 
tion in interface state density. 
By the aforementioned laser irradiation, the semiconductor 

?lm 503 With improved crystallinity is formed. Alternatively, 
a polycrystalline semiconductor may be formed in advance 
by a sputtering method, a plasma CVD method, a thermal 
CVD method, or the like. 

Although the semiconductor ?lm 503 is crystallized in this 
embodiment mode, the semiconductor ?lm 503 may remain 
amorphous or microcrystalline Without being crystallized 
and may be subjected to a later-described process. A TFT 
using an amorphous semiconductor or a microcrystalline 
semiconductor has advantages of loW cost and high yield 
because the number of manufacturing steps is smaller than 
that of a TFT using a polycrystalline semiconductor. 
An amorphous semiconductor can be obtained by gloW 

discharge decomposition of a gas containing silicon. As a 
typical gas containing silicon, SiH4, and Si2H6 are given. This 
gas containing silicon may be diluted With hydrogen or With 
hydrogen and helium. 

Note that a semi-amorphous semiconductor refers to a 
semiconductor With an intermediate structure betWeen an 
amorphous semiconductor and a crystalline semiconductor 
(including a single-crystal semiconductor and a polycrystal 
line semiconductor). The semi-amorphous semiconductor is 
a semiconductor having a third condition that is stable in 
terms of free energy and is a crystal having a short-range order 
and lattice distortion Which can be dispersed in a non-single 
crystal semiconductor ?lm With its grain diameter of 0.5 to 20 
nm. The peak of the Raman spectrum of the semi-amorphous 
semiconductor shifts to the side of loWer Wavenumber than 
520 cm_l. According to X-ray diffraction, diffraction peaks 
of a silicon crystal lattice are observed at (111) and (220). In 
order to terminate a dangling bond, hydrogen or halogen is 
added by at least 1 at. % or more. In this speci?cation, such a 
semiconductor is referred to as a semi-amorphous semicon 
ductor (SAS) for convenience. Moreover, a noble gas element 
such as helium, argon, krypton, or neon may be contained 
therein to further promote lattice distortion, so that stability is 
enhanced and a favorable semi-amorphous semiconductor 
?lm can be obtained. 

In addition, SAS can be obtained by gloW discharge 
decomposition of a gas containing silicon. As a typical gas 
containing silicon, SiH4 is given, and Si2H6, SiH2Cl2, 
SiHCl3, SiCl4, SiF4, or the like can be used as Well as SiH4. 
The gas containing silicon may be diluted With hydrogen or 
With a gas in Which one or more of noble gas elements 
selected from helium, argon, krypton, or neon are added to 
hydrogen; therefore, the SAS ?lm can be easily formed. It is 
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preferable that the gas containing silicon be diluted With a 
dilution ratio in the range of from 2 to 1000 times. Further, a 
carbide gas such as CH4 or C2H6, a germanium gas such as 
GeH4 or GeF4, F2, or the like may be mixed into the gas 
containing silicon so as to adjust the energy bandWidth Within 
the range of from 1.5 to 2.4 eV or from 0.9 to 1.1 eV. 

For example, in the case of using a gas in Which H2 is added 
to SiH4 or a gas in Which F2 is added to SiH4, the subthreshold 
coe?icient (subthreshold sWing) of the TFT can be less than 
or equal to 0.35 V/dec, typically 0.25 to 0.09 V/dec, and the 
mobility of carriers can be 10 cm2/V s When the TFT is manu 
factured using the formed semi-amorphous semiconductor. 
When a 19-stage ring oscillator is formed of the TFT using the 
above-described semi-amorphous semiconductor, for 
example, the oscillation frequency is greater than or equal to 
1 MHz, preferably, greater than or equal to 100 MHz, at a 
poWer supply voltage of 3 to 5 V. In addition, at a poWer 
supply voltage of 3 to 5 V, delay time per one stage of an 
inverter can be 26 ns, preferably less than or equal to 0.26 ns. 

Next, as shoWn in FIG. 5B, the semiconductor ?lm 503 is 
patterned to form island-like semiconductor ?lms 504 to 506. 
Then, a gate insulating ?lm 507 is formed to cover the island 
like semiconductor ?lms 504 to 506. The gate insulating ?lm 
507 can be formed by a plasma CVD method, a sputtering 
method, or the like by using a single layer or stacked layers of 
a ?lm including silicon nitride, silicon oxide, silicon nitride 
oxide, or silicon oxynitride. In the case of stacking layers, for 
example, it is preferable to have a three-layer structure of a 
silicon oxide ?lm, a silicon nitride ?lm, and a silicon oxide 
?lm formed in order from the substrate side. 

Next, gate electrodes 510 to 512 are formed as shoWn in 
FIG. 5C. In this embodiment mode, the gate electrodes 510 to 
512 are formed in such a Way that silicon doped With an 
impurity imparting n-type conductivity, tungsten nitride, and 
tungsten are stacked in order by a sputtering method and then 
etching is performed With a resist 513 used as a mask. The 
material, structure, and manufacturing method of the gate 
electrodes 510 to 512 are not limited to these and can be 
selected as appropriate. For example, a stacked-layer struc 
ture of silicon doped With an impurity imparting n-type con 
ductivity and nickel silicide, a stacked-layer structure of sili 
con doped With an impurity imparting n-type conductivity 
and tungsten silicide, or a stacked-layer structure of tantalum 
nitride and tungsten may be employed. Alternatively, a single 
layer of various conductive materials may be used. 
The resist mask may be replaced by a mask of silicon oxide 

or the like. In this case, a step of patterning to form a mask of 
silicon oxide, silicon oxynitride, or the like (called a hard 
mask) is added; hoWever, the gate electrodes 510 to 512 can 
have desired Widths because the ?lm thickness of the mask 
does not decrease at the time of etching compared With the 
resist. The gate electrodes 510 to 512 may be formed selec 
tively by a droplet discharging method Without using the 
resist 513. 
As the conductive material, various materials can be 

selected depending on the function of a conductive ?lm. 
When the gate electrodes and the antenna are formed at the 
same time, the material may be selected in consideration of 
their functions. 
As an etching gas for etching the gate electrodes, a mixed 

gas of CF4, C12, and 02, or a C12 gas is employed, though the 
etching gas is not limited to this. 

Next, as shoWn in FIG. 5D, the island-like semiconductor 
?lm 505 serving as a p-channel TFT is covered With a resist 
514, and the island-like semiconductor ?lms 504 and 506 are 
doped With an impurity element imparting n-type conductiv 
ity (typically P (phosphorus) or As (arsenic)) at loW concen 
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tration by using the gate electrodes 510 and 512 as a mask 
(?rst doping process). The ?rst doping process is performed 
under the condition Where the dose is in the range of from 
1><10l3 to 6><10l3/cm2 and the accelerating voltage is in the 
range of from 50 to 70 keV; hoWever, the condition is not 
limited to this. In the ?rst doping process, the doping is 
performed through the gate insulating ?lm 507, and a pair of 
loW-concentration impurity regions 516 and a pair of loW 
concentration impurity regions 517 are formed in the island 
like semiconductor ?lms 504 and 506, respectively. Further, 
the ?rst doping process may be performed Without covering 
With the resist the island-like semiconductor ?lm 505 serving 
as the p-channel TFT. 

Next, as shoWn in FIG. 5E, after removing the resist 514 by 
aching or the like, a resist 518 is neWly formed so as to cover 
the island-like semiconductor ?lms 504 and 506 serving as 
n-channel TFTs. Then, the island-like semiconductor ?lm 
505 is doped With an impurity element imparting p-type con 
ductivity (typically B (boron)) at high concentration by using 
the gate electrode 511 as a mask (second doping process). The 
second doping process is performed under the condition 
Where the dose is in the range of from 1><10l6 to 3><10l6/cm2 
and the accelerating voltage is in the range of from 20 to 40 
keV. In the second doping process, the doping is performed 
through the gate insulating ?lm 507, and a pair of p-type 
high-concentration impurity regions 519 is formed in the 
island-like semiconductor ?lm 505. 

Next, as shoWn in FIG. 6A, after removing the resist 518 by 
ashing or the like, an insulating ?lm 520 is formed so as to 
cover the gate insulating ?lm 507 and the gate electrodes 510 
to 512. In this embodiment mode, the insulating ?lm 520 is a 
100-nm-thick silicon oxide ?lm formed by a plasma CVD 
method. After that, the insulating ?lm 520 and the gate insu 
lating ?lm 507 are partially etched by an etchback method to 
form sideWalls 522 to 524 in a self-aligned manner so as to be 
in contact With sides of the gate electrodes 510 to 512, as 
shoWn in FIG. 6B. A mixed gas ofCHF3 and He is used as an 
etching gas. It is to be noted that the step of forming the 
sideWalls is not limited thereto. 
When the insulating ?lm 520 is formed, the insulating ?lm 

520 may also be formed at a rear surface of the ?rst substrate 
500. In this case, the insulating ?lm formed at the rear surface 
of the ?rst substrate 500 may be selectively etched aWay by 
using a resist. Speci?cally, the insulating ?lm formed at the 
rear surface may be etched aWay together With the insulating 
?lm 520 and the gate insulating ?lm 507 at the time of form 
ing the sideWalls 522 to 524 by the etchback method. 

The sideWalls 522 and 524 Will serve as masks in, subse 
quently, doping With an impurity imparting n-type conduc 
tivity at high concentration to foWl loW-concentration impu 
rity regions or non-doped off-set regions beloW the sideWalls 
522 and 524. Therefore, in order to control the Widths of the 
loW-concentration impurity regions or the off-set regions, the 
siZe of the sideWalls 522 and 524 may be adjusted by chang 
ing, as appropriate, the ?lm thickness of the insulating ?lm 
520 or the condition at the etchback method in forming the 
sideWalls 522 and 524. 

Next, as shoWn in FIG. 6C, a resist 525 is neWly formed so 
as to cover the island-like semiconductor ?lm 505 serving as 
the p-channel TFT. Then, an impurity element imparting 
n-type conductivity (typically P or As) is added at high con 
centration by using the gate electrodes 510 and 512 and the 
sideWalls 522 and 524 as masks (third doping process). The 
third doping process is performed under the condition Where 
the dose is in the range offrom 1><10l3 to 5><1015/cm2 and the 
accelerating voltage is in the range of from 60 to 100 keV. In 
the third doping process, a pair of n-type high-concentration 
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impurity regions 527 and a pair of n-type high-concentration 
impurity regions 528 are formed in the island-like semicon 
ductor ?lms 504 and 506, respectively. 

After removing the resist 525 by ashing or the like, the 
impurity regions may be thermally activated. For example, 
after depositing a silicon oxynitride ?lm in 50 nm thick, heat 
treatment may be performed at 550° C. for 4 hours in a 
nitrogen atmosphere. 

After a silicon nitride ?lm containing hydrogen is formed 
in 100 nm thick, heat treatment may be performed thereon at 
410° C. for 1 hour in a nitrogen atmosphere for hydrogenation 
of the island-like semiconductor ?lms 504 to 506. Altema 
tively, heat treatment may be performed at 300 to 450° C. for 
1 to 12 hours in an atmosphere containing hydrogen for 
hydrogenation of the island-like semiconductor ?lms 504 to 
506. Moreover, plasma hydrogenation (using hydrogen 
excited in plasma) may be performed as another means of 
hydrogenation. This hydrogenation step can terminate dan 
gling bonds With thermally excited hydrogen. After attaching 
the semiconductor element onto a second substrate 548 that is 
?exible in a later process, a defect may be formed in the 
semiconductor ?lm by bending the second substrate 548. 
HoWever, even in this case, the defect can be terminated by the 
hydrogen in the semiconductor ?lm When the concentration 
of hydrogen in the semiconductor ?lm is set in the range of 
from 1><10l9 to 1><1022 atoms/cm3, preferably from 1><10l9 to 
5><102O atoms/cm3, by the hydrogenation. Further, in order to 
terminate the defect, halogen may be included in the semi 
conductor ?lm. 

According to a series of the foregoing steps, an n-channel 
TFT 529, a p-channel TFT 530, and an n-channel TFT 531 are 
formed. When the size of the sidewall is adjusted by chang 
ing, as appropriate, the condition at the etchback method or 
the ?lm thickness of the insulating ?lm 520 in the manufac 
turing steps described above, the TFT can have a channel 
length of 0.2 to 2 pm. Although the TFTs 529 to 531 each have 
a top-gate structure in this embodiment mode, they may have 
a bottom-gate structure (inverted-staggered structure). 

After that, a passivation ?lm for protecting the TFTs 529 to 
531 may be formed. It is preferable that the passivation ?lm 
be made of silicon nitride, silicon nitride oxide, aluminum 
nitride, aluminum oxide, silicon oxide, or the like Which can 
prevent the penetration of alkali metal or alkaline-earth metal 
into the TFTs 529 to 531. Speci?cally, for example, a silicon 
oxynitride ?lm having a thickness of approximately 600 nm 
can be used as the passivation ?lm. In this case, the hydroge 
nation step may be performed after forming the silicon oxyni 
tride ?lm. In this manner, three layers of insulating ?lms of 
silicon oxynitride, silicon nitride, and silicon oxynitride are 
formed over the TFTs 529 to 531. HoWever, the structures and 
the materials of these ?lms are not limited thereto. With the 
above structure, since the TFTs 529 to 531 are covered With 
the base ?lm 502 and the passivation ?lm, it is possible to 
prevent alkali metal such as Na or alkaline-earth metal from 
diffusing into the semiconductor ?lm used for the semicon 
ductor element, thereby preventing an adverse effect on char 
acteristics of the semiconductor element. 

Next, as shoWn in FIG. 6D, a ?rst interlayer insulating ?lm 
533 is formed so as to cover the TFTs 529 to 531. The ?rst 
interlayer insulating ?lm 533 can be made of an organic resin 
having heat resistance such as polyimide, acrylic, or polya 
mide. Instead of those organic resins, a loW dielectric constant 
material (loW-k material), a resin including a Si4OiSi bond 
(hereinafter referred to as a siloxane-based resin), or the like 
can be used. Siloxane has a skeleton structure of a bond of 

silicon (Si) and oxygen (0). As a substituent, an organic 
group containing at least hydrogen (such as an alkyl group or 
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aromatic hydrocarbon) is used. Alternatively, a ?uoro group 
may be used as the sub stituent. Further alternatively, a ?uoro 
group and an organic group containing at least hydrogen may 
be used as the substituent. The ?rst interlayer insulating ?lm 
533 can be formed by spin coating, dipping, spray coating, a 
droplet discharging method (an ink jetting method, screen 
printing, offset printing, or the like), a doctor knife, a roll 
coater, a curtain coater, a knife coater, or the like, depending 
on the material thereof. Alternatively, the ?rst interlayer insu 
lating ?lm 533 can be formed using an inorganic material 
such as silicon oxide, silicon nitride, silicon oxynitride, PSG 
(phosphosilicate glass), PBSG (phosphoborosilicate glass), 
BPSG (borophosphosilicate glass), an alumina ?lm, or the 
like. Insulating ?lms of these may be stacked to form the ?rst 
interlayer insulating ?lm 533. 

Further, a second interlayer insulating ?lm 534 is formed 
over the ?rst interlayer insulating ?lm 533 in this embodiment 
mode. The second interlayer insulating ?lm 534 may be a ?lm 
including carbon such as DLC (diamond-like carbon) or car 
bon nitride (CN), a silicon oxide ?lm, a silicon nitride ?lm, a 
silicon nitride oxide ?lm, or the like formed by a plasma CVD 
method, atmospheric-pressure plasma, or the like. Alterna 
tively, the second interlayer insulating ?lm 534 may be 
formed of a photosensitive or non-photosensitive organic 
material such as polyimide, acrylic, polyamide, resist, or 
benZocyclobutene, a siloxane-based resin, or the like. 

Filler may be mixed into the ?rst interlayer insulating ?lm 
533 or the second interlayer insulating ?lm 534 in order to 
prevent the ?rst interlayer insulating ?lm 533 or the second 
interlayer insulating ?lm 534 from being peeled off or 
cracked due to stress generated by a difference in coef?cient 
of thermal expansion betWeen the ?rst interlayer insulating 
?lm 533 or the second interlayer insulating ?lm 534 and a 
conductive material of a Wiring that is formed later, or the like. 

Next, as shoWn in FIG. 6D, contact holes are formed in the 
?rst interlayer insulating ?lm 533 and the second interlayer 
insulating ?lm 534; then, Wirings 535 to 539 are formed so as 
to be connected to the TFTs 529 to 531. Although a mixed gas 
of CHE3 and He is used for etching in opening the contact 
holes, the gas is not limited thereto. In this embodiment mode, 
the Wirings 535 to 539 are formed of aluminum. Alternatively, 
the Wirings 535 to 539 may be formed by a sputtering method 
so as to have a ?ve-layer structure of titanium, titanium 
nitride, an alloy of aluminum and silicon, titanium, and tita 
nium nitride. 
By mixing about 1 at. % of silicon into aluminum, it is 

possible to prevent generation of hillock at the time of baking 
the resist during patterning of the Wirings. Copper may be 
mixed by approximately 0.5 at. % instead of silicon. When an 
aluminum-silicon alloy layer is sandWiched betWeen titanium 
and titanium nitride, the resistance against the hillock is 
improved further. It is preferable to use the hard mask 
described above Which is made of silicon oxynitride or the 
like in patterning. The material and the forming method of the 
Wirings are not limited thereto, and the aforementioned mate 
rial used for the gate electrode may be used. 

The Wirings 535 and 536 are connected to the high-con 
centration impurity regions 527 of the n-channel TFT 529. 
The Wirings 536 and 537 are connected to the high-concen 
tration impurity regions 519 of the p-channel TFT 530. The 
Wirings 538 and 539 are connected to the high-concentration 
impurity regions 528 of the n-channel TFT 531. 

Next, as shoWn in FIG. 6E, a third interlayer insulating ?lm 
540 is formed over the second interlayer insulating ?lm 534 
so as to cover the Wirings 535 to 539. The third interlayer 
insulating ?lm 540 has an opening portion at a position Where 
the Wiring 535 is partially exposed. The third interlayer insu 
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lating ?lm 540 can be formed using an organic resin ?lm, an 
inorganic insulating ?lm, or a siloxane-based insulating ?lm. 
When an organic resin ?lm is used, for example, acrylic, 
polyimide, polyamide, or the like can be used. When an 
inorganic insulating ?lm is used, silicon oxide, silicon nitride 
oxide, or the like can be used. It is to be noted that a mask used 
to form the opening portion can be formed by a droplet 
discharging method or a printing method. The third interlayer 
insulating ?lm 540 itself can be formed by a droplet discharg 
ing method or a printing method. 

Next, an antenna 541 and an insulating layer 544 are 
formed over the third interlayer insulating ?lm 540. The 
antenna 541 can have a structure of loWer Wiring\ antenna 
base layer\ copper plating layer in a similar manner to the 
example shoWn in Embodiment Mode 1. In this case, a nitride 
?lm of an alloy of nickel and any of titanium, tantalum, 
tungsten, or molybdenum is used as the antenna base layer. 

Alternatively, the antenna 541 may have a structure of 
loWer Wiring\?rst antenna base layer\ second antenna base 
layer\copper plating layer in a similar manner to the example 
shoWn in Embodiment Mode 2. In this case, the ?rst antenna 
base layer is a nitride ?lm of any of titanium, tantalum, 
tungsten, or molybdenum, and the second antenna base layer 
is a nickel nitride ?lm. 

In either case, description is omitted because the antenna 
541 and the insulating layer 544 are formed by a similar 
method to that described in Embodiment Mode 1 or 2. 

After forming the antenna 541 and the insulating layer 544, 
a separation insulating ?lm 542 is formed to cover the antenna 
541 and the insulating layer 544, as shoWn in FIG. 7A. The 
separation insulating ?lm 542 can be formed by an organic 
resin ?lm, an inorganic insulating ?lm, a siloxane-based resin 
?lm, or the like. The inorganic insulating ?lm is, for example, 
a DLC ?lm, a carbon nitride ?lm, a silicon oxide ?lm, a 
silicon nitride oxide ?lm, a silicon nitride ?lm, an aluminum 
nitride ?lm, an aluminum nitride oxide ?lm, or the like. 
Moreover, the separation insulating ?lm 542 may be formed 
by an organic resin ?lm of polystyrene or the like, a stack of 
a carbon nitride ?lm and a silicon nitride ?lm, or the like. In 
this embodiment mode, the separation insulating ?lm 542 is a 
silicon nitride ?lm. 

Next, a protection layer 543 is formed to cover the separa 
tion insulating ?lm 542, as shoWn in FIG. 7A. The protection 
layer 543 is formed of a material that can protect the TFTs 529 
to 531 and the Wirings 535 to 539 When the release layer 501 
is later etched aWay. For example, the protection layer 543 can 
be formed by applying over the entire surface, an epoxy 
based resin, an acrylate-based resin, or a silicon-based resin, 
Which is soluble in Water or in alcohols. 

In this embodiment mode, the protection layer 543 is 
formed in the folloWing manner: a Water-soluble resin (manu 
factured by Toagosei Co., Ltd.: VL-WSHLIO) is applied so as 
to have a thickness of 30 pm by a spin coating method, and 
exposed to light for 2 minutes for temporary curing, and then, 
its rear surface is exposed to UV light for 2.5 minutes and its 
front surface is exposed to UV light for 10 minutes, 12.5 
minutes in total, so that the resin is fully cured. When both the 
separation insulating ?lm 542 and the protection layer 543 are 
formed of organic resins, the tWo ?lms might be partly melted 
depending on a solvent to be used, at the time of application 
or baking, resulting in that the adhesion betWeen them 
becomes too high. Therefore, in the case of forming both the 
separation insulating ?lm 542 and the protection layer 543 
using organic resins that are soluble in the same solvent, it is 
preferable to further form an inorganic insulating ?lm (a 
silicon nitride ?lm, a silicon nitride oxide ?lm, an aluminum 
nitride ?lm, or an aluminum nitride oxide ?lm) over the 
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separation insulating ?lm 542 so as to smoothly remove the 
protection layer 543 in a later step. 

Next, a groove 546 is formed to isolate the Wireless chips 
from each other, as shoWn in FIG. 7B. The groove 546 may 
have such depth that the release layer 501 is exposed. The 
groove 546 can be formed by dicing, scribing, a photolithog 
raphy method, or the like. 

Next, the release layer 501 is etched aWay, as shoWn in FIG. 
7C. In this embodiment mode, halogen ?uoride is used as 
etching gas, and the gas is introduced through the groove 546. 
In this embodiment mode, for example, etching is performed 
by using ClF3 (chlorine tri?uoride) at 3500 C. at a ?oW rate of 
300 sccm With an atmospheric pressure of 8><l02 Pa (6 Torr) 
for 3 hours. Alternatively, a gas in Which nitrogen is mixed 
into a ClF3 gas may be used. When halogen ?uoride such as 
ClF3 is used, the release layer 501 is selectively etched, so that 
the ?rst substrate 500 can be separated from the TFTs 529 to 
531. Further, the halogen ?uoride may be either a gas or a 
liquid. 

Subsequently, as shoWn in FIG. 8A, the TFTs 529 to 531 
that have been separated are attached to the second substrate 
548 With the use of an adhesive 547. A material Which can 
attach the second substrate 548 and the base ?lm 502 to each 
other is used for the adhesive 547. As the adhesive 547, for 
example, various curable adhesives such as a reactive curable 
adhesive, a thermosetting adhesive, and a photo curable adhe 
sive such as an ultraviolet curable adhesive, and an anaerobic 
adhesive can be used. 

The second substrate 548 may be, for example, a glass 
substrate including barium borosilicate glass, aluminoboro 
silicate glass, or the like, a ?exible organic material such as 
paper or plastic. Alternatively, the second substrate 548 may 
be formed of a ?exible inorganic material. ARTON (manu 
factured by J SR Corporation) formed of polynorbornene hav 
ing a polar group can be used for a plastic substrate. In 
addition, polyester typi?ed by polyethylene terephthalate 
(PET); polyether sulfone (PES); polyethylene naphthalate 
(PEN); polycarbonate (PC); nylon; polyetheretherketone 
(PEEK); polysulfone (PSF); polyetherimide (PEI); polyary 
late (PAR); polybutylene terephthalate (PBT); polyimide; an 
acrylonitrile butadiene styrene resin; polyvinyl chloride; 
polypropylene; polyvinyl acetate; an acrylic resin; and the 
like can be given. It is preferable that the second substrate 548 
have thermal conductivity as high as 2 to 30 W/mK in order to 
diffuse heat generated in an integrated circuit. 

Then, the protection layer 543 is removed. Here, since the 
protection layer 543 is formed of a Water-soluble resin, the 
protection layer 543 is removed by being dissolved in Water. 
When the remaining part of the protection layer 543 leads to 
a defect, a surface of the remaining part of the protection layer 
543 is preferably subjected to Washing or 02 plasma treat 
ment so that the remaining part of the protection layer 543 is 
partially removed. 

Next, an insulating layer 549 is formed to cover the sepa 
ration insulating ?lm 542, as shoWn in FIG. 8A. The insulat 
ing layer 549 can be fanned of an organic resin such as 
polyimide, epoxy, acrylic, or polyamide. Instead of the afore 
mentioned organic resins, an inorganic resin such as a silox 
ane-based material canbe used. As a substituent of a siloxane 
based material, an organic group containing at least hydrogen 
(such as an alkyl group or aromatic hydrocarbon) is used. 
Alternatively, a ?uoro group may be used as the substituent. 
Further alternatively, a ?uoro group and an organic group 
containing at least hydrogen may be used as the substituent. 

Next, an adhesive 552 is applied onto the insulating layer 
549, and a cover member 553 is attached thereto. The cover 
member 553 can be formed of a similar material to the second 
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substrate 548. The adhesive 552 may have a thickness of 
from, for example, 10 to 200 pm. 
A material Which can attach the cover member 553 and the 

insulating layer 549 to each other is used for the adhesive 552. 
As the adhesive 552, for example, various curable adhesives 
such as a reactive curable adhesive, a thermosetting adhesive, 
and a photo curable adhesive such as an ultraviolet curable 
adhesive, and an anaerobic adhesive can be used. 

Although the cover member 553 is attached to the insulat 
ing layer 549 by using the adhesive 552 in this embodiment 
mode, the present invention is not limited to this structure. 
The insulating layer 549 and the cover member 553 can also 
be attached to each other directly When a resin that functions 
as an adhesive is used for an insulator 550 of the insulating 
layer 549. 

Although this embodiment mode shoWs the example of 
using the cover member 553 as shoWn in FIG. 8B, the present 
invention is not limited to this structure. For example, the step 
shoWn in FIG. 8A may be the last step. 
Through the aforementioned steps, the Wireless chip is 

completed. By the above-described manufacturing method, a 
considerably-thin integrated circuit having a total thickness 
of greater than or equal to 0.3 um and less than or equal to 3 
pm, typically approximately 2 pm, can be formed betWeen the 
second substrate 548 and the cover member 553. It is to be 
noted that the thickness of the integrated circuit includes the 
thicknesses of various insulating ?lms and interlayer insulat 
ing ?lms formed betWeen the adhesive 547 and the adhesive 
552 in addition to the thickness of the semiconductor element 
itself, but does not include the thickness of the antenna. In 
addition, the integrated circuit included in the Wireless chip 
can be foWled so as to occupy an area of less than or equal to 
5 mm><5 mm (25 m2), more preferably, approximately 0.3 
mm><0.3 mm (0.09 mm2) to 4 mm><4 mm (16 mm2). 

Further, When the integrated circuit is provided at a posi 
tion that is closer to the center betWeen the second substrate 
548 and the cover member 553, mechanical strength of the 
Wireless chip can be increased. 
The Wireless chip formed thus has an advantageous effect 

in that even When the copper plating layer is used as the 
antenna, the nitride ?lm of the alloy of nickel and any of 
titanium, tantalum, tungsten, or molybdenum Which is used 
as the antenna base layer Works as a seed layer at the forma 
tion of the copper plating layer and also Works as a barrier 
layer for preventing copper diffusion such as electromigra 
tion or stress migration. 

Moreover, another advantageous effect is that When the 
nitride ?lm of any of titanium, tantalum, tungsten, or molyb 
denum is used as the ?rst antenna base layer 107a and the 
nickel nitride ?lm is used as the second antenna base layer 
107b, each antenna base layer Works as a seed layer at the 
formation of the copper plating layer 108 and also Works as a 
barrier layer for preventing copper diffusion such as elec 
tromigration or stress migration. 

It is to be noted that the same advantageous effect can be 
obtained even When a metal selected from aluminum, nickel, 
copper, or chromium, or an alloy of tWo or more selected from 
these metals is used for the second antenna base layer 107b, 
and a nitride ?lm of an alloy of nickel and any of titanium, 
tantalum, tungsten, or molybdenum is used for the ?rst 
antenna base layer 107a. 

Embodiment Mode 4 

Embodiment Mode 4 Will explain application examples of 
a semiconductor device of the present invention. The appli 
cation range of a semiconductor device of the present inven 








