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SEMCONDUCTOR DEVICE AND AMETHOD OF 
MANUFACTURING THE SAME 

CROSS-REFERENCES 

0001. This a continuation application of U.S. Ser. No. 
10/921,327, filed Aug. 19, 2004 (now allowed), which is a 
divisional application of U.S. Ser. No. 09/782,303, filed Feb. 
14, 2001 (now U.S. Pat. No. 6,797.594), which is a divi 
sional application of U.S. Ser. No. 09/666,772, filed Sep. 20, 
2000 (now U.S. Pat. No. 6,528,848) and is related to 
divisional application U.S. Ser. No. 10/187,288, filed Jul. 2, 
2002 (now U.S. Pat. No. 6,605,842). 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention concerns a semiconductor device 
used for mobile communication apparatus Such as cellulars 
operation in a microwave band of 500 MHz to 2.5 GHz and, 
more in particular, it relates to a technique which is effective 
to high frequency powers amplifier of power-amplifying 
high frequency signals and outputting them. 
0004 2. Description of Related Art 
0005. In recent years, mobile communication apparatus 
typically represented by communication systems such as 
GSM (Global System for Mobile Communication), PCS 
(Personal Communication system), PDC (Personal Digital 
Cellular) system and CDMA (Code Division Multiple 
Access) system (so-called hand set telephone) have been 
popularized world wide. 
0006 Generally, a mobile communication apparatus 
comprises an antenna for emitting and receiving electro 
magnetic waves, a high frequency power amplifier for 
amplifying high frequency signals under power modulation 
and Supplying them to the antenna, a receiving section for 
processing high frequency signals received on the antenna, 
a control section for controlling them and a battery for 
Supplying a power source Voltage to them. 
0007 Such mobile communication apparatus and semi 
conductor devices used for the mobile communication appa 
ratus have been disclosed, for example, in the known 
literatures described below. 

(1) The constitution of the mobile communication apparatus 
is disclosed, for example, in “HITACHI HYORON” vol. 78, 
No. 11 (1996-11), pages 21 to 26 (Literature 1). 
(2) Constitution of a typical high frequency power amplifier 
on the GSM system is described, for example, in ISSCC 98, 
DIGEST OF TECHNICAL PAPERS (Feb. 5, 1998), pages 
50 to 55 (Literature 2). 
0008 According to the literatures, a threshold voltage of 
FET is controlled to an appropriate level for stable circuit 
design and decrease of leak current in an off state. In the 
constitution of the amplifier, two chips are arranged in 
parallel for final stage devices in a 3-stage amplifier circuit 
and synthesizing and an impedance-matching circuit is 
disposed to each of them, for the synthesis of outputs of 
attain higher output than in the case of using one chip. The 
constitution of this amplifier is referred to as DD-DIMA 
technique (Divided Device and Collectively Impedance 
Matched Amplifier) in the literature. 

May 24, 2007 

0009 (3) Amplifying devices applied to the high fre 
quency power amplifiers are described, for example, in 
IEDM 97 Technical Digest (1997), pages 51 to 54 (Litera 
ture 3). 
0010 This literature discloses that an amplifier device is 
constituted with a power insulated gate type field effect 
transistor (hereinafter simply referred to as power MOS 
FET) using Si (silicon) semiconductors to attain high per 
formance. 

0011 Specifically, the performance is improved by defin 
ing the gate length of a MOSFET to 0.4 um. Further, the 
drain breakdown voltage is set to 20 V or higher by 
disposing an offset layer of an about 0.7 um length on the 
side of the drain of the power MOSFET. Further, it is 
important to lower the gate resistance for high frequency 
operation and the gate resistance is decreased by a structure 
of short circuiting a metal silicide/silicon laminated gate 
electrode with an aluminum wiring (Al-shorted silicon gate 
structure). 
0012 (4) there has been a trend of adopting compound 
semiconductor (GaAs) wafers For making the device effi 
ciency higher. Such a technical trend is described, for 
example, in NIKKEI ELECTRONICS 1998, 11, 2 (No. 
729), pages 238 to 245 (Literature 4). However, as described 
also in this literature, the unit wafer cost in the GaAs 
technique is more expensive compared with Si. 

0013 For generalized use of the mobile communication 
apparatus, it has been demanded for further reduction or the 
size and weight, and decrease in the power consumption of 
the apparatus. For this purpose, it is necessary to attain 
further reduction in the size and weight and decrease in the 
power consumption for each of components constituting the 
mobile communication apparatus. 
0014. One of the components is a high frequency power 
amplifier for Supplying high frequency signals to the 
antenna. Generally, the high frequency power amplifier most 
consumes electric power and it is effective of Saving the 
consumption power of the mobile apparatus to decrease the 
consumption power of the high frequency power amplifier 
(improvement of efficiency). 

0015. In the GSM system amplifier using silicon (Si) 
semiconductors, it was attained an output voltage of about 
3.5 W and a overall efficiency (mall) of about 50% at a 
working frequency of 900 MHz and a power source voltage 
of 3.5 V. The overall efficiency is an efficiency in a high 
frequency power amplifier constituted with a three stage 
power amplifier of power MOSFET (high frequency mod 
ule). 
0016. The performance of the power MOSFET using Si 
as the output stage amplifier device is about 55% power of 
a power-added efficiency (madd) at 2W output based on the 
DD-CIMA technique, and it was necessary to attain a power 
added efficiency of 65% or more in power MOSFET in order 
to improve the overall efficiency of the amplifier to 55% or 
O. 

0017. The power added efficiency (madd) in the micro 
wave power MOSFET is defined, for example, in "Optical 
Microwave Semiconductor Applied Technology' Feb. 29. 
1996, first edition, first print (Published from Science Forum 
Co.), pages 59 to 66 (Literature 5). 
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0018. Also in the PCS system amplifier, an output voltage 
of 2 W and an overall efficiency of 45% at a working 
frequency of 1900 MHZ have been attained. The perfor 
mance of the power MOSFET as the output stage amplifier 
device is about 50% at 1 W output. For improving the 
overall efficiency of the amplifier to 50% or more, it was 
necessary to attain the power-added efficiency of 55% or 
higher in the power MOSFET. 
0.019 For improving the power-added efficiency of the 
amplifier device (power MOSFET), it is considered to 
decrease the on-resistance, gate resistance and parasitic 
capacitance and improvement of the mutual conductance. 

SUMMARY OF THE INVENTION 

0020. It is an object of this invention to provide a 
technique capable of attaining a high power-added efficiency 
for a semiconductor device applied to a high frequency 
amplifier. 
0021. A specific object of this invention is to provide a 
technique capable of decreasing the on-resistance of a 
semiconductor device. 

0022. Another specific object of this invention is to 
provide a technique for improving the cut-off frequency 
0023. A further object of this invention is to provide a 
semiconductor device capable of improving the power 
added efficiency in high frequency and high power opera 
tion, as well as ensuring reliability and mass productivity 
together. 

0024. A still further object of this invention to provide a 
technique capable of reducing the size and the weight of a 
high frequency power amplifier. 

0.025 Typical features of the invention disclosed in this 
patent application are to be explained briefly as below. 
0026. One of typical constitution of semiconductor 
devices according to this invention resides in a semiconduc 
tor device comprising: 
0027 a semiconductor substrate of a first conduction 
type, 

0028 a semiconductor layer of a first conduction type 
formed on the surface of the semiconductor substrate, 
0029 a first region and a second region of a second 
conduction type opposite to the first conduction type situated 
to a portion of a main Surface of the semiconductor layer, 
being spaced apart from each other on both sides of a region 
to be formed with a channel, the second region comprising 
a low impurity concentration region in contact with the 
region to be formed with the channel and a high impurity 
concentration region in contact with the low impurity con 
centration region, 
0030 a gate electrode formed by way of a gate insulation 
film above the channel region, 
0031 a leach-through layer of a first conduction type 
formed to other portion of the main surface of the semicon 
ductor layer so as to be in contact with the first region and 
the semiconductor Substrate, 
0032 a first insulation film covering the gate electrode, 
the first region, the second region and the leach-through, 
layer, 
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0033 a first conductor plug, a second conductor plug and 
a third conductor plug connected, respectively, with the first 
region, the high impurity concentration region of the second 
region and the leach-through layer by way of openings 
disposed in the first insulation film, 

0034 a first conductor layer connected with the first 
conductor plug and the third conductor plug and a second 
conductor layer connected with the second conductor plug, 
and 

0035 a third conductor layer connected with a lower 
Surface of the semiconductor Substrate. 

0036). According to the technical means described above, 
since conductor plugs are used for leading out electrodes for 
the first region (source), the high impurity concentration 
region of the second region (drain) and the leach-through 
layer (source punch-through layer), the first and the second 
conductor layers (first layer wiring M1) constitute an elec 
trode pattern having a flat surface. Therefore, this can 
increase the degree of freedom for the arrangement of a 
backing wiring layer (second layer wiring M2) and M1M2 
contact for realizing the wiring of lowered resistance to the 
first and second conductor layers. 
0037 Accordingly, the wiring resistance to the first 
region, the high impurity concentration region of the second 
region and the leach-through layer can be decreased. As a 
result, since the on-resistance can be decreased, this can 
contribute to the improvement for the power-added effi 
ciency in the semiconductor device. 

0038 Another typical constitution for the semiconductor 
device of this invention is an insulated gate field effect 
semiconductor device having a Ptype semiconductor region 
and a drain offset region in contact with the P type semi 
conductor region, in which a gate electrode in contact with 
a gate insulation film is constituted with a P type semicon 
ductor, and an N type layer is disposed on the surface of the 
P type semiconductor region. 

0039. By the constitution described above, since the gate 
electrode is constituted with a P type semiconductor, 
namely, constituted as a Ptype gate, a threshold Voltage Vith 
is increased by 1 V in view of the difference of the work 
function. Therefore, a state of normally off, that is, an 
enhanced State can be maintained in a state of not giving a 
gate voltage irrespective of the disposition of the N type 
layer on the Surface of the P type semiconductor region. 
Presence of the N type layer provides an effect of extending 
the extension of a depletion layer for the drain junction to 
improve the drain breakdown voltage. Then, when a P type 
gate device (P type gate MOSFET) having an identical 
aimed value for the drain breakdown voltage like that in the 
N type gate (P type gate power MOSFET) is designed, the 
impurity concentration in the drain offset region can be 
increased. This is because there is no more necessary to 
extend the depletion layer on the side of the drain offset 
region. Possibility of increasing the impurity concentration 
in the offset region means that the resistance in the drain 
offset region can be lowered compared with the N type gate 
device. 

0040. Further, presence of the N type layer can moderate 
the electric field on the surface of the channel region. 
Accordingly, the carrier mobility of the channel region can 
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be improved. Improvement of the carrier mobility can be 
considered as a result of decreasing the resistive component 
in the relevant portion. 

0041 Further, improvement of the carrier mobility based 
on the constitution described above enables to shorten the 
gate length Lg and Supply more electric current. Usually, as 
the gate length is shorter, carrier Velocity is saturated 
remarkably making it difficult to Supply a great amount of 
Current. 

0042. As the result, when the on-resistance is compared 
between the P type gate device and the N type gate device 
under an identical breakdown voltage, it is possible to 
effectively decrease the resistance in the P type gate device 
than in the N type gate device. That is, P type gate power 
MOSFET can improve the power-added efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0043. Other objects and advantages of the invention will 
become apparent during the following discussion of the 
accompanying drawings, wherein: 

0044 FIG. 1 is a cross sectional view of a semiconductor 
device (N gate N channel type Si power MOSFET) as 
Embodiment 1 according to this invention; 

0045 FIG. 2 is a plan view of a semiconductor device as 
Embodiment 1 according to this invention; 

0046 FIG. 3 is a plan view illustrating a layout of a 
semiconductor device (semiconductor chip) as Embodiment 
1 according to this invention; 

0047 FIG. 4 is an enlarged fragmentary plan view for a 
portion of a protection device 19 in the semiconductor 
device (semiconductor chip) shown in FIG. 3; 

0.048 FIG. 5 is a cross sectional view taken along line 
D-D' for the protection device shown in FIG. 4; 

0049 FIG. 6 is a cross sectional view for a main portion 
during manufacturing steps of a semiconductor device as 
Embodiment 1 according to this invention; 

0050 FIG. 7 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 6; 

0051 FIG. 8 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 7: 

0.052 FIG. 9 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 8: 

0053 FIG. 10 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 9; 

0054 FIG. 11 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 10; 

0.055 FIG. 12 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 11; 

May 24, 2007 

0056 FIG. 13 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 12; 

0057 FIG. 14 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 13; 

0058 FIG. 15 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 14; 

0059 FIG. 16 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 15: 

0060 FIG. 17 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 16; 

0061 FIG. 18 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 17: 

0062 FIG. 19 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 18; 

0063 FIG. 20 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 19: 

0064 FIG. 21 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 20; 

0065 FIG. 22 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 21; 

0066 FIG. 23 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 22: 

0067 FIG. 24 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 23; 

0068 FIG. 25 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 24; 

0069 FIG. 26 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 25: 

0070 FIG. 27 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 26: 

0071 FIG. 28 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 27: 

0072 FIG. 29 is a cross sectional view for a main portion 
during manufacturing steps for the semiconductor device 
succeeding to FIG. 28: 

0073 FIG. 30 is an equivalent circuit diagram for a 
semiconductor device as Embodiment 1 according to this 
invention; 
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0074 FIG. 31 is a characteristic diagram illustrating a 
relation between the gate oxide thickness, and the on 
resistance and the gate breakdown Voltage in the semicon 
ductor device as Embodiment 1 according to this invention; 
0075 FIG. 32 is a characteristic diagram illustrating a 
relation between the gate length and the on-resistance in the 
semiconductor device as Embodiment 1 according to this 
invention; 

0.076 FIG. 33 is a characteristic diagram illustrating a 
relation between the gate length and the mutual conductance 
in the semiconductor device as Embodiment 1 according to 
this invention; 

0.077 FIG. 34 is a characteristic diagram illustrating a 
relation between the gate length and the threshold Voltage in 
the semiconductor device as Embodiment 1 according to this 
invention; 

0078 FIG. 35 is a characteristic diagram illustrating a 
relation between the offset layer depth and the on-resistance 
in the semiconductor device as Embodiment 1 according to 
this invention; 

0079 FIG. 36 is a characteristic diagram illustrating a 
relation between the offset length and the on-resistance in 
the semiconductor device as Embodiment 1 according to this 
invention; 

0080 FIG. 37 is a characteristic diagram illustrating a 
relation between the offset length and the drain breakdown 
Voltage in the semiconductor device as Embodiment 1 
according to this invention; 

0081 FIG. 38 is a characteristic diagram illustrating a 
relation between the position of the punch-through stopper 
layer and the on-resistance in the semiconductor device as 
Embodiment 1 according to this invention; 

0082 FIG. 39 is a characteristic diagram illustrating a 
relation between the position of the punch-through stopper 
layer and the drain breakdown Voltage in the semiconductor 
device as Embodiment 1 according to this invention; 

0.083 FIG. 40 is a chart for the distribution concentration 
of impurities in a portion taken along line B-B' in the 
semiconductor device shown in FIG. 1; 

0084 FIG. 41 is a characteristic diagram illustrating the 
dependence of the Substrate punch-through layer on the 
resistivity in the epitaxy layer thickness of the semiconduc 
tor device as Embodiment 1 according to this invention; 

0085 FIG. 42 is a chart for the distribution of concen 
tration of impurities in a portion taken along line C-C in the 
semiconductor device shown in FIG. 1; 

0.086 FIG. 43 is a characteristic diagram illustrating a 
relation between the epitaxy layer thickness and the break 
down voltage in the semiconductor device as Embodiment 1 
according to this invention; 

0087 FIG. 44 is a current-voltage characteristic diagram 
in the semiconductor device as Embodiment 1 according to 
this invention; 

0088 FIG. 45 is a plan view illustrating a contact portion 
for drain wirings in the existent technique; 
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0089 FIG. 46 is a plan view illustrating a contact portion 
for drain wirings in the semiconductor device as Embodi 
ment 1 according to this invention; 
0090 FIG. 47 shows RF characteristics of the semicon 
ductor device as Embodiment 1 according to this invention; 
0.091 FIG. 48 shows RF characteristics (gate width Wg 
dependence) of the semiconductor device as Embodiment 1 
according to this invention; 
0092 FIG. 49 is an equivalent circuit diagram for an RF 
power module using the semiconductor device as Embodi 
ment 1 according to this invention; 
0093 FIG.50 is a plan view illustrating a layout of an RF 
power module using the semiconductor device as Embodi 
ment 1 according to this invention; 
0094 FIG. 51 is a cross sectional view of a semiconduc 
tor device as Embodiment 2 according to this invention; 
0095 FIG. 52 is a characteristic diagram illustrating the 
Voltage dependence of the drain-gate capacitance of the 
semiconductor device as Embodiment 2 according to this 
invention; 
0096 FIG. 53 is a characteristic diagram illustrating a 
relation between the signal gain and the frequency of the 
semiconductor device as Embodiment 2 according to this 
invention; 

0097 FIG. 54 is a cross sectional view for a main portion 
during manufacturing steps of the semiconductor device as 
Embodiment 2 according to this invention; 
0.098 FIG.55 is a cross sectional view for a main portion 
during manufacturing steps of the semiconductor device 
succeeding to FIG. 54: 
0099 FIG. 56 is a cross sectional view for a main portion 
of a completed semiconductor device as Embodiment 2 
according to this invention; 
0.100 FIG. 57 is a cross sectional view for a main portion 
during manufacturing steps of the semiconductor device as 
Embodiment 3 according to this invention; 
0101 FIG. 58 is a cross sectional view for a main portion 
during manufacturing steps of the semiconductor device 
succeeding to FIG. 57; 

0102 FIG. 59 is a cross sectional view for a main portion 
during manufacturing steps of the semiconductor device 
succeeding to FIG. 58: 

0.103 FIG. 60 is a cross sectional view for a main portion 
of a completed semiconductor device as Embodiment 3 
according to this invention; 

0.104 FIG. 61 is a cross sectional view for a main portion 
of a semiconductor device as Embodiment 4 according to 
this invention; 

0105 FIG. 62 is a cross sectional view for a main portion 
of a semiconductor device as Embodiment 5 according to 
this invention; 

0106 FIG. 63 illustrates a relation between the impurity 
concentration at the surface of the offset layer and the 
degradation of the on-resistance in the semiconductor device 
as Embodiment 5 according to this invention; 
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0107 FIG. 64 is a cross sectional view for a main portion 
of a semiconductor device as Embodiment 6 according to 
this invention; 

0108 FIG. 65 is a cross sectional view for a main portion 
of a semiconductor device as Embodiment 7 according to 
this invention; 

0109 FIG. 66 is a plan view for a main portion of a 
semiconductor device as Embodiment 7 according to this 
invention; 
0110 FIG. 67 is a plan view for a main portion of a 
semiconductor device as Embodiment 8 according to this 
invention; 
0111 FIG. 68 is a plan view for a main portion of a 
semiconductor device as Embodiment 9 according to this 
invention; 

0112 FIG. 69FIG. 67 is a cross sectional view for a main 
portion of a semiconductor device as Embodiment 10 
according to this invention; 
0113 FIG. 70 is a plan view for a main portion of a 
semiconductor device as Embodiment 10 according to this 
invention; 

0114 FIG. 71 is a plan view for a protection device in a 
semiconductor device (semiconductor chip) as Embodiment 
11 according to this invention; 
0115 FIG.72 is a cross sectional view for a portion taken 
along line D-D' of the protection device shown in FIG. 71; 
0116 FIG. 73 is a plan view illustrating a layout of a 
semiconductor device (semiconductor chip) as Embodiment 
12 according to this invention; 
0117 FIG. 74 is a plan view illustrating a layout of a 
semiconductor device (semiconductor chip) as Embodiment 
13 according to this invention; 
0118 FIG. 75 is a plan view illustrating a layout of a 
semiconductor device (semiconductor chip) as Embodiment 
14 according to this invention; 
0119 FIG. 76 is a cross sectional view for a main portion 
of a semiconductor device (P gate N type channel type Si 
power MOSFET) as Embodiment 15 according to this 
invention; 

0120 FIG. 77 is a cross sectional view for a main portion 
illustrating extension of a depletion layer in the semicon 
ductor device (P gate N type channel type Si power MOS 
FET) as Embodiment 15 according to this invention; 
0121 FIG. 78 is a cross sectional view for a main portion 
during manufacturing steps of the semiconductor device as 
Embodiment 15 according to this invention; 
0122 FIG. 79 is a cross sectional view for a main portion 
in manufacturing steps of the semiconductor device as 
Embodiment 16 according to this invention; 
0123 FIG.80 is a cross sectional view for a main portion 
during manufacturing steps of the semiconductor device 
succeeding to FIG. 79; 

0124 FIG. 81 is a cross sectional view for a main portion 
of a completed semiconductor device as Embodiment 16 
according to this invention; 
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0.125 FIG. 82 is a distribution chart for the impurity 
concentration in a portion taken along line G-G' in FIG. 76: 
and 

0.126 FIG. 83 is plan view of a semiconductor device in 
which the number of gates is increased in Embodiment 1 
according to this invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0127. This invention is to be explained in details by way 
of preferred embodiments with reference to the drawings. In 
the drawings for explaining the preferred embodiments, 
those having identical functions carry the same reference 
numerals for which duplicate explanations are to be omitted. 
0.128 Preferred embodiments of the present invention 
will be described in detail based on the followings, wherein 

Embodiment 1 

0.129 Embodiment 1 of this invention is to be explained 
with reference to FIG. 1 through FIG. 5. 
0.130 FIG. 1 is a cross sectional view of a semiconductor 
device (N gate N channel type Si power MOSFET) as 
Embodiment 1 according to this invention: FIG. 2 is a plan 
view of a semiconductor device as Embodiment 1 according 
to this invention: FIG. 3 is a plan view illustrating a layout 
of a semiconductor device (semiconductor chip) as Embodi 
ment 1 according to this invention; FIG. 4 is an enlarged 
fragmentary plan view for a portion of a protection device 19 
in the semiconductor device (semiconductor chip) shown in 
FIG. 3; and FIG. 5 is a cross sectional view taken along line 
D-D' for the protection device shown in FIG. 4. 
<Cross Sectional Structure of a Basic Celld 

0131) A semiconductor device (basic cell of MOSFET) as 
Embodiment 1 according to this invention shown in FIG. 1 
has the following constitution. 
0.132 A P type high resistance Si epitaxy layer (first 
conduction type semiconductor layer) 2 is formed on the 
upper surface of a P type low resistance Si substrate (first 
conduction type semiconductor layer) 1. The specific resis 
tivity of the substrate is restricted to 0.02 .2cm or less with 
an aim of reducing the on-resistance. It has been also 
disclosed in the existent technique that the specific resistiv 
ity of the silicon substrate applied to power MOSFET is 
reduced to 0.02 G2cm as in Japanese Published Unexamined 
Patent Application Hei 6-97447. The specific resistivity of 
the silicon substrate applied to Embodiment 1 is 0.01 S.2cm. 
0.133 Recently, an epitaxial wafer is applied also in 
CMOSIC in which the specific resistivity of the substrate is 
about 10 S.2cm which is smaller by about three digits 
compared with the specific resistivity of the substrate in IC. 
The epitaxy layer has a specific resistivity of 20 G.2cm and a 
thickness of 3 um. In the epitaxy layer in the patent literature 
described above, the thickness is 5 um and the thickness is 
further decreased by 2 um with an aim of reducing the 
on-resistance. 

0134) A P type well region 5 (PW) is formed selectively 
as a region formed with a channel to a portion of the main 
surface of the epitaxy layer 2. The P type well region is 
intended as a punch-through stopper for Suppressing the 
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extension of a depletion layer extending from a drain to a 
Source. Then, a gate electrode 7 is formed by way of a gate 
insulation film (gate oxide film) 6 on the surface of the P 
type well region (PW). 

0135 An N type source region (first region) 10 having a 
high impurity concentration and an N type drain offset 
region (third region) 8 (NM) having a low impurity con 
centration are formed in the epitaxy layer 2 at a position 
spaced apart from each other while being in contact with the 
Ptype well region 5 (punch-through stopper layer PW). The 
N type source region 10 and the N type drain offset region 
8 (NM) are self aligned to the gate electrode 7 and a portion 
thereof overlaps with the gate electrode 7. 

0136. The N (high resistance) region 8 situated below the 
N type source region 10 is not particularly necessary. This N 
type (high resistance) region 8 is formed by self alignment 
to the gate electrode 7 when impurities are introduced for 
forming the N type drain offset region 8 (NM). 

0137 An N type drain region (second region) 9 having a 
high impurity concentration for leading out an electrode is 
formed in contact with the drain offset region 8. 
0138 A P type source punch-through layer (leach 
through layer) 3 having a high impurity concentration (low 
resistance) is disposed in the epitaxy layer 2 in contact with 
the N type source region 10 and extends from the main 
surface to the substrate 1. A P type low resistance region 4 
for contact is formed on the surface of the leach-through 
layer 3. The N type source region 10 is electrically con 
nected by way of a metal plug, a first layer wiring, a metal 
plug and the leach-through layer 3 to a source rearface 
electrode S1. 

0.139. In FIG. 1, a portion between A-A constitutes a 
basic cell and the pitch is about 6 um. The gate length Lg of 
the gate electrode 7 is 0.3 um and the length of the drain 
offset region 8 disposed for the purpose of ensuring drain 
breakdown voltage by electric field moderation, that is, the 
drain offset length (Lir) is 0.7 um. The gate oxide thickness 
is 11 nm, which is determined in view of the improvement 
intensity of the on-resistance and the allowable electric field 
for the oxide film. This is to be explained specifically later. 

0140. A first insulation film (interlayer insulation film) 20 
is formed so as to cover the gate electrode 7, the N type 
source region 10, the N type drain offset region 8 (NM), the 
N type drain (low resistance) region 9 and the P type source 
punch-through layer 3. A plurality of openings are formed in 
the first insulation film 20 and each of the openings has 
therein a conductor plug P1 for leading out the electrode to 
be in contact with the N type source region 10, the N type 
drain region 9 and the P type source punch-through layer 3, 
respectively. The conductor plug P1 is made oftungsten and 
buried in the opening. The Surface of the plug is substantially 
in flush with the surface of the first insulation film 20. 

0141. On the surface of the first insulation film 20 are 
formed by patterning a first conductor layer 11s for electri 
cally connecting the conductor plug connected with the N 
type source region 10 and the conductor plug in contact with 
the p-source punch-through layer 3, and a second conductor 
layer 11d connected with the conductor plug P1 in contact 
with the N type drain region 9, respectively, as a first layer 
wiring (M1). 
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0142. A second insulation film (interlayer insulation film) 
30 is formed so as to cover the first and the second conductor 
layers 11s and 11d. Then, openings are formed in the second 
insulation film being situated on the conductor plug in 
contact with the P type source punch-through region 3 and 
the conductor plug P1 in contact with the N type drain region 
9, respectively. Wirings 12s, 12d (second layer wirings M2) 
as the backing wirings for reducing the resistance of the 
wirings are connected by way of the openings to the first and 
the second conductor layers 11s and 11d, respectively. 
0.143. The source rearface electrode S(2) is connected to 
a first reference potential, for example, a ground potential, 
whereas the drain electrode 12d is connected to a second 
reference potential higher than the first reference potential, 
for example, a power source (Vdd=3.6 V) potential. 
<Layout for Unit Blocks 
0144. Relation between the first layer wirings and the 
second layer wirings in this Embodiment 1 is to be explained 
in details with reference to FIG. 2. 

0145. In FIG. 2, 11 represents a conductor layer for the 
first layer (first layer wiring M1) and 12 represents a 
conductor layer for the second layer (second layer wiring 
M1). 13 represents contact portions of conductor plugs 
(metal plugs) relative to the semiconductor regions such as 
the N type source region 10, the N type drain region 9 and 
the P type source punch-through layer 3 as described above, 
and 14 represents contact portions of the second layer 
wirings M2 relative to the first layer wirings M1. 21 shows 
a boundary line for a device isolation region (field oxide 
film). That is, the portion surrounded with the line 21 is a 
device forming region. 22 represents a bonding pad for the 
drain electrode (drain pad) and 23 represents a bonding pad 
for the gate electrode (gate pad). The drain and gate pads 22 
and 23 show one block and several blocks are arranged in 
parallel in an actual chip in accordance with a required gate 
width. This will be explained later with reference to FIG. 3. 
0146 FIG. 2 shows a case of two gate electrodes 7 in 
which the drain region is put between the gate electrodes 7 
and source regions are formed on both sides. A portion 
between A-A constitutes a basic cell shown in FIG. 1 and 
several tens of them are arranged repeatedly into one block 
in an actual chip. The drain is extended to the pad 22 by the 
second layer wiring without traversing the gate electrode 7 
but in parallel therewith. Further, also the source is backed 
by the second layer wiring without traversing the gate 
electrode 7 but in parallel therewith. The gate is extended on 
every predetermined length from the gate electrode 7 by the 
first layer wiring and is connected from the periphery in 
common to the pad part 23 through the second layer wiring. 
In Embodiment 1, the predetermined length for leading out 
the gate electrode is about 40 um. Further, since the wiring 
is led out perpendicular to the gate electrode, a parasitic 
capacitance between the second layer wiring for the drain 
and the first layer wiring for the gate is reduced. That is, the 
stripe-like gate electrode 7 is extended at a predetermined 
distance of about 40 um through the first layer wiring 11 in 
the direction perpendicular to the drain wiring and the gate 
electrode. They are connected in common on both ends of 
the block to the gate pad 23 through the second layer wiring 
12. This can reduce the parasitic capacitance between the 
drain wiring and the gate wiring compared with the case of 
parallel extension. 
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0147 Further, an extension 12E of the second metal 
conductor layer for the source is disposed in the vicinity of 
the drain pad 22, other penetration layer having the same 
constitution as the penetration layer described above is 
disposed in the epitaxy layer being positioned below the 
extension 12E. and the extension 12E is electrically con 
nected to the penetration layer. 

0148. It is to be noted that the conductor plug is adopted 
as the electrode leading conductor in Embodiment 1, in 
which the opening for contact with the second layer wiring 
to the first layer wiring M1 (contact portion) is situated 
above the electrode leading opening. 

014.9 That is, as shown in FIG. 2, the contact 13 between 
the first layer wiring and the low resistance layer of the drain 
region and the contact 14 for the first layer and the second 
layer wirings are formed on one identical axis. The differ 
ence between this structure and the existent technique is to 
be explained below with reference to FIG. 45 and FIG. 46. 
0150 FIG. 45 is a plan view showing a contact portion 
for drain wiring in the existent technique. On the other hand, 
FIG. 46 is a plan view showing a contact portion for the 
drain wiring in the semiconductor device of Embodiment 1. 
The existent technique referred to herein adopts a usual two 
layered wiring technique attempted by the present inventors, 
et al. 

0151. In the existent technique shown in FIG. 45, the first 
layer wiring 11 (M1) was directly connected to the drain 
region as the electrode leading electrode (wiring) by way of 
the contact portion (opening) 13 disposed to the first inter 
layer insulation film. Then, connection of the second layer 
wiring 12 (M2) for backing the first layer wiring 11 (M1) is 
conducted through the contact portion 14 disposed to the 
second interlayer insulation film so as not to overlap the 
contact portion 13. If the contact portion 14 is laid over the 
contact portion 13 in the layout, an indent is formed to the 
first layer wiring 11 in the contact portion 13. Therefore, 
etching residue is present in the contact portion 14 when the 
contact portion 14 is formed by photolithography. Thus, 
contact between the first layer wiring 11 and the second layer 
wiring 12 can not be formed reliably to result in increase in 
the contact resistance. Therefore, there is a problem that the 
effect of the backing wiring can not be obtained fully. 
Accordingly, it was necessary to displace the contact portion 
14 and the contact portion 13 from each other in the layout. 

0152 On the other hand, in Embodiment 1, since the 
wiring is applied after burying the contact portion for 
leading out the electrode with the conductor plug (metal 
plug), the step is eliminated. Accordingly, as shown in FIG. 
46, the contact portions 13 and 14 can be situated on one 
identical axis to provide advantages such as improvement 
for the degree of freedom in the layout, improvement in the 
current capacity of the contact and reduction of the resis 
tance between the contact and the wiring. That is, the wiring 
resistance can be reduced in each of the N type source (low 
resistance) region 10, the N type drain (low resistance) 
region 9 and the P type source punch-through region 3 
respectively. As a result, since the on-resistance can be 
reduced, high power-added efficiency can be attached to the 
semiconductor device. 

0153. It has been well-known to adopt the metal plug 
technique, for example, in CMOS transistors. Such tech 
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nique is disclosed, for example, in Japanese Published 
Unexamined Patent Application Hei 6-350042. Although not 
described in the patent literature, the metal plug technique 
usually aims at the countermeasure for the step disconnec 
tion upon forming the upper layer wiring pattern. Particu 
larly, the metal plug technique is applied to the electrode 
leading considering the case that the first layer wiring or the 
second layer wiring traverses the gate electrode (wiring). 

0154) However, according to Embodiment 1, the metal 
plug is applied in a state where the gate electrode and the 
second layer wiring (M2) for the drain do not cross to each 
other. That is, Embodiment 1 is based on the concept quite 
different from the application of the known metal plug 
technique. 

0.155 FIG. 2 shows the case of using two gate electrodes 
7. In a case of four gate electrodes 7, it adopts a layout 
structure of disposing them in 180° symmetry with respect 
to axis Z-Z as the center as shown in FIG. 83. The gate 
electrodes 7 are disposed by an even number so as to 
sandwich respective drain electrodes (drain region), while 
taking the balance of the drain current into consideration. 
<Chip Layout> 

0156 FIG. 3 shows the layout for the chip in this 
Embodiment 1. The layout for the unit block shown in FIG. 
3 has the constitution as previously explained with reference 
to FIG 2. 

O157 Power MOSFET arranged in the chip shown in 
FIG. 3 comprises a plurality of unit blocks connected in 
parallel. 

0158 That is, in the insulated gate semiconductor device 
of this embodiment having a plurality of channel regions, a 
drain region and a source region disposed on both sides of 
each of the channel regions and a conductor layer for the 
gate electrode disposed to the surface of each of the channel 
regions by way of a gate insulation film to a main Surface of 
a semiconductor chip having a semiconductor layer, and 
including insulated type field effect transistors as a unit 
block, wherein a metal plug is connected with the main 
Surface of each of the drain regions and each of the Source 
regions, a first metal conductor layer is connected with each 
of metal plugs, an interlayer insulation film is covered on the 
first metal conductor layer, a second metal conductor layer 
for the drain is connected in common with each of the first 
metal conductor layers for the drain of the first metal 
conductor layers through drain connecting openings dis 
posed to the interlayer insulation film being situated on the 
metal plug connected with the drain region, a second metal 
conductor layer for the Source is connected in common with 
each of the first metal conductor layers for the source of the 
first metal conductor layers through source connecting open 
ings disposed to the interlayer insulation film, a second 
metal conductor layer for the gate is connected in common 
with each of the first metal conductor layers for the gate of 
the first metal conductor layers through gate connecting 
openings disposed to the interlayer insulation film, the 
second metal conductor layer for the drain having a drain 
bonding pad 22 and the second metal conductor layer for the 
gate has a gate bonding pad 23, and wherein the insulated 
gate type field effect transistors of the unit block are dis 
posed in plurality to the main Surface of the semiconductor 
chip. 
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0159. As shown in FIG. 3, a plurality of drain pads 22 are 
disposed along one side of a chip, and gate pads 23 and 
Source pads 20 are disposed along other side of the chip. 
Among them, the Source pad (Source pad for probing) 20 is 
not used actually but mainly used only for checking the 
device operation. That is, the source pad 20 is disposed for 
facilitating the check of the operation of the power MOSFET 
in the state of a wafer not divided into each of the chips. 
Upon operation check, the characteristics of each of the 
chips (MOSFET) can be inspected by bringing a inspection 
probe (probe) into contact with each of the pads 20, 22 and 
23 disposed on the upper surface of the substrate. 

0160 Protection diodes 19 for preventing electrostatic 
destruction of the gate insulation film are disposed to the 
gate pads arranged on both ends of the chip. The gate 
protection diode is to be explained below. 
<Gate Protection Diode> 

0161 FIG. 4 and FIG. 5 show the constitution of a gate 
protection diode. FIG. 4 is an enlarged plan view for a 
portion of the gate protection diode 19 shown in FIG. 3. FIG. 
5 is a cross sectional view taken along line D-D' in FIG. 4. 

0162. In FIG. 4 (FIG. 5), 21 represents a thick field oxide 
film. A gate pad 23 disposed on the field oxide film 21 is 
integrally formed by patterning with a second layer wiring 
12 (M2). Then, the gate pad 23 is connected with a P type 
low resistance region 4 by way of the first layer wiring 11 
(M1). A diode of a PNP structure (back-to-back diode) is 
constituted with a P type low resistance region 4b formed 
into a circular shape so as to Surround the P type low 
resistance region 4, an N type high resistance region 8 and 
a Ptype low resistance region 4a. The breakdown voltage of 
the PNP structure is designed to about +5-9 V to clamp and 
absorb a Surge Voltage on the gate pad. The P type low 
resistance regions 4a and 4b are formed by an identical 
process with that for the P type low resistance region 4 for 
the contact shown in FIG. 1. 

0163 A metal plug P1 is adopted also in this gate 
protection diode. Two stripe-shaped metal plugs P1 are 
connected with the P type region 8(4) and function such that 
current flows uniformly. 
<Process> 

0164. The method of manufacturing the silicon power 
MOSFET as Embodiment 1 will be explained below with 
reference to FIG. 6 to FIG. 29. 

0165) In each of FIG. 6 to FIG. 9, FIG. 14, FIG. 20, FIG. 
23 and FIG. 29, the cross sectional view shown in (a) 
illustrates a cross section taken along line X-X" in FIG. 2 and 
the cross sectional view shown in (b) illustrates a cross 
section along line Y-Y" in FIG. 2. 
(1) Ion Implantation Step for Forming (P Type Punch 
Through Layer): 

0166 As shown in FIGS. 6(a) and (b), a semiconductor 
wafer in which a P type semiconductor layer 2 is formed to 
the main Surface of a semiconductor Substrate 1 comprising 
Si of a first conduction type (specifically Ptype) is provided. 
The P type semiconductor layer 2 was formed by a known 
epitaxial growing method. The P type semiconductor layer 
is hereinafter referred to as the P type epitaxy layer. 
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0.167 As described above, the specific resistivity of the 
semiconductor substrate 1 is 0.01 S.2cm. On the other hand, 
the specific resistivity of the Ptype epitaxy layer 2 is 20 G.2m, 
which is higher than the specific resistivity of the substrate. 
The thickness for the epitaxy layer 2 is set within a range 
from 2.5 to 3.5 um while taking the reduction of the 
on-resistance and the drain breakdown voltage into consid 
eration. In this embodiment, the thickness of the epitaxy 
layer 2 was set to 3 um. 
0168 Successively, a silicon oxide (SiO2) film 100 of 10 
nm thickness is formed on the Surface of the epitaxy layer 2. 
Then, for forming an ion implantation mask for forming a P 
type punch-through layer, a photoresist pattern (mask) PR1 
is formed on the SiO film 100 by using photolithography. 
0169. Successively, the silicon oxide film 100 and the 
Surface of the epitaxy layer 2 are removed by etching using 
the mask PR1. The surface of the epitaxy layer 2 is etched 
to a thickness of about 50 nm. Then, a step difference is 
formed to the surface of the epitaxy layer 2. This step 
difference can be used as a target for mask alignment. 
0170 Subsequently, for forming a P type punch-through 
layer 3, impurities showing the first conduction type (Ptype) 
are introduced by an ion implantation into the epitaxy layer 
2 not formed with the mask PR1. That is, boron (B) as P 
type impurity is, for example, ion implanted selectively to a 
deep portion of the epitaxy layer 2 under the condition with 
an acceleration energy of 80 KeV and at a dose of 1.5x10"/ 
cm. 

(2) Field Oxide Film Forming Step: 
0171 The mask PR1 and the silicon oxide film 100 
shown in FIG. 6 are removed. Then, a field oxide film 21 is 
formed selectively by LOCOS (Local Oxidation of Silicon) 
technique for defining unit blocks of MOSFET. 
0172 At first, as shown in FIGS. 7(a) and (b), a silicon 
oxide film 100a is formed by thermal oxidation as a pad 
oxide film to the surface of the epitaxy layer. This pad oxide 
film prevents direct contact of an insulation film comprising 
a silicon nitride film (oxidation resistant insulation film) as 
an oxidation resistant mask to be formed Successively with 
silicon surface. If the silicon nitride film directly covers the 
silicon Surface, thermal Strain remains on the Surface to 
cause crystal defects. That is, the pad oxide film is formed 
as a buffer film for preventing crystal effects. 
0173 Successively, a silicon nitride film 101 as an oxi 
dation resistant mask is formed. Then, the silicon nitride film 
101 is patterned by using photolithography. 

0.174 Then, using the remained silicon nitride film 101 as 
a mask, the surface of the epitaxy layer not formed with the 
silicon nitride film 101 is thermally oxidized to selectively 
form a field oxide film (LOCOS oxide film) 21 to 350 nm 
thickness. 

0.175. It is important that the thermal oxidation (heat 
treatment) in this step is conducted under the treating 
condition at 1050° C. to 1100° C. for about 30 min and 
accompanied by extending diffusion of ion implanted P type 
impurities. Accordingly, a P type punch-through layer (P")3 
extending to the semiconductor Substrate 1 is formed in the 
epitaxy layer 2 in this step. That is, heat treatment for 
forming the P type punch-through layer 3 and for forming 
the field oxide film 21 are applied not independently and 
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separately but the heat treatment for forming them is con 
ducted at once. That is, the heat treatment (annealing) step 
for forming the P type punch-through layer 3 can be saved. 
0176 Further, since this heat treatment step is saved, 
auto-doping of the boron impurity in the semiconductor 
Substrate 1 into the epitaxy layer can be suppressed. This 
Suppression of the auto-doping of the impurity can lower the 
concentration of the impurities from the P well (PW) 5 to be 
described later, to provide an effect of reducing the on 
resistance. 

0177. The silicon nitride film 101 and the pad oxide film 
100a are removed to eliminate defects present on the surface 
of the epitaxy layer 2. Successively, a silicon oxide film 
(100b) is formed by thermal oxidation on the surface of the 
epitaxy layer 2. 

0178 Then, the field oxide film 21 is annealed at a heat 
treatment temperature of about 1050° C. which is higher 
than the temperature for forming the silicon oxide film 
(100b). This annealing is applied with an aim of reducing 
crystal defects remaining on the Surface of an active region 
in which MOSFET is formed and ensuring the breakdown 
Voltage of the gate oxide film by decreasing the thickness of 
the gate oxide film, which is an important method for 
obtaining the power MOSFET of this Embodiment 1. 
(3) First Impurity Introduction Step for Forming PType Well 
Region: 

0179. As shown in FIGS. 8(a) and (b), a photoresist 
pattern (mask) PR2 is formed so as to cover a drain forming 
region. 
0180 Successively, impurities showing the first conduc 
tion type are introduced selectively to the surface of the 
epitaxy layer 2 that is not formed with the mask PR2. For 
example, boron as the P type impurity is selectively intro 
duced into the epitaxy layer 2 by ion implantation with an 
energy of passing through the field oxide film 21. That is, 
boron is introduced such that the distribution of the impurity 
concentration after the annealing treatment Substantially 
forms a peak on the Surface of the epitaxy layer 2 in contact 
with the field oxide film 21. This forms a P type high 
impurity concentration region as a channel stopper on the 
Surface of the epitaxy layer 2. The ion implantation is 
conducted under the conditions are with an acceleration 
energy of 200 KeV and at a dose of 2.0x10'/cm. 
(4) Second Impurity Introduction Step for Forming P Type 
Well Region: 
0181 Succeeding to the first impurity introduction step, 
impurities showing the first conduction type are selectively 
introduced into the epitaxy layer 2 in a state of leaving the 
mask PR2 as shown in FIGS. 9 (a), (b). For example, boron 
like that in the first impurity introduction step described 
above, impurities show the first conduction type are intro 
duced selectively into the epitaxy layer 2 by ion implanta 
tion. The ion implantation is conducted under the conditions 
with an acceleration energy of 50 KeV and at a dose of 
10x10/cm. 

0182. By conducting ion implantation twice stepwise as 
in the first and second impurity introduction steps, the 
impurity concentration distribution in the well along the 
direction of the depth can be made uniform, enabling to save 
the heat treatment (high temperature annealing) for extend 
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ing dispersion. The order for the first and the second 
impurity introduction steps may be reversed. 
(5) Ion Implantation Step for Controlling Threshold Voltage: 
0183 Although not illustrated in the drawings, after 
removing the mask PR2 shown in FIG. 9, impurities are 
introduced for controlling the threshold voltage (Vth). For 
example, BF ions are ion implanted to the Surface of the 
epitaxy layer 2 under the conditions with an acceleration 
energy of 50 KeV and at a dose of 1.0x10"/cm. Succes 
sively, after cleaning the Surface of the epitaxy layer 2, the 
impurities implanted in the steps (3) and (4) are Subjected to 
extending diffusion by the annealing treatment (950° C. for 
60 sec) to form a Ptype well region (punch-through stopper 
layer) 5 as the channel forming region of MOSFET. 
(6) Gate Insulation Film Forming Step: 
0.184 The silicon oxide film 100b undergoing damages 
by ion implantation (FIG. 9) was removed to expose the 
surface. Then, a gate oxide film 6 at a thickness of 10 nm or 
more and 12 nm or less is formed to the exposed surface of 
the P type well region 5 by thermal oxidation (refer to FIG. 
10). According to Embodiment 1, the thickness of the gate 
oxide film 6 is set at 11+0.5 nm. 

0185. For the gate oxide film 6, a silicon oxide film 
containing nitrogen, S. So-called oxynitride film may be 
applied instead of the thermally oxidized film. In this case, 
traps for hot electrons on the boundary of the gate insulation 
film are reduced to thereby enabling to take a countermea 
sure for hot carriers. That is, the oxynitride film can termi 
nate the traps on the film boundary by bonding nitrogen (N). 
0186. Further, for the gate oxide film 6, a laminate gate 
insulation film comprising an SiO film (4 nm thickness) by 
thermal oxidation and an SiO film (7 nm thickness) of a 
thickness greater than the SiO film laminated thereon may 
be applied. For the SiO, film by a CVD process, an HLD 
(High Temperature Low Pressure Decomposition) film is 
actually used. The HLD film is made of TEOS (tetraethyl 
orthosilicate) material as an organic source, which is excel 
lent in the uniform film thickness and effective for prevent 
ing diffusion of impurities into the film. Use of Such a gate 
insulation film is useful, particularly, for the embodiment of 
a Pgate N channel type Sipower MOSFET to be described 
later. In the case of the P type gate electrode, denseness of 
the gate oxide film is impaired by the leakage of boron 
(impurity) contained in the electrode. Therefore, leakage of 
boron can be inhibited by the application of the laminated 
gate insulation film to prevent degradation of Voltage break 
down of the gate insulation film. 
(7) Conductor Layer Forming Step for Gate Electrode: 
0187 Successively, as shown in FIG. 10, the surface of 
the gate oxide film 6 is covered with a polycrystal silicon 
layer containing phosphorus impurities at about 100 nm 
thickness (doped poly-silicon) 7a by a CVD process. 
0188 Successively, for obtaining a low resistance gate 
electrode, a metal silicide layer 7b, for example, a tungsten 
silicide (WSi) layer of about 150 nm thickness of a thickness 
greater than that of the polycrystal silicon layer 7a is 
laminated to the surface of the polycrystal silicon layer 7a. 
A silicon oxide film 20 of 150 nm thickness is formed by 
thermal decomposition of an organic silane as a protection 
film (cap layer) on the surface of the WSilayer 7b. Dispo 
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sition of Such a cap layer has been well-known in the 
technical field of CMOSLSI, but it has not been considered 
so far in the technical field of RF power MOS. 
(8) Mask Pattern Forming Step for Gate Electrode: 
0189 As shown in FIG. 11, a photoresist pattern (mask) 
PR3 for forming a gate electrode is formed. The pattern 
width of the mask PR3 defines the gate length and is formed 
so as to be 0.35 um or less. 
(9) Gate Electrode Pattern Forming Step: 
0.190 FIG. 12 shows a state after forming the gate 
electrode pattern. A cap layer 20, a tungsten silicide layer 7b 
and a polycrystal silicon layer 7a are Successively etched to 
form a gate electrode 7 comprising the polycrystal silicon 
layer 7a and the WSilayer 7b by patterning. 
(10) Drain Offset Region Forming Step: 
0191). As shown in FIG. 13, a low impurity concentration 
semiconductor region 8 is formed by self alignment to the 
gate electrode 7 by ion implantation in the Ptype well region 
5. The low impurity concentration semiconductor region 
(drain offset region) 8 is applied with an aim of improving 
the drain breakdown voltage. Phosphorus as the N type 
impurity is used in the ion implantation for forming the drain 
offset region 8 and implantation is conducted under the 
condition, for example, with an acceleration energy of 50 
KeV and at a dose of 1.0x10"/cm. 

0192 According to the experiment, the relation between 
the drain offset region (offset layer) and the on-resistance is 
as shown in FIG. 35. Accordingly, the depth of the offset 
layer is set to 0.2 Lum or more. 
(11) Source Drain Region Forming Step: 
0193 As shown in FIGS. 14(a) and (b), a photoresist 
pattern (mask) PR4 is formed so as to cover a portion of the 
drain offset region 8 and the P type punch-through layer 3. 
Successively, impurities are introduced for forming the 
Source drain region by using the mask PR4. Arsenic as the 
N type impurity is selectively introduced into the low 
impurity semiconductor region 8 by ion implantation under 
the conditions with an acceleration energy of 60 KeV and at 
a dose of 8.0x10"/cm through the silicon oxide film (gate 
oxide film) 6 into the low impurity semiconductor region 8. 
(12) Contact Region Forming Step: 
0194 For reducing the resistance on the surface of the P 
type punch-through layer 3, boron fluoride (BF) as the P 
type impurity is introduced to the surface of the P type 
punch-through layer 3 using a mask PR5 under the condi 
tions with an acceleration energy of 40 KeV and at a dose 
of 20x10"/cm by using a mask PR5. Then, annealing is 
applied. This forms a Ptype contact region 4 on the Surface 
of the P type punch-through layer 3. 

(13) First Insulation Film (Interlayer Insulation Film) Form 
ing Step: 

0.195 A first insulation film 20 as an interlayer insulation 
film is formed over the entire surface of the semiconductor 
substrate 1. At first, as shown in FIG. 16, a CVD SiO, film 
20A (100 nm thickness) and a plasma TEOS film 20B (800 
nm thickness) of excellent flatness are successively formed 
on the semiconductor substrate 1. Since the surface of the 
plasma TEOS film 20B has a step difference above the gate 
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electrode, it is polished by about 100 nm to be flattened 
using CMP (Chemical-Mechanical Polishing). 
0196) The CMP technology was adopted so far for IC 
(LSI) but it was not adopted for high frequency power 
MOSFET. 

0197). In Embodiment 1, by the adoption of the CMP 
technology, the metal plug to be described later can be 
attained to obtain a power MOSFET reduced with the 
on-resistance. 

0198 Then, as shown in FIG. 17, a PSG film 20O (300 
nm thickness) is formed on the plasma TEOS film 20B. The 
total thickness for the first insulation film is 1200 nm, which 
is formed to a thickness greater than the second insulation 
film (interlayer insulation film) to be described later. This 
intends to reduce the parasitic capacitance of wirings. 
0199 The CVD SiO, film 20A can be replaced with 
silicon nitride (SiN). Use of the silicon nitride can block 
invasion of OH ions to the gate oxide film and is effective 
as a countermeasure for hot carriers. 

(14) Forming Step for Electrode Leading Opening: 
0200. As shown in FIG. 18, a photoresist pattern (mask) 
PR6 is formed on the PSG film 200. Successively, as shown 
in FIG. 19, the first insulation film (20) is removed selec 
tively by using the mask PR6 to form electrode leading 
electrode openings CH1. 
(15) Metal Plug Forming Step: 
0201 As shown in FIGS. 20(a) and (b), metal plugs P1 
comprising W (tungsten) are formed in the electrode leading 
openings CH1, respectively. 
0202 At first, a TiN (titanium nitride) layer is formed as 
a barrier layer by a sputtering method to the surface of the 
first insulation film (20) formed with the electrode leading 
openings CH1 such that W (tungsten) does not diffuse into 
the semiconductor regions (8, 9). Successively, a high melt 
ing metal layer made, for example, of W (tungsten) is 
formed by a CVD process. Then, the high melting metal 
layer and the barrier layer are etched back. As a result, the 
metal plugs (P1) substantially in flush with the first insula 
tion film 20 are buried in the electrode leading openings 
CH1. That is, the metal plugs P1 are connected to the source 
region (first region) 10, the drain region (second region) 9 
and the leach through layer (3), respectively. 
(16) Forming Step for First Conductor Layer (First Layer 
Wiring): 

0203 As shown in FIG. 21, a first conductor layer (first 
layer wiring) M1 is formed on the first insulation film 20 by 
sputtering. The first conductor layer comprises an aluminum 
alloy having a low resistance and migration resistance. More 
specifically, an AICu alloy is adopted for the material. The 
film thickness is about 400 nm. Successively, as shown in 
FIG. 22, a photoresist pattern (mask) PR7 is formed on the 
first conductor layer M1. Then, as shown in FIG. 23(a), (b). 
the first conductor layer M1 is patterned by using the mask 
PRT. 

(17) Forming Step for Second Insulation Film (Interlayer 
Insulation film) 
0204 A second insulation film 30 is formed as an inter 
layer insulation film over the entire surface of the semicon 
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ductor substrate 1. As shown in FIG. 24, a plasma TEOS film 
30A (300 nm thickness), an SOG film 30B (300 nm thick 
ness) and a plasma TEOS film 3.0C (300 nm thickness) are 
formed successively on the semiconductor substrate 1. The 
SOG film 30B is formed for moderating the step difference 
in the plasma TEOS film 30A. 
(18) Forming Step for Wiring Connection Opening 

0205 As shown in FIG. 25, a photoresist pattern (mask) 
PR8 is formed on the second insulation film 30. Succes 
sively, as shown in FIG. 26, the second insulation film 30 
(30A, 30B, 30C) is selectively removed by using the mask, 
to form wiring connection openings CH2. FIG. 26 shows a 
cross sectional structure of the semiconductor device after 
removing the mask PR8. 
(19) Forming Step for Second Conductor Layer (Second 
Layer Wiring): 

0206. As shown in FIG. 27, a second conductor layer 
(second layer wiring) M2 is formed on the first insulation 
film 30 by the same method as for the first conductor layer 
M1. Further, the same material as that for the first conductor 
layer is selected as the material for the second conductor 
layer (second layer wiring) M2. However, the film thickness 
is about four times compared with the thickness of the first 
conductor layer M1, which is used with an aim of reducing 
the resistance as the backing wirings. 
0207 Successively, as shown in FIG. 28, a photoresist 
pattern (mask) PR9 is formed on the first conductor layer 
M1. 

0208. Then, as shown in FIG. 29, the second conductor 
layer M2 is patterned by using the mask PR9 to form a drain 
electrode (drain wiring) D, and a source electrode (Source 
wiring) S(1). The source electrode (source wiring) S(1) 
electrically connects the source wirings (M1) at the first 
layer between each of the cells and between each of the 
blocks. FIG. 29 shows a cross sectional structure of the 
semiconductor device after removing the mask PR9. 

(20) Forming Step for Source Rearface Electrode 

0209) Although not illustrated in FIG. 29, a surface 
protection film is formed on the drain electrode (drain 
wiring) D and the source electrode (source wiring) S(1) after 
the step (19) and the surface protection film is selectively 
removed so as to expose the pad portions. Successively, the 
rearface (lower surface) of the semiconductor substrate 1 is 
ground to reduce the thickness. This grinding is applied as 
a pretreatment for fabricating a semiconductor wafer into a 
semiconductor chip. Then, an Nilayer (about 0.1 um thick 
ness), a Ti layer (about 0.15 um thickness), an Ni layer 
(about 0.2 um thickness) and an Aglayer (1.3 um thickness) 
of good solderability are formed successively to the rearface 
thereof to form a source rearface electrode. The lower Ti 
layer is formed for the adhesion between the Nilayer as the 
barrier layer and the Si substrate, while the upper Tilayer is 
formed for good adhesion with the Ag layer. 
0210 For the Ag layer, peeling of the Ag layer by 
oxidation has to be considered upon attaching (soldering) to 
a module Substrate. An Aulayer may be used instead of the 
Aglayer. In this case, since the Aulayer does not peel during 
soldering, low resistance contact with the module Substrate 
can be attained. 
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0211. According to this process, the following advanta 
geous effects can be obtained. 

(a) The thermal oxidation (heat treatment) applied in the step 
(2) above is accompanied by extending diffusion of ion 
implanted P type impurities. 

0212. Accordingly, the P type punch-through layer (P)3 
reaching the semiconductor Substrate 1 is formed in the 
epitaxy layer 2 in this step. That is, heat treatment for 
forming the P type punch-through layer 3 and for forming 
the field oxide film 102 are applied not independently and 
separately but the heat treatment for forming them is con 
ducted all at once. Therefore, heat treatment (annealing) step 
for forming the P type punch-through layer 3 can be saved. 

0213 (b) With the reason (a) described above, auto 
doping of the impurities from the Substrate to the epitaxy 
layer can be Suppressed. Therefore, the impurity concentra 
tion in the P well (PW) can be easily controlled and kept 
lower. Therefore, even when the gate length is shortened for 
reducing the on-resistance, the breakdown Voltage can be 
ensured effectively. 

0214) Accordingly, simplification for the heat treatment 
step can contribute to the reduction of the on-resistance. 
0215 (c) With the reasons (a) and (b) above, large 
thickness for the epitaxy layer 2 is no more necessary and 
the thickness can be made to 2.5 um or more and 3.5 um or 
less while taking the aimed breakdown voltage into consid 
eration. Thus, the depth for forming the P type punch 
through layer (P) 3 is made also shallower, which contrib 
utes to the reduction of the on-resistance. 

0216) (d) Since the P well (PW) is formed after the step 
of forming the field oxide film, the P well does not undergo 
the effect of the heat treatment upon forming the field oxide 
film. That is, the P well is not exposed to a high temperature 
of 1000° C. or higher. Accordingly, the impurity concentra 
tion of the Pwell (PW) can be controlled easily and kept low. 
Therefore, even when the gate length is shortened for 
reducing the on-resistance, the breakdown Voltage can be 
ensured sufficiently. Accordingly, the order of the P well 
forming steps as described above contributes to the reduc 
tion of the on-resistance. 

0217 (e) As described for the step (4) above, the P well 
forming step is conducted by ion implantation of two stages. 
Accordingly, a high temperature annealing for extending 
diffusion is not required. That is, the annealing in the step (5) 
above can be used in common. Therefore, the steps can be 
simplified. Further, with the same reason as that of (d) 
above, it contributes to the reduction of the on-resistance. 

0218 (f) As has been described for the step (2) above, by 
applying annealing after forming the field oxide film and 
before forming the well region in the step (3) above, it is 
possible to decrease crystal defects remained on the Surface 
of the active region in which the MOSFET is formed and 
ensure the breakdown voltage of the gate oxide film by 
reducing the thickness of the gate oxide film. 

0219 (g) As has been described for the step (10) above, 
the drain offset region (length) is defined by the mask PR4 
and an LDD structure using the side wall is not adopted. 
That is, a high resistance region Such as the drain offset 
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region is not formed on the side of the Source region. This 
can improve the drain breakdown voltage and reduce the 
on-resistance. 

<MOSFET Forming Condition> 
0220 MOSFET forming conditions in Embodiment 1 are 

to be explained below. 
0221) A resistive component of a MOSFET chip in this 
embodiment is explained with reference to FIG. 30. 
0222 FIG. 30 is a model for the resistance of MOSFET 
according to Embodiment 1 shown in FIG. 1 in which 
RONO is a resistance for the entire chip, Ron is a resistance 
Subtracting the resistance of the P type punch-through layer 
and the substrate from RONO (resistance when the source is 
taken out of the surface of the substrate). R1 is a drain wiring 
resistance, Rr is a resistance in the off set region, Ric is a 
channel resistance, R2 is a source wiring resistance, R3 is a 
Source punch-through layer resistance, R4 is a resistance for 
the P type substrate and R5 is a resistance for the sum of R3 
and R4. 

0223 For explaining the effect of this Embodiment 1, the 
on-resistance is defined not as RON but as Ron hereinafter 
for limiting the effect of the MOSFET main body and the 
electrode on the rearface of the substrate, and Ron Wg 
standarized by the gate width Wg is used. Further, based on 
the same concept, mutual conductance, threshold value 
voltage and the like are referred to also for the FET 
performance while taking the source out of the surface of the 
substrate unless otherwise specified. 
0224. The gate length, the gate-oxide thickness and the 
offset layer for the Embodiment 1 are to be explained. 
0225 FIG. 31 shows a relation between the gate-oxide 
thickness and the on resistance while taking the gate break 
down voltage (allowable electric field intensity of gate 
oxide) into consideration. FIG. 32 shows a relation between 
the gate length and the on-resistance, FIG. 33 shows a 
relation between the gate length and the mutual conductance 
respectively. FIG. 34 shows a relation between the gate 
length and the threshold voltage. Further, FIG. 35 shows a 
relation between the depth of the offset layer and the on 
resistance. FIG. 30 shows the relation between the offset 
length and the on resistance and FIG. 37 shows the offset 
length and the drain breakdown Voltage, respectively. 
0226 FIG. 31, for obtaining a necessary upper limit of 4 
S2mm for the on resistance, it is important that the gate-oxide 
is thin and, on the other hand, thickness of 10 nm or more 
with no problem of reliability is required for the maximum 
value at 5 V for the input amplitude in GSM application use. 
As a result the gate-oxide thickness is defined as 10 nm or 
more and 12 nm or less while taking scattering into consid 
eration. 

0227) Also in FIG. 32 and FIG. 33, it is intended to 
reduce the on-resistance and improve the mutual conduc 
tance by the shortening of the gate length, and the ON 
resistance of 4S2mm or less and the mutual conductance of 
150 mS/mm or more can be obtained at the gate length of 
0.35 um. That is, the length of the gate electrode in the 
direction of the channel is set at 0.35 un or less. 
0228. The results described above show the case of 
measurement from the too surface electrode. Further, the 
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existent technique referred to herein means high frequency 
power MOSFET setting the gate length to 0.4 um, the off-set 
length to 0.7 um and the gate-oxide thickness to 20 nm. 
0229. The threshold voltage lowers remarkably with 
respect to the gate length and the typical value for the gate 
length is about 0.3 um as shown in FIG. 34. By the way, in 
the MOSFET of this embodiment, the threshold voltage 
shows a reverse short-channel characteristic by applying a 
low temperature treatment (heat treatment at 1200° C. or 
lower) for the entire process, and lowering of the threshold 
Voltage is Suppressed as far as the short gate length com 
pared with the conventional structure with no reverse short 
channel characteristic. 

0230. As shown in FIG. 35, depth of 0.2 um or more 
showing less resistance change is set for the offset region 
(offset layer) and, as seen in FIG. 36 and FIG. 37, the 
designed value for the offset length is set as 0.4 um or more 
and 0.8 um or less. The length is chosen because the drain 
breakdown voltage is determined on the side of the drain low 
resistance layer, and parasitic bipolar operation less occurs 
in this region and the on-resistance is at a sufficiently low 
value. 

0231 FIG. 38 shows a relation between the punch 
through stopper layer (Ptype well region 5 shown in FIG. 1) 
and the on-resistance in Embodiment 1 and FIG. 39 shows 
a relation between the drain breakdown voltage and the 
position for the punch-through stopper layer, respectively. 
The distance toward the drain is defined as (+) and toward 
the source side as (-) with the position at the drain end of the 
gate electrode as a reference (O). While the on-resistance 
lowers by displacing the punch-through stopper toward the 
Source, the breakdown Voltage lowers toward the negative 
area around 0 as a boundary. This is because punch-through 
occurs between the drain and the source and, in view of the 
relation described above, the position for the punch-through 
stopper is preferably from 0 or more and 0.2 um or less. 
0232 Then, the substrate forming conditions for MOS 
FET according to this embodiment is to be explained below. 

0233 FIG. 40 shows the impurity concentration distri 
bution along the direction of the depth near the punch 
through layer (B-B+) plane in FIG. 1) when the epitaxy layer 
thickness is changed and FIG. 41 shows the resistivity of the 
punch-through layer when the thickness of the epitaxy layer 
is changed, respectively. Further, FIG. 42 shows the impu 
rity concentration distribution near the offset layer (C. C. 
plane in FIG. 1) and FIG. 48 shows the epitaxy layer 
thickness and the (drain) breakdown voltage near. 
0234. In FIG. 40 and FIG. 41, the epitaxy layer is not in 
contiguous with the punch-through layer at the thickness of 
the layer of 4 um, and the thickness has to be 3.5 um or less. 
0235 Further, in FIG. 42 and FIG. 43, the breakdown 
Voltage with the drain N type layer has a necessary and 
sufficient value at the thickness of the epitaxy layer of 2.5 
um or more. In view of the above, the thickness of the high 
resistance layer (epitaxy layer) formed on the low resistance 
semiconductor Substrate is appropriately from 2.5 um or 
more to 3.5 um or less. 
0236 FIG. 44 shows comparison for the static character 
istics between this invention and the existent MOSFET with 
the gate electrode of 0.4 um. Both of the devices has the gate 
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width of 36 mm, and the on-resistance, the mutual conduc 
tance, the Saturated current and the like have been remark 
ably improved according to this invention. 
0237) Then, FIG. 47 shows a large signal high frequency 
characteristics of MOSFET chip (this invention) of Embodi 
ment 1. FIG. 47 shows a relation between the output power 
and the power-added efficiency, on the premise of applica 
tion to GSM, in a case of inputting a sinusoidal signal at 900 
MHz while setting a power source voltage to 3.5V and 
keeping the bias current content. This Invention and the 
existent technique are compared, in which the gate width is 
28 mm in the former and 36 mm in the latter. In both of the 
devices, tuning is conducted at the output such that the 
power-added efficiency reaches a peak at the output power 
of 2.0 W. As can be seen from the figure, the peak efficiency 
is improved by about 5% in this invention compared with the 
conventional art and the efficiency of 65% has been attained. 
0238. Then, FIG. 48 shows the gate width dependence of 
the large signal high frequency characteristic of the chip 
according to this invention. While the characteristics shown 
in FIG. 48 are measured in the same manner as the charac 
teristics shown in FIG. 47 described above, optimal tuning 
is applied for obtaining efficiency on every gate width. It can 
be seen from FIG. 48 that an optimal gate width or obtaining 
a power-added efficiency of 65% or higher at 2 W is about 
28 mm. Similar performance can also be obtained with the 
gate width from 24 mm to 30 mm. In the same manner, when 
considering the application to PCS and as a result of 
evaluating the large signal characteristics at 1900 MHz, a 
power-added efficiency of about 55% at an output power of 
1 W could be realized with a gate width of 12 um. 
<Constitution of Amplifiers 

0239 FIG. 49 shows a circuit structure of an amplifier 
using MOSFET according to this embodiment. The ampli 
fier shown in FIG. 49 is a three stage amplifier applied to 
GSM in which one MOSFET (1 chip) is used for each of the 
input stage and the driver stage. Then, two MOSFETs (2 
chips) are used for the output stage, to constitute a DD 
CIMA (divided and collectively impedance matched ampli 
fier). The gate width (Wg) of MOSFET is 6 mm for the input 
stage, 18 mm for the driver stage and 28 mm Or the output 
stage (2 chips) Input/output matching is conducted with a 
strip line 100 and a chip capacitor for each the devices and 
designed so as to obtain the output power efficiently. It is 
adapted Such that a bias Voltage for controlling the operation 
point is applied by resistance division to the input for each 
of the stages and the output power is controlled by control 
ling the Voltage. 

0240 The DD-CIMA is a method developed as a coun 
termeasure for the characteristics that the output voltage is 
saturated as the gate width is made larger, or for taking 
parallel impedance matching while arranging two devices 
(chips) in parallel as the output stage of a module requiring 
high power (literature 2). According to this circuit technique, 
an output power about twice as high as the output power that 
can be obtained from one device can be obtained. Further, it 
is excellent in the heat dissipation by the division of the chip. 
0241 FIG. 50 shows a package module in which this 
amplifier is incorporated into a package. 500 represents a 
laminate type ceramic package of a multi-layered wiring 
structure. Microstrip lines 501 are formed by metal plating 
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on the surface of the package 500. This module attains an 
overall efficiency of about 55% at a saturated output power 
of 4 W and a power of 3.5 W under the conditions at a 
frequency of 900 MHz, a power source voltage of 3.5 V and 
an input power of 0 dBm. 
0242. In this embodiment, discrete parts such as MOS 
FET, capacitors and resistors are incorporated as a module 
but the technique of this invention is also applicable to a 
circuit in which they are entirely or partially integrated. 
0243 Further, it is not always necessary that devices of 
an identical structure are used for each of the stages of the 
three stage amplifier circuit. For example, since high gain is 
required for the initial stage, driver stage devices of a short 
gate length or short offset length may sometimes be used. 

Embodiment 2 

0244 Other embodiments of this invention are to be 
explained with reference to FIG. 51 to FIG. 56. 
<Cross Sectional Structure of Basic Celld 

0245 FIG. 51 is a cross sectional view of a structure in 
which the oxide thickness is increased on both ends of the 
gate electrode in Embodiment 1, that is, MOSFET in 
Embodiment 2 having a gate birds beak. FIG. 52 shows the 
Voltage dependence of the capacitance between the gate and 
the drain in Embodiment 2. FIG. 53 shows a relation 
between the signal gain of a small level and the frequency. 

0246. In FIG. 51, the oxide thickness on both ends of the 
gate has a tapered form with the maximum thickness of 30 
nm relative to the thickness of the gate oxide film of 10 nm 
(or the birds beak obtained by selective oxidation LOCOS). 
0247 That is, a semiconductor device according to 
Embodiment 2 comprise a semiconductor substrate of a first 
conduction type, a semiconductor layer of a first conduction 
type situated to one main Surface of the Substrate and having 
an impurity concentration lower than that of the semicon 
ductor Substrate, a first region and a second region of a 
second conduction type opposite to the first conduction type 
disposed being space apart from each other in the main 
Surface of the semiconductor layer, a third region disposed 
between the first region and the second region in the main 
Surface of the semiconductor layer, situated being spaced 
apart from the first region and in contact with the second 
region and having an impurity concentration lower than that 
of the first region, a gate electrode disposed by way of a gate 
insulation film on the main Surface of the semiconductor 
layer and situated between the first region and the third 
region, so as to overlap at a portion thereof on the first region 
and the third region, respectively, a first electrode and a 
second electrode connected, respectively, with the first 
region and the second region, a third electrode connected 
with the other main Surface opposite to one main Surface of 
the semiconductor substrate, in which the first film thickness 
(6a) of the gate insulation film present between overlap of 
the third region and the gate electrode is greater than the 
second film thickness (6b) of the gate insulation film on the 
main surface of the semiconductor layer situated between 
the first region and the third region. 
0248 Thus, as shown in FIG. 52, capacitance between 
the gate and the drain (Cdg) can be reduced by about 20% 
under the condition of the thickness from 10 nm to 30 nm. 
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The measuring method is as per the circuit constitution 
shown in FIG. 52. Reduction in the capacitance between the 
gate and the drain (Cdg) can reduce the feedback capaci 
tance (CrSS) desired for the RF operation at high gain. 
0249 Further, as shown in FIG. 53, the small signal gain 

is also improved by about 0.5 dB near the frequency at 900 
MHZ. 

0250) According to Embodiment 2, electric field intensity 
can be moderated by disposing the birds beak. Then, within 
0.005 um depth of the offset from the surface of the offset 
layer 8, it is possible to attain a peak value for the impurity 
concentration at the surface of 1x10"/cm or more and 
further reduce the on-resistance. 

0251. In Embodiment 2, the oxide thickness of the gate 
electrode on both sides of the drain and the source is 
increased but the purpose can be attained by increasing the 
thickness only on the side of the drain. The embodiment for 
this constitution is to be explained later. 
<Process> 

0252 Succeeding to the step (9) for Embodiment 1 (refer 
to FIG. 12), the following steps are conducted. 
0253) (9-1) As shown in FIG. 54, an oxide film 21 is 
formed selectively by thermal oxidation. In this step, birds 
beak is formed at the end of the gate electrode. That is, an 
oxide film (maximum thickness: 30 nm) of a thickness 
greater than the gate oxide film (10 nm thickness) is formed 
below the gate electrode end. 
0254 (9-2) Successively, as shown in FIG.55, impurities 
are introduced through the silicon oxide film 21 for forming 
a drain offset region. That is, a low impurity semiconductor 
region (drain offset region) 8 is formed in self-alignment to 
the gate electrode 7 in the P well region 5 by ion implan 
tation. Phosphorous as the N type impurity is used for ion 
implantation for forming an offset region 8. 
0255 Successively, the process: from the sourcedrain 
region forming step (11) to the source rearface electrode 
forming step (20) described for Embodiment 1 are con 
ducted. 

0256 By the method described above, a power MOSFET 
shown in FIG. 56 is completed. 

Embodiment 3 

0257). Other embodiment of this invention is to be 
explained with reference to FIG. 54 to FIG. 60. 
<Cross Sectional Structure of Basic Celld 

0258 Embodiment 3 is a modification of Embodiment 2 
in which the thickness for a portion of the gate oxide film of 
the gate electrode on the side of the drain is increased (refer 
to FIG. 60). 
<Process> 

0259 Succeeding to the step (9) of Embodiment 1 (refer 
to FIG. 12), the following steps are conducted. 
(9-1) As shown in FIG. 57, a silicon nitride film 200 is 
formed on a semiconductor Substrate 1. 

0260 (9-2) Successively, as shown in FIG. 58, the silicon 
nitride film 200 is selectively removed so as to expose the 
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end of the gate electrode on the side of the drain. Then, the 
gate birds beak is formed only on the side of the drain by 
thermal oxidation using the silicon nitride film 200 as a 
mask. 

0261 (9-3) Successively, as shown in FIG. 59, impurities 
are introduced through a silicon oxide film 21 for forming a 
drain-offset region. That is, a low impurity semiconductor 
region (drain-offset region) 8 is formed in self alignment to 
a gate electrode 7 into a P type well region 5 by ion 
implantation. 

0262. Successively, the process from the step (11) to the 
step (20) in Embodiment 1 is conducted. 
0263. By the method described above, a power MOSFET 
shown in FIG. 60 is completed. 

Embodiment 4 

0264. Embodiment 4 of this invention is to be explained 
with reference to FIG. 61. 

0265 Embodiment 4 provides an Ngate MOS in which 
a drain offset region 8 is formed only to the drain region 9. 

0266. According to Embodiment 4, as shown in FIG. 61, 
a deep N type high resistance region like that a drain offset 
region 8 is not disposed on the side of the source (N type 
Source region 10 of high impurity concentration). Accord 
ingly, the amount of overlap between the gate electrode on 
the side of the source and the N type region (source region 
10) is smaller compared with a case where the drain offset 
region 8 is present on the side of the source as in Embodi 
ment 1, to provide an effect for improving the short channel 
characteristic. 

0267 In the process of Embodiment 4, according to the 
process of Embodiment 1, ion implantation is conducted at 
the stage of the step (10) for forming the drain offset region 
8 only on the side of the drain by using a mask. In this case, 
photolithographic step is increased by one compared with 
Embodiment 1. 

Embodiment 5 

0268 Embodiment 5 according to this invention is to be 
explained with reference to FIG. 62 and FIG. 63. 
0269 FIG. 62 is a cross sectional view in a case where the 
impurity concentration near the surface of the drain offset 
region is increased. This structure is effective for decreasing 
the degradation rate for the on-resistance under the effect of 
hot electrons implanted into the oxide film on the offset 
region. After ion implantation for forming the offset region 
8 shown in FIG. 1, AS (arsenic) ions are implanted to the 
surface of the offset region 8 under conditions of the ion 
implantation about at 20 KeV and 3x10" atoms/cm to form 
a second offset region 8a. In this step, the Surface impurity 
concentration at the gate end is most important. That is, FIG. 
63 shows a relation between the degradation rate of the 
on-resistance with the hot electrons and the impurity con 
centration at the surface of the gate end of the offset layer. 
About 26% of degradation is caused with no particular 
countermeasure, but the degradation can be reduced to 10% 
or less by increasing the surface impurity concentration to 
1x10 atoms/cm in accordance with this structure. This is 
because the N type offset layer less undergoes the effect of 
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electrons implanted to the oxide film by the increase in the 
Surface impurity concentration. 
0270. In the method of manufacturing Embodiment 5 
according to this invention, ion implantation for forming the 
offset region 8 and ion implantation for forming the offset 
region 8a are Successively conducted at the forming step 
(10) for the drain-offset region in Embodiment 1 described 
previously. 

Embodiment 6 

0271 Embodiment 6 of this invention is to be explained 
with reference to FIG. 64. 

0272. In FIG. 64, a P type pocket layer 5a having an 
impurity concentration higher than the impurity concentra 
tion of the epitaxy layer 2 is disposed at a position deeper 
than the offset region 8 in addition to the punch-through 
stopper 5 of Embodiment 1. It has a P type layer 201 below 
the N type drain region below an N type drain region 9 
formed simultaneously with the pocket layer 5a. The pocket 
layer 5a and the P type layer 201 below the drain region 9 
are formed by oblique implantation of B (boron), for 
example, by using a photoresist upon forming the N type 
source drain region. The pocket layer 5a is effective for 
Suppressing the lowering of the threshold Voltage. Further, a 
P type layer 201 below the drain region 9 has an effect of 
spacing the breakdown point of MOSFET from the channel 
portion. 

0273 Accordingly, Embodiment 6 can enhance the short 
channel characteristic and improve the destruction strength 
of the device. 

Embodiment 7 

0274 Embodiment 7 according to this invention is to be 
explained with reference to FIG. 65 and FIG. 66. 
0275 FIG. 65 and FIG. 66 show a cross sectional view 
and a block plan view of a power MOSFET in which gate 
wirings (first layer wirings) are disposed in parallel with a 
gate electrode respectively. FIG. 65 is a cross sectional view 
taken along line E-E' shown in FIG. 66. According to 
Embodiment 1 described previously, the first layer wiring 11 
(M1) connected with the gate electrode is disposed in 
perpendicular to the gate electrode being extended to the 
periphery of the unit block. According to Embodiment 7, the 
gate wiring (first layer wiring) is disposed in parallel with 
the gate electrode and backed by the gate electrode. 

0276. In FIG. 65,300 is a first layer wiring for gate shunt 
disposed for reducing the resistance of the gate wiring. As 
the feature of Embodiment 6, since the drain first layer 
wiring and the gate wiring are opposed to each other, the 
parasitic wiring capacitance between the drain and the gate 
increases but, since the number of the gate wirings is 
identical with the number of gate electrodes and the number 
of gate wirings is increased compared with that in Embodi 
ment 1, this has an effect of reducing the resistance in the 
gate wiring. This embodiment is applied to a case where the 
gate resistance is more effective than the capacitance 
between the drain and gate for the high frequency charac 
teristic. 
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Embodiment 8 

0277 Embodiment 8 according to this invention is to be 
explained with reference to FIG. 67. 
0278) A plan view shown in FIG. 67 (electrode pattern 
layout) is a modification of Embodiment 1 shown in FIG. 2. 
According to Embodiment 8, the second layer wiring for the 
gate is taken out by one from the midpoint of the unit block. 
This makes the distance from the gate pad to each of 
MOSFET cells more uniform compared with the case of 
disposing second layer wirings for the gate on both sides of 
the unit block as shown in FIG. 2. Accordingly, deviation in 
the operation timing due to phase displacement of the input 
signals at the gate of each of the FET cells can be decreased 
to reduce the power loss over for entire chip 171. 

Embodiment 9 

0279 FIG. 68 shows a layout in which shunt of the gate 
by metal wirings (first layer wiring) is not conducted but 
short gate electrodes are arranged. In this case, the parasitic 
wiring capacitance between the drain and the gate can be 
reduced. 

Embodiment 10 

0280 Embodiment 10 according to this invention is to be 
explained with reference to FIG. 69 and FIG. 70. 
0281 FIG. 69 and FIG. 70 show a modification of 
Embodiment 7, and show a cross sectional view and a plan 
view of a power MOSFET in which a source field plate 400 
is disposed. FIG. 70 is a cross sectional view taken along 
line F-F shown in FIG. 69. 

0282. According to Embodiment 10, as shown in FIG. 
69, a portion of the first layer wiring for source extends over 
the offset region 8 to constitute a source field plate 400. That 
is, as shown in FIG. 70, the gate wirings (first layer wiring) 
are arranged in parallel with the gate electrode like that in 
Embodiment 7 and backed by the gate electrode. Then, the 
source field plate 400 is formed by inserting the first layer 
wiring 11 for the source between the drain wiring and the 
gate shunt wiring in a stripe shape along the gate electrode 
7. The field plate 400 is fixed to the ground potential to 
provide an effect of improving the drain breakdown voltage 
by the moderation of electric field intensity of the offset 
region 8. 

Embodiment 11 

0283 An Embodiment 11 according to this invention is to 
be explained with reference to FIG. 71 and FIG. 72. 
0284 FIG. 71 is a plan view of a gate protection diode as 
Embodiment 11, and FIG. 72 is a cross sectional view taken 
along line D-D' in FIG. 71. 
0285) The gate protection diode in Embodiment 1 (refer 
to FIG. 4 and FIG.5) is connected by the second layer wiring 
to the gate pad. On the other hand, in the diode of Embodi 
ment 11, the gate pad and the gate electrode are already 
connected by the first layer wiring. 

0286 This enables to prevent the destruction of the gate 
oxide film due to process damages such as caused by charge 
up in the steps Subsequent to the first layer wiring. 
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Embodiment 12 

0287 Embodiment 12 according to this invention is to be 
explained with reference to FIG. 73. 
0288. In the layout of FIG. 73, two devices of MOSFET 
of this invention used for the output stage of the amplifier 
circuit shown in FIG. 49 are arranged in one chip. Gates and 
drains for both of the devices are connected with resistance 
R of about 1092, respectively. The gate electrode material is, 
for example, used for the resistor. 
0289 Embodiment 12 can decrease the scattering of the 
performance between the two devices and decrease the area 
of chip occupying the module. 

Embodiment 13 

0290 Embodiment 13 according to this invention is to be 
explained with reference to FIG. 74. 
0291. In the layout of FIG. 74, power MOSFET used for 
the input stage and the driver stage of the amplifier circuit 
shown in FIG. 49 are arranged in one chip. Since this is a 
Source-grounded circuit, while the semiconductor Substrate 
1 is in common with them but gates and drains for both of 
the devices are electrically insulated. In this case, a structure, 
for example, of disposing a P type low resistance (leach 
through) layer between both of them and disposing a wiring 
layer on the top surface of the substrate is adopted for the 
shield. Such a structure can be obtained in the course of 
forming the power MOSFET Embodiment 1 with no par 
ticular requirement for the process of forming the shield. 
Also in Embodiment 13, it is possible to save the area of chip 
occupying the module. Further, in Embodiment 13, the two 
MOSFET are laid out in a relation vertically upset to each 
other for improving the area efficiency of the module layout. 
0292 Further, in a so-called dual band amplifier of han 
dling two different frequencies, two sets of a multi-stage 
amplifier circuit are incorporated into one module. There 
fore, chips shown in FIG. 74 are also disposed by two sets. 
In this case, since adjacent FET do not operate simulta 
neously by constituting each of the amplifier circuits using 
the initial stage FET in one chip and the driver stage FET in 
the other chip, stable operation is possible. 

Embodiment 14 

0293 Embodiment 14 according to this invention is to be 
explained with reference to FIG. 75. 
0294. In FIG. 75, current sensing MOSFETs are added to 
the chip of Embodiment 12 shown in FIG. 73. The cell 
structure of MOSFET is identical with that for the output 
stage device, and the gate width is set to about /1000 for the 
output stage device. The current flowing through the output 
stage device is monitored by the structure and fed back to a 
control circuit. Further, MOSFET may sometimes be added 
as a Switching in addition to the current sensing use. This is 
applied, for example, to a case where the device is intended 
for complete OFF operation in the application use, for 
example, for dual band operation. Since the MOSFET has a 
structure of exposing the gate and drain terminals, a protec 
tion device connected to each of the terminals is incorpo 
rated. Since Ms has a small gate width, when a high positive 
voltage is applied to the drain terminal in view of time, the 
energy can not be absorbed by breakdown current, leading 
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to destruction. Further, also in a case of a negative Voltage, 
the body diode is turned ON to flow current but the current 
capacity is insufficient leading to destruction. As a counter 
measure for both of them, a diode having a breakdown 
voltage comparable with FET and of a sufficient size is used 
as the protection device. 

Embodiment 15 

0295) A semiconductor device (P gate N channel type 
silicon Si power MOSFET: P gate MOS) as Embodiment 15 
according to this invention is to be explained with reference 
to FIG. 76 to FIG. 78 and FIG. 82. Embodiment 15 has a 
feature in the gate electrode and the bulk structure for 
reducing the on-resistance. 
<Cross Sectional Structure of Basic Celld 

0296 FIG. 76 is a cross sectional view of a basic cell 
constituted with a P gate MOS as Embodiment 15 of this 
invention. 

0297. The P type gate MOS shown in FIG. 76 comprises 
a P type silicone semiconductor substrate 1, a P type silicon 
semiconductor epitaxy layer 2 having an impurity concen 
tration lower than that of the substrate situated on one main 
Surface of the Substrate, a first N type region (Source region) 
10 and a second N type region (drain region) 9 disposed 
within the main Surface of the epitaxy layer being spaced 
from each other, a third N type region (offset region) 8 
disposed between the source region 10 and the drain region 
9 within the main surface of the epitaxy layer while being 
spaced from the Source region and in contact with the drain 
region and having an impurity concentration lower than that 
in the drain region 9, a P type gate electrode 7 situated on the 
main surface in which the channel is formed between the 
Source region 10 and the offset region 8, overlapping at the 
ends thereof on the source region 10 and the offset region 8. 
respectively, and terminated on the Source region 10 and the 
offset region 8 by way of a gate insulation film (6), a first 
electrode S(1) and a second electrode D electrically con 
nected to the source region 10 and the drain region 9 
respectively, and a third electrode S (2) connected to the 
other main Surface of the semiconductor Substrate 1 opposite 
to the one main Surface, and includes an N type distribution 
area 55 situated between the source region 10 and the offset 
region 8 in which the impurity concentration distribution of 
the impurity in the region (Ptype well region) 5 formed with 
the channel is lowered from the surface to the semiconductor 
substrate 1. FIG. 82 shows the impurity distribution in the P 
type well region 5 shown in FIG. 76 (taken along line G-G'). 
0298. According to Embodiment 15, since the gate elec 
trode is a P type semiconductor, that is, a P type gate, the 
threshold voltage Vth increases by 1V in view of the 
difference of the work function. Therefore, although the N 
type layer 55 is disposed to the surface of the P type 
semiconductor region, a normally off, that is, enhanced State 
can be kept in a state where the gate Voltage is not applied. 
Then, presence of the N type layer 55 provides an effect of 
extending the extension of a depletion layer 400 from a drain 
junction (Jd) as shown in FIG. 77 and, particularly, a portion 
indicated by an arrow A, is free from the effect of the gate 
oxide film boundary by the N type layer 55. Therefore, the 
drain breakdown voltage is improved. In view of the above, 
when a Ptype gate MOSS having a drain breakdown voltage 
of an aimed value identical with that for N type gate MOS 
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is designed, the impurity concentration in the drain offset 
region can be increased. This is because there is no more 
required to extend the depletion layer to the side of the drain 
offset region. Since the concentration in the offset region can 
be increased, the resistance of the drain offset region can be 
reduced. Accordingly, this can contribute to the reduction of 
the on-resistance. 

<Layout for Unit Blocki> 
0299) The layout for the unit block in Embodiment 15 is 
as shown in FIG. 2 like that for Embodiment 1 and, 
accordingly, explanations therefor are to be omitted. 
<Chip Layout> 

0300. The chip layout for Embodiment 15 is as shown in 
FIG. 3 like that for Embodiment 1. Accordingly, explana 
tions therefor are to be omitted. 

<Gate Protection Diode> 

0301 The gate protection diode for Embodiment 15 is as 
shown in FIG. 4 and FIG. 5 like that for Embodiment 1. 
Accordingly, explanations therefor are also omitted. 
<Process> 

0302) A manufacturing method of a P type gate MOS 
Embodiment 15 is to be explained below with reference to 
FIGS. 78(A) and (B). 
0303 Succeeding to the step (3) for Embodiment 1, 
arsenic (AS) of a lower diffusion rate compared with phos 
phorus (P) is introduced into the epitaxy layer 2 by ion 
implantation selectively using a mask PR 2. The ion implan 
tation is conducted under the conditions with an acceleration 
energy of 80 KeV and at a dose of 4.5x10'/cm. Succes 
sively, annealing (950° C. 60 sec) is applied to form an N 
type region (N type region 55 shown in FIG. 76) having a 
peak value of the impurity concentration (about 6x10"/cm) 
on the Surface. Since arsenic (AS) is used as the impurities 
for forming the N type region 55 as described above, the 
impurities less diffuse to the inside of the epitaxy layer and 
the surface of the N type region 55 can be maintained at a 
high impurity concentration. 
0304 Successively, after forming the gate oxide film in 
the step (6) for Embodiment 1, a conductor layer for the gate 
electrode in the step (7) is formed (refer to FIG. 10). At first, 
an intrinsic polycrystal silicon layer 7a is covered by a CVD 
process. Then, boron impurities are introduced to the poly 
crystal silicon layer 7a by ion implantation to form a P type 
gate electrode. Formation of the P type gate electrode by ion 
implantation is adopted with an aim of Suppressing the 
boron concentration in the vicinity of the gate oxide film for 
decreasing the damages to the gate oxide film by boron. 
0305 Subsequently, the process from the step (8) to the 
step (20) of Embodiment 1 is conducted. 

Embodiment 16 

0306 Embodiment 16 provides a P type gate MOS in 
which a shallow offset region 8 is formed only on the side 
of the drain region 9, which is to be explained below with 
reference to FIG. 79 to FIG. 81. 

0307 Embodiment 16 is based on the process for 
Embodiment 15 and an offset region 8 is formed only on the 
side of a drain region 9 Such that phosphorous is not 
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introduced to the surface of a P type well region 5 and a 2 
type source punch-through region 3 by using a mask PR 10 
upon drain offset region forming step (refer to step (10) in 
the process for Embodiment 1). 
0308 Then, as shown in FIG. 80, sourcedrain regions 
(10, 9 are formed. The method of forming the sourcedrain 
regions (10.9) is in accordance with the step (11) of the 
process for Embodiment 1. Subsequently, it goes to the step 
(12) of the process for Embodiment 1. 
0309. By the procedures described above, a P type gate 
MOS is completed as shown in FIG. 81. 
0310. According to Embodiment 16, phosphorus is not 
introduced to the surface of the P type punch-through region 
3 by the PR10. Therefore, ion implantation at high concen 
tration is not required in the introduction of impurities for 
forming the Ptype contact region on the surface of the Ptype 
Source punch-through region 3. That is, ion damage caused 
by high concentration ion implantation can be avoided and 
the Surface impurity concentration in the P type contact 
region can be improved. Accordingly, low resistance contact 
can be attained, which contributes to the reduction of the 
on-resistance. 

0311 Embodiment 16 is applicable also to the N gate 
MOS as in Embodiment 1. 

Embodiment 17 

0312 Embodiment 17 is a modification of Embodiment 
14, which has a buried N type layer in which the peak 
position for the impurity distribution in an N type layer 55 
is set at a position deeper than the Surface of the epitaxy 
layer. The depth for the peak position of the buried N type 
layer is about 0.05 um from the surface thereof and the peak 
concentration thereof is about 2x10'7/cm. 

0313 The manufacturing method for Embodiment 17 is 
conducted based on Embodiment 15. That is, the buried N 
type layer is formed by setting the ion implantation condi 
tions so as to provide the impurity distribution in the step for 
forming the N type layer 55 in Embodiment 15. 
0314. In the P type gate MOS having the buried N type 
layer as in Embodiment 17, since the N type layer is buried, 
Surface scattering of electrons can be avoided by the uneven 
boundary of the gate oxide film. That is, only the scattering 
of bulk has to be considered in Embodiment 16. Accord 
ingly, the carrier mobility can be improved. In other words, 
the on-resistance can be reduced. Embodiment 17 is also 
applicable to the N gate MOS as in Embodiment 1. 
0315 While the invention made by the present inventor 
has been explained based on the preferred embodiments, this 
invention is not restricted only to the embodiments 
described above but can be modified variously within a 
Scope not departing the gist thereof. 
0316 The features of this invention are summarized 
based on the embodiments described above as shown below. 

0317 (1) A semiconductor device according to this 
invention comprises: 
0318 a semiconductor substrate of a first conduction 
type, 

0319 a semiconductor layer of a first conduction type 
formed on the surface of the semiconductor substrate, 
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0320 a first region and a second region of a second 
conduction type opposite to the first conduction type being 
spaced apart from each other situated to a portion of a main 
Surface of the semiconductor layer on both sides of a region 
to be formed with a channel therebetween, the second region 
comprising a low impurity concentration region in contact 
with a region to be formed with the channel and a high 
impurity concentration region in contact with the low impu 
rity concentration region, 

0321 a gate electrode formed by way of a gate insulation 
film above the channel region, 

0322 a leach-through layer of a first conduction type 
formed to other portion of the main surface of the semicon 
ductor layer so as to be in contact with the first region and 
the semiconductor Substrate, 

0323 a first insulation film covering the gate electrode, 
the first region, the second region and the leach-through 
layer, 

0324 a first conductor plug, a second conductor plug and 
a third conductor plug connected, respectively, with the first 
region, the high impurity concentration region of the second 
region and the leach-through layer by way of openings 
disposed in the first insulation film, 

0325 a first conductor layer connected with the first 
conductor plug and the third conductor plug and a second 
conductor layer connected with the second conductor plug, 
and 

a third conductor layer connected with a lower surface of the 
semiconductor Substrate. 

0326 (2) In the constitution (1) described above, a sec 
ond insulation film is covered on the first conductor layer 
and the second conductor layer, a first opening and a second 
opening are disposed to the second insulation film being 
situated on the first conductor plug and the second conductor 
plug, respectively, a first wiring layer is connected with the 
first conductor layer through the fist opening, and a second 
wiring layer is connected with the second conductor layer 
through the second opening. 

(3) In the constitution (1) described above, the third con 
ductor plug is connected with the gate electrode through the 
opening disposed in the first insulation film, and a fourth 
conductor layer is connected with the third plug. 

(4) In the constitution (1) described above, the first conduc 
tor plug and second conductor plug comprise tungsten and 
the first conductor layer and the second conductor layer 
comprise an aluminum alloy. 

(5) In the constitution (4) described above, the first conduc 
tor layer and the second conductor layer comprise an A1Cu 
alloy. 

(6) In the constitution (3) described above, the third con 
ductor plug comprise tungsten and the fourth conductor 
layer comprises an aluminum alloy. 

(7) In the constitution (6) described above, the first conduc 
tor layer and second conductor layer comprise an A1Cu 
alloy. 
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(8) In the constitution (2) described above, the first wiring 
layer and the second wiring layer comprise an aluminum 
alloy. 

0327 (9) In the constitution (1) described above, the first 
conductor plug and the second conductor plug comprise W. 
the first conductor layer and the second conductor layer 
comprise an AICu alloy and the third conductor layer has an 
electrode structure in contact with the lower surface of the 
semiconductor Substrate and containing Ni, Ti and Au. 

0328 (10) In the constitution (3) described above, the 
third conductor plug comprises W. the gate electrode has an 
electrode structure in which a metal silicide is laminated on 
polycrystal Si and the fourth semiconductor layer comprises 
an AICu alloy. 

0329 (11) In the semiconductor device according to this 
invention, an insulated gate field effect transistor and a 
protection diode connected with a gate for protecting the 
transistor are constituted to a semiconductor main body 
comprising a semiconductor Substrate of a first protection 
type and a semiconductor layer of a first conduction type 
formed on the upper Surface of the semiconductor Substrate, 
wherein 

0330) 
0331 a first region and a second region of a second 
conduction type opposite to the first conduction type situated 
being spaced apart from each other on one main surface of 
a semiconductor layer defined by a device isolation region 
on both sides of a channel-forming region, the second region 
comprising a low impurity concentration region in contact 
with a region to be formed with a channel and a high 
impurity concentration region in contact with the low con 
centration region, 

0332 a gate electrode formed above the channel region 
by way of a gate insulation film, 
0333 a first leach-through layer of a first conduction type 
formed to a portion of the first main surface so as to be in 
contact with the first region and the semiconductor Substrate, 
0334 a first insulation film covering the gate electrode, 
the first region, the second region and the first leach-through 
layer, 

0335 a first conductor plug, a second conductor plug and 
a third conductor plug connected, respectively, with the first 
region, the high impurity concentration region of the second 
region and the first leach-through layer through openings 
disposed in the first insulation film, 

0336 a first conductor layer connected with the first 
conductor plug and the third conductor plug, and a second 
conductor layer connected with the second conductor plug, 
and 

the insulated gate field effect transistor comprises: 

0337 a third conductor layer connected with the lower 
Surface of the semiconductor Substrate, and 

0338) 
prising: 

0339 a third region of a second conduction type formed 
to a second main Surface of the semiconductor layer defined 
with a device isolation region, and 

the protection diode is a back-to-back diode com 
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0340 a fourth region and a fifth region of a first conduc 
tion type formed in the third region and constituted with the 
fourth region, the third region and the fifth region. 
(12) In the constitution (12) described above, the fourth 
region is electrically connected with a gate electrode pad 
disposed on the main Surface of the semiconductor layer by 
way of a fourth conductor plug. 
(13) In the constitution (12) described above, the fourth plug 
comprises a plurality of plugs. 

0341 (14) In the constitution (11) described above, the 
second main surface is covered with the first insulation film, 
the fourth conductor plug and the fifth are connected, 
respectively, with the fourth region and the fifth region 
through the openings disposed to the first insulation film, a 
sixth conductor layer and a seventh conductor layer are 
connected with the fourth conductor plug and the fifth 
conductor plug, and a second leach-through layer is dis 
posed to the second main Surface, being in contact with the 
fifth region and in contact with the semiconductor Substrate. 
(15) In the constitution (14) described above, the sixth 
conductor layer extends on the device isolation region, and 
the gate electrode pad is connected with the sixth conductor 
layer on the device isolation region. 
(16) In the constitution (14) described above, the first, 
second, third, fourth and fifth conductor plugs comprise 
tungsten while the first, second, sixth and seventh conductor 
layers comprise an aluminum alloy. 
(17) in the constitution (16) described above, the first, 
second, sixth and seventh conductor layers comprise an 
AlCu alloy. 
0342 (18) In an insulated gate type field effect semicon 
ductor power device having a drain offset region according 
to this invention, an N type source region and an N type 
drain region having an offset region are formed, being 
spaced apart from each other, to a P type silicon semicon 
ductor layer, a gate electrode is formed by way of a gate 
insulation film to the surface of the P type silicon semicon 
ductor layer as a channel region between the N type source 
region and the offset region, and the gate electrode com 
prises a silicon semiconductor layer containing Ptype impu 
rities. 

(19). In the constitution (19) described above, the gate 
electrode comprises a polycrystal silicon layer containing P 
type impurities and a metal silicide layer formed on the 
polycrystal silicon layer. 

(20) In the constitution (18) described above, the gate 
insulation film comprises a first silicon oxide film formed by 
thermal oxidation and a second silicon oxide film formed by 
gas phase chemical growing on the silicon oxide film. 
(21) A semiconductor device according to this invention 
comprises: 

0343) 
0344 a P type silicon semiconductor layer situated to one 
main Surface of the Substrate and having an impurity con 
centration lower than that of the substrate, 
0345 a first N type region and a second N type region 
disposed being spaced from each other within a main Surface 
of a semiconductor layer, 

a P type silicon substrate, 
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0346 a third N type region situated between the first N 
type region and the second N type region in the main Surface 
of the semiconductor region, being spaced apart from the 
first N type region and in contact with the second N type 
region, and having an impurity concentration lower than that 
of the second N type region, 
0347 a gate electrode disposed by way of a gate insula 
tion film and situated between the first N type region and the 
third N type region on the main Surface of the semiconductor 
layer to be formed with a channel, overlapping at the ends 
thereof on the first region and the third region respectively, 
and terminating on the first region and the third region 
respectively, 

0348 a first electrode and a second electrode connected 
with the first region and the second region, respectively and 
0349 a third electrode connected with the other main 
Surface of the semiconductor Substrate opposite to one main 
surface in which 

0350 the distribution of the impurity concentration in the 
semiconductor layer situated between the first N type region 
and the third N type region comprises and an N type 
distribution decreasing from the Surface of the semiconduc 
tor layer to the semiconductor Substrate. 
(22) A semiconductor device according to this invention 
comprises: 

0351) 
0352 a P type silicon semiconductor layer situated on 
one main surface of the Substrate and having an impurity 
concentration lower than that of the substrate, 
0353 a first N type region and a second N type region 
disposed being spaced apart from each other in the main 
Surface of the semiconductor layer, 
0354 a third N type region situated between the first N 
type region and the second N type region in the main Surface 
of the semiconductor layer, being spaced apart from the first 
N type region and in contact with the second N type region 
and having an impurity concentration lower than that of the 
second N type region. 
0355 a gate electrode disposed by way of the gate 
insulation film and situated between the first N type region 
and the third N type region on the main surface of the 
semiconductor layer to be formed with a channel. So as to 
overlap at the ends thereof on the first region and the second 
region, respectively, and terminate on the first region and the 
third region, respectively, 

0356 a first electrode and a second electrode connected, 
respectively, with the first region and the second region, and 
0357 a third electrode connected the other main surface 
of the semiconductor Substrate opposite to the one main 
Surface, in which 

0358 the distribution of the impurity concentration in the 
semiconductor layer situated between the first N type region 
and the third N type region comprises a P type distribution 
area increasing from the Surface of the semiconductor layer 
to the semiconductor substrate and an N type distribution 
area overlapping on the P type distribution area and having 
a peak for the impurity concentration at the inside spaced 
apart from the Surface of the semiconductor layer. 

a P type silicon semiconductor Substrate, 
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(23) A semiconductor device according to this invention 
comprises: 

0359 a semiconductor substrate of a first conduction 
type, 

0360 a semiconductor layer of a first conduction type 
situated to one main Surface of the semiconductor Substrate 
and having an impurity concentration lower than that of the 
semiconductor Substrate, 

0361 a first region and a second region of a second 
conduction type opposite to the first conduction type dis 
posed being spaced apart from each other in the main Surface 
of the semiconductor layer. 

0362 a third region situated between the first region and 
the second region in the main Surface of the semiconductor 
layer, being spaced apart from the first region and in contact 
with the second region and having an impurity concentration 
lower than that of the first region, 

0363 a gate electrode disposed by way of a gate insula 
tion film on the main Surface of the semiconductor layer and 
situated between the first region and the third region, so as 
to overlap at a portion thereof with the first region and the 
third region, respectively, 

0364 a first electrode and a second electrode connected, 
respectively, with the first region and the second region, and 

0365 a third electrode connected to the other main sur 
face of the semiconductor Substrate opposite to one main 
Surface, in which 

0366 a fourth region of a first conduction type terminat 
ing in the third region is formed selectively to the main 
surface of the semiconductor layer situated between the first 
region and the third region, and having 

0367 a pocket layer of a first conduction type having an 
impurity concentration higher than the impurity concentra 
tion at the surface of the fourth region being disposed in the 
fourth region situated below the gate electrode at a position 
deeper than the third region. 

(24) In the constitution (23) described above, the first 
electrode and the third electrode are connected electrically. 

(25) In the constitution (23) described above, a fifth region 
of a first conduction type in contact with the first region and 
the semiconductor Substrate is disposed to the first semicon 
ductor layer. 

(26) In the constitution (23) described above, the third 
electrode is connected with a first reference potential and the 
second electrode is connected with a second potential. 

(27) In the constitution (26) described above, the third 
electrode is a source electrode and the second electrode is a 
drain electrode. 

(28) In the constitution (26) or (27) described above, the first 
referential potential is a ground potential and the second 
reference potential is a power Source potential. 

(29) In the constitution (23) described above, the pocket 
layer is formed by ion implantation obliquely relative to the 
main Surface of the semiconductor layer. 
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(30) A semiconductor device according to this invention 
comprises: 

0368 
type, 

0369 a semiconductor layer of a first conduction type 
situated to one main Surface of the Substrate and having an 
impurity concentration lower than that of the semiconductor 
Substrate, 

0370 a first region and a second region of a second 
conduction type opposite to the first conduction type dis 
posed being space apart from each other in the main Surface 
of the semiconductor layer, 
0371 a third region disposed between the first region and 
the second region in the main Surface of the semiconductor 
layer, situated being spaced apart from the first region and in 
contact with the second region and having an impurity 
concentration lower than that of the first region, 
0372 a gate electrode disposed by way of a gate insula 
tion film on the main Surface of the semiconductor layer and 
situated between the first region and the third region, so as 
to overlap at a portion thereof on the first region and the third 
region, respectively, 

0373) a first electrode and a second electrode connected, 
respectively, with the first region and the second region, 

0374 a third electrode connected with the other main 
Surface opposite to one main Surface of the semiconductor 
substrate, in which 

0375 the first film thickness of the gate insulation film 
present between overlap of the third region and the gate 
electrode is greater than the second film thickness of the gate 
insulation film on the main Surface of the semiconductor 
layer situated between the first region and the third region. 

0376 (31) In the constitution (30) described above, a 
fourth region of a first conduction type terminating in the 
third region is formed selectively to the main surface of the 
semiconductor layer situated between the first region and the 
third region. 

(32) In the constitution (30) or (321) described above, the 
first electrode and the third electrode are connected electri 
cally. 

a semiconductor Substrate of a first conduction 

(33) In the constitution (30) described above, a fifth region 
of a first conduction type in contact with the first region and 
the semiconductor Substrate is disposed to the first semicon 
ductor layer. 

(34) In the constitution (30) described above, the third 
electrode is connected with a first reference potential and the 
second electrode is connected with a second reference 
potential. 

(35) In the constitution (34) described above, the third 
electrode is a source electrode and the second electrode is a 
drain electrode. 

(36) In the constitution (34) or (35) described above, the first 
reference potential is a ground potential and the second 
reference potential is a power source potential. 

(37) In the constitution (30) described above, the gate 
insulation film of the first film thickness is formed with a 
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thickness greater than the gate insulation film of the second 
film thickness So as to form a tapered shape. 
(38) In the constitution (37) described above, the gate 
insulation film of the first film thickness comprises a birds 
beak structure. 

(39) A semiconductor device according to this invention 
comprises: 

(a) a semiconductor Substrate of first conduction type, 
(b) a semiconductor layer of a first conduction type disposed 
on one main Surface of the semiconductor Substrate and 
having an impurity concentration lower than that of the 
semiconductor Substrate, 
(c) a first region and a second region of a second conduction 
type opposite to the first conduction type disposed being 
spaced from each other in the main Surface of the semicon 
ductor layer, 
0377 (d) a third region situated in the main surface of the 
semiconductor layer between the first region and the second 
region, being spaced apart from the first region and in 
contact with the second region, and having an impurity 
concentration lower than that in the first region. 
0378 (e) a gate electrode disposed by way of a gate 
insulation film on the main Surface of the semiconductor 
layer and situated between the first region and the third 
region, so as to overlap at a portion thereof on the first region 
and the third region, respectively. 
(f) a first electrode and a second electrode connected, 
respectively, with the first region and the second region, and 
(g) a third electrode connected to the other main Surface 
opposite to one main Surface of the semiconductor Substrate, 
in which 

0379 a bird’s beak is present between overlap of the third 
region and the gate electrode and 
0380 the concentration of the impurity on the surface of 
the third region is Substantially equal with or higher than the 
impurity concentration of the second region. 
(40). In the constitution (39) described above, the impurity 
concentration on the Surface of the third region has a peak 
value of 1E18(1x10" cm) or more. 
(41) In the constitution (39) or (40) described above, the 
impurity concentration on the Surface of the third region is 
distributed within a depth of 0.005 um from the surface. 
(42) A semiconductor device according to this invention 
comprises: 

0381 a substrate in which a semiconductor layer of a first 
conduction type having a low impurity concentration is 
formed at the main Surface, 
0382 a first region and a second region of a second 
conduction type opposite to the first conduction type dis 
posed, being spaced apart from each other, in the main 
Surface of the semiconductor layer, 
0383 a third region disposed in the main surface of the 
semiconductor layer between the first region and the second 
region, being spaced apart from the first region and in 
contact with the second region, and having an impurity 
concentration lower than that of the first region, 
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0384 a gate electrode situated by way of a gate insulation 
film on the main Surface of the semiconductor layer and 
situated between the first region and the third region so as to 
overlap at a portion thereof with the first region and the third 
region, respectively, and 
0385 a well region of a first conduction type formed in 
the semiconductor layer below the gate insulation film, in 
which 

0386 the first film thickness of the gate insulation film 
present between overlap of the third region gate electrode is 
formed at a thickness greater than the second film thickness 
of the gate insulation film on the main Surface of the 
semiconductor layer situated between the first region and the 
third region, and the third region comprises a shallow high 
concentration region and a deep low concentration region. 
(43) In the constitution (42) described above, the well region 
terminates in the third region. 
(44) In the constitution (42) described above, the well region 
terminates below the gate electrode. 
(45) In the constitution (42) described above, the gate 
electrode comprises a polycrystal silicon layer containing P 
type impurities and a high melting silicide layer laminated 
on the polycrystal silicon. 
(46) A semiconductor device according to this invention 
comprises: 

0387 a semiconductor substrate of a first conduction 
type, 

0388 a semiconductor layer of a first conduction type 
formed on a main Surface of the Substrate, 
0389 a first region and a second region of a second 
conduction type opposite to the first conduction type situ 
ated, being spaced apart from each other, in the main Surface 
of the semiconductor layer, 
0390 a third region of a second conduction type formed 
on the main surface of the conductor layer between the first 
region and the second region, so as to be spaced apart from 
the first region and in contact with the second region, 
0391 a gate oxide film disposed to the main surface of 
the semiconductor layer as a channel region between the first 
region and the third region, 
0392 a gate conductor layer disposed on the gate oxide 
film, 
0393 a first conductor layer connected with the first 
region, 

0394 a second conductor layer connected with the sec 
ond region, and 
0395 a third conductor layer connected with the rearface 
of the semiconductor substrate, in which 

0396 the film thickness for each of the first gate oxide 
film situated between the first region and the gate insulation 
film and a second gate oxide film situated between the third 
region and the gate insulation film is greater than the 
thickness of the third gate oxide film disposed to the main 
Surface of the semiconductor layer as the channel region. 
(47) In the constitution (46) described above, a fourth region 
of the first conduction type terminates in the third region on 
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the main Surface of the semiconductor layer situated 
between the first region and the third region. 

(48) In the constitution (46) or (47) described above, the first 
conductor layer and the conductor layer are connected 
electrically. 

(49) In the constitution (46) described above, a fifth region 
of a first conduction type in contact with the first region and 
the semiconductor region is disposed to the first semicon 
ductor layer. 

(50) In the constitution (46) described above, the third 
conductor layer is connected with a first referential potential 
and the second conduction layer is connected with a second 
referential potential. 

(51) In the constitution (50) described above, the third 
conductor layer is a source rearface electrode and the second 
conductor layer is a drain electrode. 

(52) In the constitution (50) or (51) described above, the first 
reference potential is a ground potential and the second 
reference potential is a power Source potential. 

(53) In the constitution (46) described above, the first gate 
oxide film and the second gate oxide film comprise a birds 
beak structure. 

0397 (54) An insulated gate type semiconductor device 
having, on the main Surface of a semiconductor layer, a 
plurality of channel regions, a drain region and a Source 
region disposed on both side of each of the channel regions, 
and a conductor layer for a gate electrode disposed by way 
of a gate insulation film on each of the channel region 
Surfaces, wherein 

0398 a metal plug is connected with the main surface of 
each of the drain regions and each of the source regions, 

0399 a first metal conductor layer is connected with each 
of the metal plugs, 

04.00 an interlayer insulation film is covered on the first 
metal conductor layer, 

04.01 a second metal conductor layer for the drain is 
connected in common with each of the first metal conductor 
layers for the drain of the first metal conductor layers 
through the openings for the connection of drain disposed to 
the interlayer insulation film being situated on the metal plug 
connected with the drain region, 

0402 a second metal conductor layer for the source is 
connected in common with each of the first metal conductor 
layers for the source of the first metal conductor layers 
through the source connecting openings disposed to the 
interlayer insulation film, 

0403 a second metal conductor layer for the gate is 
connected in common with each of the first metal conductor 
layers for the gate of the first metal conductor layers through 
the gate connecting openings disposed to the interlayer 
insulation film, 

0404 the second metal conductor layer for the drain has 
a drain bonding pad, and 

04.05 the second metal conductor layer for the gate has a 
gate bonding pad. 
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(55) In the constitution (54) described above, the semicon 
ductor layer is formed on the surface of the semiconductor 
Substrate and a source electrode is disposed to the rearface 
of the semiconductor substrate. 

0406 (56) In the constitution (55) described above, a 
penetration layer of a conduction type identical with that the 
of the semiconductor layer and having a higher impurity 
concentration than that of the semiconductor layer that 
extends to the semiconductor Substrate is disposed in the 
semiconductor layer, and the first metal conductor layer for 
the Source is connected with the main Surface of the pen 
etration layer by way of a metal plug. 

0407 (57) In the constitution (56) described above, the 
second metal conductor layer for the source is connected 
with the first metal conductor layer for the source through a 
Source connecting opening disposed to the interlayer insu 
lation film situated on the metal plug. 
(58) In the constitution (56) described above, the second 
metal conductor layer for the Source has a source pad for 
probing. 

0408 (59) In the constitution (56) described above, an 
extension of the second metal conductor layer for the source 
is disposed adjacent with the drain pad, other penetration 
layer having the same constitution as the penetration layer 
described above is disposed in the semiconductor layer 
being situated below the extension and the extension is 
electrically connected with the other penetration layer. 
04.09 (60) In the constitution (56) described above, a 
second metal conductor layer for the source different from 
the second metal conductor layer for the source described 
above is disposed adjacent with the gate pad, other penetra 
tion layer having the same constitution as the penetration 
layer described above is disposed being situated below the 
different second metal conductor layer for the source in the 
semiconductor layer, and the different second metal conduc 
tor layer for the source is electrically connected with the 
other penetration layer. 

(61) In the constitution (59) described above, the first metal 
conductor layer for the gate is disposed along the conductor 
layer for the gate electrode, 
0410 the first metal conductor layer for the drain and the 

first conductor layer for the source are disposed, respec 
tively, along the first metal conductor layer for the gate, 
0411 the second metal conductor layer for the drain is 
disposed along the first metal conductor layer for the drain 
being situated on the first metal conductor layer for the 
drain, and 

0412 the second metal conductor layer for the source is 
disposed along the first metal conductor layer for the source 
being situated on the first metal conductor layer for the 
SOUC. 

0413 (62) An insulated gate type semiconductor device 
having a plurality of channel regions, a drain region and a 
Source region disposed on both sides of each of the channel 
regions and a conductor layer for the gate electrode disposed 
to the Surface of each of the channel regions by way of a gate 
insulation film to a main Surface of a semiconductor chip 
having a semiconductor layer, and including insulated type 
field effect transistors as a unit block, wherein 
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0414 a metal plug is connected with the main surface of 
each of the drain regions and each of the source regions, 

0415 a first metal conductor layer is connected with each 
of metal plugs, 

0416) an interlayer insulation film is covered on the first 
metal conductor layer, 

0417 a second metal conductor layer for the drain is 
connected in common with each of the first metal conductor 
layers for the drain of the first metal conductor layers 
through drain connecting openings disposed to the interlayer 
insulation film being situated on the metal plug connected 
with the drain region, 

0418 a second metal conductor layer for the source is 
connected in common with each of the First metal conductor 
layers for the source of the first metal conductor layers 
through source connecting openings disposed to the inter 
layer insulation film, 

0419 a second metal conductor layer for the gate is 
connected in common with each of the first metal conductor 
layers for the gate of the first metal conductor layers through 
gate connecting openings disposed to the interlayer insula 
tion film, 

0420 the second metal conductor layer for the drain 
having a drain bonding pad and 

0421 the second metal conductor layer for the gate has a 
gate bonding pad, and wherein 

0422 the insulated gate type field effect transistors of the 
unit block are disposed in plurality to the main surface of the 
semiconductor chip. 

0423 (63) In the constitution (62) described above, the 
semiconductor chip has a first side and a second side 
opposed to each other, a plurality of the insulated gate type 
field effect transistors of the unit block are disposed in 
parallel along the first side and the second side, drain 
bonding pads are disposed along the first side, and gate 
bonding pads are disposed along the second side. 

(64) In the constitution (63) described above, the second 
metal conductor layer for the Source has a source pad for 
probing and source pad for probing in the unit block are 
disposed along the second side. 

(65) In the constitution (63) described above, gate protection 
devices are connected electrically with the gate bonding 
pads disposed to the outermost side respectively. 

0424 (66) In the constitution (65) described above, a 
metal connection layer identical with the first metal conduc 
tor layer is formed on the main surface of the semiconductor 
chip, and the gate protection device and the bonding pad are 
connected by the metal connection layer. 

0425 (67) An insulated gate type semiconductor device 
having a plurality of channel regions, a drain region and a 
Source region disposed on both sides of each of the channel 
regions, and a conductor layer for the gate electrode dis 
posed by way of a gate insulation film to the Surface of each 
of the channel regions to a main Surface of a semiconductor 
chip having a semiconductor layer, and including insulated 
gate type field effect transistors as a unit block, wherein 
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0426 metal plugs are connected with the main surface of 
each of the drain regions and each of the source regions, 
0427 a first metal conductor layer is connected with each 
of the metal plugs, 
0428 an interlayer insulation film is covered on the first 
metal conductor layer, 
0429 a second metal conductor layer for the drain is 
connected in common with each of the first metal conductor 
layers for the drain of the first metal conductor layers 
through drain connecting openings disposed in the interlayer 
insulation film being situated on the metal plug connected 
with the drain region, 
0430 a second metal conductor layer for the source is 
connected in common with each of the first metal conductor 
layers for the source of the first metal conductor layers 
through source connecting openings disposed in the inter 
layer insulation film, 
0431 a second metal conductor layer for the gate is 
connected in common with each of the first metal conductor 
layers for the gate of the first metal conductor layers through 
gate connecting openings disposed in the interlayer insula 
tion film, 

0432 the second metal conductor layer for the drain has 
a drain bonding pad, 

0433 the second metal conductor layer for the gate has a 
gate bonding pad, and wherein 
0434 the insulated gate type field effect transistors of the 
unit block are disposed in plurality on the main Surface of 
the semiconductor Substrate, and 

0435 the first metal conductor layer for the gate and the 
second metal conductor layer for the gate are connected 
between each of the unit blocks. 

0436 (68) An insulated gate type semiconductor device 
having a plurality of channel regions, a drain region and a 
Source region disposed on both sides of each of the channel 
regions, and a conductor layer for the gate electrode dis 
posed by way of a gate insulation film to the Surface of each 
of the channel regions to a main Surface of a semiconductor 
chip having a semiconductor layer, wherein 

0437 metal plugs are connected to the main surface of 
each of the drain regions and each of the source regions, 

0438 a first metal conductor layer is connected with each 
of the metal plugs, 

0439 an interlayer insulation film is covered on the first 
metal conductor layer, 
0440 a second metal conductor layer for the drain is 
connected in common with each of the first metal conductor 
layers for the drain of the first metal conductor layers 
through drain connecting openings disposed in the interlayer 
insulation film being situated on the metal plugs connected 
with the drain regions, 
0441 a second metal conductor layer for the gate is 
connected in common with each of the first metal conductor 
layers for the gate of the first metal conductor layers through 
gate connecting openings disposed to the interlayer insula 
tion film, 
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0442 the second metal conductor layer for the drain has 
a drain bonding pad, 

0443 the second metal conductor layer for the gate has a 
gate bonding pad, 

0444 the drain region is a common drain region put 
between the channel regions and 
0445 the conductor layers for the gate electrodes are 
disposed independently of each other. 

0446 (69) In the insulated gate type semiconductor 
device according to this invention, first and second insulated 
gate type field effect transistors each having a plurality of 
channel regions, a drain region and a source region disposed 
on both sides of each of the channel regions, and a gate 
electrode disposed by way of a gate insulation film to the 
Surface of each of the channel regions are disposed to the 
main surface of a semiconductor Substrate having a semi 
conductor layer, a first resistor for impedance matching is 
electrically connected with each of the drain regions of the 
first and second insulated gate type field effect transistors 
and a second resistor for impedance matching is electrically 
connected with each of the conductor layers for the gate 
electrodes of the first and second insulated gate field effect 
transistors. 

(70) In the constitution (69) described above, the first and 
second resistors comprise a material identical with that of 
the conductor layer for the gate electrode. 

0447 (71) In the constitution (69) described above, cur 
rent sensing devices constituted in the same manner as the 
first and second insulate gate type field effect transistors are 
disposed on the main Surface of semiconductor Substrate, 
and a shield layer is disposed between the first or the second 
insulated gate type field effect transistor and the current 
sensing device. 

0448 (72) In the constitution (71) described above, the 
shield layer comprises a semiconductor region extending 
from the main Surface to the semiconductor Substrate, a 
metal plug connected with the semiconductor region, a first 
metal conductor layer connected with the metal plug and a 
second metal conductor layer connected with the first metal 
conductor layer. 

0449 (73) In the insulated gate type semiconductor 
device according to this invention, first and second insulated 
gate type field effect transistors each having a plurality of 
channel regions, a drain region and a source region disposed 
on both sides of each of the channel regions, and a conductor 
layer for a gate electrode disposed by way of a gate 
insulation film to the Surface of each of the channel regions 
are disposed to the main Surface of a semiconductor Sub 
strate having a semiconductor layer, a drain bonding pad and 
a gate bonding pad to the first and second insulated gate type 
field effect transistors are disposed respectively to the main 
surface, a source electrode is disposed to the rearface of the 
semiconductor Substrate and a shield layer is disposed 
between the first and second insulated gate type field effect 
transistor. 

0450 (74) In the constitution (73) described above, the 
shield layer comprises a semiconductor region extending 
from the main Surface to the semiconductor Substrate, a 
metal plug connected with the semiconductor region, a first 
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metal conductor layer connected with the metal plug and a 
second metal conductor layer connected with the first metal 
conductor layer. 
0451 (75) In a method of manufacturing a semiconductor 
device comprising a semiconductor Substrate of a first 
conduction type, a semiconductor layer of a first conduction 
type formed to the upper Surface of the semiconductor 
substrate, a field insulation film formed for defining a device 
forming region to the main Surface of the semiconductor 
layer, a first region and a second region of a second 
conduction type opposite to the first conduction type situ 
ated, being spaced apart from each other, in the device 
forming region on both sides of a region to be formed with 
a channel, the second region comprising a low impurity 
concentration region in contact with a region to be formed 
with the channel and a high impurity concentration region in 
contact with the low impurity concentration region, and 
having a gate electrode formed by way of a gate insulation 
film above the channel region, and a leach-through layer of 
a first conduction type formed in the device forming region 
So as to be in contact with the first region and the semicon 
ductor Substrate, the method comprises: 
0452 a step of introducing impurities for forming the 
leach-through layer selectively on the main surface of the 
semiconductor layer, 
0453 a step of forming the field insulation film selec 
tively to the main surface of the semiconductor layer by 
thermal oxidation, and extending the impurities to form the 
leach-through layer in contact with the semiconductor Sub 
Strate, 

0454 a step of forming the gate insulation film to the 
surface of the device forming region defined by the field 
insulation film, 
0455 a step of forming the gate electrode on the gate 
insulation film and then 

0456 a step of forming the first region and the second 
region in the device forming region. 

(76) In the constitution (75) described above, the semicon 
ductor layer is formed to a thickness of 2.5 um or more and 
3.5 um or less. 
0457 (77) In the constitution (75) described above, 
impurities of a first conduction type are introduced after the 
step of forming the field insulation film, into the device 
forming region to form a well region as a region for forming 
the channel. 

(78) In the constitution (77) described above, the introduc 
tion of the impurities of the first conduction type is con 
ducted by ion implantation for two stages. 

(79) In the constitution (75) described above, an annealing 
treatment is conducted after the step of forming the field 
insulation film and before forming the well. 
(80) In the constitution (75) described above, the low 
impurity concentration is formed by self alignment to the 
gate electrode. 
0458 (81) In the constitution (80) described above, the 
low impurity concentration region is formed by a first ion 
implantation step of introducing impurities of the second 
conduction type in the device forming region and a second 
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ion implantation step of introducing impurities of the second 
conduction type at a concentration higher than that in the 
first ion implantation. 

(82) In the constitution (79) described above, the method 
includes 

0459 a step of forming a birds beak oxide film by 
thermal oxidation situated below and the gate electrode on 
the surface of the device forming region to be formed with 
the low impurity concentration region after the step of 
forming the gate electrode. 

0460 (83) In the constitution (82) described above, the 
gate electrode comprises a polycrystal silicon layer in con 
tact with the gate insulation film, and the birds beak oxide 
film is formed by thermally oxidizing the end of the poly 
crystal silicon layer. 

0461 (84) In the constitution (75) described above, the 
method includes a step of forming the birds beak oxide film 
by thermal oxidation on the surface of the device forming 
region situated below both ends of the gate electrode after 
the step of forming the gate electrode. 

0462 (85) In the constitution (84) described above, the 
gate electrode comprises a polycrystal silicon layer in con 
tact with the gate insulation film and the birds beak oxide 
film is formed by thermally oxidizing the end of the poly 
crystal silicon layer. 

(86) In the constitution (75) described above, an oxynitride 
film is formed by a heat treatment in a nitrogen-containing 
oxygen atmosphere in the step of forming the gate insulation 
film. 

(87) In the constitution (82) or (84) described above, the 
birds beak oxide film is formed by thermal oxidation 
containing nitrogen. 

(88) In the constitution (82) or (84) described above, nitro 
gen ions are introduced into the birds beak oxide film by ion 
implantation after forming the birds beak oxide film. 

(89) The method of manufacturing a semiconductor device 
according to this invention comprises: 

(a) a step of preparing a semiconductor Substrate having a 
semiconductor layer of a first conduction type at the main 
Surface, 

(b) a step of introducing impurities of a first conduction type 
selectively for forming a leach-through layer extending to 
the semiconductor Substrate on the main Surface of the 
semiconductor layer, 
(c) a step of selectively forming a field insulation film for 
defining a device forming region to the main Surface of the 
semiconductor layer by thermal oxidation, 

(d) a step of forming a gate insulation film to the Surface of 
the device forming region defined by the field insulation 
film, 

(e) a step of forming a gate electrode on the gate insulation 
film, 

(f) a step of forming an offset region of the first conduction 
type in self alignment to the gate electrode in the device 
forming region, 
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0463) (g) a step of forming a first region of a first 
conduction type self aligned with the gate electrode, and 
forming a second region of a first conduction type being 
spaced apart from the gate electrode end and being in contact 
with the offset region and having an impurity concentration 
higher than that of the offset region, respectively, and, 
Successively, 

(h) a step of forming a first insulation film So as to cover the 
device forming region, 

(i) a step of forming openings to the first insulation film for 
exposing the main Surfaces of the first region and the second 
region and the leach-through layer, 

() a step of forming first, second and third metal plugs 
connected with the main Surfaces of the first region and the 
second region and the leach-through layer, respectively, in 
the openings, 

(k) a step of forming a first conductor layer of connecting the 
first metal plug and the third metal plug to each other and 
forming a second conductor layer for connection with the 
second metal plug, respectively, by patterning and 

(1) a step of forming a third conductor layer to the rearface 
of the semiconductor substrate. 

(90) In the constitution (89) described above, the rearface of 
the semiconductor substrate is grounded before the step (12) 
described above. 

(91) In the constitution (89) described above, the method 
comprises, succeeding to the step (12) described above: 

(m) a step of covering a second insulation film on the first 
conductor layer and the second conductor layer and 

(n) a step of forming, to the second insulation film, a first 
opening and a second opening, respectively, being situated 
on the first conductor plug and the second conductor plug, 
and 

0464 (o) a step of forming a first wiring layer connected 
with the first conductor layer through the first opening and 
forming a second wiring layer connected with the second 
conductor layer, respectively, through the second opening, 
by patterning. 

(92) In the constitution (89) described above, the method 
comprises a step of introducing impurities of a first conduc 
tion type to form a well region prior to the step (e). 

(93) In the constitution (92) described above, the well 
forming step is conducted Succeeding to the step (d). 

(94) In the constitution (94) or (93) described above, the 
well forming step is conducted by ion implantation for two 
Stages. 

(95) In the constitution (89) described above, the first 
insulation film in the step (g) is a silicon nitride film. 

0465 (96) In the constitution (92) described above, the 
method includes a step of ion implanting impurities of the 
first conduction type obliquely relative to the main Surface 
of the device forming region in the well region after the step 
(e) thereby forming a buried region situated below the gate 
electrode. 
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(97). In the constitution (96) described above, 
0466 the mask that has been used for forming the first 
region and the second region in the step (h) is used in the 
step of forming the buried region. 

0467 (98) In an insulated gate type semiconductor device 
according to this invention, an insulated gate type field effect 
transistor is formed on the Surface of a high resistance layer 
of a first conduction type formed on a low resistance 
semiconductor substrate of the identical first conduction 
type, wherein 

0468 a low resistance source region of a second conduc 
tion type opposite to the first conduction type is connected 
by way of a low resistance layer of the first conduction type 
formed in the high resistance layer with the low resistance 
Substrate, a low resistance drain region of a second conduc 
tion type of the semiconductor device constitutes an offset 
structure spaced apart from the end of a gate electrode by 
way of a high resistor layer of the second conduction type, 
the length of the gate electrode in the direction of the 
channel is 0.35um or less, the thickness of the gate oxide 
film is 10 nm or more and 12 nm or less, the offset length 
of the drain region from the gate electrode end is 0.4 um or 
more and 0.8 um or less and the thickness of the high 
resistance layer on the semiconductor Substrate is 2.5 um or 
more and 3.5 um or less. 
0469 (99) In a high frequency module constituting an 
amplifier circuit with a plurality of semiconductor chips 
constituting insulated gate type field effect transistors, each 
of the semiconductor chips includes an insulated gate type 
field effect transistor as a unit block, each comprising 
0470 a plurality of channel regions a drain region and a 
Source region disposed on both sides of each of the channel 
regions, and a conductor layer for a gate electrode on the 
main surface of a semiconductor Substrate having a semi 
conductor layer disposed by way of a gate insulation film on 
the Surface of each of the channel regions, in which metal 
plugs are connected to the main Surfaces of each of the drain 
regions and each of the source regions, wherein 

0471) a first metal conductor layer is connected with each 
of the metal plugs, 

0472 an interlayer insulation film is covered on the first 
metal conductor layer, 

0473 a second metal conductor layer for the drain is 
connected in common with each of the first metal conductor 
layers for the drain of the first metal conductor layers 
through drain connection openings disposed to the interlayer 
insulation film being situated on the metal plug connected 
with the drain region, 

0474 a second conductor layer for the source is con 
nected in common with each of the first metal conductor 
layers for the source of the first metal conductor layers 
through source connection openings disposed to the inter 
layer insulation film, 

0475 a second conductor layer for the gate is connected 
in common with each of the first metal conductor layers for 
the gate of the first metal conductor layers through gate 
connection openings disposed to the interlayer insulation 
film, 
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0476 the second metal conductor layer for the drain has 
a drain bonding pad, and 

0477 the second metal conductor layer for the gate has a 
gate bonding pad, and 

0478 the insulated gate type field effect transistors of the 
unit block are disposed in plurality on the main Surface of 
the semiconductor layer. 

0479. According to this invention, the power-added effi 
ciency of the power MOSFET used for portable telephone 
terminals such as on GSM, PCS, PDC or CDMA systems 
can be improved while ensuring the output power and 
breakdown voltage. Then, in the module for the GSM 
system using the device, it is possible to attain an output 
power of 4 W and an overall efficiency of 55%. Further, the 
module mounting area can also be decreased by miniatur 
ization and integration of the chip. 

0480. Although the invention has been described in its 
preferred form with a certain degree of particularity, it is 
understood that the present disclosure of the preferred form 
has been changed in the details of construction and the 
combination and arrangement of parts may be resorted to 
without departing from the spirit and the scope of the 
invention as hereinafter claimed. 

What is claimed: 

1. A semiconductor device having a plurality of MISFETs 
formed on a main Surface of a semiconductor Substrate, each 
MISFET comprising: 

a drain region and a source region formed on the semi 
conductor Substrate; 

a channel-forming region between the Source region and 
the drain region; 

a gate insulation film formed over the channel-forming 
region; 

a gate electrode formed over the gate insulation film; 

a drain offset region formed between the gate electrode 
and drain region; 

a well region formed under the channel-forming region 
and source region; 

a first insulation film formed over the plurality of MIS 
FETs; and 

a first wiring formed over the first insulation film, which 
is electrically connected with the source region; 

a second wiring formed over the first insulation film, 
which is electrically connected with the drain region, 

wherein a first film thickness of the gate insulation film 
directly under an edge of the gate electrode is greater 
than a second film thickness of the gate insulation film 
directly under a center of the gate electrode. 

2. A semiconductor device according to claim 1, wherein 
each MISFET of the plurality of MISFETs constitutes a unit 
block of the power amplifier circuit. 
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3. A semiconductor device according to claim 2, wherein 
the gate electrodes, Source regions and drain regions of the 
unit blocks are electrically connected, respectively. 

4. A semiconductor device according to claim 3, wherein 
each unit block has a gate pad and a drain pad; and 

the gate pad and the drain pad are electrically connected 
with the gate electrode and the drain region, respec 
tively. 
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5. A semiconductor device according to claim 1, wherein 
a source electrode is formed on a back surface of the 
semiconductor Substrate; and 

the source region and Source electrode are electrically 
connected. 

6. A semiconductor device according to claim 1, wherein 
the semiconductor device constitutes a power amplifier 
circuit employed in a mobile communication apparatus. 
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