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57 ABSTRACT 
The disclosed bridge circuit is fabricated using power 
MOS technology. Common terminals of the bridge 
circuit are integrated into common regions in the imple 
mentation. Electrodes, typically coupled together in the 
bridge circuit, are implemented by a shared conducting 
region in the integrated circuit of the semiconductor 
chip. By integrating the elements of the circuit, less area 
of the semiconductor chip is required as compared to an 
implementation involving 4 (four) discrete elements. 
Diodes are fabricated across the transistors to protect 
the elements against reverse biasing. 

1 Claim, 2 Drawing Sheets 
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1. 

INTEGRATED N-CHANNEL POWER MOS 
BRIDGE CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to integrated circuits 

and, more particularly, to a bridge circuit preferably 
fabricated in N channel power metal-oxide-semicon 
ductor (MOS) technology and to a method of fabricat 
ing an improved integrated bridge circuit. 

2. Description of the Related Art 
Bridge circuits of various types have been used, in the 

past, in a number of different electronic applications. 
The bridge circuit of the general type to which the 
present bridge circuit invention is directed is sometimes 
referred to as the H-bridge circuit. This class or type of 
circuit is suitable for general fast switching applications 
such as are needed in power supplies, audio amplifiers 
and small motor controls. It has been known in the past 
to implement such a class or type of bridge circuit with 
four discrete bipolar devices. This implementation has 
had the disadvantage of being relatively slow for many 
applications. 
More recently, this class or type of bridge circuit has 

been implemented by four discrete power metal-oxide 
semiconductor (MOS) devices assembled together on a 
single insulating type of substrate. However, the fabri 
cation of this general type of bridge circuit by use of 
unipolar (MOS) discrete devices does not provide effi 
cient use of space available in a semiconductor chip 
which is a disadvantage also shared by the four discrete 
bipolar device implementations. 

SUMMARY 

It is therefor an object of the present invention to 
provide an improved bridge circuit and an improved 
method of fabricating an improved integrated bridge 
circuit. 

It is yet another object of the present invention to 
provide an improved bridge circuit implemented in 
power MOS technology. 

It is a more particular object of the present invention 
to implement a bridge circuit in an integrated power 
MOS technology, thereby reducing the area of the 
semiconductor chip required for implementation of the 
circuit and increasing the speed of the circuit. 

It is another more particular object of the present 
invention to provide a bridge circuit implemented in 
power MOS technology wherein all the component 
devices of the bridge circuit implementation are inte 
grated in one monolithic semiconductor chip. 
The aforementioned and other objects of the present 

invention are accomplished by an integrated bridge 
circuit fabricated in a power MOS technology. In the 
bridge circuit, the source electrode of a first transistoris 
coupled to a drain electrode of a second transistor; a 
source electrode of a fourth transistor is coupled to a 
drain electrode of a third transistor; drain electrodes of 
the first and fourth transistors are coupled together and 
source electrodes of the second and third transistors are 
coupled together. Diodes are coupled between the 
source and drains of all transistors. The coupled semi 
conductor regions (sources and drains), the diodes, and 
the gate electrodes are implemented in a single semicon 
ductor chip or substrate, thereby minimizing the area in 
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2 
the semiconductor chip required for the circuit and 
providing increased circuit speed. 
BRIEF DESCRIPTION OF THE PREFERRED 

EMBODEMENTS 

According to one embodiment of the present inven 
tion, the integrated bridge circuit of the present inven 
tion comprises a semiconductor substrate, a first power 
MOS transistor located in the semiconductor substrate 
and having a source region, a drain region, and a gate 
electrode. A second power MOS transistor is provided 
in the semiconductor substrate and has a source region, 
a drain region and a gate electrode. A drain electrode of 
the second power MOS transistor is coupled to a source 
electrode of the first power MOS transistor. A third 
power MOS transistor is provided in the semiconductor 
substrate and has a source region, a drain region and a 
gate electrode. A source electrode of the third power 
MOS transistor is coupled to a source electrode of the 
second power MOS transistor. A fourth power MOS 
transistor is provided in the semiconductor substrate 
and has a source region, a drain region and a gate elec 
trode. A source electrode of the fourth power MOS 
transistor is coupled to a drain electrode of the third 
power MOS transistor and a drain electrode of the 
fourth power MOS transistor is coupled to a drain elec 
trode of the first power MOS transistor. A first, second, 
third and fourth diode are provided in the semiconduc 
tor substrate. The first diode is coupled between the 
source and drain regions of the first power MOS transis 
tor. The second diode is coupled between the source 
and drain regions of the second power MOS transistor. 
The third diode is coupled between the source and 
drain regions of the third power MOS transistor. The 
fourth diode is coupled between the source and drain 
regions of the fourth power MOS transistor. 
According to another embodiment of the present 

invention, a method is disclosed for fabricating an im 
proved integrated bridge circuit implemented in power 
MOS technology which comprises the steps of provid 
ing a semiconductor substrate, forming a first power 
MOS transistor in the semiconductor substrate having a 
source region, a drain region, and a gate electrode. The 
method further comprises the step of forming a second 
power MOS transistor in the semiconductor substrate 
having a source region, a drain region and a gate elec 
trode. A drain electrode of the second power MOS 
transistor is coupled to a source electrode of the first 
power MOS transistor. The method still further com 
prises the step of forming a third power MOS transistor 
in the semiconductor substrate having a source region, 
a drain region and a gate electrode. A source electrode 
of the third power MOS transistor is coupled to a 
source electrode of the second power MOS transistor. 
The method also comprises the step of forming a fourth 
power MOS transistor in the semiconductor substrate 
having a source region, a drain region and a gate elec 
trode. A source electrode of the fourth power MOS 
transistor is coupled to a drain electrode of the third 
power MOS transistor. A drain electrode of the fourth 
power MOS transistor is coupled to a drain electrode of 
the first power MOS transistor. The method further 
comprises the step of forming a first, second, third and 
fourth diode in the semiconductor substrate. The first 
diode is coupled between the source and drain regions 
of the first power MOS transistor. The second diode is 
coupled between the source and drain regions of the 
second power MOS transistor. The third diode is cou 
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pled between the source and drain regions of the third 
power MOS transistor. The fourth diode is coupled 
between the source and drain regions of the fourth 
power MOS transistor. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing, more particular, description of the preferred em 
bodiments of the invention as illustrated in the accom 
panying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the integrated 
bridge circuit of the invention preferably implemented 
in N channel, power, metal-oxide-semiconductor 
(MOS) technology 
FIG. 2 is a cross-sectional view of a portion of a 

semiconductor substrate depicting various Pand N type 
semiconductor regions and electrically conducting and 
insulation surface layers or regions implementing the 
integrated bridge circuit of FIG. 1 in N channel, power, 
metal-oxide-semiconductor (MOS) technology. 

DESCRIPTION AND OPERATION OF A 
PREFERRED EMBODIMENT 

Detailed Description of the Figures 
Referring now to FIG. 1, a schematic diagram of the 

integrated bridge circuit is shown. The circuit prefera 
bly includes N channel, power MOS transistors 10, 20, 
30 and 40, shown located within their respective identi 
fied boxes depicted in a broken line configuration. 
Drain electrode D10 of the transistor 10 is coupled to 
drain electrode D40 of the transistor 40. These two drain 
electrodes are connected or coupled to a common ter 
minal as shown. Source electrode S10 of the transistor 
10 is coupled to drain electrode D20 of the transistor 20. 
These two electrodes S10 and D20 are connected or 
coupled to a common terminal as shown. Source elec 
torde S40 of the transistor 40 is coupled to drain elec 
trode D30 of the transistor 30. These two electrodes S40 
and D30 or connected or coupled to a common terminal 
as shown. Source electrode S30 of the transistor 30 is 
coupled to source electrode S20 of the transistor 20. 
These two source electrodes are connected or coupled 
to a common terminal as shown. Diode 11 is coupled 
between the source electrode S10 and the drain elec 
trode D10 of the transistor 10, the anode of the diode 11 
being coupled to the source electrode S10 while the 
cathode of the diode 11 is coupled to the drain electrode 
D10. Diode 12 is coupled between the drain electrode 
D20 and the source electrode S20 of the transistor 20, the 
anode of the diode 12 being coupled to the source elec 
trode S20 while the cathode of diode 12 is coupled to the 
drain electrode D20. Diode 13 is coupled between the 
drain electrode D30 and the source electrode S30, the 
anode of diode 13 being coupled to the source electrode 
S30 while the cathode of the diode 13 is coupled to the 
drain electrode D30. Diode 14 is coupled between the 
drain electrode D40 and the source electrode S40 of the 
transistor 40, the anode of the diode 14 being coupled to 
the source electrode S40 while the cathode of the diode 
14 is coupled to the drain electrode D40. 

Referring now to FIG. 2, the cross-sectional configu 
ration for the implementation of the integrated bridge 
circuit of FIG. 1 is shown. Semiconductor substrate 100 
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has a P region 110 that extends to a first surface 105 of 65 
the substrate 100 as P-- regions 110a, 110b, 110c, and 
110d. Embedded in the substrate 100 are N- drain 
regions 111, 112 and 113. These drain regions are pref. 

4 
erably formed by diffusion or ion implantation tech 
niques. Preferably, the Pregion 110 is a starting P type 
substrate region prior to the preferable epitaxial growth 
of an N type region thereon with the P-- (sinker type) 
regions 110a, 110b, 110c, and 110d being formed from 
the top or from both the top and bottom by diffusion 
techniques. The P-- regions 110a, 110b, 110c, and 110d 
together with the underlying connecting P region 110 
provide an effective junction isolation region for the N 
type regions located within the bounds of the combined 
P+ and Pisolation regions. Embedded in the substrate 
100 are N-- regions 111, 112 and 113. These are drain 
regions and preferably formed by diffusion or ion im 
plantation techniques. The N-- region 111 extends to 
the first surface 105 of the substrate 100 by means of a 
(sinker type) N-- region 111a. Elongated N-- region 
112 extends to the substrate surface 105 by means of a 
(sinker type) region 112a. N-- region 113 extends to the 
substrate surface 105 by means of a (sinker type) N-- 
region 113a, Lower conductivity N- drain regions 
115, 116 and 117 are preferably formed by epitaxial 
growth of an N- region on the P isolation region 110 
after the formation of the N- regions 111, 112 and 113 
in the P region 110. The N- region 115 is generally 
disposed between the N-- region 111 and the substrate 
surface 105, the N- region 116 is generally disposed 
between N-- region 112 and the substrate surface 105, 
and the N- region 117 is generally disposed between 
the N-- region 13 and the substrate surface 105. 
The N- region 112a is preferably in the center por 

tion of the N- region 116. Embedded in the N- region 
115 with portions (preferably by diffusion)techniques 
extending to the substrate surface 105 are P channel 
type regions 115a and 115d. Embedded in the P channel 
region 115a with portions extending (preferably by 
diffusion or ion implantation) to the substrate surface 
105 are N- source regions 115b and 115c. Embedded in 
the P region 115d with portions extending (preferably 
by diffusion or ion implantation) to the substrate surface 
105 are N- source regions 115e and 115f Embedded in 
the N- region 116 and extending (preferably by diffu 
sion or ion-implantation) to the semiconductor surface 
105 are P channel type regions 116a, 11.6d, 116g and 
116i Embedded in the P channel region 116a and ex 
tending (preferably by diffusion or ion-implantation) to 
the semiconductor surface 105 are N-- source regions 
116b and 116c. Embedded in the P channel region 116d 
with portions extending (preferably by diffusion or 
ion-implantation) to the substrate surface 105 are N-- 
source regions 116f and 116e. Embedded in the P chan 
nel regions 116g and 116i with portions extending (pref 
erably by diffusion or ion-implantation) to the substrate 
surface 105 are, respectively, N-- source regions 116i 
and 116h and N-- source regions 116l and 116k. 
Embedded in the N- drain region 117 with portions 

extending (preferably by diffusion or ion-implantation) 
to the substrate surface 105 are P channel type regions 
117a and 117d. Embedded in the P channel region 117a 
with portions extending (preferably by diffusion or 
ion-implantation) to the substrate surface 105 are N-- 
source regions 117b and 117c. Embedded in the P chan 
nel region 117d with portions extending (preferably by 
diffusion or ion-implantation) to the semiconductor 
surface 105 are N- source regions 117e and 117f 

Deposited or formed on the substrate surface 105 are 
a plurality of insulation (such as silicon dioxide, etc.) 
regions or layers 120 through 129. 
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A first series of electrically conducting electrodes or 
regions 130 through 145 are embedded or in contact 
with their respective insulating layers or regions 120 
through 129. The electrically conducting regions 130 
and 131 are in contact with or embedded in the insulat 
ing region 120, the electrically conducting region 132 is 
embedded or in contact with the insulating region 121, 
the electrically conducting region 133 is embedded or in 
contact with the insulating region 112, the electrically 
conducting regions 134 and 135 are embedded or in 
contact with the insulating region 123, the electrically 
conducting region 136 is embedded or in contact with 
the insulating region 124, the electrically conducting 
region 137 is embedded or in contact with the insulating 
region 125, the electrically conducting region 138 is 
embedded or in contact with the insulating region 126, 
the electrically conducting region 139 is embedded or in 
contact with the insulating region 127, the electrically 
conducting regions 140 and 141 are embedded or in 
contact with the insulating region 128, the electrically 
conducting region 142 is embedded or in contact with 
the insulating region 129, the electrically conducting 
region 143 is embedded or in contact with the insulating 
region 180, and the electrically conduction regions 144 
and 145 are embedded or in contact with the insulating 
region 181. Preferably, the electrically conducting re 
gions 130-145 are doped polysilicon regions. 
A second series of electrically conducting regions 160 

through 164 are generally disposed over and/or in 
contact with the insulating regions 120-131 and these, 
preferably metal (i.e. aluminum or aluminum alloy) 
conductors 160-164 extend at selected location or posi 
tions, to the substrate surface 105. The electrically con 
ducting region 160 is adjacent to the insulating regions 
120 and 122, is over the electrically conducting region 
132, and is in electrical shorting contact with the P 
channel region 115a and the associated N-- source 
regions 11.5b and 11.5c and also the P channel region 
115d and associated N-- source regions 115e and 115f. 
The electrically conducting region 161 is adjacent to 
the insulating region 122 and the insulating regions 123, 
124 and 125 and is in electrical contact with the N-- 
region 111a as well as in electrical shorting contact with 
the P channel region 116a and the associated N-- 
source regions 116b and 116c, and is in electrical short 
ing contact with the P channel region 116d and the 
associated N-- source regions 116e and 116f The elec 
trically conducting region 162 is adjacent to the insulat 
ing regions 125 and 126 and provides an electrical 
contact to the N-- region 112a which is electrically in 
contact with and part of the N- (drain portion) region 
112. The electrically conducting region 163 is adjacent 
to the insulating regions 126, 127, 128 and 129, and 
provides electrical shorting contact to the P channel 
region 116g and the associated N-- source regions 116h 
and 116i. The electrically conducting region 163 also 
provides an electrical shorting contact to the P channel 
region 116i and the associated N-- source regions 116k 
and 11.6l and, furthermore, electrically contacts the N 
region 113a which is in electrical contact with and part 
of the N- (drain portion) region 113. The electrically 
conducting region 164 is adjacent to the insulating re 
gions 129, 180 and 181 and provides an electrical short 
ing contact to the P channel region 117a and the associ 
ated N-- source regions 117b and 117c. The electrically 
conducting region 164 also provides an electrical short 
ing contact to the P channel region 117d and the associ 
ated N-- source regions 117d and 117e, 
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6 
The electrically conducting region 130 is embedded 

in the insulating region 120 and is located over the P 
isolation portion region 110, the electrically conducting 
region 134 is similarly embedded in the insulating re 
gion 123 and is located over the P-- isolation portion 
region 110b, the electrically conducting region 141 is 
located in the insulating region 128 and is located over 
the P-- isolation portion region 110c, and the electri 
cally conducting region 145 is located in the insulating 
region 181 and is located over the P-- isolation portion 
region 110d. 

In the disclosed embodiment of FIG. 2 as viewed 
with respect to FIG. 1, electrode G20 includes the elec 
trically conductive electrodes or regions 131, 132 and 
133 which are shown electrically connected together 
(see FIG. 2) while electrode S20 includes the electrically 
conducting region 160 which is in electrically shorting 
contact to the N-- source regions 115 and 115c (and the 
associated P channel region 115a and to the N-- source 
regions 115c and 115f (and the associated P channel 
region 115d). Electrode D20=S10 includes the electri 
cally conducting region or electrode 161. Electrode 
G10 includes the electrically conducting electrodes or 
regions 135, 136 and 137. Electrode D10=S40 includes 
the electrically conducting electrode or region 162. 
Electrode G40 includes the electrically conducting elec 
trodes or regions 138, 139 and 140. Electrode S40=D30 
includes the electrically conducting electrode or region 
163. Electrode G30 includes the electrically conducting 
electrodes or regions 142, 143 and 144, while electrode 
S30 includes the electrically conducting electrode or 
region 164. 
The electrodes 131, 132 and 133 function as doped 

polysilicon gate type electrodes to form an N channel 
across their respective underlying channel regions. For 
the N channel power MOS device 20 shown in FIG. 1, 
the equivalent device is shown in FIG. 2 and is com 
prised of the gate electrodes 131, 132 and 133, the two 
sets of N-- source regions 115b, 115c and 115e, 115f the 
P channel regions 115a, 115d, the N type drain regions 
composed of N- region 115 and N-- regions 111 and 
111a with the electrical contact to the N type drain 
regions being provided by means of the electrode 161 
and the N- regions 111a and 111; and the electrical 
contact to the N-- source regions of this device being 
provided by the shorting electrical contact electrode 
160. 

Similarly, the N channel power MOS device 10 
shown in FIG. 1 is depicted in FIG. 2 and is comprised 
of the gate electrodes 135, 136 and 137, the two sets of 
N-- source regions 116b, 116c and 116e, 116f the P 
channel regions 116a and 116d, the N type drain regions 
composed of N- region 116 and N- regions 112 and 
112a with the electrical contact to the N type drain 
regions being provided by means of the electrode 162 
and the N-- regions 112a and 1.12; and the electrical 
contact to the N- source regions of this device being 
provided by the shorting electrical contact electrode 
161. It should be noted as an important feature and 
advantage of this integrated bridge circuit and structure 
that the N-- region 112a and the underlying N-- region 
112 are common to both the N channel power MOS 
device 10 shown in FIG. 1 and 2 and the N channel 
power MOS device 40 shown in FIGS. 1 and 2. Thus, 
the N type drain regions of the N channel power MOS 
device 10 and the N channel power MOS device 40 are 
common and the electrode 162 is a common electrical 
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contact electrode to the common drain regions of the N 
channel power MOS devices 10 and 40. 

Similarly, the various electrodes and regions de 
scribed above for the N channel power MOS devices 10 
and 20 are similar, with the exception of the reference 5 
numerals, to the various electrodes and regions for the 
N channel power MOS devices 30 and 40. 
With regard to the four diodes 11, 12, 13 and 14 

(shown in FIG. 1) coupled respectively to the source 
and drain regions of the N channel power MOS devices 10 
10, 20, 30 and 40, these diode devices are formed by the 
Pregion (115a, 115d), (116a, 116d), (116g, 116j), (117a, 
117d) (as common anode for each of the four diodes) 
and the respective N type drain regions (115), (116), 
(117) for each N channel power MOS device 10, 20, 30 
and 40 provides the cathode of each of the four diodes. 
The Pregion 110 has an electrical contact thereto (not 
shown) to provide a means for contacting this Pregion. 

OPERATION OF THE PREFERRED 20 
EMBODIMENT 

Referring once again to FIG. 1, several electrodes of 
the N channel power MOS transistors are coupled to 
gether to form the integrated bridge circuit of this in 
vention. Comparing FIG. 1 with FIG. 2, it is seen that 
the drain electrode D20 of the transistor 20 is coupled to 
the source electrode S10 of the transistor 10, and that 
this coupling is accomplished in the integrated circuit 
implementation of FIG.2 by the electrically conducting 
region 161. Similarly, the drain electrode D10 of the 
transistor 10 is coupled to the drain electrode D40 of the 
transistor 40 in the integrated bridge circuit and this 
coupling is accomplished in the integrated implementa 
tion of FIG. 2 by the electrically conducting region 162 35 
to the common N-- region 112a, the common N 
region 112, and the associated N- drain regions. 
Source electrode S40 of the transistor 40 is coupled to 
the drain electrode D30 of the transistor 30 in the inte 
grated bridge circuit and this coupling is accomplished 40 
in the integrated implementation by the electrically 
conducting element 163. It is thus clear that by utilizing 
the various electrode elements coupled as shown in the 
circuit diagram, the integrated circuit implementation 
reduces the space requirement in the semiconductor 45 
substrate and thereby provides increased circuit speed 
at reduced cost. 
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The function of the diodes shown as elements 11, 12, 

13 and 14 in FIG. 1 is to conduct reverse currents in the 
devices whenever negative voltages are applied to the 
drains (for example for inductive circuits). 
The common source connection S20 for the N chan 

nel power MOS device 20 and S30 for the N channel 
power MOS device 30 is implemented by electrically 
connecting together (not shown in FIG. 2 but shown in 
FIG. 1) the electrodes 160 and 164. 
The above description is included to illustrate the 

operation of the prefered embodiment and is not meant 
to limit the scope of the invention. The scope of the 
invention is to be limited only by the following claims. 
From the above discussion, many variations will be 
apparent to one skilled in the art that would yet be 
encompassed by the spirit and scope of the claimed 
invention. For example, if desired, the integrated bridge 
current of this invention could be implemented with P 
channel power MOS devices in which case the various 
semiconductor regions depicted in FIG. 2 would be of 
opposite type conductivity than as shown in FIG. 2. 
What is claimed is: 
1. An integrated power MOS bridge circuit compris 

ing, in combination: 
a semiconductor substrate; 
first, second and third junction isolated regions of a 

first conductivity type located in said substrate; 
junction isolation means in said substrate for laterally 

separating and electrically isolating said first, sec 
ond, and third junction isolated regions; 

first, second and third buried drain layer regions of 
said first conductivity type in respective ones of 
said junction isolated regions; 

a first MOS transistor in said first junction isolated 
region and a second MOS transistor in said second 
junction isolated region; 

third and fourth MOS transistors in said third junc 
tion isolated region over said third buried layer 
region, said third and fourth MOS transistors each 
including a channel region of a second conductiv 
ity type spaced from said junction isolation means; 
and 

a sinker region of said first conductivity type in said 
third junction isolation region, said sinker region 
extending to said third buried drain layer region 
between said third and said fourth MOS transistors. 

2. s : 


