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(57) ABSTRACT 

Amethod of minimizing parasitics in an MOS device caused 
by the formation of a bipolar transistor Within the MOS 
devices and the device, primarily for a polyphase bridge 
circuit. For the loW side device, a substrate of a ?rst 
conductivity type is provided having a ?rst buried layer of 
opposite conductivity type thereon. Asecond buried layer of 
the ?rst conductivity type is formed over the ?rst buried 
layer and a further layer of the ?rst conductivity type is 
formed over the second buried layer. A sinker extending 
through the further layer to the ?rst buried layer is formed 
to isolate the second buried layer and the further layer from 
the substrate. Formation of an MOS device in the further 
layer including source, drain and gate regions is completed 
and the sinker is connected to a source terminal of the 
device. The second buried layer is formed either by coim 
planting a p-type dopant and an n-type dopant With one of 
the dopant having a higher diffusion rate than the other or by 
implanting and diffusing one of the tWo dopants ?rst to form 
one layer and then implanting and diffusing the other dopant 
to form the second layer. The preferred dopants are boron as 
the p-type dopant and antimony as the n-type dopant. 
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HIGH SIDE AND LOW SIDE GUARD RINGS FOR 
LOWEST PARASITIC PERFORMANCE IN AN 

H-BRIDGE CONFIGURATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a method for reducing the 
effect of the parasitic bipolar transistor formed in both 
high-side and loW side LDMOS devices in a multi-phase or 
polyphase bridge con?guration. 

[0003] 2. Brief Description of the Prior Art 

[0004] A standard H-bridge con?guration as shoWn in 
FIG. 1 is a circuit for a single phase having at least a ?rst 
pair of transistors 1, 3 coupled in series and coupled across 
a poWer supply having a poWer rail (+) and a ground rail 
(—)and a second pair of transistors 5,7 coupled in series and 
coupled across the same poWer supply With a load 9 being 
coupled betWeen the junctions of the transistors of each 
transistor pair. The transistor of each transistor pair Which is 
coupled to the poWer rail (+) is referred to as the high side 
device and the other transistor of each transistor pair Which 
is coupled to the ground rail (—)is referred to as the loW side 
device. In the event plural phases are required, an additional 
transistor pair is provided for each phase as is Well knoWn 
and shoWn in phantom in FIG. 1. 

[0005] With reference to FIG. 2, there is shoWn an imple 
mentation of either one of the transistors of a transistor pair 
in the circuit of FIG. 1 as an integrated circuit The circuit is 
knoWn as a polyphase bridge circuit and the sWitches 
generally used are knoWn as reduced surface electric ?eld 
(RESURF) DMOS transistor/sWitches, though any type of 
sWitch can be used, this application being speci?c to 
RESURF DMOS as sWitches. The circuit includes an n-type 
buried layer 11 over a p—-type substrate 10 beneath a p-type 
epitaxial layer 13 into Which the transistors are fabricated. 
The n-type buried layer 11 provides isolation betWeen the 
transistor thereabove and other transistors on the same chip 
in conjunction With an n-type sinker or back gate contact 15 
Which is provided and Which passes from the device surface 
through the epitaxial layer 13 to the buried layer 11. An 
n-type Well region 17 is formed in a part of the epitaxial 
layer extending to the surface With the remainder of the 
surface remaining p-type. An n+ contact 19 is provided in 
the n-type Well 17 to provide a drain region and an n+-type 
region 21 is formed at the surface of the p-Well region 20 
Within the p-type region 13 to provide a source contact and 
region. An oxide layer 23 is deposited over a portion of the 
n+ contact 19 and a part of the Well region 17 With a 
polysilicon gate 25 formed over a portion of the n+ source 
contact 21, the Well region 17, any remaining unexposed 
portion of the Well region 17 along the channel and over a 
portion of the oxide layer. The p+ region 27 Within the 
n-type region 21 is present to provide a backgate contact 
Which is the contact to the p-type region 13 

[0006] Aproblem With the structure as shoWn in FIG. 2 is 
that bipolar transistor structures are present in addition to the 
LDMOS transistors, the bipolar transistors providing para 
sitics in both the high side and loW side LDMOS transistors. 
In the high side device, there is a pnp transistor betWeen the 
p-type epitaxial layer 13, the n-type buried layer 11 and the 
p-type substrate 10 on Which the buried layer rests as Well 
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as an npn transistor betWeen the n-type drain 17, the p-type 
epitaxial layer 13 and the n-type buried layer 11. In the loW 
side device, there is a pnp transistor betWeen the p-type 
epitaxial layer 13, the n-type buried layer 11 and the p-type 
substrate 10 as Well as an npn transistor betWeen n-type 
drain 17, the p-type epitaxial layer 13 and the n-type buried 
layer 11. It is these transistors Which provide the above 
discussed undesirable parasitics. 

SUMMARY OF THE INVENTION 

[0007] In order to minimize parasitics, the parasitic 
devices, Which are the bipolar transistor con?gurations, are 
connected in a manner Whereby they do not affect the 
H-bridge circuit operation in any major Way. It is alWays 
desirable that these parasitic devices be of as poor quality as 
possible, this meaning that the gain of these parasitic bipolar 
transistors should be as loW as possible Without sacri?cing 
the “optimization” of the main devices of the H-bridge 
circuit. 

[0008] In accordance With the present invention, the above 
noted problem is minimiZed With the effect of parasitics 
being reduced relative to the prior art H-bridge structure. 

[0009] Brie?y, the improvement is provided by altering 
the prior art circuit of FIG. 2 With the incorporation of a 
double buried layer having an n-type buried layer region as 
in the prior art as Well as a p-type buried layer region over 
the n-type buried layer region, this being for both high side 
and loW side devices and providing an n-type sinker to the 
n-type buried layer and connecting the sinker/n-type buried 
layer to the source terminal for that device. This means that, 
for a high side device, the sinker/n-type buried layer Will be 
connected to one end of the load and, for the loW side device, 
the sinker/n-type buried layer Will be connected to the 
negative terminal of the poWer supply. In the prior art, the 
sinker is coupled to the drain in the high side devices. In 
accordance With the present invention, the sinker is con 
nected to the source for both the high side and loW dise 
devices to decrease the bipolar parasitic effects. 

[0010] In this case, the high side devices have to have their 
oWn n+ vertical diffusion for isolation. The advantage of this 
type of connection for the high side is that a p-type epitaxial 
substrate can be used because the pnp transistor to the 
substrate Will have a Vbe=0 and Will never be active. Also, 
the design of high side and loW side devices as far as 
coimplanted or double diffused p-type buried layer is con 
cerned is identical. The effect of parasitics in the loW side 
LDMOS devices is to tie the n+ buried layer of FIG. 2 to the 
source via the sinker With the source being connected to 
ground and also to have a double-diffused (or coimplanted) 
p+ buried layer. The sinker is provided by a vertical n+depo 
sition Which also separates the p-type epitaxial layer of the 
tWo devices of a transistor pair to reduce the gain of the 
bipolar transistor formed betWeen the drains of the tWo loW 
side devices. The gain of this bipolar junction transistor 
(BJ T) can be high due to neutral base Width reduction Which 
is more especially for high voltage devices at high voltages 
This vertical n+ deposition diffuses into the underlying n+ 
buried layer and is connected to the source, Which is 
grounded. 
[0011] It should be understood that all of the vertical 
depositions forming the sinker surround the entire device, 
both loW side and high side. This arrangement is present to 
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reduce crosstalk between adjacent devices by reducing the 
gain of the parasitic bipolar transistors formed betWeen 
adjacent devices and betWeen the DMOS device and other 
circuitry. 
[0012] The above described method of laying out an 
H-bridge With a double diffused or coimplanted p+ buried 
layer for loW side and high side devices and the isolation 
using properly connected n+ layers is novel and has not been 
considered in prior analyses of the above noted problem. 
Furthermore, the addition of a second buried layer of oppo 
site conductivity type to the standard buried layer of the 
prior art and betWeen the standard buried layer of the prior 
art and the epitaxial layer of opposite conductivity type over 
the buried layer, Which is more heavily doped than the 
epitaxial layer, aids in reduction of the bipolar gain of the 
transistor formed betWeen the buried layer of the prior art, 
the epitaxial layer thereover of the prior art and the source/ 
drain region of the same conductivity as the buried layer of 
the prior art and is hence bene?cial. Other advantages of the 
above described solution to the problem of parasitics are 
reduced die area requirement for isolation of the devices in 
an H-bridge con?guration, reduced effect of the parasitic 
bipolar devices (including reduced gain) on the operation of 
the main circuit and cost reduction due to elimination of the 
need of a p+ substrate (a p-epitaxial Wafer is sufficient). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a circuit diagram of a poly phase bridge 
circuit in accordance With the prior art, 

[0014] FIG. 2 shoWs a general RESURF DMOS cross 
section in accordance With the prior art; 

[0015] FIG. 2a shoWs a general RESURF DMOS cross 
section in accordance With the present invention; 

[0016] FIG. 3 shoWs the loW side device With the topog 
raphy near the surface not shoWn in detail, it being under 
stood that the omitted topography is the same as in FIG. 2a; 
and 

[0017] FIG. 4 shoWs the high side device With the topog 
raphy near the surface not shoWn in detail, it being under 
stood that the omitted topography is the same as in FIG. 2a. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] With reference to FIGS. 2 (prior art) and 2a (pre 
ferred embodiment) Which includes the improvements in 
accordance With the present invention, the above described 
improvements are provided in the high side and loW side 
LDMOS devices by providing and tying the sinker 15/n-type 
buried layer 11 to the source terminal 21 of the device using 
the metal system. It should be understood that the sinker is 
coupled to the source in both the high side and loW side 
devices using the metal interconnect system. In an H-bridge 
con?guration, the drain terminal 19 of the high side device 
is connected to the positive terminal (+) of the poWer supply 
and the source terminal 21 is connected to the load Whereas, 
for the loW side device, the drain terminal 19 is connected 
to the load Whereas the source terminal 21 is connected to 
the negative terminal (—) of the poWer supply (also termed 
ground herein). In this case, the high side devices have to 
have their oWn n+ vertical diffusion for isolation. The 
advantage of this type of connection for the high side is that 
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a p-type epitaxial substrate can be used because the pnp 
transistor to the substrate Will have a Vbe=0 and Will never 
be active. Also, the design of high side and loW side devices 
as far as coimplanted or double diffused p-type buried layer 
24 is concerned is identical. The effect of parasitics in the 
loW side LDMOS devices is to tie the n+ buried layer 11 of 
FIG. 2a to the source 21 via the sinker 15 With the source 
being connected to ground and also to have a double 
diffused (or coimplanted) p+ buried layer 24. The sinker 15 
is provided by a vertical n+ deposition Which also separates 
the p-type epitaxial layer 13 of the tWo devices of a transistor 
pair to reduce the gain of the bipolar transistor formed 
betWeen the drains of the tWo loW side devices. The gain of 
this bipolar junction transistor (BJT) can be high due to 
neutral base Width reduction Which is more especially for 
high voltage devices at high voltages. This vertical n+ 
deposition diffuses into the underlying n+ buried layer and 
is connected to the source 21 Which is grounded. 

[0019] It should be understood that all of the vertical 
depositions 15 surround the entire device, both loW side and 
high side. This arrangement is present to reduce crosstalk 
betWeen adjacent devices by reducing the gain of the para 
sitic bipolar transistors formed betWeen adjacent devices and 
betWeen the DMOS device and other circuitry. 

[0020] The above described method of laying out an 
H-bridge With a double diffused or coimplanted p+ buried 
layer for loW side and high side devices and the isolation 
using properly connected n+ layers is novel and has not been 
considered in prior analyses of the above noted problem. 
Furthermore, the addition of a second buried layer of oppo 
site conductivity type to the standard buried layer of the 
prior art and betWeen the standard buried layer of the prior 
art and the epitaxial layer of opposite conductivity type over 
the buried layer Which is more heavily doped than the 
epitaxial layer aids in reduction of the bipolar gain of the 
transistor formed betWeen the buried layer of the prior art, 
the epitaxial layer thereover of the prior art and the source/ 
drain region of the same conductivity as the buried layer of 
the prior art and is hence bene?cial. Other advantages of the 
above described solution to the problem of parasitics are 
reduced die area requirement for isolation of the devices in 
an H-bridge con?guration, reduced effect of the parasitic 
bipolar devices (including reduced gain) on the operation of 
the main circuit and cost reduction due to elimination of the 
need of a p+ substrate (a p-epitaxial Wafer is suf?cient). 

[0021] Though the discussion throughout is provided With 
reference to a p-type substrate and n-channel devices, it 
should be understood that the invention also applies to 
opposite conductivity type devices With all polarities 
reversed as is Well knoWn in the art. 

[0022] Referring to FIG. 3, there is shoWn a diagram of 
tWo ?ngers of the many ?ngers present in one loW side plural 
?ngered device structure Wherein tWo loW side transistors 
are shoWn connected in parallel having a common drain 
electrode to provide increased poWer in accordance With the 
present invention, it being understood that only one such 
transistor can be used. The tWo transistors are similar if not 
identical. It should further be noted (though not shoWn in the 
draWings) that each transistor is generally designed to have 
a plurality of ?ngers Which are alternately source regions 
and drain regions to provide many single source/drain 
transistors connected in parallel With all sources tied 



US 2002/0053685 A1 

together and all drains tied together. Each loW side transistor 
includes a p-type substrate 31 over Which is a buried n-type 
layer 33 With a buried p-type layer 35 thereover. The layers 
33 and 35 are formed by successive formation of the n-type 
layer 33 folloWed by the p-type layer 35 in standard manner 
or, alternatively, there can be a coimplant of a p-type and 
n-type dopant Wherein the p-type dopant is capable of more 
rapid diffusion than the n-type dopant. In the case of the 
coimplant, the net dopant in the layer 33 is n-type Whereas 
the p-type layer 35 and a p-type region 37 in the substrate 31 
(shoWn in phantom) is formed. The dopants can be, for 
example, boron and antimony for the p-type and n-type 
dopants respectively With boron diffusing much more rap 
idly than does antimony. OtherWise the structure is the same 
as in the prior art as discussed above With reference to FIG. 
2 With a p-type epitaxial layer 39 into Which the transistors 
are fabricated An n-type sinker 41 is provided Which passes 
from the device surface through the epitaxial layer 39 to the 
buried n-type layer 33. The sinker 41 Will be present near the 
outermost ?ngers only in the case of the above described 
alternating ?nger arrangement. An n-type Well region 43 is 
formed in a part of the epitaxial layer extending to the 
surface With the remainder of the surface remaining p-type. 
An n+ contact 45 is provided in the n-type Well 43 to provide 
a drain region and an n-type region 47 is formed at the 
surface of the epitaxial layer 39 to provide a source contact 
and region 49. A gate electrode 51 is disposed over and 
spaced by a dielectric (not shoWn) from the channel betWeen 
the source 49 and drain 45 electrodes and can extend 
partially over one or both of these electrodes. The buried 
layer 33 is tied to the source 49 through the sinker 41. 

[0023] As can be seen, the npn transistor formed among 
the regions 43, 39 and 33 is either in the cut off mode or 
When it is not in the cut off mode, the voltage across the 
base-collector of this npn transistor is Zero. With reference 
to the pnp transistor formed among regions 31, 33 and 35, 
all of the terminals are grounded. Accordingly, parasitics 
developed in the loW side transistor due to bipolar transistor 
formation therein are minimiZed. 

[0024] Referring to FIG. 4, there is shoWn an embodiment 
of tWo ?ngers of the many ?ngers present in one high side 
plural ?ngered device structure Wherein a pair of high side 
transistors are connected in parallel as in FIG. 3 in accor 
dance With the present invention. The same or similar 
structure to that of FIG. 2a except that the p-type buried 
layer 35 as shoWn in FIG. 3 is added, the source region 27 
is isolated by a vertical n+ region 21 and the sinker 15 is tied 
to the source region. In this embodiment, the npn transistor 
formed among the n-type drain, the p-type epitaxial layer 
and the n-type buried layer is cut off or VCB is Zero and the 
pnp transistor formed among the p-type epitaxial layer, the 
n-type buried layer and the p-type substrate has VBE at Zero. 

[0025] Though the invention has been described With 
reference to speci?c preferred embodiments thereof, many 
variations and modi?cations Will immediately become 
apparent to those skilled in the art. It is therefore the 
intention that the appended claims be interpreted as broadly 
as possible in vieW of the prior art to include all such 
variations and modi?cations. 

1. A method of minimiZing parasitics in an MOS device 
caused by the formation of a bipolar transistor Within the 
MOS device Which comprises the steps of: 
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(a) providing a substrate of a ?rst conductivity type 
having a ?rst buried layer of opposite conductivity type 
thereon; 

(b) forming a second buried layer of said ?rst conductivity 
type over said ?rst buried layer; 

(c) forming a further layer of said ?rst conductivity type 
over said second buried layer; 

(d) forming source and drain regions in said further layer; 

(e) forming a sinker extending through said further layer 
to said ?rst buried layer to isolate said second buried 
layer and said further layer from said substrate; and 

(f) completing formation of an MOS device in said further 
layer including source and drain regions. 

2. The method of claim 1 Wherein said sinker is a portion 
of a high side MOS device and said sinker is connected to 
said source region. 

3. The method of claim 1 Wherein said sinker is a portion 
of a loW side MOS device and said sinker is connected to 
said source region. 

4. The method of claim 2 Wherein said MOS device is the 
loW side of a polyphase bridge circuit. 

5. The method of claim 3 Wherein said MOS device is the 
high side of a polyphase bridge circuit. 

6 The method of claim 4 further including a poWer supply 
having ?rst and second terminals, said ?rst terminal being 
positive relative to said second terminal, said source region 
being coupled to said second terminal. 

7. The method of claim 6 further including a load, said 
drain region being coupled to said load. 

8. The method of claim, 5 further including a poWer 
supply having ?rst and second terminals, said ?rst terminal 
being positive relative to said second terminal, said drain 
region being coupled to said ?rst terminal. 

9. The method of claim 8 further including a load, said 
source region being coupled to said load. 

10. The method of claim 1 Wherein said ?rst and second 
buried layers are formed by coimplanting a p-type dopant 
and an n-type do pant With one of said dopants having a 
higher diffusion rate than the other. 

11. The method of claim 10 Wherein said p-type dopant 
has a higher diffusion rate than the n-type dopant. 

12. The method of claim 11 Wherein said p-type dopant is 
boron and said n-type dopant is antimony. 

13. The method of claim 1 Wherein said ?rst and second 
buried layers are formed by implanting a dopant of a ?rst 
conductivity type folloWed by implanting a dopant thereover 
of a second conductivity type. 

14. The method of claim 13 Wherein said dopant of a ?rst 
conductivity type is n-type and said dopant of said second 
conductivity type is p-type. 

15. The method of claim 14 Wherein said p-type dopant is 
boron and said n-type dopant is antimony. 

16 An MOS device Which comprises. 

(a) a substrate of a ?rst conductivity type having a ?rst 
buried layer of opposite conductivity type thereon; 

(b) a second buried layer of said ?rst conductivity type 
over said ?rst buried layer; 

(c) a further distinct layer of said ?rst conductivity type 
over said second buried layer; 



US 2002/0053685 A1 

(d) a sinker extending through said further distinct layer 
to said ?rst buried layer to isolate said second buried 
layer and said further layer from said substrate; and 

(e) source, drain and gate regions in said further layer. 
17. The device of claim 16 Wherein said sinker is coupled 

to said source region. 
18. The device of claim 17 Wherein said MOS device is 

the loW side of a polyphase bridge circuit, further including 
a poWer supply having ?rst and second terminals, said ?rst 
terrninal being positive relative to said second terminal, said 
source region being coupled to said second terminal and a 
load, said drain region being coupled to said load and said 
source region being coupled to said second terminal. 

19. The device of claim 17 Wherein said MOS device is 
the high side of a polyphase bridge circuit, further including 
a poWer supply having ?rst and second terrninals, said ?rst 
terrninal being positive relative to said second terminal, said 
drain region being coupled to said ?rst terminal and said 
source region being coupled to said load. 

20. An MOS device which comprises: 

(a) a substrate of a ?rst conductivity type having a ?rst 
spaced apart buried layer portions of opposite conduc 
tivity type thereon; 

(b) a second buried layer of said ?rst conductivity type 
over said ?rst buried layer having a pair of spaced apart 
portions; 

(c) a further distinct layer of said ?rst conductivity type 
over said second buried layer having a pair of spaced 
apart portions; 

(d) a pair of sinkers, each sinker extending through a 
different portion of said further distinct layer to a 
different portion of said ?rst buried layer to isolate said 
second buried layer and said further layer from said 
substrate and from the other of said ?rst, second and 
further distinct layer portions; and 

(e) source, drain and gate regions in each of said further 
layer portions. 
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21. The device of claim 16 Wherein each of said sinkers 
is coupled to a different one of said source regions. 

22. The device of claim 21 Wherein said MOS device is 
the high and loW side of a polyphase bridge circuit, further 
including a poWer supply having ?rst and second terrninals, 
said ?rst terrninal being positive relative to said second 
terminal, said source region of said loW side device being 
coupled to said second terminal and a load, said drain region 
of said loW side device being coupled to said load and said 
source region being coupled to said second terminal and said 
drain region of said high side device being coupled to said 
?rst terminal and said source region being coupled to said 
load. 

23. An MOS device which comprises: 

(a) a substrate of a ?rst conductivity type having a ?rst 
buried layer of opposite conductivity type thereon, 

(b) a further distinct layer of said ?rst conductivity type 
over said second buried layer; 

(c) a sinker extending through said further distinct layer to 
said ?rst buried layer to isolate said further layer from 
said substrate; and 

(d) source, drain and gate regions in said further layer. 
24. The device of claim 23 Wherein said sinker is coupled 

to said source region. 
25. The device of claim 24 Wherein said MOS device is 

the loW side of a polyphase bridge circuit, further including 
a poWer supply having ?rst and second terrninals, said ?rst 
terrninal being positive relative to said second terminal, said 
source region being coupled to said second terminal and a 
load, said drain region being coupled to said load and said 
source region being coupled to said second terminal. 

26. The device of claim 24 Wherein said MOS device is 
the high side of a polyphase bridge circuit, further including 
a poWer supply having ?rst and second terrninals, said ?rst 
terrninal being positive relative to said second terminal, said 
drain region being coupled to said ?rst terminal and said 
source region being coupled to said load. 

* * * * * 


