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PROCESS FOR FORMING POWER MOSFET 
DEVICE IN FLOAT ZONE, NON-EPITAXIAL 

SILICON 

RELATED APPLICATIONS 

[0001] This application relates to copending application 
Ser. No. 09/566,219, ?led May 5, 2000, entitled IGBT 
WITH AMORPHOUS SILICON TRANSPARENT COL 
LECTOR (IR-1462); application Ser. No. 09/565,148, ?led 
May 5, 2000, entitled DIODE WITH WEAK ANODE 
(IR-1673); application Ser. No. 09/565,928, ?led May 5, 
2000, entitled AN NEAL-FREE PROCESS FOR FORMING 
WEAK COLLECTOR (IR-1706); application Ser. No. 
09/565,973, ?led May 5, 2000, entitled PROCESS FOR 
FORMING SPACED ACTIVATED WEAK COLLECTORS 
ON THIN IGBT SEMICONDUCTOR WAFERS (IR-1707); 
and application Ser. No. 09/565,922, ?led May 5, 2000, 
entitled HYDROGEN IMPLANT FOR BUFFER ZONE OF 
PUNCH-THROUGH NON EPI IGBT (IR-1708). This 
application also claims the ?ling date of Provisional Appli 
cation Ser. No. 60/182,689, ?led Feb. 15, 2000. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a process for the 
manufacture of a poWer MOSFET semiconductor device 
and, more speci?cally, relates to a novel process for the 
manufacture of such devices in a ?oat Zone (non-epi) 
monocrystalline silicon substrate. 

[0003] PoWer MOSFETs are Well knoWn in the art and 
include such devices as shoWn in US. Pat. No. 5,008,725, 
the subject matter of Which is incorporated herein by refer 
ence. Such devices are manufactured and sold by the Inter 
national Recti?er Corporation of El Segundo, Calif. under 
the Registered Trademark “HEXFET”. 

[0004] PoWer MOSFETs are typically vertical conduction 
devices, namely devices in Which the semiconductor sub 
strate is part of the conduction path of the device. To reduce 
the on-resistance in the conduction path, a heavily doped 
semiconductor substrate of monocrystalline silicon is usu 
ally used. The junctions Which form the channel and source 
regions, hoWever, are not readily formed in such heavily 
doped material. Therefore, a thin loWer concentration epi 
taXial layer is provided on the top surface of the substrate, 
and all junctions are formed in the epitaxial layer. The added 
epitaXial layer substantially increases the cost of the starting 
Wafer material and thus the cost of the device. 

[0005] It is knoWn that semiconductor devices such as 
IGBTs and diodes can be made in ?oat Zone (non-epi) 
material as disclosed in the above mentioned related appli 
cations and as described, for example, in the paper entitled 
“NPT-IGBT-OptimiZing for Manufacturability” by Burns et 
al., 0-7803-3106-0/965500 1996 IEEE, pages 331 to 334. In 
that paper, a typical D-MOS type structure is formed in the 
top surface of an N- ?oat Zone Wafer and a boron implant is 
applied to the back side of the Wafer. This is folloWed by an 
aluminum collector contact, used in place of a laser activa 
tion anneal of the boron implanted P region to avoid a high 
temperature anneal step Which Would adversely affect the 
DMOS structure on the top surface. Note that if aluminum 
only is added to the back surface, Without the boron implant, 
that the aluminum Will produce a P type region, again 
producing an IGBT type device. 
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[0006] If a MOSFET is to be made in N“ ?oat Zone 
material, it is necessary to form an N+ back contact region 
Without inadvertently forming a P type region and Without a 
high temperature activation anneal of an N type implant 
Which Would adversely affect the top Wafer structure. 

[0007] It is therefore desirable to provide a manufacturing 
process in Which the junctions are formed in a lightly doped 
semiconductor substrate that is Without an epitaXial layer but 
Which does not have signi?cantly increased on-resistance. 

SUMMARY OF THE INVENTION 

[0008] In accordance With the present invention, a lightly 
doped, N“ ?oat Zone Wafer is provided as the semiconductor 
substrate. Junction regions such as a typical D-MOS struc 
ture that form a vertical conduction MOSFET are formed in 
the top surface of the monocrystalline Wafer substrate using 
high temperature processes knoWn in the art. Then, to reduce 
the on-resistance, the back surface of the Wafer is ground to 
reduce the thickness of the substrate. Aprotective layer may 
be deposited on the top surface prior to grinding. Subse 
quentl , the back surface of the Wafer receives a shalloW 
(500 A) ion implant dose of phosphorus or other N type 
dopant species, to provide a good ohmic drain contact 
region. 
[0009] The implanted dopant is then only partially acti 
vated by a loW temperature anneal to prevent affecting the 
D-MOS junction in the top surface. When using a laser 
anneal, most of the laser energy is absorbed in the thin N+ 
implant and it melts and regroWs With maXimum activation. 
Alternatively, a “transparent” cathode region can be formed 
on the back surface using very highly doped N type amor 
phous silicon layer in place of the ion implant. A backside 
contact electrode is then formed preferably With titanium 
silicide and titanium or other metals. Aluminum is not used 
to avoid the creation of a P type region. 

[0010] Advantageously, the vertical conduction device is 
formed Without an epitaXial silicon layer so that the cost of 
the starting material is signi?cantly reduced. The junctions, 
hoWever, are formed in a lightly doped silicon substrate and 
the top surface of the Wafer is processed using knoWn 
processing steps. Moreover, the grinding of the back surface 
of the Wafer reduces the conduction path through the sub 
strate, Which reduces the resistance of the device. The grind 
also creates a polycrystalline silicon structure in the back of 
the Wafer Which is helpful for later forming the metal silicide 
layer. Further, the partially activated dopant species that is 
implanted into the back surface or the “transparent” cathode 
provides a good ohmic contact With the back contact elec 
trode. 

[0011] Other features and advantages of the present inven 
tion Will become apparent from the folloWing description of 
the invention Which refers to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a cross-section of a feW cells of the active 
area of a vertical conduction poWer MOSFET made in 
accordance With the invention 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0013] Referring to FIG. 1, there is shoWn a small portion 
of the active area of a vertical conduction poWer MOSFET 
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10 Which is made in accordance With the invention. The 
device is formed in a non-epi N- ?oat Zone Wafer 11 as 
contrasted to the usual Wafer having an epitaXially deposited 
layer Which receives most of the device junction patterns. 
The term Wafer is used interchangeably With chip or die, in 
Which a Wafer usually is a large area slice of silicon in Which 
a large number of individual identical die or chips are 
simultaneously formed and are later singulated. 

[0014] The ?rst step in the process is the formation of a 
junction pattern in the top surface of the Wafer 11, using 
conventional manufacturing techniques such as those used 
in the manufacture of any standard vertical conduction 
MOSFET. FIG. 1 shoWs this pattern as a D-MOS type 
pattern, in Which a plurality of spaced P type base or channel 
diffusions 12, 13 and 14 receive respective N+ source 
regions 15, 16 and 17 to de?ne respective lateral invertible 
channel regions Which underlie gate oXide sections 18, 19 
and 20 and conductive polysilicon gate sections 21, 22 and 
23 respectively. Gate sections 21, 22 and 23 are insulated by 
a suitable insulation such as loW temperature deposited 
oXide layers 24, 25 and 26 from a common aluminum source 
electrode 27 Which is electrically connected to the P bases 
12, 13 and 14 and their respective source regions. A gate 
terminal 28 is connected to each of the gate segments 21, 22 
and 23 Which are otherWise interconnected. 

[0015] Any desired topology can be used for the top 
junction pattern. Thus, the base regions 12, 13 and 14 may 
be polygonal cells and the gate oXide and conductive gate 
sections portions of a common lattice. Alternatively, the 
bases 12, 13 and 14 may be parallel spaced stripes, and the 
gates are similarly stripe elements. 

[0016] After the completion of the D-MOS (or other) 
junction pattern, using plural high temperature steps and 
plural masking steps, the thick, relatively rugged Wafer is 
thinned doWn to at least 50% of its original thickness, as by 
grinding from about 500 microns to about 200 microns (for 
a 1200 volt device) and the back drain contact must be 
formed. In one embodiment of the invention, a shalloW N 
type implzant, for example, phosphorus at 1E15 to 1E16 
atoms/cm is applied to the back surface, to a depth of about 
500 It is not possible to activate this implant by a high 
temperature anneal since the D-MOS structure on the top of 
the Wafer, because the functions in the D-MOS structure 
Would move, and further, because passivating materials and 
the like Would be damaged by the high temperature anneal. 
Therefore, the implant is preferably activated by a laser 
anneal in Which the laser energy is selectively absorbed in 
the 500 A N type layer to melt and regroW the layer With a 
high degree of activation. The at least partially activated 
phosphorus then forms the N+ contact region 30 in FIG. 1 
to Which ohmic contact can be made. 

[0017] Alternatively, a “transparent” conductive layer is 
formed on the Wafer back surface after grinding by sputter 
ing or evaporating a heavily N doped amorphous silicon ?lm 
on the back surface. Typically, the amorphous silicon is 
phosphorus doped With about 0.1 to 1.0 atomic percent 
phosphorous. 
[0018] Then, a backside contact layer 35 is formed by 
depositing a layer of titanium on the back surface and then 
sintering the Wafer to form titanium silicide. Though tita 
nium is preferably used, other refractory metals, such as 
nickel or silver may also be used. HoWever, aluminum is 
avoided to avoid the production of a P type layer. 
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[0019] The invention also takes advantage of an otherWise 
undesired byproduct of the backside grinding. Typically, the 
backside grinding produces a layer of polycrystalline silicon 
in the back surface of the device as a result of damage 
induced by the grinding. Further, the backside implant also 
causes damage to the back surface. Ordinarily, the polysili 
con layer is an undesired byproduct. HoWever, in the present 
invention, the polycrystalline silicon byproduct layer may be 
advantageously used to form the titanium silicide metal 
contact layer that provides an ohmic contact With the sub 
strate. Preferably, the backside implant dopant is only par 
tially activated to preserve at least part of the polycrystalline 
silicon layer that is formed during the backside grinding and 
ion implant steps so that the polycrystalline silicon is present 
for silicide formation. 

[0020] Although the present invention has been described 
in relation to particular embodiments thereof, many other 
variations and modi?cations and other uses Will become 
apparent to those skilled in the art. It is preferred, therefore, 
that the present invention be limited not by the speci?c 
disclosure herein, but only by the appended claims. 

What is claimed is: 
1. A process for the manufacture of a poWer MOSFET 

device, said process comprising the steps of: 

(a) preparing a Wafer of ?oat Zone monocrystalline silicon 
of a given conductivity type Without an epitaXially 
formed function receiving layer; 

(b) forming a MOSFET junction pattern in the top surface 
of said Wafer; 

(c) grinding the back surface of said Wafer to reduce the 
thickness of said Wafer by greater than 50% and leaving 
said back surface in an intentionally roughened state 
and With a polycrystal structure; 

(d) producing an increased concentration of said given 
conductivity type in said back surface at a temperature 
Which is too loW to cause signi?cant movement of said 
MOSFET junction pattern or other damage thereto; and 

(e) applying an ohmic contact layer to said back surface, 
Wherein the material of said ohmic contact layer does 
not act as a donor or acceptor impurity atom in said 
Wafer. 

2. The process of claim 1, Wherein said junction pattern is 
a DMOS pattern. 

3. The process of claim 1, Wherein said Wafer thickness is 
reduced to less than about 200 microns. 

4. The process of claim 1, Wherein said increased con 
centration in said back surface is produced by a metal 
silicide infusion into said roughened back surface. 

5. The process of claim 4, Wherein said metal silicide is 
a titanium silicide. 

6. The process of claim 1, Wherein said increased con 
centration in said back surface is produced by a shalloW 
implant less than about 500 A deep of an atom Which Will 
produce an increased concentration of said given conduc 
tivity type, folloWed by a laser activation of said implant. 

7. The process of claim 6, Wherein said given conductivity 
type is N and said atom is phosphorous. 

8. The process of claim 1, Wherein said increased con 
centration in said back surface is produced by the deposition 
of a thin layer of amorphous silicon Which is doped by an 
impurity atom of the given conductivity type. 
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9. The process of claim 8, wherein said given conductivity 
type is N and said atom is phosphorous. 

10. The process of claim 6, Wherein said junction pattern 
is a DMOS pattern. 

11. The process of claim 8, Wherein said junction pattern 
is a DMOS pattern. 

12. The process of claim 10, Wherein said Waver thickness 
is reduced to less than about 200 microns. 

13. The process of claim 11, Wherein said Waver thickness 
is reduced to less than about 200 microns. 
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14. The process of claim 12, Wherein said increased 
concentration in said back surface is produced by a metal 
silicide infusion into said roughened back surface. 

15. The process of claim 13, Wherein said increased 
concentration in said back surface is produced by a metal 
silicide infusion into said roughened back surface. 

16. The device of claim 14, Wherein said ohmic contact 
layer on said back surface is titanium. 

17. The device of claim 15, Wherein said ohmic contact 
layer on said back surface is titanium. 

* * * * * 


