PHOTOVOLTAI C GENERATOR W TH DI ELECTRI C | SOLATI ON AND BONDED, | NSULATED
WAFER LAYERS BACKGROUND OF THE I NVENTION This invention relates to

phot ovoltaic 5 generators:for producing a control signal for the
control of a sem conductor sw tching device, and nore specifically relates
to a novel structure for such a device in which an array of planar cells
formed in a silicon substrate are dielectrically isolated fromone 10

anot her in an insul ated waf er-bonded assenbly. Photovoltaic generators
(PVG are well known and are commonly used for producing a control signa
for a solid state relay. Such devices enploy an LED which is energized by
I nput termnals to irradiate the 15 phdbt esensitive surface of a spaced
and i nsul ated photovol tai c device. The output of the photovoltaic device

may serve as the input to a smntchlng devi ce, such
PHOTOVOLTAIC GENERATOR WITH DIELECTRIC

ISOLATION AND BONDED, INSULATED WAFER LAYERS

BACKGROUND OF THE INVENTION
This invention relates to photovoltaic
5 generators for producing a control signal for the control
of a semiconductor switching device, and more
specifically relates to a novel structure for such a
device in which an array of planar cells formed in a
silicon substrate are dielectrically isolated from one
10 another in an insulated wafer-bonded assembly.
Photovoltaic generators (PVG) are well known
and are commonly used for'producing a control signal for
a solid state relay. Such devices employ an LED which is
energized by input terminals to irradiate the
15 photosensitive surface of a spaced and ihsulated
photovoltaic device. The output of the photovoltaic
device may serve as the input to a switching device, such
as a MOS-gated device, typically a power MOSFET, which
"has load terminals which are switched "on" in response to
20 the energization of the LED. The input and output
terminals of the relay are isolated by the gap between
the LED and the photovoltaic device. Commonly, the
photovoltaic device consists of a large number of series-
connected photovoltaic cells in order to produce a
25 voltage sufficiently high to turn on the power switching-
device. Such devices are well known and are sold under
the name "PVI" (photovoltaic isolator) by the
International Rectifier Corporation of El Segundo, CA,
the assignee of the present invention.
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as a MOS-gated device, typically a power MOSFET, which has load term nals
whi ch are switched "on" in response to 20 the energi zation of the LED.
“The i nput and output termnals of the relay are isolated by the gap between
the LED and the photovoltaic device. Conmonly, the photovoltaic device
consists of a |large number of series- Zonnected photovoltaic cells in order
to produce a 25 vol tage sufficiently high to turn on the power

swi tching device. Such devices are well known and are sold under the nane
"PVI" (photovoltaic isolator) by the International Rectifier Corporation of
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many- different ways. One known generator employs a stack
or pile of photovoltaic cells as shown in U.S. Patent
' 4,755,697 to Kinzer. Other devices employ a planar array
5 of cells which are junction isolated from one another and
"are connected in series at their surfaces. Still other
devices are known in which individual cells disposed over
the surface of a silicon chip are junction-isolated from
one another or may be dielectrically isolated, as shown
10 in U.S. Patents 4,227,098 and 4,390,790.

The prior art devices have the drawback of
being expensive to manufacture and having low
manufacturing yields. It is desirable to produce a
photovoltaic generator which is capable of producing a

15 large number of insulated cells which can be connected in
series to produce a turn-on signal for a power MOS-gated
device but which is easily manufactured, using existing
reliable processing equipment and techniques.

BRIEF DESCRIPTION OF THE INVENTION

20 In accordance with the present inventionm,
dielectrically isolated planar photogenerating cells are
formed in a flat, thin dielectrically bonded silicon
wafer consisting of a relatively thick "handle" wafer
which is oxide-bonded to and insulated from a thin device

25 wafer (a junction-receiving layer). Individual planar
and spaced wells or tubs are formed by an array of
intersecting trenches which extend through the thin
device layer to the oxide bonding region to fully
dielectrically insulate each of the tubs. Each of the

30 tubs has an N* bottom surface and N* top contact region
and a P* diffusion defining a "P" on N" solar cell type
arrangement. The N* top contact of each cell is



mahy different ways. One known generator enploys a stack or pile of
photovoltaic cells as shown in U S Patent 4,755,697 to Kinzer. Qher

tdevi ces enploy a planar array 5 of cells which are junction isolated
from one another and are connected in series at their surfaces. Still other
devi ces are known in which individual 8el'l's di sposed over the surface of a
silicon chip are junction-isolated fromone another or may be
dielectrically isolated, as shown 10 in US. Patents 4,227,098 and
4,390, 790. The prior art devices have the drawback of being expensive to

manuf acture an | I ufac | Yi I% : i esirable to produce
a photovoltaiceagﬁéFg?gre§%F§% %s %gégggg'é? ﬁoﬁéi?ﬁéng T%if Lolarge
nunber of insufafe@ctekrhrshwich pardeterminedt e¢lils, séoreextmppeedaée a

turn-on signal c&pigainoweri NS gated device but which is easily

f ured, using existing reliable processing e uipnént and techni ques.
manut act g Thegupper surfgce of thg dgvice is then exposed

5 to the radiation output~of a spaced LED to produce output
voltages from each of the cells. These outputs,
connected in series, produce a signal which can control
the switching of a MOS-gated device.

Other features and advantages of the present
10 invention will become apparent from the following
description of the invention which refers to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS _
Figure 1 shows a small portion of an oxide
15 bonded handle wafer and device wafer.
Figure 2 shows the wafer of Figure 1 following.
the formation of isolation trenches to dielectrically

separate and define isolated cells or tubs.
Figure 2a shows a detail of the isolation
20 trench of Figure 2.

Figure 3 shows the diffusion of spaced, shallow
P* regions and N* contacts in the device wafer or layer
of Figure 2.

Figure 3a is a top view of a portion of the

25 wafer of Figure 3, and shows an N* finger extending from
the N* contact ring.

Figure 4 shows a top view of a portion of the .
device of Figure 3 after the formation of contacts to
connect the devices in series.

30 Figure 5 is a cross-sectional view of the
structure of Figure 4, taken across the section line 5-5
in Figure 4.



BRI EF DESCRI PTI ON OF THE | NVENTI ON 20 I n accordance with the
present invention, dielectrically isolated planar photogenerating cells are
formed in a flat, thin dielectrically bonded silicon wafer consisting of a
relatively thick "handl e" wafer which is oxide-bonded to and insulated from
a thin device 25 wafer (a junctiofreceiving layer). Individual planar
and spaced wells or tubs are forned by an array of intersecting trenches

whi ch extend through the thin device |ayer to the oxide bonding region to
fully dielectrically insulate each of the tubs. Each of the 30 tubs has

an N err] bottom surface; %n%é\l[éarg t‘?%o%%”ts%%tt iggign C%H[

diffusion defining a "P'0 1A type arrangenen
cont act of eacece®d embodiment of the present invention, and is a

err] top

cross-gsection along lines 6-6 of Figure 7.
Figure 7 is a top plan view of the cell of
5 Figure 6. -

DETAILED DESCRIPTION OF DRAWINGS

.Referring first to Figure 1, there is shown
therein a starting wafer which consists of an N* handle
wafer 10 and a coextensive N device layer 11 which is

10 " bonded to handle wafer 10 by oxide layer 12. The bottom
of N device layer 11, which is very thin compared to the
thickness of handle wafer 10, contains a shallow N*
diffusion 13 adjacent oxide layer 12.

In one preferred embodiment of the invention,

15 handle wafer 10 may have a non-critical thickness of from
about 375 to 525 micrometers, and a high, non-critical
concentration of N* carriers. A metal layer 14 may be
disposed over the bottom of wafer 10 for mounting
purposes.

20 The device layer or wafer 11 is of
monocrystalline silicon, and contains the diffusions
defining each of the photovoltaic cells of the device.
Layer 11 may have a thickness of about 20 micrometers,
although it could range from 5 to 50 micrometers, and a

25 resistivity of about 2 to about 12 ohm centimeters.

The dielectric bonding layer 12 has a thickness
of about 0.45 micrometers and electrically insulates
wafers 10 and 11. Other oxide thicknesses can be used,
and are chosen to allow monitoring of the subsequent

30 trench etch for completion of the etch.

Any desired known process can be used to bond
wafers 10 and 11. Such processes are described, for



-3- connected to the Plerr] contact of an adjacent cell to connect each of
a predetermned cells, for exanple, 16 cells in series. The upper surface
of the device is then exposed 5 to the radiation output of a spaced LED
to produce output voltages fromeach of the cells. These outputs, ctonnected
in series, produce-a signal which cafi €ofitrol the switching of a MOS- gated
device. OQther features and advantages of the present 10 I nvention wll
beconme apparent fromthe foll owi ng description of the invention which
refers to the acconpanying drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS

UL darnceeRadite, DA hesChoARLl Hechtiye, BRRCeGy AR eetaier sone
the publication Solid State Technology, Nove er 1990,
pages 39, 40 and in Silicon Wafer Bonding etc. by Abe et
al. in Proceedings of 4th Intl. Symposium On Silicon-On-

5 Insulator Technology armd Devices, May 6-11, 1990,
Montreal. '

After forming the bonded assembly of Fig. 1,
the wafer 11 is processed to form a grid of deep trench
isolations 40 which surround and isolate each of the N*

10 collector contact regions and extend through N* buried
layer 13 to the dielectric layer 12. Portions of the
trench are shown in crosé-section as portions 40a, 40b,
40c, 40d and 40e. The trenches create dielectrically
igsolated "tubs" in iayer 11, each of a surface area of

15 about 10 mils by 10 mils with a trench gap which
typically may be 20 to 25 micrometers. Other dimensions
can be used. .

After the trench array 40 is formed, a thin
oxide is thermally grown on its interior walls, shown in

20 Figure 3a as oxide layers 50 and 51, and the central gap
between them is then filled with polysilicon 52. Thus, a
plurality of identical dielectrically isolated
photogenerator cells is formed in layer 11. The
thickness of the oxides (or other dielectric) 50 and 51

25 is chosen to optimize reflectance of radiation at the
interface with the silicon 11. (This improves the
efficiency of the device.) .

After forming the dielectrically isolated tubs
of Figure 2, diffusions forming the photovoltaic cells

30 are formed in the surface of wafer 11. Thus, using
suitable photolithography techniques, an array of
rectangular or other shape shallow P* diffusions 20 to 24
and square ring-shaped N* contact diffusions 25 to 29,



the formation of isolation trenches to dielectrically separate and define

I solated cells or tubs. Figure 2a shows a detail of the isolation 20
‘trench of Figure 2. Figure 3 shows the diffusion of spaced, shallow P[err]
regions and N err] contacts in the device wafer or |ayer of Figure 2.
Figure 3a is a top view of a portion-of the 25 waf er of Figure 3, and
shows an N err] finger extending fromthe N err] contact ring. Figure 4
shows a top view of a portion of the device of Figure 3 after the fornmation
of contacts to connect the devices in series. 30 Figure 5 is

Cect o Trne SPBLeY SrolFel e ERSoRL 0Lt HLEER.EVLRSY 10°
formed in wafer 11. Typically, for a wafer which is 5
inches in diameter, 88,000 spaced P* diffusions may be
formed across the wafer to make about 9,000 die.

5 Obviously, all P and N conductivity types can be
reversed.

In one preferred embodiment of the invention,
P* regions 20 to 24 have a depth of 2 micrometers and an
area of 9 mils by 9 mils. The P* regions may be formed

10 by an implant dose of boron (?) of 5E18 per cm’ with a
peak concentration of 5E18 per cm’.

The N* rings 25 to 28 have a depth of 1
micrometer and a width of 0.5 mil and an inner
circumference of 34 mils. Rings 25 to 28 may be formed

15 of an arsenic implant at a dose of 8E15 per cm’ with a
peak concentration of 4E20 per cm®. A central N*
collecting finger 30, shown in Figure 2a for ring 25, can
be disposed at the center of each P* diffusion. Finger

- 30 may have a width of 0.5 mil and a length of about 7
20 mils.

As next shown in Figure 5, an oxide layer 60 is
deposited atbp the surface of wafer 11. A contact mask
then patterns the oxide to form contact openings to the
N* and P* regions. Thereafter, a contact metal is

25 deposited atop the oxide layer 60 and the metal is etched
to form contact strips 70, 71, 72 and 73, shown in
Figures 4 and 5, to connect the P* diffusion of one cell
to the N* contact diffusion of an adjacent cell.

After the device is completed, the wafer may be

30 coated with a protective transparent coating. The wafer
is thereafter diced into units of 16 series-connected
cells which have respective solder pad terminals (not



-4- Figure 6 is a cross-section of one cell of a second enbodi nent of the
present invention, and is a cross-section alang lines 6-6 of Figure 7.
‘Figure 7 is a top plan view of the cell of 5 Figure 6. DETAILED
DESCRI PTI ON OF DRAW NGS Referring first to Figure 1, there is shown therein
a starting wafer which consists of an Rerr] handle wafer 10 and a
coextensive N device layer 11 which is 10 bonded to handl e wafer 10 by
oxi de layer 12. The bottom of N device layer 11, which is very thin
conpared to the thickness of handle mafer 10, contains a shallow N err]

di ffusion 13 ad acent oxide_| ayer In one preferre enbodl nt of _.the
i nvention ownp to produ Z dev1ces whlchpcan progu volts and

2.5 microamperes when illuminated by an LED.
Thus, the individual devices may be mounted
with an LED 80 (in Figufe 5) insulated therefrom but
5 arranged to produce radiation which illuminates the
surface of the wafer or chip. LED 80 is turned on by a
suitable input to its terminals 81 and 82 which are
dielectrically insulated from the output terminals of the
chip. Any suitable LED can be used. |
10 _ If desired, the PVG structure described above
(except for the LED) can be integrated into the same chip
which contains the power MOS-gated device to be
controlled by the photogenerator structure.
Figures 6 and 7 show a second embodiment of a
15 cell arrangement with a different contact configuration.
In the description of Figures 6 and 7, similar numerals
identify similar parts to those of Figures 1 to 5. The
processing sequence is also the same except for changes
specifically described. Thus, the device of Figures 6 an
20 7 employs a larger area P* diffusion 100. Further, in
the embodiment of Figures 6 and 7, the N wafer 11 has a
concentration greater than about 27 ohm centimeters.  P*
region 100 is identical in depth and concentration to
that of Figures 2 to 5. However, only a small N* contact
25 diffusion is employed which is 1 micrometer deep but only
0.5 mil by 0.5 mil. Further, the interior walls of
trenches 40 receive a thin N* coating 105 formed, for
example, by diffusion from POCl, to a depth of about 5
micrometers and with a surface concentration of about
30 2E18 per cmr.
Although the present invention has been
described in relation to particular embodiments thereof,
many other variations and modifications and other uses



15° handl e wafer 10 may have a non-critical thickness of from about 375
to 525 mcroneters, and a high, non-critical concentration of N err]
¢arriers. A nmetal layer 14 may be di sposed over the bottom of wafer 10 for
nount i ng purposes. 20 The device layer or wafer 11 is of
nmonocrystal line silicon, and contains the diffusions defining each of the
phot ovol taic cells of the device. Layer 11 nmay have a thickness of about 20
m croneters, although it could range from5 to 50 mcronmeters, and a 25
resistivity of about 2 to about 12 ohmcentineters. The dielectric bonding

| ayer 12 has avphhp&ﬂggﬁ1 f QU0 4p i ol oneterns and electricall C
i nsul ates wafer sl 10 and fi.a%%her tgxtfbdegﬂqﬁecnﬁ(ég'&ee ¢Zh L?sréd, a%d He
chosen to al | oREAHATEG nFherafiersuideduahe 3resentt rievemteiorh Heor

conpl etion of Ufignitied noiNbyleHd AbINE RIRATHLA RE-HSET it NG,
by the appended claims.
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wafers 10 and 11. Such processes are described, for exanple, in Wfer
Bondi ng Techni que etc. by Abe et al. in the publication Solid State
sTechnol ogy, Novenber 1990, pages 39, 40 and in Silicon Wafer Bonding etc.
by Abe et al. in Proceedings of 4th Intl. SynposiumOn Silicon-On- 5

| nsul at or Technol ogy and Devices, May 8-11, 1990, Mbntrear After—forni ng
the bonded assenbly of Fig. 1, the wafer 11 is proc I d of
deep trench isol ations 40 which surround and isol at amﬂﬂMIml'mf"m@LﬂFr] 10
col l ector contact regions and extend through N err] Buricedt| ayers
dielectric layer 12. Portions of the trench are shown in cross-section as

portions 40a, 40b, 40c, 40d and 40e. The trenches create dielectrically
WHAT IS CLAIMED IS:

1. A photovoltaic generator comprising, in

combination, a wafer consisting of a first flat
relatively thick handl€ wafer and a second:flat
relatively thin junction receiving wafer; characterized
5 in that said first and second wafers being joined

together by a thin dielectric bonding layer; said second
wafer being a lightly doped wafer of one conductivity
type; a mesh-shaped thin trench which extends from the
outer surface of said second wafer to said thin

10 dielectric bonding layer dividing said wafer into a
plurality of electrically insulated tubs; the flat outer
surface of each of said tubs having a relativeiy shallow
diffusion of the opposite conductivity type therein,
whereby radiation which reaches the junction between said

15 shallow diffusion and the body of said lightly doped
material of said tub will generate an output photovoltaic
voltage; and connector means for connecting said shallow
diffusion of at least a plurality of said tubs to the
lightly doped material of adjacent tubs. '

2. The photovoltaic generator of claim 1,
which is further characterized in that the walls of said
trench are lined with a thin dielectric layer.

3. The photovoltaic generator of claim 1,
which is further characterized in including an increased
concentration contact diffusion at the top of each of
said tubs, which is laterally spaced from said diffusion

5 of said other conductivity type.



I solated "tubs" in layer 11, each of a surface area of 15 about 10 mls
by 10 mls with a trench gap which typically may be 20 to 25 nicroneters
O her di nensions can be used. After the trench array 40 is forne

oxide is thermally grown on its interior walls, shown m
-as oxide layers 50 and 51, and the cent@at gap bet meJl“um””,jlnl mmn | ed
with polysilicon 52. Thus, a plurality of identical dieleétritcallysisolated

phot ogenerator cells is forned in layer 11. The thickness of the oxides (or
other dielectric) 50 and 51 25 I's chosen to optimze refl ectance of

radiation at the interface w BN MRIOVE! .t he
efficiency of the devi ce4) Af t é’l’e &Q%\oﬁﬁi%cdlg&%ﬁiofaﬂfyc ?&F‘gt éd Fubs
of Figure 2, dif,f wdiichs ifsorfuntderhehahatanend itzzde iceltheitt3®aid famstf orned in
the surface Ochi%%%t&%ithwyﬁelfﬁ e N type.

5. The phofovoltaic generator of claims 1 to
4, which is further characterized in that said second
wafer contains a thin high concentration buffer layer of
said one conductivity type adjacent said thin dielectric
5 bonding layer.

6. The photovoltaic generator of claims 1 to
5, which is further characterized in that said trench
contains a polysilicon.filler between said liners of
dielectric material.

7. The photovoltaic generator of claims 1 to
6, which is further characterized in that the opposite
walls of said trench contain a shallow diffusion of said
one conductivity type.

8. The photovoltaic generator of claim 3,
which is further characterized in that said contact
diffusion in each of said tubs has a ring shape which
surrounds and is spaced from the periphery of said

5 diffusion of said other conductivity type.

9. The photovoltaic generator of claim 3,
which is further characterized in that said contact
diffusion is a small-area rectangle which is spaced from
the periphery of said diffusion of said other

5 conductivity type. |



sui't abl e photolithography techni ques, an array of rectangul ar or other
shape shallow P[err] diffusions 20 to 24 and square ring-shaped N err]
dontact diffusions 25 to 29, -6- which encircle P[é€f to
24 respectively, is formed in wafer 11. Typically, for”!l“ﬂ"lm“mm]ﬂ”m 5

inches in diameter, 88,000 spaced P[erAll diffusions may” be® fdrmld &crbss
the wafer to nmake about 9,000 die. 5 Qobviously, all P and N

conductivity types can be reversed. In one preferred enbodi mrent of the .
invention, Plerr] regions 20 to 24 have a depth of 2 mcroneters and an

area of 9 mls by 9 mls. heéEEerr regions. may be forned 10 , by an

i npl ant dose of boron (?)l%-f X:| %%?t%%ﬁfﬁlﬁ %enerator of claim 1,
which is further characterized in that each of said tubs
has a polygonal shape at its upper surface.



peak concentration of 5EIS ed The N[ err] rings 2 ==
depth of 1 mcroneter a 5 mil and an inner ¢ fS$RERINCAS BEEN
34 mls. Rings 25 to 28 of an arsenic 'nnlaﬁFPbﬁCED

per cn{erry. =l

dose of 8E15 per cnferr] mnth a peak concentratlon of 4E20
central Nerr]_collecting-$inger 30, shown in Figure 2a for ring 25, can be

di sposed at the center of each P[err] diffusion. Finger 30 nay have a width
of 0.5 m!| and a length of about 7 20 mls. As next shown in Figure 5,
an oxide layer 60 is deposited atop the surface of wafer 11. AZEEEE%Eh:nask
then patterns UMQLOX|de4Ao forn1combact openlng%’to t he N[errLgﬁpunbepwk}
regi ons. Thereafter, a contact metal”is 25 Adeposited atop”the 0

| ayer 60 and th netal i s etched y6 form cont &€t strips 70, 71, 72 nd 73,
shown in Figurej 4 add 5, to copﬁect the Plerr] dlffu3|oqng one cgll

preawa
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to'the N[err] contact diffl Replacetbent cel|l. After i '__-- 1
conpl etedi the wafer may b l with a protectiv .Fﬂgﬁ%égiQQQSﬁéEN
toating. . The wafer is ther nto units of 16 spries-R R .

cells mhlch have respective solder pad term nals (not -7- shown) to
pr-oduce.devices which can produce 7 _volts and 2.5 m croanperes when :
i | luminated by an LED. Thus, the individual devices may be nounted with” an""“'
LED 80 (in Figure 5) i nsul at ed rranged to produce
radi ation which illumnates t ery or chip. LED 80 is
“turned on by a suitable input ari]d 82 which are
dielectrically |nsulatedz 5

30 -
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chip. Any suitable LED can E.MQ”%Rﬁaced | f deér T, SHEE PAVGBEEN

structure descri bed above (e ED) can be integrat edRERLACERe !
same chip which contains thejmﬂ&“
phot ogener at or structure. shom1a second enbodi nent of a 1%

d device to be trorted by the
cell arrangenent with a different contact configuration. In the descript |/q)n

of Figurés 6 and 7, STmTar nunerars Tdenti Ty st Tar parts to tThose of
Figures 1 to 5. The processi ng—BGACIC x?gﬁ»ﬂ&tgp&%lﬁtd@éﬁﬁlexéZzﬁx?zuxﬂzﬁangQS
specifically described. Thus/the device of Figures 6 an 20 7 enpl oys;a
| arger area P[err] diffusiopf 100. Further, in the enbodi nent of Figures 6
and 7, the N wafer 11 has concentration greater t han about 27 .
centineters. Plerr] regioAd 100 is identical th and concenfration to

that of Figures 2 to;h wever, only a small / r)rl ont act /25 S
diffusion is enployedf i ch is 1 nicrémeter deepbut r‘.+/‘f__  { g
i 3 | \
¢ ":.' /0; + - A/"L :, 1 B
- ’ #E/ (/V ) A/— // :f 2 g
¢ ’d (—- - —4 4
A AT A /c/f —7= A AR AR _‘,/ T e
z; / C- |
e e e — S |




0.5 ml| by 0.5 ml. Further, the |nterfo‘fmalls of trenches
r Oms{D v ﬁg@ g:EN

thin NJerr] coating 105 forned, for exanple, by diffusion f
‘depth of about 5 microneters and wi th. a:surface concentrati at n“
2E18 per cnferr]. Although the present invention has been descrlbed in
relation to particular enbodi mrents thereof, many other variations and
nodi fi cati ons and ot her uses '-8- will becone apparent to those skilled
inthe art. It is preferred, therefore, that the present invention be
limted not by the specific disclosure herein, but only by the appended
cl ai ns. PHOTOVOLTAIC GENERATOR WITH DIELECTRIC

ISOLATION AND BONDED, INSULATED WAFER LAYERS

ABSTRACT OF THE DISCLOSURE
A photovoltaic generator device for producing

an output sufficient to turn on a MOS-gated device

. consists of a plurality of planar photogenerators
connected in series. Each of the photovoltaic generators
is contained on its own respective insulated tub. The
insulated tubs are formed by wafer bonding a junction-
containing wafer to a handle wafer with a dielectric

 isolation layer between them. The individual tubs are
formed at their sides by isolation trenches which enclose
each tub and which extend to the dielectric layer between
the junction-containing and handle wafers. Each tub is
formed of an N body having a shallow P* diffusion. N*
contaét regions are formed in the N body and contact
strips connect the devices of each of the tubs in series
by connecting épe.P* diffusions of one tub to the N*
contact of an adjacent tub

€
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-9 WHAT IS CLAIMED | S 1. A phot ovol tai c generator co JHP§VﬁgT“?n“ SoEET
‘conbi‘nation, a wafer consisting of a first:flat relati velg éhi ck? HARR 9096
wafer and a second flat relatively thin junction receivint \ T A
characterized 5 in that said first and second wafers being joined
together by a thin dielectric bonding Layer; said second wafer being a
lightly doped wafer of one conductivity type; a nesh-shaped thin trench

whi ch extends fromthe outer surface of said second wafer to said thin 10

dielectric bonding |a At £l ' ' | of
e:ectrizglly in;u?ateéﬁ?aﬁ%?b?%éﬁ?ﬁ@tﬁEﬂﬁf@ﬁ s BI§¥EE@kﬁ§y

| at outer surface of each of said tubs
having a rel ativel y i NDES : IR R .

evrvalel?,
t her ei n,

AN AN

ABSTRACT OF THE DISCLOSURE

A photovoltaic generator device for producing
an oﬁtput sufficient’to_;urn on a MOS-gated device
consists of a plurality of planar photogenerators
connected in series. Each of the phdtovoltaic generators
is contained on its own respective insulated tub. The
insulated tubs are formed by wafer bonding a junction-
containing wafer to a handle wafer with a dielectric
isolation layer between them. The individual tubs are
formed at their sides by isolation trenches which encIdse
each tub and which extend to the dielectric layer between
the junction-containing and handle wafers. Each tub is
formed of an N body having a shallow P* diffusion. N7*
contact regions are formed in the N body and contact
strips connect the devices of each of the tubs in series
by connecting the P* diffusions of one tub to the N*
contact of an adjacent tub.

Figure 5§




whereby radi ati on which reaches the junction between sald ﬂ;ﬁ;n
di ffusion and the body of said lightly. doped material of lsai d tub wi Ll

generate an out put photovoltaic voltage; and connect or a@gtef_gjzz,ﬁ;_éﬁﬁedﬂ_gﬁng
said shallow diffusion of at least a ptorality of said t

rarepemreet

doped material of adjacent tubs. 2. The photovol tai c generator of “claim
1, which is further- characterized in that the walls of said trench are
lined with a thin dielectric |ayer. 3. The photovol tai ¢ generator of
claiml1, which is further characterized in including an |g§¥$ d
concentration contact diffusi at the top.of each of sai c3)_5'\,h|ch S
laterally sp ﬁ!d fro? aid dlf}é]usmn 5 f said other&@r“@N Ity type.
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10 4. The photovoltaic generator of cl ép&é%
characterized in that—sata—first conducti g?@
ﬁgﬂg fﬁf’f
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t hat sai d-secon a thin high concentration by

%F I' amer-...of ...........

sai d one conducti cent said thin dielectric 5 bondi ng

| ayer. 6. The p ner at or ;&_clalns 1 to5 whichis further
characterized in that-said trench contains a polysilicon filler between
said liners of dielectric material. 7. The photovol taic generator of
claims 1 to 6, which is further ed in that the opposite walls of
said trench contain a shallow d)fjfusi-onof sai e conductivity type.
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8. The photovoltaic generator of claim3, which is furthennghﬁééiferazﬁgé;i
In that said contact diffusion in each-of said tubs has a i ng ShZ%F Bgich
di|frbassi. 08 BoAPR al%6...

surrounds and is spaced fromthe periphgry of said 5
ot her conductivity type. 9.

The phot evol tai c generat or or=—ctaE=m
is further characterized in that said contact diffusion is a snall

area

rectangl e which is spaced fromthe periphery of said diffusion of said

ot her 5 conductivity type. - 1l
claiml1, which is further characterized in that each of
pol ygonal shape at its upper surface.

- 10. The photovoltai c generator of

said tubs has a
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