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EFFECT TRANSISTOR        (71)   We, RCA CORPORATION, (formerly  a similarly
shaped characteristic except that  50     Radio Corporation of America), a
corpora-  the  condition  of zero  drain  current is     tion organised
under the laws of the State  reached at negative gate voltages. In these
of Delaware, United States of America, of  N type devices, the effect of
the application  5  30 Rockefeller Plaza, City and State of New   of heat
and positive gate bias is to shift the     York, United States of America,
do hereby  transfer characteristic in such a way that, 55     declare the
invention, for which we pray  at low current levels, more negative values
that a patent may be granted to us, and  of gate voltage are required to
produce the     the method by which it is to be performed,  same values of
current. This instability is 10 to be particularly described in and by the
not observed at higher values of drain cur-     following statement: -
rent; that is, at higher current levels, the  60       This invention
relates to an insulated gate  transfer characteristics are the same for
field-effect transistor and, more particularly,  both new  N  type
transistors and  those     to such a transistor which has improved  which
have been biased and heated pre- 15  stability characteristics.
viously.       Insulated gate field-effect transistors con-    The transfer
characteristics of P  type  65     structed as taught by the prior art are
sub-  transistors are also affected by positive gate     ject  to  various
types  of  instability.  bias and heat. In these devices, the in-
Apparently, the high electric fields asso-  stability appears as a lowering
of the slope 20  ciated with the operation of such devices  of the transfer
characteristic for low drain     produce changes in their internal
structure.  currents and a parallel shift of the charac- 70     The
instabilities  manifest themselves  in  teristic to lower values of gate
voltage at     several ways. For example, one type of  higher current
levels. In other words, more     instability, which is thought to be due to
negative gate voltages are required to pro- 25  motion of charges in the
insulating oxide  duce a given current in these devices after     layer,
results in a shift, in the negative di-  they have been positively biased
at elevated  75     rection, of the transistor transfer charac-
temperatures.     teistic curve of drain current versus gate    It is
believed that the cause of this in-     voltage.
stability is also the case of the failure of 30    Insulated gate
field-effect transistors have  the drain-to substrate diode in both N and
been constructed carefully so that the oxide  P type transistors.
80      layers thereof are free of ions and mole-    It has been found that
this instability is      cules which could produce such instabilities. in
some way related to the surface concen-      Tests show, however, that the
instabilities  tration of doping impurities in the source 35 are not
entirely removed by this expedient.  and drain regions of the transistors.
Prior      An instability remains which manifests it-  art transistors
conventionally have source  85      self as the generation of donor-type
inter-  and drain regions in which the surface con-      face electronic
states when a positive gate  centration of the dopant is greater than
10[err]      bias and heat are applied to the transistor.  impurity  atoms
per  cubic  centimeter 40 This instability affects both N  and P type
(10[err]cm[err]) and this high concentration of      transistors as
follows.                     impurities is such as to produce significant
90        Insulated gate N type enhancement tran-  defects in the
semiconductor crystal lattice.      sistors, for example, are characterized
by  Such lattice defects apparently can move      a transfer characteristic
curve in which  under the influence of heat and positive gate 45  there is
no drain current until a particular  voltage so as to change the physical
struc-      positive value of gate voltage, that is, the  ture of the
transistor.                   95      threshold voltage, is reached, after
which    According to the invention, we provide a      drain current
increases with increasing gate  field-effect transistor comprising a
crystal-      voltage. N type depletion transistors have  line
semiconductor body having a surface,          [Price 5s. Od. (25p)]      
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2      a conductive channel therein, spaced source  also results in the
formation of an inversion     and drain regions adjacent to said surface
layer channel 30 extending between the     in said body in ohmic contact
with said  source and drain regions 16 and 18. To     channel, and a gate
electrode spaced from   complete the structure of the prior art  5  said
channel by  a  layer of insulating  transistor 10, a gate metal electrode
32 is  70     material,  wherein  the  improvement  is  deposited over the
channel 30 and suitable     characterised by: at least those portions of
leads 33 are bonded to the source, drain,     each of said source and drain
regions im-  and gate electrodes.     mediately adjacent the respective
ends of    The source and drain regions 16 and 18 10  said channel
containing doping impurities  are conventionally doped heavily in order 75
in amounts less than an amount sufficient to  to  insure good  ohmic
contact with  the     produce  significant disturbances  in  the  source
and drain electrodes 24 and 26, and     physical perfection  of the
semiconductor  good ohmic contact to the respective ends     lattice.
of the channel 30. Typically, these regions 15   In one preferred
embodiment the maxi-  contain  doping  impurities  in  amounts  80     mum
doping concentration in these portions  greater than 10[err]cm-[err]     is
preferably less than [err] For prac-    The present improved field-effect
transis-     tical commercial devices, a lower limit of  tor is designated
generally  by  numeral     10[err] cm[err] may be set for the doping con-
45  in  Figure  2.   The  transistor  34 20  centration,  this  amount
providing  for  comprises  a  substrate  36  which  may  85     reasonable
values of series resistance adja-  be of the same material as the substrate
12     cent to the ends of the channel. Portions  in the transistor 10.
Formed adjacent to     of the source and drain regions more remote  the top
surface 38 of the substrate 36 are     from  the channel are heavily doped
as in  spaced source and drain regions, generally 25  the prior art to
secure sufficiently low sheet  designated by numerals 40 and 42, respec- 90
resistivity to provide good ohmic contact  tively. The source and drain
regions 40     to the source and drain metal electrodes.   and 42 differ
from the source and drain re-       In the accompanying drawings:
gions 16 and 18 of the transistor 10 in that       Figure 1 is a cross
section through a typi-  they each contain a region of medium dop- 30 cal
insulated gate field-effect transistor con-  ing, 44s and 44d,
respectively, and a region  95     structed in accordance with the prior
art;  of heavy doping, 46s and 46d. The medium       Figure 2 is a cross
section through a pre-  doped regions 44s and 44d are positioned     ferred
embodiment of the present field-  immediately adjacent to the ends of the
con-     effect transistor; and                      ductive channel of
this embodiment, desig- 35    Figures 3a to 3c illustrate a preferred
nated by numeral 48, and the heavily doped 100     processing sequence for
fabricating the em-  regions 46s and 46d are positioned adjacent
bodiment of Figure 2.                       to the surface 38 so as to
establish electrical       A prior art transistor is designated gener-
communication between the medium doped     ally by the numeral 10 in Figure
1. The  regions 44s and 44d and a pair of source 40  transistor 10
comprises a substrate 12 which  and drain metallic electrodes 50 and 52.
105     is typically of P type silicon having a re-   Deposited blocks of
insulating material     sistivity of 1 to 25 ohm cm. The substrate  54 and
56 overlie the source and drain     12 has a major surface 14 adjacent
which  medium doped regions 44s and 44d and a     the active components of
the transistor are  thermally grown layer of insulation 58 over- 45
fabricated.                                 lies the channel 48. A gate
electrode 60, 110       A pair of highly doped source and drain  positioned
over the channel 48, and suitable     regions 16 and 18 are formed adjacent
to  leads 61, connected to the source, drain and     the surface 14. In one
process of fabricat-  gate electrodes, complete the structure of     ing
transistors of this type, the source and  the transistor 34. 50 drain
regions 16 and 18 are produced by    The transistor 34 may be made by a
pro- 115     diffusing suitable impurities into the sub-  cessing  sequence
partially  illustrated  in     strate 12 from spaced blocks 20 and 22 of
Figures 3a to 3c. Well-known conventional     doped silicon dioxide which
are formed by  steps, such as the application and removal     conventional
photoresist techniques. In the  of photoresist material, have been omitted
55  drawing, the blocks 20 and 22 are illus-  from the illustration for
purposes of clarity. 120     trated in their completed form  as having
With reference to Figure 3a, the initial     been  provided  with  holes 23
in which  step in the process is to prepare the sub-     metallic source
and drain electrodes 24 and  strate 36 to receive the proper impurities
26 are formed.                              to make the heavily doped
regions 46s and 60    In the conventional processing scheme  46d of the
source and drain regions 40 and 125     mentioned above, a channel oxide
layer 28  42. For this purpose, a masking oxide layer     is formed
simultaneously with the diffusion  62 is applied to the top surface 38 of
the     of the source and drain regions 16 and 18  substrate 36 and holes
64 are etched open     by the thermal oxidation of the exposed  at the
locations desired for the heavily 65  portions of the surface 14. This
oxidation  doped regions 46s and 46d.                 130       
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3  -   The substrate 36, prepared as illustrated   10[err] cm[err] before
the operating characteristics    in Figure 3a, is next placed in a
diffusion  of the device become impractical.    furnace and a suitable
donor impurity such    The present improved transistor can be  65    as
phosphorous is diffused into the sub-  used in the same circuits as prior
art tran- 5 strate 36 to form the heavily doped regions  sistors. In
addition, however, unlike prior     46s and 46d. The masking oxide layer 62
art transistors, the present transistor can     is then stripped from  the
surface 38 in  be used under conditions of positive gate     known manner,
leaving the device as shown  bias. For example, an N  type depletion  70
in Figure 3b.                               transistor constructed as
disclosed herein 10   After the diffusion of the heavily doped  may be
operated in both the depletion and     regions 46s and 46d, a
phosphorous-doped  enhancement  modes  without  significant     oxide layer
is applied to the surface 38 of  changes in its transfer characteristic.
the substrate 36 and etched away in such a     manner as to leave blocks 54
and 56 over    WHAT WE CLAIM  IS: -                         75 15 those
portions of the substrate 36 which    1. An  improved  field-effect
transistor     are intended to be the medium doped por-  comprising  a
crystalline  semiconductor     tions 44s and 44d. See Figure 3c. The de-
body having a surface, a conductive chan-     vice is then placed in a
furnace and heated  nel therein, spaced source and drain re-     in an
oxidizing atmosphere. This treat-  gions adjacent to said surface in said
body  80 20 ment causes phosphorous to diffuse from  in ohmic contact with
said channel, and a     the oxide blocks 54 and 56 into the sub-  gate
electrode spaced from said channel by     strate 36 and  simultaneously
forms the  a layer of insulating material, wherein the     thermal oxide
coating 58. This treatment  improvement is characterized by: at least
also may serve to produce the channel 48,  those portions of each of said
source and  85 25 as in the prior art processing.              drain
regions immediately adjacent the re-       The final step in the processing
sequence  spective ends of said channel containing     for the transistor
34 is to etch open suitable  doping impurities in amounts less than an
holes in the oxide blocks 54 and 56 to per-  amount sufficient to produce
significant dis-     mit contact to be made to the highly doped  turbances
in the physical perfection of the  90 30  regions 46s and 46d by means of
the elec-  semiconductor lattice.     trodes 50 and 52 and, finally, to
apply these    2. An improved field-effect transistor as     electrodes and
the gate electrode 60 in the  claimed in Claim  1, wherein the concentra-
proper locations on the exposed upper sur-  tion of dopant impurities in
said portions     face of the device, arriving finally at the  is less than
101[err]cm[err].              95 35 configuration illustrated in Figure 2.
3. An improved field-effect transistor as       The concentrations of
doping impurities  claimed in Claim 2, wherein the concentra-     in the
respective regions 44s and 44d and  tion of doping impurities in said
portions     46s and 46d are such as to enable good con-  is greater than
10[err]cm[err].     tact to be made between the silicon and the   4. An
improved field-effect transistor as 100 40  source and drain electrodes 50
and 52, and  claimed in Claim  1, having spaced heavily-     also to
establish ohmic connection to the  doped regions in said body in ohmic
elec-     respective ends of the channel 48. The dop-  trical communication
with said channel, a     ing concentration in the heavily doped re-  region
of the same conductivity type as said     gions 46s and 46d is
substantially the same  heavily-doped regions but of lower doping 105 45
as in the prior art, namely, greater than  concentration interposed between
each of     10[err]cm[err]  i.e. degenerate. In the medium   said
heavily-doped regions and said channel.     doped regions 44s and 44d, the
doping con-    5. An improved field-effect transistor as     centration is
made sufficiently low so that  claimed in Claim  4, wherein said body is
the impurities do not significantly disturb  silicon and said heavily-doped
regions are 110 50 the physical perfection of the silicon lattice. doped to
degeneracy, said regions of low     The upper limit on the doping
concentration  doping  concentration  containing  doping     for the
regions 44s and 44d is set by that  impurities in an amount between
10[err]cm[err]     amount of impurities in which physical de-  and
10[err]cm[err].     fects in the silicon become so severe that,   6. A
field-effect transistor substantially 115 55  under the influence of
applied positive bias  as described with reference to Figure 2, and
voltages and/or elevated temperature, these  Figures 3a-3c of the
accompanying draw-     defects can migrate or propagate into the  ing.
channel region. The maximum doping con-                 For the Applicants,
centration for the medium  doped regions       MATTHEWS, HADDAN & CO., 60
44s and 44d has been determined to be                 Chartered Patent
Agents,     approximately 10[err]cm[err] for a stable transis-
31-32, Bedford Street,     tor. The concentration may be as low as
London, W.C.2.               Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1970.                Published at The Patent
Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.       
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3        The substrate 36, prepared as illustrated  l0[err]cm-[err] before
the operating characteristics   in Figure 3a, is next placed in a diffusion
of the device become impractical.   furnace and a suitable donor impurity
such    The present improved transistor can be  65     as phosphorous is
diffused into the sub-  used in the same circuits as prior art tran-  5
strate 36 to form the heavily doped regions  sistors. In addition, however,
unlike prior     46s and 46d. The masking oxide layer 62  art transistors,
the present transistor can     is then stripped from  the surface 38 in  be
used under conditions of positive gate     known manner, leaving the device
as shown  bias. For example, an N  type depletion  70     in Figure 3b.
transistor constructed as disclosed herein 10   After the diffusion of the
heavily doped  may be operated in both the depletion and     regions 46s
and 46d, a phosphorous-doped  enhancement  modes  without  significant
oxide layer is applied to the surface 38 of  changes in its transfer
characteristic.     the substrate 36 and etched away in such a     manner
as to leave blocks 54 and 56 over    WHAT WE CLAIM  IS: -
75 15 those portions of the substrate 36 which    1. An  improved
field-effect transistor     are intended to be the medium doped por-
comprising  a  crystalline  semiconductor     tions 44s and 44d. See Figure
3c. The de-  body having a surface, a conductive chan-     vice is then
placed in a furnace and heated  nel therein, spaced source and drain re-
in an oxidizing atmosphere. This treat-  gions adjacent to said surface in
said body  80 20 ment causes phosphorous to diffuse from  in ohmic contact
with said channel, and a     the oxide blocks 54 and 56 into the sub-  gate
electrode spaced from said channel by     strate 36 and  simultaneously
forms the  a layer of insulating material, wherein the     thermal oxide
coating 58. This treatment  improvement is characterized by: at least
also may serve to produce the channel 48,  those portions of each of said
source and  85 25 as in the prior art processing.              drain
regions immediately adjacent the re-       The final step in the processing
sequence  spective ends of said channel containing     for the transistor
34 is to etch open suitable  doping impurities in amounts less than an
holes in the oxide blocks 54 and 56 to per-  amount sufficient to produce
significant dis-     mit contact to be made to the highly doped  turbances
in the physical perfection of the  90 30 regions 46s and 46d by means of
the elec-  semiconductor lattice.     trodes 50 and 52 and, finally, to
apply these    2. An improved field-effect transistor as     electrodes and
the gate electrode 60 in the  claimed in Claim 1. wherein the concentra-
proper locations on the exposed upper sur-  tion of dopant impurities in
said portions     face of the device, arriving finally at the  is less than
10[err]cm[err].               95 35  configuration illustrated in Figure 2.
3. An improved field-effect transistor as       The concentrations of
doping impurities  claimed in Claim 2, wherein the concentra-     in the
respective regions 44s and 44d and  tion of doping impurities in said
portions     46s and 46d are such as to enable good con-  is greater than
[err]cm[err].     tact to be made between the silicon and the   4. An
improved field-effect transistor as 100 40  source and drain electrodes 50
and 52, and  claimed in Claim  1, having spaced heavily-     also to
establish ohmic connection to the  doped regions in said body in ohmic
elec-     respective ends of the channel 48. The dop-  trical communication
with said channel, a     ing concentration in the heavily doped re-  region
of the same conductivity type as said     gions 46s and 46d is
substantially the same  heavily-doped regions but of lower doping 105 45
as in the prior art, namely, greater than  concentration interposed between
each of     10[err]cm[err] i.e. degenerate. In the medium   said
heavily-doped regions and said channel.     doped regions 44s and 44d, the
doping con-    5. An improved field-effect transistor as     centration is
made sufficiently low so that  claimed in Claim 4, wherein said body is
the impurities do not significantly disturb  silicon and said heavily-doped
regions are 110 50 the physical perfection of the silicon lattice.  doped
to degeneracy, said regions of low     The upper limit on the doping
concentration  doping  concentration  containing  doping     for the
regions 44s and 44d is set by that  impurities in an amount between
10[err]cm-[err]     amount of impurities in which physical de-  and [err]
facts in the silicon become so severe that,   6. A  field-effect transistor
substantially 115 55  under the influence of applied positive bias  as
described with reference to Figure 2, and     voltages and/or elevated
temperature, these  Figures 3a-3c of the accompanying draw-     defects can
migrate or propagate into the  ing     channel region. The maximum doping
con-                For the Applicants,     centration for the medium
doped regions       MATTHEWS, HADDAN & CO., 60  44s and 44d has been
determined to be                Chartered Patent Agents,     approximately
10[err]cm[err]  for a stable transis-       31-32, Bedford Street,     tor.
The concentration may be as low as                  London, W.C.2.
Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon),
Ltd.-1970.                Published at The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY,                                from which
copies may be obtained.    


