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11/14                                  COMPLETE SPECIFICATION
Compound Channel Insulated Gate Device        We, TEXAS INSTRUMENTS
INCORPORATED, tion of illustrative embodiments, when read      a
Corporation organised according to the laws  in conjunction with the
accompanying draw-      of the State of Delaware, United States of  ings,
wherein:      America, of 13500 North Central Expressway,   Figure 1 is a
schematic circuit diagram of 45  5  Dallas, Texas, United States of
America,  a compound-channel MOS device constructed      do hereby declare
the invention, for which  in accordance with the present invention;      we
pray that a patent may be granted to us,   Figure 2 is a plot of drain
current with      and the method by which it is to be per-  respect to
drain voltage of one of the chan-      formed, to be particularly described
in and  nels of the device illustrated in Figure 1 for  50  10 by the
following statement:-                 various voltages applied to the
control gate of        This invention relates generally to com-  the
channel;      pound channel insulated gate devices such as    Figure 3 is a
plot similar to Figure 2 of      metal - oxide - semiconductor (MOS) field
drain current with respect to drain voltage      effect transistor (FET)
devices, and more par-  of the other channel of the device of Figure  55
15 ticularly relates to an enhancement-mode de-  1 for various voltages
applied to the control      vice having an increased output impedance  gate
of the channel;      and a higher gain.                            Figure 4
is a plot similar to Figures 2 and        According to the present
invention there  3 of drain current with respect to drain vol-      is
provided a compound-channel semiconduc-  tage of the compound-channel
device of Figure  60 20 tor device comprising first and second en-  1 for
various voltages applied to the com-      hancement-mode channels each
having a drain  mon control gate;      end, a source end and a control gate
sepa-    Figure 5 is a plan view of an embodiment      rated from the
respective channel by an in-  of the device illustrated schematically in
sulating layer, the first conductance channel Figure 1 fabricated on a
common substrate;   65 25  having a greater transductance than the second
Figure 6 is a sectional view taken sub-     channel at a given gate bias,
the drain of the  stantially on lines 6-6 of Figure 5;     first channel
being the drain of the device,    Figure 7 is a plan view of another em-
the source end of the first channel being  bodiment of the compound-channel
device     joined at least electrically to the drain end  illustrated in
Figure 1 which. is also fabricated  70 30  of the second channel, the
source of the second  on a common substrate; and     channel being the
source of the device, and   Figure 8 is a sectional view taken sub-     the
control gates of the first and second  stantially on lines 8-8 of Figure 7.
channel being electrically joined.            Referring now to the
drawings, a com-        The two channels may be fabricated on a
pound-channel MOS device constructed in  75 35  common substrate and the
different transcon-  accordance with the present invention is indi-
ductance values achieved by differences in the  cated generally by the
reference numeral 10     width-to-length ratios of the channels, or dif-
in the schematic diagram of Figure 1. The     ferences in the thickness of
the gate insula-  present invention is applicable to either a p-     ting
layer over the respective channels.  channel or an n-channel
enhancement-mode  80 40    The invention may best be understood by  MOS
device, the only difference being that     reference to the following
detailed descrip-  the polarities of the various voltages involved 
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1,191,339      are changed. For convenience, however, only  transistor
corresponding to channel A exhi-     p-channel devices will herein be
described.  bited the current-voltage characteristics illus-     The
compound-channel device 10 comprises  trated in Figure 3, and the
transistor corres-     first and second enhancement-mode channels  ponding
to channel B exhibited the current- 5  A and B, respectively. The source of
the  voltage characteristics illustrated in Figure 2.     first channel A
is electrically common with  The compound channel device resulting from
the drain of the second channel B. The drain  the interconnection of the
two MOS transis-     of the first channel A forms the drain of the  tors
exhibited the current-voltage characteris-     compound-channel device and
the source of  tics illustrated in Figure 4. It will be readily  70 10
channel B forms the source of the compound-  noted that the curves in
Figure 4 of the com-     channel device. The control gates of the two
pound channel device are significantly flatter     channels A and B are
electrically common and  than the corresponding curves of either of the
form  the input for the compound-channel  individual devices as illustrated
by the curves     device. Similarly, the substrate portions of  of Figures
2 and 3.                        75 15 each of  the channels, which forms a
back    The saturation current 1[err] of a conven-     gate for each
channel, are common with the  tional MOS device can be represented by the
source terminal of the compound-channel de-  equation:     vice. The
transconductance, and hence the                  [err]     "saturation
current" at a particular set of 20  bias voltages, of the first channel A
exceeds     the transconductance of the second channel B     at the given
gate bias voltage, preferably by  where:
80     a substantial amount.                        [err] is the carrier
mobility,        If the conductances of the individual chan-    e is the
dielectric constant of the gate 25  nels A and B are G[err] and G[err],
respectively,      insulator,     at a given gate bias greater than the
thresh-    A is the thickness of the gate insulator,     old voltage, then
the conductance of the com-    W is the channel width, i.e., the plan view
85     pound-channel device 10 may be represented     dimension normal to
current flow,     by the following expression at lower drain    L is the
channel length, i.e., the plan view 30  voltages:
dimension parallel to current flow,
V[err] is the gate voltage with respect to the                   [err]
source, and                             90
(1)      V[err] is the threshold voltage, i.e., the gate
voltage at which the channel first begins
to conduct.      As the drain voltage is increased in the      proper
direction, i.e., negatively for a p-   From expression (2), it will be
noted that      channel device and positively for an n-chan-  the
saturation current, and hence the trans-  95 35  nel device, expression (1)
will initially hold.  conductance of channel A,  can be made     However,
as a voltage drop develops from   greater than that of channel B by either
pro-     source to drain across channel B, the gate  viding channel A with
a greater width-to-     bias on channel A, which is the source-to-
W     gate voltage, will decrease. It will be noted  length ratio - , or by
providing channel A 40  that the bias on the back gate or substrate
L      of channel A is also affected by the voltage  with a thinner
insulating layer as represen- 100      drop in channel B and that the
effects of the  ted by the term  "[err]". A thinner, insulating      bias
on the control gate and the back gate  layer also  decreases the threshold
voltage      are additive. Therefore, as the drain voltage  VT, thus
increasing the value of the quan- 45  increases and the gate bias of
channel A de-  tity  in  the brackets, which  is squared.      creases, the
conductance of channel A will  Although the compound-channel device can
105      decrease markedly.   Then as  channel B  be fabricated from two
discrete MOS tran- 



approaches the saturation region, the voltage  sistors, the device is
preferably fabricated      drop from source to drain of channel A will  on
a common substrate using a geometry 50  increase at a much  greater rate
than the  which will provide channel A with a greater      voltage from
source to drain of channel B.  transconductance than channel B as a result
110      As a result, the current through the com-   of either a greater
width-to-length ratio or      pound-channel device increases at a substan-
a thinner insulating layer.      tially slower rate with an increase in the
drain    A device constructed in accordance with 55  voltage than would be
the case for either  this invention which provides a greater trans-
channel A or B, individually. This means that  conductance in channel A as
a result of an  115      the output impedance of the compound-chan-
increased width-to-length ratio is indicated      nel device is materially
increased.        generally by the reference numeral 20 in        In one
embodiment of the invention, two  Figures 5 and 6. The device 20 comprises
60  discrete MOS transistors are connected in the  first and second p-type
enhancement-mode      configuration illustrated in Figure 1. The  channels
A[err] and B[err], as indicated by the dotted  120                       3
1,191,339
3               lines, formed in an n-type substrate 22 be-  will produce
an enhanced channel of greater              tween three spaced, heavily
doped p-type  depth which will simulate the diffused region
regions 24, 26 and 28. A metal control gate 30  and provide a relatively
low resistance path at         is formed over channels A[err] and B[err]
and is in-  the junction between the channels.         sulated from the
channels by dielectric layers    The devices 20 and 40 may be fabricated
70               32 and 33, respectively, of the same {hick using any
conventional process for fabricating               ness. A drain terminal
34 is in ohmic con-  MOS transistor devices. Although the back
tact with the diffused region 24, and a source  gates of the channels are
illustrated as com-               terminal 36 is in ohmic contact with
diffused  mon with the source of channel B, in some          10 region 28.
It will be noted that channels A[err]  integrated circuit applications,
such as when  75               and B[err] have the same width, that is, the
the device is used as a load for an amplifier,               plan view
dimension normal to the direction  the back gates may not be common with
the               of current flow. However, the length, that is, source.
the plan view dimension parallel to current           15 flow, of channel
B[err] is approximately twice               that of channel A[err].
Therefore, the width-to-    WHAT WE CLAIM  IS: -               length ratio
of channel A is approximately    1. A compound-channel semiconductor de-
80               twice the width-to-length ratio of channel  vice
comprising first and second enhance-               B, as would be its
transconductance.      ment-mode channels each having a drain end,
20    Another compound-channel MOS device  a source end and a control gate
separated from               constructed in accordance with the present in-
the respective channel by an insulating layer,               vention
wherein the difference in transcon-  the first conductance channel having a
greater  85               ductance is provided by a difference in the
transconductance than the second channel at a               width-to-length
ratios is indicated generally  given gate bias, the drain of the first
channel           25 by the reference numeral 40 in Figures 7 and  being
the drain of the device, the source end               8. The device 40
comprises channels A[err] and  of the first channel being joined at least
elec-               B[err] formed between heavily doped, p-type  trically
to the drain end of the second channel, 90               diffused regions
42, 44 and 46 in an n-type  the source of the second channel being the
substrate 48. A common metal control gate  source of the device, and the
control gates of           30  49 is formed over both channels A[err] and
B[err]  the first and second channel being electrically               and
is electrically insulated from the channels  joined.               by an
insulating layer 50 and layer 51, res-   2. A device according to claim 1,
wherein  95               pectively, of the same thickness. A drain ter-
the first and second channels are both formed               minal 52 is in
ohmic contact with diffused  on a common substrate.           35 region 42,
and a source terminal 54 is in    3. A device according to claims 1 and 2,
ohmic contact with diffused region 46. In  wherein the said first and
second channels are               the device 40, the length of channel
A[err] is  defined by three heavily doped regions of 100 



equal to the length of channel B[err], but the  conductivity type opposite
that of the sub-               width of channel A, is approximately twice
strate;           40  the width of channel B[err] so that channel A[err]
4. A device according to any of the pre-               has a substantially
higher transconductance  ceding claims, wherein the width-to-length
for any given gate bias voltage and source and  ratio of the first channel
is greater than the 105               drain voltages.
width-to-length ratio of the second channel                  As mentioned,
the difference in transcon-  to produce the greater transconductance. 45
ductance between channels A and B can also    5. A device according to
claim 4, wherein               be achieved by varying the thickness of the
the width of the first channel is greater than               insulating
layer separating the common gate  the width of the second channel to
produce 110               from each of the channels. The lengths of the
the greater transconductance of the first chan-               channels can
then be the smallest value that nel.           50  technology permits, and
the widths of the    6. A device according to claim 4, wherein
channels can be equal. As a result, the inter-  the length of the second
channel is greater               mediate heavily doped p-type diffused
region  than the length of the first channel to pro- 115 can be eliminated.
This combination of factors  duce the greater transconductance of the
means that the device can then occupy sub-  first channel.           55
stantially less area for a given performance.    7. A device according to
claim  1 or 2,               However, the device then has the disadvan-
wherein the insulating layer separating the I             tage of requiring
greater processing com-  control gate of the first channel from that 120
plexity in order to achieve the two insulating  channel is thinner than the
insulating layer                layers having different thicknesses. The
inter-  separating the control gate of the second           60 mediate
diffused regions 26 and 44 can also  channel.                be eliminated
to achieve a smaller device, if   8. A device according to claim 1, wherein
desired, by making the insulating layer 32  each of said channels is a
discrete device.    125                thinner along the junction between
the two    9. A  compound channel insulated gate                channels.
Then the channel induced by the  semiconductor device substantially as
herein           65  gate electrode overlying the thinner oxide  described
with reference to Figure 1, Figures                              3
1,191,339                               3       lines, formed in an n-type
substrate 22 be-  will produce an enhanced channel of greater     tween
three spaced, heavily doped p-type  depth which will simulate the diffused
region     regions 24, 26 and 28. A metal control gate 30  and provide a
relatively low resistance path at     is formed over channels A[err] and
B[err] and is in-  the junction between the channels.     sulated from the
channels by dielectric layers    The devices 20 and 40 may be fabricated
70     32 and 33, respectively, of the same thick-  using any conventional
process for fabricating     ness. A drain terminal 34 is in ohmic con-  MOS
transistor devices. Although the back     tact with the diffused region 24,
and a source  gates of the channels are illustrated as com-     terminal 36
is in ohmic contact with diffused  mon with the source of channel B, in
some 10 region 28. It will be noted that channels A[err]  integrated
circuit applications, such as when  75     and B[err] have the same width,
that is, the  the device is used as a load for an amplifier,     plan view
dimension normal to the direction  the back gates may not be common with
the     of current flow. However, the length, that is,  source.     the
plan view dimension parallel to current 15  flow, of channel B[err] is
approximately twice     that of channel A[err]. Therefore, the width-to-
WHAT WE CLAIM  IS:-     length ratio of channel A is approximately    1. A
compound-channel semiconductor de-  80     twice the width-to-length ratio
of channel  vice comprising first and second enhance-     B, as would be
its transconductance.       ment-mode channels each having a drain end, 20
Another compound-channel MOS  device  a source end and a control gate
separated from     constructed in accordance with the present in-  the
respective channel by an insulating layer,     vention wherein the
difference in transcon-  the first conductance channel having a greater  85
ductance is provided by a difference in the  transconductance than the
second channel at a     width-to-length ratios is indicated generally
given gate bias, the drain of the first channel 25  by the reference
numeral 40 in Figures 7 and  being the drain of the device, the source end 



8. The device 40 comprises channels A[err] and  of the first channel being
joined at least elec-     B[err] formed between heavily doped, p-type
trically to the drain end of the second channel, 90     diffused regions
42, 44 and 46 in an n-type  the source of the second channel being the
substrate 48. A common metal control gate  source of the device, and the
control gates of 30  49 is formed over both channels A[err] and B[err]  the
first and second channel being electrically     and is electrically
insulated from the channels  joined.     by an insulating layer 50 and
layer 51, res-    2. A device according to claim 1, wherein  95
pectively, of the same thickness. A drain ter-  the first and second
channels are both formed     minal 52 is in ohmic contact with diffused  on
a common substrate. 35  region 42, and a source terminal 54 is in    3. A
device according to claims 1 and Z,     ohmic contact with diffused region
46. In  wherein the said first and second channels are     the device 40,
the length of channel A[err] is  defined by three heavily doped regions of
100     equal to the length of channel B[err], but the  conductivity type
opposite that of the sub-     width of channel A[erer] is approximately
twice  strate. 40  the width of channel B[err] so that channel A[err]    4.
A device according to any of the pre-     has a substantially higher
transconductance  ceding claims, wherein the width-to-length     for any
given gate bias voltage and source and  ratio of the first channel is
greater than the 105     drain voltages.
width-to-length ratio of the second channel       As mentioned, the
difference in transcon-  to produce the greater transconductance. 45
ductance between channels A and B can also    5. A device according to
claim 4, wherein     be achieved by varying the thickness of the  the width
of the first channel is greater than     insulating layer separating the
common gate  the width of the second channel to produce 110     from each
of the channels. The lengths of the  the greater transconductance of the
first chan-     channels can then be the smallest value that  nel. 50
technology permits, and the widths of the    6. A device according to claim
4, wherein     channels can be equal. As a result, the inter-  the length
of the second channel is greater     mediate heavily doped p-type diffused
region  than the length of the first channel to pro- 115     can be
eliminated. This combination of factors  duce the greater transconductance
of the     means that the device can then occupy sub-  first channel. 55
stantially less area for a given performance.   7. A device according to
claim  1 or 2,     However, the device then has the disadvan-  wherein the
insulating layer separating the     tage of requiring greater processing
com-  control gate of the first channel from that 120     plexity in order
to achieve the two insulating  channel is thinner than the insulating layer
layers having different thicknesses. The inter-  separating the control
gate of the second 60  mediate diffused regions 26 and 44 can also
channel.     be eliminated to achieve a smaller device, if   8. A device
according to claim 1, wherein     desired, by making the insulating layer
32  each of said channels is a discrete device.    125     thinner along
the junction between the two    9. A  compound channel insulated gate
channels. Then the channel induced by the  semiconductor device
substantially as herein 65  gate electrode overlying the thinner oxide
described with reference to Figure 1, Figures         4
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