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GATE LAYER DIODE METHOD AND APPARATUS

BACKGROUND OF THE INVENTION

‘Field of the Invention
[0001] The invention generally relates to a method for forming a diode from a
portion of the gate layer of a semiconductor device, and to the diode formed within

that portion of the gate layer.

Description of the Related Art

[0002] A diode is frequently employed as part of an integrated circuit, and may
serve a variety of different functions including, but not limited to measurement of
temperature of the néarby surrounding area on a chip on which it is fabricated,
rectification of alternating current to direct current, band gap diode applications,

and generator circuit diode applications.

[0003]. A conventional diode formed on a silicon substrate typically contains a
P+ shallow junction region, an N-well, and an N+ shallow junction region. A well
is a defined region infused with a dopant. A dopant is a substance introduced into
the silicon that is typically ionic in nature. Figure 1 depicts a conventional diode
100 formed within a silicon substrate 110. An N-well 105 is doped with N ions.
The diode contains a P+ shallow junction region 120, a terminal 140 to connect
the P side of the diode extemnally, the N-well 105, an N+ shallow junction region
130 and a terminal 150 to connect the N side of the diode extemally. The P+
shallow junction region 120 is heavily doped with P ions, usually as a result of
implahtation of an acceptor dopant such as boron. In Figure 1, the P+ shallow
junction region 120 contains a first sub-region 122 that typically has substantially
uniform doping density, and a second sub-region 124 of progressively decreasing
doping density one gets closer to boundary 170 between P-doped region and N-
well. A region wherein doping density changes with distance traversed, is said to
have a “doping profile.” The portion of a diode doped with P ions is usually called
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the “anode” of the diode. The N+ shallow junction region 130 is heavily doped
with N ions, usually as a result of implantation of a donor dopant such as arsenic
or phosphorus. The density of N ions in the N+ shallow junction region 130 is
typically higher than the density of N ions in the N-well 105. The portion of a
diode doped with N ions is usually called the “cathode” of the diode. In Figure 1
the cathode includes the N-well 105 and the N+ shallow junction region 130.
Shallow Trench Isolation structures (STI) 160, typically consisting of an oxide of
the substrate, serve to electrically insulate the regions 120 and 130 respectively,

from regions of opposite polarity doping, where such insulation is desired.

[0004] Doping enhances the number of electrical carriers of one type — either
positive-type or negative-type donor. N-doped regions typically have an excess of
free electrons (negatively charged electrical carriers), while P-doped regions
typically have an excess of “holes” (positively charged electrical carriers). When a
P+ shallow junction region and an N-well are placed adjacent to one another,
some of the free electrons from the N-well combine with holes from the P+
shallow junction region, forming a “depletion zone", which region is of essentially

net zero charge. Figure 1 shows a depletion zone 180.

[0005] A conventional diode allows current flow in one direction. (Other types
of diodes, such as a Zener diode and a current regulator diode, may allow current
to pass in both directions.) A reverse bias may be applied to the diode, wherein
the electrical potential at the terminal 150 is higher than the electrical potential at
the P+ shallow junction region terminal 140. Holes (positive carriers) within the
P+ shallow junction region face an “uphill potential difference” when crossing
boundary 170 from the P+ shallow junction region 120 to the N-well 105, and so
will not travel from the P+ shallow junction region 120 to the N-well 105. Similarly,
free electrons (negative carriers) in the N-well face an' “uphill potential difference”
when crossing boundary 170 from the N-well 105 to the P+ shallow junction
region 120. Therefore, free electrons will not travel from the N-well 105 to the P+
shallow junction region 120. Hence, when reverse bias is applied via the contacts

140 and 150, there will be essentially zero current flow.
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[0006] Applying a forward bias via the contacts 140 and 150 means that the
electrical potential is higher on the P+ shallow junction side of the diode than on
the N-well side of the diode.. Forward bias causes a current to flow through the
diode, because holes from the P+ shallow junction region 120 face a “downhill”
potential difference when crossing the boundary 170 from the P+ shallow junction
region 120 to the N-well 105. Free electrons face a “downhill” potential difference
when crossing the boundary 170 from the N-well 105 to the P+ shallow junction
region 120. Hence there is a net current flow across the boundary 170. Thus, the
diode may serve as a current switch, allowing current to flow across the boundary
170 and through the contacts 140, 150 when forward bias is applied, and

preventing current from flowing when reverse bias is applied.

[0007] In forward bias, the amount of current that flows depends on the voltage
applied across the diode terminals. Above a “threshold voltage” (typically
approximately 0.5 volts), the current flowing increases exponentially as the
voltage across the terminals is increased. At voltages slightly above the threshold
voltage (approximately 0.8-0.9v), the diode behaves as a conductor, showing only

a very small resistance to the movement of holes and free electrons across the

boundary 170.

[0008] One function of that a diode may serve in an integrated circuit is a
temperature sensor. To function as a temperature sensor, the diode’s
characteristic electrical behavior in response to temperature must be détermined.
To this end, a diode may be connected to a constant current circuit, which circuit
may supply a forward bias voltage to the diode to maintain a constant current flow.
Figure 2 depicts an arrangement wherein current is supplied to a diode 210 by a
constant current supply 220. A voltage-measuring device 230 measures forward
bias supplied by the constant current supply 220. Within the approximate forward
bias voltage range of 0.5-0.8V, the bias voltage needed to maintain a
predetermined current is well-known to be inversely proportional to diode
temperature, with the voltage needed being reduced by 'approximately 0.002V for
each 1° C rise in diode temperature. By varying the temperature of the diode and

measuring the voltage needed to maintain a predetermined current flow, a
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temperature-voltage  characteristic  (also called a temperature-voltage
characteristic curve) may be established. Once the temperature-voltage
characteristic has been determined, the diode may then be used as a temperature

measurement device for measuring, e.g., the temperature of the silicon chip on

which the diode resides.

[0009] in a particular application as a temperature measurement device in an
integrated circuit device, the measured temperature may, in tumn, be used to
control other devices whose operation depends on temperature. For example, the
temperature measured by a diode temperature sensor may be used to control,
e.g., the self-refresh current in a dynamic random access memory (DRAM),

" DRAM refresh period, or the current utilized by a logic circuit such as a central
processing unit (CPU).

[001()‘]”  As device gédﬁietries continue to shrink with advances in circuit design
and manufacturing techniques, the operating characteristics of diodes are
affected. For example, a reduction in junction depth causes the doping profile to
change within a conventional diode, which may affect the operating characteristics
of the diode. A shallow junction depth has been found to result in a diode whose
characteristics, such as voltage v. temperature, are not consistent among chips of
identical design and layout, but instead vary considerably from chip to chip. With
manufacturing geometries of integrated circuits becoming smaller (e.g., line widths
less than 70 nm), design constraints typically dictate corresponding diode junction
depths that are shallow (e.g., junction depths smaller than 500 A). In order to use
such diodes for measurement purposes, inconsistencies in diode characteristics
would necessitate calibration of each individual diode, which is impractical when
manufacturing large quantities of an integrated circuit. Hence shallow junction
depth becomes problematic for diodes to be used in measurement applications‘on
an integrated circuit. Furthermore, variations in the shallow trench isolation
structure may be a contributing cause of non-linear doping profiles in a shallow
junction situated adjacent to a shallow trench isolation structure, which in turn may

result in inconsistent diode characteristics among diodes within an integrated
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circuit, or inconsistent diode characteristics between diodes of different integrated

circuits.

[0011]  Higher dopant density and deep junction tend to improve consistency of
the diode temperature-voltage characteristic among integrated circuits of identical
design and layout. However, as layout geometries become smaller, the dopant
density of shallow junctions is correspondingly limited by design rules. Hence, the
dopant density cannot simply be increased to offset inconsistencies in diode
characteristics, such as the temperature-voltage characteristic, resulting from
shallow diode junction depths. Therefore there is a need for a diode whose

characteristics, such as voltage versus temperature, are consistent.

SUMMARY OF THE INVENTION

T[0012]  One ‘embodimient of the invention provides a method for making a

diode, comprising: providing a gate layer, doping a first portion of the gate layer
with a first dopant to form an anode, and doping a second portion of the gate layer

adjacent to the first portion with a second dopant to form a cathode.

[0013] Another embodiment of the invention provides a method for making a
diode, comprising: providing a gate layer over a substrate; forming a first
patterned photoresist layer on the gate layer, whereby a first exposed portion of
the gate layer is defined; with the first patterned photoresist layer on the gate
'Iayer, doping the first exposed portion with a first dopant to form a first doped
portion of the diode, resulting in an undoped region of the gate layer shielded by
the first patterned photoresist layer; removing the first patterned photoresist layer;
forming a second patterned. photoresist Iayer on the first doped portioh of the
diode and extending at least partially over the uhdoped region, whereby a second
exposed portion of the gate layer is deﬁned from the undoped region; a‘nd with the
second patterned photoresist layer on the first doped portion, doping the second
exposed portion with a second dopant to form a second doped portion of the
diode, wherein the first doped portion and the second doped portion define

terminals of the diode.
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[0014] Another embodiment of the invention provides a gate layer diode,
comprising a gate layer having a first portion of the gate layer containing a first
dopant to form a first doped portion of the diode and a second portion of the gate
layer adjacent to the first portion containing a second dopant to form a second
doped portion of the diode, wherein the first doped portion and the second doped

portion define terminals of the diode.

[0015] Another embodiment of the invention provides a temperature-
compensated dynamic random access memory (DRAM), comprising: a memory
cell bank comprising one or more memory cells; one or more voltage generators,
each having an output voltage that is input to the memory cell bank; a gate layer,
and a gate layer diode formed in the gate layer comprising two gate layer diode
terminals, wherein the voltage generators are configured to adjust their respective

output voltages in response to a voltage change between the gate layer diode

terminals.

{0016} Another embodiment of the invention provides a temperaturé-
com‘pensated logic circuit, comprising: a logic circuit; one or more voltage
generators supplying an operating voltage to the logic circuit; and a gate layer
diode having two terminals, wherein the voltage generators are configured to
adjust their respective output voltages in response to a voltage change between
the gate layer diode terminals. The logic circuit may comprise a céntral

processing unit.

[0017] Another embodiment of the invention provides a chip, comprising: a
gate layer; a gate layer diode formed in a first portion of the gate layer; and a

transistor formed in a second portion of the gate layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] So that the manner in which the above recited features of the present
invention can be understood in detail, a more particular description of the
invention, briefly summarized above, may be had by reference to embodiments,
some of which are ilustrated in the appended drawings. It is to be noted,
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however, that the appended drawings illustrate only typical embodiments of this
invention and are therefore not to be considered limiting of its scope, for the

invention may admit to other equally effective embodiments.

[0019] Figure 1 (prior art) is a conventional diode formed within a silicon

substrate.

[0020] Figure 2 (prior art) shows a temperature measurement device utilizing a

diode and a constant current source.

[0021] Figure 3 is a gate layer diode according to one embodiment of the

invention.

[0022] Figure 4 is a gate layer diode employing high concentrations of dopants,

according to one embodiment of the invention.

[0023] Figures 5 A-D depict manufacturing steps in making a gate layer diode,

according to one embodiment of the invention.

[0024] Figure 6 depicts an integrated circuit containing a gate layer diode and

a CMOS circuit, according to one embodiment of the invention.

[0025] Figures 7 A-E depict manufacturing steps in making a gate layer diode
with regions of high dopant density and regions of low dopant density, according

to one embodiment of the invention.

[0026]  Figure 8 depicts a gate layer diode containing regions of high dopant
density and regions of low dopant density, according to one embodiment of the

“invention.

[0027] Figure 9 depicts a top view of one layout of a gate layer diode,

according to one embodiment of the invention.

[0028] Figure 10 depicts a top view of another layout of a gate layer diode,

according to an embodiment of the invention.
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[0029] Figure 11 depicts a top view of a layout of another gate layer diode,

according to an embodiment of the invention.

[0030] Figure 12 depicts a top view of another layout of a gate layer diode,

according to an embodiment of the invention.

[0031] Figure 13 depicts a temperature compensated DRAM employing a gate

layer diode, according to one aspect of the invention.

[0032] Figure 14 depicts a temperature compensated DRAM employing a gate
layer diode, wherein several memory cell voltages are controlled by the gate layer

diode, according to an aspect of the invention.

[0033] Figure 15 depicts a temperature compensated logic circuit employing a

gate layer diode, according to one aspect of the invention.

[0034] Figure 16 depicts a temperature compensated CPU employing a gate

layer diode, according to one aspect of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0035] In the following description, reference is made to embodiments of the
invention. However, it should be understood that the invention is not limited to
specific described embodiments. Instead, any combination of the following
features and elements, whether related to different embodiments or not, is
contemplated to implement and practice the invention. Furthermore, in various
embodiments the invention provides numerous advantages over the prior art.
However, although embodiments of the invention may achieve advantages over
other possible solutions and/or over the prior art, whether or not a particular
advantage is achieved by a given embodiment is not limiting of the invention.
Thus, the following aspects, features, embodiments and advantages are merely

illustrative and, unless explicitly present, are not considered elements or

limitations of the appended claims.
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[0036] Embodiments of the invention generally provide a gate layer diode,
whose operating characteristics may be more predictable than those of a

shallow junction diode such as the diode depicted in Figure 1.

[0037] Figure 3 depicts a gate layer diode 300. A gate layer 310 is
disposed over a gate oxide layer 305, the gate oxide layer 305 insulating the
~gate layer 310 from an underlying substrate 302, typically made of silicon.
The gate layer is typically made of polysilicon. A portion 315 (termed
“anode”) of the gate layer 310 has been doped with a P-type dopant. (In
one embodiment, the P dopant concentration is on the order of ~10'%/cm®.)
Another portion 320 (termed “cathode”) of the gate layer 310 has been
doped with an N-type dopant. (In one embodiment, the N dopant
concentration is on the order of ~10'®/cm?®.) The anode 315 and the cathode
320 constitute terminals of the diode. Contacts 330, 340 are typically made
of metal such as copper or aluminum, and enable the diode to be connected
externally. A nitride layer 350 (in one embodiment, nitride layer thickness is
approximately 1000A) provides electrical insulation. In a particular
embodiment, the thickness of the gate layer may be approximately 1000A,
although a gate layer of smaller thickness or larger thickness is also
contemplated. The thickness of the gate layer, which may be greater than
the depth dimension of a conventional shallow junction diode (e.g.,
approximately 500A), may contribute to a more predictable junction doping
profile in each of the doped regions, and also may help to eliminate
unpredictable diode behavior due to the presence of nearby shallow trench
isolation structures. In particular, the gate layer diode 300 may exhibit a
‘more consistent, and hence predictable, voltage-temperature characteristic

than that of the conventional shallow junction diode of Fig. 1.

[0038] Fig. 4 shows an embodiment wherein a P-doped portion 415
(indicated as P+) is relatively higher in P concentration than that of the P-
doped portion 315 of Figure 3. A gate layer 410 is disposed over a gat'e
oxide layer 405, the gate oxide layer insulating the gate layer 410 from an
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underlying substrate 402. (Inone embodiment, the P+ dopant concentration
is on the order of ~10%%/cm®.) An N-doped portion 420 (indicated as N+) is
relatively higher in N concentration than that of the N-doped portion 320 of
Figure 3. (In one embodiment, the N+ dopant concentration is on the ordef
of ~10%%/cm®.) This higher dopant concentration may result in increased
consistency and predictability of the voltage-temperature characteristic of
the gate layer diode, over that of the cohventional shallow junction diode.
Contacts 430, 440 are provided for external connection. A nitride layer 350
(in one embodiment, nitride layer thickness is approximately 1000A)

provides electrical insulation.

[0039] Figures 5A-D depict steps in fabricating a gate layer diode uSing a
dual work function process, according to an embodiment of the invention.
The dual work function process typically entails implanting certain portions
of the gate layer with P+ dopant (for PMOS transistors) and other portions of
the gate layer with N+ dopant (for NMOS transistors). Devices that employ
CMOS technology, including certain DRAMs and CPUs, typically employ a
dual work function process for fabfication. Accordingly, in one embodiment,
a gate layer diode 500 fabricated using the dual work function process can
be accomplished during the fabrication of the CMOS device on the -same
integrated circuit chip, thus enabling efficient manufacture of the gate layer
diode without requiring additional steps above those needed for CMOS

fabrication.

[0040] Figure 5A shows an undoped gate layer 505 disposed over a gate
oxide layer 510, the gate oxide layer 5610 insulating the gate layer 505 from
“the substrate 502. (In each of Figures 5B-D, the gate oxide layer 510
insulates the gate layer 505 from the substrate 502.) In Figure 5B,
photoresist 515 has been patterned by a conventional . photolithographic
process prior to N+ ion.implantation. Photoresiét is a substance that blocks
dopant ions from reaching that portion of the surf'acerf a wafer directly
beneath the photoresist. The photoresist is a photosensitive material, and is
typically patterned by selectively exposing regiohs, via masking, to Iight

10
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whose wavelength is in the range of the photoresist photosensitivity, and
subsequently developing the photoresist with a photodeveloping process.
The resulting photoresist pattern permits doping of the gate layer to occur
only at places on the surface of the wafer where the photoresist has been

removed.

[0041] The gate layer 505 with the patterned photoresist 515 is then
subjected to N-type ion implantation, resulting in N+ doping of the exposed
regions 520 of the gate layer 505. This implantation may occur during the
equivalent processing step in the CMOS dual work function process. In
Figure 5C, the gate layer has been patterned with photoresist 560,
protecting the N-doped portions 520 against receiving P-type doping. The
exposed portion 550 of the gate layer is then subjected to P-type ions (such
-as-through -ion-implantation,-chemical.vapor. deposition, or other means) to
result in P+ doping of the exposed region 550. In Figure 5D, after an
electrically insulating nitride layer 570 (thickness ~1000A) is deposited, gate
patterning is completed, and then contacts 530 and 540, usually metallic,
are added. The finished gate layer diode 500 is shown in Figure 5D. In one
embodiment the N+ doped regions 520 (each of which has a contact 530
that may be connected to the same external terminal) may form an annular
shape, surrounding the P+ doped region 550. Due in part to factors including
the thickness of the gate layer 505 (typically approximately 1000A), the
doping cdncentrations of the doped regions, and the doping profiles of the
doped regions, the gate layer diode 500 may exhibit greater predictability
and consistency over that of the conventional shallow junction diode. The
manufacturing process has been accomplished using the dual work function
process and, at least in one embodiment, occurs without adding
manufacturing steps to those employed in creating a CMOS device situated

on the same chip as the gate layer diode.

[0042] Figure 6 shows an integrated circuit containing both a gate layer
diode 610 and a CMOS device 620. A patterned gate layer, 680 and 690, is
disposed over a gate oxide layer 615, insulating the gate layer 680 and 690

11
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from a substrate 605. A nitride layer 630 serves as an electrical insulator.
PMOS transistor source/drain regions 660 are doped with P+ ions. NMOS
transistor source/drain regions 670 are doped with N+ ions. Shallow trench
isolation oxide 640 regions insulate source/drain regions. Gate regions 680
are doped with P ions. Gate regions 690 are doped with N ions. Gate

spacers 650 electrically insulate sidewalls of the gate layer topography.

[0043] Figures 7A-E depict steps in fabricating a gate layer diode using a
dual work function process, according to another embodiment of the
invention. In Figures 7A-E, gate layer 705 is disposed over an oxide layer
710, which in turn is disposed over a silicon substrate 702. In Figure 7A,
the gate layer 705, masked by patterned photoresist 730, is subjected to an
N dopant at high concentration (denoted N+), resulting in N+ doped regions
740, and undoped-region 745.shown-in.-Figure .7B.  The N-dopant may be
introduced using, e.g., ion implantation, or by another doping technique. In
Figure 7C, the gate layer 705 has been masked by patterned photoresist
750. An exposed portion 760 and the patterned photoresist 750 are
subjected to a P-dopant at high concentration (denoted by P+), resulting ina
region of P+ doping. Due to the presence of photoresist “overhang” 755,
i.e., extended portions of photoresist 750 (shown in Figure 7C) covering
portions of undoped region 745 (shown in Figure 7B), after the patterned
photoresist 750 and exposed portion 760 have been subjected to the P-.
dopant, there remain undoped gate layer regions 790 (shown in Figure 7D).
In Figure 7D, the patterned photoresist 750 has been stripped.
S_ubsequently, controlled heating, which may occur by an annealing
technique such as laser or furnace annealing, results in diffusion of the N-
dopant into subregions of lower N-doping, and subregions of lower P-
doping. The relative sizes of the subregions may be dependent on diffusion
rates of the dopants. As an example, in Figure 7E, assuming that there is a
higher diffusion rate of P-ions over that of N-ions, sub-regions 794 of P-
doping are shown to be larger in size than regions 792 of N-doping. Gate
layer sub-regions 740 contain N+ doping. Gate layer sub-region 760

12
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contains P+ doping. After an electrically insulating nitride layer 780
(thickness ~1000A) is deposited, gate patterning is completed. Contacts
796, 797 permit external electrical connection. Figure 7E shows two diodes,
798 and 799. (In another embodiment, a single diode may consist of the N-
doped sub-regions 740, 792, in an annular shape surrounding the P-doped
sub-regions 760, 794.) In completed gate layer diode 800 shown in Figure
8, gate layer 805 is disposed over a gate oxide layer 810, the oxide layer
810 insulating the gate layer 805 from an underlying substrate 802. Nitride
layer 880 provides electrical insulation for contacts 896, 897. Contacts 896,
897 provide for external electrical connection. Sub-region 820 (low P-
doping) and sub-region 830 (low N-doping) meet at boundary 840. Gate
layer diode 800 may. exhibit a temperature-voltage characteristic that is
more consistent, and hence more predictable, than the embodiment
" depicted in Figure 3, since high junction leakage is avoided because P+ and
N+ junction do not meet each other due to the lesser dopant P and N

junction boundary region.

[0044] Different geometries may be contemplated. Figure‘ 9 depicts a top
view of the layout of a gate layer diode, according to an embodiment of the
invention. In this embodiment, rectangular annular N+ region 920 surrounds
a center P+ region 910 having a contact 930. Multiple contacts 940 to the
N+ region 920 provide multiple paths for current flow. However, an
embodiment containing one or more contacts 940 to the N+ region 920, and
one or more contacts 930 to the P+ region 910, is also contemplated.
Figure 10 depicts a top view of the layout of a gate layer diode according to
another embodiment of the invention. In this embodiment, a center P+
region 1010 is surrounded by an elliptical annular N+ region 1020. Figure
11 debicts a top view of the layout of a gate layer diode, according to
another embodiment of the invention. In this embodiment, a P+ region 1110
is situated adjacent to an N+ region 1120. Figure 12 depicts a top view of
the layout of a gate layer diode, according to another embodiment of the
invention. In this embodiment, a P+ region 1220 is situated adjacent to

13
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region 1224 of lower P doping. An N+ region 1210 is situated adjacent to a
region 1226 of lower N-doping. The P-doped region 1224 and the N-doped
région 1226 meet at boundary 1240. In the foregoing embodiments,
contacts 930, 940, 1030, 1130, 1230 have a circular cross section.
However, any cross-sectional shape may. be used including e.g.,
rectangular, triangular, etc. Embodiments similar to the foregoing
embodiments, with the addition of multiple contacts connected to a P+
region, or multiple contacts connected to an N+ region, providing multiple

paths for current flow, are also contemplated.

[0045] The gate layer diode of the present invention may be implemented to
~perform a number of functions. For example, in one embodiment a gate layer
diode is used as a temperature-sensing element.  Figure 13 depicts an
embodiment of the invention that may be implemented using a gate layer diode
described above. Temperature measurement circuitry 1310 contains a gate layer
diode 1302, measurement circuitry 1304 (e.g., a constant current source and a
voltage-measuring device), and an analog-to-digital (A/D) converter 1306 to
convert analog temperature information to a digital output signal.. The
temperature measurement circuitry 1310 provides temperature information to
voltage generator circuits 1320 for controlling voltage to a memory cell array 1330
of a dynamic random access memory device (DRAM). The voltage output from
the temperature measurement circuivtry 1310 is sent to voltage generator circuits
1320, including a boosted wordline voltage (Vpp) generator circuit 1325. The
outputs of the voltage generator circuits 1320 are sent to the memory cell array
1330. For instance, it may be desired that the level of an internally generated
boosted wordline voltage (Vyp) be reduced with rising device temperature, which
in turn reduces subthreshold leakage current. The V,, generator circuit 1325 can
be programmed to change Vp, in response to an input voltage signal. A higher
measured temperature, reflected in the output voltage of the temperature
measurement circuitry 1310, whose output is input to the a Vy, generator circuit
1325, can result in a reduction in Vpp, in turn reducing subthreshold leakage

current.
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[0046] Memory devices-such as DRAMs, as well as other type devices
including, but not limited to, logic circuits such as central processing units (CPUs),
utilize a wide variety of internally generated voltages. As discussed abbve, the
boosted wordline voltage (Vpp) may be reduced with rising device temperature, so
as to reduce subthreshold leakage current. In addition, in a typical DRAM, the
level of an internally generated back bias voltage (Vby) may be lowered with rising
device temperature to increase cell threshold voltage and improve refresh time.
Additionally, or as an alternative, the level of a negative voltage applied to de-
activated cell wordlines, commonly referred to as negative wordline voltage (Vaw),
may also be varied with device temperature, for example, via a temperature-
controlled Vaw generator. Vaw is typically appliéd to wordlines via a switching
transistor, in order to ensure cell transistors connected to the wordlines are well
turned off in the de-activated state, in an effort to reduce leakage current.
Lowering Vaw as temperature of a DRAM device increases, may improve refresh -

time by increasing reversed gate-source voltage of wordlines.

[0047] Other embodiments employing a gate layer diode are contemplated, the
output of which is used to generate temperature control signals for changing the
output of a voltage generator circuit. They include different voltage generator
circuits, and even multiple different kinds of voltage generator circuits responsive
to the same temperature control signals provided by a given temperature sensor,
such as the embodiment depicted in Figure 14. Temperature measurement
circuitry 1410 contains a gate layer diode 1402, measurement circuitry 1404 (e.g.,
a constant current source and a voltage-measuring device), and an analog-td—
digital (A/D) converter 1406 to convert analog temperature information to a digital
output signal. In this embodiment the output of the temperature measurement
circuitry 1410 is input to voltage generator circuits 1420 that include a Vpp
generator circuit 1422, a back bias voltage (Veb) generator circuit 1424, and a
negative wordline voltage (V;,M) generator circuit 1426. The outputs of the voltage
generator circuits 1420 are sent to memory cell array 1430. The voltage
generator circuits 1420 may be programmed so as to reduce overall power

consumption of the integrated circuit 1400. For example, the V,,, generator circuit
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1422 may be programmed so that input from the temperature measurement
circuitry 1410 indicating a rise in the temperature of the device 1400, causes a
reduction in the output voltage of the Vp, generator circuit 1422, which in turn may
reduce subthreshold leakage current in the memory cell array 1430. In similar
fashion, the Vi, voltage generator 1424 may be programmed so that, upon
receiving input from the temperature measurement circuitry 1410 indicating an
increase in the temperature of the device 1400, the Vi, voltage generator 1424
reduces the voltage of the Vy, sent to the memory cell array 1430, typically
resulting in improved refresh time. The Vau generator 1426 may be programmed
so that an increase in the temperature of the device 1400 as measured by
temperature measurement circuitry 1410, results in a reduction of the output
voltage Vaw, Which is in turn sent to the memory cell array 1430 and may improve
refresh time of the DRAM 1400. Although the voltage generator circuits 1422,
1424, 1426 shown in Figure 14 receive input based from the same temperature
sensing element and sensing circuitry 1402, it is also contemplated that each

voltage generator may receive input from its own temperature sensing element

and sensing circuitry.

[0048] In light of the present disclosure, one skilled in the art will recognize that
the techniques described herein may be used to vary any of these intemally
generated voltages based on temperature in order to achieve a variety of different
results. Similarly, voltages used in other circuitry (e.g., logic circuits including

CPUs) may be similarly varied based on temperature in order to, e.g., reduce

power consumption.

[0049] Figure 15 depicts another embodiment according to the invention. In
this temperature compensated logic circuit 1500, the output voltage of
temperature measurement circuitry 1510 that employs a gate layer diode as a
temperature sensing element, may be used to measure the ambient chip
temperature. Temperature measurement circuitry 1510 contains a gate layer
diode 1502, measurement circuitry 1504 (e.g., @ constant current source and a
voltage-measuring device), and an analog-to-digital (A/D) converter 1506 to
convert. analog temperéture information to a digital output signal. The output of
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the temperature measurement circuitry 1510 is sent to voltage generator circuits
1520, whose outputs are sent to logic circuits 1530. The output voltages of the
voltage generator circuits 1520 may be programmed so as to reduce power
consumption of the logic circuits 1530 in response to a rising temperature of the

temperature compensated logic circuit 1500.

[0050] Figure 16 depicts an embodiment according to the invention. In this
temperature compensated CPU 1600, temperature measurement circuitry 1610
employing a gate layer diode as a temperature sensing element may be used to
measure the ambient chip temperature. Temperature measurement cifcuitry 1610
contains a gate layer diode 1602, measurement circuitry 1604 (e.g., a constant
current source and a voltage-measuring device), and an analog-to-digital (A/D)
converter 1606 to convert analog temperature information to a digital output
signal. The output of the temperature measurement circuitry 1610 is sent to
voltage generator circuits 1620, whose outputs are sent to a Central Processing
Unit (CPU) 1630. The voltage generator circuits 1620 may be programmed so
that their respective output voltages are adjusted in response to a temperature
change, as measured by temperature measurement circuitry'1610 so as to reduce

power consumption of the CPU 1630.

[0051]  Those skilled in the art will also recognize'that many different types of
detector and reference circuitry may be utilized and that the exact circuitry used to
vary the output' level of either based on temperature may vary according to the
exact type of circuitry utilized. Thus, the gate layer diode may be combined with
other reference circuitry, the outputs of which may be used as input to various
voltage generators, which in turn control various parameters of circuitry so as to

~optimize performance of that circuitry.

[0052] Although particular embodiments (e.g., a temperature sensor
diode) employing a gate layer diode have been described, other uses of a
gate layer diode are contemplated, including but not limited to, general
diode use, and in applications such as a band gap diode for use in, e.g., a

voltage regulator and a self refresh frequency control circuit.
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[0053]  While the foregoing is directed to embodiments of the present invention,
other and further embodiments of the invention may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims

that follow.
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WHAT IS CLAIMED IS:

1. A method for making a diode, comprising:
~ providing a gate layer over a substrate;
doping a first portion of the gate layer with a first dopant to form an anode
of the diode; and
doping a second portion of the gate layer adjacent to the first portion with a

second dopant to form a cathode of the diode.
2. The method of claim 1, wherein the gate layer comprises polysilicon.

3. The method of claim 1, wherein the first dopant is a P-type dopant and the

second dopant is an N-type dopant.

4. The method of claim 1, wherein providing the gate layer over the substrate
comprises depositing the gate layer on an oxide layer, the oxide layer being

disposed over the substrate.

5. The method of claim 1 further comprising:
forming a first electrically conductive contact on the anode; and

forming a second electrically conductive contact on the cathode.

6. A method for making a diode, comprising:

providing a gate layer over a substrate;

forming a first patterned photoresist layer on the gate layer, whereby a first
exposed portion of the gate layer is defined;

with the first patterned photoresist layer on the'gate'layer, doping the first
exposed porﬁon with a first dopant to form a first doped portion of the diode,
resulting in an undoped region of the gate layer shielded by the first patterned
photoresist layer;

removing the first patterned photoresist layer;.
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forming a second patterned photoresist layer on the first doped portion of
the diode and extending at least partially over the undoped region, whereby a
second exposed portion of the gate layer is defined from the undoped region; and

with the second patterned photoresist Iéyer on the first doped porfion,
doping the second exposed portion with a second dopant to form a second doped
portion of the diode, wherein the first doped portion and the second doped portion

define terminals of the diode.
7. The method of claim 6, wherein the gate layer comprises polysilicon.

8. The method of claim 6, wherein the first dopant is a P-type dopant and the

second dopant is an N-type dopant.

9.. The method of claim 6, wherein providing the gate layer over the substrate
comprises depositing the gate layer on an oxide layer, the oxide layer being

disposed over the substrate.

10.  The method of claim 6, wherein the second patterned photoresist layer

entirely covers the first doped portion of the diode during doping of the second

exposed portion.

11.  The method of claim 6, further comprising:

following doping with the first and second dopants, forming a diffusion
region between the first doped portion of the diode and the second doped portion
of the diode, the diffusion region being formed by diffusion of the first dopant and
the second dopant into the diffusion region, wherein the diffusion region is a part

of at least one of the terminals.

12.  The method of claim 11, wherein the diffusion region comprises:
a relatively lower first dopant concentration relative to the first doped

portion of the diode; and
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a relatively lower second dopant concentration relative to the second doped

portion of the diode.

13.  The method of claim 11, wherein the diffusion region comprises:
a first diffusion region having a relatively lower first dopant concentration

relative to the first doped portion of the diode; and
a second diffusion region having a relatively lower second dopant

concentration relative to the second doped portion of the diode.

14.  The method of claim 11, wherein the diffusion region is formed by heating

the gate layer.

15. A gate layer diode, comprising:

a gate layer having a first portion of the gate layer containing a first dopant
to form a first doped portion of the diode and a second portion of the gate layer
adjacent to the first portion containing a second dopant to form a second doped
portion of the diode, wherein the first doped portion and the second doped portion

define terminals of the diode.

16. The gate layer diode of claim 15, wherein the gate layer comprises

polysilicon.

17.  The gate layer diode of claim 15, wherein the gate layer is deposited on an

oxide layer, the oxide layer disposed over a substrate.

18. The gate layer diode of claim 15, wherein the first dopant is a P-type

dopant and the second dopant is an N-type dopant.
19.  The gate layer diode of claim 15, further comprising:

a first electrically conductive contact disposed on the first doped portion of

the diode; and
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a second electrically conductive contact disposed on the second doped

portion of the diode.

20. The gate layer diode of claim 15, further comprising:

a diffusion region between the first doped portion of the diode and the
second doped portion of the diode, the diffusion region being formed by diffusion
of the first dopant and the second dopant into the diffusion region, wherein the

diffusion region is a part of at least one of the terminals.

21.  The gate layer diode of claim 20, wherein the diffusion region comprises:

a relatively lower first dopant concentration relative to the first portion of the
diode; and ”

a relatively lower second dopant concentration relative to the second

portion of the diode.

22.  The gate layer diode of claim 20, wherein the diffusion region comprises:

a first diffusion region having a relatively lower first dopant concentration
relative to the first portion of the diode; and

a second diffusion region having a relatively lower second dopant

concentration relative to the second portion of the diode.

23. A temperature-compensated dynamic random access memory (DRAM),
comprising:

a memory cell bank comprising one or more memory cells;

one or more voltage generators, each having an output voltage that is input
to the memory cell bank;

a gate layer; and

a gate layer diode formed in the gate layer comprising two gate layer diode
terminals, wherein the voltage generators are configured to adjust their respective

output voltages in response to a voltage change between the gate layer diode

terminals.
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24. The temperature-compensated DRAM of claim 23, further comprising a
constant current source, wherein the constant current source is configured to

provide a constant current to the gate layer diode.

25. The temperature-compensated DRAM of claim 23, wherein the gate layer
diode is configured so that a change in the gate layer diode temperature produces

a corresponding voltage change between the gate layer diode terminals.

26. The temperature-compensated DRAM of claim 23, wherein the gate layer

diode is adjacent to the memory cell bank.

27. The temperature-compensated DRAM of claim 23, wherein the membry
cell bank is a complementary metal oxide silicon (CMOS) memory cell bank.

28.  The temperature-compensated DRAM of claim 23, wherein the gate layer

diode, comprises:
a first portion of the gate layer containing a first dopant to form a first

portion of the diode; and

a second portion of the gate layer, adjacent to the first portion of the gate
layer, containing a second dopant to form a second portion of the diode, wherein
the first portion of the gate layer and the second portion of the gate layer define

terminals of the diode.

29. The temperature-compensated DRAM of claim 28, wherein the gate layer

comprises polysilicon.

30. The temperature-compensated DRAM of claim 28, wherein the gate layer
is deposited on an oxide layer, the oxide layer being disposed over a substrate.

31. The temperature-cdmpensated DRAM of claim 28, wherein the first dopant
is a P-type dopant and the second dopant is an N-type dopant.
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32. The temperature-compensated DRAM of claim 28, further comprising:
a first electrically conductive contact disposed on the first portion of the

diode; and
a second electrically conductive contact disposed on the second portion of

the diode.

33. The temperature-compensated DRAM of claim 28, further comprising:'

a diffusion region between the first portion of the diode and the second
portion of the diode, the diffusion region being formed by diffusion of the first
dopant and the second dopant into the diffusion region, wherein the diffusion

region is a part of at least one of the terminals.

34. The temperature-compensated DRAM of claim 33, wherein the diffusion

region comprises:
a relatively lower first dopant concentration relative to the first portion of the

diode; and
a relatively lower second dopant concentration relative to the second

portion of the diode.

35. The temperature-compensated DRAM of claim 33, wherein the diffusion
region comprises: '
a first diffusion region having a relatively lower first dopant concentration

relative to the first portion of the diode; and
a second diffusion region having a relatively lower second dopant

concentration relative to the second portion of the diode.

36. A temperature-compensated logic circuit, comprising:
a logic circuit;
one or more voltage generators supplying an operating voltage to the logic

circuit; and
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a gate layer diode having two terminals, wherein the voltage generators are
configured to adjust their respective output voltages in response to a voltage

change between the gate layer diode terminals.

37. The temperature-compensated logic circuit of claim 36, further comprising
a constant current source, wherein the constant current source is configured to

provide a constant current to the gate layer diode.

38. The temperature-compensated logic circuit of claim 36, wherein the gate
layer diode is configured so that a temperature change in the gate layer diode
produces a corresponding voltage change between the gate layer diode terminals.

39. The temperature-compensated logic circuit of claim 36, wherein the gate

layer diode is adjacent to the logic circuit.

40. The temperature-compensated logic circuit of claim 36, wherein the logic

circuit is a Central Processing Unit (CPU).

41. The temperature-compensated logic circuit of claim 40, wherein the CPU is

a complementary metal oxide silicon (CMOS) CPU.

42. The temperature-compensated logic circuit of claim 36, wherein the gate

layer diode, comprises:
a first gate layer portion containing a first dopant to form a first portion of

the diode; and
‘a second gate layer portion, adjacent to the first gate layer portion,

containing a second dopant to form a second portion of the diode, wherein the first
gate layer portion and the second gate layer portion define terminals of the diode.

43. The temperature-compensated logic circuit of claim 42, wherein the first

and second gate layer portions comprise polysilicon.
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44. The temperature-compensated logic circuit of claim 42, wherein the first
and second gate layer portions are deposited on an oxide layer, the oxide layer

being disposed over a substrate.

45.  The temperature-compensated logic circuit of claim 42, wherein the first

dopant is a P-type dopant and the second dopant is an N-type dopant.

46. The temperature-compensated logic circuit of claim 42, further comprising:
a first electrically conductive contact disposed on the first portion of the

diode; and
a second electrically conductive contact disposed on the second portion of

the diode.

47. The temperature-compensated logic circuit of claim 42, further comprising:
a diffusion region between the first portion of the diode and the second

portion of the diode, the diffusion region being formed by diffusion of the first

dopant and the second dopant into the diffusion region, wherein the diffusion

region is a part of at least one of the terminals.

48. The temperature-compensated logic circuit of claim 47, wherein the

diffusion region comprises:
a relatively lower first dopant concentration relative to the first portion of the

diode; and
a relatively lower second dopant concentration relative to the second

-portion of the diode.

49. The temperature-compensated logic circuit of claim 47, wherein the

diffusion region comprises:
a first diffusion region having a relatively lower first dopant concentration

relative to the first portion of the diode; and
a second diffusion region having a relatively lower second dopant

concentration relative to the second portion of the diode.
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50. A chip, comprising:
a gate layer;
a gate layer diode formed in a first portion of the gate layer; and

a transistor formed in a second portion of the gate layer.

51. The chip of claim 50, wherein the gate layer is deposited on an oxiderlayer,
the oxide layer being disposed over a substrate.

52.  The chip of claim 50, wherein the gate layer diode is formed using a dual

work function process.
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