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A One-Device Memory Cell Using a Single Layer of
Polysilicon and a Self-Registering Metal-to-Polysilicon
Contact

The fabrication and operation of a novel one-device dynamic memory cell are described. Like the conventional double
overlapping polysilicon cell, the new memory cell has a diffused bit line and a metal word line, uses five basic masking
operations, and provides essentially equivalent cell area for the same lithographic feature size. Unlike the double poly-
silicon cell, however, the new cell uses a single layer of polysilicon to provide a more planar surface topography, and a
self-registering metal-to-polysilicon contact to provide a small cell area. An essential aspect of the fabrication method of
the self-registered contact cell is the use of two lithographic masking operations that define two patterns in a single
polysilicon layer, the MOSFET gate electrode and the MOS capacitor electrode. The self-registering contact also facili-
tates a powerful polysilicon wiring technique that is applicable to the access circuits located peripherally to the array of

memory cells.

Introduction
The combination of high cell packing density, moderate
speed-power product, and low cost per bit of the one-
device-cell dynamic random access memory (RAM) is un-
matched by any other integrated circuit product. The evo-
lutionary development of these memory cells [ 1] has been
characterized by a series of structural innovations that
have led to reduced cell area (i.e., more efficient cell lay-
outs) independent of the lithographic feature size. Two of
the more important structural improvements have been
the introduction of a second overlapping polysilicon layer
and the sharing by two cells of etched contact holes to
polysilicon or diffused silicon regions. This paper de-
scribes the fabrication and operation of a new one-device
memory cell that uses a novel self-registering gate contact
technique to achieve a small cell area, while retaining the
attractive structural simplicity of a single polysilicon
layer and a single thin gate oxide.

The operation of one-device cells has been described
elsewhere [1] and will only be summarized here. A one-

device cell consists of a single active device, a MOSFET
switch, and an MOS storage capacitor. The FET switch is
used to transfer charge from the n-type drain or bit line to
the capacitor, or vice versa. Charge or its absence, repre-
senting a binary zero or one, can be stored in an inversion
layer of electrons located beneath the polysilicon capaci-
tor electrode or ‘‘plate.”” Many cells share one bit line,
and sensing and writing circuits are located at the ends of
the bit line. The n-channel or NMOS polysilicon gate
FET technology is popular for dynamic RAMs by virtue
of its dense cell structure and versatile interconnection
wiring. Like some other polysilicon gate cells, the new
cell is characterized by a diffused bit line and a metal
word line that connects to the polysilicon gate of the FET
switch in the cell. The metal word line must cross over
and be insulated from both the capacitor plate and the n-
type bit line. Unlike other conventional memory cells, the
new cell has a self-registering or misregistration-tolerant
contact between the metal word line and the polysilicon
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Figure 1 Dynamic one-device memory cells using diffused bit
lines and metal word lines.

gate electrode. Consequently the contact area corre-
sponds to the overall size of the polysilicon gate pattern;
there are no conventional etched contact holes or vias in
the array of memory cells.

Figure 1 compares the layouts of several polysilicon
RAM cells [2]. The four cell types are drawn approxi-
mately to relative scale assuming the same lithographic
feature size. All four cells use n-channel polysilicon gate
technology to provide both the FET switch and the MOS
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inversion storage capacitor in the cell. All of the cells
shown are of the diffused-bit-line/metal-word-line type.

Figure 1 illustrates that the technique used to provide
the contact via between the metal word line and the poly-
silicon gate has a significant impact on the overall cell
area. For example, the cell of Fig. 1(a) [3] is a cell layout
commonly used in 4K-bit RAM designs. An area-consum-
ing contact hole to the polysilicon gate material is located
beside the channel and over the thick field oxide for
greater misalignment tolerance. Four basic masking oper-
ations are required. An 8K-bit RAM design [4] shown in
Fig. 1(b) placed the contact hole directly over the chan-
nel, which yielded a smaller cell but required a more pre-
cise alignment between the polysilicon gate pattern and
the contact via pattern to prevent word line to bit line
shorts. The cells of Figs. 1(a) and (b) use the same four-
mask single polysilicon layer process.

A more recent approach is the overlapping double poly-
silicon gate cell used in several 16K-bit RAMs [5, 6] and
shown in Fig. 1(c). Here the diffused region (i.e., the FET
“‘source’’) between the FET gate and the MOS capacitor
storage electrode or ‘*plate’” has been eliminated, thereby
shortening the cell, and a single contact via is shared be-
tween two cells, which halves the number of cell con-
tacts. The gate and plate are fabricated using different
polysilicon layers and different thin gate oxide layers.
Higher packing density is achieved at the cost of an extra
(fifth) masking operation and additional processing steps.

In this paper we will describe the one-device memory
cell shown in Fig. 1(d), which uses a single layer of poly-
silicon for structural simplicity and a self-registering
metal-to-polysilicon contact [7] to achieve higher density.
For the same lithographic feature sizes this cell achieves
an area equivalent to that provided by the overlapping
double polysilicon cell shown in Fig. 1(c). Furthermore,
like the double polysilicon cell, the self-registering gate
contact cell requires five basic masking operations [8] and
some additional processing steps to achieve a higher-
density cell than the cells of Figs. 1(a) or (b).

The self-registering gate contact cell of Fig. 1(d) has
one polysilicon contact per cell located directly over the
FET channel region. The density improvement of the
self-registering contact cell arises from a shorter channel
length L (no via alignment borders are required) and a
smaller spacing S between the FET gate and the capacitor
storage plate in both the lateral and vertical directions.
The objective here is to achieve high cell packing density
by the use of this novel contacting technique, while simul-
taneously retaining the attractive structural simplicity of a
single polysilicon layer and a single thin gate oxide.
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Self-registering contact technique

The self-registering contact technique was first pro-
posed by Kalter and Miller [7] and is fundamental to this
work. As shown in Fig. 2, in its simplest implementation
the technique utilizes a layer of silicon nitride to define
the polysilicon gate area [Fig. 2(a)]). After the n-type
source and drain regions are diffused, the entire structure
is thermally oxidized. The nitride layer prevents oxida-
tion on the top surface of the polysilicon gate [Fig. 2(b)].
Following oxidation, the nitride layer is removed by dis-
solving it in an etchant. Later, a metal line crosses the
exposed gate and makes electrical contact to it [Fig. 2(c)].
Since there is no contact hole mask for the polysilicon
gate, the alignment required between gate and metal
masking patterns is relieved.

The present work extends the self-registering contact
technique by defining not one but two patterns in a single
layer of polysilicon to provide first the FET gate electrode
and later the MOS capacitor electrode or plate in the cell.

Figure 3 illustrates the basic four-mask, n-channel,
single polysilicon layer process used to provide the cells
shown in Figs. 1(a) and (b). In this illustration a semi-
recessed oxide isolation with a self-aligned p-type para-
sitic channel stopper [9] is shown. After the gate oxide is
grown, the polysilicon is patterned and then the source
and drain regions are diffused. The polysilicon regions
may serve as an FET gate, a capacitor plate, an inter-
connection line, or a contact area. Then an insulation
oxide is thermally grown and/or deposited over the struc-
ture [10]. The third masking pattern defines contact vias
to source, drain, and polysilicon areas. The fourth mask
defines the metal pattern. In the new process the second
masking step is expanded into two masking steps.

The fabrication procedure for the self-registering gate
cell of Fig. 1(d) will now be described. With the first
masking pattern the field isolation is fabricated in a con-
ventional manner. In our experiments a semi-recessed
thermal oxide with an ion-implanted channel stopper is
used [9]; however, other isolation techniques can also be
employed. Next the gate oxide is grown. After boron
ions are implanted into the FET channel region to adjust
the gate threshold voltage, a polysilicon layer is chem-
ically vapor deposited and heavily doped n-type. Over the
polysilicon, three thin layers consisting respectively of
silicon dioxide, silicon nitride, and silicon dioxide are
deposited and patterns delineated as follows.

Two masking patterns are used to independently define
the MOS capacitor electrode and the MOSFET gate elec-
trode as shown in Fig. 4. Two comparable methods are
illustrated. Consider the method shown in Fig. 4(a). The
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second masking step is used to pattern the uppermost
oxide layer, which in turn is used as an etching mask for
the nonoxidizing nitride layer. As a result of the second
masking step, the nitride layer is retained over the future
gate areas. These areas will later become self-registered
gate contact regions. The third masking operation is used
to retain only oxide over the future capacitor plate areas,
interconnection lines, and/or insulated FET gate elec-
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trode areas. After both the gate and plate patterns have
been defined, the polysilicon layer patterns are etched in
a single step.

In the method shown in Fig. 4(a), the FET gate with its
self-registering contact is delineated before the insulated
storage capacitor plate of the cell, hence the descriptive
name gatelplate process [8]. Figure 4(b) illustrates how
the second and third masking operations can be reversed,
which gives rise to the descriptive name plate/gate pro-
cess [8]. We have exercised both approaches and favor
the gate/plate process of Fig. 4(a) because it is somewhat
simpler.

After etching the polysilicon areas, the n* source/drain
regions are formed by diffusion or by ion implantation.
Then the entire structure is thermally oxidized, which pro-
vides an insulation oxide over the capacitor plate and
source/drain regions and thickens the field oxide. The
self-registering contact regions do not oxidize due to the
presence of the nitride layer over them [7, 8]. After oxida-
tion the nitride layer is removed by dissolving in an etch-
ant (e.g., phosphoric acid). The fourth masking operation
is used to delineate conventional etched via holes to n*
source/drain regions in the peripheral circuits, while the
fifth masking operation defines the aluminum metal-
lization pattern.

Since the gate and plate are defined in separate masking
operations, they can be spaced closer than one minimum
lithographic spacing apart. This helps to reduce cell area.
The gate and plate patterns are not intended to overlap
in the cell. Later, however, we will discuss the advan-
tages of overlapping the two polysilicon patterns in the
peripheral circuits.

Figure 5 shows the gate/plate memory cell in cross sec-
tion and top view. Note from Fig. S(a) that the vertical
topography is highly planar and thus vertical excursions
of the metal line pattern are reduced [11], particularly in
comparison with the overlapping double polysilicon RAM
cell. With the gate/plate cell, better metal linewidth con-
trol is anticipated for optical lithography where depth of
field focusing can become important.

In the gatelplate cell of Fig. 1(d), an FET gate to ca-
pacitor plate separation S is required and hence the cell
width and length are dependent on the alignment in-
accuracy between the two patterns in the single poly-
silicon layer. In other words, in the cell the gate and plate
patterns must be separated to a required degree of preci-
sion to ensure electrical isolation. Analogously, in the
double polysilicon cell of Fig. 1(c), the channel length L
of the FET in the cell, and hence the cell length, are de-
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pendent on the mask-to-mask alignment inaccuracy be-
tween the two patterns in the two overlapping polysilicon
layers. In this case, the gate and plate patterns must
overlap to a required degree of precision to ensure an op-
erational FET.

From Fig. 5(b), the gate contact area corresponds to
the area of the entire gate pattern; hence wherever the
metal word line crosses the gate, an electrical connection
is made. This relieves the alignment precision required
between the polysilicon gate and metal line patterns. On
the other hand, care must be taken to ensure that the gate
does not contact an adjacent metal word line. As a result,
an alignment separation T is required between the gate
and the metal word line of an adjacent cell as shown in
Fig. 1(d).

Both the gate/plate and overlapping double polysilicon
RAM cells have inherent structural difficulties. For ex-
ample, in the double polysilicon cell of Fig. 1(d), the
‘“‘thin” gate insulator under the second polysilicon layer
(the transfer gate) and the thick polysilicon layers must be
provided by a common thermal oxidation step. Con-
sequently, a compromise between gate threshold control
and oxide breakdown must be obtained. Gate reliability is
reported to be poorer for the first polysilicon layer [12],
which typically has a thinner gate insulator under it and
which experiences more high-temperature processing.
Difficulties related to mask-to-mask alignment and verti-
cal topography have been discussed earlier.

While the processing problems of the double poly-
silicon RAM cell center around the first polysilicon to
second polysilicon overlap boundary [1], structural diffi-
culties with the gate/plate RAM cell are primarily related
to the self-registering metal line to polysilicon gate con-
tact. In the cell the self-registering contact is made to the
polysilicon gate directly over the channel and each cell
has one such contact. The nitride layer must be applied,
exposed to high-temperature thermal oxidation, and re-
moved without degrading the polysilicon gate material or
the underlying gate insulator. Reliability concerns associ-
ated with metal contacts to polysilicon gates located di-
rectly over thin insulators have been discussed elsewhere
[13]. In our work, a Pd,Si layer [14] was used between the
polysilicon gate contact and the metal interconnection
line to improve contact reliability [15]. Finally, the metal
word line does not completely cover the exposed poly-
silicon gate area; hence one must rely on additional passi-
vating layers.

Results

The mask set developed to test the gate/plate process is
shown in Fig. 6. The test chip measures 2.54 by 2.54 mm®.
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Figure 6 Guate/plate mask set.

On the left side of the chip are four rows of one-device
cells located in a balanced fashion on either side of four
sense amplifiers. The three shorter lines have 64 cells on
either side of the sense amplifier, and the one longer line
has 128 cells on either side of the same amplifier. In the
center of the chip are various inactive line structures
which can be used to examine the vertical topography.
The lower right-hand quadrant of the chip contains single
FETs of varying channel length, gated diodes for leakage
current tests, and four-point probes for sheet resistance
measurements. The upper right-hand quadrant contains
capacitors to monitor oxide thickness, breakdown volt-
age, and retention time.

Figure 7 shows part of the four sense amplifiers and the
lines of one-device cells. There are two cell areas, one of
189 wm® (7.5 x 24.5 um®) and another with a larger stor-
age capacitor which has a cell area of 271 wm®. Both sizes
of cells have been successfully operated. The chips were
fabricated using optical proximity printing with a mini-
mum resist feature size of about 2.5 um. Figure 8 is a
scanning electron microscope (SEM) photograph of the
smaller one-device cell (189 um®). The metal word line is
misaligned with respect to the gate pattern but experi-
ences no difficulty in making a self-registering contact to
the gate. There are no conventional etched contact holes
in the array of cells.

The operation of the balanced sense amplifier with the
271-um’ cell is shown in Fig. 9. A binary zero or one is
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Figure 7 Part of the four sense amplifiers and the lines of one-
device cells.

Figure 8 SEM photograph of smallest one-device cell (cell area
189 um®),

written into a selected cell. Upon reading, the MOS stor-
age capacitor is discharged onto the bit line. In the case of
aone, this causes a small signal voltage V to be impressed
onto the bit line. This voltage is amplified and compared
to an amplified reference voltage (V/2) generated by a
dummy cell located on the other side of the sense ampli-
fier.

The oscilloscope traces in Fig. 9 show the waveforms
of the bit-line voltage as seen through a source-follower
circuit on the end of the line. After about 70 ns the sense
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amplifier latches into the one or the zero state. The total
bit access time will be somewhat greater than 70 ns be-
cause there are no bit-line or word-line decoders and no
input multiplexers on the test chip.

Polysilicon devices were made with and without the
self-registering contact on the same chip, and the sub-
strate sensitivity or ‘‘back-gate’’ bias relationships [16]
were measured. As expected, no difference was observed
between the characteristics of the two devices, which
demonstrates that the self-registering contact does not af-
fect the FET device characteristics, even when the metal
interconnection line contacts the polysilicon gate material
over the channel. The subthreshold conduction charac-
teristic [16] of an FET in a cell with a self-registering con-
tact was also measured. The memory circuits were de-
signed to operate with a substrate bias of 1 V. The FET
turns off correctly to below 107" A, which is satisfactory
source-to-drain leakage current for dynamic RAM opera-
tion. Again, this is typical of a device without a self-
registering contact.

In the gateiplate process the entire structure is ther-
mally oxidized, except for the gates. This provides a thick
oxide over the source, drain, and capacitor plate. It also
thickens the field oxide and causes additional boron de-
pletion [17] in the field oxide regions between cells.

Unlike conventional polysilicon-gate processes, chem-
ically vapor-deposited SiO, or phosphorus-doped glass
layers were not used in the self-registered gate process.
No metal step coverage problems [11] were encountered.

An initial concern was that the oxidation step would
excessively lower the threshold voltage in the field re-
gions. That this is not the case is confirmed by Fig. 10,
which shows the substrate sensitivity of the thick field
oxide under the polysilicon plate and under a metal
interconnection line. The field oxide is comparable in
thickness for the two cases, and the metal line has a lower
threshold due to the additional boron depletion; however,
the threshold is not so low as to present a problem. The
memory circuits were designed to operate with 1 V sub-
strate bias, and for that bias the parasitic threshold volt-
age under the metal line is an acceptable 20 V.

Extensions

Although the primary emphasis of this work is on the fab-
rication of a novel one-device cell, it is of interest to con-
sider other applications of the self-registering contact
technique. Thus far, we have only considered cases in
which the two polysilicon masking patterns do not inter-
act, i.e., they do not overlap. As shown in Fig. 11, how-
ever, the patterns can be overlapped [18] to connect a
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revealed polysilicon contact area to an insulated poly-
silicon gate, plate, or interconnection line. Three masking
sequences are feasible and they yield slightly different
contact boundary shapes where the mask patterns over-
lap. We have successfully practiced the interconnection
approach shown in Fig. 11(a), but generally prefer the
somewhat simpler approach of Fig. 11(c). Figure 12 illus-
trates the various polysilicon interconnection combina-
tions that can be achieved using the overlapping masking
approach of Fig. l1i(a). A very powerful interconnection
wiring technique can be developed in this manner. This is
particularly attractive for the peripheral circuits (decod-
ers, multiplexers, sense amplifiers, etc.) of a dynamic
memory chip, and for other MOSFET integrated circuits
such as ROMs, PLAs, and microprocessors. The wiring
approach can be made even more effective by directly
connecting the polysilicon patterns to the n diffused
source and drain regions [19] by use of a ‘*buried con-
tact’’ step.
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A more general extension of the self-registering metal-
to-polysilicon contact is the analogous self-registering
metal-to-diffusion contact which provides a single poly-
silicon metal bit-line cell [20]. In this case, part of the ni-
tride used initially to form the semi-recessed oxide isola-
tion regions is retained to later form the metal-to-diffusion
contact areas. Finally, one can combine both techniques
into a five-mask process that yields self-registering con-
tacts to both polysilicon and diffused regions [20], thus
eliminating etched contact holes on the chip.

V. LEO RIDEOUT ET .

Summary

A dynamic one-device RAM cell has been described
which uses a single layer of polysilicon and a self-register-
ing metal-to-polysilicon gate contact. Five basic masking
operations are required. Attractive features of the gate/
plate process include a highly planar surface topography,
high packing density, and increased mask-to-mask mis-
alignment tolerance. MOSFETSs with self-registering gate
contacts were fabricated which exhibited satisfactory
subthreshold turn-on and substrate sensitivity character-
istics. Using optical lithography, memory cells 7.5 by
24.5 um in area (189 um®) were fabricated and operated
successfully. The gate/plate process is, of course, appli-
cable to circuits other than dynamic RAMs.
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