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SRAM CELL WITH ASYMMETRICAL 
TRANSISTORS FOR REDUCED LEAKAGE 

FIELD OF THE INVENTION 

0001. This invention generally relates to electronic cir 
cuits, and more specifically to fabrication and structure of 
field-effect transistors with asymmetrical threshold voltages. 

BACKGROUND OF THE INVENTION 

0002 The continuing popularity of portable electronic 
devices presents manufacturers with significant challenges. 
Increasing capability of electronic devices is moderated by 
considerations of cost, size, weight, and battery life. These 
considerations have increasingly resulted in higher levels of 
semiconductor integration. Thus, portable electronic devices 
frequently embed memory, control, signal processors, and 
other circuit functions on a single integrated circuit. Further 
optimization of these portable electronic devices dictates 
even greater reduction in geometric feature sizes and spaces 
between these geometric features. Shrinking feature sizes 
require lower Supply Voltages to limit maximum electric 
fields. Transistor leakage must be minimized to reduce 
standby current and prolong battery life. Even with lower 
Supply Voltages, however, special considerations are required 
for reliable device operation. 
0003. One problem of source/drain resistance was 
addressed by Yamazaki, U.S. Pat. No. 5,547,888, which is 
incorporated herein by reference in its entirety. Therein, 
Yamazaki discloses a disadvantage of symmetrical lightly 
doped drain (LDD) transistors in a static random access 
memory (SRAM) cell. Yamazaki discloses that hot carrier 
reliability only depends on the drain structure and not the 
Source structure. Yamazaki also discloses that a source LDD 
region may limit on current of the transistor and require a 
greater channel length. Yamazaki discloses a method of 
masking the source region of the transistor during the LDD 
implant to produce an asymmetrical transistor with only a 
drain LDD implant. 
0004. A problem of punch through with short channel 
lengths was addressed by Wang et al., U.S. Pat. No. 6,566, 
204, which is incorporated herein by reference in its entirety. 
Punch through occurs when Source and drain depletion 
regions of a field effect transistor extend across the channel. 
Under these conditions, the overlying control gate can no 
longer control current flow between the source and drain. 
Pocket implants were previously used to locally increase bulk 
concentration in the channel region of the field effect transis 
tor, thereby limiting depletion region width and resulting 
punch through. Pocket implants in the drain region, however, 
limited drive current and increased threshold voltage. Wanget 
al. disclosed that punch through could be effectively curtailed 
with an asymmetrical pocket implant adjacent the source of 
the field effect transistor. Wang et al. further disclose a 
method of blocking the pocket implant at the drain of the field 
effect transistor with a mask pattern in close proximity to the 
control gate of the field effect transistor. The close proximity 
of the mask pattern selectively blocks the angled pocket 
implant but permits implantation of source/drain Zones with 
out the need for additional masking steps. 
0005 Lien, U.S. Pat. No. 5,790,452, is incorporated 
herein by reference in its entirety. Lien applied an angled 
pocket implant to a static random access memory (SRAM) 
cell to solve a different problem. Referring to FIG. 1A, there 
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is a schematic diagram of an SRAM cell 100 of the prior art 
disclosed by Lien as FIG. 2. The SRAM cell includes a latch 
formed by load resistors 101 and 102 and N-channel drive 
transistors 103 and 104. The latch is connected between posi 
tive supply voltage Vdd 112 and ground or Vss 114. The 
supply voltage levels Vdd and Vss are also referred to as high 
and low levels, respectively, for simplicity. Storage nodes 116 
and 118 of the latch are connected to bitlines 108 and 110 by 
access transistors 105 and 106, respectively. 
0006 Lien disclosed two conflicting modes of operation 
of the SRAM cell. During write-disturb mode the SRAM cell 
of FIG. 1A is not accessed and the wordline 120 is low. 
Storage nodes 116 and 118 are low and high, respectively, and 
complementary bitline 110 is low. Under this condition, 
access transistor 106 has significant Subthreshold leakage. 
Lien discloses a high threshold voltage, therefore, is desirable 
to limit subthreshold leakage when storage node 118 is high 
and bitline 110 is low. During read mode bitlines 108 and 110 
are both initially high and wordline 120 is high. When the 
latch storage nodes 116 and 118 are low and high, respec 
tively, Lien discloses an advantage to a low threshold Voltage 
on access transistor 106. This low threshold voltage of access 
transistor 106 provides a higher voltage at storage node 118 
and, therefore, a greater gate Voltage at drive transistor 103. 
Thus, Lien discloses an advantage of a low threshold Voltage 
of access transistor 106 when bitline 110 is positive with 
respect to storage node 118 in read mode. 
0007 Referring to FIG. 1B, there is a cross section of 
N-channel access transistor 106 of the prior art as disclosed 
by Lien at FIG. 3. The access transistor 106 includes N+ 
source/drain region 118 connected to storage node 118 and 
N+ source/drain region 110 connected to bitline 110. An 
N-type lightly doped region 132 extends from N+ source/ 
drain region 118 into the channel region under control gate 
134. A P-type pocket implant encloses N+ source/drain 
region 110. When the N+ drain 118 is positive with respect to 
N+ source 110, Lien discloses access transistor 106 has a high 
threshold voltage. Alternatively, when the N+ drain 110 is 
positive with respect to N+ source 118, access transistor 106 
has a low threshold voltage. 

SUMMARY OF THE INVENTION 

0008. In accordance with a preferred embodiment of the 
invention, there is disclosed a method fabricating an SRAM 
cell with reduced leakage. The method comprises fabricating 
asymmetrical transistors in the SRAM cell. The transistors 
are asymmetrical in a manner that reduces the gate induced 
drain leakage current of the transistors. The fabrication of 
asymmetrical pass transistors comprises forming a dielectric 
region on a Surface of a Substrate having a first conductivity 
type. A gate region having a length and a width is formed on 
the dielectric region. Source and drain extension regions hav 
ing a second conductivity type are formed in the Substrate on 
opposite sides of the gate region. A first pocket impurity 
region having a first concentration and the first conductivity 
type is formed adjacent the Source. A second pocket impurity 
region having a second concentration and the first conductiv 
ity type may be formed adjacent the drain. If formed, the 
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second concentration is Smaller than the first concentration, 
reducing the gate induced drain leakage current. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. The foregoing features of the present invention may 
be more fully understood from the following detailed descrip 
tion, read in conjunction with the accompanying drawings, 
wherein: 
0010 FIG. 1A is a diagram of a static random access 
memory (SRAM) cell of the prior art; 
0011 FIG. 1B is a cross sectional view of prior art access 
transistor 106 of FIG. 1A: 
0012 FIG. 2 is a schematic diagram of a six-transistor 
static random access memory cell that may advantageously 
use the present invention; 
0013 FIG. 3 is a layout diagram of an array of four 
memory cells as in FIG. 2; 
0014 FIG. 4A is a layout diagram of the array of four 
memory cells of FIG. 2 with an P-channel implant mask: 
0015 FIG. 4B is the layout diagram of FIG. 4A showing 
the outline of the implant mask for clarity; 
0016 FIG. 5A is cross section of a P-channel transistor 
showing a pocket implant of the present invention; 
0017 FIG. 5B is a drain-to-source surface concentration 
profile of the transistor of FIG. 5A; 
0018 FIG. 6 is another embodiment of the layout diagram 
of FIG. 4B; 
0019 FIG. 7 is yet another embodiment of the layout 
diagram of FIG. 4B; 
0020 FIG. 8A is a layout diagram of a memory cell as in 
FIG. 2 in horizontal orientation showing the effect of implant 
azimuth angles on P-channel load transistors; 
0021 FIG. 8B is a layout diagram of a memory cell as in 
FIG. 2 in vertical orientation showing the effect of implant 
azimuth angles on P-channel load transistors; 
0022 FIG. 9A is a layout diagram of a transistor in hori 
Zontal orientation showing the effect of implant azimuth 
angles rotated by 45 degrees with respect to FIG. 10A: 
0023 FIG.9B is a layout diagram of a transistorinvertical 
orientation showing the effect of implant azimuth angles 
rotated by 45 degrees with respect to FIG. 10A: 
0024 FIG. 10A is an exemplary cross section diagram 
showing the effect of implant tilt angle for an edge of a single 
transistor, 
0025 FIG. 10B is an exemplary cross section diagram 
showing the effect of implant tilt angle for edges of adjacent 
transistors; 
0026 FIG. 11 is a graph showing minimum tilt implant 
angle required to block a pocket implant as a function photo 
resist thickness and space from a gate edge with 25 nm mis 
alignment; 
0027 FIG. 12 is a graph showing minimum tilt implant 
angle required to block a pocket implant as a function photo 
resist thickness and space from a gate edge with 30 nm mis 
alignment; 
0028 FIG. 13 is a graph showing minimum tilt implant 
angle required to block a pocket implant as a function photo 
resist thickness and space from a gate edge with 35 nm mis 
alignment; 
0029 FIG. 14 is a graph showing the minimum LDD 
clearance for various resist CD's, gate-to-gate opening 
spaces, and overlay specifications; and 
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0030 FIG. 15 is a block diagram of a wireless telephone as 
an example of a portable electronic device which could 
advantageously employ the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0031 Referring to FIG. 15, there is a block diagram of a 
wireless telephone as an example of a portable electronic 
device which could advantageously employ this invention. 
The wireless telephone includes antenna 1700, radio fre 
quency transceiver 1702, baseband circuits 1710, micro 
phone 1706, speaker 1708, keypad 1720, and display 1722. 
The wireless telephone is preferably powered by a recharge 
able battery (not shown) as is well known in the art. Antenna 
1700 permits the wireless telephone to interact with the radio 
frequency environment for wireless telephony in a manner 
known in the art. Radio frequency transceiver 1702 both 
transmits and receives radio frequency signals via antenna 
1702. The transmitted signals are modulated by the voice/ 
data output signals received from baseband circuits 1710. The 
received signals are demodulated and Supplied to baseband 
circuits 1710 as Voice/data input signals. An analog section 
1704 includes an analog to digital converter 1724 connected 
to microphone 1706 to receive analog voice signals. The 
analog to digital converter 1724 converts these analog Voice 
signals to digital data and applies them to digital signal pro 
cessor 1716. Analog section 1704 also includes a digital to 
analog converter 1726 connected to speaker 1708. Speaker 
1708 provides the voice output to the user. Digital section 
1710 is embodied in one or more integrated circuits and 
includes a microcontroller unit 1718, a digital signal proces 
sor 1716, nonvolatile memory circuit 1712, and volatile 
memory circuit 1714. Nonvolatile memory circuit 1712 may 
include read only memory (ROM), ferroelectric memory (Fe 
RAM), FLASH memory, or other nonvolatile memory as 
known in the art. Volatile memory circuit 1714 may include 
dynamic random access memory (DRAM), static random 
access memory (SRAM), or other volatile memory circuits as 
known in the art. Microcontroller unit 1718 interacts with 
keypad 1720 to receive telephone number inputs and control 
inputs from the user. Microcontroller unit 1718 supplies the 
drive function to display 1722 to display numbers dialed, the 
current state of the telephone such as battery life remaining, 
and received alphanumeric messages. Digital signal proces 
Sor 1716 provides real time signal processing for transmit 
encoding, receive decoding, error detection and correction, 
echo cancellation, Voice band filtering, etc. Both microcon 
troller unit 1718 and digital signal processor 1716 interface 
with nonvolatile memory circuit 1712 for program instruc 
tions and user profile data. Microcontroller unit 1718 and 
digital signal processor 1716 also interface with volatile 
memory circuit 1714 for signal processing, Voice recognition 
processing, and other applications. 
0032 Turning now to FIG. 2, the electrical circuit corre 
sponding to exemplary memory cell 300 of FIG. 3 will be 
explained in detail. Each of the four memory cells 300-306 of 
FIG. 3 is electrically identical to the schematic diagram of 
FIG. 2. Moreover, the geometric layout of each memory cell 
of FIG. 3 is substantially identical except that they may be 
placed in different views. Memory cell 300 is bounded to the 
right and below by memory cells 304 and 302, respectively, as 
indicated by the solid line cell boundaries. Memory cell 300 
includes a latch formed by P-channel load transistors 201 and 
202 and N-channel transistors 203 and 204. These transistors 
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are indicated by polycrystalline silicon gate regions crossing 
an active region. Source terminals of P-channel load transis 
tors 201 and 202 are connected to positive Vdd supply voltage 
in metal (not shown) at metal-to-P+ contact areas 212. Drain 
terminals of load transistors 201 and 202 are connected to the 
storage nodes 216 and 218. Likewise, source terminals of 
N-channel driver transistors 203 and 204 are connected to 
ground or VSS Supply Voltage in metal (not shown) at metal 
to-N+ contact areas 214. Drain terminals of the N-channel 
driver transistors 203 and 204 are connected to the storage 
nodes 216 and 218 in metal (not shown). Each of the metal 
to-silicon contact areas 212 and 214 is formed by a half 
contact in each of two adjacent cells. Storage nodes 216 and 
218 are output terminals of the latch as indicated at FIG.3 by 
metal-to-P+ contact areas. The connection of the drain of 
transistor 203 and drain of transistor 201 comprising storage 
node 216 is not shown for clarity. Similarly, the connection of 
the drain of transistor 204 and drain of transistor 202 com 
prising storage node 218 is not shown. These storage nodes 
216 and 218 are connected to access N-channel transistors 
205 and 206, respectively. Gates of the N-channel transistors 
205 and 206 are connected to word line 220 indicated by a 
dashed line. The other terminals of N-channel transistors 205 
and 206 are connected to bit line BL 208 and complementary 
bit line/BL 210 indicated by dotted lines, respectively. 
0033 Decreasing feature sizes and gate oxide thicknesses 
of present process technology make the memory cell of FIGS. 
2 and 3 particularly susceptible to off-state drain leakage 
current, which includes both gate induced drain leakage 
(GIDL) and gate-edge diode drain leakage (GEDL). This 
problem occurs, for example, when storage nodes 216 and 
218 are high and low, respectively. P-channel load transistor 
201 is on and N-channel driver transistor 203 is off. Comple 
mentary P-channel load transistor 202, therefore, is off and 
N-channel driver transistor 204 is on. N-channel drive tran 
sistor 203 has a high level (Vdd) at the drain or storage node 
216 and ground at the source terminal 214. The gate of 
N-channel transistor 203 is held low by N-channel transistor 
204. This low level of the gate holds the channel region 
adjacent the drain of N-channel transistor 203 in strong accu 
mulation. This creates a high electric field at the lightly doped 
drain junction (LDD) and the P-type channel under the gate 
edge. The electric field is particularly high when the substrate 
adjacent the drain is fabricated with a P+ pocket implant. The 
resulting high electric field may even deplete or invert the 
N-type drain LDD region. This creates a gate induced drain 
leakage (GIDL) current path even when N-channel transistor 
203 is off. Likewise, the diode formed between the LDD 
region and the substrate exhibits a leakage current (GEDL). 
This leakage current also increases with increasing P+ pocket 
region concentration. 
0034. A corresponding gate induced drain leakage current 
path may exist in P-channel load transistor 202. P-channel 
load transistor 202 has a high level (Vdd) at the source and a 
low level at the drain or storage node 218. The gate of P-chan 
nel transistor 202 is held high by P-channel transistor 201. 
This high level of the gate holds the channel region adjacent 
the drain of P-channel transistor 202 in strong accumulation. 
This creates a high electric field at the lightly doped drain 
junction (LDD) and the N-type substrate under the gate edge. 
This high electric field may even deplete or invert the P-type 
drain LDD region. The electric field is particularly high when 
the substrate adjacent the drain is fabricated with an N+ 
pocket implant. The resulting high electric field creates a gate 
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induced drain leakage (GIDL) current path even when 
P-channel transistor 202 is off. Likewise, the diode formed 
between the LDD region and the substrate exhibits a leakage 
current (GEDL). This leakage current also increases with 
increasing N-- pocket region concentration. 
0035. These drain leakage current paths may exist in 
N-channel drive transistors, P-channel load transistors, or 
both. The cumulative leakage current for a typical memory 
array significantly increases standby current. Elimination of 
the pocket implant improves the drain leakage current path 
but introduces new problems of low threshold voltages and 
even punch through. Thus, an asymmetrical pocket implant 
adjacent the Source and blocked from the drain provides a 
Solution to the drain leakage current that does not introduce 
other problems. It is also desirable to avoid introduction of an 
additional mask step to form this asymmetrical pocket 
implant while maintaining an existing lightly doped drain 
(LDD) implant as will be described in detail. 
0036 Turning now to FIG. 4A, there is a layout diagram of 
the array of four memory cells of FIG. 2 with a P-channel 
implant mask formed by photoresist. The mask includes por 
tions 400, 401, and 402, which cover N-channel transistors 
203, 204, 205 and 206, and portions 404, 405, 406, and 407, 
formed between adjacent P-channel load transistors. FIG. 4B 
is the layout diagram of FIG. 4A showing the outline of the 
implant mask under the cell geometries for clarity. Mask 
portion 404 is adjacent and spaced apart from load transistor 
gate edges 409 and 410, respectively. The space between each 
mask portion and the respective adjacent gate edge allows a 
lightly doped P-type ion implant with a small tilt angle to 
produce lightly doped source and drain regions on each load 
transistor. The closely spaced photoresist portion 404 blocks 
drain-side load transistor gate edges 409 and 410 from receiv 
ing angled N-type pocket implants as will be explained in 
detail. The pocket implant is not blocked from source-side 
load transistor gate edges 411 and 412. Thus, the asymmetri 
cal N-type pocket implant and the lightly doped source and 
drain implants may be performed without an extra photoresist 
mask step according to the embodiment of FIG. 4B. 
0037 Referring now to FIG. 5A, there is a cross section 
diagram showing an exemplary P-channel load transistor 
such as transistors 201 and 202 according to the present 
invention. FIG. 5B is a corresponding surface concentration 
extending from source region 904 to drain region 912 of the 
P-channel load transistor of FIG. 5A. The P-channel load 
transistor is fabricated on an N-well region or substrate 
formed on a P-substrate. A gate dielectric 916 is formed over 
the N-well substrate. A control gate 900 is formed over the 
gate dielectric 916. P+ source 904 and drain 912 regions are 
formed on each side of the control gate 900. Corresponding 
P-type LDD regions 906 and 910 are formed adjacent respec 
tive P+ regions 905 and 912 to complete the source and drain 
regions. An N-type impurity pocket implant is formed adja 
cent the source region 906. The N-type impurity pocket 
implant, however, is at least partially blocked adjacent the 
drain region 910. Referring to FIG. 5B, therefore, the con 
centration of pocket implant 908 adjacent source region 906 
has a greater concentration than the portion adjacent drain 
region 910. This asymmetrical P-channel load transistor 
advantageously reduces gate induced drain leakage current in 
the memory array with respect to memory cells with drain 
pocket implants. The Source pocket implant maintains an 
acceptable threshold Voltage and avoids punch through at 
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normal operating Voltages. Moreover, a single mask step is 
used to form the asymmetrical pocket implant and the sym 
metrical LDD implant. 
0038 Turning now to FIG. 6, there is another embodiment 
of the layout diagram of FIG. 4B. The widths of photoresist 
mask portions 600, 602, 604, and 606 have been increased 
relative to FIG. 4B. Thus, load transistor edges 409 and 410 
are coincident with the edges of the photoresist portion 600. 
The photoresist mask portions 600, 6002, 604, and 606 may 
even be enlarged further such that they overlap the load tran 
sistor gate regions. This embodiment completely blocks an 
N-type pocket implant from the bitline terminal side of a load 
transistor at edges 409 and 410 while permitting the implant 
at the opposite edges. However, due to the absence of any 
clearance between the resist edge and the gate edge, if this 
photoresist mask is used for the lightly doped source and 
drain extension implants, the lightly doped extension 
implants will also be blocked. As a result, this embodiment 
requires that the pocket implant be performed with the pho 
toresist mask of FIG. 6, and the light doped source and drain 
extension implants be performed with another photoresist 
mask wherein portions 600, 602, 604, and 606 are either 
narrow as in FIG. 4B or not present at all. This embodiment 
may be advantageously used in a fabrication process where a 
threshold Voltage adjust photoresist mask that is not common 
to the light doped source and drain implant is available. This, 
the asymmetrical N-type pocket implant may be performed 
using the threshold Voltage adjust mask and without an extra 
photoresist mask step. 
0039 FIG. 7 is yet another embodiment of the layout 
diagram of FIG. 4B. The widths of photoresist mask portions 
700, 702, 704, and 706 have been decreased relative to FIG. 
4B. This decrease in photoresist mask width provides greater 
space between the load transistor edges 409 and 410 and the 
photoresist mask region 700. This embodiment advanta 
geously produces a larger clearance for the lightly doped 
Source and drain extension implants to enter the Substrate 
adjacent both sides of the access transistor gate. The narrow 
photoresist mask regions are limited by manufacturing capa 
bility. However, relatively narrower photoresist mask regions 
such as region 700 are possible when connected to wider 
photoresist mask regions such as region 708. Thus, the asym 
metrical N-type pocket implant and the lightly doped source 
and drain implants may be performed without an extra pho 
toresist mask step according to the present embodiment. 
0040 Turning now to FIG. 8A, there is a layout diagram of 
a memory cell as in FIG. 2 in horizontal orientation showing 
the effect of implant azimuth angles on P-channel load tran 
sistors 1000 and 1002. P-channel load transistor 1000 is adja 
cent photoresist mask edge 1001. P-channel load transistor 
1002 is adjacent photoresist mask edge 1003. In one embodi 
ment of the present invention, pocket implants are applied at 
four azimuth angles of 0°, 90°, 180°, and 270°. In this 
embodiment 90° and 270° azimuth pocket implants will enter 
the substrate on both sides of the load transistors 1000 and 
1002, and will therefore not create any asymmetry. The 0° and 
180° azimuths create the asymmetry as follows. The 0° 
implant enters the storage node side 201 of the load transistor 
1000 and is blocked from the drain side 218 of the load 
transistor 1002. Likewise, the 180° implant enters the source 
side 202 of the pass transistor 1002 and is blocked from the 
drain side 216 of the load transistor 1000. Thus, both P-chan 
nel load transistors 1000 and 1002 advantageously receive 
asymmetrical N-type pocket implants. 
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0041. This four-azimuth embodiment also creates asym 
metrical pass transistors for memory cells placed in the ori 
entation shown in FIG. 8B, where the 0° and 180° azimuth 
implants enter both sides of the load transistors and the 90° 
and 270° azimuth implants generate the asymmetry. In this 
embodiment, the lightly doped source and drain extension 
implants are applied either at Zero tilt or at a small tilt angle 
preferably smaller than 7, thus entering the substrate on all 
sides of the load transistors. Alternatively, they can be 
implanted using a separate photoresist mask as described 
before. If none of these alternatives is adopted, some asym 
metry in lightly doped source and drain extensions will also 
occur, which may be acceptable in certain conditions. 
0042. In another embodiment of the present invention, 
pocket implants are applied at only two azimuth angles. 
Referring to FIG. 8A, pocket implants are applied only at the 
0° and 180° azimuths. The advantage of this embodiment is 
that greater asymmetry is achieved since the pocket implants 
at 90° and 270°, which would enter the substrate on both sides 
of the load transistors, are no longer present. If the SRAM 
cells follow the orientation of FIG. 8B, however, pocket 
implants must be applied at the 90° and 270° azimuths. As a 
result, a possible disadvantage of this embodiment is that all 
SRAM cells must be placed in the same orientation on the 
chip; however, the cell orientation may be restricted for other 
reasons, in which case this additional reason for restriction of 
the orientation would not be a disadvantage. In this embodi 
ment, lightly doped source and drain extension implants are 
applied either at Zero tilt, or at a small tilt angle preferably 
smaller than 7, or applied at any tilt angle at the 90° and 270° 
azimuths, thus entering the Substrate on all sides of the pass 
transistors. Alternatively, they can be implanted using a sepa 
rate photoresist mask as described before. 
0043. In another embodiment of the present invention, the 
pocket implants are applied at four azimuths of 45°, 135°, 
225°, and 315°. Referring now to FIG.9A, there is a layout 
diagram of transistor 1100 in horizontal orientation showing 
the effect of implant azimuth angles rotated by 45 degrees 
with respect to FIG. 8A. For this cell orientation, the gate of 
transistor 1100 blocks the N-type pocket implant between the 
gate and photoresist mask 1101 for 45° and 315° azimuth 
angles. Likewise, the photoresist mask edge 1101 blocks the 
N-type pocket implant between the gate and photoresist mask 
1101 for 135° and 225° azimuth angles. The Ntype pocket 
implant, however, is applied to the opposite side of transistor 
1100 by 45° and 315° azimuth angles. FIG.9B is a layout 
diagram of transistor 1102 in vertical orientation showing the 
effect of implant azimuth angles rotated by 45 degrees with 
respect to FIG. 8A. For the vertical cell orientation, the gate of 
transistor 1102 blocks the N-type pocket implant between the 
gate and photoresist mask 1103 for 225° and 315° azimuth 
angles. Likewise, the photoresist mask edge 1103 blocks the 
N-type pocket implant between the gate and photoresist mask 
1103 for 45° and 135° azimuth angles. The N-type pocket 
implant, however, is applied to the opposite side of transistor 
1103 by 225° and 315° azimuth angles. Thus, a rotation of 
azimuth implant angles by 45 degrees with respect to FIG. 
8A advantageously eliminates cell orientation dependence. 
In this embodiment, the lightly doped source and drain exten 
sion implants are applied either at Zero tilt or at a small tilt 
angle preferably smaller than 7, thus entering the substrate 
on all sides of the pass transistors. If they are tilted, they can 
be implanted at any set of azimuth angles, including 0, 90, 
180, and 270, or 45, 135,225, and 215. Alternatively, they can 
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be implanted using a separate photoresist mask as described 
before. If none of these alternatives is adopted, some asym 
metry in lightly doped source and drain extensions may occur 
in this case, which may be acceptable in certain conditions. 
0044) Referring to FIG. 10A, there is an exemplary cross 
section diagram showing the effect of implant tilt angle for an 
edge of a single transistor. The transistor includes gate region 
1200 formed over gate dielectric 1240. A photoresist mask 
1202 is closely spaced from the gate region 1200 to block an 
N-type pocket implant in the area there between. An LDD 
implant, indicated by dashed arrows 1210-1218, is applied 
with vertical or 0° tilt angle. Alternatively, the LDD implant 
may be applied at a Substantially vertical tilt angle of prefer 
ably less than 7 with the same result. In this manner, the LDD 
implant is applied equally to both source and drain edges of 
the transistor, as long as there is enough clearance between 
the gate and the photoresist to allow the LDD implant to enter 
the substrate. An N-type pocket implant, indicated by solid 
arrows 1220-1230, is applied with tilt angle of plus or minus 
B with respect to vertical as shown. In this manner, the N-type 
pocket implant 1220-1224 is applied to the left side of the 
transistor but blocked from the right side by transistor gate 
1200. The N-type pocket implant 1226-1230 is blocked from 
the right side of the transistor by photoresist mask 1202. 
0045 Referring to FIG. 10B, there is an exemplary cross 
section diagram showing the effect of implant tilt angle for 
edges of adjacent transistors. The adjacent transistors include 
gate regions 1200 and 1201 each formed over the substrate. A 
photoresist mask 1202 is spaced between the two gates. The 
photoresist is shown with Some misalignment toward the gate 
1201. Because of this misalignment, relatively less photore 
sist exists to block the N-type pocket implant 1250 compared 
to the implant 1252. For a given opening 1262 between the 
two gates, a given photoresist CD 1261, a given misalignment 
or overlay error, and a given pocket implant tilt angle, there is 
a minimum photoresist height that must exist to ensure Suc 
cessful blocking of both pocket implants 1250 and 1252. In 
those embodiments of the present invention in which the 
LDD implants are not applied with the photoresist mask 
described in FIG. 4A, 4B, 6, or 7. Successful application of the 
LDD implants not a consideration in designing the photore 
sist mask. 
0046 FIGS. 11-13 show graphs of the minimum photore 
sist height required to block the pocket implant for various 
misalignment conditions. FIG. 11 is a graph showing mini 
mum photoresist height required to block pocket implants for 
a 190 nm opening between the gates and with 35 nm mis 
alignment. FIG. 12 is a graph showing minimum photoresist 
height required to block pocket implants for a 190 nm open 
ing between the gates and with 25 nm misalignment. FIG. 13 
is a graph showing minimum photoresist height required to 
block the pocket implants for a 220 nm opening between the 
gates and with 25 nm misalignment. 
0047. In those embodiments of the present invention 
where LDD implants are applied using the same photoresist 
mask as the pocket implants, the photoresist mask must not 
only block the pocket implants but also permit the LDD 
implants to reach the Substrate on both source and drain sides 
of the gates. Returning to FIG. 10B, because of the misalign 
ment, the clearance for the LDD implant is smaller near the 
gate 1201 compared to near the gate 1200. For a given open 
ing between the gates, the photoresist CD and the misalign 
ment specification must be set Such that the necessary clear 
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ance will depend on process details such as the LDD implant 
dose, the amount of diffusion occurring in Subsequent ther 
mal steps, and the design of the heavily doped source and 
drain regions in any specific manufacturing process. FIG. 14 
shows a graph of the LDD implant clearance as a function of 
the photoresist CD, the opening between the gates, and the 
overlay specification. For example, with a resist CD of 110 
nm, an overlay specification of 25 nm, and a gate to gate 
opening of 220 nm, a satisfactory minimum clearance of 30 
nm is obtained. 
0048 While this invention has been described with refer 
ence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modifi 
cations and combinations of the illustrative embodiments, as 
well as other embodiments of the invention, will be apparent 
to persons skilled in the art upon reference to the description. 
In view of the foregoing discussion, it is intended that the 
appended claims encompass any such modifications or 
embodiments. 

1-7. (canceled) 
8. An SRAM memory cell, comprising: 
a storage node: 
a Supply node; and 
an asymmetrical load transistor connected between the 

storage node and the Supply node, wherein the asym 
metrical load transistor has a first drain leakage current 
when said Supply node is positive with respect to the 
storage node and said asymmetrical load transistor has a 
second drain leakage current of greater magnitude than 
the first drain leakage current when the supply node is 
negative with respect to the storage node. 

9. The SRAM memory cell of claim 8, wherein the asym 
metrical load transistor comprises a more heavily doped 
pocket implant region on the Supply node side relative to the 
storage node side. 

10. The SRAM memory cell of claim 9, wherein said 
asymmetrical load transistor comprises a source region and a 
drain region of a first conductivity type and wherein said 
pocket implant region is of a second conductivity type, oppo 
site said first conductivity type. 

11-13. (canceled) 
14. A memory cell; comprising: 
a first Supply Voltage terminal; 
a first storage node: 
a second Supply Voltage terminal; 
a second storage node: 
a first transistor having a source and drain and formed on a 

Substrate having a first conductivity type, the first tran 
sistor having the source coupled to the first Supply Volt 
age terminal and the drain coupled to the first storage 
node; and 

a second transistor having a source and drain and formed 
on a Substrate having a second conductivity type, the 
second transistor having the drain coupled to the second 
storage node and the source coupled to the second Sup 
ply Voltage terminal, wherein at least one of the first and 
second transistors has a higher dopant concentration of a 
respective Substrate conductivity type adjacent a respec 
tive source than adjacent a respective drain. 

15. The memory cell of claim 14 in which the substrate of 
the first conductivity type is formed on a substrate of the 
second conductivity type. 
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