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AN SRAM CELL STRUCTURE AND METHOD OF MANUFACTURE THEREOF 

BACKGROUND OF THE INVENTION 

l. Field of the Invention 

This invention relates to Static Random Access ~emory 

(SRAM) devices and more particularly to SRAM devices with 

small cell size, reduced electrical contac~ resistance and 

improved current control. 

2. Description of Related Art 

FIG. 4 shows a prior art four transistor SRAM cell with 

cross-coupled storage (driver) transistors Ql and Q2, a pair 

of polysilicon load resistors Rl, R2 and pass (access/trans-

fer) transistors Q3 and Q4. 

Load resistors Rl and R2 are connected between power 

supply voltage Vee and nodes Nl and N2 respectively. A 

current I.1. flows from a terminal Vee through a first load 

resistor Rl towards node Nl. A second current I 2 flows from 

, the terminal Vee through a second load resistor R2 towards 

node N2. 

Storage transistors Ql and Q2 have their drain regions 

connected respectively to nodes Nl and N2 and their control 

gate electrodes cross-coupled respectively via lines PLl and 

PL2 to nodes N2 and Nl. The source regions of transistors 

Ql and Q2 are connect'ed ·v.ia node NS to ground, i.e. refer-

ence potential. 
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Node Nl is connected via a contact DFl to the drain 

region of transistor Ql and to the control gate electrode of 

transistor Q2. Load resistor Rl is connected between power 

supply voltage Vee via node Nl and the contact DFl to the 

drain of transistor Ql. 

Node N2 is connected via a DF2 contact to the drain 

region of transistor Q2 and to the control gate electrode of 

transistor Ql. Load resistor R2 is connected be~ween power 

supply voltage Vee and via node N2 through the contact DF2 

to the drain of transistor Q2. 

Pass transistors Q3 and Q4 both have their control gate 

electrodes connected to the wordline WL. 

Pass transistor QJ has its control gate electrode 

connected to wordline WL and its source/drain (S/D) circuit 

connected between node Nl and and node N4, and is connected 

via node N4 to bit line BL. 

Pass transistor Q4 has its control gate electrode 

connected to wordline WL and its SID circuit connected 

between node N2 and node NJ, and is connected via node NJ to 

bit line BL-bar. 

Load resistors Rl and R2 have resistance values in the 

range of 10? ohms to 1013 ohms which permits more substan-

tial currents Il and 12 in the range of microamperes (10- 5
) 

to picoamperes (10-12
). 
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SUMMARY OF THE INVENTION 

A method of forming an SRAM transistor cell on a doped 

semiconductor substrate includes the following steps. Form 

a first access transistor and a second access transistor, 

each having a source reg_ion, a drain region and a control 

gate electrode. Form a first storage transistor and a 

second storage transistor each having a source region, a 

drain region and a control gate electrode. Form a first 

node and a second node. Form a first load capacitor having 

one plate connected to the first node and the other plate 

thereof connected to the power supply connection. Form a 

second load capacitor having one plate connected to the 

second node and the other plate thereof connected to the 

power supply connection. Form a-bit line and a bit line 

bar, first and second interconnection lines, the first 

storage transistor having the drain region thereof connected 

to the first node, the second storage transistor having the 

drain region thereof connected to the second node. The 

first and second storage transistors have· the source regions 

thereof connected together. The first node is cross con­

nected via the first interconnection line to the control 

gate electrode of the second transistor. The second node is 

cross connected via the second interconnection line to the 

control gate.electrode of the first transistor. The control 
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gate electrodes of the first and second access transistors 

connecting to a wordline. 

Preferably the method includes the additional following 

steps. Connect the drain region of the first access tran-

sistor to the first node. Connect the drain region of the 

second access transistor to the second node. Connect the 

source region of the first access transistor to the bit 

line. connect the source region of the second access 

transistor to the bit line bar. Connect the first node and 

the second node to first and second drain regions respec­

tively of the first and second storage transistors in the 

substrate. Form at least one capacitor and connect at least 

one lower capacitor plate of the capacitor to at least one 

of the first and second drain regions. Cover the lower 

capacitor plate by a tunnel oxide layer, and cover the 

tunnel oxide layer with an upper capacitor plate. 

Preferably, form the cell over a doped silicon body. 

Form a field oxide region on the doped silicon body. Form 

the lower capacitor plate of the capacitor partially above 

the field oxide region and partially in contact with a 

buried contact in the doped silicon body. 

In another aspect of the invention, form the lower 

plate of the capacitor with an edge formed over the field 

oxide region. Form the tunnel oxide layer covering and 

extending across the edge. Form the upp~r plate of the 
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capacitor above the tunnel oxide layer, the upper plate 

extending across the edge above the tunnel oxide layer. 

Form-the lower capacitor plate partially above a field 

oxide region formed on doped silicon. 

Preferably, form the lower plate o·f the capacitor 

with an edge formed over the field oxide region. Form 

the tunnel oxide layer covering the lower plate. Form 

the upper plate of the capacitors lying above the 

tunnel oxide layer. Form the lowe~ plate of the 

capacitor with an edge formed over the field oxide 

region. Form the tunnel oxide layer covering a portion 

of the lower plate and extending across the edge. Form 

the upper plate of the capacitors lying above the 

tunnel oxide layer and extending across the edge. Form 

the capacitors ·forming on the interconnection lines. 

In accordance with this invention, an SRAM tran-

sistor cell is formed on a doped semiconductor sub-

strate. The first access transistor and a second 

access transistor, each have a source region, a drain 

region and a control gate electrode. A first storage 

transistor and a second storage transistor each have a 

source region, a drain region and a control gate 

electrode. A first load capacitor having one plate 

connected to a first node and the other plate thereof 

connected to the power supply connection. A second 
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load capacitor has one plate connected to a second node 

and the other plate thereof connected to the power 

supply connection, plus a bit line and a bit line bar 

and first and second interconnection lines. 

The first storage transistor has the drain region 

thereof connected to the first node. The second 

storage transistor has the drain region thereof con­

nected to tne second node. The first and second 

storage transistors have the source regions thereof 

connected together. The first node is cross connected 

via the first interconnection line to the control gate 

electrode of the second transistor. The second node is 

cross connected via the second interconnection line to 

the control gate electrode of the first transistor. 

The control gate electrodes of the first and second 

access transistors are connected to a wordline. The 

drain region of the first access transistor is connect­

ed to the first node. The drain region of the second 

access transistor is connected to the second node. The 

source region of the first access transistor is con-

nected to the bit line. The source region of the 

second access transistor is connected to the bit line 

bar. The first and second nodes are connected to the 

drain regions respectively of the storage transistors 
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in the substrate. The lower capacitor plates are 

connected to the drain regions respectively. 

The cell is formed over doped silicon. A field 

oxide region is formed on the doped silicon. The 

lower capacitor plate is formed above the field oxide 

region, preferably partially above the field oxide 

region and partially in contact with the doped silicon, 

and the lower plate of the capacitor has an edge formed 

over the field oxide region. A tunnel oxide layer 

covers at least a portion of the lower plate, prefera-

bly including the edge of the lower _plate. The tunnel 

oxide layer is covered by the upper capacitor plate 

which preferably extends across the edge. 

In accordance with an aspect of this invention, 

the capacitor is formed on an interconnection line. 

In accordance with another aspect of this inven­

tion a method is provided for forming a .capacitor for 

an SRAM device by the following steps. Form a field 

oxide region in a doped semiconductor body. Form a 

lower capacitor plate partially above the field oxide 

region and partially in contact with a buried contact 

in the doped silicon body. Cover a portion of the 

lower capacitor plate with a tunnel oxide layer and 

form a gate oxide over the remainder of the lower 

capacitor plate. 
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The tunnel oxide layer is formed by a method 

selected from as follows: 

a) forming the tunnel oxide layer above the lower 

plate, or 

b) forming the tunnel oxide above the lower 

capacitor plate and over the edge thereof. 

Then, form the upper capacitor plate of the 

capacitor above the t"ield oxide region and the tunnel 

oxide layer. 

Another aspect of this invention is a method of 

forming an SRAM transistor capacitor over a doped 

semiconductor body which includes the following steps. 

Form a field oxide region in a doped semiconductor 

body. Form a gate oxide layer over the body with a 

buried contact window therethrough adjacent to the 

field oxide region. Form a cou~terdoped buried contact 

region in the body below the buried contact window. 

Form a lower capacitor plate over the field oxide 

region extending into contact with the buried contact 

region. Preferably, the lower plate of the capacitor 

has an edge formed over the field oxide region. Form a 

dielectric layer over the lower capacitor plate includ­

ing a tunnel oxide region within the dielectric layer. 

Form an upper capacitor plate above the tunnel oxide 
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layer. Preferably, the tunnel oxide layer covers and 

extends across the edge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other aspects and advantages of 

this invention are explained and described below with 

reference to the accompanying drawings, in which: 

FIG. lA shows an electrical schematic circuit 

diagram of an SRAM (Static Random Access Memory) 

implementation of this invention. 

FIG. lB shows the equivalent circuit for a pair of 

capacitors comprises a capacitor and a resistor which 

carries a leakage current through the resistor. 

FIG. 2 shows a sectional view of a portion of an 

SRAM device in accordance with FIGS. lA and lB taken 

along line 2-2' in FIG. 3. 

FIG. 3 shows a plan view of the device of FIG. 2. 

FIG. 4 shows a prior art four transistor SRAM cell 

with cross-coupled storage (driver) transistors, a pair 

of polysilicon load resistors and pass (access/trans-

fer) transistors. 

FIG. 5 shows a chart of current density vs. 

voltage for the tunnel oxide in accordance with this 

invention. 
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FIGS. 6A-6H are sectional views of the device of 

FIG. 2 illustrating the process of forming the device 

Of FIG.2. 

FIGS. 7A-7H are sectional views of a fragment of a 

device, similar to the device of FIG. 2, illustrating an 

alternative process of forming a device in accordance with 

this invention in connection with other elements of the SRAM 

device of FIG. 1. 

FIG. 8 shows a sectional view of an alternative embodi­

ment to FIG. 2 of a portion of an SRAM device in accordance 

With FIGS. lA and lB. 

FIGS. 9A-9D are sectional views of the device of FIG. 8 

illustrating the process of forming the device. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

FIG. lA shows an electrical schematic circuit 

diagram of an SRAM (Static Random ~ccess Memory) 

implementation of this invention. 

SRAM Circuit 

FIG. lA shows a four transistor SRAM cell, which is 

a modified four transistor cell, in accordance with 

this invention in which the conventional load resistors 

have been replaced by integrated circuit-capacitors 

formed by lower plate 21 (lower layer 19/contact 

layer 14 FIG. 2) and upper plate 48 separated by a 

tunnel oxide dielectric layer 17, as shown in an 

elevational· cross-section in FIG. 2. The cell of 

FIG. lA comprises an inverter with cross-coupled 

storage (driver) transistors Tl and T2 which serving as 

a storage flip flop circuit, and a pair of load capaci­

tors Cl and C2 which provide in addition to capaci­

tance, a leakage or tunneling current along with a 

minimal load resistance, as indicated by the equivalent 

circuit shown in FIG. lB, and access (pass/transfer) 

transistors T3 and T4. 
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Storage transistors Tl and T2 have their drain 

regions connected respectively to nodes Al and A2 and 

their control gate electrodes cross-coupled respective­

ly via polysilicon gate lines PLl and PL2 to nodes A2 

and Al. Both access transistors T3 and T4 have their 

control gate electrodes connected to the wordline WL. 

As stated above, the SRAM cell of FIG. lA includes. 

two load capacitors C1 and Cz which replace the resis­

tors Rl and R2 shown in FIG. 4. Load capacitor C1 is 

connected between a terminal connected to power supply 

voltage Vee and.via node Al through a contact DF2 to 

the drain region of transistor Tl and to the control 

gate electrode of transistor T2. Load capacitor C2 is 

connected between power supply voltage Vee and via node 

A2 through a contact DF2 to the drain of transistor T2. 

The source regions of transistors Tl are T2 are con­

nected via node AS to ground, i.e. reference potential. 

Access transistor T3 has its control gate elec­

trode connected to wordline WL and its S/D circuit 

connected between node Al and node A4 which is connect-

ed to bit line BL. Access transistor T4 has its 

control gate electrode connected to wordline WL and its 

-s... 
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SID circuit connected between node A2 and node AJ which 

is connected to bit line BL-bar. 

The source region of access transistor TJ is con-

nected to node Al. The source region of access tran-

sister T4 is connected to node A2. The current I 1 

flows from terminal Vee through load capacitor Cl 

towards node Al. The current I2 flows from terminal 

Vee through load capacitor C2 towards node A2. 

FIG. lB shows the equivalent circuit for the 

capacitors Cl and C2 which have a capacitor c and a 

resistor R which carries the leakage current through 

the capacitor c. The leakage current is a fraction of 

the current through a conventional resistor having a 

value of from about 107 ohms to about 1013 ohms. The 

capacitor has a capacitance from about 0.01 femtofarads 

(10-is farads) to about 10 femtofarads (lo-is farads). 

FIG. 2 shows a sectional view of a portion of an 

SRAM device 8 in accordance with FIGS. lA and lB taken 

along line 2-2' in FIG. 3. The P- doped substrate 10 

has a pair of field oxide (FOX) regions 12 and 12' 

formed thereon with a buried contact region 13(BC1) 

therebetween. The buried contact region is 

counterdoped with N-type dopant with respect to the P-
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doped substrate 10. A lower plate 21 of a capacitor 60 

comprises laminated polysilicon conductor bottom layer 

19 and contact layer 14 formed over a portion of the 

surface of s~bstrate 10 between FOX regions 12 and 12', 

and extending upon the curved upper surface of the FOX 

region 12' and extending beyond, partially across the 

flat surface of FOX region 12'. The contact layer 14 

of the lower plate 21 reaches down into electrical and 

mechanical contact with the surface of region 13. 

Above the polysilicon contact layer 14 of the 

lower· plate 21 is formed a tunnel oxide layer 17 

composed of silicon dioxide formed by thermal oxidation 

with a mixture of N2 /02 at a temperature from about 

800°C to about 900°C. The tunnel oxide layer 17 has a 

thickness from about 50 A to about 500 A. 

A second polysilicon conductor 48 has been depos­

ited over the device covering the tunnel oxide layer 17 

or has been patterned to extend across (overlap) an 

edge of the contact layer 14 above the tunnel oxide 

layer 17 above the flat surface of FOX region 12' split 

between covering the surface of layer 17 and covering 

the surface of the field oxide region 12' beyond the 

tunnel oxide layer 17. 
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The tunnel oxide layer 17 is thin enough to provide a 

significant leakage current density J which as described in 

equations 1 and 2 below, which is an inverse function of T0 x 

(the thickness of the tunnel oxide) and a direct function of 

the surface area of the overlap between polysilicon contact 

layer 14 and the polysilicon layer 48 for the capacitor 60. 

<EQ l> J = AE 2 exp(-B/E) 

where J = current density 

<EQ 2> E = 

E = electrical field across tunnel oxide layer 17 

A & B are constants 

v 

where T0 • = thickness of tunnel oxide layer ~7 

v = voltage across tunnel oxide layer 17 

FIG. 8 shows a sectional view of an alternative embodi­

ment to FIG. 2 of a portion of an SRAM device 200 in accor­

dance with FIGS. lA and lB. The P- doped substrate 210 has 

a field oxide (FOX) region 212 formed thereon with an N+ 

doped, buried contact region 213 {BCl) formed in substrate 

210 adjacent to the FOX region 212. A lower plate 214 

(contact layer) of a capacitor 260 comprises a polysilicon 

conductor formed over FOX region and over a corner of the 

surface of region 213 adjacent to FO~ region 212 extending 

partially across the flat surface o~ FOX region 212. In 
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summary, the contact layer 214 is the lower plate of a 

capacitor 260, and layer 214, which overlies the FOX region 

212 reaches down into electrical and mechanical contact with 

the surface of buried contact region 213. 

Above the polysilicon contact layer 214 (lower plate) 

is formed a tunnel oxide layer 217 having a thickness from 

about 50 A to about 500 A composed of silicon dioxide formed 

by thermal oxidation with a mixture of N2 /02 at a tempera-

ture from about 800°C to about 950°C. 

A second polysilicon conductor 248 has been deposited 

over the device covering the:tunnel oxide layer 217 and a 

portion of the gate oxide layer 216 above the flat surface 

of FOX region 212. 

FIG. 3 shows a plan view of the device of FIG. 2 

showing the FOX regions 12, and 12' with the buried contact 

region BCl between the N+ doped drain region 13 and the 

portion of the polysilicon contact layer 14 which comprises 

the lower plate 21 of a capacitor 60 such as capacitors Cl 

and C2. The upper plate 48 is shown with the tunnel oxide 

opening area TO. 

Referring to FIG. 8, an alternative design of the 

device of FIG. 2 is shown. 

Referring again to FIGS. 1 and 2, the buried contact 

BC2 is defined by the steps as follows: 
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1. Deposit a gate oxide layer 16, having a thickness 

between about 3SOA and about 2,000A. 

2. Form a photoresist mask over layer 16 patterned to 

define a window for contact TO. 

3. Grow a tunnel oxide layer 17 having a thickness between 

about SOA and about SOOA by means of a thermal growth 

process. 

54. Deposit polysilicon layer 48 and form a mask to define 

the shape thereof. 

FIG. 5 shows a chart of current density J vs. voltage v 

for the tunnel oxide in accordance with this invention. 

FIGS. 6A-6H are sectional views of the device of FIG. 2 

illustrating the process of forming the device of FIG.2. 

In FIG.· 6A, the device of FIGS. 2 and 3 is shown in an 

early stage of manufacture of device 8. At this stage, 

device 8 includes a P- doped substrate 10 has a pair of 

field oxide {FOX) regions 12 and 12' formed on the surface 

thereof, with an N+ doped buried contact region 13 therein. 

Region 13 is counterdoped with re~pect to the P-doped sub­

strate 10 with N-type dopant provided by ion implantation 

with N-type ions 13' such as arsenic or phosphorus dopant 

with a dose from about 1x1013 atoms/cm2 to.about 

1 x 10 1 ~ atoms/cm2 at an energy level from about 40 keV to 

about 150 keV. 



- 18 -

In FIG. 6B, a gate oxide layer GOX has been formed over 

the exposed surface of P- doped substrate 10 between the 

field oxide (FOX) regions 12 and 12'. Gate oxide layer GOX 

is formed by depositing a gate oxide layer having a thick­

ness between about SOA and about 200A over the surface of 

substrate 10. 

Next, a bottom, doped polysilicon layer 19 (part of the 

laminated lower capacitor plate 21) has been formed over the 

gate oxide layer GOX and the expose~ surfaces of the field 

oxide (FOX) regions 12 and 12'. Bottom layer 19 has a 

thickness between about 400A and about 4000A. 

Referring to FIG. 6C, a buried contact photoresist 

mask 31 has been formed over bottom layer 19 patterned to 

define a BCl mask 31 with an opening 31' above the gate 

oxide region between the FOX regions 12, 12', but covering 

the portion of bottom layer 19 above FOX region 12'. 

Next, using the BCl mask 31, polysilicon bottom lay­

er 19 and gate oxide layer GOX are etched away over FOX re­

gion 12 and between FOX regions 12, 12'. Then mask 31 is 

stripped from device 8. 

Referring to FIG. 6D, the doped polysilicon contact 

layer 14 of the lower capacitor plate 21 has been deposited 

in a blanket deposition having a thickness between 

about lOOOA and about 4000A. Contact layer 14 reaches down 

' 
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into contact with buried contact layer 13 (BCl) and covers 

bottom layer 19 and FOX region 12' beyond bottom layer 19. 

The contact layer 14 is in direct electrical and 

mechanical contact with the N+ doped buried contact re-

gion 13 forming an electrical contact therewith. The 

contact layer 14 is covered with a photoresist mask 15 which 

covers the area where the lower plate 21 of the capacitor 60 

is to be formed. 

Then, referring to FIG. 6E, a mask 15 for shaping the 

lower capacitor plate 21 is formed over the contact lay­

er 14. Mask 15 has a first opening 15' over FOX region 12 

and the surf ace of buried contact region 13 which is to be 

exposed.· The mask 15 has an opening 15'' over the portion 

·of FOX region 12' which is to be exposed. 

Using the mask 15, the lower plate 21 of the capaci­

tor 60 has been patterned by etching away the unwanted 

portions of contact layer 14 and layer 15 below the open­

ings 15' and 15''· Then the mask 15 is stripped away 

thereafter. 

Referring to FIG. 6F, the device 8 of FIG. 6E is.shown 

after a layer of oxide 16 having a thickness between about 

350 A and about 2,000 A, was formed. Then a photoresist 

mask 95 was formed over FOX region 12' and over the end of 

the upper surface of layer 14 leaving the remainder of 

layer 14 exposed with an opening 95' over contact layer 14. 
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Opening 95' frames the pattern of the window TO over the ex­

posed portion of contact layer 14. The surface of layer 16 

exposed through opening 95' in mask 95 will then be etched 

away down to contact layer 14 and FOX region 12' by diluted 

hydrogen fluoride (HF) chemical solution as can be seen in 

FIG. 6G. Then, when mask 95 is stripped away from device a 

the window TO remains leaving the right end of contact 

layer 14 and bottom layer 19 exposed as well as the upper 

surface of FOX region 12' on the right end of device 8. 

As shown in FIG. 6G, in a process Of thermal oxidation, 

a tunnel oxide layer 17 has been formed in window TO cover­

ing the exposed surfaces of doped first polysilicon contact 

layer 14 including the sidewall over FOX region 12' exposed 

by the previous etching step in FIG. 6E, and the exposed 

surface of the_ field oxide region 12'. The thermal oxida­

tion is performed with a mixture of N2/02 at a temperature 

from about 800°C to about 900°C. The tunnel Oxide layer 17 

has a thickness from about 50 A to about 500 A. 
Referring to FIG. 6H, the upper plate of the capaci­

tor 60 was formed by blanket deposition of a doped, second 

polysilicon layer 48, which has been partially etched away. 

After upper plate layer 48 was formed by the blanket deposi­

tion over the product of FIG. 6G covering the exposed 

surfaces of FOX regions 12, 12' and covering the tunnel 

oxide layer 17, etc. a photoresist mask 49 was formed, as 
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shown in FIG. 6H, covering the portion of the layer 48 which 

is to·be employed as the upper plate of the capacitor 60 of . 

FIG. 2. 

As shown in FIG. 6H the device 10 is shown after the 

step of etching away the portions of upper plate layer 48 

unprotected by the mask 49 to pattern the upper plate 48 of 

the capacitor 60. 

FIG. 2 shows the finished device of FIG. 6H after 

stripping away the mask 49. 

FIGS. 7A-7H are sectional views of a fragment of a 

device 100, similar to the device of FIG. 2, illustrating an 

alternative process of forming a device 100 in accordance 

with this invention in connection with other.elements of the 

SRAM device of FIG. 1. 

In FIG. 7A, device 100 is shown in an ear~y stage of 

manufacture. Device 100 includes an N- doped substrate 100 

in which a P- doped well 110 has been formed. In a portion 

of the well 110, a conventional field oxide (FOX) region 122 

is formed extending above the surface of P- doped well 10 

and down within the well 110. Above the remainder of the 

surface of the P-well 110 aside from the FOX region 122 is 

formed a gate oxide layer GOX comprising a silicon oxide 

layer having a thickness between about SOA and about 200A. 

Next, a blanket, doped, polysilicon bottom layer 119, 

which is part of the laminated lower capacitor plate 121, 
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has been formed over gate oxide layer GOX and over the 

surface of FOX region 122. Bottom layer 119 has a thickness 

between about 400A and about 4000A. 

Next, a mask 131 for buried contact BCl is formed over 

layer 119 with a buried contact window opening 131' extend­

ing therethrough above the location where the buried contact 

region 134 (BCl) is to be formed in well 110. 

In FIG. 7B, the product of FIG. 7A is shown with window 

131' located to the left of the FOX region 122 in the 

mask 131. Using the mask 131, the polysilicon layer 119 is 

etched away below the window opening 131' using a conven­

tional anisotropic etching process. The gate oxide layer 

GOX is also etched away through the opening window 131' in a 

conventional anisotropic etching process extending the 

window 131' down to the surface of P-well 110. The layer 

119 has been modified to the extent that layer 119 to the 

left of window 131' remains in place for use in formation of 

a control gate electr.ode (as shown in FIG. 70) and the lower 

layer 119' of a lower plate 121 (as seen in FIG. 70) of a 

capacitor 160 being formed (as seen in FIG. 7G and 7H), 

which overlies the FOX region 122. 

In the next step, using mask 131, N-type ions 133-are 

ion implanted to form counterdoped N+ region 134 (BCl) in 

P-well 110. The ions .133 pass through the buried contact 

window opening 131' to form an N+ doped buried contact 
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region 134 (BCl) adjacent to FOX reqion 122. The ions 133 

are implanted with N-type dopant such as arsenic or phospho­

rus with a dose from about l x 10 13 atoms/cm2 to 

about 1 x 10 18 atoms/cm2 at an energy level from about 

40 keV to about 150 keV. 

FIG. 7C shows the product of FIG. 7B after the mask 131 

was stripped from device 100, leaving the lower portion 119 

of the control electrode 120 and the lower portion 119' of 

capacitor plate 121 exposed, as well as the surface of 

buried contact region 134 (BCl). 

Next, a polysilicon contact layer 114 (which is the 

upper portion of .the lower capacitor plate 121) was deposit­

ed in a blanket deposition having a thickness between 

about lOOOA and about 4000A. Contact layer 114 reaches down 

between layer 119 and bottom layer 119' through window 134' 

into contact with buried contact region 134 (BC!) and covers 

bottom gate electrode layer 119 to the left of buried 

contact-region 134, as well bottom layer 119' and FOX 

region 122 beyond bottom layer 119' over the buried contact 

region 134. 

Referring to FIG. 70, the contact layer 114 was then 

covered with a photoresist mask 115 which was patterned with 
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openings 115' and 115" therethrough. Mask 115 covers the 

areas which are to be formed into the lower plate 121 of a 

capacitor 160 and the control gate electrode 120 for a 

transistor to be formed subsequently, as well as the contact 

layer 114' of the lower plate 121 of a capacitor 160 of the 

' kind shown in FIG. 2. Control gate electrode 120 (formed of 

layers 114 and 119) and bottom plate 121 (formed of layers 

119' and 114') have been formed by etching away the unwanted 

portions of the contact layer 114 and bottom layer 119 

leaving portions thereof (upper gate layer 114 and contact 

layer 114') beneath the mask 115 between the center of 

buried contact region 134 and to the right of gate electrode 

·120, and the gate electrode well to the left of buried 

contact region 134. Window 115' is formed over the left 

side of the contact layer 114' and to the right of the gate 

electrode 120. Window 115'' is formed to the left side of 

the gate electrode 120. Thus the gate electrode 120 (upper 

gate layer 114) remains over gate oxide layer GOX. The 

contact layer 114' of the lower plate 121 is in direct 

electrical contact with the buried contact region 134 (BCl). 

In addition layers 119' and 114' extend up the surface of 

FOX region 122 onto a portion of the flat upper surface of 

FOX region 122. 
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FIG. 7E shows the product of FIG. 70 after the mask 115 

has been stripped from device 100. A layer of silicon 

dioxide 116 having a thickness from above 350 A and about 

2,000 A has been formed. 

Then a photoresist mask 195 has been formed over 

silicon dioxide layer 116. Mask 195 is above a portion of 

FOX region 122, the gate oxide layer GOX, upper gate lay-

er 114 and a portion of the left end of contact layer 114', 

leaving the remainder of layer 116 above the upper surface 

of contact layer 114' exposed with an opening 195' located 

there, above layer 116 , ·over con tact layer 114 • . An opening 

195' in mask 195 extends over a portion of buried con-

tact 134 (BCl) and a portion of FOX region 122. The exposed 

portion of silicon dioxide layer 116 below opening 195' is 

etched off by a diluted hydrogen fluoride (HF) solution as 

can be seen by reference to FIG. 7F where layer 116 has been 

removed by etching. 

FIG. 7F shows the product of FIG. 7E after the mask 195 

has been stripped therefrom. The next step is that the. 

exposed surface of contact layer 114' and layer 119' of the 

lower capacitor plate 121 are coated with a tunnel oxide 

layer 117 which is formed by thermal oxidation as explained 

above in connection with FIG. 6G. 
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Referring to FIG. 7G, a second polysilicon layer 148 

was deposited in a blanket deposition over the device 100. 

Then a mask 149 was formed over the layer 148 to form the 

upper electrode plate 148 of the capacitor 160 being depos­

ited over the exposed portions of tunnel oxide layer 117 by 

etching away the unwanted remaining portions of layer 148. 

FIG. 7H shows the product of FIG. 7G after the mask 149 

has been stripped from the device and shows the completed 

capacitor 160 formed by lower plate 121 (layers 114'/119') 

tunnel oxide layer 117 and the upper plate layer 148 of 

capacitor 160. 

Then, N-type ions 192 are implanted into re-

gions 196/198 self-aligned with the control gate elec­

trode 114/119 to form source/drain regions 196/198 in 

P-well 110. The source/drain regions 196/198 are elec­

trically connected through well 110 via the buried con­

tact 134(BC1) to the lower plate 121 of the capacitor 160. 

FIGS. 9A-9D are sectional views of the device 200 of 

FIG. 8 illustrating the process of forming the device 200. 

In FIG. 9A, the device of FIG. 8 is shown in a later 

stage of manufacture of device 200 since the earlier steps 

will be understood by the descriptions of the earlier 

embodiments. At this stage, device 200 includes a P- doped 

substrate 210 has a field oxide (FOX) region 212 formed on 
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the surface thereof, with an N+ doped buried contact re­

gion 213 (BCl) therein. Region 213 was counterdoped with 

respect to the P-doped substrate 210 with N-type dopant 

provided by.ion implantation with N-type ions such as 

arsenic or phosphorus dopant with a dose from about 1 x 10 18 

atoms/cm2 to about 1 x 1021 atoms/cm2 at an energy level 

from about 40 keV and about 150 kev. 

A doped polysilicon lower plate (contact layer) 214, 

which comprises the lower capacitor plate, was deposited in 

a blanket deposition having a thickness between about lOOOA 

and about 4000A and then etched to the pattern shown. .At 

one end, lower plate 214 reaches down into contact with the 

buried contact layer 213 (BCl) and covers FOX region 212. 

Th~ lower plate (contact layer) 214 is in direc~ 

electrical and mechanical contact with the N+ doped buried 

contact region 213 forming an electrical contact therewith. 

The lower plate 214 of the capacitor 260 has been patterned 

by etching away the unwanted portions of contact layer 214 

as will be understood by the descriptions above of other 

embodiments. 

Referring to FIG. 9B, then a silicon dioxide layer 216, 

having a thickness between about 350A and about 2,oooA, is 

formed over the exposed surface of lower plate 214. 
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Next, the device 200 of FIG. 9A has a photoresist 

mask 295 formed over the whole surface of device 200 except 

for a window 295' formed over a portion surface of layer 216 

above the upper surface of layer 214. The silicon dioxide 

layer 216 below window 295' is then etched off by a diluted 

aqueous solution of hydrogen fluoride (HF) chemical. Then 

Then, mask 295 is stripped off. 

Then, as shown in FIG. 9C, following the stripping of 

mas~ 295, a process of thermal oxidation follows in which a 

thinner tunnel oxide layer 217 having a thickness from about 

50 A to. about 500 A has been formed in the tunnel oxide 

window covering the exposed surf aces of doped first 

polysilicon contact layer 214. The thermal oxidation is 

performed with a mixture of N2/02 at a temperature from 

about 800°C to about 900°C. 

Referring to FIG. 90, the upper plate 248 of the 

capacitor 260 was formed by blanket deposition of a doped, 

second polysilicon layer 248, which has been partially 

etched away. After upper plate layer 248 was formed by the 

blanket deposition over the product of FIG. 9G covering the 

exposed surfaces of FOX regions 212, and covering the tunnel 
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oxide layer 217, etc. a photoresist mask was formed; (not 

shown), covering the portion of the layer 248 which is to be 

employed as the upper plate of the capacitor 260. The mask 

was used for etching away the portions of upper plate layer 

to pattern it into the upper plate 248 of the capacitor 260, 

as shown. 

SUMMARY 

The advantages of the present invention are as follows: 

l. Smaller contact resistance at Al and A2 (FIG. I) 

connection points. 

2. Easier control r~nge for Il and I2. · 

3. Smaller cell size. 

Features of this invention are as follows: 

1. Two capacitors Cl and C2 replace the conventional Rl 

and R2 (FIG. 4) resistors. 

2. The currents Il and 12 through capacitors Cl and C2 are 

the tunneling leakage current (or the tunneling cur­

rent) through the capacitors Cl and C2. 

3. The connec.tions Al and A2 are as fallows: 

A. polysilicon gate lines PLl and PL2 make connec­

tions with diffusion areas of transistors through 

buried contacts DFl and DF2. 

a. Capacitors Cl and C2 are formed on polysilicon 

gate lines PLl and PL2. 
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4. The only difference fr~m conventional fabrication 

processes is the addition of a step of thermal oxida­

tion, which greatly enhances the value of the product 

with minimal manufacturinq cost. 

While this invention has been described in terms of the 

above specific embodiment(s), those skilled in the art will 

recognize that the inventi~n can be practiced with modifica­

tions within the spirit and scope of the appended claims, 

i.e. that changes can be made in form and detail, without 

departing from the spirit and scope of the invention. 

Accordingly all such changes come within the purview of the 

present invention and the invention encompasses the subject 

matter of the claims which follow. 
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CLAIMS 

Having thus described the invention, what is claimed as 

new and desirable to be secured by Letters Patent is as 

follows: 

1. A method of forming an SRAM transistor cell on a doped 

semiconductor substrate by the steps as follows: 

forming a first access transistor and a second 

access transistor, each having a source region, a drain 

region and a control gate electrode, 

forming a first storage transistor and a second 

storage transistor each having a source region, a drain 

region and a control gate electrode, 

forming a first node and a second node, 

forming a first load capacitor having one plate 

connected to said first node and the other plate 

thereof connected to said power supply connection, 

forming a second load capacitor having one plate 

connected to said second node and the other plate 

thereof connected to said power supply connection, 

forming a bit line and a bit line bar, 

first and seC'Ond interconnection lines, 

said fir~t storage trans"istor having the drain 

region thereof connected to said first node, 

said s·econd storage transistor having the drain 

region thereof connected to said second node, 

\ 
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said first and second storage transistors having 

the source regions thereof connected together, 

said first node cross connected via said first 

interconnection line to the control gate electrode of 

said second transistor, 

said second node cross connected via said second 
. 

interconnection line to the control gate electrode of 

said first transistor, 

said control gate electrodes of said first and 

second access transistors connecting to a wordline, 

connec-ting said drain region of said first access 

transistor to said first node, 

connecting said drain region of said second access 

transistor to said second node, 

connecting said source region of said first access 

transistor to said bit line, and 

connecting said source region of said second 

access transistor to said bit line bar. 

2. A method in accordance with claim 1 including: 

connecting said first node and said second node to 

first and second drain regions respectively of said 

first and second storage transistors in said substrate. 
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3. A method in accordance with claim 2 including: 

forming at least one capacitor and connecting at 

least one lower capacitor plate of a said capacitor to 

at least one of said first and second drain regions. 

4. A method in accordance with claim 3 including: 

covering said lower capacitor plate with a tunnel 

oxide layer. 

5. A method in accordance with claim 3 including: 

covering said lower capacitor plate by a tunnel 

oxide layer, and 

covering said tunnel oxide iayer wi t·h an upper 

capacitor plate .. 

6. A method in accordance with claim 3 including: 

body, 

forming said cell over a doped silicon body, 

forming a field oxide region on said doped silicon 

forming said lower capacitor plate of said capaci­

tor partially above said field oxide region and par­

tially in contact with a buried contact in said doped 

silicon body. 
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7. A method in accordance with claim 6 including: 

forming said lower plate of said capacitor with an 

edge formed over said field oxide region, 

forming said tunnel oxide layer covering and 

extending across said edge, and 

forming said upper plate of said capacitor above 

said tunnel oxide layer, said upper plate extending 

across said edge above said tunnel oxide layer. 

8. A method in accordance with claim 5 including: 

forming said lower capacitor plate partially above 

a field oxide region formed on doped silicon. 

9. A method in accordance with claim-3 including: 

forming said lower plate of said capacitor with an 

edge formed over said field oxide region, 

forming said tunnel oxide layer covering said 

lower plate, and 

forming said upper plate of said capacitors lying 

above said tunnel oxide layer. 

-
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10. A method in accordance with claim 3 including: 

forming said lower plate of said capacitor with an 

edge formed over said field oxide region, 

forming said tunnel oxide layer covering a portion 

of said lower plate and extending across said edge, and 

forming said upper plate of said capacitors lying 

above said tunnel oxide layer and extending across said 

edge. 

11. A method in accordance with claim 4 including: 

forming said capacitors forming on said intercon­

nection lines. 

12. An SRAM transistor cell on a doped semiconductor 

substrate comprising: 

a first access transistor and a second access 

transistor, each hav~ng a source region, a drain region 

and a control gate electrode, 

a first storage transistor and a second storage 

transistor each having a source region, a drain region 

and a control gate electrode, 

a first node and a second node, 

a first load capacitor having one plate connected 

to said first node and the other plate thereof connect­

ed to said power supply connection, 

a second load capacitor having one plate connected 

to said second node and the other plate thereof 

/ 
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connected to sai~ power supply connection, 

a bit line and a bit line bar, 

first and second interconnection lines, 

said first storage transistor having the drain 

region thereof connected to said first node, 

said second storage transistor having the drain 

region thereof connected to said second node, 

said first and second storage transistors having 

the source regions thereof connected together, 

said first node cross connected via said first 

interconnection line to the control gate electrode of 

said second transistor, 

said second node cross connected via said second 

interconnection line to the control gate electrode of 

said first transistor, 

said control gate electrodes of said first and 

second access transistors being connected to a 

wordline, 

said drain region of said first access transistor 

being connected to said first node, 

said drain region of said second access transistor 

being connected to said second node, 

said source region of said first access transistor 

being connected to said bit line, and 

said source region of said second access 

transistor being connected to said bit line bar. 
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13. An SRAM transistor cell in accordance with claim 12 

wherein said first second nodes are connected to said 

drain regions respectively of said said storage tran­

sistors in said substrate. 

14. An SRAM transistor cell in accordance with claim 13 

wherein said lower capacitor plates are connected to 

said said drain regions respectively. 

15. An SRAM transistor cell in accordance with claim 14 

wherein said lower capacitor plates are covered by a 

tunnel oxide layer. 

16. An SRAM transistor cell in a·ccordance with claim 14 

wherein 

said lower capacitor plates are covered by respec­

tive tunnel oxide layers, and 

said tunnel oxide layers are covered by said upper 

capacitor plates. 

17. An SRAM transistor cell in accordance with claim 14 

wherein 

said cell is formed over doped silicon, 

a field oxide region is formed on said doped 

silicon, 

said lower capacitor plate is formed above said 

field oxide region. 
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18. An SRAM transistor cell in accordance with claim 17 

wherein 

said lower plate of said capacitor has an edge 

formed over said field oxide region, 

said tunnel oxide layer covering at least a 

portion of said lower plate, and 

said upper plate of said capacitor being formed 

above said tunnel oxide layer. 

19. An SRAM transistor cell in accordance with claim 17 

wherein 

said lower plate of said capacitors has an edge 

formed over said field oxide region, 

said tunnel oxide layer covering at least a 

portion of said lower plate including said edge, and 

said upper plate of said capacitor is formed above 

said tunnel oxide layer and extending across said edge. 

20. An SRAM transistor cell in accordance with claim 19 

wherein 

said cell is formed over doped silicon, 

a field oxide region is formed on said doped 

silicon, 

said lower capacitor plate of said capacitor is 

formed partially above said field oxide region and 

partially in contact with said doped silicon. 
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21 An SRAM transistor cell in accordance with claim 20 

wherein 

said lower plate of said capacitor has an edge 

formed over said field oxide region, 

said tunnel oxide layer covering at least a 

portion of said lower plate, and 

said upper plate of said capacitor being formed 

above said tunnel oxide layer. 

22. An SRAM transistor cell in accordance with claim 20 

wherein 

said lower plate of said capacitors has an edge 

formed over said field oxide region, 

said tunnel oxide layer covering said edge, and 

said upper plates of said capacitors are formed 

above said tunnel oxide layers and extend across said 

edges. 

23. An SRAM transistor cell in accordance with claim 20 

wherein said lower plate of said capacitors has an edge 

formed over said field oxide region, 

said tunnel oxide layer covering said edge, and 

said upper plates of said capacitors are formed 

above said tunnel oxide layers and extend across said 

edges. 
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24. An SRAM transistor cell in accordance with claim 21 

wherein said lower capacitor plates are formed partial-

ly above a field oxide region formed on doped silicon. 

25. An SRAM transistor cell in accordance with claim 24 

wherein said lower plate of said capacitors has an edge 

formed over said field oxide region, 

said tunnel oxide layer covering said edge, and 

said upper plates of said capacitors are formed 

above said tunnel ·oxide layers and extend across said 

edges. 

26. An SRAM transistor cell in accordance with claim 19 

wherein said capacitors are formed on said intercon-

nection lines. 
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27. A method of forming a capacitor for an SRAM device 

including: 

forming said capacitor over a doped silicon body, 

said capacitor including a lower plate and an upper 

plate, 

forming a field oxide region on said doped silicon 

body, 

forming said lower capacitor plate of said capaci­

tor partially above said field oxide region and 

partially in contact with a buried contact in said 

doped silicon body, 

covering a portion of said lower capacitor plate 

with a tunnel oxide layer and forming a gate oxide over 

the remainder of said lower capacitor plate, 

said tunnel oxide layer being formed by a method 

selected from as follows: 

a) forming said tunnel oxide layer above said lower 

plate, and 

b) forming said tunnel oxide above said lower 

capacitor plate and over the edge thereof, and 

forming said upper capacitor plate of said capaci­

tor above said field oxide region and said tunnel oxide 

layer. 
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28. A method of forming an SRAM transistor capaci~or over a 

doped semiconductor body including: 

forming a field oxide region in said doped semi-

conductor body, 

forming a gate oxide layer over said body with a 

buried contact window therethrough adjacent to said 

field oxide region, 

forming a counterdoped buried contact region in 

said body below said buried contact window, 

forming a lower capacitor plate over said field 

oxide region extending into contact with said buried 

contact region, 

forming a dielectric layer over said lower capaci-

tor plate including a tunnel oxide region within said 

dielectric layer, and 

forming a upper capacitor plate above said tunnel 

oxide layer. 

29. A method in accordance with claim 28 including: 

forming said cell over doped silicon, 

forming a field oxide region on said doped 

silicon, 

forming said lower capacitor plate of said 

capacitor partially above said field oxide region and 

partially in contact with said doped silicon. 
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30. A method in accordance with claim 28 including: 

forming said lower plate with said capacitor 

having an edge formed over said field oxide region, 

forming said tunnel oxide layer covering and 

extending across said edge, and 

forming said upper plate of said capacitor above 

said tunnel oxide layer, said upper plate extending· 

across said edge above said tunnel oxide layer. 

31. A method in accordance with claim 28 including: 

forming said lower capacitor plate partially above 

a field oxide region formed on doped silicon. 

32. A method in accordance with claim 28 including: 

forming said lower plate of said capacitor with an 

edge formed over said field oxide region, 

forming said tunnel oxide layer covering said 

lower plate, and 

forming said upper plate of said capacitor lying 

above said tunnel oxide layer. 
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33. A method in accordance with claim 28 including: 

forming said lower plate of said capacitor with an 

edge formed over said field oxide region, 

forming said tunnel oxide layer covering a portion 

of said lower plate and extending across said edge, and 

forming said upper plate of said c~pacitors lying 

above said tunnel oxide layer and extending across said 

edge. 
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AN SRAM CELL STRUCTURE AND METHOD OF MANUFACTURE THEREOF 

ABSTRACT OF THE DISCLOSURE 

An SRAM transistor cell on a doped semiconductor substrate 

comprises two access FET transistors and two storage FET 

transistors. A first load capacitor has a plate connected 

to a first node with the other plate connected to the power 

supply. A second load capacitor has a plate connected to 

the second node with the other plate connected to the power 

supply, a bit line and a bit line bar. The first storage 

transistor drain connects to the first node. The second 

storage transistor drain connects to the second node. The 

storage transistors have interconnected sources. The first 

node connects via a first interconnection line to the second 

transistor gate. The second node connects via a second 

interconnection line to the first transistor gate. First and 

second access transistor gates connect to a wordline. The 

first access transistor drain connects to the first node. 

The second access transistor drain connects to the second 

node. The first access transistor source connects to the 

bit line. The second access transistor source connects to 

the bit line bar. 

(FIGURE 2 IS SUGGESTED FOR PUBLICATION) 
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