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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

VERTICAL STACKED FIELD EFFECT TRANSISTOR

Authors: Benjamin VINCENT and Joseph ERVIN

Background WL
A 6 transistor (6T) complementary metal oxide Voo
semiconductor (CMQOS) static random access memory M M
(SRAM) cell includes 4 same type transistors (for M, :"D_2 _44|: M,
example: n-type) and 2 additional transistors from the -I—I- T
opposite type (for example: p-type). There are 2 o Q
inverters (including n- and p- transistor with drains and :"_ _|I:
gate connected) designed back to back and 2 additional _ M. M.
access transistors. In a traditional implementation BL ' ; BL
(shown at right) using field effect transistors (FET), '=L
current flows horizontally and a vertical-FET may be used. A six-transistor CMOS SRAM cell &

Discussion

The move from planar to FIinFET technology is
expected to continue in the future. Current options BL  WLBL GND VDD

include Nanosheet, Forksheet and Vertical FET
architectures. While vertical FET is attractive, the
footprint is currently too large. Improvement of the
footprint of vertical FETs can be achieved if the vertical
transistors can be stacked on top of each other with
an easy integration path.

The present disclosure relates to an integration
solution allowing two vertical FET transistors to be
stacked on top of each other using a monolithic
process integration flow. Stacking two transistors on
top of each other (instead of having them
conventionally side-by-side) offers a key benefit with
respect to footprint reduction. A 6T SRAM design
(shown at right) includes 2 Vertical-FETs that are
stacked. A process flow (below) allows a 6T SRAM cell
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Schematic (Sx/Gx/Dx: Source/Gate/Drain of Transistor x)
of a 3x2 VSFET SRAM cell

with an array of 3 pairs of transistors. Each pair of

transistors includes 2 vertical transistors stacked on top of each other. The monolithic approach described
below allows stacking of two vertical FET transistors using the Fin itself as a wall separation between the

gate processing area and the source/drain processing area.
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The following is an example of an integration solution for a 6T SRAM with 2 Vertical-FETs that are stacked.
SOl starting substrate and Fin formation

4.1.3. SOl starting material

B /Oxides/SiO2_Thermal
B /Silicon/Si_Xtal

k

4.1.13.6. Remove Materials

I /Oxides/SiO2_HTO
I /Oxides/SiO2_Thermal
B /Silicon/Si_Xtal

‘ky

Page 2 of 56
VERTICAL STACKED FIELD EFFECT TRANSISTOR
Benjamin VINCENT and Joseph ERVIN

https.//www.tdcommons.org/dpubs_series/4044
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FinCUT module

4.2.2.1. Conformal Deposit

E /Oxides/SiO2_HTO
B /Oxides/Si0O2_Thermal
M /Silicon/Si_Xtal

k

4.2.2.2. Straight Etch

B /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal
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4.2.2.3. Conformal Deposit

B /Nitrides/Si3N4_|LPCVD
W /Oxides/SiO2_Thermal
Ml /Silicon/Si_Xtal

.

x

4.2.2.4. Straight Etch

B /Nitrides/Si3N4_LPCVD
M /Oxides/SiO2_Thermal
B /Silicon/Si_Xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.2.2.5. Conformal Deposit

B /Nitrides/Si3N4_LPCVD
B /Oxides/SiO2_Thermal
M /silicon/sSi_Xtal

4.2.2.6. Straight Etch

W /Nitrides/Si3N4_LPCVD
B /Oxides/SiO2_Thermal
B /Silicon/Si_Xtal

Page 5 of 56
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4.2.2.7. Conformal Deposit

I /Nitrides/SiZN4 LPCVD
B /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal

"

W

4.2.2.8. Straight Etch

B /Nitrides/Si3N4_LPCVD
B /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.2.2.9. Conformal Deposit

W /Nitrides/SiZN4 LPCVD
B /Oxides/Si0O2_Thermal
W /Silicon/Si_Xtal

K

W

4.2.2.10. Straight Etch

B /Nitrides/Si3N4 LPCVD
B /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal
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4.2.2.11. Planar Deposit

W /Nitrides/Si3N4_LPCVD
W /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal

&

*

4.2.2.12. Planar Deposit

W /Nitrides/Si3N4_LPCVD
I /Organics/Resist
M /Oxides/SiO2_Thermal
M /Siliconfsi_Xtal
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4.2.2.13. Expose Material

Il /Nitrides/Si3N4 LPCVD
W /Organics/Resist

M /Oxides/Si0O2_Thermal
W /Silicon/Si_Xtal

4.2.2.14. Basic Etch

I /Nitrides/Si3N4_LPCVD
B /Organics/Resist
W /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal

Page 9 of 56
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4.2.2.15. Remove Materials

W /Nitrides/Si3N4_LPCVD
W /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal

&

4.2.2.16. Planar Deposit

B /Nitrides/Si3N4_LPCVD
W /Oxides/SiO2_Thermal
M /Silicon/Si_Xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.2.12. Basic Etch

B /Nitrides/Si3N4_LPCVD
B /Oxides/SiO2_Thermal
W /silicon/Si_Xtal

4.2.13. Planar Deposit

B /Nitrides/Si3N4_LPCVD
W /Oxides/SiO2_Thermal
B /Silicon/Si_Xtal
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Dummy Gate module

4.3.4. LTH Gate

[Nitrides/Si3N4_LPCVD
/Organics/ODL
/Organics/Resist
JOxides/SiO2_Thermal
/Silicon/SiARC
/silican/si_xtal

4.3.9.2. RIEODL

B /Nitrides/Si3N4_LPCVD
I /Organics/ODL
W /Oxides/SiO2_Thermal
W /Silicon{SiARC
W /Silicon/Si_Xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.3.9.4. RIE Oxide BT

W /Nitrides/Si3N4_LPCVD
B /Organics/ODL
B /Oxides/SiO2_Thermal
W /silicon/SiARC
W /sSilicon/Si_Xtal

L

*

4.3.9.5. RIE Oxide BT

I /Nitrides/Si3N4_LPCVD
I /Organics/ODL
W /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal
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4.3.9.6. Remove Materials

B /Nitrides/Si3N4_LPCVD
B /Oxides/SiO2_Thermal
Il /Silicon/Si_Xtal

4.3.9.7. Planar Deposit

B /Nitrides/Si3N4_LPCVD
B /Oxides/SiO2_Thermal
M /Silicon/Si_xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.3.9.8. Oxide recess

W /Nitrides/Si3N4_LPCVD
W /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal

&

x

4.3.9.9. Oxide recess

Il /Nitrides/Si3N4_LPCVD
M /Oxides/SiO2_Thermal
W /Silicon/Si_Xtal
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4.3.9.13. Conformal Deposit

B /Nitrides/Si3N4_LPCVD
[ /Oxides/SiO2_SiCOH
B /Oxides/SiO2_Thermal
B /sSilicon/Si_Xtal

&

b3

4.3.9.14. Planar Deposit

B /Nitrides/Si3N4_LPCVD
[ /Oxides/SiO2_SiCOH
B /Oxides/SiO2_Thermal
B /Silicon/Si_Amorph

B /Silicon/Si_Xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.3.9.15. Basic Etch

I /Nitrides/Si3N4_LPCVD
[] fOxides/SiO2_SiCOH
W /Oxides/Si0O2_Thermal
W /Silicon/Si_Ameorph

W /Silicon/Si_Xtal

L

x

4.3.9.16. Planar Deposit

Il /Nitrides/Si3N4_LPCVD
[0 /Oxides/SiO2_SiCOH
I /Oxides/SiO2_Thermal
W /Silicon/Si_Amorph

Il /Silicon/Si_Xtal
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4.3.9.20. LTH Gate

[Nitrides/Si3N4 LPCVD
/Organics/ODL
/Organics/Resist
/Oxides/SiO2_ SiCOH
/Oxides/SiO2_Thermal
/SiliconfSiARC
/Silicon/Si_Amorph
/Silicon/Si_Xtal

EEEECEEN

4.3.9.22. RIE ODL

[Nitrides/Si3N4_LPCVD
JOrganics/ODL
/Oxides/Si0O2_SiCOH
/Oxides/Si0O2_Thermal
[Silicon/SiARC
fSilicon/Si_Amorph
[Silicon/Si_Xtal

EEEECHEN
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.3.9.23. Basic Etch

/Nitrides/Si3N4_LPCVD
fOrganics/ODL
[fOxides/sSiO2_SiCOH
JOxides/SiO2_Thermal
/Silicon/SiARC
fSilicon/Si_Amorph
fSiliconfSi_Xtal

EEEERCER

4.3.9.24. Basic Etch

Il /Nitrides/Si3N4_LPCVD
Il /Organics/ODL

[[1 /Oxides/SiO2_SiCOH
W /Oxides/SiO2_Thermal
Il /Silicon/SiARC

W /Silicon/Si_Amorph

M /Silicon/Si_Xtal
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4.3.9.25. Remove Materials

Il /Nitrides/Si3N4_LPCVD
[ /Oxides/SiO2_SiCOH
W /Oxides/SiO2_Thermal
W /Silicon/Si_Amorph

Il /SiliconfSi_Xtal

.

x

4.3.9.27. Planar Deposit

Il /Nitrides/Si3N4_LPCVD
[ /Oxides{SiO2_SiCOH
B /Oxides/SiO2_Thermal
W /Silicon/Si_Amorph

W /Silicon/Si_Xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.3.9.35. Basic Etch

W /Nitrides/Si3N4_LPCVD
[] fOxides/SiO2_SiCOH
B /Oxides/SiO2_Thermal
B /Silicon/Si_Amorph

M /Silicon/Si_xtal

&

o

4.3.9.36. Planar Deposit

I /Nitrides/Si3N4_LPCVD

[ /Oxides/SiO2_SiCOH

M /Oxides/Si02_Thermal

B /Silicon/Si_Ameorph

Ml /Silicon/Si_Xtal =
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W /Nitrides/Si3N4_LPCVD
M /Organics/Resist

[ /Oxides/SiO2_SiCOH
W /Oxides/SiO2_Thermal
M /silicon/si_Amorph

W /silicon/si_xXtal

.

4.4.4. Basic Etch

M /Nitrides/SiZN4_LPCVD
M /Organics/Resist

[ /Oxides/SiO2_SICOH
MW /Oxides/SiOZ_Thermal
M /Silicon/Si_Amorph

W /Silicon/si_xtal

https.//www.tdcommons.org/dpubs_series/4044
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4.4.6. Basic Etch

VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

B /Nitrides/Si3N4_LPCVD
[ /fOxides/siO2_SiCOH
W /Oxides/SiO2_Thermal
W /Silicon/Si_Ameorph

B /silicon/Si_Xtal

4.4.11. Selective Epitaxy (Requires Advanced Modeling)

B /Nitrides/Si3N4_LPCVD
[[] /Oxides/SiO2_SiCOH
W /Oxides/SiO2_ Thermal
| /silicon/siC

M /Silicon/Si_Amaorph

W /Silicon/Si_Xtal

Published by Technical Disclosure Commons, 2021
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4.4.12. Planar Deposit

B /Nitrides/Si3N4_LPCVD
] /Oxides/siO2_SiCOH
B /Oxides/SiO2_Thermal
M /Silicon/SiC

W /Silicon/Si_Amorph

W /silicon/si_Xtal

i

x

4.4.13. Stopping CMP

/Nitrides/Si3N4_LPCVD
[/Oxides/SiO2_SiCOH
/Oxides/SiO2_Thermal
/Silicon/SiC
/Silicon/Si_Amorph
[Silicon/Si_Xtal

EEEERON
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.5.1. Planar Deposit

I /Nitrides/Si3N4_LPCVD
[0 /Oxides/SiO2_SiCOH
W /Oxides/SiO2_Thermal
B /Silicon/SiC

W /Silicon/Si_Amorph

W /Silicon/Si_Xtal

&

*

4.5.2. Straight Deposit

/Nitrides/Si3N4_ LPCVD
fOrganics/Resist
/Oxides/SiO2_SiCOH
JOxides/SiO2 Thermal
[SiliconfSiC
/Silicon/Si_Amaorph
/Silicon/Si_Xtal

EEEERCEN
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4.5.3. Expose Material

[Nitrides/Si3N4_LPCVD
JOrganics/Resist
[Oxides{Si0O2_SiCOH
JOxidesfSiO2_Thermal
/Silicon/siC
J/Silicon/Si_Amorph
JSilicon/Si_Xtal

EREERCERN

4.5.4. Basic Etch

[Nitrides/Si3N4_LPCVD
/Organics/Resist
/Oxides/Si0O2_SiCOH
[/Oxides/SiO2_Thermal
/Silicon/SiC
[Silicon/Si_Amorph
/Silicon/Si_Xtal

EEEERCEN
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4.5.5. Remove Materials

W /Nitrides/Si3N4_LPCVD
[1 /Oxides/SiO2_SiCOH
B /Oxides/Si02_Thermal
M /Silicon/siC

B /Silicon/Si_Amorph

W /Silicon/Si_Xtal

L

x

4.5.6. Basic Etch

fNitrides/Si3N4_LPCVD
/Oxides/SiO2_SiCOH
JOxides/Si02 Thermal
JSilicen/SiC
[Silicon/Si_Amorph
[SiliconfSi_Xtal
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4.5.8. Selective Epitaxy (Requires Advanced Modeling)

B /Nitrides/Si3N4_LPCVD
[ /Oxides/Si02_SiCOH
W /Oxides/SiO2_Thermal
| /Silicon/SiC

M /Silicon/SiGe

W /Silicen/Si_Amorph

B /Silicon/Si_Xtal

4.5.9. Planar Deposit

B /Nitrides/Si3N4_LPCVD
[ /Oxides/SiO2_SiCOH
B /Oxides/SiO2_Thermal
B /silicon/siC

B /Silicon/SiGe

B /Silicon/Si_Amorph

W /Silicon/Si_Xtal

Page 28 of 56
VERTICAL STACKED FIELD EFFECT TRANSISTOR
Benjamin VINCENT and Joseph ERVIN

https.//www.tdcommons.org/dpubs_series/4044

29



VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.5.10. Stopping CMP

[Nitrides/Si3N4_LPCVD
fOxides/Si0O2_SiCOH
JOxides/SiO2_Thermal
/Silicon/siC
[Silicon/SiGe
[Silicon/Si_Amorph
[SiliconfSi_Xtal

EERENRCOE

4.5.14. Basic Etch

[Nitrides/Si3N4 LPCVD
/Oxides/Si02_SiCOH
/Oxides/Si0O2_Thermal
/Silicon/SiC
[Silicon/SiGe
[Silicon/Si_Amorph
[Silicon/Si_Xtal

EREEECON
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4.5.17. Conformal Deposit

fNitrides/Si3N4 LPCVD
/Oxides/Si02_SiCOH
[Oxides/Si0O2_Thermal
/Silicon/SiC
fSilicon/SiGe
[SiliconfSi_Amorph
/Silicon/Si_Xtal

EEEEROHE

k

x

4.5.18. Planar Deposit

/Nitrides/Si3N4 L PCVD
/Oxides/SiO2_SIiCOH
fOxidesfSiO2_Thermal
[Silicon/siC
[Silicon/SiGe
/Silicon/Si_Ameorph
/Silicon/Si_Xtal

EERENECN
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.5.19. Basic Etch

[Nitrides/Si3N4_LPCVD
JOxides/SIO2_SICOH

]

=

W /Oxides/SiO2_Thermal
| /siliconfsic

W /Silicon/SiGe

W /Silicon/Si_Amorph
W /silicon/Si Xtal

4.5.20. Planar Deposit

/Nitrides/SiZN4_LPCVD
/Oxides/SIO2_SICOH

]
O
M /Oxides/SiO2_ Thermal
[ /Silicon/SiC
W /Silicon/5iGe
M /Silicon/5i_Amorph
W /Silicon/Si_Xtal
14
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4.5.22. Expose Material

[Nitrides/Si3N4_LPCVD

/Organics/Resist
fOxides/SiO2_SiCOH
[Oxides/Si02_Thermal
[Silicon/SiC

[Silicon [SiGe
[fSilicon/Si_Amorph
fSilicon/Si_Xtal

15§

[ B N BN Qo § |

/Nitrides/Si3N4_LPCVD
fOrganics/Resist
JOxides/SiO2_SiCOH
JOxides/Si02 Thermal
/Silicon/SiC
[Silicon/SiGe
[Silicon/Si_Amorph
JSilicon/Si_Xtal

EEEEECEN

4.5.23. Basic Etch
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.5.25. Planar Deposit

/Nitrides/Si3N4_LPCVD
JOxidesfSiO2_SiCOH
fOxides/Si02_Thermal
/Silicon/SiC
[Silicon/SiGe
[Silicon/Si_Amorph
[Silicon/Si_Xtal

EERERCOHE

K

4.5.26. Basic Etch

B /Nitrides/Si3N4_LPCVD
[ /Oxides/siO2_SiCOH
W /Oxides/SiO2_Thermal
[ /Silicon/SiC

Il /Silicon/SiGe

W /Silicon/Si_Amorph

W /Silicon/si_Xtal
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4.5.27. Planar Deposit

/Nitrides/SiZN4_LPCVD
fOxides/SiO2_SICOH
JOxides/SiO2_Thermal
JSilicon/SiC
[Silicon/SiGe
/Silicon/Si_Amorph
/silicon/Si_Xtal

ERERERCN

k

x

RMG module

4.5.29. Expose Material

[Nitrides/Si3N4_LPCVD
/Organics/Resist
JOxidesfSiO2 SiCOH
[Oxides/SiO2_Thermal
/Silicon/siC
[Silicon/SiGe
/Silicon/Si_Amorph
/Silicon/si_Xtal

EEEEECHEN
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4.5.30.

Basic Etch

VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

EEEEERCERN

[Nitrides/Si3Ng_LPCVD
/Organics/Resist
JOxides/SiO2_SiCOH
JOxides/SiO2_ Thermal
[Silicon/SiC
1Silicon/SiGe
JSilicon/Si_amorph
[Silicon/Si_Xtal

k

4.5.32.

Planar Deposit

/Oxides/Si02_SIiCOH

/Silicon/siC
/Silicon/SiGe
/Silicon/Si_Amorph
/Silicon/Si_Xtal

EEEEEON

/Oxides/SiO2_ Thermal

/Nitrides/Si3N4_LPCVD
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4.5.37. Basic Etch

/Nitrides/Si3N4_LPCVD
fOxides/SiO2_SIiCOH
/Oxides/SiO2_Thermal
[Silieon/SiC
[Silicon/SiGe
[Silicon/Si_Amorph
/Silicon/Si_Xtal

EEEERCHE

&

x

4.5.38. Planar Deposit

/Nitrides/Si3N4_LPCVD
/Oxides/Si02_SiCOH
[OxidesfSiO2 Thermal
[Silicon/siC
[Silicon/SiGe
/Silicon/Si_Amorph
[Silicon/Si_Xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.6.4. Expose Material

[Nitrides/Si3N4_LPCVD
fOrganics/Resist
[Oxides/SiO2_SiCOH
JOxides/Si02_Thermal
[Silicon/SiC
/Silicon/SiGe
[Silicon/Si_Amorph
/Silicon/si_Xtal

EEEERCEN

4.6.5. Basic Etch

[Nitrides/Si3N4_LPCVD
/Organics/Resist
/Oxides/Si02_SiCOH
JOxides/SiO2_Thermal
[Silicon/SiC
/Silicon/SiGe
[Silicon/Si_Amorph
[Silicon/Si_Xtal

EEEERONN
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4.6.6. Basic Etch

Defensive Publications Series, Art. 4044 [2021]

EEENEECHEE

fNitrides/SiSN4 LPCVD
/Organics/Resist
/Oxides/SiO2_SiCOH
JOxides/SiO2_Thermal
[Silicon/SiC
/Silicon/SiGe
[Silicon/Si_Amorph
/Silicon/Si_Xtal

4.6.7. Basic Etch

EEEEECOHEN

[Nitrides/Si3N4_LPCVD
[OrganicsfResist
/Oxides/SiO2_SiCOH
fOxides/SiO2_Thermal
/Silicon/SiC
fSilicon/SiGe
[Silicon/Si_Amorph
fSilicon/Si_Xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.6.8. Basic Etch

/Nitrides/Si3N4_LPCVD
JOrganics/Resist
/Oxides/SiO2_SiCOH
JOxides/[SiO2_Thermal
/Silicon/SiC
1Silicon/SiGe
[Silicon/Si_Amorph
[Silicon/Si_Xtal

EEEEERCEN

4.6.9. Basic Etch

/Nitrides/Si3N4_LPCVD
/OrganicsfResist
/Oxides/Si0O2_SiCOH
JOxidesfSiO2_Thermal
/Silicon/SiC
[Silicon/SiGe
/Silicon/Si_Amorph
/Silicon/Si_Xtal
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4.6.11. Remove Materials

[Nitrides/Si3N4_LPCVD
[Oxides/SiO2_SiCOH
JOxides/SiO2_Thermal
JSilicon/SiC
/Silicon/sSiGe
[Silicon/Si_Amorph
[Silicon/Si_Xtal

EEEEEDOHE

4.6.17. Basic Etch

B /Nitrides/Si3N4_LPCVD
[ /Oxides/SiO2_SiCOH
M /Oxides/SiO2_Thermal
@ /Silicon/SiC

W /Silicon/SiGe

W /Silicon/Si_Amorph

M /Silicon/Si_Xtal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.6.18. Conformal Deposit

[Nitrides/Si3N4_LPCVD
/Oxides/HfOx
fOxides/SiO2_SiCOH
fOxides/SiO2_Thermal
[Silicon/SiC
[Silicon/SiGe
/Silicon/Si_Amorph
/Silicon/Si_Xtal

EEREROOCHE

.

x

4.6.19. Conformal Deposit

[Metals/TiN
/Nitrides/Si3N4_ LPCVD
JOxides/HfOx
/Oxides/SiO2 SIiCOH
JOxidesfsSi0O2 Thermal
[Silicon/SiC
[/Silicon/SiGe
/Silicon/Si_Amorph
[Silicon/Si_Xtal

ERRERCOCHN
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4.6.20. Conformal Deposit
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[Metals/TanN
[Metals/TiN

JOxides/HfOx

/Silicon/SiC
[Silicon/SiGe

EENEEROCNER

fSilicon/Si_Xtal

k

o

[/Nitrides/Si3N4_LPCVD

[Oxides/SiO2_SIiCOH
JOxides/SiO2 Thermal

JSiliconfSi_Amorph

4.6.21. Conformal Deposit

[Metals/TaN
[Metals/TiN

fOxides/HfOx

[Silicon/SiC
[Silicon/SiGe
[Silicon/Si_Amorph
[Silicon/Si_Xtal

EEEERCOCEER

[Nitrides/SiZN4_LPCVD

fOxidesfSiO2_SiCOH
fOxides/Si0O2_Thermal
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.6.22. Straight Deposit

[Metals/TaN
[Metals/TiN
[Nitrides/Si3N4 LPCVD
fOrganics/Resist
JOxides/HfOx
/Oxides/SiO2_SiCOH
JOxides/SIiO2_Thermal
[Silicon/siC
[Silicon/SiGe
[Silicon/Si_Amorph
[Silicon/Si_Xtal

EEEEERC00EEDENR

e

»

4.6.23. Expose Material

[Metals/TaN
fMetals/TiN
[Nitrides/Si3N4 _LPCVD
fOrganics/Resist
JOxides/HfOx
fOxides/SiO2_SiCOH
JOxides/SiO2_Thermal
/Silicon/SiC
[/Silicon/SiGe
/Silicen/Si_Amorph
/Silicon/Si_Xtal

EEEEECONENEER
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4.6.25. Basic Etch

[Metals/TaN
[Metals/TiN
INitrides/Si3N4_LPCVD
/Organics/Resist
[Oxides/HfOx
fOxides/SiO2_SIiCOH
fOxides/Si02 Thermal
/Silicon/SiC
[Silicon/SiGe
[Silicon/Si_Amorph
/Silicon/Si_Xtal

EEEEEOENEEN

4.6.26. Basic Etch

[/Metals/TaN
[Metals/TiN
[Nitrides/Si3N4_LPCVD
/Organics/Resist
fOxides/HfOx
/Oxides/SiO2_ SIiCOH
fOxides/SiO2_Thermal
/Silicon/SiC
/Silicon/SiGe
/Silicon/Si_Amorph
/Silicon/Si_Xtal

ERRERCCENER

Page 44 of 56
VERTICAL STACKED FIELD EFFECT TRANSISTOR
Benjamin VINCENT and Joseph ERVIN

https.//www.tdcommons.org/dpubs_series/4044

45



4.6.27. Basic Etch

VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

EEEEER0OCENEDN

/Metals/TaN
[Metals/TiN
[/Nitrides/Si3N4_LPCVD
fOrganics/Resist
[Oxides/HfOx
/Oxides/SiO2_ SiCOH
JOxides/SiO2_Thermal
[Silicon/siC
[Silicon/SiGe
[Silicon/Si_Amorph
[Silicon/Si_Xtal

L

X

4.6.28. Remove Materials

EREER(

[Metals/TaN
[Metals/TiN
[Nitrides/Si3N4_LPCVD
JOxides/HfOx
fOxides/Si0O2_SiCOH
JOxides/Si0O2_Thermal
[Silicon/fsiC
[SiliconfSiGe
[SiliconfSi_Amorph
[Silicon/si_Xtal
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4.6.29. Conformal Deposit

[Metals/TaN
[Metals/TiN
/Nitrides/Si3N4_LPCVD
JOxidesfHfOx
JOxides/SiO2 SIiCOH
JOxides/SiO2_Thermal
JSilicen/siC
/Silicon/SiGe
/SiliconfSi_Amorph
JSilicon/Si_Xtal

EEREROCNEEN

.

b

4.6.30. Conformal Deposit

/Metals/TaN
/Metals/TiAl
[Metals/TiN
[Nitrides/Si3N4_LPCVD
fOxides/HfOx
[Oxides/SiO2 SiCOH
JOxides/SiO2_Thermal
/Silicon/SiC
[Silicon/SiGe
[Silicon{Si_Amorph
/Silicon/Si_Xtal

EEEEECOENEDON
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.6.31. Conformal Deposit

/Metals/TaN
/Metals/TiAl
[Metals/TiN
/Nitrides/Si3N4_LPCVD
JOxides/HfOx
[Oxides/SiO2_SiCOH
/Oxides/SiO2_Thermal
JSilicon/SiC
[Silican/SiGe
/Silicon/Si_Amorph
/Silicon/Si_Xtal

EEEERCOCOEEON

L

o

4.6.32. Conformal Deposit

[Metals/TaN
[Metals/TiAl
[Metals/TiN
[/Metals/W
[Nitrides/Si3N4 LPCVD
JOxides/HfOx
/Oxides/SiO2_ SiCOH
JOxides/SiO2_Thermal
/Silicon/siC
/Silicon/SiGe
/Silicon/Si_Amorph
/Silicon/Si_Xtal

EERER0CENEEQCON
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4.6.33. Reference CMP

[Metals/TaN
[Metals/TiAl
[Metals/TiN
[MetalsfwW
/Nitrides/Si3N4 LPCVD
JOxides/HfOx
fOxides/SiO2_SiCOH
/Oxides/SiO2_Thermal
[Silicon/SiC
[Silicon/SiGe
[Silicon/Si_Amorph
/Silicon/Si_Xtal

EEEERCCOEREON

SD Contact module

4.9.4. Expose Material

[MetalsfTaN
Metals/TiAl
/Metals/TiN
/Metalsfw
INitrides/Si3Ng_LPCVD
fOrganics/Resist
fOxides/HOx
JOxides/SiO2_SiCOH
JOxides/SiO2_Thermal
/silicon/siC
[Silicon/SiGe
[SiliconfSi_Amaorph
/silicon/si_Xtal

EEERERCOCONERECON
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4.9.5. Basic Etch

/Metals/TaN
/Metals/TiAl
[Metals/TiN

/Metals/w
[Mitrides/Si3N4 LPCVD
/Organics/Resist
fOxides/HfOx
JOxides/SiO2_SiCOH
[Oxides/Si0O2_Thermal
fSilicon/SiC
[Silicon/fSiGe
JSilicon/Si_Amorph
/SiliconfSi_Xtal

ERREROCONERECON

&

4.9.29. Basic Etch

VINCENT and ERVIN: Vertical Stacked Field Effect Transistor
[Metals/TaN

[Metals/TiAl
[Metals/TiN
[MetalsfW
/Nitrides/SiZN4_LPCVD
JOxides/HfOx
JOxides/SiO2_SiCOH
JOxides/SiO2_Thermal
JSilicon/sicC
fSilicen/SiGe
[Silicon/Si_Amorph
fSilicon/Si_Xtal

EEEEEC0O0OEEECN
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4.9.32. Straight Etch

[Metals/TaN
fMetals/TiAl
[Metals/TiN

[Metals/W
/Nitrides/Si3N4_LPCVD
[/Oxides/HfOx
fOxides/SiO2_SIiCOH
[Oxides/SiO2 Thermal
/Silicon/SiC
/Silicon/SiGe
[Silicon/Si_Amorph
[Silicon/Si_Xtal

EERERCEEECN

b

x

4.9.33. Planar Deposit

/MetalsfCo
fMetals/TaMN
/Metals/Tial
[Metals/TiN

/Metals/wW
/Nitrides/Si3N4_LPCVD
fOxides/HfOx
JOxides/Si02_SICOH
fOxides/SiO2_Thermal
[Silicon/fsic
/Silicon/SiGe
JSilicon/Si_aAmorph
/silicon/si_xtal

ERREROCOERECRDE

&
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.9.34. Reference CMP

[Metals/Co
/Metals/TaM
[Metals/TiAl
[Metals/TiN
[Metals/w
[Nitrides/Si3N4 LPCVD
JOxides/HfOx
fOxides/SiO2 SiCOH
JOxides/SiO2_Thermal
[Silicon/SiC
[SiliconfSiGe
[SiliconfSi_Amorph
[Silicon/Si_Xtal

EEEERCO0ENRNEORD

e

x

4.10.1. Straight Deposit

[Metals/Co
[Metals/TaN
[Metals/Tial
[Metals/TiN
[Metals/wW
[Nitrides/Si3N4_LPCVD
fOxides/HfOx
/Oxides/5i02_SiCOH
/Oxides/5i02_ Thermal
[Silicon/SiC
/Silicon/SiGe
[Silicon/Si_Amorph
/Silicon/Si_Xtal

OREROED

EEEENRO
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Contact Via and separation module

4.10.3. Expose Material

[Metals/Co
[Metals/TaN
[Metals/Tial
[Metals/TiN
/Metals/W
[/Nitrides/Si3N4_LPCVD
/Organics/Resist
JOxides/HfOx
JOxides/SiO2_SiCOH
[Oxides/Si0O2 Thermal
JSilicon/SiC
/Silicon/SiGe
[Silicon/Si_Amorph
/Silicon/Si_Xtal

EEEERO0OEEREODREBE

L

4.10.4. Basic Etch

[/Metals/Co
[Metals/TaN
[Metals/TiAl
[Metals/TiN

[Metals/W
[Nitrides/Si3N4_LPCVD
/Organics/Resist
JOxidesfHfOx
/Oxides/SIiO2 SiCOH
JOxides/SiO2_Thermal
/Silicon/SiC
[Silicon/SiGe
/Silicon/Si_Amorph
/Silicon/Si_Xtal

EEEERCOCNERERQORE

&

Page 52 of 56
VERTICAL STACKED FIELD EFFECT TRANSISTOR
Benjamin VINCENT and Joseph ERVIN

https.//www.tdcommons.org/dpubs_series/4044

53



VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.10.7. Planar Deposit

B /Metals/Co
B /Metals/TaN

[ /Metals/Tial

B /Metals/TiN

B /Metals/W

B /Nitrides/Si3N4_LPCVD
W /Organics/Resist

[ fOxides/Hfox

[0 /Oxides/SiO2 SICOH
W /Oxides/SIO2_Thermal
B /SiliconfSiC

W /Silicon/SiGe

W /Silicon/Si_Amarph
W /Silicon/Si_Xtal

4.10.8. Straight Deposit

/Metalsf{Co
[Metals/TaN
/Metals/TiAl
/Metals/TiN

JMetalsfW
/Nitrides/Si3N4_LPCVD
J/Organics/Resist
JOxides/HOx
/Oxides/siO2_SiCOH
JOxides/SiO2_Thermal
/Silicon/siC
/Silicon/SiGe
/Silicon/Si_Amorph
/Silicon/Si_xtal

EEEEEOCENEEEORDE
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4.10.9. Expose Material

[Metals/Co
[Metals/TaN
[Metals/TiAl
[Metals/TIN
[Metals/W
[Nitrides/Si3N4_LPCVD
JOrganics/Resist
JOxidesfHfOx
fOxides/{SiO2_SiCOH
JOxides/SiO2_Thermal
/Silicon/siC
/Silicon/SiGe
/Silicon/Si_Amorph
JSilicon/Si_Xtal

BN B B NCREN EN

EREER(

"

®

4.10.10. Basic Etch

[/Metals/Co
[Metals/TalN
[Metals/Tial
JMetals/TiN
[Metals/W
[Nitrides/Si3N4 LPCVD
/OrganicsfResist
JOxidesfHfOx
[Oxides/Si02 SiCOH
[Oxides/SiO2_Thermal
/Silicon/siC
/Silicon/SiGe
[Silicon/Si_Amorph
J/Silicon/Si Xtal

EEEENC00NEEECORDE

L
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VINCENT and ERVIN: Vertical Stacked Field Effect Transistor

4.10.11. Remove Materials

[Metals/Co
[Metals/TaN
[Metals/TiAl
[Metals/TiN
[Metals/W
fNitrides/Si3N4_LPCVD
JOxidesfHfOx
fOxides/SiO2_SiCOH
/Oxides/Si0O2_Thermal
[Silicon/SiC
[Silicon/SiGe
fSilicon/Si_Amorph
/Silicon/Si_Xtal

EEEER00EEECORD

.

X

4.10.12. Conformal Deposit

/Metals/Co
[Metals/TaN
[Metals/Tial
[Metals/TiN

[Metals/wW
[Nitrides/Si3N4 LPCVD
JOxides/HfOx
[Oxides/SiO2 SiCOH
JOxides/SiO2_Thermal
/Silicon/SiC
[Silicon/SiGe
/Silicon/Si_Amorph
JSilicon/Si_xXtal

EEEEERNONEEOEE
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4.10.13. Straight Etch

/Metals/Co
[Metals/TaN
[Metals/Tial
/Metals/TiN

/Metals/W
[Nitrides/Si3N4_LPCVD
[Oxides/HfOx
fOxides/Si02_SiCOH
JOxides/SiO2_Thermal
/Silicon/siC
/Silicon/SiGe
fSilicon/Si_Amorph
[Silicon/Si_Xtal

EEEENOCEEECRE

4.10.14. Planar Deposit

/MetalsfCo
/MetalsfTaN
/Metals/TiAl
[Metals/TiN

[Metals/W
/Nitrides/Si3N4 _LPCVD
JOxides/HfOx
[Oxides/SiO2_SiCOH
JOxides/SiO2_Thermal
/Silicon/fsiC
/Silicon/SiGe
[Silicon/Si_Amorph
fSilicon/Si_Xtal

EERERCOEEECOHED

e
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