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ﬁ Sub-CM OS Process

OUTLINE

Introduction
Process Comparison
p-well CMOS
Subp CMOS
Advanced CMOS
Subp CMOS Process Details
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ﬁ Sub-CM OS Process #N

INTRODUCTION

RIT has been CMOS processes since 1995. Today we run Subp and
Advanced CMQOS for MicroE students to learn about new process
technologies. Werun SMFL CMOS to fabricate circuits for students
In EE Analog | C design courses.

RIT p-well CMOS (1995) | =4pum Lmin=8um &

RIT Subu CMOS (2000) | =05um Lmin=1.0 KM

RIT Advanced CMOS (2003) =0.25pum Lmin=0.5 um

SMFL CMQOS (2004) | =1.0um Lmin=2.0 umg
pas \\

Rochester | nstitute of Technology -
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navarro
Nota
não existe mais

navarro
Nota
Estes dois serão vistos

navarro
Nota
Serve para ensino de estudantes


Sub-CM OS Process

ﬁ

MAJOR CONSIDERATIONS

Substrate Doping

Well Formation and Channel Stop
| solation Technology

Gate Oxide Thickness

Gate Doping

Threshold Voltages

Side Wall Spacers and Low Doped Drain
Drain/Source Junction Depth

Well Contacts

Silicides

Metal Technology

Rochester | nstitute of Technology

Microelectronic Engineering
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ﬁ Sub-CM OS Process #N

PROCESS COMPARISON ©

Built in Voltage: Y,=055+KT/q In(N/ni)
Width of Space Charge Layer, Wsc=[ (2¢/q) (Y ,+VR) (UN)]Y?

W on lightly doped side: _
Maximum Electric Field: E,= - [(20/€) (Y, +Vg) (N)V?

Example:
P =

Y ,=0.55+0.026 In (3E16/1.45E10) = 0.928

Wsc =[ (2(11.7)(8.85E- 14)/1.6E-19) (0.9%) (1/3E16)]V2
= 0.20 pm

Rochester | nstitute of Technology e - eo Q, - 885E' 12 (117) F/m

Microelectronic Engineering 885E' 14 (117) F/Cm/
| N
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navarro
Nota
Dopagem do Poço

navarro
Nota
A dopagem do poço determina a largura da região de depleção

navarro
Nota
(0.98 + Vdd)


ﬁ Sub-CM OS Process #N

RIT P-WELL CMOS

RIT p-well CMOS I

100 mm wafers/@ -
Nsub = 1E15 cm-3 “ ] >
Npwell= 1E16 cm-3
Dose = 1.2E12 cm-2 WscC
Xjwell=4.5um
LOCOS -
;I(?dezoé(gg %\1%00 A Long Channel Behavior
Lmin=8 um

Rochester | nstitute of Technology
Microelectronic Engineering /
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navarro
Nota
4 polegadas

navarro
Nota
1.1 um

navarro
Nota
50 nm


Sub-CMOS Process

ﬁ

RIT P-WELL CMOS

;N

NMOSFET

/ 3000A CVD Ox

6000A n+ Poly

field Vt adj 8el3
B11, 100KeV Bare

/

n+ D/S 4e15, 100KeV
P31 thru gate Oxide

Vt adj nmos 1.22e12, 60 KeV
B11, 1000A Kooi

p-well 4e12, 50 keV, B11, 1100 C, 30 hr
PN

\

Rochester | nstitute of Technology
Microelectronic Engineering

Vt adj pmos l1lell, 60 keV
Blanket, 1000A Kooi

PMOSFET

/ 0.75 um Aluminum

p+ D/S 2el5, 150 KeV
BF2 thru gate oxide

/

|
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navarro
Realce

navarro
Realce


ﬁ

Sub-CMOS Process

GCA 6700 g-LINE STEPPER

g-Line Stepper ©

| =436 nm

NA =0.28

s =0.6

Resolution

0.61 /NA =~1um

20 x 20 mm Field Size |

Depth of Focus

=k, | (NA2=3pum@

L

Rochester | nstitute of Technology

Microelectronic

Engineering
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navarro
Nota
Tipo de Luz utilizado

navarro
Nota
como a profundidade de foco é grande, pode ser usado com MEMS (Micro Electro-Mechanic Systems)


#N

ﬁ Sub-CM OS Process
RIT SUBu CMOS

RIT Subu CMOS
150 mm wafers ©
Nsub = 1E15cm-3 ©
Nn-well = 3E16 cm-3
Xj=25um &
Np-well = 1E16 cm-3
X]=3.0um @
LOCOS
Field Ox = 6000 A &
Xox=150A @
Lmin= 1.0 um
LDD/Side Wall Spacers

N

\

Rochester | nstitute of Technology
Microelectronic Engineering

[

<+“—>

L

Long
Chann€l
Behavior

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor

|= Page 9

/



navarro
Nota
6 polegadas

navarro
Nota
Twin Well

navarro
Nota
Boro, coeficiente de difusão maior

navarro
Nota
Fósforo

navarro
Nota
0,6 um

navarro
Nota
15 nm


RIT SUBU CMOS

ﬁ Sub-CM OS Process

NMOSFET PMOSFET

N+ Poly.

0.75 pum Aluminum

\j\ contact

Channel Stop

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering

|
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navarro
Realce


Sub-CM OS Process

CANON FPA-2000 11 STEPPER

I-Line Stepper | = 365 nm

NA =052, =0.6
Resolution=0.71 /NA =~0.5 um
20 x 20 mm Field Size

Depth of Focus =k, | /(NA)?

SEEEN =0.8um =

Rochester | nstitute of Technology
Microelectronic Engineering

[
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navarro
Nota
estruturas mais finas, mas menor profundidae de foco


RIT ADVANCED CMOS

ﬁ Sub-CM OS Process

#N

RIT Advanced CMOS
150 mm Wafers
Nsub = 1E15 cm-3
Nn-well = 2.5E16 cm-3
Xj=2um =)
Np-well = 2.5E16 cm-3
X]=25um
Shallow Trench Isolation
Field Ox = 6000 A
Dual Doped Gate n+ and p+
Xox=100A ©
Lmin=0.5 um
LDD/Side Wall Spacers
Ti Silicide
T Tungsten Plugs, CMP, Al Damascene
F \

Rochester | nstitute of Technology
Microelectronic Engineering

[
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Long
Chann€l
Behavior
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navarro
Nota
Twin well; pode-se reduzir as dimensões mas se deve aumentar as dopagens dos poços

navarro
Realce

navarro
Nota
10 nm

navarro
Realce


ﬁ Sub-CM OS Process #N

RIT ADVANCED CMOS

N+ Poly P+ Poly
0.75 um Aluminum

N\ [ N=Es
w v

Channel Stop

Rochester | nstitute of Technology
Microelectronic Engineering

J

[
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor |= Page 13



navarro
Nota
usa siliceto, Si + metal, para reduzir a resistividade e permitir a conexão de um poli-N com um poli_P


ASML 5500/90 STEPPER

ﬁ Sub-CM OS Process

KrF Excimer Laser Stepper

| =248 nm

NA =0.52,s =0.6

Resolution=0.71 /NA =~0.3 um

20 x 20 mm Field Size

Depth of Focus =k, | /(NA)?
~0.64 um

Rochester | nstitute of Technology
Microelectronic Engineering

|
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ﬁ( Sub-CM OS Process ;N
MULTI- LAYER ALUMINUM, W PLUGS, CMP,

DAMASCENE OF LOCAL W INERCONNECT

Multi-layer aluminum
Interconnect with
tungsten plugs, CMP,
and damascene of local
tungsten interconnect.

Rochester | nstitute of Technology
Microelectronic Engineering j

[
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Sub-CM OS Process

ﬁ

RIT SUBU CMOS PROCESS

150 mm Wafers

LOCOS

n+ Poly Gates

LDD O

11 Photo Layers (includes 13 Metal)

Rochester | nstitute of Technology

Microelectronic Engineering
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navarro
Nota
mostra apenas uma camada de metal, pode ter mais metais


Sub-CM OS Process

SUB MICRON CMOS TEST STRUCTURES

WP B PR
die dia| pul g_j%|
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ﬁ

Lay
microel ectronic engineering
manufacturing courses. This
chip
um gate length, avariety of test
structures, digital and analog
circuit building blocks including
A-to-D and D-to-A converters,
operational amplifiers,
transconductance amplifiers,
and filters of various types.

Sub-CMOS Process

out of CMOS test chip for

has transistors down to 0.5

grﬂgﬁrq _J __g ﬁ!;r!rl!L_L_ =

Rochester | nstitute of Technology
Microelectronic Engineering

Dr. Lynn Fuller, Lisa Bonanno 2003

/
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RIT SUB-CMOS PROCESS

NMOSFET

PMOSFET

LVL 1-n-WELL

LVL 2- ACTIVH

LVL 3-STOP

N SELECT

o Lr

LVL 4-PMOSVT

[ ]

LVL 5-POLY

11 PHOTO
LEVELS

LVL 9- METAL



navarro
Nota
utiliza sete layers no design

navarro
Nota
apenas um poço é indicado. O outro ocupa a região complementar

navarro
Nota
stop channel no poço P

navarro
Nota
foto resist positivo


Sub-CM OS Process

SUB-CMOS 150 PROCESS

SUB-CMOS Versions 150

1. 1D01 21. ETO7 41. ET08 61. CV03—LTO
2. DEOL 22. PHO3 — 3 - p-well stop 42. ETO7 62. PHO3 - 10 CC
3.CLO1 23. IMO1- stop 43. PHO3 -6 - n-LDD 63. ET10
4. OX05--- pad oxide 24. ETO7 44.1M01 64. ETO7
5. CV02- 1500 A 25. CLO1 45. ETO7 65. CLO1
6. PHO3 —1- n well 26. OX04 - field 46. PH03—7 - p-LDD 66. MEOL
7.ET29 27.ET19 47.1M01 67. PHO3 -11- metal
8. IM01 — n-well 28. ET06 48. ETO7 68. ET05
9. ETO7 29. OX04 - K0oi 49. CLO1 69. ETO7
10. CLO1 30. PHO3 -4 - PMOS Vt Adjust 50. CV03 70. SI01
11. OX04 —well oxide ~ 31.1MO1 - Vit 51. OX08 -- LTO Densify Anneal  71. TEO1
12. ET19 32. ETO7 52. ET10 72. TEO2
13. IMO1 — p-well 33. ET06 53. PHO3 — 8 - N+D/S 73. TEO3
14. OX06 —well drive 34.CLO1 54. IM01 —N+D/S 74. TEO4
15. ET06 35. OX06 - gate 55. ETO7
16. CLO1 36. CV01 56. PHO3 — 9 P+ D/S
17. OX05 — pad oxide 37. D104 - dope poly Si 57.IM01-P+ D/S
18. CV02 - 3500 A 38. ET06 58. ETO07
19. PHO3 -2 - Active 39. DEO1 59. CLO1
20. ET29 40. PHO3 — 5 — poly 60. OX08 — DS Anneal 3-20-03
BN
\ Rochester | nstitute of Technology

Microelectronic Engineering

[
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navarro
Nota
testes de transistores implementados na lamina


Sub-CM OS Process

STARTING WAFER

#N

N-type or P-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

|
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navarro
Nota
Lamina original pode ser P ou N. Isso pode apenas fazer diferenca na implementação de transistores bipolares parasitas


ﬁ Sub-CM OS Process #N

SCRIBE WAFERSWITH LOT AND WAFER NUMBER

Lot Numbersare: XYYMMDD

Where X is
R for Research =
L for Laboratory F040908
F for Student Factory b1
S for Scrap or Shipped

YY isyear

MM is month

DD isday

The wafer number isD1, D2, D3, etc.
for device wafersor C1, C2, C3, etc.
for control wafers, X1,X2 for extra
wafers to replace broken D wafers

\ Rochester | nstitute of Technology
Microelectronic Engineering /

[
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navarro
Nota
marcas a laser nas costas da lamina para não estragar


Sub-CM OS Process

MEASURE WAFER RESISTIVITY

,-':-al:“ COE Rasiap FileSams: Cr\4FVDE_Demo . pritEindSpe . sopt SEI0R081 . Rani
1 ;.-I_ Rum¥itle CTH RasHap) Dass Becipes
e
LatTD  RafarTh FEELI1IEE  HyWaEer
FunDate 10408 D2/re 03
Bemip Hass ChE Dwens BimiSpt
copear | Bivge [ g OO | Castomar [ Ranisy |

Lo

FropePointa: 48 Sdoco: &8

By AWy 1085801 oS Eg

Stdhey 10,8885 10,0808 ASgueskD, 1 &8
HMin #0.039 Max 1M.18 Range 40.18
dbim=ld) el 18,238 =] RAw 18,07
Lanin:-18. 40% Dmar:Z3 848 (-} /hr 38.158
Froad i@ RS2=T G52 D23 . F454

W i 1.8 I8 42.F B9.8

10.0K IdvMs 0.Tém Vazaiiz Ldé.3m

136,453
135, B85

— e Rho=Rhos x t

Tool gives Rho or Rhos
depending on recipe used,
automatically adjusts
correction factors for wafer
thickness

CDE Resistivity ##%
Mapper — ©

. Record:

\

Rochester Institute of Tec* -
Microelectronic Engineer

A Average Resistivity on D1 only

Rho(ave) = ohm-cry
|=

[
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navarro
Nota
pela resistividade se conhece a dopagem.


ﬁ Sub-CM OS Process
TENCORE SURF SCAN

Givestotal surface particle count and
count in 4 bins<0.5, 0.5t0 2.0, 2.0-
10, >10. Bin boundary can be
selected. Edge exclusion eliminated
count from near the edge of the
wafer.

Rochester | nstitute of Technology
Microelectronic Engineering

|
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navarro
Realce


ﬁ Sub-CM OS Process #N

EXAMPLE SURFACE PARTICLE COUNT DATA

Before Cleaning (75 mm) After Cleaning (75 mm)

Size Range (um) Count Size Range (um) Count
0.2-05 104 0.2-05 10
05-20 562 05-20 4
2.0-10 19 2.0-10 3
>10 2 >10 0

Rochester | nstitute of Technology
Microelectronic Engineering /
| -
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navarro
Nota
Edge exclusion (as bordas não são usadas)


Sub-CM OS Process

ﬁ

#N

Rochester | nstitute of Technology

Microelectronic Engineering

RCA CLEAN &
APME -
NH,OH - 1part ©
szz - 3parts > DI water H.0- 50
H,O~ 15parts (& rinse, 5 min. " HE-10
7/0°C, 15 min 60 sec.
HPM &
HCL - 1part
Dlwater |, H,0O, - BSart&_ Dl water |
rinse, 5 min. H,O - 15parts|© rinse, 5 min.
70°C., 15 min
What does RCA
PIN/RINSE stand for?
> D/RY > (ANSWER) PLAY
)

Explain the Process

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor |=
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navarro
Nota
Standard Cleasn

navarro
Nota
Amônia, Peróxido, mistura

navarro
Nota
o NH4OH remove orgânicos mas também corrói o Si. O H2O2 oxida o Si, formando uma camada fina de SiO2 que protege a lamina.

navarro
Nota
agúa deionizada (sem nada)

navarro
Nota
Remove o SiO2

navarro
Nota
O HCl tira os metais que podem estar na lamina (quando se usa foro resist, há metais ai). O HCl também corrói o Si. Por isso se usa H2O2

navarro
Nota
HCl, Peróxido, Mistura

navarro
Nota
pode deixar no fim a camada fina de oxido ou limpar (HF)


ﬁ Sub-CM OS Process ;N

RCA CLEAN TOOLS

Mega@sonics Wet Bench gt
Spin/Rinse/Dry Tool (SRD)’ r

Rochester | nstitute of Technology
Microelectronic Engineering j
| -
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navarro
Nota
vibra em alta frequencia


ﬁ Sub-CM OS Process ;N

PAD OXIDE GROWTH

=

Pad Oxide, 500A
Bruce Furnace 04 Recipe 250

Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering

[
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navarro
Nota
vai ser colocado nitreto. Não pode colocar direto sobre o Si


ﬁ Sub-CM OS Process #N

BRUCE FURNACE RECIPE 250 500A DRY OXIDE

Recipe #250 =
1000°C
Boat Out Boat In Boat Out
L oad Push Stabilize p-Up Soak Anneal p-Down PuII
800 °C 800°C
25°C |
nterval 0 Interval 1] Interval 2 Interval 3 Interval 4 Interv 5 Interval 6 Interval 7

Any 12 min 15min 20 mir@ 40min 5min 40 min 12 min
0 Ipm 10Ipm 10 5Ipm 1OI 15Ipm 10 Ipm 5Ipm
none N2 N2 02 N2 N2 N2

At the end of arun the furnace returns to Interval O which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

AR

Rochester | nstitute of Technology

Microelectronic Engineering /
| -
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navarro
Nota
A receita é sempre esta, não foca mudando.

navarro
Nota
pode ser oxidação seca pois mais demorada não há nada feito na lamina

navarro
Nota
enquanto tem o Nitrogênio não há reação alguma

navarro
Realce

navarro
Realce

navarro
Realce

navarro
Nota
é 600 0C

navarro
Nota
Liter per minute


MEASURE OXIDE THICKNESS

Sub-CM OS Process ;N

Record:
Color = TAN@

Color Chart Thickness=500 A
Nanospec Thickness = A

Rochester | nstitute of Technology

Microelectronic Engineering

/

[
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navarro
Nota
Estima a espessura do óxido pela cor (visual)


Sub-CM OS Process

ﬁ

FACTORY THICKNESS MEASUREMENT LOCATIONS

#N

X2 X3

X1

X5 X4

Rochester | nstitute of Technology

Microelectronic Engineering

|
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navarro
Nota
Pontos onde são feitas as medidas


ﬁ Sub-CM OS Process
DEPOSIT SILICON NITRIDE
Nitride Target 1500A Recipe FACTORY NITRIDE 810

L@’CVD, 810C, Rate~43A/min Temp =810°C
Pressure = 400 mTorr
SIDCS Flow = 60 sccm &

O Ammonia Flow = 150 sccm

Substrate 10 ohm-cm

dHHD O

Rochester | nstitute of Technology
Microelectronic Engineering

[
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navarro
Nota
diclorosilana

navarro
Nota
standard cubic centimeter per second

navarro
Nota
Low pressure: mais homogeneo

navarro
Nota
3SiCl2H2 + 4NH4 -> Si3N4 + 2HCl + 1,5H2

navarro
Nota
N2 não pode ser usado no lugar do NH4 pois ele não quebrar a 810 0C


ﬁ Sub-CM OS Process ;N

LEVEL 1 PHOTO - N-WELL

Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
| -
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ﬁ

Sub-CM OS Process

SSI COAT AND DEVELOP TRACK FOR 6" WAFERS

ﬁ

_ ..J

Rochester |

Use Reci pe: Coat.rcp and Dev

nstitute of Technology

Microelectronic Engineering

EE#‘-I -.-L-'.?":"n._
elop.rcp

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
1. aplica foto resist
2. forno
3. stepper
4. revela
5. forno


Sub-CM OS Process

CANON FPA-2000 11 STEPPER

I-Line Stepper | = 365 nm

NA =052, =0.6
Resolution=0.71 /NA =~0.5 um
20 x 20 mm Field Size

Depth of Focus =k, | /(NA)?

g \\ = 0.8 um

Rochester | nstitute of Technology
Microelectronic Engineering

[
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PLASMA ETCH NITRIDE

ﬁ Sub-CM OS Process

;N

=

LAM 490 Etcher, Etch Rate ~1000 A/min

Nitride Etch: SIIE6 plasma

Rochester | nstitute of Technology
Microelectronic Engineering

|
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navarro
Nota
Hexafloridro sulfuroso

navarro
Nota
deve corroer o Nitreto mas não o SO2. Caso chegue a Si, corrói muito rápido


ﬁ Sub-CM OS Process
PLASMA ETCH TOOL

Lam 490 Etch Tool

Plasma Etch Nitride (~ 1500 A/min)
SF6 flow = 200 sccm

Pressure= 260 mTorr &

Power = 125 watts
Time=thickness/rate

Use end point detection capabilit
This system hasfilters at 520 nm
and 470 nm. In any case the color
of the plasma goes from pink/blue
to white/blue once the nitride is
removed.

st

Rochester | nstitute of Technology
Microelectronic Engineering

|
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navarro
Nota
baixa pressão

navarro
Nota
próximo do verde

navarro
Realce

navarro
Nota
há foto detectores para "dizer" o que está sendo corroído


Sub-CM OS Process

ﬁ

LAM 490 END POINT

#N

400
350
300
250
200
150
100

Signal Intensity

o)
o

EPD Total Film Etch (1483A Nitride, 460A Pad oxide)

—{S
- 520nm
= [\A &
g V\f‘ﬁ' —#12
E e — >« > < >
: Nitride Pad Oxide Silicon

1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1
0 50 100 150 200 250 300

Time [sec]

Rochester | nstitute of Technology

Microelectronic Engineering

[
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navarro
Nota
instabilidade no plasma

navarro
Nota
faz a medias aqui

navarro
Nota
end point

navarro
Nota
termina aqui. Leva um pouco do óxido


Sub-CM OS Process

ﬁ

LAM 490 END POINT

#N

Process; Step 1— 260mTorr; 125W,

200sccm SF6,

Max Time=2min, Time Only

Process. Step2—  260mTorr; 125W,

200sccm SF6,

Max Time = 2min 20sec, Enpoint & Time
Process. Step 3—  260mTorr; 125W,

200sccm SF6,
Overetch — 40% 9

Active during step 02

Delay 50sec before normalizing

Normalize for 10sec O
Trigger at 85%

Rochester | nstitute of Technology

Microelectronic Engineering

Endpoint Parameters— Sampling A (ch12 @ 520nm)

|
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navarro
Realce

navarro
Realce

navarro
Nota
não é ligado o plasma aqui (0 W)

navarro
Realce

navarro
Nota
40% do tempo do passo 2

navarro
Nota
faz a media nesse intervalo


Sub-CM OS Process

ﬁ

N-WELL IMPLANT

;N

»,
0.5e12, 150keV, P;,

Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering
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navarro
Nota
foto resiste deve ser espesso (1 um)

navarro
Realce

navarro
Realce

navarro
Nota
Alta energia. A implantação deve ser colocada funda senão, no próximo passo que é oxidação, ela é perdida.


=

ﬁ Sub-CM OS Process

IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology
Microelectronic Engineering

Lance Barron
Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes 0 - No in white boxes
DOPANT SPECIES MASK TYPE ENERGY

B1l 1 Resist 0 40 KeV

BF2 0 Poly 1

P31 0 Oxide 0

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 2961.954| Angstroms

2

Rochester | nstitute of Technology
Microelectronic Engineering

[
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
é feita a simulação de profundidade da implantação para cada impureza, energia e material. Assim pode calcular a espessura das máscaras

navarro
Realce

navarro
Realce

navarro
Realce


Sub-CM OS Process

ﬁ

VARIAN 350 D ION IMPLANTER (4 AND 6" WAFERYS)

;N

|
-

Tt

Rochester | nstitute of Technology

Microelectronic Engineering

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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MASKING OXIDE GROWTH

ﬁ Sub-CM OS Process
PHOTORESIST ASH, RCA CLEAN AND, N-WEL

=)

N-well

Oxide, 5000A
Bruce Furnace01 Recipe 350

Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor |=
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navarro
Realce

navarro
Nota
0,5 um de óxido. Isto consome cerca de 0,25 um de Si. Por isso a implantação deve ser feita profunda.

navarro
Nota
Nitreto é impermeável, e bloqueia o O, ou OH, de chegar ao Si. Assim não cresce ai óxido


ﬁ Sub-CM OS Process #N

BRUCE FURNACE RECIPE 350

Recipe #350
1000°C
Boat Out Boat In Boat Out
L oad Push Stabilize Rarip-Up Flood Soak Anneal wn Pull
800°C 800°C 800 °C

25°C |

| nterval A| Interval 5

nterval 0 Interval 1] Interval 2| Interval 3 Interval Interval 7 Interval 8
Any 12 min 15min 20min - 5min @100min 5min 40 min 12 min
0 Ipm 10Ipm 10Ipm 5lpm  5Ipm 10Ipm 15Ipm 10 Ipm 15 Ipm
none N2 N2 N2 02 O2/H2 N2 N2 N2

At the end of arun the furnace returns to Interval O which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

A \\ Wet Oxide Growth, Target 5000 A

Rochester | nstitute of Technology

Microelectronic Engineering /
| -
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navarro
Nota
só oxida nos intervalos 4 e 5. Grande parte da oxidação é do tipo úmida (mais rápida)


Sub-CMOS Process

Py

)
SPC CHARTS

TN T T 7 12 ) o R
-“H:h:;l:l &!ﬂl.:;__m uct: S OT . i So0 1y mﬁ;
Aligrimeint Ondda Thickmess Prooass Capabities
Alignment Cnddie Thickness (&)

i Tt

i 1l o

g |

] |

E =7

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
Statistical Process Control: se controla o crescimento e espessura toda as vezes para saber se a máquina esta com a calibração correta.


Sub-CM OS Process

MEGASONIC RCA CLEAN, SRD & ASHER

RCA Clean Bench

Rochester | nstitute of Technology

Microelectronic Engineering

Branson Asher

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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WET ETCH NITRIDE

ﬁ Sub-CM OS Process

H% Phosphoric Acid ©
Wet Nitride Etch.

Etch Rate ~50 A/min
Etch 45 min.

N-well

5000 A }

Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
H3PO4: lipeza úmida. O etch é bem seletivo

navarro
Nota
170 0C


ﬁ Sub-CM OS Process
HOT PHOSPHORIC ACID ETCH BENCH

Include D1-D3
Warm up Hot Phos pot to 175°
Use Teflon boat to place wafers in acid bath

¢ 3500A +/-500 = 90 minutes

. KOH / Hot Phos Bench
e 1500A +/- 500 = 45 minutes
e Etchrate of ~50 A/min

Rinse for 5 minutes in Cascade Rinse = '= - i;.,-.

SRD wafers — E
e

P I;z' “
|||“@'|mf“ il ==

\ Rochester | nstitute of Technology

Microelectronic Engineering

|= Page 48
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navarro
Nota
a cuba com ácido é coberta para não evaporar 


ﬁ

Sub-CM OS Process

IMPLANT P-WELL

#N

\/

\/

\/

\/

Y
C -wel OL_N-wdll

P

=l

2e13, 50keV, B,

'5000 A }

Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
0,5 um: bloquei a implantação

navarro
Nota
50 nm: não bloqueia

navarro
Realce

navarro
Nota
60 ou 70 keV talvez fosse melhor, mas nesse caso, o óxido de espesso não serviria para máscara.


ﬁ Sub-CM OS Process

IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology
Microelectronic Engineering

Lance Barron
Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes 0 - No in white boxes
DOPANT SPECIES MASK TYPE ENERGY

B1l 1 Resist 0 40 KeV

BF2 0 Poly 1

P31 0 Oxide 0

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 2961.954| Angstroms

2

Rochester | nstitute of Technology
Microelectronic Engineering

[
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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Sub-CM OS Process

STOP, P-WELL

| B,;, IMPLANT FORBORON THRESHOLD ADJU

=)

| LA
50

Rochester | nstitute of Technology

'USE THISPEAK

10 11 19 30
ION MASS (AMU)

Microelectronic Engineering

BF2

48 49

=l

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor

|=

Page 51

/



navarro
Nota
BF3 do plasma gera os ions do gráfico


Projected Range, Rp ,(um)

Sub-CM OS Process

ﬁ

|ON IMPLANT RANGE CHART

#N

2

e 7z
1 . i 5 aia
)
P A
// // %
’/ // ‘//
~1000 A AL 2
101 65 ,// / o
« /! N
i
B| 1 ' o’
/ ' P74
= e
7 | F
v
. 2
oy |
7 7 l
10 - 100 1,000
Im‘olantatlon Energy (KeV)
Rochester | nstitute of Technology
Microelectronic Engineering
|
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navarro
Nota
profundidade de 0,08 um; um pouco raso, mas se aumentar a energia haverá problemas com o óxido espesso


Sub-CM OS Process

WELL DRIVE

1100 C, 8 Hours, N2

Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Realce

navarro
Nota
não há nenhuma reação

navarro
Nota
aprofunda os poços, melhora o perfil, conserta a rede, ativa os ions.


Sub-CM OS Process

ETCH ALL OXIDE®

5
Fwel F N-well

Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
Buffered HF: 
HF
H2O2
NH4F
taxa de 1000 A/min
Cerca de 10 min. são o suficiente

navarro
Nota
degrau de cerca de 0,2 um formado pelo óxido crescido ai.


ﬁ Sub-CM OS Process #N

BRUCE FURNACE RECIPE 10 SUB-CMOSWELL DRIVE

Recipe #10 Verified:12-8-04

1100°C

Boat Out Boat In Boat Out
L oad Push Stabilize p-Up Soak Anneal Ramp=Bown Pull
800°C 800°C 800 °C

25°C |
1 Interval

Interval 6 Interval 7

nterval 0 Interval Interval 3 Interva’_zlj Interval 5

)
Any 12 min 15min 30 min 600min  5min 60 min 12 min
0 Ipm 10Imp 10Ipm 10Ipm 10Ipm 10lpm 10Ipm 5Ipm
none N2 N2 N2 N2 N2 N2 N2

At the end of arun the furnace returns to Interval O which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

AEED, Sub-CMOS Well Drive, No Oxide Growth, Tube 1

Rochester | nstitute of Technology
Microelectronic Engineering /
| -
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navarro
Realce

navarro
Nota
10 horas!!!!

navarro
Realce

navarro
Realce

navarro
Realce


Sub-CM OS Process #N

GROW PAD OXIDE

Pad Oxide, 500A
Bruce Furnace 01 Recipe 250

o
Pwell | e ﬂ

Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering /
| -
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navarro
Nota
mesma receita usada antes

navarro
Nota
óxido limpo sem impurezas

navarro
Realce


ﬁ Sub-CM OS Process #N

BRUCE FURNACE RECIPE 250 500A DRY OXIDE

Recipe #250
1000°C
Boat Out Boat In Boat Out
L oad Push Stabilize p-Up Soak Anneal p-Down Pull
800°C 800°C 800 °C
25°C |
nterval 0 Interval 1] Interval 2 Interval 3 Interval 4 Interv 5 Interval 6 Interval 7

Any 12 min 15min 20 min 40min 5min 40 min 12 min
0 Ipm 10Ipm 10Ipm 5Ipm 10Ipm 15Ipm 10 Ipm 5Ipm
none N2 N2 02 02 N2 N2 N2

At the end of arun the furnace returns to Interval O which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

AR

Rochester | nstitute of Technology

Microelectronic Engineering /
| -

| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor Page 57




Sub-CM OS Process

ﬁ

DEPOSIT NITRIDE

#N

Nitride, 35004
LPCVD, 810C, 55min

4

N-well

=
P.well F

) B

Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

/

[
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navarro
Nota
0,35 um, bem espesso

navarro
Nota
serve de interface entre Si e nitreto. Caso os dois sejam colocados juntos, por diferença de coeficientes de temperatura, haverá problemas.
O óxido servirá também para evitar channeling nas implantações


ﬁ Sub-CM OS Process

PHOTO 2 ACTIVE

;N

Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
onde tem foto resist é onde serão construidos os dispositivos (região ativa)

navarro
Realce


Sub-CMOS Process

ALIGNMENT VERNIERS
CRITICAL DIMENSION (CD) STRUCTURES



navarro
Nota
marcas de alinhamento

navarro
Nota
marcas da máscara anterior

navarro
Nota
coincide na vertical

navarro
Nota
um pouco deslocado na horizontal


ﬁ

Sub-CM OS Process ;N

ETCH NITRIDE

P-well

N-well

Substrate 10 ohm-cm

Nitride Etch: 200 sec, Sk, plasma

Rochester | nstitute of Technology

Microelectronic Engineering

/

[
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Sub-CM OS Process
=

PHOTO 3 CHANNEL STOP

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering

|
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navarro
Nota
tirou o foto resist e colocou um novo

navarro
Realce

navarro
Nota
espesso por causa da próxima implantação

navarro
Nota
deve ser feito mais espesso


Sub-CM OS Process ;N

CHANNEL STOP IMPLANT

Bl11lQ
Dose = 8E13
100 KeV

Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
| -
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navarro
Nota
aumenta a dose de B no poço. Torna mais difícil formar canal onde é colocado

navarro
Nota
implantação profunda pois vai ser crescido óxido em cima 
(Rp = 0,3 um)

navarro
Nota
foto resiste: 1,3um de espessura (o normal é 1,0 um)


ﬁ Sub-CM OS Process

IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology
Microelectronic Engineering

Lance Barron
Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes 0 - No in white boxes
DOPANT SPECIES MASK TYPE ENERGY

B1l 1 Resist 0 40 KeV

BF2 0 Poly 1

P31 0 Oxide 0

Nitride 0 =

Thickness to Mask >1E15/cm3 Surface Concentration 2961.954| Angstroms

2

Rochester | nstitute of Technology
Microelectronic Engineering

[
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navarro
Nota
espessuras minímas:
foto: 1,2 um
Nitreto: 0,3 um


Sub-CM OS Process

GROW FIELD OXIDE

»

6500 A

Field Oxide
P—Wé\@ N-well

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
consome 0,3 um do Si

navarro
Nota
Algum silício do nitreto combina com o O e forma SiO2 na superfície

navarro
Nota
boro difunde no forno


ﬁ Sub-CM OS Process #N

BRUCE FURNACE RECIPE 406 — WET OXIDE 6,500A

Recipe #406
1100°C
Boat Out Boat In Boat Out
L oad Push Stabilize p-Up Soak Anneal p-Down Pull
800°C 800°C 800 °C
25°C |
nterval 0 Interval 1] Interval 2| Interval 3| Interval 4 [Interval 5|Interval 6 | Interval 7 Interval 8
Any 12 min 15min 30min  5min 65 min 5min 60 min 12 min
0 Ipm 10Ipm 10Ipm 5lpm  5Ipm 10Ipm 15Ipm 10 Ipm 15 Ipm
none N2 N2 N2 02 0O2/H2 N2 N2 N2

At the end of arun the furnace returns to Interval O which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

AFEEER Wet Oxide Growth, Target 6,500 A

Rochester | nstitute of Technology

Microelectronic Engineering /
| -
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navarro
Nota
oxidação úmida


Sub-CM OS Process

ﬁ

ETCH NITRIDE AND PAD OXIDE

=gt

6000 A
ield Oxide @

Fi
P-well | N-well

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
1. lava o wafer em HF para retiras o SiO2 do nitreto
2. H2PO4 a 170 0C para retirar o nitreto
3. novamente em HF para tirar o pad oxide


HOT PHOSPHORIC ACID ETCH BENCH

ﬁ Sub-CM OS Process

e Include D1-D3

e Warm up Hot Phos pot to 175°

o Use Teflon boat to place wafers in acid bath
e 3500A +/-500 = 90 minutes
* 1500A +/- 500 - 45 minutes
e Etch rate of ~50 A/min

KOH [ Hot Phos Bench

e SRD wafers

Rochester | nstitute of Technology
Microelectronic Engineering

e Rinsefor 5 minutesin Cascade Rinse r '= - i;.-.

[
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ﬁ

Wals
TN

GROW SACRIFICIAL OXIDE (KOOI OXIDE)

Sub-CM OS Process
= =

1000 A Oxide, 900A, Wet O,
Bruce FurnaceO1 Recipe 311.

6000 A

Field Oxide 2 {
P-well | N-wdll

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering /
|
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navarro
Nota
o óxido é depois tirado

navarro
Nota
inventor da idéia do óxido de sacrifício

navarro
Nota
1. limpa a superfície pois o Si ai é usado no crescimento;
2. implantes de ajuste de VT são feito através dele

navarro
Nota
0,1 um de espessura


ﬁ Sub-CM OS Process #N

BRUCE FURNACE RECIPE 311 - WET OXIDE 1,000A

Recipe #311
900°C
Boat Out Boat In Boat Out
L oad Push Stabilize Ramp-"dp/O2Purge  Soak Anneal Ramp- n Pull
800°C 800°C 800 °C
25°C |
nterval 0 Interval 1] Interval 2| Interval 3 4 |Interval 5| Interval 6 | Interval 7 Interval 8

Any 12 min 15min 10min  5min 40 min 5min 15 min 15 min
0 Ipm 15Ipm 15Imp 10lpm 10Ilpm  10lpm 15Ipm 10 Ipm 15 Ipm
none N2 N2 02 02 0O2/H2 N2 N2 N2

At the end of arun the furnace returns to Interval O which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

AFEEEREN Wet Oxide Growth, Target 1000 A, K ooi

Rochester | nstitute of Technology

Microelectronic Engineering /
| -
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Sub-CM OS Process

ﬁ

B

¥ 5
LANKET PMOS & NMOS VT ADJUST IMPLAN

#N

T

7el1, GOKEEV’ =

Microelectronic Engineering

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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| Field Oxide 2 {
N P-well | N-well
N-type Substrate 10 ohm-cm
Note: Thisimplant may be omitted
AP
\ Rochester | nstitute of Technology
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navarro
Realce

navarro
Nota
baixa energia para manter na superfície

navarro
Nota
implante de B: aumenta tanto o VTn como o VTp (reduz seu módulo)

navarro
Nota
em toda a lamina

navarro
Realce


Sub-CM OS Process

PHOTO 4 PMOSVT

6000 A
l Field Oxide

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Realce


Sub-CM OS Process ;x

PMOSVT IMPLANT

2.6E12, 60keV, B2,

Rochester | nstitute of Technology
Microelectronic Engineering j
|
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navarro
Nota
um pouco mais de B para reduzir o módulo VTp

navarro
Realce


ﬁ Sub-CM OS Process #N

ASH RESIST, ETCH KOOI OXIDE, RCA CLEAN

=

i H EC T
| Field Oxide
P-well

N-well

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering /
| -
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navarro
Nota
ao tirar o oxido limpa o Si. 
O oxido esta sujo com os implantes


ﬁ

Sub-CM OS Process

GROW GATE OXIDE

#N

Oxide, 150A, Dry O,

Bruce Furnace04 Recipe 215

ﬁ /\’ = eoooA
| Field Oxide 2
I~ P-well

N-well

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
15 nm

navarro
Nota
óxido de gate: deve ser de muito boa qualidade. Feito com oxidação seca

navarro
Realce


ﬁ Sub-CM OS Process #N

BRUCE FURNACE RECIPE 215 — 150A DRY OXIDE

900°C
Boat Out Boat In Boat Out
L oad Push Stabilize p-Up Soak Anneal p-Down Pull
800°C 800°C 800 °C

25°C |

InterL\I 5 Interval 6

nterval 0 Interval 1] Interval 2 Interval 3 Interval 4 Interval 7
Any 12 min 15min 10 min 45min 5min 20 min 15 min
0 Ipm 10Ipm 10Imp 5 Ipm 10Ipm 15Ipm 10 Ipm 5Ipm
none N2 N2 ( 02 N2 N2 N2

At the end of arun the furnace returns to Interval O which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

JaSEREREEN Dry Oxide Growth, Target 150 A

\ Rochester | nstitute of Technology
Microelectronic Engineering /
| -
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navarro
Nota
Aqui é N2: não é para ocorrer nada durante o ramp-up


Sub-CM OS Process

ﬁ

LOCATION FOR MEASUREMENT OF GATE OXIDE

ﬁ

O

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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M easur e gate oxide thickness (~150A) in any white active area
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navarro
Nota
difícil medir um oxido tão fino


[
ﬁ Sub-CM OS Process ;N

MEASURE C1 AND C2 ON SCA-2500

Login: FACTORY
Password: OPER
<F1> Operate
<F1> Test Center the wafer on the stage
Select (use arrow keyson the numeric pad (far right on the keyboard)
space bar, page up, €tc)
PROGRAM = FAC-Por FAC-N
LOT ID = HAWAII
WAFER NO.=C1
TOX = 250 (from nanospec)
<F12> start test and wait for measur ement
<Print Screen> print results
<F8> exit and log off
<ESC> can be used anytime, but wait for
current test to be completed

=l

N

\

Rochester | nstitute of Technology
Microelectronic Engineering

[
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navarro
Nota
uma lamina de testes é colocada junto na etapa de crescimento do oxido de gate

navarro
Nota
são medidos os estados de interface da interface oxido/Si. Se o óxido não estiver bom, ele é retirado e crescido novamente


Sub-CMOS Process

O

SCA MEASUREMENT OF GATE OXIDE

amammmmm

OPERAT 10N 02/14/03 12:59:59

POINT 4° W6

(= =

N,

~1E4#14

Tupe

Nsc_inv
Qox_inv :
DitMGinv:

\ Ts:

& lﬁﬁ iq

. QOfb_inv :

1 <
N
1.59E+14
2 .59E+11
7.54E+10
2_.29E+11
381

£ O, ’j

imﬁ?

1E+47

=2

B § e

oy _

POINT "f' D_it [4/om~2 el]

§
£
F)

1 Pts.(FACTORY)

s i ST T TR L S YL TR S

02/708/03 12.56:26 |
| USER 1D : FACTORY
| TEST ID : 15703144
|LOT ID_ : MUKU.02.
ik i .. |CASSETTE: NONE
A 0.4 |WAFER NO: C11
- B - EHG fel] U7 L pROGRAM : FAC_P
1? g PROBE NO: mg
vom A&'Sc IND CHG : 8.2E+11
pal " SWEEP  : Inver.
Tox - 400

fﬁﬁq@

[
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navarro
Nota
estados de interface

navarro
Nota
Surface Charge Analiser


Sub-CM OS Process ;N

LPCVD POLY

Polysilicon, 6000A
LPCVD, 610C, 78min

6000 A '\
| Field Oxide

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering /
|
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navarro
Nota
SiH4 -> Si(sólido) + 2H2

O poli-silício não é dopado


ﬁ( Sub-CM OS Process ﬁ

LOCATION FOR POLY THICKNESS MEASUREMENT

M easur e poly thickness within any active area using thin film
stack #4 on nanospec at 40X magnification

Rochester | nstitute of Technology
Microelectronic Engineering j
| -
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navarro
Nota
mede a espessura opticamente pois o poli é fino. Equipamentos ópticos trabalham apenas com materiais transparentes


Sub-CM OS Process ;N

POLYSILICON DOPING ©

N-well

Emulsitone N-250
3000rpm, 30sec

Bake, 200C, 15minl&©
Use Bruce Furnace03

Microelectronic Engineering

Rochester I nstitute of Technology ReC| pe 120 j
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navarro
Nota
Normalmente a dopagem é feita com implantação. Para dopagens altas usa-se este método

navarro
Nota
N+ doping

navarro
Nota
tirar o solvente


ﬁ Sub-CM OS Process #N

BRUCE FURNACE RECIPE 120- N+ POLY DOPE g

Recipe #120 Verified:2-24-04

1000°C

Boat Out Boat In Boat Out
L oad Push Stabilize p-Up Soak Ramp=Rown Pull
800°C 800°C 800 °C

25°C |

nterval 0 Interval 1] Interval 2 Interval 3 Interval 4 Interval 6 Interjval 7
Any 12 min 15min 20 min 15min 40 min 15 min
0 Ipm 10Ipm 10Imp 5 Ipm 10Ipm 10 Ipm 5Ipm
none N2 N2 N2 N2 N2 N2

At the end of arun the furnace returns to Interval O which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

A, N+ Poly Doping, Thin Poly, <1 pm, No Oxide Growth

Rochester | nstitute of Technology
Microelectronic Engineering /
| -
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navarro
Nota
Penetração dos dopantes no Poli.


Sub-CM OS Process ;N

ETCH SPIN ON GLASS

4 min BHF dip2
5 min Rinse
Spin/Rinse/Dry

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering /
|
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navarro
Nota
dopado com N+

navarro
Nota
Para retirar o glass.


Sub-CM OS Process

MEASURE POLY SHEET RESISTANCE

Raripy ol

capar | By [ Bepup

FileSams: Co\iFDE Demo . prd Eindipt . sop\3EI00081 . Rasl

| il (DR RasHap Dass Racipes
s
LatTh HafecTh FEELI1IEE  HyWaEer
Funbute 10408 D2/re 03

COE Dwme EimdSpt
ToE | Castomar | Raskan |

Wnfer Ha rus] FesCR g
e Dis 100 Flak
Sagedzclusn 8.0 Fol lowsaiarriee

Frobefointsl 43 $doco: &8
Bs Awg 205,301 oG
Erdvay 10,8888 100838  Abguasl, 1EEY

HMin #9.033 Max 1M.1F FRange 40.156
dbir=bin} [ BExebn] 18,238 (-] 1AW 18.07%

Lanin:-18. 40% Dmar:Z3 848 (-} /hr 38.158
Fradisots RS23=T. 524 -B=ld. 2454
LY 1.8 218 41.F B9. 8§

Bams 10.0K Id4wHMs 0.Tém Vazedzs 14.-3m

Catale) sotfiges 1.8

101.7&9

136,453 83467

135, 81 — T O
118 458
e
113.388
108 ax3

108._30E

CDE Resistivity Mapper

N

\

Rochester | nstitute of Technology
Microelectronic Engineering
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navarro
Nota
medir a resistência. Deve estar próximo de 20 Ohm/quadrado


Sub-CM OS Process ;N

PHOTO 5 POLY GATE

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering /
|
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Sub-CMOS Process

POLY ETCH

Rochester | nstitute of Technology

Microelectronic Engineering

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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navarro
Nota
o Plasma etching deve ser feito com cuidado para não chegar ao Si.

navarro
Nota
tira cerra de 7,5 nm; resta outros 7,5 nm


ﬁ Sub-CM OS Process ;N

POLY ETCH WITH END POINT

Process. Step 1— 325mTorr; O watts LAM 490 Plasma Etcher
Gap =1.5cm
140sccm SF6, 15 scem O2
Max Time =2 min.
Time Only

Process. Step 2— 325mTorr; 100 watts,
Gap =1.5cm
140sccm SF6, 15 sccm O2
Max Time=1min. 15 sec
Time or Endpoint
Endpoint and Time
Sampling A (ch12 @ 520nm)
Activeduring step 02
Delay 15sec before normalizing@
Normalize for 10sed®)
Trigger at 90%)
Process. Step 3— 325mTorr; 140W,
Gap =1.5cm
W ™ 140sccm SF6, 15 sccm O2
F \ Overetch — 10940

Rochester | nstitute of Technology
Microelectronic Engineering j
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navarro
Nota
espera 10 s para estabilizar

navarro
Nota
faz a média por 10 s

navarro
Nota
aciona o End point quando a intensidade reduz para 90%

navarro
Nota
por um intervalo igual a 10% da duração da etapa 2 faz um pouco mais de corrosão.


ﬁ Sub-CM OS Process

STRIP RESIST

— 6000 A
Field Oxide
P-well | N-well

Include D1-D3
Strip Photresist in Branson Asher

Rochester | nstitute of Technology
Microelectronic Engineering

|
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navarro
Nota
fica o óxido


Sub-CM OS Process ;N

PHOTO 6 LDD N-TYPE IMPLANT

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
|
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ﬁ Sub-CM OS Process ;x

IMPLANT LD

)

P31, Dose = 2.5E13, 60 KeV

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
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navarro
Nota
baixa dose e energia. Para bloquear precisa:
0,4 um de foto resist
0,24 um de óxido
0,27 um de poli

navarro
Nota
bloqueia

navarro
Nota
bloqueia

navarro
Nota
bloqueia. O poli é mais dopado com N

navarro
Nota
o óxido aqui é fino e não bloqueia

navarro
Nota
cria a região N de baixa dopagem

navarro
Realce


ﬁ Sub-CM OS Process

STRIP RESIST

#N

{

6000 A
i Field Oxide 2 -

N P-well | N-well

Include D1-D3
Strip Photresist in Branson Asher

Rochester | nstitute of Technology
Microelectronic Engineering

|
| © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor |=

Page 92

/




Sub-CM OS Process ;x

PHOTO 7 LDD P-TYPE IMPLANT

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
|
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navarro
Nota
protege os transistores NMOS


Sub-CM OS Process ;x

IMPLANT LDOZ

B11, Dose =4E13, E = 50 KeV

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
|
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navarro
Realce

navarro
Nota
cria a região P de baixa dopagen

navarro
Nota
o óxido deixa passar a dopagem

navarro
Nota
dopa o gate com P!! A dopagem N aplicada anteriormente é muito maior


Sub-CM OS Process

ﬁ

STRIP RESIT

#N

=l

6000 A
3 Field Oxide ) ] /
P-well N-well
Include D1-D3

Strip Photresist in Branson Asher

Rochester | nstitute of Technology

Microelectronic Engineering

[
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navarro
Nota
transistor com dreno e source formados mas com baixa dopagem


LPCVD OXIDE

ﬁ Sub-CM OS Process

;N

=
Field Oxide
~—) & C —

N P-well | N-well

=l

(i
ASM 6” LPCVD Tool ) el

Rochester | nstitute of Technology
Microelectronic Engineering

Target 4000 A

|
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navarro
Nota
Deposita óxido poe CVD. Não precisa ser de grande qualidade

navarro
Nota
não pode ser feito o crescimento do óxido por oxidação pois:
- usaria parte do silicio da lamina;
- necessitaria alta temperatura


Sub-CMOS Process

ﬁ

=

PECVD OXIDE FROM TE

55

TEOS Program: (Chamber A)
Step 1
Setup Time=15 ﬁ
Pressure =9 Torr
Susceptor Temperature= 390 C
Susceptor Spacing= 220 mils
RF Power = O watts
TEOS Flow = 400 scc

AME P5000

O2 Flow = 285 scc

Step 2 — Deposition
Dep Time = 55 sec (5000 A)
Pressure = 9 Torr
Susceptor Temperature= 390 C
Susceptor Spacing= 220 mils
RF Power = 205 watts
TEOS Flow =400 scc
O2 Flow = 285 scc

Step 3 —Clean
Time =10 sec
Pressure = Fully Open
Susceptor Temperature= 390 C
Susceptor Spacing= 999 mils
RF Power = 50 watts
TEOS Flow =0 scc
O2 Flow = 285 scc

: i

|
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navarro
Nota
tetraethylorthosilicato: Si(C2H5O)4:
- temperatura menor
- óxido de melhor qualidade

navarro
Nota
plasma

navarro
Nota
1.0 torr = (1/760) da pressão atmosférica


ETCH OXIDE TO FORM SIDE WALL SPACERS

Sub-CM OS Process #N

TEOS etch rate ~353A/min
Tota time 10to 13 min

Al

Fleld Oxide 2 {

P—Well N-well

Drytek Quad
ReC| pe FACSPCR

N-type Substrate 10 ohm-cm 65 sccm Ar

65 sccm CHF3

N

\

5 sccm O2
Power = 200 watts

Rochester | nstitute of Technology

Microelectronic Engineering Pr%sure 70 mTorr
Etch Rate = 33 nm/mi /
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navarro
Nota
a corrosão deve ser bem anisotrópica.

navarro
Nota
não ha como fazer aplicar um end pont. Não pode corroer todo o óxido


ﬁ Sub-CM OS Process

SIDE WALL SPACER ETCH IN DRYTEK QUAD

=

Drytek Quad
Recipe FACSPCR
65 sccm Ar

65 sccm CH Fég
5 sccm O2

Power = 200 watts N

Etch Rate = 33 nm/min

=

AR

Rochester | nstitute of Technology
Microelectronic Engineering

Pressure = 70 mTorr A

|
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navarro
Nota
Equipamento de plasma que permite etching mais anisotrópico

navarro
Nota
polimero para formar componentes que protegem as laterias dos materias e aumentam a anisotropia

navarro
Nota
precisa de um bom acerto dos tempos para não corroer todo o óxido


Sub-CM OS Process ;N

PHOTO 8 N+ D/S

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
|
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navarro
Nota
300 nm


ﬁ Sub-CM OS Process ;x

IMPLANT N+ D/S

P31, Dose=2 EE E=60KeV

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
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navarro
Nota
dose 100 vezes maior do que a anterior

navarro
Nota
óxido de 240 nm já serve para bloquear


ﬁ Sub-CM OS Process

IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology
Microelectronic Engineering

Lance Barron
Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes 0 - No in white boxes
DOPANT SPECIES MASK TYPE ENERGY

B1l 1 Resist 0 40 KeV

BF2 0 Poly 1

P31 0 Oxide 0

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 2961.954| Angstroms

2

Rochester | nstitute of Technology
Microelectronic Engineering

[
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Sub-CM OS Process

STRIP RESIST

#N

d N

Field Oxide 2

Include D1-D3
Strip Photresist in Branson Asher

Rochester | nstitute of Technology

Microelectronic Engineering
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Sub-CM OS Process

PHOTO 9 P+ D/S

P-well | N-well

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology

Microelectronic Engineering

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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ﬁ Sub-CM OS Process ;x

IMPLANT P+ D/S

B11l, Dose=2 EIS, E =50 KeV

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
| -
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navarro
Nota
dose 10 vezes maior


ﬁ Sub-CM OS Process

IMPLANT MASKING THICKNESS CALCULATOR

Rochester Institute of Technology
Microelectronic Engineering

Lance Barron
Dr. Lynn Fuller

11/20/04

IMPLANT MASK CALCULATOR Enter 1 - Yes 0 - No in white boxes
DOPANT SPECIES MASK TYPE ENERGY

B1l 1 Resist 0 40 KeV

BF2 0 Poly 1

P31 0 Oxide 0

Nitride 0

Thickness to Mask >1E15/cm3 Surface Concentration 2961.954| Angstroms

2

Rochester | nstitute of Technology
Microelectronic Engineering

[
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ﬁ Sub-CM OS Process #N

STRIP RESI ST, RCA CLEAN

Include D1-D3
Strip Photresist in Branson Asher

Rochester | nstitute of Technology
Microelectronic Engineering /
| -
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ﬁ

Sub-CM OS Process #N

RCA CLEAN AND DEPOSI T LPCVD OXIDEZ

Target 4000 A

e e 02\
i | I U l 1€ Xide ) -
N P-well | N-well '
N-type Substrate 10 ohm-cm
/_ \\ Rochester | nstitute of Technology

Microelectronic Engineering /
|
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navarro
Nota
PECVD TEOS


ﬁ Sub-CM OS Process

PECVD OXIDE FROM TEQOS

TEOS Program: (Chamber A)
Step 1
Setup Time = 15 sec
Pressure =9 Torr
Susceptor Temperature= 390 C
Susceptor Spacing= 220 mils
RF Power = O watts
TEOS Flow = 400 scc
O2 Flow = 285 scc
Step 2 — Deposition
Dep Time = 55 sec (5000 A)
Pressure = 9 Torr
Susceptor Temperature= 390 C
Susceptor Spacing= 220 mils
RF Power = 205 watts
TEOS Flow =400 scc
O2 Flow = 285 scc
Step 3 —Clean
Time =10 sec
Pressure = Fully Open
Susceptor Temperature= 390 C
Susceptor Spacing= 999 mils
A RF Power = 50 watts
)\ TEOSFlow =0 scc
O2 Flow = 285 scc

AME P5000

7 M
= e

|
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Sub-CM OS Process ;N

PHOTO 10 CONTACT CUTSE

N-type Substrate 10 ohm-cm

Rochester | nstitute of Technology
Microelectronic Engineering j
|
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navarro
Nota
Formação de contatos. É bem delicado. Os contatos tem todos as mesmas dimensões


ﬁ Sub-CM OS Process ;N

ETCH CONTACT CUTS

P-well | N-well

ol
N-type Substrate 10 ohm-cm Wet Etch in BHF, 3 min,

SRD

Rochester | nstitute of Technology
Microelectronic Engineering j
| -
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navarro
Nota
Ainda é aplicado o Wet etch para esta parte


ﬁ Sub-CM OS Process ;N

CONTACT CUT ETCH USING RI 2

Drytek Quad

Recipe FACCC

65 sccm Ar

65 sccm CHEF3

5 sccm O2

Power = 200 watts
Pressure = 70 mTorr
Etch Rate = 33 nm/min

Problem is no endpoint detection
available in thistool.

Vs \\ S

Rochester | nstitute of Technology

Microelectronic Engineering /
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navarro
Nota
RIE: reactive ion etch
o mesmo que chemical physical etching

navarro
Nota
problema de aplicar esta maquina para fazer o contato é saber o momento de parar. Caso pare cedo demais, fica algum óxido no contato e ele nao funciona; se demorar muito, estraga o silicio


ﬁ Sub-CM OS Process #N

STRIP RESI ST, RCA CLEAN

Clean includes 50:1 HF Dip twice once
after each bath to remove chemically grown
oxide

Include D1-D3
Strip Photresist in Branson Asher

Rochester | nstitute of Technology
Microelectronic Engineering /
| -
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navarro
Nota
o contato pode ser também no poli


ﬁ Sub-CM OS Process

MAKING SMALL (2um x 2um) CONTACT CUT BY WET ETCH

Contact Cut Lithography is difficult because of the complicated film
stack. The contacts are through 4000A TEOS oxide on thermal oxide
on poly on gate oxide. The poly has asilicide layer in the Advanced
CMOS process. The poly thickness might be 4000A or 6000A. The
TEOS may be annealed. Other contacts are to drain and source
through 4000A TEOS on thermally grown oxide of ~500A (from poly
reox step) plus gate oxide. The gate oxides are 330A, 150A, or 100A
depending on the exact process.

Contact cut etch isalso difficult. Plasma etch is difficult because of
the different oxide layers and thickness and the poor selectivity
between etching oxide and the underlying poly or drain/souce silicon.
Wet etch has problems with blocking. That is where the BOE can not
get into the small contact cut openings. Blocking depends on surface

g tension as measured by the wetting angle which depends on the type

of photoresist used.

U ONIC ENYINEENinyg /
[
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navarro
Nota
Buffered Oxide Etch)


ﬁ Sub-CM OS Process #N

MAKING SMALL (2um x 2um) CONTACT CUT BY WET ETCH

To ensure that the photoresist is cleared in the bottom of all the contact
cuts the exposure dose is increased to 285 mj/cm2 and track develop
timeisincreased to 3 min. This makes the 2um x 2um contacts alittle

larger ~2.2um by ~2.2um but they are clear regardless of the
underlying film stack.

oo

O0oo|
L0000

Rochester | nstitute of Te

Microelectronic Enginee /
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navarro
Nota
o azul indica que ainda há óxido no contato


ﬁ Sub-CM OS Process #N

MAKING SMALL (2um x 2um) CONTACT CUT BY WET ETCH

Wet etch has problems with blocking. That is where the BOE can not
get into the small contact cut openings. Blocking depends on surface
wetting angle. If blocking occurs some contact cuts will etch and

o while others will not etch asillustrated in the pictures above.

\

Rochester | nstitute of Technology

Microelectronic Engineering /
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navarro
Nota
contato bom

navarro
Nota
contato ruim


ﬁ( Sub-CM OS Process ﬁ

MAKING SMALL (2um x 2um) CONTACT CUT BY WET ETCH

To overcome the blocking problem we raised the boat completely out
of the BOE every 15 seconds throughout the entire etch. To be sureto
clear all the contacts the etch time was extended to 5 minutes
(approximately twice the expected etch time based on etch rates and
approximate film thicknesses) This approach gave excellent results

é for all the various film stacks as shown in the pictures above.

Microelectronic Engineering j
|
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RCA CLEAN

ﬁ Sub-CM OS Process

#N

APM

NH,OH - 1part

H,O - 15parts
70°C, 15 min

rinse, 5 min.

H,0 - 50

60 sec.

Rochester | nstitute of Technology

Hzé)2 - 3parts '

DI water |,

- HF-1 | —

DIl water H.0 - 50
rinse, 5 min. ' I—?IF- 1
60 sec.
HPM
HCL - 1lpart
H,O, - 3partse—— Dl water
H,O - 15parts rnse, 5 min.
70°C., 15 min
DI water SPIN/RINSE
rinse, 5 min. ' DRY

Microelectronic Engineering

Clean includes 50:1 HF Dip twice once after each bath
to remove chemically grown oxide

|
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ﬁ Sub-CM OS Process ;N

DEPOSIT METAL

0.75 pum Aluminum

) !u\_ = - : 'ﬂ"'l.‘,i
N P-well | N-well

CVC 601 Sputter Tool

Rochester | nstitute of Technology
Microelectronic Engineering
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ﬁ( Sub-CM OS Process ;N

PHOTO 11 METAL

§ Coat (Recipe: COATMTL.RCP)
8 400RPM for 2 seconds
8 2000RPM for 30 second@
e 8§ Thicknessof 13127A

§ Exposure
8 Energy: 140mJ/cm2

8§ Focus: 0.24um

\ § Develop (Recipe: DEVMTL.RCP)

§ Dispense 7 seconds
8 Wait 68 seconds
§ Hard Bake 2 min.

|
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navarro
Nota
foto resist mais espesso pois a lamina esta bastante irregular. Foto resist de 1,3 um

navarro
Nota
menor rotação para ter photo mais espesso


Sub-CMOS Process

ALUMINUM ETCH

‘Hﬁh ; @

LAM 4600 Aluminum Etch Tool

Step 1 2 3 4
Pressure (mtorr) 300 300 300 300
RF Top (W) 0 0 0 0
RF Bottom (W) 0 250 125 125

‘Gap (cm) 3 3 3 3
N2 25 25 40 50
BCI3 100 100 50 50
Cl2 10 10 60 45
Ar 0 0 0 0
CFORM 15 15 15 15
Complete Stabl Time endpoint |Oetch
time (s) 15 8 120 25%

\ Rochester | nstitute of Technology
Microelectronic Engineering
I © 7 March, 2005 Dr. Lynn Fuller, Motorola Professor |= Page 121
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navarro
Nota
Pode aplicar End Point


Sub-CM OS Process

ALUMINUM ETCH, ASH RESIST, SINTER

#N

0.75 pum Aluminum

Microelectronic Engineering

|
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ﬁ Sub-CM OS Process #N

BRUCE FURNACE RECIPE 101 SINTER

SINTER Recipe #101 Verified:2-24-04
Warm Push Stabilize  Soak Anneal Pull
450°C
25 °C 25°C
Interval O 1 2 3 4 5 6
Any N 12 15 30 5 15 min
Olmp 10 10 10 5 10 5 Ipm

None N2 N2/H2 N2/H2 N2/H2 N2 N2

At the end of arun the furnace returns to Interval O which is set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.

T

1N

Rochester | nstitute of Technology

Microelectronic Engineering Sl nter , T Ube 2 j
| .
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ﬁ Sub-CM OS Process #N

SINTER

Before Sinter After Sinter

m Reduce Contact m

il Resistance O

sili

+ charge region

atom that lost

Native Oxide

© Hydrogen, neutral region

® ™

2 Silicon DiOxide
/N
|

‘—— Interface
:‘r?

Icon

an electron “ _ ‘ Silicon Crystal
Vo | 1
Prazzez=aN Reduce Surface States
\ Rochester | nstitute of Technology

Microelectronic Engineering /
| -
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navarro
Nota
o átomo de H é pequeno e penetra até a interface no gate_oxide/Si

navarro
Nota
permite o alumínio penetrar no óxido

navarro
Nota
Na interface o H combina com Si que não tem nenhuma ligação. Com isso estabiliza a interface e reduz variações do VT


ﬁ Sub-CM OS Process #N

TAKE SEM PICTURES OF RING OSCILLATOR

|
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Sub-CM OS Process #N

SUBu CMOS

NMOSFET PMOSFET

0.75 pum Aluminum

(sl

u N+ D/S [\DD

+ LDD o, n+ well
\J\ gon\{va?cltl P-well N-well PHDIS contact '
Channel Stop
N-type Substrate 10 ohm-cm
A AN

Rochester | nstitute of Technology
Microelectronic Engineering /
| -
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ﬁ

The process islong and complicated and will take many months to
complete each lot. A computerized record keegping system is
required to provide instructions and collect data. MESA

System Application) from Camstar, Inc.

Sub-CMOS Process

MESA WIPTRACKING SYSTEM

;N

(Manufacturing Execution
runs on our AS/400 computer.

Rochester | nstitute of Technology

Microelectronic Engineering

© 7 March, 2005 Dr. Lynn Fuller, Motorola Professor
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Sub-CM OS Process

SUB MICRON CMOS PROCESS

5/10/01 MESA PCMSING 535401
14:01:59 Process Master Inquiry MICROGURU RIT

Type information. Then Enter, or use Roll keys to page.

Plant R A T RIT
Process/revw . . . . . SUB-CMOS 1.0 SUB-MICRON TWIN WELL CHMOS 4 IMCH WAF

H=Display VI=View instructions VO0=View operation
V5=View spec VP=View parameters VM=View move-in
Position to B
Operation Spec ID Rev Spec description
.00 ET10 LTD ETCH SUB-CMOS-ET10-CC SUB-CMOS ETCH CC
.00 ETO7 STRIP SUB-CMOS-ETO7-CC SUB-CMOS ASH RESIST
.00 CLO1 RCA CLEAN SUB-CMOS-CLO1-METAL SUB-CMOS CLO1 METAL
.00 MEO1 AL DEPOSIT SUB-CMOS-MEO1 SUB-CMOS MEGO1 AL DEP
.00 PHO3 PHOTOLITH SUB-CMOS-PHO3-METAL SUB-CMOS PHO3 METAL
.00 ETO5 AL ETCH SUB-CMOS-ETO5 SUB-CMOS AL ETCH
.00 ETO7¥ STRIP SUB-CMOS-ETO7-METAL SUB-CMOS ASH RESIST
.00 SI01 SINTER SUB-CMOS-5101 SUB-CMOS SI01 SINTER
.00 TEB1 TEST RES SUB-CMOS-TEO1 SUB-CMOS TEO1
o .00 TEBZ TEST XTR SUB-CMOS-TEODZ SUB-CMOS TEOZ +
FZ2=Fold F3=Exit FA=Prompt F1Z2=Cancel FZ23=More options FZ24=More keys

s

e Y el el

Rochester Institute of Technology
Microelectronic Engineering

|
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Sub-CM OS Process

INSTRUCTIONS

C

OdI'matlo

= [] =

(] []

[

5 =
g
g
g
] .
g
h .
g
agm
g

A=Fro

0 0
] = ~ta
[ ]
[1A04-H ]
=3 | [}
- - (] - [ () ' =l =
(] - - H" ] =y = I
FE B - 0 Operd i =
H < B £ Ood = =
= ACE = 3 algld
H AEE A = = = [ 08
PSP 800 R & i 03
o - E l = = - l ‘ ]
Reco ONE = if= = 0
[~ - ' -

Rochester | nstitute of Technology

Microelectronic Engineering
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Sub-CM OS Process

IMAGE DOCUMENTS

BRUCE FURNACE RECIPES

Recipe #350

loorC
Boat Out BoatIn Boat Out
Load Push Stahilize mp-Up Smk Anneal mp-Down Pull
s °C S00°C 8m °C
25°C
Interval0 Intervall| Interval2 Interval 3 Interval4| InteryalS  Interval o Interval 7

Any 12 min 15 min 20 min 120min S min 40 min 12 min
0 lIpm 151pm 15 Imp 10 Ipm 101pm 151pm 10 Ipm 151pm
none N2 N2 Oz 02 N2 N2 N2

At the end of a run the furnace returns to Interval O which 1s set for
boat out, 25 °C and no gas flow. The furnace waits in that state
until someone aborts the current recipe or loads a new recipe.
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Sub-CM OS Process

WIPTRACKING
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Sub-CMOS Process

SPC CHARTS
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ﬁ Sub-CM OS Process #N

SUMMARY

The process described can be used down to ~1.0 um gate length.

A new process for gate lengths down to 0.5 um is being devel oped
that involves shallow trench isolation, dual doped gates and other
process advances.

Several lots have been processed and final process adjustments are
being made.
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SUMMARY

ﬁ Sub-CM OS Process #N

The process described can be used down to ~1.0 um gate length.

that involves shallow trench isolation, dual doped gates and other
process advances.
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A new process for gate lengths down to 0.5 um is being devel oped
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ﬁ Sub-CM OS Process #N
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ﬁ Sub-CM OS Process

HOMEWORK - RIT CM0OS2003

#N

o Calculate the junction depth for both wells.

junction depth.

for Vth.

ISreverse biased by 3 volts.

Rochester | nstitute of Technology
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o Estimate the well doping by calculating the product of dose and

« Using the calculated well doping and a surface state density of
1E11 calculate the threshold voltage for nmos and pmos FETSs.

o Calculate the threshold adjust implant dose to give 1 and —1 volts

e Calculate the width of the space charge layer for the drain when it
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