TSUPREM Example:

Implants
Electrical Statement — Sheet Resistance, Vi, eshold

1. Example looks at an MOS capacitor fabrication similar (but not
exactly like) the 423 process. It looks at the area under the gate.
2. Example illustrate implant profiles
3. Most useful point for the next reports is the use of the electric
statement to get Tsuprem calculation of:
a. Sheet Resistance
b. MOSFET VT
Related to this, the plot electric statement is also illustrated
4. Other process points are illustrated.
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MESH GRI D. FAC=0. 03 LY. BOT=5

I NI TI ALI ZE BORON=6. 1e16

Dl FFUSI ON TEMPERAT=1100 Tl ME= 5 DRYQ2

Dl FFUSI ON TEMPERAT=1100 TIME= 60 F. 2=1.75 F. H2=2.5
Dl FFUSI ON TEMPERAT=1100 Tl ME= 5 DRYQ2
SELECT Z=DOPI NG

PRI NT. 1D LAYERS

SELECT Z=LOGL0( BORON)

PLOT. 1D COLOR=3 RI GHT=1 Botton¥l2 top=21
ETCH OXI DE ALL

i npl ant damage=true i nmpurity=arseni c dose=5ell energy=100
SELECT Z=LOGLO( ar seni c)

PLOT. 1D COLOR=2 RI GHT=1 Botton¥l2 top=21
SELECT Z=LOGL0( BORON)

PLOT. 1D COLOR=3 "AXES “cl ear

SELECT Z=LOG10( dopi ng)

PLOT. 1D COLOR=1 line.typ=2 "AXES “cl ear
Dl FFUSI ON TEMPERAT=1000 TI ME= 25 DRYQ2
SELECT Z=DOPI NG

PRI NT. 1D LAYERS

SELECT Z=LOGLlO( ar seni c)

PLOT. 1D COLOR=2 RI GHT=1 Bottomr12 top=21
SELECT Z=LOGL0( BORON)

PLOT. 1D COLOR=3 "AXES “cl ear

SELECT Z=LOGL0( dopi ng)

PLOT. 1D COLOR=1 line.typ=2 "AXES “cl ear
Deposition material =poly thickness=0.5

i npl ant danmage=true i npurity=phosphorus dose=5el5 energy=100
SELECT Z=LOGLO( phosphor us)

PLOT. 1D COLOR=4 RI GHT=1 Bottonrl2 top=21
SELECT Z=LOGlO( ar seni c)

PLOT. 1D COLOR=2 “axes “cl ear

SELECT Z=LOGLO( bor on)

PLOT. 1D COLOR=3 “axes “cl ear

SELECT Z=LOGL0( dopi ng)

PLOT. 1D COLOR=1 line.typ=2 "AXES “cl ear
di ffusion nitrogen Tenperat=1000 tine=30
SELECT Z=LOGLO( phosphor us)

PLOT. 1D COLOR=4 RI GHT=1 Botton¥l2 top=21
SELECT Z=LOGLO( ar seni c)

PLOT. 1D COLOR=2 “axes “cl ear

SELECT Z=LOGL0( bor on)

PLOT. 1D COLOR=3 “axes “cl ear

SELECT Z=LOG10( dopi ng)

PLOT. 1D COLOR=1 line.typ=2 "AXES “cl ear
SELECT Z=DOPI NG

PRI NT. 1D LAYERS

SELECT Z=phosphor

PRI NT. 1D LAYERS

SELECT Z=boron

PRI NT. 1D LAYERS

El ectric resist

electric threshold nnos gate.elec bul k.reg=1 vstart=-10 vstop=10 vstep=0. 01
plot.1d electric
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EIR R R R S I I I I I R R Advanced Appllcatlon ,\/bdule Avallabl Ilty kkkkhkkhkhkhkkhkkkkikkkihkhki*k
Ext ended Defects : available for use
User - Speci fi ed Equation Interface . available for use
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Entering source file inplant.inp.

MESH GRI D. FAC=0. 03 LY. BOT=5
I NI TI ALI ZE BORON=6. 1e16
** Automatic X grid generation: lines at X=0 and X=1 m cron.
** Automatic Y grid generation.
2 lines in the x direction.
779 lines in the y direction.
Dl FFUSI ON TEMPERAT=1100 TI ME= 5 DRYQ2
Dl FFUSI ON TEMPERAT=1100 TI ME= 60 F. ®2=1.75 F. H2=2.5

*** Partial pressures of oxidizing species: H20=0.833333 2=0.166667
=> (Xxi dation rate based on partial pressure of HO

Dl FFUSI ON TEMPERAT=1100 TI ME= 5 DRYQ2
SELECT Z=DOPI NG

PRI NT. 1D LAYERS

** Printing al ong X VALUE=O:

Num Mat eri al Top Bott om Thi ckness I nt egral
1 oxide  -0.3446 0. 2692 0. 6137 -2.3608e+12
2 silicon 0. 2692 5. 0000 4.7308 -2.8110e+13

SELECT Z=LOGL10( BORON)

PLOT. 1D COLOR=3 RI GHT=1 Bottonrl2 top=21

** Plotting al ong X VALUE=O0.

** Plotting to device: "x" (specified by DEFPDEV environnent vari abl e)
ETCH OXI DE ALL

i npl ant damage=true i nmpurity=arseni c dose=5ell energy=100

*** \Warni ng: PD. TRANS nodel enabled to sinmulate effects of inplant damage.

SELECT Z=LOGLO( ar seni c)
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PLOT. 1D COLOR=2 RI GHT=1 Botton¥l2 top=21
** Plotting al ong X VALUE=O.

SELECT Z=LOGL0( BORON)
PLOT. 1D COLOR=3 "AXES “cl ear
** Plotting al ong X VALUE=O.

SELECT Z=LOGL0( dopi ng)
PLOT. 1D COLOR=1 line.typ=2 "“AXES “cl ear
** Plotting al ong X VALUE=O0.

Dl FFUSI ON TEMPERAT=1000 TI ME= 25 DRYQ2
SELECT Z=DOPI NG

PRI NT. 1D LAYERS

** Printing al ong X VALUE=O0:

Num Mat eri al Top Bott om Thi ckness I nt egral
1 oxi de 0. 2526 0. 2806 0. 0281 -2.0252e+11
2 silicon 0. 2806 0. 3751 0. 0945 9. 4386e+10
3 silicon 0.3751 5. 0000 4.6249 -2.7495e+13

SELECT Z=LOGLO( ar seni c)
PLOT. 1D COLOR=2 RI GHT=1 Bottonrl2 top=21
** Plotting al ong X. VALUE=O.

SELECT Z=LOGL0( BORON)
PLOT. 1D COLOR=3 "AXES “cl ear
** Plotting al ong X VALUE=O.

SELECT Z=LOG10( dopi ng)
PLOT. 1D COLOR=1 line.typ=2 "AXES “cl ear
** Plotting al ong X VALUE=O.

Deposition material =poly thickness=0.5

i mpl ant damage=t rue i nmpurity=phosphorus dose=5el5 energy=100
SELECT Z=LOGLO( phosphor us)

PLOT. 1D COLOR=4 RI GHT=1 Bottonrl2 top=21

** Plotting al ong X VALUE=O.

SELECT Z=LOGLO( ar seni c)
PLOT. 1D COLOR=2 “axes “cl ear
** Plotting al ong X VALUE=O.

SELECT Z=LOGL0( bor on)
PLOT. 1D COLOR=3 “axes “cl ear
** Plotting al ong X VALUE=O.

SELECT Z=LOGL10( dopi ng)
PLOT. 1D COLOR=1 line.typ=2 "AXES ~cl ear
** Plotting al ong X VALUE=O0.

di ffusion nitrogen Tenperat=1000 ti ne=30
SELECT Z=LOGLO( phosphor us)

PLOT. 1D COLOR=4 RI GHT=1 Bottomr12 top=21
** Plotting al ong X VALUE=O0.

SELECT Z=LOGLO( ar seni c)
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PLOT. 1D COLOR=2 "“axes “cl ear
** Plotting al ong X VALUE=O.

SELECT Z=LOGL0( bor on)
PLOT. 1D COLOR=3 “axes “cl ear
** Plotting al ong X VALUE=O.

SELECT Z=LOGLO( dopi ng)

PLOT. 1D COLOR=1 line.typ=2 "AXES “cl ear

** Plotting al ong X VALUE=O0.

SELECT Z=DOPI NG
PRI NT. 1D LAYERS
** Printing al ong X. VALUE=O0:

Num Mat eri al Top
1 pol ysilicon -0. 2474
2 oxi de 0. 2526
3 oxi de 0. 2585
4 silicon 0. 2806
5 silicon 0.3725

SELECT Z=phosphor
PRI NT. 1D LAYERS
** Printing al ong X VALUE=O0:

Num Mat eri al Top
1 pol ysi licon -0.2474
2 oxi de 0. 2526
3 silicon 0. 2806

SELECT Z=boron
PRI NT. 1D LAYERS
** Printing al ong X VALUE=O:

Num Mat eri al Top
1 pol ysilicon -0. 2474
2 oxi de 0. 2526
3 silicon 0. 2806
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Bott om Thi ckness

0. 2526 0. 5000
0. 2585 0. 0059
0. 2806 0. 0222
0.3725 0. 0919
5. 0000 4.6275

Bott om Thi ckness

0. 2526 0. 5000
0. 2806 0. 0281
5. 0000 4.7194

Bott om Thi ckness

0. 2526 0. 5000
0. 2806 0. 0281
5. 0000 4.7194
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I nt egral
. 8597e+15
. 6513e+11
. 6035e+11
. 7497e+10
. 7456e+13

I nt egral
. 4516e+15
.0788e+11
.2177e+01

I nt egral
. 0012e+09
. 0407e+11
. 7898e+13
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El ectric resist

KRR I R R R I I I STRLK:'I’URE I NFO:Q,VATI O\I R b S S Rk b kR
LAYER MATERI AL THI CKNESS REG ON DI FTYP THI CKNESS

3 polysilicon
2 oxi de
1 silicon

0. 5000 1 n  0.5000
0. 0281 0. 0281
4.7194 2 n  0.0843

1 p  4.6253

TOP BOTTOM

-0. 2474 0. 2526
0. 2526 0. 2806
0. 2806 0. 3649
0. 3747 5. 0000

IR R EEEEEEREEEEEEEREEEREEEREEEREEEEREEEREEEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

Bi as step 1

0.00 (Volts)

LR R R EEEEEREEEEEEEREEEEEEEREEEREEEEREEEREEEEREEEEEEEEEREEEEEEEEEEEEE SR SRS E S

Mat eri al

Thi ckness Type Junction Depth

Sheet Resi stance

pol ysilicon
oxi de
silicon

5000 A N 0.50 um
281 A
4.72 um N 918 A
P 4,72 um

28 ohni sq

> 100 K ohnt sq
624 ohnt sq

EE R I R R R S I R I R I I R R I R R R R S I R R R R R R R S R R R I S O

electric threshold nnobs gate.elec bul k.reg=1 vstart=-10 vstop=10 vstep=0.01

KR S S S I STRLCI’URE I NmeTI O\I R b b S O R I
LAYER MATERI AL THI CKNESS REG ON DI FTYP THI CKNESS

3 polysilicon
2 oxi de
1 silicon

0. 5000 1 n  0.5000
0. 0281 0. 0281
4.7194 2 n  0.0843

1 p  4.6253

TOP BOTTOM

-0. 2474 0. 2526
0. 2526 0. 2806
0. 2806 0. 3649
0. 3747 5. 0000

khhkkhkhhkhhhhhhdhhhdhhhdhhhhdhhhdhhhdhddhdddhdddhdddhdddhddhddrdhddrdhddrdhddrdrdrdrdrdrdrdxx*

*** This is a depletion N MOSFET

Threshold (volts)

Extrapol ated from:

0. 152

bi as=0. 490 conduct ance=1. 8798e- 05
bi as=0. 500 conduct ance=1. 9353e- 05

plot.1d electric

Exiting source file inplant.inp.

*** END TSUPREM 4 ***
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(200@3.695)

TMA TSUPREM-4

10.00

.08 5.00

Vol tage (V)

-5.00

‘19.00

PE0DO" 0
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N —
02000° 0 01000° 0
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