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Use Analytical Equations to determine possible
Oxide thickness Substrate doping palrs
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Choose Tox=300Angstroms,
1.58x10%cm3

* Verify in TCAD with “drawn features”

 Make sure grid is appropriate

Tox, 300Anstroms, NA=8.4x1016cm-3
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Develop Gate Oxide Process

 Two Reclipes.

X+ A(um)X = B(um” | hr)t(hr)

X

SEMAlisy |

Gate_ < _Time | Gate_Ci<_Tmp M & Tox M B Mo _EXT WT
gdelm d.113e-02 dd4els |[-3415e+16 | -0.03

i 1100 1.68e+17 d112e-02 | 1.68e+17 |-6.82de+16 | 0.36
2aze+17 d113e-02 | 2.52e+17 |-9.485e+16 | 0.6OD

gdelm 3.105e-02 dd4eld |-2.6B36e+16 | -015

30 1000 1.68e+17 Tttt ——SS0daulfi | 0720 |
C8.0e+17 3.105e-02 | 3.0e+17 |-9.470e+16  0.60

Tox, 310 Angstroms, NA=3.0x101’cm-3



Develop Well Drive Process

e Assume first that all drive In iIs in the well
drive step (0=3el4 E=100kEV)
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This assumes that the bulk NA and the surface concentration will be the same.
(Before B segregation.)



Model all diffusions (NO OED)
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Model all diffusions (with OED)
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No appreciable difference.



After running the full process deck, the VT is found to be
1.34 volts.
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Vt was a lot bigger due to the fact bulk was supposed to be 3x10'’cm-3 not
5.45x10'cm3.
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The specification of 0.6 Volts was not met. What are out
options?

« Assume that there is an effect in the TCAD that we are not modeling
and just start increasing the well drive time until we meet specification.
» This sounds reasonable because in the past we have used hand
calculation to get close to an answer and then “explored the design
space” with the TCAD tool.

*\We are off in NA by a factor of two, can we see how much time we
need to change NA by a factor of two using our hand calculations?
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To reduce NA by a factor of two requires a three day diffusion!
Why does our design seem to require three days vs. one day?



Why does our design seem to require three days vs. one
day?

e This is really bothersome to have a calculation that is off by several
days, is not very helpful.

* After experiments with several well drive temperatures and time and
comparing the results to hand calculations, there all ways seem to be a
large error.

A quick review of other texted showed that not every one agrees on
the diffusion constant of Boron.



Try a different diffusion constant
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Why does our design seem to require

three days vs. one

AD = 625107 %
-E
& normal —2.55
“FO ( ’ FOJ
_g q q
Dy = Dy exp OE 1y AD- exp '
k'TGO k'TGD
TGD =273+ 1000 tGO = 30-a0 ] ;

- 10
Daotnn = 1204 10

Dt otat = Do twr + Proteo + Paptap + Pootoo

-8
Db a1 = 3-506 % 10

Q

‘fﬂ-DtTDtﬂl NH_Smf= Q04w ll:ll?

Ha suf=

TOX
J.103e-02

NA
0.db62e+16

VT
.23

With OED. This seems a factor of two,
too slow to get NA

Now takes nine days! TCAD matches
pretty well for a nine day well drive

This shows that we have agreement
between TCAD and hand calculations.
Nine days is still too long
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Nine days is still too long, what do we do?

We could run the well drive for 24 hours and what ever the VT
becomes is our new specification.

Develop a TOX process in our lab that can support a thin TOX
(If we can not control NA, Control TOX)

Use the fact that boron segregation is more severe at 900
Celsius, this oxidation temp will lower the surface boron

concentration.
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What to do?

There are at least three different values for Do and Ea in various
texts all based on experimental results. The most accurate thing to do
Would be to do a simple well drive and use the Hg probe CV meter to
determine which model is correct.



