(:mmi\‘os A |
EehvV= A w
h- 6626 107 dA h= ,%1‘,—
k- g5 0

_34
g™ A1 1

Ky —;g.éﬂﬂrf&;\/“"
>

Mamn o olichna® W‘Maﬂi&'cﬂ A £

¥ = .8 é % )
= d,zl; - ¢ Mana e b

AKL 6, oﬂé—(‘\t\ﬂ-az QXJ{\IL Mof;s ‘:Mk»ac)
b o Nede £ o= wg

Lva K/VQV‘@V’/\ Ao\ wlora ceap ol

A WA Mﬁac
ot brdn A Nde Hderdo & @M}aosoﬂfaw'cmj




—\,?—& ('\'l'(omaa\»;l‘fnzs
£$"WV\A/M 0‘4“‘5‘41'@/\0\ e (f\‘éo.\}oé-g
Miwh@_ﬁ;wﬂ (SC,) Ge C .)

/

6“—5‘6 (MOL‘J’O) : Zaf‘{Omcb (C’I é’é) Sc/...) a‘oc\kcay
P&a,w‘ - tovefenle — 2 alechases (V1)
_V"{"“LHOLGQA’? }om, Zc./ MO o
I T )
lide  omee e & /J’xdcmalo o aw%o4/
(olaboi tom  wm Rlechios prra. ﬁ}o,wé(&/,/q/
dowarnto Xoaowlbo.ﬂE, ouro %Mwy
(G'a\o):l\(v\—/la} Gugjp, G—qqg)

5&? 65 A f@ ’
A D
D A
&, ’ 5
v 5 A P

Rode ewbieo Je ,}Mw

(omt e Aan



é‘nquL\hdl‘de El' (s wo Jomnitwrdatyar #Fo-m

s 6’-—-71@ Be™ lempo de lecmlpivncas
k——? o &5&40«#

\/da,\,, (,‘P.-m w2 o cw\ (0 o
Ge=10""" = 1 2mt

MO(’)Q'M (wéos IR %) o o, \/ﬂ[ob&& A

g oliads
oﬁzc:Lae&‘ 0 aim mh&aﬁombm PZ‘
. wedida do forlidade wy»tosﬁtcdw

Mrwo\fe- Mo s o s
;’-z.\_gq e -;—.‘E:Es. = ¥ _%ZQ
[T ST oyt E P
2| = é
J‘M(v\ov\d/o Zc [y }ﬂ}*%:%e
f=MeBe

LG nepe b

L—P'Q“'\'leh_o ' /‘\



SGM'?OA/Duche:_ PE GAP b _
//Zaah';mf A eleclmses Ao B '\;’&;c“’ = .Djfzvv
&‘oiﬂl’hs de M- .‘ P pe 6C '—x
o o wes forcas
A—*&Yw\aa \)d‘o{om.\.qm& Ao \3;%
b W{\«ofesw poma-se dm antownnS Ao prrgin =
b Groca bidade dle wmovnambp.

ﬂeym Je oeaegws So Som yo»x« e '/%»I‘J—v;coé; vouhcans

(wma;aﬁd’a 2) patee & BV e B.C
o G lee w7 )&MWJ»‘MW 33 XO‘F oirec'fo,
- . ¢ é:

@ J;N\O{D db\ ec N""E) e W‘A’“"’M ﬂ/‘m.chw\w"t
< box Ao BV, A toviial olordse 2
LR £ olicman 45 5o0ve o Forfao 2 wm fomad
%DJCQ rovete A QAL W‘e,s.(aﬁu‘a A O,fo'»o.o'_a\
Wmt:‘& He MW‘W{.H é-:_;__;o.o’szv/ |
' TR



(100) $1113%
A

 54,7°

HEIL 77 TS i

Fig. 2.7 Profile of an etched trench in (100)-silicon
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Fig. 2.8 Trenches with vertical walls in (100)-silicon

Fig. 2.9  Shapes of etched deepings in (110)-silicon
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CMOS FRoczsS TecHnoloGy
Process Features

The CMOSO! process is a 1.6 um Poly Silicon gate CMOS technology.

It uses a 12 um p-type epi layer on four inch low ohmic p-type substrate wafers. The n-
channel device is made directly in the epi and the p-channel device is made in an N-well.
For the n-channel devices precautions are taken ( Ldd implants ) to prevent hot electron
gate oxide degradation mechanisms.

Some further characteristics:

Single Poly

Double Metal

Gate Oxide Thickness © 25nm
Minimum Gate Length : l.6um
Minimum Pitch for Metal 1 and Metal 2 : 4.8 um
Minimum Pitch for Poly Silicon . 40um
Nominal Supply Voltage . 50V
Maximum Ratings : -05w065V

MQOS Transistors W/L=20/1.6 @ 27 °C

Threshold Voltages, typical values

Vit_n 075v
Vi_p o -L10V
Saturation Currents @IVds!=5V, IVgsl=5V, IVbsi=0V

Ids,sat_n : 475mA
Ids,sat_p : 1.90mA



. Process Flow

The @MOSO! process is a conventional CMOS process, based on LOCOS. In the
following cross sections the process flow is shown for the construction of a basic CMOS
inverter, if the masks NW, OD, NWI, PS, SP, SN, CO, IN, COS and INS are applied.
For a detailed definition of these mask names see chapter 4.

Short desription of the subsequent process steps:

The starting material is a p-type substrate with a 12 um epitaxial layer.

A 660 nm thick oxide is grown and NW areas are defined. Phosphor is implanted and the
masking oxide layer is removed. Now the pad oxide stack, consisting of 40 nm oxide
and 100 nm nitride is defined by the OD mask.

Before growing the LOCOS oxide an NWI mask is applied. The NW region is masked
by both the pad oxide stack and the photoresist layer and this is thick enough to protect
the NW for the two following boron implantations. The first one with low energy is the
(parasitic) channel stopper, which is only present outside the pad oxide stacks. The
second implantation with high energy is the n-channel anti punch through implant. Due
to its high energy the boron implant can cross the pad oxide stack.

Now the LOCOS oxide is grown and the pad oxide is removed. A 25 nm gateoxide is
grown followed by a boron threshold adjust implant. Now poly silicon is deposited,
which is made low ohmic by phosphorous doping and the transistor gates, poly silicon
resistors and poly tracks are defined by the PS mask. The SN mask is applied and a
phosphor implantation forms the ODN+ areas for the source or drain of n-channel
MOSTs and N+ resistors. A gate spacer technology is used consisting of a deposited
TEOS oxide layer, which enables the formation of a so called D(ouble)D(iffused)D(rain)
or L(igthly)DD. The SN mask is applied again and the second implant is arsenic. Now
the SP mask is applied and boron is implantated, which forms the ODP+ areas for the
source or drain of p-channel MOSTs and P+ resistors.

The previous steps are defined as front-end processing and all the semiconductor devices
are made. What rests is ’just’ the connection between them and to the outside world.
The following steps are called back-end processing.

A 100nm TEOS layer and a 600nm B(oron)P(hosphor)S(ilicate)G(lass) layer are
deposited. The latter is reflowed to planarize the topology. The CO mask is applied and
contact windows are etched to reach ODN+, ODP+ and PS regions. The wafer is
covered with aluminium and the IN mask defines the first interconnect layer. Then
plasma oxide is deposited, which serves as insulating layer. The COS mask is applied
and contact windows are etched. The wafer is coverd again with aluminium and the INS
mask is applied to define the second interconnect layer. On request the last step in the
process can be the deposition of a scratch protection layer, which requires the CB mask
for definition of the contact openings to the bondpads.



Devices
Device Types

The following devices are available in the GMOSO1 process

Transistors

n-channel enhancement MOS transistor
p-channel enhancement MOS transistor
vertical pnp transistor (poor man’s bipolar)

Diodes

n+/p- junction diode (ODN+/SUB)
p+/n- junction diode (ODP+/NW)
n-/p- junction diode (NW/SUB)

Resistors/Conductors

Poly Silicon resistor (PS)

Diffused resistors (ODN+ and ODP+)
N-Well resistors (NW)

First metal resistor (IN)

Second metal resistor (INS)

Capacitors

IN-PS plate capacitor

INS-IN plate capacitor

INS/PS - IN sandwich plate capacitor
PS-ODN+ capacitor

Other resistors and capacitors should not be used. They are just parasitic elements,
which are not explicitly monitored and have values that can change due to process

variation.

A



Mask Names

The following mask names are reserved and can not be used for other purposes than
indicated.

Coding masks for the circuit designer to use:

NW - N-Well definition

OD - Oxide Definition for creating active area

PS - Poly Silicon definition

SP - Shallow P, P+ implantation definition

SN - Shallow N, N+ implantation definition

CO - COntact window definition of IN to OD or IN to PS

IN - INterconnect definition of first metal layer

COS - COntact window Second, definition of via from INS to IN
INS - INterconnect Second, definition of second metal layer

CB - Contact window Bondpad, definition of scratch protection openings

Additionally the following "software" masks can be specified to
explicitly define the functionality of the layers undemeath:

This may be useful for layout extraction programs.

GRN - Guard Ring N, NW/N+ definition

GRP - Guard Ring P, P+ definition

RNW - Resistor NW definition

RPD - Resistor Poly or OD definition

Physical masks, used for mask making:

NW, OD, NWI (*), PS, SP, SN, CO (**), IN, COS, INS, CB.

(*) Inverse NW mask. Necessary because only one type photoresist is used.

(**) Note that the CO mask can be a merged mask from the three different
contact types CON, COP and CPS as specified below.

CON - Contact hole for connection of IN with ODN+

COP - Contact hole for connection of IN with ODP+

CPS - Contact hole for connection of IN with polysilicon

i1



a7 Mask Numbering

In geaeral the following convention is used for the numbering of the
masxs in a Gds2 output layer file

Gds2 number: | in use for:
0-40 masks
41-51 plottext, pattern frame
52-62 for special use
63 bulk

Definition of mask numbering in Gds2 for the DIMOSO1 process:

Gds2 mask name | Gds2 mask number | inverted y/n | total grow[um]
NW o 10 n 0
oD (D 7 y 1.2
NWI 10 y 0
N 3 y 0.30
SN 6 n 0
SP [er /v 9 n 0
CO i 11 n 0
IN - 2 y 0
COS al n 0
INS - (% 22 y 0
CB 16 n 0
CON 31 n 0
COP 32 n 0
CPS 33 n 0
RPD 35 n 0
RNW 36 n 0
GRN 38 n 0
GRP 39 n 0
There are special mask layers, e.g. plottexts, which are not used for
making physical masks.
Gds2 mask name | Gds2 mask number | in use for;
PTODN 41 plottext attached to OD
PTPS 42 plottext attached to PS
PTIN 43 plottext attached to IN
PTINS 44 plottext attached to INS
BB 40 Bounding box




4.5 Layout design rules

Definitions used in the layout design rules

thin oxide - OD covered with PS.

OD N* - OD covered with SN.

oD P* - OD covered with SP.

cold N-well - N-well connected to the most positive voltage (VDD).
hot N-well - N-well not connected to the most positive voltage.

cold diffusions :

outside the N-well - adiffusion which has the same potential as the substrate.
inside the N-well - adiffusion which has the same potential as the N-wel
hot diffusions :

hot N* diffusion - all N* diffusion regions outside the N-well which have a

potential not equal to the substrate voltage

hot P* diffusion - all P* diffusion regions inside the N-well which have a

potential not equal to the N-well potential.

Terminology and numbering used in the layout design rules

0.

1.

6.

7.

general rule without specification of geometry in um.

width or dimension of A

space between two regions of A

overlap of B over A (in all directions)

separation from A to B

extension of A edge beyond B edge (in 1 or more directions)
extension of A region inside B region (in 1 or more directions)

rule for the specified layer, conceming other masks

Note: All specified geometries must be interpreted as Dimensions On Silicon.

A2



Level : NW - N-Well

NW.L1

NW.2.1

NwW.2.2

The dimensions of NW are determined by other rules,
however the minimum dimensions are A 8.0 um

Minimum space between two NW regions
with at least one not connected to VDD (hot well) B 12.8 Hm

Minimum space between two NW regions,
both connected to VDD (cold wells) C 80um
Merge if spacing is less.

Figure 4.3.2. NW Design Rules
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Level

0OD.0.1
OD.1.1

OD.2.1

OD.3.1
OD.3.2
ODA4.1
OD.4.2

OD.4.3

¥Tncla s

: OD - Oxide Definition

OD areas have to be covered with either SN or SP (see SN and SP rules)

Minimum OD width for interconnect

Minimum space between two OD regions
(both regions are inside or outside an N-well)

Minimum NW overlap over OD P+

Minimum NW overlap over OD N+ (N-well contact)

Minimum separation from OD N+ to a cold N-well

Minimum separation from OD N+ to a hot N-well

Minimum separation from OD P+ to NW (substrate contact)

N\ \
A

_—

n+ N+

xS

Y

p+

Figure 4.3.3. OD Design Rules
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