EAMTA 2006




Introduccion a VLSI

Clase 2: Layers y layout



Programa

El Transistor MOS
Layers y Layout
Logica Combinacional

Logica Secuencial y Subsistemas




Organizacion

Elementos de Software de disefio

Layers de Procesos

O

0

m Reglas de disefio

m [ayout de transistores MOS
O

Capacidades de un transistor MOS




Elementos de software de diseino




Elementos de Software de Diseno
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Layers de un Proceso

m [ayer de Nwell

Layer Activo
Difusiones (N y P)
Poly

Metales




N-Well

Assuming a p-type wafer, n-
channel transistors are fabricated
directly in the wafer; p-channel are
fabricated in an “n-well”

Processes with n-well over p-
substrates are called n-well
processes

Substrate is also known as bulk or

body

N-well forms a diode (normally
reverse blased) with the substrate
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N-well: diode capacitance

B When the diode 1s reverse-biased
(typical situation)

Anode % Cathode

L= CJ 0 p-type n-type
J . m 000008@??798 s s e nean
—d 00000 epletio! S000000
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I'wo plates of a capacitor

B Two components: bottom capacitance
and sidewall capacitance
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Bottom capacitance

Sidewall capacitance

Ch, zero-bias depletion capacitance

p-substrate

A

CJ.O = CjOb + CJ.OS Cj()b = Capacitance per area X bottom area

(C .. = Capacitance per arca x depth of well x perimeter

jOs
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Va, diode voltage

NAND
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n.
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C;, diode depletion capacitance
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Active and Diffusion Layers

B Active layers, both n+ and p+ are used to make the

source and drain of MOSFET’s

B Active defines the oxide mask where doping will take
place: Regions outside Active have FOX (Field Oxide)

2 Ective Ective
L

m N select and P select define the doping mask

-

W select —%/D N+ Implantatia&%:n

! —[@ Select —l_S/D P+ Implantation
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Poly Layer

m Polysilicon is made up of small crystalline regions of silicon
m Poly is used for the gates of MOS transistors

B They can make resistors and local connections for transistors

- .

o ey
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Metal layers

m  Metal layers are used to interconnect devices
(transistors, resistors, inductors and capacitors)

m Vias are used to interconnect the different
metal layers
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Metal parasitics: R

m Resistance Metall
Vial.
M1 M2 M3 -
MetalZ
Rs 0.09Q /o 0.09Q/a | 0.05Q/o G
14d
IMetalB

B A line of minimum width and 1mm long (1100 and
666 O long, resp.)

M1 M2 M3
Rs 100 Q 100 Q 33 Q2
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Metal parasitics: C

m  Area capacitance (all values in aF/um?)

| | M1 | M2 | M3

A A A A A A B R substrate |32 |16 |10

| ' M1 31 13

M2 31

m  Fringe capacitances (all values in aF/pum)

M1 M2 | M3
< D substrate | 76 59 39
M1 51 33
M2 52
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Metal Parasitics: L

B A metal line exhibits an inductance that can be estimated as:

L= 125 (nH / mm)

%+1.393+O.667 1{% +1.44}

S A Insulator S
g hy FOX 3
>

b p-sub

B Assumption: w > h
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Metal: Current Capacity

Before electromigration Ramping up the voltage

B Due to electromigration wires
can be damaged

B For Aluminum, the maximum

current density (rule of thumb)
is:

Gap grows wider

mA
um

1
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Vias

m Connection between different
metal layers

m Can be stackable in modern
processess

m Vias exhibit a contact resistance
given by the process

®m They also have a current limitation
given by the electromigration
phenomenom. Typically,
0.5mA/cnt

P+ N+

Contact R [Q] [126 | 57.5 0.82 0.79
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Design Rules




Reglas de Diseno

m Necesidad

1 Proceso fotolitografico tiene
imprecisiones

1 Sucesivos pasos de procesos

tfotolitograficos tienen errores de
alineacion

1 Difusiones se extienden mas alla
de los limites

\_ nhtype /

p type




Scalable Design rules (SCMOS)

m Scalable CMOS (SCMOS) is a set of logical layers together with
their design rules

process- and metric-independent interface to all CMOS processes
B The designer works in the abstract SCMOS layers and metric
unit ("lambda").

B In the SCMOS rules, circuit geometries are specified in the Mead
and Conway's lambda based methodology [1].

Unit of measurement: lambda
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Reglas de diseio

m Hay varios tipos de reglas de diseno
1 Reglas de separacion
1 Reglas de tamano minimo

1 Reglas de tamafo exacto

1 Reglas de cubrimiento (overlap)




N-Well: Design rules
NWELL: N Well Rules

O
<< 4 errorsg >>

12°

1.1 wath

—ii.2 Space = 18.[dif‘f. pot!
: —Eot Checked 1! il

_‘T.E Sf:uace B fsame‘. pl:nt.:I

File: wAMIs05.tdb  Cell: DRC 1 Well



Act Design Rules

2.1 Width = 3 2.2 Space = 3

2.3 Bpace: Act to Wel.Edge . 2.4 Space:
a. to Well Edge = © a. WelCnt to Wel.Edge

4
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N+ and P+ rules

_E.ﬂb{ﬂ.lb Sou;ceﬁ@raiq Width =.3 La

+
a

+
a

ﬁﬁ%@Spacef%geTlap+Act-= 7

_E:5X426 Not Existing
= 7

to Sel.Edge = 1 @.4a 4.4b wWidth

ot

JAo o 4.4d Space = 2

=N




Act contact rules

B In this case, there 1s a
special contact to join
metal and active
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.28 Field Act Overlap'= 1.5




Poly rules
s
3.1 Width = 2~ 3.4 Source/Drain Width = 3

Escuela Arg




Poly contact rules

%5.1A+Exacﬁ Size = 2 X 2

*

!! LDL? ! !

_%.2A%Eield Poly Ovelap'= 1.5
space to Gate = 1.5

4B.BA Spacing = 3

r=- r=s

1 |+—T-|- [

+ + * + LEEAE) L=
m = 5 = = 5 = =




Metal 1 Design Rules: Separation

9.1 Width = 3

TALL

2 Spac1ng

'JF




11 ¢ B
G 1S gty

Metal 1 Design Rules: Cnt Overlap

AT
N

+

+

%7.3+Ove£lap of PolyCnt =1

POL

%7.4+Oveﬁlap of ActCnt =1

_EELECT



Metal 2 rules: Separation
%ﬁ.l Width = 3

+
g&L i I

9 24 Spa01ng +(miﬁ width wires)+

L LI

9. 4 6 Lambda




Metal 2 Design Rules: vial Overlap

_|_+ . B .

9.3 Overlap of VIA = 1

E@Lﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

e
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Metal 3 rules: Separation

5.1 Width = 5

+15.2 Spacing = 3




Metal 3 Design Rules: via2 Overlap

15.3  overlap of Via2 - 2




Via 1 rules
m

8.1 Exact Size =2 % 2
: Hor, 2 : : : :
H B H

P S I - I

+8.2+Spacing = 3

[ A i o
+ + + + + + fma T e
q

u%.3+0veriap By Metall= 1
% -I;u_.m! HLTALL

Escueli

Stacked Vias are allowed:
8.5 rules are disabled

8.5 Space to Poly Edge =

E

6.2 Space to Act Edge = 2

2



Via 2 rules

Jﬁéfll Exar;t Si;e =+2 b4 2




Layout de Transistores MOS




N-Channel MOSFET

| Channel width: W
| Channel length: L




N-channel MOS

gate oxide
bulk

n" polysilicon gate drain T
interconnect

deposited source

oxide interconnect

. o n" drain diffusion N
field n source diffusion e I o p

diff

oxide [ p-type ]

m Diffusions are equal. Potential on them will define S and D
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P-channel MOS
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Latchup

e

p-substrate

(a) Origin of latchup
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R
mwell p-source

n-source
r/ ?Rpsubs

—_—

(b) Equivalent circuit



Latchup: solution

Bulk contacts

VDD
e sms s sms s s
PMOS
NMOS
GND

Bulk contacts
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Transistor MOS: Capacidades




MOSFET Capacitances: Gate-Bulk

m  Gate-Bulk capacitance dominates

B Depending on the operation mode this capacitance changes
1 a) cut-off: no charge. Appers directly as Cgb

1 b) resistive: channel acts as a shield, Cgb=0. Capacitance distributes between drain
and source

1 ¢) saturation: Cgd and Cgb are zero. All capacitance 1s Cgs

m  Digital Design: Saturation and cut-off are the most important

* "Adapted from Digital Integrated Circuits, by Rabaey et. al. Copyright 2003 Prentice Hall/Pearson."

i | | |. |I|. ||/- i |/ ||. .



Gate Capacitance Behavior

WLC,, | Coc
WiCo | Ciep Cees = Goep
2
|
Vas

Capacitance as a function of VGS
(with VDS = 0)

* "Adapted from Digital Integrated Circuits, by Rabaey et. al. Copyright 2003 Prentice Hall/Pearson."
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WLC

ox

WLC,, |

Coc
2WIC,,
Cocs 3
Coep
0 Vis/VesVp

Capacitance as a function of the

degree of saturation



Gate Capacitance Summary

Operation Region Cop Cos Cod
Cutoff CoxWgs 0 0
Triode 0 CoxWih,mi2 CoxWiLlymi2

Saturation 0 (2/3)C,, WL, & 0

B In cutoff, linear capacitor
B [n triode, this C is splitted between S and D

B In saturation it 1s necessary to integrate the charge in the channel
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MOSFET Capacitances: Overlap

m  Overlap capacitances are Cgso and Polysilicon gate
Cgdo

Coso =Cox, W
Copo =Co.x, W

m  Values are given by unit width:

Gate-bulk
overlap

Cgso = CGSO / W = Coxxd
ngo = CGDO / W = Cox‘xd

Top view

* "Adapted from Digital Integrated Circuits, by Rabaey et. al. Copyright 2003 Prentice Hall/Pearson."



MOSFET Capacitances: Diffusion

Channel-stop implant

N1

Side wall

Source
Np

Bottom

%1 S~
< . Channel
Ls SubstrateN,
Caisr = Cooom + Coy = C;XAREA +C,  x PERIMETER

= {’_Tj"':‘.‘:? W+ [}5\»1'{2"{‘5 + W}

* "Adapted from Digital Integrated Circuits, by Rabaey et. al. Copyright 2003 Prentice Hall/Pearson."
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MOSFET Capacitances

G
s
&
Cas Cep
¢ - -
S S S
CSB 1 T ICGB 1 CDB

!

* "Adapted from Digital Integrated Circuits, by Rabaey et. al. Copyright 2003 Prentice Hall/Pearson."
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Appendix




SPICE MODELS

B [evel 1: Long channel equations — very simple

m [ecvel 2: Physhical model — includes velocity saturation and
thresholds variations

B [ evel 3: Semi-emperical- based on curve fitting to measured
devices

B [evel 4: (BSIM) Emperical — simple and popular
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Esi

AMI 0.5 typical parameters (T36s)

MO3I8 FPARAMETRIC TEST RESULTS

RUN: T36S YENDOR: AMI
TECHNOLOGY: SCHNOS FEATURE SIZE: 0.5 microns
PROCESS PARAMETERS Ht+ P+ POLY PLYZ_HR POLYZ MTL1 MTLZ
Sheet BResistance 81.8 10Z2.0 ) ogg 40 . 4 o.09 0.09
Contact BResistance ) 125.9 L ] 25.6 0.87

Gate Oxide Thickness 141

PROCE33 PARAMETERS MTL3 HLZPLY H_W UONITS
Sheet Resistance 0.05 820 810 ohms/ =g
Contact Resistance o.79 ohms=s

COMMENTS: N\POLY is HN-well under polysilicon.

CAPACTTANCE PARAMETERS N+ P+ POLY POLYZ M1 M2 M3 N W

Area (substrate) 424 730 87 32 16 10 40
Area (Htactiwve) 2450 3é 16 11
Area (Ptactiwve) 2360

Area (poly) 858 a7 16 =
Area (poly2) 52

Area (metall) J1 13
Area (metalZ) 32
Fringe (substrate) 310 251 76 59 39
Fringe {(poly) 61 38 28
Fringe (metall) 51 33
Fringe {(metalZ2) 52
Overlap {(N+actiwve) 201

Overlap {(Ptactiwve) 262

UNITS
ohms/=q
ohms
angstrom

THITS
aF/fum™2
aF/um™2
aF/um™2
aF/fum™2
aF/um™2
aF/um*2
aF/um”™2
aF/fum
aF/um
aF/um
aF/fum
aF/fum
aF/um



Poly Resistor

m MOSIS webpage data for AMI 0.5 RIN_Well) = 22Q /0

m Exercise: Layout and extract a resistor (minimum width) of
1K. Try to make a square design

B Number of squares to achieve the desired resistance =

1000/22 o = 45.5
m Sctting W =2 A then L. =91 A
m Run DRC, extract and verify

+ + + + + + + + + + +




Equivalent size of corners and dogbones

m Folding the resistor leads to compact designs

m Squares and corners contribute partially to the material resistance

—»| 7 j— ¥ W

U
W . 3W
[ y | $

.65 squares

0.56 squares

(a) (b)
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Metal parasitics: C

m HExample: Two lines of M1 and M2 of 1mm running on top of
each other

B A pad is typically 100pm X 100pum of M2 on top of M1 on top

of substrate. Calculate total capacitance:




Ejercicio

Realizar el Layout del siguiente
circuito

Extractar

Correr LVS con el archivo
generado por SPICE (provisto)




