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CMOSVL S DESIGN
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THE NEED FOR CAD

With millions of

Impossible to

check layout, circuit

design, etc.

e

transistorsper chipitis

design with noerrors
without computersto

performance, process

\ Rochester | nstitute of Technology
Microelectronic Engineering
|

© December 31, 2007 Dr. Lynn Fuller




ﬁ CMOSVL S DESIGN ﬁ

COMPARISON OF DESIGN METHODOLOGIES

Full Custom Design
Direct control of layout and device parameters
Longer design time s
but faster operation
more dense

Standard Cell Design
Easier to implement -
Limited cell library selections £

Gate Array or

Programmable Logic Array Design il =
Fastest design turn around -2

—= Reduced Performance
\
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STAGESIN THE CAD PROCESS

Problem Specification
Behavioral Design
Functional and L ogic Design
Circuit Design
Physical Design (L ayout)

Fabrication Technology CAD (TCAD)

Packaging
Testing
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CMOSVL SI DESIGN
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DESIGN HEIRARCHY - LEVELS OF ABSTRACTION

ALU

A=B+C Behavioral Model
If (A) then X: =Y
RAM Block-Functional M odel
Gate-Level Mode

‘Hj Transstor level M odel

Geometric M ode
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PROCESS SELECTION

It is not necessary to know all process details to do CMOS
integrated circuit design. However the process determines
Important circuit parameters such as supply voltage and maximum
frequency of operation. It also determines if devices other than
PMOS and NMOS transistors can be realized such as poly-to-poly
capacitors and EEPROM transistors. The number of metal
Interconnect layersis also part of the process definition.

\ Rochester | nstitute of Technology
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RIT SUBu CMOS
RIT Subu CMOS —
150 mm wafers —
Nn-well = 3E16 cm-3 L
X]=25um
Np-well = 1E16 cm-3
X]=3.0um
LOCOS
Field Ox = 6000 A Long
Xox =150 A Channel
Lmin= 1.0 um Behavior
LDD/Side Wall Spacers
Vdd =5 Volts, Vto= +/- 1 Volt
___Two Layer Meta
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RIT SUB CMOS

p+ well LDD P+ D/S

NMOSFET PMOSFET

0.75 pum Aluminum

Iy -'éﬁ_-.l'_'l. s

) nepis N -— ~LDD

N+ Poly

n+ well
contact

contact P-ywe N-well

\

Channel Stop

N-type Substrate 10 ohm-cm
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RIT ADVANCED CMOS VER 150

=)

RIT Advanced CMOS

150 mm Wafers

Nsub = 1E15 cm-3 or 10 ohm-cm, p
Nn-well = 1E17 cm-3

X]=25um

Np-well = 1E17 cm-3

X] =25 um

Shallow Trench Isolation

Field Ox (Trench Fill) = 4000 A
Dual Doped Gate n+ and p+

Xox =100 A

LDD/Nitride Side Wall Spacers
TiSI2 Sdlicide

Channel
Behavior

Lmin=0.5um, Lpoly = 0.35 um, Leff = 0.11 pm
Vdd = 3.3 volts
Tungsten Plugs, CMP, 2 Layers Aluminum Vto=+- 0.75 volts

-

L

Long
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CMOSVL SI DESIGN
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RIT ADVANCED CMOS

=)

NMOSFET PMOSFET
N+ Poly P+ Poly
/ /
|| | |
o+ wel N+ D/S P+ D/S P wel
contact
P-well [N-well Lpp CO”taj
Rochester | nstitute of Technology
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ﬁ CMOSVL S DESIGN ﬁ

LAMBDA, Lmin, Ldrawn, Lmask, Lpoly, Lint, Leff, L

Lambda = design rule parameter, | , 1e 0.25um

IEEEREEE L min = min drawn poly length, 2| 0.50um
REEER | mask = ? Depends on +/-bias 1.00um x 5
[ _Lpoly |

G '»iLresist after photo (resist trimming??) 0.50um
ate \ L poly after poly etch 0.40um
Source at OV - L poly after poly reoxidation 0.35um
Drain at 3.3V 0.30um
0.20pm
0.11um
L Ldrawn = what was drawn

Internal Channel Length, Lint =distance between junctions, including under diffusion
Effective Channel Length, Leff = distance between space charge layers,Vd=Vs=0
Channel Length, L, = distance between space charge layers, when Vd= what it is
Extracted Channel Length Parameters = anything that makes the fit good (not real)

—— . 4
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CMOSVL SI DESIGN

MOSIS TSMC 0.35 2POLY 4 METAL PROCESS

General Information
About MOSIS
Products

Processes

Erices

Support

User Group

Events

Job Openings
Mews

Work with MOSIS
Qverview

Getting Started
Design and Test

Requests
Eun Status

Project Status
Test Data

Docs and Forms
Documents

Forms/&greements
wWeb Faorms

Quick Reference
Mew Usaers
Experienced Users
Purchasing Agents
Design and Test
Academic Institutions
Export Program
Submit & Project

Search MOSIS

Search |

http://www.mosis.com/T echnical/Desi gnrul es/scmos/scmos-mai n.html#tech-codes

MOSIS SCMOS Technology Codes and Layer Maps
SCN4M and SCN4M_SUBM

This is the layer map for the technology codes SCH4M and SCN4M_SUBM using the MOSIS Scalable CMOS layout rules
{_SCMOS), and only for SCHN4M and SCHN4M_SUBM. For designs that are laid out using other design rules {or technology
codes), use the standard layer mapping conventions of that design rule set. For submissions in GDS format, the datatype is
"0" (zero) unless specified in the map below.

SCH4M: Scalable CMOS M-well, 4 metal, 1 poly, silicided. Silicide block and thick oxzide option available anly on the TSMC
process,

SCN4M_SUBM: Uses revised layout rules for better fit to sub-micron processes {see MOSIS Scalable CMOS {SCMOS) Design
Rules, section 2.4).

Fabricated on TSMC, AMIS, and Agilent/HP 0.35 micron process runs, See "Notes" section of layer map for foundry-specific
options.

Layer GDS CIF CIF Synonym Sscl:ltli?:ln Notes
N WELL 42 CWN
ACTIVE 43 CAA
THICK AGTIYE 60 CTA Optional for TSMC; not available for Agilent/HP nor AMIS
POLY 46 CPG

SILICIDE BLOCK 29 CSB
M PLUS SELECT 45 CSN
P _PLUS SELECT 44 CSP
CONTACT 253 GCGC CGCG a, 6,
POLY CONTACT 47 CGCCP
ACTIVE CONTACT 48 CCA

Optional for Agilent /HP; not available for AMI

Can be replaced by CONTACT
Can be replaced by CONTACT

EREELE s B o
(= T R o, T = I =« CN R = R 2 R = - I = O I

METAL1 49 CM1 CMF
VIA 50 CV1 CVaA

METAL2 51 CM2 CMS

VIA2 61 CV2 CVS TSMC 0.35 micron 0.25 SCHN4ME
METAL3 62 CM3 CMT 2P4M (4 Metal

VIA3 30 V3 CvT Polycided, 3.3

METAL4 31 CM4 CMQ WAE N

GLASS 52 €OG

PADS 26 XP Non-fab layer used to highlight pads

Comments -- GCX Comments

© December 31, 2007 Dr. Lynn Fuller |= Page 13




ﬁ CMOSVL S DESIGN ﬁ

MOSIS TSMC 0.35 2-POLY 4-METAL LAYERS

MASK MENTOR GDS | COMMENT
LAYER NAME | NAME #
N WELL N_well.i 42
ACTIVE Active.l 43
POLY Poly.i 46
N PLUS N_plus select.i 45
PPLUS P_plus select.i 44
CONTACT Contact.i 25 Active contact.i 48
poly contact.i 47
METAL1 Metal 1.i 49
VIA Vial 50
____|METAL2 Metal 2.i 51

N

\
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MORE LAYERS USED IN MASK MAKING

=)

LAYER NAME GDS | COMMENT
cell outline. 70 Not used
alignment 81 Placed on first level mask
NnwW _res 82 Placed on nwell level mask
active lettering | 83 Placed on active mask
channed_stop 84 Overlay/Resolution for Stop Mask
pmos vt 85 Overlay/Resolution for Vt Mask
LDD 86 Overlay/Resolution for LDD Masks
p plus 87 Overlay/Resolution for P+ Mask
n plus 88 Overlay/Resolution for N+ Mask

Rochester | nstitute of Technology

Microelectronic Engineering
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CMOSVL SI DESIGN

ﬁ‘

Design Layers
N-WELL (42) i
ACTIVE (43) %
POLY (46) ]
P-SELECT (44)
N-SELECT (45) [_]

-

CC (25) L

METAL 1(49)
VIA (50)

METAL 2(51)

OTHER LAYERS

Other Design Layers

P+ Resolution (87) I8

Vt Resolution (85)

85 Active Resolution (83) |

W Resolution (88)

o
o u O\

—
-
—
e
—

< i

S
<

46

/

—

xﬂ'ﬁ W

///

//A

=

45

/7 " o
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LAMBDA BASED DESIGN RULES

The design rules may change from foundry to foundry or for
different technologies. So to make the design rules generic the
Sizes, separations and overlap are given in terms of numbers of
Iambda(l ). The actual size isfound by multiplying the number by
the value for lambda.

For example:

RIT PMOS process| =10 pum and minimum metal width
Is3| sothat gives aminimum metal width of 30 um. The RIT
CMOS process (single well) has| =4 pum and the minimum metal
width isalso 3| so minimum metal is 12 um but if we send our
CMOS designs out to industry | might be 0.8 um so the minimum
metal of 3| correspondsto 2.4 um. Inall casesthedesignruleis
the minimum metal width = 3 |

S

\ Rochester | nstitute of Technology
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ﬁ CMOSVL S DESIGN /ﬂ

LAYOUT RULES

Perfect Overlay Slight Overlay
Not Fatal

Misalignment
Fatal

Layout rules prevent dlight misalignment from being fatal.

\ Rochester | nstitute of Technology
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ﬁ CMOSVL SI DESIGN

MOSIS LAMBDA BASED DESIGN RULES
http://www.mosis.com/design/rules/
Wl Activein p-well Poly
—-|l
_.n 10 |<—_’ 6 |e— L —>|3 -« 4_.
3l | | m| | :
? ...... P J‘ BT
Ll g = L=
Diff~ —»{9|+— N % 11 - SR . well edge Poly | T T
Potential Potential  -Substrate 5 I T i
(Outside well) p+ n+ 2|—
a1
ac“vel 3 metal
“TTw wl] | I
m = '
» 0| <
o f ....-" o ' "'/’::-” :
If | =1pmthencontactis | L

—

\

e 2umx 2 pm
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ﬁ CMOSVL S DESIGN ﬁ

MOSIS LAMBDA BASED DESIGN RULES

http://www.mosis.com/design/rules/

MQOSIS Educational Program

| nstructional Processes Include:
AMI | =0.8 um SCMOS Rules
AMI | =0.35 um SCMOS Rules

Research Processes:.
go down to poly length of 65nm

Rochester | nstitute of Technology

Microelectronic Engineering /
[ /
| M

© December 31, 2007 Dr. Lynn Fuller Page 20




Versus Schematic) and DRC (Design Rule Checking). Our

MENTOR toolsfor LVS and DRC (asthey are set up) require
separate N-select and P-select levels in order to know an NMOS

transistor from a PMOS transistor. Although either an N-well, P-
well or both will work for atwin well process, we have set up our

DRC to look for N-wdll.

MOSIS REQUIREMENTS

MQOSIS requires that projects have successfully passed LV S (Layout

\ Rochester | nstitute of Technology
Microelectronic Engineering
' -
i © December 31, 2007 Dr. Lynn Fuller Page 21
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RIT PROCESSES

At RIT we use the SMFL-CMOS or Sub-CMOS processes for most
designs. In these processes the minimum poly length is 2um and
1um respectively. We use scalable MOSIS design rules with lambda
equal to 1um and 0.5um. These processes use one layer of poly and
two layers of metal.

The examples on the following pages are designs that could be made
with either of the above processes. As aresult the designs are
generous, meaning that larger than minimum dimensions are used.
For example| = 1um and minimum poly is 2l but biased to 2.5um
because our poly etch isisotropic. (aternatively this biasing could be
done at mask making)

The design approach for digital circuitsisto design primitive cells
and then use the primitive cells to design basic cells which are then

‘EE used in the project designs. A layout approach is also used that

allows for easy assembly of these cells into more complex cells.

i
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PRIMITIVE CELLS

NAND4
Etc.

Primitive Cdlls
|nverter
NOR2
NOR3
NOR4
NAND2
NAND3

Rochester | nstitute of Technology

Microelectronic Engineering
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CMOS INVERTER

+V
j lldd
> PMOS
I
Vino—| ’—OVout
Ii NMOS
CMOS
TRUTH TABLE
VIN |VOUT W =40 pum
o Ldrawn = 2.5um
e e Tty Lpoly = 1.0um

il | cff = 0.35 Hm /
: © December 31, 2007 Dr. Lynn Fuller |= /
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ﬁ CMOSVL S DESIGN ﬁ

NOR and NAND
VA VA —
VBD VOUT o _)O— VOUT
VA VB |VOUT VA VB |VOUT
0 0 1 0 0 1
+V 0 1 0 0 1 1
1 0 0 1 0 1 +V
1 1 0 1 1 0

Vo
I})
ks
L]

5

VOUT VA

2y A1

VOUT

Lo Hove
VB

Rochester | nstitute of Technology
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AND OR 3 INPUT AND 3 INPUT OR

VA j‘ VA
VA VA VB VOUT VB —VOUT
VB D vOouT VB D‘ VOUT v VC

OTHER LOGIC GATES

VA VB |VOUT VA VvB |vouTl VA VBVC|VOUT vA vB vC NVOUT
0 0 0 0 0 0 O 0 O 0 O 0 O 0
0 1 0 0 1 1 0O 0 1 0 0O 0 1 1
1 0 0 1 0 1 O 1 0 0 0 1 0 1
1 1 1 1 1 1 O 1 1 0) O 1 1 1

1 0 O 0 1 0 O 1

1 0 1 0 1 0 1 1
— 1 1 O 0 1 1 O 1
T Do o D Do e 1 1 1] 1 1 1 1 | 1

S

N

\
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ﬁ CMOSVL S DESIGN ﬁ

BASIC CELLS
Basic Cells
XOR
D FF XOR
JK FF

Input A

Data Latch @__L‘ o A\ AB
XOR

Input B
Port in "\ — A )
XOR = A'B+AB
_/ A ‘ ’
| : AB
‘ : Bl

Rochester | nstitute of Technology

Microelectronic Engineering J
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nverter
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VI 1

7]

4

=g
B
>

1
1
H— |

0

=

r
——

ot
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DFLIPFLOP

4— Q
DATA ::>__;§:>0L__QBAR
CLOCK

Q=DATA IF CLOCK ISHIGH

Rochester | nstitute of Technology
Microelectronic Engineering

FILP-FLOPS
R o R S Q
| 0 0 | On1
RSFLIPFLOP 0 1 1
S | oBAR 1 0 0
1 1 INDETERMINATE

|IF CLOCK ISLOW Q=PREVIOUSDATA VALUE
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CMOSVL SI DESIGN
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EDGE TRIGGERED D FLIP FLOP

CLK |

Positive Edge Trigoered

1 I FF —D Q—
_}(j @ |

Inputs Cutputs

D ¢ | 9 g

o T[] o 1

1T T 1 0

X 01qQ Q

X 11 ¢ @
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TFLIPFLOP

TOGGEL FLIPFLOP

O
7

oy Q

- QBAR

o0 o |
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PROJECTS

Multiplexer
Full Adder
Binary Counter

4.1 Multiplexer

\ Rochester | nstitute of Technology
Microelectronic Engineering
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MULTIPLEXER

e
e

-
-

nands inands

nver
nver
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DE MULTIPLEXER

> g} Q
De-multiplexer | — g C 2 L_% Q.
p{zfq Q,

1 O«

Q,=A'BI INPUTS  OUTPUTS

so that when 1=0 Q, =0 A BlQ Q Q Q

or when 1=1Q,=1 O ol O O O

0 1{0 1 0 O

I similarly for Q,, Q, and 1 0{0 O I O
Y FOr Qu Qz 8N4 Qs 1 1|0 o o |

Hé N Q,=ABI
I © December 31, 2007 Dr. Lynn Fuller = j
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DE MULTIPLEXER

In_4 IN_B 1n-1
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CMOSVL SI DESIGN
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J

FULL ADDER
e e (-
)
A B CIN| SUM COUT W,
O 0 O 0 0
O 0 1|1 O _
O 1 O 1 0
O 1 1 0 1 —
1 00| 1 O _>
1 0 1 0) 1
1 10| 0 1 )
11 1|1 1 _/
Rochester | nstitute of Technology }
Microelectronic Engineering
A B Cin
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FULL ADDER

=

mandsinandX

éiﬁverter
Lnvert er
oo ST

inverter

-

11 ]
14;;=======m Rochester | nstitute of Technolog
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CMOSVL SI DESIGN

8-BIT BINARY COUNTER

T Q—Q0 42

aml dod ) .

T QfF— 44

C QF— 45

T Q—@ 46

Co— g

T Q——%3 48

C 9 49

T o— @4 50

CQF— 51

T QF—as 52

C QF— 53

T Q Q6 54

C QF— 55

40 T Q—%7 56

COUNT ¢ o o7
ENAELE

Rochester | nstitute of Technology
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8-BIT BINARY COUNTER

nverter
L i
nverter

nverter
5 :
nverter
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FILE FORMATS

(——

Mentor- ICGraph files (filename.iccdl), all layers, polygons
with up to 200 vertices

GDS2- CALMA files (old IC design toal) (filename.gds), al
layers, polygons

MEBES- files for electron beam maskmaking tool, each file
one layer, trapezoids only

\ Rochester | nstitute of Technology
Microelectronic Engineering
|
© December 31, 2007 Dr. Lynn Fuller |= Page 45




RIT SUB-CMOS PROCESS

NMOSFET

N -

PMOSFET

LVL 2-ACTIVE

LVL 1-n-WELL

CC

POLY

ACTIVE

PSELECT

N SELECT

N-WELL

LVL 3-STOP

n Lr

LVL 4-PMOSVT

[ ]

LVL 5-POLY

11 PHOTO
LEVELS

LVL 9-METAL




RIT ADVANCED CMOS

NMOSFET PMOSFET
, N+ Poly , P+ Poly
] | | | ]
o+ well N+ D/S P+ D/ 1+ whl
i"m oD N-well LDD cont
P-well

12PHOTO LEVELS+ 2 FOR EACH ADDITIONAL

METAL LAYER

CC

POLY

ACTIVE

PSELECT

N SELECT

N-WELL

LVL 1-STI DL_L7 oL DD
[
LVL 2-Nwall I:ILVL 8- NLDD
Iy
LVL 3-Pwel DLVL 9— N+D/S
[ [
D'-VL S I:ILVL 10— P+D/S
i I}I
LVL 5-VTN

| |

LVL 6-POLY

LVL 12-METAL 1
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OTHER MASKMAKING FEATURES

Fiducial Marks-marks on the edge of the mask used to
align the mask to the stepper

Barcodes

Titles

Alignment Keys- marks on the die from a previous
level used to align the wafer to the stepper

CD Resolution Targets lines and spaces

Overlay Verniers structures that allow measurement
of x and y overlay accuracy

Tiling

Optical Proximity Correction (OPC)

Rochester | nstitute of Technology
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enclose the design in pnv.

A-A’ just after level 5 lithography.
4. Doesthe designer draw the

A

alignment marks, fiducial marks,

resolution and overlay features?

A1

HOMEWORK - CMOSVLSI DESIGN

1. Sketch and label the seven layout layers of a CMOS 2-input OR
gate that uses the MOSIS lambda based design rules and uses
minimum area. Calculate the area of the smallest rectangle to

2. What lithographic layers are not drawn by the designer in the
Adv-CMOS process? How are they created?
3. For the p-well CMOS layout shown below sketch the crossection

—
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