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Half adder

A D—o SUM
B
>—o CARRY
Entitiy with \ / Architecture with

interface description implementation

o [ et s I e
B — — CARRY B — — CARRY
entity HALFADDER is architecture RTL of HALFADDER is
port(A, B : in bit; begin
SUM, CARRY: out bit); SUM <= A xor B;

end entity HALFADDER; CARRY <= A and B;

end architecture RTL;
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Description

Alternative/
distinctive shape
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storage battery
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represents the positive
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Schematic Design

_ Netlist __
!

Physical Design

!

ﬁyout data |

N3 N5
N1l [v2 %o—c

N4
3D}

~EL JEe—r
Net-oriented netlist Pin-oriented netlist
(N1: a, x.IN1, y.IN1) (a: N1)
(N2: b, x.IN2, y.IN2) (b: N2)
(N3: x.OUT, z.IN1) (c: N5)
(N4: y.0UT, z.IN2) (x: IN1 N1, IN2 N2, OUT N3)
(N5: z.0UT, c) (y: IN1 N1, IN2 N2, OUT N4)

(z: IN1 N3, IN2 N4, OUT N5)
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System level Board level Chip level

Each subsystem (PCB) can Determining subcircuits ICs are partitioned into smaller
be designed and that can be realized as blocks that can be designed
manufactured indepently separate units independently for the purpose
(ICs, MCMs) of reducing complexity
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90 Pins

Example: [ Net 23 at Pin A_44
/
[ Net 23 at Pin B_3
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1st Step: Placement 2nd Step: Routing

Cell density Connection density

-
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during
placement
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Considering
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during

placement
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unrouteable)

High
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Differential
signaling

(R, G1) =(Ry, G,)
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Functional/Logic Design Formal Verification

Circuit Design

HDL Design  Schematic Design Functional Verification
\ — (Simulation)
| Netlist |
| Timing Verification

Physical Design

l / Geometric Verification

[ layout data | (DRC, ERC)

|

Physical Verification Extraction, LVS
\

Layout Post Processing
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Technological

constraints

Functional
constraints

Design-
methodology
(geometry)
constraints

Physics/Reality

( N
Semi-conductor

process
\ J
( K N
Packaging
process
N J
4 A
Circuit
function
-

( N
Circuit
reliability
\ J
(No dependency)

1st abstraction
(Formalization)

Description
(Meta level)

( ] N
Geometrical
design rules

\ y,

( N

Assembly rules

\ y,

Netlist

Constraints
L (Partly formalized))

( A
Electrical

design rules
N\ y,

ck

2nd abstraction

(Formalization)

Physical design

DRC

Manual /
Checks

LVS

Manual /
Checks

Manual /
ERC

Standardization

Reduction of the

degrees of freedom



What is checked? How is it checked? m

Model check

Equivalence check

Simulation

DRC (OPC, RET)

LVS

PEX (plus simulation)

ERC

Testing

Logical characteristic (Assumption
is true?)

Logical equivalence of two
descriptions

Circuit behavior vs. specification

Layout vs. technological
constraints
(manufacturability)

Layout vs. schematic

Impact of parasitics on circuit
behavior

Layout vs. electric process
boundaries (reliability)

Compliance for practical usage

Mathematical models

Mathematical models

Virtual experiment (stimuli
and output)

Geometrical design rules

Netlist extraction from
layout, rule based
Parameter extraction from
layout, rule based; followed
by simulation

Connectivity extraction from
layout, rule based

Real experiment, customer
checking

Formal verification

Formal verification

Functional
verification

Geometric
verification

Geometric
verification

Geometric and
functional verification

Geometric
verification

Validation



Formal verification:
Equivalence Check Testbench

Behavioral models

Start of design flow:
Specification

Functional

Behavioral view Structural view verification:

Formal verification:

- Simulation
Model check I L‘ 4
Macro blocks Q:Q
Functional blocks Electrical verification: \,
Register, ALUs ERC “

s

Specification c‘/ Clewg
Algorithms V‘ b

Module description ‘
C}(C\“t’ey&

Boolean equations

Rptes. flip-flops

3

Transfer functions Transigtors Goal of design flow:
J Graphic data for
7y Polygons Technology file | mask fabrication
Cells

lg#rplan, clusters
‘ Physical partitions

Geometric-electrical

. . ) verification:
Geometrical/physical view PEX + Simulation
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Top view

______________

/Width rule a )
Spacing rules b,, b,
Extension rule ¢
Intrusion rule d

Antenna rule
(Metal to gate area)

Enclosure rule e )

Side view
ity Metal 2
II_ T ________ -
Metal 1
Gate
- Thin gate oxide —>- Poly




Electrical rule
violation

Geometrical
design rule
violation

.

Bl /* Electiic Rules Check I =] B3 |3

—— | Graph generation is OK. Starting ERC... ;
— iError: Pin Q0 (Out] of Subcircuit U2 is in conflict with pi Qut] of Subcircuit U2,
Warming: Pin RCO of Subcircuit U1 is not connected.

Re-check | Close
oT B1 ==
&® 1
B U Display
Q0 -—%m [;u cdal q—J
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Layout

Extraction

Extracted netlist

)/ #rev:990222 GD - ExtractRules File

onnect(N Well, ndiff, ndiff)
connect(subs, pdiff, pdiff)
connect(allsubs, subs, subs)
connect(ndiff, Metal1, Active Contact)
connect(pdiff, Metal1, Active Contact)
connect(Poly, Metal1, Poly Contact
connect(Metal1, Metal2, Via)

How are layers connected
and thus nets defined?

<—| Extraction file

(LVS rules) How are devices defined?

How are device parameters
determined?

NMOS transistor with poly1 gate
device = MOSFET(
RLAYER=ntran;
Drain=ndiff, WIDTH;
Gate=Poly;
Source=ndiff, WIDTH;
Bulk=subs;
ODEL=NMOS;




Schematic

Original
netlist

/—

Layout

Extraction

Report

© G

Extracted
netlist

* How are nets defined?

« How are devices defined?

Extraction file  How are device parameters
(LVS rules) determined?

Layout netlist C:AMyChipshclass\NAND2.spc Parsed and Flattened
Schematic netlist C:\MyChipsiclass\NAND2.sp Parsed and Flattened
Prematch file: -

Element description file

Output file: NAND2.out Done

Node and element list  C:\MyChipsiclass\NAND2.Ist Done

Result: Circuits are only topologically equal.  Note: 0 error(s), 4 warning(s)

Warning: Parametric mismatch between elements NAND2.spc: M2:L=1.5e-006 W=1.8e-005 and NAND2.sp: MNMC ;]
75% done
80% done
85% done
90% done

Warning: Parametric mismatch between elements NAND2.sp: MPMOS_2:L=5e-007 W=2.4e-006 and NAND2.spc: b
Warning: Parametric mismatch between elements NAND2.sp: MPMOS_1:L=5e-007 W=2.4e-006 and NAND2.spc: b

95% done
100% done

FINAL RESULT

Circuits are only topologically equal.
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l e Sealring
| *  Filler structures

| Layout data

| Chip Finishing (Sect. 3.3.2)
Physical Verification
R AP Tapeout ------ * Test patterns

| | « Alignment marks

Layout Post Processing Recticle Layout (Sect. 3.3.3)

Mask data Layout-to-Mask Preparation Grafics operations
(Sect. 3.3.4) e Resolution enhancement

l *y techniques (RET)

Fabrication * Fracturing
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3 «— OPC mask layout
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