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Magic VLSI Layout Tool
http://opencircuitdesign.com/magic
https://github. Com/RTlmothyEdwards/maglc
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Magic VLSI Layout Tool
GDS Generation

: Geometry
Layout view | | Transformation | —» (I\élaaDsg)data
(.mag file) Operators

November 4, 2021 WOSET2021 ICCAD



Magic VLSI Layout Tool

Mask Data Layout in Magic

Some kind of FET. . . PFET nFET
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Magic VLSI Layout Tool

NFET PFET
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Magic VLSI Layout Tool

native nNFET

HVT pFET
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Magic VLSI Layout Tool

p-region

n-region

(All layout done using the SkyWater 130nm Open PDK)
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Derived Layers

ndiff = (DIFF and NSDM) and-not NWELL

ptap = (DIFF and PSDM) and-not NWELL

ntap = DIFF and NSDM and NWELL

pdiff = DIFF and PSDM and NWELL
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Automatically Generated Layers

Geometry

Layout view Transformation | —~ | Mask data
(-mag file) Operators (GDS)

gds wite filename
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Automatically Generated Layers

drawn layout

ndiff
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generated mask data
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Automatically Generated Layers

odiff

minimum distance from ndiff to pdiff

| PSDM
ndiff ~—— surrounds
DIFF
~
NSDM . 1 O distance
surrounds N DIFF to NSDM
DIFF S
distance
DIFF to PSDM
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Automatically Generated Layers

odiff

minimum distance from ndiff to pdiff

ndiff derived DRC rule for derived layers
[

custom DRC deck
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Automatically Generated Layers
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Automatically Generated Layers

Grow by additional 1/2 minimum space
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shapes merge when
overlapped in Magic
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Automatically Generated Layers

Shrink by 1/2 minimum space
X K X K
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Automatically Generated Layers

Catecorner with overlap |
Catecorner without overlap
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Automatically Generated Layers

Catecorner with overlap |
Catecorner without overlap
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Automatically Generated Layers

Catecorner with overlap _
Catecorner without overlap

November 4, 2021 WOSET2021 ICCAD



Automatically Generated Layers

'NSDM width
violation

Catecorner with overlap
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shapes separate
after shrink \

NS
NSDM
spacing

violation

Catecorner without overlap
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“BRIDGE"” Operator

Detects catecorner
geometry after
initial GROW

Catecorner with overlap |
Catecorner without overlap
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“BRIDGE"” Operator

Added shapes
satisfying NSDM
minimum width at
all points

Catecorner with overlap |
Catecorner without overlap
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“BRIDGE"” Operator

Resulting NSDM
shapes

Catecorner with overlap

November 4, 2021

Catecorner without overlap
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“BRIDGE"” Operator

Other
Implant
shape

/7

Overlap error
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“BRIDGE"” Operator

Other
Implant
shape

alternate orientation
of bridge would avoid
the overlap error
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Contact Areas Iin Magic

Contact as drawn Contact cuts as output in GDS
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Automatic Contact Cut Generation in Magic

Drawn layout Contact cut placement

Substrate guard ring
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Automatic Contact Cut Generation in Magic

The algorithm handles cut placement in arbitrary shapes
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Automatic Fill Pattern Generation in Magic

Layout before fill Layout after fill
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“CLOSE” Operator
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“BLOAT-ALL"” Operator

1 P RPM (silicide block) layer
(shaded area) created from
1 resistor layer type and using

L BLOAT-ALL to extend to

Include the contacts.
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orange region = drawn resistor
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“BBOX" Operator

) ) generated
bbox top” used to ﬂ‘ 250um‘ﬁ ID layer

mark region 250 um
from the chip edge
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“BOUNDARY" Operator

Generated ID layer

Boundary (shaded area)

matches the

4
AL SIS LSS e
abutment box
7
of the standard ——— 7
s o £ _;.!.'{.. s . . o i v}..

cell (cell property
“FIXED _BBOX”)
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“GROW-MIN" Operator

- e Resistor Is thin and growing RPM
' g | | 7 |l — tothe minimum surround rule

X distance around poly does not

| meet RPM minimum width.
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“GROW-MIN" Operator
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“MASK-HINTS” Operator

NPC etch

=

layer

/

Auto-generated layer is not
best for standard cell abutment

property MASKHI NTS NPC "-10 184 542 266"

‘‘‘‘‘
LIS SRy

Mask hint makes output
better for abutment
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Conclusions

Magic's interface depends on automated mask data generation
Magic has useful geometry operators for writing mask data
New operators overcome long-standing issues

New operators extend automation capabillities

The old dog can be taught new tricks!
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