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Today’s Lecture

B -
. Layers and Masks

. Design Rules
. Transistor Layout
. Klayout and DRC/LVS demo!




Design Rules

E—— L —
* Interface between the circuit designer and process
engineer

» Guidelines for constructing process masks

« Unit dimension: minimum feature size (transistor gate
length)
— scalable design rules: lambda parameter
— absolute dimensions: micron rules

* Rules constructed to ensure that design works even
when small fab errors (within some tolerance) occur

* A complete set includes

— set of layers
— intra-layer: relations between objects in the same layer
— inter-layer: relations between objects on different layers
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Why Have Design Rules?

E— B
To be able to tolerate some
level of fabrication errors

such as
1. Mask misalignment

2. Dust

3. Process parameters

(e.qg., lateral diffusion) w

4. Rough surfaces
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Typical CMOS Process
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Typical CMOS Process Layers

Layer Key points:
Well (p,n) N-well process U p-type wafer (no p-well)

Diffusion (Active area) determines where

Diffusion _
transistors may go
Polysilicon Poly overlapping with active = transistor
Select (p+,n+) Select is where n+ and p+ ion implantation
occurs; it can be used to place an opposite
type region (e.g., put p+ select within n-well to
create a p+ well plug, more later)
Contact To Poly All contacts/vias are the same size
Contact To Diffusion
Via

LI, Metal1, Metal2
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Layers in the book’'s 0.25 um
CMOS process

Laver Descniption Representation
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Sky130 Layers
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Basic Field-Effect Transistor
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Intra-Layer Design Rules

* Minimum dimensions (e.g., widths) of objects on each
layer to maintain that object after fab

— minimum line width is set by the resolution of the patterning
process (photolithography)

* Minimum spaces between objects (that are not
related) on the same layer to ensure they will not
short after fab

e Exact dimensions ... «——
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1

via.l via.2

via.3

Width of metal1

Spacing of metal1 to metal1



(Some) Intra-Layer Rules
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Inter-Layer Design Rules

Transistor rules — transistor formed by overlap of
diffusion (also called active) and poly layers

Transistors _
Catastrophic
error, source
and drain are
shorted

Unrelated Poly & Diffusion

Diffusion region is more

resistive (narrower),
‘ but still working

But never use diffusion for

routing!
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Some) Inter-Layer Rules
B 000 |

V/
/ —g‘ poly.
2 =
l ———
mcon
0.8 metl.5
WV, 2
h 7 - .
met1 4 P le——
Mcon must be enclosed by Met1 by at least ...
(Rule exempted for cell names documented in P 0.030 um
(ml.4)
(poly.4) Spacing of poly on field to diff (parallel edges only) P 0.075 um rule m1.4a)
) Mcon must be enclosed by Met1 by at least (for
(poly.5) Spacing of poly on field to tap P 0.055 pm cell names “s8cell_ee_plus_sseln_a’,
“s8cell_ee_plus_sseln_b",
"sSceIl_ee_pIus_sseI —a" B 2002 Hm
(poly.6) Spacing of poly on diff to abutting tap (min source) P 0.300 pm B O p-as W
s8cell_ee_plus_sselp_b”, “s8fpls_pl8”, and
(ml.4a) “s8fs_cmux4_fm”)
P 0.250
Mcon must be enclosed by Met1 on one of two
P AL 0.060 m
(m1.5) adjacent sides by at least ... H

Extension of diff beyond poly (min drain)

(poly.7)




CMQOS Inverter Layout

In

Out
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(a) Layout GND [ Voo

Out

(c) Circuit diagram

p-substrate
n’ pt Oxide

(b) Cross-Section along A-A°
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Simplified CMOS Inverter
Process

cut line

p well —]




P-Well Mask (pwell or nwell)




Active Mask (diff)

|
|




Poly Mask (poly)




P+ Select Mask (psdm)
il




N+ Select Mask (nsdm)




Contact Mask (licon+npc)




Metal Mask(m1)




Example Layout: INV1

B
* Horizontal n-diffusion

and p-diffusion strips
 Vertical polysilicon
gates
* Metal1 V, rail at top

 Metal1 GND rail at
bottom




2.5D Views




Well and Diffusion Sharing




Standard Cell - Example

3-input NAND cell

2-input NAND cell
(from ST Microelectronics): (from Skywater 130nm):
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Next Lecture

* Devices and CMOS




