ASIC Physical Design
CMOS Processes

Smith Text: Chapters 2 & 3

Weste — “CMOS VLSI Design”

Global Foundries: “BiCMOS_8HP8XP_Training.pdf”
“BiCMOS_8HP_Design_Manual.pdf”




Physical design process overview

» CMOS transistor structure and fabrication steps
» Standard cell layouts

» Creation, verification & characterization of a standard-cell
based logic circuit block

» Creation of a chip from circuit blocks
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ASIC Design Flow
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ASIC Design Flow
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IC “Floorplan”
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BiCMOSS8HP NAND2_A Cell (LEF file)
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BiCMOSS8HP DFFS_B Cell (LEF file)
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Standard Cell-Based Block
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Global Foundries BICMOSS8HP process
cross-section

“Passivation”

LV (C4) olyimide “6 Levels of Metal AM

- Metal Option (wireopt
DV (Wire bond) 311) Shown with

31X Cu (M1, M2, M3)

12X Cu (MQ)

1 Thick 1.25 um Al (L)
1 Thick 4.0 pm Al (AM)

AM

KQ Resistor

/ above MO

B TaN
Deep Trench (DT) 1 Polyimide
B Nitnde
] Oxide
B Tungsten
1 Aluminum
P-Substrate B Copper

B P-silicon
@ PFET25 NFET25 NPN B N-silicon
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BiCMOS8HP process cross-section

External
Connections

Nitride Solvimide LV (C4)
. y DV (wirebond)
Oxide - -

AV AV Via

Aluminum
VY VY ‘ ‘ Via
MQ MQ
VL VL Via
M2 M2
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_ M1 M1
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»%._-j RX ﬁ Isolation /;/,. RX \—\. PC = PonsiIicon

N-WELL

CA = Contact to diffusion/poly
12 ELEC 5250/6250/6256



BiCMOSS8HP metallization options: AM

Number of metal levels: 5,6,0r7

2 to 4 “1X thin” (0.32 pm) Cu layers ( )

M1 and M2 (Cu) required o
M3 and M4 (Cu) optional Analog Metal (RF wiring)

1 #2X thick” (0.55 pm) Cu layer (M Q) - Required A/l
2 Last analog Al metal layers for high Q inductors (LY and AM) — Required

- -10-LY-AM
(M3-M4 Optional)

Level | Metallurgy | Pitch | Thickness
BEOL Wiring Options
(um) | (um)
#L Iz of [ B T

Metal i cu 032 02
Wiring Code | 211 311 411 Mx Cu 0.40 0.32
Last Metal Vx Cu 0.40 0.35
— LV v v VL Cu 0.80 0.65

2X Level Ma M Ma ma Cu 0.80 0.55

— VY W 3.24 4.1

3 — LY Al 3.04 1.25

1X Level M2 Mz Mz AV w 3.24 4.1
M1 M1 M1 AM Al 2.8 4.0
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Basic N-channel MOS transistor
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CMOS Inverter Cross-Section
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Source: Weste “CMOS VLSI Design”
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Inverter cross-section with well and
substrate contacts
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front cover.
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IC fabrication process
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CMOS
Process
steps
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Inverter
mask set - -0

REHEEH.
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IC layout tools it \\ Itk \\ it
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A

4R mnverter mask set. Color version on inside front cover.

Source: Weste “CMOS VLSI Design”
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Standard Cell Mask Set (Submitted to foundry)

m | 4

Source: Smith,
Figure 2.7
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MOSIS fabrication processes
(Www.mosis.org)

» TSMC Fabrication Processes
28, 40, 65, 90, 130, 180 and 350 nanometer processes.
Tiny2 program is also available on 65 and 180nm processes.
» GlobalFoundries Fabrication Processes

|4 nm, 28 nm, 40 nm, 55 nm, 0.13 ym,0.18 pm, 9HP (90 nm), 8HP (0.
|3 pm), 8XP (0.13 pm), 7WL (0.18 pm), 7RF SOI (0.18 pm) 7SWV (0.
18 ym) IWG (90 nm), IWG (90 nm), and TinyChip processes.

» ON Semiconductor Fabrication Processes

0.7 uym high voltage CMQOS, 0.5 pm CMOS, and 0.35 pym high voltage
CMOS.

» ams AG Fabrication Processes

|80 and 350 nanometer processes - CMOS and high voltage CMOS
and SiGe-BiCMOS.

» AIM Fabrication Processes
AlIM Photonics Fabrication
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(Older) MOSIS fab processes

(http:/ /www.mosis.org)

AMI bought by ON Semiconductor: http://www.onsemi.com/
TSMC (Taiwan Semiconductor): http://www.tsmc.com

Table 3.1 MOSIS design rule options

Vendor Feature Interconnect Stacked SCMOS SUBM DEEP
Size (wm) | Layers Vias

Orbit——2.0 2 metal No A=1.0pm
/AMI=0ON 1.5\ 2 metal, 2 poly No A=0.80pm | A=0.80pm

AMI=ON 0.5 3 metal, 1-2 poly | Yes A=035pm | A=0.30 pm

TSMC |0.35 4 metal, 1-2 poly | Yes A A =0.20 pm

TSMC |0.25 5 metal Yes A=015pm |A=0.12 pm
TSMC 018 /| 6 metal Yes N=0.10pm | \=0.09 pm
\_/

Mentor Graphics Scalable CMOS

ASIC Design Kit

Source: Weste “CMOS VLSI Design”
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Scalable CMOS process design rules
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MOSIS
Design
Rules

Smith text:
Tables 2.7-2.9
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Table 3.2 MOSIS design rules

Layer Rule Description SCMOS | SUBM | DEEP
Well 1.1 Width 10 12 12
1.2 Spacing to well at different potential 9 18 18
1.3 Spacing to well at same potential 6 6 6
Active 21 Width 3 3 3
(diffusion) | 2.2 Spacing to active 3 3 3
: 2.3 Source/drain surround by well 5 6 6
24 Substrate/well contact surround by well 3 3 3
2.5 Spacing to active of opposite type 4 4 4
Poly 31 Width 2 2 2
3.2 Spacing to poly over field oxide 2 3 3
3.2a Spacing to poly over active 2 3 +
3.3 Gate extension beyond active 2 2 2.5
134 Active extension beyond poly 3 3 4
3.5 Spacing of poly to active 1 1 1
Select 4.1 Spacing from substrate/well contact to gate 3 3 3
42 Overlap of active 2 2 2
43 Overlap of substrate/well contact 1 1 1.5
4.4 Spacing to select 2 2 4
Contact 5.1,6.1 Width (exact) 2x2 2x2 2x2
(to poly 5.2b,6.2b | Overlap by poly or active 1 1 1
or active) 5.3,6.3 Spacing to contact 2 3 4
: 5.4,6.4 Spacing to gate 2 2 2
'5.5b Spacing of poly contact to other poly 4 5 5
5.7b, 6.7b Spacing to active/poly for multiple poly/ 3 3 3
active contacts
' 6.8b Spacing of active contact to poly contact 4 4 4
Metall 71 Width 3 3 3
7.2 Spacing to metall 2 3 3
173,83 Overlap of contact or via 1 1 1
| 7.4 Spacing to metal for lines wider than 10 A 4 6 6

ELEC 5250/6250/6256




MOSIS
Design
Rules

Smith text:
Tables 2.7-2.9
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Table 3.2 MOSIS design rules (continued)
Layer Rule Description SCMOS SUBM DEEP
Vial- 8.1,14.1, ... | Width (exact) 2x2 2x2 3x3
Via(N-1) 8.2,14.2, ... | Spacing to via on same layer 3 3 3
8.4 Spacing to contacts (if no stacked vias) 2 2 n/a
8.5 Spacing of vial to poly or active edge 2 2 n/a
14.4 Spacing of via2 to vial (if no stacked vias) 2 2 n/a
Metal2— 9.1, ... Width 3 3 3
Metal(N-1) 9.2, ... Spacing to same layer metal 3 3 4
9.3, ... Overlap of via 1 1 1
9.4, ... Spacing to metal for lines wider than 10 A 6 6 8
Metal3 15.1 Width 6 5 n/a
(3-layer 15.2 Spacing to metal3 4 3 n/a
process) 15.3 Overlap of via2 2 2 n/a
15.4 Spacing to metal for lines wider than 10 A 8 6 n/a
Metal5 26.1 Width n/a 4 4
(5-layer 26.2 Spacing to metal5 n/a 4 4
process) 26.3 Overlap of via4 n/a 1 2
26.4 Spacing to metal for lines wider than 10 A n/a 8 8
Metal6 30.1 Width n/a 5 5
(6-layer 30.2 Spacing to metal6 n/a 5 5
process) 30.3 Overlap of via5 n/a 1 2
30.4 Spacing to metal for lines wider than 10 A n/a 10 10
Overglass | 10.1 Width of bond pad opening 60 pm
Cut 10.2 Width of probe pad opening 20 wm
10.3 Metal overlap of overglass cut 6 pm
10.4 Spacing of pad metal to unrelated metal 30 pm
10.5 Spacing of plz%dLrlr%eCt:aJ éozag87 %r 5%16/6256 15 pm




MOSIS
Design
Rules

Smith text:
Tables 2.7-2.9
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Table 3.3 Micron design rules for 90nm process

ELEC 5250/6250/6256

Layer Rule Description 90 nm rule
(pLm)
Well 1.1 Width 0.75
1.2 Spacing to well at different potential 1.5
1.3 Spacing to well at same potential 1.0
Active 21 Width 0.15
(diffusion) 22 Spacing to active 0.20
23 Source/drain surround by well 0.25
2.4 Substrate/well contact surround by well 0.25
2.5 Spacing to active of opposite type 0.30
Poly 3.1 Width 0.09
3.2 Spacing to poly over field oxide 0.15
3.2a Spacing to poly over active 0.15
3.3 Gate extension beyond active 0.15
3.4 Active extension beyond poly 0.15
3.5 Spacing of poly to active 0.10
Select 4.1 Spacing from substrate/well contact to gate 0.25
4.2 Overlap of active 0.20
43 Overlap of substrate/well contact 0.10
4.4 Spacing to select 0.30
Contact 5.1,6.1 Width (exact) 0.12
(to Po_l}’ 5.2b,6.2b Ovwerlap by poly or active 0.01
or active) 53,63 Spacing to contact 0.15
5.4 Spacing to gate 0.10
Metall 7.1 Width 0.13
7.2 Spacing to well metall 0.13
7.3,8.3 Ovwerlap of contact or via 0.01
7.4 Spacing to metal for lines wider than 0.5 pm 0.40
Vial-Via5 8.1,14.1, ... | Width (exact) 0.13
8.2,14.2, ... | Spacing to via on same layer 0.13
(continued)



MOSIS Design Rules

Table 3.3 Micron design rules for 90nm process (continued)

Layer Rule Description 90 nm rule
(pm)
Metal2— 9.1, ... Width 0.15
Metal6 9.2, ... Spacing to same layer metal 0.15
9.3, ... Overlap of via 0.01
94, ... Spacing to metal for lines wider than 1.0 pm 0.40
Via6 Width 0.20
Spacing 0.20
Metal7 Width 0.40
Spacing to metal7 0.40
Overlap of via6 0.10
Spacing to metal7 for lines wider than 1.0 pm 0.50
Smith text:
Tables 2.7-2.9
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MOSIS Design Rules

Table 3.3 Micron design rules for 90nm process (continued)

Layer Rule Description 90 nm rule
(pm)
Metal2— 9.1, ... Width 0.15
Metal6 9.2, ... Spacing to same layer metal 0.15
9.3, ... Overlap of via 0.01
94, ... Spacing to metal for lines wider than 1.0 pm 0.40
Via6 Width 0.20
Spacing 0.20
Metal7 Width 0.40
Spacing to metal7 0.40
Overlap of via6 0.10
Spacing to metal7 for lines wider than 1.0 pm 0.50
Smith text:
Tables 2.7-2.9
30 ELEC 5250/6250/6256




	ASIC Physical Design�CMOS Processes
	Physical design process overview
	ASIC layout
	 ASIC Design Flow
	ASIC Design Flow
	IC “Floorplan”
	Slide Number 7
	BiCMOS8HP NAND2_A Cell    (LEF file)
	BiCMOS8HP DFFS_B Cell   (LEF file)
	Standard Cell-Based Block
	Global Foundries BiCMOS8HP process cross-section
	BiCMOS8HP process cross-section
	BiCMOS8HP metallization options: AM
	Basic N-channel MOS transistor
	CMOS Inverter Cross-Section
	Inverter cross-section with well and substrate contacts
	IC fabrication process
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Standard Cell Mask Set (Submitted to foundry)
	MOSIS fabrication processes�(www.mosis.org)
	(Older) MOSIS fab processes�(http://www.mosis.org)
	Scalable CMOS process design rules
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30

