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Agenda

Section 1 - DSM Effects on RF Modeling
Simple versus Complex Modeling Issues

Dummy Metal and Slotting Effects - Spiral Inductor
Example

Section 2 - DSM Modeling on Interconnects

Dummy Metal Effects on Delay and Cross-talk for
Long Interconnects

Section 3 - Power Delivery Inductance effects on
Large Digital IC performance

Solving RCLK models for VDD and VSS network
combined

Determining the size and placement of on-chip
decoupling capacitances
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‘Simpler to Model’ RCLK Effects on the Interconnect with
Shrinking Dimensions

1. Effective Metal Resistance Becomes the Function of Width
(Dishing, Barrier Metal, Scattering Effects)
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2. Metal Thickness Becomes a Function of Width & Spacing & Regional Density
(CMP)
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Full GDSII View of Differential Spiral with No Slots with
‘Dummy Metal’

=

File Vi

2 Dummy Metal
|

a Changes
Capacitance
and Thus

: Electrical
Performance

Run static power simulation GDSII:TOP
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Metal Cross Section in the Center of the Spiral

Width=15p Number of Dielectrics = 35
Spacing=2u
Dummy Metal Geometry
Spiral Windings Spacing = 1p
22D 95\ Width = 2p
Length = 2u
A
~1lp M6
Etch Stop
Dielectrics
Dummy Metal Fill
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Substrate Resistivity p=10Q *cm
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3D Top & Bottom View of the Not Slotted Spiral

Not Slotted Spiral 3D View Top Not Slotted Spiral 3D View Bottom
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3D Top & Bottom View of the Slotted Spiral

Wide Metal Slotting Rules
Changes RCLK and Thus
Electrical Model

Slotted Spiral 3D Top Slotted Spiral 3D Bottom
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M6 GDSII View of Slotted & Not Slotted Spiral

The Post-Layout Workshop g 4\ The Post-Layout Workshop | : \J
File View Display CELL-AN NET-AN P-GRID RF-PASS METAL Tools Setup File View Display CELL-AN NET-AN P-GRID RF-PAS5 METAL Tools Setup Help

DEREEE

I e

FEEC I

Set layer color/pattern display on/off GDSII:TOP Set layer color/pattern display on/off GDSILTOP

M6 with Slotted Spiral M6 Not Slotted Spiral
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Zoomed in M6 GDSII View of Slotted & Not Slotted Spiral

= The Post—Layout Workshop = The Post—Layout Workshop
File View Display CELL-AN NET-AN P-GRID RF-PASS METAL Tools Setup Help File View Display CELL-AN NET-AN P-GRID RF-PASS METAL Tools Setup

B0 e i
FEOCAECE TR

1 Set layer color/pattern display on/off GDSII:TOP Set layer color/pattern display on/off GDSI:TOP

Zoomed in M6 with Slotted Zoomed in M6 with Not Slotted
Spiral Upper Left Corner Spiral Upper Left Corner
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Zoomed in M6 GDSII Bottom View of Slotted & Not
Slotted Spiral

The Post—Layout Workshop
File View Display CELL-AN NET—-AN P-GRID RF-PASS METAL Tools Setup

The Post—Layout Workshop

o il

le View Display CELL-AN NET-AN P-GRID RF-PASS METAL Tools Setup

R e e
AR SO

Set layer color/pattern display on/off GDSIl:TOP Set layer color/pattern display on/off GDSI:TOP

M6 with Slotted Spiral Bottom M6 Not Slotted Spiral Bottom
View Legs View Legs
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M5 GDSII View of Slotted & Not Slotted Spiral

The Post—Layout Workshop
File View Display CELL-AN NET-AN P-GRID RF-PASS METAL Tools Setup

The Post—Layout Workshop
File View Display CELL-AN NET-AN P-GRID RF-PAS5 METAL Tools Setup

a
B8
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i T

Set layer color/pattern display on/off GDSII:TOP Set layer color/pattern display on/off GDSII:TOP

M5 with Slotted Spiral M5 Not Slotted Spiral
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Spiral LRQ Without Dummy Metal

Ii OEA Graphics _I

WMag(Z) Inductance [Nano Henries)
7.00e-+00
leqends of 212 abj.: leqends of 4 14 obj.:
= ALGIT)-Port 1 == L7 [Nano Henries)
600402 = WAGZ)-Port 2 = L2 {Hano Henries)
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Spiral LRQ With Dummy Metal

OEA Graphics _I

ragiz) Inductance (Mano Henties)
B.00e+H12
legends of 2 /2 obyj.: legends of 4 {4 abij.:
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Spiral Q With and Without Dummy Metal

1008401
leqends of 2 /2 obj.:
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Section 2

Dummy Metal Effects on Long Interconnects
Modeling 1000um to 8000um Lines
Delay Differences
Effect on Noise to Neighboring Nets
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A Look at How Dummy Metal Affects Long
Interconnects

VDD_DRV VDD_LOAD

IN1 E ‘
—I—ng/ OouT1
@ %% ouUT2
—I— BUF2C: OuUT3

VSS_DRV VSS LOAD

u— —I_ —

. . T
Capacitance T | T ss vss— | =F
to Dummy
Metal is L _ T T . L
Floating TVSS VSS T

—TVSS VSS T
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3 Conductors With & Without Dummy Metal
of Lengths 1000u, 2000u, 4000u, and 8000u

WITHOUT DUMMYE METALS
WITH DUMMY ME;TALS
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3 Conductors With & Without Dummy Metal
of Lengths 1000u, 2000u, 4000u, and 8000u

Three Conductors With And Without Dummy Metals

WITHOUT DUMMY METH
WITH DUMMY METALS

400ps 1200ps
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3 Conductors With & Without Dummy Metals
of Lengths 1000u, 2000u, 4000u, and 8000u

Three Conductors With And Without Dummy Metals

WITHOUT DUMMY METALS
WITH DUMMY METALS

0.0ps 80ps
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3 Conductors With & Without Dummy Metal
of Lengths 1000u, 2000u, 4000u, and 8000u

Three Conductors With And Without Dummy Metals

WITHOUT: DUMMY METALS
WITH DUMMY METALS

3.00ns
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3 Conductors With & Without Dummy Metal
of Lengths 1000u, 2000u, 4000u, and 8000u

Three Conductors With And Without Dummy Metals

WITHOUT DUMMY
WITH DUMMY ME
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3 Conductors With & Without Dummy Metal
of Lengths 1000u, 2000u, 4000u, and 8000u

Three Conductors With And Without Dummy Metals

WITHOUT DUMMY METALS
WITH DUMMY METALS

0.0ns 8ns
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3 Conductors With & Without Dummy Metal
of Lengths 1000u, 2000u, 4000u, and 8000u

Three Conductors With And Without Dummy Metals

WITHOUT DUMMY METALS
WITH DUMMY METALS
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3 Conductors With & Without Dummy Metal
of Lengths 1000u, 2000u, 4000u, and 8000u

Three Conductors With And Without Dummy Metals

WITHOUT DUMMY METALS
WITH DUMMY METALS

3ns
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Summary of 3 Conductor Cases

LENGTH DELAY Vnoise IN Vnoise OUT
Without Dummy Metal pPS mV mV
1000 0.254 8.074 8.174
2000 0.768 16.150 16.550
4000 2.576 32.210 33.800
8000 9.255 61.540 67.710
LENGTH DELAY Vnoise IN Vnoise OUT
With Dummy Metal psS mV mV
1000 0.459 6.164 6.240
2000 1.401 14.010 14.360
4000 4.444 30.420 31.930
8000 14.650 55.570 61.200
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Summary of 3 Conductor Case

16.000
DELAY
14.000 ’.
—&— Without Dummy Metal /
12.000
—i— With Dummy Metal /

8.000 / /
6.000 / /
4.000 // /

2.000 ///

0.000 '/V

1000 2000 4000 8000
LENGTH (u)
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Summary of 3 Conductor Case

70.000

Vnoise IN
60.000 ’

—&— Without Dummy Metal -8~ With Dummy Metal //.
50.000
40.000 //

30.000 /
20.000 /

10.000 ‘7

0.000

VOLTAGE (mV)

1000 2000 4000 8000

LENGTH (u)
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Summary of 3 Conductor Case

80.000 -
Vnoise OUT
70.000
60.000 ) /
—— Without Dummy Metal //.
g 50,000 —- With Dummy Metal
y y/d
O 40.000
x /,//
|_
|
g 30.000 //
20.000
10.000 ‘/
0.000 T
1000 2000 4000 8000
LENGTH (u)
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Section 3

Power Net Delivery Issues

Power Network Modeling

Ideal Power/Ground versus Real Impedance of
Power/Ground

By-Pass Effects

Simulation of Power Delivery Grid
Effective Impedance
Importance of Mutual Inductance in Calculation
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Modeling Power Impedances

rF—,——————————_——_—_—- - - - - - - —_———-——-————— e — — — — = —_——————e— e ———

R=0.3Q
L=1.0nH

I OUT?2

VDD2_pin

IN2

IN1

OuUT1
R=0.1Q —_
L=1.0nH 2pF
¢ ¢
2pF VSS2 pin
R=0.3Q
L=1.0nH

Vj\' OFEA
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Case 1 - Ideal Pwr/Gnd \;/S]S Case 2 — Real Pwr/Gnd
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Spice Simulation Result For Case 1

SmartSpice: Plot #20

I File Edit View Options Zoom

7 sl B| =]« 4| a|»|alv|s]

v (IN1)

v (QUT2)

Ready
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Spice Simulation Result For Case 1 (cont.)

SmartSpice: Plot #20

File Edit View Options Zoom

[7 #|w|B|2|f|+] F]|a|p|a|v]E]

[Left] Zoom, [Left[Left] Edit Ohject, [Ctr][Left] Highlight Signal
[Middlg] Undo Previous Zoom Operation
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Simulation Result For Case 2

SmartSpice: Plot #21

I File Edit View Options Zoom

[ sl=m| = £+ 4] a|»|av|s]

[Lefi] Zoom, [Lef][Left] Edit Ohject, [Ctri][Left] Highlight Signal

[Middle] Undo Previous Zoom Operation
v"u ()EA
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Simulation Result For Case 2 (cont.)

= smaSpiceotdar ||

I File Edit View Options Zoom

[ #l=iBl=|¢|+] sla|>|alv|z]

[Left] Zaom, [Left][Lefl] Edit Objact, [Ctri|[Left] Highlight Signal
[Middle] Undo Previous Zoom Operation
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Simulation Result For Case 2 (cont.)

SmartSpice: Plot #21

File Edit Yiew Options Zoom

[ | |B[ 2| #|+4] | a|p]|a|v]E]

[Left] Zoom, [Lef[Lef] Edit Ohjact, [Ctri][Left] Highlight Sighal

[Middle] Undo Previous Zaam Operation
v"u ()EA
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Adding By-Pass Capacitors to the Simulation

Case 3: Add decoupling R=0.30 vbDb
capacitance into case 2 L= 1.0nH
VDD3_pin
¢
IN3

OuUT3
R=0.1Q l

Decoupling 100pF -
P L= 1.0nH — 2pF

Capacitance

VSS3 pin

R=0.3Q
L=1.0nH

VSS

FSA Suppli v@' OEA -
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Simulation Result For Case 3

— Smampiesmorsio ||

I File Edit View Options Zoom

[ =B = £+ 2| a|»|a|v|s]

[Left] Zoom, [Lef][Left] Edit Object, [Ctri[Lefi] Highlight Signal

[Middle] Unda Previous Zoam Cperation
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Simulation Result For Case 3 (cont.)

Fle Edit View Options Zoom

(7 w2 &|l+]slalp|ajv]s]

[Left] Zoam, [Lef][Lef] Edit Ohject, [Ctr[Let] Highlight Signal

[Middle] Undo Previous Zoom Operation
v"u ()EA
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Simulation Result For Case 3 (cont.)

File Edit View Options Zoom

(7 v B2 #|+]| sl a|>]|a|v]E]
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Simulation Result For Case 3 (cont.)

SmartSpice: Plot #22

I Fle Edit View Options Zoom

[7 2128 2| 6| +] 4] <|>|a|v|=]

_[:Zil_'l_I'li) — adding decoupling capac]

[Left] Zoom, [Lefi][Lef] Edit Object, [Ctr][Lefi] Highlight Signal

[Middle] Undo Frevious Zoom Operation
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Test Case Power Delivery Network
Measurement Points

[~ ThePostlaoutworkshop | |

File View Display CELL-AN NET-AN P-GRID RF-PAS5 METAL Tools Setup Help

Simulation Statistics

GDSII File: 3.38 MB
Full Ch|p Power Grid 3D Model File: 1.79 MB
Extraction (NET-AN) : 60.2 min.
Spice file: 48.96 MB
Resistors: 252,715
Capacitors: 3,402
- Self-Inductors: 59,533
% Mutual-Inductors: 801,477
E Lmin: 0.21nH
Lmax: 0.52pH
Kmax: 0.76

Transient Simulation
(PANTHER): 7.0 min.

Current block G1 y VDD R293 4 (234 wave-forms)

View specify xy location |n the data GDSI:TOP_CELL Supply Power POI"[S: 236
Current bloclk Gl y VDD R1 1 Buffer Power Ports : 16,336

\ 4 OLEA.
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Center Point
Current Paths

Current_block _G1 y VDD _R293 4

—| The Post—Layput Workshop | -]
View Display CELL-AN NET-AN PYGRID RF-PASS METAL Tools Setup Help

When currents travel in the
same direction the mutual
inductance is not always
helpful

SRR

R

VSS path to nearest
bump

S

~ Current_block_G1_y_VSS_R294_4

N .
ay on,/off

| Set layer ca
A

| V4
: VDD path to nearest v
7% bumps i

\ 4 OLEA.

International lic. FSA Design Modeling Workshop
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Products Used for Power Delivery Test Case

DP-PLAN (OEA International)

Full Chip Dynamic Power Planner and Analysis Tool

Used to:
Model Existing Power Delivery Network
Simulate Individual Power Pin Electrical Behavior

NET-AN (OEA International)
Critical Net Extraction and Analysis Tool
Used for Power Pin RCLK Effective Impedance Modeling

Required Features/Capabilities
Real Physical Interconnect Modeling
Full 3D Extraction Delivers RCLK Impedance Model — Especially K!

Full-Chip, Very Fast, Very Accurate Signal Integrity Analysis
Able to Simulate Gigantic Interconnect RCLK Model

FS5A Suppli
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Dynamic Power Plan Analysis Flow

Using General Data Provided on Chip Rails and Package Construction

Input

v

)

DP-PLAN

~—

y 4

netan Include [J; input_cs.inc — current sources
input files input_bp.inc — bypass caps
i input_pkg.inc — package RL

! v input_v.inc — voltage sources

| input.
NET-AN > L
master | master spice circuit
4

)

RLK panther

—

\ 4

output 4’[ PlotView }

Plot AC and
Transient Waveforms

FS5A Suppli
(@)

aTECHNICAL CONFERENCE

W QLA

International lic. FSA Designh Modeling Workshop



Impedance lllustration

POWER GND
N\ o
e
POWER S g
L
N Ox
GND >- T c o
o
BGA/SIGNAL N 8 %)
)
s <
e
(p)] +—
c 25
M7 c o g
° 25
(o) —
M ) ©
6 o T &)
l o
M1 £ %
N - A
7))
Worst Case Impedance CED
From Planes through
Buffer is 31.8 Ohms
A/
FSA Suppli "" OEA.
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Test Case Power Delivery Network
Measurement Points

Gurrent block ¥DD T1 Gurrent block G1_y VDD R588 &

The Post-Layout Workshop

Display CELL-AN NET-AM P-GRID RFE-PASS AL Tools Setup Help |

Gurrent_block G1_y_VOD_R1 8 _{§

Current_block G1_y VDD_R294 S-. 89

Gurrent block G1_y VDD _R1_4_ |

Current block G1 y VYOD R234 4-

current_block G1 ¥ ¥DD R1 1 —

/ Wiew specify xy locatlon [n thé data OFA30:
Y

current_hln:k_\fDD_EH / current bloek YOO B2
Current block ¥DD B2 T

W QLA
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Power Delivery Network Model
Accurate Physical Modeling

NET-AN
IIiliI!IIIiIiI!IIIEIiIIIII!IiI!IIIIIiIIIll!IiIiIIlililllllilililllililil

SUEEEEE

L]

]

Automatic Via Array Generation

M7 232.5um Horizontal Stripes @ Bump Pitch
Real Physical Dimensions & Metal

Layer Electrical Characteristics M6 7.82um Vertical Stripes @ 33.12um Pitch

(not shown M1 0.5um Horizontal Stripes @
3.69um Pitch)

V' OEA.

A/
' International lic. FSA Design Modeling Workshop
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Selected Power Pin Simulations

OeaGraphics

7

| L

Simulated Area
without M1

1

1Y SoEsEEE:l

The Post—Layout Workshop
View Display CELL-AN NET-AN P-GRID RF-PASS METAL Tools Setup Help

7]

A

4 B0e+02
leqends of6 {6 ohi.: A
m= rg_currerig_blck G _w WOD_R1_7_Fin_RL
== org_curregt_blokk_G1_y_WOD_R295_4_7Fin_FL

3 008402 == org_currefit_block YOO _B1_Fin_RL
== rg_currgit_block G1_y_WOO_R1_1_Zin_RLK

2 5lle+02 U

2.00e+02

31.8 ohms Impedance
1.50e+02
8.5 ohms Impedance
1.00e+02
E.00e+01
/ et M
0006400 | rrerararert A
1. 00e-+05 1.00e-+09 1.00e+10
Wi '
FSA Suppli '
sTECHNICAL CONFERENCE /ﬂfef/zdz‘/'a/zdl V%8

FSA Designh Modeling Workshop



Experiment with Reduced Power Bumps to
See if it Is Significant

: ]

Package/Bump Power Delivery a
Network is Adequate ~
12|

_ [

Reduce Power Pin Count 2

Has Little Effect on Effective
Impedance

Removal of Pins May Reduce
Package Cost or Allow Internal

=

Connections
Reduced Power Bumps
to Half of Original
./
ron s Y OEA.
.ﬁﬁm: CONEERENCE International lnc. FSA Design Modeling Workshop




Original Pin Count vs Reduced Bumps Comparison

OeaGraphics

1.92e402
leqends of & (& obj.: !(\ n

= (rg_current_black_GT_y %
1.00e+02 == Org_currenit_block_G1

1.00e+01

Has Little Effect at Less
Than 1 GHz

1.00e+04
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Reduced Power Pin Out
Similar Electrical Performance <1 GHz

= e | — oeGrphis |

180803 1.80e+02

legends of 4 14 obj.: o legends of 4 14 obj.:

== org_current_block_YOD_B1_Zin_| = 0rg_current_block_G1_y_WDD_R295_4_7in_RL
1 60e+03 1.60e-+02

== Reducebump_current_block_YON_K1_Fin_RL = Reduceburnp_corrent block_G1_y VOO _R293 4 Zin_RL n
1.40e+03 1.40e+02
1.20e+03 1.20e+02
1002403 1.00e-+02
8006402 &.00e+01
6.00e+02 B.00e+01
4 .00e+02 4.00e+01
2.00e+02 2.00e+01

B = _.—'—'-"-‘"'——"’
0.00 00 0.00e-+00
1.00e-+08 1.00e+09 T1.00e+10 1.00e-+08 1.00e-409 1.00e+10

Vdd _B1 node Vdd_R293 4 node
Lower Left-Hand Corner Chip Center

) 4 OEA.
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Supplying 30.30 nF Bypass Capacitance
Evenly Distributed On The Whole Power Network

]|
I OeaGraphics

8.63e+01

leqends o B e, . Current_block G1 y VDD R1 1 RL
—DrgcurrMhlncW - - - = - - -

= Org.cugent_block G1_y ™

== (rg.ciffrent_block_G1_y_VOO_R1_1_Zin_RLE

Current_block_G1 y VDD R1 1 RLK

11 Current_block_G1_y VDD R1 1 RCLK

8 5Q |mpedance (correct waveform)

urrent_block _G1 y VDD _R293 4 RL

1.3 Q impedance /\

F/‘—”"" \ \
1.00e+03 1.00e+09 \UUB +10

Current_block_G1 y VDD R293 4 RCLK Current_block_G1_y_VDD_R293_4_RLK

(correct waveform)
Y OFA.
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Increasing Bypass Capacitance On Node

Current_block G1 y VDD R293 4

FS5A Suppli

3.00e+01
2.50e+01
2.00e+01

160401

OeaGraphics

leqends of 4 /4 obj.:

== rg.current_block_G1_y WOD_R233 4 _Fin_RL
== rg.current_block_G1_y_WOD_R235_4_Fin_RLE

== Org.current_block_G1_y_WDD_R293_4_Zin_RCLK(increase b

!.'ﬁs Cap)

Current_block_G1 y VDD_R293 4 RL

Current_block_G1 y VDD R293 4 RCLK

B.00e+10

0.00e+10

with 12.88pF bypass capacitance

1.3 Q impedance

—

T ————

1.00e-+05

1.00e+09 /

1‘@10

Current_block_G1 y VDD _R293 4 RCLK
with 150.0pF bypass capacitance

(@)

aTECHNICAL CONFERENCE

Current_block _G1 y VDD R293 4 RLK
with no bypass capacitance
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Increasing Bypass Capacitance On Node
Current_block_G1 y VDD R293 4 (cnt.)

2502410

2.00e+00

1.508+00

1.002-+00

5.00e-M

OeaGraphics

leqends of 4 14 abj.:

! !

¥
== (rg.current_block_G1_y_WDO_R253_4-7_FL
== Org.current_block_G1_y_VOD_R2%5_4_An_RLE
w= Org.current_block_G1_y_WOE"R2935 4

n_RCLEfincresse bypass Cap)

1.3 Q impedance

Current_block_G1 y VDD_R293 4 RLK
No bypass capacitance

Current_block_G1 y VDD_R293 4 RCLK

with 12.88pF bypass cap

1. 00e-+0

1.00e+09

\ 1.008+10

'ﬁ with 150.0pF bypass cap
W.OEA
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Current Profile Used
Assuming Each Transistor Drawing 1.0 mA

1.00e-3 -

T _________________________________ A __________ / \ ............

5.0ns

Total number of current source contact VDD/VSS = 2352

FS5A Suppli

) 4 OEA.
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Transient Simulation Plot for VDD nodes
Supplying 30.30 nF Bypass Capacitance

1.02e+00 k. T-—-—"T--T°- T T T TTT oo
| 1 |

: leqends of 3 {5 obj.:

: 0 : | == RCLK_Wourrent block_G1_y_YDD_RZ93 4j<is
T T T e S == RCL_Wicurrent_block_G1_y_VDO_R28538) s

1Medd |----—---—- A l o GREETTEEESELEEEREEE B8 SRR

100400 |

|
1008400

Current_block_G1 y VDD_R293 4 RCL

4.95e-01

Current_block_G1 y VDD_R293 4 RC

aa0e-01 |

4.85e-01

0.00z-+00 5.00e-09 1.00e-0F 1.508-05 \ 2.00e-0F 2E0e-08 3.008-05

Current_block _G1 y VDD R293 4 RCLK

(correct waveform)
W.OEA
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Transient Simulation Plot for VDD nodes
Supplying 30.30 nF Bypass Capacitance

1edd [T~ - -
legends of 3 13 obj.:

w= RC_Wcurrent_black_G:1_y_YOO_R1

== RCLKE_Vicurrent_black_G7_y_wOO_P

m= RCL_W{current_block_G1_v_VDO_R

1.0e+00

_____ 4.__________ SN [

s

1.00g+)0

1.00e+00

9.48e-01

Ny Current_block_G1 y VDD _R1 1 RCL

Locoooodlooooooadias
1
—— e — 4

Current_block_G1 y VDD _R1 1 RC

5.408-01 e

- - — — — — —|

. ' Current_block_G1 y VDD _R1 1 RCLK
T D00e400 .00e-09 1.00e-03 1 Be-08 200e-03 2 5lle-03 (C orrect wavefor m)
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Transient Simulation Plot for VSS nodes
Supplying 30.30 nF Bypass Capacitance

OeaGraphics

AR [

legendsaf 5 3 abj.:
= RO current_block_G1_y_ W55 R284 4)<\

R = RffCR icurrent _block 51y 3% Ro34 41
== REL Eficurrent_block_G7_y_ESJR2594 410

4.00e-03

2.00e-03

0.00e+00

-2,008-03 PPo PE==e pog BoDEeeooos N

Current_block_G1 y VDD _R294 4 RCL

~4.002-03 2t GEEEE N ARRCEEEEEEE --

-6.00e-053 i S -

1 e e S BN Curren t_b loc k_G 1_y_VD D_R294_4_RC

B e I
i

-1.20e-02
0.00e-+00 b.00e-09 0 - 2.50e-05 3.00e-05

Current_block _G1 y VDD _R294 4 RCLK
(correct waveform)

Fo Supp ""'\' OEA.
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Transient Simulation Plot for VSS nodes
Supplying 30.30 nF Bypass Capacitance

aile-ty T m==========r
: : : : legends af s 13 abj.:
i ! ! ! = R currend_block_GT_y W35 _R2_1):vs
: : : : = RLLE Vicurrent_block_G1_y_VS3_R2_1)4
1k0e-02 |-~ T Eiaibiieile” Tl = RECL_Wicurrent_block_GT_y WS R2_1)\=
T R e e S P o e |
BODe-08 [ ks -i ————————— i— ——————— ? ————————— 1: ————— - i
R NI SEEEEEEEEE EEEE S o —E —————————— S . . % —————————————————— I
, , Current_block_G1 y VSS R2 1 RCL
b, 00e-03 i ’If -------- -: ---------------------------- —: - ---- :
| | | | | : Current_block_G1_y VSS R2 1 RC
=1.00e-02 Ir “““““ ':' """""" -: ----------- I— ----------------- jl - —:
_‘| .5”3'”2 :- —————————— JI- —————————— —: ——————————— :— —————————— JI- _________ _: ___________ :
0002400 F Dile-( 1.0ie-08 1 Bile-M6 2 Dile- 2 Eile-M6 .00e-08
Current_block G1 y VSS R2 1 RCLK
(correct waveform)
Vm
F5A Suppli " OI ZA
(), 3 . .
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AC Simulation Plot for VDD nodes
Supplying 30.30 nF Bypass Capacitance

4,00e4+01
leqends of 318 obj.:

== RC_current_block_GG1_v_VOD_R1_1_7in_RC
== RCL_current_block_G1_y_VOD_R1_1_Zin_RCL

3.60e+01 w= RCLE_currert_block_G1_y WDO_R1_1_Zin_RCLE

3.00e+01

2508401

Impedance

1.002+01

5.002-+10

T et S S VIf;)D R293 4 RCLK current_block G1 y VDD R293 4

1.00e+03 1.00e+04 1.00e+10

V' OEA,

!
FS5A Suppli
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AC Simulation Plot for VDD nodes

Supplying 30.30 nF Bypass Capacitance

o
2
— Y
| 5
—
— 4 <
1_ D_ o
C
Dn (&) =
_ > 3
a VJ_ o
: . :
c
| O o
. N ;
(]
— m &)
© o &
X . o
5 -
o g
o] 5
(| | N R P S (. N I oLy ____
I=
N
n_rb m ||||||||| N S
= 22
3 e
B B B R
O 85
_DD
- 8%,

== RCLE_current_block_G1

OEA.

= RCL_curent_block_G7

International i

v"_\v

== RC_current_block_G1

leqends of 3 13 obj.:

VDD _R1 1

_Y

Foocoooodoooocooodlooooooalbfoococoocoobooar—ae dbol oo o

—
o
4
(&
°
0
+—
c
()
S
=
S
(&S]
)
o

g
Wy
=
u
=
8
-l
g
=
S
"
-

1.008+05

0. 00e-+00
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Transient Simulation Plot

1.60e+00

1.40e+00

1.20e+00

3.00e-01

6.00e-01

4.00e-0

2.00e-m

0.00e+00

-2.00e-01

leqends of 4 {4 abj.:

== Org Micurrent_block_G1_y_WOD_R295_4)=4-
== OrgMicurrent_block_G1_y_WS5_R294 41
== (g, Micurrent_block_WOD_E1)<Y-
== (g, icurrent_block_WE5_E1)=W=

VDD

1. 00e+00 e I I I e

Nodes

VSS
nodes

0.00&-+00 1.00e-05 2.00e-08

300805 4.002-05 5.00e-03 G.00e-05

F.00e-05

FS5A Suppli
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Transient Simulation Plot

OeaGraphics

Current_block_G1 y VDD_R293 4
1022400 (RCLK simulation)

leqends of 4 14 obj.:
== Org_RCLE Micurrent_block_G1_y_WOD_R2435_4)«¥=
== Org_RCLE Micurrent_block_WOD_E1)=V
101400 == [rg_RLKE.MWicurrent_black_G e 4 Cu rrent—b lo C_k—VD D—B 1
(RCLK simulation)

|

1.07e+0

Current_block_G1 y VDD R293 4
(RLK simulation)

1006400 N
.l }
1006400 ; B
t )

9,95e-01 ¥

, Current_block_VDD_B1
3.80e-01 . \ (RLK simulation)
9,35e-01

1,00e-03 150e-08 2,00e-03 2 50e-03 3.00e-03 3.50e-03 4.00e-03 450e-03
A/
Fi Suppi - 4" OFA
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Transient Simulation Plot

I OeaGraphics
2.00e-01
leqends of 4 /4 abj.:
w= (g _RLE Micurrent_block_G1_y WSS _R294 4\
1.50e-01

1.00&-01

b.00e-02

1.39e-17

-b.00e-02

-1.00e-M

-1.50e-01

== (rg_RCLE Wicurrent_fokk 55 _E1)=W=

= 0rg_RCLEYcurrert ﬁ_m Ty WSS R4 d)as

Current_block_G1 y VSS R293 4
(RCLK simulation)

Current_block_VSS Bl
(RCLK simulation)

Current_block_G1 y VSS R293 4
(RLK simulation)

Current_block_VSS Bl
(RLK simulation)

1.00e-05

1.50e-05 2.00e-05 2.50e-05 3.00e-08 3.50e-03 4.00e-03

4.50e-05

FS5A Suppli

(@)
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Transient Simulation Plot

1.50e4+00
leqends of & 18 obj.:

== Org_RLK.M{current_block_G1_y_VWDD_R293_4)=\=
m= Org_RLEW{current_block _G1_y_W55_R294 4124
== Org_RLEW{current_block_WDD_B1)<V=

mmelirg_RLE Micurrentsblock W55 E1)=Y \
- pAAPAPATA I
1002400 lbf\:'\ _\'\ _\-‘T L or -::E‘-'Th.em l:%ﬂ} q‘fui\l—-\_‘

VDD
Nodes

5.00e-01

VSS
nodes

0.00e+00

-5.00e-01
(1. 00e-+00)

1.00e-08 2.00e-08 3.00e-03 4.00e-03 5.00e-03 6.00e-03 T.00e-08

FS5A Suppli
(@)

aTECHNICAL CONFERENCE

W OLA

International lnc. FSA Design Modeling Workshop



Transient Simulation Plot

OeaGraphics

1.20e+00

legends of 4 14 obj.

== rg_RLE.V{current_block_G1_y_WOD_R295_4)=W=

Current_block_G1 y VDD _R293 4

1 1Be+00 == [rg_RCLE.W{current_block_Gyy_WDD_R2435_4)=W= - —_. . - -

= Org_RCLK.Mirument block AJ0R B1)7 (RCLK simulation)
110e+00 Current_block_VDD B1

(RCLK simulation)
1.05e+00 N {
Current_block_G1_y VDD_R293 4
1002400 (RLK simulation)
8 50e-01
8.00e-01
Current_block VDD B1
§ 5le-01 ; :
N d0e-08 1508-08 20005 2.506-08 3.00e-08 3.50e-03 4.00e-08 450e-08 (RLK simulation)

FS5A Suppli
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Transient Simulation Plot

OeaGraphics

Current_block_G1 y VSS R293 4
(RCLK simulation)
2 0e-02
leqends of 4 /4 abj.:
= Org_RCLE Micurrent_block_G1_u Y55_Ro9d_d)ey
- u:g_ncu:.wiﬂ:[zm_bluﬁk_usim]{ux_ o Current_block_VSS_B1
’ = Org ALK Micurrent_blgft G1_u WSS _Rogd_4)ey : :
18012 - u:g}:u&.uEEﬂggnt:hﬁ;ws{Ean; e (RCL K simulatio n)
1.00e-02
Current_block_G1 y VSS R293 4
(RLK simulation)
B.00e-05
1.73e-15
-, a5
Current_block_VSS B1
(RLK simulation)
-1.008-02
-1 502
1.00e-08 1.508-05 2 D0le-05 2 Blle-05 5.008-05 5 50808 4.002-08 4 50e-05

FSA Designh Modeling Workshop
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Additional Analysis Including Layer M1

The Post—Layout Workshop
File View Display CELL-AN NET-AN P-GRID RF-PASS METAL Tools Setup Help

2 Unsure

= of

= Actual
M1
In This
Area

Colormap display on/off GDSIL:VIEW

W
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Additional Measurement Points

e TTle View DishE CELL
I The Post—Layout Workshop

e Post—Layout Workshop
NET-AN P-GRID RF-PASS METAL Tools Setup

File View Display CELL-AN NET-AN P-GRID RF-PAS5 METAL Tools Set

Bz EDEREcE : D

E e Post—Layout Workshor
Ll File View Di ET-AN P-GRID RF-PASS METAL Tools Setup Help
|

PCI_ VDD _T1 —

AR BEnEEEER

PCI_VDD B1

7 7

PCl G1 x VDDR1 5 \ N ——————— I
| G1 x VDDR15 5

V"\V OEA

[nternational] e

PCI_ G1_x_VDDR1 1

F5A Supplie
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[ incpesciwourworkshor

File View Display CELL-AN NET-AN P—GRID RF-PAS5S METAL Tools Setup Help

M1 Impedance Values

uuuuuuuuuuuuuuu

uuuuuuuuuuuuuuu

uuuuuuuuuuuuuuu

uuuuuuuuuuuuuuu

Ieuenn;ﬁ,ufﬁ fﬁjﬁ‘i.:

FALAC_G1 _n_WOO_R1_5#8in_RL
1.PCI_vOD_E1_7in
kA1 PCI YO0 T1_Zigf RL
= A1 PCI_GT s WO R3S 26 RLE
- b1 PO 5
1.40e+01
1.20e+11
1.00e+01
8.2 Q impedance
G.00e+00
73 impedance
600400 .
— 47 Qimgedance ==
4.00e+00
1.00e+08 \ 1.00e+09 B.00e+09

13.3 ohms is relatively high

$’ OLA.
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Comparison of Values at Same Locations
but Different GDS Layers - M6 and M1

— OeaGraphis

The Post—Layout Workshop
View Display CELL-AN NET-AN P-GRID RF-PASS METAL Tools Setup Help

EENE-CEERL R

el ‘ leqefids 95 15 obi.; -
FAE currdgt_block_VOD_E1_Jin_RL
M1 is lower because of M1 VB et Do 00 1
grid tying the M6 together.
If this is not the case <
them it would look more [ viw specty xy tocatin in e data 08A/3D:
like M6 plots.
: : . TheP(—Layu(Workslop
R
\
B
- =
1.00e-+05 1.00e+04 1.00e+10 E!
v View specify xy location in the data GDSILVIEW
F5A Suppli o), "' OEA
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Conclusions

Dummy Metal and Slotting Required in DSM is
Very Important in Analog and RFIC's

In Digital IC's With High Metal Density, Dummy
Metal and Slotting is Not That Significant

In High Performance IC's, Simulation of VDD/VSS
Requires the Modeling of Inductance and Mutual
Inductance to Determine Proper Rail Placements
and Sizing of On-Chip Decoupling Capacitors
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