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Routing is Everywhere in Your Daily Life
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BAD Routing: Waste of Time + Gas!

BAD Routing: Slow Chip + Waste of Energy!
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From Synthesis to Place-and-Route (PnR)

module ADD(DO, DI_A, DI_B);
output [31:0] DO;
input [31:0] DI_A;
input [31:0] DI_B;
wire ... ;

FADDX1 U31(...);
FADDX1 U30(...);

XOR2X1 U1(...);
XOR2X1 U2(...);
INVX0 U3(...);
NAND2X0 U4 (... );
OA21X1 U5(...);
endmodule

Synthesis Netlist

Cell Instances

Interconnect

B

Visualization of Netlist
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From Synthesis to Place-and-Route (PnR)

L=

U3l

u3

U4

Ul
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Wait! Of Course, Not That Easy...

|O assignment
Floor-planning &
power-planning
Cell placement
Optimization,
clock-tree syn. &
detailed routing
Add core filler
Add 10 filler
DRC, LVS, tapeout
Bonding (for chip
measurements)
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Chip Layout vs. Micrograph
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How Tool Handles Large-Scale PnR (1)

e Today we’re talking about billion-transistor designs

e Continuous design variables for circuit opt.: infeasible

e PnR technology: constrained, discrete optimization
= Library of standard cells
= Site, Row-based placement
= Fixed routing track & pitch
= Layout exchange format (LEF)
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PnR Technology (1)

Standard-Cell Library
= Same height
= Same power rail

= Discrete sizing
(1x, 2%, 4x%, ...)

Site, Row-Based PnR
= Placement grid

= Easy VDD/VSS
connection

% VDD

# VSS

On- grld placement of standard ceIIs
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PnR Technology (2)

M2 Pitch

________________________

_____

LAYER VTH_P ... END VTH_P
LAYER VTH_N ... END VTH_N

LAYER PO ... END PO
LAYER CO ... END CO
LAYER M1 ... END M1

LAYER VIA1 ...END VIAl

SITE core ... END core
SITE bcore ... END bcore

MACRO INVDOBWP ... END INVDOBWP
MACRO DFQD2BWP ... END DFQD2BWP

i RN

Fixed routing pitch
= On-grid routing
ritch = Lowering complexity
of routing algorithm

Layout Ex. Format

= Process info. (layer,
design rule, par. RC)

= Simplified view of
std. cells & macros
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LEF: Technology Information

<item> <unit> <precision>

routing direction & pitch

3D geometry

unITs L—"

CAPACITANCE PICOFARADS 10;

CURRENT MILLIAMPS 10000 ;

VOLTAGE VOLTS 1000 ;

FREQUENCY MEGAHERTZ 10 ;

DATABASE MICRONS 2000 ;
END UNITS

MANUFACTURINGGRID 0.005 ;

SITE bcore
SIZE 0.140 BY 2.520;
CLASS CORE ;
SYMMETRY Y ;

END bcore

site def.

SITE core
SIZE 0.140 BY 1.260;
CLASS CORE;
SYMMETRY Y ;

END core

LAYER M2

V4
TYPE ROUTING ; W
DIRECTION VERTICAL ; /

PITCH 0.14;
HEIGHT 0.535 ; THICKNESS 0.125 ;
WIDTH 0.07 ; MAXWIDTH 4.50 ;

SPACINGTABLE PARALLELRUNLENGTH
0.00 0.27 0.40 0.62 1.50
WIDTH 0.00 0.07 0.07 0.07 0.07 0.07
WIDTH 0.17 0.07 0.08 0.08 0.08 0.08
WIDTH 0.24 0.07 0.12 0.12 0.12 0.12
WIDTH 0.310.07 0.12 0.14 0.14 0.14 Y
WIDTH 0.62 0.07 0.12 0.14 0.21 0.21
WIDTH 1.50 0.07 0.12 0.14 0.21 0.50 ;

MINENCLOSEDAREA 0.2 ;
ANTENNAMODEL OXIDE1 ;

RESISTANCE RPERSQ  0.3080000000 ;
CAPACITANCE CPERSQDIST 0.0002317460 ;
END M2

\
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parallel run

fe—>|
width

———

Q: Where to place it? A: Only in the core region.
Q: Can tool flip it? A: Yes, but only in Y direction.

design-rule check info.
& parasitic RC values
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LEF: Simplified Cell View (1)

PnR tool doesn’t care about detailed layout within a cell,
it only cares about the shapes of 10 pins and VDD/VSS.
Simplifying the layout of cells: improved tool runtime

Simplify

=

No more poly, N-well,
contact, N/P doping...

left for tool to route

Only 10 and VDD/VSS | 3
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like building a road in front of your home

You don’t provide internal layout of your home to workers.
You only tell them where the doors are.
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LEF: Simplified Cell View (2)

cell name

—_—)

placed in the core region

can be flipped both

vertically & horizontally ://r

placed on the grid
defined by SITE core

N\

RECT x1 y1 x2 y2
to describe the shape

\[

Antenna information for
design-rule check (DRC) &
S| analysis (discuss later)

= MACRO INVD2BWP

——— CLASS CORE ;

FOREIGN INVD2BWP 0.000 0.000 ;
ORIGIN 0.000 0.000 ;
SIZE 0.560 BY 1.260 ;
SYMMETRY XY ;
SITE core;
PIN ZN
ANTENNADIFFAREA 0.1008 ;
DIRECTION OUTPUT ;
PORT
LAYER M1 ;

—— RECT 0.320 0.355 0.385 0.815 ;

RECT 0.315 0.185 0.320 0.815 ;
RECT 0.240 0.185 0.315 0.445 ;
RECT 0.245 0.735 0.315 1.035 ;
END

|

USE POWER/GROUND
tells the tool where the
power pins are

l/

RECT 0.105 0.545 0.245 0.615 ;
RECT 0.035 0.495 0.105 0.765 ;
END

END |

PIN VDD
DIRECTION INOUT ;
USE POWER ;
SHAPE ABUTMENT ;
PORT
LAYER M1 ;
RECT 0.500 1.145 0.560 1.375 ;
RECT 0.420 0.910 0.500 1.375 ;
RECT 0.150 1.145 0.420 1.375;
RECT 0.050 0.845 0.150 1.375 ;
RECT 0.000 1.145 0.050 1.375 ;
END

END VDD

PIN VSS
DIRECTION INOUT ;
USE GROUND ;

" SHAPE ABUTMENT ;

PORT
LAYER M1 ;
RECT 0.515-0.115 0.560 0.115 ;
RECT 0.405 -0.115 0.515 0.280 ;
RECT 0.150-0.115 0.405 0.115;
RECT 0.050 -0.115 0.150 0.415 ;
RECT 0.000 -0.115 0.050 0.115 ;
END
END VSS
END INVD2BWP
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Timing & Noise Analysis

e Static timing analysis (propagation delay)
= Cell timing library (.lib)

e Parasitic extraction (wire delay)
= Capacitance table (.captab)
= QX technology file (.cl)

e Signal integrity (crosstalk, antenna effect)
= CeltIC library (.cdb)
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Crosstalk

e Getting serious in deep-submicron era
= Smaller pitches

= Greater height/width ratio I:> ?
= Higher clock frequency {/
Aggressor \_ Aggressor \ /
Orig. Signalﬁ Orig. Signal \

Impacted
Signal

Delay Problen'1' Noise Problem

Impacted
Signal
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Crosstalk Prevention

e Placement solution
= Insert buffer in lines
= Upsize driver

e Routing solution
= Congestion optimization
= Limit length of parallel nets
= Wider wire spacing
= Shield special nets (e.g. clock)

15.17



Antenna Effect

During chip fabrication, metals are initially deposited,
covering the entire chip.

Unneeded portions of the metal are removed by
etching, typically using plasma (charged particles).

Exposed metal collects charges, forming voltage potential.
Might be large enough to damage the gate oxide.

Gate Oxide

15.18



Fixing Antenna Problem

=

@ Q Add Jumper

/_\ <t

Antenna Dio&e Add Buffer
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Commercial PnR Tool: SoC Encounter

Hybrid GUI-Script Interface

:::E'.:'ff::;Encounter(R) RTL-to-GDSII System 10.11 - CORE_QUAD_0.nroute_2pl6ns_733p86x602p28.enc.dat - CORE_QUAD_D
Eile Edit View Patition Floorplan Power EPlace Optimize Clock Route Timing Merify Options FPYVES Tools scadence Menu
I=x=N O ERIR S AB QY &P & o Wiy IE D -

(B S EE L& % =% 5 Tool Bar a{::l Design Views

| Layer Control & X]

'_ :l II.”II“ —“ : ;'- Floorplan | Physical ¢I SWitCh Bar

Elack Ll
FiG v
= Routing Blkg L 1.
= = = = Chstruct EE! L
- Cell Blockage []_ _
z - I Instance Pin  [J_
= Cell Layout  [J_ |2
— Standard Row [ v _
: hetal Fill Ov « s
Winlation v Dlsplay Ctrl.
et O
= Special Met ~
Eus Guide vV
Wiredia Layers o »
P O] M
’ COrVOT) v
- 1 _ | b1 (M1 e v
= e = LL'[[HH WIs1v12) e
S =R M Tl e = World Views & x|
H | im - 522 . = Enl I“" s =[N
—= | [ ;
5 | ] >
) == i
i

Click to select single ohject. Shift+Click to de/selact multiple objects. E Selbumfl (-42.001, 211.024) C u rso r Coo rd i n ate
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Tool Bar

Import Design Zoom Fit Clear All Ruler
I Els ¢« OMERIA SAEBRRO| &9 |14 6 @ R &5

| | |

Undo/Redo Zoom Zoom View Hier.
In/Out Selected (down/up)

Move/Resize/Reshape Add VIA Move/Cut/Stretch Wire

| |~

@)% ¢ EE LRl Q=R

.

Select Ruler Edit Wire
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Design Views

Amoeba View

Display the outline of
modules after placement

Floorplan View

Show hierarchical module
block guides, connection

lines & floorplan objects

Placement View

Display the detailed
placement of cells
and macro blocks
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Display Control

(can be customized by yourself)

Layer Control (5] x] Layer Control (5[~ Layer Control (1] ]
All Colors All Colors
Floarplan | Physical Floorplan | Fhysical Floorplan | Physical
ETOO A Loy e v Special Met I_=; BRI = = v = s
hodule Vv Bus Guide wIr. Instance A
Fence v WireSia Layers # # i (_:E” 1 iy
Guide ] Physical Cell [i]v v
Chstruct Hv ¥ ngnﬂi) f f Cover Cell  [iv w
Region Ll b1 (1) : : Block Lagly
Area Density ¥ ¥ e — FiG "
Instance ] v VIs1(v1e) 1 - Routing Blky v
St Cell Flv v Mz (M2) A Obstruct e ¥ |=
Cover Cell [i]w v ;:"AI;-".Z(VZS) ! - Cell Blockage [Jv _
Elock ¥ (M3) N Instance Pin [«
I Cell [ v VIA3(V34) e Cell Layout  [Jv
real0 Cell  [Flv v paie) o'l Standard Row [ o _
Met Ov :4';‘?\5:45) ! > Metal Fill [ o &
Special Met v (M) N ilatian ¥
Terminal Lty VI1AS(V56) e Met D!
Ruler "4 MG(ME) 1 Special Net "4
Text v :4'?(:5\;)5?) f f _ Bus Guide v
EEI#F;I:S ~ A7 (V78] ! v ireia Layers o &
; F AT (AT e PO (k) ¥
“ield Cell S —
vield Map VIAB(VES) ¥ ¥ SR 1 he
Censity kap e il e e
VIAIVITD) W viatl(viz) v
b1 0(M10) v Mo 7
RY(vilty  [e | viaz(ves e
AP (RATT) Lo v pA3(M3) e

Color Display: Floorplan Objects & Physical Layers

Switch Bar
b/w F-plan
& Physical
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Useful Bindkeys

Action Key Action
g Edit Attribute space Select Next
f Zoom Fit e Popup Edit
4 Zoom In T Edit Trim
Z Zoom Out 0-9 Toggle layer [0-9]
k Create Ruler h/H View Hier. (Up/Down)
Shift + k | Delete All Ruler X Clear DRC

More bindkeys:
Options =2 Set Preference = Binding Key

15.24



SoC Encounter: General PnR Steps

e File preparation & initial setup
e Floor-planning
= Specify layout size & power rail names
= Manually place hard macros (e.g. SRAM blocks, if any)
= Add power ring & power stripes
= Special route (connect cells’ VDD/VSS to power ring)
e Placement & pre-CTS optimization
e Clock-tree synthesis (CTS) & post-CTS optimization
= Generate clock specs. & synthesize clock tree
= Display clock and optimize design
e Detailed routing & post-route opt. (timing & Sl driven)
e Layout verification & stream out
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SoC Encounter: General PnR Steps

* File preparation & initial setup

15.26



File Preparation

You Generate

Gate-level netlist (.vg) from synthesis result
Design constraints (.sdc) from synthesis result
Multi-Mode Multi-Corner let SOCE generate template (only
(MMMC) view (.view) the 15t time), then manually edit
|0 assignment file (.io) Same ways as above
Configuration file (.conf) Same ways as above
Clock specs (.clocktch) Same ways as above

You Find from Foundry Design Kit

Timing library (.lib)

Layout exchange format (.lef)
Capacitance table (.captab)
Parasitic extraction tech file (.cl)
CeltIC noise analysis model (.cdb)
Stream-out layer map (.map)
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Slight Modification of .vg

e When we’re at the final chip-level integration stage, we
need to connect top-level module 10 pins to the chip 10
pads to communicate with outside environment

= Create a new module (e.g. CHIP)
= Instantiate your top-level module in module CHIP
= Find names of 10 pad modules in process verilog model

= Manually instantiate the 10 pad modules, connect it
with top-level modules IO

Find IO pads’ names in process verilog file

=
module FullAdd(S, A, B) ; module CHIP (CHIP_S, wire A, B ;
output S; CHIP_A, CHIP_B); | FullAdd TopLvi(S, A, B) ;
input A; output CHIP_S ; PDO08CDG O1(.Z(CHIP_S), .I(S));
input B; + input CHIP_A ; PDIDGZ 10(.Z(A), .I(CHIP_A)) ;
FADDX1 UO0O (S, A, B); input CHIP_B; PDIDGZ 11(.Z(B), .I(CHIP_B)) ;
endmodule wire A, B ; endmodule
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Slight Modification of .sdc

e Synthesis only considers propagation delay of cells. It
doesn’t include accurate wire delay information.

e We can’t use same clock period as in synthesis for PnR.
= Suggest: increase 0.270.4ns to accommodate parasitic

e |/O delay and the three major design rules (max-fanout,
max-transition, max-cap.) might need modification too.
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|0 Assignment File

Method 1: Follow the format below, store as .io file,
then do File = Load = 1/0 File

Method 2: Do Edit = Pin Editor to assign pins after
your design is completely loaded. Save it
(File > Save =2 1/0 File) for future use

(globals
top

version = 3 . . .
io_order = default pin location (in um) r.p.t >

) the origin of the edge A A

(iopin
pin 7

(pin name="xx" offset=xx layer=xx width=xx depth=xx )

/S
) | pin name/ Core
(bottom
) metal layer || pin width || pin length
(left (e.g.5) to (in um) (in um)

)
(right place this pin
—Z—  bottom

)
default 1/0 order 15 30

left
right




Getting Started!

Login eeapps.seas.ucla.edu
Enter source /usr/apps/cadence/SETUP.EDI10.11

Enter encounter (32-bit version) to open
(note: don’t enter encounter &)
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MMMC View Files (1)

Method 1: Follow the format below, store as .view file,
then source it in .conf file

# Version:1.0 MMMC View Definition File Modify
# Do Not Remove Above Line &

create_rc_corner -name rc_corner_setup -cap_table {.captab file} -gx_tech_file {.cl file}
create_rc_corner -name rc_corner_hold -cap_table {.captab file} -qx_tech_file {.cl file}
create_op_cond -name op_cond_setup -library_file {.lib file}

create_op_cond -name op_cond_hold -library file {.lib file}

create_library_set -name library_setup -timing {.lib file} -si {.cdb file}

create_library_set -name library_hold -timing {.lib file} -si {.cdb file}
create_constraint_mode -name SDC_setup -sdc_files “.sdc file name”
create_constraint_mode -name SDC_hold -sdc_files “.sdc file name”

create_delay _corner -name setup -library_set {library_setup} -rc_corner {rc_corner_setup}
create_delay _corner -name hold -library_set {library_hold} -rc_corner {rc_corner_hold}
create_analysis_view -name setup -constraint_mode {SDC_setup} -delay_corner {setup}
create_analysis_view -name hold -constraint_mode {SDC_hold } -delay_corner {hold}
set_analysis_view -setup {setup} -hold {hold}
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MMMC View Files (2)

Method 2: Do File 2 Import Design = Create Analysis
Configuration and follow the wizard. Save it
as .view file for future use

Analysis Wiew List

MMMC Objects

Wizard Help

B Analysis Views

Sefup Analysis Views
- Hold Analysis Wiews

- Likrary Sets

RC Comers

- OF Conds

- Delay Caorners
- Constraint hModes

This wizard will assist you in
specifying the necessary information
to configure the system for RC
extraction, delay calculation, and
timing analysis.

It you have all the necessary data
available, it is recommended that
you canfigure the systam as
completely as possible for all steps
of the implementation flow - through
signaff.

If not, you can always update the
configuration, if necessary, as you
praceed through the flow.

If you are comfortable using the
MMRC Browser, you can use the
Wizard Off button to remove the
help dialog, and proceed at your
W pace.

For additional assistance with
design impaort, press the Next button|

Eres et
— N—
Lelete Beset Ereferences... Wizard Off Close Help
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Initial Setup (1)

File 2 Import Design

Basic Advanced

Hetlist:
& Verilog
Files:
Top Cell: o auto Assign & By User:
— 08
Libarary:
Cell:
Wigw:

Technology/Physical Libraries:

LEF Files:

08 Reference Libraries:

08 Ahstract View Names:

08 Layout View MNames:

Hoorplan

12 Assignment File:

Analysis Configuration

RARAMC View Definition File:

_Create Analysis Configuration ...

For the first time, press Save
to create an empty .conf file

Il

Edit .conf to include required
files (.vg, .sdc, .lef, .view)

Also specify core utilization
and CTS buffer list in .conf

m . Save.. . . Load... . hganceld

. Help .

Save it, then press Load to
import the modified .conf
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Initial Setup (2)

global rda_Input
set cwd your_working_directory <: MOdlfy
set rda_Input(import_mode)

{-treatUndefinedCellAsBbox 0 -keepEmptyModule 1}
set rda_Input(ui_netlist) “.vg file”
set rda_Input(ui_netlisttype) {Verilog}

set rda_Input(ui_settop) {1}
set rda_Input(ui_topcell) “top_module_of _your_design”

set rda_Input(ui_view_definition_file) “.view file”
set rda_Input(ui_timingcon_file,full) “.sdc file”
set rda_Input(ui_leffile) “.lef file”

set rda_Input(ui_cts_cell_list)
{check_standard_cell_library_manual_to_list_the_buffers
_you_want_for_PnR_tool_to_do_clock_tree_synthesis}
set rda_Input(ui_core_cntl) {aspect}

set rda_Input(ui_aspect_ratio) {aspect_ratio_you_want}
set rda_Input(ui_core_util) {utilization_you_want}

set rda_Input(ui_row_height)
{please_check_lef file_for_the_height_of std_cell}
set rda_Input(ui_isHorTrackHalfPitch) {0}
set rda_Input(ui_isVerTrackHalfPitch) {1}
set rda_Input(ui_ioOri) {R0O}

set rda_Input(ui_isOrigCenter) {0}

set rda_Input(ui_isVerticalRow) {0}

set rda_Input(ui_delay_limit) {1000}
set rda_Input(ui_net_delay) {1000.0ps}
set rda_Input(ui_net_load) {0.5pf}

set rda_Input(ui_in_tran_delay) {0.0ps}

set rda_Input(ui_preRoute_cap) {1}
set rda_Input(ui_postRoute cap) {1}
set rda_Input(ui_postRoute_ xcap) {1}
set rda_Input(ui_preRoute_res) {1}
set rda_Input(ui_postRoute_res) {1}
set rda_Input(ui_shr_scale) {1.0}

set rda_Input(ui_rel c_thresh) {0.03}
set rda_Input(ui_tot_c_thresh) {5.0}
set rda_Input(ui_cpl _c_thresh) {3.0}
set rda_Input(ui_time_unit) {none}

set rda_Input(ui_pwrnet) {VDD}

set rda_Input(ui_gndnet) {VSS}

set rda_Input(flip_first) {1}

set rda_Input(double_back) {1}

set rda_Input(assign_buffer) {1}

set rda_Input(use_io_row_flow) {0}
(ui

set rda_Input(ui_gen_footprint) {0}
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SoC Encounter: General PnR Steps

e Floor-planning
= Specify layout size & power rail names
= Manually place hard macros (e.g. SRAM blocks, if any)
= Add power ring & power stripes
= Special route (connect cells’ VDD/VSS to power ring)
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Floor-planning

Floorplan = Specify Floorplan

Specify Floorplan

Specify core size indirectly

Basic gdvanced

Design Dimensions US|ng aspect ratiO (hEight
Specify By: .z Size DiefIOfCD.re Cnurdinates- %:ﬁ/l by Wldth) & ut|||zat|on
& Core Size hy: & Aspect Ratio: Ratio (HAY): 553125892
® Core Milization:  0.6543337 Or
_ Cell Utilization: ~ 0.849357 | . . .
STl oo =—__ Specify core size directly
- — \‘ using dimension (H & W)
— Die Size hy: Width: 713435

Height: 235.94

Care Margins by: e Core to 10 Boundary
— Core to Die Boundary
Core to Left: 0.0 Core to Top: 0.0

Core to Right: 0.0  Core to Boftom:

Die Size Calculation Use: _ hax 1O HE|ght 2 fdin 10 HE|ght =l
o “ I o

Floorplan Origin at: s L
Reserve margm (coreto 10
ey ., | boundary) for power ring

T
Il

Il
Il
IIE
Il
I1§
Il
11§

N ey e e
T E— . — =
"1 " T

\\

ST B CEDGEE] B SRR . !!Lll..l-ln/

S ————— — ——— — R — i —
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Mapping Cell Power Pins to Global Rail

Floorplan = Connect Global Nets

— Connection List
WOD:PIN: DDAl

Connect VDD pin
to global VDD net

Do same thing
to connect VSS

You can see the

message about #
of VDD/VSS pins
connect to global

Global Net Connections

\- After cl

licki

i3

- — Power Ground Connection

NG

— Connect

Instance Basename: ”

, You'will see this

Pin Mame(s)| VDD

- Met Basename: |

— Scope

- Bingle Instance: |

~ Under Module: |

~ Under Power Domain: |

&add to List

Update |

- Under Region: | [0.0 0.0 0.0 oo
|0 Apply All |
To Global Met{vDr]
| Owerride prior connection
W ‘erbose Output' CI|Ck Here

Delete |

VDD/VSS in the
Apply |

hd
| Beset | Close | Help |

terminal window
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Mapping Power Nets to Global Rail

Floorplan = Connect Global Nets

Connect VDD net
to global VDD net

Do same thing
to connect VSS

You can see the
message about #
of VDD/VSS nets
connect to global
VDD/VSS in the
terminal window

Global Net Connections

— Connection List
YOD:PIN VDDAl
WOD:MET: DDAl

After cl

- — Powrer Ground Connection

[-‘:king,:y@gfj/vill see this

# Met Basename: [vDD

— SCope

v |
~ Under Module: |

<l

~- Under Power Domain: |

& Apply All

~ Under Region: 1 |0.0 jo.o 0.0

To Global Net] VDL

| Qwerride prior connection

W “Yerbose Output' CIiCk Here

| Add to List 4/ Update |

Delete |

apply |

hd
| Beset | Close |

Help |
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Manually Place/Edit Hard Macro

Use 4 to move objects to desired locations

Edit HALO:
Floorplan = Edit Floorplan = Edit HALO

Prevent the placement of blocks & std. cells within specified
HALO region in order to reduce congestion around a block.

Macro
Block

Specify Halo For

‘ ® 4l Blocks o Selected Blocks/Pads . Design “
— Routing Halo
* Add/Update

Halo Walue: 0

Eottom Layer: (ki1 k) Top Layer
e

- E
Remowve
® Placement Halo
®  Add/Update Block Halo
Top: 1] um Bottom: 0
Left: 1] L Right: 1]
— Remove Block Halo
m apply Cance Help
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Add Power Ring (1)

Power = Power Planning = Add Rings

I Basic I.t\dvanced Via Generation

Met(s): Y55 VDD

|

Specify the names of global

Ring Type
® Core ring(s) contouring
& Around core boundary — &long I¥O boundary
_ Exclude selected objects
— Black ring(s) around
® Each block
Each reef
Selected power domainfences/reefs
Each selected hlock and/or graup of core rovws
Clusters of selected hlocks and/or groups of core rows
With shared ring edges

— User defined coordinates:

ldousetlick

— hetsto deliver core power

Specify layer, metal width &
spacing of power ring

——

(note: after setting up a new

® Core ring Elock ring
Ring Configuration
Top: Bottom: Left Rightt =]
Layer: (MIH® ( MIHE M2V MZV R
Width: Z 2 2 2
Spacing: 2 2 2 2 _Update
Offset: . Center in channel & Specify
0.07 0.07 0.07 0.07

[
@
i)
=
™

value, press Update to have

the tool adjust the values to

the nearest legal ones that
can pass DRC for you)
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Add Power Ring (2)

Power = Power Planning = Add Rings

using wire
group w/o
interleaving,
number of
bits = 2

e using wire

group with

_ Create rectangular ring(s) only
terge with pre-routed rings if within spacing threshald: 0.07
Minimum jog distance: 0.07

Shap wyire center to routing grid: Mone n e inte rI eavi ng’

Wire Group

we suggest _>

# Interleaving

. . number of
SO this option

[
| bits = 2
Spacing: 0 Width: 0
kdake group wias at ring cormer ‘

= o o oo .2 Press OK, or Apply—=>Cancel to add ring
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How to Decide the Width of Power Ring?

Formula for metal width

Total P 1 1
Width = Otal Fower X — X

Supply Voltage 4" Metal Current Density

= Rule-of-thumb current density ~= 4 mA/um (if >0.5um & below 100°C).
For exact value please check process design-rule manual.

= The % is by assuming each edge delivers same amount of current

(Note: Above is only for V, or Vg, should times 2 to get both. Also need to plus metal spacing to pass DRC)

Example: A post-layout core consumes 80 mW@1 Volt. It uses M3 (top & bottom)
and M4 (left & right) for power ring, each having density of 4mA/um. Design rule
asks the spacing b/w metals to be >0.5 um. We want a wire-group interleaved by 2.

Solution: Total width of V, or Vi, = 0.25%(80mW/1Volt)/(4mA/um) = 5um. Total
power ring width = 5pumx2(for V,+V.s) + 3x0.5um(spacing inside ring, as shown in
previous page) + 2x0.5um(spacing b/w ring & core+lO pads) = 12.5um. This also
tells you should specify 12.5um spacing on each side of the core during floorplan.
(Note: Due to 2-bit wire group, the width for each V,, or V¢ is in fact 5um/2=2.5um)|
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Add Stripe to Enhance Power Delivery

Power = Power Planning = Add Stripes

Chk the two “...encounter... obs...”

e T T options. in Via Generation page S p e Cify t h e St ri p e i nfo r m at i O n

~ vl I | o ° °
T Switch to Advanced page to check the two ( m eta I Iaye r |t u SeS, d | rect | 0 n’
Lager: (M) “Omit..” options. Can also setup wire group & B . .

Di.rect.ion: oiverizail | interleaving option as we did for_power ring. Wldt h a n d s pa Cl ng) . U pd ate
;V;;it:i.ng: 2— Update /

e s ' to get DRC-legal values.

24 Add Stripes

Metis):  YDD WSS

& Set-to-set distance: 100
1

— Bumps ® Cver Eetween

 Mumber of sets:

set-to-set | Tip: We usually only put vertical stripes using
distance M2 or M4 because std cells’ VDD/VSS rail
_ i naturally serve as horizontal stripes.

« COver P/G pins  Fin layer. | Joppinlayer k ]

® hdaster name: Selected blog)

& Core ting

_ Pad ring Inner & Outer Sta rt pOint Of

— Design boundary v Create pins
— Each selected block/domainfgence

v the first stripe
— opecity g / |

 Specify rectilinear area

FirstiLast Stripe

Start from: & left L right

& Relative from core or selected area

H from left: 0 H from right: 0

— &bsolute locations

Option Set

_ Use option set: | lindate. Basic

m Mariahles Apply Defaults Cancel Help
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Special Route: Connect Std. Cell Power Pins

—————————————————————————————————————

Put VDD VSS in Net, check

Follow Pins, then press OK.

(change SRoute options to connect e
Pad Pins, Block Pins and Pad Rings) !

=]

= E3

I
| 1
' l

2 Gend : ) : i

I | 1 | 1

Net(s): VDD w55 i ] i ]

1 1

SRoute L I |y Ny Y Ry Ry Wy yRymyL YRRy

__ Block Pins __ Pad Pins __ Pad Rings  Follow Pins Secondary Power Pins ‘
Routing Control
Layer Change Control
Tap Layer: |_&P » Battam Layer. | M1 »
~ Allow Jogging ~ Allow Layer Change
| Area Fower Domain Selection ! ) ! i
I
#1 ¥1: Dray Al ! |
! |
e 1000 |
Connect to Targat Inside The Area Only Laled | i
_ Delete Existing Routes \ \
_ Generate Progress Messages
— Extra Canfig File _Extra Config Editing 1 [ 1 ™
1 | 1
Target Editing Options I ! |

_ Bpply _Defaults _Lancel - __Help
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SoC Encounter: General PnR Steps

e Placement & pre-CTS optimization

15.46



Placement (1)

Placement: highly dependent on |10 locations &
floorplan, and can affect circuit performance

A bad placement A good placement
Courtesy: Andrew Kahng, UCSD
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Placement (2)

Place = Specify = Placement Blockage

:::E'.:'ff::;5pecify Placement Blockage for Strip and Routing Bloc... =] E3

Specify Placement Blockage for Strip and Routing Blockage Don’t place Standard Ce”S With
2 = specified metal layers under stripes

I\

kA3

LT L L LL
W~ oo B

k10
b1

- |
e —

4 select Filler Cells

Selectable Cells List

GDCAPTOBWP
Add End Cap Instances FILLEAEWP
Fre Cap Cell E:ttggmﬁ
et Cp Col |:> Lo
Pisfis |ENDCAP Press Select | [Fiuiewe
e D
lix lly DCAPKE4BWP
u< T 19 ———————— DCAaPXE4RWP w
Apply Cancel Help ‘
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Placement (3)

Place = Place Standard Cells and Blocks

Pre-place opt. (PPO): tool will
delete all the buffers in gate-level
netlist first, then do placement

p—
® Run Full Placement _ RBun Incremental Flacement . Run F'Iace@/wm?’r

Optimization Options

# Include Pre-Flace Optimization

— Include In-Place Optimization

Mumber of Local CPU{s): 1

_Apply

et hultiple CPUL.

- kdode ~

—— ‘

Mgefau ItsJ

—_— ~—

In-place opt. (IPO): tool won’t
delete any buffer in .vg. It does
placement & pre-CTS optimization

Note: IPO will soon become obsolete, replaced by pre-
CTS optimization. Therefore we don’t suggest to
check that option. Only check PPO if needed.
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Pre-CTS Optimization

Timing = Report Timing

(check setup or hold to see timing info.)

30 Timing Analysis

Basic Advanced

__iUse Existing Extraction and Timing Dataé
Design Stage
— Pre-Place ®& Pre-CTs o PostCTS _ Fost-Route o Sign-Off

fnalysis Type

® Setup . Hold

Include Sl

Reporting Options
Mumber of Paths: al
Report file(s) Prefi<: ZORE_GUAD_0_preCTS

Output Directory: fimingReports

L Apply . Cancel . Help

Tip: Timing = Debug Timing allows you to see detailed
delay info. of all paths, including slack statistics, node
parasitics, wire length from one node to another, etc.

Optimize = Opt. Design
(check Pre-CTS, setup and DRV)

Optimization

) §Pre—CTS§ — Fost-CTS — Post-Route

Optimization Type
¥ Setup Hold
— Incremental

(™

Design Rules Yiolations

_ Max Cap
» Max Tran
_ Max Fanout
& Dptinms...

Ihlude Sl

_Apply  _Mode

Tip: We suggest to fix all DRV during pre-CTS opt. stage,
and check only Max Cap and Max Tran in post-CTS
and post-Route. Also we can change to Incremental
option if the timing violation is almost fixed.

Mgefaultif - izlose Y g Help -~

Can try opt. for multiple
times to pass the timing
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SoC Encounter: General PnR Steps

e Clock-tree synthesis (CTS) & post-CTS optimization
= Generate clock specs. & synthesize clock tree
= Display clock and optimize design
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Clock Tree Synthesis (CTS) (1)

Clock tree propagate clock signals, through
clock buffers, to each of the registers

Clock problem
= Heavy net loading
= Long insertion delay
= Skew
= Coupling
= Power consumption
= Electromigration

O—

Bag

0

]

e
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Clock Tree Syn

thesis (CTS) (2)

Clock = Synthesize Clock Tree

Synthesize Clock Tree

Basic | Advanced

Ger Spec.. l/
el \—/r

ICIDCK specification Files: aWCORE_GQUAD_D.ctstch | L.

_ Press Gen Spec for the first

Results Directory: clock_report

~
N

time. Select all clock buffers
and clock inverters for CTS.

If already have Clock.ctstch,
just put that file in the Clock

Apply U dode ™ \ﬂn Clear Spec Cancel

s |

Generate Clock Spec

Specify Bufferfinverter
Cells List

LWLHLD1BWF
LWLHLDZBWF
LWLHLD4BWF
LWLHLDEBWF
LWLLHD1EBWP
LWLLHDZBWF
LWLLHD4BWP
LWLLHDEBWF

Selected Cells

Add
e

Deleta
—

Output Specification File: Clock.ctstch

Specification Files and press
OK to synthesize clock tree.

|

———————

B

[ oK ] Apply Clear Spec Close Help

Press OK to get Clock.ctstch
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Display Clock Tree to See Clock Distribution

Clock - Display = Display Clock Tree

ncounter{R) RTL-to-GDSII System 10.11 - CORE_QUAD_0.postcts_Zpl6ns_733p88x602p2a.... !EI E

Eile Edit “iew Parition Floorplan Power Place Optimize Clock  Houte »EEdEI’ICE

= & |l 2 & | »”mg%g » EN s
-c%»%%llﬁ.‘euﬁ:ﬂetv B 2 (@)

| Layer Control & x|
_All Colars

Floorplan | Physical
Physical Layers _ &

Instance

St Cell

Fhysical Cell
Cover Cell

Elock

PG

Routing Blky I
Dihstruct H_
Cell Blockage []_
Instance Pin - []—
Cell Layout  []—
Standard Row []_
Metal Fill  []—
iolation

M et Mo &

Click to select single ohject. Shift+Click ta defselt| Q ||SelNum:0 |(335.907, 269.504)  [Routed

KKK K <
11}

< 1<

< < |
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Post-CTS Optimization

Optimize = Optimize Design

(check Post-CTS, setup and DRV to fix setup time. Change to hold to fix hold time)

press Mode to enable advanced opt. features

List of Modes Optimization Mode

Timing Effort
ac ‘ o Low & High
iller
ana Leakage Power Effort
Iptimizati ‘ & Mone — Low — High
Dynamic Power Effort
canRean
reamo ‘ & Nong o Low — High
DasisOut Vield Effort
TieHiLo ‘ _
TrialRoute "M ~ Llow g
Area Optimizati
‘ ¥ Recl & ¥ Simplify Metlist
Thresholds
Setup Slack (ns): 01 ald Slack (ns): 0.01
Max Density: 0.33 DRY Margin: 0
Useful Skew
_ Allow
kAaximum Skewing Mo Boundary Skewing
Uze Cells: \ND1ZBWP CKMDOBWF]}
rdaximum Allowed Delay: 1
_Set Defaults
_Bpply _Cancel

Set setup slack threshold to
be >0 helps hold-time fixing

—

Orig. max. utilization=0.95,
\‘ can change to higher value

15.55



SoC Encounter: General PnR Steps

e Detailed routing & post-route opt. (timing & Sl driven)
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Detailed Route

Step 1: Press Mode, go to DFM,

. Mode Setup
List of Modes

CTs
Clockhdesh
Filler
iE te
Optimization
Placement
ScanReorder
StreamOut
CrasisCut
TieHiLo
TrialRoute

Route = Nano Route = Route

Step 2: Check following options
(can set multi-CPU to speed up)

check Spread Wire

NanoRoute

Route  Timing/Sl  DFM Anfenna. AdvDRC  Misc

Concurrent Via Oplimization

Effort & Low o Mediurm _ High

Post-Route Via Optimization
— Use Wias With Larger Cverhangs First
— Minimize Yia Caunt

Swap Via & inon

_ single cut _ multiple cut

Posi-Route Wire Oplimization
o Spread Wire Minimum Length 2

Widen Wire ® none _ widen _ unwiden
Widen Wire Rule|_N& » Minimum Length 1
L

Minimum Slack 0

Litho Errors Fixing

_ Litho Driven _ Paost Routs Litho Repair

0K Apply cancel Help /

For optimized timing, set Effort=10; if
design highly congested, set Effort=1

Routing Phase
¥ Global Route
~ Detfail Route  Start Iteration 0 End lteration default
Post Route Optimization | Optimize Wia _ Optimize Wire
Concurrent Routing Features
¥ Fix &ntenna & Insert Diodes Diode Cell Mame
Congestion Timing
& Timing Driven Effort 5 . SMART.
& 3l Driven
_{Post Route 51 sivitmFie — ]
__ Litho Driven
_ Post Route Litho Repair
Routing Control
__ Selected Mets Only Enttom Layer17 Top Layer 7
_ ECO Route
_ Area Route Area— _l Eelect Area and Route
Jobh Control
~ Auto Stop
Mumber of Local CPUs): 1

Mumber of CUP(s) per Remate kdachine: 1—

Mumher of Remote kMachine(s): D—

Set bultiple CRU..

m Apply Aftribute Mode Save Load Cancel




Post-Route Optimization

Optimize = Optimize Design
(check Post-Route, setup and DRV to fix setup time.
Change to hold to fix hold time)

1+ Optimization
Design Stage
— Pre-CT3 . Post-CTS ® Post-Route

Optimization Type

¥ Setup — Hold Note: Must fix setup/hold

— Incremental . . . .« .

& Design Rules Violations time first, then fix timing
¥ Max Cap again by checking the
— LSS Ve Include SI option for further
_ Max Fanout . .. .

¥ Include 51 T STOPUONS,.. | noise-aware optimization.

@3  :opv | Mode | Default | Close | | Help
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Adding Fillers to Fill Unplaced Core Area

34 ndd Filler

Place = Physical Cell = Add Filler

::::zgl.'fff::;ﬁelect Filler Cells

Selectable Cells List

Cell Mame(s) Select
Prefix FILLER [
Powser Diamain Select
_ Mo DRC
_ Mark Fixed
_ Fill &rea iz e Atea
I y -
u ury -
Apply hode izancel Help ‘

N

v

add

Delete
oy

Cells List

FILLEBWP

FILLE4EW P

FILLTE'%F
FILL1EEWP
DCAPXGEWP
DCaPxapwr
DCaPXa4BWF
DCaPRE4EWP
DCAPXABWP

[

Do Select = Add = Close to list the fillers you want to
use. Remember: add from wider filler to narrower filler.
tip: use left click + drag to select multiple fillers at once.
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SoC Encounter: General PnR Steps

e Layout verification & stream out
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Verify Layout

e DRC: Verify = Verify Geometry e Antenna violation: Verify 2>

(should get zero error, otherwise gotta fix them)

Begin Summary ..
Cells
SameNet
Wiring
Antenna
Short
Overlap

End Summary

o I e B o e -

Verification Complete : 0 Viols. 0O Wrngs.

e LVS: Verify = Verify Connectivity

Begin Summary
Found no problems or warnings.
End Summary

Verify Process Antenna

:::E'.:'ff::;'lul'erifr Process Antenna

Qutput Files

Gntenna LEF: CORE_QUAD_0.antenna.lef = |

Report: CORE_GUAD_O.antenna.rpt = |

_ Generate detailed report

Hets

= Al
— aelected

— Mamed:

Report Limits
_ Check Power and Ground Mets
__ Skip Checking On ¥ Pins

kda=imum Mumber OF Error: 1000

Apply , | Lancel

Help
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Stream Out GDS File

Design = Save = GDS/OASIS

1+{ GDS,/DASIS Export o=l

Output Format e GDSI/Stream L OASIS Decide the name of .gds &
Output File CHIP g : :

utput File fgois library it’s gonna be belong

Map File streamCut.map

Library Mame EEZ1B&_CHIP_Lib e — to. Source the .map from

v iStucture Name! CORE_GUAD_O — foundry design kit

__ Attach Instance Mame to Attribute NuthA |

__ Attach Met Name to Attribute Number "~ Check Structure Name,
_ Merge Files _| — Uniguify 8 press OK to generate

| ottipes 1

_ ‘Write Die Area as Boundary

__ Write ahstract information for LEF Macros
Units | 2000 »

Mode | ALL b

[ OK _Apply _Cancel __ Help
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Post-Layout Parasitic/LEF/Netlist/SDF/LIB

Parasitic: Timing = Extract RC

8 Extract RC

Save RC
» Save Capto CORE_GUAD_0O.cap = |
_ Save Setload to CORE_@UAD_D.setload k |

¥ Save SPEF to; CORE_QUAD_0.spef I |

RC Corner to Output  tchndSgs_Tp10ma<2z_rc_boldl n

@  ceey o Cancel Help ‘

LEF, Netlist, SDF: Using commands

__ Save Set Resistance to CORE_GQUAD_O.setres = ,/
_ Save 5PF to CORE_GUAD_O.spf T

Check Save SPEF to and name the .spef
file. Don’t forget to generate .spef for
both best- and worse-case RC corners.
We use .spef in post-layout simulation

LIB: Using commands

saveNetlist XXX_sim.vg (for post-sim.)
saveNetlist -flattenBus -includePowerGround
XXX _lvs.vg (for Calibre LVS check)

lefOut XXX.lef —stripePin

write_sdf XXX.sdf

setAnalysisMode -checkType setup
do_extract_model XXX_setup.lib
setAnalysisMode -checkType hold
do_extract_mode XXX_hold.lib
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Post-Layout Simulation & Bottom-Up Design

e Post-layout simulation
= Prepare .vg, and .sdf from SoC Encounter
= Do the same thing as in pre-layout gate-level simulation

e Bottom-up hierarchical design flow

= Once having .lef and .lib, your design can be treated as
a “big” standard cell. We call it as a macro block.

= At higher-level integration, just source that .lef and .lib
and do the same thing as in bottom-level PnR.
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Summary

e Physical synthesis tool processes the design from gate
to transistor level

e Slightly modify .vg and .sdc if necessary

e Take some time to carefully think about your floorplan
& 1/0 locations to get optimized circuit performance
= Can affect wiring congestion
= Suggested core dimension: as square as possible
e Optimize timing in each design stage
= pre-cts: setup
= post-cts: setup + hold
= post-route: setup + hold + SI

e Make sure to pass build-in DRC & LVS before finish
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