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Pre-Routing Critical Wires

» Pre-routing critical signals may be required for
Routing timing-critical signals
Routing sensitive analog signals (e.g. that require shielding)

Routing multi-phase clock signals that require delay-
matching

» Using Custom Designer is necessary to route
critical wires
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Pre-Routing with Custom Designer

» Synopsys provides a unified solution for cell-based
and custom designs : Custom Designer

» You can transfer designs from |IC Compiler to Custom
Designer and perform shape-based editing (e.g.
custom routing)

In fact, you can do this at any point during floorplanning,
placement, or power/ground routing and clock tree

synthesis
» Also, Custom Designer can read the Cadence
Virtuoso OpenAccess database
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Pre-Routing with Custom Designer
» To execute Custom Designer, type as below

$~/IDEC_CBDF/Place_Route/script> cdesigner &

0 Console - Custom Designer
File | Edit View Tools Options Window Help SYNOPSYS

N =R = e
Library Manager} _
Cu (TM} Version J-2014.12-5P2-2 =

Build (0OPT) Config 2901729 compiled on Sun Jul 26 20:41:43 2015 for RH
Invocation: /fafs/mics.snu.ac.kr/software/synopsys/customdesigner/J-2014
Execution time: Tue May 17 20:47:04 2016

Host:

Copyright © 2004-2015 Synopsys, Inc. ALl rights reserved.
Your use of this program i1s subject to the terms and conditions of the »

Warnina: The file '11b.defs' does nri'l' ex1st 1n search nath (naTa M&N&tiz'll
4 »

Output History | ErrorsfWarnings |

Designer= “

(M| I | Mixed-Signal IC and
b 4 System Group at SNU




Pre-Routing with Custom Designer

» To load TOP MilkyWay Library

Tools — Library Manager (or click Library Manager button)
On Library Manager, click File — Add ICC Library ...
Next, set attributes as following

el

Add Existing ICC Library

F_ =

0 Console - Custom Designer _ Attributes

File | Edit View Tools Options Window Help

l N Mame: |top
(_J EEIEERE |
¢ Librafy Manager| . Directory: I ibftop
(TM) Version J-2014.12-SP2-2

Build (0OPT) Config 2901729 compiled on Sun Jul : ¥ Also Add ICC Reference Libraries
Invocation: /fafs/mics.snu.ac.kr/software/synopsy
Execution time: Tue May 17 20:47:04 2016

Host:

-~ Use Separate OA Technology

Attach: I I

Copyright @ 2004-2015 Synopsys, Inc. All rights |

Your use of this program is subject to the terms | Layer Map: I =
'w'.Iqr*h'ihn: The f1le 'T1bh.defs' does an'I' exist in s | Via Map: I =
1 —
Output Histo Errors/Warnings

P > I 2 l Help | Defaults H oK | Apply | Cancel

Designer= ||
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Pre-Routing with Custom Designer

» Open Custom Designer Layout Editor

SYNoPSys
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Pre-Routing with Custom Designer

» Before beginning
the pre-routing,
let’s setup the grld  Options Verfication ICC_Window_Help
for our convenience - i

—[ Editing | Command  Snapping & Grids | Connectivity |
—Snap Grid
> CIle Options S Spacing: X: [0.035 v: [0.035] ¥ Match
. . Offset: X: | 0 ¥.[o ¥ Match
DeSI_gnS > Snapplng Set to Manufacturing Grid
& Grids _Display Grid
Basis: & Snap Grid ©~ User Units
Minor: [1 = Major: [5

» Setspacing X &Y
with 0.035
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Pre-Routing with Custom Designer

» In Custom Designer Layout Editor,

Create — Interconnect, or press P

Next, Type Nets and Width
Jiaterconnect Nets{_trer sb<2551 Cycle [wikhjo14 [AngleJorogonal o] Sife[uncate <] V2
> Draw custom nets that you want preroute

44.980) DXDF. (3.110, mantDRD
Qe | ustom_designer) 22
_j | v o] Auto options

Auto Options »

SEb-d &A= A
mmmmmmm N m b2 01e |Angh (

(M| 1] Mixed-Signal IC and

4 System Group at SNU



Exercise

» Route nets {clk_ref_p,clk_ref_n,clk_outp,clk_outn}
using METAL4, the net width is 0.14 (=4-lambda)

» clk_ref_p, clk_ref_n: connection between in_csda &
empty pads (G4_1,G4_2)
Note. G4_1 for‘clk_ref_n’, G4_2 for‘clk_ref_p’

» clk_outp, clk_outn : connection between out_cml &
empty pads (G4_6,G4_7)
Note. G4_6 for ‘clk_outn’, G4_7 for ‘clk_outp’
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Exercise
» *Useful Keyboard Shortcut

m : move
c : Copy

s: stretch

f:zoom fit

Shift+f : Reveal the layout of cells
Ctrl+f : Hide the layout of cells
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Save and Quit the Custom Designer

» After finishing your routing, click Design > Save, or
press F2 to save your design

» Close Custom Designer and let’s open it through IC
Compiler

$~/IDEC_CBDF/Place_Route/script> make open_lib
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Pre-Route Result

carnerul carnerur

h_wdda_0.FRAM
h_vidda_1.FRAM
G2_7

padh_vss.FRAM

padh_wddt FRAM
padh_vss FRAM
padh_vss. FRAM
padh_vss FRAM
padh_weddt FRARM

pad

pad_corner FRAM

pad

pad_corner FRAM

51 8 G3 8
duin_cmos FRAM padh_wss FRAM
Gl 7 G3 7
padv_wss FRAM padh_wddt.FRAM

Gl 6 dpllO/lcdco G3 6
padh_vss.FRAM
Gl 5 G35
padv_ves FRAM padh_wdda_o FRAM
G1_4 G3_4
padv vdda_0FRAM chco FRAM padh_vss.FRAM
SE G3_3

dpllojgra tde
padv_wss FRAM padh_wddt.FRAM

nl 1_2 gro_tdc FRAM G 3_2

;% t_cmos_en. FRAM padh_vss. FRAM

G1 1 G3 1

padv_wss FRAM padh_wdda_1.FRAM

padv_vdda_LFRAM

cornerll cornerlr

ernpty FRAM
Lt crmos_en FRAM

padh_vss.FRAM
padh_wss FRAM

ernpty FRAM
padh_wss. FRAM

pad_corner FRAM pad_corner FRARM

\
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Power Synthesis

» Create power strap in overall chip, automatically
connect to the power pin of the cell to the
corresponding power strap
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Power Synthesis

External
<Power Synthesis Overview>  Fower
Core > Powerring
il 1s Power
dl |Is strap vad {
o
VS5
vdd
Custom
V5SS i DE”
Stdcell | I
array |

.

Via insertion
Automatically

Jamod
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Power Synthesis

» $~/IDEC_CBDF/Place_Route/script> vi icc_scripts/power_syn.tcl

Change selection [get_cells -all -hierarchical -filter

set_object_fixed_edit [get_selection] 1 Fixing placement of
digital cells
create_power_straps Creating Vertical

Power Straps

-direction vertical —layer ${POWER_STRAP_LAYER_V} \
-step $STRAP_INCREMENT_V —nets "$DPLL_POWER_NET ...” \
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Power Synthesis

» For Power synthesis, run:

$~/IDEC_CBDF/Place_Route/script> make power_syn
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Power Synt
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Power Synthesis Result
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Routing Optimization

» Routing optimization process includes :
Clock tree routing
Insert redundant via
Initial/detailed routing
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Routing Optimization
» $~/IDEC_CBDF/Place_Route/script> viicc_scripts/route_optimizer.tcl

removed_preferred_routing_direction -layers {METAL1 ... METALTOP}

set_preferred_routing_direction —layers ... -direction vertical
Setting routing

direction
set_route_zrt_common_options —read_user_metal_blockage_layer true ...

Routing options to avoid DRC
including antenna rules

route_group —all_clock_nets -no_track —no_detail Clock tree routing

route_opt -initial_route_only Initial routing

insert_zrt_redundant-vias —effort high Inserting redundant vias
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Routing Optimization
» For Routing optimization, run:

$~/IDEC_CBDF/Place_Route/script> make route_optimizer
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Routing Optimization Result

BRI

R e,

=N

ohlcnd

-
LA

X112254

LA 1 1pss

FILLGAR X1 PR M)

LMLEdp %11 2255

i

dplldigital_Epe2AF

ILLEAP 311 10]

FILLCa P_xL. FRaA)

RRNRRRRA AN

. al_[feafilertFILLCL P 2 963

FILUCAR 2 FRAM

WLrdP 181pzs

FILLgap )L FRaM

[10/gro_tdc

0_tdc.FRAM

SN
SRR

M1 Mixed-Signal IC and
4 B System Group at SNU



DRC/LVS in IC Compiler

> I n I CC G U II O pe n Error cell name: |t0p_|vs.err

Maximum number of errors: | 20

the deSignl and — Perform LVS checks

¥ Pins not connected to a wire segment(Floating port)

| ' k v Wire segments not connected to a pin(Floating net)
C I C ¥ Nets connected that should not be (Short)
. f' . LV S I Nets not connected that should be (Open)
Ve rl I C at I O n > ¥ Pins of different electrical-equivalent classes connected together (Electrical-Equivalent pin)
¥ Metal less than minimum area (Minimum area)
v Blockage overlap using geometry data from .FRAM view
I# Floating metal fill
[ Include notch and gap filler cells

> C h e C k t h e ™ Pin not connected to any top level metal (Single pin net for floating port)

[™ Top level metal that only connects to one pin (Single pin net for floating net)

" Exe C Ute [ Floating port on null net

¥ Execute short locator

S h O rt/O p e n ¥ Execute open locator

[ Ignore metal without net name

locator” to detect .| || 3
. Exclude nets: | _glﬁl@l
error easily

I+ Load error output in browser

oK Cancel | 5pply Default | Help | j

(M| 1] Mixed-Signal IC and

4 System Group at SNU



DRC/LVS Result

» Floating port error : port that doesn’t used in design,

so it is not an actual error

File Errors Select Highlight Options Help

DRC | Editor DRC |

ErrorSet\_l Totall Visiblel leedl Ignaredl MNULL Netl
E- top.CEL;27 9 9 0 0 ]
&-top lvs.em;1 9 g 0 0 9

2 Floating Port

L

# £ Id at|= Color Type Layer Summary
0 Floating Port Floating ports have been detected by LVS.
1 1537 Floating Port Floating ports have been detected by LVS.
2 1538 Floating Port Floating ports have been detected by LVS.
3 1539 Floating Port Floating ports have been detected by LVS.
4 1540 Floating Port Floating ports have been detected by LVS.
5 1541 Floating Port Floating ports have been detected by LVS.
6 1542 Floating Port Floating ports have been detected by LvS.
7 1543 Floating Port Floating ports have been detected by LvS.
8 1544 Floating Port Floating ports have been detected by LvS.
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How to fix DRC/LVS errors in IC Compiler

» Most of errors occur due to following reasons :
Bad floorplanning
Human mistake in pre-routing
Bad pin placement in cells

» Fixing above issues is as easy as pie, compared to
fixing errors in chip designed manually

» Cell-based Design flow enables designer to do
“construct by correction” easily
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