Silicon Ensemble using Tutorial 4
verilog netlists Release Date: 01/13/2005(Version 2)

Standard Cell based Automatic placing and routing using Verilog
netlist in Silicon Ensemble:

Files needed for automatic placement and routing in silicon ensemble:

1. LEF file created using Abstract Generator.
2. Verilog netlists for all the schematics right from the top hierarchical design to all the

standard cells.

1. Start Silicon Ensemble:
Start the silicon ensemble design environment by typing the following:

Hostname.ece.pdx.edu > sedsm -m=500

Here 500 is the memory allocated for silicon ensemble. The “Silicon Ensemble”
window opens as shown in Fig 1.

Silicon Ensemble

=
File Edit Wiew Floorplan Place Route FReport Werify

Scale: Big
ODbject S1 ¥s

Fegion

0.15 dy -0.47 Sel O

X 0.15 ¥ 0.53 dx

A1]1 Rights Reserwed
Version 5.3 125 MASTER (SEDb 5.1) 10-May-2001 18:05:52

SET VARTAELE DRAW. ROW. AT ON;

Fig 1: Silicon Ensemble

2. Import Files:
You will have to import the LEF file which is created using the Abstract generator

and also the verilog netlists.

a. Importing LEF file:
1. InFig 1 select File —=> Import —> LEF.
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The “Import LEF” window opens as shown in Fig 2. Select your LEF file.
Also select Clear Existing Design Data and click OK to import the LEF file.
Watch the command text at the bottom of the main window to make sure there are no

errors in the LEF file. You should see something like this if the .lef file was imported

successfully:

##-1 No errors found. The database created successfully.

Thus importing of the LEF file is done.

- Import LEF
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Fig 2: Import LEF

b. Importing Verilog netlist:

1. InFig 1 select File —=> Import —> Verilog.
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Import Yerilog

Yerilog Source Filez

Erowse...

Yerilog Top Module

Compiled Yerilog Reference Librariez
cds whin |

Compiled Yerilog Output Library

cds_wvhin
Optionz

Power Netg | wdd!
Ground Nets | Gnd!
Logic 1 Net | wdd!
Logic § Net | gnd!

Special Hets | vdd! gnd!

oK Cancel | Wariablez| Help

Fig 3: Import Verilog

2. The “Import Verilog” window opens as shown in Fig 3. In the Verilog Source Files
text box select all the verilog netlists that are needed for your design. Fig 4 shows all

the selected netlists.
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T MultiBrowse _-
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Directory and File Ligt Afsiddhart/dsmSdlatchnew.
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hld/ Add Arfsiddhart/dsmn. v

=il Arfsiddhart/dsmior. v

amit3/s Arfsiddhart/dsmSorsa. w
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instreq. v

inv. v
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OK Cancel Help

Fig 4: Selecting the Verilog netlist’s

3. Click OK in Fig 4. In the “Import Verilog”(Fig 3) window enter the name of the
primary module in the Verilog Top Module text box. This is the name of the
hierarchial top module in the verilog netlist.

4. Inthe Compiled Verilog Reference Libraries text box just type cds_vbin.

5. Replace vdd! and gnd! with vdd and gnd for all the categories in “Import Verilog”
form as shown below.
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- Import Yerilog _-

Yerilog Source Filez

zsmelsl. v . Stsmcls3 ¥ Browse..

Yerilog Top Module
cktl

Compiled Yerilog Reference Librariez

! cds_vhin

Compiled Yerilog Output Library

cds_wvhin
Optionz

Power Nets | vdd,
Ground Netg | ond,
Logic 1Net | vdd
Logic # Net | gnd

Special Netz | ¥dd gnd

oK Cancel | Wariablez| Help

Fig 5: Completed Import Verilog form
6. After completing all these steps the form shown in Fig 3 looks as shown in Fig 5.
Click OK. Watch the command text box to make sure there are no errors in importing
the verilog netlist. Thus importing of the verilog netlists is done.
3. Floorplanning:

a. In “Silicon Ensemble” window select Floorplan —> Initialize Floorplan to open the
floorplanning window. The window appears as shown in Fig 6.
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o Initialize Floorplan
Deszign Statistics Die Size Consiraint
Number of: + Aspect Ratio
Cells 182 EBlocks 1] _ _
I0 Pads 0 Io Pins 4 Height AzpeciRalio 1.0
Corner Pads 0 Hets 22 Width
Area (Square Microns) B ~
Cells 4147. 20 Fixed Size
10 To Core Distance Core Area Parameters
Row Ulilization(*:) 85.0
Left / Right microns 0.0o
Row Spacing fracks 0
: Elock Halo Per Side microns 20.00
Top/Bottom microns 0.
Flip Every Other Row Abut Rows
Calculate Expected Rezults
Apply Cancel Yariables Help

Fig 6: Initialize Floorplan

b. In Die Size Constraint field the AspectRatio is set to 1. You can change the aspect
ratio to change the ratio between height and width of the design.

c. Setthe 10 To Core Distance to 20 microns for both directions. If the design has
room after routing you can change this distance and rerun the whole procedure after

floorplanning again.

d. Inthe Core Area Parameters the Row Spacing controls the distance between two
rows. You can initially set this distance as 5 microns. You may reduce this afterwards

to shrink the design area.

e. Set the Block Halo Per Side to 2 microns.

«

Row Utilization is set to 85% as default value.
Click the Calculate button to view the preliminary floorplan summary in the

Expected Results text window. The “Initialize Floorplan” window now appears as

shown in Fig 7.
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T Initialize Floorplan i
Design Statiztics Die Size Consgiraint
Number of: # Agpect Ratio
Cells 18 EBlocks 0 ) )
I0 Pads 0 I0 Pins 4 Height AspectRatio Ll
Corner Pads 0 WNets 22 Width
Area (Square Microns) i i
cells 4147. 20 Fixed Size
10 To Core Digtance Core Area Parameters
- Row Uilization{:) 85.0
Left / Right micronz £0. 00
Row Spacing microns 5. 00
. BElock Halo Per Side microng g.00
Top/Botiom microng #0. 00
Flip Every Other Row Abut Rowz

Calculate | Expected Resulte

Aspect Ratio: 1.00 Width: 116 50 microns, Height: 116, 50 microns.
Core row ukilization = 100, 39%.

Chip &rea = 13572 25 =sq. microns.

I0 to Core Distance (microns): E: 20000 ¥: 20,00

Wumber of Standard Cell Rows = 3.

Design is core-limited.

OK Apply Cancel Yariablez Help

Fig 7: Initialize Floorplan

h. In Fig 7 reduce the Row Utilization parameter and re-calculate until the reported
Core row utilization is less than 100%.

I. After the Row Utilization is reduced and the floorplan is recalculated the initialize
floorplan window appears as shown in Fig 8.

J. InFig 8 click OK to finalize the floorplan.
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el
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Fig 8: Final Floorplan

k. You will see the rows placed as shown in Fig 9. Thus the floorplanning is done.
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Fig 9: Rows after Floorplanning

4. Placement:
Once the floorplanning is complete, 10 ports and cells need to be placed in the

allotted rows.
In Fig 9 select Place —> 10s. The “Place 10” window opens as shown in Fig 10. In

Fig 10 make sure that the Placement Mode is set to Random and Space: Evenly is
selected. Click OK. The 10s will be placed.

T Place 10

Placement Mode

“* Random
110 Congtraint File EEE Dargr, B .. Vvl | B
Refine Pin Placement EEE DS Of ERAT Ride

Pin Layer Assignment

Tan /Bt il
Lof 7 Bigld myedail

Space : % Ewenly Abutted Center Abutted

oK Cancel Help

Fig 10: Place 10
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The placement of the 10s is as shown in Fig 11.

LERARY

-10 -

=]

File Edit Wiew Floorplan Place Route Report Verify

Scale: Small
Object 51 ¥s

Region

-104.84 Sel O

61.05 d4Y

-368.84 dX

X -40.46 ¥
12:59:52 BEegin IOPLACE

REFRESH
12:59:52 IOPLACE finished.

Fig 11: 10s Placed

In Fig 11 select Place —> Cells and the “Place Cells” window opens as shown in Fig
12. In Fig 12 click OK. The cells will be placed as shown in Fig 13. If there is an

error saying that Impossible to Place without Overlaps, go back to floorplanning and

reduce the row utilization and repeat the procedure from floorplanning.

' Place Cells

Timing Driven Placement
Power Driven Placement
Timing Analysis Report Fp
Pin Placement

Generate Congestion Map

Oplimize :
Timing Signal Integrity Scan Chaing
{}gi;ggggg . Re?agr'é P | LERARY EEELRT] Lox i3 bl

Cancel Optionz Yariables Help

Fig 12: Place Cells
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=] LERARY

File Edit V¥iew Floorplan Place Roule Report Werily
Scale: Small
ODbject S1 ¥s

Region

" R SRR

v

X =53.20 ¥ -18.40 dx 48. 31 4y —84.40 sel | 0O

Place interface : Elapsed date = 0
FPlace interface : Elapsed time = 0:00:04
Place interface : CPU time used = 0:00:00

Fig 13: Cells after placing
5. Power/Ground Routing:

a. InFig 13 select Route —> Plan Power and the “Plan Power” window opens as shown
in Fig 14. In Fig 14 click Add Rings.

" Plan Power (PP} |

Add Rings...
Add Stripez...
Delete Siripes...
Ring Wirez
Add...
Change...
Delete...
Delete Pwr Path...

Restore Pwr Path...
Query Pwr Path...
Quitput Pwr Plan...
Input Pwr Plan...

Help

Fig 14: Plan Power
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b. The “Add Rings” window opens as shown in Fig 15. In Fig 15 set the Core Ring
Width to 1.2 microns and click OK to apply the rings and close the “Plan Power”
window. The Core Ring width can be set to be a multiple of 1.2. Fig 16 shows that

the rings are placed.

T PP Add Rings

- Primary Ring

Hets n g'ﬂd" terddn

Ring Layer Core Ring Width Core Ring Spacing Elock Ring Width
Horizental metall i 2. %00 Center ' 0. 000
Vertical metal2 | 2. 700 Cenler 0. 000
| Secondary Ring
Heldy
Hing Loyer Sare Ring ¥Hdk Lare Blee Seaming Hipah Hins Whin
| Harisentsl st ¢ Coninr '
Partioa matall | g Coninr
oK Apply Cancel Help

Fig 15: PP Add Rings
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LERARY

]
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Fig 16: Cells with Rings

c. InFig 16 select Route —> Connect Ring and the “Connect Ring” window opens as
shown in Fig 17. In Fig 17 click OK. This will connect your power and ground rings
to your cell rows. Fig 18 shows that the cell rows are connected to the power and

ground rings. Thus the Power and Ground routing is done.
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;o Connect Ring
Netz "gnd" "wdd"
Type

Stripe

Block All Ports Maximum Width
Selected Blocks

10 Pad All Portz Maximum Width

10 Ring Pin Width

Follow Pins Pin Width

OK Apply Cancel Variablez Help

Fig 17: Connect Ring
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Fig 18: Rings after being connected
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6. Routing:

a. InFig 18 select Route —> WRoute. The “WRoute” window opens as shown in Fig 19.

Make sure that Global and Final Route and Auto Search And Repair are selected
and click OK. This will do the routing of the cells. Fig 20 shows the cells after routing.

T W Route E
Routing kode
Global Route Only
# Global and Final Route Auto Search And Repair
Incremental Final Route Rede Giobad Huute for vininlione
Timing Driven Routing
OK Cancel Optiong Yariablez

Fig 19: WRoute
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File Edit Yiew Floorplan Place Route Report VYerify
Scale: Small

object S1 ¥s

Region

X -69.30 ¥

-28.48 dxX 32.12 4y -04. 48 sel |0
WEoute interface :
WEoute interface

WRoute interface

Elapsed date = 0
: Elapsed time = 0:00:05
: CPU time used = 0:00:00

Fig 20: Cells after Routing
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7. Verify:

a. InFig 20 select Verify —> Connectivity. The “Verify Connectivity” window opens as
shown in Fig 21. In Fig 21 click OK. See to it that there are no errors or warnings in
the command text window. The command text window after verifying connectivity is
shown in Fig 22.

T Verify Connectivity

Search For All Unverified Connectivity
Type R axPtinkirgs
* Al s

Regular Only s

Special Only
Hets
+* Al
By Hame
Limits
Error 1000

Warning 50

Apply Cancel Yariables Help

Fig 21: Verify Connectivity
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Eegion

- == >
s v a
£ @2 @&
SE| N
Y | °|en
— X -o2.84 ¥ -35.64 dx 46.48 dy -113.81 sel 0

Jé—. / 11:12:21 * WROUTE : Reading routing segments ...
11:12:21 + WROUTE : Reading net wiolation infos
11:12:21 * YWROUTE : EReading global router congestion map ...
11:12:21 * WROUTE : WROUTE finishes successfully
WRoute interface : Elapsed date = 0
WEoute interface : Elapsed time = 0:00:04
WRoute interface : CPU time used = 0:00:00
VERIFY COMMECTIVITY
Warning limit is 50.
Error limit is 1000
11:13:04 **** Start: VERIFY CONNECTIVITY **++++++
11:13:04 *+*+* Begin Summary (see file werify.log for details)
11:13:04 ++++ Found no problems or warnings
11:13:04 **** End Summary
11:13:04 #+*++ End: VERIFY CONNECTIWITY ***+*&+d

Fig 22: After Verifying Connectivity
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b. InFig 22 select Verify —> Geometry. The “Verify Geometry” window opens as
shown in Fig 23. In Fig 23 click OK. See to it that there are no errors or violations in
the command text window. The command text window after verifying geometry is
shown in Fig 24.

- verify Geometry

Check Oplionz

Grid Check Allow Cover Obstruction Overlap
Same Het Check Allow Same Cell Wiolationg
Antenna Check Allow Different Cell Yiolationa
Turn ¥ia Check Inzufficient Metal Check
Allow Pin In Obsiruction Minimum Size Check

Clearance Measure BEzzbizkiras
Max XY o 3

e B %z ST 500
Limit
Error iooo

Apply Cancel Yariables Help

Fig 23: Verify Geometry
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- || -~
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&2 @

X -107.04 ¥ -35.02 dx 20. 88 dy -117.50 sel O

11:19:17 **** End Summary

11:19:17 #**** End: VERIFY CONNECTIVITY **+**++++

VERIFY GEOMETRY INSUFFICTENTMETALCHECE MINIMUMSIZECHECE

27 * VERIFY GEOMETRY CPU 0O 00:01 TDeleting Existing Infos

27 * VERIFY GEOMETRY CPU 0O 00:01 creating Sub-Areas

27 * VERIFY GEOMETRY CPU 0O 00:01 Sub-Area 1 of 1 0 ¥iols

27 * VERIFY GEOMETRY CPU 0O 00:01 Cells 0 ¥iols

:27 + VERIFY GEOMETRY CPU 0O 0:00:01 Special Wiring. . 0 ¥iols

:27 + WERIFY GEOMETEY CPU 0O :01 Regular Wiring. . 0 viols

:27 + WERIFY GEOMETEY CPU 0O :00:01 Same-Net. . 0 ¥iols.

:27 + WERIFY GEOMETEY CPU 0O :00:01 antennas. . 0 viols.

:00:01 Sub-aArea 1 complete. 0 Viols. 0 Warngs.
:00:01 Werification Complete. 0 ¥iols. 0O Warngs.

:27 + WERIFY GEOMETRY CPU 0O
:28 + WERIFY GEOMETRY CPU 0O

0000000000
o
=1

Fig 24: After verifying geometry

Fig 24 also shows the final routed layout.
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8. Export File:
This layout has to be exported to cadence.

a. We need to export this layout in GDS-11 format. In Fig 24 select File —> Export —>
GDS-11.

b. The “Export GDS-11" window opens as shown in Fig 25. In Fig 25 select GDS-11
File and fill an appropriate file name.

c. The gds2.map file should be present in the silicon ensemble directory. Select Map
File and fill the appropriate path for the gds2.map file.

d. Click OK. Thus the .gds2 file is created.

T Export GDSII _
GDS-1 File
amitd gds2 Erowse...
Map File
gds2. map Browsge...
Report File
RECT. el dnl Browosd ..

Struciure Name G4

Library Name

Hetz o Remove

Units Hamdrods

oK Cancel VYariables Help

Fig 25: Export GDS11

9. Exit Silicon Ensemble :
In Fig 24 select File —> Save from the main menu to save the current session and then
select File —> EXxit.

Importing the GDS-11 file in Cadence:

The .gds2 file created in silicon ensemble has to be imported in cadence.

In the icfb window select File —> Import —> Stream.

2. The *Virtuoso Stream In” window opens as shown in Fig 26. In Fig 26 write the path
of the .gds2 file created in silicon ensemble in the Input File text box.

Write the name of the top cell in the Top Cell Name text box.

4. Write the library name in the Library Name text box.

=

w
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T Virtuoso® Stream In B
oK Cancel | Defaults| Apply Help
User- Defined Data And Options User-Defined Data Options
Template File Load | Save
Run Directory
Input. File Aufsiddhact dsmanitd. gdsd
Top Cell Hame da%
Output ¥ Opus DB ASCI Dump TechFile
Library Hame anit3d
A3Cl Technology File Mame
Scale UUDBU 0. 00100000
Units # micron millimeter mil
0
Process Hice Value 0-20
Error Message File PIPO. Lo
1

Fig 26: Virtuoso Stream In

5. In Fig 26 click Options and the “Stream In Options” form opens as shown in Fig 27.
In Fig 27 select Retain Reference Library (No Merge) , Snap XY To Grid
Resolution and click OK.

T Stream In Options 1
Ok Cancel | Defaults| Apply Help
Report Bad Polygons |
Snap XY to Grid Resolution |
Convert Array to Simple Mosaic |

Skip Undefined Layer-Purpose Pair

Convert Zero YWidth Paths 1o ¥ lines ighore

Case Iensitivity preserve upper ¥ lower
Convert Hodes to dots - ignore

Keep PCells

Precision Report
Ignore BOX Record

Save Cell Views At The End u
Retain Reference Library (Mo Merge) u
Do Mot Overwrite Existing Cell u

Filter Out Wamingfinfonmation Messages

| oma o i oo Ceoifen e WEEo i

Fig 27: Stream In Options

6. InFig 26 click OK.

IC Design and Test Portland State © January 2005
Laboratory University



Silicon Ensemble using Tutorial 4 -20-
verilog netlists Release Date: 01/13/2005(Version 2)

7. Wait for some time as the stream in procedure takes some time. You will get a
message that STRMIN completed successfully with 0 errors and 1 warning. This
“STRMIN PopUp Message” is shown in Fig 28. If you get more than one warning
then there is some problem. Read the icfb window to see the problem.

Ty STRMIN PopUp Message

PIPOD STEMIN (PID = ipc:1) completed successfullyl!
% *** There were 0 error and 1 warning messages *+**

OK Cancel Help

Fig 28: STRMIN PopUp Message

8. If you don’t get any errors and you get only one warning then everything is fine.
Click OK in Fig 28.

9. In the library manager open the layout view of the intended design. The layout is as
shown in Fig 29.

=] Virtuoso® Layout Editing: amit3 dl layout
X: -60.45 ¥: -7.95 (F) Select: 0 dx: dy: Dist: Cmd:

Tools Design Window Create Edit Verify Connectivity Options Route HNCSU

\/ mouse L: showClickInfof) M: mousePopUp i) E:hiGetturrentWindow () ->stopLes

=
1

Fig 29: Final Layout
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10. In Fig 29 select Create —> Pins from Labels and the “Create Pins From Lables”
window opens as shown in Fig 30. In Fig 30 change the Pin Layer for all the Labels
Found to metall dg and change the Width and Length to 0.45. Click OK.

rﬂ,‘ Create Pins From Labels

Ok Cancel | Defaults| Apply Help

Creation Options

Labels YWithin: # Cellview Selected Instances
Lahels: * Al Selected
Fin Mode: # Shape pin 3¥m pin
Define Yith: ¥ Layer Text
Lahels Layer Fin Layer Width Length  lgnore

W -tall |dg Wl o 0,49 0. 45

Fig 30: Create Pins From Labels

11. When you export the routed layout from the silicon ensemble to the Virtuoso in the
GDS-11 format all the pin labels are in the metall dg.

12. Change the layer of the labels from metall to text drawing.

13. The connectivity of all the pins in the layout is input-output. So change the
connectivity of the pins according to the schematic.

14. Add vdd! and gnd! pins manually on the power and ground rings of the generated
layout.

15. Now you can perform DRC and LVS on your design.
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