Chapter 1 1

SOC Encounter Place and Route

module counter (clk, clr, load, in, count);
parameter width=8;

input clk, clr, load;

input [width-1 : 0] in;

output [width-1 : 0] count;

reg [width-1 : 0] tmp;

always @ (posedge clk or negedge clr)

begin
if (!clr)
tmp = 0;
else if (load)
tmp = in;
else
tmp = tmp + 1;
end
assign count = tmp;
endmodule

Figure 11.1: Simple counter behavioral Verilog code
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module counter ( clk, clr, load, in, count );
input [7:0] in;
output [7:0] count;
input clk, clr, load;
wire N5, N6, N7, N8, N9, N10O, N11, N12, N13, N14, N15, N1l6, N17, N18, N19,
N20, n6, n7, n8, n9, nl0, nll, nl2, nl3, nl4;

MUX2X2 U3 ( .A(N11l), .B(in[7]), S (load), Y (N19) );
MUX2X2 U4 ( .A(N20), .B(in[6]), .S(load), .Y(N18) );
MUX2X2 U5 ( .A(N10), .B(in[5]), .S(load), .Y(N17) );
MUX2X2 U6 ( .A(N9), .B(in[4]), .S(load), LY (N16) )
MUX2X2 U7 ( .A(N8), .B(in[3]), .S(load), .Y(N15) );
MUX2X2 U8 ( .A(N7), .B(in[2]), .S(load), .Y(N14) );
MUX2X2 U9 ( .A(N6), .B(in[1]), .S(load), .Y(N13) );
MUX2X2 U10 ( .A(N5), .B(in[0]), .S(load), .Y(N12) );
DCBX1 tmp_reg_0O_ ( .D(N12), .CLK(clk), .CLR(clr), .Q(count[0]) .QB(N5) );
DCBX1 tmp_reg_1l_ ( .D(N13), .CLK(clk), .CLR(clr), .Q(count[1l]) .QB(n6) );
DCBX1 tmp_reg_2_ ( .D(N14), CLK(clk), .CLR(clr), .Q(count[2]) );
DCBX1 tmp_reg_3_ ( .D(N15), .CLK(clk), .CLR(clr), .Q(count([3]), .QB(n8) );
DCBX1 tmp_reg_4_ ( .D(N1le6), CLK(clk), .CLR(clr), .Q(countf[4]) );
DCBX1 tmp_reg_5_ ( .D(N17), .CLK(clk), .CLR(clr), .Q(count[5]), .0OB(nll) );
DCBX1 tmp_reg_6_ ( .D(N18), .CLK(clk), .CLR(clr), .Q(count[6]) );
DCBX1 tmp_reg_7_ ( .D(N19), .CLK(clk), .CLR(clr), .Q(count[7]) );
AO0I22X1 Ull ( .A(count[0]), .B(count[l]), .C(n6), .D(N5), .Y(N6) );
NOR2X1 Ul2 ( .A(N5), .B(n6), .Y(n7) );
Y

XOR2X1 U13 ( .A(count[2]), .B(n7), (N7) );

NAND2X1 Ul4 ( .A(count[2]), .B(n7), .Y(n9) );

MUX2NX1 U1l5 ( .A(count[3]), .B(n8), .S(n9), .Y(N8) );
NOR2X1 Ul6 ( .A(n9), .B(n8), .Y(nlO0) );

XOR2X1 U17 ( .A(count[4]), .B(nlO), .Y(N9) );

NAND2X1 U18 ( .A(count[4]), .B(nl0), .Y(nl2) );

MUX2NX1 U19 ( .A(count[5]), .B(nll), .S(nl2), .Y(N10) );
NOR2X1 U20 ( .A(nl2), .B(nll), .Y(nl3) );

XOR2X1 U21 ( .A(nl3), .B(count[6]), .Y(N20) );

NAND2X1 U22 ( .A(count([6]), .B(nl3), .Y(nl4) );

XNOR2X1 U23 ( .A(count[7]), .B(nl4), .Y(N11l) );
endmodule

Figure 11.2: Simple synthesized counter Verilog code using the example.lib cell library
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FHEFF R AR AR R R R R R R
# Created by write_sdc on Thu Oct 4 16:44:27 2007

ER R i
set sdc_version 1.7

set_units -time ns -resistance kOhm -capacitance pF -voltage V -current uA
set_driving_cell -1ib_cell INVX4 [get_ports clr]
set_driving_cell -1lib_cell INVX4 [get_ports load
set_driving_cell -1lib_cell INVX4 [get_ports {in[
set_driving_cell -1lib_cell INVX4 [get_ports {in
set_driving_cell -1lib_cell INVX4 [get_ports {in
set_driving_cell -1ib_cell INVX4 [get_ports {in
set_driving_cell -1lib_cell INVX4 [get_ports {in
set_driving_cell -1lib_cell INVX4 [get_ports {in
set_driving_cell -1lib_cell INVX4 [get_ports {in
set_driving_cell -1lib_cell INVX4 [
set_load -pin_load 0.0659726 [get_ports {count]

get_ports {in

set_load -pin_load 0.0659726
set_load -pin_load 0.0659726 [get_ports {count|[
set_load -pin_load 0659726 [get_ports {count|[

[
[
[
[
[
[
[
7
get_ports {count[6
5
4
3

set_load -pin_load
set_load -pin_load 0.0659726 [get_ports {count[2
set_load -pin_load 0.0659726 [get_ports {count[1l
set_load -pin_load 0.0659726 [get_ports {count[0
create_clock [get_ports clk] -period 3 -wavefo
set_input_delay -clock clk .25 [get_ports clr]

0 [
0 [
0. [
0.0659726 [get_ports {count|[
0 [
0 [
[

m {0 1.5}

0

set_input_delay -clock clk 0.25 [get_ports load]
set_input_delay -clock clk 0.25 [get_ports {in[7]}]
set_input_delay -clock clk 0.25 [get_ports {in[6]}]
set_input_delay -clock clk 0.25 [get_ports {in[5]}]
set_input_delay -clock clk 0.25 [get_ports {in[4]}]
set_input_delay -clock clk 0.25 [get_ports {in[3]}]
set_input_delay -clock clk 0.25 [get_ports {in[2]}]
set_input_delay -clock clk 0.25 [get_ports {in[1]}]
set_input_delay -clock clk 0.25 [get_ports {in[0]}]

t

set_output_delay -clock clk
set_output_delay -clock clk
set_output_delay -clock clk
set_output_delay -clock clk
set_output_delay -clock clk
set_output_delay -clock clk
set_output_delay -clock clk
set_output_delay -clock clk

.25 [get_ports {coun
.25 [get_ports {count
.25 [get_ports {count
[get_ports {count
.25 [get_ports {count
.25 [get_ports {count
.25 [get_ports {count
.25 [get_ports {count

[eNeNeNeoNeNe NNl
[3e]
w

Figure 11.3: Timing information (.sdc file) for the counter example
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Figure 11.4: Main SOC Encounter GUI
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oK Save... |

Figure 11.5: Design Import dialog box, Basic tab
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Figure 11.6: Design Import IPO/CTS tab
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Figure 11.7: Design Import Power tab
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(Copyright ©2006, 2010, Cadence Design Systems, Inc. All rights reserved worldwide. Reprinted with permission.)

Figure 11.8: The Specify Floorplan dialog box, Basic tab
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Specify Floorplan
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Figure 11.9: The Specify Floorplan dialog box, Advanced tab
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Figure 11.10: Main design window after floorplanning
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Figure 11.11: Dialog box for adding power and ground rings around your cell
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— Set Configuration
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Layer: metalz —-|

Direction: <~ Vertical - Horizontal

wigh: a8

Spacing: |18— Update |

— Set Pattern

“+ Set-lo-set distance: ISS
~r Humber of sets: |1

~r Bumps 4 Over ~r Between

~ Over PG pins  Fin layer  Top pin layer —-| 2 Max pin width: |0
4 Master name: I ~ Selected blocks - All blocks

— Stripe Boundary
“~ Core ring
~ Pad ring ~ Inner 4 Outer
~ Design boundary W Create pins
~ Each selected blockfdomainffence

~ All domains
~- Specify rectangular area

~r Specify rectilinear area

— FirstflLast Stripe
Start from: “ left . right
“~ Relative from core or selected area

¥ from left: ¥ from right: |0

~ Absolute locations

— Option Set

_| Use option set: I ﬂ i

Update Basic |

ok | Variables | apply | Defaults | cancel | Help
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Figure 11.12: Dialog box for planning power stripes
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Figure 11.13: Advanced Tab of Dialog box for planning power stripes
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Figure 11.14: Floorplan after power rings and stripes have been generated and connected
to the cell rows
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Figure 11.15: Placement dialog box
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Figure 11.16: View after placement of the cells
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Figure 11.17: Dialog box for timing optimization
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optDesign Final Summary

Setup mode | all | reg2reg | in2reg | reg2out | in2out | clkgate |
o o o o o - o +
| WNS (ns):| -0.329 | -0.329 | 0.981 | 0.681 | N/A | N/A |
| TNS (ns):| -1.138 | -1.138 | 0.000 | 0.000 | N/A | N/A |
| Violating Paths:| 5 | 5 | 0 | 0 | N/A | N/A |
| All Paths:| 24 | 8 | 16 | 8 | N/A | N/A |
Fom Fo———— e o Fo— o o +

Figure 11.18: Initial pre-CTS timing results
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Figure 11.19: Generating a clock tree specification
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Figure 11.20: Synthesize Clock Tree dialog box
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Figure 11.21: Dialog box to display the clock tree
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Figure 11.22: Design display showing the clock tree
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optDesign Final Summary

+ -+ + t——— + - - +

| Setup mode | all | reg2reg | in2reg | reg2out | in2out | clkgate |
o o e o o - o +
| WNS (ns):| -0.293 | -0.293 | 1.489 | 0.117 | N/A | N/A |
| TNS (ns):| -1.115 | -1.115 | 0.000 | 0.000 | N/A | N/A |
| Violating Paths:| 5 | 5 | 0 | 0 | N/A | N/A |
| All Paths:| 24 | 8 | 16 | 8 | N/A | N/A |
Fom Fo———— e o Fo— e o +

Figure 11.23: Timing results after the second (Post-CTS) optimization
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Figure 11.24: NanoRoute dialog box
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Figure 11.25: The counter circuit after using NanoRoute to do final routing
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Figure 11.26: An error in pin placement after final routing
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Figure 11.27: Design display after fixing the pin routing error

e Fo———————— o o o o o= +
| Setup mode | all | reg2reg | in2reg | reg2out | inZout | clkgate |
o o o o fomm o o +
| WNS (ns):| -0.338 | -0.338 | 1.445 | 0.339 | N/A | N/A |
| TNS (ns):| -1.327 | -1.327 | 0.000 | 0.000 | N/A | N/A |
| Violating Paths: | 5 | 5 | 0 | 0 | N/A | N/A |
| All Paths:| 24 | 8 | 16 | 8 | N/A | N/A |
e o o o o o o +

Figure 11.28: Final post-route timing optimization results
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Figure 11.29: Filler cell dialog box
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Figure 11.30: Final cell layout after filler cells are added
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Figure 11.31: A zoomed view of a final routed cell
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Figure 11.32: Dialog box for verifying connectivity

223



224 CHAPTER 11: SOC Encounter Place and Route

Yerify Geometry ) =10f x|

Basic | ranced

— ‘erification Area
“~ Entire area

v Specify Draws | View Area
o o
0 0

— Check
™ hinimum \Width ™ Minimum Spacing

[ kinimum Area [T Same Met Spacing

[~ Short I Geometry Antenna

I Cell Owverlap I Off Routing Grid

™ Insuficient Metal Cverlap ™ Off Manufacturing Grid

— A llow

Fin In Blockage

Same Cell Violations

Different Cell Yiclations

Overlap of Pad Filler Cells

verlap of Routing Blockages And Pins
Owverlap of Routing Blockage And Cell Elockage

I G e A A T

Ok Apply Cancel Help | |

(Copyright (©2006, 2010, Cadence Design Systems, Inc. All rights reserved worldwide. Reprinted with permission.)

Figure 11.33: Dialog box for checking geometry
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Figure 11.34: Dialog box for exporting DEF
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Figure 11.35: Dialog box for importing DEF files to icfb
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Figure 11.36: Search dialog box for finding all the cell abstracts
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Figure 11.37: Search dialog box for replacing abstracts with layouts
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Figure 11.38: Dialog box for importing structural Verilog into a new schematic view
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Figure 11.39: Schematic after importing the structural counter from SOC Encounter into
icfb
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Figure 11.40: Symbol that is created for the counter
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FHEFF R

# Encounter Input configuration file #

# Erik Brunvand, University of Utah #

FHER A E AR A R R R

global rda_Input

#

FhEH SR R R R R

# Here are the parts you need to update for your design
FHEHAHH AR R R R R R R

#

# Your input is structural verilog. Set the top module name
# and also give the .sdc file you used in synthesis for the
# clock timing constraints. Also an io file if used.

set rda_Input (ui_netlist) {counter_struct.v}
set rda_Input (ui_topcell) {counter}

set rda_Input (ui_timingcon_file) {counter_struct.sdc}
set rda_Input (ui_io_file) {}

#

# Leave min and max empty if you have only one timing library
# (space-separated if you have more than one)

set rda_Input (ui_timelib) {example.lib}

set rda_Input (ui_timelib,min) {}

set rda_Input (ui_timelib,max) {}

#

# Set the name of your lef file(s) (space-separated if more than one).
set rda_Input (ui_leffile) {example.lef}

#

# Include the footprints of your cells that fit these uses. Delay
# can be an inverter or a buffer. Leave buf blank if you don’t

# have a non-inverting buffer. These are the "footprints" in

# the .lib file, not the cell names.

set rda_Input (ui_buf_footprint) {}

set rda_Input (ui_delay_footprint) {inv}

set rda_Input (ui_inv_footprint) {inv}

set rda_Input (ui_cts_cell_footprint) {inv}

#

# You might want to set core utilization and core_to spacing
set rda_Input (ui_core_util) {0.7}

set rda_Input (ui_core_to_left) {30.0}

set rda_Input (ui_core_to_right) {30.0}

set rda_Input (ui_core_to_top) {30.0}

set rda_Input (ui_core_to_bottom) {30.0}

#

FHEFF RS R R R R
# Below here you should be able leave alone...

FhEH A A A R
#... For remaining lines, see Appendix ...

Figure 11.41: Configuration file for reading in the counter example



# Pin assignments for counter example

Pin:
Pin:
Pin:

Pin:
Pin:
Pin:
Pin:
Pin:
Pin:
Pin:
Pin:

Pin:
Pin:
Pin:
Pin:
Pin:
Pin:
Pin:
Pin:

clk E
clr E
load E

in([7
in[6
in[5
in[4
in[3
in([2
in[1
in[0

NN nnonnn n n

ZzZzzzz2=z22z22

Figure 11.42: Example counter.io file that places I/O on specific sides of the macro
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FHEFFH R AR R R R R
# SOC Encounter Top-level Command script #
# (Erik Brunvand, 2008) #
LR
# set the BASENAME for the config files. This will also

# be used for the .lib, .lef, .v, and .spef files

# that are generated by this script

set BASENAME "counter"

# set the name of the filler cells
set fillerCells [list FILL FILL2 FILL4 FILLS8]

set usepct 0.70 ;# percent utilization in placing cells

set rowgap 18 ;# gap between pairs of std cell rows

set aspect 0.50 ;# aspect ratio of overall cell (1.0 is square)
# less than 1.0 is landscape, greater than 1.0 is portrait

FHEFHHHHHE AR A R A R R R R R

# You may not have to change things below this line - but check!
FHERF A A E AR A A A R R
set clockBufName inv ;# Footprint of inverter in .lib file

# Note that all these numbers should be divisible by 3 so
# that they fit on the lambda grid

set pwidth 9.9 ;# power rail width

set pspace 1.8 ; # power rail space

set swidth 4.8 ;# power stripe width

set sspace 99 ;# power stripe spacing

set soffset 120 ;# power stripe offset to first stripe

set coregap 30.0 ;# gap between the core and the power rails

# Import design and floorplan from a config file

# If the config file is not named $BASENAME.conf, edit this line.
loadConfig $BASENAME.conf 0

commitConfig

# source the other files that operate on the circuit
source fplan.tcl ;# create the floorplan (might be done by hand...)

source pplan.tcl ;# create the power rings and stripes
source place.tcl ;# Place the cells and optimize (pre-CTS)
source cts.tcl ;# Create the clock tree, and optimize (post-CTS)

source route.tcl ;# Route the design using nanoRoute
source verify.tcl ;# Verify the design and produce output files
exit

Figure 11.43: A top-level script to execute the place and route process in SOC Encounter



