EECS E6321 Tutorial 05
Top-level APR
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Semi-Custom Design Flow: Block-level
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Semi-Custom Design Flow — Top-level

Blocks with layout
- Semi-custom designed block
- Full-custom designed block
- I/O pads
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Top-Level APR



What should We Do?
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Draw power grids

Place blocks and std cells

Create clock distribution networks
Route signals among them



What should We Do?
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= Place I/0 cells and bonding pads (or bumps if it is a flip chip)
= \We will not do this
= However, the ref project has the sample script that you can refer



Important Files

= top.v (In 'rtl’ directory)

= Top-level structural
model

= A tool uses the .v file
and the .lef file to
perform routing

module to
inout
inout
input
input
input
input
input

input
input
input
input
input
outpu
outpu
outpu

p o r

clk_ext,
rstn,
reset,
start,

phi,

phib,

scan_1in,
scan_1001,

load,

t scan_out,

t clk_div_1k,

t [7:0] counter_out

wire w_clk;

1[»—4 L

dut d

7:0] w_sram_dout;

ut_1inst

.clk(w_clk

.rstn(rstn),
.reset(reset
.start(start
.sram_dout(w_sram_dout
.counter_out(counter_out

wire w_en_cnt;

test clkgen test clkgen inst

.clk_ext clk_ext‘.
.en_cnt(w_en_cnt),
.en_int(w_en_1int),
.dive(w _div[0]
.divi(w div[1]
.div2(w_div[2]
.div3(w div[2]
.fco(w_fcl[0]
.fcl(w_fc[1]
fc2(w_fc[2]
fe3(w fc,;_

fca(w_fc[4
.clk_out(w clk ,
.cnt_out clk _div_1k

scan_chain scan_chain_inst

endmodule

.sram_dout(w_sram_dout),
.en_int(w_en_1int),
.en_cnt(w_en_cnt),
fc(w_fc),
.div(w_div),

.phi(phi)

.phib(phib),
.scan_10ol(scan_1i0o1l),
.load(load),
.scan_1in(scan_1in),
.scan_out(scan_out),
.phi_out

.phib_out
.scan_1001 out
.load_out




Global VDD vs. Local VDD

= Tn this lab, we used
two VDD: VDD and
VDD_TEST.

" You need to specify
VDD & VSS as ports
in module
description and
instantiation

module top

1nout
1nout
input
input
input
input
input

input
input
nput
input
input
outpu
outpu
outpu

clk_ext,
rstn,
reset,
start,

phi,

phib,

scan_1n,
scan_1001,

load,

t scan_out,

t clk_div_1k,

t [7:0] counter_out

wire w_clk;

wire

dut &

:0] w_sram_dout;

.clk(w _clk),

.rstn(rstn),

- [eEE (EEEE)
.start(start),
.sram_dout(w_sram_dout),
.counter_out(counter_out

wire w_en_cnt;
wire w_en_1int;

.clk_ext(clk_ext),
.en_cnt(w_en_cnt),
.en_int(w_en_1int),
.dive(w_div[o]),
.divi(w_div[1]),
.div2(w_div[2]),
.div3(w_div[3]),
.fco(w_fc[0]),

.cnt_out clk_diQ_lk

scan_chain scan_chain_inst

.sram_dout(w_sram_dout),
.en_int(w_en_1int),
.en_cnt(w_en_cnt),
fc(w_fc),
.div(w_div),
.phi(phti),
.phib(phib),
.scan_100l1(scan_1601),
.load(load),
.scan_1in(scan_1in),
.scan_out(scan_out),
.phi_out

.phib_out
.scan_1001_out
.load_out

endmodule




Important Files

In the innovus directory

top.tcl
® Includes general setting and commands for Innovus design flow

config.globals
= Input configuration file
m Sets the design, I/0 file, .lef file

top.io
= [/O assignment
No mmmc.view file (No timing constraint)

run_apr: run innovus w/o GUI

makecdl.sh: A Perl script converting the .PG.v file (Verilog) to
the .cdl file



top.tcl

= Step 1) Setup the target design and APR environments

set design_name top

source ./config.globals

set _message -no_ Llimit

set_message -1d {TECHLIB-1467} -limit
setMultiCpuUsage -localCpu max -acquirelLicense ¢

init_design

set core_width ¢
set core_height
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top.tcl

= Step 2) Create the floorplan and place blocks

scan_chain

-
-3
-3
3
-~
-
-
-
e
-3
B
>
Lod
|
=
-
|
»
w¥

1 $core_height

placeInstance dut_inst RO -f
placeInstance test clkgen_ inst
placeInstance scan_chain_inst

checkPlace

scan_chain inst I L_inst
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top.tcl

= Step 3) Generate power rails

addStripe -block_ring_top imit M7
-b 1_bc - Limit M7
; wmit M7
- limit M7

et_distance
ction horizontal
{VDD_TEST VSS}

addStripe -block ring top laye mit M7
: -ing_bo - limit M7
imit M7
- 1imit M7

et distance
sction horizontal
{VDD VSS}

-area {

-
-
| o
-
-
58
-
L2
-

'Y &
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top.tcl

= Step 3) Generate power rails

r_limit M7
- Limit M7

Llimit M7

set _to _set distance
-direction horizontal
-nets {VDD_TEST VSS}

w

~direction horizontal
-nets {VDD VSS}
cmiE

-area { ]

(in the top.tcl,

we use —
horizontal

strips)
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top.tcl

= Step 4) Set all the input/output ports

loadIoFile

redraw

saveDesign "$d

= We skip
= Step 5) Place design
= Step 6) Do preCTS optimization
m Step 7) Do clock tree synthesis (CTS)
= Feel free to try later yourself
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top.tcl

= Step 8) Route signals
= Set routing options through ‘setNanoRouteMode’ command first
= Do ‘globalDetailRoute’

Puts
Puts
Puts
Puts
Puts

setNanoRouteMode
setNanoRouteMode
setNanoRouteMode
setNanoRouteMode

uiet -routeSelectedNetOnly

uiet -routeWithTimingDriven true
uiet -routeTdrEffort

uiet -drouteFixAntenna true

uiet -routeSilLengthLimit

uiet -routeSiEffort high

uiet -routewWithviaInPin

setNanoRouteMode -quiet -routeWithviaoOnly “"¥thdﬁ[J|~11F1u
setNanoRouteMode -quiet -droutePostRouteS

setNanoRouteMode -quiet -drouteUseMultiCu ..-ETT(rt low
setNanoRouteMode -routeTopRoutinglLayer

setNanoRouteMode -routeBottomRoutingLayer

setNanoRouteMode -drouteElapsedTimel imit

setNanoRouteMode
setNanoRouteMode
setNanoRouteMode

setNanoRouteMode -quiet -routeWithSiDriven true

globalDetailRoute
deleteAllRouteBlks
redraw




= Step 9) Extract

setExtractRCMode -engine postRoute -effortLevel low
extractRC

saveDesign "$design_name

clearDrc
verify drc
verifyGeometry

verifyConnectivity -type regular -

verifyProcessAntenna

= We skip

= Step 10) Add fillers. = but you must do it; w/o it, you cannot pass DRC
16




= Step 11) Verify
= Step 12) Generate outputs

report_power -leakage -cap -nworst -pg_pin -outfile "$design_name

write_lef_abstract "$design_name.le : -PgpinLay

defout -floorplan -netlist -routing "$design_name

streamOut "$design_name -mapFile

saveNetlist -excludelLeafCell
saveNetlist ign_name

saveNetlist —wchuvah;ww(dltkll DCAP
$design_name.PG

extractRC -outfile "$design_name
rcout -spef "$design_name.spef

$des ign_name

-target_application verilog "$design_name

setAnalysisMode -checkType hold -useDetailRC true
report_timing -check_t - nworst 5 > "$design_name
setAnalysisMode -checkT) etailRC true
report_timing -check_type orst 5 > "$design_name
reportCapViolation -outfile flnal cap tarpt

verifyGeometry
verifyConnectivity -type all

summaryReport -outfile "$design_name

reportCritNet -outfile "$design_name

do_extract_model "$design_name.] -view typical

-specifyTopLayer -stripePin

-1ibName tcbn65gplus -structureName $d

-includePowerGround

fCe

-excludelLeaf

11
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-excludeCellInst

-untits
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.cdl Generation

" When we generated the .cdl file after block-level APR, we use
the standard cell .cdl file

makecdl.sh

m
FN=top
v2lvs -1 -v $FN.PG.v -0 $FN.cdl \

-s /courses/ee6350/proj_2025Spring/ref/innovus/dut/dut.cdl \
-s /courses/ee6350/proj_2025Spring/ref/innovus/test_clkgen/test_clkgen.cdl \

-s /courses/ee6350/proj_2025Spring/ref/innovus/scan_chain/scan_chain.cdl \
-lsr /courses/ee6350/proj 2025Spring/ref/innovus/dut/dut.cdl \

-lsr /courses/ee6350/proj_2025Spring/ref/innovus/test _clkgen/test clkgen.cdl \
-lsr /courses/ee6350/proj_2025Spring/ref/innovus/scan_chain/scan_chain.cdl

cp ${FN}. ${FN}.sp

" Then, we use the .cdl file including sub-block netlists to
generate the output .cdl file after top-level APR

=" Now, we have top.cdl and top.sp (same)

18



Post-APR Verilog Simulation

= We need to do Verilog simulation to verify functionality
= gsim_apr/tb_chip

e runsim.do

= standard cell verilog model

-incr /courses/ee6350/pdk2025/tcbn65gplus/TSMCHOME/digital/Front_End/verilog/tcbn65gplus_140b/tcbn65gplus_pwr.v
-incr ./verilog/tpfn65gpgv2od3_pwr.v

= the testbench file
-incr tb_chip.v

# include verilog modules
vlog +acc -incr ../../innovus/chip/chip.apr.v
vlog +acc -incr ../../innovus/top/top.PG.v

vlog +acc -incr ../../innovus/scan_chain/scan_chain.PG.v
vlog +acc -incr ../../innovus/test_clkgen/test_clkgen.PG.v
vlog +acc -incr ../../innovus/dut/dut.PG.v
vlog +acc -1incr ../../innovus/down_counter/down_counter.PG.v
vlog +acc -incr ../../innovus/sram_controller/sram_controller.PG.v
vlog +acc -incr ../../innovus/sram wrapper/sram wrapper.PG.v
vlog +acc -incr +define+POWER PINS ../../memory compiler/sram@0/sram@o.v

# run simulation with sdf annotations and check waveforms
# here we suppress some timing checks in dut level sdf

vsim -voptargs=t+acc -t ps -lib work \

-suppress 12088,12090,3262 \

-sdfmax testbench/chip_inst=../../innovus/chip/chip.verilog.sdf \

-sdfmax testbench/chip_inst/top_inst=../../innovus/top/top.verilog.sdf \

-sdfmax testbench/chip_inst/top_1inst/scan_chain_inst=../../innovus/scan_chain/scan_chain.verilog.sdf \

-sdfmax testbench/chip_inst/top_inst/test_clkgen_inst=../../innovus/test_clkgen/test_clkgen.verilog.sdf \

-sdfmax testbench/chip_inst/top_inst/dut_inst=../../innovus/dut/dut.verilog.sdf \

-sdfmax testbench/chip_inst/top_1inst/dut_inst/down_counter_ inst=../../innovus/down_counter/down_counter.verilog.sdf \

-sdfmax testbench/chip_inst/top_inst/dut_inst/sram_controller_inst=../../innovus/sram_controller/sram_controller.verilog.sdf \

-sdfmax testbench/chip_inst/top_inst/dut_inst/sram_wrapper_inst=../../innovus/sram_wrapper/sram_wrapper.verilog.sdf \
testbench

do waveformat.dc
run -all




.gds Import

we need to use

4
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= When importing .gds file at the Virtuoso
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DRC/LVS Check

= DRC/LVS check can be done in LVS Setting

x Calibre Interactive - nmLVS v2024.3_25.13: /ho...set *@cadpc30 -

File Settings Configurations Help

the same way as introduced in T ——

Inputs
. . . (Werarchical  [¥]
the previous tutoria |
Outputs Step |Layout vs Netlist ‘v\
ERC Layout Path
Signatures Layout Format \GDSII [V\
= However, you need to cha nge the Run Control | Expor rom layout viewer
Search Layout File |top.calibre.db | &
. . - . . .
input netlist file (Spice Files) as .cdl S |
u Files —
Top Cell |top =]
H View Name |[layout |
enerateda rrom IN [ Runivs . ==
— Layout Netlist [top.sp =T
| ShowRVE
A\ _ Source Path
= Also, uncheck Export from Source Format (SFCE g
Export from source viewer
. . S
SC h e m atl C VI ewe r’ SPICE File |g2025/ref/innovus/top/top.cdl [ |
Top Cell [top E\ U
X Calibre - RVE v2024.3_25.13 : top.drc.results - m] X X Calibre - RVE v2024.3_25.13 : svdb top - [m] X
Eile  View Highlight Tools Window Setup Help File View Highlight Tools Window Setup Help
‘ [ R [ & H Tla s H [Search T ‘ & KT | & ‘ BT % 1T O Lvs Runtime Erors ‘ [se Y
Y Filter: Show Unresolved" f#¥top, 17 Results (in 12 of 16 Checks) /N B +Navigator\ ) lnm] @ || @ Comparison Results x ]
& &g Check / Cell Results | |17 - Results S| 2 Layout Cell / Type | Source Cell | Nets Instances Ports |
¥ Check ODDN2Z 2 B Extraction Result © top #F top 43237L, 432375 87086L, 870885  22L, 225
% Check M3DN.2 |1 w=Riactaninesulis
% Check MBDN.1 1 &) Comparison Results
¥ Check MBDN.1 2 ERC |
¥ Check M5DN1 1 3¢ ERC Results
X Check MADN4 2 * - Cell top Summary (Clean)
E ¥ Check M4DN.1 |1
— CELL COMPARISON RESULTS ¢ TOP LEVEL »
ool Ignore the Density
¥ Check M2DN.1 |1 H H X
X Check MI.DN.1 2 RUIe In thls Stage = # HESEEBERNRRRERERNY _
% Check DRMR1 |1 | M * M ;=
« | Rules File # 0 0# # CORRECT # |
. N RN
DRM,R.1 £ @ DRM,R,1 is a warining message to remind the users to check the related DRMs, Please X * ¥ # # e
refer to DRM,R.1 in the DRM For the details, = N * HEEEHH
COPY CHIPx m O Info
3 @4 Finder Warning: Unbalanced smashed mosfets were matched,
O Schematics Harning: Ambiguity points were found and resolved arbitrarily,
Calibre Run Completed Successfully -- Results are Valid Setuy : top
p LAYOUT CELL NAME
SnIlIPCE CFIL NAME . ton

© Check DRMR.1 J [=he J =he
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