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- £2¥ Context & Motivation

v A basic version of this tutorial was developed in 2015 (v1.4).

v A second version with several updates and additional functionalities was

released on summer 2016 (v2.3).

v" Introduce the digital design thanks to a plug and play tutorial:
v" each step from RTL to GDSII is detailed,
v" based on standard methodologies and CAD tools,

all scripts and testbenches are provided,

illustrated from a simple digital circuit example,

implemented on an advanced technology,

<X X X

integrates body biasing functionalities.
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Verilog RTL

always @ (negedge clk)

beqin
if (load == 1)
eq <= 0;
else
if {egql == 0}
eq <= 0;
else
eq <= 1:

!

GDSIlI layout



input clk,

module TOP_FIR

input reset,

input load,

input wire[15:0] in,
output wire[15:0] out,
output req eg):

parameter N

= 24;|

end
endgensrate

reg [15:0] inl[N-1:0]:

wvire [15:0] outl[W-1:0];
vire [N-Z2:0] egl;
genwvar 1:
generate
for (1=0; i<=N-1; i=i+1)
begin: FIR
FIR FIR1(
clkiclk),
.resetireset)

.load(load),
.input_sample(in},
coutput_sample (outl[i]) J:

»

. Y -
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clk

load
in[15:0]

4 33 3

rset TOP_FIR ~ <d

out[15:0]

=) FIR1 FIR4 FIR19 FIR22
=)

— FIR2 FIRS LR FIR20 FIR23
= FIR3 FIR6 FIR21 FIR24

- Basic synchronous and sequential circuit, called “TOP_FIR”

> Composed of 24 parallel Finite Impulse Response (FIR) filters

Final circuit:
= 73’000
standard cells
= 0,7mm? area

RTL simulation results:

Reset '

Coefficients loading

Outputs calculation

o

_—————— -
A
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RTL to GDS flow: lo

Verilog RTL

generate

for (1=0; 1<=N-1; 1=1+1)
begin: FIR
FIR FIRL({

end
endgenerate

clkiclk),
.resetireset),
doad(load),
LAnput_sample (in} ,
Loutput sanpleioutl[i]) ) :

Synthesis tool

Design Compiler
(Synopsys)

Genus (Cadence)

Genus: Next generation
of RTL Compiler

ojc synthesis

Gate level netlist

FIR FIR 0 FIRl(.clk i(clk), .reset (reset), .load (load),
Ldnput_sample (in), .ountput_sample {out));

FIR_ 1 FIE_ 1 FIEl{.clk {clk), .reset (reset), .load (load),
LJAnput_sawple (in), .ontput_sawple ({woutl[1] [15],
[14], “outl[1] [13], “ouwkl[1l] [12], “outl[1l] [11].
[10], “eutdl[1] [9]. “outl[1] [8], “woutl[1l] [T]. “woutl
noukl[1] [5], “woutl[1] (4], soutl([1] [3], hewtl[1] [2]
“outl[1] [1], “outl[1] [0]});

FIR_2 FIR 2 FIREl(.clk i(clk)}, .reset (reset), .load (load),
Jnput_sample (in), .oubput_sample ({“outl[2] [15].
[14], “outl[2] [13]. “outl[2] [12], “outl[2] [11].
[107, Soutl[2] [9]. outl[Z2] [8]. “wutl[Z] [T]. woutl
noukl[2] [5], houkl[2] (4], Soukl[Z2] [3], Nowkl[Z2] [2]
“outl[Z2] [1]. “outl[Z2] [O]})):

FEEET TSI
S Loading coefficients. ..
FAEEL LSS

Gate level simulation results:

time clk reset
180 a
102 a
204 I
216 i
neg a
[...1]

ocDcoo oo

tine clk reset Load in out e
a a - 1] B
12 0 1 ] ] 0 =
24 0 1] 1 & E375 0o
] ] 1 N 1 oo

load
a

0
0
0
0

o]
ST s r
A Coefficients losded, start processing. ..
ST TS TS TS T ST r a7

in out eq
U
130 140
30§ 33418

Reset, Ioao!ing, and processing modes

a

oo oo

18| 60376
Q375 | 55899
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RTL to GDS flow: place and route

Gate level netlist
+ top cell “PAD_TOP_FIR” (including 10s)

wodule PAD TOP_FIR { clk, reset, load, in, oukt, eq J;
imput [15:0] in:
outpnt [15:0] out;
input clk, reset, load;
output eq;
vire w_clk, w_reset, w_load, w_eq;
wire [15:0] w_out, w_in;
vire [16:0] node _float;
wire netTiel, netTiel;

TOP_FIR I_TOP _FIR {.clk{w clk), .reset{w _reset), .load

Back-annotated simulation results:

Annotating SOF timing data:
Compiled SDF file: BAD TOP_FIR routed_germs. sdf. X
Log file: sdffile rc. log
Backarnnotation scope: top. U

Configuration file:
Ennotation completed successfully. .

EEE S iy
A Loading cosfficients. ..
LA

time clk reset load in out e
0 0 0 0 ] x X
1z a 1 0 0 0 =x
24 o 0 1 6375 o
o 0 1 1 oo

co
ST LL LTSS
£ Coefficients loaded, start processing. . .
ST LSS

time clk reset load in out e
1a0 o 0 0 0 o
192 o 0 0 130 a0 0
204 a 0 0 a0 33418 0
21e o 0 0 13 60376 O
228 o 0 0 0375 BER99 0

[...]
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Tech. files issued from ST’s
new FoundationTechnoKits

Place & route tool

Innovus (Cadence)

Place & route
script updated for
Innovus 15.20.000

Updates of the tutorial

GDSII layout

Verilog netlist

module PAD TOF FIR (
clk,
reset,
load,
in,
out,
eq);
input clk;
input reset;
input load:
input [15:0] 1n;
output [15:0] out;
output eg;




- g2¥ 28nm FDSOI features during place and route

I0s placement:

v Addition of 2 specific pads dedicated to supply VDDS and GNDS body biasing
voltages (-1,8V to +1,8V): i >

v Addition of an 10 filler cell to tie high or low the
compensation signals:

VDDE, GNDE " VDDE, GNDE
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- g2¥ 28nm FDSOI features during place and route

Floorplan and power plan generation:

v’ 4 power rings (VDD, GND, VDDS,
GNDS) drawn with thickest metal
layers.

v’ 2 pairs of power stripes to feed
the circuit with VDD and GND

v" 1 pair of VDDS/GNDS stripes
every 50um spacing to feed body
biasing voltages to standard cells
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- g2¥ 28nm FDSOI features during place and route

Core cells placement and routing:

v Fillers cells on top and bottom core rows (to meet
particular DRC rules)

v Implementation of filler tap cells with separated
power and ground rails (dedicated connections to
bodies of standard cells) | >

v" Restriction of the tool to use the 8 first metal
layers to route signals, and the 2 top layers for
power.
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- £2¥ Final verifications

v GDSII and netlist can be imported under Cadence Virtuoso 6.1.6:

Layers x|
|¥ Valid & Used __ Routing
: MY draning n
BN Iy A5 NS
Hame | Wis | Sel|

4=+ -

= Layer |Purpose
. draing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing
drawing _
drawing
drawing
drawing

Schematic view Layout view

KEkKKKKEKRKERRRRKKKRKEKRERRKRRKRKRKR||=
KKK KKRRRRREKKKKIKIKKIRIES[K [ [ ||

v LVS and DRC verifications can be performed
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_@ Tutorial deliver

v 118 institutions received in 2016 this upgraded
version of the tutorial

v Developed in CMOS28FDSOI technology, with
PDK version 2.5.f
v' can be easily adapted for PDK 2.7.a

v" A third tutorial release is planned Q2 2017 for

latest CMOS28FDSOI PDK 2.9 S

v" migration from 10ML to 8 metal layers o
stack o

v LVS and DRC verifications. TERER

v" Still positive feedback from designers !
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Thank youl!
ap=10

[=]¢3
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- g»¥ Body biasing methodology flow

Body biasing in layout view:
y g y «— VDD

™ vDDS
Filler tap cell with separated

= power and ground rails:
VDD/VDDS and GND/GNDS

»~ GNDS

+= GND

Body biasing on LVT (flip-well) transistors:

s .

Body bias Body bias

> FBB or RBB: speed or leakage optimization |

CMP annual user’s meeting, 26-Jan-17, PARIS FBB: Forward Body Biasing  RBB: Reverse Body Biasing
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