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Mixed Signal Design Flow

System on a chip with distribution

Traditional mixed circuit system = ,
of analog and digital units

(e.g. interface for a MEMS sensor)

Digital control ﬂnnnnn
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Processor

unit
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i i . . ) Analog/RF igital
Both are examples of Mixed Signal integrated circuits
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Possible design flows

> ¢« Analog centric (or analog on top): the analog and digital units
are designed with their proper tools and integration is performed
using the analog tool.

« Digital centric (or digital on top): the analog and digital units
are designed with their proper tools and integration is performed
using the (highly automated) digital tool.
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Analog Design Flow and examples of CAD tools

d )
[ Brenf;zv;ﬁgra' J Matlab/Simulink, Python, HDL (Verilog-A,
2 VHDL-AMS) )
4 )
[ S%heig?]t'c } Virtuoso schematic editor
[ EIectrlcaI J Analog Design Environment (ADE) CADENCE
S'm“'at'on Spectre electrical simulator
[ Layout design } Virtuoso layout editor
\_ Assura y
Verlflcatlon . . N\ Mentor
DRC, LVS, PEX Calibre -
. J Graphics

PEX: Parasitic extraction (for post-layout simulations)
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Digital Design Flow and CADENCE tools

High level

description } Text Editor (e.g. "Gedit")
(HDL RTL)

Logic Simulation } CADENCE “Xcelium”

CElElLeve J CADENCE “Genus”
Synthesis

Automatic Place and

Route } CADENCE “Innovus”

|
=
[
=
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Mixed Signal Design Flow: Analog Centric Approach

Mixed Signal system level design )

[ ("pen-and-paper", SIMULINK-SIMSCAPE, VHDL-AMS, Verilog-A ...)
Analog cells *Digital cells

J

;-

3 —

Electrical Analog Schematic
simulation design

High level descrlptlon
(HDL - RTL)
. Logic
6\\\ ( Slmulatlon
‘\@\(\ Gate-Level SyntheS|s

Mixed Mixed Signal
Signal Schematic ____— | Automatic Place and Route
simulation design \
p A o )
<:> Analog Layout Layout of the Mixed «Dlgltal layout
Verification (mainly manual) Signal Circuit
< (mainly manual)
\_ J
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Example: Design of an SAR ADC

High-level behavioural description of the SAR algorithm (e.g. MATLAB, python)
Transistor-level design and simulations of the comparator and the DAC
HDL description and digital simulations of the SAR control logic

Mixed-signal simulations of the whole ADC

Layout of the analog blocks / synthesis and place-and-route of the SAR logic

v+

S&H

Vi f 1 Vtop
\ Co ICO ]200 1400 _I_ZWCU

- J_/ sampl
_ Vet clk eoe
1 SAR_ctrl J;_
---------- -1
{TNL Io;ic < ref T # # #

Control logic >
register |e

ready T
Dout{ : Clk
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Successive Approximation Register ADC (6 bit)

| H |
1F -
Vipb, L7777 7777772227 vt o
A . . 1 Vtop =) SAR_ctrl[5]
sam‘.!:lCo Ico [a2c, Jac,  J2Mc, ! out_cmp L0, —— SAR_ctrld]
cee | ! = —— SAR ctrl[3]
-IVSAR_c}Eg . }_ _}__ ' _}_: o —— SAR_ctrl2]
Ve 1 TP 9 PY T Do SAR_ e ]
- -1 Control logic > % T
s |
V A TCIk D B | | | | I_I | I
' Vtop
sample CO _I_(:o _I_2CO _I_4'CO _I_ZN 1CO 01k Vin ' | T - VI-ef| “ 'f I i
XX} - in """ g Vin 5t
y F"“""‘i} i} j} % S 00 & q-f-f-F-=-- A e -
ref —_— - m Vs Vi, re Vv, - re
- Vref 64
gorr : Vi = 16 il
S T) S — _
v _v B 2N—1C0 I n in 2
top in :> AVtop = AV Coo 03F ¢ | O | O | 1 | O 1 | O | -
fZN_lCo 0 : 2 3 4 5 6 7 8
rel 2N ¢, _ Clock cycle
Ve Vin=82.7mV D,,=001010
2 V. = 500 mV A/D (N = 6) (10 in decimale)
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Behavioural description of the SAR algorithm

SAR algorithm:
« Signal sampling

e SAR conversion
(N phases)

Keep SAR_ctrl[5]
| Dout[s] = 1

SAR ctrl[5] =1

SAR_PHASE 5 ‘

SAR ctrl[4] =1
~

SAR_PHASE4 )

out cmp ?

SAR_ctrl[5] =0
- Dout[5] =0

SAR phase:

1. DAC update
(initial guess)

2. Verify the
comparator output

3. DAC correction
(if needed)

[ Keep SAR_ctrl[4]
| poutfa1=1

out_ cmp ?

'SAR ctrl[4] =0
| Doutj41=0

» Dout[0]
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Analog Design and Simulations (Spectre simulator)

Launch Hle Edit Vie

¥ GROUPs

B VT("/clk_n") & 0
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L sl { m;ﬁ S
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. il .

. . N i . . B
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g Sl
Blen . .m}éﬂfnmu |_ nm
R T P B
B s B, . VI(/10/P7) & 0
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+ gy
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VHDL description of the SAR digital control block

open ~ |[ & SAR_ctri_block.vhd — = IR,
Uibrary IEEE;

use IEEE.numeric_std.all;

use IEEE.STD_LOGIC_UNSIGNED.all;

use IEEE.std logic_1164.all;

entity SAR_ctrl_block is

port (
clk_in: in std_logic;
cmp_out: in s
reset_n: in s
sample: out s
clk_cmp: out std_logic;
SARctrl: out std logic vector (5 downto 8);
output_word: out std_logic_vector (5 downto 6)

)
end SAR_ctrl_block;

architecture fsm of SAR ctrl_block is
type T_STATE is (RESET, SAMPLING, SAR_PHASE_S5, SAR_PHASE_4, SAR_PHASE_3, SAR_PHASE_2, SAR_PHASE_1, SAR_PHASE_8, FINISH);
signal “state: T_STATE := RESET;

signal aux_word: std logi
signal SAR ctrl_1:std log
signal SAR ctrl_2: log
signal aux_clk:s :
signal clk_aux:std
begin

(5 downto B) := (oth

(5 downto 0)
(5 downto 4)

SAR_ctrl <= SAR_ctrl_1 and SAR_ctrl_2;
clk_aux <= clk_in and aux_clk;
clk_cmp <= inertial clk_aux after lns;

process (clk_in, reset_n)

begin
if (reset_n="6') then
sample == B
SAR ctrl_1 <= (others => )
state <= RESET;
aux_clk <= ;
elsif rising_edge(clk_in) then
case state is
when RESET => sample <= :
SAR_ctrl_1 <= (others => )i - - - -
state <= SAMPLING;
aux_clk <= H
when SAMPLING => sample <= H
SAR_ctrl_1 <= (others => |H
ceata —- €AD DUACE K-
Waveform 1 - SimVision - X
File Edit Miew Explore Format Simulation Windows Help

cadence
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File DFT FHoerplan Power Timing Tools Windows

Digital synthesis (GENUS)

4 cadence
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Digital synthesis (GENUS)

RTL (Register Transfer Level) Description Gate Level Description
(GENUS input) (GENUS output)

module SAR_ctrl_block(clk_in, cmp_out, reset_n, sample, clk_cmp,

library IEEE;
use IEEE.numeric_std.all;

use IEEE.STD LOGIC_UNSIGNED.all; SAR_ctrl, output_word);
use IEEE.std_logic_1164.all; input clk_in, cmp_out, reset_n;
output sample, clk_cmp;
entity SAR ctrl_block is output [5:0] SAR ctrl, output_word;
port( wire clk_in, cmp_out, reset_n;

clk_in: in std_logic; wire sample, clk_cmp;
cmp_out: in std_logic; wire [5:0] SAR ctrl, output word;
reset_n: in std_logic; wire [5:0] SAR ctrl 2; -

sample: out std logic;

clk_cmp: out std_logic;

SAR_ctrl: out std_logic_vector (5 downto 0);
output_word: out std logic_vector (5 downto 0)

wire [5:0] aux_word;

wire [3:0] state;

wire [5:0] SAR_ctrl_1;

wire UNCONNECTED, UNCONNECTED®, UNCONNECTED1, UNCONNECTEDZ2,

);
end SAR_ctrl_block; UNCONNECTED3, UNCONNECTED4, UNCONNECTEDS, UNCONNECTEDG;
wire UNCONNECTED7, UNCONNECTED8, UNCONNECTED9, UNCONNECTED1@,
architecture fsm of SAR_ctrl_block is UNCONNECTED11, UNCONNECTED12, UNCONNECTED13, UNCONNECTED14;
wire UNCONNECTED15, UNCONNECTED16, n 8, n 1, n 2, n 3, n 5, n_6;
type T _STATE is (RESET, SAMPLING, SAR PHASE 5, SAR PHASE 4, SAR PHASE 3, SAR PHASE 2, SAR PHASE 1, SAR PHASE @, FINISH); wire n 7, n.8, n9, n 10, n 11, n 12, n 13, n 14; T
signal state: T_STATE := RESET; ] _15 = 16 - 13_ 19_ 23_ 21_ 23_ 24-
signal aux_word: std logic_vector (5 downto @) := (others => '0'); :iis :727’ 2729' :731’ :732' :733’ 2734' :735’ :735:
signal SAR ctrl_1:std logic vector (5 downto 0) := (others == '1'); . a7 o Tha o Tam e TA1 o Tan A o TAA
: . . T . 170 wire n_ 37, n 38, n 39, n 40, n 41, n 42, n 43, n 44;
signal SAR ctrl 2:std logic vector (5 downto 0) := (others => 'l1'); N — — — — — _ — -
signal aux_clk:std logic := '0'; wire n_45, n_46, n_47, n_48, n_50, n_51, n_52, n_53;
signal clk_aux:std logic := '0°; wire n_55, n_56, n_57, n_58, n_59, n_60, n_61, n_62;
begin - wire n_63, n_64, n_68;
DBFRBN \SAR _ctrl 2 reg[2] (.RB (reset_n), .CKB (clk_in), .D (n_64),
SAR_ctrl <= SAR_ctrl_1 and SAR_ctrl_2; .Q (SAR_ctrl_2[2]), .QB (UNCONNECTED));
clk_aux <= clk_in and aux_clk; DBFRBN \SAR_ctrl_2 reg[4] (.RB (reset_n), .CKB (clk_in), .D (n_62),
clk_cmp <= inertial clk_aux after 1ns; .Q (SAR_ctrl_2[4]), .QB (UNCONNECTED®));
. DBFRBN \SAR_ctrl_2 reg[3] (.RB (reset_n), .CKB (clk_in), .D (n_60@),
process (cllffln, reset_n) .Q (SAR_ctrl_2[3]), .QB (UNCONNECTED1));
begin DBFRBN \aux_word_reg[4] (.RB (reset_n), .CKB (clk_in), .D (n_58), .Q

if (reset_n='0") then
sample <= '0';
SAR_ctrl_1 <= (others => '0');

(aux_word[4]), .QB (UNCONNECTED2));
DBFRBN \SAR_ctrl_2 reg[l] (.RB (reset_n), .CKB (clk_in), .D (n_63),

ctate <= RESET; .Q (SAR ctrl 2[1]), .QB (UNCONNECTED3));
aux clk <= ‘0" ND3S g1595  2398(.I1 (n_56), .I2 (n_51), .I3 (n_52), .0 (n_64));
elsif rising_edge(clk_in) then DBFRBN \SAR_ctrl_2 reg[5] (.RB (reset_n), .CKB (clk_in), .D (n_57),
case state is .Q (SAR_ctrl 2[5]), .QB (UNCONNECTED4));
when RESET => sample <= '0'; OR2S ¢1601_ 5107(.I1 (n_42), .I2 (n_53), .0 (n_63));
SAR_ctrl_1 <= (others => '0'); OAI112HS g1590_ 6260(.A1 (n_59), .B1 (n_21), .Cl (n_5@), .C2
state <= SAMPLING; (state[1]), .0 (n_62));
aux_clk <= '6'; DBZRBN \output_word_reg[1] (.RB (reset_n), .CKB (clk_in), .D
when SAMPLING => sample <= '1°; (aux_word[1]), .TD (output_word[1]), .SEL (n_61), .Q

SAR ctrl_1 <= (others => '0');
state <= SAR_PHASE 5; e D -
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Automatic layout generation (Automatic Place and Route, P&R)

The LEF format is more versatile than GDS,
since it allows easy partial description (e.g.

Standard cells:

Velirog description creation of layout abstract views, where only the
Layout (LEF or GDS) \ information for the P&R are included
( )
Automatic P&R tool —> | Layout (GDS) )
Gate level netlist: \A - N
Verilog description Post P&R netlist (verilog)
Delay file N J

L)

In the P&R operation, the tool changes the
original network adding components that allow

[ Automation script file J respecting the timing requirements (e.g. clock
buffers)
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Automatic Place-and-Route (INNOVUS)

Empty spaces

between cells are

covered by "filler"

elements in the final

layout. Fillers

include n-wells and\
other layers that

Improve continuity

between cells
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Layout imported in Virtuoso
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Mixed-Signal Simulat

Config view of the testbench

lons (ams simulator)

Connect rules

Launch Fle Edit View Help cadence
b = d e & = & @ (Q B-

TopCell 7.8 x| |_clobal Bindings 78 X
Library. Esercitazione SAR Library List: Faraday
(Bl (LG View List: iavioral functional systemVerilog schematic veriloga vhdl vhdlams wreal
View: schematic

Stop List: spectre fsm
—
Open Edit ADEL ADE Explorer Constraint List:
Table View | Tree View
Cell Bindings:
Library Cell View Found View To Use | Inherited View List Ly
Esercitazione_SAR CDAC_6hit schematic spectre spice pspice verilog verilogams ..

Esercitazione_SAR
Esercitazione_SAR
Esercitazione_SAR
Esercitazione SAR
Esercitazione_SAR
Esercitazione_SAR
Esercitazione_SAR
Esercitazione_SAR
Esercitazione_SAR
Esercitazione_SAR
Esercitazione SAR
Faraday
Faraday
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SAR ctrl_block
delay_line
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th SAR
ANZ
ADTI2S
AO125
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AODI225
DBFRBN
DBZRBN

schematic_v2
schematic
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schematic
schematic
schematic
schematic
schematic
schematic
schematic
schematic
functicnal
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functicnal
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functicnal

schematic_v2

specire spice pspice verilog verilogams ...
specire spice pspice verilog verilogams ...

spectre spice pspice verilog verilogams ...

spectre spice pspice verilog verilogams ...
spectre spice pspice verilog verilogams
spectre spice pspice verilog verilogams

spectre spice pspice verilog verilogams ..

specire spice pspice verilog verilogams ...
specire spice pspice verilog verilogams ...
spectre spice pspice verilog verilogams ...
spectre spice pspice verilog verilogams ...
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specire spice pspice verilog verilogams ...
specire spice pspice verilog verilogams ...
spectre spice pspice verilog verilogams ...

spectre spice pspice verilog verilogams ...

Il Namespace: CDBA Filters: OFF

1840) | =

Fle Edit View Help cadence
“define CONMRULES_18V_FULL_FAST
"define CONNMRULES_18V_FULL
“define CONNRULES_18V_MID
“define CONMRULES_18V_BASIC
“define CONNRULES_FULL_FAST
“define CONMRULES_FULL
“define CONNRULES_MID
“define CONMRULES_BASIC
‘define Vsup 1.8
“define Vthi 1.2
‘define ¥tlo 8.6
‘define Vtrhi “Vthi/ Vsup
“define Vtrlo “Vtlo/ Vsup
‘define ¥Vliow @

“define Tr 8.2n

‘define Rlo 288

“define Rhi 2a8

“define Rx 48

“define Rz 18M

“define Vdelta “Vsup /64
‘define Vdelta_tol ~Vdelta/4
“define Tr_delta “Tr /28
"define rsupply 4
“define rpull 1.5e3
‘define rlarge 9.8e3
“define rweak 5.5e4
‘define rmedium 3.2e5
‘define rsmall 1.9e6
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Mixed-Signal Simulations

sample Sun Dec 11 17:32:17

Name i i i “ -

I Vin

M sample

out_comp

- SAR cul signals
/10/SAR _ctrl<5= /10/SAR_ctrl<5> 0.227
M /10/SAR _ctrl<4> /10/SAR_ctrl<4> 0.227
B /10/SAR _ctrl<3=> /10/SAR_etrl<3> 0.227
I /10/SAR_ctrl<2> /10/SAR_ctrl<2> 0.227
/10/SAR ctrl<1=> /10/SAR_etrl<1> 0.227
/10/8AR _ctrl< 0> /10/SAR_ctrl<0> 0.227

0.3

-0.1

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 110 120 13.0 14.0
time (us)
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