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Selling an idea with a prototype (infineon
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A possible approach... @1‘30/"

4 Analog design

Digital design

Project
manager

Verification
£y
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...0Our vision! (Infineon

| 7/
= o ﬂ Concept/Application engineer with a smart product concept idea
AU -
From model...

/. ...to prototype!

Analog Front End board

FPGA board
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Infineon

i

Magnetic sensors for automotive applications

Magnetic Position Sensors. 4

1
seatbelt buckle switch, ... p ’ X
= in 1 Quantity ' - !
= i 7 to Magnetic Sensing Signal
; L‘,\ / 7 eaative Field Element Processing

!

S ;
S Pole wheel
(5 o | Gt . e e
Crankshaft Back-bias

5

iz |z

~ |8
<

Magnetic Field

Internal Voltage L

00

Output (V or I)

Il

|

Faster rotation Bigger airgap
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Virtual prototyping for concept definition (iﬁneon

Application Product Feasibility & - ’
Requirements Requirements Concept | ApEReR

i
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From simulation to real HW (iﬁneon
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Fast & Furious: the methodology in a nutshell (iﬁﬁneon

‘CoseDA

Technologies

Crosscheck
e Regressive
simulations

From
Concept
to
HW

HOL synthesis
on FPGA

SystemC and
HDL

cosimulation

cadence
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. (infineon
SystemC Modeling

s =
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- - — ! - b it ame J — e
s - - ‘ =t e I WD
s » =S - — | ap———. e e — >
= 3

‘void gmr_bridge::processing()

1
double V_p = Vdds_i.read() * R_right_i.read() / (R_left i.read() + R_right _i.read());
double V_n = Vdds_i.read() * R_left i.read() / (R_left_i.read() + R_right_i.read());
L Vp_o.write(V_p);
Vn_o.write(V_n);
flealculate and write the current that flows in the bridge
double current;
if(vdds_i.read() == 8){
current = @;
}
}
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Regressive simulations &—/

Mechanical

parameters

Magnetic fields at GMR
elements

Sensorand magnetic
encoder model

SystemC TLESO46IC model Postprocessing
Magnetic

parameters

£
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Coside clean netlist generation 1/3

(infineon
| test_sch.scam I3

i_add2_scl
<short>
scO_i| v

sc0_i sC_0

scl i|aDD2 sc<T>

Schematic example

sc14i| N

2018-10-26
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Coside clean netlist generation 2/3 infineon

[C] | [2 test sch_old.cpp 53 [ test_sch.h 53 2=
) 3#|// @copyright COSEDA Technologies GmbH. All rights reserved.[] A 3@® // @copyright COSEDA Technologies GmbH. All rights reserved.[] A £

19 18

205 f** DO NOT EDIT THIS FILE! == 19 #pragma once &

21 * = This file was automatically generated from an COSIDE schematic. 28

22 * = (recreate via: "test_sch.scaml") 21 f** DO NOT EDIT THIS FILE! ===

23 ¢ 22 * = This file was automatically generated from an COSIDE schematic. 51

24 */ 23 * = (recreate via: "test_sch.scaml")

25 // include submodules 24 = =]

26 #include <sca basic _libraries/arithmetic sc/add2 sc.h> 25 =/

27 #ifndef TEST TEST LIB _TEST SCH H 26 D

28 // if this file is not included by the header keep implementation 27 #include <systemc> 5

29 #include "test sch.h" 28

30 #define COSIDE_INCLUDE_IMPLEMENTATION 29 /// include submodules R

31 #endif 30 #include "sca_basic_libraries/arithmetic_sc/add2 sc.h"

32 // adds SystemC namespaces for user convenience 31

33 #include <systemc.h> = SC_MODULE(test sch)

34 #include <systemc-ams.h> {

35 /// ports

36 // explicitly use std::abs() in any cases sc_core::sc_in<short > sc@ i;

37 #include <cmath> SC_core::sc 1n<short > scl H

38 using std::abs; sC_core::sc uut<short > sC_0;

39

40 namespace test_namespace /// constructor

41 {

42 // component declarations test_sch::test_sch(sc core::sc module name) :

43=struct test sch::components sc@ i{"sco i"),

44 { scl_i("scl_i"},

45 // declare instance references for external access sC u("sc o"),

46 add2 sc<short>& i add2 scl; i add2 sc1("1 add2_scl")

47 // declare node and ngnal references for external access {

48 /f component constructor //f SystemC adder

49= components ( i add2 scl.sce i(sce i); /** first summand */

58 add2 sc<short=* i add2 scl i add2 scl.scl i(scl i); /** second summand */

51 ) i add2_scl.sc_o(sc_o); /¥% sum */

52 i add2_scl(*i_add2 scl ) }

53 {}

54 // component destructor

55¢ ~components () private

6 { . .

57 // delete instances Old I /// parameters I

B e s netlist New netlist

59 // delete signals /// signals

60 }

61 }; /// submodule instances

62 #ifdef COSIDE INCLUDE IMPLEMENTATION add2 sc<short> 1 add2 scl; /** SystemC adder */

63 };

CASJLILIEITITETEIIETIT I E T AR LT TR ET I I T EL LTI R ETiiiiiir

65 // architecture implementation (netlist) I

66 FITLTELIEIETE I EEIET I TR TLFETE D TR TR ETIT LI TELFL LD TE LRI ETFETEL T FT

68 void test_sch::architecture()

69 {

70 f///!/////f’f//,:/f’f/,_’//f’1/////!/////N///!N///!//,://!/////!/////!/////!/// (vl -

TR EEEESS—S———) g/ 'y
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Coside clean netlist generation 3/3 infineon

[€] | [2 test_sch_old.cpp 52 [ test_sch.h 5% B3

= 65-void test_sch::architecture() (~] 3@ // @copyright COSEDA Technologies GmbH. All rights reserved.[] = &
69 { 18
70 JELLIIETERET LI AL A ETEILET IR ET LB LA LRI R LI EEIEI T 19 #pragma once =
71 // generate nodes/signals - map to references and name I/ 20
72 LTI EEEEEE LR EDEE LT DEEL TR EE L L EL LR E LT LR LT 216 [+ DO NOT EDIT THIS FILE!
73 22 *# = This file was automatically generated from an COSIDE schematic. ”5
74 TELLIELERTEL LI LR EEEEL DL ELEREEE LI L ELEE LR LT DL R LI EEIEI LT 23 * = (recreate via: "test sch.scaml")
75 /f instantiate modules, assign parameter /f 24 % =]
76 SELLIIETERET I IR L F TR EL R BT IR LEEELEELEIIETEI LRI EEIEILE T 25 %/ =]
77 add2 sc<short>::params p i add2 scl; 26
78 add2 sc<short> *i add2 scl; 27 f#include <systemc> =
79 i add2_scl = new add2_sc<short>("i_add2_scl", p_i_add2_scl); 28 N
80 // port binding see netlist section 29Q/// include submodules (Bl
81 TELLIIEEERL LI I EE R LR TR DRI LI BT L LD LD LRI EE IR i T 360 f#include "sca basic libraries/arithmetic sc/add2 sc.h”
82 // netlist section I 31
83 JELLEIETERIELETLEE LR EL AT ERLET IR IR LELEL LR EIIETEI R E LI EEIEI LT 2 EC,HDDULE(test_SCh)

//f ports
Clean netlist o
I
. / /// constructor
NO pOInters Or CompleX StrUCtU reS test_sch::test_sch(sc_core::sc_module name) :
T sc0_i("sco_i"),
scl i("scl i"),
1] N sc_ol"sc o),
96 // constructor/destructor section i add2 sc1("i addz scl")
ST JIIILELIILETERETEL BT EELEELEL LTI ET L BT E I LRI LI T LI LI EEIEI LT {
98 /// constructor implementation /// SystemC adder
99- test_sch::test_sch(sc core::sc module name, const params& pa) : i _add2 scl.sc@_i(scO_i /** first summand */
108 // naming ports for debugging i_add2_scl.scl_i(scl_: /** second summand */
181 sc@_i("sce_i"), i add2 scl.sc o(sc o); /¥ sum */
102 scl i("scl i"), }
103 sc_o("sc_0"),
164 p(pa)
105 { private:
106 architecture();
107 } Old I /// parameters I'
108 /// destructor implementation net |St NeW net |St
109~ test_sch::~test_sch() /// signals
110 {
111 // delete component structure /// submodule instances
112 delete c; add2_sc<short> 1 add2 scl; /** systemC adder */
13 } b
114 #endif // #ifdef COSIDE INCLUDE IMPLEMENTATION
115
116 } // end namespace test namespace
117
118 // remove temporary defines
119 #undef DONT INCLUDE HIERARCHIC COMPONENTS b
126 #undef COSIDE INCLUDE IMPLEMENTATION ~ m
T )
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From SystemC to HDL in a few clicks (Infineon

W Fijul 6,17:31
Catapult Prime Synthesis 10.2b/768359 (Production Release) -- Task Bar =

Curent soition | [ % 3 51/ £ B| @ @ Showide Design Anslyzer

aaer | - Constraint Editor| ¢34 core wrasoer schcoo |

SystemC ,clean™ netlist b
from COSIDE® o

Conversion of each
SystemC module

Conversion of top-level
High level synthesis

- Vivado HLS
- Mentor Catapult

D Filefline) C]

Working Dir: ../Catapult_TLESSSS_test/TLESSSS_catapult/HLS_Build

M fontanes@vinilooL:/op... | 3 build_top-down_SCver. [workspace - System<... || [& Catapuit Prime Syrthe ==l
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Coside CCB - SystemC to Virtuoso

»  Export of the top level testbench

Export 1/

3

Infineon

Infineon Proprietary

[citop_tevel s \chip.cpp 182 ‘I?
[Fytop_level * ) chip.h 357 € 2 16
i 317
[Mtop_leve  New > 1
i Others Open F3 : L
f T gpen with > =
JConfigur: o —- =
B _config_ 1 Create Documentation Ctri+AIt+D
copy Ctrigc | Create Netiist CHri+AIt+N
Paste Ctri+V | Create Simple Testbench Cri+At+TS
Move Create Generic Stimulus Template Clri+Alt+T |
PYUUPRE  Rename F2 | Create all Generic Testbench Files (overwrite existing files)  Ctri+Alt+T G
[Ficds.ib 20 Delete Delete
[ Definition| pefracy FS | EXpOrt to VIrtualizer gy ort to virtuoso Ctri+AIt+ E
3 hdlvar 2(
Bincluged. 'MPort
[ Makefile 1 EXPOTt
[Bysca_mod.  Run As >
[f)sca scher  Debug As >
Wisxcmd.log  Profile As >
{sxcmd.log  Topcased >
Logs Run C/C++ Code Analysis
Team >
Compare With >
Replace With >
Properties Alt+Enter
i_test logicl " i_top_level
TEST_LOGIC TOP_LEVEL




Coside CCB - SystemC to Virtuoso Export 2/3

lab Top_level_sch config (on vihlc13a4)

Launch cadence

=] o W x 3 | 1 - [ctop_level ¢ \chip cppﬁ" 9/6/18 2
[Fytop_level * Y chip.h 6/18 2
.Zﬂ
[Mtop_leve  New >
[ Others open s
! = Open With >
JConfigur:
[ _config_ ]
Copy Ctri+C
Paste ctri+v
Move
Rename F2
[Ficds.ib 20 Delete Delete
B [RDefinition  pacresn rs
£ 3 hdl.var 2
E Import
A [ includea.|
> [ Makefile 1 EXPOTt
: [sca_mody  Run As >
i [f)sca scher  Debug As >
S [sxcmd.log  Profile As >
£ {sxemd.log  Topcased >
B Logs Run C/C++ Code Analysis
: Team >
E Compare With >
= Replace With >
m
Properties Alt+Enter

mause L mouseAdd

24) | Enter the first corner of the bo you wish to enlarge

»  Export of the DUT schematic

Infineon Proprietary

Infineon

16
317

319

Create Documentation Ctri+Alt+D
Create Netlist CUrl+AIL+N
Create Simple Testbench CHri+Alt+T S
Create Generic Stimulus Template Chri+Alt+T |
Create all Generic Testbench Files (overwrite existing files)  Ctri+Alt+T G

EXPOrt to VIrtualizer| gxport to Virtuoso Ctri+Alt+ E




Coside CCB - SystemC to Virtuoso Export 3/3 infineon

Design Browser 1 - SimVision - O x

File Edit View Select Explore  Simulation  Windows Help cadence File Edit View Select Explore Simulation  Windows Help

|8s % |82+ Seﬂﬂ“ﬁc&kﬂ@k% [ on bk Xe

IF Timed = = D JMH“ I s I Search Times - MM l«»w JE“ Times v| = |D JME“ { *@’w I Search Times: m u&w MN

IE M;Dl TR 6| o0 |- B RS @ el B0

Ohjests | Iethoss |

Objects | I=thads |

MName

: G

Mame B Value 2 Scope: |9 All &vailahle Data j
O —
{BE Bx_center_o 0 A =80 Ll ator

[ Bx_left_o
. Tap_level_sch
D Bx_right o {3 [ L
== 0

[EE> By_center o

- :'.ﬁ adapt_hyst_i
E-c5l adapt_PIT_i

Bl ALY _pulse_i
E
E

B ulatar
~{} Top_level_sch
- N

E

7l ALY_pulse_perinde_i
=-coil BD_pulse_i

a_adc I By_left_o

digital_core IV By_right_o -l CHOR_pulse_i
ol SH_triggered_i ol clk_i

i_analog_schl analog_schi =l d_core_clk_i

i_sm_trigger_checki
int_wddp_vdds

@ d_hidden_hust_conp
--[E d_main_comp_o
el dir_info_inversion_i

i_sm_trigger_checkl
int_vddp_vdds

cCooococoooo

Sl sensor_output_current_i

[ElelF]=1¥

e . L ~rll dir_limit_valid_ratio_i
B i_test_logic_if H-E dirnax
¥ cds_globals Ak cds_globals B-TE dir_nin
E Packages B0 dir_pkpk
@15 direction Ldigital_avg
H- :'.ﬁdlrectwn digital_i

-l disable_safsty
il INC_dir

7]l INC_sp_i

-[E DONT_CARE

l—' o = dr_n
= ﬁ} i : = -l filter_offset_i

: . . = | = el filter_sp_ampl_i
Show contents: | In the signal list area» 5 IED I@ I = I I IM Fmer.l = & four_val_extr_avail

& frequency

@]%[d |1 osject selected| El:ﬁzgf:zulse,i

-5

»  Same netlists

2018-10-26 Copyright © Infineon Technologies AG 2018. All rights reserved. Infineon Proprietary



Coside CCB - SystemC to Virtuoso Export 3/3 infineon

T8, Design Browser 1 - SimVision - o x
Eile Edit View Select Explore Simulation Windows Help cadence File Edit View Select Explore Simulation MWindows Help
|85 @ ea| % O i Hﬁv&%wm'@ﬁ@k% [BH||os D Xe

IF Time#~| = [0 JMH“ I i, I Search Times: [Valus +] m MM «»w JE“TimeAv =0 JME“ { Gl I Search Times: m u&w W.,,

|E-E@ R € Gl @m0

Ohjests | Iethoss | Objects | I=thads |

Scope: Iﬁ All &vailable Data Hatne - Valug §v| Scope: I@ All Available Data j : {@} Mame

- :'.ﬁ adapt_hyst_i
E-c5l adapt_PIT_i

Bl ALY _pulse_i
E
E

D Bx_center_o 0 A E-E simulatar
[ Bx_left_o E-{F Top_level_sch

[ED By_right_o & ’D i VH D L

[BE> By_center_a

- w:ﬂ simulatar
E- A} Top_level_sch

=en SystemC

gu] mgnal_cnre
chi

E

| :'.ﬁ ALY_pulse_periode_i
=-coil BD_pulse_i
-+ CHDR_pulse_i

ol clk_i

ol d_core_clk_i
- [@ d_hidden_hyst_comp
- [E d_main_conp_o

el dir_info_inversion_i
-5l dir_limit_valid_ratio_i
115 dir_nax
100 dir_nin
A5 dir_pkpk
-
-

m_trigger_checkl
nt_wddp_vdds

1Nsm_trigger_checkl
i\ vedp_vidds

cCooococoooo

Call sensor_output_curtent_i

HOGEE
[E]e]]=]%]

- Cds_gmba‘s.._

1 direction, Ldigital_avg
:'.ﬁdlrectwn digital_i
-l disable_safsty
il INC_dir
7]l INC_sp_i

/ [ DOMNT_CARE
Find: [String= | = ¥; o
xl i i -5l filter_offset_i
=l N\ [JF] ] 3 3
) = = -5l filter_sp_anpl_i
Show cantents: | In the signal list area |_'ﬁ I_E') l_@ I_EI I' Iﬁ@ Fmer.l 7 & four_val_extr_avail

& frequency

|@|$|E‘ \ / |1 ohject selected| E?I-q'ﬁFth,pulse,i

v & adr_a

» ... But different digital cores instances

HEEEE

\
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SystemC & VHDL cosimulation (1/2) Cinfineon

Digital
Core

Input Analog SystemC Evaluation
Section Section Section

VHDL

|
|
|
|
SystemC SystemC Digital =ystemt I
|
Matlab Regressions :

|

|

|

I C

I ore
|

|

L

e ————————————

*Note: Mentor Catapult would also allow cosimulation in an integrated environment
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SystemC & VHDL cosimulation (2/2) (infineon

Cursor &v 5,000,000,000,000fs 10,000,000,000,000

\ ’f/-.‘/‘\\‘ y"I\"\i\A
B Ex_right_o 0.01330 234 NNURRILGRITLIAY \ / \/ \ /

El
W EBx_center_o 0.01400 17 e 0014
= VHDL_output_current % u. 007

=l sysc_output_current

Same Behavior

|12,000,000,000,000 26,380,000,000,000fs
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Moving to real HW Cinfineon

Digital core

Direction Signal Path

Analog Front End board

FPGA board
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Measurements setup in the laboratory

Infineon

i
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Automatic measurement & simulations crosscheck

Test Planning

Use Case(s)

Real

EEENEnES
Sensor

Meas
Measured Post Process

QOutput

Simulation

Sim
Post Process

Simulation
Qutput

Comparison
HW Vs SW

2018-10-26

Internal/External
Requirements

Real Stimuli ==

Validation
Criteria

Copyright © Infineon Technologies AG 2018. All rights reserved.

v SensValidGUI (on vihic1817)

infineon

SR
- Sensor Info Sensor Position Wheel Info
Pitch [mm) [Deltay [mmj|Deltaz [mm]| Pack [ AG{mm]] Y{mm] [ X(mm] Wheel | PPairs [ Pitchimm] |
1.6250 1.3000 0.3000 4.1000 4.4000 0 0 #55 44 4.3982

Input Panel -
Sensor Settings
Product ~Sensitivity
TLES046iC v B-X
Protocol [1BY
PWM_R100
PRI of|
R Load (Ohm)
B-C

75

Files and Directories
Wheel Scan

ﬂ‘;nme/ic_ie/die: Browse

Use Case Meas

Eome/sc_vase/dej Browse

Sensors Par

ﬁome/sc_ase/dej Browse

SysC Model exe

Eume]sc_ase,’de' Browse

Output
home/sc_ase/de) gBaues

-Operating Mode

[Vl Sim&PP fep

~Time Window (%)

Process Control

Start Process

| Status
Process Completed

“Error
No error

| [Pulses §

Summary | Raw Data | Advanced Setup |

“Further Actions

Save Settings

Load Settings |

Output Folder

Filtered Signal |

[ Type of Pulses

Total

Warn/DR-NV

Left

Right

Left-EL

Right-EL

still

Wrong

Meas

12

Sim

12

HE N N &N &N = O .
3

“Use Case Overview

Angle [mech degs]

dB [mT]

EL-Left

Right

Left

Warn
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Results and Conclusion (1/3)

Infineon

i

How much effort was spent for the different steps in the flow?

2018-10-26

SysC to HDL SysC & HDL Synthesis on
conversion cosimulation FPGA

Simulation
setup

Modeling

Modeling: 1 month if concept available (SysC reuse) / up to 1 year if concept has to be developed
Simulation setup: straightforward, just the parameter sweeps and their steps have to be defined
SysC to HDL conversion: achieved with a one-click approach using Mentor Catapult software

SysC & HDL cosimulation: made possible by Coseda-Cadence-Bridge (CCB) with one click export
Synthesis on FPGA possible without any need of modifications, using Xilinx ISE synthesizer
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Infineon

;

Results and Conclusion (2/3)

» How much time was saved by this methodology?

— From virtual to real HW prototype: 3 to 6 man / months faster!

> What is the simulation speed of SysC vs. Matlab vs. SysC/HDL co-sim?

— SystemC : 1ms of simulation 2> ca. 5 s in the real world

- Matlab: does not affect the simulation speed, only used to handle the
regression

- SystemC / HDL co-simulation: around 6 times slower than SystemC
due to RTL simulation time (dominant)

Infineon Proprietary



infineon
Results and Conclusion (3/3) &—/
> One-click conversion finally possible

» HDL and SystemC match 1:1 in cosimulation

»  Measurements ongoing, correct functionality already observed

»  High level synthesis approach

— Saves development resources and time
- Increase reuse and speed
> Rapid prototyping approach
— Increase design confidence
— Allow better customers interaction

Infineon Proprietary



Questions & Answers (Infineon.

> Any questions?
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