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Half year experience with virtualGTM in COSIDE® 3.2
Agenda

1. What is the GTM IP and where is it used
2. What is the virtualGTM
3. What happened since Coseda User Group Meeting 2023

4. What will come next?
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Half year experience with virtualGTM in COSIDE® 3.2
What is the GTM IP and where is it used
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GTM IP - Legal Framework
From requirements to solutions

IP Design MCU Design MCU Devices System Design

Microcontroller supplier

Powertrain

Chassis Microcontroller supplier

Steering

Current & Next Gen.

Transmission

Bosch ME-IC

Engineering of
Intellectual Property

MCU Devices

Tierls
> A
» B
» C

No exchange of application
Know-how and IP Rights
between requirements
providers

Next Gen.

S

Microcontroller supplier Other Tierls & OEM

Protection by contract and/or NDA Bosch ME-IC distributes right of the requirements provider to S/C suppliers
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GTM IP — Overview GTM Gen 1 -Gen4
Delivered device configuration 2010 - 2023 ~

Delivered GTM configurations

=7 GTM IP Deliveries (by GTM IP Generation)
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60

First GTM IP (Gen 1) delivered in 2010 50

40

Meanwhile more than 50 different configurations
30

delivered to multiple semiconductor vendors
2
Delivery of GTM IP Gen 4 starting in 2020/21 ! !
1
-l =

0
GTM Gen 4.1 devices dominating the list with 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

more then Gen 3/3.5 in less then 2 years mGenl mGen? mGen3 mGen3S mGen4d
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GTM IP — Status and Roadmap
New markets — application driven growth & new licensees

China #5
Industrial Applications
hina #4 i
Emulation of Ser. Interfaces china ) China #3
China #2
Chargers ChiPower
Electrical Axis
Electrical Drives
Gear Control
Steering
Chassis Applications NXP
Body Applications Renesas Infineon
Combustion Engine Control STMicroelectronics
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What is the virtualGTM
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GTM IP — Architecture
virtualGTM — actual content

virtualGTM available for download:

« Uses fully equipped 1 cluster GTM

GTM

Up to 12 Clusters

fully populated ;““’

01 Every GTM function available

02 Ideal suited for education/ training example

Starting with 1 Cluster
and sub-set of modules

03 Complex applications using multiple GTM resources
incl. MCS and ARU can be putin place

virtualGTM variants (more GTM resources/ clusters)
can be made available on request
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Half year experience with virtualGTM in COSIDE® 3.2
Example for microcontroller with GTM

Example: IFX TC4xx _ Radar Custer
. vy . FlashA | FlashB I‘Csﬂ RIF | R
GTM is a sub unit in the micro controller il Wil o A

e == " spu
|
t TC 1.8P CPUD . |—3-0
sysiem = : local PF | £

PSPR s PPLI
PGAGHE - S | ScalarCore |
DSPR o TC18 -
DCAGHE | VeclorDSP |

3 : local
™~ P sraM_| | FTUDMA)[ CSM ]
[ MU | -
__...-.=1,i\.__-§_,."_-=_| ¢ —_—_\_-v—-t‘l:—.-: — ::::¢= ='-%='.‘-
System Resd ) ‘)
—I— Interconnect A, S Sn. A I I -—j— I —1—
i without bridges = | 2 il | =
oy e B |3|g| B|B2EY||| 58
& SBGT ™ : x |9 O35 o &
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o | 2 lal (= = | h | | & LA
O b= = |22 28] | (3] e | -ﬂ‘m:h O ol L ki | =2
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https://www.infineon.com/export/sites/default/_images/product/microcontroller/Aurix/TAURIX-TC4x-Evolution.png_1016265805.png
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Half year experience with virtualGTM in COSIDE® 3.2

GTM only simulation environment

What will be available for use in COSIDE® simulation

virtualGTM: Cycle accurate SystemC model of GTM IP

GTM IP is embedded in Coside module, which models
simplified uC- functionalities:

= CPU with interrupt controller

= Local memory

= ADC's

» Analog functionality for High Resolution PWM

ME-IC/PRM-IPP |2024-12-05
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What happened since
Coseda User Group Meeting
2023
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Half year experience with virtualGTM in COSIDE® 3.2
What happened since Coseda User Group Meeting 2023

December 2023: COSEDA UGM 2023

= virtual GTM accessible on download page for Eo==oa ) EE—
COS I D E® 301 PRODUCT TRAINING & SERVICES COMPANY NEWS & EVENTS DOWNLOAD CONTACT US

— Collected first experience and feedback from
— COSIDE® users
_ COSEDA staff %N =]
— Bosch GTM team
— Interested people so far not using COSIDE ®

February 2024:

= Decision by COSEDA and Bosch GmbH to make the
virtualGTM available in the upcoming COSIDE ® 3.2
release

BOSCH GTM SystemC Model Download Community

ME-IC/PRM-IPP |2024-12-05
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Half year experience with virtualGTM in COSIDE® 3.2
What happened since Coseda User Group Meetlng 2023

March 2024: Bosch IP TechDay Asia Shanghai

= presentations, talks
Bo bIPT chDa ay Asi

— GTM IP ECO environment partner contributions o
— COSEDA, Lauterbach, Tasking, Hightec 2098314 - 315

—  https://www.bosch-semiconductors.com/ip-modules/gtm-platform/ip-techday-asia-2024/

= ~200 participants

—
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Half year experience with virtualGTM in COSIDE® 3.2
What happened since Coseda User Group Meeting 2023

April 2024: Launch of COSIDE 3.2 -

File Edit MNavigate Search Project Run  Window License Help

mil ] BiF-@0QR|@iL-F-vo oo HiEEE Q @IE@N%%::%(:DE_EP_&

= virtualGTM included Frr
— Examples accessible by the Help Center & =S e (COSEDA

Documentation Tutorials Examples What's new Open Docu

= COSEDA/ Bosch GmbH staff: Examples

. . .
- T ral n I nte rested C u Sto m e rs 0 n u S I n g This page provides example projects* which can be imported into the workspace by clicking on the name.
. *) The example projects are also accessible outside the Help Center by opening the example wizard (File — New — Exampla).
virtual GTM

h I 1 ~
Bosch GTM FoschIGIN S epenatmenil Bosch GTM - Generic timer IP module examples. »
module examples

el acoptnlicd Bosch GTM - controlled Brushless DC Motor Commutation
Brushless DC motor (BLDC) B
Using Hall-Effect Sensors. |

Example l

Power Regulation DC/DC Converter Example Simple model of an DC/DC buck converter.

OSIDE® AURIX™
CCHIBED AL W pare This example demonstrates a LLC power converter

converter application .
PP application controlled by a AURIX™ micro controller.
example v

everal small examples using COSIDE® piece wise linear

ME-IC/PRM-IPP |2024-12-05
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Half year experience with virtualGTM in COSIDE® 3.2
What happened since Coseda User Group Meeting 2023

May 2024 — now

= GTM IP FAE Team:

— Establish virtual GTM with COSIDE® as
primary solution on sharing executable
GTM IP example code in a virtual
simulation environment with any user

ccccccccc
uuuuuuuuuuu

— Set up training examples

— Set up application examples

— Assist COSIDE ® customers in using
virtualGTM

ME-IC/PRM-IPP |2024-12-05
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Half year experience with virtualGTM in COSIDE® 3.2
TIO BLDC control — application example

= Description
— TIO controlling a Brushless DC motor Input from
: a Hall S
= Applicable modules alisensor o1 k2 ks

) U

-y v
— TIOp8, DTM _— \ 7
{84 S5 |S6 w

= Implementation example
— 4 T1O channels with DTM shutoff capability in use

— Hall decoding with speed determination supported

stemC.TIOO_gO_IN(4)__H1 | - {
stemC.TIOO_gO_IN(6)__H2 | - 1

mmEE|
D22 e

313|133

stemC.TIOO_gO_IN{7)__H3 | -

[]] ﬂ’
T

UriTotn
I

|
#
e

\JI‘\I

|
|

:{/ | [

i.gtm_tiopl_sresource_i.SOP - 603 ]
" "ﬁ | "!
| N
RN
1 Ij I‘I / / |
|

f"'» Mf{'.",\'
'/ | | ,/{ .f'J | | ‘,/ /’: | f"

\f T i
T Vﬂ

I /“ W FJ‘/H‘NI’
M
:'I/f! .'//J!/J///f{{f fl///l/f"] //;/f;;/f/ | ‘I‘

!"ﬁhf/i {{V‘IJ{I\J{/}"."!” e

TIO_OUT(6) VP

C.TIO_N_OUT{(6) VN | -

Eoom oW
o & B 3
VAP I SIS A YU R S

C.TIO_OUT(7)_WP

HERERR
VL wY lwlv

C.TIO_N_OUT(7)_WN | - {

=335 3|33
nlo|p
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Half year experience with virtualGTM in COSIDE® 3.2

TIO BLDC example — applied in system testbench

Testbench allows:
= Closed loop simulation

Includes:

= 3 phase motor
= Hall sensors

= Power switches

ME-IC/PRM-IPP |2024-12-05
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Half year experience with virtualGTM in COSIDE® 3.2
TIO BLDC - scalability with GTM

= Description
— Functional scalability 4 - 24 channels

= Applicable modules
— TIOp 24 channels, DTM

* Implementation example
— One TIOp instance with 24 channels can
support 6 brushless DC motors

— All operating fully independent
_..—bl
_'—b
—

-

— Control can be done by MCS or MCU-Core

» Lesser resources needed than TIM, SPE, TOM f’E?@
_{{7
approach (needs 6 clusters) Bzl

"

g
o
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Half year experience with virtualGTM in COSIDE® 3.2
Expectations from Coseda User Group Meeting 2023

First experience with COSIDE ® 3.2 gathered by/ on following tasks

= Light blue marked are users/ tasks which we did not get requests concerning virtualGTM yet
— We assume, they will approachus - it will take some more month

Who should know/ use the virtualGTM ?

architects

Hardware uC/ SOC
developer integrator

Easy adaptable
due to SystemC
: and existing
Coside /- Coside libraries
Matlab simulink
integration for
system
validation

Each GTM user will have the opportunity to enhance/adapt the

Potentially with different tasks/ targets in mind
Appllcat!c?n GTM
decomposition / . )
integration
early topology
: use cases
selection
Hardware/
software
partitioning
14 AEVIITAI'IF'VI‘EO‘ZS"Q'OrS , ) . ) o ) ! . p )

usage of the virtualGTM to his needs/ purpose

BOSCH 15 AEIPANP| 20231206
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What will come next?
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Half year experience with virtualGTM in COSIDE® 3.2
Make ECO environment for virtualGTM usable too

GTM users, mainly implement code for their applications on existing microcontroller
hardware

= Using Tool chains with tools of different vendors

— Tools:
— GTM Debugger
— MCS Assembler
— MCS C-Compiler

= COSEDA/ Bosch GmbH/ Tool partners are working on

— Using Debugger software for debuging of virtualGTM in COSIDE ®
— See COSEDA/ PLS presentations on COSEDA UserGroup Meeting 2024

— Using GTM Hardware abstraction layer to implement unique C-code which can be compiled
to any CPU host core or MCS core

ME-IC/PRM-IPP |2024-12-05
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Half year experience with virtualGTM in COSIDE® 3.2
TIO BLDC example system testbench — controlled by MCS

C code compiled (TASKING) for Motor model:
MCS executed in virtual GTM

rpm

2 C/Cr+ Projects X = O |[[& T0BOCspph  [[E MO BLOC appc | [S) TIO driversre X . [§ MO BDCare | [ e <
—oa\es 3| G conthoL
> 5 mes_dpll_state_ext o N

> 55 mes tests
> &S semaphore
~ 555 tio_bldc_app [ Active - Debug |

wrvel = (_aeit) ((orval) | ((mask) & (val))):

- d @)Lt

nxa £4,00_val

La23
> 4 Binaries e ze, vl
> &) Includes mov 22,unb ey
> & Debug andl  x6,#2087280 ke
&gl andl x2,$255 hi n
> [ mes_typeh .La24: i e yoeokiion = 10.22 ,
> [ my_includeh or 4,16
> J& TIO_BLDC app.c N or rs,x2
> Lazs:
S anal xS, 4255

nov mhb, x5

mox xd,uz_val

.Laze:

ST (TIO, mpum->instance, G [mpwm->group) . CH [mpum->maste:

Di_gtm_motor_top.s_battery | o
B..tm_motor_top.i_v_battery

1
S0
Wi_gtm_motor_top.s_rpm
=

blde_motorL.s_torque | 400-3- ’ ﬂw ey IAAAe'ss Mr\ﬂ'rw'n.'
2ad 3,20

103
otor_top.s_rpm_target K___r_‘,——(—v T T W Wv L B YWW“(“‘V"‘
meai  ore,r3, 2 e ”’\*y-’\TA-V—A—,-N—,—*—, 0sea
sl re,36 |
2ad 2,15

addl  xe,$32
.Lazs:

(T10,0,6([0] .CHS]

mrai  xs,x3, 88
snl rs,$10

gtm_motor_top.s_oe
mi_gtm_motor_top.s_om

-
/ —
movl 15,40 | —
ey R . o+ L e U o e Humy sy § - i ih ! ' , |

gtm_motor_top.s_v
mi_gtm_motor_top.s_w

5 ..\TIO_ driver.c LS1 (T10, mpum->3nstance, G [mpvm->gzoup) .CHI )
mras  rs,x3 e i H
snl s, 410
add £5,x0 i_gtm_motor_top.s_h1 1 —1_ 1 1 1 1 T 1 1 51 T 1 1 1 1 —1 1 —1_ 111 1
medi  r2,x3,412 i_gtm_motor_top.s_h2 1 T L I 1 1 1 1

—gtm_motor_topNu_wp.

o (IS oy S s WSS N s Y Y N W o N o Y
\_tiopl_ch_regs_i.CTRL

hO3CE004
~.mes0_cho.instr_reg.opc WORK | WUR WO I W IV W,

meso_cho.instr_reg.a

I 5 | N S B 5 00000t AR NAARRNAAENNNARAD

1500000000000 000000000000000000000000000000¢
mes0_cho.instr_reg.b

EEEEEEEEEEEEET

| ST ST €15 ED ENED NN B O B B8 85088880884 555800080005530800000R0RRRRRARAEE S E B & O ) D ) N ) €) ) €9 ED ED D ED EN EN EN ENEMEN N NH B S H NS SN S SN SANNAEEESEERANEEANEREE S &

_topLmcs0.mcs0_ch0.pC

-_topl.mes0.mes0_chO.R(7) | se-321f
o.

» ...opl.mes0.mes0_cho.R(6)

| SRR CIS (18 (8 (B (P S B e BB RE88 88888880884 85380008000053080000000R0RERARARRARRARAEREERNGEREGEREEGEEGRREGENEARAEIAEESNNEANNANEEERERANEEARERANM M

BOSCH
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Half year experience with virtualGTM in COSIDE® 3.2
TIO BLDC example system testbench — controlled by MCS

i Pojects X,

9 T050Cpn [BTOSOCpe | TOdswrse X\ B T0S0Cs |
RIS o

B e

Detug]

Application can be inspected on:
= textual MCS traces

T T = T

= graphical wave forms

(rpumooperiod - 1) | selen << 26 1| ond

B console x [ Properties = X % Bl RE
<terminated> (exit value: 143) gtm_motor_top_simple_tb.exe [COSIDE Model] jprojects/gtm_pai/hhj2rtja1

RSO = 0x000000 RS = 0x000000 RS2 = 0x000000  RS3 = 0x000000
RS4 = 0x000000 RS5 = 0x000000  RS6 = 0x000000  RS7 = 0x000000
143800 ns :

mcso_cho INFO: MCSO_MEM(Ox4EBE)> MWR Rd, 0x240

143800 ns :
IRQ=0  EN=1
R1 = 0x003140 0x000134
RS = 0x000000 0x000000  R7 = 0x0004D4
ACB = 0x000000 0x000000  STRG = 0x000000
TSO = 0x000001 TSI = 0x000000  TS2 = 0x000000  MHE = 0x000000
GMI® = 6x000000 GMI1 = ©x800000 0x000000 DSTAX = 0x000000
AXIMI = 0x008000 MSINT = 0x000000 0000000 TIOSL = OXFFFFFF
B ..or top.s sw_wp |1 RSO = 0x000000 RS = 0x000000 0x000000  RS3 = 0x000000
= —— RS4 = 0x000000 RS5 = ©x000000 RS6 = 0x000000 RS7 = 0x000000
..or_top.s_sw_wn |1
R —— 143805 ns : mcso_cho INFO: MCSO_MEM(Ox4EBC) > MOV MHB, RS
+ ..._ch_regs_i.CTRL |'hOOCE "hODDOOEDD hOOCE3004 143805 ns : mcso_cho DBG:
—— = PC = Ox4ECO N=0 V=0 Z=1 CY=0 SAT=0 C(WT=0 CAT=0 ERR=0 IRQ=0 EN=1
> ...0.nstr_reg.opc | BWRI MOV MRD MOV ANDL OR ANDL MoV MwR % MOV BWRI MRDI SHL. ADD VRDI SHL ADD YN, ADDL MOVL RO = 0x003000 Rl = 0x003140 R2 = 0x000000  R3 = 0x000134
0xCE3004 RS = 0x000000 R7 = 0x0004D4
v ...cho.instr req.a |4 0x008021  ACB = BX000000 STRG = 6x000000
-red 2 B 2 2 2 2 2L 2 = 2 Z = 2 N 2 2 0x000001  TS1 = ©x000000 MHB = 0x000000
+ .cho.instr_regh |1 i = i H B = H 5 H = T H H H = T N GMIO = 0x000000 GMIL = 0x000000 DSTA = 0x000000 DSTAX = 0x000000
- AXIMI = 0x000000 MSINT = ©x000000 TIOI = ©x000000 TIOSL = OxFFFFFF
. ho.instr_reg.c |'hoooc T & m T = T q 0 o T q o 0 . q T 5 RSO = 0x000000 RSl = 0x000000 RS2 = 0x000000  RS3 = 0x000000
_reg hODDODDBF. h00200080) h0DOODOFF hDOODDDFF )’ h0D000D00 00000090 hODO0OCS0 h00000D0Z h000D0003 }"hD000000E ' h0DOD0000 { h0DD000Z0 hDDSago3 R e R e e
b ...cs0.mcs0_ch0.PC |'h000C a a a g g a g q a g T q T N 5 0 i 5 N q
)¢ h00004ESC ) h00004EAD ) hODD0AEAS ( hDD0DAEAS X'h00004EAC ) hOD004EBD { hDD0DAEE4 ) nOD00AERS {h00D04EBC) hODD0AECT hOODD4ECH NO0G04ECEX100004ECCXn00004EDOX M0G004EDSXHOG00AEDEXhO0004EDC) NO0004EED X hOO00SEERNTOGO0KEE | 143555 s ; meso_cho TNFO: HCSO MEM(OXAECO)> BWRT Ré, R1
...s0.mcs0_ch0.R(7) |0.0 5e-321 143835 ns : mcse_cho DBG
8 Ox4EC4 N=0 V=0 Z=1 CY=0 SAT=0 CWT=0 CAT=0 ERR=0 IRQ=0 EN-1
o] RO = 0x003000 Rl = 0x003140  R2 = 0x000000  R3 = 0x000134
f . : R4 = OXCE3004 RS = 0x000000  RG = 0x000000  R7 = 0x0004D4
b ...0.mcs0_ch0.R(6) |'h00OC hODOOOEND h00000000 STA = 0x008021 ACB = ©x000000 CTRG = 0x000000  STRG = 0x000000
i - = 0x000001 TSI = 0x000000  TS2 = 0x000000  MHE = 0x000000
b "'D'mED—ChD'R(S] hoooc h00000000 h 0x000000 GMI1 = Ox000000 DSTA = 0x000000 DSTAX = ©x000000
g = - - - & 0000000 MSINT = 0x000000 TIOI = 0x000000 TIOSL = OxFFFFFF
b ...0.mcs0_cho.R(4) |*hooCE h0OCE3004 h00000005 }’h00000140}h00003140 h00003160 0x000000  RS1 = 0x000000 RS2 = 0x000000  RS3 = 0x000000
0x000000  RSS = 0x000000  RS6 = 0x000000  RS7 = 0x000000
+ ...0.mes0_ch0.R(3) |'hoooc ThO00001 8 8 8 .
g E - 143835 ns : mcso_cho INFO: MCSO_MEM(0x4ECA)> MRDI RS, R3, Ox8
» ...0.mcs0_cho.R(2) |'hoooc hOOCE3004 h 143835 ns : mcso_cho DBGI:
f PC N=0 V=0 Z=1 CY=0 SAT=0 CWT=0 CAT=0 ERR=0 IRQ=0 EN=1
b ...0.mcs0_chO.R(1) |'hooOC 'h0000314 ©0x003000 Rl = 0003140 R3 = 0x000134
5 0xCE3004 RS = 0x000000 R7 = 0x0004D4
b ...0.mcs0_ch0.R(0) |'hooot 'h000030 STA = 0x000021  ACB = ©x000000  CTRG = 0x000000  STRG = 0x000000
g 0x000001 TSI = 0x000000 0x000000  MHB = 0x000000
> -..50.mcs0_ch0.MHB |*hoooc "h00000000 = Th0000003 0X000000  GHI1 = 04000000 0x00000  DSTAX — 0x000000
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Thank you for your attention!
Jurgen Hanisch, ME-IC/PRM-IPP; December 5t 2024
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