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Using virtualGTM with Coside =\_GTM

What is the GTM-IP and where is it used &7
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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 AE

Engineering of
Intellectual Property

MCU Devices

Tierls
> A
» B
» C

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

Next Gen.

Microcontroller supplier Other Tierls & OEM

Protection by contract and/or NDA Bosch AE distributes right of the requirements provider to S/C suppliers

ol
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GTM-IP — Overview GTM Gen 1 - Gen 4 =

S N

Delivered device configuration 2010 - 2022 =

Delivered GTM configurations

=7 GTM IP Deliveries (by GTM IP Generation)

45
40
First GTM IP (Gen 1) delivered in 2010
35
30

25

Meanwhile more than 40 different configurations

delivered to multiple semiconductor vendors ?
1
1

Delivery of GTM IP Gen 4 starting in 2021 . ' '
0 ay

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

=]
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[

. e c e Gen1 mMGen2 MGen3 WGen3.5 MWGen4.l
GTM Gen 4.1 devices dominating the list with moent moenz Eoen = moen

more then Gen 3/3.5 in less than 2 years
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GTM-IP — Status and Roadmap
New markets — application driven growth

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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GTM-IP
GTM IP 4.1 microcontrollers

Microcontrollers from semiconductor companies

o Chipower THAG6 (GTM 3)

o Infineon Aurix TC4x family

o NXP S32Z2/S32E2

) Renesas RH850/U2B

® ST Microelectronics Stellar G/P family
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http://www.chipowertech.com/qcwkzqxp
https://www.infineon.com/cms/en/product/microcontroller/32-bit-tricore-microcontroller/32-bit-tricore-aurix-tc4x/
https://www.nxp.com/products/processors-and-microcontrollers/s32-automotive-platform/s32z-and-s32e-real-time-processors/s32z2-safe-and-secure-high-performance-real-time-processors:S32Z2
https://www.nxp.com/products/processors-and-microcontrollers/s32-automotive-platform/s32z-and-s32e-real-time-processors/s32e2-safe-and-secure-high-performance-real-time-processors-with-actuation-support:S32E2
https://www.renesas.com/us/en/products/microcontrollers-microprocessors/rh850-automotive-mcus/rh850u2b-zonedomain-and-vehicle-motion-microcontroller
https://www.st.com/en/automotive-microcontrollers/stellar-integration-mcus.html

GTM-IP — Architecture
Key features and structures

Real-time oriented I/O co-processor
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Modular design approach - tailorable to ot
the target application I .

Mmch nel Sequencer (8 ch)

Spedal Function modules:
< / - Digital Phase Locked Loop
. . . g %74 cln - AD | - sensor Patem Evaluatn
Rich set of multi-purpose and specialized modules ' g
[ ‘CoMPare uni
|
cl.0 -
. . - . sd.'irralT inpts —) i~ _ X1/ AEL
RISC-based internal cores with 8x multi-threading 0 b slave F
8 digital outputs - uC mAa:ierlF
2 levels of GTM internal bus systems to connect 'ﬂ y -
. . . . igital ou 2 . 3 Vi
sub-modaules (intra- and inter-cluster communication) G & B — > J ey
uC bus master interface enables offloading of S ——

EZT=3 ARU bus — intra & inter duster communication

workloads from puC cores to GTM

Programmability by external CPUs




GTM-IP — Architecture
Scalability and massive parallel processing

Highly scalable and modular approach,

supporting a wide range of uC, system

and application requirements GTM

Up to 12 Clusters
fully populated

01 Low-End support with single instance of basic
I/O function modules

02 High-End support with multiple instances of
complex I/O function modules, various special
function modules as well as RISC cores

Starting with 1 Cluster
and sub-set of modules

03 Autonomous and massive parallel real-time task
processing support

04 Typical clock frequency up to 200 MHz

70  Internal | AE/PAIIP | 2023-12-06 BOSCH




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

by
5

VirtualGTM variants (more GTM resources/ clusters)
can be made available on request
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Using virtualGTM with Coside =\ _GTM
Example for microcontroller with GTM %%

Example: IFX TC4xx e Ratiar Cluster
. o _ FlashA | Flash B { }cﬂ RIF R
GTM is a sub unit in the micro controller —_— L —
i | 3.0
Syste m TC Lizucpuo ] local PF 5
FEE(EJEE |- cfrz':;‘ | Sca?a?éare |
Dg:hl‘lﬂlE = B — [ VeclorDSP___ |||
\ mu | L SRAM [STU DMA)[ CSM ]
I System Res® :
4 Interconnect .
1.T.§' without bridges
L SBGT
] System Peripheral Bus
EERIERE R KRR
O E'. >-§‘E E izl o o ‘% =
2EPEssgeees

https://www.infineon.com/export/sites/default/_images/product/microcontroller/Aurix/TAURIX-TC4x-Evolution.png_1016265805.png
Internal | AE/PAI-IP | 2023-12-06 BOSCH




Using virtualGTM with Coside =\ GTM
GTM only simulation environment \‘W

gtm_controller

What will be available for use in Coside simulation
uC CPU core
_ replaced by host
virtualGTM: Cycle accurate SystemC model of compiled C code
GTM IP execution Lol
IRQ control slgf:.'l
GTM_IP is embedded in Coside module, which - L : ¢ [ I

models simplified uC- functionalities:
= CPU with interrupt controller

= |ocal memory

= ADC's

= Analog functionality for High Resolution PWM
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Who should know/ use the virtualGTM ?
Anybody who is concepting, designing, programming applications
which uses resources in a uC with GTM




Opportunities of/ with virtualGTM

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

usage of the virtualGTM to his needs/ purpose
15 Internal | AE/PAL-IP | 2023-12-06 ‘ - . BOSCH
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Using virtualGTM with Coside =\ GTM
Getting access %%

= COSEDA website for virtualGTM download

— https://www.coseda-tech.com/bosch-gtm-systemc-model

» Bosch AE website for individual use case download

— https://www.bosch-semiconductors.com/ip-modules/gtm-platform/gtm-virtual-prototyping/

Follow instructions in downloaded document:
Install_virtualGTM. pdf
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https://www.coseda-tech.com/bosch-gtm-systemc-model
https://www.bosch-semiconductors.com/ip-modules/gtm-platform/gtm-virtual-prototyping/

sing virtualGTM with Coside %GTM
Starting with examples in cos gtm example

@ cos_gtm_example
[ atom_somp
4 Binaries
(i atom_somp_tb_simple_tb.exe
e Trace files
4 atom_somp_cnt_out.wave
[ atom_somp_tb_object_trace.ved

= atom_somp_tb
atom_somp_tb_simple_tb.cpp
atom_somp._tb.cpp
atom_somp_tbh
] atom_somp_tb.scaml
atom_somp_th.xml
@ Others

& cmu_clk

4 Binaries

B Trace files
& emu_clk_tb
[ Others

e PWM generation

% Configuration
Logs

c, 0 le6 266 3e-6 4e-6 5e-6 6e-6 7e-6 8e-6 9e-6 1061 | type filter text
B..._cho.cho:sOMP_UP - | IEERE 11111 INERE IERRE| ;
2] 1 1 I 1 111 | 11 11 Eitom_snmp_tb_nbject_tmce.v:d
- ””HJ,,H[”“HHIIH,H”H'HHJ”H[”“HH;[,HH“  Syatamc
151 HffJffH J’ffi I 'HJfJ{fH J’HJ I & i_atom_somp_tb
r T T e R R A A R R i cos_gim
" et R R R A R R AT S
; DR | ! N | A i Ficonir
] K IR I T AL T S5 el ol
. Hill fJ”“'Jl”HJ”’Hl }FHJIHHJ PRI }JHJ'HHJ IHJJH % i_gtm_top
s ;f;’ffuw'mw‘m', RN AR ””'{HIJH MI””'M I % atomo
o] ITHEEH [ H | SN et PLEEt NERS 7 atom0_cho
M...mc.ATOMO_0UT(0) I 1 I % atomo_chl
B...m0.atom0_ch0.CM0 [ — )(/ 5 X = 1 AGC_ACT_TB
B...mo0.atom0_ch0.CM1 10 - X : = }it AGC_ENDIS_CTRL
m g it AGC_ENDIS_STAT
...m0.atom0_ch0.SRO 1 X Fo) 1t AGC FUPD CrL
....mD.atanichW 10 12 f;‘l 5 8
B...0.atome~ch0.ENDIS g ;;s;:zzﬁ‘ﬁ‘_;?
BT atomU_chU.UPEN = il AGC_OUTEN_CTRL
H...1.atom0.ATOM_CLK - 5000 100 Ame AT eTAT
..._ch1.cNo:sOMP_uP - (@ Build Targets x
/ i ; v ea

A0 AN 7 st

[€) atom_somp_tb_simple_tb.cpp x

98

99

1002 % trace_afd(tfved,0);

101 trace_fifo(tfuved,0);

102 trace_f2a_ch(tfved,n,0);

183 trace_f2a_ch(tfvcd,®,6);

104 «f

105 trace_gtm_ctl{tfved);

106 trace_gtm_top(tfved);

187 trace_atom(tfved,0);

108 trace_atom_ch(tfvcd,0,0,true);
109 trace_atom_ch{tfved,0,1,true);
1108 /* trace_cmp(tfved);

111 trace_mes(tfved,0);

112 trace_mcs_ch(tfved,n,6);

113 trace_mon(tfved);

114 trace_cmul(tfved);

115 trace_cem(tfyved,0);

116 trace_tbultfved);

117 traca dnll (+fucd teua)-

Jff /H JJJ‘H J’H Jﬁﬁ jr' ! /‘ r ®all (singlecore)
T i ]JJI r @clean
distelean
IFH Exet <LIB/FILE>

il IR | @ libs (singlecore)
o SR : = @tb

H..mc.ATOMO_OUT(1) -

H...mo.atom0_ch1.cM0 - R

..m0.atom0_ch1.CM1 - LS 10 X 1z
M...m0.atom0_ch1.5R0 - 1« [} 15 2
M...m0.atom0_ch1.SR1 - T e X 10 X 12

...m0_ch1.ATOM_CLK - ] @X 5000

[ 1e6 2e-6 3€-6 4e6 5e-6 6e-6 7€-6 8e-6 9e-6 108t

& Console x [] Properties XK BERESE M-~ i & © = B [ Problems x T
<terminated> (exit value: 0) atom_somp_tb_simple_tb.exe [COSIDE Model] jprojects/gtm_pai/hhj2rt/exchange/Coseda_web_test/cos_gtm_example/DE| 0 items
INFO 165 ns atom_somp_program.cpp:115> COSEDA local definition Description Resource Path Location Type
INFO 165 ns atom_somp.cpp:34> C0S_GTM_USER local definition
INFO 165 ns atom_somp.cpp:35> Configure cluster clocks ... switch off cluster 1..n

190 ns : gtm_ctl WARNING: Bitfields GTM_CTRL.TO_MODE and GTM_CTRL.TO_VAL are not functional yet.

INFO 235 ns atom_somp.cpp:41= GTM_REV = 0x41000000

INFO 235 ns atom_somp.cpp:43= configure CMU

INFO 235 ns atom_somp.cpp:dd=

INFO 315 ns atom_somp.cpp:53> configure ATOM channel & and 1 )scH
INFO 315 ns atom_somp.cpp:34=
INFO 540 ns atom_somp.cpp:79= start signal generation on ATOM channel © and 1 running in SOMP mode
INFO 540 ns atom_somp.cpp:B80=

INFO 2615 ns atom_somp.cpp:89> --= change PWM period and duty cycle T



Using virtualGTM with Coside %GTM
Typical schematic and C code of a training use case

[] cOSIDE® Explorer x [ Project Explorer = O [€] mecs_atom_tb_simple_tb.cpp P *mes_atom_tb_mcs0_cho.wave el mes_atom.cpp X = O __ 5= outline x - Hierarchy 3 \E
ow@E | ey Testbench “#¢
# > bosch_gtm [bosch_gtm coseda_1.6.7_RMdpllextl 17] 98 // main thread: ] *mes_atom_tb.scaml x = g
M = cos_gtm_example [cos_gtm_example sim_1.6.7_mcs_atom T1] 133, int mes_atom() { "_"7""‘*tE(|C1 IOO bac k aI I OWS to i
[F; atom_somp 101 uint3z t i = o; s ready adcl p

s_result_adeo

[Fy cmu_clk
[F5 configurations

z102  GAL_INFo{"Configure cluster clocks ... switch off cluster 1..n");

103 int cls_div= 1; s ready adco .
104 GTM.CLS[0].ARCH.CTRL = 0x0;  const src scloumgs o ge n e ra e I n p u
105 GTM.CLS[0].ARCH.CLK CFG = cls_div & 0x03 ; -
gim_tom0_of M
=2 signals for the

gt tio0 g0 ot
gtm tio0_g0_out|n

gtm_atomo_dut
gtm atom0_out|n y

err irg

By = mes_atom

Binaries

107 GAL_INFO("GTM REV = 0x%08X", (uint32_ t)GTM.CLS[@].ARCH.REV); i_pwe_src_scl

108 ool "
100 GAL_INFO("configure CMU"): P
110 GAL_TNFO( ") o

- = gt _fir] O_irgsm_sm0_n
111 // Set Count Value for clock devider = LA, e B
112 GTM.CLS[0].CMU.CLK ©_CTRL = CLK_RES_SCALE -1 ;

Ik mes_atom_th_simple_th.exe

> Trace files

Tt§ = mes_atom_tb_mcs0_ch0.wave

faky

5 mcs_atom_tb_object_trace.vcd - cdtmi dtrm B

&% > mes_atom_tb 113 gtm_cdtm0_dtmTme aei_irg .
& > mes_atom_th_simple_th.cpp 114 // Enable CMU_CLKe gtm_ cdtm0,_dim ¥ arjra
- - T - 115 GTM.CLS[e].CMU.CLK EN = 00000002; gtm_cdtm0_dbmarsu bre_irg
[& mes_atom_tb.cpp 116 gtm_cdtmd_dimarm cmp, irg Y
Eg mcs atom th.h 117 gtm-cdtm0 dtrmarew dpll_irg

118 GAL_INFO("configure TBUY) | gtm_cdtmo,_dtm AT gtrm_spe0_irg
110 GAL TNFO( ") gtm tio0_g0 in i _5e0_g0 C gtm_psmo_irg
Rt gtm tim0_irg

gtrm_mes0_irg

gtm_mcs0_s_irg

%] mes_atom_tb.scaml

[h mes_atom_th.xml

i, > Others 121 // setup and enable TBP chhknnel o

I 122 GIM.cLS[0].TBU.CHO CTHL = §x@8; // no LOW_RES, chose CHMU_CLKO e
= : 123 GTM.CLS[6].TBU.CHEN # ox2 gthtinE_gn ﬂq‘
] build.sh 122 SRR R gt tio0_g0 i

} rm_atom0_irq
125 #if CH.ONT =1 dbg_mcs0_hbp irq
126 GAL_INFO("configure

127 GAL_INFO(

[ included.modules
library.description

9_me=0_hbp_irg.
TOM chgnnel 3"); -

ble_gtma Jfesl. program = mcs_atom_program
gram Jsr/funci= mes_atom_interrupy

[& mes_atom_core.cpp

i_pwe src sc2

umbrells_dev_cig
NuLL

129 // Enable update off compare|register

[ mes_atom_core.h
130 GTM.CLS[0].ATOM.AG .GLB_CTRI = 8x08800000;

X sc_set fime_resijution = 1e-12
sc_slice=5,2>Igtm_tim0_in} - [

[gg = mcs_atom_mcs_v4.cpp #include onfigukations/port_irg_table_gtm4,h"

/ fe1

[ > mcs_atom_mes_va.h 132 /7 SOMP (Bit 1:0 § @ble)

¥ mes_atom_mes.log 133 GTM.cLS[0].ATOM.Cfi[3] .CTRL < 0x00000002; // clk_src = CMU_CLK_© sc_slicelgtm atom0_out.7) s sc_slicelgtm_tim0_in,7)
- - 134 #else

B > mcs_atom_mcs.mcs 135 for{int 1=0;1<fH_CNT;1++)

[& = mcs_atom_program.cpp

137 // Enable updat
138 GTM.CLS[0]. ATOM/.

of compare fegister
[} mes_atom_program.h P 9 sc_slicelgtm_atomt_out.6)

o sc_slice(gtm_timg_in,1}

[} = mcs_atom.h

141 GTM.CLS[0].ATQM.CHI1].CTRL =

This code will be

executed on a uC
core and configure
the GTM

B > mcs_atom.log %06000002 ; /7 clk_src = CMU_CLK_@

143 wendif

[fy test_programs.h
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Using virtualGTM with Coside
Typical wave gui of a use case

=\ GTM

Hierarchical module
trace

COSIDE® Explorer x [ Project Explorer = 8 mes_atom_tb_simple_tb.cpp *mes_atem_tb_mes0_chO.wave X = B 5= outline x £ Hierarchy = 8
o
B &%|RIF &8 C- 0 2.5e-6 5e-6 7.56-6 10e- | type filter text
_ _ U HsystemC.ATOMO_OUT(0) I
b g > bosch_gtm [bosch_gtm coseda_1.6.7_RMdpllextl T7] Y - ~ [ mes_atom_th_object_trace.ved
w @y > cos_gtm_example [cos_gtm_example sim_1.6.7_mcs_atom T1] EsystemC.ATOMO_OUT(1) « % SystemC
» By atom_somp HEsystemC. ATOMO_OUT(2) ~ T i_mcs_atom_tb
b Fy emu_clk -
» [F configurations b % i_cos_irq_ctrl
- g > mes_atom HsystemC.ATOMO_OUT(S) ¥ % i_gtm_topl
HsystemC.ATOMO_OUT(6) - % atom0
+ mes_atom_tb_simple_tb.exe -,
) Pl ple_ HsystemC.ATOMO_OUT(7) » I+ atomo_cho
~ Rif = Trace files =
R H...gtm_topl.atom0.atom0_ch3.CCM_CLK_RES(0) 5000 » 5 atomo_chl
T4 > mes_atom_tb_mes0_chO.wave - . » 7 atom0_ch2
. M....i_cos_gtm.i_gtm_topl.mcs0.MCS_CTRL_STAT 'h02000000 X *hoooooooo o -
&5 mes_atom_tb_object_trace.ved » = atomo0_ch3
i tom b H...m.i_gtm_topl.mcs0.MCS_CTRL_STAT:EN_HVD - -
&% = mcs_atom_ a » X% atom0_cha
& = mes_atom._th_simple_tb.cpp tm_top1l.mcs0.MCS_CTRL_STAT:EN_TIM_FOUT » = atomo chs
[3) mes_atom_th.cpp H...i_gtm_topl.mcs0.MCS_CTRL_STAT:SCD_MODE , . atom0 ch6
B omi . o . g
m mcs_atom_tb.h ...m.i_gtm_topl.mcs0.MCS_CTRL_STAT:SCD_CH » % atom0_ch7
] mes_atom_th.scaml M....i_gtm_topl.mcs0.MCS_CTRL_STAT:RAM_RST " AGC_ACT_TB
[% mes_atom_tb.xml B...m_topl.mcs0.MCS_CTRL_STAT:HIT_AEIM_ERR i AGC_ENDIS_CTRL
¥ &, > Others W.._gtm_topl.mcs0.MCS_CTRL_STAT:ERR_SRC_ID M I P ¢ t l M I *ho siii AGC_ENDIS_STAT
5 axim.mem W... th.i_cos_gtm.i_gtm_topl.mcs0.mes0_cho.PC ( I n e rn a uoo&' g n a S Bt 11111111 ST TSN 1111111 =TT ET S 1111111 QLS it} AGC_FUPD_CTRL
€4 build.sh H...gtm.i_gtm_topl.mcs0.mcs0_ch.instr_reg.opc NOP W Bwe K WURMX A ewr ) WURMX A Bwr Il wuRmx i AGC_GLB_CTRL
= included.modules
& i B...s_gtm.i_gtm_topl.mcs0.mes0_chO.instr_reg.a hofogeego M C O reoooooes I X heoosooes I hoooo ifll AGC_INT_TRIG
ibrary.description .
a ryt P H...5_gtm.i_gtm_topl.mcs0.mes0_chO.instr_reg.b C an n e .&, J thooo.. { 'hoooooooc _ hooo. {_ 'ho000000C . 'ho0o... {0000, i AGC_OUTEN_CTRL
mcs_atom_core.cpp ~
[} mes_atom_core.h H...s_gtm.i_gtm_topl.mes0.mes0_cho.instr_reg.c ‘0000000 B 111101 ST Tl 11111 ST, 1111 T Byl Targets x = g
[ > mes_atom_mes_v.cpp M...tm_topl.mcs0.mcs0_ch0.instr_reg.a_in_xoreg .
H..tm_topl.mes0.mcs0_ch0.inst b_i ©e& 5 ¢
[ = mcs_atom_mcs_va.h --tm_topl.mes0.mcs0_chO.instr_reg.b_in_xoreg @) 11DS 1sINgiecore)
[# mes_atom_mes.log M...th.i_cos_gtm.i_gtm_topl.mcs0.mes0_ch0.ACB 'h00000000 @tb
5 > mcs_atom_mcs.mcs H...b.i_cos_gtm.i_gtm_topl.mcs0.mcs0_chO.MHE "h0BOOD000 AChoo.. ) thoosoooas _f hoo.. ) thooooooss Y thoo... ) 1hooo v S cos_gtm_example
[ = mcs_atom_program.cpp M...th.i_cos_gtm.i_gtm_topl.mcs0.mcs0_cho.R(0) 'h00000000 X 'hoooo0028 X 'h0000003C ) *hooooogda @all
[13 mes_atom_program.h M...th.i_cos_gtm.i_gtm_topl.mcs0.mcs0_ch0.R(1) *ho0000000 X *ho0000014 X 'hoooooo2e X all (singlecore)
) > mcs_atom.cpp B...th.i_cos_gtm.i_gtm_topl.mcs0.mcs0_ch0.R(2) "ho0000060 @ clean
[13 > mes_atom.h H...th.i_cos_gtm.i_gtm_top1l.mcs0.mes0_ch0.R(3) 'h00000000 M hoo. ¥ 'h0oAA0000  { 'hoo.. J__ ‘hDOAAGDOO @ distclean
[ = mes_atom.log H...th.i_cos_gtm.i_gtm_topl.mcs0.mcs0_cho.R(4) 'hG0000000 X "h030000CE @exe <UBFILE>
13 test_programs.h S s it tand meso mes0_cho gia) { s v onneecs v = Vs @libs (singlecore)
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sing virtualGTM with Coside

Typical application schematic an

1el signal_generation_fifo.cpp = adc_trigger_mcs.mcs X

56

57

58

59

60 ##HAEEE ATON Channels for DTM-ADC Trigger ######ssssssd
61 ## ATOM Channel 4

62 movl Re, 58 ; RO = SRO
63 movl R1, 50 ; Rl = SR1
64 mevl  R2, BxFFFFee i R2 = cNe (-> offset)
65 movl R3, 2 H

66

67 bwr  R1, ATOM_CH4_SR1

68 bwr RO, ATOM_CH4_SRO

69 bwr  R3, ATOM_CH4_CM1

70 bwr RO, ATOM_CH4_CMO

71 bwr  R2Z, ATOM_CH4_CN®

72

73

74

75 ## enable ATOM-Channels to start synchronous
76 movl RS, 0x000200

77 bwr RS, ATOM_AGC_OUTEN_STAT

78 bwr RS, ATOM_AGC_ENDIS_STAT

79

a0

81

82 1_wait_adc:

83 mov R2, TBU_TS@

84 addl Rz, 200

85 wurmx Rz, TBU_TSO

86

87 ## read ADC value and check for new data

22 poll_data:

29 brd R3, ADC_CHO_DATA

90 ibe MHB, 6, poll_data ; MHBE[6] = ADC_NEW_DATA ->
91

92 ## handle ADC value

93

94 ## jump to wait for next ADC value

95 1mp 1_wait_adc

96

97

92 1_disable_ch:

99 ## disable MCS-channel
100 movl  STA, 0x@
11

162

no new valid d

“F] signal_generation_fifo_tb.scaml x

ADC integrated in uC;

s result adcl

™

hooked up to ADC IF of

_adcl i_cos_adcl

ready adcO

i_conv_tdf2del

2dc_in  Cpuble, doublex

sc_slicelgtm a toTT.D_au t4)

i_const_src_scl- = |

gtm tio0_gQ_in gtm_tial_gl_in

init_val = 42

repest = false

pwe_curve = {
{1.5C_US,0x00],
{5_5C_US,0x55}
16_5C_US.0xZA}.
{7_5C_US,0x55},
{8 5C_US,0x2al,
{9.5C_US, 0553,
{10_5C_US,0x2a},
{115€_US, 0x55}.
{125C_US.0x2a}.
{1335¢_US,0x35}
v

s_result_adcd

vendar_dev

iar_priority uLL
sc_slice=7.0=Igtm tim0_in)

i_cos_gtm
EETes gim_tom0_out
e gtm_tom0_out n
FEp_pel_gh_au gtm tio0_g0_out
op_tol_gloutn  gtm tio0_g0_out n
gtm_atom{_out L atomn0_out
gth_atomO_sut_n SfErT GO i_conv_de2tdfl
gin_emia . gtm err g - sc_slice(gtm_atom0_out.1) <baool, double
o esim gt ael i wf o s_lp_in
COS_GTM_C1 j‘l‘;"‘—’ = gtrn aru_irg Cow_peaTor

gtn breim  gim e jrg
gtm_cmp_iny gimy cr
gtr_dpllima g dpll_irg
stm_spel_im

zsmpling_tme = 1.0_SC_NS

gtm_pem_irg

gtm_6m0_irg

gtm_me=0_ig

gtm_mcs0_irg

e gtm_mcs0_s

gtrn_tom0_irg
m_tie0_g0_irg
tom0 irg

gtm_tom{_irg

gtm_tio0_gd_irg

on_atom0im gt

dbg me0bbeim  dphg mes0_hbp irg

-4 test program = signal_generation_fifo_program
isr_func = signal_generation_fifo_interrupt

mbrella_dev_dg
sc_set_time_resolution = 1e-12
izr_fune =

#include ..

unc

onfigurations/port_irg_table gtm4.h™

DE +TDF
S
|CONV_TDFZDE,

s_sine

i
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Using virtualGTM with Coside =X\ GTM
Typical application schematic wave forms N%%

(s 0 25e-6 S0e-6 75e-6 100e-6 type filter text
BsystemC.ATOMO_OUT(1) W | TR [ AT 17 N N TN WO | M + i1, signal_generation_fifo_th_object_trace.ved
64 w » SystemC

M....i_cos_gtm.i_gtm_topl.atom0.atom0_ch1.CMO| D i g ita I (Output ,,,,,,,,,,,,,,,,,, XX
- - ( [} K

M....i_cos_gtm.i_gtm_topl.atom0.atom0_ch1.CM1]

[....i_gtm_topl.atom0.atom0_chl.CNO:SOMP_UP - Stréam used as
\_input to RC circuit

OO0 OB COMMONOO I COME I CCRICTROCCONICIOOCMICOOOMCRCAIOCCRNCRAICCIONCROCOMICROMIICCOROECCOMOMAROCOIIN = 7 i_signal_generation_fifo_tb

i

. 1 b = mes0_cho
750e-3+
S I ne Wave after 1 84 MCS_CTRL_STAT:EN_HVD
! M MCS_CTRL_STAT:EN_TIM_FOUT
S500e-3 -
H . 1 8 MCS_CTRL_STAT:ERR_SRC_ID
RC circuit ! fiitivpdintie
250e-3-
1 r' 184 MCS_CTRL_STAT:SCD_CH
f
1 |

i MCS_CTRL_STAT:SCD_MODE

w = i_cos_gtm

b Zi_adc_driverl

» e i_cos_irq_ctrl
v 2+ i_gtm_topl

il WH||'|w1']'1"|'l'ﬂ1H‘H1'1]'”11""’]'”'1l'rm' (O

- % mes0

i /
ol i
T | b b thu
Osystemc.i_signal_generation_fifo_tb.adc_in - 1 /,_7 (== adc_i
1 (<= adc_In
750e-31 / \ ,"/_\'\ _,//\\ ///\\ ,"'/\\_ ///\\ ¥ s ready_adeo
1 / \ / \ / \ \ / \ / \ Wi s_ready_adcl
' \ / \ /
500e-3| [ \ / \'\ / \\ / \\ / \ / \\ 1 s_result_adc0
| f ) y \ / / / \
| Y, / // \ / \\ / \ / \ / i s_result_adcl
\ \ \
\ y, N\ / \ / A Wit ATOM_IRQ(0)

250&35 :l \'\ / y g \. S N /! ‘\ /
1 .‘: N \/ N \_/ \\./ N 1518 ATOM_IRQ(1)

i ATOM_IRQ(2)

H..._th.i_cos_gtm.i_gtm_topl.mes0.mes0_cho.PC - i ( ICOCO0000000000000000000CO00O000COC00CO0CO0000000000000000000000O000C00000000CO000 it ATOM_IRQ(3)

H...gtm.i_gtm_topL.mes0.mes0_cho.instr_reg.opc ] ( nop IO0COCO0CCOCO0COCOOCCOCO0000COOCoOCOCCOCCOCCOOOCCO0CO0CO0C0COOC00COCCOCCOCCOCO0CO iiit ATOMO_0UT(1)
H...th.i_cos_gtm.i_gtm_topl.mes0.mes0_ch0.R(3) - 5' ( OOO0000CO0000000000000000000000CO000C0Co000000C00000000000000000000CO0C000000000O it ATOMO_ouT(2)
W...th.i_cos_gtm.i_gtm_topl.mcs0.mes0_ch0.R(3) - | fifz ?r:‘(:MD_OUT(S)

i start_adco

ADC converted sme 'value ot et

w % i_signal_generation_fifo_tb

u Sed VI a A D C_ I F I n§ I d e M C S - ks si;:;Ej;;thiuniﬁfoitbisimpleitb.vcd File not

~ % SystemC

o ~ 7 i_signal_generation_fifo_tb
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sing virtualGTM with Coside
pical application schematic wave forms

HsystemC.ATOMO_OUT(1) - 111 |
i_cos_gtm.i_gtm_topl.atom0.atom0_ch1.CM0O - k¢

64

cos_gtm.i_gtm_topl.atom0.atom0_ch1.cM1 - X 6815744 X 8388608 X 5693328 X 11272192 X 12582912 X 13893632

gtm_topl.atom0.atom0_ch1.CNO:SOMP_UP

High level
dominates

EN\signal_generation_fifo_th.s_sine - 1
750e-34
s00e-3 |
250&-3{
ol
EsystemC.i_signal_generation_fifo_th.adc_in - Y
750e-3-| T T —— —
50023 | B S
250e-34
ol
M..._tb.i_cos_gtm.i_gtm_topl.mcs0.mcs0_ch0.PC - X 'h0000ooD 4 XK 'h00000oD4 YK *hO00000D 4. YK
M...gtm.i_gtm_top1l.mcs0.mcs0_cho.instr_reg.opc - k¢ WURMX XK WURMX WK WURMX b
H...th.i_cos_gtm.i_gtm_topl.mcs0.mcs0_ch0.R(3) - i 3557 X 3248 X 2695 X

M...th.i_cos_gtm.i_gtm_topl.mcs0.mcs0_ch0.R(3) -

LU 00O Bl pipinl

=\ GTM

X 14942208

15466436

 Low level
~ | -dominates

*h000000D + )OI_hoooooons
WURMX b WURMX Y
2073 X 1840 1

Internal | AE/PAI-IP | 2023-12-06

o
EsystemC.start_adc0 - i |

H...th.i cos gtm.i gtm topl.mcs0.mcs0 ch0.R(0) - 'h00000032

] Se6 10e6 1566 20e6 2586 30e6 3586 4086 ase-§L 5pes 5586 6026 6586 7086 7586 80e6 8586 90e-6 9566
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Thank You

Get in contact with us:

Mail: gregor.sunderdiek@de.bosch.com

https:// www.bosch-semiconductors.com/ip-modules/gtm-platform/gtm-generic-timer-ip-
module/
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