XC2287/M HOT

PEC Solution
Usage of PEC

Device: XC2287-104F
Compiler: Tasking Viper 2.2r1
Code Generator: DAVE 2.1

(infineon

Never stop thinking



XC2287M HOT Exercise PEC Cinfineon

Usage of PEC

_ Let’s get started now!
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XC2287M HOT Exercise PEC oo
Interaction of Development Tools (nfineon.

Compiler
Assembler )
Linker Programming

Locator Tool

Debugger
int main(){
char a;

long b;
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HOT Exercise PEC —
Triggering of ADC + PEC (nfineon.

In this exercise you will:

B Configure the XC2287M with DAVE

B Assign a potentiometer to an ADC cannel

B Define ADC parameters

B Develop a program that will do ADC conversion
continuously

B Configure PEC

B Do performance tests
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HOT Exercise PEC —
Triggering of ADC + PEC (Infineon

M Exercise goal:

Trigger ADC conversion by software

[0 The onboard potentiometer is connected to channel O
(P5.0)

1 A/D converter will run in software triggered autoscan
mode

[1 Use wait for read mode

[1 Configure time base for performance measurements

[1 Configure PEC
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HOT Exercise PEC - DAVE Configurations —
Start DAVE (infineon

B Start DAVE
1 Click on the

B Create a new project (Startup Dialog pop up automatically)
L1 Click on ‘Create a new project’ or select File -> New
[1 Select microcontroller: ‘XC2287M’

& DAvE - Startup Dialog

| DAVE Tutorial
[ Open an existing project

B —— Lk

! Create anew project

| Close this dialog
| Close dialog and do not show it again
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HOT Exercise PEC - DAVE Configurations —
Start DAVE (cont.) (infineon_

File  Wigw jons  Add-Ins Windows ?
| i el E s i
il sl

I 2R m) =R AR Z =

16-Bit Microcontrollers |

C161C5 L ERC2267 {FXE1E2FM
C1B4CM {ERC2267M [ FHETR4AF
C167CS = {FXE164FM
#C161C) {FHE1E7F
HC1B4CM e DS {FXE167FM
XC1E4C5 {FHC2387A

HC1E7CI {F=C2765x

HC2236M {F=C27EEx

‘ Create ' 3

S
Cancel

il

Help
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HOT Exercise PEC - DAVE Configurations —
Project Settings (afineon

B Project Settings
B Close the window (%)

& Project Settings x|

E =

General | System Clack | Global Settings | CPUCONT /WVECSEG | Motes |

— Contraller Type

Type w2287 -104F 30 ROM Size |B32 KBute  ROM Type |Flash
Max. CPU Clock. IBD kMHz
— Main Source File b ain Header File
File narme |MAIN.C { File narme {AINH

— Compiler Settingz

Compiler: Eking Wiper ) b ernomny b odel; INE.{‘-.H ;I

[T Enable asm file code generation
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HOT Exercise PEC - DAVE Configurations —
Save DAVE Project (infineon.

 Save your DAVE project [&|
[ Path: —
C:\IFX_HOT\XC2287M\Examples\PEC
1 Project name:
PEC\PEC.dav
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HOT Exercise PEC - DAVE Configurations —
: : f
Project Settings (cont.) e

B Save your DAVE Project File

JJEiIe Wiew Options Add-Ins Windows 7

|om- D@4 H el 2

R : . e e

Project 'indow - llil
Speichern in:an‘EE ) 2 j = £¥ E2-

=-[E) KC2287M
& ADC
..... @ Ciah
- CC

A 4
Dateiname:3 PEE.du j q Speichern P
j Ahbrechen |
E

. D ateityp: DavE project file [*.dav)

& ern
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HOT Exercise PEC - DAVE Configurations —
ADC Settings (Infineon.

H Click on ‘ADC Clock’ E

Clock

@ DAYE XC2287M ( Release ¥v2.00 )

ClE6S 2

High Speed System Bus

Interrupt
MCHE
PD+ Bus | sl

= R

i CAP
cPT1 | cPT2 f com cfﬂ” Gﬁu cé:zu c;:au ate woT

« ﬂ@%
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HOT Exercise PEC - DAVE Configurations
ADC Settings (cont.)

B Configure ‘ADC Clock’
[J Enable module
[J default settings for others

[1 Close the windows by pressing ﬁ

& Analog / Digital Converter (ADC) Clock

— &ADC Module Enable [KSCFG.MODEN]
* Enable module; the peripheral iz supplied with the clock signal

" Dizable module; the clock input of peripheral iz dizabled

— Input Clock.

Input clock of the module [aDC [MHz] IBD,DDD

~ ADCO Clock Cantrol [GLOBCTR)
Analog Clock Divider [apri = faDC/e =]  1ADCI MHe] [2omo0
Digital Clock Divider [12DCD = aDCA =] ADED MHz|[B0000
Tatal Corversion Time OV - [10-bit) [us] W - [Bbit) [us] W

~ ADC1 Clack Control [SLOBCTR]
Analog Clock Divider [apri =faDC/e  w]  HADCI MHe] [eomoo
Digital Clock Divider  [1apcD = 1apc/1 v]  fADED [MHz|[BOO00
Tatal Corversion Time OV - [10-bit] [us] W - [E-bit) [us] W

May 2008 AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations —
ADC Settings (cont.) (infineon

H Click on ADCO

@ DAYE XC2287M ( Release ¥v2.00 )

ClE6S 2

High Speed System Bus

Interrupt
MCHE
PD+ Bus

= R

i CAP
GPT1 B GPTZ/ com ccu |l ccu @ ccu If ccu e

2 60 61 82 63

-
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HOT Exercise PEC - DAVE Configurations
ADC Settings (cont.)

B Configure ADCO — General

Wen

[ Arbitration Slot Functions — enable ‘arbitration slot 1’ only

[ Arbitration Mode — enable ‘Arbitration started by pending

conversion request

[0 Others- default

May 2008

y @ Analog / Digital Converter (ADCDY)

o8| @ta - 2

General |Ehannels| Sequentialﬂ_EI F'arallell RezultRegister] | HesultHegisterEI Intenuptsl Int. E:-ctensiclnl Bad I ’I

1:

—Aubitration Slot Functions [ASEMNR . ASEMN:]

[~ Enable arbitration slat O [Sequential source 0]

, . .
[ Enable arbitration slat 1 [Parallel sc@

[~ Enable arbitration slat 2 [Sequential source 2)

— Arbitration QECTR.AREBM]

{+ Pemanert arbitration

" Arhitration started by pending conversion request

— Synchronization Caontrol [SYHCTR.STSEL]
f* Master
" Slave

— Input Clazz O [INPCRO)
Sample Time [IMPCROSTC)

FReszolution [IMPCRO.Dw]

IEI:-:EID
I'ID bt 'l

— Limit Check Boundams [LCBR]

Boundary 0 IDHDEE
Boundary 1 ID“395

Boundary 2 IDH1 55
Boundary 3 IDHM

— Input Clazz 1 [INPCR1)
Sample Time [IMPCR1.5TC)

Rezolution [INPCR1.0hw]

IEI:-:EID
I'ID bit Vl

—FIFDO Selection
&+ Wwithaut FIFO
£ with FIFD IFIFEI[3 -0 'l

|N|:ute: Maone of the resulk reqisters are part of the FIFD

AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations

ADC Settings (cont.)

B Configure ADCO — Channels

[ Click on ‘Configure Channel O’

@ Analog / Digital Converter (ADCO)

| ot - 2

— Channel Configuration

Configure Channel 0 | D7 Chapnel iz enabled
e s R R s

Configure Channel 1 | hannel 1 iz enabled

Configure Channel 2 | ™ Channel 2is enabled

Caonfigure Channel 3 | [T Channel 3 iz enabled

Configure Channel 4 | [T Channel 4z enabled

Configure Channel 5 | ™ Channel 5is enabled

Configure Channel & | ™ Channel & iz enabled

Configure Channel 7 | ™ Channel 7z enabled

Configure Channel 8 | ™| Channel 8z enabled

Configure Channel 3 | ™| Channel 9z enabled

Configure Channel 10 | ™ Channel 10z enabled

Canfigure Channel 11 | [T Channel 17 is enabled

Configure Channel 12 | ™| Channel 12 iz enabled

Configure Channel 13 | ™| Channel 131 enabled

Configure Channel 14 | ™| Channel 14 iz enabled

Configure Channel 15 | ™| Channel 15 i enabled

May 2008

AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations —
ADC Settings (cont.) (afineon
B Configure ADCO — Channels

[0 Enable Channel O

L Input Class — select ‘InputClassO’

[J Result Register - select ‘ResultReg0’

& Configure ADC 0 Channel 0 x|

1 Erferrat ; ERCTR NEoToEL)] —
ey
¥ Enabls EhannelD < Selected result register IFEesuItF!egD -I >
ot
———

2 Input Cla L —— "Synchmnizatiun Request [SYMT]

Selected Input Class ||I"II:'UtC|El$SD [™ Enable Synchronization Request

— Referenceoltage[CHCTRO_REFSEL]——————

Feference Yoltage Selection IVaref vl

—Mote

Channeld Configuration Status:

. Input Clazz 01z Selected

. Result Begizter 0 iz Selected

. Synchronization feature iz Dizabled

. Reference voltage zelected is : Waref
. Channel Intermpt i Dizabled

. Limit check contral walue iz :0

O e 00 o —
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HOT Exercise PEC - DAVE Configurations
ADC Settings (cont.)

B Configure ADCO — Channels

[0 Channel O

IS now selected

@ Analog / Digital Converter (ADCO)

EX=RE

General | Channels

— Channel Configuration

| Sequentialﬂ_EI F'arallell RezultRegister] HesultHegisterEI Interruptsl Int. E:-ctensiu:unl Baﬂ_’l

Configure Channel 0 I@Ehannel iz enabled

Configure Channel 1 | ™| Channel 1 iz enabled

Configure Channel 2 | ™| Channel 2z enabled

Configure Channel 3 | ™| Channel 2z enabled

Configure Channel 4 | ™| Channel 4z enabled

Configure Channel 5 | ™| Channel 5z enabled

Configure Channel & | ™| Channel 6 iz enabled

Configure Channel 7 | ™| Channel 7z enabled

Configure Channel 8 | [T Channel 8 s enabled

Configure Channel 3 | [T Channel 9is enabled

Configure Channel 10 | [T Channel 107 enabled

Configure Channel 11 | ™ Channel 11 is enabled

Configure Channel 12 | [T Channel 125 enabled

Configure Channel 13 | [T Channel 1375 enabled

Configure Channel 14 | [T Charnel 14 s enabled

Configure Channel 15 | [T Channel 157s enabled

May 2008
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HOT Exercise PEC - DAVE Configurations —
ADC Settings (cont.) (afineon
B Configure ADCO — Parallel

[1 Parallel Source Gating Configuration — select ‘EnabledAlways’

[ Autoscan Feature — enable ‘Autoscan’

& Analog / Digital Converter (ADCO) = |

EX=EE

Generall Ehannelsl Sequentiaﬂ_ﬂ Parallel )} FesultFegister] I HesultHegisterEI Interruptsl Int. E:-ctensiclnl Ba 4 I ’I

Farallel Source Gating Configuration — Autozcan Feature
ey G ating Source 3
2 (|Enablediways x| JCCUGDCOUTES o)

— Parallel Source Priority Configuration—————————— — Esternal Trigger for Parallel Source
Trigger Source
Pricrity of request source 1 ITLI I Enable Trigger  [---77 -
[RSPRO.PRIO] priority l.ow) - 24

[T Ensble Bequest Trigger with Falling edge

[T Enable Bequest Trigger with Rising edge

— Parallel Source Interrupt Mode Paointer

Maode Paointer — Corwversion Start Modes

[~ Enable Intemupt SRO = % wisit-for-start mode

" Cancelinject-repeat mode
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HOT Exercise PEC - DAVE Configurations
ADC Settings (cont.)

B Configure ADCO — Result Registerl

[J Settings for Register O — enable interrupt SRO

[J Settings for Register O — enable wait for read mode

@ Analog / Digital Converter {(ADCOY)

EX =R

?

2 |
< ¥ Enatble intermupt SRO ~

Generall Ehannelsl Sequentialﬂ_2| i"

— Settings for Result Register 0 [RCRO)
Reduction Factor

[ Enable data reduction

T ——

—
3 < ¥ Ensble wait-[ur-read@
T —

— Settings for Result Register 1 (RCR1)

esultHegisteQI Interruptsl Init. E:-:tensiu:unl Bad | "l

Reduction Factar
||:| vl

Intrpt Hode Pointer
[” Enabls interupt SRO -

" Enable data reduction

]

[” Enable wait-forread mode

— Settings for Result Register 2 [RCRZ)
R eduction Factor

E—

Intrpt Mode Painter

ISHEI 'I

[~ Enable data reduction

[ Enable interupt

[ Enable wait-for-read mode

— Settings for Result Register 3 (RCR3)

Feduction Factar
[~ Enable data reduction IEI "I

Intrpt Mode Painter
[ Enable interupt I SRO - I

[ Enable wait-for-read mode

AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations —
ADC Settings (cont.) (infineon

B Configure ADCO — Interrupts
[0 Drag ‘ADC INT O’ from Level O to Level 14, Group O

ﬁﬁﬁﬁﬁﬁ

@ Analog / Digital Converter (ADCO)

@ Analog / Digital Converter (ADCO) ﬂ
=) otm - 2

Eenerall Ehannelsl SequentiaID_EI F'araIIeII RezultReqizter] | ResultBegister.

apts |t E:-:tensiu:nnl Bad

Group O [ Group 1 | Gr

=
Level 14 [ADCINT O ))
Levi

Lewel 12
Level 11
Lewvel 10
Level 9
Level 8
Level 7
Level B
Level B
Level 4
Level 3
Lewvel 2
Level 1 ——

it, drag it to itz new pogition and drop it

Mate: Ta change the level and the group af an interrupt zource, click anit, drag it to its new position and drap k. T At ot g

T o et an interupt source to the non interupting level [Level 0) click on it drag it to the 'Level O° list and drop it
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HOT Exercise PEC - DAVE Configurations
ADC Settings (cont.)

B Configure ADCO — Functions

I Click on ‘ADC_vlInit’
[J Click on ‘ADCO_vSe

tloadEvent’

L Click on ‘ADCO_vStartParReqChNum’

CcClickon ™ 4

Initializati i
2 ¥ |ADC0_vinit

& Analog / Digital Converter {(ADCO})

3¢

— Function Libraryl

I™ 4000 vStartSeqlR eqChMum
I [4DC0_vStartSeq2R eqChbum
™ |aoco i
"f ADCO_wSetloadEvent
¥ 4000 vStartPaReqthMum
TI——
™ [4DC0_uwG etRiesultD ata
™ [4DC0_ubGetResultChium
™ [aDC0_vClearyalidBit
I 4000 vSetSeq20ususFlush
I 4000 uwGetSeq2ueusE mpty
™ [ADC0_vliasChum
r IADED_VSeqSDHTriggel

>

(infineon

F'alallell RezultRegister] I HesultHegisteQI Interupts | Int. Extenmion | Bank Select

— Source File
File name

I.t'-‘«D Clc

— Funchion Libramz

[ |4DCO_wiSRNO

I [40C0_visRNA

I [sDCn_wisRN2

™ JeDCo_viSRN3

May 2008

AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations —
GPT1 Settings (afineon

B Click on ‘GPTY’

GPT1

@ DAYE XC2287M ( Release ¥v2.00 )

C166S5 V2

High Speed System Bus

Interrupt

X AT A AR 4

CCU @ ccu Jif ccu
& an RTC

AIM MC ACE1 Page 22



HOT Exercise PEC - DAVE Configurations

GPT1 Settings (cont.)

B Configure GPT1 — Module Clock

[ Enable module

@ General Purpose Timer Unit {GPT1)

™| @t -] 2|

tadule Clack | T2 I T3 I T4 I Interruptsl Irit. E:-:tensiu:unl Bank Selectl PEC I Functions Parameterslﬂ_’l

1

— GPT Dizable ISt
IS Enable GPT1 and GPT 2 modules; the peripherals are zupplied
W|th the clock signal

Dlsal:ule LTl I = 813 = = o )
peripherals iz dizabled

— Input Clock,

|nput clock of the GPT1 module [MHz] IBEI

— Timer Block Prezcaler 1 [BPS1]

" Prescaler for timer block 1 is 4
% Prescaler for timer block 1 is &
" Prescaler for timer block 1 is 16
" Prescaler for timer block 1 is 32

bl ax. input frequency for timer T24T34T4 [MHz] I'I 0

May 2008

AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations
GPT1 Settings (cont.)

B Configure GPT1 — Timer 3

[0 Up/Down Control — select ‘Counter down’

[ Timer Register (Underflow) — set as ‘100 us’

I Interrupt Control — click on ‘Enable timer 3

interrupt’

May 2008

& General Purpose Timer Unit (GPT1)

EX-=EK]

Module Clack | T2

=

— Timer 3 Mode [T 3M]

& Timer mode
" Counter mode

Gated timer with gate
active low [P5.3)

Gated timer with gate
active high [F5.3]

Ihcremental interface mode
[rotation detection]

Incremental nterface mode
[edge detection]

Interrupt&l Int. EHtenSionI Banl: Selectl PEC I Functionz F'arameter&l 4 I ’I

— Input Selection

Prezcaler

r Enable external up/down via
T3EUD [P5.4)

73 {Fpd / 8 (Resolutior: 0,100 usec) =]
”
— UpdDowen Cantrol [T3UD) — Timer Register
& 3 |Inderflow [u IW )
% Count down
- Evtemal Up/Down Enable (T3UDE), | Overowims]  [5.45¢

Tirner register
[GPT12E_T3)

IDHDSEF"

r Erable altermate Output
Function T30UT

— Owerflow U nderflow Output Enable(T30E]

IND pin Selected j

r Set output toggle latch to 7'
[T20TL)

Timer Start

r Start timer 3 after
initialization [T 3R]

[

— Interrupt Control

(¥ Enable timer 3 interrupt [E]

AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations
GPT1 Settings (cont.)

B Configure GPT1 — Interrupts

Wen

[0 Drag ‘GPT1 T3 INT’ from Level O to Level 15, Group O

@ General Purpose Timer Unit {GPT1) 5[ h

[E=EE

ki odule EI::u:kI T2 I T3 I T;]-t. E:-:tensiu:unl Bank Selectl PELC I Functions F'arametersl 1 I *I

_——prmpr——| Group 1
Luel 15 7

Level 14 [ADCINT O

Level 13 3
Level 12
Level 11
Level 10
Level 9

Level 3

Level ¥

Level B

Level B

Level 4

Level 3

Level 2

Level 1

Level [ [hon interupting

| Groyp

Mate: Ta change the level and the group af an interrupt source, click anit, drag it itz new pozition and drop ik,
To zet an interupt zource to the naon intermapting level (Level 0] click on it drag it to the 'Level O° lizt and drop it

AIM MC ACE1

PEC I Functions F'arametersl 1 I ’I

x|

b b its new position and drop it
to the ‘Level ' lizt and dropit.
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HOT Exercise PEC - DAVE Configurations

GPT1 Settings (cont.)

May 2008

B Configure GPT1 — Functions

I Initialization Function — click on ‘GPT1_clnit’

(infineon

[J Function Library (part 1) — click on ‘GPT1_vStartTmr’

[J Function Library (part 1) — click on ‘GPT1 vStomer

I Click on @

3Mu:u:|ule CIu:u:kI T2 I T3 I T4 | Interruptsl Int. Extenzion

2

@ General Purpose Timer Unik (GPT1)

— Initialization Function

— Source File

Bank. Selectl J.I:

arametersl 1 I ’I

X

][] mw

GPT1_uwReadT mr

GPT1_~LoadTmr

GPT1_wiTmr2

GPT1_wiTmr3

GPT1_wiTmrd

GPT1_w~SetToggl atch

GPT1_~CIToggLatch
GPT1_w»Countlp

GPT1_xCountDiown

GPT1_ubGetCountDirection

-

B |GPT _wlnit File name |GPTIC
—Fi ibrary — Function Libram [Part 2]

W |GPT1_wStartTrmr \ [T |GPT1 ubCheckF otation

v |GPT1_wStopTrr / I |GPT1_ubCheckEdoe

GPT1_wSetT miBemoteControl

AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations —
Save DAVE Project (Infineon

B Save your DAVE Project File
[ Go to File > Save (or Save As) or click on E‘

O Filename: “c:\IFX_HOT\XC2287M\Examples\PEC\PEC.dav”

21|
Speichern in; IEF‘EE j = ¥ El-

i PEC.dav )

Arbeitzplatz

ad
E-T—'-: Dateinanme: IF'EE j m
M etzwerkumg... _ —
Drateityp: ID.-’-‘-.VE project file [*.dav] j ahbrechen |

7
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HOT Exercise PEC - DAVE Configurations
Code Generation

B Let DAVE Generate Code for You
[0 Go to File © generate Code or click on ==

[0 DAVE generated code files are

Wen

- MAIN.C, MAIN.H Hmlél@l

DAvE's Project Documentation

— G PTl . C , G PTl . H Project PEC.dav

Controller: XC2287M-104F80
Compiler: Tasking Viper
1 GPTZC; GPT2.H Mermory Model: NEAR
Diate: 29.04.2010 08:45:19
— ADCO.C ADCO.H
Please read this document carefully and note
| SCS_C, SCS_ H the red-colored hints.
If you miss a file in the generated files list
b h fi tten t lect th
1 XC22XXREGS - H ?r:;:‘iral?s}::il:m zf‘::ct?;rg'loofi:e‘::;tzz moedule.
Generated Files:
SCS-C

XCZ2XXMREGS.H
GPT1.H

|
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HOT Exercise PEC — Tasking VX Toolset

B Create New Work Space
O Click on [

L Filename: “c:\IFX_HOT\XC2287M\Examples”

O Click *OK’

i Workspace Launcher |

Select a workspace

TASEIMNG Yy-toolset For C166 stares vour projects in a folder called & workspace,
Zhoose a workspace Folder to use For this session,

e —_—

T
Wghsp | CAIRY _HOTY\WC 2287 M \Examples j Browse, .. I:

[ Use this as the default and do not ask again

2 < (] 4 P Zancel

May 2008 AIM MC ACE1

(infineon
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HOT Exercise PEC — Tasking VX Toolset

(infineon

B Create New Project
[ Click on Workbench

B TASKING C/C++ - TASKING ¥X-toolset for C166 =101 x|

File Edit Mawvigate Search Project Run  Window Help

| (3 welcome 57 . EN

/M
Workbench Go ko the workbench
Go to the workbench
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HOT Exercise PEC — Tasking VX Toolset

Wen

| Import DAVE PrOjeCt 1 iI: Fefactor  Mawvigake Search RFun
e Alt+3hift+M  F

- - i File. ..
[ Click on File -= Import P
Close Chrl+y
[J Select Tasking VX-toolset for C166... Ces=al Ctrl+Shift-+4
Save kel 5
- 1 )
O Click ‘OK ) s
Save &l 8 o 51 ] e e
Fevert
Mave,..
Femname,. .. &
Refresh F5
Canvert Line Delimiters Ta L
Primk, . . ke R
2 Siwibch Warkspace k
Restart
Ly ERpOTL
Properties alt+Enter
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HOT Exercise PEC — Tasking VX Toolset

B Import DAVE Project

O Click " Infineon DAVE C166 Project”™

[ Click ‘Next’

May 2008

B Import

Select

Import Infineon DAVE C166 projects inko the Edipse workspace,

Wen

Select an import source:

i[B) Archive File -l
[ Existing Projects inko Workspace
#J, File System
-, Preferences
Bl CfC++
ol [E] Cit++ Executable
F-= s
F-(= Run/Debug
= TRSKING T4+
1 <~ @), Tnfineon DAVE CLE6 Projects >
----- fa’ TASKIMG CfC++ Project Properties
----- :f}‘ TASKIMNG C166 CHZ++ ELF file For debugging
-, TASKING C166 EDE Projects
e ﬁ[‘ TASKING C166 Example Projects
B[ Team [
1
(':?:. 2 = Bac( INext ﬁl Fimish | Zancel

\/

AIM MC ACE1
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HOT Exercise PEC — Tasking VX Toolset Ginfineon
B Import DAVE Project

[0 Add Dave Project ‘PEC™
O Click ~Finish™

EE

Suchen in: IGPEC j = £F Ef-
g—

B i

_

D ateinarme: IF'EEZ LI Offrmen I
[rateityp: I = dpt LI Abbrechen |

—Mew Files
[+ add C startup code

— Impork Cplions
[ Copy projects into workspace
[+ Exclude from build old ' <project =, asm'
v Import additional Files

[]
|'—_n$ Probler

Mo console:

additional Files Filker: | * by inc;*.dav; * . dpt

/\g

, — f
< Back [dexk = 6 Finisk D Cancel I
i LR ol
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HOT Exercise PEC — Tasking VX Toolset

|Pr0ject ‘Window  Help

Cpen Project . @_ﬂ - B - J 3&

Clase Project

B Configure Target Board g& 1 =,

Clean...

T 1 = o —

Wen

[J Select the project in the navigator -

Properties

m - =5 ADC_CC2

[1 Select ‘Project/Target Board =]

Select a Target Board Configuration

CO nfi g u rati O n ! Select a Target Board Configuration

O Select ‘Infineon XC2000/XE166 |

Target board:

Communication NDAS over on-board USE wiggler

Easykit Board’ Configration

Processor: © L m[Quczee

[ Choose ~XC2287M-104F" 3 B

. N -~ ;--|:|><
[ Click " Finish = Oxczon

—Ackions:
|v Set Project CPU

v Update Linker Script File sl

¥ Update Startup Code (cstart.c)

¥ Preset CPU Defaults in Startup Code

4 N
(7 = Biach Mext = | Debug( | Finish I ) Cancel |
v

Single Chip

L] Led Lef Lo

E N
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HOT Exercise PEC — Tasking VX Toolset @eo/n

B Software Hint
[J DAVE doesn’t change code that is inserted in the ‘USER
CODE’ sections if you let DAVE regenerate the code.
Therefore, whenever adding code to the generated code,
write it into a ‘USER CODE’ section.
The code you really have to add looks like this:

while(1)

{
/l USER CODE BEGIN (Main,4)

BlinkLED():

// USER CODE END
}
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HOT Exercise PEC — Tasking VX Toolset —
Add User Code — MAIN.C \@liicon

void main(void)

{
// USER CODE BEGIN (Main,2)
// USER CODE END

MAIN_viInit();

// USER CODE BEGIN (Main,3)

ADCO_vStartParReqChNum(0x0001);//Start conversion channel 1 to channel 0 / P5.0
ADCO_vSetLoadEvent(); //Set software trigger

GPT1 vStartTmr GPT1 TIMER_3();

// USER CODE END

while(1)
{

// USER CODE BEGIN (Main,4)

// USER CODE END

}

} // End of function main
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HOT Exercise PEC — Tasking VX Toolset —
Add User Code — ADCO.C (infineon.

// @Global Variables

//*******************************************************************

// USER CODE BEGIN (ADCO_General,7)
unsigned int size = 0;

unsigned int buffer[100] at(OxA000);
// USER CODE END

_interrupt(ADCO_SRNOINT) void ADCO_vViSRNO(void)

{
if((ADCO_EVINFR & 0x0100) == 0x0100) //ResultO event interrupt
{
ADCO_EVINCR = 0x0100; // Clear ResultO event interrupt
// USER CODE BEGIN (ADCQO ViSRNQ,20)
buffer[size++] = (ADCO_RESRAO << 4); // put ADC value in array
/7 USER CODE END
by
if((ADCO_EVINFR & 0x0200) == 0x0200) //Resultl event interrupt
{
ADCO_EVINCR = 0x0200; // Clear Resultl event interrupt
// USER CODE BEGIN (ADCO_ViSRNO,21)
// USER CODE END
by
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HOT Exercise PEC — Tasking VX Toolset —
Add User Code — GPT1.C (infineon

// @Imported Global Variables

//*******************************************************************

// USER CODE BEGIN (GPT1 General,6)
extern int size;

extern int buffer[];

/7 USER CODE END

_interrupt(T3INT) void GPT1_viTmr3(void)

{
// USER CODE BEGIN (Tmr3,2)

ADCO_CRMR1 = ADCO_CRMR1 && OXFFEF; //Disable autoscan
GPT1_vStopTmr_GPT1_TIMER_3();
/7" USER CODE END

// USER CODE BEGIN (Tmr3,5)
// USER CODE END

} // End of function GPT1_viTmr3
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HOT Exercise PEC — Tasking VX Toolset —
Build Project (infineon

1 @lss- =

52 [Build Project FEC]

B Click on ‘Build Project PEC’

ll- | — |
[L Problems (E Consale &3 E=l F'ru:nperl:iesw ﬁ Del:nu-;ﬂ

Z-Build [PEC]

Compiling cstart.c

Compiling gptl.c

Compiling mwain.c

cléa WEET: ["../main.c™ 317/10] possikble infinite loop
0 errors, 1 warnings

Compiling sc=.c

Linking to PEC.elf
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HOT Exercise PEC - Device Access Server o
Check for the latest DAS version &—/

i-:.% DAS - IngtallShield Wizard

InstallShield Wizard Completed

Ef Add/Remove Programs o = | |

Currently installed programs: Sork b\,.n':

CrypkoEx Outlook Size 5.03ME
&

(

The Installshigld Wizard has successfully installed O
Finish ko exit the wizard,

_Shange | _gemore |

Ad -
Progre a Support Info I_._ L 05KE

14.5MB

o
AddfRer

ndc Size 19, 7ME
el yarely| Publisher: Infineon Technologies &G

Yersion: 1.9.0 Size 17.2MB
e Support Information: hkkp:S v infineon. com/DAS Size 21.8MB
3

Size: 14.53MB
2 If this program is not working properly you _ Size 1.00KE

may teinstall it by clicking Repair,
A Size 49, 7MEB
e e

Size 10,9ME

|Jse the Following information to get technical support For DAS, Size 165MB

Note: It is recommended to use the latest DAS version.
Download the latest version at www.infineon.com\DAS
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HOT Exercise PEC - Device Access Server

1.) Checking USB connections

Computer Management

J Vorgang  Ansicht H

Strukkur I

Computerverwalbung (Lokal)
Bm System

[]--@ Ereignisanzeige

[ @ Systeminfarmationen
[

[

-2 Freigegebene Ordner
s, (Gerate-Manager

EI& Datenspeicher

D Datentragerverwaltung

= Logische Laufwerke
[]--@ ‘Wechselmedien
[]--& Dienste und Anwendungen

|- @ Leistungsprotokalle und warnung
[+ Lokale Benutzer und Gruppen

m Defragmentierungsprogramm

= g MUCM13260

H EBatteries

3 Biometric

Computer

=D Digk drives

@ pisplay adapters

{5} DvDfCO-ROM drives

{88 Human Interface Devices

2 IDE ATAJATAPI controllers

&g TEEE 1394 Bus host controllers
@ Keyboards

Mice and other pointing devices
Modems

) Monitors

- B8 Network adapters

BB Cisco Systems YPM Adapter
HE Intel(R) 82566MM Gigabit Mebwork Connection

HE InteliR) Wireless WiFi Link 49654

[ % PCMCIA adapters
5 Ports (COM &LPT)

E Printer PorE (LFTTY

[#- ’, Secure Digital host controllers
3] @ Smart card readers
[ @E Sound, video and game controllers
[]- System devices

(=g Universal Serial Bus cantralers

Generic USE Hub
Generic LISR Hub

Intel{R) ICHS Family USB Universal Host Controller - 2830
Inkel{R) ICHS Family USE Universal Host Contraller - 2531
Inkel{R) ICHS Family USE Universal Host Contraller - 2532
Intel(R.) ICHE Family USE Universal Host Controller - 2534
Inkel{R) ICHS Family USE Universal Host Contraller - 2535
Inkel{R) ICHS Family USB2 Enhanced Host Contraller - 2836
Intel(R.) ICHE Family USBZ Enhanced Host Controller - 23368
USE 2.0 Root Hub
USE 2.0 Root Hub
U3E Composite Device
,,,,, T

3B Root Hub
U3E Root Hub
USE Root Hub
3B Root Hub
U368 Root Hub

BB Intel(R) 82566MM Gigabit Metwork Cornection - Deterministic Network,

EB Intel(R) Wireless \WiFi Link 49654 - Determiniskic Network Enhancer Mi

Eigenschaften von Infineon XC166l 2000 US|

Allgemein | Part Settings I Trelberl

(g Infineon #<C16EE A<C2000 LISE COM Port [COM7)

Geratetyp: Puorts [COM & LPT]

Hersteller: Infinean

QO auf Infineon ¥C1EEE A<C2000 USE COM Port

Eeratastat

21}

Draz Gerat ist betrisbzbersit.

w'enn Probleme mit diesem Gerdt auftreten, klicken Sie auf
"Problembehandlung'’.

Problembehandiung...

=

|

Gergtevenvendung:

Gierdt venwenden [aktivieren)

=

ok Abbrechen |

2]
Allgemnein | Tleiberl
i% : USE Composite D evice
Gerdtetyp: Univerzal Serial Buz controllers
Hersteller: [Standard USE Host Controller)
Ot DS JTAG over USE ER XC2267
GerStestat
Dias Gerdt ist betiebsbereit. =]
wenn Probleme mit diesem Gerat auftreten, klicken Siz auf
"'Problembehandiung".
Froblembehandlung |
Geratevenvendung:
Gerit venwenden [aktivieren] j

oK Abbrechen |

AIM MC ACE1

infineon

This gets identified only
when COM port is used
-Via the USB interface
on the Easykit with FTDI
chip

The DAS JTAG
composite device gets
identified

*When miniWiggler is
connected

*When USB Wiggler Box
is connected

-Via the USB interface
on the Easykits with
FTDI chip
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HOT Exercise PEC - Device Access Server o
2.) Check DAS status (nfineon.

1. Start DAS device scanner
2. Start DAS Server Control panel

— =10l

][[ smcgjgfmr ]] Host Computer: [l ][ Change ]

| | 'nfo | Start Client | [ Installed Servers ]
% ” - 2?:37'”3 Running DAS Servers PID

| If |:f§ StZrt C|:§:t] [ J[ ][ InTo IQUit I Claim l

| o | | ot G|

[ |/Info | Start Client | [ J[ ][ Info IQUit I Claim l

[ | Info | Start Client | [ J[ ][ Info IQuit I Claim l

3. If DAS device scanner does not show any device, start the
appropriate DAS server

Host Computer: [Iocalhnst |

Installed DAS Servers
JTAG aver USE Chip
C-Madel TC1234 Dummy
JTAG over USE Box
UDAS

A
| Info | Start |
[Tifo | start |

|
|
|
|
A
|
|
[
|
[
|
|
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HOT Exercise PEC - Device Access Server

3.) Starting the servers manually

4. Incase ,,UDAS" server is started and XC2000 easykit is
connected via on-chip FTDI or via separate miniwiggler,
following status changes could be noted

o [l 3]
Host Computer: ([afsts]lglulsii ][ Change ]

Start DAS Server
Info | Start Client |

UInfo | Start Client |
UInfo | Start Client |
[
[

Info | Start Client |
Info | Start Client |
'Info | Start Client |
UInfo | Start Client |

Info | Start Client |

’—’—’—’—ﬁ’—ﬁ.

(infineon

IH DAS Server Control Panel

FEX

Host Computer: localhost

I[ Change ]

Running DAS Servers

‘Installed Servers ;|

FID

Info ] 0 L’ﬁf[ 'C':'ia”i'rh"]

|

[

Info ] Q 'uit"I 'C'iia”i'rh"]

[

I§
][_'mfu"] Quit | Claim |
|
I

Info | Quit | Claim |

5. Incase ,,JTAG over USB Box“ server is started and XC2000
starter kit is connected via Wiggler box, following status

changes could be noted

] 3]
Host Computer: [ak=figlals ][ Change ]

Start DAS Server
Info | Start Client |

UInfo | Start Client |
UInfo | Start Client |

UInfo | Start Client |
"Info | Start Client |
UInfo | Start Client |
'Info | Start Client |

Info | Start Client |

May 2008

[[H DAS Server Control Panel ==l

Host Cornputer: [Incalhost

| Change |

Installed Servers

FIC

2080 || Info |G| Claim |

Info | Quit | Claim |

Il
Il
Info | Quit | Claim |
Il

Info | Quit | Claim |

AIM MC ACE1
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HOT Exercise PEC — Tasking VX Toolset —
Connect XC2287M Easy Kit (infineon.

B Connect XC2287M Board to PC
B Modify The DIP Switch Settings, S102: OFF-OFF-OFF-OFF-OFF
(Start from Internal Flash)

B Reset The Board (Press The Reset Button)

Standard Internal ﬁ H H H ﬁlp
Start configuration
12345

USB

Reset button /
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HOT Exercise PEC — Tasking VX Toolset
Run Debugger

1

H Click on

infineon

)G - |

Debug Current F'ru:ujeu:tL_
—r—m v

2

B Click on ‘Resume’ and start program ({FResume

35 pebug 52 = O || ® Ereakpaints 2 (= Variables} = O || 14 TASKIMG Registers 53
- & R-8 | 000 | ] <:=={»> = || Mame |Value | Lis =
)
i i E3]
5 14 0B 2o ¢ S| ~ @ C\IFE_HOT\C2267M\ExamplesiLEDs mit PatilADC0.c [ir ;';; ;EE
a1
i = | & o mcHk L

R MEMORY
S INTERRUPT

EE PEC.board [TASKING Embedded C/C++ Application]
=8 TASKING Debugger (05,06, 10 13:417 (Suspended)

A
g Thread [1:1:166] (Suspended: Breakpoint hit,) 2:{ EBCEI
= 2 main() MAIN,c:276 0x00c0471c e
oior FLASH
= 1 _cstark(y cskark,c:523 0x00c04480 [y 17 g bl
4] | i | 3
g MAIN.c E3 = O || [} Disassembly 52 O= Outline\l =0 U Resume Fa&
| Bl Suspend
// USER CODE END | Address:l 00000471 Temiinels CtrhFz
MAIN wInit(): = —
MAIN vInit(j: » Dx00c0471c da o0 le 46 calls MAIN wvInit (OxcO461e) — ZhStep Into FS
ADCO_w3tartParReqChNum (0x0001) ;//Start conversion channe =k Step Over F&
/¢ USER CODE BEGINMN (Main, 3) Ox00z04720 e0 1Z mos rz, #ox1l
ADCO_w3tartParReqChlNum (0x0001) ;//3tart conversion chan 0x00c04722  da cl a8 47 calls LDCO_wvitartParRegChihum (02 - [ 5tep Return F7
ADCO_w3etLoadEvent (] ; /iSet software Lrigger ADCO_wv3ecLoadEvent () ; //Set software trigger
GPT1_wi3tartTmr GPT1_TIMER_3(): Ox00c04726 ed fh 00 02 rmow ril, #OxzZ00
/¢ USER CODE END Ox0D0c0472a 74 fbh ec =0 or Oxelec, rll
GPT1 wStartTmr GFTL_TIMER 3():
while (1) Ox00c0472e 6£ al hset GPT1ZE_T3CCN_T3R
o | « | o =
Bl consale 53 ) Tasks} 5 0 Memory 22 [F 64 s Oy H"'_E| HH @' =r e
Debug [PEC.board] Monitors =
Running startup script... ;I
TASKING Vi-toolset for Cl66: debugger, Build 622
Copyright 2Z005-2009 Altiwum BV
Loading application "C:% IFX HOTY XC2287M\ Examples) PECY Debug\.PI—I
J | e

[ |
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HOT Exercise PEC — Tasking VX Toolset —
Run Debugger (Infineon.

B See Results
[1 Add Watch Expression
O Add “size™ and ~buffer™

L Click on ‘Resume’ and start program

Sg Breakpaints |55 Expressians £3 (=)= '-.-'arial::les} B Add Watch Expreg Add Watch Expression ~ 10| x|

_——Ewpresial:
Selest Al bt A ( size] X buffer > &
. Zopy Expressians Ll
& Femove
* Remoye Al
Find... Ckrl+F
W‘I\
-
. o of
¥ Enable v Enable
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HOT Exercise PEC — Tasking VX Toolset

Run Debugger

B See Results

May 2008

L1 Click on ‘Suspend’

g
“o Breakpoints

ﬁ
: 3:_ "size" =53
oy
E|"'=?_' = 0x0000z000

= [0] = 44735
= [1] = 44735
= [2] = 44736
= [3] = 44736
= [4] = 44736
= [5] = 44735
= [6] = 44736
= [7] = 44735
= [8] = 44736

Result: 53 AD conversions in 100us

-
& Expressions ()= '-.-'arial:nles}

-

=

AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations —
ADC Settings (PEC) (infineon.

H Click on ADCO

@ DAYE XC2287M ( Release ¥v2.00 )

ClE6S 2

High Speed System Bus

Interrupt
MCHE
PD+ Bus

= R

i CAP
GPT1 B GPTZ/ com ccu |l ccu @ ccu If ccu e

2 60 61 82 63

-
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HOT Exercise PEC - DAVE Configurations —
ADC Settings (PEC) (infineon.

B Configure PEC — Functions
I Click on ‘ADC INT 0O’, then on ‘Configure PEC Channel O’

@ Analog / Digital Converter (ADCO)
| o8 |

: X
RezultReqizter] I HesultHegisterEI Interruptsl Int. E:-:tensiu:unl Bangelnctiunsl Parametersl Ma 1‘ bi@ 1
— PELC Channelz
41

errupt source for ADCIMNT 0 j

N -Cnfigure PEC channel 0 | g\ 0" 0 and Level = 141241048
nane

-

. |rkerrupt zource far nons
Configue PEC channel T | Goup= 1 and Level = 14121 0/ SA—

. |rkerrupt zource far
Configure PEC channel 2 | Group = 2 and Level = 14/12/10/8

L

. |rkerrupt zource far
Configue PEC channel 3 | 1oEt ot o 1anznoe |

Le

! [nterupt zource far
Configuie PEC channel 4 | Group = 0 and Level = 15/13/11/3 Inone

! |ntermupt zource for =
Configure PEC shannel 5 | (1o P 00ES 0 ismanisg Imone &l

. |rkerrupt zource far =
Configure PEC channel§ | 0L So e evel - 157137118 17" =
Configure PEC channel 7 Iterupt source for Inl:lne j

Group = 3 and Level = 15/13/11/9
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HOT Exercise PEC - DAVE Configurations

ADC Settings (PEC)

B Configure PEC channel O

1 Click on ‘Continuous transfer’

1 Click on ‘Increment d

estination pointer’

Wen

[1 Search for Source pointer / Destination pointer

00 Click on [ 5

@ Lcnfigure PEC Channel 0

d-|°a>

Conflgure FPEC Chanrnel 0 |

1<

r— Transfer Count [COUMT] r— Ihcrement Control [IMC)
C Y e p—
% Conlinuous transfer 2 (% |ncrement destination poirnte
ECIEMENT COLnter " Increment source pointer
Increment destination and
Counter |255 L FoUrce pointer

— Byte /Word Transfer [BwWT]———

" Transfer a byte

& Transfer a word

— End of PEC Interrupt Control
[~ Service End of PEC interupt by a EQP intermupt node [(EQPINT)

[~ Enable End of FEC interupt request (COE]

— Channel Link Mode [CL)

[~ Link to channel 1

r— Pointer

e Segment Dffset
Source pointer [SRCPO) A/ Corverter O Beszult RegisteraDC0_| FHESFH:I]

Destinantion pointer (DSTFO) I zer defined

HDD

4

May 2008

AIM MC ACE1
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HOT Exercise PEC - DAVE Configurations —
Save DAVE Project (Infineon

B Save your DAVE Project File
[ Go to File > Save (or Save As) or click on E‘

L Filename: “c:\IFX_HOT\XC2287\Example\PEC\PEC.dav”

21|
Speichern in; Iﬁ PEC j = ¥ El-
i PEC.dav )

Arbeitzplatz

ad
E-T—'-: Dateinanme: IF'EE j m
M etzwerkumg... _ —
Drateityp: ID.-’-‘-.VE project file [*.dav] j ahbrechen |

7
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HOT Exercise PEC - DAVE Configurations —
Code Generation (Infineon

B Let DAVE Generate Code for You
[0 Go to File © generate Code or click on ==

[J DAVE generated code files are
— MAIN.C, MAIN.H 20" 2

=L Genersted Files DAVE's Project Documentation

----- &7 MAINH
- GPT1.C , GPT1.H [{g iy Project: PEC.dav

[Tg igg'gfwms“ Cantroller. XC2287-96F66
— ADCO.C ADCO.H | igan: VemoyModel  NEAR T

&7 ADCOH

B¢ ADCOC Date: 19.03.2008 14:15:46
- SCS.C, SCS.H g

----- & PEC.DPT

Please read this document carefully and note
- XCZZXXREGS . H the red-colored hints.

If you miss afile in the generated files list
maybe you have forgotten to select the
initialisation function of the related module.

Generated Files:
MAIN.H
MAIN.C

GPT1.H
GPT1.C
ADCO.H
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HOT Exercise PEC — Tasking VX Toolset —
Build Project (infineon

1 @lss- =

52 [Build Project FEC]

B Click on ‘Build Project PEC’

ll- | — |
[L Problems (E Consale &3 E=l F'ru:nperl:iesw ﬁ Del:nu-;ﬂ

Z-Build [PEC]

Compiling cstart.c

Compiling gptl.c

Compiling mwain.c

cléa WEET: ["../main.c™ 317/10] possikble infinite loop
0 errors, 1 warnings

Compiling sc=.c

Linking to PEC.elf
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HOT Exercise PEC — Tasking VX Toolset
Run Debugger

1

H Click on

infineon

)G - |

Debug Current F'ru:ujeu:tL_
—r—m v

2

B Click on ‘Resume’ and start program ({FResume

35 pebug 52 = O || ® Ereakpaints 2 (= Variables} = O || 14 TASKIMG Registers 53
- & R-8 | 000 | ] <:=={»> = || Mame |Value | Lis =
)
i i E3]
5 14 0B 2o ¢ S| ~ @ C\IFE_HOT\C2267M\ExamplesiLEDs mit PatilADC0.c [ir ;';; ;EE
a1
i = | & o mcHk L

R MEMORY
S INTERRUPT

EE PEC.board [TASKING Embedded C/C++ Application]
=8 TASKING Debugger (05,06, 10 13:417 (Suspended)

A
g Thread [1:1:166] (Suspended: Breakpoint hit,) 2:{ EBCEI
= 2 main() MAIN,c:276 0x00c0471c e
oior FLASH
= 1 _cstark(y cskark,c:523 0x00c04480 [y 17 g bl
4] | i | 3
g MAIN.c E3 = O || [} Disassembly 52 O= Outline\l =0 U Resume Fa&
| Bl Suspend
// USER CODE END | Address:l 00000471 Temiinels CtrhFz
MAIN wInit(): = —
MAIN vInit(j: » Dx00c0471c da o0 le 46 calls MAIN wvInit (OxcO461e) — ZhStep Into FS
ADCO_w3tartParReqChNum (0x0001) ;//Start conversion channe =k Step Over F&
/¢ USER CODE BEGINMN (Main, 3) Ox00z04720 e0 1Z mos rz, #ox1l
ADCO_w3tartParReqChlNum (0x0001) ;//3tart conversion chan 0x00c04722  da cl a8 47 calls LDCO_wvitartParRegChihum (02 - [ 5tep Return F7
ADCO_w3etLoadEvent (] ; /iSet software Lrigger ADCO_wv3ecLoadEvent () ; //Set software trigger
GPT1_wi3tartTmr GPT1_TIMER_3(): Ox00c04726 ed fh 00 02 rmow ril, #OxzZ00
/¢ USER CODE END Ox0D0c0472a 74 fbh ec =0 or Oxelec, rll
GPT1 wStartTmr GFTL_TIMER 3():
while (1) Ox00c0472e 6£ al hset GPT1ZE_T3CCN_T3R
o | « | o =
Bl consale 53 ) Tasks} 5 0 Memory 22 [F 64 s Oy H"'_E| HH @' =r e
Debug [PEC.board] Monitors =
Running startup script... ;I
TASKING Vi-toolset for Cl66: debugger, Build 622
Copyright 2Z005-2009 Altiwum BV
Loading application "C:% IFX HOTY XC2287M\ Examples) PECY Debug\.PI—I
J | e

[ |
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HOT Exercise PEC — Tasking VX Toolset —
Run Debugger (Infineon.

B See Results
O Click on ‘Suspend’ [I[]

-

-
9% Breakpoints |99 Expressions 53 (=)= '-.-'arial:ules\l

=

)= [0] = 1812
0= [1] = 1812
- lH)= [2] = 1812
- ()= [3]=1512
)= [4] = 1812
0= [5] = 1812
..... (=)= [6] = 1512
= [7] = 1812
9= [8] = 1812 hd

Result: 75 AD conversions in 100us
Improvement: — 41 %
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We parcnel
Wea ¢r2ate vaiue.

(infineon

Never stop thinking




