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DMA Channel
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2 Read Address
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) DMA Transaction
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Cypress: CYSCKIT-059 Prototyping Kit Guide

Cypress: AN77759: Getting Started with PSoC®5LP

Cypress: PSoC®Creator™ User Guide

Cypress: PSoC® 5LP Registers TRM

Yuri Magda: Cypress PSoC 5LP Prototyping Kit Measurement
Electronics

Cserny Istvan: PSOC 5LP Mikrokontrollerek programozasa
Cypress: AN52705 PSOC 3 and PSOC 5 LP Getting Started with DMA
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DMA - kozvetlen memoria hozzafereés

A DMA atvitel lényege az, hogy
CPU fuggetlen adatatvitelt valosit meg
két periféria, vagy periféria és memoria

kozott

Az adatatvitel kozpontja
a periféria HUB (a HUB
kerékagyat jelent)
amelyhez 8 db ,kiills”
(adatbusz) kapcsolodik

A buszvezérlok a CPU
és a DMA vezérlbje
(DMAC) lehetnek

A buszvezérlék egyszerre is
mukodhetnek, ha kilonbozs

Jkulloket” kezelnek
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Fixed
Function I12C
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interface Other Analog
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DMA csatornak

A 24 db. DMA csatorna egymastol fuggetlentil mikodik
Minden csatornahoz tartozik egy tranzakci6 leiré (TD) lanc
Osszesen legfeljebb 128 db. tranzakci6 leir6 lehet

Minden csatorna sajat atviteli kérelem bemenettel rendelkezik

DMA Channel ‘

Read Write 1 Destination \

DR ' DMA done signal -
Q NRQ typically tied to interrupt
TD

Pointer

.

— TDO _|—>- TD4
Source | Destination | TRM™ET | MNewtTD Source | Destingtion | T@MS%T I et TD

Count Count

DMA Request
Signal
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DMA konfiguracio

A DMA Aatvitelt a csatorna és a tranzakcios leiro regiszterei

konfiguraljak

A csatornahoz egy vagy tobb leir6 lancolata csatlakozik

Csatorna Channel TD Tranzakcid leir6
konfiguracio Configuration Configuration konfiguracio
Forrascim fels6 16~ | SouceAddress i | SourceAddress i aled
bitie i (Upper 16 bits) ! | lowert6bis) | orrascim also 16
J S 4 R 2 bitje
o _ 1 Destination Address | i Destination Address !
Cél cim felsC 16 bitjle §  (Upper 16 bits) | i (Lower16bits) i  Cg| cim also 16 bitje
N p—— o e ———_
, i Burst Count E i Transfer Count | . )
Adag merete : (1-127) : : ( 0 to 4095) :  Tranzakcidk szama
o e e e o
Kérelem i Request per Burst 1 i E e : 7
adagonként? | (TRUE or FALSE) | E TD Property Leiro tulajdonsaga
bemmrens e e . beommemomeeeomeeenee 3
L : :  kdvetkezd leird
Z 1afrd - * First TD of Channel ! ; Next TD ! ,
ElsO leiro sorszama i ! ] i sorszama
:. ...................... .: Lscemscscmssccammcsamm e -
" Ty | Preserve TD ;
Leiro megorzes” | (TRUE or FALSE) |
L
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A DMA csatorna konfiguralasa

A PSOC Creator a DMA komponenshez API fiiggvényeket general, ezekkel
konfiguraljuk a DMA csatornat az alabbi lépésekben:

A DMA csatorna inicializalasa

Channel Handle = DMA Dmalnitialize (DMA BYTES PER BURST,
DMA REQUEST PER BURST, HI16(Source Address), HI1l6(Destination Address))

Tranzakci6 leir6(k) példanyositasa
TD Handle = CyDmaTdAllocate() ;

A tranzakcio leir6(k) konfiguralasa
CyDmaTdSetConfiguration (TD_Handle,Transfer Count,Next TD,TD Property)

Cimek konfiguralasa a tranzakci6 leir6(k)ban

CyDmaTdSetAddress (TD_Handle, LO1l6(Source Address), LOl6(Destination
Address))

A csatorna kezdd tranzakci6 leir6janak megadasa
CyDmaChSetInitialTd (Channel Handle, TD_ Handle)

A DMA csatorna engedélyezése

CyDmaChEnable (Channel Handle, preserve TD)
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1. példa: periféria — periféria atvitel
Egyszer(i példa gyanant egy periféria — periféria atvitelt mutatunk
be: az ADC éaltal konvertalt 8 bites adatokat egy DAC-nak adjuk at
Az atvitelt az ADC ,konverzi6 vége” jele inditja

Source - ADC Destination - DAC

DMA Channel I

ADC 1Byte M Read Write [ 1Byte ¥ DAC

EoC

DMA DMA
Request Done

(DRQ) __ (NRQ)

Pointer

'

Source Destination W Lo 2 MNext TD
Count
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Eg1_ADC_DMA_DAC projekt

Ebben a projektben a Delta-Sigma ADC-t 8 bites modba, 0 -1V
kozotti bemend fesziiltségre konfiguraltuk

A projektet a CYS8CKIT-059 fejleszt6i kartyara adaptaltuk

Minden ADC konverzi6 utan (375 000 mintavétel/s) a 8 bites
eredményt atiratjuk a fesziiltségkimenetli VDACS eszkozre

A PO[0] bemenetre fiiggvénygeneratort, a PO[6] kimenetre
oszcilloszkdpot csatlakoztatva ellendrizhetjiik az eredményt

DMA used to transfer data from ADC to DAC

PO[0] - Connect to ADC_DelSig [\ VDACS
Function Generator ADC_DelSig 8 bit data from ADC to DAC VDACS PO[é]- Connect to
Oscilloscope
Pin_ADCIn =] —— -
m ﬂ‘ VDAC — — Pin_ DACOut
PO[O] DVA _
eoc| Jdrg nrqj= PO[G]
B-bit

Az ADC 0 - 1,024 V kozotti bemend fesziiltséget fogad, ugy konfiguraltuk!
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Az ADC konfiguralasa

Az ADC-t ,Single ended”
modba konfiguraljuk

Folytonos mintavételezést
allitunk be, 8 bites
felbontassal

A mintavételezési
frekvencia 375 000 Hz

A belso referenciat
szlréssel (PO[3]-on at)
hasznaljuk

A bemeneti tartomany 0 —

1,024 V, szinteltolasos
buffer moddal

Configure "ADC_DelSig'

Comment:

Corfiguration name: CFG1

Mame: ADC_Del5ig

<" Configl |* Common |~ Builtdn 4 [

Default Corfig
ADC_Del5ig_CFG1
Modes

Conversion maode: | 2 - Continuous -

8 -

Conversion rate (SP5): 334000

Resolution (hits):
Range: 2000 - 384000 5P5
Actual conv. rate (SPS): | 375000

Clock frequency {lcHz): 6144.000
Imput options - Single ended mode Input range

Input range: | Vssato 1.024V ( 0.0to Vief ) - !

Buffer gain: |1 -

— = == == T SN

Buffer mode: | Level Shift -
Reference ADC Range
Reference: ||r|tema| Bypassed on P03 - (Level Shift Mode)
ref (V): 1.024
Al i \ssa *

ignme I ST
@ Right Coherency = LOW _f

Left 16 bits (OVF Protected)
= o= ]
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A DAC konfiguralasa

0 - 1, 020 V tartomany
N bessé

agy sebesseg Configure 'VDACS' R
CPU vagy DMA irja Name: T

Alaphelyzet 400 mV /" Configure |' Bultin 4P

Range Speed
@ 0-1.020V({dmVY / bi) Slow Speed
0-4080V(16mY / bit) @ High Speed
Value Data Source
DAC Bus
mVy: 400
@ CPU or DMA (Data Bus)
8 bit Hext: G4
= Strobe Mode
Mote: Changing any value field Edemal

recalculates the other i .
@ Register Write

Diatashest | | DK Apph Cancel
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A DMA konfiguralasa

A DMA alaktrész opcionalis bemenetei koziil DMA
most csak a DMA atviteli kérelmet hasznaljuk, DMA
amelyhez az ADC ,konverzi6 vége” Optional nrg |-
kimenodjele csatlakozik Terminals

Az atvitel megszakitasara valo TRQ (terminate request)
bemenetre most nincs sziikségiink, ezért letiltjuk (Disabled)

Configure 'cy_dma’ @
MName: DMA
Basic | Built-n q I
Hardware Request: |Deri'u.red - |
Hardware Temination: | Dizahled - |
Datashest ‘ | oK Apphy Cancel |
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main.c

#include <device.h>
uint8 DMA Chan;
uint8 DMA TD[1];

int main(void) {
#define DMA BYTES PER BURST 1
#define DMA REQUEST PER BURST 1
#define DMA SRC BASE (CYDEV_PERIPH BASE)
#define DMA DST BASE (CYDEV_PERIPH BASE)
/* Step 1: DmaInitialize - Initialize the DMA channel */
DMA Chan = DMA DmalInitialize(DMA BYTES PER BURST, DMA REQUEST PER BURST,
HI16 (DMA_SRC BASE), HI16(DMA DST BASE));
DMA TD[0] = CyDmaTdAllocate(); // Step 2: Allocate TD */
CyDmaTdSetConfiguration(DMA TD[O],1,DMA TD[O0],0);
// Step 3: Configure transfer count, next TD, property
/* Step 4: Configure source and destination addresses */
CyDmaTdSetAddress (DMA TD[0] ,L016 ( (uint32)ADC DelSig DEC_SAMP PTR),
LO16((uint32)VDAC8 Data PTR)) ;
CyDmaChSetInitialTd (DMA Chan,DMA TD[0]); // Step 5: Map the TD to the DMA Channel

CyDmaChEnable (DMA Chan, 1); // Step 6: Enable the channel
ADC DelSig Start(); // Start ADC and DAC
VDAC8_Start();

ADC DelSig StartConvert(); // Start ADC Conversion

for(;;) { }
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2. példa: atvitel perifériar6l memariaba

Ebben a példdban az ADC-vel mért adatokat egy 16 bites tombbe
taroljuk el a DMA segitségével

Destination : RAM Buffer
(adc_sampleArray)

— 16 Dit — |
Source : ADC A sample 1
DMA Channel I w,{er‘
qrst2 Sample 2 Increment
Destination
ADC @ Read Write Address
EoC
. Y
’ DMA Transaction
DMA DMA
h Re.,quest Done *@ Sﬂl'l'lple N CDITID|E1:E F
(DRQ)  (NRQ) . o
TD Pointer
TD[0]
Source | Destination T:;;::f' Hext TD  fr— DMA_DISAELE_TD

TD Properties : Increment Destination address,
. Generate transaction complete signal
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Eg2 ADC_DMA_Mem projekt

Az SW1 gomb lenyoméasakor engedélyezzitk a DMA atvitelt
Minden ADC konverzi6 végén elmentésre keriil a 16 bites adat

Az eléirt szamu adatmentés utan a DMA atvitel véget ér, s egy
megszakitas keletkezik, ahol értesithetjiik a {6programot, hogy
dolgozza fel az adatokat

16 Bit ADC Buffering using DMA

LS

Press SW1 to buffer ADC data N
Wi 1o P2 [2] ADC_DelSig 16 kit data from ADC to Memory ,,-:
outto PO[0] [ADC_DelSig | /
Fin_Switch ADC input to 4
W Pins Fin_ADC_In [=—— +&E viemary
— —e '_._Erl > = DMA 16-bit RAM
i irg UMA Array
HL eocl —drg nrg}- ISR_DMA_Done
Vss 16-bit
[=]ISR_Switch
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ADC és DMAC Konfiguralas

Conhgure "ADC DelSig [T |3e]
Mame: ADC_DelSig

~" Configl | Common | Built-in Cﬂnﬁgure 'C_'p"_dmﬂl @

Comment: Default Config Name: m

Configuration name: CFG1 ADC_DelSig_CFG1
Modes Basic Built-n 1
Conversion mode: | 2 - Continuous A
Resolution bits): 16 = Hardware HE-":IUE’ET: | Derived - |
Conversion rate (SPS): 48000 =] Range: 2000 - 48000 SPS Hardware Temination: | Disabled - |

Actual conv. rate (SPS).  [46875
Clock frequency (kHz): 3072.000

Input options - Single ended mode Input range

input range:  [Vssato 2048V (0.0to 2°Vef) | 4,
\dda

Buffer gain: |1 - _ ___~650 mV
Buffer mode: | Level Shift - T _f

Reference ADC Range
Reference: |Ir|tema| 1.024 Volts = (Level Shift Mode)

| Diatashest | | QK Anph Cancel |

Viref (V): 1.024

\ssa

Alignment i -100 mV
@ Fight Coherency = LOW 6 - T _f -

Left 24 bits {OVF Protected)

Datashest Apph Cancel
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A DMA csatorna konfiguralasa

A DMA csatorna és a tranzakcio leir6 konfiguracidja az alabbi
tablazatokban talalhato

Most 16 bites (két bajtos) adatokat visziink at, azért az adag (burst)
mérete 2 (bajt)

A tranzakci6 jellemzéi: cél cimének 1éptetése, befejezési értesités

Parameter Project Setting Parameter Project Setting

Lower Source

Upper Source LO16(ADC_Delsig_ DEC_OUTSAMP_PTR)

HI16(CYDEY_PERIPH_BASE) Address
Address
Lower
Upper Destination Destination LO16(&adc_sampleArray)
Aiass HI16(CYDEV_SRAM_BASE) Sestinal
Burst Count 2 (Two bytes) Transfer 200 x2
Count (No. of samples x Bytes per sample)

REqUESt Per Burst 1 {Truej Increment Destination Address,

Initial TD TD[0] Generate DMA done event,
Swap Enable required only for PSoC 3.

Preserve TD 1 (True) TD properties (TD_INC_DST PTR|
DMA_ TD TERMOUT EN |
TD SWAFP EN)
Next TD DMA DISAELE TD
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main.c

#include <device.h> CY ISR(ISR DMA Done Interrupt) {
##define NO OF SAMPLES 200 -
Tnt8 DMADone flag = 1;

volatile uint8 switch flag;
volatile uint8 DMADone flag; }
uint8 DMA Chan;
uint8 DMA TD[1]; .
int main() { CY ISR(ISR Switch Interrupt) {
uintl6é adc_sampleArray[NO OF SAMPLES] = {0}; switch flag = 1;
#define DMA . BYTES PER BURST 2
#define DMA . REQUEST PER . BURST 1

Pin Switch ClearInterrupt();

#define DMA SRC BASE (CYDEV PERIPH BASE) }
#define DMA | DST BASE (CYDEV_SRAM BASE)
CYGlobalIntEnable; // Enable global interrupt

ISR Switch_Start();
ISR DMA Done_ Start();
DMA_Chan = DMA DmaInltlallze(DMA BYTES PER BURST, DMA REQUEST PER BURST,

HI16 (DMA_SRC_BASE), HI16(DMA DST BASE));
DMA TD[0] = CyDmaTdAllocate()
CmeaTdSetConfiguration(DMA;ID[O], (2 * NO_OF SAMPLES), DMA DISABLE TD,

DMA TD TERMOUT EN | TD__ INC DST ADR),

CyDmaTdSetAddress (DMA TD[0] ,LO16 ((uint32)ADC Delslg DEC_. SAMP _PTR), L016((u1nt32)adc _sampleArray)) ;
CyDmaChSetInitialTd (DMA_Chan, DMA TD[O0]);

ADC DelSig_Start(); // Start ADC

ADC DelSig IRQ Disable(); // Disable the ADC ISR as it is not required
ADC Delsig_StartConvert() ; // Start ADC conversion

for(;;) {

if (switch_flag) {
CyDmaChEnable (DMA Chan, 1); . By L
switch flag = 0; Ha itt elhelyeziink egy torespontot, akkor

b nyomkoveté modban ellenérizhetjik az

if (DMADone flag) { / : B
DMADone flag = 0; eredményt az adc_sampleArray() tombben
}

}
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A program kiprobalasa

A programot az alabbi egyszer(
kapcsolas segitségével probaltuk ki

Egy SB160 Schottky diodat egy
1 kQ-os ellenallason keresztul R1
kapcsoljunk a CYBCKIT-059 kértya 1kC ADC input po[u]]
tapfesziiltségére (kb. 4.7 V)

D1

JoT
A didédan keresztiilfolyd, kb 4.5 mA  ss1eo
nyitéiranyd aram hatasara
nagyjabol 225 mV fesziltség esik,
ezt mérjiikk az ADC segitségével

VDD
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A program ellen6érzése nyomkovetéssel

A program elején a tomb — —z P X
Mame Value Address Type Radix -
elemei csupa nuuét = & adc_samplerray [200] 0x20007E50 (All) wint16[200]  Default g
—® 0 0 Oec20007ESD (Al |unsigned short |Default | =
tar talmaznak — @ 0 0x20007E52 (All) |unsigned short |Default | =
— W 2 0 Oec20007ESS (Al |unsigned short | Default | *
— W 3 0 (ec20007ESE (All) |unsigned short |Default | =
— W 4 0 (e 20007ERE (Al |unsigned short | Default | = i
Ha a DMADone_flag 2 i EETE

1641

bebillenésekor megnézziik az | . - e ——

adc_sampleArray() tomb  [te=® S
- Mame Value Address Type Radix -
V4 Vd °
tartalmat, akkor lathatjuk az PR x20007E50 (A1) [uint16 200] | Defaut
, e e — W 0 7185 Oec20007ESD (Al) |unsigned short |Default [ =
eredmenyekEt. A 7184 kOfUll — ¥ 1 7184 Ooc2000TERZ (&I |unsigned short |Default | =
’ ’ — 2 7184 (e 20007E54 (All) |unsigned short |Default | =
ertek 224)5 mV_nak felel meg — W 3 7185 Do 20007ERE (Al |unsigned short |Default | =
— W 4 7183 Do 20007ERS (Al |unsigned short |Default | = 3
— W5 7183 (ec20007ESA (Al) |unsigned short |Default || =
* 2048 — ¥ B 7184 O 20007ESC (ANl |unsigned short |Default | =
U = 7184 mV/ 65 536 = o
— w7 7184 (ec20007ESE (Al) |unsigned short |Default || =
— 2 7183 O 20007E60 (All) (unsigned short | Default | =
224,5 mv - e - -- J (un ?gn T au
— ¥ g 7183 Ooc20007ERZ (Al |unsigned short |Default | = |—
— W 10 7182 (ec20007ERL (All) |unsigned short |Default | =
— ¥ 11 7183 Do 20007ERS (Al |unsigned short |Default | =
— W 12 7184 Do 20007ERS (Al |unsigned short |Default | =
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CY8CKIT-059 fe Jlesztm kartya

tavolitani az USB-re - e vl
csatlakozas elott! ML AN SXEME Copaclr L comegeS o M PR R

I KitProg :

USB csatlakozas : |

a PC-hez | l
|

PO_I P12_7/UARTTX !

. , : P00 o5 suartex | € USB — UART
e Moz eS| & VR | Kivezetések
hibavadasz > 2 I

P3_0 [
I o ——— C8C5868LTI-LP039
R - oo ]
PSOC 5LP | Psocesip %‘*‘% I
, . (Target) -
Target aramkor ——» e | : .
9 | EXTREF] fgg_% | LED1 (2.1 kivezetés)
| P3 4
7 e . s % L i Jf: '»- r |
Atapellatas torténheta | P36 *3, ST O A — SW1 (2.2 kivezetés)
programozd feldl (5V), pf%: 1 0/SWDIO
& . z |
z oz A * 2
csatlakozorol (5V), | CMOD* fg}gjﬁ_ 123 : CY8C5888LTI-LP0O97
e e ’ 0 Lxi—
P Al
csatlakozason " sait/p02— P12 7/UARTX !
keresztll (3,3 -5 V). | B 775 | JTAG csatlakozés
I 06— 4 '
e - Q0= |
L,JtObe e_:::et,ben a D1 : P07 o : RESET gomb helye
és D2 diddakat el kell | GND p2_1/LED]
: VDD P20 ;
I I

USB alkalmazoi csatl.
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A célaramkor kapcsolasi rajza

(LB RN R LIR RIS R RLRRRLRRRERTRIERTIRRRERA) D]
[ - a
B ] =y . »
m%v(‘)mv—c.mvg%gra-ﬂmv% : o 820 ohm LED1 :
P e P ot L = = = P . Pz 1 18 2 N)z’ 1 .
O = [0 | (o (o o |A |= | S (2 [T | || = » —_— AN »
L ] L ]
L | L |
(= @ o2 |r= [o|w|=t|m o= |2 o | co || o | oo ey - -
:D(mgvmwv—am-q-ggghmmvB : :
LEgELETaR P PO0R0REREY . SW1 :
PO 3 Pz 2 1A == 24
T P ® maln s PR s
D7 5 P27 P0_2 g PO 1 . : : [ :
P12_412C0_SCL, SIO P01 3a —Bnn . T -
— - £ P12512C0_SDA, SIO P00 55— . Switeh N s
o] VssB S0 P12.3 |45 —p1o2- : USER PUSH BUTTON :
7 P22 175 vssD . .
8 ESEEST CY8C5888LTI-LP097 QFN6s ﬁggg 44 VDDA . .
43 VSSA
PPO"—' q:SE_ x ES_L‘SD 13 VSSD \‘I'SSA ig UCCA ..'.'I".'I".I".'I".'I".I"."'.I"'.I"."'."'..‘
F‘F;O':'-: "“\‘UTU'“C“' F‘IICIM 11 XRES VCCA 41 P15 3 N PRI PRSP RN S PRSI PN S PN PR NI PUN I P NN S PRI RN Y
STER=IThe] P10 P15 3 [ 5ye o Ta
PROG_SWDCLK P1_1 i2 — —= | 40 Pi5 2 - "
Pi2 13 | P1-1 P15.2 35— Do H .
P SWO PI_S 14 P1_2 SIO, 12C1_SDA P12_1 Ss—jﬁ » SW2 :
P TDI P 3 15| P1_3 SIO, 12C1_SCLP12 0 37— Pz 7 — : XRES | BT 5 .
~ P15 5| P14 P37 38 P2 6 . —= 0 d :
VDDIOT 77 | P15 00, = P36 3= —vOOOs — " .
VDDIO nNS5 voDliosa ———— : SW PUSHEUTTON N
L ]
‘”“ip&i;%%SE;orwmvm . WNoload = 7 .
fEaaaasllrareeeee : »
-...-.-.-.‘.-...-.-.-.I‘.-...-...-.t.-...-..--.:
00| || — O |0 | (WD (D |~ | o | | D [ | |02 |
ol ol (o] Ea¥ (W) RVH RV CAVRCRNI ¥ | Fal| FaV] (il (sl Cail fus ) fusi]
:"l."l.".‘.'-".'-"'--"'--"'-."'-'"'"""l"'l"'l."l.".‘.'."'."'.'%
wn.:']: D_QDSESCIFAJ{OvLﬁ H E
S N e iy 4 O - Faelfs
n_n_n_n_n_ég%bn_n_ggﬂﬂhi E Je USB Connector = D2 VTARG .
ol == . USE Micro-B .
’ -~ .
DP_ Big. n22E : VBUS —pp; ! T o :
DM R1Z o A225 : OM ™3 DP LCE? PTG Resettable Fuse .
H P g ——0.1uF .
. e 3
J3 VIARG : — oy 03 'Gng ﬁ :
1 M iR € dh & TP1 TP2 TP2 .
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