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EAREET - JI 8RB BEES I R A{r /ERVipga i 75 £e hlr - BT AE RS el
BERGEEE o TEARE D - BMIER 4R s [ (E 2 L M Ss Umseas Th B - EASskaR - M
2605 - RS EVOR FEREREN/O I I - 281% > FRMEREHRVIpga £ 470 HEr
PEHI B AVERIE - %I HEs 2 SweRY EHRZGH I —a0 5 (5E3E047) « TEER4E+ » I/ 4840
{#HFHWestern Digital#yi818:%F 215 &/ (Peripherals Support Package > PSP ) Flfd&#tk %
$%&( (Board Support Package * BSP ) sKECE SN HEr - PSPHIBSP2 B Sifis 8 a5
FRENFE AVIRES - Bf% > FRMPIH TR [EFEFIREZ (FESE ) o Wit 7 —te i HFIERE
RVfpga Z4chiife HEmISRE (56577) -

2. ER(EI/OE T EEEE/O

A] A DU $6FE 7 A B R B 8 ¢ B2 UEI/O ~ thEREEENI/OR B R L B S fFEL ( Direct
Memory Access * DMA) - 7EEE52-8f - F 9 FHREFLVOSL A A 8 - (FHEE
I/OWF » {5 F 12 =0 iR/ O i - G ARIE HARREAH FEH (i L [ - 40 - EER6 iy £
AafZE RS EVOmEE Rz (FEH0) BHRHORIT » DAFZed] p U H B 5 LE DAH i A i £ 2R A1
Jila > B LEDEE e — IR E 55— - FRSUEIVOREZE(E > MERFZER/ L
BERS 7 5%  (EEB/OF a2 A sk (R PR S U H R B A F 09 T AE -

rhETEREN/O Tk 70 LT - (R S UEFE B R LSS AR BRI A i B e - 504 - B
B AR R S S R R B ks R (TR ArhB) - BIETis2siaar - FUARTS)
H_EEGEIT I ~ YIRS SN - B9 A SN E (ANSETED) B B ssEEiiTAH
HITAE o &R Ss FRUE RS - R 1L IEAE S TRV - IGO0 A8k 7% &5 ¢ (Interrupt
Service Routine » ISR) - WE(E FE7&EFE 7 7 - ISRAE LE—(EE &voids [#HypkE » o]
FAFA PRI R - BIREREZSHAEME ~ ST — BT s A AH R VRS - IRl s
2L R EEN - FEEEFEKXT (E1) > FrAFErEEIEE ISR - FHit - E#4E T
Brid o pRE SIS AR B RE ISR » B E E T RETR AT ELFTTEERY
R R A YRS € ISRIZZES - FEZ HEBT ([E2) - &ETErEi g IR EHISR -
Rl - &7 A TRl - S e PR o F2 U R D B A e Y R KA ERYISR -
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PROGRAM
- ISR

Instruction 1 Determine the source of the interrupt

Instruction 2 If GPIO-Interrupt

Instruction 3 Instruction 1

Interrupt
P Instruction 4

—————-

Instruction 5

Instruction 2

If Timer-Interrupt

Instruction 7
Instruction 8 <+ Return instruction

Instruction 6

Timer T

Instruction 1

Instruction 2

Interrupt |
notification !
1
1
i Instruction 9
i
e
= =] = Fasan
1. B (e EAE T 21 S By p
m m e e
GPIO-ISR
Instruction 1
PROGRAM Instruction 2
Instruction 3
Instruction 1 Instruction 4
Instruction 2 Instruction 5
Instruction 3
Interrupt :
Instruction 4 ¥, ¥ Return instruction

Instruction 5

Instruction 6 | Timer-ISR
Timer > P Instruction 1
Int.elrru[.)t Instruction 7 Instruction 2
notification .
Instruction 8 Instruction 3
Instruction 9 Instruction 4

Instruction 5

¥ Return instruction

1

1
1
: 1
h 1
h 1
h 1
| 1
h 1
h 1
h 1
h 1
| 1
h 1
h 1
h 1
| 1
| 1
h 1
h 1
h 1
| 1
| 1
h 1
h 1
1

e . 1
notification / :
» 1
—> H

1
1
: 1
| 1
h 1
h 1
h 1
' 1
T 1
h 1
h 1
h 1
| 1
h 1
h 1
h 1
| 1
| 1
h 1
h 1
h 1
| 1
| 1
h 1
h 1
h 1
| 1
1
! 1

2. e ST 2{E FErrIEE S

R PR ER I R T T ETE TR, - MERHESTRE RS BT IRHY TR - 1 S B
P BT RHE & IEAE R B AV AR ST A R B » G140 - Bkt st R (B STl S e RS
e as TP ET B ITIR e e R > MR (EEE R4 (IR (B B STIEFP AR m R R{E )~ AR
ARSI THIER R - ERHE T 7% - Al A Tl I BB E5FIISR - ISRiEfE
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fE AR NI DAa 2 - AISRAETZ S SRE B T 25t i > RIISRAS e hiEh - DUER
BRSSP DATL BB BEEHIF S0 i - PRERSE 1% - TRARE LASE R sl - AR e 22T -
3. SWERV EH1{Z LAY IR b HlriZdlE

SweRV EHZ. Sl - 41D T2 B &R pTil - 4845407 ¢

- [PRMv1.7] 1.7ffx (2020F6H25H ) > (RISC-V SweRV EH1f2=E%ET BT F)
6 0 NEUIzHE - hitps://github.com/chipsalliance/Cores-
SweRV/blob/master/docs/RISC-V_SweRV _EH1 PRM.pdf

- [ISM V1] LTBEERS (20184128 1H ) - (RISC-VISSHE T - Sl © Fiflze
Y SEBT7TE > NEirik - https://github.com/riscv/riscv-isa-manual/releases/tag/draft-
20181201-2650e2a

SweRV EH1#Z.0 (FEZEIPRM v1.7]) HYSMBHRETERAREE EEfZIRRISC-V PLIC (*F&
erhlriEdles ) Mg (GE2REISM v @iy - BE > sPEHERles i L~ 2P et
Rl o LML - EAEAIAYoEEPIC (RIAREEhERZERIES ) HRTE RSweRV EHTRZ Lo a] HIHY
PEfEs o PICTRBELL N £ -

- ERZEE2SS(ESNA AR (121 (BmBIlEfRr ) $1255 (HfREJIEF) )
(& P e AR H B CAYRUAfLT -

- BRARGRSRSN o EERIME M SIEESEIEFY - AW TR AT A © 1-15 (1 2R (&
BSNERE ) B00-14 (HAM4RR(EEILIER) o A DUREHERE B —(EERIERE -

- Rt ARE B E SRR E RS - DUE PR EESelIE Ay i -

- SHRAEESNEE - chETE R SGIR P E -

B35 HH T RVfpga 241 T 24 VRS ERRAS - P e 4= FR Y T 58 BE T &0 A A/ NER B 2Rk
TR o AN R B 2R R 2 e [ PIC 26 BUD BRIt ARG /R TR s oK > HERSR LA _irg (HRETES KA 4
5) &R - EAERT B RE a2 FIGPIORT R « 12 Lh B T 4y BIE A ERSR
ptc_irqfligpio_irqzE A4 S -

:

HESMT BT AR SR ARE (ARPICAER) - s B A RE R —TEEE A - &l
T R B LAY EY - R SKER SRR R PICHY I I s ok Ag = (B S P/RE
PEREE V) o PIC—IUARE R T ETACR m B —(E P EEE K - EgaHbFr At
AR AR R EES K - B B A (B I DAV B SRIIEFr e = Y R - 8% - R IESRlIE B
AR RS R (E A TR » W H Ry 7SR IRl - Eg BB = (MR EA]
IEAERTT ) AOBSEIERPHETTERRE - AR AR KAV BT = S M (ERE(E - RIPICH R
sl > 20 g L ERE AT I HEEHHEAYISR - a1E1 (BEEEREL) MiE2
(ZEEREN) B -

' D. HarrisflIS. Harris > ( Zi/i7z¢71FIZEAS45/%) » 55 —hR - 2012 > Morgan Kaufmannitifiitt (5=
JNEES 1) - ISBN:978-0-12-394424-5 -
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SweRV EH1 Core Complex

DCCM
GPIO
interrupt
SweRV EH1 Core - RV32IMC I-Cach (gpio_irq) ',
. a” Lo J7
=

Timer

Debug Bus lf DMA Sla -
vty e interrupt
(ptc_irg)

[&3. RVfpga#&iHy BT 447

PICH) L IR MRS &y DL 28 AEACT B

1) BUHAEHA - PICAESRUMIMNE AN o

2) FLE : v LUEPICECE BEIEEA ARG (SE-PARIMBREFAR) S8 (B
il T ) RISMNETHER - PICE naHRAISRECAE R RIRYEC IAS Ar kL -

3) BIEIIESLIER /3 HC © PICTLET R P Er T ECE LR - & AT > PICEEE
CLRH R SelE R B i 5% i

4) A : PICEHE TBLIEF R iy T ER - ERERZOE IR T 2R - DAEBE
R R EEE B E S -

5) 181k * WURBUER T Er > AR LUEAS 50—l B 5 & (B ST Y o B i 55 1Y
g -

4. {£SweRV EH1HERE N high

B HAth R (DL - PICHEHEC RSN B e B THOE - (B s A e <
PRGBS ES « AR EesdhnIE BT 2%t - HZAEFIFRER - 2#E0VE - WDHYR
HIEZS LI EM: (Processor Support Package - PSP) FIF## & (BSP)

( https://qgithub.com/westerndigitalcorporation/riscv-fw-infrastructure ) 13524 K# - 2tk
PR EER AL T — T A T AR P ETEERES - A T ECE SN BT R Y - S e
FIELE - BT e8GR AL REAHT SRS T AV F 7 s DU A B 7 es 4R BC B AL (5
PICH P B EfT T 55%0H -
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®1. ARECES N BTV E A B E 5

Brrd

void psplinterruptsSetVectorTableAddress(
void* pVectTable);

R
S R AL

void pspExternalinterruptSetVectorTableAddress(
void* pExtIntVectTable);

AE (NS T A B R AL Ak

void bsplnitializeGenerationRegister(
u32_t uiExtinterruptPolarity)

A B S B HATIGIRAR

void bspClearExtinterrupt(
u32_t uiExtinterruptNumber)

AR EE S N P B S Es

void pspExtinterruptSetPriorityOrder(
u32_t uiPriorityOrder);

SREBSLIRf (FEAEETHS )

void pspExtinterruptsSetThreshold(
u32_t uiThreshold);

SE PICH S M R BT (B S I Fr R {EL

void pspExtinterruptsSetNestingPriorityThreshold(
u32_t uiNestingPriorityThreshold);

s aE PICH AN e Y S5 (B S Fr R (E

void pspExtinterruptSetPolarity(
u32_t uilntNum,
u32_t uiPolarity);

SCETEE TETRES RN (S PAREUR
BPAERD

void pspExtinterruptSetType(
u32_t uilntNum,
u32_t uilntType);

SOETEE T ETARES VA (B EEEUES
s )

void pspExtinterruptClearPendingint(
u32_t uilntNum);

HbRTEE P ETARER YRR B TP ET IR R

void pspExtinterruptSetPriority(
u32_t uilntNum,
u32_t uiPriority);

SCESEE TETARES B STIE

void pspExternalinterruptEnableNumber(
u32_t uilntNum);

FLFHPICHHYTEE T EréRiEd

void psplinterruptsEnable(
void);

fmegm HOCALIRREQM - ERUH T B (FEFTA
Fettegfosl )

void psplinterruptsDisable(
u32_t *pOutPrevintState);

FEAHERESR A o 5 F rh Bt AR ] 5 A e
IRRE

AEEF R EIRBE R (ISR) #fl - EEAEA R R PRV EFZ LU T ERECE

RVfpga 47 T - S =

PET ARSIV TREAIRE -

R TECEPICH! - R BCE FE AN Ry SR (TR Ry
BRI b RS S e L A it ) -

1. EZEEHET - SCEsME & PE I RAEAALL - (FH

psplnterruptsSetVectorTableAddressHl

pspExternallInterruptSetVectorTableAddress °
2. BEAEFESEENEVIIAINGE - (K #EbspInitializeGenerationRegister °

w

ieproE bR MR ET S Es o (EFH M #bspClearExt Interrupt

4. ZEMELIEF (H#pspExtInterruptSetPriorityOrder) -~ MI{E (RH#
pspExtInterruptsSetThreshold) FIEARNESLIEFEIE (R
pspExtInterruptsSetNestingPriorityThreshold) HYFEERIE °
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1. %ﬁﬁ/\iﬂqﬂ%ﬁiﬁf {ﬁﬁﬁLﬁ%ﬁlpspExtInterruptSetPolarltyﬂ]
pspExtInterruptSetTyped MMt (SEFARMREFAR) FEE (FEFEs
BGIEE)

A #pspExt InterruptClearPending Int ERRATA B EEAY ThET -
{EfH#pspExt InterruptSet Priori t yakiE FHES NI HEACTRAVRSEIESY -
M #pspExternal Interrupt EnableNumbe r Fy i & BV M H B A E R A o -
EZEEBEAT B EEIMNSREERR - A R & Uy Ak 55 AN A & R T
firikzd -

ok wbd

EFBERS © Fy 7R AR S SeEUAC IR B S5 AR L . platformio/packages/framework-
wd-riscv-sdk/psp NHY PSP&‘tﬁ%%ﬂﬁzﬁ(\.platformio/packages/frameWork-wd-riscv-
sdk/board/nexys_a7_eh1/bsp NHIBSPIE=HS - FrZ Rl EERYE N EYIHAVIESR » Hf—
LeAE R EEapl_inc &R -

- bsp_external_interrupts.h : 1ERVfpga &7 N T

- psp_interrupts_eh1.h : FEHZ0 FIYISRERAEE SIS TAPI

- psp_ext_interrupts_eh1.h : }3SweRV EH1E FEpspd Ml T /i

- psp_macros_eh1.h : [5SweRV EH1/E Fpsp 42

- psp_csrs_eh1.h : SweRV EH1 CSRIE

SO SRR D — (BT R R PRI AT © Bt > ATLLSE ISR hR
HYEEN - B LRI AL | SweRV EHTRZ LHIPICU A £ BT (Fasdf fic BN E FR A M bl -

HEFBER - FMEER T IEE{ T Western Digitals2 (ikiy Sl rhET~aEm (48hk 5
https://github.com/westerndigitalcorporation/riscv-fw-infrastructure ) - 37 B 7] LI{E AsPlatformlO
BHZEFDITALEER  [RVipgaPath]/RVipga/Labs/Lab9/WD_demo_external_int_Original -

WR—VIEE - RIFEEFPIERIG T ESILUTERE

Hello from SweRV core running on NexysA7
Core list:

EH1 = 11

EL2 = 16
Running demo on core 11...

E «ternal Interrupts tests passed successfully

5. il

ARG e dt 7R e EIORE AR b hErRes)/ Ofe A Hyged - BFIEUR T = (&%
B - S TREFVEVORI A HYA FIFRE (R EFER) - 2AM&TEH T 405 A T ErEEh/O 5
REFAA IS LR (= (&) -
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A. LED-Switch C-LangfZ={

B ARG L35 4:0> 1Pk - LED-Switch_C-Langfes\ (FF2HE4) #iENERG
{HILEDHYRRE - sZ A2 AL |
[RVfpgaPath]/RVfpga/Labs/Lab9/LED-Switch_C-Lang.c

SRS % 125 A — (BRI - 2R s A DRk RS e R A
e - AEEONEIO> B - BI@ MLEDIRAS (FAIERE - 81 S0BEN - KA
L) -

TEZ pinvEpIFIsRE | > IRMTHCES &S T ANEII/OE 743 (READ_GPIO » READ Reg »
WRITE GPIO - WRITE Reg®) MNESE o FEARHEFIF » BT Fofd PSP E 2 Wi E B £
REHAEENTEARY - M PSP READ REGISTER 32 (ZELEFENUE RS BHEEEMN32M T EF
g5 ) fIM_PSP_WRITE REGISTER 32 (#ZEZEM32{L T FaE5E A% Z{#g# 2 atny
H) - #aifE BT REMFERHELRES » WIETEplatformio.ini £+ Hi 41T framework =
wd-riscv-sdk (LPIRVfpgafy B IFEIIBEZEES » 52 KTHRIRIE) - DURAEAE =V BHE T Y
fT#include "psp api.h" ([E4 > FE17T) -

t LED state, Sw_current state, Sw_previous_state;

M PSP WRITE REGISTER 32(GPIO INOUT, OxFFFF);

5, LED state);
REGISTER 32(GPI0 SWs) >> 16) & 0x1;

}_32(GPIO_LEDs, LED_state);

I
Sw previous state = Sw current state;

(0);

[El4. LED-Switch_C-LangfZ=\,

% + /3T LED-Switch_C-Langf2 =X LA B ILANER - 41SRFTEE » w] DIEERI(EEE TR ACEL 7>
Prag g -

AR AR TAE - EERSCRIFRE K > [N Ry Bas H AEsE/ H FARH/LED - B8 S
aa ME(EREHBL/OnhiEaR - 1M HA8 Zah T ELAMRAE -
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B. LED-Switch 7SegDispl C-LangfZ=

F 5 (& F 4 - LED-Switch _7SegDispl_C-Langf2 =\ 1£ LED-Switch_C-LangH =t FiEE
T%“{IL BEH  TEREURES © 2B TR
- B —(EFEEEE - FXEA AR LA 0> 1k - AR E g KR A
LED -
- EESITEE IR E T BN A TR s TEORIEMIEN —X - 5EEE - REFELR
LA forilEE A —PEE (s8> BHEA Egﬁ%ﬁ?ﬂﬁ’éﬁgfﬁﬁtﬁﬁﬁ)

A AR ST iR AR = - REAEALRY ¢
[RVfpgaPath]/RVfpga/Labs/Lab9/LED-Switch_7SegDispl_C-Lang.c

HATHEE 00 1% - MEGRE A SRR - 3% B &R’ H Al RN RS B Hi b RN AR ﬁth
B AEREHIEIO> 1Bk - Alg Jii%LEDHi(,%\ o P& > BfILTELH NG RRURHYE RN - Wi
A HERE - SE2RES THYALAESD 7 -

nt i, LED state, Sw current state, Sw next state, count=0;
M PSP WRITE REGISTER 32(GPIO_INOUT, BxFFFF);

M_PSP_WRITE_REGISTER 32(0x80001038, 0x0);

2(GPI0_LEDs, LED state);
(M_PSP_READ REGISTER 32(GPI0_SWs) >> 16) & Ox1;

I
Sw_current_state = Sw_next_state;

32(SegDig ADDR, count);

[E5. LED-Switch_7SegDispl_C-LangfZ=\,

EF : 73#LED-Switch_7SegDispl_C-Langf2 s DIF i HEFAI & - A0RFEZE > nJ LA HIHE
it TEAZED gz -

AER > EEEELT - ZEAEFLEN T EEMEAEERT - f10 - KxENGEAEE
ti_ﬂlf\]?'%éﬂ’309190§ﬁ%%ﬁ%% o JEAN > FAMIZRE R E—(EEEFIHERIREE - s
I e G
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BT E LRI ? MR TT 22 Al TR B BIIO - 1£ ~ — B2 (HAvEEBIRISRE b - 3fM
R R AT i AP A B e R - DR R B F R s AR A B N EBREIE W THIRER -

C. LED-Switch 7SeqgDisp! Interrupts C-LangfZ=

S e — (& - FEAFEH] ([RVfpgaPathl/RVipga/Labs/Lab9/LED-
Switch_7SegDispl_Interrupts_C-Lang.c) H » FfFIfE o] {58 FH S B BlEdn1/ O s 38 Bl A I
BEIFRAE o {00 R LR v g A2 Xl D e 20 20 P AR 55 A PR RE B VR - (HEEEE » (R
ST AL A BN RIREA D AT o GRHAESE 1 A LERTRE - )

Hrivmainel# CAIE7HTR) #TRL MER -

- B {ETET RS
o HETVTHERC#IZAIE MR EDefaultInitialization (F11917) > K[E8
B

o HMEINIUE pspExt InterruptsSetThreshold (5) (1201T) HERHE

AIEIME © (ESNE A A L R E B /N Hh B i 2. o
- BN HETARERIRQA ¢

o WIA{ELRIZIRQ4 © MEOpR ¥ ExternalIntLine Initialization
(5512317) > R FErERES4 - (BIEIHF 6 - GPIO_ISRIERHEREE =
AT BT A Hh R

o FFIRQ4LGPIOHET4RES (512417) #HfFE - HE )7 AR ET0x80001018HY
fz7t0 (FEARFHIFAEEC fsSelect INT) o 3% A& asal (BRI E E (7 28
a2t (FBF2RE6)  fizyt0 - # fyirg_gpio_enable » 5% 5 Fy 105 A F
GPIOHET 4R B1IRQ4A 12 5 fizt1 > f§ fyirq_ptc_enable » 5% 5E By 105 A
ST 25 P ETER S ELIRQIEHE - HAT - WWgEiE s S CE S MR EeiE2
o AR AER BH Verilog B (F - DUSE r] DIESRE th B HAE  TE0L -

irg_ptc_ | irq_gpio
enable _enable

0x80001018

Bit 31 Bit2 Bitl Bit 0

[E6. RVfpga % &t 25080001018

- Ve bEER R (fEAHEGF - HGPIOMTEL#IRES) -
o IPORRELGPIO Initialization (FE12717) o FAI{EREI10F 737 EeREL -
o BUH/\E7EE s (5512877) -

- B
o M #pspInterruptsEnable (5513177) AIEfEM PSP SET CSR

(513217) - E#D PSP_MIE_NUM#FID_PSP_MIE_MEIE_MASKHWDHY
PSPE# -
- Itk BATEHURES WK AERAVEBANEITIEE (5£134-14177) -
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, GPIO ISR);

);

nable();
PSP_MIE NUM, D PSP _MIE MEIE MASK);

M PSP WRITE REGISTER 32(SegDig ADDR, count);
count++;

B 7. mainpkEg

DefaultInitializationp# (WE8FR) HITHAEVIHE " TE R AHITHE WG
by AT ER -
- BcERER (GE53M1561T) - FFER » AEAZMI - [l
G Ext Interrupt Handlersfi{Fa=F °
- WHACHRESIRQAVEFes (5£591T) -
- HPREE61-65TTHYRTA M tET (fEAHMIH HIRQIMIRQ4E) - H#
D_BSP_FIRST IRQ_NUMZID_BSP_LAST IRQ_NUMS}RiHWDEBSP 2% 23714 -
- BIITHEBEMEIES (5568 ~ 7T1HI741T) - [Ffk > 12 kB HAYE 2irhWDHY
PSPEZ -

efaultInitialization(void)

w32t uiSourceld;
pspInterrupts ctorTableAddress (&M PSP_VECT_TABLE);
pspExternalInterruptSetVectorTableAddress(G_Ext_Interrupt_Handlers);

hspInitializeGenerationRegister(D_PSP_EXT_INT ACTIVE_HIGH);

(uiSourceld = D BSP _FIRST IRQ NUM; uiSourceld <= D BSP LAST IRQ NUM; uiSourceId++)

bspClearExtInterrupt(uiSourcelId);

SetPriorityOrder(D_PSP_EXT_INT STANDARD PRIORITY);

pspExtInterruptsSetThreshold(M_PSP_EXT_INT THRESHOLD UNMASK_ALL VALUE);

pspExtInterruptsSetNestingPriorityThreshold(M _PSP_EXT_INT_THRESHOLD UNMASK_ALL_VALUE);

[E]8. Defaultinitializationpkg

ExternalIntLine Initializationp# (WE9FT/R) HITEEAGTVIEE " HETEr
K RIAA(E ) TP ATaHy B
- FECEIRQAEHSEIRIAMR M (73 kB A BEHWDHIPSPER ) » WAL FHIER
BB R PR VB RERE R (5581 ~ 8418717 ) -

Imagination KE2:1+#1 - RVpga B ;9 © rhErsEH)I/O
JfiA2.0 — 20224F4
© Copyright Imagination Technologies 11



@ Imagination
university programme
- REIRQAMIESLIEF (55907T) -

- fEPICTHHELAHIRQATET (5593(T) -

- FGPIOHER#% = (GPIO_ISR) ZL#kftmEFRH (59617)
H|G Ext Interrupt HandlersH o

i [ B R

void ExternalIntLine Initialization(u32_t uiSourceId, u32_t priority, pspInterruptHandler t pTestIsr)

pspExtInterrupts pe{uiSourceld, D PSP _EXT INT LEVEL TRIG TYPE);

nspExtInterruptSetPolarity(uiSourceld, D PSP _EXT INT ACTIVE HIGH);

pspExtInterruptClearPendingInt(uiSourcelId);

pspExtInterruptSetPriority(uiSourceId, priority);

pspExternalInterruptEnableNumber (uiSourceId);

G_Ext Interrupt_Handlers[uiSourceId] = pTestIsr;

[&9. ExternalintLine_InitializationpXE

GPIO Initializationp#y (WE10FTR) FYTLL MR !

- KGPIOS [MIBCE R AEtts > IKLEDYI#R{E A0 (55103F110417) -

- BcEGPIOTHET - (ZifE—PIRAEE(EGPIOE {FasfYLIAE - 55 GPIOKZ.LFAE -
AIELL i BB HA
[RVfpgaPath]/RVfpga/src/SweR\VolfSoC/Peripherals/gpio/docs/gpio_spec.pdf - )

o RGPIO_INTE : tfg et i 5 (A & (3510717) -

o RGPIO_PTRIG : ffgE @ HEniyEs (5510817) -

o RGPIO_INTS : jERRFTAS A+ (510977) -

o RGPIO_CTRL : iz B fF et AN T B E A T (5511077) -

void GPI0 Initialization(void)

GPIO INOUT, €
GPIO LEDs, 0x0);

10. GPIO_lInitializationtX

A% - 1EGPIO_Efilgad thEr P OISR (RIE11FTRHYGPIO_ISRLKE) - FLISR (rPERARE;
FIL) SITLUMER |
- GHHILEDHYHAWIREE (5535(7) -
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- ERIFRRLED (5536-3717) -
- [MLEDEAME (538f7) -

- BFRGPIOHE (%4177) -

- HPRIRQASNERCRET (554417) -

> READ_REGISTER_32(GPIO_LEDs);
M_PSP_WRITE REGISTER 32{GPIO_LEDs, i);

M_PSP_WRITE REGISTER_32(RGPIO_INTS, 0x8);

bspClearExtInterrupt(4);
3
¥

[El11. GPIO_ISR¥%

f£% : 5717 LED-Switch_7SegDispl_Interrupts_C-Langf2 =t DI fEEEEANE R - 0] UG E(E
BEEARAHVER IRHES TERES  IEARIR R #E T B AR gt -

6. %Y

1. (ZIZLED-Switch _7SegDispl_Interrupts C-Langf2 =\ PAEEEE — (B a5 » A0
BT R A AR BT AROR © 3ERC(E > THFsS T DAREPWMEA 23 - STIFEssiatEEs »
BtiEE T APTCE T -
e {FRVfpgaZ 4 » %5 E50x800010181(ir 1 (irq_ptc_enable) T] DLk %
#REIRQ3FVEFE (2H[E6) -
o EV—{EVIIAEPTCHEIE - SR AT &EFIHFHIGPIO Initialization -
o EUFE_{HISR > FHHPTC ISR - BEEF{LILED-Switch _7SegDispl_Interrupts_C-Lang
FEXNHHYGPIO ISR @ (HIEMHIRQIZKIE o PTC_ISRIERREIEFIRET T8 & -

FET(EERES1E » (fHPSPH#pspExtInterruptsSetThreshold (threshold) il
pspExtInterruptSetPrlorlty(1nterrupt source, priority) K478 SIE
RREAVAFEEE - E%x » R DR TRF S B IET  fId > nf DIE7E S UR s LEUR
TR0 - AR ﬂ“EﬁUFH JESNER BT IR B SEIR 12 (58 -

L2, ﬂ@aﬁzRprgaNexysu@ﬁ%:{lEfﬂ%m;r 2% A A 2 BEBRE R e B 4
B 48055 —(EGPIO (GPI02) -« FTilMBRiiE 75 A 4k -

- AP GPIO2 B B EIR AV M ERT R - SweRV EH1 5 ZH2 (255 (F A [F]HY
FETAREE > BRTA L > FMMESHE T EPr20k o B0 AN FETER BB WD
B -
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- AR GPIO2rh 2 £ IRQ4 - LI{EGPIORE (B FILEDAIGHR] ) F1GPIO2 (7
g ) BEREFAETETE - BEELEER T2 RERXE KATH - HE/)7
JEERE A LR [ HIBSP -

EUH B TRVipga R Gir iy PR ISR B (Y — LA - R B T A T —
S -

[ 12880 T BiS - X B R SE R ETRR (GPIOHET ~ Ftias -RETFISweRVoIffZ L Fr i #1] 7]
IR FRETRR - FITErE A o trFa i S R ETR ) BLURQ4FIIRQIEFEE K - HASHGER -
‘&Zirq_gpio_enable = 1 ([E]6) i » IRQ4E1GPIO#HE | [fjirg_ptc_enable = 1 ([&6) HF > IRQ3
B 25 B2 - 'Firq_gpio_enable = irq_ptc_enable = OF - IRQ4F1/IRQ3E1SweRVolf[H 44
B IEAER T M EAESEREAOE (AR B E L ETRR - 35S
Zfihttps://qgithub.com/chipsalliance/Cores-SweRVolfA fa R el E )

irg_gpio_enable

SweRV
EH1

IRQ3

1

irg_ptc_enable

[E12. BERE(E : GPIOFIETHF 23T BT/ AIBIRQ4TIIRQ3AYZ

[ 1388~ T f54H swervolf_corefiyVerilogli g, - 5% 540 & 1F - ET AR ELIRQ4MIRQ3 [y 72
BE - & H3kirg_gpio_enable k105 » GPIOHEREBLIRQ4HPE (LTHE &) - & E5kirq_ptc_enable
Fy10% > GPEGE PETELIRQ3MER: (4IHE TER) - EWEEASET F0 (B ARZEHE RIS )
I {ESweRVolf Xt E/ERY HETORFEFEEIRQ3FIIRQ4 -
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( i clk)
o wb ack i wb cyc

nmi_int
nmi_int r

(irq gpio enable

sw_irq4

nmi_int;

gpio_irq)

(irg_ptc_enable ptc_irq)

sw_irqg3

(!irg_gpio_enable

irg_ptc_enable)

Imagination
university programme

& 13. Verilog & {F : GPIORIETKF 23 -1 777 AIEZIRQARIIRQIATEEE - MALEZE BN
#y -

FEARGE T » AR AIEE (B12) DIERE— Y PR - 5% PET R E
IRQ4 > ANE14F7 -

hiiA2.0 — 20224£4 H

GPI102- irg_gpio_enable
PushBtns )
—I_ gpio_irq
GPIO1- M IRQ4
LEDsSw o
SweRV
EH1
IRQ3
ptc_irq
Timer 1
irq_ptc_enable
E14. EEEE - E_EPERIE (HEIIZHIGPIORML) HEIRQ4ER:
FefMZe tHER 1 HA — bt FR SRR AERY Verilogli 5 » (H 1 ANE (51 1 i 7 AT TE 0
Imagination A Z45 1 - RVfpgaBiis9 : rfEsEgEHI/O
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 fEswervolf_coref5iz{{[1y556007T ([E15) ik HErZICE i ASweRViz e - FEH
EFETAOR AT - EAEARERT - P HER T FET R sw_irg4f1sw_irg3 -
.extintsrc req ({4'de, sw irg4, sw irg3, spi® irq, uart irq}},
[E15. PETRIREZEE/SweRV

e {rswervolf_sysconf&4H1y55192-19677 ([&E16) - MHiEi% 058 ARUHENSE
irq_gpio_enableflirq_ptc_enable ( o] i3 {17 1-0x80001018{FHY » s5:FE6) -

(i wb sel[e])
irq gpio _enable i wb dat[e];
irg_ptc_enable i wb dat[1];

[E16. fESweRVIZ BB A B 723080001018

1Eswervolf_sysconf5i4Hi55248-2497T » $¢f% 0 BEELELHERSEirg_gpio_enablefilirq_ptc_enable
(H2REEE1T) -

0 wb rdt 30'de, irq ptc_enable, irg gpio_enable};

(17, P77 550%8000101 83 EEISweRVZ (> i

SIS, [ FEATT AR TR ER VipgaNexyshi AR EFECTZS » #%F2=0/ELED LHE 15

BB TR NRE R A - NErR BB I S84 A AR A I » D % (B (A B T
7 PR 1 (PO G AT o B (- B TNCAL 5 P T3 T R+ ST
Switch{O3f: i A S BF BN 0 (35 ) -

B s 2o R VipgaNexys - BAE7E = (# o] AEY hER AR
e GPIO (ZkH BB FER)
o GPIO2 (FREFEME 2 eI T )
o PTC (GHF23)

FREsE 2 EERVpgaNexys B EARE P ETAIRHLZE—17 (IRQ4) - RUMHIERTTER
BHE (GPIO_ISR) WVHEAIESTEMIER - 7] IEGPIOE fFas T ERUHRR &
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K eE /48 SweRV EH1Z 0B Bl 2 =0 B R el 28 ( Programmable Interrupt Controller »
PIC) WMefE e Fasdi BRI B - PICREHIZR2FTRAVECIEAGHLN I 7 e85 - M ERNE -
PICEL R HG 22 IR RE4afir ik £50xFO0CO0000 5 LA hkFE F5RV_PIC_BASE - {ir @A H ¥ 5% A
AALHEFrER ALY -

2%2. PICEC R AR T s s kst

firht: CHEHERRV_PIC_BASE) EFMHPTE
meiplS 0x0004 — 0x0004+Sax*4-1 SNERHERTESTIE s [PRM v1.7]1y
#6-2
meipX 0x1000 — 0x1000+(Xmax+1)*4-1 | SMEBHRERFF IR IR I 723 [PRM v1.7]¢y
#6-3
meieS 0x2000 — 0x2000+Spax*4-1 SN BRI e [PRM v1.7]#y
#26-4
mpiccfg 0x3000 — 0x3003 NI ETPICHE B R (783 [PRM v1.7]i9
#26-1
meigwctrlS | 0x4004 — 0x4004+Sax*4-1 ShERETRERLE S 7S (E3 | [PRM v1.7]#Y
FARA AT EC B AIRTE ) #6-11
meigwclrS | 0x5004 — 0x5004+ S ax*4-1 SNEC R BB R E e (2 | [PRM v1.7]HY
FARY nT e B AR ) #:6-12

PR es9 Ry 320 T 5 » W BT IR AS L /O — B T ik A RIS S HL » FFHUEHEYEY
AR RMEFREY R E T (AT PHE[PRM VA 7[R TR )

— TSR B SEXGE R A2 BT - S Fas W REFE 2 EE ] - 2HSEHINLF
BRI EE - fESWeRV EH1 SR EIERVEE - (RIL - P TS, $ERAVE 75 A A 15255(F
A HEVE R E O] - AT T o FRMMEEM2(ESNS HETHOR - IRQ3 (BT THE ) Al
IRQ4 (EAGPIOMREH) - 2EXEHE—4H32(HRE - B A TEWE HREET 7o - B2
HofErT o4l n] DUk D F 320 yTEF (Fas Fr R RS TR AN - Herp VLT e DA —EHSMER
BRI TIRE - SMNEP P BT B e SR S A > P 1 E AT e ey R A R
Z Pl - By TSRS LY R E B ER > RINRAHEL TPRM v1.7]h e &0 Tk
Al CRyETET) SREHRILE -

b T F2H AT RIVE 7 el 0 PICEEEEHIRRAEE 75 (CSR) - fE#ERISC-V ISAZETT
T12f 4wt zEf] (esr[11:0]) » £:%74%4,096{ECSR - f# 05 - CSRfzHEAY =4I TT
(csr[11:8]) FHNTRIBMEIR 4 ¥t CSRAVEE & n {F IV #ETT4m S - AURIfLTT (esr[11:10]) f5
N {FesEaa/ % (00 ~ 01510) ZE2MERE (1) - &Wifizot (CSR[9:8]) ¥ LIfFHICSRIY
A RFFFELR T TAR S - ARICSRIVE &R > 552R[PRM v1.7]RI[ISM v1.11] - &3F([H T
HENEHE SwerRV EH1#Z 0 AYSMER R EFHICSR - Al iEiEesrrwicsrrs ( CSR:EE/ 5 AICSR
FBIEE ) FEHEARNGEFESFHUELLCSR -
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%23. PICIEZE#ERISC-V CSRAzHFBRES

B2l (R =t A=A
meivt 0xBC8 NER T o) 2 R RS [PRM v1.7](9
meipt 0xBCO | SN T BBl R E B s [%Iflg-l\?l v1.7]1)
meicpct | OxBCA | SIE[HETE &5 ID/MESClF A AU & a5 [%lf"(:i-'\{jI VA7]HY
meicidpl | 0xBCB | #MNi T & &I DRYIESCIFF- & 7 e [%F%’Ii-'\g/;I VA7]EY
meicurpl | 0xBCC | SNl H Al Solf 2 i &5 [%lf"(:i-'\?I VA7]HY
meihap OxFC8 | SNl BT o A A AR e ?ég—h}loﬂ T1HY
mie 0x304 H e th R 725 [%F%Ii-l\jl v1.711
mstatus 0x300 S NCIE lip e [%FSUI -\21 185

[E3.7

T3 EA ML T[PRM v.7]Z[ISM v 1] BEE E CSRAVALTTR A AR L E CEF
[PRM v1.7]9 R fmstatusfiz a8 - ifi[ISM v A1 ]deft 1 ek ) - -

A.

SNERHETECE

FEAVINEIT > FRIREE T (A BT sslC B N R P AR U B AU BR, -

N —~

s

8.
9.

iEiERimie CSR Iz miep)EZ - {2 HFTH 7N T -

5 Ampiccfgi {7zt priordfi 2K ECE (B SLIFT -

L EEHEAT » WEKEE - AEIEE AmeiviEi {782 1A N IR A A3 E S MEb ]
S HRETAL R EAALL -

5T AmeiptE {7 25 prithreshiif i 255 & (B STIHF RIE -

i [a meicidplET 7 22 09 clidprifi (i FimeicurpFE 7 220  currprififfiz 55 A 70, (SUEHA
[ ERIEFFIRFE S A T15 ) ) 2RI EERE S E PR (E -

N EHETTECEMNRIES - FEmeigwetrSE {725 FEEMmME: (S EEARMREFLERD

FIRERY (B PR BGMEEE) - IEE s ARENmeigwclrSEIF a3 IPALEE -

L EEHAT - B EEINERETRIES - HE R B A A k5 ASMNES 2 Er
it -

5T A meipl SET {7 23 AT FE(BSCIE PN - 38 BHE SN B sR SHIESCIER -

3 A 5% E BHE P B2 R ST meie SET {7230 inten i 7T > Fy I E AN TR B 2 R B
-

10. #¥Emstatus CSRHAYmeifir -
1. 3 Emie CSRAEH(L 7TmiepsRBLHFTA S M HET -
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PLERFT SHERE R E - B2 - fERVipgaZ & - HAIMEREH2(E BT (IRQ3A
IRQ4) - E{EFEHCREAA L ECHRE - T H - FBEEENE - SO IEEEE FRIER -
R Ry —SutRAE R T A ARy (B0 - o] DIEPBR2 2 Fiise b B84 )« 1Eh » HAER{E R BT
g A\l &1 &I 0l psplnterruptsDisable » AR —E FEHTHER -

HNER BT TAEIRE

AN » Bl M a3 S P BT A PICHD (o] TAE - — ELESNSPBrals (45) Faes:
FREESEIE » BREBT L T HReE

1.
2.

3.

PICHR E WM E R e BE o B e = (BT E Y -
& HiFhart (BERGETTSE) RASMNET T EY - EgERFTA TE (BIRFRISC-V hartty
mstatus&{z &5 THImiefiTEZ ) o WHEESNT T Erm B F
SN TR I PUES AmeicpctEf(res > DU SR R BR A i e (B SR 75 Nl ch ey
ACFID ({EmeihaperiFzsth) KHAMERSCIR (fEmeicidpf ¥t ) HITRHIEE -
Ni% - B T EE B meihap s {725 LIE HULE claimid i iz o $2 (L HY P ETARID - AREE
meihapEr{FasINZ - ShER BT B U R A M th B AR YR E e B 2 - A
[l 18 o] AR 22 2 ARy
HIRRR T ETCRAY EEEFE L (ISR) -
a. BV TETAR - PETREE A EEFRSC IPHEHE T B SKAGIRAS -
b. ¥REG M EH PETACR - BT 2B Ameigwclr ST {7 g5 A IR A
EPHIIPALTTEE -
SEERAR Y TP TR K B R R -
[Fi - PICTE R S R P Rr e By i -

External Interrupt
Handler Text Blocks

No-Interrupt
Handler

External Interrupt
Handler 1

External Interrupt

Vector Table External Interrupt

Handler 2

base —#|  No-Interrupt Pointer
ource D 1 Pointer
ource ID 2 Pointer

meihap | | Source ID 3 Pointer External Interrupt
base, claimid, 2'b0 : Handler 3

Source ID 255 Pointer —|
>

- -
32 bits

Arbitrary Size Text Blocks

External Interrupt
Handler 255

[E18. mE(LSNFFE (BUE[PRM v1.7])

WEEBIIR o BRI BN TR - A > SweRV EH1RLL TR BRI (5%
15[) - AWESEN > FHERPRM1.7] -
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