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2. T2 UE /0 VS. AEHE 7|4t /0

o Ak|o A REote ghgole Z2 a2 UE /0, AHYE 75 1/0 X DMA (RIF HZ2| AM|2)7t
ULLICE 2-8 ABOME ZRIANUE /O S AFBS0] = BX|QF A XEAELICH TR I

/O O M AFEXF Z2 O3S /O QIE|HO|AS X4 oz Zastn AElof et 1oj mep B EL|ct o2
S0| Mg 62| 71X AS0|AlS LED Of SHEO|A| CHEZO R BHEX o2 0|Sdts 4 o S LED 229
2ot BeFS HOfst7| Qo AKX 0Tt 1S XEXo2 Z2 (7))sto) ZR2aAUE /O 2 ALSHLLICE

Z2OYE /0 = 7Ol 0j @ ZHEFSE StEQof X|RI0] A2 ERstA| (X2 1/0 T o[22 X|£H

QAE-E 3 1/0 = Ot HHEE S5t FH IX|0A O[HET} Lleh [T =2 0| HIS=E
LCE O] HAOM FH FHX|= EIO|H QB Z 2, UART AEHH 0|20 EAF =4, HE Teh St 22 L7
OHIEZI &Y I =2 MM M2 (AEHEERID 2HE EUl= LS UL OMET gl I (5,
SIEEE §l8) Z2MME RES HYUS ASYLITL Z2M M7 AHHEES $4I51H A So|H
Z2OAS STOLL AHYE ME|7|2t Ak St= ISR (Y HYE MH[A RENS SEYLLL ISR2 =2H2=2
CIEEEE M2t void 27t U S-YLICE &, HES M 4S8 910 BHo|H _HEZ et 23 E XHYS
TAYLICEL Z2MME EtH ez thY S OE WH RES XAYLCL BHY HE 22 AF NofMEs 2E
IEHEZI 2ot ISR S SEYLICE MEMA QB HET 2dsHH Z2 M= Mol 22 IS STt S8
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ZZMME ez QHHES 4 &918 A¥Y = UASHLL § 52 4 =0 AHYEI HA
Me|g #at OH-IEP O =2 24 =92 2HEEE M|kl Z2M20] A K2 24 &¢/2 IHEEE
MEYLICEL & S0f, HE AHEEZ 24 =9 5 2 @Y= EfO|H AHFET 24 &9 72 281
47 2ol 4 = *E“SEIW UCHD ZHPEELIC (F 24 =9 25 A ¢EC 58). 220 YLHel S ES
HYStD HES 720 AHYEI ZYStD Z2MME ISR S 2E5H0] HE 01IA‘| HIOIHE &1 Ma|gLct
HE ISR O] 2d%tEl St Eto|H7t LHER E[H Z2 M M7t Eto|H RHEZE FA| M2lg = AEE ISR

XHA|7F SEHEIL|CH 22 5| O Q) T2 12 (program’) 22 S0f 77| FOf °|E+ HEE 2t=5t7| 2l
=O0ZrL|C},

3. SWERV EH1 0|Ao H|35l= =

SweRV EH1 ZO{= Chg HZO| A 2F3t0 or2foff 29FE thz Y ES XLt

- -[PRMv1.7] 7i’8%t 1.7 (2020 H 6 & 25 ), 6 &, "RISC-V SweRV EH1 =22 &x HEHA",
https://github.com/chipsalliance/Cores-SweRV/blob/master/docs/RISC-V_SweRV_EH1_PRM.pdf

- -[ISMv1.11] HF 1.11- =2 2018 H 12 E 1 &), 7 & "RISC-V BEON ME 7 - 2E II:
Privileged Architecture ",
https://github.com/riscv/riscv-isa-manual/releases/tag/draft-20181201-2650e2a

[(ISM v1.11] &x)2 et 222 Lok 224 QIHEE HEEZ = S E0| Ofl 20|t BAFL|CE
hatA 2ot QM 01 2021 PIC (Programmable Interrupt Controller)= SweRV EH1 ZO{0|A AR S 4= Q=
HAEERE X|&HSH= O AFREL|CE PIC & CHRI 242 F8 7|52 Ha3gL/c

SweRV EH1 Z0{ ([PRM v1.7] &Z)9| 2|& PIHEEE FZ RISC-V PLIC (EHE o QHHE HEED) A
L

- X|Cf 255 7Ho| QIF QIHBE AA XA (1 (Y 52 M =)0 255 (71 2 M =20) &
220 XA 237t UE LI
A |HZ K™ Qo= 15 7He| =7t @M =2 =F2 MI3TLICE 1-15 (1 0] 7}& H2 24 +=2)
O A
°

—_ —
o =2l HAE A8 & AFLICH 2 &

i
>

= 0-14 (14 7H 7HY H2 24 &2)2l F 7HK] gg =+ A =
M =9 E X¥Y = ASLICE
- RN &9Vt B2 AHEEES H2d3tsty| Qo Z2 i Tttt M =9 YA S AT
- HEZE QR AHEE, AHBE N X FH AHHE XY,
& 32 RVfpga A|AHIQ| QIE{HE A|AHIO| ChestEl S HO|ELICL QHBYEE Mdste RE 7|s
CHYIE QI QIEHE AAEtD BfLCH It QE-HE A2 = g (AHBE 2F | 240) 'E"—PE Mz ot
& HES7| A= E PICO| M&SH QIEHE Q82 LIEtHL|Ct O] 4&0|M= EtO|0Qt GPIO 2| 2IHPEE
AH8dte B S 2O FLICL ol &Xl= 22 ptc irg W gpio_irg 21ZE AHESHY QIHEHE % ALt
ZH Q|2 OIHHE &AL QEHHE @F S 302 28 =Ml 7|3t 28 AMSE PICE fI50 38
QIEHE 28 HAl (F, active low/high or level trigger) 22 R 2tstE SIEY0] =0 M A O|EY 0| (PIC
L S20l @IXNofl HZELICE PIC = 2 HOf| QIHEE A T 5Lt QIHHE B0 Najg = AFLCL 27
2 EYotE B E QIHEE Q¥ 2 ISt 1Y R2 AA D E MY 52 4 =92 2HEEE
MEeEdStL|CE O3 CHSo| M «=918 Z2a24Y 7tss M «=9 27 2ot vlustn SHE QHEEE
X &st7] o Axf HHF Ol QEHE N2|7|of M =2|E HlugLCh MEist @80l M +=2|7I & A
UELC =W PICE 8 1 (BHY HH 2E) 3 08 29 20| 7|2 ZE0HWO| HAHS SESIL i ISRE
o= QIHEYE 2EE A0 2 EYLCL (OS5 HWH 2E)

' D. Harris and S. Harris. “Digital Design and Computer Architecture”. Second Edition — 2012. Morgan
Kaufmann Publishers (San Francisco, CA, United States). ISBN:978-0-12-394424-5.
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SweRV EH1 Core Complex

GPIO
interrupt

(gpio_irq) AN
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Timer

LSU Bus IFU Bus Deb Bus Sla e i
o Pt Mok 3 interrupt
(ptc_irq)

13 3. RVfpga A|ARIO| QIE{HE A|AEH

DEC

PICO 2 7152 CH21t 22 7|2 Sz eorELc

[— =
1) Enabling/Disabling(&dsl/H|243}): PIC = 25 HEE 2d3i/H|Z YIS 5| 28fLICt
2) Configuration(Td): PIC = =4 (HE|E SIO|/HEIE 22) E= FH (O X| EE|71/E|“"
C}.

=
E2|A)0| CHE 27 2 1%15

Fa0| 2E5ts AS AL

3) Filtering and priority assignments (‘é' HE X M =9 &E): PIC= AHBEY 24 =4
SES Y £+ JASLLCL F T2 4 FL M PICE 7HE 52 M =9 T2

AT ER|HE OIEHEZS MENSHL|C}

—_ [ B =}

4) Notification (Z&): PIC7t M4 =27} 7IH =2 IHEE
|

4. SweRV EH1 Of|A 2|8 QIE{HE 1d

CHE FHI(7| OIMHXIZ PIC = 2E/MT BHE SOl AF8AIL dMAg £ U= ol22| ifE X AHE
AHE5H0 T ELICE HXAH HHOM AHTE ALHS AESs AL 7HsSHA|TE 0@ SR LICHL
CHEAZAZ WD 2| PSP (Z2MAM X2 TH7[X]) X BSP (= X[ ¥ T§7|X])
(https://github.com/westerndigitalcorporation/riscv-fw-infrastructure)0f = QI E
TSt SN ZHEHSE M2 diA 2 H28H= O 7| S0 SR JUSLICHE &
O 2% Fo J7|sit 225 APLLCEL AFEES I8 0| M2 20 A= EE0M= ALE 7tstt
CHFot 2| X[ AE0]| CHe At XA =F 74 2 PIC AFHE HAE HSE

|m
mjn
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o
Ot
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HU
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#1. 28 AHBES Fd5t= Ol AEEl= 7|2 7| R 0IA=

Header Description

void psplnterruptsSetVectorTableAddress( HE B0l F4 FH|
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void* pVectTable);
void pspExternallnterruptSetVectorTableAddress( QF QIHEE HH HO|E F& &FH|

void* pExtIntVectTable);

void bsplnitializeGenerationRegister( Generation-Register & X£7| #Ej2 47
u32_t uiExtinterruptPolarity)
void bspClearExtinterrupt( QUf QAIHHEE ddst= EB|A X| 27|

u32_t uiExtinterruptNumber)

void pspExtinterruptSetPriorityOrder( M =2 88 (BE £= o)
u32_t uiPriorityOrder);

void pspExtinterruptsSetThreshold( PICOIM Q2 QEHES &M =8| A &2
u32_t uiThreshold); Aot

void pspExtinterruptsSetNestingPriorityThreshold( PICOIAM 2F QEEES TH 24 =2 A U2
u32_t uiNestingPriorityThreshold); AFgct

void pspExtinterruptSetPolarity( XNEE AHHYE 2ol =4 (HEIE 50| E=
u32_t uilntNum, HE|E 2R)S AFLCE

u32_t uiPolarity);

void pspExtinterruptSetType( X 2ol R (Y E2|A E= X
u32_t uilntNum, Eg[7))2 Mt
u32_t uilntType);
void pspExtinterruptClearPendinglnt( XNEE AHYE 2telof tfs ERSQ AHEE
u32_t uilntNum); HA|
void pspExtinterruptSetPriority( XEE QAHYE 2t0o] @4 +=2|& ™ LIC
u32_t uilntNum,
u32_t uiPriority);
void pspExternallnterruptEnableNumber( PICOIM X|FE 2
u32_t uilntNum);

m
I
Im
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fjo
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C
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void psplnterruptsEnable( O] MEHO| 2tA Q0] B= Ht =FO0AM AHEE
void); =gt
void psplnterruptsDisable( QIHBEE Hig/datstn 2 He =F0M T
u32_t *pOutPrevintState); OlE{HE ME{E gtatetL|ct
ISR (AEIHE MH|A RENS| o= d& FUHRO| MSE UL of2fo dHE THAo) et # 12 7|5
7|8t2 2 RVfpga A|AH QIHBEE FEELICEL PICE 785t A 2ok F QAHHEES Mdd= FH

o
A= FsioF LT (Ol= HM S HSoM AFEEl 2t =3 X0 CHs LiSoll 2 FELICt)

QE{HE AARQ| 7|2 XT3}

[

SN

CHE #E R0 9% HE OEYE F4 6029 7|2 F48 S LI
psplnterruptsSetVectorTableAddress EL

OI‘A =

pspExternallnterruptSetVectorTableAddress 2TE AIESIMAIL,

MM Y XIAHE £7| MEHE SLICH bspInitializeGenerationRegister 4 E AMESIMA|L.
Qe QIHHE E2| A7} s = R=X| &RIBtLICt bspClearExtInterrupt B4E AFESHYAIL.
24 £=2| (715 pspExtInterruptSetPriorityorder), &4 2t 71
pspExtInterruptsSetThreshold) X S8 M =9 &4 2t Pls

[ =)

pspExtInterruptsSetNestingPriorityThreshold)0ll CH®H 7| 2gfS HETL|CH
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A=

1. Z QA HE AA0| CHSH| pspExtInterruptSetPolarity X pspExtInterruptSetType &5
FESH0 S (YE|IE SIO|/AEIE 22) X FE (EE E2[AH/0X| EB|A)S AETL|Ct
ARSI ERSQ QIHHEEZE X|SL L}

>

pspExtInterruptClearPendinglInt st
pspExtInterruptSetPriority S8 AFESHY ZF QIR QIHBE A0 st M =2 =

28

M
mjo

4. pspExternalInterruptEnableNumber &+E AMESI0] A QF QIHEHE AA0| ot
CIHZEE gdatetL|Ct
5. Ct=s HIH ZEO0|M 2 2F QAHTE AA0| CHsl s S22 FAE QF HH AHHE FA

Hio|=0f 7| SgHct

o= &Y. o2t 7| 7| S0l CHsll o 0| o|siSt2 ™ . platformio/packages/framework-wd-riscv-
sdk/psp A U= PSP R EL} .platformio/packages/framework-wd-riscv-sdk/board/nexys_a7 eh1/bsp Ol Y=

BSP ZEE 2Ql5tMR. £3| S0|22 A2 o2 LIEE mA0|H, AT UL = ap/iinc 5t¢l L0 ZotE0f
UELIL.

- bsp_external_interrupts.h: RVfpga °l| 4| external_interrupts 4}

- psp_interrupts_eh1.h: EH1 0] 2] ISR tjsl A n 4 5= API = "E“L] }.

41_4
E
(
|
i
2,
o
Of
o
=
fui

- psp_ext_interrupts_eh1.h: SweRV EH1 ¢l t] 3l psp 9] T HE QIE
- psp_macros_eh1.h: SweRV EH1 ol t) &} psp | =1 == A o] g,
- psp_csrs_eh1.h: SweRV EH1 CSR ¢ 74 ¢]

3, 0l2f3h B4 B BfLE 0|42 KIAE SEIHA| EASHs H0| Z&LICE O[Z I3 SweRV EH1 Core 2]
PIC 7 BIXIAE £Z0|N 915 QIEHES AT RSt YHS LS B0 HTEH YLE AT
+ gLt

g &Y £t Western Digital (https://github.com/westerndigitalcorporation/riscv-fw-
infrastructure)oll M ®M3st1, /RVipgaPathl/RVioga/Labs/Lab9/WD_demo_external.int Original ol U=
PlatformlO Z2ME0|A 2|F CIHTEE HRZE 245t dAWst= A0 Z5LICE ZE AO0| SHEA
ASotH 2E 220 LS HAIX|7F BAIE LTk

Hello from SweRV core running on NexysA7
Core list:

EH1 11

EL2 16
Running demo on core 11...

External Interrupts tests passed successfully

5. Of| x|

Of MMOjME Z202fYE /0 Z2OS AHEE 5 1/0 ZROHO 2 Hekst= O HSELIL
Z2IY /0 (A HM S & A Ao LA E M2 CHE 2HE 2o M ZER oM E 20
H

~ L
T
CIEEE 715 I/0 MAE ALESHY Of2{st ZHE & fZ2e & U= LS E0FZLCH (M HRY O H).

A. LED-Switch C-Language =2 17
LED-Switch_C-Lang Z21% (12 4 &X)2 W 2% AQX|0|A 0—1 MEH0| LASH MOfCH H Q2 1D
HEfE EHHTL|Ct o] == 132 of2{of| M H|SE LCt
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[RVipgaPath] /RVipga/Labs/Lab9/L ED-Switch_C-Lang.c

FRHI|7| X735t = 22 W2 S| AKX SEIE O AKX MENQt H|WSH= £3t FZ0| E0{7HH, 0->1
2t H = L

=
Heto| ZX|E|H LED HEfE BFHA|ZLICE (150 0| 25 off L= LUSIX| GEELCE)

CE e o™ o H HE0 A= 1/0 HX|AH (READ GPTO, READ Reg, WRITE GPIO, WRITE Reg )0
AN ASH7| 2ot A2 E FOARSLICE O] OMOM = Tl SLet SH2 2 pSp of FolE F 7He| A 2E
AHERLICE Ql=2 X3 E 32 HIE 2X|AHE 9= M PSP READ REGISTER 32 o F HW| Ql=0f XIS E

USE 32 HE Y XAEE MAE M PSP WRITE REGISTER 32. O|2{st ({AE2E AHESI2{H platformio.ini
OO framework = wd-riscv-sdk = (L& 22 Rvfpga & AHESI0 Z2ENMEE Ot [ff 7|24t )at
#include "psp api.h" & ZEIM AZ 220 BAIRLICHOE 4, 2t 1)

"psp_api.h"

vid )

int LED state, Sw _current_state, Sw previous state;
P WRITE REGISTER 32(GPIO_INOUT,

LED state =

M _PSP_WRITE _REGISTER 32(GPIO LEDs, LED state);
Sw_previous_state = (M PSP _READ REGISTER 32(GPIO SWs) >> 16) &

1) {

Sw_current_state = (M _PSP_READ REGISTER 32(GPIO SWs) >> 16) &
(Sw_current_state==1 & Sw_previous_state==0){
LED state = !LED state;
M PSP _WRITE REGISTER 32(GPIO_LEDs, LED_state);

Sw_previous_state = Sw_current_state;

A% 4. LEG-Switch C-Language T2 17H

Q: LED-Switch C-Language T2 IS X510} XAS| O[sHoHIAIR. TR HP CIH7HE AFgotol
Z2OYS HAEE 24T 4 AsUd

Z2OUM2 SHEA XSOHX| T Z2MAM7F AIX|/LED E 1 M= A 2/0l= OFF AL SHA| Q7| =0
0 HlzEd YLtk 2Yo| 2= Z2MAM7LI/0 x|t Silots AELHEH B2 L2 51718 AL

B. LED-Switch_7SegDispl_C-Lang =213
O & HM o2l LED-Switch_7SegDispl C-Lang MM T2 AW 2 & B T ZX|Ql 7 | OAHE C|AE 0|2
LED-Switch_C-Lang 2 ZrEgL|Ct. 0| T2 M2 T 74X| &Y :
- X H ofoj A et Zo| T EZ ALIX|0AM 0—1 TEHO| ElS IjOIC H QEX |EDE
grM et Ct,
- 8 X2 7 MOIHE C|AE 0o 1 =0 Bt MM SIt5H=
s for FZE ALESI0] 1 X XS WS LICH(AS 1 M =0 &S fIdH Lab 8 2| EtO|HE

AR LILH.

O =212 A 50M 2 = A2 CLhS0M X2 5 JASLICH
[RVipgaPath]/RVipga/Labs/Lab9/L ED-Switch_ 7SegD/'sp/_ C-Lang.c
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LR 7|t 2 22 WX 29K HEIE O 29K SEjet HlWdh= Fot 20| S0{7t0 051
ol & 2 & 40l S7tsta
x| 0]

WRITE REGISTER 32(

LED state =
M _PSP_WRITE_REGISTER GPIO LEDs, LED state);
Sw_current_state READ REGISTER 32(GPIO_SWs) >> 16) &

(1) {

Sw_next_state = (M PSP _READ REGISTER 32(GPIO SWs) >> 16) &
(Sw current stat &% Sw next state==1){
LED state = !LI tate;
M _PSP_WRITE REGISTER 32(GPIO_LEDs, LED state);
}

Sw_current_state = Sw_next_state;

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

HA: XtMIS| Olalst?| IS LED-Switch_ 7SegDispl C-Lang T2 1M 2 2AISHA|

AN Z2OME HAER 24 - ASLICL

fo
ME
fo
rot
ox
Ho
n
T
N
mjn

0] 22 2232 27 UM NLHZ ASotX| ZSUHCL ol S0, XY R LA 2d5HE 0-1-0
29X Met2 AXIE[X] @ELICH Eok O oMt S LS EX7F ASLICEL Z2MME SRS 1a/247(0
SHALE E= XS 48%ts 32 & HrELIt

= 0l2igt 2=
Z2IHS FR5ts SEE 2OF LI

C. LED-Switch_7SegDispl_Interrupts_C-Lang T2 13

O| OFX|Bt O X (/RVipgaPathl/RVioga/Labs/ab9/LED-Switch_7SeqDispl Interrupts_C-Lang.d M & AHEE
T& /05 A85I0 W RLER AX|9| HEHE 9l= WH S HO|FLICH 0| YRS AESHH X|H = F0f
LSt AQX| TMeto| FEHE 2% 22X E siZgL ot defLt XA R0 ZENME AF&SH=
2= odg| X|SELUCh (O] 28 ¢& 1001 CHE ALt

g 70| BAE MER main?|52 CHE HYS sASLICL

- OIEE A|AH X7|%}-

o QIHHEQS| 7|& X7|3k 18 80| EA|E DefaultInitialization &E ZETL|CE
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(119 &).
0 pspExtInterruptsSetThreshold (5) &
o) 94 2917t 0 YA Z=CHEX| 2L 9
- 2F AIHYE 242l IRQ4 X7|3):

i
fot
M
ot
2
_I|I'I1
o
oo
)
g
I'LI|O

)

>
I
Il
o
o

i
r
1)

o IRQ4 2tQl X£7|3} AIHYE MH|A REIC2M 4 &2|7} 60|11 cp1o ISR 2l QIHHE
2t2l 4 0 TS ExternalIntLine Initialization == (123 2tQHhE =&TL|CE 08

9 0| A Of Bt2 EAISHL|C}

aT=
o IRQ4 £ GPIO 2 HEE 22l (2t2l 124) 1 HZAZL|CE O|= 9 0x80001018 2| HIE 0 2
MYsLo] HELICH (MM select INT 2 Ef X|HE). O A|AH AEER K22
O X|AEE= 2 HHEES ZESetL|CH (A" 6 &X); irq gpio_enable O|2t11H= H|E 0 0]
12 47%8E 22 GPIO QHEE 2212 IRQ4 2F AZSH= O AHE R

irq_ptc_enable O|2t18t= H|E 10| 1 2 HFE ZL E0O|0 2AEFE 2t2lS IRQ3 2F

AZSHE O AL EUCL XAg2 0]l g 7|52 €1 AT SEYLICL LIS 25 2 oA
Verilog 7210l T3 AtMIS| 2EStEZ Y Fgo 272 82 5 AFHCL

irg_ptc_ | irg_gpio
0x80001018 e enable _enable

Bit 31 Bit2 Bit1l Bit 0

12 6. Rvfpga AlA®I2| 3| X|AE{ 0x80001018.

- FH YK E E7(3 LCHO] ooME GPIO 2 7 MOHE C|AE0)
o 127 YO|M GPTO Tnitialization &+E ZETLICL O8 10 0A i -2
4L Ch
o 7MIME C|AEY0|E 2dotetLCh (128 &).
- QIHHE gd3}:
o &= pspInterruptsEnable (131 &) X 0132 M psp ST CSr (132 &)S =ETfL|CE
At D_PSP_MIE_NUM %! D_PSP_MIE_MEIE_MASK = WD 9| PSP 0f o|sfi Ho| & L|C}.
- OEXRe2 7 NOAHE CIAE 0|7t 7|SE|n S| gtER= R YoM X|ASE SFLLICH (134-
141 &),

ion(4, 6, GPIO_ISR);
Select INT, 1);

0);
STER _32(SegEn_ADDR,

SP MIE NUM, D_PSP_MIE MEIE MASK);

M_PSP_WRITE_REGISTER 32(SegDig ADDR, count);
count++;

(i=0;i<
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12 80| EA|=l DefaultInitialization 7|62 "Sth A|AHIO| 7|2 &x7|3" &5 O MM 40
MY CAE T Ok

- HE HO|S (53, 56 ¥)S TILLCE O] oM BiE G_Ext Interrupt Handlers £ #H
HOolZ2S M&E gLt

- IRQE E2[A St AH8El= HXAHE ER7|3FL Tt (59 ).

- 22l 61-65 A ZE Q/F QIHHE (0] B2 IRQ3 X IRQ4)E K|S LIC} &= D_BSP_FIRST_IRQ_NUM
% D_BSP_LAST_IRQ_NUM 2 WD 9| BSP of 2Jsf| 22} 3 1t 4 2 2| gLt

- 7|2 AA gt M =S HETLC (68, 71 W 74 #). CHA| LSIX|TE O]2{ 3 B0l A] AL SHE

o= WD 2| PSP 0] Q|slf Ho|& L|C}

ultInitializ

v

u32_t uiSourceld;
pspInterrug torTabl ss(&M_PSP_VECT_TABLE) ;
pspExternalInterrup ctorTableAddress(G_Ext_Interrupt_Handlers);

D_PSP_EXT INT_ACTIVE HIGH);

(uiSourceId = D _BSP_FIRST IRQ NUM; uiSourceId <= D_BSP_LAST IRQ NUM; uiSourceId++)

learExtInterrupt(uiSourceld);

pspExtInterruptSetPriorit D_PSP_EXT_INT_STANDARD PRIORITY);
pspExtInterruptsSetThreshold(M_PSP_EXT_INT THRESHOLD UNMASK ALL VALUE);

d(M_PSP_EXT_INT THRESHOLD UNMASK ALL VALUE);

2! 8. Defaultinitialization 7| s

rir
N
O

J8 90| EA|E ExternalIntLine Initialization &=
MM 40 HYE B U
- IRQ4 QIHHEC R 1t ;'“8% TSt (0]2{% 7|50l AH8E|= &<& WD 2| PSP 0f 2|5l 2
) i AIO|EY0] (81, 84 & 87 W)OM EAHQ EFEFQ AHHEES MARLICH
- IRQ4 (90 )| M ITlE AEELCE
- 93 B 2tQIo| PIC O M IRQ4 QIHBEE 2d3teLCt
- G _Ext Interrupt Handlers H{EO| MZE #ME HO|Z (96 &) GPIO Interrupt Service Routine

(GPIO_ISR)& SE&fLLCt.
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xternalIntLine Initialization(u32 t uiSourceld, u32 t priority, pspInterruptHandler t pTestIsr)

pspExtInterruptSetType(uiSourceId, D PSP EXT INT LEVEL TRIG TYPE);

ExtInterru ’olarity(uiSourceId, D _PSP_EXT INT ACTIVE HIGH);

pspExtInterrup earPendingInt(uiSourceld);

pspExtInterruptSetPriority(uiSourceld, priority);

pspExternalInterruptEnableNumber(uiSourceId);

G_Ext_Interrupt_Handlers[uiSourceId] = pTestIsr;
}

J2100| EA|E GPIO Initialization ¥t CtS %

- GPIO HE 3/EZ8Ho=z Msla LED £ 0 22 X7|3H3L|C (103 & 104 &).

- GPIO QIHHEE gL Ct (2 GPIO BX|AEZQ| 7|52 O XtAS| Ofsista{™ Lt X[0f A=
GPIO ZOf AfYE ABSIMAIR)
[RVifpgaPath]/RVipga/src/SweRVolfSoC/Peripherals/gpio/docs/gpio_spec.pdf

o RGP/O_/NTE 0,_|E1 E—IEE AHA—|'5|.: I:HQ_ E| 7:lx-l o|-|_| [:|- E|—O| 107

o RGPIO _PTRIG: QHEEE 4ddt= o1& ZH-RLICH (22l 108).

o RGPIO INTS BE HO| QIHHEE Mg Ct (2tel 109).

o RGPIO_CTRL: O| B X|AE{Q| %[5l9| H E& QAHHE MdS gdatate|ct 22l 110).

mlm

fn=}

>

O

PI0_INOUT,

?(RGPIO_INTE,
RGPIO_PTRIG,
RGPIO_INTS,

a3 10. GPIO Initialization 7| 5.

OX|2te =, QI EZH GPIO A E2|A & I ISR (5, 28 11 0 EAIE 6PTO_ISR =)0 ZEELICE O
ISR (Interrupt Service Routine)2 CHS &S Al BtL|Ch

- LED O X HEHE ASLICH (35 &)

- LED 7F Bt¥E| 1 oA ELUCH (36-37 &).

- LED7} M Zto2 7|2 ELC} (38 H).

- GPIO 2HHET} M| Z ASLICE 41 ).

- IRQ4 2% QI EETL M = JASLICH 44 ).
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SP_READ REGISTER 32(GPIO_LEDs);

WRITE REGISTER 32(GPIO LEDs, i);

M _PSP_WRITE REGISTER 32(RGPIO_INTS,

arExtInterrupt(4);

a2 11. GPIO ISR &

+

HE 1. LED-Switch_7SegDispl.Interrupts_C-Lang T2 1S 510 & HIY QIE{HE AA (0] 42
Eto|of ofsl HHE)E ZotetL|tt EtO|M = PWM d-d 7|, = g
Yt oZ pTC X2t gLct
- RVfpga A|AHIO|A EFO| QIE{RE = 9/ 0x80001018 2| HIE 1 (irg_ptc_enable2
A—lx-i-5|.oj| IRQ3 0" 017:IE| |—|Ef :LEI 6 _|_)

- O™ M2 GPIO Initialization It FAMSHA PTC QHEEE 7|35}
S G,

SEA
IR

rir
i

- PTC TSR O|2t= & WMWY ISR S MEARLICY. LED-Switch_7SegDispl.interrupts C-Lang
Z2 MO gp1o TSR IF FAFSHOFSIX| 2 L4l IRQ3 & AHE IO = E3{OF RHLICE pTC TSR
2 EfO|H QIHEEE M2|5td X[Of LT

T2 MO| AL C|HAEH PSP &4 pspExtInterruptsSetThreshold (threshold) ®
pspExtInterruptSetPriority(interrupt source, prlorlty)— AHESIH0] 24 =2|eF LA

el Cheh mots EMYLIDh Al AlZH 24 29|82 HEY s ASLICEL S S0, 7HAHE
ClAZ 0| 7H2EE Z|TH 10 7HA| EAIS CHg HES 2|f QB HE 229 24 9|8 £3510]

tRES FAT + YL

& 2. 2 HE FA| HE (GPIO2)2 M O{5t7| 2l Lab 6 0| A EASH & B GPIO O|A 2= Al HRY
AHHE ~AE ZBSIEF RVipgaNexys £ =HTLICL O] &S 2t25H= Ol F 7HA| giHo| &Lt
- GPIO2 QIHEEE AM8SHA| S 2F QIHBE 220 AAY = USLICE SweRV EHT 2
Z|C§ 255 7§o| MZ CHE QIHBE 2012 MEstH X|F7tK|= 25 2 742t ARE & LIt O
(o]

2 gA o] thE2 wD 9 2to|2 2| £ +=ol|of stCt= Zd Lt

- GPIO2 RIHHEEE IRQ4 0Of S1Z3I0] GPIO 2& (LED & A9
HEO &)} CHY ME QIHBE REE MESIEE & 5 JSLICHL 28 420N = CHE
BIE| QEJF MSE|X|3F 0| BHHO| RH 2 BSP £ XAIRE 4= QUCH= ZYL|CE

o >
=
e
y
o
[0)
)
0
N
K
>

RVfpga AIARIOIM S22 +=F2| QHPE 7RO tist M7 EE MSoto] & Bim Lo thet
XHE MSL o
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]
Hu oo oM

12 = CHYot QI E 42 (GPIO 2IHEE, EHO|H QIEHE - O2|1 of7|M M5t Lt
SHA| SweRVolf OO A 2} ALE 7St QBB E 228 /RQ4 ! /RQ32E BZESHE

OofF L
LS =
£ 2oF U

>
a

fot

) J|I11

2 [ Efo|et HZAELICH (A 6).

irq_gpio_enable = irq ptc_enable = 0 2! B, IRQ4 X IRQ3 = 0| HE50M ALESHR| @i=
SweRVolf o Yz QIHZE A HAL|Of AELICE (0|24 AHBE

A A0 20 U
42 https://github.com/chipsalliance/Cores-SweRVol) Ol A AtA$H HEE & 5= USLICH

irq_gpio_enable

5| IRQ4E irq_gpio_enable = 1 (A8 6) & [If GPIO Off HZE|E= BtH JRQ3 = irq ptc enable = 1

SweRV
EH1

GPIO1- | spio_ira [
LEDsSw IRQ4
0
0
IRQ3
ptc_irg
Timer 1

irq_ptc_enable

& 12, 2% 76 2+ IRQ4 W IRQ3 2F GPIO X EFO|H QUE{HE HA

o 5

O3 132 QHEE AAQ /RQ4 R /RQ3 t2| HAS Sl= 2& swervolf_core 2| Verilog
ddg HOJELICL GPIO AHBEE irg gpio_enable NS 7t 1 (H7HM AXpo| MEH HE) A [f
IRQ4 2t HZEIL|Ct EIO|M CIHBE £ jrg ptc enable 21374 1 (ZHH AX} SHEH 2 I /RQ3 O
AAELICE & M7 25 0 (™M ZZ BAIZ[X| 22 T E)0|H SweRVolfX Ol A T3 E
QIHEE AATH/RQ3 W /RQ4 0| HZAELICEH

|__l__'_
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( i clk)
o wb_ack i wb cyc o wb_ack;
nmi_int

nmi_int_r nmi_int;

(irq_gpio_enable
sw_irq4 3

gpio_irq)

(irq ptc _enable

ptc irq)
sw_irq3 5

('irq_gpio_enable irq_ptc_enable)
(sw_irq3 edge)
sw_irq3 -
(sw irq4 edge)
sw irq4 1 -

(irq_timer_en)

irg timer cnt irq timer cnt

(irq_timer_cnt 32'd1)

irqg timer en 1 -
(sw_irg3_timer)
sw_irqg3 1'bl;
(sw irq4 timer)
sw_irq4
(!(sw_irq3_timer

r | sw irg4 timer))
nmi_int 1'bl1;

% 13. Verilog 7+8: @ZtMo 2 Ztx w4, 22 IRQ4 U
Elo|H QE{HE AHA
O] AE0M= 18 142 20| /RQ4 0] HZBE M AEHTE AAE ST E Of
SRS OF 2Lt
GPIO2- irg_gpio_enable
PushBtns —I_
gpio_irq
GPIO1- M IRQ4
LEDsSw o
IRQ3
ptc_irq
Timer 1

irq_ptc_enable

IRQ4 2| HZE
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SweRV
EH1

HE &2 (FA HES Y= GPIO A HIB)2t
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Of oMM =8 27t YIHEE O|8HHoF & & 7HX| THE Verilog ¥ S Z gL L

- QEHE AA

F|I'

swervolf_core Z&2| 22! 599 0| A SweRV ZZ A A0 ArElL|CH (&

15). 4 7He| QIHHE AAE AMBE = UX|T O] HEUAM = sw irgd R sw irg3 2202
ZHAo| A& LICH

, Sw irq4, sw irqg3, spi@ irq, uart irq}),

%! 15. SweRV 2 ML E QIEHE A A

- gyl

x80001018 Ol Af M|~ JHs, T8 6

|= jrg_gpio_enable R irq_ptc_enable (T2 0
of A= ZO{0A ZdetLth (AE 16).

O
£ x)2 swervolf syscon ZE9| 221 192-196

(i wb sel[0])
irq gpio enable i wb dat[e];
irq ptc enable i wb dat[1];

a3 16. SweRV 2O A & X|AE 0x80001018 27|

ole{st 2d3t M3, jrg gpio enable R irq ptc enable 2 30{2| swervolf_syscon Z=0f
Ol8f 248-249 HOIM 215 = AELICH (O™ 17 FX).

, irq ptc enable, irq gpio enable;};

A&l 17. SweRV 202 Y X|AE{ 0x80001018 17|

AHE 3. 0| HEO|M HA T =2t RvfpgaNexys HIT 2 ALE3H0] LED Off HH S7t5t= O|F FIREE
BAISHE C Z2OYME 750 1 28 AEELCL AHEEES A0 EfO|HE AMESHY Z242f9| EA|
AtOIOf| T 7|3t XS UELICE AR £22 gt 2 5 A=E S7te UYLITL BINCE S0iM 7I2E
=
=

= = =
— =] =
1 AKX [0]2 AN FE MOCE FFR2EE CHA| A|ZFRtL|CE

A& 2 o] &EEl RVfpgaNexys £ AHESIH O[X| M| 7tX| QIHEE AAE AHEE 4= Q& L|CH
e GPIO (2%IX[0IM QE{HE)

e GPIO2 (0| A&l A& 2 0| M CIX}QI st HEO M STHE)

e PTC (Elo|O)

A& 2 2| =Y E RVfpgaNexys 30| St 2121 (IRQ4)S SRt F 712l AHEE 2271 U=
B2 oie AEHE MH|A BEl (Gp10o_1sr)2 YHHYEE Ydot ZXIE A EdH0f gL Tt GPIO
HAAEHOM s SEE 2 5 AFHCL
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£ SweRV EH1 Core 2| PIC (Programmable Interrupt Controller)7} 2| X|AEf $ZF0|A Q&
£ #este WS dYSLLCE PICE B 20| BEAIE K22 0fE XAHE ALSELICH PIC H 22|

OIHHE
SZH2 T4 0xFO0C0000 Of| A A|ZFRELICE O =AE RV PIC BASFRELOZILICE FAE O] 7|2 FAE 7|FECE
NS ELCt

H 2.PIC H22| Oj= Y X|AE =4 ™

Addresses (relative to Description Location at the
RV_PIC_BASE) ELIE]
meiplS 0x0004 — 0X0004 + S,,,,,+4-1 QE QIHBE M 49| Yy X|AH Table 6-2 of
[PRM v1.7]
meip X 0x1000 — 0x1000+(X,pae+ 1)*4-1 Qe OIFHE HE | X|IAH Table 6-3 of
[PRM v1.7]
meieS 0x2000 — 0x2000+5,,,,*4-1 QF QIHFHE 23} 2 X|AH Table 6-4 of
[PRM v1.7]
mpiccfg 0x3000 — 0x3003 Q5 CIE{HE PIC 4 2 X|AH Table 6-1 of
[PRM v1.7]
meigwctrlS | 0x4004 — 0x4004+S,,,,,*4-1 QF QIHFE Ao|EQ0] T+ Table 6-11 of
SIXI A (4 7tse A0 ES0 [PRM v1.7]
HE)
meigwclrS | 0x5004 — 0x5004+S,,,,,*4-1 QIF CIHHE A O|EQ 0] 2|0 Table 6-12 of
XA (7 7tsTt [PRM v1.7]
AO|EQIOlof Mt Bl )

2= YXAHE 32 HE Z0|H 22| 0jEE 1/0 2| ZRet 20| 2E A MY THAE S8 M2 =
USL|CH B A RYEE HM|AStH= EF HEO| W2t CHELICH ((PRM v1.7]0M 2 = UD).

LE YXIAEHO= S EE X 2 ELHE O§7) BistE
EME &= JASLICE 07 Bl S= QF QIHPE AAQ
SYYLCt Mt S8 Elte EIXIAH_ 1 ~ 255 74| B X|AE QAAEHAE ALY 4= /UEL|CE O]
HE0|M= IRQ3 (EHO|T £t) 3! IRQ4 (GPIO #&)2| F 7HX| QIF QAIHHE AADF ARZSILICE D47 M=
X& 32 742 AO|IEY0] &S LIEFHLICE

O|E0| AELICE o|2{st M X|AE 9| O] QIAEHATL
| &= LIEILHO{ SweRV EH1 Of| A A O|E|O| =2}

Qt Il
=

O|A2 HOIEH 0|7t AF%t EILHE AS 20[5HX| = X2 HO|EQ0|E 1=t F AHFYE oA
JE0| thet S +Ash= O S22 1 HEZF £7 32 HIE YX[AHO| Zast iz 27|§ 0 FULCL

Ol 2If QHYE ER YX|AES] FR0|0, 1 HIEE AHEETL MH|AE|JAEX| O|RE A E517|0f
ST LCE Ol2g X AHO st XtMSt SEE 27| flo 12| ™ 2EZR E2 HE & (5F
QIEEE) 40| ZetEl [PRM v1.7] LHS| 9IX[E 7t2| &Lt

20| EAIE HX|AE 20 PIC o= H|0f S AE 2IX|AH (CSR)7F ZBtE|0] JAELICH EFE RISC-V ISA =

Z|CH 4,096 7H2| CSROf| CHS 12 HIE QAARE St (csr/77.0)2 SESYLICL BHHE2Z CSR F 24 (csr [11:8)2
ARl 4 HEE Aot =F0 mat cSR 2| 97| % 7| H2HE eladshs O AMSELICH &9 2 74 HIE (csr
[11:10)& BRI 2EZF &471/227] (00, 01 == 10)21K| 47| & (1)K E LEFHL|CE T8 & HIE (csr
[9:8)E CSR Ol MM AT 4= Q= 7t R HE =F2 AR IRLICE CSR Ol CHSH XEATH LIS [PRM v1.7]
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2 [ISM v1.11]0 A SIS 4= QI&L|CH B 32 SwerRV EH1 OO A QI QIHEHEE 2|8t O 8%
CSR 2 LIEBLICE O|= csrrw BE= csrrs (CSR A71/2A7] W CSR Y47[/878)et 22 M8 22 Sl M3 HHES
S| HNAZ = JASLICH

H 3. PIC H{EZ RISC-V CSR F4 |,

Name Number Description Location

meivt 0xBC8 QF QIHYE #E H O[S 2X|2H Table 6-6 of
[PRM v1.7]
meipt 0xBC9 QIF QIHHE M &2 YA 7t alX|aH Table 6-5 of
[PRM v1.7]
meicpct OxBCA QE QIHEHE 2 ID/2M =2 AN E2|A g X|AH Table 6-8 of
[PRM v1.7]
meicidpl | OxBCB QI QIHHE 22 ID 2o &M =2 HX|AH Table 6-9 of
[PRM v1.7]
meicurpl | OxBCC QE QIHBE M7 24 ¥ X[ AH Table 6-10 of
[PRM v1.7]
meihap OxFC8 QF QIHBE S FA ZOIH 2X[AH Table 6-7 of
[PRM v1.7]
mie 0x304 M4l CIEHE 2dst gX|2H Table 11-1 of
[PRM v1.7]
mstatus 0x300 Al e 2 XA Figure 3.7 of
[ISM v1.11]

HE3o HHeEZ H2 FO{ZI CSRO| CHt HIE 2f|# HEI7F AYE [PRM v1.7] EE= [ISM v1.11]e] YX|E
Zte| ZLICt (mstatus HIE AE2 [PRM O M-S EIX| &&). v1.7] CHA! [ISM v1.11]0 A).

A. QR QHEE

Of 9l MH0ME %A gt YRIAEHE AHESHO] 2 f AHEEES Fd5t= O 223 7|2 HAE

_"E
ox

mie CSR L{O| M HIE miep E X|
mpiccfg HIX|AE Q| O/ HIEE Zdsto]
CHe HWE ZEo|M AP X 22 42 m
=4 E_”olEgl 7|E =AZ ME '6}|_||:f

= TAE

N
(Y
X o
rin
o

2]

5. me/C/dp/OI clidpri BE8t meicurpl A\ RIAHC| currpri BEO'0" (SE£ BN E M &=2/2 4215)2
MM 58 M =9 YA 2e x£7|=t gL

6. T 7tsst ZH HO|ELQIO| S ol Chah meigwctrlS BIX| AE O A 24 (HE|E SIO|/HEIE 22 U
Y @2 E2AH/AX| E2|H)Z DE5t HO|EO|2| meigwclrs HIX|2E0] 7|&35t0] IP HIE
X|SL|LC}.

7. CE HEH ZE0|M 2 F CIHHE AA SOf CHsl 2F HE AHHE FA HO|Z0 s HS2{9
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FAZ 7|EBLCE
8. mejpls EIXIAE|S] SiTr @M 29 WEZ AHA510] 2 o2 AIEBE a2 SO Tt 24 29 U

HESHAI2.

10. mstatus CSR LHO| M me/ H|ES &4 3}etL|Ct.

= =
11. mie CSR UOIM HIE migp & 278510 2= Q7 AHYEES G LC.

chee s Hol=gole] YwrEel THAgILICh JaiLt Rvfpga AIAROIALE 242t XX H0|=90I7t L 2
ol QIE{YE 22 (RQ3 X IRQ4) B ALSBILICE 8 UL X2 43 mB0| H5SHDE £AI7} AT
QI Z{5x| T RO SISO BHLICF (O 2 B2 O|FOf 4 EAE 22 4+ US). ATk} 2 Bk Y|

=
psplnterruptsDisable & 2&5t7| 20 1 BFA 7} BHEA] Qo 42 ObdL|Ch.

B. <2If QHEE XF RE
0| Bt MMM 9l QIEI-ET} 23|78 PIC 7k O HH ZHESHEX| MY 9 QIEHE atel

1. PICE OH ERFQ QAHHE} 71 =2 24 =918 X=X 2EE

2. CHY hart (BIESIO 22 E)7t 2 QHHEES ¢ ™ HEE tsta (F, RISC-V
hart 2| mstatus | K| AE{0|M mie HHEE X|3) 2|5 QEHYE M= =E F=gL|CE

3. QIF QHHEE ME2E meicoct HIXIAHO| 7|E5HH EFFQl (meihap el K| AE0|A) 24 =27t
Y =2 2R AHZES AHHE AA DY M =2 (meicidp/ BIXIAHOM)2| WX E
Eg| gt

4, JACS #HEHE FH/2 1D ZE0| HMSE QHHEE AA IDE 27| /K meihap AHIXIAHE

E

SE LI meihap IR 2E 2| LIEO) et o F AHPE HSH= O 2/F AHYE 220 St

—

=
fot
%
tot

0

n

o

HEHZ HZILICt O| A2 a7 18 0A 2 5= ASFLILE
5. a2 EQHYE HSY (SR7F AR LHPEES XM 2 Chas AL
a. o¥ E2|A QAHEE 220 Z2 QHEE MS2= AHBE QTS AET SoC IP 2

HEIE XSLIC.

b. X E2|H AHYE 220 2 AHYE MSHE= meigwalrs B|X|2E0f 7| F510] &2
AOIEQI0|9 1P HIEE K|S ULt

20| QIHEE 2 S HEES L

2H2E0M PICE EREC AHBEE AL G2t LC

Db

External Interrupt
Handler Text Blocks

No-Interrupt
Handler

External Interrupt
Handler 1

External Interrupt

Vector Table External Interrupt

Handler 2

base —#|  No-Interrupt Pointer
Source ID 1 Pointer
Source ID 2 Pointer

meihap Source ID 3 Pointer ——— External Interrupt
base, claimid, 2'b0] . Handler 3

[ Source 1D 255 Pointer —

- >
32 bits

Arbitrary Size Text Blocks

External Interrupt
Handler 255
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a3 18. WESHE Q& IE|HE ([PRM v1.7]0A 7HX3)

A2 ddt 25 mcabe Mol |olslof etLICh &8 AIHEE (X[ 15 7H)&= SweRV EH1 ZO{0f| A
HELICE XM T LI 2 [PRM v1.7]E E XM 8.
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