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RAEIR
222, 24325356

2025 4 11 H 18 H

1 SEIGHm

ASEES B AE N O SHLH A RISC-V CPU ¥ N i 5 7 Ab 3 Dhfe, IR ANFRMRILAR
SR N ENEINSI S EE S TR etk X 4 EE ANk R

L B IS HUE RS A AR, SCRF CSR $84 B B #4E

2. T IR BAZ A s b i i 4, D BB A L A T A P AEE A v DR A B A o T A
LA Wik [H5 42 o

3. B Wi bR mstatus, mepc, mcause, mtvec 25 ICHE AT A7 a8 IIAE FH 5481k
4. 2z >)3EE Chisel MG AIETE B 34, Sk 52 2% 0 Hh W A B2 AR 1) TR 12

2 SKWIME
o IRMERL: Windows 11
e FFA T A: Visual Studio Code
o #ETH: SBT

o AESMIN: Verilator, GTKWave, MSYS2

3 RIS

AR SEEG A% O 2 B3 CSR AT CLINT bR, JEXF Execute BT R ULSCHF CSR
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3.1 CSR i&Eth

CSR #iBfE CPU HPIRAEE H AL, AT H A1 mstatus, mepe FEREIRA AT
ER

o L E .

1. W EFFSESERER: BEZMN CSR (W nstatus) SKLIAMSZ Y 271788,
Il — N AEHK regLUT WINELIEKR, BIHEM H Ak,

2. BRAEMESR: ENEMBAUTRKE CLINT (/7% FEM4) M Execute
(CSRIE%) MFFREWER. &itHd, CLINT MEANIA &M, iR T
r T Ak PR SR 1

3. HIEE K N RBURER, Wit T, CSR B Wit H T~ —4m %
fras KB RSB $R 25 CLINT, i L REAE 24 Al A W3 T o8 i) CPU RS
RN IR7AS 8

}

3.1.1 XA

val mstatus_next = Mux(io.reg_write_emnable_id &&
io.reg_write_address_id === CSRRegister .MSTATUS,
io.reg_write_data_ex, mstatus)

val mepc_next = Mux(io.reg_write_enable_id &&
io.reg_write_address_id === CSRRegister.MEPC,

io.reg_write_data_ex, mepc)

io.clint_access_bundle.mstatus := mstatus_next

io.clint_access_bundle.mepc := mepc_next

when(io.clint_access_bundle.direct_write_enable) {

mstatus := io.clint_access_bundle.mstatus_write_data
mepc := io.clint_access_bundle.mepc_write_data
mcause := io.clint_access_bundle.mcause_write_data

}.elsewhen(io.reg_write_enable_id) {
when(io.reg_write_address_id === CSRRegister .MSTATUS) {

mstatus := io.reg_write_data_ex




5286 . RISC-V CPU W AbFRML 1) it 5 52

Listing 1: CSR )5 ALK 5 55 %18 1

3.2 CLINT #t
CLINT s+ Wb B s dty, ST CPU KA, HWrhlrs e ek, HA K
EHE 5 RN CPU MHUTIRAIRE .
o LINES:
1. SN WA G2 AR A AME T TS S (interrupt_flag) M ETEL (mret,
ecall, ebreak) HJKR4.

2. RASEHFITE: M AENFHRE, KifiihH nepc, mcause, mstatus X =4
CSR, %17 #% s B2 5B VBT -

3. PC EEME: H4FEME (trap) KA mret $UATH, B/ interrupt_assert fri,
FIRMEHH PC otk (PR mtvec, R[N mepc) .

4. AR Eid— when-elsewhen-otherwise 4514 BHHf | S AbFE 105
. HNEREELEFWT ; mret ; ecall ; ebreak.

3.2.1 KR

val interrupt_enable = io.csr_bundle.mstatus (3)
val instruction_address = Mux(

io.jump_flag,

io.jump_address,

io.instruction_address + 4.U

)
val mstatus = io.csr_bundle.mstatus
val mie = mstatus (3)

when(io.interrupt_flag =/= InterruptCode.None && interrupt_enable)

{

io.interrupt_assert := true.B
io.csr_bundle.direct_write_enable := true.B
io.interrupt_handler_address := io.csr_bundle.mtvec
io.csr_bundle.mepc_write_data := instruction_address
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io.csr_bundle.mcause_write_data := "h80000007".U
val new_mpie = mie << 7
io.csr_bundle.mstatus_write_data :=
(mstatus & (7(1.U << 3)).asUInt) | new_mpie | (3.U << 11)

}.elsewhen(io.instruction === InstructionsRet.mret) {

¥

Listing 2: CLINT kb2 Ag 4 b i (1) 4% 002 4

4 MREERS
4.1 CLINTCSRTest: RE4Ainlis o4

4.1.1 AL H fE A

ZA S RIS UE CPU X A Wi i B2 15 1R . A BliEIE chiseltest HE
28, BAUANESE I SRS S, JFRE CLINT BEEA 75 N P b 3847
MANES:

e interrupt_flag: AMMFWibRE, MWHKAEHE N oxt [15E I 35 i
e instruction: MEIHATIIES

e instruction address: HHTIE-SHbE, FoRBh W) PC A

o jump_flag: &/ HHTHE 25 AR 4

e jump address: BkF% H btk

e csr_bundle.mtvec: FHUMH T WTF ERILHIE 0x1144

csr_bundle.mstatus: #¥JIH{H 0x1888, MIE=1, MPIE=1, {#ge-+H KT

M AY CLINT Ihge:

1. HETAE: AN WS 5 (interrupt_flag) FAIWE & N IZI N (5 mstatus . MIE
A

2. ETR3RTE: KPR ER OGRS RAF 2] CSR 445
o MEPC «— PC + 4 (ARBEFE) sliph¥e Hbrthht CBEFS)
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e MCAUSE «+ T HE K4t (0x80000007 Fom & I 25 k)
e MSTATUS «+ HHPIRAE (MIE « 0, MPIE «+ J& MIE {8)

3. FhBTBkEL: PR R PIAC R (mtvec HAFAHAUMINE 0x1144)

4. BEHRE]: PUT mret FELASNKE I (PC « MEPC, MIE + MPIE)

5. MR SIEMEIRSMESR: BIUEEB IR 2 PUTHIE R L P, MEPC fRAF 12 Bk

B H AR TR PC + 4

4.1.2 SEEESHT: JEBKEEHE S TR BTk IE

AUCMIE ] CLINTCSRTest . scala HHAE R Bl (handle external interrupt).
MiEE T30 CPU fa N — MM iR io_interrupt_flag, JFMIEY CLINT &

TIERA T W 2SR ARBE RS NI RISC-V ARAEFIRE 76 B — IR 58 B 1 P i b
il

MIXBNES RAER

55 1EH

io_interrupt_flag = 1

i A — URAEAE R by CE I 2 F gD

io_instruction = 0x13

BETHATIES (NOP, 0x00000013)

io_instruction_address = 0x1900

i PC {H

io_jump_flag = 0

FEBE AL bR

mtvec. mstatus FJIEE AN

BB A N (0x1144) AT MIE

R 4.1 BEPFR IR S

UM SRS UE CLINT 2156858 8 BA T DyRe:

o TEARBIHLSR T LA i B A o

HASES: S =Rcgtiti R

IERABEEE 2] WAL FEN T (mtvec)

IEAAE R BT 5 (mepe = PC + 4)
EWE AT W EA (mcause = 0x80000007)

HaliE ks MIE #4873 MPIE (mstatus 5 #T1)
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4.1 BEPFAR AL B RE RO B - ARBE A TR Bt (8ps ~ 12ps)

io_interrupt_flag[31:0]: #M¥Elibr B4 A
io_instruction[31:0]: MHTHATHIIE S
io_instruction_address[31:0]: HFIFE4 bl (PC)
io_jump flag: BkFEFe4Hrd

io_jump address[31:0]: Bk#% Hhrithiik
io_interrupt_assert: CLINT %t it HH W N (s 5
io_interrupt_handler_address[31:0]: 7 WriBk#% H Ax bk
mtvec [31:0]: Hr KA e EL bk

mepc [31:0]: A Al bk

mcause [31:0]: 17 i K 25 A7 2%

mstatus[31:0]: HLEHIRES T4

TR, AR — 58 B A o W AL BE LR QROE BRI X (A 254 8ps ~ 12ps) .

DA Pkt SR B A - 1 WD v W A 5 A B R A T A

(1) ¥iaMEr (4 6ps)  fEHITARERT, MUY il CSR 5454 58 AR 1k -

mtvec = 0x00001144: HRrAbFERE P N Dbk O RC &
mstatus = 0x00001888: 4= Jai W Wi fik

— TRHFIZRZRON .. .0001.1000-1000.1000
— Dbit[3] MIE = 1 (&5 Wiffag
— Dbit[7] MPIE = 1 (FhUTHTH MIE %43

6
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(2) T LERZ] (29 9ps) M CPU IEAEHAT — 258 H NOP 54, AN WG K
FK:

e io_instruction_address = 0x00001900: 4H PC

e io_instruction = 0x00000013: NOP #§4

e io_jump_flag = 0: JEBEEFE4

e io_interrupt_flag: A 0x00000000 — 0x00000001 (Timer0 H1H7)
(3) EEEAPEINEGN (£ 9ps)  CLINT BiHUG %] interrupt flag = 1 H mstatus.MIE
= 1 Ja, SCRLIE IS 2 A e S A

e io_interrupt assert = 1: filtkH W55

e io_interrupt_handler_address = 0x00001144: ff7/~ CPU Bk#:F| mtvec

o ML E M523 io_interrupt_assert HIL— Mkl

e io_interrupt_handler_address %5 &% 0x1144 JG/KkE N 0

XFoR CPU KAE T — I Ik e 21 vh T ab AR PP N 1D

(4) CSR BEIE#H (£ 10ps)  7ERHED EFHHT, CSR BLHUARYE CLINT [ direct write_enable
5T H B BB R A A7 A

e mepc: M 0x00000000 — 0x00001904

— REERE PC + 4 (0x1900 + 4 = 0x1904)
— XIS ST — &S5 A bk, H TR [B] 5 MU b 4k S AT

e mcause: M 0x00000000 — 0x80000007

— bit[31] = 1: FoRXEF PPl CiARR D F7 5D
— A7 = 7: XL Timer 1 Wréwhd

e mstatus: M 0x00001888 — 0x00001880

— 0x1888 = ...0001.1000.1000_1000 (MIE=1, MPIE=1)

— 0x1880 = ...0001.1000.1000_0000 (MIE=0, MPIE=1)
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— MIE #7& 0. <4 RAwr, Byidirize
— MPIE {/R4F 7 JcHi ) MIE {5 (=1)

R SE AT A RISC-V RFBUERF T € SCI B A «

(5) FHIFREER (4 12ps )  BIEEEIR io_interrupt_flag 7£4) 12ps JG A 1 1K
BN 0, X DGR AR AU o W7 b BERE 5 T35 R A v b i AT

B D4
L LB E A, ATRARHIE CLINT AEREARBE 48 175t T IE# Ll 7 LU 2

an)
Ay

o mepc IEFIfRAF T PC + 4 (0x1904), HifrH Wik a5 M R — 2% 54 4k Sh AT
e mcause 1EffICR 7 AFEIEE (0x80000007), bit[31]=1 kri ARF LW

e mstatus HZN5EM MIE {EE A MPIE 45, SEHL R E R4 B

o MR E] CSR FEH AN FE A B e, o 7 BT 70

WAL B FEBR 1R 2 = M IAE: Y jump flag=1, jump_address=0x1990 K}k A4
Wr, mepc NARAFHEFE HAR 0x1990 WidE PC+4, H mcause=0x8000000B. XHfif# 7 CLINT
HE LB AL B R MPPAT 3 55 T B I

4.2 CPUTest: SimpleTrapTest 5%
4.2.1 KB

AMIEIL AT csre/simpletest.c HHIMNAREF, JUE CPU 25 REMEHE R RISC-
V ARAEIETRACEE T, RGBTl . CRAEI . Bk R WA ERR T . AT AR BRI R D
el [a] 32 78 55 e B AR o
4.2.2  MXFE R R A ETIGEHL

simpletest.c ML L NISHFELE CPU 1) W b 28 - 1 -

extern void enable_interrupt();

void trap_handler (void #*epc, unsigned int cause){
*((int*)0x4) = 0x2022;




SEEG . RISC-V CPU A WAL FEALH A 5 52 B

int main(){
*((int*)0x4) = OxDEADBEEF;
enable_interrupt () ;

for(;;);

Listing 3: simpletest.c MAFE 7 IEAD

FIEFEEUMET BT L m N 0x4 5 AFRICIE 0xDEADBEEF, FH TR Akt
HAR W FIRIEIRE . BEf5 A enable interrupt () PRELMCE H WA 5L :

e 4 trap_handler M5 N mtvec FF 1747
e W H mstatus.MIE = 1, {HaEe /i

FHFhEmg  FRTHATIRIEN for (), RSP Rk, MHAMESE TestTopModule
RIS FEFIEIY io. interrupt_flag.poke (0x1) i CPU yEAAMEH WG K.

PETAEIEFHAT PR, CPU HZhBk 2 trap handler PI%L. % PR EHHAT HE
—HERAE: KA 0x4 BMEMB TN 0x2022, X B EUE A T A FEER R D PAT
FAEEE o

HFHNREISIIE  trap handler AT E )G, W nret FEIRE TR WAL EE 5
B A7l 0x4 FIAHSE CSR ZiA74%, Hilk:

e W1E{H .M\ 0xDEADBEEF 28K 0x2022

e mstatus KE N 0x1888 (iR [A]J5IRE)

e mcause {££F 0x80000007 (it I 5 )
IR FAZ O AE T ARG RE 8 4 Wi T I,  H A &k AR AR 4k, JUIIE B
CPU stk 2] T trap_handler, HWrabHFEF IEMPAT, H mret iR [BIHLHIEH TAE.
X Fpi i n AN B AR 3GAE B 2R R ik, R ARG L B,
4.2.3 CEEESH

ARSI NBE B AR 1 P BORSEE B, 0 i s R Wi e S N AR EE L B rR i Ak
BRI A R LI R .
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4.2: SimpleTrapTest H Witk 5 ik NAbFISFEBIE B (27 2000ps)

(1) RETfRE SENDETIE  WE R, JEas 7Rl 2 CPU BEA A I AR BERE 7 (1 5¢

HEIN

JE

Fro BB R G 5 AR

io_interrupt_flag: fE%J 2000ps M 0 — 0x00000001, FIRFMEBAFWriEREIK, B
JaE R 0

io_interrupt_assert: BHRI™ A — Mkl UiBH CLINT cg 20 iy 36 7= A vb W
NAE 5

mepc: EHJy 0x000011C4, BIgErRMrit %] PC R — 2482 Huhk, ORAF 1 h iR 0]
o

mcause: #5 AN 0x00000007, ic.3% W[ K g sk g Fh W (AR I gmtid)

mstatus: A 0x00001888 — 0x00001880, MIE i (bit[3]) #HZhEZE, MPIE {if
(bit[7]) fRA7 T SERTM MIE {5, 4 RISC-V ik NI bR HEAT

io_pc_debug_read: M JREHATHEHEBEFE F] 000001050 FIT, 1ZHibE N mtvec TR
trap handler BRI M, Bff5 PC ZEFKIGEIGHAT H WAL EEFE 75 4

X =B e s 7 Wik . CSR HBIR E. PC Bk 3 trap handler H4xid

4.3: SimpleTrapTest " WrALBFEFAE N FAARE (£ 2330ps ~ 2390ps)

(2) FEFLIBIZFIZAFE WEPIR, on TRIER T R PAT R RSB Z . i

B

CPU IEFEMAT trap handler PREUR, WL EITEMCS 1 LA HME S22 1K:

10
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e io bundle write enable = 1: CPU IEfEPHUATNEE#AE

e io_bundle_address = 0x00000004: 5 A HFrHubEIERZ simpletest.c FREMIA
17k 0x4

e io bundle write_data = 0x00002022: 5 ANHIE N 0x2022, B trap_handler B
P HE B NKHTHE

e mstatus: {£§F 0x00001880, it LI/ 4b T Fh AL FIRZS, MIE £78 0
e mcause: 1iFF 0x80000007, I Kl 5% A AR
e mepc: fRFF 0x000011C4, H TR Al bk fRAFA S

® io pc debug read: ff trap handler PRELPFLIFE A Hubik[E]IE3Y, KB CPU IELEN
FPRAT o W AL B AR

X—WEEIZRE CPU S Bk N trap_handler, FFHAT T o W7 AbEE b 4% 00 I 3 A
— ¥ N AFHAE 0x4 [{H A OxDEADBEEF ##t7y 0x2022. IXJ& SimpleTrapTest % iE ) E
FEMHE, 2SI EOR TP IR TE H B FE i AT R B 5
MRS UL EBORIEE A, AT LASRAIE

o CPU BEMEAE AN W7 2RI L HE b W A PR

o CSR #{7%% (mepc. mcause. mstatus) % RISC-V tn#Eify B 2l 588

o PC IEAfiBkFE S mtvec F81AI[ trap_handler PR%L

o AL BRI BRI PAT, e T N A 0x4 f){E M OxDEADBEEF &N 0x2022
FREE(E

o MIAACIY f5 2256 F | mret IR [Pl J5 mstatus PKE N 0x1888, H Wik [FIHLHI IEH TAF
i BTk, AR IR AE T CPU b A M LG ) 52 20 5 IE A 1k .

4.3 CPU S5#Z{ERGMELIEERTEE T EraIHLHI

RBASER BT CPU _Ligfrd — MR IERIE RS (AN RIERSD, =
SERS & PR A, B (CPU 5 CLINT) MERf: RIERGE AL Kb F] 58 5l 4k
B e,

11
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4.3.1 BIERGHIELNEL

BAERGAE SRR, PATRRE S (U csrrw) RGBT AL FALH -
o [f] mtvec ZFfFas 5 N4 KHFET (interrupt dispatcher) A i3k

o FCEEIS ARiEfE, i B € I A TR b b e o2
o W H mstatus FAFAHN MIE Ay 1, (EREAJR il

4.3.2 FEHEBEZIEN

SE N Z AR E BTN 85 S, W CPU KEFWi{E 5. CPU [ CLINT BRI £]1%
{55 H mstatus.MIE = 1 W, f#4FBEWAT LT R FH1E:

1. ¥ mstatus.MIE H7F{E A/ 2] mstatus .MPIE £7, ZRJ5% mstatus.MIE 52, Biik
HH TR

2. ¥4H0 PC BT — 248 2 HUlEAE N mepc FF A7 7%
3. RHIEFWIRE, 7E mcause ZifFasHHNJREGY CGERF 2SI A 0x80000007)
4. M mtvec ZAAFasME, K PC safil| W B NiZihtl, B2 W kIR

4.3.3 BIERFRHLIE
CPU Bl B HRAE RGN W 70 KEEFP, AR P84T L # 4k
1. RELETI: BIrEEATEE (x1~x30) A, RA7ERI N ZE T
2. IRBIPETE: L mcause AFATAE, T KA
3. SrARACTR: AR SR AR S IR S IR . T I s eh b, T I e

T il 55 51
4. BATHEIARSBHIFE: IS 8% TRk 55 BIRE AT A2 AT 55
o TR RGN BhiHE AR

o LT Mo R AR N )45
o PUTIEFFERL, RERDHEEF VI
o HUHTACEEN 4%, WE NIk
5. WE LTI MARZAR IR A7 38 A =5 A7 A
6. 1T mret: I [AH W IR

12
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4.3.4 WBEHRE
AT mret 5420, CPU A} H AT L FH#4E:
1. ¥ mstatus.MPIE MI{E 1K £ mstatus .MIE, HHTIHE4 ) W
2. ¥ mepc "RAERIHBMEINEE] PC, & BB W R P
2, CPU JogEiR [l 24 o Wi I 7 R Fr 4k kAT

5 SEIGZEIR

ALy, IR CPU W 7 52 By rh W ab B Th g . 1@ it CSR M
CLINT ik, FKIEAZF] T RISC-V R ZER A W b B AE, X mstatus, mepc,
mcause “5i%.0> CSR WIMERA T S8 2 IR ZIBEME . AR Windows PRI T B A AT
A H W BRI AR, ORI 1 3507 o) BRI A ke 1) RO R 7o Sl BRAR AR S
TEAESCIL . AR S A, AR 7 CPU Wik IERTE, XS4 R 405 A4 1
SEENHIE T HEEARKINR, AARKREIRANRGEHR T 4T T T RLH .

13
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