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1 Preface

1.1 Revision History

Version ‘ Author Change Summary
Oct 20,2018 1.0 Bob Hu Initial Version

1.2 Reference Documentation

https://github.com/SI-RISCV/e200_opensource/tree/master/doc/SiFive-E300-platform-reference-manual-v1.0.1.
df

Ettps://github.com/Sl-RISCV/eZOO_opensource/tree/master/doc/SiFive-ESlO-GOOO-manuaI-vl.O.1.pdf
https://github.com/SI-RISCV/e200_opensource/tree/master/doc/SiFive-E3-Coreplex-v1.2.pdf
https://github.com/SI-RISCV/e200_opensource/tree/master/doc/I2CMasterwithWWISHBONEBusInterface-Docu
mentation.pdf
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2 BENH

ARIA B EFFIRAIIE S E203 RISC-V ALFRE$Z DL L FCE IR SoC, AN T T EHEIA, AR I SoC
AR N “i% 5 E203 SoC”.

=

AR Y E203 A% DL RISC-V $8 AN A A TR, 159 SCTEE (FHEFEIRE
11 CPU: RISC-V AL ZR ) B3 (RISC-V ZEH SR AT A PRIR AT ooy Hgh AT VR N H Hh 5
GURUHE, GBI AT LL AT R T EE .

KRR SoC I AN I A TEGH, fEH ST EE (RISC-V LR SN X FF RPN TY
T TIRANR M R GdHE . BOGEBI A FrT LEA TR T

A SoC WA AR, A RHRBLEHIIER, B30 (%S 203 PJuf EFAH).

ATFIE SoC = ZEH] [F) 2 0 AN 92 4 3 A, JRARAS 30T 7. Bie BT AR TNk B s, fH
FEANORAEH 7 FH B AR S5

The main purpose of this open-sourced core is to be used by students/university/research and

entry-level-beginners, hence, the commercial quality (bug-free) and service of this core is not not not
warranted!!!

2.1 SRR

A SoC EARFEM T -

i TR S E203 AbFEERAZ, UEALPRARAZ TG U0 N R -

> EBAKIIFE 2 Fi KRR PR AR

> 64KBITCM, 64KB DTCM

> HXIED 03 MHEZERSNE 3 &

TR ERFLE T RISC-V AR, KR v 5 52 H SiFive 2 ®] U5 Freedom 310(HiFivel
TR D SoC, fL¥:

> XHOAM P TEHIERE

> R bR S B AT AR

TEHEZS Freedom 310 SoC [¥2EA b, i 1P, {3 SoC TIREEIN=F &

> 12C Master



2.2 SoC BER

A SoC HER AN R Fw

Main
Domain

DTCM

& O HR &S ot 22

Always-On
Domain
»
>
RTC
WatchDog
[ ]
HCLKGEN
LCLKGEN
12C
MO RESETGEN

'y

PWM1

PWM2

GPIO

UARTO

UART1

QSPI1

QSPI2

YV

QSPIO

A

1 B E203 0B EE 4%
ITCM
RGETFERLE
QspI-
ROM Flash
F'lﬁ
ITAGHEDT «—»| Debug
Domain

R T iE Y E203 AbBRESAZ AR 2R A, HoAth 1 T EEAN AR 4G IP AR ER A Sk B Freedom E310
SoC V& . I FH AT 26 HE A0 2 (R AR e N HFURE Freedom E310 SoC ~F & AT A EL & 19 (RN HIF IR 192 FPGA

Figure 2-1 SoC Z{AiEE

e, FTERNMB BRI, B
B 12C Master: ffHFFIER 12C Master IP.

B HCLKGEN: FFf#H PLL A ks 8 (HF Main Domain).
B |LCLKGEN: A:pifmfsf (FHT Always-onDomain).
|

RESETGEN: HF 4 SoC AR 724 .

2.3 & SHihksr e

A SoC HLE LM bl FLn R R PR R, TR
Bl v Freedom E310 He H O A LR IP S HhE 7ML .

W SREESEHEE AT H B BT RISC-V AR 873 o




B0 AL AT H Hr e X RSP e He bk 4 fic X ] .
B A4 N Freedom E310 385 Fr R AELE [ P S Hodthhk 43, {H 2 B B4 SoC Hik %A 11 IP.

Table 2-1 SoC itk /i

8o pigiih

A

Huhk X [A]

R

Core EJB

CLINT

0x0200_0000 ~ 0x0200_FFFF

Core Local Interrupt
Controller BLHLAF A7 45 HhE

[X18]

PLIC

Lo
Brom |

0x0C00_0000 ~ OXOCFF_FFFF

0000 0000~ 000 FFFE |
00000 0000~ 0001 FFFE |

Platform Level Interrupt
Controller BLHLAF A7 45 HhE

[X1A]

oM

RO R &ED

Debug
Module

0x0000_0000 ~ 0x0000_OFFF

7&: Debug Module 3%
AT RS, s
FE P AN RL A% FH B X 8]

ROM

0x0000_1000 ~ 0x0000_1FFF

VER: JFJEM E203 B H H
T & FPGA 4, [k
Mask-ROM XAy —47 N
HAY

TEZA SoC H % ks HL I 1k,
A A, T AS 2
ROM IP.

Off-Chip
QSPI0  Flash
Read

0x2000_0000 ~ Ox3FFF_FFFF

AR SPI Flash H etk X
18
£ % SPI Flash, ¥ W, 5 3¢

.

AERELE&EED
B X BN
0x1000_0000 ~
Ox1FFF_FFFF)

Always-On

0x1000_0000 ~ 0x1000_7FFF

[ O
PMU, RTC, WatchDog,
LCLKGEN,

Always-on

HCLKGEN

0x1000_8000 ~ 0x1000_8FFF

T I A PR B




GPIO 0x1001_2000 ~ 0x1001_2FFF GP10 Huhk X 8.
2% GPIO, ¥ L5 U 41
UARTO 0x1001_3000 ~ 0x1001_3FFF F—A> UART #itkiiht X
). % UART, )5
Nl
H— QSPI BBtk [X
SPI0 0x1001_4000 ~ 0x1001_4FFF ’ . " ,
Q - - . A% SPI, IS
H.,
PWMO 0x1001_5000 ~ 0x1001_5FFF F— PWM ik X
. A% PWM, ¥ILJEC
N4l
A — A e
UART1 0x1002_3000 ~ 0x1002_3FFF f; —A UART et
QSPI1 0x1002_4000 ~ 0x1002_4FFF % A QSPI Bk [X
18
P — /\ He
PWM1 0x1002_5000 ~ 0x1002_SFFF f; — A PWM BEUBE X
pr— — =
QSPI2 0x1003_4000 ~ 0x1003_4FFF ﬁ* I QSPI i ik X
P ey /\ He
PWM2 0x1003_5000 ~ 0x1003_SFFF ﬁ;* ™ PWM BB X
12C Master 0x1004_ 2000 ~ 0x1004_2FFF IC2 Master

Atk X 8]

R ARAE A BRI HEXTE], WIS 2, iR [E 0

-10 -




3 RISC-V Bi /1 &

R

BRSO S E203 AbFRAS IR DL RISC-V FR RN R AN TR, 7R P EE (FiEF
HARBETE CPU: RISC-V AbHEZR R ) Rt B ATIR N IR M R G bl . JBOSERE H P el BLEAT
BRI,

3.1 AEBZE A

A SoC i F (AL BE 28 4Z N TR 1)1 5 E203 RISC-V AL PR 254%
W4 1% E203 PYAZ IR T A U R

B E203 WIZRH 2 Fi/KERgs ), @i — i A B as B M LT, 1% CPU R (M ThAE S5 TH AL T 1R
2% ARM Cortex-M #%, SZHME 55 i 1 RE R L 5 SRR A
B E203 NIZAENSISAT RISC-V 644, S0 RV32IMAC %154 TAEMBL B A G, NSl
(Machine Mode Only)
B E203 WIZIR AR UHER) JTAG TR EE 11, DRI AT AR T
B E203 NIZIR AR GCC gwix T H 4.
Z W, (FHETF LRI CPU——RISC-V AHZRE) T TR S E203 IHTER .

3.2 MBS

1 1% £203 PAZ IR T 43 S = AR 2R

W FETER T, B CLINT ™2k,

BB, B CLINT M=,

B SN, B PLIC R4

XFF RISC-V ZER I I PEAIA 20, A SCRITELLAN R ITECR, P S SChE (R T8kt
CPU: RISC-V AbFEZRR) 5 13 o Hoet Hgb AT IR AT it R 48 1) A

3.21 CLINT

A SCAE AT CLINT #E4T H STk o

A% CLINT (g, P ar LUk Sc 158 (FHEF# Rt CPU: RISC-V 4hHEZS ) 56 13 &
St HAATIRN R 3 R G U

-11-



CLINT 4#%~ Core Local Interrupts Controller. CLINT J&—MEfifas ikl (Memory Address
Mapped) FORER, FEREACEE S N SEIL A& S ki 0 1, i8S E203 WL ER) SoC HRH 2717
Ak X A a0 N R . CLINT B 25 A7 A S HF size 24 32 AL 5 151

Table 3-1 CLINT ZH 8587 Memory Mapped Address

Huhk FHHBR BVIL: L b
0x0200_0000 msip A
0x0200_4000 mtimecmp M L VI 3% A L B (B
0x0200_BFF8 mtime SR 200

CLINT w] DLM T A= s by, HZ it

B CLINT SEHL 7 —/> 32 AL/ msip T A7 8%, X547 oy R A AR AL, % wAF oA AL E
A NBAE T (Software Interrupt) 15 5B 4 A0 FE 35 4%

B YRS 1 & msip AR TR S, BTSCH A4 CSR FFAEAE mip H1) MSIP 5§
2 B a7 41 W pending IRE .

B RS 0 E msip A AF RIS Bz AR R

CLINT ®] L FA: pleit i 28 o b, HE SR

B CLINT H5E8 T —A> 64 A7) mtime ZF /748, ZAA788 ML T 64 AL 280 . THI SR IEE
AN TIOE T AT U

B CLINT 528l 7 — 64 A7) mtimecmp 2 {745, 1% 2R A7 e E AT 28 I ELIRAE, (RS THIS 2% 1)
& mtime KT BT mtimecmp FERS, T P=A 110 48 FR . B00FmT DUBE 20S mtimeemp 11
ERIEBR VT 28 T

3.22 PLIC

A SCHE A PLIC #E4T F S ik

HKPLIC B4, HP RIS I SC 148 (FEFHIRK T CPU: RISC-V 4RSS R 5 13 Z
Hof HEATIRN TR H s R G A

PLIC 4=#% A Platform Level Interrupt Controller. PLIC & RISC-V 22t rtE & S 2 G5 b Wz i) 2%,
FEH T Z A W AL S AP F AR K -

-12-



WK 2-1 F1 7R, PLIC f&— /M Ef gs ik St (Memory Address Mapped) FHe, ik 7e AT 28 4%
RNHSIRE A SLED L, £i%S E203 WZALER) SoC Fh 288 bt X (B 4 R FAra~. PLIC )

AT 2 R SR size v 32 S Vi ]
Table 3-2 PLIC & &89 Memory Mapped Address

Hihk TR AR ThgestiiR
0x0C00_0004 Source 1 priority HTE 1 Lk
0x0C00_0008 Source 2 priority HITIR 2 P ek
0x0C00_OFFC Source 1023 priority BT 1023 I 64

Start of pending array
(read-only)

0x0C00_107C

End of pending array

Hh TS5 1 b 25 45 R

0x0C00_2000

Target 0 enables

Target O [Id fEN7

0x0C20_0000

Target O priority threshold

Target O (ISR T

R
> 1% PLIC Hig ERT AT FF £ K 1024 S T .
> % PLIC Hig Bl LISZFF LAt Hor (Target). H1T145 E203 W% R — DAL AL TE S,
HAYSZHL T Machine Mode, PEI{Y B E] PLIC ) Target0, #H1f#) TargetO Hl Jyi% & E203
M.
PLIC # i bR PASZFF =L 1024 NN IHE, 15 EARE SoC FRiEfE R R i AN B0 LA —FE. 1%
19, E203 A% SoC &% 25T Sifive A & JTU5 1 Freedom E310 SoC JT & 3. PLIC £E 1tk SoC iz 1
GIPO, UART, PWM %552 /MNAMBAHWR, HAWr it FRFR. PLIC 2 AN M Wi fh oy —

A LUEF R R INTE 5B N8 S E203 NI .
VR BT A SoC #hn T 12C Master, K380 T 12C (1.

Table 3-3 PLIC Fif 5 EL <
PLIC Y85 M 5 RIE
0 TR N R B h T
1 wdogcmp
2 rtccmp

-13-



3 uart0

4 uartl

5 qspi0

6 qspil

7 qspi2

8 gpio0
39 gpio31
40 pwmOcmp0
43 pwmOcmp3
44 pwmicmp0
47 pwmicmp3
48 pwm2cmp0
51 pwm2cmp3
52 i2c

3.3 JTAG TR

15 E203 MIZKFIARHE (1149.1) JTAG EHEAHH TIEZ R G /NT XA (Debugger) 5 HEEH
P (Debug Module).

WK 2-1 7R, Debug Module JAEEER, T SCHRFAMIE ITAG B i il b B 48 1%, AL
Mg At iE GDB X i T AR, g EW S, FUbPITEERThEE .

-14 -



4 SoC Jﬁ&ﬁ%

A% SoC SR ARy E203 A% IT AR e SC Tl B g L 2P ICB C(Internal Chip Bus), %4 2%
T 155 E203 WAZ A FBAEA, A mT {0y SoC i S i fdi ] .

ICB SR MIHTE N T RES R AT RE 45 & AXI S AHB S 2R 00 5, Sl A 5 g, & A
U RE

B HHLE AXIF AHB I &, ICB RS SN &, A PRSI dIE, 4 3-10 frox,
A EESL A M@, A 45 R R Rl .

B 5 AXI|EZ—FER A S I A E B B

B 5 AXI BZ-FER AR X A S0k, CEMEREMENEE, Bin—E N, —EEZN, 2E—
M, 2 FE 2 MNERIN R

B 5 AHB B2 RN SR AR S e b EE b e A, ARG AXIE R PR A R G

1]

5 AXI S 2 — RS Rpi kAR B Ui e, A A 1 RS (Wrrite Mask) SR S50 .

5 AXI B —HE R Z /M4 5 (Multiple Oustanding Transaction) .

5 AHB B2k —FEAS SCFFEL P IR (B P 5E e SRS TE A 2044 I 3R (1] 45

5 AXI B — AR 2 S I IR K 2 B ASRAS = A () B

BEAEE I, 5 THr s i a 26257, 4 AXI, AHB, APB Ei# TileLink %5482k .

X T E203 PIAZIX IR IDAEAL AR T 5, ICB B ket T LTI A a6, B (E
NI Z 2, SRAM BRI, fREBI% H 2L, RO LS55,

BB

HhhibFn | thhibFn | dhhibFn | dthdibFn
EHIER | 1EHIER IEHIER [ 1EHER

> > > >

O % b
.
[]
B
i
O W

[ [ E[E iR[E
#HR ZR #R #R
< < < <

Figure 4-1 ICB 2 4iBiE%EH
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4.1 ICB R&EHUES

ICB B2 FEALE 2 NMlE, WK 4-1 ffion. ICB BZ{s SR N ER:

B 743#iE (Command Channel)
Command Channel =% T £ 544 A N & KR 515K .

m  R[A[JEE (Response Channel)
Response Channel 3% H - A% [r) 3 e A 1% [m] 132 75 45

Table 4-1 ICB R4k =

BiE e | RE 554 NE
Command Output | 1 icb_cmd_valid FRE RN ERIEEEERES
Cliue. Input | 1 ich_cmd_ready MBEE R R IR IS 2GS
Output | 32 ich_cmd_addr L bk
Output | 1 ich_cmd_read REGESEREMTE R BN LR LTS

(B0 32 ) AL R —AN IR, 5
NS5 CGicb_cmd_wmask) {545
BRI RN (Sized

Output | 32 | ich_cmd_wdata SE e, BOENERERS AXI
I
Output [ 4| ich_cmd_wmask SR e, RRERE RS
AXI P —E
Reponse Input | 1| icb_rsp_valid AT R e RS RS
Ch |
anne Output | 1| ich_rsp_ready TR RS R
input | 32| ich_rsp_rdata ER O, B ERE RS AXI
T
Input | 1| icb_rsp_err ERE G R

4.2 ICB R ER MR P

RATHEHEIR 1ICB BRI T AR 7.

B NEFTR: BRI &IET ICB ) Command Channel &% 5 #:1Ei% K Cicb_cmd_read Jy
&) MR SLRIERGZIE SR (ich_cmd_ready M) o MBERATER —ANE IR [A] 52 25 5t H.45 51
1EHf Cicb_rsp_err KD, F A LRI IGZEE R (ich_rsp_ready N5 ).

-16 -



e [ L LT L LT LU L L L
icb_emd_valid [\ [
icb_cmd_ready _/_\ /L

ich_emd_addr -Aaddﬂ)% [ %V
icb_cmd_read I
icb_cmd_wdata 7777 dat\ X777/
icb_cmd_wmask 7 Amsk1f %%

icb_rsp_valid _/—\
icb_rsp_ready _/_\

icb_rsp_rdata

ich_rsp_err

Figure 4-2 G#{EE—BHIR B4R

WNE R g M EET ICB i) Command Channel /3% 4 4E1% R Cicb_cmd_read Ay
D), MR SLRIFEGZIE R Cich_cmd_ready N o MEETE N — IR [l se 4t 3 H 45 3
1Eff Cich_rsp_err AR, LRI IGZ S5 5 (icb_rsp_ready A ).

icb_cmd_valid [\ /
icb_cmd_ready / \ //

ich_cmd_addr 7 \addr X7
ich_cmd_read / \ [[
icb_emd_wdata 22 2222 %V
icb_cmd_wmask d/y
ich_rsp_valid /—'\ /]’
ich_rsp_ready /_\ /[

icb_rsp_rdata 777777777/ Xrdatak” 1

icb_rsp_err //

Figure 4-3 ISR E T —AHAIREIZR

R R, AR 48T ICB i) Command Channel KiXE#1FiE R (ich_cmd_read A
%), MW SLENFERIZIE SR Cich_cmd_ready A& o« M ELE T —/NE R [ 5t 45 5 H .45 5
1B Cich_rsp_err AR, TR SLEIENGZ SR Cicb_rsp_ready N7 ).

-17 -



ek [ L L L LA LT
icb_cmd_valid [\ [
[\ I

icb_cmd_ready

icb_emd_addr 777/ Neddt7 7777777777777
icb_cmd_read /L
icb_cmd_wdata 777X dat1 X777 7
icb_cmd_wmask %mslﬂv /,(V

icb_rsp_valid /—\

icb_rsp_ready /_\

icb_rsp_rdata

icb_rsp_err

Figure 4-4 B1{F T~ —AHAIREIZR

W B R Fi% A M EEE ICB ) Command Channel &% E1%E R Cicb_cmd_read A
D), MRS EIEEIIZIE SR Cich_cmd_ready 7)) o MBALE PUAN B 35 3R [m] 4t 5 H 45 5
1EH#f Cich_rsp_err AR, AL RIEEUGZ S5 5 (ich_rsp_ready N ).

icb_cmd_valid [\ [/
icb_cmd_ready [\ |8

icb_cmd_addr 7777777/ kaddr X777 %ﬁ

icb_cmd_read [\ L

icb_emd_wdata 77777777 /"Z
icb_cmd_wmask 4@
icb_rsp_valid

icb_rsp_ready /_\_
ich_rsp_rdata 7772722072220 'drdata%

icb_rsp_err

Figure 4-5 IZ#REMN B HEAIR EIZ5 R
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W E R FiE A M EE ICB ) Command Channel & i% 5 #:4E# R Cicb_cmd_read Ay
&), MR SLRIEENGZIE SR (ich_cmd_ready M) o MBEATENYA A A 5 R A1 45 3 H 45 11

ffy Cich_rsp_err ML), FWASLRIFESGZEE R (ich_rsp_ready ).

icb_cmd_valid
icb_cmd_ready
ich_cmd_addr
ich_cmd_read

icb_cmd_wdata

/.

[\
[\

I

7 yadarik”

9%

I

7 Xdati )}

skt b4

icb_cmd_wmask

icb_rsp_valid

ich_rsp_ready

ichb_rsp_rdata

31

icb_rsp_err

Figure 4-6 S1&{EMU/ B HAIR 45 5R

R R: W% R MBI ICB ) Command Channel 3442 & 1% U4 323/ 15 5k

(ich_cmd_read M) , M &S BIEZIE R (ich_cmd_ready A o MBEAAE DY JE 1
JE SR B PSS R, HrPRT =N S5 IERR Cich_rsp_err A%, 2B DUANSE SR Cich_rsp_err
KD, AR YA S5 R Cicb_rsp_ready SN ).

icb_cmd_valid [ \ /L
icb_cmd_ready  / \ /8
icb_cmd_addr 777 Yaddrifaddroyaddr3addrd” 7~~~}
icb_cmd_read  / \ /L
icb_emd_wdata 72772222222 %’V
icb_cmd_wmask A{/V
icb_rsp_valid / \—
ich_rsp_ready / \_
icb_rsp_rdata - __ Jrdat1)rdat2)rdat3)rdata)
icb_rsp_err /_\
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Figure 4-7 BELEPNMER(EHITNAN B HIR EI LR

W N EFTR: R R NIRRT ICB ) Command Channel 342 /& 2 194N 5 #RE S R
Cich_cmd_read M%) , M &I BIEMGZIE R Cich_cmd_ready N o MBE&TEDIIAN A
JEIELEIR P PUAN G G558, Hrp Rt = /NS5 IER Cich_rsp_err AMK), ZEPUANSE AR Cich_rsp_err
KD, FRAI LRI YA SE R Cicb_rsp_ready SR ).

icb_cmd_valid / \ L
icb_cmd_ready / \ [L
icb_cmd_addr 777 Yaddrtaddraddr3addrdy 7~ 7 I/

icb_cmd_read [L
icb_cmd_wdata 7/ /) dat1 | dat2\dat3\datdX”~ )/~
ich_cmd_wmask ~Ymsk1 msk2)msk3\mskdk |}~

ich_rsp_valid / L
ich_rsp_ready / \_
icb_rsp_rdata °
ich_rsp_err /_\

Figure 4-8 EL MM E#R{FHITN A HIREILER

W R B R : R A #5385 ICB Y Command Channel AH 4% 4E 1% = AN S ERAEE R .
MR 26 ST BRI T 28— N FIEE =AM SR, ER S ANE SRS — N RIS SR
(ich_cmd_ready M), [t 34— B b 6 R S 55 5 REEAAE, HBI T — X
R BE MR35 Cich_emd_ready ). AR T 85— ANFNEE AN SRR &7 [ — N A
iR B 46 B HA WA S R RZ, (HRE T A = AME SRR R — N EWA R B 455, 9 H3
WA SLRN%5Z Cicb_rsp_ready AMK), FILMESE— B IR BG5S REFALE, SiER—FH
WZ IR a5 R T B 2
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ico_cmd_valid [ \ I
icb_cmd_ready /o \ B

icb_cmd_addr 777 Yaddr1X__addr2 Yaddr3f/ 77777~~~ }}

icb_cmd_read I\ /L
icb_cmd_wdata 77X dat1 X dat2  Xdat3} 77774777
icb_cmd_wmask 7/ Jmsk1{ msk2 Ymsk3X 4%

ich_rsp_valid [\ [ L/ \

icb_rsp_ready [\ [\ [\

icb_rsp_rdata 77777777/ Xedat1¥/77777
ich_rsp_err /—\

Figure 4-9 EERAX%E

4.3 SoC MR 55

A% SoC i g i~ s -

B %5 E203 W% BIU B RGAFEFE T ICB 42 RGP 84k, 18I H U7 SoC A T 474
4, B4 ROM, Flash ff) - 32X 8] % .

B %N E203 WX BIU IR &4 11 ICB S fA A Wt 2k, it i) SoC H 14 T,
B4 UART, GPIO £54%,

A% SoC W ZE AN DL R ik Iie, 82 26 2.3 719,
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Main
Domain

Always-On

DTCM

ITCM

5 B E203 4 TR B8 1%

ITAGHEO <«

Debug
Domain

. P||C CLINT
RGgFlEs sk
‘—— I
Y
QSPI-
ROM Flash

o
~BR

Figure 4-10 SoC =% 7=

] Domain
»
>
RTC
WatchDog
HCLKGEN
LCLKGEN
A 12¢
F=1 W0 RESETGEN
a8
W
= PWM1
PWM2
Iy
54 GPIO
UARTO
UART1
QsPIL
QsPi2
QsPIo
A
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5 SoC MR 4

B XHE B FAE WA 2R LI AN HGH AT A 4 . AR SCHE LSO M BB T e 3R A T AR T IS 1)

ik .

EE:

B AT SoC KIS MBI R A RGN, BT AR SoC FRAME R EE ] 1 Freedom E310 SoC
HE 52432, v LAZH Freedom E310 SoC F{F AR SCRS T HAHT . 051k
SiFive-E300-platform-reference-manual-v1.0.1.pdf 55 SiFive-E310-G000-manual-v1.0.1.pdf, HHH
X REAMBLEL VR A D) RE IR 5 VRN IC B B A7 2 R 2 ]

B, AT (RISC-V 24 5 NI R PENTTY Xt 5830 SoC BIM BLEAT T il B Ak HH
P, FHHATIRNER BRI R GG B A AT DL E AT R

5.1 QSPI Master

H 5 QSPI HIVEANA 441k 2 WCRY (SiFive-E300-platform-reference-manual-v1.0.1.pdf) B bS48
(RISC-V ZER EHR N A RAHN T e A SCHE Ik AT H ST A

EA soC 1, 4=/ QSPI Master, %)%l QSPIO, QSPI1 Il QSPI2, 72 H#EE K H Freedom E310
SoC ‘-4 . H:rh QsPIo % T4 R Flash, 45 % 1 Pad #2171, 1fii QSPI1 A1 QSPI2 MiEd GPIO & FE .

B Quad-SPI Flash:
> LHTERAN Flash ) Quad-SPI (QSPD 211,

> JF H.1% QSPI 4% A Al LIl 4 Bic B AN eXecute-In-Place #5358, 7EIEAHZCT, Flash Af LAk
E— B R X ) B U g A . EERA B2 S, QSPIRIALFiZE2 F, H
T Flash s AN R REE, BRI RT DK RS 8 SR FF AT 7B 0 Flash H, 485 ab 3
il id eXecute-In-Place 152011 QSPI 422 [ B 4297 i) 4Pk Flash Nk & shi8 5 2 5 .
B QSPI:

> &7 FiRE T Flash B QSPI 42 12 41, SoC i&4G WM 7 i QSPI 42 4% i 28 . — > QSPI
PO ik {55 (Chip Selects), —> QSPI i Fl— N FrikfE 5. P4 QSPI ¥1# ] GPIO
(") 1OF Thig 54 FiEfE .

5.2 GPIO

K GPIO HITEAA 4% S WSCkY (SiFive-E300-platform-reference-manual-v1.0.1.pdf) B¢ H S f4E
(RISC-V ZEM G NAXTF R PUENT 1Yo A SCHEMEIEAT o TR
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GPI0 4#%}y General Purpose 1/0, JZ finF:

EFH’
T4k,

Table 5-1 GPIO HJIEO HECE

GPIO I T42ft—%H 32 1/O f¥i Fd N 2 11, &4 11O A FH#E ak AR IC B N N B f e, o
SRR H T DASE B AR e A
AN 110 & 7] LLYEEC B 9 1OF (Hardware /0 Functions) , k24 1/0 it SoC P4 #B i H Al He
By SPI, UART, PWM %545,
A~ GPIO 1) 1/O 51 A—Hh lriiZE s 2] PLIC 19+ W L.
GPIO 11 32 4™ 1/O # SoC A EBARER IR F A licin R R s, FLrp &g 110 4507 DAL /S Py A
B, BT LLE B RS 110 LR IOF0 50 10FL SRiEFE 5 K. HE:
R FEHl 7> A SoC BTN Nt 10 WL, HAt 10 ¥5 Freedom E310 1/O BASAH A

GPIO Pin &5 I0F0 IOF1
0 PWMO0_0
1 PWMO_1
2 QSPI11:SS0 PWMO_2
3 QSPI1:SD0O/MOSI PWMO_3
4 QSPI1:SD1/MISO
5 QSPI1:SCK
6 QSPI11:SD2
7 QSPI1:SD3
8 QSPI1:SS1
9 QSPI1:SS2
10 QSPI1:SS3 PWM2_0
11 PWM2_1
12 12C:SDA PWM2_2
13 12C:SCL PWM2_3
14
15
16 UARTO:RX
17 UARTO:TX
18
19 PWM1 1
20 PWM1 0
21 PWM1 2
22 PWM1 3
23
24 UART1:RX
25 UART1:TX
26 QSPI12:SS
27 QSPI2:SDO/MOSI

-24 -




28 QSPI2:SD1/MISO
29 QSPI2:SCK
30 QSPI12:SD2
31 QSPI12:SD3

5.3 UART

H 5 UART HITEGRA 24152 W0k (SiFive-E300-platform-reference-manual-v1.0.1.pdf) Bt dr 5 4548
(RISC-V ZER SR NI RAHEN ) A SCHEILEAT H ST IR
UART 4:#% 9 Universal Asynchronous Receiver-Transmitter Gl [ & 530K 55 8%), 4 SoC HF 4
MSZET UART, P4 UART $4EH] GPIO ) IOF Th g5 4h A= -

54 PWM

A PWM HIVEAIN 484352 W CRY ( SiFive-E300-platform-reference-manual-v1.0.1.pdf) 5% i sc 448
(RISC-V ZA SR NI RN A SCHE BEdk AT ST id
PWM 4F% 4 Pulse-Width Modulator (k%85 %8). 4 SoC 5 =ML PWM, HApiA4 2 16 L
FRIRS R, HAh—ANE 8 LA RS, {6 GPIO 1) IOF Liifig 54 FiEME .

5.5 Always-On Bt

A% Always-On HEH (VEAN A 4315 2 W SCRY (SiFive-E300-platform-reference-manual-v1.0.1.pdf) 52
HCT4E (RISC-V 22K SR N SIF R PGEN 1Yo AT HR ORI
Always-ON LS 7 =/ R ZFEdk, 437/ WatchDog, RTC Al PMU,

5.5.1 WatchDog

4 % WatchDog FEER {1 4R 4115 2 W0k ( SiFive-E300-platform-reference-manual-v1.0.1.pdf) B
L EE (RISC-V B2 SR AN TFRPENT T e AR SCAEMEHEAT TR

WatchDog 454 Watch Dog Timer C& [ 1114048 ), 1% 11404347 T Always-on Domain 1, [ Ad
I pPgEAT U4, I BURT DO O B o H AR E 7 A T

-25-



552 RTC

H 5% RTC BN 45 S W kS (SiFive-E300-platform-reference-manual-v1.0.1.pdf) B
TifE (RISC-V 42y 'ﬁm)\fﬁﬂ%z PO Yo ARSCLERLHEAT LR

RTC 4#% A Real-Time Counter (SZfiHE088), iZiHE#s47 T Always-on Domain H, [l i R
B P b AT, I HOB RS~ A b

553 PMU

H o PMU BEEFVEIAN RS WCRY ( SiFive-E300-platform-reference-manual-v1.0.1.pdf) =3 ¢
Fo4E (RISC-V 2244 SR AT KRBT TY o A SCAEBEHEAT o ST

PMU 4:F#5>4 Power Management Unit (FEJFEELELIT), F T4 SoC FIHJFE . A~ SoC fr T
WatchDog. RTC. PMU Z5A&H b T Always-on Domain 2 4, At Main Domain 7] PALZE PMU 45 il S 4
BT HORA DL A Thfe, B B i 5

554 LCLKGEN

LCLKGEN 45} Low-Speed Clock Generation. LCLKGEN %% Always-On Domain £ i 4 .
Always-On Domain == ZEAf I ) SERF IS Bl SR N 32.768KHz, AT LUERER A B EiRG#8. JMTa
PRulE BRI g A .

LCLKGEN 3[Ry g g B e T B AR B L ERNP,  RIHA SR A
ER: 7E FPGA JF M H, LCLKGEN BHUNT R, B4 th FPGA F=4: 1) 32.768KHz i &,

555 RESETGEN

RESETGEN #ibk £ EoN#E4 SoC fE =4 B NE S, ES IS 9 % T SoC B & H .

5.6 12C Master

12C Master # B2 R FH IR I 20 R 38 E J5 1) IP core; YRR A wishbone B2 1(E . 2747451
TN, KT HFABIVELINHiES % (12CMasterwithWISHBONEBusInterface-Documentation.pdf) #
A EE (RISC-V B S N XTI R HRIEANT T
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Name Address Width | Access | Description

PRERIlo | 0x00 8 RW | Clock Prescale register lo-byte
PRERhi | 0x01 8 RW | Clock Prescale register hi-byte
CTR 0x02 8 REW | Control register

TXR 0x03 8 W Transmit register

RXR 0x03 8 R Receive register

CR 0x04 8 W Command register

SR 0x04 8 R Status register

R, ERPHOE AW AL, BRI I 0x1004_2000.

5.7 HCLKGEN

HCLKGEN 4% A High-Speed Clock Generation. HCLKGEN 3= %4 Main Domain A& il e 3 i
CEENAZE Y 100MHz) » HCLKGEN mf LME A IR 3% AhaBiadeAl i B PLL P4 md it 8h, PLL
0] DL I B B 55 B . HCLKGEN AR 1) &5 A B s T BRGS0 LR IP, RIS AS SCAE A

.

R 1E FPGA FF A+, HCLKGEN fb A=, Bt i FPGA P24 K 16MHz B4,

HCLKGEN i3 A 47 F v 9w #2 75 /7 2% (Hhhik[X (8] 0x1000_8000~0x1000_8FFF ), J A T 4% il

HCLKGEN #H¢ThfE. HT HCLKGEN B ) &5t B e T BARES A ) L EF P, R A SCHE X AH ¢ 77

VR M NG R
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6SoC i LA fla N4

6.1 ITCM

ITCM A RISC-V Core A H HI48 2 A7 fiti e, FArEW T :
B A/NH64KB.
B ITCM HETEE N 64 7.

B ITCM SRAM BT Z M TAAMER4, ERHMAEX A AT LAtk Load. Store #i54-51H, MMM
HRAF T -

6.2 DTCM

DTCM A RISC-V Core FAF AR A7t %, FLRRMEW R
B K/NHB4KB.
B DTCM SRAM ##5 5 5 4 32 fir.

6.3 ROM

FEZ SoC HE ] Verilog # K2 AL ROM, AN _F il 2 % Hig i .
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7 SoC HJRIEHE

7.1 HIRERKI S

N T PRIER Fy BESHE AR FERET, KBNS 7 Rl 7 D P S A HL
B Always-On Domain:

> It Domain RIZE 5 & HH /411 Always-on 13k, L4571k WatchDog, RTC, #1PMU, it
A Always-On i 4 A Bl HLi o

B MOFF Domain:
> MOFF & Most-Off [{Iffi#K, RIS kR T Always-On Domain 2 A AT Hofth 32445843
HRE: 1E FPGA V& LA HIER H .

7.2 RIIFEEA

AR N EA TR
B EEHR: Always-On fl MOFF %14bF IE# AL HUIRAS

B SRS Always-On Fil MOFF $54b T IEH L HUIRES . {H2& Core 04T 7 —2 WFI #54, Kt
A ER AT AT, BTEOC T . B BT YR Ho e i

B R Always-On 1B fEHL, {H2 MOFF 7158 B IR I .
> HEARERA G Always-On ] PMU BB, PMU #RER 2538 585 A (1 Pad i H — R4 il

"5 AON_PMU_VDDPADEN, %5 528 M5 1) MOFF it B H 2 A HLAT) W HL IR
R 1E FPGA & F3%A B B B 5 IR U] Wr H IR o

> B HEARIRBEH PMU s U e a6 A ne e, BRI MR S5 AH 15 2 WA 5% PMU RS8R 1)
FEAA 5 S WY (SiFive-E300-platform-reference-manual-v1.0.1.pdf) B b 448
(RISC-V B HHRN IR PENTT).
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8 SoC M ph

8.1 R oiigikl sy

32.768KHz
Al o) \ ‘?ﬂ o
ways-0On mifR
oy ( ‘ :z EE#E

Main Domain

T AGET $ _>I_, DD:':Z!,; 100M ? X SMNER
HCLKGEN 16M \ iR
e < | & maiR

Figure 8-1 SoC B4fuisixl 4>

i B EFR, RN R = A F I g

®  Always-On Domain:
> It Domain 3= B FAGE ) Always-on B8, #5% 4 32.768KHz.
> IR RT LI RER B AN IR B ELRE S 5 A .

B Main Domain:

> It Domain A5 VS I AAR, FEIE Domain Hr AT BRI I s, DRk A PR SR AR AL 2k D
Leh i P A8 TR AR B o

> It Domain H 77 HCLKGEN B8 2E sioiis, i A b PLL P= A= @i . PLL ton] DLt
AR E 52 M H A, 1ES L5 5 X T HCLKGEN FRE LN 21 .

B Debug Domain:
> It Domain 15 TN T 32 Hr JTAG Xt RISC-V IR IHRE I ¥ N B AH <8 4

> B i AN [E] A4, 0 S JTAG I8 AT RISC-V Core 4 CBJY Main Domain
(PIRFBID, RGP SR A N B i ol e 20 b 2
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9SoC HALEH

9.1 & EALKEE

B4, Always-On Domain H8E A7 7] PLIRIET =4S SRkiE:

B KT POR (Power-On-Reset) Hii%;
B CRETOHA5 AON_ERST N;
B RET WatchDog 4=l Reset;

9.1.1 POR H.P% Reset

Power-On Reset Circuit

This optional circuit holds it's output low until the voltage in the AON block rises above a design-
time configurable preset threshold.

9.1.2 WatchDog Reset

H 5% Watchdog BRI IITVEH A H1E S WY (SiFive-E300-platform-reference-manual-v1.0.1.pdf) Bi#
HCHEE (RISCV 22K SIRARKIF R IREATTD.

9.1.3 &5/ AON_ERST_N

H#%5 Freedom E310 584 AH A :

External power-on | Re

. I =14 I » oot
or manual full reset

erst_n g

Figure 9-1 #MIBE AL FE B
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The E300 can be reset by pulling down on the external reset pin (erst.n), which has a weak
pullup. An external power-on reset circuit consisting of a resistor and capacitor can be to provided
to generate a sufficiently long pulse to allow supply voltage to rise and then initiate the reset
stretcher.

The external reset circuit can add a diode as shown to quickly discharge the capacitor after the
supply is removed to rearm the external power-on reset circuit.

A manual reset button can be connectied in parallel over the capacitor.

914 BAIMRFR

EIRR I =M EALRIE, AR P IRSNER R R R AT EAL, BAKM) reset J5[RIH 2 ) MAE
PMU [#) pmucause Z7fEa5 1, HEEAL 5 BRI ]

Always-On Domain
X erst_n
wdogrst
Y ;
ResetGen
; . aonrst
Main Domain
[ }—
corerst | [ Wetehoos Je—
< ] PMU 1
[Coowoen
__ corerst
I NJTAGHT $ > __L Debug [T
Domain hclkrst
HCLKGEN »
(PLL)

Figure 9-2 SoC & ¢

22 AN KRR I B R reset Z83 Always-On Clock [R5 o 525 B [F)25 B aonrst 5 5
Hi aonrst {5 52— Ik3) PMU EALE R HARE 7y, HEMRBC R EEFR, ZERa T

B aonrst {5 5KE )y Always-On B A & 1) 3 HALE S, FA7 Always-On i8] PMU, WatchDog,
RTC ;.
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B PMU # aonrst E0i2 J5, Wi AR wakeup sequence, A2 f% helkrst Fil corerst {545
> hclkrst {55 H T35 HCLKGEN 5t (= Z A% PLL B4 AE D .
> corerst Kt Tk 7 HCLKGEN #8e2 #MEI A Main Domain H (52 47
TR BAENAE S RN AL AL I B A AT R 8, Al iR S 28 B AT [P R B AL(E

%o
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10 _EHREEEH

10.1 _FHRE

A% SoC Ak Ha % B RN JG, ATULAAP AR Rk BEAT HATRE R, 705008

B SIS Flash JFEE304T
B )N ROM FHFEEHAT

T LA .

10.1.1 MAFEE Flash FFEE3#4T

i 2.3 R TR, BFEA SoC FrA4hEE Flash oMbk X (8] 437 T 0x2000_0000 ~ Ox3FFF_FFFF, [, 15
MAMEB Flash Fia34T, N RISC-V AP 284 1 PC E71E >y 0x20000000,

WM Flash FJa5h, BN Z%E LHEI5 S5, % Flash H RS A EHE#Z 2 A L ITCM
1 DTCM 1, SREEREER] ITCM 34T -

10.1.2 M\ ROM FFiEHAT

2.3 W ATR, HTEA SoC H A E ROM [tk [X [a]47 T 0x0000_1000 ~ 0x0000_1FFF, [X i,
WHR M N EE ROM JFEEHAT, T RISC-V AbFH234% 1) PC 4714 A 0x0000_1000.

7E ROM HAZUAARAD g [l e AT, HEEBFE 2 ITCM (Hilik >y 0x8000_0000) Hr4k 44047 .
MPAHES ROM (ZkTfii A ITCMD HIEHATHI T, RAERK B GG T ITCM 2 J5) 4
B, BUET ITCM AV NRT, I IEF AT,

10.2 _bFHHhEGERE

A SoC m UL 102 51 I R E B s b hl, R ERFTR.
Table 10-1 SoC _E 154

O 5 4i=h Hhhk X ]
BOOTROM_N |o WP E ROM - BT

1 MAEMH QSPI I HPAT

-34-



11 SoC TH/Z5IMI

11.1SoC T 2 5| 4 EC

A% SoC ITZ 51 B A 0 N R o

Table 11-1 SoC TR E R

KA JilH B2 iR
MOFFClock Input hfextclk High speed clock input
Always-On Clock Input Ifextclk 32.768KHz clock input
Always-On 1/0 Output PMU_VDDPADEN Programmable SLEEP control.
Connections Output PMU_PADRST Programmable SLEEP control.
Input PMU DWAKEUP N Digital Wake-from-sleep. Activelow.
Input AON_ERST N N External System Reset. Activelow.
B3 Input The boot up PC address selector.
LR BOOTROM_N »  When driven low,RISC-V Core
boot up from internal ROM
(0x00001000).
»  When left unconnected ordriven
high, RISC-V Core boot up from
QSPI flash (0x20000000).
JTAG & Input JTAG TCK JTAG Clock line for debug interface
Output JTAG TDO JTAG Data Out for debug interface
Input ITAG TMS t1TAG Test Mode Select fordebug
interface
Input JTAG TDI JTAG Data In for debug interface
QSPI0 %M Flash Bidir QSPI DQ 3 Quad SPI Data Line
Bidir QSPI DQ 2 Quad SPI Data Line
Bidir QSPIDQ 1 Quad SPI Data Line
Bidir QSPIDQO Quad SPI Data Line
Output QSPI CS Quad SPI Chip Select. ActivelLow.
Output QSPI SCK Quad SPI Clock Signal.
GPIO Bidir GPIO 0 32 i GPIO i
Bidir GPIO_1
Bidir GPIO_2
Bidir GPIO_3
Bidir GPIO_4
Bidir GPIO 5
Bidir GPIO_6




Bidir GPIO_7
Bidir GPIO_8
Bidir GPIO_9
Bidir GPIO 10
Bidir GPIO_11
Bidir GPIO_12
Bidir GPIO_13
Bidir GPIO_14
Bidir GPIO_15
Bidir GPIO_16
Bidir GPIO_17
Bidir GPIO_18
Bidir GPIO_19
Bidir GPIO 20
Bidir GPIO 21
Bidir GPIO_22
Bidir GPIO_23
Bidir GPIO 24
Bidir GPIO_25
Bidir GPIO_26
Bidir GPIO_27
Bidir GPIO_28
Bidir GPIO_29
Bidir GPIO_30
Bidir GPIO_31
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