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riscv TR S A& 24 Y= EE = 32 HIE(HiFive1)2t 64 H|E (HiFive Unleashed )7t ! &LILCE.

HEof chet XbM|eh H 2= ofziof EAIO|Eof| AS LI

https://www.sifive.com/boards

RISC-V 64 H|E FU540

HiFive Unleashed 2 =& SiFive 2| 64 H|E RISC-V 2 (E51 20 1 7H, U54 2.0{ 4 7H) 7} LHE =

FU540(Freedom U540)0| EIZHE|0f Q&LILCE

HiFive Unleashed(FU540) EE 2|3

SiFive FU540-C000 FMC Expansion Connector
4+1 RISC-V SoC (Bottom Side)

RJ45 Gigabit
Ethernet

(©)
B siFive
00!

Ry

“® HiFive

0 Unleashed

MicroSD Card

Fan Connector DDR Memory

DIP Switches : £ / Reset Button

JTAG Connector

C e Power Button
4 User LEDs =

00 00
o5 (0% 0% o5

. oo oo oo Power LED
MicroUSB 1 o0, 0% oo o%

YEIEREERL]
Connector 12V DC Power Jack

USB to 2x10 Low Speed IO 2x20 Low Speed IO
JTAG/Serial Expansion Connector Expansion Connector
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20| M 2=t SiFive AF2| freedom-u-sdk = EEZC, HY, MC|ATZE sHHO| LEE £ QUEE

Of

Makefile O] 2ME|| UESLICt. make E HHIOH AMSHSIH D= XSO 2 Y £|OZ ZHHSHK| 2

r

SREZH, A2, YL 238 oA HH 2ot JA=X| mhefsty| el gLt §9 HE 24=
HEEZ 2A S M50 PO2|0| =k At LS| WiE0l| 225 Mz BT 22[shs 20|

23|12 2 BHLICL RISCV EES | ZESHAM ArESt=H SH0| JALIH freedom-u-sdk 7t

M2[OFX| 3t AAS SHLHY £ 9 176} BT AAS M2 HR[SH] 2[ots 20| FaLIC,
CFYO riscv.org Ol THELEO] AASS Of2f HAO|E0| B7HetT YOO E AAS 24 Yl

HASHLIX} Ot SXESUHAE B2 &

o
o
un
el
ot
r
o

SDK 2 A HYIE:
https://qgithub.com/riscv

?lo| EAOIEMM AU, RERZE, HE, IL|AS, A|Z220|E 2258 EF H2EE S+

USLILE XFRE= O] 2ASS OEA LS HHE HE|SH=X] HES=F StUSLICEH
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ol (toolchain) £ A

RISC-V ZIYE{= Of2l| EAO|ES HESIH AAS LI22E5 D HWES 4= lELCt

=X AO|E:
https://github.com/riscv/riscv-gnu-toolchain

A= of2{Q} Z+0] git clone 22 L2 2 E 6= 10| A 22|s}7|of| Z&LICE

LA CIREC

$ git clone --recursive https://github.com/riscv/riscv-gnu-toolchain

?l9l git clone E2 = AATICIRZE 2t =[H LS 242 BHSS HASH LEgLCt

AAHE

$ sudo apt-get install autoconf automake autotools-dev curl libmpc-dev
libmpfr-dev libgmp-dev gawk build-essential bison flex texinfo gperf
libtool patchutils bc zlibilg-dev libexpat-dev

$ mkdir /opt/riscv

$ mkdir build

$ cd build

$ ../configure --prefix=/opt/riscv --enable-multilib
$ make linux

=1]
=

[
>

U2 ARE S0l Th2kM KO|7F AUX|ZH 9 3~4 A|ZHHE 2QEL|CH HIHY 2=E[H A

U2 /opt/riscv B20f| i3 2t 20| WLt
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jungjaejoon@HP7100U: /opt/riscv$ 11

total 36

drwxrwxr -x risc-v risc-v 4096 4 08:28 ./
drwxrwxrwx 5 root root 4096 - 08:05 ../
drwxrwxr -x risc-v risc-v 4096 48 10:57 bin/
drwxrwxr-x 3 risc-v risc-v 4096 = 10:57 include/
drwxrwxr -x risc-v risc-v 4096 4 10:57 1lib/

08:28 libexec/

10:45 riscv64-unknown-linux-gnu/
10:57 share/

09:20 sysroot/

risc-v risc-v 4096 4 ¥
risc-v risc-v 4096 4¥
risc-v risc-v 4096 4 ¥
risc-v risc-v 4096 4 ¥

drwxrwxr -x
drwxrwxr -x
drwxrwxr -x
drwxrwxr -x

© O N W w wN oo
N S T L T T S S SN

Zoede] HH2 T3t 20| =elgL|nt, X7t 225 HEDH AIF| T2 8.3.0 YLIC

jungjaejoon@HP7100U:/opt/riscv$ ./bin/riscv64-unknown-linux-gnu-gcc -v

Using built-in specs.

COLLECT_GCC=./bin/riscv64-unknown-linux-gnu-gcc
COLLECT_LTO_WRAPPER=/opt/riscv/libexec/gcc/riscv64-unknown-linux-gnu/8.3.0/lto-wrapper
Target: riscv64-unknown-linux-gnu

Configured with: /home/risc-v/kernel/riscv-gnu-toolchain/build/../riscv-gcc/configure --
target=riscv64-unknown-linux-gnu --prefix=/opt/riscv --with-sysroot=/opt/riscv/sysroot --with-
system-zlib --enable-shared --enable-tls --enable-languages=c,c++,fortran --disable-libmudflap --
disable-libssp --disable-libquadmath --disable-nls --disable-bootstrap --src=../../riscv-gcc --enable-
checking=yes --enable-multilib --with-abi=lp64d --with-arch=rvé64imafdc --with-tune=rocket
'CFLAGS_FOR_TARGET=-02 -mcmodel=medlow' 'CXXFLAGS_FOR_TARGET=-02 -
mcmodel=medlow'

Thread model: posix

gcc version 8.3.0 (GCC)

f

Zorda{of &gt Z0 AtMieh 2= of2ff EALO[EO0A =l 7k RiL(Ct.
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AFX: https://gnu-mcu-eclipse.github.io/toolchain/riscv

ot AAMAO| A= B=2E LS 20| AR AE @YY E T2l bashrc It PATH S

HHH of™H X0 M EX| 2HVtS ot== siELIC

~/.bashrc I} L{20j| PATH =7}

‘export PATH=$PATH: /opt/riscv/bin:/opt/riscv/riscv64-unknown-linux-gnu/bin

HEZ[H AA
SiFive Ate| FU540 2 ?Iet EEZE = riscv-pk 2F OpenSBI 22|11 u-boot 7t J}AELICE. riscv-pk

= freedom-u-sdk Of| /Y= AA QLICE O] AAE=CHS I 20| CIREE W HESH £~ IEL|C

riscv-pk

riscv-pk = RISC-V Proxy Kernel 2 2|0|SHHH H 22| Cietol| M X[ 2ot Boot Loader LILCE.

ruln

riscv-pk = 2E AA0|H Of2HOf| M AA S CH2ZE3}H0] bbl(boot loader, kernel) O|0]X|E Tt

== AELICE bblofl= boot loader 2+ 72 0|0|X| 7} 0] ERE|0] UELIC.

LA CIRELC 23
https://qgithub.com/riscv/riscv-pk

AAE gitclone HHOZ C121} Z0| CHRZE TfLILCE.

—_
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AALCREE
‘$ git clone https://github.com/riscv/riscv-pk.git

AATLBX| YODR Y CIRRE HLITL IR RET} HBE|H C1S T 20| AAS HE $LIC
OF2Hi|Af —prefix=$RISCV S ZIFUE|O| A AYTIUS0| MK|5|= P2 YLITh WA=

$RISCV 2 AA I Y EE|= AZ9QI “/home/risc-v/kernel/riscv-pk/build” 2 X| & & L|Ct.

AAHE
$ mkdir build
$ cd build

$ ../configure --prefix=$RISCV --host=riscv64-unknown-elf
$ make

ool 2= =)™ MHTUEL /home/risc-v/kernel/riscv-pk/build/work ZZ0| MM EIL|C}.

ocood

work ZZ20|| bbl It (bootloader+kernel+logo)O| MM EIL|Ct. O] o}Y MM CtSup 20| A

(= E(gl

bbl_make.sh
#!/bin/bash

WORK_PATH=$PWD

lf [ Il$1ll —-= nmn ] ; then

echo "Usage ./bbl _make.sh fullpath"
else

rm -rf $WORK_PATH/work
mkdir -p $WORK_PATH/work

cd $WORK_PATH/work

../../configure \

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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- -prefix=$WORK_PATH/work \
--host=riscv64-unknown-linux-gnu \
--with-payload=$1 \

--enable-logo \
--with-logo=$WORK_PATH/conf/sifive_logo. txt

CFLAGS="-mabi=1p64d -march=rv64imafdc"
make -C $WORK_PATH/work

riscv64-unknown-linux-gnu-objcopy -S -0 binary --change-addresses -
0x80000000 \
$WORK_PATH/work/bbl $WORK_PATH/bbl.bin

xxd -c1 -p $WORK_PATH/bbl.bin > $WORK_PATH/bbl.hex

J2|3 flel AFEEES ety A T2t0|E{($1) 2 TESH= A2 712 0[0|X| THE (vmlinux-

stripped) &ILICE {12 ATEES LSt 20| HASHH ZHZ 20f| bbl.bin It 0| M- ELICE

bbl_make.sh &

$ cd /home/risc-v/kernel/riscv-pk/build/

$ ./bbl_make.sh /home/risc-v/kernel/build/build _v5.0_riscv_origin/vmlinux-
stripped

AMMSEbbl.bin I 2 SD 7HE0| AX|st= 22 HEHFUS540 SDK 2= O[X| AX|)oj o|O] 7|&

SRS L= &l FA|7| HEELIC.

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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OpenSBI

OpenSBI = RISC-V Mg BEZ{Z A Supervisor Binary Interface (SBI) &IL|Ct. ZXt= &S0
SiFive AFOf| A B ZE 5t freedom-u-sdk THZ | X| QH0f| = riscv-pk 2 EEZHZ ALESIF L, O]
M T Lsh=E SOt 2|54 HE0| v5.2 O|M O 2 MY £|HA ClHIO|A E2|7} M8 =}ELICE
JeffA {'dol| CIHFO|AE E2|E M E3t7| 9ot FEZHEA OpenSBI 2 MEHMSLICE
OpenSBI 2 A = Of2lf GitHub M|A| CHRZE & 4= QI&L|Ct,

https://qgithub.com/riscv/opensbi

AAl C}ST} 20| git clone WHOZ CHR 2 E $LICE 2471 37| 97| K20l 2 CHe2E

A2ALCREE

$ git clone https://github.com/riscv/opensbi

AATICHRZE E|H, AATL Q= opensbi 222 S0{7HA CHS1 20| AA MY 22

fujo

k=1 Jof |

= -

SfLILY.

22 LYE 2ol

$ cd openshi/
$ 11
/] /AN I 22

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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drwxrwxr-x 9 riscv-stable riscv-stable 4096 1& 9 11:41 ./

drwxrwxr-x 5 riscv-stable riscv-stable 4096 1% 9 11:40 ../
-rw-rw-r-- 1 riscv-stable riscv-stable 390 1& 9 11:41 .clang-format
-rw-rw-r-- 1 riscv-stable riscv-stable 643 1% 9 11:41 CONTRIBUTORS.md
-rw-rw-r-- 1 riscv-stable riscv-stable 1396 1% 9 11:41 COPYING.BSD
drwxrwxr-x 5 riscv-stable riscv-stable 4096 18 9 11:41 docs/
drwxrwxr-x 3 riscv-stable riscv-stable 4096 13 9 11:41 firmware/
drwxrwxr-x 8 riscv-stable riscv-stable 4096 1% 9 11:41 .git/
-rw-rw-r-- 1 riscv-stable riscv-stable 110 13 9 11:41 .gitignore
drwxrwxr-x 4 riscv-stable riscv-stable 4096 18 9 11:41 include/
drwxrwxr-x 4 riscv-stable riscv-stable 4096 1% 9 11:41 1lib/
-rw-rw-r-- 1 riscv-stable riscv-stable 14859 1& 9 11:41 Makefile
drwxrwxr-x 9 riscv-stable riscv-stable 4096 1& 9 11:41 platform/
-rw-rw-r-- 1 riscv-stable riscv-stable 10053 18 9 11:41 README.md
drwxrwxr-x 2 riscv-stable riscv-stable 4096 1& 9 11:41 scripts/
-rw-rw-r-- 1 riscv-stable riscv-stable 577 1& 9 11:41

ThirdPartyNotices.md

12|

LA

1]

° HIEBHs BHH S Of2f FANO|E0f XhAI5| MBE|of ABLICE

https://github.com/riscv/opensbi/blob/master/docs/platform/sifive fu540.md

AAHEC ASRE

#!/bin/bash
#$1 = version

COMPILER="riscv64-unknown-linux-gnu-"

make CROSS_COMPILE=$COMPILER PLATFORM=sifive/fu540 \
FW_PAYLOAD_PATH=/home/risc-v/kernel/build/build_$1_riscv_origin/arch/
riscv/boot/Image \
FW_PAYLOAD_FDT_PATH=/home/risc-v/kernel/build/build_$1_riscv_origin/arch/
riscv/boot/dts/sifive/hifive-unleashed-a00.dtb

HEHI 3| (www.kernel.bz)
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cp build/platform/sifive/fu540/firmware/fw_payload.bin build/kernel-dtb

2|0l A FW_PAYLOAD_PATH = ZX7t HE S YESHY Image THUO| MM E0] U= Z= L|Ct.
FW_PAYLOAD_FDT_PATH & #{'d v5.2 £ E{ FU540 2 I3t C|HIO|A E2|E YWESH dtb I} 0|
A= Z=E YL|Ct oA st ClHo|A E2| METJHFH'Eo X EL|C.

Qo| e ASRIES Mgt M sHe M($1)0] oLt L0, 0| U2 2l5A ' HH LC,
LRt HHEE R YEsHy| ot 822 FIt ot AYLICE HES0 HYE M v5.4.8 2 LE FCHHA

O ASYEE HAZM ZM(51)0 v5.4.8 S YHELIC

LIt =M £|F 0|0|X| It (OpenSBI FEZL + 7{'E + C|HIO|AEZ])0]
build/platform/sifive/fu540/firmware/fw_payload.bin 0| A ElL|C}t. O] IS SD 7+=0]|
QAUAESHH ELICL SD 7t=0l| AX|ot= 2 & (FUS40 SDK 2 E O[X| AX[)oi o|0] 7|=

St oo 2 kxS FA|7| HEREL|C

u-boot

In e & USLICE riscv REERHZE

OI'

u-boot = freedom-u-sdk 2t= HEZ AAS EM
A0 A 7|=3t riscv-pk EE= OpenSBI 2 AFESHE E|X[2, u-boot 7t 23t SXHES2 Of2f

LHES FZoH FAI7| HEELICE. u-boot ArE#H2 OfzH EALO|EO| BEE|0| JAELIC.

HZX AO|E:
https://qgithub.com/sifive/HiFive U-Boot

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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AAL git clone YO R Ct21} 20| CHR R E LY,

A2ACREE

‘$ git clone https://github.com/Microsemi-SoC-IP/HiFive_U-Boot

$ make HiFive-U540_defconfig
$ make

u-boot = O| M EE| UHC|E A REZHZ HEXOZ ALEE| 1 Q0 A, u-boot S X0
A2 SXHEE2 2 FUS40 o ZRIY £ 2% SLICH EXH= freedom-u-sdk Ol U=
riscv-pk 2t OpenSBI 2 A28t JU0{ A, riscv FEZEE u-boot Z CHME ZRIJSM S

LHES 7|&dt== st ELItt.

712 &A= Linus Torvalds Off 2|3l A Of2H EALO|E0|| A B EE| 10 QUSLICY.

HZX AO|E:
https://github.com/torvalds/linux
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2lsA A AA oF™ 3l (stable) {2 Of2i2 20| git clone 22 CH2ZE HHEL|CH Git 2t

HENX| 25 &7 20| TH22E &= AZHo| 45| Qe ZEILIC (2F 3~4 A2t EE 22 )

AALCREE
$ git clone git://git.kernel.org/pub/scm/linux/kernel/git/stable/linux-stable.git (origin)

CH2EE70 25 E[E linux-stable 2271 H-EE0| ASLICE 0] 220 S0{7tA of2liet Z0] git

log-p BHOR A4 {3 HHES HE 2|54 AU A HHS HOIT 4 ALLICE

$ git log -p

commit €93¢c9c99a629¢61837d5a7fc2120cd2b6c70dbdd (HEAD -> CV5.1, tag: v5.1, origin/master,
origin/linux-5.1.y, origin/HEAD, cv5.1)

Author: Linus Torvalds <torvalds@linux-foundation.org>

Date: Sun May 5 17:42:58 2019-0700

Linux 5.1
X7t o] ME EEUSH= A|™Q| 7H'E £[A HES v5.1 L|CE SX} 250| 0|2 A==
AlEoll= HHO| O 22t AYLICE H'E0| XIEHMo = HO2|0|E &2t 72X 2l

AAMNY e SH2 3A Ze2p XX LT ofHEE HE AAS LES= LEH Y riscy

OF7|EIX ¢l FU540 S ZEot= A0 ol M A% 7| St== SHZUSLILY.
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$ cd linux-stable

$ make ARCH=riscv CROSS_COMPILE=riscv64-unknown-linux-gnu- defconfig

flet 20| HE 22 BZ(linux-stable)Oll A make BHS HASIH EL|CL MW FMH=

ARCH=riscv 0|11 A 2A HMAUZ = riscv64-unknown-elf- IL|CE J2|10 HES wEghn)

A xohe SrAMHE ot 2 £ X0 = defconfig 2 BLICt defconfig S M0 2sHA .config IHO|

MMEIL|CE o] mplo| MMl CHSEE{= defconfig CHAO| menuconfig M2 2 .config It Q)
W82 +8Y 4 USLICH 2O = HES XEISHHAM .config IHY S HESH= LHBSE2 A%

==7| =0l Juotc A E SRS LT

.config I+

CONFIG_RISCV=y
CONFIG_MMU=y
CONFIG_ARCH_PHYS_ADDR_T_64BIT=y
CONFIG_ARCH_DMA_ADDR_T_64BIT=y
CONFIG_PAGE_OFFSET=0xffffffe000000000
CONFIG_STACKTRACE_SUPPORT=y
CONFIG_RWSEM_GENERIC_SPINLOCK=y
CONFIG_GENERIC_BUG=Y
CONFIG_GENERIC_BUG_RELATIVE_POINTERS=y
CONFIG_GENERIC_CALIBRATE_DELAY=y
CONFIG_GENERIC_CSUM=y
CONFIG_GENERIC_HWEIGHT=y
CONFIG_PGTABLE_LEVELS=3
CONFIG_DMA_NOOP_OPS=y

# Platform type

# CONFIG_ARCH_RV32I is not set
CONFIG_ARCH_RV64I=y

# CONFIG_CMODEL_MEDLOW is not set
CONFIG_CMODEL_MEDANY=y

# CONFIG_MAXPHYSMEM_2GB is not set
CONFIG_MAXPHYSMEM_128GB=y
CONFIG_SMP=y

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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CONFIG_NR_CPUS=8
CONFIG_CPU_SUPPORTS_64BIT_KERNEL=y
CONFIG_TUNE_GENERIC=y
CONFIG_RISCV_ISA_C=y
CONFIG_RISCV_ISA A=y

# Kernel type
CONFIG_64BIT=y
CONFIG_FLATMEM=y
CONFIG_FLAT_NODE_MEM_MAP=y
CONFIG_HAVE_MEMBLOCK=y
CONFIG_NO_BOOTMEM=y
CONFIG_SPLIT_PTLOCK_CPUS=4
CONFIG_COMPACTION=y
CONFIG_MIGRATION=y
CONFIG_PHYS_ADDR_T_64BIT=y
CONFIG_DEFAULT_MMAP_MIN_ADDR=4096
CONFIG_PREEMPT_NONE=y
CONFIG_HZ_250=y
CONFIG_HZ=250

//0[s 4=t .

buildroot(ramfs)

FE T4 A A Of2f YAO|E AAE CHREE HokA A

https://buildroot.or

LA

rr

A2ACREE

AELICE

Ct= 3t 20| git clone 22 CHREE 510 2[4 HHMOE X302 gfL|Ct.

$ git clone git://git.buildroot.net/buildroot

$ cd buildroot/

0F2 X (https://www.mouser.com/)
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$ git tag | grep 2018.11.3
$ git checkout -b Cv201811603 2018.11.3

mjo
n>
ot
Ot
2
e
[
ot
I
_lTl_
1=
[m

AA HELE CH2 1} 20| make menuconfig 2 A MM 3t make

AAHE

$ make menuconfig
///23EEH

$ make

oh A A" MY0 2ot 229 IHF|X[SS AHUIMM T22E St M L E &|7| TZ20
LEAZHo] B @2 ZELICH(1 AlZHold) Bz 2FHEFM HF B2 oY A|A- 17 |X| S

HHoH 80| AMM 2F 7 &gt Ch Lot 7

—r

2 HT 2t SEOtoF BfL|CY,

buildroot AF2H0]| CH3H A= https://buildroot.org/ AtO|E EE= QIE{ullof k0| 2R &0 oa=Z

HZESHAE E|ZELIC.

[

n
el
4>
=2
x
)l
ot
r
o

2|0l M buildroot 2 Y ESH M| AT IHAS(rootfs)S CH2 3 20| 74 &

menuconfig HIF0lA Chg 2t 20| ™ eL|Ct

Menuconfig
Symbol: BLK_DEV_INITRD [=y]
| Type : bool
| Prompt: Initial RAM filesystem and RAM disk (initramfs/initrd) support
|  Location:
| -> General setup
| Defined at init/Kconfig:1213

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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Symbol: INITRAMFS_SOURCE [=/home/risc-v/kernel/conf/initramfs.txt
/home/risc-v/kernel/rootfs/v04]

| Type : string

| Prompt: Initramfs source file(s)

|  Location:

| -> General setup

| -> Initial RAM filesystem and RAM disk (initramfs/initrd)
support (BLK_DEV_INITRD [=y])

| Defined at usr/Kconfig:6

|  Depends on: BLK_DEV_INITRD [=y]

Symbol: INITRAMFS_ROOT_UID [=1000]

| Type : integer

| Prompt: User ID to map to O (user root)

|  Location:

| -> General setup

| -> Initial RAM filesystem and RAM disk (initramfs/initrd)
support (BLK_DEV_INITRD [=y])

| Defined at usr/Kconfig:35

|  Depends on: BLK_DEV_INITRD [=y] && INITRAMFS_SOURCE
[=/home/risc-v/kernel/conf/initramfs.txt /home/risc-v/kernel/rootfs/v03]!=

Symbol: INITRAMFS_ROOT_GID [=1000]

| Type : integer

| Prompt: Group ID to map to @ (group root)

|  Location:

| -> General setup

| -> Initial RAM filesystem and RAM disk (initramfs/initrd)
support (BLK_DEV_INITRD [=y])

| Defined at usr/Kconfig:45

| Depends on: BLK_DEV_INITRD [=y] && INITRAMFS_SOURCE
[=/home/risc-v/kernel/conf/initramfs.txt /home/risc-v/kernel/rootfs/ve3]!=

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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riscv simulator

FU540 Bt EE7} Q10{= S AE PCO|M 7E £ A AIZ20[-ISHH H&E = ASLICE OfH

EALO|EOf| XpM|TE LIEO| A2 2 = HEEHL|CE.

XtX AJO|E:
https://github.com/riscv/riscv-isa-sim

LA CIREC

‘$ git clone https://github.com/riscv/riscv-isa-sim.git

AAHE

$ apt-get install device-tree-compiler
$ mkdir build

$ cd build

$ ../configure --prefix=$RISCV

$ make

qemu

riscv Ol A |3 8t= simulator(riscv-isa-sim)= C|HIO| A E2|E M E5t=0 H2{S0] A0 A,
LUXtE gemu 2 AF2SHI| 2 ELICE gemu = 7HE T0| AF25HD Q= HA O 3|0|E{(the

FAST! processor emulator) 2] Otz ZAIO| EOf| A HHESE D Q& L|CE.

https://www.gemu.org/

gemu X|E= 2|54 LEE EHOIZH M CHS 2t 20| apt-get S 2 ZHEHS| AX|gh 4~ JELICE,

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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qemu %]

‘$ sudo apt-get install gemu

otz Z=0of &X| EL|C.

/usr/1ib/x86_64-1inux-gnu/gemu
/usr/1lib/gemu

/usr/share/qgemu

/usr/bin/

gemu AAIIAES

[usr/bin Z=0i| ASLICt. O] HZo| WES L3t

Z0|

$ 11 /usr/bin/qemu-system-*
-rwXr-xr-x 1 root root 1256468
aarch64*

-rwxr-xr-x 1 root root 1007628
-rwxr-xr-x 1 root root 1237019
-rwXr-xr-x 1 root root 496547
-rwxr-xr-x 1 root root 1162377
-rwxr-xr-x 1 root root 514982
-rwxr-xr-x 1 root root 518310
-rwxr-xr-x 1 root root 496121
microblaze*

-rwxr-xr-x 1 root root 496121
microblazeel*

-rwxr-xr-x 1 root root 1108121
-rwxXr-xr-x 1 root root 1122512
-rwxr-xr-x 1 root root 1125990
mips64el*

-rwxr-xr-x 1 root root 1108121
-rwxr-xr-x 1 root root 491747
-rwxr-xr-x 1 root root 491059
-rwxXr-xr-x 1 root root 496492
-rwxr-xr-x 1 root root 1173820
-rwxr-xr-x 1 root root 1228086
lrwxrwxrwx 1 root root 1

-> gemu-system-ppc64*

8 118 8 15:
8 118 8 15:
2 118 8 15:
2 118 8 15:
6 118 8 15:
4 118 8 15:
4 118 8 15:
6 118 8 15:
6 118 8 15:
6 118 8 15
0 118 8 15:
4 11 8 15:
6 118 8 15:
2 118 8 15:
2 118 8 15:
8 118 8 15:
8 118 8 15:
4 118 8 15:
7 118 8 15:

30

30
30
30
30
30
30
30

30

130

30
30

30
30
30
30
30
30
30

/usr/bin/qgemu-system-

/usr/bin/gemu-system-alpha*
/usr/bin/gemu-system-arm*
/usr/bin/gemu-system-cris*
/usr/bin/gemu-system-i386*
/usr/bin/gemu-system-1m32*
/usr/bin/gemu-system-m68k*
/usr/bin/qgemu-system-

/usr/bin/qgemu-system-

/usr/bin/gemu-system-mips*
/usr/bin/gemu-system-mips64*
/usr/bin/qgemu-system-

/usr/bin/gemu-system-mipsel*
/usr/bin/gemu-system-moxie*
/usr/bin/qgemu-system-nios2*
/usr/bin/gemu-system-orik*
/usr/bin/qgemu-system-ppc*
/usr/bin/qgemu-system-ppc64*
/usr/bin/qgemu-system-ppcé4le
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-rwxr-xr-x 1 root root 11435104 11 % 8 15:30 /usr/bin/gemu-system-ppcemb*
-rwxr-xr-x 1 root root 6268288 11& 8 15:30 /usr/bin/gemu-system-s390x*
-rwxr-xr-x 1 root root 9922208 11% 8 15:30 /usr/bin/gemu-system-sh4*
-rwxr-xr-x 1 root root 9922208 11& 8 15:30 /usr/bin/gemu-system-sh4eb*
-rwxr-xr-x 1 root root 5559200 11& 8 15:30 /usr/bin/gemu-system-sparc*
-rwxr-xr-x 1 root root 10248992 11 % 8 15:30 /usr/bin/gemu-system-
sparc64*

-rwxr-xr-x 1 root root 5017728 11 % 8 15:30 /usr/bin/gemu-system-
tricore*

-rwxr-xr-x 1 root root 4864000 11& 8 15:30 /usr/bin/gemu-system-
unicore3d2*

-rwxr-xr-x 1 root root 11658464 11% 8 15:30 /usr/bin/gemu-system-x86_64*
- rwWXr-Xr-X root root 5040256 11 & 15:30 /usr/bin/gemu-system-xtensa*
-rwxr-xr-x 1 root root 5029760 11& 8 15:30 /usr/bin/gemu-system-
xtensaeb*

[N
(e}

-

CPU SFHE gemu AHIAE0| YLt riscv E I3 gemu-system-riscv = S &LICE gemu

1]

A HIE 20| OF&| riscv = M E §UE[0] Y=5 SLICE QAUE{HIoM HMEH 2 Bt gemu AAE
XX dtobN I (S M: —-target-list=riscv64-softmmu)Sto] A X|SHH ElL|CH gemu &A= git

clone 2 C+2ZE FObA CHZ 2t 20| HutASte] A XLt

gqemu £A CI22LE 5 HX|

$ git clone https://github.com/gemu/gemu

$ cd gemu

$ ./configure --target-list=riscv64-softmmu,riscv32-softmmu
$ make -j $(nproc)

$ sudo make install

gemu-system-riscv64 = Jusr/local/bin/Z 20| X[ EL|Ct. CtS2t 20| gemu-system-riscv64

E2ES el

bl

gemu-system-riscv64 =2

‘$ gemu-system-riscv64 -h

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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QEMU emulator version 4.2.0 (v4.2.0-dirty)
Copyright (c) 2003-2019 Fabrice Bellard and the QEMU Project developers
usage: gemu-system-riscv64 [options] [disk_image]

'disk_image' is a raw hard disk image for IDE hard disk 0
Standard options:

-h or -help display this help and exit

-version display version information and exit

-machine [type=]name[,prop[=value][,..]]

//0I5H4EE . .

gemu-system-riscv64 AFE0]| CHH A= Of2lf ZALO|EOf| M O H|E 2 XtA[S| BEStD JASLICE

https://twilco.github.io

TXtE 2|2 EAO|ES EZSH A8l 210 JAELICE 2|1 gemu = UE{SI MM S5t

MEUHSE = = A7 HZ0] o]0l M= 7| 7HX[ 2t AFSt == St SLIC

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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HEH?ELE RISC-V 2|5A 7{d 3 ClHlo|AERo|H EE iy
FU540 st=slio]f

FU540 StE9of

FU540 & 64 H E RISC-V X2 28nm 2 X O MA|5t SoC EE QIL|Ct. CPU 207} 572
TME|0| AOM E51 T0{ 17, U54 20 47 QLICH 2F 64 H|E HHEMOZ 1 5GHz £ E2
S&FtL|CE E51 20 LHEO[= L1 HE FHA|2FSRAM O] 11, U54 20| LHEM= L1 HE At

CIOIE] ZHAIZL LHE =0 AELICE Ofgll= FUS40 7125 S8 CHo|o| 2o 2 dYHSH= J2IJLICt

FU540 & Ctojoja

FU540-C000 L
S
£ — ChipLink —5d
X I1AG | U94-MC Coreplex o
{M]
M| =
\—Q—IDEDU Module Platform-Level @ [ GDE l_m
[ BootROM | | Interrupt Control [ {
ES1 Core 0 U54 Core 1-4 In ]
L11$ L11%$ 1
oTP
F]
RYVG4IMAC RVBAGC sk ROM
SRAM L1 D%
QSFI0
1 _ — QsPI1
TileLink Switch | = 0SPI2
TileLink Coherence Manager % .
Banked L2 [M] 2 u.ﬂlugm
anke $ ¥
3 UART1
[ GPIO
PWMO
PWM1
DDR3 / DDR3L/ DDR4 Controller/PHY -
Clock Generation E
- Clock/Reset Control
X
0 X (https://www.mouser.com/) 2 13| (www.kernel.bz)
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CPU Z0{ HPRZZ 0= 2MiB 82| L2 FHA|I7L JASLICE. Zk2te| CPU OtLt LI R QIE{-E E(PLIC) 7t

Xe| LIt 2 F H22|= 8GB DDR3/4 7t 64 H|E HAZO 2 HZAL|0f JGLICY.

ZHX| QIE{H|O| A= SPI 3 7H, 12C 1 7H, UART 2 71, GPIO 16 7H, PWM 2 7H7} LHZHE[Of QI3,
10/100/1000 Ethernet ZX[7} HZAE[0] }ESLICL SPIO 0= 32MB Flash H|22|7F HZ=|0f
UL, SPI2 0fl= OFO|32 SD 7H=7t HZEE[0] UESLICE UARTO £ CIHHI == OF0|32 USB
ZEO| HZBE[0 ASLICE PWMO = S HENE HAISH| 2ISH LED(4 7H)0ll HE =0 qELIC

of2lii= XIg7HX| 7|&¢t LIES HI0| =22 Fe[et A YLt

Feature Description
4x U54 RISC-V cores with machine, supervisor, and user mode,
RISC-V Core 32 KiB 8-way L1 I-cache, and 32 KiB 8-way L1 D-cache.
4x E51 RISC-V cores with machine and user mode, 16 KiB 2-way L1
I-cache, and 8 KiB data tightly integrated memory (DTIM).
L2 Cache 2 MiB 16-way coherent L2 cache.
| Software and timer interrupts, 53 peripheral interrupts connected to
nterrupts

the PLIC with 7 levels of priority.

64 bit + ECC Memory Controller to external DDR3/DDR3L/DDR4

DDR3/4 Controller

memary

Universal Asynchronous/Synchronous Transmitters for serial commu-

UART O —
nication.
UART 1 U_nim_ersal Asynchronous/Synchronous Transmitters for serial commu-
nication.
QSPIO0 Serial Peripheral Interface. QSPI 0 has 1 chip select signal.
QSPI1 Serial Peripheral Interface. QSPI 1 has 4 chip select signals.
QSPI 2 Serial Peripheral Interface. QSPI 2 has 1 chip select signal.
PWM 0 16-bit Pulse-width modulator with 4 comparators.
PWM 1 16-bit Pulse-width modulator with 4 comparators.
12C 0 Inter-Integrated Circuit (12C) controller.
GPIO 16 General Purpose I/O pins.

Gigabit Ethernet
MAC

10/100/1000 Ethernet MAC with GMII interface to an external PHY.

OTP

4Kx32b one-time programmable memory.

ZX{: SiFive FU540-C000 Manual v1p0 (1 &)
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% ClHfO]AEElO|H EE W

FU540 st=sliof

o

e
iy

=lof YL

Ct.

x| elE{mjo] A 3|
11

|2 x| AHHO|AS SOM AHEXL} 2 R0 &

o« ol
2 LA

A

S2 R J1, 2 sHE S0

1 2
GND GND .
UARTO TX ; UARTO_CTS  PWR_BTN_N ; E‘:&TBTNN o PWR_BTN_N 36
: 5 UARTO_TXD  RST_BTN_N el RESET N__ 95,7
UARTO_RX 7 >T_B TN B QSPIL_SCK_R
UARTO_RXD SPI0_SCLK :
9 ! ! 10 QSPI_DOI R
—2 1 UARTO_RTS SPI0_DIN e
UART1_TX 11 : NI QSPI1_CSO_R
UART1_RX 73 | JARTITXD SPIG0_C5 =77 OSPIL_DOD_K
— 2 | UARTI_RXD  SPIO0_DOUT :
12C0_SCL s = POUT 6
2C0_SDA 17 | LO0SCL PCMLES =g
SSLR | 12C0_sDA PCM_CLK |
31 12C1SCL PCM_DO [
2| o= h 5
GPIOO 33 | 1XC1.SDA PCM_DI =57 GPIO]
2 GPIO-A GPIO-B Lt
GPI02 35 | GPIO-A : 6 GPIO3
i GPIO-C GPIO-D i
GPI04 37| C i 8 GPIDS
. GPIO-E GPIO-F A
GPIOG 39 | SFIO-L : 30 GPIO?
: GPIO-G GPIO-H :
GPIOS 51 | ¢ ! 32 GPIOY
T = Gpiod1 GPIO-J (=2
: - GPIOK GPIO-L |—2
VDD_1V8| 331 +1vs SYS_DCIN |38 ' {VDD_DCIN
vDD_svol ] 5V SYS_DCIN [
39 | GND GND
YoBoardsLowSpeedExpansion
= GND
GND
VDD_1V8
2
PWMO_0 I PWMD_2 11
PWMO_ i PWMO._3 ITAG_TCK B
GEMGXLRST 5 |z 4|6 QSPLL DOZ R ITAG_TDO R I I
FASTUINK FAIL 7 | 5 ¢ |8 QSPLL_DOQ3 R ITAG_TMS 512 ¢ [ RESET N
ENVDD SD 0 | ¢ [0 QsPicsi® il
SD_CD ]|, 12 Z__osmicsar ITAG TDI 9] 910 10
3| 3 s [2 _osAicsiR
PWMI_0 5] 5 16 16 Header 2x5
PWMI I T oo Os PWM]1 2
91 10 20 |20 PWMI_3 =
: GND
Header 2x 10
GND GND

ZX: SiFive FU540-C000 2|2
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FU540 si=4o

K AE =

FU540 St=90] XIS 2 2|52 {20 A ClHo|A E2|Z EH ElLIC,, of2f 23 = Hoist

FU540 & X| AIZ £ arch/riscv/boot/dts/sifive/ ZZ0| A= 72 C[HIO|A EB| AAE TIXIT}

1z

otof Faleh A LILt. ClHto|A E2|of L3 M= Of Mol A A& 2 FO| EL|chat, ATt

HI

X

|ZTEE EH 20 M 7|=Tt FUS40 SHERIO Al T 22F YX| Lt

Device Tree XA ST

base

Haddress-cells = <2>
#size-cells = <2>

cpus rtcelk hfelk 50C memory
Haddress-cells = <1= #clock-cells = <0> #tclock-cells = <0> #address-cells = <2> @ 80000000
#size-cells = <0> itsize-cells = <2>
cpul cpul_inkc | plico
cpul cpul_inkc | uarto
uark1
cpu? cpu2_inkc |
i2c0
cpu3 cpu3_intc |
qgspi0 Flash |
cpud cpud_inkc | qgspil
qgspi2 mmc |
eth phy0 |
pwm0
pwm1
gpio

FU540 St=90] ZHX|ES2 cpus, 22 (rteclk, hfclk), soc(RZE2 2IE{H|0|A), memory 2

TG ELICt cpus tel AlB0 5 7H2] cpu 2017HBHX|E| 1, soc 5t Al 0l H2{7kX| EX[S0]

HAELICE
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FU540 C|HIO|A E2| AA

A

Aol A|AHI I HZ(/sys/firmware/devicetree/base)d| HES2 L EHZ HE gLICL

sys/firmware/devicetree/base

RISCV-FU540:/sys/firmware/devicetree/base# 11

-r--r--r-- 1 root root
-r--r--r-- 1 root root
drwxr-xr-x 8 root root
drwxr-xr-x 3 root root
drwxr-xr-x 2 root root
drwxr-xr-x 2 root root
-r--r--r-- 1 root root
drwxr-xr-x 7 root root
drwxr-xr-x 2 root root
drwxr-xr-x 2 root root
-r--r--r-- 1 root root
-r--r--r-- 1 root root
drwxr-xr-x 39 root root

RISCV-FU540:/sys/firmware/devicetree/base# ls soc

#address-cells

#size-cells
bus-blocker@100b8000
cache-controller@2010060
cadence-ddr-mgmt@100c0000
cadence-gemgxl-mgmt@100a0000
chiplink@40000000

compatible

dma@3000000

dtim@1000000
ememoryotp@10070000
error-device@18000000
ethernet@10090000
gpio-restart

gpio@10060000

12c@10030000
interrupt-controller@c©00000
itim@1800000

itim@1808000

4 Jan 1 00:00 #address-cells
4 Jan 1 00:00 #size-cells
@ Jan 1 00:00 ./
@ Jan 1 00:00 ../
@ Jan 1 00:00 aliases/
@ Jan 1 00:00 chosen/
27 Jan 1 00:00 compatible
©0 Jan 1 00:00 cpus/
@ Jan 1 00:00 firmware/
0 Jan 1 00:00 memory@80000000/
28 Jan 1 00:00 model
1 Jan 1 00:00 name
@ Jan 1 00:00 soc/
itim@1820000
memory-controller@100b00O0O
name
pci@2000000000
pinctrl@10080000
prci@10000000
pwm@10020000
pwm@10021000
pwmleds
ranges
refclk
rom@1000
rom@10000
rom@aoeeEEEO
serial@10010000
serial@10011000
spi@10040000
spi@10041000
sSpi@10050000
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itim@1810000 teststatus@4000
1tim@1818000 tlclk

SiFive Al2| FU540 = ¢[¢t CHIO|A ER[= Of2fle] 7{E A A Hof| JASLICE 2|54 HE v5.2

HE HEEZASLIC

FU540 C|HIO|A E2| oL S

/include/dt-bindings/clock/sifive-fu540-prci.h
/arch/riscv/boot/dts/sifive/fu540-c000.dtsi
/arch/riscv/boot/dts/sifive/hifive-unleashed-a00.dts

2ol U S arch/riscv/boot/dts/sifive/Makefile O /i A W= EIL|Ct T

CONFIG_SOC SIFIVE 2E MH M7t [zy] 2 =0 JO{OF BL|C}.

arch/riscv/boot/dts/sifive/MakefFile

‘dtb—$(CONFIG_SOC_SIFIVE) += hifive-unleashed-a00.dth

CONFIG_SOC_SIFIVE 2 E AH M4E= 719 menuconfig Ol A CHS 1 22 HliF 2IX|0ff AELIC

menuconfig

Symbol: SOC_SIFIVE [=y]

| Type : bool

| Prompt: SiFive SoCs

|  Location:

| (8) -> SoC selection

| Defined at arch/riscv/Kconfig.socs:3

|  selects: SERIAL_SIFIVE [=y] && SERIAL_SIFIVE_CONSOLE [=y] &&
CLK_SIFIVE [=y] && CLK_SIFIVE_FU540_PRCI [=y] && SIFIVE_PLIC [=y]

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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RISC-V(FU540) 2ls2 7{¢ ZH

RISC-V(FU540) 2|54 7{'d ZE!

SOC_SIFIVE

2lsA 7 M2kl AA v5.4 HE{ SOC_SIFIVE HH0| 27} E|Y&LICE v5.40M=

menuconfig 8lA SOC_SIFIVE [=y]S MEigtL|C}, (C|HIO|A E2| &)

arch/riscv/Kconfig.socs

menu "SoC selection"

config SOC_SIFIVE
bool "SiFive SoCs"

select
select
select
select
select
help
This

endmenu

SERIAL_SIFIVE
SERIAL_SIFIVE_CONSOLE
CLK_SIFIVE
CLK_SIFIVE_FU540_PRCI
SIFIVE_PLIC

enables support for SiFive SoC platform hardware.

arch/riscv/kernel/* &2
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arch/riscv/Kconfig

# set if we run in machine mode, cleared if we run in supervisor mode
config RISCV_M_MODE

bool

default !MMU

# set if we are running in S-mode and can use SBI calls
config RISCV_SBI

bool

depends on !'RISCV_M_MODE

default y

FU540 22 ZE!

drivers/clk/sifive/*

$ 11 drivers/clk/sifive/

drwxrwxr-x 2 risc-v risc-v 4096 42 9 21:19 ./
drwxrwxr-x 46 risc-v risc-v 4096 4% 9 21:26 ../
-rw-rw-r-- 1 risc-v risc-v 3435 43 9 21:19 gemgxl-mgmt.c
-rw-rw-r-- 1 risc-v risc-v 284 48 9 21:19 Kconfig
-rw-rw-r-- 1 risc-v risc-v 88 43& 9 21:19 Makefile
-rw-rw-r-- 1 risc-v risc-v 8527 43 9 21:19 u54-prci.c
drivers/clk/Kconfig

// /BB

source "drivers/clk/qcom/Kconfig"

source "drivers/clk/renesas/Kconfig"

source "drivers/clk/samsung/Kconfig"

source "drivers/clk/sifive/Kconfig"

source "drivers/clk/sprd/Kconfig"

source "drivers/clk/sunxi-ng/Kconfig"

source "drivers/clk/tegra/Kconfig"

source "drivers/clk/ti/Kconfig"

source "drivers/clk/uniphier/Kconfig"

0+ % (https://www.mouser.com/) HE A RS (www.kernel.bz)

32 /51


https://www.mouser.com/

MOUSER

ELECTRONICS RISC-V 2lsA 74 9 C|HIO|AEE|O|HH IZE! i
RISC-V(FU540) glsA 7Y =ZE

‘source "drivers/clk/zyngmp/Kconfig"

22|10 v5.x @ “drivers/clk/Makefile” IFU 2| MY SHTHEO| of2l| LHES F7tgtL|Ct.

obj-y += sifive/

drivers/clk/Makefile

obj-$(CONFIG_ARCH_ZX) += zte/
0bj -$(CONFIG_ARCH_ZYNQ) += zynq/
obj-$(CONFIG_COMMON_CLK_ZYNQMP) += zynqmp/
obj-y += sifive/

2|3 v5.x 9 “drivers/clk/sifive/Makefile” Tt 0]| Otz LIS M2 Z=IFEHL|Ct,

drivers/clk/sifive/Makefile

obj-$(CONFIG_CLK_U54_PRCI)  += u54-prci.o
obj-$(CONFIG_CLK_GEMGXL_MGMT) += gemgxl-mgmt.o

2|1 v5.x 9 “drivers/clk/sifive/Kconfig” Tt 0| Of2 LIS AMFE FIHeL|Ct,

drivers/clk/sifive/Kconfig

config CLK_U54_PRCI
bool "PRCI driver for U54 SoCs"
---help---
Supports Power Reset Clock interface found in U540 SoCs

config CLK_GEMGXL_MGMT
bool "TX clock switch for GEMGXL in U540 SoCs"
---help---
Supports clock muxing between 10/100Mbit and 1Gbit TX clock on
U540 SoCs

2|1 v5.x o AAE UESH | 2ot 4452 o2t 20| menuconfig HlA [=y] =2 M SLICE
0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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menuconfig

Symbol: CLK_U54_PRCI [=y]
| Type : boolean
| Prompt: PRCI driver for U54 SoCs
|  Location:
| -> Device Drivers
| (1) -> Common Clock Framework
| Defined at drivers/clk/sifive/Kconfig:1
| Depends on: COMMON_CLK [=y]

Symbol: CLK_GEMGXL_MGMT [=y]
| Type : boolean
| Prompt: TX clock switch for GEMGXL in U540 SoCs
|  Location:
| -> Device Drivers
| (2) -> Common Clock Framework
| Defined at drivers/clk/sifive/Kconfig:6
|  Depends on: COMMON_CLK [=y]

|2t 20| ZHABHH v5.x o] FU540 23 & X|(“drivers/clk/sifive/*")2| AATIAEO0| ZEIE| 1

o

1y

4= SHH C2 3t 240 drivers/clk/sifive/* 2 AAE0| Zoto| ElL|C},

FU540 timer ZE!

SiFive At2| FU540 C|HIO|A E2IO|HE F0|AM timer Off 2 &= A A = CHS I Z2&LICE

FU540 timer &4

drivers/clocksource/Kconfig
drivers/clocksource/Makefile
drivers/clocksource/timer-riscv.c
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o] 22 = v5.x0f 00| & £|0f JAFLICE Of 2AF UEDH| oA &FBHOF 5= Keonfig 2t

Makefile S CHE1t 20| =

re
ot

FLICt.

v5.x 9| “drivers/clocksource/Kconfig” It 0| A Ozl LHE0| Q=X &rlstL|Ch,

drivers/clocksource/Kconfig

config RISCV_TIMER
bool "Timer for the RISC-V platform"
depends on GENERIC_SCHED_CLOCK && RISCV
default y
select TIMER_PROBE
select TIMER_OF

help
This enables the per-hart timer built into all RISC-V systems, which
is accessed via both the SBI and the rdcycle instruction. This 1S

required for all RISC-V systems.

12|32 v5.x 9 “drivers/clocksource/Makefile” It0j| otz LHE0| Y =X| ErolEtL|Ct,

obj-$(CONFIG_RISCV_TIMER) += timer-riscv.o

drivers/clocksource/Makefile

///BIHHEE

0bj-$(CONFIG_CLKSRC_ST_LPC) += clksrc_st_lpc.o
obj-$(CONFIG_X86_NUMACHIP) += numachip.o
obj-$(CONFIG_ATCPIT100_TIMER) += timer-atcpit100.o0
obj-$(CONFIG_RISCV_TIMER) += timer-riscv.o
obj-$(CONFIG_CSKY_MP_TIMER) += timer-mp-csky.o
obj-$(CONFIG_GX6605S_TIMER) += timer-gx6605s.0

//0I5H4EE, .

v5.x 2A0| = “drivers/clocksource/timer_riscv.c”S L ESHY| @et A4E2 Oof2fet Z0|

menuconfig QA [zy]2 M- E| JQ=X| =l BiL|Ct,

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
35/ 51



https://www.mouser.com/

MOUSER

ELECTRONICS RISC-V 2lsA 74 9 C|HIO|AEE|O|HH IZE! i
RISC-V(FU540) glsA 7Y =ZE

drivers/clocksource/Kconfig

Symbol: RISCV_TIMER [=y]

| Type : bool

| Prompt: Timer for the RISC-V platform

|  Location:

| -> Device Drivers

| (1) -> clock Source drivers

| Defined at drivers/clocksource/Kconfig:608

|  Depends on: GENERIC_CLOCKEVENTS [=y] && GENERIC_SCHED_CLOCK [=y] &&
RISCV [=y]

| Selects: TIMER_PROBE [=y] && TIMER_OF [=y]

| selected by [y]:

| - RISCV [=y]

flet 2

rlo

LH2EL2 v5.x 0 0|0] ZHE|0] QOB 2 FU540 timer AAIIUE2 W= ElL|C}

FU540 irqchip ZE!

SiFive AF2| FU540 irqchip C|HIO|A E2IO[H &= v5.x 24 “drivers/irqchip/irg-sifive-plic.c “Of|
o|0| ZEIE|0| YAESLICE O] AAE HESHY| 9ot Ao 44E “drivers/irqchip/Kconfig”
ool M CH2F 20| [zy] = ME =[O U=X| 2letLCE O A =|0] UX| %4CHH menuconfig &

AMHSH] drivers O 550l A “SiFive Platform-Level Interrupt Controller” MEHS [*]2 i A|H
gLct.

drivers/irqchip/Kconfig

Symbol: SIFIVE_PLIC [=y]

| Type : bool
| Prompt: SiFive Platform-Level Interrupt Controller
Location:

Defined at drivers/irqgchip/Kconfig:411
Depends on: RISCV [=Yy]

|
| -> Device Drivers
|
|

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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FU540 UART 22 X El

20| AlZp | 2 HAMX|7FAlZ|

e
Nl
>

Ja3
=2
Mt
Ju
mn
Rl
52
|0
e
ol

Ja}

>~
i
i
=

o
el
A

ot
on
r
n

J2iM FU540 EX[S B0M Al2[E 2&FE ZEHOF gLt EXt= freedom-u-sdk(v4.15)01]

ol
AN

A2|E 2

—

I
>

k| AA

x! ESCS L2 202 v5.0 0| ZEMSL|CE

rir

arch/riscv/Kconfig

config EARLY_PRINTK
def_booly

2|1 “drivers/tty/Kconfig” It 0f| = Virtual terminal 2'4=2] CONFIG_VT £ [=n]Z

At

drivers/tty/Kconfig

Symbol: VT [=n]
| Type : bool
| Prompt: virtual terminal
|  Location:
| -> Device Drivers
| -> Character devices
| (2) -> Enable TTY (TTY [=y])
| Defined at drivers/tty/Kconfig:12
| Depends on: TTY [=y] && !UML
|  selects: INPUT [=y]

f2t 20| Mg YCHH, tty Al2|Z FX[E Ch32t 20| ZE-LICH
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o

RISC-V(FU540) 2ls2 7{¢ ZH

tty E210|H &

riscv tty E2}0|H A A (drivers/tty/hvc/hve_riscv_sbi.c)= v5.x 0f 0|0 TEIZ|0f Q&L|C.

SHX|2t “drivers/tty/hvc/Kconfig” I 0| HVC_RISCV_SBI YHE Ar2Jt [zy] 2 MHE|0] Q=X

drivers/tty/hvc/Kconfig

Symbol: HVC_RISCV_SBI [=y]
| Type : bool
| Prompt: RISC-V SBI console support
|  Location:
| -> Device Drivers
| (1) -> character devices
| Defined at drivers/tty/hvc/Kconfig:91
|  Depends on: TTY [=y] && RISCV [=y]
| selects: HVC_DRIVER [=y]

Q|2 Zto| M™ |0 QUCHH “drivers/tty/hvc/hvc_riscv_sbi.c” 2A 7 E ELICL O] AATMYE

E|™H Fus40 o] REIEN] Al2|H 2&2 28 HIMXIZ} £ ELICL &2

tu

arch/riscv/configs/defconfig Ol = O] ¥H0| [=n]2Z £|0{ J}SLIC

U2, v5.4 0= sifive o Al2|E 2& 27 =210 2271 ASLICE OF2H2| menuconfig 0| Af

0|Zd2 SERIAL_SIFIVE [=y], SERIAL_SIFIVE_CONSOLE [=y] 2 MXs}H 2El nHo|M LF T}

LA ofLict. ol @2 SOC_SIFIVE 2t HE(S|E)E[0 JAFLICE. 2F 7L LMSH= HRI2 2|52

712 v5.2 1 FU540 E= 2 ?[et CHIO|A E2[7F ME E|}ASLICE. C[HIO|A EB|E HESHK|

V5.4 menuconfig
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Symbol: SERIAL_SIFIVE [=y]
| Type : tristate
| Prompt: SiFive UART support

Location:
-> Device Drivers
(5) -> Serial drivers

|
|
|
| Defined at drivers/tty/serial/Kconfig:1022

| Depends on: TTY [=y] && HAS_IOMEM [=y] && OF [=y]
| sSelects: SERIAL_CORE [=y]

| selected by [n]:

| - SOC_SIFIVE [=n]

Symbol: SERIAL_SIFIVE_CONSOLE [=y]

| Type : bool
| Prompt: Console on SiFive UART
Location:

|
| -> Device Drivers

| -> Character devices

| -> Serial drivers

| (6) -> SiFive UART support (SERIAL_SIFIVE [=n])

| Defined at drivers/tty/serial/Kconfig:1031

|  Depends on: TTY [=y] && HAS_IOMEM [=y] && SERIAL_SIFIVE [=n]
|  Selects: SERIAL_CORE_CONSOLE [=y] && SERIAL_EARLYCON [=y]

| selected by [n]:

| - SOC_SIFIVE [=n]

| -> Character devices

FU540 PWM XE!

712 v5.4 Of = FU540 ZX|(C|HIO|A E210|H) S S0f|lA PWM 0] ZEIE|0| AEL|Ct. menucofig

0l A{ PWM_SIFIVE [=y] = MEH SFH AATFIE EILICE

714 v5.4 menucofig

Symbol: PWM_SIFIVE [=y]
| Type : tristate
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Prompt: SiFive PWM support

Location:
(1) -> Pulse-Width Modulation (PWM) Support (PWM [=y])

|
|
| -> Device Drivers
|
|

Defined at drivers/pwm/Kconfig:404
| Depends on: PWM [=y] && OF [=y] && COMMON_CLK [=y] && (RISCV [=y]
COMPILE_TEST [=n])

H'd v5.4 O|8I0A= FU540 PWM ZEIE|0{QUX] ¥OD 2 v4.15(Freedom-u-sdk)0il Q=
FU540 PWM 2AE v5.x O F Of2ljet 20| ZEITILICE (H'E v5.4 O| A 0|M = Of2f LHES ALY

£ o= ELICH
v4.15(Freedom-u-sdk)0ll = “drivers/pwm/pwm-sifive.c”0fl Y= AA TS v5.0 O A}
2rLICE. (new)

22|31 v5.0 9| “drivers/pwm/Kconfig” IHof| of2lf LHE S M= FIHELICE (new)

drivers/pwm/Kconfig

config PWM_SIFIVE
tristate "SiFive PWM support"
depends on OF
depends on COMMON_CLK
help
Generic PWM framework driver for SiFive SoCs.

To compile this driver as a module, choose M here: the module
will be called pwm-sifive.

J2|1 v5.0 9| “drivers/pwm/Makefile” It 0f| Of2l LHE S A2 Z=I}FBtLICE (new)

obj-$(CONFIG_PWM_SIFIVE) += pwm-sifive.o

0F2 X (https://www.mouser.com/) 'A% (www.kernel.bz)
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drivers/gpio/Makefile
///B7P4Er, .
0bj-$(CONFIG_PWM_PXA) += pwm-pxa.o
obj-$(CONFIG_PWM_RCAR) += pwm-rcar.o
obj-$(CONFIG_PWM_RENESAS_TPU) += pwm-renesas-tpu.o
obj-$(CONFIG_PWM_ROCKCHIP) += pwm-rockchip.o
obj-$(CONFIG_PWM_SAMSUNG) += pwm-samsung.o
0bj-$(CONFIG_PWM_SPEAR) += pwm-spear.o
obj-$(CONFIG_PWM_STI) += pwm-sti.o
ob7j-$(CONFIG_PWM_STM32) += pwm-stm32.0
/ /0|5t dEf, |
obj-$(CONFIG_PWM_SIFIVE) += pwm-sifive.o
v5.0 2 A0 =7+t “drivers/pwm/gpio-sifive.c"S WESI7| [t ALES ot 20|
menuconfig HlA] [zy]= A™StL|Ct,
drivers/pwm/Kconfig
Symbol: PWM_SIFIVE [=y]
| Type : tristate
| Prompt: SiFive PWM support
|  Location:
| (1) -> Pulse-width Modulation (PWM) Support (PwWM [=y])
| Defined at drivers/pwm/Kconfig:523
|  Depends on: PWM [=y] && OF [=y] && COMMON_CLK [=y]
| -> Device Drivers
FU540 SPI & E!
o
FU540 SPI = v5.x Ol &= “drivers/spi/spi-sifive.c” &4 TFU0| LEIE|0] USLICL THX|, O|AAE
S E8}17| 2|3t Keconfig 2F Makefile 2 CH2 2t 20| =folstL|Ct,
HX|, “drivers/spi/Kconfig” It 0]l Ot2H L E0| QJ=X| &elerL|ct, ACHH =71 ghL|Ch.
02X (https://www.mouser.com/) HEH 23| (www.kernel.bz)
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drivers/spi/Kconfig

config SPI_SIFIVE
tristate "SiFive SPI controller"
depends on HAS_IOMEM
select SPI_BITBANG
help
This exposes the SPI controller IP from SiFive.

12|10, drivers/spi/Makefile Tt 0f| Of2{ L 0| JQ=X| &elgtL|Ct, ACHH F=7} gL Ct.

drivers/spi/Makefile

obj-$(CONFIG_SPI_SIFIVE) += spi-sifive.o

a2 72 2E A M- (menuconfig)dllAl SPI_SIFIVE [=y] 2 M &L|Ct,

menuconfig

Symbol: SPI_SIFIVE [=y]
| Type : tristate
| Prompt: SiFive SPI controller
|  Location:
| -> Device Drivers
| (1) -> SPI support (SPI [=y])
| Defined at drivers/spi/Kconfig:654
| Depends on: SPI [=y] && SPI_MASTER [=y] && HAS_IOMEM [=y]

2|2} ZHo| MASHH FU540 SPI &HX| E2}0|H{ 7} ZEl ElL|C},
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FU540 GPIO X E!(new)

O|H0il= FU540 EX[(CIHIO|A E2}0[H)S S0|A GPIO & EE! ot & St ELICEH
v4.15(Freedom-u-sdk) HHF0f|= Of2H2| FU540 GPIO 7t ZEIE[0] QOL} v5.x Ofl= Y &LICE.

J2jM EXH= CHE ot 22 290 2 v4.15(freedom-u-sdk)0fl = FU540 GPIO AAE v5x 22

LX7L 2|5 A RISC-V IHX|0f 7|08 LiE2 of2Ho| '8 HEXt HIZ R 2[AE0 M =Held o~
A LIC.

https://patchwork.kernel.org/project/linux-riscv/list/

(Summitter: JaeJoon Jung S 2 Z{AH)
HX v4.15(Freedom-u-sdk)0l| A= “drivers/gpio/gpio-sifive.c”0fl Y= AA MAUS v5.x Of S At
2HLICE (new) 12|11 v5.x 2| “drivers/gpio/Kconfig” It 0| menu "Memory mapped GPIO

drivers" Qtof| otz LHE S MR Z FIHEL|CE (new)

drivers/gpio/Kconfig

menu "Memory mapped GPIO drivers"
depends on HAS_IOMEM

select GPIOLIB_IRQCHIP
help
Say yes here to support the GPIO device on SiFive SoCs.

endmenu
config GPIO_SIFIVE
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bool "SiFive GPIO support"
depends on OF_GPIO

2|10 v5.x 9 “drivers/gpio/Makefile” Tt of| Of2f LIS A Z FIIELICE (new)

obj-$(CONFIG_GPIO_SIFIVE) += gpio-sifive.o

drivers/gpio/Makefile

///B5P4EF, .
0bj-$(CONFIG_ARCH_SA1100) += gpio-sall@0.o0
obj-$(CONFIG_GPIO_SCH) += gpio-sch.o

obj-$(CONFIG_GPIO_SCH311X) += gpio-sch31ix.o
obj-$(CONFIG_GPIO_SIFIVE) += gpio-sifive.o
obj-$(CONFIG_GPIO_SODAVILLE) += gpio-sodaville.o
obj-$(CONFIG_GPIO_SPEAR_SPICS) gpio-spear-spics.o
0bj-$(CONFIG_GPIO_STA2X11l) += gpio-sta2xill.o
//0I5H4EE,

+
1

v5.x 2 A0 27}t “drivers/gpio/gpio-sifive.c"S Y ESH| [t A58 o2t 20|

menuconfig HIA [zy]2 MABfLICE

drivers/gpio/Kconfig

Symbol: GPIO_SIFIVE [=y]
| Type : boolean
| Prompt: SiFive GPIO support
|  Location:
| -> Device Drivers
| -> GPIO Support (GPIOLIB [=y])
| (2) -> Memory mapped GPIO drivers
| Defined at drivers/gpio/Kconfig:400
|  Depends on: GPIOLIB [=y] && HAS_IOMEM [=y] && OF_GPIO [=y]
|  Selects: GPIOLIB_IRQCHIP [=y]

2|9 Z+0| ZHASHH y5.x 0l FUS40 GPIO AA LIS O] TEIE| 1 YESh A ol |}, 2= S

Otz 2t 20| drivers/gpio/*0f| ZtH &= AAS0| M ElL|C,
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LXt7L 0|22 Z-st= AT £ 2|54 FHE2 v5.4.12 LICt T2 OtEI7EX| FU540 GPIO
AK|E I CIHIO|A EB| AATLE|SA 7d Hel2telof & oEE|0f JAESLICEH J2iM EXt=
SiFive AtO|A] HHZZ St freedom-u-sdk(v4.15) 220 U= drivers/gpio/gpio-sifive.c 2 & 115104

XM HEof| ZEISH LC.

7Z=A| g

HX GPIO F K|t AL = X2 E(TEN HE)E L3t 20| Chojoj 2o = Fa| HSLILt.

SiFive GPIO &X| 1M HE S8

includeflinux/gpio/driver.h

P struct gpio_chip Y
/" |const char *label drivers/gpiofapioclib.h
drivers/gpio/apio-sifive.c // struct gpio_device  *gpiodev ‘—*—"' struct gpio_device
skruck sifive_gpio struct device *parent Y link id
void __iomem *base struct module *owner ", |struct device dev
struct gpio_chip gc (*Ffunctuions) ®lstruct gpio_chip *chip
struct gpio_desc *descs 4
int base int base
ul6 ngpio ul6 nagpio
includeflinux,/gpio/driver.h const char *const *names void *data
struct gpio_irg_chip bool can_sleep struck list_head lisk -
struct irg_chip *chip L4 unsigned long (*read_reqg)
struct irg_domain *domain | void (*write_reg)
irg_flow_handler_t handler void __iomem *reg_ drivers/gpiofgpiolib.h
(*functuions) | \. struct gpio_desc Y
struck gpio_irg_chip irg struct gpio_device *gdev
struct device_node *of_node unsigned long flags
includeflinux/irg.h const char *label
struct irg_chip \ consk char *name
struct device *parent_device
const char *name
(*functuions)
unsigned long flags
1o FEMSS HEO| ChA SESH HAYLICHE, ShAE ZOIE HES W2t 7FHAM oshe

USLICE HE 22 % 2|9 HE X0 M H0|E|S2| 0| S S Ofdlists WAL= EMaljofF LICY.
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Zel
My Zy

xE
4=

HZZAZE 2H FEIMo| AELICE 2|0M gpio_chip XM= MZAtOICHCHE GPIO &AIES
O] =N 2 Sgoto] atzlstr| fIet ZHLICE GPIO HX| Bl 9 XN BE O] LEH|of
HZASIEE FL|CE. 12|13 gpio_device XM= gpio_chip TEMSS LI Z|AER 22|
2 UAEE At Y S BLICL o] EHM|E 2HoflE device M7 WH 2 Xt2|stn USLICE
Bl A 7{doto] BE IA|EL device FENZ HZAE 0 7{E T0{of|Af 22| ELICH device

ZA7t HE 0|2 AR = S A BiLICh Ol device FEMOIN HEE| = A2
s = g2t A LC)

' &K PN A BHE
include/linux/device.h
include/linux/ofh struct device _type
struct device_node [ include/linux/device.h /" |const char *name
conskt char *name struct device /-a-|struct attribute_group **groups
phandle phandle -4 |struct kobject kobj Y, g int (*uevent)
const char *full_name struct device *parent / char *(*devnode)
struct property = [ ] . |consk char *init_name // void (*release)
struct device_node *parent struct device_type *type L struct dev_pm_ops *pm ¢
struct device_node *child ® |struct device_node *of_node
struct device_node *sibling void *data
void *data struct device_driver *driver [} include/linux,/pm.h
-4-|struct class *class struct dev_pm_ops
include/linux/ofh |(’functuicns)
struct property v include/linux/device.h
char *name struck device_driver A
int length conskt char *name
void *value struct bus_type *bus
struct properky *next =*-struct module *owner drivers/base/base.h
_®|struct of_device_id *of_match_table P, struct driver_private
include/linux/mod_devicetable.h - ' struct acpi_device_id *acpi_match_table /" |struct kobject kobj
struct of_device_id a~ (*Functuions) struct klist klist_devices
char name[32] -4-|struct attribute_group **groups struct klist_node knode_bus
char type[32] -s-|struct attribute_group **dev_groups struct module_kobject *mkobj
char compatible[128] struct dev_pm_ops *pm struct device_driver *driver
consk void *data struct driver_private *parent ¢
2|SA HE2 device XXM E SoHM HK[IE BE[LLICE device +ZH|Qt0l[= FH'E0M HX[E
#2|5t7| /%t kobject, device_type, device_node, data, device_driver, class S2| HH

TEAZEAJAELICE kobject 2F class &M= &XIE H'E AARIY (/sys/class/) £

EEAZA

Sl &

£0

LICt. device_node 7LEM|= &

fX|SS ClHto|A

2|st

_'
.1_
| =

—

1
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g ZH

E2|(/sys/firmware/devicetree/)0ll 3 &st= F M RLICL device_driver XM= & X[}
AN™MOZ S&6H= 7|5 (E4)S FAYLICE 0|23 TENS2 device XN HHE BT

SYE[0] 22| ELot,

YHIC|= EE 2to| EX|S2 SoC HEHZ CHE = LAZF =0 7| w20l 21524 HE M= platform

ClHtO|A E2IO|HZ S238t0] 2| BtL|Ct. platform C|HIO|A E2I0|H S22 93t LTH|ES
Ct2aF Z&LICt
platform C|H}O|A E2I0|H S2 XA
includeflinux/platform_device.h
includeflinux/fioport.h struct platform_device_info
skruct resource A - |struct device *parent
resource_size t skart 1 - |struct Fwnode_handle *Fwnode
resource_size_t end includeflinux/platform_device.h const char *name
const char *name struckt platform_device int id
unsigned long flags conskt char *Nname - |struck resource *rgs -
unsigned long desc ink id /" |unsigned int num_res
struckt resource *parent bool id_auto /" |const void *data
struct resource *sibling A |struct device dev -m |/ size t size_data
struck resource *child /struct resource *resource H struck property_entry *properties
»|struct platform_device_id *id_entry
//f char *driver_override
> : struct pdev_archdata archdata
struct platform_device_id
char name[20] \
kernel_ulong_t  driver_data \ include/linux/platform_dewvice.h
\ struct platForm_driver
Y |(*functuions)
" |struct device_driver driver
®|struct platform_device_id *id_table

platform C|H}O|AE platform_device EMZ M| E|0 7{'29| device +ZM[0f| HZ ElL|CE,
platform C|H}IO|A S22 platform_driver 24| 2 H2|E|0] {2 2| device_driver 7t Z=X]|0f|
HZEILICE platform C|HIO|AE 2AH|C|E E=(SoC)Li2| Ao HZSH7| I3t FA HEES
resource XM E AFE6H0] 2t2|L|Ct, O2iA platform_device 7+ ZH| Q0] = resource

TZEH|7t HH=ZE AZE O] AFLICH
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FO| SiFive AHOf| A HHZE

16 07K 2HE|O ALt HHZ ST HE
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HHHTI(J1) I ZEE HXLICE

25t At8E = A= GPIO = 0 HEE] 9

H7EX] 10 7HRE OFX| 2 15 H7EX] 23 A 11 FHLICH LHHX] 5 7H= 2EELHEO0A O3l A

AtESHA ASLILY.

GPIO =3 of|C{E(J1) 32
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1 2
GND GND ,
3 | UARTO_CTS  PWR_BTN.N —= EWE BIN N PWR_BTN_N >
UARTO_TX 5 6 RESET N
UARTO_TXD  RST BTNN RESET N >
UARTO_RX 7 g QSPI1_SCK K
UARTO_RXD SPI0_SCLK
9 | UARTO_RTS SPI0_DIN —2 QSELLDQLR
UART1_TX T R SFI0_ ] QSPIT_CS0_R
UART1_RX e ol b SPI00_CS =77 OSPIL_DOU R
3 | UARTI_RXD  SPIO0_DOUT :
1200_SCL 0 16
L = 12C0_SCL PCM_FS |—2
200 L 1co_spa PCM_CLK (—3
31 11 scL PCM_DO |—o0—
21| 2 22
GPIOD 33 | [2C1SDA PCM_DI =32 GPIOI
! GPIO-A GPIO-B :
GPIO2 35 %6 GPIO3
i GPIO-C GPIO-D Ly b5,
GPIO4 27 28 GPIOS
: GPIO-E GPIO-F J
GPIO6 29 30 GPIOT
: GPIO-G GPIO-H .
GPIOS 30 2 GPIOY
GPIO13 33 | GFIO GRIO-T —34
: = GPIOK GPIO-L [+
VDD_1V8 2 +1V8 SYS DCIN (=2 ? |VDD_DCIN
VDD_5V0 T +5V SYS DCIN (=5
39 | GND GND
96BoardsLowSpeedEx pansion
— GND

GND
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https://gnu-mcu-eclipse.github.io/toolchain/riscv/

Running 64-bit RISC-V Linux on SiFive HiFive Unleashed

https://risc-v-getting-started-quide.readthedocs.io/en/latest/linux-hifive-
u.html
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Running 64- and 32-bit RISC-V Linux on QEMU

https://risc-v-getting-started-quide.readthedocs.io/en/latest/linux-
gemu.html

The Linux Kernel documentation

https://www.kernel.org/doc/html/latest/index.html

Linux RISC-V patchwork

https://patchwork.kernel.orq/project/linux-riscv/list/

© SiFive, Inc.

https://www.sifive.com/

RISC-V github

https://github.com/riscv

HIHLS| github (223R)

https://github.com/kernel-bz

Tt 233

— O

2 XXHrgbi3307@nate.com)HIA| HI Z=A|7| HFEFL|CY,
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