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1 Preface

1.1 Revision History

Version Author Change Summary

Oct 20,2018 0.1 Bob Hu | Initial version

B ORSCRSXT G Y E203 AbEEES A% DL K RISC-V T2 SR ZEMI N H A VR, 7EH SRR (FEF
HARBLTE CPU: RISC-V ALFEAR) F1 (RISC-V 4y 5 R AN IR PRENTTY vt Hab AT IR AN 3%
RGVHR. BT UL AT R .

B ORSCRSXS SoC HIF MR A A TEA, TEHSCHEE (RISC-V ZEM HIR NI R AT THE RS
A TIR AN I RGP . LRI P o] DL B AT R L.
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2.1 E203 FEB BN BERREH

SI-RISCV / e200_opensource @ Watch~ | 0 *Star 0 | YFork 0
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights «

No description, website, or topics provided.

D 56 commits ¥ 1 branch > 0 releases 22 4 contributors

Branch: master = New pull request Create new file =~ Upload files  Find file Clone or download ~
«/ Fetching latest commit...
| doc update the README for doc directory Aug 29, 2017
I fpga add _SUPPORT_MCYCLE_MINSTRET Aug 28, 2017
Bl riscv-tools upload the fpga dir Aug 27, 2017
il sirv-e-sdk update the benchmark Aug 27, 2017
i th upload the fpga dir Aug 27, 2017
il vsim upload the fpga dir Aug 27, 2017
E! .gitignore upload the fpga dir Aug 27, 2017
El README.md 1st version Jul 27, 2017

README.md

K 2-1 5 E203 FFJEITH Github Mk

15 E203 FFYEIH B S 5% T35 4 WG Github. E203 FFJ&EAIIH Mk
https://github.com/SI-RISCV/e200 opensource #1& 2-1 fi7~.

FE1Z ML) e200_opensource H3g T, SCHRIZEREEHUNT Fias.

€200 opensource

|-——-rtl // EMRILMWER
|----e203 // E203 %M soc W RTL B
| ----general // BR—EARNER RTL R
| -——-core // M E203 Core BI RTL TR
| ----fab // BHEL bus fabric B RTL R

-4 -


https://github.com/SI-RISCV/e200_opensource

| -——-subsys // EHEEBFRETNEN RTL 1B
| ———-mems // B memory HERH RTL R
| -——-perips // TEHWINE peripherals ERH RTL K3
| -——-debug // W debug HXEHRH RTL KT
| ----fpga // 1M Frea UM rTL 1B
|-——-tb // TH Verilog TestBench (MiHFH)WEZF
|-—--tb_top.v // f&i%#h Verilog TestBench JRENH
|-——-vsim // BITHENBER
|-——-bin // TR AREY SR F
| -—--Makefile // BITHI Makefile
| -——-run // BITEX
| ----fpga // TR rpca W E MK E
|----riscv-tools // TFHFE riscv-tools WEF
| -——-riscv-fesvr // BAFRFESERLE spike BRI
|-—--riscv-isa-sim // ATFRFESERLEE spike BRI
|----riscv-tests // BER—ENR AN B F
| -——-doc // REXHENE F
| -———README .md // BEAX

rtl X NEE T KERJEARS, FE54 E203 Core [¥) Verilog RTL J54%HS, FIRC &R SoC 444 14
E203 A% RTL FEHIE S W (FHEF R CPU——RISC-V b FE 28 55), HLEM) SoC [1E BAILHY
IHTES W —#,

2.2 E203 FFiEm AR AF] (Self-Check TestCase)

BT TR 1) riscv-tools 5 RISC-V ZE# 1E X 4E 97 () riscv-tools T H [ 4 ( Github ¥ 4k
https://github.com/riscv/riscv-tools) . 1EZ4EH [ riscv/riscv-tools H 5% N ELHE T A i RISC-V BT 7 A+
TH, HAFEERE GNU ToolChain CJESCHHEIT 1G, PRI 8T EAH S MDD .

1 €200_opensource H 3% Chttps:/github.com/SI-RISCV/e200_opensource) ] riscv-tools H &AL
Brm i Spike T HIVRACRE AN riscv-tests, FRATBCE % H & T bR K IERZEY 1) riscv/riscv-tools 7E A4 W
[R5 %7, 1 e200_opensource I~ [ riscv-tools 1 7 H T3 iz 47 Bl (Self-Check TestCase) , [Hlith
TR EHA, FtHBAT T&E 4k CEn, 7E riscv-tests BTN T 58 2 (10320 F 451 0 A= il 58 %2
1) log 32D, [RINEZ KR T GNU ToolChain, 45 33k 1R /MEN, - 548 F P RIS I 248

2.2.1 riscv-tests B IR B

BTl B 1 (Self-Check Testcase) A& —Ff B % H FAT IS AT B IE A2 R IFE T o riscv-test
& RISC-V ZEMIFRFHHS HITH , X B A — L5043 832 5 75 A 48 2 S 480 52 IR FE 7
(https://github.com/riscv/riscv-tests/tree/master/isa) , XLEMIAFEFYHILMIES RS .
XY AR 7 LR R 5 e S SRR 7 A, TR S 4 e LR 4, i 2-2 B,
M add $54 CJEACRS LA isalrv64uifadd.S), L ik add 54 $AT WS AR N (40 0x0000003
A1 0x00000007), #EaE B A4S H (1 0x0000000a). 4R i FH ELE R & LA, (84 add 541



PAT 5 BR8-S R A 45 AN SRR P 4R 2L 0T, BUR S W1 EE A0 45 SR ARZE RS e EL B2 jump #5418k
P TEST_FAIL Huht. & FrA R s aRat 7, R —BEHATE] TEST_PASS it

RVTEST_CODE_BEGIN

TEST RR_OP(
TEST RR OP(
TEST RR_OP(

TEST RR OP(
TEST RR_OP(
TEST RR_OP(

TEST RR_OP(
TEST RR_OP(
TEST RR OP(

TEST RR_OP(
TEST RR OP(

TEST RR_OP(
TEST RR OP(
TEST RR_OP(

TEST RR OP(

0x00000000, 0x00000000, Ox00000000 );
0x00000002, Ox0ODOOO01, OxOOOOOOOL );
OxD00ODEPa, OxPODOOOO3, OxOOEEEOOT7 );

OxfFfffffffTfff8000,
OxfFfffTfTE80000000,
OxffFfffIf7fT 8000,

OxD0PODEEEEBROTTTT,
0x000000007FFTffff,
0x0000000080007ffe,

OxffFfffITBO007TTT,
0x000000007TFF7fff,

OXFFFFfffffffffffe,
0x0000000000000000,
OxFFffffffffififfe,

0x0000000080000000,

0x0000000000000000,
OxfFffffff80000000,
OxffTIff 80000000,

[epeleleleleloleleToleleleleTeleTo
0x000000007FFffTff,
0x000000007TFFffff,

OxffTIff 80000000,
0x000000007TFFffff,

0x0000000000000000,
OxFFFFfFfffffffffe,
OxFFFFfffffffffffe,

0x0000000000000001,

OxFFffffffffff8O00 );

0x000000E0 );

OXFIFFfFffffffeo00 );

Ox000ODEEEEEROTTTT );
0x0000000000000000 );
0x0000000000007Fff

0x0000000000007TFf
OxTfFffffffff 8000

OXTFFFfffffffffffef

0x0000000000000001 ) ;
OxfIFfffiffffffiff

0x000000007FFFffff

TEST RR SRC1 EQ DEST( 17, add, 24,
TEST RR_SRC2 EQ DEST( 18, add, 25,
TEST_RR_SRC12_EQ_DEST( 19, add, 26,

2-2 riscv-tests A FH %1 add.S F Bt

7E TEST_PASS [ytilit, &4 E x3 Zi 4B N 1, 1MifE TEST_FAIL fHbhl, #2556 x3 & A7
AMERENAE LME. TR nT DLUE A B x3 B R T e FE 7 i T 45 RBK AR T2 R T .

2.2.2 R ISA E IR FHH

riscv-tests HHIRIX EeFg AL LR (ISA) MR BIF R ME S WS, N T IED BB R st
FRASHAT, 75 B X ey YA 7 g 13 Rt #4XAY . 7E 200_opensource LA R H 3% (generated SCA439)
T, C&W bAE T — i R AT AT SCEE R SO S A, AR REfE 4k Verilog 1) readmemh pR s N
S04

€200 opensource
| -——-riscv-tools
|----riscv-tests
|-——-isa
| ——-—generated
| -——-rv32ui-p-addi
| -—--rv32ui-p-addi.dump
| -—--rv32ui-p-addi.verilog

// TP riscv-tools BB F
// BN AN E F

// RFFH tests XHX

// WIBHE e1f XM

// BOLERmX

// "W verilog B readmemh
// BEBURAM 4




FACgw oA B4y rv32ui-p-addi.dump) (& & 2-3 s .

rv32ui-p-add: file format elf32-littleriscv

Disassembly of section .text.init:

80000000 < start>:
80000000 ad8l J 80000040 <reset_vector>
80000002 : 0001 nop

80000004 <trap_ vector>:

80000004 : 3420273 csrr t5,mcause

50000008 : 4fal 11 t6,8

8000000a: 03ff0663 beqg t5,t6,80000036 <write_tohost>
8000000e: 4fa5 1i t6,9

80000010 030363 beq t5,t6,80000036 <write_ tohost>
50000014 : 4fad 11 t6,11

80000016: 0370063 beg t5,t6,80000036 <write_tohost>
8000001a: 8000017 auipc t5,0x80000

8000001e: febfOfl3 addi t5,t5,-26 # 0 < start-0x80000000>
50000022 : 00070363 beqgz t5,80000028 <trap_vector+0x24>
50000026 8102 jr t5

80000028 34202773 csrr t5,mcause

8000002c: POOT5363 bgez t5,80000032 <handle_exception>
80000030 abo9 ] 80000032 <handle exception=

80000032 <handle_exception>:
80000032: 5391e193 ori gp,gp,1337

80000036 <write tohost>:

80000036 00001117 auipc  t5,0x1

8000003a: fc312523 sw gp,-54(t5) # 80001000 <tohost>
8000003e: bfe5 J 80000036 <write_tohost>

80000040 <reset vector=:

80000040 1402573 csrr ad,mhartid

80000044 : elol bnez a0,80000044 <reset_vector+0x4>
80000046 4181 i gp,0

50000048 : 00000297 auipc t0,0x0

8000004c: fbc28293 addi t0,t0,-68 # BODOOOB4 <trap vector>
80000050 30529073 csrw mtvec,to

50000054 : 80000297 auipc t0,0x80000

50000058 fac28293 addi t0,t0,-84 # 0 <_start-0x80000000>
8000005c: 00028e63 beqgz t0,80000078 <reset vector+0x38>
80000060 : 10529073 csrw stvec, to

K 2-3 [ICgn SR B

Verilog 1) readmemh B8 £ BES 52 NSO (B4 rv32ui-p-addi.verilog) P41 2-4 AR
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K] 2-4 Verilog f#) readmemh & %0A] 35N SO P9 25 Fr B

WA P B SO RIS F R EE w1, 1ES I (FIEF R CPU——RISC-V 4b#
TR 17 M T MVEAD R

2.3 E203 FiFRm MR EES (TestBench)

£ €200_opensource [} 41~ Hsx B2 7 —/Ma 5014 B Verilog 4 I TestBench Mlli-F- &

€200 opensource .
| -———tb // T verilog TestBench (MiZFH )MER
|--——tb_top.v // B8 Verilog TestBench EXH

FEMLCT & B R DIREW T

B fifL DUT S0, AR clock 1 reset 155

B RIS AT A AT I I 4 8K, IR Verilog 1 readmemh R #5ise ARH R ST (G
rv32ui-p-addi.verilog) W%, SR SCIFH N B YIEEI ITCM (i Verilog 25 1) —4E#K
78T AR, WK 2-5 FR.

B RIS IS iz A ) 2 ?Mfﬁizijj £ Testbench [ S FRxT x3 Z5 A7 2% E AT H1
Wr, Wi x3 MMEN L, WIERREIEL, 1720 LT B PASS 4%, 5 NPT B FAIL F#FF.
K 2-6 7.



integer i;

reg [7:0] itcm_mem [©:( E200_ITCM RAM DP*8)-1];
initial begin
$readmemh({testcase, ".verilog"}, itcm_mem);

for {1 0;i<( E200_ITCM RAM DPJ,l i+1) begin
"ITCM.mem_r[i [00+7: = itcm_mem[i*8+0
‘ITCM.mem_r[l [08+7: 1tcm_mem[1*8+1
TITCM.mem r[i][16+7: itcm mem[i*8+2
TITCM.mem r[i][24+7: itcm mem[i*8+3
TITCM.mem_r[i][32+7: itcm_mem[i*8+4
TITCM.mem_r[i][40+7: itcm _mem[1*8+45
"ITCM.mem_r[i][48+7: item mem[i*8+6
TITCM.mem r[i][56+7: itcm mem[i*8+7
end

]
]
]
]
]
1
]
]

I:
I:
i
I:
i
1:
I:
i

¥
'
'
'
'
¥
'
'

$display("ITCM 0x00 ) .mem_r[8'he0]);
$display("ITCM 0x01 ) .mem_r[8'h61]);
$display("ITCM Ox02 i .mem_r[8'h02]);
$display("ITCM 0Ox03 ) .mem r[8'h@3]);
$display("ITCM 0x04 ) .mem_r[8'he4d]);
$display("ITCM 0x05: ) .mem_r([8'h@5]);
$display("ITCM OxP6 ) .mem_r[8'h@6]);
$display("ITCM Bx07 i .mem_r[8'h07]);
$display("ITCM 0x16 ) .mem_r[8'h16]);
$display("ITCM 0x20: % ) .mem_r([8'h20]);

& 2-5 1 [ Verilog f¥) readmemh B8 052 N 9] 864E ITCM



@(pc_write to_host_cnt == 32'd8§)

$display("
$display("
$display("
$display("
$display("
$display(" % , testcase);
$display(" Total cycle_count value: & cycle_count);
$display(" The valid Instruction Count ~ valid_ir_cycle);
$display(" pc_write to_host cycle);
$display(" ~", X3);
$display(" )i
if (x3 == 1) begin
$display("

$display("~-
$display("~-
$display("~-
$display("~-
$display("~-
$display("~-
$display("

end

else begin
$display("
$display("
$display("~~
$display("~~
$display("~~
$display("~~
$display("~~
$display("~~
$display("

2-6 Testbench HFT EPUH 1 1) &5

2.4 ¥E Verilog TestBench HizE{Tilliz F I

B I P AR E203 YEARRY IS AT 5T Verilog HO07 ECIAAR R, W] U AT 40 R A8 BREEAT

// SB—  HRFECHBERFE  TUEATNRSERRPET , MRRMNAAF  BENTRMR :
(1) 62 vMware RBUHLEN A LI EREERIN Linux BERS,
(2) BF Linux BERFEMRENRS , #FFER vbuntu 16.04 FRAM Linux BRERS
BEXNARE vMware UK Ubuntu BMERFEXFHNAR , HX Linux WEXRERAZE
BFRNE , FRAFETERERES,

// W= : & e200_opensource W H FTREIAEH Linux FHP , EANTHS :

git clone https://github.com/SI-RISCV/e200 opensource.git
// @RS BEMERETR , A LB EFME XFTHRZER 200 opensource B

/) FXHR | BRIRZBFEN<your 200 dir>, EXFHERAZBEER.

// SB’R=  mIFRTLRW , FAMTHS :

cd <your e200 dir>/vsim


https://github.com/SI-RISCV/e200_opensource.git

// #AE| 200 opensource BFERXHRTHMN vsim B .

make install CORE=e203
/) BITEZWSEREEN 203 HTHEF , BRPARE vsin BRTER— install
/) FXHR , EEPREFMENEA , BEFMATHRBFIRENRN 203,

make compile

// 4®iZF Core M soc B RTL K8

/) EE ERSBREZP , BIFE Verilog RBEFEEFARGESRTIE , /£ github LM Makefile
// PEANREEN iverilog TE , RFEEABL eDA WAFEEBTHEH Makefile FIY
// AR, W@ 2-2 FiR.

// NFREW iverilog TEMAIREEAFEERMN EBTHEE,

// ST’ : ETRINE— testcase (WRAH ), FANMTES :

make run test
/) ER BRSSP  BETHEREERGESRIR , & github LK Makefile PULERD Z2HR
// EBRIEFTHIR”echo PASS”E B ITEHI—NERM pass B 1og XHH. AFEEFAE
// EMFRESRETHESIEXINEZTER, W 2-7 Fix.
// EE make run_test fFHIT e200 opensource/ riscv-tools/
// riscv-tests/isa/generated BEXRFH—PERIA testcase , MRFBLEEZETAEN
// BANE , HERSRE,

// $BE : E{TEA ( regression ) Wik , FRANTHS :

make regress_run
/) EE XER €200 opensource/ riscv-tools/riscv-tests/isa/generated

// BFH testcases , BPMIEIT testcases

// SBRA  EREPNALR :

make regress collect
/) BRSERESRATSTONRENER STOETANLER ST~
// RS, BRI BIETET , B—IFUITEIR pass , WEETEM , B—T0
// ITEDHY FATIL. 20F 2-8 PR

-11-



RTL V_FILES := $(wildcard ${VSRC DIR}/*/*.v)
TB V_FILES := $(wildcard ${VTB DIR}/*.v)

# The following portion is depending on the EDA tools you are using, Please add them by yourself
according to your EDA vendors

SIM ToOL := #To-ADD: to add the simulatoin tool
SIM OPTIONS := #To-ADD: to add the simulatoin tool options

SIM EXEC := #To-ADD: to add the simulatoin executable
SIM EXEC := [gcho "Test Result Summary: PASS" # This is a fake run to just direct print PASS info
to the log, the user need to actually replace it to the real EDA command

WAV_TOOL := #To-ADD: to add the waveform tool
WAV_OPTIONS #To-ADD: to add the waveform tool options
WAV _PFIX := #To-ADD: to add the waveform file postfix

K 2-7 gmix THKKE

/home/zhenbohu/jx_work/e200 opensource/vsim/run/rv32ui-p-simple/rv32ui-p-simple.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32ui-p-beq/rv32ui-p-beq.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32mi-p-scall/rv32Zmi-p-scall.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32ui-p-1lbu/rv32ui-p-1lbu.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32ui-p-jal/rv32ui-p-jal.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32ui-p-fence i/rv32ui-p-fence_1i.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32ui-p-bge/rv32ui-p-bge.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32ui-p-ori/rv32ui-p-ori.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32mi-p-breakpoint/rv32mi-p-breakpoint.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32ui-p-sh/rv32ui-p-sh.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32mi-p-mcsr/rv32mi-p-mcsr.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32ui-p-sll/rv32ui-p-sll.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32uc-p-rvc/rv32uc-p-rvc.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32ui-p-srli/rv32ui-p-srli.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32ui-p-sra/rv32ui-p-sra.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32ui-p-1lb/rv32ui-p-1b.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32ui-p-or/rv32ui-p-or.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32ui-p-slli/rv32ui-p-slli.log
/home/zhenbohu/jx_work/e200 opensource/vsim/run/rv32ui-p-lui/rv32ui-p-lui.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32ui-p-addi/rv32ui-p-addi.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32mi-p-illegal/rv32mi-p-illegal.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32ui-p-and/rv32ui-p-and.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32mi-p-ma_addr/rv32mi-p-ma_addr.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32ui-p-xori/rv32ui-p-xori.log
/home/zhenbohu/jx_work/e200_ opensource/vsim/run/rv32ui-p-bgeu/rv32ui-p-bgeu.log
/home/zhenbohu/jx_work/e200_opensource/vsim/run/rv32mi-p-ma_fetch/rv32mi-p-ma_fetch.log
/home/zhenbohu/jx work/e200 opensource/vsim/run/rv32ui-p-sw/rv32ui-p-sw.log
/home/zhenbohu/jx_work/e200 opensource/vsim/run/rv32mi-p-csr/rv32mi-p-csr.log

K 2-8 AT [P S5 R oR

FERL AR R A2 IS AT riscv-tests IR AL IARH AR B BUL MR, IFAREE R TR0 4
TR ERERAZ BRI an S P & ek T ab FRER 1) Verilog JEA TIANAGE AT LA b [ [ I00Ks 0 PR AE
Kb EE A5 1K) Th e 56 2 IR AR T




3 &9 E203 FFIE SoC

XA AL, B R ERCE ) SoC A RER &S B TIRE. 81 E203 WIZAMUAN 54 TTIR 1 Core

ISEBL, ]

ARSI IR SoC P&, 1ES

Z W, (%5 E203 JHJE SoC fii /) T ##5E % SoC N4 515 8.

1419 E203 JFIE SoC IARAL 45 #94n R FTw

€200 opensource
|———-rtl // B RTLHBH
|----e203 // E203 &M soc MY RTL B

| -——-general // BEH—LNRANER rRTL KB

| ----core // T E203 Core IRTLAREE FIHFEERRIMNT £EPERS A Github
| -——-config.v /] BBEBEXH
|----e203 biu.v // BIU &R
|————eZO3_reset ctrl.v // Core By Reset Control {EiR
|————e203:clk_c€rl v // Core My Clock Control iR
| -—--e203 cpu top.v // Core WIRZHEHR
|-—--e203 cpu.v // Core EBRT SraM ZEHBETRZEER
| ————e203:core v // Core Wy EMRZBHEER
| ----e203 dtcm ctrl.v // DICM B3 R R
|-——-e203 itcm ctrl.v // ITCM RYIER&IER
|-——-e203 exu.v // Core REP EXU B TTNZEER
|----e203 ifu.v // Core REP 1rU B TTNEIER
|----e203 lsu.v // Core WP LsU B TTNEIEIR
|-——-e203 srams.v // Core WA sraM WIREER
|----e203 item ram.v  // ITCMHJ SRAM &R
|----e203 dtcm ram.v // DTCMHJ SRaM fEiR

————fab // BEHEL bus fabric B RTL K73
|--—- sirv_icblto4 bus.v // 14 1cB BB 4 B 1cB B4
|-—-- sirv_icblto8 bus.v // ¥ 14 1CB ] \Zﬁ%}ﬁeﬁi 8 P& ICB B4
|-—-- sirv_icbltol6 bus.v// 14 1cB BB 16 8§ 1B Bk

--—-subsys /] BREBFRENEN RTL ﬁﬁ
| ---- €203 subsys_top.v // FRENTE
|-—--- €203 _subsys main.v /] FREWNELT D (AIXE ) =
|-—-- €203 _subsys plic.v // PLICTRE
|-—-- e203 subsys _clint.v // CLINT [RfE
|---- €203 _subsys mems.v // FRENFHIID TR
|-—-- e203 subsys perips.v FREMIMEBI TR

| -——-mems // FR nemory *Ei%E’J RTL X3

| -—-—-perips // BEWINE peripherals ERM rRTL K12
|---- sirv_aon *.v // Always-on ( BIREF ) FoER
|-——- sirv clint*.v // CLINT RYE3R
| ———— sirv:flash_qspi*.v // Flash TR ospPI &R
| ---- sirv_gpio*.v // GPIO HYREIR
| -——- sirv plic*.v // PLIC HYREIR
|---- sirv pmu*.v // PMU HIEHR
|---- sirv pwml6*.v // 1lébits FEEM pwM IR
|--—- sirv pwm8*.v // 8bits fEER) pwM IR
|-——— sirv gspi lcs*.v // 14 cs kB ospI IR
| ———= sirv:qspi:4cs*.v // 4 CsiEERY osPI ER
| -—-- sirv gspi*.v // EAth ospI FHEIR
|-——- sirv rtc*.v // RTIC &R
| ———— sirviuart* v // UART H&E3R
| -——- sirv wdog* v // WatchDog HE#

| ---—debug // TEI debug HXERK rRTL KB

|-—--soc // W soc TRER rTL KB
| ----e203_ soc_top.v // soc Tz
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B AR T IR T

general H 5% F T AER— L@ 1) Verilog RTL fRE b4y SoC AR, E:f—18 DFF (D fih
RASFALRE) LM, ICB MR FER R 4%
core H 3% T8 T A7 AL 24 AZ A E ) Verilog RTL ACHS . HABH 8] i) 2R &5 tn 1 3-1 FTow,
e203_cpu_top 7215 % E203 AL AZINTIE, HA% D5 S IR R
fab H 53 2503 SoC H ICB Bus Fabric #3[1) Verilog RTL /8%, sirv_ich1to4_bus.v,
sirv_icb1to8_bus.v 87 sirv_icb1to16_bus.v SEBrEI4L A T sirv_ich_splt U —41 ICB i %
HE kX (8] 43 AN 4 2H, 8 ZHEk 16 4 ICB &4k,
subsys HxfL T SoC ) FAATHERiH ) Verilog RTL AAY, M e203_subsys_top 2552 F i
SoC Tii/Z3¢fF, ‘Ef14k T Main Domain #it  (e203_subsys_main.v) #lI Always-on Domain fHik
(e203_aon_top.v) . FA¥iHR[A] E’J)Eiﬁ”\ SERIINE 3-1 firn. €203 _subsys_mems B SZIHL T R GiA7
it 2k (System Memory Bus) , @i il %14t sirv_icb1to8_bus 1tk I HC & H S 51 77 2ok
L B B W& I R X (], ZZ[II 3-2 ffi7n. €203 subsys_perips FiHSZHl T R G54 ML
(System Peripheral Bus) , #idifi FI 4L sirv_icb1tol6_bus Fide I HLAL & H 0 5 Rkl &
A NEA AL X ], 1l 3-3 . B T CASLBLRI MBS, TR T Huhk X ] SEE A b5
EfiE (sysmem) , AhEBANE (sysper) FIAMEBERLIE 10 (sysfio) &£k, Wi 3-4 fios.
mems H 3% 52 T77 5 memory #He ) Verilog RTL ALY, H1T Memory [ B4R S2il Ak #
FrAEP I (foundry) E#41 SIMC 8 TSMC [ Memory %851, FILA S R Verilog
RTL AR AAZAT A,
perips H 3% 3 B H T A70&-F 41 % (Peripherals) £5e () Verilog RTL 015, 241 GPIO, UART,
SPI1 %5, K#EB43 1) Peripherals ) Verilog RTL 62 EL#: & # T SiFive [ Freedom E310 i H
Chisel i& 5 A i H 1 Verilog RTL ARAY, 7E L FEA F4 3 TileLink & 283 MEXMUK T ICB &2k
B0, Wi 3-5 7RI GPIO ik ICB M ZkE: .
debug HFEME T SoC #1745 2% debugger i #5 M HL [ Verilog RTL AR .
soc H 7 T EH T-1778 SoC T Z ik 1) Verilog RTL X% . e203_soc_top.v J& — M fij B 5 /= SoC
Wrapper #i8t, 4 e203_subsys_top #17#i4k.. 34 T €203_subsys_top FH4r H: 1) sysmem,
sysfio F1 sysmem & 28 7E I FPGA SoC H 3 IEFRAT M AMNB N & o N T B IR B 7 17 i) 2
X 3 2R B 1 (P R b X R AT AR IR [B] i 5K, 7E e203_soc_top THZAE Hrfix 4L ICB 'ﬂﬂ%E’J
Command Channel {55 4% 2 #: 3| H: Response Channel, [} Response Channel H i H At %
{55 ERERFEE0, WK 3-6 Fis.
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e200_subsys_top

sirv_aon_top sirv_debug_module

€200_subsys_main

e203_subsys_mems

e203_subsys_perips

sirv_plic_top sirv_clint_top

e203_cpu_top

e203_cpu €203 clk_ctrd e203_irg_sync
e203_itcm _ctrl || e203_dtcm_ctd | | e203_reset ctr
e203_core
e203_ifu e203_exu e203_Isu
€203 _biu
e203_srams
e203_itcm_ram e203_dtcm_ram

] 3-1 Subsys #Ed 2 Tk &h 14 K

K] 3-2 €203_subsys_mems fH5 F Bt




sirv_icbltol6 bus

sysper_icb_cmd_valid
sysper_icb_cmd_ready
sysper_icbh_cmd_addr
sysper_icbh_cmd_read
sysper_icb_cmd_wdata
sysper_icbh_cmd_wmask
sysper_icbh_cmd_lock
sysper_icbh_cmd_excl
sysper_icbh_cmd_size

sysper _icb rsp valid
sysper _icb rsp ready
sysper _icb rsp err
sysper icb rsp excl ok
sysper icb rsp rdata

sysfio_icb_cmd_valid
sysfio_icb_cmd_ready
sysfio_icbh_cmd_addr
sysfio_icbh_cmd_read
sysfio_icb_cmd_wdata
sysfio_icb_cmd_wmask
sysfio_icbh_cmd_lock
sysfio_ich_cmd_excl
sysfio_icbh_cmd_size

3-4 €203 _subsys_top A5 A B




sirv_gpio top
clk
rst n

i icb cmd valid
i icb cmd ready
i icb cmd addr
i icb cmd read

i icb cmd wdata

i icb rsp valid
i icb rsp ready
i icb rsp rdata

gpio irq ©
gpio irq 1
gpio irq 2
gpio irqg 3
gpio irq 4
gpio irgq 5
gpio irqg 6

] 3-5 GPIO #EL T Z 1) ICB L2k 4% 1

sysper_icb_cmd_valid (sysper_icb_cmd_valid
sysper_icb_cmd_ready (sysper_icb_cmd_ready
sysper_icb_cmd_read

sysper_icb_cmd_addr

sysper_icb_cmd_size

sysper_ich cmd_wdata

sysper_icb cmd wmask

sysper _icb cmd lock

sysper icb cmd excl

sysper icb rsp valid (sysper icb cmd valid
sysper icb rsp ready (sysper icb cmd ready
sysper_icb rsp_err

sysper_icb rsp_excl_ok
sysper_icb_rsp_rdata

sysfio_icb cmd_valid(sysfio_icb_cmd_valid
sysfio_icb cmd_ready(sysfio_icb_cmd_ready
sysfio_icb_cmd_read

sysfio_icb_cmd_addr

sysfio_ich cmd_size

sysfio_icb cmd_wdata

sysfio icb cmd wmask

sysfio icb cmd lock

sysfio icb cmd excl

sysfio icb rsp valid(sysfio icb cmd valid
sysfio_icb _rsp_ready(sysfio_icb_cmd_ready
sysfio_icb rsp_err

sysfio_icb rsp_excl_ok

sysfio_icb rsp_rdata

3-6 €203_soc_top T = PER et 2852 [ (1) %42



4 5%k FPGA JFAIF A

ATy % E203 FFUE SoC sE il T4 FI FPGA JE AL RARAN JTAG ik 4, E203 FFURIH T 1%
FPGA JF &AM, f Hlig 55 E203 JH5 SoC #4545 B JF AL & HoR il

FPGA 52 E 25 AW sy FPGA JFARMR, FRIRAS. 5 FRE 00T DA 4. 58801 FPGA I
RAER CBLHG FPGA JFRBRAIIRE) Wk 4-1 s,

—a

o,
1 x
D &5
g
53 - 4
55 " -
4 )
“r o 2
-, an
,;- Prrrad A‘J&‘ﬁ’#
I

K 4-1 FPGA FF AR A (L35 JITAG il #%)

4.1 FPGA FX&WFmMBENA
15 E203 & H FPGA 1 A& —FAR AN Xilink FPGA FF &AM, MK 4-2 Fis. &I R

AL AT AT —8t FPGA FF R ARAE s B &t Hd T, R i T ke 7% 5 E203 JFJE SoC (#E E203
W%, PR DA B —5 MCU SoC JR AT R BT BN REAETT K
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BRI FPGA JF R VEHNHiE S W, (145 FPGA JF &R JITAG PR 28 /44).

A RIS LT AR, F AT BAAE E203 JHUEIH [ Github B9 5T

(https://github.com/SI-RISCV/e200 opensource/tree/master/boards) 1 fift stk FF A& K T SE IR TE

% W| FP B ©
g K| PR hé‘ E %
FF ul G9| UE I
% P AG T 0
FPGA JTAG ST, e
o 13E
NUCLEI
LED =
GPIO
DDR3

DC: SVItREFX

MCU JTAG |G
l )2e!

G
P
|
0

K 4-2 1815 E203 & H FPGA JF AR

>oum
cN=E
Oo—7on

E203 JFIEIH FPGA Tl B AH RIS S5 M W N R

€200 _opensource

MCU GPIO

FPGA SPI Flash

RTC &k E B &b @ ik

MCU SPI Flash

FPGA RESET #

| -—---fpga // B RTL B %
|-——-nucleikit // Arty FEMRKITIE X #Hk
| ----constrs /] FHRARIHH T HFR
| -——— nuclei-master.xdc// EHERXH
|--—-Makefile // Makefile BIZ
| ----script // FRIEITHIZA MY STk
| -——-src // B Verilog RABA 4K
| -——-system.org // FPGA REMTRREHR
-—--Makefile // Makefile HIZ

: GPIO

FPGA Il H i# 1 Makefile (fpga/common.mk SCAF) K Il — MRk 1) % FPGA_SOURCE % Core 1%
A, WP 4-3 fR . BT UARCE T4 1 FPGA ERAFIAL I RTL J5ARAD 26 440 5 %2 (FPGA_SOURCE).
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19 # Install RTLs
20 in

=

2
2
2
2
2
2

22
23
24
25
26

La Ba Ba B

K] 4-3 FPGA T H 7% 5 X s FPGA_SOURCE

7£ FPGA KT ERiH (system.org) H1% 7 4k SoC [T Z (e203_soc_top) ZA4b, FE A Xilinx
[ 1/0 Pad B¥ocIfbITZ ) Pad. 5 4M#E AT Xilinx () MMCM Boc4: it 44, 7E&: SoC ) Main Domain
15 ) MMCM 7245 ) e s %422 51 SoC 1Y) hfextelk, Always-On Domain i F ()52 T & AR FA i 52
4P (32.768KHZ) .

15 E203 FFJR SoC HITHJZ 1/0 Pad it FPGA HIZIH SCE (nuclei-master.xde) BEAT 2 i 2 423
FPGA {0 AN 51 i (22 JTAG 1/0 23R BT KA MCU_JTAG 6 K 51 1D

4.2 £ mcs XHIKRE FPGA

FERTSCHHA4E 7 E203 1R H (1) SoC B4R ZEH 1 Verilog RTL ARRY, 2 T f#i151% SoC fef HIEIZAT
1E FPGA Rl I, FFEMGH YR bitstream UG HERF FPGA . nf LME A 4 N AP BRI T 9 i
HMIgEx .
// BB— AR FECHBEKE , TEARNBRSERAEDET , NERMAAF , HENTHR
(1) A vMware BEHIEMA BB EZEELN Linux BERS.
(2) BT Linux BERGEHRENRD , #HESMA vbuntu 16.04 RAEK Linux BERS

BRINAEE vMware AR Ubuntu BERSEE X RN A , B3R Linux WEARFEHZARL
BRBN R, EAFBTERRRES.

// SBR= : ¥ Xilinx Vivado HAZMWELN Linux MERER, HXMAZE Xilink Vivado
// RUFXTHNE , FAFPBTERERTH#,
// HB= : ¥ e200_opensource M H FTHBIAEHN Linux HEH , FHMNTHS :
git clone https://github.com/SI-RISCV/e200 opensource.git
/) GRS ERFHERETR , &Y LB EFME XFHRTEER 200 opensource B
/) RIBER | BBEARH<your 0200 dirs , B ERBAE R,
// RN : BTREBEREN core WELARE  FHMTHS :

cd <your e200 dir>/fpga
// #AB| €200 opensource BRXHRTEMN fpga BF.
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make install CORE=e203
/) BITEZWSEREEN 203 AKHITHIF , ZEHDRE fpga BRTER I
// install ¥X#HX EE‘:FE&%VlvadoFﬁ;E’JWZ‘K E.HWZF':PE’J*%?-'&EW €203,

// $BRE : £ER bitstream XHHH mcs X ( HEFEA mes X4 ), FRAONTHS :

make bit
// BTEESNBEA vivado I verilog RTL #ITHRIBEM bitstream X
// M bitstream XHBMBERER
// <your e200 dir>/fpga/nucleikit/obj/system.bit
// % bitstream XHN A LAEH vivado M Hardware Manager ThEgdF
// system.bit BERE FPGA X,

// BB vivado M Xilinx FPGA EAMAFRNIZ T , bitstream XHEFE rrca #
// BZJG FPGA TEERE , RA—BiE®BZE recr RPN ARNEX , EEEHER

// Vivado M Hardware Manager #{THeRFREMEH,

// RTBEAPER , xilinx B arty FEARALLFEERZNRNEEATF £ LN

// Flash ® , REESR reca LBHZERENBEHLE BN FEELZRNABTNAIPHN

// Flash RIEHHHERE reca 29 (ZEBFENR , FEEWAFEA » BT Flash
// REGAMENAT , EAEEENTRETENEYE , AEEREFEELAZTNABTEA

// Flash g , BREBEELEEMA Hardware Manager ATEHKER ( MARE4BEE
// REBZHER ), IEMT , reca LHEIAFEA,

/) BRI FARBSRR  AXFHER , FRAFBTSHE aActy FRIRFM

/] ATRBNER rrcAWAARBA Flash F , BEEE R mes X, FANTHS :
make mcs

// BIEZESHRAA vivado X vVerilog RTL BITHRIFEM mes X4

// HERRE mes XHBFEEER

// <your e200 dir>/fpga/nucleikit/obj/system.mcs

// % mes MM BUER vivado B8 Hardware Manager HhBEfF

// system.mcs BEFEKE FPCA FFEAMRHPH Flash X,

Ln{rT {8 FH Vivado f¥) Hardware Manager k65 mes S 22 FPGA JF & i /) Flash Hh 25, 2401 EE.
// HRSE 1 ¥ Frca FF RIRMFPGA JTAG N "EN UsB EHEL SHINM uss BN ERE., FAIRMW FPea gTAG
BEOMNRESIE 4-2 RIREFR.

// FIRIB 2 3 Frca FFRARMDC : 5v LB R IFX"EE uss EELE S8 use O RNE BIREEER | 9F
K'RIF , Xt Frea FFRBHITHE, FRIRM D : 5v {BRIFX"NNVRESNE 4-2 hEREMR,

// TB,— : ITF vivado B,

éﬁ/_ﬁ'ﬁ: : §TFF Hardware Manager , @B E# FPGa T RAR ( MR ARSI 1 IRIFIEF ) WHE 4-4 W 4-5
FIT7Ro

// $B|=: AR FPGA Device , #%#EAdd Configuration Memory Device: W 4-6 FiR.

// RO : BN TS Flash , B 4-7 FFR ;
Part n25gl28-3.3v
Manufacturer Micron
Family n25qg
Type spi
Density 128
Width x1 x2 x4

// WA : BH Do you want to program the configuration memory device now?”, ¥ OK

// BN ERHMNBE O MN<Configuration f£ile>XiFHEAIEFFRM
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<y%1;;_e200_dir>/fpga/nucleikit/system.mcs , RE%EZE ok , MF#HKE Flash , AIRELTER/LTPH N
T2

// Bt : —H$KEE Flash R, WALEIZEF XX LW FPca_PROG™RBMABEHBIEMEM Flash AR
X FrGa ERHITHER,

EE . rrea RERIIZE , WA LBEER‘FPGA JTAG EOW UsB ¥ERLE.

> Vivado 2015.4

File Flow Tools Window Help [@r Search commands |

VIVADO!  mesucsiy st XILINX

ALL PROGRAMMABLE.

Quick Start Recent Projects
2200 _fpga_proj

—1 /‘EJ/ ; shomefzhenbohufjx workfrisowfe20. .

Create New Project Open Project Open Example Project

Tasks
Manage IP Open Hardware Manager, Xilinx Tcl Store

Information Center

Q : “
= [ =

Documentation and Tutorials Quick Take Videos Release Notes Guide

1 e ] | [

5 Tcl Cconsole

File

& 4-4 #TJF Vivado Hardware Manager
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Vivado 2015.4

File Edit Flow Teools Window Layout “iew Help [Q- Search commands
oo hl X |%|@|%Lagicﬁnahrzer v |! & \|®Dashboardv|©

Har Unido (Ctrl+Z) jer - localhost/xiling_tefDigilent/21 0319A2CE0SA

() There are no debug cores. Program device Refresh device

X

Hardware — 0O@ x
ZT=E| % »»E
Narme | status |
@ B localhost (1) Connected
& @ xilinx_tcf/Digilent/210319A2CE08A (1) Open
@@ xc7a35t 0 (1) Programmed

L § XADC (System Monitor)

[
X

Froperties - O

= = [ k

Select an object to see properties

Tel Console —Oe x
| ¢ INFO: [Labtoolstcl 44-466] Opening hw_target localhost:3121/xilinx_tcf/Digilent/210319A2CEGBA -
| icurrent_hw_device [lindex [get_hw_devices] 0]

=1 [ refresh_hw_device -update hw_probes false [lindex [get_hw_devices] 0]

00| :INFO: [Labtools 27-1434] Device xc7a35t (JTAG device index = ©) is programmed with a design that has no suf
7l { WARNING: [Labtools 27-3123] The debug hub core was not detected at User Scan Chain 1 or 3.

& i Resolution:

B3| 1. Make sure the clock connected to the debug hub (dbg_hub) core is a free running clock and is active OR
# £ 2. Manually launch hw_server with -e "set xsdb-user-bscan <=C_USER_SCAN_CHAIN scan_chain_number=" to detect

G [ TT—|

Type a Tcl command here

Tcl Console | = Messages

Undo the last edit | r

K 4-5 fi ] Vivado Hardware Manager 7z Arty JF &R
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Vivado 2015.4

File Edit Flow Tools Window Layout “iew Help [@- zearch cormmands |
@|ﬂ ;R X |%|@|%Logic;&naryzer - |! 3 R|®Dashboardv|©
l Hardware Manager - localhostfxiline_tcf/Digilent/210319A2CEDBA XJ
|@ There are no debug cores, Program device Refresh device
| Hardware - ERE
R p»HE
Mame | status |
& B localhost (1) Connected
@ xiliny_tcf/Digilent/210319A2CEQBA (1) Open
@xc?a?'ﬁf 013 ‘Pronrammer
Lﬁ XAl Hardware Device Properties... CtrH+E
& Program Device...
@ Refragh D
Hardware Devicd (% aAdd Configuration Memory Device.., > 012 %
{--} BooT TrommSemfigasatier=ttemmerrTEyCe
@ #c7a35t_0 Program BER Key...
Clear BER Key... E
TS Frogram eFUSE Registers...
P Export to Spreadsheet... (]
1D code: oo EOE S E

General Properties

| Tel Console —gwx

= | ©INFO: [Labtoolstcl 44-466] Opening hw_target localhost:3121/x1linx_tcf/Digilent/210319A2CEQBA -
| current_hw_device [lindex [get_hw_devices] @]

=11 = refresh_hw_device -update_hw_probes false [lindex [get_hw_devices] 0]

00| @ INFO: [Labtools 27-1434] Device xc7a35t (JTAG device index = @) is programmed with a design that has no suf
& i WARNING: [Labtools 27-3123] The debug hub core was not detected at User Scan Chain 1 or 3.
B
o

‘ Resolution:
1. Make sure the clock connected to the debug hub (dbg_hub) core is a free running clock and is active OR
©2, Manually launch hw_server with -e "set xsdb-user-bscan <C_USER SCAN_CHAIN scan_chain_number=" to detect

G [ T —

Type a Tcl command here

Open | I:

K 4-6 FPGA Device i%%% Add Configuration Memory Device
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|Eile Edit Flow Tools Window Layout Wiew Help |Q~ search cormmands |
i

A N R Y X|%|L§|%Logic»hnalyzer vlﬂ @ '\ | & Dashboard ~ | &

Add Configuration Memory Device

a. Choose a configuration memory part. This can be changed later.

Jewice: @ xc7a3st 0

ter

Manufacturer [A
Density (M) (Al

| - Type |4l -
| I Width [All ~

Beset all Filters

lect Configuration Mernory Part

Search: [C-n25 | (8 matches)
Name | Fart |Manufacturer|  alias | Family | Type  |Density (Mb)|  width |

& n250128-1. Su-spi-sl_x2_xd n25gl28-1.8v Micron n25g spi 128 HL w2 w4
& n25g128-3, 2v-spil_x2_xd n25gql28-3.2v Micron n2sg spi 128 Hl w2 wd
% n25g256-1. Sv-spisl_x2_xd n25g256-1.8v Micron n25g spi 256 H1l W2 wd
& n250256-3, Jw-spixl_x2 x4 n25g256-3.3v Micron n25g spi 256 HL w2 w4
& n25g32-1. 8v-spiwl_x2 x4 n25g32-1.8v Micron n25g spi 22 HL_#2 w4
& n25g32-3 3v-spiwl_x2 x4 n25g32-3.3v Micron n2sg spi 32 Ml ¥2_ w4
@ n25064-1. Bv-spil =2 x4 n25g&4-1.9v Micron n25g spi 54 ML w2 wd
&% n25g64-3, Gv-spiwl_x2 x4 n25g&64-3.3v Micron n25g spi 54 Hl w2 w4

[ [0]4 l l Cancel

K 4-7 %FPE Flash 27
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4.3 JTAG X85

#| w| Ep Rl 6
ml k| er| ¥E| P
il ul GO UE I
x p| AG T 0
FPGA JTAG 3 ‘. : aiaae
= AR T3 5
== NUCLEI X
LAED : : -: :
s FPGA SPI Flash
oo |B
DDR3 RTC MR £ R0

MCU SPI Flash

DC: SVt B F X

FPGA RESET #k

MCU JTAG e GO
R
G
0| A U 0

4-8 119 E203 4 FPGA JT &K MCU_JTAG #fift

Y SZHR e GDB #4738 BRI B @i GDB #A M LR R S IE T, TN FPGA R
RISF SRR —A JTAG PHi %% (JTAG Debugger), E203 %Sz HHE I bRkt JTAG 22 LU0 HHE AT,
H SoC Tii)Z JTAG 1 I/O Pad ZE#zE] T FPGA S 11 pin 1L, %4 pin BITE E203 & H FPGA JF &)
FSEBRERE ] MCU_JTAG #difl I, il 4-8 o o 3 B i 7

FATH E203 RZEH T B RE “ITAG TRikes 7, &l 4-9 v 5] e i .
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BRI ITAG SR EHNHE S W, (Y FPGA FF R R JITAG R840,

F AR SE I ITAG A%, AP AT LAZE E203 FFJ65T H (1) Github ¥ 17 |
(https://github.com/SI-RISCV/e200 opensource/tree/master/boards) 1 fi# 1 JTAG 812 28 1) W SE I3

HT “JTAG ias” ¥H S FiE3EHL PC 1 USB #:1013%EHR:, Hitk Fij PC ¥ USB i 7 2 IEHA K
BB DMRIF A IERIAE . LA Ubuntu 16.04 A4, B LV I N BT E .

// TBR—  ARITECHERFE , TUELATNRSHRFPEPET , ARRMAF  BENTER :
(1) A vMware BOPFENMA BB EREELHN Linux BERSK.
(2) BT Linux MERGENIRERS , #EHEMA vbuntu 16.04 AW Linux RERS
BXOARE vMware AR Ubuntu BERZAN TR , HX Linux BEEFEREZ
BRENE  BAFBTERERFEY.

// FB]= : ER‘oTac WA "IN rc 5 rrea FFRARERE , E 4-9 HEEFTR. EEMEZ use FEOBELN
B Linux REIASI ( IEM windows BB ), WE 4-10 PEEAAT , & use BRERLHNTERAER , NIKHA
USB HEHMA Linux REEWIRG ( MIEH windows R3] ), ¥ Frea FF ERES.

// SR=  EFANTHSEER usB RENRS :

lsusb // BITEZGTEEERUOTEER,

Bus 001 Device 029: ID 15ba:002a Olimex Ltd. ARM-USB-TINY-H JTAG interface

// BN : FANMTEHHIRE udev rules #151% UsB RFZEEB M plugdev group AT :
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sudo vi /etc/udev/rules.d/99-openocd.rules

// RAvifTREXH , AERNUTREZEZXHH , RAEREFERHE,
# These are for the Olimex Debugger for use with Arty Dev Kit
SUBSYSTEM=="ush", ATTR{idVendor}=="15ba",
ATTR{idProduct}=="002a", MODE="664", GROUP="plugdev"
SUBSYSTEM=="tty", ATTRS{idVendor}=="15ba",
ATTRS{idProduct}=="002a", MODE="664", GROUP="plugdev"

// SBRE . FANTHSSERZ usBiREZ BT plugdev group:

1s /dev/ttyUSB* /] BIEZGTERETRELCNTER
/dev/ttyUSBO /dev/ttyUSB1

1s -1 /dev/ttyUSB1 /) BITZGSREAETRELUNMTEER,
crw-rw-r-- 1 root plugdev 188, 1 Nov 28 12:53 /dev/ttyUSB1

// FBA  FHRESHWAFRMNE plugdev group ¥ :

whoami

// BIEZRTRERACAFE , RRIFVBECAFBEETH your user name

/) BTN TSN your user name AINE plugdev group H
sudo usermod -a -G plugdev your user name

// SRt - BABCHAFRERT plugdev group:

groups /] BITEZGPESERECNTER,
... plugdev ...

// REMNERK groups FEE plugdev NEKREHCHAFETZ

-28 -
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Kl 4-10 FEFIL Linux R401R%) USB ElF5

1E R —ZW AR % ITAG VAR a0l {4 F GDB %14 % E203 SoC JEALHATHE T T ki i
LN

4.4 FPGA REIF & DIY B4

Z R, BATR UL ERIBIIN LRSS, Oy T RESTAE5E M FPGA JEA &, FI P & Zn MR
HE#

B SE—Hug S E203 L H FPGA H R
B S —HE S E203 £ JTAG it 2

PP 5 B AR A A
B HER 2% VMware FEIUNLH 2% Linux 8275 R 48T AL

B 223 Xilink ) Vivado B4

TN — B T RS 1) FPGA JR AL 61847 B IE A= .
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AR R AN e 5 1Y FPGA JE Y1 &3 47T BAE AR 151

5.1 HBird-E-SDK &4y

N T AER PR R A AT % S E203 WAZJT AR, E203 JTEIIH MRdE | — I R &
(Software Development Kit, SDK). N1 /@i 7 2@, ASCE i SDK B2 N “HBird-E-SDK”,

1519 E203 L[] 4E5— NS Github £ Chttps://github.com/SI1-RISCV/hbird-e-sdk) 1 A& HLAl
44 HBIird-E-SDK, I BAEH LS (RISC-V 3Ry 5 AT RN TR BI5E 11 BT TR
W RGUHE . BRI AT L BT R 4.

HBird-E-SDK J- A& — AN, A L& B —% Makefile. k& FF{d (Board Support Package,
BSP). AR AR GILL R —EFF K IAEE . HBIird-E-SDK 3T Linux &, {# F#s#ER) RISC-V GNU
THEEN R AT 9P, A1 OpenOCD+GDB 4% /7 R & B {1 & 3147 . HBird-E-SDK %
AL 0T P AT T N

(1) WRHHFE (Board Support Package, BSP) .
(2> HTEAMRG

5.1.1 HBird-E-SDK fARE&E#)

HBird-E-SDK “F-& (https://github.com/SI-RISCV/hbird-e-sdk) AL S5 1T«

hbird-e-sdk // FM hbird-e-sdk BB
| ----bsp // BHARKLZFHF S (Board Support Package) BB F
| -———hbird-e200 // EH#EE E203 BE soc B9 Bsp X
| -——-env /] FH—EERNITHEH
| -————-drivers // FERIERIRE I S 4
| -———include // TERR—e L S0
| -———-stubs // BN newlib WEERHEEEK
|-——-tools // TFEH—& T BRAS 4
----software // FERRGIERNRAE
|-—--hello world // Hello World RBIRRF
| -—---demo_gpio // GPIO AR REIFERF
| -—--demo_iasm // RESCRRGIERE
| -———-dhrystone // Dhrystone BWoRRF
| -——-coremark // Coremark B2 EF
| ----FreeRTOSv9.0.0 // FreeRTOS RHIFEF
| -——-work // ERIEHENE R
| ----Makefile // E Makefile X#
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FANFEMEHFERW T
B software H & EE AT RE, GFEFEAR hello_world 7=, demo_gpio 7~
demo_iasm 75, dhrystone #i2)FE. CoreMark #35) F2 5 A1l FreeRTOS /mIFE . B4R
RSO, S T & AR . Makefile FIZw %L TH (7F Makefile THEE) 25,
B Dbsp/hbird-e200/drivers H 3% F £ H T URBFE 7S, E i PLIC AR 1) 2 3K 30 o R4
i,
B Dbsp/hbird-e200/include H 5% 3 ZLH TA78UH 7 SoC HRAMAARER (1) 27 A7 A bk 55 S 50 Sk S0
B Dbsp/hbird-e200/stubs H 3% =E 2 F T 47— L5 A5 4E Newlib FT 75 1 JECJZE 4 bR £ HAR S
B bsp/hbird-e200/env H 5% = FE T A7 S B A SCREIE SO/, WA T
*  board.h: &S TR A B B AR O 1) % E X
e platform.h: & X T SoC V&K% E Lo
o common.mk: ] GCC BT 4w %K) Makefile JlIAS, 14548 78 4 PR AH < L T
o encoding.h: 778w AL A BT % E Lo
o entry.S: R FIFIEIN R
o initc: RG L AHYIIALELL.
o link_flash.lds: ¥§FEFPAZHAE Flash 1, LS EEE ITCM b7 #UAT B IA
o link_flashxip.lds: W25 A7AE Flash 7 BLEEHEAT AT IO BERE A
e openocd_hbird.cfg: 1 %S JTAG ik %% OpenOCD At & 4.
B start.S: RS LHJEZINEISET.
FEF S EE (RISC-V B SR AT RN HRE ) 28 11 3 Hoi HBird-E-SDK #E47 T IR AR H 1 R
Guikfg. BRI AT UL EATE R

5.2 M HBird-E-SDK FF& MBITRBIRERF

E203 JFJE H $2ft— R R B R demo_gpio AI3s4T TR SCH A 4H1) FPGA JF R E (5T
11 E203 HU5 SoC), {#iH] HBIird-E-SDK “F & #& R i T B 10T LLIEAT .

// BB— AR FECHBEKE , TEARNBRSERAEDET , NERMAAF , HENTHR
(1) A vMware BEHIEMA BB EZEELN Linux BERS.
(2) BF Linux BERFEWIREARZ , #EMFA vbuntu 16.04 AW Linux BIERSK
BRUMARE vMware BB Ubuntu BEREEXFTMNAA , HX Linux BNERFEAR
RN A  FAFETEREREY,

// $BR= : ¥ HBird-E-SDK W B THEIAH Linux FFHEF , FHMOTHS :

git clone https://github.com/SI-RISCV/hbird-e-sdk
/) GRBSBNTERETR , A4 LT R BME X FARTEMN hbird-e-sdk B
/) FXMHR | RIRZBFEN<your sdk_dir>, BXHERZEEER,

// BRE HTREREEFBEEAS onu TRE , RIREATEMN riscv-tools K ETHIF oNU TEEN B
B30, AR HEEAMECSLMBTN ccc TRE, RIMNEELFTAELAENAE , MES e T
hbird-e-sdk IH( https://github.com/SI-RISCV/hbird-e-sdk i prebuilt tools HF THJ README



https://github.com/sifive/freedom-e-sdk/tree/master/bsp
https://github.com/sifive/freedom-e-sdk/tree/master/bsp/include
https://github.com/sifive/freedom-e-sdk/tree/master/bsp

th, AP AEM&E P “RISC-V Software Tools/RISC-V_GCC 201801 Linux’BRTFHREHST
gnu-mcu-eclipse-riscv-none-gcc-7.2.0-2-20180111-2230-centos64. tgz
gnu-mcu-eclipse-openocd-0.10.0-6-20180112-1448-centos64.tgz AREBRMTSRBEMFHA(FEE .
LiRgEEME FNTRETWRLTINEN A/ IS8T HIEARMN BHRNERE TSR EEREHRH ),

cp gnu-mcu-eclipse-riscv-none-gcc-7.2.0-2-20180111-2230-centos64.tgz ~/
cp gnu-mcu-eclipse-openocd-0.10.0-6-20180112-1448-centos64.tgz ~/

/I BRANERSSENEASRE T

cd ~/
tar -xzvf gnu-mcu-eclipse-riscv-none-gcc-7.2.0-2-20180111-2230-centos64.tgz

tar -xzvf gnu-mcu-eclipse-openocd-0.10. O—6—201801l2—~l448—centos64 .tgz
// BAREZHBELRFNESRS , BERFTUEE —NMERP gnu-mcu-eclipse XX

cd <your sdk dir>

// B hbird-e-sdk BFRX#HX
mkdir -p work/build/openocd/prefix

// TE hbird-e-sdk BRTBIELRIXD prefix BF
cd work/build/openocd/prefix

// BHAE prefix B

In -s ~/gnu-mcu-eclipse/openocd/0.10.0-6-20180112-1448/bin bin
// BHAFPBERTHBEN openocD BXRTH bin B RENREEEEERZ prefix BET

cd <your sdk dir>
// BIR#EAE hoird-e-sdk B FXHX

mkdir -p work/build/riscv-gnu-toolchain/riscv32-unknown-elf/prefix/
// TE hbird-e-sdk BFRTRIEB ERIXD prefix B

cd work/build/riscv-gnu-toolchain/riscv32-unknown-elf/prefix

// BHAE prefix B

In -s ~/gnu-mcu-eclipse/riscv-none-gcc/7.2.0-2-20180111-2230/bin bin

// BEAFBREFRTHEEN GNU Toolchain BETH bin B FENREEEEED
// Zprefix BET

AR MPBERIEENRZRECZE , REFAERFRIETEEERTHS R,

// BN ;R 4 ERATRSGE |, R IT¥S 203 T A Frea FFER , H¥ bitstream XHEHE mes 44
FE rrGa P#Fa A oTac BI85 rrea F RARE 4 pc E#E H R oTac WiXEEM usB EOMELA Linux
RELEWIRZ,

// BRE : HiF demo_gpio RHIERF , FANTHS :

cd <your sdk dir>

// ¥ hbird-e-sdk B X%

make dasm PROGRAM=demo gpio NANO PFLOAT=0

//EE : BT Demo GPI0O BFM printf MHBAFTEME TR , LREIN NANO PFLOAT=0 1§ HH
newlib-nano M printf RBTEXFZAN , FS N (R1sc-V RPHEBRARXNFEREATD) £ 11 ETHEMEXE
5,

//EE B BEE Makefile FHY DOWNLOAD RN , MERIARAFEFM Flash LEHE 17CcM HITHIT
WARHITEE , BTSN (Risc-v EMEBRARNFTFEPRIEAIT) F 11 ETHEXER.

/] BN FREHN demo_gpio BF THE rrca REFRRP , FRAMN TGS :

cd <your sdk dir>
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// #A hbird-e-sdk B FXHX

make upload PROGRAM=demo gpio

// Bt :  Frea [REF A LiE1T demo_gpio BFF :

// BT demo gpio RHIFEFIFEN UART HED—NFREE|EA pC E’J Jﬁ

/) AREEERFEOERERERT , THFSA - vbuntu WEFH Eﬁﬁﬂﬂ‘l’u To
sudo screen /dev/ttyUSBl 115200

// EZmHERE ttyUsBl RENROETRHIRIF , LR 115200

// BEWTRITRINE |, vbuntu WEZSHSTAKEESE  ATERRORENTR,

// BEWOTERITRD , ERERCKEEE 4.3 THAARS AN use WRRIEEIER,

// Jé%%m PC WEBOS REAWRERTFZE , N{XFER rrca ERF XK EH RESET R
# roca 7 B4R 189 RESET m@  NGBBEOFBIGT demo gpio B |, 309 Log TRHTAIEEH pc S
g;mwﬁt ME 5-1 FiR. RASAPTUMAERTS (RNTR v ), BRRBEST | FERLFLHERHA

# #
#
HitHH

#
#HHEE  #HRRE

Please enter any letter from keyboard to continue!
I got an input, it is
y

Thank you for supporting RISC-V, you will see the blink soon on the board!

K 5-1 iz47 Demo_GPIO /-6l 5T FHLEE 1 & L EoRER



5.3 {#f GDB #1 OpenOCD B = HIFEFF

GDB (GNU Project Debugger) , /& GNU T HEE M. GDB s&— @M AEH T Z il T
» BEEH T C. C++. Ada FEJFE SRS MRS, CiRME T Ihe:

TEREGE R AR

M I BERE AR AE 26 AR A IR
HEGHSIEITIRE, UM AaE, AR
HEEEFIRE, BRlZENE, RBREE

BB AR IS ATIRGS, CIRE M AR, AR A
B HIRES, WA ERE, RBRPIRESE

GDB A LAFH FYEEML PC 1 Linux REHRBEATINRET, [FE e A T Rain N U, 7R
SRS, BT RRA IR, — MmN E bRA A L Jevk B GDB (A (B B R
Al Linux R455), 1XBnl Ll GDB+GdbServer 77 s T2 (remote) Ik, 18 %1 % GdbServer
76 B st Eiztr, 1 GDB N{EFEHL PC ListT.

N RERS S RF GDB X T IR, 4§ E203 i A OpenOCD 1£ A3 GdbServer 5 GDB #HTHL A -
OpenOCD ( Open On-Chip Debugger ) J&—a IR I S S il pE, dtt XIEFE 4, BT HIFBOTE
(IRE AL, AR B BRI NS AR R, SCRr R 2B MCU R IT iR . N T BeE 58
4 FF GDB IR, 1EMEH GCC WHRACHS AT dm B iy e, 75 ZAHH-g T, 4. gec -g -0 hello
hello.c o ZiEIN 2K R FT 7515 BN G B BT AR ( o] PATFE 7, BRIk T2 38 K n] PATRE 7 B RN,
ERL A 1E XA AT PR A H ol o AN 28 T

GDB 48 AT A FH — b ity T2 S0 EITA ST, (H B0 L2 (6 FH iy 4T BB JL AT # A
H F i) GDB iy 244 LA & Wifff GDB 1 OpenOCD Xi#4% &% E203 P AZ3EAT IR ELID IR, 55 I S
& (RISC-V M 5 ARTFRPENTTY 28 11 & T E4E R

m
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6 Bf7THE ZRHIFEFER Benchmarks

AL PEAR ) — DN EEIRAAE R INHE, RN EEIEAAE RN, T ACEEAR R VAL, T
AR A2 F (Benchmarks) 52 .

FEALF Z5 4538 () Benchmarks JEHARZE, AN NIFRINRE?, A FELRHEA L, sl A R
JF& ) Benchmarks, ASCLEREANINEA——He2¢ . FEHR A FUAL 388 080 144 A1 ILIK) Benchmarks 4
Dhrystone #i1 CoreMark.

Dhrystone 1 CoreMark 15 2 HAh [P/ GIFE 7 (R 26, DL AT E HBird-E-SDK “F- 51217 1 7
WP IR, EZ W CHEE (RISC-V 228 SIRA IR RIEANTTY 5 12 & T EAE S

7 FHRIB4T FreeRTOS

FreeRTOS /&3 4 TR S E 248 (RTOS), FreeRTOS 584 2%, HAWHIG AT, Al 7
T AT RIGEERE S, AU HE 2 &M MCU _Lig1T. A% FreeRTOS B4 4H, LA AN
AT #E HBIird-E-SDK “F- & iz4T I Edl 1R, &S W, (145 E203 #4H FreeRTOS).
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8 Windows IDE FF & T H

— KRS TR T & R (Integrated Development Environment, IDE) %f-F-/Ffa MCU #5753k
WEE, BRI RN R T EAER) IDE BT bR H R 5. ARM 22811 MCU H B 54 TR K
W08, ARM [ IDE B4 Keil HAEFIRANLD, RZ AR B TR IHE S AR 2GR AR
IDE #fF (Bl Keil) fF1EERRA UL IR, 5Kk MCU | rit et B A% %% IDE fEH {8
H, Bt i e2studio A1 NXP ] LPCXpresso 5%, X4 IDE &2 T H U5 Eclipse HE42, Eclipse JLF-
BT P4 2% MCU IDE [#) 321k 3%

Eclipse “F- & K H I BGRIEAS S 1E, HPRAEA LV TIE (B4 SR IaARAD ) LK Bk R AR«
Eclipse A& HJg—AMEZE V-4, BT Eclipse V& MEITN W24, HArAhaeIN T A F FidE .
FFRN A RERT @ Eclipse T H AR RS G ThRE, Wal R H AR &N R AEidafE. — M
AT AR 53— AN, T SEEI B R R B (4 i

Eclipse IDE ~F-& H & LU JLJ7 AR«

B RO K

Eclipse H 2001 G4 H LR, SRR MAAEX, o8Btk N Rt 72 %, BiEEH. B8R
WA 5, DA BT TR Eclipse &5 T RAE & TAERR . Eclipse “F & HAHICITH « $lfH 5 # R ELEE
eclipse.org M3l T 4 3k15

I £ o1 bl

Eclipse TGRS T G 3 BT RN SRARFSE58 70 R A% KM BRI L3 Eclipse fELL N 24MI00H
AW

o “FHITH—1ET Eclipse &5 .
e CDTUiH—MET C/IC++iEE H kK LH.
e PDE il H——ME T4 K35

BRI

Bk N IR RERMFIEARY, BREBIE T HMA R, EREFBBE AR ENE, B EEHITRT
/f/lzo

LR

Eclipse “T- &K Java i 5 4n 5, WJ7E Windows 5 Linux Z5Z2 i & TAER: BAEH . FFGaRIEARS T
BXRHEZMIES . Z2MFELEREZM MR,

m AR

Eclipse KA. "I R4EH), B Rt 5 ClearCase. SlickEdit. Rational Rose PA A Hith 4t — A
BE (UML) B8 =J7y B E T/E. thoh, Bl S &MEFA PO (GUD S ds R TAE,
ISR PG o

HZ M (RISC-V B 5N XTTRPEENTTY HEE%E 13 %, Hrb g4 1 i % T MCU
Eclipse IDE ] Windows FF & R 55 %1 16 15 E203 P AZHEAT B FF R AT
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