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toolchains/releases/download/20210412-1/lowr isc—toolchain—gcc—
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REA: Z4 % .vmem/ . srec 345, T4 ¥ srecord:
sudo apt—get install srecord
# 7 soc/sw/common/Makefile ¥ 1% & RISCV_CC 45 & riscv32-unknown—elf-
gee T IZ

SoC SRHI5IhRETIER
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= ALt SRAM, #J512KB (NUM_WORDS = 16384x8, 32 bit 3)

RGehTEh 50 MHz (clk_cpu, testbench H1 #(5) Ejt%)

Mg W QSPI (spiO/spil) . UART, XUE& 12C (i2c0/i2cl)

Bg&FH% ISP (Bayer RAW — RGB, demosaic / dgain) + DMA (ISP~SRAM EUEHNZ)
10 PINMUX + PAD, Ti/Z pad[24:1]

ISAIE ISP UVM. QSPIUVM. PINMUX FPV, SoC TREf&5% TB

— IP M4

1. QSPI
QSP| # Quad SPI #9# 5, &7 6 & spi, A Motorola /3]t &9 SPI 4% 2 494"
B, tLSPI MR AT %,

Queued SPI #8%fF SPI k#3842 T MAR 1/0 & (S102. S103) , #4E T Hk4E
M9 bit 4. QSPI T 489 454 X Single-Bit SPI. Dual SPI. Quad SPI,
QSP1 &9 454k X

QSP1 3 & &4t X

ChiE Select :
QSPI Master & Serial Flash

MISO

Oeee—————

QSP | £k 4% 4% X

Chip Select
Clock

s ——
QSPI Master & Serial Flash

: 9!01 :

QSPI w9 &A% AL X
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' Clock
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QSPI Master 101 Serial Flash
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QSPI B /F B
s~ \ _
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CLK  Modeo _
l Instruction (E7h) »| A23-16 | A158 | A0 | M7-0 | Dummy 138 ewitch from

pral : Input to Output

o e aes | wo | wo o __

0, X7 NI o 100000000 = =00 00 aulm

0600 Cui

2000 Gui
; ' : Byte1  Byte2 . Byte3

QSPI i id 4v 45 Flash i3, 544504, ik, IBEMFH. =
18 4 F ia‘%ﬁ—ﬁ/\lf/‘ﬁx, MmiX BN BEAE—N B THRET, 222651545,
Hoht, XBEFPREIFENEZ —, nCS AFFIATEI TR, EEFIELS TR
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ELAKEG QSPI Wi VA #
Quad-SP1 (QSPI) interface on STM32 microcontrollers

2. 12C

12C i b & A %, ARE 120 REARFHEE I ..
EE

PRE = Freq_12C / ((5%Freq_SCL) - 1)

Freg 12C is the clock frequency of [2C module.



(% START and STOP

START and STOP conditionsE=+EA~=4%, BR&INTE:

START: SCLASHEAE, SDAHS->K;
STOP : SCLy&HAIE, SDAHIE->H;

SDA --_‘_\il
S I N A N

START condition STOP condition
mba608

START and STOP conditions

Byte{&igi. ACKRIZ

S5 EHLByte AR, FIMFHEEHRIbIEINERES.
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SCL lgorsr| 1 2 7 8 9 1 2 3108 9 lsrorp |
L__ 1 - - L 4

ACK ACK
START or STOP or
repeated START byte complete, clock line held LOW repeated START
condition interrupt within slave while interrupts are serviced condition

ﬂf ac861
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|:| Master Controls SDA Line
D Slave Controls SDA Line

Write to One Register in a Device

Device (Slave) Address (7 bits) Register Address N (8 bits) Data Byte to Register N (8 bits)

f 2 N N R
|S AﬁlﬁSlMlﬂ!lMlﬁllm UlA|B7|BGIBSIB‘|B3IB\ZIBIIBDIAlD?lDSlDSID‘lD!IDZIDlIDO AIPI

| t1

START R/W=0 ACK ACK ACK STOP

Figure 8. Example 1°C Write to Slave Device's Register

3. UART

BRI K E (Universal Asynchronous Receiver/Transmitter), il #&
Y£ UART, 2 —#®B4T. FF. 2R TH@EM, EHRAXBE R 2,
UART &5 B 4e T

—— MW T™FHF — -+ R ot TFER
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1m1 | o [telrml..J1elie]l |1 11 1/o|1/0] ...

Bl 1 UART &8

A R B —ANEBE 07 WES, ETEMTIEGTS.
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Fi. WBFHKM ASCIL 2B, MmARLZ 454514, T4y ks,

BRI KBl L —2 6 GREHIBEERIR) , 5 17 HEHR
HABH (BAIR) B F K (FRIE), UL RRBHIEFEGE Ak,

iz CR—ANFHBEFEOERTRE, TUARL 1 {2, 1.5 12, 2 2693 &
FO(FHE 1)

TR ”RTEH 17 RE, R TS AT&% LA $IEGEE,

AT

KIEE R B RN RFERE T, 212 bps (bits per second) , ¥ W9k 4%
% 9600bps. 19200bps. 115200bps % %, 4w & 0 4+ E % F A 9600bps, AR
LAEH — /e 4% E 200 1A 2 1/9600~104. 2us, BP 1bit /F#ada K454
104us, % —NHIFEFRIFA 10 ANedF (F4512-8 NEABAZ—1F1042) |, 1£n
R 5 R A 9600%8/10=7680bps


https://so.csdn.net/so/search?q=UART&spm=1001.2101.3001.7020
https://so.csdn.net/so/search?q=%E9%80%9A%E4%BF%A1%E5%8D%8F%E8%AE%AE&spm=1001.2101.3001.7020

O BRI EANTERINE, FERI LS FEN, F % UART_LCR[7] &F
BAA L RA

— SOC 48

1. k7 &
& SoC % 7+ & Al 49 RISC-V 432 % SoC, &4 A K49 AMBA & &, MR,
#HAERISC-V A EZIFHE S HFE T

CPU: RISC-V

& %%: AMBA2. 0, AHB/APB
$hi%: UART/12C/QSPI

F 4Bt 4P . 50MHz

* /4: 128KB

2. CPUEA4:
ibex & —32k 32 {2k RISC-V &%, 2Ri7K, Z+#HRV32l, RV32C,
RV32M, RV32B ¥ 454, X 4+ M-Mode #= U-Mode.

8 Ibex Core
debug_req_i | [
IF Stage ID Stage EX Block
g —
= = Prefetch 5 ' DALY b
= T Buffer @ T
e
T
g oes MULT & g
v -
A ] [
1+
— addr_o a
| ! CSR \ ! LSU %Wdata_f
_—I A A rdata_i 32

Ibex #8 % 69 7 HA45
Ibex Reference Guide — Ibex Documentation
0. 1. dev76+g056cb44. d20220830 documentation (ibex—core. readthedocs. io)

Ibex github JZE:
ibex/vendor/lowrisc ip/dv/sv/mem model at
master ¢ lowRISC/ibex <+ GitHub

l;‘:%{% Og‘ .

https://github. com/1owRISC/ lowr isc—
toolchains/releases/download/20210412-1/lowr isc—toolchain—gcc—
rv32imc—20210412-1. tar. xz



https://ibex-core.readthedocs.io/en/latest/03_reference/index.html
https://ibex-core.readthedocs.io/en/latest/03_reference/index.html
https://github.com/lowRISC/ibex
https://github.com/lowRISC/ibex

3, SOC EHIER
K SoC % i+ 6.4 RISC-V 4 32 %% . AHB/APB 4. %.. SRAM, #hiX .45 QSPI1. UART,
12C, DMA, ISP, PINMUX, #4KZZAEZE 4 TH,

SoC V1.1 BHZE

soc_top

Ibex

RV32IMC

AHB

BusMatrix

PINMUX

pad[24:1]

B 2 - SoC V1.1 {428 (ERLALEME, X457 soc/top/topv)

4, MEHED1ZFTHHA
WA RROMER T, @afFF5 5, 258, MAMEAK, FmitH
Fo

Signal | Width | 1/0 | Description
SoC Interface

hclk_100 1 I AHB clock

hreset n 1 I AHB reset
signal
Active
state:Low

UART_TX 1 0

UART_RX 1 0

SP1_CLK 1 0 SPI| B4f

SP1_CSNO 1 0

SP1_CSN1 1 0

SP1_CSN2 1 0




SP|_CSN3

SP1_SD0O0

SP1_SDO1

SP1_SD02

SP1_SDO3

SP1_SDI0

SP1_SDI1

SP|1_SDI2

SPI_SDI3

SCL_PAD_|

SCL_PAD_O

SCL_PADOEN_O

SDA_PAD_|

SDA_PAD_O
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ojo|—|Oo|0O|—|—|—|—|—|OC|O|OC|O|O

SDA_PADOEN_O

5. BMMMETHAALITMT
B FE A B R _ER IP 3,
6. FHEBHE

%0, SoC & A £ 5 k.

=. BIEIRE

1. IP BBiE3R3E
QSPI &9 3L 37 3%,

APB agent

m“ m QSPI scoreboard Regmodel

QSPI DEV

> RN

QSP1/tb/env & #F QSP| testbench 9 414
QSP1/tb/tests M]iX Jf 17l

QSPI/sim % simulation &9 B %



> A

Bk 4y 4 make comp
iZ 17354 make run_{test_name}
Example : make run_qgspi_read_test

KEMIEA T EKEK makefile LA

2. SOC IE3R3%
15 BIR3FAE R

Test

E
ﬂ*

o IR

| =)=

B

> kAN

soc/filelist : #3569 filelist

soc/ibex : ibex cpu #

soc/ip : MEARELAZE, HFINIARKRGT R, LXBATAMELN,
soc/model : sram model

soc/sw : K E &/ AEM X 69 C pattern

soc/test: H# qspi device F vip

soc/top: soc TAE X, PIHL&EAAEIE,

> A

(1) %% test 3R3%5 : make comp
(2) %X C compile + run RTL simulation : make run_{test_name}

EE

1. Sw T @9 test_name &A4=c 89 name —H, b4 spi_test LA spi_test
BET&chy g™ spi_test.c

2. iZ4T soc #9 toolchain H & A T T &, Hitf



https://github. com/lowRISC/ lowr isc—
toolchains/releases/download/20210412-1/lowr isc—toolchain—gcc—
rv32imc—20210412-1. tar. xz

ZR TG C test 42T 49 sw/common/makefile , 4=

Makefile (. - DV/To_Ct -VIM

File Edit Tools Syntax Buffers Window Help

BB ®E 9 x+-B Q% e« S %O 683

7 PROGRAM ?= CTEST NAME

8 PROGRAM CFLAGS = -Wall -g -0s
9 ARCH = rv32imc

10 # ARCH = rv32im # to disable compressed instructions
11 SRCS = $(PROGRAM).c common.c

12

13 C( = /mnt/mydata/lowrisc-toolchain-gcc/bin/riscu32-unknﬂwn-elf-gcc
14

15 CROSS_COM = LCCA)

16 0BJCOPY 7= $(CROSS COMPILE)objcopy
17 0BJDUMP 7= $(CROSS COMPILE)objdump

19 LINKER SCRIPT ?= link.ld

20 CRT ?= crt0.S

21 CFLAGS 7= -march=5$(ARCH) -mabi=ilp32 -static -mcmodel=medany \
22 -fvisibility=hidden -nostdlib -nostartfiles $(PROGRAM CFLAGS)

24 0BJS := ${SRCS:.c=.0o} ${CRT:.S5=.0}
25 DEPS = $(0BJS:%.0=%.d)

26

27 QUTFILES = $(PROGRAM).elf $(PROGRAM).vmem $(PROGRAM).bin $(PROGRAM).dis
28

29 all: $(OUTFILES)

30

31 $(PROGRAM) .elf: $(0BJS) $(LINKER SCRIPT)

32 $(CC) $(CFLAGS) -T $(LINKER SCRIPT) $(0BJS) -o $@ $(LIBS)

33

B B B AT R BT EPT



