A5 uNn»@»;m ﬂt ; J/ ‘\ﬂ
LA Sz
5o% PEKING UNIVERSITY

10010010

XA LR G IRIES L%

3-BRAImizEht-1%

JREE
2026%K



FEOTXLAE

TSMC 28nm

AES

RISC-V RISC-V
64bit 64bit

FPIOA

APU
FFT Audio
Accelerator

KPU
CNN Accelerator

GPIO

UART

w
A,

RTC

Timer

WDT

SHA256
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UART

- SPI

12C

A%
PCle

- DDR

- CXL
UXL
Ethernet

F#EO

- AMBA%#Z

- AXI
- AHB
- APB



UART-YJI8iERk

- E R
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X

ix

Start Bit
(1 bit)

Data Frame
(5 to 9 Data Bits )

Parity Bits
(Oto 1 bit)

Stop Bits |

(1102 bits)

» Time



UART-I23#% ]

// Set Parameter CLKS PER BIT as follows:
// CLKS_PER_BIT = (Frequency of
i_Clock)/(Frequency of UART)

// Example: 25 MHz Clock, 115200 baud UART
// (25000000)/(115200) = 217

(DataBus | DataBus |
Bit 0 »c— | UARTI [—— = Bit 0
Bit 1 N — Bit 1
Bit 2 N - Bit 2
Bit3 - | >< —= Bit 3
Bit4 | — Bit 4
Bit5 - | = Bit5
Bit6 —+—»—— —= Bit 6
Bit 7 - — Bit 7

Peking University

module UART_TX

(

#(parameter CLKS_PER_BIT =
input 1 Rst L,
input 1 _Clock,
input 1_TX DV,
input [7:0] i1 _TX Byte,
output reg o_TX_Active,
output reg o _TX Serial,
output reg o_TX_Done
);

module UART_RX
#(parameter CLKS_PER_BIT

(

input
input

output

1 _Clock,
1 _RX_Serial,
o_RX_DV,

output [7:0] o_RX_Byte

);

217)

217)



UART-EES%TE (FPGA to PC)

FPGA

UART
TX

B

TX, RXPHR 2
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USB%%




UART-EES5%TE (MCU to PC)

UART
Rx

MCU

TX, RXPHR 2 USBZ%
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UART4R#=3EH)

- https://bonany.cc/digital logic lab/lab5.html

Peking University


https://bonany.cc/digital_logic_lab/lab5.html
https://bonany.cc/digital_logic_lab/lab5.html

SPI

Sz

RX & X

Device 1 Device 2

X > RX

stop idle or

idle bit next byte

Peking University

o)
sk B Nz ()
TX. RXBYARAS Fhn A=~ %
— X — &5

U R 7R
CLOCK CLOCK
DATA DATA
idle or
idle next byte

DATA




SPI — —%J—

Obsolete Name

Master

Slave

MISO

MOSI
SS

Peking University

Replacement Name
Controller
Peripheral

POCI
PICO
CS

SCK

Clock from
Controller

PICO

Peripheral-ln | | L
Controller-Out 4 4 ﬂ l.'l 1 n "l

POCI

Controller to Peripheral

il

e

SCK
PICO
POCI

CcS

SCK
PICO
POCI
CcS

i

2345

|

Peripheral to Controller

01234567

0x53 = ASCII 'S’

Peripheral-Out
Controller-In

Cs

Chip Select




SPI - —%j%2

POCI === * POCI
PICO * > PICO
Controller 1 SCK T
CS1 > (S
CS2 —
— POCI
> PICO

Peking University

> (S

> S5CK  Peripheral 1

> 5CK  Peripheral 2

SCK [—+>—]SCK

PICO » PICO
POCI = POCI
CcS CcS

Controller to Peripheral Peripheral to Controller

SCK
Clock from
Controller | e bl e B B | e e B b e B B

0 1
—

PICO
Peripheral-In

Cantrnller—ﬂutﬂ:l 1 ﬂ n 1 n 10

23456 01234567

1

O0x53 = ASCII 'S’

POCI
Peripheral-Out
Controller-In

Cs
Chip Select

10



SPl - —%3%

POCI === * POCI
PICO * > PICO
Controller 1 5CK * > SCK  Peripheral 1
CsS1 > (S
CS2 —
— POCI
——>»PICO
> 5CK  Peripheral 2
» (S

Peking University

Controller

Peripheral 1

Peripheral 2

Peripheral n
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SPI - —%J%5, {BREdaisy-chained

Peripheral 1 Peripheral 2 Peripheral n

Controller l l ¥

POCI

SCK
PICO
CS

’ Peripheral 1 Peripheral 2 Peripheral n

Controller

Peking University 12



SPI Mode

Clock polarity =~ Clock phase : : Data is sampled
(CPOL) (CPHA) Data is shifted out on on

falling SCLK, and
when CS activates

1 0 1 rising SCLK falling SCLK

rising SCLK, and
when CS activates

3 1 1 falling SCLK rising SCLK

SPI mode

0 0 0 rising SCLK

2 1 0 falling SCLK

SCLKcpor=o_ L A\ S\ S\
SCLKcpor=1 T WSS\
CS ™ ~
CPHA=0:
MOSI ZZ e X5 a3 2 1 o)
MISO zZ{7 X6 Y5 X4 X3 X2 )1 Xo0()¢z

MOSI ZI 7 e X5 2 =3 2 X1 Xojz
MISO z X7 Xe X5 X4 X3 X2 X1 X0z

Peking University



SPIGRE

4 kendryte_standalone_programming_guide.pdf

16.3.1 spi.init 16.3.3 spi_send_data_standard . .
P P 16.3.5 spi_receive_data_standard
16.3.1.1 #iiF 16.3.3.1 ik
198 SPT TR, HHMAMIR. SPI AR T AR, 16.3.5.1 #i#
[op 2 dle s 6N
16.3.1.2  HEHURE 16.3.3.2 EMURE
void spi_init(spi_device_num_t spi_num, spi_work_mode_t work_mode, spi_frame_format_t 16.3.5.2 HE#FHmE

frame_format, size_t data_bit_lemgth, uint32_t endian) void spi_send_data_standard(spi_device_num_t spi_num, spi_chip_select_t chip_select,
const uintB_t v«emd_buff, size_t cmd_len, const uint8_t «tx_buff, size_t tx_len)

void spi_receiue_data_standard(spi_deuice_num_t spi_num, spi_chip_select_t chip_select,

16.3.1.3 & const uint8_t «cmd_buff, size_t cmd_len, uint8_t «rx_buff, size_t rx_len)
16.3.3.3 £
BHEH T A
spi_num SPIS LIPN BHER ot AW 16.3.5.3 £¥
work_node BITEEHOmREE A spi_num sPre HA o
frame_format B LR i EEe
data_bit_length SURCHIBIMIBAOME A Z:ﬁ:ﬁm ?ﬁgwaﬁ, EE MR A NULL gi BREH fit i
endian FSO: T AS A cnd_len IMRIESHHHIIR IR, SRENNENE WA spi_num SPI S N
tx_buff RIRAOHR HA chip_select KRi%AS LD
tx_len HEIRIEAE A cnd_buff SMBIESHHEE, BENRPNULL A
‘ cmd_len IMGISSHINEEURICE, RBENEN 0 A
163-;-3-" BEE rx_buff AR e
rx_len FEUEERMKE N
16.3.5.4 EE{E
x

Peking University
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QSPI: Quad serial peripheral interface

- EHI12H 2T p4A2H 2%
- HFA11SCK

Controller Peripheral

Peking University 15



M SPI Fl] 1°C

- SPIFVHEF = -

- good for high data rate full-duplex (simultaneous sending and receiving
of data) connections

- supporting clock rates upwards of 10MHz (and thus, 10 million bits per
second) for some devices, and the speed scales nicely.

- The hardware at either end is usually a very simple shift register,
allowing easy implementation in software.

- BR !
- SPIFELIT % © § ) interface 41E%

Peking University



M SPI Fl] 1°C

> SDA
Peripheral 1

> SCL

> SDA
Peripheral 2

SPI 12C
POCI = * POCI
PICO ® > PICO SDA =<
Controller 1 SCK > SCK  Peripheral 1 Controller 1
CS] > (S SCL
€52 —
— POCI
—>PICO SDA =
> SCK  Peripheral 2 Controller 2
>CS SCL

Peking University

> SCL
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12C Interface

LT oo

- » \

Condition 7 or 10 Bits Bit Bit B Bits Bit Condition

SCL

] 1 ] SDA

» Time

Wires 2
module I2C_main Standard mode = 100 kbps
( Maximum Speed Fast mode = 400 kbps
input clk, > High speed mode = 3.4 Mbps
input rst, Ultrafast mode = 5 Mbps

input [6:0] data_in,

5 ?

input [6:0] address, Synchronous or Asynchronous” Synchronous

output scl, Serial or Parallel? Serial

1nout sda

); Maximum Number of Mains Unlimited
Maximum Number of Nodes 1008

Peking University 18



12C Interface

Condition 7 or 10 Bits Bit Bit B Bits Bit Condition

» Time

%Rp %Rp (4.7kQ) Yo
] | 1 ] SDA

module I2C_node

(

input clk,
input rst,
input scl,
inout sda,
output

)i

Peking University

Wires 2

Standard mode = 100 kbps
Fast mode = 400 kbps
High speed mode = 3.4 Mbps
Ultrafast mode = 5 Mbps

Maximum Speed

Synchronous or Asynchronous? Synchronous
Serial or Parallel? Serial
Maximum Number of Mains Unlimited
Maximum Number of Nodes 1008

19



12C BSF%

Condition 7 or 10 Bits Bit Bit (8 Bits; Bit Condition

ACKNACK Bk Data Stays Stable During HIGH SCL Pulse
ATKINACK Bit
Start Condition 7-81t Aodress A DATA BYTE Stop Condition
SDA ‘ ‘ 1 1] 0 ‘ 1 ’ 0 0 A 07)/Ds><osx04)<03X02”D1>/Do> A { [
lll FUIH mr Riqigihhii
Data > - e -
Transmitter MASTER SLAVE MASTER SLAVEMASTER

Peking University
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1°C- EZ S HiE

MCU

Peking University

SCL, SDA

USB%%
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ETRAE—TIRF

- https://www.01studio.cc
- https://wiki.01studio.cc/docs/canmv k230

Peking University
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