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RVfpgat A|AEIQ| SP| 2&-2 OpenCores (https://opencores.org/projects/simple_spi) ol A{ XS & L|Ct.
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Name Address Width Access Description
SPCR 0x80001100 8 R/W X o HXIAH
SPSR 0x80001108 8 R/W HEf 2| K| AH
SPDR 0x80001110 8 R/W OOl Ef & X|AH
SPER 0x80001118 8 R/W 23y 5=
SPCS 0x80001120 8 R/W CS BHIX|AH
SPCR (SPI Control Register)2 SPI 2&2 MO{RLICH & 2 = 2 HEQ| 7|52 ENELI|CH
¥ 2. SPCR H|E
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1 R/W RFFULL
Read FIFO Full: RFFULL = 1 0| 2{7| FIFO 7} 7}5§ #&LCL.
2 R/W WFEMPTY
Write FIFO Empty: WFEMPTY = 1 O| M 27| FIFO 7} H|Of Q&L C}.
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Write FIFO Full: WFFULL = 1 0| 27| FIFO 7} 75 ®&L|Ch
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d
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Reg [Name Bits [Bit7 Bit6 Bit5 Bit4 [Bit3 [Bit2 Bit1 Bit0 Reset[RW
0x00 | DEVID_AD [7:0) DEVID_AD[7:0] 0xAD |R
0x01 | DEVID_MST [7:0] DEVID_MST[7:0] ox1D |R
0x02 |PARTID [7:0] PARTID[7:0] oxF2 |R
0x03 [REVID [7:0] REVID[7:0] 0x01 |R
0x08 [XDATA [7:0] XDATA[7:0] 0x00 |R
0x09 | YDATA [7:0) YDATA[7:0] 0x00 |R
0x0A | ZDATA [7:0] ZDATA[7:0] 0x00 |R
0x0B|STATUS [7:0) [ERR_USER_ ‘AWAKE ‘INACI’ ACT FIFO_OVER- {HFO_WATER-‘HFO_READY ‘DATA_READY 0x40 [R
REGS RUN MARK
0x0C |FIFO_ENTRIES L _[[7:0) FIFO_ENTRIES_L[7:0] 0x00 |R
0xOD|FIFO_ENTRIES H _[[7:0) UNUSED [FIFO_ENTRIES_H[1:0] 0x00 |R
0x0E | XDATA_L [7:0] XDATA_L[7:0] 0x00 |R
0xOF | XDATA_H [7:0) sx | XDATA_H[3:0] 0x00 |R
0x10 | YDATA_L [7:0] YDATA_L[7:0] 0x00 |R
0x11|YDATA_H [7:0) SX | YDATA_H[3:0] 0x00 |R
0x12|ZDATA_L [7:0] ZDATA_L[70)] 0x00 |R
0x13|ZDATA H [7:0] sX | ZDATA_H[30] 0x00 |R
0x14 [ TEMP_L [7:0] TEMP_L[70] 0x00 |R
0x15 | TEMP_H [7:0] sX | TEMP_H[3:0] 0x00 |R
0x16 [Reserved [7:0] Reserved[7:0] x00 (R
0x17 [Reserved [7:0] Reserved[7:0] 0x00 (R
0x1F |SOFT_RESET [7:0) SOFT_RESET[7:0] 0x00 |W
0x20 [THRESH ACT L [7:0) THRESH_ACT_L[7:0] 0x00 [RW
0x21|THRESH_ ACT_H _[[7:0) UNUSED | THRESH_ACT_H[2:0] 0x00 [RW
0x22 | TIME_ACT [7:0) TIME_ACT[7:0] 0x00 [RW
0x23 | THRESH_INACT_L [[7:0) THRESH_INACT_L[7:0] 0x00 [RW
0x24 | THRESH_INACT_H |[7:0) UNUSED | THRESH_INACT_H[2:0] 0x00 [RW
0x25 [TIME_INACT L [[7:0) TIME_INACT_L[7:0] 0x00 |RW
0x26 |TIME_INACT H__[[7:0) TIME_INACT_H[7:0] 0x00 [RW
0x27 [ACT_INACT_CTL_|[7:0) RES LINKLOOP INACT REF[INACT_EN _ [ACT REF _ |ACTEN __ |0x00 |RW
0x28 [FIFO_CONTROL _[[7:0) UNUSED AH FIFO_TEMP FIFO_MODE 0x00 [RW
0x29 |FIFO_SAMPLES _|[7:0) FIFO_SAMPLES[7:0) 0x80_[RW
0x2A | INTMAPT [70] [INT_LOW  [AWAKE INACT ACT FIFO_OVER- [FIFO_WATER- [FIFO_READY |[DATA_READY [0x00 [RW
RUN MARK
0x28 |INTMAP2 [70] [INT_LOW  [AWAKE INACT ACT FIFO_OVER- |FIFO_WATER- [FIFO_READY [DATA_READY [0x00 [RW
RUN MARK
0x2C |FILTER_CTL [7:0] RANGE RES HALF_BW _ |EXT_SAMPLE ODR 0x13_[RW
0x2D| POWER_CTL [7:0] |Res EXT_CLK LOW_NOISE WAKEUP  [AUTOSLEEP MEASURE 0x00 [RW
0x2E |SELF_TEST [7:0) UNUSED ST 0x00 |RW
A
4. 7|2 H&
HE1LXF Y H A Z 5 715E HO[H2 49/ 8 HIEE A1 o E ¢S 8 At2| 7 M AHE C|AZ2 0|0
HA[SH= RISC-V ojd=2] Z2OS AELCh 714 8 S5 2= M4 B € HTsHAR g ME
FEZE A8 sPI 2=0 °—'M1Iﬁ6.=.”-l Ct. ME REIZ ALESL7| Hof| sPI 2E0i Ciet 44 Ao XS &
HEE J|8OR O[sfSAlR. CHeS 2t Me ZEIO| T3t 223t aofelLtt

e spilnit 7|&: SPI E%% 7| gttt

e spiCs 7|S: CS HEHE SPCS HX|AHZE HHL|CH

e spicsUp 7|&: AE REl spics & @&t CS 2212 high 2 S LICt

e spiCSbown Z|&: A FEl spics & 2EEH0] CS 222 low 2 G L|CE

. spiSendGetData 7|s: SPIE &4l HIO|EE ELf11 8 HO|HE CtA| 7bXZLICt

# Register addresses for SPI Peripheral
#define SPCR 0x80001100
#define SPSR 0x80001108
#define SPDR 0x80001110
#define SPER 0x80001118
#define SPCS 0x80001120

| # Function: Initialize SPI peripheral
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call: by call ra, spilnit
inputs: None

outputs: None

destroys: t0, tl

Eges

spilnit:
1i t1, SPCR # control register
1i t0, Ox53 # 01010011 no ints, core enabled, reserved, controller,
cpol=0, cha=0, clock divisor 11 for 4096
sb t0, 0(tl)
1i tl, SPER # extension register
1i t0, 0x02 # int count 00 (7:6), clock divisor 10 (1:0) for 4096
sb t0, 0(tl)
ret

# Function: Pull CS Line to either high or low - Provides quick calls spiCSUp
and spiCSDown

# call: by call ra, spiCS
# inputs: CS status in a0 (0 is low, 1 is high)
# outputs: None
# destroys: tO
spiCSs:
1i t0, SPCS # CS register
sb a0, 0(t0) # Send CS status
ret
spiCSUp:
1i a0, 0x00
Jj spiCS
spiCSDown:
1i a0, OxFF
Jj spiCS
# Function: Send byte through SPI and get the peripheral data back
# call: by call ra, spiSendGetData
# inputs: data byte to send in a0
# outputs: received data byte in al
# destroys: t0, tl

spiSendGetData:
internalSpiClearIF: # internal clear interrupt flag

1i tl, SPSR # status register

1b t0, 0(tl) # clear SPIF by writing a 1 to bit 7

ori t0,t0,0x80

sb t0, 0(tl)
internalSpiActualSend:

1i t0, SPDR # data register

sb a0, 0(t0) # send the byte contained in a0 to spi
internalSpiTestIF:

1i tl, SPSR # status register

1b t0, 0(tl)

andi t0, tO0, 0x80

1i tl, 0x80

bne t0,tl,internalSpiTestIF # loop while SPSR.bit7 == 0. (transmission

in progress)

internalSpiReadData:

1i t0, SPDR # data register

1b al, 0(t0) # read the message from SPI

ret
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5. 7| &2 ¥

A.SPI 7I5EA 7| X =& ¢

O| LAB S| A HWj E20|A = Rvfpga A|AEO| SPI ZE2 AFESI= HEHE2 BEOFQUS
2&20|M= SPI 2&0| Rvfpga OlAM #3ik|= S ST A =
248 M tAZ LsUCh

1. SoCQt 7tE&A Zto| E2|X AHZ (1%! 82| 21Z X A

2. SweRVolfX A|&”E HEE2{0f =g

3. SPI AEE2{Q SweRV EH1 30f 2

O, O] LAB 2| OX|at
SHH spI ZHEE 29|

b

r

Timer |—

| Address
Boot-ROM H \ Decoder
Sys-Con Address[15:6]
N Address[5:2]
] :
SPI1-Flash ’_ -
’ <
| - WB-AXxi SweRV
* ' SPI12-Accel H E Bridge ek
=
o
x
®
=

T (2] <] GPIO1-LEDSSW frees
__J—[ uart |

13 8. Rvfpga Al ARI0| S35l spl HEER

1. 7I5EAH|I2F soCc 2| 22X A&
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CHE =Y ZX|f OHEEZEX| 2 RVfpgaNexys M &4 IO = 7HS A of CHS S2|% AZ0| etk 0fof
ghL|Ct. T2 M EQ| constraint Tt (/RVApgaPathl/RVioga/src/rvfoganexysxdde YH/EE SoC A=et HE
KK 7te| AAS Ho|ghL|Ct FFEE A 9] 4 7) TS SoC 2F HZHSt= MBS = o accel cs n, o accel mosi (A=
SDO Of 3R, / accel miso (X1= SDI Of| SHE) A accel sclkEt BHLICE O|2{$t MS = 2=l 0|ES
EZSEX| O RVipg AIARIO| A AFBSHE OpenCores 2| SPI ZE0A A SHE O| & YEH S XIS {6l
FXUCH AR 11 0lM O] REQ| QAAHASIE & 4= UAF). 28 9= 0|2{%t 4 742 AZHO| FO|E Verilog
AEE HOFLCL

##Accelerometer
set_property -dict { | - .
set property -dict { PACKAGE PIN F14 IOSTANDARD LVCMOS33 } [get ports { o _accel mosi }]; #I0 L5N T@ ADON 15 Sch=acl mosi
set property -dict { PACKAGE PIN F15 IOSTANDARD LVCMOS33 } [get ports { accel sclk }1: #I0 Ll-lP T2 SRCC 15 Sch= acl sclk
set_property -dict { PACKAGE_PIN D15 TIOSTANDARD LVCMOS33 } [get_ports { o_ acce'L cs_n }],

PACKAGE_PIN E15 IOSTANDARD LVCMOS33 } [get ports { i accel_miso }]; #I0 L11P_T1 SRCC_15 Sch=acl_miso

A% 9. SoC 2t 7F5 A2 HA (W rvfpganexys.xdc).

RVfpgaNexys Al

Hlo| Aft 2 9|
0l 4 7fo| M= E & = 2y 6H'é 59| B2 swervolf core ZE0| (12 102 2EZ &

rstn,
ddram a,
ddram
ddram
ddram
ddram
ddram cs
ddram
i ddram
0] ddram_dgs p,
1:0]1 ddram dgs n,
ddram
ddram
ddram
ddram_odt,
o 1"|ﬂfh s n,
ash mosi,
i flash miso,
i uart rx,
uart tx,

SW,

ready) ,
r id),
r data),

,
1 init done),
L 1 init error),
({i sw[15:0],gpio out[15:0]})

(o
|:CI
(i
( clk_core)
o led[15:0 gpio out[15:0]1;

-‘e] mosi,

cel rnlfcn o_uart_tx = 1'be litedram tx : cpu_tx;

a7 10. 715 A 2|49 2& (T rvfpganexys.sv)2| A

EA: constraint TF 0| A SweRVolfX SoC 2&& O| Y| 7}X| M= (g _accel ¢cs_n, o_accel mosi, i accel miso X
accel scl)E WELICH CHS TtYS =HlsoF 2L Ch

[RVfpgaPathj/RVifpga/src/rvipganexys.xdc

[RVfogaPathj/RVipga/src/rvipganexys.sv

[RVipgaPathj/RVipga/src/SweRVolfSoC/swervolf core.v

2. SoC 0f| SPI2-Accelerometer 2 & E%
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B E swervolf_core (/RVfogaPath]/RVfoga/src/SweRVolfSoC/swervolf core.v) 2| 387-403 oM 7tE=H &
SPI 20| QIAEHADE ELICH (A ERAKRKBSIAR. &HX).

spi2 rdt;
wb s2m spi accel dat 24'de,spi2 rdt};
spi2 irg;

(clk),
(wb_rst),
(wb_m2s_spi accel adr[2] 7 3'c wb m2s spi accel adr[5:3]),
(wb m2s spi accel dat[7:0]),
(wb m2s spi accel we),
(wb m2s spi accel cyc),
(wb_m2s_spi_accel stb),
spi2_rdt),
wb s2m spi accel ack),
o (spi2 irq),

(o accel sclk],
o accel ¢s nj,
(o accel mosi),
1 (i_accel miso));

a2 11. Elo|H BE S8 (Tt swervolf core.v).

FH7|7|2t OXIIX| 2 2E9| QIEH 0| A= Wishbone 23 (E 6)2F 28 1/0 AT (B 7)2| F EE2Z L&
2 UELICE Wishbone A3 & S8l SweRV EH1 Core 7 SPI Z2EZS ALE5I0] ADC oF S48 = UELICH

¥ 6. Wishbone 13

Port Width Direction Description

cyc_i 1 Inputs T2t HAAMO|Z #A| (Z0f MEY)

adr i 15 Inputs FAa Uy

dat_i 32 Inputs Hiole &

dat_o 32 Outputs | CIO|E &8

seli 4 Inputs Cio|E Aol f&ot HIO|EE LIEFRLICE
(FEALO|Z =S¢t oxf OfOF &

ack_o 1 Output | 52 =3 (G4HQ EXHMME FTEE
LHEFH)

err_o 1 Output | 2F &0l £3 (HZAXQ EHMM
T2 E LIEY)

ry_o 1 Output O/ALE

we_i 1 Input =222 FF E [If EUMM M7

stb_i 1 Input w20 Ho|H ©M&A0|ZE2 LIEFYLICE

inta_o 1 Output PIEHEHE =9

B7.2%81/0M=2

Port ‘ Width ‘ Direction ‘ Description
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miso_i 1 Input HEEZED HO|H Y-F=H HIO|H £
mosi_o 1 Output HEEZ HolH £3-FH Ho[H ¢H
e 1 Output & MEq
sck_o 1 Output A 2EAA
28 11 1t 20| Wishbone H{A MS (wh m2s_spi accel adr [5: 2)0 A 207t H&dte FA9| HIE [5:2]&

A& 7tset 5 712f sPI X[ AH & StLIE MEISHE O AFEE LT (& 1).

3. SPI ZEE2{2} SweRV EH1 30 Zto| A
O LAB Ol M 2ot AXNE X HEED = ZEZHMA E2[X|E S5 SweRV EH1 Core Off HZE L|Ct
(a8 ). 71 HE[ZHM A 12)=
[RVfogaPathj/RVioga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wh_intercon.v LU0 A T34 |
ot /RVipgaPathj/RVipga/src/SweRVolfSoC/Interconnect/Wishbonelnterconnect/wb_intercon.vh 2| 104-205
HOM QUAEADE EL|C Of 2Xto| I Of2f ?/X|0f| A= swervolf_core Z=2| 168 0] Lt 0]
UG LICE. [RVipgaPath]/RVioga/src/SweRVolfSoC/swervolf core.v

Wb_io_bte i),
wb_io_dat o),

gpio

gpio

gpio cti
gpio_bte o,
gpio dat i,

sh_err_i, wb_spi_ac

({wb_rom_rty 1.

a2 12, 7-1 HE|EHM M & CPU (wh_intercon.)Ol| HZAE FH XX E MESSHL|LCT,

HE|ZAME F20| (110-111 2HQ)) 2} CPU (wh_io * M-8 12 2] 115-126 H)E Wishbone HA (12
12 2| 127-138 )0l A S0 9j1 & FH YX|E MEYLICE & S0 CPU O HdE FATt
0x80001100-0x8000113F HR|0f| Y2 ™ Jt& A BEO| MEHE|TZ wp jo * NS E wh spiaccel * =0
AAE L

6. 1 A

o>

A& 2. UART (Universal Asynchronous Receiver-Transmitter)= H|&7| 22 E4 T2 EZ QIL|C} RVipga
A AEIOE 7|2 HA 0| UART 2E0| IO YAELICH (AT 8 &X). A2
[RVifogaPath]/RVioga/src/SweRVolfSoC/Peripherals/uart/docs/UART. specpdf 0| A 2olgt 4= Q& LICE
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SPI ZHE = A|Of| CHEH M4 A Of| A
HX 2AgH

St 27

FASHA RVfpga AIARIOIAM O] ZE2| 7|2 =

0% 0g MY ZEZ S8 PaltformiO Mo HAIKIS Q4SHs RISCV O 22| ZRIWS BELCH
Che ME REIS ALESIOl UART RE0| AMABLICH M REIS AFgSH| Hof olshstain
=HOHIAIR, TH 2t A REIO] Ch3t Zh2rst @opRlLc

e uartInit &% UART BEE2 Z7|3teLCt
e uartSendByte &= UART £ &3l HIO|EE EHLICt

e uartSendString & UART & Sdll 2Xt€=2 EHL|C}

# Register addresses for UART Peripheral

#define CONSOLE ADDR 0x80001008

#define HALT ADDR 0x80001009

#define UART BASE 0x80002000

#define REG BRDL (4*0x00) /* Baud rate divisor (LSB) =)
#define REG IER (4*0x01) /* Interrupt enable reg. Y/
#define REG_FCR (4*0x02) /* FIFO control reg. =)
#define REG_LCR (4*0x03) /* Line control reg. A/
#define REG_LSR (4*0x05) /* Line status reg. %)

#define LCR CS8 0x03 /* 8 bits data size */

#define
#define

#define
#define

LCR_1 STB 0x00 /*

1 stop bit */

LCR_PDIS 0x00

LSR_THRE 0x20
FCR_FIFO 0x01

/* parity disable */

/* enable XMIT and RCVR

FIFO */

#define FCR RCVRCLR 0x02 /* clear RCVR FIFO */
#define FCR_XMITCLR 0x04 /* clear XMIT FIFO */
#define FCR MODEO 0x00 /* set receiver in mode 0 */
#define FCR_MODEl 0x08 /* set receiver in mode 1 */
#define FCR FIFO 8 0x80 /* 8 bytes in RCVR FIFO */

.section .data

welcome:
.string "\nHELLO WORLD !!!\n"

Function: Initialize UART peripheral
call: Dby call ra, uartInit

inputs: None

outputs: None

overwrites: t0, tl

o o e e

uartInit:
1i t0, UART BASE

/* Set DLAB bit in LCR */
1i tl, 0x80
sb tl, REG LCR(t0)

/* Set divisor regs */
1i tl, 27
sb tl, REG_BRDL(tO)

/* 8 data bits, 1 stop bit, no parity, clear DLAB */
1i tl, LCR_CS8 | LCR_1 STB | LCR_PDIS
sb tl, REG_LCR(tO)
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1i tl, FCR FIFO | FCR MODEO | FCR FIFO 8 | FCR RCVRCLR | FCR XMITCLR
sb tl, REG _FCR(tO)

/* disable interrupts */

sb zero, REG IER(tO0)
ret
# Function: Send byte through UART
# call: by call ra, uartSendByte
# inputs: a0, byte to be sent
# outputs: None
# destroys: t0, tl
e
uartSendByte:
11 t1, UART BASE
/* Check for space in UART FIFO */
1b t0, REG LSR(tl)
andi t0, tO, LSR_THRE
beqgz t0, uartSendByte
sb a0, 0(tl)
ret
# Function: Send string through UART (terminated by \O0)
# call: Dby call ra, uartSendString
# uses: uartSendByte
# inputs: a0, address of first character of string to be sent
# outputs: None
# destroys: t0, tl, t2
# ____________________________________________________________________________

uartSendString:
1i t1, UART BASE
add t2,zero,ra # save caller address
add al,zero,al # use al as index
/* Load first byte */
1b a0, 0(al)

internalNextChar:
call ra, uartSendByte
addi al, al, 1
1b a0, 0(al)
bne a0, zero, internalNextChar

add ra, zero,t2 # restore caller address
ret

HE 3. C A0 Z L5 M 7HK| 8 FRATLICE

SEA L

- char uart getchar(void): 0| &%& 7 E Edf Nexys A7 EEZ EX}IE
HY 77X 7|CHEl CHS O] BAE £ 07 W2 gtatstL|Ct EXts ASCII 2 E

(https://www.ascii-code.com/) 2 HEA|E L|C},

- int uart putchar (char c): 0| &= X5 Y Q=2 20t UART E Sl 2 &
Z£0| EAIZLICH WD 2| BSP (Western Digital 2| 2E X[ Ij7| XYM M S35l= printfNexys
7|5E ME3h= CHA! UART HIX|AHO| HNASHE AHA| 7|52 FRH 6 0F BL
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- int SevSegDispl (char c): 0| & EAE Y Q== W0t 7 MAHE C|AEZ0[2
Mg QEZ Xt2|0f EAISHD LIMX| X2| & JZFLE o Xj2| O|SELICH (7HE &F Ri2l= &4 &).
7MIHE CIAZEY0[= 0-9 A B C D, E X FEXT EASIER CHE X0 s = 0 2 EAIE
= ASLCL 0222 Lab7-915 30 HE 7 MOIHE ClAZ 0| & HEERE 0[8310,
e ZXE HAISE HE5S € = UASUCL

7|ls2 T35ty
RT Z& At

4n

H [RVfpgaPat

£

rir o

c

oF
[=]

A

flel Ml 71| 7lsE 7|Ete R 7|2 E0
Z2O#S C2 EUCL

UART 2 & Z=7|2tE 2/s]l WD 2| BSP 0 A| XM &5t= uartInit

A& 4. £ CHE LEHAOl XH EA TZEZE2 12C (“eye two see”E="eye squared see’2 &-3)2td TL|Ct,
Nexys A7 EE9| @& MAME 0] Z2EES AFRYLICH Rvfpga A|AEIS SIESHO] 2C HEERE ZEstn
Nexys A7 50| ADT7420 &

£ MA (https://www.analog.com/media/en/technical-documentation/data-

h)/RVfpga/src/SweRVolfSoC/Peripherals/uart/docs/UART _spec.pdf Of|

ZME AHEBOFELCY.

M ZAE Bor 2 E HO|2nt 7 MOAHE C|AZY 0] RF0| EAISH:E

f=13
=

—_
Zzg

)

sheets/adt7420.pdf) 2t ¢
EAISlE 22 g %

L
oAl

Imagination University Programme — RVfpga Lab 10: Serial Buses
Version 1 — 8th June 2021

© Copyright Imagination Technologies

C} 38 CFS O] Af =

S

Kot S5t 7 OAHE CIAZL 0|0 25

17


https://www.analog.com/media/en/technical-documentation/data-sheets/adt7420.pdf
https://www.analog.com/media/en/technical-documentation/data-sheets/adt7420.pdf

