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ABSTRACT

SPI (Serial Peripheral Interface) is a synchronous serial communication
standard for connecting and transferring data between electronic devices
proposed and developed by Motorola Inc. The main advantages of SPI
standard are high data transmission speed, synchronization, simple
connection, and low logic resources. Furthermore, Wishbone is a popular
bus standard with open source codes, widely used in Silicore Corporation's
projects. In this paper, we present a detailed design of a controller called SPI-
Wishbone, which communicates with peripheral devices based on the SPI
standard that can be configured in either Master mode or Slave mode. The
designed module can be controlled, transmit, and receive data from a central
processing unit via Wishbone bus. Finally, we conduct extensive simulation
results and a summary of logic resource usage and power consumption to
validate the functionality and effectiveness of the proposed design. We use
Verilog Hardware Description Language in the design and simulation
processes of the SPI-Wishbone module.
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TOM TAT

SPI (Serial Peripheral Interface) la chun truyén thong ndi tiép dong bd dung
dé két nbi va truyén dir lidu gilia cac thlet bi dién tu, dugc phat trién boi tap
doan Motorola. Uu dlem cua chuan SPI nam ¢ toc do truyén dir liéu cao, dong
b trong viéc giao tiép, cach két ndi don gian va tiét kiém tai nguyén sir dung.
Trong khi d6, Wishbone 1a mot chuan bus thong dung véi ma ngudn mé, duoc
sir dung nhiéu trong cac du 4n cua Silicore Corporation. Trong bai bao nay,
chung t6i trinh bay mot thiét ké chi tiét bo diéu khién mang tén SPI-Wishbone,
giao tiép voi cac thiét bi ngoai vi dua trén chudn SPI c6 thé hoat dong & ché
d6 Master hoic Slave, dong thoi truyén nhan dit liéu va nhan sy diéu khién tir
b xur Iy trung tam thong qua chudn bus Wishbone. Cubi cung, ching 61 thuce
hién danh gia chi tiét thiét ké thong qua moi truong moé phong va tong hop
cac thanh phdn tai nguyén sir dung, tan s hoat dong t6i da, cong sut tiéu thu
nhim x4c thyc tinh ning cia thiét ké dwoc dé xuit. Chung t6i sir dung ngon
ngit md ta phan cling Verilog trong qua trinh thiét ké va mé phong module
SPI-Wishbone.

Doi: https://doi.org/10.54644/jte.71B.2022.1142
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1. Giéi thigu

Serial Peripheral Interface (SPI) 1a chuén truyén thong néi tiép duoc phat trién boi tap doan Motorola.
Nho tinh don gian, kha nang truyén toc d6 cao ma trong do6 tuy thudc vao tan so xung dong ho (clock)
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SPI str dung c6 thé dat toc do 10Mbps, chudn SPI dugc st dung rong rai trong cac vi mach tich hop dé
giao tiép vai cac thiét bi ngoai vi nhu cam bién nhiét do, cam bién 4p suat, man hinh LCD, cac bd nhd
flash, thanh ghi dich, SRAM, DRAM..

Trong bai bao [1], tac gia da trinh bay mot thiét ké sb tmyen nhan dir liéu v6i chuan USB trong d6
sir dung truyén théng nbi tiép dé nhan va gui dir liéu dén khdi xtr 1y trung tim. Bai bao [2] cac tac gia
da trinh bay thiét ké, mo phong va tdi uu hod tan sd hoat dong va dién tich thiét ké SPI trén 6 t6. Ngoai
ra, thiét ké giao thirc SPI v6i ngdn ngir mo ta phan cing Verilog [3-4] dugc duara & nhiéu bai bao [5-
8]. Trong do, bai bao [4], cac tac gia thyc hién thiét ké chuan SPI trén tiéu chuan DO-254 véi do tin cay
cao trong cac moi truong thyc té nhu dién tor hang khong, quan su. Bai bao [5] trinh bay thiét ké bo
chuyén dbi gitra 2 giao thirc SPI va I2C véi muc dich thuc hién giao tiép giita thiét bi giri 6 toc do cao
v6i thiét bi nhan co tde d6 thap. Bai bao [6], cac tac gia da cung cip mo ta thiét ké tir viéc x4y dung cac
thong sb k¥ thuat ban dau dén budc xac minh khdi IP SPI Master/Slave trén FPGA trong d6 str dung
OPB (On-Chip Peripheral Bus). Bai b4o [7] cac tac gia trinh bay thiét ké IP s dung giao thic APB
(Advanced Peripheral Bus) va SPI, hd tro chon cac ché d6 hoat dong va tc do truyén dit liéu khac nhau.
Bai béo [8], cac tac gia da thiét ké 15i IP SPI tdc d6 cao va co thé tai sir dung dwa trén giao thire Wishbone,
tan s6 hoat dong t6i da tong hop trén Virtex-11 Pro Xilinx la 115Mhz. Bai bao [9], d6i véi APB [10], cac
tac gia da trinh bay va trién khai thiét ké IP SPI-APB, thiét ké nay hd tro ché 46 Master/Slave, 4 ché do
truyén, dit liéu c6 thé thay ddi tir 1-32 bit va chon tdc do truyén. SPI da duoc céc tac gia thiét ké di kém
Vv6i céc giao thirc bus khac nhau 1a OPB, APB va Wishbone. Tuy nhién, chi tiét vé thiét ké chua duoc
trinh bay. Viéc img dung giao thirc SPI vao bén trong cac hé thong 1on doi hoi sy tuong thich véi cac
bus h¢ thdng khac, do d6 bai bao nay trinh bay mot thiét ké co thé hoat dong & ché do Master/Slave,
truyén nhan dir liéu gilia cac thiét bi ngoai vi voi phan cling trung tdm sir dung giao thire SPI va chuan
bus Wishbone, mot chuén bus thong dung trong cac dy 4n mad nguon m¢ cua Silicore Corporation [11],
[12]. Nho vao viéc tmg dung chuan Wishbone vao trong thiét ké, module co6 thé duoc tai st dung dé
giao tiép gitra hé thong vdi cac ngoai vi can tdc d cao ciing st dung chuan truyén dir liéu SPI, tir d6
nhan théy duogc su tuong thich gitta SPI va Wishbone, dem dén nhiéu sy lya chon hon trong viéc lua
chon cac chuan bus. Thiét ké nay dugc téng hop va danh gia thdng qua mo phong trén phan mém Xilinx
ISE Design Suite 14.7 va QuestaSim 10.2.

2. Thiét ké chi tiét

Module SPI Controller mo ta & hinh 1 thyc l}ién cong viéc truyén nhél‘n dit liéu dya trén tin hiéu diéu
khién tir CPU thong qua Wishbone khi duge cau hinh 1a SPI Master. Dong thoi SPI Controller Master
c6 the giao tiép voi cac SPI Controller khac khi dugc cau hinh Slave thong qua giao thuc SPL

Y

SPI Controller

CPU m SPI Controller (SPI Slave mode)
T . (WISHBONE Slave and [«
(WISHBONE Master) SPI Master mode)

A 4

SPI Slave

Hinh 1. M6 hinh truyén nhdn dir liéu sir dung Wishbone bus va SPI
2.1. Cdu tgo ciia module ¢ ché dg SP1 Master
Hinh 2 mé ta so d6 khdi cia SPI Controller khi duoc cAu hinh 1a SPI Master.
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SPI Controller Master Mode

Hinh 2. So @6 khéi SPI Controller Master mode

2.1.1. Bé chia tan s6

Bo chia tan s6 hoat dong dura vao tin hiéu CLK_I (CLOCK INPUT - tan s6 xung clock ngd vao cua
module) dugc cung cap tir CPU va hé sé CLOCK_SEL (CLOCK SELECT - H¢ s6 lya chon gia tri chia),
ngd ra la tin hiéu clock SCLK (SERIAL CLOCK — tan s xung clock diéu khién truyén dit liéu trén
MISO va MOSI) véi gia tri mong mudn cung cap cho module SPI Master va SPI Slave. Trong thiét ké
nay, CLOCK_SEL c6 gia tri khong doi 1a 1. Tan s6 SCLK dugc tinh theo cong thie (1).

CLK_I CLK_I
SCLK = 2*%(CLOCK SEL +1) 4 @

2.1.2. Qud trinh truyén

Ban dau dir liéu tir duong truyén Wishbone dugc dua vao mot thanh chét dir lidu (latch), dir liéu
dugc gitr lai & day dé chd cp phép (tin hidu xung CLK). Khi c6 diéu kién xac nhin hoat dong truyén
dir li€u va co tin hiéu tr thanh ghi dia chi thi dir liéu s€ dugc dua vao thanh ghi TXDATA cua thiét bi
Master. Sau d6 c6 tin hiéu cho phép truyén, dit liéu truyén sang thanh ghi Transmit Shift. Tai ddy, thanh
ghi c6 nhiém vu dém va tao khung di liéu 8 bit. Tiép theo do, thong bao cho TXDATA da du dir liéu
truyén va bit dau dich dit liéu chan MOSI theo xung CLK.

2.1.3. Qua trinh nhdn

Qua trinh nhan tin hiéu bét ddu khi khdi Master nhan tin hiéu cho phép truyén va cac tin hiéu diéu
khién qua trinh truyén nhu xung clock va tin hiéu déng bd pha. Sau d6, chan MISO s& gui dir liéu lan
lugt theo xung clock vao thanh ghi Receive Shift. Khi Receive Shift da nhan dugc déy du dit liéu, Master
s€ kéo co bao hi€u 1én muc cao. Liic nay toan bo dit li€u Receive Shift dugc chuyén sang RXDATA.
Dir lidu nay tiép tuc truyén dén bo diéu khién trung tim qua SPI DAT_O néu nhan duoc yéu cau.

2.2. Cdu tgo ciia module ¢ ché dg SPI Slave

Hinh 3 mb ta so d6 khéi ciia SPI Controller khi duoc céu hinh 1a SPI Slave. Trong d6 module nhén
tin hi€u xung clock SCLK va tin hiéu chon thict bi Slave SS N dugc cung cap tir SPI Controller Master.

A SCLK

SPI_DAT I I
TXDATA
g

SPI_DAT_O l RO
< XDATA
L

SPI_ADR _I
ADDRESS

SPI_INT_O

Receive Shift

MOSI

II

Transmit Shift }——» MISO

WISHBONE

—— SS N

Status

r

Control

v SPI Controller Slave Mode

Hinh 3. So d@é khéi SPI Controller Slave mode
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2.2.1. Qud trinh truyén

Qua trinh truyén & khéi Slaye thuc hién gén tuong tyu so voi thiét bi Master, dit liéu thu thap tr Slave
s€ duoc dua vao mot thanh chot dir liéq (Latch_data), khi c6 tin hi€u tir xung CLK va tin hiéu tir thanh
ghi dia chi gtri téi, dit liéu s€ duoc truyén tir Latch data téi TXDATA cua thi€t bi Slave.

Dir liéu sau khi duoc truyén qua thanh ghi TXDATA cua thiét bi Slave, khi c6 tin hiéu tir xung CLK
va phase gui toi thi dir liéu s€ truyén tir TXDATA qua thanh ghi Transmit_shift, thanh ghi nay ¢6 chirc
nang tao khung dir liéu 8 bit va khi ¢6 tin hi¢u dong b tir xung CLK dit liéu s& dugc dich ting bit theo
CLK ra chan MISO va truyén dén thict bi Master.

2.2.2. Quda trinh nhdn

Déi voi qua trinh nhén tin hiéu cua Slave bat dau khi Master kéo chan chon thiét bi SS_Slave ma
Master mudn truyén xudng mirc thip. Khi dé, chdn MOSI ¢ Slave s& giri dir liéu 1an luot theo xung
clock dong bo vao Receive Shift. Sau khi Receive Shift dd nhan du dir 1liéu thi Slave kéo co bao hiéu
cho phép Receive Shift truyén sang RXDATA.

2.3. M0 ta thanh ghi

Céc thanh ghi dugc st dung trong thiét ké SPI Controller mé ta trong bang 1.
Bang 1. Thang tin vé thanh ghi si dung trong SP1 Controller

Thanhghi  Pjachi D§ rong (bit)  Quyén truy cip ciia Wishbone Mb ta
RXDATA 0x00 8 Chi duoc doc Dir liéu tir SPI
TXDATA 0x04 8 Poc hodc ghi Dit liéu guri
STATUS 0x08 8 Chi dugc doc Thanh ghi Status
CONTROL 0x0C 8 DPoc hoidc ghi Thanh ghi Control
SS_MASK 0x10 8 Poc hoac ghi Thanh ghi lya chon Slave

Thanh ghi Status 8 bit hién thi trang thai hoat dong cuia cac thanh ghi truyén nhan khac, chirc ning
cua tung bit trong thanh ghi dugc dinh nghia tai bang 2.
Bang 2. Dinh nghia bit trong thanh ghi Status

Tén bit Bit M0 ta
Reserved 1:0 Khong str dung
Qua tai trong qua trinh nhan dit liéu (hién thi bit ‘1’ khi c6 18i), 13i cho thay thanh
ROE 2 ghi RXDATA nhén dir liéu maéi trude khi dir liéu trude d6 dugce doc, dit liéu trude

s& bi mat néu diéu nay xay ra.

Qua tai trong qué trinh truyén dit liu (hién thi bit 1” khi ¢6 16i), 16i xdy ra khi
TOE 3 thanh ghi TXDATA nhan dir li€éu méi trudce khi dit liéu dugce truyén sang cho thanh
ghi Transmit shift.
Thanh ghi Transmit shift dang trong dit liéu va sin sang nhan dir lidu tir thanh ghi

™T 4 TXDATA (hién thi bit ‘1°).
Thanh ghi TXDATA dang trong va sin sang nhan dit liéu tir Wishbone bus truyén
TRDY 5 e ZT 1 et
t6i (hién thi bit ‘17).
RRDY 6 Thanh ghi RXDATA c6 dit liéu va san sang cho viéc doc dir liéu (hién thi bit ‘1°).
E 7 L3i bit trong qué trinh truyén hodc nhan dir liéu.

Thanh ghi Control 8 bit diéu khién hoat dong ctia cac khdi Master hodc Slave trong qué trinh truyén
nhén dit li€u, cac bit trong thanh ghi nay dugc dinh nghia tai bang 3.
3. Két qua danh gia qua méd phong
3.1. Tai nguyén sir dung

Thiét ké dugc té)pg hop trén phan mém Quartus Prime Lite v&i cau hinh board Cyclone V GT FPGA
Development Kit d€ danh gia tai nguyén logic can sir dung tai bang 4, tan so t61 da tai bang 5 va udc
luong cong suat ti€u thu cua thiét k& khi chay trén board tai bang 6. Trong do, tan s0 hoat dong t6i da
(Fmax) ¢ bang 5 doi véi thiet ké nay 16n hon 1.39 lan so véi [8], dong thoi thiét ké dugc dé xuat doi hoi
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tai nguyén rat nho (<1%) d6i véi cac thanh phan logic, t6 hop va thanh ghi, chi chiém 8% dbi véi cac
chani/o.
Bang 3. Dinh nghia bit trong thanh ghi Control
Tén bit Bit Mo ta

IROE 0 Yéu cau ngat khi qua trinh nhan dir lidu bi qua tai (hién thj bit ‘1°).
ITOE 1 Y éu cau ngat khi qua trinh truyén dit liéu bi qua tai (hién thi bit 17).
Reserved 2 Khong str dung.
Ngit hoat dong cac khoi khac khi khdi truyén trong trang thai san sang truyén dir
ITRDY 3 D S A
liéu (hién thi bit ‘17).
Ngét hoat dong cac khéi khac khi khéi nhan dir liéu trong trang thai san sang nhan
IRRDY 4 o P
di liéu (hién thi bit “1”).
IE 5 Ngit hoat dong khi qué trinh truyén hogc nhan bi 16i qué tai (hién thi bit ‘1°).
Reserved 6 Khong sir dung.
SSO 7 Gitr su lién két khi qg.é trinh truyén nhan dir liéu giﬁa; kl}éi SPI Mgsper va SPI
Slave, sau khi trao do6i dir liéu xong s€ két thic viéc két noi (hién thi bit 1°).
Bang 4. Tai nguyén logic duoc sir dung
Tai nguyén dwgc sir dung
Tai nguyén logic ba dung C6 san St dung
Thanh phan logic 60 113560 <1%
Té hop chirc niing 82 113560 <1%
Thanh ghi 97 113560 <1%
Chén i/o 51 616 8%
Bang 5. Tan so hoat déng t6i da ciia thiét ké
Tém tit dinh thoi
Fmax Tén s toi da han ché Tén xung clock
160.46MHZ 160.46MHZ CLK_I
Bang 6. Cong sudt tiéu thu cua thiét ké
Tém tit cong suit
Cong suit tiéu tan tong 537.52mwW
Cong suit tiéu tan dong 1.91mw
Cong sudt tiéu tan tinh 518.75mwW
Cong suit tiéu tan 1/0 16.85mwW

3.2. Md hinh md phéng va két qud kiém ching

Hoat dong cua thiét ké dugc kiém tra mo phong trén phdn mém QuestaSim 10.2 v6i c4u hinh 13 1
Master va 1 Slave dugc thé hién trong hinh 4. Trong mé hinh nay, module SPI duoc diéu khién va truyén
nhan dir liéu tr Wishbone bus.

MASTER SPI SLAVE SPI

SCLK
SCLK_MASTER SCLK_SLAVE

MISO

A 4

MISO_MASTER

A

MISO_SLAVE

WISHBONE WISHBONE
MOSI
MOSI_ MASTER

Y

MOSI_SLAVE

SS N
v SS_N_MASTER $S N_SLAVE \/

Hinh 4: M6 hinh kiém tra ddnh gid hoat déng ciia module duroc thiét ké.
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Viéc kiém tra hoat dong ctia thiét ké trén phin mém moé phong dugce thyc hién thong qua 2 test case:
Master truyén — Slave nhan; Master nhan — Slave truyén dugc trinh bay chi tiét trong bang 7. C&c test
case lan luot dugc thuc hién. Dt li€u truyén gom 2 byte: 8’hda, 8’hf7.

Bing 7. Bang tom tat test case

Test case Master Slave
- C4u hinh thanh ghi Control (0x0c): Master nhan, dua vao - CAu hinh thanh ghi Control
1(Hinh  Control 8’h8b. (0x0c): Master nhan, dua vao
5,6,7,8) - Cau hinh thanh ghi SS_MASK (0x10): Master nhan, dua vao  Control 8’hOb.
Master SS MASK 8’h01. - Thanh ghi RXDATA
truyén— - Thanh ghi TXDATA (0x04): Master nhan, dua vao (0x00): Nhén dit li€u tu
Slave nhan TXDATA, truyén qua Slave. Master, dua dén Wishbone
- Két thiic: Truy cdp SS_MASK, xo04 dit liéu trong thanh ghi. cua Slave.
2 (Hinh - Cau hinh thanh ghi Control (0x0c): Master nhan, dua vio - C4u hinh thanh ghi Control
5,6,9) Cor}trol 8’h8b. (0x0c): Master nhan, dua vao
M’as’ter - Cau hinh thanh ghi SS_MASK (0x10): Master nhan, dwa vao  Control 8’hOb.
nha SS MASK 8’h01. - Thanh ghi TXDATA
Sf;‘\‘/g - Thanh ghi RXDATA (0x00): Nhin dir liéu tir Slave, dua dén ~ (0x04): Slave nhan dir liu,
A Wishbone ctia Master dua vao TXDATA, truyén
truyen - Két thic: 5 s dit 1ie i dén Master.
¢t thuc: Truy cap SS MASK, xo04 dit li€u trong thanh ghi.
Tin hiéu STB va Pia chi ciia thanh
Xung Clock WE dwrgc bat ghi Status

[spi_tf/CLK_T
Jspi_tf/sP1_STB_I
Jspi_tf/SPI_WE_I
Jspi_tf/SPI_ADR_I
[spi_tf/SPI_DAT_I
fspi_tfjmosi_dataout
Jspi_tfjSPI_ACK_O

Dia chi cia thanh
ghi Control Dir li¢u dwa vao
thanh ghi Control

Dia chi va dir liéu
dwa vao thanh
ghi SS MASK

Hinh 5. Dang séng md phong qué trinh cdu hinh trong Master (Test case 1,2)

Pia chi thanh ghi D li¢u dwa vao
Control thanh ghi
Control

4 [spi_tb/CLK_I_S
0-“ J/spi_th/SPI_ADR I S
- /spi_tb/SPI_DAT_I_S

4 [spi_tb/SPI_STB_I_S

4 [spi_th/SPI_WE_I_S

Tin hiéu STB va
WE dwoc bat

Hinh 6. Dang séng md phong qué trinh cdu hinh trong Slave (Test case 1,2)
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Tin hiéu STB va Xung CLK I Xung SCLK

WE dwgc bat

Jspi_tf/CLK_T
[spi_tf/SCLK_MASTER
Jspi_tf/sPI_STB_I
Jspi_tf/SPI_WE_I

Jspi_tf/SPI_ADR I

Jspi_tf/SPI_DAT I

[spi_tffmosi_dataout
#  Jspi_tf/SPI_ACK_O

Dit liéu truyén tir Tin hi¢u ACK tri Dia chi thanh ghi D liéu Master
WB 8'hda vao ve REG TXDATA nhén dwoc va
thanh ghi truyén cho
REG TXDATA Slave

Hinh 7. Dang séng md phong qué trinh truyén data 8 hda ciia Master (Test case 1)

Tin hiéu STB cia
Slave bat

Xung clock .

Jspi_th/CLK_I_M
Jspi_th/mosi_dataout
Jspi_th/SPI_STB_I_S
Jspi_th/SPI_WE_I_S
Jspi_th/SPI_DAT_0_S

Slave nhan dir liéu va gii
ra DAT O cia slave

Hinh 8. Dang séng mé phdng qua trinh nhan diz liu cia Slave va dwa ra Wishbone (Test case 1)

STB va WE ciia
Slave bit dé nhin
dir liéu tt WB

Xung clock diéu khién D liéu Slave nhin dwgrc tir
qu4 trinh truyén nhin ~ WB va truyén cho Master

fspi_th/CLK_I_M
[spi_th/SCLK_MASTER M
[spi_th/SPI_DAT I_S
{spi_th/SPI_STB_1_S

fspi_tb/SPI_WE 1 S
fspi_tb/SP1_STB _I_M
fspi_tb/SPI_WE_I_M
fspi_tb/miso_dataout
fspi_tb/SP1_DAT_O_M

STB mirc cao, WE Slave nhin thanh ) N
mikc thip cia cong dir liéu tie M‘aster Phan -

. . o B thanh cong di
Master cho phép WB va truyén liéu Slave wii dén
Master nhin dir sang Master ¢ g
liéu

Hinh 9. Dang séng mod phong qué trinh Master nhén — Slave truyén (Test case 2)
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3.3. Phan tich két qué mé phéng
3.3.1. Test case 1

e Master truyén

Master dugc ciu hinh béng cach nhén tin hiéu chon thanh ghi adr i, stb i va we i 1én muc cao cho
phép Master nhan dir li¢u, sau do dua dir liéu vao thanh ghi bdi tin hiéu dat i (hinh 5). adr_i guri tin hiéu
truy cép vao thanh ghi TXDATA, stb_i va we_i 1én mtc cao cho phép Master nhén dir liu qua dat_i.
Khi Master da nhan dir li¢u thanh cong, ack o bao hi¢u mirc cao. Sau 8 chu ky xung SCLK, dir li€u
8’hda duoc truyén sang Slave (trong hinh 7). Twong tu cho byte dit lidu 8’hf7.

e Slave nhan

Slave dugc cu hinh bing cach nhan tin hiéu chon thanh ghi adr i, stb_i va we i cia Slave 1én muc
cao cho phép Slave nhan dit liéu thong qua dat i (trong hinh 6). Slave nhan dugc dir liéu tir Master, dt
liéu nay duoc Iuu trir trong thanh ghi RXDATA. Tin hiéu stb_i 1én mirc cao va we_i muc thap cho phép
qua trinh nhén dir liéu, khi d6 dit liéu Slave nhan dugc tir Master giri qua dat_o dén Wishbone (hinh 8).

3.3.2. Test case 2

e Master nhan

Sau khi Master dugc cdu hinh nhu trong hinh 5. Master bat stb_i 1én mirc cao ddng thoi we i muc
thap cho phép qua trinh nhan dit lidu tir Slave. Dit liéu Master nhan dugc giri dén Wishbone thong qua
dat_o (nhu thé hién trong hinh 9).

e Slave truyén

Qua trinh nay Slave dugc cau hinh tuong ty nhu ¢ test case 1 (tai hinh 6). Slave bat tin hiéu stb_i va
we_i cho phép nhan dit liéu tir adr i. Sau 8 chu ky xung thi dit liéu nay duoc giri hoan thanh dén Master
(tai hinh 9).

3.3.3. Danh gia chung

Sau qua trinh mé phong, danh gia va kiém tra so véi 1y thuyét, chung t6i rut ra dugc két qua danh
gid nhu dugc trinh bay trong bang 8.

Bang 8. Bang ddanh gid két qua mod phong

Test case Danh gia

- C4u hinh thanh cong thanh ghi Control va SS_ MASK: Nhan byte dia chi - truy cap thanh ghi —
dua data vao thanh ghi.

1 - Master nhan thanh cong hai byte data tir Wishbone ctia Master va giri thanh cong dén Wishbone
cua Slave.
- Thiét ké hoat dong chinh xac khi dugc cAu hinh 1a Master tmyén — Slave nhan.
- Cau hinh thanh cong thanh ghi Control va SS_MASK: Nhén byte dia chi - truy cap thanh ghi —
dua data vao thanh ghi.

2 - Slave nhan thanh cong hai byte data tir Wishbone cuia Slave va guri thanh cong dén Wishbone
cua Master.
- Thiét ké hoat dong chinh xac khi dugc cAu hinh 1a Master nh4n — Slave truyén.

4. Két luan

Trong bai béo nay, chung t6i di trinh bay chi tiét thiét ké bd truyén nhén st dung giao thirc SPI dé
giao tiép ngoai vi va chuan bus Wishbone dé diéu khién. Théng qua mo phong, chiing toi da chi ra rang
module SPI-Wishbone dugc thiét ké hoat dong dang chic ning khi duoc so sanh véi 1y thuyét, véi tai
nguyén st dung it hon va tan s6 hoat dong ti da 16n hon so v6i mot sb thiét ké trong céc bai bao khac.
Céc thiét ké bo truyén nhan hién nay thuong duogc thiét ké xoay quanh chuan bus AMBA ctia ARM, tuy
nhién vén c6 rat nhiéu lya chon cho cac chuan bus khac, viéc ap dung chuin Wishbone vao thiét ké s&
dem dén nhiéu lya chon hon trong qua trinh thiét ké hé théng va thé hién duoc loi thé ctia Wishbone so
v6i cac chudn con lai nhd vao sy don gian nhung hiéu sudt van 6n dinh cing véi mi ngudén mo dé tiép
can.
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Bai bao di trinh bay chi tiét qua trinh thiét ké va danh gia mot module sé théng dung (SPI), do d6
c6 thé dugc xem nhu tai liéu tham khao cho cac mén hoc lién quan dén thiét ké vi mach s6. Bén canh
do6, co6 thé phat trién thiét ké dugc dé xuat nhu mot soft [P va tich hop vao cac thiét ké h¢ thong trén chip
(SoC) 16n hon str dung chuan bus Wishbone.

Loi cam on

Bai bao nay dugc tai trg kinh phi nghién ciru nam 2022 béi truong Pai Hoc Su pham K§ thuat Thanh Phd HO
Chi Minh.
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