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Ngay nhan bai: 11/01/2022 Vi su phat trién cua cong nghé vi mach tich hop, sb luong lon cac thanh
phan xir 1y ¢6 thé duoc tich hop trén mot vi mach don. Dleu nay mang lai
vu diém nhu giam gia thanh, kich thudc thiét ké va cong suit tiéu thy. Cac
Ngay chép nhan dang: ~ 10/01/2023  giai phap tich hop hd trg cac két ,nOI, da diém cho cac 161 nham chuap hoa

N kha nang truyén dit li¢u. D€ tao két noi trén cac hé thong da 161, mot so thict
Nedy ding: 28/04/2023 ké bus phd bién nhu CoreConnect, AMBA, SiliconBackplane, va Wishbone
TU KHOA d3 dugc phat trién. Kién trac Wishbone 1a mot phuong phap lién két cac 16i

Ngay hoan thién: 19/04/2022

mang lai hiéu qua cao vi hd trg nhidu dang két nbi va cac giao dién dung

Hef thong trén chip; chung cho céc 16i 1am chuin hoa va giup giam thiéu dugc van dé vé kha
Wishbone; nang tich hop ctia hé théng. Nhim c6 thé kidm chimg hiéu qué ciia kién tric
B0 phén xu; Wishbone trong thiét ké SoC, nghién ctru nay da thuc thi, phan tich hoat
Tén s6 hoat dong; dong va danh gia hiéu ning mot thiét ké SoC hoan chinh g dung két nbi
Cong suét tiéu thy. Wishbone v6i phuong phap mé phong dang song cing nhu thyc nghiém

trén phan ctiing FPGA. Cac két qua mo phong va thuc thi cho thay rang kién
trac Wishbone c6 thiét ké don gian, yéu cau mot lugng tai nguyén phan cing
it va phu hop va c6 kha nang mé rong lién két danh cho cac thiét ké da 15i.
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1. Gioi thiéu

Vi su phat trién ctia cong nghé vi mach tich hop, sb luong 16n cac thanh phan xir 1y ¢ thé dugc
tich hop trén mot vi mach don [1]. Piéu nay mang lai wu diém nhu giam gia thanh, kich thudc thiét ké
va cong suat tiéu thu. Phuong phap tich hop nhiéu thanh phan trén mot chip don con goi 1a hé thdng
trén chip (System-on-Chip SoC) sir dung klen truc két nbi dang bus dé cung cip giao dién chung gitra
cac 18i xtr 1y trong thiét ké. Hién nay, mot sb kién trac tap hop duong truyen tin hi¢u (bus) pho bién
nhu CoreConnect, AMBA, SiliconBackplane va Wishbone dé dugc phat trién dé gan két mot luong 16n
161 xur 1y. Vén dé chinh khi thiét ké kién tric bus 13 lam thé nao dé lién két cac 161 mot cach don gian,
linh hoat va c¢6 kha ning mé rong sd luong 15i két ndi. Thong thuong thi cac 16i trong thiét ké duoc
phat trién riéng 1¢, va doc 1ap voi nhau. Kién trac Wishbone duge nhiéu nha nghién ctru quan tim boi
Wishbone hd trg nhidu dang két ndi va cac giao dién dung chung cho céc 13i 1am chuan hoa va gitip
giam thiéu duoc vin dé vé kha ning tich hop ctia hé thong. Diéu nay giup viée két ni cac 13i trong cac
SoC trd nén dé - dang hon [2]-[3]. Nhu vy, Wishbone cung cip giao dién chung cho céc 13i két ndi va
giam bét cac van dé tich hop trén cac thiét ké da 15i [1]-[4].

Nghién ciru nay thuc thi, phan tich hoat dong va danh gia hiéu niang mot SoC su dung két ndi
Wishbone véi cac ddc diém nhu két ndi kiéu chia sé duong truyén giira chi va t& (Master va Slave), co
ché phan xtr d6 wu tién theo ché d wu tién (Priority) va xoay vong (Round - Robin). Bén canh do,
nghién ciru nay ciing khao sat hoat dong cuia cac SoC sir dung Wishbone ¢ nhiéu cau hinh khac nhau
nham danh gia tan s6 hoat dong t6i da va cong suat tiéu thu trung binh trén mdi truong hop.

2. Thiét ké
2.1. Thiét ké tong qudt

Thong thuong, Wishbone sir dung m6 hinh két ndi kiéu gitta chu va t6 (Master va Slave). Giilta
Master va Slave s& giao tiép v6i nhau thong qua mot giao dién két nbi goi 1a INTERCON. Wishbone
thuc hién thay déi dit liéu tai canh 1én cua xung dong ho va tat ca tin ‘'hiéu cua Wishbone déu tac dong
tich cuc muc cao [5]-[7]. Kién tric Wishbone hd trg bén dang két ndi gom (1) Piém dén diém (Point
to Point) (2) ludng dit liéu (Data flow), (3) chia sé duong truyén (Shared bus) va (4) chuyén mach tiép
diém (Crossbar switch) [5]-[6]. Nghi€n ctru nay thyc thi va phan tich m6 hinh SoC dya trén kién trac
Wishone ¢ dang két ndi chia sé duong truyén (Shared bus).

clk| rst

Y Y

clk_i reset_n
Master 0 mP s0

m7 s15 Slave 15
ARBITER

Hinh 1. Hé thong trén chip si dung két noi Wishbone

HH

-

So db tong quat ciia hé théng SoC sur dung bus Wishbone két ndi 8 Master va 16 Slave duoc thé hién
bang Hinh 1. Trong d6, thiét ké SoC véi 3 khdi chinh gdm (1) Khi phan xur (Arbiter - ARB) s& tuong
tac v6i tin hidu cua cac Master va Slave. Khdi ARB ¢ nhiém vu truyén cac duong di liéu va tin hiéu
tir khdi Master dén khéi Slave va nguoc lai. Dong thoi, khbi ARB sir dung thuét toan phan xt cho phép
tai mot thoi diém chi 1 Master dugc quyén truy cép bus va 1 Slave duoc két nbi dén Master d6. (2) Khoi
161 xur Iy chu (Master) ¢ chire ndng yéu cau mét chu ky trao dbi dit liéu trén bus. Khdi nay giri cac tin
hiéu yéu cAu bét dau chu ky ghi/doc, cac tin hiéu dia chi va di liu. Khdi Master c6 thé 13 cac bd xu ly
(Processor), bo truy cap bd nhd tryc tiép (Direct Memory Access - DMA)...(3) Khéi 13i t& (Slave) co
churc nang luu trit dit li€u va thyce thi yéu cAu tir Master truyén dén. Trong bus Wishbone, Slave nhan tin
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hiéu yéu ciu bét dau chu ky trao doi dit liéu tir Master. Slave sé thyc hién va phan hoi dén Master thong
tin trang thai qua trinh thyuc thi thanh cong, gui lai hay bi 10i. Khoéi Slave co the 1a cac bo diéu khién
ngoai vi (I/O module), bd nhd (Memory)...

2.2. Thudt todn phén xir quyén truy cdp trong bus

Trong céac thiét ké SoC, mot hoic nhiéu Master c6 thé thyc hién cac chu ky trao déi dir liéu voi Slave
thi phai dugc quyen thyc thi va yéu cau str dung duong truyén. Tai mot thoi dlern néu c6 nhiéu Master
cung yéu cau quyeén truy cap bus thi s€ sinh ra xung dot va tranh chap du'ong truyen anh huong dén hoat
dong chung ciia ca hé thong. Vi vay, bo phan xtr duoc thiét ké dé co thé giai quyét van dé néu trén va
lam ting hiéu ning xr 1y cua toan hé théng [8]-[9]. Kién truc bus duoc sir dung trén cac SoC thong
thuong st dung 02 loai phan xir gdm phan xir theo do wu tién va phéan xur theo vong.

O phuong phap phén xir theo do wu tién, bd phan xir khi nhan yéu cau tir 16i ngudn (Master) s& xem
xet mire do wu tién cua tin hiéu nhén duoc céu hinh cho mdi ng116n Ldi ngudn co do uu tién cao s€ dugc
cip quyen truy cap bus trudc. Loi nguon V61 do uu tién cao ké tlep s& doi va duogc cip phat quyen truy
cap tiép theo. Vong 1ap dién ra cho dén khi Master cudi hoan tit tac vu va vong lap s€ lai tro ve voi
Master ban dau [9]. Phuong phap nay pht hop véi thiét ké trong d6 phan quyén cao cho cac 151 xur 1y
quan trong va tn sut truy cép bus cao.

O phuong phap phén xur xoay vong, mdi 16i nguon c6 muc uu tién truy cap bus la ngang nhau. Loi
ngudn ban dau duoc cap phat quyén truy cap, 161 ké tiép s& phai doi ngudn ban dau hoan thanh xong qué
trinh truy cap va sau do6 s& dugc cap quyen truy cap sau do. Su tuan tu dién ra cho cac Master & phia sau
cho dén khi ngudn cudi cliing hoan tit vong lap sé lai trd vé vai ngudn ban dau [8].

2.3. Thiét ké bus Wishbone

Hinh 2a thé hién giao tiép giita khéi phan xir va cac khoi thanh phan. Vai tro clia khoi phan xir rat
quan trong trong két noi da diém cua Wishbone khi chia s¢ duong truyén cho nhiéu 161 xur Iy khac nhau.
Cac tin hi¢u va dir liéu trén bus tir Master den Slave va ngugc lai déu phai thong qua kh01 phan xtr. Khi
phan xir sir dung thuat toan xur ly dé cap quyén cho céc 15i Master truy cap duong truyén.

Khéi ARB dam nhén cip quyén cho Master truy cap bus va lya chon Slave dé giao tiép tai mot thoi
diém. Ngoai cac tin hiéu ngd vao vdi chirc nang thé hién yéu cau chu ky cua Master duoc két ndi truc
tiép dén cac ngd ra ctia cac Master, thi tin hiéu master_adr_o nhan tir khdi MASTER TO SLAVE s&
gitip Iyra chon Slave dua trén dia chi bus. Cac tin hiéu ngd ra dugc két ndi tryc tiép dén cac ngd vao ciia
2 khéi MASTER TO SLAVE va SLAVE TO MASTER gitp cho 2 khéi trén c6 thé diéu khién va Iya
chon tin hiéu theo thuat toan phan quyén va khdi ARB da thuc hién. Trong cac 13i xir Iy thi Master0 c6
dd vu tién cao nhat (MasterP), cac 16i khac (MasterR1 dén MasterR?) c6 mure do wu tién nhu nhau.

Khéi MASTER TO SLAVE (M25S) dua trén cdc tin hi€u phan quyén nhan tur khéi ARB dé lya chon
cac tin hiéu va dir liéu cua Master duoc cap quyen truy cap bus va giao tiép véi Slave di Iya chon.
Ngoai cac tin hiéu ngd vao dugce két ndi truc tiép dén cac ngd ra cua Master va cac tin hidu ngd ra duoc
két nbi truc tlep dén cac ngo vao cua Slave thi khdi M2S cling nhan dugc cac tin hiéu diéu kién duogc
nhan tir khéi ARB. Cac tin hiéu dwoc nhan tir khéi ARB gitip cho khdi M2S xéc dinh dugc s& truyén
céc tin hiéu ciia Master dugc cip quyén (ADR, DAT_O, SEL, CYC, STB, WE) dén ng6 véo cua Slave
duoc lya chon.

Khéi SLAVE TO MASTER (S2M) ¢6 chtre ning nguoc lai véi khdi M2S. Ngoai cac tin hiéu ngd
vao duge két ndi truc tiép dén cac ngo ra cta cac Slave va cac tin hi€u ngo ra duoc két ndi truc tiép dén
cac ngod vao cua cac Master thi khéi S2M cling nhan dugc cac tin hi¢u diéu kién dugc nhan tir khoi
ARB. Céc tin hiéu nay dugc nhan tir khdi ARB gitip cho khbi S2M xéc dinh dugc sé& truyén cac tin hiéu
ctia Slave duoc lua chon (DAT_O, ACK, ERR, RTY) dén ngd vao Master duoc cip quyén. Cac tin
hiéu co ban duoc sir trong Wishbone dugc thé hién trong Bang 1.

Nghién ciru nay ap dung thiét ké Wishbone tiéu chuin dé xay dung mot mé hinh SoC. Céc giao thirc
chuan giao tiép gitta MASTER va SLAVE duoc thé hién trong Hinh 2b va 2c. Trong d6, Hinh 2b minh
hoa cho hoat dong reset trén thiét ké Wishbone. Cac giao dién phﬁn cung s€ dugc khoi tao dén mot trang
thai dugc dinh nghia trudc. biéu nay dugc thuc hién badi tin hi€u RST. D6 rong cua xung RST co thé
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thay d6i khong cb dinh. Trén khéi MASTER, tin hiéu ngd ra STB va CYC c6 thé dugc x4c nhan tai
canh 1én cta xung CLK theo sau tin hiéu RST. Hinh 2c, thé hién giao thirc bét tay giita MASTER va
SLAVE. Tin hiéu ngd ra STB trén MASTER s& x4c nhan khi MASTER sén sang truyén dir liéu. Tin
hiéu nay dugc duy tri cho dén khi SLAVE xé4c nhan bang mot tin hiéu két thuc ACK hoic ERR tich
cuc muc “1° duge 14y mau tai mdi thoi diém canh 1én cia xung CLK. Néu thoa c6 tin hiéu ACK hoic
ERR tich cuc muc “1” thi tin hiéu ngd ra STB s€ dugc chuyen thanh murc “0°. Piu nay gitip cho ca khéi
MASTER va SLAVE c6 thé kiém soat duoc toc do tai moi thoi diém dir liéu duoc truyén.

céc tin hiéu tr 8 Master
INPUT
# SIGNALS OUTPUT
3 SIGNALS
ARBITER
last_master_reg [ CONTROL tin hiéu
> > t d laveO_selected —» SIGNALS dén 16
Fcvr master_adr_o slaveO_selecte MASTER TO SLAVE Slave
STBtlr slavel_selected —
8 . [
Master : : tin hiéu
el REQ SIGNALS  slavel5_selected — SLAVETO MASTER | 4gn 8
CONTROL Master
SIGNALS OouTPUT -
cac tin hiéu tw SIGNALS
16 Slave# INPUT
SIGNALS
a)

(@ NOTE(1)

CIK I ©)

[0 \_ CHAN
RTI |/ X 00000
5180 OOOCOOCOOCN

cre 0 OOUKOOCOOCCN
b)

axx [N\ _f

\__/
om0 /ST
[y

KX
AX

ACK I

c)

Hinh 2. a) So do khai giao tiép giira khai phan xi va cac khéi thanh phan b) Dang séng cho hoat dgng reset
[5] ¢) Dang séng cho giao tiép bat tay [5]

Bang 1. Chirc nang cac tin hiéu co ban trong bus Wishbone

Tén tin hiéu Do rong M0 ta chirc nang
CcYcC 1 Tin hiéu yéu cau chu ky bus
STB 1 Tin hiéu cho biét mot chu ky doc/ghi hop 1é
WE 1 Tin hiéu quyét dinh ché do doc ghi
SEL 4 Tin hiéu chon mang dit liéu ngo ra
ADR 32  Puong dia chi truy xuat

DAT _1/O 32 buong dir liéu vao/ra

ACK 1 Tin hiéu phan hoi cua Slave dén Master théng qua giao thirc bat tay
ERR 1 Tin hiéu théng bao chu ky 16i
RTY 1 Tin hiéu yéu cau thuc hién lai chu ky

2.4. Xdy dung mé hinh SoC irng dung Wishbone

Nhiam danh gia hiéu ning ciia Wishbone trong méot hé thong SoC, nghién ctru ndy da xay dung mot
md hinh SoC da 16i hoan chinh g dung kién trac Wishbone. Chirc ning chinh ciia SoC 1a mét hé thong
tro choi dién tir 2D véi kha nang doc va xir Iy cac tap tin hinh anh dinh dang ADF (Amiga Disk File)
dugc luu trit tir thé nhé SD, duoc diéu khién boi cac bang didu khién tir ngudi dung va hién thi 1én man
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hinh théng qua chuan giao tiép VGA (Video Graphics Array). Nhu thé hién trong Hinh 3, mo hinh SoC
trong nghién ctru ndy c6 8 Master va 15 Slave duoc két noi thong qua bus Wishbone ki€u két ndi chia
s¢ duong truyén va c6 bg phan xtr ap dung ca hai thudt toan phan xir Priority va Round - robin.

M3 SO

3053000‘ {bus_terminator} {ocs_control

S5

L]

I

WISHBONE BUS

A

Y

I A
L4

[d

S8 S9 ( S10 S13
a8520_a| [cia8520_b| ocs_serial ocs_input
AN

bus_ssram | | ocs_video | | bus_sd | [control_osd
s2 MO S4 M1 S1 M2 S3

| I I II I I

A

ARBITER WISHBONE BUS

HERRERS

M5 S11 S12/| M4 S7 M6 S14 M7  S6

ocs_floppy | locs_copper| | ocs_audio | ocs_blitter

Hinh 3. So' do khoi thiét ké SoC #ng dung Wishbone

M hinh SoC dugc xay dung nhu Hinh 3 bao gdém 1 bd phan xit ARBITER va 15 151. Trong do, 1
16i ¢6 vai tro nhu Master duoc thé hién mau tim, 8 I3 0 vai tro nhu Slave duoc thé hién mau xanh va
7 16i ¢ vai tro nhu Master va Slave dugc thé hién mau vang. Chirc nang cua tirng 16i dugc thé hién bang

Bang II dudi day.
Bang 2. Churc nang cac 16i trong mo hinh SoC
Loai
STT Tén 16i IP ( M Master Chirc nang
S Slave)

1 2068000 M3 Bo vi xtr Ii cho ca hé thong

2 bus_terminator SO Két thic cho cac chu ky bus Wishbone khong dugc xir Iy

3 bus_ssram S2 Bo nhé luu trir SRAM

4 ocs_control S5 Quan Iy va diéu khién hé théng giao tiép, trao doi vai giao dién
Wishbone Slave.

5 cia8520 S8&9 Trién khai bo diéu hop (Adapter) Commodore 8520

6 ocs_serial S10 giao tiép cac port bén ngoai vai giao dién Wishbone Slave

7 ocs_input S13 Nhan dau vao tir ngudi ding nhu ban phim, joystick

8 ocs_floppy M5, S11 & 12 Thuyc hién doc ghi céc tap tin ADF

9 ocs_video MO, S4 Trién khai phan Video cua hé thong

10 bus_sd M1, S1 Trién khai thuc hién doc ghi di liéu tir thé nho

11 control_osd M2, S3 Quan ly phan hién thi tong thé trén man hinh.

12 ocs_copper M4, S7 Trién khai mach copper cho hé thong (dt lai gia tri cac thanh ghi
cho dau moi khung hinh video trudc khi truyén dén khoi
0cs_video)

13 ocs_audio M6, S14 Trién khai phan &m thanh cua hé thong

14 ocs_blitter M7, S6 Trién khai mach blitter cho hé thong (sao chép mét lugng I6n di

liéu tir vling nhé nay sang ving nhé khac mot cach twong dbi
nhanh chdng, song song véi CPU)

3. Phan tich hoat dong

Trudce khi di vao danh gia cac tham s6 thiét ké nhu tan sb hoat dong, cong suét tiéu thy... thi thiét ké
can duoc xac thue kha ning hoat dong 6n dinh & cac ché do truyén dan dit liéu co ban nhu ghi va doc
trén dit liéu don cling nhu chudi dir lidu. B0 cong cu Xilinx ISE [10], [11] dugc sir dung trong nghién
clru nay dé xac thuc hoat dong, danh gia tin sd, khao sat tai nguyen phan ctng ciing nhu cong suit tiéu
thu trung binh cua hé thong. Viéc xac thuc hoat dong cua hé thong duoc thuc hién thong qua cac truong
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hop mo phdng khi dua cac kich thich ngd vao va gidm sat trang thai cta tin hiéu ngd ra. Cong cu Xilinx
ISE s& m6 phong hoat dong cua thiét ké dua trén cac diéu kién ngd vao va hién thi két qua dang song
ngo ra mot cach truc quan.
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(@) (b)
Hinh 4. Dang séng cho a) chu ky ghi don b) chu ky doc don

3.1. Hoat dong ghi/doc don

Mot chu ky ghi/doc don trén hé thong sir dung Wishbone duogc thé hién thong qua Hinh 4a va 4b
tuong tmg. Chu ky ghi dién ra giita 16i chu MasterP va 15i t& Slave0 duoc yéu cau ¢ thoi diém (1) khi
MasterP dua 2 tin hiéu masterP_cyc_o va masterP_stb_o tich cuc & mirc *1°, dong thoi tin hiéu cho
phép ghi masterP_we_o cling tich cuc murc “1°, dir liéu dugc dua ra ¢ duong tin hiéu masterP_dat_o
vai tin hiéu lya chon ngo ra trén masterP_sel_o xac dinh cac byte co6 gia tri 0x12345678 trén duong dir
liéu masterP_dat_o va dia chi 6 nhé thr O trén duong tin hiéu masterP_adr_o. Tai thoi diém (2), khi
¢6 xung clock kich canh 1én, Slave0 x4c nhan yéu cau ghi cua MasterP. Tai thoi diém (3), khi Slave0
thuc hién xong yéu cau, Slave0 s& phan hdi lai di thyuc hién thanh cong boi tin hiéu slave0_ack_o mirc
“1°. Tai thoi diém (4), khi c6 xung clock kich canh 1én tiép theo, MasterP s& nhan tin hiéu ack tir Slave0
va két thuc chu ky bang cach cho 2 tin hiéu masterP_cyc_o va masterP_stb_o xubng mirc “0°.
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(@) (b)
Hinh 5. Dang séng cho a) chu ky ghi chudi b) chu ky doc chugi

Chu ky doc don dugc thé hién trong Hinh 4b. Chu ky nay dwoc yéu cau tai thoi diém (5), khi MasterP
dua 2 tin hi¢u masterP_cyc_o va masterP_stb_o tich cyc mirc ‘1”, dong thoi thoi tin hi¢u cho phép ghi
masterP_we_o0 ¢ muc ‘0, dia chi doc dugc thé hién trén duong tin hi€u masterP_adr_o 1a 6 nh¢ thi
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0. Tai thoi diém (6), khi c6 xung nhip kich canh 1én, Slave0 s& x4c nhan yéu cu doc ciia MasterP. Tai
thoi diém (7), khi SlaveO thyc hién xong yéu cau, Slave0 s& phan hdi lai trén duong tin higu
slave0_ack_o va dir liéu MasterP mubn doc trén duong dit liéu slave0_dat_o va qua khdi ARBITER
dén duong dir liéu slave_dat_o. Tai thoi diém (8), khi c¢6 xung clock kich canh 1én tiép theo, MasterP
s& x4c nhan tin hiéu ack phan hoi tir Slave0 dong thoi doc dir liéu da nhan duoc tir Slave0 va két thic
chu ky bang cach cho hai tin hiéu masterP_cyc_o va masterP_stb_o xudng muc 0°. Hinh 4a va 4b
minh hoa cho truong hop ghi vao Slave0 tai 6 nhd thir 0 voi dir ligu 32 bit 1a 0x12345678 va sau do doc
tir 6 nhé thir 0 cua Slave0 thu duoc két qua 1a 0x12345678. Diéu nay cho thdy mé hinh SoC dugc thiét
ké da hoat dong ding chirc ning nhu mo ta.

3.2. Hoat dpng ghi/doc chudi

Hoat dong ghi/doc mot chudi dir liéu duoc thé hién chi tiét bang dang song ¢ Hinh 5a va 5b. Tai thoi
diém (1), chu ky ghi chudi giira 16i chi MasterR3 va 15i t& Slave8 dugc yéu cau khi MasterR3 dwa 2
tin hiéu masterR3_cyc o va masterR3_stb 0 & muc ‘1°, dong thoi tin hiéu cho phép ghi
masterR3_we o tich cuc mirc ‘1’ cho dén khi chudi dix liéu duge ghi xong, dir liéu dugc Xuét ra &
duong tin hiéu masterR3_dat_o véi tin hiéu lya chon mang ngd ra masterR3_sel_o xac dinh céc byte
c6 gia tri trén duong dir liéu masterR3_dat_o va dia chi trén duong tin hiéu masterR3_adr_o. Tai cac
thoi diém (3) (5) (7), khi c¢6 xung clock kich canh 1én, Slave8 s& xac nhan yéu cau ghi ciia MasterR3.
Khi Slave8 thyc hién xong yéu cau, Slave8 s& phan hoi lai trén dudng tin hiéu slave8_ack_o bang mirc
‘1’ bao da thyuc thién thanh cong 1 chu ky ghi don ¢ céc thoi diém (2) (4) (6) (8). Pdng thoi, & cac thoi
diém (3) (5) (7), 6 canh Ién xung clock tiép theo, MasterR3 s& xac nhan tin hiéu ack _phan hoi tir Slave8
va yéu cau chu ky ghi tiép theo. Cong viée thyuc hién ghl chudi s& duoc 1ap lai cho dén khi chudi di liu
dugc ghi xong, chu ky ghi chudi s& dugc két thic bang cach cho 2 tin hiéu masterR3_cyc o va
masterR3_stb_o xudng muc ‘0’ tai thoi diém (9). O hoat dong ghi chudi, 16i MasterR3 thuc hién 4
hoat dong ghi don dén 15i Slaves. Trong d6, mdi hoat dong ghi don s& truyén tai 4 Byte dir liéu trén
duong tin hiéu masterR3_dat_o va hoat dong nay dién ra trong 2 chu ky xung nhip. Dong thoi, khbi
ARBITER can 1 chu ky dé phan xir cho MasterR3 c¢6 quyén truy cap duong truyen Toém lai, hoat dong
ghi chudi v6i 4 chu ky ghi don duoc thuc hién trong 9 chu ky xung nhip véi tong s dir liéu ghi duoc 1a
16 Byte.

Dang s6ng mo phong chu ky doc chudi giira 18i chi MasterR3 va 15i t¢ Slave8 duoc thé hién chi
tiét trong Hinh 5b. Tai thoi diém (1), chu ky doc dugc yéu ciu khi MasterR3 dwa 2 tin hiéu
masterR3_cyc_o va masterR3 stb o0 tich cuc muc ‘1, ddng thoi thoi tin hiéu cho phép ghi
masterR3_we_0 ¢ cuc muc “0°, va doc ¢ dia chi trén duong tin hiéu masterR3_adr_o. Tai cac thoi
diém (3) (5) (7), khi c6 xung nhip kich canh 1én, Slave8 s& xac nhan yéu cau chu ky doc ciia MasterR3.
Khi Slave8 thuc hién xong yéu cau, Slave8 s& phan hdi lai trén dudng tin hiéu slave8_ack_o va dir liéu
MasterR3 muén doc trén duong dir liéu slave8_dat_o va qua khéi ARBITER dén duong dir liéu
slave8_dat_o ¢ cac thoi diém (2) (4) (6) (8). Pong thoi, & cac thoi diém (3) (5) (7), & canh 1én xung
clock tiép theo, MasterR3 s& x4c nhén tin hiéu ack phan hdi tir Slave8 dong thdi doc dir liéu da nhan
duogc tir Slave8 va yéu cAu chu ky doc tiép theo. Cong viéc thuc hién doc chudi s& dugc lap lai cho dén
khi chudi dir liéu duge doc hoan chinh, chu ky doc chudi s& dugc két thuc bang cach cho 2 tin hiéu
masterR3_cyc_o va masterR3_stb_o xudng mirc ‘0’ & thoi diém (9). Hinh 5a minh hoa cho truong
hop ghi vao Slave8 tir 6 nhé thir 0 dén 3 véi dir liéu 1an luot 1a 0x00001234; 0x56780000; 0x00009abc;
0xdef01111 va sau d6 doc tir 6 nhé thr 0 dén 3 cua Slave8 thu dugc két qua l1a 0x00001234;
0x56780000; 0x00009abc; 0xdef01111 & Hinh 5h. Diéu nay cho thay md hinh SoC duogc thiét ké da
hoat dong dung chirc ning nhu mo ta.

4. Panh gia thiét ké
4.1. Tai nguyén phdn cirng

Thiét ké trong nghién ctru nay duoc thyc thi trén nén tang phan ctirng mang cong lap trinh dugc dang
truong (Field programmable Gate Array - FPGA) trén bo mach Spartan-3E cua hang Xilinx. Cong cu
tong hop thiét ké ISE [10] dugc sir dung dé thong ké chi tiét s6 lugng tai nguyén can thiét d6i voi kién
trac Wishbone ciing nhu cta thiét ké md hinh SoC hoan chinh. Tir két quéa tong hop thiét ké co thé thiy
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rang tai nguyén phan cimg dugc yéu cau doi véi m01 khoi trong thiét ké 1a khac nhau. Chi tiét vé tai
nguyén phan cting trén chip FPGA khi thyc thi ciu hinh h¢ thdng trén chip véi 8 Master va 16 Slave
(SoC) va kién trac Wishbone dugc thé hién bang Hinh 6.
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Hinh 6. Tai nguyén si dung doi véi kién tric Wishbone va SoC

Tir biéu d6 so sanh c6 thé thiy tai nguyén can thiét dé thuc thi nén tang két néi Wishbone thap hon
rat nhiéu so v6i tai nguyén dé thyc thi m6 hinh SoC hoan chinh sir dung Wishbone. Tai nguyén phan
cling can thiét dé thuc thi Wishbone chu yéu 1a cac thanh phan cong logic, s6 lugng thanh phan thanh
ghi dugc st dung rat thap s0 V01 cong logic. Hon nita, ty s6 phan trim gilia, tong s0 luong tai nguyén
klen trac Wishbone va tong sd lugng tai nguyén SoC dwa trén Wishbone gan bang 2.6%. DPong thoi,
tong sb tai nguyén st dung cho kién triac bus Wishbone 1a khoang 900 thanh phan. Piéu nay cho thay
bus Wishbone rat phi hop cho cac hé théng bi han ché vé tai nguyén phan cing.

4.2. Tan sé hoat djpng

V& yéu t phan cimg, tan sb hoat dong t6i da duoc quyét dinh bai nén tang phan cimg cua chip FPGA.
Mot khi lya chon duoc nén tang phan ctng dé thuc thi thiét ké thi yéu t6 chinh anh hudng dén tan sb
hoat dong 1a kién triic cia thiét ké dugc xay dung tir cic ma mo ta thiét ké phan cing. Tan sb hoat dong
trong mot thiét ké dong bo duoc gidi han boi thoi gian thiét 1ap (setup time), thoi gian 6n dinh (hold
time) trén moi flip-flop cung do tré lan truyén (propagation delay). Ngoai ra, mét s6 yéu t khac ciing
anh huong dén tan sd khi h¢ thong hoat dong 13 su bién thién vé dién ap cung cip va nhiét do hoat dong.
Hinh 7a minh hoa céc tin s6 hoat dong khac nhau cua thiét ké khi khao sat trén mot s6 cAu hinh SoC
khac nhau nhu 1 Master 16 Slave (1M16S), 4 Master 16 Slave (4M16S), 8 Master 16 Slave (8M16S), 8
Master 8 Slave (8M8S) va 8 Master 4 Slave (8M45S).
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Hinh 7. &) Tan s6 hoat dong t6i da trén cdc cau hinh SoC b) Céng sudt tiéu thu trén cac cau hinh SoC
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Hinh 7a thé hién 1én su chénh 1éch tan s6 hoat dong tdi da trong 5 truong hop. Co thé thiy, ddi vai 3
truong hop 6 sb lugng Slave duoc ¢b dinh 1a 16, s6 luong Master duoc thay dbi tir 1, 4 va 8 thi tin sb
hoat dong cua bus bi giam gan 4 1an tir 493 Mhz xubng 128 Mhz. Piéu nay vi s6 lugng Master cang
nhiéu thi x4c suét t6n tai cac yeu ciu truy cap duong truyén tir cac 161 Master s€ tang 1én, tir d6 b phan
xtt ARBITER cén nhiéu thoi gian dé quyet dinh quyén truy cap bus s& danh cho Master nao. bay la
nguyén nhan lam cho hé thong c6 @6 tré 16n din dén tan sb hoat dong cua h¢ thong bj giam dang ké.
Tuy nhién trong truong hop s lugng Master duoc giit nguyén 1a 8, va sé luong Slave dugc thay doi tir
4,8val6thi tan s hoat dong ctia bus duy tri trung binh ¢ 129 Mhz. Két qua nay ding vdi tinh chat cla
viée giao tiép giita Master va Slave, vi Master 1 ngudn dua ra cac tin hiéu yéu cau truy cép bus va ngudn
giao tiép vai Slave, thoi gian xir 1y trén bo phan xir ARBITER khong bi anh huong nhiéu véi s6 luong
cuia cac Slave. Khi so sanh véi cac nghién ctru trude d6, md hinh SoC trong nghién ctru nay co tan so
hoat dong t6i da cao hon x4p xi 2.1 1an so véi md hinh SoC sir dung ciu hinh Wishbone véi 4 18i chu
va 4 15i té duoc két ndi dang Shared-bus co tan sb hoat dong 12 118,3 MHz [7] va cao hon xap xi 2.6
lan so véi md hinh Wishbone Conmax duoc két ndi dang Crossbar ¢ tan sd hoat dong la 94,5 MHz
[12]. Nhu vay c6 thé thiy tan sé hoat dong tdi da cta hé thdng duoc quyét dinh chinh bing sb luong
Master dugc thiét ké trong hé thong.

4.3. Cong suit tiéu thu

Cong suit tiéu thy trung binh 13 mot trong nhitng tiéu chi quan trong danh gia hiéu ning ciia mot
thiét ké s6. Phan danh gi4 cong sudt dugc thuc hién boi cong cu tong hop thiét ké ISE [10]. Dé danh gia
cong suat tidu thu mot cach tong quat trong nhiéu truong hop khac nhau, nghién ctru da thuc hién tong
hop cong suét tiéu thu cua thiét ké SoC voi 5 céu hinh phan cing gdm 1 Master 16 Slave (1IM16S), 4
Master 16 Slave (4M16S), 8 Master 16 Slave (8M16S), 8 Master 8 Slave (8M8S) va 8 Master 4 Slave
(8M4S). Céc ciu hinh hé théng déu duoc khao sat ¢ tin sd hoat dong 50 MHz va dién ap cung cip la
3.3V.

Két qua tong hop cong suét tiéu thy tai tan so hoat dong f'= 50 Mhz duoc thé hién trong Hlnh 7b. T
két qua co duoc, 6 thé thiy cong suét tiéu thu cta cau hinh 1 Master va 16 Slave 1a thp nhét, s luong
Master cang tang thi cong suét tidu thu ciing ting theo. Didu nay 1a do cang nhiéu Master s& phat sinh 2
van dé (1) Master la thanh phan xir Iy chinh va tao ra cac yéu ciu vé truy cép bus (2) bd phan xur
ARBITER s& can nhiéu tai nguyén hon cho viéc phan quyén cac Master. Bén canh d6, nghién ctru nay
cling khao sat sy anh hudng cua tan s6 hoat dong 1én cong suat tidu thu cua thiét ké. Bang cach ting tin
s6 hoat dong 1én tir 50 Mhz dén 150 Mhz, Bang 111 thé hién cong suit tiéu thu trung binh cua thiét ké
SoC trong nhiéu truong hop hoat dong khac nhau.

Bang 3. Cong sudt tiéu thy véi cac tan sé hoar dong khéc nhau.

CAu hinh 50 MHz 100 MHz 150 MHz
1 Master 16 Slave 207.9 mW 210.4 mW 213 mW
4 Master 16 Slave 216.3 mW 223.4 mW 233.7 mW
8 Master 16 Slave 223.78 mW 238.53 mW X

Cong suit tiéu thu trung binh cta 3 trudng hop thay doi s6 lwong Master ting 1én khi tan s6 hoat
dong tiang, co thé thiy rang tan s6 anh hudng 16n dén cong suit tidu thu cua thiét ké SoC st dung kién
tric bus Wishbone. O truong hop 8 Master 16 Slave, khi tan s6 cung cap 1a 150 MHz, cong suat khong
thé do dat (danh du X) vi giéi han tan s ciia cau hinh nay 1a 130.3 MHz nhur thé hién trong Hinh 7a.
Bén canh d6, trong md hinh Wishbone Conmax [12] c6 cong suit tiéu thu 1a 357mW 1én hon x4p xi 1.6
14n so v6i md hinh Wishbone duoc trinh bay trong nghién ctru nay. Béi vi, SoC két ndi bang Wishbone
dang dugc trinh bay st dung kiéu két nbi Shared-bus, chi co mot bd ARBITER, tai mot thoi diém chi
¢6 1 13i cht va 1 15 t& duge két ndi va trao d6i dit licu, trong khi d6 Wishbone Conmax st dung kiéu
két ndi Crossbar, c6 16 b ARBITER, tai mot thoi diém c6 thé c6 toi da 8 16i chu va 8 15i t6 thuc hién
trao doi dir liéu, ddn dén tan suat hoat dong cao hon, dién ap cung cip nhiéu hon va tiéu ton ning luong
cao hon. Dua trén két qua mo phong vé tan sb hoat dong va cong suat tiéu thu duoc thé hién trong Hinh
7, khi thyc thi mé hinh SoC ung dung Wishbone v6i 4 Master thi tin sb hoat dong cao nhét xap xi 250
Mhz trong khi cong suét tidu thu gan tuong duong véi cac cau hinh Master va Slave khac khi xem xét
tai tan sb hoat dong 50 Mhz.
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5. Két luan

Véi sy phat trién cua cong nghé vi mach tich hop, sé lwong 16n cac thanh phan xir 1y c6 thé duoc
tich hop trén mot vi mach don. Piéu nay mang lai wu diém nhu giam gia thanh, kich thudc thiét ké va
cong suat tiéu thy. Kién trac Wishbone 1a mot phuong phap lién két cac 161 mang lai hiéu qua cao vi hd
trg nhidu dang két ndi va cac giao dién ding chung cho céc 16i lam chuin héa va giup giam thiéu duoc
van dé vé kha nang tich hop cua hé théng. Nham c6 thé kiém chimg hiéu qua cua kién tric Wishbone
trong thiét ké SoC, nghién ciru nay da thyc thi, phan tich hoat dong va danh gia hiéu niang mot thiét ké
SoC hoan chinh tmg dung két ndi Wishbone v6i phuong phap mo phong dang séng ciing nhu thuce
nghiém trén phan cimg FPGA. Cac két qua mo phong va thuc thi cho thay rang kién trac Wishbone co
thiét ké don gian, yéu cau mot lugng tai nguyén phan cimg it va pht hop va c¢6 kha nang mé rong lién
két danh cho cac thiét ké da 15i.

Lo1i cam on

Nghién cuu nay thude dé tai nam 2023 dugc hd tro kinh phi bdi Trudong Dai hoc Su pham K¥ thuat Tp.
HO6 Chi Minh.
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TS. Ngo Pinh Thanh

- Tt nghiép Tién si nam: 2015 chuyén nganh Hé thdng nhing tai Pai hoc South Brittany

- Tr 2004 dén nay la giang vién tai b mon Ty dong hoa - Khoa Pién - Truong DPai hoc Bach Khoa - Dai
hoc Pa Ning.

- Linh vuc quan tdm: Ty dong hoa, Hoc sau

- Email: tndthanh@dut.udn.vn

- Dién thoai: 0914-486-786

KS. Nguyén Quéc Khai

- T6t nghiép chuong trinh nganh Cong nghé K¥ thuat Dién tir Truyén théng, chuyén nganh Vién thong -
Vi mach tai truong DPH Su Pham K§ Thuat TP. HCM nam 2022.

- K¥ su Physical Implement, Cong ty TNHH ADT & SNST Vietnam

- Linh vuc quan tdm: Thiét ké vi mach sb

- Email: nguyenkhai3339@gmail.com

- Pién thoai: 0373334971

KS. Nguyén Thanh Huy

- Tét nghiép chuong trinh nganh Cong nghé K¥ thuat Dién tur Truyén thong, chuyén nganh Vién théng -
Vi mach tai truong DPH Su Pham K§ Thuat TP. HCM nam 2022.

- K§ su Memory Layout Design, Cong ty Faraday Technology Viet Nam

- Linh vuc quan tim: Thiét ké vi mach sb

\ - Email: nguyenhuy29291@gmail.com

» - Dién thoai: 0389445838
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