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TOM TAT
12C (Inter-Integrated Circuit) 1& mét chudn truyén diz liéu néi tiép dong bg duwoc sir dung
réng rai dé két noi nhiéu 1C (Integrated Circuit) véi nhau hay két néi cac IC va cac ngogi Vi
véi téc dé trung binh thap trong cac hé thong sé. Piém manh cia chudn 12C 1a kha néng két
noi gizra vi xir 1y trung tam va nhiéu Ngogi Vi Vdi phan citng don gian. Trong ngi dung bai bao
nay, chdng tdi trinh bay qué trinh thiét ké mét module 12C giao tiép qua chuan bus AMBA
APB (Advanced Microcontroller Bus Architecture - Advanced Peripheral Bus). Cu thé,
module 12C duoc thiét ké bang ngdn ngi mo ta phan cing Verilog, ¢6 thé cdu hinh 1a Master
hodgc Slave va hé tro nhiéu téc dg truyén dir liéu khac nhau. Nhiéu két qua danh gid qua md
phéng dirgc trinh bay dé xac thuc chdt lwong ciia module 12C duwoc thiét ké.

Tir khoa: chudn 12C; FPGA; giao tiép sé; AMBA; md phong.
ABSTRACT

12C (Inter-Integrated Circuit) is a synchronous serial data transmission standard widely
used to connect multiple 1Cs (Integrated Circuits) together or to connect ICs and peripherals
with low-to-medium speed in digital systems. The main advantage of the 12C standard is the
ability to connect the central processor and multiple peripherals with simple hardware. In
this paper, we present the design process of an 12C module communicating via AMBA APB
(Advanced Microcontroller Bus Architecture - Advanced Peripheral Bus) bus standard.
Specifically, the 12C module is designed using Verilog hardware description language, can be
configured as a Master or a Slave, and supports various data transmission rates. Extensive
simulation results are presented to verify the performance of the designed 12C module.

Keywords: 12C standard; FPGA; digital interface; AMBA; testbench.

trong nhiéu bai béo [3-8]. Trong bai bao [3],

1. GIOITHIEU cac tac gia da thuc hién thiét ké chuyén doi

Inter—Intergrated Circuit (12C) la mot
chuan bus ndi tiép duoc phéat trién boi hdng san
xuét linh kién dién tir Philips. Do tinh wu viét va
don gian, 12C da duoc chuan hoa va sir dung
rong rai trong cac module truyén théng ndi tiép
caa vi mach tich hgp ngay nay. Bus 12C dugc
sir dung cho rét nhiéu loai IC khac nhau nhu
céc loai vi diéu khién 8051, PIC, AVR, ARM,
chip nhu RAM tinh (static RAM), EEPROM,
bo chuyén doi trong tu-s6 (ADC), sb-tuong tur
(DAC), IC diéu khién LCD...

Thiét ké bus 12C sir dung ngon ngir mo
ta phan cang Verilog [1-2] da duoc trinh bay

Doi: https://doi.org/10.54644/jte.65.2021.141

tr giao tlep SPI sang 12C nham muc dlCh
chuyén doi giao tiép cho thiét bi giri c6 tdc
do truyen nhan cao sang thiét bj nhan co téc
d6 truyén nhan thap. Trong bai bao [4] va
[5], cac tac gia da thiét ké bus 12C cé kha
ning dap ung dwoc nhidu Master trén cung
bus bang viéc s dung may trang thai (FSM)
dé thyc hién quyét dinh wu tién giita cac
Master diéu khién 12C khi hoat dong cung
mot thoi diém. Céc tac gia trong bai bao [6]
va [7] da trinh bay viéc trién khai bo diéu
khién 12C trén FPGA dé két ni ADC thdng
qua bus 12C nhiam muc dich déng bo héa dit
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liéu gira ADC va FPGA. Thém vao do, bai
bao s6 [8] da trinh bay cach thiét ké va thi
cong chuan 12C dwa trén giao thuc
Wishbone. Tuy nhién, cac thiét ké trong [3-8]
chua trinh bay chi tiét thiét ké hoic bao gom
cac thiét ké don gian, chwa c6 nhiéu cu hinh
va hd tro nhiéu téc do truyén-nhan.

D¢ cai thién cdc han ché néu trén, bai
bao nay trinh bay mot thiét ké module 12C sur
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dung giao tiép bus AMBA APB (Advanced
Microcontroller Bus Architecture-Advanced
Peripheral Bus) cua ARM [9] ¢6 thé cu hinh
la Master hoac Slave, ddng thoi hd tro nhiéu
tdc do truyén dir lieu khac nhau. Hinh 1 minh
hoa hé thong System-On-Chip (SoC) sir dung
bus AMBA va module 12C. Thiét ké duoc
danh gia va mo phong trén ISE Design Suite
14.7, QuestaSim 10.2 va Quartus 11 13.0.

Soc System
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Interface
High-
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Hinh 1. Hé thang SoC si dung AMBA bus va module 12C.

2. THIET KE CHI TIET HE THONG

Module thuc hién truyén nhan dya trén
tin hiéu cau hinh, céc tép thanh ghi va cac bo
dém FIFO c6 nhiém vu luu cac dit liéu ciu
hinh va thuc hién dong bo dix liéu, cudi clng
la module giao tiép véi bus 12C. Trong bai
bao nay, ching tdi thuc hién thiét ké module
giao tiép 12C c6 kha nang giao tiép t6i da 128
thiét bi va cdu hinh duogc 4 toc do truyén. So
dd khdi cua mot module 12C dugc thé hién
trong Hinh 2.

2.1 Module APB Interface

Module APB Interface c6 chirc nang
giao tiép voi bus APB ddng thoi diéu khién
ghi/doc dir liéu. Khéi APB Interface gom
Register File (tép thanh ghi) chua 10 thanh
ghi c6 d6 rong 8 bit, cac thanh ghi duoc ciu
hinh bai tin hiéu diéu khién tir bus APB, tao
ra cac tin hiéu diéu khién cho cac khdi con
lai cua module 12C hoat dong va khéi diéu

khién ngit tao ra tin hiéu ngat cho khéi 12C
(i2c_if) dugc tao ra tur tin higu tong hop cua
ngét truyén, ngit nhan va ngat tran.

2.2 Module Clock Divider

Module Clock Divider tao tin hiéu xung
clock véi tan sé mong mudn cung cap cho
bus 12C. Khéi Clock Divider hoat dong dwa
theo tin hiéu kich hoat i_clock_en va tin hiéu
bat hoat i_clock_stop duogc tao ra tir khdi 12C
Interface.

Tan s6 cua duong SCL do Master tao ra
duoc I,ua chon dua vao gin hiéu apb_csel
duoc lay tir cac thanh ghi cau hinh.

2.3 Bg dém TX FIFO va RX FIFO

TX FIFO la bo dém cho qué trinh truyén
dir lieu, RX FIFO la bo @ém cho qué trinh
doc dit liéu, dam bao dir liéu khong bi mat do
su bat @éng bo gitra 2 mién xung clock gitra
vi xir ly va giao tiép 12C. Céc khéi FIFO



duoc xay dung dua trén cac khéi Write
Pointer (con tro ghi dir lieu), Read Pointer
(con tro doc dir liéu), Memory Array (mang
bo nhd) va Status Control (khdi diéu khién
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trang thai). Trong d6 khdi diéu khién trang
thai c6 chirc nang kiém tra con tro doc va ghi
dé phan biét trang thai day hoic tréng cua bo
dém FIFO.
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Hinh 2. So dé khai chi tiér module I2C duoc thiét ké.

2.4 Module 12C Interface

Module c6 chiic nang truyén va nhan dix
lieu theo giao thuc 12C. Khdi hoat dong &
mét trong hai ché do Master va Slave dua
trén tin hiéu ciu hinh tir tap thanh ghi
Register File, cac tin hiéu txff_empty,
rxff_ov gilp thong bao trang thai tir cac bo
dém TX FIFO va RX FIFO, tin hiéu i_clk
cung cip xung clock cho dudong SCL tir bo
Clock Divider. Bén trong module con c6 cac

mach phat hién diéu kién start/stop dua trén
thiét ké mach phat hién canh xung, mach xéc
dinh hudng truyén di liéu, mach xac dinh
xung ACK va thanh ghi dich gip truyén,
nhan dir liéu ndi tiép va ddng bo véi xung
clock trén duong SCL.

2.5 M6 ti thanh ghi

Céac thanh ghi dugc dinh nghia trong
thiet ké duoc miéu ta qua Bang 1. Cau hinh
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Slave) dé kiém tra hoat dong cua thiét ké. Mo
hinh md phong dugc thé hién trong Hinh 3.

chi tiét va chtrc nang cua cac thanh ghi trén
dugc miéu ta qua Bang 2.

3. PANH GIA CHAT LUQNG CUA Bdang 2. Cac thanh ghi i#ng véi dia chi

THIET KE PADDR va kiéu truy cdp
31 Tai én logic d 4 d Tén Thanh Ghi Miéu Ta
-+ lalnguyen logic dugC Swdung CONTROL Ky hi¢u: CTR
Bdng 1. Chize nang, dia chi va kiéu truy cap CTR[0]: X6a néi dung FIFO truyén
cua cac thanh ghl CTR[1]: X6a ndi dung FIFO nhén
PAD | Kidu CTR[2]: C4u hinh hoat déng thiét
DR truy Tén thanh ghi Chitc niing bi ‘0’ — Slave ,*1’ — Master
[7:0] | cap ‘ STATUS/ENABLE | Ky hiéu: SE
oxac | CONTROL | 'hamhehidicu SE[0]: Cho phép 12C hoat dong
i ién . N
STATUSENA Thanh ghi SE[1]: TX FIFO chua day
0x20 boc BLE trang théi SE[2]: RX FIFO chua trong
0x24 D(_)(E/ ADDRESS Thanh %hi dia SE’[SJZ Khoi I2C dang lam viéc
Ghi chi ADDRESS Ky hiéu: ADDR
0x28 DG‘-;:?’ COMMAND | Thanh ghi Iénh ADDR[6:0]: Pia chi cia thiét bj
5 '/ T khi hoat dong Ia Slave
ox2c | o DATA S COMMAND Ky hiéu: COM
ox3o | Poc INTERRUPT Thanh ghi cho COM[0]:  Dieu  khién  huéng
Ghi ENABLE phép ngit truyen di liéu
RAW ‘0’ — Master -> Slave
0x34 boc INTERRUPT Thanh ghi ngét ‘1’ — Master <- Slave
ENABLE _ COMIL]: Khai tao/két thiic giao tip
038 | Poc INTERRUPT Thanh ghi co 0 St
: FLAG REGISTER ngat —lop
Thanh ghi chira ‘1’ — Start )
0x3c Dohc_/ CLOCK SELECT gia tri telln sko COM]I2]: Khei tao giao tiep méi
Ghi é“"g c r?c DATA Ky hiéu: DATA
e DATA[7:0]: Dit licu truyén tir
oxao | Poc/ TRANSMIT df"":chg Sllgvga APB xuéng 12C hoic tir 12C Ién
Ghi ADDRESS 19 BN SIAVE APB
muon truyén di _
— ) INTERRUPT Ky hiéu: IE
Thiét ke véi day du cac chuc nang dugc | ENABLE IE[0]: Cho phép ngét Overrun
tong hop trén FPGA Spartan 6 XC6SLX9- IE[1]: Cho phép ngit truyén
FT(G)256 cua hdng Xilinx [10] c6 tai nguyén IE[2]: Cho phép ngat nhan
logic duoc sir dung dugc tom tat trong Bang | RAW Ky hieu: IR
3. Tan so hoat dong toi da cua mach duoc L'}Qfgf;w IR[0]: Ngat Overrun
tong hop trén FPGA Spartan 6 XC6SLX9- IR[1]: Ngat truyen
FT(G)256 la 124,245 MHz (xem bang 4). IR[2]: Ngat nhan
. S i INTERRUPT Ky hiéu: IF
bong thoi thiet ke cling duoc tong hop | FLAG REGISTER | |F [0]: Co ngét Overrun
trén Quartus 11 theo cau hinh board Cylone 11 IF [1]: Co ngét truyén
[11] dé so sanh tai nguyén logic can sir dung IF [2]: C& ngét nhan
gitra 2 board FPGA (Bang 5). Tan so toi da | CLOCK SELECT | Ky hiéu: CSEL
cua thiet ké trén board Cylone II la CZSEL[1:0]: Chon toc d¢ giao tiep
150.35MHz (Béng 6). 12¢
i 00: 100kbps
3.2 Ket qua danh gia qua mé phong 01: 400kbps
A L A ” <z z 10: 1Mbps
3.2.1 M6 hinh m6 phéng va tom tat Testcase 11: 3.4Mbps
Thiet ké dugc moé phong trén QuestaSim | TRANSMIT Ky hiéu: TADDR
10.2 véi md hinh cho 2 module ciing thiét ké | ADPRESS TADDR[6:0]: Dia chi Slave ma
nhung dugc ciu hinh khac nhau (1 Master va 1 Master can giao ticp
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Bdang 3. Tai nguyén can sir dung cua thiét ké
trén chip FPGA Spartan 6.

thuong con dugc goi APB Slave, mach diéu
khién bus tir phia APB Bridge con goi la

Tai nguyén logic dugc si dung (wéc tinh) APB Master. Trong md hinh mé phong trén
i o Lo Pi Tai sad Hinh 3, module 12C_APB chinh la module
arngyen fogie dong | nguyen | S | 12C, trong d6 module APB Master déng vai
Slice thanh ghi 245 11440 | 2% tro nhu APB Bridge d¢ giao tiép dua trén bus
Slice LUT 577 5720 10% APB va dqu thiet ké dua trén mod hinh tl’ang
56 cip LUT-FF thai htru han dugc cung cap bai tai liéu dinh
dwec dung toan by | o4 | 638 28% nghia chuan AMBA cia ARM [7].
I0B dwgc lién két | 32 186 17% Bdng 7. Bang tom tdt cAc testcase
BUFG/BUFGCTRLs | 1 16 6% C4u hinh thanh ghi
Bdang 4. Tan so toi da cua thiét ké trén chip | Testcase
FPGA Spartan 6. Master Slave
Tém lwoc vé dinh thoi L
— — + CTR (111): cau hinh + CTR (011):
Thoi gian toi thieu 8.049ns Master, x6a FIFO truyén, | c4u hinh
Tén sb téi da 124.245MHz nhan. ﬁ'laF‘g'tﬁ?}n
A cn,
Thei gian ngd vao téi thidu | 9.063ns * TADDR (1010101):dia | .
truéc xung clock chi slave can giao tiep.
— ; - 1(Hinh | +IF (112): cho phép ngit | APDR
Thoi gian yéu ciu ngd ra téi | 13.341ns (Hinh ) & Nhan Overrur | (1010101):
da sau xung clock 4.5) yen, Nhan, ) | diachiSlave.
: — Master + CSEL (00): cau hinh toc +IF (111);
Bdang 5. Tai nguyén can su dung cua thiét ke truyén | do giao ticp 100kbps. cho phép ngit
trén chip FPGA Cyclone II. Slave | + cOM (010): Phat tin Truyén, Nhan,
Tai N . . nhan hiéu Start, Master truyen Overrun.
ai nguyén logic dwoc sir dung A PR
Slave nhan. Keét thic giao +SE: ch
Tai nguyén logic Da dung | Tai Sir tiép cu hinh COM (000). s Co.
R d , phép giao tiep
nguyen ung + SE: cho phép giao tiép | 12C.
Thanh phén logic 651 4608 14% 12C.
T4 hep chire ning 615 4608 13% + DATA: 8’h06 -> 87h09
Thanh ghi 286 4608 6% + CTR (111): cAu hinh + CTR (011):
Chan 32 89 36% Master, x6a FIFO truyen, | cau hinh
: nhan. Slave, x6a
K a: , 0, 8
S6 bit nhé 256 1119808 | <1% + TADDR (1010101): dia EH;S truyén,
5 A A4 Ae ) AT S . hi sl an giao tiep. .
Bdng 6. Tan sé toi da cua thiét ké trén chip chi slave can glao fiep.
: +IF (111): cho phép ngit | T APDR
FPGA Cyclone 1. 2 (Hinh (L) GO PREp NGAL 1141 109):
- 6,7) Truyén, Nhan, Overrun. dia chi SI :
Tém lwoc vé dinh thoi : o 1a chi Slave.
— - Master + CSEL (11): cau hinh toc +1F (111):
Fmax Tan so toi da han ché | Tén xung clock nhan d6 giao tiep 3,4Mbps. cho p(hép )n.gét
150.35 MHz | 150.35 MHz pclk Slave | + COM (011): Phét tin Truyén, Nhan,
- - truyen hiéu Start, Master nhan Overrun.
Trong cac hé thong s6 su dung AMBA Slave truyen. Keét thtic +SE: cho
Bus (twong tw nhu Hinh 1), APB Bridge oy M COM o giao tiép
dong vai tro tuong tac vai cac bus toc do cao. + SE: cho phép giao tiép =
Cac module ngoai vi muon giao tiép duoc 12C. + DATA: 8°7f
véi bus phai c6 mach giao tiép, mach nay ~ 8'h82.
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Tin hi¢u khdéi tao

Hinh 3. Md hinh md phdng kiém tra thiét ké

Tin hi¢u g

Master giri byte dir liéu d

i dir

éu vio TX FIFO

Dir liéu truyeén cho slave

Con ¢
TX FIFO

hra vio TX-FIFO

img v dir lidu dirge

Thay d6i trang thai cia FSM

doc rés

Dt lidu nhéin vé nrong i

dugc nhin tir Mast

liéu vio RX FIFO

trong qud trinh truyén dir liéu

i¢u vio RX |

MASTER
m_data,in 8 APE_MASTER 3 12C_APB
—— data_in paddr = # paddr
m_2pb._re apb_re pwdata pwdata
o 2eb e aph_we prdata L] prdata scl
s ﬂata_sE| data_sel penable per‘ahle sda = B
m_ data_wr - m_i2c_if
— — data_wr psel psel i2e_if
bk o peik parite pwrite
m_prst prst pelk
I—. prst
SLAVE
 dots g APBE_MASTER s 12€_APB
— —<— data_in paddr paddr
5_aph ra o] apb_re pwdata 3 pwdata
2
S.aph we aph_we prdata prdata scl
s_data_sel
= = data_sel enable enable sda . .
s dota wr - P P s_i2c_if
= o data_wr psel psal i2e_if
pelk pelk pwrite pwrite
5_prst prst pelk
o4 500t out 2 | data_out |—,. prst
12C_PROTOCOL
TEST_BENCH
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Hinh 4. M6 phong duwong diz lieu SDA, clock SCL va céc tin hiéu ngi Master truyén (Testcase 1).

Hinh 5. M6 phong dwong dir lieu SDA, clock SCL va tin hiéu ngi cua Slave nhdn (Testcase 1).
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Ban dau Master phit byte
dia chi nén nén tin higu
i_tx_busy coa TX FIFO tich
cuc

Master nhdan dir ligu tir
Slave nén i_rx_busy
ctia RX FIFO tich cuc

4 Jost e Jhut il sts [
4 st o Jhuthe fle s [t
4o . 0t ufe i sy 0
Au o 2000 02 i b sy 190
4 e ok e e (10

8t i s i, gin e
4 o i o s 190

4 Pest e Jhuthulx i (10

Thay ng thai
FSM trong qua trinh
nhén dir liéu

Dir liéu nhan vé tuong (tng
duge nhén tir Slave

Tin hiéu cho phép ghi dix
liéu thanh ghi RX FIFO

Con tro ting dé ghi Tin hiéu xac nhin sau
dir ligu vao RX FIFO mbi byte dir liéu dugc
cua Master nhéan cia Master

Hinh 6. M0 phong dwong dir ligu SDA, clock SCL va céc tin hi¢u ngi Master nhéan (Testcase 2).

Slave truyén dir liéu cho
Master nén tin hiéu
i_tx_busy trén TX FIFO
tich cuc

Ban diu Slave nhan byte dia
chi nén nén tin hidui_rx_busy
cua RX FIFO tich cuc

Tin hi¢u s_right_addr tich

truyen dir

Dir li
tuong

dua v

Tin hiéu cho phép doc
dir ligu tir thanh ghi TX
FIFO

Hinh 7. M6 phong dirong diz lieu SDA, clock SCL va tin hiéu ngi ciia Slave truyén (Testcase 2).

Thiét ké duoc md phong qua 2 Testcase
duoc liét ké trong Bang 7, bao ham 2 tc d6
truyén 100 kbps va 3,4 Mbps. Dir liéu cau
hinh va dit liéu truyén nhan duge doc va ghi
qua cac chu ky giao tiép bus APB. Lan luot
cac Testcase dugc thuc hién mé phong va
kiém tra. Dua vao d6 dé cd thé két luan thiét
ké hoat dong tét trén mo phong, dam bao
viéc truyén nhan 12C ¢ nhiéu toc d6 va cau
hinh khac nhau, kha ning giao tiép theo
chuan APB.

3.2.2 Phan tich két qua md phéng

Trong phan nay, ching t6i lan luot trinh
bay cac két qua danh gia qua mé phong
tuong tng vaéi Testcase 1 va 2.

3.2.2.1 Testcase 1

e Master truyén

Hinh 4 trinh bay két qua mé phong cho
truong hop master truyén. Xung clock
Master dugc tao va két thic bang tin hiéu
i_clock_en va i_clock_stop. Con tro trén TX
FIFO txff_rptr tang twong g doc dir li¢u tu
thanh ghi txff data 1a 8’h06, 8’h07, 8’h08,
8°h09 dé gui dir liéu. May trang thai FSM bt
dau qua trinh giao tiép chuyén tur trang thai
IDLE sang trang thai FIRSTBYTE va gui
byte dia chi ma Slave can giao tiép, sau khi
nhan bit ACK xac nhan truyén dung dia chi,
FSM chuyén trang thai sang TRANSMIT dé
phat cac bit dix liéu. Cac tin hiéu hiz, zero va
one quyét dinh Master hay Slave s& lai tin
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hiéu trén duong dir liéu SDA, dam bao viéc
truyén nhan ¢ ca Master va Slave.

e Slave nhan

Hinh 5 trinh bay dang séng md phong
ung vai trueong hop slave nhan. Slave ¢ trang
thai nhan dir liéu nén bit rx_busy duogc tich
cuc. Sau byte dia chi dau tién, Slave kiém tra
dia chi va xac nhan dung bat bit s_right_add
va bat dau qué trinh truyén nhan. Cac di liéu
nhan trén trén RX FIFO tuong Gng dir liu
duoc giri, con tré ghi rxff wptr ting. Sau moi
byte truyén, khi nhan du byte, ack return
duoc bat 1én kéo dudng SDA xudng 0 dé xac
nhan truyén du bit. BSi véi FSM phia Slave,
bit dau giao tiép chuyén tur trang thai IDLE
sang trang thai FIRSTBYTE dé so sanh byte
dia chi, néu chinh xac s& chuyén sang trang
thai RECEIVE dé bat dau nhan dit liéu.

Bdng 8. Bang ddanh gid két qua md phong.

Testcase Panh gia
1 |- Dam bao thiét ké hoat dong chinh

xéc khi dugc cau hinh 1a Master
truyén hay Slave nhan.
- Byte dja chi dau tién dugc Master
giri dng véi dia chi cau hinh trén
Slave (1010101) va bit diéu khién
truyén nhan chinh xac R/W =0
(Master guri dir liéu).
- Céc byte dit liéu duoc dwa xudng
Master dugc truyén chinh xéc.
- TX FIFO va RX FIFO dam bao dix
liéu dwoc truyén di va nhan vé va hoat
dong dung vai thiét ké dé ra.
- Tc d6 SCL tuong tng 1a 100 kbps.
2 |- Pam bao thiét ké hoat dong chinh
xéc khi duoc cau hinh 1a Master nhan
hay Slave truyén.
- Byte dja chi dau tién dugc Master
giri ding véi dia chi cau hinh trén
Slave (1010101) va bit diéu khién
truyén nhan chinh xac R/W = 1
(Master nhan dir ligu).
- C4c byte di liéu dugc dua xudng
Slave dugc truyén chinh xéc.
- TX FIFO va RX FIFO d@am bao dix
liéu dwoc truyén di va nhan vé va hoat
dong dung vai thiét ké dé ra.
- Téc d6 SCL tuong tng 1a 3,4 Mbps.

3.2.2.2 Testcase 2
e Master nhan

Hinh 6 trinh bay dang séng mé phong
cho truong hop master nhan. Xung clock
duoc tao tr Master tuong tu nhu Testcase 1.
Khi Master & trang thai Receive, ban dau s&
phat byte dia chi giao tiép véi Slave va nhan
dir liéu tr Slave do d6 tin hiéu i_rx_busy
duoc tich cuc. Sau mdi 8 bit, tin hiéu
i rxff wr duoc bat dong thoi tang gid tri con
tré ghi rxff wptr dé ghi dit liéu vao thanh ghi
RX FIFO. Dt ligu nhan tuong ung la 8’h7f,
8°h80, 8’h81 va 8h82. Pong thoi cudi mdi
byte dir liéu nhan, tin hiéu ACK tich cuc
duoc bao vé cho Slave.

e Slave Transmit

Hinh 7 trinh bay két qua md phong cho
truong hop slave truyén. Sau khi nhan ding
dia chi gui tor Master, FSM phia Slave
chuyén tir trang thai IDLE sang trang thai
TRANSMIT dé gui dir liéu, dit liéu truyén di
lan luot 1a 8’h7f, 8°h80, 8°h81, 8’h82. Tin
hiéu i txff rd duoc bat dé ting con trd
i txff wptr d¢ doc dir lieu tr TX FIFO va
gui dix liéu.

Sau khi so sanh két qua mo phong so voi
ly thuyét va cac yéu cau thiét ké, chung toi
nhan thiy ring module 12C dugc thiét ké
hoat dong chinh xac, dap tmg dugc yéu cau
thiét ké véi nhiéu cau hinh khac nhau (nhu
dugc tom tat trong bang 8).

4. KET LUAN

Thiét ké module 12C duoc trinh bay
trong bai bao nay sir dung chuan bus AMBA
APB. Thiét ké hd tro nhiéu cau hinh va téc
d6 truyén nhan. Bén canh do, thiét ké c6 thé
dugc st dung nhu mot soft IP core ¢ qua
trinh thiét ké Front-End khi thiét ké IC.
Ngoai ra, trong khi hau hét cac thiét ké vi
mach it duoc trinh bay chi tiét, bai béo nay
cé gia tri nhu mot tai liéu tham khao cho viéc
hoc tap cac mén lién quan tsi thiét ké hé
thdng s va thiét ké vi mach sb.
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