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TOM TAT

UART (Universal Asynchronous Receiver and Transmitter) la chudn truyén néi tiép bdt
dong bé kha phé bién hién nay. Mdc di toc do truyen dit liéu khong quad cao nhung voi uu
diém don gian, dé thyc hi¢n va tiéu hao cong sudt thdp, UART dwoc sit dung trong cdc
module khong yéu cau toc do giao tzep cao nhuw module SIM, Bluetooth, GPS. Tuy nhién, viéc
giao tzep VOi nhzeu ngoai vi toc dg thap cé thé lam giam hiéu sudt siv dung bus div liéu cia hé
thong va hiéu sudt hoat déng ciia vi xir Iy. Do d6, trong bai bdo ndy, ching téi xin trinh bay
mét thiét ké module UART da kénh dwoc thiét ké dé sit dung tot hon bus dir liéu theo chudn
APB (Advanced Peripheral Bus) va hé tro dwoc nhiéu toc do va cdu triic khung div liéu truyén
UART khdc nhau. Sau do, chirc ning cia thiét ké UART dwoc danh gid théng qua két qud mé
phong va thuc thi trén kit FPGA (Field Programmable Gate Arrays).

Tir khéa: UART da kénh; APB; thiét ké dwa trén FPGA; phdn citng; mé phong.
ABSTRACT

Universal Asynchronous Receiver and Transmitter (UART) is a popular asynchronous
serial transmission standard. Although the data transfer rate is not too high, with the
advantages of simplicity, ease of implementation and low power consumption, UART has
been frequently used in modules that do not require high communication speed such as SIM
module, Bluetooth, GPS, etc. However, communication with low-speed peripherals can
reduce the efficiency of data bus and processor performance. Therefore, in this paper, we
present a multichannel UART design to better utilize the APB (Advanced Peripheral Bus)
standard data bus and to support multiple transmission data frames with different rates.
Then, the performance of the designed multichannel UART module is evaluated through
simulations and FPGA-based implementation (Field Programmable Gate Arrays).

Keywords: Multichannel UART; APB; FPGA-based design; hardware; testbench.

ham nhi€u cau hinh, téc do truyén va kiém

1. GIOTTHIEU tra bit parity (chan/lé), chi dugc chon & mot

Dé tdi wu viée giao tiép véi cac chuan
bus 16n cta cac hé théng hién dai, cac thiét
ké bo diéu khién truyén nhan UART c6 kha
ning quan 1y nhiéu kénh va st dung bus dit
li¢u 32 bit da dugc dua ra nhung lai dua trén
cac bus dir li€u 32 bit cli cua Motorola
PowerPC series [1]. Thiét ké UART mét
kénh bang ngdn ngir miéu ta phan cimg ciing
da duogc trinh bay qua cac bao cao [2]-[7],
tuy nhién thiét ké con don gian khong bao

c4u hinh c6 dinh va téc do truyén cao nhét c6
thé. Dé cai thién han ché cia céac thiét ké da
c6, bai bao nay trinh bay thiét ké mot module
UART da kénh hoan chinh sir dung giao tiép
bus méi hon la AMBA 3 APB (Advanced
Microcontroller Bus Architecture 3 -
Advanced Peripheral Bus) cia ARM [8]-[9],
sir dung phan ctng tao ngit yéu cau doc don
gian hon, dit d6 phtc tap 1én phin mém
nham giam thiéu tai nguyén logic so voi thiét
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ké cii. Hinh 1 minh hoa hé thong System-On-
Chip (SOC) str dung bus AMBA va module
Multichannel UART. Cu thé, module truyén
nhan don 1& van duy tri k¥ thuat cai thién tde
d6 truyén dong thoi bd sung thém kha ning
hd tro nhiéu téc d truyén, cdu hinh truyén
bao gdm viéc kiém tra 15i parity va thay d6i
d6 rong bit stop [10]. Thiét ké mé rong thém
bd ddng bo tin hidu dé c6 thé thyc hién cac
giao tiép bus bit dong bd. Thiét ké duoc
danh gia qua mo phong va kiém tra thyc té
trén FPGA Cyclone Il - EP2C5T144C8 [12].

2. THIET KE CHI TIET HE THONG

Cac module truyén nhan dugc mé rong
hoat dong duya trén céc tin hiéu cau hinh, cac
bd dém FIFO (First-In First-Out) [13], cac
tap thanh ghi dé luu dir liéu cau hinh va dong
b tin hiéu, cudi cung la module giao tiép Vo1
bus hé¢ théng. Trong bai bao niy, ching toi
xem xét thiét ké UART 4 kénh nhu mot vi du
minh hoa. So @6 khdi ciia mot module UART
da kénh dugc thé hién trong Hinh 2.

2.1. Module Baud_Rate generator

Bo tmyén nhan UART dugc thiét ké phé
bién dya trén phwong thirc 1y mau nhiéu lan
cho mdt bit dir li¢u. Thong thudng mat bit dir
liéu UART c6 thé dugc 1dy mau 16 lan va

Channel 1
USB 10 UART/
—— -
ﬁ DP9 Cable

Channel 2

chon diém giira cua bit dit liéu hay lan ldy
mau thtr 8 dé ldy gia trj cua bit dir liéu do.
Thoi gian léy mau s& phu thudc vao tin hiéu
s_tick tao boi khdi Baud Rate Generator, do
d6 chi can thay d6i s_tick thi tc do truyén s&
duoc thay doi.

2.2. Module Register File

Khéi Register Files gdbm cac thanh ghi
lwu gia tri cau hinh va trang thai cia cac kénh
truyén UART. M&i kénh truyén can 10 bit dé
cau hinh, 6 bit, ky hiéu Frame Config, dé
cAu hinh frame tmyén nhén va 4 bit, ky hi¢u
la Rate Config, dé cau hinh téc do baud.
Khéi APB Interface s& giao tiép truc tiép véi
v6i tap thanh ghi nay dé ciu hinh cac kénh
truyén.

2.3. Cac bo dém sFIFO va rFIFO

sFIFO 1a bo dém dir liéu dé giri di va
rFIFO 1a bo dém dir li€u nhan duogc. B§ dém
FIFO c6 nhiéu cach thiét ké, co thé bat dong
bd xung Clock doc ghi [14], c6 thé nhiéu port
doc ghi, thiét ké nay chi st dung mot bd dém
FIFO don gian nhat (minh hoa trong Hinh 3).
Bo dém dia chi nhi phan sé& sir dung thém 1
bit dé phan biét day va tréng gitta hai con tro
dia chi doc va ghi.

Channel 4
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Hinh 1. H¢ thong SOC sir dung bus AMBA va module Multichannel UART.
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6 khoi ciia hé théng.

Hinh 2. So d



Tap Chi Khoa Hoc Gi4o Duc Ky Thugdt Sé 61 (12/2020)
Truong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

fifo data in ———————p w_data rd_data ————————— - fifo data out
w_en
—p{ w_addr rd_addr
Register File
L {w addr rd_addr
B e L dfp————rd

full ——————{ full
Read_Request_[RQ € almost_full

empty ——————————» empty

FIFO
controller

clk—p
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Hinh 3. Cdu tao bé dém FIFO.
2.4. Module Synchronization

Viéc hai thiét bi s6 khong dong bo giao
tlep v6i nhau c6 thé dan dén vi pham céc yéu
td dinh thoi coa cac Flip Flop ¢ hai thiét bi,
khién céc thiét bi nay roi vao trang thai
Metastable [15]. Chung ta c6 thé thiét ké cac
mach ddéng bd 'gdm cac Flip Flop ghep ndi
tiép v6i nhau dé tai dong bo tin hiéu.

Synchronizer
——————————————————————————————
i |
1 |
[ 1

IN_ASYNC | _|ouT SyNC !
O DoQ !

|

|

|

T

Hinh 4. Mach déng bé ding 2 Flip Flop.
2.5. Module UART Transmitter

Mot module UART Transmitter riéng 1é
chi truyén duoc dir liéu cho 1 kénh, do do6 co
tong cong 4 module UART Transmitter cho 4
kénh truyén. Khéi hoat dong dua trén tin hiéu
ciu hinh tir tdp thanh ghi Register File, tin
hiéu s_tick tir by Baud Rate Generator va tin
hi¢u Parity ctia bo Parity Generator. B Baud
Rate Generator va tap thanh ghi Register File
da duogc trinh bay & trén, con module Parity
Generator thuc chat 1a mot mach XOR tin
hiéu ngd vao lai va tao ra bit Parity chin, do
hé théng hoat dong véi s6 bit dit lidu co thé
diéu chinh duoc va co hd tro ca Parity 1¢ nén
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bo Parity Generator con can thém mach t6
hop quyét dinh ngd ra [10].

2.6. Module UART Receiver

Module UART Receiver ciing hoat dong
dua trén tin hiéu céu hinh tir tip thanh ghi
Register File, tin hi€u s_tick va tin hiéu Parity.
Tuy nhién ngd vao tin hi¢u UART la mét ngd
vao bat déng bo, do d6 can tai dong bd ngd
nhu duwoc thwc hién &  module
Synchronization, tin hi¢u rx s€ dugc tai déng
bd qua 2 Flip Flop. Bo Parity Check ciing
g@)m mdt mach XOR tin hi¢u nhung c6 mach
t6 hop lwa chon tin hiéu ra don gian hon bo
Parity Generator, do khi bat dau nhan dit liéu
thi khdi UART Reciever s& reset thanh ghi
chtra dir liéu nhan vé muc logic 0 va XOR véi
bit 0 thi khong thay d6i két qua, nén bd Parity
Check khong can lya chon s6 luong bit XOR
ma ding mdt mach XOR 8 bit ¢6 dinh.

Do gi6i han sb trang, ching t6i khong
trinh bay chi tiét luu d6 ASM (Algorithmic
State machine) cho UART Receiver va
Transmitter.

2.7. Module APB Interface

Module APB Interface c6 chuc nang
giao tiép v6i bus APB ddng thoi diéu khién
ghi/doc dit liéu. Giao tiép APB theo chuin
AMBA 3 APB sé c6 thém tin hiéu PREADY
dé thuc hién giao tiép c6 trang thai chd cho
hai hé théng khong dong bd. Module c6 mod
hinh trang thai hiru han nhu [8]-[9].

2.8. M0 ta thanh ghi

Cac thanh ghi dugc dinh nghia trong
thiét ké duoc miéu ta qua Bang 1. Cdu hinh
chi tiét va chirc ning ciia cac thanh ghi trén
dugc miéu ta qua Bang 2.

Bdng 1. Cac thanh ghi ung voi dia chi

PADDR va kiéu truy cdp
PADDR | Kiéu Tén thanh ghi Chitc niing
[3:0] |truy cép
0000 | Poc/Ghi |Baud_Rate_Chl_2| CAu hinh téc d6
kénh1va2
0001 | Poc/Ghi |Baud_Rate_Ch3 4| CAu hinh téc do
kénh 3 va4
0010 |Doc/Ghi | Frame_Config_ 1 | Ciu hinh frame
kénh 1
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Tén thanh ghi

Miéu ta

Status

Chra trang thai hoat dong ctia hé théng.
[3:0]: Full_send, thé hién viéc diy bo
dém giri cho 4 kénh truyén, tmg véi
ngit Full FIFO Send IRQ.

[7:4]: Full_receive, thé hién viéc day bo
dém nhan dir liéu cho 4 kénh truyén.
[11:8]: Frame_err, béo 16i Frame khi
nhan tin hiéu tir kénh truyén cho 4
kénh (bit [8] cho kénh 1)

[15:12]: Parity_err, bao 16i Parity khi
nhén dir liéu tir kénh truyén cho 4 kénh.
[19:16]: Data_available, bao hiéu c6
dir liéu hop 1€ trong b dém FIFO
nhan cho 4 kénh.

[23:20]: Rd_req, bdo hi¢u bd dém
nhén da diy 70%, img voi ngét
Read_Request_IRQ.

Read_1

Chl'rg dir liéu nhan duoc tir kénh
truyén 1.
[7:0]: kénh 1. [31:8]: Toan bg bit 0.

Read 2

Chtra dit liéu doc vé ctia kénh 2.

Read 3

Chtra dit liéu doc vé ctia kénh 3.

Read 4

Chtra dit liéu doc vé ctia kénh 4.

Read_All

Chl’Igi dir liéu nhan cua ca 4 kénh
truyén. [7:0]: kénh 1. [15:8]: kénh 2.
[23:16]: kénh 3. [31:24]: kénh 4.

PADDR| Kiéu Tén thanh ghi Chitc niing
[3:0] |truy cép
0011 |Doc/Ghi | Frame_Config_2 | Ciu hinh frame
kénh 2
0100 | Poc/Ghi| Frame Config_3 | Céu hinh frame
kénh 3
0101 | Poc/Ghi| Frame Config_4 | Céu hinh frame
kénh 4
0110 | Chi Ghi Write_1 Ghi dit liéu
truyén di kénh 1
0111 | Chi Ghi Write_2 Ghi dit liéu
truyen di kénh 2
1000 | Chi Ghi Write_3 Ghi dit ligu
truyén di kénh 3
1001 | Chi Ghi Write_4 Ghi dit liéu
truyén di kénh 4
1010 | Chi boc Status Poc trang thai bo
truyén nhan
1011 | Chi Boc Read_1 Doc dir liéu kénh
1
1100 | Chi boc Read_2 Poc dir liéu kénh
2
1101 | Chiboc Read_3 DPoc dir liéu kénh
3
1110 | Chi Boc Read_4 Doc dit liéu kénh
4
1111 | Chi Boc Read_All Poc dirliu ca 4
kénh

Bing 2. Cdu hinh va chirc ning ciia céc
thanh ghi trong thiét ke

Tén thanh ghi

Miéu ta

Baud_Rate_Chl 2

Chu hinh tb¢ do truyén nhén kénh 1 va
2.[3:0]: kénh 1. [7:4]: kénh 2.

Baud_Rate_Ch3 4

Chu hinh tb¢ do truyén nhén cua kénh
3va4
[3:0]: kénh 4. [7:4]: kénh 5.

Frame_Config_1

Céu hinh Frame cho kénh truyén 1. )
[1:0]: Parity. [3:2]: Stop Bit. [5:4]: s0
Data Bit. [6]: Cho phép ngat.

Frame_Config_2

Tuwong ty Frame_Config_1, cAu hinh
cho kénh 2.

Frame_Config_3

Tuwong ty Frame_Config_1, cu hinh
cho kénh 3.

Frame_Config_4

Tuwong ty Frame_Config_1, cu hinh
cho kénh 4.

Write_1 Chura dir liéu s€ gui di qua kénh
truyén UART 1.

Write_2 Chira dit liéu cho kénh truyén thir 2.

Write_3 Chira dit liéu cho kénh truyén thir 3.

Write_4 Chira dit liéu cho kénh truyén thir 4.

3. PANH GIA CHAT LUQNG CUA
THIET KE

3.1 Tai nguyén logic sir dung

Thiét ké véi day du cac chuc nang dugce

tong  hop

trén

FPGA Cyclone II

EP2C5T144C8 c6 tai nguyén logic dugc s
dung nhu tom tit trong Hinh 5. Tan s6 hoat
dong toi da ciia mach dugc tong hop trén
FPGA Cyclone 1l EP2C5T144C8 la 128.11
MHz (xem Hinh 6).

Flow Status

Quartus II 64-Bit Version
Revision Name
Top-level Entity Name
Family

Device

Timing Models

Total logic elements

Total registers
Total pins

Total virtual pins
Total memory bits

Total PLLs

Total combinational functions
Dedicated logic registers

Embedded Multiplier 9-bit elements

Successful - Tue Jul 14 20:15:34 2020
12.1 Build 177 11/07/2012 5] Web Edition
UART_APB

Quad_UART_APB

Cyclone II

EP2C5T144C8

Final

1,282 / 4,608 (28 % )

1,181 /4,608 ( 26 % )

728/ 4,608 ( 16 % )

728

67/89(75%)

0

12,288 / 119,808 (10 % )
0/26(0%)

0/2(0%)

Hinh 5. Tai nguyén Logic sir dung trén

FPGA.
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Slow Model Fmax Summary

‘ Restricted Fmax | Clock Name ‘ Mote ‘
123.11 MHz PCLK

‘ Frmax
1 123.11 MHz

Hinh 6. Tan sé téi da ciia thiét ké trén
FPGA.

3.2 Két qua danh gia qua md phéng

Thiét ké s& duwoc md phong qua 6
Testcase dugc li¢t ké trong Bang 3, bao ham
hét cac tdc do va cau hinh hd tro. Dit liéu ciu
hinh va dir li¢u nhan duogc cling dugc doc va
ghi qua cac chu ky giao tiép bus APB (xem
Hinh 7). Lan luot 6 Testcase di duoc thuc
hién m6 phdng. TAt ca Testcase déu duge
kiém tra, so sanh va déu co két qua dung véi
ly thuyét. Dua vao day c6 thé két luan thiét
ké co hoat dong tot trén md phong, dam bao
viéc truyén nhan UART & nhiéu téc do va
ciu hinh khung truyén khac nhau, kha ning
giao tiép theo chuan bus APB.

Bing 3. Bang tém tat cdc Testcase.

Testcase Noi dung
(tbe dd truyén (symbol/s) /sb bit dir liéu/ sb
bit stop/ Parity)
Testcase |Cac kénh truyén dwoc ciu hinh mic dinh: 9600/

1 8/ 1/ khong parity

Testcase |CAu hinh tdc do cua cac kénh truyén:
2 - Kénh 1: 600/ 8/ 1/ khéng parity

- Keénh 2: 1200/ 8/ 1/ khdng parity

- Kénh 3: 2400/ 8/ 1/ khong parity

- Kénh 4: 4800/ 8/ 1/ khong parity

Testcase | Tuong ty Testcase 2 v&i cdu hinh tdc do
3 - Kénh 1: 9600 symbol/s

- Kénh 2: 14400 symbol/s

- Kénh 3: 19200 symbol/s

- Kénh 4: 28800 symbol/s

Testcase | Tuong tu Testcase 2 voi cAu hinh tdc do
4 - Kénh 1: 38400 symbol/s

- Kénh 2: 56000 symbol/s

- Kénh 3: 57600 symbol/s

- Kénh 4: 115200 symbol/s

Testcase | Tuong tu Testcase 2 voi cAu hinh tdc do
5 |- Kénh 1: 128000 symbol/s

- Kénh 2: 256000 symbol/s

- Kénh 3: 128000 symbol/s

- Kénh 4: 256000 symbol/s

Testcase |Cau hinh frame khac nhau
6 CAu hinh frame kénh 1:
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Testcase No§i dung
(tbe dd truyén (symbol/s) /sb bit dir lidu/ s6
bit stop/ Parity)
- 9600/ 8/ 1.5/ Parity 1&
Cau hinh frame kénh 2:
- 9600/ 7/ 2/ Parity chin
CAu hinh frame kénh 3:
- 9600/ 6/ 1.5/ Parity chin
CAu hinh frame kénh 4:

- 9600/ 5/ 2/ Parity 1¢

3.3 Két qua danh gia thuc té trén FPGA

Dé kiém tra chat lugng module UART
duoc thiét ké khi hoat dong gan véi thuc té,
ching t6i dung kit FPGA nhu mdt cong cu
hiéu qua, gan voi thuc té dé danh gia chat
luong cua thiét ké hé thong sé [11]. Kit
FPGA duogc su dung 1a kit Altera Cyclone II
v6i mi cu thé 1a EP2C5T144C8 [12]. Tan sb
Clock chinh ctia hé théng 1a 50 MHz.

Chung t6i can sir dung thém cac module
¢ chtrc niang giao tiép va hién thi nhu duogc
minh hoa trong Hinh 8 va 9. B¢ giao tiép voi
may tinh va ngudi kiém tra, FPGA duoc gin
vao mot mach PCB (Printed Circuit Board)
¢6 cac nat nhan va man hinh LCD 16x2, céac
module USB — UART dugc ding dé két ndi
PCB va mdy tinh. Thiét ké s& duoc kiém tra
dé dam bao hoat dong truyén nhan qua céac
Testcase giong voi phan md phong bang
phin mém Terminal. Sau d6 s& tién hanh
nhdn lién tuc mdt chudi dir li¢u bing phan
mém Realterm Serial Capture Program [16]
dé danh gia ty 1¢ 16i va do on dinh cua thiét
ké. Phan mém s& truyén file text cé dung
lugng 1 Mbytes véi dit lieu 1a chudi
0123456789 lap di lap lai. Dwa vao chudi
tang dan va lip lai nay module Tester s& xéac
dinh dir liéu nhén duoc 1a dung hay sai. Vi
phan mém Terminal, sir dung nut nhan dé gui
dir liéu 1én cham va khong lién tuc. Pong
thoi dir liéu ky tu s& dugc gui dén FPGA va
hién thi trén LCD 16x2. Sau khi dam bao
duogc hoat dong ctia mach s& ding phan mém
Realterm Serial Capture Program [16] dé
truyén nhan 1 Mbytes dir liéu noi t1ep nham
danh gia ty 18 161 va do on dinh. Két qua
duoc thdng ké qua Bang 4.
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Bing 4. Két qua truyén nhan dir liéu theo chudi.

Baud Rate Data Bit | Parity | StopBit | Error
2400 8 None 1 0
4800 8 None 1 0
9600 8 None 1 0

14400 8 None 1 0
19200 8 None 1 0
28800 8 None 1 0
38400 8 None 1 0
56000 8 None 1 0
115200 8 None 1 0
128000 8 None 1 0
256000 8 None 1 0
9600 8 Odd 2 0
9600 8 Even 2 0

Hinh 7. Giao tiép bus APB.

Két qua danh gia qua mé phong va thyc
té trén kit FPGA dd chi ra rang module
UART 4 kénh duoc thiét ké dam bao kha
nang hoat dong on dinh, dap tng duoc cac
yéu cau dé ra. Thiét ké dap ung tt viéc
truyén nhan UART & nhiéu cdu hinh khac
nhau thé hién qua céc Testcase duoc thay dbi
vé téc d va ciu hinh truyén.

TRANGEER ITRANSFER wnmw |
4 fEme ? ADDRE : P ADDRESS UART AP %1 s
PWRITE P WRITE f
8 Ruje——
PWDATA P WDATA
0 0 Synchronize
PRDATA 2 PRDATA
PREADY PREADY
DONE DONE Full Send IRQ
Tester Module APB Master R Ree IRQ

4

4

244

LCD Data

LCD Module

Hinh 8. Mach kiém tra thuc té.

Hinh 9. Phdn citng kiém tra thuc té.
4. KET LUAN

Thiét ké duoc trinh bay trong bai bao
nay str dung chuan bus AMBA 3 APB va la
chuan bus di kém theo su phat trlen cua dong
vi xtr Iy ARM. Mach quan ly ngit duoc thiét
ké don gian va tlet kiém tai nguyén hon.
Thiét ké mé rong vé cau hinh va cau hinh
truyén hon so véi cac bai bao da co trude day
nhung van dam bao thiét ké toi wu vé toc do
truyén & mdi kénh truyén. Thiét ké UART da
kénh duoc trinh bay trong bai bao nay c6 thé
dugc st dung nhu mdt soft IP core & qua
trinh Front End khi thiét ké IC d¢ tao Netlist
va Function. Bén canh do, trong khi hau hét
cac thiét ké vi mach it dugc chia sé¢ cong
khai, thiét ké UART da kénh dugc trinh bay
trong bai bdo nay cé gia tri cho viéc hoc tap
cac mon lién quan t6i thiét ké hé thong sb noi
chung va thiét ké vi mach noi riéng.
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