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TOM TAT

Bai bdo nay trinh bay chi tiét viéc phéan
tich, thiét ké va mé phéng I6p vét ly cia
chuén giao tiép PCI Express. L6p vét ly tach
biét véi cac I6p giao dich va I6p lién két div
liéu né duwoc str dung cho viéc trao déi dir
liéu trén céc lién két PCI. Lép vét ly duoc
chia thanh hai khéi phu gém khéi légic va
khéi dién. Lép vét ly duoc thiét ké & mirc hé

théng véi phwong phép thiét ké tor trén
xubng va viét ma Verilog HDL dé thuc hién
I6p vét ly. Cac mod-dun thiét ké cua I6p vat ly
duoc kiém tra tinh ding dén dwa trén mé
phdng chirc ndng. Két qué mé phdng cho
thdy Iop véat ly duoc thiét ké dap (ng céac
chtrc ndng caa lop vét ly trong giao thire PCI
Express™2.0.

Twr khoa: PCI express, physical layer, physical layer packet (PLP).

MO PAU

PCI Express la mot chuan giao tiép toc do
cao duoc thiét k& nham thay thé cac chuan cii
truée day nhu PCI, PCI-X. PCle c6 thé két ndi
duoc véi nhiéu thiét bi ngoai vi va duoc tng
dung nhiéu trong cac linh vyc dién thoai di dong,
hé théng nhang, 1a nén tang cua méy tinh va
truyén théng. PCle 1 bus truyén téc do cao, két
néi diém — diém, c6 thé truyén nhan dong thoi
theo ca 2 hudng.

PCI express 1a hé théng kién trac cac 16p bao
gdm: 16p truyén nhan (transaction layer), 16p lién
két dir lieu (data link layer) va lop vat ly
(Physical layer) trong mdi 16p duoc chia thanh
hai phin phan truyén (Tx) thuc hién qué trinh
truyén di liéu di qua ting 16p dé xir 1y sau do di
liu duoc dua qua link toi thiét bi nhan. Phan
nhan (Rx) nhan dix liéu tur link di vao xir ly dir
liéu va dua qua cac 16p.

PCI express st dung giao thuc truyén nhan
dudi dang cac goi dé dam bao duoc tinh toan ven
cua dir liéu. Chuan giao tiép nay cung cip ba loai
g0i co ban 1a TLPs dugc tao ra tu 16p Transaction
Layer, DLLPs tir I6p Data link layer va PLPs —
Physical layer. Cac g6i dit liéu khi dwoc truyén
qua cac 16p khac, ching s& duoc mé rong bang
cach thém vao céc thdng tin can thiét dé kiém tra
13i, biét dugc diém bét dau-két thic cua goi,...
THIET KE CAU TRUC LOP VAT LY

Lép vat Iy 1a 16p cudi cung trong ciu trdc
PCle. M6 hinh téng quan cua I6p vat 1y dwoc thé
hién nhu Hinh 1. Mot mat 16p vat 1y sé giao tiép
véi 16p lién két dir lieu, mat con lai duoc két ndi
véi link. Lop vat ly sé xu ly cac goi dir liéu duoc
chuyén dén tir I6p lién két dir ligu truoc khi
truyén chang qua link va xir ly cac goi dir ligu
nhan dugc tir link sau d6 dua dir liéu nguoc lai
16p lién két dix lieu.
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DATA LINK LAYER

1L

TX FIFO

Control

RX FIFO

(physical_tx_fifo.v)

(pcie_physical_control.v)

(physical_rx_fifo.v)

| (pcie_physical_orderset.v)

TX Order-Set

RX Order-Set

(pcie_physical_orderset_rx.v)

Scramble

(pcie_physical_scramble.v)

LTSSM

(pcie_physical_ltssm.v)

Descramble

(pcie_physical_descramble.v)

1L

GTX TRANSCEIVER

So d6 chan khéi Physical Layer

—/16—p

--—/1.

Hinh 1. So db khéi 16p Physical Layer

/1— clk_250
/1— clk_pipe
/1— reset_n

phy_dll_tx_data_i
/1— phy_dlII_tx_data_valid_i
r phy_dll_tx_ready_o
/1— phy_dII_tx_sop_i
/1— phy_dlIl_tx_eop_i

phy_tx_rcvr_det_o /11—
phy_tx_rate_ot /1——
phy_tx_deemph_o+ /1——
phy_tx_margin_o /3——

phy_rx_char_is_k_i ~——/2
phy_rx_data_i ~-¢——/16——
phy_rx_valid_i «e——/1
phy_rx_chanisaligned_i r——I/1:
phy_rx_status_i ——/3
phy_rx_phy_status_i ~——/1.

/1— phy_dlIl_tx_packet_type_i PHYSICAL phy_rx_elec_idle_i r——1/1:
LAYER phy_rx_polarity_o /1——
-4+—/16—— phy_dll_rx_data_o phy_tx_compliance_o /1——
--—/1. t phy_dll_rx_data_valid_o phy_tx_char_is_k_ 0 /22—
-<—/1. t phy_dll_rx_sop_o phy_tx_data_o ———/16—»
-—/1. r phy_dll_rx_eop_o phy_tx_elec_idle_o /1——>

-1

-—/1.

/1—» phy_dll_rx_ready_i
t phy_dIl_rx_packet_type_o

r phy_link_init_done_o

phy_gtx_rxvalid_i ——/1
phy_tx_powerdown_o't

phy_phy rdy_n_i ~——/2

/22—

phy_pl_ltssm_state_o /6——»
phy_sel_link_rate_ot /1——»
phy_sel_link_width_o 1 /22—

Hinh 2. So db chéan khéi Physical Layer
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M ta chi tiét cac khai trong lép Physical Layer
Khéi LTSSM (Link Training Status State Machine)

Khéi LTSSM la may trang thai sir dung trong qua trinh khai tao link PCI express. May trang thai
nay bao gém 50 trang théi.

/1—m clk_250
/1—m reset_n Itssm_tx_rcvr_det_o 1 /1——
ltssm_tx_rate_o /1——
~-—/1: r ltssm_scramble_en_o Itssm_tx_deemph_o t /1——
/1 + ltssm_scramble_rst_o ltssm_tx_margin_o ———/3—»
/1 tltssm_ts1l_en_o
/1 tltssm_ts2_en_o phy_rx_char_is_k_i [«——/2
/1—» ltssm_ts1_en_o phy_rx_data_i <——/16——
/1—» ltssm_ts2_en_o ltssm_rx_valid_i r——/1
--—/8 Itssm_link_num_o ltssm_rx_chanisaligned_i r——/1
-4——/8——— Itssm_lane_num_o ltssm_rx_status_i r&——/3
-4——/8——— ltssm_rate_id_o ltssm_rx_phy_status_i ~——/1:
~4——/8—— Itssm_train_ctrl_o Itssm_rx_elec_idle_i ~——/1:
<4——/1—— ltssm_link_up_o LTSSM ltssm_rx_polarity_0 ———/1—»
-—/1. r ltssm_link_train_done_o Itssm_tx_compliance_o /1——>
-—/1. r ltssm_reset_ts_count_o Itssm_tx_char_is_k_o /22—
—/10— ltssm_ts1_rx_count_i Itssm_tx_data_o ——/16—
/1— Itssm_ts1_rx_flag_i ltssm_tx_elec_idle_o /1——m
—/10— Itssm_ts2_rx_count_i Itssm_gtx_rxvalid_i f«——/1
/1— Itssm_ts2_rx_flag_i ltssm_tx_powerdown_o /22—
/8—» Itssm_link_num_i
/8—» Itssm_lane_num_i ltssm_phy_rdy n_i ra——/2
/8—» Itssm_rate_id_i Itssm_pl_ltssm_state_o /6——
——/16— Itssm_descramble_data_i Itssm_sel_link_rate_ o't /1——»
/8—m» Itssm_cfg_linkwidth_i ltssm_sel_link_width_o /22—
/8—m» Itssm_cfg_lanewidth_i

Hinh 3. So db chan khdi LTSSM
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Khéi TX Order-Set
M6 ta thiét ké

1bz
—
orderset_ts1_done_o

—»

v

count_ts1_ts2[2:0]

orderset_ts1 _en_i

orderset_ts2_done_o

. 1'bz
orderset_ts2_en_i —

X7

[15:0]packet_ts1[7:0]

| orderset link _num i | "COM |
| 8'hFFE |orderset lane _num i|
| orderset train_ctrl i | orderset_rate id i |

LI “TSLID I “TSLID ] 0
| “TS1 ID | “TSL ID | .
| “TS1 ID | “TS1 ID |
| ‘TS1 ID | ‘TSL ID |
| “TSL_ID ] “TS1_ID ]

orderset_tx_data_o[15:0]
b Q >
[15:0]packet_ts2[7:0] ?

| orderset_link_num i | “COM |
| 8'hFF |orderset lane _num i|
| orderset train ctrl i | orderset rate id i |

L] “TS1 ID | “TS1 ID |
| “TS1 ID | “TS1 ID |
| “TS1 1D | “TS1 ID |
| “TSLID | “TS1 ID |
| “TS1 ID | “TS1 ID |

Hinh 4. So @ mach thyc hién truyén goi Order-Set TS1 va TS2

Khéi Scramble

Khéi nay duoc thiét ké duya theo tai liéu PCI Express Base Specification v2.0. Trong d¢ tai nay
scramble duoc thiét ké véi do rong dit liéu vao ra 13 16 bit.

/1—m clk_pipe
/1— reset_n

Scramble scramble_data_o ———/16—»

/2—» scramble_en_i
/1— scramble_rst_i
——/16— scramble_data_i

Hinh 5. So dd chan khéi Scramble
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Khéi RX Oeder_Set

-/1—m clk_pipe
/11— reset_n

——/16— order_rx_data_i
-/2—= order_rx_char_i
-/1— reset_ts_count

RX

Order-Set

tsl_count_o ——/10—»
tsl_rx_flag_o /1——
ts2_count_o ——/10—m
ts2_rx_flag_o ——/1—p
ts_rx_o ——/1—p
idl_rx_o ———/1—»
fts_rx_o /1——>=
Skp_rx_o 1 /1——>=
link_num_o ———/8—»
lane_num_o ————/8—»
num_fts_o —/8—p
rate_id_o —/8—»
train_ctrl_o ————/8—m

Hinh 6. So dd chan khdi RX Order-Set

Gian db thoi gian
| | | |
| | | |

clk_pipe f f f 5 5 5 f f 5 f f 5 f

|

Y AT I
order_rx_data_i[15:0] (gl conesy
| |

|
|
Carein)
|
|

| | | | | |
@ E DT,
.

order_rx_char_i[1:0]

ts_rx_o

T T )

link_num_o[7:0]

(R R R R T

2\
s

lane_num_o[7:0]

num_fts_o[7:0]

TSR
S S S

4

e

(5

rate_id_o[7:0] <ise

train_ctrl_o[7:0]

tsl_rx_flag_o

TS )

T oY

| | | |
O e e T, T

Nateialeloleletalelotetelulelalolell

|
i
52505

ts2_rx_flag_o

ts1l_count_o[9:0]
ts2_count_o[9:0]

AT

- e
Veleleteleleltlebeteleelaletotalelotaletelatelo latelo tatale et le el o et let:

AT

55

4

T

A0

T

25 O S

Hinh 7. Gian db thoi gian khéi RX Order-Set

Khéi Descramble

Khéi Descarmble duoc thiét ké twong tu nhu khéi Scramble.
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Khdi TX FIFO
Khdi TXFIFO sir dung FIFO Generator véi cau hinh nhu sau:

logiCJFF Fifo Generator

xilinx.com:ip:fifo_generator:8.4

-

FIFO Generator Summary
Selected FIFO Type
Clocking Scheme: Independent Clocks Memory Type: Built-in FIFO
Selected Simulation Model

Model Generated : Behavioral Model not supported

Notes : Use structural model for simulation. Select the "Structural”" simulation medel option
in the CORE Generator Project settings, then regenerate the core.

Flease refer to FIFO Generator User Guide generated with the core

FIFO Dimensions

Write Width : 16 Read Width : 16
Write Depth : 2050 Read Depth : 2050
Estimated FIFO Usage: 1 of type: 2kx18 Mumber of FIFO chained in depth: 1 -

Additional Features

Almost Full/Empty Flags : Mot Selected / Mot Selected
Programmable Full/Empty Flags : Not Selected J Mot Selected

Data Count Outputs : Mot Selected

Handshaking : Mot Selected

Read Mode / Reset : First-word Fall-through / Asynchronous

Read Latency (From Rising Edge of Read Clock): 0
Consult Data Sheet for Performance/Resource impact of each feature

Hinh 8. C4u hinh TX FIFO cua Physical Layer

Khéi RX FIFO
Khoi RX FIFO sir dung FIFO Generator v6i cau hinh nhu sau:

LogiC P! Fifo Generator

xilinx.com:ip:fifo_generator:8.4

-

FIFO Generator Summary
Selected FIFO Type

Clocking Scheme: Independent Clocks Memory Type: Built-in FIFO
Selected Simulation Model

Model Generated : Behavioral Model not supported

Notes : Use structural model for simulation. Select the "Structural” simulation model option
in the CORE Generator Project settings, then regenerate the core.

Flease refer to FIFO Generator User Guide generated with the core

FIFO Dimensions

Write Width : 19 Read Width : 19
Write Depth : 2050 Read Depth : 2050
Estimated FIFO Usage: 2 of type: 2k«18 Number of FIFO chained in depth: 1 7

Additional Features

Almost Full/Empty Flags : Not Selected [ Mot Selected
Programmable Full/Empty Flags : Not Selected [ Not Selected

Data Count Qutputs : Not Selected

Handshaking : Not Selected

Read Mode [ Reset : First-word Fall-through / Asynchronous

Read Latency (From Rising Edge of Read Clock): 0

Consult Data Sheet for Performance/Resource impact of each feature

Hinh 9. C4u hinh RX FIFO cta Physical Layer
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Khdi Control
Gian d6 thoi gian

clk_pipe f f f f f f f f f f f f
| | | | | | | | | | |
dil_tx_ready o | | | | 1 | | | | | | |
| | | | | | | | |
| | | | |

oS PR e o e g R i
dii_tx_data_i GR35 ‘ e SR

Hinh 10. Gian d6 thoi gian nhan dit liéu va ghi vao TX FIFO

Trong gian d6 thoi gian trén nhan thiy rang viéc thém cac ky tu START va END dugc thuc hién
truéce khi ghi vao TX FIFO.

clk_250 5 f 5 f f f f f f 5 }

(TTTTTN , TR R RS R TR RSN
Yttty ST N N T N N N NN Y

o P P 2 B e o o o o P P o P P, P 0, 0 26 PP
phy_rx_data_i ¢ ' KRR

o o P P o, P PO, 0 T L D (R L R N
T TR R R R TR TIN (TR T TTITN
NTotelalelaletetetetete e s 47 \Teraratatetetete e’

T e e P P e e P P e P
descramble_data_out_i ésasssdsdsdsdsisdsdsd st

R R R R R R

- o R T P P P T P PN
rx_fifo_dat_wr_0[15:0] &5 S SO SENESNE0

N e o e o el e e R

rx_fifo_dat_wr_o[18]

rx_fifo_dat_wr_o[17]

rx_fifo_dat_wr_o[16]

rx_fifo_wr_o

Hinh 11. Ludng dit liéu nhan tir GTX va ghi vao RX FIFO
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Do rong dir liéu cia RX FIFO 1a 19 bit, trong d6 bao gom 1 bit sop, 1 bit eop, 1 bit packet_type va
16 bit goi dit liéu TLP hozc DLLP.

clk_250 f 5 5 5 5 5 § 5 § f

phy_dll_rx_ready i

phy_dll_rx_data_valid_o

Khéi tao ngit

phy _dll_rx_sop_o

phy_dll_rx_eop_o

phy_dll_rx_packet_type_o

Hinh 12. Gian db thoi gian giao tiép 16p Dat Link phia nhén

M0 ta thiét ké khéi tao ngét

) int_txbuffer_packet_int_o

int_txbuffer_wr_error_int_o

) int_rxbuffer_packet_int_o

int_tx_int_en_i
1'bl
—— b Q
int_tx_packet_end_i
—————————en
int_tx_rdclk_i
int_tx_int rst_i i
int_tx_err_int_en_i
1'b1
D Q
int_tx_packet_wr_erf i
MR _Patk W eh
int_tx_rdclk_i
int_tx_err_int_rst i Y
int_rx_int_en_i
1'b1
——FFFFF D Q
int_rx_packet_end_|
——————Jen
int_rx_wrclk_i
int_rx_int_rst_i ?
int_rx_err_int_en_i
1'bl
- D Q
int_rx_packet_rd_efr i
—————(€n
int_rx_rdclk_i
int_rx_err_int_rst_i Y

) int_rxbuffer_rd_error_int_o

Hinh 13. So 6 mach khéi tao ngit

int_gint_en_i

AINTx
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Bing 1. Bang m ta tin hiéu khdi Physical Layer

Tén tinh hi¢u \ 1/0 \ Do rong | Miéu ta
System
clk _250 I 1 Xung clock 250 MHz tir khoi GTX
. Xung clock PIPE. C4u hinh dugc trong qua trinh
clk_pipe ' 1 khéi tao link.
reset_n I 1 Tin hi¢u reset hé thong bat dong bd.

Giao tiép 16p Data Link

Dir liéu go6i TLP hodc DLLP tur khoi Data Link

phy_dIl_tx_data_i I 16 Layer (chiéu truyén)
by dil tx data valid i | 1 Cho biét dir lidu trén phy_tx_data_i co gia tri.
pny_all_tx_data_ — Tich cuc murc 1
Cho biét khdi Physical Layer san sang nhan dit
phy_dll_tx_ready_o 0 1 liéu. Tich cuc mirc 1
by dil tx sop i | 1 Tin hi¢u cho biét bat dau goi dir liéu TLP hodc
phy_afl_tx_sop_ DLLP (chiéu truyén)
by dll tx eop | | 1 Tin hiu cho biét két thac goi dir liéu TLP hogc
phy_all_tx_eop_ DLLP (chiéu truyén)
. Tin hi¢u cho biét goi dir liéu 1a TLP hoac DLLP
phy_dll_tx_packet_type i I 1 (chidu truyén)
hv dil rx data o 0 16 Dir liu goi TLP hoac DLLP t6i khdi Data Link
pny_all_rx_data_ Layer (chiéu nhan)
. Cho biét dit liéu trén phy_rx_data_o co gia tri.
phy_dll_rx_data_valid_o 0] 1 Tich cuc mirc 1
Tin hiéu cho biét bat dau goi dir liéu TLP hoac
phy_dIl_rx_sop_o 0 1 DLLP (chiéu nhan)
hv dil Tx eopb o o 1 Tin higu cho biét két thic goi dir liéu TLP hoc
pnhy_all_rx_eop_ DLLP (chiéu nhan)
. Cho biét khoi Data Link Layer san sang nhan dir
phy_dll_rx_ready_i I 1 liéu. Tich cuc muc 1
ohy_dll_rx_packet type_o 0 1 Tin hiéu cho biét goi dit liéu 1a TLP hodc DLLP

(chiéu nhan)

Giao tiép khdi GTX Transceiver

Tin hiéu nay dung dé kich hoat chudi phat hién

phy tx_rcvr_det o 0] 1 b6 nhan

phy tx_rate_o 0 1 Tin hiéu reset khéi nhan cua GTX Transceiver.

- == Tich cuc muc cao
phy_tx_deemph_o @] 1 biéu khién giao tiép PIPE
phy_tx_margin_o 0 3 Diéu khién giao tiép PIPE
. . ho biét dit liéu nhan la ky tu D hay ky

ohy._rx_char_is_k i | 2 Cho biét dir liéu nha d;(rqc akytu ay ky tu

phy_rx_data_i I 16 Dit liéu nhan dugc tir PCI Express

phy_rx_valid_i I 1 Cho biét dix liéu trén phy_rx_data_i c6 gia tri
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phy_rx_chanisaligned_i I 1

phy_rx_status_i I 3

000 : Receiver not present (when in receiver
detection sequence)/Received data OK (during
normal operation).

001 : Reserved.
010 : Reserved.

011 : Receiver present (when in receiver
detection

sequence).
100 : 8B/10B decode error.

101 : Elastic buffer overflow. Different than
defined in the PIPE specification.

110 : Elastic buffer underflow. Different than
defined in the PIPE specification.

111 : Receive disparity error.

phy rx_phy_status_i I 1 Cho biét trang thai cia PHY
phy_rx_elec_idle_i I 1 Tich cuc khi RX nhan ky tu Electrical Idle
phy_rx_polarity_o @) 1
phy_tx_compliance_o 0] 1
phy_tx_char_is_k_o O 2 Cho biét dir liéu truyén di 1a ky tu D hay ky tu K
phy tx_data_o 0 16 Dir lidu truyén
phy_tx_elec_idle_o O 1 Cho biét dit liéu truyén la ky tu Electrical Idle
Diéu khién trang thai ‘nguck)n ctia phan truyén va
phan nhén
00: PO (normal operation)
phy_tx_powerdown_o O 2 01: POs (low recovery time power down)
10: P1 (longer recovery time/Receiver detection
still on)
11: P2 (lowest power state)
phy_rdy_n_i I 1 Trang thai san sang ctia PHY
phy_pl_Itssm_state o 0] 6 Trang thai hién tai ciia may trang thai LTSSM
phy_sel_link_rate_o @) 1
phy_sel_link_width_o 0] 2
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KET QUA MO PHONG

Ngir canh kiém tra: sir dung Xilink PCle Root Port Model

PCle

Xilinx

< PCle Link

Endpoint 2.0

> PCle Root Port
Model

Hinh 14. So d6 khéi hé théng mé phong 161 PCle

Xilinx PCle Root Port Model: day la model
dugc cung cip boi Xilinx duoc xir dung dé mo
phong cac 16i PCle théng qua giao tiép lap trinh
kiém tra.

| Wave

PCle Endpoint 2.0: la 18i PCle thuc hién
trong dé tai.

Két qua mo phong 18i PCle

File Edit View Add Format Tools Window
MW&VE—DEEI.‘t

|D-2@ 28 s BB 0-AE

J@vfﬁ%é 100 ps 4 E

eI

4 data_link_layer/dl_phy_tx_ready

— {PHYSICAL LAYER}

physical/dk_250

physical/dk_pipe

physical freset_n

physical fphy_dll_tx_data_i

physical fphy_dl_tx_data_valid_i

physicalfphy_dll_tx_ready_o

physicalfphy_dll_tx_sop_i

physicalfphy_dll_tx_eop_i

physicalfphy_dll_bx_packet_type_i

Q20

4200 10001 10120 10004 /5000 10200 J0403 J0201 3770 {14ba Jp000

Hinh 15. Mb ta dit liéu truyén vao 16p vat 1y tir 16p lién két dit liu

Trang 111



Science & Technology Development, Vol 13, No.T4-2015

Hinh 16 Trinh bay qua trinh nhan dit liéu, dir liéu nay duoc ghi vao bo dém va dua 1én 16p lién két
dr lidu.
ﬂ Wave
File Edit View Add Format Tools Window
£ Wave - Default i
-2l -8 i@ [ O-
Qeaan| L ymmr

-

#  data_link_layer/dll_phy_tx_ready

|
:
i

physical/dk_250

physical/dk_pipe

physicalfreset_n
physical/phy_dil_tx_data_i
physicalfphy_dll_tx_data_valid_i
physicalfphy_dil_tx_ready_o
physicalfphy_dil_tx_sop_i
physical/phy_dll_tx_eop_i
physical/phy_dll_tx_packet_type i
physicalfphy_dll_rx_data_o
physicalfphy_dll_rx_data_valid_o
physical/phy_dll_rx_sop_o
physical/phy_dll_rx_eop_o
physicalfphy_dil_rx_ready_i
physical/phy_dll_rx_packet_type_o
physical/phy_link_init_done_o
physical/phy_dlcmsm _init_done_i

A A A A

)

F
F
F
F
F

Hinh 16. Phin nhén dit liéu

ig| Wave - - — B e i, o ———— B o S
File Edit View Add Format Tools Window

£| Wave - Default
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physicalfphy_rx_status_i
physicalfphy_rx_phy_status i
physicalfphy_rx_elec_ide_i
physical/phy_rx_polarity_o
physicalfphy.

physicalfphy. _is k
physical/phy_tx_data_o
physical/phy_tx_elec_idle_o
physicalfphy_tx_powerdown_o
physicalphy_phy_rdy_n_i
physical/phy_pl_Itssm_state_o oo Jod o [ s [ Jod  Yod [ WpF  jix 15 e
physical/phy_sel_link_rate_o

physical/phy_sel_link_width_o

physical InitFC1_send_finish_i

Hinh 17. Qua trinh khdi tao link

KET LUAN Ia 5 GT/s, bang thong: 4 Gb/s va kich thudc goi

Trong bai bdo nay, ching toi d& mo ta duoc truyén tbi da 1a 4 Kbyte. Két qua mé phong cho
chu triic cua I6p VAt 1y, viét code verilog cho ting  thay rang, th’iét ké da mo phong dugc chirc nang
khéi trong thiét ké va kiém tra hoat dong cua €U timg Khoi th{ hop véi chirc néng 16p vat ly
thiét ké nay bang viét code testbench. Téc do Bit  theo chuan giao tiep PCI express 2.0.
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Design and simulation of PCI Express

physical layer
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ABSTRACT

This paper presents a detailed analysis,
design and simulation of PCI Express
Physical Layer. The Physical Layer isolates
the Transaction and Data Link Layers from
the signaling technology used for Link data
interchange. The Physical Layer is divided
into the logical and electrical subblocks. The
paper designed Physical Layer in the system
level with top-down design method and

wrote the Verilog HDL codes to implement
Physical Layer. Wrote testbench to verify the
correctness of the design module for function
simulation. The simulation results show that
the designed Physical Layer meets the
required of the function of PCl/ Express™
Physical layer Base Specification Revision
2.0.

Key words: PCI Express, physical layer, physical layer packet (PLP)
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