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ABSTRACT

In the paper, we propose a design method and process of a hybrid V2X communication module that combines
WAVE communication, LTE—V2X communication, and legacy LTE communication in evaluating vehicle V2X
electromagnetic compatibility. C—ITS is suitable for safety service applications due to its low latency, and
legacy LTE is suitable for applications such as traffic information and infotainment due to its high latency
and high capacity. In order to evaluate the V2X communication system, the evaluation equipment must have
communication performance of the same level or higher. The main design contents presented in this paper
will be applied to the implementation of a hybrid V2X communication module for electromagnetic compatibility
evaluation.
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Table 1 Comparison between WAVE and LTE—V2X communi—
cation technology
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Table 2 Comparison between existing V2X Module and
hybrid—V2X Module

Cat WAVE LTE-V2X isti
aregory Category | [NSHI8 VEX 1o 4 VoX Module
Type DSRC Cellular V2X Module
S((jeag. of . 2010.05 2017.03 Number of CPU Dual Core Quad Core
standar %Zat%on V2X Modem Secton—Cut2 Secton—Cut3
Communication | yppp 909 11, | 3 GPP Rel.14,15 Communication , IEEE 802.11p,
standards IEEE 802.11p
support 3GPP Rel.14,15
V2X frequency 5.9 GHz 5.9 GHz
C cati BAW BPF X 0
ommunication . .
distance 300 m (FadlUS) Several Km (l”adIUS) RAM DDRS 2 Gblt LPDDR4 24 Gblt
Driving speed < 200 Km/h < 160 Km/h
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Fig. 1 V2X communication module block diagram
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3.1. MCU part

1 B = VX §Al BES WAVESH LTE-V2XE &
F S/W Stack¥} C—1TS A4 ES 8317 $3
s ZEAA MCUZL E Q3. QAN vk
3171 $1314 NXPAF Automotive Grade A9 1. MX8Qxp
Aas AEHA

1.MX8Qxp+ Arm Cortex—A35 1.2 GHz Quad core
Arm Cortex—M4Z o] HE|ZZ AN HEH S 53
st71ell Agkeiet. 5= w22+ LPDDR4 3 GB, H]$%Hd
W2 2= eMMC 32 GB7F 48531t

1 Gbps |54, USB 3.0&2.0, CAN 2.0, u=SD H-EA]
219 F21(UART, 12C, SPD 9} 2 IE|#Ho| A5 A4
gt stolBE = V2X SAl BEe 7HE FE
eMMCE 53l Y ERY 8-S #8381, Linux OS &
Aol AAE ol ARgetESE AA AT

Fig. 2= NXP AF] i MX8Qxp H-52] 75 B2wq et

O_u [‘q'

3.2. Power Supply Part

AL ARAE LE 25} HE 7o) e
ke Sk AR 714 4587 329 I

FETES | EEE)|
+
Usar (M4 Complex CPU Platform Vo
=
- I |
als) NAND CTRL (BEHEZ)
NEON | WP
ne | |
U | wen iMB1 | IMB DS
1648 codes | 1KBSysems 51268 L2 w/ ECC
256K TCH wy ECC e
=]
[crasar | (e | (o ] [ | W‘
OCRAM (256K8)
Comecivy Subspsem
K e
Hm=m|

Low Speed /0 (L510) St

4 Keypad
Tw 0

Ca/DMA |y

SCU CM4 Complex
M4 Platform

16KB codes | 1668 gy gemy
B6E T w] BT

sovcer L | | 2] ] ] [

o] (e | [ | [2amw |

1x UnAT][1x 12q] [ G7IC]

—
vaseta

Fig. 2 Block diagram of NXP i.MX8Qxp functions
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Fig. 3 Circuit diagram of power supply part

Fig. 4 Circuit diagram of WAVE, LTE—V2X modem part
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3.4. Interface Part
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Fig. 5 Circuit diagram of LTE part
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4.1. PCB Stack up 74

V2X %4l 25 PCB Stack up 742 o}# Fig. 6914

8Z Stack-u
Table 3 V2X Communication module interface 57z AR 2= 14T | ®HS | Layer 08
PSR 0.018
Plating 0.023
Category Type Ports IL— COPPER FOIL(0.5 Oz) 0.018 Sl
Wired 1 Gbps Ethernet —— PREPREG 0.090 12
- 0L ——— COPPER FOIL(0.5 Oz) 0.018 P
Wired USB 2.0 2
- e COPPER FOIL(0.5 Oz) 0.018 oA
Wired CAN 2.0 1 —— PRE-PREG 0.200 43
Wired UART 3 L ——— COPPER FOIL{1 Oz) 0.035 POWER
Wired Micro—SD 1 5L —— COPPER FOIL{1 Oz) 0.035 o
| — PRE-PREG 0.200 43
Wired USIM 2 L —— COPPER FOIL(0.5 0z) 0.018 -
Wired SPI 1 7L —— COPPER FOIL(0.5 Oz) 0.018 o
. | — PRE-PREG 0.090 42
Wireless GNSS 1 B ——— COPPER FOIL(0.5 Oz) 0.018 SIGNAL
Wireless WAVE 1 Blatig S0
PSR 0.018
Wireless LTE-V2X 1 TOTAL THICKNESS 1.440
Wireless LTE 1 Fig. 6 PCB Stack up structure
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4.2. PCB Impedance OHZ!

PCB Impedance "% Single line¥} differential Pair
line + 7IX 2 AA Yt} Single line #1% ¢] 50Q
Impedances U¥FA Q) Data #9102 AFE slt} 42Q)
Impedance= LPDDR4 Data line . & AM-3T}. Differential
Pair line®] 90Q<2 USB 2.0 Data line, 100Q-2 LPDDR4
Data line 2.2 AR&-ghct.

Table 49} Table 5= PCB Impedance "}& Zko]t}.

4.3. PCB H|ZH & SZ &0l

PCB A7 ¢+ 3o PCB A&, SMT7HA] 4 #9744

Table 4 PCB Single line impedance value

Layer | Width |Ref.GND | Target 50Q
L1 | 0138 mm | 2 53.8
L3 0.1 mm 2,4 49
Single L6 0.1 mm 57 49
Line L8 0.138 mm 53.8
Impedance | [ aver | Width | Ref.GND | Target 42Q
L1 | 0.2mm 2 44.2
L3 | 014 mm | 24 44.8
L6 | 0.l4dmm | 57 44.8

Table 5 PCB Differential pair

line impedance value

. . Ref. | Target

Layer | Width Spacing aND| 900

L1 0.12mm | 0.13 mm | 2 90

L3 0.11 mm | 0.13 mm | 2,4 89.1

Line L8 ]0.12 mm | 0.13 mm 90
Impedance ) ) Ref. | Target
Layer | Width Spacing aND | 1000

L1 |01l mm|0.13mm| 2 94.9

L3 |0.09 mm|0.18 mm | 24 95

L6 |0.09 mm | 0.18 mm | 57 95
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Fig. 7 PCB Manufacture and surface mounter

Fig. 8 Checking the operation of the manufactured PCB
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