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Design of Four—Channel Isolated CAN Communication Module
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Abstract: In view of the real—time and reliability requirements of CAN bus communication system, this paper designs a four—
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channel isolated CAN bus communication module based on CPCI bus. Comparing with existing similar CAN bus device, the designed
module has obvious advantages in cost and circuit integration. The module adopts a single FPGA chip to implement CPCI interface as
well as four independent CAN controller logic, and uses four isolated CAN transceivers CTM1051 to achieve level conversion and elec-
trical isolation at the same time. In the firmware design, PCI bus IP core and CAN IP core realize PCI interface and the CAN bus con-
troller respectively. In addition. device drivers, instrument drivers and soft panel are designed as the module requirement. Through
the experimental test, the module has a bit width tolerance range of =5%, a sampling point characteristic value of 75% , and can

work continuously for more than 3 hours. It has good performance index and reliable four— channel data receiving and sending func-

tions.

Keywords: CAN; CPCI; electrical isolation
0 3%

28 R (Controller Area Network, CAN) %k
Sl EEVRE RS LN B Robert Bosch T 19 42 80 44X,
H AT R I — i AT AR SR R R A A e R e
BRG] T MR e, BT AR, et b B
REJ7oR . FESR ARG TR B F TAE W 2, H e
MIEF R TERY R T Asifb. iz, BETkea.
BT A S5 Tl fl G-, an4 . CAN SR il i [
PrbnifEe (ISO 11898) A, IRy T fe A A i 19 B4 1 2%
z—

Wit CAN SR G A0 o MOk . BT JUAR I
B, @BERMAARINE, RAMREE CAN B0 EAEL
TR ST PR R ST BRILZ AN, S T R X A T A

R B #2020 -07 -23; fEE BHI:2020 -09 - 08,
TEF/ AR FA978 ) B BT I/RIEA
HIBF 5T

SRR LR I RGN S DO R

FIAFETER B 2 ™ 4% A9 25K Wl AT E’Jﬁ?k?ﬁxz TR
FHICAREAE W 45+ 100 2% ) 4% 30 2 DL 25 36 3 3 {5 57 A O 2

BT, M—A4 CAN B& W B 2 maEnt, Hronf
DA 5 3 0 34T TUAR G 5 — 5 . SO 15 A
LI, AN TE AT DA EGE AE T f . Rk, 2 CAN &
Ll A — 2SR RN AR . AT
—Ff CPCI DU 3 3 B 25 CAN L2858 TR B, %8 He A (3
A, SRR I H R R ST L AT R AR
T

1 REZEHESH

Bty CPCI DU E CAN i 423 5 B b 15 S 41 [ 2 fig

YA CPCTHLA . TR R an & 1 /s (1 CPCT 2k &
gk, PUGEE CAN L ZR5m RO B 7E Ry 37 A 42 A0

[EIE S € R U Rl e SR I St N = i R R s S s NS T R - g e I |

CAN iR e B 3T ], s F AL & 5 3 1. 2021,29(3) : 238 - 242,257

BB M www. jsjclykz. com



5 3 R

. G PUSEE RE B CAN i iR T .+ 239 -

CAN gk, CPCI##I#%i217 Windows $#/E R %, W FH#E
38 2 A R R bR e B0%E TP ARG B O R RS BN DU 3 CAN B
2R 30 TRBEHRL I (5 h B M4 il . 76 DU CAN 2R 58 TH AR B
M A, T CPCT 4R 4% H R DY 3 3 CAN
B S

CPCIHLAE

11 1

CPCI 44 i A Bt b /U3 32 CAN At ThE
(Windows &%) LR TR B

B 1 CPClEZ&RLLE

1.1 CPCl#QO

CPCI S &0 AT M EVHATEIE L H, WIS H W
P E A LB

D LA A #la PLX 2 A 8 PCI9054 F1
PCI9056, fif HiX #6085 B B0 s R Pl Sk R, BRSO 2 AT B &
TR RIS, R Bz W R,

2) LHIP . i IP S e RGEwmLy, HEH
W s B SUR TP M M A AR AC T . BN, Xilinx 1) Log-
iCore, Altera f) MegaCore,

1.2 CAN#QO

CAN B /EH  EAb B AR 0 CAN MR B, %
t A CAN EZR P ISCRIL I A 2 o % Al &2 B i, o,
CAN 2 3fi &5 F T4 i 37 R s w5 . o8 BOBUR IS5 4%
A HTER CAN Wifa] i 5 s 1w CAN Wk #5800 fig &
S8 JCHE T 4 32 18 R T RO B4R 22 0 T B B e d . S B
ZIRg.

A4 CAN #8545 3 Al 323 iy 528 X

D) sz A CAN BRI R B I NXP A #
B STA1000, % il 4% & B, 7= Mg ir, AR
B, HAEZBER, HHEA LRI S .

2) £ CAN B 28 M R ol X F oy U7 —
FERREE LR T AR R AT R, (RO T R A 2%
I LB BB 40 AR B PR, 7 Y AR i R T A8 3
TRBE .

3) CANTIP #%.: R IP B A LA K K32 i A5 3 i 4R
B, BIRRG R, RECROSEATERE, EE KM%Y
L5 B B

MAT G FA BRI CAN IR 25 7] e % .

D AERE WA : W IWMAE NXP 2 # 1 TJA1050,
TSR SR BLT IR Sy, X PRI R B A S R R
BF, FHAEH A CAN #6240 34, & 76 W0 & Z Al 1
FEOLHEM G AR LA AEE, SHER, 0% HE
SR 018 i b R Y R R R AR IR DG B R S A A, X

S BTSN B R DR B B T S A 2k
2) b g ks R B R B ZLG S Y
CTM1051 #1 AD A &l 19 ADM3052/3/4 251, 20
WHNEARE SR, FomMEShg, AERmER
FERITT R, W T UK R SN AT BB i T T AE .
TESEBRETE 9 3 B v o AR 4 52 R 5 00 491 4 52 B
FE RS M AR RSE 4 B 4 sk e 2 CPCT #2111, CAN
il g5 A CAN WUk 25 St 7 =
2 T

TR A U T 6 435 B 1 P B O RN LR 3t R TE 3 A
AP E BT LAE.
2.1 FEMGEEIZIT

AR R 2K, B it PCL ALk 3U RoAf
RO FR B e, SCEL U T CAN B ERED, 54
CAN 2. 0B RAHLTE, PR 1Mbps, CAN B0
BRI SR B . 58 F IR A R, JIHE A
FHFE, AR EE PCIIP & L8 CPCIL # 0, CAN
IP #% RS0 8 CAN Bk FEHI . ZLG 2 Fpy CTM1051 RARE
o CAN B2k #n . BEMFABEZ5F AN 2 froR . B0 Ha
XA EZAHE UL FPGA .0 19 5/ & Gt 1Y 41 [l L i i
AU E CAN 2k 4 0%t

- JTAG B i
% [cANB B IPE———%] canif & 280 |42 |
PCT
& [cavg 1P > CANBCR B 1 |42
<::> % FPGA
IP [cANEZIPE {canige a2 |3
X
[ANBZRIPE {caniicsk g3 |2
AS !4@7

V

Bl 2 i CAN i@ A E i (1 H 9% 45 14

1 PCIIP ¥ . f#iJf] Altera B JF &% T.H Quartus [[ $#&fit
B PCLAZ, FEARIEANHE . 1/O B2 F2 48 B8R 55 S5 1F R ik £
Altera 1) FPGA Y75, 76 Quartus [ ST AH L TR,
B8 TIZR IR AR BT IR S L, FIRB SR =W EE,
BA % T Cyclone &%) FPGA EP1C12Q240C8, iX i
FPGA HA 12 060 A~ BHEATT, 240 DA HIFN 239 616 L1
TEAE . e L BT R A [l B mf LK K B AR B A AR .

2) CAN IP #% . fdi [} F & OpenCores #2411 CAN
MR IP DY, Bk DAY A . SR, 1E W Open-
Cores P35 Y] bugtracker TUH BT 5 B FE . % A% TP AT 4R
FHEH — 2 bug, 7ECHL [11] &, fEH AL HEERT
UVM [ 55 0E - & F 2R I8 24 114 56 30F 58 0 XHZ N AZ 31T T 56
W, FFEMT HAPAFER —S B, kT ZMEE)E,
BT A AR g 0 B RE A R R AN B
A A SUE B 1P Z 2T DL, TR S8 CAN &

BB M www. jsjclykz. com



+ 240 - AL i 5 4 %29 %
il 4 . SEPR

3) CAN Wk a8 b T SC B0 bR B8 OF 48 3 Mk 4
B, PR A CAN FRE WO LA, & WL eyl ZLG A Al m
CTM1051 fil AD A #l ) ADM3053, T it — 45 4 i 4,

IR HTE S CTM1051 kAR CAN WA 27 .

2.2 El&Figit

[ PF o 2O S PCL IR RN CAN B 3% 11 9F
SEIRM 2 8] 1) 3% 4% . HAE SOPC Builder W % 3% £ an &1 3

B .
Use Comectons  Name Descrtion Clock End RQ
B ck_3m (Clock Source
(Clock Output
PCI Compler
ection  Clock input
‘avalon Wemory Happed Master
aon Memary Mapped Master
apped Save
-
RQ 06—y
D 16MHz T 4
can_ov_op
/Avakon Memory Uapped Shave ek 33m) 0200000000 (0:000000¢£
Clock nput clk_33m
(Clock Input clk_16m
lcan_av_top
/Avalon Memory Mapped Slave ek 33m  CAN IPf% 0200000100 |0x000001¢
£ (Clock nput clk_3m
[=|  cktem (Clock Input clk_t6m
B can_av_top 2 lcan_av_top
M- /Avalon Wemory Happed Save ek _33m) 0200000200 (0:000002¢¢
a 3m (Clock nput clk_33m
M| oem (Clock nput clk_16m
B can_av_top_3 lcan_av_top
M- /Avalon Memary Mapped Save fck_33m) 0x00000300 (0:000003¢£
ok 3m Clock nput clk_33m
(. gm (Clock nput clk_16m
:
¥ N m_n JAvalon Hemary Hagped Siave oy H BT AL ER 0200000400 (0:00000407
—t—  cock (Clock nput clk_33m
_ “—  iterupt_sender nterrupt Sender fcock] |
B3 T A

D wppp. B AT 33 MHz A 16 MHz 94> i 4,
Horp 33 MHz ok APLAEE M. 2445 PCT A Avalon &
LA 16 MHz b4k B AR SR, 424845 CAN M4 TP
A .

2) PCI B2k 1P ¥ . R A& SOPC Builder H B 7 1Y
PCT B4k TP ., 7 M PCT AL IP B ZHj, T IEMIE
iZ 1P AR Rk .

3) CAN £k IP #% . X OpenCores JF i F & $2 4L 1Y
CAN TP #E LB CAN #5188 . O T figttke TP B A 46 1 —
SR, HFEAEC AL TIEY.

4) AL . THEE Rk A T U CAN &
S — T A M Avalon BERAY P ITLL |
3 R#Eigit

T FBIEE CAN BZGE IR RE . 7 ZAE M1 BT
O BET b AT R R AR . e, T NT— VISA $2
i T H VISA Driver Development Wizard 3 4= 8 1% 75 UK 3/
B, XA REEES ) ZAMEY T 5 S, Eh
Wity S5 3 AE . 42 N kA B AL Windows #:4E R 5 T F
LabWindows/CVI i# 17 I 42 3% 3 7 7 1 3 I B2 1 2 3 0
U
3.1 {URWHEFILIT

G VPP AR 3K 3 72 )5 N 3 i i B R Y 2K, it 18
BT IZBES MR, 4 PR, £S %Sk [12] iR
F A A TC AR L AT DL JE i B 4 B A g 9K B AR T Ok

LT fE

AR FE A A A K Bl B Y B B T CAN L2
IR 3 D EERF .

D CANEGEWIR ARy . ad Bl CAN $2 il 4% 19 #
KA 5 S AL O & AR I S TR, B
Se B E A A A A AL Bl S AR OO0 CAN 5l 25 v
M2 A AAT T PEATICE . 73 0] 58 BT B 23 B . DB A
G U0 5R WA L v OB AR A R B R R AR . S
HEA AR M b Sl L BB RSB CAN
BRI AL . BT A R AT I SR R A A

‘ Eﬁﬁ&%@ﬁﬁ‘

BEA AR

TAEER
BE KT

BE AR

BN AR
Y
BB bS8

¥

BEIEHR
Y
pwar | | |POTRS |
frempetalbingi VT s
B o

Bl 5 T ) 46 A I O e 1A

2) CANRICE B CAN A Ry 7 5T i
CREF) CAN B E . RSOk Z AR S5 i e CAN R 2
FAE A, HATEW R BRI, b — R SR 58 )
A CPU Al LA 4 36 9% vh ¢ 5 BRI 25 F . A fiEHE CAN
MR R E RSB R X Rk, Rk
Wi SCs . REZ WX E e AN, A& T -2 k%
HARSC . Hm AR A 6 s .

3) CAN i SCHMORE 7 . CAN i SCHWORE 7 5% T+ 8
TP, BT HCR R B Al CAN YRR R 19 Bt IR
PRI 7 Jr7n . CAN 5 5 25 58 BB I 35 W0 2 7™ 2B A

BB M www. jsjclykz. com



5 3 R &, &

PO it 3 A 5 CAN J RS Bk st it .+ 241 -

B L E bR RES R REY R
Ty 2l B B TR
| | | }

6 RCKRBERTRERE

Hh T S B B b BT I 55 AR Y . E TP IR 5 R T P S S 1A
T, SR U TR R TR S AT I 2 P T e L, iR
AN ST A DT U PR At A T A B )2 IS Wi 2% b
DX A7 CAN BZR S0, BEHCE BUR B2 o X T 1
—UBE BT BT R e R g5 R

RS A D

K7 R SCHE ORI

Sehrm A R RO K, 7R B AR R R 4
WEHBEEER. T REBAXFEN LE, REE
HEATRUR AT . R 7 1576 Pl

D A FAEERS: Fln SRAM, DRAM %5, 3 i %
H Verilog U154 i L A7 #4242 B, FIFO, 320 B0 B #
A 7E FIFO H, SR )5 E ML CPCIL 2 11 M FIFO H s
Bt o BE AT LA TS LA A7 AR IR E ST R R L
BRME . FHEH AR TR .

2) AT AN FER . R, —HaWHENE

AL 3 C 38 3 A sz B4 FIFO, 382 By B4 15 56 i o
CPCI #: H 7t #£ FIFO ', K5 BRI L, XAy
LK LA S, HRSHFE TR NFE R .

i 0 A CPCT HLAA ) i A 2035 2% B A 2 88 1 W 77
BEUR, N T 4RO R AR R, B ORI AR
TR AT AR AT PR SR AE K/ R 130 000 T,
3.2 FEWRiEt

AT A 8 2 5 R A B AN IR s AR ok S B UT 3y
fe, BRI iRtk THE AR B RIS, Btz
THETANZEHE, BT B8 Y 55 0 7R F 8 O~ A7 2
fig. WA AR A& 8 s .

nnnnnn

£F ae

K8 ki i

4 XBWERSHH

MR H B T 5 IR A U RERY IE A R . it
AT E 9 BRI B RIS R BT R
i IE CAN B2l TS B AT Dy — A~ S [ B B 4 72 CPCT LA
Hi, RH ZLG 2 H i CAN B3 H7 X CANScope ™ R
WA S R Y B CANStressZ X iZ i bk ik 17 41 ¢
ik, CANScope FIiTHHLZ A USB & 4%, 7EiHH L+
% E & B CANScope SR # fill 70 Hr (AT AR ¢ #5241

K
¢ USB

‘ CANScope-Pro43#r{ ‘

| oANstressz |

CANL CANH

| mmwcwamnss |

I e R 2]

FEAY K s I3 T R e ) — SE SR AR R A
BrRit 2z oh . B TR e 7E — S R R AR SN T AR A A
TR ARG DL A SOR 32 B0 1R A KL 7 98 7
I R B 0 R T g 00 3
4.1 RELM

fE S ARAE U AT CAN Y R — A vt o 32 48 1
. M CAN Y RUHR IR — UORAE gt — iR A

BB M www. jsjclykz. com



.« 242 . P A 5 45

%29 %

—., BT CAN B PR B, e mmEshdE &
SIG”, FrLCH T RUEREEER . SRAEE S B A — A7
502 LGRS, WX ERTFELaTHES, REMW
AR AR R A LB

TECRA 2 7 B A AN S TR S B AF . T 9526 B
WRA T S A e 2= . AR A B KA IR . BT LA
CANOPEN [H fr 2H 28 (CANOPEN International Agency,
CIA) ML R RHERR A 87. 506

L2 AAE . WA RFESGE N EE L E, o
B CAN F [ 50, GlIRARER I I, Jr Ll & A4~ 15
HRAE SO, X TRERAEMAER EEAE HE

H 4 CANScope B F7 =W 7T 45 R A 5 007 B 1Y 37 M0 b
#E, k1 PR,

#£ 1 REESAEITN

R RE S iy
>90% KIEEE
80 % ~90% [ 4 Gl A 328 B 8 % D)
70%~80% R 47 G
<70% K EEHT

i CANScope B F (9 R AE i MK DI fE, 153 2] T %
B R AE MRS 5, B 10 FroR, #i Sk KU R AR S
S ATRAE . R SRR SRR AR 7500, R
BEJSGE R B S 7090 ~8000, Wk R U, FUA 2 H Al
HRAE RS NI, ENTARE S IZE R R . Ak 1
PR AR E AT A, B B I A

To test the position distribution of the sampling points of each transceiver
test in CAN networks,the bit width of error is 5%

Detect BandWidth [~] Adjusted by Baudrate

[752¢]
Or 20% 40% 60% 80% IOtX
Start test
10 SR R 5 2R

4.2 [EFDEMNR

PR RS 5 AL /DK S SR ARIE CAN B2 IE R
TR Al o IR RS UE E o O R R AT A i 22 & T 3L
CAN 7 g0 SRS B PRI RS B2, I A 2l TR o el
ToikiR . PR e XA ] CAN A7 s8R AT b i), 38 —
AR AT AS 5 B L 98 B R R SR8 NS B A I, AR
SE BT A L T8 B R R R 0E I L. PRI TS
AT LA A B 2%

A I A AR08 N B INE . o RO T Bl ek B
i 3 B B AL 98 7 2 E I 3K ) BE R 4% 1l CANScope % 1%
R 30, R RNZAEHAE R TR 1 000 kbps N 497 58 78 2
LS5 AN 11 s .

37 98 JBE A 39 00 i B A sk R B T — A CAN Y

Test the current bit width error that CAN network allow. During test
process, other nodes ban on sending data, otherwise it will affect the
test results.

Tolerance(-4% ~ 5%);
Baudrate(960 kbps ~ 1050 kbps);
Bit width(952ns ~ 1.041us);

Test Range(%): From |5 5 to |5 = Start test

B A A R

SRR A ARG AE N, R T T R L. W
2 A AT R R AR 221G LT MR AR . MR & RIRE
TR AR . T A R RE N = 2 306 BRI A T ALY A
AR EEM IR AR, P, AR S b A D 45 R T A B
ORI R OS2 i =f T REZ-BY.Y T
4.3 FEEWK

1 CANScope #f4:d7, B DLiE 3 il & CANStressZ §7J&
Bokil CAN W 2% 4b T 5 BEOIR 2 SR J5 31 40 000 A5 B 2 326 8K
P, RPEHHE DB RN ME 12 fix, TUERKEED
2822 B T ¥R 58 JNE W W B0 AR . 7E A O S B BR S
A LAAS S T R R A% e R I 13 R . B 13 R
CANWave & MR INEIE, A& T 2007, BHEETL
BRI ST AT

L R e R e it e e B

P12 g gk 4

| m{aRt)i

13 IE#E{F CANWave & 1 3P

4.4 BrEEANK

1 CANScope #fF 91, o] LI i it B CANStressZ §7
JEMURIE CAN MIZEAL TR . AR5 . RRIIBL LR % %0
i, MAMBIEME 14 Bia. BIERRED 205 58 8 IE &
FIEIRE (5 . AEMBRTECIR SIS, T IR | 13 iy 1E
W BAR AL S Y .

BT LR Ah, O T IR A B Ko ] TAE ST
MIFRE M, WHEAT THRSE . RAY R, iEN
ZEE A, WID FE MR . PN EAE 50 ms & 2% — WiEHE
5 R BF, CANScope % 50 ms &% — WG, %2 TAE

CFE55 257 T1)

BB M www. jsjclykz. com





