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Abstract

This paper presents design methodology, efficient verification and implementation of a CAN protocol controller. The
design methodology uses a heuristic technique to make the design flexible and cost effective. Using the design.
methodology, we created architecture for a CAN controller which has flexible and low cost features.. For faster
time-to-market and reliable operation of the designed CAN protocol controller, we proposed a three-step verification
process which uses three different kinds of verification techniques. The goal of this three-step verification is to reduce. the
number of test sequences in order to rapidly implement the design without loss of reliability for faster time-to-market.

Hed 9

The designed CAN protocol controller was fabricated using a 0.35 micrometer CMOS technology.
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Fig. 1. Structure of conventional CAN -protocol controller.
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Table 1. Gate counts of each functional block.

Functional Blocks Gate Count

Interface Logic 100
ID Checker 62
Field Manager 627
Synchronizer 594
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Data & Remote Frame Gen. 364
Error & Overload Frame Gen. 207
CRC Calculator - 325
Error Counter 502
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Error Checkers (ACK, BIT, FORM) 50
TOTAL 3189
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Table 2. Simulation time comparisons (units: seconds).

Ut Compile| Link | Sim.
Simulation Type _ . ' Total
Time | time | time
Functional simulation
®RY) 01 101 295 (2997
Functional simulation
(Conformance Test) 058 |058 (113216 |11322.8
Gate level simulation
Gate level simulation
{Conformance Test) 174 1232 963078 |968484
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Table 3. Simulation time for VLS! implementation (units:
seconds). .
. . Compile! Link | Sim.
Simulation Type . . . Total
time | time | time
Functional simulation 01 {01 . 2095 12997
Functional simulati :
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(Conformance Test) ' '
Gate level simulation 02 109 863 |8574
Post layout simulation 02 |10 10078 110090
{clock tree included) ) ' ) '
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2 9% CAN Z2EZ HEEYY HA ¥ AF

(186)

a3y 2

AR % 9ee ¢ & 9k
EE AGE BF/E AP 2AE] kel

Rough Verification® AH23W AOE &3} TAE
gojof2 Al AlE#olHd& Conformance TestollA
AH8ated H2E HE S} g Es AHESlY HaE
@ A7 A3 AHg dojd £ Ak

3. Hm ¥ HII

HT 789 Fo S A F 49 Zo| 7]Ed
2¥E CAN Z2EZ HAEEY9 vng 9. 7|&
¥4 9} DBCANS 739 H& 49 EFE7} £ &5
E2 Q] HA o ~8H«E AOJEY 7} B A
ART & @de zta glon Fadd BlA Atd
AAY AL AL AClEE e wtid R drg
AbELE AF AL FEAel BoiFde &+ A
CLANY 7% HF78< FPGAR T F3tste] AAs
A7) Wl FEF A g @ Hwr}t o FA

ISO¢] Conformance TestS 4=3)312] 29t7) wj&of A
Aol AL BAS S g3 YE BEAR oS olE
AR B2so] AzeEAo] Ay wE AAFA
@ttt wo] vk 2y AHE Fxe AAY A
S 7|Ed BuE AART HE AlE £8 21 ¢
ot ol EYHQ 2o FAH Y] HE
of AAFAe] &olsitts FAol Atk

HE2ANo g FHo| Id5FH CAN ZEEE HAEE®
2 9o YERAT =g 44 o HF H2E
Asted 29 103 2L BES AZste] HF A
R R EERTE

.9_

T

j oy
Aol B3H Bae s

iz
ar

4 7|Z=2| CAN Z2EZ 7HEE2ele| vjT
Table 4. Comparisons between proposed and previous

work.
The DBCAN The paper| CLAN
Proposed (2] (3] [16]
‘ 30,000
Gate count 3,189 11,824 6,840 equivalent
. ) logic gate
Type BasicCAN |BasicCAN |BasicCAN {BasicCAN
Memory FIFO  |Dual-port |External [Internal
structure registers |memory (memory |Buffer
Number of ]
19 6 12 10
blocks
o State chart{ARDID in |[FPGA
Verification | Three Step .
: . ~ land RTL emulation
method Verification . . .
emulation |simulation [only




20064 28 MX-Z53

9. Fotel CAN Z2EZ ZEE
9. Photograph of
controller.

a8
Fig.

of T8
the proposed CAN - protocol

=% H 43 # sD ¥

10. PHE Hol Ufst 2E HAE BE

ad

Fig. 10. Photograph of final test boards of

the
implemented chip. '
789 CAN Z2EZ #AEE#+ Hynix 0.3v7}0]2
£ CMOS3A & o439 AZHR e 383712mWe
S8 2883 50MHz) 22 Fusz Fa@

V.2 E

ALgAY) 277} Woldol et thare F
dolg) dgel E8HOE o848 5 QY& AE
ES2X4 CANY qgo] sz ok 53
g AEd 2 weol A% gl

7]

N

1

b AL

)|
=z

Nlﬂl

g3}
A9 g o

(187

H2s 103

ole] Aol HFsy] Wi 1 AHEHIETL Foiva
Alzﬂr 3% A gdnges & 74 A b
ZEAQ ﬂﬂ°1 %lv} 2 =8dMe o]@ vaesd
Hel o He TEE 532
3 CAN Z2EZ A
CAN Z2EE #AE
gent & Aol

ol

mlo

Moo K

Eﬂ!

E

2 wak ohjet YA BEOR §AY
slel AAH VISR 2 P2}
%

o

4A9 CAN Z2EZ 74E§—a1: 39A A2
s 18802 AZHACH FPGA 2 HAE J
(silicon chip).2 T&= )

A% A" FA2E ST A4 Ao Hojgl
= Aty AZrEe duslate] 2E A Agd
el Y 5 RS F= oy o)F HME
ok ge A7 Al e ¥ vz HEVF Yo
& Rolg wedch

ek

L

Ho

S I

[1] Wolfhard Lawrenz, CAN System ‘Engineering
From Theory to Practical . Applications,
Springer, 1997.

[2] Kirschbaum A., Renner F. M, Wilmes  A., and
Glesner M., “Rapid-Prototyping of a CAN-Bus
Controller: A Case Study,” in Proc. - Seventh
IEEE International Workshop on Rapld System
Prototypmg, pp. 19-21, 1996.

[3] J. de Lucas, M. Quintana, T. Riesgo, Y. Torroja,
and J. Uceda, “Design of a CAN interface for
custom circuits,” in Proc. The 25th Annual
Conference of the IEEE on Industrial Electronics
Society (IECON '99), vol. 2, pp. 662-667, 199.

{41 Donchev B. and Hristov M, “Implementation of

CAN controller with FPGA structures,” in Proc.

CAD Systems in Microelectronics(CADSM 2003),

pp. 577-580, 2003.

Winter A, Bittruf D, Tanurhan Y., and Muller-

Glaser K. D., “Rapid prototyping of a communi-

cation controller for the CAN bus,” in Proc.

Seventh IEEE International Workshop on Rapid

System Prototyping, pp. 152-157, 199%.

Guerrero C., Rodriguez-Navas G. and Proenza J.,

“Design and implementation of a redundancy

manager for triple redundant CAN controllers,”

in Proc. The 28th Annual Conference of the

IEEE on Industrial Electronics Society (IECON

[5]

(6]



104

'02), pp. 2204-2299, 2002.

[71 Ashenden P.J., “Modeling digital systems using
VHDL,” IEEE Potentials, vol.17, pp.27-30,
1998.

[8] Hoi Jun Yoo, IP Authoring and SoC Design
Methodology, Technical Document at SIPAC,
2003.

[9] Byoung-Woon Kim and Chong-Min Kyung,
“Exploiting intellectual properties with imprecise
design costs for system-on-chip synthesis,”
IEEE Transactions on Very Large Scaale
Integration (VLSI) Systems, vol.10, pp.240-
252, 2002. |

(10] International  Standard ISO 11898-1, Road
vehicles Controller area network (CAN),
Partl: Data link layer and physical signaling,
2003 '

[11] Florian Hartwich and Armin Bassemir, “The
Configuration of the CAN Bit Timing,” in Proc.
6th International CAN Conference ((CC99), 1999.

| 2 & M"Y
| 19903 73 ] o &h
At

7 & H g
A}

~ @A A3

, Azt gL 34,
DREEA) A, 2L wE>

A2 85
[ 19924 AR 383}

e 2000

VLS| 7HS 98t CAN ZRES HEEB9 44 ¥ S

S I

(188)

Hed 2

[12] Van Osch M. and Smolka S. A, “Finite-State
" Analysis of the CAN Bus Protocol”, in Proc.
Sixth IEEE International Symposium on High
Assurance Systems Engineering, pp. 42-52, 2001.

[13] International Standard ISO 16845, Road vehicles
Controller area network (CAN) Conformance
test plan, 2004.

[14] Philips Semiconductors, SJAION0 Stand-alone
CAN controller DATA SHEET, 2000.

[15] Namsub Kim, Kyoohyung Cho, Dawi Kim,
Jinsang Kim, and Wonkyung Cho, “Design and
verification of a CAN controller for custom
ASIC,” in Proc. 10th International CAN
Conference on Semiconductor solutions (iCC2005),
pp. 13-18, 2005.

[16] Amaldo S. R. Oliveira, Nelson L. Arqueiro,
Pedro N. Fonseca, “CLAN - A technology-
independent synthesizable CAN controller,” in
Proc. 10th International CAN Conference on
Semiconductor solutions (CC2005), pp. 108-115,
2005.

z ¥ ZA(ARIY
g 19713 A8 igta Hz-3
SHAL
g 19733 ¥ AT
. A A}
1986 FHEhstn HAF e
5 ; ‘i}_}\}_

19809 ~ @4 Ao AATHY FEs
<F A EoF: VLSIA A, ulo] AZ I Z A >



