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Connecting the
C166 architecture to CAN (I)

Controller area networks
(CANSs) are becoming in-
creasingly popular, especially
in automotive and industrial
electronics, The C167Cx 1s
the first derivative of the
C166 16-bit microcontroller
to have an integrated CAN
module. But other members
of the Siemens C166 family
can also join the dialog on
the CAN bus via the

SAE 81C90/91 standalone
full-CAN controller, which
has proved particularly
flexible when connected to
the host controller or the
physical layer of O5I.

hugh transmission speed and shoet 3.

fency, & mulimasier concept plus
cormprehensne eroor detecion ard eliming-
tion. Bus access contral by the message
iandifier, high electromagnetic insuscepli-
belity and multicast capabiity alse account
For U pponwing populanity of CANs inato-
molive and industnal electronics. A CAN
licanss bas baen granted by Basch, so tha
CAN modules from Skemens can new be
usad without restnction, The first part of
this article presents the C167Cx and other
membsrs of the C188 Family along with the
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Sﬂlitﬂ[f&ﬂ.[ut"s of the GAN protocol are

SAE BICH0ET CAN contrmiler, Thioe speci-
meen circiits wll show how these modigdes
gree aasy, reliable access o CAN

Connecting an SAB BOCTE6-M
1o CAN with the SAE 81030091

The SAB BOCTE6, a powerful 16-bet mecno-
comreller wiich has been on the market
for shout four years, is the basic buikding
block of the C16E famiby. i contains a RISC-
like, register-bank-criented CPU with a four
stage pipeling which ensures that mast of
the 16 nstructions can be execubed ma sn-
gle machkine cyche af 100 fs, The user-po-
gramimable ineupt system contains 32
inlependart sources with 16 prionty-sat-
ting fevels and has response times of only
500 10 500 ns. The SAR E0CTE6 also con.
faire autanomous penpherats of modular
dsgn, such as a 1000 AD commster with
ten channels, & capluraioampane unit. bwo
sanal inkerfacas and two complex bBmer
blocks. The contrader has 18 bytes of inter-
nal RAM ard, depending on denvative, an-
ather 32K bytes af memory, either as
archip BOM {in the SABR BEC166.5M) or
flash EPROM [SAB BACI6G-5M). plus a
boatstrap loader. The entire architecture is
designed for raped processing of instructions
and minimum response times for extemal
events. CAN madules from the Semicon-
ductor Group thus offer maximen real
time performance for & wide range of
applicatians, aspacialy inindustral autpma-
tion and control, and inautomaotve elecinon
IS

CAN contrallers SAE 21880 P-LEC-44 pack.
afe. two Bt KO pons) and SAE BICH
{P-LCC-28 package, no 1D ports) comtain all
elements reguired for auionomous Tans-
mssinnand reception of CAN protocol mes-

sages, and can be clocked a1 up o 20 MHz,
They support CAN specification V2.0A (B
passive], | they can procass messages
prosided with the 11-bit standard identifiar,
Messages with 29-bit extended identifiers
are not stored, but toderted. Vanows imple-
menialions of the physical layer 130005
layer 1) can e connected by means of a fax-
iy, programemable imedace. The connec:
tio b the host controller can be set up
gither in parallel wia a multplemsd &-hit ad-
dressddata bus compatible with Siemens mi-
craconinaliers (SAB B0CEo. SAR S0C164,
SA-C16K ar senally by mesans of a very
fast synchronows interface {>1 Mbaud). A1
madule functians are then contralled fram
the user CPU via the 8-bet contral register.
Softweare drivers from vanous CAN ool
suppliers are alreacly  avalable for the
SAE 8109091,

The SAE 3103081 can admimister 16 CAN
message abjects, Each of thesa comprizes
eight data byies and twio descrptor bytes
contaEnng impartant infermation abouwt the
configurabon of the refevant objact. Ob-
jects O o T additionally possess tao me-
stamg bytes. fram which the currency of
the data in the data bytes can be inferred.
Clbgect O can be configured o recere al
messagqos that ame not covered by tha oth.
er memory kacations. This module, too, thus
offurs the basic CAN featune,

Ancther specal feature of the SAE 103041
5 its trarsmit check unit. Via the normal
rcuive path, this resds back from e bus
mnterfece @ messsge which has just been
sunLand comparas iU with the recesed data
In this way. the module monitars an-chig
carversion af data stored in pasallel ta the
serial bitstream, @ procedure which B not
coverad by the CAN protocol
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Fig. 1 depicts cannection of anSAE 50C1 65
M ["M" stands for tha P-MOFP packagal
with the SAE B1C90. Both controliers are
cormecied via the mulipkexed 8-hit bus (3.
dressidata lines ADOD to ADY, signals WR#,
RO, ALE), This parslled connection s salect.
ed by apphing a low logic level to pin MS
{a high level would activate the senal mter-
face]. Wit the aid of the remaining address
ines ADE 10 817, the chip-select signal for
the CAN controller (lowactive] can be
grenerated wa decoding loge:, depending
an the extemal memory configuration. The
SAB BOCTGE-M can wse the multiplenad
B-bit bus for the corresponding memony
ranga, and the fasies man-multploxed 16-bi
bues, for example [with individual bus timing
i eachh casal, Tor e remaining ackressas,

Tha SAE B1C50 abtains its defined reset via
the RSTOUTE pn of the SAB 30C166-M.
The INT# intemupt output of the CAN mod-
ule 1= reuted bo & capiure'oompare mput of
the hestcanroller {P2.0inthis case), Via this
ine. the CAN controller can report inoaming
messages. A 40 MHz quartz ascillator feeds
the SAE 80C166M, whose CLECUT pin in
tm supplies the CAMN controllen, with
20 MHz clock mfarmatsan.

The SAE 81C90cantains no implem entation
of tha physcal layer, as this was mtantion-
&y left undefined m the CAN protoced spec-
dication. & iransceneor must iherefore be
usesd. Thes driver module i connected bo the
LAE #1080 vin pms TED transmitlar oul:
put 0L sat by saftware as 8 push-pull autput]
and RX0 (comparator mput O, digital mput),
Keither the second ransmit pn TET nor the
analeg nput B is required here (RET 15 ai
0 ¥). Twwo of the transcesver pins are then di-
raclly cormectedd to the CAN_H and CAR_L
ines of the CAN bus, which i shown inthe
speciman circuit 25 a shigkled, twisted wire
pair with terminating resistors at the erds
of the bus Ine. IF the ransceiver has a bus.
off or power-gawn pn, ths can be doven by
a peoof the twa Bbit [0 poets af the
SAE E1C90 fe.g. pin POC). The application
driven by the SAB B0C166-M, e.g. a robot
controlles, thus allos data interchange with
ol subscaber s inthe same CAN nedwork,

Thar C167CK 16-hit controdier
and connection to CAN

The C167 dso befongs 1o the G165 farmly
and has bean available since oarly 1834, 11
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Fig. 1 Connectian of an S0 S0C166-M to CAN via the SAC DK {paralicl)

offers extensive panpherals with maxmum
peackaging density and extends the function-
ality of the SAB SOC188 in several mapor
paints. The CPU can now admenister up to
16M bytes of address space, sevesal in
stnuctsans have been added to the instruc-
tian set, and the AD converter now has 16
channels, The G167 has 2K bytes of anchip
FANL arvd the imtemupt sysiem has likewise
been extended. Another caplure/compare
v, thress S-bin ports and a PYWH umit weh
four independent channeds heve sko been
implementad, Frve bus-cantral regesters and
an equsl rumber of chip-select sigrets aliow
ihe 167 o access various extemal compo-
nents wathout addibonal address decodng
I, Cne ol the twa USARTs af the
SAE BOCT6E has bean replsced by a syn-
chronous intarface with full-duplex capakd-
iy ard a data rate of 5 Mbaud The on-chip
XBUS recenily introduced penmits straighl-
forwand upgrading of the C167 module by
simply ahding peripheal furctions, inchid

irg] application-specific ones.

The CIEVCW {wathout oscilator prescales)
reprasenis the first denvative with @0 on-

chip CAN modula complying with CAN spec-
ification W2.0B [active). The CI6TCR s
equipped with the same CAN modula, This
varsion additionally contans 4K bytes of
RAM and a PLL. 30 tha C167 wah its vark
aus derivatines k= well equipped for future
high-end applicatons, especially in autamo-
tive and industna electronics. Introduction
af RO and flash EPROM wanianis [fash
camiples are scheduled for the second quar-
ter ol 1995} wil make it a perfect baikling
block for single-chip applications designed
for the mast demarkding requiremants.

Tha CAN modula on the C16TCx

The CAN module contains the KBS inter-
face and the actual CAN comtroller in the
frorrm of function blocks. The XBUS ntarface
lirks the CAN medule te the an-chip XBLS
and thus sels up a very fasl comnection
between CAN controller and CPU. The CAN
cortralor el comprses several urction
blocks operating i parallel. These can send
and receive data, including errar correction,
without increasing the lnad on the CPU, The
mtamal memary of the CAN medule can
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Fig. ¢ Connection of the GI6TCK to GAN

recerde 15 message oljects with a data
lengih af wp to 8 bytes each, Each of these
cijects has its own identifier plus @S oam
combml and bits, and can be defined as o
ther & transmit of a recemea abgect. All the
bl regpstors of the CAN controller are
stored together with the message alyacts
in a J56-byte address area spacialy re-
senved for the CAN module, The C167Cx

likewise cowers a wide range of basic CAN B8

functians,

Fig. 2 shows the conneciien between the
C167Cx and the CAMN hus. The CAN modula
s conrecied 10 the gmsice werkl wa baa
pins. 4.5 and P4 6. of part 4. P4.5 recesas
data from tha physical lyar of the CAM bus
(AN _Rx [ signal), wihde P4 6 irarsfers data

to thee physical lyer (CAN_TxD sagnal). The
apphcation {exqg. an engine managemant
madule or electronic fuel injection system)
is Bnked o the CAN bus. As in the
SAE B1COMVET, the physical layer is not im-
plermamed in the CAN module. so the
CI6TCK is likewise connected wia an exter-
ral transcaiver 5o the CAN bus fines, IF a
powerdowm pin s present, it can be diven
via 4 port pin of the CIETCx (F2.0 in ths
case).

{To be coniviuad)
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