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Family of 16-bit CAN-enabled CompactRISC
Microcontrollers
General Description
The family of 16-bit CompactRISC™ microcontroller is based
on a Reduced Instruction Set Computer (RISC) architecture.
The device operates as a complete microcomputer with all
system timing, interrupt logic, flash program memory or
ROM memory, RAM, EEPROM data memory, and I/O ports
included on-chip. It is ideally suited to a wide range of
embedded controller applications because of its high perfor-
mance, on-chip integrated features and low power consump-
tion resulting in decreased system cost.

The device offers the high performance of a RISC architec-
ture while retaining the advantages of a traditional Complex
Instruction Set Computer (CISC): compact code, on-chip
memory and I/O, and reduced cost. The CPU uses a three-
stage instruction pipeline that allows execution of up to one
instruction per clock cycle, or up to 25 million instructions per
second (MIPS) at a clock rate of 24 MHz.

The device contains a FullCAN class, CAN serial interface
for low/high speed applications with 15 orthogonal message
buffers, each supporting standard as well as extended mes-
sage identifiers.

The device has up to 64K bytes of reprogrammable flash
EEPROM program memory or ROM memory, 1.5K bytes of
flash EEPROM In-System-Programming memory, 3K bytes
of static RAM, 2K bytes of non-volatile EEPROM data
memory and 128 bytes with high endurance, two USARTs,
two 16-bit multi-function timers, one SPI/MICROWIRE-
PLUS™ serial interface, a 12-channel A/D converter, two
analog comparators, WATCHDOG™ protection mechanism,
and up to 56 general-purpose I/O pins.

The device operates with a high-frequency crystal as the
main clock source and either the prescaled main clock
source or with a low frequency (32.768 kHz) oscillator in
Power Save mode. The device supports several Power Save
modes which are combined with multi-source interrupt and
wake-up capabilities. This device also has a Versatile Timer
Unit (VTU) with four timer sub-systems, a CAN interface,
and ACCESS.bus synchronous serial bus interface.

Powerful cross-development tools are available from Na-
tional Semiconductor and third party suppliers to support the
development and debugging of application software for the
device. These tools let you program the application software
in C and are designed to take full advantage of the Compac-
tRISC architecture.

In the following text, device is always referred to the family of
16-bit CAN-enabled CompactRISC Microcontroller.

Please check the web for the latest update to this datasheet.

Features
n CPU Features

— Fully static core, capable of operating at any rate
from 0 to 24 MHz (4 MHz minimum in active mode)

— Multi-source vectored interrupts (internal, external,
and on-chip peripheral)

— Dual clock and reset
n On-chip power-on reset
n On-Chip Memory

— Up to 64 kbytes flash EEPROM program memory;
can be programmed, erased, and reprogrammed by
software (100 kcycles)

— 3 kbytes of static RAM data memory
— For flash program memory devices, 1.5 kbytes flash

EEPROM memory is available to store boot loader
code (100 kcycles)

— 2 kbytes of non-volatile EEPROM data memory with
low endurance (25 kcycles) and 128 bytes with high
endurance (100 kcycles)

n On-Chip Peripherals
— Two Universal Synchronous/Asynchronous

Receiver/Transmitter (USART) devices
— Programmable Idle Timer and real-time clock (T0)
— Two dual 16-bit multi-function timers (MFT1 and

MFT2)
— 8/16-bit SPI/MICROWIRE-PLUS serial interface
— 12-channel, 8-bit Analog-to-Digital (A/D) converter

with external voltage reference, programmable
sample-and-hold delay, and programmable
conversion frequency

— ACCESS.bus synchronous serial bus
— FullCAN interface with 15 message buffers complaint

to CAN specification 2.0B active
— Versatile Timer Unit with four subsystems (VTU)
— Two analog comparators
— Integrated WATCHDOG logic

n I/O Features
— Up to 56 general-purpose I/O pins (shared with

on-chip peripheral I/O pins)
— Programmable I/O pin characteristics: TRI-STATE

output, push-pull output, weak pull-up input,
high-impedance input

— Schmitt triggers on general purpose inputs
n Power Supply

— 4.5V to 5.5V single-supply operation
n Temperature Range

— –40˚C to +85˚C
— –40˚C to +125˚C
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Features (Continued)

n Development Support
— Real-time emulation and full program debug

capabilities available

— CompactRISC tools provide C programming and
debugging support

Block Diagram
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

2. A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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Ge n e r a l De s c r ip t io n

Th e  fa m ily of 1 6 -b it  Com pa ctRIS C™ m icrocon t ro lle r  is  ba s e d  on  a  Re du ce d  In s t ru ct ion  S e t  Com pu te r (RIS C)  

a rch it e ctu re .  Th e  de vice  ope ra te s  a s  a  com ple te  m icrocom pu te r with  a ll s ys te m  t im in g ,  in te rru p t  log ic,  fla s h  

p rog ra m  m e m ory or ROM m e m ory,  RAM,  EEPROM da ta  m e m ory,  a n d  I/ O port s  in clu de d  on -ch ip .  It  is  ide a lly 

s u it e d  to  a  wide  ra n ge  of e m be dde d  con t ro lle r  a pp lica t ion s  be ca u s e  of it s  h igh  pe rform a n ce ,  on -ch ip  

in te g ra te d  fe a tu re s  a n d  low powe r con s u m pt ion  re s u lt in g  in  de cre a s e d  s ys te m  cos t .  

Th e  de vice  offe rs  th e  h igh  pe rform a n ce  of a  RIS C a rch it e ctu re  wh ile  re ta in in g  th e  a dva n ta ge s  of a  t ra d it ion a l 

Com ple x In s t ru ct ion  S e t  Com pu te r (CIS C) :  com pa ct  code ,  on -ch ip  m e m ory a n d  I/ O,  a n d  re du ce d  cos t .  Th e  

CPU u s e s  a  th re e - s ta ge  in s t ru ct ion  p ipe lin e  th a t  a llows  e xe cu t ion  of u p  to  on e  in s t ru ct ion  pe r clock cycle ,  or  

u p  to  2 5  m illion  in s t ru ct ion s  pe r s e con d  (MIPS )  a t  a  clock ra te  of 2 4  MHz.  

Th e  de vice  con ta in s  a  Fu llCAN cla s s ,  CAN s e ria l in te rfa ce  for  low/ h igh  s pe e d  a pp lica t ion s  with  1 5  orth ogon a l 

m e s s a ge  bu ffe rs ,  e a ch  s u pport in g  s t a n da rd  a s  we ll a s  e xte n de d  m e s s a ge  ide n t ifie rs .

Th e  de vice  h a s  u p  to  6 4 K byte s  of re p rog ra m m a b le  fla s h  EEPROM prog ra m  m e m ory or ROM m e m ory,  1 .5 K 

byte s  of fla s h  EEPROM In -S ys te m -Prog ra m m in g  m e m ory,  3 K byte s  of s t a t ic RAM,  2 K byte s  of n on -vola t ile  

EEPROM da ta  m e m ory a n d  1 2 8  byte s  with  h igh  e n du ra n ce ,  two US ARTs ,  two 1 6 -b it  m u lt i- fu n ct ion  t im e rs ,  

on e  S PI/ MICROWIRE-PLUS ™ s e ria l in te rfa ce ,  a  1 2 -ch a n n e l A/ D con ve rte r ,  two a n a log  com pa ra tors ,  

WATCHDOG™ prote ct ion  m e ch a n is m ,  a n d  u p  to  5 6  ge n e ra l-pu rpos e  I/ O p in s .

Th e  de vice  ope ra te s  with  a  h igh - fre qu e n cy crys ta l a s  th e  m a in  clock s ou rce  a n d  e ith e r th e  p re s ca le d  m a in  

clock s ou rce  or with  a  low fre qu e n cy (3 2 .7 6 8  kHz)  os cilla tor  in  Powe r S a ve  m ode .  Th e  de vice  s u pport s  

s e ve ra l Powe r S a ve  m ode s  wh ich  a re  com bin e d  with  m u lt i- s ou rce  in te rru p t  a n d  wa ke -u p  ca pa b ilit ie s .  Th is  

de vice  a ls o  h a s  a  Ve rs a t ile  Tim e r Un it  (VTU)  with  fou r t im e r s u b - s ys te m s ,  a  CAN in te rfa ce ,  a n d  ACCES S .bu s  

s yn ch ron ou s  s e ria l bu s  in te rfa ce .

Powe rfu l cros s -de ve lopm e n t  tools  a re  a va ila b le  from  Na t ion a l S e m icon du ctor a n d  th ird  pa rty s u pp lie rs  to  

s u pport  th e  de ve lopm e n t  a n d  de bu gg in g  of a pp lica t ion  s oftwa re  for  th e  de vice .  Th e s e  tools  le t  you  p rog ra m  

th e  a pp lica t ion  s oftwa re  in  C a n d  a re  de s ign e d  to  t a ke  fu ll a dva n ta ge  of th e  Com pa ctRIS C a rch it e ctu re .

In  th e  fo llowin g  t e xt ,  de vice  is  a lwa ys  re fe rre d  to  th e  fa m ily of 1 6 -b it  CAN-e n a b le d  Com pa ctRIS C 

Microcon t ro lle r .

Ple a s e  ch e ck th e  we b  for th e  la t e s t  u pda te  to  th is  da ta s h e e t .

Fe a t u r e s

●      CPU Fe a tu re s

❍      Fu lly s t a t ic core ,  ca pa b le  of ope ra t in g  a t  a n y ra te  from  0  to  2 4  MHz (4  MHz m in im u m  in  a ct ive  

m ode )

❍      Mu lt i- s ou rce  ve ctore d  in te rru p t s  ( in te rn a l,  e xte rn a l,  a n d  on -ch ip  pe riph e ra l)

❍      Du a l clock a n d  re s e t

●      On -ch ip  powe r-on  re s e t

●      On -Ch ip  Me m ory

❍      Up to  6 4  kbyte s  fla s h  EEPROM prog ra m  m e m ory;  ca n  be  p rog ra m m e d ,  e ra s e d ,  a n d  

re p rog ra m m e d  by s oftwa re  (1 0 0  kcycle s )

❍      3  kbyte s  of s t a t ic RAM da ta  m e m ory

❍      For fla s h  p rog ra m  m e m ory de vice s ,  1 .5  kbyte s  fla s h  EEPROM m e m ory is  a va ila b le  to  s tore  boot  

loa de r code  (1 0 0  kcycle s )

❍      2  kbyte s  of n on -vola t ile  EEPROM da ta  m e m ory with  low e n du ra n ce  (2 5  kcycle s )  a n d  1 2 8  byte s  

with  h igh  e n du ra n ce  (1 0 0  kcycle s )
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●      On -Ch ip  Pe riph e ra ls

❍      Two Un ive rs a l S yn ch ron ou s / As yn ch ron ou s  Re ce ive r/ Tra n s m it t e r  (US ART)  de vice s

❍      Prog ra m m a b le  Id le  Tim e r a n d  re a l- t im e  clock (T0 )

❍      Two du a l 1 6 -b it  m u lt i- fu n ct ion  t im e rs  (MFT1  a n d  MFT2 )

❍      8 / 1 6 -b it  S PI/ MICROWIRE-PLUS  s e ria l in te rfa ce

❍      1 2 -ch a n n e l,  8 -b it  An a log - to-Dig it a l (A/ D)  con ve rte r  with  e xte rn a l volt a ge  re fe re n ce ,  

p rog ra m m a b le  s a m ple -a n d -h old  de la y,  a n d  p rog ra m m a b le  con ve rs ion  fre qu e n cy

❍      ACCES S .bu s  s yn ch ron ou s  s e ria l bu s

❍      Fu llCAN in te rfa ce  with  1 5  m e s s a ge  bu ffe rs  com pla in t  to  CAN s pe cifica t ion  2 .0 B a ct ive

❍      Ve rs a t ile  Tim e r Un it  with  fou r s u bs ys te m s  (VTU)

❍      Two a n a log  com pa ra tors

❍      In te g ra te d  WATCHDOG log ic

●      I/ O Fe a tu re s

❍      Up to  5 6  ge n e ra l-pu rpos e  I/ O p in s  ( s h a re d  with  on -ch ip  pe riph e ra l I/ O p in s )

❍      Prog ra m m a b le  I/ O p in  ch a ra cte ris t ics :  TRI-S TATE ou tpu t ,  pu s h -pu ll ou tpu t ,  we a k pu ll-u p  in pu t ,  

h igh - im pe da n ce  in pu t

❍      S ch m it t  t r igge rs  on  ge n e ra l pu rpos e  in pu t s

●      Powe r S u pp ly

❍      4 .5 V to  5 .5 V s in g le - s u pp ly ope ra t ion

●      Te m pe ra tu re  Ra n ge

❍      -4 0 ° C to  + 8 5 ° C

❍      -4 0 ° C to  + 1 2 5 ° C

●      De ve lopm e n t  S u pport

❍      Re a l- t im e  e m u la t ion  a n d  fu ll p rog ra m  de bu g  ca pa b ilit ie s  a va ila b le

❍      Com pa ctRIS C tools  p rovide  C p rog ra m m in g  a n d  de bu gg in g  s u pport

[In form at ion  as  o f 5 -Au g-2 0 0 2 ] 
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Ge n e r a l De s c r ip t io n

Th e  CR1 6 MCS 9 / CR1 6 MCS 5 / CR1 6 HCS 9 / CR1 6 HCS 5  Com pa ctRIS C™ m icrocon t ro lle rs  a re  ge n e ra l-pu rpos e  1 6 -

b it  m icrocon t ro lle rs  ba s e d  on  a  Re du ce d  In s t ru ct ion  S e t  Com pu te r (RIS C)  a rch it e ctu re .  Th e  de vice  ope ra te s  

a s  a  com ple te  m icrocom pu te r with  a ll s ys te m  t im in g ,  in te rru p t  log ic,  fla s h  p rog ra m  m e m ory or ROM 

m e m ory,  RAM,  EEPROM da ta  m e m ory,  a n d  I/ O port s  in clu de d  on -ch ip .  It  is  ide a lly s u it e d  to  a  wide  ra n ge  of 

e m be dde d  con t ro lle r  a pp lica t ion s  be ca u s e  of it s  h igh  pe rform a n ce ,  on -ch ip  in te g ra te d  fe a tu re s  a n d  low powe r 

con s u m pt ion  re s u lt in g  in  de cre a s e d  s ys te m  cos t .  Th e  CR1 6 MCS 9 / CR1 6 MCS 5 / CR1 6 HCS 9 / CR1 6 HCS 5  de vice s  

con ta in s  a  Fu ll-CAN cla s s ,  CAN s e ria l in te rfa ce  for  low/ h igh  s pe e d  a pp lica t ion s  with  1 5  orth ogon a l m e s s a ge  

bu ffe rs ,  e a ch  s u pport in g  s t a n da rd  a s  we ll a s  e xte n de d  m e s s a ge  ide n t ifie rs .  

Fe a t u r e s

●      CPU Fe a tu re s  in clu de :  u p  to  2 4 MHz ope ra t in g  fre qu e n cy,  4 1 .6 7  n s  in s t ru ct ion  cycle ,  Mu lt i- s ou rce  

ve ctore d  in te rru p t s ,  Du a l clock a n d  re s e t .  

●      On -ch ip  powe r on  re s e t  

●      On -Ch ip  Me m ory 

●      On -Ch ip  Pe riph e ra ls  in clu d in g :  US ARTs ,  Mu lt i Fu n ct ion  Tim e rs ,  S PI/ Microwire -Plu s ,  A/ D,  ACCES S .bu s ,  

Fu ll CAN in te rfa ce ,  Ve rs a t ile  t im e r u n it s ,  An a log  com pa ra tors ,  In te g ra te d  wa tch dog  log ic 

●      I/ O Fe a tu re s  in clu de :  u p  to  5 6  ge n e ra l pu rpos e  I/ O p in s  with  TRI-S TATE ou tpu t  

●      4 .5 V to  5 .5 V S in g le  s u pp ly ope ra t ion  

●      Fu ll t e m pe ra tu re  ra n ge  op t ion s  

●      Com pe t it ive  De ve lopm e n t  s u pport  

[In form at ion  as  o f 5 -Au g-2 0 0 2 ] 
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