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= COP8SBR block diagram = Multi-Input-Wake-Up (MIWU)
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= SRAM » Serial Interfaces (USART,

= FLASH program memory MICROWIRE&A )
= Boot ROM Organization = Brown-Out

Zero Cost EEPROM (Virtual . WATCHDOGA

EEPROM)
= Option Register = 1/0O Ports
= FLEX Bit = Higher Integration
= Clock Doubler COP8FLASH devices
= Power Save Modes 2 LOEGLER
. HALT. IDLE 10-bit SAR A/D
= COPSAME

Op-Amps
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ARCHITECTURE : COP8 CORE

8BIT CORE
Modified HARVARD Architecture

INTERRUPT 16 BIT MICROWIRE +
CONTROLLER TITI\/IlER Sp)

INSTR
DECODE PSW

LOGIC ICNTRL

ILLEGAL CNTRL
CONDITION S

DETECT CPU Registers
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COP8SBR PERIPHERALS

/O Ports

Oscillator

Dual Clock WATCHDOG
Clock Doubler Clock Monitor

L

B IE |A
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COP8SBR Block Diagram

NT 8-bit Core 1/0 Ports Power / Control
Modified Harvard E USART
Architecture . DIF|IC|G|L|B|A|E VCC |GND| CKI Resef
| 16-bit
icrowi : | Idle Oscillator
Microwire . .
PlUS 2 | Timer Watchdog Dual Clock
2| TO Timer Clock Doubler

v v

CPU Registers

: | 16-bit | 16-bit F3L2A|§|EE| e
: | Timer | Timer & RAM Multi-Input
: | 50ns | 50ns EEPROM
+ Brown-Out
lllegal ”
Condition | cNTRL
Detect i
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= Bank Switched Memory
OXFF

0x70 - Ox8F {

0x00

SRAM ORGANIZATION
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COPBFLASH MEMORY ENDURANCE

100000

| 60000

25C

O

I < N~

Erase Time (ms)

- =20C

-40C

» 100k erase/write cycles
100 years data retention

0-40C 0O-20C ©BWOC W25C

 Up to 125C operation
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32k FLASH Memory Block

ADDRH : ADDRL

@ = Features:
Y Decoder = Organized in 128 x 8 Blocks
= Internal High Voltage
X = Self Timed, CPU clock
D . Independent programming
—> § . = Programmable via uWire,
g user ISP code, emulator or
T 1985 8 external, parallel 3rd party
programmers
= Absolutely no external
Data Butfers hardware, high voltage or

ﬁ ﬂ Reset signals required.
ISP Write| | |SP Read
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COP8FLASH Boot ROM

ROM

= Features:

= Factory default MICROWIRE
ISP support

= Support for User’'s own FLASH
based ISP routines via
subroutine calls

= KEY Lock Register for added
safety

« Zero Cost EEPROM support

= Byte and block data transfers
between RAM and FLASH

= Emulation support

Page 9



COP8BFLASH Zero Cost EEPROM

s Zero Cost EEPROM

= User can dedicate any amount of FLASH program
memory as non-volatile data memory

= single byte read/write and multiple byte read/write
operations are supported through user callable
Boot ROM routines

= Benefits

= Eliminate external EEPROM or battery backed
SRAM

= Variable size EEPROM (up to entire FLASH memory
available for EEPROM use)

=« Best of all: It's free
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COP8FLASH Zero Cost EEPROM

= 64/128 byte page has to be saved to RAM (1
subroutine call to ISP code).
= COP8FLASH generous RAM sizes provide ample space for
mirroring Virtual EEPROM data in RAM
= FLASH page is then erased ( 1ms independent of
microcontroller clock)

= a single byte or multiple bytes can be written back
at the user’s convenience.

= Writing a single byte (@10MHz) takes approx. 140us.
Multiple bytes are slightly faster (approx. 120us/byte)

= During the time of a write to FLASH the
microcontroller is blocked from executing code out
of program memory.

= Nevertheless any interrupts occurring are latched and can
be processed after the write has been completed
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Zero Cost E? Page Updates

RAM — FLASH

Call CBLOCKW]

Cal CBLOCKR ROM
FLASH —» RAM ©
(1) >
Update RAM
FLASH Page Erase
Call CPGERASE RAN
©, >
128x 9 FLASH
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OPTION REGISTER

Nonvolatile Option Register (Ox7fff) - (Default=0)

| *| Option Byte Conents

O ption Reqizter

1 Shatus:

iz SEM“T.*:*"TW | ﬁPW z
R '

_ IEIF'TIEIN Register Werfied: D8h ..Updated

= Bit.0
= Bit.l
= Bit.2
= Bit.5

= Bit.3/4/6/7

FLEX : Execution from ROM/FLASH
HALT : Disable/Enable

WD : Watchdog Disable/Enable
SEC : Secure Flash Memory against
read/write/erase

Reserved
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FLEX (Flash Execute) Bit

= COPS8 use of FLEX bit: Upon exit from reset
program is fetched:
= FLEX=0 BOOT ROM
= FLEX =1 FLASH MEMORY

| nstruction bus

FLASH
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COP8FLASH Clock Doubler

= Double Selected Clock Frequency
= Feeds the Core (CPU CLK))

(CORE
CPU CLK HS TIMERS

ADC
W r X2 | BAUD
CLOCK SOURCE MAXCLK MAXCPU

CLK
HIGH SPEED 10 MHz 20 MHz

LOW SPEED 32 KHz 64 KHz
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Power Save Modes

= Dual Oscillator support
= Halt Mode, high speed oscillator stopped

= ldle Mode, timer TO and selected oscillator
active

= Multi-Input Wakeup, to exit power save
modes based on external events

= Operating Voltages down to 2.7V
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Multi-lnput Wakeup

WKEDG
0o  WKPND
N\
LO )
L1 )
|/ Reset
L2 D 4 HALT
L3 — IDLE
) L\
L4 I—
L5 =
. ( )
L7 - //
YN
Port L
must be e EN 0
Input b ICNTRL
< Internal Data Bus >
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COP8FLASH Oscillator modes

20MHz CPU clock

\ Dual Dual /

Clock < > Clock
" Slow Fast \

64kHz CPU clock 20MHz CPU clock

ldle

ldle
32kHz 32kHz

All frequency values assume 10MHz/32kHz external oscillators

Page 18



COP8FLASH Clock Modes

Clock CKI | CPU Te | Tioe lcc lioLe LoalT

Mode CLK | (ms) | (ns) (mA) (mA) (M)
max./(typ) | max./(typ) | typ.

High | 10MHz|20MHz| 0.5| 0.5 14.7 2.5 2

Speed

Dual |10MHz|20MHz| 0.5| 30.5 14.7 2.5 5

Clock

Fast

Dual 32.7K| 64KHz| 152.6| 30.5| 95/(50)(mA)| 30/(15)(mh) 5

Clock

Slow
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~ COPSSBR
- Peripherals




COP8SBR Timers

= Timers:
= 10 16-bit free-running ldle timer

= T1 16-bit multifunction timer, clocked by
Instruction clock (500ns@10MHz

oscillator)

= T2, T3 16-bit high-speed multifunction timers,
clocked at instruction clock or CPU clock
(500ns/50ns)

= 11,T2,T3 Operating Modes:
= Processor Independent PWM
= Counter
= Event Capture
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IDLE Timer TO

= Free running 16-bit timer

= In High speed mode clocked by
Instruction cycle clock, in all other modes
clocked by 32kHz oscillator
= Supports programmable underflow
periods of 4k, 8k, 16k, 32k and 64k

Instruction cycles

= Underflow can generate interrupt and
set a status bit

= Wake-up of the microcontroller after a
pre-programmed time period from
IDLE mode
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Input Capture Mode

Multifunction Timer Block Diagram

Edge Selector Logic

TIAK———1 v

R

Instruction clock » SEL

CPU clock

Underflow

i

T18———1 v

Edge Selector Logic




MICROWIRE/Plus™

= Serial 3-wire interface (SPlI compatible
= Data rates up to 1Mbps

= Easy connection of external peripherals,
like

USB I/F

EERAM

LCD drivers

National audio devices (equalizer, digital tone control,
etc.)
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MICROWIRE/PLUS Example

Chip Select Lines




v ~ o O

nw < @

MICROWIRE/PLUS Circuit Block Diagram

Bit 7 Bit O
Busy| osw
A
‘ > SO
—& 3
> SK
Instruction Clock —>i
Bit 7 BItO
TC1 | TC2 | TC3 |TRUN IEDG CNTRL

Page 26



COP8 USART

COP8SBR COPS8SCG
COPS84CG

COPS888EG

COPB8B4EG
COP888GW COP8SGK

COPS87L8SEB COP8 USART COP884GG
over 20 devices to choose from

COP888GG
COP87L88EG COREEIER
COP888FH
COP87L88GG
COP888HG
COP8SGR
COP8SGE COP8CBR

COPBSGG COP8SGH
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COP8 USART

s USART Features

= Full Duplex

= Fully programmable interface characteristics
= 7, 8, or 9 bit word length
= Even, Odd, Mark, Space, or No Parity
= 1, or 2 Stop Bits

= Two interrupt sources with independent vectors
= Independent clock inputs for Tx and Rx

= Asynchronous or Synchronous operation

= Break Detection and Generation

= Flexible Baud Rate Generator
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USART Block Diagram

2N
| | Wake-Up Logic < PX] roX
n
t
e
& | RBUF |
n - > Interrupt
;“—»* [TBMT - Interrupt
D [ Transmit Shift Register | ~[X] Tox
e A enu > XMIT Clock
t RECV Clock
a I« A _ENR ]
B [< - Eenu |
g CKX
NS

Crystal
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BROWNOUT

= Generates Reset and keeps device in Reset
as long as Vcc Is below the brownout trip
voltage

= Brownout trip voltage available in two settings:
= COP8SBR 2.7-2.9V
= COP8SCR 4.2-4.5V
= COP8SDR No Brownout

s Generates Power-On Reset
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Brownout Operation - Power-On Reset

Vcc 4
vbor | / ___________________________________
1.8V
1.0V
>
Reset Reset _ Device comes out
A Undefined / becomes active " of Reset
|nterna
Reset
3ms 240-255 Tc Idle Timer
min. delay

Page 31



min. delay

/ 3ms |

| nternal
Reset

W .

< > < R

_/

240-255 Tc ldle Timer
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|nternal
Reset

|

240-255 Tc ldle Timer
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Windowed Watchdog

= Watchdog
= Lower Limit = 2K IDLE Timer Tick

= Service Register (WDSVR):
b7:6= Upper Window Select (8K - 64K IDLE timer tick)
b5:1 = (01100) Key
b0 = Clock MonitprIEnabIe/DisabIe

Page 34



Windowed Watchdog

Time

WDSVR
write
pulse

Low Window

'@ T '@ et
it >
?r' i o E.'F' L "
YA eyl
Farfs s e, e
T ._:.._1-1 1 ._:-_1'1
o, et EEh

Upper Window

GL/WDOUT

e
~
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Clock Monitor

= Detects slow or stopped clocks to CPU

s Generates an error condition when selected
CPU clock 1s below 25kHz

= Provides same type of safety as a separate
oscillator for the watchdog timer

= Pin G1 is held low while the clock input
condition IS not met
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COP8FLASH 1/0s

= All COP8FLASH 1/0s have high sink/source
capability (10mA/1.6mA)

= All 1/0 pins can be read back independent
from any programmed 1/0O state (i.e., read
the “true” external pin status)

Bidirectional 1/0 Port Pin

‘ ) Data
Register ’% Xl

<
Configuration
Register

= Individually software
configurable 1/0 options
for each pin

« TRI-STATE Input (Open-
Drain Output)

= Weak Pull-Up Input
= Push-Pull Output

—>

<
<

Output-Only Port Pi

n
Data
Register

—>

nwcCcw —r>»Z20mMm4dZ2—

Page 37



= COPBS X R 9 H VA 8

Family Indicator

Program Memory Size

COP8SBR Ordering Information

Temperature

8=-40°Cto+85°C

Package Type
VA =PLCC

R=32KB

X = Brownout Voltage Range Indicator
B 2.7-2.9V
C 4.2-4.5V

D No Brownout

Pin Count
H=44
L =68

Program Memory Type

9 = Flash
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COP8CBR Block Diagram

NT 8-bit Core 1/0 Ports Power / Control

Modified Harvard
Architecture

USART

DIF|IC|G|L|B|A|E VCC|GND| CKI Resetf

16-bit
R Idle Oscillator
Microwire .
Plus Timer Watchdog Dual Clock
TO0 Timer Clock Doubler

v

CPU Registers

: | 16-bit | 16-bit F3L2A|§|EE| e
: | Timer | Timer & RAM Multi-Input
: | 50ns | 50ns EEPROM
+ Brown-Out
lllegal ”
Condition | cNTRL
Detect i
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A/D Converter

= 10-bit A/D
= Single Ended/Differential mode

s Versatile 16 Channel MUX
= Internal connection to A/D
= External 1/0 pad

i

- 0110100110
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A/D Conversion - Setup

[ Setup A/D ]
v

Conversion Mode Single
Ended or Differential ?

v
Select Clock Divider

v

Determine Channel Number

!
@ (comversion)

MUX =0
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A/D Conversion - Internal Mode

[ A/D ]
Conversion

v

ENAD = Setup Values

@

ADBSY =1

¢

Result = ADRSTH(7:0)
ADRSTL(7:6)

l

More
nversion
?

(2o
N
End
Conversion
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A/D Conversion - External Mode

[ A/D ]
Conversion

v

ENAD = Setup Values

!

ADBSY =0

:

External Circuit Delay ]

I

ADBSY =1

g

Result = ADRSTH(7:0)
ADRSTL(7:6)

More

Conversion
2

N
End
Conversion
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Single Ended MUX Qut

External Signal

Conditioning
Circuit
F 1
MUX OUT AT IN
(ADCHI14) ADCH15)
ADCHOD -
ADCHI3 _ gl Internal A/D
Internal |  Converter
Multiplexaor

Figure 25. A/D with Single Ended Mux Outpul Feature Enabled
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Differential MUX Qut

ADCHOD

ADCHII

External Signal
Conditioning
Circuit

i ! [

MUX OUT

(ADCH14)

—-
*  intemnal
Multiplaxor —1-

MUXOUT AT N
(ADCH13) (ADCHIS)

Internal A/D
Converter

Figure 26. A/D with Ditterential Mux Outputl Feature Enabled
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COPS8AME Block Diagram

NT 8-bit Core
Modified Harvard
Architecture

Microwire
Plus

USART

16-bit
Idle

Timer
TO

1/0 Ports

Power / Control

D|F|C

G|L

VCC|GND| CKI Reset

\Watchdog

Timer

?

Oscillator . Temp.
Dual Clock Sensing

Clock Doubler Diode

f

?

16-bit

Timer
T2

50ns

16-bit

Timer
T3

50ns

8 kB
FLASH
&
Virtual
EEPROM

+

lllegal

512b
RAM

Multi-Input
Wake-Up

Brown-Out

Condition | cNTRL
Detect

CPU Registers
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COPBAME A/D-OpAmp Block Diagram

X 10 DIt | » saves up to 9
§:> SAR external OpAmps (1
per A/D input)
rdog o [—1— AID | . Expandable through
Ardogin1 - [5—1— ’ mux out - A/D input
ardoginz [t $  [Progammaviecan | feature
ardogins [ = Easily add additional
A/D inputs
preiogind [ = Filter functions
ardogins [—— ? = Scale analog input
prcaindl g L/ ! signals to utilize full
Arctog i EFT - A/D resolution
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