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MC6805R6

Technical Summary
8-Bit Microcontroller Unit

Introduction

The MC6805R6 is a member of the low-cost, high-performance M6805 Family of 8-bit
microcontroller units (MCUs). The M6805 Family is based on the customer specified integrated
circuit (CSIC) design strategy. All MCUs in the family use the popular M6805 central processor
unit (CPU) and are available with several different subsystems, memory sizes and types, and
package types.

The MC6805R6 is a 40-pin device based on the MC6805R3 design. On-chip memory has 3776
bytes of ROM and 112 bytes of static RAM (SRAM). The analog-to-digital (A/D) converter has
been expanded to eight channels, and a computer operating properly (COP) system has been
added.

Refer to this technical summary for the architecture of the MC6805R6 and a brief description of its
subsystems and memory map. For MC6805R6 evaluation support tools, refer to Evaluation
Products, Motorola document number BR292/D.

Features

¢ Popular M6805 CPU

e Memory-Mapped Input/Output (I/O) Registers

e 3776 Bytes of ROM

¢ 112 Bytes of User SRAM

o 24 Bidirectional I/O Pins

¢ Eight Input-Only Pins

» Eight-Channel Analog-to-Digital (A/D) Converter

¢ Eight-Bit Timer with Programmable Seven-Bit Prescaler
o Self-Check Mode

o Computer Operating Properly (COP) Watchdog Reset
» On-Chip Oscillator

o Low-Voltage Inhibit Circuit

¢ 40-Pin Dual In-Line Package (DIP)

* 44-Pin Plastic Leaded Chip Carrier (PLCC)

Ordering Information

Package Type Order Number
40-Pin DIP MC6805R6
44-Pin PLCC MC6805R6FN
©MOTOROLA INC., 1991 For More Information On This Product, BR773/D
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Pin Assignments
The following figures show the pin assignments of the DIP and PLCC packages.

NS
Vss | 1 4[] PA7
RESET [] 2 39[] Pas
iNT [} 3 38|l PAs
vop [ 4 37] pPa4
EXTAL [} 5 36 (] PA3
XTAL [} 6 35(] PA2
copC [} 7 341 PA1
TIMER/AN? [] 8 33[] Pao
PCoO | 9 32]] pe7
pct [} 10 31l pes 25 B,
6 5 4 3 2 1 44 43 42 41 40
PC3 [| 12
[ 29]PB4 XTAL Q7 39 PA3
PC4 [} 13 28] P83 COPC [ 8 38[] P2
AN7TIMER [ 9 370 PA1
pCs [} 14 27f] pB2 pco d 10 sh Pao
pcel;15 2% (] PB1 PC1 O 1 350 PB7
PC2 [ 12 34]]1 PB6
pc7 [} 16 2] PBO pcs O 13 3a]) pes
PD7/ANS [| 17 241 PDO/ANO PC4 Q14 32p PB4
_ Pcs [ 15 31 PB3
PD6/ANSANT2 [] 18 23] PD1/AN ne d 16 20h Pe2
PD5NRH I% 19 22 1] PD2/AN2 P8 O17 15 19 20 21 22 28 24 25 26 27 28 2P P8
PD4/AN4 [| 20 21 {] PD3/AN3 SEE EIgzgzss
=B 3 =
e§§§ 25858
a

Pin Assignments
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MCU Structure
The following figure shows the structure of the MC6805R6 MCU.

PA7
j<—> PA6
<c—> PAS
<<—> PA4
[<c—> PA3
lc—> PA2
c—> PA1

SELF-CHECK ROM — 192 BYTES :Vzt lc—> PAD

<<—> PB7
<c—> PB6
c—>- PBS
<—> PB4
<<—> PB3
<<—> PB2

ARITHMETIC > pal
e coumoL LOGIC UNIT <—>PBo

NT (ALU)
M6805 CPU

CPU REGISTERS ‘
| ACCUMULATOR |
[ woExReGsTER | ___’A\‘:>

loJoJoJofof1]1[stackproiNTER ]
[oJo]o]o] PROGRAM COUNTER |
conDiTIoN cODEREGISTER [ 1 |1 |1 [H] 1 Nz ]cC]

ROM — 3776 BYTES :>__—

DATA DIRECTION REG. A
PORTA

SRAM — 112 BYTES <,‘:>:

DATA DIRECTION REG. B
PORTB

<<—3> PC7
lc—> PC6
lc—> PC5
lc—> PC4
<—> PC3
c—> PC2
lc—> PC1
<<—> PCO

YTAL — :<:> TIMER/AN7
— >
; OSCILLATOR DIVIDE >| TMER

XTAL << BY4

<
COP c
COPC <—> L:_—_N/‘Q

Vop ——>
Vgg —>

PORTC

DATA DIRECTION REG. C

Y

<—— PD7/ANG
<—— PDG/ANS/INT2
<<—— PDSVRH
<—— PD4/AN4
<<—— PD3I/AN3
f—— PD2AN2
POWER <—— PD1/AN
<—— PDO/ANO

A/D CONVERTER
PORTD

Block Diagram
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Central Processor Unit Registers
Five CPU registers are available to the programmer.

7 0
I 1 I | I I I
DA ACCUMULATOR (A)
7 0
1 | 1 I T I i
R INDEX REGISTER (X)
1t 5 4 0
I i I I I | | T I I
000 0 0 0 1 1 sP STACK POINTER (SP)
| ] ] | ! | 1 ] ! 1
15 1l 8 7 0
1 | I I I 1 | I 1 I T 1 I
0 0 0 0 | POH Lo e PROGRAM COUNTER (PC)
4 0
I 1 I i 1 1
1,1, 1|H | N Z C | CONDITIONCODEREGISTER (CCR)
CARRY/BORROW BIT
ZERO BIT
NEGATIVE BIT
INTERRUPT MASK
HALF-CARRY BIT

CPU Registers

The 8-bit accumulator holds operands and results of arithmetic and non-arithmetic operations.
The 8-bit index register is used for indexed addressing.

The 12-bit program counter contains the address of the next byte to be fetched.

The 12-bit stack pointer contains the address of the next free location on the stack.

The 5-bit condition code register has four bits that indicate the results of the instruction just
executed. A fifth bit is the interrupt mask.

MCG805R6 For More Information On This Product, MOTOROLA
BR773/D Go to: www.freescale.com 5
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Memory Map

The MCU can address 4096 bytes of memory space. The following figures show the organization
of the on-chip memory.

" [ o o
$000F PORT C DATA REGISTER $0002
$0010 | PORT D DATA REGISTER $0003
RAM PORT A DATA DIRECTION REGISTER T | $0004

112 BYTES PORT B DATA DIRECTION REGISTER T | $0005

sosF | __ | ] PORT C DATA DIRECTION REGISTER T | $0006
$0060 f UNUSED $0007
STACK TIMER DATA REGISTER $0008

32 BYTES TIMER CONTROL REGISTER $0009

s007F l MISCELLANEOUS REGISTER $000A
S0080 UNUSED $000B
UNUSED $000C

UNUSED $000D

A'D CONTROL REGISTER $000E

A/D RESULT REGISTER $000F

1 Data direction registers are write-only
and read as $FF.

USER ROM

3768 BYTES
| COP REGISTER¥ | $oFFo
TIMER INTERRUPT/NT2 VECTOR (HIGH) | $OFF8
$OF37 TIMER INTERRUPT/INT2 VECTOR (LOW) | $OFF9
$OF38 INT VECTOR (HIGH) $OFFA
SELF CHECK ROM INT VECTOR (LOW) | soFFB
192 BYTES : SWI VECTOR (HIGH) $OFFC
$oFF7 | _ ________ | SWI VECTOR (LOW) $OFFD
$OFF8 RESET VECTOR (HIGH) $OFFE
sorFe | TERRUPT VECTORS RESET VECTOR (LOW) SOFFF

1:Writing Zero to bit 0 of $OFFO prevents
COP reset. Reading $0FFO returns
self-check ROM data.

Memory Map

MOTOROLA

v For More Information On This Product, MC6805R6
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Register and Control Bit Assignments

Bit 7 6 5 4 3 2 1 Bit 0

$0000 | PA7 PA6 | PAs PA4 | PA3 PA2 | PA1 | PA0 |PORTA
|
l

| | |
$ooo1 | PB7 | PB6 | PBs | PB4 | PB3 | PB2 | PB1 | PBo |PORTB
I I l

$o002| Pc7 | Pce | pcs | pca | pca | pc2 | Pct | pco |PORTC

$o003| PD7 | Pps | PDs | Pp4 | PD3 | Pp2 | PD1 | PDo |PORTD

$0004 | DDRA7 | DDRA6 | DDRAS | DDRA4 | DDRA3 | DDRA2 | DDRA1 | DDRAO |DDRA

$0005 | DDRB7 | DDRB6 | DDRBS | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO |DDRB

$0006 | DDRC7 | DDRCS | DDRCs | DDRC4 | DDRca | DDRC2 | DDRC1 | DDRCo |DDRC

go07| — | — | — | — [ — | — | — | — Junusep
$0008 [ TDR7 | TDRs | TDRs | TDR4 | TDRs | TORe | TDR1 | TDRo |TOR
soooo| TR | ™™ | TN | mE | psc | Ps2 | Pst | Pso |TcR
soooAl R | M | — [ — | = ] = | = | — ]m
gooB] — | — | — | — ] = | — | = | — Junusep
soooc| — | — | — [ — [ = | = | = | — Junusep
good| — | — [ — | — | — | — | — | — TJuNuseD
$o00E| ccF | — | — | — | Acrs | ACR2 | ACR1 | ACRo |ACR
$000F | ARR7 | ARR6 | ARR5 | ARR4 | ARR3 | ARR2 | ARR1 | ARRO |ARR

/O Port Registers

The 8-bit ports A, B, and C are bidirectional. To configure any port pin as an output, set the
corresponding data direction register (DDR) bit to a logical one. To use a port pin as an input, clear
its DDR bit. A reset clears all DDR bits, configuring all I/O pins as inputs.

The DDRs are write-only registers that always read as $FF.

The 8-bit port D is an input-only port that shares its pins with the A/D converter.

MC6805R6 For More Information On This Product, MOTOROLA
BR773/D Go to: www.freescale.com 7
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Vs DATA DIRECTION

——>! REGISTER
BIT

LATCHED
OUTPgﬁ_ DATA ¢ 1]

CONNECTIONS TO INTERNAL
DATA BUS
/\

\\ <€

[1] This output buffer enables the latched output to drive the pin when DDR bit is 1 (output mode).
[2] This input buffer is enabled when DDR bit is O (input mode).
[3] This input buffer is enabled when DDR bitis 1 (output mode).

170 Port Circuit

I/0 Pin Functions

R/W* DDR /0 Pin Functions
o 0 The I/O pin is in input mode. Data is written into the output data latch.
o] 1 Data is written into the output data latch, which drives the 1O pin.
1 0 The state of the /O pin is read.
1 1 The /O pin is in output mode. The output data latch is read.

*RMW is an internal signal.

PORT A — Port A Data Register $0000
Bit 7 6 5 4 3 2 1 Bit 0
| PA7 | Pas | PAs | Pasa | PA3 | PA2 | PA1 PAO |
RESET: NOT CHANGED BY RESET
DDRA — Data Direction Register for Port A $0004
Bit 7 6 5 4 3 2 1 Bit 0
DDRA7 | DDRA6 | DDRAS | DDRA4 | DDRA3 | DDRA2 | DDRA1 | DDRAO |
RESET: 0 0 0 0 0 0 0 0

DDRA7-DDRAQ — Port A Data Direction
These write-only bits determine whether the PA7-PAOQ pins are inputs or outputs.
1 = Corresponding port pin configured as output
0 = Corresponding port pin configured as input

MOTOROLA For More Information On This Product, MC6805R6
8 Go to: www.freescale.com BR773D
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PORT B — Port B Data Register $0001
Bit 7 6 5 4 3 2 1 Bit 0
Pe7 | Pes | Pes | PB4 | PB3 | PB2 | PB1 | PBO |

RESET: NOT CHANGED BY RESET

DDRB — Data Direction Register for Port B $0005
Bit 7 6 5 4 3 2 1 0

[ DORB7 | DDRB6 | DDRBS | DDRB4 | DDRB3 | DDRB2 | DDRB1 | DDRBO |
RESET: o 0 0 0 0 0 0 0

DDRB7-DDRB0 — Port B Data Direction
These write-only bits determine whether the PB7—-PBO pins are inputs or outputs.
1 = Corresponding port pin configured as output
0 = Corresponding port pin configured as input

PORT C — Port C Data Register $0002
Bit 7 6 5 4 3 2 1 0
[ pc7 [ Pce | Pos | pca | Pc3a | Pc2 | Pc1 | Poo |
RESET: NOT CHANGED BY RESET
DDRC — Data Direction Register for Port C $0006
Bit 7 6 5 4 3 2 1 0
[ oorc7 | ppRes | DDRes | DDRc4 | DDRC3 | DDRC2 | DDRCt | DDRCO |
RESET: 0 0 0 0 0 0 0 0

DDRC7-DDRCO — Port C Data Direction
These write-only bits determine whether the PC7-PC0 pins are inputs or outputs.
1 = Corresponding port pin configured as output
0 = Corresponding port pin configured as input

PORT D — Port D Data Register $0003

Bit 7 6 5 4 3 2 1 Bit0
[ po7 | Pos | Pos | Pp4 | PD3 | P2 | PD1 | PDO |
RESET: NOT CHANGED BY RESET

MC6805R6 For More Information On This Product, MOTOROLA
BR773/D Go to: www.freescale.com 9
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Resets and Interrupts
A CPU reset occurs under the following conditions:
* A power-on reset (POR) is generated when a positive transition occurs on the VDD pin.
« A reset is generated when an external logical zero is applied to the RESET pin.

« The computer operating properly (COP) circuit resets the CPU if the CPU is not serviced by a
program sequence within a specific period of time. When the voltage on the COPC pin,
generated by an external resistor capacitor (RC) circuit, rises above the internal comparator's
reference, a COP reset occurs. Clearing bit 0 of the COP register, located at $0FFO,
discharges the voltage on the COPC pin.

COP — Computer Operating Properly Register $OFFO

Bit7 6 5 4 3 2 1 Bit 0

| - [ -1 =1 =1 =1 =1 — ]cor |
— 0

RESET: — - - — —_ —_

COPR — COP Reset
Clearing this bit discharges the voltage on the COPC pin, preventing a COP reset.

VCH VEL 1 ~—— WRITE TO COP
GENERATOR
R INHIBIT
EXT

\annp ONE | 5

Cext—
— | piscHARGING
TRANSISTOR
CURRENT LIMITING
RESISTOR

COP Circuit

MOTOROLA For More Information On This Product, MC6805R6
10 Go to: www.freescale.com BR773D
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The following internal actions occur on reset:
* The interrupt mask (I) in the condition code register is set, inhibiting interrupts.
¢ The stack pointer is loaded with $7F.
¢ Data direction bits are cleared, making all I/O pins inputs.
e The INT logic is cleared.
o The timer is loaded with $FF.
o The timer prescaler is loaded with $7F.
o The timer control register is loaded with $7F.
¢ The miscellaneous register is loaded with $7F.
o The program counter is loaded with the reset vector.
The CPU can be interrupted in the following ways:
¢ An interrupt is executed by the nonmaskable software interrupt instruction (SWI).

» A timer interrupt is requested when the timer decrements to zero. Setting the timer interrupt
mask (TIM) in the timer control register disables timer interrupts. Refer to Timer.

« An extemnal interrupt is requested when a falling edge occurs on the INT pin.

e An external interrupt is requested when a falling edge occurs on the INT2 pin. Setting the
interrupt mask (IM) in the miscellaneous register disables INT2 interrupts.

MR — Miscellaneous Register $000A
Bit 7 6 5 4 3 2 1 Bito
G VI N I N N N
RESET: 0 1 u U u u U u

IR — Interrupt 2 Request
1 = INT2 interrupt requested
0 = INT2 interrupt not requested

IM — Interrupt 2 Mask
1 = INT2 interrupt inhibited
0 = INT2 interrupt enabled

MC6805R6 For More Information On This Product, MOTOROLA
BR773/D Go to: www.freescale.com 1
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The following actions occur as a result of an interrupt:
¢ The CPU registers are stored in the stack in the order PCL, PCH, X, A, CCR.
» The interrupt mask (1) in the condition code register is set to prevent additional interrupts.
« The program counter is loaded with the appropriate interrupt vector (SWI, INT, or timer/INT2).

o The RTI (return from interrupt) instruction causes the CPU registers to be recovered from the
stack in the order CCR, A, X, PCH, PCL. Normal processing resumes.

Low-Voltage Inhibit
The optional low-voltage detection circuit is a mask option that causes a reset of the MCU when
the power supply voltage falls below a certain level (VLy)). The output from the low-voltage
detector is connected to the internal reset circuitry directly. It forces the RESET pin low with a
strong discharge device through a resistor. The internal reset is removed once the power supply
voltage rises above a recovery level (VLVR), at which time a normal power-on reset occurs.

MOTOROLA For More Information On This Product, MC6805R6
12 Go to: www.freescale.com BR773D
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Timer

The timer consists of an 8-bit software-programmable counter driven by a 7-bit
software-programmable prescaler.

The counter is loaded under program control and decrements toward $00. When the counter
reaches $00, the timer interrupt request bit (TIR) in the timer control register (TCR) is set. Referto
the timer block diagram.

TIMER
PIN

D__ CLOCK SOURCE
|———T_ SELECT
INTERNAL
CLOCK TIMER
(XTAL + 4) INTERRUPT
REQUEST TIMER
INTERRUPT
MASK
$00 1 nr | o | v | me | psc [ ps2 | pst | pso |
PROGRAMMABLE PRESCALER v #
} PRESCALER SELECT |
&-BIT COUNTER
o | mse | | | l | | | s |

Timer Block Diagram

MC6805R6 For More Information On This Product, MOTOROLA
BR773/D Go to: www.freescale.com 13
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TDR — Timer Data Register $0008
Bit 7 6 5 4 3 2 1 Bit0
| TOR7 | TOR6 | TORS | TOR4 | TOR3 | TOR2 | TOR1 | TDRO |
RESET: 1 1 1 1 1 1 1 1

The read-only TDR contains the current counter value. Reading the TDR does not disturb the
counting process.

TCR — Timer Control Register $0009
Bit 7 6 5 4 3 2 1 Bit 0
| TR | ™ | me | Pe | psc | Ps2 | Psi PSO |
RESET: 0 1 1 1 u 1 1 1
U = UNAFFECTED

TIR — Timer Interrupt Request
This read/write bit is automatically set when the counter rolls over from $FF to $00. TIR must be
cleared by software.

TIM — Timer Interrupt Mask
This read/write bit enables timer interrupts.
1 = Interrupt inhibited
0 = Interrupt enabled

TIE— Timer Internal/External
This read/write bit selects either the internal or the external clock.
1 = External clock selected
0 = Internal clock selected

TPE — Timer Pin Enable
This read/write bit enables the timer pin.
1 = Timer pin enabled
0 = Timer pin disabled

Clock Selection

TIE:TPE Clock Source
00 Internal Clock
01 AND of Internal and External Clocks
10 No Clock
11 External Clock

PSC — Prescaler Clear
This write-only bit resets the prescaler. PSC always reads as zero.
1 = Prescaler cleared
0 = No effect

MOTOROLA For More Information On This Product, MC6805R6
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PS[2:0] — Prescaler
These read/write bits select one of the seven prescaler outputs.

Prescaler Select

PS[2:0] Divide By

000 1 (Bypass Prescaler)
001 2

010 4

011 8

100 16

101 32

110 64

111 128

MC6805R6 For More Information On This Product, MOTORO%
BR773/D Go to: www.freescale.com
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Analog-to-Digital Converter

The 8-bit analog-to-digital (A/D) converter uses a successive approximation technique to convert
selected analog inputs continuously. One of eight analog inputs can be multiplexed to the A/D
converter through ANO-AN7. A conversion of the sampled analog input occurs every 30 internal
clock cycles. Whenever the A/D control register is written to, the conversion complete flag (CCF)
is cleared and a new conversion begins. When the conversion is complete, the digitized value of
the analog sample is placed in the A/D result register.

COMPARATOR
D/A ‘ -

3
=8
COUNTER

AAAAAA AAA A +
o =
VRH———¢ El Z L VRL(Vss)
Y
ANO —>>1
ANt —>>
AN2—>>
] mulThieR <>
AN4—>>
ANS—>> > ADRESETREGISTER |
ANG —>~
AN7 —>>
SRR
A/D Converter Block Diagram
ACR — A/D Control Register $000E
Bit 7 6 5 4 3 2 1 Bit 0
| cof | — | — ] — [ o3 | cH2 | cHt | cHo |
RESET: 0 - — - 0 0 0 0

CCF — Conversion Complete Flag
1 = Conversion result available in A/D result register
0 = Conversion result not yet available

QAGOTOROLA For More Information On This Product, MCG6805R6
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CH[3:0] — Channel Select Bits

These read/write bits select one of the 12 A/D channels.

ACR Channel Select Map

CH[3:0] Channel
0000 ANO
0000 AN{
0010 AN2
0011 AN3

0100 VRH
o101 VRL

0110 VRH + 4

0111 VRH +2
1000 AN4
1001 AN5
1010 AN6
1011 AN7

1100 VRH
1101 VRL

1110 VRH + 4

1111 VRH +2

ARR — A/D Result Register $000F
Bit 7 6 5 4 3 2 1 Bit 0
| ARR7 | ARR6 | ARRS | ARR4 | ARR3 | ARR2 | ARR1 | ARRO |

RESET: NOT CHANGED BY RESET

This 8-bit register contains the result of the most recent A/D conversion.

|
MC6805R6 For More Information On This Product, MOTOROLA
BR773/D Go to: www.freescale.com 17
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Notes

MOTOROLA MC6805R6
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Notes
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implementers to use Freescale Semiconductor products. There are no express or
implied copyright licenses granted hereunder to design or fabricate any integrated
circuits or integrated circuits based on the information in this document.

Freescale Semiconductor reserves the right to make changes without further notice to
any products herein. Freescale Semiconductor makes no warranty, representation or
guarantee regarding the suitability of its products for any particular purpose, nor does
Freescale Semiconductor assume any liability arising out of the application or use of
any product or circuit, and specifically disclaims any and all liability, including without
limitation consequential or incidental damages. “Typical” parameters which may be
provided in Freescale Semiconductor data sheets and/or specifications can and do
vary in different applications and actual performance may vary over time. All operating
parameters, including “Typicals” must be validated for each customer application by
customer’s technical experts. Freescale Semiconductor does not convey any license
under its patent rights nor the rights of others. Freescale Semiconductor products are
not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or other applications intended to support or sustain life,
or for any other application in which the failure of the Freescale Semiconductor product
could create a situation where personal injury or death may occur. Should Buyer
purchase or use Freescale Semiconductor products for any such unintended or
unauthorized application, Buyer shall indemnify and hold Freescale Semiconductor
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all
claims, costs, damages, and expenses, and reasonable attorney fees arising out of,
directly or indirectly, any claim of personal injury or death associated with such
unintended or unauthorized use, even if such claim alleges that Freescale
Semiconductor was negligent regarding the design or manufacture of the part.
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