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MC146805E2

Advance Information

8-BIT MICROPROCESSOR UNIT

The MC146805E2 Microprocessor Unit {(MPU) belongs td the M6805
Family of Microcomputers. -This 8-bit' fully static' and expandable

CMOS

(HIGH PERFORMANCE SILICO

8-BIT

microprocessor contains a CPU, on-chip RAM, 1/0, and TIMER. ltis a

low-power; low-cost processor designed for low-end to mid-range ap-
plications in the.consumer, automotive, industrial, and communications
markets where very low power consumption constitutes an important
factor. The following are the major features of the MC146806E2 MPU:

HARDWARE FEATURES .
@ Typical Full Speed Operating Power of 36 mW @ b v
® Typical WAIT Mode Power of 56 mW
® Typical STOP Mode Power of 25 uW
112 Bytes of On-Chip RAM
16 Bidirectional 1/0 Lines
Internal 8-Bit Timer with Software Programmable 7-Bit Pres
External Timer Input
Full External and Timer Interrupts
Multiplexed Address/Data Bus
Master Reset and- Power-On Reset :
Capable of Addressing Up to 8K Bytes of E
Single 3- to 6-Volt Supply

| Memory

S SUFFIX
CERDIP PACKAGE
CASE 734

L SUFFIX
CERAMIC PACKAGE
CASE 715

P SUFFIX
PLASTIC PACKAGE
CASE 711

Z SUFFIX
CHIP CARRIER
CASE 761

On-Chip Oscillator

40-Pin Dual-In-Line Package
Chip Carrier Also Available

SOFTWARE FEATURES
® Similar to the MC6800

® Versatile Interrup
® True Bit Manj

RoHS-compliant and/or Pb- free versions of Freescale products have the functionality
and electrical characteristics of their non-RoHS-compliant and/or non-Pb- free
counterparts. For further information, see http://www.freescale.com or contact your
Freescale sales representative.

For information 'on Freescale.s Environmental Products program, go to
http://www.freescale.com/epp.

For More Information On This Product,’

PIN ASSIGNMENTS

RESETQ' @ " VDD
1RQQ 2 39[josc
ugs 3sfjoscz
psf4 370 TIMER
R/WI[]5 36[1PBO
Asq 6 35[]PB1
PA7L} 7 34[1PB2
PA6l} 8 33[r83
PAS[}9 32[1PB4
PA4q 10 -31P8s
PA3L 11 aofires
PA2Q312 29[1PB7
pAl[3 28180
PAC[14 271181
A12[1s 26182
A11[16 25183
At0[17 24184
Asllis 23[1B5
As[}19 22[186
vgslj20 21087

This document contains information on-a:new product. SpecificatiGi@atoafwwwwifreescale.CcOMMVOTOROLA INC., 1882
are subject to change without notice. . ) ’ ‘
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- MAX_IMUMB

, i "'Vélvue' o Unit

Supply Voltage 1 203to +80" v
All Input Voltages: Except osc1 | Vss~05t0 Vpp+0.5 v
Current.Drain Per Pm'Excludmga\(Dijfand Vés : - ':'f 10 . mA
Operating Temper ture Ra ge T CU TR0 Ty

~MC14680BE2. “Ta | e 0070

 MC146805E2C =g ol 401085
Storage Temp'é‘r:amré:TRahge R Tstg' )it —-b6 o+ 160

Charactenstlcs

i THERMAL CHARACTERISTICS -

_inputs against damag
“ages or electnc f|elds |

Thermal Res:stance

Q»_Plastlc
Cerdip
Ceramic .-

~-Chip=Carrier - -

| symbol?| Value:

“Unit

Prescaler [ 1!
pEIGE

g Counter

i Port

Siro
- Lines

. ‘Port

10
Lines:

4 Osciltator

CPU

- Conitrol

ALY

Go to: wy

1M2Zx 8

RAM

;MOTOROLA Sem:conductor Products Inc.

Far More Information On This Product,
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By {oprotect the
gh static volt-
rever, it is advised
ions be taken to avoid ap-
age-higher than maxi-

This device contains cir

nd Vout be constrained to the
5= (V,n or Vout)<VDD Rehablhty

- to ‘an appropnate Iogxc voltage - level
g either. VSS or Vppl-

28 e B a0
i e ey
i Mux %6
G DBrus B2 Multiplexed
(e i ‘15_.33 Address/
g 24 Data
.2 -‘ B4 Bus
e Emes
N it
‘-A.'B7
i —19.A8
‘A'SQreSS' | 18 g A A9 Address
rive
f 17. Al Bus
| B A11
15 A12
JE —6’ AS Address Strobe
Bus 4 .
Control - ——5-DS Data Strobe (¢2)
: - —=emR/W Read/Write




DC ELECTRICAL CHARACTERISTICS @ 3.0 V (Vpp=3.0 Vdc, Vgg=0, TA=TL to TH, unless otherwise noted)

Characteristics Symbol Min

Output Voltage (I gag=10.0 zA) \\llgﬁ VDD_— 01
Total Supply Current.(C| =50 pF — No dc Loads, teye =5 us)

Run (V). =0.2V, V|y=Vpp-0.2 V) 'DD mA

Wait (Test Conditions — See Note Below) DD pA

Stop {Test Conditions — -See Note Below) DD 100 pA
Output High Voltage -~

(lLoad=0.256 mA) A8-A12, B0-B7, DS, AS, R/W - \%

(ILoad=0:1 mA) PAQ-PA7, PB0O-PB7 — \
Output Low Vdltage o

(ILoad=0.26 mA} AB-A12, BO-B7, PBO-PB7, DS, AS, R/W,PAQ-PA7 — 0.3 Y
Input High Voltage

PAQO-PA7, PBO-PB7, BO-B7 21 - \

TIMER, TRQ, RESET 25 - \
- 0sC1 21 - \Y
Input Low Voltage (All Inputs) — 0.5 \
Frequency of Operation

Crystal - 1.0 MHz

External Clock dc 1.0 MHz
Input Current

RESET, IRQ, TIMER, 0SC1 lin - +1 uA
Hi-Z Output Leakage

PAO-PA7, PBO-PB7, BO-B7 ITsL - +10 pA
Capacitance

RESET, iRQ, TIMER Cin - 8.0 pF
Capacitance

DS, AS, R/W, A8-A12, PAO-PA7 Cout - 120 | pF

NOTE: Test conditions for Quie

Go to: www-.freescale.com
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 De ELECTFHCAL CHARACTERISTICS‘ @ OV Vop

0 Vdc :|:10% VSS 0, TA TL to TH, unless other\lee noted)

Output Voltage “Loads 10 0 uA

Stop (Test Condmons

Qutput ngh Voltage
Wl sad=1.6 mA): A A12 30-B7;

30-PB7, DS, AS, RIW ©

Input H|gh Voltage .
-PAOQ- PAY; PBO-PB7;: BO B7 '

TIMER, iRQ, RESET: .

0sc1

input Low Voltage (Al Inputs

Frequengcy of Operatlon L

' " Crystal : i fese | 5.0 MHz
| External: CIock A foscn |5 des 5.0 |MHz
input-Current [T T . : ’
-RESET, RQ;: TIMER OSC1' lin - + 1 pA
Hi-Z Output Leakage . R o ]
'PAO-PAZ, PBO- PB7‘ O",B7 ~ TS} so=r BT 210 A
Capacttance GEgERETL " : :
it HESET iRQ; TIMEH : Cin ~ 8.0 pF
Capacttance e R : i .
DS, AS, H/W A8 A12 PA A7, PBO- CCout = | 120 | pF

- maximum. )
capacnance £

a **§aauwﬂtgf9roﬁte¢ucts 'nc

reescale.com




TABLE 1 — CONTROL TIMING (Vgg=0, To=T| to T

Vpp=3.0V Vpp=5.0V % 10%
fosc=1 MHz fosc=5.0 MHz
Characteristics Symbol Min Typ Max Min Typ

I/0O Port Timing — Input Setup Time (Figure 3) ' tPVASL 500 — — 250 —
Input Hold Time (Figure 3) tASLPX 100 — — 100 —
Output Delay Time (Figure 3) tASLPY — — 0 — — ns
Interrupt Setup Time (Figure 6) HILASL 2 — us
Crystal Oscillator Startup Time (Figure 5) 1OXOV — 30 ms
Wait Recovery Startup Time (Figure 7) IIVASH — — us
Stop Recovery Startup Time {(Crystal Osciliator) (Figure 8)| tj ASH - ms
Required Interrupt Release (Figure 6) tDSLIH - us
Timer Pulse Width (Figure 7) tTH, tTL| 0.5 toye
Reset Pulse Width {Figure 5) TRL 55 )
‘Timer Period (Figure 7) tTLTL 1.0 toye
Interrupt Pulse Width Low (Figure 16) HULIH 1.0 Toye
Interrupt Pulse Period (Figure 16) oL * toye
Oscillator Cycle Period (1/5 of tgyc) toLoL | 1000 ns
0SC1 Pulse Width High tOH 350 ns
0SC1 Pulse Width Low toL - - 75 - — ns

*The minimum period t||_ should not be less than the number of

cycles.

. : Vpp=45V
TTL Equivalent
MMD6B150 R )
or Equiv. 2
on
R : MMD7QOO
or Equiv.
- Pin Ry R2 - C.
PAO-PA7, PBO-PB7 | 115k 2.1k 50 pF
BO-B7, AB-A12, i
R/W, DS, AS 25k 2.0k 130 pF

URE 2 — EQUIVALENT TEST LOADS

'CMOS Equivalent '

Test Point 0—1
l Cc

C=50 pF, PAO-PA7, PBO-PB7 _
=130 pF, A8-A12, B0-B7, DS, AS, R/W
with Vpp=5V +10%

S it takes to execute the interrupt service routine plus 20 teye

Go to: www.freescale.com
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‘FIGURE3—'I/O PORT'TIMING i
(VEow=0:8V, ng —VDD 2:0V, VDD 50 ;1:10%

o ¥The address strobe ofthe first cycle of the next:instruction.

T toTH, Vss=0V) See Figured -

| Symbol -

'y."fo§,c,="1 'V""z
Vpp=30V |
50 pF Load

! fosc—5 MHz
VDD 50 V- +10%,

1TTL

‘and 130 pF. Load

= Min: | -Max

. Min=y

w Max

Unit

o Cycle T|me

i loye

1000

dc

ns

;-:Pulse: Wldth DS L

[ PWELRT

B0 | — |

TB60 [

- ns
" Pulse Width, DS PWEH|- 1800 | iii= “376" - ns
nsit Lt el e 00 = 30. ns
Ctpwl o e 10 — ns
AR | 0800 [ 100 Z

ns

|-

7300

ns

_tADH

=100

ns

ns

- _'DSR-
DHR "

160 -~

ns

MPU.Data Delay;Write v

DDW- |

120

ns

Wite Data-Hold:+

IDHW |

ns

.-Muxed Address: Delay from AS Risi

| tBHD

ns

Muxed; Address 'Valid to. AS:Fall:

otAsL)

~120

ns

7 Muxed Address Hold

ns

" Delay DS Fall o '/AS Rise

- tASD |

5600

180

© N$

- Pulse Width; "AS High' :

PWASH

175

ns

* Delay; AS: Fall to DS Rise-

'ns

.| tasEn |

160

MO’ ,OROLA Semlconductor Products Inc.'j
" For More Information On This Product, ‘
‘Go to: www.frees ale.com s
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FIGURE 4 — MC146805E2 BUS TIMING
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AS
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MPU Read = 2 .
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= Address/Dara

FIGURE 5 — POWER-ON-RESET AND RESET TIMING - -

VoD

T L7 T T

T RLS

Address B
Mux BO-B2;

JInsjruction

T

“Bus SRR

... Oscillator Waveform'

OscillatorConnections

. MC146805E2

10 M@

0k

b

0SC1m

- b3g - :
doscr

o e

| Teoscs Toser

. Crystal Parameters Represenitative Frequencies -

~B.OMHz.

4.0 MHz

|:1.0:MHz

Q-

:Cosce

Rg.max.
oo |
U

| “Cosc1

.8 pF

B0k
©15-30 pF
- 15:25 pF

~0.012.pF

40k
15-30 pF
| 1525 pF

o2 750
: Jd pE
002 pF

om0
5pF |

"0.008"pF |
730k - g

- 15:40-pF o

1530 pF |- o

“ - Crystal Circuit:
_Rs

L

cl.

39
oscl

—

39

C
i)
1

0t

0sC1
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FIGURE 6 — TRQ AND TCRy7 INTERRUPT TIMING

N ——wle—N+1 e N+2 e n+3—nle—N+4 —mfeN+5—mfa—n+6—sft—n+7 —sdan+3
AS_ T M [ M1 1 [ [

Y [ T1 [~

DS 1 i1 [ 1 1] 1 | L a1 7 1
Unraex
A e XX XX
Address Bus Next Op Code Address 1F Int Routine Int Routine tr *
o = tLASL Starting Addr Last Addr | DSLIH
IRQ or TCRy / k‘ /
Mux BUSB7 SP-. SP—1 SP-2 SP-3 SP—
Address/ Data _ X_X XX XXCPet X XFen XX X X XA )th{ )&X 0 XX X
Bus Next Op Code FA (IRQ}  FB (IRQ) 1st Op Code RTI
F8 (Timer)  FS (Timer) Int Routine Op Code
A
oW Z/ A\ / v AN
#IDEI H — The interrupting device must release the IRQ line within this time to prevent subsequent recognition of the'same interrupt.
RUPT AFTER WAIT INSTRUCTION: TIMING
Internal/ ExteriiAl I L -
NNl
Clock (v L] | [ | o ‘ [ 1 | | | L J l | | | LI L
. ,‘—’i— tTH
TCRy )
F—IIVASH‘_—;j’n_..f-_n+1—*—n+2—-|<——n+3—>|4———n+4—>{-—n+5——}-—n+6—+——n+7——{
AS 1 1 [ [1 J1 [ [1 [ [ [

R 71 |1 [ 1 [ L [ ] L

Unmux Int Routine Starting Addr

A8-A12 / 1F 1 1F
Ve 5087 : ' SP—1___SpP-2 SP-3 ___gp-4 Fo F7
Adc?r):ass/Data - { - (X _PCL PCH X )CX A X:)L cc U X—_—X

Bus New PCH- New PCL 1st Op Code INt
Routine
R/W /




T RECOVERY FROM STOP - INSTRUCTI

Unmux::

COABIA12

: Address Bus
Mux BO-B7 ;

LSP L SPo1l 8P Uogpig

u\m&%\\\u APcL DXOCEEE: x:x X XD( ’ JCX cc )CX

Address/ Data. i)
o Bus

New PCL

- New: PCH

Hepresen‘ y the |nternal gating of the OSC1 |nput
tcyc is:0173 |nstruct|on cycle (for fosc 5 MHz cyc\‘?

ouf s:qhbowJé;bhpuio‘idzutés”, VI0OHO.LOW

/
15t Op Cod
‘ Int Routme e )
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FUNCTIONAL PIN DESC IP o))

VDD AND Vss

VpD and.Vgg provide power to the chip. Vpp provides
power and Vgg is ground.

TRQ (MASKABLE INTERRUPT REQUEST)

TRQ is both a level-sensitive -and edge-sensitive input
which can be used to request an interrupt sequence. The
MPU completes the current instruction before it responds to
the request. If IRQ is low and the interrupt mask bit {l bit) in
the condition code register is clear, the MPU begins an inter-
rupt sequence at.the end of the current instruction. The in-
terrupt circuit recognizes both a “‘wire ORed’’ level as well as
pulses on the TRQ line (see Interrupt section for more
details). TRQ requires an external resistor to Vpp for “W|re
OR” operation.

RESET
The RESET input is not required for start-up but can be
used to reset the MPU internal state and provide an orderly

software start-up procedure. Refer to the Reset section for a
detailed description.

TIMER

The TIMER input is used. for clocking the on-chip timer.
Refer to Timer section for a detailed description.

AS (ADDRESS STROBE)

Address strobe {(AS) is an output strobe used to indicate
the presence of an-address on the 8-bit multiplexed bus. The
AS line is used to demultiplex the eight least significant ad-
dress bits from the data bus. A latch controlled by address

strobe should capture addresses on the negative edge«This?

output is capable of driving one standard TTL loa

pF and is available at fogc +5 when the MPU
WAIT or STOP states.

DS (DATA STROBE)

- This output is used to transfer data ta
or memory. DS occurs anytime the

tinuous signal at fog
or STOP state. Sa#

transfer forbdth internal memory and 1/ 0 registers, and ex-

eral devices and memories. This output is used

= processor write; R/W. high=processor read). The
R/W output is capable of driving one standard TTL load and
130 pF. The normal standby state is read (high).

A8-A12 (HIGH ORDER ADDRESS LINES)

The A8-A12 output lines constitute the higher order non-
multiplexed addresses. Each output line is capable of driving
one standard TTL load and 130 pF.

fe to a selected peripheral whether the MPU'is goin_g
ead or write data’ on the next data strobe (R/W

- MQTORKLA SeorcanductasRroducts Inc.

BO-B7 (ADDRESS/DATA BUS)

The BO-B7 bidirectional lines constitute the lower order
addresses and data. These lines are multiplexed, with ad-
dress present at address strobe time and data present at data
strobe time. When in the data mode, these lines are bidirec-
tional, transferring data to and from memory and peripheral
devices as indicated by the R/W pin. As outputs in either the
data or address modes, these lines are capable of driving one
standard TTL load and 130 pF.

0SC1, 0sC2

The MC146805E2 provides for two types or in-
puts — crystal circuit or external clock. The
pins are used to interface to a crystal ¢j
Figure 6. If an external clock is used,
OSC1. The input at these pins is div
cycle rate seen on the AS and D

$ transitions relation-
ystem designs using

sunted-as close as possible to the input pins to minimize
ut-distortion and start-up stabilization time.

EXTERNAL CLOCK — An external clock should be ap-
plied to the OSC1 input'with the 0SC2 input not connected,
as shown in Figure 10.

LI (LOAD INSTRUCTION)

This output is used to indicate that a fetch of the next op-
code is in progress. LI remains low during an external or
timer interrupt. The LI output is used only for certain debug-
ging-and test systems. For normal operations this pin is not
connected. The LI output is capable of driving two standard
LSTTL loads and 50 pF. This signal overlaps data strobe.

PAQ-PA7 .

These eight pins constitute input/output port A. Each line
is individually programmed to be either an input or output
under software control via its data direction register as
shown in Figure 11(b). An I/0 pin is programmed as an out-
put when the corresponding DDR bit is set to a 1", and as
an input when it is set to a "0". In the output mode the bits
are latched and appear on the corresponding output pins. An
MPU read of the port bits programmed as outputs reflects
the last value written to that location. When programmed as
an input, the input data bit(s) are not latched. An MPU read
of the port bits programmed as inputs reflects the current
status of the corresponding input pins. The /0 port timing is
shown'in Figure 3. See typical I/0 port circuitry in Figure 11.
During a power-on reset or external reset, all lines are con-
figured as inputs (zero in data direction register). The output
port register is not initialized by reset. The TTL compatible
three-state output buffers are capable of driving one stan-
dard TTL load and 50 pF. The DDR is a read/write register.

Go to: wwwifreescale.com



U MPUWriteData

* FIGURE 10.

'rna| memory space is located wrthrn the frrst 128
emory {firsthalf of: page zero) and is comprlsed of:
ort. Iocatrons tlmer Iocatrons .and. 112 bytes of
A 0 The MPU can read from or'write'to any of these loca-
'tlohs “A‘program: Wnte to on chlp Iocatrons is repeated on

: he external bus'to permit off—chrp memory to duplicate the

content of on=chip-memory.: Program reads to on-chip loca-

ons.also appear on the: external bus; but-the MPU. accepts

“data’ onIy from the addressed on- Chlp Iocatlon Any read‘
ata: appearrng ‘on'the’ mput bus:is rgnored

i - The 'stack pointer is-used" 16 ‘address data stored on the

stack. Datais stored on’ the stack dunng interrupts’and

“subroutine calls A 'wer-up, the 'stack’ pointer is set to

$007F and it s’ decremented as data .is: pushed ‘onto the

‘stack: When ‘data-is; removed from the stack, the stack

ointer is: lncremented A maxirmum of:84 bytes of RAM is

avallable for: stack usage -Since’ most programs use only' a

small part of the allotted stack locations for interrupts and/or

ubroutrne stacklng purposes the unused bytes are usable

or‘program data storage. - i

~ Al mernory Iocatlons above. Iocatlon $007F are part of the -
“external, memory map.-In addrtron “ten‘locations in-the 1/0

: portlon of the Iower 128 bytes of memory space as shown in

Thes erght plns |n

' \:shown in Frgure 12

;Sem:conductor Products Inc
C qq.flon On This Product, =
WwWy freescale com .
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FIGURE 11 — TYPICAL PORT I/O CIRCUITRY

(a)
Data Direction
- - Register
Bit

To Latched
And — Quiput 3 Output
From Data Bit v l/
CPU _

7 6 5
Data Direction
Register DDA7|DDA6|DDAB

Port A
Register 50000
Pin PA7 PA6 PAb PA3 PAT PA1 PAD

4 3 2 1 0

Data Direction

Register B6 | DDBG|DDB4 | DDB3|DDB2| DDB1|DDBO| $0005

$0001

I

n PB7 PB6 PB5 PB4 PB3 PB2 PBT PBO

TABLE 3 — 1/0 PIN FUNCTIONS

R/W |DDR . I/0 Pin Functions

The 1/0 pin is in input mode.- Data is written

into the output data latch.

1 Data is written into the output data latch and
output to the I/0 pin.

1 - 0 | The state of the 1/0-pin'is read.

The I/0 pin is in an output mode. The output

data latch is read.

0 {0

MOTOROLA Semiconductor Products Inc.

For More Informatign On This Product,
Go to: www.freescale.com



: ;,ternal memory spa :
Iocatnons Locatlons $1

Th|s acoumulator is-an $ )
" to:hold operands and ires

: fdata manlpulatlons

.- Access-
2“Via )
Page (VASE

. “Direct ™
“-Addressing |

INDEX: REGISTER (X)

PROGRAM COUNTER (PC)

: t a egister. WhICh is used durmg the
‘dexed modes ‘of addressmg.’, It prov1des an :8-bit: value
which is-used to-create: an' veffectwe address The iindex
reglster i5 alsoused:for ‘data manlpulatlons with the read-
modlfy wrlte type of instructions and asa temporary-storage
gister, When not performlng addressmg operatlons

\eData Register -~

$0000

‘Dafa Register- "

$0001 -

rnal Memory Space'

|so002 "

it’ernaisjl\/‘lemory, Space

© -}$0003

-Port: A Data Difection’Register v

| s0004

“Port B Data 'Direcﬁqn; Register.

"1$0005

. - External Memory. Space

$0006

“External Memory. $pace

{50007

 Timer Data-Register -

| $0008

. Timer Control Register-

$0009

External Memory: -
“Space .

SO00A

$OQOF

- RAM™
(112 Bytes)

' v,._k‘/’/‘S‘tack{(G‘é‘r;Bytes Max)

$0010

$003F
$0040

et

$007F

MOTORQLA . Semlconductor Products Inc

Information On This Product,
www. freescale.com e
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FIGURE 13 — PROGRAMMING MODEL

7 0

I ] Accumulator

7 0

L j Index Register
12 0
l _ ' PC ' l Program Counter
12 . 6 0
lo[o]ofoo]o]1] | Stack Poiner

H-[ I l N I Z I CI Condition Code Registe

FIGURE 14 — STACKING ORDER

Carry/Borrow

Zero
Negative

Interrupt N

w
—
®
Q
~

Increasing Memory
Addresses

ZICTHMD

Decreasing Memory
Addresses

—HoUCxImIM—AZ—

- Unstack
NOTE: Since 1

STACK POINTER (SP)

‘The stack pointer is'a 13-bit
dress of the next free location on
memory, the seven most signi
to 0000001. They are app
register bits to produce
to $0040. The stack area
address on subroy
terrupts. During L

“reset stack B
its upper li

. When accessing
ts are permanently set
the six least significant
ess within the range of $007F
M is used to store the return
Ils and the machine state during.in-
-or power-on reset, and -during a
nstruction, the stack pointer is set to
7F). Nested interrupts and/or subroutines

64 (decimal) locations, beyond which the
inter‘wraps around”’ and points to its upper limit,
ing the previously - stored information.. A
e call ocoupies two RAM bytes on the stack, while
rrupt uses five bytes.

CONDITION CODE REGISTER (CC)

The condition code register is a 5-bit register-in which each
bit is used to:indicate the results of the instruction just ex-
ecuted. These bits can be individually tested by a program
and specific action taken as a result of their state. Each of the
five bits is explained below.

HALF CARRY BIT (H) — The H bit is set to a 6ne when a

For More Informati
Go to: ww

@ MOTOROLA Semiconductor Products Inc.

n On This Product,
.freescale.com

carry occurs between bits 3 and 4 of the ALU during an ADD
or ADC instruction. The H bit is useful in binary coded
decimal addition subroutines.

INTERRUPT MASK BIT (1) — When the | bit is set, both
the external interrupt and the timer interrupt are disabled.
Clearing this bit enables the above interrupts. If an interrupt
occurs while the | bit is set, the interrupt is latched and will
be processed when the | bit is next cleared.

NEGATIVE BIT (N} — When set, this bit indicates that the
result of the last arithmetic, logical, or data manipulation was
negative (bit 7 in the result is a logical one).

 ZERO BIT (2} — When set, this bit indicates that the result
of the last arithmetic, logical, or data manipulation was zero.

CARRY BIT (C) — The C bit is set when a carry or a bor-
row out of the ALU occurs during an arithmetic instruction.

The C bit is also modified during bit test, shift, rotate, and
branch types of instruction:

RESETS

The MC146805E2 has two reset modes: an active low ex-
ternal reset pin (RESET) and a power-on reset function: refer
to Figure b.




; } cleared then each time the
trmer decrements to’ zero (transmons from $01 to $00) ahd in-
terrupt request is-generated:. ‘The'actual processor interrupt

external reset mode, the RES ET

E mum of one. tm_ The;BESETV e St is generated only if the interrupt mask bit-of the condition

; gg:;ftlon lf the external reset pm is: Iow at he nd of the 1920

v'terrupt(SW!) Systems oft

code: regrster is”also ‘cleared:“When' the lnterrupt is recog-
nrzed the current state’ offthe machine:is:pushed- onto ‘the
stack and the | bit i in‘the. ondltlon code register.is set. TH
masks: further interripts  uni ; i
The processor now: vec
routrne “The address for,thrs'serwoe routlne i5 spi
the contents of: $1 FF8 and 31 FF9 uriless. the pr
WAIT mode in-which case ugers:of ma
XX and AWOXXXX should refer 10 the,
tional mformatlon regardmg exceptlon
contents of $1FF6 and $1FFE7-sp
“ Also, software must be used 10,

- quest bit {TCR7).: At the en
*+ routine, the: software no
" “which restores the machi

- terrupt program:

a0 Tcyc delay from the trme of ‘the fi

is function. The
service routine.
the timer interrupt re-
timer-interrupt service
cutes an RTl instruction
te and starts executrng the in-

Elther of the two types of i
: followmg to océur:: ‘

. EXTERNAL INT :
‘ inte mask: bit of the condltron code register is
ernal: |nterrupt pin [RQis “low,” then the
ertupt occurs The action of the external interrupt
to the timer lnterrupt with:the exception that the
ine-addressiis specified by.the contents of $1 FFA
T:FB “The lnterru '51|OgIC recognizes both-a “wire
IeveI and pulses on the'external intefrupt line. Figure
shows both'a functional diagram and timing for the inter-
ruptline. The timing dragram shows two different treatments
of thé interrupt:line: (IRQ) o the prooessor. The first con-
,flguratlon :shows many rnterrupt lines “wire. ORed""to form
“the: mterrupts at the. processor Thus, if after servicing-an in-
terrupt the: TRQ remains Iow then the next interrupt is
recogmzed “The second method is single pulses on the inter-
: z-rupt line- spaced far enough -apart-to be serviced. Users of
- mask versions BPAXXXX and. AWIXXXX should refer to the

*’:;"appendrx regarding exceptions: .to  this - function. The

~.minimum time between pulses'is a- functron of the length of
the,flnterrupt servrce routine. Once a. pulse ocurs, the next
pulse should: not oceur.until the MPU software has exited the
= routine {an RTI occurs) ThlS tlme ()11 is obtained by ad-
“ding 20 instruction cycles (one cycle toyc=5/fosc) to the
‘total..number of cycles: it takes to complete . the service
routrne rncludmg the RTI |nstructron refer to Flgure 6..

puts)..: :
P Stack pomter is set to $00

11111

, trons ; -

The MC146805E2 may be interruy

ferent methods: erther one of tw
~rupts (external lnput or timer).g

'SOFTWARE INTERRUPT (SWI)

e The software interrupt-iscan’ executable rnstructron The
action’of. the:SWlinstruction is similar to the hardware inter-
,rupts The SWTis executed regardless of the state of the in-
: "terrupt mask in the condltlon ‘code .register: The. service
;'.;; routine addressis speclfled by the contents of memory loca-'
tions $1FFC and'$1FFD. See Flgure 15 for |nterrupt and in-
'structlon processrng flowchart

. sTOP
- The STOP instruction: places the MC146805E2 in a low
power consumption mode: In the: STOP function theiinternal
oscillator is turned off, causrng all internal ‘processing and
-the.timer t0 be halted; refer to Figure:17. The:DS and AS

' ;processrng sequen_c :
SECRERE OIS e i lines go tda low state:and the R/W line goes to"a high state.

’ ‘aemmmstproaﬁequcts Inc
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( Reset )

Y

11 {in CCR}
07F>SP
0-DDRs

CLR iRQ Logic
FF—=Timer
7F-=Prescaler

JF~TCR

y

Put 1FFE on
Address Bus

RESET
Pin=Low

RESET
Pin=High

Load PC
from
1FFE/1FFF

Clear

IRG

Request
Latch

B
o

Instruction

| PC<PC+1

SWI

Stack
PC, X, A, CC

Load PC From:
SWI: 1FFC/1FFD
IRQ: 1FFA/1FFB

TIMER: 1FF8/1FF9
Timer Wait: 1FF6/ 1FF7

Execute ‘Ali
Instruction
Cycles

Go to: wwwifreescale.com
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'Ir'mt_err‘u'pt‘ﬁ Pm‘

1'Bit (CCR)

: ere ORed Condltlon :
servicing.an’ |nterrupt the RO re-

W then the next mterrupt is

- recogmzed R

Pulse Condltlon

The minimum pulse width (t[|_||.|) is-one

: Tcyc The penod fjLJL_ should not be less
thanithe ‘number of teyc cycles it takes to
: execute thie mterrupt service routine plus
20 toyc cycles

MO -'OROL' 'Sem conduc_:tor Prod cts nc
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The multiplexed address/data bus goes to the data input
state (as shown in Figure 8). The high order address lines re-
main at the address of the next instruction. The MPU re-
mains in the’'STOP mode until an external interrupt or reset
occurs.

During the STOP mode, timer control register (TCR) bits 6
and 7 are altered to remove any pending timer interrupt re-
quests and to disable any further timer interrupts. External
interrupts are enabled in the condition ‘code. register. All
other registers and memory remain unaltered. All 1/0 lines
remain unchanged.

FIGURE 17 — STOP FUNCTION FLOWCHART

Stop Oscillator
And All Clocks
TCR Bit7=0
TCR Bit 6~1
Clear | Mask

Reset?

External
Interrupt?

|

Turn on Oscillator
Wait for Time
Delay to Stabilize

)

Fetch External Interrupt
or Reset Vector

WAIT

The WAIT instruction places the MC146805E2 in a low
power consumption -mode, but the WAIT mode consumes
somewhat more power than the STOP mode; refer to Table
1..In the WAIT function, the internal clock is disabled from

. all internal- circuitry except the timer circuit; refer to Figure
18. Thus, all'internal processing is halted except the timer

Go to- www!
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which is allowed to count in a normal sequence. The R/W
line goes to a high state, the multiplexed address/data bus
goes to the data input state, and the DS and AS lines go to
the low state (as shown in Figure 7). The high order address
lines remain at the address of the next instruction. The MPU
remains in this state until an external interrupt, timer inter-
rupt, or a reset occurs.

During the WAIT mode, the | bit in the conditi
register.is cleared to enable interrupts. All other
memory; and /0 lines remain in their last st
may be enabled to allow a periodic exi
mode. If an external and a timer interru
time, the external interrupt is serviceddi
interrupt request is not cleared i

he timer WAIT inter-
longer in the WAIT

single 8-bit software program-
software selectable - prescaler;
bléek diagram of the timer. The counter
der program control and decrements
en the counter decrements to zero, the
equest bit, i.e., bit 7 of the timer control
, is set. Then if the timer interrupt is not
i.e., bit 6 of the TCR and the | bit in the condition
 register are both cleared, the processor receives an in-
rrupt. After completion of the current instruction, the pro-
sor proceeds to store the appropriate registers on the

timer i

stack, and then fetches the timer interrupt vector from loca-

tions $1FF8 and $1FF9 in order to begin servicing the inter-
rupt. If the MPU were interrupted while in the WAIT mode,
thelinterrupt vector fetch would be from locations $1FF6 and
$1FF7.

The counter continues to count after it reaches zero,
allowing the software to determine the number of internal or
external input clocks since the timer interrupt request bit was
set. The counter may be read at any time by the processor
without disturbing the count. The content of the counter
becomes stable prior to the read portion of a cycle and does
not change during the read. The timer interrupt request bit
remains set until cleared by the software. If a read occurs
before the timer interrupt is serviced, the interrupt is lost.
TCR7 may also be used as a scanned status bit in a non-
interrupt mode of operation (TCR6=1).

The prescaler is a 7-bit divider which is used to extend the
maximum length of the timer. Bit 0, bit 1, and bit 2 of the
TCR are programmed to choose the appropriate prescaler
output which is used as the counter input. The processor
cannot write into or read from the prescaler; however, its
contents are cleared to all "'0s" by the write operation into
TCR when bit 3 of the written data equals 1, which allows for
truncation-free counting.

The timer input can be configured for three different
operating modes, plus a disable mode, depending on the
value written to the TCR4, TCRb control bits. Refer to the
Timer Control Register section.

TIMER INPUT MODE 1

If TCR4 and TCRb are both programmed to a *'0", the in-
put to the timer is from an internal clock and the external
TIMER input is disabled. The internal clock mode can be




LOWCHART

l;'E>‘<'te‘rnaIl>..t
cInterrupt?:::-

“+* Timer:
Interrupt?.
S{TER:Bit
F=1)

~~ TCR
_ Bits=07

_No

ernal-Interrupt,

, 'proves W|th Ionger mput pulse wtdths

v"QJ:TIMER INPUT MODE 3

ot TCR4=0 and TCR5—1 then all mputs 1o the timer are
“fkdlsabled ' ‘

"";'iTIMER INPUT MODE 4 )

L TCR4 1 and TCR5 1, the |nternal clock input to the
i .mer is disabled-and the TIMER input pin becomes the input
- 10 the timer: The external TIMER. pin can, in-this:mode, be

. ¢ ] Ut |gna . used to count external gvents as weII as-external. frequenmes
T,Thls mode can be used to measure externalfpulse WldthS; . for generating. periodic interrupts.”
;‘The extemal tlmer mput pulse S|mply turr " Figure. 19 shows a block diagram of the. tlmer subsystem.
T Power—on reset and the STOP mstructlon cause the counter
' besetto $FO. - L

‘ Semlconductor Products Inc.
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FIGURE 19 — TIMER BLOCK DIAGRAM

Selected by

Selected by TCRO,

External TCR4, TCR5 TCR1, TCR2 Counter
Input 8 Bits
Prescaler
F 7 Bits
Internal
Clock L...
Cleared by Write
TCR3 :
AN /
NOTES: )
1. Prescaler and 8-bit counter are clocked falling edge of the i k (AS) or external input.
2. Counter is written to during data strobe (DS) and counts dg itinuously.
TIMER CONTROL REGISTER (TCR) ‘
S Lol .
7 6 5 4 3 5 1 0 0 interna gock (AS) to timer
1 AND .of internal clock (AS) and TIMER

TCR7|TCR6|TCRb TCR3 | TCR2| TCR1

TCR4

All bits in this register except bit 3 are read/wri

TCR7-— Timer interrupt request bit: b
the timer interrupt when it is logic “1" ¢
1 - Setwhenever the counter dec
der program control.

0 — Cleared on external rese
struction, or programy

‘mask bit: when this bit is a logic
nterrupt to the processor:

: External or internal bit: selects the input clock
e to be either the external- TIMER pin or the internal
(unaffected by RESET).

1 — Select external clock source.
0 — Select internal clock source (AS).

TCR4 — External enable bit: control bit used to enable the
external TIMER pin (unaffected by RESET).

1 — Enable external TIMER pin.
0 — Disable external TIMER pin.

MOT: OR?LA

pin to timer
Inputs to timer disabled
TIMER pin to timer

TCR3 — Timer Prescaler Reset bit: writing a*1” to this bit
resets the prescaler to zero. A read of this location always
indicates a "0 (unaffected by RESET).

TCR2, TCR1, TCRO — Prescaler address bits: decoded to
select one of eight outputs of the prescaler (unaffected by

RESET).
Prescaler

TCR2 | TCR1 TCRO | Result
0 0 0 =1
0 0 1 2
0 1 0 4
0 1 1 +~8
1 0 0 =16
1 0 1 +32
1 1 0 +~64
1 1 1 +128

INSTRUCTION SET

The MPU has a set of 61 basic instructions. They can be
divided into five different types: register/memory, read-
modify-write, branch, bit manipulation, and control. The
following paragraphs briefly explain each type. All the in-
structions- within a given type are presented in individual
tables.

Semiconductor Products Inc.
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~or stol d;"The te "'addressrng maodes of the processor are
descrlbed below Parentheses are Used to mdrcate”contents v

rgumen’t is contained: byte following the opcode
:-byte: Direct addressrng, -the uger to directly address
*the lowest 256 byt' “n’ mi mory W|th a single two- byte in-

the extended addressrng mode the effective address of
he argument is‘contained.in the two bytes following the op- i
-code::: Instructrons with', extended addressmg modes are .
EiE ,capable of referencrng arguments ariywhere in memory with

-3 srngle thtee byte: |nstructron ‘When ‘usingthe Motorola
- assembler, the user need" not spemfy whether an instruction
“uses ' direct or extended addressmg ~The  -assembler
.'automatlcally selects the-most efficient-addressing mode,
S e =(PC+1):(PC+2); PC~PC+3
'Address Bus H|gh<—(PC + 1) Address Bus Low~(PC + 2)

INDEXED NO OFFSET -

.In the rndexed no. offset addressrng mode the effectrve

address .of - the argument is contained: in the 8-bit index

- register. Thus, this- addressrng mode can access the first 256

Limemory Iocatrons These: instructions:iare’ only one byte

S o 3 long; This mode 15E used 10 movea ‘pointer. through atable or

SR i R o o address a frequently referenced RAM or 170 location:
#The MPU Uses tel ‘ : : ( : PR

" “the programmer funi ‘ he code. : L EA=X: PC~PC+1.

o DT T Address Bus ngh<—0 Address Bus Low<—X
allsituations

~-possible to'|

? iopcooe MAP SUMMARY

st Table 10 rs an opcod'
"IMCU :

v_'INDEXED ‘8-BIT OFFSET SR
“Here. the EAis. obtained’ by addlng the contents of the byte
followmg the opcode to. that of the.index register; therefore,
the: operand ‘is”located nywhere - within - the lowest 511
memory locations:: For example thrs mode of addressrng is.
useful for selectlng the mz=th glement in-an n element table.
vAII instructions are two’ bytes The. contents of the index
—reglster (X)is not changed The contents of (PC+1) is an
unsigned; 8-bit" integer. - One? yie. offset [indexing permits
look up tables tobe easrly accessed in either RAM or ROM. .

The term‘ “effective address”
‘ the varrous addressmg modes a

[ EA X+(PC+1) PC<—PC+2 _ ;
Address Bus H|gh<—K Address Bus Low==X+ (PC+ 1)
swhere K The carry from the addltron of X+{PC+1)




INDEXED, 16-BIT OFFSET

In the indexed, 16-bit offset addressing mode the effective
address is the sum of the contents of the unsiged 8-bit index
register and the two unsigned bytes following the opcode.
This addressing mode can be used in a:-manner similar to in-
dexed 8-bit offset, except that this three byte instruction
allows tablesto be anywhere in. memory (e.g., jump tables in
ROM). As with direct and extended, the M6805 assembler
determines the most efficient form of indexed offset —-8 or
16 bit. The content of the index register is not' changed.

EA=X+[UPC#+1):(PC+2)]; PC=PC+3 ~
Address Bus High=(PC+1)+K
Address Bus Low-<K+{PC+2)
where: K'=The carry from the addition of X + (PC + 2}

RELATIVE

Relative addressing is used only in branch instructions. In
relative addressing the content of the 8-bit signed byte
following the opcode (the offset} is added to the PC if and
only if the branch condition is.true. Otherwise, control pro-
ceeds to the next.instruction: The span of relative addressing
is limited to the range of —126 to + 129 bytes from the
branch instruction opcode location. The Motorola assembler

calculates the proper offset and checks to see if it is within

the span of the branch.

EA=PC+2+(PC+1); PC~EA if branch is taken;
otherwise, PC<PC+2

BIT SET/CLEAR

Direct addressing and bit addressing are combined in in-
structions which set and clear individual memory and /0O
bits. In the bit'set and clear instructions, the byte is sp
as a direct address in the location following the op
first 256 addressable locations are thus accessed
be modified within that byte is specified with th

MQTARRALA:SewicendwelatBroducts Inc.

opcode. The bit set and clear instructions occupy two bytes,

one for the opcode (including the bit number) and the sec-

ond to address the byte which contains the bit of interest.

‘ EA={PC+1); PC<~PC+2
Address Bus High =0; Address Bus Low=<(PC+ 1)

BIT TEST AND BRANCH

Bit test-and branch is.a combination of direct adds
bit addressing, and relative addressing. The bit
condition (set or clear) to be tested are part
The address of the byte to-be tested is in t
mediately following the opcode byte
relative 8-bit offset is in the third byt
the PC if the specified bit is set
memory -location. This single thre
the program to branch based
the first 256 locations-of

3¢ In the specified
instruction allows

Address Bus Hi
EA2=PC+3+

dress Bus Low=<{PC+ 1)
; PC+EA2 if branch taken;
twise, PC+<PC+3

STEM CONFIGURATION

rough 256 show in general terms how the
BE2 bus structure may be utilized. Specified inter-
etails vary with the various peripheral and memory
employed.
ble 1.1 provides a detailed description of the information
resent on the bus, read/write {R/W) pin and the load in-
struction (LI} pin during each cycle for each instruction.
This information is useful in comparing actual with ex-
pected results during debug of both software and hardware
as the control, program is .executed. The information is

- categorized in groups according to addressing mode and

number of cycles per instruction.

Go to: www.freescale.com
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‘\b.‘ TABLE 4 = REGISTER/MEMORY INSTRUCTIONS

Addressmg Modes -

Immediate

- Direct .

,Ex‘e,"d.!’-d;»

JIndexed

“{No Offset) -

Indexed

Fington

Code

#f‘ /|-0p:

Code

Ao

T

4 Op
-Cycles |’

-{16-Bit Offset): =+ .
LOpL| i
-} Code

05"

Z350897L DN

‘I Load A from Memory ]

Mnemonic |

' Cyoles

Bytes.

‘Cye

les |

| Bytes:

3

DB

B

‘Load X from:Memory: 7|

T DE

Store Atin‘Memoty

Store X in Memoty

#

vt
e

3

3

Add Memory to'A

‘Add: Memory and

Bit Test Me e )ry wnh

,(Lognca' ‘"Ompare)'

2 |es |

R

e |

“Jump Uncgrditional o - |Bc| 2. 1.
- —. ] BD] D

' Jump’to SuLsoutine i ISR

AD-MODIFY-WRITE INSTRUCTIONS L
: ‘ Addressmg Modes:.- ,Iif,":

. Inherent

S Function

:‘Mnemonic_{

: ioho‘renfc'(i):_(')' el

: Dlrect

Indexed

" (No Offset)

<
Q
o
0

Op
‘[ 'Code |

Cycles:

B

10p..

Code

' Cv‘cfles

#

0p
Code

“increment -

INC

w

5C

RO T

LBCT

o Decrement ;

T DEC

BA |

T BTN

oA

'.,' ulear S

T CLR_

“BF

3F

Ter [

ST oomplement

53

33

| Negate

"CO

{2's Complement)

50

30

o |aliof o

1760 |

Rotate-Left Thru. Carry

59

©39°

el

~69

Rotate Right Thru
Carry

56

36

o

166

Logical Shift Left

Logical Shift

Arithmetic Shi

.68
54
57

SR8

77

68
64
67

Test for Negative
or Zero

TST

w |wlw|w] w|wl wlwiwl e

5D

W lw|w|w| wlw e ooty

3D

o [olnin| N o] sl st

& |o|ojo| alal o | afala

70

S oo

6D

SR IS I I BTN A 'N'.“'lri)wl‘\'i,l\i‘.‘_v"

o |jo|loe|lo| ool o olels




TABLE 6 — BRANCH INSTRUCTIONS

Relative Addressing Mode

Function Mnemonic Cooge Byﬁes Cyiles

Branch Always BRA 20 2 3
Branch Never BRN 21 2 3
Branch IFF Higher BHI 22 2 3
Branch IFF Lower or Same BLS 23 2 3
Branch |FF Carry Clear BCC 24 2 3
{(Branch IFF Higher or Same) (BHS) 24 2 3
Branch IFF Carry Set BCS 25 2 3
{Branch IFF Lower) (BLO) 25 2 3
Branch IFF Not Equal BNE 26 2 3
Branch IFF Equal BEQ 27 2 }
Branch IFF Half Carry Clear BHCC 28 2

Branch IFF Half Carry Set BHCS 29 2

Branch IFF Plus BPL 2A 3
Branch IFF Minus BM! 2B 3
Branch IFF Interrupt Mask Bit is Clear BMC 3
Branch IFF Interrupt Mask Bit'is Set BMS 2 3
Branch IFF Interrupt Line is Low BiL 2 3
Branch IFF Interrupt Line is High BIH 2 3
Branch to Subroutine BSR, 2 6

TABLE 7 — BIT MANIP

TION INSTRUCTIONS

Addressing Modes

Bit.Set/ Clear Bit Test and Branch
- Function Mneme! Op # # Op # #
Code Bytes Cycles Code Bytes Cycles
Branch IFF Bit n is Set 7 - — - 2en 3 5
Branch IFF Bit.n.is Clear - — - 01+ 2en 3 5
Set Bit n (n=0...7) 10+ 2en 2 5 — - -
Clear Bit n Rn(n=0...7} 11+ 2en 2 5 — - -

TABLE 8 — CONTROL INSTRUCTIONS

Inherent
Function -Mnemonic Cooge By#t s Cyzl es
Transfer A to X TAX 97 1 2
Transfer X to A TXA gF - 1 2
Set Carry Bit SEC 99 1 2
Clear Carry Bit CLC 98 1 2
Set Interrupt Mask-Bit SE! - 9B 1 2
Clear Interrupt Mask Bit CcLl 9A 1 2
Software Interrupt SWI 83 1 10
Return from Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Pointer RSP ac 1 2
No-Operation NOP-. 9D 1 2
Stop STOP 8E 1 2
Wait WAIT 8F 1 2

Mgmrﬁmﬂt.ﬁﬁfamﬁmé’{oducts Inc.
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TABLE 10 — MC146805 CMOS INSTRUCTION SET OPCODE MAP

Bit Manipulation Branch Read-Modify-Write Control
BTB BSC REL DIR INH INH X3 X INH INH X1 X
Hi 0 1 2 3 4 5 6 7 8 9 E F Hi
Low 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1110 11 Low
5 5 3 5 3 3 6 5 3 z
0 BRSETO | BSETO BRA NEG NEG NEG NEG NEG RTI sus Su8 0
0000 3 BB | 2 BSC |2 REL DIR[ 1 INH | 1 INH | 2 IX1 11 IX 1 |NI-61 2 2 X111 I)C(i Q000
5 5 g .
1 BRCLRO .| BCLRO BRN RTS CMP CMP 1
0001 3 BT% 2 BSC | 2 REL 1 INH 2 2 Xifl I)é 0001
5 3
2 ' BRSET1 | BSETH BHI SBC SBC 2
0010 3 BT8 | 2 BSC | 2 REL 2 2 X111 IX: 0010
5 5 3 5 3 3 B 5 10 3 3
3 , BRCLR1 | BCLR1 BLS COoM COMA COMX cOoM COM Swi CPX CPX 3
0011 3 - BTB [ 2 BSC | 2 REL DIR | 1 INH | 1 INH | 2 X3 [ 1 X 1 INH 2 IX1 [ 1 1X 0011
T 5 5 3 5 3 3 6 5 [ 3
4 | BRSET2 | BSET2 BCC LSR LSRA LSRX LSR LSR AND AND 4
0100 % 3 BT% 2 BS% 2 -REE DTR | 1 INH [ 1 INH | 2 X1 /1 IX 2 IX"I‘ 1 I):(3 0100
5 |"BRCLR2 [ BCLR2 BCS BIT BIT BIT BIT BIT 5
0101 3 BTB | 2 Bsc |2 REL MM | 2 pi | 3 EXT | 3 1x2: 2 X141 X 0101
' g 5 3 5 3 3 3 5 4 3
6 | BRSET3 | BSET3 BNE ROR RORA RORX ROR LDA LDA LDA LDA LDA 6
0110 3 BIB |2 BSC [ 2 REL Dlg 1 INH3 1 INg 2 Ix% 1 IMM | 2 DIR | 3 EXT | 3 X2 | 2 IX% 1 I)‘i 0110
| 5 5 ]
7 BRCLR3 | - BCLR3 BEQ ASR ASRA ASRX ASR STA STA STA STA STA 7
o 13 BTB | 2 BS(EZ 2 F|E|é DIR |1 Ing 1 lNr:15 2 IX1[1 2 DIR [ 3 EX"I; 3 X2 | 2 |)<£‘Il 1 l)é gin
5
8 . BRSET4 | BSET4 BHCC LSL LSLA LSLX LSL EOR EOR EOR EOR EOR 8
000 3 BTB | 2 BS% 2 REI:§ Dlg 1 INi; 1 IN}; 2 X111 IMI\g 2 DIF; 3 EX;I; 3 IXg 2 X111 |)§ 1000
| 5 -
E] | BRCLR4 | BCLR4 BHCS ROL ROLA ROLX ROL ADC ADC . ADC ADC ADC .9
1001 3 BTB. | 2 BS(SI 2 REL D|FE(, 1 INH | 1 IN}-:; 2 X111 IMM | 2 DIF:(5 3 EXE 3 IX% 2 IX‘11 1 I)é 1001
5
A | BRSET5 | BSETS BPL ORA ORA ORA ORA ORA A
1010403 BT% 2 BS% 2 REL IMl\g 2 Dllg 3 EX"l; 3 lxg 2 IX"I‘ 1 l)é 1010
B .mmsl BRCLRS | BCLRS BMI ADD ADD ADD ADD ADD 8
1011 . 3 BT% 2 BS% 2 RE% IMM | 2 Dlg 3 EXT | 3 I)(i 2 IX; 1 I)é 1011
C | BRSET6 | BSET6 BMC JMP JMP JMP JMmP JMP
1100 ' 3 BT% 2 BS% 2 FiEI:_5 s 2 DIR | 3 E)('(fs 3 X212 IXé 1 I)é 1100
D | BRCLRS& BCLR6 BMS JSR JSR JSR JSR JSR D
1101 3 BB | 2 BSC | 2 REL REL ! 2 OIR | 3 EXT | 3 X2 [ 2 X141 X 1101
5 5 3 Z 7 3 7 5 ) 3
E BRSET7 | BSET7 BIL STOP LDX LDX LDX LDX LDX LDX E
110 (53 BIB | 2 BSC [ 2 REL 1 INH 2 IMM | 2 DR | 3 EXT | 3 X2 ] 2 X111 1X 1110
: 5 5 5 2 7 3 5 6 5 — 4
F 7 BRCLR7 | BCLR7 BIH WAIT TXA STX STX STX STX STX F
111 o 3 BTB | 2 BSC |2 REL X 1 INH |1 INH 2 DR | 3 EXT| 3 IX2 | 2 X1 |1 X 1111
Abbrevi-tons for Address Modes LEGEND
INH inherent .
- 0 ;
A Accumulator F pcode in Hexadecimal
X Index Register 1111 |
IMM Immediate 7‘ Opcode in Bi
DIR Direct Mnemonic ——— 3 SUUB 0 pcoden tinary
EXT Extended - Bytes - » 1 X 0000 <€
REL Relative
BSC Bit Set/Clear # of Cycles e/ Address Mode
BTB Bit Test and B
IX Indexed (N
1X1 Indexed, 1 B (8-Bit) Offset

1X2 Indexed, 2 Byte (16-Bit) Offset
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FIGURE 22 — CONNECTION TO M6800 PERIPHERALS

AB-A12
MC146805E2

B0-87

Address
Decode Chip
Select
Cs
Address !
M6800
Peripherals
Address/Data Bus > DO0-D7
Address Address
Strobe )
[ Latch RSO, ETC
Data Strobe e
Hea’d/Wnte R/
e Interrupt
-

NOTE: In some cases, pullup resistors or other level

shifting techniques may be required on signals
going from NMOS to CMOS parts.

FIGURE 23 —~ CONNECTION

CHED NON-MULTIPLEXED CMOS ROM AND EPROM
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Chip

Enable
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TABLE 11 — SUMMARY OF CYCLE-BY-CYCLE OPERATION

Aﬂi‘;?zzt?gzge Cycles | Cycle # Address Bus Rp/? FE;L Data Bus
Inherent
LSR LSL
ASR NEG 1 Op Code Address 1 1 Op Code
CLR ROL 3 2 Op - Code Address + 1 1 0 Op Code Next Inss
COM ROR 3 Op Code Address + 1 1 0 Op Code Next
DEC INC TST
;?E)(PCCL:EI SS%: 2 1 ] Op Code Address 1 1 Op Co
RSP WAIT NOP TXA 2 Op Code Address + 1 1 0 ¢ nstruction
1 Op Code Address 1 1 £
2 Op Code Address +1 1 0 Code Next Instruction
RTS 6 3 Stack Pointer " levant Data
4 Stack Pointer +1 1 rrelevant Data
5 Stack Pointer +2 1 Irrelevant Data
6. New Op. Code Address 1 New Op Code
1 Op Code Address 1 1 Op Code
2 Op Code Address + 1 0 Op Code Next Instruction
3 Stack Pointer 0 Return Address (LO Byte)
4 [ Stack Pointer —1 0 Return Address (H! Byte)
SWI 10 5 Stack Po!nter -2 0 0 Contents of Index Register
6 Stack Pointer —3 0 4] Contents of Accumulator
7 Stack Pointer —4 0 Q Contents of CC Register
8 Vector Address 1FFC (He; 1 0 Address of Int. Routine (HI Byte}
9 Vector Address 1FFD 1 ¢} Address of Int. Routine (LO Byte)
10 | Interrupt Routine Sta €SS 1 0 Interrupt Routine First Opcode
1 Op Code Address 1 1 Op Code
2 Op Code Address 1 0 '} Op Code Next Instruction
3 Stack Pointer 1 0 Irrelevant Data
4 ' ] 0 Irrelevant Data
RTI 9 5 1 0 Irrelevant Data
. 6 1 0 Irrelevant Data
7 1 0 Irrelevant Data
8 1 0 Irrelevant Data
Op Code Address 1 o] New Op Code
Immediate
(ADC EOR CPX
ADD LDA LDX Op Code Address 1 1 Op Code
'AND ORA BIT Op Code Address +1 1 0 Operand Data
| SBC CMP SUB
Bit Set/Clear
1 Op Code Address 1 1 Op Code
BSET n 2 Op Code Address + 1 1 0 Address of Operand
BCLR n 5 3 Address of Operand 1 0 Operand Data
4 Address:of Operand 1 0 Operand Data
b Address of Operand 4] 0 Manipulated Data -
Bit Test and Brafich
1 Op Code Address 1 1 Op Code
2 Op: Code Address + 1 1 0 Address of Operand
5 3 Address of Operand 1 0 Operand Data
4 Op Code Address +2 1 0 Branch Offset
5 | Op Code Address +2 - 1 0 Branch Offset
ggg glI;”L %T—l%gEé)LS 1 Op Code Address 1 1 Op Code
BIL BMC BRN BHCS 3 2 Op.Code. Address + 1 1 0 Branch Offset
3 Op Code-Address + 1 1 0 Branch Offset
BIH BMI BMS BRA ‘
1 Op Code Address - 1 1 Op Code
2 Op Code Address + 1 1 0 |- Branch Offset
BSR 6 3. [0p Codg Addres_s +1 1 0 Branch Offse_t
4 Subroutine Starting Address 1 0 First Subroutine Op Code
5 Stack Pointer 0 0 Return Address (LO Byte)
6 Stack Pointer — 1 0 0 Return Address (H! Byte)

MOTRRASeBicanduriasiroducts Inc.

Go to: wwwireescale.com




Address Mode u Tl
- Instructions Pin Deta Bus
Direct =71 EE =
fen s R 1 71| .OpiCode: .
i 'J.MP S AR 1 20 .Jurnp Address -
‘|ADC EOR CPX © . e
e R iy 12+ 0p: Code
: ﬁzg (L)%'z I_BI|312( . ’ 207 ‘Address of Operand
| |scempsus - - , ~0. | Operand Data
i [ e Op: Code Address i oA 21°:{ Op: Code
. ;FST Op, Code Address + ] .07 | "Address of Operand
Al Address: of Operand( =1 :.0-71)"Operand Data
Address +2 i 10°|.:0p Code Next: Instru
14 Op»Code Address ERN TS N S5
ISTA. © v Op.Code Adrress+ 1 e =0
TISTX o Op: Code Address j!-]_,:] it .0
RS 'Address of Operand:: 20 0
SL LSR BEE. “{Op:Code Address =~ A A
LSLLSRDEC. |0p Code Address +1 1 0
ASR NEG.INC-~ g 3
T Operand Address . EREN AP N0
| |CLR:ROL: : . ;
1COM™ROR . o o Operand Address: w 70 ‘
Jer Y i ‘[ Operand: Address 200 w:Operand Data
‘Op'Code Address o1 Op Code
3 IS T Op ‘Code Address +1 R e I Subroutine-Address (LO Byte)
JSR : :Subroutlne Starting; Address e | 1st Subroutine Op-Code
: : = Stack: Pointer.: - § ; o Return Address (LO Byte)
ok =5 |Srack. Pointer = | #Return Address (Hi Byte)
'l | Extended St e ClE e T e
SRR LiA%{0piCode’Address 1-7| ‘OpCode
JMP *20.10p Code:Address: + 1‘ 1 0 [ ‘Jump-Address (HI Byte)
| R Se L e D e | [ 3 p.Code Address +2 4 0 Jump:Address (LO Byte)
S[ADC BITIORA iy * 177 | OpiCode Address: 1 1 |- Op Code -
‘| |ADD cMmP LDX“‘. . ~2 10p Code Address +1 1 0. ] Address Operand (HI Bytel
{*]1AND EOR SBC i 3 0p Code Address +2 1 | 0| Address Operand (LO Byte)
S1CPX LDA SUB- A Address of Operand o 0.} :Operand Data
o s o i o 1.2} Op Code -
: S:TA S 2 S =707 [ Address of Operand: {H| Byte)
1sTx -3 e 07| ‘Address of Operand {LO Byte) -
; 4 | [N "Address of Operand (LO Byte)
! B 0 0| :Operand: Data
el 1, 17|+ :Op Code
gt 2 ek 0| /Address of Subroutine (Hi Byte)
'JS:H"' < S R o Address of Subroutine (LLO Byte)
i e 4 g ‘0 “1st Subroutine Op Code
0 071 Return Address:(LO Byte)
) e ‘0 50 'Return Address (H) Byte)
Indexed, No-Offset o : EESEETE :
‘ PR R i o "~5Op Code
. JMP : K 1o 0-:|"0p Code Next Instruction
‘| |[ADC EOR CPX : » o
| {ADD LDA LDX - , 1] 0 Code .
R R : O Code Address B 0 | .Op.Code Next Instruction . -
‘1. JAND ORA BIT | dex Regist i 0 7-0 i Data -’
1 lsec cmP suB ndex: egrs ef o : Qperand Data
b ' Op Code: Address;' : U T Op Code -
A7sT Op’Code Address 4 O 0. “Op Code Next Instructlon
s R g 0 ‘Operan_d Data. .
Op Code:Address +.1 1 =i A 0.7 [ Op:Code Next Instruction
‘N Op.Code Address = 2 1| Op Code ,
STA Op | Code Address +71 - 1. ~°0:-%] Op.Code’'Next Instruction
8TX : \ + 1 70| “Op Code, Next Instruction
: Inde; Reglster g w00 =701 -Operand Data.
S T Op }Code Address, A P Op Code
LSL LSRDEC - ¥ S0 00 Op Cade-Next Thstruction
1 TASR NEG INC o XU
: s A, -0 Current:Operand.Data
CLH ROL: . bt B
COM ROR 1 0. . C\_Jrrent O_perand Data-
N <0 072} “New Operand Data
SO =it Op Codél :
e 1 .0+ |1Op Code Next Instruction
“lJSR Al 7108 [oAst Subroutine. Op Code
: “-0- 00 20| Return - Address (LO Byte)
O"' . 0% | ~Return-Address (H| Byte)

fisszm'sonﬁyctsrod roglucts Inc.
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TABLE 11 — SUMMARY OF CYCLE-BY-CYCLE OPERATION (CONTINUED)

Address Mode

Instructions Cycles | Cycle# Address Bus Rp/i\;v ;‘IL Data Bus
Indexed 8-Bit Offset
1 Op Code Address 1 1 Op Code
JMP 3 2 Op Code Address +1 1 0 Offset
3 Op Code Address + 1 1 0 Offset
ADC EOR CPX 1 Op Code Address 1 1 Op Code
ADD LDA LDX 4 2 Op Code Address +1 1 0 Offset
AND. ORA CMP 3 Op Code Address. + 1 1 0
SUB.BIT SBC 4 Index Register + Offset 1 0
1 Op Code Address 1 1
STA 2 Op Code Address + 1 1 0
STX 5 3 Op Code Address +1 1 0
4 Op Code Address +1 1 fset
5 Index Register + Offset 0 perand Data
1 Op Code Address 1 Op Code
2 | Op Code Address + 1 1 Offset
TST 5 3 Op Code Address -+ 1 0 Offset
4 Index Register + Offset 0 Operand Data
5 Op Code Address +2 0 Op Code Next Instruction
1. Op Code Address 1 1 Op Code
;SSLR LNS ERG 2 Op.Code Address + 1 1 0 Offset
CLR ROL ; ’ 6 3 Op Code Address +1 1 0 Offset
COM ROR 4 Index Reg!ster + Offset 1 0 Current Operand Data
DEC INC 5 Index Reg!ster + Offse 1 0 Current Operand Data
6 Iindex Register + Offse 0 0 New Operand Data
1 Op Code Address 1 1 Op Code
2 Op Code Address 1 0 Offset
JSR 6 3 | Op Code Address 1 0 | Offset )
4 +Bffset 1 0 1st Subroutine Op Code
5 0 0 Return Address LO Byte
6 1 0 0 Return Address HI Byte
Indexed, 16-Bit Offset
1 de Address 1 1 Op Code
JMP 4 2 Lode Address +1 1 0 Offset (HI Byte)
p Code Address +2 1 0 Offset (LO Byte)
p Code Address +2 1 0 Offset (LO Byte)
ADC CMP SUB Op Code Address 1 1 Op Code
ADD EOR SBC 2 Op Code Address +1 1 0 Offset (H! Byte)
AND ORA 3 Op Code Address +2 1 0 Offset (LO Byte)
CPX LDA 4 Op Code Address +2 1 0 Offset (LO Byte)
BIT LDX 5 Index :Register + Offset 1 0 Operand Data
1 Op Code Address 1 1 Op Code
_ 2 Op Code Address +1 1 0 Offset (H| Byte)
STA 6 3 Op Code Address +2- 1 0 Offset (LO Byte)
STX 4 Op Code Address +2 1 0 Offset (LO Byte)
5 Op Code Address +2 1 0 Offset (LO Byte)
6 Index Register + Offset 0 0 Operand Data
1 Op Code Address 1 1 .Op Code
2 Op Code Address +1 1 0 Offset (H! Byte)
3 Op Code Address +2 1 0 Offset (LO Byte)
J 7 4 Op Code Address +2 1 0 Offset (LO Byte)
. 5 Index Register + Offset 1 0 1st Subroutine Op Code
6 Stack Pointer 0 0 Return Address (LO Byte)
7 Stack Pointer-— 1 Q 0 Return Address (HO Byte)

- MOTOROLA Seméconductor Products Inc.
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o v : Qardware‘%!ES?

|nstruct|ons

-*Data Bus

5 'Other Functlons

i Heset Vector

#+{“Irrelevant :Data
+|-lrrelevant Data
[ lrrelevant Data
“rrelevant :Data :
)':- | Vector High
e Vector Low

|| Power ori Reset i .

$AFRES "

relevant Data
Vector:High
Vector Low

' Op.Code

e Instruction‘ .

P | Data Bus‘

: :|R0 Interrupt
! (Tlmer Vector $1FF8 $1FF9)

0. ‘lrrelevant Data
= ['rrelevant Data
Return Address (LO Byte}
:] Return Address (HI Byte)
Contents Index Reg
_ ‘|- Cantents Accumulator
‘[ Contents CC Register
- | "Vector High .~
2t Vector Low
~|/Int Routine First

1 X x> xox X X xTo

o i sidioaoen

~Under certain circumstances
-and - AWOXXXX) . 8-bit ‘
“idoes’ ‘not Conform
Advanced Inform it

rupt occur durln

Q le; A thCh is by farl the most'.{
ULLY,OPERATIONA_LE; thus;!most i

v 46805E2 INTERHU' T CLARIFICATION
| 14'6805E2(BP4XXXX,.’

: a Those not usrng the WAIT mode need not take any
bl lthe WAIT

c When TRO can be actlve (Iow) during :the WAIT
e mode the vector in'locations $1FF6 and $1FF7 (the

these requrre no actlon and the thrrd has a recommend-
Seds solutron S ;

: actron :

dei is used Wlthout external interrupt
{IRQ pln held»’hlgh) no precautrons are required.

“WAIT “mode “timer interrupt. vector) “should be
dupllcated in: $1FF2 and $1FF3. In:this.way the cir-
‘,cumstances that caused selection of the second

- vector: do not dlsturb normal program execution.

On future MC146805E2 parts no spe0|a| actions. will be
necessary If. you: have questrons contact your Motorola
distributor or Motorola sales:office; or contact: Motorola
Mlcroprocessor Appllcatlons Engrneermg in-Austin, Texas.

|nstruct|on)
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PACKAGE DIMENSIONS

MILLIMETERS | INCHES
o 3 S SEATING PLANE. DIM | MIN [MAX | MIN | MAX
) ; 2 l : 4. DIMENSION “L" TO CENTER OF LEADS | A [60.30 | 5131 | 1.980 | 2,020 |
L WHEN FORMED PARALLEL. B_| 1463 [1545 | 0576 | 0.610-
5. BIMENSIONING ANO TOLERANCING ] gg F _:ﬁg u;?
: _.”_F PER ANSI Y14.5, 1973, R AR AR
t G| 254BSC
T ) [ 0.20] 033
N R / E L. SUFFIX K[ 2511 als
Wl o)/ | T K i " CERAMIC PACKAGE b 1R
G - M CASE 716-0 N Tz 152

NOTES:
1. DIMENSION[A] IS DATUM.
2. POSITIONAL TOLERANCE FOR LEADS:

Ji2s woo) @[ T]AG)

gﬁﬂhﬁﬂﬁﬂﬂﬁﬁﬁﬂﬁhﬁhhhg‘\

1 20
VU U O U U UL OUOUT T OOy

NOTES: ‘
1. DIMENSION-A-IS DATUM.
2. POSITIONAL TOLERANGE

FOR LEADS:

MILLIMETERS INCHES

loim[ MIN [ mA
A |51.31 [53.24
B_| 12.70 | 15.49
C | 406 | 584
D | 038 | 0.56
F | 1.27 | 1.65] 0.050 | 0.065

2,54 BSC 0.10085¢

0.20 | 0.30] 0.008 | 0.012
3.18 | 4.06} 0.125 | 0.160

z];l"n
o
b e
=&

3

T

tn

3

&

S

0.51 [ 1.27 [ 0.020 | 0.050

gﬂhhﬁﬂhﬁnﬂﬁﬁnhhﬁﬂ

NOTES:

1. POSITIONAL TOLERANCE QF LEADS (D),
SHALL BE WITHIN 0.25 mm {0.010} AT
MAXIMUM MATERIAL CONDITION, IN

RELATION TO SEATING PLANE AND MILLIMETERS
EACH DTHER. |DIM[ MIN_| MAX
2. DIMENSION L TO CENTER OF LEADS A | 51.69 | 6245
WHEN FORMED PARALLEL, 8 [13.72 [ 14.22
3. DIMENSION B DOES NOT INCLUDE C | 394 508
MDLD FLASH. D | 0.36] 056
£ | 102 1520,
N 254 BSE .
65 2.16 | 0
.20 | 038 | 0.
P SUFFIX K | 297 [ 343 [ 0.15]
- L | 1524 BSC
J PLASTIC PACKAGE M09 [ 159 |
" CASE 711-01 N | 0.51 | 1.02 0020 | 0.040
NOTES:
1. DIMENSIONS A & R ARE DATUMS.
E )
G 3. POSITIONAL TOLERANCE FOR
EE ar A TERMINALS (D): 40 PLACES: MILLIMETERS|  INCHES
&[0.25(0.[}10)@|T|A©|R©| DIMj MIN | MAX | MIN [ MAX
4. DIMENSIONING AND TOLERANCING A 1194 11257 [0470 | 0.495
A PER ANS! Y14.5, 1973, B [11.05 } 11.30 |
C | 160 | 208 |¢
33 | 0.69
07 | 147
. Z SUFFIX T
B jgl: ~p H CHIP CARRIER 78]
CASE 761-01 1184 | 1257

; Go to: wwwilreescale.com
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- [ Number.of Pins .

: .;_",- Bidirectional ,I/O,L«lne
“o) Unidirectional: [70:Lines

Technology: :

2800 40 7

On-Chip RAM (Bytes)

On-Chip. User ROM (By s):

o fopeiea o e
DK T e g B :

- External:Bus:+:

CNone o Ei [ None:

_Bnputs - - w Nene? i g

“{ Other’I/Q:Features:

" Timer, A/D | Timer, PLL

| External Iriterrupt Inputs !

g

" [EPROM Version -

‘['STOP and:WaAIT

MCB8708P3 | 7 ] M068705Réf s Y Non MCB8705U3

MC146805G2

Technology -

| MCBs705U3 ~;M_C14680

HMOS “CMOS | -~ cmos

.. |ExternalBus

i External Interrupt Inputs

| Number: of Pir

S0 g 40

2 On- Ch|p RAM: (Bytes)

Fipei Soegn e 2

o On-Chlp:User.ROMf(Bytes

| 38K EPROT (SRS E R S 2K
NG Yes “i*None :None:

| Bidirectional 1701

a6 32

= [Uridirectional- 1£0-L

: f:"4 Inputs ¢ None

“Timer, U Timer

. [Other 170 Features -

L R 1

EPROM Version. :

i Nope. ““None”: .|~ . None

2 STOP and WAIT -

Yesoil i Uvest Y Yes

AMILY NONIENCLATURE .

A*FAMILY OF MICROCOMPUTERS

I A“PAHT NUMBER

/ ARTICULAR M6805 FAMILY VERSION

'EA.PLAST c.u PACKAGE

AN EPROM VERSION

MOS M6805 FAMILY MEMBER

S AN. EVALUATION PROGRAM STORED IN ROM.
: PLASTIC PACKAGE) :

Motorola reserves the rlght to'make changes 10 any products hereini to; lmprove rellablllty, functlon or de5|gn Motorola does not assume any liability arising
| out of the appllcatlon or. use of! any product or curcun descnbed herem nelther does |t convey any Ilcense under |ts patent nghts nor the rights. of others.
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