MOTOROLA
B SEMICONDUCTONR /555

TECHNICAL DATA MC6801U4
MC6803U4

Advance Information
Microcontroller/Microprocessor (MCU/MPU)

The MC6801U4 is an 8-bit single-chip microcontroller unit(MCU) that enhances the capabilities of
the MC6801 and significantly enhances the capabilities of the M6800 Family of parts. It includes an
MC6801 microprocessor unit (MPU) with direct object-code compatibility and upward object-code
compatibility with the MC6800. Execution times of key instructions have been improved over the
MC6800, and the new instructions found on the MC6801 are included. The MCU can function as a
monolithic microcontroller or can be expanded to a 64K-byte address space. It is TTL compatible
and requires one +5-volt power supply. On-chip resources include 4096 bytes of ROM, 192 bytes of
RAM, a serial communications interface {SCl), parallel /O, and a 16-bit six-function programmable
timer. The MC6803U4 can be considered an MC6801U4 operating in modes 2 or 3; i.e., those that
do not use internal ROM.

® Enhanced MC6800 Instruction Set
Upward Source and Object Code Compatibility with the MC6800 and MC6801
Bus Compatibility with the M6800 Family
8 x 8 Multiply Instruction 3
Single-Chip or Expanded Operation to 64K-Byte Address Space
Internal Clock Generator with Divide-by-Four Output
Serial Communications Interface {SCI)
16-Bit Six-Function Programmable Timer
Three Output Compare Functions
Two Input Capture Functions
Counter Alternate Address
4096 Bytes of ROM (MC6801U4)
192 Bytes of RAM
32 Bytes of RAM Retainable During Powerdown
29 Parallel VO and Two Handshake Control Lines
NMI Inhibited Until Stack Load
—40°C to 85°C Temperature Range

This document contains information on a new product. Specifications and information herein are subject to change without notice.
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MC6801U4/6803U4

MAXIMUM RATINGS

Rating Symbol Value Unit
Supply Voltage vce -03to0 +7.0 )
Input Voltage Vin -03t0 +7.0 \
Operating Temperature Range Ta TLto TH °C
MC6801U4, MC6803U4 -01t0 70
MC6801U4C, MC6803U4C —40 to 85
Storage Temperature Range Tstg -55to +150 °C

THERMAL CHARACTERISTICS

Characteristic Symbol Value Rating

Thermal Resistance 6JA CW
Plastic 50
Ceramic 50

POWER CONSIDERATIONS

The average chip-junction temperature, T, in “C can be obtained from:

Ty=Ta+(Pp-bja) (1)
where:
TaA = Ambient Temperature, °C
94A = Package Thermal Resistance,
Junction-to-Ambient, *C/W
Pp = PINT+PPORT i
PINT = lcc x Ve, Watts — Chip Internal Power

PpoRrT = Port Power Dissipation, Watts — User Determined

For most applications PporT<PjNT and can be neglected. PPORT may become significant if the device is configured
to drive Darlington bases or sink LED loads.
An approximate relationship between Pp and T (if PpgRT is neglected) is:
Pp =K+ (T~ 273°C} (2)
Solving equations (1) and (2) for K gives:

K=Pp* (T +273°C)~ 8 a"PD? (3)
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at
equilibrium} for a known Ta. Using this value of K, the values of Pp and T can be obtained by solving equations
(1) and (2) iteratively for any value of Tp

CONTROL TIMING (Vcc - 5.0 V= 5%, Vgg = 0)

MC6801U4 |MC6801U4-1
Characteristic Symbol | MC6803U4 | MC6E803U4-1| Unit
Min ! Max | Min | Max
Frequency of Operation fo 0.5 1.0 05 | 1.26 [ MHz
Crystal Frequency fxtaL | 20 | 40 20 )] 50 [MHz
External Oscillator Frequency 4 fq 20| 40 2.0 50 |MHz
Crystal Oscillator Startup Time te - 100 - 100 ms
Processor Control Setup Time tPCS 200 — 170 - ns
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MC6801U4/6803U4

DC ELECTRICAL CHARACTERISTICS (Vcc=5.0 Vdc = 5%, Vgg =0, TA =T to TH, unless otherwise noted)

MC6801U4, MC6801U4C,
MC6803U4 MC6803U4C
Characteristic Symbol Min Max Min Max Unit
input High Voltage RESET | Vin Vgg+4.0 vee Vgg+4.0 vee v
Other Inputs* Vgg+20 vee Vgg~2.2 vee
input Low Voltage All Inputs* ViL Vgg-03 | Vgg+08| Vgg-03 | Vgg+08 \
Input Load Current Port4 lin - 05 — 08 mA
SC1 — 0.8 — 1.0
Input Leakage Current o
(Vin=0105.5V) NMI, IRQ1, RESET|  fin - 25 - 5.0 uA
Hi-Z (Off-State) Input Current
(Vih=0.5102.4V) Port 1, Port2, Port3 iTs) - 10 - 20 pA
Output High Voltage
(I oad= —65uA, Vcc = Min) Port4, SC1, SC2 VOH Vgg+2.4 — Vgg~24 - \
(I oad= — 100 zA, Voo = Min) Other Outputs Vgg+2.4 - Vgg-24 -
Output Low Voltage
(ILoad=2.0mA, Vo= Min) Al Outputs VoL - Vgg+05 - Vgg+06 vV
Darlington Drive Current
(Vo=15V) Port 1 IOH 1.0 40 1.0 5.0 mA
internal Power Dissipation
(Measured at Tpo=T|_in Steady-State Operation)* * * PINT - 1200 - 1500 mw
Input Capacitance
(Vin=0, TA=25°C, Port3, Port4, SC1 Cin - 125 - 125 pF
fo=1.0MHz) Other Inputs - 10.0 - 10.0
V¢ Standby Powerdown | Vggg 4.0 5.25 4.0 5.25 v
Powerup Vsg 475 525 4.75 525
Standby Current Powerdown | Isgg - 3.0 - 35 mA
*Except mode programming levels; see Figure 16.
**Negotiable to — 100 A (for further information contact the factory).
***For the MC6801U4/MC6803U4 T =0°C and for the MC6801U4C/MC6803U4C T =40°C.
PERIPHERAL PORT TIMING (Refer to Figure 1-4)
Characteristics Symbot Min Typ Max
Peripheral Data Setup Time PDSL 20C - i
Penpheral Data Hold Time PoH 200 - - s |
Delay Time, Enable Posiive Transition to OS3 Negative Trarsitior 10S01 - 330 “s ‘
Delay Time, Enable Positive Transition to OS3 Positive Transition ‘0SDZ — 350 <
Delay Time, Enable Negative Transition to Peripheral Data Vahd
Port 1 M=o - 35C o
Port 2,3, 4 - - 350
Delay Time, Enable Negative Transition to Peripheral CMOS Data Vand CAVOS - 25 ut
Input Strobe Pulse Width B S 200 - BN
Input Data Hold Time — 5C “3 |
Input Data Setup Time ns 20 _ g i

MOTOROLA MICROPROCESSOR DATA

3-134

Printed fromww.freetradezone.com a service of Partm ner, Inc.
This Material Copyrighted By Its Respective Manufacturer




This Materi al

MC6801U4/6803U4

MPU Read

PDSU €——1ppH
P10-P17
P20-p24 X Data Vaiid
P4Q-P47
Inputs®

IPDSU - 1PDH

P30-P37 .
inputs* g Data Valid &

*Port 3 nonlatched operation {Latch enable =0}

Figure 1. Data Setup and Hold Times
(MPU Read)

MPU Access of Port 3*

E N

Address (S0006) x ><
Bus
10SD1—3> 10SD2 -3
0s3

MPU Write

1CMOS
tpwp-» A """ 07Vee

All Data
Port Outputs

X Data Vaiid

NOTES
1 10 k pullup resistor required for port 2 1o reach 0.7 Ve
2 Not apphcable to P21
3. Port 4 cannot be pulled above Ve

P30-P37
Inputs

* Access matches output strobe select (0SS =0, a read; OSS=1, a write}

Figure 2. Data Setup and Hold Times
{MPU Write)

X

Data Vahd X

NOTE: Timing measurements are referenced to and from a low voltage of 0.8 voits and a high voltage of 2.0 voits, unless otherwise noted.

Figure 3. Port 3 Output Strobe Timing
(MC6801U4 Single-Chip Mode)

Test Point O_j
I 30 pF

Figure 5. CMOS Load

Test

Figure 4. Port 3 Latch Timing

{MC6801U4 Single-Chip Mode)

Point

vece

RL=18ka

MMD6E150
or Equiv

MMD7000
or Equiv

C =90 pF for P30-P37, P40-P47, E, SC1, SC2
=30 pF for P10-P17, P20-P24

R =237 kQ for P40-P47, SC1, SC2
=24 kQ for P10-P17, P20-P24
=24 k@ for P30-P37, E

Figure 6. Timing Test
Load Ports 1, 2, 3, and 4
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MC6801U4/6803U4

BUS TIMING (See Notes 1 and 2, and Figure 7)

Ident MC6801U4 MC6801U4-1
Numb;r Characteristics Symbol MC6803U4 MC6803U4-1 | Unit
Min Max Min Max
1 Cycle Time teye 1.0 20 08 20 us
2 Pulse Width, E Low PWg 430 1000 360 1000 ns
3 Pulse Width, E High PWEH 450 1000 360 1000 ns
4 Clock Rise and Fall Time tr, tf - 25 - 25 ns
9 Address Hold Time tAH 20 - 20 - ns
12 Nonmuxed Address Valid Time to E* -\ 200 - 150 - ns
17 Read Data Setup Time IDSR 80 — 70 - ns
18 Read Data Hold Time tDHR 10 — 10 — ns
19 Write Data Delay Time tDDW - 225 - 200 ns
21 Write Data Hold Time IDHW 20 - 20 - ns
22 Muxed Address Valid Time to E Rise* TAVM 160 - 120 — ns
24 Muxed Address Valid Time to AS Fail* tASL 40 — 30 — ns
25 Muxed Address Hold Time tAHL 20 - 20 — ns
26 Delay Time, E to AS Rise* tASD 200 — 170 - ns
27 Pulse Width, AS High* PWAsSH | 100 — 80 — ns
28 Delay Time, AS to E Rise* 1ASED 90 - 70 — ns
29 Usable Access Time*(See Note 3} tACC 555 - 435 - ns
* At specified cycle time.
|l D)
S
D) » Z
2
A= ) See Note 4 /3\ o S;
4 le ®> e ~ Os
9 3 (O e
G,
w5 B TR 104
{(Nonmuxed) 4 =
See Note 3
— ® 2 -
Addr/Data Read Data Muxed A
Muxed 4 h
22 >
@ |- e
Addr/Data K Write Data Muxed y, s_
Muxed A y
See Note 5
e
- 28
Address
Strobe {AS)
o B L
NOTES:

1.

2
3
4.
5
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Voltage tevels shown are V| <05V, V=2.4 V, unless otherwise specified.
. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified
. Usable access time is computed by 22+3—-17 +4.
Memory devices should be enabled only during E high to avoid port 3 bus contention
. Item 26 is different from the MC6801 but it is upward compatible

Figure 7. Bus Timing
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MC6801U4/6803U4

INTRODUCTION

The MC6801U4 is an 8-bit monolithic microcontrolier
that can be configured to function in a wide variety of
applications. The facility that provides this extraordinary
flexibility is its ability to be hardware programmed into
eight different operating modes. The operating mode
controls the configuration of 18 of the 40 MCU pins, avail-
able on-chip resources, memory map, location (internal
or external) of interrupt vectors, and type of external bus.
The configuration of the remaining 22 pins is not de-
pendent on the operating mode.

Twenty-nine pins are organized as three 8-bit ports and
one 5-bit port. Each port consists of at least a data register
and a write-only data direction register. The data direc-
tion register is used to define whether corresponding bits
in the data register are configured as an input (clear} or
output (set).

The term “port” by itself refers to all of the hardware
associated with the port. When the port is used as a “‘data
port” or “IO port,” it is controlled by the port data di-
rection register and the programmer has direct access to
the port pins using the port data register. Port pins are
labeled as Pij where i identifies one of four ports and j
indicates the particular bit.

The MPU is an enhanced MC6800 MPU with additional
capabilities and greater throughput. It is upward source
and object-code compatible with the MC6800 and the
MC6801. The programming model is depicted in Figure
8 where accumulator D is a concatenation of accumula-
tors A and B. A list of new operations added to the MC8800
instruction set are shown in Table 1.

The MC6803U4 can be considered an MC6801U4 that
operates in modes 2 and 3 only.

i

OPERATING MODES

The MC6801U4 provides seven different operating
modes (modes 0 through 3 and 5 through 7}, and the

MC6803U4 provides two operating modes (modes 2 and
3). The operating modes are hardware selectable and
determine the device memory map, the configuration of
port 3, port 4, SC1, SC2, and the physical location of the
interrupt vectors.

FUNDAMENTAL MODES

The seven operating modes (0-3, 5-7) can be grouped
into three fundamental modes which refer to the type of
bus it supports: single chip, expanded nonmultiplexed,
and expanded multiplexed. Single chip is mode 7, ex-
panded nonmultiplexed is mode 5, and the remaining 5
are expanded-multiplexed modes. Table 2 summarizes
the characteristics of the operating modes.

MC6801U4 Single-Chip Mode (7)

In the single-chip mode, the four MCU ports are con-
figured as parallel /O data ports, as shown in Figure 9.
The MCU functions as a mounolithic microcontrollerin this
mode without external address or data buses. A maxi-
mum of 29 /O lines and two port 3 control lines are
provided. Peripherals or another MCU can be interfaced
to port 3 in a loosely coupled dual-processor configura-
tion, as shown in Figure 10.

MC6801U4 Expanded-Nonmultiplexed Mode (5)

A modest amount of external memory space is pro-
vided in the expanded-nonmultiplexed mode while sig-
nificant on-chip resources are retained. Port 3 functions
as an 8-bit bidirectional data bus, and port 4 is configured
initially as an input data port. Any combination of the
eight least-significant address lines may be obtained by
writing to the port 4 data direction register. Stated alter-
natively, and combination of A0 to A7 may be provided
while retaining the remainder as input data lines. Internal
pullup resistors pull the port 4 lines high until the port is
configured.

7 A

8 0 8-Bit Accumulators A and B

o Or 16-Bit Double Accumulator O

OI Index Register (X}

s D
[15 X
[‘5 sP

0] Stack Pointer {SP)

[i FC

0] Program Counter (PC)

7 0
I 1 l 1 IHI | IN I V4 l VJfJ Condition Code Register (CCR)
11

Carry/Borrow from MSB
Overflow

Zero

Negative

Interrupt

Half Carry (From Bit 3}

Figure 8. Programming Model

MOTOROLA MICROPROCESSOR DATA
3-137

Printed fromww.freetradezone.com a service of Partm ner, Inc.
This Material Copyrighted By Its Respective Manufacturer



MC6801U4/6803U4

Table 1. New Instructions

Instruction Description
ABX Unsigned addition of accumulator B to index register
ADDD Adds (without carry} the double accumulator to memory and leaves the sum in the double accumulator
ASLD or LSLD | Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit
BHS Branch if higher or same, unsigned conditional branch (same as BCC)
BLO Branch if lower, unsigned conditional branch (same as BCS)
BRN Branch never
JSR Additional addressing mode direct
LDD Loads double accumulator from memory
w LSL Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit
{same as ASL)
LSRD Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is shifted into the C bit
MUL Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator
PSHX Pushes the index register to stack
PULX Pulls the index register from stack
STD Stores the double accumulator to memory
SuUBD Subtracts memory from the double accumulator and leaves the difference in the double accumulator
CPX Internal processing modified to permit its use with any conditional branch instruction

Tabte 2. Summary of MC6801U4/MC6803U4 Operating Modes

Single-Chip (Mode 7)
192 bytes of RAM, 4096 bytes of ROM
Port 3 is a parallel I/0 port with two control lines
Port 4 is a parallel 1/0O port

Expanded Non-Multiplexed (Mode 5)
192 bytes of RAM, 4096 bytes of ROM
256 bytes of external memory space
Port 3 is an 8-bit data bus
Port 4 is an input port/address bus

Expanded Multiplexed (Modes 0, 1, 2, 3, 6*)
Four memory space options (total 64K address space)
(1) Internal RAM and ROM with partial address bus {(mode 1)
(2} Internal RAM, no ROM (mode 2)
(3) Extended addressing of internal I/0 and RAM
{4) Internal RAM and ROM with partial address bus (mode 6)
Port 3 is multiplexed address/data bus
Port 4 is address bus (inputs/address in mode 6)
Test mode (mode 0):
May be used to test internal RAM and ROM
May be used to test ports 3 and 4 as 1/0 ports by writing into mode 7
Only modes 5, 6, and 7 can be irreversibly entered from mode 0
Resources Common to All Modes
Reserved register area
Port 1 input/output operation
Port 2 input/output operation
Timer operation
Serial communications interface operation

* The MCB803U4 operates only in modes 2 and 3.
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MC6801U4/6803U4

Vclc
—x7AL }—>E
=
T—JeXTAL le— NMi
Vee Standby ——
RESET — | MCe801U4 [<€—IRQ1
Port .'l ' Port 3
1{:l(.:’I/O ;lnes 81/0 Lines
-Bit Timer 53
| —— 033
70“ 4 Port 2
8170 Lines 51,0 Lines
4 Serial 170
VS-S 16-Bit Timer
Figure 9. Single-Chip Mode
vce vce
| ]
L IXTAL —» £ —{x7AL —E
O [ NMI 0O [<€— NMI
le— RO
T {exTaL fRal T JextaL “— TRai
Ve Standby ———3 Ve Standby ——3m
RESET —»~ —
MC68010U4 RESET MC6801U4
Port 1 Port 1
81/0 Port 3, 81/0 Lines 81/0
Lines Lines
16-Bit Timer 553 3 16-Bit Timer
Port 2 1S3} S3
51 O Lires Port 4
SCl 8170
16-Bit Timer — Port 4 Port 2 Hnes
- 81/0 51/0 Lines -
v V.
Ss Lines SCi SS
16-Bit Timer

Figure 10. Single-Chip Dual Processor Configuration

Figure 11 illustrates a typical system configuration in
the expanded-nonmultiplexed mode. The MCU interfaces
directly with M6800 family parts and can access 256 bytes
of external address space at $100 through $1FF. 10S pro-
vides an address decode of external memory ($100-$1FF)
and can be used as a memory-page select or chip-select
line.

Expanded-Multiplexed Modes (0, 1, 2, 3, 6)

A 84K-byte memory space is provided in the expanded-
multiplexed modes. In each of the expanded-multiplexed
modes, port 3 functions as a time-muitiplexed address:
data bus with address valid on the negative edge of ad-
dress strobe (AS) and data valid while E is high. In modes
0, 2, and 3, port 4 provides address lines A8 to A15. In
modes 1 and 6, however, port 4 initially is configured at
reset as an input data port. The port 4 data direction
register can then be changed to provide any combination
of address lines A8 to A15. Stated alternatively, any sub-
set of A8 to A15 can be provided while retaining the

remaining port 4 lines as input data lines. Internal puliup
resistors pull the port 4 lines high until software confi-
gures the port. In mode 1, the internal pullup resistors
will hold the upper address lines high, producing a value
of $FFXX for a reset vector. A simple method of getting
the desired address lines configured as outputs is to have
an external EPROM not fully decoded so it appears at
two address locations (i.e., $FXXX and $BXXX). Then,
when the reset vector appears as $FFFE, the EPROM wiill
be accessed and can point to an address in the top $100
bytes of the internal or exteral ROM‘EPROM that will con-
figure port 4 as desired.

In mode 0, the reset and interrupt vectors are located
at $BFF0-$BFFF. in addition, the internal and external data
buses are connected; therefore, there must be no mem-
ory map overlap to avoid potential bus conflicts. By writ-
ing the PCO-PC2 bits in the port 2 data register, modes
5,6, and 7 can be irreversibly entered from mode 0. Mode
0 is used primarily to verify the ROM pattern and to mon-
itor the internal data bus with the automated test equip-
ment.
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V(l:c
XTAL —>E
— l— NI
T JexTaL ___
Vee Standby —»4 l«— IRQ1

RESET ——»| MCB801U4

Port 1
81/0 Lines ”
16-Bit Timer

Port 2

51/0
Lines

Port 3
8 Data Lines

Port 4
Serial 170 To 8
16-Bit Timer Address Lines

Vss
VCIC
L XTAL
Port3 > (DO-D7)
= Port4 8 >
> (AQ-A7)
T_EXTAL 105 _ » 105
Ve Standby —— 3w R/ W > W
RESET —» \c6801U4 £ >
NVl ——»)
RQ1 ——
8 8
Port 1 8 VK] r (8
81/0 ﬁl ye
16-Bit Timer
Port 2
51/0
scl |
Timer L
Vss
RAM PIA ACIA

Figure 11. Expanded-Nonmultiplexed Configuration

Only the MC6801U4 can operate in each of the ex-
panded-multiplexed modes. The MC6803U4 operates only
in modes 2 and 3.

Figure 12 depicts a typical configuration for the ex-
panded-multiplexed modes. The AS can be used to con-
trol a transparent D-type latch to capture addresses AO-
A7, which allows port 3 to function as a data bus when
E is high, as shown in Figure 13.

PROGRAMMING THE MODE

The operating mode is determined at RESET by the
levels asserted on P22, P21, and P20. These levels are
latched into PC2, PC1, and PCO of the program control
register on the positive edge of RESET. The operating
mode may be read from the port 2 data register, as shown
below, and programming levels and timing must be met
as shown in Figure 14. A brief outline of the operating
modes is shown in Table 3.

Circuitry to provide the programming levels is de-
pendent primarily on the normal system usage of the

PORT 2 DATA REGISTER

7 6 5 4 3 2 1 0
PC2 PC1 PCO P24 P23 P22 [ P21 } P20 $03
[poo [ per [ peo [ pon [ ps [ 2 [ por |

three pins. If configured as outputs, the circuit shown in
Figure 15 may be used; otherwise, three-state buffers can
be used to provide isolation while programming the mode.
If diodes are used to program the mode, the diode for-
ward voltage drop must not exceed the VMPDD mini-
mum.

MEMORY MAPS

The MC6801U4,MC6803U4 can provide up to 64K-byte
address space, depending on the operating mode. A
memory map for each operating mode is shown in Figure
16. The first 32 locations of each map are reserved for
the internal register area, as shown in Table 4, with ex-
ceptions as indicated.
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V(l:c
XTAL — E
[ -
EXTAL [€— NMI
V¢ Standby
RESET =1 \ceso1u4 f— TR
MC6803U4
Port 1 Port 3
8 1/0 Lines 8 Lines
16-Bit Timer >R/ W Muitiplexed Data Address
Port 2 [ AS
51/0 Lines M BP(L):':]:S
Serial l./o Address Bus
16-8it Timer T
vss
Vee
L —IXTAL
Port3 8 8 Data Bus
=2 S S > (00-07)
T ——EXTAL AS
Ve Standby Portd
RESET ort Address Bus
oL > MC6801U4 AN (AO-A15)
NMI—1 Mc6803U4 |R/W 16
TRQT— —> R/W
Port 1 E »>E
81/0
16-Bit Timer J g 4 £
Port 2 8 " 8 ” 8 ”
51/0 4 g 4
SCt
Timer L
vss
ROM RAM PIA

NOTE: To avoid data bus {port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time.

GND »
AS > 1

. G OC
> D1 o} >
» [
> >
Port 3 > SN74L8373 f|———
Address/Data (Typical) p——>
» 3
» P
> P

D8 Q8

—>
>
-
>
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Figure 12. Expanded-Multiplexed Configuration

Figure 13. Typical Latch Arrangement
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See Figure 15
RESET for Diode Arrangement
VMPDD
\%
(P20, P21, P22} 7] MMSL
v ———— T ode Latch
Mode Inputs MPH Min RTSET -'/ Level
(P20, P21, P22)
MODE PROGRAMMING (Refer to Figure 14)
Characteristic Symbol | Min | Max Unit
Mode Programming Input Voltage Low (For Tp =0-70°C) VMPL - 1.8 Y
Mode Programming Input Voltage High VmpH | 40 - \Y
Mode Programming Diode Differential {If Diodes are Used) (For Ta=0-70°C) VmMmpPDD | 0.6 - v
RESET Low Pulse Width PWRsTL | 3.0 — | E Cycles
Mode Programming Setup Time MPS 20 — | E Cycles
Mode Programming Hold Time
RESET Rise Time=1 us TMPH 0 - ns
RESET Rise Time< 1 us 100 —
NOTE:

For Ta= —40-85°C, VMpL Max=1.7, and VMppp Min=0.4

Figure 14. Mode Programming Timing

Table 3. Mode Selection Summary

P22 | P21 | P20 Interrupt Bus

Mode* | PC2 | PC1 | PCO | ROM |RAM Vectors Mode Qperating Mode
7 H H H | | | ! Single Chip
6 H H L | | | MuUx{2,3) Multiptexed/Partial Decode
5 H L H | | 1 NMUX(2. 31 [Nonmuitiplexed Partial Decode
4 H L L - — — — Undefined(4)
3 L H H E | E Muxil, 5 Multiplexed/ RAM
2 T H N E 1 E MUx(D Multiplexed/ RAM
1 L L H ] | E MUX (2,3) Muitiplexed/RAM and ROM
0 L L L [ | E Mux(h Multiplexed Test

LEGEND
| — Internal

E — External
MUX — Multiplexed
NMUX — Nonmultiplexed

L — Logic 0"
H — Logic “1”
NOTES:

1. Addresses associated with ports 3 and 4 are considered external in modes 0, 2, and 3.

2. Addresses associated with port 3 are considered external in modes 1, 5, and 6.

3. Port 4 default is user data input; address output is optional by writing to port 4 data direction
register.

4. Mode 4 is a nonuser mode and should not be used as an operating mode.

5. Mode 3 has the internal RAM and internal registers relocated at $D000-$DOFF.
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vee
RZéFﬂ R1 R1 MC6801U4
S MC6803U4
_ ] j—
RESET ™ RESET
P20 P20 (PCO)
9
P21 0 P21 (PC1}
P22 P22 (PC2)
Lol
NOTES:
1. Mode 7 as shown Mode
2. R2-C=Reset time constant Control
3. R1=10 k (typical) Switches
4. D=1NS14, 1N4001 in the 0 to 70°C range
D=1N270, MBD201 in the —40 to 85°C range
5. Diode Vf should not exceed VMpPDD Min. by D¥ O

H

Figure 15. Typical Mode Programming Circuit

Multiplexed Test Mode

So(:;:\; %/////’} Internal Registers MC6807U4 0

Mode
External Memory Space

$0040
Internal RAM
$O0FF

External Memory Space

$BFFO
$SBFFF Y2222 > External Interrupt Vectors(2}
External Memory Space
$F000
Internal ROM
$FFFF
NOTES
1) Excludes the following addresses which may 4) This mode is the only mode which may be
be used externally: $04, $05, $06, $07, and used to examine the entire ROM using an ex-
$OF. ternal RESET vector
2} The interrupt vectors are at $BFFO-$BFFF. 5) Modes 5-7 can be irreversibly entered from
3} There must be no overlapping of internal and mode O by writing to the PCO-PC2 bits of the
external memory spaces to avoid driving the port 2 data register

data bus with more than one device.

Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 1 of 4)
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M
oo oo
Mode Mode

Muitiplexed/RAM & ROM Multiptexed. RAM

s0000(1) 7 $00001} 777777
,/ Internal Registers S Internal Registers
$O01F $O01F
External Memory Space External Memory Space
$0040 p $0040
/ Internal RAM Internal RAM
SOOFF 7,

SOOFF

External Memory Space

External Memory Space

$F000 /
Internal ROM
SFFEF
SFFFO SFFFO

External Interrupt Vectors |
S$FFFF SFFFF L |

External Interrupt Vectors

NOTES: i
1) Excludes the following addresses which
may be used externally: $04, $06, and $OF. NOTE
2) Internal ROM addresses $FFFO to $FFFF 1) Excludes the following addresses which may
are not usable. be used externally: $04, $05, $06, $07, and

3) Address lines A8-A15 will not contain ad- SOF.
dresses until the data direction register
for port 4 has been written with “1s” in
the appropriate bits. These address lines
will assert “1s” until made outputs by
writing the data direction register.

Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 2 of 4)
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MC6801U4
MC6803U4 3 mcseow‘t 5
Mode ode

Multiplexed/ RAM Nonmultiplexed/Partial Decode
$0000' 50000 1)

Internal Registers

$001F

Unusable
$0040 >
External Memory Space // internal RAM

$O0FF

30100
External Memory Space

SO1FF
$D000|

Internal Registers(, 2) ‘
$DOTF Unusable
External Memory Space |

50040%/// Internal RAM{1) $FO00 ’

$DOFF
External Memory Space internal ROM
SFFFO
SFFFF External fnterrupt Vectors SFEEF Internal Interrupt Vectors
NOTES: NOTES:

1) Relocating the internai registers and the inter- 1) Excludes the following addresses which may
nal RAM to high memory allows the pro- not be used externally: $04, $06, and $OF (no
cessor to make use of direct addressing. 10S).

2) Excludes the following addresses which may 2) Address lines AO to A7 wili not contain ad-
be used externally: $D004, $D005, $D0O06, dresses until the data direction register for
$D007, and $D0OF. port 4 has been written with ““1s” in the ap-

propriate bits. These address lines will assert
“1s” untii made outputs by writing the data
direction register.

Figure 16. MC6801U4/MC6803U4 Memory Maps {Sheet 3 of 4)
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MC6801U4 MC6801U4
Mode Mode

Multiplexed/Partial Decode Single Chip
(1) $000
$0000 % Internal Registers 0 Internal Registers
$001F $O01F
External Memory Space Unusable
$0040 $0040 !
Internal RAM // !nternal RAM
SOOFF SOOFF 1 e
|
i
Unusable

External Memory Space

$F000 $F000

Internal ROM

Internal interrupt Vectors
SFFFF % P SFFFF

} Internal ROM

Internai Interrupt Vectors

NOTES:

1} Excludes the following addresses which may
be used externally: $04, $06, $OF.
Address lines A8-A15 will not contain ad-
dresses until the data direction register for
port 4 has been written with *'1s” in the ap-
propriate bits. These address lines will assert
18" until made outputs by writing the data
direction register.

2

Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 4 of 4)
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Table 4. Internal Register Area MC6801U4/MC6803U4 INTERRUPTS
Address The M6801 Family supports two types of interrupt re-
Other quests: maskabie and nonmaskable. A nonmaskable in-
Register Modes | Mode 3 terrupt (NMI) is always recognized and acted upon at the
Port 1 Data Direction Register® * * 0000 D000 completion of the current instruction. Maskable inter-
Port 2 Data Direction Register® * * 0001 DO01 rupts are controlied by the condition code register | bit
Port 1 Data Register 0002 D002 and by individual enabie bits. The | bit controls all mask-
Port 2 Data Register 0003 D003 able interrupts. Of the maskable interrupts, there are two
Port 3 Data Direction Register* * * 0004* | DOO4* types: IRQ1 and IRQ2. The programmable timer and se-
Port 4 Data Direction Register* * * 0005* * § DOOS* * rial communications interface use an internal IRQ2 in-
Port 3 Data Register 0006 * DO06* terrupt line, as shown in the block diagram. External
Port 4 Data Register 0007* * | DOO7* * devices and 1S3 use IRQ1. An IRQ1 interrupt is serviced
Timer Control and Status Register 0008 D008 before IRQ2 if both are pending.
Counter (High Byte) 0009 DO09
Counter (Low Byte! 000A DOOA NOTE
Output Compare Register (High Byte) 0008 D0o0B o
Output Compare Register (Low Bytel 000C DOOC After reset, an NM! will not be serviced untit the
input Capture Register (High Byte) 000D DOOD first program load of the stack pointer. Any NMI
Input Capture Register (Low Byte) 000E DOOE generated before this load will be remembered by
Port 3 Control and Status Register O0OF * DOOF * the processor and serviced subsequent to the stack
Rate and Mode Control Register 0010 D010 pointer foad.
Transmit/ Receive Control and Status Register|0011 Do
Receive Data Register 0012 D012 All IRQ2 interrupts use hardware-prioritized vectors.
Transmit Data Register 0013 bo13 The single SCI interrupt and three timer interrupts are
RAM Control Register 0014 D014 serviced in a prioritized order, and each is vectored to a
Counter Alternate Address (High Byte) 0015 Do15 separate location. All interrupt-vector locations are shown
Counter Alternate Address (Low Byte) 0016 pote in Table 5. In mode O, reset and interrupt vectors are
Timer Control Register 1 0017 D017 defined as $BFFO-$BFFF.
REZ g?;:s’ﬁz:?s’f::r 2 %12 Bglg ~ The interrupt flowchart, which is depicted in Figure 17,
Output Compare Register 2 (High Bytel 001A DO1A is common to every interrupt excluding reset. Du_rmg in-
Output Compare Register 2 (Low Byte) 0018 0018 terrupt servicing, the program counter, -|ndex register, A
Outout Comparc Registor 3 (High Bytel 0TC D0TC accumulator, B accumulator, apq cond|t|pn pqde register
Output Compare Register 3 {Low Byte) 0010 Do1D ?re pushed to the stack. The | bitis setto lnh|b|t-maskable
Input Capture Register 2 (High Byte) 001E DOTE interrupts, and a vector is fetched corresponding to the
Input Capture Register 2 {Low Byte) 001F DOTF current highest-priority interrupt. The vector is trans-
¥ Extornal addresses in modes 0. 1. 2. 3. 5. and 6 cannot be ferred to the program counter, and instruction execution
accessed in mode 5 (no 10S) is resumed. Interrupt and RESET timing are illustrated in
* * External Addresses in Modes 0, 2, and 3 Figures 18 and 19.

** %1 =Qutput, 0= Input

Table 5. MCU Interrupt-Vector Locations

Mode 0 Modes 1-3, 5-7
MSB LSB MSB LSB
BFFE BFFF FFFE FFFF | RESET
BFFC BFFD FFFC FFFD | Nonmaskable Interrupt**

BFFA BFFB FFFA FFFB § Software Interrupt

BFF8 BFF9 FFF8 FFF9 | Maskable Interrupt Request 1

BFF6 BFF7 FFF6 FFF7 | Input Capture Flag*

BFF4 BFF5 FFF4 FFF5 | Output Compare Flag*

BFF2 BFF3 FFF2 FFF3 | Timer Overflow Flag*

BFFO BFF1 FFFO FFF1 | Serial Communications Interface*
* @ interrupt

* *NMI must be armed (by accessng stack pointer) before an

NMI is executed
*» % Mode 4 interrupt vectors are undefined

Interrupt* * *
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FUNCTIONAL PIN DESCRIPTIONS

Vce AND Vgg

V¢ and Vgg provide power to a large portion of the
MCU. The power supply should provide +5 volts { = 5%)
to V¢c. and Vgg should be tied to ground. Total power
dissipation {incuding V¢ standby) will not exceed Pp
milliwatts.

Vce STANDBY

Vce standby provides power to the standby portion
($40 through $5F in all modes except mode 3, which is
$D040 through $DO5F) of the RAM, and the STBY PWR
and RAME bits of the RAM control register. Voltage re-
quirements depend on whether the device is in a pow-
erup or powerdown state. In the powerup state, the power
supply should provide +5 volts (+5%) and must reach
Vsg volts before RESET reaches 4.0 volts. During pow-
erdown, VcC standby must remain above Vggg {mini-
mum) to sustain the standby RAM and STBY PWR bit.
White in powerdown operation, the standby current will
not exceed ISBB.

It is typical to power both V¢ and V¢ standby from
the same source during normal operation. A diode must
be used between them to prevent supply power to V¢
during powerdown operation.

XTAL AND EXTAL

These two input pins interface either a crystal or TTL-
compatible clock to the MCU internal clock geneator. Di-
vide-by-four circuitry is included which allows use of the
inexpensive 3.568-MHz or 4.4336-MHz color-burst TV crys-
tals. A 20-pF capacitor should be tied from each crystal
pin to ground to ensure reliable startup and operation.
Alternatively, EXTAL may be driven by an external TTL-
compatible clock at 4 fo with a duty cycle of 50% ( +5%)
with XTAL connected ground.

The internal oscillator is designed to interface with an
AT-cut quartz crystal resonator operated in parallel res-
onance mode in the frequency range specified for fXTAL.
The crystal should be mounted as close as possible to
the input pins to minimize output distortion and startup
stabilization time. The MCU is compatible with most com-
mercially available crystals. Nominal crystal parameters
are shown in Figure 20. .

RESET

This input is used to reset the internal state of the de-
vice and provide an orderly startup procedure. During
powerup, RESET must be held below 0.8 volts: 1) at least
tRc after Vo reaches 4.75 volts to provide sufficient time
for the clock generator to stabilize, and 2) until V¢ standby
reaches 4.75 volts. RESET must be held low at least three
E cycles if asserted during powerup operation.

E (ENABLE)

This is an output clock used primarily for bus synchro-
nization. It is TTL compatible and is the slightly skewed
divide-by-four result of the device input clock frequency.
It wilt drive one Schottky TTL load and 90 pF, and all data

given in cycles are referenced to this ciock unless oth-
erwise noted.

NMI (NONMASKABLE INTERRUPT)

An NMI negative edge requests an MCU interrupt se-
quence, but the current instrution will be completed be-
fore it responds to the request. The MCU will then begin
an interrupt sequence. Finally, a vector is fetched from
$FFFC and $FFFD ($BFFC and $BFFD in mode 0}, trans-
ferred to the program counter, and instruction execution
is resumed. NMI typically requires a 3.3 k() (nominal)
resistor to Vcc. There is no internal NMI pullup resistor.
NMI must be held low for at least one E cycle to be
recognized under all conditions.

NOTE

After reset, an NMI will not be serviced until the
first program load of the stack pointer. Any NMI
generated before this load will remain pending by
the processor.

IRQ1 (MASKABLE INTERRUPT REQUEST 1)

IRQ1 is a level-sensitive input that can be used to re-
quest an interrupt sequence. The MPU will complete the
current instruction before it responds to the request. If
the interrupt mask bit (i bit) in the condition code register
is clear, the MCU will begin an interrupt sequence. A
vector is fetched from $FFF8 and $FFF9 ($BFF8 and $BFF9
in mode 0), transferred to the program counter, and in-
struction execution is resumed.

IRQ1 typically requires an externa!l 3.3 k{) (nominal)
resistor to Vg for wire-OR applications. IRQ1 has no
internal pullup resistor.

SC1 AND SC2 (STROBE CONTROL 1 AND 2)

The function of SC1 and SC2 depends on the operating
mode. SC1 is configured as an output in all modes except
single-chip mode; whereas, SC2 is always an output. SC1
and SC2 can drive one Schottky load and 90 pF.

SC1 and SC2 in Single-Chip Mode

tn single-chip mode, SC1 and SC2 are configured as
an input and output, respectively, and both function as
port 3 control lines. SC1 functions as IS3 and can be used
to indicate that port 3 input data is ready or output data
has been accepted.Three options associated with 1S3 are
controlled by the port 3 contol and status register and
are discussed in the port 3 description; refer to P30-P37
(PORT 3). If unused, 1S3 can remain unconnected.

SC2 is configured as OS3 and can be used to strobe
output data or acknowledge input data. It is controlled
by output strobe select (OSS) in the port 3 control and
status register. The strobe is generated by a read (0SS =0)
or write (OSS = 1) to the port 3 data register. 0S3 timing
is shown in Figure 3.

SC1 and SC2 in Expanded-Nonmultiplexed Mode

In the expanded-nonmultiplexed mode, both SC1 and
SC2 are configured as outputs. SC1 functions as input
output select (I0S) and is asserted only when $0100
through $01FF is sensed on the internal address bus.
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{a) Nominal Recommended Crystal Parameters

Nominal Crystal Parameters*

3.58 MHz 4.00 MHz 5.0 MHz
RS [CeR Y] 50 1 30-50
Cco 35 pF 6.5 pF 4-6 pF
c1 0.015 pF 0.025 pF 0.01-0.02 pF
Q >40 K >30K >20K

#NOTE: These are representative AT-cut crystal parameters only Crystals of other
types of cut may also be used

MC6801U4
2 2 —i+ 3
L1 c1 RS
CL CL 2 e—pn 3
T I L
= = 1\
co

C =20 pF (typical)
Equivalent Circunt

NOTE
TTL-compatible oscillators may
be obtain from:

Motorola Component Prod-
ucts
Attn: Crystal Clock Oscillators
2553 N. Edgington St.
Franklin Park, iL 60131
Tel: 312-451-1000
Telex: 433-0067

{b) Oscillator Stabilization Time (tRC)

vee /475v

<&
*

RC
Oscillator
Stabilization
Time, trc

Figure 20. MC6801U4/MC6803U4 Family Oscillator Characteristics

MOTOROLA MICROPROCESSOR DATA
3-151

Pri nt ed frpm wwwv. freetradezone.com a service of Partm ner, |nc.
This Material Copyrighted By Its Respective Manufacturer



MC6801U4/6803U4

SC2 is configured as readiwrite and is used to control
the direction of data bus transfers. An MPU read is en-
abled when read/write and E are high.

SC1 and SC2 in Expanded-Multiplexed Mode

in the expanded-muitiplexed modes, both SC1 nd SC2
are configured as outputs. SC1 functions as address strobe
and can be used to demultiplex the eight least-significant
addresses and the data bus. A latch controlled by address
strobe captures the lower address on the negative edge,
as shown Figure 13.

SC2 is configured as read/write and is used to control
the direction of data bus transfers. An MPU read is en-
abled when read/write and E are high.

P10-P17 (PORT 1}

Port 1 is a mode-independent 8-bit I'O and timer port.
Each line can be configured as either an input or output
as defined by the port 1 data direction register. Port 1
bits 0, 1, and 2 (P10, P11, and P12) can also be used to
exercise one input edge function and two output compare
functions of the timer. The TTL-compatible three-state
buffers can drive one Schottky TTL load and 30 pF, Dar-
lington transistors or CMOS devices using external pul-
lup resistors. It is configured as a data input port during
RESET. Unused pins can remain unconnected.

P20-P24 (PORT 2)

Port 2 is a mode-independent 5-bit multipurpose 1:0
port. The voltage levels present on P20, P21, and P22 on
the rising edge of RESET determine the operating mode
of the MCU. The entire port is then configured as a data
input port. The port 2 lines can be selectively cofigured
as data output lines by setting the appropriate bits in the
port 2 data direction register. The port 2 data register is
used to move data through the port. However, if P21 is
configured as an output, it is tiad to the timer output
compare 1 function and cannot be used to provide output
from the port 2 data register uniess output enable 1 (OE1)
is cleared in timer control register 1.

Port 2 can also be used to provide an interface for the
serial communications interface and the timer input edge
function. These configurations are described in SERIAL
COMMUNICATIONS INTERFACE and PROGRAMMABLE
TIMER.

The port 2 three-state TTL-compatible output buffers
are capable of driving one Schottky TTL load and 30 pF
or CMOS devices using external pullup resistors.

PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0
| pc2 [ poi [ poo | P | P [ P2 | Pai [ P20 | s03

P30-P37 (PORT 3)

Port 3 can be configured as an I:0 port, a bidirectional
8-bit data bus, or a multiplexed address/data bus de-
pending on the operating mode. The TTL-compatible
three-state output buffers can drive one Schottky TTL
load and 90 pF. Unused lines can remain unconnected.

Port 3 in Single-Chip Mode

Port 3 is an 8-bit IO port in the single-chip mode with
each line configured by the port 3 data direction register.
There are also two lines, 1S3 and 0S3, which can be used
to control port 3 data transfers.

Three port 3 options are controlled by the port 3 control
and status register and are available only in single-chip
mode: 1) port 3 input data can be latched using 1S3 as a
control signal, 2) OS3 can be generated by either an MPU
read or write to the port 3 data register, and 3) an IRQ1
interrupt can be enabled by an IS3 negative edge. Port 3
latch timing is shown in Figure 4.

PORT 3 CONTROL AND STATUS REGISTER
7 6 5 4 3 2 1 0

LoIcs | 1s3
ljag IRQ1 i

Bits 0-2 Not used.

T
. Latch

| Enable X X SOF

x | oss

Bit 3 Latch Enable — This bit controls the input latch
for port 3. If set, input data is latched by an IS3
negative edge. The latch is transparent after a
read of the port 3 data register. Latch enable is
cleared during reset.

Bit 4  Output Strobe Select {OSS) — This bit deter-
mines whether OS3 will be generated by a read
or write of the port 3 data register. When clear,
the strobe is generated by a read; when set, it
is generated by a write. OSS is cleared during
reset.

Bit 5 Not used.

Bit 6 1S3 IRQ1 Enable — When set, an IRQ1 interrupt
will be enabled whenever the 1S3 flage is set;
when clear, the interrupt is inhibited. This bit is
cleared during reset.

Bit 7 1S3 Flag — This read-only status bit is set by an
IS3 negative edge. It is cleared by a read of the
port 3 data register or during reset.

Port 3 in Expanded-Nonmulitiplexed Mode

Port 3 is configured as a bidirectional data bus (D7-D0)
in the expanded-nonmultiplexed mode. The direction of
data transfers is controlled by read write {SC2). Data is
clocked by E {enable).

Port 3 in Expanded-Multiplexed Mode

Port 3 is configured as a time-multiplexed address {A7-
AQ), and data bus (D7-D0) in the expanded-multiplexed
mode where AS can be used to demultiplex the two buses.
Port 3 is held in a high-impedance state between valid
address and data to prevent bus conflicts.

P40-P47 (PORT 4)

Port 4 is configured as an 8-bit | O port, as address
outputs, or as data inputs depending on the operating
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mode. Port 4, which can drive one Schottky TTL load and
90 pF, is the only port with internl pullup resistors. Un-
used lines can remain unconnected.

Port 4 in Single-Chip Mode

In single-chip mode, port 4 functions as an 8-bit 1O
port with each line configured by the port 4 data direction
register. Internal pullup resistors allow the port to directly
interface with CMOS at 5-volt levels. However, external
pullup resistors to more than 5 volts cannot be used.

Port 4 in Expanded-Nonmultiplexed Mode

Port 4 is configured from reset as an 8-bit input port
where the port 4 data direction register can be written to
provide any or all of eight address lines A0 to A7. Internal
pullup resistors pull the lines high until the port 4 data
direction register is configured.

Port 4 in Expanded-Multiplexed Mode

In all expanded-multiplexed modes except modes 1
and 6, port 4 functions as half of the address bus and
provides A8 to A15. In modes 1 and 6, the port is confi-
gured from reset as an 8-bit parallel input port where the
port 4 data direction register can be written to provide
any or all of upper address lines A8 to A15. Internal pullup
resistors pull the lines high until the port 4 data direction
register is configured where bit 0 controls A8.

RESIDENT MEMORY

The MC6801U4 provides 4096 bytes of on-chip ROM
and 192 bytes of on-chip RAM.

Thirty-two bytes of the RAM ae powered through the
Ve standby pin and are maintainable during VCC power-
down. This standby portion of the RAM consists of 32
bytes located from $40 through $5F in all modes except
mode 3, which is $D040 through $DO5F.

Power must be supplied to V¢ standby if the internal
RAM is to be used, regardless of whether standby power
operation is anticipated.

The RAM is controlled by the RAM control register.

RAM CONTROL REGISTER {$14)

The RAM control register includes two bits, which can
be used to control RAM accesses and to determine the
adequacy of the standby power source during power-
down operation. It is intended that RAME be cleared and
STBY PWR be set as part of a powerdown procedure.

RAM CONTROL REGISTER

7 6 5 4 3 2 1 0
STBY ; |
ow | RAME \ X X X X X X ‘ s14

Bits 0-5 Not used.

Bit 6 RAM Enable — This read,write bit can be used
to remove the entire RAM from the internal mem-
ory map. RAME is set (enabled) during reset pro-
vided standby power is available on the positive

edge of RESET. If RAME is clear, any access to
a RAM address is external. If RAME is set, the
RAM is included in the internal map.

Bit 7 Standby Power — This bit is a read/write status
bit that, when cleared, indicates V¢ standby has
decreased sufficiently below Vggpg {minimum) to
make data in the standby RAM suspect. It can be
set only by software and is not affected during
reset.

PROGRAMMABLE TIMER

The programmable timer can be used to perform meas-
urements on two separate input waveforms while inde-
pendently generating three output waveforms. Pulse
widths can vary from several microseconds to many sec-
onds. A block diagram of the timer is shown in Figure
21.

COUNTER ($09:0A), ($15, $16)

The key timer element is a 16-bit free-running counter
thatis incremented by E (enable). Itis cleared during reset
and is read-only with one exception: in mode 0 a write
to the counter ($09) will configure itto $FFF8. This feature,
intended for testing, can disturb serial operations be-
cause the counter provides the SCl internal bit rate clock.
The TOF is set whenever the counter contains all ones.
If ETOI is set, an interrupt will occur when the TOF is set.
The counter may also be read as $15 and $16 to avoid
inadvertently clearing the TOF.

OUTPUT COMPARE REGISTERS ($0B:0C), {$1A:1B),
($1C:1D)

The three output compare registers are 16-bit read
write registers, each used to control an output waveform
or provide an arbitrary time-out flag. They are compared
with the free-running counter during the negative half of
each E cycle. When a match occurs, the corresponding
output compare flag (OCF) is set, and the corresponding
output level (OLVL) is clocked to an output level register.
If both the corresponding output enable bit and data di-
rection register bit are set, the value represented in the
output level register will appear on the corresponding
port pin. The appropriate OLVL bit can then be changed
for the next compare.

The function is inhibited for one cycle after a write to
its high byte ($0B, $1A, or $1C) to ensure a valid compare
after a double-byte write. Writes can be made to either
byte of the output compare register without affecting the
other byte. The OLVL value will be clocked out inde-
pendently of whether the OCF had previously been
cleared. The output compare registers are set to $FFFF
during reset.

INPUT CAPTURE REGISTERS ($0D:0E), ($1E:1F)

The two input capture registers are 16-bit read-only
registers used to store the free-running counter when a
“proper’’ input transition occurs as defined by the cor-
responding input edge bit (IEDG1 or IEDG2). The input
pin’s data direction register should be configured as an
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input, but the edge detect circuit always senses P10 and
P20 even when configured as an output. The counter
value will be latched into the into capture registers on
the second negative edge of the E clock following the
transition.

As input capture can occur independently of ICF; the
register always contains the most current value. How-
ever, counter transfer is inhibited between accesses of a
double-byte MPU read. The input pulse width must be at
least two E cycles to ensure an input capture under all
conditions.

TIMER CONTROL AND STATUS REGISTERS

Four registers are used to provide the MC6801U4/
MC6803U4 with control and status information about the
three output compare functions, the timer overflow func-
tion, and the two input edge functions of the timer. They
are as follows:

Timer Control and Status Register (TCSR)
Timer Control Register 1 {TCR1)

Timer Control Register 2 (TCR2)

Timer Status Register (TSR)

Timer Control and Status Register (TCSR) (£08)

The timer control and status register is an 8-bit register
in which all bits are readable, while only bits 0-4 can be
written. All the bits in this register are also accessible
through the two timer control registers and the timer
status register. The three most significant bits provide
the timer status and indicate if

1. aproper level transition has been detected at P20;

2. a match has occurred between the free-running
counter and output compare register 1; or

3. the free-running counter has overflowed.

Each of the three events can generate an IRQ2 interrupt
and is controlled by an individual enable bit in the TCSR.

TIMER CONTROL AND STATUS REGISTER
7 6 5 4 3 2 1 q
[ ekt [ ookt [ Tor [ eion [ eoci [ ero Jiepet | owu | sos

Bit0 Output Level 1 — OLVL1 is clocked to output level
register 1 by a successful output compare and will
appear at P21 if bit 1 of the port 2 data direction
register is set and the OE1 control bit in timer con-
trol register 1 is set. OLVL1 and output level reg-
ister 1 are cleared during reset. Refer to TIMER
CONTROL REGISTER 1 (TCR1) ($17).

Bit 1 Input Edge 1 — IEDG1 is cleared during reset and
controls which level transition on P20 will trigger
a counter transfer to input capture register 1:
IEDG1 =0 transfer on a negative-edge
IEDG1 =1 transfer on a positive-edge
Refer to TIMER CONTROL REGISTER 1 (TCR1) ($17).

Bit 2 Enable Timer Overflow Interrupt — When set, an
IRQ2 interrupt will be generated when the timer
overflow flag is set; when clear, the interrupt is

inhibited ETOI is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 (TCR2) ($18).

Bit 3 Enable Output Compare Interrupt 1 — When set,
an IRQ2 interrupt will be generated when output
compare flag 1 is set; when clear,the interrupt is
inhibited. EOCI1 is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 {TCR2) ($18).

Bit 4 Enable Output Capture Interrupt 1 — When set,
an IRQ2 interrupt will be generated when input
capture flag 1 is set; when clear, the interrupt is
inhibited. EICI1 is cleared during reset. Refer to
TIMER CONTROL REGISTER 2 (TCR2) ($18).

Bit 5 Timer Overflow Flag — The TOF is set when the
counter contains all ones ($FFFF). It is cleared by
reading the TCSR or the TSR (with TOF set) and
the counter high byte ($08), or during reset. Refer
to TIMER STATUS REGISTER (TSR} ($19).

Bit6 Output Compare Flag 1 — OCF1 is set when output
compare register 1 matches the free-running
counter. OCF1 is cleared by reading the TCSR or
the TSR (with OCF1 set) and then writing to output
compare register 1 ($0B or $0C), or during reset.
Refer to TIMER STATUS REGISTER (TSR) ($19).

Bit 7 Input Capture Flag — ICF1 is set to indicate that a
proper level transition has occurred; it is cleared
by reading the TCSR or the TSR (with ICF1 set) and
the input capture register 1 high byte ($0D), or
during reset. Refer to TIMER STATUS REGISTER
(TSR) ($19).

Timer Control Register 1 {TCR1) ($17)

Timer control register 1 is an 8-bit read/write register
containing the control bits for interfacing the output com-
pare and input capture registers to the corresponding |
O pins.

TIMER CONTROL REGISTER 1
7 5 5 a4 3 2 1 0
[ oe3 | oez | or [repcz ] ieo6t | owis [owvie [owr | 517

L

Bit 0 Output Level 1 — OLVL1 is clocked to output level
register 1 by a successful output compare and will
appear at P21 if bit 1 of the port 2 data direction
register is set and the OE1 control bit is set. OLVL1
and output level register 1 are cleared during reset.
Refer to TIMER CONTROL AND STATUS REGIS-
TER (TCSR} ($08).

Bit 1 OQutput Level 2 — OLVL2 is clocked to output level
register 2 by a successful output compare and will
appear at P11 if bit 1 of port 1 data direction reg-
ister is set and the OE2 control bit is set. OLVL2
and output level register 2 are cleared during reset.
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Bit 2 Output Level 3 — OLVL3 is clocked to output level
register 3 by a successful output compare and will
appear at P12 if bit 2 of port 1 data direction reg-
ister is set and the OE3 control bit is set. OLVL3
and outputievel register 3 are cleared during reset.

Bit 3 Input Edge 1 — IEDG1 is cleared during reset and
controls which level transition on P20 will trigger
a counter transfer to inut capture register 1.
IEDG1 =0 transfer on a negative edge
IEDG1=1 transfer on a positive edge
Refer to TIMER CONTROL AND STATUS REGIS-
TER (TCSR) ($08).

Bit 4 Input Edge 2 — IEDG2 is cleared during reset and
controls which level transition on P10 will trigger
a counter transfer to input capture register 2.
IEDG2 =0 transfer on a negative edge
IEDG2 =1 transfer on a positive edge

Bit 5 Output Enable 1 — OE1 is set during reset and
enables the contents of output level register 1 to
be connected to P21 when bit 1 of port 2 data
direction register is set.

OE1=0 port 2 bit 1 data register output
OE1=1 output level register 1

Bit6 Output Enable 2— OE2 is cleared during reset and
enables the contents of output level register 2 to
be connected to P11 when bit 1 of port 1 data
direction register is set.

OE2=0 port 1 bit 1 data register output
OE2=1 output level register 2

Bit7 Output Enable 3 — OE3 is cleared during reset and
enables the contents of output level register 3 to
be connected to P12 when bit 2 of port 1 data
direction register is set

OE3=0 port 1 bit 2 data register output
OE3=1 output level register 3

Timer Control Register 2 (TCR2) ($18)

Timer control register 2 is an 8-bit read/write register
(except bits 0 and 1), which enables the interrupts as-
sociated with the free-running counter, the output com-
pare registers, and the input capture registers. In test
mode 0, two more bits (clock and test) are available for
checking the timer.

TIMER CONTROL REGISTER 2
{Nontest Modes)
7 6 5 4 3 2 1 0

lJEIC!Z l EICh IEDCISIEUCIZ | EQCH l ETOI l 1 l ﬂ 318

Bits 0-1 Read-Only Bits — When read, these bits return
a value of 1. Refer to TIIMER CONTROL REG-
ISTER 2 (Test Mode).

Bit2  Enable Timer Overflow Interrupt — When set, an
IRQ2 interrupt will be generated when the timer

overflow flag is set; when clear, the interrupt in-
hibited. ETOl is cleared during rest. Refer to TIMER
CONTROL AND STATUS REGISTER (TCSR) ($08).

Bit3  Enable Output Compare Interrupt 1 — When set,
an IRQ2 interrupt will be generated when the out-
put compare flag 1 is set; when clear, the inter-
rupt is inhibited. EQCI1 is cleared during reset.
Refer to TIMER CONTROL AND STATUS REG-
ISTER (TCSR) ($08).

Bit4  Enable Output Compare Interrupt 2 — When set,
an IRQ2 interrupt will be generated when the out-
put compare flag 2 is set; when clear, the inter-
rupt is inhibited. EQCI2 is cleared during reset.

Bit5  Enable Output Compare Interrupt 3 — When set,
an IRQ2 interrupt will be generated when the out-
put compare flag 3 is set; when clear, the inter-
rupt is inhibited. EOCI3 is cleared during reset.

Bit 6 Enable input Capture Interrupt 1 — When set, an
IRQ2 interrupt will be generated when the input
capture flag 1 is set; when clear, the interrupt is
inhibited. EICI1 is cleared during reset. Refer to
TIMER CONTROL AND STATUS REGISTER (TCSR)
($08).

Bit 7 Enable Input Capture interrupt 2 — When set, an
IRQ2 interrupt will be generated when the input
capture flag 2 is set; when clear, the interrupt is
inhibited. EICI2 is cleaed during reset.

The timer test bits (test and clock} allow the free-run-
ning counter to be tested as two separate 8-bit counters
to speed testing.

TIMER CONTROL REGISTER 2
{Test Modes)
7 6 5 4 3 2 1 0

| eici2 | eicn [ eocis | eoci [ eoci | eTor | Test clock; s

Bit 0 CLOCK — The CLOCK control bit selects which
half of the 16-bit free-running counter (MSB or
LSB} should be clocked with E. The CLOCK bit is
a read write bit only in mode 0 and is set during
reset.

CLOCK =0 — Only the eight most-significant bits
of the free-running counter run with TEST =0.

CLOCK =1 — Only the eight least-significant bits
of the free-running counter run when TEST = 0.

Bit 1 TEST — The TEST control bit enables the timer
test mode. TEST is a read write bit in mode 0 and
is set during reset.

TEST=0 — Timer test mode enabled:
a) The timer LSB latch is transparent, which
allows the LSB to be read independently of
the MSB.
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b) Either the MSB or the LSB of the timer is
clocked by E, as defined by the CLOCK bit.

TEST =1 — Timer test mode disabled.

Bits 2-7 See TIMER CONTROL REGISTER 2 (Nontest
Modes). (These bits function the same as in the
nontest modes.)

Timer Status Register (TSR) ($19)

The timer status register is an 8-bit read-only register
which contains the flags associated with the free-running
counter, the output compare registers, and the input cap-
ture registers.

TIMER STATUS REGISTER
7 6 5 4 3 2 1
[icea [ ierr [oces Jocr [ocr [ ror [ 1 [ 1 | s

Bits 0-1 Not used.

Bit 2 Timer Overflow Flag — The TOF is set when the
counter contais all ones ($FFFF). It is cleared by
reading the TSR or the TCSR (with TOF set) and
then the counter high byte {$09), or during reset.
Refer to TIMER CONTROL AND STATUS REG-
ISTER (TCSR} ($08).

Bit3  Output Compare Flag 1 — OCF1 is set when out-
put compare register 1 matches the free-running
counter. OCF1 is cleared by reading the TSR or
the TCSR (with OCF1 set) and then writing to
output compare register 1{$0B or $0C), or during
reset. Refer to TIMER CONTROL AND STATUS
REGISTER (TCSR) ($08).

Bit4  Output Compare Flag 2 — OCF2 is set when out-
put compare register 2 matches the free-running
counter. OCF2 is cleared by reading the TSR {(with
OCF2 set) and then writing to output compare
register 2 ($1A or $1B), or during reset.

Bit5  Output Compare Flag 3 — OCF3 is set when out-
put compare register 3 matches the free-runing
counter. OCF3 is cleared by reading the TSR (with
OCF3 set) and then writing to output compare
register 3 ($1C or $1D), or during reset.

Bit6 Input Capture Flag 1 — ICF1 is set to indicate that
a proper level transition has occurred; it is cleared
by reading the TSR or the TCSR (with ICF1 set)
and the input capture register 1 high byte ($0D},
or during reset. Refer to TIMER CONTROL AND
STATUS REGISTER (TCSR]} ($08).

Bit7  Input Capture Flag 2 — ICF2 is set to indicate that
a proper level transition has occurred; it is cleared
by reading the TSR (with ICF2 set) and the input
capture register 2 high byte ($1E), or during reset.

SERIAL COMMUNICATIONS INTERFACE

A full-duplex asynchronous SCl is provided with two
data formats and a variety of rates. The SCI transmitter
and receiver are functionally independent but use the
same data format and bit rate. Serial data formats include
standard mark/space (NRZ) and biphase; both provide
one start bit, eight data bits, and one stop bit. “Baud”
and “bit rate” are used synonymously in the following
description.

WAKE-UP FEATURE

In a typical serial loop multiprocessor configuration,
the software protocol will usually identify the addres-
see(s) at the begining of the message. To permit unin-
terested MPUs to ignore the remainder of the message,
wake-up feature is included whereby all further SCI re-
ceiver flag (and interrupt) processing can be inhibited
until its data line goes idle. An SCl receiver is re-enabled
by an idle string of eleven consecutive ones or during
reset. Software must provide for the required idle string
between consecutive messages and must prevent it within
messages.

PROGRAMMABLE OPTIONS
The following featues of the SCI are programmabile:
e Format: standard mark/space (NRZ) or biphase
® Clock: external or internal bit rate clock
e Baud: one of eight per E clock frequency or ex-
ternat clock ( x 8 desired baud)
Wake-Up Feature: enabled or disabled
interrupt Requests: enabled individually for trans-
mitter and receiver

® Clock Output: internal bit rate clock enabled or
disabled to P22

SERIAL COMMUNICATIONS REGISTERS

The SClincludes four addressable registers as depicted
in Figure 22. It is controlled by the rate and mode control
register and the transmit:receive control and status reg-
ister. Data are transmitted and received utilizing a write-
only transmit register and a read-only receive register.
The shift registes are not accessible to software.

Rate and Mode Control Register (RMCR) {$10)

The rate and mode control register controls the SCI bit
rate, format, clock source, and, under certain conditions,
the configuration of P22. The register consists of five
write-only bits which are cleared during reset. The two
least-significant bits, in conjunction with bit 7, control the
bit rate of the internal clock, and the remaining two bits
control the format and clock source.

RATE AND MODE CONTROL REGISTER

7 6 5 4 3 2 1 0

eee | x | x | x | cci [ ceo | ssilsso| s

Bit 1: