Lvs SGS-THOMSO
/4 MH@%@ELE%TR@SMI]@NS

EF6801
EF6803

MICROCOMPUTER/MICROPROCESSOR (MCU/MPU)

» ENHANCED EF6800 INSTRUCTION SET

= 8 X 8 MULTIPLY INSTRUCTION

» SERIAL COMMUNICATIONS INTERFACE
(SCl)

« UPWARD SOURCE AND OBJECT CODE
COMPATIBILITY WITH THE 6800

u 16-BIT THREE-FUNCTION PROGRAMMABLE
TIMER

» SINGLE-CHIP OR EXPANDED OPERATION

TO 64K BYTE ADDRESS SPACE

BUS COMPATIBILITY WITH THE 6800 FAMILY

2048 BYTES OF ROM (EF6801)

128 BYTES OF RAM

64 BYTES OF RAM RETAINABLE DURING

POWERDOWN

u 29 PARALLEL /O AND TWO HANDSHAKE

CONTROL LINES

INTERNAL CLOCK GENERATOR WITH

P SUFFIX
{Plastic Package)

DIVIDE-BY-FOUR OUTPUT FN SUFFIX
= —40°C TO + 85°C TEMPERATURE RANGE (PLCC44)
s —40°C TO + 105°C TEMPERATURE RANGE
PIN CONNECTIONS
vssllt @ e 1(3
xTALI]2 BfIsc
ExTAL2[]3 ®.fIsc?
RMifg4 37{1P0 .
wmaigs B P31 c 303 o
FeSE g e Eeszfr.88s
VCCE7 “me AESET[ 7 o:'q'sm:}nz
P20 08 BfIps vecll® 38 P33
P21 (9 2[1P3s rxrfs e
P2{j10 afiess i i
P3N P37 Pz3Q12 34[Jp3s
p2af]2 »fira0 "':E:j 33:’!
profia Bra riol]1s 21 [Jrao
P11 1e z7fira2 ::;E:j z;:;
P12 [J1s 2%[]P43 22 ERRNRILERER
P13[J16 5{Ipas E?EEEE?E???
P14 17 2{lrss Ed
P15} B{1r46
P16 19 22{1r47
[ 261 F.) 2apVvee
Standby

May 1989

1/49

13



EF6801-EF6803

DESCRIPTION

The EF6801 is an 8-bit single-chip microcomputer
unit (MCU) which significantly enhances the capa-
bilities of the 6800 family of parts. It includes an up-
graded 6800 microprocessor unit (MPU) with
upward-source and object-code compatibility. Ex-
ecution times of key instructions have been im-
proved and several new instructions have been
added including an unsigned multiply. The MCU can

Figure 1 : 6801/6803 Bock Diagram.

function as a monolithic microcomputer or can be
expanded to a 64K byte address space. Itis TTL
compatible and requires one + 5V power supply.
On-chip resources include 2048 bytes of ROM, 128
bytes of RAM, a Serial Communications Interface
(SCI), parallel /0, and a three function Programm-
able Timer. The EF6803 can be considered as an
EF6801 operating in Modes 2 or 3. EF6801 MCU
Family features include :

-9
g% cpf
> > ; 5 mEg :
[TT1501 1 s
Expanded Multplexed MPU
Expanded Non-Multiplexed
I [—— Single Chip
P37 AV/DI DI O » P20
P36 AB/D6E D6  1/0 e Mux Port | > P21
P36 AS/D5 D5 1O -wml Pont <:> 2 > P22
P34 A4/D4 D4 /O = 3 - > P23
PI3 A3/D3 D3 /O - > P24
P32 A2/D2 02 O - Tl
P31 AI/D1 D1 1/Q - —
P30 AQ/DO DO VO i a pb—
5C2 R/W R/W 053 e K Timer )
SCt AS oS i53 A -_— .
L
—
P47 A5 Al 1O - e » P10
P46 Al4 A6 /O -~ Addiess pg———— P11
P45 A13 A5 /0 -emf Pont : Pﬂ]’” ft—— P12
Pas  Al2 a4 10 -] ? e« » 13
P43 ANl A3 /O -e»d O
P42 AID A2 1O amd e« »PI5
Pa1 A9 Al 13¢] Data j————————» P16
Pap A8 A0 1O . _j lt——————— > P17
2048 x 8
Ve Standoy— 1288 iy
RAM (1)
(1) No functioning ROM in EF6803 .
~
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EF6801-EF6803

POWER CONSIDERATIONS

The average chip-junction temperature, Ty, in °C
can be obtained from :

Ty=Ta+(Pp - 8ya)

Where :

TA = Ambient Temperature, °C
04a=Package Thermal Resistance, Junction
-to-Ambient, "C/W

Pp = PiNT + ProRT

Pint= lce x Vee, Watts - Chip Internal Power
ProrT = Port Power Dissipation, Watts - User
Determined

For most applications ProrT<< PiINT @and can be ne-
glected. ProrT may become significant if the device

m

ABSOLUTE MAXIMUM RATINGS

is configured to drive Darlington bases or sink LED
loads.

An approximate relationship between Pp and Ty (if
Prorr is neglected) is :

Pp=K+(Ty+273°C) 2
Solving equations 1 and 2 for K gives :
K=PD * (Ta+273°C) + 6ua - Pp? &)

Where K is a constant pertaining to the particular
part. K can be determined from equation 3 by
measuring Po (at equitibrium) for a known Ta. Using
this value of K the values of Pp and Ty can be ob-
tained by solving equations (1) and (2) iteratively for
any value of Ta.

Symbol Parameter Value Unit
Veo Supply Voltage -03to+70 v
Vin Input Voltage -03t0+70 v
Ta Operating Temperature Range TLtoTw °C

EF6801/03, EF6801/03-1, EF68A01/03, EF68B01/03 0to 70
EF6801/03, EF6B01/03-1 : V Suffix — 4010 85
EF6801/03, EF6801/03-1 : A Suffix —40to 105
Tsig Storage Temperature Range - 5510 + 150 °C

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields ; hewever, it is advised
that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit.
For proper operation it is recommended that Vin and Vour be constrained to the range Vss < {Vin 0r Vou) < Vce. Input protection is en-

hanced by connecting unused inputs to either Vpp or Vss.

THERMAL DATA

Bua Thermal Resistance Plastic 50 °C/W
PLCC 100
CONTROL TIMING (Vo = 5.0V £5%, Vg5 =0, Tp = 0to 70°C)
Symbol Parameter EF6801 EF6801-1 EF68A01 EF68B01 Unit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
fo Frequency of Operation 05 1.0 05 1.25 05 15 0.5 2.0 MHz
fxtaL Crystal Frequency 20 4.0 2.0 5.0 20 6.0 20 8.0 MHz
44 External Oscillator Frequency 2.0 4.0 20 5.0 20 6.0 2.0 8.0 MHz
tre Crystal Osciliator Start Up Time 100 100 100 100 ms
tecs Processor Control Setup Time 200 170 140 110 ns
LN7 SGS-THOMSON 349
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EF6801-EF6803

DC ELECTRICAL CHARACTERISTICS
(Vee =5.0Vde £ 8%, Vsg =0, T = T to Ty unless otherwise noted)

EF6801/03 E_ngf’é ’&3
Symbol Parameter 0°Cto + 70°C + 85°C/ + 105°C Unit
Min, Max. Min. Max.
Vi Input High Voltage RESET | Vss + 4.0 Vee Vss + 4.0 Vce Y
Other Inputs | Vgs + 2.0 Vee Vss + 2.2 Veeo
Vi Input Low Voltage Al Inputs | Vgs — 0.3 | Vg5 + 0.8 | Vg5 — 0.3 | Vgg + 0.8 v
lin Input Load Current (Vi, =0to 2.4V) Port 4 0.5 0.8 mA
SCi 08 1.0
lin Input Leakage Current uA
(Vin =0 to 5.25V) NMI, IRQ1, RESET 25 5.0
lrs) Hi-Z (off-state) Input Current uA
(Vin =0.5 1o 2.4V) Ports 1, 2, and 3 10 20
Vo Output High Voltage \
{lLoad =— 650" Vo =Min)* E, Port4,8C1,8C2 | Vgg + 24 Vgg + 2.4
{lLaag =— 100pA, Voo = Min) Other Outputs | Vgs + 2.4 Vgs + 2.4
VoL Output Low Voltage \Y)
(ILoag = 2.0mA, Ve = Min) All Cutputs Vgs + 0.5 Vss + 0.6
lon Darlington Drive Current (Vo = 1.5V) Port 1 1.0 4.0 1.0 5.0 mA
Pint Internal Power Dissipation 1200 1500 mw
{measured at Ty = T in steady-state
operation)
Cin Input Capacitance Port 3, Port 4, SC1 125 12.5 pF
(Vin =0, Ta =25°C, QOther Inputs 10 10
fo = 1.0MHz)
Vses Vce Standby Powerdawn 4.0 5.25 4.0 525 \
Vgg Powerup 4.75 5.25 4.75 5.25
lses Standby Current Powerdown 6.0 8.0 mA
* Negociable to ~100pA (for further information contact the factary)
4149 L3y SGS-THOMSON
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EF6801-EF6803

PERIPHERAL PORT TIMING (refer to figures 2-5)

EF6801 |[EF6801-1EF68A01 |EF68B01
Min.[Max. Min.|Max.|Min. Max.|Min. [Max.
tppsu | Peripheral Data Setup Time 200 200 150 100 ns
teDH Peripheral Data Hold Time 200 200 150 100 ns
tosp1 Delay Time, Enable Positive Transition to OS3 350 350 300 250 ns
Negative Transition
tospz | Delay Time, Enable Positive Transition to OS3 350 350 300 250 | ns
Positive Transition
trwo Delay Time, Enable Negative Transition to 350 350 300 250 | ns
Peripheral Data Valid
tcmos | Delay Time, Enable Negative Transition to 2.0 20 2.0 2.0 us
Peripheral CMOS Data Valid
tpwis Input Strobe Pulse Width 200 200 150 100 ns
tin Input Data Hold Time 50 50 40 30 ns
tis Input Data Setup Time 20 20 20 20 ns
Figure 2 : Data Setup and Hold Times (MPU read). Figure 3 : Data Setup and Hold Times (MPU write).
r——-MPU Read f MPU Write
E J
tPDSU PDH £
P10-P17 S
P20-P24 a R (omos
P40-PAT Data Vahd 1PWC —--07Vge
inputs 3 tPDH !
Posu All Data 3
P30-P37 i Oata Vahd 1 Port Outputs X Data vahd
Inputs* . 7:(

* Port 3 non-latched operation {latch enable - O}

Figure 4

: Port 3 Output Strobe Timing

(EF6801 single-chip Mode).

Notes : 1. 10k Pullup resistor required for Port 2 to reach 0.7 Vce.

2. Not applicable to P21.
3. Port 4 cannot be pulled above Vcc.

Figure 5 : Port 3 Latch Timing

(EF6801 single-chip mode).

0s3

N

r MPU access of Port 3°

Address {SDOOE) >< X
Bus I

™ |<0sD1 ks 10SD2

P30-P37
Inputs

wl

us

Data Valid

* Access matches Output Strobe Select (0SS =0, aread. 0SS =1,

a write).

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

&7
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EF6801-EF6803

BUS TIMING (see notes 1 and 2)

EF6801 EF6801-1 EF68A01 EF68B01
N'::":ér Symbol Parameter EF6803 | EF6803-1 | EF68A03 | EF68B03 | ynit
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
1 toye Cycle Time . 1.0 2.0 0.8 20 |0667| 20 0.5 2.0 us
2 PWegL | Puise Width, E Low 430 | 1000 | 360 | 1000 | 300 | 1000 | 210 | 1000 | ns
3 PWey | Pulse Width, E High 450 | 1000 | 360 | 1000 | 300 | 10001 220 | 1000 | ns
4 tr, t4 Clock Rise and Fall Time 25 25 25 20 ns
9 tan Address Hold Time 20 20 20 10 ns
12 tay Non-muxed Address Valid | 200 150 115 70 ns
Time to E*
17 tose Read Data Setup Time BO 70 60 40 ns
18 toHR Read Data Hold Time 10 10 10 10 ns
19 topw | Write Data Delay Time 225 200 170 120 ns
21 toHw Write Data Hold Time 20 20 20 10 ns
22 tavm Muxed Address Valid 200 150 115 80 ns
Time to E Rise*
24 tasL Muxed Address Valid 60 50 40 20 ns
Time to AS Fall*
25 taHL Muxed Address Hold Time| 20 20 20 10 ns
26 tasD Delay Time, E to AS Rise*| 90** 70** 60*" 45** ns
27 PWasH | Pulse Width, AS High* 220 170 140 110 ns
28 tasen | Delay Time, AS to E Rise”| 90 70 60 45 ns
29 tace Usable Access Time* 595 465 380 270 ns

* At specified cycle time.

* * taso parameters listed assume external TTL clock drive with 50% + 5% duty cycle. Devices driven by an external TTL clock with
50% =+ 1% duty cycle or which use a crystal have the following tasp specifications : 100ns min. {1.0MHz devices), BOns min. (1. 25MHz
devices}, 65ns min. {1.5MHz devices), 50ns min. (2.0MHz devices).

Figure 6 : Bus Timing.
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See Note 4 ——
@
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(Non-Muxed!
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2
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Wiite Data Mused

i
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Notes : 1. Voltage levels shown are V< 0.5V, Vu > 2.4V, unless otherwise specified.
2. Measurement points shown are 0.8V and 2.0V, unless otherwise specified.
3. Usable access time is computed by 12 +3 — 17 + 4,
4

. Memory devices should be enabled only during E high to avoid Port 3 bus contention.
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EF6801-EF6803

Figure 7 : CMOS Load.

Figure 8 : Timing Test Load Ports 1, 2, 3, 4.

Test Point 0_1
30 pF

I

vee

R 18«0

1N916
or Equiv.

Test Point

1N4148

or Equiv,

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

R =37k for P40-P47, E, SC1, SC2
= 24kQ for P10-P17, P20-P24
= 24kQ for P30-P37

INTRODUCTION

The EF6801 is an 8-bit monolithic microcomputer
which can be configured to function in a wide var-
iety of applications. The facility which 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, available on-chip resources,
memory map, location (internal or external) of inter-
rupt vectors, and type of external bus. The configu-
ration of the remaining 22 pins is not dependent 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 Reg-
ister. The Data Direction Register is used to define
whether corresponding bits in the Data Register are
configured as an input {clear) or output {set).

Figure 9 : Programming Model.

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 "I/O port", it is controlled by the port
Data Direction Register and the programmer has di-
rect access to the port pins using the port Data Reg-
ister. Port pins are labled as Pijwhere i identifies one
of four ports and j indicates the particular bit.

The Microprocessor Unit (MPU) is an enhanced
EF6800 MPU with additional capabilities and
greater throughput. It is upward source and object
code compatible with the EF6800. The programm-
ing model is depicted in figure 9, where Accumula-
tor D is a concatenation of Accumulators A and B.
A list of new operations added to the 6800 instruc-
tion set are shown in table 1.

The EF6803 can be considered an EF6801 that
operates in Modes 2 and 3 only.

o Or 16 Bit Double Accumulator O

j] index Register (X)

E] Stack Pointer {5P1

LZ -—— -A_ ——— _DUT_ ___B_ o 9 8-Bit Accumuiators A and B
15 o
l15 M
E5 5P
= PC

ﬂ Program Counter [PCY

7

I 1 | 1 IHl | INIZl v lCl Candition Code Register (CCRI

]

| L Carry/ Borrow from MSB
Overfiow

Zero

Negative

Intesrupt

Halt Carry {From Bu 3}

L7 56 THOMsON 749
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EF6801-EF6803

OPERATING MODES

The EF6801 provides eight different opérating
modes (modes O through 7}, the EF6803 provides
two operating modes (modes 2 and 3}). The opera-
ting 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 eight operating modes can be grouped into
three fundamental modes which refer to the type of
bus it supports : Single Chip, Expanded Non-Multi-
plexed, and Expanded Multiplexed. Single-Chip
modes include 4 and 7, Expanded Non-Multiplexed

Table 1 : New Instructions.

is Mode 5 and the remaining five are Expanded
Multiplexed modes. Table 2 summarizes the char-
acteristics of the operating modes.

EF6801 SINGLE-CHIP MODES (4, 7). Inthe Single- -
Chip Mode, the four MCU ports are configured as
parallel input/output data ports, as shown in
figure 10. The MCU functions as a monolithic micro-
computer in these two modes without external ad-
dress or data buses. A maximum of 29 I/C lines and
two Port 3 contro! lines are provided. Peripherals or
another MCU can be interfaced to Port 3in a loose-
ly coupled dual processor configuration, as shown
in figure 11.

accumulator.

shifted into the C-bit.

accumulator.

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

ASLD or LSLD| Shifts the doubie accumulator left (towards MSB) one bit ; the LSB is cleared and the MSB is

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 fram memory.

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 fram stack.

STD Stores the double accumulator to memory.

SUBD Substracts memory from the double acccumulator and leaves the difference in the double

CPX Internal processing modified to permit its use with any conditional branch instruction.

In Single-Chip Test Mode (4), the RAM responds to
$XX80 through $XXFF and the ROM is removed
from the internal address map. A test program must
first be loaded into the RAM using modes 0, 1, 2, or
6. If the MCU is Reset and then programmed into
Mode 4, execution will begin at $XXFE : XXFF.
Mode 5 can be irreversibly entered from Mode 4
without asserting RESET by setting bit 5 of the Port
2 Data Register. This mode is used primarily to test
Ports 3 and 4 in the Single-Chip and Non-Multi-
plexed Modes.

EF6801 EXPANDED NON-MULTIPLEXED MODE
(5). A modest amount of external memory space is

8/49 L7 S5S-THOMSON

provided in the Expanded Non-Muitiplexed Mode
while significant 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 ad-
dress lines may be obtained by writing to the Port 4
Data Direction Register. Stated alternatively, any
combination of A0 to A7 may be provided while re-
taining the remainder as input data lines. Intemal
pullup resistors pull the Port 4 ines high until the port
is configured.

Figure 12 illustrates a typical system configuration
in the Expanded Non-Multiplexed Mode. The MCU

MICROELECTRONICS
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EF6801-EF6803

interfaces directly with 6800 family parts and can ac- extemal memory ($100-$1FF) and can be used as
cess 256 bytes of external address space at $100 a memory page select or chip select line.
through $1FF. IOS provides an address decode of

Table 2 : Summary of EF6801/03 Operating Modes.

Common to all Modes :
Reserved Register Area
Port 1
Port 2
Programmable Timer
Serial Communications Interface

Single-chip Mode 7 :
128 Bytes of RAM, 2048 Bytes of ROM
Port 3 is a parallel I/O port with two control lines.
Port 4 is a parallel I/O port.
SC1 is input strobe 3 (IS3).
SC2 is output strobe (OS3).

Expanded Non-multiplexed Mode 5 :
128 Bytes of RAM, 2048 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.
SC1 is input/output select (I0S).
SC2 is read/write (R/W).

Expanded Multiplexed Modes 1, 2, 3, 6* :
Four memory space options (64K address space).
{1} No Internal RAM or ROM (mode 3)
{2) Internal RAM, no ROM (mode 2)
{3) Internal RAM and ROM (mode 1)
{4) Internal RAM, ROM with Partial Address Bus (mode 6)
Port 3 is multiplexed address/data bus.
Port 4 is an address bus (inputs/address in mode 6).
SC1 is address strobe (AS).
SC2 is read/write (R/W).

Test Modes 0 and 4 :
Expanded multiplexed test made 0.
May be used to test RAM and ROM.
Single chip and non-multiplexed test mode 4.
{1) May be changed to mode 5 without going through reset.
{2) May be used to test ports 3 and 4 as /O ports.

* The EF6803 operates only in modes 2 and 3

L7 SGS-THOMSON 9149
Y/ GicroE ECTRONICS
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EF6801-EF6803

Figure 10 : Single-chip Mode.

V(ic
XTAL1 "¢
-
T exTAL2  pe— AWM
vce Standby ——

AESET ——of EFes0i  fe——IRQI

Port 1 Port 3
8 /0 Lines _8 170 Lines
M
033

Port 4 Port 2
81/0 Lines 5170 Lines
—— Seriat 170
Vs 16-Bit Timer
Figure 11 : Single-chip Dual Processor Configuration.
vee Ve
——xTAL —eE XTAL 1 | E
- lo— WAl - fo— NMI
fo— {RGH I*— TG
T JexTaL2 T —EXTALZ
Ve Standby ——e VG Standby —
— AESET——o
RESET EF6801 EF68D1
Port 1 Por1 3, 8170 Lines Port 1
a1/0 “ 8170
Lines Lines
053 83
Pon 2 53 03 Port 4
5170 L-nesM 81,0
Ssci Lines
16-Bit Timer L Port 4 Port 2 =
e 81/0 5 1/0 Lines v
Vvss Lines SCH ss
16-Bit Timer
Figure 12 : Expanded Non-multiplexed Configuration.
Vcc V(ic
—L[XTALl [—=¢E —cxrau Part3 8 10007
] be—— AT -l foud 8 (AQ-AT}
T EXTALZ T JexraLz 2 105
Ve Standby —en je— Q1 vee Standby ——e R/W R W
— 3 3
RESTT—of EF6808 1
RGt ——=
Port 1 “ Port 3
8 1/0 Lines  Oata Lines Port 1
L 8 /0
Port 2 -
Solr;o i05 Port 2
Port 4 5170
Lines Tog
Senal 1/0 ° scl
16-Bit Timer L Address Lines Timer I
vss vss RAM PIA ACIA
10/49
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EF6801-EF6803

EXPANDED-MULTIPLEXEDMODES (0, 1, 2, 3, 6).
A 64K byte memory space is provided in the ex-
panded multiplexed modes. In each of the ex-
panded multiplexed modes Port 3 functions as a
time multiplexed address/data bus with address
valid on the negative edge of Address Strobe (AS),
and data valid while E is high. In Modes 0 to 3, Port
4 provides address lines A8 to A15. In Mode 6, how-
ever, 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
subset of A8 to A15 can be provided while retaining
the remaining port 4 lines as input data lines. Inter-
nal pullup resistors pull the Port 4 lines high until
software configures the port.

In Mode 0, the Reset vector is external for the first
two E-cycles after the positive edge of RESET, and
internal thereafter. In addition, the internal and ex-
ternal data buses are connected so there must be
no memory map overlap in order to avoid potential
bus conflicts. Mode 0 is used primarily to verify the
ROM pattern and monitor the internal data bus with
the automated test equipment.

Only the EF6801 can operate in each of the ex-
panded muitiplexed modes. The EF6803 operates
only in Modes 2 and 3.

Table 3 : Mode Selection Summary.

Figure 13 depicts a typical configuration for the Ex-
panded-Multiplexed Modes. Address Strobe can be
used to control a transparent D-type latch to capture
addresses A0-A7, as shown in figure 14. This allows
Port 3 to function as a Data Bus when E is high.

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 15. A
brief outline of the operating modes is shown in
table 3.
PORT 2 DATA REGISTER
7 6 5 4 3 2 1 0

[Pcz\ PC1 i Pco} P24 | P23 { P22 | P21 l P20 i&soooa

Circuitry to provide the programming levels is de-
pendent primarily on the normal system usage of
the three pins. If configured as outputs, the circuit
shown in figure 16 may be used ; otherwise, three-
state buffers can be used to provide isolation while
programming the mode.

Mode* :éz ra ség ROM | RAM | 'BIeMTUPt | Bug Mode Operating Mode
7 H H H 1 | | | Single Chip
6 H H L | I I MUX 3-8 | Multiplexed/partial Decode
5 H L H i | I NMUX 88 | Non-multiplexed/partial Decode
4 H L L 142 | M | I Single Chip Test
3 L H H E E E MuUX 4 Multiplexed/no RAM or ROM
2 L H L E | E MUX 4 Muttiplexed/RAM
1 L L H | | E Mux 4 Multiplexed/RAM & ROM
0 L L L i i S MUx Multiplexed Test
Legend : Notes : (1) internal RAM is addressed at $XX80
I - Internal (2) Internal ROM is disabled o
E - External (3) RESET vector is external tor 2 cycles after RESET goes high

MUX - Multiptexed
NMUX - Non-Multiplexed
L - Logic "0"

H - Logic "1" tion Register
* The EF6803 operates only in Modes 2 and 3

<7}

SGS-THOMSON
MICROELECTRONICS

(4) Addresses associated with Ports 3 and 4 are considered external in Modes 0, 1, 2, and 3
(5) Addresses associated with Port 3 are considered external in Modes 5 and 6
(6) Port 4 default is user data input, address output is optional by writing to Port 4 Data Direc-

11/49
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EF6801-EF6803

Figure 13 : Expanded Multiplexed Configuration.

vee
1
XTALY 3 E
|
T —Jexral2 pe—ANMI
Ve Standby ——
RESET — —
EF6801 [€—— RO
EF6803
Port 1 BP'E" 3
8l ines “ ines
/0 Line “Mulliplexed Data/Address
——R /W
Port 2 —AS
. Port 4
5170 Lines 8L
. nes
Senal 170 Address Bus
16-Bit Timer
Vss
vVce
_ 1 XTAL1
[ . 8 o Data Bus
T ExTAL2 1DO-D7
vee Standby —— 3
RESET ——»1 EF6801 > . Address Bus
NMI —3» EF6803 AW 16 (AD-A15)
RQT —— » AW
E
Port 1 —»
81/0
Port 2
5170
SCi
Timer
vss
ROM RAM PlA

Note : To avoid data bus (Port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high
time.
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Figure 14 : Typical Latch Arrangement.

GND »
AS P—
» G oc]
D+ o8]
» =
- —
P » 7418373 —————»
»- I =
- =
>~ Ds Qg [ —>
: Data Do B7
Figure 15 : Mode Programming Timing.
See Figure 16
for Diode Arrangement VMPOD
i’ VMPL
P20, P21, P22} ,; T Made Latch
VMmpPH Min ————
Made Inputs WETET Level
(P20, P21, P22} B

MODE PROGRAMMING (refer to figure 15)

Symbol Parameter Min. Max. Unit
Vel Mode Programming Input Voltage Low* 1.8 \
VmpH | Mode Programming Input Voltage High 4.0 A
Vmeop | Mode Programming Diode Differential (if diodes are used) 0.6 v

PWgstL | RESET Low Pulse Width 3.0 E-Cycles
tmes Mode Programming Setup Time 2.0 E-Cycles
tmpH Mode Programming Hold Time 0 ns

RESET Rise Time > 1us 100
RESET Rise Time < tus

*For Ta=-40°Cto + 105°C, VupL = 1.7V.

Ly SGS-THOMSON 13149
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Figure 16 : Typical Mode Programming Circuit.

VT:
> > >
< < < L
R2 ‘: m:; mi: R1;;
o) p—
RESET»»— RESET
P20 P20 {PCOL
P21 2 P21 {PCY)
10
P22— P22 (PC2)
M
Coml EF6801
Switches EF6803
] D D
Notes : 1. Mode 7 as shown
2. R2.C = Reset time constant
3. Ri = 10k (typical)
4. D =1N914, IN40D1 (typical)
5. Diode Vi should not exceed Vuppo min
MEMORY MAPS The first 32 locations of each map are reserved for
The 6801 Family can provide up to 64K byte ad- the internal register area, as shown in table 4, with

dress space depending on the operating mode. A exceptions as indicated.
memory map for each operating mode is shown in

figure 17.
14/49
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Figure 17 : EF6801/03 Memory Maps (sheet 1 of 3).

. EF6801
T d
Multiplexed- Test Mode Mode 0
S0000( M
% Internal Registers
$001F 4
} Externat Memory Space

$0080

4
SOOFF %//% ) Internal RAM

Externa! Memory Space

$F800
’//
Internal ROM
SFFFEI2) 7 Internal Interrupt Vectors(2)
NOTES:

1) Excludes the following addresses which may be
used externally: $04, $05, $06, $07, and $OF.

2) Addresses $FFFE and S$FFFF are considered
external if accessed within two cycles after a
positive edge of RESET and internal at all other

EF6801
Mode

Multiplexed/ f}iNl apd ROM
S00004 1

4
Internal Registers
$001F 7

External Memory Space

::: % internal RAM

Externat Memory Space

$F800

$FFFO External interrupt Vectors

$FFFF

NOTES:

1) Excludes the following addresses which may be

used externally: 504, 505, $06, $07, and $OF

2} Internal ROM addresses $FFFO to $FFFF are not

! usable.
times.
3} After two MPU cycles, there must be no over-
lapping of internal and external memory spaces
to avoid driving the data bus with more than one
device.
4} This mode is the only mode which may be used
to examine the interrupt vectors in internal ROM
using an external RESET vector.
L3y SGS-THOMSON 15/49
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EF6801/03 Memory Maps (sheet 2 of 3).

Figure 17
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EF6801/03 Memory Maps (sheet 3 of 3).
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EF6801/03 INTERRUPTS

The 6801 Family supports two types of interrupt re-
quests : maskable and non-maskable. A Non-Mask-
able Interrupt (NM1) is always recognized and acted
upon at the completion of the current instruction.
Maskable interrupts are controlled by the Condition
Code Register I-bit and by individual enable bits.
The I-bit controls all maskable interrupts. Of the
maskable interrupts, there are two types : IRQ1 and
IRQ2. The Programmable Timer and Serial Com-
munications Interface use an internal IRQ2 interrupt
line, as shown in figure 1. External devices {and IS3)
use IRQ1. AnIRQ1 interrupt is serviced before IRQ2
if both are pending.

AllIRQ2 interrupts use hardware prioritized vectors.
The single SCI interrupt and three timer interrupts

FUNCTIONAL PIN DESCRIPTIONS

Vce AND Vss

Vce and Vss provide power to a large portion of the
MCU. The power supply should provide + 5 volts
(+ 5%} to Vce, and Vss should be tied to ground.
Total power dissipation (including Vce Standby), will
not exceed Pp milliwatts.

Vcc STANDBY

Ve Standby provides power to the standby portion
($80 through $BF) of the RAM and the STBY PWR
and RAME bits of the RAM Control Register. Volt-
age requirements depend on whether the device is
in a powerup 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 powerdown, Vcc Standby
must remain above Vsps (min) to sustain the stand-
by RAM and STBY PWR bit. While in powerdown
operation, the standby current will not exceed sgp.

It is typical to power both Vg and Vec Standby from
the same source during normal operation. A diode
must be used between them to prevent supplying
power to Vcc during powerdown operation. Vcc
Standby should be tied to ground in Mode 3.

18/49 L7 SGS:THOMSON

are serviced in a prioritized order and each is vec-
tored to a separate location. All interrupt vector lo-
cations are shown in table 5.

The Interrupt flowchart is depicted in figure 18 and
is common to every interrupt excluding reset. Dur-
ing interrupt servicing the Program Counter, Index
Register, A Accumulator, B Accumulator, and Con-
dition Code Register are pushed to the stack. The
i-bit is set to inhibit maskable interrupts and a vec-
tor is fetched corresponding to the current highest
priority interrupt. The vector is transterred to the Pro-
gram Counter and instruction execution is resumed.
Interrupt and RESET timing are illustrated in
figures 19 and 20.

Table 4 : Internal Register Area.

Register Address
Port 1 Data Direction Register™* 00
Port 2 Data Direction Register™* 01
Port 1 Data Register 02
Port 2 Data Register 03
Port 3 Data Direction Register™* 04*
Port 4 Data Direction Register*** 05"
Port 3 Data Register 06*
Port 4 Data Register o7
Timer Contral and Status Register 08
Counter (high byte) 09
Counter (low byte) 0A
Output Compare Register (high byte) 0B
Output Compare Register (low byte) oC
Input Capture Register (high byte) oD
Input Capture Register (low byte) OE
Port 3 Control and Status Register OoF*
Rate and Mode Control Register 10
Transmit/receive Control and Status Register 11
Receive Data Register 12
Transmit Data Register 13
RAM Control Register 14
Reserved 15-1F

* External addresses in Modes 0, 1,2, 3, 5, 6 ; cannot be accessed
in Mode 5 (No IOS)

** External addresses in Modes 0, 1,2, 3

*** 1 = Output, 0 = Input

MICROELECTROMICS
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Table 5 : MCU Interrupt Vector Locations.

MSB LSB Interrupt

FFFE FFFF RESET

FFFC FFFD NMI

FFFA FFFB Software Interrupt (SWI)
FFF8 FFF9 IRQ1 (or 1S3)

FFF6 FFF7 ICF {input capture)*
FFF4 FFF5 OCF (output compare)*
FFF2 FFF3 TOF (timer overflow)*
FFFO FFF1 SCI (RDRF + ORFE + TDRE)*

* IRQ2 Interrupt

Figure 18 : Interrupt Flowchart.

Stack Machine State
PC. X A B.CC

T > ITP SCi= YIEsTDRE + RIES{RDRF + ORFE)
Condmon Code Register R
vecior - PC

NMI FFFC FFFD | Non-Maskable Interrupt

SWi FEFA FEFB | Software Interrupt

1RQ1 FEF8 FEFY | Maskable Interrupy Request 1

ICF FFF6 FEF7{ Input Capture Inferrupt

OCF FFE4 FFF5 | Output Compare Interrupt

TOF FFF2 FFE3 | Timer Overfiow Interrupt

scl FFFO FFF1__| SCI tnterrupt (TORE + RORF » ORFE

A
19/49
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Figure 20 : Reset Timing.

Interrupt Sequence.

Figure 19
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XTAL1 AND EXTAL2

These twoinput pins interface either acrystalor TTL
compatible clock to the MCU internal clock gener-
ator. Divide-by-four circuitry is included which allows
use of the inexpensive 3.58MHz or 4.4336MHz
Color Burst TV crystals. A 20pF capacitor should be
tied from each crystal pin to ground to ensure re-
liable startup and operation. Alternatively, EXTAL2
may be driven by an external TTL compatible clock
at 4f; with a duty cycle of 50% (x 5%) with XTAL1
connected to ground.

The internal oscillator is designed to interface with
an AT-cut quartz crystal resonator operated in par-
allel resonance mode in the frequency range speci-
fied for fxtaL. The crystal should be mounted as
close as possible to the input pins to minimize out-
put distortion and startup stabilization time.* The
MCU is compatible with most commercially avail-
able crystals. Nominal crystal parameters are
shown in figure 21.

RESET

This input is used to reset the internal state of the
device 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
in order to provide sufficient time for the clock gen-
erator to stabilize, and (2} until Vcc 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 syn-
chronization. It is TTL compatible and is the slightly
skewed divide-by-four resuit of the device input
clock frequency. It will drive one Schottky TTL load
and 90pF, and all data given in cycles is referenced
to this clock unless otherwise noted.

NMI (NON-MASKABLE INTERRUPT)

An NMI negative edge requests an MCU interrupt
sequence, but the current instruction will be com-
pleted before it responds to the request. The MCU
will then begin an interrupt sequence. Finally, avec-
tor is fetched from $FFFC and $FFFD, transferred
to the Program Counter and instruction execution is
resumed. NMI typically requires a 3.3kQ (nominal)
resistor to Vec. There is no internal NMI pullup re-
sistor. NMI must be held low for at least one E-cycle
to be recognized under all conditions.

IRQ1 (MASKABLE INTERRUPT REQUEST 1)

IRQY1 is a level-sensitive input which can be used to
request an interrupt sequence. The MPU will com-

plete the currentinstruction before it responds to the
request. If the interrupt mask bit (I-bit) in the Condi-
tion Code Register is clear, the MCU will begin an
interrupt sequence. A vector is fetched from $FFF8
and $FFF9, transferred to the Program Counter,
and instruction execution is resumed.

IRQ1 typically requires an external 3.3kQ2 (nominal)
resistor to Vcc for wire-OR applications. IRQ1 has
no internal puliup resistor.

SC1 AND SC2 (STROBE CONTROL 1 AND 2)

The function of SC1 and SC2 depends on the oper-
ating mode. SC1 is configured as an output in all
modes except single chip mode, whereas SC2 is al-
ways an output. SC1 and SC2 can drive one Schott-
ky load and 90pF.

SC1 AND SC2 IN SINGLE-CHIP MODE. In 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 1S3 and can be
used to indicate that Port 3 input data is ready or
output data has been accepted. Three options as-
sociated with 1S3 are controlled by Port 3 Control
and Status Register and are discussed in the Port 3
description. lf unused, S3 can remain unconnected.

SC2 is configured as OS3 and can be used to strobe
output data or acknowledge input data. It is control-
led by Output Strobe Select {OSS) in the Port 3 Con-
trol and Status Register. The strobe is generated by
aread (OSS =_0} or write (OSS = 1) to the Port 3
Data Register. OS3 timing is shown in figure 4.

SC1 AND SC2 IN EXPANDED NON-MULTI-
PLEXED MODE. In the Expanded Non-Multiplexed
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
an the internal address bus.

SC2 is configured as Read/Write and is used to con-
trol the direction of data bus transfers. An MPU read
is enabled when Read/Write and E are high.

SC1 AND SC2 IN EXPANDED MULTIPLEXED
MODE. In the Expanded Multiplexed Modes, both
SC1 and SC2 are configured as outputs. SC1 func-
tions as Address Strobe and can be used to demulti-
plex the eight least significant addresses and the
data bus. A latch controlled by Address Strobe cap-
tures address on the negative edge, as shown in
figure 14.

SC2 is configured as Read/Write and is used to con-
trol the direction of data bus transfers. An MPU read
is enabled when Read/Write and E are high.

Ly S5s-THOMSON 21149
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P10-P17 (PORT 1)

Port 1 is amode independent 8-bit I/O port with each
line an input or output as defined by the Port 1 Data
Direction Register. The TTL compatible three-state
output buffers can drive one Schottky TTL load and
30pF, Darlington transistors, or CMOS devices
using external pullup resistors. It is configured as a
data input port by RESET. Unused lines can remain
unconnected.

P20-P24 (PORT 2)

Port 2 is a mode-independent, 5-bit, multipurpose
110 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 configured as data output lines by set-
ting the appropriate bits in the Port 2 Data Direction

Figure 21 : 6801 Family Oscillator Characteristics.

Nominal Crystal Parameters®

Register. The Port 2 Data Register is used to move
data through the port. However, if P21 is configured
as an ouiput, it will be tied to the timer Output Com-
pare function and cannot be used to provide output
from the Port 2 Data Register.

Port 2 can also be used to provide an interface for
the Serial Communications Interface and the timer
Input Edge function. These configurations are de-
scribed in the Programmable Timer and Serial Com-
munications Interface (SCI) section.

The Port 2 three-state, TTL-compatible output buf-
fers are capable of driving one Schottky TTL load
and 30pF, or CMOS devices using external pullup

resistors.
PORT2 DATA REGISTER

7 6 5 4 3 2 1 0
[Pca] Pct[Pco] paa | Paa [ Pez | P21 | Poo]sooos

3.58MHz 4.00MHz 5.0MHz 6.0MHz 8.0MHz
RS 6002 50Q 30-50Q 30-50Q 20-40Q
Cco 3.5pF 6.5pF 4-6pF 4-6pF 4-6pF
C1 0.015pF 0.025pF 0.01-0.02pF 0.01-0.02pF 0.01-0.02pF
Q > 40K > 30K > 20K > 20K > 20K

Note : These are representative AT-cut crystal parameters only. Crystals of other types of cut may also be used.
(@) Nominal Recommended Crystal Parameters
’ g‘ . lr ’
2
. b C‘E Ag
2 —4 p—— 3

CL =20 pF (typicall

Equivalent Circurt

(b) Oscillator Stabilization Time (trc)

FaIsv
vee

e ﬁ‘ o8v
Oscillator
Stabilization
Twme 1RC
22149 SGS-THOMSON
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P30-P37 (PORT 3)

Port 3 can be configured as an 1/O port, a bidirec-
tional 8-bit data bus, or a multiplexed address/data
bus depending on the operating mode. The TTL
compatible three-state output buffers can drive one
Schottky TTL ioad and 90pF. Unused lines can re-
main unconnected.

PORT 3 IN SINGLE-CHIP MODE. Port 3 is an 8-bit
1/O portin the Single-Chip Mode, with each line con-
figured by the Port 3 Data Direction Register. There
are also two lines, 1S3 and OS3, 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 1S3 negative edge. Port 3 latch
timing is shown in figure 5.

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

IS
1S3 IR(% X OSS {Enable| X X X $000F
Enable]
Bit 0-2 Not used.
Bit3 LATCH ENABLE. This bit con-

trols 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.

Bit4 OSS (Output Strobe Select).
This bit determines whether
OS3 will be generated by aread
or write of the Port 3 Data Reg-
ister. When clear, the strobe is
generated by a read ; when set,
itis generated by a write. OSS is
cleared during reset.

Bit 5 Not used.

Bit 6 IS3 IRQ1 ENABLE. When set,
an IRQH interrupt will be enabled
whenever IS3 FLAG is set ;
when clear, the interrupt is in-
hibited. 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 Control and Status
Register (with IS3 FLAG set) fol-
lowed by a read or write to the
Port 3 Data Register or during
reset.

PORT 3 IN EXPANDED NON-MULTIPLEXED
MODE. Port 3 is configured as a bidirectional data
bus (D7-DO} in the Expanded Non-Multiplexed
Mode. The direction of data transfers is controtted
by Read/Write (SC2). Data is clocked by E (Enabie}.

PORT 3 IN EXPANDED MULTIPLEXED MODE.
Port 3 is configured as a time multiplexed address
(AG-A7) and data bus (D7-DO} in the Expanded
Multiplexed Modes, where Address Strobe (AS) can
be used to demultiplex the twe 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 IO port, as address
outputs, or as data inputs depending on the opera-
ting mode. Port 4 can drive one Schottky TTL load
and 90pF and is the only port with internal pullup re-
sistors. Unused lines can remain unconnected.

PORT 4 IN SINGLE-CHIP MODE. In Single-Chip
Mode, Port 4 functions as an 8-bit I/O port with each
line configured by the Port 4 Data Direction Regis-
ter. Internal pullup resistors allow the port to direct-
ly interface with CMOS at 5 volt levels. External
pullup resistors to mere than 5 volts, however, can-
not be used.

PORT 4 IN EXPANDED NON-MULTIPLEXED
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 con-
figured.

PORT 4 IN EXPANDED MULTIPLEXED MODE. In
all Expanded Multiplexed modes except Mode 6,
Port 4 functions as half of the address bus and pro-
vides AB to A15. In Mode 6, the port is configured
from reset as an 8-bit parallel input port, where the
Port 4 Data Direction Register can be written to pro-
vide any or all of upper address lines A8 to A15. In-
ternal pullup resistors pull the lines high until the
Port 4 Data Direction Register is configured, where
bit O controls A8.

Ly7 SGS-THOMSON 23/49
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RESIDENT MEMORY

The EF6801 provides 2048 bytes of on-board ROM
and 128 bytes of on-board RAM.

One haif of the RAM is powered through the Vcc
standby pin and is maintainable during Vcc power-
down. This standby portion of the RAM consists of
64 bytes located from $80 through $BF.

Power must be supplied to Ve standby if the inter-
nal RAM is to be used regardless of whether stand-
by power operation is anticipated.

The RAM is controlied 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 deter-
mine the adequacy of the standby power source
during powerdown 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
STY[RAME. X | X | X | X | X | X
PWR |

Bit 0-5 Not used

Bit 6 RAME RAM Enable. This read/write bit

can be used to remove the en-
Figure 22 : Block Diagram of Programmable Timer.

Bit 7 STBY PWR

tire RAM from the internal mem-
ory map. RAME is set (enabled)
during reset provided standby
power is available on the positive
edge of RESET. If RAME is
clear, any access to a RAM ad-
dress is external. If RAME is set
and not in mode 3, the RAM is
included in the internal map.

Standby Power. This bit is a
read/write status bit which, when
once set, remains set as long as
Vee standby remains above
Vsgs (minimumj). As long as this
bit is set following a period of
standby operation, the standby
power supply has adequately
preserved the data in the stand-
by RAM. If this bit is cleared dur-
ing a period of standby
operation, it indicates that Vcc
standby had fallen to a level suf-
ficiently below Vsgs (minimum}
to suspect that data in the stand-
by RAM is not valid. This bit can
be set only by software and is not
affected during reset.

EFBRO1/EFB803 internal Bus

Free Running
16-Bit Counter

loput Couture
Register

D
Timer 57 Output
Control {15+ Jack | 1ok | Bici [eoc eran]eocloLy [
And
R
Status . egstet }
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308 DDR
TRO?
Output Compare Pulse
Output g
level  toge
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PROGRAMMABLE TIMER

The programmable timer can be used to perform
input waveform measurements while independently
generating an cutput waveform. Pulse widths can
vary from several microseconds to many seconds.
A block diagram of the timer is shown in figure 22.

COUNTER ($09:0A)

The key timer element is a 16-bit free-running
counter which is incremented by E (enable). It is
cleared during reset and is read-only with one ex-
ception : a write to the counter ($09) will preset it to
$FFF8. This feature, intended for testing, can dis-
turb serial operations because the counter provides
the SCl internal bit rate clock. TOF is set whenever
the counter contains all ones.

OUTPUT COMPARE REGISTER ($0B:0C)

The output compare register is a 16-bit read/write
register used to control an output waveform or pro-
vide an arbitrary timeout flag. It is compared with the
free-running counter ‘on each E cycle. When a
match occurs, OCF is set and OLVL is clocked to
an output level register. If port 2, bit 1, is configured
as an output, OLVL will appear at P21 and the out-
put compare register and OLVL can then be
changed for the next and OLVL is clocked to an out-
put level register. If Port 2, bit 1, is configured as an
output, OLVL will appear at P21 and the Output
Compare Register and OLVL can then be changed
for the next compare. The function is inhibited for
one cycle after a write to its high byte ($0B) to en-
sure a valid compare. The Output Compare Regis-
ter is set to $FFFF at RESET.

INPUT CAPTURE REGISTER ($0D:0E)

» a proper level transition has been detected,

= a match has occured between the free-running
counter and the output compare register, and

= the free-running counter has overflowed.

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

TIMER CONTROL AND STATUS REGISTER (TCSR)
7 6 5 4 3 2 1 0

ICF ] OCF| TOF l EICI !EOCI‘ ETor‘IEDG“OLW.] $008

Bit 0 OLVL Output level. OLVL is
clocked to the output level regis-
ter by a successful output com-
pare and will appear at P21 if Bit
1 of the Port 2 Data Direction
Register is set. It is cleared dur-
ing reset.

Bit 1 EIDG Input Edge. IEDG is
cleared during reset and controls
which level transition will trigger
a counter transfer to the Input
Capture Register :

IEDG =0 Transferon a negative-

edge
IEDG = 1 Transfer on a positive-
edge

Bit 2 ETOI Enable Timer Overfiow In-

terrupt. When set, an IRQ2 inter-
rupt is enabled for a timer
overflow ; when clear, the inter-
ruptis inhibited. Itis cleared dur-
ing reset.

The Input Capture Registeris a 16-bit read-only reg- Bit 3 EOCI Enable Output Compare Inter-
ister used to store the free-running counter when a rupt. When set, an IRQ2 inter-
"proper” input transition occurs as defined by IEDG. rupt is enabled for an output
Port 2, bit 0 should be configured as an input, but compare ; when clear, the inter-
the edge detect circuit always senses P20 even rupt is inhibited. It is cleared dur-
when configured as an output. An input capture can ing reset.
occurindependently of ICF : the register always con- .
tains the most current value. Counter transferis in- Bt 4 EICI Enable Input Capture Interrupt.
hibited, however, between accesses of a double Whe? set, an IRQ2 interrupt is
byte MPU read. The input pulse width must be at errl]ab edl for a|:1 input capture ;
least two E-cycles to ensure an input capture under :]V en Clef’”' the mterrppt IS In-
all conditions. ibited. Itis cleared during reset.
TIMER CONTROL AND STATUSREGISTER ($08) Bt 5 TOF Timer Overflow Flag. TOF is set
when the counter contains all

The Timer Control and Status Register (TCSR) is 1’s. It is cleared by reading the
an 8-bit register of which all bits are readable, while TCSR (with TOF set) then read-
only bits 0-4 can be written. The three most signifi- ing the counter high byte ($09),
cant bits provide the timer status and indicate if : or during reset.

L5y SGS-THOMSON 26/49
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Bit 8 OCF Output Compare Flag. OCF is
set when the Output Compare
Register matches the free-run-
ning counter. It is cleared by
reading the TCSR (with OCF
set) and then writing to the Out-
put Compare Register ($0B or

$0C), or during reset.

SERIAL COMMUNICATIONS INTERFACE (SCl)

A full-duplex asynchronous Serial Communications
Interface (SCI) 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 and 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 atypical serial loop multi-processar configuration,
the software protocol will usually identify the ad-
dresse(s) at the beginning of the message. In order
to permit uninterested MPU’s to ignore the remain-
der of the message, a wake-up feature is included
whereby all further SCI receiver flag (and interrupt)
processing can be inhibited until its data line goes
idle. An SCi receiver is re-enabled by an idle string
of ten consecutive 1's or during reset. Seftware must
provide for the required idle string between conse-
cutive messages and prevent it within messages.

PROGRAMMABLE OPTIONS

The following features of the SCI are programm-

able :

» format : standard mark/space (NRZ) or Bi-phase

» clock : external or internal bit rate clock

» Baud : one of 4 per E-clock frequency, or exter-
nal clock (x 8 desired baud)

» wake-up feature : enabled or disabled

= interrupt requests : enabled individually for trans-
mitter and receiver

u clock output : internal bit rate clock enabled or
disabled to P22

SERIAL COMMUNICATIONS REGISTERS

The Serial Communications Interface includes four
addressable registers as depicted in figure 23. It is
controlled by the Rate and Mode Control Register
and the Transmit/Receive Control and Status Reg-
ister. Data is transmitted and received utilizing a
write-only Transmit Register and a read-only Re-

Bit 7 ICF Input Capture Flag. ICF is set to
indicate a proper level transition
; it is cleared by reading the
TCSR (with ICF set) and then
the Input Capture Register High

Byte ($0D), or during reset.

RATE AND MODE CONTROL REGISTER (RMCR)
($10). The Rate and Mode Control Register controls
the SCi bitrate, format, clock source, and under cer-
tain conditions, the configuration of P22. The regis-
ter consists of four write-only bits which are cleared
during reset. The two least significant bits control the
bit rate of the internal clock and the remaining two
bits control the format and clock source.

RATE AND MODE CONTROL REGISTER (RMCR)
7 6 5 4 3 2 1 0
[ x [ x [ x ] x Joct]cco]sst|ssojsooto
Bit1:Bit0 SS1: SS0 Speed Select.
These two-bits select the Baud
rate when using the internal
clock. Four rates may be se-
lected which are a functicn of the
MCU input frequency. Table 6
lists bit time and rates for three
selected MCU frequencies.

CC1 : CCO Clock Control and
Format Select. These two bits
control the format and select the
serial clock source. If CC1 is set,
the DDR value for P22 is forced
to the complement of CCO and
cannot be altered until CC1 is
cleared. if CC1 is cleared after
having been set, its DDR value
is unchanged. Table 7 defines
the formats, clock source, and
use of P22.

If both CC1 and CCO are set, an externai TTL com-
patible clock must be connected to P22 at eight
times (8X) the desired bit rate, but not greater than
E, with a duty cycle of 50% {+ 10%). If CC1 :
CCO = 10, the internal bit rate clock is provided at
P22 regardless of the values for TE or RE.

NOTE : The source of SC! internal bit rate clock is
the timer free running counter. An MPU
write to the counter can disturb serial oper-

Bit 3: Bit2

ceive Register. The shift registers are notaccessible ations.
to software.
26/49 L7 SGS-THOMSON
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Figure 23 : SCI Registers.

Rate and Mode Control Register
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Transmn Data Register

TRANSMIT/RECEIVE CONTROL AND STATUS
REGISTER (TRCSR) ($11). The Transmit/Receive
Control and Status Register contrals the transmit-
ter, receiver, wake-up feature, and two individual in-
terrupts and monitors the status of serial operations.
All eight bits are readabie while bits 0 to 4 are also
writable. The register is initialized to $20 by RESET.

TRANSMIT/RECEIVE CONTROL AND STATUS REGIS-
TER (TRCSR)

7 6 5 4 3 2 1 0
|rore]orre[ TORE] miE [ RE | TEE | TE [wu | so0t

1
Bit 0 WU "Wake-up" on lIdle Line. When
set, WU enables the wake-up
function ;itis cleared by ten con-
secutive 1’s or during reset. WU

will not set if the line is idle.

Transmit Enable. When set, P24
DDR bit is set, cannot be
changed, and will remain set if
TE is subsequently cleared.
When TE is changed from clear
to set, the transmitter is con-
nected to P24 and a preamble of
nine consecutive 1's is trans-
mitted. TE is cleared during
reset.

Transmit  Interrupt  Enable.
When set, an IRQ2 interrupt is

Bit1 TE

Bit2 TIE

‘y_l SGS-THOMSON

Bit 3 RE

Bit 4 RIE

Bit 5 TDRE

enabled when TDRE is set ;
when clear, the interrupt is in-
hibited. TE is cleared during
reset.

Receive Enable. When set, the
P23 DDR bit is cleared, cannot
be changed, and will remain
clear if RE is subsequently
cleared. While RE is set, the SClI
receiver is enabled. RE is
cleared during reset.

Receiver Interrupt  Enable.
When set, an IRQ2 interrupt is
enabled when RDRF and/or
ORFE is set ; when clear, the in-
terruptis inhibited. RIE is cleared
during reset.

Transmit Data Register Empty.
TDRE is set when the Transmit
Data Register is transferred to
the output serial shift register or
during reset. It is cleared by
reading the TRCSR (with TDRE
set) and then writing to the
Transmit Data Register. Addi-
tional data will be transmitted
only if TDRE has been cleared.

27/49
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Bit 6 ORFE Overrun Framing Error. If sef,
ORFE indicates either an over-
run or framing error. An overrun
is a new byte ready to transfer to
the Receiver Data Register with
RDREF still set. A receiver fram-
ing error has occurred when the
byte boundaries of the bit stream
are not synchronized to the bit

framing error is transferred to the
Receive Data Register. How-
ever, subsequent data transfer
is blocked until the framing error
flag is cleared.” ORFE is cleared
by reading the TRCSR (with
ORFE set) then the Receive
Data Register, or during reset.

counter. An overrun can be dis- Bit 7 RDRF Receive Data Register Full.
tinguished from a framing error RDRF is set when the input ser-
by the state of RDRF : if RDRF ial shift register is transferred to
is set. then an overrun has oc- the Receive Data Register. It is
curred ; otherwise a framing cleared by reading the TRCSR
error has been detected. Data is (with RDRF set), and then the
not transferred to the Receive Receive Data Register, or during
Data Register in an overrun con- reset.
dition. Unframed data causing a
Table 6 : SCI Bit Times and Rates.
4 fq 2.4576MHz 4.0MHz 4.9152MHz
SS1:SS0
E 614.4kHz 1.0MHz 1.2288MHz
o] 0 + 186 26us/38.400 Baud 16us/62.500 Baud 13.0us/76.800 Baud
o] 1 +128 208u1s/4.800 Baud 128)1s/7812.5 Baud 104.2us/9.600 Baud
1 0 + 1024 1.67ms/600 Baud$ 1.024ms/976.6 Baud 833.3115/1.200 Baud
1 1 + 4096 6.67ms/150 Baud 4.096ms/244.1 Baud 3.33ms/300 Baud
*External (P22) 13.0us/76.800 Baud 8.0s/125.000 Baud 6.5us/153.600 Baud

* Using maximum clock rate

Table 7 : SCI Format and Clock Source Control.

. Clock Port 2
cc1:cCo Format Source Bit 2
00 Bi-phase Internal Not used
01 NRZ internal Not used
10 NRZ Internal Qutput
11 NRZ External Input
SERIAL OPERATIONS

The SCl is initialized by writing control bytes first to
the Rate and Mode Control Register and then to the
Transmit/Receive Control and Status Register.
When TE is set, the output of the transmit serial shift
register is connected to P24 and serial output is in-
itiated by transmitting a 9-bit preamble of 1's.

At this point one of two situations exist : 1) if the
Transmit Data Register is empty (TDRE = 1), acon-
tinuous string of 1's will be sent indicating an idle
line, or 2} if a byte has been written to the Transmit-
Data Register (TDRE = 0), it will be transferred to

28/49 L7 S6S:THOMSON

the output serial shift register (synchronized with the
bit rate clock), TDRE will be set, and transmission
will begin.

The start bit (0), eight data bits (beginning with bit 0)
and a stop bit (1), will be transmitted. If TDRE is still
set when the next byte transfer should occur, 1's will
be sent until more data is provided. In Bi-phase for-
mat, the output toggles at the start of each bit and
at half-bit time when a"1" is sent. Receive operation
is controlled by RE which configures P23 as aninput
and enables the receiver. SCI data formats are illus-
trated in figure 24.
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INSTRUCTION SET

The EF6801/03 is upward source and object code
compatible with the EF6800. Execution times of key
instructions have been reduced and several new in-
structions have been added, including a hardware
multiply. A list of new operations added to the
EF6800 instruction set is shown in table 1.

In addition, two new special opcodes, 4E and 5E,
are provided for test purposes. These opcodes force
the Program Counter to increment like a 16-bit
counter, causing address lines used in the ex-
panded modes to increment until the device is reset.
These opcodes have no mnemonics.

The coding of the first (or only) byte corresponding
to an executable instruction is sufficient to identify
the instruction and the addressing mode. The hex-
adecimal equivalents of the binary codes, which re-
sult from the translation of the 82 instructions in all
valid modes of addressing, are shown in table 8.
There are 220 valid machine codes, 34 unassigned
codes, and 2 codes reserved for test purposes.

PROGRAMMING MODEL

A programming model for the EF6801/03 is shown
in figure 10. Accumulator A can be concatenated
with accumulator B and jointly referred to as accu-
mulator D where A is the most significant byte. Any
operation which modifies the double accumulator
will also modify accumulator A and/or B. Other reg-
isters are defined as follows :

Figure 24 : SC| Data Formats.

PROGRAM COUNTER. The program counter is a
16-bit register which always points to the next in-
struction.

STACK POINTER. The stack pointer is a 16-bit reg-
ister which contains the address of the next avail-
able location in a pushdown/pullup {LIFO) queue.
The stack resides in random access memory at a
location defined by the programmer.

INDEX REGISTER. The Index Register is a 16-bit
register which can be used to store data or provide
an address for the indexed mode of addressing.

ACCUMULATORS. The MPU contains two 8-bitac-
cumulators, A and B, which are used to store oper-
ands and results from the arithmetic logic unit (ALU).
They can also be concatenated and referred to as
the D (double) accumulator.

CONDITION CODE REGISTERS. The condition
code register indicates the results of an instruction

. andincludes the following five condition bits : Nega-
tive (N), Zero (Z), Overflow (V), Carry/Borrow from
MSB (C), and Half Carry from bit 3 (H). These bits
are testable by the conditional branch instructions.
Bit 4 is the interrupt mask (i-bity and inhibits all mask-
able interrupts when set. The two unused bits, B6
and B7, are read as ones.

&7

Output
Clock lIl'll'lllllll'lllllll'll
' h ) . h \
hH : ) 1 1 H i | ' ' 1
. b Lo
! A
I ) TR [ . 1
NRZ '
Format !
1 [] ] * v i
L
1 I 1 ] ! 1 1 N
i ' ' : : ' | | ! i .
| | ' ! ' ' ! . ' ' t
Bi-Phase
Format
Bit Bt
Idle Start 0 1 P 3 4 5 B ; Stop
Data- 01001101 ($4D)
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ADDRESSING MODES

Six addressing modes can be used to reference
memory. A summary of addressing modes for all in-
structions is presented in table 9, 10, 11, and 12,
where execution times are provided in E-cycles. In-
struction execution times are summarized in
table 13. With an input frequency of 4MHz, E-cycles
are equivalent to microseconds. A cycle-by-cycle
description of bus activity for each instruction is pro-
vided in table 14 and a description of selected in-
structions is shown in figure 25.

IMMEDIATE ADDRESSING. The operand or "im-
mediate byte(s)" is contained in the following byte(s)
of the instruction where the number of bytes mat-
ches the size of the register. These are two or three
byte instructions.

DIRECT ADDRESSING. The least significant byte
of the operand address is contained in the second
byte of the instruction and the most significant byte
is assumed to be $00. Direct addressing allows the
user to access $00 through $FF using two byte in-
structions and execution time is reduced by elimi-

30/49 L7 S6S-THOMSON

nating the additional memory access. In most appli-
cations, the 256-byte area is reserved for frequent-
ly referenced data.

EXTENDED ADDRESSING. The second and third
bytes of the instruction contain the absolute address
of the operand. These are three byte instructions.

INDEXED ADDRESSING. The unsigned offset con-
tained in the second byte of the instruction is added
with carry to the Index Register and used to ref-
erence memory without changing the Index Regis-
ter. These are two byte instructions.

INHERENT ADDRESSING. The operand(s) are
registers and no memory reference is required.
These are single byte instructions.

RELATIVE ADDRESSING. Relative addressing is
used only for branch instructions. If the branch con-
dition is true, the Program Counter is overwritten
with the sum of a signed single byte displacement
in the second byte of the instruction and the current
Program Counter. This provides a branch range of
— 126 to 129 bytes from the first byte of the instruc-
tion. These are two byte instructions.

MICROELECTRONICS
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Table 8 : CPU Instruction Map.

OP MNEM MODE ~ #|OP MNEM MODE ~ # ||OP MNEM MODE ~ # |[OP MNEM MODE ~ #|OP MNEM MODE ~ #
o0 - 34 DES INHER 3 1||68 ASL INDXD 6 2{9C CPX DIR 5 2|D0 SUBB DR 3 2
01 NOP INHER 2 1[35 Txs % 3 1|les RoL 6 2[9D JSR : 5 2|D1 CMPB A& 3 2
02 A 36 PSHA 3 1||6A DEC 6 2|9E LDS 4 2|D2 SBCB 3 2
03 37 PSHB 3 1|leB 9F STS DR 4 2|D3 ADDD 5 2
04 LSRD 3 1|38 PULX 5 1}/6C INC 6 2|A0 SUBA INDXD 4 2|D4 ANDB 3 2
05 ASLD 3 1{39 RTS 5 16D TST 6 2|A1 CMPA 4 4 2(D5 BITB 3 2
06 TAP 2 1|3A ABX 3 1||6E JMP 3 2|A2 SBCA 4 2|D6 LDAB 3 2
07 TPA 2 1|38 RT 10 1 ||6F CLR INDXD 6 2{A3 SUBD 6 2(D7 STAB 3 2
08 INX 3 1[3C PSHX 4 1][70 NEG EXTND 6 3 |A4 ANDA 4 2 (D8 EORB 3 2
09 DEX 3 1|30 MUL 10171 - ﬂn A5 BITA 4 2|D9 ADCB 32
DA CLV 2 1|3 WA 9 1]{72 - A6 LDAA 4 2|DA ORAB 32
0B SEV 2 1[3F swi 12 1 (173 com 6 3|A7 STAA 4 2{DB ADDB 3 2
0C CLC 2 1|40 NEGA 2 1|74 LSR 6 3|A8 EORA 4 2iDC LDD 4 2
0D SEC 2 1{41 ¢ 75 ¢ A9 ADCA 4 2|pD STD 4 2
0E CU 2 1|42 = 76 ROR 6 3 |AA ORAA 4 2|DE LDX V¥ 4 2
OF SEI 2 1|43 COMA 2 1|77 ASR 6 3 |AB ADDA 4 2|DF STX DR 4 2
10 SBA 2 1[44 LSRA 2 1||78 ASL 8 3|AC CPX 6 2|E0 SUBB INDXD 4 2
11 CBA 2 1|45 * 79 ROL 6 3|AD JSR 6 2|E1 CMPB 4 4 2
12 46 RORA 2 1||7A DEC 6 3|AE LDS ¥ 5 2|E2 SBCB 4 2
13 * 47 ASRA 2 1fl78 - AF STS INDXD 5 2|E3 ADDD 6 2
14 * 48 ASLA 2 11|76 INC 65 3 (B0 SUBA EXTND 4 3 |E4 ANDB 4 2
15 49 ROLA 2 1||7D TST 6 3|B1 CMPA 4 4 3|E5 BITB 4 2
16 TAB 2 1|4A DECA 2 1]||7E JMP ¥ 3 3|B2 SBCA 4 3(E6 LDAB 4 2
17 TBA 2 1(4B 7F CLR EXTND 6 3|B3 SUBD 6 3|E7 STAB 4 2
18 - v 4C INCA 2 1({80 SUBA IMMED 2 2|B4 ANDA 4 3|EB EORB 4 2
19 DAA INHER 2 1 (4D TSTA 2 1[{81 CMPA 4 2 2|B5 BITA 4 3|E9 ADCB 4 2
1A " 4 T 82 SBCA 2 21B6 LDAA 4 3 |EA ORAB 4 2
1B ABA INHER 2 1|4F CLRA 2 1]/83 suBD 4 3|B7 STAA 4 3|EB ADDB 42
1ic 50 NEGB 2 1{|84 ANDA 2 2 (B8 EORA 4 3|EC LDD 5 2
b 51 ¢ 85 BITA 2 2|B9 ADCA 4 3|ED STD 5 2
1" 52 ¢ 86 LDAA 2 2|BA ORAA 4 3|EE LDX VL 5 2
1F 53 COMB 2 1lg7 BB ADDA 4 3[EF STX INDXD 5 2
20 BRA REL 3 2|54 LSRB 2 1/|88 EORA 2 2|BC CPX 6 3|FO SUBB EXTND 4 3
2t BRN A 3 2|55 89 ADCA 2 2{BD JSR 6 3|F1 CMPB 4 4 3
22  BHI 3 2|56 RORB 2 1|/8A ORAA 2 2|{BE LDS ¥ 5 3|F2 SBCB 4 3
23 BLS 3 2(57 ASRB 2 1||eB ADDA ¥ 2 2|BF STS EXTND 5 3|F3 ADDD 6 3
24 BCC 3 2|58 ASLB 2 1//8¢c cPXx IMMED 4 3(Ccp SUBB IMMED 2 2 |F4 ANDB 4 3
25 BCS 3 2{59 ROLB 2 1|isD BSR REL ¢ 2|Ct CMPB & 2 2i{F5 BITB 4 3
26 BNE 3 2|5A DECB 2 1{|8E LDS IMMED 3 3|C2 SBCB 2 2|F6 LDAB 4 3
27 BEQ 3 2|58 8F C3 ADDD 4 3[F7 STAB 4 3
28 BVC 3 2|5C INCB 2 1]|90 suBa DIR 3 2|C4 ANDB 2 2|F8 EORB 43
29 BVS 3 25D TSTB 2 1|9t cMPA 4 3 2|C5 BITB 2 2|F9 ADCB 43
2A BPL 3 2|58 T v 92 SBCA 3 2|C6 LDAB 2 2 |FA ORAB 4 3
2B BMI 3 2|5F CLRB INHER 2 1 (|93 SUBD 5 2(c7 - FB ADDB 4 3
2C BGE 3 2|60 NEG INDXD 6 2|94 ANDA 3 2|C8 EORB 2 2|FC LDD 5 3
2D BLT L 3 2|61 - 95 BITA 3 2|C9 ADCB 2 2|FD STD 5 3
2E BGT ¥ 3 2|62 96 LDAA 3 2|CA ORAB 2 2|FE LDX V¥ 5 3
2F BLE REL 3 2|63 COM 6 2|97 sTAA 3 2 |CB ADDB 2 2|FF STX EXTND 5 3
30 TSX INHER 3 164 LSR 6 2|98 EORA 3 2|CC LDD 33

31 INS 3 1|65 * 99 ADCA 3 2|cD - v * UNDEFINED GP CODE
32 PULA I 4 1|66 ROR 6 2|{9A ORAA 3 2|CE LDX IMMED 3 3

33 PULB 4 1{87 ASR INDXD 6 2|{9B ADDA ¥ 3 2|CF *

Notes : 1. Addressing Modes

INHER = Inherent
REL = Relative

INDXD = Indexed
EXTND = Extended
2. Unassigned opcodes are indicated by "." and should net be executed.
3. Codes marked by "T" force the PC to function as a 16-bit counter.

7]
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IMMED = Immediate

DIR = Direct
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Table 9 : Index Register and Stack Manipulation Instructions.

Immed Direct Index Extnd | Inherent Condition Codes

Pointer Operations | Mnem opl- |#lop|- ¥ lop|- |#lop|- |4 lap|- |4 Arithmi?i‘::li)apne/ratiun 413 (2(1]0

HiI[N|Z]|V|C
Compare Index Register CPX {8C| 4 {3|9C|5|2|AC|[6|2|BC|6 |3 X-M:M+1 N
Decrement Index Register DEX 093 |1 X=-1X oo el el
Decrement Stack Pointer DES 34(3|1|SP-1 »8P oo s |afo|e
Increment Index Register INX 083 (1 X+1 + X s oo ||
Increment Stack Pointer INS 31|3({1]|185P+1-> 8P DR N O I
Load Index Register LBX |CE[3 (3 DE|4 |2 |EE|5|2IFE[5 (3 M o X (M+ 1) 2 X oo || |R|e
Load Stack Pointer LDS |BE{3 [3]|9E|4 |2 |AE|5|2{BE[5(3 M- SPy, (M+1} » SP | e | SR
Store Index Register STX OF| 4|2 |EF|5|2{FF|5|3 X+ M X > [M+1) e le | T[S |R ]
Store Stack Painter STS 9F |4 |2 |AF|5(21BF|5 13 SPy » M, SPL »(M+1)[e e [T [2 R
index Reg » Stack Pointer| TXS 35(3 |1 X-1t +» 8P oo |e]efofs
Stack Pntr » Index Register| TSX 0|31 |SP+1 X DO S I R ]
Add ABX BA[3 |1 |B+X X oo | fe|e]e
Push Data PSHX 3CE4 |1 (X, »Mgp,SP-1 >8P |e e |s |0 |a]|a
Xu *» Mgp,SP-1 + SP
Puli Data PULX 385 |1|SP+1 »SP Mgp » Xu|o o |o]e]e]e
SP+1 -+ SP Mgp » X,
Table 10 : Accumulator and Memory Instructions.

Accumulator and Immed | Direct Index Extend inher Boolean Condition Codes
Memory Operations | MNE o 12 T op| -~ | # |lop| ~ | # [opi ~ [ # Expression Hl1N|z|vic
Add Acmitrs ABA iB| 2 A+B-o A Slels ]
Add B to X ABX 3A| 3 00:B+ X X L O I O A
Add with Carry ADCA |89|2 |2 |99(3 |2 |A9|4 |2 ||B9[4 3 A+M+C oA L3 et I ol e

ADCBCQ22D93éE942 Fg|4 13 B+M+C - B N BN o e Bl
Add ADDA |8B|2 |2 |9B(3 |2 |AB| 4 |2 ||BB|4 |3 A+MoA o3 BN o e I
ADDB |CB|2 2 |DB|3 12 |EB[4 |2 ||FB|4 |3 B+M-o> A S D IS el B
Add Double ADDD (C3|4 |3 |D3|5 2 [E3|6 |2 [|F3|[6 (3 D+M:M+1 5D ||| (|22
And ANDA |84(2 (2 (94|32 |A4|4 (2 ||B4|4 |3 A-M- A sl |R|"
ANDB |C4/2 (2 [D4|3 |2 |E4| 4 (2 ||F4| 4|3 B-M->B sl | R
Shift Left, Arithmetic ASL 68(6 {2 1(|78|6 |3 — L R N e o
ASLA 48| 2 WO = T 12
ASLB 58] 2 i BB EEEE
The Cendition Code Register notes are listed after Table 12.
== by 550N
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Table 10 : Accumulator and Memory Instructions (continued).

Accumulator and Immed | Direct Index Extend Inher Boolean Condition Codes
Memory Operations MNE op|- | # |opl - | # |op|~ |# [lOF|~ | # o] ~ Expression HI1|NlZ]|V]|C
Shift Left Dbl ASLD 05| 3 L3 N (R ol B e
Shift Right, ASR 676 |2 ||77{6 |3 L T R o B
Arithmetic ASRA a7 |t T

ASRB 57| 2 ) I ELEEE
Bit Test BITA |B5|2 |2 |95|/3 |2 |A5]4 |2 |B5|4 |3 A-M sl || R
BITB |C5|2 12 |D5|3|2|E5|4 (2 ||F5!4 |3 B-M el |- |R]"
Compare Acmitrs CBA 1|2 A-B L3 EL3N R ol e
Clear CLR 6F|6 |2 ||7F|B {3 00 > M -|-|R[S|{R|R
GLRA 4F| 2 00 —» A |+« |R[S|RIR
CLRB 5F| 2 00 - B !+ /RIS|R|R
Compare CMPA |8112 |2 |91F3 |2 |A1}4 |2 |IB1|4 |3 A-M L3 N B o e
CMPB |C1|2 |2 |D1|3 |2 |[E1{4 |2 ||F1]4 |3 B-M el S
1's Complement CcOoM 83|62 ||73l6 |3 MM <|-|:]:IR[S
COMA 43|21 |A>A IR EBLIE
COoMB 53)2|1|B>B el RS
Decimal Adj., A DAA 19| 2 Adj binary sum to BCD LN N I I IR
Decrement DEC 6A|6 |2 |l7A|8 |3 M-15M slers g
DECA 4A( 2 A-1-5A L3 R R e e Y
DECB 5A(2 B-1-8B L3 R R e e I
Exclusive CR EORA 88| 2 |2 98|32 |A8|4 |2 |/B8[4 |3 ADM-A L R o e I 2
EORB |C8|2 |2 |D8|3 |2 [EBj4 |2 ||F8|4 |3 B®M-B el || |Rf
Increment INC 6C|[6 |2 ||7C|6 |3 M+1 oM L B2 G IR IO
INCA 4C| 2 A+l 5 A L3 NI o I B
INCB 5C| 2 B+1-58B L3 T R el el
Load Acmitrs LDAA |86/ 2 (21963 |2 |A6(4 (2 ||B6|4 |3 M- A L LI e e N S
L.DAB |C6l2 |2 |D6| 3 |2 |[E6|4 |2 ||F6[4 |3 M- B {27 |R["
Load Double LDD |CC[{3 |3 |DC{4 2 [EC{5 |2 ||FC}|5 |3 M:M+1-5D sl IR
Logical Shift, Left LSL 868|612 (|78|6 |3 L ER T R IS R
LSLA 482 £ _m N
LSLB 58| 2 b7 00 L IR R I R
LSLD 05| 3 L3 R RS IR S
Shift Right, Logical LSR 646 |2 ||74|[6 |3 s[RI
' LSRA 442 D‘m"@ L I I = e R
LSRB 542 b7 £0 LI
LSRD 04| 3 L DR I R e

The Candition Code Register notes are listed after Table 12.
ST AL S
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Table 10 : Accumulator and Memory Instructions (continued).

Accumulator and MNE Immed | Direct index Extend | inher Boolean Condition Codes
Memory Operations op|~ |# |op|~ | # [op|~ |# |lop|~|# |opf ~ |# Expression Hi1[N|ZlV]C
Multiply MUL 3D{10(1 [AxB > D clefele]e]2
2's Complement NEG 60(6 |2 ||70|6 |3 00-M-> M RN
(negate} NEGA 402 |1 |o0-a5A AR EE

NEGB 50(2|1|(00-B B AR
No Operation NOP 012 |1]PC+1 > PC L3 IR B B AR
Inclusive OR ORAA |BA[2 (2 |9A|3 |2 |AA|4 |2 [|BA] 4 |3 A+M-o A L I S e = R Y
ORAB |CA|2 |2 |DA|3 |2 |EA|4 {2 ||[FA}4 |3 B+M->8B L3 N T e = 1
Push Data PSHA 36/ 3|1 [A - Stack L BN I I B
PSHB 373 |1 |B — Stack LI RSN LT RN B
Pull Data PULA 32/ 4|1 |Stack - A L RSN I B B
PULB 33(4 |1 |Stack > B L RN IR I B
Rotate Left ROL 69(6|2(|79|6 |3 RN N N
ROLA 492 | |D~Ooar o mo-mf - | - |2 s |s ]t
ROLB solz2 1] ) A EE
Rotate Right ROR 66|62 ]/76]6 |3 — L T RS I el
RORA 462 {1 @_E[mj;ﬂ R
RORB 56]2 |1 L3 T I ol ol B
Subtract Acmitr SBA 1012 |1 |A-B > A L BN (RS IRl ol
Subtract with Carry SBCA |82|2 (2 (92| 3 |2 [A2|4 2 |B2|4 |3 A-M-C -5 A L3N LT I IV ol
SBCB |C2|2 (2 |D2[3 |2 |E2{4 |2 ||[F2|4 |3 B-M-C->B L3 L IR I el
Store Acmitrs STAA 97(3 |2 |A7|4 |2 ||B7(4 |3 AoMm slef- |- R~
STAB D7|3 12 ([E7|4 |2 ||F7[4 |3 B-oM sl [R]|-
STD DD| 412 |[ED|5 |2 ||FD|5 |3 DoM: M+ 1 sl 12 |Rf"
Subtract SUBA (80|22 |90(3 |2 |AO|4 |2 ||BOj4 |3 A-M- A L3 R S e i
SUBB |CO|2 |2 |DO[3 (2 |EO|4 |2 ||FO|4 |3 B-M-> B L IR S e e
Subtract Double SUBD (834 |3 (93|52 (A3|6(2(|B3|6 |3 D-M:M+15D [«|5. |2 |22
Transfer Acmltr TAB 16]2 11 |A—>B et | |RY .
TBA 17{211 (B> A L BT R el I B Y
Test, Zero or Minus TST 6D{6 |2 [[7D|6 |3 M - 00 1|l | ]RIR
TSTA 4D(2 |t |A-00 st |1 IR|[R
TSTB 5D(2 |1 |B-00 s> |7 |R|[R
The Condition Code Register notes are tisted after table 12.
= Ky SN
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Table 11 : Jump and Branch Instructions.

Cond. Code Reg.
Direct |Relative| Index Extend [Inherent

Operations MNEM Branch Test 5(4|3|2|1|0
Op|~ |# |Op|[~ |# |Op|~ | # |[Op]~ |# |Op|~ |# H{1I|NjZ|V|C
Branch Always BRA 20013 |2 None I EEENERERE
Branch Never BRN 2113 |2 None e et a]
Branch if Carry Clear BCC 24(3 |2 C=0 L B T S A Y
Branch if Carry Set BCS 25|13 |2 C=1 R P O I O S
Branch it = Zero BEQ 27{3 |2 Z=1 DO N S T O Y
Branch if > Zero BGE 2Cl3 |2 NeV=0 L3N TN BN NI NS )
Branch if > Zero BGT 2E{3 12 Z+ (N V)=0 E3 I IR S R
Branch if Higher BHI 22{3 2 C+Z=0 L3N BTN BC L N )
Branch if Higher or Same | BHS 24|32 C=0 el oo ele]
Branch if € Zero BLE 2F|13 (2 Z+(N@V)=1 LI S N B B AR
Branch if Carry Set BLO 25(3 |2 C=1 O S I I I
Branch if Lawer or Same | BLS 23|13 |2 C+Z=1 L3N B BT B B
Branch if < Zero BLT 2D|3 |2 Ne V=1 s lef o]l
Branch if Minus BMI 2B|3 |2 N=1 PO EC B SR B I
Branch if nat Equal Zero BNE 26|3|2 Z=0 R
Branch if Overflow Clear BvC 28|312 V=0 R
Branch if Overflow Set | BVS 29|32 V=1 ol oo o]s]e
Branch if Plus BPL 2A|3 |2 N=0 LI ST CH BCIS NS Y
Branch to Subroutine BSR 8D|6 |2 See Spedial efe o] o]
Jump JMP 6E[3 |2 ||7E|3 |3 Operations- el o]
Jump ta Subroutine JSR |oD|5 |2 aD|6 |2 ||BD[6 |3 figure 26 P R I N I I
No Operation NOP 01121 el et o]
Return from Interrupt RTI 3B{10} 1 o o ol e ol e
Return from Subroutine| RTS 39| 5 | 1 | See Special Tl T

Operations-
Sofware Interrupt Swi 3F(12{ 1 figure 26 e |G| el |o]s
Wait for Interrupt WAI 3E(9 |1 S

The Condition Gode Register notes are listed after Table 12.

§ 35/49
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Table 12 : Condition Code Register Manipulation Instructions.

Condition Code Register
Operations Inherent Boolegn 4 3 2 1 0
Operation
Mnem| OP ~ # | N r4 v C
Clear Carry CLC | oC 2 1 0-C . . o . R
Clear Interrupt Mask CLI OE 2 1 0—1 R . . . .
Clear Overflow CLvV OA | 2 1 0—-V . . . R .
Set Carry SEC | 0D 2 1 1= C . . . . S
Set Interrupt Mask SEI OF 2 1 1—1 S . . . .
Set Overflow SEV | 0B 2 1 1V . . . S .
Accumulator A - CCR TAP | 06 2 1 A — CCR : : N . .
CCR — Accumulator A TPA | 07 2 1 CCR — A . . . . .
LEGEND CONDITIOCN CODE SYMBOLS
OP Operation Code (Hexadecimal) H  Half-carry from bit 3
~ Number of MPU Cycles ] Interrupt mask
Msp Contents of memory location pointed to by Stack N Negative (sign bit)
Pointer Z  Zero (byte)
#  Number of Program Bytes vV  Overflow, 2's complement
+  Arithmetic Plus C  Carry/Borrow from MSB
—  Arithmetic Minus R Reset Always
. Boolean AND S  Set Always
X Arithmetic Multiply . Affected
+  Boolean Inclusive OR . Not Affected
@& Boolean Exclusive OR
M Complement of M
—  Transfer Into
0 Bit=2Zero
00 Byte=0
36/49 LSy SGS-THOMSON
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Table 13 : Instruction Execution Times In E-cycles.
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SUMMARY OF CYCLE-BY-CYCLE OPERATION

Table 14 provides a detailed description of the infor-
mation present on the address bus, data bus, and
the read/write (R/W) line during each cycle of each
instruction.

The information is useful in comparing actual with
expected results during debug of both software and
hardware as the program is executed. The informa-
tion is categorized in groups according to address-

Table 14 : Cycle-by-cycle Operation (sheet 1 of 5)

ing mode and number of cycles per instruction. In
general, instructions with the same addressing
mode and number of cycles execute in the same
manner. Exceptions are indicated in the table.

Note that during MPU reads of internal locations, the
resultant value will not appear on the external data
bus except in mode 0. "High order" byte refers to the
most-significant byte of a 16-bit value.

IMMEDIATE

Address M‘.)de and Cycles Cycle Address Bus R'/W Data Bus
Instructions # Line
ADC EOR 2 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Operand Data
AND ORA
BIT SBC
CMP SuB
LDS 3 1 Opcode Address 1 Opcode
LDX 2 Opcode Address + 1 1 Operand Data {high order byte)
LDD 3 Opcode Address + 2 1 Operand Data {low order byte)
CPX 4 1 Opcode Address 1 Opcode
SUBD 2 Opcode Address + 1 1 Operand Data (high order byte)
ADDD 3 Opcode Address + 2 1 Operand Data {low order byte)
4 Address Bus FFFF 1 Low Byte of Restart Vector
DIRECT
Address que and Cycles Cycle Address Bus R./W Data Bus
Instructions # Line
ADC EOR 3 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Address of Operand
AND ORA 3 Address of Operand 1 Operand Data
BIT SBC
CMP SUB
STA 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Destination Address
3 Destination Address 0 Data from Accumulator
LDS 4 1 Opcode Address 1 Opcode Address
LDX 2 Opcode Address + 1 1 Address of Operand
LDD 3 Address of Operand 1 Operand Data (high order byte)
4 Operand Address + 1 1 Operand Data (low order byte)
STS 4 1 Opcode Address 1 Opcode Address
STX 2 Opcode Address + 1 1 Address of Operand
STD 3 Address of Operand 0 Operand Data (high order byte)
4 Address of Operand + 1 0 Operand Data (low order byte)
CPX 5 1 Opcode Address 1 Opcode
suBD 2 Opcode Address + 1 1 Address of Operand
ADDD 3 Operand Address 1 Operand Data (high order byte)
4 Operand Address + 1 1 Operand Data (low order byte)
5 Address Bus FFFF 1 Low Byte of Restart Vector
JSR 5 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Subroutine Address 1 First Subroutine Opcode
4 Stack Pointer 0 Return Address {low order byte)
5 Stack Pointer — 1 0 Return Address (high order byte
38/49
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Table 14 : Cycle-by-cycle Operation (sheet 2 of 5}

EXTENDED
Address M?de and Cycles Cycle Address Bus R."W Data Bus
Instructions # Line
JMP 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Jump Address (high order byte)
3 Opcode Address + 2 1 Jump Address (low order byte)
ADC EOR 4 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Address of Operand
AND ORA 3 Opcode Address + 2 1 Address of Operand
(low order byte)
BiT SBC 4 Address of Cperand 1 Operand Data
CMP SuB
STA 4 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Destination Address
(high order byte)
3 Opcode Address + 2 1 Destination Address
(low order byte)
4 Operand Destination Address 0 Data from Accumulator
LDS 5 1 Opcode Address 1 Opcode
LDX 2 Opcode Address + 1 1 Address of Operand
(high order byte)
LDD 3 Opcode Address + 2 1 Address of Operand
(low order byte)
4 Address of Operand 1 Operand Data (high order byte)
5 Address of Operand + 1 1 Operand Data (low order byte)
STS 5 1 Opcode Address 1 Opcode
STX 2 Opcode Address + 1 1 Address of Operand
(high order byte)
STD 3 Opcode Address + 2 1 Address of Operand
({low order byte)
4 Address of Operand 0 Operand Data (high order byte)
5 Address of Operand + 1 o] Operand Data (low order byte)
ASL LSR 6 1 Opcode Address 1 Opcode
ASR NEG 2 Opcode Address + 1 1 Address of Operand
(high order byte)
CLR ROL 3 Opcode Address + 2 1 Address of Operand
(low order byte)
COM ROR 4 Address of Operand 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Address of Operand 0 New Operand Data
CPX 6 1 Opcode Address 1 Opcode
suBD 2 Opcode Address + 1 1 Operand Address
{high order byte)
ADDD 3 Opcode Address + 2 1 Operand Address
(low order byte)
4 Operand Address 1 Operand Data (high order byte)
5 Operand Address + 1 1 Operand Data (low order byte)
6 Address Bus FFFF 1 Low Byte of Restart Vector

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FFFF.

39/49
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Table 14 : Cycle-by-cycle Operation (sheet 2 of 5)

EXTENDED (continued)

Address M‘.’de and Cycles Cycle Address Bus R'/W Data Bus
Instructions # Line
JSR 6 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Address of Subroutine
(high order byte)
3 Opcode Address + 2 1 Address of Subroutine
(low order byte)
4 Subroutine Starting Address 1 Opcode of Next instruction
5 Stack Pointer 0 Return Address (low order byte)
6 Stack Pointer — 1 0 Return Address (high order byte)

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FFFF.

40/49
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Table 14 : Cycle-by-cycle Operation (sheet 3 of 5)

INDEXED
Address Mc_:de and Cycles Cycle Address Bus R_/W Data Bus
Instructions # Line
JMP 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
ADC EOR 4 1 Opcode Address 1 Opcode
ADD LDA 2 Opcode Address + 1 1 Offset
AND ORA 3 Address Bus FFFF 1 Low Byte of Restart Vector
BIT SBC 4 Index Register Plus Offset 1 Operand Data
CMP sSuB
STA 4 1 Opcode Address 1 Opcade
2 Opcode Address + 1 1 Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 index Register Plus Offset 0 Operand Data
LDS 5 1 Opcode Address 1 Opcode
LDX 2 Opcode Address + 1 1 Offset
LDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 1 Operand Data (high order byte)
5 Index Register Plus Offset + 1 1 Operand Data (low order byte)
STS 5 1 Opcode Address 1 Opcode
STX 2 Opcode Address + 1 1 Oftset
STD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register Plus Offset 0 Operand Data (high order byte)
5 Index Register Plus Offset + 1 0 Operand Data (low order byte)
ASL LSR 6 1 Opcode Address 1 Opcode
ASR NEG 2 Opcode Address + 1 1 Oftset
CLR ROL 3 Address Bus FFFF 1 Low Byte of Restart Vector
COM ROR 4 Index Register Plus Offset 1 Current Operand Data
DEC TST* 5 Address Bus FFFF 1 Low Byte of Restart Vector
INC 6 Index Register Plus Offset 0 New Operand Data
CPX 6 1 Opcode Address 1 Opcode
SUBD 2 Opcode Address + 1 1 Offset
ADDD 3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Cffset 1 Operand Data (high order byte)
5 index Register + Offset + 1 1 Operand Data (low order byte)
6 Address Bus FFFF Low Byte of Restart Vector
JSR 6 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Oftset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Index Register + Cffset 1 First Subroutine Opcode
5 Stack Pointer 0 Return Address (low order byte)
6 Stack Pointer — 1 0 Return Address (high order byte)

* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FFFF.
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Table 14 : Cycle-by-cycle Operation (sheet 4 of 5)

INHERENT
Address M(.’de and Cycles Cycle Address Bus R_/W Data Bus
Instructions # Line
ABA DAA  SEC 2 1 Opcode Address 1 Opcode
ASL DEC SEI 2 Opcode Address + 1 1 Opcode of Next Instruction
ASR INC SEV
CBA LSR TAB
CLC NEG TAP
CLl NOP  TBA
CLR ROL TPA
CLV  ROR TST
COM  SBA
ABX 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
ASLD 3 1 Opcode Address 1 Opcode
LSRD 2 Opcode Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
DES 3 1 Opcode Address 1 Opcode
INS 2 Opcode Address + 1 1 Opcode of Next fnstruction
3 Previous Stack Pointer 1 Irrelevant Data
Contents
INX 3 1 Opcode Address 1 Opcode
DEX 2 Opcode Address + 1 1 Opcode of Next Instruction
3 Address Bus FFFF 1 Low Byte aof Restart Vector
PSHA 3 1 Opcode Address 1 Opcode
PSHB 2 Opcode Address + 1 1 Opcode of Next Instruction
3 Stack Pointer o] Accumulator Data
TSX 3 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Opcode of Next Instruction
3 Stack Pointer 1 Irrelevant Data
| TXS 3 1 Opcode Address 1 Opcode
| 2 Opcode Address + 1 1 Opcode of Next Instruction
| 3 Address Bus FFFF 1 Low Byte of Restart Vector
PULA 4 1 Opcode Address 1 Opcode
PULB 2 Opcode Address + 1 1 Opcode of Next Instruction
| 3 Stack Pointer 1 Irrelevant Data
| 4 Stack Pointer + 1 1 Operand Data from Stack
: PSHX 4 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 irrelevant Data
{ 3 Stack Painter o] Index Register {low order byte)
| 4 Stack Pointer — 1 0 Index Register (high order byte)
PULX 5 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Index Register (low order byte)
5 Stack Pointer + 2 1 Index Register (high order byte)
42/49
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Table 14 : Cycle-by-cycle Operation (sheet 4 of 5)

INHERENT (continued)

Address Mc_:de and Cycles Cycle Address Bus R./W Data Bus
Instructions # Line
RTS 5 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Address of Next Instruction
(high order byte)
5 Stack Pointer + 2 1 Address of Next Instruction
{low order byte)
WAI 9 1 Opcode Address 1 Opceode
2 Opcode Address + 1 1 Opcode of Next Instruction
3 Stack Pointer o] Return Address (low order byte)
4 Stack Pointer — 1 o] Return Address (high order byte
5 Stack Pointer — 2 o] Index Register {low order byte)
6 Stack Pointer — 3 o] Index Register (high order byte)
7 Stack Pointer — 4 o] Cantents of Accumulator A
8 Stack Pointer ~ 5 o] Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Condition Code
Register
Table 14 : Cycle-by-cycle Operation (sheet 5 of 5)
INHERENT
Address M<_>de and Cycles Cycle Address Bus R./W Data Bus
Instructions # Line
MUL 10 1 Opcode Addres 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Address Bus FFFF 1 Low Byte of Restart Vector
5 Address Bus FFFF 1 Low Byte of Restart Vector
6 Address Bus FFFF 1 Low Byte of Restart Vector
7 Address Bus FFFF 1 Low Byte of Restart Vector
8 Address Bus FFFF 1 Low Byte of Restart Vector
9 Address Bus FFFF 1 Low Byte of Restart Vector
10 Address Bus FFFF 1 Low Byte of Restart Vector
RTI 10 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 1 Irrelevant Data
4 Stack Pointer + 1 1 Contents of Condition Code
Register from Stack
5 Stack Pointer + 2 1 Contents of Accumulator B from
Stack
6 Stack Pointer + 3 1 Coantents of Accumulator A from
Stack
7 Stack Pointer + 4 1 Index Register from Stack
(high order byte)
8 Stack Pointer + 5 1 Index Register from Stack
(low order byte)
9 Stack Pointer + 6 1 Next Instruction Address from
Stack (high order byte}
10 Stack Pointer + 7 1 Next Instruction Address from

Stack (low order byte)
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Table 14 : Cycle-by-cycle Operation (sheet 5 of 5)
INHERENT (continued)

Address Mt.)de and Cycles Cycle Address Bus R_/W Data Bus
Instructions # Line
SwWi 12 1 Opcaode Address 1 Opcode
2 Opcode Address + 1 1 Irrelevant Data
3 Stack Pointer 0 Return Address {low order byte)
4 Stack Pointer — 1 0 Return Address (high order byte)
5 Stack Pointer — 2 0 index Register (low order byte)
6 Stack Pointer — 3 0 Index Register (high order byte)
7 Stack Pointer - 4 0 Contents of Accumulator A
8 Stack Pointer - 5 0 Contents of Accumulator B
9 Stack Pointer — 6 0 Contents of Condition Code
Register
10 | Stack Pointer — 7 1 frrelevant Data
11 Vector Address FFFA (hex) 1 Address of Subroutine
(high order byte)
12 Vector Address FFFB {hex) 1 Address of Subroutine
(low arder byte)
RELATIVE
Address Mc?de and Cycles Cycle Address Bus R./W Data Bus
Instructions # Line
BCC BHT BNE BLO 3 1 Opcode Address 1 Opcode
BCS BLE BPL BHS 2 Opcode Address + 1 1 Branch Offset
BEQ BLS BRA BRN 3 Address Bus FFFF 1 Low Byte of Restart Vector
BGE BLT BVC
BGT BMI BVS
BSR 6 1 Opcode Address 1 Opcode
2 Opcode Address + 1 1 Branch Offset
3 Address Bus FFFF 1 Low Byte of Restart Vector
4 Subroutine Starting Address 1 Opcode of Next Instruction
5 Stack Pointer o] Return Address {low order byte)
6 Stack Pointer — 1 0 Return Address (high order byte)
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Special Operations.

Figure 25
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PACKAGE MECHANICAL DATA
P SUFFIX - PLASTIC PACKAGE

mm
€ moan e = 254(2) e mox 4,57 max
i - 16.Ymax.
’ 0.51 min
. !
5.08mox '
_,, [_ R - - ‘_
\.
31 0.2 fod
=T -t o}
39 a3 !153
15.24 :
{2) .
Datum

(1) Nominal dimension

o« 7

{2) True geometnical position

53 mox.

o 4
TD'C#IUUUUUUUUU
1 20

(1
4[] pins

FN SUFFIX - PLASTIC PACKAGE

\ 16,51Q
16310 16,662
16,662
40 ¥

Pin 1 identificgtion
identification connexion |

#ﬂ#{.&#&;ﬂi}sﬁ*&{s{__

0,64
min.

L 4,20 1499
4,57'| 16,00

107 LT
147 |
7
1,067 A, 4
1,219
45%

17, .
45
7\ b 1
o031
max. 17,40
7,65

44 cins
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ORDERING INFORMATION

The information required when ordering a custom
MCU is listed below. The ROM pragram may be
transmitted to SGS THOMSON on EPROM(s) or an
EFDOS/MDOS* disk file.

To initiate a ROM pattern for the MCU, it is necess-
ary to first contact your local SGS THOMSON rep-
resentative or distributor.

EPROMs

Two 2708 or one 2716 type EPROMSs, programmed
with the customer program (positive logic sense for
address and data), may be submitted for pattern
generation. The EPROM must be clearly marked to
indicate which EPROM corresponds to which ad-
dress space. The recommended marking proce-
dure is illustrated below :

/)
XXX XXX
F800 FCO0

XXX = Customer 1D

After the EPROM (s) are marked, they should be
placed in conductive IC carriers and securely
packed. Do not use styrofoam.

VERIFICATION MEDIA

All original pattern media (EPROMs or floppy disk])
are filed for contractual purposes and are not re-
turned. A computer listing of the ROM code will be
generated and returned along with a listing verifica-
tion form. The listing should be thoroughly checked
and the verification form completed, signed, and re-
turned to SGS THOMSON. The signed verification
form constitutes the contractual agreement for cre-
ation of the customer mask. If desired, SGS-THOM-
SON will program on blank EPROM from the data

file used to create the custom mask and aid in the
verification process.

ROM VERIFICATION UNITS (RVUs)

Ten MCUs containing the customer's ROM pattern
will be sent for program verification. These units will
have been made using the custom mask but are for
the purpose of ROM verification only. For expedi-
ency they are usually unmarked, packaged in ce-
ramic, and tested only at room temperature and 5
volts. These RVUs are included in the mask charge
and are not production parts. The RVUs are thus not
guaranteed by SGS THOMSON. Quality Assur-
ance, and should be discarded after verification is
completed.

FLEXIBLE DISKS

The disk media submitted must be single-sided,
EFDOS/MDOS* compatible floppies.

The customer must write the binary file name and
company name on the disk with a felt-tip-pen. The
minimum EFDOS/MDOS* system files, as well as
the absolute binary object file (Filename .LO type of
file) from the 6801 cross assembler, must be on the
disk. An objectfile made from a memory dump using
the ROLLOUT command is also acceptable. Con-
sider submitting a source listing as well as the fol-
lowing files : filename .LX (DEVICE/EXORciser
loadable format) and filename .SA (ASCII Source
Code). These files will of course be kept confiden-
tial and are used 1) to speed up the process in-
house if any problems arise, and 2) to speed up the
user-to-factory interface if the user finds any soft-
ware errors and needs assistance quickly from SGS
THOMSON factory representatives.

EFDOS is SGS THOMSON Disk Operating System
available on development systems such as DE-
VICE, ...

MDOS* is MOTORCLA's Disk Operating System
available on development systems such as EXOR-
ciser,...

* Requires prior factory approval

Whenever ordering a custom MCU is required, please contact your local SGS THOMSON representative or
SGS THOMSON distributor and/or complete and send the attached "MCU customer ordering sheet” to your

local SGS THOMSON Microelectronics representative.

L3y SGS-THOMSON 47149
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ORDER CODES

EF6803 |

P |V

|

Device

|* Screening level

Package

Oper. temp.

The table below horizontally shows all available suffix combinations for package, operating temperature and

screening level. Other possibilities on request.

Device Package Oper. Temp Screening Level
[ J P E |FN | L* v M Std D G/B | B/B

1.0MHz | EF6801/03 [} [ [ ] [ ]
® [ [ ]

EF6803 [ ®

1.25MHz | EF6801/03-1 [ J ® ® ®
[ ] [ ] L J

EF6803-1 [ ] ®

1.5MHz | EF68A01/03 [ ] [ J L ]
EF6BA03 [ L J

2.0MHz | EF68B01/03 [} [ ] [ ]

Examples : EF6B01P, EF6801FN, EF6801PV.

Package : C : Ceramic DIL, J : Cerdip DIL, P : Plastic DIL, E

;LCCC, FN : PLCC;

Oper.temp. : L*:0°C 10 70°C, V : ~40°C to +B5°C, M : -55°C 10 +125°C, * : may be omitted.

Screening level : Std : {no-end suffix), D : NFC 96883 level

D,

G/B : NFC 96883 level G, B/B : NFC 96883 level B and MIL-STD-883C level B.

EXORciser is a registered trade mark of MOTOROLA Inc.
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EF6801 FAMILY - MCU CUSTOMER ORDERING SHEET

Commercial reference | | | | | | | | | | | Customer name
Company
Address
Phone

Customer’s marking :‘ | ‘ | J‘ | ‘ I ‘

Specification reference ;

Application (1 SGS-THOMSON Microelectronics reference

[ Special customer data reference”

ROM capacity required : : | bytes Number of interrupt vector :
Quality level :
Temperature range : O sTo
d ocr+70C 3 o
d -40C/+85C

O -40C/+105C d  Other* (customer's quality specification ref.) :

Software developped by :

Eil cklajlger: [d  SGS-THOMSON Microelectronics application lab.
a Pfgéc J  External lab.
J  Customer

PATTERN MEDIA (a listing may be supplied in addition OFTION LIST
for Chic;ggaugz:?gﬁce . -Internal max. clock frequency :
3 EFDOS/MDOS* disk file a o

0 8" floppy 3 15MHz

d 514 floppy Q  20MHz
ad  other*
* Requires prior factory approval
Yearly quantity forecast : . start of production date :

. for a shipment period of :

CUSTOMER CONTACT NAME : DATE : SIGNATURE :

L3y S55:THOMSON 49/49
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